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Simpli -Kit Tiger SST S28.95 

Capture that top 10% (at least) 

engine performance you're now 
blowing out the exhaust! 

Announcing a new generation C. D. 
Ignition System -the Tiger SST. 

Here, in a compact new unit, are all of the advantages of 
previous capacitive discharge systems that have been 
chalking up such impressive performance records the past 
several years - plus a good deal more. The dramatic 
results: 

gas mileage is increased up to 25% 
points and spark plugs last up to 5 times longer 
you go up to 5 times longer between tune -ups 

The added performance your engine delivers with the 
Tiger SST is the fun part. You'll enjoy sharper acceleration 
to higher speeds -a smoother running engine at all 
speeds. And your engine will last longer. 

Our new Tiger C. D. System is compatible with all domes- 
tic and foreign cars and trucks with 12 volt, negative 
ground systems. In Simpli -Kit form, the unit is easy to 
assemble and install in less than 60 minutes - no special 
skills or tools required. The unit is moisture proof and 
is not affected by underhood temperatures. 

Order your Tiger SST today. It's the latest, most advanced 
C. D. System available. And, if you do an average amount 

of driving, it should pay for itself in less than two months. 
You'll be satisfied. Guaranteed. Money back. 

Dealer /Distributor inquiries invited. 

Special free offer! 
Order now and receive a convenient to have, ruggedly 

built rechargeable flashlight free. It's a $4.95 value that 
can put an end to the annoyance of dead batteries. Your 
order must be received within 30 days from date of this 
publication. 

Delta International, Ltd. 
Box 1946C, Grand Junction, Colo. 81501 

Enclosed is my check (or money order) for $ 

Please send prepaid: 

Simpli -Kit Tiger SST @ $28.95 
Assembled Tiger SST unit @ $39.95 

Make of car: Year 

Name: 

Address 

City /State: Zip 

Circle 8 on reader service card 
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Grantham School of Engineering RE -6 -69 

1505 N. Western Ave., Hollywood, Calif. 90027 

Please mail me your free Bulletin, which explains how 
the Grantham educational program can prepare me for 
my Associate in Science Degree, and my Bachelor of Sci- 
ence Degree in Electronics Engineering. 

Name Age 

Address 

City State Zip 

Grantham School of Engineering 
has conferred on 

John Doe 
the degree of 

Associate in Science in Electronics Engineering 

with all the rights and privileges thereunto appertaining. In witness thereof this diploma duly signed 

has been issued by the School Administration upon recommendation of the faculty at the School on this. 

a,pt Bc./29Az,,9Gg 

C./ . President 

Acting Dealt 

Oranttjttnt 5ctjooY of Rngíneeríng 
ïja0 conferreD On 

jotJit )joe 

tfje Degree of 

)3acfjelor of Science in Qlectroiticts angineering 

mith all the rephls ens prmnrues tbrrrunio apprrtaininc. 7n Witness thereof thus nettem! 

bute sianrb has burn mina bp tse School ásmmielrallon upon recommendanon et the 
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Grantham School of Engineering 

JUNE 1969 

1505 N. Western Ave. 

Hollywood, Calif. 90027 
Telephone: 

(213) 469 -7878 

Three Big Steps 

to Success... 
in 

ELECTRONICS 

ENGINEERING 
There they are - three big steps that lead electronic;; tech- 
nicians to greater success - three deliberate steps to greater 
recognition and more income. Your future is shaped by the 
moves you make - by the steps you take. Begin now with 
Step #1. 

STEP #1 is a simple request for full information an the 
Grantham Electronics Degree Program. You take this first 
step by filling out and mailing the coupon. Then, we mail 
our catalog to you; we do not send a salesman. 

STEP #2 is earning your Associate in Science Degree in 
Electronics Engineering (the ASEE). If you have completed 
at least one year of fulltime experience as a bona fide elec- 
tronics technician, you may earn your ASEE Degree almost 
entirely by correspondence - including a minimum resident 
attendance of only two weeks.. 

STEP #3 is earning your Bachelor's Degree in Electronics 
Engineering. Success in engineering requires heavy empha- 
sis on fundamental concepts of logic and mathematics, 
rather than on superficial manipulative skills. Since these 
fundamental ideas are relatively unfamiliar to electronics 
technicians, they are developed in a systematic manner in 
the Grantham Electronics Degree Program. 

Accreditation and G.I. Bill Approved 
Grantham School of Engineering is accredited by the 
Accrediting Commission of the National Home Study 
Counuil, is approved under the G. I. Bill, and is authorized 
under the laws of the State of California to grant academic 
degrees. 

Grantham School of Engineering is a specialized, college - 
level, educational institution - established in 1951. Gran- 
tham specializes in teaching engineering by the so- called 
"new approach" - the method (often referred to by names 
such as "independent study ") that has recently created great 
interest among college educators. Actually, this "new 
approach" is not new at all. Grantham and many other good 
schools have been using it for years, under such names as 
"home study" and "correspondence instruction ". 

Now that the method has become "respectable" and is being 
used by reputable colleges to lead to bachelor's degrees, 
Grantham can offer you the opportunity to study for your 
ASEE and BSEE mostly by correspondence. Since you are 
already a technician and know the "hardware" side of 
electronics, you can upgrade from technician to engineer 
while you continue your present employment in electronics. 
Get complete details. Mail the coupon for our free Bulletin. 

Circle 9 on reader service card 
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NEW &TIMELY 
Volume 40 Number 6 RADIO- ELECTRONICS June 1969 

NEURISTOR `GRAY MATTER' AHEAD? 

Cryogenic neuristor in its liquid helium 

MADISON, WIS. -A super- 
dense electronic brain using 
cryogenic tunnel junction neu- 
ristors is feasible according to 
three University of Wisconsin 
electrical engineers now in- 
vestigating "synthetic gray 
matter." 

In liquid helium, neuris- 
tors work similarly to the 10 

billion neurons of the human 
brain. Insulating material 
sandwiched between two strips 
of superconducting metals 
breaks down when a pulse is 

applied across one end of the 
strip. The pulse travels to the 
opposite end much like a nerve 
impulse. 

With IC techniques, com- 
ponent densities of 200 million 
per square foot are economi- 
cally possible, the engineers 
believe. Since neuristors draw 
no current in the resting 
state, a brain -size system would 
not require excessive power. 

Profs. A.C. Scott. R.D. 
Parmentier and J.E. Nordman 
feel the nearly impossible task 
of connecting individual neu- 
ristors could be overcome by 
"teaching" neuristors into a 

pattern, imitating the brain's 
organization of its neurons. 

This might be done by 

adding bits of ferromagnetic 
material between each neuris- 
tor. When information is pro- 
grammed in. the bits would 
become increasingly magne- 
tized, gradually establishing 
preferential neuristor current 
paths. 

bath is studied at U of W. 

SOLID -STATE VIDICON 

USES PHOTODIODES 

NEW YORK-Among the 
new products unveiled at the 
IEEE Show here was a solid - 
state TV vidicon tube made 
by RCA. Although a vacuum 
tube, the target of the new 
device is an integrated mosaic 
pattern of several hundred 
thousand silicon photodiodes. 
The photodiode technique was 
first developed at Bell Labs. 

The new vidicon is de- 
signed for closed -circuit TV 
cameras, but later versions are 
expected to be adapted to 
b -w and color broadcasting 
systems. 

LOOKING AHEAD 
By DAVID LACHENBRUCH 

CONTRIBUTING EDITOR 

Flat- screen breakthrough? 
Although many American companies in the last 20 

years have claimed progress toward an electroluminescent 
picture -on- the -wall flat TV display, none is believed to 
have progressed to the point where an actual off -the -air 
television picture could be shown. Now, at almost ex- 
actly the same time, two Japanese firms have actually 
shown recognizable pictures on experimental display 
panels. Both Matsushita Corp. (parent company of 
Panasonic) and Mitsubishi Corp., developers of these 
flat- screen approaches, say their use for television is still 
some time off. 

In the U.S., attention appears to be shifting from 
electroluminescent panels to plasma devices in research 
looking toward elimination of the picture tube. Several 
projects are under way to develop color displays utiliz- 
ing trapped ionized gases which glow in different colors. 

Off -color commercials 
The continuing television industry study of the 

lack of color uniformity in broadcast transmissions 
(Looking Ahead, April 1969) has come up with an 
interesting reason why commercials often show up poorly 
on color TV: It's not your set or the transmitter; nearly 
40% of filmed commercials may have bad color in the 
first place. In subjective and objective evaluations of a 
large number of films shown on television, an engineering 
task force found that 35mm films had less color varia- 
tions than 16mm, and that program and news films 
varied less than commercials. 

Then 180 commercials were tested, and the task 
force concluded that "30 would not look good to any 
observer on TV or direct projection," while another 40 
were rated "questionable." (continued on page 12) 

600 -COMPONENT IC 

CONTROLS TV PHONE 

MURRAY HILL, N.J. - 
Through its closeup lens this 
Picturephone displays one of 
the key IC's that controls its 
timing circuits. The Bell Labs - 
produced IC has some 600 
components in less than a 
square inch. It controls the 
TV telephone's CRT scan 
rate, frames per second and 
interlacing -to sharpen the 
picture and eliminate flicker- 
ing. The Picturephone, cur- 
rently being trial- tested be- 
tween the New York City and 
Pittsburgh offices of Westing- 
house Electric Corp., is ex- 
pected to be put into nation- 
wide service within a few 
years. 

LASER SCAN PROVIDES 
HIGH -QUALITY PHOTOS 

A radically new technique 
for transmitting high- resolu- 
tion pictures via satellite is 
being used to send reconnais- 
sance photos of North Viet- 
nam to the Pentagon within 
minutes after a reconnaissance 
aircraft lands. 

The device scans a photo- 
graphic image with a laser 
beam, converting variations in 
tone to electronic impulses. 
The signal obtained is then 
transmitted to Washington 
through a military satellite, 
and reconverted by another 
laser scanner and developing 
equipment into a picture very 
close in quality to the original 
photograph. 

Resolution of the image is 

reportedly several times high - 
(continued on page 6) 

r.. 

www.americanradiohistory.com

www.americanradiohistory.com


Radio -Electronics 
June 1969 Over 60 Years of Electronics Publishing 

BUILD ONE OF THESE 
Last Word Stereo FM Tuner 
Variable -voltage tuning malees it swing 

IC Tachometer For Your Car 
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It's our anniversary! This -no Ìth 
Radio -Electronics is 40 ¿ears 
old. Our first issue was pib- 
lished in June 1929 under the 
Radio -Craft masthead. We kraw 
our readers have enjoyed :h _se 
first forty years and we are dhing 
our best to make the years to 
come just as much fun. 

IC Tachometer can help you get better 
performance from your car. The IC 

makes it easy to build by cutting down 
the number of needed parts. 

see page 52 

Stereo Tuner is a prize package. Uses 
VVC diodes instead of variable capaci- 
tors, has an IC i.f. strip and you can re- 
mote the front end. Build it! 

see pige 36 
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4 New &Timely 

FLAT- SCREEN TV HAS 52,900 PICTURE ELEMENTS 

Experimental flat -screen set is checked by project director Yoshiyama. 

NEW YORK -Curious 
visitors jammed the dark- 
ened interior of Panason- 
ic's booth at the March 
IEEE Show to view TV 
programs on a screen no 
thicker than this magazine. 
The 50 -1b experimental set 
is likely to be a forerunner 
of flat -screen models that 
can be hung on walls. 

The 8 x 10.7 -inch elec- 
troluminescent screen has 
230 vertical and 230 hori- 
zontal electrode strips. A 
phosphor layer between 
these strips (diagram. right) 
provides 52,900 picture ele- 
ments. The 0.04 x 0.03 -inch 
size of each element main- 
tains the standard 4:3 pic- 
ture ratio. 

Resolution is fair, but 
the phosphor has a distinct 
green hue and contrast and 
brightness are low. Writing 
in Electronics, project di- 
rector Masami Yoshivama 
(photo above) compares 
the image detail to that ob- 

tamed from some low -cost 
video tape recorders. In- 
stead of the odd -even scan 
pattern used in convention- 
al receivers, both fields are 
successively displayed on 
the same horizontal lines. 
This boosts brightness but 
cuts resolution. 

Lumped video delay 

Here is how a single 
horizontal line of the 230 x 
230 matrix is scanned. The 
horizontal electrode receives 
a negative selecting pulse, 
while blanking pulses dim 
the lines not being scanned. 
Simultaneously, a sampled 
video signal for the entire 
line is applied to all the 
vertical electrodes. This is 
accomplished with a 50.6 - 
µsec lumped delay line, 
which holds the video for 
the scan line until it can be 
displayed simultaneously 
when the horizontal pulse is 
applied. 

The brightness of each 

Screen photo made during IEEE show. Image is a dark green color. 

Model uses some 8600 components. 

element is a function of the 
video pulse amplitude on 
the vertical strips, varying 
exponentially, within limits, 
with the pulse width. The 
input transistor to each ver- 
tical strip serves as a varia- 
ble resistor, its collector re- 
sistance modulated by the 
sampled video from the de- 
lay line. 

HORIZ ELECTRODE 
EPDXY LAYER 

IMPEDANCE 
LAYER 

VERT 
ELECTRODE 

PHOSPHOR -d'I TRANSPARENT) 
L AYER 

GLASS SUBSTRATE (FRONT) 

Then, after one line has 
been scanned, a counter, 
triggered by the horizontal 
sync signal, steps the hori- 
zontal pulse distributor to 
the next line. A second hori- 

AN T 

zontal pulse generator simul- 
taneously delivers blanking 
pulses to all other lines. 

Improved phosphor 

The cutaway drawing of 
the matrix display panel 
shows an impedance layer 
between the horizontal elec- 
trodes and the phosphor 
layer. This reflective coating 
of barium titanate improves 
brightness and contrast be- 
cause of its nonlinear char- 
acteristics. The vertical 
strips are transparent, and 
the horizontal electrodes are 
aluminum evaporated. 

Panasonic plans to test 
a display panel with an im- 
proved phosphor coating 
shortly. The zinc sulphide 
compound used now re- 
quires dim lighting for com- 
fortable viewing. 

The prototype model 
demonstrated at the Show 
was equipped with provi- 
sions for video tape record- 
ers and closed- circuit cam- 
eras in addition to VHF 
reception. With circuit modi- 
fications, the display system 
could be adapted for graphic 
and alphanumeric readouts. 

IC's are used in the coun- 
ter circuits and could sim- 
plify the brightness circuits. 

Some 8600 components 
are used in the set, com- 
parable to the number in a 
desk -top electronic calcula- 
tor. Power consumption is 
about 100 watts. 

(continued on page 6) 
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Our 1% oz. alarm will blast you with 80db 
of the most irritating noise in the world. 
Nothing can drown out or cover up the per- 
suasively piercing sound of the Mallory Sonalert®. 
It's made to be heard. 

The light, compact Sonalert is of solid state 
design for maximum effiiciency and reliability and 
requires as little as 3 milliamps current. No 
arcing. No RF noise. No mechanical wear. 

Consider Sonalert foruse with electronic equip- 
ment where voltage control is critical. Because 
the Sonalert generates no RF, there is no danger 
of its introducing extraneous and spurious sig- 
nals into the system. Important not only for use 

MALLORY 

with computers, but with aircraft systems as 
well. Other uses irclude instrumentation, com- 
munications, medical electronics. 

Sound intensity range is 68db @ 6VDC :o 80db 
@ 28VDC. Sound frequency levels a'e 2900 
hertz x-500 Hz and 4500 hertz ±500 Hz, depend- 
ing on model. 

For further information on the Mallory:onalert, 
ask your Mallory Distributor for "idea folder" 
No. 9 -406. Or write Mallory Distributor Products 
Company, a division of P. R. Mallory 8 Co. Inc., 
Indianapolis, Indiana 46206. 

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. H. ,l:\1.1.()HY & CO. INC. 
13ox Ia51í. Ind ianapol iti. Indiana 1(1206; Telephone: 317. 153157i33:1 

Batteries Capacitors Controls Resistors Semiconductors Sonalert® Switches Timers Vibrators ICs 

Circle 10 on reader service card 
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6 New &Timely 
(continued from page 4) 

er than the French 809 -line 
TV standard, and better than 
that obtainable with the best 
printing techniques available. 

Dr. Peter C. Goldberg, 
president of CBS Labs, devel- 
oper of the technique, indi- 
cated in a New York Times 

story that 15 similar high - 
quality pictures could be dis- 
tributed globally within 5 

seconds if the system is adopt- 
ed for civilian applications. 

REVISED SIGNAL CODE 

HAS MEDICAL SYMBOLS 

"Oo -nah -won. ok- to -ait" 
might mean a broken thumb 
at sea. This code word pro - 
nounciation for the number 
18, code for a thumb. is part 
of a revised International 
Code of Signals that went into 
effect April 1. 

The new code contains a 
detailed list of diseases and 
parts of the body by number, 
and is meant to improve med- 

ical communications over ma- 
rine radiotelephones. 

Alfa. Bravo, Charlie, Del- 
ta alphabet designations that 
replaced the Able, Baker, 
Charlie, Dog code in the 
1950's have been retained in 
the code revisions. But the 
syllables that should be 

stressed have been empha- 
sized. In "November," the 
code word for "N," the "vem" 
should be stressed, for exam- 

ple. 

NEW SCOPE SPOTS ELEMENTS 

MOUNT VERNON, N.Y. - 
Researchers now have a new 
tool to identify the chemical 
composition of microscopic 
samples. Called the electron 
probe micro -analyzer, the new 
instrument looks and works 
like an electron microscope. 

When the 50.000 -volt elec- 
tron beam is focused on un- 
known samples, X -rays radi- 
ate from the substance. Each 
element emits its characteris- 
tic X -ray wavelength. 

These wavelengths then 
pass through a rotating lithi- 
um fluoride crystal. which 
separates the X -rays like a 

glass prism separates light 
wavelengths. An X -ray coun- 
ter tube registers each of the 
spectrum bands. and a com- 
puter tied to the crystal motor 
and counter determines the 
various angles of the radia- 
tion passing through the crys- 

tal. The computer then prints 
out a report of the specimen's 
composition. The micro -ana- 
lyzer, selling for up to $100,- 
000, is made by Philips Elec- 
tronic Instruments. 

IHF MAY BAR RATING 
ABUSERS FROM SHOWS 

NEW YORK -To help com- 
bat the misuse of hi -fi ampli- 
fier wattage ratings (New & 

Timely, April 1969), the In- 
stitute of High Fidelity has in- 
dicated it may bar abusers of 
its standards from IHF hi -fi 
shows. John Koss, IHF presi- 
dent, also suggested legal ac- 
tion might be taken against 
manufacturers who deviate 
from IHF standards while us- 
ing its identifying initials. 

A typical abuse is the use 
of rating formulas expressed 
as "IHF (watts)± dB." 

NEW X -RAY DETECTORS 

ON THE MARKET 

Two new do- it- yourself 
x -ray detectors for checking 
out color TV sets have cropped 
up. One tester is a plastic pod 
that is intended to be fastened 
to the TV screen. It contains 
a Vs-inch square crystal of 
calcium fluoride doped with 
manganese phosphor. The set 
is turned on for 10 hours and 
the pod is then sent to the 
manufacturer for analysis. Set 
owner gets a card telling him 
satisfactory, marginal or exces- 
sive. 

Another tester is a plastic 
device said to contain "electro- 
statically charged beads." With 
the set on you shake the con- 
tainer until the beads float in 
mid -air. To read radiation 
level you time how long it 
takes beads to fall to the 
bottom of their container. 

The worth of either de- 
vices may be open to question. 
Measuring the extremely small 
amounts of radiation a TV 
emits, usually requires special 
sensitive instruments to get 
precise readings. It only takes 
a tiny error to cause extremely 
erroneous readings. 

One city (New York) 
looks askance upon do -it -your- 
self testers. They have barred 
them, claiming they violate the 
city health code provision that 
forbids radiation surveys not 
conducted by qualified experts. 

(continued on page 12) 
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Castle, the pioneer of television tuner overhauling, offers the following services to 
solve ALL your television tuner problems. 

OVERHAUL SERVICE - All makes and models. 

VHF or UHF tuner $9.95 

UHF -VHF combination (one piece chassis) $9.95 
TRANSISTOR tuner $9.95 

COLOR tuner $9.95 
(Guaranteed color alignment ... no additional charge) 

Overhaul includes parts, except tubes and transistors. 
Simply send us the defective tuner complete; include tubes, 
shield cover and any damaged parts with model number ' 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 single chassis type; dismantle 
tandem UHF and VHF tuners and send in the defective unit 
only. 
And remember -for over a decade Castle has been the leader 
in this specialized field . . . your assurance of the best in 
TV tuner overhauling. 

CUSTOM REPLACEMENTS 
Exact replacements are available for tuners that our inspec- 
tion reveals are unfit for overhaul. As low as $12.95 ex- 
change. (Replacements are new or rebuilt.) 

JUNE 1969 

UNIVERSAL REPLACEMENTS 

Prefer to do it yourself? 

Castle universal replacement tuners are available with the 
following specifications. 

STOCK 
No. HEATERS 

SHAFT 
Min.* Max.* 

I.F. OUTPUT 
Snd. Pic. PRICE 

CR6P Parallel 6.3v 13/4" 3" 41.25 45.7E 8.95 

CRIS Series 600mA 13/4rr 3" 41.25 45.75 9.50 

CR9S Series 450mA 13/4" 3" 41.25 45.75 9.50 

CR6XL Parallel 6.3v 21h" 12" 41.25 45.76 10.45 

CR7XL Series 600mA 21h" 12" 41.25 45.75 11.00 

CR9XL Series 450mA 21h" 12" 41.25 45.75 11.00 

*Selector shaft length measured from tuner front apron 
to extreme tip of shaft. 

These Castle replacement tuners are all equipped with memcry fine tun- 
ing, UHF position with plug input for UHF tuner, rear shaft e, tension and 
switch for remote control motor drive ... they come complete with hard- 
ware and component kit to adapt for use in thousands of popular TV 
receivers. 

Order universal replacements out of Main Plant (Chicago) 
only. 

CASTLE TV TUNER SERVICE, INC. 
MAIN PLANT: 5715 N. Western Ave., Chicago, Illinois 60645 

EAST: 41 -96 Vernon Blvd., Long Island City, N.Y. 11101 
Circle 11 on reader service card 
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With his NRI home training 
as a solid base for success, graduate W. Gerald 

Kallies of Elliott Lake, Ontario, Canada, has 
branched into three different areas of 

Electronics. He is in charge of the complete 
Electronic automatic control system at Rio 

Algom Nordic, Ltd., a uranium mining company. 
Also, he handles operations at CKSO -TV, a 

satellite station in Elliott Lake, and he owns Gerol 
TV Sales & Service, which grosses $60,000 a year. 

How did Gerald Kallies launch his career? 
While a high school senior, he faced the fact 

that college was beyond his financial reach. So 
he wrote to ten Electronics training schools. He 
chose NRI. Why? Because, he says, it appeared 

to be complete training with no short cuts .. . 

because courses were offered at very reasonable 
prices ... and because he was convinced NRI 

would take a personal interest in him. The 
results of his training speak for themselves. 

Experience 
Most in Color TV 

Communications 
Electronics 

8 RADIO -ELECTRONICS 
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Designed - for - training equipment makes 
learning at home fast and fascinating- 
builds priceless confidence as theory 
you learn comes alive. 
There is an all- important reason why NRI has invested 
so heavily in the development of equipment for learn- 
ing Electronics at home. With more than 55 years of 
home education experience, NRI is convinced that 
theory alone is not enough. Your hands must be trained 
as well as your head. To get ahead fast you must have 
"hands -on" experience as well as "book" knowledge ... and, you get both in NRI home training programs. 

Learning becomes an absorb- 
ing adventure as you get your hands on 
professional parts and demonstrate theory you read in 
"bite- size" texts carefully programmed with NRI 
designed- for -learning equipment. You'll prove theory by 

Counts 
experimentation with the type of solid- state, transistor- 
ized and tube circuits you'll find on the job today - not 
hardware or breadboard hobby kits. Almost without 
realizing it, the NRI discovery method prepares you 
for your choice of careers in Color TV Servicing, Com- 
munications, Industrial Electronics. With your NRI 
diploma, you can confidently fill full -time openings in 
the TV -Radio Servicing business; become a part of the 
glamorous communication industry; have an important 
role in business, military or space Electronics or even 

launch your own full -time business. Many NR[ grad- 
uates start earning $5 to $7 an hour extra soon after they 
enroll, fixing home Electronics equipment for friends 
and neighbors in spare time. NRI's remarkable torching 
method simplifies, organizes, dramatizes subject matter 
so that any ambitious man - regardless of his educa- 
tion - can effectively learn and profit from tlx: Elec- 
tronics course of his choice. 

You get your FCC License or 
your money back NRI is so confident of 
the effectiveness of its training programs that all Com- 
munications courses include a special money -back agree- 
ment. You must qualify for a Commercial Radiotele- 
phone License issued by the FCC, after sncosssfully 
completing your training program, or NRI refunis your 
tuition in full. Here is just one more example of the 
value you get when you choose NRI for your Elec- 
tronics training . . . one more example of why NRI 
continues to be the country's leading Electronics home - 
study school. Over three -quarters of a million have en- 
rolled since 1914. Discover for yourself how easy it is 
to move into Electronics - America's fastest growing 
industry - with NRI home training. Mail the postage - 
free card for the new NRI Catalog. There is ne obliga- 
tion. No salesman will call. NRI does not employ 
salesmen. NATIONAL RADIO INSTITUTE, Wash- 
ington, D.C. 20016. 

Approved under GI Bill 
If you have served since January 31, 1955, or are in 
service now, check GI line on postage -free card. 

Color TV circuitry is easy 
to learn as you build the only 
Color TV set custom - designed for 
training purposes. The result is 
your own high- quality set you 
keep for years of viewing pleasure. 
NRI TV -Radio Servicing course 
includes your choice of color or 
black- and -white training equip- 
ment. 

JUNE 1969 

Communications experience 
equal to as much as two years of 
on- the -job training is yours as you 
build and use equipment like this 
phone -cw transmitter suitable for the 
80 -meter amateur band. You also 
perform experiments on transmis- 
sion lines and antenna systems. No 
other home -study school offers this 
equipment. 

Competent technical ability 
so necessary for careers in Ind s- 
trial Electronics is easily acquired 
through NRI training. As you learn, 
you actually build and use your a n 
motor control circuits, telemeter.:ng 
devices and even digital computer 
circuits. All major NRI courses in- 
clude transistors, solid -state devices, 
printed circuits. 
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as 

simple 

as 

sound 
The reason for Oxford 
leadership is simple, 
in one word -quality... 
consistently higher 
quality for every new 

equipment or 
replacement need. 

Whatever your speaker 
requirements may be-. 
radio or TV, high -fidelity 
or stereo, inter -corn, 

automotive commercial 
sound, or musical 
instrument -any and 
every place where 
quality sound 
reproduction is a 

"must ", Oxford is your 
best buy on any count. 

For the full story on 

what this quality can do 

for you, write today 
for your free copy 
of the big new Oxford 
catalog. You'll learn first 
hand why the buy word 
in speakers today is ... 

Oxford, of course! 

OXFORD 
TRANSDUCER 

COMPANY 
A Division of 

Oxford Electric Corporation 

3914 S. Michigan Ave. 
Chicago, III. 60653 

Circle 13 on reader service card 
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(continued from page 6) 

TV X -RAYS ARE BACK 
SUFFOLK COUNTY (LONG 

ISLAND), NEW YORK -A 14- 
month study of 5000 color 
sets conducted by the Suffold 
County Health Department 
indicates that 20% of the sets 
were delivering excessive x- 
rays. 

The study covered sets 
from 37 manufacturers, and 
at least one color receiver of 
each brand was found to be 
emitting radiation in excess 
of the danger level (0.5 milli - 
roentgens an hour at a dis- 
tance of two inches from the 
surface of the set). 

The door -to -door survey 
was conducted by Seymour 
Becker, a physicist with the 
County Public Health Service. 

Using these figures in an 
extrapolation, three million of 
the 15- million color sets now 
in use in the United States 
are emitting excessive x -rays. 

Mr. Becker reports he 
found 15 separate causes for 
the excessive radiation, which 
was being emitted in all direc- 
tions. Mr. Becker said that all 
x -rav emissions. even non- 

harmful ones "technically can 
be reduced to zero." 

The amounts of radiation 
measured varied from 0.5 mR 
at 5 cm to as much as 150 

mR. The average offender 
emitted 2 to 5 mR. 

Power supply voltages in 
the malfunctioning sets ran as 
high as 40,000 volts with an 
average of 32.000 to 38,000. 
Normal high voltage is about 
25,000 volts. 

Editors Note: An excessive 
high voltage is almost always 
accompanied by x -ray emis- 
sion we recommend all techni- 
cians to check the high voltage 
of every color set they service 
and make any needed repairs. 
To the set owner we urge 
that you look at your picture 
carefully. If it is out of focus 
or narrow (black edges at the 
right and left) have your set's 
high voltage checked im- 
mediately. The troubles just 
described are often produced 
by excessive high voltage. 
And excessive high voltage is 

often accompanied by exces- 
sive s -rays. 

LOOKING AHEAD 
(continued from page 2) 

Pictures from space 
A space broadcasting experiment in India may 

eventually bring a new kind of television service to the 
United States. NASA and the Indian Government are 
planning to test a low -cost method of mass education by 
satellite TV in 1972. Some 80% of India's population 
lives in 568,000 villages. The goal of the joint space 
venture is to reach these villages with educational telecasts 
from space. 

Each community TV receiver, which can be watched 
by as many as 300 people at a time, will have its special 5- 
foot parabolic antenna and FM -to -AM converter to translate 
direct satellite signals into a standard TV set waveform. 

Although direct satellite -to -home TV broadcasting 
won't be economically feasible before the 1980's at the 
earliest, NASA officials think the Indian project could 
lead to new TV services in the U.S. Low -cost ground 
stations could supplement regular TV service by filling 
in isolated areas which currently aren't covered by televi- 
sion stations. Another system could cover the U.S. with 
non -entertainment programing for specialized groups. 
For example, special programs for doctors, lawyers or 
scholars in certain fields -prohibitive in cost if beamed 
from a network of ground transmitters -could be trans- 
mitted from a single satellite, picked up by mass -pro- 

(continued on page 14) 
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KENWOOD 
UNVEILS TWO NEW 
POPULAR- PRICED 

MODELS... 
STARTLING NEW VALUES AT 

$239.95* EACH 

The KENWOOD KR -77 and :he KRS -44 take 

the "Best Values of the Year" Award, hands 

down! Never before has KENWOOD incor- 
porated so much quality, power and perform- 
ance in a stereo receiver or a stereo receiver 
system at such a modest price. 

The KR -77 boasts 75 watts music power (IHF) at 4 ohms. 2 ICs, 2 FETs, 

4 -gang tuning condenser front -end provides outstanding 1.9 uV sensitivity, 

better than 60 dB signal to noise ratio and 2.5 dB capture ratio. The combi- 

nation of special circuits and heavy -duty silicon transistors delivers excep- 

tional frequency response and power bandwidth. New refinements as front 

panel jacks for stereo headphones and dubbing /tape record, inputs for two 

record players, left and right channel preamplifier outputs, terminals for 2 

sets of stereo speakers, and unique keyboard controls to regulate muting, 

loudness and low /high filters ... are some of the outstanding features that 

make the KR -77 such an outstanding value. 

"Including simulated walnut cabinets 

(Top; 

KRS -44 STEREO RECEIVIER SYSTEM 

13 -WATT FET IC FM /AM 
°LUS TIVO MATCHING SPU,KERS 

Eottom) 
0-77 STEREO RE :EII ER ... 75 WATT 

= =T C SOLID STA -E FM.'AM 

KENWOOD combines the new and noteworthy KR -44 Stereo Receiver with 

two perfectly mated compatible speakers to achieve "instant stereo ', skimp- 

ing not a whit on quality! The 48 watts of music power (IHF) at 4 ohms 

delivers enough power to drive two sets of stereo speakers ... and there are 

plenty of tape and phono inputs for the most complete stereo systen. Add to 

this the elegant styling of the oiled -walnut speakers ... the rich feel of the 

controls ... the compact design of both receiver and speakers... . and it 

becomes apparent that the KRS -44 is the answer for low- budget munis lovers 

with extravagant tastes! 

Visit your nearest Authorized KENWOOD Dealer 
and sound-test these two outstanding units . . . 

or write for complete specifications to ... 

...the sound approach fs, girnlit!f 

3700 S. Broadway PI., Los Angeles, Calif. 90007 
®-41 Calamus Ave., waodside, N. Y. 11377 
xctusive Canadian Dish. - Perfect Mfg. & Supplies Corp Ltd, 

Circle 14 on render service card 
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Clever Kleps 30 
Push the plunger. A spring -steel forked 
tongue spreads out. Like this S 

Hang it onto a wire or terminal, let go 
the plunger, and Kleps 30 holds tight. Bend it, pull it, let 
it carry dc, sine waves, pulses to 5,000 volts peak. Not a 
chance of a short. The other end takes a banana plug or a 
bare wire test lead. Slip on a bit of shield braid to make a 
shielded probe. What more could you want in a test probe? 

!!ye RYE INDUSTRIES INC. 
128 Spencer Place, Mamaroneck, N.Y.10543 

In Canada: Rye Industries (Canada) Ltd. 
See the whole family of Clever Kleps on page 67 

$147 Available through your local 
distributor, or write to: 

I N O U B T P I E B 

GIANT 1969 

ELECTRONICS 
CATALOG 

ANNUAL 
CATALOG 

No. 691 

228 GIANT VALUE - 
PACKED PAGES 

YOUR BUYING GUIDE FOR . 

TV's, Radios, Recorders, Phonos, 
Amateur and CB equipment, elec- 
tronic parts, tubes and test equip- 
ment . plus featuring B -A's 
famous bargain packed section! 

WRITE FOR YOUR FREE CATALOG TODAY! - - 
(BURSTEIN- APPLEBEE CO., Dept. RE -F 

3199 MERCIER ST., KANSAS CITY, MO. 64111 

Name 

'Address 

city 

State Zip Code 
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LOOKING AHEAD 
(continued from page 12) 

duced ground stations and distributed to offices or homes 
by existing cable TV systems, or piped directly to re- 
ceivers in colleges or assembly halls. 

FM's landmark 
If you're old enough, you'll remember that FM 

radio was once given up for dead -but it refused to be 
buried. Well, FM reached a happy milestone in 1968. 
After all sales figures had been tallied, it turned out that 
exactly 50% of all radios sold last year contained FM. 
Americans bought 36 million table, clock, portable, auto 
and phono and /or TV combination radios -and 18 mil 
lion of them had FM. A lively corpse, indeed. 

TV prices down 
While we're on statistics, perhaps you'd like to 

know that despite the rising cost of living, TV set prices 
hit an all -time low in 1968. At the factory level, the 
average American -brand color set sold for $342.88, 
down more than $19 from the 1967 level, while the 
average black- and -white set dropped $2 to S92.24. In 
both cases, the decline apparently is due to a higher pro- 
portion of small- screen set sales rather than to any major 
reductions on specific models. 

Quick- change artist 
Latest gadget for television broadacsters: a video 

tape cartridge recorder. Designed for automatically play- 
ing commercials and other short selections on the air, 
the RCA device can accommodate 18 cartridges on an 
endless oval belt. Each cartridge holds up to three 
minutes of color video material on two -inch -wide broad- 
cast video tape. The cartridges play automatically in se- 
quence to provide as many commercials in a row as 
desired, untouched by human hands. 

If you're interested, the automatic color video ma- 
chine will sell for about $89,500. But before you can 
operate it, you must have a broadcast color video recorder 
to attach it to (costing as much as $100,000 or more). 
Don't run out to buy one, production models won't be 
available until mid -1970. 

`Brownie' color camera 
Color cameras continue to shrink in size and price. 

Although TV studio versions still sell as high as $90,000, 
new developments are now bringing color within price 
and operational simplicity ranges of educational and in- 
dustrial closed- circuit installations, and, at the present 
rate of progress, they'll soon be aimed at home color 
video recording hobbyists. 

By far the smallest and cheapest color camera has 
just been announced by Toshiba. Weighing only 10 
pounds and about the size of a cigar box, the new camera 
is expected to sell at around $1000, perhaps below. It's 
designed to plug into any household electrical outlet and 
can be connected directly to a conventional color set with 
a single cable. The control unit is mounted inside the 
camera head. The camera uses two pickup tubes, one 
for color, the other for luminance (b -w signals\ R -E 
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New Weller® 
TEMPMATIC® 
Temperature Controlled Soldering Tool 
for light and heavy duty soldering. 

Now one tool combines all the 
advantages of a lightweight pencil type iron, 
a fast heating soldering gun, 
and tip temperature control. 

Features Weller's 
exclusive new 
POWERHEAD 
The heart of this new tocl is its 
long -life, high efficiency POWERHEAD 

. another great innovation from Weller. 
The POWERHEAD contains Weller's 
temperature control system 
(which has been so successful in Weller 
temperature controlled soldering irons). 
The result is maximum protection of 
components even in the most delicate 
work situations. 

JUNE 1969 

The integral points of the 
POWERHEAD have made over 30,000 solder 
connections in lab tests. 

EJECTOR BUTTON 
POWERHEADAL 

EJECTS de 
OUT 

OP PUSH IN ALTERNIATE 
POWERHEAD 

The points have a special premium plating 
which vastly extends life. And the 
POWERHEAD completely eliminates 
tiling and frequent tip changes as 

encountered with conventional 

non -temperature controlled tools. 

Two POWERHEADS are available: 
A 700 °F. 3/16" chisel point POWERHEAD 
or a 600 °F. V8" conical point 
POWERHEAD. A convenient ejector 
button makes switching POWERHEADS 
easy. 

The entire tool weighs only 7 ources. 
Its trigger turns heat on and off. And the 
stainless steel barrel has long reach. 

Ideal for service, repairs, PC boards, 
models and hobbies. Order these new 
Weller TEMPMATIC models now. 

NIELLER ELECTRIC CORP., Easton, Pa. World leader in soldering tools 
Circle 17 Oh reader .service card 
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NEW DELTA DESIGN! 
MODEL 3000 FET VOM 

' 

.,,,(,tVa 
, 

^K 

l 

A unique 

and efficient 
instrument 

bridging the gap 

between a 

multimeter and a 

digital voltmeter! 

Delta, pioneer of the famous Mark Ten® CD System, 

now offers a compact, versatile, and extremely 

sensitive VOM which combines FETs and ICs for 
extreme accuracy. Compact (61/2" W x 8" H x 31/2" 

D), portable, wt. 33/4 

lbs. In full production 
at only 

Wou /d you believe 

$1495 

1. Mirror scale 200 A D'Arsonval meter 

2. Integrated circuit (IC) operational amplifier for extreme accuracy 

3. FET input stage with current regulator 

4. Two stage transistor current regulator and Zener diode on OHMS for 
absolute stability and accuracy 

5. Voltage clippers for protection of input stage 

6. Fully temperature compensated for low low zero drift 

7. Ten turns ZERO and OHMS adjust potentiometers 

8. Epoxy glass circuit boards and metal case 

9. Enclosed switches 

10. Uses readily available type AA cells 

11. Uses standard test leads for maximum flexibility and ease of 

measurement 

12. 10 Megohms input impedance 

Available in Kit form: 

Feedback network with 

pre -selected compo- 

nents to eliminate all 

final calibration. Ready 

to use when assem- 
bled! 

Kit: 

Only $591?pd. 

DELTA PRODUCTS, INC. 
/ DIT° P. 0. Box 1147, Grand Junction, Colorado 81501 

I enclose $ . Please send postpaid: 

Model 3000 FET VOMs (ä. $74.95 assembled 

Model 3000 FET VOMs co.. $59.95 kit form 

Name 

Address 

City,'State Zip 

DP 8.7 

RE 

Circle 18 on reodcr service cuid 

tìrespondence 

BOOST HURTS LOUDNESS 

In the January 1969 issue of 
RADIO -ELECTRONICS there is a Tech - 
note concerning the Dynaco SCA -35 
amplifier. The writer shows a suggest- 
ed way to add high- frequency boost 
as part of the loudness circuit. 

The circuit shown will give in- 
creasing treble as the volume control 
is turned down, and it will do this 
without causing any problems. How- 
ever, I want to point out that this type 
of correction should not be part of 
accurate loudness compensation. 

The familiar loudness contours 
show that the ear is not so sensitive 
to high frequencies as to middle fre- 
quencies. However, this phenomenon 
is true at almost all levels, and the 
treble contours are quite parallel. 
Therefore, there should not be any 
compensation for level. This merely 
indicates that at all levels we do not 
hear highs as well as we hear middle 
frequencies. This is true for original 
sounds as well as for reproduced 
sounds. A "correction" of reproduced 
sounds based on level would make 
them most unnatural. On the other 
hand, the same contours indicate that 
bass frequencies require augmentation 
when played at reduced levels if the 
original tonal balance is to be main- 
tained at the lower level. Therefore, 
bass correction has some validity, but 
treble correction of the scale indicated 
in the Technote has none. 

DAVID HAFLER 
Dynaco Div. 

Philadelphia, Pa. 

CORRECTION 

Bug in electronic photoflash: In 
the class -II trigger circuit (page 26 of 
the February issue) the cathode of the 
5823 thyratron is marked as pin 5. It 
should be pin 3 as on the PC board. 
R1 is marked 4.7 megohms. It should 
be 4.3 megohms. 

FM STEREO VS STEREO FM 

Now that the word "monaural" 
is nearly completely eliminated from 
the audio vocabulary (only a few re- 
calcitrant retailers and advertisers are 
still using this incorrect and obsolete 

(continued on page 22) 
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Every minute is longer up there. 
You can save as many as 20 or 30 

of those long minutes when you put up 
one of our larger antennas, because 
they're pre -assembled. Our snap- joints 
take only seconds to lock in place. 

Sylvania antennas are equipped with 
a double boom (for strength and ri- 
gidity) . 

All have strong, seamless, half -inch 
tubular elements (not rolled -over 
strips of aluminum). 

All aluminum parts are gold -alo- 

dized inside and out (not sprayed, but 
dipped). 

Even more care goes into the elec- 
tronics. 

We've peaked our antennas for flat 
response over the entire 6 MHz band- 
width of each TV channel. Flat re- 
sponse is absolutely necessary for good 
color reception. Otherwise, color ren- 
dition may be lost. 

You also need high gain- that's ob- 
vious. But coupled with high directiv- 
ity to knock out interference. Polar 

patterns from our antennas show al- 
most complete rejection of signal; from 
the rear and sides. 

We designed our antennas so you 
wouldn't have to (1) climb back up 
there or (2) fiddle around up there. 

We know that the fiddler on the roof 
is just fiddling his own money away. 
For more information on our i'ine of 
antennas see your Sylvania distributor. 

SYLVAN JA 
GENERAL TELEPHONE & ELECTRON' 

Here's where we 
can save you time. 

www.americanradiohistory.com
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Can you solve these 
two basic problems in 
electronics? 

Lamp 1 Lamp 2 Lamp 3 

This one is relatively simple: 

When Switch Sz is closed, which lamp 
bulbs light up? 

Note: If you had completed only the first lesson 
-of any of the RCA Institutes Home Study programs, 
you could have solved this problem. 

(d-d) s11oA OZ-Z walgwd 
tln 346!I Ile a41-L walgwd :Sa3MSNv 

18 

Z: 10 volt zener diodes 

This one's a little more difficult: 

What is the output voltage (p -p)? 
Note: If you had completed the first lesson in the 
new courses in Solid State Electronics, you could 
have easily solved this problem. 

These new courses include the latest findings 
and techniques in this field. Information you must 
have if you are to service today's expanding 
multitude of solid state instruments and devices 
used in Television, Digital, and Communications 
Equipment. 

If you had completed an entire RCA Institutes 
Home Study Course in Semiconductor 
Electronics, Digital Electronics, or Solid State 
Electronics, you should now be qualified 
for a good paying position in the field you choose. 
Send for complete information. Take that first 
essential step now by mailing the attached card. 

RADIO -ELECTRONICS 
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RICA Institutes Autotext learning method 
makes problem -solving easier... 
gets you started faster towards a good -paying career in electronics 

Are you just a beginner with an interest in 
electronics? Or, are you already making a living 
in electronics, and want to brush -up or expand 
your knowledge? In either case, RCA has the 
training you need. And Autotext, RCA Institutes' 
own method of Home Training will help you learn 
more quickly and with less effort. 

Wide Range of Courses 
Select from a wide range of courses. Pick the 
one that suits you best and check it off on the 
attached card. Courses are available for beginners 
and advanced technicians. 

Electronics Fundamentals 
Black & White Television Servicing 
(Transistorized TV Kit Available) 
Color Television Servicing (Color TV Kit Available) 
FCC License Preparation 
Automatic Controls 
Automation Electronics 
Industrial Electronics 
Nuclear Instrumentation 
Electronics Drafting 
Computer Programming 

Plus these new 
up -to- the -minute courses 
Semiconductor Electronics 
Digital Electronics 
Solid State Electronics 
Communications Electronics 

Prepare for good paying 
positions in fields like these 
Television Servicing 
Telecommunications 
Mobile Communications 
CATV 
Broadcasting 
Marine Communications 
Nuclear Instrumentation 
Industrial Electronics 
Automation 
Computer Programming 
Solid State 
Electronics Drafting 

JUNE 1969 

Build and keep this 
valuable oscilloscope. 

In the new program on Solid 
State Electronics you will study 
the effects of temperature and 
leakage characteristics of 
transistors. 

RCJI 

Valuable Equipment -Yours To Keep 
A variety of RCA Institutes engineered kits are 
included in your program of study. Each k :i1 is yours 
to keep when you've completed the course 
Among the kits you construct and keep is a ;corking 
signal generator, a multimeter, a fully 
transistorized breadboard superheterodre 
AM receiver, and the all- important oscillos:ope. 
These kits are at no extra cost. Compare th.s 
selection with other home study schools. 

Convenient Payment Plans 
RCA Institutes offers liberal monthly payment 
plans to suit your budget. 

Classroom Training Also Available 
RCA Institutes operates one of the largest technical 
schools of its kind. Day and evening classes No 
previous training is required. Preparatory c:urses 
are available. Classes start four times a year. 

Job Placement Service, Too! 
Companies like Bell Telephone Labs, GE, 
Honeywell, IBM, RCA, Westinghouse, Xerox and 
major radio and TV networks have regularl), 
employed graduates through RCA Institutes' own 
placement service. 

All RCA Institutes courses and programs are 
approved for veterans under the new G.I. 13i11. 

Send Attached Postage Paid Card 
Today. Check Home Study or 
Classroom Training. 

Accredited Member National Home Study Cc:uncil. 

IF REPLY CARD IS DETACHED, SEND THIS COUPONS 

RCA Institutes Inc. 
Home Study Dept. ZBF -69 
320 West 31 Street 
New York, N.Y. 10001 

Please send me FREE illustrated career catalog. 

Name Age 
(please print) 

Address 

City 

L 
State Zip 
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SAMS BOOKS for every electronics interest 

NEWLY PUBLISHED 

AND IMPORTANT 

Fundamentals of Digital Computers 
This exceptionally clear book is an excellent 
introductory text to the general field of elec- 
tronic computing. It enables anyone, from any 
occupational field, to acquire a good, basic 
understanding of what computers do and how 
they do it. No prior knowledge of computers 
is required. The book begins with a discussion 
of various types of computer applications and 
surveys the history and evolution of computers. 
This is followed by an explanation of the fun- 
damental facts one must know and understand 
about computers and their operation. Discussed 
in detail are subjects such as the functional 
organization of a computer, the individual com- 
ponents of a computer system, data prepara- 
tion, storage devices, input and output periph- 
eral devices, conversion units, and the central 
processor. A comprehensive glossary of com- 
puter terms is included. 
Order 20714, only $5.50 

CB Radio Servicing Guide. 2nd Ed. 
Provides a comprehensive guide to CB radio 
servicing, both for the professional service 
technician and the CB radio user who wishes 
to get optimum performance from his equip- 
ment. A major part of the book is devoted to 
troubleshooting procedures aimed at rapid 
solutions to problems in single -channel and 
multi -channel receivers and transmitters. Il- 
lustrated with CB radio schematics, test equip- 
ment diagrams, and charts showing how much 
range you can expect from CB radio. Includes 
valuable chapters on field and shop mainte- 
nance and the business aspects of CB radio 
servicing. Order 20722, only $3.95 

FM -From Antenna to Audio 
Concisely written in clear language, this book 
presents a complete picture of fm reception and 
receiving equipment, from the basic principles 
of fm to the latest developments in aft and 
tuning aids. The opening chapters thoroughly 
explain the fm signal and how it is effective in 
reducing co- channel and adjacent -channel in- 
terference. The remaining chapters describe the 
receiving system, beginning with the fm an- 
tenna, and progressing step -by -step through 
each section of the fm receiver. The two final 
chapters deal with receiver measurements and 
alignment procedures. 
Order 20723 only 63.95 

RECENT AND TIMELY BESTSELLERS 

Outboard Motor Service Manuals. 4th Ed. 
Complete and accurate service data for the 
repair and maintenance of outboard motors. 
Each volume contains a section on outboard 
motor fundamentals. 
Vol. 1. Covers motors under 30 horsepower, 
produced by 36 leading manufacturers. 
Order 20598, only $4.95 
Vol. 2. Full data for motors of 30 horsepower 
and over, produced by 21 different manufac- 
turers. Order 20599, only $4.95 
2 Vol. Set. Order 20603, only $9.50 

Color -TV Servicing Guide 
Shows how to apply fast troubleshooting pro- 
cedures, based on analysis of trouble symp- 
toms. Includes full -color picture tube photos 
showing various operating troubles; clearly ex- 
plains how to diagnose trouble causes; gives 
repair procedures. Order 20358, only $4.25 

Television Service Training Manual. 2nd Ed. 
Updated and expanded to include new TV serv- 
icing short cuts and tests. Shows how to use 
test points to isolate trouble to specific com- 
ponents, in both tube and transistor receivers. 
Treats all sections of the TV receiver; packed 
with schematics, charts, and drawings. Provides 
you with quick, sure -fire analysis and repair 
procedures. Order 20628, only...... $4.95 

NEW 5TH EDITION OF THE WORLD- FAMOUS 

Reference Data for Radio Engineers 
Now contains 50% more data to cover the 
developments of the past 12 years. Prepared 
by outstanding engineers, professors, and 
experts, under the direction of the Interna- 
tional Telephone and Telegraph Corporation 
staff. Provides comprehensive data on all 
basic phases of electronics, including 
tables, formulas, standards, and circuit in- 
formation- PLUS -all -new data on micro- 
miniature electronics, navigation aids, 
reliability and life testing, international tele- 
communication recommendations, switching 
networks and traffic concepts, and quantum 
electronics. Over 1350 illustrations 1198 
pages. Order 20678, only $20.00 

Know Your VOM -VTVM. 2nd Ed. 
This authoritative text explains volt- ohm- milli- 
ammeters, vacuum -tube -voltmeters, and solid - 
state electronic voltmeters in language anyone 
can understand. Includes clear explanations of 
the types of circuits used, and of the uses, care, 
and repair of the instruments. Basic concepts 
are thoroughly presented to help provide for 
an understanding of electrical measurements 
Questions at the end of each chapter help to 
reinforce learning progress. 
Order 20676, only $3.50 

AM -FM -TV Alignment 
Here is all you need to know about alignment of 
all radio and tv sets. Includes chapter on audio 
amplifier frequency- response checks. 
Order 20602, only $3.95 

Troubleshooting with the Oscilloscope. 
Shows practical use of the scope to isolate cir- 
cuit troubles. Tells how to setup for tests, how 
to use probes, how to interpret waveforms, how 
to troubleshoot. Order 20550, only $4.50 

Practical Transistor Servicing. 2nd Ed. 
Provides fastest, most direct methods for trou- 
bleshooting all types of transistorized equip- 
ment, including FM and auto radios. 
Order 20314, only $4.25 

More Bestselling Sams Titles 
Tube Substitution Handbook. 12th Ed. 
Order 20700, Shop Edition, only $1.75 
Troubleshooting with the VOM and VTVM 
Order 20481, only $3.95 
Transistor Substitution Handbook. 9th Ed. 
Order 20705, only $1.95 
Using Scopes in Color -TV 
Order 20718, only $3.95 
Symfact ° Guide to Color -TV Servicing 
Order 20710, only $3.95 
Transistor Color -TV Servicing Guide 
Order 20693, only $4.50 
Using Scopes in Transistor Circuits 
Order 20662, only $4.50 -- - - - - -- HOWARD W. SAMS & CO., INC. 

Order from any Electronic Parts Distributor, or 
mail to Howard W. Sams & Co., Inc., Dept. RE -6 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Send books checked at right. $ enclosed. 

Send FREE 1969 Sams Book Catalog 

Name 
PLEASE PR,. 

Address 

L City State Zip 

Circle 21 on reader service card 

20714 

20722 

20723 

20598 

20599 

20603 

20358 

20628 

20678 

20676 

20602 

20550 

20314 

20700 

20481 

20705 

L] 20718 

20710 

20693 

20662 

CORRESPONDENCE 

( continued from page 16) 

word), it is time that we do some- 
thing about that other piece of jargon, 
"FM stereo," that has become notice- 
able recently. 

The term "FM stereo" is back- 
wards. It should be stereo FM. The 
contrast is between mono FM and 
stereo FM, monophonic frequency 
modulation and stereophonic fre- 
quency modulation, not "frequency 
modulated stereophony" as implied by 
"FM stereo." The complete phrase 
is, "stereo multiplex FM radio re- 
ceiver /tuner /broadcast "; any of these 
words can be used in this same order. 
as in "stereo multiplex," "stereo FM 
receiver," "multiplex FM," "multiplex 
FM tuner," and so on. Any other word 
order violates the normal word rela- 
tionships, the order of modifiers and 
subordinates, of the English language. 

Now is the time for the audio 
field to eliminate the jargon of "FM 
stereo" in favor of the good English 
of stereo FM. Let us begin. 

PHILIP N. BRIDGES 
Ashton, Md. 

OK, let's take a vote. Send in 
your postcards and simply write FM 
Stereo or Stereo FM on the back. 
We'll print the totals in a month or 
two. 

NOTE TO ELECTRONIC SHUTTERBUGS 

The exhaustive article on Inte- 
grated Circuit Electronics for Shut - 
terbugs in the February issue of 
RADIO -ELECTRONICS was exceptional- 
ly informative and well written. 

On behalf of Honeywell Photo- 
graphic Products, I would like to ex- 
tend my sincere thanks for including 
the information in the text and the 
photographs showing the Rolleiflex 
camera and our Auto /Strobonar. 

There is one inaccuracy that I 
would like to point out to you. In the 
next to the last paragraph on page 
42, the article states that Honeywell 
has a patent agreement to make auto- 
matic electronic flash units with Me- 
cablitz. That statement is in error. 
Honeywell's only licensing agreement 
for automatic flash units is with Rol - 
lei -Werke of Braunschweig, West Ger- 
many. 

To enter into a patent agreement 
with any other European manufac- 
turer would be a violation of the ex- 
isting licensing agreement with Rollei, 
whom Honeywell represents exclusive- 
ly in the United States. R -E 

R. L. PENNOCK 
Vice President and General Manager 

Honeywell Inc. 
Littleton, Colo. 
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HOW TO 

MAKE 
ETCHED CIRCUIT'S 

Three easy steps can speed 

schematics into working circuits 

by JAMES A. GUPTON JR, 

AN IMPORTANT DEVELOPMENT IN 
modern electronics has been the 
growth of chemical etching. The proc- 
ess was a major factor in the expan- 
sion of the printed circuit industry. 

There are three major areas of 
printboard construction: 

Initial artwork transforms the 
circuit diagram into the physical cir- 
cuit. 

Application of a chemical re- 
sist permits removal of unwanted 
metal, retaining metal where needed. 

A suitable etchant must be 
selected for the type of work to be 
done. 

Preparing artwork 
Can you imagine a drafting 

teacher asking his students to "draw 
a 0.100 -inch line width," or "make 
all circles 0.287 -inch diameter and 
maintain 0.025 -inch clearance ?" Of 
course not. Yet this is a daily require- 
ment in the preparation of PC art- 
work. How is this done? By means of 
precision transfer materials and by 
making very large drawings and re- 
ducing them photographically to the 
desired size. 

Fig. 1 illustrates a number of 
these readymade precision artwork 
symbols. Produced to a tolerance of 
0.002 -inch, the standard circuit sym- 
bols are available in sizes as small as 
0.050 -inch diameter to as much as 
1.500- inches. Precision -width tapes 
are produced in 20 -yard rolls in 0.015- 
2.000 -inch widths. 

To illustrate artwork prepara- 
tion, we'll use a motor speed control 
circuit (Fig. 2). The schematic dia- 
gram can be completely laid out with 
transfer symbols and tapes. To make 
this drawing entirely by conventional 
means could take some time, plus the 
use of drafting devices. But with the 
use of transfer materials and a standard 
10 x 10- division grid pad, the circuit 
was completed in a matter of minutes. 

The "art" in printboard artwork 
is the ability to locate the components. 
Working from either component spec- 
ification or from the actual compo- 

nent, I prepare a scale of dimensions 
for the components required for the 
circuit. Again using the standard 10 
x 10- division grid pad, I cover the 
grid with a clear or translucent ace- 
tate sheet. 

When ink letters are needed I 
use a matte -finished acetate that 
accepts ink without difficulty. My 
component -size scale and a pencil 
sketch of the master artwork are 
used as a guide in placing diecut 
transfer symbols on the acetate sheet. 

A rule of thumb for pad dimen- 
sions is: `Pad diameter equal to 3 
times the diameter of the drill hole.' 
This assures ample ° copper around the 
component lead hole. Table I lists the 
current capacity for various size path 
widths. Path separation is governed 
by current capacity, but should never 
be less than 0.025 inch. 

There are two types of artwork. 
Positive artwork is obtained by the 
use of.black transfer artwork symbols 
on clear, matte, or translucent ace- 
tate. Negative artwork is generally 
made photographically from positive 
artwork, or by applying the transfer 
symbols directly onto the printboard 
copper surface. 

Fig. 3 illustrates the actual -size 
original artwork as it appears on ace- 
tate. To make a film negative, the 
original artwork is contact printed 
onto Kodak Kodalith Estar Base film 
and then processed. 

The contact printing process is 
very inexpensive as there is no need 
for a camera. Only a few simple 
items are required and the process 
can be carried on in the light of a 
red safelight. The Kodalith film pro - 
duces a very dense black, which 
blocks ultraviole: light as required for 
photosensitive resist exposure. 

The three -step contact printing 
process is illustrated in Fig. 4. The 
original artwork is placed with the 
symbol side down on the emulsion side 
of the film. (There are two ways of 
determining the emulsion side of the 
film: its color is lighter than the base 
side and the base side is glossy slick 
as compared to the dull, flat finish 
of the emulsion side.) 

`. \t a plate of clear glass it. 

use iu cover the artwork -tim sand- 
wich and maintain fiat cort.ct of the 
film to artwork. To make the expo- 
sure I use a 15 -watt lamp 
placed 4 feet from the fihrt. and by 
varying the exposure time 1 can con- 
trol the negative density. ii Ind l Ic 
5 seconds ample for the density re- 
quired. The proper density will pro - 
duce total transparency of the art- 

TABLE 1- Current Capc _y vs. 
PC: Path Width 

PATH WIDT1{ 

CURR ENT 
CAPACITY 

1 ounce 
copper 

2 :+untie 
c Pper 

0.015 (1164") 0.480 It f,40 ñ 
0.025 0.800 .400 I M 
0.032 (1/32°) 1.025 :790 ill, 

0.063 (1/16") 2.015 :525 ; 

E 
0.125 (1/8°) 4.000 7.00.0 I 

0.156 (5/32") 4.990 r..735 _' 

R 

0.187 (3/16") 5.985 1 .475 ' 

E- 

0.250 (1/4": 8.000 1-.000 S , 
work symbol areas 
opaque black area. 

After making the expo3ure, the 
film is removed from the artwork- 
film-glass plate sandwich and devel- 
oped l to '_ minutes in a 1 -part 
Kodak Dektol Developer 7,3 2 -part 
water solution. Development can he 
stopped anytime by placing the film 
in an acetic acid solution known as 
acid stop bath. 

The film is then placed into 
Kodak Fixer solution until tt e whitish 
background disappears and the film 
becomes clear. Clearing time genatai- r- 

ly takes 3 to 4 minutes. 
The final step is to wash in rui- 

ning water and dry. Water spotting 
of the negative can be reduced 
dipping it in a solution of Kodak 
Foto -Flo. This is a wetting .- gent that 
redue the surface tension at the wa- 
ter thus permitting rapid draining. 
The total expense of the setup to 
make film negatives will nus exceed 
$5, excluding the film. 

and a totally 
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A negative resist can be made 
by applying artwork symbols and tape 
directly on the printboard copper sur- 
face. For a quick one -shot PC, this 
method is cheapest but far from the 
best. To prove this point I made two 
sample circuit boards, one with nega- 
tive film and the other by direct 
application of the artwork to the 
copper surface. 

For those who still wish to use 
this method, however, there's one way 
to improve your etching. After apply- 
ing the stick -on resist, heat the cir- 
cuitboard to approximately 150° F 
and roll down the resist with a hard - 
rubber roller. 

The latest development in PC 

Plug -in device 

Targets 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

o 

artwork eliminates registration prob- 
lems encountered by the necessity of 
producing two separate drawings. Fig. 
5 illustrates the use of red and blue 
transparent symbols and tapes in con- 
junction with standard black materi- 
als. Black symbols and tapes are used 
for circuitry common to both sides, 
while red transparent symbols are 
used for circuits common only to the 
top side. Blue transparent symbols 

PARTS LIST 
R1- 47,000 -ohm, 1 -watt potentiometer 
R2- 10,000 -ohm, 1 -watt resistor 
R3- 1000 -ohm, 1 -watt resistor 
C1- 0.5.pF, 50 -volt capacitor 
C2- 0.1 1.LF, 10 -volt capacitor 
Dl, D2 -1.5 amp. 300 -Ply diode (G -E A14C) 
SCR1 -2 -amp, 200 -Ply silicon controlled rec 

tifier (G -E C106B1) 

Circuit schematic symbols 
nn - -I(- 

R14 C3 

O O 

I 
i N 

Oil ION r T , 
III'''''' 

Fig. I- (above) A sample of diecut 
precision artwork symbols used for PC 
construction. (DieKut StikOn, by 
Bishop Industries Corp.) Fig. 2 -(top 
right) Schematic for motor speed con- 
trol can be drawn on grid pad using 
standard transfer symbols. Fig. 3- 
(right) Completed artwork for motor 
speed control 
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EXPOSURE 

LOAD 

sots 
R3 

C2 

OQR2b 
CRI 

R1 R2a 

CI 

CR2 

Fig. 4- (below, Three -step process 
used to stake artwork fiumi negative. 
Artwork symbol areas are 
other areas black. 

lOt 
06OP y?fG9Pta 

\ ® 
DEVELOPMENT 

transparent 

WASH s DRY NEGATIVE 

and tapes apply only to the circuitry 
for the back. Thus the artwork for 
both sides of a PC board can be made 
with a single drawing. 

To drop the red and retain the 
olue circuitry, the artwork must be 
photographed on Kodak Kadalith Es- 
tar Base Pan film with a No. 29 
Kodak -Wratten filter over the lens 
To hold the red and drop the blue 
circuitry, the artwork is photographed 
on Eastman Type 3 Estar Base film 
with a No. 47 Kodak -Wratten filter 
over the lens. The end result is two 
negatives in perfect registration. 

How to make a resist 
Of the methods describea for 

applying artwork to PC's, the film 
negative technique requires a photo 
sensitive resist applied to the copper 
laminated board. The negative pho- 
tosensitive resist hardens where exposed 
to ultraviolet light. 

When developed properly the 
exposed area is fixed to the copper 
while the unexposed areas are washed 
away, leaving the copper exposed and 
subject to attack by an etchant. 

There is a positive resist that 
works just the opposite. The exposed 
areas are not hardened in the devel- 
opment process and are washed clear 
of the resist. 

All work involving application, 
drying, and development of photosen- 
sitive resist be performed under a 
safelight. Two types of safelights that 
can be used are the incadescent yel- 
low "Buglights" or the G -E gold 
fluorescent lamps. 

There are four methods by which 
the photosensitive resist may be ap- 
plied to the circuit boards. It can be 
sprayed on like paint, dipped on, 
spun on, or rolled on by machine. 
Only the dip -on and spin -on processes 
will be described. 

The dip -on process is perhaps the 
least complicated and inexpensive 
method for applying photosensitive re- 
sist. Eastman Kodak produces Photo 
Resist Type 3. better shown as KPR- 
3, for this application. The secret of 
applying the resist through the dip -on 
process is proper viscosity and con- 
trolled withdrawal from the resist 
solution. KPR -3 is supplied in the 
proper viscosity and I solved the with- 
drawal control by using my rotisserie 
motor from the charcoal grill. 

This neat little 6 -rpm motor is 
ideal for both controlling the with- 
drawal as well as rotating the circuit - 
board during the exposure. Fig. 6 
shows the motor lifting a circuit 
board out of the dip tank. Two small 
holes were drilled at the edge of the 
circuit board through which thread is 
tied and connected to the rotating 
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shaft of the motor. The thread is 
handy for hanging the circuit board 
during initial drying, but should be 
replaced with wire for the oven -bake 
cycles. 

I fabricated a plastic dip tank to 
illustrate the circuit board in the re- 
sist solution, but I recommend either 
glass or metal for your dip tank, since 
the resist thinner will dissolve the 
plastic and make a mess of the tank 
and resist. 

The resist is highly volatile and 
will thicken rapidly when exposed to 
air. It can be returned to the proper 
dip -on viscosity by adding Kodak 
Ortho Resist thinner. Always work in 
a well -ventilated arca and avoid pro- 
longed breathing of the resist, thinner 
and developer vapors as they are toxic. 

The spin -on process is capable 
of producing very good resist coats. 
To achieve the best coating, the resist 
is usually thinned with 2 parts thinner 
to 1 part resist. In Fig. 7 construction 
details for a spin -on coater are shown. 
Sears and Roebuck Co. has an ideal 
aluminum dish pan for the coater 
costing less than $2. A small electric 
motor serves as the drive unit; it must 
be variable in speed and can he con- 
trolled with the motor speed -control 
circuit described in this article. 

The best table speed for KPR3 
is around 70 rpm. Be sure the resist 
is applied before starting circuitboard 
rotation, otherwise an uneven coat- 
ing will result. Applying the resist 
while spinning the circuit board not 
only wastes resist, but causes gaps in 
the coating. 

The complete photoresist process 
is illustrated in Fig. 8. In each of the 
resist application processes described, 
a 10- minute bake at approximately 
200 °F should be made prior to ultra- 
violet exposure. This bake removes 
any remaining vapors that could react 
with the film negative. 

After the 10 minute prebake, the 
negative is positioned emulsion side 
down on the - resist- coated circuit - 
board. To maintain complete contact 
between the negative and the resist, 
a cover glass is taped on to form a 
glass -negative- resist package. The as- 
sembly is then attached to the 6 -rpm 
motor by dual gummed -surface tape 
and placed 3 inches from the ultra- 
violet light source. 

Rotating the circuit board during 
exposure assures uniform exposure 
over the entire area and eliminates 
any hot spots or underexposed areas. 
I use a 6 -watt fluorescent "blacklight" 
fixture available from Edmund Sci- 
entific Co. This wattage requires an 
8 minute exposure. Shorter exposure 
can be achieved with G -E F2OBL ul- 
traviolet fluorescent lamps in a stan- 
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dard 20 -inch fluorescent fixture. 
Remember all operations involv- 

ing the photoresist are conducted un- 
der a yellow incadescent lamp or a 
G -E gold fluorescent lamp. This in- 
cludes the ultraviolet exposure cycle. 

After the exposure, the glass 
cover and negative are removed from 
the exposure package and the circuit 
board is placed in the developer. Both 
tray and vapor development is satis- 
factory. Normal development time is 
1 -3 minutes, then the circuit board 
BOARD 
DELINEATION 
MARK - 17 

T.0.5 BLUE 

BLUE TRANSPARENT 
TAPE 

14 PIN 
DUAL- IN- LINE 

o n Z O-' 

° ,--t, 0 0 0 
O O w w w p 

131----0 O 
O O O O DONLT 

CONNECTOR ' 
STRIP L J 

is removed and washed in hot water. 

Using copper etchants 
From Table II, ferric chloride 

was selected as the suitable a :chant 
for our printed circuits. Although it's 
messy and stains the fingers, it is still 
the best etchant for reduced under- 
cutting and maintaining fine detail. 

For economy, the tray etching 
method is recommended. It requires 
longer to complete the etching proc- 
ess, but reduces the amount of solution 

1 

REGISTRATION 
MARK 

T.0.5 RED 

RED 
TRANSPARENT 
TAPE 

Fig. 5 -Use of red and blue trans- 
parent symbols and tapes enables a 
single drawing to be used to snake front 
and back of a PC hoard. Filters drop 
out orle circuit. 

PAD 

Fig. 6- (below left) Six -rp+u motor 
withdraws circuit board front 1.,: resist 
solution. Fig. 7- (below) SpiRor. proc- 
ess of applying the photo re.dat can be 
used with this spin coater. Resist is 
applied before the rotation starts. 

4" 
TO 

IO" 

PA N 

SUPPORT 
POST 

8" TO 20" 

ALUMINUM PAN TURNTABLE 

1/!//////!!//////lI//////!!!/////Y! 
BASE FRACTIONAL HP 

120VAC MOTOR 
SPEC) CONTROL. 
(SEE TE.XT) 

\_ 
MOTOR SHAFT \ / 
CUT OUT J 

1 

TURN-ABLE 
DIAMETER 
G3JERNED 
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TABLE II 
COPPER 

CHEMICAL ETCHANTS* 
FERRIC CHLORIDE: Probably 
the most generally used etchant for 
printed circuits. Produces less un- 
dercutting, a faster etch, more uni- 
formity, and absorbs more copper 
than other type etchants. 

AMMONIUM PERSULFATE: 
20% solution made by adding 2 
pounds ammonium persulfate to 
one gallon water. Clean clear solu- 
tion etches copper rapidly and 
uniformly. Can he disnosed of in 
sewer system without fear of con- 
tamination. Does not attract solder. 
Very short life of solution. 

CUPRIC CHLORIDE: Low un- 
dercutting, long life and capable of 
being regenerated by adding hy- 
drochloric acid. Slow etching and 
messy, absorbs less than 30% the 
copper absorbed by ferric chloride. 

CHROMIC -SULFURIC ACID: 
Strong, long life etchant. Difficult 
to dispose of. Messy. Does not 
attack tin -solder resist. 

*For information on etchants for metals and 
glass ceramics other than copper and copper 
alloys, refer to Eastman Kodak publication 
No. P -9I, "Application Data for Kodak 
Photosensitive Resist." 

Lion required. The tray process re- 
quires only enough ferric chloride to 
fully cover the circuit board when 
placed circuit side down in the tray. 
The etchant solution is kept in con- 
stant motion by rocking the tray until 

COPPER-CLAD BOARD 

the etch process is complete. Etch 
time may be reduced by heating the 
ferric chloride to approximately 150° 
F. provided adequate ventilation is 
available. 

Tank etching requires sufficient 
etchant solution to completely cover 
a circuit board in a vertical position. A 
means of circulating the etchant is 

needed to provide constant fluid 
movement around the board. Etching 
time is approximately half that of the 
tray- etching method. 

Spray etching needs a constant 
fine spray of ferric chloride directed 
across the circuit board. It is the 
fastest etching process using ferric 
chloride, but the circuit board should 
be rotated to prevent uneven etching. 

In each of the three etching 
methods note that the etchant solu- 
tion must be in constant motion. The 
reason is that ferric chloride mole- 
cules combine with copper and im- 
mediately become inactive. If al- 
lowed to remain in contact with the 
copper in an inactive state, the etch 
process would stop. By maintaining 
constant circulation of the etchant so- 
lution, a constant supply of active 
solution is always in contact with the 
copper. 

After completing the etching of 
the two sample boards, a comparison 
was made of the etched results. Fig. 
9 shows part of the press -on resist 
printboard. Note the severe under- 
cutting and incomplete paths that 
terminate at a pad. This is typical 
when insufficient heat or roller pres- 
sure has been applied to the press -on 
resist. On the other hand, the photo - 
resist printboard had very clean -cut 
paths and pads with little or no un- 

ULTRAVIOLET EXPOSURE 

COMPLETED CIRCUIT BOARD 

RESIST BAKE 
Th 
DEVELOP 

H OT 
WASH 

ETCH-' 

F.g. 8- Diagram of the complete 
photo- resist process. Baking resist - 
coated board removes vapors that 
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might react with film negative. Ex- 
posure to ultraviolet light varies, but 
the final results should be uniform. 

dercutting. The superiority of the 
photosensitive resist is obvious. 

There are other circuit -board 
processes worthy of noting: "through 
hole plating," "electroless metal plat- 
ing" and "electroplating." But any 
one of these processes would be an 
article in itself. Detailed information 
on these processes is in the $1 East- 
man Kodak publication, "Photofabri- 
cation of Printed Circuits." 

As a final step in the etching 
process of circuit boards, protection 
from corrosion is necessary. Copper 
oxidizes very rapidly, degrading the 
appearance of the circuit board and 
causing difficulty in applying solder to 
the paths or pads. 

The best way to prevent oxida- 
tion is to seal the copper by applying 
electroless tin, electroplating solder - 
tin, dip -solder or pen solder over the 
copper, or spray with a lacquer. All 
serve the same purpose: to prevent 
oxygen from acting on the copper. 
For circuit boards containing finger 
contacts, gold plating should be ap- 
plied to at least half of the finger - 
contact lengths. This reduces abrasion 
and provides the best electrical con- 
tact to the connecting plug. R -E 

SUGGESTED READING 

Printed and Integrated Circuitry, Ma- 
terials and Processes, by Sclaback and 
Rider. McGraw -Hill Inc., New York, 
N.Y. 1963. 
Kodak Ortho Resist, Kodak publica- 
tion No. P -83 (1966) 
Kodak Photo Resist, Type 3, Kodak 
publication No. P -86 (1966) Depart- 
ment 454, Eastman Kodak Company, 
Rochester, N.Y. 14650. 

Fig. 9- Applying transfer letters di- 
rectly to copper printboard can result 
in undercutting at conductor junctions. 

Circle 22 on reader service card . 
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No More Room 
at the Top? 
There's always room ...for improvement! And, 
because RCA understands this, the SK Series 
solid -state replacement line is constantly up- 
dated to meet your growing needs. 

Backed by production excellence and premium 
specifications, RCA's "Top -of- the -Line" 
series -transistors, rectifiers, integrated 
circuits -is precisely engineered, manufac- 
tured, and tested for use specifically as 
replacements. 

If you're building a name for yourself in solid - 
state servicing, your solid -state replacements 
should be RCA SK "Top -of- the -Line" devices. 
They are top -quality units -no cast -offs, no 
factory seconds, no unbranded culls. 

The line is comprehensive -39 devices that . 

can do the work of almost 13,000 others. Each 
unit has electrical characteristics comparable 
to or better than originally designed -in devices. 
RCA's SK series can be your answer for any 
needs from small signal to the newest in silicon 
audio output applications. 

RCA SK Series and the types they replace are 
cross- referenced in the RCA Solid -State Re- 
placement Guide- SPG -202G. Get your copy 
at your RCA Distributor. Today. 

And, if you want an inexpensive way to extend 
your integrated circuit skill, try 
RCA's KD2117 Linear IC Variety Pack... 
includes 5 integrated circuits: 

two KD2114 transistor arrays 
one KD2115 audio amplifier 
two KD2116 transistor arrays 
plus 
instructions for 12 useful 
circuits, schematics, 
parts lists, etc. 

RCA! Electronic 
Components! Harrison, 
N. J. 07029 

papa 
K0111] 

4? 
i u, 

.:. ...... 

EXPERIMENTERS 
IC VARIETY PACK 

if 
POTKOTs 
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"He's a good worker. 
I'd promote him 
right now if he had 
more education 
in electronics:" 

Could they be talking about you? 
You'll miss a lot of opportunities if you try to get along 
in the electronics industry without an advanced edu- 
cation. Many doors will be closed to you, and no 
amount of hard work will open them. 

But you can build a rewarding career if you supple- 
ment your experience with specialized knowledge of 
one of the key areas of electronics. As a specialist, 
you will enjoy security, excellent pay, and the kind of 
future you want for yourself and your family. 

Going back to school isn't easy for a man with a 
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d 
full -time job and family obligations. But CREI Home 
Study Programs make it possible for you to get the 
additional education you need without attending 
classes. You study at home, at your own pace, on 
your own schedule. You study with the assurance that 
what you learn can be applied to the job immediately. 

CREI Programs cover all important areas of elec- 
tronics including communications, radar and sonar, 
even missile and spacecraft guidance. You're sure to 
find a program that fits your career objectives. 

RADIO -ELECTRONICS 
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You're eligible for a CREI Program if you work in elec- 

tronics and have a high school education. Our FREE 

book gives complete information. Mail postpaid card 
for your copy. If card is detached, use coupon at right 
or write: CREI, Dept.1406-H,3224 16th St., N.W., Wash- 
ington, D.C. 20010. 

JUNE 1969 

Accredited Mlm*er of the Native Nome Study CCU., 

L 

NEW 
Expanded 
coverage of 
solid state 
electronics 
including 
integrated 
circuits ! 

CREI, Home Study Division 
McGraw-Hill Book Company 
Dept.1406H,3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI P-ogams. I 

am employed in electronics and have a high schocl ed _cation. 

NAMF AGE__ 

ADDRESS 

CITY STATF ZIP CODF 

EMPLOYED BY 

TYPE OF PRESENT WORK C G.I. BILL 

I am interested in Electronic Engineering Technology 

Space Electronics Nuclear Engineering Tecl-nology 

NEW ! Digital Communications 

APPROVED FOR TRAINING UNDER NEW G I. BILL 
J 
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SERVICE MASTER 

HANDIEST 

HANDFUL 

of service tools 

23 essential tools at your fingertips in this light- 
weight (only 23/4 lbs.), compact, easy -to -carry, 
roll -up kit. Contains long nose plier, diagonal 
plier, adjustable wrench, regular and stubby 
plastic handles with these interchangeable 
blades: 9 regular and 3 stubby nutdriver, 2 
slotted and 1 Phillips screwdriver, 2 reamer, 1 

extension. Eyelets in plastic- coated canvas case 
permit wall hanging. New elastic loop secures 
roll, eliminates need for tying. 

many optional accessories: 
Junior and Tee handles ... Additional nutdriver, 
Phillips & slotted screwdriver, and extension 
blade sizes ... Allen hex type, Bristol multiple 
spline, Frearson, Scrulox, and clutch head blades 
...Awl /Scriber...Chuck adaptors to use blades 
in spiral ratchet drivers. 

WRITE FOR CATALOG 166 

"rlIVII 
XCELITE, INC., 10 Bank St., Orchard Park, N. Y. 14127 

In Canada contact Charles W. Pointon, Ltd. 

Circle 23 on reader service card 

NEW FOR YOU 
Allied Model 395 

Solid -State Stereo AM /FM Receiver 
For manufacturer's literature, circle No. 32 on Reader Service Card. 

HERE IS A STEREO RECEIVER THAT 

really delivers. One way to put it 
would be to say it performs as well 
as it looks. Several built -in features 
make it work. 

The front -end, like all modern 
front ends, uses an FBT. The result is 
no audible cross modulation (the 
manufacturer says there's none at 
all), no discernible drift, high sensi- 
tivity (without making any antenna 
changes this receiver pulled in FM 
stations I had never heard with my 
older unit), low noise and an excel- 
lent spurious rejection characteristic. 

In the i.f. and limiter stages four 
FA703E integrated circuits are used. 
The result is great performance. 

A muting circuit which is by no 
means a must, makes tuning a station 
quieter. It completely knocks out in- 
terstation noise when selecting a new 
station. But you do have to remember 
to switch the muting out when you 
want to listen to weak stations. 

The amplifier section's power 
output stages are single -ended push - 
pull that do not require output trans- 
formers. Triple- diffused mesa power 
transistors are used. To protect the 
transformerless circuit against burn- 
out, an electronic switching circuit is 
incorporated into the amplifier. To 
give this circuit a test I tried two ap- 
proaches. First, with the gain turned 
up to the ear -splitting level I shorted 
the output terminals. Sound output 
vanished. But when I removed the 
short everything returned to normal. 

Next I tried operating the unit 
at full output with no load attached. 
Again I could do no harm. 

A full range of inputs and con- 
trols makes the Model 395 a very 
convenient unit. There are even two 
magnetic phono inputs which permit 
easy switching between a turntable 
and a record changer. 
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Another convenient feature is the 
plug -in set -up for speakers. Wire the 
plugs (supplied with the receiver) to 
the speaker cables and just plug them 
in or out. 

Two sets of speaker connections 
are provided. So you can have one 
set of speakers in some other room of 
the house and not require an added 
switch to permit convenient switch- 
ing. All the controls you need are 
right on the front panel. 

A last point of comment is the 
manual that accompanies the unit. Al- 
though labeled as an installation and 
operating manual, it contains other 
vital data too. Details on aligning the 
AM and FM sections as well as the 
stereo multiplex circuits for example. 
Make sure you hang onto this data. 
If you ever have to take the set in 
for repairs, take the manual along. It 
will help insure proper performance 
and probably will speed the repair 
toa- Chester H. Lawrence R -E 

SPECIFICATIONS 
AMPLIFIER CIRCUIT: 
Power Output: 160 Watts IHFM 

at 4 ohms 
Response: x--1.5 dB, 15- 100,000 

Hz 
Harmonic Distortion: 1% 
Hum & Noise: 

Magnetic Phono: -80 dB 
Auxiliary: -90 dB 

Inputs: magnetic phono (2), ce- 
ramic phono, tape head, tape 
monitor, auxiliary 

Outputs: 4 -16 ohms, headphones, 
recorder 

TUNER CIRCUIT: (FM section) 
IHF Sensitivity: 1.4 µV 
Harmonic distorion: 0.8% 
Separation: over 35 dB 
Signal -to -Noise Ratio: 69 dB 
Capture Ratio: 0.95 dB 

RADIO -ELECTRONICS 
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ALL ABOUT ICS 

What Makes T Eiern Tick 

by BOB HIBBERD 
TEXAS INSTRUMENTS, DALLAS, TEXAS 

THE POTENTIAL OF INTEGRATED CIRCUIT S 

is so wide that in addition to replacing 
similar discrete component circuits, they 
are responsible for creating a completely 
new technology of circuit design. 

To get the full implication of inte- 
grated circuits, you must have a general 
basic understanding of solid -state tech- 
nology and its application. We'll start 
with a general introduction covering the 
basic principles of solid -state semicon- 
ductor devices. Then we will review the 
processes used to form the solid -state 
structures used in integrated circuits. 

Basic solid -state principles 

In a conductor, electric current flow 

is a movement of free electrons. The 
outer or valence electrons of a good con- 
ductor such as copper are so loosely 
bound to the atom that at room tempera- 
ture the thermal energy causes approxi- 
mately one electron to detach from each 
atom and become free to move and re- 
sult in a current flow when an electric 
potential is applied. 

Insulators are materials in which the 
outer electrons are tightly bound to the 
atom and no electrons are free to move. 
Thus. no current can flow when a voltage 
is applied. 

Between these two major categories 
is a class of materials called semicon- 
ductors. As the name implies. a semicon- 
ductor is a material with conductivity 
roughly midway between conductors and 
insulators. However, a semiconductor is 

not just a poor conductor; it has two oth- 
er very important properties. First, its 

resistance normally decreases with in- 
crease of temperature, as opposed to con- 
ductors such as metals in which the re- 
sistance increases slightly with tempera- 
ture. Secondly. flow of current in a semi- 
conductor can be by two mechanisms, 
either by a flow of negative electrons 
similar to current flow in conductors, or 
by a movement of missing electron sites 
in the opposite direction. If an atom has 
one outer electron missing, a loosely 
bound electron from a neighboring atom 

J U N E 1 9 6 9 

Learn how solid -state 

integrated circuits are made -Pert 1 

can jump into it, leaving behind a new 
vacant site; this in turn can be filled by 
an electron from a third atom and so on. 
It then appears as if the vacant site has 
moved. Such vacant sites are called 
"holes" and since a negative electron is 

missing the hole can be considered as a 
positive charge. 

P N 

(a)WITH FORWARD BLAS 

P 

FREE ELECTRONS 

o POSITIVE HOLES 

N 

0 o 0 0 
o 

0 0 0 
O 

O 000 
O 

o 0 
o o 

(b) WITH REVERSE BIAS 

Fig. 1- Electron and hole movement; 
forward bias (a) and reverse bias (b). 

EMITTER JUNCTION COLLECTOR JUNCTION 

(o) 

EMITTER BIAS 
EMITTER VOLTAGE 
JUNCTION - 

COLLECTOR 
JUNCTION 

(b) 
Fig. 2 -a- Diagram of 
tor, and (b) practical 

COLLECTOR 
BIAS 

VOLTAGE 

npn transis- 
arrangement. 

Semiconductor material in which 
conduction is by a flow of electrons is 

called n -type material (n for negative 
carriers) and material in which conduc- 
tion is due to the movement of positive 
holes is called p -type. 

From the viewpoint of monolithic 
integrated circuits, the most important 
semiconductor material is silicon. Silicon 
has four outer or valence electron,. If we 
add a small amount of an impurity ele- 
ment with five valence electrons, such as 
phosphorus, one electron per L-npurity 
atom will be free and we have n -type 
silicon. Similarly, if we add an impurity 
with only three valence electrons such as 
boron, there will be one missing electron 
or hole per boron atom and we have 
p -type .silicon. 

The operation of most solid state 
devices depends on the properties of one 
or more p -n junctions. A p-n junction is a 
transition from a p -type semiconductor 
to an n -type semiconductor within a 
piece of material. Alone, a piece of 
n -type or p -type semiconductor is purely 
resistive. Reversing a battery connected 
across it will reverse the directios of cur- 
rent flow, but will not affect the magni- 
tude of the current. By contrast, a piece 
of semiconductor material wit a p -n 
junction in it has rectifying properties. 
When the positive terminal of a battery is 
connected to the p -type side and the 
negative terminal to the n -type side, the 
free negative electrons in the n -type side 
are attracted across the junction to the 
positive contact, and the positive holes in 
the p -type side are attracted across the 
junction in the opposite direction to the 
negative contact (Fig. I -a). This is called 
the forward or conducting direction. A 
high current flows with only a small ap- 
plied voltage, and the forward resistance 
is very low. Now if the batter, connec- 
tions are reversed (Fig. 1 -b) the holes in 
the p -type side are attracted away from 
the junction toward the negative termi- 
nal and the electrons in the n -type side 
are attracted away from the junction to 
the positive terminal and so ro current 
flows across the junction. This is called 
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the reverse or nonconducting direction 
and no current flows even with a high 
voltage applied. (In practice a very small 
leakage current does flow, due to free 
electrons and holes being generated near 
the junction by the thermal energy.) So 
a single p -n junction can be used as a rec- 
tifying diode. 

An important point to observe is 
that when forward current is flowing 
through a p -n junction (Fig. I -a) elec- 
trons are flowing through p -type material 
in which there are normally no free 
electrons, and also some holes are flow- 
ing through n -type material. The elec- 
trons are said to have been injected 
across the p -n junction into the p -type 
material. It is this situation that leads to 
the operation of the junction transistor. 

The npn junction transistor 

A junction transistor consists of two 
p-n junctions formed in a piece of semi- 
conductor material with a very small 
separation, only of the order of one -tenth 
of a mil. A diagramatic npn transistor 
with its operating voltages is shown in 
Fig. 2. The first n -type region is called 
the emitter since it emits or injects elec- 
trons into the center p -type region which 
is called the base. The second n -type re- 

+ 

Fig. 3- Common- emitter circuit has 
both the input and output common to 
emitter. 

C 

B ® 
E 

NPN 

®B 

PNP 

(a) 

OUTPUT 

INPUT 

°-:171 - _ 1IIIII1I 

(b) 
Fig. 4- Symbols for npn and pnp 
transistors (a), and common- emitter 
circuit (b). 
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gion is called the collector as it collects 
electrons from the base region. The junc- 
tion between emitter and base is called 
the emitter junction and that between 
collector and base the collector ianction. 
As mentioned above, in practice, the 
width of the base region is only of the 
order of a tenth of a mil. 

The collector junction is biased with 
a hieh voltage in the reverse direction 
(positive to the n -type collector. nega- 
tive to p -type base) and so. considering 
the collector junction by itself. no cur- 
rent flows across it. Now suppose the 
emitter junction is biased in the forward 
direction (negative to the n -type emitter 
and positive to the p -type base). A for- 
ward current flows across the emitter 
junction and electrons are injected into 
the p -type base region. If there were no 
voltage applied to the collector junction. 
these electrons would flow out of the 
hase contact, but with the collector re- 
verse- biased, as soon as the electrons in 
the base region flow near the collector 
junction. they are attracted across it by 
the positive potential on the collector 
side. Thus most of the current crossing 
the emitter junction continues on across 
the collector junction. The current across 
the emitter junction was produced by a 
very low forward voltage (less than 1 

volt) and this current now flows in the 
collector circuit. which is biased with a 
voltage, providing power amplification. 

As the electrons injected across the 
emitter junction flow through the base 
region, some of them fill holes in the 
p -type material. Thus the electron cur- 
rent crossing the collector junction is 

SEED 
HOLDER 

SEED 
CRYSTAL 

"PULLED" 
CRYSTAL 

GRAPHITE 
SUSCEPTOR 

ARGON 
OUTLET 

ARGON 
INLET 

QUARTZ 
TUBE 

MOLTEN 
SILICON 

PURE 
QUARTZ 
CRUCIBLE 

R.F. 
HEATING 
COIL 

THERMO- 
COUPLE 

Fig. 5- Crystal -pulling device uses 
seed crystal rotating in polycrystalline 
silicon. 

slightly less than the emitter current. 
The ratio of collector current divided by 

emitter current ( Ie- ) is called the cur- 

rent transfer ratio and is designated by 

the symbol a, i.e. a - 
Ic 

. A typical val- 

ue for a is 0.98. 
A current equal to the difference 

between the emitter current and the col- 
lector current flows in the base lead so 
that 

IF.- IC + 
a - 0.98, the base current I will 

only be 0.02 times the emitter current. 
In the description of transistor ac- 

tion above, current through the collector 
is controlled by the emitter current. and 
the arrangement is called the common- 
base circuit since the base electrode is 
common to both input and output cir- 
cuits. A more convenient arrangement is 
with the input fed to the base and the 
emitter common to both input and out- 
put as shown in Fig. 3. This is called a 
conunon- emitter circuit. The collector 
current is now effectively controlled by 
base current I and the ratio of collector 
current to base current has a high value, 

equal to 
a 

1 -a' 
Ifa -0.98 as above, I = a -49 I I -a 
Thus we have a current gain from the 
input to the collector of 49 times, and 
if the collector current flows through a 
load resistance to give a voltage output 
from the collector, a voltage gain results. 

The pnp junction transistor 

A pnp structure operates in a simi- 
lar way to the npn transistor. There are 
two points to observe. First, to bias the 
emitter junction in the forward direc- 
tion, the emitter must be made positive 
with respect to the base. To bias the 
collector junction in the reverse direction, 
the collector must be made negative with 
respect to the base. Secondly. the p -type 
emitter injects positive holes into the n- 
type base region, and they are subse- 
quently attracted across the collector 
junction by the negative potential. 

To represent the transistor graphi- 
cally, the symbols shown in Fig. 4 -a are 
used. The emitter is shown as an arrow 
pointing in the direction of positive cur- 
rent flow (opposite to the direction of 
electron flow). This device in a common - 
emitter circuit is shown in Fig. 4 -b. 

So far we have shown the impor- 
tance of the pn junction. The technology 
of fabricating solid -state devices and in- 
tegrated circuits has evolved around the 
development of methods of producing pn 
junctions in silicon material. The follow- 
ing sections are devoted to a general de- 
scription of the basic processes involved 
in solid state technology. 

RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Silicon preparation 

Silicon is a metallic element with a 

light gray appearance. It occurs in nature 
as silicon dioxide (silica) and as various 
silicate compounds. To prepare silicon 
for solid state devices, there are two 
main requirements. First. extremely high 
purity is required, with unwanted impuri- 
ties down to a level of one part in 1010. 

Second. for a pn junction to operate as 

described earlier, the silicon must have a 

continuous regular crystal structure, and 
so the silicon must be converted into 
what is called single crystal form. 

The first step in the preparation of 
semiconductor grade silicon is to reduce 
silica by heating it with carbon (coke) 
in an electric furnace. The resulting sili- 

con is about 98% pure. The next step is 

to purify this material. It is converted to 
a compound such as a halide (silicon 
tetrachloride) which is purified by re- 
peated distillation. Then the purified ha- 
lide is converted back to silicon by hy- 

drogen reduction. In this process, the 
silicon is deposited onto the surface of a 

high -purity silicon rod, building it up to 
a diameter between 1 and 4 inches. Using 
this chemical method of purification, we 
get the required purity level of one part 
in 1010. 

The silicon deposits onto the rod in 

polycrystalline form and must now be 
converted to single crystal form. The 
process generally used to produce single 
crystal silicon for transistors and inte- 
grated circuits is called crystal pulling. 
The general arrangement is shown in Fig. 
5. Solid polycrystalline silicon is placed 
in a pure quartz crucible supported inside 
a translucent quartz chamber, through 
which a flow of an inert gas such as 
argon is maintained. The quartz cruci- 
ble is located in a graphite susceptor, 
which is heated by rf induction. When 
the silicon is all molten. its temperature 
is lowered to a value just above its melt- 
ing point. and a seed crystal -a small 
piece of single crystal silicon -is low- 
ered until it just enters the melt. The seed 
crystal is rotated (about 60 rpm) and 
slowly raised (about 1 inch per hour), 
growing larger as more silicon solidifies 
onto it. Typical pulled silicon crystals are 
cylindrical in shape between 1 and 2 

inches diameter by about 12 inches long. 
The dopant to give n -type or p -type 

silicon is added to the silicon during the 
initial melting process so that the crystal 
has required conduction properties. 

Epitaxial growth 

In the fabrication of solid state 
structures, we often want to form a thin 
film of single crystal silicon with certain 
conduction properties on the surface of 
another silicon slice. The process used is 

called epitaxial growth and films up to 
a few tenths of a mil can conveniently be 
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formed. The starting slice must be single 
crystal with the required crystal orienta- 
tion and is called the substrate. 

Hydrogen gas is bubbled through a 
volatile silicon compound such as silicon 
tetrachloride. causing it to vaporize. 
The mixture of vapor plus hydrogen is 

fed to a reaction chamber where the sili- 
con substrate slice is heated to about 
1200 °C. The silicon tetrachloride disso- 
ciates and silicon is deposited onto the 
surface of the heated slice to form the 
epitaxial layer, which grows at about 
micron (0.04 mil) per minute. The con- 
ductivity of the epitaxial layer is con- 
trolled and arranged to be either p -type 
or n -type by introducing the requisite 
amount of a suitable dopant vapor into 
the hydrogen stream with the silicon tet- 
rachloride vapor. 

Solid state diffusion 

Solid state diffusion is a process in- 
volving the movement of n -type or p -type 
impurity atoms into the solid silicon 
slice. To do this, the slice is heated to a 

high temperature, between 800 and 1250° 
C. in the presence of a controlled density 
of the impurity atoms. 

In practice, the process is often car- 
ried out in two steps. The first step con- 
sists of heating the silicon slice in the 
impurity dopant vapor to form a high 
concentration of dopant on the surface. 
This step is called deposition. The slice 
is then removed to another furnace where 
it is heated to a higher temperature so 
that the dopant atoms on the surface 
move, or diffuse, into the silicon. This 
is called the diffusion step. 

If a p -type impurity is diffused into 
the surface of an n -type slice such that 
the density of p -type atoms then exceeds 
the original density of n -type atoms in 
the slice. the surface will be changed 
the p -type and a p -n junction will be 
formed a small distance in from the sur- 
face where the density of the diffuse 
p -type atoms equals the original n -type 
density. 

Convenient diffusant impurities for 
silicon are boron as a p -type impurity 
and phosphorus as an n -type impurity. 

A most important and significant 
fact is that a layer of silicon oxide on the 
surface of a silicon slice will prevent the 
diffusion of certain elements, including 
boron and phosphorus. into the silicon. 
Also important is that silicon oxide can 
readily be removed from the surface of 
the silicon slice by etching with a hydro- 
fluoric acid solution without etching the 
silicon. Thus, if we oxidize a slice of 
silicon by heating it in a flow of oxygen 
to form a layer of silicon dioxide on the 
surface, and then remove the oxide from 
selected regions by etching, we can ar- 
range to diffuse impurities into these se- 
lected regions only. This selective diffu- 
sion is the basis of all silicon monolithic 

integrated circuit fabrication -it allows 
the simultaneous formation of a number 
of separate components in a single slice 
of silicon. 

The selective removal of silicon di- 
oxide is carried out by a photolitho- 
graphic process using photoresist mate- 
rial. The several steps in the process are 
illustrated in Fig. 6. After oxidaticn (a), 
the oxidized surface of the slice is coated 
with a thin layer of photoresist lacquer 
(b). This is an organic substance which 
polymerizes when exposed to ultraviolet 
light. and then, in that form it resists 
attack by acids and solvents. A photo- 
graphic mask, with opaque regions locat- 
ed where it is required to remove the 
silicon oxide, is placed over the sl ce and 
illuminated with ultraviolet light (c). The 
photoresist under the opaque regions of 
the photomask is unaffected and can be 
removed with a solvent, the exposed pho- 
toresist remaining in the other regions. 
The slice is baked to harden the photo - 
resist and then immersed in a hydro- 
fluoric acid solution to etch away the 
silicon oxide where it is not protected 
by the polymerized photoresist (d). Fi- 
nally the photoresist is removed from the 
surface (e), and the slice is thoroughly 
washed. It is now ready far diffusion 
which will only occur through the open- 

( continued an page 60) 
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Fig. 6- Step -by -step photoresist proc- 
ess for removing selected silicon di- 
oxide areas. 
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Last -Word- 

IC STEREO TUNER 
Diode tuning, MOSFET'S, all IC i.f. . . . 

by KENNETH F. BUEGEL 
THIS IS THE LAST OF THREE ARTICLES THAT PROVIDE COM- 
plete construction details for a modern stereo hi -fi sys- 
tem. The April issue of RADIO- ELECTRONICS presented a 
stereo power amplifier capable of delivering 125 watts 
continuous rms per channel. Last month a compact IC 
stereo preamplifier -designed to operate with the power 
amp -was described. 

To complement the quality of these amplifiers, you'll 
want to build this variable -voltage FM stereo tuner. The 
tuner design takes advantage of the newer breed of 
variable- voltage capacitor diodes (VVC's) that exhibit Q 
values of 150 or more at FM broadcast frequencies. [For 
details of VVC theory and operation, see "Variable - 
Voltage Tuning" by R -E's Senior Technical Editor, Robert 
Scott, in the April RADIO- ELECTRONICS, page 58.] 

These diodes eliminate the traditional variable ca- 
pacitor used in most broadcast receivers. Instead, the unit 
is tuned by adjusting a potentiometer in a small remote - 
control unit (photo above), and the circuitry -rf section, 
i.f. strip, power supply and multiplex adapter -can be 
concealed. To increase tuner sensitivity, details for mount- 
ing the rf head at the antenna are included. 

Dual -gate field -effect transistors (FET's) are used as 
the rf amplifier and mixer in the rf head. Integrated cir- 
cuits are used for each stage of the i.f. strip. Voltages are 
tightly regulated and temperature compensation is pro- 
vided in the regulator circuit. 

Transistor Q1 is a metal oxide silicon FET (MOS- 
FET) with the incoming rf signal applied to gate I and 
agc voltages applied to gate 2 (Fig. 1). A dual -gate FET 
is essentially two FET's in series. Gate 2 is biased at about 
+4 volts when weak signals are present. At this bias 
voltage, FET gain is highest. As stronger signals are re- 
ceived, bias voltage moves toward zero and may become 
negative with a very strong input signal. Agc power re- 
quired is negligible and cross -modulation capability of the 
FET is excellent. 

The 40604 (Q2) is a dual -gate mixer. The amplified 
rf signal is applied to gate 1 and the local oscillator output 
is applied to gate 2. The mixing function does not depend 
on a square -law characteristic, and consequently the dual - 
gate mixer is remarkably free from cross -modulation. 

Transistor Q4 is a 13 -volt regulator that furnishes 
positive supply voltage to the local oscillator, the i.f. strip 
and the tuning -control pots. Transistor Q3 operates as a 
common -base oscillator. The first i.f. transformer, TI, is 
mounted on the rf board and a short length of shielded 
cable carries the low- impedance secondary output of TI 
to the i.f. strip. 

All four i.f. stages (Fig. 2) use CA3028 IC's operat- 
ing in a differential mode. Limiting characteristics are su- 
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perb since the transistors do not operate at saturation. 
The output voltage of IC3 is coupled to agc detectors 

D6 and D7 through a 1.5 -pF capacitor. Due to current 
flow through D6, D7, R36, R4 and R7, the agc output 
voltage is at +0.5V without a signal. As the signal level 
increases, output voltage at this point becomes negative, 
lowering the gain of Q I. 

Transistor Q5 is an isolation amplifier for the tuning 
voltage developed at the junction of R43 and R44. It is not 
necessary to install Q5 if a vtvm (for meter readout) is 
used to measure this voltage at the base end of R45. 
Components R47, R48, C49 and C50 filter the audio 
elements from the dc output of the discriminator. 

Power supply output voltage is regulated to +15 
volts. Diode D10 (Fig. 3) furnishes temperature corn - 
pensation to hold the output voltage constant. The +15 
volts is directly applied only to Q I and Q2 in the rf head. 
Transistor Q4 regulates this voltage to +13 volts. 

The Zener diodes listed in the parts list are 2% types. 
Other types may be used if they are closely selected. The 
+15-volt diode must furnish an output of at least +14.6 
volts; the +13 -volt diode must not exceed 13.4 volts. 
(Note that 10% tolerance units can overlap, causing all 
temperature compensation and stability to be lost on the 
13 -volt output.) 

The tuning voltage is heavily filtered at all levels by 
C26, C57, C58 and C13. Any ripple or noise on this line 
will appear as FM modulation of the 10.7 -MHz i.f. signal. 

The rf head, i.f. strip. power supply and multiplex 
adapter are housed in an 8 x 10 x 21 -inch aluminum 
chassis. It is feasible to mount this unit up to 300 feet from 
the control unit. For special applications you may want 
to mount only the rf head on or near an antenna. In this 
case, dc power and tuning voltage are supplied to the rf 
head. Signals returning from the rf head are the low - 
impedance i.f. signal and the + 13 -volt regulated voltage. 

The +13 -volt regulator has been placed on the rf 
circuit board to keep temperature- compensating diode D4 
at the ambient temperature of the rf head. This minimizes 
tuning -dial offsets. A block diagram detailing the changes 
required when the rf head is antenna -mounted as in Fig. 4. 
The i.f. output cable must not have the shield grounded at 
either end. 

The photographs show only one possible component 
arrangement. Use the PC boards as templates to mark 
mounting hole locations before parts are added. 

On the rf head, mount all resistors first, then Tl, Cl, 
C9 and C22. A dot of solder should be placed behind one 
of the mounting points on each of these trimmers to pre- 
vent rotation after mounting. The mounting washer should 
not be tightened excessively or tuning will be difficult. One 
end of C2, C8 and C23 is soldered to the foil; the other 
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TUNER SECTION PARTS LIST 
Cl. C9, C22 -1 -6 pF tubular ceramic trim- 

mer (Centralab 829 -6) 
C2. C8, C23, C45-15 pF silver mica 
C3. C19 -5 pF NPO disc ceramic 
C4, C5, C10. Cll, C12. C16. C20, C21 -0.001 

µF disc ceramic 
C6. C7, C14. C28 -C31, C33 -C36, C38 -C44, 

C48. C53 -0.01 0, 50V disc ceramic 
C17. C27 -0.05 pF, 20V disc ceramic 
C18 -3.3 pF NPO disc ceramic 
C32. C37, C51 -1.5 pF NPO tubular or disc 

ceramic 
C46, C47 -330 pF disc ceramic 
C13. C23, C49, C50 -0.1 pF, 16V disc ceramic 
C25. C26-35 pF, 15V electrolytic 
C52 -1 pF, 25V electrolytic 
C54 -500 pF, 50V electrolytic 
C55 -200 0, 25V electrolytic 
C56 -0.22 pF, 100V paper or wrapped Mylar 
C57 -100 pF, 15V electrolytic 
C58 -5 pF, 25V electrolytic 
All fixed resistors ' /2W, 10% except as noted 
R1- 10,000 ohms 
R2. R7. R8, R16-470.000 ohms 
R3. R4, R14, R45- 100,000 ohms 
R5. R15 -220 ohms 
R6. R10 -180 ohms 
R9, R19- 47,000 ohms 
R11- 150,000 ohms 

ANT. 

LI 

TUNING 
VOLTAGE 

C7 
.01 

.1-)1 

R12- 12.000 ohms 
R13 -100 ohms 
R17, R46 -1500 ohms 
R18- 22,000 ohms 
R20 -270 ohms 
R21 -330 ohms 
R22. R27. R32, R38 -1200 ohms, 5% 
R23, R28, R33. R39 -2400 ohms, 5% 
R24. R26, R29, R31. R34. R37, R40, R42- 

150 ohms 
R25. R30, R35. R41 -220 ohms, 1/4W 

R43, R44 -5600 ohms. 5% 
R47. R48- 330,000 ohms 
R36 -6800 ohms 
R49-47 ohms, 2W 
R50 -1000 ohms 
R51. R52- 1000 -ohm linear potentiometer 
R53 -dual 10,000 -ohm linear potentiometer, 

single shaft 
R54 -2200 ohms 
L1 -2 turns No. 26. 14" dia. (space to fit be- 

tween turns of 1.2. Insert 1/3 dia. into 
L2) 

L2-4 turns No. 20. '4" dia., 0.4" length 
L3 -4 turns No. 20. '4" dia.. 0.4" length, tap 

if 2 turns 
L4 -3 turns No. 20, ' /e" dia.. 0.4" length. tap 

2 turns horn cold end 
RFC1 -RFC3 -Wind ' /_,W resistor. 33.000 ohms 

or larger w,th No. 30 enamel wire 

CB 
15pF 

1 - C9 
ur 1-6pF 

)I 

1 
ol 

R3 
3N140 

C3 - 
5pF I00K 

2 

1-6pF 

CI 

C2 
I5pF 

C4 

T1 -T4 -J. W. Miller 8851A 
T5 -J. W. Miller -8850 
T6 -Triad F91X or equivalent 
CRI -0.2 amp., 100V bridge rectifier 
Q1 -3N1/0 (RCA) 
Q2 -40604 (RCA) 
Q3- 2N3856 (G -E) 
Q4- 2N3405 (G -E) 

Q5- 2N3860 (G -E) 

Q6-40250 (RCA) 
ICI- 1C4- CA3028 (RCA) 
D1 -D3- Matched set BA141 diodes (ITT, or 

see below) 
04, DIO- silicon signal diode. 1N645 or equiv- 

alent 
D5 -13V. 2% Zener diode selected : 14743 -A 

or Schauer Corp. SZ13.0 (2%) 'Newark 
Catalog No. 69. p. 121) 

D6 -09 -1 N295 
D11 -15V. 2% Zener diode Schauer- Corp. 

SZ15.0 (2 %) (see D5 above) 
1 set (3)- Matched BA141 tune.- diodes. $4.60 

postpaid, Transitek Co. 
1 set -Tuner PC boards, etch^d. d. l'id & tin 

plated. No. VVT -2, $10.60 pat.tpaid, 
Transitek Co. 

1 Multiplex PC board -No. MD1, $4.35 post- 
paid, Transitek Co.. P.O. Box 98705, Des 
Moines, Wash. 98016 (Wash. residents 
add 4.5% tax for all parts) 

t1t6 
8052 

- 

L3 

C11 
001 

)1- 

C14 
01 

RII 
150K 

REG. 
+15V 

R7, 

%470K 

4 

RIO 
18052 

TI 

1 
11 

11 

02 
, 40604 ä5 
4 

001 = C5 
.001 

C6 
01 

C12 
001 

R5 
22011 - R2 

470K 

RI 
IOK 

R4 
I00K 

I- CIO 

R14 
100K 

D2 

BAI4I 
R9 C17 

47K .(35 

AFC 

DI 

BA14I AGC R8 
a7oK 

BAI4I 

BASE DIAGRAM 
FOR 3NI40 
AND 40604 

LEAD I - DRAIN 
LEAD 2 - GATE NO. 2 

LEAD 3- GATE NO. I 

LEAD 4- SOURCE, SUBSTRATE 
AND CASE 

R17 
1.5K 03 
2N3856 

R18 
22K 

C19 R16 
5pF 470K 

Fig. 1- Circuit for rf front end uses VVC tuning diodes and 
two dual -gate MOSFETs for top performance. Remote tun- 
ing is possible up to 200 feet from this section. (See details in 
Fig. 4.) 

JUNE 1 969 

_L Cie 
^3.3pF 

C20 
.001 

1L4 
í 

C21 , 
001 C22 C23 I-6pF- I5pF 
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.1 

R19 
47 K 

REG.13V 
TO I.F. STRIP 
AND TUNING 
CONTROL 

R13 
10052 _C16 

RI5 
22011 

04 
2N3405 

C25 

I.F: 
OL TPUT 

R20 
27011 

D4 
1N645 
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+15V 

C27 
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RF HEAD 

2N3856 
(ADD) 

r 
I 

)- --200 MAX --.1 
RG -58/U I 

I.F STRIP 

.01 
(ADD) 

2751 
(ADD) 

2.7K 
(ADD) 

R23 
2.4 K 

5151 

FROM 
RF 
HEAD 

38 

MOVE 
FROM 
I.F. STRIP 

R22 
1.2K 

BELDEN 8446 
OR EQUIVALENT 

R24 R26 
15011 15011 

C29 C30 
.01 .01 

N0.22 AFC 

NO. 22 AGC 

NO.18+15V f- 
N0.22+13V+ 
N0. I8 GROUND 
N0.22 TUNING 

VOLTAGE 

L -z --J 

RFC! 

R27 
1.2K 

-r -r 
REMOTE 
CONTROL 

16 
TRIAD F9IX 

u 

AC 

(rAC 

117VAC 40V 
CT 

.34 

CR-1 + 
I00V 

200MA 
BRIDGE-- 

49 40250 
474711,2W 

+ C54 
7;1.500/ 

50V 
R50 
I 

DIO 

1N645 

15VED 

C55 

DII I25á 

TUNING 
VOLTAGE 
TO RF HEAD' 

FROM 
t 13V REG. 
ON RF HEAD 

C57 

r 

O 

.22 

R51 
IK 
10.7V 

+ 7V 

100/1 

L 

R52 * I 

IK 
J L 

1 

R54 
2.2 K 

REMOTE CONTROL J 
Fig. 3- Circuit for the tuner power supply provides 15 -volt 
source for direct application to QI and Q2 in the rf head. 

Fig. 4 (left) -Block diagram .shows necessary circuit changes 
if you decide to mount the rf head at or near your FM an- 
tenna. 

2 (below) -Four i.f. stages operate with CA3028 IC's 
for e.rcellerrt overall limiting of the i.f. strip. 

RFC2 

R32 R34 R37 
I 2 15011 15051 

RFC3 

R38 
1.2K 

R40 
15011 

- C31 Z .01 

- C36 
.01 

C39 C40 
.0I 01 

1 

- C41 
.01 
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01 

R 35 
2200. 17 
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5 
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220Sí 

C32 

2R23 
C28 

I.5pF T 4K .01 

2 4 5 7 

W MILLER 
3 8851A 

4 6 8 

s3IC-2 
5 R30 

22011 

6 

17 

3IC3 6 

IC-1,2,3,4 

GA3028 
+13V 
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C33 
.01 

R28 C37 

5 

2.4K 1.5pF 
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R33 
2AK 

n .013 
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T4 
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S 3IC4 
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22011 Li 
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end is soldered to the lead of the variable ceramic trimmer. 
Attach all external wires to the board before solder- 

ing in Q1 and Q2. Like all MOSFET's, Q1 and Q2 are 
sensitive to transient voltages and static charges. Before 
removing the eyelet on each FET, grasp the case firmly 
with one hand. Then pull off the eyelet, touching the 
grounded foil surface BEFORE allowing any lead of the 
FET to touch the foil. Insert the FET and, with the 
soldering -iron tip connected by a clip lead to the foil 
surface. solder all four leads. 

No special requirements exist for the i.f. strip except 
the diode leads should have small clips attached for heat 
sinks during the soldering operation. 

In this version a planetary reduction drive was con- 
nected to R53. A 31/2 -inch aluminum circle was used as a 
dial scale. The frequency calibration is quite linear over 
the dial scale. Any planetary mechanism with a suitable 
ratio may be used. 

After all units are completed and mounted. the tuner 
is ready for checkout. First check the +15- and +13- 
volt regulated outputs. Before the +13-volt output will 
regulate properly, the +15-volt output must be correct. 

The i.f. strip should be aligned before adjustments 
are attempted on the rf head. Inject a 10.7 -MHz signal 
through a 0.001 -µF capacitor to pin 1 of IC3. Connect a 
0 -1 -mA meter to the test point (or a dc vtvm to the base 
end of R45). Set the output for a tuning indication of 
10% of full scale. Peak the pink and blue slugs in T4 for 
maximum meter indication. 

Inject the signal at pin 1 of ICI and peak the adjust- 
ments of T2, T3, T4 and the pink slug of T5 for maximum. 
Reduce generator output for the sharpest tuning response 
as alignment proceeds. Finally. clip the generator output 
lead to the case of C14 and peak T1. Increase generator 
output until the of output is fairly quiet. then connect a 
dc vtvm on the lowest voltage range to the of output, and 
carefully set the blue slug in T5 for a zero -volt indication. 
This completes i.f. alignment. 

The AFC switch must he OFF for all rf alignment steps 
unless specifically stated otherwise. 

Turn the tuning knob to the lowest frequency and 
adjust R52 for a reading of +0.7 volt at L on the power- 

POWER 
SUPPLY 

TERMINAL 
STRIP I.F ST RIP 

RI 

CI3 

DI 

C4 

C2 

CI 

C6 

C54 MULT:PLEA DECODER RE HEAD 

R9 D3 CI8 C2 
R2 R8 D2 RI6 C12 C20 CI7 RIB L4 

Photo on left shows 
layout of boards 
used by author. If 
you use this arrange- 
ment, cut holes in 
the chassis for trans- 
former and capaci- 
tor adjustments. Be- 
low is the rf -head 
board. 

04 REATSINK (CEMENT) 

03 C24 D4 C25 
D5 JUMPER 

C5 R3 01 IC7i C8 CII R6 RI3 C16 02 C27 RIO 

R5 CIO L3 C9 RI5 RI4 
( Insert 1/3 LI', dìa. into L2 and cement) 

R20 

C26 

C2z 

C23 

C15 

a4 

MULTIPLEX ALIGNMENT 

EDITOR'S NOTE: The multiplex section of this stereo 
tuner was described by the author in the August 1967 
RADIO -ELECTRONICS ( "A Modern FM Stereo Adapter," 
page 32.) Only a few preliminary construction details and 
all alignment procedures are presented here. The sche- 
matic of the multiplex decoder is shown in Fig. 5 and the 
PC pattern is included. Separation on a properly con- 
structed unit will exceed 30 dB from 50 Hz to 14 kHz, 
and 40 dB from 100 Hz to 10 kHz. 
In mounting parts to the wiring board, first install the 
transformers, then R3, R22, all other resistors and 
capacitors (except R2 and R11), and finally the tran- 
sistors and polystyrene capacitors. The photograph shows 
all parts clearly. 

The first step in alignment is to measure the multi- 
plex output level of the tuner with an oscilloscope. Use 
the highest peak -to -peak reading as a reference. Use an 
output level from an audio generator to the decoder, 
25% higher than this reference level. (Use any con- 
venient frequency in the audio range.) Choose a value 
for R2 between 3900 ohms and 12,000 ohms (larger 
input, larger value), which allows undistorted reproduc- 
tion of the input signal as seen on a scope at the emitter 
of Q2. 

Next insert a 67 -kHz signal (this should be accu- 
rate) and tune L for minimum signal at Q2's emitter. 
Insert a 19 -kHz signal at one -fourth reference level and 
tune T1 for maximum voltage across its winding. Reduce 
the input signal and tune T4 and T5, with R22 at maxi- 
mum, 

'! 

for maximum voltage across R24. During tuning 
reduce the input level until the voltage across R24 starts 
to decrease; at this point the tuning effect is most 
pronounced. 

Tack in a 470 -ohm resistor for R11 and temporarily 
ground the collector of Q7. Tune T3 for maximum ampli- 
tude of the 38 -kHz waveform at Q4's collector. Then tune 
T2 until any jitter in the waveform disappears, indicating 
synchronization with the input signal. Continue to retune 
Tl, T2 and T3, while reducing the input level until 
oscillator is synchronized with a 19 -kHz input sigral at 
least 26 dB (one -twentieth) below reference. 

Select a value for Rn between 200 and 1000 ohms 
that provides maximum undistorted 38 -kHz output. 
Too low a value will give lower -amplitude switching 
voltages and reduced separation. Adjacent cycles of the 
switching waveform will not have identical height (this 
is normal) but should be within 20 %. 

If you have access to a stereo multiplex generator, 
remove the ground at Q7's collector and inject a corn - 
posite signal at reference level. Set R22 to place 07 in 
saturation and adjust R3 for maximum separation. 

If such a generator is not available, run through 
the procedure just described with the decoder con- 
nected to a tuner receiving a stereo transmission ;on -' 
nect a potentiometer (about 100,000 ohms) to tf+e :finer 
output to allow reduction of the decoder input d.Iring 
alignment. 

After preliminary adjustments, remove the pote ntio- 
meter from the circuit. Connect outputs A and B to the 
vertical and horizontal inputs of an oscilloscope. Tune to 
a station known to be transmitting a stereophonic broad- 
cast. Adjust R22 until PL lights. The scope pattern will 
probably resemble Fig. 6 -a. Adjust R3 until the scope 
display looks like Fig. 6 -b. A slight touchup of Ti and 
resetting of R3 will result in best separation. If the 
separation seems poor, try another stereo statio-i or 
broadcast. 

To identify outputs A and B as to left and right try 
to find a test transmission (many stations make them) 
in which the channels are identified. Some broadcasters 
make all voice announcements on a single channel 
during regular programing. Of course a stereo mult plex 
generator will instantly identify the channels. 
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supply board. Turn the dial to the highest frequency and 
adjust R51 for +10.5 volts at H on the power -supply 
board. The voltages at I. and H change with the tuning 
knob position: this is normal. so he sure you set the knob 
correctly before adjusting the pots. Repeat adjustments. 

Pre -position the flat portion of the tuning screws as 

follows: Cl, 0.4 inch from foil: C9. 0.45 inch from foil; 
C22, 0.55 inch f. om foil. Turn the dial fixed to R53 to 
both stops and mark the end points. Make another mark 
45° above the counterclockwise end and a mark 30° below 
the fully clockwise limit. These will be the alignment points 
for 88 and 108 MHz. 

Set the dial to 88 MHz and squeeze or spread the 
turns of IA until 88 MHz is received at this point. Coils 
L2 and L3 should he adjusted for maximum signal. Reduce 
generator output as alignment proceeds. Now tune the dial 
to the I08 -MHz point, set the generator to 108 MHz and 
adjust C22 until the signal is received at this point. Peak 
Cl and C9 for maximum indication. 

Recheck the 88 -MHz alignment, which probably will 

have moved slightly. Remember. adjust inductance at 88 

MHz, and tune with the capacitors at 108 MHz. Go from 
one end to the other until no further peaking is possible. If 

Cl, C21 -0.1 ,F. 30V, ceramic 
C2, C5, C6, C7. C8, C20, C22 -0.01 µF, poly- 

styrene 
C3, C23 -0.02 fF. 30V, ceramic 
C4, C9, C14. C18 -5 pF, 15V electrolytic 
C11, C12 C15. C16 -0.002 pF (Sprague 192P 

or equivalent) 
C13, C17- 0.001 pF (Sprague 192P or equiva- 

lent) 
C10- 0.0012 riF, polystyrene 
C19- 0.0015 pF, disc ceramic 
C24 -1 uF, 15V, electrolytic 
C25 -10 uF, 15V, electrolytic 
Capacitors specified as polystyrene are Mal- 

lory type SX, listed on p. 331 of Allied's 
Catalog 280 (1969 general catalog) 

Ceramic capacitors can be Sprague's low. 
voltage type, although higher -voltage ca- 

RI 

t.eMEG 

UT CI 

I/30V 

R4 /OK 

01 

14V 

02 
COMPOSITE 
AMPL 

Tlr - 

1- C2 
S 11 - .01 04 
DI L_I LOCKED 05C 

a DOUBLER 

R3 
SEPARATION 

R2 IK 
SEE TEXT 

RS IK 

RS 
1.8 
MEG 

14V 
R12 

470K 
R7 R9 
K1K 4.711 

C3 

DI TO 54 
DEMODULATOR 

.02/30V 

4 
SC/ISV 

VT 

3 ,I 

you have trouble getting to these points. it is entirely pos- 
sible that the H and L voltages are off. If you can't get the 
dial to track at these points. increase the H voltage to 10.9 

volts by setting R51. 
The rf alignment is now complete. Depending on the 

linearity of R53. it may be possible to separate the 88- 
and I08 -MHz end points farther. (Some potentiometers 
have a considerable amount of end resistance and tuning 
becomes very broad at the ends.) To lower the 88 -MHz 
point, increase the L voltage slightly: at the same time 
move R53 more counterclockwise. To raise the 108 -MHz 
point. decrease the H voltage, moving R53 clockwise at the 
same time. 

After a satisfactorily linear dial is calibrated, it is 

wise to record the H and L voltages at the mechanical 
extremes of R53 for future reference. R -E 

If you want a complete set of printed circuit layout 
diagrams for this tuner send a stamped, self -addressed 
envelope to: Tuner Diagrams, c/o Radio -Electronics, 
200 Park Avenue South, New York, N. Y. 10003. 

PARTS LIST 
MULTIPLEX DECODER 

pacitors are of course equally usable. 
D1- D6- 1N4446 (G -E) (1N914A is also usable) 
Q1- 2N3391 (G -E) 
Q2, Q3, Q4. Q5, Q7- 2N3860 (G -E) 

Q6 -2N508 (G -E) 
PL -16 -volt indicator lamp (15 -20 mA) (Syl- 

vania 16CSB -p. 508 of Newark Catalog 
69) 

Resistors R- 470,000 ohms to 1 megohm to 
prevent multiplex switching click (equal 
values) 

R1, R6, R21 -1.8 megohm 
R2, R11 -see text 
R3- trimmer resistor. 1000 ohms (Mallory 

type MTC -4) 
R4, F7. R23, R26- 10,000 ohms 
R5, R8 -1000 ohms 
R9, R10 -4700 ohms 

R14 
39K 

R19 
ISOK 

470K 

+ifCµ ' 
* r 

150K 31 OUTPUTS 

CKf 44 9 
470K 

ör 
03 
1911142 

AMPL 

4.7K 

C19 -C2S-10/ISV 
.0015 14V 

STEREO TRIGGER 

ADJ 

05 R22 gK C21 

1911142 

AMPL 

RI1 SEE TEXT 

C9-5115V 

C1 .0022T 

IN914-A 
izí41 

.1/30V 
30 

DC AMPL 

RIG 
39K 

a-DG-IN4446 
XI- 2N3391 
02.3 4, s.7 -2N 3860 
os-2N508 

STEREO 

07 
INS\ 

STREO 

DS 

SWETCN 

427 V2 

G 'if 1447 R261,41014 220a 
PL (SEE FIG.2b) 

10K * SEE PARTS LIST 

LeMEG 

T4_ C20 

; II ÁI 

Ll 
923 roK 

TS 

rt 

ISV 

22 
DI 

R25 
100K 

Fig. 5 ( above)- Schematic for the multiplex decoder circuit. 
Figs. 6 -a, b (right) shows scope display during separation ad- 
justment. 
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R12- 470.000 ohms 
R13, R14. R15, R16- 39.000 ohms, 5% 
R17, R18, R19. R20- 150,000 ohms. 5% 
R22- trimmer resistor. 10.000 ohms (Mallory 

type MTC -4) 
R24- 22,000 ohms 
R25- 100,000 ohms 
R27 -220 ohms 
All resistors L/2 watt, 10% unless otherwise 
specified 
Ti. 72, 74, T -5-19 -kHz tank (J. W. Miller 

1354 -PC) 
T3 -38 -kHz output transformer (J. W. Miller 

1355 -PC) 
L- series bandpass filter (J. W. Miller 1352 

PC) 
For chassis construction instead of PC board, 

order Miller units without PC suffix 

Positioning of major components on the multiplex decoder 
board. The decoder used by the author was detailed in the 
August 1967 R -E. 
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ÍM 

a 
NEW R -E EXCLUSIVE 

horizontal -oscillator 
cathode -coupled mu 
and back -to -back di 

fc 
vibrator 
e 

Kwik- FIxTM icture and waveform charts 
HORIZONTAL SWEEP CIRCUITS 
by Forest H. Belt & Associates" 

SCREEN SYMPTOMS AS GUIDES 
WHERE TO CHECK FIRST 

SYMPTOM PIC DESCRIPTION 

Pic jittery or 
sliding sideways. 
Hold can't 
steady it. 

Severe 
bending and 
waving. 

Off -frequency 
slightly 
beyond range 
of hold. 

Flagwaving 
at top. 

Far, far 
off -frequency 
screen almost 
dark. 

Blank bar visible. 
Pic jittery, 
but not bent 
very much. 

Way off - 
frequency. 
Screeching, 
sometimes. 

Scallops at top. 
Also called 
piecrusting. 
May wiggle. 

Ose 
stopped 
or 'way 
off -frequency 

VOLTAGE 

diode -pin -2 

not much help 

diode -pin -2 
grid -pin -7 

not much help 

cathode -pin -8 
grid -pin -7 

plate -pin -6 

grid -pin -7 

little help 

WAVEFORM 

not much help 

WF5 

not much help 

WF4 

WF5 

WF5 

little help 

PART 

D1 
C4 
Cl 

R4-05 
R5-C6 

R7 
C7 
C8 

R4 
R5 

R6 

R9 
D1 

R11 
C8 

R5 
C6 

R6 -R7 

plate -pin -1 WF5 R9 
plate -pin -6 C8 

C10 
an Easy -Read", feature by FOREST H. BELT & Associates 1969 

Make voltage or waveform checks as indicated fo- free» 
svmptonIs. 
Use voltage guide and waveform guide to analyzer stilts. 
For quick check, test or substitute parts shown Cr. most 
likely cause of symptom. 

Use this guide to help you find which key voltage or wave- 
form to check first. 
Study the screen and the action of the Hold control. 
Most helpful clues to fault are found at key test points 
indicated. 
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The Circuit 
THIS IS THE POPULAR WAY TO GENERATE AND CONTROL 

a horizontal sweep signal. For automatic frequency con- 
trol (afc), the sync signal, coming from the sync separa- 
tor through Cl, is compared with a signal from the 
output stage (WF2). If the oscillator moves off -fre- 
quency, pulses in the flyback signal don't coincide with 
sync pulses; the comparison diodes produce a dc cor- 
rection voltage, which is applied to the pin -2 grid, 
adjusting oscillator frequency. 

The two triodes are a multivibrator; feedback is by 
common -cathode connection across R6. Free -running fre- 
quency (without afc) is set mainly by the time constant 
of C8, R10, and R11. 

Signal Behavior 
The multivibrator produces a sawtooth. But outside 

forces affect it: horizontal sync applied through Cl, and 
output sample (WF2) coming through R3. Pulses are 
phase- compared in the balanced diode circuit. Dc voltage 
at diode -pin -1 depends on the phase difference between 
the two pulses. It's near zero as long as the output and 
sync pulses are alike in frequency and phase. If either 
pulse shifts, the dc voltage changes enough to alter the 
multivibrator frequency and make the output pulse match 
the sync again. Filter R4 -05 smooths dc control voltage. 

Capacitor C8 couples signal from first half to second 
half of the multivibrator. Charge /discharge time of C8 
is set by RI0 -R11, and that sets the basic frequency. 
Tuned tank L1 -C9 is a "flywheel" circuit to stabilize the 
signal; notice how the bottom of WF4 is rounded. R8 
keeps Ll -C9 from tuning too sahrply. 

Network R12-C11 gives the signal a trapezoid shape. 
CIO couples it to the output stage. 

DC Distribution 
Plate -supply path for VIA is through L1, R7, the 

tube, and R6. Almost no voltage drops across L1, but 
about 60 volts drops across R7, leaving 200 at plate -pin -1. 

FROM 
SYNC 
SEP 

ICI 
47 
pF 

R4 
I MEG 

y C3 001 
_l_ 

R8 
33K 

Voltage at grid -pin -2 stays fairly constant during normal 
operation. Bias for VIA is the 6 volts across the cathode 
resistor. Dc return for grid -pin -2 is roundabout: R4, R1, 
R2, R3, and the flyback sampling winding. 

Plate current for V1B flows through R6, the tube, 
and R9. Besides cathode bias from R6, some grid bias 
develops across RIO -R11. R9 usually drops about 135 
volts, leaving 125 at plate -pin -6. The exact voltage de- 
pends on bias at grid- pin -7, and the hold control sets that. 

With both cathodes connected across R6, a change 
in plate current in either tube -half can affect bias on the 
other. A bad tube can give some odd effects. 

Signal and Control Effects 
Stage operation doesn't change much when a station 

is tuned in. The only change in most waveforms is a tiny 
amplitude increase and a little "grass" (caused by video 
leaking into the stage). 

Most noticeable change with station signal is the 
effect of the Hold control on dc voltages. Without a 
station, voltage at grid -pin -7 is the only one that varies 
much when you turn the Hold control; it swings between 
-3 and -8 volts. With station signal, when you twist 
the Hold: grid -pin -2 varies 0.5 volt either way; plate - 
pin-1 varies, but not far; cathode -pin -3 (and -8) varies 
between 6 and 8 volts; plate -pin -6 varies between 115 
and 145 volts; diode -pin -2 swings between 4 and 8 volts. 

If you turn the Hold control so far that you hear the 
oscillator screeching, with or without station signal, none 
of the voltages are consistent. 

Quick Troubleshooting 
First, clip a jumper between diode -pin -1 and ground; 

that separates oscillator from afc. Rotate Hold from end 
to end. If the oscillator screeches, you know it's running. 
If there's video on the screen, stop the control where it 
keeps the picture as still as possible, although the jumper 
is blocking sync. 

Check dc voltages at plate -pin -1 and plate -pin -6. If 
(continued on page 45) 

260V 

C9 1 

.0039 a :LI 
c)I 

R7 
12K 

C7 
100pF m 

C5 
001 R5 

T 
2 

120K 

42 

C6 

3 

VI-a 

047 

WINDING 
ON FLYBACK 
TRANS 

C8 
680pF 

7 

RII 

R9 
120K 

TO HORIZ 
OUTPUT 

CIO 
GRID 

VI -b 005 

) 
8K / iR12 

22K 8 CIi 
680pF 

RIO 
50K HORIZ 

HOLD 

R6 
1.2K 
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VOLTAGE CHANGE -- TO ZERO 

DC VOLTAGES 

VERY LOW 

AS GUIDES 

LOW SLIGHTLY LOW SLIGHTLY HIGH HIGH 

Diode -pin -2 R7 open R1 shorted R1 low R1 high R1 open 
R9 open R2 open R2 high R2 low R2 shorted 

Normal is about 4 volts. RH open R3 open /hi R3 high R3 low R3 short/lo 
Is developed mainly Cl shorted R6 open /hi R5 open /hi R4 shorted R6 short /lo 
from rectified flyback C8 shorted R9 shorted R6 high R5 short /lo CI shorted 
pulse. C10 open R11 high R9 low R6 low Cl eaky 

C11 shorted Cl open C5 open R11 short/lo C2 shorted 
D1B 
DIA 

open 
shorted 

C7 open Cl 
C2 
C2 
DIA 

leaky 
leaky 
open 
open 

DI E: shorted 

Cathode -pin -3 R6 short /lo R6 low R1 shorted R1 open R3 shorted 
Cathode -pin -8 R7 open /hi C7 leaky R2 open R2 shorted R6 open /hi 

C7 shorted L1 open R9 open R3 low (5k) R9 short /lo 
Normal 6 volts. D1B open C11 shorted R11 open R4 open Cl shorted 
Varies a volt or two with C10 open R7 short /lo Cl eaky 

Hold, if station is C11 leaky R9 low C8 shorted 
tuned in. DIA shorted C2 

C6 
C7 
D1B 

shorted 
open 
open 
shorted 

DIA _open 

Plate -pin -1 R7 open R7 high R1 open R6 low R1 shorted R6 Dpen/hi 
C7 shorted C7 shorted R2 shorted R8 very low R2 open R7 :hort/lo 

Normal 200 volts. Varies C7 leaky R3 shorted R10 open /worn R5 open D1B :pen 
with Hold setting or C8 shorted R3 open R11 open /hi R8 shorted 
station signal. R6 

R7 
R9 
Cl 
C7 
C8 
DIA 
L1 

shorted 
high(50k) 
open 
shorted 
leaky 
leaky 
open 
open 

R12 
Cl 
C2 
C7 
C8 
C8 
C10 
C11 

open /hi 
leaky 
shorted 
leaky 
leaky 
open 
open 
shorted 

R8 
R9 
R11 
C4 
C6 
C11 
DIA 

open 
short /lo 
short /lo 
open 
open 
open 
shorted 

Grid -pin -7 (or goes posi- C8 leaky R3 short /Io R5 low R1 short R4 .pen 
tive) R4 short/lo R6 low R1 open R5 c ,Den 

Normal varies from -3 C8 leaky R5 shorted R11 low R5 high R11 e oen/hi 
to -8 with Hold Con- C8 shorted R6 faulty C9 open R11 high 
trol. C8 open R7 faulty C10 leaky C4 shorted 

For tests, set Hold for as R9 faulty C11 leaky C4 leaky 
near -normal pix as 
possible. 

R11 
Cl 
C2 
C5 
C7 
C7 
C8 
C11 
DIB 

short/lo 
shorted 
open 
open 
shorted 
leaky 
leaky 
shorted 
open 

D1A open C10 
C11 
DIA 

open 
open 
shorted 

Plate -pin -6 R6 shorted R6 low R6 low R1 open R3 s_-sort/lo 
R9 open R7 open R7 snort /lo R2 shorted R6 open 

Normal 125 volts. With C8 shorted R9 high C5 open R3 open /lo R9 sort/lo 
station, Hold can vary ClI shorted R12 short /lo C6 shorted R4 open Rll C Den 
it from 115 to 145. C6 shorted C6 leaky R6 high Cl si-orted 

For tests, set Hold for as C6 leaky C10 shorted R9 low 
near -normal pix as C8 leaky C10 leaky R11 high 
possible. C11 

DIB 
leaky 
open 

C11 
L1 

open 
shorted 

Cl 
C2 
C8 
C10 
D1 B 

DIA 

leaky 
shorted 
open 
open 
shorted 
open 

Use this guide to help you pinpoint the fa tlty part. 
!Wens-tire each of the five key vo'tag's with a vtvm. 
For each, stove across to the column that describes the 
change you find. 
Notice which parts might cause that change. 
Finally, notice which parts are repeated in the combination 
of changes you found. 

JUNE 1969 

Test those parts indiridna ly for the fault lescr:be t. 

NOTE: For more guides to narrow down the fca°ity part 
further, see waveform guide. 

NOTE: De voltages at diode- pin -1, diode-pin-3. ail grid - 
pin-2 are misleading for diagnosis, so are not a pari of this 
guide. 
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WAVEFORMS AS GUIDES 

WF1 Normal 3.0V p -p 

pulse from flyback transformer. Sawtooth shape of flyback pulse dominates; sync pulse \ \ \ Taken at diode -pin -2, this waveform is combination of input sync pulse and sampling 

forms downward spike. If oscillator goes off- frequency, sync pip jitters around and makes 
waveform very unstable. This waveform is good check point for judging operation of afc 
network. Before condemning WF1, however, make sure WF2 is normal; if it isn't, WF1 
will be incorrect and unstable. 

Shape okay 
V p -p low 

R3 high 
R7 high 
R9 high 
R11 faulty 
C4 shorted 
C7 leaky 
C8 faulty 
C11 leaky 
D1 faulty 

Shape okay 
V p -p high 

R3 short/lo 
R7 short /lo 
R9 fllo+r 

R11 s. low 
Cl shorted 
Cl leaky 
C2 open 
C3 faulty 
C4 cpen 
C5 Iky /short 
D1 faulty 

V p -p zero 

R6 faulty 
R7 open 
R9 open 
C7 shorted 
C8 open 
C8 shorted 
C10 open 
C11 shorted 

I 
i 

1 

R1 shorted 
D1 faulty 

\ \ 
' 

R1 low 

`-. "\ \ 
R2 low 
D1 faulty 

, 

R2 shorted 
C2 shorted 
D1 faulty 

Cl open 

\" 
R2 high 

r 1 

a WF2 Normal 100V p -p 

This is the afc sampling pulse. Usually, it conies from an extra winding on the flyback. 
transformer; in a few chassis, it comes from elsewhere in the horizontal output stage. 
It represents oscillator frequency and phase, and is compared with station sync by the 
afc diode. Amplitude is not critical, unless it becomes very low. Polarity is critical. Most 
common trouble is faulty flyback transformer, or new one wired up wrong. 

r "" . 

Other than reversed polarity, shown here, there are few faults. The waveform shown here 
is from the winding being wired up in reverse at the flyback transformer, when a new one 
was being installed. 

,,I1 `1 - 

1 

WF3 Normal 3.5V p -p 

This is the sampling pulse after it is influenced by R3 and C4. Note the sawtooth shape. 
R3 -C4 have an integrating effect on the sharp pulses that originate in the horizontal output 
stage. You can see in WF1 how this sawtooth shape dominates. The afc diode compares 
phase of this waveform with that of the incoming sync -pulse waveform. The two of them 
form WF1. 

Shape okay 
V p-p low 

R3 open /hi 
leaky 

R7 short/lo 
R11 shorted 
C10 open 

Shape okay 
V p -p high 

R3 low 
C4 open 
Cl shorted 
D6 

V pp zero 

1 

R3 low R3 open 
D1 faulty 

Winding 
reversed 
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WF4 Normal 10V p -p 

The oscillator's own waveform, but its shape is influenced by some afc parts. Mainly, 
though, shape and frequency depend on time constants of capacitors and resistors in 
oscillator stage. Natural waveshape in multi- vibrator like this is sawtooth. Amplitude de- 
pends mostly on plate dc voltage; frequency depends mostly on dc bias at grid -pin -2 and 
on values of components coupling this waveform to grid -pin -7. 

p -p low 

R2 open 
R6 high /low 
R7 low 
R9 high 
R11 low 
Cl shorted 
C7 leaky 
C11 leaky 
D1B open 

V p -p high 

R9 short/lo 
R11 open /hi 
Cl s. leaky 

V p -p zero 

R6 shorted 
R6 open 
R7 open 
R9 open 
R11 shorted 
C7 shorted 
C11 shorted 

R2 open 

R6 low 

R7 low 

s. d.ldssr 

R6 very low 

R7 shorted 

R9 low 

C9 stir rted 
R8 lov 
Ll opt n 

WF5 Normal 35V p -p 

Output waveform, ready to be fed to horizontal- output stage. Similar in some ways to 
WF4, but inverted and nearer trapezoid shape ultimately needed by horizontal yoke. Would 
be saw -shaped, except for R12 -C11. Its amplitude is affected mainly by waveform fei from 
VIA; frequency mainly by components in grid circuit, shape by other parts in V1B stage. 

V p -p low V p -p high /!lt!flfTIM rrrrrrrrr 
R6 high R11 high /open 
R7 faulty DM open 
R11 low 
C7 leaky 
C8 leaky R12 low C8 leaky R6 very low 

C11 leaky 
D1B open 
L1 open 

R9 low 

s 
R9 ver low 

Use this guide and the voltages guide to help pin down the 
fault possibilities. 

With the direct probe of the scope, check the five key wave- 
forms. Scope set at H or at about 5 kHz. 

both are within 30% of normal, the oscillator should 
run. If they are too high, too low, or missing, check the 
supply path. Measure bias on grid- pin -7, and on cathode - 
pin-3. If either voltage is far wrong, check related com- 
ponents (including C8) . 

With the oscillator running, jumper across LI. 
Steady the picture with the Hold control. Remove the 
jumper and tune L I to again steady the picture. Then 
unclip the jumper between diode -pin -1 and ground. If 
the oscillator jumps off -frequency or quits, there's a fault 
in the afc. 

JUNE 1969 

Note a nplitude. If it's low or high, check parts und -r those 
descriptions. 
Note waveshape. If there's a change, check those parts. 

NOTE: Only waveforms that help most with diagnosis are 
included in this guide. 

Now use the scope. Check WF1 first, then WF2 
and WF3. If WF1 is without a strong sync pip hold be- 
comes touchy. WF2 can be down nearly hall without 
losing horizontal hold. Polarity of WF2 and WF3 is criti- 
cal. If WF1 is okay, but sync is poor, check R3 and C4. 

A bad WF1 is hard to analyze. Instead of trying, if 
WF2 and WF3 are okay, check or replace the diode. 
Finally, check C3, R4, and C5. These three <.iso affect 
the dc control voltage, and therefore frequency slightly. 

If bending or piecrusting is a trouble, wor c on anti - 
hunt circuit R5 -C6. Also, suspect C3, C5, R1, R2, and R4. 
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TECHNICAL TOPICS 

by ROBERT F. SCOTT 
SENIOR TECHNICAL EDITOR 

THIS MONTH WE ARE INTRODUCING 

"Tech Topics," a column in which we 
plan to discuss new circuits and com- 
ponents, keep you up to date on the 
latest technical developments, provide 
background material on some com- 
mon but not -well -understood circuits 
and serve as a clearing house for those 
of you with circuits, techniques and 
technical information you feel will in- 
terest fellow readers. We are particu- 
larly interested in dope you may pick 
up from foreign radio and electronics 
publications and manufacturers' ap- 
plication notes. 

Consider "Tech Topics" as your 
personal sounding board and feel free 
to let off steam about a particular cir- 
cuit, device or technique: be it audio, 
radio, ham operating or what have 
you. Let us know what you would 
like to see in this column. We may 
not have the necessary info but we'll 
pass the word to your fellow readers 
and see what they come up with in 
the way of good solid answers. 

An old but little -known vfo 
Good frequency stability is a 

prime requisite of variable- frequency 
oscillators used in receivers and trans- 
mitters and in such test instruments 
as signal generators and frequency 
meters. For the last twenty years, the 
Clapp /Gouriet oscillator (Fig. 1) has 
been considered the ultimate in stable 
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vfo's. It has been widely used in ham 
transmitters but is seldom seen in 
other applications because its tuning 
range is much, much smaller than the 
3:1 frequency ratio possible with most 
other LC circuits. 

A second disadvantage of the 
Clapp is that its rf output voltage is 
not constant. It drops off drastically 
as the circuit is tuned toward the high - 
frequency end of any given band. The 
wider the band, the greater the fall 
off in output voltage. When the band 
has a frequency ratio greater than 
around 1.2:1, the output drops to the 
point where there is not enough feed- 
back to sustain oscillations. This re- 
sults in uneven excitation of mixers in 
superhet circuits and in the following 
stages in transmitters. 

Another drawback of the Clapp 
is that its "hot" cathode (the cathode 
is above ground for rf) is subject to 
hum modulation when the heater is 

Bi- 

OUTPUT 

Clapp /Gouriet oscil- 
shown here has gained the repu- 

tation of the ultimate in stable vfo's 
from ham transmitters. 

Starting this month here's a 

new department you can 

contribute to. Read and write. 

operated from an ac power supply. 
The Vackar oscillator (some call 

it the Tesla oscillator) in Fig. 2 over- 
comes the aforementioned disadvan- 
tages of the Clapp. It was developed 
during World War II by Jiri Vackar 
at the Czechoslovak Tesla laboratories 
but was not described in the technical 
press until 1949. 

Both the Clapp and Vackar os- 
cillators are series tuned with the tube 
tapped down on the tank through 
two large series- connected capacitors. 
Too, all the tube interelectrode ca- 
pacitances are shunted by large ex- 
ternal capacitors. However, in the 
Vackar, the external capacitances are 
much larger. This results in greater 
stability by further reducing the ef- 
fects of changes in interelectrode ca- 
pacitances and electrode voltages. The 
Vackar can provide a constant out- 
put voltage over a frequency range as 
high as 2.5:1. In addition, the Vackar's 
cathode may be grounded so it can 
in no way affect the tuned circuit or 
the feedback path. 

Various articles on the Vackar 
lead us to believe that Vackar's origi- 
nal paper did not include full details 
on circuit values. For this reason, 
hams had to develop constants for 
their circuits. This resulted in consid- 
erable differences in the values of cor- 
responding parts used by different 
constructors. Consequently, there 
have been many arguments pro and 
con on the relative merits of various 
versions of the Vackar. 
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In the March 1965 issue of 
RSGB Bulletin (now Radio Commu- 
nications, the Journal of the Radio 
Society of Great Britain) T. Lye11 
Herdman, G6HD, points out that for 
the circuit in Fig. 2, Vackar recom- 
mends the following relationships: 

C2 is much smaller than the sum 
of C4 and C6. 

The sum of C4 and C6 is much 
smaller than Cl. 

C2 is much smaller than C3. 
Cl/ C4+C6 =C3/C2 =6. 
In a circuit tuning from 1.7 to 

2.0 MHz, C 1 is .0072 µF, C2 is 100 
pF, C3 is 600 pF, C4 is 100 pF and 
C6 is .0011 F. 

A high -Q coil is essential to the 
operation of the Vackar but the dy- 
namic resistance of the tuned circuit 
must be held down to a reasonable 
value. If it is too high, the voltage 
across C2 and C3 will not be high 
enough to sustain oscillations. Thus, 
the inductance of the coil should not 
be made too high and the maximum 
value of C4 should be selected for the 
lowest operating frequency. 

In some applications, the per- 
formance of the Vackar can be im- 
proved by using a two -gang variable 
capacitor for C4 with the second sec- 
tion of the same value connected 
across Cl. 

Super -sharp heterodyne filter 
Heterodynes or whistles often 

take the joy out of AM broadcast and 
shortwave listening. They are gener- 
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b LI 

C2 

-C3 

11- a 
OUTPUT 

2 5m 

11--Y 

33K 
.01 

)t 
C5 

4 7 K 

12 0 V 

Fig. 2- Vackar oscillator is series 
tuned with the tube tapped down like 
the Clapp. But external capacitances 
are larger. 

Fig. 3 -Audio filter circuit consists of 
two -stage cathode- coupled amplifier 
with a twin -T filter as feedback net- 
work. 

ally the result of beats between the 
desired signal and (a) a station on an 
adjacent channel (b) a distant station 
on the same frequency or channel 
(c) a station on a frequency two 
times the set's i.f. away from the de- 
sired station or (d) a strong station 
operating on or very close to the set's 
i.f. 

An audio filter can be used to 
eliminate whistles if it is tunable with 
a very narrow passband and a high 
attenuation at the interference fre- 
quency. A whistle frequency with 
these characteristics is used in the 
Philips model B5X35A receiver and 
described in R.G.T. Monitor. a publi- 
cation of the Philips organization in 

the Netherlands. 
The filter circuit (Fig. 3) consists 

of a two -stage cathode -coupled am- 
plifier with a Twin -T filter as a feed- 
back network between plate and grid 
of the output stage. A three -gang po- 
tentiometer tunes the filter from 
around 800 Hz to about 20 kHz. At- 
tenuation is 100 dB down at the whis- 
tle frequency and only about 5 dB 
down at frequencies 0.8 and 1.2 times 
the filter frequency. 

A solid state version of this filter 
may be just what you need for your 
receiver. If you can develop a tran- 
sistor or IC model, send it to us along 
with the circuit and performance fig- 
ures. The many other readers of this 
column will enjoy hearing about it. If 
we use it, you'll be paid at our regular 
rates. R -E 

SIREN FOR TOY 

AMBULANCE 

OR FIRE ENGINE 

Want to give your young san a 
real thrill, and at the same time give 
him reason to boast that his Dad iy is 
the greatest? Then build a real- sound- 
ing siren into his toy ambulance or 
fire engine! All you need is an old 
high -impedance magnetic earphone 
and a few other inexpensive parts, as 
shown in the accompanying sche- 
matic. 

In this circuit, a unijun:tion 
transistor, Q I (Texas Instruments 
TIS 43), operates as a relaxation 
oscillator, with resistor R2 and ca- 
pacitor C2 in the emitter circuit: de- 
termining the approximate operating 
frequency- approximate because the 
operating frequency is also deters -lined 
by the voltage supplied to the R L -C2 
combination. This voltage comes from 

RI 4.7K 

R2 
39K 

BI 

CI C2 

S2 
ON-OFF 

9V 
BA-7 .7 

B2 

100µF .022 EARPHONE 

the charge stored in electrolytic ca- 
pacitor C 1. 

When on -off switch S2 is turned 
on, capacitor Cl charges through re- 
sistor R1, increasing the potential 
across the R2 -C2 combination. a 
consequence, the sound coming .'rom 
the earphone rises in frequency. V,hen 
SI is pressed, the emitter -supply cir- 
cuit is opened, capacitor Cl sl awly 
discharges, the potential across the 
R2 -C2 combination decreases, and the 
frequency falls. Component v.:lues 
have been chosen so that, when .'il is 
alternately pressed and released a-: ap- 
proximately 2- second intervals, the 
rate of rise and fall, as well as the 
pitch, imitates the wail of a siren very 
realistically. 

With a 9 -volt battery and the 
average old high- impedance magnetic 
earphone, the sound is loud eriaDugh 
to satisfy the youngster, but nct as 
loud as to disturb everyone in the 
household. The use of a pushbutton 
switch with normally closed contacts 
for SI keeps the wail going as long as 
the circuit is energized, thus serving 
as a reminder to switch S2 off when 
the toy is not in use. 

-Frank H. Tooker 
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4 SAFETY TIPS 
FOR AUTO WORK 

by CHARLES E. COHN 

1. Disconnect the 
battery ground ca- 
ble to eliminate the 
risk of short cir- 
cuits. 

2. Make ignition 
timing easier and 
safer by removing 
the fan belt. 

3. Clear away 
loose tools before 
starting the engine, 
to avoid the hazard 
of their falling into 
the engine fan. 

4. Be sure to re- 
place all filler caps 
and other loose 
parts before clos- 
ing the hood on a 

job. 
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Observing a few simple safety 
precautions can cut the hazards of 
working on a "live" engine to an 
absolute minimum. Working on a car 
can be safer than driving it. 

Disconnect the battery ground 
cable whenever you work on the 
electrical system or whenever there is 
a possibility of causing a short circuit. 
The main electrical circuits in a car 
are not ordinarily protected by fuses. 
There is nothing to prevent a short 
circuit from causing extensive damage 
and serious burns. Interrupt the bat- 
tery circuit in any situation where 
there is a chance of a tool or other 
metal object accidentally touching an 
exposed terminal. 

Disconnect the ground cable. If 
you pull the hot cable first, accidental 
contact of the wrench with a metal 
part of the car would cause a short 
circuit. You might also do this when 
the car is to be left idle and un- 
attended for several days or weeks. 
De- energizing the electrical system 
this way prevents a hidden defect in 
the car wiring from developing into a 
short circuit and causing fire. 

The rotating engine fan is an ex- 
treme hazard and should be treated 
with as much respect as a circular 
saw. It has a similar appetite for 
fingers. Don't put your hands any- 
where near the fan when the engine 
is running. Sometimes this rule must 
be violated, as in timing the ignition 
with a timing light. Then remove the 
fan belt so that the fan will not 
turn. This not only removes the haz- 
ard, but also makes the job much 
easier, since it allows the light to be 
held closer to the timing mark. 

An innocent -looking group of tools 
lying on a fender cover can present a 
hazard. If the work is being done 
outdoors, a gust of wind can catch 
the fender cover and spill the tools 
into the engine compartment. If a 
tool falls against the fan while the 
engine is running, it can be hurled 
with great force and cause consider- 
ably injury and damage. Therefore, 
remove loose tools from the fenders 
before starting the engine. Similarly, 
filler caps and other parts should not 
be left lying loose, when the hood is 
closed. They can fly about and do 
damage. RE 
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NEW FOR YOU 

20 SCR 

CIRCUITS 

YOU CAN MAKE 
By R. M. MARSTON 

ONE OF THE MOST IMPORTANT SEMICONDUCTOR DE- 

vices developed in recent years is the silicon controlled 
rectifier or SCR. Basically it acts as a unidirectional semi- 
conductor switch that is normally off, but which can be 
turned on with a suitable trigger signal. 

SCR's can handle currents up to several amps and 
operate at ac line voltages. Consequently, they can be used 
in many high -power switching applications. They can con- 
trol electric motors, heaters, lamps, relays and sirens. 

In this article we'll introduce you to the basic charac- 
teristics of the SCR, and then we'll show you 20 circuits 
you can build around this amazing device. 

SCR characteristics 
The SCR symbol is shown in 

Fig. 1. It resembles that of a normal 
rectifier, but has an additional ter- 
minal (G) known as a gate. The 
SCR can be made to act like either 
a normal silicon rectifier or an open - 
circuit switch, depending on how its gate is used; hence the 
name silicon controlled rectifier. Their basic characteristics 
are: 

Normally, with no bias or signal applied to the gate, 
the SCR is off, or "blocked," and acts (between anode and 
cathode) like an open circuit switch. 

When a positive bias or pulse is fed to the gate, the 
SCR turns on and acts like a normal silicon rectifier: it 
conducts (between anode and cathode) in the forward 
direction (with positive anode to cathode voltage), but 
blocks in the reverse direction (negative anode to cath- 
ode voltage). 

Once the SCR is on and is conducting, the gate loses 
control, and the SCR stays on even if the gate bias is 
removed. Thus, only a brief positive gate pulse can turn 
the SCR on. 

The SCR's gate -to- cathode junction has the charac- 
teristics of a simple silicon diode, and presents a low im- 
pedance when forward -biased. Typically, gate potentials 
of only 1 or 2 volts and currents of only a few tens of mA 
are needed to trigger a 5 -amp SCR. 

Once the SCR is on, it can only be turned off again 
by momentarily reducing its anode -to- cathode currents 
to near zero. In ac circuits, turnoff occurs automatically 
at the zero crossing point at the end of each positive half - 
cycle. The SCR can not be turned off via its gate. 

Since the SCR turns off automatically when its 
anode -to- cathode current falls to near zero, there is a mini- 
mum anode current at which the device can be reliably 

G 

A -ANODE 
G - GATE 
C - CATHODE 

JUNE 1969 

operated. This minimum current, which typically has a 
value of a few mA, is known as the minimum holding cur- 
rent, and its practical effect is to place a limit on the maxi- 
mum value of anode load resistance that can be reliably 
used with the SCR. 

SCR's can be used in both ac and dc circuits, and 
are usually wired in series with an external load connected 
to a suitable power supply. When the SCR is off, negligible 
power is dissipated in either the load or the SCR. When 
the SCR is on, a large amount of power is dissipated in 
the load, but only a small amount of power is dissipated 
in the SCR. Less than 2 volts is usually developed Itcross 
the SCR when it is on; so, if a 100 -ohm load is used 
with a 200 -volt dc supply, 396 watts is developed in the 
load and only 4 watts in the SCR. Typically, less than 20 
mW of gate power is needed to trigger a 2 -amp SCR, 
so in this case a power gain (between gate and load) of 
about 20,000 takes place. 

Now let's look at a few basic circuits that help dem- 
onstrate these characteristics in a practical fashion 

Basic dc on /off circuits 
A basic SCR do on /off circuit driving a 12 -volt, 500 - 

mA lamp load is shown in Fig. 2. Normally, with S2 

closed and SI open, the SCR and lamp are off but 
the SCR and lamp can be turned on with a positive gate 
bias by briefly closing SI. Resistor R1 limits the gat( cur- 
rent to a safe value. The circuit is self -latching, an the 
gate bias need be applied for a few microseconds to insure 
full turn -on. The turn -on gate pulse can be applied, if 
preferred, from a pulse generator. The SCR and lamp are 
turned off by momentarily breaking the supply connec- 
tions via S2. 

An alternate method of turning off the SCR r s sown 
in Fig. 2 -b. Here, the SCR anode is shorted to the cal hode 
when S2 is momentarily operated, so the SCR anode -to- 
cathode current is briefly reduced to zero. 

A variation of this switchoff theme is shown in Fig. 3. 

Here, with the SCR on, Cl charges via R3. When fully 
charged, the SCR1 -anode end of Cl is a couple of volts 
above ground potential, and the R3 end is at full positive 
voltage, giving a capacitor charge of about 10 vd'.ts. 

When S2 is operated, the positive end of Cl is 

clamped to ground, and the capacitor charge forces the 
SCR anode to momentarily swing negative, thereby re- 
verse- biasing the SCR to cutoff. The capacitor charge leaks 
away rapidly under this condition, but has to hold the 
SCR anode negative for only a few tens of microseconds to 
insure complete switchoff. Note that if S2 is held down 
after the charge has leaked away, the capacitor then 
starts to charge in the reverse direction via LM1. There- 
fore Cl must be a reversible (nonpolarized or pctper) 
type, although its value is not critical. 

SI 
(ON) 

RI 
33011 

S2 
LMI (OFF) 
12 V, 

500MA 

scR12N3525DR 

12V: 
-L 

Z 
SI 
(ON) 

RI 
33011 

LMI 
12V,500 MA 

2N3228 
2N3525 

14 (OFF) )SCRI swag 
b 

T 

I2V -` 

Fig. 2 --Two 
basic SCR dc 
on /off circuits. 
The two a'ifjer- 
ent k+cc tions 
for S2 provide 
two difxerent 
modes of cir- 
cuit opeP¡(ion. 
Both wor.'r. 
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Fig. 4 is a modification of Fig. 3. It uses an addi- 
tional SCR to enable switchoff via a low- current gate pulse. 
SCRI and SCR2 act as a flip -flop or bistable arrangement 
in which SCRI is on when SCR2 is off, and vice versa. 

Thus, when a positive gate pulse is applied to SCR2, 
SCR2 switches on and pulls the R3 end of Cl to near 
ground potential. This drives the SCRI anode negative. 
causing SCR I to switch off. The cycle then repeats ad 
infinitum. Note that SCR2 has to carry a current of only 
Vsr,.,q,, /R3 amps in this circuit. 

An interesting variation of the Fig. 4 bistable theme 
is in Fig. 5. Here, turnon and turnoff are controlled by a 
single pushbutton. The first push of the button turns the 
lamp on, the second push turns the lamp off again and the 
next push turns the lamp back on again, and so forth. Cir- 
cuit operation relies on SCR2 not latching on properly. 
since it has a large anode load and its on current is lower 
than the SCR's minimum hold -on requirement. 

Assume that both SCR's are off; both anodes are near 
positive supply voltage so zero charge is on Cl. When 
SI is pressed, SCRI and LMI are driven on via a brief 
positive pulse from C3. and SCR2 is momentarily driven 
on via a pulse from C2. At the end of this brief pulse, 
SCR2 turns off again through lack of holding current, 
but SCRI and the lamp stay on. Capacitor Cl then charges 
via RI, and the SCR2 anóde goes to positive supply po- 
tential. The next time SI is operated, positive pulses are 
again fed to both SCR's, but those on SCRI's gate have 
no effect. since SCRI is already on. 

SCR2, on the other hand. is briefly driven on, and 
thus applies a reverse voltage to SCRI via Cl, so SCR1 
and LMI turn off. At the end of this pulse, SCR2 again 
turns off through lack of holding current, and the circuit is 
ready for the next operation of SI. 

Basic ac on /off circuits 
A basic ac on /off circuit driving a 100 -watt lamp 

load from a 120- or 240 -volt ac line supply is in Fig. 6. 
With SI open, no bias is applied to the SCR's gate, so 
the SCR and lamp are off. But suppose SI is closed. At 
the start of each positive half -cycle the SCR is off, so the 
full available positive voltage is applied to the gate via D1 
and Rl. Shortly after the start of the half -cycle sufficient 
voltage is available to trigger the SCR, and the SCR and 
lamp go on. As the SCR goes on, its anode voltage falls to 
near zero, removing the drive current to the gate. Since a 
large anode current is flowing in the SCR at this time, 
however, the SCR remains fully latched on for the dura- 
tion of the half- cycle. It goes off only when the half -cycle 
ends and the anode current falls to zero. 

This process repeats, with the SCR triggering on 
shortly after the start of each positive half- cycle, so long as 
Si is closed. Diode 1 prevents reverse bias being applied 
to the gate on negative half -cycles. 

Note that the SCR only conducts on positive half - 
cycles, and so acts as a half -wave rectifier. The lamp thus 
burns at only half brilliance when S1 is closed. Also 
note that, since the SCR turns off automatically at the end 
of each positive half- cycle, the circuit is not self -latching 
for most practical purposes. 

A full -wave on /off circuit is in Fig. 7. The ac supply is 
converted to rough dc via the D1 D4 bridge rectifier. 
This dc is then applied to the SCR. With SI open, the 
SCR is off, so no current flows through the bridge via 
LM1. When SI is closed, the SCR is driven on shortly 
after the start of each half -cycle of rough dc, and the 
lamp goes on. As the SCR goes on in each half- cycle, 
the gate drive is automatically removed. But the SCR 
stays latched on for the duration of each half -cycle as de- 
scribed for Fig. 6. The SCR switches off automatically at 
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Z 
SI 
(ON) 

RI 
33012 

2N3228 
OR 

2N3525 

LMI 
I2V,500MA 

R3 + 
101 T 

CI 12V_,_ 

2µF NP 

(RCA) 

SCRI 
S2 . ¡'' 

(OFF) 

NP =NON -POLARIZED 

Fig. 4 -An addi- 
tional SCR enables 
switchoff via a low- 
current gate pulse. 
SCRI & SCR2 act as 
a flip-flop. 

Fig. 3- Another 
variation of the 
circuits shown in 
Fig. 2. CI must 
be a non polarized 
capacitor. 

SI (ON) LMI,12V,500MA Z .. 
ÓR 

3228 
2µF 47051 1152 

2N3525 NP ' (OFF) 
(2) 

33(051 0) 0 
Cilig SC RI ISM 

+12 V 

R4 
33051 

2N3228 OR 

R¿1 2N3525 sl 

CI 2µF NP 
C2 

SCR2 0.1 F 

+12V 

N 
R2 
4751 

Fig. 6 -Basic ac on/ 
oft circuit drives a 
100 -watt lamp from 
a 120 or 240 volt ac 
line supply. 

LMI 
100w 

Fig. 5- Turnoff 
and turnon are both 
controlled with a 
single pushbutton. 
SCR2 does not 
latch on properly. 

scR1:2N3228 ON 120VAC 

=2N3525 oN 240 VAC 
0I =200 P.I.V.SILICON DIODE ON 120 VAC 

:400 P.I.V. " " " 240VAC 

R2 IK 

SCRI 2N3228 ON 120VAC 

=2N3525 ON 240 vac 
DI-D4 =200 P.I.V., 3 AMP SILICON RECTIFIER ON 120 VAC 

=400 P.I.V., 3 AMP " " " 240VAC 

DI 

RI 

220fì 

R2 
IK 

Fig. 7- Full -wave 
ac on / Off circuit. 
Ac is converted 
to dc by diode 
bridge. 
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FI (3 AMP) 
SCRI= AS FIG.7 
DI-D4 = AS FIG.7 

LMI 
100 W 

SI 

120 OR 
240 VAC DI 

R2 IK 

Fig. 8- Full -leave 
on / off circuit con- 
trolling a dc load. 
Note the similar- 
ity to Fig. 7. 

SCRI =AS FIG.7 

DI-D4. AS FIG.7 

D5= 200 P.I V, ZOOMA SILICON DIODE ON 120 VAC 

=400 PI V., ZOOMA " " 240VAC 
R3.10K , 5 WATT ON 120 VAC 

.22K ,I0 " " 240 VAC 

CI= 1µF, 250V ON 120VAC 
D2 = lµ F, 500 V ON 240V AC 

Fig. 9- Modification of the circuit shown in Fig. 8. New 
circuit gives self -latching operation. Opening S2 unlatches 
the SCR. 

scRi, 2N3228 OR 2N3525 (2) 

o LM I 

12V,500 
MA 

1 

Cl2µFNP 

SCRI 

RI 
12K 

SCR2 
C2 
01µF 

R2 S R4 

2200 7 47K 

0 

2N2646 

C3 0.1µF 

R3 
100ß 

+12 V 

R5 
500K 

+1 C4 

I 

2µF, 15V 

OV 

Fig. 11 -Lamp flasher circuit operates off 12 -vo t supply. 
Operating rate is variable from 25 -125 flashes per minute. 
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R6 
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C2 
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Fig. 12 -An automatic lamp turnoff driver. The lamp goes 
on as .soon as S1 is closed, and then off again after a preset 
( leaay. 
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the end of each half -cycle as its anode current falls to zero. 
Thus, when S1 is closed, the SCR is on for .almost 

the full period of each half -cycle, and the lamp burns at 
almost full brilliance. The circuit is not, for most practical 
purposes, self -latching. 

Notice in this circuit LM1 is on the ac side of the 
bridge, while the SCR is on the dc side. This design is 
used to control an ac load. Also note that if a bridge rec- 
tifier shorts out in this circuit, the short -circuit current is 
automatically limited by the lamp, so the circuit does not 
need fuse protection. 

A full -wave on /off circuit controlling a de load is 

in Fig. 8. The circuit is similar to that of Fig. 7, except that 
the lamp is wired in series with the SCR anode the 
dc side of the bridge, so the lamp is fed with de rather 
than ac. In this case, however, if a bridge rectifici shorts 
out. the short appears directly across the ac line, 5o the 
circuit must be protected by fuse FI. Figure 9 shows how 
Fig. 8 can be modified to give self -latching operation. 

The nine circuits we have 
looked at so far use low -cost 
2N3228 or 2N3525 SCR's. CATHODE 

Fig. 10 shows the base con- TO -66 '.ASE 
nections of these types. 

12 -volt lamp flasher 
The circuit of the 12 -volt 

lamp flasher is in Fig. 11. It 
has an operating rate variable AND 2N3525 SCR S 

between 25 -150 flashes per 
minute, with equal on and off 
times. The design is a development of the single- button 
on 'off circuit shown in Fig. 5. Here, the input pulses are 
provided from free -running unijunction (UJT) pulse gen- 
erator Q 1. SCR! and the lamp change state each time the 
UJT fires. so the lamp is driven on by the first pulse, off 
by the second, on by the third. and so forth, the on aid off 
times of the lamp being equal. Flashing rate can be "+aried 
by adjusting the UJT's operating frequency with R5. 

Automatic -turnoff lamp 
A 12 -volt automatic turnoff lamp driver is shown in 

Fig. 12. The lamp goes on as soon as SI is closed, bui goes 
off again automatically after a preset delay of 8 -811 sec. 
The design is a development of the bistable circuit shown 
in Fig. 4, but in this case the anode of SCR2 is conrected 
to UJT tinier circuit Q1, and Q1's output is conrected 
to SCR2's gate. 

Normally. when the circuit is in the standby state. 
SCR1 and the lamp are off, and SCR2 is on. Since SCR2 
is on, its anode is near ground potential, so the UST . crcuit 
is inoperative. When SI is momentarily operated, SCRI 
and the lamp are driven on via the gate current of Rl. As 
SCR1 goes on it turns SCR2 off via the discharge current 
of Cl. As SCR2 turns off its anode rises toward pcsitive 
supply potential, enabling power to flow to the CST timer 
circuit, and a UJT timing cycle starts. 

At the end of this timing cycle the UJT fires and 
applies a trigger pulse to SCR2's gate, and SCR2 goes 
on. As SCR2 goes on, its anode falls to near grounsc poten- 
tial. nicking the UJT circuit inoperative again.. At the 
sane time it turns SCR1 and the lamp off via the dis- 
charge current of Cl. The circuit is thus reset in its original 
standby state. The turnoff delay is varied with R7. 
Longer delays can be obtained by increasing the value of 
C2. 

We've looked at basic ac and dc SCR circuits, and 
a few practical SCR applications. In the next article we'll 
show 10 more ac power circuits using SCR's -from light - 
operated switches to drill -speed controllers. 

(Continued next rr)nth ) 

GATE 

BASE CONNECTIONS OF 2M3228 

ANODE 
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Build 
For Your Car 

ONE -IC TACHOMETER 
by BENNETT C. GOLDBERG 

A HIGH -ACCURACY TACHOMETER CAN 

be easily built using only one inte- 
grated circuit, a 1 -mA meter and a 
few discrete components. It will mea- 
sure the speed in rpm of six- or eight - 
cylinder automobile or boat engines, 
giving you an indication of your en- 
gine's performance when it is devel- 
oping maximum horsepower. 

The schematic diagram of the 
tachometer is shown in Fig. I. Heart 
of the system is a dual two -input 
gate RTL (Resistor, Transistor, Log- 
ic) integrated circuit. But before 
describing how the tachometer works, 
a brief explanation of the two -input 
gate is needed. 

When the two inputs of a single 

FROM IGNITION SWITCH 

r 
+ 

ó 
IGNITION 

II 
PRIMARY 

,BREAKER 
POINTS 

FRAME 
GROUND 

COIL a 
DISTRIBUTOR 

gate are low or at ground potential, 
the output of the gate is high or at 
some positive voltage described in 
logic terms as "1." When either gate 
input is high or logic "1," the output 
of the gate will be low or a logic 

IC tachometer operation 
The schematic shows the gates 

connected externally to produce a 
one -shot pulse generator. The trigger 
input of the gate is connected to the 
breaker points of the engine distribu- 
tor. Assuming initially the breaker 
points are closed or grounded, pin 5 
is high and pins 1, 2 and 6 are low, 
forcing output pin 7 to go high. Due 
to this high output, C3 has the same 
potential on both sides -a no- charge 

FOR +6V DC SYSTEMS 
RI R3 

5611 4751 

+12V DC 

R2 
10011 

R5 
2.2K 

TRIGGER 

R8 
1511 

FRAME GROUND 

condition on the capacitor. 
When the breaker points open, 

pin 1 is returned to a high potential 
due to the ignition primary coil being 
connected to the positive battery 
voltage, thus requiring pin 7 to go 
low. Gate -input pin 5 is now low, 
and output pin 6 will remain high 
until C3 discharges at the I -msec rate 
fixed by the R4 C3 time constant. 

After C3 discharges, pin 5 re- 
turns to its high potential until the 
cycle is repeated. The output pulse 
from pin 6 is rectified and filtered by 
D2 and C4. The trigger input is ap- 
plied to low -pass filter RS, R7 and 
Cl. 

The values of these filter compo- 
nents are chosen to attenuate above 
360 HZ, corresponding to an eight- 

Dl 
IN748 _ C2 ^ 22/15V 

CI - .47^ 

MVb 
R6 
I0K 2 

R7 
2.2K 

*SEE TEXT 

R9 RIO 
68011 68011 

8 

T. -a 
HTL 

CI -b 

5!k+L 

4 

C3 
47 

D2 
IN914 

R4 
I0K 

MI 
0 -1MA 

C4 ^.47 

Fig. 1 -1C gates are connected to output of the breaker points to form a one -shot pulse generator. Works with 6 or 12 volts. 
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Simple two -input gate 
circuit measures 
engine rpm's for top 
performance and best mileage 

cylinder engine speed of 5400 rpm. 
If a maximum tachometer reading 
greater than 5000 rpm is desired, ap- 
propriate values should be chosen to 
provide a higher filter cutoff fre- 
quency for the circuit. 

The +3.9 -volt supply required 
by the IC is obtained by voltage -regu- 
lator components R1, R2, R3, R8, 
C2 and Zener diode Dl. 

Engines using a 6 -volt battery 
will require bypassing R1. The volt- 
age divider network consisting of R2 
and R8 biases the gate inputs and 
ground at +1 volt. This prevents point 
bounce from the breaker points giv- 
ing inaccurate readings. 

Building your tach 
Components used in the circuit 

are standard transistor circuit parts. 
The entire circuit was mounted on 
perforated board and fastened to the 
meter terminals. 

Any standard dc 1 -mA meter can 
be used. Mine was a surplus unit hav- 
ing an accuracy of ±5% at full -scale 
deflection. Because the meter must be 

PARTS LIST 

CI-0.47-AF, 100 -V capacitor 
C2- 22 -µF, 15 -V electrolytic capacitor 
C3, C4- 0.47 -pF, 10 -V capacitor 
R1 -56 ohms 
R2 -100 ohms 
R3 -47 ohms 
R4- 10,000 -ohm miniature linear potentiom- 

eter 
R5, R7 -2200 ohms 
R6- 10,000 ohms 
R8 -15 ohms 
R9, R10 -680 ohms (see text) 
All resistors 1/2 watt, 10% or better 
D1 -1 /4 -watt, 3 -9 -V Zener diode (IN748) 
D2-1N914 silicon diode 
ICI-RTL dual 2- input -gate integrated circuit 

(Fairchild µL914, Motorola HEP 584, 
HEP 580 with R9, R10) 

M1 -1 -mA dc meter 

JUNE 1969 

recalibrated in rpm, almost any meter 
scale is acceptable. The IC leads may 
be wired directly to the components, 
or if preferred an eight- or ten -pin 
TO -5 IC socket may be used. 

The RTL Dual two -input gate 
is manufactured by a number of com- 
panies. Any RTL 914 type may be 
used, such as the Fairchild µL914 or 
the Motorola HEP 584. A Motorola 
HEP 580 also may be used, but re- 
quires two additional resistors, R9 and 
R10. These resistors speed up the 
circuit, making it equal to the 914. 

The meter movement was en- 
cased in a metal candy can and at- 
tached to the steering wheel column 
with an adjustable hose clamp. 

Calibration and use 

The unit may be calibrated so 
that the meter reads full scale for any 
desired input frequency. A very ac- 
curate calibration can be obtained 
with a sine -wave audio oscillator con- 
nected to the tach input. The output 
amplitude of the generator should be 
adjusted so that further increases in 

CALIBRATION 
FREQ. RPM 

Hz. 6 CYL. 8 CYL. 

30 600 450 
60 1200 900 
90 1800 1350 

120 2400 1800 
150 3000 2250 
180 3600 2700 
210 4200 3150 
240 4800 3600 
270 4050 
300 4500 
330 4950 

amplitude will not affect meter read- 
ings. Adjust potentiometer R4 to give 
the desired rpm readings. 

If an audio generator is not avail- 
able, connect a 100,000 -ohm resistor 
to the trigger input of the tack :meter, 
and using I17 -volt, 60 -Hz lire volt- 
age, adjust R4 to give a reading of 
1200 rpm for six- cylinder tir 900 
rpm for eight -cylinder engines. 

It's a simple matter to install the 
unit. The +12 -volt lead is connected 
to the ignition switch, and the ground 
to the automobile frame. Th. third 
lead is the trigger to the primary 
terminal of the ignition coil. which 
also connects to the breaker points. 
The tachometer may be usei with 
transistor or capacitor diseha rge ig- 
nition systems without modifications. 
The trigger is still connected to the 
breaker points. R -E 

R8 RI R2 DI 
R9 RIO 

R3 C2 R4 UN IR 
IRD 

C3 Dd C4 ICI R6 R7 F5 ' I 

Possible perforated board part, ,syout. 
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MAKE A TIME-TAPER 
By ALBERT L. SOHL 

IT'S A NEVER -TO-BE- REPEATED LIVE RE- 
cording session. Your level is perfect. 
All systems are "Go". You wander out 
of the room for a moment, carefree. in 
search of a cold beer. As you return, 
you hear the ominous slap -slap of an 
end of tape whipping wildly on the 
takeup reel. Oops! 

Or have you ever made an educat- 
ed guess at how much time you have 
left on a partially used reel, only to find 
out at the last crucial minute that you 
need about 10 more feet before the end 
of the disc you are copying? 

Did I hear someone out there 
shout something about starting each re- 
cording stint with a fresh roll? Commer- 
cially the tape rolls may well be inex- 
haustible but not so most bank rolls. 
Granted, there are index counters or 

some form of time indicator on most 
tape recorders, but these are primarily 
for spotting previously taped material 
and vary from machine to machine. 
Furthermore. these systems never tell 
you the running time of a record, nor in 
most cases does the record manufac- 
turer. This leaves you two choices: 

I. Start each recording with a full, 
fresh reel of tape. Good. but expensive 
if you do much recording. 

2. Start with a partially used roll 
and sweat it out. Economical, but 
nervewracking and not always wise. 

There is a way out, with what I 

call the "Time- taper ". 
It's a time scalar rule for all discs 

and tapes, accurate enough for the av- 
erage recordist. This handy little gadget 
can be used for tape timing. disk timing 
or program timing. It will indicate the 

TAPE SPEED 
12001 X 2,2400e 

7-1/2 IPS 

30160 
AO 

3 

50 

30 20140 

30 
20 

0 

10 
20 

I0 

3-3/41PS 

9 
80 
0 

60 
50 
0 

30 

20 

l0 

MINUTES 

TAKEUP REEL:READ UP 

FEED REEL:READ DOWN 

25 

/5 

20 

/3 

5 

/00336)/04i 

/0 AP 

0 

6' 

O 

P 

amount of tape used. amount óf tape to 
be used, time left and time used on any 
given part of a record disc. It is appli- 
cable for all thicknesses of tape wound 
on the standard 7 -inch reel. All 331/2-, 
45- and 78 -rpm discs can be timed at a 
glance with a tolerance of about 25 %. 
(This rather wide margin is due to the 
varying widths of cuts on differently 
manufactured records, but is close 
enough to do a satisfactory job.) 

You can make your own Time - 
taper for less than 5I and about an 
hour's time. The materials are available 
in any art supply store. All you need is a 
o x 8 -inch piece of clear treated ace- 
tate. (It's treated on one side to take 
India ink.) A bottle of black India ink. 
a fine pen point and holder, an ink 
drawing compass. a straightedge and 
four thumbtacks complete the list. 

Tack the piece of acetate. treated 
.side up, over drawing below and trace 
the scales. When all the lines are dry, 
you can print in the digits and necessary 
intelligence. Trim the outside curve with 
scissors. Cut a notch in the bottom of the 
Time -taper as shown and you've got it. 

How to use with tape. Let's say 
you have just finished taping one side 
of a long -play record. You are using a 
roll of 1.800 -ft tape at a speed of 71/2 
ips. You want to know how much time 
you have left on that reel. Without dis- 
turbing anything. slide the V -notch of 
the Time -taper over the huh of the 
takeup spindle and read up the left -hand 
11,800) IPS scale. Through the acetate. 
the edge of the wound -up recorded tape 
lines up with the line marked "20 ". This 
means you have used (recorded) 20 
minutes' worth and have approximately 
28 minutes of virgin tape left. Prove this 
by placing the Time -taper on the feed 
reel and reading the same scale. 

Depending on the speed. reel size 
and tape length. refer to the IPS scale 
in the central portion of the Time- taper. 
Exact time and amount of tape used 
may he read directly. For simplicity. 
only the two standard speeds are given 
on the scale, 71/2 and 334. For slower 
or faster speeds. multiply or divide by 
2 accordingly against the applicable 
length table. 

How to use with records. Line up 
the outside margin of the Time -taper 
on the outer rim of the record. Refer to 
the applicable scale and read down to 
the end of the recorded grooves in the 
record. As an added refinement, the in- 
dicator lines on the record scales can 
be penned in with white ink for easier 
reading against the black disc. R -F 
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by RAY CLIFTON 

LAST MONTH IN THE FIRST OF TWO 

articles we looked at the theory and 
operating characteristics of a few junc- 
tion field -effect transistors ( JFET's) 
costing under $2.50. Now you should 
be ready to experiment with and build 
some practical devices using JFET's. 

Design a mike preamp 
You'll need an assortment of 

V2 -watt resistors, a few 25 -volt elec- 
trolytics and some coupling capacitors. 
Choose part values around those 
shown in Figs. 2 and 3. For ease of 
breadboard experimenting, I recom- 
mend a few perforated boards with 
push -in terminals. A bias box is need- 
ed, since bias is dynamically deter- 
mined. A simple arrangement using 
two 9 -volt transistor -radio batteries 
across a 1- megohm linear -taper pot, 
with a switch to save the batteries, is 

shown in Fig. 1. 

You'll also need a power supply 
capable of 20 volts and not more 
than 5 mA- batteries will do nicely. 
To test and design the circuit, you 
will need an audio generator. (A 
single frequency of between 400 and 
2500 Hz is all you need, and output 
voltage can be quite low -50 mV 
rms.) An oscilloscope is essential to 
observe waveforms, but need not have 
high -frequency response, since you'll 
he observing only the frequency men- 
tioned above. A high -impedance volt- 
meter (vacuum tube or transistor) is 

essential, and a milliammeter is nice, 
but not essential. 

An easy but useful project is a 
simple preamplifier for a crystal or 
ceramic microphone. Fig. 2 shows the 
circuit, and here's how component 
values were selected and the first stage 
designed. 

Assume a microphone output of 
about 30 mV rms: this calls for a 
fairly low -level input JFET. Among 
those listed in Table I (last month's 

JUNE 1969 

JFETS 
Put last month's theory to work. 

Build these two useful 
field- effect transistor projects -Part 2 

issue), the D1102 isn't a bad choice. 
It has a low gate -to- source cutoff 
voltage (V,.) with reasonable trans - 
admittance (yt..) and drain -to- source 
current The E102 and 2N5033 
would also be good choices. (Even 
better small -signal JFET's are avail- 
able, but they cost more than $2.50.) 

Like vacuum tubes, most JFET's 
work well with a gate resistor of 
470,000 ohms or 1 megohm. Remem- 
ber that the gate circuit is high - 
impedance and normally doesn't draw 
current. Thus, R1 in the input stage 
is 1 megohm. 

The drain -load resistor is also bor- 
rowed from vacuum -tube design. The 
greater the drain resistor, the higher 
the voltage gain (A, ) of the stage. 
But distortion also increases with 
greater load resistance, and after a 

certain point the increase in A,. is 

negligible. For the D1102 at QI, 
100,000 ohms is a reasonable com- 
promise for R2. 

Coupling capacitors Cl and C3 
determine frequency response and, for 
I -megohm gate resistors, 0.1 µF pro - 
vides best low frequency response. 
You can use 0.05 or even 0.01 with 
little noticeable loss of low frequen- 
cies. if you want only speech- quality 
response, use 0.005 F. 

For source resistor R3, temporar- 
ily tack -solder in about 4700 ohms, 
and put the bias box in series (posi- 
tive lead to source, negative lead to 
ground). This allows you to vary bias 
until you find the optimum value. 
Source -bypass capacitor C2 can be 
any value from about 10 to 50 µF, at 
25 or 50 volts. It's simply a brute - 
force audio bypass around the source - 
bias resistor. 

Setting bias dynamically 
Couple 30 mV of rms audio into 

Cl and the gate circuit. Set the bias 
box at 5 volts or more, and tie a 
power supply to R2, as shown in Fig. 
2. The supply should be 20 volts, ±2 

volts. Hang a scope across the atput. 
(You don't need a load resistor yet, 
for the output is high- impedanc-. and 
the scope loads the circuit. 

Note: Be very careful with 
JFET's. Use heat -sink pliers on the 
leads when soldering, and bewa -e of 
transients, which can zap an FT.T in 
a millisecond. Normally a 1FET 
shows resistance between drain and 
source, and vice versa. Betweer gate 
and either drain or source, it shows 
diode action (high resistance in one 
direction, low in the other). When 
zapped, the JFET loses its dioL ° ac- 
tion from gate to channel, and shows 
similar resistance in both directions. 

With all systems go, degrease 
source -to- ground bias below 4 volts 
and watch the sine wave coming out 
of the drain. (Use a fairly cecent 
amplifier and speaker to monito that 
sine wave.) Juggle the bias a: aund 
and observe the scope. 

Simple perf -board mounting of two 9- 
volt batteries, switch and 1- me,ohnx 
pot provides a variable bias source. The 
circuit for this setup is in Fig. 1 b _low. 

of 

9-VOLT 1 18V 
BATTERIES I 

-o + 

IMEG 
(LINEAR) 
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The JFET's listed in last month's 
Table I are inexpensive because their 
parameters aren't tightly specified. 
Thus the Dl 102 you use may have an 

of anywhere from 0.2 to 1.0 mA: 
the bias you end up using may differ 
from mine. I found 0.5 volt a safe 
compromise, and at this bias value my 
D1102 drew about 100 µA of drain - 
source current. By Ohm's law. 5000 
ohms is required to cause a drop of 
0.5 volt with 100 µA flowing. I chose 
4700 ohms as the nearest 10% value 
(R3) . Drain current then became 
115 µA, which had no ill effect on the 
stage operation. 

The second stage -also common - 
source -can be designed the same as 
the first, but you must insert a volume 
control in the gate circuit or you'll 
overdrive Q2. More than about 70 
mV rms into the gate circuit causes 
clipping in the output. The pot also 
allows you to increase or decrease 
gain to compensate for different mi- 
crophones and distance between talker 
and mike. Fig. 2 shows values I ob- 
tained for the Q2 stage with an 
MPF105, which makes a fairly good 
medium -level amplifier. Other suitable 
devices are the 2N3819, 2N5163, 
MPFI53 and TIS34. 

Output stage Q3 is a simple 
source follower to provide fairly low - 
impedance output, which makes cou- 
pling to following amplifiers less criti- 
cal than would a high -impedance 
drain follower. I used a 2N4304. but a 
D1201 would also be suitable. Both 
have a fairly high V,. of 10 volts. 
which you want in a source -follower 
output stage, to handle wide inputs. 

The source follower is designed 
almost like the preceding common - 
source stages. The major difference is 
that load resistor R9 is in the source 
circuit, rather than in the drain. This 
being the case, and since it's desirable 
to have lower- impedance output, R9 
is made 47,000 ohms instead of 100,- 
000. This provides less voltage gain, 
but here you are working with a few 
volts, so gain is less important. When 
determining bias in this circuit, insert 
the bias box in series with R8 and 
R9, starting with about 4700 ohms 
for source resistor R8. Remember that 
the gain of a source follower is never 
greater than one. 

By the way, use decoupling ca- 
pacitor C8 even if you use a battery 
supply. It prevents undesirable inter - 
stage coupling. 

A simple audio oscillator 
If you do any experimenting with 

audio circuits, a small oscillator is 
handy to have around. The circuit of 
Fig. 3 is the basic design for a phase - 
shift oscillator using JFET's. Design 

56 

is fairly straighttorward, and is built 
around the first stage. If you are 
willing to spend more money, you can 
buy a JFET with low V,, and high 
yr, (the 2N4338, for instance, which 
costs $4.95) and build the oscillator 
with only two stages. (In this case, 
omit Q2 and Q3, and tie CI directly 
to the drain of Ql.) Unfortunately, 
none of the devices listed in Table I 
have both low V,. and high yr and 
none will sustain oscillation from drain 
to gate. Therefore two more stages 
are required to provide sufficient feed- 
back. 

Here's how to design the circuit. 
Build stage Q1 first, temporarily using 
the values shown in Fig. 3 for feed- 
back /phase -shift components Cl. C2, 
C3 and R1. R2 and R3. (Do not con- 
nect R15 yet.) You can use 100,000 
ohms for drain load R4 (I used 82.000 
simply because I had run out of 
l OOK's) . 

Use the method outlined above 
to determine bias. From an audio gen- 
erator, feed about I volt rms into Cl. 
Then provide drain- supply voltage 
and clamp a bias box to the source 
through any value from 1000 to 4700 
ohms. Hang a scope and amplifier on 
the drain- output circuit and vary the 

This perf -board 
arrangement lets 
you measure volt- 
ages and wave- 
forms easily. 
Since component 
values vary, parts 
such as source- R3 
resistor R3 can 
he tack -soldered 
until the correct R4 
value is deter- 
mined. 

CI 

R2 

Q2 
QI 

C2 

C3 

bias until you get the most gain with 
the least distortion. Using Ohm's law, 
determine the value of source resistor 
R5. I used 41,000 ohms with the 
2N4302. Other choices for this stage 
are the D1420 and E102. 

The gain of the Ql stage will be 
about 30 ( too much output) so a pot 
is needed between QI and Q2. Use a 
1- megohm audio -taper pot, to match 
Q2's input. For Q2 I used an MPF 106, 
and by trial and error determined that 
18,000 ohms was a workable value 
for the drain load. Set the bias here 
as you did before, but don't overdrive 
the stage. I found about 35 mV rms 

Rear -mounted components for mike 
preamp. 

R5 

03 

R8 

C4 

R9 

C7 

R6 

Fig. 2- Circuit for a JFET mike preamp, which operates with 30 mV input 
front crystal or ceramic mikes. Overall voltc,'e t'ain of the circuit is ahont 97. 

CI 
0.1 

R2 
100K 

C3 
QI 

+7V Ó¡ DII02 

30M V 
RMS 

o 

RI 
IMEG 

S 

R3 
4.7K 

1380MV 
RMS 

R4 
+0.5V IMEG 

VOLUME 
C2 _1± 

25V 

R5 
100K 

02 
MPFI05 

G 

; C5 
0.1 

+I3V 

D 

±L CS 
5O F µ 
25V 

+20V 

70MV 
RMS 

R6 
56K 

:,11_ 
25µF 
25V 

C6 
25µF 
25V 
C7 0.1 

I( o 
2.9V 
RMS 

NOTE: COMPONENT VALUES MAY VARY, 
DEPENDING ON JFET'S USED. 
SEE TEXT 
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rrom the arm of R6 was about all the 
stage would tolerate. Later, this con- 
trol is used to determine the cleanness 
of the oscillator waveform. 

The Q3 stage operates as a split - 
load, providing one output (from the 

drain) for feedback and another out- 
put (from the source) for output 
coupling. I used a DI422, but the 
2N4304 and E100 will also work. Try 
a load resistor of about 47.000 ohms 
or less to begin with. Then strap in 
the bias box and determine the source 
resistor. If it's less than 47,000 ohms, 
change RIO to match R I 1. I ended 
up with 39,000 ohms in both drain 

CII C9 R13 (2) C10 R14(2) C3 C2 

Rear -mounted components for audio 
oscillator. 

R4 

R15 

CI 

C5 

RI 

R2 

R3 

C4 * "": 
R5 
(2) 

and source circuits. By the way, you 
should still be using the external oscil- 
lator signal for setting up these stages. 

Now tie the output of Q3 to R12 
-another 1- megohm audio -taper pot. 
Remove the external audio oscillator 
from QI and strap in feedback resistor 
R15. Try 47,000 ohms to start. You 
should already have set R6 so its not 
overdriving Q2. Hang the scope across 
R12 and fire up the circuit. If the out- 
put waveform isn't clean, change R 15. 

(But always turn off the power be- 
fore you do!) Try less resistance, and 
if the waveform gets more distorted. 
you are going the wrong way. Cut 
and try until you find the optimum 
value. Don't use clip leads to try R 15; 

the stray coupling will give you a false 
indication. Tack -solder each value of 
R I S in place, one by one. 

Once you get the oscillator itself 
working with a fairly clean waveform, 
build Q4. I used a 2N3819 because it 
has a high V,. and hence can accept a 

fairly high gate -input signal. The 
MPFI05 and 2N5163 would also be 

good choices. Transistor Q4 is simply 
an isolation stage, and you can as- 
sume 100.000 ohms for drain load. 
Set the bias as before, being careful 
not to overdrive the stage with the 

R6 

R7 

RIO To build the 
JFET audio os- 

C7 cillator, Q1 is 
C8 mounted and its 
R9 associated cony 
RII portents tempo- 

rarily soldered to 
the push -in ter- 
minals. Best bias 
for QI and re- 
maining stages is 
determined with 
the bias box. 

C6 
04 
R12 

R8 
(2) 

Fig. 3 -Thus JFET audio oscillator produces clean single- frequency .sinewave. 
7'he circuit can he made tunable by changing values of CI -C2 -C3 and R1-R2-R3. 
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I00K C9 
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MPFI06 DI422 

G 
D 

R3 
IMEG 

S 

+4.5V 
C4 
25µF 

25V 

R6 
IMEG 
WAVEFORM 

ADJUST 

R9 
S 1MEG 

+125V 
C6 25µF 

25V 

R5 
41K 

R8 
2.2K 

NOTE: COMPONENT VALUES MAY VARY, 
DEPENDING ON JFET 'S USED. 
SEE TEXT. 
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18K; 

R2 
IMEG 
OUTPUT 
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45V RIMS 
(a1600Hz 

o 

+1.4V 

+ 

CIO 
25µF1 
25V 

J U N E 1 9 6 9 

setting of R12. I got about 4.5 volts 
rms out of Q4 with a clean waveform 
from the oscillator. 

Set R6 for purest waveform. and 
after you build Q4 if you are doLptful 
of the oscillator. try another RI S. You 
can vary R 12 from zero outpLt up 
to clipping, and you should find sev- 
eral volts of output. This output is 

fairly high -impedance, but if you pre- 
fer low impedance you can make Q4 
a source- follower stage. You won't get 
as much output, but you'll be able to 
use a longer output line and Hatch 
low- impedance inputs. 

Oscillator frequency is deter- 
mined by R1, R2. R3, CI, C2 and 
C3, and is about 600 Hz for the 
values I used. The exact frequer:y is 

given by the formula f = 1/10.88 RC, 
where f is the frequency in hertz, R 

is the resistance of RI, R2 or R3 (all 
equal value) in ohms, and C i' the 
capacitance of C I. C2 or C3 (all 
equal value) in farads. Note that this 
formula holds only if resistors and 
Capacitors are le% types. I used 10% 
types and came up with 600 Hz, rather 
than the frequency that was orig nally 
computed: 920 Hz. 

If you build this circuit on a 

metal chassis, use a single ground -re- 
turn bus insulated from the chassis. 
Tie the bus to chassis at one point 
only -the junction of Rl. R2 anc R3. 

If you want to make the oscil- 
lator variable in frequency, sharpen 
your pencil and compute the ilues 
of R1 R3 and CI C3 for the frecuen- 
cies you want. I suggest using a three - 
gang capacitor and switching in vari- 
ous resistors. Use straight -line Darts 
layout and short leads. and put the 
circuit in a metal box where it won't 
he affected by stray capacitance that 
could alter the frequency. 

General design notes 
The methods outlined above are, 

of course, very simple. They are 
meant to show you how to use JFET's 
in construction projects. By esperi- 
menting with these devices, you will 
become familiar with them. Ther you 
can go on to more sophisticatedi de- 
signing. 

Because of the spread in FFET 
parameters. those who design ci-cuits 
for production line use must safe:,uard 
against device -to- device variation in 
y,,, I,,,, and V,.. They do this by using 
lots of feedback and sophisticated bias 
networks. They also compute drain 
loads and bias values more exactly, to 
allow for temperature and p :iwer- 
supply variations. After you gel the 
feel of JFET's, you may want tc col- 
lect some specification sheets on vari- 
ous devices and read up on mo-e of 
their characteristics. R -E 
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-I Trim line handset is a modern 
marvel of electronics. Con- 
tains all the electronics. 

Forest of 450 resistors is re- 
placed by "thin film" circuits 
in background. 

Gold bridge is 7 /10,000 -inch 
high. Replaces insulator in 
thin -film circuits. 

IC'S IN TODAY'S 
It's amazing -but there's a lot of electronics inside 

by LARRY STECKLER 
MANAGING EDrrOW 

TELEPHONES ARE GOING "MOD". WITNESS THE BELL SYSTEM'S 
sleek new electronic pushbutton Trimline phone. A glance 
at this month's cover and the photos in this article reveals 
that the "modness" is more than just skin deep. Below 
the modern exterior is an electronic heart -a virtual maze 
of electronic components. 

Let's take a closer look. Visible near the center of the 
handset is a rectangular- shaped tone -generating integrated 
circuit -the first application of integrated- circuit technol- 
ogy to the telephone handset. Twenty -six components - 
transistors, diodes and resistors -are contained in a single 
silicon chip about 1/6 inch square (in the very center of 
the integrated circuit). Gold -tape leads interconnect the 
tantalum thin -film resistor substrate and the tantalum 
thin -film capacitor substrate, which together comprise the 
passive network for controlling the Touch -Tone calling 
frequencies. 

This move to electronics, specifically to integrated cir- 
cuits, became a must when the dial -type telephone began 
to be replaced by the pushbutton phone. Why? Because 
the pushbutton phone doesn't use relays to determine 
the number you are calling. Instead, it is a frequency 
signaling system. 

With this new system each phone number consists of a 
code made up of a string of specific audio frequencies. 
When a user punches out a number on a Touch -Tone 
phone he transmits this identification code to a central 
office where it triggers switching circuits that connect 
the caller to his party. 

Two frequency generators produce the frequencies that 
make up this identification code. Each generator pro- 
duces four specific signals. One oscillator generates 698 -, 
711 -, 853.5- and 952.5 -Hz signals. The other oscillator 
puts out 1211 -, 1338 -, 1479- and 1636 -Hz signals. The 
numbers may seem unusual, but they were deliberately 
selected to insure that there is no harmonic relationship 
between the low- frequency and high- frequency groups, 
and to avoid frequencies that might be produced by the 
voice of a caller. 

When you punch out a number on a Touch -Tone phone, 
two frequencies -one low and one high -are produced 
each time a button is depressed. The combination of 
these two tones is the code that represents the particular 
digit selected. 

Obviously, this system makes available a total of 16 
codes. Only 10 are needed for dialing a number. The 6 
"spares" are available for other telephone services such 
as Picturephone and abbreviated dialing. 

The physical arrangement of a Touch -Tone oscillator 
circuit consists of two tantalum integrated circuits on 
glass substrates, a silicon integrated- circuit chip, a silicon 
multidiode chip and two miniature thermistors. You can 
see these elements in the cover photo and the supple- 
mentary photos in this article. 

(Please note: The phones in the clear plastic cases 
shown on these pages were specially made just for these 
photographs. They are not available for home use.) 

One of the glass substrates contains 19 thin -film resistors 
that are used in the notch filter, and buffer stages of the 
tone generators. The other substrate contains 10 thin- 
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Canadian experimental 
phones use this flexible cir- 
cuit board and three ICs. 

Laser separates thin -film cir- 
cuits on a ceramic base at 
Western Electric. 
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PUSHBUTTON PHONES 

film capacitors, 6 of which complete the notch filter 
and 4 of which are used for oscillator amplitude limiting 
and feedback coupling. 

The frequency output of the generators must be very 
precise. Each of the eight signal frequencies used is ad- 
justed within a tolerance of ±0.1 %. 

The two dc- coupled amplifiers and part of the buffer 
stage are on the integrated silicon chip, which contains 
10 transistors, 12 resistors and 2 zener diodes. The diode 
chip contains 4 diodes, 2 for each of the oscillator 
amplitude- limiting circuits. Separate silicon chips are used 
to avoid the chance of the amplifier elements heating 
the diodes (the amplifier chip dissipates 0.4 watt). 

Resistors for Touch -Tone circuits are made by sputter- 
ing a film of tantalum onto a glass substrate. Then the 
film is thermally oxidized to provide an underlay. Next 
a nitrided tantalum film is sputtered over the oxide. 
Conductor paths and terminations are formed on the 
tantalum by evaporating titanium and then gold. 

Resistors and conductor paths are formed by a photo - 
etching process. The resistors are adjusted to a precise 
value by electrochemical anodization. Leads for external 
connections are attached by thermocompression binding. 

Thin -film capacitors used in the pushbotton phone start 
off the same way as resistors with a sputtered film of 
undoped tantalum. Then the tantalum film surface is 

electrochemically anodized to form tantalum pentoxide, 
which makes a good dielectric. A top electrode is then 
formed by evaporating a layer of Nichrome alloy, then a 
layer of gold over the oxide. Photoetching and external 
lead bonding complete the process. 

JUNE 1969 

North of the border 
In Canada electronic telephones are being developed, 

too. Northern Electric Laboratories, Ottawa, recently re- 
vealed a new experimental handset using pushbuttons 
and integrated circuits. All the electronics are located in- 
side the handset. It is made up of three silicon inte- 
grated circuits and five thin films, joined together by a 
double -sided flexible printed- circuit board. IC's are used 
as the active elements of the design, for amplifyñg and 
transmission, while tantalum thin -film circuits are employed 
for passive components and conducting paths. 

Other features of the experimental telephone inrlude a 
unique design of pushbutton dial mechanism, which electron- 
ically rather than mechanically switches the power from 
the network to the dial, and two new transducer devices 
in the ear and mouthpieces. A novel " electret. micro- 
phone and its associated electronic circuit in the mouth- 
piece weigh one -tenth as much as the conventional carbon - 
type microphone, while reducing size power and distortion 
sharply. In addition, an electronic tone ringer has been 
developed which is said to offer a more pleasant signal 
than the electromechanical bells now used. 

Future telephone innovations will make the phone even 
easier and more convenient to use. Already under test 
are such special services as abbreviated dialing (_, 3u dial 
only two digits to get the number you want), and trans- 
ferred calls (when you go visiting your calls are automati- 
cally switched to the phone at the home you are visiting). 
Yes, the telephone is better than ever and I wonder if Alex- 
ander Graham Bell ever anticipated a phone as convenient 
as the one we have today. R -E 
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'PERFORM WITH 

CHAMPIONS 

BUY THE BEST 

MARK TEN® 
CAPACITIVE DISCHARGE 

IGNITION SYSTEM 

DELTAKIT only $2995 
ASSEMBLE IT YOURSELF! 
Now discover for yourself the dramatic im- 
provement in performance of your car, 
camper, jeep, truck, boat - any vehicle! 
Delta's remarkable electronic achievement 
saves on gas, promotes better acceleration, 
gives your car that zip you've always wanted. 
Find out why even Detroit has finally come 
around. In four years of proven reliability, 
Delta's Mark Ten has set new records of 
ignition benefits. No re- wiring! Works on 
literally any type of gasoline engine. 

COMPARE THESE PROVEN 
BENEFITS... 

Dramatic Increase in Performance and in 

Fast Acceleration 

Promotes more Complete Combustion 

Points and Plugs last 3 to 10 Times 
Longer 

Up to 20% Mileage Increase (saves gas) 

Order Your MARK TEN Today 
Shipped Postpaid at once . 

DrITA DELTA PRODUCTS;; 
P.O. Box 1147 RE 6rand Junction, Colo. 11501 

Enclosed is $ Ship ppd. Ship C.O.D. 
Please send: 

Mark Tens (Deltakit0) @ $29.95 
(12 VOLT POSITIVE OR NEGATIVE GROUND ONLY) 

Mark Tens (Assembled) @ $44.95 
6 Volt: Negative Ground only. 

El 12 Volt: Specify 

Car Year 

Name 

Addresc 

City /State 

Positive Ground 
Negative Ground 

Make 

lip 
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HOW IC's WORK 
(continued from page 35) 

ings (sometimes called "windows ") in 
the oxide. This complete photoresist pro- 
cess must be repeated each time the sili- 
con oxide is selectively removed. 

The planar process 

The combination of oxidation, selec- 
tive oxide removal and diffusion forms 
the basis of the planar process, which is 
now firmly established as the basic pro- 
cess of solid state technology. The se- 
quence of processes used to fabricate a 
silicon planar n -p -n transistor will be 
described in some detail. The processes 
are carried out on whole silicon slices, 
about 1.5 -inch diameter by 10 mils thick. 
Each slice normally contains a large 
number of individual device patterns, and 
at the end of the slice processing it is 
cut up into individual wafers. 

Referring to Fig. 7, an n -type silicon 
slice is oxidized (a) and windows for the 
base diffusion are opened in the oxide 
(b) by the photoresist process as in Fig. 
6. Boron is used as the p -type impurity 
for the base diffusion. Boron tribromide, 
a liquid. is vaporized, the vapor mixed 
with nitrogen, and passed over the sili- 
con slice heated to a temperature of 850° 
C. During this process boron is deposited 
onto the surface of the silicon. The slice 
is then transferred to another furnace 
and heated at 1150 °C in a flow of nitro- 
gen for a sufficient time (about one 
hour) for the boron to diffuse in and 
form the p -n junction at the required 
depth. During the latter part of this dif- 
fusion, steam is mixed with the nitrogen 
so that a new layer of silicon dioxide 
forms on the surface of the diffused re- 
gion (c). In addition to diffusing down 
into the silicon, the boron also diffuses 
sideways, and so the p -n junction is 
formed under the oxide and is protected 
against surface contamination. This is a 
very important feature of the planar pro- 
cess. A typical base diffusion depth is 0.1 
mil. 

The slice is now prepared for the 
emitter diffusion by etching windows in 
the new oxide grown over the base re- 
gion (d), using the identical photoresist 
process as before. To form the n -type 
emitter region, phosphorus is diffused in. 
Liquid phosphorus oxychloride is va- 
porized and passed over the slice at 
1000 °C. This is usually a single step dif- 
fusion, and for the latter part of the cy- 
cle, steam is again introduced to form 
silicon oxide on the surface (e). The 
emitter diffusion depth is about 0.06 mil, 
resulting in a base width between the 
collector and emitter junctions of 0.04 
mil. 

The next process is to form metal- 
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lized contacts to the base and emitter 
regions. Once more the photoresist proc- 
ess is used and contact windows are 
opened in the silicon oxide (f). Alumi- 
num is now evaporated onto the whole 
surface of the slice, and a fourth photo - 
resist sequence carried out with a "re- 
verse" contact photomask to remove the 
aluminum from everywhere but in the 
contact windows. The aluminum remain- 
ing in the contact windows is then al- 
loyed to the silicon to form a low resis- 
tance contact (g). 

Finally the slice is cut into indi- 
vidual transistor elements by scribing be- 
tween the rows of elements and breaking 
into wafers. The individual wafers are 
assembled into transistor units by fusing 
down to a header, which forms the col- 
lector contact, and bonding connec- 
tions to the base and emitter contact 
areas (h). 

It will be seen that all of the above 
processes are carried out on the top sur- 
face of the slice. and the three regions 
of the transistor -the emitter, base and 
collector -all come to this same plane 
surface and hence the name "planar." By 
changing the photomask details only, any 
size and shape can be given to the 
diffused regions, and so any desired ele- 

( continued on page 91) 

o) 
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \\ 
N -TYPE SILICON SLICE 

(b) 

N 

c) 

N -TYPE OXIDIZED 
SILICON SLICE 

WINDOW CUT IN 
OXIDE BY 1ST 
PHOTORESIST 
PROCESS 

(b) 
7in 

SURFACE IN WINDOW 
REOXIDIZED (THIN 
LAYER) 

,, WINDOW FOR SOURCE 
AND DRAIN CUT BY 
2ND PHOTORESIST 
PROCESS 

.. .\ 
Wgin 

f) 

9) 

h) 

BORON DIFFUSED 
IN TO FORM SOURCE 
AND DRAIN 

OXIDE IN MAIN 
WINDOW STRIPPED 
OFF 

PURE OXIDE FORMED 
FOR GATE REGION 

WINDOWS FOR SOURCE 
AND DRAIN CONTACTS 
CUT BY 3RD PHOTO - 
RESIST PROCESS 

ALUMINUM CONTACTS 
DEPOSITED AND 
THEN DEFINED BY 
4TH PHOTORESIST 
PROCESS 

Fig. 7- Fabrication of a silicon npn 
transistor using the diffused planar 
process. 
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Our tubes have 
finally met their match. 

We've been making power out- 
put tubes for a long time. 

Now, we're matching them. 
You can get the most popular 

output tubes-6B05, 7591A, 7868, 
and 8417 -in carefully matched 
pairs. 

Matched pairs that lower har- 
monic distortion, reduce hum. 

And give you more satisfied cus- 
tomers. 

Sylvania is the only domestic 
brand that your distributor has in 
stock. Just ask for 6BQ5P, 7591P, 
7868P, or 8417P. The suffix "P" 
assures you that you are getting a 
set of tubes factory- matched by 
Sylvania. 

Sylvania Electronic Components, 
Electronic Tube Division, West 
Third St., Emporium, Pa. 15834. 

SYLVANIA 
GENERAL TELEPHONE & ELECTRONICS 
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This important job Cana its big salary) 
is reserved for a qualified 

electronics technician. It can be you! 
It's a fact. There are many thousands of jobs like this 
available right now for skilled electronics technicians. 
What's more, these men are going to be in even greater 
demand in the years ahead. But how about you? Where 
do you fit into the picture? Your opportunity will never 
be greater ...so act now to take advantage of it. The first 
step? Learn electronics fundamentals...develop a prac- 
tical understanding of transistors, troubleshooting tech- 
niques, pulse circuitry, micro-electronics, computers and 
many other exciting new developments in this booming 
field. Prepare yourself now for a job with a bright future 
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...unlimited opportunity...lasting security...prestige... 
and a steadily -increasing salary. 

Thousands of ambitious men are using Cleveland Insti- 
tute of Electronics Training Programs as a stepping stone 
to the good jobs in Electronics. Why not join them? You 
will learn at home, in your spare time, and tuition is re- 
markably low. Read the important information on the 
facing page. Then fill out the postage -free reply card and 
drop it in the mail today. Without obligation we'll send 
you all the details. But act now...and get your high-pay- 
ing job just that much sooner. 
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How You Can Succeed In Electronics 
...Select Your Future From Six Career Programs 

The "right" course 
for your career 
Cleveland Institute offers not one, but six different and up- 
to -date Electronics Home Study Programs. Look them over. 
Pick the one that is "right" for you. Then mark your selec- 
tion on the bound -in reply card and send it to us. In a few 
days you will have complete details ...without obligation. 

1. Electronics Technology 

A comprehensive program covering 
Automation, Communications, Com- 
puters, Industrial Controls, Tele- 
vision, Transistors, and preparation 
for a 1st Class FCC License. 

Era 
2. Broadcast (Radio & TV) Engineering 

Here's an excellent studio engineer- 
ing program which will get you a 1st 
Class FCC License. Now includes 
Video Systems, Monitors, FM 
Stereo Multiplex, Color Transmitter 
Operation, and CATV. 

3. First Class FCC License 

If you want a 1st Class FCC ticket 
quickly, this streamlined program 
will do the trick and enable you to 
maintain and service all types of 
transmitting equipment. 

4. Electronic Communications 

Mobile Radio, Microwave, and 2nd 
Class FCC preparation are just a 
few of the topics covered in this 
"compact" program...Carrier Tele- 
phony too, if you so desire. 

5. Industrial Electronics & Automation 

This exciting program includes 
many important subjects such as 
Computers, Electronic Heating and 
Welding, Industrial Controls, Servo- 
mechanisms, and Solid State 
Devices. 

6. Electronics Engineering 

A college -level course for men 
already working in Electronics... 
covers Steady State and Transient 
Network Theory, Solid State Phys- 
ics and Circuitry, Pulse Techniques, 
Computer Logic, and Mathematics 
through Calculus. 

ENROLL UNDER NEW G.I. BILL. All CIE courses are avail- 
able 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. 
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An FCC License...or your money back! 
In addition to providing you with comprehensive train- 
ing in the area indicated, programs 1, 2, 3, and 4 will 
prepare you for a Commercial FCC License. In fact, 
we're so certain of their effectiveness, we make ,his 
exclusive offer: 

The training programs described will prepare you for 
the FCC License specified. Should you fail to pass the 
FCC examination after completing the course, we s +ill 
refund all tuition payments. You get an FCC License ... 
or your money back! 

CIE's AUTO -PROGRAMMED° lessons hel p 

you learn faster and easier 
Cleveland Institute uses the new programmed learning 
approach. Our AUTO -PROGRAMMED® lessons pre- 
sent facts and concepts in small, easy -to- understand 
bits ... reinforce them with clear explanations and ex- 
amples. Students learn more thoroughly and faster 
through this modern, simplified method. You, too, will 
absorb ... retain ... advance at your own pace. 

Lifetime job placement service for every 
CIE graduate...at no extra cost 
Once enrolled with CIE, you will get a bi- monthly list- 
ing of the many high -paying, interesting jobs available 
with top companies throughout the country. Many 
Cleveland Institute students and graduates hold such 
jobs with leading companies like these: American .Air- 
lines, American Telephone & Telegraph, General E Lee- 
tric, General Telephone and Electronics, IBM, :!iIo- 
torola, North American Aviation, New York Central 
Railroad, Raytheon, RCA, and Westinghouse. 

CIE lessons are always up -to -date 
Only CIE offers new, up -to- the -minute lessons in all of 
these subjects: Logical Troubleshooting, Laser Theory 
and Application, Microminiaturization, Single Side - 
band Techniques, Pulse Theory and Application, Boo- 
lean Algebra. 

Full accreditation...your assurance 
of competence and integrity 

Cleveland Institute of Electronics is accredited by the 
Accrediting Commission of the National Home Study 
Council. You can be assured of competent Electronics 
training by a staff of skilled Electronics instructors. 

CIE Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland,Ohio44114 

If card has been removed, mail this coupon for 2 FREE BOOKS 

Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 
Please send me without cost or obligation: 
1. Your 44 -page book "How To Succeed In Electronics" describiril 
job opportunities in Electronics today, and how your courses can pre- 
pare me for them. 
2. Your book on "How To Get A Commercial FCC License." 
I am especially interested in: 

Electronics n Broadcast o First Class 
Technology Engineering FCC License 

D Electronic El Industrial Electronics Electronics 
Communications & Automation Engineering 

Name Age 
(.'.EASE PRINT) 

Address 

City State 
Cheek here for G.I. Bill information 

t- 
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NORTRONICS 
REPLACEMENT TAPE HEADS 
IMPROVE THE PERFORMANCE 
OF ANY TAPE RECORDER! 

#fr 

WORLD'S LARGEST 
HEAD SELECTION FOR 

PROFESSIONAL EQUIPMENT 
AMPEX MAGNECORD SCULLY 
CONCERTONE RCA CROWN 

AS WELL AS 1800 
POPULAR PRICED RECORDERS 

DOMESTIC AND IMPORTED 

MONO OR STEREO 
REEL -TO -REEL OR 
CASSETTE AND CARTRIDGE 
TYPES 

ANY TRACK STYLE 
Full, Half, Quarter, or Eighth 

ANY FUNCTION 
Record, Playback, Erase, R/P, and R/P /E 

Replace worn tape heads with the brand most 
often chosen by tape recorder manufacturers 
for use in original equipment. (Over 80% use 
Nortronics!) It's a quicker and easy way to 
better response, cleaner sound, optimum per- 
formance. 

NORTRONICS Bulletin 7230A describes 
the complete line of Nortronics replacement 
heads, conversion and mounting kits, and 
accessories. Write for your free copy. 

7/e,frgnicc 
COMPANY. INC. 

8101 Tenth Avenue North 
Minneapolis, Minnesota 55427 

Phone: (612) 545 -0401 
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In the Shop ... With Jack 
By JACK DARR 

SERVICE EDITOR 

Testing with extension cables 

THE `EXTENSION -CABLE METHOD" OF 
testing is handy for setting a CRT 
and cabinet far enough from a crowd- 
ed chassis to let you get at the cir- 
cuits. However, as usual, there are 
pitfalls along this easy path. 

One often unsuspected problem 
is cable capacitance. On a little 110° 
portable a while ago, I used an old 
extension cable that I'd made up of 
5 feet of eight- conductor rotator ca- 
ble. All of a sudden the raster was 
narrow! Some investigation showed 
that I had added something like 150 
pF of capacitance across the horizon- 
tal yoke winding. Each pair of wires 
in this extension read 150 pF on a 
capacitor bridge. Since the normal 
capacitance across the yoke was only 
about 82 pF, this was quite a bit. 

Commercial yoke- extension ca- 
bles are intentionally wired "loose" - 
the wires are not neatly tied together. 
This might look a little sloppy, but it 
works better. 

You can get the reverse of this, 
too, of course. In some sets, the de- 
signer gets about 100 pF of "cheap" 
shunt capacitance by simply tying the 
horizontal yoke leads together. Watch 
out for this when a yoke is replaced. 

Other odd problems can be 
found in CRT extension cables. Be 
sure all wires are connected, and in 
the right places! A couple of oddball 
bases are used on 110° tubes. I had an 
adapter cable to convert the oddball 
to the standard base. You can really 
get confused if you get this one for use 
with a standard -base tube. The heater 
won't even light! (If you have any of 
these around, tie a big label to them, 
identifying them for what they are.) 

Home -made adapter cables, al- 
though they're easy to make if you 
have the right plug and socket, are 
subject to this right- wire- in -the- 
wrong -place problem. (Don't ask me 
how I found out, it's embarrassing.) 
Just make sure when you build one to 
check it, recheck it, then check it 
again just to make sure. 

Intermittents or loose wires are 
about the most common problems. I 
can still remember a set of cables I 
had long ago for use with the old 
Philco two -unit chassis. I don't think 
there was a time I used them when I 

didn't find at least one wire broken 
loose. Finally took the covers off the 
plugs and sockets so that I could at 
least see the wires. 

Strangely enough, the one thing 
you'd think would be the most sensi- 
tive to being checked with long ex- 
tension cables is the easiest- tuners. 
The answer is simple. The average 
tuner will have maybe four wires: 
two heaters, B+ and age. 

The tuner i.f. output can be con- 
nected to the chassis through a coax- 
ial cable with plug and socket. This 

- ABOUT 60-82 pF 

ADDED 150 pF 

pHMIÌ 
FLYBACK l 

PLUG 8 
SOCKET 

LONG EXTENSION CABLE 

HORIZ 
DEFLECTION COIL 

can be 8 or 9 feet long without both- 
ering anything too much. Of course, 
you don't want to make any align- 
ment adjustments with this much 
added capacitance across the output. 
But for servicing, checking intermit - 
tents, replacing parts and typical tun- 
er work, the longer length speeds up 
the job tremendously. The console 
cabinet can be left on the floor, and 
the tuner moved to the bench where 
you can get at it. 

Modern TV's are coming up 
with the "theater" styles: color TV/ 
phono -AM radio /FM radio, etc., all 
in one "box" and mostly with remote 
controls. They will all be intercon- 
nected with a positive maze of multi - 
conductor cables. 

For servicing this type of gear, a 
set of extension cables is almost essen- 
tial. You can get out the unit that's 
giving trouble, leaving the rest in the 
box. These cables will usually have to 
be obtained from the factory, for the 
plugs and sockets are apt to be spe- 
cial types. However, they're cheap 
when you figure the cost of wasted 
time needed to pull all the "good 
pieces" to check the bad ones. R -E 
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Service 
Clinic 

By JACK DARR 
SERVICE EDITOR 

Transistor blows, motor slows 
A Westinghouse V- 2536 -1 stereo 

record player is in for repair. The 
complaint was slow speed, and no 
sound in one channel. Changing a had 
driver transistor fixed both of them! 
Now come? Why would the transistor 
affect the motor? It's fed straight from 
the ac line. -L. O., Akron. Ohio. 

I sat and looked at this for quite 
a while before I saw it! Notice that 
the "power transformer" for the low- 

117 VAC 

1- _J 

PHONO MOTOR 

SECONDARY 
WINDING ON 

MOTOR + +I5 

40VAC 

+44V 

68k 

50µF 

voltage supply (see diagram) is an 

extra winding on the phono motor! 
This isn't uncommon: it was used in 
a few tube amplifiers a while back. 

When the driver went had. it 
undoubtedly caused the output tran- 
si -tor to draw more than normal cur- 
rent. This caused a current overload 
on the power supply winding. which 
changed the magnetic fields in the 
motor itself. Since these little motors 
are pretty delicate as to their mag- 
netic fields, this made the motor slow 
up. 

A good while hack, there was a 

similar unit, which used a low- voltage 
(continued on page 70) 

This column is for your service 
problems -TV. radio, audio or gen- 
eral and industrial electronics. We 
answer all questions individually by 
mail, free of charge. and the more in- 

teresting ones will he 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, 200 Park Ave. 

South, New York 10003. 
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Clever KIePs 
Test probes designed by your needs 

Push to seize, push to release (all K;ep: spring 
loaded). 
Kleps 10. Boathook type clamp grip; wires, 
lugs, terminals. Accepts banana plug )r bare 
wire lead. 43/4" long. $1.19 
Kleps 20. Same, but 7" long. $1.39 
Kleps 30. Completely flexible. Fore 1-tongue 
gripper. Accepts banana plug or ba x lead. 
6" long. $1.47 
Kleps 40. Completely flexible. 3- segmett auto- 
matic collet firmly grips wire ends, F';'-board 
terminals, connector pins. Accepts banda plug 

Kleps 10 
or plain wire. 61/4" long. $2.39 
Kleps 1. Economy Kleps for light line rk (not 
lab quality). Meshing claws. 41/2" IDn . $ .99 
Pruf 10. Versatile test prod. Soide- connec- 
tion. Molded phenolic. Doubles as crbing 
tool. "Bunch" pin fits banana jack. Pr me tip. 

Pruf 11 
51/2" long. $ .79 

All in red or black - specify . - For additional information, write far ['Jr com- ;!im plete catalog of - test probes, plugs,eockets, 
connectors, earphones, headsets, an1 minia- 

n components. 

Available ilaable through your local 
distributor, or write to: 
RYE INDUSTRIES, INC. 

I N D L I E T R I E S 
128 Spencer Place, Mamaroneck, M 10543 

Kleps 30 
Klep:s 40 

Kleps I 

iCteps 10 - 20 Kaps 30 

In Canada: Rye Industries (Canada) Ltd. 
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The brand for all reasons 
BSR McDONALD 600 

M 

Every BSR Mc)arald aibmi is turntable is 
Precision made is 3re1Eritair to the 
most exactingspacific3fions 1pan #wir 
arival in the US, everynodel is unpHCed 
aid re- tested _lacer ac:ul 31a)ing 
conditions. Th3-'s hy B5R s:r +ice cat s are 
tie lowest in =he iedustry-aic perhaa 
bat also explaiis why B3R sells more 
turntables that axone else h :he wo- d. 

BSR (USA) LTD. 
BLAUVELT, N.Y. 10913 

Please send FREE detailed literature 
on all BSR McDonald automatic turntkb es 

t Address I 
% I ` City I 'Ì l 1 - 

State 

Mc iaON ALD 

Circle 28 on reader service card 

www.americanradiohistory.com

www.americanradiohistory.com


9 Exciting New Kits 

NEW $7995. Kit IG -28 

Standard 9 x 9 Display O R Exclusive Heath "3 x 3" Display 

r r 

/ 
Color Bars shading Bars 

Dot Pattern 

Horizontal Bars 

Cross Hatch 3x3 Dot 3x3 Cross Hatch 

A r 

I 

Vertical Bars 3x3 Horizontal 3x3 Vertical 

s 

NEW 
Kit IP -28 

NEW 
Kit ID -29 

52995* 

NEW 
Kit GR -98 

$4995* 

NEW 
Kit GR -88 

$4995* 
NEW 

Kit GD -48 

$5995* 
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NEW Heathkit Color Bar -Dot Generator ...Advanced 
Integrated Circuitry Produces 12 Patterns Plus Clear 
Raster, Eliminates Divider Chain Instability Forever 
The new IG -28 is the signal source for all color and B &W TV servicing. No 
other instrument at any price will give as much stable, versatile TV servicing 
capability. Its solid -state circuitry produces dots, cross hatch, vertical and 
horizontal bars, color bars, and shading bars in the familiar 9x9 display ... 
plus exclusive Heath 3x3 display of all these patterns ... plus a clear raster that 
lets you adjust purity without upsetting AGC adjustment. Fifteen J -K Flip - 
Flops and associated gates count down from a crystal controlled oscillator, 
eliminating divider chain instability and adjustments. And for time -saving con- 
venience the IG -28 has variable front panel tuning for channels 2 through 6. 
Plus & minus going video signals at the turn of a front panel control ... for 
sync, in- circuit video or chroma problems, use the front panel sync output. 
Two front panel AC outlets for test gear, TV set, etc. Built -in gun shorting cir- 
cuits and grid jacks too. Add any service -type scope with horizontal input and 
you have vectorscope display capability as well. Fast, enjoyable circuit board - 
wiring harness construction. You can't beat the Heathkit 1G -28 for versatility 
or value ... put it on your bench now. 8 lbs. 

NEW Heathkit 1 -30 VDC Solid -State Regulated Power Supply 
The new modestly priced IP -28 is an excellent power supply for anyone working 
with transistors. Compact Heathkit instrument styling with large, easy -to -read 
meter ... two voltage ranges - 10 V., 30 V.... two current ranges - 100 mA, 
1 A. External sensing permits regulation of load voltage rather than terminal 
voltage. Adjustable current limiting prevents supply overloads and excessive 
load current. Convenient standby switch. Fast, easy assembly with one circuit 
board and wiring harness. Order yours today! 9 lbs. 

NEW Heathkit Solid -State Auto Tune -Up Meter ... 
Measures Dwell, RPM And DC Voltage 
The nett Heathkit ID -29 is most versatile ... really three automotive test instru- 
ments in one. Measures Dwell on all 4- cycle, 3, 4, 6, or 8 cylinder engines ... 
measures RPM in two ranges, 0 -1500 and 0 -4500. . measures DC voltage 
from 0 to 15 volts. And no batteries are needed ... running engine provides both 
signal and power. Easy to use ... on both 6 and 12 volt system without changing 
leads. Lightweight and easy to carry . its black polypropylene case has a 
built -in lead storage compartment and is resistant to virtually everything. Fast, 
simple assembly ... only about 5 hours. The perfect accessory for the handy- 
man, emergency road service personnel or shop mechanics ... order your 
ID -29 now. 4 lbs. 

NEW GR -88 Solid -State Portable VHF -FM Monitor Receiver 
Tunes both narrow and wide band signals between 154 -174 MHz ... for police, 
fire, most any emergency service. Exceptional sensitivity and selectivity, will 
outperform other portable receivers. Smart compact styling, portable or fixed 
station capability with accessory AC power supply, variable tuning plus single 
channel crystal control, collapsible whip antenna, adjustable squelch control, 
easy circuit board construction. The new GR -88 receiver is an added safety 
precaution every family should have ... get yours today! 5 lbs. 

NEW GR -98 Solid -State Portable Aircraft Monitor Receiver 
Tunes 108 through 136 MHz for monitoring commercial and private aircraft 
broadcasts, airport control towers, and many other aircraft related signals. Same 
exceptional features as the GR -88 above. The perfect receiver for aviation 
enthusiasts. 5 lbs. GRA -88 -1, Accessory AC Power Supply... $7.95* 

NEW GD -48 Solid -State Metal Locator 
A low cost, versatile, professional metal detector at one -third the cost of corn- 
parable detectors. Packed with features for long life, rugged reliability, and 
dozens of uses ... battery operated, completely portable, weighs only 3 lbs... . 

highly sensitive, probes down to 7' depth ... built -in speaker signals presence 
of metal, front panel meter gives visual indication, built -in headphone jack, 
telescoping shaft for height adjustment, easy -to -use and easy -to- assemble. 
Whether you're an amateur weekend hobbyist or a professional treasure hunter, 
the GD -48 is for you ... also a great help to contractors, surveyors, Gas, Elec- 
tric, Telephone and other public Utility Companies. 4 lbs. 
GD -396, Headphones, 2000 ohm (Superex). $3.50* 
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From The Leader H MAT' HKIT' 

NEW Heathkit Ultra -Deluxe "681" Color TV With AFT ... 
Power Channel Selection & Built -In Cable -Type Remote Control 
The new Heathkit GR -68I is the world's most advanced Color TV with more 
built -in features than any other set on the market. Automatic Fine Tuning on 
all 83 channels ... eliminates touchy fine tuning forever, power push button 
VHF channel selection, built -in cable -type remote control ... or you can add 
the optional GRA -68I -6 Wireless Remote Control any time you wish ... plus 
the built -in self- servicing aids that are standard on all Heathkit color TV's but 
can't be bought on any other set at any price. Other features include a bridge - 
type low voltage power supply for superior regulation; high & low AC taps to 
insure that the picture transmitted exactly fits the "681" screen. Automatic 
degaussing, 2 -speed transistor UHF tuner, hi -fi sound output, two VHF antenna 
inputs, top quality American brand color tube with 2 -year warranty. 
GRA- 295 -4, Mediterranean Cabinet shown $119.50" 
Heathkit "295" Color TV 
Big, Bold, Beautiful ... with the sane high performance features and built -in 
servicing facilities as the GR -68I above ... but less the Automatic Fine Tuning, 
push button VHF power tuning and built -in cable -type remote control. You 
can add the optional GRA -295 -6 Wireless Remote Control at any time. 
GRA- 295 -1, Contemporary Walnut Cabinet shown 562.95" 
Both the GR -681 and GR -295 fit into the same Heath factory assembled 
cabinets; not shown, Early American style at $99.95." 

NEW Deluxe Heathkit "581" Color TV With AFT 
The new Heathkit GR-58 I will add a new dimension to your TV viewing. Brings 
you color pictures so beautiful, so natural, so real ... puts professional motion 
picture quality right into your living room. Has the same high performance 
features and exclusive self- servicing facilities as the GR -681, except with 227 
sq. inch viewing area, and without power VHF tuning or built -in cable -type 
remote control. The optional GRA -227 -6 Wireless Remote Control can be 
added any time you wish. And like all Heathkit Color TV's you have a choice 
of different installations ... mount it in a wall, your own custom cabinet, your 
favorite B &W TV cabinet, or any one of the Heath factory assembled cabinets. 
GRA- 227 -2, Mediterranean Oak Cabinet shown $99.50" 
Heathkit "227" Color TV 
Same as the GR-58 1 above, but without Automatic Fine Tuning . same 
superlative performance, same remarkable color picture quality, same built -in 
servicing aids. Like all Heathkit Color TV's you can add optional Wireless 
Remote Control at any time (GRA -227 -6). And the new Table Model TV 
Cabinet and roll around Cart is an economical way to house your "227" ... 
just roll it anywhere, its rich appearance will enhance any room decor. 
GRS- 227 -6, New Cart and Cabinet combo shown .. $49.95' 
Both the GR -581 and GR -227 fit into the same Heath factory assembled 
cabinets; not shown, Contemporary cabinet $59.95. 
NEW Heathkit Deluxe "481" Color TV With AFT 
The new Heathkit GR -481 has all the same high performance features and ex- 
clusive self -servicing aids as the new GR -581, but with a smaller tube size ... 
180 sq. inches. And like all Heathkit Color TV's it's easy to assemble ... no 
experience needed. The famous Heathkit Color TV Manual guides you every 
step of the way with simple to understand instructions, giant fold -out pictorials 

. even lets you do your own servicing for savings of over $200 throughout the 
life of your set. If you want a deluxe color TV at a budget price the new Heathkit 
GR -48l is for you. 
GRA- 180 -1, Contemporary Walnut Cabinet shown $49.95` 
Heathkit "180" Color TV 
Feature for feature the Heathkit "180" is your best buy in color TV viewing ... 
has all the superlative performance characteristics of the GR -481, but less Auto- 
matic Fine Tuning. For extra savings, extra beauty and convenience, add the 
table model cabinet and mobile cart. Get the value -packed GR -180 today. 
GRS- 180 -5, Table Model Cabinet & Cart combo $39.95` 
Both the GR -481 and GR -180 fit the same Heath factory assembled 
cabinets; GRA- 180 -2, Early American Cabinet $75.00.` 
Add the Comfort And Convenience Of Full Color Wireless Remote Control 
To Any Rectangular Tube Heathkit Color TV ... New Or Old! 
Kit GRA- 681 -6, for Heathkit GR -681 Color TV's $59.95` 
Kit GRA- 295 -6, for Heathkit GR -295 & GR -25 TV's . $69.95' 
Kit GRA- 227 -6, for Heathkit GR -581; GR -481 & G R-180 
Color TV's. $69.95' 
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NEW 
FREE 1969 CATALOG! 
Now with mote kits, more color. 
Fully describes these along with 
over 300 kits for stereo /hi -fi, 
color TV, electronic organs, elec- 
tric guitar & amplifier, amateur 
radio, marine, educational, CB, 
home & hobby. Mail coupon or 
write Heath Company, Benton 
Harbor, Michigan 49022. 

Now There Are 6 Heathkit° 
Color TV's To Choose From 

2 Models In 295 Sq. Inch Size NEW 
Kit GR -6.1 
With A = 

$49995* 
(less cahir t) 

Kit GR -295 

$44995* 
(less cabinet) 

2 Models In 227 Sq. Inch Size 

N 

NE11 
Kit GR -581 
with A= 

$419s`í* 
(less ceb net) 

Kit GR -227 
NOW ONLY 

$37995* 
(less cabinet 

& cart) 

2 Models In 180 Sq. Inch Sin 
NEW 

Kit G R -481 
with AFT 

$359 (lesscaa let) 

Kit GR -180 
NOW ONLY 

$32995* 
(less cabinet & cart) 

HEATH COMPANY, Dept. 20-6 
Benton Harbor, Michigan 49022 

a Schlumberger company Enclosed is $ plus shipping. 

Please send model (s) 
Please send FREE Heathkit Catalog. Please send Credit Application. 

Name 

Address 

City State Zip 
*Mail order prices; F.O.B. factory. Prices & specifications subject to change without notice. CL -357 
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the new 

46 watts of music power at 80... FET FM Front End ...exclusive 
Stereo Only circuit...outputs for 2 pair of stereo speaker systems, 
headphones, tape recording, monitoring and play -back...double pro- 
tection for power transistors...plus many other exclusive features, 
that you expect from Sansui and only Sansui. Visit your franchised 
Sansui dealer for a demonstration of the exciting new Sansui 350 
AM/ FM Stereo Receiver...do it today for a truly memorable experi- 
ence... $1 99.95. 

Scms-uie_ 
SANSUI ELECTRONICS CORPORATION, 34-43 56th ST., WOODSIDE, NEW YORK 11377 

SANSUI Electric Co., Ltd., Tokyo, Japan European Office Frankfurt a.M., West Germany 

Circle 30 on reader service card 

"THE ST -PRO -B PASSED 
*CBS LABS' TESTS 

BETTER THAN ANY 
STEREO HEADSET 
PREVIOUSLY ENCOUNTERED" 

As appearing in HIGH FIDELITY MAGAZINE 
EQUIPMENT REPORTS, October 1968 issue. 

Test data and measure- 
ments are obtained 
by CBS Laboratories, 
a division of Columbia 
Broadcasting System, Inc. 

Convince yourself - listen to 
the ST -PRO -B and the complete 

line of Superex stereo phones. 
You'll be delighted with the 

breathtaking realism, 
matchless quality, and 

comfort - possible only with 
our exclusive woofer /tweeter 

design. Prices start at 
$19.95; ST -PRO -B approx. $50 

Write for your copy of test report. 

SUPEREX ELECTRONICS CORP. 
I RADFORD PLACE, YONKERS, N.Y. 10701 

Circle 31 on reader service card 

SERVICE CLINIC 
(continued from page 67) 

phono motor, in series with the heater 
of the single 25L6 amplifier tube. 1f 
the tube blew, everything went dead! 
This caused the replacement of a few 
perfectly good motors, then puzzle- 
ment as to "why it didn't work?" 

Keyed AGC trouble 
I've got a bad picture overload in an 

Admiral 17Y1X TV chassis. By feeding an 
external keying pulse into the 3B118, it 
works fine. However, this is a 2,000 -volt 
pulse, and the set's supposed to work with 
a 600 -volt pulse; this checks out okay 
with a scope. What now?-1.G., St. Con- 
stant, Quebec. 

An agc overload, black, bending 
picture with buzz, means too much 
positive voltage on the agc. A white- 
out, no sound no picture, blank screen, 
means too much negative agc voltage 
(plus the normal number of other pos- 
sible causes, of course!) 

The most common agc circuits 
used with this tube (3BU8) use a 
"bucking" or delay voltage taken from 
the B+ line through a very large resis- 

.221 

T 
150K 

TUNER 
AGC 

I.F. AGC 

600V P-P 
7875 Hz 

3 
/ PULSE FROM MEG 

FLYBACK 

=22 5.6 MEG .00I /IKV 

1/2 3BU8 
KEYED AGC 

10 
MEG 

250V 

VIDEO AMPL 
SCREEN 
GRID 

AGC 
CONTROL 

27K 

100K 

7 

215V 
145V 

COMPOSITE VIDEO 

tor, up into the 10- megohm or larger 
range. These resistors are far more cri- 
tical than most technicians think! Only 
a small change in their rated value will 
cause the agc bus to go more positive 
or negative than it ought to be; so, we 
get agc trouble symptoms. 

Since you can feed in a keying 
pulse and get good operation, I'd say 
that one of the two big resistors shown 
could be off -value. Check them, and 
also check your pulse -feed coupling 
capacitors for leakage. Also, check all 
of the operating voltages on the -BU8 
tube. I had a case last week with almost 
identical symptoms, and found that the 
dropping resistor in the 145 -volt line 
( feeding the cathode of the - BU8 tube, 
thus setting the bias and conduction 
level) was completely open! However, 
the "trouble" was "AGC symptoms," 
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and you could override the age and 
make it work! 

Color change between 
TV stations? 

In a perfectly tuned -up color TV set, 
should there be any change in color, hue, 
etc., when the set is switched from one 
channel to another? 

Also, does the difference between a 
weak and a strong signal change the hue? 
-A. D. P., Des Moines, Iowa 

To the first question, the answer 
is "theoretically no, practically, yes, 
quite often!" When you switch chan- 
nels, you change TV transmitters! 
There is often a difference between 
stations as to color, and even a slight 
change in hue, although the last is very, 
very rare. There are two stations near 
my home, each of which gives me very 
good color pictures. However, when I 
change from one to the other, I have 
to reset my COLOR control! There is a 
very decided difference in the color - 
strength signal between the two! 

This can be caused by a slight dif- 
ference in the response of the station 
video transmitters. As a rule. older 
transmitters can have a narrow band- 
width and attenuate the color -signal 
end of the response, which is, of 
course, out near the high- frequency 
end. If the station doesn't have enough 
bandpass, you'll get weak color or 
hard -to -tune color. A newer transmit- 
ter will give you bright vivid color on 
the same program. 

Color should "hold" just the same 
on a weak signal as on a strong one. 
I've seen signals fade out completely to 
where there was no perceptible pic- 
ture on the screen. The last thing that 
disappeared, like the Cheshire cat's 
grin, would be a red sweater or some 
bright -colored object in the picture! 
However, the presence of snow in the 
color of objects will make them look 
weak and washed -out. 

Combination vertical - 
horizontal trouble 

In an RCA CTC16 E color TV, 
the vertical and horizontal sweeps 
seem to be affected by the same trou- 
ble, whatever it is! After about a 
minute, the picture flips, loses contrast 
and shrinks horizontally. Voltages all 
seem to check okay. Cool it off and 
if does the same thing over again. 
l'in lost! -S. M., Dickson City, Pa. 

One thing can cause such trou- 
ble, and has been known to do it. 
Check the schematic, and you'll see a 
circuit which starts at the vertical 
sync input, goes to the vertical out- 
put tube cathode, then on to the hor- 
izontal output tube's suppressor grid. 
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SYNC 

0027 

l 
.036 

0015 

24K 

2.2K 
3W 

6JE6 
8 HORIZ OUTPUT 

1.8 K 

2W 

1/2 

6GF7 
VERT 
osc 

I/2 
6GF7 
VERT OUTPUT 

122 V 

+ 

5.6K Î50µF 

y TO CONVERGENCE 

BOARD 

This acts as a sort of voltage divider. 
One purpose of this connection is to 
put a positive voltage on the 6JE6 
suppressor grid to get rid of snivets on 
uhf. 

At any rate, if one of these re- 
sistors opens up, it can affect the hori- 
zontal and vertical circuits at the 
same time. Check the 1800 -ohm 2- 
watt resistor from the suppressor grid 
to ground at the 6JE6 tube socket. 
It has caused this kind of trouble in 
the past. 

I.f. oscillation 
I've got an RCA KCS -132AZ 

chassis, and I never saw such a vio- 
lent oscillation! There seems to be a 
picture, but it's broken into parallel 
black- and -white bars about an inch 
wide! (Horizontal stripes or bars, that 
is.) The vertical sync is unstable, and 
all in all, the set's a mess! 

I've bridged every filter and by- 
pass capacitor in the thing, and all the 
tube shields are there. What's making 
this thing oscillate so badly ? -R. D., 
Albuquerque, N. M. 

You've had too much "help" on 
it sometime in the past! From these 
symptoms, which are all too familiar, 
some helpful soul has replaced all of 
the i.f. tubes before you got it. How- 
ever, he's replaced them with the 
wrong ones! 

The first i.f. is a 6BZ6, the sec- 
ond is a 6GM6 and the last is a 
6EW6, and that's it! Don't substitute 
in this chassis! It's a very good set 
with the right tubes, but with the 
wrong types in the video i.f. it's as 
wild as a March hare! Check to be 
sure that the right tube types are in 
there and it'll work very nicely. Voice 
of Experience signing off! R -E 
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Delta Launches the 

COMUTAH>: 

The 
Great 
One! 

An exclusive computer - 
tachometer for precise RPM 
measurement in easy - :o- 
build Kit form! 

Delta, pioneers in CD ignition who pro- 

duced the fabulous MARK TEN®, now offer 
a precise computer -tachometer which obso- 

letes any type tachometer on the market 

today! You achieve unbelievable acczracy 

in RPM readings due to the advanced, 

solid -state electronic matched components 

used in the computer, coupled with the 
finest precision meter in the world. Narks 
on all 2, 3, 4, and 6 cylinder 2 cycle and 

with 4-6-8 cylinder -4 cycle 12 volt engines. 

0 -8000 RPM range 

Perfect linearity - zero paralax 

Adjustable set pointer 
Wide angle needle sweep 

Translucent illuminated dial 

Chrome plated die -cast housing 

All -angle ball & socket mounting 

Use it with ANY ignition system 

Meter: 31/8" dia. X 33/e" deep 

Calibration kit included, no test er at. 
needed. 

Orders shipped promptly. 
Satisfaction guaranteed. 

DELTA PRODUCTS, INC. 

Send check today? 
P.O. Box 1147 RE / Grand Junction, Cola 81501 

Enclosed is $ Ship ppd. Sh!r C.O.D. 
Please send: 

COMPUTACH® Kits @ $29.95 ppd 
Sold in Kit Form ONLY! 

Name - -- 

Address 

City /State lip _ 
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RADIO- ELECTRONICS READER 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! 

2. Circle the number on the card that 
corresponds to the number appear- 
ing 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 
appearing at the bottom of the adver- 
tisement in which you are interested. 
Use the convenient index below to lo- 
cate quickly a particular advertisement. 

3. Mail the card to us (no postage re- 
quired in U.S.A.) 

ALLIED RADIO CORPORATION (p. 91) 
ARCTURUS ELECTRONICS CORPORATION 

(p. 94) 

B & K (Division of Dynascan Corporation) 
(p. 89) 

BROOKS RADIO AND TV CORPORATION 
(p. 80 -81) 

BSR USA LIMITED (p. 67) 
BURSTEIN- APPLEBEE COMPANY (p. 14) 

CASTLE TV TUNER SERVICE, INC. (p. 7) 
CLEVELAND INSTITUTE OF ELECTRONICS 

(p. 6265) 
(Slide Rule) (p. 82) 

CORNELL ELECTRONICS COMPANY (p. 96) 

Circle 125 

Circle 136 

Circle 121 

Circle 109 
Circle 28 
Circle 16 

Circle 11 

Circle 25 
Circle 112 
Circle 140 

DELTA PRODUCTS, INC. (p. 16, 60, 71) Circle 18 
DELTA INTERNATIONAL, LIMITED (Cover II) Circle 8 

EDMUND SCIENTIFIC COMPANY (p. 95) Circle 138 
ELECTRONIC CHEMICAL CORPORATION 

(p. 88) Circle 119 
ENTERPRISE DEVELOPMENT CORPORATION 

(p. 88) Circle 120 

FAIR RADIO SALES (p. 96) Circle 139 

GBC CLOSED CIRCUIT CORPORATION 
(Cover III) Circle 149 

GRANTHAM SCHOOL OF ELECTRONICS (p. 1) Circle 9 
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HEALD ENGINEERING COLLEGE (p. 93) 
HEATH COMPANY (p. 68 -69) 

INJECTORALL ELECTRONICS CORPORATION 
(p. 92) 

INTERNATIONAL CRYSTAL MFG. COMPANY 
(p. 98) 

Circle 129 
Circle 29 

Circle 126 

Circle 148 

KENWOOD (p. 13) Circle 14 

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
(P. 5) 

MASTER APPLIANCE CORPORATION (p. 86) 
MULTICORE SALES CORPORATION (p. 82) 

Circle 10 
Circle 116 

Circle 110 

NORTRONICS (p. 66) Circle 26 

OLSON ELECTRONICS, INC. (p. 92) Circle 127 
OXFORD TRANSDUCER CORPORATION (p. 12) Circle 13 

PARK ELECTRONIC PRODUCTS (p. 82) Circle 111 
PENNWOOD NUMECHRON COMPANY (p. 90) Circle 122 
POLY PAKS (p. 97) Circle 141 

QUAM -NICHOLS COMPANY (p. 78) Circle 108 

RCA ELECTRONIC COMPONENTS SEMICONDUCTORS 
(p. 27) Circle 22 

RYE INDUSTRIES (p. 14, 67) Circle 15 

S & A ELECTRONICS (p. 87) Circle 118 
SALCH & COMPANY, INC., HERBERT (p. 85) Circle 115 
SAMS AND COMPANY, INC., HOWARD W. 

(p. 22) Circle 21 
SANSUI ELECTRONICS CORPORATION (p. 70) Circle 30 
SCA SERVICES COMPANY (p. 91) Circle 124 
SCHOBER ORGAN (p. 93) Circle 128 
SENCORE (p .77) Circle 107 
SOLID STATE SALES (p. 95) Circle 137 
SONAR RADIO CORPORATION (p. 76) Circle 106 
SPECTRUM PRODUCTS (p. 84) Circle 114 
SUPEREX ELECTRONICS, INC. (p. 70) Circle 31 
SYLVANIA (Subsidiary of General Telephone & 

Electronics) (p. 17) Circle 19 
SYLVANIA (Subsidiary of General Telephone & 

Electronics) (p. 61) Circle 24 

TV TECH AIDS (p. 90) 

WELLER ELECTRIC COMPANY (p. 15) 

XCELITE. INC. (p. 32) 

Circle 123 

Circle 17 

Circle 23 
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NEW PRODUCTS 
More information on new products is available from the manufacturers 

of items identified by a Reader Service number. Use the Reader Service 

Card at the left and circle the numbers of the new products on which 

you would like further information. Detach and mail the postage -paid card. 

AUDIO CONNECTOR KIT, Model 
K130, contains 17 different connectors 
and adapters. Each one helps solve a 
particular mating problem. Also included 

are special "Y" adapters and audio con- 
nectors. Unit makes it possible to inter- 
connect guitars. mikes, electric organs, 
amplifiers, etc. $56.- Switchcraft Inc. 
Chicago, Ill. 

Circle 46 on reader service card 

STEREO HEADPHONE KIT, Model 
KG -8111. lightweight with adjustable 
headband and padded ear- cushions. Re- 
produces stereo with frequency response 

covering a range of 20- 20,000 Hz. $5.95, 
with all parts, easy -to- follow instructions, 
a 6' cord and a standard 't" plug. - 
Allied Radio Corp., Chicago, Ill. 

Circle 47 on reader service card 

CRYSTALS called Nystals, meet the re- 
quirements of Method 213 of MIL -STD- 
202 for shock and Method 201 for vibra- 
tion. Four Models, HC -25 /U, HC-18/U, 
HC-13/LT and HC -6 /U ( -18 and -25 are 
the saine case, one with pins, the other 
with pigtails). Minimum frequency for 

J U N E 1 9 6 9 

HC -13/U is 16 KHz and all sizes include 
crystals which resonate to 100 MHz. 
Standard frequency accuracy is 0.002% 
typical and temperature influence over 
the -55 to +105°C temperature range 
is 0.005% typical.- Nytronics Inc., Pel- 
ham Manor, N.Y. 

Circle 48 on reader service card 

MOBILE ANTENNAS. Two models; 
Racer 4 ( $10.25) has a 48" shaft and 
Racer 6 ( $11.25) a 72" shaft made of 
fiberglass. Both have a stainless steel tip 

incorporating a tuning device. Frequency, 
26.6 -27.3 MHz. Power capability, 100 
watts. -Avanti Research & Development 
Inc., Addison, Ill. 

Circle 49 on reader. service card 

TRANSCRIPTION TURNTABLE, Mod- 
el TD -125, has an electronic transistor- 
ized drive system to control drive motor 
speed. Has three speeds -16, 33, 45 rpm, 

plus an electronic speed selecter and 
pitch control. Replaceable tone -arse board 
permits mounting arm of choics -Elpa 
Marketing Industries, New Hyde Park, 
N.Y. 

Circle 50 on reader service card 

BLUE LATERAL MAGNET .4 SSEM- 
BLIES, available in four models, Mark 
I, Mark II, Mark IV and Mark V, are 
compact, easy to install and may be ad- 
justed in the field. Two sets of magnet- 

ized rings for adjusting beam deflection 
on all 90° color TV picture tubes. Color 
purity is also obtained by two purity 
rings for centering the triad of beams.- 
Fastex Div., Illinois Tool Works Inc., 
Des Plaines, Ill. 

Circle 51 on reader service car :! 

FM PAGING RECEIVER, Mode! PR- 
150/2, solid state, crystal controlled dou- 
ble superheterodyne. Operates r n re- 
cently FCC -assigned 150-MHz hand as 
well as low band, 30 -50 MHz. Offers 
either beep -only or beep- plus -voice. De- 
vice measures 2'1" x 5" x i ", is pow- 
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DON'T MISS... POLICE 

and FIRE ACTION 
PERFECT FOR 

INDUSTRIAL, COMMERCIAL 
and GOVERNMENT USE 

Ú CONVERSION 
SMALL SIZE LOW POWER DRAIN 

HIGH STABILITY CRYSTAL CONTROLLED 
Specifically designed for simplicity of operation ... efficiently engineered to give you years of 
service. Fits the smallest auto yet powerful 
enough to deliver a clear signal. Operates on 6 crystal controlled frequencies. Dual limiter & 
Foster Seeley discriminator. Quadruple tuned 
RF stage for greater image rejection. Noise Free 
squelch. PLUG IN crystals for instant frequency 
change. Compatible with major continuous tone 
systems. Operates on 117VAC and 12VDC.'Size: 
6 7/8" x 2s /e x 81/2". Wt. 3 lbs. 8 oz. 

FR -104 Complete with AC and 
(30.50 MHz) 

$14000 mounting bracket, 
DC 

FR-105 less crystals. 
(150-175 MHz) Crystals $5.00 ea. 

SONAR RADIO CORPORATION 
73 Wortman Ave., Bklyn, N. Y. 11207 Dept. 154 
Please send me information on Model 

FR104/105 FM Monitor Receivers. 

Name 

Address 

City Zone State 

LISTEN TO: 

POLICE, FIRE and 
WEATHER REPORTS! 

Perfect for Industrial, 
Commercial, Utility 

and Government Use 

SONAR SENTRY 
VHF MONITOR 
NARROW BAND 

RECEIVERS 

uF s 
to3sV 

ALSO 

$3995 
FR -103 

150.175 MHz 

FR -106 
30 -50 MHz 

FR 103-S/1065 

With Battery, 
Earphone, & 
less Crystals 

Crystals 
$5.00 ea. 

Designed and engi- 
neered for simplicity 
of operation, compact 
enough to fit a shirt 
pocket yet powerful 
enough to deliver a 
clear clean signal -it's 
dependable Operates 
on two crystal con- 
trolled VHF channels 
plus broadcast band 
Completely solid state 
for long life use Vis- 
ible battery indicator to 
show battery condition 
at all times Built in 
antenna 5/8" H x 
2'/2" W x 13íe" D. Wt. 
11 oz. 

SONAR RADIO CORPORATION 
73 Wortman Ave., Bklyn, N. Y. 11207 Dept. 154 
Please send me information on Model 

VHF Monitor Receivers. 

Name 

Address 

City Zone State 
WM. _ _ 0 __ __ 

Circle 106 on reader service card 

ered by rechargeable batteries or con - 
ventional dry cells. Under $$200. - 
\linilec Devices Inc., N.Y., N.Y. 

Circle 52 on reader service card 

TRANSISTOR /FET TESTER, Model 
TF151, tests high /low power transistors 
for ac beta and FET's for G,,,, both in and 
out of circuit as %veil as checking for criti- 
cal leakage in each device. Leakage cur- 

rent (I,,,) of any transistor in microautps 
is shown directly on the meter. Operates 
on 105 /130 Vac, 50/60 Hz at 10 watts. 
Size, 911" x 73.? x 6 ". $129.50-Seneore, 
Inc., Addison, Ill. 

Circle 53 on reader service card 

CAPTIVE FLOATING NUTS, Type 
FLN, correct bole misalignments in chas- 
sis and panels. Locking effect is achieved 
by distortion of the round extension 
above base. A dry, Teflon -type lubricant, 
Dupont V( /daX, applied to the thread 

simplifies insertion and removal of screw. 
Resistant to pull, push and torque-out 

n 1 provides strong, wear- resistant 
threads in soft metals or thermoplastics. 
-Precision Metal Products Co., Stone- 
ham, Mass. 02180 

Circle 54 on reader service card 

TRANSCEIVER, Model CX7, covers 
seven 1 -mHz frequency bands in the 
1.8 -30mHz range, plus 50 -51 mHz re- 
ceive only, with counter readout to 100 - 
Hz accuracy. An "auxiliary band" option 
permits coverage of any 1 -mHz band in 
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1.8 -30 and 50 -54 -mHz ranges. Solid - 
state except for a single power amplifier 
tube. Power supply, 115 /230 Vac, 60 
Hz. $1495.- Electronic Communications 
Inc., St. Petersburg, Fla. 33733 

Circle 55 on reader service card 

PREAMPLIFIERS, solid -state broad- 
band, designed to prevent signal over- 
loading. Mounts on antenna boons. Am- 
plifies antenna signal 10 times with mini- 

Olt 

I 

MOUfI M :tl 

FINCO 
on THE FÌNNk COMPAS 

a Mford.Ohia 

TV. SET-i 

COH 2 VA 

Immun noise and lead loss. Models. 1/-10 
and M -11, :300 ohms, have two outputs. 
Model M -12, 75 ohms, one output. 20 
dB gain on both high and low bands. - 
Finney Co., Bedford, Ohio. 

Circle 56 on reader. service card 

ANTENNAS in the VUfrnder Pins Series 
come in 5 models. All provide improved 
color and monochrome reception on all 
TV channels and strong, clear radio re- 

r' J 
.. ' 

''" 

- 

4. -- 

Ii 

ception on FM band. Available for di- 
rect 300 -ohm installation and instantly 
convertible to 75 -ohm operation by snap- 
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on transformers. For areas classified from 
"local" to "deep fringe" in signal 
strength. Price range: $21.95-$64.95. - 
Jerrold Electronics Corp., Philadelphia, 
Pa. 19105 

Circle 57 on reader service card 

PUSH -IN MOUNTING BASE. Model 
TC823, fits into a 0.250 -0.265" diam 
hole in ! " max. thick panels. Accepts an 
assortment of T &B Ty -Rap cable ties up 
to 0.190" wide. Made of fabricated ny- 

Ion, the self -locking base provides easy 
installation of mounting plate by push- 
ing the stud into the hole.- Thomas & 

Betts Co., Elizabeth, N.J. 07207 

Circle 58 on reader service card 

AC VOLTMETER PLUG -IN, Model 
DP130, measures voltage from 10 µV to 
1000 V with an accuracy of 0.19. Fre- 
quency range: 22 Hz to 1 MHz. Input 
impedance: 100(1 megoluns. Provides 

rms readings when measuring sine -wave 
ac signals; also runs value of square and 
triangular waveform inputs if specified 
correction factors are applied. S375.- 
Hickok Electrical Instrument Co., Cleve- 
land, Ohio 44108 

Circle 59 on reader service card 

AM /FM STEREO RADIO SYSTEM, 
Model LN -20, solid- state, consists of a 
AM /FM stereo radio and two 611" wide- 

range speakers. Circuitry: 26 transistors, 
19 diodes and 4 thermistors. Power: 12 
watts. Tuning range: FM, 88 -108 MHz, 
AM, 540 -1600 kHz. Sensitivity: 7µV. 

JUNE 1969 

NOW 
CHECK 
TRANSISTORS 

IN OR OUT OF CIRCUIT .. . 

Flick function 
switch to left 
to check all 
regular tran- 
sistors. 

Flick function 
switch to right 
to check any 
FET. 

Model TF151 

all regular transistors plus the new field effect transistors. 
You won't be stopped when you run into the new FETs that are wired 
into the latest hi -fi, newest TV receivers and nearly every other new device 
coming on the market. For the very first time, you can check them all, 
in or out of circuit. The TF151 works every time using tried and proven 
signal injection techniques. New, improved tests on special RF transistors 
and the latest high power transistors, mean that the TF151 is the only 
up -to -date transistor tester on the market. A new, exclusive setup book 
in rear compartment guides you to every test for over 12,000 transistors 
and FETs. The book is not needed for general service troubleshooting. 
Regular transistors are checked for beta gain and Icbo leakage. FETs 
are checked for transconductance and lgss leakage. only 

Your distributor just got this new tester in stock. 
See him, it obsoletes all others. 

$1290 

NCOf-=t 
NO I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE. ADDISON, ILLINOIS 60101 

Circle 107 on reader service card 
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s<\\y, 
YES. 

under nouris -ed? 

I IARDLY! 
This QUAM speaker is 
thinner and lighter than 
most, but there's 
nothing scrawny about 
its sound or emaciated 
about its performance. 

Its one of 25 models in the Quam 
line that's being fed a special diet 
... an exclusive new high energy 
magnet material we call Q /8. 

Q/8 provides more gap energy 
for less weight, so a .65 ounce 
magnet gives you the same per- 
formance as a full ounce of Alnico 
V. Ideally suited to Quam's high 
density cup -pot structure, Q/8 
slims the speaker down in contour 
as well as weight -while delivering 
full, robust sound. 

Q!8 magnets are exclusively available 
today on Quam speakers -part of our 
ongoing program of nourishing our 
customers first with the finest. 

-always the 
Quality Line, 
for every 
speaker need. 

QUAM -NICHOLS COMPANY 
234 East Marquette Road 
Chicago, Illinois 60637 

Circle 108 on reader service card 

Stereo separation: 30 dB @ 400 Hz. For 
117 -V, 50 /60 -Hz ac. Housed in a walnut 
metal enclosure. $99.95- Lafayette Ra- 
dio Electronics, Syosset, N.Y. 11791 

Circle 60 on reader service card 

AMPLIFIER /SPEAKER SYSTEM, sol- 
id- state, 4 -watt, converts any cassette re- 
corder to full -range sound with a 6" 
speaker, and into a PA system when cas- 
sette recorder is attached to a mike. Op- 

erates on 9 -volt radio battery. Frequency 
response, 40- 10,000 Hz. Unit records on 
a cassette while being used as PA system 
at the sane time. Measures 12" x 8%" x 
5" and weighs 4 lb. $34.95.- Dynaphon- 
ics Inc., Dayton, Ohio 45419 

Circle 61 on reader service card 

CITIZENS TWO -WAY RADIO, Mes- 
senger 123, solid -state, 23- channel, fea- 
tures a special compression circuit for 
maximum voice intelligence. Power in- 
put: 5 watts. Sensitivity: 0.4 AV. Selec- 

tivity: 7 kHz. Variable squelch control 
reduces background noise by silencing 
the receiver until a message is broad- 
cast. $169.95. -E. F. Johnson Co., Wase- 
ca, Minn. 56093 

Circle 62 on reader service card 

85 -WATT STEREO AMPLIFIER, Mod- 
el LA -85TA, solid- state, has a selector 
switch for any of 4 program sources. Har- 
monic distortion less than 1%. Frequency 
response: 22- 20,000 Hz ±1 dB. Power 
bandwidth: 22- 40,000 Hz. Inputs in- 

elude aux, tape input and output, tuner, 
ceramic phono, magnetic phono and 2 ac 
outlets. Complete with walnut -grained 
metal enclosure. $99.95.- Lafayette Ra- 
dio Electronics, Syosset, N.Y. 11791 R -E 

Circle 63 on reader service card 
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NEW 
LITERATURE 
All booklets, catalogs, charts, data 
sheets and other literature listed here 
with a Reader's Service number are 
free for the asking. Turn to the 
Reader's Service Card facing page 72 
and circle the numbers of the items 
you want. Then detach and mail the 
card. No postage required! 

1969 TAPE RECORDER CATALOG, 16 pages 
illustrated, describes portable cassette and reel - 
to -reel models: cassette. 8 -track and reel -to -reel 
tape decks, radiocorders and stereo tape sys- 
tems for which applications, features and specs 
are included.- Concord Electronics Corp., Los 
Angeles, Calif. 90025 

Circle 76 on reader service card 

COMMUNICATIONS /DICTATION HEAD- 
PHONES and other private listening devices 
plus accessories are illustrated with photos and 
charts in Catalog B1 -2166, 8 pages. Information 
on applications, complete specs, new catalog 
numbers and prices also provided. -Telex Com- 
munications Div., Minneapolis, Minn. 55420 

Circle 77 on reader service card 

TEMPMATIC SOLDERING TOOL handles 
light and heavy -duty soldering with tip tempera- 
ture control. Points have premium plating. 
Trigger turns heat on and off. Ejector button 
makes for easy switching of power heads, which 
are available in two models: 700'F 3/16" chisel 
point, and 600 °F Vs" conical point. Device 
weighs 7 oz and comes in a color display 
package.- Weller Electric Corp., Easton, Pa. 

Circle 78 on reader service card 

ABC'S OF NUT FASTENING. Application 
and requirements, purpose and reasons are out- 
lined in a 12 -page pocket -size booklet, AS -1101. 
Brief description on many nut products in a 
wide range of styles and sizes available. - 
Shakeproof Div., Illinois Tool Works Inc., 
Elgin, Ill. 60120 

Circle 79 on reader service card 

CONTACT PLATING TAPE. Vinyl electro- 
plater's tape with a "built -in" shorting bar 
offers significant advantages over other methods 
of contact finger plating. A 4 -page bulletin in- 
cludes comparison of production time and costs 
to other methods such as conductive paint, 
paste shorting bars, copper tapes with con- 
ductive pressure- sensitive adhesive, and shorting 
bars etched directly into a circuit board. - 
Tapecon Inc., Rochester, N.Y. 14612 

Circle 80 on reader service card 

INDUSTRIAL AEROSOLS covering paints and 
protective coatings, lubricants, mold releases, 
solvents and cleaners, corrosion preventives, 
office supply aerosols, building maintenance 
aerosols and adhesives are described with sug- 
gestions of color coding for each application in 
a 39 -page catalog, F- 2500 -50. Size and price list 
included. -Crown Industrial Products Co. He- 
bron, III. 60034 

Circle 81 on reader service card 

ELECTRONIC INSTRUMENTS, including dc, 
ac and ac /dc instruments, multirange precision 
milliohmmeter, chart recorders and digital sys- 
tems are detailed with full specs, charts and 
photos in a 12 -page Bulletin 368A. Price for 
each model given.- Simpson Electric Co., 
Chicago, Ill. 60644 

Circle 82 on reader service card 

ELECTRONIC STROBOSCOPE, its funda- 
mental concepts, its accessories and how it can 
be used with a simple camera for high -speed 
photography and a variety of other applications 
are described in a 24 -page booklet titled A 
Primer of Stroboscopy. -General Radio Co., 
West Concord, Mass. 01781 R -E 

Circle 83 on reader service card 
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HOW TO REPAIR VTR'S 
By VIC BELL 

MANY SERVICE TECHNICIANS TURN 

down video tape recorder service jobs. 
Although you may have avoided audio 
tape recorder customers in the past. 
you'll find it difficult to ignore the fast - 
growing VTR (Video Tape Recorder) 
service market. More manufacturers 
will be marketing home entertainment 
centers that include VTR's and since 
this is a TV linked item they'll be 
coming to the TV service technician 
when repairs are needed. 

Some technicians. bypassing 
audio tape recorders because of the 
mechanics involved, reason that VTR 
mechanisms must be much more com- 
plicated. But they're not. Actually. the 
transport mechanisms are so similar 
that at least one manufacturer uses a 

basic transport deck for both audio and 
video recorders. 

Of course, VTR electronics are 
more involved. One imported model 
uses 76 transistors and numerous 
diodes. But the TV receiver -part of 
the system -accounts for about 
half of these transistors. About 10 of 
the remaining transistors are used in 
the VTR's audio section, which oper- 
ates much like a regular audio record- 
er. So. if you've been working on 
solid -state TV and tape recorders, you 
already have about two- thirds of the 
system under your belt. Let's look at 

the remaining circuitry. 

1 /2" tape 

Home VTR's employ 1/2" tape 
compared to the 1/4" tape used in audio 
recorders. The reason is simple: More 
information must he put on tape by 

a the VTR than in audio -only tape sys- 
tems. So much more that a special 
method of recording is used to increase 
tape information density. 

Audio is recorded on the edge of 
video tape in the same manner as in 

audio -only tape recorders (Fig. 1 -a). 
Maximum frequency response from 
this recording method is about 15 kHz. 
Since video information contains fre- 
quencies from 0 to 3 MHz another 
method must be used to record video. 

Generally. increased tape speed 
in an audio tape recorder increases fre- 
quency response. Professional audio 
recorders operate at 15 ips. 30 ips or 
even more. To record video. however, 
tape speeds far beyond 30 ips would 
he required. 

An alternative to high tape 
speeds is to move the tape heads in 
relation to the tape. It's not important 
whether the tape or the heads move, 

J U N E 1 9 6 9 

HOME VTR TAPE 

I /2" 

VIDEO INFORMATION 

AUDIO TRACK 

BROADCAST VIDEO 

1 

1 

CONTROL PULSE 
TRACK 

TAPE 

VIDEO - 
INFORMATION b 

HELICAL SCANNING 

VIDEO 

INFORMATION C 

Fig. 1 -a -Home -type VTR tape uses 
edges for audio and control tracks. b- 
Broadcast video tape (2 -inch width) 
with vertical video. c- Helical scan. 

so long as the relative speed between 
the tape and the head is sufficiently 
high. Broadcast VTR's move the tape 
at a relatively slow speed, but rotate 
the video head vertically so the re- 
corded information is in a strip from 
one edge to another. (Fig. 1 -b) . VTR's 
using this method generally use 2" 
wide tape. 

Slant or helical scanning, the 
method favored by many home -use 
VTR manufacturers, is shown in Fig. 
1 -c. Video is recorded on the relative- 
ly slow -moving tape with a fast -mov- 
ing head rotating in a horizontal plane. 
To prevent information from being 
superimposed on recorded video from 
prior head revolutions, the tape is 

slanted and fed around the rotating 
head. Fig. 2 shows the application of 
this technique. 

30 -Hz field rate 

The helical scanning head nor- 
mally rotates at 1800 rpm (30 rps), 
which coincides with the 30 -Hz field 
rate for standard TV. Understanding 
this, it's easy to see that each diagonal 
strip of information on the tape can 
correspond to one frame of video in- 
formation. 

Since the heads rotate, a slip -ring 
and brush is employed for record and 
playback connection to the heads. 

Actually, alternate information 
fields are recorded with this scanning 
technique. This is called skip -field re- 
cording. During playback, the record 
head and an additional head are used 
so that recorded information is read 
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twice. One head is mounted lower than 
the other. This compensates for tape 
movement between each revolution 
and allows head B to follow head A's 
path precisely. 

Video information recorded on 
the tape is frequency-modulated. A 
center frequency of 1.7 MHz with 

1 -MHz deviation is employed. FM was 
chosen because amplitude changes 
would not affect the signal and because 

DEALERS! 
HOBBYISTS! 

NEW AND 
FREE 

FROM WINEGARD 
Our giant catalog of TV and FM antennas, 
mounts, wire, couplers, amplifiers, wall 
plates and antenna systems equip- 
ment! 

Now, for the first time ever, you can 
have Winegard's sensational 52 -page 
Catalog illustrating and describing the 
world's most complete line of high qual- 
ity antennas and MATV equipmen: for 
homes and commercial buildings. That's 
right! Even if you're not in the electrcnics 
business, you can use this Catalog to 
select Winegard products. Send for your 
FREE copy today, plus the name of your 
nearest Winegard distributor. 

IF/Regard' 
ANTENNA BVBTEME 

WINEGARD COMPANY, 3013 -4 Kirkwood Street 
Burlington, Iowa 52601 

Gentlemen: Please send me your FREE Catalog. 
í7 Electronics is my business. Electronics is my hobby. 

NAME 

ADDRESS 

CITY 

STATE 

(please print) 

ZIP .E.. 
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the signal -to -noise ratio would be im- 
proved since dc signal components 
would be preserved. 

Servo -sync system 

During TV recording, motor 
speed is regulated by comparing the 
TV sync pulse to a 30 -Hz pulse gen- 
erated by the 30 -PG (Pulse Genera- 
tor) pickup coil near the rotating head 
assembly (Fig. 3). This 30 -Hz pulse is 
compared to alternate sync pulses. 
When the 30 -Hz pickup -coil pulse is 
early, the coincidence circuits apply 
current to a magnetic brake and slow 
the motor. When the sync signal arrives 
late, the brake is relieved and the 
motor speeds up. 

Since the drive mechanism is de- 
signed to constantly operate the motor 
slightly faster than necessary, the 
brake is always needed. The head - 
drum assembly is driven by an elastic 
belt and braking is easily achieved. 

In the camera -record mode, a 
different sync system is used. A 60 -Hz 
signal is taken from the power line, 
shaped and used a reference for the 
servo system. A signal from the 30 -Hz 
pulse generator is recorded on the 
edge of the tape -much like the audio 

signal -for sync comparison during 
camera -recorded playback. This re- 
corded signal is picked up by a control - 
pulse head during playback and used 

in the same manner as sync when an 
air- recorded signal is played back. 

Both camera and broadcast -TV 
recording -sync systems are diagramed 

Fig. 2 -For home VTR's slant or helical scanning is used. Tape moves slowly, 
heads spin in the horizontal plane. Tape and head positions are shown. 

UNSURPASSED VALUE AND QUALITY 
Our TREMENDOUS BUYING POWER & PURCHASING EXPERIENCE make is possible. We invest Thousands of Dol- 
lars (in just a single item) to create a good DOLLAR BUY, resulting in the AMAZING & EXCITING OFFERS that follow: 
FREE $1 BUY WITH EVERY 

IBM COMPUTOR 
SECTIONS 

8 essortal Units we 
sell for it are 
loaded with over 
150 valuable parts. 
Incl. - Translators 
Condensen, Resist- 
ors, Heat Sinks, Di- 
odes, Etc. 

8MBr$1 

100 for $10 

10 YOU ORDER OnlSIIPBuiy FREE GIFT WITH EVERY ORDER 
100 -ASST 1/4 WATT 

m 
RESISTORS $1 TRANSISTOR RADIO nagt type $1,50 

MARKET SCOOP COLUMN stand. choice ohmages, some in 
RESISTORS 

good, had, broken, as -is, potluck 

100 -ASST 1/2 WATT RESISTORS $1 
stand. choice ohmages, some in 5 ,o 

70 - ASST 1 WATT RESISTORS $1 
stand. choice ohmages, some in 5% 

35 - ASST 2 WATT RESISTORS $1 
stand. choice ohmages, some in 5t7 

50 - PRECISION RESISTORS $1 
asst. list -price $50 less 98% 

20 - ASSORTED WIREWOUND $1 
RESISTORS, 5, 10, 20 wan 

12" OXFORD SPEAKER. Tel, $4 4 - TOGGLE SWITCHES 
Quality . . . Large Magnet 

10" PHILCO SPEAKER $2.69 
Top Quality . . . Large Magnet 

1_1 
6 "- ECONOMY SPEAKER TOP $1.69 
quality 2.15 Mag. 

5" UNIVERSAL TWEETER $1.29 
1 On. . Magnet 

UNIVERSAL 51/2" PM SPEAKER $1 
Alnico 5 magnet, quality tone 

UNIVERSAL 4" PM SPEAKER 79t 
Alnico 5 magnet, quality tone 

2" x 6" SPEAKER $1 
Alnico 5 magnet, quality tone 

21/2' x 4" SPEAKER 69' Special Huy 

31/2" - ROUND SPEAKER 59r 
Special Buy 

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 $1 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. 

SPST, SPDT, DPST, DPDT $1 
10- ASSORTED SLIDE SWITCHES $1 
SPST, SPDT, DPDT, etc. 

100 - STRIPS ASSORTED SPA- S1 
GHETTI bandy sizes 

SOLID STATE UHF CON- 
VERTER Receives channels 
14 -83. Easy connection to 516.95 
your TV set 

V TUNERS asst. all new standard $3 
makes, including Tubes 

WESTINGHOUSE STANDARD 
TUNER #470V120H01 - 13085 $4 - 6CG8 Tubes) 

WESTINGHOUSE STANDARD 
TUNER #470V071H02 - (HERS $4 

6CG8 Tubes) 

TAPE RECORDER - assorted types $4 
good, bad, broken, as -is, potluck .. 
32' - TEST PROD WIRE $1 
deluxe quality. red or black .... 
HEARING AID AMPLIFIER $1 
incl. 3 Tubes. Mike, etc. (as is) .. 
50 - #3AG FUSES 1/2 AMP 
popular type with pigtails $1 
10 - STANDARD TRANSISTORS 51 
NPN & PNP 2N404, 2N414, etc. .. 
10- ASSORTED DIODE CRYSTALS $1 
1N34, 1N48, 1N60, 1N64, etc. . 

6 - TRANSISTOR RADIO EAR- $1 
PIECES wired complete with plug 

1 -SQ. YARD GRILLE CLOTH $2 most popular brown & gold design 

$20 -SHURE M -7D DIAMOND 53 
NEEDLE exact replacement 
$15.00 TELEVISION PARTS $1 
"JACKPOT" best buy ever 

111 
10 - SETS PHONO PLUGS & 51 
PIN JACKS RCA type 
10 - SURE -GRIP ALLIGATOR $ 
CLIPS 2" plated 1 
50 - ASSORTED PRINTED CIR- $1 
CUIT SOCKETS best types 
10 SETS - DELUXE PLUGS & 51 
JACKS asst. for many purposes 
70 -BRASS FAHNESTOCK CLIPS 51 
popular type ¿s size 

WESTINGHOUSE ALL TRAN- 
SISTOR HOME /OFFICE MES- 
SAGE CENTER Leaves messages 
for other for replay . . Built 
in speaker /microphone for talk. 
into c 

o 
nvenience . . . Records 

up to 3 minutes of messages 
Illuminated signal shows 

when a message is waiting. Con- 
trol adjusts play -back volume 
without affecting recording vol- 
ume . . . Capstan Drive; BRAND 

$10 NEW SOLD AS IS 
2- MOTOROLA HEP -170 RECTI- 
FIER 2'4 AMPS and 1000V(PIV) 
Covers all 6OOMA to 2500MA Units 
Voltage ranging from 5OPIV to $1 
1000 PIV 

300 - ASST. 1/2 W RESISTORS 
Top Brand, Short Leads, Excellent $1 
Selection 
25 - 3900-OHM-7w RESISTOR $1 
10% Corning glass 
20 - .47.600V CONDENSERS $1 
White Ceramic C.D. -American 

111 
SPECIAL TUBE BUY 3CB6, 3DT6, 90 
4CS6, 12AU7, 120H7. Each .... ..77 

10 - ASST. RADIO & TV TUBES $1 
Every Tube a good number 
50 - ASSORTED TRANSISTORS $1 big factory seoop -sold a is 

ill 3 - TOP BRAND 35W4 TUBES $1 

Name Cost of 
goods 

Address Shipping 
estimated 
TOTAL 

Minimum Order $3.00 

Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

BROOKS RADIO 6c TV CORP., 487 Columbus .Ave., New York, N. Y. 10024 212 EPHON00 
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in Fig. 3. Vertical sync is reinserted 
into the video signal because interlace 
is lost in the skip -field recording 
method. This vertical sync signal is 

generated by the 60 -Hz pickup coil 
near the head assembly, and rein- 
serted in all modes when the head 

SYNC 
SEPARATOR 
AND DELAY 

v 
COMPOSITE SYNC 

TV 

motor is running. The reinserted pulse 
can be seen on the VTR monitor by 
turning the vertical hold control to 
"roll" the picture down to the blanking 
bar. When the pulse is absent, the 
camera reverts to random interlace. 

The pulse from the 60 -PG coil is 

60 -PG POLE PIECES 

GEAR (525 TEETH) 

30 -Hz FEEDBACK PULSES 
SYSTEM TIMING REFERENCE 

CAMERA° 

PULSE 
FORMER 

60 -Hz LINE 

PULSE -TIMING 
COMPARATOR 

Y 

INTEGRATOR 
AND 
DC AMPL 

also used to synchronize the camera 
during the camera -record mode. 

Interlace and stable horizon al 
sync are maintained for camera re- 
cording operation with a pickup coil 
positioned near a gear having 5 -5 
teeth. Note that two vertical pulses 

60 -PG COIL 

PULSE SHAPING 

t- 30 -PG POLE PIECE 

30 -PG COIL 

15.75 kHz COIL 

MAGNETIC TO MOTOR 
BRAKE 

A BRAKE 
ROTOR 

i 
/ DRIVE BELT 

6C -Hz 
TO CAMERA 

REINSERTE D 

VERTICAL SY C 

15.75 kHz 
TO CAME= 

Fig. 3 -Drive method and layout of rotating head and sync system. Afo&r 
speed is regulated by comparing TV sync to 30 -Hz pulse from a pickup cell. 

-SHANNON MYLAR RECORDING TAPE- 
21/2" - 
3" - 
31/4" - 
5" 

5" 

225' . . S 

225' .. 
300' .. 
600' .. 
600' .. 
900' .. 

- 1200' .. 
- 1800' .. 
- 1200' .. 
- 1800' . . 

.15 

.17 

.24 

.49 

.52 

.67 

.86 

1.29 
.69 

.99 

7" - 2400' $1.59 
7" - 3600' 2.78 
CASSETTE 60 minutes .89 
CASSETTE 90 minutes 1.54 
CASSETTE 120 minutes 1.91 

21/2" TAPE 
3" TAPE 
31/4" TAPE 
5" TAPE 
7" TAPE 

REEL .... 
REEL .... 
REEL..... 
REEL .... 
REEL .... 

.04 
.05 
.06 
.12 
.14 

RCA 110° FLYBACK TRANSFORMER 
We scooped the Market 
Latest type - standard 
for all 110° TV's 
RCA's design of large 
Coil produces 18KV- 
assuring adequate width 
Incl Schematic Diagram 
application for any TV 

List price $13.90 

Your price .. 53 
10% oft in lots of 3 

110° TV DEFLECTION YOKE S3 
for all types TV's incl schematic . 

"COMBINATION SPECIAL" 
RCA 110° FLYBACK $5 
plus 110° DEFLECTION YOKE 

90° FLYBACK TRANSFORMER 52 
for all type TV's incl schematic . 

90° TV DEFLECTION YOKE 52 
for all type TV's tncl schematic . 

70° FLYBACK TRANSFORMER 52 
for all type TV's incl schematic . 

70° TV DEFLECTION YOKE 52 
for all type TV's incl schematic . 

2 - TV CIRCUIT BREAKERS 51.19 
PAWS 4.2 TO 5.0 AMPS, etc. .. 

70° COLOR YOKE $12.95 
For all round color CRT's .. 
90° COLOR YOKE For all 

Rectangular 19 to 25^ Color $12,95 
CRT's 

J U N E 1 9 6 9 

o 

o 
E 

CANADIANS: Ordering is easy - we do the paperwork - try a small c rder 

KNOB SPECIAL 
50 - ASSORTED RADIO KNOBS 51 
Selected types.... best value 
25 - VERTICAL LINEARITY 

KNOBS Long shank . . . Front 51 
mount miniature assortment 
30 - VERICAL LINEARITY 

KNOBS Long shook . . Side 51 mount. . Standard sizes 

25 - KNURLED RADIO KNOBS 51 
Hard to get . Best selection 

25 - TV KNOBS - POPU- 
LAR TYPES For most sets . . 

15 Station Selector . Plus 
Fine tuning, etc. . . . Greatest 51.4. 
Value 
100 - ASSORTED RADIO 
KNOBS All standard types 519! $20 value 
30 ASSORTED CLOCK -RADIO 
KNOBS Best assortment, Most $ popular types 1 

BONANZA "JACKPOT" not gold, 
not oil, but a wealth of Electronic 
Items -Money- Back -guarantee ... 55 
300 - ASSORTED HEX NUTS 51 2/56, 4/40, 5/40, 6/32, 8/32 , 

best types and sizes 

t 
+ 

finest popular selection +l 

250 - ASST. SOLDERING LUGS 

250 - ASST. WOOD SCREWS 

250 - ASST. SELF TAPPING 51 
SCREWS #6, #s, etc' 

s1 150 - ASST. 6/32 SCREWS 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS 
and 150 -5/40 HEX NUTS 

500 - ASSORTED RIVETS 
most useful selected sizes 

500 - ASSORTED WASHERS 51 
most useful selected sizes 

100 - ASST. RUBBER BUMPERS 51 
for cabinet bottoms & other uses .. 

100 -ASSORTED RUBBER GROW $1 
METS best sizes 

MOTOROLA HEP KIT -INTE- 
GRATED CIRCUITS INCLUDES 
_One J -K flip flop, One Dual 
Buffer, One 4 -input Gate, Two 53.95 
Dual 2 -Input Gates, All Five 

100' - TV TWIN LEAD -IN WIRE 52 
300 ohm, deluxe heavy duty, clear 

UNIVERSAL TV ANTENNA 
Back of set mounting . . . $1.98 
5 section rods 

3 WAY UHF- VHF -FM SPLIT - 
TER Two Sets of terminals $1.98 
make hookup a cinch 

2 -G.E. PIECES OF EQUIPMENT 51 stacked with over 200 useful parts 

50 - ASSORTED MYLAR CON. 51 
DENSERS popular selected types . 

3 - TOP BRAND SILICON REC- $1 
TIFIERS 1 amp, 1000 PIV 

20 - ASST. PILOT LIGHTS 
#44, 46, 47, 51, etc. $1 
50 -ASSORTED #3AG FUSES 51 
popular ampere ratings 

4 - 50' HANKS HOOK -UP WIRE $1 
assorted colors 

100' - SPOOL SPEAKER WIRE $1 
2 cond, mini zip, clear, 101 uses 

5 - I.F. COIL TRANSFORMERS 51 456 -kc for Transistor Radios 

5 - AUDIO OUTPUT TRANS- $1 
FORM Sub -min for Trans Radios 

E 

5 - PNP TRANSISTORS 51 
general purpose, TO -5 case 

5 - NPN TRANSISTORS S1 
general purpose, TO -5 case 

Circle 109 on reader service card 
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E 

E 
E 

E 

ALL AMERICAN TUBE KIT 
1 213.50, 1211E6. 12A V6, SIK..i. 52 
35W4 -total list $9.70 .... 
UNIVERSAL MICROPHONE $2 regular /remote /single & dual , 

CRYSTAL LAPEL MICROPHON1 '59r 
high impedance, 200 -6000 cps . STEAH 
Hi -Fi 

REO 
QualitHEy 

DP 
. . 

ONES 
. Comp:vte 

with Stereo plug 
50 - TUBE CARTONS (colored) Si 
assorted sizes for Popular Tube: 
4 - TV ALIGNMENT TOOLS S1 
most useful assortment . . 

50 - ASST. TERMINAL STP1 S S1 
all types, 1 -lug to 6 -lug 
25 - INSTRUMENT POINTER $1 
KNOBS selected popular types .. 
1 - LB SPOOL ROSINCORE $1 
SOLDER 40/60 top quality 
TWEEZER: - StamiSua ateet- .5 S1 
Made in Switzerland -For firm wr^k 
3- ELECTROLYTIC CONDENSERS Si 
most popular number 50/30 -15,v 
15 - ASST. ROTARY SWITCHES S1 
all popular types $20 value 
5 - 6' LINE CORDS Si 
#18 Stranded Copper Wire - 

MOTOROLA PWR TRANSFORM 51 
110v, CT 150 /150v. 6.3v 
10 - TRANSFORMERS sores $1 
Audio Outputs, Chokes, I, F, 's. etc. J. 
AMPLIFIER 110v AC -DC, 5 Watt 
Wired - Phono, Comb. Intercom, 53 
etc. needs 3.12AX7, 2. 501.6 -as 10 

4 - 36" Hi -Fi CABLES 1,-.s 
Molded Phone plug at c .° ,d 
stripped and tinned leads er r 

51 end 
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WORLD'S 
FINEST 

ERSIN 

MULTILORE 

ONLY 69C 
BUY IT AT RADIO -Tv PARTS STORES 

MULTICORE SALES CORP. WESTBURY, N.Y. 11590 
Circle 110 on reader service card 

PEP'$ Dollar Sale 

$1 Money Back guarantee 
1 Amp Silicon Rectifier 

choice of package 
Bullet- Miniature Glass. 

Metal 
5 -800V units $1.00 
4 -1000V units $1.00 

3 -1200V units $1.00 

3 AMP Epoxy Package 
10 -100V units $1.00 
5 -400V units $1.00 
2.1000v units $1.00 

5 AMP Epoxy Package 
8.100V units $1.00 
6.200V units $1.00 
3 -800V units $1.00 

SILICON STUD MOUNT 
12 AMP 

5 -100V units $1.00 
2 -800V units $1.00 
i -1000V units $1.00 

SILICON STUD MOUNT 
20 AMP 

3-100V units $1.00 
1 -1000V unit $1.00 

SILICON STUD MOUNT 
40 AMP 

3 -50V units $1.00 
2.100V units $1.00 

SILICON STUD MOUNT 
60 AMP 

2 -50V units $1.00 
1-1000V unit $1.00 

SILICON GLASS DIODES 
DO -7 

10 -100V units $1.00 

NO SALES TAX 
WE PAY POSTAGE 

$1 
SCR 

Silicon Controlled 
Rectifier 

TO -S Package 
5 -40V units $1.00 
4 -100V units $1.00 
3.200V units $1.00 
2 -400V units $1.00 

7 AMP SCR 
4 -50V units $1.00 
3 -100V units $1.00 
2 -200v units $1.00 
1-1000V units $1.00 

20 AMP SCR 
2 -50V units $1.00 
1 -300V unit $1.00 
Gen Purpose PNP 

Germ Transistor Similar 
to 2N404 

8 For $1.00 
ZENER DIODES 

1 Watt 
18A 4V - 6V - 8V - 10V 

4 units $1.00 
ZENER DIODES 10 Watt 

1 EA 4V- 6V- 8V -10V 
3 units $1.00 

GERM GLASS DIODES 
DO7 GEN PURPOSE 
20 Units $1.00 

Replaces 1N -34 IN 60 
1N -64 IN 295 

Zoner Diodes 250 to 400 
Milawatt 

1 EA 2V- 4V- 6V- 8V -10V 
5 units $1.00 
Power Transistors 

2N -155 
3 units $1.00 

2N -155 
2 units $1.00 

PARK ELECTRONIC 
PRODUCTS 

P. O. Box 78 N. Salem, N. H. 03073 

Circle 111 on reader service card 

BREAKTHROUGH 

IN ELECTRONICS CALCULATING 
Still plodding through math and electronics 
problems the slow pencil- and -paper way? 
Smash the paperwork barrier with this new 
Electronics Slide Rule. 

Even if you've never used a slide rule 
before, you can whiz through resonant fre- 
quency calculations and inductive or capaci- 
tive reactance problems. You can find 
reciprocals for resistance formulas in- 
stantly. You can even locate tricky decimal 
points in a jiffy. 

MAIL THIS COUPON FOR FREE BOOKLET 

You can also work regular math prob- 
lems in a flash: multiplication, division, 
square roots, logarithms, trigonometry. 

Anyone can use this sturdy 12 -inch, all - 
metal slide rule. We show you how with 
our complete 4- lesson instruction course. 
Slide rule, course, and handsome leather 
carrying case deliberately priced low as our 
way of making friends with men in Elec- 
tronics. FREE booklet gives full details. 
Mail coupon below today. 

CI E 1Cleveland 
Institute of 

E.17th St.!Cle eland,tOhio 44114 
Please send me, without charge or obligation, your booklet 
describing the Electronics Slide Rule and 4- lesson instruc- 
tion course. Also FREE if I act at once -a handy, pocket - 
sized Electronics Data Guide. 

How to Solve Electronics Problems in Seconds 

lit 
Will+ new rleelren cs More Pule and Instruction Course 

Name 

Address 

City State Zip 

(please print, 

Accredited Member National Home Study Council A Leader in Electronics Training...Since 1934 
L 

Circle 112 on reader service card 

1 

RE-165 

J 

(from the 60 -PG coil) are generated 
for each complete head revolution and 
one complete frame of horizontal sync 
pulses (525 lines), thus achieving 2:1 
interlace. 

General maintenance 

Tolerances in the tape -path area 
of the video tape recorder are held 
to a minimum. Unless parts are re- 
moved, tape -path parts normally do 
not need to be adjusted. 

Head replacement will probably 
be the most common exception. Video 
heads are fragile and can be broken 
by careless operation. Also. the heads 
wear rapidly. Poor recording tape will 
greatly accelerate head wear. 

VTR manufacturers differ on 
cleaning the heads of their machines. 
In one VTR. head cleaning is made 
semi -automatic with a pushbutton. 
When the button is depressed, a small 
brush contacts the rotating heads and 
removes dirt. 

Some companies warn that dam- 
age may result from contact with a 
moving head and suggest the follow- 
ing head -cleaning procedure: Stop the 
machine, and use a chamois- covered 
cleaning stick saturated with Methanol 
or tape -head cleaner to wipe each head 
side to side. Vertical movements may 
break the head. 

Spray solutions made for head 
cleaning are also recommended. For 
all tape machines, this is probably the 
safest method. 

The remaining tape path should 
be cleaned just as you would an audio 
recorder. Small oxide buildups on a 
VTR can cause severe tearing and 
streaking that would be unnoticed on 
an audio recorder, so clean carefully. 
Problems caused by dirty slip wings 
may be slight, such as a noisy picture, 
or may cause part or all of the picture 
to disappear. 

An access door to the slip -ring is 
usually available. The instruction book 
usually outlines the proper cleaning 
method. Methanol or a similar clean- 
er should be used on slip rings. Be 
careful not to bend the brush springs 
when cleaning the rings. A change in 
brush pressure can cause loss of pic- 
ture, a noisy picture or excessive wear. 

VTR's require lubrication just as 
their audio counterparts do. Use a 
good grade of oil and lightly lubricate 
all metal -to -metal moving parts. 

Machine tape compatability is 
determined by the care used when in- 
stalling video heads. If care is used, 
tape from one machine can normally 
be played on another with acceptable 
results. Misaligned heads cause tearing. 

If a tape -head assembly must be 
removed or replaced, exercise extreme 
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care and proceed as follows: 
Remove access panels necessary 

to uncover the heads or the top of the 
head -drum assembly. On some record- 
ers a printed- circuit preamplifier will 
be found on this drum assembly. Some 
screws hold the drum lid on and others 
hold the PC board to the drum lid. 

Carefully remove screws that hold 
the drum lid on the machine. Do not 
allow the lid to drop on the video 
heads. Note the drum lid is positioned 
against a template -like guide. 

Next, fold the drum lid back on 
its wires. The head assembly is now 
accessible. Note that one end of the 
head assembly is different from the 
other. Generally, paint is applied to 
one end, but, if not, look for different 
colored wires or other obvious mark- 
ings. Mark the table which holds the 
head so that this head or a replace- 
ment will not be reversed when in- 
stalled. It is not generally necessary to 
remove the heads to replace the slip - 
ring assembly. 

To install the heads or slip rings, 
use great care and reverse the above 
procedure. Tighten all screws alter- 
nately. 

When slip rings must be replaced, 
make sure they are concentric with the 
rotating heads. If they are eccentric, 
they may damage the brushes, cause a 
noisy picture and quickly wear out. 

Brush- pressure measurement is 
shown in Fig. 4 for the Sony VTR. 
Other machines may be adjusted sim- 
ilarly, but instruction books should he 
consulted for proper pressures. R -E 

SPRING SCALE 

PAPER 
LOOP 

AL,_SLIP 

RING 

BRUSH- 
PRESSURE 
ADJUST- 
MENT 

GREEN 

BRUSH 

.-A HEAD 

RED 

TO B HEAD - 
(RED BAND ON 

OUTER 
EDGE) 

YELLOW 

(COMMON) 

YELLOW 

(COMMON) 

COMMON 

b 

Fig. 4 -Top drawings (a) show tech- 
nique for Sony VTR brush spring 
adjustment. b- Slip -ring connections. 
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KILL EXTENSION -SPEAKER 

If you are bothered by the faint 
sound that can often be heard in a 
quiet room when an extension- speak- 
er's L pad or T pad is turned fully 
off, there are two ways to solve the 
problem. 

One is to short -circuit the shunt 
element of the pad with an spst switch 
(a), which must be opened when you 
turn the pad up. The other is to open 
the line between speaker and pad ( but 
not between amplifier and pad) with a 
switch -which must of course be 
closed when you want to listen to the 
speaker. 

The second method is guaranteed 
to attenuate the sound to zero. 

It would be nice if manufacturers 
of L- and T pads would adapt them 
to take add -on switches; but since 

WHISPER 

LPAD -- 

INPUT 

SPKR 

it. 
S.P. S.T. SWITCH HERE OR HERE 

there are no such controls, you 
have to use a separate switch. 

For stereo, use a dpst so.itch to 
shush both channels at once -Janes 
A. Fred 

will 

at your fingertips 

ONE B001( 
does the work of over 
200 separate manuals 

...plus a FREE copy of the ABC "s 

of RADIO while the supply It.sts! 

Service information in this 
comprehensive guide covers 
all GE radios, phono-viewers, 

portable phonos, table phonos, 
portable tape recorders and 
citizen's band transceivers. 

Prices subject to change 
Without notice. 

r 

RADIO SERVICE GUiIDE 
Includes: photos, schematics, con _iuctor 
patterns with superimposed comp anent 
diagrams, exploded views, transistor replace- 
ment charts, and dial stringing diagrams for 

all GE radios manufactured from 167 to 
1969. Also explains how you can order and 
quickly receive genuine GE replacement 
parts for all radios. 
Also to keep up -to -date with all new radios... 
order now...the GE Radio SUBSCRIPTION 
PLAN and receive all manualis as they 
become available throughout the year. 

Send remittance payable to: 
General Electric Company 
Radio Receiver, Dept. A 
P.O. Box 831, Utica, N.Y. 13503 
Please send to me: 

No. 

RADIO SERVICE GUIDE 1967 -69 at $6.95. 
and FREE COPY of ABC's of Radio 

SUBSCRIPTION PLAN at $6.50 
add tax where applicable 

Total 

1 

Name 
Address 
City State Zip Code 
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SPECTRUM PRODUCTS 
PRESENTS 

HIGH QUALITY POWER AMPLIFIERS 

AT MANUFACTURERS 
PRICES 

ONE FET AND 7 SILICON TRANSISTORS. 
POWER OUTPUT. 25 watts RMS at 8 ohm load. (35 
watts IHF music power) 
FREQUENCY RESPONSE. -1 DB irone 10Hz to 50, 

000Hz at full RMS output. 
DISTORTION. Less than one (1) percent. 
THREE INPUT CHANNELS. One megohm FET high 

impedance input. and two (2) low impedance in- 
puts. 

INPUT SENSITIVITY. High impedance .5 volt for full 
RMS output. Low impedance .25 volt for full 
RMS output. Low impedance 1.5 volt for full 
RMS output. 

TRANSISTORIZED TEMPERATURE SENSOR. Holds idle 
current at a constant 10 ma. preventing thermal 
damage. 

DC OPERATING VOLTAGE. 45 Volts. 
DC OPERATING CURRENT. 10 ma. idle. 1 ampere 

at full IHF output. 
OVERALL DIMENSIONS. 4x4x2 inches. 
PRICE. 516 50 

p- Ast++ 

- 
Zr....r 
-an> HI-2--CUII---a YC-E 

6 TRANSISTOR POWER AMPLIFIER. 
THE LATEST IN HIGH FIDELITY CIRCUITRY. 
POWER OUTPUT. 5 watts at 8 ohm load. 
FREQUENCY RESPONSE. 20Hz to 25,000Hz. 
DISTORTION. Less than one (1) percent. 
TWO INPUT CHANNELS. High impedance 250k, and 

low impedance. 
INPUT SENSITIVITY. High impedance .25 volt for 

full output. Low impedance .5 volt for full out- 
put 

DC OPERATING VOLTAGE. 12 volts 
DC OPERATING CURRENT. 10 ma. idle. 500 nia. at 

full output 
OVERALL DIMENSIONS. 4x4x1 inches. 
PRICE. $11.00 two (2) for $20.00 

SATISFACTION GUARANTEED 

SPECTRUM PRODUCTS P.O. BOX 2562 

CULVER CITY, CALIFORNIA 90230 
Circle 114 on reader service card 
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COMING 

NEXT 

MONTH 
JULY 1969 

Lowdown On Intruder And Fire Alarms 
What kind of protection do you need in your home? 
See what's available and how best to use it. 

Fixing Car Tape Players -A Cinch 
Programmed step -by -step picture of how they work 
and how to keep them going. 

Build A TV Camera for $100 
Closed circuit camera is all solid -state and easy to 
build. If you've got a well- stocked scrap box you 
can make it for less. 

Make A 2 -watt Hi -Fi 
A new IC is what makes it possible. It's both a fun 
project and a quality amplifier. 

Kwik- Fix.' 
Second article in this new series covers vertical 
sweep circuits. You won't want to miss this one. 

Bongo, Bongo, Bongo 
Add four tones of electronic bongos to any power 
amplifier. Perf -board circuit is easy to duplicate, 
fun to use. 
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NOTEWORTHY 
CIRCUIT 

VERSATILE REPEATING TIMER 

AND FLASHER 

This circuit was designed origin- 
ally to be used in a road emergency 
light. It blinked a couple of series - 
connected 6 -volt bulbs on and off as a 

warning to oncoming motorists that a 
car was stalled on the road. The bulbs 
were mounted in reflectors equipped 
with red lenses and directed fore and 
aft. 

The setup is actually a slow -run- 
ning multivibrator, with the timing in- 
terval controlled by capacitor Cl and 
triggering performed by capacitor C2. . A virtue of the circuit is that an on 
interval of 2.5 seconds and an off in- 
terval of I second is obtained with C 
having a value of only 0.33 µF. Ordi- 

12 V DC 
- q+ 

TO 

CONTROLLED 
CIRCUIT 

N C. 

1N191 \ 4 
O. 

RY 
= 100011 COIL 

01 

MPF103/ 
D 2N5457 

02 

47K TIS43 
E 

2 2-~1. O. 

CI 033 

82 

91 

470.2 

B2 

BE 

MPF 103 TIS43 
ìF MYLAR OR EQUAL LEAKAGE HERE WILL 

INHIBIT PROPER OPERATION 

narily, large, expensive capacitors are 
required in slow- timing circuits. CI 
can be made 0.25 µF if a faster blink- 
ing interval is desired. The value of 
capacitor C2 is not especially critical. 

The off interval of the multivi- 
brator is longer than the on interval, 
so the back (normally closed) con- 
tact of the relay is used to control the 
lights. Base 2 current of unijunction 
transistor Q2 (which operates the 
relay) swings from 1.75 to 4.5 milli- 
amperes. Positive operation is there- 
fore obtained when the relay is ad- 
justed to pull in at 4 ma and drop 
out at 2. The relay -coil resistance 
should be no greater than 1000 ohms. 
A high -quality relay, such as the 
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Sigma 4F-1000-S/ S1 is recom- 
mended for this circuit. 

The original assembly was pow- 
ered entirely from a pair of 6 -volt 
lantern batteries connected in series. 
Later, an extension cord with husky 
clips was made up to power the unit 
from the 12 -volt car battery. If you 
do this, be particularly careful to ob- 
serve polarity. It's easy to make a 

mistake on a dark night, especially 
when you are ruffled because of a 
flat tire or a stalled engine. 

In addition to its use it an 
emergency warning light, this timer 
has a number of other applications, 
including winking Christmas lights, 
blinking illuminated signs, and a dock - 
locating light -if you're a boating en- 
thusiast. -Frank H. Tooker R -E 

PROFESSIONAL CONVERTERS FOR PROFESSIONALS 

TUNAVERTER® 
S LINE -PRO LINE -SC -W -PLUS FAMOUS -X LINE T LINE 

CONVERTERS ARE OUR BUSINESS -NOT A SIDE LINE! 
Radio Frequency converters that change your regular AUTO and HOME BROADCAST radios into Excellent See 
sitive, Selective HF, VHF and UHF Receivers- tunable and /or crystal controlled -by just plugging in the NE IY 
TUNAVERTERS into the antenna input of the auto radios! (Use coupling loop with home and transistor radios.! 

NO SOLDERING -NO ¿SPECIAL ANTENNA -INSTALLS IN MINUTES 

POLICE - FIREMEN - AMATEUR - CB - CIVIL DEFENSE - DETECTIVES - 
SHERIFFS - INDUSTRY PAGING - TAXIES - MOBILE TELEPHONE - 

SHORTWAVE BC - MARINE - and many others! 
All TUNAVERTERS made with 100 American Parts- Outputs on 1500 kcs. -LIGHT GREY CO -OR 

SENSITIVITY IN USABLE SIGNAL % MICROVOLT BELOW 60 MCS, .9 ABOVE 60 MCS. 

NEW S LINE! 
Built in SQUELCH! 

TUNABLE or 
CRYSTAL controlled! 
9 -12 volt powered! 

All of the useful features of the FAMOUS X LINE PLUS 
built in Squelch and voltage regulation! 

3 section tuning capacitor! Noiseless monitoring! 

Fully adjustable Squelch. 6.1 reduction tuning! 

Crystals interchangeable. 4W' a 21/4" a 3r/a ". 

Model 3485, 33.48'rncs. Complete less crystals.. $44.95 

Model 1564% 1 50.1 64 mcs. 544.95 

NEW PRO LINE! 
Built in SQUELCH! t .. 

2 selectable 
frequencies! . @,. 
Both CRYSTAL it 
controlled! 
9 -12 volt powered! 

The perfect solution for Low Cost reception for any 2 

frequencies from 26 to 175 mcs. (Frequencies must 
be within 3% of each other.) Complete mount, corn. 
coax, and crystals as ordered. 

Fully adjustable squelch. 4t /,' x 2" x 3 ". 
Crystals interchangeable within preset range. 

Flease state exact listening frequency. 
PRO with one crystal only 537.95 
PRO with two crystals only 141.95 

NEW SC & W LINE! 
Economical NEW 
single frequency 
converter available 
from 26 to 250 mcs.! 

Simple, foolproof converter that will do an excellent job 
on any one frequency. Squelch can be added as an 
accessory. 

"Real cute." 9-12 volt powered. 
With mount and cable. 4" x I th" a 2t/n" 

Please state exact listening frequency desired. 

Model SC, complete with crystal Onlyt$24.95 
NEW MODEL W, single frequency for contin- 

uous VHF weather reports on 162.55 mcs 

only. Crystal controlled, 9.12 volt, complete 
with cables Only $19.95 

SQUELCH and accessories for X line and SC line: 
For noise free monitoring. No wires to broadcast radio. 
Easy installation, just plug in, 9 or 12 volt. 1" x 3 ". 

Model ST for X line, mounts on Tunaverter S17.50 
Model SS for SC line, mounts on SC unit $17.50 
Model SU has individual swinging mount $18.50 

THE FAMOUS X LINE 
TUNABLE control or 
CRYSTAL control at the 

yt flip of a switch! WM: 
Interchangeable crys- 

- tals throughout baud 
coverage! 

The most VERSATILE converter for one or moe un 
ONE band coverage -add models in series, X F iC 
line, then use one squelch for NOISELESS monit.r sg 
on all! 

9 volt powered. 12 volts with BE85. 
6.1 reduction Squelch accessory avail.' e. 
tuning. 41/4" x 2t /n" x 31/4". 

Band Model Coverage 
Police, Fire d 1564X 150.164 mcs. ONLY 

Industrial, etc. 348X 33- 48mcs. í32P5 
Aircraft, Towers. 1828X I 1 8.1 28 mcs. (L ESS 
2 meters. 1450X 144.148 mcs. CRYSTAL) 
6 meters. 504X 50 -54 mcs. 
CB d 10 meters. 273X 26.9 -30 mcs. 

BE85, BATTERY ELIMINATOR, 12 TO 9 VOLTS, 
ZENER REG. $4.95 

FAMOUS T Line, tunable only. 9 volt battery. 
Marine 2 to 2.85 mcs. Only 517.95 
Shortwave 9.5 to 16 mcs. Only $17.95 

CRYSTAL FOR S, X, and PRO LINES. We carry over 1,000 in stock for immediate shipment! 
Srote EXACT listening frequency. For output of 1500 kcs. $5.10 ea. ppd. by oir moil 

COUPLING LOOP for using all Tunaverters with home and transistor radios, includes ext. antenna 53.:5 

See your dealer OR 
Order From: 

Herb- WA5GMG 

John -W 5 W PI 

Herbert Salch & Co. 
Marketing Division of Tompkins Radio Products 

Woodsboro REF, Texas 78393 

Prepaid orders postpoid 
Add $.80 each for air mail 

2 week money beds 
Guarantee! 
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FL EL E55 
JIEIfl' can 

UP TO 1000° F. 

Now use safe, flameless heat to 
shrink tubing, de- solder (melt and 
blow solder away), set pre- coated rivets, 
soften, mold and form plastics, weld 
plastics ... set epoxy cement ... dry 
paint and plastic finishes, dry parts 
after washing ... dry out condensa- 
tion ... speed plastic curing. Han- 
dle hundreds of other jobs better, 
faster, safer. Precisely controlled 
heat, 100 -1000 °F., eliminates dam- 
age caused by direct flame or un- 
even temperatures. 

WE OFFER THE MOST COMPLETE 
LINE OF FLAMELESS HEAT TOOLS 
ON THE MARKET. UL 8, LA APPROVED 
MODELS AVAILABLE. 

Write for 
Free Catalog No. 75 

MASTER APPLIANCE CORP. 
RACINE, WISCONSIN 53403 

Circle 116 on reader service card 
Designed and manufactured in U.S.A. 

NOBODY ELSE BUT EMC DESIGNS IN SO MUCH VALUE! 
Professional quality and versatility Lifetime 

protection against electrical abuse No meter burn- 
out, needle damage, or fuse replacement 
VOLOMETER 
Model 109A Factory Wired & Tested ;28.95 
Model 109AK Easy -to- Assemble Kit $21.15 
20,000 12 /v DC sens. 10,000 12 /v AC sens. 41/2 ", 
40µa meter. High impact bakelite case. 5 DC 
voltage ranges: 0- 6.60- 300.600.3000v. 5 AC volt- 
age ranges: 0- 12.120- 600- 1200.3000v. 3 DC cur- 
rent ranges 0- 6- 60- 600ma. 3 AC current ranges: 
0- 30- 300ma; 0 -3A. 3 resistance ranges: 0 -20K, 
- 200K,- 20 megs. 5 db ranges: -4 to +67db. 
With carrying strap. 51/4" W x 63/4" H x 27/e" D. 
VOLOMETER 
Model 103A Factory Wired & Tested $20.75 
Model 103AK Easy -to- Assemble Kit $16.80 
41/2 ", 2% accurate, 800µa D'Arsonval 
type meter. One zero adjustment for 
both resistance ranges. High impact 
bakelite case. 5 AC voltage ranges: 
0.12.120- 600- 1200.3000v. 5 DC voltage 
ranges: 0 -6 -60- 300- 600.3000v. 5 db 
ranges: -4 to +64db. 5 AC current 
ranges: 0.30. 150- 600ma. 4 DC current 
ranges: 0- 6- 30- 120ma; 0-1.2A. 2 resist- 
ance ranges: 0 -1K, 0 -1 meg. 51/4" W x 
63/4" H x 27/8" D. 

POCKET SIZE VOLOMETER 
Model 102A 
Factory Wired & Tested $16.95 
Model 102AK Easy -to- Assemble Kit 514.40 
31/2 ", 2% accurate 800µa D'Arsonval 
type meter. One zero adj. for both res. 
ranges. High impact bakelite case. 5 AC 
voltage ranges: 0 -12- 120. 600. 1200- 3000v. 
5 DC voltage ranges: 0.6.60- 300 -600- 
3000v. 3 AC current ranges: 0-30-150 - 
600ma. 4 DC current ranges: 0-6-30 - 
130ma; O.1.2A. Resistance : O.1K, 0-1 
Meg. 33/4" W x 61/4" H x 2" D. 
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EMC, 625 Broadway, New York 12, N.Y. 
Send me FREE catalog of the complete 
value -packed EMC line, and name of 
local distributor. 

RE -6 

NAME 

ADDRESS 

CITY ZONE_STAT 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York 12, New York 

Export: Pan -Mar Corp., 1270 B'way, N.Y. 1 

CB Troubleshooter's 
Casebook 

Compiled by 

Andrew J. Mueller' 

Case 1: Distorted receive audio. Unit transmits OK. 

Common to: Johnson Messenger II 

12BE6 
CONVERTER 

I ST I.F. TRANS 

TI 

Ri 
68J6 
ISTI.F.AMPL 

SHORT 

i6pF 

82017 

B+ 
20µH 

2 2K .01 

8+ 

Remedy: 

Reasoning: 

AVC 

01 

I.2K 
I5051= 

TO B+ 
SENSITIVITY 
CONTROL 

Replace the first i.f. transformer. 

The first i.f. transformer, Tl, has developed 
leakage between primary and secondary. This 
places a positive voltage on the avc line which 
in turn increases the gain of the rf and i.f. 
stages to a point where the signal becomes dis- 
torted. Replacement of T1 is the only cure. 

Case 2: Weak reception. Transmits OK. 

Common to: Midland 13 -160 

FROM 
RF AMPL PLATE 

ff 
Il 

10pF II 

FROM 
XTAL 
SWITCH XTAL 

20pF1TUNE tl K t- - - - - -. 
1 -6pF T 
CHANNEL 

TUNING r 

10 
pF 

1/2 6U8 
MIXER 

OPEN 

>TO IST 1 TRANS 

IOOK 

.02 8+ 

47K CI .005 
2 pF 

I/2 6U8 
REC OSCy 

3-9 pF 

Remedy: 

Reasoning: 

6851 

TO SPOT SWITCH 
x..01 

39K 

BI- 

20pF 1.40pF T20pF 

2 opF 

XTAL 

TUNE 

Replace Cl. 

Cl, the oscillator injection capacitor, is open. 
This produces a loss of receiver sensitivity be- 
cause of a severe drop in oscillator injection 
voltage. The only way any injection voltage can 
get to the mixer is through the capacitance of 
the tube. Replacing Cl will bring the sensi- 
tivity back to normal. R -E 

*Service manager, Tel -Air Communications, Inc., Pewaukee, Wis. 
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TECHNOTES 
NORELCO CARRY -CORDER 150 

A hard -to -find intermittent on record and playback was 
traced to a cold solder joint on the PC board between the 
pigtail of capacitor C3 and the copper strip to the collector 
of Q1 (see diagram). This capacitor is located behind and 

adjacent to the record level control. When the three PC 
board mounting screws were removed, pressure on the con- 
trol would cause C3 to move just enough to produce the 
intermittent condition. 

Be careful when making the repair. Wipe the tip of 
the hot iron clean and then touch the iron to the scraped 

FROM CI 
INPUT 2.5pF --+ 

_I R4 
4.7 K 

R2 
56K 3.5 V 

QI 

ACI25 
075V 

R3 
10K 

R5 
2.2K 

C2 
+ 40µF 

C3 
2.5µF 

TO 
RECORD 
LEVEL 
CONI 

and cleaned junction of the pigtail and the copper strip. 
(The tiny pointer marked "X" shows the location of the 
bad connection.) This reduces the possibility of excess solder 
flowing to other conductors and causing an unwanted con- 
nection.- Robert S. Havenhill 

OLYMPIC HORIZONTAL OSCILLATORS 
The 8FQ7 has a wide range of dynamic operation. 

When used as the horizontal oscillator in Olympic NCP and 
NDP chassis its operation is critical. The characteristics of 
a replacement tube often throw the horizontal frequency out- 
side the control range. This has made it necessary to adjust 
the values of the two resistors (R149 and R151) in series 
with the hold control, to suit the tube being installed. 

In Service Bulletin 67 -2, Olympic recommends modi- 
fying the horizontal oscillator circuit by installing an addi- 
tional control which will allow the oscillator to lock in with 
the horizontal hold control in the center of its range. The 
diagram shows the circuit with PC unit Z102B removed and 
the new control and two resistors and capacitors added. 

After making the modifications, readjust the horizontal 
oscillator circuit: 

1. Allow a 2- minute warmup and tune in a station. 
Short out horizontal frequency coil L115 with a jumper 
from test point TP105 to the +140 -volt terminal. 

JUNE 1969 

2 
t- 

50 
.-.pF 

150 
T pF 

560K 

8CG7oR 8FQ7 Holz osc 
V107a ADD"..,-C142 120p! 

I 96V C141 
REMOVE 

IMEG 1 I 

_ 
1 820pF .6V 12 i - - - - 

I71 -' 61 68K 

I 345 I 
9 

.1) 
1 IME 

TP 71 

4 r-- 
I r-1 I Ii11 

31I I L 
I 

1 I = I 

I --I 
620K 

I'ttI 

.002 

ADDED 

{ 100K 

82K 
1 

MEG I 

I 

AFTER 
MODIFICATION 

4 I 

33K\ 

I MEG 
HORIZ 

BALANCE 

LI15 

f 

68052 

+140 V 

2. Disable the sync by connecting a jumper from test 
point TP104 (not shown) to ground. 
3. Center the HORIZ HOLD control and adjust the new 
HORIZ BALANCE control until the picture is nearl in 
sync. 
4. Remove the jumper 
until the picture is in 
5. Remove the jumper 
allow the station sync 
cuits in the set. 

I MEG 

RI49 HORIZ 

33" HOLD 
20/150 V 

8 

Vla<'b 
RI5 
33C { 

from L115 and adjust the coil 
sync. 
between TP104 and ground to 
signal to reach horizontal cir- 

R -E 

UNEXCELLED! THE UI/M 4NTENN4 

UHF -VHF -FM 
COLOR 

Combination 
UHF -VHF -FM Antennas 

4upetiot pattatmance. 
Tuned and engineered featuring a LOG PERIODIC 
VHF section incorporating a PATENTED MAGNETIC 
WAVE design for UHF. Discriminate between dB- 
sired signal and unwanted noise. An absence of 
minor lobes and extremely high front to back rat o 
are characteristics of these antennas. Mechanical 
features include all new fittings and special alloy 
aluminum tubing for added strength. Six models 
available. 

Write or phone for complete information. 

Ss. A ELECTRONICS, INC. 
210 W. Florence St. Phone (419) 693 -0528 Toledo, Ohio 43;05 

Circle 118 on reader sciricc card 
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More and More Technicians Say: 
"We've tried cheaper 
substitutes ... now 

WE'RE BACK TO 

DEPENDABLE, RELIABLE 

"OISE" 
World's No. 1 TRUSTED NAME BRAND 

VOLUME CONTROL & CONTACT RESTORER 
TUNER -TONIC with PERMA -FILM 
EC -44 FOR ELECTRICAL CONTACTS 
TAPE -RECO HEAD CLEANER 
FRIGID -AIR CIRCUIT COOLER 

All Guaranteed Non -Flammable, 
No Carbon Tet, Non -Toxic, Non - 
Drift Tuner Cleaner And Guaran- 
teed Not To Affect Plastics. 

The Only Brand Perfect For 
Color TV and Black & White 

FREE extender assembly for pin- 
point application supplied with 
ALL NO -NOISE PRODUCTS. 

Electronic Chemical Corp. 
813 Communipaw Ave. /Jersey City, N. J. 07304 

Circle 119 on reader service card 

NEW ENDECO 
Desolderi ng 
Kits MODEL 

300 -K 

KIT 

SHOWN 

All you need to handle 
almost any desoldering 
and resoldering job! 

Kit 300K includes the famous Endeco 
pencil desoldering iron Model 300, six 
different size tips (.038 to .090) for any 
job, tip cleaning tool, and metal stand 
for iron ... all in a handy lifetime steel 
storage box. $19.90 net. Model 300K -3 
with a 3 -wire cord $20.90. Also a similar 
kit for military users. Kit 100K with large 
Endeco iron (Model 100A) is $27.40, and 

3 -wire Kit 100AD -3 $28.40. 

SEE YOUR DISTRIBUTOR OR WRITE 

ENTERPRISE 
DEVELOPMENT 
CORPORATION 

5149 E. 65th Indianapolis, Ind. 46220 
Circle 120 on reader service card 
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EQUIPMENT REPORT 
Triplett 3444 -A Tube Analyzer 

For manufacturer's literature, circle No. 88 on Reader Service Card. 

TO A TEST -EQUIPMENT -HAPPY PER - 
Son like me, it was a pleasure to check 
out the new Triplett 3444 -A Tube 
Analyzer. 

First I dug out my box of defec- 
tive tubes, kept for just this purpose. 
The 3444 caught them all, including 
some tricky ones. This instrument is a 
"tube analyzer," not just a tube check- 
er. By setting the controls, you can 
duplicate operating conditions in al- 
most any kind of circuit. Results are 
claimed to be equal to laboratory type 
testers. 

Dc voltages (regulated) are ap- 
plied to all elements except the heater. 
The grid signal used in transconduc- 
tance (G,,,) testing is not 60 Hz, but 
a 5 -kHz sine wave to duplicate condi- 
tions in amplifier circuitry. 

Plate, screen and control -grid 
voltages can be set for "book" values 
on all elements. This allows testing 
new tube types by simply looking 
them up in a tube manual. and mak- 
ing the adjustments for rated operat- 
ing voltages. Thus, actual G,,, can be 
read on the meter and compared to 
the manual's value. 

Grid current and actual plate cut- 
off can be checked for voltage ampli- 
fier tubes. Shorts or leakage can be 
read on the meter in ohms or meg- 
ohms. The familiar neon lights are 
gone. You can read interelement leak- 
age up to several megohms. These 
won't blink a neon lamp, but can be 
important in critical circuitry. Leak- 
age currents as low as 1 µA can be 
read. Dc plate voltages can be used 
from 12 volts up to 250, at currents 
up to 150 mA. This plate current can 
be read directly on the meter. 

The signal voltage applied to the 
grid in Gn, testing can be set from 
16 -1000 mV. The G,,, test uses five 
direct -reading ranges from 1000 -60,- 
000 mhos full scale. 

Power amplifier tubes can be 
tested at plate currents up to 150 mA. 
This has been a weak point in past 

versions of tube testers. Rectifier tubes 
can be measured for emission capa- 
bility, and voltage regulators or thyra- 
trons checked for firing point and 
cutoff voltage. Even electron -ray in- 
dicator tubes can be tested. 

The roll chart gives the limits of 
transconductance instead of a single 
arbitrary value. Two figures are 
shown for each amplifier tube. For 
example, a 6L6 is listed as 2.4/4.7 
(in thousands of µmhos). The first 
figure means 2400 µmhos; if it reads 
below that, the tube is about done 
for. The average value will be 4700 
µmhos. The loading possible for high - 
current tubes makes it possible to 
match pairs of output tubes. 

Ten 12- position selector switches 
on the panel allow connecting any pin 
on the tube socket to any element - 
plate, grid, filament, heater, etc. Four- 
teen separate sockets are provided on 
a removable panel. Some of these are 
multiple -purpose types, so 19 different 
bases can be tested. 

Here's the good part: If you run 
into a tube not listed with the several 
thousand on the roll chart, just look 
up the base connections and set the 
selectors so each element is hooked to 
the right place. You won't know the 
rated G,,,, of course, without a tube 
manual, but you can get a very good 
idea by noting what the tube is used 
for in the circuit. 

Multiple -element tubes such as 
the compactrons are much easier to 
test. You can often check two sec- 
tions without making a new switch 
setting. Triple types may need a reset 
adjustment for the third section. 

Older tube testers have a couple 
of tubes inside. This has six transis- 
tors, including an FET for the sine - 
wave 5 -kHz signal oscillator, and sev- 
eral Zeners for regulation of various 
voltages. 

Accuracy of the G,,, test can be 
checked when the Gm CHECK button 
is pushed, along with the No. 1 VALUE 

button, and the G,,, check control ad- 
justed until the meter reads full scale. 
This sets the 5 -kHz oscillator output 
to exactly the right value. 

The 3444 -A is a high -quality test 
instrument that can be a decided as- 
set to any TV repair shop, electronics 
laboratory, etc. A comprehensive in- 
struction book gives full details of the 
many tests which can be made, in- 
cluding running characteristic curves 
for industrial tubes, checking cutoff, 
and many others. -Jack Darr 
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EQUIPMENT 
REPORT 

Heathkit AA -15 Stereo Amplifier 

For manufacturer's literature, circle 
No. 89 on Reader Service Card. 

THE AMPLIFIER PORTION OF HEATH - 

kit's AR -5 receiver was somewhat 
overwhelmed by the innovations and 

1 performance of the FM tuner portion 
of the unit. But the amplifier, now 
available separately as the AA15, 
contributed in no small way to the 

r popularity of the AR -15 receiver's 
sound. 

I undertook the construction of 
the AA -15 expecting it to bring about 
at least an audible improvement in 
the sound of my stereo system. But 
it was a pleasant surprise to hear a 
dramatic improvement in audio qual- 
ity. My pre -AA -15 system used 20- 
watt amplifiers to drive a pair of 
notoriously inefficient acoustic suspen- 
sion speakers (their minimum recom- 
mended driving power). 

When the AA -15 was connected 
and a recording plugged into its phono 
inputs, the output from the speakers 
was clearly more brilliant and "crisp." 
Undoubtedly contributing to the im- 
proved sound was the 15's high damp- 
ing factor (45 and up), its very high 
power (easily 60 watts rms into the 
speaker's 8 ohms), and its low distor- 
tion over the entire audio range. 

This enormous reserve of power 
makes the AA -15 ideal for a number 
of top -rated speakers on the market 
today, some of which need that much 
power to be driven cleanly on audio 
peaks. 

All inputs to the amplifier can 
be varied by adjusting pots behind 
a hinged front panel. A separate pre- 
amplifier consisting of two transistors 
per channel gives the phono input an 
excellent sensitivity over an extremely 
wide range (2.2 -155 mV). 

A front -panel source switch se- 
lects phono, tuner, tape and auxiliary 
inputs. The variable front -panel con- 
trols are: bass, treble, balance and 
volume. Seven rocker switches com- 
plete the panel controls. The MODE 

switch determines "stereo" or "mono" 
programing. A TAPE MON switch in 
the on position cuts off the input au- 
dio from the speakers, and instead 
plays the inputs to the tape monitor 

J U N E 1 9 6 9 

jacks on the rear panel. This permits 
rapid or constant monitoring of what 
is being recorded on a tape machine. 

In the on position, the TONE 

FLAT switch bypasses both tone con- 
trols, giving the amplifier a flat fre- 
quency response. Two switches turn 
the main and remote speaker on or 
off, but do not influence the output 
signals at two separate phono jacks 
next to the power switch, which is 
black in contrast to the six white 
rockers. 

With the LOUDNESS switch in the 
on position, the dual- tandem volume 
control provides continuous compen- 
sation for nonlinear hearing response 
at low audio levels. 

Mounted on two of the output 
transistor heat sinks are two thermal 
circuit breakers. A temperature rise 
exceeding 60 °C due to overload cr a 
short circuit will open the cii auit 
breaker, removing supply voltage_ to 
the output section and lighting a "hi 
temp" red light on the front panel. 
The breaker resets itself when the 
temperature is at a safe level. 

The amplifier goes together zas- 
ily, requiring component installarion 
on five PC boards, and a large cable 
harness to tie the boards to the many 
switches and jacks on the front and 
rear of the amplifier. It took about 
24 hours of construction time. -.Tohn 
R. Free R -E 

Telling customers what or what not 
to invest in is part of your business. 
Take tube sales, for example. When it 
comes to tube sales today, it's not enough 
just to be a good salesman. Many 
customers have to be shown that tube 
replacement is necessary. That's where 
the Stockbroker comes in. It's the 
"Silent Partner" that actually shows 
your customer the need tor new 
replacement tubes. 

The B &K 606 tube analyzer is designed 
to make tube checking a fast, simple, 
routine job. The multiple- socket design 
has reduced the number of settings for 
analyzing each tube from 17 (required 
in ordinary testers) to just 4. This more 
than doubles your testing speed without 
sacrificing accuracy. 

B&K 606 
Tube Analyzer 

You can analyze for all shorts, grid 
emission, leakage, and gas. And you 
can check cathode emission proper y-- 
under simulated load conditions. 

There are 13 sockets for maximum 
applicability. Each socket has phoso ar 
bronze contacts for long, trouble -free ife. 

If you would like to have more 
information on how to encourage clierts 
to buy your stock, contact your nearest 
B &K distributor today. 

B &K Tube Analyzer 
Model 606. Net: $84.95 

B&K Division of Dynascan Corp. 
1801 W. Belle Plaine 
Chicago, Illinois 60613 

B &K puts an end to test equipment. 08 r 
We've developed Silent Partners. 

Circle 121 on reader service card 
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CATALOG 
ON REQUEST 

12 
HOUR 

SII DIGITAI READ OUT 

CLOCK MOVEMENTS 
DIGITS RESETTABLE INDIVIDUALLY 

Available in 50, 60 cy., oil voltages, AC. UL 
approved motor, cord. One Year Guarantee. 

.#130. ...12-HOUR # 131 .... 24 -HOUR 

75 

Tymeter 
Elapsed 
Time 
Digital 
Computer 

r., 

Made in U.S.A. 

Complete Line: Delay, Interval 
and Cycle Timers, Digital Computers 

PENNWOOD NUMECHRON. CO. 
TYMETER ELECTRONICS 

7249 FRANKSTOWN AVE., PITTSBURGH, PA. 15208 

CO.( lr 122 on rcurlcr scn'icc cord 

SOLVE YOUR TV REPAIR 
PROBLEMS WITH 

TV TECH AID 
A monthly TV publication of actual re- 

pairs, and troubles encountered in OUR busi- 
ness. The information will be gathered from 
technicians, field reps, and all the leading 
manufacturers. 

TV TECH AID will be published in loose 
leaf sheets for simplified filing and easy 
reference. Each manufacturer will have its 
own page. 

Each symptom will have a clearly marked 
schematic of the particular faulty stage. The 
faulty components, and corrections will be 
listed to aid in repair. No guess work. 

It will contain current models, older 
models, circuit changes and modifications on 
various models as they occur. 

The days of "Trial and Substitution" are 
over. 

TIME LOST cannot be regained, and that 
is where the PROFITS are made. 

ONE repair is worth more than four times 
the investment. 

Each monthly issue will contain a series of 
timely sheets and the cost to you is only 
$6.95 for a full years subscription. 

TV TECH AID 
P.O. BOX 603 
KINGS PARK, L. I. 
NEW YORK 11754 

ENCLOSED IS A CHECK OR M.O. FOR 
$6.95 PLEASE SEND 12 ISSUE OF TV 
TECH AID 
TO: 

NAME 
ADDRESS 

CITY 

STATE 7IP 

Circle 123 on reader service card 
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NEW TUBES AND SEMICONDUCTORS 
LOW -COST PHOTOTRANSISTORS 

Housed in unique plastic pack- 
ages, the MRD450, MRD100 and 
MRD150 are Motorola's latest addi- 
tion to its line of optoelectronic de- 
vices. They are low -cost phototran- 
sistors for use in sensing light and 
road conditions in automobiles, secu- 
rity, light control and fire sensing in 
the home and for such other applica- 
tions as reading electric, water and 
gas meters and credit cards. 

The MRD450 is housed in the 
2 -lead Mini -T package. The base 
lead is not used in most applications 
so it has been omitted for reliability. 
It is expected to find use in counters, 

sorters, switching, industrial control, 
signal and alarm systems and logic 
circuits. Minimum sensitivity is 0.2 
mA/ mW/ cm2. 

The MRD100 and MRD150 are 
clear -plastic versions of Motorola's 
Micro -T package. Their small size 
(0.085" diameter) makes them ideal 
for high -density mounting in linear 
and planar arrays. Minimum sensitiv- 
ity is 0.04 mA /mW /cm2. The MRD- 
100 has a base lead, the MRD150 
has not. 

The photo shows some of these 
devices and a 1" diameter wafer con- 
taining 1,200 unseparated phototran- 
sistor dice. 

IC FOR TWO -WAY RADIO 

National Semiconductor's LM- 
370 audio, agc and squelch amplifier 
is basically an IC operational ampli- 
fier with gain controllable by a dc 
voltage, plus a built -in sensitive 
squelch threshold detector. The 10- 
pin circuit replaces entire sections in 
transmitters, receivers or transceivers 
and makes speech compression, VOX 
and receive squelch practical in even 
the simplest equipment. 

The IC device contains 36 tran- 
sistors and diodes and 20 resistors. 
Its heart is a 4- transistor balanced 
series -shunt variable attenuator which 
allows a large gain control range with 
low distortion (for inputs less than 
100 mV p -p). It can be direct -coupled 
to other circuits in the IC. When 
operated from a 12 -volt supply, the 

gain vs control voltage is a smooth 
curve giving a constant 40 dB gain 
from 0 to 2 volts, 0 dB at 2.45 volts 
and cutoff (about -35 dB) at 2.5 
volts. 

A separate subsystem within the 
LM370 is a high -gain peak detector 
that responds to inputs as low as 
1 mV (depending on the setting of 
an external threshold control) and 
rapidly discharges an external capaci- 
tor. In the absence of an input signal, 
the capacitor charges above 2.6 volts, 
which, when connected to the gain con- 
trol input, keeps the output amplifier 
turned off. A momentary input pulse 
above the threshold causes the ex- 
ternal capacitor to discharge and turn 
the amplifier full on. This arrange- 
ment provides a fast- attack, slow -re- 
lease squelch. Price is $4.50 in lots of 
1 -24. 

10 -WATT AUDIO OP AMP 

The type 416 differential dc 
operational power amplifier consists 
of the manufacturer's type 4009 driv- 
ing a dual class -AB power amplifier. 
It is intended for use as a servo mo- 
tor or dc through audio power am- 
plifier and may be used with either 
single- or bi -polar power supply. It 
delivers up to 10 watts rms and is 
mounted in an octal -base plug -in 2" 
diam. x 3" heat sink. 

Unity -gain bandwidth is 2 mHz, 
input offset voltage is ±100 mV, 

. +w.`' o .tR 
No 

input impedance is 20,000 ohms, com- 
mon -mode rejection ratio 80 dB, out- 
put impedance (open loop) is 0.5 
ohm, full power output ( -3 dB) 
is dc to 50 kHz. 

For further technical details, 
contact B. Losmandy, Opamp Labs, 
172 S. Alta Vista Blvd., Los Ange- 
les, Calif. 90036. R -E 
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RADIO -ELECTRONICS 
(continued from page 60) 

ment can be produced with the same ba- 
sic diffusion processes. 

Mos transistors 

So far, we have discussed only the 
"bipolar" junction transistor -bipolar be- 
cause two types of carrier. the free elec- 
tron and the positive hole, are involved 
in its operation. A more recently devel- 
oped transistor, the metal- oxide -semicon- 
ductor field effect transistor (the Mos 
transistor) is of considerable importance 
in integrated circuits. The basic operation 
of this transistor is quite different from 
that of the bipolar transistor. In it, a 
conducting channel is induced between 
two very closely spaced electrode re- 
gions by increasing the electric field at 
the surface of the semiconductor be- 
tween the electrodes. 

The basic structure is shown in Fig. 
8. The two electrode regions, called 
the source and drain. are formed by a 
p -type diffusion into an n -type silicon 
wafer. Between the source and drain are 
two pn junctions back to back, p,n and 
np,. With a voltage V,, applied between 
the source (positive) and the drain (neg- 
ative), the np._ junction is reverse -biased 
and so no current will flow from source to 
drain. If now the gate electrode over the 
space between source and drain is made 
sufficiently negative with respect to the 
source, holes are attracted to the surface 
of the n -type region and cause it to 
change to p -type. Then we have two 
p -type electrodes with a p -type channel 
joining them and so a current can flow. 

The steps in the fabrication of an 

SILICON 
OXIDE 
LAYER 

SOURCE GATE 
ELECTRODE 

DRAIN 

N-TYPE SILICON 
WAFER INDUCED P -TYPE 

CHANNEL 

GATE 

DRAIN 

SOURCE SYMBOLIC 
REPRESENTATION 

OF P- CHANNEL MOST 

Fig. 8- Semiconductor structure of 
MOS transistor and symbol for p- 
channel type. 

JUNE 1969 

MOs transistor are shown in Fig. 9. An 
n -type silicon slice is oxidized (a) and a 
photoresist sequence used to form a win- 
dow in the oxide for the complete device 
(b). Now a new thin layer of oxide is 
formed in the window by oxidation in 
steam (c) and a second photoresist proc- 
ess used to open windows for the source 
and drain diffusion (d), and boron is 
diffused in (e). The thin oxide is then 
removed by immersing the slice in a hy- 
drofluoric acid solution (f). Next a new 
very pure oxide layer is grown over the 
device region (g) and contact windows 
for the source and drain opened by an- 
other photoresist process (h). Finally 
aluminum is evaporated over the whole 
slice and removed everywhere but in the 
source and drain contact windows and 
in the gate electrode region by a fourth 
photoresist process (i). 

The thickness of the pure oxide un- 
der the gate electrode is only of the or- 
der of 1000 angstroms and the spacing 
between the source and drain is typically 
0.3 mil. The whole structure can be fab- 
ricated in an area about 3 mils by 1.5 
mils and this makes the taos transistor 
very suitable for use in integrated circuits 
where a high density of elements is de- 
sired. The fabrication of the Mos tran- 
sistor in integrated circuits will be dis- 
cussed in detail next month. R -E 

(a) 

SILICON OXIDE 

d) 

N 

e) 
///. b. \ uveia I r\\\\\ 

Np.:. 

N 

f) 

(g) 

(h) 

OXIDIZED N -TYPE 
SILICON SLICE 

BASE WINDOW 
OPENED IN OXIDE 
BY IST PHOTO - 
RESIST PROCESS 
SEQUENCE 

P-TYPE BASE 
DIFFUSED IN AND. 
NEW OXIDE 
FORMED 

EMITTER WINDOW 
OPENED BY 2ND 
PHOTORESIST 
SEQUENCE 

N -TYPE EMITTER 
DIFFUSED IN AND 
NEW OXIDE 
FORMED 

BASE AND 
EMITTER CONTACT 
WINDOWS OPENED 
IN OXIDE BY 3RD 
PHOTORESIST 
SEQUENCE 

ALUMINUM CON- 
TACTS EVAPORATED 
ON AND DEFINED 
BY 4TH PHOTO - 
RESIST SEQUENCE 

SLICE CUT INTO 
WAFERS. EACH 
WAFER MOUNTED. 

Fig. 9 -Nine steps used in the fabrica- 
tion of the metal- oxide -silicon tran- 
sistor. 
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Enjoy Relaxing Background 

Music at Home with . . 

NO COMMERCIALS! 

Size: 61/2 x 5 x 21/2 
Our SCA -1 Decoder makes possible recepe,n of 
this "private" musical programming, transmitted 
by nearly 400 FM stations around the ccentry. 
YOUR FM tuner or receiver can recover this "hid- 
den" music with the simple addition of an _` TA -1. 

Hook -up in minutes -full instructions suF plied. 
SCA -1 is self powered . . . uses all solid-state 
circuitry (FET'S, IC's, NPN's). Works witlls any 
quality FM Tuner or receiver. 
Send check or m.o. for either ... 
SCA -1 (Wired, ready to use) $b4.50 
SCA-1K (Kit, all needed parts) $49.95 
Etched, drilled P.C. Board plus special IC 

plus full construction plans $'2.50 
One year parts guarantee 

Free national SCA station list supplied with ever- order. 
SOLD FOR HOME USE ONLY 

SCA Services Co. 
Box 601 Port Washington, N.Y. 11,:50 

Circle 124 on reader service card 
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ELECTRONICS 
FOR EVERVON1198e 

TOP SAVINGS ON 
THE BEST IN 
ELECTRONICS 

FOR EVERYONE 
Shop by mail and save at 
Allied, world's largest 
electronics headquarters. 
Hundreds of 
money- saving values. 
NO MONEY DOWN. 
Up to 2 years to pay I 

MAIL COUPON 
BELOW 

1 

NEW 1969 
. ILL /nJ 
CA TALLOG 

536 
. PAGES 

SAVE OIN 
Electronic b Ho+:rby Kits Stereo Hi-Fi 
Tape Recorders 
CB 2Way Radle 
Walkie- Talkies 
FM -AM & AM Rac ras Shortwave Receives 

Portable TV 
Phonographs 
Amateur Gear 
Intercoms 8 PA 
Automotive Electro,Ecs 
Test Instruments 
TV Antennas & Tubs Power Tools, Hardwere 

Tubes, Transistors 
Parts, Batteries, Bayts 

ALLIED RADIO, Dept. 055 'lease 
P.O. Box 4398, Chicago, III. 60680 Print 

NAME 
First 

ADDRESS 
Middle Las' 

CITY 

STATE ZIP 
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SCHOOL 

DIRECTORY 
distinguished graduates 
hold Important engineering and business administration 
posts throughout U.S. Professionally- oriented college with 
outstanding placement record. Four - quarter year permits 
degree ln three years. Fine faculty. Modern labs. Small 

classes. 300 -acre campus. Accredited. Approved 
for cet.. Moderate costs. Enter Sept.. Jan., 
March. June. For Catalog, arito Adm. Director. 

TRI -STATE COLLEGE 
2109 College :\Venue, Angola. Indiana 46703 

f f :rwi7 >S 
MAIL COUPON FOR FREE BOOK 

Coyne Electronics Inst,tute Dept. A9 -CS, 
13111 bV. t'ongrc.n l'hn's., t hic.tgo, Ill. 6u4,7 

Send Information as checked below 

0 HOME 'Ill: \i NINC in TV, Radio and Color TV 
Servicing. 

I11'Sl I SENT St-I1t ol. COURSES in Electronics, 
Electricity. Engineering Technology. Television, 
Refrigeration, and Air Conditioning. 

Name .............. ............................Age 
address 

City.. _ . ... State Zip 

APPROVED FOR VETERANS 
Accredited Member: National .\..ociation 

I rade and Technical School.. Wit J 

GET INTO 

ELECTRONICS 
V.T.1. training leada to 

g technician n, netnet,' engineer/, ape abets 
In communications. guided missiles. 
Ampute. radar and automation. Basle 

advanced course/ In theory labora- 
tory. Electronic Engineering Technol ccl dt Electronic Technology curricula 
both available. Associate degree in 29 

B.S. alao obtainable. G.I. ap- 
proved. Graduate. In all branches of 
electronics with major companies. Start 
Sept. Feb. Dorms, campus. High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept C. Valparaiso, Indiana 46183 

Leant Electronics for your 
SPACE -ACE EDUCATION 

at the center of 
America's aerospace industry 

No malter what your aerospace goal. 
you can get your training at Northrop 
Tech. in sunny Southern California. 

COLLEGE OF ENGINEERING. 
Get your B.S. degree in engineering in 
just 36 months by attending classes year 
round. Most Northrop Tech graduate. 
have a job waiting for them the day 
they're graduated! 

A & P SCHOOL. Practical experience 
on real aircraft. One -year course pre- 
pares you for F. A.A. A &P certificate. 
WRITE TODAY FOR CATALOG. 
NORTHROP INSTITUTE OF TECHNOLOGY 

1199 W. Arbor Vitae. Inglewood. Calif. 

NEW FROM INJECTORALL 

HERE'S 
PROOF! 
PROOF that "SUPER 
100" tuner cleaner 
is BETTER! 

Tested by a leading 
independent laboratory 
against competitive 
products! 

-4111144e i SUPER 100 A B C 

CLEANING Excellent Good Fair Fair 

LUBRICATION Good Fair Fair Poor 

PLASTIC ATTACK None None None Nona 

FLAMMABILITY None None None None 

CONDUCTIVITY None None Slight Slight 

ANTI-STATIC 
PROTECTION Excellent Fair Poor Poor 

DRIFT None Slight Yes Yes 

SUPER 100 TUNER CLEANER . . for 
COLOR and Black and White TV tuners 
6 oz. spray can with INJECTORALL steel 
needle CAT. NO. 100 -6 net $2.10 
Buy it at your Electronic Dealer. 
For free catalog on the complete line, 
write to: 

INJECTORALL ELECTRONICS CORP. 

Great Neck, New York 11024 
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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 nome and address for a FREE sub 

Lscription also 

OLSON ELECTRONICS 

402 S. Forge Street Akron, Ohio 44308 1 

Circle 126 on reader service card Circle 127 On reader service card 

TRY 
THIS 
ONE 
TV SERVICE TABLE 

In addition to converting a bridge 
table by topping it with a sheet of I /2- 
inch plywood, and adding large casters 
for moving a TV chassis easily, we have 

tl 
also added underneath the table an out- 
let strip for 117 volts ac, and a strip 
which carries vhf at one end. uhf at 

the other, with the middle terminals for 
our all -channel antenna lead -in. 

Thus the table makes an all- around 
unit for faster servicing. Harry 1, 
Miller 

IMPROVEMENTS FOR 

KNIGHT AUTO ANALYZER 

On the Knight KG -375 Auto 
Analyzer the plastic battery tube some- 
times cracks at the opening, as shown 
on next page. When this happens the 
threads no longer grip the cap secure- 
ly, so cap and batteries fly out under 
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spring pressure. 
The crack can be repaired or 

prevented by reinforcing the tube. 
This is readily done with a coupling 
nut for 11/4 -inch rigid conduit. The in- 
side diameter of the nut is slightly too 
small, so file down the threads until 
the nut is a snug slip fit over the end 
of the tube. You'll have to file a flat 
on one side of the nut so it will 
clear the back of the cabinet when in- 

front of the tube until the cap seats 
properly. 

The tachometer function of the 
Auto Analyzer has a tendency to 
drift out of calibration, probably be- 

stalled. Slide the nut over the end of 
the tube until it contacts the shoulder, 
as shown in photo at right. (The flat 
is not visible here.) 

When the cap is tightened, the 
rivet in the cap must end up about 1/2 

inch clockwise of the front terminal 
in the tube, so the spring in the cap 
makes good contact with the terminal. 
If the cap cannot be turned that far, 
sandpaper a little material from the 

r 

Schober Theatre Organ 

'Includes 
finished walnut 

console. Ampli'er, 
speaker system, 

optional accessories 
extra. Only 

$1150.50 if you 
build your own 

console. 

You couldn't touch an organ like this in a store for 
less than $3500 -and there hasn't been a musical 
instrument with this vast variety of genuine Theatre 
Organ voices since the days of the silent movies! If 
you've dreamed of the grandeur of authentic big -or- 
gan sound in your own home, you won't find a more 
satisfying instrument anywhere -kit or no kit. 

You can learn to play it. And you can build it, from 
Schober Kits, world famous for ease of assembly 
without the slightest knowledge of electronics or 
music, for design and parts quality from the ground 
up, and -above all -for the highest praise from 
musicians everywhere. 

Send right now for your copy of the full -color 
Schober catalog, containing specifications of the five 
Schober Organ models, beginning at $599.50. No 
charge, no obligation - but lots of food for a healthy 
musical appetite! 

The 92 eitOrgan Corp., Dept. RE -67 
43 West 61st Street, New York, N.Y. 10023 

Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 
Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE ZIP 

Circle 128 on reader service card 
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cause of contact problems in the cali- 
brating potentiometers. These should 
be given a thorough treatment with 
volume -control cleaner before calibrat- 
ing.- Charles Erwin Cohn 

INEXPENSIVE EQUIPMENT CABINETS 

Anyone who has ever built a 
piece of electronic test equipment 
knows how expensive a commercially 
available cabinet can be, not to men- 
tion the "boxy" look it usually has. 
Here's an inexpensive substitute -a 
child's lunchbox -which offers several 
advantages over the more common 
aluminum box. 

Test equipment looks better, and 

comes complete with a useful handle. 
The steel case provides good shield- 
ing against stray magnetic fields, and 
the box can be opened quickly for 
access to the circuits inside. Finally, 
it definitely costs less. The oscillator 
shown was adapted from "IC Sine - 
Square -Saw Generator" ( RADIO -ELEC- 
TRONICS, July 1967).- Donald R. 
Hicke R -E 

TRY THIS ONE'S WANTED 
Have you developed a new tool, 

a new use for an old tool, or a new or 
simpler way of doing a job around 
your shop or service bench? Your 
fellow readers can profit from your 
experience. We need good how- to -do- 
it hints for our Try This One column. 
Line drawings and photos make your 
item worth more. 

There's no substitute 
for SUCCESS... 

JAMES WONG -Research Eginaar 
Weald Engineering Cones Graduate 

or IN -CLASS INSTRUCTION! 

In electronics, it's the traininD that 
makes the difference. Employers 
require well- trained men and the 
first thing checked is whey: you 
gained your knowledge. 
HEALD GRADUATES have many job 
offers with starting salaries often in ex- 
cess of $10,000 per year. AND a lvance- 
ment is rapid. 

GET STARTED NOW. Be a 

DRAFTSMAN -12 months 
TECHNICIAN -15 months 
ENGINEER (B.S. Deg.) -36 n -Dnths 
ARCHITECT (B.S. Deg.) -42 rionths 
YOU are eligible for HEALD ENGI- 
NEERING COLLEGE if you have a high 
school education or the equivalent. 

Increased income starts with st.ccess - -- 
success starts with your move to Heald. 
Send now for FREE brochures with 
more information on Heald in San Fran- 
cisco and your future in Engineering. 

FREE LIFETIME PLACEMENT SERVICE 

4 ò 
go WRITE TODAY FOR DETAILS 

44S - - -- 

VETERAN AFPROVED 

HEALD Engineering College 
1215 Van Ness Ave., San Francisco, Califerra 94109 

Please send me information about: 
ARCHITECTURE 
ENGINEERING: Civil El Electrira10 

Electronic Mechanical 
TECHNOLOGY: Electronic Eng6,neering 

Technician (FCC) 
Radio-Television Technician (FCC) 

DRAFTING: Mechanical Elect-ical 
Structural 

I am interested in Day EveningtJ courses 
Also send an application.D 

NAME ACE 

ADDRESS 

CITY 

STATE 

ZIP PHONE 
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MARKET 
CENTER 

AUDIO - HI -FI 

HI -FI 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 

Tapemates makes available to you ALL 4 -TRACK 
STEREO TAPES. All labels -postpaid to your 
door -at tremendous savings. For free brochure 
write: TAPEMATES CLUB, 5280 RE West Pico 
Blvd., Los Angeles, Calif. 90019. 

TAPE RECORDER SALE. Brand new nationally 
advertised brands, $10.00 above cost. Amaz- 
ing discounts on stereo components. ARKAY 
ELECTRONICS, 1028 -E Commonwealth Avenue, 
Boston, Mass. 02215 

ACOUSTIC RESEARCH, Dyna, Koss, Shure dis- 
count specialists. Free catalog and low Hi -Fi 
quotations available from BOSTON AUDIO 
COMPANY, 2 Common St., Waltham, Mass. 
02154 

RENT 4 -track open reel tapes -all major labels 
-3,000 different -free brochure. STEREO - 
PARTI, 55 St. James Drive, Santa Rosa, Ca. 
95401 

WRITE for highest discounts on components, 
recorders, tapes, from franchised distributors. 
Send for FREE monthly specials. CARSTON, 
RFD #3. Route 7, Brookfield. Conn. 06804 

RADIO TV TAPE RECORDER parts at low 
prices. List sent on request. EFEMDE COMPO- 
NENTS, Box 114, Commack, N.Y. 11787 

INVENTIONS 
& PATENTS 

FREE "Directory of 500 Corporations Seeking 
New Products." For information regarding de- 
velopments, sale, licensing of your patented /urn 
patented invention. Write: RAYMOND LEE OR- 
GANIZATION, 230 -U Park Avenue, New York City 
10017. 

MR. SCA OPERATOR 
NEED A RELIABLE SOURCE FOR 
HIGH QUALITY, LOW COST SCA 
RECEIVERS, OR SCA DEMODULATOR 
UNITS? 
A new and proven sub- carrier demodula- 
tion scheme using old established principles 
is now practical due to recent component 
developments and mass production. The 
resultant reduction in cost is passed on to 
you. 

MODEL SCA -6137 SINGLE FREQUENCY FM 
RECEIVER. Size: 12" x 51/." x 4e ". Price: 
$69.95 ( Quantity 1 4) ) 

SCA-6137 FM Receiver Features: 
Range: 88 to 108 MHz Frequency Field 

Adjustable. All Solid State Devices RF Stage 
3 IF Sta 'e' Automatic Frequency Control 

Two 67 KHz Amplifier Stages 67 KHz Ratio 
Detector Adjustable Muting Main /Sub -Car- 
rier Switch One Watt Audio Output 4" Mon- 
itor Sneak,... ^ Provision for External Speaker 
117 Volt AC Operated. 

Also as ailabie: SCA -3 sub -carrier demodulator 
PC C.erd with milting control. Size: 2 t_, " x 3" x 

". Operates on 6 to 12 Volts DC at 6 ma. Avail- 
able from stock Price: $39.95 (Quantity 1 -9) 
Quantity discounts and detailed specifications are 
available to SCA operators. 

Send orders and inquiries to: 

JanZac Company; P.O. Box 177; 
Stamford Conn. 0690.1 

KenZac Company; P.O. Box 66251; 
Houston, Texas 77006 
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ARCTURUS SALE 
1700 t- ansistor types at 39e each. 

40 watt germanium power transistor. same as 
Delco 501, 2N278 (etc.). Cat. a 349. 590 each. 

Color TV cartridge focus rectifier 6.5 kv. Used 
in every color TV. Cat. rCFR -20. 790 each. 

Motorola 2500 ma. at 1000 piv, high voltage/ 
current epoxy silicon rectifier. axial leads. Cat. 
= H EP- 170. 49e each. 

2 Printed circuit I. F. transformers. 4 lug, 455 
ke input and output. cat. =1909P4. 99e each. 

RCA UHF transistor type TV tuners. KRK -120 
(long- shaft) cat. :UHF -20: KRK -120 (short - 
shaft). cat. :UHF -21. each $4.98. 

RCA VHF transistor type TV tuners. KRK -146, 
cat. :VHF -74. $9.99 each. 

Transistorized U.H.F. tuners used in 1965 to 
1967 TV sets made by Admiral. RCA, Motorola, etc. 
Removable gearing may vary from one make to an- 
other. Need only 12 volts d.c. to function. No fila- 
ment voltage needed. Easy replacement units. Cat. 
=UHF -567. $4.95. 

U.H.F. Tuner -original units as used in TV sets 
such as RCA, Admiral. etc. covering channels 14 

through 82. as part : 941)173 -2. Complete with tube. 
Drive gearing is removable. Can be used in most 
sets. Cat. a LI H F -3, 

Color yokes. 70' for all round color CRT's, Cat. 
:X RC -70. $12.95. 90° for all rectangular 19 to 25" 
color CRT's. Cat. aXRC -90, $12.95. 

Kit of 30 tested germanium diodes. Cat. 7t100, 
99e. 

Silicon rectifier. octal based replacement for 5U4, 
5Y3. 5AS4. 5AW4. 574, 5V4, 524. With diagram. 
Cat. : Rect- I, 990 each. 

7 ", 90° TV bench test picture tube with adapter. 
No ion trap needed- Cat. a7BP7, $7.99. 

Tube cartons 6A U 6 etc. size, $2.15 per 100. 
6SN7 etc. size, $2.55 per 100. 5U4GB size, $2.95 
per 100. 5U 4G size. 40 each. 

Send for complete free catalog. Include 4 °o of dollar 
value of order for postage. $5 MINIMUM ORD ER. 
Canadian check, 8% dollar differential, 

ARCTURUS ELECTRONICS CORP. 
502 -22nd St., Union City, N.J. 07087 

Dept. MRE 
Phone: 201 -864 -5568 

Circle 136 on reader service card 
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www.americanradiohistory.com

www.americanradiohistory.com


 

SERVICEMEN EXPERIMENTERS! 
IF YOU WISH TO PURCHASE 

BRAND NEW TUBES 
WE HAVE THE MOST UP TO DATE TUBES 
LISTED PLUS THE HARD TO GET TYPES. 
DON'T CONFUSE OUR TUBES WHICH ARE 
NEW WITH THE PULLOUTS AND REJECTS. 
SEND FOR OUR CATALOG. 

UNITED RADIO COMPANY Estab. 1920 
56 FERRY ST.. NEWARK. N.J. 07105 

INVENTORS: protect your ideas! Free "rec- 
ommended procedure ". WASHINGTON IN- 
VENTORS SERVICE, 422X Washington Build- 
ing, Washington. D.C. 20005 

INVENTIONS WANTED. Patented: Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., Oak- 
land, Calif. 94605 

EDUCATION/ 
INSTRUCTION 

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 

REPAIR YOUR OWN TV TUNERS- Color- 
Transistor -VHF -UHF. Earn to $1,700, month- 
ly. No customer headaches. Simple, com- 
plete course. First of its kind. Copyrighted. 
Years in preparation. Six sections, 33 chap- 
ters. All field- tested. Jigs- Fixtures -Adapters 
-"Setting -up ". Special probes. Quick- checks. 
How alter and use test sets. Repairs WITHOUT 
EQUIPMENT. Unique power supplies. Fast -fix 
luxuries. Equipment you can build. Profes- 
sional tricks. Illustrated schematics, pictures. 
drawings, sketches. Plans for all items. Trou- 
bleshooting. Alignment. All tests and adjust- 
ments. Common mistakes. How and where to 
buy parts. Specific repairs common problems. 
Index of all tuners. Much. much more. Pro- 
grammed teaching. Introduction, plus two sam 
ple lessons $1.00. Optional condensed courses 
(complete in themselves): VHF $9.50. UHF 
$4.50, Transistor tuners $4.50. Details of major 
course, introduction, plus two sample lessons. 
$1.. Refundable. FRANK BOCEK, Box 3236R, 
Redding, Calif., 96001 

ELECTRONICS ENGINEERING. Day or evening 
classes. Bachelor of Science Program evenings. 
Associate in Science Program day or night. If 
you are married or if you must work for a 
living while obtaining your education, this is 
the college for you. Approved for Veterans. 
WESTERN STATES COLLEGE OF ENGINEERING, 
970 West Manchester Avenue. Inglewood, Cali- 
fornia 90301. 

ELECTRONICS 
Ultra- sensitive and powerful METAL DETEC- 
TORS join the many who are finding buried 
coins, minerals, relics and artifacts. Don't buy 
till you see our free catalog of new models. 
Write JETCO -Box 132 -RE, Huntsville, Texas 
77340 

SEMICONDUCTOR AND PARTS CATALOG over 
100 pages free to Canadians. U.S. 50tí. J & J 
ELECTRONICS, Box 1437, Winnipeg, Manitoba, 
Canada 

JAPAN DIRECTORY. Electronics products and 
parts. General merchandise and Asia trade in- 
formation. Just $1.00 today. IPPANO -KAISHA 
LTD., Box 6266. Spokane, Washington 99207 

INTEGRATED CIRCUIT KITS: computer, audio, 
others. New catalog free. KAY ENGINEERING, 
Box 3932 -D, Long Beach, California 90803. 

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. 

ELECTRONIC BARGAIN CATALOG on unusual 
kits, parts, do -it- yourself. stereo, intercoms. 
ALCON, P. O. Box 1348R, Lawrence, Mass. 
01843 

JUNE 1969 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

ER 900 TRIGGER DIODES These 
bidirectional trigger diodes are one 
of the best and cheapest methods of 
triggering SCR's and triacs. 

3 /$1.00 
UNIJUNCTIONS 

Similar to 2N2419 Rbb of 5 -7, stand 
off ratio of .6 and Ip of 12, with 
data sheet $1.50 

ZENERS 
1 Watt 6.8 -68V $.40 
10 Watt 7.200V $.75 

MOUNTING HDWE KITS 
These kits are used to mount our 
SCR's, zeners. & rectifiers etc. 
6 e 32 (3, 12 Amp rectifiers, 7 Amp 

SCR's) 6 sets /$1.00 
l/4 1 28 (20, 40 Amp rectifiers, 20 

Amp SCR's) 4 sets /$1.00 

PRV 
100 
200 
400 
600 
800 

1000 

AMP 
.07 
.09 
.12 
.18 
.22 
.35 

EPDXY AND 
CONTROLLED 
AVALANCHE 
RECTIFIERS 

1 AMP 

N- CHANNEL PLASTIC TO -18 
FET'S. Low noise, low leakage. 
gate current. gain to 9000tí 
mhos. $ .80 

2N1163 a TO -3 PNP GER- 
MANIUM TRANSISTOR rated at 

35v and a gain of 50 at 25 amps. 
$1.75 

PRV 
100 
200 
300 
400 
500 

TRIACS 
5A 

.90 
1.40 
1.75 
2.25 
2.60 

l0A 
1.20 
1.75 
2.25 
2.75 
3.25 

SCI-10A DISCRETE 
OPER. AMPL. MODULE 

Voltage Gain 60,000 Min. 
$4.95 each 

1 HIGH- VOLTAGE NPR 15011 
VBCBO at 2.5A, hi gain in 

TO-66 pack $ .75 

Silicon Power Rectifiers 
PRV 
100 
200 
400 
600 
800 

1000 

3A 
.09 
.16 
.20 
.30 
.40 
.55 

12A 
1 40A 

.30 i .75 

.50 1.25 

.70 1.50 
1.00 i 1.80 
1.25 I 

1.50 
I 

9030 8 BIT MEMORIES.. ..S5.95 

LINEAR CIRCUITS 
FM IF AMPLIFIERS 

. S .90 
702C WIDE BAND DC AMP_. $2.75 
709C OPERATIONAL AMP_ $2.75 
7100 HI SPEED DIFF 

COMPARATOR $2.75 
711C DUAL COMPARATOR $2.75 

DIGITAL RTL CIRCJITS 
2-914 QUAD 2 INPU- GATE $1.25 
900 BUFFER . $1.25 
925 DUAL 2 INPUT CATE 

EXPANDER . $1.25 
923 1K FLIP FLOP .. . . $1.25 

NEON LIGHT of IK E TUBE 
DRIVERS. An NPV T318, Si 

Transistor with a Vi'i "' at :20 
3/$1.00 

Silicon Control Rectifiers 
TO-66 pack Studs 

PRY 3A 7A 20A 70A 
50 .35 .45 .70 

100 .50 .65 1.00 4.00 
200 .70 95 130 8.00 
300 .90 1.25 1.70 
400 1.20 1.60 2.10 12.00 
500 1.50 2.00 2.50 
600 1.80 2.40 3.30 16.00 
700 2.20 2.80 SJY) 

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 

Circle 137 on reader service card 

UNUSUAL 

BARGAINS SHOPPING MART GANT FREE 

CA1ALOG! 
BY MAIL A selection of products available by mail for readers of Radio Electronics. 1118 - PAGES 

All merchandise sold on money-back guarantee. Order by No. Send check or M Ct 

SEE MUSIC IN 

DAllLING ACTION 

<MuYov510A1) DRAMATIC 
BREAKTHROUGH 

IN AUDIOVISUAL ENJOYMENT 
Sur pod tulip/Ate 
tuto fantastically colorful patterns: 
each note creating Ils own unique. 
evert'hanging Image In perfect time 
with the sir. Easily attached to 
stereo. radin. lape recorder. Send 
7:1 for Iii -p. booklet Dol o;FaI 
BOY'S STARTER KIT 
No. 71.095EH $6.00 Ppd. 
8" DO -IT- YOURSELF KIT 
No. 71.009EH $22.50 Ppd. 
WALNUT CABINET MODEL 
No. 85.181 EH $99.50 FOB 

rrt9 Utrilifj, 

PROJECTION KALEIDOSCOPE 
Infinite iarirty of brilliant color 
patterns which do not repeat. Spe- 
cially designed, easily Interchanged 
9" diem. liquid wheel. 3" pnder- 
üon Irns and Fdm wul l'roJcitor 
maki it all poi lhle. F:axlb- pper- 
ated. Large screen image at short 
protection distance perfect for back- 
grounds. light shows, parties, 
dances, rte. Front or rear pn,J. 
Stock No. 71.121 E H $94.50 Ppd. 
SOLID MULTI -iOLt11tE1t ItLASS 
.51_i- :MMOIts' WIIEEI. (9" (Ham.) 
Stock No. 71,122EH $15.00 Ppd. 

ASTRONOMICAL TELESCOPE KITS 
A,is contain tine annealtsi pyrex mirror blank, tool. abrasives, diag- 
nal mfrn.r, and eyepiece lenses. 

Instruments yaou build a.a vainest 
un to 11100.s. 
4t'a" DIAMETER -1a" THICK 
Stock No. 70,003EN SA.00 Ppd. 
6" DIAMETER-1" THICK 
Stock No 70.004EN $13.95 Ppd. 
a" DIAMETER-1/a" THICK 
Stock No. 70.005E14 521.00 Ppd. 
10" DIAMETER -11s" THICK 
Stock No 70.006EN 534.25 FOE 

NEW! LOW COST COLOR ORGAN 
Accompany music with colored 
lighting that creates tremendous 
variety of unusual and beautiful 
effects. Plug in 3 dirt. seta of 
colored lights and place near audio 
a.,urce. Notes picked up by interior 

Ike" determine which colored 
lights go on-loudness determines 
intenaity. Control lighting in Is,ols: 
fountains, window and holiday 
decorations, great for parties. 
Tough. compact it with light In- 
tensity control. 4.9/16" x 21,4" x 
412 ". I lb. It oz. 
Stock No. 1900EM ..539.95 Ppd. 

CHANNEL DE LUXE 2.000 watt 
Stock No. 71,103E14 $195.00 Ppd. 

f. 
, , 

I 

Ni -Cd BATTERY BARGAIN 
Terrine value- nllth:l. .1sed gnv't 
4 itAmlph Ltr battery w itt' almost uln. 
limited life. F..xlrenely high cur. 
rent output. Rechtr;c in 1 hour with Edmund kit. We'- deteriorate 
when left dischr.r o-1. Minimum 
maintenance - few dene of water 
per year. Rugged. sit..r..and-vihrn- 
uon istant nylon rake. Delivered partially charged. NIA with elec. trnlyte. at k" is 2" x e 2 Ib. 
B ATTERY 
Stock No. 70,942EN S 5.00 Ppd. 
CHARGER KIT 
Stock No. 70.007(5 S 8.00 Ppd. 

GIANT FREE CATALOG 
Edmund. 300 Edsmro Building, 
Barrington, New Acn,y 08007 

I 
,, 148 *AGES - 

Iltrt 

1000'1 OF 
BARGAINS 
e nm oIw lion new 
turn w ion. new 
ens electrical 

IYNI 
and elrtromag- 
neri rr:n, times. 
u, as. Enormous 
select' in of As 
tree orstral Tele- 

scopes. Mflcmnrrapea Rlnncu- tars. Magnifiers. ttagneta 
Lenses- Prisms. Man- war sur' 
plus. Items for bo.fvists, ex- 

niera, rips, fac- t"ry. Mall cou wen 1r FREE 
rata log F:H ". 
NAME 

ADDRESS 

CITY 

STATE ¡IP 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARAhTER 

EDMUND SCIENTIFIC CO 
300 EDSCORP BUILDING 
BARRINGTON, NEW JERSEY 38007 

Circle 138 on reader service card 
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PARTS 
+ SERVICE + 

FOR ALL 

GERMAN 
RADIOS -PHONOGRAPHS 

TAPE RECORDERS 

NYTEC ELECTRONICS CORP. 

66 -44 FOREST AVENUE 
RIDGEWOOD, N.Y. 11227 497 -2780 

FREE Catalog F (NEST OOV'T 
SURPLUS ELECTRONIC BARGAINS 

(' ) Now BIGGER and 
BETTER Than Ever! , -- -MAIL THIS COUPON NOW - 

r 
NAME 

ADDRESS- 

CITY: 
p- 

STATE ZIP: J 
For your FREE copy, fill out coupon and mail. Dept. RE 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 

Circle 139 on reader .service curd 

MARKET 
CENTER 

RADIO & TV TUBES 33¢ each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL 4217 -E University, San 
Diego, California 92105 

Discharge IGNITION, PHOTOFLASH. Free cata- 
log parts, kits. TRANSPARK, Carlisle, Mass. 
01741 

BUILD several sensitive metal detectors from 
our 20 page book. Fully transistorized circuitry. 
Easily followed diagrams and instructions, 
$4.00. TRIONICS, Box 164J, Brewer, Maine 
04412 

CATHODIC PROTECTION INSTRUCTIONS 
$1.00. F. F. KNAPP, P.O. Box 854, Scottsdale, 
Arziona 85252 

GENERAL 

ROOM TO LIVE. Pleasant, peaceful, S. Utah Mtn. 
Valley. Hunting country. 40 ac. Level, rich soil 
$1600, $50 down, $31 /mo., 6% int.. WEST 
LANDS, Dept. RE, P.O. Box 17407, Holladay, 
Utah 84117 

JAPANESE NEW PRODUCTS MONTHLY! $1.00. 
Refundable. DEERE, 10639 Riverside, North 
Hollywood, Calif. 

CONVERT any television to sensitive Big- Screen 
Oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans $2.00. RELCO -A25, Box 10563, Houston, 
Texas 77018 

RECHARGEABLE EVEREADY 

NI -CIDE BATTERIES 
9V (8.75V) th amp. hr. cap., size 2%" long x 1' /8" 
diam. Made of Southern 7 -N38 or BH 500 button 
cells. Suitable to power cameras, elect. flash, 
phonos, radios. exp. power supplies, many other 
uses. Retail value $12.00 ea. A fortunate purchase 
permits selling these life time batteries on a money 
back guarantee basis at a fraction of cost. Post- 
paid at $2.95 ea. (6 for $15.00) 
Miniature Swiss (precision motor) escap 1 -6 Volts 
D C with reduction gear 50 r p m. High torque 
$1.95 ea. 

TECHNICAL MATERIALS COMPANY 
769 Inwood Road - Union, N.J. 07083 

Phone 201 -687 -9172 - 201 -687 -5171 

GUARANTEE! 
Prestige & Success as an ONE YEAR ONE YEAR ELECTRONICS GUARANTEE! 

TUBES! EXPERT!" DOW 

100 OR 

MORE TUBES 

30` ea. 

6D6 024 6AU4 6X4 

6DA4 1B3 6AÚ5 6X8 

6DE6 1145 6AU6 786 

6006 1J3/1K3 6AV6 7C5 

6EA7 11.4 6AW8 7N7 

6EM5 114 6AX4 7Y4 

6F6 1114 68A6 lODE7 

007 1X2 6BC5 12AE6 

6G148 3826 6BG6 12AT7 

6146 3D04 6BJ6 12AU7 

615 5U4 6817 12AX7 

616 SUB 6BN4 12BÁ6 

61(6 5V4 6BN6 128E6 

654 5Y3 6BN8 1213H7 

65A7 6M 6806 1205 

65147 6A8 6807 125N7 

6517 6AB4 6626 12W6 

651(7 6AC7 6C4 25L6 

6SL7 6AF4 6C6 2526 

6SN7 GAGS 6C86 35W4 

6507 6ÁK5 6CD6 84/624 

6U7 6AL5 6CG7 5687 

6U8 6ÁN8 6CG8 6350 

6V6 6A05 6CM7 6463 

&W4 6AT6 6CL5 7044 

6W6 6A18 

96 

1 

CORNELL 

TUBES! 
Brand New Except 

Glass' TUBE 
TYPE DUD TUBE `- 19XP4 DEP. 

PRICE 
HOME 

21AMP4 3.00 
21C8194 1.00 14.95 

STUDY COURSES 210EP4 1.00 14.95 23FP4 3.00 
18.95 

TV SERVICING 21FJp22 5.00 
23EGP22 20.00 24.95 $3.50 79.95 25AP22 35.00 

23AHP4 27.50 119.95 
RADIO SERVICING 24AEP4 5.00 99.95 

$3.00 1.00 24.95 
Please remit full 

22.95 
BOTH COURSES $6.00 dud deposit tube price plus 

Will 
with order. Dud b be returned immediate- ly 

upon postpaid return of dud. No C.O.D.'s on picture tubes. All duds returned for refund must be under full vacuum. 

2 STATION 
INTERCOM 

A.C. 110 VOLT 

TRANSISTORIZED 

INTERCOM! 

ubes aie New or Used and So 

T 

a,,ked lao Tested. Ind Bosed. 

Branded & Code Dated 

RED & BLACK TUBE CARTONS 
High Gloss, Clay Coated, Built in Diag. Partitions 

TUBE 10 100 
CARTONS CARTONS 

.29 2.59 

.39 3.49 

.59 5.29 

.89 7.99 

SIZE 
MIN. 

GT. 

LG GT 

G. 

SIZE 
6AU6 
6SN7 

5U4GB 
5U4G 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION! 

YOUR ORDER FREE IF NOT SHIPPED WITHIN 24 HRS. 

DEPT. RE 6 4217 UNIVERSITY 

SAN DIEGO. CALIFORNIA 92105 

Terms: Orders over 55.00: Add 3c per tube shipping. Prepay in full 
and avo,d C.O.D. charges. Send $3.00 deposit on C.O.D. orders. 
Orders under 55.00: Add 3c per tube plus 50f handling. Canadian 
and Foreign Orders: add approx. postage. No C.O.D. orders. Com- 
bine varied orders to bring order over S5.00. 

Circle 140 on reader service card 
RADIO -ELECTRONIC 

-, 

www.americanradiohistory.com

www.americanradiohistory.com


e 

CUT DOWN ON 

MOBIL IGNITION NOISE. 

DON'T BE FOOLED 

BY IMITATIONS! 

Get the ORIGINAL 

SYDMUR SOLID STATE "CD" IGNITION SYSTEM! 
High Quality Components used throughout. Fiberglass 
Printed Circuit Board. Unitized Construction. Simplified 
Kit Assembly. 
Construction Article in Nov. 1966 Popular Electronics 

Thousands of satisfied customers. 
Write for Free Literature TODAY. 

COMPAC Assembled .... $34.75° 
COMPAC KIT .. .. 24.95° 

Add 75c for mailing and handling 
N.Y. State Residents add Sales Tax. 

SYDMUR ELECTRONICS SPECIALTIES 
1268 E. 12th St. Brooklyn, N.Y. 11230 

(Also Available in Canada) 

MAGNETS. All types. Specials -20 disc magnets, 
or 2 stick magnets, or 10 small bar magnets, 
or 8 assorted magnets, $1.00. MARYLAND 
MAGNET COMPANY, 5412 -G Gist, Baltimore, 
Maryland 21215. 

TREASURE HUNTERS! PROSPECTORS! Relco's 
new instruments detect buried gold, silver, 
coins. Kits, assembled models. Transistorized. 
Weighs 3 pounds. $19.95 up. Free catalog. REL.- 
CO-A25, Box 10839, Houston, Texas 77018 

GOVERNMENT 
SURPLUS 

JEEPS Typically From $53.90 . . Trucks From 
$78.40 . . . Boats, Typewriters, Airplanes, 
Multi meters, Oscilloscopes, Transceivers, Elec- 
tronics Equipment, Used. 100,000 Bid Bargains 
Direct From Government Nationwide. Complete 
Sales Directory and Surplus Catalog $1.00 (De- 
ductible First $10.00 Order). SURPLUS SERVICE, 
Box 820 -REL, Holland, Michigan 49423 

WANTED 

QUICK CASH . . . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York, N. Y. 10012, 
212 WALKER 5 -7000. 

CLASSIFIED COMMERCIAL RATE (for firms or 
individuals offering commercial products or 
services). 70¢ per word . . . minimum 10 
words. 

NON -COMMERCIAL RATE (for individuals who 
want to buy or sell personal items) 30¢ 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 13. 

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 per- 
mit.) 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 -word- 
age will be edited to match advance payment. 

JUNE 1969 

f,BS.aar Noreko 
CASSETTE RECORDER 
If our price for 
NORELCO is not the 
LOWEST we will re- 
fund difference with- 
in IO days of purchase. 

CASSETTES 
LIFETIME GUARANTEE !(Unbreakable Bosl 
C-30 1/2 Hr. 79 Postage 8% of Total Pur - 
C-60 1 Hr. .99 chase. 
C -90 11/2 Hr. 1.39 FREE Music Catalogs: 
C -120 2 Hr. 1.69 4 track open reel - or - 

8 track- or - cassettes. 
Also blank tape and Re- 

corder discount catalog. 
1776 Columbia Rd.. N W. Wash.. D. C. 20009 
SAXITONE 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

Ma A De 
MUSIC ASSOCIATED'S DETECTOR 
for continuous, commercial -free music 

with ANY FM tuner or receiver 

i 

i, 

Kit $49.50 Wired $75.90 Cover $4.95 List of FM 
stations with SCA authorization $1.00. For com- 
plete information write or call: 

MUSIC ASSOCIATED 
65 Glenwood Rd., 

Upper Montclair, N.J. 07043 
phone 201 -744 -3387 

U.S. GOV'T ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most expensive, Government Surplus electronic units and 
components at a fraction of their original acquisition cost. 

ORDER DIRECT FROM AO or WRITE FOR CATALOGS 

COMPUTER TRANSISTORS ON HEAT 
IBM Computer Quality Units 

(#22 -025 ) -- Unit consists or one 150- 
wan power innsl5ton on heavy ribbed. t 
aluminun heat sink. Many experimental 
uses. (1 lb.) $1.99 Cost Gov4 Over $10.00 

SINKS 

i 

(d22- 915) -- rod consists of two uo- 

aluminum 
siMOry etc. on sheavy. 

motowatt. power power transistors, 3 pas., several 

ribbed wlummum heat sinks. Ideal for use as 
motor speed control. (4 lbs. ) 

Cost Gov't Over 915.00 $4.91 

RUNNING TIME METER it - - - 

I #05 -IO I --Ise to record number or 

dpiing 
hours or electric lights and electrical a Ì 

evices such s refrigerators. furnaces, 
Records total hours, tenths and hundredths up a 
to 9.999.99 hours. For Its -yeti, 60 -cycle,. -_ 
Size 4'a" .3' x 2y". Shipping weight 21ós. $5.69. -..rr 

f 
1 

. ¡ 
r" 

t'n.00 

12 and 24 -VOLT TRANSFORMER 
(o15- 920b.-General Electric 113ol(, s. 

60 -cycle to 12 and 24 -volts 
-v 

. 750-watts. - 
Capacil, 42- amps. ., 24- volts. 64 -amps. at 
12- volts. Useful for battery Chargers. running 
Dc motors. etc. 7' x 5" x 5 ". ( 19 tbs., 
Cost Gov't over 535.000 $16.72 '. 

EXPANDED SCALE 0 - 15 DCVM ' 

( #21 -900 ) - - wand ne . expensive voltmeter 

eBads 
9.5 to 1e -volts Dc and 5 to a -roa Very s. Ve useful 

on automotive and aircraft charge indicator, 
etc. 

rson 
movement. blac k phenolic case. r. x 

, 

List 52.50 $12.95 

SILICON DIODES ¡. ] 
$5.90 
( IREC- S)-- 5ew.ner- 

feet. Westinghouse x770-4. 
275 -amp.. 50 -volt. 5154044. 
Fine for hi -current rectifier. 
(1 lb./ List Over $15.00 

DIGITAL t: 
READ-OUT 

UNIT 
cost cn,'1 t25o.o0 

$3.97 
( PEE-I1 ) -- sophisticated 

electronic unit contains 5-di ®t "read- 
out ", electric mot , gear pain. relays, 
rte. 5" a 6" x V'. (10 Ihs.) 

- "' SEND 5e COIN OR STAMPS FOR CATALOGS 
All Items FOB Money Back Guarantee 

SURPLUS CENTER 
D EPT. RE 086 LINCOLN, NEBR. 69501 

WORTH OF 
TRANSISTORS 
RECTIFIERS 
RESISTORS 
CONDENSERS 
DIODES ETC. 

Add 250 for handling 
BOTH FREE WITH ANY $10 I ROER 

INTEGRATED 
CIRCUITS 

Fairchild No. 
900 Buffer 
903 3 Input Gate Nand /Nor 
904 Half Adder 
910° Dual Two Input Gate 
914 
915 
923 
925 
927 
930 
932 
933 
944 
946 
952 

O 

,Sale 
;1.00 

1.00 
1.00 

. 

1,00 
Dual Two Input Gate 1.00 
Dual 3 Input Gate Nand /Nor 1.00 
JK Flip Flop 1.00; 
Dual 2 Input Gate, Expander 1.00 
Quad Inverter 1.0 
Dual 4 Input Gate Nand /Nor 1.0 
4 Input Nand /Nor Buffer .. 1.0 
Dual Input Gate, Expander 1.0t 
Dual 4 Input Power Gate 1.00 
Quad 2 Input Gate Nand /Nor 1.00 
Dual 2 Input Inverter Gate 1.00 

953 2-2-3-Input and Gate 1.011 
954 Dual 4 Input and Gate 1.00 
955 8 Input and Gate w/2 outputs 1.00 
961 Dual 4 Input Gate w /expand 1.00 
962 Triple Gate e 3,00 

Same as 914 but Milli-Watt type' 
Á 

LOWEST PRICES ON. 
LINEAR AMPLIFIERS 
Guaranteed! With Spec. Sheets! 3 for $6 
TalType Use Sale 

e Amplifier $2.22 
709 Operational Apte .... 2.22 
710 Differential Comparator 2.22 j] 711 Sense Amplifier 2.22 

1 AMP TOP HAT AND EPDXIES 
PIV SALE FIV SALE PIV SALE 

so .OS 800 .19 100o .87 
100 .07 1000 .31 2000 1.0S 
200 .08 1200 .44 3000 1.60 
400 .11 14000 .62 4000 12 1.90 
600 .16 1600 .72 10000 .4.80 

lak ...MI -o-- 1V Sol NV Soli ' 

-1 AMP 50 54 500 
CI 

10t- 

MICROMINIATURE 
loo 7s t00 25e 

SILICON RECTIFIERS 4000 0 0 12t' 
"ao El 31t 

cdh6 

"ONE DOLLAR" SALE 
[ SCI COILS AND CHOKES, if, rf, ant, osc peaking. etr$1 65 HALF WATTERS, to 1 meg, 5,4 popular values tor$1 

. 60 Hi- QUALITY RESISTORS, 1_, 1. 2W asst values ...$1 
010 RCA PHONO PLUGS d JACK SETS, toners, etc....Y1 
0$25 SURPRISE PAK: transistors, rect. diodes, etc. .$1 
02 -PC INFRA -RED DETECTOR It FILTER SETsciencepro$1 
02 FIELD EFFECT TRANSISTORS, n channel, hobby ...51 

50 TERMINAL STRIPS, 1 to R lug types $1 :3 PHOTO ELECTRIC CELLS, hi. imp.. schematic . $1 
03 TRANS'TOR AMPLIFIER, WIRED, 3x2x % "schematic$1 l0 PRINTED CIRCUIT BOARDS, copper rlad, 100use$1 
010 TRANSISTOR SOCKETS, for pop & npn types $1 
010 -PANEL SWITCHES, toggle, slide,. micro, rotary -Si. 

40 CORNING "LOW NOISE" re"aish,rs. popular 5' $1 0 4 "MICRO'. RESISTORS, I /10W. 5';. Hobby musjl 
050 GERMANIUM GLASS DIODES, 1N34. 1N48 no test$1 040 TOP HAT SILICON RECTIFIERS, no testasst value$1 25 EPDXY RECTIFIERS, "silicon asst, no test Si 040 PRECISION RESISTORS, 1,_. -2W. 1'i'r asst values 51 030 TRANSISTORS, rf, if, audio, ose. no test $1 
X60 TUBULAR CONDENSERS, to .5mf to 1K V. asst $1 :50 DISC CONDENSERS, to.05mf npo, temp coef, asst$1 
060 TUBE SOCKETS, receptacles, plugs. audio. etc. .$1 030 POWER RESISTORS, to 25 watts. to 24K ohms $1 
no "IBM" COMPUTER BOARDS, many r.rans,diodes$1. 
03 2N3563 TRANSISTORS, npn,600mc, 100hfe,epox41 
010 VOLUME CONTROLS, to 1 meg, switch too ! ,$1 i0 ELECTROLYTICS. to 100mf, tubulars too. asst $1 
050 RADIO d TV KNOBS, asstd colors Si styles $1 010 TRANS'TOR ELECTROLYTICS to 100mf, asst value$1 
[ O "MICRO" CONDENSERS, fortransistorcircuitry$1 

FOR OUR "SUMMER" BARGAIN CATALOG ON: 1 O - Semiconductors Poly Pats Parts our TERMS: send Check. money oroer Include 
Plated wt. sec r 

Include 
Rated nes {c car.. coos 2. 

2'%O P.O.. BOX 942R 
AK S SO. LYNNPIELD, MASS: 

"PAK -KING" el' the world 

Circle 141 on render service card 

97 

www.americanradiohistory.com

www.americanradiohistory.com


International Catalog 
your electronics buying guide 
for precision made radio crystals 
and electronic equipment- 

A KHt 155 KHZ OOO KHZ NO KIH 
5..000 KHt 3.000 KHZ 22.000 KHE i0 

Lt KHz 0000 KHz 22,000 KHz 10 
00 lz 100 KHz 5,000 KHz 12,000 0 

10, KHz 5,000 Kilt 100 KHz 020 
0,5 KHa 2.922 KHz 000 KMz 110 M 
I K PRECISION MADE D0 KHz 
Hz 0 MI CRYSTALS 0 MHz 100 

S 00 bOUIMIMT Ht 2.D It 
M KHz 105 KHz 000 KHz 200 KM 

0 0 105 KHz KM KHz 200 KHz M 
00 :N20,000 KHz 22,000 KNz 50I 
! 2 MO KHz SOW KXz 12000 KI 
Op KW 5.000 KHz 000 KHz 5M K 
AO .HZ 2.999 KHZ 500 KHz 050 KH tl I MME Ill MMZ 1W MHz 100 
: b m KHZ 510 MHz 100 MHZ 2.00 

: KHz OM KHz 1.000 KHz If1 Y. 
LOSO KHz ENw RM. ...ow KHZ o MM 
00 MHz 000 ZOZO 9.000 KHz 12000 KHz 
'03100 KMZ 0.000 KHz 000 KHz 400 KH 

44 KM 
00 KU 
20 KR 
90 KR 
20 KM 

úi 
RH 

INTERNATIONAL CATALOG 
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eCy 

Nr g tcea 
,r,o 

n 01-11 

International Crystal Mfg. Co., Inc. 
10 North Lee 
Oklahoma City, Oklahoma 73102 

r Rush FREE catalog 

I NAME ' 
' PLEASE PRINT ' 

I ADDRESS ' 

I CITY STATE ZIP I 

L mom mom - mom mum mom - mom mom mom mum mom ... _I 
Circle 148 on reader service card 
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Outstanding Values from the Nation's Largest CCTV Supp 

GE VIDEO TAPE RECORDERS 
(built by Sony for General Electric) 

50% OFF ' 
REGULAR GE PRICE 

ONLY 

$39750 N 
COMPATIBLE WITH ALL SONY 1/2" VIDEO TAPE 

RECORDERS INCLUDING BATTERY OPERATED PORTABLES 

GBC spent half a million dollars to 

bring you this once -in -a- lifetime close- 
out price on quality video tape re- 

corders. GE sold thousands of these 
units at $795. Now, you can buy them 

for under $400. You actually get a 

video and audio tape recorder for 
the price you'd expect to pay for a 

good audio tape recorder! 

You can use your video tape re- 
corder for educational TV, training, 
instruction, presentations, advertis- 
ing, or instant home movies. Simple 
to operate, it tapes programs picked 
up by TV cameras Or off -the -air, and 
plays them back through a standard 
TV monitor. Brand new, FULLY 
GUARANTEED, in original factory 
cartons. Order today, while they last. 

WHEN YOU NEED IT, 

WE COT IT! 
GBC maintains a hugh in- 

ventory of TV cameras, view- 
finders, monitors and acces- 
sories of all kinds. Whatever 
you want, we probably have in 
stock right now. VIDICONS - 
TOP QUALITY AT LOW, LOW 
PRICES. 

ier 

This is a top quality camera built right 
into a rugged, enamel plated aircra't alu- 
minum housing. Completely weathe proof, 
it accepts any lens, including a romote 
controlled zoom lens. Light enough to be 
used with any standard mount. Fu year 
warranty. 

Only $4,9500 

VIDICONS 
TOP QUALITY AT 

LOW, LOW PRICES. 

The quality: brand -new Hit.rchi, 
fully guaranteed in factory -sealed 
cartons. 
The price: (distributor cost) 
Hitachi 7735 -A vidicon $34.50 
Toshiba 7038 -H vidicon $29.50 
Hitachi separate mesh vidicon 8507 $74.50 
Hitachi 7262 -replacement for 

Sony and Pansonic $34.50 

All vidicons sold in lots of 5 (10% 
more for lesser quantities) 

WRITE FOR THE FREE GBC ENCYCLOPEDIA OF CCTV 

TERMS: Check with order - FREE delivery. 
COD - 25% deposit, shipped F.O.B. N.Y.C. 

/L;HL:'/ GBC Closed Circuit TV Corp. 
74 Fifth Avenue, New York, N.Y. 10011 / Phone: (212) 989 4433 

Circle /49 on reader service card 
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RCA's triple play 
three terrific values free 
with your purchase of 
RCA entertainment 
receiving tubes 

MC2/11 

THE 
RANI) o 

HOUSE 

llICTIONARY" 
of the 

ENGLISIT 
LANGL AGE 

Precision' Gruen Wristwatches. Men's (1A1793) 
and Ladies' (1A1794) 
Both have 17 jewels, Swiss movement, "Incabloc" 
protection with unbreakable main spring. Free 
with your purchase of 275 entertainment receiving 
tubes for each watch. 
Black and Decker 1/4" Variable Speed Power Drill 
(1A1795) 
Fully variable speed control. Finger pressure con- 
trols the speed which permits you to select the 
ideal RPM for every job. Free with your purchase 
of 200 RCA entertainment receiving tubes. 
The Random House Dictionary (1A1796) 
The most authoritative dictionary of its kind. Com- 
pletely new and up -to -date, it is an indispensable 
reference book for the home, on the job and in 
school. Free with your purchase of 200 RCA enter- 
tainment receiving tubes. 
Tube values are optional with your participating 
RCA Distributor. See him for complete information 
on how you can get in on the excitement of RCA's 
Triple Play. RCA Electronic Components, Harrison, 
N. J. 07029 
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