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...bl mast 8 hr. Service! 
Come and see us. PTS Branches are all company owned-No Franchises-we care for 
our customers. For a TUNER' PART or COMPLETE TUNER REBUILT, come to us, we 
will take care of your tuner problems like no one else can. WE'RE PROFESSIONALS - 
18 years experience made us what we are! 

You owe it to yourself 
to try P.T.S, We are the fastest growing, oldest and now the 
largest tuner service company in the world. Here is what 
you get: 

1. Fastest Service -8 hour-in and out the same day. Overnight 
transit to one of our plants. 

2. Fine Quality! Your customers are satisfied and you are not 
bothered with returning tuners for rework! 

3. Lower Cost! Up to $5.50 less than other tuner companies! 
4. Friendly, helpful service! We help you do more business-that 

way we will do more, too. We want your business and we try 
to deserve it! 

Color Black & White Transistor 
Tubes Varactor Detent UHF 

All Makes 

VHF or UHF $9.95 
UV -Comb. $16.95 

Major parts and shipping 
charged at cost. 

(Dealer net!) 

PTS ELECTRONICS, INC is recommended by more TV manufacturers and 
overhauls more tuners than all other tuner services combined! 

J)`ini,PE1.12SLJ TU -S 
AND STILL TRYING HARDER! (NOT A FRANCHISE COMPANY) 
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Photofact-of-the-Month Club members receive seven 
new Photofact Sets every month. Those seven new sets 
supply detailed circuit information on over 200 of the 
very latest TV, radic, stereo and record player models 
... enabling club members to service the new models as 

efficiently as though they had worked on them for years. 

Each month P.O.M. members also receive: 
-"advance" color schematics 
-a standard size file folder for each set 
-a Photofact Servicer with helpful 

service hints 
-and coupons toward permanent metal 
Photofact Set file cabinets. , - 

All this for just $15.75 per 
month-a saving of $10.50 per - 

month-$126.00 per year. - 

AND NOW-A BONUS! 

receive, FREE, one of our New Member Bonus Offers 
(your choice): 
(1) a Libbey "In -Keepers" all-purpose, 7 -piece glass 

canister set with natural cork lids, or 
(2) a deluxe, 10 -piece Xcelite PS -120 Nutdriver set. 

Subscribe now to P.O.M. for nine months and you will also 

125/ oFpc . Joining the 
Photofactof-the-Month Club 

s was a good idea. 

Join the club. Use the coupon today. 

HOWARD W. SAMS & CO., INC. , 

® 4300 West 62nd Street, Indianapolis, Indiana 46206 

Please enroll me as a new member of the Photofact-of-the-Month Club. 
I agree to pay $15.75 per month for my subscription, which will 
begin , and I agree to maintain this subscription for 
at least 9 months. My choice of premiums is (check one): 
Canister Set Nutdriver Set 

Name 

Company Name 

Address 

City State Zip 
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My Photofact Distributor is 

Address 

City State Zip 
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No , 23v 
black mat 

fin an economy line. 
From Sylvania, of course. 

Replacing a black -matrix tube has usually 
meant buying a brand new tube because 
rebuilts just didn't exist. Now, Sylvania has 
changed all that. 

We've added five black -matrix tube 
types to our low-cost Color Screen 85 
line, and that even includes the popular, 
23 -inch diagonal size. 

That means you can offer your 
customers two different price ranges. , 

And increase sales opportunities '; 
by offering a low -price replacement. 

With Sylvania, you not only have 
one of the broadest lines of replacement '\rr 
tubes in the industry. 

You also have the latest. 

Electronic Components Group, 
GTE Sylvania, 100 First Ave., 
Waltham, Mass. 02154. 

y 

GTE SYLVAN IA 
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Hl -FI STEREO SOUND from your TV is one of 
the fringe benefits you get from this pay TV 
decoder. ...see page 45 
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BASIC TUNNEL DIODE EXPERIMENTER'S cir- 
cuit. Several other circuits are in the article. 

... turn to page 52 
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looking ahead 

U.S. audio code 

After Nov. 4, shoppers tor 
audio equipment will be able 
to make direct comparisons of 
power output frequency re- 
sponse and distortion specifi- 
cations of competing brands 
on the basis of advertising 
claims. The Federal Trade 
Commission has set that ef- 
fective date for its long - 
incubating trade regulation 
rule which establishes stan- 
dards for measurements and 
specs given in ads. The rule 
was designed to end the con- 
fusion over such terminology 
and standards as IHF meas- 
urement, "peak power out- 
put," "music power" and the 
like. 

The new rules provide that 
whenever any advertising 
claim is made concerning 
power output, frequency re- 
sponse or distortion charac- 
teristics, these facts must be 
disclosed: 

1. Manufacturer's rated 
minimum sine wave continu- 
ous average power output 
(RMS) in watts per channel for 
each load impedance for 
which the equipment is de- 
signed, measured with all 
channels fully driven to the 
rated power. 

2. The load impedances for 
which the equipment is de- 
signed. 

3. Manufacturer's rated 
power band or power fre- 
quency response in Hertz. 

4. Manufacturer's rated 
percentage of maximum dis- 
tortion at any power level from 
250 mW to the rated power 
output. 

To make certain that all 
claims are comparable, the 
Commission also specifies 
standard test conditions to ar- 
rive at these ratings. 

1. Power -line voltage of 120 
volts rms, 60 Hz, (for equip- 
ment designed for sale in the 
U.S.), using a sinusoidal wave 
containing less than 2% har- 
monic content. 

2. Amplifier to be warmed 
up for an hour by operating all 
channels at one-third rated 
power using 1000 -Hz sine 
wave. 

3. Rated power to be 
obtainable at all frequencies 

without exceeding rated max- 
imum percentage of total 
harmonic distortion after 
input signals have been con- 
tinuously applied for five mi- 
nutes at full -rated power. 

4. Tone loudness -contour 
and other controls to be set 
for flattest response. 

Many audio equipment 
manufacturers have already 
switched to rms measurement 
in anticipation of the rule. 
Nevertheless, one of the most 
immediate effects will be to 
cut down drastically on power 
claims. Not only is rms power 
far lower than such virtually 
mythical types of measure- 
ment as "maximum music 
power," but the new rule 
doesn't permit addition of all 
channels' output for a total 
figure. Thus a quadriphonic 
amplifier which today can be 
advertising as having 40 watts 
rms output will in the future be 
cited as having 10 watts per 
channel. Manufacturers who 
don't wish to use the 
government -specified system 
won't be permitted to adver- 
tise power or frequency re- 
sponse at all. The rule applies 
to retail and distributor as well 
as manufacturer advertising. 

Slot mask tubes 

Probably the most signific- 
ant aspect of the new 1975 
model television receivers is 
the first widespread defection 
from the conventional 
shadow -mask tube 'with its 
round phosphor dots and 
delta electron -gun configura- 
tion. Virtually every 
American -made and imported 
TV brand - Zenith is the 
single major exception - has 
changed over to the slot -mask 
tube for at least a portion of its 
portable line. We'll keep you 
up to date on later develop- 
ments in this new type of color 
picture tube. 

The slot -mask tubes use 
horizontal in -line electron 
guns and have alternate strips 
of red, green and blue phos- 
phor on the face plate. The 
mask contains a series of slits 
corresponding with the phos- 
phor strips. Two principal 
types of slot -mask tube are 
being manufactured in the Un- 

ited States - a narrow -neck 
type with the yoke pre - 
cemented to the neck and a 
wide -neck version with a more 
conventional, removable 
yoke. The cemented -yoke type 
eliminates all dynamic con- 
vergence adjustments, while 
the wide -neck version elimi- 
nates most of them. Designed 
especially for solid-state sets, 
the new tubes save money on 
circuitry and adjustment, are 
designed to require less ser- 
vice. They're about two inches 
shorter than conventional 
90 -degree tubes. 

Slot -mask tubes are now 
being featured in 13-, 15-, 17-, 
and 19 -inch sizes by American 
manufacturers and in smaller 
sizes as well by Japanese set 
makers. Most of the slot -mask 
tubes use the black -matrix 
principle for contrast en- 
hancement. Zenith is sticking 
to its Chromacolor tube, with 
no slot -mask in sight, but it's 
known to be working on a 
short 110 -degree deflection 
tube for portables. Sony, 
which can be said to have in- 
spired the slot -mask fever, is 
holding onto the Trinitron, 
which officially is classed as a 
"slit -mask" tube since the ver- 
tical holes in its shadow mask 
run the entire height of the 
tube without being broken by 
cross -pieces. A 21 -inch Trinit- 
ron is now being sold in 
Japan, but no date has been 
stated for it's introduction in 
the United States. 

Mavica 

The newest proposed home 
videoplayer has been demon- 
strated in prototype form by 
Sony. It's called "Mavica," 
which stands for magnetic 
video card. A flat envelope, or 
"Mavicard," measuring 61 x 
81/2 inches, is fed into .a slot in 
a player and provides 10 min- 
utes of color TV program- 
ming. The envelope contains 
two sheets of magnetic mater- 
ial, one recorded with color 
video information, the other 
with two channels of audio. 
Inside the player they're re- 
moved from the envelope and 
each is automatically inserted 
inside a drum, where they're 

scanned by revolving 
playback heads. After playing, 
they're reinserted in the en- 
velope, which is then dis- 
gorged through the slot as a 
complete package. 

Sony says it has no plans to 
commercialize Mavica, which 
could be marketed as a 
playback -only or record -and - 
play unit. It's testing reaction 
before making any decision. 
In mass production, it could 
be marketed for $450 to $600. 
To achieve longer playing 
time, Sony engineers say the 
card, and thus the machine it- 
self, would have to be made 
larger. Sony gave the resolu- 
tion of its system as 220 lines 
horizontal and 250 lines verti- 
cal and said prerecorded vid- 
eocards could be reproduced 
by heat transfer at the rate of 
20 per second. For LP video 
recordings, Sony still prefers 
the now standard videocas- 
sette. 

Dated television 

Federal and state govern- 
ments these days are requir- 
ing dating on an increasing 
number of products - gener- 
ally food and other perishable 
items. Would you believe that 
beginning next Jan. 1, all tele- 
vision sets must be dated? 
Yes, that's the rule, estab- 
lished by - guess who? -the 
Food and Drug Administra- 
tion. 

A new FDA regulation, 
adopted over the protests of 
television manufacturers, re- 
quires that the month and year 
of manufacturer be "clearly 
and legibly" printed on pro- 
duct identification tags or 
labels of all television sets 
sold in the U.S. How did the 
Food and Drug Administration 
get into the act? The FDA's 
Bureau of Radiological Health 
is responsible for government 
X-radiation regulations, and 
the purpose of the date rule is 
to make it easy to determine 
which X-ray regulations were 
in effect at the time the set 
was made. It also presumably 
will protect the public from 
stale TV sets. R -E 

by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 
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The new i , ory 
CA3 In sionAl . 

Reliable. 
Standby, instant and Remote on/off lockswitch On/off switcn for built-in 
delay alarm settings. connection. two -minute horn. 

Outlet for remote 
lamp, bell, horn or 
siren-energized 
when detection 
occurs. 

> . . 
C`s,.4. 

. 

Panic button Closed circuit wired 
connections. perimeter connection. 
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(And inconspicuous.) 
This area -and -perimeter device creates and trans- 
mits an ultrasonic wavelength field for detection up 
to a distance of 20 feet. And because of its modern 
design and walnut -grain finish, the CA3 is attractive 
and inconspicuous enough to pass as a radio or 
stereo tuner. 

Virtually any movement by an intruder (or a break 
in the perimeter circuit) activates the built-in horn 
and the remote outlet for two minutes. An automatic 

Knob control for 
slow or fast 
response to 
movement. 

reset handles the possibility of a new or renewed 
intrusion. And special CA3 circuitry guards against 
false alarms from line transients and insects. A 
variety of companion indoor or outdoor accessory 
devices is available. 

The Mallory CA3 Ultrasonic Intrusion Alarm. 
From the manufacturer of the most complete line 
of do-it-yourself security products. Another sound 
reason to see your Mallory distributor today. 

MALLORY 
MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. R. MALLORY 8s CO. INC. 
Box 1284. Indianapolis. Indiana 46206; Telephone: 317.261-7601 

ant l iea l ..t.o11 Controls Security Products DR RATAPE'' Resistors Semiconductors SONALERT- Switches Timing Devices and Motors 

DURACELL. DURATAPE" and SONALERT' are registered trademarks of P.R. Mallory 8 Co. lac 
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25,000 phone calls on one laser 
beam possible with new light mod- 
ulator? 

As many as 25,000 persons may some 
day be able to talk simultaneously over a 

single laser beam using a new electro - 
optic modulator recently designed by 
RCA scientists. This bandwidth would ac- 
commodate 20 TV channels, reports Dr. 

William M. Webster of the RCA Lab- 
oratories, Princeton, N.J. 

The new electro -optic modulator is the 
first that is truly compatible with inte- 
grated circuits and capable of spatial 
switching or aiming a laser beam. It can 
operate over light wavelengths ranging 
from the visible to the near infrared. 

The active portion of the new mod- 
ulator occupies only 0.12 x 0.02 x 0.02 
inch. The important feature is a thin 
lithium niobium tantalate film that acts as 
a waveguide for the laser light. The film is 

only 20 millionths of an inch thick. Mod- 
ulation voltages are applied to minute in- 
terleaved metal fingers over it. Varying 
these voltages changes the refractive 
index of the film material, altering the di- 
rection and the velocity of the light pass- 
ing through. 

Voltages required are low - 80 per- 
cent modulation can be obtained with 6 

volts for red light and 3 volts for a blue 
laser beam. Modulation frequency limits 
are far beyond the requirements of any 
present applications. 

High -purity optical fibers with losses 
comparable to those of conventional 
electronic waveguides have already been 
developed and it seems that optical 
transmission systems, with such fiber- 
optic waveguides and light from laser 
sources, may become practical com- 
munications systems in the not -so -distant 
future. Being practically perfect in- 
sulators, they are free from elec- 
tromagnetic interference or noise. Their 
losses are independent of frequency in- 
stead of increasing rapidly with fre- 
quency, as is the case with present-day 
coaxial cables. They are lighter than 
metallic waveguides and are much safer 
in environments where electric sparks or 
arcs could start a fire or trigger an explo- 
sion. For these two reasons, optical 
transmission systems are already in use 
on some military aircraft. Much greater 
bandwidths than can be obtained with 
electric waveguides are also possible. 

But - the problem of modulation has 
presented a difficulty. Light sources 
themselves can be modulated at high fre- 
quencies, but appreciable currents have 
to be varied at high speeds. Using the 
light -producing device as a constant 
source and modulating the light beam is 

preferred as a more practical approach. 
Successful modulators which insert in- 

formation into a laser beam have been 

developed. These have been compara- 
tively large and heavy, demanding in their 
power requirements and slow in action. 
The new device, besides being smaller, 
faster and less power -consuming, is sim- 
ple to make and can probably be pro- 
duced for a fraction of the cost of older 
units. Thus the new modulator may truly 
be called a breakthrough. 

Probable future applications may be 
found not only in telephone, radio and 
television communications and spe- 
cialized space and military systems, 
but in a variety of systems requiring a 

wide range of laser modulation, from a 

few cycles per second to the gigahertz 
range. One promising application is in 
controlling lasers in facsimile systems. 

Robert Cook wins Gernsback Award 
Robert A. Cook is the recipient of the 

first 1974 Hugo Ggrnsback Scholarship 
Award. Radio -Electronics gives out nine 
of these $125 awards annually, one to a 

student in each of the nine leading elec- 
tronics home -study schools. 

Mr. Cook is the nominee of the Cleve- 
land Institute of Electronics and is enroll- 

.5 
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ed in that school's Electronics Technol- 
ogy with Laboratory program. He lives in 
Astoria, N.Y. and is employed by the Con- 
solidated Edison Co. 

The second -place award of an RCA 
WV -529A service special vom goes to CIE 
student Thomas M. Nielsen from Mil- 
waukee, Wisc. 

Electronic pocket calculators 
take over a classroom 

Flying in the face of traditional attitudes 
that hold that the disciplinary advantages 
students gain from plodding through 
pencil -and -paper Work may outweigh 
those gained from the knowledge of 
mathematics obtained, Menlo College 
(Menlo Park, Calif.) 'equipped an entire 
classroom with pocket calculators. 

Evaluated after one year, the program 
has been pronounced an unqualified 

success. "The calculators help students 
understand the logic of problem solving 
while eliminating much of the drudgery," 
explains Donald J. Albers, head of the 
math department. "Many students, espe- 
cially the weaker ones, acquire a signific- 
antly faster and firmer grasp of what math 
is all about." 

An important advantage is that more 
examples can be discussed in a class 
period and that more complex problems 
can be introduced than when valuable 
class time had to be spent figuring out 
answers. No longer does the trignometry 
instructor have to keep the problem to the 
traditional tidy 45- and 60- to 30 -degree 
angles nor the professor in business 
courses keep interest rates and payment 
problems simple. More realistic and 
"messy" problems can be presented with 
the students solving them in seconds. 
Now 20 to 30 examples can be discussed 
in a class period in place of the traditional 
three or four. 
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MATHEMATICS DEPARTMENT CHAIRMAN 
Donald J. Albers uses an HP -45 pocket-size 
scientific calculator to explain a problem to a 

student. The machines are used by Menlo's 
science, mathematics and business depart- 
ments. 

The effects of the more intensive and 
realistic approach are marked. One pro- 
fessor had to rewrite the final class exam 
in statistics because the class had co- 
vered considerably more ground and un- 
derstood the subject more thoroughly 
than had been the case in previous years. 

A number of colleges ban calculators 
on the ground that they give an unfair ad- 
vantage to students who can afford one. 
Menlo solved the problem by supplying 
the calculators, at a cost of about $14,000 
to the college. 

Semiconductors are vulnerable 
to "innocuous" rf interference 

Apparently innocuous radio interfer- 
ence can disrupt normal functions in 

(continued on page /2) 
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We're making it our business to make your business easier. 

All GE 18"and 19"diagonal 
color TV's have 

in -home warranty service. 

Whatever went wrong with 
z; F their new General Electric . 

televi ;ion set isn't your fault. 
,. But by the time your cus- 

tomers get around to calling 
you, somehow you're the guy 
they vent their frustrations 
on. So to try to save wear and 

--- tear on your nerves, we're 
doing what we can to help 
reduce your customers' 
irritation. 

ca S ecifill , we're giving Specifically, 
in -home warranty service 
on all our 18 and 19 -inch e 

diagonal color sets (with and without handles). 
And if you don't think that's important, ask the 
next lady who has to lug a We're your keepingour 
60 lb. set intoyour shop. customers happier by 

keeping their sets at home. 

GENERAL ELECTRIC 
TV Receiver Products Dept.. Portsmouth, Va. 

Circle I on reader service card 
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No other home -study school gives you a TV 
like the one you build with NRI's Master 
Course in Color TV/Audio servicing. 
Some schools give you three or four plug-in 
sub -assemblies off the production line to 
put together a commercial set. Others give 
you a hobby -kit bought from outside 
sources. And because neither type was 
originally designed to train people for 
TV servicing, lessons and experiments must 
be "retro -fitted" to the set as it comes. 

That's why we went to the trouble to 
engineer our own, exclusive solid-state TV. 
It's the only way a student can (1) 
get the feel of typical commercial 
circuitry, (2) learn bench tech- 
niques while building a com- 
plete set from the "ground" up, 
(3) perform over 25 "inset" ,+ 

experiments during construc- 
tion, and (4) end up with a 
beautiful 25" diagonal solid- 
state color TV with wood - 
grain cabinet and all the 
modern features for top per- 
formance. Nobody else can 
give you this combination of 
advantages because nobody else I, 

invested the time and money to 
design a set with learning in mind. n 

- 

NRI passes the savings 
on to you 

This unique TV doesn't cost you more ... it costs you 
less, because NRI engineering eliminates the extra cost 
of buying from an outside source. NRI training also costs 
less because we sell only by mail. No salesmen. We 
pass the savings along to you in the form of lower tuition 
fees, extras like the TV cabinet (another $140 with other 
courses) and a solid state radio you learn on as you 
build, plus the actual instruments you'll need to service 
TVs ... triggered sweep oscilloscope, integrated circuit 
TV pattern generator, and digital multimeter. You can 
pay as much as $800 more for a similar course and 
not get a nickel's worth extra in training and equipment. 

More know-how 
per dollar 

That's what it all boils down to, the quality of training 
you get for the money you spend. In our 60 -year history, 
almost a million students have come to NRI and we're 
fully approved for the G.I. Bill. We must be teaching 
something right. 

Some of those "right" things are bite -size lessons to 
ease understanding and speed learning ... personal 
grading of all tests, with comments or explanations where 
needed ... a full-time staff of engineer/instructors to 
help if you need it ... plenty of "real -life" kits and 
experiments to give you hands-on training ... and fully 
professional programs oriented to full- or part-time 
career needs. 
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Widest choice o f 
career opportunities 

NRI offers not one, but five excellent TV/Audio 
servicing courses so you can tailor your training to your 
budget. Or, you can study other opportunity fields like 
Computer Electronics, Communications, Aircraft or 
Marine Electronics, Mobile Radio, and more. Free 
catalog describes them all, showing lesson plans, 
equipment and kits, and career opportunities. There's 
no obligation and no salesman will ever call, so send for 
your copy today. See for yourself why NRI experience, 
selection, and exclusives give you something no other 
school can. 

If card is missing, write to: 

NRI NRI SCHOOLS 
r'' McGraw-Hill Continuing Education Center 

3939 Wisconsin Avenue, 

gI I 

Washington, D.C. 20016 
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some semiconductor devices and, in 
some instances, can destroy them com- 
pletely, according to a paper presented to 
the IEEE International Symposium on 
Electromagnetic Compatability in July. 
The paper, offered by the U.S. Naval 
Weapons Laboratory, reports on a study 
of more than a thousand devices involv- 
ing 160,000 measurements. 

Catastrophic failures, according to the 
study, have been induced in logic mod- 
ules and operational amplifiers with 
bursts of rf power of less than 100 watts, 
lasting only 500 microseconds. Logic 
state changes have been induced in 7400 
series NAND gates at absorbed rf power 
levels as low as 10 milliwatts. Output 
changes of several volts have been ob- 
served on 741 operational amplifiers at 
absorbed rf power levels of less than 10 
microwatts says the report. 

I.R.I. award to Wm. G. Pfann 
The Bell Laboratories scientist who de- 

veloped the zone melting technique, Wil- 
liam G. Pfann, has been selected by the 
Industrial Research Institute to receive its 
second I.R.I. Achievement Award. The In- 
stitute is composed of some 230 of the 
larger companies engaged in industrial 
research. 

Zone melting is the process in which a 
position - or zone - of a crystal is 
melted and the melted portion moved 
slowly along the crystal. As this melted 
disc - usually produced by an induction 
heating ring around the cylindrical crystal 
rod - moves along, it carries the im- 
purities with it and they can be swept 
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SIEMEN' "SIMON DISPLAY SCREEN (extreme left in the photo) spells out all the information on the 
patient in letters anyone can read. In the rear is the patient whose condition is being monitored by 
the instrumentation. 

along to the end of the rod. This Pfann 
technique makes possible the high -purity 
material needed for any but the crudest 
types of transistors. It is therefore basic to 
modern transistor development. 

The award is in the form of an original 
work of art symbolizing creativity in in- 
dustrial research. 
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INDEPENDENT SERVICE TECHNICIANS evaluate and criticize General Electric service. data in a 
day -long Indianapolis meeting. Left to right: Robert C. Hannum, General Electric supervisor of 
training and publications, Portsmouth, Va.; Dick Raub, president, ITTA; Buzz Padgett, CET, service 
manager, wholesale TV; Claude Desmeules, CET, TV 8 Stereo Service; Jim Candler, Economy TV; 
Dick Glass, CET, executive vice president, NESDA-all of Indianapolis-and Dean Mock, CET, 
Mock's Television, Elkhart, Ind. 

Computer intensive -care unit 
"spells out" patient's condition 

An important improvement in 
intensive -care monitoring the "Simon" 
computer -assisted patient monitoring 
unit-has been introduced Siemens. 

Most striking feature of Simon is the 
display unit on which all information on 
the patient is spelled out in words and 
figures on a display screen. The informa- 
tion is updated every 30 seconds. In older 
types of intensive -care units, the informa- 
tion on a single patient was often transmit- 
ted to the supervisory booth in a variety of 
forms, making it slower and more difficult 
to read out all the information on a patient. 

An equally important, if less striking, 
feature is that the computer, while check- 
ing that the various conditions do not go 
beyond preset limits (common to all 
intensive -care instrumentation systems) 
also analyzes the variables in relation to 
each other and in relation to preceeding 
values. Thus the doctor or nurse may be 
able to note information expressed by two 
or more factors more quickly than if it had 
to be correlated from the readings of two 
or more instruments and can also note 
trends in any one variable before the con- 
dition reaches a danger point. 

Hunter can now "home in" 
on wounded quarry 

Wounded game may often escape a 
(continued on page /4) 
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Announcing the 
WINEGARD METRO -LINE 
TV -FM DISTRIBUTION 
AMPLIFIERS 
...the first high input, 11 

high output, low-cost 
MATV system amplifiers 
for strong signal areas 

T 
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Winegard's new Metro -Line amplifiers are specifically engineered to accommodate strong 
signals and eliminate overload economically and efficiently. Because they have the same com- 
mercial quality construction and circuitry as the DA -830, DA -825B and DA -815 , they are ideal 
for home, hotel, apartment and office building systems. 

Check these other important performance 
features: 

High output capability makes a Metro -Line 
your best db buy 

High input solves distortion and overload 
problems common in strong signal areas 

Lightning protection diode 

82 channel models have separate VHF and 
UHF amplifier stages 

DA -203 DA -205 

Extended band pass (54 to 300MHz) includes 
mid and super band coverage making Metro - 
Line approved for CATV use 
Eliminates multiple outlet charge for extra 
sets or MATV systems on cable TV 
UL listed 
Easy for any competent TV service dealer 
to install 
Choose from 3 VHF -FM and 2 VHF -UHF -FM 
models; suggested list prices from $30.85 
to $47.30 

DA -215 DA -803 DA -805 

OUTPUT PER CHANNEL° 
VHF 
UHF 

46dbmv 
NA 

46dbmv 
NA 

53dbmv 
NA 

43dbmv 
35dbmv 

45dbmv 
35dbmv 

INPUT PER CHANNEL° 
VHF 
UHF 

3ldbmv 
NA 

3ldbmv 
NA 

40dbmv 
NA 

3ldbmv 
26dbmv 

3ldbmv 
26dbmv 

GAIN VHF 
UHF 

15db 
NA 

15db 
NA 

13db 
NA 

12db 
9db 

14db 
9db 

IMPEDANCE 300 ohm 75 ohm 75 ohm 300 ohm 75 ohm 

Bandpass VHF 

UHF 

54 to 
300MHz 
NA 

54 to 
300MHz 
NA 

54 to 
300MHz 
NA 

54 to 
300MHz 
470 to 
810MHz 

54 to 
300MHz 
470 to 
810MHz 

NOISE FIGURE VHF 
UHF 

4.2db 
NA 

3.3db 
NA 

4.8db 
NA 

4.3 db 
10.0db 

3.3db 
7.3db 

POWER REQUIREMENTS 

°7 channels VHF, 5 channels 

117VAC, 
60Hz, 
2.3 watts 

UHF 0.5% 

117VAC, 
60Hz, 
2.3 watts 

Cross Modulation 

117VAC, 
60Hz, 
2.3 watts 

117VAC, 
60Hz, 
3.5 watts 

117VAC, 
60Hz, 
3.5 watts 

For additional information and sample system layouts, request New Product Bulletin No. 24. 

"v GD EEI 
WinegardWINEAR CompanyTL / 

3V01 0S0 ON 
KirkwoodSYSTEMS Street 

Burlington, Iowa 52601 
Circle 2 on render service curd 13 
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000'S0102 
ACCESSORY KIT! 
40A-222 

KIT 
CONTAINS: 

CR -280 
C.R.T. BRIGHTENER 

CR -115 
REPLACEMENT SOCKET 

C` 

CR -90-1 10 Ist-o:" 
TUBE TEST ADAPTOR 

CR-110-90 
CHASSIS SERVICE ADAPTOR 

CR -110 
SERVICE EXTENSION 

AVAILABLE INDIVIDUALLY 

FREE Reference Charts. 

ele vatic 
8roóklyn, N.Y. 1 1207 / 

14Circle 9 MI reader service card 
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bow -and -arrow hunter. An invention 
awarded Patent 3,790,948 may put an end 
to that. Issued to John M. Ratkovich, it 
describes an arrowhead containing a 

radio transmitter which emits signals that 
can be picked up on a radio receiver car- 
ried by the hunter. With a directional re- 
ceiver, it is necessary only to "home in" on 
the signals, often coming from an animal 
hiding in deep brush. (If the hunter misses, 
he has no trouble retrieving his lost 
arrow.) 

Arrows that emit smoke or unroll a line 
of yarn have been 'used for the same pur- 
pose, but the one is shortrange in time and 
the other in space and they have the 
further disadvantage that smoke may be 
invisible in thick woods and yarn may 
break in underbrush. 

Cancer cells discovered 
by tuning to their frequency 

A patent has been issued to Dr. 
Raymond V. Damadian of the New York 
State University Downtown Medical 
Center in Brooklyn for a method of de- 
tecting cancer electronically. The mothod 
consists of bombarding the tissue under 
inspection with radio signals. At a given 
frequency, atoms of the cancer cells act as 
transmitters, sending signals on distinct. 
wavelengths. 

Many tumors are permeable to X-rays 
and can often be disclosed only when they 
have pushed aside surrounding tissues. 
Since the new process employs nuclear 
resonance, it is not subject to this dis- 
advantage which hampers early detection 
with X-rays. 

More than 100 specimens of surgically 
removed tissue have been tested for the 
presents of cancer cells with the test suc- 
cessful in all cases. 

Another method covered by the patent 
is to flood the body with radiation and 
conduct tests without surgery. This 
method has been successful in experi- 
ments with mice and apparatus for apply- 
ing it to humans is under development. 

"Watch you language," 
says Ohio computer 

Students at the University of Akron ap- 
parently found it humorous to give the 
university computer obscene instructions 
or to program it with four-letter words. 

All this is now changed, says a university 
spokesman. A protective program has 
been installed that makes the computer 
demand an apology from any student who 
types in an obscene instruction. If the stu- 
dent doesn't come back with a fast "I'm 
sorry!" the computer indignantly turns it- 
self off. 

Radlo-Electronlcs is published by Gerns- 
back Publications, Inc. 200 Park Ave. S. 
New York, N.Y. 10003 (212) 777-6400 
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80302 



1. 

TTL 
Cookbook 

The more specialized 
your field, 

yl the more you'll need 
these books 

NI -Fl STEREO 
SERVICING GUfiDE 

Transistor 
Substitution 

HANDBOOK 

= 
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luny le 

design& use. 
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HI-FI STEREO SERVICING GUIDE - 
2nd Edition 
by Robert G. Middleton 
Anyone servicing a -m tuners, Im tun- 
ers, stereo -multiplex units, and audio 
amplifiers can gain valuable service 
direction and assistance from this 
guide. It also covers hi -ft speaker in- 
stallations, system evaluation, trouble- 
shooting, and methods of verifying 
test equipment performance. 104 
pages, softbound. No. 21075 $4.50 

TTL COOKBOOK 

by Donald E. Lancaster 
Transistor -Transistor Logic has opened 
up a fantastic number of applications 
for digital circuitry. It is not only bet- 
ter than traditional analog circuits, it 
is often cheaper. This timely book, by 
the author of the famous RTL Cook- 

-.- book, explains what TTL is, how it 
works, and how to use it. 336 pages. 
softbound. No. 21035 $8.95 

INTEGRATED 

CIRCUIT 

ü rtt ELEC2,LJ 

PHOTrwACr 

Television 
Course 

Q HOWARD W. SAMS 8 CD., INC. 
® 43G0 West 62nd Street, Indianapolis, Indiana 46206 

Order from your electronics parts distributor, or mail to 
Howard W. Sams & Co., Inc. 
Send books checked at right. $ enclosed. 
Please include sales tax where applicable. 

TRANSISTOR SUBSTITUTION 
HANDBOOK -14th Edition 
by The Howard W. Sams 
Engineering Staff 
Since exact replacement of transistors 
is not always possible, this book fills a 
definite need. It lists substitutions for 
over 100,000 bipolar transistors. 
Both computer -selected substitutes 
and manufacturer -selected, general- 
purpose replacements are given. An 
updated and invaluable reference for 
the serviceman. 152 pages, softbound. 

No. 21040 $2.95 

HOW TO USE INTEGRATED -CIRCUIT 
LOGIC ELEMENTS -2nd Edition 
by Jack W. Streeter 
Lacking previous experience with digi- 
tal logic circuit:, the engineer or tech- 
nician will be at a Complete loss when 
he enters the field of integiated-Cir- 

fylOtSeRft 

RECORDIf1G 
TKHfIIQUES 

21075 0 21043 0 
21035 0 20981 

21040 21037 0 
21081 21036 0 

metricS 
for th m.4rs 

cuited logic electronics. This practical 
book helps him over that hurdle. It 
opens with a necessary explanation of 
the binary number system and Boolean 
algebra and progresses logically to 
the practical problems and limitations 
involved in preparing to work in this 
new field. A glossary of digital terms 
is included. 160 pages, softbound. 

No. 21081 $4.50 

HOW TO DESIGN AND USE 
MULTIVIBRATORS 

by Courtney Hall 
This book examines the various types 
of multivibrators at the introductory 
level. It explains how multivibrator 
circuits work in switching rapidly from 
one state to another, how they can be 
designed using a minimum number of 
components, and how they can be 
applied in practical circuits. Many 
specific projects for multivibrator cir- 
cuits are covered. 96 pages, softbound. 

No. 21043 $3.95 

PHOTOFACTID TELEVISION COURSE - 
4th Edition 
by The Howard W. Sams Editorial Staff 
This book has provided the basic 
knowledge for thousands who have 
become skilled in the field of tele- 
vision engineering and service. Newly 
updated, it presents a complete course 
in black -and -white television, de- 
scribes the functions of important cir- 
cuits, and is supported by numerous 
schematics. Each chapter is followed 
by questions, with answers at the 
back of the book. 208 pages, soft - 
bound. No. 20981 $6.95 

MODERN RECORDING TECHNIQUES 

by Robert E. Runstein 
In explaining the intricacies of record- 
ing pop music, this book fills a gap 
that has been neglected or overlooked. 
It is of particular value to the re- 
cording engineer since it covers 
equipment, controls, and operating 
techniques currently in use in record- 
ing studios. 368 pages, softbound. 

No. 21037 $9.95 

METRICS FOR THE MILLIONS 
by Rufus P. Turner 
Here is an essential reference manual 
for all who will be affected by the 
coming changeover from our present 
system of measuring to the metric sys- 
tem. Each of the various metric units 
Is covered, and examples show how to 
convert from U.S. to metric and from 
metric to U.S. 96 pages, softbound. 

No. 21036 $3.50 

RE -084 

Send FREE 1974 Sams Book Catalog 007146 

Name 

Address 

Circle 4 on reader service card 
City State Zip 
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MOLEX CONNECTORS 
FOR TV TYPEWRITERS 

We wish to furnish the following infor- 
mation regarding the two Molex parts pre- 
sently being used in the TV Typewriter in 
the September 1973 issue. 

After a long period of poor inventory 
conditions, we can now announce that 
parts are readily available from stock for 
immediate delivery. 

There has been a small recent increase 
in the prices of the parts and the new 
prices are as follows: 

part No. 09-52-3103-$ .37 each 
part No. 09-64-1101-$ .43 each 
These increases will result in an addi- 

tional $2.00 for the average size order. 
We regret the delay in processing the 

mail orders which you have so kindly re- 
ferred to us and we appreciate the pati- 
ence shown by your readers. 

We would like to take this opportunity to 
express our appreciation for your efforts 
in referring your readers to us for parts for 
your projects and we will do our utmost to 
perform in a manner which would make 
you and your readers happy. If we can be 

of any further service to you and your 
readers please let us know. 
EUGENE J. RESNICK 
Force Electronics 
Inglewood, Calif. 

YOU MISSED A STEP 
Regarding the article from Sylvania Ser- 

vice Notebook entitled "Matrix -Tube Pur- 
ity Set -Up" in Radio -Electronics, March 
1974, steps seem to have been left out of 
the procedure. 

Step number 6 should have read: Turn 
on 12 -volt dc supply, then immediately 
turn if off (Note .. . 

I would like to say that when the dc volt- 
age is applied to the degaussing coil, you 
do not get the pattern shown in Fig. 3. The 
pattern that does result is a vast number of 
what appears to be tri-colored stars. 

Step number 7 can be performed, but on 
a trial -and -error as is step number 8. 

However, the operation does work very 
well, and there is no need to degauss the 
set each time the 12 -volts dc is applied as 
the degaussing coil will produce a new 

figure number 3 each time step number 8 

is performed only as long as you re- 
member to TURN ON then OFF the dc volt- 
age. 

In other words steps 7 and 8 must go 
back to step 6. 

The remaining steps are correct. 
SHERMAN F. WATSTEIN 
Chatsworth, Calif. 

TV TYPEWRITER CHANGES 

I have finished the TV Typewriter and 
would like to thank you for a beautiful 
project. I had to make some changes that 
may interest your readers. First, I could 
not get any 2524's so I substituted 
MM5016's 512 -bit MOS. This requires 
some external recirculate logic. (See 
diagram enclosed.) The same clock driver 
can be used as in the article. This ap- 
proach works very well if you cannot get 
2524 IC's. Also, I designed a multiplexed 
keyboard encoder using standard TTL. It 

(continued on page 22) 

If1TERNATIONAL 

Ftc ! 

me . ei Fm-2400CH 

The FM-2400CH provides an 
accurate frequency standard for 
testing and adjustment of mobile 
transmitters and receivers at pre- 
determined frequencies. 
The FM-2400CH with its extended range 
covers 25 to 1000 MHz. The frequencies 
can be those of the radio frequency channels 
of operation and/or the intermediate fre- 
quencies of the receiver between 5 MHz and 
40 MHz. 

Frequency Stability: ± .0005% from +50° 
to + 104°F. 

Frequency stability with built-in thermometer 
and temperature corrected charts: ± .00025% 
from +25° to +125° (.000125% special 450 
MHz crystals available). 

Self-contained in small portable case. Complete 
solid state circuitry. Rechargeable batteries. 

WRITE FOR CATALOG! 

MOBILE 

17 1117 

Tests Predetermined Frequencies 25 to 1000 MHz 
Extended Range Covers 950 MHz Band 
Pin Diode Attenuator for Full Range Coverage 
as Signal Generator 
Measures FM Deviation 

r- 

l ;r 

FM-2400CH 
(meter only) $595.00 

RF crystals (with temper- 
ature correction) 24.00 ea. 

RF crystals (less temper- 
ature correction) 18.00 ea. 

IF crystals catalog price 

INTERNATIONAL 
- r 

CRYSTAL MFG. CO., INC. 
10 NO LEE OKLA CITY. OKLA 73102 
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When you buy two HEP R1215's 
These are 30V -4A Sensitive Gate SCR's... 

which can be used in building any of four dif- 
ferent home and car security projects: 

Security Alarm System 

Master Alarm Control System 

Car Intrusion Alarm 

Long Range Optical Detector 

(a regular $1.25 value) 

i 

1 

This HEP 409 Project Book has 11 security 
projects, and it's yours when 
you buy two HEP R1215 
devices at the regular price of 
$1.25 each from your local 
HEP dealer. (Offer expires 
August 30, 1974) 

SEMICONDUCTORS 

P. 0. Box 2953 / Phoenix, Arizona 85036 

reader service card 

MOTOROLA 
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program_ whichges you 

in electronic circuit designhi 
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Electronic circuit design-source of all new development 
in the application of electronics to new products and 
services. Without this skill, we would be unable to monitor 
the heartbeat of men in space. Without it, the computer 
revolution would never have occurred. And we would have 
yet to see our first TV show. Yet, only CREI teaches 
electronic circuit design at home. 

ELECTRONIC CIRCUIT DESIGN 
A key skill which paces our nation's progress in count- 
less fields-from pollution control to satellite tracking 
to modern medicine to exploring the ocean's depths. 
And beyond. A skill which you must have to move to 
the top in advanced electronics. 

CREI programs open up 
new worlds of opportunity for you. 

In addition to electronic circuit design, CREI provides 
you with a full advanced electronics education in any of 
thirteen fields of specialization you choose. Communica- 
tions, computers, space operations, television, nuclear 
power, industrial electronics-to mention just a few of 
the career fields for which CREI training is qualifying. 
With such preparation, you will have the background for a 
career which can take you to the frontiers of the nation's 
most exciting new developments. And around the world. 

CREI Dept. E -1408-E 
3939 Wisconsin Avenue 
Washington, D.C. 20016 

This free book can change your life. 
Send for ít. 
If you are a high-school graduate (or 
equivalent) and have previous training or 
experience in electronics, then you are 
qualified to enroll in a CREI program to 
move you ahead in advanced electronics. 

Send now for our full -color, eighty page book on 
careers in advancec electronics. In it, you will find full 
facts on the exciting kinds of work which CREI pro- 
grams open up to you. And full facts on the compre- 
hensive courses of instruction, the strong personal 
help, and the professional laboratory equipment which 
CREI makes available to ycu. All at a surprisingly 
low tuition cost. 

C 

aauancea 

EIBCtraniCS 

And when you have it, talk with your employer about it. 
Tell him you're considering enrolling with CREI. He'll 
undoubtedly be happy to know you are planning to 
increase your value to him. And he may offer to pay all or 
part of your tuition cost. Hundreds of employers and 
government agencies do. Large and small. Including some 
of the giants in electronics. If they are willing to pay for 
CREI training for their employees, you know it must 
be good. 

Send for Advanced Electronics today. You'll be glad 
you did. 

Rush me your FREE book describing my opportu- 
nities in advanced electronics. I am a high school 
graduate. 

Name Age 

Address 

Cíty State ZIP 

If you have previous training in electronics, check here 

Employed by 

Type of Present Work 

Veterans and servicemen, check here for G. I. 8111 Information 

OR81 
CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 
WASHINGTON, D.C. 20016 



THE 

PROBLEM 

SOLVER 
. t 

--... 

DC300A 

.; 

. 

This is the totally new commercial 
super amp that is going to make your sound 
installations easier and your bank account 
fatter. It is the only dual channel high power 
low distortion amp specifically designed for 
portable and house systems, with the 
features you need. 

The DC300A is rated at 150 watts per 
channel continuous into 8 ohms, 300 w/ch 
continuous into 4 ohms (both channels 
driven) or 500 watts continuous into 2.5 
ohms (single channel driven). Each channel 
has eight 150 -watt output transistors! For 
600 watts continuous 8 -ohm output, it con- 
verts easily to a mono amp, so you can drive 
a 70 -volt line directly without a matching 
transformer. 

With separate level controls and cir- 
cuitry for each channel, the DC300A is 
almost two amps in one. Great for bi-amping 
or for driving two separate systems. 

The exclusive new DC300A output 
protection circuitry practically eliminates 
servicing. Even better, it can drive any 
speaker load, resistive or even totally re- 
active, with no protection spikes, thumps or 
flyback pulses. 

A fantastic new IC front end sets new 
world's records for low distortion and noise. 
Stringent factory testing brings you one 
step closer to install -and -forget field de- 
pendability. The price is under $700, and as 
two amps in one, it will probably give you a 
surprising cost -break on your next multiple 
amp system. 

To discuss your special application or 
request detailed technical data, phone 
(219) 294-5571 or write CROWN, Box 
1000, Elkhart, Ind. 46514. 

O crown 
MADE ONLY IN AMERICA 

LETTERS 
(continued from page 16) 

provides keyboard debounce and uses 
spst-n.o contacts. I used edge connectors 
instead of the Molex connectors. This 
works fine and costs only about 
50c/board. 

Finally, I could not get any 74197's so I 

substituted two 7476's as diagrammed. 
Allow me to thank Don Lancaster and 
suggest an FSK MODEM using TTL and 
incorporating half of the 4024 IC as the 
VCO modulator and a NE565 PLL as the 
demodulator. I would like to know where I 

can get the 4.56 -MHz crystal. I am using a 

trimmer capacitor now. 
Boyce Steadman 
Spartanburg, S.C. 

+5V C- 

0 - +5V 
IN 

Thank you Mr. Boyce for your com- 
ments on the TV Typewriter. I am certain 
that many other readers will benefit from 
them. 

We can help you when it comes to ob- 
taining the proper 4.56 -MHz crystal. This 
crystal for the TV Typewriter may be or- 
dered from International Crystal Man- 
ufacturing Company, 10 North Lee Street, 
Oklahoma City, Okla. 73102. It is a com- 
mercial standard (CS) type calibrated to 
±0025% in a series -resonant mode. Hol- 
der type HC -6/U. The crystal costs $5.10 
postpaid. Delivery time is approximately 
three weeks at this time.-Editor 

VCO OUT 

14 13 12 11 10 9 

OUT 

+5V 

4.56 mHz OSC. USING TRIMMER CAP. 

OB OD 

I 

R 

7476 
s 

J T K 

R 
7476 

S 

J T K 

R7476S 

J T 

R 
7476 

S 

J T K 

O 
CLOCK o LOAD (SET TO "15") 

ZT 
16 SN74197 SUBSTITUTE 

NY technicians elect officers 
The Empire State Federation of Elec- 

tronic Technicians Association (ESFETA) 
re-elected Warren Baker, CET, of Baker 
Electronics, 514 Second St., Albany, pres- 
ident of the Association for the 1974 sea- 
son. His vice president is Richard (Dick) 
Jones, Sr., Jones's TV, RD -1, Box 
383-1/2, Kingston. 

Kenneth Parese, CET, C -P Electronics, 
19 Martin Drive, Wappingers Falls, is the 
recording secretary, and Ronald Palluth, 
CET, Auido Fixit Centres, Inc., 25 Col- 
legeview Ave., Poughkeepsie, NY, the 
corresponding secretary. Robert (Bob) 
Ocasio, Telefix, Inc., 882 Gerard Ave., 
Bronx, NY, was elected treasurer. 

ESFETA is a state-wide association of 
electronic technicians and membership is 
open to all electronic technicians practic- 
ing within the State. Information may be 
obtained by contacting any of the 
officers. . 

NESDA meets in San Antonio 

re 

7 

THE BOARD OF GOVERNORS OF ISCET 
(International Society of Certified Electronic 
Technicians) meeting in conjunction with the 
Board meeting of the National Electronic Ser- 
vice Dealers Association (NESDA) at San An- 
tonio, TX. Standingat center rear is Ms. Valerie 
Miller, who chaired the meeting. 

22 Circle 7 on reader service card 
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Because they're missing something. 
Like an ignition system built for today's driving. 

Factory electronic ignitions were okay for yesterday. (All they do 
is eliminate the points and condenser, you know.) But today...with 
fuel shortages, the ever-growing cost of maintenance, power - 
robbing smog control devices, etc.... there's a crying need for 
something better. 

That something better is a Delta Capacitive Discharge Ignition 
System ...the low-cost "now" system that really makes sense. 
Means up to 20% better gas mileage. 75% fewer tune-ups. Three to 
10 times longer plug life. Instant starts...even at -40°. Better ac- 
celeration and performance. Easy to install on any automobile 
engine, too; even goes on in t,tinutes right over the factory electronic 
system with no rewiring. 

Delta Capacitive Discharge 
Ignition Systems...extra en- 
ergy to beat the energy short- 
age. Available in two models; 
Mark Ten CDI, or Mark Ten B. 
Priced as low as $34.95 in kit 
form. Use coupon to order 
today! 

1 

_1 C. 

M A 
R KT Éb . 

N 6 

Jed' 

rlDELTA 
PRODUCTS, INC. 

P.O. Box 1147, Dept. RE 
Grand Junction, Colo. 81501 
303-242-9000 

Please send me free literature. 
Enclosed is $ O Ship ppd. O Ship C.O.D. 
Please send' Mark Ten B assembled @ 

$64.95 ppd. Mark Ten B Kit @ $49.95 ppd. 
(12 volt negative ground only Standard Mark 
Ten assembled, @ $49.95 ppd. 6 Volt: Neg. 

Ground Only__12 Volt: Specity_Pos. Ground 
_Neg. Ground_____Standard Mark Ten Deltakit' 
@ $34.95 ppd. (12 Volt Positive or Negative Ground 
Only) 

Car Year Make 

Name 

Address 

City/State Zip 
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the grille cloth panel are recessed from the 
cabinet sides so it can be easily removed by 
pulling it towards you. The panel is secured 
by pressure holding corner studs and sock- 
ets. Easy panel removal lets the listener ad- 
just the speaker response for room acoustics 
without the annoyance of reaching behind or 
turning around the sturdy 36 -pound enclos- 
ure. 

The balance control has a wide slot which 
conveniently accepts the edge of a coin. The 
second convenience of the removable panel 
system is that the woman of the house can 
join in the fun by being able to easily change 
the grille cloth. You can buy a standard 
$3.95 acoustically selected material from 
Avid in Orange. Green, Blue, Cream, Gold, 
Red, Brown or Burnt Orange. Gold is the 
color supplied with the Model 102. The 
cloth is held by a spline mounting system on 
the reverse panel side similar to that used on 
some window screens. Your second option 
is to pick you own cloth using the 
manufacturer's suggestions in selecting one 
that is acoustically transparent. 

The speaker compliment is a 10 -inch 
woofer supported by a highly flexible butyl 
surround designed with large voice coil 
travel for low distortion at the bass frequen- 
cies. A I -inch dome tweeter gives extended 
frequency range and uniform distribution 
characteristics. The crossover frequency is 
2200 Hz. Looking at the response curve, 
Fig. 1, the specified 35 -Hz to 18 -kHz re- 
sponse range is seen to be 3 -dB down com- 
pared to a mid -range I kHz. The actual 
specification is ±5 dB. On the frequency 
plot supplied for our test model there was a 

5 -dB dip at 2 kllz. 
At 20 Hz the response was down 9.5 dB 

and down 4 dB at 20 kHz. At 45° off the 
tweeter center axis, response falls about 2.5 
dB from 2 kHz up to the high frequency 
limit. The balance switch gives about a 

±3 -dB adjustment in this same frequency 
range. These curves were measured in an 

anechoic chamber above 200 Hz. Below this 
a microphone was placed directly in front of 
the woofer. The well behaved impedance 
curve is Fig. 2 shows a slight resonant peak 
of 9.4 ohms at 51 Hz relative to the nominal 
8 ohm impedance. 

Sealed in a 25 x 15 x 94k" cabinet the 
Model 102 is covered with simulated walnut 
vinyl. The shape factor is a little different 
from most speakers of comparable volume. 
The reduced 9W depth may be useful to 
some who would like to use a shelf mounting 
arrangement. 

The $109.50 speaker is supported by a 

three-year warranty. Fairly extensive 
operating instructions and suggestions are 
included covering amplifier connection, 
speaker placement, parallel operation of 
loudspeakers etc. An optional floor stand is 

available from Avid. 
The Avid 102 looks like a good choice in a 

two-way speaker for those who want undis- 
torted sound at a reasonable price. R- E 

40 COSMOS IC PROJECTS 
IN SEPTEMBER 1974 

Starting with next month's issue of 
Radio -Electronics we are going to 
present a series of articles by R.M. 
Marston. It will introduce the COS- 
MOS micropower IC, explain how it 
works, and offer 40 projects you can 
build around it. Look for it next 
month. 

ARE YOUR 
KIDS SNATCHING 
OFF-COLOR TV? 

THEN CALL YOUR NEIGHBORHOOD 
TV TECHNICIAN. 

When Marshal Dillon's horse starts turning green on your color TV set, 

don't fool around. W etching poor color on TV could result in 
poop pre - 

eyes. 

Don't wait until you've got really big headaches. Early atten 

vents related problems and makes it oeasier 
ur 

... and 

independent ss 
s 

exper service 

to find and cure the trouble. Call y 

technician when color trouble starts. 
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See your Sprague Distributor for window -size blow-ups 
of this message. Or, send 25¢ to Sprague Products Co., 
81 Marshall St., North Adams, Mass. 01247 to cover 

handling and mailing costs. Just 
ask for Poster RP -41. 
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ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 
from the Indiana Home 

Study Institute 
We are proud to announce two great new courses in Engineering Mathematics for the electronic industry. 
These unusual courses are the result of many years of study and thought by the President of Indiana Home Study, who has personally lectured in the classroom to thousands of men, from all walks of life, on mathematics, and electrical and electronic engineering. 
You will have to see the lessons to ap- preciate them! 
NOW you can master engineering 

mathematics and actually enjoy doing it! WE ARE THIS SURE: you sign no contracts-you order your lessons on a money -back guarantee. 
In plain language, if you aren't satis- fied you don't pay, and there are no strings attached. 
Write today for more information and your outline of courses. 
You have nothing to lose, and every- thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

Dept. RE -874, P.O. Box 1189, Panama City, Fla. 
32401 
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E X PAN D S their line of 
SYNTHESIZER 

KITS 

from the 

GNOME 

micro -synthesizer 

to 
modular systems 

all at affordable prices 

demonstration record, 

including explanatory manual, 

patch charts and scores 
now available - $1.0 ppd. 

catalog - free 
PAIR ELECTRONICS 

BOX R 14359, OKLAHOMA CIT V, OK 73114 

appliance clinic 
IGNITION PROBLEMS 
IN SMALL ENGINES 

by JACK DARR 
SERVICE EDITOR 

THIS IS SLIGHTLY DIFFERENT BRANCH OF 
appliances: it's about power lawnmowers. 
and their ignition systems. It is electrical, 
and that's a link, and never mind the puns 
about the missing link! But if one cylinder 
misses in the typical mower, you've had it. 

There's another problem. Some time ago. 
I pulled what I thought was a smart trick. 
My wife couldn't start the mower we had. 
though she loved to run it. So. I got a nice 
electric -start rider. Now, 01' Dad could sit 
in the living room and watch the football 
game, while Mom taxied happily around the 
yard. There was one severe hitch in the git- 
along, though. The ignition system on the 
new job radiated TVI like crazy! Tore up 
the whole picture. 

After some head -scratching, I decided 
that the simplest thing was the hest, at least 
for a start. So. I checked the type of spark 
plug it used, which was an AC No. 45. I 

hypered into town and got a resistor type 
which is an R45. Installing this, cleaned up 
the ignition noise very nicely. 

For the benefit of those old mechanics 
who think that this type of plug upsets the 
ignition, let me say that I ran a long series of 
tests on cars, a long time before resistive 
ignition wire became the standard. It has 
absolutely no effect on either the starting or 
running. If the ignition system is in shape to 
run at all, resistor plugs or resistive wiring 
won't bother it a penny's worth. 

This will work in the magneto ignition 
systems of other engines, just as well. These 
don't seem to cause as much trouble with 
TVI as the electric (sic) systems, but if they 
do. it would be a good starting point. For 
those who have one with this type of engine. 
which includes all of the pull -start types. 
here's a very good hint. If the engine gets 
hard to start. the first thing to do is replace 
the spark plug. 

If you're in a hurry and don't want to run 
to town and get a new plug, try this. (Actu- 
ally, you ought to have a spare tucked away 
in the garage!) Take the old plug out and 
close the gap on the points. When these 
plugs have been used for too long, some of 
the metal of the points burns away. widen- 
ing the gap. Tap the movable point gently 
with a screwdriver handle, etc. until it is 
very close: .025 inch is about right. (If you 
want a handy gap -gauge which will always 
be with you, the average male rhumb/lull will 
be very close to .025. Mike it and see.) 

For a quick check of the ignition system, 
take the plug out, but leave it hooked to its 
wire. Lay It on the engine, and pull the 
starter. If you can see a pretty bright blue 
spark, your ignition is OK. 

This leads to the next thing: most com- 
mon offender here is a little water in the gas 
tank. You cart get this from condensation in 

a partly filled tank. The water will drop to 
the bottom of the tank: if you take the cap 
off and look inside (with a flashlight! Not a 
match, Clyde!), you can usually see what 
looks like bubbles rolling around on the bot- 
tom. In most of these engines, the car- 
buretor picks up the gas through a tiny tube 
that goes almost to the bottom: so, the first 
thing it gets is some of the water. 

Cure is simple: turn the thing upside down 
and drain all of the gas and water out. If you 
can still see some liquid on the bottom af- 
terward, wrap a small (non -lint type) rag on, 
the end of a stick and swab it out until it's 
dry. Refill with fresh gas and try it. 

Magneto ignition 
Just as a refresher, a magneto is a coil, 

mounted on the engine, and a magnet. The 
magnet is cast into the inside of the fly- 
wheel. When this revolves. the magnet 
passes the core of the coil. The change in 
magnetic field generates a high -voltage 
pulse. 

In some engines. you'll find a set of con- 
tact points, with a condenser. mounted on 
the top of the engine, under the flywheel. 
These are closed by a tiny spring -loaded 
plunger which goes into a recess in the shaft. 
This makes the magneto fire at exactly the 
right time. This is similar to the distributor 
on a car, but isn't in the high -voltage circuit 
at all. The spark -plug lead goes from the 
high -voltage coil directly to the plug. 

After long use, these points get dirty. To 
get at them, you'll have to remove the fly- 
wheel and starter assembly. If these con- 
tacts are very dirty and pitted, a new set of 
points and a condenser will do wonders for 
that hard -starting old engine. 

Actual magneto failure is pretty rare. One 
real whizzer can be found if the magnet 
loses its strength! This is also rare. hut can 
happen if the flywheel is struck a hard blow 
right over the magnet, or if it's overheated. 
For a quick check, hold a screwdriver blade 
near it. It should he strong enough to pull 
the blade tip smartly. 

Batteries 
The batteries used in the electric -start 

units are small ones, mostly 12 -volt, about 
the size of a motor -cycle battery or smaller. 
Some makes use a straight 12 -volt dc sys- 
tem. The battery is connected to the starter, 
and cranks the engine. The starter will he 
gear -driven, so that after the engine starts, it 
is turned and will act as the generator, 
and recharges the battery. 

In the later models, a dual -wound type of 
unit is used. There is a dc motor winding for 
starting: there is also an ac alternator wind- 
ing. You'll usually find a pair of diodes, 
mounted in spring clips, with leads going to 
the battery. Caution: in most of these sys- 
tems, you'll find a warning notice. The bat- 
tery must be disconnected from the system 
before recharging with an external battery 
charger. Failure to do this may blow the 
diodes. (I'm taking their word'for it. When I 

recharge mine, I disconnect it.) R -E 
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Look up 
to Jerrold's 
ew line of 
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a complete line of towers for 
MA TV & Home TV/FM Antennas that are 

:.~172:7-_,7t.- stronger, easier to put up and last longer. 
`-T Of course, th 
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ese are not ordinary towers. For more than a quarter of a cen- 

RTr tury, Jerrold has developed and produced the finest equipment for MATV 

and home antenna TV systems. Our towers are proven designs of the --- 7 same high quality. 
- There are actually three complete lines of Jerrold towers. 

The QDMX series are self-supporting concrete -base towers, 28 to 68 

. 9 j} - feet high. QDMX towers use heavier steel (12 to 16 gauge vs. 14 to 18 

if y . - gauge) and a heavier mast than competitive towers. They are wider 

at the bottom, tapering gracefully to the top. 

ti - The QDME series are bracketed towers, ranging from 20 to 52 feet 

I 

high. Construction is of straight sections similar to that of the 

QDMX series. 
Golden Nugget series towers are the finest tubular 
steel bracketed towers available, and they are 

popularly priced. Unique "Golden Nugget" welds 

are extremely strong and will never rust. Whereas 

competitive tubular towers use 18 gauge legs, Golden 
Nuggets use 16 gauge legs for extra strength. 
Golden Nuggets are available in 10 -foot sections. 
Jerrold also offers a full line of slip-up masts and 

tripods. 
- Jerrold towers are priced competitively, 

but impossible to match in value. For 

more information, contact your local 
Jerrold Distributor. 

El JERROLD - 

a GENERAL INSTRUMENT company 

i.. 

JERROLD ELECTRONICS CORPORATION 
Distributor Sales Division 
P.O. Box 350 
200 Witmer Road, Horsham, Pa. 19044 
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MODEL 
1230 

ACTUAL SIZE 

Our New Digital IC 
color generator 
deserves a hand ... 

cHRoAI 
LEVEL 

OFF .B_ MODEL1230 DIGITAL LC. COLDS GENERATOR) ; 

YOURS! 
The time you waste running back to the truck to pick up your bulky color 

convergence generator costs you money. B & K's solution to the problem is the 
model 1230 Digital IC Color Generator-a solution you can hold on the palm 

of your hand. 

How much performance can you expect from a package just 13/4" high, 5" wide 
and 73/4" deep that snuggles nicely into the place of a few tubes in your caddy? 

Plenty-like a broadcast -stable 10,0000V signal with four rock -steady patterns 
so jitter -free that you can expand and examine the quality of the color 

subcarrier with an oscilloscope. And that's unique. 

Why is it so stable? Because all video, sync, -blanking and color signals are 
derived from a crystal -controlled 4.751748MHz master oscillator. Because of the 

progressive scan system, which presents the same signal on each field. Because 
all counting functions and signal processing are performed by accurate, 

reliable digital integrated circuits. And because the ripple -free regulated power 
supply maintains generator stability even under abnormal line conditions. No 

expensive batteries to replace, either. 

Plenty of good reasons to get your hands on one today. In stock at your 
distributor or write DYNASCAN. 

PRODUCTS CF a DYIVASCA1V 
1801 W. Belle Plaine A ve. 

Chicago, IL 60613 (312) 327-7270 

MODEL 1230 $96.00 
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COMPLETE IR VIEWER (left) and a 6032 image tube (above) with volt- 
age divider added. Power supply connections are high -voltage cable. 

Build a $35 ¡NFRA RED Viewing System 

.::..)t, 
' In -2 I Cl/ 

. r; 

V l ` o p ..4..h . 

IMO 

INFRARED EMITTING LASERS AND LED'S ARE 
of great value in light beam communicators, 
intrusion alarms, and ranging systems. All 
these applications, however, would he 
easier to achieve if the invisible beam from 
the infrared source could be seen during 
alignment. 

Phosphor viewing screens are available 
for as little as $25, but they suffer from low 
resolution and limited viewing time before 
requiring "recharging" from an ultraviolet 
source. The next least expensive solution is 
an infrared image converter tube, but even 
war surplus tubes with an integral power 
supply cost $300 or more. 

An ideal solution to the problem is to as- 
semble the infrared image converter de- 
scribed here. This device is centered around 
a variable -output high -voltage power supply 
capable of operating practically any new or 
surplus image tube. A surplus 6032 image 
tube can be purchased for as little as $9.00, 
and this permits an entire image conversion 
system to be put together for a tenth the cost 
of the least expensive commercial units. 

How it works 
Image converter tubes contain a light- 

sensitive photocathode which emits elec- 
trons when struck by light. Various cathode 
coatings are available for ultraviolet, visible, 
or infrared light. An anode surrounding a 

7. 

11 Infrared technology has made rapid strides 
in surveillance, security, ecological 
surveys and other fields. This simple 
experimental viewer has many applications. 

INTERNAL VIEW of 
Image tube power 
supply. Oscillator is 
at left, T2 at center 
and voltage tripler at 
right. Never open 
supply housing when 
operating and never 
operate supply with- 
out a load. 

phosphor coated viewing screen is con- 
nected to a positive high voltage and attracts 
electrons emitted by the photocathode. As 
the electrons strike the phosphor screen, 
they excite individual phosphor atoms to 
higher than normal energy levels. When the 
atoms resume equilibrium, they emit a 
yellowish -green light. 

Some image tubes require electrostatic 
focusing and include a central grid for the 
purpose. The 6032 is an example of an elec- 
trostatic focused tube. More recent tubes, 
such as the 6929, include prefocused inter- 
nal grids and are easier to operate. Self fo- 
cused tubes such as the 6929 will operate 
from about 12 kilovolts, while the 6032 re- 
quires a hefty 20 kV. 

Too much voltage can damage or destroy 
an image tube. so a power supply designed 
to operate a variety of tubes must have a 
variable voltage control. The very high vol- 
tage required for the tube can be generated 
by several techniques. Since the image tube 
may be requitred to operate from batteries 
in such field applications as aligning an in- 
frared communicator or intrusion alarm, the 
system should be capable of low voltage op- 
eration. In-house operation of the tube, 
however, is best accomplished by means of 

1 17 Vac. For this reason a compromise cir- 
cuit permitting both modes of operation at 
the least possible expense was chosen. 

by FORREST M. MIMS 

The circuit diagram for the power supply 
is shown in Fig. I. In operation, transformer 
TI and the rectifier bridge convert the 117 

Vac delivered by the household line to I I 

volts of pulsating dc. Filter capacitor Cl 
smoothes this voltage and passes it on to a 

regenerative amplifier composed of QI and 
Q2. 

The regenative action of QI and Q2 
causes an oscillation with pulses of dc at 
near the power supply voltage being deliv- 
ered to the primary of high -voltage flyback 
transformer T2. RI varies the voltage out- 
put of the oscillator and serves as a variable 
high voltage control. The dc pulses from the 
oscillator are converted to ac by the induc- 
tor action of T2's primary. T2's inductance 
causes the dc pulses switched by Q2 to have 
an undershoot nearly as great in amplitude 
as the pulse itself. 

T2 has a very high turns ratio so a small 
voltage at its primary is stepped up to a high 
voltage at its secondary. The high -voltage 
output of T2, which ranges up to about 14 

kV depending on RI's setting, is smoothed 
and increased by a factor of three by voltage 
tripler VTI. The output of the tripler is con- 
nected to the image tube. 

Putting it together 
Construction of the high -voltage power 

supply would be straightforward were it not 
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CAUTION: HIGH VOLTAGE CIRCUIT. 
PROPERLY INSULATE ALL LEADS 
AND CONNECTIONS. 

BLACK GREEN 

X - FOR BATTERY OPERATION, 
DISCONNECT LEADS AT 
POINT "X" AND CONNECT 
12 VOLT BATTERY 

FIG. 1-THE POWER SUPPLY, ac or battery 
powered dc -to -dc converter develops the high 
voltage needed by the image converter tube. 
Parts are cheap and readily available. 

for the hazards associated with very high 
voltages. While the actual assembly goes 
quite fast, use great care to properly w ire 
and insulate all high voltage terminals and 

connections. 
Begin assembly by preparing the power 

supply housing. 1 he prototype circuit was 

installed in an L\1 B Blue I Bilged cabinet 
(It -H 643) measuring 3 x -i x 6 in., and a 

drilling pattern for this cabinet is shown in 

Fig. 2. If any component substitutions are 

made check the location of their mounting 
holes before drilling the cabinet. 

When the cabinet is drilled, install BI, SI. 
1 I. and the power cord. Use a rubber 
grommet to protect the power cord w here it 
enters the cabinet. Tie a knot in the cord 
several inches from the exposed end to se- 

cure it in place. Insulate the connection be- 

tween the power cord and 1 l's primary with 
electrical tape. 

Install the two high -voltage output jacks 
in the housing next. The red (positive) jack 
should he installed in the hole newest the 

edge of the cabinet. 
Prepare T2 for installation by removing 

and discarding its 2 -turn rectifier filament 
winding. Use a length of No. 16 or 18 insu- 
lated hookup wire to wind a substitute 
3 -turn winding in place of the original wind- 
ing. The new w inding. used as the primary. 
can he wound anywhere along the flyback's 
core so long as it is wound tightly around the 

core itself and not around the fiberboard 
supporting material. The prototype T2 
primary was wound at the base of -f2 in a 

manner w hich permitted the two leads to he 

readily accessible. 
Clip T2's high-soltage output lead (it will 

probably have a cap on its free end) about an 

J3 

6032 IMAGE TUBE 

ANODE GRID 

100 MEG 

HIGH VOLTAGE 
19 20 100 MEG 

2 22MEG 

inch from w here it enters the secondary 
winding and carefully remove its insulation. 
Temporarily install T2 in its position n+íth- 

out mounting hardware. 
Voltage tripler VTI can he any high - 

voltage unit of the type used in late model 
color television sets. \Lamy manufacturers 
use the Varo \11-1-381 and attach their oscn 
type number. For example. the Zenith 
212-130 is an exact replacement for the 
\ll-I-383. The only requirement is that the 
unit he capable of at least 10 kV input and 
delivering at least 25 kV. -I riplers are avail- 
able f om television parts suppliers for 
about $12. 1 he price may seem high for a 

handful of high -voltage rectifiers and 
capacitors. but the individual components 
would cost far more if purchased separately. 
And. of course. the pre-packaged tripler is 

properly and safely insulated with a thick 
layer of sealant. 

If you use the \l1-1-383 style tripler and 
the cabinet specified in the parts list. it will 
he necessary to remove one of the two plas- 
tic mounting brackets with a saw for a 

proper fit. Clip off the white focus lead 
about an inch from the tripler's case since it 

will not he needed. Finally. install the tripler 
in the housing with 4-40 hardware. 

When the tripler is installed, trim the red 
high -voltage input lead to an appropriate 
length and solder it directly to the flyback's 
high -voltage output terminal (the one con- 
nected directly to the secondary winding). 
The black common lead should also be cut 
to an appropriate length and soldered to the 

black banana jack. The remainder of the 
black lead should be soldered to terminal 
"T" on the flyback. For a slightly higher 
output voltage you can connect the 

VT1 
P1 

FOCUS 
TAP 
(UNUSED) 

PHOTO CATHODE 

J4 

P2 

1 

IMAGE 
TUBE 

ANODE 

PHOTO 
CATHODE 

INFRARED 

PARTS LIST 
C1-50 pF, 25 V electrolytic 
C2-.33 pF, 25 V 
J1-J4-Insulated banana jacks 
P1-P4-Insulated banana plugs 
Q1 -2N3716 or other general-purpose npn 

power transistor 
02-2N3792 or other general-purpose pnp 

power transistor 
RECT1-50 volt full -wave rectifier (Radio Shack 

276-1146 or equal) 
R1 -500 -ohm potentiometer 
R2-100,000 ohms, 1/2 W 
S1-Spdt toggle switch 
T1-Power transformer: primary 117 Vac sec- 

ondary 12.6 Vac center tapped 
T2-Television flyback transformer (Stancor 

A-8279 or equal: see text)' 
VTI-High voltage tripler (Varo MH-383 or 

equal; see text) ' 

Image Tube -6032. 6929, or other IR image 
tube (see text)' 

Misc.-Cabinet (3" x 4" x 6"; B -H 643 available 
from LMB, 729 Ceres Avenue. Los 
Angeles, Cal. 90021 for 53.50 or equal), 
high -voltage cable, high -voltage 
silicone sealant, perforated board, 
mounting hardware, marking labels. 
Plexiglas cylinder for image tube, etc. 
(see text for details) 

' Flyback transformers available from elec- 
tronics and TV parts dealers. 

Image tubes are available from Edmund Sci- 
entific Co. (300 Edscorp Bldg, Barrington, N.J.. 
08007). 

flyback's width coil winding (terminals I 

and 3) in series with the remainder of the 
secondary as was done in the prototype. but 
this is not necessary for most image tubes. 

Finally, the tripler's high -voltage output 
lead is cut to an appropriate length and sol- 

dered to the red banana jack. At this point, 
carefully inspect all high -voltage wiring and 

connections for possible errors or shorts. In 

a high -voltage circuit. a "short" can occur if 
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1/2" 

3/4" 

INSULATED HIGH VOLTAGE 
JACKS (J1 AND J2) 

SWITCH Si 

13/16" 

VOLTAGE CONTROL RI 

5/16" 

--*-1I-- 1.. 

t.--2>}.'=2"+-I 
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FIG. 2-DRILLING PATTERN for mounting the components in the 3 x 4 x 6 Inch hinged -top 
cabinet. Before drilling, make sure all parts fit properly - especially if you've made changes. 

an exposed terminal is in close proximity to 
a metal structure or other terminal. To pre- 
vent arcing and a resultant short. coat all 
exposed high -voltage terminals with a thick 
layer of silicone sealant. A tube of sealant is 
ordinarily packaged with new triplers, and 
the material can pe purchased separately 
under a variety of trade names. Besides pre- 
venting arcing, the sealant provides some 
protection against accidental shock and re- 
duces power robbing corona. Corona is the 
bluish brush discharge which frequently oc- 
curs at high -voltage terminals. 

When the high voltage wiring is complete, 
flyback T2 can he mounted in place with 
4-40 hardware. Make sure the two primary 
leads are readily accessible before securing 
T2 in place. 

Next, assemble the transistor oscillator 
on a I -'/x x 3-r/4 in. perforated hoard follow- 
ing the component layout shown in the ac- 
companying photograph. \lake contact to 
the collectors of the transistors through a 
solder lug and 4-40 hardware. Most general 
purpose pnp and npn power transistors will 
work well as Q2 and QI respectively. 

When the oscillator circuit is complete, 
the ends of TI's 12.6 -volt secondary wind- 
ing across the input (AC) terminals of the 
bridge rectifier. Connect the positive bridge 
terminal to CI and R I and the negative bridge 
terminal to the common ground point. This 
connection provides the highest available 
voltage as required by the 6032 converter 
tube. For lower voltages as required by such 
tubes as the 6929. connect the bridge input 
across half of the center -tapped 12 -volt 
winding. 

Next, connect the 3 -turn primary of T2 to 
the oscillator as shown in Fig. I. When the 
wiring is complete, install the oscillator 
hoard in the housing directly above TI by 
means of two "L" brackets and 4-41) hard - 
w are. 

Lettering should he applied to the power 
supply cabinet to ease operation and warn 
onlookers of the high voltage hazard. A tape 
labeler can he used, hut a neater appearance 
will he obtained by using %' vinyl self- 
adhesive fetters such as No. 401 E-/. Letter 

Quik Stik. A plus sign for the red high vol- 
tage jack can he made from two "I" letters. 

Preliminary power supply test 
Before operating the power supply, care- 

fully inspect all connections, particularly 
those in ;he high -voltage circuit. Do not in- 
sert high -voltage leads or plugs into the two 
high -voltage jacks at this time: instead, bend 
the leads of an NE -2 neon glow lamp out- 
ward and slide each lead into an output jack. 
The lamp should emit a soft glow when the 
supply is turned on. Also, the supply itself 
should emit a hum, and a radio placed near 
the unit will buzz loudly. 
CAUTION: The high -voltage produced by 
the power supply can he lethal. Never touch 
either of the high -voltage terminals when the 
circuit is in operation. Additional precau- 
tions are described later in this article and 
should be read before attempting to operate 
the supply. 

Image tube mounting 
Image converter tubes come in a variety 

of shapes and sizes so no one mounting 
technique can he used for all tubes. Since 
the 6032 is one of the least expensive and 
most difficult to mount tubes, a mounting 
procedure for it will he provided. 

The 6032 is focused electrostatically by a 
voltage applied to a central grid. A simple 
way to obtain the 1720-2650 volts required 
for the grid is to use a voltage divider con- 
nected to the high -voltage power supply 
output. Since this output voltage is con- 
nected directly to the anode and photo- 
cathode of the tube, the divider can be 
mounteJ directly to the tube. 

The divider used in the prototype consists 
of a series chain of twenty one IO0-megohm 
resistors and two 22-megohm resistors. The 
optimum tap for the grid voltage was found 
by taping a small square of aluminum win- 
dow screen over the photocathode and il- 
luminating the tube with soft light from a 
flashlight covered with a sheet of white 
paper. When the shadow of the screen was 

in perfect focus, the correct grid voltage was 
being applied. 

The accompanying photograph shows 
how the divider chain is connected to the 
image tube. The two strings of resistors are 
first soldered into chains on a flat surface 
and then soldered to the tube itself. Man- 
ufacturers of the 6032 and other image tubes 
recommend that no solder connections he 
made to the device for fear of damaging the 
glass -to -metal seals. However, solder con- 
nections can he made if the metal surface is 
lightly buffed with a fine sandpaper and the 
connection is made quickly and neatly. 
Metal connecting straps can he used if you 
prefer not to solder to the tube. 

When the voltage divider resistors are 
soldered in place, the tube must be installed 
in a protective housing. The prototype sys- 
tem used a hollow Plexiglas cylinder 5-1/2 in. 
long and 2-1/2 in. in diameter. High -voltage 
connectors are made by installing two 
banana jacks at one end of the tube approx- 
imately 90° apart. The tube itself is installed 
by wrapping it in a cushion of flexible 
foamed plastic and inserting it in place. Use 
high -voltage wire to connect the tube to the 
terminals. Assembly details are shown in 
Fig. 3. 

The outer Plexiglas cylinder must he 
purchased from a plastics company. The 
single inner cylinder used to support the 
viewing end of the tube is made by cutting 
the bottom from a bullion cube container 
and cutting a slit in one side to permit pas- 
sage of the high -voltage anode lead. 

Cptics 
The image tube can be used without ex- 

ternal optics to view cross -sections of in- 
frared light beams. For example, it is handy 
to use the tube to focus a lens designed to 
collimate the beam from an infrared LED by 
pointing the LED directly onto the tube's 
photocathode. The LEI) can then be 
quickly focused by observing the size of the 
spot on the viewing screen. 

For viewing scenes, however, it is neces- 
sary to image the scene onto the photo- 
cathode with a lens. This can he easily ac- 
complished by a simple low f/number glass 
lens available from Edmund Scientific 
Company. The prototype tube incorporates 
a simple double convex lens connected to 
the plastic lid of a bullion cube container. A 
hole cut in the soft plastic lid provides a 
mounting shoulder for the lens while permit- 
ting the light to pass. The bottom of the con- 
tainer is removed and the entire assembly 
inserted into a Plexiglas disc with a 1-34 in. 
hole cemented to the photocathode end of 
the image tube's mounting cylinder. The 
lens tube is moved hack and forth during 
focusing. For best results block all external 
fight from the photocathode by painting the 
inside of the plastic lens tube and image tube 
mounting cylinder black. 

Images formed by the tube are inverted, 
hut since an imaging lens also forms an in- 
verted image the image on the viewing 
screen will appear right -side up. The scene 
can he viewed by simply observing the view- 
ing screen from several inches away, but 
ambient light will tend to mask details. For 
best results. mount an f/I lens in a bullion 
cube container lid and snap the lid to the 
image tube's inner cylinder. The f/I lens 
should he either single or double convex and 
have a diameter close to that of the viewing 
screen. Using this eyepiece lens, the tube 
can he placed very close to the eye. Besides 
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blocking ambient light, the eyepiece lens en- 
larges the scene on the screen. 

Final assembly and testing 
Complete assembly of the image conver- 

ter system by making up two high -voltage 
connection cables for the image tubes. You 
can use conventional high -voltage cable or 
automotive ignition wire. Remove 1/2 in. in- 
sulation from each end of each cable and 
install banana plugs. Use red plugs on one 
cable and black plugs on the other. It may 
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PLASTIC FOIL 

EYE 

EYEPIECE 
LENS 

FOCUS 

imum voltage allowed for a particular image 
tube. The voltage across a tube can be 

measured with a high -voltage meter or a 

small microammeter in series with the tube 
and power supply. If the latter technique is 

used, simply use high -voltage insulated clip 
leads to connect the meter (use a 0-50 mi- 
croamp dc meter) in series with the tube. 
Knowing the total resistance of the voltage 
divider chain, it is possible to use Ohm's law 
to calculate the power supply voltage. For 
example, the total value of resistance in the 
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FIG. 3-ASSEMBLY DETAILS for the infrared viewer. Outer shell is 21h -inch plastic wrapped with 
lead foil. The imaging lens is not needed in some applications. See text for details. 

be necessary to drill out the interior of the 
plug insulation sleeves for the cable to fit. 
IMPORTANT: Ik1ake sure the insulation on 
the cable fits within the banana plug insu- 
lated sleeve to preclude an accidental shock 
hazard. 

Connect the cables from the power supply 
to the image tube to test the completed sys- 
tem. The rotor of R I should be turned to its 
extreme left (maximum resistance) position 
before the power supply is turned on in 

order to insure that the lowest possible volt- 
age is initially applied to the tube. Be sure 
to check the connections to R I to make sure 
its resistance decreases as the rotor is turned 
clockwise. 

Turn the power supply switch on and 
slowly advance RI until the viewing screen 
emits a soft greenish glow. If the tube glows, 
the unit is ready for operation. If the unit 
fails to glow, disconnect the image tube after 
turning the power supply off and carefully 
recheck all wiring and connections. Be sure 
to discharge the voltage multiplier before 
opening the power supply cabinet by con- 
necting one of the image tube high -voltage 
cables directly across the power supply out- 
put jacks. 

If a 6929 or other self -focusing tube is 

used, optimum focus will he obtained at a 

tube potential of about 12.5 kV. The 6032 
tube may require an adjustment of the vol- 
tage divider tap for optimum focusing. Test 
the tube for proper focus by turning the 
power supply off, disconnecting the image 
tube from its high -voltage cables, and taping 
a small square of aluminum window screen 
over the photocathode. When the tube is 

connected to the power supply again and 
pointed toward a soft light, the shadow of 
the screen will appear on the viewing 
screen. If the shadow of the screen is 

blurred, the tube assembly must he disas- 
sembled and a new voltage divider tap 
made. It may he necessary to break down 
one of the 100-megohm resistors into smal- 
ler values to provide a proper tap, but al- 
most certainly the existing tap (as shown in 
Fig. I) will be close to the proper point. 

It is important not to exceed the max - 

prototype divider is 2,144,0(10,000 ohms. If a 

current meter indicates a current flow of 10 

NA, the total voltage is equal to the product 
of resistance and current or 21,400 volts. 
(Use exponential notation to simplify the 
calculation: 2.144 x 10' x 1.0 x 10-5 = 2.144 
x 10'.) 

Using the IR viewer 
The infrared viewer is extremely useful 

for observing the radiation emitted by in- 
frared emitting lasers and LED's. As noted 
earlier, the tube can be used widrour an imag- 
ing lens to see beam cross sections. With a 
lens the tube can he used to observe LEI) 
and lased patterns projected against a white 
screen. A lens before the image tube permits 
the system to he used to align infrared com- 
municators and intrusion alarms. 

The image tube can be used to view 
scenes in total darkness by illuminating the 
scene with invisible infrared from an LEI). 
For more infrared, use an array of LED's or 
an incandescent lamp and an infrared filter. 
Incandescent lamps are very efficient 
generators of near infrared, but most in- 
frared filters permit some visible light to 
pass. Nevertheless, the source will he virtu- 
ally invisible unless viewed directly. In- 
frared filters are available from the Edmund 
Scientific Company. 

The infrared viewer can also he used to 
study biorefecronce. In this role, the viewer 
is operated as a sensor similar to those used 
on NASA's Earth Resources Satellite 
(ERTS). Most healthy foilage has a very 
high near infrared reflectance and appears 
almost snow white on the viewing screen. 
Diseased vegetation has a reduced reflec- 
tance and appears darker on the screen. The 
viewer also reveals the reflectance of human 
skin to near infrared. For example, both 
black and light skinned persons appear an 
equal shade of yellow -green on the viewing 
screen. 

For portable operation, the system can be 
modified for battery operation by discon- 
necting the input transformer (TI), RECTI, 
and CI and connecting a 12 -volt battery as 

shown in Fig. I. It is a simple procedure to 
connect these components to a switch to 
permit both battery and line operation. In 
this role, use of a larger power supply case 
can be considered to.permit self-contained 
battery operation. 

Operating precautions 
As noted earlier, the high -voltage gener- 

ated by the image tube power supply can be 
lethal. Therefore, avoid any shortcuts which 
result in exposed or poorly insulated high 
voltage wiring. If the power supply is con- 
structed as detailed in this article, the com- 
pleted unit is no more dangerous than an 
ordinary television set. For complete safety, 
follow these precautions when operating the 
system: 

I. Never turn on the power supply unless a 
load is connected to the output. The load 
will prevent arcing from the output jacks to 
the metal case and will discharge the voltage 
tripler capacitors and prevent them from 
storing a dangerous shock for an extended 
time. 

2. Never open the power supply cabinet 
when the unit is in operation. 

3. Always make sure the power supply 
voltage tripler is discharged before servicing 
the unit by connecting a high -voltage lead 
directly across the output jacks. 

4. Make sure the high -voltage cables, 
plugs, and image tube housing is well insu- 
lated. For example, it is possible to draw a 
r/a in. arc from the anode to a fingertip when 
the unit is in operation. While this arc is 
small and probably harmless, prevent it 
from occurring by making sure the image 
tube is well insulated. 

There is an additional safety considera- 
tion. Though image conversion tubes have 
been in use since before World War Two, it 
has recently been noted that some tubes 
emit a small quantity of X-rays when in op- 
eration. RCA and other manufacturers rec- 
ommend that image tubes be shielded to 
prevent possible exposure to this radiation. 
The tube can be shielded by a layer of lead 
foil wrapped around the Plexiglas holder. 
The foil can he secured by a layer of vinyl 
tape. 

Finally, avoid shining bright light sources 
on the image tube's photocathode as this 
can damage the tube. Even if the power 
supply is turned off a bright light falling 
upon the sensitive photocathode can tem- 
porarily decrease tube sensitivity. The tube 
should retain all or most of its sensitivity 
after exposure to temporary bright light 
after a time of inactivity. R -E 

CET's Change Certificate Design 
The International Society of Certified 

Electronic Technicians (ISCET) has an- 
nounced a new certificate, replacing the 
one that has been used since 1967, during 
which time more than 7,000 certificates 
have been issued to technicians around 
the world. 

While the design remains basically the 
same, the NEA emblem has been replaced 
by the ISCET logo, due to the merging of 
NEA (National Electronic Association) into 
NESDA (National Electronic Service Deal- 
ers Associations). The emblem of the ac- 
crediting facility, NESDA, has been in- 
cluded on the right and the universally 
recognized CET triangle on the left. 
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road to profits: or problems 

'1" 

l 
h 

/ 

I 

r 

>y FOREST H. BELT 

u 

.r 

The'burglary and fire protectioi busiress ooerat 'arety in a state 
of flux. Three more-or-/esu distinct facóañs'gat'he-r most of the 

action: large nationwide sect?rity firots; modest but efficient local 
alarm ccrnvanies,' and elec!ronics sealers who sell 

i'sta!l-it-yourself alarms from display racks. 
Each draws,pléntly cf business, becauseocr?rne stetistics-are high 

and the public wares security. Yet each grot'p:tends to dispute the 
comparative terrefiticost of prdtaction delivered by the other: 

Radio -Electronics assigned writer/photographer/ex-eaitor Forest H. 

Be't to delve into the alarms tusiness and help us assess the real 
di-e:tion'ol eJectrcnia security. His report: 

A CLEAR-CUT APPRAISAL OF THE 
alarms business is elusive. This derives 
partly from the unwillingness of some 
operators to give an interviewer defini- 
tive answers. Conversely, fast -sale 
proponents disguise the real scene with 
glib snow -jobs. Somewhere between 
these extremes lies the reality 
Radio -Electronics readers must see be- 
fore they can contemplate sensibly this 
potentially lucrative business. 

Inexperience ranks as the industry's 
worst bugaboo. Security specialists 
and law enforcement people recite 
countless tales of false alarms triggered 
by equipment wrongly chosen, un- 
wisely or carelessly installed, or im- 
properly adjusted. The "falsing" prob- 
lem has become so prevalent in some 
localities, police and firemen won't re- 
spond to an unverified alarm from a 
home or office protection system. 

Experts blame three situations for 
the majority of false alarms. In one, a 

person has bought a package of alarm 
components and connected them to- 
gether with no real understanding of 
how his premises could best be pro- 
tected. A homeowner or apartment 
dweller usually knows nothing of elec- 
tric wiring or principles of sonic and 
ultrasonic space protection. Predicta- 
bly, a system put in thus ineptly either 
doesn't really protect or produces so 
many false alarms its owner eventually 
sluts it off and does without security. 
This category of buyer/installer needs 
professional analysis to guide pur- 
chases and technical aid for installation 
and adjustment. Not many over-the- 
counter alarm dealers have time or ex- 
pertise to offer this kind of guidance. 

A second variety of trouble develops 
when the owner doesn't know how to 
use the system. An installer may have 
done okay installing and adjusting. Yet 
the owner, not comprehending system 
oddities, gradually forgets exactly what 
to do or how the system was designed 
to operate. The installation acquires a 

reputation for false alarms. 
Third, and the troublemaker that 

professionals grumble most about, is 

the alarm system thrown together by 
the fly-by-night or minimally qualified 
installer. Security systems are easy to 
sell, whether they're good or bad. 
Planning and setting up even good 
equipment to work right takes exper- 
tise. Making marginal or ill -designed 
alarms work well becomes impossible. 
An untrained, inexperienced installer 
just can't expect to do a consistently 
acceptable job. 

So here's the word for Radio - 
Electronics readers: Don't expect to 
make out in the security alarm business 
unless you gain training and experience 
first. How do you do that? Training in 
electricity, physics, and basic elec- 
tronics comes first. Then, if you're 
good, a couple of years with an experi- 
enced hand (who also doesn't mind 



teaching you) will acquaint you with 
application and practice. You'll still 
have to supply brand-new ingenuity 
and judgement to almost every new in- 
stallation and protection situation, hut 
you'll at least have a base from which 
to start. 

A few manufacturers offer seminars 
covering their equipment. They help 
you keep up with advancements, and 
that's important. But seminars are use- 
ful only if you have a solid foundation 
of experience to build on. 

Tips from a professional 
Success in any field entails certain 

key qualities: ambition, drive. know- 
how. Supplying a service as indefinable 
as .security demands a special blend of 
patience and professionalism. And that 
latter quality - professionalism - 
seems the hardest to come by. You de- 
velop it: it doesn't just happen to you. 

Tracing the career of a professional 
in any field sometimes guides others 
who aspire to similar goals. Consider 
this example in the security field: Wil- 
liam Bowman, who operates a small 
hut growing outfit called Guardian 
Alarm Co.. Inc. Bowman became in- 
terested in electronics in his teens. 
After high school. he joined the Air 
Force and learned electronics as a 

radar repairman. :Afterward. he dab- 
bled briefly in TV repair. became an 
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WILLIAM BOWMAN, OWNER OF FOUR -YEAR -OLD ALARM COMPANY, burns some midnight oil on 
phone to client. Firm has been built slowly but solidly on good service to customers. Word-of- 
mouth accounts for majority of new sales leads, and experience supplies the self-confidence that 
converts prospects into new customers. Modest shop serves mainly for testing new equipment, as 
most repairs are completed right on the job. 
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A FAIRLY NEW GUARDIAN CUSTOMER, 
master mechanic Jim Strange tests his 
alarm system before closing shop for the 
day. Low -frequency sonic motion detector 
protects valuable handmade custom hot- 
rod as well as customers' vehicles. Spe- 
cially baffled sonic drivers hung strategi- 
cally in the shop double (in daytime) as 
horns for music system. Baffles increase 
detection range. 
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instrumentation technician with a large 
company, and then an electrician. 
Bowman tells how he got into security 
work. 

"A friend of mine started an alarms 
business a few years ago. I helped hint 
with a few installations. But it turned 
out that technical help was what he 
needed. He was a good salesman. and 
he kept selling more sophisticated 
alarms and having troubles and not 
knowing how to rectify the problems. 
Particularly with ultrasonics ... not 
knowing where to put them, how to run 
the wires. things like that. The early 
ones were especially touchy about 
wires crossing each other. or running 
close to ac lines. 

"Anyway , he had a lot of alarm sys- 
tems out, spread all over the place. He 
and his partner just couldn't keep up 
and finally decided to get out of the 
business. So I took the systems over.'' 

The natural question: I iow do you 
build a business from a base of dissatis- 
tied customers? 

"Well. after I got their systems 
working. they weren't dissatisfied cus- 
tomers. There was nothing wrong with 
the equipment they'd been sold. The 
trouble was the way it was installed. 
And sometimes not the right equipment 
for the purpose. For example, you 
can't put an ultrasonic or sonic system 
into a place that's heated by forced hot 
air. It just can't do the job. If you de- 
sensitize the alarm enough to stop the 
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false alarms, it can't detect motion like 
it should. You have to figure out some 
other way - door and window 
switches, foil, spot protection, some- 
thing. 

"So. one by one I solved the prob- 
lems. There were broken wires - 
normal things: the systems weren't all 
new. But mostly I dealt with improper 
intallations. Once these people began 
getting the service they expected, they 
liked the equipment. 

"And then I began getting referrals. 
Those customers told others. At that 
time I still worked weekdays as an 
electrician (which, by the way, gives 
me an advantage in knowing how to run 
wiring), so I did some selling on Satur- 
days. Most of my business came from 
referrals. though. and still does. I get 
out and beat on doors a little more now 
that I can he here full-time. I build bus- 
iness steadily that way.'' Bowman em- 
ploys three other installers. 

Why the difficulties? 
One problem until recently. agrees 

Bowman. was a lack of dependable 
knowledge of alarms and protection - 
even by most alarm manufacturers. 
The large nationwides had the security 
field to themselves. They did a fine job 
for big stores and companies that could 
afford elaborate services. But owners 
of small stores. until two or three years 
ago. had to make do with whatever 
they could find - and there wasn't 
much that really worked. And few 
people w ho knew how to stake it work. 

Now the whole alarms picture has 
changed. A certain few companies 
have devoted the engineering and ap- 
plications effort necessary to overcome 
the operating bugs that plagued earlier 
medium -cost alarm systems. Highly 
dependable systems are priced reason- 
ably enough that the average business 
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LAUNDROMAT INSTALLATION INCLUDES SOME HARD -WIRE PROTECTION. Trap -type switch on 
over -door transom is "supervised" - tamper -resistant method of wiring that triggers alarm if 
circuit is bridged or opened, either one. Circuit fron foil on door, and from smoke and heat 
detectors (not shown) operate out of same central control box. Sets off loud electronic sirens. 
Could be booked to automatic telephone dialer to call owner, alarm company, police or fire de- 
partment, or security guard. 

owner can afford protection. Alarm 
companies today offer hetter - some 
very elaborate - installation manuals 
to qualified installers: that kind of help 
is something new. One company even 
will, if you're an established installer. 
come out and help you install your first 
system of theirs. 

Bowman has his personal brand pre- 
ferences, but concedes that several 
firms have most equipment problems 
licked. How does he decide what 
equipment is good or bad? "The only 
way you can: install it and try it,'' he 

says. One sample of a new brand he's 
considering (they came to hint) has 
been in and operating some eight 
months for one of Bowman's custom- 
ers. Regular visits and some out -of - 
the -ordinary testing have gone into this 
tryout. and so far the system has come 
through admirably. Bowman expects to 
begin selling this brand. "but ony for 
what it's hest suited to do. Nobody 
makes one kind 'off alarm system that 
will handle everything. I hat's why ex- 
perience is so important to the guy 
wanting into the business." Guardian 
carries ony two or three brands. to 
keep inventory at a sensible level. 

Handling the business 
A typical sale for Guardian begins 

with a survey of the premises: size, 
shape. openings, heating system, con- 
struction, location. neighborhood. 
trouble the prospective customer has 
had (why he called), w hat he needs to 
protect. and so on. One object is to fig- 
ure out the best protection that won't 
overtax the customer's budget. Bow- 
man often sketches out the locations of 
important factors. such as air blowers. 
windows, doors, etc.. on a planning 
sheet. Front that he designs a system 
and figures and estimate. 

Installation usually follows 

Bowman's initial plan-hut not always. 
Unforeseen difficulties often remain to 
be solved. An example: Guardian in- 
stalled a sonic motion -detecting system 
in a shop. Every evening about 7 PM, 
the telephone dialer called the police. 
The second night. the owner called 
Guardian. -I he third night. Bow man 
unhooked the dialer and connected a 

chart recorder. No voltage problem. 
Bowman finally traced it to a leaky 
air -compressor egulator. As pressure 
dropped after closing time, a whistle 
caused by escaping air passed through 
a frequency the system could sense. 
One screw -turn on the compressor cor- 
rected the trouble. Only experience. 
the familiarity, and perseverance (and 
luck, adds Bowman) tracks down such 
troubles. 

Warranty? "You're going to know in 
a couple months whether you've got 
any hugs. However. the manufacturer 
guarantees the equipment for a a year. 
so we do that too, labor and all. There 
are longer warranties - one for six 
years. but that's on a prorated basis. A 
year really is plenty. I wouldn't take on 
another brand just because they ha'e a 

good warranty.'' 
Equipment repairs after warranty are 

largely on a module -exchange basis. 
Much modern motion -sensing equip- 
ment is modular, using lots of inte- 
grated circuits. Swapping modules 
makes the most sense for both servicer 
and customer. Guardian stocks a small 
inventory of modules. Troubleshooting 
time stays at a minimum. and a cus- 
tomer doesn't lose protection at all. 
Each manufacturer reconditions mod- 
ules for a nominal fee, so repair costs to 
the customer are small. 

You-in the alarm business? 
Bowman has this warning for new - 

(continued on pu,ye 80) 
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From Cleveland Institute of Electronics 
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Perform more than 200 exciting experiments 
with CIE's fascinating ELECTRONICS 
LABORATORY PROGRAM! 

Put theory... into practice 
0 

o 

54 

] w 
4c_ -Q 

I, , i 
, 

¡ tr; 
-11 

X 
k k X, ,,. 

)51( 

)¿11 k kk k k 

.C_ _--yj 

(f.: ! 

>11 - ^1 
. .`I 

- 

k)111 



You get your own 161 -piece electronics laboratory... 
with authentic electronic components used by industry! 

You learn how to construct circuits and 
connect them with a soldering iron, which 
is part of your CIE laboratory equipment. 
This "hands on" experience is extremely 
valuable in applying what you learn. 

e 

-- 

Testing and troubleshooting are an im- 
portant part of your learning experience. 
Included in your laboratory is a precision 
"multimeter" to diagnose electrical and 
electronic troubles quickly and accurately. 

Modern space-age components like this 
IC (integrated circuit) are professional 
quality and can be used again and again 
in many of your projects. Lesson by lesson, 
piece by piece your knowledge grows! 

Prepare now for a high income career in Electronics...the Science of the Seventies. 
Electronic miracles are changing 
today's world with breathtaking 
speed. 

And with this growth in electronics 
technology has come a brand new 
need ... a demand for thousands of 
electronics technicians, trained in 
theory and practice to build the 
products, operate them and service 
them during the Seventies. 

Don't just wait for something to 
"happen" in your present job. Get 
ready now for a career you'll really 
enjoy with a good income and plenty 
of opportunity for advancement. 

Experience with experiments 
is your best teacher 
"Hands on" experience helps to re- 
inforce basic theory. When you 
learn by doing, you discover the 
"how" as well as the "why." You'll 
find out for yourself the right way as 
well as the wrong way to use elec- 
tronic components. How to construct 
your own circuits, to discover trouble 
spots and learn how to fix them. And 
with CIE's special Auto -Programmed® 
Lessons, you learn faster and easier 
than you'd believe possible. 

CIE's fascinating course, Elec- 
tronics Technology with Laboratory, 
teaches you Electronics by making 
it work before your eyes. And you do 
it yourself, with your own hands. 

Importance of FCC License 
and our Money -Back Warranty 
Many important jobs require an FCC 
License and you must pass a Gov- 
ernment licensing exam to get one. 

But, a recent survey of 787 CIE 
graduates reveals that better than 9 
out of 10 CIE grads passed the FCC 
License exam. 

That's why we can offer this fa- 
mous Money -Back Warranty: when 

you complete our Laboratory Course, 
which provides FCC License prep- 
aration, you'll be able to pass your 
FCC exam or be entitled to a full 
refund of all tuition paid. This war- 
ranty is valid during the completion 
time allowed for your course. 

You get your FCC License - or 
your money back! 

You'll have high paying 
job opportunities 
Electronics is still young and growing. 
In nearly every one of the new excit- 
ing fields of the Seventies you find 
electronics skills and knowledge are 
in demand. Computers and data pro- 
cessing. Air traffic control. Medical 
technology. Pollution control. Broad- 
casting and communications. With a 
CIE Diploma and an FCC License 
you can choose the career field you 
want ... work for a big corporation, a 
small company or even go into busi- 
ness for yourself. 

Here's how two outstanding CIE 
students carved out new careers: 
After his CIE training, Edward J. 
Dulaney, President of D & A Manu- , _ 
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G.I. Bill 
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tional benefits 
under the G. I. Bill. 
If you are a Veteran 
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check box for G.I. 
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facturing, Inc., Scottsbluff, Nebraska, 
moved from TV repairman to lab 
technician to radio station chief 
engineer to manufacturer of elec- 
tronic equipment with annual sales 
of more than $500,000. Ed Dulaney 
says, "While studying with CIE, 
learned the electronics theories that 
made my present business possible." 

Marvin Hutchens, Woodbridge, 
Virginia, says: "I was surprised at the 
relevancy of the CIE course to actual 
working conditions. I'm now ser- 
vicing two-way radio systems in the 
Greater Washington area. My earn- 
ings have increased $3,000. I bought 
a new home for my family and I feel 
more financially secure than ever 
before." 

Send now for 2 FREE BOOKS 

Mail the reply card or coupon for our 
school catalog plus a special book 
on how to get your FCC License. For 
your convenience, we will try to have 
a representative call. If coupon is 
missing, write: Cleveland Institute of 
Electronics, Inc., 1776 E. 17th St., 
Cleveland, Ohio 44114. Do it now! 

C' E Cleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Council 

Please send me your two FREE books: 

1. Your illustrated school catalog, "Succeed in Electronics." 

2. Your book, "How to Get a Commercial FCC License." 
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Electronic Communications First Class FCC license 
O Broadcast Engineering O Electronics Engineering 
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ABC's of Sound Reinforcement 
A brief look at the why's and how's of a relatively new field aimed at 
optimum intelligence and listener enjoyment wherever PA systems are used. 

by MARK KOLLER 
When the sound from a rostrum 

or stage is distributed to a large au- 
dience, such as in an auditorium, sta- 
dium, house of worship or other pub- 
lic building, a sound reinforcement 
system must be used. This system 
should present the sound clearly and 
realistically to each listener, regardless 
of his location in the audience. 

For years, sound engineers have 
been struggling with the problem of 
how to construct such sound systems. 
A system that would be able to both 
satisfy our sensitive ears and would 
overcome the acoustical drawbacks of 
the environment. 

Our hearing indeed is sensitive: it 
can respond to pressure levels ranging 
up to 120 decibels from a zero level 
of 0.0002 microbars. This means that 
the loudest sound we can tolerate 
creates about one trillion times as 
much pressure on our ears as the 
faintest whisper we can detect. Besides 
the incredible range in sensitivity, the 
human ear has a frequency range of 
nearly 10 octaves (an octave being the 
interval between two sounds having a 

basic frequency ratio of two), far 
greater than most musical instruments. 

These outstanding characteristics 
of our hearing mechanism allow us to 
detect the slightest imperfection in a 

sound distribution system-thus mak- 
ing the sound engineer's job all the 
more difficult. 

The problem of acoustics 
When an audience is listening to 

a speaker or program.its eyes are 
drawn by the action at the micro- 
phone and its ears are "tuned in" to 
it. There is a line -of -sight rapport be- 
tween the action and each member of 
the audience, the line representing lis- 
tening as well as seeing. 

Sound engineers use many tech- 
niques to try to establish the hearing 
line of sight to the audience. A loud- 
speaker (or cluster of loudspeakers) 
may be positioned up front, high 
enough to dominate all areas of the 
audience. The floor may be "rigged", 
elevating each succeeding row, to aid 
in loudspeaker effectiveness. At times, 
continuous -loop tape delay techniques 
are used in order to convey realism to 

'PA Lngmeer, Bogen Div. of Lear Siegler. Paramus. N.J. 

I. C. P. Boner and C. R. Boner, "The Gain of a Sound 
System;' Journal of the Audio Engineering Society, April. 
1969. XVII, p. 147. 

2. IBID. p. 148. 

a sound reinforcement system. 
Some halls, such as those with 

curved walls or vaulted ceilings, 
present very strong echoes. A repeti- 
tion of the same syllable due to echo 
tends to confuse and annoy the lis- 
tener. Also, the system builds up a 

standing -wave pattern at a particular 
frequency. Any sound at this fre- 
quency will last much longer than the 
normal reverberation time of the 
room. It will mask or garble other 
sounds and is referred to as the "ring 
node' of the room. Ring modes can 
he overcome effectively through 
"sound equalization.'' 

BOGEN CT30 AMPLIFIER has five equalizers 
to reduce a tendency toward howling. 

REAR VIEW of the NXT-FB-1 feedback control 
unit shows its nine preset controls. 

I._ 
; 4:rt 

_ 

FEEDBACK CONTROL UNIT, Bogen's 
NXT-FB-1, has panel designed for rack mount- 
ing. 
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FIG. 1-THE AMPLIFIER IS EQUALIZED to 
compensate for house resonances so listeners 
hear performance with flat response. 

Sound equalization is a method 
that permits the sound engineer to tai- 
lor a reinforcement system to the 
acoustics of a room. To do this, the 
engineer locates those frequencies at 
which the room "rings," or at which 
feedback (self -oscillation) occurs. 
Feedback occurs when the sound pres- 
sure level delivered by the performer 
to the microphone and the sound 
pressure level from the loudspeakers, 
have the same magnitude and phase. 
When feedback at a particular fre- 
quency occurs, the gain of the system 
must be reduced accordingly, limiting 
its efficiency. 

The frequencies at which feed- 
back occurs are isolated and reduced 
with the aid of a very narrow band (5 
Hz) equalizer. To compensate for 
other acoustical peculiarities of the 
room, broadband equalizers or I/3 -oc- 
tave equalizers are used. 

The object of equalization is to 
get a high enough gain of the system 
(without feedback) to establish the 
same sound pressure level at each seat 
in the hall as is being applied to the 
microphone2. The frequency response 
curve of the hall (called the "house 
curve") is then plotted. The sound en- 
gineer strives to obtain a house curve 
that is within -±-I dB of the ideal 
curve (see Fig. I). This can be done 
only by careful equalization. 

In an equalized hall, each listener 
will hear clear, realistic sound, limited 
only by his own capacity to hear. 
With the techniques of modern sound 
engineering now available, no public 
building or arena need have anything 
less than a top-quality sound rein- 
forcement system. 

The future 
A close collaboration is necessary 

between the architect and the acous- 
tical engineer. With equalization a 
proven tool in achieving good results 
in the acoustical characteristics of a 
room, no guesswork is necessary. 
However, to predict full-scale perfor- 
mance, acoustical modeling is very 
helpful. 

In a scaled model of a hall, all per- 
tinent measurements can he made and 
the acoustical characteristics of the 
hall can be evaluated ahead of time. 
In cooperation with the architect, the 
hall can he built to attain the best 
possible sound reinforcement realism 
without affecting the aesthetic appear- 
ance of the hall. R -E 
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IN 1927, BRITISH TELEVISION P1O- 

neer John Logie Baird demonstrated 
video signals stored on a phonograph 
record. His 30 -line pictures had a 

bandwidth of only Id Iz. with 15 lines of 
horizontal resolution at 30 frames per 
second. Although this established the 
disc as the first video storage medium, 
his experiments were virtually forgot- 
ten. 

Today. millions of dollars of re- 
search and development money are 
being poured into the videodisc in the 
belief that it may become the next 
major home electronic entertainment 
device. Ten systems are known to be 

under development and some have al- 
ready advanced into the pre -production 
prototype stage. 

All of the descendants of Baird's 
novelty are designed to produce color 
television pictures with stereophonic 
sound when fed into the antenna termi- 
nals of a standard color TV receiver 
(and the proper supplementary audio 
equipment for stereo). All but one of 
these systems are designed exclusively 
for the playback of prerecorded pro- 
gramming. Why discs instead of tape? 
Disc players generally can he produced 
at a lower cost than tape players and 
discs themselves can he duplicated (by 
stamping, printing or photographic ex- 
posure) for a cost comparable to press- 
ing an audio record. And the disc for- 
mat is familiar and convenient. 

Four basic types of videodisc sys- 
tems are now under active develop- 
ment. Of the ten known systems, six 
use optical readout. one is mechani- 
cally scanned. one employs an 
electronic -capacitance principle and 
one uses magnetic recording techni- 
ques. 

Big names are involved and the 
stakes are high. In America, each of 
the two largest color TV man- 
ufacturers-Zenith and RCA-is de- 
veloping its own system. Europe's 

the VIDEO DISCS 

are coming 
r'% 

,, 

The video discs of today -still in the develop- 
mental stage -will become a major home -enter- 
tainment medium of tomorrow. Can you guess 

which system will become the standard? 

7 by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 

largest electronics firm. Philips 
Gloeilampenfabrieken. is ready to in- 
troduce a different system commer- 
cially: Germany's Felefunken has 
scheduled mass production of still 
another and France's biggest elec- 
tronics concern. Thomson -Houston, 
advocates its own system. Here's a 

rundown of the systems currently 
under development. 

TeD mechanical system 
Developed jointly by German Tele- 

funken and British Decca. this was the 
first modern videodisc system to he 
demonstrated and the first scheduled 
for production. TeD discs are thin. 
flexible and about 811A inches in diame- 
ter. providing up to ten minutes playing 
time. The compact player has no ex- 
posed working parts. The disc. en- 
closed in a paper sleeve, is slipped into 
a slot on the front of the player. It is 

drawn through a roller mechanism 
which removes the sleeve and is depos- 
ited on the turntable. After playing. it is 
automatically reinserted in the sleeve 
and ejected through the slot. An au- 
tomatic changer is under development. 

TeD uses a principle as old as the 
phonograph itself-the "hill -and -dale - 
recording technique originally used by 

Thomas A. Edison. The color informa- 
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SECTION OF TELEFUNKEN/DECCA MOLDED 
DISC photographed with a raster -scanning 
electron microscope. Enlargement is 20,000 
times. 

Lion is converted into a frequency - 
modulated line -sequential signal (with 
the two sound channels multiplexed 
into the signal). A mechanical cutting 
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MICROPHOTOGRAPH COMPARISIONS of a 

standard la eral -cut phono g oove top) and 
the hill -and -dale grooves in the TeD videodisc 
(botton-). 

process similar to that used for audio 
mastering results in a disc with hills and 
dales. The flexible polyvinyl chloride 
foil records are duplicated by a conven- 
tional stamping process. 

The system is the synchronous 
type-that is. each revolution of the 
disc represents one frame of the televi- 
sion picture. For European 625 -line/ 
50-lIz television systems. the disc ro- 
tates at 1500 rpm (or 25 rps). A version 
designed for the U.S.-Japanese 
525-line/60-11z TV system will have a 

speed of 1800 rpm (30 rps). 
In playback. the disc is mounted on a 

stationary plate rather than a turntable. 
It's driven only from the center, the 
high-speed rotation creating a thin air - 
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cushion between it and the plate. This 
cushion holds the disc against the 
pickup-a "pressure scanner" consist- 
ing of a flat diamond stylus connected 
to a piezo-ceramic transducer which 
converts the pressure pulses from the 
disc's hills and dales into electronic 
signals. The scanner arm is geared to a 
"forced advance" system which guides 
it toward the center of the disc. A short 
sequence may be repeated by pushing a 
button which disengages the forced ad- 
vance. Despite the physical contact be- 
tween stylus and disc, TeD's develop- 
ers say a record may be played 100 
times with no visible signs of wear and 
stylus life is also about 100 hours. 

Plans for production of the TeD vid- 
eoplayer have been announced by 
Telefunken in Germany, Decca in Eng- 
land and Sanyo in Japan. Several 
European and Japanese record firms 
have announced they will produce vid- 
eodiscs for the system. Telefunken 
originally had planned to start market- 
ing in Germany in January of this year 
at a price of around $450-but produc- 
tion was halted after a problem involv- 
ing the record sleeve was discovered. 
requiring modification of the mech- 
anism. It's now uncertain when the 
player will be offered by German deal- 
ers. Sanyo has announced that it will 
offer an NTSC color version next year. 
but this could be delayed by economic 
problems in Japan. 

Optical systems 
Most of the seven proposed optical 

systems hear a strong family resemb- 
lance, even though they currently are 
mutually incompatible. They all offer 
long playing time, from 20 minutes to 
an hour. Five of them are synchronous 
systems (one TV frame per revolution) 
and six can guarantee virtually no re- 
cord or stylus wear because no stylus 
touches the record. In fact, there is no 
stylus-just a beam of light. 

Philips VLP 
Developed by the European elec- 

tronics giant. the Video Long Play sys- 
tem has been demonstrated in pre - 
GALVANOMETER LENS 

MIRROR ASSEMBLY 

HeNe 
LASER 

PHOTO - 
DETECTOR 

VIDEO 
DISC 

BEAM -SPLITTING 
PRISM 

PHILIPS VLP PLAYBACK UNIT. Record is 
scanned from below by light from a He-Ne 
laser. Photo detector converts reflected light 
into video signal. 

production prototype form and is 
scheduled for introduction in Europe 
next year. It is capable of storing 30 to 
45 minutes of color TV programming 
(with 2 -channel sound) on a 12 -inch 
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VLP DISCS ARE TRANSPARENT RIGID PLAS- 
TIC with thin reflective metal layer. Duplica- 
tion is by stamping from glass master. 
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VIDEOPLAYER developed by Philips to play its 
VLP (Video Long Play) discs. Signal is fed to 
set's antenna terminals. 
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PITS STAMPED IN VLP DISC contain vidio and 
video Information. This is a microphotograph of 
a section of the disc surface. 

disc. (The production version is ex- 
pected to have 30 -minute capacity.) 
The discs are made of rigid transparent 
polyvinyl coated on one side with a thin 
reflective metal layer. They're dupli- 
cated by stamping from a glass master 
on which impressions have been depo- 
sited by a laser -etching process. 

The resulting plastic disc contains a 
microscopic spiral track, 0.8 pm wide, 
consisting of a sequence of oblong pits 
of uniform width and depth but varied 
in length and in spacing. This pit pat- 

tern contains all necessary information 
in encoded form-the luminance signal 
being a frequency -modulated carrier, 
color information a quadrature- 
modulated subcarrier. 

The playback system is based on 
light diffraction. A spot of light is pro- 
jected on the track by a lens -and -mirror 
system. It' it strikes the metal -coated 
surface of the disc between the pits, 
practically all of it is reflected hack into 
the lens. If the light spot falls on a pit, it 
is diffracted and most of it bypasses the 
lens. The modulated portion of the re- 
flected light picked up by the lens is fed 
into a photodiode which converts it 
into a proportional electric signal. 

The light -source used by Philips is a 
low -powered (I-mW) helium -neon 
laser, said to be capable of mass pro- 
duction at low cost. Two separate 
servo systems are actuated by the same 
light source-one to keep the tiny spot 
of light centered in the microscopic 
track, the other to keep the beam pre- 
cisely focused regardless of irreg- 
ularities in the disc. 

Because the disc spins at one frame 
per revolution with no physical contact 
between pickup and record, the Philips 
system permits many "tricks." Fast or 
slow motion is possible, either forward 
or reverse. Any frame may be held as a 
still picture simply by repeating the 
same track over and over. Philips' pro- 
totype model has a control panel con- 
taining infinitely variable fast and 
slow-motion slide controls, a pushbut- 
ton for frame -by -frame advance and an 
LED readout to permit the user to 
select any individual frame at random. 
The system can be used as sort of a 
super slide -projector since 45,000 
single still pictures can be stored on a 
single 12 -inch disc and located pre- 
cisely by means of the frame readout. 

Philips has announced that it intends 
to start production next year. The price 
will be "comparable" to that of a qual- 
ity color receiver-which in Europe 
would be $900 to $10(X). Although a 
525 -line NTSC version is being de- 
veloped, no plans for production of the 
American -standard unit have been dis- 
closed. 

MCA Disco -Vision 
This system was developed by MCA 

Inc., the entertainment conglomerate 
which owns Universal Pictures. It 
came as a surprise because it was so 
similar to the Philips VLP in principles 
and results. Disco -Vision also uses a 
I2 -inch transparent disc with reflective 
coating on one side and is designed to 
play for 40 minutes. A helium -neon 
laser scanning system is employed. As 
demonstrated, the disc spins at 1800 
revolutions per minute for American 
television standards. 

Although MCA has revealed few 
technical details of its system, there are 
known to be some differences between 

42 



ti 

MCA DISCO -VISION PLAYER for single disc. 
Player uses laser read-out and feeds the an- 

tenna input of a standard TV receiver. 

i" -Zit' , 

DISCO -VISION RECORD CHANGER gives user 
a viewing time of up to six and two-thirds 
hours. Controls are similar to phono changer. 

it and Video Long Play. One is said to 
he a patented technique which elimi- 
nates the need for a servo to focus the 

scanning beam. Another is a signal 
expansion -contraction system which 
makes possible 40 minutes playing time 
although the recorded portion of the 
disc is limited to the outer three 
inches-which normally would pro- 
duce only 20 minutes of play. Although 
there have been suggestions that VLP 
and Disco -Vision could he brought into 
compatibility, they're clearly incom- 
patible at present-if only for the fact 
that the VLP record is scanned from 
the center to the outside while Disco - 
Vision is scanned from the outside in. 

MCA says its players will he built by 
unnamed major manufacturers, with 
deliveries to start in mid -1975 at about 
$400 for a single -play unit and $500 for 
a 10 -disc changer. Recorded vid- 
eodiscs, including Universal feature 
pictures, are promosed at $2 to $10 per 
album. 

Thomson-CSF 
The audio-visual subsidiary of 

French Thomson -Houston has an- 
nounced it's developing a system 
which appears to be a cross between 
VLP and TeD. Like VLP, it uses a 

laser -optical readout, but like TeD it 
employs a flexible disc which rides on a 

cushion of air. Thomson claims the 
air -cushion principle eliminates the 
need for a focusing servo. The 
system's developers say they have 
been able to play TeD mechanical vid- 
eodiscs optically with their system. 

The Thomson discs are transparent 
instead of reflective. Like VLP and 
Disco -Vision, a low -powered laser is 

employed, but Thomson's laser shines 
through the disc to modulate a photo - 
diode located on the opposite side of 
the record and turntable. To make pos- 
sible greatest economies in the 
playback equipment. Thomson says it 
will settle for 20 to 25 minutes playing 
time per I2 -inch disc in the interest of 
reducing the complexity and precision 
required for a longer -playing system. It 

is aiming at a market price considerably 
below that of VLP. No production 
plans have been announced. 

Zenith 
The videodisc is a high -priority item 

in the labs of this American TV leader. 
Zenith's current efforts are directed at 

a synchronous optical system similar to 
that under development by Thomson- 
CSF-using an air -cushioned, trans- 
parent, floppy disc. Although Zenith 
and Thomson are understood to have 
signed a technical information -ex- 
change agreement on videodiscs, it's 
believed that Zenith's system employs 
some proprietary developments not 
used by Thomson. The Zenith disc, at 

last report, had about 20 minutes play- 
ing time. Zenith has not announced 
when-or. indeed. whether-it will 
produce the system. 

i/o Metrics 
The i/o Netrics Corp., a Sunnyvale, 

Calif. company specializing in film 
processing and data retrieval, has come 
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BLOCK DIAGRAM of i/o Metrics videodisc 
playback system. The videod sc spins at eigh- 
teen hundred revolutions per minute. 
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TRACKS MAGNIFIED FIVE HUNDRED TIMES 
show data spacing and density of encoded 
video in 1/o Metrics photographically repro- 
duced disc. 

RECORDED DISC used with the i/o Metrics 
system is on film that can be rolled and hand- 
led without harming the recorded information. 

up with what it claims is a low-cost 
high-performance variant on the syn- 
chronous optical videodisc systems, 
using photographic film as the disc 
material and substituting a low - 
intensity incandescent light for the 
laser scanner. 

The master is also photographic. A 
complete composite color signal, with 
multiplexed sound channels, modulates 
a laser beam to expose a spiral track on 

a spinning disc made of high -resolution 
black -and -white film. This film master 
is processed by conventional means 
and the discs are duplicated from it by 
photo printing techniques. The system 
has been demonstrated using thin flexi- 
ble Mylar-base discs with commercial 
holographic -grade emulsions devel- 
oped by standard darkroom techni- 
ques. 

The playback system uses a trans- 
parent turntable revolving at 1800 rpm. 
A 25 -watt miniature bulb is mounted 
beneath the turntable, projecting the 
recorded image into a light -focusing 
lens and onto a photodiode which con- 
verts the light into electronic signals. 
As in the Philips VLP system, part of 
the light is used to activate servo sys- 
tems governing tracking and focus. 

Its developers claim that one of the 
advantages of the system is that it uses 
all standard off -the -shelf components 
and that the master recording as well as 
the playback processes are inherently 
low in cost. They say that a player 
could be made to retail for less than 
$300 and could he marketed early in 
197.5. The company is trying to interest 
major manufacturers in adopting its 
sytem. 

Opiidisc 
A completely different type of opti- 

cal system which also uses film -based 
discs has been developed by 
28 -year -old French inventor Guy 
Nathan. First models are scheduled for 
production for the industrial market 
early in 1975, with a consumer version 
to follow. Optidisc is claimed to elimi- 
nate most of the tight tolerances from 
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REPRESENTATION OF 1 HE OPTIDISC record- 
ing, duplication and playback systems. Light 
from a laser is split by prisms into seven 
beams that are modulated with the various 
signal components that make up a composite 
color television signal with two sound chan- 
nels. Video scanning lines are recorded 
crosswise on the 35 -mm film. A glass -disc mas- 
ter is made from the film. Duplicate discs are 
made from the master by a photographic pro- 
cess. Photodiodes in the pickup scan the 
slow -moving disc to detect the composite 
color video signal. 

optical videodisc systems by using a 
signal format which makes possible 
speeds as low as 2 to 6 rpm and a very 
wide track. 

Instead of recording the TV signal 
"Indian tile" in a microscopically thin 
track, the Optidisc stores each indi- 
vidual scanning line on a plane perpen- 
dicular to the track. A light source 
shines through the transparent turnta- 
ble and disc to an array of photodiodes 
in contact with the disc. The disc's 
slow movement is dictated by the fact it 
picks up one full scanning line at a 
time. To make the master, a modulated 
laser beam impresses a line at a time on 
35 -mm film. A photo -sensitized spin- 
ning glass master disc is then printed 
from the film. Duplication of the indi- 
vidual flexible film discs is accomp- 
lished by conventional photo printing. 
The Optidisc's track is 0.6 -mm wide, 
750 times the width of the track on the 
Philips VLP. Nathan hopes the con- 
sumer version of the Optidisc player 
can sell for about $200. 

Digital Recording Corp. 
Digital's record moves even slower 

than Optidisc's. In fact, it doesn't 
move at all. It's placed in a slot and the 
scanning system moves. This is one of 
several novel ideas in the system de- 
veloped by Battelle -Northwest Lab- 
oratories in Richland, Wash. and 
licensed to Digital Recording Corp. 

The non -spinning record eliminates 
many of the problems of off -center 
discs, wobbling turntables and so forth 
and makes it possible to transfer all of 
the precision into the scanning system 
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BLOCK DIAGRAM of Digital Recording's recording and playback systems. The video record does 
not turn so it need not be round. It will probably resemble a piece of sheet film. 

which is completely sealed. In making 
records, the video signal is converted 
into digital information which switches 
a laser on and off. resulting in a string 

of small spots on a photographic plate. 
As in the two preceeding systems. the 
record is duplicated photographically. 

(continued on page 88) 
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HI -fl Stereo 
New Sound for TV 

Pay -TV systems have been developed and tested, it the past, 
to give the viewer special programs and movies. Next month, 

New Yorker's will be offered pay -TV with stereo sound. 

HE AVERAGE AUDIOPHILE WOULD 
probably be surprised to learn that the 
sound portion of a commercially 
broadcast TV signal (unlike the video 
signal) is transmitted via FM and is, 
therefore, a potentially "high fidelity" 
signal from an audio point of view. The 
parameters for transmission are some- 
what different from those used in FM 
broadcasting, in that maxinum devia- 
tion of the sound carrier is limited to ± 

25 kHz, whereas in FM broadcasting. 
maximum modulation is ± 75 kHz. 

Since deviation is linearly propor- 
tional to audio loudness level, you 
would expect the maximum signal-to- 
noise level to he approximately 10 dB 
poorer for TV sound then for FM. In 
practice, this need not he the case. 
Maximum signal-to-noise is reached in 

modern FM receivers or tuners with 
signal input levels of 100 pV or less, 
even though the usual measurement is 
made with signal inputs of I mV or so. 

Since most TV stations transmit at 
higher power levels than do typical FM 
stations, higher input signal strengths 
are generally available at the TV set's 
input terminals than are present at the 
antenna terminals of FM tuners and re- 
ceivers. A signal input of less than 100 

pV would generally result in a "snowy 
picture" which receivers would not 
deem acceptable, so that if the picture 
is free of snow , the audio carrier signal 
strength is usually more than great 
enough to achieve maximum S/N ratio 
in the receiver. 

Preemphasis and deemphasis 
Audio programming on TV can he 

transmitted with the same wide fre- 
quency response (30 117 to 15,000 Hz) 
as FM. Just as in FM broadcasting, 
75-ps pre -emphasis is introduced at the 
transmitting end and reciprocal deem- 
phasis is provided in the receiver to re- 
duce high frequency noise content. 

Why then is TV audio so incredibly 
poor. as reproduced from nearly all TV 
sets? For one thing, TV manufacturers 
concentrate on improving video per- 
formance with little or no regard for 

by LEN FELDMAN 
CONTRIBUTING HIGH-FIDELITY EDITOR 

audio quality. Most "portable'' TV 
sets (even the 19- and 2I -inch variety) 
use tiny speakers (4 -inch units are typi- 
cal) incapable of reproducing anything 
approaching the frequencies required 
for good high-fidelity sound. In most 
instances, even these miniscule speak- 
ers are poorly baffled or mounted 
wherever there are a few square inches 
of panel space. 

There is another reason for the poor 
sound quality and this is the leased 
telephone lines used by the stations to 
carry audio signals. Local lines from 
the camera location to the transmitter 
do have hi-fi frequency characteristics. 
Hut the long-distance lines used to 
carry signals from one city to another, 
and these are used for nationwide net- 
work programs. are limited to a max- 
imum of 500(1 Hz audio response. And 
even in the instances where local, 
high-fidelity quality lines are available, 
the station will not necessarily put out a 

signal that goes all the way to 15.000 
flz. 

If you are after high-fidelity sound, 
you've probably run across articles 
from time to time, which tell you how 
to hook into your TV set and feed the 
audio portion of the received program 
into your hi-fi stereo system. These do- 
it-yourself projects are often doomed to 
failure before you begin. Consider the 
arrangement shown in Fig. I. If the ex- 
isting speaker (in the TV set) is discon- 
nected and audio voltage is taken from 
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the secondary of the output trans- 
former, the poor frequency response to 
the output transformer will restrict the 
fidelity of the audio program. 

Even if the audio signal is extracted 
at the volume control point in the cir- 
cuit, chances are that attenuation of 
low and high frequencies has already 
been deliberately introduced to prevent 
amplifier and speaker overload in the 
original design. The average frequency 
response of a typical audio system in a 

table -top TV set is shown in Fig. 2 - it 
hardly qualifies as high fidelity. 

High-fidelity TV audio 
All of which brings us to an exciting 

new service that is about to begin in the 
fall of 1974. At that time, in the New 
York metropolitan area, over -the -air 
pay TV is slated to he introduced by 
Blonder -Tongue Laboratories - a 

company that has been in the CATV 
and MATV business from the very in- 
ception of those services. Blonder - 
Tongue BTVision is not to he confused 
with any cable TV system. however. It 
is an over -the -air system that can he 
self-supporting and profitable with a 

minimum number of subscribers - a 

desireable feature that is not inherent in 
wired cable service as evidenced by the 
number of CATV operators who have 
failed over the years. 

So, what is a high-fidelity contribut- 
ing editor doing writing about pay TV? 
As you may have already guessed. 

FIG. 1-TYPICAL TV AUDIO SYSTEM. Attempts to achieve hi-fi sound usually involve connecting a 

hi-fi amplifier at "X -X" or "Y -Y". Frequency response is still limited by design compromises. 
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there is an audio aspect to the new sys- 
tem which makes it highly interesting 
to the high fidelity enthusiast. More 
exciting, the system offers the promise 
of live concerts, broadcast in stereo, 
something the FCC has avoided ap- 
proving for general commercial televi- 
sion service. 

How BTVision will work 
The subscriber who wants to avail 

himself of the new service will rent a 
decoder box such as that pictured in 
Fig. 4, much as he rents his telephone 

10 100 1K 

FREQUENCY - Hz 

FIG. 2-TYPICAL FREQUENCY RESPONSE of 
a 19 -inch color TV. set, measured 'at the 
speaker terminals. Bandwidth at 5 -dB points is 
100-3000 Hz. 
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FIG. 3-FREQUENCY DISTRIBUTION of the 
audio and "print-out" signals in the new BTVi- 
sion pay -TV system now ready for operation. 

from the local phone company. The in- 
stallation will include an outdoor 
mounted U H F antenna, which in the 
case of the New York operation will 
pick up signals from Channel 68. The 
decoder will convert this signal to 
Channel 3 (otherwise unused in New 
York) and the converted signal will be 
applied to the antenna terminals of 
your regular TV set. 

Normally, what you will see on your 
screen if you tune to Channel 68 with- 
out the decoder, is a non -synchronized 
video picture which cannot he locked 
horizontally or vertically with any set- 
ting of your hold controls. Instead of 
the audio associated with the scram- 
bled picture you will hear a narrator's 
voice, telling you what program is in 
progress, what programs are to follow, 
and what you must do to properly re- 
ceive them. 

If you decide that you want to see 
and hear a particular program, you turn 
a key in the side of the decoder and 
push a front panel momentary switch. 
(The key may be removed after locking 
the system to prevent accidental acti- 
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vation of the momentary switch.) The 
moment the button is depressed two 
things happen: The picture is syn- 
chronized, and the audio switches to 
that of the program in progress. The 
decoder contains a small but high - 
quality mono speaker system driven by 
a full frequency response amplifier. 
Even if you were to listen to this 
speaker, fidelity is significantly better. 
But Blonder -Tongue has wisely added 
an audio take -off jack on the back of 
the unit so that you can connect the 
sound signal directly to your hi-fi com- 
ponent system. Now here's the really 
unique part of the audio arrangement 
(see Fig. 5). When a suitable concert is 
programmed (and Blonder -Tongue is 
set to transmit programs from Lincoln 
Center in New York), the audio chan- 
nel normaly used to "sell" the program 
(the one normally heard before you 
"buy" the program) can be used as one 
channel of a stereo pair while the en- 
coded channel (normally heard after 
you make your "purchase") is used for 
the other. A second take -off jack is lo- 
cated on the decoder for this purpose - and the program audio channel have 
a frequency response from 50 Hz to 15 

kHz (Barker channel 50 Hz to 10 kHz). 
Separation between channels has been 
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FIG. 4-THE DECODER used in the BTVision 
system. The built-in amplifier and speaker 
provide better sound than most TV sets. 
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in conventional stereo FM sets invari- 
ably results in some cross talk, particu- 
larly at higher audio frequencies where 
only the very best products are'able to 
achieve 30 dB of separation. In the 
case of commercial stereo FM, this 
"sum and difference" technique was 
necessary so that mono listeners would 
obtain a complete program (L+ R) even 
when stereo broadcasts were in prog- 
ress. In the case of the new pay TV 
system this is no longer a problem. 
Even if a subscriber has no stereo hi-fi 
system, he could hear one channel 
from the decoder box and the other 
through his regular (if low fi) TV audio 
system. But for those of us who do own 
stereo systems, the technique holds 
promise for a return to live concert 
broadcasts, transmitted in color. and 
stereo sound. 

The scrambled signal 
The encoding technique used to 

transmit these visual and sonic won- 
ders is really relatively simple and, at 
the same time pirate -proof. The BTVi- 
sion encoder suppresses the horizontal 
sync -pulses by about 4 dB, enough to 
cause loss of horizontal sync when the 
signal is received on an ordinary re- 
ceiver. This causes continuous random 
horizontal tear of the picture. In addi- 
tion, the vertical sync pulses are al- 
tered, causing the received picture to 
have vertical roll at an annoying (and 
unwatchable) 10 Hz rate. The audio 
program is placed on a 31.5 kHz sub - 
carrier, which is single sideband mod- 
ulated as shown in the spectrum dia- 
gram of Fig. 3. This leaves the regular 
sound channel available for voice an- 
nouncements to the potential program 
purchaser. 

At the customer's home, the received 
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FIG. 5-DECODER BLOCK DIAGRAM. The encoded (scrambled) picture and sound are received on 
channel 68, down -converted to channel 3 and then decoded when the subscriber presses a button. 

measured as 55 dB. This is so because 
each channel remains "discrete" 
throughout the entire process, unlike 
commercial stereo FM in which main 
channel is a mix of L+R while sub - 
channel contains L-R audio informa- 
tion. Re-matrixing of this combination 

signal is connected to the BTVision 
decoder, pictured in Fig. 4. This de- 
coder is activated by a single button on 
the front of the unit, restoring the origi- 
nal signal with full quality. Each time 
the decoder button is pushed a "real 
time" ticket is printed by an integral 



strip printer. The ticket is marked with 
a program identification number and a 

price for the particular program. The 
print outs are stored in the decoder 
until they are mailed in with the 
monthly payment. Referring again to 
Fig 3, a frequency of 23.625 kHz is 
used to activate the printer employing 
digital code techniques. The choice of 
this frequency (and 31.5 kHz) for the 
audio sub -carrier channel) is dictated 
by its relationship to the horizontal 
sync rate which is 15,750 Hz. Print out 
transmission at 23.625 kHz is 11/2 times 
this sync rate, while the audio sub - 
carrier frequency is twice the horizon- 
tal frequency rate. Thus, there is a built 

in "pilot" signal already available for 
reconstituting the suppressed sub - 
carrier used for audio and single 
sideband audio detection is possible. 
Sideband products extend to 46.5 kHz 
(31.5 kHz plus 15 kHz maximum audio 
frequency). 

A small audio amplifier feeds a built- 
in loudspeaker in the decoder, either 
with program or sales information 
audio, and the two audio output jacks 
shown are for connection to a 
monophonic or stereo hi fi system (see 
Fig. 5). 

Since each decoder rented to a sub- 
scriber in a given area need receive 
only a single channel, there are no tun- 

ing or adjustment knobs for the cus- 
tomer to be concerned with, and stable 
drift -free performance can be built into 
the decoder. 

From an audiophile's point of view, 
it is certainly to be hoped that 
Blonder -Tongue's system (and other 
pay systems) catch on and are an 
economic success. If indeed high -qual- 
ity audio programming ever comes to 
TV, it will probably arrive in this for- 
mat which is scheduled to begin in Sep- 
tember, 1974. So keep those unused 
auxiliary inputs on your amplifiers or 
receivers ready - you're about to get 
new, high -quality audio signal to plug 
into those empty jacks. R -E 
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Wideband Triggered Scope 

e -- C ' 
1 

31 *II 1,á 

Circle 9/ on reader service card 

A LONG TIME AGO, THE HICKOK ELECTRICAL 

Instrument Co. of Cleveland was a major 
factor in the television -service test instru- 
ment field. I have Hickok test instruments 
in my shop that have been in use for 40 
years, and they're still going. After a short 
spell in the lab instrumentation and indus- 
trial electronics area, they have gone back 
into the home entertainment electronics in- 
strumentation field. 

Hickok is producing several new units 
specifically designed for this type of servic- 
ing. From the one that I have seen, their old 
high -quality standards are still in force. This 
is the Model 511 triggered sweep scope, 
with a 10 -MHz bandwidth. It's a descen- 
dant of a similar model they have been mak- 
ing for industrial use. The wideband 
triggered -sweep scope is fast becoming the 
standard instrument for servicing all kinds 
of electronic equipment. 

As usual, I put it in the bench and gave it 

the works on several oddball service jobs. It 

came through very well. The triggering is 
very positive, making it easy to use. Pat- 
terns are steady as a rock, which is very 
useful. Sensitivity is high, 5 my/cm; which 
means that it will "grab and lock" on even 
very low-level signals. One more handy fea- 
ture has been added; this is a LOCATE 
switch. On many triggered -sweep scopes, 

screen. Just push the LOCATE switch, and 
the trace will appear. Its position will tell 
you whether the position controls are off, 
and if there really is a signal. 

The vertical amplifier has a calibrated at- 
tenuator, with a range from 10 mV/cm to 50 
V/cm, in 12 calibrated steps. A variable con- 
trol can be used for adjustment of the pat- 
tern height, if necessary. 

The horizontal sweep is also calibrated in 

time/cm, from 0.5 ms/cm up to 0.2 sec/cm, 
in 18 steps. A continuously -variable control 
is again used for fine adjustments if needed. 
There's also a "sweep -multiplier" which 
expands the trace 5 times, for examination 
of any part of a waveform. Maximum 
sweep -speed in this position is 100 ns/cm. 
(A nanosecond is 10-9 seconds.) 

The trigger circuits can be used in 

NORMAL or AUTOMATIC mode. The 
AUTOMATIC position provides a baseline 
when the sweep is not being triggered by a 
signal. Either internal or external triggering 
pulses can be used for sweep alignment, etc. 
as well as for vectorscope display. 

For checking the calibration of a probe, a 
PROBE CAL jack is provided on the front 
panel. This has a 7.5 volt p -p square -wave 
signal, at 1.0 kHz. 

The power supply is solid-state, and 
tightly regulated for pattern stability. A 
transistorized dc/dc converter, working at 
about 18 kHz, provides the high accelerat- 
ing voltage, as well as all other do operating 
voltages. Due to the smaller size of the 
power transformer required with this type of 
design, the instrument is surprisingly light. 

The horizontal time/cm switch has two 
special positions: ry-v and TV -II, for quick 
display of either horizontal or vertical TV 
signals. For these positions, a completely 
new sync -stripper circuit is included. This 
gives a very solid lock on these signals. Be- 
side this, there's another function, about 
which more, very soon. All of the standard 
controls are provided for triggering; slope, 
so that either positive going or negative 
going parts of the waveform will trigger the 
sweep, a trigger -level control for either po- 
larity, and so on. 

The Model 511 has the brighest trace 
have ever seen. They use a special CRT, a 
SDEP3IF, and with it, an accelerating volt- 
age of 2500 volts. I didn't understand this, 

at first, but then I took a very unusual step; 
I read the instruction book. I found out 
why. 

The last two positions on the HORIZON- 
TAL TIME/CM switch are marked vlrs-F I and 
vITs-F2. VITS means Vertical Interval Test 
Signals. These are special test signals, 
transmitted by the TV networks, for use by 
TV transmitter engineers. One is transmit- 
ted on each of two lines during the vertical - 
blanking interval. There isn't enough room 
to go into all of the things about V ITS here. 
However, they can be used for all kinds of 
tests in the TV receiver. For example, one 
of the test signals is called the MULTIBURST. 

It has square -wave pulse of video signals, at 
frequencies from 0.5 MHz to 4.5 MHz; 
there are six pulses. 

The Model Sl 1 will pick out either one of 
the two VITS signals. It does this with a 
very special sync separator and hold -off cir- 
cuit This keeps the beam blanked until it 

gets exactly the right signal from the input. 
Then, it turns the beam on and starts the 
sweep, for the duration of the V ITS signal, 
then turns it off again until the next frame. 

Now I found out why the high brightness. 
Since the V ITS signal is of very short dura- 
tion, and the CRT is scanned only once, 
high brightness is needed to display it. When 
this test is being used, the INTENSITY con- 
trol is turned full on, a position which is far 
too high for normal scope work. 

What can you do with V ITS signals? With 
the multiburst alone, you can tell exactly 
what the bandwidth of the TV receiver 
under test is like. If it is too narrow, you'll 
see the amplitude of the multiburst pulses 
drop as you go toward the high -frequency 
end; the pattern will become wedge-shaped. 
To check this, scope the video detector out- 
put of a cheap B/W TV set and then of a 
good color TV. You'll be amazed. This will 
also show you if the color set needs 
alignment. By using external triggering of 
the sweep, you can trace VITS signals 
through chroma amplifiers, the video amp- 
lifier, and many other stages. 

This is an instrument that can make your 
service work a lot easier, if properly used. 
For any kind of signal -tracing, gain -per - 
stage measurements or signal -location, the 
Model 511 will give you the data you need 
with the greatest of ease. R -E 
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DESIGNING OTL 
A solid-state audio power amplifier can range from a 

multi -stage circuit using quite a few transistors and diodes 
determined by such factors as bandwidth, permissible distortion 

AN OUI PUT TRANSIORMER IMPOSES SEVERE 
limitations on the quality of a design. To 
overcome the bandwidth restriction, the 
transformer must he both expensive and 
bulky. Furthermore, phase shifts of high and 
low frequencies set boundaries on the 
amount of feedback that can he placed suc- 
cessfully around a circuit before it becomes 
unstable. 

While practical amplifiers designed for 
public address systems use output 
transformers. the transformer is omitted in 
just about all modern solid-state high fidelity 
amplifiers. The loudspeaker is capacitive or 
direct coupled to the output devices. The 
industry uses variations on three basic cir- 
cuits. 

One circuit uses a driver transformer for 
phase inversion. I tere the transformer is not 
as taxed as when it is used as an output de- 
vice. Hence its size and cost are relatively 
small. A second arrangement, the quasi - 
complementary circuit. uses two identical 
output device driven by two lower powered 
complementary transistors arranged to pro- 
vide the equivalent of phase inversion. The 
third, the fully complementary amplifier, 
uses a complementa y pair of devices in the 
output so that phase inversion occurs in the 
power output transistors themselves, or in 
the combination of the output transistors 
and their drivers. The basic characteristics 
of these three circuits are discussed here. 

Transformer phase inverters 
A circuit using a transformer as the phase 

es 

I 

TCF 

1 

inverter is shown in Fig. I. QI and Q2 may 
he considered as a two -stage voltage am- 
plifier driving the power transistors, Q3 and 
Q4. through the driver transformer. To be 
specific, each transistor stage can he 
thought of as a power amplifier. Thus QI 
delivers its minute amount of power to drive 
a somewhat larger device. Q2, which in 
turn, must deliver enough power to drive the 
high power output transistors, Q3 and Q4. 
Theoretically. Q3 and Q4 will be bigger de- 
vices than Q2. which is. in turn, bigger than 
QI. 

The input signal is capacitively coupled to 
QI. Direct coupled to Q2. QI transistor re- 
ceives its bias voltage from Q2's emitter cir- 
cuit. As the do feedback through R,,, from 
the junction of R,:2 and R,;,, is substantial. 
this circuit is extremely temperature stable. 
R,.,, in the emitter circuit is bypassed to 
ground by C,;,, to prevent any ac from being 
fed hack from this point along with the dc. 

The output from Q2 is fed to a trans- 
former with two identical secondary wind- 
ings - preferably hifilar wound. The phase 
relationship between the two windings are 
indicated by the dots. Dots at the ends of 
two windings indicate that these ends are in 
phase with respect to the unmarked ends. 

Should the portion ín a cycle he such that 
the unmarked ends are positive with respect 
to the ends with the dot, Q3 is forward 
biased and conducts while Q4 is reverse 
biased. In the next portion of the cycle, the 
opposite polarity exists at the bases and Q4 
conducts while Q3 remains idle. The com- 
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FIG. 1-A DRIVER TRANSFORMER is one method of providing phase inversion for the push-pull 
output stage. It simp ifies circuit design and is sometimes used in inexpensive equipment. 

posite signal is reconstituted across It, 
The impedance ratio of the transformer is 

based upon the goal of presenting an ideal 
load to the driver transistor. Conventional 
designs use an impedance ratio of about 9: I. 
The ratio should be optimized in the 
laboratory, specifying this ratio for 
minimum overall distortion. 

Assuming adequate transistors and heat 
sinking, the amount of power the circuit can 
deliver is based upon the size of the supply 
voltage. E,.,. the collector to emitter satura- 
tion voltage, and the voltage across emitter 
resistors R,:., or R,.,. Power is related to the 
load at the output by the equations V,m 2/R,. 

and 1,,2R,,. Peak to peak voltage for a 
specific power output is V_,, = 2.82 V,,,,, 
while peak to peak Current is I = 2.82 
1,.. The supply voltage must be capable of 
swinging the peak to peak voltage V_ ac- 
ross the load in addition to the peak to peak 
current across one of the emitter resistors, 
or I_ RE. 

Collector to emitter saturation voltage 
limits the swing of the voltage across the 
load. Because two transistors are involved, 
the sum of both saturation voltages at the 
peak of the collector current swing, must he 
added to v_ + I_ R,,, to estimate the 
minimum supply voltage required if the am- 
plifier is to deliver a specified amount of 
power. Keeping the operation in the linear 
region requires that the specified saturation 
voltage is multiplied by a factor of at least 
three, before being added to the other quan- 
tities already in the relationship, to deter- 
mine the minimum E supply voltage re- 
quired if the amplifier is to deliver a specific 
amount of power. 

Diodes 1)3 and D4 in the output stage are 
forward biased and are in the circuit in the 
interest of stabilizing the quiescent current 
against variations of V,,,, with temperature. 
The actual idling current is established by 
the voltage developed across the diodes as 
well as across the other resistors in the de 
circuit. 

In the emitter circuit, resistors R,.3 and 
R,., are used primarily to supply ac and do 
feedback and provide some relief for the dis- 
tortion and do stability problems inherent in 
this circuit. As a "fringe benefit, it some- 
what limits the emitter current to offer some 
protection to the output devices against 
overdissipation when load R,. is accidentally 
shorted. In class -A amplifiers. about 0.5 to 
1.5 volts is developed across the resistor. 
Similar voltages are desirable in class -AB or 
class -B circuits during peak current inter- 
vals in the cycle. 

Diodes I),:3 and D,.., are not absolutely 
required in this circuit. Should they he used, 
the emitter resistor can he increased in size 
to improve the temperature stabilization 
characteristics. Should the resistors be 
large, diodes are required to by-pass the re - 
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POWER AMPLIFIERS 
single transistor with transformer coupling to the speaker to a 

of various types. The choice of circuit design and components is 
and cost. Here's how to design output circuits for high fidelity. 

sistors and allow large current swings. 
The signal is capacitive coupled to output 

load R,. The size of the capacitor limits the 
low -frequency output and should be chosen 
to he consistent with the acceptable 
performance requirements of the overall 
circuit. 

R, and CF, in conjunction with R,;,, are 
the primary components of the feedback 
circuit. C, is usually adjusted in the labora- 
tory for the most faithful reproduction of 
square waves. 

The output circuit in Fig. I can be sim- 
plified by omitting all diodes and replacing 
those in the base circuit with proper value 
resistors. But this can only be done at the 
expense of performance and temperature 
stability. 

Circits using driver transformers are 
necessary when germanium output devices 
are used. Due to the relatively large leakage 
currents, complete isolation of the output 
transistors by the driver transformer is de- 
sirable. Although quasi -complementary cir- 
cuits omitting the transformers have been 

used with germanium transistors, this circuit 
emerged as the primary arrangement when 
silicon transistors became readily and 
economically available. 

Quasi -complementary power am- 
plifiers 

The basic circuit of the quasi - 
complementary arrangements is shown in 
Fig. 2. It is direct coupled throughout. The 
signal is amplified by QI and fed to the 
complementary pair, Q2 and Q3. During the 
positive portion of the cycle, the bases of 
the complementary pair are positive with re- 
spect to the emitters: the npn Q2 conducts 
while pnp transistor Q3 is turned off. The 
reverse is true during the alternate half 
cycle. 

The half cycles are supplied to output 
transistors Q4 and Q5 after having been am- 
plified by the complementary pair. Both 
portions of the cycle are fed to R,, through 
C,. and reconstituted across the load resis- 
tor. Feedback is fed through the parallel 
combination consisting of C, and R,. 

The do conditions are such that half the 
supply voltage must be present at the point 
labeled in the drawing as E,.,./2. Determined 
by resistors R,,, and Rs,, the bias current 
through QI is instrumental in establishing 
this quiescent condition. The collector load 
on the transistor consists essentially of R,,., 

R,:, + 1)1 + 1)2. The diodes are used to 
set and maintain the idling current in the 
output circuit despite temperature fluctua- 
tions, and may he replaced by other temper- 
ature sensitive devices. Resistors are often 
used when compensations for temperature 
variation is not essential. 

There are several inherent problems with 
this circuit. All arc solved by adding 

capacitor C2 in a positive feedback boot- 
strapping arrangement. Note also that the 
resistors in the base circuit used to bias Q2, 
have been split into to components. Re, and 

providing a junction to accept C2. 
On large signals, the bias' on the driver 

transistors tend to shift the operation to 
class B. producing crossover distortion. To 
compensate for this, large amounts of feed - 
hack must be placed around the circuit. 
Gain must be large o accommodate all the 
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feedback that is required. Positive feedback 
supplied by capacitor C2 increases the load 
impedance the complementary pair presents 
to Ql with the consequent increase in gain 
of the circuit. 

Large positive peaks in the signal tend to 
cut off Q2 by placing the base and emitter of 
the transistor at +V,., . However, there is a 

voltage across C2 due to its being charged 
while the circuit is idling. This voltage keeps 
the base at a positive potential with respect 

04 

05 

+ ECC 

I 
FIG. 2-BASIC QUASI -COMPLEMENTARY OUTPUT STAGE. The complementary pair, 02 and 03, 
acts as a phase splitter delivering equal signals 180° out of phase to 04 and 05. 

eout 

FROM 
INPUT 
AND 
BIAS 

CIRCUIT 

FIG. 3-BOOTSTRAP CAPACITOR, C1 in the previous figure, has been eliminated by combining its 
function with that of the output blocking capacitor. Load returns to ground through E,.,. 
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to the emitter so that Q2 continues conduct- 
ing during all portions of the cycle. 

The design of the bootstrap circuit is quite 
simple. Since Rae and R_ are essentially a- 
cross the load through C2, they should he 
made as large as possible consistent with the 
current requirements of the base circuit of 
Q2. Both resistors are usually specified as 
equal to each other. 

Under quiescent conditions E"./2 appears 
across the series circuit formed by R82 and 
Rv2 as well as across the circuit formed 
by Rat and C2. As Rs2 = RY2. the voltage 
across C2 is one half of Ere/2 or is equal 
to Eee4. Charged to this voltage, C2 main- 
tains a constant current through Rv2 and 
Q2's base -emitter junction. C2 must be 
large enough to maintain its charge even 
when low frequencies are being reproduced. 

An alternate bootstrap circuit designed to 
eliminate the need of capacitor C2 and resis- 
tors Rat and R is shown in Fig. 3. Instead 
of these components, a resistor is connected 
from the junction of C,, and R,, to the base of 
Q2. C,, doubles as the bootstrap capacitor 
besides coupling the signal to the output 
load resistor or speaker. RL is connected to 
+E(.(, an ac ground. The major drawback of 

FROM 
INPUT 
AND 
BIAS 

CIRCUIT 

this circuit is that the do base current for the 
drivers will flow through load R,,. If this cur- 
rent is very small, it should not affect the 
operation of the loudspeaker usually used as 
RL. 

A constant -current source at the bases of 
the complementary drivers can eliminate the 
need for the bootstrap capacitor. This cir- 
cuit is in Fig. 4. A constant current is sup- 
plied to the drivers while a high impedance 
is presented to voltage amplifier stage Qt. 
The voltage drop between the base of Q6 
and +E,y. should be as small as practical so 
as not to limit the output voltage swing. 
I lence low forward -voltage dropping silicon 
diodes should be used in the constant -cur- 
rent circuit, rather than the higher voltage 
Zener diodes. The main advantages of this 
circuit include the improved distortion at 
low frequencies and more symmetrical clip- 
ping of the peaks in both halves of the 
signal. 

Direct coupled load 
In all quasi -complementary circuits dis- 

cussed thus far, the load was coupled to the 
output transistors through a large electrolyt- 
ic capacitor, C,,. Although frequently used, 

+ECC 

FIG. 4-CONSTANT-CURRENT SOURCE, 06 for bases of the complementary drivers eliminates 
the need for boodstrap capacitor and reduces low -frequency distortion. 

e5 

FIG. 5-DIFFERENTIAL AMPLIFIER replaces input transistor 01 in the ea tier circuits and thus 
minimizes changes in quiescent output current due to temperature changes. 
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the capacitor has several drawbacks, not the 
least of which is the inherent nonlinearity of 
electrolytic coupling devices. Other reasons 
for eliminating C,, are the low frequency 
roll -off due to the R,, -C,, "high pass filter", 
and the corner frequency created by this 
roll -off which can contribute to instability 
when feedback is applied around the circuit. 
Finally, and perhaps the most important 
drawback, is that this capacitor must be 
charged through the output transistors. If, in 
the process, the transistor handles more 
energy (power X time) than it can dissipate, 
it will destroy itself. 

In Fig. 2, one end of R,, is connected to 
ground. When idling, the other end of R,, 
must he at the same ground potential if there 
is to he no dc flowing through the resistor 
(or loudspeaker) load. This is easily accom- 
plished when a coupling capacitor is used. 
In the absence of C,,, the junction of Q4 and 
QS must he placed at 'a zero potential with 
respect to ground while the circuit is idling. 

To accomplish this, a positive voltage 
with respect to ground, +E,.,., is placed at 
Q4's collector while an identical negative 
voltage, -E1.1., is placed at the emitter of 
Q5, or more exactly at the lower end of re- 
sistor R. If both transistors, Q4 and Q5. 
conduct idential amounts of current during 
the idling period, there is zero voltage at the 
junction of the two devices to which the load 
is connected (or at the junction of the collec- 
tor of Q5 and the lower end of R,.,). With 
signal applied, the positive going portion 
swings the voltage across R,. from zero to- 
wards +E" while the negative portion of 
the signal swings it from zero and towards 

All would he great if the quiescent current 
can be maintained constant at all times, so 
that the voltage across R,, will not shift from 
zero volts. Unfortunately, QI will drift with 
temperature changes. But any change in the 
collector current through QI will upset the 
balance at the output more than will drifts in 
transistors further up the chain. Drift due to 
the drivers and outputs is minimized by 
maintaining the upper and corresponding 
lower devices at equal temperatures on heat 
sinks or in free air. In this manner, drift in 
one half of the driver and output circuit is 

+Ecc 



balanced out by the drift in the other half. 
Q I has no corresponding transistor to over- 
come or balance collector current changes 
due to drift. A partner must he added. 

Differential amplifier circuits use two 
transistors. If one is placed in the proximity 
of the other, or in the same physical case, 
temperature variations would affect both 
equally. This is especially true if they are 
matched pairs. This type of arrangement is 

shown in Fig. 5. The differential circuit 
placed before the + and - DRIVES. re- 
places Q1. in the interest of stability. 

QI and Q2 are a differential pair driving a 

second differential pair. Q3 and Q4. A 
signal at the input to Q I appears amplified at 

the collectors of QI and Q2. While the input 
signal is in phase with the signal appearing at 

the collector of Q2. it is out of phase with 
the signal at the collector of QI. When am- 
plified further by Q3 and Q4. the signal suf- 
fers a 1800 phase reversal between the bases 
and collectors of the respective transistors. 
The collectors of both transistors are driven 
to -E,,. by the signal. "-Drive" is pro- 
vided at the collector of Q3 to the lower pair 
of output devices. Q7 and Q9. 

From Q4. the signal is fed to the base of 
Q5. which is arranged as a unity gain am- 
plifier. The phase of the signal is once again 
reversed. The signal drives the collector of 
Q5 to + Er,, providing the "+ Drive". The 
phase reversal in Q5 makes the + drive 
signal identical in phase with the - drive 
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signal at Q3. Two signals with identical 
phase characteristics are fed to the quasi - 
complementary output circuit consisting of 
Q6 through Q9. Proper phase relationships 
are achieved here to provide the reconsti- 
tuted amplified output of the input signal. 
The + Drive causes the upper pair of de- 
vices to swing to +E,.,. while the lower pair 
of devices swing from -E,, due to the - 
Drive. Equal swings of both halves of the 
output circuit to +E,.,. and - Eve makes 
bootstrapping unnecessary. 

Feedback is applied from the output 
through R, and C. Ac and dc feedback are 
developed across R. It is bypassed to 
ground through Cl as a return for the ac 
feedback and connected to ground through 
D3 for the dc feedback return. 

The circuit shown is raw. It will not oper- 
ate properly unless it is designed carefully in 

each aspect. Instability will he prevalent un- 
less the frequency rolloff is carefully con- 
trolled at both ends of the audio hand. Let 
us now carefully analyze various sections of 
the circuit. 

Q10. the constant current amplifier, is de- 
signed to establish and maintain the sum of 
the idling currents through QI and Q2. As- 
suming all silicon devices are used, the volt- 
age across the base -emitter junction and 
across 1)2 are identical. Hence the voltage 
across 1)1 and RF,,, are identical and equal 
to about 0.7 volt. the voltage across a silicon 
diode. If the sum of the idling currents 
through QI and Q2 are adjusted to, let us 

say 2 mA., 2 mA must flow through 
Then the resistor will he equal to 0.7 volt/2 
mA = 350 ohms. R5,,, is used to establish a 

FIG. 6-TRANSISTOR as a replacement for 135 

and D6 lets you adjust output bias while retain- 
ing temperature stability. 

02 

AF 

©Q3 

PI. The control is used to balance the rela- 
tive quiescent current through each transis- 
tor and is adjusted for zero volts across R,, 

when the circuit is idling. The dc feedback is 

expected to maintain this idling condition. 
The +Drive must be identical in am- 

plitude to the -Drive. To accomplish this, 
Ras is made equal to RF;,,. Voltages across 
1)4 and the base -emitter junction are equal. 
Hence the current through R15 and R, are 
equal, producing a -Drive current in the 
collector circuit, equal to the current flow- 
ing through Rm. As the current through Rf5 
is almost identical to the collector current 
flowing through Q3 and Q4, the -Drive is 

equal to the +Drive. Re, dissipates power 
available at the collector of Q4 and not re- 
quired at the base of Q5. 

1)5 and D6 set the quiescent idling current 
through the output devices. Should adjust- 
ment flexibility be desirable, one of the 
diodes may he replaced by a potentiometer. 
For better temperature compensation, the 
diodes can he replaced with the transistor 
circuit in Fig. 6, and still retains its ability to 
stabilize the current in the circuit. 

A simplified variation of the circuit of Fig. 
5 is shown in Fig. 7. Here, the differential 
output is taken from one transistor of the 
pair. QI and Q2. RE, is made large enough 
so that a constant -current source is not re- 
quired, eliminating the cost of one transis- 
tor. 

The signal, fed to Q3. is then passed on to 

06 

07 

eout 

FIG. 7- A LESS EXPENSIVE VERSION of the differential amplifier circuit. The constant -current 
source and the differential am3lifier drivers have been eliminated. 

current through and consequently fix the 
voltage across 1)1 and 1)2. 

(The required idling current for QI and 
Q2 can he determined by first noting the 
maximum current required across the out- 
put load at the peak of the signal. It is di- 
vided by the product of the current gains of 
all stages excluding the first. This is the 
minimum collector current required from 
each of the two input devices.) 

If Q3 and Q4 are to he capable of swing- 
ing almost to -E,,, the voltage across Rt., 
must he small: let us make it 1.5 to 2 volts. 
This voltage must also he at the collectors of 
QI and Q2. Since during idling. I mA is to 
flow through each collector, a simple Ohm's 
law calculation will help determine the size 
of the resistances in the collector circuits. A 
portion of each collector resistor is taken off 
from and R5.2 to compose potentiometer 

the quasi -complementary circuit consisting 
of Q4 through Q7. Capacitor C 1 is a boot- 
strap capacitor required here so that the 
t,pper transistor, Q4, can swing to satura- 
tion. The independent drivers capable of 
swinging the signal to the limits of the power 
supply voltage, made the bootstrapping cir- 
cuit unnecessary for the arrangement in Fig. 
5. 

Fully complementary output 
A close look at the quasi -complementary 

arrangement reveals that the upper two 
transistors are a Darlington pair w hile the 
lower two from a complementary beta - 
multiplier pair. Although quite similar, the 
ultimate quality amplifier is designed by 
making both pairs identical. Either a com- 
plementary pair or a Darlington arrange - 

(continued on page 90) 
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by STEPHEN DANIELS 
IN THE MAD RUSII TOWARD INTE- 
grated circuitry of the past 15 years, the 
tunnel diode has been shunted aside by 
multi -element packages. It's still very 
much around though and it may one 
day enjoy a resurgence as a component 
of some of those same chips that have 
replaced it. 

The unusual properties of the tunnel 
diode lend themselves to some simple 
solutions of complex problems. Circuit 
design is inherently easy and TD's will 
amplify and oscillate at frequencies at 
which most other solid-state devices 
fall flat. In this article. we'll examine 
the negative -resistance phenomenon 
that the tunnel diode produces and 
show some possible audio and rf appli- 
cations. 

Experimental layout 
Everything except the really high- 

BATT 1 

1.5V 

BATT 2 
1.5V 

ALLIGATOR CLIP 

R1 TD1 
50052 IN3716 

FIG. 1-THE DC PARAMETERS of the tunnel 
diode can be studied using this simple circuit. 
The batteries must be mercury types. 

4 

3 

E 

NEGATIVE - 
RESISTANCE SLOPE 

I I I 
1 

100 200 300 400 

E - MILLIVOLTS 
FIG. 2-VOLTAGE CURRENT CURVE of a tun- 
nel diode. Note the negative -resistance slope. 

TUNNEL DIODES - 
The tunnel diode has been around for about fifteen 

plications for it. Even so, it is seldom men - 

manual. Here are experiments and some practical 

frequency circuits can be assembled on 
a phenolic breadboard. The board, re- 
quired brackets and hardware can be 

found at any well -stocked parts house. 
Once you have the breadboard put 

together. set up the basic voltage di- 
vider biasing circuit diagrammed in 
Fig. I. Watch the polarity carefully on 
the tunnel diode and batteries and also 
on CI and M I. 11 I reads the current 
through TD I and can he rated from 5 to 
15 mA. I used the low -current scale of 
my vom. BATTI and BATT2. like any 
batteries used in tunnel diode circuits, 
Hurst be mercury types. Zinc -carbons 
have a high internal resistance which 
tends to cancel the negative -resistance 
effect of the tunnel diode. 

With RI set at maximum resistance, 
apply power and slou'Iv bring the resis- 
tance down, thus raising the voltage at 

the anode of TD I . As you would ex- 
pect, the current through the tunnel 

41-BATT 1 

1.5V + BATT 2 I 1.5V 

R1 

diode increases ... until you get to just 
over 4 mA. The point at which things 
begin to get peculiar will vary from 
diode to diode, but at about 4 mA the 
current will suddenly dip even though 
you've been increasing the voltage 
steadily. Increase the voltage some 
more and the current continues to dip 
and then starts to rise again. Confused? 
OK, let's turn to Ohm's law to 
straighten things out. 

If we write Ohm's law as I = E/R. a 

little figuring will tell you that the only 
way E can get larger while I gets small- 
er is if R is some negative value. Yup, 
what you saw in that demonstration 
was the tunnel diode behaving as a 

negative resistance. As we'll see later. 
the unusual doping of the TD's pn 
junction is responsible for this effect. 
What can it be used for? You know that 
all that keeps a tuned circuit from os- 
cillating spontaneously is the resistance 
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TOUCHPLATE 
(SEE TEXT) 
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'SEE TEXT 

FIG. 3-BASIC TUNNEL -DIODE SINEWAVE OSCILLATOR operates at a frequency determined by 

the inductance of the transformer primary and the lumped and stray capacitances. It can be 

controlled by the touchplate, thermistor or photoresistive cell. Photocell PC1 is a CdS type such as 

the Clairex CL -504L. The value and type of thermistor depend on the application. 

R4' TD1 

C3 T .05 

'SEE TEXT 
FIG. 4-SENSITIVE ALARM CURCUIT can be used to detect changes in temperature or light and 

the presence of signals from a rf transmitter type electronic bug. The two unmarked resistors 
should be selected so 1.5 volt is delivered to the top end of bias control R4. It can be used as a 

basic radio -control receiver. 
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theory and circuits 
years and there are a number of practical ap- 
tioned except on a few pages in a transistor 
applications to help you learn about this device. 

losses in the coil. The tunnel diode can, 
as we will see, be used to cancel the 
positive resistance in the tuned circuit 
with its own negative resistance and 
thus start and sustain oscillation. 

History and basic physics 
The tunnel diode is also referred to 

as the Esaki diode, named after the 
Japanese physicist, Dr. Leo Esaki, 
who developed its basic principles. 
Esaki was working as a physicist for 
Sony in the late '50's when he showed 
that a heavily doped pn junction could 
exhibit negative resistance. General 
Electric researchers came up with the 
first practical units based on Dr. 
Esaki's work. 

Any pn diode has a region of rela- 
tively few current carriers right at the 
junction which is referred to as the 
depletion r-e,t,ion. A normal diode is 

doped only lightly to give relatively few 

free charge carriers. The depletion re- 
gion in this diode is effectively wide and 
a relatively large voltage will be re- 
quired to get a current going, i.e. to 
move current carriers across the deple- 
tion region. In a tunnel diode, the 
semiconductor material is heavily 
doped to give a large number of current 
carriers in the depletion region and thus 
effectively narrow it. In a TD, even a 

tiny voltage will allow current carriers 
to "tunnel" across that narrow deple- 
tion region, hence the name of the de- 
vice. With a slightly greater bias, how- 
ever, quantum physics gets into the 
act. 

One of the laws of quantum physics 
says that electrons can only exist at 

certain defined energy levels within an 

atom and not in between. It's a bit like 
the way fixed resistors are made in 

standard values: you can buy a 27(0 or 
3300, but not a 29(X). Electron energy 
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1.5V 
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.002 A 02 
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R6 0l L2' R7 
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TO + SIDE OF 81 

TO JCT R 10, R 1 1 

MPFI02 
OR SIMILAR 

N -CHANNEL FET 

GND 

C11I 
15pF 

L4 

L3 T 
Cg R12 

1-7pF 10 MEG 

03 

HEP802 

1 10" HOOKUP WIRE 

SK3I16 

FIG. 5 (top)-SIMPLE RF SIGNAL 
GENERATOR can be both amplitude and fre- 
quency modulated by audio from a low - 
impedance source. FIG. 6-a (above)-FM 
WIRELESS MIKE. Coil L3 is 6 turns of No. 16 

enameled wire closewound, Vs inch diameter 
with tap 1 turn from ground. L4 is 3 turns of No. 
22 wire with the 10 -Inch antenna wire soldered 
to the midpoint. FIG. 6-b (left) -PREAMP for 
hi -Z mike. Remove the speaker and C12 and 
connect preamp as indicated. 

levels work similarly. 
Thus an electron that wants to go 

from the n -type to the p -type region 
must have enough voltage behind it to 
get it up to a permissible energy "slot" 
in the p -type section. When the voltage 
across the tunnel diode is great enough 
to produce many electrons with "for- 
bidden" energy levels, i.e. too much 
energy for a low level and not enough 
for a higher one, the result is a decrease 
in current. Here is the negative resis- 
tance phenomenon. The current will 
now keep decreasing as more electrons 
are brought to forbidden energy levels. 
Current will eventually increase again 
if the voltage is raised enough to bring 
some of the electrons to higher energy 
slots. 

The graph (Fig. 2) shows the dc 
characteristics of the tunnel diode. 
Current rises to the point Ip, called the 
peak -point current. Now comes the 
diop into the negative resistance slope. 
I,, the valley current, is the bottom of 
the slope and the point where normal 
current flow resumes. 

Audio applications 
Now that you know how the tunnel 

d ode works. we'll get into some cir- 
cuitry. Figure 3 shows a basic 
sinewave audio oscillator whose prin- 
ciple of operation stems directly from 
our theoretical digression. With TDI 
electronically removing all resistance 
f-om the tuned circuit consisting of C2 
and the primary of TI , the tuned circuit 
oscillates at its resonant frequency. Set 
up the circuit as shown in Fig. 3 and, 
with RI at maximum resistance, apply 
power. Lower R I very slowly and the 
speaker will suddenly break into a tone 
at some point. If you reconnect M I as 
shown. you'll find, as you would ex- 
pect, that the onset of oscillation coin- 
cides exactly with the beginning of the 
negative resistance slope. This unusu- 
ally simple oscillator can he used any- 
where that a tone source is required. It 
will be most stable if working into a 

relatively high impedance load. 

Staying with this circuit for a minute. 
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I'm going to throw you a curve. Get R I 

back to maximum resistance and re- 
move C2 from the tuned circuit. Now 
apply power and look for the negative 
resistance point again. Surprised that 
you get a tone without a complete 
tuned circuit? What's happened here is 
that the distributed capacitance of the 
transformer's turns in combination 
with the half of the primary still in the 
circuit still acts like a parallel resonant 
circuit. This self -resonant effect is used 
to advantage in microwave tunnel 
diode oscillators where the TD is 
linked to a resonant cavity. The cavity 
doesn't have a capacitor physically 
present any more than this circuit, but 
a TD will produce oscillation in any- 
thing that looks to it like a tuned circuit 
and has the proper impedance. 

Several possible modifications of this 
circuit are in dotted lines in Fig. 3. 
Adding photocell PCI will give you a 
daylight alarm or "electronic rooster." 
By adjusting RI carefully so that the 
circuit doesn't quite oscillate, you can 

COMPONENT SIDE 
TOP VIEW -ACTUAL SIZE ANT. 

justment of R I is quite critical in this 
application, and a few trials may be 
required for hest results. 

Using a junction transistor in combi- 
nation with a tunnel diode can produce 
a level sensor of much greater sensitiv- 
ity than the basic oscillator. Figure 4 
shows this circuit, which is capable of 
responding to .1 foot-candle or less 
when used as a light detector. In opera- 
tion, C3 provides a feedback path for 
signal from the collector of QI to the 
cathode of TDI. The tunnel diode 
feeds the signal back to the base when 
the resistance of the sensor is low 
enough to get it into negative resis- 
tance. LI is 2_ turns of No. 14 wire, I in. 
diameter, turns spaced r/8 in. 

In these security -conscious times, 
the idea of a personal "bug detector" 
isn't such a far out idea. With a suitable 
pickup coil (LI )connected at the points 
shown, the small rf signal from a con- 
cealed transmitter is sufficient to shock 
excite the tunnel diode into negative 
resistance as in the touch switch de - 

B 

FULL SIZE 

-0 
. C13 

FIG. 7-WIRELESS MICROPHONE PC PATTERN and parts layout shown full-size. A similar layout 
using perforated board will work if you keep the rf circuit leads short. 

make it sensitive to any small change in 
light intensity. Similarly, a thermistor 
(R3) connected in this position gives a 
temperature sensor. This could he used 
as a warning indicator or as part of a 
control circuit to maintain temperature 
within a certain range. Select R3 to 
satisfy the needs of the application. 

If the bias is adjusted carefully. it is 
possible for an external signal to 
"shock excite" the tunnel diode into its 
negative -resistance region. The basic 
sinewae oscillator can work as a 
"touch switch" on this principle. Dis- 
connect C2 from the circuit and con- 
nect a 2 -inch diameter circle of sheet 
metal to the point shown in the schema- 
tic via a short piece of hookup wire. If 
you now adjust RI to a point just be- 
fore the circuit oscillates by itself, 
you'll find that the touch of a finger on 
the plate will start things up. The ex- 
ternal signal that gets things going is the 
60 -Hz noise that your body is always 
picking up off the power lines. The ad- 

_ scribed previously. R4 is the 
threshold/sensitivity control. When the 
circuit is used with a photocell or 
thermistor, it should he 10 K to 25 K 
ohms: 2 K or so when used as a hug 
detector. In operation, it is set just 
below the point of oscillation. 

Rf applications 
It is as a high -frequency amplifier 

and oscillator that the tunnel diode re- 
ally comes into its own as the following 
circuits show. The basic sinewave os- 
cillator circuit will crank out rf very 
nicely with just a change in tuned cir- 
cuits. 

Figure 5 shows an rf signal generator 
suitable for testing and alignment pur- 
poses from Ito 40 NI I Iz. The FET buff- 
er stage prevents loading of the tuned 
circuit and resulting instability and loss 
of Q. Applying an audio signal from a 
low impedance source at the junction 
of RS and R6 will give a combination of 
amplitude and frequency modulation at 

the output if desired. The FM compo- 
nent results because changes in the bias 
on the tunnel diode (from the modulat- 
ing signal) vary its negative resistance 
operating point. This tends to "pull" 
the resonant frequency of the tuned 
circuit up and down in step with the 
input signal amplitude. L2 may be a BC 
band Loopstick with C5 200-400 pF 
to cover the AM broadcast band. For 
the 27 -MHz Citizens band, CS is 20 pF 
and L2 is 11 turns of No. 22 enameled 
wire on a as in. slug tuned form. Tap at 
3 turns. 

Initial adjustment is easy. Break the 
circuit at the point marked "x" in the 
schematic and hook up the milliamme- 
ter as for the first experiment. Apply 
power and adjust R5 for a stable point 
in the middle of the negative resistance 
slope. R5 can be sealed in this spot if 
desired with a few drops of clear nail 
polish. It is also possible to measure 
the resistance of the Trimpot with an 
accurate bridge or ohmmeter and sub- 
stitute a fixed 5% resistor of the nearest 
standard value. 

Printed circuit construction or tight 
point-to-point wiring on PerIboard is a 

must for this circuit and the one follow- 
ing if reasonable stability is to be ob- 
tained. 

One possible vhf application for a 

tunnel diode, a complete FM wireless 
mike, is shown in Fig. 6-a. Operation is 
the same as that of the rf signal 
generator, but the resonant frequency 
of the tank circuit has been altered. 
Again, a FET is employed as a buffer 
to reduce the instability that is usually a 
drawback of these circuits. A small 
speaker is used as a microphone to 
modulate the transmitter. If operation 
from a high -impedance source is de- 
sired, add the matching circuit of Fig. 
6-b. 

The author's model was constructed 
on a PC hoard as shown in the photo- 
graph and the etching pattern is given 
in Fig. 7. A stiff guitar pick makes a 
good, cheap tool for tuning C9 to a 

quiet spot on the FBI hand. 
I hope you've enjoyed experiment- 

ing with these circuits: the basic princi- 
ples can easily he adapted to your own 
special ideas and design problems. R -E 
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Sound Technology Model 
1000A FM Generator 
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Circle R7 on reader service card 
TRSDITIONALLY, FM DETECTOR ALIGN- 
ment has been done by generating a swept 
frequency in the rf or i.f. hand. and display- 
ing the detected F\1 output versus the origi- 
nal modulation signal on an oscilloscope. 
The modulating frequency is low to prevent 
a muddled display because of unwanted 
sidehands. and is usually a 60 -cycle sine 
wave derived from the ac line. Conventional 
alignment using the S curve display is for 
best tuning symmetry. After such a proce- 
dure the distortion is sometimes found to be 
higher than specified by the manufacturer 
and is often higher than need he. One way to 
optimize the detector tuning is to feed the 
receiver with a single tone FM modulated 
signal and use a harmonic distortion 
analyzer to make detector adjustments to 
lower the distortion. 

To say the least this is an unsophisticated, 
haphazard and time consuming procedure. 
Although you may indeed succeed in bring- 
ing the distortion with spec. it may be an 
unstable tuning point in that the particular 
tuning you have ended up with may he criti- 
cal and soon drift out. (Newer FM detectors 
need no alignment. but to date. these tuners 
are found only in high -end equip- 
ment.-Editor 

In recognition of these problems Sound 
Technology has a better idea and has intro- 
duced a unique FM alignment generator 
using a dual sweep signal generation 
scheme. It's their model I000A. It produces 
an oscilloscope scan that directly indicates 
intermodulation distortion. While the 
generator includes a convenient array of 
other features such as stereo. SCA and 
clean CW signal generation this discussion 
is limited to the novel dual sweep method. 

Figure I is an ideal S curve: so ideal, in 
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fact, that it does not have an S shape at all 
but is perfectly straight or linear along its 
entire detection handvv idth. Assume the FM 
detector and i.f.-limiter have perfect charac- 
teristics giving perfectly horizontal seg- 
ments at the S curve ends before the re- 
ceiver filtering rolls off the response. An 
input signal detected along the perfectly 
linear portion of the curve will he repro- 
duced distortion free. If the instantaneous 
input frequency to the discriminator is rep- 
resented as the amplitude points on a sine 
wave, the recovered audio output can he 
constructed using the detection curve as a 
transfer characteristic as shown in the fig- 
ure. The output sine wave is identical to the 
input waveform except that its amplitude is 
modified by the constant detector slope. 

In Fig. 2 a less ideal S curse is shown. 
along with how a detected signal is rec- 
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overed distorted by the transfer operation. 
Changes in slope compress and stretch the 
sine wave as it is transferred resulting in 
non-linear distortion. The departure of the S 

curve from ideal straightness in second de- 
gree and higher power curvature is directly 
related to intermodulation and harmonic dis- 
tortion. 

In Fig. 3 the ideal S curve is redrawn with 
a point by point slope plot below. Notice 

VOLTAGE 

SLOPE 

FREQUENCY 

FFREQUENCY 

V FIG.3 

that during the linear detection region the 
slope curve is perfectly level at some posi- 
tive value above zero corresponding to the S 

curve's constant slope. The horizontal S 

curve extensions have zero slope and the 
slope plot returns to zero in these intervals. 
Fig. 4 is a similar display for a detector ex- 
hibiting non-linear distortion. In this case 
the center of the scope display is not flat but 
wiggles with the S curve slope variations. 
Intuiti'.ely it seems desireable to display the 
S curve slope characteristic as it is somehow 
related to distortion. 

The question remains: How can a signal 
he generated and detected to produce a 

slope -dependent display and can the distor- 
tion be easily determined from it? Sound 
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FIG. 4 

Technology superimposes a small 10 KHz 
sine wave frequency modulation on top of 
their normal relatively high modulation 
basic 60 Hz sweep modulation. Since 10 

KHz_ is more than 100 times the 60 -HZ rate 
and since its amplitude is held to about 10% 
of the 60-h1 z swing, each of a series of points 
on tie S curve as in Fig. 5 can be considered 
to be stationary in time as the small 10-KHz 
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FIG. 5 MODULATION 

secondary warble frequency sweeps over a 

single cycle. The detected voltage due to the 
warble is directly related to the slope at that 
particular point. The S curve shown has ex- 
agerated distortion with point A having 
twice the slope of point B. So by superim- 
posing these two signals a display could be 
produced that has 60-KlIz S -shape informa- 
tion and the higher 10-K1 1z slope informa- 
tion. If the 10 KHz is recovered by filtering. 
only the slope information remains and it 
can be displayed alone for lack of confusion. 

It turns out that the deviation in flatness 
of the slope curve in relationship to the av- 
erage height of the curve indeed can he 
calibrated to reveal the intermodulation dis- 
tortion of the receiver. Total harmonic dis- 
tortion can then be approximated from the 
I VI figure. Actually either type of distortion 
can theoretically be determined exactly 
knowing the detector response behavior. 
I lowever, without finding the mathematical 
power series which the S curve follows we 
cannot make the TI I D determination abso- 
lute. This is not a problem since a 25% error 
will not blur the distinct relative comparison 
this method offers. 

When two arithmetically added tones are 
intermodulated on a non-linear slope in this 
way various mixing products result. For ex- 
ample assume there is only a linear or first 

(continued on page 91) 
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OWNERS OF OLDER STEREO RECEIVERS, 
and amplifiers may want to use head- 
phones, but don't because their set 
doesn't have a phone jack and they 
haven't found a headphone circuit that 
suits them. The headphone remote 
control unit in Fig. I was described by 
Mr. N. Pickles in Practical Wireless. It 
was developed for use with stereo amp- 
lifiers and receivers, and to provide 
-when desired-a controlled amount 
of crosstalk between right and left 
channels to provide a more realistic 
stereo image. A meter and BALANCE 
control are used to balance the signals 
fed to the right and left earphones. 

The two 120 -ohm resistors attenuate 
the signal from the amplifier output 
terminals before it reaches the phones. 
These can be reduced in value or elimi- 
nated, if the control box is connected to 
the amplifier through a stereo phone 
jack providing an attenuated signal. 

When the double -pole switch. SI, is 
closed (in the NORMAL position), the at- 
tenuated right and left signals are ap- 
plied to the phones directly through the 
BALANCE and RIGHT and LEFT VOLUME 
controls. When the switch is open. the 
signals are passed through the crosstalk 
network consisting of LI, L2 -C3, 
RI -Cl. and R2 -C2. This network pro- 
vides a "full -stage" effect by mixing 
some of the right and left signals 
around I kHz so as to "fill the hole in 
the middle" created by the stereo 
phones. 

Unusual L -C oscillator 
The novel oscillator circuit shown in 

Fig. 2 was designed for constant am- 
plitude across its tuning range. The os- 
cillator. described in T.E.S.T., a 

magazine published in Paris. France 
for service technicians, was designed 
especially for use in test instruments, 
but can he used in receivers and other 
devices where its characteristics are 
needed. 

Transistor QI is a FET, but a bipolar 
transistor can be used instead. Q2 and 
Q3 form the amplitude regulator. QI's 
drain current is held constant at a level 
just high enough to sustain oscillations. 
This constant current is supplied 
through a split path consisting of L2 -Q2 

TECHNICAL TOPICS 
Here are five circuits for your approval. For hi-fi buffs there 
is a deluxe stereo headphones adapter; TV DX'ers might try 
the untuned TV booster; circuit enthusiasts have an unusual 
oscillator, power supply, and car lights -on reminder. 

and R I -Q3. Path L2 -Q2 forms the 
feedback loop needed for oscillation. 
D1 and D2 rectify a portion of the rf 
signal at Q2's collector, to develop a 
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base bias for this transistor. 
When power is first applied to the 

circuit, Q3 is blocked because its 
base -emitter voltage is at, or close to, 
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FIG. 1-STEREO HEADPHONE ADAPTER has meter and control for balancirg tie amplifiers' output 
and the signal to the phones. A mixing circuit can be used to "fill the hole In the micCdle." 
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FIG. 2-UNUSUAL CONSTANT -AMPLITUDE OSCILLATOR. The FET is a tickler -feedback oscillator 
with feedback current taking paths through 02 and 03 for amplitude regulation. 
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zero. The full drain current for Q 
flows thorugh L2 and Q2. When the 
circuit starts oscillating. Q3 conducts 
sporadically. The voltage developed 
across RI is rectified by DI -D2, fil- 
tered by CI, and used to bias Q3's 
positive. 

The greater the voltage drop across 
RI, the more Q3's current increases. 
Since QI's drain current is constant, 
any current drawn through RI must be 
subtracted from that available through 
L2 -Q2 to sustain oscillations. Thus, 
when QI's output increases, Q2 draws 
more current, reducing the feedback, 
and therefore, the amplitude of the os- 
cillator output. 

The output voltage can be taken 
from the collector of Q2 or Q3. The 
regulation of the output voltage in- 
creases with the number of turns on the 
feedback (tickler) winding 1.2, and can 
be easily set to ± I/ over a 3.5:1 tuning 
range. A coil for 150 to 520 kHz con- 
sisted of 150 and 2 turns for L I and L2, 
respectively, on a small ferrite cup 
core. A 30 -MHz coil, wound on a 
s/,s-inch form, containing 7 turns for 1.1 

and 4 turns for L2. 
To use a single power supply source, 

make up a voltage divider with a center 
tap to provide an artificial ground. 
Connect Q3's base to this ground 
through DI and D2. 

Something for your car 
A number of circuits designed to 

warn the driver to turn off his head- 
lights before leaving the car have been 
described. In most cases, the alarm 
sounds as long as the lights are on and 
the ignition is off. Thus, they are a 

nuisance at times when you want to 
leave the lights on with the ignition off. 

The headlights -reminder circuit in 
Fig. 3 (from Electronics Today 
International, Sydney, Australia) gets 
around this by interlocking the alarm 
through the door switches in the 
courtesy -light circuit. The circuit is ac- 
tivated by the taillights, so the alarm 
works whenever the driver opens a 

door to leave the car while either the 

headlights or parking lights are on. 
When the car's ignition is turned 

ON, capacitor CI is discharged with 
both its terminals going to +12 volts 
-the positive end through R2, and the 
negative end through the ACC terminal 
on the ignition switch. If the car's lights 
are on, emitter and collector voltages 
are applied to the transistor, which is 

held cut off by the lack of a forward 
(negative) base bias. 

Now, if the ignition is turned OFF 
while the lights are ON, CI charges 
and produces a negative -going pulse on 
the transistor base. The transistor is 
biased on, pulling in the relay. The 
transistor is locked on because its base 
is now returned to ground (negative) 
through RI and R3 and contacts 3-4 on 

+12V 

use L -C tuning circuits that limit tuning 
to a single channel, or require elaborate 
procedures for hroadbanding the cir- 
cuits. The booster in Fig. 4 is an un - 
tuned broadband amplifier (taken from 
Television magazine, Paris) covering 
channels 7 through 13. Gain is 25 dB at 
180 MHz, and drops 3 dB at 150 and 
210 MHz. Power supply can be +4.5 to 
+12 volts. 

Parts layout is not critical, but you 

R2 

3.3K IN4005 

Cl 

R3 2 3.3K 

the relay. The alarm is now armed and 
will sound when either front door is 

opened, so the switch connects it to 
ground through its contacts. 

To disable the alarm -assuming that 
you want the lights on and door open 
-first switch off the ignition, switch 
the lights off and then on again. 

Simple TV booster 
Most build -it -yourself TV boosters 
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warns you Immediately when lights are left on inadvertently. 
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may want to use the pc layout in Fig. 5. 
The 75 -ohm input and output imped- 
ances can he matched to 300 -ohm twin 
lead by baluns. Gain can he controlled 
by inserting a 500 -ohm pot in series 
with the output emitter resistor. 

Transistor power supplies 
There are lots of transistor radios. 

tape players. recorders, and similar de- 
vices that have been tossed aside be- 
cause they operate solely from either 6 - 
or 9 -volt batteries. If you have similar 
devices you want to operate from 
power lines, see Figs. 6 and 7. They are 
combined schematics of 6- and 9 -volt 
battery eliminators described in Radio, 
Television and Hobbies (now 
Electronics Australia). 

The circuit in Fig. 6 delivers up to 
about 9) mA. The transformer is an or- 
dinary filament variety delivering 500 
mA or more. DI and D2 (any silicon 
rectifier such as a IN2858 or IN3193) 
are connected as a voltage doubler. 
He transistor is a series regulator de- 
livering an output voltage approxi- 
mately equal to the Zener rating of D3. 
Use a 6 -volt Zener diode for the 6 -volt 
supply: 9 -volt for a 9 -volt source. 

The solid -line resistors R I. R2. and 
R3 are used in the 9 -volt supply, with 
R2 as I.8K. In the 6 -volt version. R I is 
replaced by RI -a and RI -b with R4 
connected at their junction. 

Output ripple is less than 0.5 mV. RI 
protects the transistor against overload 
by a short circuit. Short-circuit current 
is limited to about 150 m.\. 

Figure 7 shows similar essentials for 
a 6 -9 -volt supply delivering up to I am- 
pere. Ripple voltage is less than 10 mV 
at I amp. and is much lower at lower 
currents. Effective dc resistance is 
about 0.4 ohm, and output impedance 
is that of the output capacitor. 

In Fig. 7. QI is the current limiter 
that protects Q2 in the event of a short 
circuit. The circuit is set up so normal 
load currents develop a bias voltage 

1N2858, IN3193 
150 Ply, 150mA1 

R1 

toot2.3W 2N217 

6 OR 9V 
0TO90mA 

FIG. 6-BASIC CIRCUIT or 6- and 9 -volt battery eliminators for small devices drawing up to 90 mA. 
Refer to text for values of the coded resistors and diode 03. 
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FIG. 7-BATTERY ELIMINATOR for loads up to 
1 Empere. Select the Zener diode and the val- 
ues of the resistors indicated for the desired 6 - 
or 9 -volt output. 

that keeps QI saturated, so its effective 
resistance is very low. When the load 
current exceeds the preset level (1.1 
ampere). QI's forward bias is cancelled 
so the transistor cuts off, thus acting as 
an open switch in the current path. 

The resistor in series with Q l's emit- 
ter sets the current limit. Increase it if 
the short-circuit current is greater than 
1.25-1.30 amps. Shunting it with a re- 
sistor 150 to 200 times its value is a 

good way. 
The rectifier used was a selenium 

bridge, but you can substitute low- 
vtlitage. 2 -amp diodes. R -E 

01 

2N2I47 

B 

C 

43052 

4752 

- 1000pF 
+ 10V 

33052 

02 
2N301. etc 

E 

B 60R9VAS 
oNE E DE O 

CHANGE TO 22052 
FOR 6V 

+ 1000P FT 
10V 

9V 
0-1A 

CASE 

GND 

r 

z 

TSA NORTHEASTERN, N.Y. INSTALLATION DINNER 

I,` RESPONSIBILITY 

,! u Ez r COURTErY- 

y r HONESii e.;+' 

SMILING FACES AT THE INSTALLATION 
DINNER in Albany, N.Y. celebrate the 21st 
birthday of this active association. Those 
shown, from left to right are, Bob Plunzz, 
outgoing president; Mr. Paul Landor, the 
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new president; Mrs. Landor; Larry Steck- 
ler, editor of Radio -Electronics Magazine; 
Mrs. Steckler: and Mrs. Warren Baker. 
Warren took this photo for us at the TSA 
dinner. 

R -E's Substitution 
guide for 
replacement transistors 

PART XVIII 
by ROBERT & ELIZABETH SCOTT 

ARCH-Indicates the Archer brand of 
semiconductors sold only by 
Radio Shack and Allied Radio 
stores. Allied Radio Shack. 2725 
W. 7th St.. Ft. Worth, Texas 76107 

DM-D. M. Semiconductor Co.. P.O. Box 
131, Melrose. Mass. 02176 

G-E-General Electric Co.. Tube Product 
Div . Owensboro. Ky. 42301 

ICC-International Components. 10 Daniel 
Street. Farmingdale. N.Y. 11735 

IR-International Rectifier. Semiconductor 
Div.. 233 Kansas St.. El Segundo. 
Calif. 90245 

MAL-Mallory Distributor Products Co.. 101 
S. Parker, Indianapolis. Ind. 46201 

MOT-Motorola Semiconductors. Box 
2963. Phoenix. Ariz. 85036 

RCA-RCA Electronic Components. Harri- 
son. N.J. 07029 

SPR-Sprague Products Co.. 65 Marshall 
St.. North Adams. Mass. 01247 

SYL-Sylvania Electric Corp.. 100 1st Ave.. 
Waltham. Mass. 02154 

WOR-Workman Electronic Products, Inc., 
Box 3828, Sarasota, Fla. 33578 

ZEN-Zenith Sales Co.. 5600 W. Jarvis Ave.. 
Chicago. Ill. 60648 

Radio -Electronics has done its utmost to in- 
sure that the listings in this directory are as ac- 
curate and reliable as possible: however, no re- 
sponsibility is assumed by Radio -Electronics for 
its use. We have used the latest manufacturers 
material available to us and have asked each 
manufacturer covered in the listing to check its 
accuracy. Where we have been supplied with 
corrections. we have updated the listing to in- 
clude them. The first part of this Guide appeared 
in March 1973. 
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2N3734 NA TS -3020 GE -28 ICC-S3020 NA PTC 144 HEP-S3020 NA NA NA WEP S3020 NA 

2N3735 NA TS -3020 NA ICC-S3020 NA PTC 144 HEP-S3020 NA NA NA WEP S3020 NA 

2N3736 NA TS -3020 GE -20 ICC-S3020 NA PTC 144 HEP-S3020 NA NA NA WEP S3020 NA 

2N3737 NA TS -3020 NA ICC-S3020 NA PTC 144 HEP-S3020 NA NA NA WEP S3020 NA 

2N3738 NA 1-240 GE -32 ICC-240 IRTR-81 PTC 104 HEP-240 SK 3021 RT-128 ECG 124 WEP 240 ZEN 200 

2N3739 NA T-240 GE -32 ICC-240 IRTR-81 PTC 104 HEP-240 SK 3021 RT-128 ECG 124 WEP 240 ZEN 200 

2N3740 RS276-2025 T-702 GE -69 ICC-702 IRTR-58 PTC 113 HEP-702 NA RT-133 ECG 218 WEP 700 NA 

2N3741 RS276-2025 T-702 NA ICC-702 IRTR-58 PTC 113 HEP-702 NA NA ECG 218 WEP 700 NA 

2N3742 NA T-706 GE -27 ICC-706 NA PTC 117 HEP-706 NA NA NA WEP 244 NA 

2N3744 NA TS -3020 GE -66 NA NA NA NA NA NA NA WEP 701 NA 

2N3745 NA TS -3020 GE -66 NA NA NA NA NA NA NA WEP 701 NA 

2N3747 NA TS -3020 GE -66 NA NA NA NA NA NA NA WEP 701 NA 

2N3748 NA TS -3020 GE -66 NA NA NA N4 NA NA NA WEP 701 NA 

2N3753 NA SR -1301 NA ICC-R1301 NA NA HEP-R1301 NA NA ECG 5491 NA NA 

2N3754 NA SR -1302 NA ICC-R1302 NA NA HEP-R1302 NA NA NA NA NA 

2N3755 NA SR -1304 NA ICC-R1304 NA NA HEP-R1304 NA NA NA NA NA 

2N3756 NA SR -1306 NA ICC-R1306 NA NA HEP-R1306 NA NA NA NA NA 

2N3757 NA SR -1307 NA ICC-R1307 NA NA HEP-R1307 NA NA NA NA NA 

2N3758 NA SR -1246 NA ICC-R1246 NA NA HEP-R1246 NA NA NA NA NA 

2N3759 NA SR -1247 NA ICC-R1247 NA NA HEP-R1247 NA NA NA NA NA 

2N3762 RS276-2025 T-242 GE -29 ICC-242 IRTR-88 PTC 142 HEP-242 SK 3025 RT-115 ECG 129 WEP 242 NA 

2N3763 RS276-2025 T-242 NA ICC-242 IRTR-88 PTC 142 HEP-242 SK 3025 RT-115 ECG 129 WEP 242 NA 

2N3764 RS276-2025 1-242 NA ICC-242 IRTR-88 PTC 142 HEP-242 SK 3025 RT-115 ECG 129 WEP 242 NA 

2N3765 RS276-2025 T-242 NA ICC-242 IRTR-88 PTC 142 HEP-242 SK 3025 R'-115 ECG 129 WEP 242 NA 

2N3766 RS276-2017 T-703 NA ICC-703 NA PTC 112 HEP-703 NA NA ECG 175 WEP 703 NA 

2N3767 NA T-241 NA ICC-241 NA NA HEF-241 NA NA ECG 175 WEP 241 NA 

2N3770 RS276-2003 T-3 GE -51 ICC-3 NA PTC 107 HEP-3 NA NA ECG 160 WEP 3 ZEN 301 

2N3771 NA TS -7000 GE -75 ICC-S7000 TR-36 NA HEP-S7000 SK 3036 RT-149 ECG 181 WEP-WS7000 NA 

2N3772 NA T-704 GE -75 ICC-704 TR-36 PTC 140 HEP-704 SK 3036 RT-149 ECG 181 WEP 704 NA 

2N3773 NA TS -7000 NA ICC-S7000 NA NA HEP-S7000 NA NA NA WEP S7000 NA 

2N3774 RS276-2025 T-242 NA ICC-242 NA PTC 111 HEP-242 SK 3025 Rf-115 ECG 129 WEP 242 NA 

2N3775 RS276-2025 T-242 NA ICC-242 NA PTC 111 HEP-242 SK 3025 RT-115 ECG 129 WEP 242 NA 

2N3776 NA TS -3031 NA ICC-S3031 NA PTC 111 HEP-S3031 SK 3025 RT-115 ECG 129 WEP S3031 NA 

2N3777 NA TS -3031 NA ICC-S3031 NA NA HEP-S3031 NA NA NA WEP S3021 NA 

2N3778 RS276-2025 T-242 NA ICC-242 NA PTC 111 HEP-242 SK 3025 RT-115 ECG 129 WEP 242 NA 

2N3779 RS276-2025 T-242 NA ICC-242 NA PTC 111 HEP-242 NA NA ECG 175 WEP 242 NA 

2N3780 NA TS -3031 NA ICC-S3031 NA PTC 111 HEP-S3031 SK 3025 RT-115 ECG 129 WEP S3031 NA 

2N3781 NA TS -3031 NA ICC-S3031 NA NA HEP-S3031 SK 3025 RT-115 ECG 129 WEP S3031 NA 

2N3782 RS276-2025 T-242 NA ICC-242 NA PTC 110 HEP-242 SK 3C25 RT 115 ECG 129 WEP 242 NA 

2N3783 RS276-2003 1-3 GE -S1 ICC-3 TR-17 PTC 107 HEP-3 NA NA ECG 160 WEP 3 ZEN 301 

2N3784 RS276-2003 1-3 GE -51 ICC-3 TR-17 PTC 107 HEP-3 NA NA ECG 160 WEP 3 ZEN 301 

2N3785 RS276-2003 T-3 GE -51 ICC-3 TR-17 PTC 107 HEP-3 NA NA ECG 160 WEP 3 ZEN 301 

2N3788 NA T-707 GE -36 ICC-707 IRTR-67 PTC 129 HEP-707 NA NA NA WEP 707 ZEN 204 

2N3789 NA T-248 NA ICC-248 NA NA HEP-248 NA NA ECG 219 WEP S7001 NA 

2N3790 NA T-248 NA ICC-248 NA NA HEP-248 NA NA NA WEP S7001 NA 

2N3791 NA T-248 NA ICC-248 NA NA HE0-248 NA NA ECG 219 WEP S7001 NA 

2N3792 NA 1-248 NA ICC-248 NA NA HEP-248 NA. NA NA WEP S7001 NA 

2N3793 RS276-2011 T-56 GE -20 ICC-56 TR-25 PTC 123 HEP-56 SK 3124 RT-102 ECG 123A WEP 56 ZEN 104 

2N3794 RS276-2009 1-55 GE -63 ICC-55 NA PTC 123 HEP-55 SK 3124 FT -102 ECG 123A WEP 55 ZEN 103 

2N3798 RS276-2024 T-57 GE -67 ICC-57 NA PTC 141 HEP-57 SK 3114 RT-115 ECG 159 WEP 57 NA 

2N3799 RS276-2024 1-57 GE -21 ICC-57 NA PTC 127 HEP-57 SK 3114 RT-115 ECG 159 WEP 57 NA 

2N3800' NA T-715 NA ICC-715 NA PTC 127 HEP-715 NA NA NA WEP 715 ZEN 106 

2N3802' NA T-715 NA ICC-715 NA PTC 127 HEP-715 NA NA NA WEP 715 ZEN 106 

2N3804' NA T-715 NA ICC-715 NA PTC 127 HEP-715 NA NA NA WEP 715 ZEN 106 

2N3806' NA T-715 NA ICC-715 NA PTC 127 HEP-715 NA NA NA WEP 715 ZEN 106 

2N3808' NA T-715 NA ICC-715 NA PTC 127 HEP-715 NA NA NA WEP 715 ZEN 106 

2N3810' NA T-715 NA ICC-715 NA PTC 127 HEP-715 NA NA NA WEP 715 ZEN 106 

2N3812' NA T-715 NA ICC-715 NA PTC 127 HEP-715 SK 3114 NA NA WEP 715 ZEN 106 

2N3813' NA 1-715 NA ICC-715 NA PTC 127 HEP-715 SK 3114 NA NA WEP 715 NA 

2N3814- NA T-715 NA ICC-715 NA PTC 127 HEP-715 SK 3114 NA NA WEP 715 ZEN 106 

2N3815 NA NA NA NA NA PTC 127 NA SK 3114 NA NA NA NA 

2N3816' NA T-715 NA ICC-715 NA PTC 127 HEP-715 SK 3114 NA NA WEP 715 ZEN 106 

2N3818 NA NA GE -66 NA IRTR-66 NA NA NA NA NA WEP 701 NA 

2N3819 NA T-802 GE-FET-1 ICC-802 NA PTC 151 HEP-802 SK 3118 RT-175 ECG 132 WEP 802 ZEN 123 

2N3820 NA T-803 NA ICC-803 NA PTC 151 HEP-803 SK 3116 RT-175 ECG 132 NA NA 

2N3821 NA NA NA NA NA PTC 152 NA SK 3112 NA ECG 133 WEP 801 NA 

2N3822 NA NA GE-FET-1 NA NA PTC 152 NA SK 3112 NA ECG 133 WEP 801 NA 

2N3823 NA T-802 GE-FET-1 ICC-802 NA PTC 151 HEP-802 SK 3116 NA NA WEP 802 ZEN 123 

2N3825 RS276-2009 1-50 GE -17 ICC-50 NA PTC 115 HEP-50 SK 3039 RT-108 ECG 107 WEP 50 ZEN 100 

2N3826 NA T-56 GE -61 NA TR-24 PTC 121 HEP-S0007 SK 3C18 RT-108 ECG 107 WEP 720 NA 

2N3827 NA NA GE -63 NA NA PTC 121 HEP-S0007 SK 3018 RT-108 ECG 107 WEP 720 NA 

2N3828 RS276-2009 1-55 GE -20 ICC-55 TR-24 PTC 121 HEP-55 SK 3122 RT-102 ECG 123A WEP 55 ZEN 103 

2N3829 RS276-2023 T-52 GE -21 ICC-52 IRTR-54 PTC 127 HEP-52 SK 3114 RT-115 ECG 159 WEP 52 NA 

2N3830 NA TS -3001 NA ICC-S3001 NA NA HEP-S3001 NA NA NA NA NA 

2N3831 NA TS -3001 GE -28 ICC-S3001 NA NA HED-S3001 NA NA NA NA NA 

NA=NOT AVAILABLE (turn page) 
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2N3832 RS276-2011 1-56 NA ICC-56 TR-17 PTC 133 HEP-56 SK 3039 RT-113 ECG 108 WEP 56 ZEN 104 
2N3840 RS276-2023 T-52 GE -21 ICC-52 IRTR-52 PTC 103 HEP-52 SK 3114 RT-115 ECG 159 WEP 52 NA 
2N3841 NA NA NA NA NA PTC 127 NA NA NA NA NA NA 
2N3843 RS276-2009 T-50 GE -62 ICC-50 TR-24 PTC 139 HEP-50 SK 3122 RT-102 ECG 123A WEP 50 ZEN 100 
2N3844 RS276-2009 T-723 GE -62 ICC-723 TR-24 PTC 139 HEP-723 SK 3122 RT-102 ECG 123A WEP 723 ZEN 111 

2N3845 RS276-2009 T-723 GE -62 ICC-723 NA PTC 139 HEP-723 SK 3039 RT-108 ECG 107 WEP 723 ZEN 111 
2N3846 NA T-56 GE -17 NA NA PTC 133 NA SK 3039 RT-108 ECG 107 WEP 720 NA 
2N3852 NA NA GE -28 NA NA NA NA NA NA NA WEP S3023 NA 
2N3853 NA NA GE -28 NA NA PTC 110 NA NA NA NA WEP S3023 NA 
2N3854 RS276-2009 T-723 GE -62 ICC-723 TR-33 PTC 139 HEP-723 SK 3039 RT-113 ECG 108 WEP 723 ZEN 111 

2N3855 RS276-2009 T-723 GE -62 ICC-723 TR-33 PTC 139 HE P-723 SK 3039 RT-108 ECG 107 WEP 723 ZEN 111 
2N3856 RS276-2009 T-723 GE -62 ICC-723 NA PTC 139 HEP-723 SK 3039 RT-108 ECG 107 WEP 723 ZEN 111 
2N3857 RS276-2021 1-51 GE -21 ICC-51 NA PTC 127 HEP-51 SK 3114 RT-115 ECG 159 WEP 51 ZEN 101 
2N3858 RS276-2009 1-723 GE -62 ICC-723 TR-24 PTC 139 HEP-723 SK 3122 RT-102 ECG 123A WEP 723 ZEN 111 
2N3859 RS276-2009 1-723 GE -62 ICC-723 TR-24 PTC 139 HEP-723 SK 3124 RT-102 ECG 123A WEP 723 ZEN 111 

2N3860 RS276-2009 T-50 GE -62 ICC-50 IRTR-52 PTC 139 HEP-50 SK 3039 RT-108 ECG 107 WEP 50 ZEN 100 
2N3862 NA TS -0004 GE -20 ICC-S0004 NA PTC 136 HEP-S0004 SK 3122 RT-102 ECG 123A WEP 56 ZEN 127 
2N3863 NA 1-247 NA ICC-247 IRTR-61 PTC 118 HEP-247 SK 3036 RT-131 ECG 130 WEP 247 NA 
2N3864 NA 1-704 GE -75 ICC-704 IRTR-61 PTC 118 HEP-704 SK 3036 RT-131 ECG 130 WEP 704 NA 
2N3865 NA 1-707 NA ICC-707 IRTR-61 PTC 118 HEP-707 NA NA NA WEP 707 ZEN 204 

2N3866 RS276-2009 TS -3008 GE -28 ICC-S3008 IRTR-87 PTC 144 HEP-S3008 SK 3024 RT-114 ECG 128 WEP 242 NA 
2N3867 RS276-2025 T-242 GE -29 ICC-242 IRTR-88 PTC 141 HEP-242 SK 3025 RT-115 ECG 129 WEP 242 NA 
2N3868 RS276-2025 T-242 NA ICC-242 IRTR-88 PTC 141 HEP-242 SK 3025 RT-115 ECG 129 WEP 242 NA 
2N3869 NA TS -3001 GE -28 ICC-S3001 IRTR-64 PTC 123 HEP-S3001 NA RT-100 ECG 123 WEP 53 NA 
2N3877 NA TS -0007 GE -17 ICC-S0007 NA PTC 123 HEP-S0007 SK 3024 RT-114 ECG 128 WEP 735 ZEN 205 

2N3878 NA 1-241 GE -66 ICC-241 NA NA HEP-241 SK 3021 NA NA WEP 241 NA 
2N3879 NA T-241 NA ICC-241 NA NA HEP-241 SK 3021 NA NA WEP 241 NA 
2N3880 RS276-2009 1-50 NA ICC-50 NA NA HEP-50 SK 3122 RT-102 ECG 123A WEP 50 ZEN 100 
2N3881 NA TS -3001 GE -63 ICC-S3001 IRTR-87 PTC 144 HEP-S3001 NA NA NA NA NA 
2N3882 NA 1-803 NA ICC-803 NA NA HEP-803 NA NA NA NA NA 

2N3883 NA 1-253 NA ICC-253 NA PTC 135 HEP-253 NA NA ECG 160 WEP 253 ZEN 304 
2N3885 NA NA GE -20 NA NA PTC 136 NA NA NA NA WEP 735 NA 
2N3896 NA SR -1472 GEMR-3 ICC-R1472 NA NA HEP-R1472 SK 3505 NA ECG 5522 NA NA 
2N3897 NA SR -1473 GEMR-3 ICC-R1473 NA NA HEP-R1473 SK 3505 NA ECG 5524 NA NA 
2N3898 NA SR -1475 GEMR-3 ICC-R1475 NA NA HEP-R1475 SK 3505 NA ECG 5527 NA NA 

2N3899 NA NA NA NA NA NA NA SK 3505 NA ECG 5547 NA NA 
2N3900 RS276-2009 NA GE -62 ICC-724 TR-51 PTC 139 HEP-724 SK 3124 RT-102 ECG 123A WEP 724 ZEN 112 
2N3901 RS276-2009 T-55 GE -10 ICC-55 TR-51 PTC 123 HEP-55 SK 3124 RT-102 ECG 123A WEP 55 ZEN 103 
2N3902 NA T-740 NA ICC-740 IRTR-62 PTC 118 HEP-740 NA NA ECG 163 WEP 740 ZEN 206 
2N3903 RS276-2009 1-736 GE -20 ICC-736 IRTR-53 PTC 136 HEP-736 NA NA NA WEP 736 ZEN 120 

2N3904 RS276-2009 1-736 GE -20 ICC-736 TR-24 PTC 136 HEP-736 SK 3024 RT-102 ECG 128 WEP 736 ZEN 120 
2N3905 RS276-2021 T-715 GE -21 ICC-715 I R TR-54 PTC 103 HEP-715 SK 3114 RT-115 ECG 159 WEP 715 ZEN 106 
2N3906 RS276-2021 1-715 GE -21 ICC-715 TR-30 PTC 103 HEP-715 SK 3025 RT-115 ECG 159 WEP 715 ZEN 106 
2N3907' NA T-729 NA ICC-729 NA PTC 121 HEP-729 NA NA NA WEP 729 ZEN 115 
2N3908* NA TS -0007 NA ICC-S0007 NA PTC 144 HEP-S0007 NA NA NA WEP 735 NA 
2N3908 NA NA NA NA NA NA NA NA NA NA NA NA 
2N3909 NA 1-803 NA ICC-803 NA NA HEP-803 NA NA NA NA NA 
2N3910 NA NA GE -21 NA NA NA NA NA NA NA NA NA 
2N3911 NA T-739 GE -21 ICC-739 NA PTC 103 HEP-739 SK 3911 RT-115 ECG 159 WEP 717 ZEN 122 
2N3912 NA T-739 GE -47 ICC-739 NA PTC 127 HEP-739 SK 3114 RT-115 ECG 159 WEP 717 ZEN 122 

2N3913 NA NA GE -21 NA NA PTC 103 NA NA NA NA NA NA 
2N3914 NA T-739 GE -21 ICC-739 NA PTC 103 HEP-739 SK 3114 RT-115 ECG 159 WEP 717 ZEN 122 
2N3915 NA T-739 GE -47 ICC-739 NA PTC 127 HEP-739 NA RT-126 ECG 106 WEP 52 ZEN 122 
2N3916 NA 1-714 GE -32 ICC-714 NA NA HEP-714 NA NA NA NA NA 
2N3917 NA TS -5000 GE -19 ICC-S5000 NA PTC 116 HEP-S5000 NA NA NA NA NA 

2N3918 NA TS -5000 GE -19 ICC-S5000 NA NA HEP-S5000 NA NA NA NA NA 
2N3919 NA 1-704 GE -28 ICC-704 NA NA HEP-704 NA NA NA NA NA 
2N3920 NA T-704 NA ICC-704 NA NA HEP-704 NA NA NA NA NA 
2N3922 NA NA NA NA NA NA NA NA NA NA NA NA 
2N3923 NA 1-706 GE -27 ICC-706 NA PTC 117 HEP 706 SK 3045 RT-110 ECG 154 WEP 712 NA 

2N3924 RS276-2009 1-75 GE -28 ICC-75 NA NA HEP-75 NA RT-100 ECG 123 WEP 53 NA 
2N3925 NA NA GE -28 NA NA NA NA NA NA NA NA NA 
2N3926 NA NA GE -28 NA IRTR-66 PTC 128 NA NA NA NA NA NA 
2N3927 NA NA GE -66 NA IRTR-66 PTC 128 NA NA NA NA NA NA 
2N3928 NA TS -3002 NA ICC-S3002 NA NA HEP-S3002 NA NA NA NA NA 
2N3932 RS276-2011 1-56 NA ICC-56 NA NA HEP-56 NA RT-113 ECG 108 WEP 56 ZEN 104 

2N3933 RS276-2011 1-56 NA ICC-56 NA NA H EP -56 SK 3039 RT-113 ECG 108 WEP 56 ZEN 104 
2N3936 NA SR -1242 NA ICC-R1242 NA NA HEP-R1242 NA NA NA NA NA 
2N3937 NA SR -1243 NA ICC-R1243 NA NA HEP-R1243 NA NA NA NA NA 
2N3938 NA SR -1244 NA ICC-R1244 NA NA HEP-R1244 NA NA NA NA NA 

'Indicates a dual transistor 
matching when necessary, o 

for high-speed switching, diff 
n a curve tracer or lab -type tra 

amplifier etc. Likely 
nsistor checker. 

to be a matched pair. Use two of the type specified, 

NA=NOT AVAILABLE (continued next month) 
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Upgrading the 
technician 

It's time to stop 
talking and start doing 

by JACK DARR 
SERVICE EDITOR 

This column is for your service 
problems-TV, radio, audio or general 
and industrial electronics. We answer all 
questions individually by mail, free of 
charge and the more interesting ones will 
be printed here. 

If you're really stuck, write us. We'll do 
our best to help you. Don't forget to en- 
close a stamped, self-addressed envelope. 
If return postage is not included, Ne can- 
not process your question. Write: Service 
Editor, Radio -Electronics, 200 Park Ave. 
South, New York 10003. 

R -E's Service Clinic 

THERE'S A GREAT DEAL OF TALK ABOUT THE 
need for upgrading technicians. It's quite 
true. Many people have stated the problem; 
now let's take a look at some of the nuts and 
bolts of the situation; what and how. 

A technical education, especially in elec- 
tronics, has a half-life of about five years! In 
plainer words, a technician who finished his 
schooling in 1963, and hasn't kept up to 
date, is right now unable to earn a living. 
He's still thinking tubes; he doesn't know 
solid-state circuitry. In 1983, if George Or- 
well doesn't beat us to it, today's technicians 
who can work with discrete solid-state cir- 
cuits, won't know what it's all about either, 
in an "IC-ized" world! 

There's a message here. I can attest to its 
validity from much personal experience. 
The profession of electronics technician is, 
and always has been, a "Red Queen's 
Race", right out of Alice in Wonderland, 
where the contestants have to run as hard as 
they can just to stay where they were. 
Plainly speaking, this means that the typical 
technician must study continually, to keep 
pace with the fast -paced development of 
new circuits, components and materials. I'd 
say that I average an hour a day of study, 
sometimes more. Even then, something new 
is always jumping out at me. 

Now we've stated the problem. OK, what 
can we do about it? As 1 said-study. Study 
what? Fortunately, there is no lack of mate- 
rial. Not in the order of importance. for each 
is equally important, we have magazines 
such as Radio -Electronics; the detailed liter- 
ature put out by set and component man- 
ufacturers, and many books, plus the ser- 
vice meetings conducted by manufacturers 
for technicians. 

There is the normal hassle among 
"educators" as to which way is best. We 
have many different ways of conveying 
technical data to the technicians; audio- 
visual presentations, lectures, magazines, 
books, service manuals. Each of these has 
its place. I don't think there is a single "best 
way". Most effective is a combination of 
methods. For example, a service meeting is 
a lecture by a factory field engineer. Tech- 
nicians listen attentively to him, and try to 
get the details. Unfortunately, many studies 
have proven that material heard once at a 
lecture is very poorly retained. After only a 
short time, they retain only about /0% of the 
data. So; to complement the lecture, the 
technicians should be given exact copies of 
all material covered in the lecture, with 
diagrams and illustrations. These can be re- 
read whenever needed, and will serve as a 
very useful part of the reference library. 

In my opinion, this is the best way. Most 
of the concepts in our profession are so 
complex that it is simply not possible for the 
technician to assimilate them in one sitting, 
at a lecture. To understand and retain these 
concepts, he must have the data available in 
the form of the printed word, so it can be 
read arid re -read until it has, quite literally 
"soaked in" to his mind, and he can use it. 

To get this down to a finer point, there are 
two ways of studying. One is the "cram"; 
studyirg full-time for several weeks, or 
months. The second could be called the 
"bite -size" method; taking a short period of 
time each day and studying only one small 
section of the material at a time until it is 
perfectly plain. 

Personally, I prefer the second way. A 
small bite of knowledge acquired each day is 
`ar more apt to be retained than massive 
doses crammed into the brain. Here again, 
the key word is "retention". If huge bites 
are taken, only a small fraction stays with 
him. The rest must be "re -learned" later. 
So a lot of the original study -time is wasted. 

A personal viewpoint 
One reason that I can speak with some 

authority in this area is that "I've been 
there". The vast majority of my technical 
education has been gotten in just that 
way-from reading textbooks, magazines 
service manuals, and anything else I could 
get my hands on. I have also had the oppor- 
tunity to set up experiments in training 
young technicians, and find out exactly 
what methods of teaching got the best re- 
sults, where retention of the data was con- 
cerned. 

In my early days, it was really rough to 
understand this stuff. This was due to one 
simple cause-the way it was written. "By 
engineers FOR engineers", not for stu- 
dents. So at that time, you could read the 
book, but then you had to go hunt up some- 
one who could explain it to you. This is 
doing it the hard way, believe me. 

If you'll pardon a short ride on my favor- 
ite hobby -horse, I'd like to say a few words 
about technical writers. They bear a great 
responsibility in our highly scientific soci- 
ety. It's their mission to make complex and 
obscure concepts plain, to someone who 
does not know them. If the writer will take 
pains to explain his circuits, in detail, and 
using very plain language, the reader will 
have a far easier time comprehending it. 
After all, the whole purpose of writing a 
technical article or book is to explain some- 
thing to a reader who doesn't know anything 
about it. 
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I was 'ery fortunate, when I began writ- 
ing. in being associated with a very wise old 
gentleman. who taught me a great deal. 
When I sent in an article (on horizontal 
sweep, I think it was, saying that I thought 
it was really just a little hit too simple, and 
"written -out". he said something that I've 
remembered to this day. "If they already 
know all about this circuit. they don't hake 
to read your damned article. four reader 
doesn't. so always explain it as plainly as 
you can.'' So please. men. don't w rite to 
engineers unless you're writing for an en- 
gineering publication. 

The two sections of knowledge 
I he "education" of an electronics tech- 

nician can he divided into two sections. One 
is a thorough knowledge of the basic cir- 
cuitry, and how all components work. The 
second is the ability to USE this knowledge 
to find and repair faults in existing circuitry. 
In other words. 1)1\GNOSIS. 

In this area. we need more effort. in my 
opinion. -1 his is based on many years ofcor- 
responding with working technicians, in the 
Service Clinic. I've answered thousands of 
letters troth men. who already hail all of the 
data needed to make the diagnosis! They 
simply had not had sufficient training in the 
art of app/ving the know ledge. In other 

orris. t hey're ignorant. 
Right now let me pause and make a very 

definite distinction het%een two words. I 

get a lot of answers from amen who say 
"Gee. I was stupid! Why didn't I see that?" 
I reply. "There is a cast difference between 
stupidity and ignorance!" If you're just 
ignorant of something. this means that you 

haven't learned it Y ET. If you're really 
stupid. this means that you can't learn it.'' 
Frankly: sery. very few electronics techni- 
cians are stupid. Everyone is ignorant, in- 
cluding me, in certain areas. (Unfortu- 
nately. / can offer written proof where I'm 
concerned.) 

Diagnosis is an art. It consists of learning 
all of the easily -available facts about the 
problem. For instance, by looking at the IV 
screen. From this preliminary data, you 
make a stochastic analysis of the most likely 
cause. Stochastic is a word with a Greek 
root. which means "A rough guess!' 
That's all you've got, at this point. 

After making the first guess, the expert 
technician makes further, more detailed 
tests. to prove or disprove, the kalidity of 
his initial guess. If these show that the first 
guess wasn't correct, he calmly eliminates 
that stage or parts from his list of suspects, 
and makes another guess. This process is 
repeated until he finds the cause of the trou- 
ble. 

Working technicians arc familiar with 
failure -modes and symptoms in older sets. 
Ilowerer. in solid-state circuitry. failure - 
modes. symptoms and faulty operation 
often look differently. So we must learn a 
new set of concepts to he able to make diag- 
noses as quickly and accurately as we did on 
the other types. On this subject, I'm a be- 
liever in the salve of "lab work" at sers ice 
meetings. Some manufacturers use sets w ith 
faults placed in them. The technician must 
locate and identify the troubles. This makes 
them use the new knowledge they hake just 
been taught, w hich makes the retention a lot 
easier. 

Back to the writers 
I'm going hack and hammer on the tech- 

nical writers again. for a minute. This kind 
of thing is what we have to teach the techni- 
cians. If they learn the basic principles and 
applications of diagnosis. they'll he success- 
ful in repairing any kind of electronic ap- 
paratus. no smatter host complex. in the least 
possible time. We must teach them how to 
do this. It is a purely nrenta/ function. 

phis is where the technical writer gets 
hack into the act. It is his job to explain this 
and its uses. in language plain enough so 
that it will not he a barrier. Language can.he 
a channel between minds, or a harrier to 
effecti.e communications. Using strange 
words or very long. unl:uniliar words, 
breaks the fragile link between writer and 
reader. I'm not saying that this material 
should he written in slang. or jive -talk. It 
simply menas that it must he written in the 
plain. high -information -content language 
spoken by the technicians. 

If a new word must he used, the writer 
should explain it very carefully, the .first 
time it appears. This should he repeated, 
later, if necessary. Studies hale shown that 
new words should he "redefined'' if they 
appear more than 2.1 pages of text after the 
first usage. After this much time, there's a 

chance that the reader has forgotten the first 
definition, at least temporarily. Ile doesn't 
want to turn back to its first appearance, and 
he shouldn't he made to. if the writer is suf- 
ficiently skillful! 

In conclusion, great efforts are being, 
made, by many people. to provide tech 
nicians with materials for upgrading their 
skills. Now we come to the most important 

ONLY 
Southwest Technical 
Gives you all three 

POWER AMPLIFIERS 
From 20 to 200 Watts 
Distortion as low as .01% 

*Advanced Engineering 
*Quality Parts 

*Reasonable Prices 

. r ni 
PREAMPS-Stereo and Instrument 
Unmatched Tone Flexibility 
Low Noise-Exact Equalization 

ALSO- Digital Instruments-Color Organs 
Logic Labs-Reverb Adaptors-Expanders 
Compressors-SCA Adaptors-Tachometers 

--1111 Southwest Technical Products Corporation, 219 W. Rhapsody, San Antonio, Texas 78216 

Write for our FREE 1974 Catalog now. 
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point in the whole thing. This upgrading is 

the responsibility of the technician himself. 
No one is going to muke him study; it's en- 

tirely up to him. lie must have the desire 
and the incentive, and the patience, to de- 
vote a part of each day to the study of new 

circuits, parts and uses. We can provide the 

materials for study, but it's entirely up to the 
man (person) himself to put them to use. 

Fortunately for all of us, the actual benefits 
of such upgrading are pretty easy to demon- 
strate. They take the form of increased pro- 
ductivity, and increased income. We'll help 
out in every way we can, but it's really up to 
YOU, gentlemen. Take it from here. R -E 

reader 
questions 

PLATE VOLTAGE MISSING 
I'm stumped! I have no plate voltage on 

the horizontal oscillator of this Admiral 
Ill -IX, so, nothing else. I can't "see" the 
path that the dc voltage takes to get to it. 
After the oscillator starts, it's fed from the 

FLYBACK 
YOKE 

B+ (AT 
TURN -ON) 

R207 

150K 

DAMPER 

BOOST 

HORIZONTAL 
OSC 

boost, but what starts it?-S.J., Scar- 
borough, Ont. 

This looks complex. and sounds 
complex, hut it isn't. You'll find this or 
equivalent circuits in a lot of sets. 
Here's how it goes. 

Start at the B+ supply, on the 
damper plate. When the set's turned 
on, current flows through the damper 
tube and the 13+ appears on the 
cathode. This flows through R207, to 

INFRARED VIEWER PARTS . 
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McNEAL ELECTRIC L EQUIPMENT CO. 
4736 OIiv. St.. "St. Louis, Mo. 63806 

DON'T 
MISS 

IT 

SEPT 
1974 
GOES 

ON SALE 
AUG. 20 

It's loaded 
with special 
features and 

regular 
articles you 

will want 
to read 
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Is there 
a calendar watch in 
your tube caddy? 

There could be. We 
award one for 240 'Wal- 
tham" address tabs from 
S!oIvania entertainmeit re- 
ceiving tube boxes. Other 
awards range from table 
lighters to a weekenc holi- 
day at a famaus resort. 
V. rite for an award catalog 

or ask your distributor. 
Who knows what's in your 
tube caddy right now? 

Sylvania SAV-A-TAB 
program, Sylvania Award 
Hq., P.O. Box 1000, Fenton, 
Mo. 63026. ® SYLVANIA 

Now...the most enjoyable 

do-it-yourself project 

of your life-a Schober 

Electronic Organ! 
You'll never reap greater reward, more fun and 
proud accomplishment, more benefit for the 
whole family, than by assembling your own 
Schober Electronic Organ. 
You need no knowledge of electronics, wood- 
work or music. Schober's complete kits and 
crystal-clear instructions show you - whoever 
you are, whatever your skill (or lack of it) - 
how to turn the hundreds of quality parts into 
one of the world's most beautiful, most musical 
organs, worth up to twice the cost of the kit. 

Five superb models with kit prices from $500 
to around 52,000, each an authentic musical 
instrument actually superior to most you see In 
stores, easy for any musically minded adult to 
learn to play, yet completely satisfying for the 
accomplished professional. And there are acces- 
sories you can add any time after your organ is 
finished - lifelike big auditorium reverberation, 
automatic rhythm, presets, chimes, and more. 

Join the thousands of Schober Organ builder - 
owners who live in every state of the Union. 
Often starting without technical or music skills, 
They have the time of their lives - first assem- 
bling, then learning to play the modern King of 
.nstruments through our superlative instructions 
and playing courses. 

Get the full story FREE by mailing the coupon 
TODAY for the big Schober color catalog, with 
all the fascinating details! 

-he.9i'AoAe> Organ Corp., Dept. RE -129 

43 West 61st Street, New York, N. Y. 10023 

Please send me Schober Organ Catalog. 
3 Enclosed please find 51.00 for 12 -inch L.P. 

record of Schober Organ music. 

NAME__ 

_ __STATE_ _ _ZIP _- 
Circle 19 on reader service curd 
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the bottom of the 150K plate load resis- 
tor, to the plate of the horizontal oscil- 
lator. This supply is actually used only 
for starting the oscillator. Once it has 
started, the boost voltage builds up, 
and supplies, the oscillator through 
another resistor network, not shown 
here for clarity. 

60 -HZ HUM BAR 

After- much digging and chasing, / have 
finally located the cause of the 60-11z 
hum -bar in this Philco 16M9/. l checked 
out all the things your suggested (in the 
.first letter) and finally pinned it down to the 
cathodes of the color -difference amplifiers! 

The cathodes of these three tubes (conr- 
mon) read shorted to ground. The tubes 
are good, the 270 -ohm resistor is good, 
and I've even palled the tube sockets. Still 
read the short. l can't gel a new PC board 
front the factors'! Any more ideas? J.V., 
Elmhurst, N.Y. 

A couple. While the sockets are out, 
locate the cathode conductor(s). Clean 
the board thoroughly, and examine this 
conductor with a good-sized magnify- 
ing glass. Look for tiny solder -spikes. 
solder bridges, or discolored place 
which might indicate that an arc had 
taken place, causing a short through 
the hoard. There is a wire jumper close 
to these sockets; this can be taken out 
to isolate this circuit. 

HI 59 
TUBE 
BONANZA! 
20 111 
assorted tubes for $1.00 
Untested (some will be 

good, some bad). 

TAKE A CHANCE FOR 

$1.00 

SLIDE 
SWITCHES 

12 for $100 
All types, SPDT, DPOT, etc. H-106 

TRANSISTOR 
REPAIR KIT 

$100 
Includes resistors, condensers, trans- 
istors, transformers and various & 
sundry parts used to repair transitor 
radios, walkie-talkies, tape recorders, 
etc. H107 

PRECISION 
RESISTORS 

All 1%, 1/2 watts & 1 

watts. From low to 
high ohmages. 

H113 

60 
for 

$100 

4L,41w, 
DUAL 

POTENTIOMETERS 

25 for $1.00 
Assorted ohmages. Originally for 
Hi -Fi, Stereo and TV. 

H123 

CUCCINCI ~JCS) 
TIE LUGS 

50 for $1.00 
From 2 lugs up 

H143 

MISCELLANEOUS 
MINIATURE 
TUNING 
METERS. 
2 for $1.00 

. . 
C:rws 

H190 

MONEY BACK GUARANTEE 
Terms: Minimum order $4.00. In- 
clude postage. Either full payment 
with order or 20% deposit, bal- 
ance C.O.D. 

FREE CATALOG 

BARGAIN 

BONANZA 

EDLIE' 
HIGHEST QUALITY 

KITS 
ONLY NEW 
PRODUCTS 

EXCELLENT 'MIXTURE 

H188 GIANT PACK OF 

ASSORTED TRANSISTORS 

Silicon Planar 
Untested, NPN & PNP 

Power, Audio, RF 

100 for 81.98 

LED's in working 
condition 3 green or 3 yellow 
3 for $1.00 H101 
10 LED's asst. in working 
conditions $1.00 H102 
7 segment $1.25 each 
readouts H103 

VOLUME CONTROLS 
20 for $1.00 

Wire wounds & carbons, up to 1 

meg, some with switches. 
H126 

... 

10 SHIELDED WIRE 
ASSEMBLIES for $1.00 

With RCA molded plug atone end 
& tinned wire at the other. 

H145 

WRITE FOR 

FREE VALUE PACKED 

CATALOG 

BONUS 
FREE CAPACITOR KIT 

With Every $5 Purchase 

DISC CAPACITORS 

for 
Assorted capacitances from .0001 to .1 

Different voltages, mostly 600 volts 
N.P.O. N750. H140 

r t1ft1..:,,rg 

MINIATURE TRANSISTOR 

ELECTROLYTES 

13 for $1 
Some axial leads, some vertical mount, 
mixed capacitances and mixed capaci- 
tances and mixed voltages. H121 

00 

MINIATURE 

POTS 

12 for $100 

'!h 

Used in transistor and miniature 
applications. 

Acquired from U.S. 
Defense depots or re- 
moved from equip- 
ment (new end used). 
These are laboratory 
tested and guaran- 
teed for one full year. 
Most are of such 
standard makers as 
RCA, GE, etc. 

RADIO & TV Receiving 
Any 3 for $1.19 

H141 

114, 155, 
3CB6, 3DG4, 3EH7, 3E17, 
3KT6, 35.4, 304, 4BC5, 
48N6, 4BU8, SC15, 516, 
5T8, 5U4, 6AC7, 6AB4, 6AF4, 
6AG5, 6AJ8, OAKS, 6AK6, 
6ALS, 6A05, 6AU6, 6AX4, 
6BA6, 68A11, 
6818, 6BN4, 
6806, 6853, 6BU8, 68W4, 
6826, 6CB6, 6CD6, 6CF6, 
6CG7, 6CG8, 6CM3, 
6C04, 6DA4, 60E4, 6DG6, 
6DK6, 6DN7, 6DT6, 60W4, 
6EA7, 6EH5, 6EH8, 6FD7, 
6FM7, 6F07, 6GF7, 6GH8, 6GK6, 
6GL7, 6GM6, 6GN8, 6GU7, 
6GV5, 6HE5, 611.17, 61118, 
6H58, 6J6, 6JN6, 6JW8, 
6K7, 61(11, 6KY8, 
6LF8, 61Y8, 6SA7, 6SH7, 
65N7, 65V7, 618, 6710, 
6V4, 6W4, 6X4, 7G57, 
8CM7, 8CN7, 8EB8, 85N7, 
12AD6, 12AE7, 12AU7, 
12AT7, 12AU6, 12AV5, 
12AX4, 12BA6, 128E6, 
1213117, 12BY7, 12C8, 
12CN5, 12DS7, 12R5, 
12SC7, 12SN7, 
18FW6, 1978, 2.EZ7, 22BW3, 
35Y4, 36ÁM3, SOBS. 

CARBON RESISTORS. 
175 for $1.00 

Most with cut leads (long 
enough for soldering), 
some pre -formed. Most 
all 5%or 10%. H175 

EDLIE ELECTRONICS, INC. 2700-H HEMPSTEAD TPKE., LEVITTOWN, N.Y. 11756 

Circle 20 on reader service card 

I don't think this is really a 

"ground" or short to ground. From the 
symptoms, it's probably a leakage from 
the cathode conductor to the hot side of 
the heater conductor to the color diff- 
amp tubes! This would read zero to 
ground, of course, with an ohmmeter. 
If need be, leave the tubes out, and 
turn the set on. See if you can read any 
ac voltage on the cathode conductor. 
Look for places where the 6 -volt ac 
conductor goes near the cathode con- 
ductor. 

Last resort: since this is really a 

pretty simple circuit, with only 3 con- 
nections, cut the PC hoard conductors 
completely out with a razor blade, etc. 
Then, wire the three cathodes together 
with hookup wire, and connect this to 
the bias resistor! That should get it. 

BROADCAST BARS 
(Preface: the original complaint on 

an RCA CTC-40 was "horizontal bars 
in the picture." Eventually, it was dis- 
covered that the set was radiating these 
bars! Other sets operating nearby 
would pick them up, with an identical 
display. Several letters were ex- 
changed on possible causes for this, 
and finally the reader, Rob Kinzer of 
Bob's TV Service wrote,) 

"I cured it! Just as soon as I did, I 

got your letter suggesting the same 
thing! (Comment: mental telepathy?) 
At any rate, I noted that the thing was 
certainly acting like one of the old 
spark -gap transmitters. Where could 
have a spark -gap like this? 

The answer wasn't too hard to find. 
When the top of the II V cage had been 
closed, with the new H V rectifier tube 
in its socket, the plate -cap of the tube 
had missed the "socket" on top of the 
flyback and was arcing madly!" 

NO HV, REGULATOR PROBLEM 
This Sylvania D-1 / has no high voltage. 

I can't get the - 40 volts on the grid of the 
35LR6. The plate voltage of the 6CL8 hori- 
zontal regulator is off, too: only -0.6 volt 
instead of -40. Checked resistors, 
capacitors. tried new tubes. R/23 was o/ 
this is 270 ohms, so / replaced it with a 

new one. Can you help out?J. V. Santa 
Clara, Calif. 

For the first step, take that 270 -ohm 
resistor out (RI23) and replace it with 
the right value. Someone has evidently 
changed it before. This is trot a 270 -ohm 
unit; it should be 47K, and it's the 
plate -load resistor of the horizontal os- 
cilator! No wonder you're not getting 
any grid -drive on the 35LR6. 

The plate voltage of the horizontal 
regulator tube (6CL8) is developed ex- 
actly like that of a keyed agc tube; from 
a pulse taken from the flyback. With no 
drive, no pulse; this should straighten 
out when you get the horizontal drive 
back. 
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LOW GAIN, INTERCOM 
l re got to install an intercom s.vslenl for a bather comma? 

They leant two speakers m large warehouses, some distance from 
the office. The system is an old one. with a 351V-1, l2AU6 and 
50115. I tried this in 011e al. the warehouses. / got very little í0/11111e 

and a 101 0l /111111 on Talk. Nlrut can I d0 10 match the .speakers 

better and get more rolunre?-G. R.. Greensboro. N.C. 
Without a lot of trouble. not very much! This system does 

not have much gain. and only about I watt of audio output. 
Your hest bet would he to use two more master stations in 

the warehouses, instead of the normal remote units. This 
will get rid of the hum problem. 

IGNITION NOISE 
5/5' problem is hear.. ignition noise in a /1i,í,'/1-tnr%/ic area. Cus- 

tomers ofien think that this is in the .set. Is there anything that can 

be used an the .set to stop this'-l..P.. Detroit, Mich. 
No. (Not to gise you a short answer!) This is due to the 

clods svho have taken the resistive ignition wiring off their 
cars. There's no way of filtering this out of the TV signal. 
About all you can do is move your antenna back as far from 
the street as possible. use an antenna booster to raise the 
signal level. and pos.sib/y. use shielded 300 -ohm twin lead. 
Most of the noise is picked up by the antenna itself. but 
shielded lead-in may help to get it to the shop in better condi- 
tion. (The signal. I mean: not the noise!) 

INTERMITTENT DARK SPOT 
The raster in this Admiral dmriral 15E1 has an odd Ny11t/zlom. A/ first. it 

comes 1111 with a 3 -inch dark .spot in the renter: l5 to 21) minutes 

later, this disappears, and l have a good picture.' Do .1111 know 

What l should look Jura'-/.C. Providence, R.I. 
If I said I knew, I'd he lying. However, the crystal ball 

tells me that this kind of weird symptom rou/d he caused by a 

defecti.e filler capacitor. Probably one ss ith high power fac- 
tor or an intermittent open connection. Scope all filters while 
the symptom is still present. 

MOTORBOATING, TRANSISTOR RADIO 
With a brand Hell' hatter.. this Motorola 8.\'2hí- transistor radio 
works per%eetle. Ilunever, as soon as the battery ages. just a little 
i,ternul re'Sistunre rises) the !/ring noiarbrnats. If l bridge a 

/00- µi' eapuritor across the better.. it works lime. Batter..nhage 
doe.s'11'1 hard' to drop: it arts up with the full h colts applied.' What 

should l do'-.11.8. Spartansburg S.C. 
Leave that t00 -µF capacitor in there. There is no battery 

bypass in this set. "\lotorboating'" is a low -frequency oscil- 
lation that is practically always caused by feedback through 
the de power supply. A I00 -µl= capacitor at 25 volts 
shouldn't he too big to tuck away somewhere in the case. 

WET CAR IGNITION SYSTEM 
/ accidentally sp/as/red .50111(' anti -/sec'. -e iuo Illy .11alrk fen C -I) 

ignition .s.ste11r. NOW it doesn't work. What's the most like/y tiring 
to hare ".om'." from this?-A.1... Detroit. Mich. 

"I he SCR. I'm enclosing a copy of the schematic. C heck 
to see if the SCR is shorted. If so. replace it. and he sure to 
clean the PC hoard very thoroughly, and dry it out. That 
ought to do it. 

NO BOOST, NO HV 
There is no boost voltage. and Ho high collage on all Admiral 

Ill elrassis. ;I// de voltage supplies check out. Tubes OK. l 
checker/ the coke with all olmr,neler, (1111/ it .s'hort's a pretty goad 
balance. So, here l sit? What is it:'A.j.. Pawtucket. R.I. 

It doesn't take much of a short in the horizontal winding of 
the deflection yoke to cause trouble. An ohmmeter test isn't 
too reliable, because of the possibility of a very small short: 
one or two turns. this is enough to load down the supply and 
kill the boost. 

Check the yoke on a "Fly/hacker- type tester (reads res- 

onance of coils) or: substitute another horizontal winding, of 
about the same inductance. If the boost comes hack, that 
was it. R -E 

. - 
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Is therèà A - 
ice cream maker in 
your tube caddy? 

There could be. We 
award one for 345 "Wal- 
tham" address tabs from 
Sylvania entertainment -e- 
ceivilg tube boxes. Otter 
awards range from table 
lighters to a weekend holi- 
day at a famous rescrt. 
Write for an award cata og 

or ask your distributor. 
Who knows what's in your 
tube caddy right now? 

Sylvania SAV-A-TAB 
program, Sylvania Award 
Hq., P.O. Box 1000, Fenton, 
Mo. 63026. ® SYLVANIA 

SONY PARTS 
FOR GENUINE 

REPLACEMENT PARTS 
FOR SONY PRODUCTS... 

CONTACT: 

UNITED TELETRONIC 
PARTS CORP. 

3860 TENTH AVENUE 
NEW YORK, N. Y. 10034 

LO 9 - 2330 -1 -2 

AUTHORIZED SONY PARTS DIST 

CLOSER TO 
THE PART 

YOU NEED NOW! 
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new products 

More information on new products is avalable from the 
manufacturers of items identified by a Reader Service 
number. Use the Reader Service Card inside the back cover. 
CORDLESS SOLDERING IRON has built-in 
spotlight for working in dark areas. Operates on 
a rechargeable nickel -cadmium battery and 
heats in about five seconds. A UL listed re - 
charger is included with the unit, which can be 

recharged overnight; just plug into a 
100 -120 -volt 60 -cycle ac outlet. 

Tip temperature is over 700°F. Approximately 
100 joints can be soldered from each charge 
depending on wire size; iron can be used while 
recharging. An off -on button provides finger - 
touch control; small tip permits pinpoint work; 
extra tips are available. 8 inches long with tip; 6 
oz. - Wall-Lenk Manufacturing Co., P.O. Box 
3349. Kinston, N.C. 28501. 

Circle 3I on reader service curd 

4 -CHANNEL HEADPHONES, model TEL -101F 
use Fixler Effect patents, under license, to 
create discrete 4 -channel listening. Each phone 
contains two high -velocity, acoustically placed 
and phased, wide -frequency range dynamic 
drivers. Sound -coupling system uses open cell 
urethane foam that permits each ear to hear in 

.;ry 

lam 
normal direction -sensing manner without feel 
of excessive encapsulation. Integral electrical 
network can be adjusted by listener for both 
channel separation and "room size" to suit his 
personal taste. 

Compatible with all standard amplifier head- 
phone jack impedances. Frequency range of 
from 20 Hz to 20 kHz. 20 oz.; $75.00 - 
Telephonics, 770 Park Avenue, Huntington, 
N.Y. 11743. 

Circle 3? on reader serv'ic'e card 

SILICONE HEAT SINK, SL -1. for use on solid- 
state electronic equipment. Zinc -oxide filled 
silicone compound is suited to heat transfer 
applications. Good for mounting power transis- 
tors because thermal conductivity is 0.428 

SiLiCONE 
HEAT SINK COMPOUND 
FOR ALL TRANSISTORIZED 
ELErTQnNIC EQUIPMENT 

N 
SL -1 

MAINTAINS PROPER 
TRANSFER OF HEAT 
FROM POWER 
TRANSISTOR TO 
CHASSIS. 
INCREASES THE 
EFFICIENCY OF 
TRANSISTORIZED - 

ELECTRONIC 'DEVICES 
BY LOWERING 
THE OVERALL 
TEMPERATURE LEVEL. 
DISSIPATES 
"NOT SPOTS": 
WILL NOT DRY OUT 
OR HARDEN'. 

BTU/ft.2°F/ft. High dielectric strength (500 
volts/mil), low dissipation factor (less than .005) 
and good storage stability (won't separate even 
under centrifugal force of 20,000 gravities). 
Compound can withstand temperatures between 
-65°F and 4-400°F. Available in 1 oz. squeeze 
tubes mounted on pegboard display cards; 
$2.15 - Chemtronics Inc., 1260 Ralph Avenue, 
Brooklyn, N.Y. 11236. 

Circle 33 on reader .service card 

SPEAKER SYSTEMS. Two-way bookshelf sys- 
tem T-200; three-way bookshelf system T-300; 
four-way five -driver floor -standing system 
T-400; four-way seven -driver floor -standing sys- 
tem T-500. T-400 contains a pair of wide - 
dispersion supertweeters angled to propagate 
the high end over a full 180°. A 31/2 -inch cone - 
low -tweeter high -midrange delivers well - 
dispersed, low -distortion sound with its range 
limited to 3000 to 7500 Hz. A 5 -inch midrange 
cone goes down to 700 Hz that leaves only the 
lowest frequencies to be handled by the 12 -inch 
woofer. Frequency response: 38 - 20,000 Hz ±3 
dB (down 10 dB at 28 Hz, free field); power re- 

quirements: 10 watts recommended for amp- 
lifier, 100 watts maximum speech /music with- 

gal 

out fusing; sensitivity: 10 watts = 92 dB SPL in 
medium -large room (3000 cu. ft.). 27 x 15 x 13-1/. 
in. (includes removable base); 53 lbs; 
$279-95.-Technics by Panasonic, 200 Park Av- 
enue, New York, N.Y. 10017. 

Circle 34 all reader service cued 

ELECTRONIC CALCULATOR, model EC -250 
not only adds, subtracts, divides and multiplies, 
but performs mixed and chain calculations and 
features an automatic percentage key. Has 
"auto -constant" capability that allows multipli- 
cation or division of a long series of numbers 
without having to re-enter the constant figure. 
Also has a full -floating decimal that automati- 
cally positions itself correctly and a clear -entry 

eí.ytoal l 
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4 5 6 + 

1 2 3 e - 111 lI 

key that erases only the last number entered 
without clearing previous entries. 

Hooded display allows readability of the eight 
digits and an overflow indicator on the panel 
lights if the answer exceeds eight digits. Three- 
way power allows operation on ac, rechargeable 
or regular penlight cells. 5-r/e x 3 x 1-1/4 in.; 8 oz.; 
$69.95 with carrying case, ac adapter /charger 
and instruction booklet.-Radio Shack, 2617 
West Seventh Street, Fort Worth, Tex. 76107. 

Circle .15 on reader service card 

CORDLESS SOLDERING IRON, quick Charge 
model 7700. Decrease in recharging time is due 
to long -life nickel cadmium batteries. Lower 
base stand (with slot for spare tip) will return a 
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partially discharged battery to full capacity in an 
hour or two. A completely discharged battery 
can be fully recharged and used again in about 
four hours, giving tip performance equivalent to 
up to 50 watts and over 700° temperature. Same 

low voltage and isolated -tip construction as 
original lso-Tip which eliminates electrical leak- 
age and need for grounding, reducing risk of 
heat damage to sensitive components. Tip is 
easily replaceable with any of the four com- 
pletely different tip sizes from heavy duty to fine 
(manufacturer does caution against interchang- 
ing standard 'so -Tip with a')uick Charge stand) 
as units are not interchangeable. 

Pressing the button gives you soldering heat 
in five seconds plus a built-in work light on work- 
ing area; pilot light, too, Lick -oft switch prevents 
accidental heating of tip. Carries enough power 
to make up to 125 electronic joints per charge; 
automatically begins recharging when replaced 
in its stand; no wires to connect; no positioning 
of iron in its stand. 8 inches long with tip; 6 oz.; 
kit consists of cordless Quick Charge soldering 
iron, separate recharging stand, one No. 7545 
fine tip, one No. 7546 heavy duty tip and instruc- 
tion booklet.-Wahl Clipper Corp., 2902 Locust 
Street, Sterling, III. 610811 

Circle 36 Oil reader service card 

DIGITAL VOM, model 460-2 has both LED and 
analog displays. Primary readout is a 0.33" high, 
non -blinking 31/2 digit LED display with automa- 
tic blanking of non -significant zeros. Analog 
readout is a dual -scale rotating drum meter; 
upper analog scale provides dB readings. 

Twenty-six ranges are provided: 5 each for ac 
and dc voltage and current, 6 for resistance 

measurements. Accuracy on dc ranges ist 0.1% 
of reading ±-1 digit for voltage, ±0.2%± 1 digit for 
current. Overrange indication is automatic and 
linear to 500 counts beyond maximum indica- 
tion. Single LSI module for counting, storage 
and display logic. Operates either from ac line 
voltage or automatically recharging internal bat- 
teries; portable. 115 Vac (50/60/400 Hz) version 
$375.00 less nickel -cadmium batteries; 230 Vac 
version $380.00 less batteries.-Simpson Elec- 
tric Co., 853 Dundee Avenue, Elgin, III. 60120. 

Circle 37 on reader service card 

CASSETTE RECORDER, Sony model TC- 
152SD. Built into unit is a Dolby noise reduction 
system that reduces audible hiss inherent in 
magnetic tape, providing the high signal-to- 
noise ratio. Features ferrite -and -ferrite (F & F) 
head which has life span up to 200 times that of 
standard permalloy head. Other features include 
peak limiter which automatic shut-off operates 
at end -of -tape In record and play modes to save 
battery life and avoid strain on mechanism; tape 
select switch is provided for selecting proper 

SAVED ANY 
OF YOUR 

WORKERS' LIVES 
LATELY? 

AMERICAN CAER SOCIETY G' 

011 Sill /N,IN 

Is there 
a dinner service in 
your tube caddy? 

There could be. We 
award one for 345 "Wal- 
tham" address tabs from 
Sylvania entertainment re- 
ceiving tube boxes. Other 
awards range from table 
lighters to a weekend holi- 
day at a famous resort. 
Write for an award catalog 

or ask your distributor. 
Who knows what's in your 
tube caddy right now? 

Sylvania SAV-A-TAB 
program, Sylvania Award 
Hg., P.O. Box 1000, Fenton, 
Mo. 63026. ® SYLVANIA 

S. 

Assemble this digital clock and calendar 
in just one evening...get continuous 
readout of hour, 
minute and second, 
plus month and day. 
This new Digital Concepts electronic digital clock and 
calendar indicates the hours. minutes and seconds... 
or the month and the day ... or alternates between time 
and date at 10 second intervals. Glowing orange digital 
readout (a continuous character .55 inch high) is visible 
from almost any viewing angle, no matter how light or 
dark the room. 

Operation is totally silent, with accuracy to within seconds 
a month; life expectancy is an incredible 100.000 hours. 

CHOICE OF DISPLAY MODES 

You can decide to display time only, date only, 
or a continuous 10 -second cycle it which time 
alternates with date. You can operate on a 

12 -hour or 24 -hour international time sequence. 
And you can change all display modes instantly 
-any time you wish - by flicking simple controls. 

BEAUTIFUL, AND BEAUTIFULLY EASY 
TO ASSEMBLE 
The contemporary hand rubbed oiled walnut 
cabinet is ideal for home, office or place of 
business. And a very memorable gift. All com- 
ponents of the kit mount on two interlocking 
printed circuit boards, for easy assembly in one 
evening, using only a soldering iron and a pair 
of diagonal cutters. The only wire in the kit is 

the line cord. Accuracy is assured by one 
MOS/LSI integrated circuit "chip" and top 
quality electronic components throughout. 
The Digital clock and calendar is also available 
factory assembled. 

ORDER NOW FOR IMMEDIATE DELIVERY 
Send this coupon with your check or money 
order for fast delivery anywhere in the world. 
Money back guarantee if not fully satisfied. 

digial rioncepEs 
Digital Concepts 249 Route 46, Saddle Brook 
New Jersey 07662/(201) 845-7101 
Encloses please find my check or money order for 

5 or charge my Mastercharge account 
number , expiration date 

to cover the following order: 

hilts) of electronics only. Model Cx-100 

$68.00 each 

cabinet(s). with face and mounting hardware. 

Model C31 @ $18.00 each 

factory assembled calendar/clock(s). Model 

EC -102 @ 5108.00 each 

Aid 53 00 to cover Costs of postage and handling 
N :w Jersey residents add 5% Sales Tax 

Name 

Address 

City 

State Zip 
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DISCOUNT 
TEST 

EQUIPMENT 
SPECIALISTS 

HICKOK s 
NCOF=:tE 

RCn 
QUOTATIONS ON REQUEST 

COMPLETE LINE OF 
ELECTRONIC SUPPLIES 

ICC/Mullard & Raytheon Tubes 
Telematic Test Rigs 
TV Tuner Subber 

FREE CATALOG 

FORD M/A 
Radio Supply Co., Inc. 

558 Morris Ave., Bronx, N.Y. 10451 
Tel: (212) 585-0330 

Circle 23 on reader service card 

onics Bench Manual 
fill - 

WHAT'S AN "EI3M"??? 
Owe.% 1,000 ILtuetnaLione and TabLee, high-dene.-ty 
text equivalent is content Lo a whole corrertian 
06 other books, ~aged in epec.4ee eert:o,w on; 

BENCH PLANNING & LAYOUT...BASIC BENCH SUPPORT 

FACILITIES...HAND SOLDERING....CONSTRUCTION & 

ASSEMBLY...SEMICONDUCTORS...ELECTRON TUBES... 

RESISTORS, POTENTIOMETERS & RHEOSTATS..CAPAC- 

ITORS & ELECTROSTATIC DEVICES INDUCTORS & 

ELECTROMAGNETIC DEVICES...SWITCHES & RELAYS.. 

WIRE S CABLE.. DISPLAYS, INDICATORS 6 METERS.. 

ENERGY SOURCES-HARDWARE, FINISHES & HOUSINGS 

....MECHANICAL DEVICES, MOVEMENTS & ACTUATORS 

...DEVICE & COMPONENT DATA...GENERAL TABLES S 

FORMULAS... TIME R FREQUENCY SERVICES...APPLI- 

CATIONS & CIRCUITS. 

Each ae. a eepana.teLy bound book section, much can be 
de+ached óos nee on the bench, on used tight in the 
'tugged solid potycehyLeso burden euppteed. 

ORDER YOURS TODAY! 

Check, Money Oa4ut, BAN(MER ICARD on MasisRotaRGE 

e 
(wale on CaLL with Account, 01 

STILL ONLY 

D 1 
Q 1795 TECHNICAL ENTATION 

BOX 340 
CENTREVILLE, VA 22tí20 

H7 -113e4333 

Postpaid 
In U.S.A. 

72 Circle 24 on reader service card 

record equalization when using either standard 
or chromium dioxide tape. 

Also features line in/line out facilities for 
stereo deck operation; playback can be heard in 
mono through its built-in single monitor power 
amplifier and speaker; separate playback vol- 
ume and tone controls. Two large Vu meters 

11; c.tr 
Y¡ 

11 

with illuminated on/off switch, straight-line re- 
cord level controls, input selector switch, 3 -digit 
tape counter, locking pause control, stereo 
headphone jack and two front panel mic- 
rophone inputs. $299.95 with two patch cords, 
four "D" cell batteries and shoulder carrying 
strap.-Superscope, 8150 Vineland Avenue, 
Sun Valley, Calif. 91352. 

Circle 38 on reader service card 

VOM, model 615-K Maintenance Tester Kit for 
appliance, industrial, commercial and residen- 
tial maintenance. A multi -purpose, multi -range 
tester and accessories for most maintenance 
tasks, including trouble -shooting Circuits, ther- 
mocouples, cooling and heating equipment and 
controls and machinery of all kinds. 

Comes in protective black molded carrying 
case with the model 615 vom that measures 

*ha r I 
,.1/41 

" 
F\'I\ 1 

I 
I `.: 11 

'(.P1 -4141' 

volts, ohms, ac current leakage (ac mA); temp- 
erature and thermocouples, model 20-A clamp - 
on ac ammeter adapter, model 101 ac line 
separator, 48 -inch leads, 6 -foot thermocouple 
probe, alligator clips, batteries and instruction 
manual. Kit $180.00; model 615 by itself 
$130.00-Triplett Corp., Dept. PR, Bluffton, 
Ohio 45818. 

Circle 39 on reader service card 

4 -CHANNEL RECEIVER, model JVC 5446-X fea- 
tures built-in CD -4 demodulator for Quadradisc 
records, low -distortion matrix decoders and au- 
tomatic switching between CD -4 and matrix 
stereo. 

Also features a special 5 -zone S.E.A. super 
tone control system that allows the user to re- 

- ,. . . _-` ... 1T77 

-Z.-4. ..:i:y=..I: i 
Ii.; 1 ia 4 aaaa i)' e . - 

cord and re -equalize older tapes and records. 
Features new noise reduction inputs and out- 
puts, remote control/balance provision, tape 
monitor and full speaker selection. The four 
direct -coupled amplifiers deliver a total of 120 
watts rms with low distortion and wide band- 
width. $649.95. -JVC America, Inc., 50-35 56th 
Road, Maspeth, N.Y. 11378. R -E 

Circle 40 on reader service card 

FREE ALARM 
SYSTEM 

CATALOG 

r 
6 

11 

II . 'Ítt; rI-Li;U`: 
I Controls 

Full line of professional burglar 
and fire alarm systems and sup- 
plies. 96 pages, 450 items. Off -the - 
shelf delivery. 

mountain west alarm 
4215 n. 16th st. 
phoenix, az. 85016 
(602) 263-8831 

Circle 25 on reader service card 

',verithinq goü`'wanted 

aw.: aboul CD Ignitian 

Systems : u:, dn't:. 
:::wham to 

Send f01 FREE Tiger booklet 
(20 pages) which answers all 
your questions. 

Name 

Address 

City 

State Zip 

CLIP OUT THIS AD AND SEND TO 

TRI-STAR CORP. 
P. 0. Box 1727 Dept. 11 

Grand Junction, Colo. 81501 

Circle 26 on reader service card 



new lit 

All booklets, catalogs, charts, data sheets 
and other literature listed here with a 

Reader Service number are free. Use the 
Reader Service Card inside the back cover. 

TAPE RECORDER CLINIC PROCEDURES. 21 -page catalog describes 
step-by-step test methods for conducting a tape recorder clinic using the 
Ferrograph Ferrotester. Includes playback test, record/playback test, har- 
monic distortion test, erase, channel separation, signal-to-noise, 
wow/flutter and drift. Test tapes are listed on last page. - Elpa Marketing 
Industries, Inc., Thorens & Atlantic Avenues, New Hyde Park, N.Y. 11040. 

Circle 4! on reader service cord 

CREATIVE POWER TOOLS. 12 -page catalog includes Moto -Tools, Moto - 
Shop, engraver, kits, attachments and accessories that include cutters, 
points, bits, wheels, sanding discs and drums, collects, mandrels, re- 
placement motor brushes and safety goggles. Four-color cover and many 
photographs.-Dremel Manufacturing, Dept. P.O. Box 518, Racine, Wisc. 
53401. 

Circle 42 on reader .service card 

PUBLICATION CATALOGS, Spring -Summer 1974. 16 -page brochure cov- 
ers full line of computer technology books available from the IEEE Compu- 
ter Society. Included are outlines of the topics covered in COMPCON 
Digests, selected IEEE Press books as well as proceedings from some of 
symposia in the computer field: DataComm, Fault Tolerant Computing, 
Switching and Automata Theory and others. - Computer Society 
Publications Offices, 5855 Naples Plaza, Suite 301, Long Beach, Calif. 
90803. 

Circle 43 on reader service card 

PROFESSIONAL CRT'S. Short -form catalog is designed for ready refer- 
ence; gives electrical and mechanical specifications for 40 different CRT 
types. Mono -accelerator and post -deflection accelerator types are two 
largest categories. Other categories include monitor tubes that offer re- 

solution up to 1100 TV lines, multiple -trace types (including both dual - 
beam and split -trace tubes) and high -frequency CRT's. Also listed are 
flying -spot scanners and storage and projection CRT's.-Amperex Elec- 
tronic Corp., Electro -Optical Devices Div., Slatersville, R.I. 02876. 

Circle 44 on reader service card 

GLOSSARY OF METRIC CONVERSIONS. We inadvertently omitted the 
price from this item in our May issue and that it is mainly available as 
promotional literature with your company's name printed on the back. 
Prices range from 55c - $1.50 each (without printing) depending on 
quantity. - Henry Lavin Associates, Inc., 12 Promontory Drive, Cheshire, 
Conn. 06410. R -E 

"Call the TV Shop and cancel our call for service. The set 

seems to be working OK now." 

Is there a '" 
grandfather clock in 

your tube caddy? 
There could be. We 

award one for 345 "Wal- 
tham" address tabs from 
Sylvania entertainment re- 
ceiving tube boxes. Other 
awards range from table 
lighters to a weekend holi- 
day at a famous resort. 
Write for an award catalog 

or ask your distributor. 
Who knows what's in your 
tube caddy right now? 

Sylvania SAV-A-TAB 
program, Sylvania Award 
Hq., P.O. Box 1000, Fenton, 
Mo. 63026. ® SYLVANIA 

r 1 
It's about timc! 
DISPLAYS: 

MONTH 
DAY 

HOUR 
MINUTE 

SECONDS - 

I 2 : 3 S : 6 

M ITS presents the DC 100 
An alarm - to wake you - (plus a snooze alarm). 
An automatic timer - (to turn on the coffee; 
to turn off the radio, etc.) 
12 OR 24 HOUR MODE - (specify which). 

!HITS 
INC. SIZE: 3"x5 -3/5"x5-1/10" 

"Creative E ler tram!" PRICES: Kit $79.95 
Assembled $99.95 

Warranty: 1 year on assembled units, 90 days on kits 

Enclosed is a Check for S 

or BankAmericard # 
or Master Charge # 

_ 

Credit Card Expiration Date Kit 
Include S5.00 for Postage and Handling Assembled 

Model DC.100; 012 Hour 0 2 Hour 
OPlease send information on Entire MI TS Line. 

NAME 
ADDRESS 

CITY 
STATE & ZIP 

MiTS / 6328 Linn, N.E., Albuquerque, New Mexico 87108 505/265-7553 Telex *660401 

L r 
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CONVERGENCE PROBLEM 
I've ,,ever seer, a convergence problem like this one. When I 

move the red static magnet, the green moves, and vice versa. The 

whole screen is a mess. Nothing works right. Can't he the picture 
tribe; / just put it in. What is this? J.G.. Crystal City, Ark. 

Take the convergence yoke off, turn it around, and put it 

back on with the white -plastic side to the back. It's appar- 
ently reversed. Double-check; the red gun should he on the 
lower right, as you look at the back of the set. 

NOISY ELECTRIC RANGE 
How could / make a filter for an old electric range? This one 

has CalRod heating elements, but it's about /5 years old. Makes 
popping noises, and upsets radio reception. A.B., Rochester. 

I don't believe I would, not yet. If this range is making 
noise, you have a dirty connection somewhere. The heating 
elements are most apt to be plug-in types. At this age, it's 
quite likely that they're not making a good contact. Take 
each one out, and check the tips. If you see "arc -marks" or 
burnt spots, clean up the sockets and element pins until they 
make good tight contact. This should stop it. 

The only other thing that could do this would he a dirty 
switch, and the elements are the most likely. Get all contacts 
clean and tight, and the noise will stop. 

VDR PROBLEM 
We had vertical hold problems in this Zenith 16K30 chassis. 

Found the VDR on pin 7 of the 68(18 was cracked. Can't find an 
exact schematic of this chassis. Ally dope on that VDR?-E. W. 

Orlando Fla. 
Not much! Zenith's service data shows it as a Part No. 

63-5058. It is different from the one used in 16K20 and 
others. Someone seems to have been doing a bit of tube - 
swapping. The sync separator, etc. tube in this chassis 
should be a 6HS8. Base -interchangeable with 6BU8. VDR 
feeds voltage to the 6HS8 control grid, coming from the 
6GN8 screen grid. R -E 

LOOK TO tit 
FOR YOUR 

SOLDERING 
TOOLS 

You'll find the right product a 

the right price in the Lenk 
line - made by long-time 
specialists in soldering 
equipment. 

PENCIL 
TYPE 
IRONS 
Lightweight, 
cool handles, 
screw -in 
tips. 

CORDLESS 
Battery powered. Built-in light. Fits easily into 

a tool box. Can be used while re -charging. Over 
700°F tip termperature. Heats almost instantly. 

Very light - very useful! 

PACEMAKER 
An instant type gun at low. 
low cost. Lightweight - no 
heavy transformer. Fast heat- 
ing. Thermostatic action. Long, 
thin reach. Needs no stand, rests 
with tip upright. Interchangeable tiplet. Yt 

, r 
_...r . :. 

I 
AND OTHERS - 
ALL MADE IN THE U.S.A. BY SKILLED CRAFTSMEN 
See the Lenk line where quality soldering tools are sold 

WALL-LENK MFG. CO. 
WORLD'S LARGEST MANUFACTURER OF SOLDERING IRONS 

KINSTON. N. C. 28501 

next month 
SEPTEMBER 1974 

Put The Time On Your TV Screen 
If you've got an electronic digital clock 
that has a BCD output, you can put that 
time, in numbers, on the screen of al- 
most any TV. Build this Don Lancaster 
circuit and add it to your set. 

40 COSMOS IC Projects 
First installment in a new series of arti- 
cles. They will show how this new family 
of micropower IC's work and will then 
go on to give you 40 circuits to build 
and use. 

New Opportunities For Technicians 
There's a lot more than TV sets that 
need the ministrations of an electronics 
service technician. Just take a look at 
this total world of electronic repairs and 
got in on some of those service dollars. 

Build An IC Op -Amp Tester 
It's a simple device and it does test IC 
op -amps quickly and accurately. It can 
double as an IC breadboard too. 

What Is An RAM? 
Random Access Memory, of course. 
You knew that! But here's your chance 
to find out how these IC's work. 

PLUS: 
Appliance Clinic 
Jack Darr's Service Clinic 
Equipment Reports 
Step -By -Step Troubleshooting 
R -E's Transistor Replacement Guide 

74 Circle 28 on reader ser, ice card 



try this 

CONNECTORS GALORE 
Snap -on battery connectors for TV. radio and loud- 

speaker use can he had by saving exhausted 9V dry bat- 
teries. Break them apart and save the snap -on connector 
heads which are mounted on plastic strips with pigtails at- 
tached. Each transistor battery has a male and female con- 
nector. These can he paired with another set for extensions. 
testing purposes or experimentation. - Glen F. Srilheell 

TOPLESS 
Do you hay e a coffee can full of miscellaneous nuts. bolts. 

and \ashers in your work area? Ever notice that the particu- 
lar piece of hardware you want is o/noes on the bottom? 
Well, why not have a can wit h two bottoms ... one of which 
is always going to he up? Take one of the new one -pound 

, 'II: 

'sl Ir y! . 

coffee cans with a plastic reusable lid. cut out both metal 
ends, obtain a second lid from another call. and install a 

plastic lid over each end as covers. Presto ... less digging 
and dumping of the can on the bench. - Kivu ,t/ire/tel/. 
tV3IV70 

HEAT SHRINKABLE TUBING ELIMINATES 
SHOCK HAZARD 

It's easy to make up tests leads when the wire is secured in 
the plug or test prod by a set screw. hut this means that 
whatever voltage you plug into is waiting there. on the screw 
hidden in the insulator. for your fingers! A small piece of 

1/4 -inch heat shrinkable tubing around the plug's insulator 
over the exposed screw will eliminate this shock hazard and 
yet let you, later. remove the tubing and reuse the plug 
again. Use different colors of tubing and you will also color 
code your test lead sets. - Gene Cohor R -E 

If You Work In Electronics: 

GRANTHAM OFFERS YOU 

College -Level Training 
and a college degree. 

Electronic Circuit Design, 
Engineering Analysis (includ- 
ing mathematics thru calculus), 
Classical and Solid -State 
Physics, Engineering Design, 
etc., etc., are all part of 
the Grantham home -study de- 
gree program in Electronics 
Engineering. 

PUT PROFESSIONAL 
RECOGNITION IN 
YOUR CAREER. 

By adding college - 
level home training 
and a college degree 
to your experience, 
you can move up to 
greater opportuni- 1 

ties in electronics. 

Grantham offers the 
A. S. E.T. degree by corre- 
spondence. After earn- 
ing this degree, you may 
continue with additional 
correspondence plus a 3 -day 
residential seminar and certain transfer credits, to 
earn the B. S. E.T. degree. Then, the B. S. E. E. is 

available through further study. 

GRANTHAM SCHOOL OF ENGINEERING 
2000 Stoner Ave., Los Angeles CA 90025 

Telephone (2/3) 477-1901 

Worldwide Career Training thru Home Study 
Mail the coupon below for free bulletin. 

. 

.f 

r RE 8-74 Grantham School of Engineering 
2000 Stoner Ave., Los Angeles, CA 90025 

I have been in electronics for years. Please 
mail me your free bulletin which gives details con- 
cerning your electronics degree programs. 

L 

Name Age 

Address 

City State Zip 
J 
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Build this exciting color TV as part of 
Bell & Howell Schools' fascinating learn -at-home 
program employing digital electronics! 

Digital clock Channel numbers Automatic pre-set 
that flashes on the screen! that flash on the screen! channel selector! 

5 
2:39:03 

i 

11 

Simulated 
TV picture 

76 
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\ 
"Elecvolab " is a regiscrcd tradenwk al the Bell & Howell Canpa3y. 

- .0 A,S. 
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Simulated TV picture 

You get valuable"hands on"experience right from 
the very start ... it makes learning faster 

and all the more enjoyable! 
Digital electronics is a fascinating world to explore! It's an 
expanding technology that's changing not only our clocks, 
wristwatches and pocket calculators, but now, color TV! 

By building Bell & Howell's big -screen color TV with 
digital features, you'll learn about this exciting field first hand. 
And you'll take special pride in this remarkable TV because 
you built it yourself! 

You work with a color TV that's ahead of its time 
and learn about these exciting features: 

Digital channel numbers that flash on the screen 
Press the instant -on 

button and the channel 
number flashes big and clear, 
right on the screen - and 
stays there as long as 
you want! 

5 

Automatic pre-set channel selector 
Just a push of the 

forward or reverse channel 
buttons and instantly the 
VHF and UHF channels 
come on in a pre-set 
sequence. All "dead" 
channels are skipped over. 

Digital clock that flashes on screen 
With just the push of a 

button, this TV tells the 
correct time. The hours, 
minutes and seconds appear 
in clear, easy -to -read digital 
numbers. 

fl 

You need no prior electronics background ... we help 
you every step of the way! 

We start you off with the basics and help you work your way 

up, one step at a time. 
With your first lesson, you'll receive a special Lab Starter 

Kit that aids your understanding of electronics fundamentals ... 
gives you immediate "hands on" experience. If there's a "snag," 
call one of our expert instructors toll -free. You can also talk shop 
with instructors and fellow students at our "help -sessions" 
scheduled in 50 cities at various times throughout the year. 

Perform fascinating experiments with the exclusive 
Electro -Lab " 

electronics training system. 
It's yours to build. 

Your program includes 
professional testing equipment to 
give you valuable "hands on" 
experience. You'll build and use a 

digital multimeter, a solid-state oscilloscope with "triggered sweep," 
and a modular design console. You will have the most up-to-date 
tools of the trade, including instruments you can use 
professionally after you finish the program. 

The valuable skills you learn in digital electronics 
could lead to new income opportunities, full or 
part-time ... perhaps a business of your own! 

Once you've completed this learn -at-home program, you'll 
have the skills to service color TV's, plus repair a variety of home 
electronics equipment. 

While many of our students do not ask for employment 
assistance, it is available. Of course, no assurance of income 
opportunities can be offered. No better or more practical at-home 
training in electronics is available anywhere! 

Mail the postage -free card today! 
This Bell & Howell Schools' program is approved by the 

state approval agency for Veterans' Benefits. Please check the 
appropriate box on the card for free information. 

6 3j 
i w,, mum, 

If card has been removed, write: 
An Electronics Home Study School 
DEVRY If1STITUTE OF TECHIIOLOGV 
ONE OF THE 

ri BELLE HOWELL SCHOOLS 
4141 Belmont. Chicago. Ii mots 60641 664 R1 
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A quarterly for the craft audio huff 
FUTURE FARE: A tonearm,pre- 
amp, a custom Dyna Stereo 70, 
Hiss filter, Synthesizer, Transmiss- 
ion Line Speakers, A variable in- 
flection 3 -way tone control-and 
much more. 
PROJECTS PUBLISHED: a 9 Oc- 

tave equalizer,Dyna PAT -4 update, 
power amps and preamps, a simple 
mixer, two 4 -channel decoders and 
two encoders, 9 octave electrostat- 
ic speaker with a matching 900 1W., 

Direct coupled tube amplifier. . . 

plus much more. 

"Absolutely top quality...the only U.S. 
publication completely devoted to the 
really serious audiophile constructor." 
-Craig Stark, ('olui tist,Stereo Revie 

For u free prospectus & full details: 

Nanrc 
, I c/dre c s 

City State 
ZIP 

Quarterly:S7 yr.: 3 years S20. 
"")P.O. Box 30R 

Swarthmore PA 19081 

Circle 61 on reader service curd 

F 
CATALOG of over 
1500 unusual tools 

A carefully selected and tested 
assortment of unique, hard -to -find 
tools, clever gadgets, precision 
instruments, bargain kits. One -stop 
shopping for the technician, craftsman, 
hobbyist, lab specialist, production 
supervisor. Many tools and measuring 
instruments available nowhere else. 
One of the most unusual and complete 
tool catalogs anywhere. Get your copy 
of the NC FLASHER today. /\ National Camera V 2000 West Union Ave., Dept. GeC 

Englewood, Colorado 80110 tt (303) 789-1893 
Circle 62 on reader service card 

WAHL® 

QUICK CHARGE 
CORDLESS SOLDERING IRON 
We couldn't make the best better. 
So we made it three times faster. 
Our original 'Iso-Tip' had all the features that people 
need: complete portability; soldering heat in 5 seconds; up 
to 125 electronic joints or more per charge; battery oper- 
ated to eliminate AC leakage and the need for grounding; 
and "lock off" switch to prevent accidental heating. Com- 
plete with separate 'drop in' recharging stand. 

We use premium quality nickel cadmium batteries 
that recharge in 1/3 the time of the standard Wahl 
iron - one to two hours for a partially discharged 
unit, four and a half hours for completely dis- 
charged battery. It still gives tip performance up 
to 50 watts and over 700° temperature. 
So don't think of our new orange "Quick Charge" 
cordless soldering iron as a better iron. It's already 
the best. It's just three times faster. 

WAHL CLIPPER CORPORATION 
Sterling, Illinois 61081.815-625-6525 

"Manufacturing Excellence Since 1919" 

á 
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SECURITY INSTALLATIONS 
(continued front page 35) 

corners to the security field. "Don't 
think you can run out and paste a few 
strips of foil on a window and plug in an 
ultrasonic detector and call it a protec- 
tion system. There's a lot more to it. 
You'll have a big investment of time, 
effort, and money before you can put 
systems together right. 

"You'll have to learn to lay foil 
neatly and so it really does protect. 
You'll need know what's meant by 
supervised door and window switching 
You'll have to recognize which situa- 
tions are best served by wired protec- 
tion: by spot protection: by motion 
sensing with low -frequency sonic. 
high- frequency sonic, ultrasonic, and 
microwave equipment. There's a lot to 
it. You're just not going to learn in a 

few weeks of throwing installations in, 
or even a year." 

The national security companies 
echo Bowman's cautions and add some 
advice. An official of the Automatic 
Fire Alarm Association points out that 
small operators flounder from lack of 
financial backing. business acumen, 
and technical knowledge. Some fail be- 
cause they install equpment that hasn't 
been sufficiently field-tested: when 
equipment can't do the job. or a margi- 
nal equipment -maker goes under guess 
who's left holding the bag. 

yk 

False alarms generated by poor sys- 
tems, no matter where the fault lies, 
give the entire industry a black eye. 
The problem has driven some cities to 
consider legislation outlawing alarms 
that call police or fire departments di- 
rectly. Committees of national associa- 
tions (includng some law enforcement 
and tire fighter groups) are working to 
draft a "model statute'' for cities, 
counties. or states that decide to regu- 
late alarm companies. The hope within 
the industry is to keep such laws from 
becoming overrestrictive. 

But almost all agree that the problem 
of false alarms must be dealt with one 
way or another. Industry spokesmen 
feel such laws should require some 
level of proven expertise, perhaps by 

- 

o 
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licensing installers or security com- 
panies. Regulations might logically de- 
signate quality for equipment and set 
standards for installations. Large cities 
such as Los Angeles already have sta- 
tutes in the works. Texas plans 
statewide regulation of the alarm busi- 
ness. 

Where from here? 
The burglar and fire protection busi- 

ness may get tougher. It's already no 
snap. One Midwest survey disclosed 
that barely half the alarm companies in 
business four years ago have remained 
open. Of companies in business at the 
start of this year (1974), 15% are de- 
funct at this writing. Consider well be- 

fore you launch into this enterprise. 
One partial answer to the false -alarm 

problem lies in central monitoring. 
That is, instead of signaling police or 
fire department directly. the alarm goes 
by leased telephone line to a central 
sensing board owned by the security 
firm. Company personnel check out 
the alarm and alert authorities. If the 
alarm is real, the proper authorities re- 
spond and the owner is notified. 

Guaradian Alarm Co., Inc. is 
headed in that direction. "It's for bet- 
ter service to our customers, though. 
not to circumvent false alarm prob- 
lems." Bowman points out. "We won't 
he sending out investigators, but will 
notify police or fire departments di- 

S CENTRAL MONITOR- 
ING SERVICE KEEPS 
TABS ON ALARMS in 
customers' premises 
via leased direct 
telephone lines. 
Constantly checks 
condition of each 
security system as 
well as reporting an 
intrusion or fire. 
Monitoring service 
appeals mainly to 
commercial business 
clients, seldom to re- 
sidential alarm 
users. 

redly. Through a central monitor. our 
customers can be more certain of con- 
tinuous surveillance and dependable, 
response to any alarms that do occur." 

A central monitoring system is in no 
way a necessity for anyone entering the 
security business. It's very. very costly 
to install and operate. But a company 
that has grown to that size and financial 
stability can he considered in the busi- 
ness for real. 

That's about the way the burglary 
and fire protection field adds up today. 
Bowman advises the average elec- 
tronics man to go into the TV business 
or "something else easy." But for the 
above -average guy ... well. he just 
might have a chance selling and instal- 
ling alarms. R -E 

Our little "3 -i ncher" 
is bigger than 
anybody's! 

LBO -302 ,i. 
3" DUAL TRACE/ 
DUAL CHANNEL 
TRIGGERED SCOPE 1. 

Conquer the test bench squeeze! Obtain lab-, 

grade quality! Here's solid state accuracy plus - 

push -button convenience for trig. & auto. sweep- 

& "free run" momentary function. 10MHz- 

b'widlh 10mVp-p/div to 514p/div Vert. Sen- 

LEADER 
INSTRUMENTS CORP. 

o v 
Ite 

...- - 

. 

. 4/y l 

_ ._ N E1: 
_ 

: 
I$699.95 

With accessories 

sitieity, 9 steps. Sep. or simult. sweep display, 

ch 1 & 2 - alt., chopped, algebra added and X -Y 

vector. Sweep range from 1µs/div (0.2µs 
w/5X mag) to 0.2s/div, 17 steps. Polarity in- 

version on ch 2. 43/4"H, 10 lbs. 

"Put us to the test" 
151 Dupont St., Plainview, L.I., N.Y. 11803 (516) 822-9300 
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FREE ! 
TOOL CATALOG 

2000 items - 112 packed pages 

Jinstruments 
Ni relay tools 

wire strippers 

J tool kits // 

Jcases bags 

Ni tweezers I\ 

J soldering irons 

Ni drivers 

J metric tools 
Ni optics 

Jwrenches 

1 

IName 

7 J 

SEND FREE CATALOG 674 TO: 

Company 

IAddress 

City 

JEN6EN 
4117 N. 44th Street, 

State Zip 
TOOLa nnA A1 -.1..01r13 

Phoenix. A:; eno *SOU 

A BUSS R LAM, I!le ,rtsusrry 
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- BUILD 
CDC 

YOUR 
f l rrvtr 

OWN 

BIOFEEDBACK MONITOR 
EDC offers the Alpha Brain Wave 
kit as featured in Jan. '73 Pop. 
Elec. for sophisticated amateur or 
experimenter. Your friends will 
enjoy hearing their brainwaves 
and trying to alter them. The IC 
technology of EDC-1 Biofeedback 
Monitor performance exceeds 
cost. Complete with disposable 
electrodes, contact cream and in- 
structions; $69.35. 

4 -pole filter. 
Alpha, Beta, Theta Bandswitch. 
Direct or Integrated feedback mode. 
Permanent Ag-AgC1 electrodes as 
illustrated available $14.95 pr. 

Extended Digital Concepts 
Box 9161, Berkeley, Calif. 94709 

$69.35 enclosed; ship EDC-1 kit with 
disposable and stainless steel elec- 
trodes, contact cream & instructions. 
S14.95 enclosed; ship Ag-AgC1 
permanent electrodes. 

Name 

Street 

City 

State Zip 
Calif. Res. add Sales Tax. 
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Why a Sylvania home training program may be 

your best i t-^- t 
for a r ding 
career in electronics 
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1 LEADER IN ELECTRONICS 
TRAINING 

Over the years, Sylvania Resident 
Schools have trained thousands of 
men and women for key positions in 
the electronics field. Now, through 
Sylvania Home Training, you can 
receive the same high -quality career 
training at home. In your spare time. 
While you hold your present job. 
Remember, this training is designed 
with one purpose in mind - to give 
you the background you need to land 
the electronics job you really want! 

AUTOTEXT TEACHES YOU 2 ELECTRONICS RAPIDLY, 
EASILY. 

AUTOTEXT, offered exclusively by 
Sylvania, is the proven step-by-step 
method of home training that can help 
you learn the basics of electronics 
quickly and easily. 

3 CASSETTE SYSTEM 

This innovative learning -by -hearing 
approach is a special option that adds 
an extra dimension to AUTOTEXT. It's 
almost like having an instructor in 
your own home. As you play the 
cassette tapes, you'll have an instruc- 
tor guiding you through your 
AUTOTEXT lessons. Explaining the 
material as you read it. Going over 
schematics with you, reinforcing the 
basic electricity and electronics study 
materials with you. Everything you 
need to know to get you started 
towards a highly regarded position as 
an electronics technician - all in an 
easy -to -understand, conversational 
tone. 

4 SPECIALIZED ADVANCED 
TRAINING 

For those already working in elec- 
tronics or with previous training, 
Sylvania offers advanced courses. 
You can start on a hig her level without 
wasting time on work you already 
know. 

5 PERSONAL SUPERVISION 
THROUGHOUT 

All during your program of home 
study, your exams are reviewed and 
your questions are answered by 
Sylvania instructors who becomeper- 
sonally involved in your efforts and 
help you over any "rough spots" that 
may develop. 

6 HANDS-ON TRAINING 

To give practical application to your 
studies, a variety of valuable kits are 
included in many programs. In 
Sylvania's Master TV/Radio Servicing 
Program, you will actually build and 
keep an all solid-state black and white 
TV set, and a color TV set. You also 
construct an oscilloscope which is 
yours to keep and use on the job. 

17 FCC LICENSE TRAINING - 
MONEY BACK AGREEMENT 

Take Sylvania's Communications 
Career Program - or enter with ad- 
vanced standing and prepare im- 
mediately for your 1st, 2nd, or 3rd 
class FCC Radio Telephone License 
examinations. Our money -back 
agreement assures you of your money 

s t1 

back if you take, and fail to pass, the 
FCC examination taken within 6 
months after completing the course. 

CONVENIENT PAYMENT 
fril PLANS 

You get a selection of tuition plans. 
And, there are never any interest or 
finance charges. 

SEND ATTACHED POSTAGE PAID 
CARD TODAY! FREE DESCRIPTIVE 
BOOK YOURS WITHOUT OBLIGATION! 

Sylvania Technical Systems, Inc. 

If reply card is detached send this coupon 

SYLVANIA TECHNICAL SCHOOL 
Home Study 
909 Third Avenue 
New York, N.Y. 10022 

Please send meFREEillustratedcareer 
catalog. I understand that I am under no 
obligation. 

Name 

Address 

City 

State Zip 

I Age 
I eterans: Check here o 758-408_0i 

® SYL VANIA 

o. o " 
10001 

In the Master TV/Radio Servicing Program, 
you build and keep the all solid-state black 
and wi to TV set, the color TV set, the os- 
cilloscace and the multimeter shown above. 
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Factory Wired & Tested 

Accuracy like a VTVM... 
Convenience like a VOM... 
NEW BATTERY -OPERATED FET 

. SOLID-STATE VOLT -OHMMETER #116 
Easy -to -build KIT 

$ 36.90 =116K 

`J 

$ 49.49 =116W 

Now you can get all the benefits of a 
VTVM (laboratory accuracy, stability and 
wide range) but with its drawbacks gone: 
no plugging into an AC outlet, no waiting 
for warm-up, no bulkiness. New Field 
Effect Transistor (FET) design makes 
possible low loading, instant -on battery - 
operation and small size. Excellent for 
both bench and field work. 
Compare these valuable features: 

High Impedance low loading: 11 meg- 
ohms input on DC, 1 megohm on AC 
500 -times more sensitive than a standard 
20,000 ohms -per -volt VOM Wide -range 
versatility: 4 P -P AC voltage ranges: 0-3.3, 
33, 330, 1200V; 4 RMS AC voltage ranges: 
0-1.2,12,120,1200V;4 DC voltage ranges: 
0-1.2, 12, 120, 1200V; 4 Resistance ranges: 
0.16, 0-100K, 0-10 meg., 0-1000 meg.; 
4DB ranges: -24 to +56DB. 
Sensitive easy -to -read 41/2" 200 micro - 

amp meter. Zero center position avail- 
able. Comprises FET transistor, 4 silicon 
transistors, 2 diodes. Meter and tran 
sistors protected against burnout. Etched 
panel for durability. High -impact Bake- 
lite case with handle useable as instru- 
ment stand. Kit has simplified step-by- 
step assembly instructions. Both kit and 
factory -wired versions shipped complete 
with batteries and test leads. 51/4"H x 
63/4"W x 27/8"D. 3 lbs. 

Send FREE catalog of complete EMC line 
and name of nearest distributor. 

RE -8 

Name 

Address 

City 

State lip 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York, N.Y. 10012 

Looking For a Business That 
... Can Make You Financially Secure?... 

Increase Your 
Profits With a 

Color Tube Center 

Our Three Point 
Program Is 

Developed To 
Insure Profits 

1. Complete Plant 
(Rebuild All Types 

of C.R.T.'s) 
2. Engineering and 

Management Assistance 
3. Sales Program 

Write or Phone For Complete Details 

The Original 
Franchise TV 
Tube Rebuilders 

Color Tube Center 
P.O. Box 14, So. Holland, Ill. 60473 

312/333-2003 

tech Dths 

INTERMITTENT NEGATIVE PICTURE 
After 15 minutes the picture on an RCA CTC22 color 

chassis would cut out, pull horizontal and vertically and then 
go negative. When the set operated for over an hour the 
picture would return to normal. Tube replacement and vol- 
tage measurements did not solve the intermittent picture. 

8. 

I.F. OUTPUT 
TRANS PI 1------1DET. 

11 

1203 1.2K 

100p H 
39pF 

T 
220pF 

POOR GROUND -I- 
- CONNECTION - 

150pF 

4.5 MHz 

36p H 

5.6 MEG 

140V 

V203 A 

1v2 56H8 
1ST VIDEO AMPL 

24pF TO SYNC, 
l AGC & 
r _ CHROMA 

AMPL 

TO 
DELAY 
LINE 

The picture would act up when pushing around upon the 
circuit boat -d. A poor ground connection was found at one 
end of L203.-Homer L. Davidson 

HOT -SPOT CIRCUIT TROUBLE -SHOOTING 
All service technicians are familiar with circuit -cooler 

sprays which help locate faulty parts by cooling them to 
normal temperature and thus restoring normal circuit opera- 
tion. Circuit coolers won't help much if the set only acts up 
with the cabinet on. but operates normally uncovered. 

One easy answer is to wrap I1 -inch diameter copper tub- 
ing on the barrel of a 100 -watt soldering iron and then Bow 
air through the tubing. By varying the soldering iron temper- 
ature with a variable transformer, you can govern the air 
temperature. With the air flow rate set so only a small area is 
heated in the set. it is possible to heat individual components 
in the trouble area until the faulty unit is located. - Ralph 
Tenny 

HEATH KIT GR-371MX 
The symptom was a bright vertical line. The owner was 

stumped because his trouble -shooting manual doesn't cover 
this condition. The problem was traced to a broken connec- 
tion at the horizontal yoke. After making the repair, a plastic 
cable tie was installed as shown to prevent recurrence. - 
Donald R. Hicke R -E 

ti. - 
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. 
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circuits 

MUSCULAR LOW -VOLTAGE HIGH -CURRENT 
REGULATOR 

Need a regulator with up to 5 amps capacity with less than 
25 millivolts output variation for low voltages? I did, and 
here's the circuit I developed to regulate the heater of a 

touchy, hazardous -gas sensing device - I needed precisely 
1.1 volts at 500 MA. The regulator shown uses two RCA 
entertainment -replacement type germanium transistors, and 
holds its output constant to within 10 millivolts of whatever 
it is set at from 2.6 to 5 volts input (assuming an output of I 

to 2 volts). Its operating range is actually from 2.6 to 24 volts 
at 7 amps maximum if the series transistor (Q I) is a 2N456A 
on an adequate heat radiator, and R2 is replaced by a 28 -volt - 
lamp, type 1764. 

o 

INPUT 
2.6^-15V 

o-- I4 
R2 
PL1' 

D1-3 
IN914B 

(3) 

'SEE TEXT 

Q1- 

RCA- SK3052 
OR 2N456A 

R3 
10052 
5% 
1/2W 

2N4124 
(2) 

03 

04 
R4 

22052 

R5 
3K 
1W 

.71 C1 
.-. 100 

25V 
-0 

OUTPUT 

NOTE: IF PL1 IS USED, INSERT A 
TYPE 1764, 28V, 40mA LAMP. 

Here's how it works: Pass transistor Q1 is connected with 
the output load on its collector. Q2 shunts QI base and 
emitter. controlling Q I operating current. Sensing transistor 
Q4 amplifies any output voltage variation and causes 
common -base -connected Q3 to draw more or less current 
via R I and Q2 emitter -base diode. If Q3 draws more current 
than established by reference diodes DI-D3, Q2 also 
draws more collector current, causing Q l to pass less collec- 
tor current to the load. If the output drops so that cascode- 
coupled transistors Q3 and Q4 draw less current. Q2 con- 
duction drops, allowing QI base bias to increase. and QI 
draws more current through the load, reestablishing the out- 
put level. 

Regulator output load variations are bypassed to some 
extent by CI so that the regulator will not oscillate. The 
three 1N914 -B diodes are operated in a partially -saturated 
mode and provide a very good reference for Q3. Using the 
pilot lamp in place of R2 limits both diode and Q3 base 
current to safe values at higher input levels, and, if better 
regulation is required at any input level between 2.6 and 10 
volts. use of the lamp brings the output's variation below 5 

millivolts shift for every I -volt input shift. Excluding power 
transformer. rectifier and filter capacitor, the circuit shown 
here can be built for less than $10.00. - L.E. Geisler R -E 

NEXT MONTH 
The electonic service technician is not a vanishing 

breed. There's more for him to fix than ever before. In the 
September issue Radio -Electronics looks at the poten- 
tial. Don't miss this special report. 

C CALECTRO® 

trAi 
bufil 

ATTENTION 
HOBBYISTS! 
BUILD THIS 
DIGITAL 
COUNTER,' L.E.D. 
DISPLAY 
KIT. 

\ ` 
Irlt IIIIí1T1 R 

Everything needed to build a complete decade 
counter (0-9) ircluding a printed circuit board. 
Operates from a 5 Volt D.C. supply. Can be 
used in hundreds of applications. 

See your nearby CALECTRO 
distributor for all the most 
popular digital displays and 
integrated circuits. Also, get 
your copy of the new 
CAL ECTRO DIGITAL 
PROJECTS HANDBOOK! 

ELECTRONICS GC ELECTRONICS 
DIVISION OF HYDROMETALS, INC. w 
ROCKFORD, ILLINOIS 61101 U.S.A. . 
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VIDEO DISCS 

(continued from page 44) 

The playback system scans the record- 
ing with laser light through lenses in the 
revolving -disc scanning system. The 
record needn't even be round-since ít 
doesn't spin-but merely a flat piece of 
film placed in a slot. The recreated digi- 
tal program data is fed to a digital - 
to -analog converter for restoration to 
TV -signal format. Digital's aim is a 
$200 player. 

RCA electrostatic -capacitance 
system 

RCA has been heavily involved in 
videodisc development since the 
mid-I960's, probably longer than any 
other company. Its efforts have been in 
a different direction-toward a needle - 
in -groove videoplayer which looks and 
operates as much like a standard 
phonograph as possible. Part of the 
family of "SelectaVision" devices, 
RCA's system uses a rigid 12 -inch 
plastic record which is metallized on 
one side. It is scanned by a metallic - 
element pickup. The plastic layer of the 
disc is, in effect, the dielectric of a 
capacitor (or group of capacitors) with 
the metallic layer one plate and the 
pickup the other. The television picture 
information is stored in the disc as a 

series of varying capacitances. 
The I2 -inch RCA disc revolves at 

450 rpm and plays for up to 30 minutes. 
RCA has announced no timetable for 
commercialization, but it's understood 
the system is nearly ready for produc- 
tion engineering. 

MDR magnetic system 
This is the only disc system an- 

nounced so far which is designed for 
home recording and therefore is more 
aptly described as a substitute for a 
VTR than as a home playback device. 
MDR, which stands for magnetic disc 
recorder, is the invention of audio re- 
cord manufacturing engineer Erich 
Rabe of Nuernber, Germany, in col- 
laboration with recording -head maker 
Wolfgang Bogen Co. of West Berlin. 

The 12 -inch MDR disc is divided 
into two sections. The outer half is 
coated with a smooth magnetic mater- 
ial (chromium dioxide is currently 
being used). The center section looks 
like a conventional small phonograph 
record. The player used in recent dem- 
onstrations was a modified Dual turn- 
table geared up to play at 156 rpm to 
twice the 78 -rpm speed. The pickup 
head, which rides on the outside sec- 
tion of the disc, is modified with a sort 
of outrigger attachment containing a 
sapphire stylus which rides in the 
grooved center disc to guide the 

NOW 
A PROFESSIONAL 

BURGLAR -FIRE ALARM SYSTEM 
YOU CAN IHSTALLYOURSELF. 

ONLY 149.95 

. 
. 

, 
a-rF 

Save hundreds of dollars in alarm installation and monthly service 
charges. The EICO SS -500 "install -it -yourself" burglar -fire alarm sys- 
tem offers you the kind of professional protection you have been look- 
ing for, at a price you can afford. The SS -500 has been designed on 
the EICO "Expandability Concept" that enables you to "add-on" protec- 
tion to meet your own special needs. Before you purchase any security 
system, we suggest you read the EICO Security Handbook and see how 
easy EICO makes it to "Do -it -Yourself." 

FREE EICO CATALOG/SPECIAL OFFER! 
Security handbook (Reg. $2.95) only $1.50 with this ad. Includes a 
catalog on EICO Security Systems, Test Instruments, Stereo, Hobby Kits 
and name of nearest distributor. For catalog only, check reader service 
card or send 50c for first class mail service. ip 
EICO, 283 Malta Street, Brooklyn, N.Y. 11207 1L 

DO YOU 

LIKE 

BUILD IT 

ARTICLES? 

You will 

find one, 

two, or 

more such 

stories in 

every issue 

of 

Radio - 

Electronics 

Don't miss 

a single 

issue 

SUBSCRIBE 

TODAY 

magnetic outer head in a spiral path. 
The heart of the system is a magnetic 

recording -playback head with a gap of 
50 um, providing extremely high 
information -storage capacity on the 
magnetic portion of the disc. A low - 
noise preamp is mounted in the pickup 
housing. Although the system cur- 
rently records at 156 rpm, its develop- 
ers think new magnetic materials and 
further head refinement will provide up 
to 15 minutes of color programming on 
each side of the record at 78 rpm. The 
player is targeted to sell for less than 
$400, blank discs $5 to $6 each. 

That's the current starting line in the 
Great Videodisc Derby. One or two, 

=1f1 - 
=y .'J 

MDR MAGNETIC VIDEODISC player looks 
very much like a conventional audio record 
player; but, of course, It Isn't. 

or perhaps three, could finish in the 
money. Or the winner could be a dark 
horse not even in this lineup. Although 
most of the systems are "targeted" for 
production next year, don't hold your 
breath. Many of them had 1974 targets 
last year. Don't take the target prices 
too seriously either. Costs-particu- 
larly of new and untried products 
-have a way of creeping up. 

But it does now appear that some 
form of video -on -demand system 
-most likely a disc player-will soon 
be on the way to American 
homes. R -E 

Electronics helps blind 
to pour coffee safely 

A little device that may be more impor- 
tant than it looks is the electronic liquid 
level sensor made to hang on the side of a 
coffee cup or other liquid container. It 
was invented at the General Electric Re- 
search and Development Center, Schnec- 
tady, by Dr. Richard W. Roberts-now Di- 
rector of the Bureau of Standards - and 
George Jernakoff, GE project engineer. 

The battery operated liquid level detec- 
tor, which looks a little like a lapel mic- 
rophone buzzes when the beverage rises 
to a half inch from the brim. General Elec- 
tric does not intend to make or market it, 
but offers a free license to any responsi- 
ble firm who may wish to do so. 

The creative minds of the inventors and 
their friends already have turned up a new 
and unplanned use of the sensor - al- 
cohol testing. Most liquids are conduc- 
tors of electricity, but pure alcohol is not. 
Thus, the stronger the alcoholic content 
of a beverage, the weaker the buzz emit- 
ted by the liquid level detector. 88 Circle 69 on reader service card 



GREAT DOLLAR VALUES 
FREE $1 BUY WITH EVERY 10 YOU ORDER 211"er. FREE 

CANADIANS: Ordering is easy - we do the paperwork - try a small order 
RCA 110' FLYBACK TRANSFORMER /19 

1O% ;- _ 

We scooped the Market 
Latest type - standard 
for all 1101 Tv'a 
RCA'. design of largo ,' Cote Drodueea 18KY- '\ assoring adequate width ai 1 Inel.Sehematle Diagram 

L 5 
I/ application for any Tv 

List price 413.90 
/ 2.95 

Your price .. 
off In lot. of 

110' TV DEFLECTION YOKE for all I A.95 
types TV'. Intl schematic__ ................. Y 
"COMBINATION SPECIAL" 
RCA 110° FLYBACK 
plus 110° DEFLECTION YOKE 

C95 

90- " 'BACK TRANSFORMER for all .2.95 
type TV's incl schematic .. L 

90' TV DEFLECTION YOKE for all type '2.95 
TV's in.% .schematic. 

70° FLYBACK TRANSFORMER for all type 12 
TV's net schematic.. . 

70' TV DEFLECTION YOKE for all type 12 
TV's Ind schematic 

SHARP 110' FLYBACK 6 YOKE COMBI- 
NATION +8FT-5d2 Good for most por. ,95 
table TV ... ...... S 

90° COLOR YOKE For all Rectangu 95 
lar 19 to 25" Color CRT's .. .... $1 
70 COLORE YOKE For 
all round color CRT's sl 0-95 
SPECO - V.O.M. - MODEL THL-33 2c1 Accu- 
racy - I% Precision Resistors - Meter 
Fuse Protection Full Range - 
Complete with test leads & 
Manual $9'95 
SONY UHF TUNER-TRANS- I-, 
ISTOR TYPE exact replace $3 95 
merit. complete wlknobs J 
A - TV ALIGNMENT TOOLSmost useful as. 11 
sonment a l .. 4 - TV ALIGNMENT TOOLS For Color a 

1.49 TV a 2 ... . 

6 - TV COLOR ALIGNMENT TOOLS 12.79 
Most popular type .. .. L 
SARKES TARZIAN TUNER 

WHIR 
^ u 

' \ Lg \Ns 

41m c 

Latest Compact 
Model good for 
all 41 me TV's. 

BRAND NEW - 

Best TUNER "SARKES TAR - 
MAN" ever made -last word for 
stability, definition & smoothness 
of operation. An opportunity -to 
improve and bring your TV Re- 
ceiver up-to-date. $795 

COMPLETE with Tubes 

o WESTINGHOUSE FM TUNER 3.99 
.476-V-015001 Transistor 

WESTINGHOUSE FM TUNER 112DT8$100 
Tutted ...... ........ 
UHF TUNER -TRANSISTOR TYPE Used 13.95 
in all TV sets .. 
STANDARD TUNER -TRANSISTOR (GUIDED 11 
GRID) 4 Channel closed circuit . 

PHILCO TV TUNERS Model -7613911331A.45 
ISGJ7-3HQ51 .. .. Y 

WELLS GARDNER TUNER 
Part MT;\ 120- 114(íS7 - 

211A7 Tubes) $7" 
WELLS GARDNER TV TUNER 25A12112 17.95 
161J8-6HA5 tubes). 

2 - ELECTROLYTIC 
CONDENSERS 100/75 mfd-301V, 

S 1 70 mfd-'_5 V 

2 - ELECTROLYTIC 
CONDENSERS 300 mfd-21X1 V. 

$ 1 200 V. 31X1/60 mfd-I50 V 

9 .95 

5 5 
lit IV TUNER C 
ET 86K 196... (6GK5.6BL8).... .95 
5 - AC LINE CORDS 

PHILCO UHFNHF TUNER 
Transistorized 

Approsed 6' S1 
UNIVERSAL TV ANTENNA Rack of set 12 99 
mounting 5 octet ion rods .... 
BLUE LATERAL MAGNET ASSY. Re- 1.99 
placement for most color TV's $ 
COLOR CONVERGENCE ASSEMBLY t'm- 12.49 
venal type -good for most neta 
COLON TV RECTIFIER - Used ,n most 11.95 
color sets 6500 kv 3 for 
2 COLOR -TV CRT SOCKETS Wind leads, a1 
for all color TV's. 
3 - RCA 110° CRT SOCKETS Wind leads. Si 
for all TV's 

WESTINGHOUSE ALL TRAN- 
SISTOR HOME/OFFICE 

MESSAGE CENTER 
Leaves messages for other for replay . . Built in 
speaker/microphone for talk -into convenience . .. Re- 
cords up to 3 minutes of messages . Illuminated 
signal shows when a message is waiting. Control 
adjusts playback volume without affecting recording 
volume . Capstan Drive: 
BRAND NEW SOLD AS IS 

57.95 

TEST EQUIPMENT SPECIAL DISCOUNT PRICES 

E MATCHED PAIRS TRANSISTORS NPN 6 
PNP 12N4252.2N29041 12N2222.2N29171 I 
Each net .. 

KNOB SPECIAL 
100 - ASSORTED RADIO KNOBS All S 

1 1-1 standard ty pea $31 valor 
50 - TV KNOBS - POPULAR TYPES 11 

Madly Selector & Fine Tuning 
20 - VERTICAL LINEARITY KNOBS 
Long shank Front mount a.- 11 
sortment ... 

20 - VERTICAL LINEARITY KNOBS /1 
. Side mount Standard sine . 

25 -KNURLED SHAFT KNOBS Hard to 11 
get Best selection 
25 - CLOCK 6 a RADIO KNOBS swat 11 
popular types .. 

1116? 6 KITS FOR 15 

TRANSISTOR RADIO nr,f type good. 11.50 
had, broken, as -is, potluck 
TAPE RECORDER -assorted types good. r/E 
had. broken. as -is. potluck . 

200 ASST. `a W RESISTORS Top 
Brand. Short leads, Excellent 
Selection $ 1 

75 - ASST ya WATT RESISTORS 
stand. choice ohmage... some in 5'; $1 
100 - ASST V. WATT RESISTORS stand 11 
chmae ohmage.. some in 59 

70 - ASST 1 WATT RESISTORS ,rand, 11 
choice ohmagm. some in 59 
35 - ASST 2 WATT RESISTORS stand. ll 
choice ohmages. some in 59 
50 - PRECISION RESISTORS asst. list. 11 
prior $50 less 9811 

1-120 
- ASSORTED WIREWOUND RESIS 11 

TORS, 5, 10. 20 uatt 
10 - ASSORTED SLIDE SWITCHES SPST, 11 
SPDT. DPDT, etc E 25 - SYLVANIA HEAT SINKS For Tnnsis- 11 

20 - ASSORTED TV COILS I F, VIDEO. 11 
swnd. radio. etc 
1 - ELECTROLYTIC CONDENSERS 11 
310,300,900/100 MFD - 25 V 
I- ELECTROLYTIC CONDENSERS 10011 
MFD-400V . n 3 - ELECTROLYTIC CONDENSERS 20/20 /1 LJ MFD-450 V . 

5 - 9 VOLT MOTORS Excellent for hobby. '1 
1-6" 9" HEAVY DUTY 10 OZ. ,50 
SPEAKER Ceramic Type 8 Ohm . $4 
10 ASSORTED DIODE CRYSTALS IN:N. al 
1548. 1N60, 1564, etc.. E 6- TOP BRAND SILICON RECTIFIERS 111 

1-15 
- PNP TRANSISTOR general purpose. /1 

TO -5 case 
5 - NPN TRANSISTORS general purpose, a1 
TO.S case 

25 - ASSORTED TRANSISTORS big fr 11 
tort' scoop -sold awls . 

TV TWIN LEAD-IN 300 ohm 501' - 57 Iffy - 11 
S1 50.50' ... ...... .. .. ...... 
10 -MINIATURE ELECTROLYTIC CONE -ENS- 11 

I-1 ENS For Transistor & miniature work_ .... .. 

4" SPEAKER - ROUND S 

1 8 Ohm large magnet 

4-5/ELECTR 
30mfd-15OLYTIC0v 

CONDENSERS e1 
7 

TE 
E ELEMENT COLOR OU511TDO.96. 5.95 AN 15.95 

NNA Rig shot Jr List 
r-1 4 - POLARIZED CHEATER CORDS 

G racy 

10- COLOR TUBE 
RIGHTNER ... .... ... ..... 

s1 

13,95 

90' COLOR T1iBE 1/6.95 
BRIGHTNER ... Y 

Na 
2 - COLORBURST QUARTZ -CRYSTAL 1 1.89 
For t Color TV sets 3579545 KC 

GIFT WITH EVERY ORDER 
SHANNON MYLAR RECORDING TAPE 

3" - 525' .19 
3`4' - 600' .6B 

5" - 600' .72 

5" - 900' .90 

5" - 1200' 1.07 

5" -11100' 1.59 

7 - 7200' 87 

2" - 1600' 1.22 

7" - 2400' 1,89 

T" - 3600' 2.95 

CASSETTE C440 .59 
CASSETTE C-90 1.19 
CASSETTE C-120 1.97 
a -Track - 64 M1n. 1.29 
IS Track - SO Min 1.59 
II -Track - Charter 1.49 

3" TAPE REEL 07 
314" TAPE REEL 09 

5" TAPE REEL .22 
7" TAPE REEL .27 

250 - ASST. SOLDERING LUGS `test types 1 

and site. . 

250 - ASST. WOOD SCREWS burnt pupal- 11 
Iv selection 
250 - ASST. SELF TAPPING SCREWS +6, 11 
a P. eü 1 

100- ASST. 6/32 SCREWS 
51 and 100-6/32 HEX NUTS 

100 - ASST. 8/32 SCREWS 
and 100-8/32 HEX NUTS $1 
100 -ASST. 2/56 SCREWS 
and 100-2/56 HEX NUTS n100_ ASST. 4/40 SCREWS 
and 100-4/40 HEX NUTS 41 
100 - ASST. 5/40 SCREWS S 
and 100-5/40 HEX NUTS 

MARKET SCOOP COLUMN 
ZENITH COLOR DEMODULATOR CHIP 

PART 221.39 (Sprague Cow TVGM. 13.95 

250' -ABLE 510, 
R09U ($4. $4 

1 
2-69 50,50' - .S 

1C4 AND 105 INTEGRATED CIRCUIT 
Used in Scott - Fisher etc S 

15 - ASSORTED 1 C'S 
For Experimenters $ 

SILICON NPN HV TRANSISTOR 
RCA - SK -3021 -l1ep-240 $1.69 
RCA - SK -3026- Hep-241 $1.69 E TRANSISTOR SPECIALS - YOUR 

5ro00ted ASes SORTED RIVES most useful ful 11CHOICE SK3006. SK3018. Sh,3020 
I 

SKT122 SK1174 f 
300 ASSORTED WASHERS most awful se- r 

TRANSISTOR SPECIALS -YOUR CHOICE 

leered sacs 1 SK3009-SK3025-sK3040 
.98Sl 

100 - ASS7. RUBBER BUMPERS for can.. 11 OUTDOORIINDOOR MINI SPEAKER 
net bottoms - other uses 4" - I Oz magnet -8 Ohms - ff 50 
100 -ASSORTED RUBBER GROMMETS hest 11 Audio level control SJ 
s CONVERGENCE RECTIFIER -FOR 
2 -SPRAGUE EIEC CONDENSERS í'0,3D,4 -11 COLOR TV 4 Cell - Used in RCA - 00 
Mfd. - 475 V Philco -Zenith. etc S 1 

2 - ELECTROLYTIC CONDENSER? 2110,30/4 r TV DAMPER DIODE Single - 
mfd - 350V 1 Replace RCA pool # 120818 $2.29 
e -TRACK TAPE PLAYBACK CECKa7.50 Dual -RCAPan #135932 54.95 
Compact design At. anywhere . 2 . TOSHIBA CASSETTE STEREO DECK 
3 -ELECTROLYTIC CONDENSERS 100 mfd.-11 
100 V, 50 mfd-75 V 

MODEL KT-403DC Record & 
$79. 0 32' - TEST PROD WISE DELUXE QUALITY, 11 

Play Hack 
ed & ark TELMATIC TUNER -MATE KT -730 Ponable hl 

' "$uhsti-Tun ' 
DELMONICO NIVICO COLOR T Check 

E 

Tuner ec 
1 FLYBACK Part M.52041 1-B $ '95 TELEMATIC TEST 11G MODEL - E1-190 

- INIATURE \Laster Rigs -Combo Rigs - 
FORMERS PC 4- X 4", good ealue.511KC 

IF.RANS a 1 Econo Rigs $49.95 
2 - 12BH7 RCA / 1 
TUBES 

1 
SKI Mfd - »V FL 1979/01 ,Made in Holland ..$6.50 set 

2 - ELECTROLYTIC CONDENSERS 150011 
mfd - 35V 

for 
1 5" 

. 

SPEAKER with output trans- e 1.39 

t 00 

95 

er - Instant $38 

3 SPEAKER -7 WAY SELECTOR 
SWITCH Wall Mount $1'69 

ELECTROLYTIC CONDENSERS 
1 

STEREO MICROPHONES 

50 

12" UNIVERSAL SPEAKER Top Quality $5.89 
. urge Magnet 

10" PHILCO SPEAKER Top Quality 1^1.99 
Large Magnet .. . _ L 
8" UNIVERSALalBuy SPEAKER - Large 12.99 
Magnet-. 

UNIVERSAL TWEETER 1 o: . . 
11.29 

Magnet 
- 

.. . .. 

UNIVERS 4" PM SPEAKER /1 AL 
Top Quality 
2KFor" 

L5 
s 4" SPEAKER Special Buy 1069 C Ea. 

- 
4" X 6" "QUAM" 16 OHM SPEAKER 
Large magnet Special BUY (10 for I .79 
51sIIIl .. ...... 
RONETTE STEREO CARTRIDGE laat dual a2 
sapphire B.pover type 
STEREO HEADPHONES H. -Fr Quality 164.95 

Complete with Stereo plug 
10 - STANDARD TRANSISTORS NPN 5 11 
PNP 25404. 25414. etc 
UTAH 8" - HEAVY DUTY IC 02. 
SPEAKER Ceramic Type - 8 Ohm . $ 

4.50 

VARCO STEREO CARTRIDGE-CN-72 12.95 
With mounting bracket, Ripuver ten edlr 
ELECTROLYTIC CONDENSER 

5 

1 
SRI 51 01 is,>' 

15 - DIPPED MYLAR CAPACITORS $ 
1 .01 6181 5' 

15 - DIPPED MYLAR CAPACITORS s 
1 .033601V 

15 - DIPPED MYLAR CAPACITORS 
$ 1 .0033-1001 V 0 15 - DIPPED MYLAR CAPACITORS si 

0.47-400V... 
TU Is_ VOIDED BULAR CAPACITORS B 1 

105019 DiIOP` eD MYLER CONDENSERS 
$ 1 

TACHOMETER 21/4" SQUARE PANEL 
METER 1.VDC, full scale, 33 Ohm toil a 2 reswtan, 0-6000 R.P.M..--...._ 

1 - CASSETTE TYPEDYNAMIC MI. 
1.-I 

DYNA 
CCROPHONE with universal Orig.-330 2.99 
Ohms 
10 SETS MONO PLUGS A PIN JACKS 1 

1 
8 -PRINTED CIRCUIT IF TRANSFORMERS 11 

U 
o 

o 

25' SHIELDED MICROPHONE 
CABLE Grey 25/I $ 1 
50 - ASSORTED FUSES 
Popular asstd. ampere ratings S 1 
50 - RADIO 8 TV SOCKETS all 
type 7 pin. B pin. 9 spin, etc. S 1 
1 - 5"s7" UNIVERSAL SPEAKER 
110-20-40 OHM I mped.l 2.95 
25' - MICROPHONE CABLE 
Deluxe. 2 conductor. shielded $1 119 

COLOR POWER TRANSFORMER 
-Good for most sets 26R150 $6.95 
List Price -536.75 
TUBE Si CONTINUITY CHECKER Model 
FT425 'Teats fuses. heaters, lamps, 11.90 

KLEPS "CLEVER" TEST PRODS 
"Third -hand" test prods, reach into out 
of way places - Insulated - cannot slip - 

accommodates hare wire or banana 
plug -no soldering. 

PPRUE ROBE 
,10 VERSATILE TEST .89 

KLEPS 10 - BOATHOOK CLAMP - 11.39 
4N" toy 
KEEPS 20 BOATHOOK CLAMP - 11.49 
7" long 

KEEPS 
306" 

l 
FLEXIRLE.FÜRKEO 11.79 

TERMINALS 
oñfF-PC BOARD 12.59 

KLEPS 1.ECONOMY KLEPS.FOR .99 
LIGHT WORK . 

ASTATIC PICKUP MODEL 700-a9T Con. 
ta,n, 89T ceramic cartridge LIST 12.95 
PRICE 517.00..... .. ......... L 
4-50' HANKS HOOK-UP WIRE assorted 11 colon. 
100' -SPOOL SPEAKER WIRE 2 cond $ 2 mini zip- clear, 101 tines . .. 

10 - ASST. RADIO 6 TV TUBES Event' 11 
Tube a good number... 
5 - AUDIO OUTPUT TRANSFORM Suh-,nin 11 
for Trawl. Radios ... ... 
5 - I.F. COIL TRANSFORMERS 456kr for 11 
Transistor Radice 
B" UNIVERSAL SPEAKER Top quality 51 29 
Special huy Ea 
ALL AMERICAN TUBE KIT 1125 V6. 12.95 
128E6128A6d5W 4S11LS ... RCA type ... ........ .. 1 

VU I" PANEL METER 
4 -Lug. 456 KC ,sli "Scale . . 

STEREO TOME ARS at popular type s2 2 - ELECTROLYTIC CONDENSERS $ .00 
turn over carridgeM... . 

M. 

11.29 

.. ..... 40 Mfd - 500V, 40 Mtd - 400V 1 
IMMEDIATE DELIVERY .. . Scientific light packing for safe delivery at minimum cost. Minimum Order 33.00. 
HANDY WAY TO ORDER . . . Send check or money order, add extra for shipping. Lists of new offers will be returned in your order. 
Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (cur choice) with advantage to customer 

5 ASSTD. GLOSAR VARISISTOR Popular re /1 
placements for most COLOR TV ... 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 2TE EPHONEO 
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WINEGARD AMPLIFIED 
PRODUCTS PROVEN IN OVER 

1,000,000 INSTALLATIONS. 

CASE IN POINT: 
WINEGARD 
PREAMPLIFIERS. 

For quality and 
dependability in antenna 
preamplifiers, look to 
Winegard. You know they're 
good. Because our 
preamplifiers deliver the best 
reception and the best 
reliability in the industry 
today. 

Winegard preamplifiers 
come in 12 different broad- 
band models and a complete 
range of single channel 
models. With Winegard 
preamplifiers you get all 
these features: 

work with any TV 
antenna 
75 or 300 ohm output 
solid-state, printed 
circuit cartridge 
unique lightning 
protection circuit 
switch selectable 
FM trap 
pre -amp and downlead 
connections 100% 
protected from weather 
and industrial deposits 
power supply included 
in all models 

Best TV products for Best TV reception 

WINEGARD 
TELEVISION SYSTEMS 

Winegard Company 3000 Kirkwood Street Burlington. Iowa 52601 

90 

Put 005% 
resolution in the 

palm of 
your hand 

.tae 
_..---r----- 

= . 19999 

$ 295. 
Model 245 4% digit DMM offers 21 range 
versatility, 100% overrange, line and bat- 
tery operation, (DC/AC volts, ohms, DC/ 

AC amps) .005% resolution with ±.05% 
basic accuracy for only $295 including 
battery module, charger, in -put probes, 

carrying case and full documentation. 
Truly portable, pocket-size 

1 3/4" X 3 1/2" X 5 1/2". 
Simple, fool -proof and protected operation. 
Dala Precision Corporation 
Audubon Road, Wakefield, Mass. 01880 

(617) 246-1600 DATA PRECISION 
...years ahead 

Circle 74 on reader service card 

Distributed nationally. 
Call your local office 
for a demonstration. 

Al. (205) 533-5896 
AZ (602) 9949519 
CA (408) 733-9000 
CA'T (714) 540-7160 

(303) 449-5294 
(203)525.7647 
(813) 294.5815 ' 

(404) 457-7117 
(808) 262-6286 
(312) 593-0282 
(317) 293-9827 
(617) 273-0198 
(301) 552-2200 
(313) 482-1229 
(612) 781.1611 

MO/w(816) 737-0066 
MO/E(314) 731-2331 
NC (919) 787-5818 
NJis (215) 925-8711 
NJnv (201) 863-5660 
NM (505) 265-6471 
NY/N (315) 446-0220 
NVs (516) 482-3500 
OH/N(216) 725-4560 
0H's (513) 298-3033 
OR (503) 238-0001 
TX /N(214) 234-4137 
TX A (713) 461-4487 
UT (801) 268-3181 
WA (206) 763-2210 
CAN /w (416) 787-1208 
CAN/w (613) 772-5874 
CAN/e (514) 731-9328 

CO 

CT 
FL 
GA 
HI 
IL 
IN 
MA 
MD 
MI 
MN 

If 

KI 

Please: 
Help prevent 

forest flrCs- 
.é? 

OTL DESIGN 
(continued from page 5/) 

ment should be used for both halves of the 
circuit. The two arrangements arc shown in 
Fig. 8. 

DRIVE 

- DRIVE 

+ DRIVE 

- DRIVE 

A 

6 
-Ecc 

FIG. 8-TWO OUTPUT CIRCUITS used to re- 
place the transistor counterparts in Fig. 5. 
a-A dual Darlington. b-A dual beta multip- 
lier. 

Either circuit can be substituted directly 
into any of the quasi -complementary ar- 
rangements. Either circuit can be used to 
replace transistors Q6 through Q8 in the ar- 
rangement discussed with respect to Fig. 5. 
Design requirements are not unlike those 
described above. 

'Ecc 

08 

TO 

FEEDBACK 

09 

-Ecc 

+Ecc 

08 

TO 

FEEDBACK 

09 

Protecting the output devices 
The output transistor can be easily de- 

stroyed due to overdissipation. A short at 
the output is a common cause of this. Vari- 
ous methods have been devised to protect 
the devices without deteriorating the per- 
formance. These circuits will be discussed 
in a future article. R -E 

DID YOU MISS? 
If you like this story on OTL amplifier 
design, you will also want to read 
Len Feldman's report on a new pay 
TV system that offers high-fidelity 
stereo sound. The story starts on 
page 45. 



SOUND TECHNOLOGY 1000A 
(continued from page 59) 

order and a parabolic or second order com- 
ponent shape in the detector characteristic. 
Fig. 6 shows that the 60 Hz and l0-KHz 
signals interact to give frequency compo- 
nents at 60 Hz, 120 Hz, 20 KHz and an AM 
modulated 10-K1lz signal. The depth of 
modulation of the AM signal is equal to the 
intermodulation distortion. The 60 -Hz and 
120 -Hz terms are the normal S -curve com- 
ponents. For those interested the generation 
of these products are shown mathematically 
in Fig. 6. This explanation is somewhat 
simplified but essentially correct because 
the 60 -Hz waveform used is not truely a 

COLLECTORS! 
We've just added the 1927 
Radio Encyclopedia 
to your growing library - 

S. GERNSBACK'S 1927 RADIO ENCYCLOPEDIA 
is your technical book on wireless and early radio. 
Deluxe illustrated reprint of the original. 175 pages. 
S12.95 hard cover, $9.95 soft-cover. 
VINTAGE RADIO is the fascinating photo refer- 
ence for collectors and historians, 1887-1929.263 
pages, over 1,000 photos. $6.95 hard -cover, $4.95 
soft-cover. 
RADIO COLLECTOR'S GUIDE is the data book 
for collectors, 50,000 facts, 1921-1932. 264 pages, 
53.95 soft-cover. 

.A10 
Netarrortt 

OYlae 

And now while they last - 
Most -Often -Needed 

1926.1950 Diagrams 
The original Supreme Publications books. Sche- 
matics of over 3,000 radio models from 1926 thru 
1950. Restore those old sets, or use your books for 
valuable historical information. 

1926-1938 Volume, 600 models, $7.00. 
1940, 41, 42, 46, 48, 49, 50, 54.00 each. 
All eight volumes, special price $31.50. 

Quantities of original books are limited. Order now 
and avoid a wait for reprints. 

- 
SEND TODAY to Vintage Radio, Dept R, 
Box 2045, Palos Verdes Peninsula, CA., 90274. 
Postage Paid. California residente add 6% tax. 

S 

S 
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CITY ST ZIP 

COLLECTORS! 

INPUT 
SPECTRUM 

AMPLITUDEv1 COS 2n60í 

/v2 COS 2n 10,0001 

60Hz 10 kHz 
FREOUENCY 

OUTPUT 
SPECTRUM 

AV, COS 2x601 B 1 V 12 COS2 2x601 

/A V 2 COS 2,10,000t 

AMPLITUDE / / 10,060Hz 

I 

B1V22 COS2 2n10,001h 

20 kHz 
4-FREOUENCY /7 60Hz / 

120Hz 10\ kHz 

} 

2B V 1 V2 COS 21r6Ot COS 2=10,0001 

E. = AEm+ BEm2 

E m= VI COS 27601 + V2 COS 2n 10,0001 

E. = AV.' COS 2ír601 + A V 2 COS 2n 10,000t 

+ B 
1 

V 12 COS2 2n60í + 81 V22 COS2 2410,000t 

+ 28V 
1 
V2 COS 2n601 COS 2n10,000í 

FIG. 6 

sine, but is sawtooth shaped with its own 
series of initial harmonics. 

As suggested above, a built in active 
bandpass filter is used to discard the un- 
wanted products from the detected 
baseband leaving only the desired l0-KHz 
intermodulation product and the 10-KHz 
linear term. This cross product is now dis- 
played as in Fig. 7. It differs from the 
theoretical slope plots of Figs. 4 and 5 in 

VERTICALLY 
EXPANDED 

.1V/cm 

150 kHz I. -- 

.5V/cm 

HORIZ - 50 kHzrcm 

FIG. 7 

that due to the l0-KHz modulation techni- 
que that produces it the display has both 
positive and negative excursions as opposed 
to the relatively constant positively oriented 
theoretical display. You can simply observe 
one half of the display, for example the top 
half and only consider the voltage variation 
of the signal peaks. 

The oscilloscope gain can be increased to 
permit a more accurate determination of the 
p/p expanded envelope variation in the top 
of the pattern to be able to use the relation- 
ship: 

(continued on page 96) 

The Ultimate in Ignition Systems! 

* ELIMINATES BREAKER POINTS. 
Perfect Timing and Dwell never change! 

* Eliminates Tune-ups. 
Never wears out or needs any Maintenance. 

* The Most Advanced 
"OPTO -ELECTRIC SYSTEM" 

The Allison Breakerless System eliminates the Points 

and Condenser, replacing them with an Opto -Electronic 
Trager, using a Light -Emitting Diode and Phototransistor. 
AL.o completely eliminates wiper -arm "friction" wear. 

The only "TRUE" Electronic Ignition ... that you can install 
for under $100. Gives 40 -times more Timing Accuracy 
lbw ANY system using mechanical Breaker -Points! 
Unlimited RPM. Smoother running .(No timing fluctuation 

as with Magnetic units). Unaffected by Temperature, 
M-ssture, or Vibration! All Solid -State Components. 
Easier Starting under any condition! Increased Horsepower. 

Sparkplugs last longer. Perfect timing increases engine 

Efficiency and Gas Mileage up to 30%! 

Quick and Easy Installation! * Tested and Proven reliability. 

Only $4995 SATISFACTION GUARANTEED! 

Complete. 1 -YEAR FACTORY WARRANTY. 

(State Make, Year, Engine Size). (Calif. Res. add Tax). 

CONVERT YOUR "C -D" UNIT TO BREAKERLESS! 

"TRIGGER -UNIT" ONLY $34.95 * Send Postcard for FREE BROCHURE Today. 

ALLISON AUTOMOTIVE CO. 

P.O. Box 881-L, TEMPLE CITY, CAL. 91780 

Circle 72 on reader service curd 

SAVE TIME & MONEY 
WITH-- - ° 

VEROBOARD 

KITS - 

This introduc- 
tory BK-6 kit 
will familiarize 
engineers, tech- 
nicians or exper- 
imenters with 
the unique Vero 
method of cir- 
cuit construc- 
tion, which elim 

inates the need for etching, drilling and tools. 
The BK-6 Kit consists of six Veroboards, 

two with a 0.2 x 0.2 matrix and four with 
a 0.156 x 0.1 matrix, both having a 0.052 
diameter hole. Price $5.95. 

VERO MODEL 
MC -10 Kit - In- 
tegiated circuit 
breading kit de 
signed for dual 
in line inte- 
grated circuits. 
Costains single 
sided 18" long 
board, plug in 
single and double sided Veroboard, plain 
glass board all pierced on .1" x.1" centers. 
Also includes connector, pins, tools and 
design sheet. Price $29.95. 

I- 

I- 

VERO ELECTRONICS INC. 
171 Bridge Road, Hauppauge, N.Y. 11787 

e 
Phone 516 234.0400 
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zee 7 -SEGMENT READOUT 
an...-.-. 12 -PIN DIP 

u Threedigits with right-hand decimal 
u Plugs into DIP sockets 
o Similar to (LITRONIX) D1337 
u Magnified digit approximately .1" 

7400 DIP 

o Cathode for each digit 7400 $ .25 

o Segments are parallel for multiple 74H00 .35 

7401 .20 operation 
- 10 MA per segment (.w.lwo Nw) 0 5 7402 .35 

EACH $3.00 4 (12 Digits) $11.00 
0 

.35 74H01740 

RCA 2010 
.30 

7404 .28 

Numitron Digital Display Tube, incan- 
740 

740 

.35 

6 .28 
descent 5 -volt 7 -segment: 7406 .70 
o .6" High numeral visible from 30 ft 74H05 .35 
o Standard 9 -pin base (solderable) 7408 .35 
o Left-hand decimal point 74H08 .35 
EACH $5.00 5 FOR $20.00 7410 .25 

7413 1.25 

CT 5 0 0 5 A single MOS chip with 7417 .40 

all the logic necessary for a 12 -digit 7420 .25 

four -function calculator with an ex- 74L20 .35 

tra storage register for constant or 74H20 .35 

memory applications. 74H22 .35 

.28 Lead DIL package. 7430 .25 

Standard 9 -pin base (solderable). 74H30 .35 

Left-hand decimal point. 74L30 .40 

COMPLETE W/DATA 514.95; DATA ONLY (Re- 7440 .25 

fundable with purchase of chip) 51.00 74H40 .35 

7441 1.25 

40 -PIN SINGLE CHIP 7442 1.20 

a Add, subtract, multiply, y, and divide 1 

7447 1.50 
7450 .25 

o 12 -Digit display and calculate 74H50 .35 
u Chain calculations 7451 .25 
o True credit balance sign output 74L51 .30 
o Automatic overflow indication 74H51 .35 
o Fixed decimal point at 0,2,3, or 4 7453 .20 
o Leading zero suppression 7454 .25 
DATA ONLY (refundable with 74L54 .35 

purchase of chip) $1.00 74L55 .35 
COMPLETE WITH DATA 59.95 7460 .20 

CD -2 COUNTER KIT 74721 .40 

Unit includes board, 7490, 7475, quad 
74L72 .50 

latch, 7447 seven -segment driver, and 7473 .60 

RCA DR2010. 
74173 .75 
7474 .65 

Y74ºo]y71l 
i e .. -._ 74H74 .80 

7475 1.40 
7476 .60 

COMPLETE KIT only 511.25; FULLY-ASSEM- 
74178 .80 

BLED $1 5 . 0 0; boards can be supplied 0 .65 

7480 1.00 
separately at $2.00 per digit. 

7489 4.00 

KEYBOARD ASSEMBLY 7492 1.292 

TRW Data Systems unit; 10 keys 0-9; 3 7493 1.15 

(or 4) 24V lamps; printed circuit 7494 1.15 
board w/14 154001 diodes, capacitors, 7495 1.15 

transistor, and resistors. All moun- 74L95 2.00 
ted in an attractive case approx. 41 74107 .70 

x 41/2 x 2y". These are used; no sche- 74121 1.25 
matic is available. EACH $6.95 74154 2.30 

LM703 
74180 1.25 

74193 1.50 

RF-IF amp epoxy TO -5. 74195 1.00 

EACH 5.45 TEN FOR $3.50 

LINEARS Power Supply 
5E540....52.00 747 1.00 

NE555.... 1.50 748 $1.00 S P EC I A L! 
NE560.... 3.25 CA3018 1.00 723 DIP vari- 
NE561.... 3.25 CA3026 1.00 able regulator chip 
NE565.... 3.25 CA3045 1.00 1-40V, + or - out- 
NE566.... 4.00 LM100 1.00 put @ 1 5 0 M A l0A 
NE567 Ll105 1.25 with external pass 
TO -5 3.00 LM302.... 1.25 transistor --With 
NE5558 1.00 LM308.... 2.00 diagrams for many 
709 .45 19311.... 1.75 applications. 
710 .75 LM370.... 2.00 EACH 51.00 
711 .40 LM703.... .45 

10 FOR... $8.95 
723 1.00 LM309H... 1.00 

741 .55 LM309K... 2.00 

LM1595 4 -quad. mult. 2.00 T R IAC 
256344 600V 88 TO- 

220 $ .75 LE D's a 

MV -50 Red Emitting 10-40 MA @ 

2V $.20; 10/51.25 C M OS 
1' 

100/510.00 
CD4002 $ .75 

MV5024 Red TO -18 High Dome @ 2V CD4001 .75 

5.35; 10/$2.95 74C20 .75 

MV -108 Visible Red 5-70MA @ 2V 74C160 3.25 

er--- 5.30; 10/$2.50 

CA3065 
MAN -3 Seven -segment readout: IF Amplifier-Limi- 

EACH ONLY $1.25 ter, FM Detector, 
TEN OR MORE, EACH 1.00 Electronic Attenu- 

MAN-1 LED Display 3.25 ator, Audio Driver 
MAN -4 Seven -segment DIP $2.75 all in ane DIP 5.75 

SEND F O R C.O.D. PHONE ORDERS 

FREE FLYER! 
ACCEPTED --510 MINIMUM 

All ICs new and fully -tested; leads plated with 

gold or solder. Orders for $5 or more are shipped 

prepaid; smaller Orders add 55t. California resi- 

dents add Sales Tax. ICs shipped within 24 hours. 
P. O. Box 41727 

Sacramento, CA IBRBYL_on 
ELECTROflICS 95841 

(916) 334-2161 

ar. e 
cenT: 
CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or ser- 
vices). $1.15 per word ... minimum 10 words. 
NONCOMMERCIAL RATE (for individuals who want to buy or sell personal items) 70c per word ... no 
minimum. 
FIRST WORD AND NAME set in bold caps at no extra charge. Additional bold face at 10c per word. 
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 to be in our hands on the 26th of the third month preceding the date of the issue (i.e. 
August issue closes May 26). When normal closing date falls on Saturday, Sunday or a holiday. issue 
closes on preceding working day. 

ELECTRONIC ENGINEERING 
& INSTRUCTION 

TV tuner repairs -Complete course details, 12 
repair tricks. Many plans. Two lessons, all for 
$2. Refundable. FRANK BOCEK, Box 3236 (En- 
terprise), Redding, Calif. 96001. 
ELECTRONICS training at home. FCC license, 
communications, electronics, satellite com- 
munications. Free catalog. GTI, 5540 Holly- 
wood Blvd., Los Angeles, Calif. 90028 
DEGREE Program in Electronics Engineering. 
Our 29th year! Free literature. COOK'S INSTI- 
TUTE, Dept. 14, Box 20345. Jackson, Miss. 
39209. 

BUSINESS OPPORTUNITIES 
START small, highly profitable electronic pro- 
duction in your basement. Investment, knowl- 
edge unnecessary. Postcard brings facts. 
BARTA-AH, Box 248, Walnut Creek, Calif. 
94597 

OWN YOUR OWN PICTURE 
TUBE REBUILDING BUSINESS 

With Lakeside Industries 
re -building equipment 
you can rebuild any pic- 
ture tube) 
For complete details 
send name, address. zip 
code to 
LAKESIDE INDUSTRIES 
3570 W. Fullerton Ave. 
Chicago. Ill. 60617 
Phone: 317.342-3399 

FREE Catalog y OF THE WORLD'S FINEST 
GOVERNMENT SURPLUS 
ELECTRONIC EQUIPMENT 

And BETTER Than Ever 
1 

1 

Name. 

I 

LG,h 
- 

_ _Slate _ _ 7,P - 
Mail Coupon for Your FREE Copy, Dept. RE 

FAIR RADIO SALES 
1016 E. E,UREICA Bp: 1105 LIMA, OHIO 45802. 

WANTED 
QUICK cash ... for electronic equipment, com- 
ponents, unused tubes. Send list now! BARRY, 
512 Broadway, New York, N.Y. 10012, 
212 WAlker 5-7000 

PLANS & KITS 
ELECTRONIC organ kits, keyboards and many 
components. Independent and divider tone 
generators. All diode keying. IC circuitry. Sup- 
plement your Artisan Organ. 351 for catalog. 
DEVTRONIX ORGAN PRODUCTS, Dept. B, 
5872 Amapola Dr., San Jose, Calif. 95129 
FREE catalog. Most unusual electronic kits 
available. Music accessories, surf, wind synthe- 
sizers, wind chimes, many others. PAIA ELEC- 
TRONICS, Box B14359, Oklahoma City, OK 
73114. 
CONVERT any television to sensitive, big - 
screen oscilloscope. Only minor changes re- 
quired. No electronic experience necessary. Il- 
lustrated plans $2.00.SANDERS, Dept. A-25, 
Box 92102, Houston, Tex. 77010 
WORLDS largest digital clock kit! Most com- 
plete line of digital clocks available. Free 
illustrated catalog. RELEX, 13777 N. Central 
Exp., Suite 416, Dallas Tex. 75231. 

TUBES 
RECEIVING & industrial tubes, transistors. All 
brands -biggest discounts. Technicians, hob- 
byists, experimenters -request free giant 
catalog and save! ZALYTRON, 469 Jericho 
Turnpike, Mineola, N.Y. 11501 

EDUCATION & INSTRUCTION 
SHORTCUT to success: Highly effective, prof- 
itable short courses. (75 courses). Study at 
home. Diploma awarded. Our 29th year! Free 
literature. CIEE-E, Box 20345, Jackson, Miss. 
39209. 

BUILD A -SPACE-AGE" TV CAMERA II 
ONLY KNOeN SOLID-STATE CAMERA IN III T FORM' 
Alw a.a,laNe 'Hum, o. e.bld Ideal I« 

ind..,n, 
9aaliM pdw.a`<^ bv< pdye«, .I Ir. lab d&Id i y Full. Ga«anwd 

1 

Crol«eN dl<mra,aed ° C;anra. re ag 
r .,6wr .d,ll<o,an Ea.r-w.lello. 
.mbly .I Medal xT-111,, 3«,e, D ir- 

L 
,eI«e d,T.idl<r $1a9.M1 PP mr.l,«. ,a USA S 

E«,da (I....Idkao ,abe 5114.93pp1 
Al,.. pa,i..ad plans alw a.anaN.. 

COX 

ae WRITE for cATALOG...DIAL /07997377/ 
ipyvax 453 -RE ATV Research DAKOTA CITY, NEBR. 69 31 

. 

t>t>t>1. 

Independent News Company, Inc. Is pleased to announce a Retail Display Plan available to all 
retailers Interested in earning a display allowance on Radio -Electronics magazine and who 
purchase the magazines from suppliers other than Independent News Co., Inc., or the publisher. 

To obtain details and a copy of the formal contract please write to Director, Retail Sales Division, 
Independent News Co., Inc., 75 Rockefeller Plaza, New York, N.Y. 10019. Under the display plan in 

consideration of your acceptance and fulfillment of the terms of formal contract to be sent to you 
upon your request you will receive a display allowance of 10% of the cover price per copy sold by you. 
This plan will become effective with all issues of Radio Electronics delivered to you subsequent to the 
date your written acceptance of the formal Independent News Co., Inc. Retail Agreement is received 
and accepted by our Company. 
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rok Paks 1gá in Onto & Calculator ComooeoIs! 
GIANT SALE ON LED'S 

LIGHT EMITTING DIODE GaAs INDICATORS 

B1.MV2. TO -18, dome. green, visible $1-00 
01-MV2, green small dome, green duff. lite 1,00 

2-MV2, clear small plastic dome, green dill. lite 1.00 
31 2-MV3, micro -mini 'pin head' dome. TO -18, green tits ...., 1.00 

2-MV3, visible. "coax pin pak". red, mini dome lens 1.00 
f] 1MV4.. stud. high power, red 2 -watts 3,95 

5 -MV 1OB, v aible red. mear dome lene TO -18 1.00 
5-M V 1OC, visible, red. diffused, dome lens, TO -18 1.00 

tj 5-MV50, acial leads, micro -mm, dome, clear, red, 'T -18 1.00 
1-MV52, micro -mini. axial green lene, green lice 1.00 
1-MV53, micro -mini, axial yellow lens, yellow lite 1.00 
S-MV54, micro -mini, axial leads, red lene, red lite 1.00 
5-1.1VSS, micro -mini, axial leads, red lens, red Ilse 1.00 
S-MVS012, red small dome lens, red lit.. TO -l8 1.00 
5-MVSO13, sm. dome, 2 hi red dome. soft red dill. lite, TO -18 1.00 
5.M V 8020 jumbo clear dome, visible, red, T0-18 1.00 
1-114V5040, 1 -LED red array, with 6 -lead pak 1.49 
5-MV5054, red jumbo dome lens. TO -18 red tile. upright ... 1.00 
5-MV5080, TO -18, micro -mini red dome, red lite 1.00 

0 SMV5080, TO -1N, micro -mini flat clear lens. red lita 1.00 
LJ 1-MV6094, red bi-Dolar, solid state lamp V to 110-115VAC-DC 1.98 

2-MV5222, green jumbo dome, green lita panel snap -in 1.00 
R2-MV5282, micro -mini, green lens TO -18, green lite 1.00 
2-MV5322, yellow jumbo .tome, yellow lice panel snap -in 1.00 
1-MV5491, Jumbo. Tel -Sta.. RED. GREEN, OF -F. special 1.49 

o 2-MT2, photo translator. ligh sensor. TO -I8 1.00 

COUPLERS 2- MCT2, 1503V isolation photo ....tor.: 1.00 
2-MCD2, 1800V lsolationshoto diode ., 1.00 

7 -SEGMENT LED Readouts 
(AU "LED" TYPES) 

Type 
MAN -1 
MAN -3 
MAN -4 

(bar 
.27 
.12 
.19 

Earh 
$3.75 

1.49 
2.50 

special 
3 for $9. 
3 for $3. 
3 for S6. 

REFLECTIVE BAR TYPES 
0707. 
1:1704 L]SLA1 
L]SLA-3 SLA11 
Ll SLA-21 

$9.99 
READOUT Char. Maker 

MAN.i .27 0. Monsanto 
MAN -4 ,19 b. Monsanto 
707 .33 0. Livonia. 
704 .33 h. Lltronln, 

O 510.15 .330. Oocos Pin -for -pin MAN -1. Pinfar-pin MAN -4, elec. char. same 

With 
spec sheets 

2.50 
2.50 
2.10 
4,99 
3.50 
3.95 

,33 
-33 
.33 
.70 
.33} 
.3311 

NANA 

704 
MAN. 707 

By Litronix. by Opoou, equal to 
MAN -I or MAN -4 specs. Color - RED. 

?Green. ft 'allow 

LED MITT DIGIT "DC M'S" ............ 
Scientific Devices "Digital Counting Modules" outper- 
form any other DCM on the market today. More fea- 
tures than ever before! Not gaseous, not Incandescent.. 
not nixie but the modern LED. Choose from such famous 

anufacturers as Moosanto' MAN -1, MAN -4. Litronica 
707 and 704, Opcon'a SLA-I (the last 4 having charac- 
ter heights of 0.33 at no extra charge). Each kit in- 
cludes 3x2" p.o board with linger. for n FREE edge 
connector. side -mounting dip socket. LED readout of 
your choice, resistors, 3 IC's. and Mole: connectors 
(this ELIMINATES SOLDERING YOUR IC's) sod 
booklet. INCLUDES P.C. EDGE CONNECTOR - FREE! 

4 

9 "MINI" DIGITS Only $6.95 
ON A SUBSTRATE 3 far $18 

Made by ANTEX No. DA1099. This Numurruy in u GAASP 
numeric LED DISPLAY designed for calculators, minia- 
ture equipment - It's the latent In calculator construc- 
tion. MEASURES ONLY: a/ x 23/n a 1/32" on a ceramic 
n batrate, Internally' multiplexed, providing 8 .110 
character digits each with its own decimal point and an 
extra -digit located in left hand position displaying a 
minus sign or overflow. All anode segments of each 
digit are connected in parallel reducing number of con- 
nections to 17 for u 9 -digit display, Each digit contains 
in own BUBBLE MAGNIFIER! MAX. SPECS: 80mw, 10 
mils per segment, 3 volts, brightness 126-ft.L. With 
spec $beet. 

"AEROSPACE" BABCOCK A LEACH 
All hermetically sealed. CRYSTAL CAN 
Submial, I/6. halt. a RELAYS 
fall crystal trees In Sorry, n. h,osine 
6.12-24V In 

can 
contact. 12 for or tree. 

no 
tecinrr mis 

up to 
SP Artrp saps ááió $3.50 wr" lf' 

G u :,oat spars, amps. 
41. si 0, 44. 1 e. 21. etc. minded. st tos prices. 

Cabinet i 
CHOOSE 
YOUR READOUT 

Type LED Ch 
12 O KR -101 MAN -3 

KR -103 MAN -4 .19 
O KR -105 707 

KR -106 7041 .33 
O KR -107 SLA-1t .33 

KR -10B Sax a SiA 1 but GREEN 

3 for $6. 
3 for $6. 
3 for 5. 
3 for $13. 
3 for $10. 
3 for $10. 

in, 

KRONOS WITH"TIME BASE 
NEW 

II -digits Troy sack FOR 
$39hay tiro -toa. 19741 

12or 
24 -hr 
clock 

9.* 

With TIME BASE $54.951 
"MAN" LED readouts "all LED." 

but the Litronix 707 and Opcoa SLA-1, 
like the MAN -1 a of the reflective 

segment technique, 
of 
t 704 Is he 

MANtoe reflective flecti e bar version 

add $12. Scientific Devices Introducen the new any LED iho nos 

digital clock. Thnt'e right, you can choose the ALL- 

Now two docks in one! LED" Man -1,t an-th 3. anddMan-4, and t enÍ oreew f dive 
For 12VDC' 110VAC! bar types 

Now adaptable to boats,$39. This is a Scientific Device first! We even hay, 

the GREEN LED readoutn at a .lightly extra cont. We 

planes A cars tool have more . for 319.96 we have available an an 

One price for any LED! ()) extra option to Naval Observatory your clock, or 

The only clock of Its making it an all-purpose all -duty unit. For Indoor and 

kind In USA today! utdoor actty Thin "TIME BASE" te 
simplest 

st 
Compare and see/ 

TIME 
FORRYS 

TAL 
ANY RRONOSE 

$19.95 
Includes precision 

crystal. 

time. '_o b e 
IC, pc board A 

acce'les wtth 

o the 
on the market today with the help of one a 

time bane manufacturers for the famous digital wrist 
tches. Therefore, current drain la negligible, col like 

other cumbersome types- It's easy to construct, easy. 

to slip Into the Kronor of your choice and d connect with 
easy instructions. Its overall design issimple and easy 

to construct. kit complete with famous black - 
and -white TaturesC cabinet, plea all accessories with 

WRIST WATCH Onl ° $19.95 
LIQUID CRYSTAL DISPLAY 

3-1/2 digit, 7 segment 
*Only 1-1/16 x 11/1$ x 1/4" 

See POPULAR ELECTRONICS (Jan., 1974) for building your own electronic digital wristwatch using the Liquid Crystal Display (LCD) as its basic_ Easy to see, 3y/ digit display, requires less than 1/1000 of power as LED'S. Visibility increaaes with ambient light. Difficult reading 
of display' NO NEED 

LED'S in light. 
TRANSISTOR-RESISTOR RE intNDS 

In 
er- face, as LED'S, thus smaller package. Chip contains holder, tiny connecting terminals, and "slide -in -place chrome spring face plate". Size of display in holder: 1-1/16 a I1/16 n t/4'. Operating freq. 32 hems, 45-microwatts of power. Operates from 1.5V hearing aid cell. Uses the new and latent C SIDS micro -circuitry, We include ropy of write up from PE magazine. 

II 

CIlcIlffiCoe;:. ; 0 
MAKE YOUR OWN 
CALCULATORS 
WITH OUR 
LOW PRICED 

6 & 8 DIGIT Yoar Choice 

POCKET $16.95 
CALCULATOR BASIC KITS 
BASIC KIT 21 - includes case, nil -function Flex Key 
Keyboard. Cal Tech CT5002 calculator chip, 9 -digit 
Antes LED divnlay with built -on Individual magnifiers, 
plus sheets. 
BASIC KIT p2 - name as Basic 01 except calculator 
chip is National 8 -digit MM5725, 
BASIC KIT 23 - n Basic 21 except mlleulaloi 
chip is National 6 -digit MM5736 and 75412, 

Anif.,/-E. L'(J`7.0.G. 
Yo.r Mice 
$2.50 

POLY PANS 

BLUE RIBBON 

policy 
INCLUDES 

20 -Years of Business 
INTEGRITY 

20 -Years of Money -Back 
GUARANTEES 

20 -Years of Economy! 
LOWEST PRICES! 

NOW! 48 -HR, SERVICE 

MUX'D DIGITAL CLOCK PC BOARD Each board properly muds. 
plexed for r digits, to old 
MAN -1's, MAN -3'a, MAN - 
4'n. Litrnnics 707 (MAN - 
I) and 704 (MAN -4). and 
Opros'a SLA-1 (,MAN -1). 
Board 6r4^ lone with raper 

tier char, same as MAN -I or 4. sheets 

0MAN-1 Libollca707 (MAN1i 
0 MAN -3 

MAN -a 
LIVo.ica 704 ;MAÑ1 

) O OPcu 5LY-1 
Q a-MaNla' Iw abere berd.56.00 

LOWEST PRICES ON NATIONAL 
"CALCULATOR CHIPS" 

O CT5001 12 -Digits, 40 Pin .. 56.50 3 Inc $18. 
CT5O02 9 -Volt version of 51)01 .. 8.50 3 for $24. 
CT5005 t 2 -Digits 

a 
28 -Pin 9,95 3 for $27, 

with 3 -function memory. 
MM5725 8 -Digits, 4-Funet. LED 4.95 3 for $18. 
MM5736 6 -Digits, 28 -Pin. 9V 5.95 3 for $12. 

PLASTIC 
VOLTAGE 

REGULATORS 
10-136 Patkags 

Bur 3 - Take 10, 
fl L-129 5V 600m.S2.1O 

L-130 12V SOOma 2,10 
L-131 1SV 450m. 2.10 

RADIOCSTEREO TAPE 
TRANSPORT 

4 
9.95 3 for $31 
8 -Traca tape transport 

with complete stereo play- 
back system less audio 
amplifier. Operates off 12 
VDC Wow S. flutter proof. 
Use 739 preamp & ready 
to Ro. Uses 8 -track tape. 
Wt. 3 -lbs. 

FIRST TIME ANYWHERE! 

SCRS! TRIACS! 
QUADRACS! 

SAME PRICE 
SALE! 

10 -Amp Power 
Tab Plastic 

50 

/ 
PRV 5.19 

.75 
100 $ ,95 / 
200 1.25 
300 1.50 

O 400 1.96 
500 2.25 
600 2.50 

booklets. Features Include 3 setting controls. - our 

111117"o°, 
r econd, 1 -minute per cond, and hold button. Exclusive Poly Pak Salo! 

KR300 serien is a Scientific Device exclusive) I 
Circle 83 on reader service curd 

Far RTTY SWITCHES Printed Cinalta ,Mid, by OAK (lluvi a note, O 0513$e For Unions "anal R1TY, too) dots syntenm. 1 SwltcMe to as u d in Keyboard 2 CE} 
Calculator, BPST, Normally 3. CL} 
C araet.esOpen. 

21V I snip contact*, -f 
ally changed e" nice. O s ±}w' glue top. Printed circuit. 

S. whit* eharaeten. White toe, black number, 713 ¡f 
Each switch made by Oak 

KEYBOARD 24V 1 SPSsnip normally open, 
24lud 1 amp c9 

(10ts- 
Kit in_ WITCH KITS cmaes ó -to -9 switches 

Kit oil? for white with black numérala), $3.95 decimal, white with black 
10 -Pc. kn. oto-9 only 2.50 fundotctions b 

and 
lue with 

CL andwhite' 
Mr.e tyw as aloe. characters, 

w 

S 

CALCULATOR 
NIPS 

ON A "DIP" 

Similar to Mostek 6001. 
Outperforms Texas 8 -digit 
TM1802. A 40 -pin DIP. 
Adds, multiplies, subtracts. 
and divides. Use with 7 - 
Segment readouts. Nixiea, 
and LED's. DATA SHEETS. 

POCKET CALCULATOR KEYBOARD I Mid 
For hand-held units, prop- erly multiplexed for chip CT -5001 2, 12 or Moatek $6.95 000© 
5010keen, 2. 18 leather -touch O D a O keys, by FLEX -KEY, 3 for $18, an CI 

OAK FEATHER -TOUCH 34 for $1 291 

CLOCK CHIPS es tow u WITH DATA SHEETS 
ON A ")IP" 8.88 
MMS311 6 -digit 28 -Pin $ 8.88 
M1A5312 4-dlgit 24 -Pin 8.88 
MM5313 6 -digit 28-Pln 8.88 
MM5314 6 -digit 24 -Pin L88 
MM5318 4 -digit 40 -Pin. Alarm 12.90 

1-MMSIla, DIGITAL ALARM CLOCK 
O FACTORY FALLOUT - 51.4 EA 

4 -FUNCTION -MEMORY 
"CALCULATOR KIT" 

Pocket type, the lowest ONLY 
price 4 -function memory $49.95 with all arithmetic. Com- 
plete with all parts. instruction booklet. 

Teems: add postage Rated: net 30 
Phone Orders: Wakefield, Mann. (617) 246-3829 
Retail: 16-18 Del Carmine St., Wakefield, Mass, 
(off Water Street) C.O.D.'S MAY BE PHONED 
ü 1S0 CATALOG on Fiber Optics, 'ICs', Semi's, Parts : 

POLY PAKS 
P,, BOX 9428, IELD,MASS, 01940 
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HIGHLY 
PROFITABLE ONE-MAN 
ELECTRONIC FACTORY 
Investment unnecessary, knowledge not 
required, sales handled by professionals. 
Ideal home business. Write today for facts! 
Postcard will do. Barta- BH Box 248, 
Walnut Creek, CA 94597. 

FOR SALE 
LEARN design techniques, Electronics 
Monthly Newsletter. Digital, linear construction 
projects, design theory and procedures. Sam- 
ple copy $1.00. VALLEY WEST, Box 2119-A, 
Sunnyvale, California 94087 
ELECTRONIC test instrument catalog - 160 il- 
lustrated pages list over 5000 new, used and 
reconditioned test instruments -600 manufac- 
turers. Send $2.50 refundable with first pur- 
chase. TUCKER ELECTRONICS, P.O.B. 1050R, 
Garland, Tex. 75040 

SLA-3 7 segment LED readouts 
.77" numbers. 45 Ma/seg., red 
or yellow $7.50 

MINIATURE TRIM POTS 
5K, 10K, 20K, 25K, 50K, 100K, 
$.75 3/52.00 

MULTI -TURN TRIM POTS 

Similar to Bourns 3010 style 
3/16" x Vs" x 11/4" 
50, 100, 500, 2000, 5000, 
10,000 and 20,000 ohms. 
$1.50 ea. 3/54.00 

PRINTED CIRCUIT BOARD 
41/2"x61/2" single sided fiber 
glass board, 1/16" thick, un - 
etc hed 
5.40 ea. 5/$1.75 

NIXIE TUBES 
Similar to Raytheon 8650 
tubes, with socket & data 
sheet $2.25 3/$6.00 

NSN 33 -3 DIGIT LED 
ARRAY, MAN -3 SIZE 1.121 
INTERNALLY MULTIPLEXED AND 
DRIVEN BY 7448 $1.95 EA. 

VERIPAX PC BOARD 
This board is a 1/16" single 
sided paper epoxy board, 
442"x642" (standard veripax), 
DRILLED and ETCHED which 
will hold up to 21 single 14 pin 
IC's or 8, 16 or LSI DIP IC's with 
busses for power supply con- 
nections. Is also etched for 22 
pin connector $5.25 

FLV 100 VISIBLE LED 
ME -4 IR LED 
MCD-2 OPTO-ISOL 
GREEN GAP OSL-16 LED 
RED GAP OSL-3 LED 
14 PIN DIP SOCKETS 

5.50 
$.50 
$.90 
$ 90 
5.60 
5 40 

TRANSISTOR SPECIALS 
2N256 PNP GE TO -3 $ .50 
2N404 PNP GE TO -5 
2N 1137B PNP GE TO -3 
2N 1016A NPN Si TO 82 
2N2226 NPN Si TO 82 
MPS3393 NPN Si TO -92 
2N3866 NPN Si TO -5 
2N2369 NPN Si TO -18 
2N3767 NPN Si TO -66 
2N2222 NPN Si TO -18 
2N3055 NPN Si TO -3 
2N5296 NPN Si TO -220 
2N6109 PNP Si TO -220 
2N4898 PNP Si TO -66 
MJ2252 NPN Si TO -66 
2N3638 PNP Si TO -5 
2N2218A NPN Si TO -5 

WHOLESALE, scanners, CB/SSB/AM, crystals, 
directories. Catalog 250 G -ENTERPRISES, Box 
461R, Clearfield, Utah 84015. 
RADIO & TV tubes 366 each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL, 4217-E University, San 
Diego, Calif. 92105 
SURPRISE! Build inexpensively, the most un- 
usual test instruments, futuristic gadgets using 
numerical readouts! Catalogue free! GBS, Box 
1006, Greenbank, W. Va., 24944 
SEMICONDUCTOR and parts catalog. J. & J. 
ELECTRONICS, Box 1437, Winnipeg, Mani- 
toba, Canada 
MANUALS for Govt. surplus radios, test sets, 
scopes. List 508 (coin). BOOKS, 7218 Roanne 
Drive, Washington, D. C. 20021 
TELETYPEWRITERS 8/or parts. Electronic 
testing equipment communications, counters, 
schematics, and many other diversified 
equipment manuals. List $1.75. MANUAL 
HANDLERS, Co B. Bayley, 31 Foreht Cres., 
Aurora, Ont, L4G 3E7, Canada 

C/MOS (DIODE CLAMPED) 
74C 02 $ 75 

4/$1.00 74C 10 $ 65 
$ .95 74C 157 $2.15 

$ 1 95 74C 165 $3.50 
$2.50 CD 4001 $ 65 

4151.00 CD 4002 $ 65 
$ .75 CD 4009 $1.50 

5/$1.00 CD 4010 $65 
$ .70 CD 4011 $ 65 

5/51.00 CD 4012 5 65 
$1.00 CD 4013 $1.60 
$ .50 CD 4016 $1.25 
$ .55 CD 4022 $2.25 
$ .60 CD 4023 5.65 
$ .90 CD 4025 $1.50 

5/$1.00 CD 4027 $1.35 
4/51.00 CD 4030 $ 65 

CAPACITORS 
6V 30 OF TANT. 5/$1 

20V 4.7UF TANT. 5/$1 
12V IOUF ELECT. 5/$1 

50V 1000F ELECT $.40 
25V 30UF ELECT 4/$1.00 

MAN -1, RED OR YELLOW 
LED READOUT $325 

MAN -3 LED 
READOUTS $1.75 

MAN -4 LED 
READOUTS 52.50 

Full Wave Bridges 

PRV 2A 6A 
200 .95 1.25 
400 1.15 1.50 
600 1.35 1.75 

10 WATT ZENERS 
3.9, 4.7 OR 5.6 V 5.75 EA 
.4 WATT ZENERS 
3.9, 5.6, 6.8 OR 12 V. $.30 EA 

Silicon Power Rectifiers 
PRV 111 3A 12A 50A 
100 .06 .11 .30 .80 
200 .07 .16 .35 1.15 
400 .09 .20 .50 1.40 
600 .11 .25 .70 1.80 
800 .15 .35 .90 2.20 
000 .20 .45 1.10 2.60 

REGULATED MODULAR 
POWER SUPPUES 

+-15VDC AT 100 ma, 115VAC 
INPUT $24.95 
5VDC AT 1A, 115VAC 
INPUT $19.95 

IN 4148 14/51.00 

1103 1024 bit RAM $6.25 
NEC 6003 2048 bit RAM $9.50 
1101 256 bit RAM $2.75 
8225 64 bit -write RAM $2.75 
8223 -PROGRAMMABLE 
ROM $6.25 

Conductive Elastometer low 
profile calculator keyboard. A 
21/4" x 31/4" x V2" flex key. 
19SK-6 keyboard having 0-9, ., 

x, +, _, K+C buttons with 
off, on switch. $6.00 

In. IC SERIES 
74L00- .50 7476- .52 
7400 .24 7480- .65 
7401- .24 7483 1.10 
7402- .24 7486- .48 
7403 .24 7489-3.00 
7404- .26 7490- .83 
7405- .26 7491-1.30 
7406 .43 7492- .85 
7407- .50 7493- .85 
7408 .27 7495- .99 
7410- .24 7496 .95 
7411- .30 8220-1.50 
7412- .45 8520-1.75 
7413 .85 74107- .50 
7416 .48 74121- .60 7417- .48 74123-1.00 7420- .24 74125-1.40 
7426 .30 74126-1.40 
7427- .55 74150-1.15 
7430- .24 74151- .95 
7432- .30 74153 1.10 
7437- .60 74154-1.65 
7438 .50 74157 1.25 
7440 .24 74163 1.60 
7441-1.15 74164-2.05 
7442 1.00 74165-2.05 
7445 1.15 74173 1.80 
7446-1.25 74176-1.80 
7448-1.30 74177-1.80 
7450- .24 74181-3.95 
7472- .40 74192-1.50 
7473 .48 74193-1.45 
7474- .48 74195-1.00 
7475- .80 75491-1.10 

5311 -CLOCK CHIP 6 DIGIT BCD 
HOLD COUNT, OUTPUT STROBE ..$8.51) 
5314 -CLOCK CHIP 6 DIGIT HOLD 

5316 --ALARM CLOp(OBE....f8.50 
CHIP $13.95 

Injection laser -a single diode 
6W, 25A Ga As unit similar to 
RCA 40859 $10.95 

SANKEN AUDIO POWER AMPS 
Si 1010 Y 10 WATTS ...5 7.95 
Si 1025E 25 WATTS ...$18.88 
Si 1050 E 50 WATTS ...529.95 

TIS 73 N FET $.50 
2N4891 UJT $ 50 
ER900 TRIGGER DIODES 4/51.00 

Terms: FOB Cambridge 
Mass. Send check or Money 
Order. Include Postage. 
Minimum Order $3.00 

Similar to 8038C IC Voltage con- 
trolled oscillator, as featured in 
Oct. 73 P.E. they have sine, square 
and triangular outputs good tc 
IMHz. Two of them can be used to 
make an FM generator...$5.95 

Send 20c for our catalog featuring Transistors and Rectifiers; 

SOLID STATE SALES 
P rl. Box 74D r 

SOMERVILLE,'MASS. 02143 TEL. (617) 547-4005 

LINEAR CIRCUITS 
LM 309K 5V 1A REGULATOR $1.80 
723 -40 +40V REGULATOR 5.75 
LM 300H REGULATOR POSITIVE $ 90 
LM 320 -5 or -15V REGULATOR ..$1.75 
LM 376 -V to 37V POS REG. 51.25 
741A or 741C OP. AMP f 47 
709C OPER AMP 5.47 
DUAL 709 DUAL OP AMP. 51.25 
101 OPER. AMP., HI PERFORM 

5s1.75 

LM 308 OPER. AMP., LOW POWER $1.15 
747 -DUAL 741 $ 85 
536-FET INPUT OPER. AMP. $2.90 
537 -PRECISION OP. AMP. 52.50 
LM 3900-0UAD OP. AMP. 5.75 
LM 324-OUAD 741 $2.20 
560 -PHASE LOCK LOOP $2.95 
561 -PHASE LOCK LOOP 52.95 
565 -PHASE LOCK LOOP $2.95 
567 -TONE DECODER $2.95 
703-RF-IF AMP $ 65 
LM 370-AGC SOUELCH AMP $1.15 
555-2 µs -2 HR. TIMER $1.20 
3822 -TRANSISTOR ARRAY 5.95 
LM 380-2W AUDIO AMP. $1.75 
LM 377-2W STERO AUDIO AMP $3.25 
LM 381 -STEREO PREAMP $1.75 
LM 382 -DUAL AUDIO PREAMP 51.95 
LM 311-111 PER. COMPARATOR 11.15 
LM 319 -DUAL HI SPEED COMP. 51.50 
LM 339 -QUAD COMPARATOR $1.95 

TRIACS SCR'S 

mr.igrin 
L!IwrT1 

- 0,0 itiErl_tñ4_2 6n 
[$r!r1161i. r frltrTr] 
325 Elm St., Cambridge, Mass. 

RELIABLE 

EAST COAST SEMICONDUCTOR 

PRODUCTS 

Minn 
fTrT 

FREE catalog. IC's, PUT's, transducers, ther- 
mocouples, LED's, transistors, circuit boards, 
parts. CHANEY'S, Box 15431, Lakewood, Colo. 
80215 
LOW noise resistors - 1/4W, 5%, carbon film 
from 10 to 3.3M ohms for 3.5t each. Fifty of one 
value for $1.25. Specifications upon request 
758 postage and handling charge. Deduct 10% 
on orders over $50.00. COMPONENTS 
CENTER -RE, Box 134, New York, N.Y. 10038. 
PRINTED circuits made - hobby, prototype. 
P.C. TECHNOLOGY, Box 919, Cupertino, Calif. 
95014 
JAPANESE transistors, wholesale prices, free 
catalog. WEST PACIFIC ELECTRONICS, Box 
25837,_ W. Los Angeles, Calif. 90025. 
SEMICONDUCTORS, components, unusual 
items, discount prices. Catalog 20$. 
SEABOARD INTERNATIONAL ELECTRONICS, 
Box 906, Clute, Tex. 77531 
TUNERS TV repaired uhf or vhf $9.75, combo 
$15.00. Malor parts extra. Ship postpaid lo: 
RAINBOW TV, 4158 Greeby St., Phila, Pa. 19135 
VOLTAGE analyzer $12.95. Prevent shorting 
transistors. Sample voltage with analyzer. Re- 
move test prod, read meter. Measures to 12 
volts. Guaranted. SAVCO, 236 South Feldner 
Road, Orange, Calif. 92668. 
NASA surplus computer boards, sample pack 
10/$275 postpaid including catalog, many with 
schematics, catalog 25. ORION ENGINEER- 
ING, Box 807, Springfield, Va. 22150 
CD4046 Phase -Locked -Loop with etched, drill- 
ed PC board. $12.00 ppd. or 2 for $19.00. 
PHASATRONIX, Box 2149, Station A, Cham- 
paign, III. 61820 

HYBRID touch-tone generator, MI -18913J 
$18.00. Matching Chomerics keyboard 
NER21624 $9.25. Full catalog 25t or free with 
order. KA ELECTRONIC SALES, Dept RE, 1220 
Majesty, Dallas, Tex. 75247 
LEARN digital electronics, 4 volume 443pp set 
Practical Applications of Digital Integrated Cir- 
cuits - $19.95. Theory plus experiments. GEA, 
INC., PO Box 285, Northfield, Ohio 44067 
JAPANESE new products monthly: $1.00. Re- 
fundable. DEERE, Box 9308, North Hollywood, 
Calif. 91609 
NEW Canadian Magazine, "Electronics Work- 
shop", $5.00 yearly, sample $1.00. ETHCO, Box 
741 "A", Montreal 
TWENTY disc, or 10 bar magnets, $1.00. 
MAGNETS, Box 192-E, Randallstown, Md. 
21133 

LASER diode, 6W GaAs: $10.25; 8038 waveform 
generator: $5.95; Intel 1103; $3.00; catalog 108. 
ELECTRONIC DISCOUNT SALES, 138 N. 81st 
St., Mesa, Ariz. 85207. 
DIGITAL electronics! Complete schematics, 
parts lists, theories -Discrete component digi- 
tal clock, $3.00. Increase technical compe- 
tence, hobby skills -Complete course in Digital 
Electronics is highly effective, $10.00. Free 
literature. DYNASIGN, Box 60R2, Wayland, 
Mass. 01778 

GIANT 126 page Canadian surplus catalog. 
$1.00. ETCO ELECTRONICS, Dept. RE, Box 
741, Montreal, Canada. 
CALCULATORS, pocket, repaired. $14.95, 
major Parts extra. Ship prepaid to: RAINBOW 
ELECTRONICS, 4158 Greeby St., Phila, Pa. 
19135. 

1,400,000 AMERICANS 
ARE CURED OF CANCER 

3AERICAN 
C&NCER.: 

SOCIETY 
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POLY PARS 

BLUE RIBBON 

policy 
INCLUDES 

211 -Years of Realms* 
INTEGRITY 

20 -Year of Money-eaek 
GUARANTEES 

20 -Years of E.owomy! 
LOWEST PRICES! 

NOW! 48 -HR. SERVICE 

"MEMORY 
r`j j9`"' LANE" My 4., 3 '-rah. 10% 

1101 256 Bit RAM MOS ... 32.60 16 -AMP PLASTIC 1103 1024 Bit RAM MOS .. 6-93 ,.POWER TAW. SCR S 
2313 Character Gen. ROM .. 12.50 ' O 
2516 Character Gen. ROM .. 12.50 7455 64 Bit RAM 6223 Programmable OM .. . 6.50 6225 64 bit re.d & write KAM2,95 MMS220Pre-Peogrnnmable 

ROM 2.95 Bit RAM .,..,.. 6.50 MMS2622048 Bit RAM . .... 9.95 

PRV S.1. 
so 5.75 

0 100 .95 
200 1.25 
300 51.50 
400 1.95 
500 2.50 ( 

Featuring solid state circuitry throughoyt. with printed 
circuit comitructio, lO watts "peak" Indio power per 
channeL Handsome walnut veneer Fain with ,chrome 
trim escutcheon. With proviesona for separate ea ttb- 
eon mounting items ...STEREO HEADPHONES, TREBLE. 
BASS. BALANCE. VOLUME controls- aeparate PHONO 
AND AUXIWART with separate OPF-ON POWER 
witelten. Chums size 111/2 a 3 a 2". Sepaeate re.r 

plate has right and left speaker phone tip. jack., with 
convenience 
1tory Input ,D fore using eamplif i tth tape decks. and 
other equipment Separate external cable. for stereo 
phono connections. 6 -ft. power cord, separate ON -OFF 
light indicator, and automatic turntable power plug 
with handsome set of knob.. Wt. 2 Iba. 16.95 

:if¡tI1IW . j 
'111!11.¡!!! 

et 'a 

_ 
HIGH POWER 

ISTOR 
WITH HEAT SINK 

O $1.49 afers. 

A Mr' t, 

1:4--c; Only 

20 -WATT 
STEREO 
AM -FM - 

MULTIPLEX 

il 
Soled State, PrI.t.d Circuitry WITH GLAS Sale N.M. DlelESCUTCHEON ' AR perpom. An Family Systems! ON 

The Mont unusual BI -FI terno buy of 1974 A unit that ham no many unique and different functions, makes it the Snare System of its kind at the usual Poly Pak econ- oomy price.. Feature.: built-in I'M mamma, record player k. o0 eparat panel. Another external panel conait. proviaiom for right" and "left" peak.r jacks, for external F71í ground, jack for connecting a tape record- er te radio tuner or phono of system to record. Lower input. for connecting tape deck that will play back thru the internal arnplifer for ayiateM.. Include. red indica- tor cm front panel for STEREO indicator. Another jack for plugging ion pair of stereo headphones 
liar the following control. on front panel. MONO - STEREO -AM -17d, MONO, FM STEREO, TAPE, muter control witch. LOUDNESS, BALANCE, TREBLE, BASS controls. with power ON -OFF rocker switch. Designed for allaudio-Mlle. to u o u wall unit in DEN FAMILY or ROOM or control nit by easy chair in family room. for those who iah to design their on- ce or modular yster , With 6 ft. 116 VAC cord and 
With Only 

13 7 s 3t/e. plus diagram. Shpo. wt. 3 the. 

MEW LowEST PRICES O 
ELECTRIC 3 -WATT 

AUDIO AMP 3 roe 54.00 
Deliver. 3.5 wats continuous to warts peak. with 
heat sinks; micro-mtnl sine: 2..../.../2". 9 to 30V nap - 
ply. 11í.h senritinitr. B to IS ohme. 

II e.I6 

20 -WATT STEREO AMP 

1 

Migr', Sep Watts SS. 
SANKEN HYBRID 0 

t4.ioioy 
to 

sto n. AUDIO POWER AMPS g SI-toaoL so 2O,. 
Used extensively an hi-fi gatema, tape decks, CH tun- 

reeord player., stereo components, mu.icall instru- 
ments. P -A., ate. All amplifier., Bat within l/ db from 
h. to 100,000. Irma unit properly newt-sinked, with 
heavy-duty connecting tie lug commotion.. Single - 
ended mahout] output. Power supply required 24VDC. 
Output to 8 ohm.. Order by Stock No. 

6O -WATT AM -FM -MULTIPLEX Same as above except amplifier heavy-duty stereo $59.95 60 watt unit. .359.95 

Removed om new equip - 
If 1 luden Popular 

2N174 d.orknnb' am'Y 
for TO -:I4. .rmnnium 
PM'. 150 wt,.. VCBO 

o $14.95 
D Same m item 21 except reject, parte may be miming, 

00V. 16 arms. 40 hie. For 
Ignition, high power tran.- 

itten, le. Mounted on 
neat mink 6 x 21/ e l Y ". 

anal I.p4n Dollar Stretchers 
2-2/45296 35 -WATT NPN PLASTIC TRANSISTORS, for NB -540 51. 
2 - 2126101 40.W07T PNP PLASTIC TRANSISTORS. for NE540 $1. 

10-1H02 GERMANIUM UHF diode, clip -In type. 1l. 
5-5CR. 7-AMp T0220, 6-12-24 pry, power tab 51. 
10-005 FETE, 3N187, 3N200, 312128, TO -18. /.lrckild 51. 
5-SCRS A TRIACA up to 25 amp., 6-12-24 pee. stud. too Si. 
2 - 2%5619, Texas, N channel, 6600 limbo 7V-í8 St. 
2 - 2%2644 UNIIUNCTIONS, plastic trauiaton. Texas 51. 
SO - SILICON, glass ratiMn, computer, axial lead. 51- 
50 - OIRMANIUM, itIan. reetifen. 'final, axial leadn $1. - 1 -AMP 1000 lie. epoxy subnnai, silicon rectifiers 51. 
30 - SOOMW axial 4. 6. 9, 10, 12V ~tillers $1. 
4 

' 
RS HOY, 40W pe silicon tr.nsi.ton, TO -3 51. 

30 -3 -AMP RECTIFIERS. nilleon, epoxy. sunned V..a{d .. $1. 
2-EPOKY 2 -AMP SILICON 6RIDCr RECT. 1000 V "comb, type" , 51. 

1 - PNOTO TRANSISTOR, with darl,ngton note filter. SI 
2 - PROVO TRANSISTORS, with darlinalon amp. 2%6777, GE. 51 -.PHOTO CELLS, Clain., pancake, 301.70 ohm. SI 

2 - FIT'S 2126457 N channel 5000 umber, TO -92 plastic 
10 - fast notch diode.. nilieon, 4 nem...cond. 
2 - AMP TRIAC 200 PRV TO -6 
40 - ITT MICRO MINI RECTIFIERS 
30 -.WORLD'S SMALLEST RECT. A 

ID 4 - 2154261 Hin,. tube driver transistor. 100V. non 51. 
2 - 6000 PIT 60 mil epoxy rctifiern, a.tu lead. 51 

O 10- BERME 25 WATT 'Pellet" power transistor, silicon St 4- 00 WATT. 2N14u, silicon. T03, 60 Veo. non Si 
1-2125036 HI-PWR purl. traas 100 oreo, 7 am 85 watts 51. - 2%52º HOBBY, 35 watt., plutie powers. NPN 51. 4-3114109 HORSY, 40 watts. plutie powers. PEP 51. 
S -PLASTIC 35W power, npn, ilepo, hobby 2N5121 Si. 
5 -PLASTIC 33W power., p.p. silicon. bobby 2N6124 51. 
2 -NOS PETS, N channel lOK some 3N128, TO -18. RCA 51. 
2 -NOS VETS, DUAL BATE. N Chan. 3N187, TO -18. RCA Si. 

' 2 -NOS FITS, DUAL BATE N chan..3N140, TO -18, RCA 51. 
4 -RCA 2143400 NPN UHF trataiafor., to -fm. 7O -IS. 1000me Si. 

i6J 3 - MPs -1000. Motorola MOS dual gate "The Claw".. 51. 

9 
1- 21111055=.1(0.01/ 16A, TO -3, trusntor Sl. it 

[Rsoo DD[A f 3CR. 7Yi 51. 
51. 
51. 

siueon porcelain to 1eV Si. 
oen, 1W, uaorted colt. Si. 

S2.50 

I.C. A LED HOBBY-ONICS ¡ 
O 4 -DUAL 709. dip oak. op amps, untested 10- RCA CA -3000 OP AMP» TO -15 cue. 
O - PHASE LOCK LOOPS. hobby 565. 300. 561' 

lo- u TO -S Ca.. 638. 140. 565. 567. 74111 
B 10 -LINEAR AMPS. 709. 710, 711, 741, TO -6 
<33 -1 -WATT AUDIO AMPLIFIERS. We.Uaghoo.e. TO -5 

5 - ROBBY MEMORY CELLS. 5117411. 9p to 16 -cell. DIP , 51, 
8 5-MOS REGISTERS, 501 to 5017. TO -6, Mlni-DIET 31. l0 -"C" NOS IC's, 74C and CD4000 Aerie.. DIP pak 51. 10 -MINI DIPS, OP AMPS '709. 741, 301. 307, hobby. 

10 -SIGNET= OP AMP. 531. 533, 636, 560. 655. DIP», TO -5 51. 
1 -5311-14 CLOCK ON A CHIP, 4 -or -6 digit, 24 -or -28 -pin 31. 
1 -CALCULATOR ON A CHIP, hobby, exp. 40 -pin, speea 51. 
1 -2516 CHARACTER GENERATORS, hobby, for MAN 2' 51. 

O 1. 2513 CHARACTER GENERATOR. Hobby ter MAN.2 Si. 
85 -IBM IC's with pc board, many Note.from computers 51. 
1 -AM RADIO.ON-A-CHIP, by Sprague. DIP. s test 'em Si. 
1 -DUAL 2 -WATT 'Stereo-A.np-On-A-Chip".falloutiSoraae, latent SI. 
1-OPCOA SLA-11o, like MAN -S, green. 1 -or -more seg.. gone, 61, 
1.OPCOA SLA-3/411, 0,7 Hume. readout, 1 -or -more neg. naiad -tag. SI. 
S -MONSANTO opto isolator, no teat, 1500V 51. 
10 -LED MOSSY SURPRIZE, t. types, factory reject., no ten Si. 
2-OPCOA SLA-10, MAN -1, red. 33e char... 1 -or -more gm gonS1. 
2 -MONSANTO MAN -4, .19" char.'. 1 -or -more seg. miming, red 51. 
5 -MONSANTO MAN.3, .12" charm. red. 1 or more neon miming. Si. 
2 -3 -DIGIT NATIONAL READOUTS. lone digit. good.. 51. 
10 -SPRAGUE DIPS, I4MEAR OP AMPS, 2111 ne.. 2120 acne. .51. l -MAN -3. "TIE CLAW, one dot M saing, 100% perfect 51, 2-MN5736 6 -Digit Calculator on a Chip, hobby 51, 

1D--FAIRCHILD-NATIONAL, 9000 Serien IC., dim., hobby Si. 

. $ .º1 
91 

1 19 
.41 

LM -308 H1 -O fat OS. op amp TO -S .. 1.19 
1.1111-309H ST Volt-R.6olater TO -S 1 19 
LM -309K 5V Veit -Reg. 1 Amp TO -3 .- 1.85 

O LM -310 Voltage -Follower TO -S 1,25 
LM -311 NI -part- Volt. Comp- (AI 119 
LM -319 HI -speed Dual Comp. DIP , 1.50 

Q LM -320 MINUS 5, 12 .e 24V V.R. TO -3 1.50 

NATIONAL BUY ANY 3 - TAKE 101E 

LINEAR OP AMPS 
o LM -300 POS V.R. (moor 723) TO -S 
D 1.51-301 HI-perform:me op amp IA) 

L33302 Voltage lollewer TO -5 
LM -305 Pm. olt an Rag iiimá 
LM -307 Sopor 741 op amp (Al 

LM -339 Quad Compruter. 01P 
LM -324 Ou.d (4-741's in DIP) 
LM -350 Dual peripheral driver 

LJ 
LM -370 AGC SDu.lob op amo. TO -5 . 

W-373 AM -FM 558 FAD. TO -5 
LM -374 AM -FM SS IVAD TO -S 
LM -377 Dual 2 -watt audio arm 

O LM -350 2 -watt audio amplifier TO -S 
LM -381 Low miss dual pre amp DIP 
LM -352 Low ..Ise dual pre amp DIP 

O LM -703 RF-Ir amp. TO -5 
Operational Operatil p11Kr (A) 

LM -710 DiMreotial ao,p1i/4r (A) 
LM -711 Dual DlNerential Amp (A) 
LM 723 Voltage Regulator (AI 
LM -725 In:Or-a nt Op Amp 
LM -733 OlMrentl.l Vid.. 1 
LM -741 Freq. Como. 709 (A) 
LM-741CV Mini DIP 741C 
1.311-747 Dual 741 (A) no 
LM -748 Fug. adiustabl 741C (A) . . , -44 [l LM -1303 Stereo or* amp DIP 
1.111-130e4 FM Stereo Moltleleaer 
LM -1307 FM Multi. Stec.. D.... l:1P 
LM -3028 DifenMial Rr/IF amo 1 60 
LM -3900 Quad "turret mirra" .me .95 
L115-4250Cgr -42SOC Pro...No op mol 250 
LM -75451 Dual eh.r.1 driver 44 
W-75453 Dual lober.I delver 44 
L11-78492 1N. digit drives, 250m., DIP 1 55 

(51 TO -5. Dip 
or mini Dip 

53/7400.. 20 fee 31. 5317404.. 20 far 51. 0 SN7413, . S for 31, 
5147441.. S for 31, S17442.. 5 fee SI. SN7444.. S fee 31. SN7445, . S for 31. SN7446. , 5 far 51. 
5117447., Sfee 51, 5347448.. 5 for 51, 5317472 l0 fee 51. 
S347473..10 for 51. HSN7474, .10 for 51, $117475 5 for 51. 

2-50 
2 50 

41 
1,1* 
350 
3 50 
300 .. 1.69 

SS 
36 
45 
38 
69 
95 
75 
41 
45 

95 
135 o 

uNEAR on Am 
1p K,_. 

.Yaen 4aar .crasr mfr 
531 HI slew rate op-.mp (TO -S) .... 52.50 0 532 Micro power 741 ITO-SI 2 50 
533 Micro power 709 (TO -5) 2.50 
S36 FET Input op amp (TO -S) 2.95 
SSO Prcisian 723 voltage reg. (DIP) 1.17 
SSS Timer 2 u Seconds to 1 -he, (Al . - 1.25 
556 S Times faster than 74íC 2.10 
308 Dual 741 (DIP) 1 00 
560 Plus. lock loop. (DIP) 2.95 

0 361 Please lock loops (DIP) 2.95 
562 Plus* lock loops (01P) 2 95 
565 Phase lock loops (A) 2.93 

Q 366 Function generator (TO -S1 295 
567 Ton. decoder 

A) 
2 93 

7020 N ame DC (TO -S) .49 o 704 TV sound IF yetem 1.50 
G 711C Dual 0113 comp (A) .33 

2 
723C Voltage nnustnr (Al .69 [ 741CV Fr.. c P 709 (Mint DIP).. .44 

Q 748C Freq. mil. 741C (A) .44 
753 Gain Block 1.75 

0 739.739 Duel stereo grump 1.98 
741-741 Dual 741C (TO -SI .89 
PA263 5 -Watt reltagn regulator 1 00 

1 00 
CA3O6S Video Audio system 1.00 
RC4195 Dual 15V Tucking V.R. ... 3.50 
4136 Quad 741's (DIP) 1.95 
RC -2666 Dual 555'n 2.25 

' 14/ TO -6 or DIP Buy any 3 - Take 10% 

ULN2300M Op amo wit» SCR 

EXPERIMENTAL 

558 
o 565 
O 567 o 392 
O 703 
O 709 
O 710 

711 
733 
733 
741 ar...dN.w OVER 1,O0O,oOO-pC INVENTORY 9r3 !)' Inflation _ Fi hting i - 

ECONOMY /G P Factory Marked Order by type number! Spec sheet. oe request 'OM.'E Type Salo 5117432 ,5686y 100 -Take20 7L s14740050.30 SN7437 .a3 
0 SN){71 .55 0 SN74108 .95 

SM7101 .30 S S117438 .55 IrI¡ SN7472 .50 SN74112 .95 SM7402 .30 0 SN7440 .10 U 
7473 .55 0 SN74113 ,93 SN7403 .30 S161µ1 SN7474 .53 SN74114 .95 0 51174047404 .36 0 SN7442 1 SO 5/471 7475 l.Ot 

0 
SN74121 -60 SN7403 .36 SM7413 1.50 76 .63 SM74123 .9S 5147474 .95 El 51274123 1.20 SN740 .45 O SN7444 1.30 O SN7407 .33 0 5.117445 1.50 

1:3 2.017410.65 51174125 .71 
51/17408 .36 5317444 1,60 

0 5127481 1.23 5N74125 ,71 5127410 .30 0 SN7447 1,43 
CI 51274Q .09 SN71140 1.26 5147411 .35 5127433 1.2s SN7446 1.30 D 1,15 

N 5147413 .95 0 S7450 .30 51174116.35 H SN74143 I.SS S12/47416 .35 5/4147451 .30 S719 3.50 5N74145 4,30 57420 .30 57453 .30 o S514749511745» 1.49 5/474160 1.51 0 5147421 .33 5117465 LI SN74s1 1.35 8 SN71161 1.23 SN7422 .35 5147462 .35 
[7) 7491 1.35 Q 5/474153 1.60 SN7426 ,SO y17444 .30 " 74º3 1.yS SN741S4 2.10 0 SN7426 .53 5/47465 S D 5147494 1.35 SN741gs 1.55 5447430 -- O $N749T. 1.33 0 53474136 1.45 5147494 1.35 SN74137 1.55 5M74100 1.63 0 51174158 1,55 53174107 .70 

. Oir. Perky.. 

o 
o o o 
o 
o o 
o 

Typ 
300 
301 
307 
308 
309K 
380 
381 
315 
SSS 

Sale 
3 for 51. 

10 foe 51. 
10 for SI. 

5 for Si. 
4 for 51, 
3 for 51. 
3 foe 51. 
5 for 51. 
4 foe 51. 

IC'S FOR EXPERIMENTERS 
Memory Back Gemraal 'metal Marked //5»//al $1.W 

l 5117490.. 5 /or 51, 53474107. 10 fee $1, S/474121,10 for 51. 5%74123. 10 for Si, 5/474150. 3 for 51. 
G 53174134. 5 for 51, S474151. 340.51. 

S/474192. Sbir SI. 
5/471193. S for 51, 
61474199. 3 for SA. 

^eels'.. faetaey-good, 
jute defect» Moe knew at Ibasa prig..: 

4 for 51. 
4 for 51. 
4 fee 51. 
S for 51. 
S ter Si. 

10 far 51. 
10 for 51. 
10 for 51. 

S for SI. 
5 for SI. 
S foe SI. 

SN74160 1.9a 
5%74141 1.75 
51174163 melt 
SN74164 2.95 
5//74168 2.10 
51274166 2.05 
51474173 2,50 
SN74175 3.20 
S1274176 2.10 
51274177 2-10 

O S3174160 1.20 
S1474181 3.95 
53474162 1.20 
5N74185 2.50 
S1174192 1.54 
51473193 1.95 
51274194 1.95 

O 51474196 2,60011 

53474195 1.25 
I, 

512741 97 2,50 
51274198 2,Ss 
5%74200 t,OS 

INTEGRATED CIRCUIT SOCKETS 
Aar Aar 

3814 -I.. DIP .....5.45 
Tar 047 301{ -PI.. 5íd. Me...t 1.00 

10 
16-P1e, DIP .... .SO Oros. or to Pot. .2º 

- 14-Pln, Win Wrap - - - 841. 
16 -Pia, Ulu Wrap ... 89c 

Term» add postage Rated: net 30 
PS.nn Order.: Wakefild, Mw. (6171 245-3829 Rt.»: 16-18 Del Carmine St., Wakefield. Morn. (of Water Street) C.O.D.'S MAY BE PIIONEO 

O 150 CATALOG on fiber Optics. 'ICs', Semi's. Parts 

POLY PAKS 
P,O.SO3.142R, IELD, MASS. 

Circle 143 on reader service card 
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LED 
-MV106 Visible red SPECIAL 5 for $1.00 
-MV50 type red emitting 6 for 1.00 
-MAN 3 type $1.45 ea. -3 or more 1.00 
-MAN 4 type .2.25 ea. -3 or more 2.00 

TTL 8000 SERIES 

7400-5 .23 7451- .27 74157- 1.55 8090-S .35 
7401- .23 7453- .27 74161- 1.65 8091- .55 
7402- .23 7454.- .40 74163- 2.50 8092- .55 
7403- .23 7470- .45 74164- 2.50 8093- .55 
7404- .25 7472- .41 74165- 2.50 8094- .55 
7405- .24 7473- .47 74166- 1.75 8095- .55 
7406- .50 7474- .47 74170- 3.00 8096- .55 
7407- .50 7475- .90 74173- 1.75 8097- .55 
7408- .25 7476- .47 74176- .85 8098- .55 
7409- .25 7480- .50 74177- .85 8121- .90 
7410- .23 7482- 1.75 74180- 1.05 8123- 1.60 
7411- .30 7483- 1.15 74181- 3.75 8130- 2.25 
7413- .89 7485- 1.10 74182- 1.00 8200- 2.70 
7416- .45 7486- .47 74190- 1.50 8210- 3.25 
7417- .45 7489- 3.00 74192- 1.50 8214- 1.60 
7418- .25 7490- 1.00 74193- 1.50 8220- 1.60 
7420- .23 7491- 1.15 74194.- 1.50 8280- .75 
7421- .27 7492- .95 74195- 1.05 8288- .90 
7423- .32 7493- .95 74199- 2.75 8520- 1.20 
7425- .27 7494- .97 8551- 1.75 
7426- .31 7495- .95 8554.- 2.70 
7427- .32 7496- .95 C/MOS 8570- 1.00 
7429- .40 74100- 1.50 CD 4001- .65 8600- .85 
7430- .33 74107- .47 CD 4002- .65 8810- .75 
7432- .26 74121- .55 CD 4009- 1.50 8812- 1.10 
7437- .45 74122- .47 CD 4010- .65 8820- 1.50 
7438- .50 74123- 1.05 CD 4011- .65 8822- 2.70 
7440- .23 74125- .60 CD 4012- .65 8830- .60 
7441- 1.10 74126- .90 CD 4013- 1.60 8831- 2.70 
7442- 1.05 74141- 1.15 CO 4016- 1.50 8832- 2.70 
7443- 1.10 74145- 1.15 CD 4023- .65 8836- .60 
7444- 1.15 74150-S .95 CD 4025- .65 8837- 1.50 
7445- 1.10 74151- 1.20 CD 4027- 1.35 8838- 1.50 
7446- 1.25 74153- 1.50 CD 4030- .65 8880- 1.35 
7447-51.25 74154- 1.20 
7448- 1.25 74155- 1.30 
7450- .25 74156- 1.30 

ALL DIP PACKAGES 
20d/o DISCOUNT FOR 100 PIECES COMBINED ORDER 

SPECIALS 
7401 5 for $1.00 MM500H $1.25 each 
7411 5 for $1.00 MM503H $1.25 each 
7440 5 for $1.00 MM504H $2.00 each 
7470 3 for $1.00 MM50611 $1.25 each 
7472 3 for $1.00 MM507H $1.25 each 
7486 3 for $1.00 MM5016H $1.75 each 
LM309K 5V lA regulator $1.25 each 
723 Regulator $ .50 each 
741 operational Amp $ .39 each 
LM 311 - comparators $1.00 each 
NE 565 Phase Locked Loop DIP OR TO -5 $2.00 each 
NE 566 Function Generator MINI DIP or TO -5 $2.00 each 
NE 567 Tone Decoder MINI DIP or TO -5 $2.00 each 

7489 64 bit RAM TTL $2.75 each 
8223 Programmable ROM $4.50 each 

IN 300 

1M301 

1M302 
1M305 
1M301 

1.41308 

LM309H 

LM309K 
LM311 
1.14380 

LM709 
LM711 
LM723 
1M739 
1.111741 

1M741 
11411458 

1M3900 
LM3905 
1M7524 
1.141525 

1M1535 
1.149601 

11415451 

LM15452 
11475453 

LINEAR 
Pos V Reg (super 723) 
HI performance AMPL 

Voltage Follower 
Positive Voltage Regulator 
Op AMP (super 141) 
Micro Power Op Amp 

5V Regulator 
5 V IA Regulator 
Hi per. Voltage Comparator 
2 Watt Audio AMPL 

Operational AMPL 
Dual Differential Comparator 
Voltage Regulator 
Dual Hi Performance Op AMP 

Comp. Op AMP 

Dual 741 Op AMP 

Dual Comp. Op. Amp 

Quad Amplifier 
Precision Timer 
Core Memory Sense AMPL 

Core Memory Sense AMPL 

Core Memory Sense AMPL 
Retnggerable One Shot 
Dual Peripheral Dnver 
Dual Penpheral Driver 
(114351) Dual 

TO -5 S .85 
TO -5 or MINI DIP 

TO -5 
TO -5 
TO -S or MINI -DIP 
10-5 or MIN -DIP 
To -5 
TO -3 
To -5 or MINI -DIP 
DIP 

TO -5 or DIP 

DIP 

DIP 

DIP 

10-5 or MINI -DIP 
TO -5 or DIP 

MINI -DIP 
DIP 
MINI -GIP 
DIP 1.15 

DIP .90 

DIP .90 
DIP 35 
MINI -DIP .49 
MINI -GIP .49 
MINI -DIP .65 

.85 
1.00 

.40 
1.15 

1.1s 
1.10 
1.15 
1.60 

.40 

.39 

.65 
1.15 

.55 

.90 

.65 

.65 

.9S 

Satisfaction guaranteed. All items are fully tested. 

$5.00 Minimum order. FIRST CLASS NAIL- NO EXTRA CHARGE 

California residents - add 6% sales tax. 
WHOLESALE OUTLETS - Write for special discounts: 

JAMES 
Electronics 

P.O. Box 822 BELMONT, CA. 94002 
(415) 592-8097 

EXPERIMENTER'S REGULATED 

POWER SUPPLY KIT BONANZA 

I.C. Voltage Regulated Load Regulation .1% 
Ripple (less than) .0005 Y Input 100-130 VAC 

60 Hz. 

5 Volt 1 Amp Regulated I.C. Supply Kit 
only $13.00 

5 Volt 6 Amp Regulated Kit with 4" GE 

Ammeter $37.50 

5 Volt 10 Amp Regulated Kit with Re- 

mote Sense $42.50 

DUAL ADJUSTABLE 5-20 VOLT 
1 AMP Regulated Supply Kit 
Provides TWO Independently Adjustable 5-20 
Volt Supplies with current limiting at 1 AMP. 
(Set one at +5V and the other at +12: or (-/- 
12V for OP AMPs) Complete kit including 723 
I.C. Regulators, Precision PC Boards, Trans- 
former, Heat Sink, Chassis, 10 -Turn Trimpots 
Pass Transistors, Etc. For Limited Time ONLY 
$19.50 

DUAL ADJUSTABLE 5-20 VOLT 1.5 
AMP LAB GRADE SUPPLY KIT 
Only $26.50 2/$50.00 

SATISFACTION GUARANTEED 

ELECTRONICS UNLIMITED INC. 

Box 91, OLNEY, MD. 20832. 
Circle 85 on reader service card 

L Ls: trLi, DIGITAL CROSSHATCH 

GIVES PROFFESSIONAL, ACCURATE COLOR T.V. 

CONVERGENCE. DIGITAL IC'S COUPLED WITH A 

CRYSTAL TIMEBASE OSCILLATOR PROVIDE SYNC 

FOR PRECISE HORIZONTAL & VERTICAL LINES 
ACCURATE 047 DOT OR CROSSHATCH PATTERN. A.0 POWER 

243146 IN.. WT. 2402. FITS IN TOOL KIT. 

COMES COMPLETE WITH ALL PARTS,CASE 

CRYSTAL AND GUIDE TO ASSEMBLY e. USE 

KIT 531.95 ABBEMBLED 
COMPLETELY 541.95 

:HIPPING PREPAID IN USA $ CANADA. NY STATE ADD 

PHOTOLUME CORP. 
118 E 2B St NEW VOriK,N.Y. 10018 

SALES TAO 

EXAM n 

F.C.C. MANUAL 
PASS FCC EXAMS, Memorize. study - Tests. 

Answers for FCC 1st and Ond class Radio. 

telephone licenses Newly revised munrple 
Mug. duestons and dragramscorer all areas 

tested in FCC e.ams pias Selt.Study Ab.lay 

Test $995 postpad Moneybag, guarantee 

COMMAND PRODUCTIONS P.O. B00 26348 - E 

RADIO ENGINEERING DIVISION SAN FRANCISCO. CALIF. 94126 

A NEW INSTRUMENT TO USE WITH YOUR SCOPE 

MULTITRACER 
Use watt, your present OscIlloscope to trace 
Resistors. Capacitors. transformers. Diodes. 
trans,stors, Zeners. Tngmtots. most Semacon. 
doctors. IC's. etc. Also shorn continuity. in. cirno o yolk 

gint 
and 

diagramsgrams and 'lnstgructo sssNo internal 
Complete 

Mope 
ecbons. For medium or small production 

r for hobbyist, erpenmenter, engineer, 
or am. 

ONLY $19.95 -CHECK OR MONEY ORDER 

WAY PAY MORE? 

BOX 14, LESCO ELECTRONICS. SKOKIE. ILL. 60076 

DIG IT A L:TH FOR Y, DESIGN , 

CONSTRUCTION 

LOGIC 
NEWSLETTER' 

SAMPLE COPY $ 1.00 
LOGIC NEWSLETTER 
POB 252 
WALDWICK,N.J. 07463 

SOUND TECHNOLOGY 1000A 
(continued from page 9/) 

Peak IM Distortion = 
p/p pattern variation 

X 100% 
average p/p pattern height 

Total harmonic distortion is estimated 
within ± 25% by dividing the I N1 distortion 
figure by 5. The lost positive or negative 
slope sign information is not significant 
since the slope sign depends on the inver- 
sions within the receiver and the connec- 
tions to the receiver and test equipment. 

With the dual -sweep method, linearity is 

measured directly and as we have shown 
MODEL 1000A 

O 
0 0 0 
O ® o 
O 0000 

o 

o 

o 
RF 

(1)O VERT 

variations in the flatness of the curve rep- 
resents distortion since the important cross 
modulation pattern is really being displayed. 
The method displays the distortion over the 
entire detector bandwidth dramatically 
pointing out critical tuning by sharp peaks or 
nulls on the dual sweep display. 

Detector alignment proceeds using the 
setup of Fig. 8. The detector transformer 
primary is tuned for best flatness of the 
slope curve over a 250-KHz bandwidth. The 
transformer secondary is tuned to zero the 
receiver's tuning meter. It is also possible 
for the experienced technician involved in 

equipment design to see trends such as odd 
or the more common even order distortion 
by exam ping the display pattern. R -E 

RG 58/U 
(5051) 

RCVRLHORIZ 
MODEL 

100 

0 OSCILLOSCOPE 

VERTICAL 
O 00 

MATCHING 
TRANSFORMER 

EXT 
HORIZONTAL 

DRIVE 

J 

30052 
TWIN LEAD 

TAPE RECORDER 
OUTPUT 

3002 
ANTENNA 

RECEIVER FIG. 8 

Circle 86 on reader service card 
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INTERNATIONAL ELECTRONICS UNLIMITED 
I)I(rI, AI I.I I(.t\ 1 L I) CIRCUITS 

7400 .25 7447 1.45 74141 1.25 
7401 .25 7448 1.50 74145 1.25 
7402 .25 7450 .29 74150 1.25 
7403 .25 7451 .32 74151 1.05 
7404 .29 7452 .32 74153 1.45 
7405 .27 7453 .32 74154 1.75 
7406 .55 7454 .45 74155 1.35 
7407 .53 7460 .30 74156 1.50 
7408 .29 7464 .45 74157 1.50 
7409 .29 7465 .45 74161 1.65 
7410 .25 7472 .45 74163 1.80 
7411 .35 7473 .55 74164 2.95 
7413 .95 7474 .55 74165 2.95 
7415 .50 7475 .95 74166 1.95 
7416 .50 7476 .55 74173 1.95 
7417 .50 7483 1.25 74175 1.95 
7420 .25 7486 .55 74176 .95 
7422 .32 7489 3.25 74177 .95 
7423 .37 7490 1.25 74180 1.15 
7425 .39 7491 1.40 74181 4.25 
7426 .35 7492 1.05 74182 1.10 
7427 .39 7493 1.05 74185 2.50 
7430 .25 7494 1.10 74190 1.65 
7432 .30 7495 1.05 74191 1.65 
7437 .50 7496 1.05 74192 1.65 
7438 .55 74100 1.65 74193 1.65 
7440 .25 74105 .55 74194 1.65 
7441 1.25 74107 .55 74195 1.15 
7442 1.15 74121 .65 74196 1.35 
7443 1.25 74122 .55 74197 1.15 
7444 1.30 74123 1.15 74198 2.50 
7445 1.25 74125 .69 74199 2.50 
7446 1.45 74126 .95 

LOW POWER TTL 
74100 .40 741.51 .40 74190 1.75 
741.02 .40 74155 .60 74191 1.50 
74103 .41) 74171 .60 74193 1.75 
74104 .40 74172 .60 741_95 1.73 
74L06 .40 V4173 .80 741.164 2.95 
74110 .40 74174 .80 741165 2.95 
74120 .40 74178 .80 74198 2.95 
74130 .40 741.85 1.25 
741,42 1.75 74186 .95 

HIGH SPEED TTL 
74H00 .37 74H21 .37 74H55 .45 
74H01 .37 74H22 .37 74H60 .45 
74H04 .37 74H30 .37 74H61 .45 
74H08 .37 74H40 .37 74H62 .45 
74H10 .37 74H50 .37 74H72 .60 
74H11 .37 74H52 .37 741-174 .70 
74H20 .37 74H53 .45 74H76 .70 

8000 SERIES TTL 
8091 .69 8214 1.95 8810 .95 
8092 .69 8220 1.95 8811 .75 
8093 .69 8230 2.95 8812 1.25 
8094 .69 8301 1.25 8822 2.95 
8095 1.55 8309 1.05 8830 2.95 
8121 1.05 8312 1.05 8831 2.95 
8123 1.75 8520 1.45 8836 .69 
8130 2,50 8551 1.95 8830 1.50 
8200 2.95 8552 2.95 
8210 3.95 8554 2.95 

CMOS 

74C00 .85 74C74 1.50 74C162 3.25 
74CO2 .85 74C76 1.70 74C163 3.25 
74C04 .95 74C107 1.50 74C164 3.50 
74C08 .95 74C151 2.90 74C173 2.90 
74C10 .85 74C154 3.50 74C192 3.25 
74C20 .85 74C157 2.25 74C195 3.00 
74C42 2.15 74C160 3.30 80C97 1.50 
74C73 1.70 74C161 3.25 

411011 MERIES RCA-E(QUIVAIENT- 

CD4001 .65 CD4013 1.50 CD4025 .65 
CD4002 .65 CD4016 1.50 CD4027 1.35 
CD4009 1.00 CD4017 2.95 CD4030 .65 
CD4010 .65 C04019 1.35 CD4035 2.85 
CD4011 .65 CD4022 2.75 
CD4012 .65 CD4023 .65 

1FMORIFN 

1101 256 bit RAM MOS 2.50 
1103 1024 bit RAM MOS 7.95 
5260 1024 bit RAM Low Power 7.95 
7489 64 bit RAM TTL 3.25 
8223 Programmable ROM 6.95 

AUGUST SPECIALS 
TTL 
7400 Quid 2 input NAND gate 5.22 ea. 
7404 He: inverter .25 ea. 
7410 Triple 3 input NAND gate .22 ea. 
7420 Dull 4 input NAND gate .22 ea. 
7438 Quid 2 input NAND buffer O,C. .35 ea. 
7440 Dull 4 input buffer .22 ea. 
7445 BCD-to-decml decoder/driv. O.C. .89 ea. 
7453 Expandable AND -OR INVERT gale .25 ea. 
7460 Dual 4 input expander .20 ea. 

74123 Rebig. monostable multivib w/clr .89 ea. 
LED DISPLAYS 
MAN 2 type .32" Red Alpha Numeric 5.95 ea. 
MAN 7 type .27" Red 7 Segment 1,95 ea. 

5001 151 Calculator Chip (40 pint 
With data - 

CALCULATOR CHIPS 

5001 LSI 140 -Pint Add. subtr., mult. 6 div. 12 -dip. 
Data supplied with chip 56.95 ea. 
Data only - Refundable with purchase 1.00 

5002 (SI similar to 5001 exc. des. for battery 
operated Data supplied with chip 8.95 ea. - Dala only - Refundable with purchase 1.00 

5005 151128 Inn) Full 4 tuno. mem. 12 -dig. displ. 6 
Cale. 7 seg. mltplx. outp. Data suppl. w 'chip 10.95 ea. 
Data only - Refundable with purchase 1.00 

MM5736 18 Pin, 6 -dig., add, subir., mull.. div. 4.95 ea 

DIG11A1 ( IOCIx ( HIPS" 

MM 5311 28pin any readout 6 -dig. BCD 
wr-h spec. sheet 11.95 ea. 

MM 5312 249in any readout 4 digit 1pps Dutpul BO with spec. sheer 8.95 ea. 

MM 5313 28 -pin any readout 6 digit Ipps 8D with spec. sheet 10.95 ea. 

MM 5314 24 -pin LED -Incandescent readout 
6-eigil with spec. sheet 10.95 ea. 

MM 5316 40 -pin norm. alarm set snooze alarm -timer 
12 x 24 -hr. operar. with spec. sheet 15.95 ea. 

IED'c 
MVIOB 
MV50 
MV5020 
74,4E4 

unible red TO 18 
A-ial leads mlcromini dome .25 ea 
lu ribo clear dome visible red .35 ea 
In ra red (Invisible) dill. dome 

.25 ea. 
5/1.00 
3/1.00 
.60 ea. 

DISPLAYS 
MANI 'Type red, 7 segment .270 3.95 ea 
MAN3M 'ype red 7 seg .127" 1.75 ea 4/4.85 
MAN( ype red, 7 sea .190" 2.35 ea 4/ 7.95 
MANS -ype gm. 7 seg..270" 4.75 ea 4/15.75 
MAN 7 -ype (SLA1), red 7 seg 2.50 ea 4/ 7.95 
MAN8 'ype yet. 7 seg. .270" 5.50 ea 4/18.95 
01707 Type (MAN 1Repl.) 3.50 ea 4/13.00 

OPTO ISOLATORS 

MCA 2-3(' 
MCD 2 

MCT 2 

Darlington 
Diodes 

Transistor 

.95 ea 

1.95 ea. 
1.45 ea. 

PI1AtiE IOCKEI) IOOPS 
560 Phase locked Loop DIP 
561 Phase Locked Loop DIP 
562 Phase Locked Loop DIP 
565 Phase Locked Loop DIP 
566 Function Generator MINI -DIP 
567 Tone Generator MINI -DIP 

E 
U INTERNATIONAL ELECTRONICS UNLIMITED 

P.O. BOX 1708 MONTEREY, CALIF. 93940 USA 

it 
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2.95 ea 
2.95 ea 
2.95 ea 
2.95 ea 
2.95 ea 
2.95 ea 

LINEAR 
324 Quad op amp (4-741's) DIP 
351 Dual peripheral driver mDIP 
380 2 watt audio amp DIP 
565 Phase locked loop DIP 
390( Quad amp DIP 

51.89 ea. 

.39 ea. 

1.49 ea. 

2.49 ea. 

.65 ea. 

822_ Programmable ROM TTL DIP 5.95 ea. 

803E Voltage controlled oscillator - 

sine -square -triangle output DIP 5.95 ea. 

MCD2 Opto isolator - diode 
MC12 Opto isolator - transistor 

1.19 ea. 

.89 ea. 

add, subtract, multiply & divide 
53.95 ea. 

1 UNEAR )NTEGRATED CIRCUITS 

300 Pos V Reg (super 7231 TO -S 5 .9S ea 
301 Hi performance AMP MINI -DIP, TO -I .45 ea 
302 Voltage Follower TO -S .95 ea 
304 Negative Voltage Regis'. TO -S 1.25 ea 
305 Positive Voltage Regid. TO -5 1.25 ea 
307 Op AMP (super 7411 MINI -DIP, TO -S 45 ea 
308 Micro Power Op Amp MINI -DIP 1.25 ea 
309H 5 V Regulator TO -S 1.25 ea 
309K 5 V IA Regulator TO -3 1.95 ea 
310 Voltage Follwer Op Amp TO -S 1.45 ea 
311 He pert. Volt. Companr. MINI -DIP, TO -S 1.25 ea 
319 HI -Speed Dual Compartr. DIP 1.65 ea 
320 -S.2 V Neg. Regulator TO -3 1.95 ea 
320 -15 V Neg. Regulator TO -3 1.95 ea 
324 Quad Op Amp DIP 2.25 ea 
339 Quad Comparator DIP 2.50 ea 
340T Pos. Volt. Reg. 

(6V8V-12V-15V-18V-24V) TO -220 2.25 ea 
370 AGC/Squelch AMPL TO -S or DIP 1.65 ea 
372 AF -IF Strip -detector DIP .85 ea 
373 AM/FM/SSB Strip DIP 3.60 ea 
376 Pos. Volt. Regulator MINI -DIP .65 ea 
377 2W Stereo amp DIP 2.75 ea 
380 2 Watt Audio amp DIP 1.75 ea 
380-8 .6W Audio amp MINI -DIP 1.75 ea 
381 Low -Noise Dual Pre -Amp DIP 2.25 ea 
382 Low -Noise Dual Pre -Amp DIP 2.25 ea 
550 Prec. Voltage Regulator DIP .95 ea 
555 Timer MINI -DIP 1.25 ea 
703 RF-IF Amp MINI -DIP .59 ea 
709 Operational AMP( TO -5 or DIP .45 ea 
711 Dual Different. Compar. DIP .39 ea 
723 Voltage Regulator DIP .75 ea 
739 Dual Hi Perf. Op AMP DIP 1.25 ea 
741 Comp. Op AMP MINI -DIP, TO -S .45 ea 
747 Dual 741 Op Amp TO -S or DIP .95 ea 
748 Freq. Adj. 741 MINI -DIP .45 ea 
1303 Stereo Pre -Amp DIP .95 ea 
1304 FM Mulpx Stereo Demod DIP 1.50 ea 
1307 FM Mulpx Stereo Demod DIP .95 ea 
1458 Dual Corn. Op. Amp. MINI -DIP 
LH21 tl Dual LM 211 Voll. Comp. DIP 
3065 TV -FM Sound System DIP 
3075 IM Det.-LMTR 6 Audio 

PreAmp DIP .85 ea 
3900 Quad Amphlier DIP .75 ea 
3905 Precision Timer DIP .75 ea 
7524 Core Mem Sense AMP( DIP 1.95 ea 
7515 Core Mem Sense AMP( DIP .95 ea 
7534 Cgire Mem Sense Amp' DIP 2.7$ ea 
7535 re Mem Sense Amp DIP 1.25 ea 
8038 Function Generator DIP 8.95 ea 
9601 Retriggerable One -Shot DIP .95 ea 
75451 Dual Peripheral Driver MINI -DIP ,49 ea 
75452 Dual Peripheral Driver MINI -DIP .49 ea 
75453 13511 Dual Periph. Driver MINI -DIP .69ea 
75491 Quad. sea, driver for 

LED readout DIP 1.60 ea 
75492 Hex digit driver DIP 1.75 ea 
Pleas. specify which data sheets are required with order. 
Add -.50 per dala sheet for items priced less than 51.00 
each. 

MASTER CHARGE AND 

1161 
IANKAMERICARD ACCEPTED S 

IV MAIL OR PHONE 

nom .. ... ..»r w 
14m.. .. ,. dna41in 

.75 ea 
2.95 ea 

.75 ea 

ON ORDERS OVER $25.00 DEDUCT 10% 
All items ore new, unused surplus parrs --tested functional. Satisfaction is 
guaranteed. Shipment will be made via first class mail - postage paid - in U.S., Canada and Mexico within three days from receipt of order. 
Minimum order - 55.00. California residents add sales tax. 



DIGI-KEY CORPORATION ADVERTISING INDEX 

Quality Electronic Components 

MINIATURE ALUMINUM 
ELECTROLYTIC CAPACITORS - AXIAL LEAD TYPE - 

Temp range: 40C plus e5C Tolerant. -10 plus 50% (groat.. 
than 4.7 UFD) -10 plus 75% (4.7 UFD or l.ss1 

100 100. 
Vst.e I 10.90' 240' V.Iw I 1090' 240' 

1 UFD/50V 14c 12c 1 l 100 UFD/16V ... 19( lSc 14c 
2.2 UFD/50V . 141 12c llc 100 UFD/25V ... 24c 1& 17c 

3.3 UFD/35V 14c 12c llc 220 UFD/16V .. 24c 1& 17c 
4.7 UFD/35V . . 14c 12c l lc 220 UFD/25V . . . 35c 25c 24( 
10 UFD/16V. . 14c 12c 11c 330 UFD/16V ... 35c 25c 24c 
10 UFD/25V 14( 12c l lc 330 UFD/25V . . . 44c 35c 32c 
22 UFD/16V. . . 14c 12c 11c 470 UFD/16V . . . 37c 30c 27c 
22 UFD/25V. . . 15c 13c 12c 470 UFD/25V . . . 49c 39c 35c 
33 UFD/16V 15c 12c llc 1000 UFD/16V ..49c 39c 35c 
33 UFD/25V 17c 13c 12c 1000 UFD/25V .. 75c 60( 55c 
47 UFD/16V 17c 14c 13c 2200 UFD/16V .. 75c 60c S5c 
47 UFD/25V 19( 15c 14c 

10 pos. per capacitance value 

WW1 
DIGITAL TTL 

100- 100- 100. 
999' .1.99 999' 1.99 999 

7400N .. 32c 28c 

74019 .. 32c 28c 

7402N .. 32c 28c 
7403N .. 32c 28c 
7404N .. 35c 31c 
7405N .. 35c 31c 

740614 ..52c 46c 

7407N .. 52c 46c 

74089..36c 32c 

7409N . . 36c 32c 
7410N . . 32c 28c 
7411N .. 35c 31c 
7413N . . 63c 56c 

7416N .. SOc 44c 

74179 . . SOc 44c 

74189..35c 31c 
74209..32c 28( 
7423N .. 75( 67c 
7426N . . 3& 32c 
743011 . . 32c 28c 

7437N...51c 46c 

74389 .. Slc 46c 
74409..32c 28c 

7441N.51.45 51.27 
744214. 51.20 51.07 
7445N.51.62 51.44 

7446/4.51.30 51.10 74969. 51.20 51.07 
74479. 51.30 51.10 74107N . 55c SOc 

744814. 51.35 51.15 74121N . 70c 60c 
745014 .. 32c 28c 7412214 . 72c 62c 
7451N .. 32c 28c 741239 51.11 99c 
7453N. . .32c 28c 741419 51.61 51.43 
74549 .. 32c 28c 741 509 51.56 51.39 
74599 .. 32c 28( 74151N 51.20 51.07 
746014 .. 32c 28c 741539 51.58 51.40 
74709 .. 36c 32c 74154N 52.25 52.00 
7472N .. 40c 35c 741559 51.46 51.29 
7473N .. 52c 45c 741569 51.17 51.04 
74749 .. 52c 45c 741579 51.56 51.39 
7475N .. 85c 72c 741589 51.56 51.39 
7476N .. 60c SSc 741609 51.95 51.74 
74806 .. 74c 65c 741619 51.95 51.74 
74829. 51.02 91c 741629 51.95 51.74 
7483N. 51.58 51.40 74163N 51.95 51.74 
74869 .. 60( 550 741649 51.95 51.74 
7489N. 54.50 54.00 741659 52.48 52.20 
74909 .. 85c 72c 741669 52.03 51.80 
749161. 51.37 51.22 7418014 51.20 51.07 
7492N .. 85c 72c 741819 53.38 53.00 
7493N .. 85c 72c 741829 51.17 $1.04 
7494N. 51.20 51.07 74192N 51.80 51.60 
7495N.51.20 51.07 74193951.80 51.60 

741989 52.78 52.47 
74199N 52.78 52.47 

Any Quantity per Item (TTL only) Mined 

LINEAR INTEGRATED CIRCUITS 

NE555V 51.00 10/5 9.50 723COIP .... 51.15 10/510.80 
NE565A 53.57 10/530.00 741CV 50c 10/54.75 100/545.00 
NES67V 53.57 10/530.00 747CA 51.10 10/510.50 
N5558V 95c 10/5 9.00 748CV 60c 10/5 5.50 
709CV 44c 10/5 4.10 Quantity Discounts Available 

1 AMP SILICON RECTIFIERS 

IN4002 100 PIV 9/51.00 100/5 8.00 1000/562.00 
19 4005 600 PIV 8/51.00 100/S 9.00 1000/570.00 
194007 1000 PIV 6/51.00 100/511.00 1000/588.00 

DISPLAY DEVICES 

DATALIT-707 $3.50 3/S 9.00 
KIT (04141(T-707, 7447, 7475, 7490 plus Resistors)SS.75 3/517.00 
0414111-704 52.00 10/517.50 
KIT (DATALIT-704, 7448, 7475,7490 plus Resistors). 55.00 3/514.00 
LED ((4-P No. 5082-4487) 35c 4/51.00 100/122.75 

1/2 & '/. WATT CARBON COMP. 
RESISTORS 

S each of the 85 stordard 10% values (2.2.22M) 'h W Resistors 
(425 pcs.) Sorted by value 512/set 2-4 are 511/set 5.9 ore 510/set. 

5 each of the 70 standard 10% values (10-5.6M) '1/ W Resistors 
(350 pcs.) Sorted by volue 512/set 2-4 ore 511/set 5-9 are 510/set. 

Hra.u,re. ol.o nraindde indirith,ally. it other usonmenr. 
Lu f hits? pea. per roll.. Ve' R' are Lot molded 

1111L11-1 II'.p.rifi ty.. .. 

IC SOCKETS 
8 Pin DIP Solder 35c 10/S 3.00 8 Pin DIP WW 35c 

14 Pin DIP Solder 45c 10/5 4.30 14 Pin DIP WW 50c 
16 Pin DIP Solder 50c 10/5 4.75 16 Pin DIP WW 60c 
24 Pin DIP Solder 51.25 10/511.00 24 Pin DIP WW $1.25 

10/S 3.00 
10/5 4.75 
10/5 5.50 
10/511.00 

SLIDE SWITCH 
Standard 4 amp UL listed DPDT 25c 10/52.00 100/515.03 

VECTORBOARDS AND VECTORPINS 
Board .1"x.l" hole spacing 17"x4.5"xl/16" 54.25 ea. 
Pins No. 1-42-1 100/51.80 1000/511.70 

SILICON SIGNAL & SWITCHING 
DIODE 

1(44148 12/51 100/57 1000/550.00 

TRANSISTORS 

293638 20c 10/51.65 2936386 22c 

293641 21c 10/51.70 293643 23( 
295133 18c 10/51.60 2145134 18c 

295137 lac 10/S1.60 295138 1 & 
295139 18c 10/51.60 293055 51.50 

10/51.80 
10/$2.00 
10/51.60 
10/51.60 
10/513 

A,n,In66. in .-L.K a.t ,rill be theme popular rvp.m: 

2N3903, 2113904, 2143905, 2113906, 2144400, 294401, 294402, 
204403, 294264, 2144265, 2N3563, 293565, 2145129, MP5A13, 
215457 and more. 

Litronix 1100 Calculator 

Nvsoi\ 8 digit display 
Selectable 2 or 4 

decimal plan 

Batteries Included 

6 Month Warranty 

PRICE 0 ® 
'29.95 0 

Postpaid USA & Canada - 

Send for Free Catalog or Mail Readers 
Service Card 

COD ORDERS ACCEPTED FOR SAME DAY SHIPMENT 
CALL 218.681-6674 

Orden less than $10.00 odd 50c Service Charge -Others Postpaid 

DIGI-KEY CORPORATION 
P.O. Box 126 Thief River Fails, MN 56701 

'Only ()main, 4.' l nix Sold - 110 Rejects. 
If cl,roodod, ne-tested. Dart- keel or J,,,,6 Sold 
Here!" 

RADIO -ELECTRONICS does not as- 
sume responsibility for any 
which may appear in the 
below. 

errors 
index 

READER SERVICE CARD NO. PAGE 

72 Allison Automotive 91 
61 Audio Amateur 80 

Bell & Howell Schools 76-79 
16 B&K Division of Dynascan Corp. 28 
70 Brooks Radio & TV Corp. 89 

76 Castle TV Tuner Service, Inc. Cover IV 
17 CIE, Cleveland Institute of Electronics 36-39 
67 Color Tube Center 86 

CRE1. Division of the McGraw-Hill 
Continuing Education Center 18-21 

7 Crown International 22 

74 Data Precision Corp 90 
10 Delta Products. Inc. 23 
22 Digital Concepts 7t 

20 Edlie Electronics 68 
75 Edmund Scientific Co. 100 
69 EICO. Electronic Instrument Inc. 88 

EMC, Electronic Measurement Corp 86 
II Enterprise Development Corp. 24 
66 Extended Digital Concepts 81 

23 Fordham Radio Supply Co. 72 

68 GC Electronics 87 
I General Electric Co. 7 
30 Grantham School of Electronics 75 

GTE Sylvania Electronic 
Components 2.67.69.71.73 

100 Heath Co. Cover 111 

13 Indiana Home Study Institute 26 
8 International Crystal Mfg. Co. 16 

65 Jensen fool & Alloy 81 
15 Jerrold Electronics 27 

64 Leader 81 

Mallory Distributor Products Co. 5 
McNeal Electric & Equipment Co. 67 

27 M ITS. \I icro-I nstrumentat ion Telemetry 
Systems, Inc. 73 

5 Motorola Semiconductor Products 17 

25 Mountain West Alarm Supply Co. 72 

62 National Camera Co. 80 
NationalTechnic: l Schools 54-57 
NRI (raining 8 -II 

14 P IA Electronics 
6 I'TS Electronics Cover II 

26 

3.4 Sam. & Co.. I toward W. 1.15 
19 Sehober Organ 67 
18 Southwest Technical Products 66 
12 Sprague Products Corp. 25 

Sylvania Technical School 
Home Study Division 82-85 

24 Technical Documentation 72 
9 Telematic 14 

26 Tri-Star 72 

21 United Teletronic Parts Corp 69 

73 \ ero Electronics 91 
Vintage Radio 91 

63 Wahl Clipper Corp. 80 
28 Wall-l.enk \Ifg. Co. 74 
2.71 Winegard Co 13.90 

ADVERTISING INDEX 
MARKET CENTER 

READER SERVICE CART) NO. 

77 Ancrona Corp. 
ATV Research Corp 92 

78 Babylon Electronics 92 
Baila 94 
Command Productions 96 

79 Delta Electronics 99 
80 Digi-Key 

Fair Radio Sales 
Gregory Electronics Corp 

81 International Electronics Unlimited 97 
86 James Electronics 96 

Lakeside Industries 92 
Lesco Electronics 96 
Logic Newsletter 96 

82 vleshna Electronics. John Jr. 99 
Photolumc Corp. 96 

83 Polypaks 9395 
Solid State Sales 94 

99 

98 
92 
99 

98 Circle 80 on reader service card 



GREGORY ELECTRONICS 
The FM Used 

Equipment People. 
Sand for Now Catal'oq 

r' WE WANT TO BUY 

MOTOROLA 
D43GGV-3100, 

150 to 
170 MHz, 

6/12 volt,30 watts, front 
mount with "private 
line", fully narrow band 

'88 

. . your used FM Gen- 
eral Electric, R.C.A. and 
Motorola 2 -way radios, 
base stations and remote 
units. 

CALL US TODAY! 

GENERAL 
ELECTRIC 
MT42, 
450-470 MHz, 

12 volt, 15 watts, 
transistor power supply. 
In 17" case, multi-freq. 
deck, wide band, less 
ovens, w/accessories 

°88 
GREGORY, ELECTRONICS CORPS 

251 Rt. 46, Saddle Brook, N. J. 07662 
Phone: (201) 489-9000 

CALCULATOR KIT 
Kit Contains NORTEC calculator chip 
4024, 21 driver transistors, 8 LED's, 
7 segment readout by EXITON, 3 LED 
for overflow, low btry, over -range, a 
keyboard by FLEX KEY. All this $45 
value for only. . . .$16.50 2 for $27 

BASIC CLOCK KIT 
We furnish clock chip CT 7001 and 4 
first line LED readouts .3 inch hgt. 
You furnish the misc. minor parts. 
A $35 value for. . . .$19.95 

LIQUID CRYSTAL WATCH 

Build a wrist watch or desk clock with 
this liquid crystal display. Recently 
written up in several magazines. Dis- 
play with special socket reads hours 
and minutes. ...$15 2 for $25 

UNDERWATER LISTENING 
Brand new by OLIN. Use it fora swim 
pool monitor -alarm, use it on lake or 
ocean listening to underwater noises, 
fish, etc. Complete with hydrophone, 
50 ft mike cable, speaker -amplifier 
console. Operates from 115 volts AC 
or 15 volt dry cells. 12 lbs $25 

First 3 items airmail postpaid. Last 
item plus shipping. 

MESHNA 
PO Box 62, E. LYNN, MASS 01904 

4000AE 
4001AE 
4002 A E 
4004AE 
4006AE 
4007AE 
4008AE 
4009AE 
4010AE 
4011AE 
4012AE 
4013A E 
401 4A E 
4016AE 
4017AE 
4013AE 
4019AE 
4020AE 
4021AE 
4022AE 
402 3A E 
4024AE 
4025AE 
4026AE 
4027AE 
4028AE 
4029AE 
4030AE 
4035AE 
4037AE 
4040AE 

$0.70 
0.70 
0.70 
5.90 
3.90 
0.70 
3.60 
1.65 
1.65 
0.70 
0.70 
1.60 
4.25 
1.60 
4.20 
3.20 
1.90 
4.25 
3.80 
3.80 
0.70 
2.30 
0.70 
9.90 
2.50 
3.65 
6.30 
1.60 
4.20 
3.05 
4.70 

as OPTO 
readouts 

4041AE 
4042 AE 
4043AE 
4044AE 
4048AE 
4049ÁE 
4050AE 
4051AE 
4056AE 
4060AE 

TYPE 
1 N 4001 
1 N 4002 
1 N 4003 
1N4004 
1N4005 
1N4036 
1N4007 

3.35 
3.35 
3.35 
3.35 
1.50 
1.50 
1.50 
3.60 
3.65 
5.17 

MV50 $ 0.40 
SLA1 2.00 
SLA3 6.25 
SLA4 6.25 
SLA7 1.50 
SLA8 1.60 

0.30 ea. 
1.85 
5.40 
5.40 
1.30 
1.40 

Rectifiers 
10 

$ 1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 

100 
7.00 
8.00 
9.00 

10.00 
11.00 
12.00 
13.00 

1000 
60.00 
70.00 
80.00 
90.00 

100.00 
110.00 
120.00 

Linear IC's 
LM555CM MINIDIP $.97 ea. 
LM741CM MINIDIP $.55 ea. 
LM305H $1.15 ea. 
LM567CN $2.25 ea. 

HYBRIboEIAMPLIFIERS 
Power 
S SI -1010Y 
SI -1025E 
SI -1050E 

Instant 
Delivery 

Top 
Quality 

Fully 
Guar- 
anteed 

RMS IHF Price 
10W 
25W 

25W 
65W 

$ 6.40 
18.00 

- MINIMUM 
ORDER: 

50W 120W 25.40 y $10.00 
,f,+llllylr 

SEND CHECK OR M.O. (NO C.O.D.) TO: 

.: . .. : 
P.O. BOX 2208, CULVER CITY, CA. 90230 

Circle 77 on reader service cord 

DON'T 
MISS 

IT 

40 
COSMOS 

IC 
Projects 

STARTS 
NEXT 

MONTH 
IN 

R -E 

COMPUTER DATA INPUT KEYBOARD 

^ weary:rrfá 42 keys, plus shift and 
space keys. 8 bit bin- 111411 eel.. 111 

ary code, with built In 

.)?t- 
TTL decoder. Alpha 

....numeric and computer 
symbals. Brand new in . - factory cartons. Mfgd. 

-_ :---- --__,,,a,;,.,- -- by Micro -Switch (Honey- 
="-- '- well). 13"x5 1/4'. 

Complete with all data sheets. 
STOCK NO.J5199 $47.50 ea. 2/90.00 

HIGH POWER AMPLIFIER TRANSFORMER 

E 

'.4, 

We have had 
former capable of supplying 

requests 
ithe 
or 

apower 
for amplifiers and other equipment up 

', ' to 250 watts. Until now we have not . been able to meet this requirement. We 
now have a vailable a transformer with 
the following outputs: 64 volts, 6 A.,ct. 

+. 18 volts 8 A. ct., 32 volts 6 A. and d 400 Vo. .15 A. 
Any combination of windings can be used up to a total drain 
of 450 watts. This transformer was originalydesigned for use 
in a large computer system, and is of the highest possible 
quality. 4"x451"x351'. 10 lbs. 
STOCK NO.J9905 $11.95 ea. 2/22.00 5/50.00 

BURROUGHS SELF SCAN PANEL DISPLAY 
( - = Designed for numeric applications 

up to 16 characters. Display is 
ci_ i made up of neon matrix. Operates 

. in scanning mode, from left to 
right, one column at a time. Elect- 

_ - ronics in interior of bezel, is LSI 
chip and TTL ICs. 

Current distributor price Burroughs SSD0000-0010, $135.00 
STOCK NO.J5180 $62.50 

MINIMUM 
edition of 

A 
our 

DELTAyNELECTRONICS 

ORDER 
catalog 

Bo... 

$5.00. 
now 

L. 

Include 
available. 

MASSACHUSETTS 

postage, excess 

01903 

refunded. New 

CO. 
Phone (617) 388-4705 

Circle 82 on reader service card Circle 79 on reader service card 99 



LIVE IN THE WORLD OF TOMORROW...TODAY! 

A BETTER LIFE 
STARTS HERE 

1111111 Ilia Nam --- 
NEW! KIRLIAN PHOTOGRAPHY KIT! 

Experiment in the fascinating new 
field of "Kirlian" electrophoto- 
graphy - images obtained on film 
without camera or lens by direct 
recording of electric charge trans- 
mitted by animate & inaminate ob- 
jects. Each "aura" differs - ani- 
mate aura said to change corres- 
ponding to physical changes. Kit 
incls portable darkroom, double 
transformer isolated from power 
source; instrs. 
Stock No. 71,938EH $49.95 Ppd. 

"HIGH VOLTAGE PHOTOGRAPHY" by H.S. Dakin 
No. 9129EH. (60 -PG. PPBK BK.) 10110 

web ma 
ON -TIME BIOFEEDBACK MONITOR ' 

t 

r y iil:itl)bt'..::s_ 

New-measures & records % of tng. 
time spent producing alpha/theta! 
Electronic scoring device to observe 
exact degree of progress in alpha -theta 
prod'n. for greater relaxation, concen- 
tration. Deluxe sensitive instrument 

' ,Vi gives reliable audio & visual feedback 
of alpha/theta brainwaves. Tracking 
time (0-20 min.) of alpha or theta 
rhythm generated is switch -controlled. 
Other innovative features incl. 

artifact inhibitor (no muscle interference). 12 lb. 
1652EH . . . (15x10x6") $349.50 Ppd. 

3 -CHANNEL COLOR ORGAN KIT 
Easy to build low-cost kit needs no technical 
knowledge. Completed unit has 3 bands of audio 
frequencies to modulate 3 independent strings 
of colored lamps (i.e. "lows" -reds, "middles" 
greens, "highs" -blues. Just connect hi-fi, 
radio, power lamp etc. & plug ea. lamp string 
into own channel (max. 300w ea.). Kit features 
3 neon indicators, color intensity controls, con 
trolled individ SCR circuits; isolation trans- 
former; custom plastic housing; instr. 

Stock No. 41,831EH $17.50 Ppd. 

MAIL COUPON FOR 

GIANT FREE 
CATALOG! 

164 PAGES MORE THAN 
4,500 UNUSUAL BARGAINS! 

Completely new '75 Catalog. Packed with huge selec- 
tion of telescopes, microscopes, binoculars, magnets, 
magnifiers, prisms, photo components, ecology and 
Unique Lighting items, parts, kits, accessories - many 
hard -to -get surplus bargains. 100's of charts, illus- 
trations. For hobbyists, experimenters, schools, in- 
dustry. 
EDMUND SCIENTIFIC CO. 
300 Edscorp Building, Barrington, N. J. 08007 

Please rush Free Giant Catalog "EH " 

Name 

Address 

City 

State 

loo 

_Zip 

I 

I 

I 
I 

I 

I 

I 

I 

I 

(And our FREE CATALOG is packed with exciting and 
unusual ecological & physical science items-plus 
4,500 finds for fun, study or profit . for every mem- 
ber of the family.) 

mum. 
GET A CHARGE` 

FROM THE SUN! 
Our 12V Solar Battery Charger, like 
those used aboard satellites but rede- 
signed for broad usage, allows direct 
conversion of light -to -electricity. 
Compact panel put on a boat can au- 
tomatically charge its 12V battery over 
entire daylite period: no power drain at 
nite. Use it anywhere a trickle charge 
is needed (trans. radios, etc.). Terrific 
value, it comprises thirty 1/2V silicon 
solar cells in series w/ a diode. Cap.: 

4 30 Watt-hrs. a wk., approx. 
igaltock No. 71,971EH 5 Ppd. 

11111.11 
muzum I 

PRO ELECTRONIC SOUND CATCHER 
Parabolic mike w/ 18-3/4" reflecting 
shield & 2 I.C.'s in amplifier mag 
nifies signals 100X that of omni- 
directional mikes. Catch a songbird. 
1/2 mile off; QB's huddle strategy; r!^,, 
sounds never before heard. Super ia.-' 
directivity gives highest signal to 
noise ratio poss. Safe: auto. cuts off ' 

ear damaging noises. Earphones," 
tape recorder output, tripod socket. 
Req. two 9v trans. batt. (not incl). 
No. 1649EH .. (5-1/2 LB) 
BIG EAR "TOY" MODEL #80, 176EH 

$299.00 Ppd. 
$26.50 Ppd. - 1111111 

111.1 
12v WIND-POWEREDGENERATOR Ilk 

Cheapest continuous source of 

yelectricity 
available! Attach to 

% 12v truck batt. (not incl) and get 
free electricity from the 

41 
wind. Needs only 7 mph 

wind - 15 amps output in 23 mph 
wind; double the watthour out- 
put of ordinary radio chargers. Per- 
fect remote area and alternate 
energy source. Big 6' propeller 

(Albers Air -Foil princ.) turns 200w generator; governor pre- 
vents overcharging/action. Price includes packing & ship- 

.. ping. 
No 19,189EH . (10'-145 LB.) $425.00 Ppd. 

COMPLETE & MAIL WITH CHECK OR M.O. 
EDMUND SCIENTIFIC CO. 
300 Edscorp Building, Barrington, N.J. 08007 

How Many Stock No. Description Price Each Total 

PLEASE SEND O GIANT FREE CATALOG " E H " 

30 DAY 
MONEY -BACK 

GUARANTEE 
YOU MUST BE SATIbFIED 
OR RETURN ANY PUR- 

CHASE IN 30 DAYS 
FOR FULL REFUND 

MERCHANDISE TOTAL $ 

ADD HANDLING CHARGE-$1.00 
UNDER $5.00; 500 ON ORDERS 

I enclose l7 check 

ON ORDERS 
OVER $5.00 

TOTAL $ 

[j money order for $ 

NAME 

ADDRESS 

CITY STATE 71P 

J 
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The 
editors' 
choice: 

Heathkit 
Digital Design Color TVI 

At ELEMENTARY ELECTRONICS they 
said: "The fact is, today's Heathkit 
GR-2000 is the color TV the rest of 

the industry will be making tomorrow 
...there is no other TV available at any 

price which incorporates what Heath has built into their 
latest color TV." 

The FAMILY HANDYMAN reviewer put it this way: "The 
picture quality of the GR-2000 is flawless, 
natural tints, excellent definition, and pic- 
tures are steady as a rock. It's better 
than any this writer has ever seen." 

POPULAR SCIENCE pointed out "more 
linear IC's, improved vertical sweep, 
regulators that prevent power sL pply 
shorts, and an industry first: the per- 
manently tuned I.F. filter." 

The RADIO -ELECTRONICS editors said 
the Heathkit Digital Design TV has "features 
that are not to be found in any other production color TV 
being sold in the U.S.: 

"On -screen electronic digital channel readout... num- 
bers appear each time you switch channels or touch the 
RECALL button ... On -screen electronic digital clock... 
an optional low cost feature... will display in 12- or 24 - 

hour format... Silent all -electronic tuning. It's done with 
uhf and vhf varactor diode tuners... Touch -to -tune, re - 

programmable, digital channel selection ...up to 16 
channels, uhf or vhf ... in whatever order you wish ... 
there's no need to ever tune to an unused channel. LC IF 
amplifier with fixed ten -section LC IF bandpass filter in 

the I= strip... eliminates the need for critically adjusted 
traps for eliminating adjacent -channel and in -channel 
carrier beats. Mc IF alignment is needed ever. Touch 
volume control...whei the remote control is used... 
touch switches raise or lower the volume it small steps." 

n POPULAR ELECTRONICS took a look 
at the 25 -in. (diagonal) picture and 

said it "can only be described as su- 
perb. The Black (Negative) Matrix CRT, 

the tuner and IF strip, and the video 
amplifier provide a picture equal to 

that of many studio monitors ... " 

To sum up, POPULAR ELECTRONICS 
concluded its study by stating, "In our 

view, the color TV of the future is here- 
and Heath's GR-2000 is it!" 

Why not see what the experts have seen? The Heathkit 
Digital Design Color TV-without question the most re- 
markable TV available today. 

Mail order price for cl-assis and tube, 
$659.95. Remote Control, $89.95, 
mail order. Clock, $29.95 mail order. I 

Cabinets start al $139.95. (Retail 
prices slightly higher). 

Send for your FREE '74 Heathkñt Catalog-world's largest selection of electronic kits 

HEATHKIT ELECTRONIC CENTERS 
Units of Schlumberger Products Corporation 

Retail prices slightly higher. 
ARIZ.: Phoenix; CALIF.: Anaheim, El Cerrito, Los Angeles, Po- 
mona, Redwood City, San Diego (La Mesa), Woodland Hills; 
COLO.: Denver; CONN.: Hartford (Avon); FLA.: Miami (Hia- 
leah), Tampa; GA.: Atlanta; ILL.: Chicago, Downers Grove; 
IND.: Indianapolis; KANSAS: Kansas City (Mission); KY.: 
Louisville; LA.: New Orleans (Kenner); MD.: Baltimore, Rock- 
ville; MASS.: Boston (Wellesley); MICH.: Detroit; MINN.: Min- 
neapolis (Hopkins); MO.: St. Louis; NEB.: Omaha; N.J.: Fair 
Lawn; N.Y.: Buffalo (Amherst), New York City, Jericho, L.I., 
Rochester, White Plains; OHIO: Cincinnati (Woodlawn), Cleve- 
land, Columbus; PA.: Philadelphia, Pittsburgh; R.I.: Providence 
(Warwick); TEXAS: Dallas, Houston; WASH.: Seattle; WIS.: 
Milwaukee. 

heaths it,74 r- 
Heath Company, Dept. 20-8 

- 
cia1c!'y 

- 

J. Benton Harbor, Michigan 49022 

Please send FREE Heathkit Catalog. 

HEATH 

Schlumberger 

Name 

Address 

City State lip 
Prices & specifications subject to change without notice. 

Mail order prices; F.O.B. factory. CL -516 J 
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A C/au ... Steps Forward / 
..... a truly fantastic, BRAND NEW, 

More than two years in development. 
Modular microcircuit construction. 

Masterpiece of miniaturization. 

MASTER 
SORBER. 
MARK Y 

The GIANT in a tiny package 

II> '° ' MASTER ;UBBER 
vF E 

..--.. 

Tl/ Service 

Instrument 

MASTER 
GAIN 

d IDa 

Designed for servicing the ENTIRE signal circuit system of any Color or Black & White 
Television receiver . . . by signal substitution! 

Substitutes the following signal stages: 
VHF Tuner. 

Each video i.f. stage. 

Video detector stage. 

Video amplifier stage. 
(Positive and negative going signals available 
simultaneously) 

4.5 MHz sound i.f. amplifier stage. 
Sound limiter stage. 

Provides tests for: 

UHF tuner. 

Antenna system. 

AGC system. 

Use on the bench or in the home. Equipped with wall plug-in transformer for 120 -vac line, instrument automatically 
changes over to internal battery power when transformer is disconnected. 

Inbuilt monopole antenna allows use without connection of outside antenna in prime signal areas. 
Inbuilt monitor loudspeaker with separate level control. 
Video carrier level meter may be calibrated against Master Gain Control for the area in which the instrument is used, to 
afford true field strength measurements. 

Lightweight ... and measures a mere 6.5"x 6.5"x 3.25" exclusive of knobs, handle and antenna. 
Complete with connecting cables and instructions. 

You get all this for $169.95 ... at your stocking distributor. 
... or write for more details and complete specifications. 

tAITLt n TUiU MAIM, 
5715 N. Western Ave., Chicago, Illinois 60645 Phone: (312) - 561-6354 

In Canada: Len Finkler ltd., Ontario 
1'1" 
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