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To call it«an amplifier" 
would be like 

calling a Porsche 
"Basic transportation ". 

There is unusual satisfaction that comes from 
fulfilling a prosaic task in a far from prosaic 
manner. 

Hence this amplifying system: the Sony TA- 
2000 professional preamplifier and the Sony TA- 
3200F power amplifier. Together, they perform 
all an amplifier's standard tasks in a satisfyingly 
impeccable manner; but their 67 levers, switches, 
meters, knobs and jacks allow you to perform 
some interesting functions that are anything but 
standard. 

Dual -purpose meters. 
The two VU meters on the preamplifier front 

panel, for example, are no more necessary than 
a tachometer on an automobile. But they do 
serve the dual purpose of simplifying record - 
level control when the TA -2000 is used as a. 
dubbing center, and of allowing you to test your 
system's frequency response and channel separ 
ation (as well as those of your phono cartridge) 
and to adjust the azimuth of your tape heads. 

A broadcast /recording monitor console in 
miniature. 

The TA -2000 resembles professional sound 
consoles in more than its VU meters. In addition 
to the 20 jacks and seven input level controls 
provided on its rear panel for permanent con- 
nections to the rest of your hi -fi system, the TA- 
2000 boasts a professional patch board in minia- 
ture on its front. 

Thus, you can feed the inputs from micro- 
phones, electric guitars. portable recorders or 
other signal sources into your system without 
moving the preamplifier or disturbing your nor- 
mal system connections in the least. And a front - 
panel Line Out jack feeds signals for dubbing or 
other purposes into an external amp or tape 
recorder, with full control of tone and level from 
the front -panel controls and VU meters. 

The tone correction and filtering facilities are 
also reminiscent of professional practice, allow- 
ing a total of 488 precisely repeatable response 
settings, including one in which all tone controls 
and filters are removed completely from the 
circuit. 

The amplifier- no mere "black box" 
A power amplifier can be considered simply as 

a "black box" with input and output connections, 
a power cord, and an on /off switch; and such an 
amplifier can perform as well (or poorly) as the 
next one. But in designing the TA -3200F Sony 
took pains to match the amplifier's facilities to 
the preamplifier's. 

Thus to complement the TA- 
2000's two pairs of stereo 
outputs, the TA -3200F has two 
stereo pairs of inputs, selected 
by a switch on the front panel. 
Other front panel controls in- 
clude independent input level con- 
trols for both channels, a speaker 

selector switch, and a power limiter (in case your 
present speaker should lack the power handling 
capacity of the next one you intend to buy). 

Circuitry unusual, performance more so 
The single- ended, push -pull output circuitry of 

the TA -3200F amplifier is supplied with both 
positive and negative voltages (not just positive 
and "ground ") from dual balanced power 
supplies. This system allows the amplifier to be 
coupled directly to the speakers with no inter- 
vening coupling capacitors to cause phase 
shift or low -end roll -off (A switch on the rear 
panel does let you limit the bass response below 
30Hz if you should want to, otherwise, it extends 
all the way down to 10Hz.) 

The individual stages within the amplifier are 
also directly coupled with a transformerless 
complementary- symmetry driver stage, and 
Darlington type capacitorless coupling between 
the voltage amplifier stages. 

As a result, in part, of this unique approach, 
the TA -3200F produces 200 watts of continuous 
(RMS) power at 8 ohms, across the entire fre- 
quency range from 20 to 20,000 Hz; IHF Dy- 
namic Power is rated at 320 watts into 8 ohms 
(and fully 500 watts into a 4 -ohm load). 

But more important by far is the quality of the 
sound; intermodulation and harmonic distortion 
levels are held to a mere 0.1% at full rated output. 
and 0.03% at the more likely listening level of 
one -half watt. The signal -to -noise ratio is an in- 
credible 110dB. And the full damping factor of 
170 is maintained down to the lowest, most 
critical frequencies (another advantage of the 
capacitorless output circuit). 

The companion TA -2000 preamplifier also 
boasts vanishingly low distortion and a wide 
signal -to -noise ratio, but this is less unusual in a 
preamplifier of the TA- 2000's quality (and price). 
What is unusual is the performance of the phono 
and tape head preamplifier circuits; for though 
they have sufficient sensitivity (0.06mV) for the 
lowest- output cartridges (even without accessory 
transformers), these preamplifier circuits are vir- 
tually immune to overload - even with input sig- 
nals 80 times greater than normal. 

Their sole vice: they are hardly inexpensive 
Of course, at a price of $329.50 (suggested 

list) for the TA -2000 preamplifier, and $349.50 
(suggested list) for the TA -3200F power amp. 
this system cannot be considered other than a 
luxury. But then, it was intended to be. For there 
are those to whom fulfillment of prosaic tasks is 

unfilling. And among them 
are not only many of our 

customers, but also many 
of our engineers. Sony 

Corporation of America, 
47 -47 Van Dam Street, 

Long Island City, 
New York 11101. 

Porsche 1s a trademark of Dr an` h.c.F Porsche KG 
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HUGO GERNSBACK CRATER 
ON FAR SIDE OF MOON 

LONtxirr. LNG' :s1> -A 
large lunar crater on the far 
side of the moon has been 

named Hugo Gernsback by 
the International Astronom- 
ical Union. It is located at 

36 °S, 99 °E. and is about 30 

miles in diameter. 
Hugo Gernsback. elec- 

tronics and science -fiction 
pioneer and founder of RA- 

DIO- ELECTRONICS magazine 
had a long- standing interest 
in the moon. He often wrote 
about earth -to -moon commu- 
nications and commercial 
methods of transporting lunar 
materials to the earth in the 
days when space travel was 

yet a dream. In 1927 he fore- 
told, in precise detail, how 
man would send radio signals 

to the noun and pick up the 
reflected signals back on 
earth. His prediction was ful- 
filled in 1946. 

A total of 503 persons 
(all deceased, except for liv- 
ing astronauts) were similarly 
honored. including science - 

fiction writers H. G. Wells 
and Willie Ley. The names 

were selected by the Working 
Group on Lunar Nomencla- 
ture. chaired by Dr. Don- 
ald H. Menzel, director of 
the Harvard College Obser- 
vatory. 

A three -sheet map of the 
far side of the moon with the 
new crater names should be 

available shortly from the 

Government Printing Office, 
Washington, D. C. 

Highway Ultrasonics 

_..%ilk& 

ii/ 
WAKEFIELD, MASS. -A prototype ultrasonic safety detector 

that automatically warns a driver when another vehicle is ap- 

proaching from his rear has been developed. 
The system. designed to be installed in a side mirror or in 

the rear light assembly of a vehicle, responds to noise gener- 

ated by engines and tires. It flashes a warning light when a 

vehicle travelling at least 35 

mph comes within 25 feet of 
the protected car. 

Albert W. Peterson, engi- 
neering manager of Sylvania's 
Wakefield Development Lab- 
oratory. said the system has 

an advantage over radar and 

other detection systems "be- 

cause it can discriminate be- 

tween moving vehicles and 

stationary objects such as 

trees, poles. bridges, road 

dividers and guard rails." 
"In operation." Peterson 

said, "the system suppliments 
existing mirrors by warning a 

driver that another vehicle is 

approaching. It is particularly 
helpful in fog or rain when a 

driver changes lanes." * 
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FIRST 

CARTRIVISION 
HOME UNIT 
CHICAGO, ILL. -This is the 

first Admiral color Cartrivision 
console which incorporates a 

video tape recording /playback 
deck and a color -TV receiver. 
Shown on the screen is an ac- 
tual scene from the feature 
film, Exodus. 

The Cartrivision system 

can record off the air in 
black- and -white or color. and 
play back pre- recorded tapes. 
By setting a timer (built in) 
before leaving home, the 
owner can automatically 
record a TV program for 
later playback. 

In use, a cartridge is 

slipped into the tape deck 

compartment (see closeup 
above at the lower left of 
the cabinet. The door is 

closed and the unit is turned 
on. The recorded picture ap- 

pears on the screen. * 

ALUMINUM MIGRATION -A 
basic limitation of the alumi- 
num metallization process in 
high -frequency power transis- 
tors is mass movement due to 
electromigration. The scanning 
electromicrograph illustrates 
the movement of metal during 
overstress conditions of cur- 
rent and temperature. The use 
of high -mass refractory metals 
in power transistors, such as 
those recently announced by 
the RCA Solid State Division, 
will make them less susceptible 
to his phenomena. The top 
photo shows a failure due to 
void formation in the metal 
and electrotransport. The bot- 
tom photo shows hillock 
growth in aluminum but no ap- 
parent electrical failure. The 
magnification of the top photo 
is approximately 1000X, and 
the bottom photo is approxi- 
mately 2000X. 

Computer 
Card Reader 

PRINCETON. N.J. -New, 
light- sensitive, thin -film cir- 
cuit has been developed for 
reading out computer punch 
cards electronically. Laid out 
like a crossword puzzle and 
deposited on a 4 x 8 -inch 
glass plate the new unit is a 

form of integrated circuit 
that is about 5000 times 
larger in area then the stan- 
dard IC. 

The assembly is actually 
an array of 960 flat photo- 
sensitive elements. plus aux- 
iliary components and inter- 
connections. 

According to Dr. William 
M. Webster. vice president, 
RCA Laboratories, this de- 

vice "could one day replace 
the sensors now used to read 
conventional punch card." * 

(continued on page 6) 
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LOOKING AHEAD 
Volume 41 Number 12 RADIO ELECTRONICS . . . FOR MEN WITH IDEAS IN ELECTRONICS December 1970 

by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 

Toward videoplayer standards 
The worrisome problem of standards for the coming 

home video-player market ( RADIO -ELECTRONICS, Looking 
Ahead, Nov. 1970) is getting some attention by manufac- 
turers. Two of them have now come up with VTR cartridge 
systems which can lay some clain to being "standard." 

Ampex has introduced a 
video tape recorder system - 
initially for educational and 
industrial use, but destined 
for home use later -which is 

ÿ compatible with the "Type I" 
standard for monochrome 
reel -to -reel recorders estab- 
lished by the Electronic In- 
dustries Association of Japan. 
How do you make a car- 
tridge system compatible with 
a reel -to -reel system? Ampex 
did it this way: The cartridge 
is an enclosed reel, 4.6 inches 
in diameter, whose stiff plas- 

tic leader seals the unit against dust. Inserted in the car- 
tridge player, it is automatically threaded onto a take -up 
reel within the player. For playing on a standard reel -to- 
reel recorder, an adapter is inserted in the center of the 
cartridge (as you'd insert a 45 -rpm record adaptor), the 
cartridge is placed in the recorder and threaded manually. 

But the Ampex has far more than that going for it. 
First, it's easily the most compact VTR introduced to date. 
The basic unit is about the size of a mini -record changer, 
11 by 13 by 41/2 inches. It has a carrying strap and may be 
operated (black- and -white mode only) on batteries. In- 
cluding the batteries -flashlight or rechargeable nickel -cad - 
mium -the basic recorder weighs only 15 pounds. For 
playing on ac, the unit sits on a slim base, which also may 
contain the color circuitry. 

The basic prices established for the modular unit: 
Monochrome play -only, $800; monochrome record -play or 
color play -only, $900; color record -play, $1,000. These are 
prices for the first units, scheduled for marketing in mid - 
1971. For the eventual consumer home market, Ampex 
says its prices can be brought down sharply in mass pro- 
duction. A cartridge of half -inch tape, running at 71/2 ips, 
plays for 30 minutes. The consumer version will feature an 
extended -play mode (half speed) which gets 60 minutes 
from the same size cartridge. We judged the picture pro- 
duced by the Ampex player to be excellent, with particu- 
larly good color rendition. 

:.,-..- 

. :.. 
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A European standard 
Another VTR -this one aimed primarily at home 

use -is also laying claim to being the "standard" system. 
This is Philips' "Video Cassette Recorder" (vet), which at 
press time had not yet been demonstrated in the United 
States. But Philips has quietly been laying standardization 
groundwork in Europe, and agreements to build home 
vim's using the Philips standard have already been signed 
by four major German manufacturers -Blaupunkt, Loewe 
Opta, Grundig and Telefunken -as well as Zanussi of 
Italy. Pye, a Philips affiliate in England, is expected to 
adopt the standard, and North American Philips (No- 
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relco) will have a Philips- standard machine in the U.S.A. 
In addition, Japanese manufacturers Sony and Matsu- 

shita (Panasonic) have agreed to work with Philips 
toward a standard system, at least for the European mar- 
ket. (Sony has a non -compatible "Video- cassette" system 
which is aimed at the American and Japanese markets.) 

The Philips vat is a deck, equipped with tuner for off - 
air recording, which will record and play back in color. 
The deck measures 22 by 13 by 6 inches, has two heads, 
includes built -in clock -timer for recording programs off -air 
automatically. The cassette contains two coaxially- mounted 
reels of half -inch chromium dioxide tape, which moves at 
5.6 inches per second. Measuring 5.8 by 5 by 1.4 inches, a 
single cassette will play for an hour. The Philips unit will 
sell for $500 to $600 when it is first marketed in the U.S. 

Wonders of Selecta- Vision 
While other manufacturers prepare video recorders 

for the market, CBS and RCA continue to concentrate on 
playback -only systems -EVR and Selecta- Vision, respec- 
tively. The first EVR players are already coming off the 
production lines of CBS licensee Motorola. Selecta- Vision 
isn't scheduled for production until 1972, but not only is 
RCA confident it can produce this laser -holography play- 
back system, it's already looking to second and third gener- 
ation Selecta- Vision machines. 

In an article in EBU Bulletin, published by the Eu- 
ropean Broadcasting Union, RCA researchers say that Se- 
lecta- Vision's unique properties hold the promise of these 
advances: (1) The 180 -hour video cartridge. Since holo- 
grams may be superimposed on one another by changing 
the angle at which they are recorded, one cartridge might 
be recorded 360 times at different angles to provide a full 
week's playing time. (2) Stereoscopic TV. 3 -D holograms, 
says RCA, can be pressed into Selecta- Vision tape as easily 
as 2 -D ones, but a suitable viewer or home projection sys- 
tem must be developed to make possible home stereoscopic 
playback. (3) Life -size images. By using Selecta- Vision 
tapes with bright external laser light source, pictures could 
be projected directly onto a large screen. 

Electronic detectives 
Electronic devices are taking an increasing share of 

the $1- billion annual market for surveillance and detection 
equipment. And at the recent International Security Con- 
ference meeting and exhibit in New York, there was strong 
evidence that price reductions in watchdog equipment are 
bringing it within reach of many homeowners. 

For example, both Mallory and Delta Products are 
offering ultrasonic intrusion detectors, designed to protect a 
single room -Mallory for $89.95, Delta's for $69.95. A 
similar system designed to protect an entire home is being 
introduced by Control Dynamics Co. at about $250. Being 
pushed by Record -O -Fone is a telephone gadget which 
automatically dials the police and reports a burglary, for 
$395. Activating switches for doors and windows are not - 
so- optional extras. 

One of the most intriguing security gadgets is the 
Video Sensor, introduced by GBC Closed Circuit Corp., 
for use with any existing closed- circuit TV system. It 
comes with two light sensors, to be affixed by suction cup 
to the face of the monitor screen. When any motion occurs 
on the portion of the screen covered by the sensors, an 
alarm is triggered. If a picture of the intruder is desired, a 
film or VTR camera is also activated. R -E 
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Semiç,w d Sonalert'' bitches Timers Vibrators ICs 

Actual size 

You'll get it from our 11/4-ounce Sonalerta' electronic 
audible signal. 

With as little as 6 \'DC and 3 ma., Sonalert produces 
a piercing sound that's hard to ignore. Yet it weighs 
only a couple of oJnces because it's all solid state. 
Even the transducer is a crystal. This makes Sonalert 
reliable, efficient and long lasting. And because it's 
solid state, there's no danger of arcing, no RFI or 
EMI noise, important considerations in comptter and 
other control signal applications. 

Standard units vibrate at a fixed frequency of 2900 
500 Hz or 4500 500 Hz depending on model. In 

'.Registered trademark, P R MalIc y 1 Cc Inc 

addition: "püfsing, warbling and AC models are avail- 
able The penerattng sound covers a wider area than 
alarm lights and demands instant action. This makes 
Sonalert ideal where ignorinc warntrgs would be 
hazardous or cause damage. Examples. aircraft fuel 
warning, electrical overload, computer error. auto- 
mobile door a.ar or headligh-s -on warning Other 
applications include communications, shipboard. 
missile and medical electronics alarms. 

For an informa-ive 48 -page booklet of projects and 
circuit ideas, write for folder No. 9 -406. Address 
Mallory Distributor Products Company, a division of 
P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206. 

MALLOH1' DISTRIBUTOR PRODUCTS COMPANY 
.. dlvl.lnn .d l' :.I.6)141 ('(). IN( 
1141.11 15514. IMO Innis w.11«. 1nd...nu 1111:/114 Trl.-pb..nr: :710.113(.5353 

ois Cassette Tapes - Controls - Resistors 
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New &Timely 
(Continued from page 2) 

NEW! - Continuous Room Temperature Solid -State Laser 
"One of the most impor- 

tant scientific events of the 
year is the development of a 

solid -state laser that operates 
at room temperature!" 

That statement will not 
electrify many readers. A 
few will ask "Just what is a 
laser ?" The more blasé are 
likely to ask: "Why all the 
excitement? They have been 
operating as lasers at room 
temperatures for nearly ten 
years." 

Answering the questions 
in order: a laser is a light - 
producing device. Light, like 
radio, is an electromagnetic 
radiation. But radio emis- 
sions, unlike light, tend to 
travel in coherent wares. 
Like the waves set up by that 
pebble thrown into the lake 
on page one of our first radio 
textbook, they spread out 
evenly in all directions from 
a common point -or march 
straight ahead from a direc- 
tive antenna. If you put up 
measuring apparatus, you 
could find that the wave from 
a broadcast station -say one 
at 1.000 kHz (1MHz) would 
be highly positive at a given 
instant. A half -millionth of a 

second later, it would be 
highly negative, and at the 
next half- millionth would be 
positive again. (The best 
measuring setup would be an 
antenna, a receiver and an rf 
frequency counter.) 

Ordinary light doesn't 
work like that. It can better 
he represented by a shovel of 

NEW LASER (.003 x .015 in.) 
resting below Lincoln's nose 
on a copper penny. 

gravel thrown over a broad 
patch of the lake. Waves 
would be set up, but they 
would be confused and inco- 
herent. 

The laser lines up all the 
particles that make up the 
light radiation and gets them 
to march in step. A strong 
beam of light (in the first 
ruby laser). a radio field (in 
the gas laser) or an electric 
voltage in the solid -state la- 
ser. knocks some of the 
atoms in the active material 
out of their regular orbits in 
the atom. (The active mate- 
rial is the ruby, the gas, or a 

layer of the semiconductor.) 
These electrons fall back into 
place almost immediately, 
and give up the energy that 
knocked them out of orbit in 
the form of a tiny burst of 
light -a photon. As the pho- 
ton starts traveling, it knocks 
other displaced atoms back 
into orbit. and stimulating 
other outbursts of light. This 

MOUNTED IN NEAT SINK, 
the tiny laser (at tip of the 
pointer) draws about 1.5 W. 

is amplification -using light to 
increase light. Incidentally 
the laser is named after this 
action: Light Amplification 
by Stimulated Emission of 
Radiation. 

Lasers are built long and 
narrow, so that the light trav- 
eling lengthwise of the laser 
is amplified as it travels. Pho- 
tons traveling crosswise soon 
leave the laser and don't 
complicate the issue. 

Light built up this way 
can become tremendously 
powerful -the strongest 
beams of light known to 
man. Even more important. 
those beams can be con- 
trolled to a great degree of 
accuracy. The beam width of 
lasers has been controlled to 
.05 °. This is ten times as 

sharp a pattern as can be ob- 
tained with a good directive 
radio antenna system. Lasers 
would be ideal for commu- 
nication by light (one of the 
oldest forms of long- distance 

communication, by the way). 
And this brings us to the next 
question: Why all the ex- 
citement? 

There is a reason for ex- 
citement. With the continuous 
and increasing crowding of 
the communications fre- 
quencies, researchers have 
been eyeing the fantastic 
spectrum above our con- 
ventional millimeter waves. 
And it is fantastic. Suppose 
we try to draw it to scale, us- 
ing one -tenth of an inch for 1 

MHz. That is, all the fre- 
quencies below the middle of 
the broadcast band would be 
crowded into the left -hand 
0.1 inch of our scale drawing. 
Then 100 MHz, the middle 
of the FM band, would be 10 
inches along the scale, and 1,- 
000 MHz (1 GHz) 100 
inches, a little more than 8 
feet. Now to get to 1 te- 
rahertz (1,000,000 MHz), we 
have to extend our scale 
about a ruile and a half! And 
we are just at the beginning 
of the infrared range. which 
extends some 450 THz ahead 
of us, or nearly 700 miles. 
And every inch in this 700 
miles can carry the same 
amount of communication as 
in all the frequencies below 
100 MHz (if we can build 
equipment to take full advan- 
tage of the spectrum). So the 
laser band is an important 
one. 

As one Bell scientist 

(continued on page 14) 
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NOW you can measure resistors accurately 

JN CIRCUIT$ 
in solid state devices 

7i 

_ 
FVNCI±` 

FE20 HI -LO 

with hi- voltage probe and large 
six -inch meter $129.50 

FE21 HI -LO 
with 41/2-;nch 
meter $99.50 

WITH THE NEW HI -LO FIELD EFFECT MULTIMETERS 
USES ONLY .08 VOLTS TO POWER OHMMETER TO PREVENT TRANSISTORS FROM 

CONDUCTING AND UPSETTING READINGS 
Look at these extra features to see why the Hi -Lo meter belongs on your want list: 

9 DC current ranges from 100 microamps to 1 

amp 
Automatic built -in battery test . . . never a worry 
about rundown batteries, just push the switches 
under the meter and read. 
Standard .6 amp fuse to protect the ohms and 
milliamps scales if voltage or overload is ac- 
cidentally applied. No more need to return the 
meter to factory for repair . . . just replace the 
fuse. 
Special probe with 100K isolation resistor in 
probe to prevent AC pickup or to prevent loading 
oscillator circuits. Leave in normal position for 
most tests. 

Unbelievable specifications of 15 megohm input 
impedance on DC and 12 megohms on AC 
Laboratory accuracy of 1.5 percent on DC and 
3 percent on AC 
9 DC voltage ranges from as low as .1 volts full 
scale to 1000 volts 
3 hi- voltage ranges of 3 KV, 10 KV and 30 KV 

9 DC zero center ranges from .05 volts to 500 
volts . . . a must for delicate transistor bias 
measurements 
7 resistance ranges from 1000 ohms full scale to 
1000 megohms 

Low voltage of .08 
volts prevents tran- 
sistors from conduct- 
ing and misreading 

// circuit. Resistor will i now read 10K as it 
should. Also prevents 
any damage to tran- 
sistor. 

DECEMBER 1970 

Here is why you 
should have both Hi 
and Lo battery volt- 
ages for correct in- 
circuit resistance 
measurements in 
solid state circuits: 

T 
Higher voltage of 1.5 
volts causes semi- 
conductors to con- 
duct to read proper 
front -to -back ratio or 
conductivity of tran- 
sistors. Meter would 
not be complete with- 
out hi -ohms reading. 

CD F= INC. 3200 Sencore Drive Sioux Falls, South Dakota 57107 
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NOW train at home with NRI to be 
a Computer or Digital Technician- 
no other program is so complete 
in digital logic, computer 

operation and 
programming. 

ANOTHER 

FIRST 
Your own digital computer 

included at no extra cost 
This may very well be the most 
unique educational aid ever 
developed for home training - 
a real digital computer you build 
yourself and use to learn 

organization, operation, 
trouble shooting and programming. 

This remarkable training aid 
performs the same functions 
as bigger commercial 
computers. One of ten 
training kits you receive in 
the new NRI Complete 
Computer Electronics course. 

P!aTlQlIAI RAN() 
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NRI FIRSTS make learning Electronics fast and 
fascinating -give you priceless confidence 

FIRSTto give you Color TV training equipment engineered 
specifically for education -built to fit NRI instructional material, 
not a do- it- yourself hobby kit. The end product is a superb Color 
TV receiver that will give you and your family years of pleasure. 
You "open up and explore" the functions of each color circuit as 
you build. 

FIRST,. give you true -to -life experiences as a Communications 
Technician. Every fascinating step you take in NRI Communica- 
tions training, including circuit analysis of your own 25 -watt, 
phone /cw transmitter, is engineered to help you prove theory and 
later apply it on the job. Studio equipment operation and trouble 
shooting become a matter of easily remembered logic. 

There is so much to tell you about this latest "first" 
in home training from NRI, you must fill in and mail 
the postage -free card today to get the full story of 
the Complete Computer Electronics course and the 
amazing digital computer you build and use as 
you learn. 

Pldnned from the start to include specially de- 
signed training equipment in the pioneering NRI 
tradition, this exceptional new course succeeds in 
combining kits with NRI "bite- sized" texts to give 
you an easy -to- understand educational package. 
But, unlike other home training, this is not a general 
electronics course. Lessons have been specifically 
written to stress computer repair. You perform a 
hundred experiments, you build hundreds of circuits. 
Included are over 50 modern, dual -in -line TTL inte- 
grated circuits you use in the construction of your 
computer. You use professional test equipment. In 
addition to your digital computer, you build and use 
your own solid -state voltohmmeter and oscilloscope. 
Because you work with your hands as well as your 
head, your training is as much fun as it is education. 

Train with the leader -NRI 
As it has in other fields of home -study Electronics 
training, NRI has taken the leadership in computer 
training because the "Computer Age" continues to 
leap ahead. Qualified men are urgently needed, not 
only as digital technicians and field service repre- 
sentatives, but also for work on data acquisition 
systems in such fascinating fields as telemetry, mete- 
orology and pollution control. Office equipment and 
test instruments also demand the skills of the digital 
technician. Like other NRI courses, this exciting 
new program can give you the priceless confidence 
you seek to walk into a technician's job and know 
just what to do and how to do it. Mail the postage - 
free card for the FREE NRI Catalog. No obligation. 
No salesman will call. NATIONAL RADIO INSTI- 
TUTE, Washington, D.C. 20016. 

GET FACTS ABOUT GI BILL 
If you have served since January 31, 1955, or are in service 
now, check GI line on postage -free card or in coupon. 

FIRSTto give you completely specialized training kits engi- 
neered for business, industrial and military Electronics Technol- 
ogy. Shown is your own training center in solid -state motor control 
and analog computer servo-mechanisms. Telemetering circuits, 
solid -state multivibrators and the latest types of integrated cir- 
cuits are included in your course. 

DECEMBER 1970 

a 

If postcard has been used, mail this coupon 

NATIONAL RADIO INSTITUTE 
Washington, D.C. 20016 003 -120 

Please send me your FREE NRI CATALOG with details 
about new Complete Computer Electronics training. 

Name Age 

Address 

City State Zip 
[ Check here for facts on GI Bill 

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 
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versatile 
new 

14- Piece, 1/4" Sq. Drive 

socket 

wrench set 
drives fasteners 7 different ways 

REVERSIBLE RATCHET - 
Precision made, long life, 
fully enclosed mechanism. 
Short hanche swing for close 
quarter work. 

UNIQUE SPINNER /EXTEN- 
SION - 5-3/4" overall. 
Plastic (UL) handle with 
1/4" sq. drive socket insert 
for ratchet. Use also as 
regular nutdriver. 

2" DRIVE EXTENSION - 
Fits on ratchet or either end 
of spinner /extension. 

RUGGED, HEAT TREATED, 
ALLOY STEEL SOCKETS - 
Nine for hex sizes 3/16" thru 
1/2 ". Two dual purpose for 
hex and square sizes 1/4" 
and 5/16 ". 

FREE STICK -ON INITIALS 
personalize the sturdy plas- 
tic case and help prevent 
loss or mix-up. 

Made 
InUSA. 

nationwide availability through 
local distributors 

REQUEST BULLETIN N770 

XCELITE, INC., 10 Bank Si.. Orchard Park, N. Y. 14127 
In Canada contact Charles W. Pointon, Ltd. 

Circle 5 on reader service card 
12 

EQUIPMENT 
REPORT 

Sencore FE -/4 FET Meter 
For manufacturer's literature, 

circle No. 20 on Reader Service Card. 

By using field -effect transistors, 
(FET's) we can get a "FETVM" that is 
no bigger than a VOM, but with the 
VTVM's very high sensitivity; higher, in 
fact. The Sencore FE -I4 is a good ex- 
ample. Battery- operated, it is only 5 x 7 

inches in size, and it can be set any- 
where. Without the ac line connection, 
you have gotten away from this problem 
in any kind of transistor gear. The meter 
used is a 4.5 -inch unit, big enough to 
read at good distances. 

With an input impedance of 15 

meg -ohms for dc voltages. and 10.0 me- 
gohms for ac, plus a frequency response 
flat out to several MHz. you can get use- 
ful readings in many circuits which have 
been difficult if not impossible to check 
up to now. 

With its frequency- compensated at- 
tenuator, the FE -14 can be used to read 
signal voltages through transistor ampli- 
fiers, even up into the TV i.f. range. 
Since "signal- tracing" is one of the hand- 
iest ways of pinpointing trouble in PC- 
board solid -state things, this can be very 
valuable. 

The 0 -1 volt dc volts scale is very 
handy for reading transistor bias volt- 
ages. The FE -14 also has current ranges 
from 100 microamperes up to 1.0 am- 
pere (nice for reading the 200 -300 mA 
currents in color sets. putting the read- 
ing very close to center -scale ). A simple 
shunt (Fig. I. consisting of 2 feet of No. 
20 copper wire wound on a 3/4 -inch dual 
banana plug can be made to extend the 
range up to IO amperes for auto -radios. 
high -power transistor amplifiers. etc. 

It can be set to read "zero- center" 
on any dc voltage scale, by simply set- 
ting the ZERO ADJ control. This gives you 
zero -center ranges from +0.5 volt to -0.5 
volt, up to -500 to +500 volts. Saves a 

lot of lead- reversing in transistor cir- 
cuits. A polarity -reversing position is 
also included on the selector switch. 

Accuracy seems to be very good. 
On OHMS, I checked it against my pet 1.0- 
meg I % resistor and it was right on the 
nose. Ac and dc volts scales checked out 
against my other vtvm's which are in 
good shape. 

With a separate high -voltage probe 
using a 1,485 -megohm resistor, you can 
read "100 times" on all dc voltage 
scales. This gives you a 30,000 -volt full - 
scale for color HV, a 10 -kV range for 
setting and checking focus voltages, and 
a 3 -kV range for checking that 
1100 -1200 -volt boosted -boost used in a 

lot of color circuits. 
Ac voltages can be read as rms or 

as peak -to -peak. without any trouble, by 
checking the special p -p scale on the me- 
ter. No switching or special probes are 
needed. 

All in all, a very handy little meter, 
and one that should be valuable in the 
service shop. The "price is right" too. R -E 

COMING 

NEXT 

MONTH 

JANUARY 1971 

SPECIAL ISSUE 
COLOR TV 

How Color TV Works 
See how those beautiful 
color pictures get from 
the studio to your TV 
screen. 

Check Color TV X -Rays 
$25 detector tells you 
if you're getting too 
much radiation from 
your set. 

Remote Control For 
Color 
Programmed text shows 
how color TV remote 
controls operate and 
provides hints for ser- 
vicing. 

Test Equipment For 
Color 
Service Editor Jack Darr 
talks about the equip- 
ment you must have 
and what it will do for 
you. 

PLUS . . . 

Computer Logic Laboratory 
Designing Solid -State 

Stereo Amplifiers 
Jack Darr's Service Clinic 

Circle 6 on reader service card ' 



HEARD THE LATEST? 

4- traçk, 2- cnarnef stereo 
All- silicor transis -or pre-amps 
Pause control 
Digital ccun-er 
Dual VU ne :er - 

-Fast wincine 
- Automatic s:op a: end of tape 

0.2% wow and flutter (RMS) 
Frequency response: 40 to 12,000 HZ 

A-24 C 
S/N ratio: 45 c B or more 

rosstall : 4J c B between adjacent 
tracks at 100 Hz 
Microphone optimal 

This is what happens when a big name thinks small. It's the TEAC A -24, and it's making cassette 
history. This deck is powered by a unique hysteresis synchronous outer rotor motor for compact 
convenience, powerhouse performance. And it comes complete with all the craftsmanship 
it takes to make a TEAC. 

More exclusive features: a special end -of -tape sensing circuit which not only stops the cassette, 
but completely disengages the mechanism - releasing pushbuttons, pinch roller and idlers - 
to avoid "flats" and deformation of critical drive components. Two specially -designed heads for 
outstanding frequency response. Just about the lowest wow and flutter that ever came out of a cassette. 

Of course, no sound system is really complete without cassette 
capability. So if it's time to round out your equipment, it's time 
to sound out our A -24. 

TEAC 
TEAC Corporation of America 2000 Colorado Avenue Santa Monica, California 90404 



(Continued from page 6) 

New &Timely 
said, very conservatively: 
Such lasers, operating at 
room temperature, may one 
day speed the transmission of 
voice, data. and other infor- 
mation signals in high- capac- 
ity optical communications 
systems," and went on to say 
that semiconductor lasers 
may also have a significant 
impact on the new tech- 
nology of optical electronics. 

Now, why has it been 
impossible to operate a solid - 
state laser at room tempera - 
tures? The answer is in the 
tremendous amount of power 
needed to start (and con- 
tinue) laser action. The semi- 
conductor laser requires an 
enormous amout of cur - 
rent-up to a couple of years 
ago as much as 20,000 am- 
peres per square centimeter. 
So they could be operated 
only intermittently -in short 
pulses -without burning up. 

What Bell scientists Izuo 
Hayashi and Morton Panish 
did was to fabricate a new 
semiconductor laser structure 
that could be driven by a 
smaller electric current. The 
successful laser consists of 
four layers of semiconductor 

material, two of them gallium 
arsenide and two of gallium 
aluminum arsenide. A thin 
gallium arsenide layer, only 
0.45 micron thick. is the ac- 
tire region. By confining laser 
activity to such a small region. 
the current necessary to pro- 
duce laser activity can be kept 
lower. 

The very thinness of the 
laser also makes it possible to 
radiate heat away from it 
more effectively. And its 
other dimensions are small - 
the laser is only about 15 
thousandths of an inch long 
by three thousandths wide. 
The whole laser is clamped 
between heat -dissipating ele- 
ments. 

The resultant laser can 
be operated with an ordinary 
flashlight cell, taking a little 
less than an ampere at 1.5 
volts. Efficiency is low, about 
2% at best, and output in the 
early experimental models 
reaches a maximum of about 
20 milliwatts. 

At first this does not 
look much better than the gas 
laser, though of course the 
semiconductor type is far less 
complicated and expensive to 

Designed and manufactured in U.S.A. 

NEVER 
A BURNOUT 

IN 6 EMC DIODE- PROTECTED VOMS 

NOBODY ELSE BUT EMC DESIGNS IN SO MUCH VALUE! 
Professional quality and versatility Lifetime protection against electrical abuse No meter burn- out, needle damage, or fuse replacement 

VOLOMETER 
Model 109A Factory Wired & Tested $26.95 
Model 109AK Easy -to- Assemble Kit $21.15 
20,000 11 /v DC sens. 10,000 12/v AC sens. 41/2", 
40µa meter. High impact bakelite case. 5 DC voltage ranges: 0.6.60.300.600.3000v. 5 AC volt- 
age ranges: 0.12. 120.600- 1200- 3000v. 3 DC cur- 
rent ranges 0.6.60- 600ma. 3 AC current ranges: 
0.30.300ma; O.3A. 3 resistance ranges: 0 -20K, 
- 200K, -20 megs. 5 db ranges: -4 to +67db. 

With carrying strap. 51/4" W x 63/4" H x 2' /e" D. 
VOLOMETER 
Model 103A Factory Wired & Tested $26.75 
Model 103ÁK Easy -to- Assemble Kit $16.80 
41/2", 2% accurate, 800ßa D'Arsonval 
type meter. One zero adjustment for 
both resistance ranges. High impact 
bakelite case. 5 AC voltage ranges: 
0.12.120- 600. 1200- 3000v. 5 DC voltage 
ranges: 0 -6.60. 300- 600.3000v. 5 db 
ranges: -4 to +64db. 5 AC current 
ranges: 0.30. 150- 600ma. 4 DC current 
ranges: 0.6- 30.120ma; 0-1.2A. 2 resist- 
ance ranges: 0-1K, 0.1 meg. 51/4" W x 
63/4" H x 2' /a" D. 

POCKET SIZE VOLOMETER 
Model 102A 
Factory Wired & Tested $16.95 
Model 1024K Easy -to- Assemble Kit $14.40 
31/2", 2% accurate 800ßa D'Arsonval 
type meter. One zero adj. for both res. 
ranges. High impact bakelite case. 5 AC 
voltage ranges: 0 -12. 120. 600.1200- 3000v. 
5 DC voltage ranges: 0.6 -60. 300.600 
3000v. 3 AC current ranges: O.30.150- 
600ma. 4 DC current ranges: 0.6.30- 
130ma; 0 -1.2A. Resistance: 0-1K, 0-1 
meg. 33/4" W x 63/4" H x 2" D. 
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EMC, 625 Broadway, New York 12, N.Y. I 

Send me FREE catalog of the complete 
value -packed EMC line, and name of 
local distributor. 

RE -12 

ZONE_STATE_ 

NAMF 

ADDRESS 

CITY 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York 12, New York 
Export: Pan-Mar Corp., 1270 B'way, N.Y I 

operate. But Bell remembers 
the first transistors, not so 
many years ago. Not only 
was their power extremely 
limited, but their frequency 
response was limited to the 
audio range. Now one can 
buy a transistor rated at over 
a hundred watts, and transis- 
tors are rated up into the gi- 
gahertz range. The new laser 
is at exactly the same point 
as the transistor was a scant 
20 years ago. -Fred Shunaman 

TV X -RAY 
DETECTORS 
PHILADELPHIA, PA. -The U.S. 
Department of Health's Divi- 
sion of Electronic Products 
has developed two simple tube 
instruments from common, 
inexpensive components and 
are being suggested for use 
by TV service technicians to 
detect emission of X -rays 
from TV receivers. 

One instrument is a low - 
cost detector that indicates 
whether a receiver is emitting 
excessive X -rays. The unit is 
easily assembled and many of 
the components can be found 
in a technician's "junk box ". 
It requires no calibration. 

The second instrument is 
more complex, designed for 
those wishing to construct a 
high quality Geiger- Mueller 
instrument for which check- 
out and calibration require 
only commonly available ser- 
vice shop instrumentation. 

SCANCONVERTER 
FOR AIR TRAFFIC 
BALTIMORE, MD.-Engineer- 
ing model of radar bright dis- 
play equipment will be used 
for air traffic control by the 
FAA. The equipment will be 
used to expand services of the 
federal agency's air route traf- 
fic control centers. 

Radar bright display equip- 
ment transforms air traffic 
control radar and beacon in- 
formation into television pre- 
sentations that can be seen 
under normal lighting. 

L. 
When radar and beacon in- 

formation is displayed on a 
standard plan position in- 
dicator (PPI), the light in the 
area of the display must be 
reduced to near darkness in 
order to see the indications 
on the display. Radar bright 
display equipment enables 
controllers to work in normal 
light conditions. This new 
unit is being built by West- 
inghouse. 

1 

NEW RADAR- Framed by its reflector assembly, energy feeds on 
the receiving antenna of an advanced radar prototype are ad- 
justed by an engineer at Hughes Aircraft Company, Fullerton, 
Calif., prior to final testing. The energy feeds are devices that 
channel radio- frequency energy between points in the system. 
The prototype, called ADAR for Advanced Design Array Radar), 
is undergoing final tests at an isolated mountaintop facility to 
check out the radar's over -all concept, stability and reliability. * 

RADIO- ELECTRONICS 



Fight the service dragons 

The three year warranty Opti -Vue CRT 
gives you a double edged weapon for f ght- 
ing the big name service dragons! 

Edge 1: Opti -Vue removes your customer's 
fears of having to make costly tube re- 
placements. Since the three year warranty 
protects the most expensive component of 
your customer's set, you're not likely to 
lose him to a factory sponsored service 
contract. 

Edge 2: After you've sold him an Opti -Vue 
you're going to get his service business 
when any other part of his set fails during 
that three year warranty period. 

Now, in fighting the service dragons, be 
sure to pick the right weapon...and that's 
the three year warranty Opti -Vue CRT from 
Channel Master! 

OPTI -VUE Color and Black & White CRT's...with the 3 year warranty 

CHANNEL MASTER 
DIV. OF AVNET, INC., ELLENVfLLE, N.Y. 12428 

Circa, 7 on reader service card 
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Introducing 
the world's only $339 

triggered scope. 

Before you say you don't 
need a triggered scope, 
look what's happening to 
TV servicing: tubes are 
out, transistors and IC's 
are in. 

With tubes you could 
play hit -or -miss, knowing 
the tube would take the 
overload. Try the same 
thing now, and good -bye 
transistors. 

For new -era circuitry, 
Leader introduces a new - 
era troubleshooter. A 
triggered scope, just like 
the ones the TV designers 
use. 

te elB' 
LSO-SO, OSCILLOSCOPE 

Now the wave shape is 
locked in and continuously 
displayed. Now you can 
look at a waveform con- 
taining high and low 
frequency components. 
Now you can determine 
voltage directly and 
instantly. 

Before you say $339 is a 
lot of bread, look what it 
buys: Leader's LBO -501 

5 -inch triggered scope, 
with a bandwidth of DC to 
10MHz and a solid state 
package. 

Going like hotcakes at 
your Leader distributor. 

Seeing is believing. 
LEADER INSTRUMENTS 

37 -27 27th Street, Long Island City, N.Y. 11101, (212) 729 -7411 

(Yule 8 un reader service card 

FOR ALL FIRE POLICE SECURITY LNDUSTRIAL BUSINESS, U§E 

'Model 2301 $37500 132174 MHz 
VHF-FM 1 CHANNEL 
I pair of crystals and 1 set 
of standard batteries. 

Model 2301A $47500 
132174 MHz 
VHF-FM 2 CHANNELS 
1 pair of crystals and I set 
of standard batteries. 

Model 2302 $59500 450 to 470 MHz 
UHF-FM 1 CHANNEL 

1 pair of crystals. 1 set of 
standard batteries and Tone. 

Model 2303* $47500 
32. S-41 - 4250 MHz 
Avadable t, 2 Frequency Ranges 
LF.FM 2 CHANNELS 

1 pair of crystals. 1 set of 
standard batteries less tone* 
Model 2303A available with 

tone at addibonal charge. 

Professional performance! Perfec ly designed for efficient dependable and continuous heavy duty use. Provides instant voice contac with base stations mobile units and other portable transceivers Compatible with all 2.way systems Receiver and transmitter operates on independent frequen- cies sensitive, noise immune squelch external connections for antenna. earphone and charger 
1.6 watt output. FCC TYPE ACCEPTED & D.O.C. APPROVED =U.S. BUREAU OF MINES APPROVED 

t Please send information on the SONARCOM. Dept. 223 SONAR RADIO Name CORPORATION 
I 73 Wortman Avenue, Brooklyn, N.Y. 11207 

City State Zip 
AIM M. 
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DIGISYNTONE SLIP 

There is a mistake in Fred May - 
nard's article "Build a Digisyntone' 
September I970. He says that the out- 
put from the logic control feedback 
circuit is divided into two paths. Path 
PA is divided by 2 to get the 6th har- 
monic, and by 2 again to get the third 
harmonic. Path PB is divided by 3, 
add by 2 three times to get the 8th, 
4th and 22nd harmonics. and the fun- 

damental as shown here. 
This is partly wrong. Since the 

input was divided by 3 (in path PB) 
to get the 8th harmonic, I would con- 
clude that the input is actually the 
24th harmonic of the fundamental. 

But in path PA. this sane input 
is divided by 2 to get the 6th harmo- 
nic. This could not he true. Therefore, 
what the article states to he the 6th 
harmonic, is actually the 12th -and 

what it states to be the 3rd harmonic, 
is actually the 6th. 

Of course the Digisyntone will 
work this way, but those who build it 

would be gypped out of the true 3rd 

PA :2 

-1116 I t4t 3 rd 

harmonic. To get the third harmonic, 
another divider would have to be 
added as shown here. You would also 
have to add another attenuator con - 

(continued on page 22) 
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Sams 
Books 
famous for 

Servicing 
Know -How 

.--.. 

TRANSISTOR 
COLOR 

GUIDE 

O 
SERVICING NG 

> io( 

Stwlwtlu 
Gods 

Hi -Fi Stereo Servicing Guide 

by ROBERT G. MIDDLETON. A COm- 
plete guide to effective servicing of 
a -m tuners, fm tuners, stereo- multi- 
plex units, and audio amplifiers (all 
components, except record players 
and .fie recorders). Includes hi -fi 
speaket system installations, trouble 
localization, and overall system 
evaluation. Also gives testing meth- 
ods for verifying performance 
Order 20785, only $3.95 

Radio Receiver Servicing Guide 

by ROBERT G. MIDDLETON. Presents 
the professional technician's ap- 
proach. Covers troubleshooting and 
repair of a -m radio receivers, both 
solid -state and tube type. Methods 
for quick localization of troubles in 
any circuit are explained in detail, 
along with the proper use of test 
equipment. Includes a fascinating 
final chapter on the restoration of an- 
tique radio receivers. 
Order 20790, only $3.95 

Record Changer Servicing Guide 
by ROBERT G. MIDDLETON. Presents 
the general principles of record 
changer design, followed by a de- 
tailed analysis of the working parts 
of changer mechanisms. Explains 
adjustment and lubrication proce- 
dures, diagnostic techniques for oper- 
ating troubles, and the corrective 
measures required to remedy them. 
This is a thoroughly practical guide. 
Order 20730, only $3.95 

Tape Recorder Servicing Guide 
by ROBERT G. MIDDLETON. Tells how 
to repair tape recorders profitably. 
Thoroughly explains the principles 
and characteristics of magnetic re- 
corder circuitry, describing the 
various components and systems. 
Provides full instructions on preven- 
tative maintenance, adjustments, 
and proper solutions to tape trans- 
port, recording, and reproduction 
troubles. 
Order 20748, only $3.95 

Color TV Servicing Guide 

by ROBERT G. MIDDLETON. Shows 
how to apply fast troubleshooting 
techniques to color -TV repair using 
the famous Middleton system based 
on analysis of trouble symptoms 
illustrated by actual full -color pic- 
ture tube photos. Clearly -written 
text explains possible trouble causes 
and diagnostic procedures. Final 
chapter explains in detail how to use 
color -bar generator. 
Order 20358, only $4.25 

Transistor Color -TV Servicing Guide 

by ROBERT G. MIDDLETON. Clearly 
explains the basics of the various 
circuits used in transistor color -TV 
receivers, including the most recent 
developments. Shows how to apply 
proper troubleshooting procedures 
based on analysis of trouble symp- 
toms. Includes a wealth of circuit 
diagrams, charts, and picture tube 
and waveform photographs. 
Order 20693, only $4.50 

DECEMBER 1970 

Transistor -TV Servicing Guide 

by ROBERT G. MIDDLETON. Second 
edition. Updated to provide full in- 
formation on latest circuitry and 
many additional new test proce- 
dures. Clearly explains general 
transistor circuitry and servicing 
techniques and then proceeds 
through the receiver, section by sec- 
tion, describing various picture and 
or sound trouble symptoms and their 
remedies. 
Order 20696, only $3.95 

TV Servicing Guide 

by LESLIE D. DEANE and CALVIN C. 
YOUNG, JR. This is the famous guide 
used by more than 100,000 service 
technicians. Shows you how to apply 
quick troubleshooting procedures 
based on analysis of trouble symp- 
toms illustrated by picture tube 
photos. Fully explains possible causes 
for each trouble symptom and then 
details proper diagnostic and repan- 
procedures. 
Order 20361, only $3.25 

HOWARD W. SAMS & CO., INC. 

Order from your Electronic Parts Distributor, 
or mail to Howard W. Sams & Co., Inc., Dept. RE -120 

20785 
20730 

4300 W. 62nd St., Indianapolis, Ind. 46268 20790 
Send books checked at right. 5 enclosed 20748 

Send FREE 1970 Sams Book Catalog 20358 

Name 20693 
20696 

Address 20361 
City State Zip 
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Second in a series... 

Can you solve 
these problems 
in electronics? 
They're a cinch after you've taken RCA Institutes' 
new communications electronics program. 
It includes new preparation for the FCC license plus the 
assurance of your money back if you fail to get it. 

This one is quite elementary. 

In this door bell circuit, which kind of 
transformer is T, - step -up or step -down? 

Note: if you had completed only the first lesson of 
any of the RCA Institutes Home Study programs, 
you'd easily solve this problem. 

f5 
'UMOp-detg :sJBMSut/ 
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This one is more advanced. 

What is the total capacitance in the above 
circuit? 

Note: you'd know the solution to the problem if 
you'd taken only the first two lessons in RCA's new 
Communications Electronics Program. 

These are the lessons that prepare you step -by- 
step for an FCC License. 

This license is a requirement for servicing all 
types of transmitting equipment and can help 
open doors to jobs commanding high income in 

communications, radio and broadcasting, 
aerospace, industrial automation and many others. 

For a rewarding career with good pay, take that 
first step now. Send for complete information - 
mail the attached card. 

RADIO -ELECTRONICS 



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

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

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

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

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

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

DECEMBER 1970 

Build and keep this 
valuable oscilloscope. 

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

RCR 

Variety of Kits -Yours to Keep 
A variety of RCA Institutes engineered kits are 
included in your program of study. Each kit is yours 
to keep when you've completed the course. 
Among the kits you construct and keep is a working 
signal generator, a multimeter, a fully 
transistorized breadboard superheterodyne 
AM receiver, and the all- important oscilloscope. 
These 4 kits are at no extra cost. Compare this 
selection with other home study schools. 

Two Convenient Payment Plans 
Pay for lessons as you order them. No contract 
obligating you to continue the course. Or, you can 
take advantage of RCA's convenient monthly 
payment plan. No interest charges! 

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

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

All RCA Institutes courses and programs are 
approved for veterans under the new G.I. Bill. 
Send Attached Postage Paid Card Today. 
Check Home Study or Classroom Training. 
Accredited Member National Home Study Council. 
r -1 

I- 

IF REPLY CARD IS DETACHED, SEND THIS COUPON 

RCA Institutes Inc. 
Home Study Dept.758 -012 -0 
320 West 31 Street 
New York, N.Y. 10001 

Please send me FREE illustrated career catalog. 

Name Age 
(please print) 

Address 

City State Zip 
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SPECIAL PURCHASE MAKES 
THIS KIT AVAILABLE AT A 

RIDICULOUS PRICE 

SOLID STATE COLOR GENERATOR 
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Clever KIe 
Kleps 40 

Kleps t 

I N D U S T R I E S 

. Kleps 30 

S 
Test probes designed by your needs - 
Push to seize, push to release (all Kleps spring 
loaded). 
Kleps 10. Boathook type clamp grips wires, 
lugs, terminals. Accepts banana plug or bare 
wire lead. 43/4" long. $1.19 
Kleps 20. Same, but 7" long. $1.39 
Kleps 30. Completely flexible. Forked -tongue 
gripper. Accepts banana plug or bare lead. 
6" long. $1.47 
Kleps 40. Completely flexible. 3- segment auto- 
matic collet firmly grips wire ends, PC -board 
terminals, connector pins. Accepts banana plug 
or plain wire. 61/4" long. $2.39 
Kleps 1. Economy Kleps for light line work (not 
lab quality). Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connec- 
tion. Molded phenolic. Doubles as scribing 
tool. "Bunch" pin fits banana jack. Phone tip. 
51" long. $ .79 
All in red or black - specify . 

For additional information, write for our com- 
plete catalog of - test probes, plugs, sockets, 
connectors, earphones, headsets, and minia- 
ture components. 

Available through your local 
distributor, or write to: 
RYE INDUSTRIES, INC. 
130 Spencer Place, Mamaroneck, N.Y. 10543 
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CORRESPONDENCE 
I continued from page 16) 

trot and make an addition to the filter 
system. 
KURT BIGLER 
Rittman, Ohio 

CURVE TRACER METHOD NOT NEW 

Urn writing in relercnce to the 
June 1970 article "Troubleshoot TV 
With A Transistor Curve Tracer." 
With all due respect to Mr. Williams, 
this technique is certainly not new to 
anyone who has a curve tracer. We 
here at NASA have used this tech- 
nique for a number of years. This 
technique would be more universally 
used if it were not for the fact a good 
curve tracer is beyond the reach cost 
wise of the average technician. Home- 
made units mated to the x -y of a 
scope tend to introduce phase dis- 
tortion which is usually intolerable. 
NORMAN MEI-NYK 
Cleveland. Ohio 

Hold it right there. The tech- 
nique may have been known for quite 
a while. hut Jud Williams is about the 
first to make it known to that average 
technician you spoke about. Also. for 
troubleshooting purposes, it is not 
necessary to have an exact, precise, 
waveform display to he able to deter- 
mine if the transistor is good or 
had,- Editor 

CRUSADE GOES ON 

Jack Darr's Crusade seems to 
have died out. Can you tell me what's 
been happening? 

The crusade is far from dead. 
We've accumulated quite a file of case 
histories and would like to receive 
more. Tell us about your problems in 
getting parts to do a repair job. You 
can expect a further report in January. 
-Editor R -E 

"It seems to me that anyone who could 
build a color TV from a kit could put a 

new light bulb in the kitchen." 

RADIO -ELECTRONICS 
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Select the antenna for your area from this chart 

The set choice is yours... M 
the antenna choice is F /NCO ? -xj 

Send for free Catalog 20 -556 

NAME 

ADDRESS 

CITY STATE 71P 

DECEMBER 1970 

THE FINNEY 
COMPANY 
34 West Interstate St., Dept, RE-11 

Bedford, Ohio 44146 
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MarkleuB... 
the gift for 
the man who has 
everything. 
Its new! 
Its practical! 
It's different! 

Christmas comes but once a year, 
but car problems continue year round. 
So why not give the gift that provides 
continuing pleasure and satisfaction 
... the Mark Ten B CD System. 

Keeping your car in tune is impor- 
tant to the life of the car. What did your 
last tune -up cost? More and more, 
tune -ups are becoming a major main- 
tenance expense, costing $60 and up. 

Now you can eliminate two out of 
three tune -ups (that's real savings). 
Delta's all new Mark Ten B CD System 
is made especially for foreign cars and 
modern American engines suffering 
from smog control devices, rough idle 
and poor fuel mix. The system is com- 
pletely sealed, with handy switch for 
instant conversion. Quick installation - no rewiring. The Mark Ten B actually 
pays for itself in dollars saved. 

You may even want to give yourself 
a Mark Ten B Christmas. 

Order today! 
"Delta Products, One Of America's 

Finest Names In Electronics" 

Mark Ten B Only 
$5995 

ppd. 
(12v neg only) 

Standard Mark Ten $4495 

1 

DP 70-22-1 

1 ^\ DEITA PRODUCTS, INC. 
P.O. Box 1147 RE /Grand Junction, Colo. 

(303) 242 -9000 
Please send me literature immediately: O 
Enclosed is S_.__. L Ship ppd. Ship C.O.D. 

Please send: 

_. Mark Ten B@ $59.95 - Standard Mark Ten (Assembled) @ $44.95 

-6 Volt: Neg. Ground Only _Positive Ground 

-12 Volt: Specify __Negative Ground 

__Standard Mark Ten (Deltakit') @ $29 95 
(12 Volt Positive Or Negative Ground Only) 
Car Year Make 
Name 
Address 
Lay/State 
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In the Shop . 

By JACK 
SERVICE 

. s With Jack 
DARR 

EDITOR 

IMAGINATION 
Given the same test instruments -volt- 
meters, signal generators, and scope - 
plus a good knowledge of the circuitry, 
what's the one thing that makes the 
difference between a run -of -the mill 
technician and the real expert? IMAG- 
1NA I ION!! Sound silly? Not at all. 

A lively imagination is vital, and 
even the less -skilled technicians use it 
without knowing that they are! Let's 
kick this around for a while. What is the 
hardest part of this job? The part that 
takes the real skill? The diagnosis. Elec- 
tronic maintenance is 95% diagnosis 
and 5% "execution" (replacing the bad 
part). 

Diagnosis is 100% mental. We get a 
few facts about the nature of the fault 
from direct observation of the symp- 
toms. The most unskilled man in the 
world can make the initial observation 
"It doesn't work!" Next is "What doesn't 
work ?" Using the oldest method known. 
the technician then follows a logical 
step -by -step procedure to identify the 
faulty part. Four steps- Function, Stage, 
Circuit. Part. 

All TV sets, for example. have the 
same functions -horizontal sweep. dc 
power supply, and so on. All Functions 
are made up of Stages- horizontal os- 
cillator, output. damper. flyback, yoke, 
etc. All Stages are made up of Cir- 
cuits-plate circuit, collector circuit, 
grid circuit and so on. All Circuits are 
made up of Parts- resistors, capacitors, 
wires (and solder joints!). There's the 
pathway. All we have to do is follow it. 

So where does the imagination 
come in? In the speed with which we 
follow this path. The expert looks at the 
problem. makes a few measurements to 
get some facts. and then his busy little 
brain starts clicking. He says to himself, 
"What if has happened ?" 
and dives for a certain circuit. His imag- 
ination has aimed him straight at the cir- 
cuit that is the most likely cause of the 
t rouble. 

He has made a mental list of the 
things that he can imagine as the cause 
Of the symptoms he sees. Then he 
checks these out. impartially. Without 
this vital factor it's just a dull, plodding 
routine of disconnecting every part in 
the circuit, testing it and putting it back. 
( How many men do you know who 
work just like this? In fact, how many 
times have you done it? Be honest 
now!) 

Using the plod or shotgun method. 
he'll find the trouble. eventually. BUT! 
using a trained imagination can get the 
job done a lot faster. 

As in all other pathways, there are 
pitfalls in this one too. One thing you 
must watch out for is the closed mind - 
the fixed opinion with no factual basis. 
When our expert goes after the trouble, 
he keeps a completely open mind. He 
doesn't care what is causing it: he just 
wants to find it. So his thinking is much 
clearer and more effective. "Prejudice," 
by the way, is a very good word for this 
since it comes from a Latin root mean- 
ing "making up your mind before you 
have all the facts!" Judging in advance, 
that is. 

Example of prejudice in action -we 
look at a problem and say "Oh yes. This 
is a bad plate load resistor! I know it 
is!" After this. all of your tests are sub- 
consciously aimed at proving yourself 
right. Not at finding the real cause of 
the trouble! We're actually trying to 
prove to ourselves how smart we are. 
We're going to find a bad plate resistor 
in there if it takes us all day. (And it 
may do just that. with such an imped- 
iment to clear thinking. Come on now, 
'fess up. How many times have you 
done just that? I know that 1 have on 
far too many occasions.) 

Therefore. we simply have to keep 
an open mind while doing this kind of 
work. It isn't easy. You have to watch 
yourself like a hawk. But after all, what 
is the object of this little exercise? To 
fix the set -get it working again. By the 
time we get through with our prelimi- 
nary observations and tests, we'll have 
narrowed it down to about 8 or 10 parts 
at the most. So what difference does it 
make which one of 'em is bad? 

When we begin the final steps of 
the analysis. we know the nature of the 
fault. Let's say it's a loss of dc voltage at 
a key point. Now. Imagination says. 
"Well, this is either an open circuit or a 
short. These are the only things that 
could give me the symptoms I see." 
Now we imagine what a short would 
do- overheat some resistors, blow a 
fuse, burn wires, etc. We hold a cautious 
fingertip near a big resistor. If it's cool 
or not too hot, we drop the "short" pos- 
sibility and go looking for the open cir- 
cuit that is now the most logical suspect. 
Inside of a very short time we have the 
culprit by the heels and drag him out 
into the light. 

So that's the practical value of a 
lively, well- trained imagination. We can 
look at a defective TV, or anything else 
for that matter, and say to ourselves, 
"Now what could cause this ?" Instantly, 
the imagination goes to work, making 
out a list of troubles which could give us 

(continued on page 82) 
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"Hard work's 
not enough... 
you need more 
education to 
get ahead in 
electronics" 

Ask anyone who really knows the elec- 
tronics industry. You can't hope to 
succeed unless you supplement your 
experience with specialized, up -to- 
date technical knowledge. 

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

CREI Programs cover all important 
areas of electronics including commu- 
nications, automatic control, com- 
puters, even missile and spacecraft 
guidance. You're sure to find a pro- 
gram that fits your career objectives. 

FREE book gives all the facts. Mail 
postpaid reply coupon today or write: 
CREI, Dept. 1412A 
3224 Sixteenth St., N.W. 
Washington, D.C. 20010 

F,-MV.K+O..I i44..W.tilM fr.... 

SEND FOR 
FREE BOOK 
Cut out entire busi- 
ness reply envelope 
at right. Fill in cou- 
pon. Fold over, seal 
(paste or tape) and 
mail today. 
NO STAMP NECESSARY. 

DECEMBER 1970 

r tn- deptfiTCOvërage 
AIM. of solid stalle 

electronics including 
intetated circuits! 

r - -- 
NO STAMP NEEDED - 
This entire fold -over coupon forms a postpaid envelope 

Please mail me FREE book describing CREI Programs. I am employed 
in electronics and have a high school education. 

NAME AGE 

ADDRESS 

CI'Y STATE ZIP 

EMPLOYED BY 

TYPE OF PRESENT WORK 

I am interested in: Electronic Engineering Technology 
Space Electronics Computers Nuclear Engineering Technology 
Industrial Electronics NEW! Electronics Systems Engineering 

;i NEW! Non -Technical Course in Computer Programming 
Approved for training under new G.I. Bill 
Do not cut here -just fold over, seal and mail -No stamp needed 1412 A 

BUSINESS REPLY MAIL 
No Postage Stem Necessary If Mailed In The United States 

Postage will be paid by 

CREI, Home Study Division 
McGraw -Hill. Book Company 
3224 Sixteenth St., N.W. 
Washington, D.C. 20010 

FIRST CLASS 
Permit No. 288 -R 

Washington, D.C. 
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This splice 
took 12 seconds. 

It is now 
stronger than 
the original 
tape. 
Tape splicing used to be a 
painstaking nuisance. Now 
it can be accomplished in a matter of sec- 
onds with EDITaII, the only true splicing 
method for reel, cartridge, cassette and video 
tape. Perfect for professional and amateur 
alike. It's virtually the only method used by 
broadcast, recording studios and manufac- 
turers of 4 and 8 track tape cartridges and 
cassettes.The reason: it's precise ... rapid 

simple to use - every time you use it. 
EDI tabu. precisely trimmed tape splices, 
make splicing even easier. They are avail- 
able in '/." and 150 mil sizes. Tape spliced 
in an EDITaII block may be erased and used 
over and over again for top quality record- 
ings. EDITaII splices are guaranteed to be 
stronger than the original tape. Perfectly 
smooth, they retain the original quality of 
sound reproduction. And they never damage 
tape heads or tape. 

POSITION MARK R CUT COMPLETED 

Regardless of the size tape you're using, 
there's an EDITaII kit to meet your require- 
ments. Visit your EDITaII dealer today or 
write: ELPA MARKETING INDUSTRIES, INC., 
New Hyde Park, N.Y. 11040 

EDITaII® 
Tape Splicing Method 
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HOME APPLIANCE 
ELECTRONICS 

by JACK DARR 

Houle appliance repairs are starting to 
turn into electronic repairs, thanks to 
the steadily growing amount of elec- 
tronic circuitry finding its way into re- 
frigerators, washers, driers, etc. 

These repairs are relatively sim- 
ple, especially when compared to inter- 
mittent troubles in a color TV receiver. 

So we're trying an experiment. 
We've asked Service Editor Jack Darr, 
who has written several books on ap- 
pliance repairs to do this column. If 
it goes over well in terms of reader 
response, it will continue in future 
issues. If it doesn't, we'll call it quits - 
for now. So let's hear from you. 

SAY "ELECTRONICS" TO US AND WE 
usually think of TV, radio, and the 
like. However, you'll find electronic 
circuits, principles and badgetry being 
used more and more in other things. 
beside the "entertainment" uses we are 
familiar with. You'd be surprised at 
how many purely electronic. (as com- 
pared to strictly "electric ") things and 
applications you can find now. 

This just might make up a very 
useful new field of endeavor for us. If 
you'll check, you'll find that the elec- 
tronic circuits used are extremely 
simple. At least, they look simple to 
the guy who spends his days digging 
around in the bewildering complexity 
of color TV. stereo decoders. ultra- 
sonic remote control systems, and that 
kind of stuff. 

For example. the Maytag Co., of 
Newton Iowa, probably the oldest 
maker of washers and driers in the 
country. have been using a very 
simple, purely electronic control cir- 
cuit on their automatic driers. for 
some time. The basic circuit is in the 
diagram. It provides an automatic cut- 
off for the drier for different types of 
fabrics. 

The circuit action is as follows; 
when the unit goes into the timed 
phase of the dry cycle, the rectifier is 

switched into the circuit. This de- 
velops a dc voltage which is applied to 
the capacitor, through one of several 
different value resistors. The correct 
resistor is selected by one of the push- 
button switches on the panel. 

The capacitor starts to charge. 
The time -constant of this, of course, is 
plain old "RC" -value of the resistor 
multiplied by the size of the capacitor. 

In a given length of time, the charge 
on the capacitor will reach a certain 
percentage of the charging voltage. 

A neon lamp is connected to the 
capacitor. As most of us know, these 
lamps fire at about 67 volts. The other 
side of the lamp, returns to 
ground through the coil of a reed 
switch. It takes only a very small cur- 
rent pulse to make these switches 
close. 

SILICON 
DIODE 

RI PUSH-BUTTON 
SWITCHES 

R2 

AC 
INPUT R3 

TO STOP 
RELAY 

- REED SWITCH 
(NORMALLY OPEN) IÁMON P 

When the dc voltage on the ca- 
pacitor has reached the necessary 
level, the neon lamp fires. This allows 
a small pulse of current to flow 
through the reed -switch coil, closing 
the contacts. When these contacts 
close. they actuate another (heavier) 
relay. which has been holding the 
heating elements, motor, etc. in an or 
condition while the drier runs. This 
relay now opens. stopping the drier. 

That's all there is to it. To get a 
longer running -time, a larger resistor 
is switched in, and vice versa. This is 
about as simple as you can get, and 
it's worked for some years. 

Most of the "home electronics" 
are equally basic. You'll find quite a 
number of different things, from SCR 
lamp- dimmers to timing controls of 
different kinds, temperature controls, 
and on and on. 

In fact. these things are getting 
so popular that Radio -Electronics has 
been thinking about opening a branch 
office of the Service Clinic. We might 
call it the Home Electronics Clinic. 
Let us know what you think about 
this. If you have run into problems in 
this area, send them in and we'll see 
what we can do about them.-Jack 
Darr. R -E 
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A cartridge in a ¡year tree. 

DECEMBER 1970 

A gift of the Shure V -15 Type II Improved stereo phono cartridge will 
earn you the eternal endearment of the discriminating audiophile who 
receives it. What makes the V -15 such a predictable Yuletime success, 
of course, is its ability to extract the real sound of pipers piping, drum- 
mers drumming, rings ringing, et cetera, et cetera. Stereo Review, in 
a test report that expressed more superlatives than a Christmas dinner, 
described the performance of the V -15 Type II Improved as ". . . . 

Unstrained, effortless, and a delight to listen to." All of which means that if 
you're the giver, you can make a hi -fi enthusiast deliriously happy. (If 
you'd like to receive it yourself, keep your 
fingers crossed!) Shure Brothers Inc., 222 
Hartrey Avenue, Evanston, Illinois 60204. WA 

Circle 16 an reader service tart! 

5 1-I R 
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NTS outs a whole new world at your tililertius. 
NTS home training can put a 
whole new way of life in the palm 
of your hand. A new, exciting job, 
a much bigger income is now 
easily within your reach. 
NTS training is something spe- 
cial. We provide all the kits you 
need for the most effective train- 
ing. National Technical Schools 
sends kits with every course, and 
teaches you to build and test a 
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wide range of professional equip- 
ment - the same kind of equip- 
ment you'll actually use on the job. 
That's the NTS "Project Method" - training that's practical and 
in- depth. You learn everything 
from fundamentals to the latest 
innovations. From beginning 
to end, NTS makes it fas- 
cinating and fun to learn this 
way. And all you need is a little 

spare time and an interest in 
electronics. 
Each year, men are moving into 
important new jobs, or their own 
businesses, straight out of 
NTS electronics training. NTS is 
what's happening to men every- 
where. Check the coupon. Take 
hold of the career you want most. 
Do it now. No obligation. No 
salesman will call. 

RADIO-ELECTRONICS 



We aack your electronics course with Nits to make 

your traioioo fast. You'll coin every minute of it. 

NTS COLOR TV 
SERVICING 

COLOR TV 
295 SQ. IN. PICTURE 

NTS training provides an easy way 
to become a professional home - 
entertainment service technician. 
You receive a big screen Color TV 
with many unique features. The unit 
even includes self servicing equip- 
ment that permits you to make all 
normal test operations. No addition- 
al test equipment is needed for ad- 
justing your set. In addition you get 
an AM -SW radio, Solid -State radio, 
Field- Effect Transistor Volt -Ohm- 
meter, and Electronic Tube Tester. 
You learn about Electronic princi- 
ples and trouble shooting, hi -fi, 
multiplex systems, stereo, and color 
TV servicing. 

NTS COMPUTER 
ELECTRONICS 
This is the future. And it's happen- 
ing now. The number of computers 
will increase many times in the next 
few years. 

NTS offers a solid grounding in com- 
puter operation, wiring, data pro- 
cessing and programming. One of 
the 10 important kits included is our 
exclusive Compu-Trainer. It's a fully 
operational computer logic trainer - loaded with integrated circuits - 
the first ever offered in home study. 
It introduces you quickly to how, 
what, when and why of computers 

. from theory to practical servicing 
techniques. This unit is capable of 
performing 50,000 operations per 
second. 

NTS ELECTRONICS 
COMMUNICATIONS 
Choose from two exciting courses 
to get into the big -paying fields of 
transmitting and receiving equip- 
ment: (1) The FCC License Course. 
(2) The Master Course in Electronic 
Communications (more comprehen- 
sive, with Citizens' Band Two -Way- 
Radio). Either Communications 
program qualifies you for your FCC 
First Class Commercial Radio -Tele- 
phone License - NTS assures you 
will pass this FCC exam within six 
months after successfully com- 
pleting your course or your tuition is 
refunded. Kits include an Amateur - 
Phone 6 Meter VHF Transceiver - 
NTS exclusive, 6 transistor Solid - 
State Radio, Volt- Ohmmeter (fully 
transistorized). 

f i 

- 1 ` __ 
_. 

Exclusive new 
Compu -Trainer 
rIf card is missing 

L 

NTS GUIpE 
EL- 

check coupon and 
mail for free color 
catalog and sample 
lesson. Now. 

National Technical Schools 
4000 S. Figueroa St., Los Angeles, Calif. 90037 
Please rush Free Color Catalog and 
Sample Lesson, plus information on 
course checked below. No obligation. 
No salesman will call. 

5 Watt AM Transmitter/ `f 
Receiver 

NTS AUTOMATION/ 
INDUSTRIAL 
ELECTRONICS 
Let NTS put you into the age of elec- 
tronic controls. Systems Automation 
is rapidly becoming the emphasis of 
modern industry. Your NTS training 
in automation electronics includes 
equipment like a 5" wide band Oscil- 
loscope. You also get the new NTS 
Electronics Lab. It's an exclusive 
NTS experimental laboratory -a 
complete workshop that simplifies 
learning about solid- state, miniature 
and integrated circuits. 

a 2 

5" Oscilloscope 

CLASSROOM TRAINING 
AT LOS ANGELES 
You can take classroom training at Los 
Angeles in sunny Southern California. 
NTS occupies a city block with over a 
million dollars in facilities devoted ex- 
clusively to technical training. Check box 
in coupon. 

NATIONAL SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

4000 South Figueroa Street 
Los Angeles, Calif. 90037, U.S.A. 

APPROVED FOR 
VETERANS 
Accredited Member: National Associ- 
ation of Trade and Technical Schools; 
National Home Study Council. 

Master Course in Color TV Servicing 
Color TV Servicing 
Master Course in TV & Radio Servicing 
Practical TV & Radio Servicing 

11 Master Course in Electronic Comm. [i FCC License Course 
[_] Master Course in Electronics Tech. 

Industrial and Automation Electronics 
Computer Electronics 
Basic Electronics 

Name Age 

Address 

City State Zip 

Check if interested in Veteran Training under 
new G.I. Bill 
Check if interested only in Classroom Train- 
ing at Los Angeles 

Dept. 2as 120 
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oing Tubes Picture Tubes ECG Semiconductors 

The long awaited and newly revised Sylvania 
Technical Manual is out. Complete and unexpur- 
gated. The fantasy of every Independent Service 
Technician. Written anonymously by an agile team 
of Sylvania engineers. 32,000 components de- 

scribed in breathtaking detail. Including thousands 
of unretouched diagrams and illustrations. Discover 
the unspeakable thrill of new color TV Tubes, listed 
as never before. The ecstasy of 28,000 ECG Semi- 
conductors. 

From exotic Deflection Oscillators to a lurid ac- 

count of Transistors and Rectifiers. 
This book has what you want. Components for 

the man who knows what to do with them. 
The 14th Edition of the Sylvania Technical Man- 

ual is not available in any bookstore. Your Sylvania 
Distributor is discreet. Speak to him. 

SYLVAN IA 
GENERAI TELEPHONE & ELECTRONICS 
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BREADBOARD A COMPUTER WITH 

R -E's Logic Laboratory 
by DAVID KORMAN 

A number of educational systems 
have been designed over the last ten 
years or so that allow a beginner to 
learn digital logic. Each of these has 
been expensive, running as much as 
a thousand dollars or more for a 
very small system. The system de- 
scribed here costs only a little over 
$100 yet it is patterned after a system 
that currently sells for $450. 

A computer logic laboratory is a 
device that can be used to learn 
about, test and design computer cir- 
cuits. The unit described here can be 
used as a home study unit to learn 
digital logic. It can be used in a class- 
room to teach digital logic. Having 
learned logic, the system can be used 
to construct and test encoders, deco- 
ders, gating circuits, counters, shift 
registers, storage registers, adders, and 
many other logic circuits. 

More than one unit can be 
"ganged" to build a complete com- 
puter. The lab has eight lamps, eight 

switches, two pulsers, clock circuitry, 
power supplies and a complete logic 
system all packed in a 9" x 12" x 4" 
package for easy portability. 

To keep cost low, the entire logic 
section has been layed out on the re- 
verse side of a printed circuit logic 
panel. The reverse side contains all in- 
terconnect wiring. integrated circuits 
(Transistor- Transistor Logic), and 
power distribution. 

The front of the card contains 
MIL806B logic symbols with eyelets 
used for interconnection. The inter- 
connection is made from gate to gate 
using wires with taper pins. These 
make ideal low -cost connectors. 

The logic panel is in the 9" x 
12" by I" deep lid of the laboratory. 
There are provisions for connecting 
the logic to lamps, switches, pulsers 
and clock outputs. 

The balance of the circuitry, in- 
cluding lamps and switches is in the 
body of the case. The entire assembly 
weighs less than 5 pounds making it 
easily portable. Power for most of the 
circuitry is obtained from a standard 
117 -volt outlet. The low drain clock 

oscillator is operated from a 9 -volt 
battery that should last for a year in 
normal operation. The battery isolates 
the clock oscillator from the rest of 
the circuitry. 

Construction details 
Building the unit is broken down 

into several individual steps: 
1. Display panel 
2. Hardwood case 
3. Logic panel 
4. Rectifier -regulator card 
5. Clock -lamp driver card 
6. Final testing and assembly. 

After construction is completed, 
you will be presented with a complete 
set of operating instructions and ex- 
periments for the laboratory. 

Display panel 
If you are building your own 

panel (Fig. I). make sure all drilling is 
completed and all legends are in 
place before starting construction, 
then ream the lamp holes carefully. 
These holes must be just large enough 
to allow the lens cap to slip in with a 
fair amount of pressure. The only 
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thing holding the lamps in place will 
he the tension on the lens caps. 

After installing all 8 lens caps, 
install the switches. Remove all of the 
hardware except the nut nearest the 
body on all switches. Screw the nut 
remaining up a couple of turns. put 
the lock washer in place and fit it into 
the hole. If the bushing clears far 
enough to allow the outside nut to 
screw all the way down without show- 
ing any threads. the setting is about 
right. Mount all switches this way us- 
ing the two nuts and the lock washer. 

Install the two push- button PUL- 
SER switches and the small poten- 
tiometer. The potentiometer fits in the 
top left hole in the panel. If necessary, 
cut the shaft shorter to allow the knob 
to slide down nearly to the face of the 
display panel. Install and tighten the 
knob. 

Install the eight lamps by push- 
ing them into the lens caps from the 
back. Check your work and lay the 
panel aside for mounting it in the 
case. 

Hardwood case 
Check the display panel fit in the 

deeper part of the case. Mark the 
point on the case where the top edge 
of the panel stops. Do this on both 
sides of the case and using a square, 
draw a perpendicular line down the 
inside of the case using the top edge 
of the case and a tri -square. 

Now. at these two points and at 
the two lower corners, measure 1" 
and mark the case. Using these marks 
as guide lines. carefully glue the dis- 
play panel mounting blocks into place. 
Check them with the display panel to 
insure that the display panel touches 
all four blocks. 

Glue in a piece of a!S_" model 
makers plywood 2 inches wide and 12 
inches long to form a box. 

Using a IA" drill, drill holes as 
closely spaced as possible as shown in 
details A. B and the hinge end view of 
these slot locations. Once drilled, 
shape the holes neatly with an X -Acto 
knife. 

The next step, though not abso- 
lutely essential, will make a far neater 
job. Remove the hardware and lay it 
out so that it can he replaced exactly 
as it was. Sand the exposed edges of 
the case as smoothly as desired and 
dope them with ordinary or "hot fuel- 

FIG 1 (tool- DISPLAY PANEL R 1 8 -in. 
wood -grained hardboard. Squares are 
1 2 in. 
ICenterl -HOW CASE IS ARRANGED. 
(Bottoml- INSIDE THE CASE shows rear 
of display panel. the power supply and 
the voltage -regulator and clock lamp - 
driver boards. Note transistor on the heat - 
sink. 
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proof" model airplane dope. When 
dry, sand lightly and put on one more 
coat. 

Mask these edges very carefully 
and spray the interior of both the lid 
and the case with the color of your 
choice. I used Krylon flat -black spray 
lacquer on my unit. Let the glue and 
paint dry overnight and replace the 
hardware to complete the case finish. 

Mark out the power receptacle 
cutout from inside the case. Rough it 
out with a 1/4" drill and smooth out 
the cutout. Drill the holes for the 
mounting screws and mount the re- 
ceptacle. This completes the majority 
of the work on the case. 

Lay out the transformers and 9- 
volt power supply to insure that they 
will fit properly into the case. Drill 
holes for mounting all parts that re- 
quire drilled holes. Use flat washers 
under the heads of binder head screws 
on the outside of the case and tighten 
nuts on the inside to secure all parts in 
place. 

Logic panel 
li ou do not purchase the card 

for this section of the logic lab, obtain 
a piece of 1/ a" circuit card material 
with, preferably, 2 -ounce copper on 
one side. The raw stock should be 
large enough to accommodate a 9" x 
12" card with working room. 

Set up and etch the copper side 
with the pattern in Fig. 2. Drill the 
large pad positions with a No. 47 
drill. This allows a snug fit for the 
Mark Eyelet and Stamping eyelets 
used for terminals. The small pad po- 
sitions should not he drilled since the 
IC's are surface mounted on the pads. 

After drilling. insert the eyelets 
through a film positive or similar art- 
work of the front of the panel (Fig. 3) 
cut to match the drilling pattern. Solder 
the eyelets from the copper side; be 
very careful not to get solder in the 
eyelets as these are just large enough 
to accept the taper pins used as plugs. 
The eyelets forced through the art- 
work will hold the artwork in place. 

In one instance the pattern for 
the front panel was etched (using 2- 
sided copper hoard) and the resulting 
conductors cut to avoid causing 
shorts. 

From this point the procedures 
apply to either a home -brew or pur- 
chased circuit -card: 

Insert eyelets in each hole press- 

FIG. 2 (topl -LOGIC PANEL WIRING 
is smaller than half -size. Enlarge so pat- 
tern is 11 1 2 x 8 1 2 in. between corner 
mounting holes. FIG. 3 (center) -FRONT 
OF LOGIC PANEL. Enlarge to same size 
as Fig. 2. IBottom) -LOGIC PANEL 
PHOTO shows the IC's, all jumpers and 
leads. 
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FIG. 4-TYPE AND LOCATION. The 
7473's have their notches pointing up; 
all others point down. FIG. 5-THE NEXT 
STEP is to add the ground leads as shown. 
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CATCH 

3" 
4 

EPDXY 
CEMENT 

FILE 

SOLDER 

4 -40 SCREW 
LOGIC 
PANEL 

(Bottom) -NOW CASE IS MADE. The top 
is 1 1'4 in. deep overall and the bottom is 
31/4 in. Sectional drawing at right shows 
how the logic panel is mounted on angles. 

ing them as near flush with the card 
as possible. Turn the card over and 
using a small iron and plenty of care, 
solder around the outside edge of the 
eyelet -pad interface. Don't get solder 
on the inside walls of the eyelet. 
Should this happen, use a small drill 
to clean out the inside of the eyelet. 
Pre -tinning all pads and then using a 

sweat soldering technique might be 
the best all- around approach to the 
problem. 

After inspecting the board to in- 
sure that all eyelets are mounted and 
properly soldered. the integrated cir- 
cuits are mounted as shown in Fig. 4. 
Their legs can be slightly compressed 
to make them fit the pattern of small 
etched holes. Very carefully solder 
two legs at diagonally opposite cor- 
ners to the copper pattern. Use as 

little soldering iron dwell time as pos- 
sible to avoid lifting the pads. The 
iron should be as small as possible and 
as hot as possible. Get on, make sure 
the solder liquifies and flows and then 
get off! Inspect the soldering and the 
positions of the remaining legs to he 
sure that everything is properly posi- 
tioned and matched. Solder the re- 
maining legs. excluding the power and 
ground legs to their pads. Since solder 
bridges between pads can occur quite 
easily with the close proximity of 
these circuit runs and pads. inspect 
every connection for solder bridges. 

Bend the power and ground legs 
out very carefully to make them par- 
allel to the surface of the card. Use 
insulated wire to run power and 
ground connections as in Figs. 5 and 6. 

Install five l5 -p.F. 20 -volt tan- 
talum capacitors in the locations 
shown in Fig. 7. 

Attach 8 "L" brackets to the 
board using 4 -40 hardware. File two 
sides of each nut to remove the plat- 
ing before tightening it on the screw. 
One or two of the brackets may have 
to be shortened to avoid circuitry. Af- 
ter the brackets are installed, fit the 
assembly into the lid and be sure that 
the brackets are all properly posi- 
tioned and fit snugly against the side 
of the lid. Remove the assembly and 
solder each nut to its "L" bracket on 
at least two sides. 

Mark the points where the "L" 
brackets contact the inside surfaces of 
the lid and apply a generous amount 
of epoxy cement to each of these lo- 
cations. Insure that the cement comes 
no further up the side than the top of 
the "L" bracket. Do not apply cement 
to the "L" brackets as this will smear 
the case. 

Slide the entire logic panel and 
bracket assembly back into the lid and 
allow the epoxy cement to set com- 
pletely for at least 8 hours at room 
temperature. 
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Now, by removing the 8 4 -40 
screws, the panel can be removed to 
complete the wiring! The brackets 
should remain firmly anchored to the 
walls of the lid with the nuts soldered 
on the bottom of the brackets. 

Rectifier -regulator card 
All of the layout and parts place- 

ment information required to con- 
struct the rectifier -regulator card is on 
the card artwork or on the card (see 
Fig. 8) . 

Mount or install all components 
except the power transistor as in- 
dicated on the card and parts list. Sol- 
der and clip all leads close to the 
board. Inspect all solder connections 
and insure that all parts are properly 
placed. 

In assembling the power transis- 
tor and heat sink. it will he necessary 
to file the tabs of the top part of the 
heat sink on both top and bottom to 
insure good contact between the tran- 
sistor case and the bottom of the tran- 
sistor cover and the top of the transis- 
tor cover and the screw. Mount and 
tighten the transistor and transistor 
cooler assembly. 

Be sure to observe polarity of all 
diodes, rectifiers and electrolytic ca- 
pacitors. On Zener diode D9 the 
banded or cathode end should he up 
(toward the transistor). On Zener 
diode D10, the hand should be toward 
the MDA rectifiers. 

LOGIC LAB PARTS 
Parts for the logic laboratory are 

available from Southwest Technical 
Products Corp., 219 Rhapsody, San 
Antonio, Texas. 78216. The following 
items are available: 
Rectifier -Regulator Board $2.20 
Kit of parts plus board $17.50 
Lamp -clock Driver Board $2.10 
Kit of parts plus board $20.75 
Lamp and Switch Panel with 

associated parts $20.00 
Main Logic Panel Board $8.50 
Kit of parts plus board $36 40 

The only parts not listed here are 
the wood case and the power trans- 
formers and filters that go into the 
case. The pattern for the Clock -Lamp 
driver board will be printed next 
month. 

The complexity of this article has made 
it impossible for us to present in a single 
issue of Radio- Electronics. Next month 
we will publish the remaining construc- 
tion details, including full parts lists and 
sources of circuit boards and parts kits. 
(Southwest Technical Products). 

In February we will start a regular 
column containing a series of experiments 
you can conduct with the lab. 

(TO BE CONTINUED) 
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using this artwork. 
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Design for 

STEREO 
by MANNIE HOROWITZ 

how to design 

your own solid -state 

audio amplifier 

Solid -state stereo amplifiers is today's way to go. 
This new series shows how amplifiers are designed. 

This is the first of a series of ar- 
ticles which lead you step -by -step to 
the design of your own solid -state 
audio amplifier. Although we assume 
that you have mastered the basics of 
electricity, electronics and elemen- 
tary mathematics, you will find some 
sections covering elementary topics. 
These basic facts are included pri- 
marily to help you understand some 
more involved points. We begin by 
discussing the direction of current 
flow as it is used throughout this 
series. 

In the heyday of vacuum tubes. it 
was taken for granted that current 
flows from the negative terminal of a 

battery through the load and hack to 
the positive terminal. This is the actual 
direction in which electrons flow. It is 

significant only because electrons flow 
from the heated cathode in the elec- 
tron tube to the cooler plate. 

When talking about semiconductor 
circuits, it is much easier to use con- 
ventional current flow as the standard. 
Here. current flows from the positive 
terminal of the power supply, through 
the load, and back to the negative ter- 
minal. This direction is just the reverse 
of electron flow. The arrow in the 
symbol of the diodes and transistors 
indicate the direction of current, not 
electron flow. It is a great help when 
describing transistor circuits, to re- 
member that current flow is in the di- 
rection of the arrow drawn in the 
symbol of the particular semi- 
conductor. 

With this established. we can now 
turn to the topic at hand. 

FUNDAMENTALS OF 
SEMICONDUCTOR DEVICES 

Semiconductors 
Every experimenter is familiar with 
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electrical conductors. Ordinary copper 
hook -up wire used to :-onne_t two 
components in a piece of electronic 
equipment, is a common example of a 

co'ductor. The chassis used to sup- 
port the components of an audio am- 
plifier is frequently used as a con- 
ductor. 

Insulators are just as important in 
audio work as are the conductors. Air 
resists the flow of electricity for most 
useful voltage levels, and is thus an 
excellent insulator. The plastic. cotton. 
or enamel covering over the hook -up 
wire, are important insulators. These 
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Fig. 1 -THE JUNCTION DIODE. Drawing 
la) is symbol. When forward biased Ib) 
diode passes current I ; reverse- biased 
diode (c) does not normally conduct. 

o 

mA 

VOLTS 

O V 

C 

VOLTS 

Fig. 2- FORWARD -BIASED DIODE curves. 
a -Note curve extended to V by broken 
line. Extend a vertical from V (b) to curve 
to find current I . c- Approximation of 
diode current above and below V. 

are frequently rated by the amount of 
voltage they can safely withstand be- 
fore they break down and start con- 
ducting. Two good insulators are pure 
germanium and pure silicon -espe- 
cially at low temperatures. 

Semiconductors are materials that 
fall somewhere between conductors 
and insulators in their ability to con- 
duct electricity. Although germanium 
and silicon. in their pure state, are 
goof insulators, the additions of im- 
purities changes all this. In the impure 
conditions. they are the basic materials 
of most semiconductors currently in 
use. 

The characteristics of the semi- 
conductor formed is determined by 
the impurities added. While one type 
of impurity will cause an excess of 
electrons to float around in the semi- 
conductor material, a second type will 
provide you with a material lacking in 
electrons and is positive in nature. 
These materials are assigned names. n- 
type material contains an excess of 
electrons while p -type material is lack- 
ing in electrons. 

An independent piece of n -type or 
p -type material has little value by it- 
self. Join an n -type semiconductor to 
a p -type semiconductor, and the prac- 
tical value of the resulting device is 
without bounds. This is the geometry 
of the p -n junction diode. Depending 
upon the application and specific de- 
sign, it may be called a silicon rectifier, 
a Zener diode, a noise diode, a signal 
diode, a switching diode, as well as by 
many other designations. 

The symbol of the junction diode is 
shown in Fig. l -a. The terminal with 
the arrow is made of p -type material 
and is referred to as the anode. The 
end with the straight line is thus the 
cathode and is made of an n -type slab. 
Figs. 1 -b and 1 -c indicate what hap- 
pens if a battery is connected across 
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the diode. (Do not try this experi- 
mentally unless you include a resistor 
in series with the circuit to limit diode 
current to safe values.) 

A diode will conduct (Fig. 1 -b) 
when the voltage supplied at the 
anode is positive with respect to that 
at the cathode. Hence the p -type mate- 
rial must be positive with respect to 
the n -type material if the diode is to 
conduct. This is an important fact to 
remember. It is also important to note 
the direction in which the current will 
flow. It is indicated by the arrow por- 
tion of the diode symbol. It flows 
from the positive battery terminal, 
through the diode, to the negative ter- 
minal. 

In Fig. 1 -c, the battery is connected 
in the reverse direction. Theoretically, 
no current will flow. The last state- 
ment will be modified below to some 
degree. 

Now let us turn our attention to the 
forward biased diode in the arrange- 
ment allowing it to conduct current. 
There is no intention of implying that 
all that is required for a diode to con- 
duct is to arrange the supply as shown 
in Fig. I -b. However, the voltages 
must be applied with the polarity 
shown if the diode is to conduct. 

The amount of current a diode con- 
ducts depends upon the circuit, upon 
the applied voltage and upon the char- 
acteristics of the particular diode. A 
typical forward biased diode curve is 

shown in Fig. 2 -a. The solid line in- 
dicates how the current the diode pas- 
ses depends upon the voltage across 
the diode. 

It is simple to determine from the 
curve just how much current will flow 
when a specific voltage is across the 
diode. Just draw a vertical line from 
the voltage axis (horizontal axis) in 
Fig. 2 -b. This line is to start at a point 
equalling the voltage, V across the 
diode. Extend the line until it just 
touches the solid diode characteristic 
curve. Now draw a horizontal line 
from the point where the diode curve 
and the vertical line just drawn, inter- 
sect. Extend this line to the vertical 
current axis, and note the current 
reading at the point where this line 
touches the vertical axis. This current, 
1 flows through the diode when the 
voltage V, is across the diode. 

Returning to Fig. 2 -a, you will no- 
tice that at low voltages, very little or 
no current flows. As the voltage is in- 
creased, the amount of current that 
flows increases rapidly. This can be 
looked upon more instructively with 
the aid of Fig. 3. Here, the diode is in 
a circuit with a resistor and variable 
voltage power supply. 

Assume that E is increased to very 
large values. The current that can 
flow will be limited by the resistor R 
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in the circuit. Regardless of the cur- 
rent flowing, the voltage across the 
diode will rise very slowly. The bulk 
of the voltage E will be developed 
across the load resistor R. The voltage 
across the diode will increase only 
somewhat above V in Fig. 2 -a. 

( Lets stop here for a moment to re- 
flect on just what is happpening. The 
input voltage E rises rapidly. The cur- 
rent through the circuit increases rap- 
idly. Yet the voltage across the diode 
remains at about V and rises only 
slightly above V. A load placed across 
the diode will have a pretty constant 
voltage at V despite supply voltage 
variations. This is the basis of a volt- 
age regulation.) 

The point V in Fig. 2 -a is quite im- 
portant. This is basic to the appproxi- 
mate characteristic curve of the diode. 
V is determined by assuming that the 
straight portion of the curve is ex- 
tended to the zero current axis. The 
approximate curve is shown in Fig. 2- 
c. From O volts to V volts, no currrent 
flows. To a good approximation, it 
can he assumed that no current flows 
when the voltage across the diode is 
less than V. As soon as the voltage 
across the diode is increased even 
slightly above V, current will flow and 
the voltage across the diode will re- 
main at about V volts or rise slightly. 
The amount of current flowing 
through the circuit in Fig. 3 will! be 
relatively independent of the diode, 
but will depend primarily upon E and 
R. 

Two important numbers should be 
remembered. For germanium diodes, 
V is about 0.2 volt. For silicon it is 
about 0.6 volts. We will use this ap- 
proximation of the diode throughout 
the series of articles. It should also be 

E 
+ 

1 0 

Fig. 3 -DIODE IS FORWARD -BIASED by 
variable voltage source. Resistor R limits 
diode current to a safe level. 

Fig. 4- CURVES FOR TWO DIODES. 
Curve A represents a silicon power recti- 
fier while B may be a point- co ;itact type. 

noted that these voltage are relatively 
accurate at room temperatures. 25 °C. 
They decrease at about 2.5 mV (.0025 
volt) for each degree celsius rise in 
temperature. The effect is to move the 
entire curve in Fig. 2 -a slightly to the 
left. 

The diode is also characterized by 
its forward resistance. Fig. 4 shows 
curves representing the forward char- 
acteristics of two different diodes. 
Curve A could be that of a silicon 
power rectifier while curve B may be 
the curve of a point- contact germa- 
nium signal diode. The dc resistance 
of the diode is r ,,c - V/I and is dif- 
ferent at different points on each 
curve. As an example, determine the 
dc resistance at 0.5 volt for both recti- 
fiers. For power rectifier A, the cur- 
rent flowing is 0.05 ampere and the dc 
resistance is 0.5 volt /0.05 ampere or 
10 ohms. For diode B, the current 
flowing is 0.1 ampere and the dc re- 
sistance is 0.5 volt /0.l ampere or 5 
ohms. In this region, the power recti- 
fier has higher dc resistance than does 
the signal diode. 

Now consider the dc resistance at 1 

volt. The current flowing through the 
signal diode is 0.3 ampere and that 
flowing through the power rectifier is 
1.5 ampere. The dc resistance of the 
signal diode is then 1 volt /0.3 ampere 
= 3.333 ohms, and the dc resistance of 
the power rectifier is 1 volt/ 1.5 am- 
pere or 0.67 ohms. This is the usual 
situation that does exist under normal 
operating conditions -power rectifiers 
have lower resistance than do point - 
contact germanium signal diodes. 
(Note: Point -contact signal diodes 
have few, if any, audio applications, 
and will not be discussed here. They 
are used primarily in rf work. The 

I2 

V Vb V2 

VOLTS 

Fig. 5-TO FIND AC RESISTANCE super- 
impose sinewave ac on dc bias. Subtract 
V from V ; divide by I minus I . 

(+) 

+ V r a C t) 

Fig. 6- EQUIVALENT CIRCUIT of a for- 
ward- biased diode. Diode D conducts 
when applied voltage exceeds battery V. 
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structure does not consist of a junc- 
tion of dissimilar semiconductors. It is 

introduced here only because of the 
distinct difference of the curve when 
compared with junction diode cur- 
ves.) It will also be found that the re- 
sistance of junction signal diodes is 

lower than that of point- contact de- 
vices, but is usually larger than that of 
power rectifiers. 

A more important diode character- 
istic is the ac resistance, r,,,. In the dis- 
cussion above, it was assumed that 
only direct current flows through the 
diode. In the more usual case. the cur- 
rent is ac. The ac resistance can be 

readily and accurately determined 
from the diode curve. The procedure 
is described with the help of Fig. 5. 

As you know, the ac waveshape is 

sinusoidal, varying over the 360° 
cycle. Superimpose this ac voltage on 
a dc bias (V,) and apply to the diode. 
When the ac signal is at a minimum, 
the voltage across the diode is V, 
while at the maximum. it is V. At 
these instants in the cycle, the current 
flowing through the diode are I, and I:. 

respectively. The ac resistance, deter- 
mined from the slope of the curve. is 

(V,- V,) /(I_ -I,). This is the actual 
resistance the sine wave sees. The 
relative ac resistances of the various 
types of diodes are like the dc resist- 
ances in that power rectifiers exhibit 
the lowest resistances, point- contact 
diodes have the highest resistances 
while silicon junction signal devices 
fall somewhere between the two, but 
close to the magnitude of the ac resist- 
ance of power rectifiers. 

A convenient formula to remember 
for all junction diodes (not point -con- 
tact types) is 

TA, = 26 /Ir Eq. 1 

where I, is the average or dc current 
flowing through the diode, when this 
current is expressed in milliamperes 
(1 /1000 of an ampere). I, is 

frequently midway between I, and I,. 

This formula will provide you with ac 

resistances close in value to those de- 

termined from the curves. 
The complete equivalent circuit of a 

forward- biased diode can now be 

drawn as in Fig. 6. The arrow -line 
symbol represents the ideal diode 

showing that current (not electrons) 
will flow only if the anode (arrow) is 

positive with respect to the cathode. 
For the ideal diode, the V of Fig. 2 -a 

is zero. However, V is not forgotten 
in the equivalent circuit. The battery 
V represents this cut -in voltage Fig. 2- 

a. A positive voltage greater than V 
must be applied at the terminal 
marked (+) in the equivalent circuit 
(or at the anode of a real diode), be- 

fore the diode will conduct. In the 

equivalent circuit is the ac diode resist- 
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V2R -VIR 
roc' 

I2R- IIR 

_ v2R vIR/vB -01V 

I I 

I 

IS 

IL 

IIR 

12R 

Fig. 7- REVERSE -BIASED DIODE dis- 
plays this characteristic curve. Current 
rises very slowly to I. and then increases 
sharply as current reaches Zener area. 

150051 
10 

1 /2W 

12V 
o RMS 

9 VOLT 
ZENER 

ev 

Fig. 8- EXPERIMENTAL SETUP to deter- 
mine Zener diode characteristics. 

"t.17 
VOLTS 
PEAK 

REVERSE 

I 

9V 
I 

I 

ó il 

001 

I 

I 

1 

9V 

164V 

1 

FORWARD 

360° 180° 

Fig. 9 -SCOPE PATTERNS obtained by 
connecting oscilloscope to test setup in 
Fig. 8. Top pattern is sinewave across 
transformer. Middle curve shows the 
voltage across Zener diode. When re- 
verse- biased, voltage clamps at Zener 
level and at 0.6 volt with forward bias. 
Bottom pattern shows current and volt- 
age across resistor. The sum of resistor 
and Zener voltages equals that across 
transformer. 

ance and is drawn as a resistor re 
Now we turn our attention to the 

reverse bias characteristic. It is drawn 
graph:ca!ly in Fig. 7. 

It was stated earlier, with reserva- 
tions, that current will rot flow 
through the diode when it is reverse 
biased. Actually, current will flow. 
When the reverse voltage is about 0.1 
volt, a "saturation" current flows (I,). 
This current increases only with tem- 
perature. It doubles for every 6 °C 
temperature rise when the diode is 
made of siliçon material, while for 
germanium diodes the saturation cur- 
rent doubles with every 10 °C increase 
in temperature. 

As if this is not enough undesirable 
reserve current. these are impurities 
associated with the diode which pro- 
duce a leakage current dependent 
upon the size of the reverse voltage. 

As the reverse voltage is increased, 
a breakdown voltage is reached, V,,. 
above which the current increases rap- 
idly. Any slight increase in voltage re- 
sults in a large increase in the amount 
of reverse current flowing through the 
diode. The reverse ac resistance can be 
determined for this, or for other sec- 
tions of the curve. using the methods 
applied to Fig. 5. The sole difference 
here. is that the arithmetic and con- 
struction is now accomplished in the 
third rather than in the first graphical 
quadrant. (See the mathematics and 
construction in Fig. 7.) Note that 
Equation I does not apply here to the 
reverse characteristic. 

An interesting experiment 
If you have a scope, a 12 -volt ac 

supply, a 9 -volt Zener diode, and a 
1500 -ohm resistor, you can perform 
an interesting and instructive ex- 
periment. 

(First you must understand that the 
Zener diode is merely a silicon diode 
with the breakdown voltage, V,,, con- 
trolled. In this case, it is equal to 9 
volts. The forward characteristics are 
identical to those of any silicon device. 
The 1500 -ohm resistor limits the diode 
current to safe values.) Now wire the 
circuit in Fig. 8. 

Place your scope input leads across 
the I2 -volt supply. If the sweep phase 
on your scope is properly adjusted, 
you will see a sinewave as at the top 
of Fig. 9. 

Now connect your scope across the 
Zener diode. The trace will be as the 
second curve in Fig. 9, approaching 
the shape of a square wave. Should 
your scope have a dc vertical ampli- 
fier, you will find that the voltage in- 
creases sinusoidally above the zero dc 
level (it is below the zero level if the 
connections to your scope are rever- 
sed) until the 9 volt reverse break - 

(continued on page 88) 
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NEW R -E EXCLUSIVE 
TV Sound Output (Tube) 
driven from 
quadrature sound detector 

Kwîk-FIxT'pîcture and waveform charts 
AUDIBLE SYMPTOMS 

SYMPTOM PIC 

NOTES: 

by Forest 
AS GUIDES 

DESCRIPTION 

Sound weak and 
distorted; turning 
volume control up 
may reduce sound 

Sound 
completely 
dead 

H. Belt & Associates 

VOLTAGE 

11111 
WHERE TO CHECK FIRST 

WAVEFORM PART 

CI leaky 

CE shorted, open 
R2 slider open 
R3 open 
R4 open 
R6 open 
Ti open 

Sound 
slightly 
weak 

Sound distorted, 
without much 
change in 
volume. 

R4 hic;h 

Tone control 
doesn't change 
sound 

i. 

C5 pr.n 
R )'prn 

Use this guide as a quick way to find which key voltage or 
waveform to check first. 
Study the station sound, as there are no screen symptoms. 
The clues most helpful for the symptom described are 
found at the key test points listed. 

an Easy -Read'" feature by FOREST H. BELT & Associates C 1970 

Use the Voltages Guide and Waveforms Guide to analyze 
the results of those tests. 
For a quick check, test or substitute the parts listed as the 
most likely cause of the symptom. 

THE STAGE 
Tube TV chassis nowadays use quadrature sound de- 

tectors almost exclusively. The high audio voltage from 
them is enough to drive power output stages directly. 
That's why the volume control is in the grid circuit of this 
sound output stage. Where an extra audio voltage amplifier 
is necessary, the volume control usually precedes that stage. 

This power pentode takes a few volts of input audio 
signal and builds it into a powerful, high -amplitude audio 
signal. The intention is to do that without distortion. The 
tone control in this version is about the simplest imagi- 
nable, explained later. 

A loudspeaker is a current -activated device. The out- 
put transformer converts the high- amplitude output signal 
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into a high -current signal. The voltage across the speaker is 
much less than across the primary winding of the trans- 
former, a natural result of stepping current up. 

SIGNAL BEHAVIOR 
The audio signal voltage comes from the plate of the 

sound detector tube in the chassis used for this example. 
Coupling capacitor Cl applies the signal across the volume 
control. Capacitor C2, R1, and C3 form a tone -com- 
pensating network that prevents loss of high frequencies as 
the volume control is turned to low levels. 

The slider of volume control R2 determines how 
much audio voltage from the detector is applied to the grid 
of V1 through isolating resistor R3. For the audio input 
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DC VOLTAGES AS GUIDES 

change + to zero very low low slightly -low slightly high high 

Screen -pin -3 
Normal 
225V 

R6 open 
C6 shorted 

R6 high 
C6 leaky 

R4 low,shorted 
C4 leaky 
C4 shorted 

R4 open 

Plate -pin -6 
Normal 
210V 

T1 open 
C6 shorted 
R6 open 

R4 low 

C4 leaky 
C4 shorted 
R6 high 
C6 leaky 

C5 leaky 
C5 shorted 

R4 open, high 

Cathode -pin -7 
Normal 
7V 

C4 shorted 
R6 open 

R4 low 

C4 leaky 
R4 low 
R6 high 
T1 open 

Cl leaky C 1 shorted 
R4 high 

Grid -pin -8 
Normal 
0 V 

"Cl leaky 
* *C1 shorted 

R4 low 
*R6 open 
*C4 leaky 
*T1 open 

*Goes 
negative 

**Goes 
positive 

NOTES: 
Use this guide and the Waveforms Guide to help you pin- 
point the faulty part. 
Measure each of the four key voltages with a vtvm. 
For each, move across to the column that describes what- 

signal, volume control R2 is the grid load. R3 is also part 
of the output- transformer secondary load. 

The sound signal voltage applied to the grid is ampli- 
fied tremendously by V 1. The signal voltage is made quite 
high. But the output stage is for power amplification. 
Ample signal current must be available, as well as the in- 
creased signal voltage. 

For best power amplification, the output load must 
match the internal impedance of the tube. The speaker, 
which ultimately is the output load, has very low imped- 
ance: the tube impedance is rather high. The output trans- 
former is designed to match those two impedances. It 
transforms the high plate impedance of the tube to the low 
impedance of the speaker. The large- voltage signal is trans- 
formed to a low -voltage, high- current signal. 

Both cathode and screen of power pentode VI must 
be kept at signal ground for efficiency. Capacitors C4 and 
C6 are electrolytics large enough to completely bypass 
audio signals at both elements. 

Capacitor C7 and R7 form a feedback shaping net- 
work. It carries degenerative feedback from the output - 
transformer secondary to the grid of the tube. Negative 
feedback reduces distortion. R8 is a constant load for the 
secondary of Tl in case the speaker is left disconnected. It 
keeps feedback applied so the stage can't self -oscillate. 

The tone network is made up of C5 and R5. The 
setting of 115 determines how much of the high audio fre- 
quencies are shunted to ground through C5. 

DC DISTRIBUTION 
1 his pentode stage is cathode -biased; R4 develops the 

bias voltage, which reaches the grid through R2 and R3. 
Plate and screen voltages come from the same 240 - 

volt dc source, and in fact share the same dropping re- 
sistor, R6. The dc path to the plate includes the primary of 
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ever change you find in that voltage. 
Notice which parts might cause that change. 
Finally, notice which parts are repeated in the combination 
of changes you find. 
Test those parts individually for the Jouit described. 

output transformer TI as well as R6. 
Capacitor Cl blocks dc in the sound detector stage 

from affecting this audio output stage. Capacitor C5 also 
prevents dc in the plate circuit of this stage being shunted 
to ground through R5, the tone control. 

The comparatively high value of R7 keeps the low dc 
resistance of R8, or the speaker voice coil, or the secondary 
winding of T1, from affecting bias applied to the grid. 

SIGNAL AND CONTROL BEHAVIOR 
Amplitudes of all the signals except the input test sig- 

nal are affected by the volume control. Amplitudes given 
are with the control wide open (fully clockwise). The tone - 
control setting affects the shape of the square -wave, but not 
its amplitude. 

With station signal, the volume control affects signal 
amplitudes in the stage. If you test with station signal in- 
stead of a square wave, the tone control also may seem to 
affect amplitude of certain kinds of sound signals. 

QUICK TROUBLESHOOTING 
Often, de voltage tests help you spot quickly the most 

likely troubles in this stage. But there are other faults that 
have no effect on dc voltages. Those are the elusive faults 
that these Kwik- FixTac guide charts are most helpful in 
finding. 

Use a square wave when signal tracing with a scope. 
It tells you more than a sine wave can. A 1000 -Hz square 
wave is best. It tells you the condition of the amplifier from 
100 Hz to 10,000 Hz without your having to run the 
generator dial up and down. 

The waveforms in the chart show the normal effects 
of the tone control. If you can't obtain both effects by 
running the tone control up and down, frequency response 
of the stage has been upset. 
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FROM 
PLATE 

OF 
SOUND 

DETECTOR 

WF 2 

66W8 
VI 

OV 

C7 
27pF 

225V 
6 

C4 
20pF 
50V 

8 

WF 5 

230V 
3 

77V 
R4 
220A 

C6 
30pF 
450V 

TI 

OUTPUT 
TRANS 

WF 6 

4 

boon 

SPKR 

WAVEFORMS AS GUIDES 

WF1 Normal 10V p -p 
-..m.4 ~ --.., 

Taken at the input point, in this case at the plate of the sound detector. Shown here for 
reference only. Frequency is 1000 Hz; scope set to show three cycles. Kill the station 
sound and receiver noise by disabling the sound i.f. stage. Or, you can bias the video i.f. 
stages off with agc voltage. A square wave at 1000 Hz demonstrates frequency response 
from 100 Hz to 10,000 Hz. Set the generator output control for this amplitude (10 -volts p- 
p) of signal, so you can tell whether later waveform amplitudes are high or low. 

WF2 Normal 5V p -p 
Taken at grid -pin -8. Shows the slight frequency compensating effects of C2R1--C3 and ^ .. R3 by a slight slanting of normally flat tops. In some chassis, there is a slight rise at both 
corners and a vague dip in the middle of the flat tops; this indicates both high- and low- - -- - frequency peaking. Amplitude is also down to about half the input value -due partly to 
the compensating network, partly to R3, and partly to feedback through C7 R7. 

V p -p low V p -p high V p -p zero 
Cl open 
R2 open 
R3 open 

WF3 Normal 240V p -p 
1... - ;.. Taken at plate -pin -6. This is the signal after being amplified by the power pentode. Slight 

,peaking at high audio frequencies is evidenced by small overshoots at leading corners. 
Changes in shape caused by turning the tone control up (clockwise) or down (counter- 

... ,..... clockwise) are shown in the waveforms below. 

V p -p low 
C4 open 
R4 high 
R6 high 
C6 leaky 

V p -p high V p -p zero 
Cl open 
R4 open 
R6 open 
R2 open 
R3 open 
11 o en p 

" - - 
350V p -p 
R5(tone)CW 

¡ r 
- ` ` 

240V p -p 
R5(tone)CCW 

`. .--.. 

' - - 
350V p -p 
C5 open 
R5 open 

V. 

- 

360V p -p 
R7 open 
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WAVEFORMS AS GUIDES 

WF4 Normal 6V p -p ^. __ 
Taken across the speaker terminals. Shape and amplitude change slightly if the speaker . is disconnected. Peaking at higher frequencies now is not as pronounced, as you can see 
from the straighter corners of the square wave. Nor does the tone -control "up" position 
(clockwise) have as much effect on high frequencies as it does in WF3. 

V p -p low 
C4 open 
R4 high 
C6 leaky 
R6 high 

V p -p high V p -p zero 
Cl open 
R4 open 
R2 open 
R3 open 
R6 open 
Ti open 

-. 

9V p-p 
R5(tone)CW 

_ 

6V p -p 
R5(tone)CCW 

: - - 

10V p -p 
R7 open 

- - - 
- 

35V p -p 
C7 open 

0.6V p -p 

-pin -7. Shown mainly for reference, because this waveform is very small. 
capacitor gives it the sawtooth shape. This waveform is most helpful 

if the capacitor is doing its bypassing job. 

WF5 Normal IV\/A 
Taken at cathode 
The big electrolytic 
in deciding 

V p -p low 
R4 high 
C4 leaky 
R6 high 

V p -p high V p -p zero 
R4 open 
R4 shorted 
C4 shorted 
R6 open 
R2 open 
R3 open 
T1 open 

- 

- 
4V p -p 
C4 open 

.i \/`/s 
0.5V p -p 
R4 low 

WF6 Normal 

Taken at 
unless the ^ gives the sawtooth 
tor. 

3V p -p 

screen -pin -3. This waveform, too, is for reference. It's normally very small, 
large electrolytic bypass capacitor becomes ineffective. The large capacitance 

shape to whatever small amounts of signal develop across the capaci- 

V p -p low V p -p high V p -p zero 

15V p -p 
C6 open 

Use this guide and the Voltages Guide to help pin down fault 
possibilities. 
Inject a 10 -volt peak -to -peak (p -p) 1000 -Hz, square wave at 
the plate of the preceding stage. 
With the direct probe of the scope, check the six key waveforms. 

Set the scope sweep to just above 300 III to show three cycles. 
Note amplitude. If it's loir or high, check the parts listed under 
those columns. 
Note siaveshape. If there's a change. check the parts listed tender 
the shape that most closely resembles the change you see. 

IC DRIVER FOR 

FLUORESCENT READOUTS 

MSI 9327 is the type number of a 
new bipolar decoder /driver for 7 -seg- 
ment vacuum fluorescent numerical 
readouts. It is a monolithic IC that ac- 
cepts four inputs in 8421 binary 
coded decimal (BCD) format and 
generates outputs for readout. 

The device comes in two models. 
The 9327A. which has an output 
breakdown of 64 volts, can multiplex 

44 

up to 12 readouts and can be used in 
time -share systems. 

Chief application of these units is 
for driving the Tung Sol Digivac S/G 
and Sylvania Fluorotron readouts. 
The units are constructed so that in- 
coming code configurations above 
binary 9 will disable the outputs to 
guard against false inputs. A feature 
of this decoder is an automatic ripple 
blanking step, which facilitates the 
reading of displays. The device sup- 

presses all unnecessary zeros, such as 
those preceding the first significant 
digit or following the last. 

Both versions of these Fairchild 
devices are available on both 17 -pin 
dual -in -line and flatpack housings, op- 
erating temperature ranges of 0 °C to 
+75 °C. In lots of 1 to 24, the 9327A 
DIP and tlatpack versions are $14.10 
and $ 1 5.50. respectively. The 9327B is 
$11.95 in the DIP and $13.15 in the 
flatpack. R -E 
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4- CHANNEL STEREO 

INN 
GROOVES ANO CROSS-SECTIONS OF 

GD 4 SYSTEM RECORD 
GROOVES AND CROSS-SECTIONS or 
CONVENTIONAL STEREO RECORD 

SPECIFICATIONS 

Characteristics of the disc 

Rpm 8 Size: same as conventional records 

Compatibility: compatible with 2- channel 

stereo records and mono records. 

Frequency Range: Sum -30 to 15,000 Hz 

Difference- 20,C00 to 45,C0C Hz 

Cross Talk: Between left and right -25 dB 

Front to rear -20 dB 

Signal to Noise Ratio: better than 50 dB 

Life: Same as standard stereo disc 

Characteristics of 4- channel reproducer 

Pick-up Cartridge: 

Frequency Response: 20 to 45,000 Hz 

Stylus Type: elliptical 
Stylus pressure: 1 5 grams 

4- channel Decoder 

Frequency response: 30 to 15,000 Hz 

eoch channel 
Output: 0.1 volt 
Transistors: 29 

DECEMBER 1970 

by JOE SHANE 

Stereo discs for 4 -chan- 
nel sound are coming. 
Here's one serious try 
to establish a standard 

A NEW FOUR -CHANNEL PHONOGRAPH 

record and sound reproducing system 
puts four tracks of sound into a single 
record groove. The new system (by the 
Victor Company of Japan) is compati- 
ble with existing records. 

Frequency response is 15 to 15.- 
000 Hz per channel. The two "extra" 
channels are recorded as a modulated 
carrier in the 20,000 to 45.000 -Hz 
range. A cartridge capable of handling 
frequencies up to 45,000 -Hz is a must. 
The cartridge output is amplified. then 
fed through a matrix which separates 
it into its four channels. 

An advantage is that four -channel 
records can be played on a standard 
stereo system, while the four -channel 
system will play 2- channel stereo rec- 
ords. 

Owners of quality stereo car- 
tridges need add only the decoder and 
additional amplifiers to their existing 
system to play the new records. 

There is a catch to this system. 
however; for it to gain real acceptance 
the standard would have to be ac- 
cepted by other equipment manufac- 
turers, and record makers would have 
to start turning out records to be 
played on this system. Looking back 
on how 2- channel stereo went -this 
may just take a while -possibly a long 
while. R -E 
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Unique timer determines 
sequence of any four events in 
games, sports or industry 

Build with IC's 

ELECTRONIC UMPIRE 
by EVERETT L. MILLER 

IlAV'l. 1 "OU EVER Wb'Altill_D -111E PHOTO - 
finish of a sporting event in which 
you had more than a passing interest 
and wondered just how accurate and 
correct the judge's or referee's deci- 
sions were? Or have you ever been in- 
volved in an industrial process where 
split- second decisions must be made as 
to whether or not the process may 
safely proceed? 

The ELECTRONIC UMPIRE 
described here was designed to remove 
the human element from such situ- 
ations, and to indicate by a system of 
lamps, in which order the first four of 
a series of events occurred. 

The contest to be judged con- 
sisted of two teams of three people 
each. Each contestant had a push but- 
ton. At the completion of the quiz - 
master's question, as the contestant 
completed writing his answer, he 
pushed this button which established 
his place among the six contestants. 
with four horizontal rows of six 
lamps each, the lamps in the horizon- 
tal rows were numbered to correspond 
with the six contestants and the four 
rows were designated first, second, 
third and fourth place respectively, 
top to bottom. The first contestant to 
push this button lit the lamp in the top 
row which corresponded with his 
number, thus establishing that he was 
first. The second contestant to operate 
his button lit his lamp in the second 
row, etc.; until the first four places 
have been determined. The fifth and 
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sixth buttons have no effect in the cir- 
cuit after the first four have been 
pushed. Once a button has been used 
it has no further effect in the game 
being played and will become oper- 
ative only after the logic has been re- 
set. 

After the first four places have 
been determined the results are tabu- 
lated and the instrument is prepared 
for another game by opening and re- 
closing the lamp reset switch and 
pressing the logic reset button. Ap- 
proximately 50µsecs are required for 
the logic to process one signal and shift 
the remaining buttons to the next row 
of lamps. Accordingly, the instrument 
can make 20,000 decisions per second 
which is adequate for the application. 

How it works 
Two power supplies are required; 

one delivering about 4 volts which 
must be well filtered for the logic sec- 
tion, and a source of dc for the lamps. 
I used two 6.3 -volt filament trans- 
formers with full -wave bridge recti- 
fiers. For the 4 -volt supply I added a 
1000 -µF capacitor and a single tran- 
sistor voltage regulator followed by 
3000 -µF of filtering. Voltage regu- 
lation is not critical as long as we do 
not get over -voltage surges. For the 
lamp supply we merely followed the 
bridge with a 3000 -µF filter capacitor 
which gave 8.5 to 9 volts under no 
load. The logic supply should be rated 
1 ampere as the normal load is about 
750 mA. The lamp supply should be 
rated to handle the size lamps used. 

We used No. 44 panel lamps and 
there are a maximum of four lamps 
on at a time. 

Fairchild micrologic IC's were 
used throughout. IC's 13 and 14 are 
900 buffers. IC's 9, 10, 11, & 12 are 
JK flip -flops 923. All other IC's are 
914's. There are 29 modules in all. 

Referring to the schematic, with 
power applied, pushing LOGIC RESET 
button, S7, applies negative 4 volts to 
pin 3 of IC14. IC14 was on since 
connecting pin 1 to positive 4 volts. It 
now turns off as long as S7 is closed, 
and it's output is a positive square 
wave of the same duration. This pulse 
is applied to pin 5 of IC's 1, 2, 3, 4, 5 
and 6. These IC's are connected as 
flip -flops and the reset pulse condi- 
tions them so they are now receptive 
to signals from player switches SI, S2, 
S3, S4, SS and S6. 

The reset pulse is also applied to 
pins 6 of IC's 10, 11 and 12 and 
through inverter IC8 to pin 5 of IC 
9. IC's 9, 10, 1 I and 12 are connected 
as a shift register and the reset pulse 
conditions them such that pin 7 of IC 
9 and pin 5 of IC's 10, 11 and 12 are 
positive. The outputs of these four 
IC's are inverted by IC's 16 and 17 
and applied to one gate of each of 
twenty -four 2 -input AND'S, IC's 18 
through 29. IC's 18 through 29 are 
on since one gate of each is tied to 
positive 4 volts through a 620 -ohm re- 
sistor. Thus their outputs are at a low 
level and no SCR's are gated on until 
this positive voltage is cancelled by a 
negative signal from IC's 1 through 6. 
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Assuming player switch Si is 
pushed first, flip -flop 1 (ICI ) istrig- 
gered and pin 7 goes negative while 
pin 6 goes positive. The negative sig- 
nal at pin 7 is capacitor coupled to pin 
3 of IC18 and this differentiated pulse 
turns IC18 off momentarily. The 
positive pulse at the output of IC18 
gates SCR1 on, lighting it's lamp. 
SCRI stays on, being on dc, until the 
lamp reset switch S8. is operated at 
the end of this game. At the same 
time, the positive output at pin 6 of 
ICI, which is capacitor coupled to 
pin 1 of two input OR 1C7 is inverted 
in IC7 and again in IC13. The out- 
put of IC13 is inverted by IC15 and 
fed back into IC13 resulting in an 
output pulse from IC13 of approxi- 
mately 50 µsecs. 

This pulse is a positive square 
wave and the negative trailing edge of 
this pulse is used to trigger flip -flop 
IC's 9 and 10. The negative going sig- 
nal at pin 7 of IC9 is inverted in IC 

NOTE 

DI THRU D6- 184454 

16 and applied to pins 5 of two input 
AND'S; IC's 18, 19, 20, 21, 22 and 23. 
At the same time, pin 5 of IC9 went 
positive and IC I0 was now conditioned 
the same as IC9 was before SI was 
operated. ICI 0 will now respond to a 
signal from a second player switch. 

From the preceding description, 
you can sec that the first switch a 
player closes lights his first place lamp 
which remains lit until the end of the 
game. Fifty secs later the shift regis- 
ter applies a positive bias to one side 
of all first place, two input AND'S, 
making it impossible to trigger an- 
other first place SCR. Also this player, 
once having triggered his flip -flop, can 
have no further part in this game, as 
his switch is no longer effective. 

In a similar manner the second 
player to press his button will light his 
lamp in the second row and shift his 
IC's out of service and enable ICI I 

to process the third signal. This con- 
tinues until four places have been de- 

ICI THRU IC8, IC15 THRU IC 24- 914 
IC9, IC 10, ICII, IC12 - 923 
tCl3, IC14- 900 

termined at which time the two re- 
maining switches will have no effect in 
the circuit. 

After the four places are estab- 
lished the results are tabulated, the 
LAMP RESET is actuated to extinguish 
the lamps, the LOGIC RESET is pressed 
and the instrument is ready for an- 
other game. The resets should be oper- 
ated in the order stated as resetting the 
lamps may generate transients which 
cause irratic operation of the logic 
section. 

While this UMPIRE was de- 
signed for use on games, it also lends 
itself to many other applications. A 
switch closure is all that is required to 
provide an input and it is not difficult 
to visualize it's application to swim 
meets, slot car races, etc. Any number 
of industrial applications exist where 
an ingredient must be present or an 
operation occur before the process 
may pro -cell. R -E 

SCR! THRU SCR 24 - C106Y 
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SPLIT- SECOND DECISIONS by electronic 
umpire are made possible with inexpensive 
logic IC's in a relatively simple hookup. 
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PARTS LIST 
R1 thru R6-620 ohms, %.watt, 10% 
C1 thru C6 -.0015 AF 
C7-0.1 1 F 
C8 thru C13 -.01 µF 
Dl thru D6- 1N4454 
LM1 thru LM24 -No. 44 panel lamps 
Si thru S7- normally open pushbutton switch 

spat, momentary contact 

S8- normally closed pushbutton switch, spst, 
momentary contact 

SCR1 thru SCR24 -C106Y 
ICI thru IC8, IC15 thru IC24- Fairchild 914 

or equivalent 
IC9 thru IC12- Fairchild 923 or equivalent 
IC13. IC13- Fairchild 900 or equivalent 

47 



MILADY'S 

GARAGE 

PARKING 

DIRECTOR 

Does your wife have trouble ga- 
raging her car so that she leaves 
enough space for yours while pulling 
in far enough to permit the door to 
close? If so, consider the solution to 
this problem described by Arthur L. 
Plevy in Clairex Photocell Forum. 
The electronics consists of a transistor 
AND circuit (see schematic) with base 
inputs derived from two photocells. 
The output is a small light bulb that 
glows when the car is in exactly the 

1/2 BINOCULA R RIGHT LIGHT 
1/2 BINOCULAR LEFT LIGHT 

right spot in the garage (see draw- 
ing). 

The halves of a pair of toy bi- 
noculars were separated and used to 
focus the rays of the car's headlights 
on the two cells -your wife has to 
turn on the headlights to use the aim- 
ing device. The binoculars are focused 
so the car has to be close to the rear 
wall before enough current flows 
through both cells to turn on Q1 and 
Q2. 

(The author did not specify the 
components used in the device. I'd 
start out with npn transistors (pref- 
erably germanium) with a I, max rat- 
ing of at least 500 mA and a h,F of 
20 or higher. A potentiometer would 
be used between the base of each tran- 
sistor and ground for sensitivity ad- 

9 VOLTS 

BULB 
d RIGHT LIGHT 

PHOTO- 
CELL - 

OD 
QI 

LEFT LIGHT 
PHOTOCELL 

BULB LIGHTS.CAR iS 
IN SAFE AREA 

justments. The photocells would be a 
CdS types with a diameter equal to or 
slightly smaller than the diameter of 
the lens in the binocular eyepiece. Af- 
ter completing the parking aid, I'd in- 
stall a lights -on reminder in the car so 
the headlights wouldn't be left on in- advertently.- Editor) R -E 

CB RADIO 

CHANNEL 9 

EMERGENCY 

FCC RULES 
Latest FCC rules state that the CB 

frequency 27.065 MHz (channel 9) 
shall be used solely for: 

1. Emergency communications 
involving the immediate safety of life 
of individuals or the immediate protec- 
tion of property or: 

2. Communications necessary to 
render assistance to a mo :orist. 

A licensee, before using channel 
9, must determine that his commu- 
nication is either or both (a) an emer- 
gency communication or (b) is neces- 
sary to render assistance to a motorist. 
To be an emergency communication, 
the message must have some direct re- 
lation to the immediate safety of life 
or immediate protection of property. 

If no immediate action is required, 
it is not an emergency. What may not 
be an emergency under one set of cir- 
cumstances may be an emergency un- 
der different circumstances. 

There are many worthwhile pub- 
lic service communications that do not 
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qualify as emergency communications. 
In the case of motorist assistance, the 
message must be necessary to assist a 
particular motorist and not, except in 
a valid emergency, motorists in gen- 
eral. If the communications are to be 
lengthy, the exchange should be 
shifted to another channel, if feasible, 
after contact is established. 

No nonemergency or nonmotorist 
assistance communications are per- 
mitted on channel 9 even for the lim- 
ited purpose of calling a licensee 
monitoring a channel to ask him to 
switch to another channel. Although 
channel 9 may be used for marine 
emergencies, it should not be consid- 
ered a substitute for the authorized 
marine distress system. The Coast 
Guard has stated it will not "partici- 
pate directly in the Citizens Radio Ser- 
vice by fitting with and /or providing a 
watch on any Citizens Band Channel. 
(Coast Guard Commandant Instruc- 
tion 2302.6.)" 

The following are examples of 
permitted and prohibited types of com- 
munications. They are guidelines and 
are not intended to be all- inclusive. 

Permitted Example Message 
Yes "A tornado sighted six 

miles north of town." 
No "This is observation 

post No. 10. No tor- 
nados sighted." 

Yes "I am out of gas on 
Interstate 95." 

No "I am out of gas in my 
driveway." 

Yes "There is a four -car 
collision at Exit 10 on 
the Beltway, send po- 
lice and ambulance." 
"Traffic is moving 
smoothly on the Belt- 
way." 
"Base to Unit 1, the 
Weather Bureau has 
just issued a thunder- 
storm warning. Bring 
the sailboat into port." 
"Attention all motor- 
ists. The Weather Bu- 
reau advises that the 
snow tomorrow will 
accumulate 4 to 6 
inches." 
"There is a fire in the 
building on the cor- 
ner of 6th and Main 
Streets." 

No "This is Halloween 
patrol unit number 3. 
Everything is quiet 
here." 

No 

Yes 

No 

Yes 

The following priorities should be 
observed in the use of channel 9: 

1. Communications relating to an 
existing situation dangerous to life or 
property, i.e., fire, automobile acci- 
dent. 

2. Communications relating to a 
potentially hazardous situation, i.e., 
car stalled in a dangerous place, lost 
child, boat out of gas. 

3. Road assistance to a disabled 
vehicle on the highway or street. 

4. Road and street directions. * 
RADIO -ELECTRONICS 



SOLID STATE POWER SUPPLIES 
( u.stom design is the secret that lets you match your need 

by MATTHEW MANDL 
CONTRIBUTING EDITOR 

With so roan) batter)- operated 
radios, cassette recorders, and 
record players in use, a power sup- 
ply saves battery costs when units 
are played in fixed locations. Also, 
a power supph is handy on the 
bench when testing and repairing 
battery -operated units or when bat- 
tery charging is needed. 

The power supply you need can 
usually be designed around parts you 
have on hand. Missing items can be 
obtained readily and cheaply through 
parts distributors. 

Since most portable units operate 
from between 6 and 12 volts, filament 
transformers for tube -type devices 
make ideal power supply units for the 
solid -state equipment. The current rat- 
ings for such transformers range from 
0.6 amp to several amperes which is 

an adequate power capability for por- 
table devices. 

To keep the power supply com- 
pact, however, you might want to use 
the smaller transformers -those with- 
out bulky high- voltage secondaries. If 
size is no factor, the larger trans- 
formers can be used, but be sure to 
tape up the high -voltage secondary 
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winding leads for electrical safety. 

Half -wave type 
The half -wave type power supply 

is the simplest, though the rectifica- 
tion is not as efficient as for the full - 
wave types and filtering must be 
greater to reduce 60 -Hz hum. Since 
most portable units do not have a fre- 
quency response extending down to 
60-Hz, the half -wave supply (with 
large filter capacitors) is usually satis- 
factory. 

A single rectifier is used with an 
untapped (or unused) secondary wind- 
ing (see Fig. I ). With a 12 -volt trans- 
former, a 25 working -volt rating for 
the filter capacitors provides an ade- 
quate safety margin against filter fail- 
ure. Larger voltage ratings can, of 
course, be used if the larger physical 
size of the capacitor is not important. 

For compactness, good front -to- 
back ratio. and reliability, a silicon 
rectifier is preferred. Units with volt- 
age ratings of 50 or higher PIV (peak 
inverse voltage) should be used. If 
you have some on hand rated at I/s 

amp or more, you will have plenty of 
protection against overload. since few 
of the more popular portable radios, 
recorders, or record players draw 
such high current. If, for instance, a 
cassette recorder circuit and motor 

110 -120V 
AC 
LINE 

ON-OFFb 
SW 

RECT 
DIODE 

FILTER 
NETWORK 
RESISTOR 

O 

+ 12511 OF 50011 (SEE TEXT) 

T 
b 

FIG. 1- HALF -WAVE SUPPLY (a). The 
pot lb) drops voltage to the desired level. 

drive draw a total of 100 mA, this is 
only 0.1 amp, while a IA amp rectifier 
will pass 0.25 amp. 

For the supply shown in Fig. I, 
an output voltage (under load) up to 
12 volts can be obtained, depending 
on the size of the filter network series 
resistor. Either a voltmeter or an am- 
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meter can be used to determine the 
value of the series dropping resistor. 
With the voltmeter method, a variable 
resistor is inserted in series with the 
positive line as shown in Fig. 1 -b. Use 
a 500 -ohm pot if the power supply is 
for low- current devices such as por- 
table radios. If the supply is for units 
with motors (cassette recorders and 
record players) use a 125 -ohm pot. 

Start with maximum resistance 
and attach the portable unit, making 
sure your polarities are correct. Place 
the voltmeter leads across the output 
and slowly advance the control until 
the proper voltage appears across the 
unit. The variable resistor can now be 
left intact, or the series resistance can 
be measured and replaced by a fixed 
resistor. A 1 -watt rating will be ade- 
quate. 

If desired, the current drawn by 
the portable unit can be measured by 
placing a milliameter in series with the 
battery supply (while batteries are 
fairly fresh). Knowing the output 
voltage (without load) and the current 
drawn by the unit, we can use Ohm's 
law for finding the resistance needed 
to get the correct output voltage. 

Assume a cassette recorder is 
used, powered by six C cells. That 
adds up to a 9 -volt battery supply. 
If the current drawn is 100 mA and 
the power supply output (without 
load) is 15 volts, we need a 6 volt 
drop across the resistor when 100 mA 
flows through it. 

By dividing the voltage by the 
current we find the value of the series 
resistor: 

R = Ì = 6 = 60 ohms 
0.1 

The power dissipated by the re- 
ststor is: P = EI = 6 x 0.1 = 0.6 
watt. Thus, a 1 -watt resistor is ade- 
quate. After the resistor is inserted 
into the power supply, recheck the 
voltage on the unit to make sure it 
isn't more than required. If operation 
is satisfactory, but the potential ap- 
plied to the unit is a volt or so below 
normal, no resistor changes need be 
made. For a higher voltage output, 
however, a smaller resistor should be 
used. 

For a variable supply use a high - 
wattage rheostat instead, and check 
voltage output with a load. You can 
also built a voltmeter into the circuit. 

Full -wave supply 
A full -wave supply is shown in 

Fig. 2. It requires two rectifier diodes. 
Since both halves of the alternating 
current are rectified the ripple fre- 
quency is 120 -Hz and filtering for 
smooth dc is easier. For the power 
supply shown in Fig. 2 the output 
ranged up to 6 volts, depending on the 

50 

110 -120V 
AC 
LINE 
INPUT 

ON -OFF 
SW 

RECT 
DIODES 

SEE 
TEXT 

500 µ F 

25 V 
DC 

500µF 
25 V 

DC 

FUSE 
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FIG. 2- FULL -WAVE SUPPLY uses two 
diodes and a center -tapped transformer. 

series resistor and load. For a 9 to 
12 -volt output, we need a transformer 
with 12 volts each side of the center 
tap (24 volts center tapped). 

For a 6 -volt supply the filter ca- 
pacitors could have a 15 -volt rating, 
though the 25 -volt rating provides an 
extra safety margin. The value of the 
series resistor is determined as for the 
half -wave power supply. 

Voltage -doubler type 
A 6 -volt transformer can be used 

to supply 9 volts (or more) by using 
the voltage -doubler circuit shown in 
Fig. 3. The two series capacitors are 
charged alternately by their respective 
diodes to the peak value of 6.3 volts. 
The output, however. is obtained 
from across the two capacitors and 
the sum of the voltages is obtained. 

As with the other power supplies, 
the output voltage depends on the 
load current and series resistor. 
Again, the voltmeter method can be 
used to find the proper value for the 
series resistor. 

The two series capacitors should 
have the same capacitance and voltage 
ratings. Make sure the polarity mark- 
ings conform to those shown in Fig. 
3. Check and be sure the diodes are 
correctly wired and the circuit fused 
as shown to prevent damaging the 
electrolytics and overheating the 
transformer. 

Housing the supply 
Power supplies designed to work 

with portable equipment can be 
housed in small plastic containers or 
boxes. Plastic boxes which come with 
wristwatches also make attractive 
housings. The size you need depends 
on the transformer measurements and 
how well you arrange components be- 
fore wiring. 

The voltage -doubler supply in 
Fig. 3 was housed in the container 
shown in Fig. 4. Drill small holes for 
the ac input line and the output line. 
Both are anchored in the box with 
plastic tape. The "on-off" switch 
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FIG. 3 -A VOLTAGE DOUBLER delvers 
up to 12 volts from a 6 -volt transformer. 
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FIG. 1 -POWER SUPPLY HOUSING and 
method of connecting supply to the load. 

shown in Fig. 3 was eliminated to 
save room. With proper fusing and 
good components, the unit can be left 
plugged in to the ac line. With the 
portable radio or cassette player off, 
virtually no power is consumed. 

The output jack used depends on 
the power -supply input provisions of 
the radio or recorder. The unit in Fig. 
4 was built for a cassette recorder 
which had a miniature closed- circuit 
jack as shown. When the plug is in- 
serted the batteries are disengaged. 

When the plug is inserted into 
the jack. there is a momentary short - 
circuit of the plus and minus sections 
of the plug as it slides into the jack. It 
doesn't matter because of the low 
voltages and currents involved. If, for 
instance, the resistor in Fig. 3 is 60 
ohms, a short across the output of the 
supply would only draw 200 mA, 
which is below the rating of the fuse: 

12 I = R - 60 - 0.2 amperes 

Since very little heat is generated 
by the power supply during operation, 
the bent holes can be two 1/4 inch 
holes at the top of the housing. 

Voltage regulation 
The power supplies described so 

far have been successfully used with 
radios and recorders ranging from 
100 mW output to 500 mW, with no 
problems in abnormal voltage vari- 
ations during operation. Small voltage 
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FIG. 5-A ZENER DIODE provides a reg- 
ulated voltage at a predetermined level. 

FIG. 6 (below) -A HIGH- CURRENT supply. 
Power transistor, as a variable resistor, 
provides adjustable output voltage. 
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changes occur because transistors 
draw more current as rising signal 
amplitudes increase conduction. If 
voltage regulation is desired, a Zener 
diode provides the simplest method. 

Zener diodes are available in 
various voltage and power ratings. 
The voltage rating indicates the regu- 
lated voltage output from the terminal 
as shown in Fig. 5. The wattage rat- 
ing relates to the power dissipated in 

the Zener, and hence to the maximum 
reverse current at a given voltage 
(W = EI) that the Zener can pass 
without internal damage. A 2- to 5- 

watt rating provides enough of a 
safety factor for most portable radios, 
cassette recorders, record players, etc. 

The 250 -ohm pot in series with 
the Zener is convenient for adjusting 
the Zener to operate for a particular 
load. Start with maximum resistance 
and measure the output with the radio 
or recorder attached. Adjust the pot 
until the proper output voltage is ob- 
tained and maintained during oper- 
ation of the load (recorder, radio, 
etc.). 

Make sure the Zener is wired 
into the circuit as shown in Fig. 5. 

Note that the Zener has opposite po- 
larity voltages applied across it with 
respect to the rectifying diode. This 
reverse voltage is necessary to drive 
the regulating diode into its Zener re- 
gion where it will maintain a constant 
voltage drop. 

Bench -type supply 
The power supply in Fig. 6 is de- 

signed for bench use when testing de- 
vices drawing currents up to 2 am- 
peres. The transformer and rectifiers 
were salvaged from a 12 -volt car bat- 
tery charger. If you use surplus parts 
from your spare -parts box make sure 
the rectifiers have a high enough cur- 
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rent rating. 
For a variable -voltage output, 

the series resistor is a problem, be- 
cause a heavy -duty wire -wound pot 
would be needed. (For a 4 -volt drop 
at 2 amperes. for instance, the pot 
would have to be rated at 8 watts.) 
Instead, I use a transistor to provide 
for smooth voltage adjustment. The 
25,000 -ohm pot adjusts the bias be- 
tween emitter and base controlling the 
current flow between collector and 
emitter. The 1000 -ohm resistor acts as 
a bleeder and furnishes collector bias 
in the absence of a load. 

The transistor must have an 
emitter- collector current rating above 
the amount to he drawn from the sup- 
ply and a heat sink should be used to 
avoid transistor overheating. The 
2N173 type happened to be one that 
was on hand, though almost any 
power transistor will do, such as a 
2N2147. or the 2N2869, etc. For dif- 
ferent transistor types the value of the 
base -bias pot may have to be changed 
for smooth voltage variation. 

A filter resistor of even a few 
ohms will develop too large a voltage 
drop in low- voltage supplies when 
higher currents flow through it. (At 3 
ohms a 2- ampere flow develops when 
6 volts drop across the resistor.) 
Hence. I recommend using a low -volt- 
age filter choke. with a dc resistance 
of less than 1 ohm. You can some- 
times salvage such a choke from old 
tube -type car radios. 

Chokes are also available from 
electronic wholesalers. A suitable one 
is part number 54A2343 from Allied 
Radio. This choke has a 2- ampere rat- 
ing, a 0.75 -ohm resistance. and an in- 
ductance of 0.035 henry. One with a 
4- ampere rating is also available from 
Allied (part number 54A2342) though 
the higher current rating increases 

Cost. 

Battery- charger supplies 
The D, C, and other sizes of cells 

used in portable equipment can be 
charged a number of times for ex- 
tended service provided a few pre- 
cautions are taken: 

1. The charging rate should not 
be too high. 

2. The cell should not have 
been drained too much. 

3. The cell should not be very 
old or have a bulging case. 

If, for instance. a 1.5 -volt cell 
has not dropped below 1 volt it can 
usually be recharged. But if the 
charging rate is too high the cell may 
overheat and pressures within the cell 
will burst the case. 

A versatile power supply for bat- 
tery charging is in Fig. 7. it is useful 

I2V CT 
SPDT 
SWITCH 

I10- 
I20V 
AC 

ON- Ó 
OFF 
SW 

IA 
FUSE 
0.6 A 

RECT 
DIODE 

`- .) 
FIG. 7- SIMPLE BATTERY CHARGER has 
output voltage adjustable up to 9 volts. 

for charging cells of 1.5 volts to 9 
volts. Several low -voltage cells can be 
charged either in series or parallel. 
For battery charging, a simple rectifi- 
cation circuit is fine, and no filtering 
is needed. A 0.6- ampere fuse provides 
adequate transformer protection, since 
even in charging several cells in paral- 
lel, currents will not run much higher 
than 400 mA (0.4 amp). 

Use clip leads at the charger out- 
put and mount battery holders on a 
th" thick plywood base. Several such 
mounts can be made to accommodate 
D cells, AA cells, etc. Initially set the 
pot at maximum resistance and attach 
the batteries. Check the charger volt- 
age output and advance the variable 
arm of the pot until the voltage is 
slightly above that of the batteries. If. 
for instance. four cells are in parallel 
and read 1.3 volts. set the charger 
output slightly below 1.5 volts. As the 
cells charge they will draw less cur- 
rent and output voltage will rise. Do 
not permit output voltage to exceed 
1.6 or 1.7 volts, to keep the charging 
rate within bounds. 

For a 9 -volt battery, switch to 
the higher charging voltage output. If 
the battery reads 7-% or 8 volts, set 
the charger output for slightly less 
than 9 volts. Don't permit the charg- 
ing voltage to exceed 9.2 or 9.3. R -E 
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QUART new three, four channel stereo 

QU adrature Ambience 

By MICHAEL GERZON 

The advent of 4- channel stereo has 
raised interest in methods for broad- 
casting multi -channel stereo via a single 
FM transmitter. This article describes a 
novel proposal for multiplexing 3- or 4- 
channel sound called the QUART 
(QUadrature Ambience with Reference 
Tone) system. The QUART system ex- 
ists in 3- channel and 4- channel versions, 
but the basis of both versions is the 
3- channel system. and most of the follow- 
ing will he concerned with 3- channels, 
although the 4- channel QUART system 
will be described briefly. 

The QUART system offers advan- 
tages over competing systems. It is com- 
patible with ordinary mono and stereo 
receivers. and will allow them to be con- 
verted to 3- and 4- channel reception at a 
reasonable cost. One notable feature is 
that conventional SCA (background mu- 
sic) broadcasts can still be transmitted 
with both the 3- channel QUART system 
and with one version of 4- channel 
QUART system. Despite this, it is pos- 
sible to transmit and receive all three or 
four QUART audio channels with a fre- 
quency range of about 16 kHz. This is 
possible because the QUART system 
"hides" a third channel among the fre- 
quencies below 57 kHz taken up by con- 
ventional stereo multiplex. 

The QUART system is inherently 
less noisy than any 3- or 4- channel mul- 
tiplex system which uses subcarrier fre- 
quencies above 57 kHz, as the third 
channel in the QUART system is con- 
veyed at the low (and thus relatively 
noise -free) frequency of 38 kHz. Fur- 
thermore. the QUART system does not 

Multichannel broadcast 
Here's one approach to 

channel reception, according to which 
system is being transmitted. 

The following pages describe the 
QUART system and the various special 
problems associated with receiver design 
in general terms. It has not been pos- 
sible to test the system practically at this 
time. and some parameters of the system 
have not been finalized, notably the ma- 
trixing used to convey the four audio 
channels. 

How it works 
The QUART system. like the NTSC 

color television system, uses quadrature 
modulation to convey an additional sig- 
nal within the usual bandwidth. The 
QUART signal differs from a con- 
ventional Zenith -GE stereophonic signal 
in that the signal frequency- modulating 
the radio carrier wave contains an addi- 
tional suppressed- carrier 38 -kHz signal, 
modulated by the third channel, in 
quadrature (i.e. 90° out of phase) with 
the stereo difference signal. and also 
contains an additonal small constant 
level 38 -kHz signal (called the "refer- 
ence tone ") in phase with the stereo dif- 
ference signal. 

More precisely. let the three sound 
signals to be transmitted he represented 
by R (right- hand), (left -hand) and A 
(ambience, or rear channel). The con- 
ventional Zenith -GE stereophonic broad- 
casting process frequency modulates the 
radio carrier with the following signal: a 
monophonic signal consisting of the av- 
erage of L and R, plus a 19 -kHz con- 
stant level tone (called the 'pilot tone'), 
plus a 38 -kHz carrier amplitude modu- 
lated by the difference between L and R, 
the 38 -kHz carrier being supressed. 

The A channel is broadcast in the 

QUART signal to provide radio receiv- 
ers with means of correcting cross -talk 
between channels due to phase errors, 
and also to provide means for automatic 
switching between three -channel and 
two -channel operation in the receiver. 

Mathematically, the composite 
QUART multiplex signal, used to fre- 
quency modulate the radio carrier wave, 
is of the following form: 

C = L+-R + a sin 2,rft L -R sin 4wft 
2 2 

+ ßA cos 4,-ft + y sin 4wft (1) 
where: C = the composite QUART 
three -channel modulating signal, R, L, 
and A are the three audio signals equal- 
ised according to the conventional 50 or 
75 µsec characteristic, t = time (in sec- 
onds), f = 19,000 = the frequency of 
the pilot tone in Hz, a, fi, y are constants 
which are to be standardised for all 
broadcasting equipment and receivers. 
In the following. we consider that version 
of the QUART system in which a, ß & y 
are all positive numbers. As in the 
Zenith -GE stereophonic system, a 
equals 9% of the peak value of C. Fig. 1 

shows the frequency bands occupied by 
the components of the QUART signal. 

Three -channel receiver design 
A conventional stereophonic re- 

ceiver, presented with a QUART signal, 

ZENITH- GE MULTIPLEX SIGNAL = LZR +°sin 2.11 

PILOT LZR sin 4 -1t 
TONE 

o 19 38 57 

LL±R 
2 

..STEREO DIFFERENCE 

impose special restrictions on the sound 
levels that can be conveyed by the rear 
channels, unlike some systems conveying 
the rear channels by amplitude or fre- 
quency- modulated subcarriers. The 
QUART system also includes features 
which allow receivers to automatically 
adjust themselves to one, two, or multi- 

Mathematical Institute, Oxford, England 

QUART system by adding to the Zenith - 
GE modulating signal a second 38 -kHz 
carrier, in quadrature with the carrier 
modulated by L -R, which is amplitude 
modulated by A. the carrier being sup- 
pressed. To this composite modulating 
signal is to be added an additional small 
constant level 38 -kHz tone ('reference 
tone') in phase with the L -R subcarrier. 
The reference tone is included in the 

l' 
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1 

"AMBI 

O 19 

ysin 4.tt 

0 

52 

ENCE,. 

38 

kHz 

REFERENCE TONE" 

kHz 

38 57 

RADIO- ELECTRONICS 



with Reference Tone 
stereo is coining soon 
how it can be done. 

will detect the left- and right -hand chan- 
nels as usual. and will ignore the 

quadrature ambience signal. Thus a 

3- channel receiver will essentially consist 
of a conventional stereophonic receiver. 
plus a detector for the "ambience" chan- 

nel. 
In a conventional stereophonic 

decoder a tuned circuit picks out the 19- 

kHz pilot tone a sin 2,rft. and a fre- 
quency doubling circuit converts it to a 

38 -kHz "switching tone ". sin 4,rft. This 
is used to operate a "switching" or "mul- 
tiplying" circuit that. in effect, multiplies 

the input of the decoder by 1 -I- 
(4) 

sin 4rft and by 1 - (4 )sin 4aft. The 

resultant outputs consist of the left and 
the right hand channels with some cross- 
talk. which is removed by introducing 
compensating out -of -phase cross -talk. 
The left and right channel signals are 

then de- emphasised. 
A basic 3- channel decoder (see 

Fig. 2) consists of a stereophonic de- 

coder. plus a circuit which shifts the 
phase of the switching tone by 90° to ob- 
tain cos 47rft. plus a circuit that switches 
or multiplies the decoder input by cos 
4,rft. [This switching circuit must not 
pass any of the I (L+R) signal.] 

If a 3- channel receiver is used to 
pick up a conventional 2- channel broad- 
cast, we want to be able to turn off the 

DECODER 
INPUT C 

s. 
CONVENTIONAL 

STEREO 
DECODER 

t 

SWITCHING TONE" 
sin 4 . It 

90' PHASE SHIFT 

cos 4.11 

OUTPUTS 

SWITCHING OR 
MULTIPLYING DE- EMPHASIS 

CIRCUIT 

FIG. 1 -QUART SYSTEM frequency bands 
compared to the Zenith -G -E system. 
FIG. 2 (above) -How a 3- channel decoder is 
derived from a standard 2- channel decoder. 

D E C E M B E R 1 9 7' 

third channel. as it will receive nothing 
but interference and cross -talk. We can 
Lise an electronic switch which will short 
the third channel whenever the output of 
the (say) L channel has no dc com- 
ponent. 

Like stereo receivers, 3- channel re- 
ceivers must have an i.f. bandwidth wide 
enough to accommodate the full fre- 
quency range (with sidehands) occupied 
by a QUART FM transmission. This is 

especially important with three channels. 
as inadequate i.f. bandwidth will not 
merely produce distortion, but also a 

high level of (distorted) cross -talk be- 
tween the front and rear channels during 
loud musical passages. 

The most serious receiver design 
problem with the QUART system is that 
of cross -talk between the 'A' and 

I/z (L -R) ' signals. due to filtering be- 
fore the decoder. Most of the switching 
circuits used in decoders tend to respond 
to harmonics of the 38 -kHz switching 
frequency. causing noise signals near. 
say. 76 kHz or 114 kHz to produce a 

spurious audio output from the decoder. 
This results in interference from SCA 
subcarriers and adjacent -channel inter- 
ference. There are two ways of avoiding 
this. The best. but rather expensive. 
technique is to use genuine low -dis- 
tortion multiplication circuits fed with 
pare sine -wave 38 -kHz "switching 
tones ". The more usual technique is to 
use filters to remove frequencies above 
57 kHz from the decoder input, and 
then to use switching circuits in the 
decoder. 

Unfortunately, the irregularities in 
the amplitude and frequency response 
below 57 kHz that such filters introduce 
cause the output of the decoder to con- 
tain a good deal of cross -talk between 
the A channel and the t (L -R) com- 
ponent of the stereo channels. The 
amount of cross -talk caused by the pre - 
decoder filtering will vary with the audio 
frequency. and will usually be worst at 
high audio frequencies. There are four 
ways to deal with this problem: 

1. Dispense with the filtering and 
put up with the extra interference. 

2. Use a very elaborate filter which 
has a substantially flat frequency re- 
sponse and linear phase response up to 
53 kHz. 

3. Use elaborate frequency- depen- 
dent compensating cross -talk networks 
in the output of the decoder. 

4. Compensate for the effects of 
the filter in the transmitter with an 
elaborate filter in the encoder that in- 
troduces exactly the opposite frequency 
and phase distortions to that introduced 
by the receiver's pre- decoder filter. 

If this fourth proposal is adopted, 
we must choose a standardised pre - 
decoder filter which must be included in 
all 3- channel receivers. 

If the 38 -kHz switching signals used 
in the decoder do not have the correct 
phase, cross -talk between the L, R and 
A channels will occur. Such phase errors 
are caused by misalignment of the de- 
coder. or by the multiplex signal being 
subjected to a poor phase response at 
some point in the transmission chain. 
This cross -talk is more serious for 
QUART tranmissions than for ordinary 
two -channel stereo. 

Decoder with phase -error 
correction 

When the multiplex signal suffers 
from phase errors, the simple decoder of 
Fig. 2 will produce output signals with 
cross -talk. A more sophisticated decoder 
(see Fig. 3) uses the dc component in 
the output of the "A" channel to pro- 
vide automatic correction for phase er- 
rors. 

The phase -correcting decoder is 
basically that of Fig. 2. The stereo de- 
coder in it is conventional, except that it 
contains a "variable phase shift" circuit 
that can shift the phase either of the pi- 
lot tone before it is frequency doubled, 
or else of the frequency -doubled 
"switching tone ". The amount of phase 
shift produced by the variable phase 
shift circuit depends on the amount of 
dc bias applied to it. The object of 
having such a phase shift circuit is to 
enable matching the phase of the switch - 

(continued on page 58) 
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You can earn more money 
FLicense if you g e t an 

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

NOTT 
SATISFIED with your present income? 

most practical thing you can do 
about it is "bone up" on your electronics, 
pass the FCC exam, and get your Govern- 
ment license. 

The demand for licensed men is enor- 
mous. Ten years ago there were about 
1 00.000 licensed communications stations, 
including those for police and fire depart- 
ments, airlines, the merchant marine, pipe- 
lines, telephone companies, taxicabs. rail- 
roads, trucking firms, delivery services, and 
so on. 

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

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

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

Opportunities in Plants 

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

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

The answer: it's not that simple. The gov- 
ernment's licensing exam is tough. In fact, 
an average of two out of every three men 
who take the FCC exam fail. 

There is one way, however, of being pretty 
certain that you will pass the FCC exam. And 
that is to take one of the FCC home study 
courses offered by the Cleveland Institute 
of Electronics. 

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

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

In a Class by Yourself 

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

It Really Works 

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

Mark Newland of Santa Maria, Calif., 
boosted his earnings by $120 a month after 
getting his FCC License. He says: "Of I I 

different correspondence courses I've taken, 
CIE's was the best prepared, most interest- 
ing, and easiest to understand." 

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

Mail Card for Two Free Books 

Want to know more? The postpaid reply card 
bound -in here will bring you free copies of 
our school catalog describing opportunities 
in electronics, our teaching methods, and our 
courses, together with our special booklet, 
"How to Get a Commercial FCC License." 
If card has been removed, just mail the cou- 
pon at right. 

2 NEW 
CIE CAREER 

COURSES 

1. BROADCAST (Radio and TV) ENGINEERING... now includes 
Video Systems, Monitors. FM Stereo Multiplex, Color Trans- 
mitter Operation and CATV. 

2. ELECTRONICS ENGINEERING...covers steady -state and tran- 
sient network theory, solid state physics and circuitry, pulse 
techniques, computer logic and mathematics through calculus. 
A college -level course for men already working in Electronics. 

CIE 
DECEMBER 1970 

Cleveland Institute of Electronics 441, 

1776 East 17th Street, Cleveland, Ohio 44114 
Circle 17 ont reader service card 

THESE CIE MEN PASSED THE FCC 

LICENSE EXAM ... NOW THEY 
HAVE GOOD JOBS 

Matt Shrcnnski, 
Senior Transmitter 

Operator, Radio 
Station WBOE 

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

Chuck Hawkins, 
Chief Radio 

Technician, Division 
12. Ohio Dept. 
of Highways 

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

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

ENROLL UNDER NEW G.I. BILL: All CIE 

courses are available under the new G.I. 

Bill. If you served on active duty since 
January 31, 1955, OR are in service now, 
check box on reply card for G.I. Bill 
information. 

Cleveland Institute of Electronics 
1776 E. 17th St., Cleveland, O. 44114 

Please send me without cost or obligation: 
Your 40 -page book "How To Succeed In 

Electronics" describing the job opportuni- 
ties in Electronics today, and how your 
courses can prepare me for them. 

Your book on "How To Get A Commercial 
FCC License.' 
I am especially interested in: 

Electronics Electronic 
Technology Communications 

Broadcast 0 Industrial 
Engineering Electronics 

First Class Electronics 
FCC License Engineering 

L 

Name 

Address 

City 

State lip Age 

n Check here for G.I. Bill information 

IPLEASE PRINT) 
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QUART 
(continued from page 53) 

ing tone with the phase of the reference 
tone. The dc bias on the phase shift cir- 
cuit is obtained by passing the "A" out- 
put of the decoder through a low pass 
filter (to remove audio -frequency com- 
ponents), and amplifying it. The polar- 
ity of this dc bias must be set to de- 
crease phase error! 

The phase error correcting decoder 
should not be required for normal re- 
ception, and its main use is likely to be 
in long transmission links conveying 
multiplex signals between transmitters. 

MULTIPLEX INPUT 

C 

f 

1 
TONE 

significant phase errors cannot occur un- 
der the usual conditions of mild multi - 
path reception, contrary to my initial ex- 
pectations. Under conditions of severe 
multipath reception, the cross -talk 
caused by phase errors will be highly 
distorted. and this distortion will not be 
removable by the phase -error correction 
technique described earlier. For this rea- 
son, the simple I and cheaper!) decoder 
will always prove adequate for receiving 
a QUART signal. It is. of course, still 
necessary to adjust the phase of the 
switching signals accurately in the de- 
coder. The reference tone is still useful 
for automatic 2- channel /3- channel mode 

CONVENTIONAL STEREO 
DECODER 

VARIABLE 
SHIFT 

1 

OG BIAS 

FIG. 3 -A 3- CHANNEL QUART SYSTEM 

Note that the phase error correcting 
decoder will give incorrect results if the 
polarity of the multiplex signal is in- 
correct. However. the polarity of the 
dc signal on the stereo channels pro- 
vides an automatic indication of whether 
the multiplex signal has the correct po- 
larity. 

Any competent engineer should be 

able to design encoding circuitry to pro- 
duce a signal of the form given in for- 
mula (1). But there are a few points 
which require special attention. The en- 
coder must be designed so that the 
stereo difference 38 -kHz modulation is 

accurately in phase with the 38 -kHz ref- 
erence tone, which signals should both 
be accurately in quadrature with the 38- 
kHz ambience modulation. The phase 
errors of the 38 -kHz signals should not 
exceed 1° at the encoder. In some en- 
coder designs. the 38 -kHz reference 
tone is obtained by adding a dc com- 
ponent to the stereo difference signal 
modulating the 38 -kHz subcarrier. It is 

desirable to filter out frequencies below 
20 Hz from the ambience signal fed into 
the encoder; otherwise low frequencies 
in the ambience signal might contribute 
to the dc bias in the decoder of Fig. 3, 

causing spurious cross -talk in the re- 
ceiver. (The low -pass filter in Fig. 3 can- 
not be designed to have a sharp cut -off 
without introducing instability in the 
feedback loop). Be careful not to in- 
troduce any filtering of the encoded 
QUART signal that would tend to cause 
cross -talk in the output of a QUART re- 
ceiver. It should be checked that the en- 
coded QUART signal has the correct 
polarity. 

Imperfect reception conditions 
Recent calculations indicate that 
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that incorporates automatic phase correction. 

switching, and for checking the accuracy 
of the phase of the switching signal in 
the decoder. 

The noise performance of the 
QUART system is necessarily worse 
than that of the Zenith -GE system. As- 
suming that 7 =5 %o and that all three 
channels must carry signals of equal 
audio energy, the volume of sound re- 
ceived by a mono or stereo receiver 
tuned to a QUART broadcast is 2.3 dB 
lower than when tuned to a Zenith -GE 
broadcast: the signal -to -noise ratio ob- 
tained by a 3- channel receiver tuned to 
a QUART broadcast is 3.5 dB worse 
than that obtained by a stereo receiver 
tuned to a Zenith -GE broadcast under 
similar conditions. If it is assumed that 
the rear channel need only carry signals 
of half the audio energy of the signals 
conveyed by each of the front channels, 
then these two figures become 1.5 dB 
and 3.5 dB respectively. 

Four -channel transmissions 
To prevent wastage of the available 

frequency deviation, it is necessary to 
convey a fourth channel by a sup- 
pressed- carrier amplitude modulation 
above 57 kHz. To recover the sup- 
pressed subcarrier, the fourth channel 
modulation must be at 76 kHz or 95 
kHz. From the viewpoint of noise. sim- 
plicity of receiver design, and required 
i.f. bandwidth, the choice of 76 kHz is 
best. The main advantage of using 95 
kHz is that SCA transmissions will still 
be possible. 

The following two forms of the 
QUART system are proposed for 
4- channel broadcasting: 

QUART II using a 76 -kHz subcar- 
rier, with multiplex signal of the form: 

C = I/z (L +R) + a.sin2orft + [1/2 (L -R) 
} y]sin4,rft -F I (U +V)cos4,rft + 
U- Vsin8,rft 

V2 
QUART Ill: using a 95 -kHz subcar- 

rier, with a multiplex signal of the 
form: C = I (L +R) + a.sin2wft + 
[I (L -R) + -y]sin4,rft + 1/2(U V 
cos4Tft + U- Vsin8,rft, whey 

V2 
bols are as in formula (1). except U and 
V, which are the rear left and right hand 
channel signals respectively, with ampli- 
tude and polarity given by the conven- 
tion used for R. L & A above. 

A sum -and -difference technique is 
used for the rear channels in QUART 
II and III to prevent one rear channel 
having an excessive noise level, and so 
that under noisy conditions of reception 
the listener has the option of switching 
off the rear difference signal U -V so as 

V2 
to improve the noise level by about 21/2 
dB (for QUART II) or 3' dB (for 
QUART HI) while still receiving an 
acceptable multi- channel sound; com- 
patibility with 3- channel QUART re- 
ceivers is also ensured. 

The numerical coefficients of the 
rear channel modulations have been 
carefully chosen to optimise the noise 
performance. The writer believes that it 
would be difficult to find a compatible 
4- channel multiplex system that would 
give significantly better noise perform- 
ance, and most proposed systems would 
be considerably worse. Assuming that 
y =5% and that all four channels con- 
vey equal audio energies, then mono or 
stereo receivers tuned to a QUART II 
or III transmission will receive a signal 
4.5 dB quieter than when tuned to a 
Zenith -GE stereo transmission (due to 
the energy used up by the extra two 
channels); 4- channel receivers receiving 
a 4- channel transmission will have a sig- 
nal -to -noise ratio 7.5 dB (for QUART 
II) or 8.6 dB (for QUART III) worse 
than a stereo receiver receiving a Zenith - 
GE transmission under the same condi- 
tions. If we assume that the rear chan- 
nels convey half the audio energy of the 
front channels. then the corresponding 
figures are 2.9 dB, 7.2 dB and 8.3 dB 
respectively. 

QUART II is clearly technically su- 
perior to QUART III, and is preferable 
in countries not using SCA trans- 
missions, notably in Europe. In 
countries using SCA transmissions, ei- 
ther the inferior QUART III system 
could be used, or QUART II could be 
used, and stations transmitting SCA sub - 
carriers would then be restricted to 
using the 3- channel QUART system. 
However, due to the rear channel sum - 
and- difference technique, QUART H 
receivers could easily be switched to 
3- channel reception. For the rear chan- 
nels to be the correct way round, it is 
necessary to ensure that the polarity of a 
QUART Ili multiplex signal is correct. It 
may be necessary to use vestigial side - 
band modulation for the 95 -kHz modula- 
tion in QUART III to avoid excessively 
high frequencies occurring and causing 
trouble with i.f. responses and adjacent - 
channel interference. R -E 
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"Here comes our sync specialist now ", 
I heard Tom my benchman tell our two 
trainees in an exaggerated stage whis- 
per. I smiled. He always ribs me about 
my writing endeavors and he was re- 
ferring to my book "Servicing Sync 
Circuits." 

I knew though, when he did this 
I was going to have to perform on the 
bench, and if I didn't fix the dogs they 
were saving for me quick, my name 
was mud. 

Sure enough, as I rounded the 
corner there were three TV's set up on 
the big bench and turned on. The 
nearest one had running sync both 
vertical and horizontal. The middle 
one had age trouble and the furthest 
one had both sync and agc. 

John, a serious young student 
fascinated by electronics said, "Art, 

grids. This makes the top section of 
the tube into twin triodes. The bottom 
section of the tube is a complex bias- 
ing arrangement and from the point 
of view of the top section, the output 
from the bottom section could just as 
well be coming from a regular cath- 
ode. 

However, the screen grid can 
contain a potentiometer that sets the 
conduction level for both sides of the 
tube and the control grid can turn on 
and turn off both sides of the tube at 
will. You'll sec the value of these 
things as we go into the repairs. 

Mystery of the running sync 
The nearest TV was a 19" Moto- 

rola portable about five years old. The 
sync -agc function used a 3BU8 
sharp cutoff Siamese pentode . 

voltage impressed on the suppressor 
grid to cause it to conduct. Coming 
into the suppressor grid, from a video 
takeoff point in the video output area, 
issues a steady stream of video. When 
regular positive video enters it tends to 
push the grid towards zero from its 
high bias, in this case the bias is minus 
40 volts. (Difference between + 150 
volts on the cathode and +110 volts 
on the suppressor). 

The video itself with its positive 
voltage from zero to 75% of the total 
peak to peak input lowers the bias but 
not enough to cause conduction. The 
blanking voltage at its 75% level also 
is not enough to turn on the tube. 
However the sync tip at 100% pushes 
past the bias and turns on the tube 
(Fig. 2). That way only the sync 
pulse is amplified and appears in the 

THE CASE 
OF THE SIAMESE 

PENTODE 
by ART MARGOLIS 

The 'BU8 is a devil in the sync circuit. 
Common elements can cause not -so- common troubles. 

these are three that we ended up with 
last night." 

Harry the other trainee gruffed 
from behind his red mustache, "Yeh, 
we ended up with them cause we 
couldn't fix them." 

I looked the three jobs over. The 
schematics had been pulled and the 
sync -agc tubes had been replaced. One 
TV had a 3BU8, another was using a 

6BU8 and the third had a 6HS8. all 

Siamese pentodes for sync -agc duty. 
Actually all three tubes are identical 
except for heater and other minor 
considerations. 

The reason I call them Siamese 
pentodes is because they are different 
from the waist up while using the 
same elements from the waist down 
(see Fig. 1). That is, the two sections 
of the tube have separate plates and 
separate suppressor grids but have one 
common screen grid, one common 
control grid and one common cath- 
ode. 

The reason for this unusual ar- 
rangement is to permit the suppressor 
grids to act as if they were control 
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John said quietly, "I began 
checking it out. The dc voltages are all 
about right. There's 150 volts on the 
cathode, 150 volts on the control grid, 
225 on the screen, about 110 on the 
suppressor and 250 on the plate. This 
is well within a 10% tolerance. The 
tube is conducting normally." 

I nodded. The voltage difference 
between the cathode and the plate in a 
separator is set purposely low. Also 
the suppressor grid is set with a high 
negative bias. The high bias and low 
plate voltage keep the tube cut -off un- 
der normal conduction periods. 

It takes a really strong positive 

270pF 

TO AFC 

TO RF- 
IF 

NOISE 
GATE 

AGC 

220K TO 
INTEGRATOR 

SYNC 
SEPARATOR 

50V P-P FROM 
VIDEO 

IV P-P AMPLS 

p. - 
FIG. 1- TYPICAL SIAMESE PENTODE. 
The top section becomes twin triodes while 
the bottom section provides biasing. 

FIG. 2 -ONLY THE SYNC TIP turns on the 
tube, is amplified and appears in the plate 
circuit. 

plate circuit. Separation takes place. 
In this Motorola, the peak -to- 

peak voltage called for on the sche- 
matic showed 50 volts peak -to -peak. I 

asked John, "Did you check the video 
input ?" 

He smiled guiltily, "The scope is 
over on the other side of the shop, I 

couldn't find the probe.. . ." 
I laughed, "You don't need the 

scope, there is the P -P function on 
your vtvm." 

His eyes lit up and he began tak- 
ing readings. I watched over his shoul- 
der. He set the vtvm for 140 volts 
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P -P and touched down on the plate. 
There was supposed to be forty volts 
there. The meter read zero. He 
touched down on the suppressor grid. 
There was supposed to be fifty volts 
P -P there. There was zero. He looked 
up at me. 

I said, "That's good. You have a 

valid clue, trace back the video takeoff 
line from the suppressor." 

There was a little parallel filter 
network in series in the line with a 
220 -pF capacitor and 470,000 -ohm 
half watt resistor (Fig. 3). He crossed 

.lLh 50V P-P 

390uH 

33K 

10K 

470K 

220pF 
FIG. 3 -AN OPEN PEAKING COIL 
stopped the peak -to -peak voltage from 
reaching the pentode. 

FROM 
VIDEO 
AMP 

PEAKING 
COIL WAS 
OPEN 

over them and read their video input. 
Again zero! 

Then he crossed over two series 
resistors and then a peaking coil. 
Voila! The fifty volts P -P appeared. 
He jumped the peaking coil temporar- 
ily. The sync stopped running and 
locked in solid. 

Just for the heck of it he retested 
the suppressor grid and plate. The 
P -P was there and fine. Harry handed 
him a new peaking coil and the set 
was repaired. Harry quipped, "Now 
then Johnny old boy, wasn't that 
easy ?" 

John smiled gleefully. 

Strong station only caper 
Harry sat down at the middle TV 

and announced, "This one is mine!" 
John said unsmiling, "Yeh, what 

are you going to do with it ?" It was a 

Zenith chassis and exhibited a case of 
classic sync trouble. 

The weak snowy stations from 
afar were coming in better than ever. 
The local stations were blacked out 
but still provided sound. The agc cir- 
cuit was housed with the sync circuit 
in a 6BU8 Siamese pentode. 

Harry began taking dc voltage 
readings. I didn't say a word even 
though that was not exactly the right 
first step. The correct step would have 
been to use a bias box and see if you 
could correct the condition. If the bias 
box did correct the trouble was defi- 
nitely in the agc circuit. Should the 
bias box fail to correct, the agc symp- 
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toms were being caused by a defect 
somewhere in the rf -i.f. or video cir- 
cuit. But since the symptoms were so 
classic I kept quiet for the trouble- 
maker was obviously in the age. 

His dc voltage readings revealed 
nothing. The plate, suppressor. screen 
grid, control grid and cathode read ex- 
actly as the schematic would have 
them. 

This type of circuit is keyed agc. 
That is, the tube won't conduct unless 
all of the right pulses are coming into 
the tube at the right time. 

The plate has no B -plus on it. 
The screen grid has B -plus on it. The 
control grid has a normal negative 
bias close to the cathode voltage. The 
suppressor grid which acts like a con- 
trol grid has a high negative bias. The 
tube unless acted upon by outside 
forces remains turned off. 

Of course a turned off tube is 
worthless so outside forces are im- 
pressed on the tube. There are outside 
forces that especially key the tube on. 
One is a pulse of about 500 volts peak - 
to -peak from an agc winding in the 
flyback transformer. It's a 15.750 Hz 
pulse that is applied to the plate. That 
means when the peak of the pulse oc- 
curs on the plate, the plate is ready to 
conduct at that time. 

Second. the composite video sig- 
nal is taken from the video output 
area and applied to the suppressor 
grid. The composite video has a peak - 
to -peak of about fifty volts. This is 
just enough to let the 100 %%o level sync 
pulse override the bias, while the video 
remains innocuous. 

The flyback pulse and the sync 
tip arrive at their destination. the plate 
and suppressor respectively, at the 
same instant. 

At that instant the key is turned 
in the lock. The tube turns on and a 

small voltage appears at the plate. The 
size of the voltage varies with in- 
coming signal and is free of noise 
since noise appears mostly in the 
video. 

The varying pulse is filtered and 
is applied to the rf -i.f. as agc voltage. 
With the TV exhibiting these symp- 
toms the TV was bereft of agc. 

"Now what," I asked Harry. He 
shrugged. 

John pitched in, "Why not use 
the peak -to -peak tracing technique like 
we did in the sync job ?" 

Harry shrugged again, "Why not 
indeed ?" 

John switched Harry's vtvm to 
P -P and Harry began reading. The 
fifty volts P -P was on the suppressor 
as it should be. That meant the video 
input line was good. 

The 500 volts P -P was on the 
plate. That meant the flyback pulse 
network was correct. The two of them 

looked at each other and then looked 
at me. 

I asked, "Now what ?" 
Harry said, "The tube is per- 

forming perfectly. The trouble must 
be in the line from the plate to the 
tuner and i.f. strip." 

He took a dc reading at the plate 
again. It was minus six volts as it 
should be. He crossed over a 2.2 -meg- 
ohm resistor. The minus six dropped 
to zero! 

"Ah ha," he chortled and undid 
one end of the resistor. But his smile 
disappeared as the resistor read 2.2 
megohms right on the nose. He tacked 
in a new one anyway. Didn't help. 

Then he looked at the next thing 
in line. It was a shielded cable that 
carried the agc bias to the i.f. strip. 
He read the cable from center to 
shield. There was zero ohms (Fig. 4)! 

TO 
R F.- 
IF 

COAX 
WAS SHORTED 

6BU8 
AGC 

FIG. 4 -A SHORTED SHIELDED CABLE 
killed the agc in this receiver. 

He looked stunned. I spoke what was 
on his mind, "Yes, it looks like you 
have a shorted cable." 

John handed him a new piece of 
cable and he whistled as he installed it 
in place of the shorted piece. That was 
it. The strong channels returned in 
perfect fashion. 

We all turned to the third TV. I 
saw that it had.. . . 

Double trouble syndrome 
The picture was running sync but 

it was also overloaded so badly the 
picture was a negative. It was a Silver - 
tone portable. They both said, "You 
can do that one yourself. Art." 

I laughed and pointed author- 
itatively to the two stools by the 
bench, "You're the trainees, not me. 
I'll watch you both work though." 

They sat down. Harry grabbed 
for the vtvm. I said, "I let you go on 
the last one because it was obviously 
agc trouble, but start off with the bias 
box, this time." 

John brought the bias box over 
from our test equipment shelf and at- 
tached it into the first i.f. below the 
grid leak resistor (Fig. 5). He began 
adjusting it. At one critical point the 
agc cleared. The negative turned posi- 
tive and the picture was clear. How- 
ever, it still ran sync as badly as ever. 

The two of them stared at the 
picture. I said, "Let's analyse this bit 
of service information." 
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FIG. S-A BIAS BOX can be substituted 
for the age circuit while servicing a TV. 

John said, "There are definitely 
two troubles, one age and one sync." 

Harry chimed in, "Let's find the 
agc trouble first and maybe it will be 
causing the sync trouble too." 

I asked, "Is there any place in the 
circuit where agc and sync are both 
controlled by the same components? 
In other words, what components will 
cause both agc and sync to conk out ?" 

They looked and both blurted al- 
most simultaneously. "They have 
common ties in the cathode, control 
grid and screen grid. They don't sepa- 

rate functions till they get to the sup- 
pressor grid in the 6HS8." 

John began dc voltage checks. 
The screen grid was about thirty volts 
low. The control grid was about nor- 
mal. The cathode was about normal. I 
said, "The screen grid controls con- 
duction of the tube. The low screen 
voltage is cutting off the tube." 

6 HS 8 
AGC SYNC 

s 260V 
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6 9 180V 
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FIG. 6- RESISTOR IN THE BOOST circuit 
was causing the sync -age trouble. It was 
burnt out. 

33K 
2W 

420V 
BOOST 

John looked at the schematic 
(Fig. 6) and began checking the B- 
plus inputs to the screen. As he 
crossed over a resistor towards the 
power source he yelled, "There's sup- 
posed to be 420 volts B -plus here. 
There is nothing!" 

We all looked and traced the cir- 
cuit back to its source. It was in the 
damper circuit. There was a 10,000 - 
ohm resistor that looked like it had 
had it. It was slightly charred with a 
crack down the center. There was 
good boost B plus on its other side. A 
new resistor restored all. 

What had been confusing was, 
there were two B -plus inputs into the 
screen. The boost voltage only sup- 
plied the additional thirty volts that 
had been missing. One doesn't usually 
look in the damper circuit for sync -age 
answers. 

John said, "I read your sync 
book cover to cover and you didn't 
tell about these troubles." 

Harry continued, "Yeh, what 
about these troubles ?" 

I asked. "What would you like 
me to do write an article and tell how 
you two licked these tough dogs ?" 

They both echoed, "Yeh, and be 
sure to mention our names." R -E 

IC MODULAR TV 

(continued from page 64) 

receiver, however, will result in a voltage drop across the 
1.8 -ohm R4 that will make the emitter more negative than 
the base and cause conduction. At 450 mA supply drain, 
Q1 is conducting hard and switches its lowered emitter 
potential to the base of Q800 reducing its conduction, 
thereby protecting the entire power supply. When the short 
is removed, Q1 and Q800 all return to normal operation. 
This is called foldback current limiting, and is extremely 
useful in all semiconductor powered equipment. 

The Second Quasar II to he produced is the CTV6 
with conventional chassis construction, a transformerless 
half -wave voltage -doubler, low -voltage supply, and a pola- 
rized ac line plug with one side of the power line going to 
the chassis. An auto -transformer supplies the paralleled 
heaters of the four vacuum tubes and the CRT. 

The high- voltage supply (Fig. 3) is relatively con- 
ventional, having grid -leak bias of about 70 volts on the 
horizontal output tube. However, the grid circuit includes 
a simple regulating circuit that controls the high -voltage 
levz!. The tt v BIAS control is set initially for 27 kV on the 
CTV6, and for 21 -kV on the CTV5. Thereafter, a positive 
feedback pulse from the primary of the flyback controls 
the decrease in resistance of VDR R502 so that a larger 
than normal pulse increases bias, and a smaller pulse de- 
creases the bias. The ratio between the CRTs beam current 
and high -voltage output is therefore preserved. When one 
increases, the other decreases. Thus the high voltage is 
regulated . . . all without a series or shunt regulator. 

In some receivers, Motorola has devised a 2- diode, 2- 
resistor, 1- capacitor circuit (Fig. 4) to continue to supply 
protective negative voltage to the grid of the horizontal 
output when the horizontal oscillator or driver fails. Diode 
D1 rectifies an ac input and charges a 0.22 -µF capacitor to 
-160 volts. This is bucked by whatever voltage from 700 
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volts B -boost that can appear at the cathode of D2. This 
diode is back -biased by the -70 -volt grid bias until some 
drive failure occurs. When negative grid -leak voltage is 
lost, D2 becomes forward biased and supplies enough 
negative grid bias to keep the output plate and screen cur- 
rents within safe limits. The more the high voltage and B- 
boost voltages drop, the more negative pulsating dc is ap- 
plied through D2 to hold the output tube at or close to 
cutoff. 

The CTV6 -SI (model HP558GW) is further modi- 
fied to include channel blanking, 75- and 300 -ohm antenna 
connections and a secondary volume control (set from the 
rear of the receiver) to limit the maximum audio level that 
can be obtained from the front -panel volume control. The 
CTV6 has all the plug -in panels of the CTV5 but is a little 
less costly to produce and is manufactured with 17 -inch 
and 19 -inch picture tubes. The CTV5, on the other hand, 
is available in picture -tube sizes from 19 to 25 inches and 
in both table and floor models. R -E 

TECHNDTES 
QUICK CAPACITOR TEST 

Use this quick method for testing audio coupling ca- 
pacitors for leakage. This can be done without unsoldering 
any wires. Connect a voltmeter across the primary of the 
output transformer and momentarily short the plate of the 
driver tube to ground or B minus. 

If the plate current of the output tube decreases (the 
voltage across the transformer drops) when the plate of 
the driver is shorted, the coupling capacitor is leaky and 
should be replaced. No damage will occur to the rectifier 
ac -dc radio or TV sets due to this procedure, since the load 
resistor of the driver tube is very large. Harry J. Miller 
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What's new in 
modular and IC 
color TV for '71 
Inside Motorola TV chassis you'll 
find several changes for '71. Here's 
a close look at the important ones 

by STANTON R. PRENTISS 

EVEN THOUGH 1970 SPRING SALES WERE A BIT SLACK, THE 
new color receivers just introduced for 1971 continue the 
trend for easier servicing and major circuit innovations. 
Three major companies are now offering hybrid and solid - 
state plug -in modular color receivers, while others have 
slide -out chassis, plug -in transistors, and most are featuring 
at least one or more integrated circuits (IC's) in the audio 
and chroma circuits. Some picture tubes have reached 25 
inches diagonally. Receivers in many lines are hybrid com- 
binations of transistors and four or five power output vac- 
uum tubes. Much of the semiconductor design engineering 
is indeed a pleasure to behold. Chroma oscillators are 
formed from logic gates. Color is demodulated after and 
with h -w information, voltage -regulated IC's are com- 
monplace, amplifiers, limiters, switches, SCR's. high -volt- 
age triplers, quadruplers, low- voltage regulation with fold - 
back current limiting, and plug -in tuners that can be 
replaced in the field are all part of the new year's fascinat- 
ing exhibition of the all- American competition. 

Coupled with further refined color picture tubes and 
less hazard of X- radiation than ever, the new receivers are 
indeed instruments of beauty and great electronic progress. 

The original, Motorola 
Three years ago, Motorola introduced the Quasar. 

This 23 -inch receiver consisted of ten modular plug boards 
(video i.f., afc, audio, video amplifier, color, video driver, 
video output, convergence, pincushion, and horizontal 
sweep) with power transistors in sockets on the chassis, 
mounted in separate sections. The TS -915 and TS -919 
chassis are physically much the same today but with sig- 
nificant internal changes among the video drivers, video 
amplifiers, color circuits, the horizontal sweep and a solid- 
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state high -voltage rectifier. 
This receiver never used a high -voltage regulator be- 

cause the dc supply for the paralleled horizontal output tran- 
sistors has always been regulated by circuits on the pin- 
cushion panel that supplied them through a winding on the 
flyback transformer. Since the horizontal- output transistors 
are regulated, there is also an automatic brightness control 
to govern conduction of the video drivers, limit the flow of 
beam electrons as well as preventing the high -voltage sup- 
ply from drawing excessive current. Developed too was the 
diode tri- demodulation system to permit direct demodula- 
tion of all red, green, and blue chroma voltages along 
with the luminance information, so that the final output 
was an R -G -B system to drive the picture tube cathodes 
directly and keep the grids at a steady dc potential. Because 
there is hardly more than 100 volts dc between cathodes 
and grids at any one time, the chances for arc -over is 
greatly diminished, there is less stress on the tube, and the 
colors and fine luminance detail are satisfactorily repro- 
duced. 

Still in the design are the diode bridge and separate 
half -wave diode power supplies that develop the various volt- 
ages for small -and large -signal transistors in the receiver. 
There is also a special 6.3 -volt transformer that permits 
the picture tube heater to remain slightly on while the 
remainder of the receiver is turned off. This feature allows 
the tube to warm up in several seconds and produce a 
bright, contrasty picture as soon as the transistorized high - 
voltage builds up. The result is an instant -on color picture 
that does not initially turn negative and is relatively con- 
stant after adjustment of chroma, hue, and contrast set- 
tings. 

Just to make the picture complete, Motorola, in the 
last two years, developed an ac regulated supply for the 
entire receiver that has appeared on the deluxe models and 
automatically controls ac line variations between 105 and 
130 volts for a constant receiver input of 117 volts. This 
ac regulation plus the filtered dc regulation has given the 
top -of- the -line Quasar receivers a constant supply voltage. 

Plug boards for this and other Quasar -type receivers 
with all components mounted (see photo) are removable 
usually with fingers but sometimes need the aid of a quar- 
ter -inch nutdriver where secure grounds are required. They 
are fastened over plastic mounting studs that seldom re- 
quire undue pressure when either mated to or separated 
from their locking connectors. Detailed service manual 
charts make usual trouble- shooting procedures relatively 
easy so that boards can be removed and exchanged in the 
home for rapid repairs. These boards are coded according 
to the latest changes and modifications. If, therefore, you 
have a two- or three- year -old receiver and want it updated 
for better video and chroma response, you can have boards 
with the latest modifications installed by the servicing 
dealer. Horizontal sweep, color, video amplifier, driver and 
video output panels should do the trick; you might get by 
with less. And if you wish to go even further and install a 
new color bright picture tube, you'd virtually have Moto- 
rola's latest Quasar. 

Top of the Line 
The top -of -the -line Motorola receivers for 1971, two 

plug -board chassis: the 25CTS -915, and the AD25TS -915. 
The 25CTS -915 features ac -line regulation, uhf and vhf 
afc, special (Paktron) ac -line bypass capacitor, Nomex in- 
sulated flyback transformers, "quick -on" with defeat 
switch, new earth's field magnetic shield, larger degaussing 
coils, slide -type pots for hue and intensity (no separate tint 
control), and solid -state high- voltage rectifier. 

The AD25TS -915 is the ultra chassis for "stereo 
theatres" and two fancy consoles. In addition to all the 
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features of the previously described chassis: it has power 
tuning, power indicator light, all remote control (no man- 
ual models), concealed customer controls, swing out front 
panel for greater serviceability. IC audio. new rf grounded 
hase vhf Oak tuner, and the very new Memomatic mecha- 
nism and varactor -tuned uhf tuner supplied by Hopt of 
Germany. This tuner can he programmed for 13 channels. 
and will probably he set locally for individual vhf and uhf 
stations. 

The four -varactor uhf tuner operates on the principle 
of a programmable voltage being applied to voltage sensi- 
tive diodes. The diode behaves like a reactive capacitance 
and changes the frequency of the front -end to tune the 
various channels. 

To produce an economy version of the all solid -state 
receiver yet retain most solid -state advantages, Motorola 
has gone hybrid with two significant receivers -both la- 
beled Quasar Il -for 1971. 

The CTV5 hybrid Quasar II 
For the less than fully -transistorized receivers, the 

CTV 5 (TS -934), is Motorola's mainstay. Still with "the 
works in a drawer," it has four vacuum tubes (one dual 
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purpose) for vertical oscillator, vertical output, horizontal 
driver, horizontal output, and damper. Including uhf and 
vhf tuners, there are 42 transistors, 2 integrated circuits, 18 
diodes, and 6 plug board removeable panels for the i.f.'s 
and audio, color -video panel, horizontal and vertical de- 
flection panel, low -voltage regulator, convergence panel, 
and aft. Basically the same design as the later TS -9l5 
Quasars, the Quasar It has an integrated- circuit tri -color 
demodulator that supplants the original video drivers and 
demodulates red, blue, and green signals directly with the 
luminance information already mixed in. There is also an 
audio IC that contains the 4.5 -MHz i.f. amplifier, limiter, 
quadrature -type FM detector, and of preamplifier. The pre - 
amp drives a transformerless complementary symmetry 
audio output that has negative feedback along with dc cou- 
pling for both good stability and low- frequency amplifica- 
tion. 

The hue control in Quasar II (Fig. 1) is new. It is a 
dc voltage- divider potentiometer in the base of the 3.58 - 
MH- phase- shifter as opposed to a ac phase- shifter in the 
collector- emitter circuit of the color -oscillator phase splitter 
in the original Quasar. The 3,579,545 ± 10Hz subcarrier 
sinewave is applied to the base of the phase splitter (QI2). 
Resistors R52 and R53 from the 20 -volt supply to ground 
provide a constant base voltage of 2.7 volts. Resistors R54 
and R55 in the emitter and collector are equal value resist- 
ors that will permit a certain out -of -phase and in -phase 
voltage swing between Ve,., the collector voltage, and 
ground even though the collector has 18 volts dc and the 
emitter only 2.1 volts dc. Resistor R55 is the load resistor 
for the A2T phase splitter and R60 is the load resistor for 
phase shifter Q13. Collector -to- collector coupling ac be- 
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tween Q12 and Q13 is through a 220 pF capacitor. 
Whenever the arm of the HUE control is at ground poten- 
tial, the phase shifter will not conduct, and reverse phase 
3.58 -MHz sinewaves at the Q12, Q13 collectors are passed 
through the limiter (not shown) to the three red, blue, and 
green demodulators. With the HUE control arm turned 
toward its open end, the dc voltage division is less, more 
base current flows and the phase shifter conducts hard and 
mixes a great deal of amplified in -phase voltage coming 
from the R95 -C29 coupler network and the Q12 emitter. 
This signal shifts the 3.58 MHz information in an opposite 
direction from the period Q13 was cut off and so changes 
the angle of demodulation and the resulting hue or tint of 
the picture. In between cutoff and full conduction, the 
phase shifter produces partially mixed 3.58 -MHz sinewaves 
of varying phase. Usually, good tint controls introduce 
vector phase shifts of from 90° to 100 °. This arrangement, 
however, can produce a total variance of 150 °, and can be 
adapted for remote operation since dc can be applied 
directly from the control voltage of a remote memory 
module. 

Interesting low- and high -voltage supplies 
This receiver has many more interesting circuits. Two 

of these are the low- voltage regulator and the high -voltage 
supply. 

In Fig. 2, we have a full -wave voltage doubler and a 
regulated supply for the solid -state devices. With incoming 
current flow, the degaussing coils pass current through 
their 6.6 ohms resistance and through thermistor R803. 
This element has a positive temperature coefficient- resist- 
ance increases with temperature. The set is degaussed 
promptly each time it is turned on because R803 is initially 
cold and current flows freely through its low resistance. 
Upon warm -up, the resistor quickly increases in value and 
removes the shunt across the upper secondary of the trans- 
former. On the first negative -going alteration (the top end 
of the winding is negative with respect to the bottom end), 
rectifier D801 conducts, charging C800 -a to some positive 
voltage above ground. On the positive -going half -cycle, 
D800 conducts and places a positive charge on C803. The 
charges on C800 -a and C803 are in series so they add and 
charge C800 -b and C801 to about twice the transformer's 
peak voltage output. This dc source is then divided into 
two supplies, one of 305 volts at 250 mA, and the other at 
260 volts with a current drain of 50 mA -a very impor- 
tant criterion to know when IC or transistor trouble- 
shooting. 

The lowest secondary furnishes a -35 volts the VER- 
TICAL LINEARITY, VERTICAL SIZE, BRIGHTNESS and MASTER 
BRIGHTNESS controls; furnishes ac for the positive 20 -volt 
regulated supply, and for an unregulated 50 -mA 21.5 -volt 
source for the audio section. 

Most of the regulator, including rectifier D1, is on 
plug board ZA. Rectifier D1 supplies filtered dc voltages 
to the collector of Q2 and the base of regulator Q800. The 
regulator is forward -biased and conducts normally, switch- 
ing a voltage through its emitter to and through current 
limiter R4 to the output. This output voltage is then di- 
vided down through R1, R2, and R3, and a portion per- 
mitted to flow back through the arm of R2 to reference 
amplifier Q2. Transistor Q3 is connected as a reference 
Zener and holds the Q2 emitter voltage at a steady poten- 
tial. Conduction of Q2 is adjusted by potentiometer R2 to 
supply the necessary base current for regulator Q800 so 
the output is a regulated 20 volts. 

Usually this circuit furnishes 250 mA and overload 
transistor QI is back -biased and not normally conducting. 
Current drain by some short on the 20 -volt bus in the 

(continued on page 61) 
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What can an electronics technician 
do to achieve recognition for his 
proficienc3 in electronics? What can 
he do to prove to himself and to others 
that he is competent in his field? 

Other professional and semi -pro- 
fessional people have numerous means 
of gaining recognition. For example, 
doctors can point to the college de- 
grees and the state medical licenses 
that they receive when they pass the 
state medical examination. Lawyers, 
like doctors, can point to their college 
degrees and their licenses to practice. 
Engineers, accountants, insurance, 
real estate and stock brokers have sim- 
ilar means of achieving recognition 
and proving their competence in their 
given fields. 

All of the states give exam- 
inations to register a man as a profes- 
sional engineer. Accountants must 
take a rigorous examination if they 
are to become CPA's. Insurance, 
stock and real estate brokers must also 
pass comprehensive exams before they 
can practice their professions. 

Electronic technicians have sim- 
ilar means of achieving recognition. 
While not as well known as those for 
doctors, lawyers, and other profes- 
sional people, the programs of recog- 
nition available for electronics tech- 
nicians are just as important and can 
be quite beneficial. As an electronic 
technician you will most assuredly be 
interested in these means of proving 
your capability in your field. 

Your school diploma 
Your first and probably most im- 

portant form of recognition is your 
school diploma. This diploma signifies 
that you have completed a formal 
training program in electronics. It is 
the very first form of recognition that 
you receive as a technician. It proves 
to you and to anyone else that you do 
have 'a basic education and proficiency 
in electronics. 

If you do not have a formal edu- 
cation in electronics leading to the 
award of a diploma, then it will most 
certainly be to your advantage as a 
technician to obtain one. If you can- 
not attend a resident school, try a 
home study school. The time, money 
and effort will be well spent. It is the 
best investment you can make for 
your future. 

If you work in the electronics in- 
dustry as a technician, you know that 
recognition beyond your basic elec- 
tronics education can come in many 
forms- money, position, responsi- 
bility, etc. If you do a good job, you 
will earn more money. If you continue 
to perform well, you may be pro- 
moted into a higher position and 
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CAREERS in ELECTRONICS 

blueprint to your future 
by LOUIS E. FRENZEL, JR. 

Your knowledge, experience and proficiency are valuable 
assets. Here is how to get the recognition you deserve. 

given more responsibility. 
This is the kind of recognition we 

all want and need. However, there are 
several other, more formal means of 
achieving recognition and showing 
your proficiency in your chosen field. 
And showing your proficiency in these 
formal ways can ultimately lead to 
recognition by position, money and 
responsibility. 

There are three agencies or orga- 
nizations whose purpose it is to eval- 
uate technician qualifications. They in- 
vestigate the technician's education 
and experience and formally test his 
ability in electronics through a written 
exam. Of course, in most cases, none 
of the certificates or licenses issued by 
these organizations are actually re- 
quired to work as a technician. How- 
ever, by voluntarily applying for these 
certificates or licenses, a technician 
can prove his ability to others through 
this form of recognition. 

Certified electronics technician 
The National Electronics Associ- 

ation Inc., sponsors a recognition plan 
known as the Certified Electronics 
Technician Program. This is a pro- 
gram where electronics technicians 
with a certain amount of training and 
experience can become certified by 
this organization as electronics tech- 

FCC LICENtit stwws proficiency, lets you 
service transmitters. (Photo courtesy CREI) 

nicians. By meeting the experience and 
educational requirements as well as 
passing a comprehensive examination 
in basic electronics, you can earn a 
Certified Electronics Technician di- 
ploma. By showing proof of your ex- 
perience and by passing the required 
examination, you illustrate to yourself 
and others that you are capable in 
your field. 

The Certified Electronics Tech- 
nician program was developed particu- 
larly for technicians working in the 
consumer electronics fields of radio, 
television and hi -fi repair. While this 
program is aimed primarily at these 
people, technicians in other fields may 
also qualify. The program requires 
four years of experience in electronics, 
some formal education in electronics 
through a correspondence course or a 
residence school, and passing a 126 - 
question exam on electronics and tele- 
vision. 

If you meet the education and 
experience requirements, you are eli- 
gible to apply for certification. There 
is a $5 fee for taking the test. This fee 
covers the expenses involved in pre- 
paring and grading the test and in 
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processing your certificate. 
If you are interested in this pro- 

gram, write to Mr. Leon Howland, 
Chairman, NEA Certification Pro- 
gram, 4622 East 10th Street, In- 
dianapolis, Indiana 46201 for further 
information. 

FCC licenses 
An FCC license is a certificate is- 

sued by the Federal Communications 
Commission to technicians who pass 
an examination in basic electronics 
and communications. The license is 

HOME -STUDY TRAINING prepares you 
for certification that leads to job advance- 
ments. (I' /,to courtesy National Schools) 

(Photo courtesy National Radio Institute) 
the government authorization that 
permits the technician to operate, re- 
pair, adjust and maintain the elec- 
tronic equipment used in various com- 
munications services -broadcasting, 
mobile radio, marine radio and others. 

The government wants to be sure 
that the equipment used in the com- 
munications services, particularly the 
transmitting equipment, is properly 
adjusted and maintained to meet the 
rules and regulations established by 
law. It can't permit off -frequency or 
distorted signals to occur, nor can it 
allow interference between stations. 
For that reason, the technicians who 
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operate and maintain the equipment 
must be fully competent. The FCC ex- 
amines these technicians to determine 
if they do have the basic knowledge 
and skills to ensure success in han- 
dling the equipment, and then issues a 
license to certify the technicians com- 
petence. 

Justification for a license 
Should you get an FCC license? 

If you plan to work as a technician in 
radio or TV broadcasting, two -way 
mobile radio or marine radio. you 
must have an FCC license. The law 
requires it. However, even if you 
aren't working in one of these areas 
there are several reasons for consider- 
ing a license. 

While it may not be a necessity 
to your work or goals, it can be of 
value. Here's why. First, since the 
FCC license is awarded only after you 
pass a comprehensive test in basic 
electronics and communications, it 
proves that you do know electronics. 
It's pretty tough to pass the FCC 
exams without a knowledge of funda- 
mental electronics. Having an FCC li- 
cense is sure proof that you do have a 
certain level of knowledge and com- 
petence in electronics. The license is 
truly a measure of your achievement 
as an electronics technician. 

Another reason for getting an 
FCC license even though you may not 
need it, is the feeling of accom- 
plishment that conies from passing the 
tests. It is a big boost to your pride 
and morale. Getting an FCC license is 
a real shot in the arm for some 
people. It can give you the self -con- 
fidence you need to get ahead in elec- 
tronics. 

It doesn't really matter whether 
you are a radio -TV service technician, 
an industrial electronics technician or 
a hobbyist: an FCC license could put 
a few extra bucks in your pocket. As 
a radio -TV service technician with an 
FCC license, you can get into the 
lucrative mobile radio field. There are 
thousands of mobile radios in taxis, 
police and fire vehicles, and in indus- 
trial and commercial vehicles that 
need frequent repair, adjustment and 
checkout. This work is required by the 
FCC and there is always a demand 
for trained people to do it. 

There is also Citizens band (CB) 
radio equipment. Many non -technical 
individuals and businesses use CB ra- 
dio for communications. There are 
millions of CB radios in use and they 
too require the services of an FCC li- 
censed man to adjust or repair them. 
This could be a good money- making 
sideline for the technician with a li- 
cense. 

Marine radio equipment also 
needs regular repair and adjustment. 

Many boat owners with such radio 
gear often wonder who to turn to for 
this service. Since most boating seems 
to be done on the weekends, you may 
be able to pick up some extra cash on 
weekends by providing this service. 

If you are looking for a part -time 
job, you may be able to find one as a 
transmitter engineer in the evenings at 
a local radio or TV station. All ra- 
dio/TV broadcast stations must have 
FCC licensed transmitter engineers. 
And since many stations operate 
around the clock, they often have 
trouble finding licensed personnel to 
fill these positions. 

Many employers of technicians 
recognize the FCC license as an 
achievement and often base their 
evaluation of a man's qualifications on 
this license. It can literally pay you to 
have one. 

How to get a license 
Getting an FCC license isn't easy, 

but if it were anyone could pass the 
test and it wouldn't mean a thing. 
You must have a pretty good under- 
standing of electronics to pass the 
rather comprehensive exam they give. 
But if you have had some electronics 
training and you are willing to spend 
a little time boning up, then you 
shouldn't have any trouble. 

There are several different types 
of FCC licenses. There are amateur 
radio licenses for the hobbyist. There 
are the commercial radiotelephone and 
radiotelegraph licenses. Ship radio op- 
erators and coastal telegraph station 
operators are required to have the 
radiotelegraph license. These licenses 
require skill in sending and receiving 
code. While the license is valuable to 
people in these fields, it may have little 
practical value to you. 

The radiotelephone license is the 
most useful. It is the type required by 
radio and TV station engineers, mo- 
hile radio repair men and others. No 
knowledge of the code is required. 
There are several grades of this li- 
cense, but you should try for either 
the 1st or 2nd class license. 

The 2nd class radiotelephone li- 
cense exam tests your knowledge of 
basic rules and regulations, radio oper- 
ating procedures. basic electronics and 
radio. The license will permit you to 
service CB and all other mobile radios 
and to serve as an assistant or junior 
engineer in a radio station. 

The I st class license requirements 
arc identical to those of the 2nd class, 
but you must take an additional 50- 
question exam on advanced radio- 
telephone electronics including TV. 
This license will give you full privi- 
leges in any radio or TV station. This 
is "the" license so to speak, as it car- 
ries the most weight and prestige. The 
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best approach may be to do it step -by- 
step. Get your 2nd class license first, 
then you can study further and later 
take the additional test for the 1st 

class license. 
There are several ways to prepare 

for the test. If you've already had 
some training in electronics, half the 
battle is already over. All you really 
need to do is to get hold of one of the 
many published FCC license study 
guides. Check with your local book- 
store or electronics dealer. Most of 
them stock these books. 

These study guides present many 
sample test questions and answers. 
Typical test questions are explained in 
detail. In some cases you may want a 
reference text to refer to for addi- 
tional information. Your library 
should he able to supply this too. 

Once you've done your home- 
work, you are then ready to take the 
exam. Get in touch with your local 
FCC office. There are FCC offices in 
most major cities. Check your phone 
book under U.S. Government offices 
for the number and give them a call. 
The field engineer there will give you 
the details on date, time, and place of 
the tests. Also request application form 
756. This is the form to use in apply- 
ing for the license. It costs $5 for a 
1st class license or $4 for a 2nd class 
license. 

Certified engineering technician 
If ,ou are an engineering techni- 

cian there is another program that you 
can pursue for further recognition in 

your field. An engineering technician 
works with or for engineers in carrying 
out various types of engineering work. 
This may involve assisting the engi- 
neer in the design of new devices or it 
may involve the installation. operation 
or maintenance of some complex 
equipment. The work may also in- 
volve drafting, sales, education, writ- 
ing or other phases of engineering. If 
your job involves any of these func- 
tions then you are probably qualified 
to be certified as an engineering tech- 
nician. 

The Institute for the Certification 
of Engineering Technicians (ICET) is 
an organization established to evaluate 
the qualifications of those technicians 
who voluntarily apply for certifica- 
tion. If a technician is found qualified 
by his education and experience, he is 
awarded a diploma certifying that he 
is a qualified engineering technician. 

To become certified you must have 
a certain amount of basic education 
and experience in your field. There are 
three grades of certification in the 
ICET program. The junior engineer- 
ing technician grade requires that you 
have at least two years of work ex- 
perience in your technical field. If you 
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have the necessary experience and re- 
ceive the endorsement or recommen- 
dation of an engineer for whom you 
have worked, you can be certified as a 
junior engineering technician. 

After five additional years of ap- 
plicable experience as a junior engi- 
neering technician you can upgrade to 
the engineering technician level. You 
must be at least 25 years old to achieve 
this level and must be endorsed or 
recommended by two professional en- 

In most cases, you can become 
certified by simply making application. 
If you have the necessary number of 
years of appropriate experience plus 
some formal education, you will be 
certified. If your experience is not in 
the proper area, you may be required 
to pass the exams mentioned earlier to 
show your capability in the desired 
area. The fee for becoming certified is 
$10. This covers the cost of adminis- 
tering the program and of the certifi- 
cation diploma. A fee of $2 per year 
is charged for renewal of your certifi- 
cation. The examination fee is $25. 

If you have had some formal edu- 
cation and have a number of years of 
experience as an engineering tech- 
nician who has done some form of en- 
gineering support work, then you may 
be qualified for certification. Write the 
Institute for the Certification of Engi- 
neering Technician. 2029 K Street, 

COLOR TELEVISION is but one of the 
many electronics fields you can enter. Your 
school certificate is a must for some jobs. 

(Photo courtesy National Schools) 

gineers or the equivalent. In some in- 
stances you may be required to take 
a basic examination to further prove 
your qualifications for this rating. par- 
ticularly if you do not meet the basic 
education or experience requirements. 
The exams test your ability in English, 
drafting, math. basic physics and in 
one of five electronic specialties. 

The highest grade of certification 
is senior engineering technician. For 
this grade. you must have had at least 
ten years of experience beyond that re- 
quired for the engineering technician 
position. In addition, you must be at 
least 35 years old. Again you must be 
recommended or endorsed by profes- 
sional engineers or someone of au- 
thority to recognize your capability. 

The ICET program for technician 
certification is a widely recognized 
program. At the present time there are 
over 16.000 certified engineering tech- 
nicians in the United States. Many 
employers recognize certification as a 
valid means of showing their recogni- 
tion and proving your capability. 
Many technicians have received in- 
creases in salary and position by he- 
coming certified. Because of the vari- 
ous grade levels in the program, it 
gives you some incentive to work 
toward a higher grade through im- 
proved capability and experience. 

(Photo courtesy CRE /) 

N.W., Washington, D. C. 20006 for 
additional information. 

As you can see, there are a good 
number of ways of achieving recogni- 
tion as an electronics technician. Your 
school diploma marks the beginning 
of this recognition while the Certified 
Electronics Technician program, the 
FCC license and the Engineering 
Technician Certification Program are 
all additional ways of proving your 
competency in electronics. You may 
find that one or possibly all of these 
programs fit your particular situation. 
In any case, it is most certainly worth- 
while for you to investigate these 
means of achieving the recognition 
you deserve as an electronics tech- 
nician. Wouldn't your school diploma, 
FCC license, and certification certifi- 
cates look good hanging on the wall 
of your office, shop or den? You bet 
they would. R -E 
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1970 ANNUAL INDEX 
RADIO -ELECTRONICS January- December 1970 of Vol. 41 

A 
Alarms 

Burglar 
Manufacturers directory Nov 83 
Stop burglars (Gracie) Nov 33 
Stopper, "radar" (Buegel)° Jun 36, Jul 44 

CB tone-call system, novel (Fahnestock) Feb 92 
Stay -awake for car (Marston) Sep 52 

Amplifier, peaked, for single -signal CW 
(Queen) Apr 84 

Design solid -state stereo (Horowitz) Dec 38 
Anti -X -ray circuit (James) Jan 68 
Audio 

Bongos, electronic (Jaques)' (Corr) Mar 16 
Crossover, 3 -way (CrowhursU (Corr) Mar 22 
Designing solid -state stereo amplifiers 

(Horowitz) Dec 38 
Digisyntone music synthesizer (Maynard)' Sep 47 

Corres Dec 16 
FET and op -amp circuits (Doyle) Jul 46 
Guitar reverb, IC (Jaques) Feb 44 
Headphone amplifier transistor ( Gutleben) Jul 38 
Organ. color stereo (Hollins)' (Corr) Jan 24 
Record. 4- channel stereo Dec 45 

Phono cartridge, new (Shunaman) Mar 4 
Public address -see Public address 
Servicing -see Servicing; test instrument 

names 
Speakers 

Bookshelf system (Retsoff)° Mar 43 
Stereo, one -speaker (Shunaman) Mar 90 

Stereo 
4- channel techniques (Salm) Oct 33 
4- channel record Dec 45 
Mixer preamp, 6- channel modular 

(Hanchett1° Oct 36 
On wheels (Steckler) Jun 33 
One -speaker (Shuna man) Mar 90 
QUART. 4channel stereo FM (Gerzon) Dec 52 
Sound, get better (Sutheim) Oct 40 

Tape 
Bias. all about (Crowhurst) Mar 40 
Facts and fallacies (Kirk) Oct 53 
How to buy (Wels) Oct 43 
Mike use, 10 steps to best (Wokoun) Jul 23 
Mixing sound for fun (Schultz) Jan 59 
Motors, constantspeed (Williams) Oct 49 
Reel storage May 35 
Stereo on wheels (Steckler) Jun 33 
Syncro -Slide adds sound to slide show 

(Blaire) Apr 73 
Test instruments -see names 
Volume expander, IC ( Buegel)° Mar 36 

Amplified Zener, experiment with (Ashe) Jun 41 
Appliance Electronics (Darr) Dec 26 
Automatic color tint control (Leckerts)' Jan 36 
Automation. Brains of (Dietrich) Sep 94 
Automotive electronics 

Gate switches, ice -clogged (CI) Mar 89 
Lights -on reminder (Marston)' Apr 60 

( Zollweg) May 66 
Oil- change indicatort Feb 42 
Parking aid Dec 48 
Solid -state lath and speed alarm (Marston) Apr 33 
Tune -up with vom (Frenzel) Apr 23 
Radio 

Short wave converter (Lisle)° Mar 50 
Solid-state problems, 10 (Davidson) Apr 57 
Stereo multiplex FM, in 1970 cars 

(Allen) (P) Jun 61 
Stereo, remote speakers for (Davidson) Apr 53 

Stay -awake alarm (Marston)' Sep 52 
Stereo on wheels (Steckler) Jun 33 
Tach and speed alarms solid -state 

(Marston)' Apr 33 
Tune up, with vom (Frenzel) Apr 23 

(Corres) Aug 14, Sep 16, Nov 24 
Autotransformer package (Squires) Sep 42 

(Corres) Nov 18 

B 
Bar /dot generator 

Color (ER) 
For use in Europe (CI) 

Vertical lines missing (CI) 
Battery charger, universal manganese- 

alkaline (Mallory)' 
Bongos. electronic (Jaques)' (Corr) 
Bookshelf speaker system (Retsoff) 
Breadboards, small component (Chesson) 
Burglar alrms -see Alarms 

C 
Capacitor 

Guide, choose -A -use (Marsh) 
Tester eye squint (CI) 

Careers in electronics (Farkas) 
Aviation electronics (Buckwalter) 

(Corres) 
Blueprint for your future (Frenzel) 
Computer maintenance (Garmus) 

Case of the hot flyback (Margolis) 

Sep 

Aug 

Mar 76 
Feb 78 

June 84 

Aug 
Mar 
Mar 
Mar 

52 
16 
43 
52 

Feb 23 
May 86 

45, Oct. 68 
Jun 48 

20, Sep 22 
Dec 65 
Nov 52 
Jul 58 

°Construction articles: t part of larger article, ER 

(equipment report), NC noteworthy circuits, Corr (col.- 
rection), CI (service clinic); P (programmed) 

68 

Fix CB fast (Mueller) Jan 70, Mar 78 
Remote station (CI) Apr 91 
Tone -call system, novel (Fahnestock) Feb 92 
Troublshooter's casebook (Mueller) Feb 14 

Mar 85, Apr 66, Jul 81 
Aug 63, Sep 70, Oct 76, Nov 96 

CB -see radio 
Choose -A -use capacitor guide (Marsh) Feb 23 
Clocks -see IC(s), digital clocks 
Color organ, stereo (Hollis)' (Corr) Jan 24 
Color television -see also Television 

Antennas 
Installer's guide (Gupton) Sep 54, Oct 58 
Top performance. how to get (Shelledy) Sep 33 

Cameras, new (Salm) Aug 30 
Circuits, new Color (Goodman) Jan 40 
Kit, modular solid state (Steckler) Sep 37 
Servicing -see Servicing, color television 
Tint control. automatic color (Leckerts)' Jan 36 
Tubes, new color (Mason) Jan 33 
X -rays (Ward) Apr 54 

Anti X -ray circuit (James)' Jan 68 
How to stop them (Lachenbruch) Jan 2 

Computers 
Careers in (Garmus) Nov 52 
Game, electronic umpire (Miller)' Dec 46 
Game, Penniac $150 (Yost)' Apr 44 

(Corres) Jul 16 
How they read (Mandl) Feb 50 
Logic 

Circuits, easy -to -build (Mandl) May 44 
Design course Nov 88 
Laboratory, build RE's (Korman)* Dec 33 

Crossovers, 3 -way electronic (CrowhursU 
(Corr) Mar 22 

CRT Tester modification (CI) Apr 90 
Curve tracer, transistor (Williams) Jul 54 

Corres Dec 16 

D 
Departments not indexed: New books, New literature. 

New A timely, New products, New tubes and 
semiconductors, Noteworthy circuits, Tech notes, 
Try this one 

Designs for low -voltage supplies Dec 49 
Digisyntone music synthesizer (Maynard) Sep 47 

Corres Dec 16 
Digita) 

Clocks -see IC(s) 
Instrument system (ER) May 26 

E 
Editorial 

Gernsback Award 
To the constructor 
Veterans educational benefits 

Electronic -see also Electronics; 
Bongos (Jacques)' (Corr) Mar 
Crossover, 3 -way (CrowhursU° (Corr) Mar 
Umpire (Miller)' Dec 

Electronics -see also Automotive electronics: 
Electronic; specific components, sub- 
jects 

Automation, Brains of (Dietrich) Sep 
Autotransformer package (Squires)* Sep 

(Corres) Nov 
Battery charger. universal manganese - 

alkaline (Malloy)' Aug 
Breadboards, small -component (Chesson) Mar 
Careers (Farkas) Sep 45, Oct 

Aviation electronics (Buckwalter) Jun 
(Corres) Aug 20, Sep 

Computer maintenance (Garmus) Nov 
Etchless circuits, how to make (Wels) Sep 
Gemsback Award Sep 
Logic (see also Computers) 

Circuits, easy -to -build (Mandl) May 
Design course Nov 

Low voltage power supply design Dec 
Medical, system trend in (Holder) Mar 
Oscillator circuits, 10 emitter -coupled 

(Maynard) May 
Photocells from transistors (Dlitz) May 
Power box, Zener (Queen)' Jul 
Tools for (Haskett) Jan 54, Feb 52, Mar 

52, Apr 48, May 48, Jun 56 
Power ( Haskett) 

Enlarging -time meter. $3.50 (Elkin) 
Equipment cart (Sutheim)' 
Etchless circuits, how to make (Wels) 

Sep 6 
Nov 6 
Oct 6 

F 
FET 

-Op -amp audio circuits (Doyle) 
Scope switch. dual -trace (Mills)' 

Fix CB fast (Mueller) 
Flash tester, electronic (Eslick) 
FM stereo -see also Radio, FM 

Multiplex 
Detector. new IC (Buegep 
Generator (Franson)' 
In 1970 cars (Allen) (P) 

Tuner 
IC replaces i.f. strip (Steckler) 
R -E's "ultimate" ( Buegel) 
(Corres) 

16 
22 
46 

94 
42 
18 

G 
Gernsback Award 
Get better color picture (Mandl) 
Get better sound from stereo (Sutheim) 
Guitar 

Amplifier speaker noise (CI) 
Reverb, IC (Jacques)' 

Sep 6 
Jan 52 
Oct 40 

Aug 66 
Feb 44 

H 
Half-hour interval timer (Tooker) May 
Headphone amplifier, transistor (Gutleben)' Jul 
Horizontal efficiency coil checker (Davidson)* May 
Hot -chassis operation. safet Feb 

57 
38 
67 
43 

IC(s) 
Bar /dot generator, color (ER) Mar 76 
Circuits you can use (Marston) 30 Feb 62 

New (Marston) Aug 22, Nov 37 
Communications systems usest May 61 
Digital clock(s) 

Multipurpose (Walker)' Aug 46, Sep 97 
Timepiece on your wrist, electronic 

(Steckler) Aug 39 
Update (Riddle)' Aug 54 

FM tuner, IC replaces entire i.f. strip 
(Steckler) Nov 59 

Micro -mini (Scott) Jan 39 
Multiplex detector. new ( Bugigel) Mar 33 
Pattern generator, color (Kostanty) Jan 44 

(Corres) Mar 16 
Probe for digital¡ Feb 43 
Volume expander (Buegel)' Mar 36 
Waveform generator, 3 -way (Hecht)' Nov 62 

In the shop with Jack (Darr) Jan 16, Feb 76, 
Mar 24, Apr 16, May 24, Jun 24, Jul 67, 

Aug 64, Sep 26. Oct 24, Nov 17, Dec 24 
Infecto- Tracer (ER) Mar 98 
Inside portable VTR's (McGinty) Aug 9 
Inside the high -voltage regulator (Mandl) Jul 76 

K 
Know your meter (Harlow) Jul 60 

Kwik- FixT,r picture and waveform charts 
(Belt and associates), Jan 61, Mar 57, 

Apr 39, May 53, Jun 43 
(Corr Oct 22), Jul 39, Aug 33, Oct 45. 

Nov 41, Dec 41 

L 
Lab quality pulse generator (Bongiorno) 

(Corr) 
Lights on reminder (Marston)' 

(Zollweg)' 
Logic Laboratory. Build (Korman)' 
Looking Ahead (Lachenbruch) Jan 2, Feb 2, 

Apr 2, May 4, Jun 4, Jul 4, Aug 4, 
Sep 4, Oct 4, Nov 4, Dec 4 

M 
Matching resistors to close tolerances (Clark) 

52 Medical electronics, system trend in (Holder) 

52 Meter Mate (Miller° (Corres) 
68 Micro -mini IC's (Scott) 

Mike use, 10 steps to best (Wokoun) 
Millivoltmeter, high- impedance audio 

(Randal I) 
Mixing sound for fun (Schultz) 
Modular 

Color TV kit, solid -state (Steckler) 

44 Mixer preamp, 6- channel stereo 
88 (Hanchett) 
49 TV sets, rundown of 

61 Motors for tape recorders. constant -speed 
(Williams) 

Musical instruments -see Audio -high 
fidelity -stereo; names 

48 
22 
52 
59 

6 

33 
92 
78 

Nov 54 
Feb 35 
Sep 41 
Sep 59 

Jul 46 
Jul 36 
Jan 70 

May 66 

Mar 
Oct 
Jun 

Nov 
May 
Jun 

33 
63 
61 

59 
36 
16 

N 
New color tubes (Mason) 
New color circuits (Goodman) 

o 
One -speaker stereo sound (Shunaman) 
Op -amp and FET circuits (Doyle) 
Organ. color stereo (Hollins)' (Corr) 
Oscillator circuits, 10 emitter -coupled 

¡Maynard) 
Oscilloscope 

Servicing -see Servicing. test instruments 
Switch, FET dual -trace (Mills) 

P 
Parking aid 
Pattern generator, IC color (Kostanty) 

(Corres) 

Feb 37 
May 22 

Apr 60 
May 66 
Dec 33 

Jan 43 
Mar 61 
Feb 22 
Jan 39 
Jul 23 

Feb 92 
Jan 59 

Sep 37 

Oct 36 
Oct 44 

Oct 49 

Jan 33 
Jan 40 

Mar 90 
Jul 46 
Jan 24 

May 33 

Jul 36 

Dec 48 
Jan 44 
Mar 16 

(continued on page 74) 

Circle 18 on reader service card 



When you know what it takes to make a TEAC, you know why professional people 
wax lyrical about our A -7030. 

This is a no- nonsense pro -quality tape deck, with unrivalled sound reproduction at 15 or 
71/2 ips. A.streamlined solenoid control system for effortless operation. A system that makes 
cueing as easy as pushing a button. Automatic rewind and shutoff for built -in convenience. 

The A -7030 is the sum of many systems, and the sum of our savvy in producing them. 
It's the head of our whole fine family of tape decks. 

So if somebody wants to write a sonnet on it, we've got a great line for them. 

SOUNDS LIKE 
POETRY TO 
THE PROS. 

POWER C . . 
11 T,KPE iIEEt' REEL PLO/KCK 

4..714 
ow ,. . . . 

a° 111111111111 

A-7030 
Dual -speed hysteresis- synchronous 
motor for capstan drive 
Two heavy duty 6 -pole capacitor -start 
induction motors for reel drive 
Tape tension adjustment 
Massive inertial flywheel, over 11/2 pounds 

Instant off -the -tape monitoring without 
interruption of recording 
Sound -on -sound and echo with simple 
external connections 
Built -in mike -line mixer 

Stainless steel panel reinforced with 
13/64" aluminum base plate for assured 
stable performance 

T E AC 
TEAC Corporation of America 
2000 Colorado Avenue 
Santa Monica, California 90404 



The Booming Field in Electronics is 

COMMUNICATIONS 
The earth becomes smaller and outer space nearer 
because of the great strides being made in comma. 
nications electronics. 

Now is the time for electronicsmen to specialize - 
to get into and learn more about a single field in the 
broad electronics spectrum. You are more in demand 
if you are a specialist. and making communications 
your specialty call bring professioni satisfaction and 
financial success -because of the continuing boom in 
this "universe- shrinking" field. 

Learn how Pathfinder School of Electronics can 
prepare you by correspondence to be a COMMUNI- 
CATIONS ENGINEERING TECHNICIAN. Accred- 
ited by the Accrediting Commission of the National 
Home Study Council. and approved under the G.I. 
Bill, the Pathfinder course in Communications Engi. 
neering Technology can prepare you for the kind of 
future you will enjoy. Get the facts now. Ask for our 
free brochure -. Write: 

Dept. (: -1 

Pathfinder School of Electronics 
1509 Ai. it (-stern Are., Los .Angeles, Calif. 90027 

Earn Your 

A.S. E. E. 
!Associate in Science in Electronics Engineering) 

DEGREE 
Mostly by NOME STUDY Instruction 

Where will you be five years from today? Are you 
headed for real advancement in electronics, or 
are you in a rut? The technical experience you 
now have is important: it gives you a head start 
toward a better future. But to get ahead and stay 
ahead, experience must be supplemented with 
more education in electronics and allied subjects. 

Grantham School of Engineering - "the col- 
lege that comes to you " -offers to electronics 
technicians a home -study educational program 
for the Degree of Associate in Science in Elec- 
tronics Engineering (the ASEE), accredited by 
the Accrediting Commission of the National 
Home Study Council. 

The complete degree program except for the 
final ten lessons is presented entirely by corre- 
spondence. However. these last ten lessons are 
part of a two-week "Graduation Seminar" held 
at the School. Thus, you may do all of your 
ASEE Degree work by correspondence except 
for the final two weeks. 

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

CRANTHA.11 Gig GF 

1505 N. Western Av, Hollywood, CA 90027 

r- 
I Grantham School of Engineering RE -12 -70 
I 1505 N. Western Ave., Hollywood, Calif. 90027 

Gentlemen: 1 have been in electronics for years. 
f Please mail me your free Bulletin. 

Name 

Address 

City 

70 

State Zip 

Circle 19 on reader service card 

NEW PRODUCTS 
More information on new products is available from the manufacturers 

of items identified by a Reader Service number. Use the Reader Service 

Card on page 89 and circle the numbers of the new products on which 

you would like further information. Detach and mail the postage -paid card. 

TAPE HEAD ALIGNER, Collimeter IV, 
is an electro- optical device for precision 
alignment in height, zenith, and azimuth. 
Offers consistent tracking, reproduction 
and fidelity. Calibrated to NAB specifi- 

I,ttiini.. it can be used with all stereo 
and mono machines. With optical magni- 
fication and an internal light source in 
one mode, pole piece wear and scoring is 
readily detectable. In the second mode 
the lamp triggers on only when sensors 
detect the proper zenith. $13.95. -Ramko 
Research, P.O. Box 6031, Sacramento, 
Calif. 95860 

Circle 31 on reader service card 

REPLACEMENT TV TUNERS, for 
many models of tuners used in popular 
receivers. Made to fit exactly in place of 

original tuner, color or black and white. 
$15.95- Castle Television Tuner Service, 
5710 N. Western Ave., Chicago, 111. 

Circle 32 on reader sert-ice card 

DIGITAL MULTIMETER, models 
350, 351. Model 3(X1 measures dc volt- 
age, dc current, and resistance. Model 
.351 measures dc voltage, dc current, ac 

voltage, ac current and resistance. Both 
units have 1% accuracy. Other features 
include an automatically positioned de- 
cimal point and a sample rate of sixty 
per second. Both weigh less than 2 
pounds. Model 350, $179; Model 351 
$195.- Numeric Laboratories, 329 S. 
Greenwood Ave., Palatine, Ill. 60067 

Circle 33 on reader service card 

UHF -TV BOOSTER, model DSU -105. A 
high -gain, low- noise, 75 -ohm preamp- 
lifier for uhf -TV channels 14 through 
83. Employs stripline constructed transis- 

tors with low radial lead inductance to 
minimize noise. It is radiation proof and 
housed in a mast mounted aluminum 
casting. $150. -Jerrold Electronics Corp. 
401 Walnut St., Philadelphia, Pennsyl- 
vania 19105. 

Circle 41 on reader service card 

VIDEO /RF SELECTOR, model CCV3, 
is a three -position control center for 
video or rf layouts. It can control 3 TV 
cameras and a monitor, or 3 monitors 
and one camera, or for switching low - 

i 

t de44 

At.O 11.14 

power rf antenna . .tents, ttc. Uses stan- 
dard "M" type (SO -239) connectors on 
input and all outputs. No external power 
is required for operation. $19.95-Al- 
coswitch Div. of Aleo Electronics, P.O. 
Box 1348, Lawrence, Mass. 01842 

Circle 35 on reader service card 

LOUDSPEAKER EQUALIZER, model 
SE -Ill, now includes integrated circuitry 
for higher performance. Signal -to -noise 
ratio is in excess of 80dB while harmonic 
and IM distortion are both below 0.1% 

RADIO -ELECTRONICS 



2V rms output. Provides a total of 35 
equalization curves to flatten and extend 

frequency response, and is compatible 
with all speaker systems. Includes oiled 
walnut cabinet. $149.95.-Elektra Am- 
plidyne Research Co. P.O. Box 698, Le- 
vittown, Pa. 19058 

Circle 36 on reader service card 

HOT KNIFE AND SOLDERING IRON, 
model SP23HK, is a dual purpose tool 
with a removable adapter chuck holding 
standard knife blade. With the chuck re- 
moved, the soldering tip can be screwed 
in. The 25 -watt tool, when used as a 

knife will cut most light plastics and 
epoxies, strip insulation from wires and 
carve foam plastics. For electronic hob- 
byists and service technicians. Complete 
kit is $4.98. Weller, 100 Wellco Road, 
Easton, Pa. 18042 

Circle 37 on reader service card 

CRT TESTER /REJUVENATOR, model 
466, for black and white and color pic- 
ture tubes. Tests for opens, shorts, or 
leakage between elements. Rejuvenates 
guns, repairs shorted or leaky CRT's 
without removing from set. Monitored 
rejuvenation permits reading relative 
cathode emission improvement directly. 
There is a separate G -2 control for each 

color gun and sufficient G -2 voltage 
range to check color guns to cut -off at 
recommended voltage setting. CRT ele- 
ments cannot float free. Key elements are 
connected to test points with all others 
shorted to ground. $129.95 -Dynascan 
Corp. 1801 W. Belle Plaine Ave., Chi- 
cago, Ill. 80613 

Circle 38 on reader service card 

BACKGROUND MUSIC DECODER, 
model SCA -2, wireless adapter. Place 
sensitive pick -up coil near an FM set's 
i.f. stages to detect radiated i.f. signals. 
Unit reamplifies them with an integrated 
circuit i.f. strip and feeds them to a 

DECEMBER 1970 

NEW ENDECO 
Desolderi ng 
Kits MODEL 

300 K 

KIT 

SHOWN 

All you need to handle 

almost any desoldering 
and resoldering job! 

Kit 300K includes the famous Endeco 
pencil desoldering iron Model 300, six 
different size tips (.038 to .090) for any 
job, tip cleaning tool, and metal stand 
for iron ... all in a handy lifetime steel 
storage box. $19.90 net. Model 300K -3 
with a 3 -wire cord $20.90. Also a similar 
kit for military users. Kit 100K with large 
Endeco iron (Model 100A) is $27.40, and 
3 -wire Kit 100AD -3 $28.40. 

SEE YOUR DISTRIBUTOR OR WRITE 

ENTERPRISE 
DEVELOPMENT 
CORPORATION 

5127 E. 65th Indianapolis, Ind. 46220 

Circle 78 on reader service card 

Now, industry's mos- effectivm cleaning 
tool is avaihble Io you, too. Precision - 
cleans hundreds of things ycu couldn't 
dean befo, . High frequency sound 
waves scrub tiny grooves, threads, joints, 
etched surfaces, enclosures crevices. 
Solid state, automatic tuning, portable, 
engineered for continuous du y. 

NEW 

ULTRASONIC 

DEEP- CLEANING 

HANDY SONIC 
Ti..I..mmai Lint. deep. 

75 watts. ti5..-h, AC. 
Heavy Duty Ste,' Housing. 
Guaranteed M{ days. 
s69.9; delisered U.S. 

Order yo,. r Handy S>mc, NOMMEMEMBEINg 
or more formation. from 
BRANSON INSTRUMENTS COMPANY 
PARROTT DRIVE, SHELTON, CONN. 064M 
Send Handy Sonic Ultrasonic Cleaners @ $69.95. I enclose 

deck CI money order D. Send_Handy Soric information to 

HAMt 

ADDení 

Cat sTtTt R 

J 
Circle 79 on reader service card 

e 
NEWfm the 

originatorro s 

t 3 years of 
constant research and 
testing have put us way 
ahead! NO NOISE has been an innovative 

of OISE" 
You've tried others, now try the best! 

force in the development and production of cleaners 
r and lubricants for 25 years. Our technical peo- 

ple. who made us No. 1, were turned loose 
to create a new line that would out -per 
form anything on the market Three 
years of experimentation and 
testing developed these 2 new 
products Approved by t leading service 

S organizations 
tf 

8 or. 
52.35 

SUPER 
- LUBE 

A miracle concentrated for- 
mulation for heavy duty jobs. Its 

clinging action foams away corrosion, 
dirt and oxidation -and polishes all tuners con- 

tinuously without drift or detuning. SUPER- LUBE's 
built -in lubricating quality makes channel selecting smooth 

and easy For color and Mark 8 white - - M - - - - - - - - - - - - - . 41i at 

ntrotILlct.il'\ BUY 4 CANS OF SUPER -LUBE 
Mtt 

.10111011t 

t 1ffet.: AND GET 2 EXTRA CANS FREE! 

SUPER SPRAY BATH dissolves and flushes 
away grease. dirt, oil and oxidation. Simply spray 
tuners, its penetrative action cleans and 
restores tuners inside 
and out. 

ecc 
All NO NOISE products 

are non -toxic - non-flam- 
mable - no carbon tel - 

safe for all plastics. 

Often imitated but never duplicated 
813 Communipaw Avenue 
Jersey City, N. J. 07304 

ELECTRONIC CHEMICAL CORP. 
Circle 61 on reader service card 

11.11 MIN IN - 24 oz. 
, $3.25 

SUPER 
SPRAa 
BATH 

71 
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When you're 

putting up an 

antenna, 

RCA supports it. 

With a complete 

line of hardware. 
Chimney, wall, and roof mounts. 
Masting. Guy wires, fittings .. 
and standoffs, too. Whatever your 
requirements ... RCA meets 
them with a complete line of 
Antenna Installation Hardware. 

Every item in the line has been 
given that special attention to 
design and quality that you've 
come to expect from RCA. 

Ask your RCA Distributor about 
the RCA antenna hardware line, 
and about his special deal on 
a hardware merchandiser for 
profitable "do -it- yourself" sales. 
Sell the hardware line with built -in 
consumer acceptance -RCA. 
Parts and Accessories, 
Deptford, N.J. 08096 

RC,' 
Antenna 
Installation Hardware 

72 

decoder circuit, and on to a 1 -watt IC 
audio amplifier which drives self -con- 
tained speaker. Unit has an output jack 

for feeding the program material to 
higher powered amplifiers and speakers. 
Housed in a bone white injection molded 
polystyrene case. $89.95.- S.C.A. Services 
Co. Box 601, Port Washington, N.Y. 
11050. 

Circle 39 on reader service card 

CHROMACUBE -model AX -7, com- 
bines dynamic colors of light, physical 
motion, and unique sculpture for home 

entertainment, decor and illumination. 
Classic cube shaped in white plexiglass 

on a walnut- grained base. A rainbow of 
color light images moves on all five 
sides, each side 18 ". Functions as an 
audio responsive color organ by chang- 
ing patterns according to the sounds of 
radio, hi -fi, etc. Can be a table, a lamp, 
a piece of sculpture, or combination. 5 
models starting at $49.95 -EICO Elec- 
tronic Instrument Co, 283 Malta St., 
Bklyn, N.Y. 11207 

Circle 40 on reader service card 

FOAM TUNER CLEANER, Magic 
Vista, comes in an 8 -ounce aerosol can. 
Included with the dispenser is a plastic 
spray extension tube for reaching tight 
places. Constant discharge valve allows 

ì 
using of the spray at any angle. The 
foam cleans, polishes and lubricates TV 
tuner contacts without finning, and is 
safe for plastics. S3.85.-GC Electronics, 
400 S. Wyman St., Rockford, Ill. 61101 

Circle 34 on reader service card 

OSCILLOSCOPE, 5 -inch solid -state 
model IVO -505A features Ilatface cath- 
ode -ray tube, return-trace blanking cir- 
cuits, illuminated graph screen, camera 
mounting studs. 15 mV peak -to -peak per 
inch gain on high -sensitivity range. 
Vertical amplifier-flat within, ±1 dB from 
do to 5 MI -Iz, usable up to 8 MHz. Hori- 
zontal sweep frequency adjustable up to 
1 MHz in 6 ranges, permitting lock -in of 
signals up to 10 MHz. Level of sync sig- 
nal adjustable. Pre -set TV vertical ( V) 
and horizontal ( H ) sweep positions. Com- 
plete llith 11 ( ; -J(X)A direct /low capaci- 

cflrsllll =1R CERTIFICATE 
NOW... YOU CAN 

Z/PORDER 

-t- 

r 
to 

Amateur, Monitor and CB 

CRYSTALS 
Your dealer has a new, fast, direct - 
factory ZIP Crystal Purchase Certificate 
that enables you to get the Amateur 
Controlled Quality Crystals you want 
mailed direct to you promptly. Ask 
about it. 

CRYSTEK 
DIVISION OF 
WHITEHALL 
ELECTRONICS 
CORPORATION 

formerly Texas Crystals 

1000 Crystal Drive Fort Myers, Florida 33901 

4117 W. Jefferson Blvd. Los Angeles, California 90016 

Circle 62 on reader service card 
RADIO -ELECTRONICS 
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tance probe and cable, alligator clip and 
instructions. $298.50- Commercial Engi- 
neering, RCA Electronic Components, 
Harrison, N. J. 07029. 

Circle 42 on reader service card 

COMING 
NEXT 
MONTH 

R -E's Annual Color TV Issue! A 
special number crammed full of 
up -to -date information from 
your favorite authors. They 
bring you articles on new color. 
TV circuits, selecting and using 
test instruments for color ser- 
vicing and the last word on 
modern servicing techniques. 

IF YOU ARE A TV REPAIR 
MAN YOU NEED 

TV TECH AID! 
TV TECH AID is the best trouble shoot- 
ing guide available today. It takes all the 
guesswork out of TV repair and is de- 
signed to help you solve your problems 
quickly and economically. 
Each month you receive updated infor- 
mation on up to 40 different troubleshoot- 
ing caves. This important information is 
supplied to us by technicians, field reps 
and all the leading TV manufacturers. 
You will find every symptom pictured 
with a clearly marked schematic of the 
particular faulty stage. The faulty com- 
ponents and corrections will also be listed 
to aid in repair. You go right to the source 
of the trouble without guesswork. In addi- 
tion you get valuable information on cur- 
rent models as well as older models along 
with circuit changes and modifications as 
they occur. 
TV TECH AID is the best investment you 
can make in your own business. The cost 
to you is only $7.95 for a full years sub- 
scription. 
Limited supply of 19G9 TV TECH AID 
series available for $4.95 

TV TECH AID 
P.O. BOX 603 
KINGS PARK, L. I. 
NEW YORK 11754 

ENCLOSED IS A CHECK OR M.O. FOR 
$7.96. PLEASE SEND 12 ISSUES OF TV 
TECH AID 

TO: 

NAME 

ADDRESS 

STATE L ZIP 

Circle 63 00 reader service card 
DECEMBER 1970 

NEW 
LITERATURE 
All booklets, catalogs, charts, data 
sheets and other literature listed here 
with a Reader's Service number are 
free for the asking. Turn to the 
Reader's Service Card facing page 
88 and circle the numbers of the 
items you want. Then detach and 
mail the card. No postage required! 

1970 -71 CATALOG OF B A K PROFESSIONAL. 
TEST EQUIPMENT- BK -71, for electronic ser- 
vicing, school, laboratory. and industrial appli- 
cation. Solid -state design is dominant in the 
instruments. including an FET VOM, rf signal 

generator. Sine /square wave generator. and a 
tube tester. The Television Analyst, with solid - 
state sweep drive. which checks every stage 
of all color and b-w TV sets. is also included. 
Large illustrations. patterns and charts with de- 
tails and specifications accompany items. Also 
included are a sweep /mark generator. oscillo- 
scope /vectorscope. CRT rejuvenator checker, 
probes, adapters. and other accessories. 24 pages. 
-Dynascan Corp., 1801 W. Belle Plaine Ave., 
Chicago. Ill. 60613. 

Circle 43 on reader service card 
CONVERSION CHART, wind pressure to wind 
velocity. Wind velocity is given in miles per 
hour, kilometers per hour and knots: wind pres- 
sure in pounds /sq. ft. A comprehensive checklist 
for engineering considerations in the purchase 
and installation of a microwave tower is pro- 
vided. as well as guidelines for writing tower 
specifications. Wind velocity, icing. and rigidity 
as they apply to microwave tower specifications 
are also described.- Microaect Co., Inc., 3575 
25th St. S.E., Salem, Oregon 97302. 

Circle 44 on reader service card 

If you can't come to the world's 
newest, largest and most exciting 

electronics department store, 
well mail the store to you! 

Exclusive' 
XClusive 

Knight-Kit 
d 

Science-Fair 
Kits. automotive, 

hWrl stereo, hobby, test, 

ham radio, Science, 

photography and more 

Exclusive! 
time T Realistic Life - 
Worri t bees. 

Realistic 
end of tube 

last ass) 

u 
We guarantee 

ours will 
replace t FREE our set_or 

we 

Exclusive! 
Big Choice of Audio Items... 
Factory- Direct Savings! 

Itrr Allied TD -1099. 3 -Head Stereo Tape Deck. One - piece head makes tape threading a snap. Walnut - grain case. $179.95 

Realistic STA -120. Wideband AM, FET -FM Stereo Recover. 140 Watts. With case. $269.95 

1911 Allied Radio Shack Catalog 
Thousands of electronic values! 

Allied Radio and Radio Shack have joined 
forces to form the largest electronics dis- 
tributing company in the world! This new 
460 -page catalog offers you famous -name 
brands, exclusive new products you'll find 
nowhere else and prices that only our 
combined buying power makes possible! 

World's Largest! Over 800 stores in 48 
states. See your phone book. 

World's finest selection of famous brands in one book! 

m -s.4 book 

o poi 
F 

5bss 

MOTOROLA -aatxkszA 
lrnri' -JQle 

pANASONIC 
/o +tiC:::. 

EKT ` Nt/n < PICK 
v rp 

I 1 

Cs FISHER 

Awn R,4010S/L4CK 
N N rFIr"ANDY Coll 

Mail Coupon To Address Below... or bring to 

Allied Radio Shack store for new 1971 catalog! 

ALLIED RADIO SHACK, 100 N. Western Avenue DI 
Chicago, Illinois 60680 
Yes! I want your big new 1971 catalog. I enclose SI for 
mailing and handling trefundable with my first purchase of 
$1 or more). 

NAME 
First Middle Last 

ADDRESS 

CITY 
I enclose 

L_. 

Street or Route and an No. 

STATE ZIP00000 
check money order cash 
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TbJs Christmas 
sire Security 

Gift selection can be a problem. 
This year give a gift that will be 
truly appreciated . Security. 
DeltAlert ultrasonic intrusion de- 
tection security. 

Burglary and vandalism are con- 
stant threats to your home, office 
or shop. With DeltAlert on the job, 
you have dependable and eco- 
nomical security. A silent ultra- 
sonic blanket guards 150 to 300 
square feet of critical space in the 
home or business. 

When the ultrasonic blanket is 
disturbed by motion the system is 
activated, lights go on, and the 
separate DeltaHorn emits an ear- 
splitting noise ... frightening off 
even the boldest intruder. 

These sturdy units, finished in 
handsome walnut veneer, are 
maintenance free and plug right 
into the wall socket. The DeltaHorn 
plugs directly into the DeltAlert. 
Small, the DeltAlert is only 103 /e "w 
x 31/4 "d x 31/4 "h and the DeltaHorn, 
31/4" square, the units blend incon- 
spicuously into your decor. 

This Christmas, give a lasting 
gift of security... security for your 
friends, your family and yourself. 

Order your DeltAlert Security 
today! 
DeltAlert Only $6995 
DeltaHorn Only $2495 ppd. 

"Delta Products, One Of America's 
Finest Names In Electronics" 

E 
A DP 70-21 

DELTA PRODUCTS, INC. 

J 

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

Please send me literature immediately _L. 

Enclosed is $ ___ I ; Ship ppd. Ship C.O.D. 
Please send: - _DelAlert(s) @ $69.95 ppd. 
Please send. ._- __DeltaHorn(s) @ $24.95 ppd. 

Name 

Address _ 

LCity 
/State 
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Circle /4 on reader service card 

ANNUAL INDEX 
(continued front page 68) 
Peaked amplifier for single -signal CW (Queen) Apr 84 
Penniac $140 game computer (Yost)' Apr 44 

(Corres) Jul 16 
Phono cartridge. new (Shunaman) Mar 4 
Photography 

Electronics in (Free) Feb 33 
Electronics -'70 (Free) May 41 
Enlarger -time meter, $3.50 (Elkin)* Feb 35 
Flash tester. electronic (Eslick) May 66 
Syncro -Slide adds sound to slide show 

(Blaire) Apr 73 
Timer 

Half -hour interval (Tooker)* May 57 
Pulsed -light darkroom (Tooker) Sep 44 

Power 
Box, Zener (Queen)* Jul 78 
Supplies, low -voltage design Dec 49 
Tools (Haskett) Nov 54 

Probe (ER) Jan 74 
For digital IC'st Feb 43 

Public address 
Amplifier (ER) Sep 88 
Do's and don't's (Salm) Jul 33 
Mike use. 10 steps to best (Wokoun) Jul 23 

Pulse generator, lab quality (Bongiorno) Feb 37 
(Corr) May 22 

Pulsed -light darkroom timer (Tooker) Sep 44 
PUT, putter with (Fox) 

Q 
Oct 50, Nov 50 

Quart for 4- channel stereo FM (Gerzon) Dec 52 
R 

"Radar" burglar stopper (Buegel) Jun 36, Jul 44 
Radio 

Antenna impedance bridget Sep 68 
Automobile -see Automotive electronics 
CB 

Fix CB fast (Mueller) Jan 70, Mar 78 
New channel -9 rules Dec 48 

Remote station (CI) Apr 91 
Tone-call system, novel (Fahnestock) Feb 92 
Troubleshooter's casebook (Mueller) 

Feb 14, Mar 85, Apr 66, Jul 81, Aug 
63, Sep 70, Oct 76, Nov 96 

Amplifier, peaked, for single -signal 
(Queen) Apr 84 

Keying, blocked gridf May 60 
VFO, stable ham (Queen)* Sep 69 

FM 
Agc, AM detector fort May 60 
Stereo -see FM stereo 
Transceiver i.f.t May 59 

Servicing -see Servicing; test instrument 
names 

Superhett Jul 71 
Record. 4- channel stereo Dec 45 
Reference manual, R -E's Jan 54, Feg 52, 

Mer 52, Apr 48, May 48, Jun 56, 
Jul 60, Sap 54, Oct 58, Nov 54 

Remote speakers for car stereo (Davidson) Apr 53 
S 

Semiconductors -see types 
Service clinic -sae Servicing ( "Cl" indi- 

cates Clinic item) 
Servicing -see also In the shop with Jack; 

subject 
Appliances, electronic (Darr) Dec 26 Audio 

Guitar amplifier speaker noise (CI) Aug 66 Hearing aid, super (CO Oct 85 Taps recorder belt (CI) May 95 
Tape recorder bias problem Apr 99 
Tape recorder distortion (CI) Feb 77 
Tape remote control, 10- channel (Cl) Mar 88 

Coax connector hint May 35 
Color television -see also television 

Afpc, field adjustment of (Cl) Feb 78 
Bar generator for use in Europe (C1) Feb 78 
Blue, drooping lines (Cl) Feb 78 
Blue picture (Cl) Aug 66 
Curve tracer, transistor (Williams) Jun 54 
Flashes, intermittent (Cl) Nov 86 
Flyback, case of hot (Margolis) Jul 58 
High -voltage regulator, inside the 

(Mandl) Jul 76 
Horizontal efficiency coil checker 
(Davidson)' May 67 
Horizontal top droop (CI) Aug 65 
Lines, service switch (Cl) Nov 87 Little tube blows big one (Cl) Jun 82 
Pattern generator, IC (Kostanty) Jan 44 
Picture, get a better (Mandl) Jan 52 
Scopes, narrow -band (Cl) Jul 68 
Short, mysterious (Cl) Jun 82 
Tape bars (CI) May 95 
3A3 life short (Cl) Jul 69 
Vector scope on Quasar (Prentiss) Jun 88 
Vertical bars, faint (Cl) Nov 87 
Vertical bars, multicolored (CI) May 86 
Vertical convergence (Cl) Jan 78 
Vertical fanout (C) Nov 87 

Equipment cart (Sutheim) Sep 41 
Gate switches, ice -clogged (CI) Mar 89 
Hot -chassis operation, safet Feb 43 
Meter, know your (Harlow) Jul 60 
Radio 

Car, 10 problems (Davidson) Apr 57 
CB remote station(C1) Apr 91 
Converter coils, 338 -kHz (CI) Jul 69 
FM stereo multiplex generator 

(Franson) Oct 63 
Remote control, low- frequency (Cl) Jun 83 
Tube, hybrid (CI) Feb 77 

PICK 

YOUR I 
POWER Os 

oft. 

Quality bench regulated power sup- 
plies by BLULYNE offer excellent 
regulation and ripple characteristics 
and feature complete safety design 
with grounding cords and short cir- 
cuit protection. 

PS61C Single $49.95 Plus OR minus 1 -15 VDC at 0 -700 mA. (Us- 
able to 1 Ampere) 
Ripple: less than 0.005Vrms at full load 
Floating output: either terminal may be grounded. 
PS62C Double Power Supply .. $74.95 PS62S Doube Power Supply ... $74.95 
Same electrical specifications as PS61C 
for each output and may be used in any 
combination. Up to 30 Vdc OR up to 2 
Amperes. 

PS63C Triple Power Supply $99.95 
Same electrical specifications as PS61C 
for each output to be used in any combina- 
tion. Up to 45 Vdc OR up to 3 Amperes. 

Ask us to add it to your Mastercharge 
or Bankamericard. 

Write for literature on this and other 
BLULYNE products -power supplies, pulse 
adapters, signal generators. 

BLULYNE ELECTRONICS CORP. 
Dept. 12R. 3 Sand Springs Road 

Williamstown, Mass. 01267 

Circle 64 on reader service card 

DON'T SETTLE FOR 

A HIT AND MISS 
IGNITION SYSTEM 

Install a 

JUDSON 
ELECTRONIC MAGNETO 

It offers the combined advantages of 
both the standard transistorized and 
capacitive discharge systems in one 
simplified patented circuit. Provides 
better performance, a smoother run- 
ning engine and keeps your car in 
tune. Installed in twenty minutes. 

Write Today for Literature 

svDSOiv O RESEARCH & MFG. CO. 
CONSHOHOCKEN. PA. 19428 

Circle 65 on reader service card 

RADIO -ELECTRONICS 
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ANNUAL INDEX 
(continued from page 74) 

Soldering -see Soldering 
Television -see also color television 

Antenna "push" (CI) 
Case of the Siamese pentode (Margolis) 
CATV "leakage" (CI) 
CAN line- amplifier conversion (CI) 
CRT conversion, brightness low after (CI) 
Diode. hot. in G -E TC chassis (CI) 
Filaments in series (CI) 
Filter capacitance (CI) 
Flashing. intermittent (Cl) 
Flyback replacement, white line in 

raster after (CI) 
Focus loss (CI) 
Hash on screen (CI) 
Horizontal coil "rings wrong" (CI) 
Horizontal shading (CI) 
Horizontal instability (CI) 
Hum bar (CI) 
KwikfixT`t picture and waveform charts 

(Belt and associates) Jan 61, Mar 57, 
Apr 39, May 53, Jun 43, (Corr Oct 
22), Jul 39, Aug 33, Oct 45, Nov 41, Dec 41 

Negative picture (CI) 
On a chip (Goodman) 
Oscillation. high -frequency (CI) 
Raster. bars on left (co 
Rectifier. 5M -K9 (CI) 
Remote control, adding (CI) 
Remote control. intermittent (CI) 
Sound, "vertical" hum in 
Transformer core stuck (CI) 
Transistor, horizontal output hot (Cl) 
Transistor, open (CI) 
Transistor, signal -tracing (CI) 
Transistor, thermal runaway (CI) 
NI, line -noise (CI) 
Uhf tuner problem (CI) 
Vertical white tar (CI) 
Vertical sweep out (CI) 
Width sleeve "shorts" yoke (CI) 
Yoke replacement (CI) 

Test instruments -sae also names 
Badot generator, no vertical lines on 

(CI) 
Capacitor tester eye squint (CI) 
CRT checker test (CI) 
CRT Jester modification (CI) 
Scope calibration voltage (CO 
Scope distortion (CI) 
Scope, nonlinearity in old, 
Scope preamp (co 
Scope sync loss (CI) 
Scope transformer, replacing (CO 

May 
Dec 
May 
Jun 
May 
Sep 
Jul 
Oct 
Aug 

May 
Jul 

May 
Jun 
Mar 
Jul 

Jan 

84 
59 
87 
84 
87 
78 
69 
84 
67 

84 
69 
84 
85 
89 
68 
78 

Nov 86 
Mar 69 
Sep 7? 
Oct 84 
Apr 91 
Feb 78 
Jun 84 
Feb 25 
Mar 89 
Nov 87 
Oct 85 
Oct 84 
Sep 72 
May 84 
Mar 88 
Sep 72 
Feb 77 
Jun 82 
Nov 87 

Jun 84 
May 86 
Jun 85 
Apr 90 
Aug 67 
Apr 91 
Feb 25 
Jun 85 
Apr 91 

Mar 88 

!gild this magnif; ̂ ent 
Schober Theatre Organ 

for only 

*51730! 
lnc ludes 

finished walnut 
console. Amplifer, 

speaker system, 
optional accessories 

extra. Only 
31256 If you 

build your own 
console. 

You couldn't touch an organ like this in a store for 
less than $3500 -and there hasn't been a musical 
instrument with this vast variety of genuine Theatre 
Organ voices since the days of the silent movies! If 
you've dreamed of the grandeur of authentic big -or. 
gan sound in your own home, you won't find a more 
satisfying instrument anywhere -kit or no kit. 

You can learn to play it. And you can build it, from 
Schober Kits, world famous for ease of assembly 
without the slightest knowledge of electronics or 
music, for design and parts quality from the ground 
up, and -above all -for the highest praise from 
musicians everywhere. 

Send right now for your copy of the full -color 
Schober catalog, containing specifications of the five 
Schober Organ models, beginning at $499.50. No 
charge, no obligation - but lots of food for a healthy 
musical appetite! 

ThetreAde} Organ Corp., Dcpl. RE -85 
43 West 61st Street, New York, N.Y. 10023 

Please send me Schober Organ Catalog and free 7 -inch "sample" record. 
Enclosed please find S1.00 for 12 -inch LP record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE 

Circle 66 oit reader service card 

DECEMBER 1970 

Scope, vertical positioning in (CI) Apr 90 Speed alarm, solid -state tach and (Marston) Apr 33 
Vom zeroing slow Jan 78 Stereo -see Audio -high fidelity- stereo; 
Vtvm calibration Apr 99 FM stereo 
WWV, calibrating with (CI) Jun 84 Sweep generator, post- marker (ER) Oct 26 

Tools Syncro -Slide adds sound to slide show (Blaire) Apr 73 
For electronics (Haskett) Jan 54, Feb 52, System trend in medical electronics (Holder) Mar 61 

Mar 52, Apr 48, May 48, Jun 56 
Power (Haskett) Nov 54 T 

Short wave converter, under -dash (lisle)' Mar 50 Tachometer and speed alarm, solid -state 
Siamese pentode, case of the (Margolis) Dec 59 (Marston) Apr 33 
Signal generator, calibrating with WWV (CI) Jun 84 Tape recorders -see Audio -high fidelity - 
Silicon diode PIV testert Sep 68 stereo 
Soldering 

Cold -joint indicatort Feb 43 
Technical topics (Scott) Feb 42, May 59, 

Jul 71, Sep 67 
Solid -state work Jul 87 Technician training Jun 25 
Tip-heat, more May 35 Television 

Solid -state Antennas 
Car radio problems. 10 (Davidson) Apr 57 Rotator control, solidstatet Sep 67 
Color TV modular kit (Steckler) Sep 37 Uhf, ready for your rooftop (Roy) Sep 60 
Designing stereo (Horowitz) Dec 38 Automatic fine tuning (Allen) (P) Feb 57 

PUT, putter with (Fox) Oct 50, Nov 50 Closed- circuit system (ER) Nov 8? 
Rotator controlt Sep 67 Color -see Color television 
Soldering for Jul 87 Modular sets, rundown of Oct 44 

Tach and speed alarm (Marston)' Apr 33 Motorola 1971 (Prentiss) Dec 6' 
Triac circuits. 20 (Marston) Jun 51, Jul 49 On a chip (Goodman) Mar 69 

Voltohmmeter (ER) Apr, 32 Dec 12 (continued on page 53) 

FR Lafayette's 
1971 

Golden Jubilee 
Catalog 

anni v e rsaCy 

468 PAGES; 
Your 1st Guide 
To Everything 
in Electronics 

Stereo /Hi -Fi Components Musical Instruments and Amplifiers 
Photography Equipment Ham and CB Gear Public Address Sys- 

tems Tools and Test Equipment Educational and Optical Equipment 
Black and White /Color Televisions Police and Fire Monitor Re- 

ceivers Books and Parts 
Plus Thousands of Additional Items 

Mail This 
Coupon Today 

For Your 

1911 Catalog 
No. 110 

Send For Your Free 1971 Lafayette Catalog Today! 
LAFAYETTE Radio ELECTRONICS Dept. 11100 

P. 0. Box 10, Syosset, L. I., N. Y. 11 791 r I Send Me the Free Lafayette Golden Jubilee 1971 Catalog 710 

1 

Name 17120 

Address 

City 

State Zip 
(Please include your zip code) 

u- 
Circle 67 on reader service card 
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New from I-le ath . . . i n time 
New Heathkit ® solid -state 

modular color TV 
The result of over five years in research and development, these 
sets represent one of today's greatest color TV values. Here's 
why: a total of 45 transistors, 55 diodes, 2 silicon controlled recti- 
fiers, 4 IC's containing another 46 transistors and 21 diodes plus 
2 tubes (picture and high voltage rectifier) combine to deliver 
performance and reliability unequalled by any conventional tube 
set. Other features include: MOSFET VHF tuner; high -gain 3- 
stage solid -state IF; emitter -follower output; automatic fine tun- 
ing; VHF power tuning; built -in degaussing plus manual 
degaussing coil; automatic chroma control; adjustable noise 
limiting and gated AGC; "instant- on "... sound instantly, picture 
in seconds; bonded -face, etched glass picture tubes; adjustable 
tone control; exclusive hi -fi outputs; and 48 -hour factory service 
facility for modules. The sets are designed to be owner- serviced 
... the only sets on the market with this exclusive feature. A 
built -in dot generator, volt -ohm meter, and modular snap -out 
epoxy circuit boards make routine adjustments and service a 
snap ... virtually eliminating service calls and offering significant 
savings over the life of the set. It all adds up to the color TV buy 

Modular plug -in circuit board construction 

MOSFET VHF tuner and 3 -stage IF 
of a lifetime in the GR -270 and GR -370 ... ready now for Christ- 
mas giving! 

Kit GR -270, 227" 20V tube, 114 lbs. $489.95* 
Kit GR -370, 295" 23V tube, 127 lbs. $559.95 
Kit GR- 370MX, GR -370 with RCA matrix tube, 
127 lbs. $569.95 

Pushbutton channel advance 

Hi -fi sound outputs - for amplifier 

Designed for owner- servicing 

Exclusive modular design 

3 models in 295 sq. in. 

Luxurious Mediterranean 
Cabinet...factory assem- 
bled of fine furniture 
grade hardwoods and 
finished in a flawless 
Mediterranean pecan. 
Statuary bronze trim 
handle. 30 -'h," H x 47" 
Wx173/4 "D. 
Assembled GRA-304-23, 
78 lbs. $129.95' 

1 Exclusive check -out meter 
2 Tilt -out convergence /secondary control panel 
3 Gun shorting switches 
4 3 -stage IF assembly 
5 Plug -in AGC /Sync circuit board 
6 Plug -in 3.58 MHz oscillator circuit board 
7 Plug-in Chroma circuit board 
8 Plug -in Luminance circuit board 
9 Service and Dots switches 

10 10 Plug -in Video Output circuit board 
11 High voltage power supply 

11 12 Plug -in Vertical Oscillator circuit board 
13 Plug-in Horizontal Oscillator circuit board 

12 14 Plug -in Pincushion circuit board 
15 Conservatively -rated power supply components 

13 16 Circuit breaker protection 
17 Plug -in Sound circuit board 
18 Master control panel 
19 Hi -fi sound output 

14 20 Plug -in wiring harnesses and connectors 
for faster assembly 

Choice of factory -assembled cabinets 

3 models in 227 sq. in. 

Exciting Mediterranean 
Cabinet...assembled us- 
ing fine furniture tech- 
niques and finished in 
stylish Mediterranean 
pecan. Accented with 
statuary bronze handle. 
27 "h," H x 417/e" W x 
19,ç," D. 
Assembled GRA -202 -20, 
85 lbs. $114.95' 

76 

Deluxe Early American 
Cabinet...factory assem- 
bled of hardwoods & ve- 
neers and finished in 
classic Salem Maple. 
29 "hi " H x 371/4" W x 
193/4" D. 
Assembled GRA- 303 -23, 
73 lbs. 6114.95 

Contemporary Walnut 
Cabinet and Base Com- 
bination. Handsome wal- 
nut finished cabinet sits 
on a matching walnut 
base. Cabinet dimen- 
sions 20 3h," H x 31%," 
W x 185/e" D. Base di- 
mensions 73/4" Hx273/4" 
Wx18s/e "D. 
Assembled GRA-203-20 
Cabinet, 46 lbs. $49.95' 
GRS-203-6 above cab. 
w/ matching base, 
59 lbs. $59.95 

111 

Contemporary Walnut 
Cabinet...factory assem- 
bled of fine veneers & 
solids with an oil- rubbed 
walnut finish. 29 "h," H 

x 35'Y," W x 19'/s" D. 
Assembled GRA-301-23, 
60 lbs. $74.95' 

Handy Roll- Around Cart 
and Cabinet Combina- 
tion. Features the GRA- 
203-20 walnut cabinet 
plus a walnut- trimmed 
wheeled cart with stor- 
age shelf. 
Assembled GRA -203 -20 
Cabinet, 46 lbs. $49.95' 
GRA-204-20 Roll- Around 
Cart, 19 lbs. ..819.95* 
GRS-203-5 Cart i Cabi- 
net Combo, 
65 lbs. $59.95' 

RADIO -ELECTRONICS 



for Christmas giving 
New Heathkit 

Electronic Oven 

...only $399.95* 

Now, through the miracle 
of microwave energy, a cooking 
revolution that frees you from 
conventional kitchen drudgery forever! 

Imagine a baked potato in 4 minutes; baked beans in a little over 6 
minutes; a five -pound roast in 45 minutes. This is the miracle of 
microwave cooking. And now Heath brings you this modern miracle 
for the first time in money- saving, easy -to- assemble kit form. For 
busy families on the go, meal preparation is a matter of minutes. 
You can cook on china, glass, or even paper dishes since only the 
food becomes hot. Your cooking dish can be your serving dish. 
Frozen foods can be defrosted in minutes for quick spur- of -the- 
moment frozen meals cooked right in their own containers. And 
there is not the slightest cause for concern about the safety of your 
Heathkit electronic oven. Exclusive door design prevents micro- 
wave leakage from the oven cavity. And with a SAFETY INTERLOCK 
SYSTEM UNIQUE IN THE INDUSTRY, not only does the oven stop 
cooking if the door is opened, but the door can't be opened unless 
the interlock is operating properly. A second independent door 
interlock is also provided for maximum protection. And all interlock 
mechanisms are tamperproof. Assembled in accordance with the 

manual, the GD -29 meets all the new federal standards for safety 
and radio interference. No special precautions are required when 
operating. The Heathkit electronic oven is as safe as your conven- 
tional oven! Quality components are used throughout: magnetron 
tube by Litton, the uncontested leader in the field; avalanche di- 
ode circuitry for longer tube life; simplified wiring harness with 
push -on quick- connectors for reliability and ease of assembly. GD- 
29 prototypes endured grueling "life- tests" equivalent to over 60 
years of continuous service...further assurance of uncompromised 
reliability. Another feature is portability: the Heathkit electronic oven 
operates on regular household current. Plug it in anywhere... on a 
countertop, a wheeled cart, in the kitchen, on the patio, at the 
cottage... anyplace a grounded 120V AC power outlet is available. 
Make this a Christmas to remember by putting a Heathkit electronic 
oven under the tree. It's a gift your wife will thrill to... and a present 
the whole family will enjoy... meal after meal after meal. 
Kit GD -29, 80 lbs. $399.95 

New Heathkit portable 
solid -state color TV 

Big set performance, portable convenience 
MOSFET VHF tuner & 3 -stage IF 

Modular, self- service design 

102 ", 14 V picture tube 

What do you do for an encore after you've created the solid -state 
GR -270 and GR -370 big- screen sets? Simple. Make them porta- 
ble. That's virtually what's been done in the new Heathkit GR -169 
solid -state portable color TV. Heath engineers took the same cool - 
running solid -state circuitry from the large screen chassis and 
packaged it in an easy -to- assemble compact chassis ...with the 
same nine plug -in glass epoxy circuit board modules used in the 
big sets. In fact the only difference is the smaller preassembled 
horizontal deflection and high voltage power supply. The same 
MOSFET tuner and high gain 3 -stage IF found in the big sets offer 
superlative color performance. And, as in the larger sets, complete 
owne' service features are provided by inclusion of built -in dot 

generator and degaussing along with an exclusive volt -ohm check- 
out meter. 48 -hour factory service facilities for modules are also 
provided with the GR -169. Other features include: built -in anten- 
nas and connections for external antennas; instant picture and 
sound; complete secondary controls available behind the hinged 
door on the front panel; high resolution circuitry for sharp, crisp 
pictures; adjustable noise limiting to keep external interference to 
a minimum. If you're looking for big set color fidelity and perform- 
ance with portable convenience... put the new Heathkit GR -169 on 
your Christmas shopping list now! 

Kit GR -169, 48 lbs. $349.95 



New Heath -gift ideas... for 

New Heathkit ® AJ -29 New Heathkit ® AA-29 
AM -FM -FM stereo tuner 100-watt stereo amplifier 

This is the feature- packed tuner section of the famous Heathkit AR -29 
stereo receiver ... now available as a stereo "separate." The pre - 
assembled, factory -aligned FM tuner boasts 1.8 uV sensitivity for 
whopping station pulling power using FET design for superior over- 
load characteristics. Three IC's in the IF section offer superior AM 
rejection, hard limiting, temperature stability, and outstanding reli- 
ability. Other features include a computer- designed 9 -pole L -C 
filter for greater than 70 dB selectivity; new "blend" and "mute" 
functions; and a built -in AM rod antenna that swivels for best re- 
ception. 
Kit AJ -29, 19 lbs., less cabinet $169.95 
Assembled AE -19, oiled pecan cab., 9 lbs $19.95 
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New Heath 

stereo equipment 
credenza 

Power -packed amplifier section of the Heathkit AR -29, the AA -29 
stereo "separate marks another milestone in superior Heathkit 
amplifier design. Its 70 -watts of continuous power is more than 
enough to drive even the most inefficient speaker systems. A mas- 
sive, fully -regulated and filtered power supply, 4 conservatively 
heat sinked output transistors and the best IM and harmonic dis- 
tortion specifications in the industry add up to sound fidelity you 
never expected to hear outside the theater. Modular plug -in circuit 
boards make assembly easier ... snap out in seconds for future 
servicing. 
Kit AA -29, 27 lbs., less cabinet $149.95' 
Assembled AE -19, oiled pecan cab., 9 lbs $19.95 

New Heathkit® floor model 
speaker systems 

In the new Heathkit AS -101 and AS -102 speaker systems, Heath engineers 
have combined the best of both worlds of sound and beauty. The AS -101 
Heath /Altec- Lansing 2 -way system features a 15" woofer and sectoral horn 
delivering from 35 to 22,000 Hz with uncompromising accuracy. The AS -102 
Heath /Bozak 3 -way system uses a 12" woofer, 6" mid - range, and two 2'/2" 
tweeters in an infinite baffle design to produce clean natural reproduction 
from 40 to 20,000 Hz. Both systems are housed in assembled Mediterranean 
pecan cabinets, 295/e" H x 273/4" W x 19' /e" D. 

Kit AS -101, 53 lbs. S259.95 
Kit AS -102, 39 lbs. $259.95' 

AS-101 

Romantic Mediterranean styling in wife -pleasing one -piece con- 
sole design ... yet with plenty of room for your favorite separate 
stereo components. Six- and -a -half feet of solid craftsmanship 
executed in North American Hickory veneers and solid oak trim, 
finished in oiled pecan. Completely assembled and finished, ready 
for installation of Heath or other components. Speaker enclosures 
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are ducted port reflex design, pre -cut for 12" speakers. An adjust- 
able shelf has room for stereo receiver, cartridge or cassette tape 
player or separate tuner and amplifier. Below the shelf is room for 
your turntable and record storage. Accessory matching drawers on 
ball bearing slides are available for turntable and tape player. 

Model AE -101, 90 lbs $189.95* 

RADIO -ELECTRONICS 



home, shop and ham shack 
New Heathkit® 1C 15 MHz 

frequency counter...19995* 
A highly accurate, low cost frequency meter for anyone requiring 
accurate frequency measurements. Compare these features to 
counters selling for over twice this low price: accurate counting, 1 

Hz to over 15 MHz; integrated circuitry; automatic trigger level for 
wide range input without adjustment; five digit readout with Hz /kHz 
ranges and overrange indicators for eight digit capability; high in- 
put impedance; storage circuitry for non -blinking, no- count -up 
readout; computer -type circuitry, no divider chain adjustment; tem- 
perature- compensated crystal time base oscillator; BNC input with 
cable; double- sided, plated -thru circuit board with sockets; three - 
wire, removable line cord; heavy -duty aluminum case handle /tilt 
stand and die cast zinc front panel; no special instruments required 
for accurate calibration. 
Kit IB -101, 7 lbs. ;199.95 

See these and 300 other 
Heath -gift suggestions at one of the 

following Heathkit Electronic Centers: 
Anaheim, Calif. 92805 
330 E. Ball Road 
Boston Area 
Wellesley, Mass. 02181 
165 Worcester St. 

Chicago, Illinois 60645 
3462 -66 W. Devon Ave. 

Chicago Area 
Downers Grove, III. 60515 
224 Ogden Avenue 
Cleveland, Ohio 44129 
5444 Pearl Road 
Dallas, Texas 75201 
2715 Ross Avenue 
Denver, Colorado 80212 
5940 W. 38th Ave. 
Detroit, Michigan 48219 
18645 W. 8 Mile Road 

Fair Lawn, N. J. 07410 
35 -07 Broadway (Rt. 4) 

Houston, Texas 77027 
3705 Westheimer 
Los Angeles, Calif. 90007 
2309 S. Flower St. 

Milwaukee, Wisc. 53216 
5215 W. Fond du Lac 
Minneapolis Area 
Hopkins, Minn. 55343 
101 Shady Oak Road 

New York, N.Y. 10036 
35 W. 45th Street 
Philadelphia, Pa. 19149 
6318 Roosevelt Blvd. 
Pittsburgh, Pa. 15235 
3482 William Penn Highway 
St. Louis, Mo. 63123 
9296 Gravois Ave. 

San Diego Area 
LaMesa, Calif. 92041 
8363 Center Drive 

San Francisco Area 
Redwood City, Calif. 94063 
2001 Middlefield Road 

Seattle, Wash. 98121 
2221 Third Avenue 
Washington, D. C. Area 
Rockville, Md. 20852 
5542 Nicholson Lane 

All Heathkit Electronic Centers are units of Schlumberger Products Corporation. 
Heathkit Electronic Center Prices Slightly Higher. 

During 1971, consult Heathkit Catalog Supplements and local 
newspapers for announcements of new Heathkit Electronic Cen- 
ters opening in these places: 

Long Island Area Los Angeles Area 
Westbury, New York Woodland Hills, California 
Miami, Florida Atlanta, Georgia 

San Francisco Area 
El Cerrito, California 

Prices listed are factory mail order. 
Cincinnati, Ohio Retail prices are slightly higher. 

... or send for your FREE 
factory mail order catalog 

DECEMBER 1970 

IB -101 SPECIFICATIONS: Frequency Range: 1 Hz to greater than 15 MHz. 
Accuracy: 1 rouni _ time has, stability. Gate Times: 1 millisecond or 
1 second with automatic reset. Input Characteristics: Sensitivity: 1 Hz to 1 

MHz, less than 100 mV rms. 1 MHz to 15 A111z, less than 250 mV rms. After 
30 minutes %%arnutp. Trigger Level: Automatic. Impedance: 1 Meg ohm shunted 
by less than 20 pf. Maximum Input: 200 V rms, DC -1 kHz. Derate at 48 V per 
frequency decade. TIME BASE: Frequency: 1 MHz, crystal controlled. Aging 
Rate: Less than 1 PPM /month after 30 days. Temperature: Less than ±2 parts 
rn 10' /degree C. 20 to 35 degrees C after 30 minutes warmup. ±.002 ° /° from 
0 to 10 degrees C. GENERAL: Readout: 5 digits plus overrange. Temperature 
Range: Storage; -55 to 80 degrees C. Operating; 0 to 50 degrees C. Power 
Requirements: 105 -125 or 210 -250 VAC, 50/60 Hz, 8 watts. Cabinet Dimensions: 
8'/." \V x 3' 4" H x 9" D not including handle. Net Weight: 4' /. lbs. 

New Heathkit ® HW 1O1 

SSB transceiver 
The Hams at Heath have done it again ... with an uprated version 
of the Heathkit HW -100, one of the most popular pieces of ham 
gear on the market! The HW -101 features improved receiver cir- 
cuitry resulting in better than 0.35 uV sensitivity for 10 dB S-I-N /N. 
Image and IF rejection are better than 50 dB. Other improvements 
are a new 36 -to -1 ball- bearing dial drive; new selectable SSB or 
CW filters and attractive new front -panel styling. 
Kit HW -101, 23 lbs. $249.95 

New Heathkit 
wattmeter /SWR bridge 

r- 

t. 

Two switch -selected ranges allow measurement 
of RF output from 10 -200 W and 100 -2000 W. 
Built -in calibrator permits 10% accuracy through- 
out the 80 -10 M ham bands. 

Kit HM -102, 3 lbs. $29.95 

HEATH COMPANY, Dept. 20 -12 
Benton Harbor, Michigan 49022 

HEATH KIT' 
a Schlumoerger Company 

Enclosed is $ , plus shipping. 

Please send model (s) 
Please send FREE Heathkit Catalog. Please send Credit Application. 

Name 

Address 

City State Zip 
Mail order prices; F.O.B. factory. 

Prices & specifications subject to change without notice. CL -394 
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PHOTO ELECTRIC ASSEMBLIES 

137001 

B7000 Contains cadmium sulfide photocell. po- 
tentiometer, relay, lamp & Fairchild 2N2657. 
15 " x 11/4". Originally used as exposure meter con- 
trol. Complete circuit diagram & application data. 

1.25 

B7001 Contains cadmium sulfide photocell, 
2 -500íl variable resistors, & Fairchild 2N2240. 
Presence or absence of light changes bias on tran- 
sistor. Useful for all types of alarm & light sensing 
devices. Complete with diagram. 75 ea. 

Honeywell Boards 5'1" x 6 ". Loaded with late 
no. transistors, diodes, resistors and capacitors. 
2 different boards $1.00. 2 lb. Stock No. 9094 

Honeywell Power Board contains 4 2N1137B 
80 watt PNP power transistors. 8 Top Hat diodes. 
8 precision resistors and 4 IN642 diodes $1.25 ca. 
2 lb. Stock No. B9093 

Honeywell Computer boards, 412 "x12 ". Transistors. 
diodes. zeners, capacitors, precision resistors, heat 
sink, trimmers etc. 2 Different boards $1.00. 3 lb. 

Stock No. B9082 

B2040 Sangamo or Pyramid OA" x 13/4" 
4000 MFD 50V 50 5/2.00 

$1.00 FREE WITH $10.00 ORDER 
MINIMUM ORDER $3.00 

Lots of other items -send for free flier; all mer- 
chandise fully guaranteed. Please include postage; 
excess will he refunded. 

DELTA ELECTRONICS CO. 
BOX 1, LYNN, MASSACHUSETTS 01903 

'ircle 69 on reader service card 

SAVE MONEY 
WITH THE 

COLOR 

ECONO JIG 
KIT 

Use your 19" color tube 
easily assembled metal cabinet for 

portable, bench, or hanging operation 
all components - less picture tube. 

SERVICE ALL MAKES 
OF COLOR SETS WITH THE ECONO- 
JIG OR ANY COLOR TEST JIG. SEND 
FOR FREE CROSS- REFERENCE 

TELEMATIC DIV., U.X.L. CORP, 
2245 PITKIN AVE. 

BROOKLYN, N.Y. 11207 
Circle TO on reader service card 

TRY 
THIS 
ONE 

OUTLET TESTER 

At times, the TV that your cus- 
tomer says is dead or operates inter- 
mittently in his home, suffers from a 
poor electrical outlet or a blown fuse. - 

Our method of checking before 
we pull the back off the TV set is with 
a cheater cord to which we have wired 
a neon bulb. The moment we plug the 
cord into the customer's outlet, we 
know if there's juice there. Then we 
pull off the back of the set and use the 
cord as a conventional cheater. In 
working on the set, by keeping a 
watchful eye on the neon bulb in- 
dicator, you can tell by its flickering if 
the outlet is the intermittent and not 
the set. Harry J. Miller 

LABEL REELS -AND THE TAPE ITSELF 

To label the contents of a reel or 
tape easily, stick masking tape on the 
spokes of the reel and write on them 
with a felt -tip marking pen. Be sure 
to date the reels on the labels. An- 
nounce any program to be saved, in- 

EXCITING VALUE PRICED 
FREE $1 BUY WITH EVERY 10 YOU ORDER ro,"!sitti,;; FREE GIFT WITH EVERY ORDER 

TRANSISTOR RADIO -'t rn S1. 50 
, f go. bad. broken. ' potluck SARKES TARZIAN TUNER 

41mc 

Latest Compact 
Model good for 
all 41 me TV's. 

BRAND NEW- 

Best TUNER " SARKES TAR - 
ZIAN" 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 

TV TUNER - asst. .11 new 51 dandani makes. I e.. tubes 

WESTINGHOUSE STANDARD S4 

G.E.STANDARD TUNER 
,kí,,1 #.1.r st-,a9_, ,F.l- 5Q 95 

,äs2,, :1 V 

TAPE RECORDER-;'-''Ae.' S4 r,sl.bad. broken. n..In potluck . . I 

300 - ASST. 1/1 W RESISTORS 
Top Brand. Shutt I cads. t:arenent $1 
Selection 

100 -ASST 1/ WATT T 4 T RESISTORS 
:.m 

Sl stl. .h olr¢ .,hn,ages, some In 5 r 
L 

100 -ASST 1/2 WATT RESISTORS Sl 
stand...hot.-e hmage,, some - 

70 - ASST 1 WATT RESISTORS 
stand. choice ohmage.. some w 

35 - ASST 2 WATT RESISTORS 
stand. choice ohmage -. so , in -, 

50 - PRECISION RESISTORS 
asst. ii.t.price $51, less Us' . 

20 - ASSORTED WIREWOUND 
RESISTORS, 5. I". an watt 

4 TOGGLE SWITCHES 
sr'sT...rLT. uroT. et.. 
ID- ASSORTED SLIDE SWITCHES Sl 
PST. SI'I,T. IIPfT, etc. 

COLOR POWER TRANSFORMER - _ Gul h,r most sets 2651511 56`,95 

- TRANSISTOR RADIO EAR- S 

rs-, .-$:10.7 5 ......... 
PIECES ire. cmplete ,cith plug 1 
100' - FINEST NYLON DIAL S1 
CORD best slaw, ."ls gauge 

UHF TUNER - TRANSISTOR 53.95 
TYPE Use.l in an TV sets . 

50 - ASSORTED PRINTED CIR- Si 
CUIT SOCKETS '-est types 

CI 
2 - COLORBURST QUARTZ. 
CRYSTAL REPLACEMENT I. 

most Color TV Sets.. a57í1.545 51.49 
KC 

10 - SETS PHONO PLUGS B 5l 
PIN JACKS "CA ty'I'.' 

3- PRINTED CIRCUIT IF TRANS- 5ll 
FORMERS .l 

I " 15° he 
25 - 3900.OHM7w RESISTOR Sl 
10% 
20 - .47 -600V CONDENSERS 51 
White Cyrano, C. 1,.America,, 

12- MINIATURE ELECTROLYTIC 
CONDENSERS ' Transistor & $4 
miniature rk 
10 - MINIATURE 456KC IF 
TRANSFORMERS ,,.'ortIonsl ,erns $l 
HEAVY DUTY COLOR FOCUS S 
RECTIFIER I I.." PI, , t me .. 1 
50 - OIL IMPREGNATED 
TUBULAR CAPACITORS 1'or- 

;, 

1. ttost 53.25 

COLOR -TV RECTIFIER - 
I . --,o" S1.95 
k, 3 rr 
15 

po- I 

ASST. ROTARY SWITCHES Si all p,llar 
1S - G.E. #NE -2 TUBES 
Neal ,,, I.nml, fur I . s1 
150' - BUSS WIRE # Si 
for hook p.. special circuit 
50 - .0033 DISC CERAMIC Si 
CAPACITORS t'.II -. 
3- ELECTROLYTIC CONDENSERS Sl 
7 - TV ELECTROLYTIC CON- S 
DENSERS 11 
5 - 6 LINE CORDS 

KNOB SPECIAL 
100 - ASSORTED RADIO 

KNOBS All standaet types ... 
51 $20 value 

50 - TV KNOBS - POPULAR S 

TYPES r'''' nn ._I -,.,- 1 
25 - VERTICAL LINEARITY 
KNOBS Lang shank Front S 

"1 , , iAsortment 1 
1 K 

30 
NOBS - VERTICAL 

II 

L LINEARITY 

51 Standard , . 
2S- KNURLED RADIO KNOBS S1 
h ect o Hest selection 
25 ASSORTED CLOCK -RADIO 
KNOBS rtmem. ,mst $1 
popular 

ANY 6 KITS FOR SS 

STEREO HEADPHO 
1äm..15 . . .NEcoS mplete $5.93 J with Stereo plug 

50 - TUBE CARTONS (colored) 
51 11.orud sizes for Popular 'Tubes .. 

4 - 36" Hi -Fi CABLES RCA 
Molded l'hone plug at one end 
stripped and tinned leads un other pi 

.. _.. end -i 
( 3' JUMPER CABLES Stale RCA 51" F t--- Roth Ends, 2 For 1 
r- 50 - ASST TERMINAL STRIPS Si 

to n -lug 
2-G.E. PIECES OF EQUIPMENT $1 "t. 
MOTOROLA HEP KIT INTE- 
GRATED CIRCUITS INCLUDES 

MOTOROLA PWR TRANSFORM Si 
110v, ' 

25 - #130 WESTINGHOUSE PI- 
LOT BULBS "", 

$1 as s' 17 

25- WESTINGHOUSE PILOT 
BULBS s.,ur .a,ni,...r i. #I54. 51 #l'tt -Ta 

3- ELECTROLYTIC CONDENSERS Si 
C.D. 511" I rd -.too ,ol Is 

IMMEDIATE DELIVERY , . . Scientific light packing for safe delivery at minimum cost. 
HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 
F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. 
Tearsheets will be returned as packing slips in your order, plus lists of new offers. 
Minimum Order $3.00 

Name 

Address 

Dual _-luPUI IGates. All F,... 
S3.97 

Cost or 

Shipping 
estimated 
ToTAL 

Please specify refund on shipping overpayment desired: CHECK ; POSTAGE STAMPS iii MERCHANDISE (our choice) with advantage to customer 

BROOKS RADIO ÓI; TV CORP., 487 Columbus Ave., New York, N. Y. 10024 2TELÉPH4Eo 
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dicating equipment used, the time, the 
place, the performers and othcr per- 
tinent data. The acoustics of a closed, 
parked car are excellent, by the way, 
for making professional -sounding an- 
nouncements. To make note of 
programs as you go along, use a 
child's magic slate and tab the starting 
and stopping points on the tape by 
using bits of paper between layers on 
the reel, like book marks. Glen F. 
Stillwell 

DON'T LOSE SMALL PARTS 

Whenever I work on transistor 
radios and other equipment that uses 
small screws and nuts. I stick the 
small hardware items to a short strip 
of adhesive tape to insure against loss 

or misplacement. Cellophane tape also 
works but the hardware stands out 
better on the white tape. -Robert E. 
Kelland 

NOW A ONE STOP 

SHOPPING CENTER FOR 

YOUR AUTO RADIO AND 
8 TRACK STEREO PARTS. 
AT FACTORY DISCOUNTS 

WE ARE AUTHORIZED PARTS 
DISTRIBUTORS FOR: 

DELCO 
BENDIX 
MOTOROLA 
LEAR JET 
TENNA 
RANGER 
METRA 
AUTOMATIC 
ON GUARD 
CRAIG 
PANASONIC 
PHILIPS 
BELLE WOOD 
WARD 
QUICKMOUNT 
DEWEKO 
AC SPEEDO 

STERO LOCK MOUNTS 
SPARKOMATIC 

SEND YOUR ORDERS WITH 
PART NUMBERS TO 

Laran Electronics, Inc. 
3768 Boston Road 

Dept. 200 Bronx, N.Y. 10469 
OR SEND MODEL. MAKE AND 

DESCRIPTION OF PART WANTED 

Circle 71 on reader servke card 

GET BETTER TV 

RECEPTION 

ELIMINATE SNOW WITH 

TUN -O -BRITE 

the 

heavy duty 

tuner spray 

with 

built -in 

polishing 

action! 

1260 Ralph Ave. 
BROOKLYN, 

N.Y. 11236 

Circle 72 on reader service card 

CANADIANS: Ordering is easy 

IBM SECTIONS 

---411=. !RR 
.eu for . 1 are 
t uatlnl tellh .er 
I rto ralu:J,le pa'ts. 
Incl. - Tranl<I..r. 
CtmIen.er+. aeat+- 
torn. It:it Inkt. 
lllole., El ' 

8 for 51 

100 for 510 

MARKET SCOOP COLUMN 
12 UNIVERSAL SPEAKER. -' 54 

10 PHILCO SPEAKER 52.69 

E UNIVERSAL SPEAKER - 52.49 

UTAH 8 -HEAVY DUTY 10 OZ. 
SPEAKER 'I>l'. $3.69 

E 6 ECONOMY SPEAKER 52.94 

5 UNIVERSAL TWEETER S1.29 

1- UNIVERSAL 512 PM SPEAKER Si L 1 UNIVERSAL 4 PM SPEAKER Si 
- 217' x 4 SPEAKER 69e 

31 : - ROUND SPEAKER 59e 
I-I 4 X 6' "QUAM" 16 OHM L SPEAKER , 

o 
E 

51.79 

$20 - SHURE M7D DIAMOND S3 

SHUREM44SERIESDIAMOND S4á9 
NEEDLE 
PICKERING V -15 DIAMOND 5449 - 
NEEDLE 
ASTATIC #131 STEREO CAR- S3.78 
TRUDGE rlr:. 

r 

STEREO CARTRIDGE S2 
late.t Aual .anphire r 
10 

ery 
-r ATutSST. 

n 
RADIO 8 TV TUBES $1 0 F:re 

- we do the paperwork - try a small order 

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 tu 3 minutes of messages . Illuminated 
signal shows when a message is waiting. Control 
adjusts playback volume without alTertin. recording 
volume Capstan Drive: 
BRAND NEW SOLD AS IS 

$7.95 

RCA 110° FLYBACK TRANSFORMER 
tt'e -..,ol,e,l the \Inrket 
I.:,te_t teee - .I.nnl.url 
for all llno T\. 
RCA', .le-itrn ..f large 

III 
. "il lo',lurl. INh\'_ 

hit, n,le.ttune Width 
t ,..I .rl em:lt¡r Iliat-rnm 
application fa T)' 

I.f,t price 

Your price 
S3 U 

110 TV DEFLECTION YOKE ('Ir $3 

"COMBINATION SPECIAL" 
RCA 110 FLYBACK 
plus 110- DEFLECTION YOKE 

90 FLYBACK TRANSFORMER 

-1 90' TV DEFLECTION YOKE 

DECEMBER 1970 

r-- 

70' FLYBACK TRANSFORMER .... 
70 TV DEFLECTION YOKE 

- SHANNON MYLAR RECORDING TAPE_ 
225' . 

225' .. 
S .17 

.19 

7" - 2400' 
7" - 3600' 

5179 
2 95 

300' .. .27 CASSETTE 6o mimu, 89 

31/4" - 600' . .58 CASSETTE a0 . mint 
I 1.54 

600' .. .62 CASSETTE 12f) mtoute. 1.97 

.80 21/2" TAPE REEL .04 
5" - 120,1' .97 3" TAPE REEL 05 
S" - 1800' .. 1.49 31/4" TAPE REEL 06 
7" -1200'.. .77 5" TAPE REEL 12 
7" - 1800' .. 1.12 7" TAPE REEL 14 

WESTINGHOUSE FM TUNER 

99 

WESTINGHOUSE FM TUNER 

..., 
. t Tra: . S 3.99 

300 - ASSORTED HEX NUTS Si 

250 ASST. SOLDERING LUGS Si 

2517 -ASST WOOD SCREWS Si 
line In,lni 

250 - ASST. SELF TAPPING Si 
SCREWS #n. _ - 

150 - ASST. 6/32 SCREWS Si 
S5 and 150 6/32 HEX NUTS 

and 150- 8/32 
8/32 

HEX NUSS 
Si 

$2 
150 - ASST. 2/56 SCREWS Si 
and 150 -2/56 HEX NUTS $2 

El - ASST. 4/40 SCREWS Si 
and 150 -4/40 HEX NUTS 

S2 and 150 -5/405 HE NUTS 
SCREWS S1 

2 - TV CIRCUIT BREAKERS S1.19 

70 COLOR YOKE 510.95 
For ail roun1 . t' IITc 

90' COLOR YOKE F "r vii 
Rectangular lu tu 211'r Color 

S10.95 

500 - ASSORTED RIVETS S1 

s1 500 - ASSORTED WASHERS 

100 - ASST. RUBBER BUMPERS S1 
fur rnhlnet ttt' 

100- ASSORTED RUBBER GROM Si 
METS 

Circle 73 on reader service card 
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4 - TV ALIGNMENT TOOLS S1 mr,.t u.ef1J an.,,lintent #t 
4 - TV ALIGNMENT TOOLS 51.49 
For Color l'V #2 
6 - TV COLOR ALIGNMENT $2.79 
TOOLS . . 

1' 'r t)po 
5 - PNP TRANSISTOR 

Si 
S - NPN TRANSISTORS Si 
TV TWIN LEAD -IN 1I "ot ohm 

Si 
COAX CABLE n , i_1t' grey .,r 

50 - ASSORTED TRANSISTORS S1 
L: 

0 TO 200 MICRO AMP MINIA- 
TURE METER 
3 toy. i - 

10 - STANDARD TRANSISTORS S1 

10- ASSORTED DIODE CRYSTALS S1 

3 - TOP BRAND SILICON REC. Si 
TIFIERS I antl, 
20 - ASST. PILOT LIGHTS 

.. t,,. Si 

S1 

50 - ASSORTED #3A0 FUSES Si 
4 -50 HANKS HOOK -UP WIRE Si 
100' -SPOOL SPEAKER WIRE Si .s0 

,Ivor. 10111.e, 
5 - I.F COIL TRANSFORMERS Si 

1 r. ,n.letor tin,l ion 

5 - AUDIO OUTPUT TRANS- S1 
FORM ,fn for Trine Ratio, as 



Nothing replaces 
the reality of personal 

in- class" instruction. 
It builds your confidence 
through thorough preparation. 

Professional success depends upon 
the quality of your training. You 
owe yourself the best. Anything 
less will be costly, takes much 
longer and requires more effort 
from you. 

Take the shortest distance between 
you and your career. You'll be 
ahead in every day. 

FREE LIFETIME PLACEMENT 

445-4. 
VETERAN APPROVED 

r-411`- 
1 HEALD 

Engineering College 
1215 Van Ness Ave., 

San Francisco, California 94109 

Oldest and Largest Institution of its 
kind in the United States. (Since 
1863) 

Please send information on: 
HEALD ENGINEERING COLLEGE 
Bachelor of Science Degree Courses (36 
months) 

Electronic Engineering 
Electrical Engineering 
EMechanical Engineering 
Civil Engineering ['Architecture (42 

months) 
HEALD INSTITUTE OF TECHNOLOGY 
A division of Heald Engineering College 
Technology Diploma Courses 

Electronic Engineering Technician (FCC) 
(15 months) 

Radio- Television Technician (FCC) (15 
months) 

Mechanical Drafting (12 months) 
DElectrical Drafting (12 months) 
Structural Drafting (12 months) 

Name Age 
Address 

CRY 

State 
Zip Phone 
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IN THE SHOP 
(continued front page 24) 

the visible symptoms. From this we can 
eliminate quite a few things, because of 
their patent impossibility. For instance, 
if we see a bright, blank raster. we do 
not check the dc power supply, horizon- 
tal sweep, or the high voltage. We know 
they're ok. 

The difference between the "Imag- 
ineer" and the plodder is like the differ- 
ence between a ritle and a shotgun. R -E 

Service 
Clinic 

By JACK DARR 
SERVICE EDITOR 

Rf Interference In Bass Amplifier 
1 added a 50 -watt buss amplifier 

with a big woofer to my stereo sys- 
tem. The stereo works fine, but 1 can 
hear radio signals from a local station 
in the woofer speaker. This speaker is 
supposed to have a top response of 
300 /Iz and handle signals only from 
loo II: clown, but the radio signal 
sounds good. Can't get rid of this inter - 
ference.-3f. 11., Los Angeles, Calif. 

For 

faster 
service 

USE 

ZIP 

CODE 

on 

all 
mail 

Filter! The radio signals arc get- 
ting into the input of the bass- ampli- 
fier and are being detected in the grid 
or base circuit of the first amplifier 
stage. From here on they're audio, 
and they go right on through. 
I Evidently your crossover is ahead of 
this point in the system.) 

You can get rid of the rf by a 
combination of shunt bypass capaci- 
tors or series rf chokes, or both. 
Substitute For 29KQ6 Tube 

I hare a problem. .tre in and 
Panasonic are using a 29KQ6 horizon- 
tal output tube in some sets. This tube 
is almost impossible to get and is very 
high priced, even in this metropolitan 
area. Do you know of a practical sub - 
stitute ? -{V. I/., Rethayres, Pa. 

I believe a 276135 looks clos- 
est, although the hase connections 
would have to be rearranged. A 
33JV6 is close, but it has I 2-pin base 
and would need a new socket. 

Agc /Sync Trouble, CTC 38 
I've run into an odd trouble in a 

CTC38 RCA chassis. The horizontal 
sync doesn't hare the range it ought 
to and once in a u-hile it loses vertical 
sync too. Adjusting the age control in ei- 
ther directions causes a loss of horizon- 
tal sync. The picture looks fairly 
good, but has a sort of "glitter" on 

mk-m=lunir- 
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THE Sinclair 
PROJECT 60 FM STEREO TUNER 

check its credentials 
you'll agree it was worth the wait 

The new Sinclair Project 60 Stereo Tuner is the first in the world to 
use the PHASE -LOCK LOOP principle in a consumer application. Until 
now this principle has been used in the aerospace industry and In 
government applications. 
The Project 60 stereo tuner also features varicap diodes for tuning, 
printed circuit coils for the tuner and IF strip, AGC, AFC, inter -channel 
muting, an Integrated Circuit multiplex stage, automatic switching 
from mono to stereo and the option of remote control and push 
button switching. 
The Project 60 tuner is supplied in module form as are the other units 
in the Project 60 series, completely built and tested. ready to be 
installed in the cabinet or enclosure of your choice. It may be used 
with any audio amplifier in addition to the Project 60 systems. The 
Project 60 tuner is guaranteed for two years by Sinclair,Audionics. 
Number of Transistors 16 plus 20 in I.C. 
Capture Ratio 1 5 dB 
Sensitivity 2 microvolts for 30 dB quieting IF 

7 microvolts for full limiting 
0 15% for 30% modulation 

40 dB at 1 KHz 
Sinclair PZ -5 or 25.30vDC 

75 ohms 

Total Harmonic Distortion 
Stereo Separation 
Power Requirements 
Antenna Input Impedance 

Price $74.95 
NOW AT MANY DEALERS OR DIRECT FROM 

Audionics Inc., 8600 N.E. Sandy Blvd., Portland, Ore. 97220 

Name.. 

Address 

;_j PLEASE SEND 
STEREO 60 TUNERS 
, $74.95 

City State Zip FREE BROCHURE 
All shipments F.O.B. Portland, Oregon re 
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strong channels. -W. M., Phoenix, Ariz. 
Try new 6GH8's in the agc and 

sync- separator sockets. This will get 
the 1st and 2nd video amplifier stages 
at the same time. The video signal for 
the sync separator is taken off at the 
plate of the 2nd video amplifier, and 
the Y signal comes from its cathode. 
Anything wrong around either of 
these tubes could cause sync clipping. 

On the scope, you should see an 
80 -volt p -p signal at this point con- 
sisting almost entirely of sync. The 
video should be compressed to a thick 
white line at the bottom. If this is re- 
versed, you have trouble. 

On the "glitter," this is probably 
what RCA used to call "busy back- 
ground" a while back. Check the set- 
ting of the i.f. agc control, and the rf 

agc control. 

Focus Resistor Changes Value 
The focus goes off in an Admiral 

3C341C chassis. I can readjust the 
focus pot and bring it back temporar- 
ily. Focus voltage supply is normal, 
about 5,500 volts at the focus- recti- 
fier. I found that the 47- megohrn re- 
sistor was changing from 47 megs to 
about 80 megohms when it got hot. I 
replaced it and the new one did the 
same thing! The 1.8- megohrn resistor 
and the focus pot are ok. 

Any ideas? Is this due to X -rays 
from the regulator tube? It's right by 
it. -A.F., Alexandria, Va. 

Try replacing this with an IRC 
resistor of the film type. We haven't 
had any trouble with these. As to 

X -rays, I doubt it very much! The 
regulator tube in this set is supposed 
to have leaded glass in the bulb to pre- 
vent any radiation. In any case, radia- 
tion wouldn't be that high! 

This column is for your service 
problems -TV, radio, audio or gen- 
eral and industrial electronics. We 
answer all questions individually by 
mail, free of charge, and the more in- 
teresting ones will be printed here. 

If you're really stuck, write us. 
We'll do our best to help you. Don't 
forget to enclose a stamped, self -ad- 
dressed envelope. Write: Service Edi- 
tor, Radio -Electronics, 200 Park Ave. 
South, New York 10003. 

(continued on page 85) 

COMING 
NEXT 
MONTH 

The Annual Color TV Issue 
brings you Belt, Darr, Lem- 
ons, Margolis and a bevy of 
your other favorite authors 
with up -to- the -minute dope 
on color TV circuits, test 
equipment and techniques. 

ELECTRONICS 

FR 
cat al09 

ill in coupon for a FREE One Year Sub 
cription to OLSON ELECTRONICS Fantas- 

r,c Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name Speak - 
,rs, Changers, Tubes, Tools, Stereo Amps, 
Tuners, CB, Hi -Fi's, and thousands of other 
Electronic Values. Credit plan available. 

NAME 

ADDRESS 

CITY SIATE. 

GIVE ZIP CODE_ 

If you have a friend interested in electronic 
send his name and address for a FREE sub- 
scription also. 

OLSON ELECTRONICS 
Dept. LL 260 S. Forge Street 

Akron, Ohio 44308 

Circle 76 on reader service card 
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"Smartest decision I ever made!" 
?aaa. 4 "I opened my first 

Allied Radio Shack store 
with a small investment 
... soon 171 own three 

In 1968. I opened my first retail 
store in Portsmouth. N H. Things 
happened fast and with the profits 
from that store I opened another 
in Dover. N H last July. Now 1.m 
planning a third store in Lewiston. 
Maine. Believe me when I say the 
Allied Radio Shack plan is the 
greatest thing going in consumer 
electronics" 

Tony Esposito 

SO 

f r 1 

THE ALLIED RADIO SHACK PLAN CAN WORK FOR YOU! 
Allied Radio Shack is a division of Tandy Corp (NYSE) and the nation's biggest electronics store chain .. over 850 stores! We offer a unique franchise opportunity to energetic men and women who want a retail business of their own Within weeks. you can be the outright owner of a store like 
one of Tony Esposito's. You get the full benefit of our 50 years of experience. immediately. Here's 
your chance to be your own boss. to be a vital part of the community you select for your store. to achieve real success. And . . . you make no long -term financial commitment. 

* PROFITS 

* SECURITY 

* INDEPENDENCE 

OPEN YOUR OWN STORE 
IN YOUR FAVORITE STATE 

OUR PROGRAM IS SUCCESS -DESIGNED 
Our proven plan covers everything from grand opening 
to daily operations. A specially prepared Operations 
Manual guides you every step of the way. And continuing 
assistance is yours from the same Regional Manager 
who guides company -owned stores in your state. 
Dynamic catalogs. sales flyers and local newspaper 
ads keep the customers coming in. You benefit from 
creative merchandising. exclusive products outstanding 
gross profit margins. 

YOU'RE IN A CLASS BY YOURSELF 
There is no other operation like ours ... no one else can 
sell the same brands "right across the street" Most of 
your inventory will be Allied Radio Shack's own 
nationally famous. nationally advertised brands. Allied?' 

nd Realistic n h, -fi stereo. radios. phonos and Citizens 
Band equipment: PortaVisionTM TV: Archer? antennas: 
Knight -Kit A. plus our own batteries. parts. hobby kits. 
ecords. tapes. tubes, test instruments. PA equipment. 
and more! Because these brands cannot be bought in 
other stores or Catalogs, you pet higher gross profit 
margins 

RAO/OSNA(K) 

CALL COLLECT 
OR WRITE TO: 

r 
SEND ME FULL FRANCHISE DETAILS Dept. A21 

A. A. Bernabei 
V. P. Franchise Division Name Phone 

Allied Radio Shack 
2617 West 7th Street Street 

Fort Worth. Texas 76107 I 

Phone (817) 336 -7163 City State Zip 
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MARKET 
CENTER 

ELECTRONICS 

B & K, Sencor test equipment, discount prices, 
Free catalog and price sheet. FORDHAM RA- 
DIO, 265 East 149th Street. Bronx, NY 10451 

TUBE Sale to 80% off. Javelin ES 101 CCtv distributors net $350.00. Mail order only. 
J. KNIGHT TV, 612 Gaines Avenue, Hot Springs, 
Ark. 71901 

DISCHARGE Ignition, Photoflash. Free catalog 
parts, kits. TRANSPARK, Carlisle, Mass. 01741 

CONVERT any television to sensitive big- screen 
oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans $2.00. RELCO -A25, Box 10563, Houston, 
Texas 77018 

INDUSTRIAL and Government Electronic Sur - 
plus. Monthly catalog lists -all different! STAR - 
TRONICS, Box 17127, Portland, Oregon 97217 

RADIO and TV Tubes 360 each. One year 
guaranteed. Plus many unusual electronic bar- 
gains. Free Catalog. CORNELL 4217 -E Univer- 
sity, San Diego, California 92105 

INTEGRATED Circuit Kits -Free catalog. FRAZER 
& ASSOCIATES, 3809 Surfwood Road, Malibu, 
Calif. 90265 

TUBES -Lowest prices. ForeignAmerican. Ob- 
solete, receiving, special purpose, transmitting 
tubes. Send for tube, parts catalog. UNITED 
RADIO COMPANY, 56.R Ferry St., Newark, N.J. 
07105 

a 

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 

TAPEMATES makes available to you ALL 
4 -TRACK STEREO TAPES. ALL labels- Postpaid to your door -at tremendous savings. For free 
brochure write: TAPEMATES CLUB, 5280 RE 
West Pico Blvd., Los Angeles, Calif. 90019 

TRADE A TAPE. Got an 8 -track cartridge or 4- track cassette you're tired of listening to? 
Send it to me, with $2 and I'll send you an- 
other tape to replace it -music in a similar 
vein, of course. Special! New 4 -track tapes 
$1.50 each. List 25g, refundable. WARREN 
ROY, 24 Straw Lane, Hicksville, NY 11801 

RENT 4 -track open reel tapes -all major labels -3.000 different -free brochure. STERIO- 
PARTI, 55 St. James Drive. Santa Rosa, Calif. 
95401 

741P TEXAS INSTRUMENT OPERATIONAL 
AMPLIFIERS -$2.00 plus postage. BALL ELEC- 
TRONICS, Box 68. South Wellington, Conn. 
06265 

UNSATISFACTORY "live" recordings? Inex- 
pensive new products for improved microphone 
fidelity and flexibility are available. Write 
RUSSOUND, Inc. Dept. 3, Box 1015, Framing- 
ham, Mass. 01701 

DECODERS! COUNTERS! LATCHES! MEMORIES! IC's 

NATIONAL DYNAMIC 
SHIFT REGISTERS 
Any 3 - 10'/, Discount! 

Type Description Sale 
MM -500 Dual 25 Bit $3.95 
MM -502 Dual 50 Bit 5.95 

Cases 

COUNTING SYSTEM FAIRCHILD IC "AMP" 
', Any 3 10 Discount! 3 Pr'. KI "r / 

Type Description Each 

1.49 0 p 703 RF -IF Amp DC 1.25 I,, ;,.. ,, SN7 t d,., ade 709 Operational Amp 1.49 r, river lieu 710 Hi -Speed Diff 1.19 decoder -driver, SN747 
,toad latch with hookups. 711 Dual Comparator 1.49 
.n.. truetsons 741 Freq. Comp. 709 2.50 

Guaranteed! W /Spec Sheets 
Any 3 

Type 

- 10% Discount! 
Description SALE ] SN7400N Quad 2 Input Nand Gate $ .88 ] SN7402N Quad 2 Input NOR Gate .88 ] SN7404N Ilex Inverter .99 7 SN7410N Triple 3 In. NAND Gate .88 

SN7420N Dual 4 In. NAND Gate , .88 
SN7430N x Input NAND Gate .88 
SN7440N Dual 4 In. Nand BUFFER .88 ] SN7440F Dual 4 In. Nand BUFFER .88 

!] SN7441 N BCD to Decimal Driver 4.95 
I] SN7442N BCD to Decimal Decoder 4.50 
r-j SN7470F .1 -K Flip Flop .99 
_] SN7472N .1 -K Master Slave Flip Flop 1.19 
[] SN7473N Dual J -K Master Slave 

Flip -Flop 1.49 
SN7474N Dual "D" Type Edge 

Triggered Flip Flop 
SN7475N 4 Bit Bistable Latch 
5N7476N Dual .1 -K Master Slave 

1.49 
2.95 

Flip Flop 
] SN7483N 4 Bit Binary Full Adder 
[] SN7490N Decade Counter 
E 5N7492N Divide -by- twelve Counter ] SN7493N 4 Bit Binary (divide by 16) 3.98 

SN7495N 4 Bit Right & Left Register 4.50 
Code: F Flat Pak. N Dual Inline 

1.49 
4.50 
3.98 
4.50 

FALL -CHRISTMAS LI NE - LITERS 

SPRAGUE- IC's 

E 2 -N CHANNEL plastie Fet, 2N:is I9 Texas . S1 .19 2- UNIJUNCTION transistors 2N4591 ....51.19 
ri 1 -IG MOS FET P channel 2N4:i53 ......$1.00 
[] 3- TRIGGER dindes for Sers. Trines $1.00 

1 -15 -AMP Trias 200 i'It1' $1 49 

Your Choice 

3 for fl 
908 Full Adder 
909 Buffer 
912 Half Adder 
913 Shift Register 
921 Dual 2 In. Gate 
940 JK Flip Flop 
960 Dual Buffer 

4,000 BIT 
MEMORY $8.50 

From IBM Computers, 
Guaranteed! W /Spec Sheets 

FAIRCHILD IC SALE 
Guaranteed! W /Spec Sheets 
Any 3 - 10% Discount! -TO - -S ease. 

Type Description 
S -dual inline; 

Sole 
914* Quad 2 Input Gate S .99 
915* Dual 3 In. Gate .77 
923* J -K Flip Flop .99 
958N Decade Counter 3.95 
959N' Quad Bistable Latch 2.95 
1128' 8 Bit Memory 2.49 
9033N 16 Bit Memory 3.95 
9601N Triggerable Monostable Vibrator 4.95 
9300N 4 Bit Shift Reg_ 2.49 
9301 N I of lo Decoder 3.95 
9304N Isual 1'u1l Add, 3.95 

10C Catalog on Fiber Optics, 'ICs', Semis, Parts 
Terms: -sill postage. Rated: net 30, cars 25%,, 
Phone Orders: Wakefield, Mass. 1617) 245 -38291 
Retail: 211 Albion. Si . , Wakefield. Mass. 

POLY PAKS 
P.O. BOX 942 R 
LYNNFIELD, MASS 

nt ana 
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STEREO TAPE TRANSPORT -7" reel -2 speeds 
-pause control -made for famous manufac- 
turer-50 to 15,000 Hz -with rec /play and 
erase heads, without case. Send M.O. or check 
for $19.50 to STEREO CENTER, 218 Columbia 
St.. Utica, N.Y. 13502. $2.50 for prepaid ship- 
ping and insurance. 

NEW BSR record changers; $13.00. McDonald 
300. 18.00; 400 -$20.00; 500 -$25.00; AM /FM 
component system -$50.00. DAVIS, Dept. RE, 
2737 Third Ave., Bronx, N.Y. 10451 

SAVE over 331/3 on a pair of one of the 
World's Best Speaker Systems. Shipped Direct 
to you from factory. Try them in your home 
for thirty days. KGLL, INC. Water Street, Lew- 
iston, Maine 04240 

BACKGROUND MUSIC continuous, commerci-1- 
free. Solid -state MUSICON SCA ADAPTER 
plugs into any FM Tuner, Receiver. Line pow- 
ered. 5 year guarantee! Only $39 postpaid. K- 
LAB, Box 572R, South Norwalk, Conn. 06856 

CASSETTES CASH IN ON a tremendous All -year 
round market. Send for lowest pricing and de- 
tails. Include $1.00 for 2 cassettes samples. 
DICTATION PRODUCTS, P.O. Box DPK, Hallan- 
dale, Fla. 33009 

INVENTIONS 
& PATENTS 

FREE "Directory of 500 Corporations Seeking 
New Products ". For information regarding de- 
velopment. sale, licensing of your pat- 
ented /unpatented invention. Write: RAYMOND 
LEE ORGANIZATION, 230 -U Park Avenue, New 
York City 10017 

INVENTIONS Wanted. Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., Oak- 
land, Calif. 94605 

PEP'$ Dollar Sale 

$1 Money Back guarantee $1 
I Amp Silicon Rectifier 7 AMP SCR 

choice of package 
Bullet- Miniature Glass - 

Metal 
7 5.800V units SI 00 
l 4.1000V units $1.00 

(7 3.1200V units $1.00 

3 AMP Epoxy Package 
i-1 10 -100V units 51.00 

5.400V units $1.00 
2.1000V units $1.00 

TRIALS 
PVR I l0A_ 
100_I_1.00 
200 1 1.40 

300 I 1.90 
_400 I 2.30 

509 I 2.75 

SILICON STUD MOUNT 
'0 AMP 

3.1011V units -1.00 
í1.1000V unit $1.50 

I.C. SPECIAL 
14 Lead Dual In -Line Pkg. 

Perform some function as 700 series 
Master Slave Flip Flop 750 @ -5 -$3.00 
Quad 2 Input Nand Gate 750 @- 5.$3.00 

16 Bit Memory Cell -$4.25 
14 Lead Dual In -Line Pkg. 

CIRCUIT EOARD COLOSSAL 
3 different groupings to choose from 

Typ:col samr,!es below 
A) 200 diodes -7 transistors -over 50 resistors-. 

comp cte with board! 
B) transistors -over 100 resistors--capac:tors- 

S.C.R.'s over 15 d;m e:- complete with board! 
Price $1.75 

C) 10.14 lead dual in -line I.C.'s -over 50 diodes - 

4-50V units $1.00 
3 -100V units $1.00 

ri 2.200V units $1.00 
n 1.500V unit 51.00 
Cl 1 - -800V unit $1.50 

20 AMP SCR 

n 2-50V units $1.00 n 1-300V unit 51.50 - Gen Purpose PNP 
Germ Transistor Similar 

to 214404 8 For $1.00 
2 AMP BULLET 

RECTIFIERS 
10 -200V -$1.00 
8.100V -$1.00 
6 -500V -$1.00 

ZENER DIODES 1 Watt 
1 EA 4V- 6V- 8V -10V 

0 4 units 51.00 
GERM GLASS DIODES 

007 GEN PURPOSE 
.''0 Units $1.00 

Replaces IN -34 1N -60 
IN 64 1N -295 

capacitors-4 transis ;ors -over 50 resistors- 
complete with board! Price $2.50 

FULL WAVE BRIDGES 
PRV 12Amp I 3Amp 5Amp 10Amp 
50V I 1.25 I 1.35 1.50 1.70 

100V I 1.50 I 1.60 1.75 1.95 
200V I 1.75 I 1.85 2.00 2.20 
400V-I-2.00 I 2.10 2.25 2.45 
600V I 2.50 2.95 _I_2.602.75 
800V I 3.00 I 3.10 3.25 3.45 

PARK ELECTRONIC 
PRODUCTS 

P. O. Box 78 N. Salem, N. H. 03073 
Tel. (603) 893 -0276 

NO SALES TAX WE PAY POSTAGE 

Circle 83 on reader service card 
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ANNUAL INDEX 
(continued front page 75) 

Tools 
For electronics (Haskett) Jan 54, Feb 52, 

Mar 52, Apr 48, May 48, Jun 
Power (Haskett) Nov 

Transistors -see also Solid State 
Curve tracer (Williams) 

Corres 
FET -see FET 
Headphone amplifier ( Gutleben) Jul 
Keying. blocked -gridt May 
Photocells from (Dlitz) May 
Tester (ER) Apr 

Triac circuits, 20 (Marston) Jun 51, Jul 

56 
54 

Jun 54 
Dec 22 

38 
60 
92 
68 
49 

Sep 60 
Mar 88 
May 36 
Jun 16 
Dec 46 

Mar 50 

Aug 52 

Jun 88 
Sep 69 

Apr 99 

Feb 92 

Apr 23 
Nov 24 
Sep 68 
Apr 32 

Nov 62 

Apr 54 
Jan 68 

Jan 2 

Jun 41 
Jul 78 

U 
Uhf 

Antennas, ready for your rooftop (Roy) 
Tuner problem (C1) 

"Ultimate" FM stereo tuner (Buegel) 
(Corres) 

Umpire, electronic (Miller)' 
Under the dash -a short -wave converter 

(Lisle)* 
Universal manganese -alkaline battery 

charger (Mallory)' 

V 
Vector scope on Quasar (Prentiss) 
VFO, stable ham (Queen)' 
Voltmeter 

Calibration 
High- impedance audio millivoltmeter 

(Randall) 
Voltohmmeter 

Car tuneup with (Frenzel) 
(Corres) 

Circuit, unusualt 
Solid -state (ER) 

Aug 14, Sep 16, 

W 
Watches -see IC(s), digital clocks 
Waveform generator, 3 -way ( Heckt)' 

X 
X -rays, TV (Ward) 

Anti X -ray circuit (lames) 
How to stop them (Lachenbruch) 

Z 
Zener 

Experiment with amplified (Ashe) 
Power box (Queen)' 

SERVICE CLINIC 
(continued fror» page 83) 

Too Much Contrast, No Control 
The picture in an RCA CTC31 

got gradually darker; color, sound, 
etc. ok. Brightness control works, but 
contrast control doesn't seem to Aare 
much effect. Video peaking control 
has very little effect if any. Contrast 
control checks ok. Video output tube 
ok. Where is this ? -II. T., Iloustin, 
Ter. 

The contrast control here is a 
"variable degeneration" type, like so 
many of them. What it actually does 
is move a big electrolytic cathode -by- 
pass capacitor up and down on the 
cathode resistor. If this capacitor 
opens, your picture will be "pale," and 
the control will have no effect. 

However, you have the opposite 
effect; too much contrast. Note that 
this circuit actually has three 
branches: the contrast control itself: a 
small fixed peaking network, 270 
ohms and 680 pF in series: and the 
video peaking network. I have a dis- 
tinct feeling that something is shorted 
in here. 

If the electrolytic were shorted, 
the control would still show some ef- 
fect. Therefore, the short is most apt 
to be "at the top of the control" or 

(continued on page 87) 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

TRIACS 
PRV I 1A 1 15A 

100_1 .50 I 1.00 
300 I.80 1 1.40 

_300 I 1.10 1---1.80 
-400_1 1.40 1 2.20 

300 I 1.75 I 3.00 

ER900 TRIGGER DIODES. These 
biodirectional trigger diodes are one 
of the best and cheapest methods to 
trigger SCR's and triacs 3/$1.00 

UNIJUNCTIONS! 
Similar to 2N2419. RBB of 5 -7 stand 
off ratio of .6 and Ip of 12 with data 
sheet 5.80 

D N- CHANNEL FET'S TO -18 
plastic units, low noise, low 

leakage, 25 volts source to gate, 50 
ma gate current Gain to 9000 

mho's. $ .60 

2N4303. P channel FET with a 

0 ms of 2000 pohms $.95 

MM 2260. An NPN TO-5 silicon unit 
used for video output circuits in 
transistorized TV's, with a gain of 
35 and Vcb of 75 $ .75 

MOUNTING 
HARDWARE KITS. 

These kits are used to mount our 
SCR's Zeners and Rectifiers etc. 

6x32 stud (3, 12 amp rectifiers, 

7A SCR's) 6 sets /51.00 
r/cx28 stud (30 amp. rectifiers, 
20 amps SCR's) 4 sets /$1.00 

MRTL IC's 
908 FULL ADDER .75 
912 RALF ADDER .50 
913 REGISTER .50 
940 JK FLIP FLOP .50 

TTL IC SERIES 
DECADE DIVIDER $3.95 
RF 112 Dual 11( Flip Flop 1.25 
MC 415 JK Flip Flop .85 
MC 400 Dual 4 input 

NAND /NOR gate .70 
4 Bit Storage Register 1.25 

9301 MSI ONE -OF -TEN 
DECODER 2.95 

Silicon Power Rectifiers 

PRY 

100_ 
200 
400 
600 
800 

1000 

3A I 12A I 30A 

.09 1 .24 I .50 
16 I .35 I .80 

.20-1-.45 I1.20 

.30 I .70 I 1.50 
.40 I_.85 I 1.80 

.50 I-1.10 I 2.20 

Terms: FOB Cambridge, Mass. 
Send check or Money Order. Include 
Postage. Average Wt. per package 
Yo lb. No. C.O.D.'s. Minimum Order 
$3,00 

Send for our latest catalog featuring Transistors and Rectifiers: 

FIBRE OPTICS 
1/32" 2.5 mil. fibers in PVC 
packet. $ .33/ft. 

COMPLETE LIGHT 
GUIDE BUNDLE 

consisting of an I 1" length of 
1/32" dia. fiber optics with 
bound ends. $2.00 a. 

Controlled Avalanche or 
Epoxy Rectifiers 1 AMP. 

PRY ti 
100 I .07 
200 1-.09- .09 
409I .11 

PRV 

B00 I_16 
800 I .20 

1000 I .30 

LINEAR CIRCUITS 
709C operational Amp 1.30 
SE 501 Video Amp ....$1.00 
SE 518 Voltage 

Comparator $1.00 
Silicon Control Rectifiers 

PEE 

50 
100 
200 
300 
400 
500 
600 

3A 1 7A 20A 1 70A 

.30 I .35 .70 I 

.40 1 .55 1.00 14.00 
.60 I .80 1.30 I 8.00 
.80 11.00 1.70 I 

1.0011.30 2.10112,00 
1.25 11.60 2.50 

1 

1.50 ' 1.90 3.00 116.00 

BIGGER AND BETTER 
BARGAINS. 

325 Elm St., Cambridge, Mass. 

Circle 84 on reader service card 

ALES 
Tel. (617) 547 -4005 
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MARKET 
CENTER 

INVENTORS: Protect your ideas! Free "Recom- 
mended Procedure ". WASHINGTON IN- 
VENTORS SERVICE. 422X Washington Build- 
ing, Washington, D.C. 20005 

EDUCATION/ 
INSTRUCTION 

"HOW TO INCREASE TRANSISTOR RADIO RE- 
PAIR PROFIT." Write: X T R, Box 1556, Las 
Vegas, Nev. 89101 

MEMORIZE. Study: "1970 Test -Answers" for 
FCC First and Second Class License. -plus- 
"Self -Study Ability Test." Proven. $5.00. COM- 
MAND, Box 26348 -E, San Francisco, Calif. 
94126 

ELECTRONICS Engineering. Day or evening 
classes. Bachelor of Science Program eve- 
nings. Associate in Science Program day or 
night. If you are married or if you must work 
for a living while obtaining your education, 
this is the college for you. Approved for Veter- 
ans. WESTERN STATES COLLEGE OF ENGI- 
NEERING, 970 West Manchester Avenue, In- 
glewood. Calif. 90301 

TV TUNER REPAIRS- Complete Course De- 
tails, 12 Repair Tricks, Many Plans. Two Les- 
sons, all for $1. Refundable. FRANK BOCEK, 
Box 3236 (Enterprise), Redding. Calif. 96001 

WANTED 
CLASSICAL monaural 
wanted. JUNKER, 326 
cisco, Calif. 94117 

unscratched records 
Parnassus, San Fran- 

QUICK CASH . for 
COMPONENTS, unused 
BARRY, 512 Broadway, 
212 WALKER 5-7000 

Electronic EQUIPMENT, 
TUBES. Send list now! 
New York, N.Y. 10012, 

PARTS! 
05...4" Send For Off 

CORNELL'S 
New Color 

Catalog 
40 Pgs. New Items 

ORDER FREE 
IF NOT SHIPPED 

IN 24 HOURS' 

4215 E UNIVERSITY AVE. SAN DIEGO, CALIF. 92105 

Rebuild Your Own Picture Tubes? 
4Clh L,rkr.idr Hide. rt.-, pr., 
el-Ion equipment. Toil can rehui I -I 

nor picture tube! 
For complete details. mall coupon. 

I Lakeside Industrles 
5 "31 N. Clark St. I 

l'hicago. III. 601;40 
Plume. 312- 271 -3399 
NAME 
ADDRESS 
CITY 
STATE ZIP 

FREE Catalog ofTh. W RlD T 
SURPLUS ELECTRONIC BARGAINS 

Now B I G G E R a n d 
BETTER Than Ever! - -MAIL THIS COUPON NOW ---1 

J 
For your FREE copy, fill out coupon and mail. Dept. RE 

NAME 

ADDRESS- 

CITY: STATE- ZIP: 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 
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GOVERNMENT 
SURPLUS 

JEEPS Typically from $53.90 . Trucks From 
$78.40 . Boats, Typewriters. Airplanes, Mul- 
timeters, Oscilloscopes, Transceivers, Elec- 
tronics Equipment. Wide Variety, Condition. 
100,000 Bid Bargains Direct From Government 
Nationwide. Complete Sales Directory and Sur- 
plus Catalog $1.00 (Deductible First $10.00 
Order). SURPLUS SERVICE, Box 820 -REL, Hol- 
land, Michigan 49423 

MANUALS for surplus electronics. List 250. 
BOOKS, 4905 Roanne Drive, Washington, D.C. 
20021 

GENERAL 
TAPES of old radio shows for sale. Catalog 350 
refundable. ROBERT JOSEPH, 1250 LaBaron, 
Webster, N.Y. 14580 

JAPANESE NEW PRODUCTS MONTHLY! $1.00 
Refundable. DEERE, 10639 Riverside, North 
Hollywood, Calif. 91602 

PRECISION Hole Finder. It's New. $1.49 Post 
Paid. PRECISION PRODUCTS, 1261 Gamble 
Lane, Escondido, Calif. 92025 

FIGHT 

MUSCULAR 

DYSTROPHY 

19.95 
VIDEO /RF 

CONTROL CENTER SELECTOR 
FOR SWITCHING SYSTEMS INPUT /OUTPUT 

3- Channels! Use push 
switches to select TV 
cameras. monitors RI' 
antenna systems. "M" 
type connectors on 
rear side. No impe- 
dance worries. Many Al lOrder: Box 1348RE andin mod,I, tau. 

Lawrence, Ma. 01842 SI:, d p.. t Pa it . 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. A. D. 
MUSIC ASSOCIATED'S DETECTOR 
for continuous, commercial -free music 

with ANY FM tuner or receiver 

Kit $40.50 Wired $75.00 Cover $4.95 List of FM 
stations with SCA authorization SI .00. Excellent 
F.M. Monaural Tuner with M.P.X. Jack $50.00 

MUSIC ASSOCIATED 
65 Glenwood Rd., 

Upper Montclair, N.1. 07043 
phone 201- 744.3387 

SCHOOL 

DIRECTORY 
GET INTO 

ELECTRONICS 
V.T.I. training made to mace.. . 
lectimci all.. Wald engineer, specialist 
in communications, guided mlesllem, ' advanced 

radar 
tourne in theory 1 Dorn 

tor,. Electronic Engineering Techoul- 
ngy as Electronic Technology curricula 
both available. Aseoelate degree In 29 

B.V. also obtainable. O.I. ap- 
proved. Graduates In all branch*. of 

lectronica with matar comnanies. Start 
Sept., P.O. Dorms, campus. High 
school graillai. or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept C. Valparaiso, Indians 48383 

l1 
distinguished graduates 
hold Important engineering and management poste through. 
out U.S. Professionally-'oriented college with out +tending 
placement recent. Four -quaver year permits degree In 
three yearn. Dedicated faculty. Modern labs. Small classes. 

4111nm -re rann.us. Acere,litell. Animated foe 
vet.. Moderate total costs. Enter rims., March. 
June. Sent. For Catalog. brim nirertor ot 
A,lnn..Inn.. Indiraiine career to- eference. 

TRI -STATE COLLEGE 
I I -'n r-Here avenue. An gala. Indiana 46703 

Help your Post Office to give 
you the best possible service 

-Mail early in the day!! 

STATEMENT OF OWNERSHIP, MANAGE- 
MENT AND CIRCULATION, Act of October 
23, 1962, Section 4369, Title 39, United States 
Code.) 

1. Date of filing: October 1, 1970 

IC2. 
Title of publication: RADIO- ELECTRON- 

3. Frequency of issue: Monthly 
4. Location of known office of publication: 

Ferry Street, Concord, Merrimack County, New 
Hampshire 03302. 

5. Location of the headquarters or general 
business offices of the publishers: 200 Park Ave- 
nue South, New York, New York 10003. 

6. Names and addresses of publisher, editor, 
and managing editor: Publisher. M. Harvey 
Gernsback, 2001 Park Avenue South, New York, 
New York 10003; Editor M. Harvey Gernsback, 
200 Park Avenue South, New York, New York 
10003; Managing Editor, Larry Steckler, 200 Park 
Avenue South, New York, New York 10003. 

7. Owner: Gernsback Publications, Inc., 200 
Park Avenue South, New York, New York 10003; 
M. Hatvey Gernsback, 200 Park Avenue South, 
New York, New York 10003; Mary H. Gerns- 
back, M. Harvey Gernsback. Maurice Coyne, 
Benjamin E. Winston As Trustees Under Trust 
.Agreement dated September 30. 1965, c/o Ben- 
jamin E. Winston, Esq., 2 W. 46th St., New York, 
New York. 

8. Known bondholders, mortgagees, and other 
security holders owning or holding 1 percent or 
more of total amount of bonds, mortgages or 
other securities: None. 

9. For completion by nonprofit organizations 
authorized to mail at special rates: Does not ap- 
ply in this case. 

10. Extent and nature of circulation. Average 
number of copies each issue during preceding 12 
months are: (A) Total No. of copies printed 

net press run): 206,647; (B) Paid circulation: 
(1) Sales through dealers and carriers, street 
vendors and counter sales: 42,648; (2) Mail 
subscriptions: 106,849; (C ) Total paid circula- 
tion: 149,497; (D) Free distribution (including 
samples) by mail. carrier or other means: 1.562; 
I E) Total distribution: 151,059; (F) Office use, 
left -over, unaccounted, spoiled after printing: 
55,588; (G) Total: 206,647. The number of copies 
of single issue nearest to filing date: (A) Total 
number copies printed (net press run): 216,091; 
1 B) Paid circulation. (I) Sales through dealers 
and carriers, street vendors and counter sales: 
44.258; (2) Mail subscription: 106.156: (C) 
Total paid circulation: 150,414; (D) Free distri- 
bution (including samples) by mail. carrier or 
other means; 1.520; (E) Total distribution: 151,- 
934: (F) Office use, left -over, unaccounted, 
spoiled after printing: 64,157; (G) Total: 216,- 
091. 

I certify that the statements made by me above 
are correct and complete. 
(Signed) H. Matysko, Circulation Manager 

RADIO -ELECTRONICS 



SERVICE CLINIC 
(continued from page 85) 

the cathode itself. I believe that I'd 
suspect a short in the 680 -pF capaci- 
tor. It could be in the .0012 -mF ca- 
pacitor of the peaking network, but if 
it were, the video peak control would 

12HET CRT 

VIDEO 
CATHODES 

OUTPUT 

120µH 

Bt 
VIDEO PEAKING 

CçOpNy_TgRAAST 30K 
100 

2 2K 

27011 

.22 

LOOK 

TO BRIGHTNESS 
CONTROL 

690PF } 
.0012 I 15 

TO DRIVE CONTROLS 

have more effect. Also it would affect 
the contrast. Check dc resistance from 
cathode of the 12HG7 to ground. 
Normal reading is the 100 -ohms of 
the contrast control. All other paths 
are normally blocked by capacitors. 
Disconnect these one at a time and 
you'll find it. 

Pulsing Focus 
Joy old color set works very well, 

since I put in a new picture tube and 
some others. However, I have an odd 
problem. The focus pulses in and out 

at about 2 cycles per second. -C.H., 
Port Angeles, Wash. 

(We replied to this question giv- 
ing some suggestions as to places for 
tests, etc., and in a little while the 
reader replied;) 

"I found the focus trouble! Pin 2 

of tht 6DW4 damper tube had a very 
poor socket contact! The contact was 
pushed so far down that the tube -pin 
was barely making contact with it. 
Pushing this up and fixing it vade 
the focus work. Why ?" 

It's quite possible that the poor 
contact on the damper plate pin was 
letting the high voltage and focus volt- 
age "pulse." When the damper current 
started to rise, it could go up until it 
got nearly to the peak value, then the 
high resistance of the poor contact ei- 
ther arced, or made the voltage drop. 

Focus voltage must always he a 
certain percentage of the high voltage. 
It must "track" the HV: go up or 
down if the HV goes up or down, to 
maintain focus. If the boost voltage 
dropped very suddenly, this would re- 
duce both focus and HV, since they 
come from a common source. The 
slightly larger capacitance in the HV 
circuit would tend to hold the HV up 
for a fraction of a millisecond longer 
than the focus voltage! So, they got 
out of step and you had the "pulsing" 
Phenomenon. R -E 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or services). 
70¢ per word . . . minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 3(¢ per word 

no minimum. 
FIRST WORD and NAME set in bold caps at no extra charge. Additional bold foce at 11% 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 for February issue must reach us before Dec. 5. 

CLASSIFIED ADVERTISING ORDER FORM 

1 

11 

16 

21 

26 

31 

2 3 

8 

12 13 

17 18 

22 23 

27 28 

32 33 

J @ .30 Non- Lommerual Rates(_=_ 
No. of Words 1 @ .70 Commercial Rate f 

No. of Words in bold caps 
@ .10 =S 

total Enclosed ; 
Payment must ac 

Insert tIme(s) company order un 
less placed 
through accred - 

Starting with _Issue ited advertising MAIL TO: RADIO -ELECTRONICS, CLASSIFIED AD DEPT.. 
agency 28 200 PARK AVE. SOUTH, NEW YORK. N.Y. 10003 

4 5 

9 10 

14 15 

19 20 

24 25 

29 30 

34 35 

RAME 

ADDRESS 

CITY STATE ZIP 

SIGNATURE 

DECEMBER 1970 

U.S. GOV'T ELECTRONIC SURPLUS 
Nanna, known - world r ,mime SURPLUS WW1 

finest. moot men.", Government Senile cieRre k leltd ad 
components at Settle, It their original anansitl lest. 

IBM COMPUTER POWER SUPPLY - 
I ITEM 122 -6211 I - I a1r..,,.. .. ,,,. I 4 

wen ..... ' .help.. pl.. Pa., In nor, x rM 
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rA. Ilua 10 ,n ma¢nm tor. Y 

r 

a Coro 
0.1 $24.95 I 

I ° 010.0 
ONCE i-A-LIFETIME SPECIAL 

BURGLAR -FIRE ALARM SYSTEM 

won ,er.l. 
nl Ile. r.` m l. Made, II.-a loon. t ulunu,. s.d.. a .nro,, ,lore Iwan Inn 

.. :r 29.95 I ; n.. 

STANDARD DIAL TELEPHONE 6 
1 ITEM 1116) - - . endet. r IA r 

Irlo r sae. .. u rani mrrwshr 1 1 S.A. Meer. . 

r p liqu Liar, oleo n .rxWlbrn. 1. all:. I 1,-y 
... 1 00conr 

loselherai''c lot1 ;; ': 'ea,n 57.49 

STEP -BY -STEP TELEPHONE SWITCH 
I ITEM s1 -106 I -- s.r.r'rn, r. I.14 r ..loot.., - ' 

Ile I. la rspnrownul II en.n moon nom 1%.1- !r 1 

Irlephone 11.41 x111 sirr Ira umb. I.nu 010 1.0. 
'a Lr In rr rlr r "1 

,hr ply xrlh ...no 1MnA. . .' ,, . n.' ; I r..,1l,r. snn.no"56.29 
-1 

tNoir ; ,,..porn. dal Irr. I, . xuh .boo... men. 
d..,.., worn .MI I $1.97 Tor 

MAGNETIC DIGITAL COUNTER(121018 -VDC) 
I ITEM 21 -!S!I- t. 

t ...', r lnl 
.,,..aim, I..h $1.99 $4.99 

TYPICAL BUYS FROM OUR 1970 CATALOGS 

S 10.00 Il5 -vom SPOT Relays $1.69 
s101.00 Regulated Tranit,rmer, wide Range $14.91 
S 15.00 20-Relay Telephone Panel $4.39 
S250. 00 Gyroscope. Twen Rotor. 21v $9.89 

AC PROGRAM TIMING CLOCK 

l ITE.' i5E /ono. III \. 
11.4 u.\. rl.. 

.n. 1 .r,, ,, $15.75 

10 .! 

" 
' 

SNAP AROUND VOLT -OHM - AMMETER 

i, I ITEM 21-B8m1 -- .I`+. h o 2 M 
noo.orl oho. .olle N ail. 

. n.. .l. orb.. eM 

;'r.. u.l :" Y Nulrapylw 

Ih..... 

r+r. $36.90 "'`'" .w 

SPECIAL SALE .- 'b 
Correspondence 

Course In I 

ELECTRICAL S8.79 r p...1101 . %. 

ENGINEERING $10.79 ....r.ldr l...u, 

° 
- 

RUNNING TIME METER 

I44'-' 2144 1 o roo patt i 
li, ro'll .I, n.l hnmin,mh.'ly 

.. -_ ...4.2 iii. $4.39.n.l0,1r , -q.lrn 

COMPUTER TRANSISTORS ON HEAT 
I13.1 Cor^putel Quality Units 

d( °22-920 Ir- 1 n noel one Ito- 

. !.r,rmrn,rb..ra ..'"I vrumaridi 
........ ..In.. $1.99 11.., 1 .1n I .V .'mot) 
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tnoe* 

- 3 . 
a 

I 22 -1161 -- 111 .,..r.l..dion l,n. 

la 
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I ,.. Ion, t tnrr 'MOO $4.91 

- - 

**ace .. 
SEND 25e COIN OR STAMPS FOR CATALOGS 

' Order Direct F10111 Ad. Money Back G . 

s; 
SURPLUS CENTER 

DEPT. RE 120 LINCOLN, NEER. 61601 
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KEEP PACE WITH SPACE AGEI SEE MOON SHOTS -LANDINGS, SPACE FLIGHTS, CLOSE-UP! 
UtCS lNl 

toe 

XMAS 
GIFTS 

, gt AMAZING SCIENCE BUYS for FUN, STUDY or PROFIT 
NEW $99.50 HELIUM -NEON LASER! 

- - -__ -- - Completely assembled. In- 
stant- starting w /(hree line, 
power output of comparable 
models. Steady. ripple -free 
light of moderate (safe) 
tower. Excellent collima- 
tion. Particularly useful 
for studies, experiments In 
holography, interferometry. 
diffraction. optical align- 

_ _. ment. Simple and safe to 

use -just plug In, switch on. The 464 lb. unit reaches 75% 

power in 2 secs.: full power, typically 0.5 milliwat (0.3 
mW minimum) In 3 mans. Beam divergence only 2 milli - 
radians far ahead of competition: beam only 2 ems at 40 ft. 
40 feet. Bg9SO PM. Stook No. 79.004EN 

199.50 Ppd. Stock No. 79,008EN 8 

PSYCHEDELIC LIGHTING HANDBOOK 
100 information packed 
pages! Fully explains latest 
in psychedelic lighting 
equipment, techniques. de- 
velopments. Covers all facets 
of psychedelic light -show 
production including strobes. 
black lights. protectors. 
crystals, organic slides, mir- 
rors. color organs, polarized 
color, light boxes. Music- 

Vision. etc. 864" x 11' looseleat paper for 3 ring binder. 
Stock No. 9100EN $3.00 Pod. 

LONG -WAVE SLACK LIGHT FIXTURE 
Extremely versatile. com- 
pactly designed, long wave 
(3200 -4000 angstroms) black 
light (ultraviolet) future - 
eliminates harmful shorter 
wave ultraviolet rays. l'se to 

` Identify minerals. fungi. 
bacteria -check for surface 
flaws, oil and gas leakage - 
perfect for displays with flu- 
orescent paper. paints. chalk, 

crayons, trace powder. Incl. adjustable aluminum reflector. 
gush -pull switch. connecting plug. Mount vert.. hods., 
cr on corner. 10' L.. l$ W., 154' B. 
Stock No. 70,364EN $12.50 Pod. 
No. 60.124EN .. REPLACEMENT BULB -.$4.75 Ppd. 

MIRRORED BALLS BOUNCE LIGHT 
Yestery'ear's ballrooms echo 
in mirrored lights that 
richochet to the beat of to- 
day's discotheque. ('p to 
1,000 lustrous, clear. hand- 
made glass mirrors on each 
ball create fantastic lighting 
effects. Motorized -they east 
reflections that blow the 
mind! Ideal for light shows. 
displays. restaurants, hotels, 
and modern stores. 

Stook No. 71,066E14 (Ir Diem.) $30.00 Ppd. 
Stock No. 85.180E14 (I6' Diam.) 75.00 FOB 
Stock No. 71.065EH ( 8' Diam.) $17.50 Ppd. 

BLACK -LIGHT MIGHTY MITES 
Relatively small (12') fix- 
tures give surprisingly 
bright hlacklight. Mirror - 
finished reflector makes in- 
stant starting s -wall. high - 
intensity hull/ look Ilke 
411- watter. I'D to 5.000 
hours of safe. long-wave 
(3600A) black -light to really 
turn-on parties. light & 
theatrical shows, psyehedelle 
decors, holiday decorations. 

Shockproof end -caps emove for safe. easy replacement of 
bulb starter. Stands upright or horizontal. Alum. ease. 

Stock No. 71.274EH $14.95 Ppd. 
DELUXE OUTDOOR /INDOOR MODEL 
Stock No. 71.299E14 $19.95 Ppd. 

VISIBLE V -8 ENGINE 
!fours of fun! Get thrill of 
bnllding your own easily as- 
embled engine from over 

parts. Then push starter 
:rrul watch it run. Crankshaft 
revolves. pistons move. valves 
'ten and close in sequence 
With spark plugs. Does ev- 

.,: a rything but burn oil. '. 
_; ',ale. molded in 4 colors. 

Same motor used in many 
out ,, -mechanic courses. Ex- 

rellrnt, easy -to- understand "tech manual ". 
Stock No. 70,440EH $13.50 Pod. 

MAIL COUPON FOR GIANT FREE CATALOG 

148 PAGES- 1000's OF BARGAINS 
Completely new 1071 edition. New Items. 
categories, Illustrations. Imzens of electri 
cal and electromagnetic parts, accessories. 
Enormous selection of .astronomical Tele- 
scopes. Unique lighting lutais. Microscopes, 
Binoculars. Slagnitters. Magnets. Lenses. 
t 'rlsms. Many war surplus items. Mail 
coutoti for ratai g "E:IL. 
EDMUND SCIENTIFIC CO. 
300 EDSCORP BUILDING 
BARRINGTON. N.J. 08007 
SAME 
ADDRESS 
PITY STATE: 711' 

3- CHANNEL COLOR ORGAN BARGAIN! Create tremendous varie(), of 
unusual & beautiful lighting 
effects with this low -cost 
top-quality 1500 -Watt unit 
(500 W. per channel). Com- 
pare with others selling for 
twice the price. Has pilot light. plus individual sensi- tivity controls and channel 
indicator lights. Can operate 
ten 150 W. "spots" or 200 
Christmas lights. l'ses reg. 
house current -attaches to audio s'ur , '5'lu'.t U In' d'e'ns 
plug. 5a- /.' x 6% 264. 264 lbs. 'fhcrwal setting plastic 
case. 8-ft. cord. Including complete instructions. 
Steel( No. 71.225EN $44.50 Ppd. 

3" ASTRONOMICAL TELESCOPE 
See moon shots, orbits- stars. 
phases of Venus. planets 
close up. GO to 180 power. 

} 
.Aluminized and overcooled 
3' diameter f /l0 primary 
mirror. ventilated cell. 
Equatorial mount with locks 
on both axes. Equipped with 
GOX eyepiece and mounted 
Barlow lens. 3X finder tele- 
enpe. hardwood t ri!tad. 
FREE: "STAR CHART ": 272 -page "HANDBOOK OF 
HEAVENS ": "HOW TO USE YOUR TELESCOPE" 
Stock No. 85.050EH 129.95 Ppd. 
Stock No. 85.I05EN 4'ás $94.50 FOB 
Stock No. 85.086E11 V $239.50 FOB 

ROTATING MULTI- COLORED LIGHT 
Dazzling colors stream end- 
lessly from constantly rota- 
ting light. Facetted, trans- 
parent globe has louvered 
drum inside with red. green. 
blue & yellow start. Bulb 
heat rotates drum which pro- 
tects flickering star points 
on walls, ceilings. etc. while 
Individual globe facets pre- 
sent constantly changing ar- 
ray of brilliant colors. 944' 
star -approx. 12' high on bell -shaped base. Surprisingly 
light. Easily placed on table, TV, fireplace, or Xmas tree top. 
Stock No. 71.000E14 $7.00 Ppd. 

1st LOW -COST XENON STROBE! 
Price breakthrough In bright. 
reliable electronic strobes. 
50W /Second xenon tube. 
Variable flash rate -00 to 
500 per minute. Long life - 
more than 1.000.000 flashes. 
Printed circuit board design. 
Safe. durable Bakelite rase. 
Externally mounted bulb. 
Plastic shield. 6t/4x354x2 ". 
14 oz. Perfect for psyche- 
delic. stop -action lighting 
effects for home light shows. parties. displays. 
Stook No. 71,542EN $24.95 Ppd. 
BUILD -IT- YOURSELF STROBE KIT 
Stock No 71,343EN $19.95 Ppd. 

1st QUALITY OPAQUE UNDER $200 
Terrific Buy! Top Quality! 
Projects brilliant. sharp 454 
ft. sq. image from It' using 
up to 5"x5 color, h &w Il- 
lustrations. Retains all ori- 
ginal colors. proportions. 
Enlarges drawings. coins. 
maps, etc. Revolutionary 
peanut -size quartz Ilalogen 
lamp (50 hr. life). 20Omm 
anastigmatic lens (f3.5. s' 

F.I..) unique internal re- 
flecting system gist- maximum brightnes. :. entire field 
fur us. Can he used upside down. Turbo- cooled. 51-4 ft. cord. 
Stock No. 71,272E14 (Wt. 111 lbs.) $89.75 Ppd. 

QUICK OCR "GO . . . NO -GO" TEST! 
New, low -lost way to save 
time & money in (Nlt oper- 
ations by detecting im- 
proper characters. lines, 
spacing oef271 problems : 4 
spaci Two see oblems rD14E3\ 
with hand'. pocket-sized -. a " SZC X$T 
0X Comparator for checking 
ANSI :17e I &IV character 
set Etched with transp. red 
ink. Quickly. easily check 
character size. shape. skew 

peeing: line spacing & skew; .troke w lilt II ; colds. 
smudges. peaks, valleys. marks, English & met Sir seales. 
No. 41,350E14 (With Comparator) $34.50 Ppd. 
SIZE I RETICLE ONLY- 430.642EH $11.00 Ppd, 
SIZE IV RECTICLE ONLY- 430.643EN $10.75 Ppd. 

%is l7. 

1st LOW -COST VACUUM PUMP! 
Nothing like Ito Top-quality 
hand -held pump produces & 
maintains 25" of vacuum. 
llas instant release tab. 1%" 
diam. at sinless gauge (0- 
30 "). 100's of uses -siphon 
nos IOUs fluids, evacuate hell 
jars and castings. cleat, re- 
trieve. lift sterile objects. 
demonstrate Magdeburg 
hemispheres. bleed fuel 
lines. clerk leaks, etc. Lifts 
40 lbs. with included "T" Lifter (2W diem. cup) - 
much more w/ larger cup. 
Stock No. 71,301E14 $12.00 Pod. 
No. 71,300EH (without gauge /lifter) 5.50 Pod. 

EDMUND 300 EDSCORP BLDG. 
BARRINGTON, NEW JERSEY 08007 SCIENTIFIC CO. 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY BACK GUARANTEE 

DESIGN FOR STEREO 

(continued from page 40) 

down voltage of the diode is reached. 
The voltage across the diode remains 
flat at 9 volts despite the fact that the 
peak voltage applied to the circuit 
rises to 17 volts. Below the 9 break- 
down volts, the curve is identical in 
shape to the upper sinewave curve as 
applied to the circuit. This proves that 
the curve in Fig. 7 is proper, for up to 
Vn the diode is an open circuit and 
the entire input voltage is across the 
diode; above V. the voltage remains 
relatively constant at Vp (9 volts in 
this case.) However, the reverse diode 
current increases rapidly above V0. 

The bottom half of the middle 
curve shows the effect of the forward 
characteristic of Fig. 2. Here, the volt- 
age across the diode increases sinusoi- 
daily until V is reached. It remains at 
V (about 0.6 volts for silicon) until 
the applied sine wave signal once 
again falls below V. As for the reverse 
direction, in the forward direction this 
diode is an open circuit below V volts 
and is a relatively short circuit when 
the voltage applied to the circuit is 
above V. 

The current flowing through the 
diode is identical to that flowing 
through the 1500 -ohm resistor. The 
waveshapes of the voltage and current 
across a resistor are identical, so a 
scope across the resistor will display 
the current curve. If the scope is prop- 
erly connected, you will observe the 
bottom curve in Fig. 9. Notice that in 
the first half of the curve, when the 
diode is reverse biased, no current 
flows until the breakdown voltage of 
the diode is exceeded. The current 
flowing through this portion of the 
cycle increases with the voltage ap- 
plied to the circuit, due to cyclic vari- 
ations. But note once again that in the 
middle drawing, the voltage across the 
diode remains at 9 volts despite the 
increase in current during this portion 
of the cycle. 

In the forward direction, current 
flows practically through the entire 
cycle. (see the 180 ° -360° section of 
the lower drawing. This is because 
conduction starts at a low forward 
diode voltage, V. Once again, note in 
the middle drawing that the voltage 
across the diode will remain constant 
at V, regardless of the amount of 
current the diode is conducting. 

In the next installment of this 
series, we will apply the solid -state 
diode to power supplies used in audio 
amplifiers. The diode will be used in 
several of the standard circuits. 
Methods for determining the ideal 
diode characteristic as well as pro- 
cedures for calculating circuit com- 
ponents, will be detailed. R -E 
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Be creative and thrifty too \ 
SAVE WITH EICO KITS AND WIRED EQUIPMENT. 

NEW "TREASURE 
HUNTER" KIT 

. Finds metals, pipes several 
inches underground. EICO 

TH -30 Solid State Treasure 
Hunter locates iron, steel, 

tin, gold, silver, copper 
etc. Beep pitch in- 
creases as you near 
object. 

Battery oper- 
ated. $29.95. 

NEW "BULLHORN" KIT 
Carries your voice up to 400 feet. 
EICO BH -16 Solid State Bullhorn. 
2'/2 lbs. light, is perfect for 
all outdoors, camping, sports. 
Battery- operated. $15.95. 

NEW EICOCRAFT 
The electronic science project kits 
for beginners, sophisticates, 
educators. 42 kits to date. 

FM Wireless 
Mike $9.95. 

8 NEW EICOCRAFT KITS 
Automotive "LIGHTGUARD" 
"VARIVOLT" DC Power Supply 

" MOODLITE" Light Dimmer 
Control "VARASPEED" Motor 
Speed Control " LIGHTSHOW" 
Sound/ Lite Translator 
"ELECTRIC FIESTA" Audio Color 
Organ "SUPER MOODLITE" 
Remote Control Light Dimmer 

"ELECTROPLATE1" From 
$2.50 to $14.95. 
NEW 
"FLEXI -CAB" 
Build your own custom 
designed cabinet in 
minutes! 
Give your EICOCRAFT 
and other projects 
that finished pro- 
fessional look with 
decor -styled FLEXI- 
CAB vinyl clad steel 
cabinets. Fast, easy, 
push- together 
assembly. 3 -sizes 
from $3.49. 

NOW YOU CAN SEE 

THE MUSIC YOU HEAR. 

&uad a' Color 
COLOR 1MACES 

"CHROMA- 
CUBE" 
Classic white 18" 
Cube features a 

fantastic audio - 
resporsive light 
display. 

Electronic Art in M 

Color Organs, Translators, 
Strobes 

on. "CELESTIAL 
LITES" 

Constantly flowing 
color images move 

in rhythm to music. 
24" x 24" x 6 ". 

"LIGHT FANTASTIC" 
Translucent come provides 3- 

dimensional world of ever changing 
light patterns in response to music. 38" high. 

NEW 

cortina2 
STEREO KITS 
The lowest -priced 
component quality 
high fidelity! 

( FICO 3780 50 -Watt 
Silicon Solid State FET AM -FM Stereo 

Receiver. Kit $109.95, Wired $169.95 

EICO 3080 50 -Watt Silicon 
Solid State Stereo Amplifier. 
Kit $69 95, Wired $109.95 

EICO 3300 Silicon Solid State 
FET AM -FM Stereo Tuner. 
Kit $69.95, Wired $109.95 

NEW SOLID STATE TEST INSTRUMENTS 
The first and only solid state test equipment guaranteed for 5years! 

. ^ ^ 

EICO 240 Solid State FET -TVM. Kit $59.95, Wired $79.95. 
EICO 379 Solid State Sine /Square Wave Generator. 
Kit $69.95, Wired $94.50. 
EICO 242 Solid State FET -TVOM. Kit $69.95, Wired $94.50. 
EICO 150 Solid State Signal Tracer. Kit $49.95, Wired $69.95. 
EICO 330 Solid State RF Signal Generator. 
Kit $59.95, Wired $84.50. 

REE 1970 EICO CATALOG 
Send me FREE catalog describing the full EICO 

line of 200 best buys, and name of nearest dealer. 

Name 

Address 

City State Zip 

EICO Electronic Instrument Co., Inc. C 
283 Malta Street, Brooklyn, N.Y. 11207 E/CO 

COLOR ORGANS 
The now dimension 
to music p easure. 

EICO all electronic solid -state 
Audio -Color Organs transform 
sound waves into moving synchro- 
nized color images. 
MODEL 3450 Giant (30" x 12" x 
1(Y) 4- Channels. Kit $79.95, 
Wired $109.95. 
MODEL 3445 (24" x 12" x 10") 
4- Channels. Kit $64.95, 
Wired $99.95. 
MODEL 3440 (10" x 15" x 16 ") 
3- Channels. Kit $49.95. 
Wired $79.95. Other models to 
choose, from $19.95 and up. 

TRANSLATORS 
The electronics you need to create 
audio -stimulated light displays. 

MODEL 3460 
1 Channel. 
Kit $24.95, 
Wired $39.95. 

MODEL 3465 
3 Channel. 

Kit $39.95, Wired $69.95. 

STROBE LITES 
Burst of white light flash in 
cadence of each beat of audio. 

Model 3470 
Adjustable Rate. 
Kit $29.95, 
Wired $44.95 
Model 3475 
Audio Actuated. 
Kit $39.95, Wired $59.95. 

AUTOMOTIVE 
EICO 889 Solid State 

Capacitive Ignition 
System. 

Boost gas mileage up to 25 %, 
life of poihts, plugs to 100,000 miles; - 

Kit $29.95, Wired, $39.95. 

EICO 888 Solid State 
Universal Engine Analyzer. 

Tunes and troubleshoots 
your car/ boat engine, the 

totally professional way. 
Kit $49.95, Wired $69.95. 



 

cash in on o 
GROWING NEW 

business... 
INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
10 NO LEE OKLA CITY. OKLA. 73102 

r REMRBc 
I 

Microwaive Oven 
!f Serv cing 
I. 

SERVICE 
MICROWAVE 

OVENSThousands of new microwave 'ovens are sold each year for 
commercial or home use. As oven sales continue to climb a brand new 

opportunity opens for those presently engaged in radio and television servicing. It's an 
opportunity to supplement your present income ... or start an entirely new servicing business. 

A majority of the franchised "fast food' eating establishments are using microwave ovens. 
Hundreds of restaurants are discovering the oven that will bake a potato in five minutes, heat 
precooked frozen food in minutes. Homeowners everywhere are becoming aware of the 
electronic oven which cuts cooking time from hours to minutes ... even seconds. Prepare yourself 
now for this new servicing and maintenance business. 

International Crystal Mfg. Co., a pioneer manufacturer of microwave ovens, has information 
regarding this space -age opportunity for skilled technicians. Write today for complete details. 

ADDRESS INQUIRIES TO: 
SERVICING INTERNATIONAL CRYSTAL MFG.CO.,INC.10 North Lee Oklahoma City,Okla.73102 
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