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Technically, 
our new SQ four- channel 
system has 4 basic 
advantages. 

Sony SQ. 
A new stereo /quadraphonic system, delivers four 

distinct sound channels from a compatible SQ record. 
It also offers four distinct advantages over all the 

other four -channel "matrix" systems. 

Advantage #1: 
Greatest stereo separation, front and rear. 
Your present stereo system probably can maintain 

40 db or so of separation between left and right chan- 
nels. Maintaining this full left -to -right separation, in 
both the front and rear pairs of channels, is one of the 
major achievements of the SQ system. 

Advantage #2: 
Simple logic that lets soloists stay soloists. 
When a single instrument is playing, all you want to 

hear is that instrument, even in four -channel. A pure 
matrix decoder -even the matrix at the heart of SQ- 
can't reproduce a solo instrument without a softer, 
phantom soloist in other channels. But by adding a 
logic circuit, these phantom signals can be diminished 
or eliminated, sharpening your sense of the soloist's 
position. 

So far, though, only Sony's SQD -1000 and SQA -200 
decoders have this logic enhancement. Because SQ's 
unique encoding (which shows up on records as a 

double -helical modulation of the groove) makes sim- 
ple logic circuits practical. 

Advantage #3: 
Total omnidirectional fidelity. 

A musician plays no softer when he's behind you 
or to one side. With SQ he doesn't sound as if he did. 
No matter where in the 360° quadraphonic circle the 
musician sits, he will be heard at exactly the same 
volume as if he were sitting in front of you. And that's 
true whether you're listening to the SQ record in four - 
channel or just playing it on a stereo system without 
an SQ decoder. 

Advantage #4: 
Equipment by Sony. 

Sony offers you a choice of two SQ adapters. 
For the more demanding, there's a new SQD -1000 
decoder. Its logic circuit enhances front -back separa- 
tion by up to 6 db, so that front -center soloists (or 
rear ones, for that matter), stand out more clearly. The 
SQD -1000 lets you listen to four -channel sound from 
SQ records, or to discrete four -channel tapes on 
auxiliary players. It also lets you listen to normal 
stereo, or to stereo broadcasts and recordings en- 
hanced with SQ ambience. Just plug the SQD -1000 
into your tape monitor jacks (the SQD -1000 has its 
own), and add your choice of rear -channel amplifier 
and speakers. 

If you want to get into SQ with a more modest 
investment, add Sony's new SQA -200 SQ decoder/ 
amplifier to your system. It has all the SQD- 1000's 
features (except the four -channel master volume 
control). But because the SQA -200 has a stereo 
amplifier built in, it saves you the expense of an extra 
amplifier for your rear channels. 

Hear SQ at your Sony dealer. Or write Sony 
Corporation of America, 47 -47 Van Dam Street, Long 
Island City, N.Y. 11101. 

New SONY SQ 
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Musically, 
it's starting out 
with 52. 

Columbia Records 
Popular 
Lynn Anderson, Rose Garden 
Blood, Sweat and Tears Il 
Johnny Cash at San Quentin 
Chase 
Ray Conniff, Love Story 
Al Cooper, Mike Bloomfield & 

Steve Stills, Supersession 
Miles Davis, Bitches Brew 
Bob Dylan, Nashville Skyline 
Percy Faith, Romeo and Juliet 
Funny Girl, Original Sound Track 
Janis Joplin, Pearl 
Kris Kristofferson, Silver- Tongued Devil and I 
Johnny Mathis, You've Gota Friend 
Jim Nabors, Help Me Make It Through The Night 
No, No, Nanette, Original Cast 
Poco, Deliverin' 
Ray Price, For the Good Times 
Raiders, Indian Reservation 
Santana, Abraxas 
Sly and the Family Stone, Greatest Hits 
Ray Stevens, Greatest Hits 
Barbara Streisand, Stoney End 
Ten Years After, A Space in Time 
Andy Williams, Love Story 
Tammy Wynette, We Sure Can Love Each Other 

Classical 
Bach, Switched -On Bach (Carlos) 
Bernstein, Mass (Bernstein, Original Kennedy 

Center Cast) 
R. Strauss, Also Sprach Zarathustra 

(Bernstein, N.Y. Philharmonic) 
Morton Subotnick, Touch 
Verdi, Requiem (Bernstein, Arroyo, Veasey, Domingo, 

Raimondi, London Symphony) 

Vanguard Records 
Popular 

Joan Baez, Blessed are... 
Larry Coryell, At the Village Gate 

Country Joe and the Fish, 
From Haight -Ashbury 

to Woodstock (2 LP) 
Buffy Sainte- Marie, Moonshot 

Classical 
"P.D.Q. Bach :' 

The Stoned Guest (Schickele) 
Berlioz,Requiem (Abravanel, Utah) 

Handel's Messiah (Price, Minton, Young, Diaz, 
Somary, English Chamber Orch.) 

Handel, Messiah highlights 
Mahler, Symphony No. 3 (Abravanel, Utah) 

Mozart, Divertimenti K287/138 
(Blum, English Chamber Orch). 
Tchaikovsky Symphony No. 4 

(Stokowski, American Symphony) 
Tchaikovsky, Serenade Op. 48; 
Prokofiev, Classical Symphony; 

Arensky, Variations (Somary, 
English Chamber Orch.) 

The Virtuoso Trumpet of Martin Berinbaum 
(Somary, English Chamber Orch). 

Ampex Records 
Popular 

Anita Kerr Singers Grow to Know Me 
Anita Kerr Singers with Royal Philharmonic, 

A Christmas Story 
Bob Hinkle, 011ie Moggus 

Melting Pot, Fire Burn and Cauldron Bubble 
Mason Profit, Last Night I had the Strangest Dream 

Purlie, Original Cast 
Cris Williamson 

Rome Philharmonic, Classical Movie Themes 

our- channel record system 
Circle I on reader service card 
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glow to become 

e 
ensuous 
ßpeakr 

Naturally Every Speaker 
Wants to be Loved. 

But few manage it as well as the 
Quam Model 8C6PAX. A 
jillion of these speakers 
have already been in- 
stalled in factories, offices, 
restaurants, and other 
locations. What's the 
secret of success? It's the 
Sensuous Sound! 

The Quam 8C6PAX 
knows that music often has 
to compete with inherent 
situational sounds. It must 
manage to be audible without being 
obtrusive. It has to have what it takes. 

What Does It Take? 

To be the Sensuous Speaker, you 
have to be well -engineered and 
well- manufactured. 

Do you have a 6 oz. ceramic 
magnet? Get one! And get a dual 
cone, too. A frequency response of 
50- 20,000 Hz. will also help you, 
the way it has the 8C6PAX. 

Fitting In 

Don't try to be too deep. The 
8C6PAX has just the right shallow 
construction. At three inches, it can 

fit almost anywhere. Transformer 
mounting facilities add to its appeal. 

The Easy Way 
Maybe it sounds like too much 
trouble for you to become the Sensuous 
Speaker. 

Especially when Quam has already 
done all the work ... and made all this 
delectable sound available for you. 

Model 8C6PAX. The Sensuous 
Speaker. At your distributor. Now. 

yaw 
QUAM NICHOLS COMPANY 

234 East Marquette Road 
Chicago, Illinois 60637 

(312) 488-5800 
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it can't be beat. . .wethink. see page 32 

SCANNING MONITOR RECEIVERS watch the 
emergency bands automacally, and lock onto 
incoming signals. ... see page 58 

TEST CAPACITORS for leaky or shorted units. 
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looking ahead 

Color video disc 

The full -color version of the 
video disc developed jointly by 
Germany's A.E.G. Telefunken 
and Britain's Decca was 
warmly received in its first 
demonstration at the Berlin 
Radio and Television Exhibi- 
tion. Observers generally 
agreed that the color quality 
was excellent and the picture 
produced was completely sat- 
isfactory for home viewing. 
The video disc's developers 
are now shooting for a market- 
ing date some time in 1973. 
The concept of the disc has 
been changed somewhat since 
a black- and -white version was 
demonstrated in the United 
States in fall 1970. Plans for a 
15- minute disc have been 
scrapped. Instead, the discs 
will have a five -minute playing 
time, with a rapid- change sys- 
tem to permit the playing of up 
to 12 discs consecutively with 
virtually no interruption. 

The discs are about eight 
inches in diameter. The sim- 
plest type of player, targeted at 
about $200 retail, will be slot - 
loaded. The record, in its 
jacket, is pushed into a "mail 
slot," is played, reloaded into 
its jacket and automatically 
ejected. The automatic 
changer, to cost about $400, 
will accommodate discs 
loaded into a special cartridge, 
somewhat similar to a slide 
magazine. It will have two turn- 
tables and two pickups -while 
one disc is playing, the next 
one is being deposited on the 
air -suspension turntable to 
continue the performance with 
only a fraction of a second's 
lapse. 

The video disc uses a sim- 
plified color system based par- 
tially on redundancy of infor- 
mation in the television 
picture. For low- frequency 
sections of the picture (up to 
about 1 MHz), the color is line - 
sequential -one line of red in- 
formation, one of blue and one 
of green, and so on. This infor- 

mation is stored and redistri- 
buted on each line. The 
higher- frequency portions of 
the picture are reproduced 
unaltered. To accommodate 
all of the world's television 
standards, only two versions of 
each disc will be required - 
one for 525 lines, spinning at 
1800 rpm, the other for 625, at 
1500 rpm. The electronics in 
the disc -player will convert the 
color to the system for which it 
is designed -NTSC, PAL or 
SECAM -to be fed into the an- 
tenna terminals of a standard 
color set. 

FCC & videocassettes 

With all the publicity about 
the coming age of the video- 
cassette player /recorder, it 
was inevitable that the FCC 
would get into the act. 
Through its power to control 
interference -causing rf radi- 
ation, the Commission has pro- 
posed establishing a new cate- 
gory of product known as a 
"Class I TV device" -any non - 
broadcast device which pro- 
duces an rf carrier modulated 
by a television signal. Typical 
Class I TV devices would be 
VTR's, cameras and video - 
players which are designed to 
feed a TV signal into the an- 
tenna terminals of a standard 
TV set. CATV systems, cov- 
ered by separate rules, are not 
included. 

The FCC proposed a max- 
imum output voltage of 2000 -µ 
V rms for devices designed to 
feed into a 300 -ohm antenna 
connection on a TV set. In ad- 
dition, it proposed limits for 
spurious radiation from these 
devices. The practical effect of 
the Commission's proposal 
has been a dead halt in legal 
distribution of any devices 
(VTR's, cameras, etc.) de- 
signed to be fed to a TV set's 
antenna terminals. Many of 
these devices have output volt- 
ages of 1V or more. The FCC 
has offered to grant waivers of 
its rules to permit marketing of 

such devices if its laboratory 
finds in tests that they come 
within the proposed limits. At 
press time, the only such de- 
vice which had passed the 
FCC test was the Motorola - 
built EVR cartridge film player. 
Most manufacturers in the VTR 
and videocassette field are ex- 
pected to urge higher limits on 
the grounds that the proposal 
would result in an unsatisfac- 
tory picture. 

The FCC, for its part, wants 
assurance that videoplayers 
won't act as transmitters, feed- 
ing backwards through master 
antenna systems, radiating 
through apartment walls, and 
generally disrupting neighbor- 
hood television reception. The 
practical result of the new pro- 
ceeding will be a temporary 
halt in most plans for video - 
player systems until final and 
official government specifica- 
tions are worked out. 

Rentertainment 

With cable TV seemingly 
on the brink of an explosive 
expansion. television receiver 
manufacturers have been de- 
voting increasing attention to 
the question of just how they fit 
into the cable age (Looking 
Ahead, Radio -Electronics 
Sept. 1971). In the prime CATV 
territory of hilly western Penn- 
sylvania, Philco -Ford is cur- 
rently engaged in a special test 
project which could go nation- 
wide. It's called "Rentertain- 
ment" -which just about de- 
scribes it. The test area is 
Greensburg. Jeanette, Irwin 
and Latrobe, served by a major 
cable system. Philco has 
adapted one of its ruggedized 
hotel -motel color television re- 
ceivers, a 19 -inch table model. 
for cable reception (75 -ohm in- 
put, improved adjacent -chan- 
nel interference rejection) and 
has established a factory -oper- 
ated set leasing operation 
there. The theory apparently is 
that people pay by the month 
for CATV service -why not pay 

by the month for the receiver, 
too? 

In this pilot operation, 
Philco is charging $14.95 
monthly rental for a color re- 
ceiver- available to cable sub- 
scribers only. The customer 
doesn't sign a long -term 
agreement -the TV is removed 
any time he requests it. 
Philco's big lure is service. Its 
ads promise: "Never a service 
charge . . because you rent 
the set and if something goes 
wrong the set is replaced 
quickly -at no charge." The 
service is performed by 
Philco's own technicians. If the 
results of the test are encour- 
aging, Philco plans further 
rental operations in other 
cable -TV areas and eventually 
perhaps a nationwide Renter - 
tainment franchise operation. 

Satellite telecasting 

The first direct satellite -to- 
receiver telecasting is now 
tentatively scheduled to occur 
in mid -1973 in the Rocky 
Mountain area. The ex- 
periment is to be a joint effort 
of NASA and the HEW Depart- 
ment, to transmit educational 
television to 500 community 
receivers in schools, public 
broadcast stations, cable sys- 
tems and other locations. The 
Federation of Rocky Mountain 
States, which is coordinating 
the experiment, notes that 
there is nothing to prevent any 
individual from acquiring a 
parabolic antenna -converter at 
$150 to $200 and picking up 
the direct broadcasts. The 
transmissions will be at 2500 
MHz. After a year's use over 
the Rockies, the satellite is 
scheduled to be moved into 
stationary orbit over India, 
where it will provide direct 
broadcasting of educational 
material to community TV sets 
there. Future plans depend on 
the results of these tests. 

DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 
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The moving pound 
oímovingioun. 

The kind you get from Mallory's new light- 
weight, go everywhere cassette tape recorders. 

They're pushbutton simple. And built to fit in 

with the excitement of living. 
We have three solid -state models in three 

price ranges ... something for everybody. And 

MALLORY 

MCR 1232 
Tctal go- anywhere 
enterta nment. Recorder 
and superb AM /FM radio. 
AFC, pop-up cassette 
ejector built -in antenna. 
In a slim, tough case. 
The music- maker. 

they come with a whisper- sensitive dynamic 
microphone, automatic recording level circuit, 
power -packed Duracell batteries and a full - 
fidelity Duratape& cassette. 

Mallory portable cassette tape recorders .. . 

when you're going places. 

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. R. MALLORY & CO. INC'. 
Hux 155P. Indianalx,liK, Indiana Y0206; Tclephaint: 

NCR 1204 
Slim, neat, fight. Battery 
operated. 3'z" dyramic 
speaker anc dynamic mite 
For kids, teenagers ... 
even Mr. Bisinessman. 

:i17-636-5353 

Batteries Capacitors Controls CRIME ALERTCt DURATAPE® 

MCR 1209 
Great everyvhe- Bat: a -ies or 
AC plug -in. F'usib_tton 
operation. Sirr. easy to tarry, 
pack. Dynamic speaker and 
mike. The perfect gift. 

Recorders Resistors ^ Semiconductors SOItiALERT® Switches Timers 

Circle 3 on reader service card 
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new Gm timely 

Ceramic circuit modules 
RCA Consumer Electronics division in 

Indiana, exhibited its new production facil- 
ity for manufacturing thick -film ceramic 
circuit modules now being used in their 
solid -state TV sets and stereo phono- 
graphs. 

The ceramic circuit modules are hard 
alumina ceramic wafers containing resis- 
tors, capacitors and transistors. Those 

Ceramic circuit module. 

currently in use measure 1.4 x 2" and are 
1/16" thick. They are more rugged and 
durable than vacuum tube circuits, and 
create less heat, a prime cause of failure 
in electronic equipment. Their small size 
gives designers greater flexibility to create 
Enlargement of small circuit modules printed 
on ceramic wafers. 

new product designs. 
At the ceramic circuits plant RCA 

starts from scratch, combining basic raw 
materials to get the desired mix to cast 
alumina substrate sheets from which indi- 
vidual ceramic units are punched out and 
kiln fired. Capacitors and resistors are 
screen printed on the substrate, and dis- 
crete components mounted prior to en- 
capsulation of the entire modules in resin 
epoxy. A computer- directed laser beam 
handles the precise trimming required on 
the printed resistors. 

Robert A. Schieber of RCA states "we 
expect . . . to be producing color TV sets 
in which a major portion of the circuitry 
will be on ceramic modules." The advan- 
tages of the modules permit the circuits to 
be designed to last longer, be more re- 
liable and cost less for power to operate 
over the total production lifetime, ex- 
plained RCA's Barton Kreuzer. He contin- 
ued, "because the modules lend them- 
selves to a high degree of automation 
during manufacture, they are also being 
counted on to hold the line on production 
costs while raising product performance." 

Sensory prosthesis 
The National Institute of Neurological 

Diseases and Stroke, National Institutes of 
Health, has awarded contracts for specific 
experimental studies to determine the 
feasibility of a prosthesis for the blind. It 
has been known for some time that elec- 
trical stimulation of portions of the brain 
concerned with vision can produce sensa- 
tions of light even in blind people. If such 

1111111L- 

stimulation could be derived from an array 
of light sensors or a TV camera, a pros- 
thesis for reading and mobility becomes 
possible. 

To determine the biological feasibility, 
potential electrode materials have been 
implanted in animals. The long -term ef- 
fects of the materials and electrical stimu- 
lation on the brain are being studied as 
well as the stability of the materials. Other 
studies in animals and in humans under- 
going neurosurgical procedures for their 
own benefit include determining the opti- 
mum electrode configuration, the effects 
of changes in the stimulus parameters, 
and the evaluation of various visual areas 
of the brain as potential sites for stimu- 
lation. 

About two years will be needed to 
complete these studies and decide 
whether to proceed with hardware devel- 
opment. 

The results of these studies will also 
be applied to current neurosurgical tech- 
niques, such as brain and spinal cord 
stimulation for relief of intractable pain, 
prevention of epileptic seizures and the 
treatment of certain kinds of psychoses. In 
the future, they may also become useful in 
developing other forms of neural control, 
such as an auditory prosthesis for the deaf 
and direct nervous system control of artifi- 
cial limbs. 

Microwave CATV system 
Laser Link Corporation, in its latest 

presentation to the FCC, has requested 
that broad enough bandwidths be as- 
signed for local distribution of inter -city 
long -haul microwave signals which would 
take full advantage of the company's new 
equipment capabilities. The newly devel- 
oped TV transmission system has already 
been tested and demonstrated in the mil- 
limeter microwave range of 17 -19 GHz 
and 38 -40 GHz which the FCC is consid- 
ering allocating for this type of service. 

The Laser Link system will be used by 
twenty CATV operators. It permits trans- 
mission of up to 18 separate TV channels 
on a single carrier. Using the FCC type ac- 
cepted transmitting equipment the CATV 
operators can now send 12 channels over 
the air simultaneously. 

A single transmitter can send the pro- 
grams to receivers up to twenty miles dis- 
tant without any cable, as well as in 21 dif- 
ferent directions. The system may be 
applied to urban, suburban, or rural areas. 
The delay and expense of digging 

(continued on page 12) 
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exact 
fact 

Service technicians prefer exact 

replacements over "fits -all" ca- 

pacitors because they're easier 

to install, and are less expensive, 

in most cases. 

They perform better, too. 

Here's another fact: It's easy to get 

exact replacements. .. see 

your Sprague distributor. 

THE BROAD -LINE PRODUCER OF ELECTRONIC PARTS 

Circle 4 on reader service card 
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THE MARK OF RELIABILITY 
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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. 

MtNUUtN 
e 

IMITIMIn*6 

.,t ,` 

..._. l ....-- . 
% A 1`, r ----r f 40111&&. 
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NRI FIRSTS make learning Electronics fast and 
fascinating -give you priceless confidence 

FIRST. 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. 

FI R STto 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. 

Plánned 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. 

FI RSTto 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. 

If postcard has been used. mail this coupon 

NATIONAL RADIO INSTITUTE 
Washington, D.C. 20016 3 -121 

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

Name Age 

Address 

City State lip 

Check here tor facts on GI Bill 
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 

1 
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new so t1 meI (continued from page 6 ) 

trenches for cable is eliminated. 
Laser Link's specially designed 

equipment transmits on 12.7 -12.95 GHz. 
The transmitter at the head end and the 
receivers at various points are compact 
and mounted on the antenna itself. 
Through a special patented process, the 
signal need not be "down- converted" to 
video level, reprocessed and then trans- 
mitted to the user. Instead, the signal is 

Laser Link wideband modulator /transmitter 
package mounted directly on the rear of a para- 
bolic antenna. Set up for laboratory demonstra- 
tion purposes, the unit is supported by a 
wooden dolly. 

immediately fed into the cable serving the 
subscribers as it is received at a nearby 
antenna. 

Ira Kamen, president of the corpora- 
tion, believes that, if the FCC decides affir- 
matively, it would be on of the most impor- 
tant actions in the electronics field in 
recent years. 

Dolby FM broadcast 
The first publicly scheduled trans- 

missions encoded by the Dolby noise re- 
duction system were broadcast on Chi- 
cago FM station WFMT. The reduction in 
background noise which the system pro- 
duces at the receiver is said to be com- 
parable to that obtained by increasing 
transmitter power five to ten times. 

These recent field tests involved a 
group of listeners located at various dis- 
tances from the station's transmitter. Their 
receivers were equipped with special 
Dolby System adapters enabling them to 

hear the test broadcasts without the back- 
ground noise which normally affects FM 
reception when the listener is distant from 
the station. The questionnaires returned 
after the field test indicated an enthusias- 
tic acceptance of the idea even on the part 
of listeners who were not equipped with 
Dolby decoders. 

Electronics imports 
The Electronic Industries Association 

recently completed a study showing the 
impact of electronic products imports, es- 
pecially from Japan, on the US market. 
The figures reveal that, in 1970, imports 
accounted for 37% of all TV sets, 63% of 
phonographs, 92% of radios and 96% of 
tape recorders. 

The trade association also discovered 
that 31% of all TV picture tubes, 35% of all 
electron- receiving tubes, 49% of all resis- 
tors, 64% of capacitors, 73% of loud- 
speakers, and 90% of transformers all 
were imported. 

Holocamera 
A lightweight, portable holography 

camera has been developed by scientists 
at Hughes Aircraft Labs, who foresee 
many valuable applications for the device 
in industry, medicine, dentistry, arche- 
ology and teaching. Dr. Donald H. Close, 
who headed the project, shows inner 
workings of the holocamera which he de- 
scribed as the first practical portable de- 
vice for recording holograms. 

(continued on page 14) 
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Find SK replacements fast with 
the new RCA SK Wall Chart 

Solid -State Quick Selection Replacement Chart 
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A brand new expanded, king -size SK 
Quick Selection Wall Chart which shows you 
the correct SK replacement when the device 
to be replaced cannot be identified is now 
available from your local RCA distributor. 

Keying all RCA SK types to applications, 
and showing terminal diagrams and perform- 
ance data charts, this 23" x 35" chart is just 
what you need for fast SK replacement. 

Also available is the new edition of RCA's 
SK Series Top -of- the -Line Replacement Guide 
which shows how only 79 RCA SK devices 
can replace more that 20,000 OEM solid state 
devices on radios, TV's, stereos, tape equip- 
ment and other home entertainment equip- 
ment. 

The new Guide also features 17 industrial 
type SK's that replace devices used in power 
control and switching circuits and other in- 
dustrial applications. 

All RCA SK types are accurately cross -ref- 
erenced with industry types ;n this updated 
Replacement Guide which you can use to ad- 
vantage on every service call. See your local 
RCA distributor for both the SK Quick Selec- 
tion Wall Chart (1L1367) and the SK Re- 
placement Guide (SPG- 202L). They work 
hand in hand to make your replacement job 
faster and easier. 

RCA I Electronic Components !Harrison, N. J. 
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ill ew e t U me' (continued from page 12) 

Baseballs sound off 
Western Electric Telephone Pioneers 

and volunteers are shown here assem- 
bling Audio Ball kits consisting of a regu- 
lation softball with a shockproof signaling 

unit embedded inside it. The ball emits 
high -pitched beeps, enabling blind chil- 
dren to find it. The kits will be sent to other 
chapters of the Telephone Pioneers ex- 
periencing difficulty in obtaining parts. 

a 
new 
PHASE 
in electronics 

The Phase Comparative Analyzer ( PCA) Four 
Trace Pre -Amp is a highly flexible unit used 
ir} conjunction with an ordinary oscilloscope. 
It provides the capability to compare up to four 
separate waveforms at a glance through the use 
of time sharing techniques. The PCA will be 
found useful in checking and testing logic 
circuits, digital systems, audio equipment, and 
television. You will find the Phase Comparative 
Analyzer an invaluable tool in the electronics 
test area. 

Send Today 
for complete information & specifications on 
electronic test equipment - assembled or kits 
functions - quality & low cost. 

hase 

other 

PCA -200 

Factory Assembled 
and Tested 

$164.65 

Kit $129.39 

models available 

our complete line of 
- that feature unique 

315A Boston Avenue, 

Medford, Massachusetts 02155 

Circle 5 on reader service card 
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Too many engineers 
The National Science Foundation, in 

an intensive study, has projected an over- 
supply of between 18,000 and 66,000 sci- 
entists and engineers with doctorates by 
1980. Although only science and engi- 
neering fields were studied in detail, it is 
projected that 'too many' doctoral degree 
holders in the social sciences, in life sci- 
ences, and in mathematics, will also be 
true. 

Apollo 15 in- flight TV camera 
A hand -held Westinghouse color tele- 

vision camera of the type used in previous 
Apollo lunar missions was used again in 
Apollo 15 during the flight to and from the 
moon to capture the space walk. 

The camera is designed and built for 
the vacuum and extreme thermal condi- 
tions found on the moon's surface. It has 
the recently perfected "burnproof" EBS 
(electron bombarded silicon) tube, with a 
silicon diode array target that prevents 
tube damage from high intensity light. 

Ham hears robbers by -play 
A radio ham in London tuned in on a 

bank robbery-the thieves were talking 
among themselves on walkie- talkies. Al- 
though the ham reported his discovery to 
the police, Scotland Yard was unable to 
trace which bank was being robbed until 
nearly 34 hours had passed. Later, the 
Post Office, which operates radio -detector 
vans, criticized Scotland Yard for failure to 
ask for help until after the robbers' trans- 
missions had stopped. An estimated 
$1,235,000 or more in jewelry and other 
valuables was missing from the raided 
safe deposit boxes. 

The ham taped the entire dialog and 
gave it to the police. R -E 
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Put More "GO POWER" into Your Electronics Career 

NICP7 h 
from Technician to 

by studying at home with 

GRANTHAM SCHOOL OF 
E N G I N E E R I N G 
"the college that comes to you" 

The GRANTHAM educational program 

Orantfjam Scfjoo[ of Ungineering 
has eonterreb on 

joltn Ooe 

Inc Degree of 

{ 
RSSociate in nene in Qettronito angineering 

a a n, .d.. m..v..+.k..... w....0 ..... w.+m w.. 
`Ir .W. M .v. rn 4 11.H.. Lamer.. .e. .a...ru.. H. 

wv.H,.rHx le 68 -- ,.a. 

Earn a DEGREE in Electronics Engineering 

in ELECTRONICS ENGINEERING is designed to 

upgrade electronics technicians to the engineering level, mostly by home study. 

While you continue your present employment, you can 
really learn electronics engineering and earn an 
ACCREDITED DEGREE. You can upgrade your income 
and prestige by upgrading your electronics education at 
the college level. 

GRANTHAM'S strong- foundation educational pro- 
gram in electronics engineering is designed especial :y 
for the working technician. This program, offered mostly 
by home -study, leads to non -obsolescent skills -to skills 
based on reasoning -and leads to the DEGREE of Asso- 
ciate in Science in Electronics Engineering (the ASEE 
Degree). 

This accredited degree program consists of four cor- 
respondence courses of 100 lessons each -an overall total 
of 400 lessons - followed by a two -week graduation sem- 
inar held at the School. Upon completion of the four cor- 
respondence courses, you are awarded a diploma in 
Electronic Engineering. Then, upon completion of the 
two -week graduation seminar, you are awarded the 
ASEE Degree. 

Accreditation and G.I. Bill Approval 

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

Grantham School of Engineering 

el/0 
Established in 1951 

z á 1 505 N. Western Ave. 
NHSC 

a 

'8 _1 
7 i 

iiDME ST°9 

Hollywood, Calif. 90027 

Telephone: 
(213) 469 -7878 

Circle 6 on 

What's in Your Future - 
The Same Old Job, or Success in Engineering? 

Where will you be five years from today ? Are you headed 
for real advancement in electronics, or in a rut ? The expe- 
rience you have as a technician is valuable ; 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 such allied subjects as math- 
ematics, physics, computers, and engineering design. 

The Grantham educational program in electronics engi- 
neering is not for beginners. Every point is explained 
just as carefully as if you were a beginner, but the impor- 
tant difference is that while the beginner would need ex- 
tensive laboratory training, you (as an experienced tech- 
nician working with modern equipment) do not require 
such training and should not waste your time doing the 
same laboratory experiments that beginners must per- 
form. This program in engineering is designed, written, 
and taught for and to experienced technicians, and be- 
ginners are not accepted for enrollment. 

Mail the coupon below for our free Bulletin 

r 
Grantham School of Engineering RE -12 -77 

1505 N. Western Ave., Hollywood, Calif. 90027 
Gentlemen: 
Please send me your free Bulletin which gives com- 
plete details on the Grantham educational program 
leading to the Associate Degree in Electronics Engi- 
neering. I understand no salesman will call. 

Name 

Address 

City State Zip 

I have been in electronics for_ 
reader service card 
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Have power 
will travel 

If you're working on mobile equipment for 
roadway, seaway or skyway, Triad has the 
right transistor power supply transformer for 
you. 

For example, if you're after high power, 
you'll want to take a hard look at Triad's 
TY -85. This sturdy, epoxy -molded toroidal 
unit works from a 12 -volt source and puts out 
350 DC milliamps at 600 DC volts from a 
full -wave bridge rectifier. Peripheral termi- 
nals and single mounting hole simplify 
installation, facilitate stacking. 

The TY -85 is only one of a complete line 
of epoxy -molded toroidal transformers for 
use with 6, 12 and 28 -volt battery- driven 
transistor inverters. The feedback winding 
is split on most of these units, allowing 
operation in either common emitter or 
grounded collector circuits. 

Triad also makes and stocks DC to AC 
and DC to AC open style, ferrite core trans- 
formers, and DC to AC vertical -shielded 
types. Write for information: Triad -Utrad 
Distributor Division, 305 N. Briant St., 
Huntington, Ind. 46750. 

rAIA 
triad-Ulrad DisiribUlor 

A DIVISION Of lliiON INDUSTRIES ® 
Circle 7 on reader service card 
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appliance clinic 

WE HEAR A LOT ABOUT SAFETY AND 
"Consumerism" these days. This is 
nothing new! This is just the same old 
"Customer Relations" that we've all 
worked on so hard for the past many 
years. They're just making more noise 
about it lately. Safety, of course, is what 
those of us who are still here have been 
observing all along! However, they have 
come up with some new ideas, and 
some of them are pretty darn good; es- 
pecially those that really protect the 
"consumer" spelled Customer, who 
pays us! 

A great many appliances have 
metal cases, trim, and so on. So, it is, 
easy to see that a short or leakage from 
the ac line to the case could do one of 
two things -make the whole case hot to 
any grounded object, or ground it. A 
50 -50 chance, depending on where the 

SIDE VIEW 

AC LINE FLAT GROUND 

\ / 
PLUG 

GROUND 
HOLES 

OUTLET / \ 
short is and how the thing is plugged in. 
These aren't nearly good enough odds 
for the protection of our customers! 
Since "any grounded object" includes 
such things as sink faucets and even ce- 
ment floors when they're a little damp, 
we've got a very dangerous situation. 
So, let's do something about it. 

They're starting to use a new sys- 
tem which will give us positive protec- 
tion against internal electrical leakages 
and shorts. This is the "Third Wire," 
with a three -wire line cord, and a sepa- 
rate pin on the plug which does nothing 
but ground the case of the appliance. 
The diagram shows one of these; you've 
all seen them by now. 

1971 

Let's look at some figures that will 
shock you (and perhaps keep some of 
your customers from a different kind). 
Even a very minute leakage from a hot 
wire inside an appliance, to the metal 
case, can cause a shock hazard. Do you 
know how much current it takes to kill? 
Ten milliamperes! This figure comes 
from an authoritative article in the June 
1971 issue of IEEE Spectrum, by Mr. 
Ralph H. Lee, a Fellow of IEEE and a 
member of the National Electrical 
Safety Code Grounding Committee. Its 
title is "Electrical Safety in Industrial 
Plants." Well worth reading, and in 
some cases, frightening. 

Think of that figure for a little 
longer. Ten mills! A No. 47 pilot light 
draws fifteen times that much current! 
We all touch hot wires at regular inter- 
vals. We jump and sometimes use re- 
grettable language, but remember, we 
are professionals. We automatically 
keep that one hand clear, etc. If we 
don't, we're apt to be ex- professionals 
and maybe ex- people. The housewife 
who is using these appliances isn't a 
professional. She is almost certain to 
touch an appliance with one hand and a 
faucet with the other. To make it worse, 
her hands are very apt to be damp! 

This is the best possible condition 
for a severe shock. Damp skin has very 
low resistance. Also, the "circuit" is the 
most dangerous one you can find; up 
one arm, across the chest (and through 
the heart) and down the other arm. Ten 
milliamperes is the paralysis threshold. 
If the victim's hands happen to be 
closed around the object, she can't let 
go. Her muscles contract, and she grips 
the thing more tightly (reducing the re- 
sistance even more!) At 30 mA, the 
breathing -control centers are paralyzed 
and that's it. Fibrillation of the heart 
sets in, and this is the worst cause of 
death from shock. 

So it's up to us, as professional 
workers in either electronics or elec- 
trical wiring, to make sure that these 
safety devices are safe and properly 
connected. They should be checked ev- 
ery time anything electrical is serviced. 
This doesn't take long. A quick ohmme- 
ter check between the third pin of the 
plug and the case, which should show 
zero ohms, and a check from both of 
the line pins to the case, which should 
show infinity. 

For an even more definite check, 
(continued on page 81) 
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letters 

Reader Improves 
Photographer's Test Meter 

Marshall Lincoln's "Pho- 
tographer's Test Meter" article in the 
October 1971 issue of Radio -Electronics 
looks like a handy instrument. Might I 

suggest some slight changes to enhance 
the device? 

The schematic shows that only one 
1500 -ohm resistor is necessary. Add an 
820 -ohm resistor in the ohms circuit to 
limit the maximum meter current to less 
than 2 mA when the ohms zero pot is at 
minimum. Change the pot to a value of 
1000 ohms. This will allow ample zero 
range when the battery voltage is 1.0 to 
1.5 volts. 

If the meter movement is of good 
quality, and the user inclined to be 
somewhat absentminded (!), add meter 
protection diodes and perhaps even a 

fuse. 
I enjoy reading your magazine a 

great deal and hope you will keep up 
the excellent quality of your articles and 
projects. 
GEORGE D. EASTMAN 
Aloha, Oregon 

Extra Protection For 
Photographer's Test Meter 
When I studied the circuit diagram 

for the Photographer's Test Meter in the 
October 1971 issue of Radio -Elec- 
tronics, I saw that position six of the 
switch would consist of a closed loop 
(meter MI, pot R7 and the 1.5 -volt bat- 
tery) which could burn out the meter if 
the potentiometer was set at too low re- 
sistance. 

MI 

If you add a resistor of about 1000 
ohms between the potentiometer and 
battery as in my diagram you would 
prevent meter burnout. 

I hope this helps some of your 
readers when they build the project. 
ARTHUR A. AALTO 
Concord, Mass. 

r Be Safe with DeltAlert 
The Proven Crimestopper 

Everyone knows crime is increasing steadily. In fact, statistics show that one out of 
every six homes will be victimized this year. What can you do about it? The DeltAlert 
Ultrasonic Burglar Detection & Alarm System was developed to help protect you 
and your family. DeltAlert effectively monitors and blan <ets up to 300 sq. ft. of 
space, utilizing the sonar principle to pick up even the slightest rrotion. When 
DeltAlert is activated, horn and lights automatically begin operating. The loud ear - 
shattering blasts of the high intensity horn, coupled with light drives away even the 
boldest intruder. At home 
or work, protection 
begins with the 
DeltAlert Alarm and 
Detection System. 
It's maintenance 
free, and to 
install you 
simply plug 
It in. Order 
yours today, 
and start 
enjoying the 
feeling that 
comes with 
DeltAlert 
protection. 

$69.95 

_..-., 
$24.95 

i. . 

Here Are 8 Reasons to Put 
the Marty Ten B On Your Car 
The Mark Ten B CD System with exclusive VARI SPARK, Circuitry will give you 
these substantial dollar saving advantages: 1) Eliminate 3 out o' 4 tune -ups; 
2) Improve combustion, reduce contaminants; 3) Install in ten minu-es; 4) Instant 

start in all weather; 5) Dramatic increase in performance; 
6) Handy switch with redundant contac_s for instant 

return to standard ignition; 7) Twc -piece hous- 
ing with neoprene seals tiovides total 

dust and moisture 
protection; 8) Use 

or ANY 12 -volt, 
nec ative-g round 

engine. Put the 
Mark Ten B on 
your car today. 

It will pay for 
itself in dollars saved. 

Superior Products 
At Sensible Prices 

Mark Ten B 
ppd (12v neg only) Only $59.95 

Standard MarF Ten $44.95 ppd' 

MI MI IIIN MI MI 
Please send me literature immediately. Enclosed is $ Ship ppd. C.O.D. 

Please send DeltAlert(s) @ $69.95 ppd. 
_DeltaHorn(s) @ $24.95 ppd. 
_Mark Ten B @ $59.95 ppd. 

_Standard Mark Ten (Assembled) @ $44.95 ppd. 

_6 Volt: Neg. Ground Only _ Positive Ground 

__12 Volt: Specify Negative Ground 

Standard Mark Ten (Deltakit) @ $29.95 ppd. 
(12 Volt Positive Or Negative Ground Only) 

Car Year Make 

A Name 

Address 

II City /State. _ __ -__ -- - - - -- __ Zip 

'P.O. Box 1147, Grand Junction, Colorado 81501, (303) 242 -9000 

Jim 

1 

DELTA 
PRODUCTS, INC. if - III IN - IN 

Circle 8 on reader service card 
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Join "THE TROUBLESHOOTERS" 
They get paid top salaries 

for keeping today's 
electronic world running 

Suddenly the whole world is 
going electronic! And behind the 

microwave towers, push -button 
phones, computers, mobile radio, 

television equipment, guided 
missiles, etc., stand 

THE TROUBLESHOOTERS 
-the men needed to inspect, 

install, and service these 
modern miracles. They enjoy 
their work, and get well paid 

for it. Here's how you can 
join their privileged ranks - 

without having to quit your job 
or go to college in order 

to get the necessary training. 

. 
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JUST THINK how much in demand you would be if you 
could prevent a TV station from going off the air by 

repairing a transmitter ...keep a whole assembly line 
moving by fixing automated production controls ...pre- 
vent a bank, an airline, or your government from making 
serious mistakes by servicing a computer. 

Today, whole industries depend on Electronics. When 
breakdowns or emergencies occur, someone has got to 
move in, take over, and keep things running. That calls 
for one of a new breed of technicians -The Trouble- 
shooters. 

Because they prevent expensive mistakes or delays, 
they get top pay -and a title to match. At Xerox and 
Philco, they're called Technical Representatives. At IBM 
they're Customer Engineers. In radio or TV, they're the 
Broadcast Engineers. 

What do you need to break into the ranks of The 
Troubleshooters? You might think you need a college 
degree, but you don't. What you need is know -how -the 
kind a good TV service technician has -only lots more. 

Think With Your Head, Not Your Hands 

As one of The Troubleshooters, you'll have to be ready 
to tackle a wide variety of electronic problems. You may 
not be able to dismantle what you're working on -you 
must be able to take it apart "in your head." You'll have 
to know enough Electronics to understand the engineer- 
ing specs, read the wiring diagrams, and calculate how 
the circuits should test at any given point. 

Learning all this can be much simpler than you think. 
In fact, you can master it without setting foot in a class - 
room...and without giving up your job! 

For over 30 years, the Cleveland Institute of Electron- 
ics has specialized in teaching Electronics at home. We've 
developed special techniques that make learning easy, 
even if you've had trouble studying before. Our AUTO - 

PROGRAMMED® lessons build your knowledge as easily 
and solidly as you'd build a brick wall -one brick at a 
time. And our instruction is personal. Your teacher not 
only grades your work, he analyzes it to make sure you 
are thinking correctly. And he returns it the same day 
received, while everything is fresh in your mind. 

Always Up -To -Date 

To keep up with the latest developments, our courses 
are constantly being revised. This year CIE students are 

NE 
WCOLLEGE 

-LEVEL 
COURSE IN 

ELECTRONICS 
ENGINEERING 
for men with prior experience 
in Electronics. Covers steady - 

state and transient network 
theory, solid state physics 
and circuitry pulse tech- 
niques, computer logic and 
mathematics through calcu- 
lus. A college -level course for 
men already working in Elec- 
tronics. 

getting new lessons in Laser Theory and Application, 
Microminiaturization, Single Sideband Techniques, Pulse 
Theory and Application, and Boolean Algebra. 

In addition, there is complete material on the latest 
troubleshooting techniques including Tandem System, 
Localizing through Bracketing, Equal Likelihood and 
Half-Split Division, and In- circuit Transistor Checking. 
There are special lessons on servicing two -way mobile 
radio equipment, a lucrative field in which many of our 
students have set up their own businesses. 

Your FCC License -or Your Money Back! 

Two -way mobile work and many other types of trouble- 
shooting call for a Government FCC License, and our 
training is designed to get it for you. But even if your 
work doesn't require a license, it's a good idea to get one. 
Your FCC License will be accepted anywhere as proof 
of good electronics training. 

And no wonder. The licensing exam is so tough that 
two out of three non -CIE men who take it fail. But our 
training is so effective that 9 out of 10 CIE graduates 
pass. That's why we can offer this famous warranty with 
confidence: If you complete a license preparation course, 
you get your FCC License -or your money back. 

Mail Card for 2 Free Books 

Want to know more? Send for our 44 -page catalog de- 
scribing our courses and the latest opportunities in Elec- 
tronics. We'll send a special book on how to get a 
Government FCC License. Both are free -just mail the 
bound -in postpaid card. If card is missing, use coupon 
below. 

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 card or coupon for G.I. 
Bill information. 

C I E Cleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland, Ohio 44114 

r 

L 

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

Please send me without cost or obligation: 
1. Your 44 -page book "How to Succeed in Electronics" describing 
the job opportunities in Electronics today, and how your courses can 
prepare me for them. 

2. Your book on "How To Get A Commercial FCC License." 

I am especially interested in 

Electronics Broadcast First Class 
Technology Engineering FCC License 

Electronic Industrial Electronics 
Communications Electronics Engineering 

Name 
/PLEASE PRINT) 

Address 

City State 7i0 

Check here for G. I. Bill information. RE-97 
J 

Circle 9 on reader service card 
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Model 87. Compact, inexpensive, yet 
highly reliable two speed, two motor 
open reel tape transport ideally suited 
for most manual recording /playback ap- 
plications. Interlocked tape motion and 
record controls, pause and cue controls. 
Monaural or stereo head configurations. 
Available also three motor, electrically 
controlled series 230 tape transports. 

Broadcast quality transports for all NAB 
type endless loop tape cartridges. Three 
models - manual, semi -automatic or 
automatic for broadcast, industrial or 
commercial applications. Single or dual 
speed, in monaural or stereo head con - 
figurations. 

Matching electronics for above. RP 84, 
professional solid state, monaural re- 
cord and playback preamplifier for tape 
transports with two or three heads. 
Selectable equalization from 1 -7/8 to 
15 ips. A -B monitor switch. Mixing of 
line and mike inputs. Bias synch provi- 
sion for multi -channel applications. 
Phone jack, VU meter, record light. 
30- 18,000 Hz ± 3dB at 7.5 ips. Also 
model PB -10 playback preamplifier and 
model PA94F, 8 watt playback ampli- 
fier. 

/For free catalog and price information 
write 

PRODUCTS OF SOUND RESEARCH 

TELEX® 
COMMUNICATIONS OIVISION 

9600 ALDRICH AVENUE SOUTH 

MINNEAPOLIS, MINNESOTA 55420 

Circle If) on reader servire card 

4- CHANNEL STEREO 
another new system 
Synthesized sound turns two stereo 

channels into 4- channel surround sound 

ONE OF THE NEWEST 4- CHANNEL SYS- 

tems to come down the pike is the Iras 
Multisonic. This, like most of the exist- 
ing 4- channel systems is a synthesizer; it 
is not a discrete 4- channel playback sys- 
tem. However, it most definitely deliv- 
ers a pleasing 4- channel effect from just 
about all 2- channel material. 

Fig. 1 shows the basic wiring of the 
Iras Multisonic Converter. You will 
note how the sound fed to the converter 
from one channel amplifier of a stereo 
is divided into three separate elements. 

The HIGH and LOW speakers are 
placed in one enclosure and have a fre- 
quency crossover at about 1500 Hz. The 
BALANCE speaker goes in the diagonally 
opposite corner of the room and should 
be a midrange unit that will avoid ex- 
cessive bass emphasis. The balance con- 
trol permits shifting the apparent posi- 
tions of the BALANCE speaker with re- 
spect to the other speakers. 

LI/L2 

INPUT 
FROM 
STEREO 
CHANNEL 

The complete Iras converter in- 
cludes two identical channels like the 
one in Fig. 1. They are connected as in 
Fig. 2. If phase reversal is considered 
desirable, it can be easily added by con- 
necting a reversing switch across the 
stereo amplifier output. 

According to Mr. Ira, "the listener 
should make no effort to balance the 
output from the stereo amplifiers. In 
fact, the system should be operated in 
an unbalanced condition to give the 
predominant bass emphasis to the low - 
frequency speaker located in the left 
front corner of the room (see Fig. 3)." 

Mr. Ira further states "It is important 
to remember that my system may vio- 
late all or most of the widely accepted 
rules of speaker positioning and phas- 
ing, interconnection and balance. We 
are trying to avoid the sound- coming- 
out -of -a- hole -in- the -box effect of the 
normal stereo system. The sounds made 
by musical instruments do not normally 
come out of a hole on a box." R -E 

FIG. 1- (left) WIRING OF ONE CHANNEL of 
converter. Two similar channels are built into 
the unit. 
FIG. 2- (below) HOW THE CONVERTER is 
wired to the speakers In the room. 
FIG. 3- (bottom) LISTENING ROOM setup 
when using Iras system. 

FRONT 

LOW 

STEREO- 
CHANNEL I- 

HIGH 

BALANCE 

BALANCE 

HIGH 

MULTISONIC 
CONVERTER 

STEREO - 
CHANNEL.2- 

LOW 

REAR 

FRONT 
L B i 

H 

LOW 
FREQUENCY SPEAKER 

TO YOUR LEFT. HIGH AND BALANCE TO 
THE RIGHT. POSITION SPEAKERS 

DIAGONALLY. 

BEST LISTENING AREA... 
FACE THE FRONT OF THE ROOM 

REAR -4 
L -LOW FREQUENCY "WOOFER" 
H -HIGH FREQUENCY TWEETER 
B- MIDDLE RANGE BALANCE 
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SYMPTOM 
no color 

No -color is a common complaint from TV set owners. 

There are several symptoms and a great many causes 

Here are stories of a few such cases. 

THE UNFORTUNATE CHARACTERISTIC 
of a symptom of no color is the trouble 
could be hidden anywhere in the color 
pathway from the antenna head to the 
output of the color amplifiers. This in- 
cludes the antenna system, tuner, i.f. 
strip, video detector, burst amplifier, 
3.58 -MHz area and the bandpass ampli- 
fier. The first step with this trouble is an 
analysis and test to boil down the actual 
circuit area. 

This can be a lot easier said than 
done. The antenna and tuner can give 
similar indications and fool you into 
thinking one is bad while the other is 

really the culprit. The i.f.- detector area 
is fraught with inconsistencies and can 
produce false clues. The color oscillator 
can be defective in varying degrees 
making the trouble hard to pinpoint. 
The bandpass amplifier can show per- 
fect voltages yet still be not working. 

I'll tell you about some recent no 
color jobs I had to show you what I 

mean. 

Case of the crazy fine tuner 
For some reason complications al- 

ways occur during deliveries of large 
jobs to cranky people. This case was no 
exception. The TV was a 23 -inch color 
Magnavox with a new picture tube. As I 

checked it out with the customer 
breathing heavily over my shoulder I 

noticed the fine tuner was misadjusted 
on channel seven. I pressed it in and ad- 
justed it for best color. Then let the fine 
tuner's spring push it out into place. As 
the knob snapped forward the color dis- 

by ART MARGOLIS 

appeared. An excellent black and white 
picture remained. 

I checked the other channels. They 
were displaying color fine. I switched 
back to seven. While I held the channel 
selector in, color was perfect. As soon as 
I let it out the color disappeared. 

I tried a bunch of different settings 
to no avail. Color would not appear on 
seven unless the fine tuning knob was 
held in. The customer said, "I would 
think with a new picture tube you'd get 
color on all the stations." 

I asked, "Was it this way before ?" 
"Of course, but with the new pic- 

ture tube I would think you'd have it 
perfect." 

I shrugged, disconnected the an- 
tenna wire and pulled the TV away 
from the wall. Then I took off the back 
of the TV and pulled the tuner. I looked 
over the fine tuning mechanism care- 
fully. It seemed fine. I lubed all the 
moving parts and tightened all the con- 
tacts especially the channel seven strip. 
Then with the tuner still out I turned on 
the TV again. I put my finger on the an- 
tenna terminals and a colorful channel 
seven appeared.. Good. 

I reinstalled the tuner, pushed the 
TV back against the wall and reattached 
the antenna. Then I turned on the TV. 

The customer said, "That didn't 
help, there is still no color on seven." I 

looked, she was right. 
I thought, wait a minute and dis- 

connected the antenna. I placed my fin- 
ger on the terminals. The customer said, 
"That's it, now you have color." 

The trouble was in the antenna! 

The fine tuning phenomena was a false 
lead. Evidently my hand was acting as 
an antenna when I held the fine- tuning 
knob in. 

I looked over the antenna. It was a 
72 -ohm coax installation with a little 
72- to 300 -ohm matching transformer 
for termination. I removed the imped- 
ance- matcher and attached the coax 
directly. All three channels including 
seven came in perfectly! Evidently the 
transformer had narrow bandpass char- 
acteristics, enough to attenuate channel 
seven's color subcarrier. 

The TV is in a prime signal area so 
the mismatch of the coax to the tuner is 

inconsequential. The customer said. "I 
knew a new color picture tube should 
make the TV perfect." 

The confusing sound caper 
A do -it- your -selfer was in the shop 

one morning and said to me, "Do you 
remember me ?" I nodded. He had been 
in the previous day, had tested some 
tubes and bought a few. 

He continued, "I had no sound on 
my color set. I checked the sound tubes 
and bought some new ones. Sure 
enough the sound came back but now I 

have no color." 
I asked, "Do you want to test the 

color tubes ?" 
He answered plaintively, "No, 

that's over my head, would you come 
out ?" 

I took his name and other vital sta- 
tistics. 

That afternoon I arrived at his 
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house. He had an RCA 23 -inch color. 
There was no real color but the skies 
had a tinge of blue to them and the per- 
formers had a slight flesh tone. Also 
there was considerable 920 -KHz beat in 
the scenes. 

I turned to an unused channel and 
began manipulating the color killer. 
Color snow appeared in force. That 
meant the color circuits were cleared as 
the trouble maker. If there had been no 
color snow. just black and white snow. I 
would have known the trouble was in 
the color areas. 

This way I knew I had an antenna - 
rf-i.f. search to conduct. 

I took my color bar generator and 
attached it directly to the antenna ter- 
minals. At 100 percent modulation the 
bars appeared on the picture tube face 
all washed out instead of vivid. This 
cleared the antenna system. 

Then I inspected the TV picture 
closely. There was no trace of snow with 
the generator on. That cleared the 
tuner. If there is snow the tuner is usu- 
ally at fault. When there is no snow at 
this point the i.f. strip becomes the main 
suspect. 

I felt the lit if. tubes. They were all 
hot and evidently drawing plate current, 
not lukewarm with only heater current 
going through them. As a "make sure" 
test though I replaced the if. tubes one 
at a time. but there was no change. I left 
the third if. tube in though because tap- 
ping it revealed loose elements. 

I turned on the audio note on my 
generator. The washed out color bars 
filled up with a 920 -KHz beat. The do- 
it- your -selfer was watching me and 
nodding approval. 

I figured since there is so much 
920 -KHz in the picture it wouldn't hurt 
to touch up the sound reject and 41.25 - 
MHz sound carrier trap. I took out my 
diddle stick and rocked the 41.25 -MHz 
sound carrier trap. It seemed to be set 
fine and didn't reduce the appearance 
of 920 -KHz at all. 

Then I reached for my tiny screw- 
driver and made a pass at the miniature 
sound reject pot mounted near the third 
i. f. 

He said, "Hold on, what are you 
doing ?" 

"Adjusting the sound reject pot." 
"But the sound is perfect!" 
"Of course, it has nothing to do 

with the audio circuits. It is there strictly 
to suppress the sound carrier from get- 
ting into the video." I pointed at the 
herringbone 920 -KHz pattern on the 
screen. "This 41.25 -MHz trap is also 
there for the same reason." 

He groaned. I adjusted the pot. the 
920 KHz disappeared and the colors 
hove into view as vivid and as beautiful 
as you please. 

He said, "I thought that was a buzz 
control and turned it for what I thought 
was minimum buzz." 

The hidden barber pole 
There is a large 21 -inch Muntz 

color TV in the barber shop I frequent. 
Last time I went for a haircut, Ralph 
said to me, "Art, guess what ?" 

!ANTENNA 

TUNER 

RF MIXER 
OSC 

I.F. STRIP 

-1.1ISTI2NDI3RDF- 

VIDEO 
DET 

H 
___1 COLOR fl I.F. 

COLOR 
KILLER 

HVIDEO OUTPUT 

DEMODULATORS - COLOR 
INTENSITY 

PHASE 
DET 

TINT 

3.58 MHz 
OSC 

REACTANCE 

FIG. 1 -NO COLOR CAN BE CAUSED by prob 
lems anywhere from the antenna to the demo 
dulator input. 

72S1 
COAX 

72Sí -300Sì 
MATCHING 

TRANSFORMER 

FIG. 2- ANTENNA MATCHING TRANS- 
FORMER can be tuned so sharply, that it will 
exclude color. 

6EJ7 
3 RD PIX 

I. F. 

TO 

F- AUDIO 

I.5pF DET 

TO 
VIDEO 

DET 

1 56O pF 

470Só 

8+ 
-J 
750 St 
SOUND 
REJECT 

FIG. 3- MISADJUSTED SOUND REJECT poten- 
tiometer can kill color as well as cause 920 -kHz 
on the screen. 

I answered, "I'd never guess." 
He said. "You're right again, the 

TV needs fixing." 
"What's the problem ?" 
"There's no color." 
"All right, if you don't scalp me too 

bad I'll look at it." 
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I could feel a couple of stray hairs 
scratching my neck as I bent behind the 
TV. There was no problem seeing the 
screen in all the mirrors. There was no 
color at all. I adjusted the color killer. 
There was no color to the picture till, 
oops. I saw some color whirl by. There 
was a bit of color but it was way out of 
color sync. That told me immediately 
the antenna, rf, if. and bandpass ampli- 
fier were good. The trouble was in the 
color sync area, which included the 
burst amplifier, 3.58 -MHz oscillator, re- 
actance circuit, and color phase detec- 
tor. 

There were at least ten sets of rain- 
bows from top to bottom of the screen. 
That meant a high frequency error. My 
first step was to see if the oscillator 
could run at its prescribed 3.58 -MHz. 

I took my clip lead with the alliga- 
tor clips on it and shorted the reactance 
control grid to ground at the test point 
sticking up from the printed circuit 
board. Then I took my diddle stick and 
began adjusting the plate coil of the re- 
actance tube. 

I kept on tuning. The colors on the 
screen shifted a bit more or less but 
turning the coil many turns brought me 
no closer to zero beat. 

That meant the oscillator circuit 
was the troublemaker. I took out a 3.58 - 
MHz crystal and went to work. In about 
ten minutes I had a new crystal in- 
stalled. 

I was in luck. The frequency really 
shifted in the zero -beat direction. I ad- 
justed the plate coil again and the colors 
fell into place and then moved ever so 
slightly. 

I removed the jumper short and the 
colors locked in solidly. The picture was 
beautiful. 

Ralph said, "Do you know what 
those moving colors remind me of?" 

I said, "You tell me." 
He said. "It looked like a barber 

pole." 
I laughed, "Well. how about that ?" 

True case of no color 
A customer took advantage of our 

BRING IN service by carrying in a 21- 
inch color Motorola table model. I put 
it on the bench and began checking it 
out. 

The symptom was no color. I ad- 
justed the color killer on an unused 
channel and there was no color snow, 
just black and white snow. That meant 
the trouble was in the color circuits. 
Since there was no barber pole effect on 
the TV programming, the trouble was 
probably not in the color sync circuits. 
Since there was a good monochrome 
picture the trouble was not in the color 
demodulator or difference amplifiers. If 
it had been there, the condition would 
have been incorrect colors. 

I settled down in the bandpass am- 
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plifiers or as they are called in this TV. 
the color i.f.'s. 

My first step was a quick check of 
the dc operating voltages. The plate. 
screen, cathode and control grid of the 
2nd color i.f. all read exactly what the 
schematic called for, for a black and 
white picture. The control grid had a 

cutoff voltage of minus IO as it should 

FROM 
PHASE DETECTOR 

TEST 
POINT 
o 

I 

SHORT 
OUT 
HERE I 

REACTANCE T 
3.58 MHz 

OSC 

TUNE 
cx HERE 

TILL = 
COLORS 
"FLOAT BY" 

= B+ 

FIG. 4 -QUICK WAY TO CHECK color os- 
cillator frequency is to short the reactance in- 
put and tune reactance plate coil. 

be. with the corresponding high plate 
and screen voltages. 

I touched down on the first color 
i.f. The plate. cathode and control grid 
of the triode section of the 6DX8 tube 
all read correctly. No quick check clues 
anywhere to be found. 

I took my color bar generator and 
attached it to the antenna terminals. 
and turned on bars with about 100 per- 
cent modulation. Then I turned on my 

FROM 
CATHODE 

I ST COLOR 
I.F 

15K 

PEAKING 
COIL 

56OpF 

1 

COLOR 
INTENSITY 

TO 
COLOR 

DEMODULATOR 

1/2 6DX8 
2ND COLOR 

I.F. 

120K 

COLOR 
KILLER 

loon .05 

FIG. 5 -OPEN SERIES PEAKING COIL killed 
the color in this Motorola color chassis. 

wide -band §cope. attached a low -ca- 
pacitance probe and began to take pic- 
tures. 

The cathode of the first color i.f. 
showed about 12 volts peak -to -peak for 
the color spikes on the horizontal sweep 
rate. 1 crossed over an RC network in 
the cathode and the same good picture 
appeared. Then 1 crossed over a peak- 
ing coil into one end of the color in- 
tensity control and all was still good. 
Next I tried the center tap of theycon- 
trol. The picture attenuated down to 
about 3 volts peak -to -peak. but it was 

still pure color spikes and exactly what 
the schematic called for. 

I crossed over another peaking coil 
and what do you know? The scope pic- 
ture disappeared into a straight line. 

1 read the peaking coil resistance in 
circuit. Instead of 1.4 ohms, it was open! 
As a make sure check I shorted the 
peaking coil. A beautiful picture in 
color came on. 

1 didn't have the exact replacement 
so I took a 1- megohm resistor and 
wound a few turns of fine wire onto it 
till it read about one and a half ohms. 
Then 1 installed it. 

The customer paid me and left the 
shop with his bring -in job. R -E 

High -Impedance Voltmeter 
Figure I shows how an FET oper- 

ational amplifier can be used for con- 
struction of a voltmeter with an input 
impedance in the order of 500.000 
megohms. The unit can be used for in- 
sulation measurements. for testing of 
capacitor leakage. testing of purity of 
distilled water. etc. 
Resistance measurements in 1-500- 
megohm range: Given the circuit shown 
in Figure 2 

I:\ I: II -d il. 

where d = ratio of measured voltage 
with R, inserted and R, shorted. R. is 

the resistor selected with switch SI (100 
megohms. 10 megohms. 1 megohm. or 
100.000 ohms). Capacitor Leakage re- 
sistance measurements ( > 500 
megohms): To measure capacitor leak- 
age a charged capacitor can be con- 
nected to the input terminals of the me- 
ter (Fig. 3). Switch SI is then left in the 
open position. Assuming t = time in 
seconds till voltage drops to '/ of the 
starting value and C in microfarads. the 
capacitor leakage resistance 

I: 1( 1.44 'f t l Cj X 

Use as millivoltmeter: The circuit can 
also be used as an ac -dc millivoltmeter. 
The voltage gain of the circuit can be 
set with the rotary switch S2 to I. 5. 10. 

50 or 100 with the given resistance 
values. The Philbrick QFT -5 oper- 
ational amplifier is $14 in unit quan- 
tities.-C. R. Lewart R -E 
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Ihere!s a liealhkil present 

New Heathkit Solid -State 
Digital Multimeter... 
Here's a breakthrough in instrumentation. The new Heathkit 
IM -102 gives you a true digital multimeter for about half what 
you'd pay for comparable wired DMM's! And with an accuracy 
that's better than many wired digital units on the market...de- 
cidedly superior to most analog type instruments. This great 
new meter measures AC and DC voltages and currents, and 
resistance with no need to change probes or switch for changes 
in DC polarity. Automatically displays a positive or negative DC 
voltage and current, indicating the correct amplitude and 
polarity. Five overlapping ranges measure voltage from 100 uV 
to 1000 V on DC (either polarity); five ranges cover 100 uV to 
500 V on AC; 10 ranges measure 100 nanoamperes to 2 am- 
peres on AC or DC, and six ranges show resistance from .1 ohm 
to 20 megohms. Input impedance is exceptionally high - ap- 
proximately 1000 megohms on 2V range (10 megohm on higher 
ranges), with overload protection built -in on all ranges. Deci- 
mal point is automatically placed with range selection and over - 
range is indicated by a front panel light. 

New Heathkit 
Vector Monitor... 

purity, 3.58 oscillator, 
transformer, demodu 
bandpass adjustments. 
nais fed to CRT guns. 

Kit 10 -1128, 10 lbs. 49.95* 

4995* 
Designed for use with the 
Heathkit 1G -28 Pattern Gener- 
ator or similar units which dis- 
play either "rainbow" (offset 
carrier) or NTSC patterns, the 
10 -1128 vector display helps 
you perform fine tuning, static 
and dynamic convergence, 

reactance coil, phase detector 
lator angle check, and chroma 
Represents exactly the color sig- 
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22995* 

Ends parallax and interpolation errors! There's no mistaking 
a digital display - everyone reads it the same way. High qual- 
ity precision components, 31/2 digits and ease of calibration 
contribute to the IM -102's lab -grade accuracy. Analog to digi- 
tal conversion is accomplished by a patented, dependable Dual 
Slope Integrator that does not depend on a stable clock fre- 
quency for accuracy. A Heath -designed and assembled pre- 
cision DC calibrator is furnished with each 1M -102. An internal 
circuit and transfer method provides accurate AC voltage cali- 
bration. The all solid -state design incorporates cold cathode 
readout tubes and a "memory" circuit to assure stable, non - 
blinking operation. Features include detachable 3 -wire line 
cord (no batteries needed), dual primary power transformer, 
isolated floating ground and completely enclosed, light- weight 
aluminum cabinet with die -cast zinc front panel and tinted 
viewing window. Kit includes standard banana jack connectors 
complete with test leads. Assembles in approximately 10 hours. 
The new Heathkit IM -102 Digital Multimeter will be the pride 
of your bench! 

Kit IM -102, 9 lbs., mailable 229.95* 

New Heathkit 
Electronic Switch ... 3995* 

Provides simultaneous 
visual display of 2 input 
signals on a single trace 
oscilloscope. Has DC 
coupling and DC -5 MHz 
±3 dB frequency re- 
sponse. Conventional 
binding posts permit fast 

hook -up. Can be left connected to scope. Ideally suited 
for digital circuit work; amplifier input and output for 
gain and distribution checks; simultaneous monitoring 
of 2 stereo channels. 
Kit ID -101, 6 lbs. 39.95* 
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for every age, every hobby! 
New Heathkit "Minimizer" 
kitchen waste compactor... 
Today's most modern refuse handling method in easy -to as- 
semble kit form! Now you can own the most exciting k tchen 
appliance on the market for less than you'd pay for any other 
comparable compactor. The Heathkit Minimizer lets Mom throw 
out the unsightly waste baskets and garbage cans for the latest 
in clean, convenient, odor -free disposal. The Minimize' han- 
dles all normal household trash - food wastes, glass and 
plastic containers, tin cans, wrappings, boxes, floor sweep- 
ings, light bulbs, etc. The packing ram descends with 2.000 -Ib. 
force to reduce refuse to almost 1/4 of its original size, pack- 
aging the material in a strong disposable bag - one bag holds 
an entire week's trash for a family of four! When the bag's full, 
Mom simply folds over the top and removes a neat, dry pack- 
age for normal rubbish pickup. And the Minimizer deodorizes 
the contents each time the drawer is opened and closed. The 
sanitation man will love Minimizer, too! 

Simple. safe operation! To use, Mom merely inserts a Minimizer 
plastic -lined bag in the drawer ánd starts the compacting cycle. 
In less than a minute the ram forces down the trash, returns to 
its normal position, and the Minimizer shuts itself off. For maxi- 
mum safety, the Minimizer uses a key lock switch and an inter- 
lock which automatically turns unit off if drawer is not fully 
closed or is accidentally cpened during cycling. Your Heathkit 
Minimizer can be built -in under the kitchen counter or let free- 
standing. Its bright white enamel finish with marble -tone vinyl - 
clad top complements any decor. And you can build it yourself 
in 6 to 10 hours. Has long -life / hp motor. plugs into 110-120 
VAC conventional household outlet. Kit includes 5 plastic -lined 
bags, one 9 oz. aerosol can of deodorant. Minimizer measures 
343iá "Hx15 "Wx251/2 "D. 

Kit GU -1800, 203 lbs. 199.95* 

GUA -1800 -1, 15 plastic -lined bags, 5 lbs. 4.99 

New Heathkit Slotless 
12995* 1/32-Scale Raceway G 

You race up to 4 GT cars - each with independent 
acceleration, deceleration 
and steering! Make all the 
maneuvers of real high- 
speed drivers. You can 
even turn around com- 

pletely and backtrack. Kit includes track sections for 8'x4' oval, 
power transformer, 2 cars and controllers. 

Kit GD -79. 13 lbs., mailable 129.95 
Kit GDA -79 -1, extra car and controller, 3 lbs., mailable 21.95* 

New Heathkit Electronic 
Workshops 

Completely self -con- 
tained electronics labs 
teach youngsters the 
basics of electronics. 
Each contains basic electronic components in easy -to- 
work -with module form. Kids simply follow the instruc- 
tions, arrange the blocks on the board to form actual 
working circuits for code flashers, timers, alarms, etc. 

Kit JK -1033, 36 experiments, 11 lbs. 29.95 - 

Kit JK -1022, 25 experiments, 8 lbs. 24.95' 
Kit JK -1011, 12 experiments, 6 lbs. 19.95- 

19995* 

SEE THESE KITS AT YOUR LOCAL HEATHKIT ELECTRONIC CENTER... or send for FREE catalog! 
CALIF.: Anaheim, 330 E. Ball Road; El Cerrito, 6000 Potrero Avenue; La Mesa, 8363 Center Drive; r 
Los Angeles, 2309 S. Flower St.; Redwood City, 2001 Middlefield Rd.; Woodland Hills, 22504 Ven- 

tura Blvd.; COLO.: Denver, 5940 W. 38th Ave.; GA.: Atlanta, 5285 Roswell Read; ILL.: Chicago, 

3462 -66 W. Devon Ave.; Downers Grove, 224 Ogden Ave.; MD.: Rockville, 5542 Nicholson Lane; 

MASS.: Wellesley, 165 Worcester St.; MICH.: Detroit, 18645 W. Eight Mile Rd.; MINN.: Hopkins, 

101 Shady Oak Rd.; MO.: St. Louis, 9296 Gravois Ave.; N.1.: Fair Lawn, 35 -07 Broadway (Rte. 4); 

N.Y.: Jericho, L.I.; 15 Jericho Turnpike; New York, 35 W. 45th Street; OHIO: Cleveland, 5444 Pearl 

Rd.; Woodlawn, 10133 Springfield Pike; PA.: Philadelphia, 6318 Roosevelt Blvc.; Pittsburgh, 3482 

William Penn Hwy.; TEXAS: Dallas, 2715 Ross Avenue; Houston, 3705 Westheirrer; WASH.: Seattle, Address 

2221 Third Ave.; WIS: Milwaukee, 5215 Fond du Lac. 

Retail Heathkit Electronic Center prices slightly higher to cover shipping, local stock, consulta- 

tion and demonstration facilities. Local service also available whether you purchase locally or by 

factory mail order. 

HEATH COMPANY, Dept. 20 -12 
Benton Harbor, Michigan 49022 

Enclosed is $ 

Please send model (s) 

Please send FREE Heathkit Catalog. 

Name 

Circle I err reader service curd 

IEAINtIi 

, plus shipping. 

City - -- -- __State Zip 

Mail order prices; FOB factory. 
Prices & specifications subject to change without notice. 

L 
CL 421R 

J 
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Does your mother -in- 
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law call you a meatball? 
Does your boss? 
Maybe even your wife? On payday. 
Know what? If you have read this far, you are not 
meatball material. Because meatballs don't face the 
present, the future, the facts. They stay put. Dream- 
ing and taking. And today, more than ever staying 
put means falling behind. Pretty tragic in a time 
when people with specific aptitudes are so necessary 

in so many interesting fields. 

Today huge industries depend on people with elec- 

tronics training. 

Today there is a course of action that may lead you 
toward these well -paying, vital positions. It is RCA 
Institutes. 
RCA Institutes is not for meatballs. RCA Institutes 
trains you for the fields where the action is: 

Computers Color TV Automation Communi- 
cations Industrial Electronics And more. 

RCA Institutes not only has years of experience, it 

has an exclusive line -up of tested methods: 
1. Hands -On Training 
Over 250 interesting experiments. As many as 22 
kits with some of the programs. 
2. RCA Autotext 
The easy- way -to -learn method that gets you started 
easier, faster. 
3. Wide choice of courses and programs 
Training in electronics fundamentals right up to sol- 

id state technology and communications electronics. 
4. Low -Cost Tuition Plans 
You'll find the one just made to fit your own budget. 
5. FCC License Training Money -Back Agreement 
RCA Institutes' money -back agreement assures you 

of your money back if you fail to pass the FCC ex- 

amination taken within six months after complet- 
ing RCA Institutes' FCC course. 

RCA Institutes gets your training started even if 

you've not had previous experience or training. Just 
bring us your interest. 
Set your own pace depending on your schedule. 

If you like to tinker, fiddle, fix, put that ability to 
work to do a real repair job on your future now. 

Don't wait. Get complete information right now. 
No obligation. Except to yourself. Send us the at- 

tached postcard. Or return the coupon. 

Veterans: Train under GI Bill. Accredited Member National Home Study 

Council. RCA Institutes, Inc. is licensed by -and its courses of study and 

instruction facilities approved by -the N.Y. State Education Department. 

r -t 

RC/1 Institutes 
Home Study Department 7 58-11 2 -0 

320 W. 31 Street, New York, N.Y. 10001 

Please rush me FREE illustrated electronics 
career catalog. I understand that I am under 
no obligation. 

NAME 

ADDRESS 

CITY STATE ZIP 
Veterans check here L 
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can you beat TIC -TAC-TRONIX' 

by DON LANCASTER 

IF YOU'RE LOOKING FOR A REALLY AD- 
VANCED digital computer project or a 
sure -fire attention getter for an exhibit, 
promotion, or display, TIC- TAC -TRO- 
NIX is for you. 

Tic -Tac -Tronix is a compact, spe- 
cial- purpose digital computer pro- 
grammed to play an unbeatable game 
of Tic -Tac -Toe against all comers -un- 
beatable unless you have flipped the 
hidden GOOF SWITCH. Then, you or 
anyone who knows the secret can in- 
deed beat the machine. You can build 
this all- solid -state project for around 
$45. 

The program 
Any digital computer follows a pre- 

determined set of rules by way of a 
series of sequential steps. The rules are 
often called algorithms, and the steps by 
which these rules are obeyed are called 
program steps. Tic -Tac- Tronix is a per- 
manently programmed computer that 
has been taught the Tic -Tac -Toe 
strategy by means of fixed internal con- 
nections. This is also called a hard -wired 
or a fixed program. One exception is 
provided in Tic -Tac- Tronix where the 
GOOF SWITCH is brought out to let you 
as a programmer choose one of two 
programs, a beatable one and an un- 
beatable one. The sequential thought 
processes or flow chart of the machine is 
in Fig. 1 (at top of this page). 

Each square of the Tic -Tac -Toe 
board is identified by a letter; A through 
I. The game begins by the machine 

If you follow the plans and don't cheat when 
playing you'll never beat Tic -Tac- Tronix 

L 

START 

00 
00 
O0 

YOU MA OVE 6 MACHINE TESTS 

ES 
MACHINE 
nMEI 

GAME iv 

a°S vL 

J 
ECONO MOVE 

0 

STS 

playing square A. You then make a 
move and the computer recognizes that 
you have played and tests to find out 
where you played. As a result of the 
testing, the machine first picks one of 
five strategies or program branches, and 
then answers your move. The machine 
then awaits your second move, after 
which it again tests and plays either to 
win immediately or to set up a potential 
win on the next move. The machine al- 
ways sets up a "critical square" situation 
and tests that square on its next move to 
see if you played on it. The third move 
is similar to the second, and the com- 
puter usually wins on the third move. 
Further moves are ignored by the com- 
puter. 

Although it takes the computer 
only a few billionths of a second to 
move each time, a two -second time de- 
lay is introduced after each move, for 

PLAYER 
LATCHES 
(FIG. 3) 
IC1, IC2 

MOVE 
COUNTER 
(FIG. 4, 5) 

IC2.,IC$ 

STRATEGY 
SELECTOR 

(FIG. 6) 
IC3, IC4 

PLAY 
COMPUTER 

(FIG. 7) 

POWER 
SUPPLY 
(FIG. 8) 

MACHINE 
LAMP 

DRIVERS 
(FIG. 3) 

FIG. 2 -BLOCK DIAGRAM OF TIC- TAC -TRO- 
NIX. Schematics of sections in Figs. 3 to 8. 
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effect, to let the computer "think things 
over ". With the goof switch in the 
SMART position, the computer always 
wins if you play anything but the 
middle square (E) on your first move. 
Even then, it can win if you are careless. 

Suppose you try to beat the com- 
puter by playing the lower righthand 
corner (I). The game begins with the 
computer playing A followed by your I 
response. The computer tests, sees that 
you played I, picks strategy V, and plays 
C. 

On the next move, if you haven't 
played B, the machine does and wins. If 
you have played B, the machine plays 
G, letting it win next move either A -D- 
G or C -E -G. On your next move, the 
computer tests square D. If you played 
here, the computer plays E and wins. If 
not, it plays D and wins. The strategies 
for the other moves are similarly based. 

For variety, all possible winning 
forks have been set up in the computer, 
including three corners; two corners 
and the middle; and one corner, the 
middle, and an adjacent side. Should 
you answer with the middle square E, 
the computer decides on a defensive 
strategy and forces you to block its 
moves. 

The goof switch tampers with 
strategy III if it is set to the DUMB posi- 
tion. This gives the machine one wrong 
move, allowing the player to win. 

Tic -Tac- Tronix circuitry 
The circuit is made up of five IC's, 

31 transistors, and a resistor -diode com- 
puter array. The block diagram of the 
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circuit is shown in Fig. 2, while the 
schematic is in Figs. 3 through 8, broken 
up into modular chunks. 

The player latches and machine 
drivers are shown in Fig. 3. A player's 
move shows up as a lit blue pilot lamp; 
the machine's by a lit red lamp. These 
two illuminate a red X and a blue 0 in 

O 
)1-*-* 

T 
PLAY 
COMPUTER 
(FIG.7 ) 

MOVE 2 
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.T0 PLAY 
COMPUTER 
(FIG.7) 
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ANY EXTRA 
MOVES 

FIG. 3 (top left)- PLAYER LATCHES and machine drivers light proper 
lamps. FIGS. 4 and 5 (above and lower left) -LOGIC AND SCHEMATIC 
diagrams of the move counter which keeps track of game's progress. 
FIG. 6 (below)- STRATEGY SELECTOR picks and holds one of five pos- 
sible strategies based on prior player moves. 

TO PLAY COMPUTER 
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R47 -51 (FIG.7) 
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each display cubicle, resulting either in 
a black X on a blue background, or a 
black 0 on a red background. 

Player latches are needed for 
squares B through H. Machine drivers 
are not needed at A and F since A is per - 
manantly lit and since square F never 
has to be played by the machine. 

MOVE I 
STROBE 
(FIG4,51 

TO PLAY 
COMPUTER 
AND 
R47 - 51 

C 5V 

N1 
CLEAR 

(NEW GAME) 
SIO 

IC4 

SN7400 
QUAD GATE 

TOP VIEW 

Each player latch consists of a set - 
reset flip -flop using an integrated circuit 
inverter and a Darlington lamp driver. 
Pushing a valid select pushbutton sets 
the flip -flop and lights the bulb. It also 
delivers a play pulse to the move 
counter via one of diodes D8 through 
D15. The pushbutton is interlocked 

DECEMBER 1971 RADIO -ELECTRONICS 33 

www.americanradiohistory.com

www.americanradiohistory.com


FROM It 
STRATEGY ID 

LATCH Iq 
(FIG.6) 

FROM 
MOVE 2 
OUTPUT 

( FIGS 4, 5) 

FROM 
MOVE 3 

OUTPUT 
(FIGS 4, 5) 

.5 FROM PWR SUPPLY FIG. 8 

R47-51 
330I3 R52-56 .tt1 

ON 11 Illllllwwt MIN twrIIellI7NI1ARM 
111! 857-66 r::;:: 
111.W... tili`r.l.l .t..l _ 1. aim. iuf.l 
""irliiii~ 

Ill.r... . I.,S.IIW 
1ruuIIuuIIIIIrlI_ILi 

I ^ .lif11 
D26- D35 

111=1111 
IN914 

MACHINE 
LAMP 
DRIVER B 
(FIG.3 ) 

MLD "C" 

SII H 

GOOF SWITCH 

SMART 

MLD "D" 

MLD "E" 

MLD "G" 

PALD"H" 

MLD "I" 

+5V 

ABC 
D F 
G H I 

PLAY 
PUSHBUTTONS 

S2-9 

NC 

CLEAR SI 1NC C D E G H 

NO JI Jl 
UND PNC 

ILI* LMI I LM9 -I6 PLAYER LAMPS 

FLAT 
FLAT CABLE ri 

II7V AC 1, 

FI 

URN 

II I. 
TI GRN 

8 -COND 
FLAT CABLE 

MACHINE 
LAMPS 

7 -COND 
FLAT CABLE 

LM2-8 

8-COND 
FLACABLÉ 

WB WD WG WI 
LC WC WE WH WF 
GND 

RST 

RST 
5V 

PC BOARD 

MB MD MG MI 
MC ME MH SF 

SB 
Sc 
SD 
SE 

SG 

SH 
SI 

SII 
GOOF SWITCH DUMB 

FIG. 7 (top left) -PLAY COMPUTER Is DTL array used as the brain- center of the game. Three diode- 
resistor networks determine moves. FIG. 14 (above)- WIRING DIAGRAM shows how multi -lead 
cables are used to simplify the wiring and as an aid when troubleshooting. 
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with the machine bulb so that the player 
can't cheat and attempt to play on top 
of a square the machine has already 
used. If the machine bulb is lit, no volt- 
age is available for the pushbutton and 
it won't set the player latch or advance 
the move counter. 

Diodes D18 through D25 provide a 
reference of what square has been 
played. This information is later used 
by the strategy latch when it has to pick 
a game strategy after the first move. 

The player latches must be reset for 
each new game. This is done either by 
removing the inverter supply voltage or 
by shunting Darlington current with 
diodes D16 and D17, depending on the 
particular player latch being reset. S 10 
is the reset (CLEAR) switch. It does sev- 
eral things. It resets the player latches; it 
resets the move counter; and it loads a 
"no play" strategy into the strategy se- 
lector. 

PARTS LIST 

R1 thru R7, R15 thru R46, R52 thru R56, R69 thru R72- 
1000 ohms, 'A watt (48 total) 

R8 thru R14, R47 thru R51 -330 ohms, V. watt (12 total) 
R57 thru R66 -470 ohms, V. watt 
R67 -10 ohms, 2 watts 
R68- 15,000 ohms, '/. watt 

C1- 220 ji,F, 6 -volt electrolytic 
C2-0.1 'IF, 10 -volt disc ceramic 
C3- 6000 µF, 10 -volt electrolytic 
C4 -100 pF, 6 -volt Electrolytic 
C5- 0.01 PF, mylar 

D1 thru D59, D65 -1N914 or equal (60 total) 
D60 thru D64 -1 amp, 50 piv, silicon power diode 
D66- 1N4733, 1 -watt Zener diode, 5.1 volts 

Fl-0.5 -amp fuse & holder 

IC1, IC2- MC789P MRTL Hex Inverter 
IC3 -SN475 or MC7475 Quad Latch TTL 
IC4- SN7400 or MC7400 Quad Gate TTL 
IC5- SN74107 dual JK flip -flop TTL 

LM1 thru LM16 -No. 47 pilot light; 6.3 volts, 150 mA 

Q1 thru 031-2N5129 

St thru S9 -spst pushbutton 
S10 -spdt pushbutton 
S11 -apdt slide 

T1- filament transformer: primary, 117 Vac; secondary, 
12.6 Vct, 2 amps 

Miscellaneous: PC Board (see text and Figs. 9, 10, 11): 
No. 24 wire jumpers; PC terminals (33; optional); flat 
cable or wiring harness (see Fig. 12); subchassis as- 
sembly; %" ID grommets (16); Silichrome lamp fil- 
ters APM Hexseal No. 1813/27 -R5 RED (8) and No. 
1813/27 -B1 BLUE (8); front viewing filter kit; front 
panel; vinyl -clad case; line cord and strain relief: 
switch hardware; mist hardware; wire; solder; lac- 
ing twine 

NOTE: The following Items are available from South- 
west Technical Products, 219 W. Rhapsody, San 
Antonio, Texas, 78216: 

Printed Circuit Board Etched & Drilled 
No PC -962 $8.65 
Set of all listed electronic parts and hardware less dis- 
play assembly & cabinet 
No. 962K $42.25 
Postage & Insurance additional. Shipping weight: 3 lbs, 
5 oz. 
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regulated to solid - 
state devices and 6 

volts dc to the lamps. 
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061 

R67 
1011 
2W 

D66 
íN4733 

C4 
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FRONTPLATE 

MASK 

HORIZONTAL 
DIVIDERS 

VERTICAL 
DIVIDERS 

a 

SUBCHASSIS 

SILICHR0ME 
LAMP FILTER 

DIVIDERS 

SUBCHASSIS 

GROMMET 

LAMP 

NOTES' 
PRETIN LAMP 
SHELLS TO AVOID 
MELTING GROMMET 

FIG. 13 -HOW DISPLAY LAMPS ARE 
MOUNTED. Pre -tin lamp shells for low -heat 
soldering. 

The machine drivers do not have to 
latch as they are continuously driven by 
the play computer. They are also Dar- 
lington lamp drivers. If the input from 
the play computer is made positive, the 
lamps light. A new game starts when the 
reset switch returns the play computer 
and the strategy selector to an all-out - 
puts -low condition. 

Diodes D1 through D7 serve an 
important function. They are the way 
the computer tests to see if a square is 
occupied. If the player lamp is lit, the 
diode robs the machine driver of its 
base current and prevents the computer 
from playing on top of the player. 

The machine keeps track of the 
moves with the move counter, shown 
logically in Fig. 4 and schematically in 
Fig. 5. The move counter is made up of 

D60 -64 
I AMP, 50 
PIV PWR 
DIODE 

* C3 T 6000 
- µF 

I/2" PLYWOOD OR 
PARTICLE BOARD, 

VINYL CLAD 

GOOF 
SWITCH 

D62 

D63 

D64 

6V TO 5V T0 
DISPLAY LOGIC 

C5 
.01 

b 

FIG. 12- DISPLAY ASSEMBLY construction Is 
shown In drawings (a and b) and In the photo- 
graphs above. 

a 2- second delay monostable IC2, a 
four -state counter IC5, and a strategy 
select pulser Q31. 

Depressing any valid play pushbut- 
ton trips the monostable in 1C2 and 
provides a two- second delay. At the end 
of the two -second delay, the move 
counter advances one state. The move 
counter starts out in a reset condition. 
On the first move, the strategy- selector 
is pulsed by half -monostable Q31, while 
both the move -2 and move -3 logic lines 
are grounded, preventing any pre- 
mature move -2 and move -3 plays. On 
the next play, the move -2 line is allowed 
to go positive and the second play 
moves are made. On the next play, the 
move -3 line is released and allowed to 
go positive, completing the play. The 

(continued on page 78) 
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cover story/ cover story cover story: cover story cover story covi 

Great new solid -state stereo receiver kit 
matches the demands of the most golden 
of golden ears. Listen to one soon 

R-E BUILDS HEATH AR -1500 STEREO RECEIVER 
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TOP REAR VIEW of 
Heath AR -1500. FM and 
AM H. boards and power 
supply filter capacitors 
are visible. 

UNDER CHASSIS look 
shows input pre -amp, 
multiplex, phono preamp 
and power -supply circuit 
boards. 

by CHESTER H. LAWRENCE 

THERE'S A NEW TOP -OF- THE -LINE 
stereo receiver being made by Heath. 
It's the AR -1500, and it is intended to 
replace the older AR -15. 

As you know, the original, the AR- 
15, has been widely acclaimed as one of 
the very best stereo -receivers that has 
ever been made. Therefore, it's hard to 
imagine that anyone has gone ahead 
and built a better one. But spec for spec, 
the AR -1500 is ahead of the AR -15. 

As you grow to expect from any 
Heath kit, there are no special problems 
in assembling the kit, provided you do 
follow the construction manual closely 
and don't rush the soldering. Bad solder 
joints are still the number one problem 
builders have with kits. 

So rather than spend a lot of space 
talking about building the kit, let's look 
at some of the features that make the 
AR -1500 a great receiver. 

Built -in scope amplifier 
While hooking up your speakers to 

an AR -1500 you'll probably notice a 
pair of rear -panel terminals marked 
SCOPE. These two terminals are con- 
nected to horizontal and vertical scope 
amplifiers built right into the receiver. 
The full Circuit of the scope amplifier is 
on page 38. 

Why is this so important? These 
outputs make it possible to easily moni- 
tor FM multipath, tuning, and signal 
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strength with a scope. Start off by con- 
necting the scope to the receiver as 
shown. The waveform you now see is 

quite important. Eight typical patterns 
that you might expect to see are shown 
at the far right. 

With the receiver tuned to a station 
delivering a monophonic signal with 
100% modulation you'll see the pattern 
at a, if the receiver is perfectly tuned. 

The waveform at b is what you get 
if a stereo station (or test generator con- 
nected to the receiver antenna termi- 
nals) is transmitting a 19 -kHz pilot sig- 
nal only. 

A station transmitting stereo, at 
near 100% modulation, and with a near - 
perfect signal, will produce the wave- 
form shown at c. 

But the real value comes in when 
you examine the remaining five wave- 
forms. The first four of them (d, e, f, g) in- 
dicate reception of an FM stereo broad- 
cast with various types of multipath 
interference. Waveform h shows a rap- 
idly fluctuating signal strength. The up- 
shot: you can easily position your an- 
tenna for minimum multipath reception 
and be sure you are doing it right. A 
quick glance at the scope screen tells 
you good or bad, without question. 

Built -in test meter 
Also built into the AR -1500 is a 

little front -panel meter that serves a 
dual purpose. It's carefully disguised as 
a signal- strength meter in the finished 
unit, but by unfolding a pair of test 
leads (a permanent built -in feature) you 
now have a device that permits you to 
check out all transistors and diodes in 
the AR -1500. 

You can also use the same meter to 
check capacitors, provided their capaci- 
tance is 50 -SF or smaller. Just flip the 
two slide switches to turn the signal me- 
ter into a simple ohmmeter or volt- 
meter. Incidentally, this meter is also 
used to check out the assembled circuit 
boards before inserting them into the 
receiver chassis. The complete circuit of 
the meter is shown on page 38. 

Plug -in boards 
A group of 10 individual circuit 

boards both speed assembly and ease 
troubleshooting, should repairs become 
necessary. There's an FM tuner (fully 
preassembled and aligned) and an AM 
rf circuit. Field -effect transistors are 
used in both circuits where they deliver 
excellent sensitivity and large signal - 
handling capability. The FM tuner in 
the AR -1500 incorporates arc. The AR- 
15 does not offer this feature. 

The i.f. strips, both AM and FM. 
use inductance- capacitance (L -C) filters 
to increase selectivity and stereo separa- 
tion. And perhaps even more important. 
these filters never require alignment. 
Also, the FM i.f. strip includes three 
ICs. 

The other circuit boards include 
the phono preamp, control circuits, out- 
put amplifier (two of these), power sup- 
ply, input preamp and multiplex. The 
multiplex circuit also includes one IC 
that contains all the circuitry for the 
decoder. Most of the boards plug -in and 
out on pivoting connectors to simplify 
in- circuit testing. There's even an exten- 
der circuit board which lets you lift the 
circuit boards away from the receiver 
for even easier access. 

A multitude of front -panel controls 
makes the AR -1500 an extremely easy 
to use unit, with all the flexibility 
anyone might want. To start off, there's 
a bank of 14 pushbutton switches. They 
control power on and off, speaker selec- 
tion, input source selection, operating 
modes, and tone -loudness. One of the 
mode selectors (FM STEREO) lets you 
tune across the FM dial and receive 
stereo broadcasts only: mono programs 
are muted. The (TONE FLAT) switch 
when depressed takes the bass and 
treble controls out of the circuit and 
switches in a flat response. This is great 
if you want to compare your personally 
compensated response to actual flat re- 
sponse without twisting the controls. It 
also permits leaving tone controls set 
for phono, yet takes them out for tape 
or radio playback. 

There are also two front -panel me- 
ters- signal and tune. TUNE meter oper- 
ates only when FM or FM stereo signals 
are being received. The SIGNAL meter 
operates for AM, FM or FM stereo re- 
ception and shows the relative strength 
of the received signal. 

Then there are conventional con- 
trols- volume, treble, bass, balance, tun- 
ing and squelch. The tuning knob is 
used for both AM and FM. Two sepa- 
rate headphone jacks complete the front 
panel. Output signals are fed to both 
jacks at all times, regardless of the 
speaker switch positions. 

AR -1500 tests 
The assembled receiver was tested 

in a Manhattan apartment about one 
mile from the Empire State Building, 
which houses most of the major FM 

PLUG -IN circuit boards 
are used in many ÁR- 
1500 circuits. Four of 
them are shown here. 
Top -FM i.f. Bottom - 
multiplex. Right -AM i.f. 
Left -Phono preamp. 

VERT IN 

DC OSCILLOSCOPE 

o 
o 
o 

O O O 
HORIZ IN 

RECEIVER 

SCOPE V 
SCOPE H 

USE SCOPE TERMINALS on rear of receiver to 
monitor FM multipath, and other signals. 

TYPICAL WAVEFORMS from scope output. a- 
perfect mono. b-19-kHz pilot only. c -near per- 
fect stereo. d, e, f, g,-multipath distortion. h- 
rapidly varying signal strength. 
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transmitters in New York City. The lo- 
cation was the eleventh floor of a steel 
building and it was not possible to use a 
regular outdoor antenna. Instead, a 
folded dipole made up of twinlead was 
tacked on the outside window ledge. 
This window faced away from the Em- 
pire State Building. 

The FM tuner section was given an 
A -B test with an M-15 tuner, the FM 
tuner version of the AR -15, which the 
AR -1500 replaces. The AJ -15 is one of 
the top FM tuners available. The AR- 
1500's FM selectivity is rated a little 

To 
GND 

TO 
METER 
AMPLS 

NORM 

TEST 

SIGNAL 
METER 

1 METER 

18K 390K 
FUNCTION 

-7 
NORM/ 
VOLTS 

RED 
TEST 
LEAD 

TO 
DIAL 

LAMPS 

BLACK 
TEST 
LEAD 

TWO SLIDE SWITCHES turn signal meter into 
either simple ohmmeter or voltmeter for testing 
receiver circuits. 

05 1 

FROM 
FM AGC 
AMPL 

better than the AJ- 15- AR -15; sensi- 
tivity of both is the same. Inter - 
modulation distortion of the AR -1500 
FM tuner is 0.1% versus 0.5% for the 
AJ- 15- AR -15. 

FM reception was excellent on 
most local stations, although there was 
some problem with multipath distortion 
because of the simple antenna. A num- 
ber of suburban low -power stations 
came in as well. Some had sufficient 
strength to give completely noise -free 
reception. 

Unlike most solid state FM receiv- 
ers tested in this location (including the 
M-15), there was no difficulty with 
overloading or cross modulation on any 
of the stronger stations located on the 
Empire State Building. Apparently 
Heath has overcome this problem very 
nicely in the AR -1500. Selectivity was 
exceptionally good, as expected. Due to 
the distribution of FM stations it was 
not possible to compare the two tuners 
when receiving transmitters on adjacent 
channels. All stations received were sep- 
arated by at least one channel. In this 
situation the two units performed 
equally well. 

The receiver was tested with four - 
ohm speakers (AR- 3A's). With this type 
of a load, the amplifiers are rated to de- 
liver 100 watts per channel (continuous 
sine wave) with less than 0.1% inter - 
modulation distortion. The unit easily 
met the specifications. The sound was 
what you would expect with a system of 
this caliber. In other words, there was 
no audible distortion at any listening 
level that could be tolerated in a living 
room of 15 ft. x 30 ft. 

The AR -1500 is indeed an out- 
standing performer. R -E 

15K 

IK 

OSCILLOSCOPE HORIZ AMPLIFIER 
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RATIO DET 

05 0209 

47pF 

IOK 47K 

3.3K 
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TO SCOPE 
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INPUT 
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THESE OSCILLOSCOPE AMPLIFIERS are built into the receiver. Scope connection terminals are 
mounted on receiver's rear apron. 
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SPECIFICATIONS 
TUNER: FM SECTION (Monophonic) 
Freq. response ± 1 dB, 20 to 15,000 
Sensitivity 1.8 µV* 
Selectivity 90 dB* 
Image /rejection 100 dB* 
I.f. rejection 100 dB* 
Capture ratio 1.5 dB* 
AM suppression 50 dB* 
HD 0.5% or less* 
Hum and noise 60 dB 
Spurious rejection 100 dB 

TUNER: FM SECTION (Stereophonic) 
Channel separation40 dB or greater at 

midfrequencies 
35 dB at 50 Hz 
25 dB at 10 kHz 
20 dB at 15 kHz 

Freq. response ±1 dB, 20 to 15,000 
HD 0.5% at 1000 Hz with 

100% modulation 
19 kHz & 38 kHz 

suppression 55 dB or greater 
SCA suppression 55 dB 

TUNER: AM SECTION 
Sensitivity 50 IN with external 

input 
300 µV per meter with 

radiated input 
Selectivity 20 dB at 10 kHz 

60 dB at 20 kHz 
Image rejection 70 dB at 600 kHz 

50 dB at 1400 kHz 
l.f.rejection 70 dB at 600 kHz 
HD Less than 2 %* 
Hum and noise 40 dB* 

AMPLIFIER (per channel) 
Dynamic power output 

(music power 
rating) 90 watts (8 -ohm load)* 

120 watts (4- ohms)* 
50 watts (16- ohms)* 

Continuous power 
output 60 watts (8 -ohm load)* 

100 watts (4- ohms)* 
40 watts (16- ohms)* 

Power bandwidth 
for constant 
0.25% THD Less than 8 Hz to 

greater than 30 kHz* 
Frequency response 

(1 watt) -1 dB, 7 Hz to 80 kHz 
-3 dB, less than 5 Hz 

to 120 kHz 
HD less than 0.25% from 

20 Hz to 20 kHz at 
60 W output 

IM distortion Less than 0.1% at 60 
W output using 60, 
6000 Hz mixed 4:1 

Less than 0.1% at 
1W output 

Damping factor Greater than 60 
Hum & Noise Phono (10 mV ref) 

-63 dB 
Tape and aux 

(0.25 V ref) -75 dB 
Channel separationPhono -55 dB 

Tape & aux -55 dB 
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Troubleshooting 
reed -relay logic 

Here's how to locate the trouble fast when 
reed -relay logic circuits start causing trouble 

THE INDUSTRIAL ELECTRONIC TECHNICIAN NOW FACES AN IN- 
creasing complexity of control circuits in the equipment he is 

called upon to service. Today's equipment is becoming more 
automatic, and demanding increased complexity of control cir- 
cuits -this must be considered as logic. Some form of logic 
has always existed, even in the simplest of control circuits, but 
no one bothered to call it logic. 

Now, the basic logic functions of AND, OR, FLIP -FLOP, and 
INVERTER appear in industrial equipment, not in digital form 
of transistor circuit elements, but more often, relay logic. 
Highly sophisticated machines like numerically controlled ma- 
chine tools use transistor logic and are serviced generally by 
factory trained technicians. However, a much larger amount 
of equipment, in process control area, particularly, make ex- 
tensive use of relay logic. This type equipment is most often 
serviced by an industrial technician. With continued increase 
of automatic equipment a general service technician may even 
be called upon to service a Parking Lot Attendant -Automatic 
Variety. 

Some elements of a hypothetical process control system 
are shown in Fig. 1. Signals from interlock, materials and 
mechanical status sections are combined to produce the "Go" 
signals to the power control. All inputs must be "Go ", before 
power is turned on. This combining of signals is the logic 
function AND. 

The trend today is to use reed relays for logic applica- 
tions. Reed relays offer several advantages over conventional 
relays. Possibly the most important factor is high reliability. 

Because the contacts are sealed in a glass capsule, they 
are protected from environmental contamination. The seal 
alone provides high reliability. Reed relays can be made very 
sensitive and operate from low drive voltage or current. They 
can be driven by solid -state devices; the low drive required is 
well suited for this. 

A very attractive feature to the equipment designer is 
that reed relays can be mounted on PC boards, resulting in 
low vertical profile. A maximum number of relay cards may 
then be mounted in a standard card file. This capability of 
high- density packaging leads to increased application of reed - 
relay logic in new equipment. 

To service reed -relay logic, the professional technician 
must have a thorough understanding of two things -the reed 
relay and basic logic functions. 

Although the reed relay has been available for some time, 
its primary use has been in aero -space and data processing 
applications. Logic functions are one of the basic principles in 
the computer /data processing industry, an area where the gen- 
eral technician has little opportunity to find out "What's new 
in the field." 

The skilled workman on the job must understand his 
tools. So too, reed relays and logic functions are the tools the 
technician uses to service industrial control equipment. Using 
these new tools, the industrial or general service technician 
can tackle control circuits with confidence, without losing 
time. 

The reed relay 
The reed relay's heart is the reed capsule (Fig. 2). The 

reed unit is a simple device. Two thin metal leafs or reeds are 
sealed within a glass capsule. They are cantilever supported so 

by DON BLACKLOCK 

their free ends overlap and are separated by a small gap. The 
reeds are magnetic metal, plated with diffused gold or rho- 
dium to reduce contact resistance. The sealed capsule, which is 
filled with inert gas, prevents contamination of the contacts 
and provides high reliability. The reed capsule appears simple, 
but it is a precision unit with very close tolerances maintained 
in manufacture. 

To close the contacts, an external magnetic field must be 
applied -the reeds provide a flux path concentrating lines of 

SAFETY 
INTERLOCK 
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STATUS 

LOGIC 
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DISPLAY 

INPUTS 
- LOGIC 

CKTS 

INTERLOCK 
GO / NO GO 
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DISPLAY 

PROCESS 
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INPUTS ÿ LOGIC 

CK TS 

MATERIAL 
GO / NO GO 

SIGNAL 

-1 
STATUS 
DISPLAY 

PROCESS 
GO / NO GO 
SIGNAL 

POWER 
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FIG. 1- HYPOTHETICAL PROCESS -CONTROL SYSTEM. Logic circuits 
must ok all conditions before power can be applied. 

METAL -GLASS SEAL LOW- RELUCTANCE FERRO- 
MAGNETIC REEDS 

W_- 

GLASS CAPSULE/ DRY INERT GAS FILL 

FIG. 2- REED -RELAY CAPSULE slips into core of spool on which drive 
coil is wound. Magnetic field pulls reeds together. 

EIIN 
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F F F 
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F T F 
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C 

AB =C 
READ AS 
A a B YIELDS C 

a b C 

FIG. 3- DUAL -COIL REED RELAY used as a 2 -input AND gate (a). Its 
logic truth table and symbol are at (b) and (c) respectively. 
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force along the reeds. When flux density is maximum across 
the gap, the ends of the reeds assume opposite magnetic polar- 
ity and attract each other. When this attraction overcomes the 
reeds' rigidity, they come together making electrical contact. 
With the reeds in contact, a lower flux can maintain the con- 
tact, providing a pull -in drop -out differential as with con- 
ventional relays. A second contact can be added to the capsule 
to provide spdt (Form C) switching. 

The reed capsule must have a drive coil to become a 
functioning relay. Here again, the reed relay differs from the 

El,,, 

1# 

I l' 
1, 

4 
1' 
1 

E2,5 
1+ 

OR TRUTH TABLE 

E1, E2,,,, OUT 

F F F 

T F T 

F T T 

T T T 

A +B =C 
READ AS 
A OR B YIELDS C 

a b c 

FIG. 4- REED -RELAY OR GATE (a) closes when either coil is driven. 
Truth table (b) shows operation; (c) Is the logic symbol. 

EtiM 

1+ 

1' 
1, 

411, ' 
E2,M 
1+ 

X-OR TRUTH TABLE 

E1, E2,y OUT 

F F F 

T F T 

F T T 

T T F 

A + B = C 

READ AS 
A OR B YIELDS C 

a b c 
FIG. 5- EXCLUSIVE -OR ARRANGEMENT (a) has colts with opposing 
fields for truth table (b). X -OR symbol Is at (c). 

conventional relay. First, the physical shape of the coil is cy- 
lindrical, with a hollow center. The reed capsule is inserted in 
the center enclosed by the coil. When two or more capsules 
are driven by the same coil, it is wound on an elliptical bob- 
bin with the capsules inserted side by side. Relays with as 
many as five capsules are not uncommon. 

Another difference is the number of windings in the coil. 
For logic use the coil will have two or more isolated windings. 
Each winding serves as a logic input. 

Now the relay is assembled into a compact flat unit with 
the rather delicate capsule enclosed and protected by the coil. 
The finished unit can take a variety of shaps. Typically sealed in 
a metal (magnetic shielding) case, all leads extend out one of 
the long sides. This enables easy mounting directly on PC 
boards. 

Another popular form is unsealed. The coil has end plates 
that connect to the reed capsule while holding the capsule 
positioned within the coil. The end plates have lugs on com- 
mon edges for direct PC mounting. Another possible arrange- 
ment is the sealed plug -in unit. 

Basic reed relay logic 
Logic circuits are possibly some of the simplest circuits to 

handle from the technician's point of view. In simple terms, 
the circuits perform like switches. Because the circuits have 
only two conditions, ON or OFF, problems of distortions, or 
similar problems are not encountered. Inputs, and outputs are 
one of two voltage levels. Any other voltage is a faulty condi- 
tion. Circuit problems will be discussed later. We must first 
define each logic function, and also, how the logic functions 
can be handled by reed relays. 

Logic AND 
The AND circuit is like a coincidence circuit because all 

40 RADIO -ELECTRONICS DECEMBER 1971 

inputs must be oN to get an output. If one input is oFF the 
output will be OFF, (the number of inputs may range from two 
to five or more). More inputs are handled by using additional 
AND gates, then combining or ANDing all outputs. This is called 
fan -in. A two input AND gate, its truth table and logic symbol 
are shown in Fig. 3. 

Depending upon design of the reed relay, a specific 
amount of magnetic flux is needed to make the contact is 
close. This is referred to as one flux unit (symbol 0). The two 
coil windings (Fig. 3) are designed to provice th0 each at 
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FIG. 6- COMMON LOGIC CIRCUITS USING REED RELAYS. Four differ- 
ent arrangements are shown here. 
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AND gate: A circuit with one output 
and many inputs. The output is en- 
ergized when. and only when all 
inputs are energized. A coinci- 
dence gate. 

Binary coded decimal (BD): A sys- 

tem of representing digital num- 
bers. Each decimal number is rep- 
resented by four binary digits 
(bits). 

Binary counter: A network com- 
posed of flip -flops that count the 
number of input pulses in the radix 
or Base 2. 

"Bi-Stable": see flip -flop 
Clock: The controlling circuits to ef- 

fect transfer or operations to be 
performed at a given time. 

Clock Pulse: The electrical signal to 
the equipment that allows opera- 
tions to take place. 

GLOSSARY OF LOGIC TERMS 

Clock Rate: The number of pulses 
per second supplied by the clock. 

Flip -Flop: A device or circuit with 
two stable states. The circuit re- 
mains in either state until the ap- 
plication of a signal causes it to 
change. The flip -flop is also called: 
"bi- stable ", "bi- stable multivibra- 
tor", "two state" and "toggle ". 

Gate: A circuit with one output and 
many inputs, designed so that the 
output is energized when certain 
input conditions are met. See 
"AND gate ", "OR gate ", "NOR 
gate ", "NAND gate ", and "Logic 
boards." 

Logic: A class of circuits, principally 
"gates" which produce an output 
only when prescribed input condi- 
tions are fulfilled. A functional 
grouping of the above type of cir- 

cuits. 
Logic boards: A device that contains 

a circuit that may be used as a 
gate. 

Logic operations: Non -arithmetical 
operations such as selecting, sort- 
ing, comparing, matching, etc. 

NAND Gate: An "AND" gate that 
inverts the signal . 

"NOR" Gate: An "OR" gate that in- 
verts the signal. 

"OR" Gate: A circuit with one out- 
put and many inputs that energizes 
the output when one or more in- 
puts exist. 

Ring Counter: A network what pre- 
sents a unique state (output) for 
each input pulse. A device used for 
counting input pulses. A device 
used to provide a digital count of 
sequential pulses. A device used to 
divide the rate of incoming pulses. 

operating voltage. Thus, both coils must be energerized to 
cause contact closure. A three -input AND gate requires three 
coils, each coil providing 1/2 (four- input, four coils, etc.). 
However, the number of inputs that can be accommodated 
this way is limited. The limit is reached when the flux supplied 
by one input coil is less than the pull -in /drop -out differential. 
In this case, losing one input would not cause the output to 
change. 

OR gate 
The next logic function is the OR gate or circuit. A two - 

input OR gate, truth table and logic symbol are in Fig. 4. The 
circuit is similar to basic AND with one exception. Instead of 
1/20 flux unit, each coil receives one full flux unit of drive for 
contact closure. 

A modification of the basic OR gate is shown in Fig. 5, 
termed exclusive oR(x -oR) gate. 

In this circuit the drive coils are connected to produce 
opposing magnetic fields. Therefore, when both inputs are oN, 
the output will be OFF. The x -oR circuit eliminates the am- 
biguity which can result with the conventional OR circuit. 
Sometimes the exclusive OR circuit is called a comparator. 

Flip -flop 
The flip -flop is an extremely versatile circuit. It provides 

the basic form for many types of counters used in industrial 
contols. The types of counters are binary, binary -coded de- 
cimal or bi- directional. One common application is step -by- 
step control programmers. The reed relay flip -flop has the ad- 
vantage in providing multiple outputs and complete input - 
output isolation. 

Basic operations of two types of flip -flops will be outlined 
next -first, two input (R -s)- second, modification of R -S flip - 
flop (single input or "T" flip -flop). 

The R -S flip -flop circuit is comprised of two double -wound 
reed relays connected as in Fig. 6 -a. Fig. 6 -b is an R -S circuit 
using magnetic memory. Please note, their operation is identi- 
cal; however, the magnetic memory's one set of contacts, (x in 
Fig. 6) remains closed when power is removed. 

The doubde -wound coils are labeled x and Y for easier 
identification. The coils of each relay are diode -coupled and 
wired in opposition to produce zero flux when both coils are 
energized. In electrical memory, one coil of each relay is con- 
nected to an "x" reed contact for latching. The presence of a 
SET -input signal energerizes both coils of "Y ", but only one 
coil of "x" will make the "x" reed contacts operate. When the 
SET pulse ends, one "Y" coil is de- energized. The other one 
remains energized through the "x" latch, allowing the "Y" reed 
contacts to operate. In electric memory FF, applying the RESET 
input energizes both "x" coils, releasing the "x" reed contacts. 
With magnetic memory FF the RE -SET input energizes the "x" 
release coil, dropping out the "x" reed contacts. In either type 

of memory. one "Y" coil remains energized through the "x" 
diode, causing the "Y" reed contacts to stay closed until the 
reset input is ended. Then the "Y" contacts release and the 
circuit is prepared to re- cycle. 

The single input of "T" FLIP -FLOP is in Fig. 6 -c. It has 
normally open and normally closed contacts. These contacts 
are used to alternately steer the single input pulse to the SET 
and RE -SET inputs. 

The preceding discussion outlines the basic operation of 
relay flip -flops. The exact timing relationship of input- output 
and electrical interconnection depends on how the "FF" circuit 
is used. 

The last logic function we will cover is the INVERTER. It is 
used to change the level of a signal; an oN state to OFF. This 
logic function is normally used to make input or output of the 
control unit compatible with its external equipment. The IN- 

VERTER can be a separate circuit or can be part of a standard 
gate. The logic function of the INVERTER is handled by nor- 
mally closed contacts. 

When the INVERTER function is a part of the gate circuit, 
the name is changed, adding the letter N to the gate name. An 
AND gate which inverts becomes a NAND gate; OR gate be- 
comes NOR gate. Its logic symbol is changed by adding a small 
circle at the output line. 

Common malfunctions 
Although we are primarily concerned with reed relays, the 

industrial technician often runs into older equipment with con- 
ventional relays. Such relays, of course, are prone to the same 
ills as any exposed relay. 

The reed relay, thanks to its sealed reed capsule is uncon- 
cerned with two of the most common problems of other re- 
lays -dirty and tarnished contacts. However, reed relays are 
very sensitive to contact pitting. With the small contact area of 
the reeds and little wiping action, very little pitting can be 
tolerated. As with any switching contact, pitting is caused by 
arcing that occurs when the contacts open. This arcing is 
caused by back voltage from inductive loads. 

Pitting or erosion of reed contacts has a considerable ef- 
fect upon contact resistance. For example, a reed relay in a 
dry circuit can expect to last through 5 x 108 operations. The 
same unit with a rated load (resistive) can expect life of 5 x 
10" operations. Both life ratings are based on a 2 -ohm contact 
resistance end -point. Typical initial resistance is 50 to 100 mil - 
liohms. 

When reed relays switch inductive loads, i.e., other relay 
coils, proper load suppression is a must. While selecting the 
suppressor is the responsibility of the equipment designer, the 
technician must insure that these devices continue to operate. 
He should check them regularly. 

The next most common problem with reed relays is con- 
tact welding. This is commonly caused by switching too high a 
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current. The reed relay contact can carry more current than it 
can switch (i.e., switch 1.5 amps, carry 6 amps). Welding is 
prevented by operating the relay within its ratings. If the tech- 
nician finds welded contacts, he can assume they are caused by a 
fault external to the relay. He thoroughly checks down- stream 
from the relay to determine and correct the cause of excessive 
current. 

Reed -relay coils have a very low electrical failure rate; 
but it does happen occasionally. The most common problem is 
physical damage to the coil. 

Repairing reed relays 
Repairability of the reed relay depends on the construc- 

tion of the unit. The sealed or "potted" unit, for all practical 
purposes, cannot be repaired. Servicing the sealed unit is lim- 
ited to "remove and replace ". With little difficulty, the un- 
sealed units can usually be repaired. The faulty reed is re- 
paired as a unit. If required, the coil can be replaced. 

Be cautious when attempting reed -relay repairs. The reed 
capsule is glass and fragile. The glass -to -metal seal where the 
reeds enter is prone to breakage. The seal can be easily bro- 
ken by mechanical stress. Prevent any side thrust on the leads 
in the area of the seal. 

When the technician replaces a relay coil with multiple 
windings, he must follow the phasing of the windings. The coil 
leads are color -coded to indicate start and finish. Replace- 
ments are wired exactly as "the original." 

Also, at this time, each protective device is checked and 
replaced if found faulty. Since these are solid -state devices, be 
careful while soldering or de- soldering. 

Removing PC board mounted relays presents a problem, 
because numerous connections (as many as 12) must be bro- 
ken at one time. 

From past experience, I recommend using a vacuum -type 
de- soldering iron. Several types are available. 

High speed reed relays 
Some logic applications require a relay that has no con- 

tact bounce. To eliminate this bounce, high -speed mercury - 
wetted relays are used. 

Typical construction of a mercury- wetted reed capsule is 
in Fig. 7 -a. The most obvious addition is a small pool of 
mercury. The reeds' surface is also treated so it will be wetted 
by the mercury by capillary action. 

You can see the mercury film as the reeds start to open in 
Fig. 7 -b. Surface tension causes a thin bridge of mercury to 
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OF 
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CONTACTS 
PARTIALLY OPEN 

BROKEN 
Hg 
BRIDGE 

CONTACTS JUST 
BEFORE FULLY 
OPEN 

a b c 

FIG. 7- MERCURY -WETTED REED RELAY (a) has mercury bridge (b) to 
maintain contact until contacts are fully open (c). 

stretch across the opening reed gap. This occurs either when 
the relay is de- energized or when the reeds attempt to open, 
due to bounce. 

The reed action just before the reeds are fully opened is 
in Fig. 7 -c. When surface tension can no longer maintain the 
mercury bridge, it snaps! 

The droplet of mercury falls back to the reservoir while 
the remainder is pulled back on to each reed. Capilliary action 
still maintains the film on the reeds. This action provides high- 
speed bounceless operation. 

Unfortunately, we do not get something for nothing. Add - 
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ing mercury to the reed capsule makes the relay position 
sensitive. The unit must be mounted with its long axis vertical. 
The mercury reservoir is at the bottom. If placed on its side 
or upside down the unit will act as a mercury switch. 

The technician should remember two precautions in han- 
dling a high -speed relay. When first installed, a spare relay 
does not function properly unless stored in operating position. 
It can take from less than one hour to several hours for the 
proper mercury film thickness to form. Until the right thick- 
ness is reached, the relay may not open when energized. When 
the technician removes the relay for testing, he must keep it 
vertical at all times. 

Which logic element 
There is no real problem in troubleshooting a relay logic 

element because the relay logic element is simple and easy to 
service. However, when the industrial technician is called upon 
to repair a piece of equipment, he is presented with one com- 
monplace problem- finding the one logic element that has 
failed out of 100 logic elements. One basic question, he must 
ask himself, "How do I find the relay failure? No universal 
plan can be used to troubleshoot logic; however certain facts 
are there. Since, logic has only two states (oN and oFF) he 
loses no time in deciding if a test result is correct. He knows 
there are no "almost right" signals. 

No large amounts of test equipment are needed to service 
relay logic, usually, only a "Jumper Lead," to simulate relay 
operation and a voltmeter to monitor outputs. In fact, a low - 
voltage testlight can be substituted for the meter. 

All logic operations must follow a definite sequence. This 
sequence is already built into the equipment. For the equip- 
ment to operate this sequence must be complete. 

The technician must study all available manuals and dia- 
grams for the equipment he is repairing. Then he can devise 
his troubleshooting plan. His more complex equipment has a 
status display indicating the conditions of certain blocks of the 
logic. These displays are handy for locating the general area 
of trouble. Simpler equipment will not have built -in aids and 
the technician must examine his diagrams and select his own 
indicators. 

The technician reasons, "If I check one relay, find it `op- 
erated," I can be sure all logic up to that point is functioning." 
Another valuable help in solving the problem is to sketch sim- 
plified diagrams of the logic, showing the basic relay chains. 

Technician aids 
The best technician's key for attaining logic knowledge is 

equipment manuals and diagrams (vital interconnection infor- 
mation) for the basic logic circuits. Without this information, 
servicing the equipment is severely handicapped, if not down- 
right impossible. 

Simpler logic equipment is laborious to circuit trace, but 
the newer complex units are literally impossible to circuit 
trace because the interconnect wiring is wired point -to -point 
on the PC connectors. 

Many a "poor" technician happens to find himself in a di- 
lemma such as facing twelve connectors, and twenty pins on 
the back of a 10 -inch box. Of course, this perplexity is nearly 
impossible to circuit trace. 

The technician who services a piece of equipment on a 
regular basis will find it worth his while to acquire his own set 
of manuals and diagrams. The general service technician who 
occasionally services industrial equipment should obtain and 
keep copies of the diagrams, at least. The experienced tech- 
nician never assumes a certain manual is available when he 
needs it. He knows that somehow manuals have a "strange 
habit." They seem to sneak into someone's private tech -library 
and disappear forever. 

Conclusion 
The industrial or general service technician who under- 

stands logic principles shouldn't hesitate to accept a job of 
repairing control equipment. There is no real mystery about 
logic as used in control. Only a comprehensive knowledge of 
the basic logic functions and equipment manuals can give our 
technicians "a gentle push" into this field. R -E 
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Build aLiquid -Crystal 
Wattmeter 
A new approach to an rf wattmeter design 

for checking and tuning low -power 
vhf amateur and Citizens band transmitters 

IF YOU ARE LIKE ME, YOU WANT TO 

check the rf power output from your CB 
or ham rig regularly to make certain 
that the transmitter is still delivering 
maximum output power. Aging tubes 
and components can result in a gradual 
reduction of power output- robbing you 
of the performance originally designed 
into your unit. 

There are several methods of gaug- 
ing the relative power output from your 
rig. Perhaps the most common is to sim- 
ply connect a small light bulb to the 
output terminals of the rig. Noting the 
apparent brightness of the bulb will 
give a rough indication of the rig's 
power output. Unfortunately, this 
scheme leaves much to be desired. For 
one thing, the resistance of the light 
bulb is nowhere near the nominal 52- 
ohm output impedance of most trans- 
mitters. Also, it's difficult to judge the 
relative brightness of the bulb accu- 
rately; it may be considerably brighter 
than when the same bulb is energized 
from the 120 -volt power line. 

The other common approach is to 
connect an rf wattmeter to the output 
terminals of the transmitter. This will 
assure quite accurate readings. How- 
ever, the cost of an even relatively accu- 
rate wattmeter is not low. 

Searching about for a simple solu- 
tion to this problem I came across an 
item marketed by the Edmund Scien- 
tific Co. which I thought might just fill 
the bill. Known as Liquid Crystals, the 
material is available in several forms. 
The one of particular interest to me was 
in the form of a thin plastic sheet in 
which the Liquid Crystal material is im- 
bedded. Liquid Crystals have the 
unique ability of changing color when 
subjected to temperature change. For 

by JOHN POTTER SHIELDS 

example, if you place a piece of the Liq- 
uid Crystal plastic on the palm of your 
hand, the heat from your hand will 
cause the plastic next to your fingers 
and palm to change color due to the 
heat radiated from them. As you can 
see, the material is extremely sensitive 
to temperature change. It was this ex- 
treme color -temperature sensitivity of 
the Liquid Crystal plastic that led to the 
development of this little rf Wattmeter. 

Circuit description 
Let's take a look at Fig. 1. It shows 

the schematic of the liquid crystal rf 
wattmeter. Parallel- connected resistors, 
R1, R2, R3, and R4 form the load for 
the transmitter. Each of these resistors is 
a 200 -ohm, 2- waiter. So we wind up 
with a total load resistance of 50 ohms. 
The power dissipation of the four resis- 

NOTE 
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FIG. 1 -THE WATTMETER SCHEMATIC. There 
are two parts -the load resistor at the top and 
the indicating section at the bottom. 

tors will be eight watts -more than 
enough for the CB rig or small vhf ham 
transmitter. 

The second portion of the watt-me- 
ter consists of four more parallel -con- 
nected 200 -ohm resistors. The ends of 
this parallel -resistor combination are 
connected in series with potentiometer 
R9 and the secondary of the 24 -volt 
filament transformer, T 1. Cement a 
square of Liquid Crystal plastic to the 
tops of R1, R2, R3, and R4. The square 
should be large enough to cover the 
tops of all four resistors. Similarly, ce- 
ment a second piece of Liquid Crystal 
plastic to the tops of R5, R6, R7, and 
R8. A glance at the sketch, Fig. 2, will 
make things clear. 

The various components of the liq- 
uid crystal rf wattmeter are assembled 
on the top of a small metal chassis. 
Parts placement is shown in Fig. 2. 

Operation 
Now let's put the liquid crystal rf 

wattmeter to work. First, connect the 
cable from the load resistors (R1, R2, 
R3, and R4) to the output connector of 
your rig, and hook a multimeter to the 
unit's "output voltage" terminals. Most 
vom's have an ac volts range. Select the 
0 to 50 -volt range, or any range close to 
this general voltage. Next, with R9 set at 
its maximum resistance range, connect 
the unit's line cord to a source of 117 
volts, ac, and place power switch S1 in 
the ON position. Fire up the transmitter; 
tune for maximum rf power output, and 
after waiting for a few seconds, note the 
color of the Liquid Crystal plastic on 
top of the load resistors. Finally, adjust 
R9 until the color of the Liquid Crystal 
plastic on the top of R5, R6, R7, and R8 
matches that of the plastic on the top of 
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PART UST 
131, R2, R3, R4, R5, R6, R7, R8-200 ohms, 2 watts 
R9- potentiometer 500 ohms. 10 watts, wirewound 
Liquid Crystal Plastic- Edmund Scientific Co. Stock No. 

71, 140 
T1 -24 -volt 1.2 amp filament transformer (Allied Elec- 
tronics No. 273 -1480 or equal) 
S1- s.p.s.t. toggle switch 

LIQUID CRYSTAL PLASTIC 

OUTPUT TO 
AC METER 

50íb 
COAX 

CONNECT TO MATCH 
TRANSMITTER OUTPUT 

FIG. 2 -HOW THE WATTMETER IS PUT TOGETHER. Note that the terminal strip for the meter is con- 
nected across R8 as in Fig. 1, not across the rt load (R1 -R4 in parallel). 

the load resistors. When colors match, 
equal current is flowing through both 
sets of resistors. 

Now, by noting the meter reading 
and using a bit of Ohm's Law, we can 
determine the amount of power dis- 
sipated in the load resistors. Using 
P = E' /R to calculate the power, let's 
say that the meter indicates that 10 volts 
is developed across the output termin- 
als. Our power will then be: 

E2= z E 10 100 
watts R 50 50 

So you see, that's all there is to it. 
Why not build a Liquid Crystal RF 
Wattmeter yourself? The small amount 
of time and expense will be more than 
justified. R -E 

The TV Scope 
The scope on the blink, an old -timer 
shows a young bench -hand a clever 
scheme for making a TV set trace 
its own i.f. response curve. 

by EGON STRAUSS 

"Charlie, Charlie." The voice of 
Mac, the young repairman sounded ex- 
cited. 

Charlie Lightspot, owner of Light - 
spot's TV and Hi -Fi Service was not too 
pleased with this fact. He already had 
quite a few problems on his mind: there 
was the custom stereo installation 
downtown that had a few bugs in it, and 
his main help, Frank, was there. Charlie 
had to take care of the shop with Mac, 
the young and eager, but still unexpe- 
rienced repairman as his only help. 

Right now Mac was trying to repair 
Mrs. Brown's TV, brought in by its 
owner for a general overhaul. 

"What seems to be the problem, 
Mac," asked Charlie. 

"I'm trying to align the i.f. strip in 
Mrs. Brown's Zenith. Guess what hap- 
pened? The scope went dead." 

"That's all we need," said Charlie. 
"Well, Mac, this requires some fast 
thinking. Let's sit down and analyze the 
situation." 

While sipping hot coffee, Charlie 
asked about the progress Mac had made 
on the job, and was told the only thing 
remaining was the i.f. alignment and a 
final check. 

"Well, all we really need now is a 
scope to align the set so we can get it 

back to Mrs. Brown," said Charlie. 
"But we don't have a working 

scope here," observed Mac. 
"Quite true, my friend, but let's try 

to find one -fast," said his boss. "You 
know, Mac, a TV receiver has much in 
common with a scope. All the basics are 
there. Let me show you." Charlie took 
his note pad and made a rough sketch 
of the scope (Fig. 1). 

"Look, Mac," he said. "Here you 
have the basic ingredients. The CRT 
with its power supply, both low and 
high voltage, the four main controls: 
brightness, focus, horizontal and verti- 
cal centering, the horizontal timebase 
and the vertical signal amplifier. Corn- 
pare this with the circuit of this TV set. 
Let's try to use these basic elements in 
the receiver to observe the i.f. response 
curve on the receiver screen." 

"It's a wonderful idea," answered 
Mac, "but won't it be complicated to 
change all the chassis connections to get 
this response curve on the screen ? ". 

"Well, Mac, maybe the changes 
aren't so big as you'd think. Let's go to 
work." 

Under Charlie's direction, Mac 
changed the following connections in 
the partial circuit diagram-in Fig. 2. He 
disconnected C27 from the cathode pin 
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of the CRT, and using a clip lead, con- 
nected this capacitor to the grid of verti- 
cal output tube V 10-b. He also dis- 
connected C48 and C45 from this tube. 
Then he disconnected both horizontal 
yoke coils and their center tap from the 
horizontal sweep transformer. One of 
the outside cables of the horizontal coils 
was connected to ground and the other 
to the 6.3 -volt power transformer wind- 
ing. 
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/ 
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AND MAIN CONTROLS 
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FIG. 1 -THE BASIC OSCILLOSCOPE has lots 
in common with a televison receiver. 
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FIG. 2 -HOW TO MAKE A TV RECEIVER PLOT ITS OWN RESPONSE CURVE. Detected video signal 
drives the vertical output while the horizontal deflection comes from 6 volts ac. 

At this point Mac said: "Don't you 
think this is a very low voltage for a 
horizontal sweep on a 23 -inch picture 
tube ?" 

"Well, Mac," answered Charlie, 
"don't forget that with magnetic deflec- 
tion it's not the voltage that counts but 
the current. Also remember that at 60 
Hz the inductance of the yoke winding 
isn't important, it's the current limiting 
factor -about 22 ohms resistance - 
which is. If we make a very rough calcu- 
lation we have to take the peak -to -peak 
voltage of 6.3 volts, which is approxi- 
mately 17.5 volts, and divide it by the 
ohmic resistance. This give us almost 
0.8 amps, plenty of sweep current for a 
horizontal deflection coil." 

"You're right, Charlie, and that 
means we should see a horizontal line 
on the screen if we don't apply any 
other signal." 

"Correct, Mac," was the reply. 
"Let's try it out." 

They connected the receiver and 
soon had the horizontal line. They 
turned down the brightness control to 
avoid burning the screen. 

Charlie connected his TV sweep 
generator output cable to the i.f. input 
of the tuner and after a few turns of the 
sweep generator controls (frequency, 
amplitude, sweep width and phase) the 
response curve of the receiver appeared 
on its own screen. 

When the alignment job was fin- 
ished, Charlie said, "Now Mac, put all 
the connections back and let's do the fi- 

nal touchup." 
"Charlie, this scopeless alignment 

method saved us quite a bit of trouble. 
Don't you think other people in the 
trade could be interested? R -E 

Ohmmeter Checks SCRs 
The SCR sweep system has proven 

to be quite reliable. However, when 
failures do occur many technicians are 
at a loss as to how to check silicon con- 
trolled rectifiers. Several elaborate 
methods of testing SCR's have been de- 
vised. However, the following is ade- 
quate for television servicing. 

If the sweep circuit troubleshooting 
procedure indicates the possibility of a 
defective SCR, substitution with a 
known good device is the best test 
method. If a known good SCR is not 
available, an ohmmeter check will give 
a reasonable evaluation of the device. 
This is true since generally speaking, a 
good SCR in the offstate will block cur- 
rent flow and show a high resistance 
anode -to- cathode reading and, when 
test leads are reversed, a high cath- 
ode -anode resistance. A shorted device 
will not block current and shows low re- 
sistance readings anode to cathode, ei- 

ther direction. Gating problems, as far 
as the device itself is concerned, are 
practically nil in this type SCR. 

ANODE TO CATHODE 

EFFECTIVELY OPEN 
( TYPICALLY 

ABOVE 10 MEG) 
EITHER DIRECTION 

SCR I0I 

The drawing shows the test setups 
and the normal ohmmeter readings be- 
tween elements. -RCA Tips 
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ANODE TO GATE: SIMILAR TO ° ANODE TO CATHODE 
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Build a 
SONIC CLEANER 
Get small parts bright and clean with a little 
detergent and this easy -to -build 
sonic cleaner. it's a one -evening job 

by HAROLD PALLATZ 

THIS EASILY BUILT SONIC CLEANER 
scrubs small parts clean and bright. It 
operates on the same basis as the ul- 
trasonic cleaners used in industrial and 
government laboratories. Essentially, a 
solution (such as water and a detergent) 
is made to vibrate or move in short 
high -speed strokes, resulting in a 
scrubbing action. This action penetrates 
the smallest crevices and otherwise in- 
accessible areas. 

The heart of our sonic cleaner is an 
Ashworth sound reproducer. This is a 
special type of speaker that has a metal 
disk in place of a speaker cone. By at- 
taching the disk center to a wall or side 
of a car, it turns the whole area into a 
speaker. It is powered by any radio, 
phonograph or audio amplifier. It can 
normally handle 35 watts without no- 
ticeable distortion. You can apply as 
much as 75 watts, if you don't care what 
the music sounds like. 

Construction 
A piece of W' to 1" dowel is care- 

fully screwed onto the center welded 
wood screw of the reproducer. Drill a 
small hole (No. 30 drill size) in the 
dowel first and grasp the sides of the 
disk to prevent ripping it loose from its 
rubber mounts. The dowel need only be 
'h" long. Cement a metal bottle cap to 
the top of the dowel. (Our cap was 21/4" 
diameter with 1/4" sides). A light- weight 
plastic cup (bottom is 2" diameter) 
holds 2 ounces of cleaning solution, and 
is simply placed on the cap. If large 
amounts of power are applied, you will 
have to glue the plastic cup onto the 

cap to keep it from falling off while 
cleaning. 

Operation 
With the reproducer attached in 

place of the loudspeaker (it matches 4, 8 
or 16 ohms) to an audio amplifier out- 
put, feed the input of the amplifier with 
signals from records, tape, radio or bet- 
ter yet a audio oscillator. You will no- 
tice the plastic cup will move with the 
signal. Add cleaning solution (you can 
use soap and water for a start) and the 
small parts to be cleaned. The size, 
weight and type of dirt will determine 
the amount of time necessary to com- 
plete the cleaning. 

I used an audio oscillator and it 
was interesting to watch the wave pat- 
terns on the surface of the solution vary 
as the frequency was changed. For max- 
imum effect the highest frequencies 
should be used. Commercial cleaners, 
which are very much more efficient, op- 
erate at some 90 kHz (90,000 cycles). 
The higher the frequency the better the 
scrubbing action. However, our repro- 
ducer efficiency falls off rapidly beyond 
the audio range. So do not expect the 
same efficient operation as the more 
complex ultrasonic models. 

Parts that will rust or corrode re- 
quire cleaning solutions other than wa- 
ter. Dry cleaning fluid will work. Xylol 
and Freon are also useful. Don't put 
your fingers into the solution while the 
high power is on. Doctors report that 
some dangers may exist. This, of course, 
would be much reduced with our sonic 
cleaner (compared to the effects with ul- 
trasonic cleaners), but take the pre- 
caution anyway. R -E 
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COMPLETED SONIC CLEANER should look 
Ilke the one in the photo. 

PLASTIC 
CUP 

METAL 
CAP 

WOOD 
DOWEL 

ASHWORTH 
SOUND 

REPRODUCER 

PHONO PICKUP, 
TAPE, RADIO, 

OR AUDIO 
OSCILLATOR 

AUDIO 
AMPL 

SONIC 
CLEANER 

A SONIC CLEANER is easy to build. This dia- 
gram contains complete construction details 
and should be followed closely. 

PARTS LIST 
Ashworth Sound Reproducer, (Available from Ashworth 
Foundry Div., Reliance Electric Mfg. Co., P.O. Box 841, 
New Albany, Miss., 38652, $9.95) 
Dowel, approx. W long x 'A" diameter 
Metal Bottle Cap, approx. 2 %" diameter with '4" sides 
Plastic Cup, (can be drinking cup or cookie cup) 
Glue, Duco, Elmer's or Ambroid 
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Radio Operated Fire Alarm System 
How electronics speeds fire alarms to the station house 

by BURTON BERNARD 
The first municipal tire alarm system v, as put into operation in Boston 
in 1852. Its 45 hand -cranked street alarm boxes were interconnected 
by telegraph cable. For the next 114 years. every municipal fire alarm 
system required overhead or buried cables to transmit the alarm sig- 

nal. 
Today, many municipal fire alarm systems are wireless. New, ra- 

dio-operated, fire alarm call -boxes are replacing the older, telegraph 
or telephone type, cable systems. Each new call -box is a completely 
self -contained radio transmitter eliminating the need for costly or 
breakable transmission and power cables. 

In 1966, Fire District number 11 of King County, Washington in- 
stalled the first wireless fire alarm system in the United States. Now, 
practically every new fire alarm system being installed, or planned, is 

wireless because of economics, simplicity of operation and ease of ex- 

pansion. 
A typical radio fire alarm system consists of a fire alarm commu- 

nications center (Fig. 1) and strategically located fire alarm call- boxes. 
Large cities may have, in addition, substation call -boxes and retrans- 
mission equipment. 

Each radio fire alarm system must be FCC approved. Public 
Safety frequencies are available in the 72 -76, 150- and 450 -Mhz 
bands. All present operating radio fire alarm systems operate at, or 
near, 72 Mhz. Power output is limited to one watt. 

mANTENNA 

RECEIVER DECODER 
DIGITAL 
DISPLAY 

I ALPHA- 
NUMERIC 
PRINTOUT 

TEST DIGITAL 
DISPLAY CLOCK 

ALPHA- 

ANTENNA 
NUMERIC 
PRINTOUT 

OPTIONAL 
RECEIVER DECODER READOUT 

Flg. 1- FIRE -ALARM 
communications center 
is shown in this basic 
schematic. Note that a 

back -up receiver Is in- 
cluded. 

TRANS- 
MITTER 
ON 

F(f) 

FIRST 
WORD 

SECOND 
WORD 

THIRD 
WORD NGGC 

r- 

F FTH 
AOR_ 

F 

F(-) - 
FIRE 

PARITY 
I 2 4 8 BIT 

8 
TRANS- 
MITTER 

OFF 

Fig. 2- BINARY -CODED FSK alarm signal from callbox number 9328. In- 
set shows binary code for the number 5. Each word consists of positive 
and negative frequency excursions. The parity or fifth bit is a redundant 
bit or element added to each word so that Inaccuracy or receiving errors 
In that group of bits can be detected. 

To operate one of the new call- boxes, the user simply presses a 

conveniently located button. Some call -boxes require that a piece of 
glass be broken to gain access to the button. Once the button is 

pressed, an emergency signal is transmitted to the alarm commu- 
nications center and immediately informs the dispatcher of the prob- 
lem and location. 

The transmitted signal is pulse coded by frequency -shift -keying 
(FSK), a form of frequency modulation that is relatively free from 
static and other forms of interference. Each transmission (or round) 
consists of a series of binary 'words' (Fig. 2). Each word' contains five 

pulses (or bits). The first four pulses make up the 'word' and the last 
pulse is used as a parity bit for verification at the receiver. 

The first 'word' identifies the type of message being sent (ie; fire, 
test, etc.); the next 3 or 4 'words' identify the location of the call -box. 
Each transmission (round) lasts about one second. All fire signals are 
automatically transmitted three times (three rounds). 

A mercury switch inside the call -box is used as a TAM - 

PER /KNOCKDOWN switch. It is activated whenever the call -box is tilted 
more than five degrees. 

Each call -box contains a rechargable battery that operates, with- 
out charging, for at least six months. Some systems use solar -cells to 
trickle- charge the batteries during daylight hours, eliminating the 
need for battery replacement every six months. 

All radio fire alarm call -boxes test themselves at least once a day. 
The call -box is automatically triggered by a battery- operated clock 
and sends a test signal to the alarm communications center. A special 
readout at the communications center displays and stores each test 
signal so that the dispatcher can tell at a glance if any of the call -boxes 
have failed during the past 24 hours. 

Battery voltage is measured every time the call -box transmits a 
signal. If the battery voltage falls below 85% of its rated value (usually 
12 volts), a special pulse is transmitted with the normal signal to ad- 

vise the alarm communications center of a weak battery. Weak bat- 
teries must continue to operate for at least 15 days before replacement 
is absolutely necessary, according to the National Fire Prevention As- 
sociation Standards for Municipal Fire Alarm Systems. 

Inside the call boxes 
The radio call -boxes are all solid state and designed to operate 

for at least 25 years. Each call -box requires its own non -directional 
antenna and transmits its signal for about 25 miles. 

The receiver at the alarm communications center contains a 

decoder unit to check and verify every signal received at the call -box 
frequency. The signal is stored until the decoder is satisfied that the 
signal received contained the proper number of binary 'words' and 
that each 'word' contained the correct number of pulses as verified by 
the parity bit. Only upon proper verification will the decoder release 
its information to the digital display and paper printout. Signal veri- 
fication takes less than one second. 

An alpha- numeric recorder prints every message received with 
date, time, location and nature of call. Two complete message receiv- 
ing systems (Fig. I) usually operate simultaneously to increase system 
reliability. 

Up to 1,000 different call -boxes may be identified with a three -di- 
git identification system (10,000 for a four -digit system). In addition, 
up to 16 different messages may be identified including POLICE and 
AMBULANCE as well aS FIRE. TEST and TAMPER /KNOCKDOWN. Local, or 
remote, alarms such as building fire alarm systems, sprinkler systems 
and smoke or heat detectors may also be transmitted through the ra- 
dio call -boxes. 

Call -box frequencies can be coordinated to eliminate any possi- 
bility of interference from neighboring communities. Nearby fire dis- 
tricts using the same frequency may code their call -box identification 
numbers to correspond to their own community. A four -digit identi- 
fication system may have ten fire districts using 1,000 call -boxes each 
without any duplication of identification number. 

One feature about the radio call -box is that if any box should fail, 
it has no affect on the balance of the system. Also, since no cables or 
external power is required, radio call -boxes may be installed any- 
where within the fire district. Additional radio call -boxes may be 
added at anytime without addition or modification to the alarm com- 
munications center receiving equipment. R -E 

DECEMBER 1971 RADIO -ELECTRONICS 47 

www.americanradiohistory.com

www.americanradiohistory.com


STERE O 
how to design 

your own solid -state 
audio amplifier 

How to design a practical class -A audio amplifier 

Our task is to design an audio am- 
plifier capable of delivering 5 watts to a 
3.2 -ohm loudspeaker load. The design 
will be based on material presented in 
previous articles. The transistor 
available is the 2N3055. Use it. Outline 
a step by step procedure. 

1. Draw a workable circuit. In or- 
der to keep the dc current out of the 
speaker winding, an output transformer 
should be used. For improved thermal 
stability use a resistor in the emitter to 
provide dc feedback. If desired, bypass 
it with a capacitor to prevent ac de- 
generation and the reduction of power 
reaching the loudspeaker. A valid cir- 
cuit arrangement is shown in Fig. 1. 

ECC 

INP-U-74 
SIGNAL CIN 

o 

2N3055 

3.2nSPKR 

FIG. 1- CLASS -A POWER AMPLIFIER. Con- 
stants for this simple, but practical circuit are 
calculated in the text. 

2. Determine the actual power the 
amplifier must deliver. Although 5 watts 
is desired at the speaker, the 2N3055 
must deliver more than this due to 
losses in the output transformer. As- 
suming 75% transformer efficiency, the 
power available from the 2N3055 across 
the primary of the transformer must be 
at least 5/0.75 =6.66 watts. 

3. Choose VCEA, the voltage at 
which the ac load line crosses the hori- 
zontal axis. (See Fig. 9 in the previous 
installment.) The maximum voltage 
that may safely be applied between the 
collector and emitter of a transistor 

"Chief Project Engineer. EICO Electronic Instrument Co 
Inc. 
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varies with the size of resistor placed 
between the base and emitter. Break- 
down voltages are specified on data 
sheets for different resistor values. 
There is no resistor used in the circuit in 
Fig. 1. Then the BV,.E rating applies. 
BV E is the voltage that may be ap- 
plied between the collector and emitter 
of the transistor without destroying the 
device, when there is no resistor be- 
tween the base and emitter. BV,.,; is the 
breakdown voltage when the current 
flowing through the device is very small. 
As the collector current increases, the 
BVCE breakdown voltage is reduced to 
a more or less constant value, V,.F (sus), 
referred to as the sustaining voltage. 
For the 2N3055, V,.E (sus) is 60 volts. 
V EA should be equal to or less than 60 
volts. Taking various factors into con- 
sideration, such as peak voltages due to 
the primary inductance of the trans- 
former, the possibility of getting transis- 
tors at reduced prices when BV,.E (sus) 
is low, the economy of a low- voltage 
power supply, etc., choose V,.H;,, at 25 
volts. 

4. Calculate the power the transis- 
tor must dissipate. Because it must de- 
liver 6.65 watts, the device must be ca- 
pable of dissipating at least 2 x 6.66 
watts =13.3 watts. The 2N3055 is ca- 
pable of dissipating 115 watts at room 
temperature so this 13.3 watts should be 
no problem. In fact, add 25% to the re- 
quired dissipation capability to ac- 
commodate limitation of current and 
voltage swings on the load line as well 
as signal power losses across the emitter 
resistor. The required dissipation capa- 
bility should be 13.3 +.25 (13.3) =16.6 
watts. 

5. Determine points on the 
parabola and draw a line from 
V,.,,; 5 = 25 volts to the L. axis touching 
the parabola at one point. Several 
points on the parabola are 

at V,.F; =25 volts, 1,. =16.6 watts /25 
volts =0.66 amperes 

at V F; = 20 volts, I,. = 16.6 watts /20 

1971 

volts =0.83 amperes 
at V,.E = 15 volts. l,. = 16.6 watts/ 15 

volts= 1.11 amperes 
at V,.H, = 10 volts, I. =16.6 watts/ 10 

volts = 1.66 amperes 
at V E = 5 volts, I,. =16.6 watts /5 

volts =3.32 amperes 
at V,.E =2 volts, I,. =16.6 watts /2 

volts =8.3 amperes 
Draw the parabola using the data just 
calculated. See Fig. 2. Starting from the 

IC 

2ICQ 

ICQ 

DC LOAD LINE 

CEM 

AC LOAD LINE 

ECC 
VCE 2ECC 

FIG. 2 -LOAD LINES and power -limiting curve 
for the amplifier we are designing. 

selected V,.,.,A =25 volt on the V. axis, 
draw an ac load line tangent to the 
parabola at V,.EA /2= 12.5 volts and 
I,,= 16.6 watts/ 12.5 volts = 1.33 am- 
peres. It will intersect the I. current axis 
at 2I,.,ß =2.66 amperes. The dc load line 
will also intersect the P,.EM curve at Q. 

6. In Fig. 1, the voltage across RE 

should be between 0.5 and 1 volt. As the 
quiescent current has been chosen at 
1.33 amperes, RE may assume any value 
between 0.5 volts /1.33 amperes =0.375 
ohms and 1 volt /1.33 amperes =0.75 
ohms. Choose a relatively "standard" 
0.56 ohm 10% resistor. The power the 
resistor must be capable of dissipating is 

I QRE =(1.33)2(0.56)= 1 watt. Use a 2 

watt component for safety reasons. 
7. The ac resistance seen by the 

transistor is equal to the reciprocal of 
the slope of the ac load line, or 

= 25/2.66 =9.4 ohms. 
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8. The dc load line is determined 
by the supply voltage Ecc, the dc re- 
sistor in the emitter circuit, and the re- 
sistance of the primary winding of the 
output transformer. We know that RE is 
0.56 ohms. Choose a transformer so that 
the sum of RE and the resistance in the 
transformer winding will be small -let 
us say about 1.5 ohms. The slope of the 
reciprocal of the dc load line is equal to 
this resistance, so that 
1.5 = (E,-VcQ) /Ice =(E,-12.5)/1.33 
(for Vice, when set at the center of the 
load line in this problem, is equal to 
V(E, /2). Ecc must then be 14.5 volts. 
Plot this point on the VCE axis. Draw a 
line connecting the 14.5 volt point on 
the horizontal axis with Q on the ac 
load line. This is the dc load line. 

9. The total ac resistance in the col- 
lector circuit is equal to the sum of the 
primary resistance of the transformer 
(1.5 ohms -0.56 ohms = 0.94 ohms), the 
0.56 ohm resistor in the emitter, and the 
resistance R,,' reflected from the secon- 
dary into the primary winding due to 
the 3.2 ohm speaker in the secondary. If 
the resistance of the secondary winding 
is not small compared to the 3.2 -ohm 
load, R,,' is due to the reflection of the 
sum of the speaker resistance plus the 
resistance of the secondary winding. In 
step 7, it was determined that the total 
ac resistance the transistor must see is 
9.4 ohms. Thus the reflected resistance 
into the primary of the transformer is 
9.4 ohms -0.56 ohms -0.94 ohms =7.9 
ohms. 

10. The impedance ratio of the 
transformer is 7.9 ohms:3.2 ohms. As 
this is equal to the square of the turns 
ratio, of 7.9/3.2= (N,, /N,)2 where N,. is 
the number of turns in the primary 
winding and N, is the number of turns 
in the secondary, the turns ratio from 
the primary to the secondary must be 
about 1.6:1. 

11. Check if sufficient power can be 
delivered to the load. The transistor 
characteristics set limits to the possible 
output current and voltage swings. At 
the one end, the saturation voltage of 
the transformer is stated at 1.1 volt at 4 
amperes. Since our maximum current is 
2.66 amperes, the saturation voltage is 

somewhat less. Let us assume that the 
minimum voltage across the transistor 
due to saturation is 0.75 volts. Let us 
also assume a 1 volt loss in swing at the 
other end of the load line due to leak- 
age current limits. Thus, the signal volt- 
age' swing is limited to 25 -0.75- 
1= 23.25 volts. The power the transistor 
can deliver is (23.25 volts)' /8(9.4) =7.2 
watts. 

The ac power developed across the 
emitter resistor is (2I,.e)' 
RE /8 = (2.66)2(0.56/8 =0.5 watts. 

The total power left to be across 
the output transformer is 7.2-0.5=6.7 
watts. If the transformer is 75% ef- 
ficient, the power reaching the load is 

0.75(6.7)=5 watts. 
12. The emitter resistance is 0.56 

ohms. When reflected into the base cir- 
cuit, it appears as a dc resistor equal to 
the beta of the transistor multiplied by 
RE. The dc beta curve, reproduced in 
Fig. 3, shows the average beta is about 

6 

4 
W 
m 

) 

) 

) 

lOt 
2 4 6 80.1 2 4 6 8 2 4 6 8 

COLLECTOR CURRENT ('c -A 
FIG. 3 -BETA CURVE shows how dc beta varies 
with collector current when VHF is 4 volts. 

50 when 1,Q= 1.33 amperes. Thus the 
resistance at the input is 0.56 x 50=28 
ohm. 

13. The quiescent base current, Ia 

must be Ice /ß= 1.33A/50 =0.027 am- 
peres. 

14. Using the data from steps 12 

and 13,wecancalculate R,,,forEc,. = IE(RE 
+ ßRE) = 12.5 = 0.027(R, = 28 
ohms). R is equal to 435 ohms. Use the 
standard 470 ohm resistor. The power 
dissipated by RE is 
IE-RE _ (0.027)2(470) = 0.34 watts. A ' 

watt resistor can be used here although 
a 1 -watt component is more desirable. 

15. The ac resistance reflected into 
the base circuit from the emitter circuit 
is ß(RE +re), where re is the ac emitter 
resistance of the transistor. In step 12, 

the dc emitter resistance was ignored, 
for it is negligible. However, the ac 
emitter resistance was specified as equal 
to 26 /IQ in a previous article, where IQ is 
expressed in milliamperes. In this prob- 
lem, re will be very small if calculated 
from the formula. In reality, it is seldom 
less than 1 ohm. We will assume it to be 
1 ohm. 

The ac emitter resistance reflected 
into the base circuit is then 
50(0.56+1)=78 ohms. (It is assumed 
that the ac beta is equal to the dc beta). 

The input impedance is essentially 
this 78 ohms in parallel with the 470 
ohm resistor calculated in step 14, or 67 
ohms. If this amplifier is designed to 
have a good frequency response down 
to 20 Hz, Cty must be at least equal to 
1/6.28(67) (20) =120 µF. This assumes 
that the input signal has zero imped- 
ance. Calculations of this type will be 
elaborated upon under the topic of 
audio filters in a future article. 

DISTORTION 
In the problem, the transistor will 

deliver 5 watts only if the collector cur- 
rent and voltage will swing over its 
maximum capabilities. Because of non - 
linearity of the collector characteristics, 

it is most desirable to limit the swing to 
the minimum. This is especially true 
near the saturation voltage lines as well 
as near the ICEO curve where I. =O. A 
good rule of thumb is to make the min- 
imum collector voltage equal to three 
times the saturation voltage. Subtract 
another 2 volts due to the leakage cur- 
rent. 

The above solution to the problem 
is marginal. In the laboratory, it will 
probably be found that more power 
output capability is necessary and im- 
proved circuit efficiency measures 
should be considered. Some of these 
measures can be to bypass the 0.56 ohm 
emitter resistor with a large capacitor, to 
use a more efficient output transformer, 
to increase Ecc, etc. These consid- 
erations are important here, as well as 
in the next article dealing with class B 
and class AB power amplifiers. 

This concludes the discussion on 
class -A power amplifier fundamentals. 
But, before going on to class -AB and B 
amplifiers, we are going to design a 
practical class -A power amplifier. 
Watch for it in the next installment. R -E 

SONY 350 RECORDER 
In this recorder, both VU meters 

light up whenever the RECORD button is 
pushed. This occurs even though one or 
both RECORD LEVEL controls is turned 
all the way off. Needless to say, this is 
very confusing, especially when making 
a monaural recording. 

METER 
LAMPS --- 

LEVEL 
CONTROLS 

F 
i 

S ._ +ñr 
ADDED 

t SWITCHES 

ADD TWO SWITCHES as shown in photo to 
Sony 350 tape recorder to prevent both VU me- 
ters from lighting when making a monaural 
recording. 

One way to correct the problem is 
to mount a pair of subminiature snapac- 
tion switches on a small metal bracket 
near the RECORD LEVEL controls, as 
shown in the photo. Adjust each switch 
so its plunger rests in a flat spot filed on 
the shaft when the control is rotated 
fully counterclockwise. Connect the 
common and normally open contacts in 
series with each VU meter lamp so that 
it illuminates only when its respective 
RECORD LEVEL control is rotated away 
from the off position. -Donald R. Hicke 
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practical 
applications 

of transistor 
a rrays 

Here are two IC amplifiers 
you can build with a CA3018. 

See how you can build on 
these ideas. 

IBt 

by WALTER G. JUNG 

FIG. 1 -A BIASING TECHNIQUE using matched 
monolithic transistors. When R1 is twice R2, 
output voltage E is half V,, for all supply volt- 
age levels. 

Inside linear ICs 
The biasing techniques used with 

monolithic transistors is unique, but at 
the same time, simplicity itself. To see 
just what we mean by this, take a 
look at Fig. 1. We know that our 
matched IC transistors will have very 
close current gains and Vbe's within a 
millivolt for the same collector cur- 
rents. These factors are used in Fig. 1 

to predictably bias transistor Q2 at the 
same current as Q1. You can analyze 
the operation as follows. 

The current (I,) in RI is com- 
posed of 3 components; the bulk of it 
is Ic,, and the other 2 components 
are I,,, and IB.. Since these two tran- 
sistors have current gains of 100, L, 
is the dominant current in RI as both 
IR, and I_ are 1 /100 of its value. It 
is therefore reasonable that we call 
these two components negligible and 
call I, = I,.,. 

Q1 and Q2 are identical due to 
their matched monolithic character- 
istics. Since they receive the same base 
voltage (the voltage developed across 
QI) the current in both transistors 
will be the same. This holds true 
within 5% if the currrent gains of the 
transistors are 40 or greater (which is 
true for all the array transistors). 

Now note also that if the V,,. of 
Q1 is small with respect to supply 
voltage V,e the current I, will be al- 
most solely determined by R l . This 
makes the current relatively indepen- 
dent of temperature variations in QI's 
V,,,, with typical supply voltages of 10 
volts or more. 

So we can set the current in Q1 
and Q2 by selecting a single resistor, 
Rl. Since the current in R2 is the 

same as R1, making R2 one half the 
value of R1 will cause it to drop one 
half the voltage. And since R1 drops 
nearly the full supply voltages, R2 will 
drop one half of this, or 1/z V. The 
unique thing is that Eo will be equal 
to 1/2 V,, for all values of V,,! This 
automatically biases Eo for maximum 
voltage swing, and this is determined 
by the ratio of R2 to Rl, not their 
absolute values. 

You can make an ultra simple 
amplifier out of this matched transis- 
tor combination simply by modulating 
the bias applied to Q2. This can be 
done in two ways, transformer cou- 
pling (Fig. 2) or direct current addi- 
tion as in Fig. 3. 

The transformer method offers 
very high voltage gain (46 dB with 
values shown) and maximum sim- 
plicity. This little circuit as shown 
could make a general -purpose low -level 
audio amplifier with a minimum of 
parts. Use a transformer with a secon- 
dary dc resistance of 50 ohms or less 
(higher dc resistances will upset the 
current balance between Q1 and Q2). 
You can even use a step -up transformer 
and get more gain, as the Zi (input 
impedance) of the amplifier itself is 
about 7000 ohms. The output imped- 
ance is the collector resistor, or 22,000 
ohms so if you want to drive any kind 
of a load you'll need a buffer stage. This 
is easily done in the CA3018 by using 
the Darlington pair (Q3 -Q4) to drop 
the output impedance to 25 ohms. 
Then with this circuit you could even 
drive a 70 -ohm speaker and make 
yourself a one -chip intercom! 

The transformer- coupled circuit 

E0 
(HI-Z) 

E0 
( LO-Z) 

FIG. 2- MATCHED TRANSISTORS in a transformer -coupled amplifier. Pin numbers shown are for the 
CA3018; T1 is an audio line -to -line or step -up transformer. 
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Specification 
and 

Condition(s) 

TABLE I: Monolithic IC Transistor Array Specifications 

RCA 

CA3018 
Min typ max 

RCA 

CA3018A 
Min typ max 

RCA RCA 

CA3045 */CA3046 CA3086 
Min typ max Min typ max 

SILICON IX 

S I3045AK 
Min typ max 

SILICON GENERAL 

SG3821 
Min typ max 

By,,: I = ImA 
unit: volts 

15 24 15 24 15 24 15 24 15 

By,.,;,,: I = 10µA 
unit: volts 

20 60 30 60 20 60 20 60 20 

BVEBU: I,., = 10µA 
unit: volts 

5 7 5 7 5 7 5 7 5 

VCE(SAT): l,. = 10mA, IB = 1mA 

unit: volts 

10mA - 

0.23 - 

100 - 50 

0.23 

100 

0.5 

- 

0.23 - 

100 - - 

0.23 - 
100 - - 

ImA 30 100 - 60 100 40 100 - 40 100 - 40 

VCE = 3v,10 10µA - 54 - 30 54 - 54 - - 54 - - 
IVBE1 -VBE21 
@VcE= 3v,Ic =1mA 

unit: millivolts 

VBE1 VBE21 

AT 
@VcE =3v, lc =lmA 

unit: Of/ °c 

IIB3 -IB21 
@ V,.,; = 3v, IC = 1 mA 

unit: µA 

hrr:l @ VcE = 3v 

hFE., IC = 1mA 

f @ VcE = 3v 
IC = 3mA 

unit MHz 

0.48 5 0.48 2 0.45 5 

- 10 - 10 - 1.1 - - 

0.3 2 - 

.9 .97 .9 .97 See figure 4 

300 500 300 500 300 550 550 300 

24 251 301 

60 40 60 

7 5 6.2 

0.23 0.5 - 
100 - 
100 - 
54 - 

802 
502 1002 4002 

802 

0.45 5 0.5' 52 

1.1 

0.3 2 0.41 42 

550 9503 

ALAIL 
*CA3045 -55 to 
125 °c,CA3046 for 
0 to 85 °c. 

1 @IC =100µA Vr, = 5v 3@VcE = 5v; 
IC = 1mA 

does not offer low distortion (although 
tolerable at a low level) because, in 
this case, Q2 is driven in a Gm mode 
(voltage in, current out) which is not 
the best from a distortion standpoint. 
But is a quick and dirty way to get 
maximum gain in a single stage. 

If you want to clean up the lin- 
earity, try the current- modulation 

scheme of Figure 3. This method 
sums in an ac current through R,n 
with the dc bias in Q1, and in so 
doing modulates the base voltage ap- 
plied to Q2. Q1 automatically devel- 
ops a base voltage for Q2 propor- 
tional to this modulation current. 
And, since Q2 is matched it develops 
a corresponding current in its collec- 

E0 
(HI-Z) 

E0 
(L0-Z) 

FIG. 3- DIRECT COUPLING in of amplifier using transistor array. Voltage gain is approximately 
R2 /R,,,. Input Impedance approximates R,, when R is much greater than the input (diode) imped- 
ance of 01. With values shown, ;1 Is about 100 ohms. 

tor circuit. In this manner the input 
signal current is transferred to the 
output of Q2. This circuit inherently 
has current gain of one, so you can- 
not get out more current than you put 
in. But you can get current gain 
through the Q3 Q4 Darlington pair, 
and you get voltage gain proportional 
to the ratio of R2 to R,,,. Since Q1 is 
a low- impedance summing junction, 
you can mix 2 or more inputs with 
very low cross coupling. This circuit 
works best if the input current is 
small in relation to the bias current in 
Ql. The dc blocking capacitors Cl 
and C2 should be chosen to be equal 
in reactance to R,x at the desired 
low- frequency 3 -db point, as the in- 
put impedance is essentially the value 
of R. 

These two simple amplifier ideas 
are examples of what can be done 
with the most basic of IC biasing. 
Used to advantage, array transistors 
can do some very interesting things. 
Next month we'll go further into bias- 
ing techniques based on this funda- 
mental idea and see how it can be de- 
veloped into a variety of useful 
circuits -all using these same IC ar- 
rays in a multiplicity of hookups. R -E 
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WINDSHIELD 
WIPER 

PAUSE CONTROL 
Most versions of this popular device won't work 

in late -model cars. Here is one that will. 

MANY ARTICLES HAVE BEEN PUB - 
lished on building and using automo- 
bile windshield wiper "variable rate" or 
"pause" controllers. These devices pro- 
vide a way to activate an automobile 
windshield wiper automatically at a 
predetermined rate to avoid excessive 
"dry" wiping of the windshield during 
periods of light drizzle and snow or oc- 
casional misting or spatter from adja- 
cent traffic. This eliminates the necessity 
of turning the wipers on and off every 
few seconds to avoid irritating wiper 
scrape and possible windshield 
scratches. Some new cars offer this as a 
built -in option. 

The majority of these units use a 
unijunction transistor oscillator to trig- 
ger an SCR with timed pulses, which 
turn on the windshield wiper for one 
complete cycle and then repeats again 
at a rate set by the operator. 

A typical circuit is shown in Fig 1. 

This arrangement is simple, efficient 
and does the job well; but does not 
work for all cars. This circuit will not 
work on many late -model General Mo- 
tors (GM) that use self -reversing motors 
to park the wiper blades in a recessed or 
depressed position. This happens be- 
cause the type of controller in Fig. 1 is 
turned off by the short -circuit which ap- 
pears across the SCR after the wind- 
shield wiper motor has been activated 
and the wiper cam -driven switch has 
"taken over" control of the motor. Re- 
member, the SCR latches on positively 
and will not turn off unless conduction 
is stopped in some way. The wiper cam - 
driven switch does this by shorting out 
the SCR. Now the SCR is in a noncon- 
ducting state until once again activated 
by the next UJT pulse. The GM type 
wiper assemblies mentioned above have 
a combination relay and latching mech- 
anism to control the motor. This type of 
arrangement will not turn off the SCR 
and when used with the circuit shown in 
Fig. 1, allows the wiper to run contin- 

by PAUL SCHULTZ 

uously, since the SCR remains latched 
on. 

A new circuit 
The circuit to be described was de- 

veloped to overcome this problem. The 
basic UJT circuit is retained. However, 
the medium -current SCR is replaced by 
two low- current SCR's and a miniature 
12 -volt relay plus a few minor com- 
ponents. Fig. 2 shows the circuit of the 
revised controller. To get away from the 
self -latching action of the original single 
SCR, two small SCR's are used in a 
flip -flop arrangement which is triggered 
by pulses from the UJT. The relay, con- 
trolled by SCR2, is driven on by the 
first pulse, off by the second, and so 
forth. Thus, the switching cycle of the 
relay is entirely independent of the 
wiper cam- driven switch. The pulse rate 
is determined by R1, R2, R3 & Cl. 
Note that one set of relay contacts is 
used to switch circuit components to ob- 
tain the proper on and off timing inter- 
vals. 

TO WIPER 
SWITCH 
+ -A 

FIG. 1 -BASIC WIPER -PAUSE CONTROL. This 
circuit won't work on many new cars. 
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The relay switching works as fol- 
lows: When the unit is turned on by 
closing switch S 1, the wiper motor is 
immediately activated when the ground 
circuit through the normally closed con- 
tact of the relay is completed. After a 
short delay, the UJT fires and activates 
the relay which, in turn, breaks the 
ground circuit to the wiper. By this 
time, the latching mechanism of the 
wiper has taken over and the wiper con- 
tinues to run until the end of its normal 
single sweep, at which time it parks the 
blades and turns off. The relay remains 
energized, holding open the ground 
connection to the wiper for a length of 
time determined by the setting of R3. 

Note that RI is switched into the 
circuit to determine the length of the 
"on" interval while the combination of 
R2 and R3 are switched to provide the 
variable "off' interval. The value of 
these resistors was very carefully se- 
lected to provide a 11/2-second "on" in- 
terval and a variable 1 to 30 second 
"off' interval (time computed after 
wiper blades are in park position). 

The flip -flop action of the two. 
SCR's is made possible by selecting the 
value of the SCR1 load resistor (R6) in 
combination with the SCR2 load (relay 
dc resistance) and C 1 so as to create a 
bistable condition which will not permit 
SCR1 to latch on properly. Since the 
UJT pulse is applied to the gates of 
both SCR's simultaneously, SCR2 is al- 
lowed to latch on and off alternately 
through the combined charge and dis- 
charge action of C 1 and the bistable 
loading of SCR1. 

In the revised circuit (Fig. 2), the 
current load of the wiper motor is car- 
ried by the relay contacts. Therefore, 
smaller SCR's can be used. However, it 
is recommended that the small stud - 
mount types such as 2N1771A, 
2N 1772A, TI40A4, etc., be used rather 
than the miniature T05 types. The stud - 
mount types are sturdier and will hold 
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up more reliably where there is a possi- 
bility of line transients overloading 
components in the circuit. Heat sinks 
are not required since current flow and 
the duty cycle are low. The 12 -volt relay 
should have a contact rating of at least 2 

amperes. 
A dpst switch is used to control the 

12 -volt plus and ground supply simulta- 
neously. This is required to provide 
complete electrical isolation of the unit 
in view of the peculiar internal wiring 
of the wiper relay latching assembly. 
This means that all circuit components 
which are normally grounded must be 
insulated from ground with suitable 
mounts. In my model. all components 
were mounted on a small phenolic ter- 
minal board. C4 is a non -polarized unit. 
Do not attempt to substitute an elec- 
trolytic. However, you can use two 1 -µF 
capacitors connected in series, back to 
back. 

By using miniature components 
wherever possible, this device will fit 
into a small metal box or enclosure, 
permitting installation under your car's 
instrument panel at a convenient posi- 
tion for the driver. I used a 33/2 x 2 x 11- 
in. seamless aluminum cover removed 
from a relay assembly. This provided a 
neat and sturdy enclosure, although 

+12v 

suitable standard boxes would have suf- 
ficed. Point -to -point wiring was used. 
However, printed circuitry can be used 
instead and a diagram of a circuit board 
is shown. Further space can be saved by 
using a standard volume control type 
switch mounted integrally with R3. 
However, this will require resetting the 
pulse rate control each time the unit is 
switched on unless you use a control 
with a push -pull switch. A miniature 
lamp holder with a colored lens pro- 
vides an on -off indication. 

The 12 -volt plus terminal should 
be connected to any convenient tie 
point that is controlled by the ignition 
switch. Make a good ground connection 
to the negative 12 -volt terminal. Con- 
nect the relay output contact to the 
wiper unit wire or terminal which acti- 
vates the motor when grounded. Do this 
at either the wiper assembly or the 
wiper switch. If a wiring diagram is not 
available, the proper terminal can be 
easily located in just a few minutes by 
trial and error. 

I constructed and installed this con- 
troller about one year ago. Performance 
has been excellent and reliable with no 
operating problems. Once used, most 
drivers will wonder how they got along 
without it. R -E 

RI 
SI 10K o 

R3 
500K 

R2 
62K 

QI R4 
2N2646, 220S1 

HEP3I0 

B2 

OC) 12 

LM I ` -BI C2 
12V I( / 

+ CI l C3 ñ 50µF .1µF /100V 

50V R5 IµF /I00V 
I OO St 

1 s 
FIG. 2- IMPROVED WINDSHIELD -WIPER PAUSE CONTROL. Its complexity is dictated by the design 
of the wiper motor and circuitry used in late -model cars. The UJT drives SCR flip -flop. 

R6 
620n. 

RYI 
12V 

C4, IµF 

NONPOLARIZED 

SCR 2 

TO 
WINDSHIELD 
WIPER 
LATCHING 
RELAY 

SCR I a 2 
2NI771A, 
2NI772A, 
HEP300 

PARTS LIST 
R1- 10,000 ohms 
R2- 62.000 ohms 
R3- potentiometer. 500.000 ohms 
R4 -220 ohms 
R5 -100 ohms 
R6 -620 ohms 
C1 -50 F. 50 V, electrolytic 

C2, C3 -0.1 µF 
C4 -1 µF, non polarized 
Q1- 2N2646, HEP310 or equal 
SCR1, SCR2- 2N1771A, 2N1772A. HEP300 or equal 
RY1 -dpdt, 12 V miniature with 2 -amp contacts 
S1 -dpst toggle (could be push -pull switch on R3) 
LM1 -12 V miniature panel lamp 

All fixed resistors .4-watt, 10% unless otherwise stated 

Using Tape Recorders 

ONCE UPON A TIME YOU BOUGHT A 

tape recorder. You took it home, 
showed it to the family, and let them 
all take turns making recordings. You 
smiled as they heard their own voices 
coming back to them, and then you 
put the recorder away. 

Maybe a month or so later, you 
took it out again during a party. Once 
or twice you tried to use it for dictat- 
ing letters for the office,, but your sec- 
retary didn't like transcribing the 
tape. You put it back in the closet. 

Now we're going to try to inter- 
est you in using that tape recorder 
once again, and maybe make you 
take it out and try a few new useful 
and /or amusing little applications. 
Who knows? You might even leave it 
out this time! 

Mary had a little what? 
At your next party ask each of 

your guests to write a child's nursery 
rhyme on a slip of paper. Then invite 
them one at a time, into another 
room, out of earshot of the other 
guests. The first one in reads the first 
line of his, the next one the second 
line of his, and so on, until you've 
finished one rhyme. When you play 
these back, you get some very star- 
tling results! Just make sure that there 
are no youngsters around, nursery 
rhymes or not! 

Talking cookbook 
Next time the lady of the house 

tries to follow a recipe, suggest that 
she first read the recipe into a tape 
recorder. Then all she has to do is 

play it back and follow the directions. 
That first reading will give her a good 
idea of what's going on, and it's a lot 
easier to follow step -by -step instruc- 
tions when they're spoken like that. 
The alternative, trying to juggle an 
open cookbook makes things an aw- 
ful lot harder. 

". . . and turn left at . . ." 
Keep a portable tape recorder 

handy in the car the next time you 
have to ask for directions. Record the 
directions as they're given to you, and 
you won't have to remember them 
while you drive. Simply play back as 
you go. 

In the darkroom 
Working with a new process or 

new chemicals in the darkroom? With 
the lights out, you can hardly refer to 
the directions, can you? I solve this 
problem by recording all pertinent in- 
formation on a portable tape record- 
er. In the dark, I simply play back 
what I need to know, as I need it. 
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Train on this 
315 sq. in. 

picture 
color TV 

and get the 
skills that 

mean a 
high -paying 

career! 

$oIìflState the newest develoPment 

Count on NTS training to always 

teature the latest electronic enuinment. 

Now included in two 
exciting NTS color TV courses, 
this set is the largest, most ad- 
vanced color television made. 
Guided by the NTS "Lab- Project 
Method" of combining profes- 
sional kits and easy -to- follow 
lessons, you build this color TV 
step by step - learning TV Serv- 
icing as you go! NTS has suc- 
cessfully trained thousands of 
men at home for rewarding 
careers as electronics techni- 
cians. Prepare for the great 
opportunity fields of TV -Radio 
Servicing, Computers, Communi- 
cations, and Automation. 

This solid -state color set 
contains: 45 transistors, 55 di- 
odes, 2 silicon controlled recti- 
fiers, and 4 advanced Integrated 
Circuits representing an addi- 
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tional 46 transistors and 21 di- 
odes. The first solid -state color 
TV this large - yours to keep! It 
features Automatic Fine Tuning; 
"Instant On "; an Ultra- Rectangu- 
lar Screen (25 in. diagonal meas- 
urement) that lets you see the 
complete transmitted image for 
the first time -a full 315 square 
inches; exclusive built -in Self 
Servicing features which elimi- 
nate the need to buy costly test 
equipment; exclusive design 
Solid -State VHF Tuner with an 
MOS Field Effect Transistor; 3- 
stage Solid -State IF; Automatic 
Chroma Control; Adjustable 
Noise Limiting and Gate Auto- 
matic Gain Control; High Resolu- 
tion Circuitry; Matrix Picture 
Tube; and a specially formulated 
Etched Face Plate that eliminates 
unwanted glare, and heightens 
contrast. Colors are more vivid, 
1971 

fresh tones more natural, and the 
picture is sharper than ever be- 
fore. By training on this unique 
color TV, you'll gain the most 
up -to -date skills possible in TV 
Servicing! 

Other valuable equipment you 
build and keep includes an AM 
SW Radio, Solid -State Radio, 
FET Volt- Ohmmeter, and Elec- 
tronic -Tube Tester. All included 
in your tuition. You learn trouble- 
shooting, hi -fi, multiplex sys- 
tems, stereo, and color TV 
servicing. Step right into a tech- 
nician's job at top pay or open a 
business of your own! For com- 
plete details on all NTS elec- 
tronics courses, mail the coupon 
today for the full -color NTS Cat- 
alog. No obligation. No salesman 
will call. 
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Build this set 
and learn 
solid -state 
circuitry- the 
electronics 
of today! 

in color TV 

NTS ELECTRONICS & 

COMPUTER TECHNOLCGY 

Build this exclusive NTS Compu- 
Trainer! Loaded with integrated cir- 
cuits, it shows you the hcw, what, 
and why of computers. Leary this 
exciting field faster, more thorough- 
ly. You also assemble and learn to 
operate an FET 
Volt- Ohmmeter 
and 5" 
wide band 
Oscillo- 
scope. 

NTS BLACK & WHITE 
TV AND RADIO SERVICING 

Learn all phases of television, radio, 
stereo, and hi -fi. You receive this 74 
sq. in. picture Solid -State B &W TV, 
Lo -Silho "Superhet" Racio, FET 
Volt- Ohmmeter, Solid -State Radio, 
Electronic Tube Checker, and Signal 
Generator. 
Start 
earning 
extra 
money 
even be- 
fore you 
complete 
the 
course! 

comes to home training. 
NTS ELECTRONICS 
COMMUNICATIONS & F.C.C. 

Gain the security and prestige of 
owning an F.C.C. First Class Radio - 
Telephone License! Two compre- 
hensive NTS courses cover the big 
opportunity field of transmitting and 
receiving. Yoi build 14 kits, includ- 
ing a 5 watt AM Transceiver, 6 
Transistor Pocket Radio, and FET 
Volt- Ohmmeter. 
Learn 2 -way 
radio, Citizens 
Band, micro- 
waves and 
radar. ' 

NTS INDUSTRIAL & 

AUTOMATION ELECTRONICS 

Automation is the future of industry 
and you can play an important part! 
Learn industrial controls by training 
on the NTS Electro -Lab - a com- 
plete workshcp. You also build and 
operate this 5" wide band Oscillo- 
scope. And you 
perform experiments 
that involve 
regulating motor 
speeds, temperature, 
pressure, liquid 
level, and much 
more. 

Classroom Training 
at Los Angeles. You can take classroom 
training at Los Angeles in sunny South- 
ern California. NTS occupies a city block 
with over a million dollars In technical 
facilities. Check box In coupon. 

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

N:TIONAL TECHNICAL SCHOOLS 
WORLDWIDE TRAINING SINCE 1905 

4000 South Figueroa Street, Los Angeles, Calif. 90037 

DECEMBER 

Please rush Free 
Color Catalog and 
Sample Lesson, plus 
Information on course 
checked below. No 
obligation. No sales- 
man will call. 
National Technical Schools 
4000 S. Figueroa St. 
Los Angeles, Calif. 90037 
ri Master Course in Color TV Servicing 
L] Color TV Servicing (For Advanced 

Technicians) 
[I Master Course in B&W TV & Radio 

Servicing [I Master Course in Electronic 
Communication 

[I Practical Radio Servicing 
[ I FCC License Course 
[l Master Course in Electronics 

Technology 
[I Industrial and Automation Electronics 
[ 1 Computer Electronics 
[ ] Basic Electronics 
Li High School at Home Dept. 206 -121 

Name Age 

Address 

City State Zip 
Lq Cheek II fnle,e.led in V.I.,.n T.e;nlny un A., new G I Bdl 

. Check , mte,e,,.d only ,. Cless,00m T,ameQ a, loa An9el.f 
.. 
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All About 
Scanning Monitor 

Receivers 

These receivers feature tuning circuits 
that seek and lock -in on desired 
channels. Here is how they work. 

by ROBERT F. SCOTT 
TECHNICAL EDITOR 

SCANNING -TYPE MONITOR RECEIVERS 
are the latest development in vhf /uhf 
FM communications. They are made by 
several manufacturers and are, basi- 
cally, receivers that continuously scan 
or "signal- seek" across a number of 
crystal- controlledcommunic..tions 
channels; stopping and locking in on 
any active channel and then resuming 
scanning at the end of the transmission. 

Receivers are generally available in 
4- and 8- channel models covering the 
vhf low band (30 -50 MHz), vhf high 
band (144 -174 MHz) or the 450-470 - 
MHz uhf band. Some models, the Re- 
gency Hi /Lo Monitor Scanners for ex- 
ample, cover any mixture of eight chan- 
nels in the vhf high and low bands. 

Most sets operate from 117 volts ac 
and 12 volts dc. Front -panel pushbutton 
switches are usually provided for select- 
ing the channels to be scanned and 
panel lamps to show the channel being 
received. A MANUAL switch is used to 
tune in a particular channel and to dis- 
able the scanner circuit. 

The channel -select feature enables 
the operator to listen only to those 
channels he wants to monitor at a given 
time. For example, a volunteer fireman 
may monitor the channels of his local 
fire company and the companies in ad- 
jacent towns while excluding Police, 

THE ROBYN HI- BANDER 
Model 100 scans 8 chan- 
nels between 144 and 
174 MHz (including 2- 
meter ham band). Has 
dual -speed scan and 
lamp- dimmer switch. 

Special Emergency, Public Service and 
other transmission channels that the re- 
ceiver is capable of receiving. At other 
times, he may want to monitor just the 
base and mobile channels of his local 
company. 

Some sets, like the Sonar Auto - 
Scan models, include such additional 
features as "priority channel" and "car- 
rier delay ". Priority channel permits the 
operator to listen to a particular channel 
to the exclusion of all others, only when 
a signal is being transmitted on the.se- 
lected priority channel. (At any given 
time and in any particular area, there is 
always one channel that is more impor- 
tant than the others). 

Regardless of which channel (other 
than the priority channel) is being re- 
ceived at a given instant, the receiver 
samples the priority channel for 40 mil- 
liseconds every 2 seconds. If the receiver 
finds a signal on the priority channel, it 
locks in on that channel and excludes 
all others that may be active at the time. 

Carrier delay keeps the receiver 
locked -in to an active channel for a few 
seconds after a transmission ends so the 
operator can hear any possible reply. 

Some of the scanner circuits are 
rather elaborate and may have more ac- 
tive components than are used in the rf, 
if. and of circuits in the receiver. 
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To give you an idea of the work- 
ings of automatic scanners, we'll discuss 
one of the simpler circuits. The schema- 
tic shows scanning circuitry in the Re- 
gency model TMR -4L Monitoradio 
covering four channels in the low vhf 
band. 

Transistor Q I0 is the first local os- 
cillator in a double- conversion superhet 
circuit. Electronic switching selects the 
crystals which operate in the third -over- 
tone mode. The oscillator frequency 
beats with the incoming signal to de- 
velop a 10.7 -MHz first if. at the output 
of the mixer. 

The heart of the scanner is an emit- 
ter- coupled multivibrator (Q8 and Q9) 
operating at about 15 Hz. When the 
SCAN- MANUAL switch is in the SCAN po- 
sition the multivibrator is turned on and 
off by Q7, a squelch -controlled elec- 
tronic switch. 

When no signal is being received 
the audio is squelched and Q7 is biased 
to cutoff, allowing operating bias to 
reach Q8. The multivibrator starts and 
continues to operate until a signal is re- 
ceived and then cuts off. 

Integrated circuits ICI and IC2 are 
J -K flip -flops with outputs taken from 
pins 5 and 7. When either output termi- 
nal is high, the other is low. The states 
of pins 5 and 7 reverse each time a 
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MODEL 
FR 2511- 

souF..C. VOL .+E 

or MAN,11. 

xio«I.. acn nnwL. 

SONAR 10- CHANNEL LOW -BAND RECEIVER (above) scans 20 channels per second and samples 
priority channel every 2 seconds for 40 msec. Manual selection scans slower. PACE SCAN 202 -HL 
(top right) tunes 8 channels between 25 and 512 MHz. The set, by Pathcom, has ceramic filters for 
good adjacent -channel rejection; 12 -volt dc and 117 -volt ac supplies. JOHNSON'S DUO -SCAN FM 
MONITOR (at right) covers 8 channels in 30 -50- and 150- 174 -MHz bands. Receiver is double 
superhet and operates from 11 -16 volts dc and 117 volts ac. 

SCANNING CIRCUIT USED IN THE REGENCY TMR -4L MONITORADIO. Scanning in other makes 
and models is similar. Channels are keyed on in sequence by coupled flip -flops. 
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negative -going pulse is applied to the 
control terminal (pin 2). For example, if 
we start with pin 5 high and pin 7 low, 
the first negative -going pulse switches 
pin 5 low and pin 7 high. The next 
negative pulse reverses the states again. 
Note that ICI's control terminal (pin 2) 
is tied to pin 7 of IC2. 

The output pulse from the collector 
of Q9 is applied to pin 2 of IC2; there- 
fore IC2's outputs switch states at half 
the rate of multivibrator Q8 -Q9. The 
output from pin 5 of IC2 is connected 
through switching diode D4 to the base 
of Q6 which is connected in series with 
Q l and Q3, the switching or control 
transistors for channels 1 and 3. Sim- 
ilarly, pin 7 of IC2 is connected through 
D3 and Q5 to Q2 and Q4, controlling, 
channels 2 and 4. 

As we noted, IC 1 is toggled by the 
output from pin 7 of IC2. Output pin 5 

of IC I is connected through switching 
diode Dl to the bases of Q1 and Q2. 
Likewise, pin 7 is tied to the bases of Q3 
and Q4. Since IC2 operates at half the 
multivibrator frequency and, in turn. 
toggles ICI, the latter operates at one - 
fourth the multivibrator frequency. 
Thus transistors Q 1 -Q4 are turned on 
and off in sequence by the grounding or 
their emitters through Q5 and Q6 and 

(continued on page 75) 
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Test Capacitors 
Fast 

This capacitor tester is a rapid aid 
in isolating troubles in faulty capacitors 
and is an indispensable tool for the tele- 
vision service technician, ham and 
hobby enthusiast. There are no complex 
settings or dial readings to interpret. 
The tester checks paper, mica, Mylar 
and electrolytic capacitors in the range 
of .001 to 100 F. A good -bad (go /no- 
go) visual indication of the capacitors' 
worth is easily observed on a neon 
lamp. 

The circuit (see schematic) is quite 
simple and the completed instrument is 
small enough to be carried in your 
jacket pocket or tube caddy and weighs 
approximately 7 ounces. It costs less 
than $5.00 to construct. 

Defective capacitors are often a 
common cause of trouble and elec- 
tronic, electromechanical and television 
circuitry. Capacitors become open, par- 
tially open, shorted, partially shorted, 
leaky, or develop internal leakage. 
Leakage resistance as high as 50 
megohms can cause trouble in some cir- 
cuits, whereas leakages as low as 1000 
ohms have no effect in other circuits. 
This tester detects leakage resistance as 
high as 25 megohms. 

In television circuitry intermittent 
or leaky capacitors often result in hard - 
to -find circuit trouble. Faulty capacitors 
in the agc, sync or video strip often re- 
sult in a "tough dog" trouble. In using 
this handy tester, you will find it to be a 
valuable time- saving tool for locating 
defective capacitors in such circuits. 

60 RADIO -ELECTRONICS 

Capacitor checkers are essential 
to electronic servicing. This 
inexpensive, take -along tester 
spots many defective parts 
and checks continuity too. 

TESTING CAPACITORS Is 
easy with a simple go -no- 
go neon -type tester. 

Construction 
The tester is built into a 31/4" x 2' /s" 

x 15 /s" aluminum utility box (Bud 
CU2101 -A) as shown in the photos. An 
inside view, with the batteries removed, 
shows how friction tape holds the neon 
lamp in place. Friction tape should also 
be used to insulate the case to prevent 
the leads from the neon lamp from 
shorting to the case. The three batteries 
should be taped together, and the ter- 
minals insulated as shown. 

When constructing the tester, use 
the same combination of neon lamp 
(NE2- E /A9A) and batteries (Eveready 
photoflash No. 413) shown, since tests 
have shown that this combination gives 
the best results. Other combinations of 
lamps and voltages may not give the re- 
sults specified in this article. Also, it is 

INSIDE VIEW SHOWS 
PARTS ARRANGEMENT 
in the simplest of capaci- 
tor testers. 

DECEMBER 1971 

by HENRY LINTON 

not necessary to add a series limiting re- 
sistor in series with the neon lamp, and 
doing so will impair the sensitivity. Un- 
der normal use (approximately 150 tests 
each day) the batteries should last for 
one year. 

Testing procedures 
When you have completed con- 

BLACK 

C 
RED 

NE-2E/494 
90V 

CAPACITOR CHECKER SCHEMATIC. A neon 
lamp, three batteries and two binding posts. 
What could be simpler to build? 

..7 
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structing your capacitor tester, short the 
two test leads that are connected to the 
pin jacks momentarily together; the 
neon lamp should light (do not keep it 
in this condition for long periods of 
time). 

Now start to familiarize yourself 
with the indications of the neon lamp in 
testing capacitors. Take a 0.1- or 0.5 -11F 

capacitor or any other that you have in 
the junk box. Momentarily short the 
leads or pigtails together to make sure 
that the capacitor is discharged. Clip 
one lead from the tester to one side of 
the capacitor (observe polarity if the ca- 
pacitor is of the electrolytic type). Now 
while watching the indicator lamp, 
touch the remaining lead of the tester to 
the other lead of the capacitor and hold 
it there for at least 5 seconds. You will 
notice that the lamp flashed only once 
when the tester lead was first touched to 
the capacitor lead. This indicates that 
the capacitor has accepted a charge, is 

holding that charge, and that the ca- 
pacitor is good If the lamp did not 
flash, the capacitor is open. 

When a capacitor has developed 
resistance or is leaky, the neon lamp 
will flash intermittently (on -off); the 
flash rate will depend upon the time 
constant of the circuit (t = R x C). For 
a given value of capacitance the lower 
the internal resistance, the faster the 
flash rate. 

If the neon lamp glows continually 
the capacitor has developed very low re- 
sistance and should be considered 
shorted NOTE: When testing small val- 
ues of capacitors such as .001, .002 µF, 
etc., the indications on the neon lamp 
may be difficult to see because of the in- 
terference of the surrounding light. In 
any such case, cup your hand around 
the lamp to exclude any extraneous 
light. 

Capacitors over 100 µF 
Use the following procedure when 

testing electrolytic capacitors or any 
other capacitor that exceeds 100 AF: 
When you first touch the test leads to 
the capacitor, you will notice that the 
lamp stays lit and does not extinguish 
after a few seconds as before. Do not 
throw the capacitor away because it 
may still be good. 

Hold the test leads on the capacitor 
for a minimum of 10 seconds (be sure to 
observe correct polarity). Momentarily 
remove one test lead from the capacitor 
then reconnect to the same place and 
hold it there for 10 seconds or more. 
The neon lamp should not glow or flash 
intermittently. If it does, the capacitor 
should be considered defective. 

In- circuit tests 
Capacitors in a circuit are generally 

associated with resistors and other com- 
ponents that often provide sneak paths 
which return to the capacitor. Because 

EXAMPLE 

TEST TRANSFORMERS 
FOR SHORT 

AND LEAKAGE 

TESTING CAPACITOR 
ACROSS 

CATHODE RESISTOR 

TEST CAPACITOR 
ACROSS 

TUNED CKT 

x OPEN 
ONE 
SIDE 

TEST PLATE -GRID 
COUPLING 

CAPACITOR 

OPEN 
ONE 
SIDE 

TEST FILTER 
CAPACITOR IN POWER 

SUPPLIES 
(OBSERVE POLARITY) 

Bt C- 

117 VAC 

-OPEN ONE 
SIDE 

OPEN 

SIDE 

TESTING 
LOW CURRENT DRAIN 
FILAMENTS (30 MA.) 

A FEW OF THE UNIT'S APPLICATIONS and de- 
tails on how It's used. When testing In- circuit 
best results are obtained when one capacitor 
lead Is opened as shown. You can also use the 
checker to teat circuit continuity. 

of the high sensitivity of the tester we 
recommend that one side of the capaci- 
tor be disconnected from the circuit, un- 
less the resistance across the capacitor is 

over 25 megohms. 
At times, it is often difficult and 

time -consuming to locate a defective ca- 
pacitor or to decide whether a capacitor 
in a circuit is good or bad. Such capaci- 
tors may be in the agc, sync or video cir- 
cuits. I have found it to be good practice 
to unsolder one side of each capacitor in 
the circuit where the trouble is sus- 
pected, and test each one. 

A common defect in capacitors are 
loose or intermittent leads. This gener- 
ally occurs where the lead is embedded 
in the seal. With both test leads con- 
nected to the capacitor, bend. rock and 
pull the capacitor leads carefully in all 
directions while watching the lamp for 
indications of shorts, leakage or inter - 
mittents. In some cases heat from sur- 
rounding components causes capacitors 
to become defective. A capacitor sus- 
pected of being heat -sensitive may be 
tested by applying heat from a soldering 
iron or heat lamp while observing the 
neon lamp for indications of leakage or 
shorts. 

Capacitors ranging from .001 to 
above 100 microfarads may be tested 
providing their voltage rating is 50 volts 
or higher. Leakage resistance in capaci- 
tors as high as 25 megohms could easily 
be detected. Before installing new ca- 
pacitors into a circuit it is a good idea to 
test them. This takes only a few seconds 
and may save you a lot of time and 
headache later. 

Besides testing capacitors, the in- 
strument can be used as an excellent 
general -purpose low- current (ap- 
proximately 30 mA) continuity tester. It 
may be used for checking the filaments 
of low- current battery tubes, lamps, etc. 
It is also excellent for checking leakage 
paths between the windings on i.f., of 
and flyback transformers, etc. 

Summary 
Indications on neon lamp when 

testing capacitors: 
Good capacitor -Lamp flashes 

once 
Leaky capacitor -Lamp flashes 

intermittently 
Shorted capacitor -Lamp stays lit 
Open capacitor -No initial flash 

Voltage rating of capacitors - 
50 volts and above 

Range of capacitor values - 
.001 to 100 microfarads 

One side of the capacitor should be 
unsoldered from the circuit, unless the 
resistance across the capacitor is above 
25 megohms. 

Excellent for locating shorts or 
leakage in transformers. 

Excellent continuity tester for low - 
drain battery tubes. R -E 
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getting to know 
varactor diodes 

Varactors, VVC's or capa- 
citance diodes -the latest 

thing in TV /FM tuning 

JACK DARR 
SERVICE EDITOR 

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. 
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R-E's Service Clinic 
My crystal -controlled mind tells me that 
the next big thing they're going to throw 
at us will be varactor diode TV tuners. 

They are coming -in fact, they're 
already here! RCA used all -varactor 
'tuning in their model 2000 and Zenith 
used all -varactor tuning in some of the 
sets in their 1971 line. These have been 
used in several European FM and TV 
sets for some time, and now we're find- 
ing them in ours. 

So let's see what a "varactor" is and 
how it works. As simply as I can put it, 
it's a plain diode. This, like all diodes, 
has a certain capacitance between cath- 
ode and anode. When we change the re- 
verse bias on it, the capacitance 
changes. That's all there is to it. The 
drawing shows a diagram of the thing; a 
little crude, but this is how it works. 

We have a block of semiconductor 

N (-) 
P 

JUNCTION 

N 

P(t) 

/ 

material. Each half is doped with impu- 
rities, one P and the other N. The inter- 
face between the two is the junction. 
Now if we reverse -bias the thing, it 
stops being a "diode" (something that 
conducts current one way but not the 
other) and becomes a completely open 
circuit for dc. (Capacitor is an open cir- 
cuit; remember ?) It will have a capaci- 
tance between the two elements. The 
value of this capacitor depends on the 
size of the block. (Incidentally, these are 
just like Zener diodes in one way; they 
are always operated with reverse bias. 
However, they do not conduct dc in 
normal operation, as a Zener does. If 
they do, they're shot.) 

OK, now we have capacitance. We 
can connect it across a coil, and it will 
tune it -make it resonant at a given fre- 
quency. We need to be able to vary the 
capacitance so that we can tune the cir- 
cuit where we want it. In a TV tuner, it 
doesn't take much, even at vhf; uhf 
even less. 

Now how can we tune it? By apply- 
DECEMBER 1971 

ing more or less reverse bias to it. This 
will cause the "charge- layers" in the 
diode to repel each other, and move far- 
ther apart or get closer. Nothing ac- 
tually moves, of course, since this is a 
solid -state device. However, the charge 
layers do actually move farther apart, or 
nearer. This is exactly the same as mov- 
ing the plates of a variable capacitor 
closer or farther apart. The capacitance 
changes. 

Now we've got something very use- 
ful! We can hook this gizmo across the 
coil of a TV tuner and vary its resonant 
frequency without all of those fright- 
fully complicated multi- contact 
switches we are all so familiar with! All 
we need is a source of variable dc volt- 
age; battery and variable resistor, in ef- 
fect. 

The guy in the back row with the 

"OPEN SPACE" (NEUTRAL) 

red necktie, as usual, brings up a point; 
"How about the presence of dc in an ac 
(tuned) circuit ?" Makes absolutely no 
difference! Proof? Look at the two - 
winding if. transformer of any tube ra- 
dio; + 200 volts dc in one winding, -3 to 
-4 volts in the grid winding, and it 
works. By properly isolating (bypassing) 
the dc, it will have no effect on the tun- 
ing action of the varactor. 

So we can make a very simple TV 
tuner. The channel selector consists of a 
set of precision resistors, mounted on 
something like the familiar "turret" se- 
lector switch, so that only one is in -cir- 
cuit at any time. Only two contacts in- 
stead of 8 or 10! In the actual tuner 
we'll get into next month, these variable 
resistors are of a special construction. 
They have an adjustment with about 10 
turns, so that they can be set to a gnat's 
whisker. These are fed by a regulated dc 
power supply, and that's all there is to 
it! 

To get a 4- circuit TV tuner, (An- 
tenna, rf, mixer and oscillator) we sim- 
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ply connect four varactors, one across 
each of the tuning coils, and feed them 
all from a common dc supply. For ex- 
ample (and this is close to the actual 
voltages used in the uhf section of the 
tuner mentioned before), if we switched 
a +22 volts onto the varactors, the 
tuner would "stop" on Ch. 65, or there- 
abouts. (Here's a point to remember in 
all varactors: the greater the reverse - 
bias voltage, the lower the capacitance; 
the smaller the reverse bias, the greater 
the capacitance -the closer the charge 
layers. Example: 0.5 volt, maximum ca- 
pacitance; +28 volts, minimum capaci- 
tance). 

For those who are wondering; yes, 
there are trimmer adjustments on the 
coils of all of these tuners, 'so we can 
still "tune" them up, for the proper 
bandpass, tracking, etc. In fact, in all of 
the varactor tuners I've seen so far, the 
varactor is in parallel with a small ca- 
pacitor; sometimes fixed, sometimes an 
adjustable (trimmer) type. 

So basically, these things are just 
like the tuning devices we've been used 
to. The big thing is that they're going to 
be a lot simpler, and a lot easier to work 
on and with. In fact, I wish that all pres- 
ent tuners could be magically converted 
to varactors! (Especially that inter- 
mittent dog in my own set!) Before we 
leave that point, "No, Irving, you can 
not (practically!) convert an existing 
tuner to varactor operation! Not with- 

out a complete redesign of the tuner. 
Next month, we'll get into the ac- 

tual "mechanics" and circuitry of a 
practical varactor tuner. Also, another 
unusual thing to most of us; "switching 
diodes," for changing from low -band 
vhf to high -band, and to uhf, all without 
any moving parts in the tuner itself! Just 
a few variable resistors! RE 

Reader 
Questions 
Hot power transformer 

One of my customers replaced the 
EZ8I rectifier tube in his Eico HF -12 
amplifier with a 6BQ5. He said it played 
well for about an hour, then the power 
transformer burned out! I replaced the 
power transformer with an exact dupli- 
cate, but it runs hot! 

I have checked the current drain, and 
it runs only about 60 mA instead of the 90 
mA specified Dc voltage is + 360 V, as 
shown, but the transformer still runs very 
hot. What do you think ? -B.A., Houston, 
Tex. 

Power transformers are heated by 
power. Power is "El" which is voltage 
multiplied by current. So if your trans- 
former has normal voltage and slightly 
less than normal current, your load cir- 
cuits are not taking too much! If the 
transformer overheats, it may be the 

wrong transformer for this amplifier or 
it may even have a shorted turn in one 
of the windings. Check the transformer 
by pulling the rectifier tube, and dis- 
connecting the hot wire to the filaments. 
In other words, take off all loads. 

Now plug it into a wattmeter. Nor- 
mal reading should be almost zero. All 
you should see is the iron -loss which 
will be below 5 watts. If the transformer 
has an internal short, you will read 25- 
35 watts or more. If it shows no internal 
short, but still gets too hot, it may be 
that it doesn't have the right current -rat- 
ing. 

No wattmeter? Hook a 1 -ohm 
wirewound resistor in the primary; read 
ac voltage across it. 1.0 volt equals 1.0 

ac ampere. 
A transformer is "too hot" when it 

melts the wax, smells, etc. It may run 
too hot to hold your hand on, but if it 
doesn't stink, or smoke -it may be OK! 

"Flat picture" problems 
On several occasions, I've changed a 

picture tube and come out with a dull flat 
picture instead of the bright clear one I 
should have. Can you tell me where I have 
gone wrong ? -L.J., Marysville, Utah. 

You didn't "go wrong," you just 
didn't go far enough! "Dull pictures" or 
washed -out, pale pictures can be caused 
by several things. Consider this; if the 
TV set is old enough to have worn out a 

picture tube, the chances are that it has 

THEY SAID IT COULDN'T BE DONE! 
IRAS DOES THE IMPOSSIBLE! 

The results attained with the IRAS 
MULTISONIC SYSTEM* prove without 
doubt that complete information for four 
channel stereo is and always has been 
encoded in all present stereo recordings. 
The IRAS converter is designed to decode 
all present two channel recordings, con- 
verting them into four separate distinct 
channels of information. ALL THIS 
ACCOMPLISHED USING ONLY THE 
PRESENT TWO CHANNELS OF AM- 
PLIFICATION. IMPOSSIBLE? IRAS 
DOES THE IMPOSSIBLE! 

IRAS maintains that true four channel 
stereo is achieved only when, with speak- 
ers placed at the four corners of a 

rectangular area, the system is capable of 
delivering distinct sound sources from any 
point within the area confined by these 
speakers. It is not enough to merely sur- 
round the listener with sound. The sound 
must be meaningful. The IRAS places you 
literally in the center of the orchestra. 
You receive not just ambient information, 
but an infinite number of distinct sound 
sources, placing the listener in a 360 
degree multisonic environment. 

IRAS maintains that at this advanced 
state of the art, no equipment or recording 
should be made obsolete. 

90 IC 
ONVI 

\ R AS,+ 
O 

INFINITE REALISM 

Al THEW v\ 

,UO,O s16NO 

The IRAS uses only the present two 

channels of amplification. You add only 

the IRAS converter and two additional 
speakers to your present stereo system to 

attain four channel stereo. 

The IRAS should not be considered simply 

a derived system. Although it converts 
present stereo recordings into four chan- 

nels of distinct information, the recording 
engineers can, keeping the capabilities of 

this system in mind and without any 
special recording techniques, literally 
paint a picture of sound across the canvas 

of your living room. It is truly your 
complete answer to four channel stereo. 

The IRAS MULTISONIC SYSTEM 
utilizes the fact that different sounds as 

reproduced by audio equipment differ in 

three basic ways; phase, frequency and 
amplitude. The IRAS converter samples 
these two channel signals according to 

their phase, frequency, and amplitude and 
directs them to your speakers, reproducing 
your two channel recordings in four chan- 

nels of stereo sound that are as new as 

tomorrow. 
Circle 12 on reader service card 

FOUR 
CHANNEL 

STEREO 
The written word cannot possibly convey 

the results attained with the IRAS 
MULTISONIC SYSTEM. It is like 
nothing you have ever heard. It must 
ABSOLUTELY he experienced to be 

believed. You may order direct from this 
advertisement. 

To further our distribution we are offering 

a $20.00 discount per unit. You can earn 
this discount simply by ordering from this 
advertisement and agreeing to acquaint 
your audio dealer with the results you 

attain with the IRAS. 

Normal Retail $79.95 

Advertising Discount $20.00 

Net Cost $59.95 

QUANTITY DEALERS WRITE FOR 
DISCOUNT. 
'Patents Pending 

IRAS MULTISONIC 
774 W. Dr. Woodruff Pl. 
Indpls.. Ind. 46201 

2 Year Warranty 
covering Parts 
and Labor 

Name 

Address 

City State Zip 

Please send _ IRAS Converters at $59.95 each. 

Enclosed 

Indiana residents add 2% Sales Tax 
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/ The right 
replacement, faster 
with n NEW 

SERVICE 

KITS 

from your Centralab 
Distributor 

KITS AVAILABLE: 

Fastatch II` Controls 

Miniature Wirewound Controls 

Miniature Trimmer Controls 

Axial Lead Electrolytics 

PC Lead Electrolytics 

General Purpose Capacitors 

High Voltage Capacitors 

Packaged Electronic Circuits 

KIT FEATURES: 

Rugged steel frames with high 
impact plastic drawers. 

Stackable or wall mounted. 

Portable, with convenient handles. 

All contain assortment of the 
most popular and widely used 
Centralab components. 

All control units (KIT -10F, -20W, 
-30T) include latest edition of H. W. 
Sams Replacement Control Guide. 

All components are functionally 
arranged in drawers by value, 
type, etc. 

All drawers are pre -labeled clearly 
showing contents. 

All kits are completely set up, 
ready to use. 

By Centralab, your 
Parts -Time Helper 

DISTRIBUTOR PRODUCTS 

I LM 7J; 
CENTRALAB 
Electronics Division 
GLOBE -UNION INC. 

several other weak tubes too! 
This problem is simply a loss of 

video amplitude. You don't have 
enough video signal to drive the picture 
tube to full brightness and sharp cutoff. 
So, something in there is weak. Start at 
the video detector, with a scope and 
low- capacitance probe. This signal 
should be from 1.5 to 3.0 volts p -p 
video, and you should have at least a 50 
to 75 -volt (100 volts in color TV) video 
signal at the picture tube cathodes) 

Slow heating color, Zenith 
The color comes in very late, on this 

Zenith 24NC31 chassis. How can I tell 
what is causing this ? -S.P., Chicago, Ill 

Feed a color -bar signal to the an- 
tenna. Now, scope the CRT grids. Look 
for the comb pattern. If there is no sig- 
nal at all on the grids, the color is being 
stopped in the demodulators or color - 
amplifier stages. Using a crystal- detec- 
tor probe, signal -trace back through 
these stages. 

If you get a good comb pattern on 
the CRT grid (no color), but it is fiat - 
topped, this points to trouble in the 3.58 - 
MHz oscillator stage. The color signals 
themselves are getting through, but they 
are not being demodulated. If they 
were, they'd show the characteristic 
"Lazy -S" or rocker shapes on the grids. 

Tuner won't stop 
The channel selector won't stop run- 

Unusual 
tools, hard- 

to-find items. 

Send for 
free catalog! 

Diversifi 
collection- 

r 

tools of all kinds 
-_.. Qrecision instruments 

essential shop items 

... convenient 
one -stop shopping 

from your desk. 

NC 
IN National Camera 
"Dept. GBA 

Englewood, Colorado, 80110 

Circle 13 on reader service card Circle 14 on reader service card 

ning, when going from high channels to 
low in this Zenith A6208. I found that this 
was caused by a shorted "Tune Lower" 
transistor, 121 -490, in the control unit of 
the S- 77536 remote control it had a col - 
lector -to- emitter short. 

"W0000ps! sorry about that! 
You printed my question about 

bowed lines and convergence in the June 
issue of Radio -Electronics. I tried every- 
thing you told me to do, but nothing 
worked! 1 was just about to give up. Then, 
I happened to check the pulse waveform 
on the convergence board, and by golly it 
was UPSIDE DOWN! Someone had put 
in a new flyback, and managed to hook up 
this winding backward! One end is 
grounded! Thought you'd like to know. - 
G.S., Peoria, Ill 

Hooray! Glad you found the 
trouble in spite of all the "help" I gave 
you! Just goes to show the value of the 
old saw about "Don't give up the ship!" 
If it'll make you feel any better, I had a 
very similar case. Checked the wave- 
form three times, and said "Yup! That's 
a good one!" and went on. Some time 
later, it dawned on me that the blasted 
thing was upside down! Same cause. 
Pulse winding reversed. 

Slow heating brightener 
I wrote you about a low -brightness 

problem in an Admiral. You recom- 
mended checking the cathode -currents of 
each gun in the pix tube. You were right - 
they were so low that I almost had to 
crawl under the meter to get a reading! 

You said "Put a brightener on it "; 
so, I did. Turned it on; nothing happened. 
Having something else to do, I walked 
away from it for about 10 minutes. When 
I came hack, there was the prettiest pic- 
ture you ever saw! Currents almost up to 
normal, everything! First time I ever saw 
a slow -heating brightener. What hap - 
pened?-L.N., Westfield, N.J. 

Yep; this does happen. Rare but 
possible. I would say that the pix tube 
cathodes were so far gone that the 
higher heat from the brightener simply 
could not "boil up" enough fresh emitt- 
ing material for a little while! I have 
heard this problem called "cathode in- 
terface," meaning that the cathode de- 
velops a layer of non -emitting material; 
possibly a sort of crust. With enough 
heat, this boils away. 

RCA CTC -16 green screen 
An RCA CTC -16 came in with a 

completely green screen, both color and 
B/ W. This turned out to he caused by a 
loss or drop in plate voltage on the red and 
blue color -difference amplifier tubes. 
Green was normal 

The cause was a badly corroded wire 
jumper on the PC board This connects 
the B+ side of the plate dropping resistor 
to the red and blue plate -load resistors. 
B + goes directly to the green plate -load 
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resistor, so it was still normaL 
I've also run into two other sets, 

Philcos, with the same trouble. This wire 

is always corroded at the same end, where 

it connects to the R and B plate load re- 

sistors. 
Thanks to Tom Noyes, Sigma TV, 

of Redondo Beach, Calif. for this one. 
Incidentally, we have heard of other 
troubles, due to corrosion of wire jum- 
pers on PC boards. They all seem to be 

in seacoast towns. Could be due to salt 
air and excessive humidity? So, if you 
live near the ocean, watch out for this 
kind of problem. 

RED FLASH 
I'm getting intermittent "red flash" 

in a Sears color TV, Ch. 562.10422. It 
shows up on both color and B/W pro- 
grams. I've chased it around until I'm 
dizzy, with no results -J. T., New York 

Check out all resistors, peaking 
coils, capacitors, and the solder joints in 
the red amplifier tube circuits. This is 

quite common. It can happen with any 
of the three colors, of course. We have 
also found the grid and cathode resist- 
ors (1.0 megohm and 270 ohms, respec- 
tively) to show signs of being "ther- 
mal"; changing in value with heat. 

Try spraying coolant on each of 
these resistors in turn, watching the 
screen. Since each tube in this color -dif- 
ference amplifier circuit has its own 
cathode resistor (though they're all con- 

nected together) you can have "single - 
color" problems due to a bad cathode 
resistor in one stage. 

SLOW WEAVE 
In a Philco -Ford Model 5607WA 

color set the picture has a slow weave 
back and forth. A11 tubes that could affect 
this replaced. Sent it to another shop; no 
help. This is the second set I've seen with 
this symptom. 

I suspect the filter capacitors. Am I 
right? B.T., British Columbia. 

Yes. 

ZERO CATHODE VOLTAGE 
I'm just getting started in TV, and 

boy, am I stuck on this one! I had no by 
on this color set. I replaced the horizontal 
output tube and got absolutely nothing! I 
can read the full B+ supply voltage on the 
damper plate, but the damper cathode 
reads zero. -Anonymous, N.Y. 

Check that damper tube! I think 
you'll find that the filament is good, but 
the cathode is completely open! Look at 
the base with a magnifying glass; you'll 
see the tiny metal "ribbon" between the 
base -pin and the cathode sleeve broken. 
By the way, if you see "blobs" of metal 
on the ends of this, look out! This 
means that the cathode ribbon has been 
burned out by some kind of dead short 
in the damper cathode circuit. R -E 

`No- Noise'Products 
Work LikejtAaAtel. 

For Color - 
and B/W _e SUPER 

41, - L U B E 
Concentrated formula 
for heavy duty jobs. 
Foams away corrosion, 
dirt, oxidation and 
polishes all tuners with- 
out drift or detuning. 
Avoid call- backs. 

"No- Noise" 
products are 

guaranteed non- 
flammable, 
no carbon 

tet, non- 
toxic, safe 

for plastics. 

tivemr 
Volume 
Control & 
Contact 
Restorer 
Cleans, lubricates, re- 
stores volume controls, 
push button assemblies, 

band switches, relays 
and other electri- 

cal contacts. 

e 
n!=ì- 

OLUME 

CONTROL 

CONTACT 
RESTORER 
11121=111100 

Manufacturers of These Other 
Famous "NO- NOISE" Products: 

Tuner -Tonic EC -44 Super Spray Bath 
Frigid -Air Tape -Reco Head Cleaner 

Often imitated but never duplicated 
ELECTRONIC CHEMICAL CORP. 
813 Communipaw Avenue Jersey City, N. J. 07304 

Circle /5 on reader service card 

FREE: 
JUST OFF THE PRESS!! 

SEND FOR YOUR EXCITING COPY NOW! 
0 

LAFAYETTE 1972 Catalog 720 

468 PAGES 

YOUR 1st GUIDE TO 

EVERYTHING IN 

ELECTRONICS 

Our 51st Year 

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 Receivers 
Books and Parts Plus Thousands of Additional Items 

Mail This 
Coupon Today 

For Your 
1972 Catalog 

No. 720 

Send For Your Free Lafayette Catalog Today! 
Lafayette Radio Electronics, Dept. 17121 

P.O. Box 10, Syosset, L.I., N.Y. 11791 

I Send !1e the Free Lafayette Catalog 

I Name 

I Address 

l City 
1 
I State 

L 
Zip 

(Please include your zip code) 

17121 ini 

J 
Circle 16 on reader service card 
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Advertisement 

R -E's CHRISTMAS 

LENCO L75 TURNTABLE. Infinitely 
variable speed from 30 -86 rpm, plus 
16%. Precision arm with knife -edge 
bearings, anti- skating, damped 
cueing. In shock -isolating base with 
dustcover. Only $99.50. Benjmin 
Electronic Sound Corporation, 
Farmingdale, N.Y. 11735/div. of In- 
strument Systems Corp. 

DELTALERT ULTRASONIC Burglar 
Alarm & Detection System, utilizing 
the sonar principle, monitors and 
blankets up to 300 sq. ft. of space. 
When activated by the slightest mo- 
tion, alarm and lights automatically 
go on. The high -intensity horn and 
light combination drives away any 
intruder. Maintenance free. Anyone 
can install. Be secure with DeltAlert 
protection. DeltAlert: $69.95 ppd, 
DeltaHorn: $24.95 ppd. Delta Prod- 
ucts, Inc., -P.O. Box 1147RE, Grand 
Junction, Colo. 81501 

K -50 TOOL KIT -contains 20 tools 
required for electrical /electronic 
appliance and equipment servicing. 
An excellent kit for beginners. 
Priced at $31.50 the kit comes in a 
lockable metal box. Techni -Tool, 
Inc. 1216 Arch St., Philadelphia, Pa. 
19107 (215) LO 8 -4457 

NOW, A DEVICE TO INSERT or ex- 
tract DIP modules in the field or in 
the shop. The 4916A is a multi-pur- 
pose tool which will greatly benefit 
the user by saving components and 
time. Supplied by itself or in a com- 
plete DIP service kit the 4916A is 
available at $12.95 ea. or $39.95 in 
kit form, (which includes iron, de- 
solder tips, aperture cleaner and 
heat sink). Techni -Tool, Inc. 1216 
Arch St., Philadelphia, Pa. 19107 
(215) LO 8 -4457 

SONY SS -4200, acoustic suspen- 
sion, 3 -way speaker system em- 
ploys an 8" high flux density 
woofer, 8" mid -range driver and two 
specially designed 3" dome cone 
tweeters. Provides unusually 
smooth and uniform response over 
the entire audible spectrum. Ex- 
cellent value. Sony Corp. of Ame- 
rica, 47 -47 Van Dam St., L.I.C., N.Y. 

OLSON FEATURE PACKED 175 - 
Watt Stereo FM -AM receiver model 
RA -290 will deliver the ultimate in 
stereo listening pleasure from any 
speaker system. Feature for feature, 
dollar for dollar this is truly your 
best buy in stereo equipment. It's 
value priced at only $300. Order 
now or write for complete details to: 
Olson Electronics Dept. LX, 260 S. 
Forge St., Akron, Ohio 44308 

SONY STR -6036 RECEIVER. Mod- 
erate power, moderate price -but 
nothing else in moderation. FET 
front end, ceramic IF's, fantastic FM 
Stereo /FM -AM performance. 
Power, 44W IHF @ 8 ohms (50W @ 
4 ohms) at low distortion. Many fea- 
tures. Sony Corporation of America, 
47 -47 Van Dam St., Long Island 
City, N.Y. 11101 

ENJOY COMPATIBLE 4- CHANNEL 
records & FM using your present 
stereo system. Enhance regular 
stereo FM, records & tapes with 
new EVX -4 STEREO -4 decoder, 
only $59.95 plus second stereo amp 
and rear speakers. Or choose Elec- 
tro -Voice E -V 1244X combined 
decoder and stereo amplifier. 
$149.95. Electro- Voice, Inc., 600 
Cecil St., Buchanan, Mich. 49107. 

CONCORD MARK 10 RECEIVER. 
Lots of watts for only $199.95; 80W 
(IHF @ 4 ohms), only 0.5% THD. 
FET /IC tuner section for top FM 
Stereo, FM /am reception. Tape 
Monitor. Walnut cabinet. Concord 
Div. Benjamin Electronic Sound 
Corporation, Farmingdale, N.Y. 
11735/div. of Instrument Systems 
Corp. 

66 RADIO- ELECTRONICS DECEMBER 1971 

www.americanradiohistory.com

www.americanradiohistory.com


SHOPPERS GUIDE 

THE PHASE AUDID SV.EEP Gener- 
ator is ideal for high f delity audio 
systems maintenance and check 
out. The all solid sate circuitry p-o- 
vides an electronic continuous 
sweep throughout the entire audio 
range, and generates several func- 
tions: Sine, Square, Tr angle, Fcsi- 
tive Sawtooth (with variable pos t ve 

slope). Model ASG -20C Kit: $84.85; 
Factory Assembled: $" 08.09 post- 
paid. Order direct from The Pisse 
Corporation, Dept 80C, 315A Bos- 
ton Avenue, Medfprd, Mass. 02155 

PERMABOND -A FAST SETTING 
contact cement jcins practically all 
combinations of materials tensile 
strength of up tc 5,0)0 psi. Sets 
with finger pressure -One drop :av- 
ers 2 sq. in.- Impervious to mast 
chemicals -Colorless transparent. 
Price $1.89/2 grr tube, $8.75 t-ial 
kit of 3 types 5 2 -gm tubes). 
Techni -Tool Inc. 1216 Arch St., 
Philadelphia, Pa. - 910.- (215) LC 8- 
4457 

ELECTRONIC IGI IITICN SYSTEM - 
Don't settle for a hit and miss igni- 
tion system install a Judson Elec- 
tronic Magneto. t offers the com- 
bined advantages of both the 
standard transistorizec and capaci- 
tive discharge systems in one sim- 
plified circuit. It provides better per- 
formance, a smoother running en- 
gine and keeps your car in tune. In- 
stalled in twenty minutes. So'c at 
better electronics and automotive 
stores everywhere. - Judson Re- 
search & Mfg. Cb., 541 E. Hector 
St., Conshohocken, Pa. 19428 

SONY PS -5520 PLAIBACK System. 
A professional, single -play turntable 
with automatic convenience. Hys- 
teresis motor, 12" balanced arm en- 
sure flawless performance in man- 
ual or automatic operation. With 
base, cover. Sony corporation of 
America, 47 -47 Van Dam St., Long 
Island City, N.Y. 111)1 

ELAC /Mfracord 650 Automatic 
Turntable. Light -touch pushbutton 
operation -for manual, just lift the 
arm. Dynamically ba anted arm has 
anti -skating, cueing damped in both 
directions. $99.95. ELAC Div. Ben- 
jamin Electronic Spund Corpora- 
tion, Farmingdale, N.Y. 11735/div. 
of Instrument Systems Corp. 

Advertisement 

"OPEN -AIRE" HEADPHONES have 
all the makings of a perfect gift: pro- 
fessional gLality and reasonable 
price. New design principle com- 
bines unusually light (5 oz.) weight, 
wide (20 -20 KHz) response . . . all 
the realism of stereo without cum- 
bersome size and unc3mfortable 
ear seals. Giie a gift of privacy and 
perfect sound. Only $33.95 from 
Sennheiser Electronic, 500 Fifth 
Ave., N.Y.C. 10036 

IDEAL XMAS GIFT for: your boss - 
co- workers and friends tuned into 
electronics! Give a RADIO -ELEC- 
TRONICS special ONE YEAR gift 
subscription and spread your cheer 
all year. One gift sub.- $:.00/ two - 
$6.00 ea./ Three -$5.00 ea./ four - 
$4.00 ea. We'll send gift cards. Sim- 
ply send orders to R -E Gifts, Suite 
1101, 200 Park Ave. S., N.Y., N.Y. 

New 1971 
Solid State & 

Hobby Circuits Manual 

$1.95 postpaid to pour door. The 
new manual, HM 91 offers over 400 
pages of circuits for the hobbyist, 
engineer, experimenter and do -it- 
yourself kit builder. HURRY -Supply 
limited. Free Catalog. Frazer & As- 
sociates 3809 Surfwood Rd., 
Malibu, Cal. 90265 

OPTIMAN SPACE CONTROL Cen- 
ter -clean and compact the #609D 
provides a safe working surface and 
parts holder for all your -epair corn - 
ponents. Handy for hold ng parts of 
assemblies while servic ng #609D 
also has ccnvenient stcrage areas 
for tools. Complete 609D at $49.95. 

4 Other models available 'rom $9.95. 
Techni -Too, Inc. 1216 Arch St., 
Philadelph a, Pa. 19107 (215) 
LO 8 -4457 
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new products 

More information on new products is available from the manu- 
facturers 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. De- 
tach and mail the postage -paid card. 

CCTV SYSTEM, MW -501, for security ap- 
plications -area surveillance, gate control, 
small- business protection, hazardous - 
area control. Features 550 center line res- 
olution, 4000 to 1 automatic light control. 

The 10 in. long camera, equipped with a 
C -mount 25mm, f 1.9 lens, has output 
power to drive the 9 in. monitor over cable 
lengths of over 200 feet. For larger or spe- 
cialized applications an infrared vidicon, 
multiple- camera switching multiple-moni- 

tor consoles, other C -mount lenses and 
video amplifiers are available as options. 
Basic camera -monitor combination is 
$499.00. Detailed brochure available - 
Mountain West Alarm Supply Company, 
4215 N. 16th St., Phoenix, Ariz. 85016. 

Circle 31 on reader service card 

INTERCOM SYSTEM, model GD -160, Mo- 
bilink. Provides instant 2 -way commu- 
nication between camper and cab, car 

and trailer, or any other mobile application 
where a 12 volt 250 milliamp dc power 
source is available. A 3- position switch on 

the master unit selects monitor, standby, 
and talk modes. Mounting brackets for 
horizontal or vertical installation are in- 
cluded. $25.95. -Heath Company, Benton 
Harbor, Mich. 49022. 

Circle 32 on reader service card 

CURVE TRACER, model CT71, designed 
for displaying the characteristic curves of 
a wide range of transistor, FET and diode 
semiconductor devices on its 10 x 10 cm 
(51/2") crt. Collector supply voltage is 0 to 
1 kV, with positive and negative polarity; 
twice line frequency or dc. Peak current 2 
amps (max 15 watts). Series resistances 
zero S2 ohms to 1.7 megohms in 11 steps. 

v 40 +48 

1 
...... _ 

1i1Q ü il 

Base step generator current is 0.2 pA to 20 
mA in 16 steps . Features plug -in test fix- 
tures with safety interlock. Power require- 
ments: 100V to 125V in 5 -volt steps: 200V 
to 250V in 10 -volt steps; 48 Hz to 63 Hz 
line frequency, 37 VA. $795.00.-Tektro- 
nix, Inc., Mr. M. E. Pryor, P.O. Box 500, 
Beaverton, Ore. 97005. 

Circle 33 on reader service card 

LAMP EXTRACTOR TIP for desoldering 
tool provides swift and simple lamp re- 
moval even while equipment power is on. 
Vacuum action of the desoldering tool 

holds the bulb during removal; during 
reinstallation, the inside shaft ejects the 
bulb into lamp housings 2C and 2F and 

68 RADIO -ELECTRONICS DECEMBER 1971 

midget flanged lamp style T -1 3/4. $1.95 
plus tax and shipping. (Include your desol- 
dering tool part number when ordering.) - 
Edsyn, Inc., 15954 Arminta St., Van Nuys, 
Calif. 91406. 

Circle 34 on reader service card 

STEREO PLAYBACK DECK, Cortina 2 
model TD -8. Solid -state 8 -track stereo 
cartridge playback deck connects to 
stereo amplifier or receiver tape input. 
Spillproof capstan bearing assembly; four 
individual track lights; selector push -but- 
ton to permit track switching. Power out- 

put 1 volt. Better than 38 dB signal-to- 
noise ratio. For 117 Vac, 60 Hz. Walnut 
grain finished metal case with brushed 
aluminum front panel. $49.95. -EICO 
Electronic Instrument Co., Inc., 283 Malta 
St., Brooklyn, N.Y. 11207. 

Circle 35 on reader service card 

AMPLIFIER, All American Sports. This 
top -of -TV -set mounting device filters out 
all but one television channel, and am- 
plifies that single channel by 22 to 25 dB 
gain. Initial marketing is aimed at fans who 
want to receive pro football games 
blacked out locally but available on 75 
mile or more distant transmitters. The 

"amplified bandpass filter" uses a new 
technique that combines etched inductors 
with ultra low noise figure amplification 
(typical low -band noise figure 3.0 dB, typi- 
cal high -band noise figure 5.0 dB). 
$97.50. -Cadco Systems, 4444 Classen 
Blvd., Oklahoma City, Okla. 73118. 

Circle 36 on reader service card 

SERVICE KITS, containing convenient as- 
sortments of widely used electronic com- 
ponent parts, for service dealers, tech- 
nicians, designers, experimenters, hams 
and hobbyists. Kit -10F holds Fastatch II 
controls; Kit -20W miniature wirewound 
controls; Kit -30F, miniature trimmer con- 
trols; Kit -50A, axial -lead electrolytics; Kit - 
55P, PC -lead electrolytics; Kit -60D, gen- 
eral- purpose capacitors; Kit -70H, high- 
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voltage capacitors and Kit -10OP, pack- 
aged electronic circuits. Each kit housed 
in steel frame, portable and stackable cab- 

inets with 15 plastic drawers. Cabinets 
can be wall mounted. Replacement con- 
trol guide literature included in 10F8, 20W 
and 30T. -Distributor Products, Cen- 
tralab, 5757 N. Green Bay Ave., Mil- 
waukee, Wisc. 

Circle 37 on reader service card 

DIODES. Light- emitting diodes, gallium ar- 
senide semiconductors, infra -red light 
sources, indicator lamps, alphanumeric 

readouts, photo-sensors and opto- isola- 
tors available as replacements for devices 
installed in equipment. Some types can 

also replace conventional miniature 
lamps. Applicable to intruder alarms, 
counters, clocks, optical tachometers, 
computer readouts.- Sprague Products 
Co., 81 Marshall St., N. Adams, Mass. 

Circle 38 on reader service card 

FM TUNER, AR -FM all- silicon solid -state 
stereo multiplex tuner. Sensitivity 2.0 µV or 
better; signal to noise ratio 65 dB, ASA 
"C" (flat) weighting; distortion less than 

0.5% IM or THD, mono or stereo. Fre- 
quency response 20 Hz to 15 kHz, 1 dB, 
110 -120 volts ac, 60 Hz, 12 W. Separation 
35 dB min at 50 Hz; 40 dB min at 400 Hz; 

30 dB min at 10 kHz. Optional oiled walnut 
cover available, $15.00; tuner $210 00.- 
Acoustic Research, Inc., 24 Thorndike St., 

Cambridge, Mass. 02141. 
Circle 39 on reader service card 

DECODER, model Quadio QC -1. The 4- 
channel decoder accepts stereo program 
material from FM radio, phonographs, 
tape, cassette or 8 -track cartridge player 
decks. Intended for use with Qaudio 4- 

channel/2- channel cartridge player mod- 
els, or with any other player or set of com- 
ponents that produce four independent 
channels of sound. The "effect selector" 

Transistors, 
Modules, 

Speakers, 
Stereo, Hl -Fi, 
Photo Cells and 
thousands of 

other 
Electronic 

Parts. Send for 

FREE 
Cst aloa 

L. 
ELECTRONIC DISTRIBUTORS INC. 
Dept. TA -2, 4900 Elston . Chicago, III. 60630 . RUSH CATALOG . Name 

Address . City State Zip Code - 
Circle 61 on reader service card 

TV TUNER SERVICE 
VHF, UHF, FM or IF-Subchassis... 

.. All Makes 

el 

''ast 8 hr. Service 

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

1. Fastest Service -8 hr. -in and out the same 
day. Overnight transit to one of our six plants, 
for parts, tuners or IF- modules. 

2. All tuners cleaned inside and out, repaired, 
realigned and air tested. 

3. On IF- modules all stages checked, all traps set 
with high calibre test equipment. 

4. Fine Quality! Your customers are satisfied and 
you are not bothered with returning your units 
for rework! 

5. Lower Cost! Up to $5.50 less than other tuner 
companies! 

6. Friendly, helpful personalized service! 

1 YEAR GUARANTEE 

FIRST TO OFFER 365 -DAY GUARANTEE! 
COLOR -BLACK & WHITE -- TRANSISTOR TUNERS - 

ALL MAKES 
GUARANTEED COLOR ALIGNMENT - 

NO ADDITIONAL CHARGE 

LIKE TO DO IT YOURSELF? 

PTS makes all tuner parts available to you. 

Send one dollar (redeemable) for our TUNER RE- 

PLACEMENT GUIDE AND PARTS CATALOG' 

60 pages of top information Blow -up of all 
tuners Largest exact tuner replacement guide 

Antenna Coil Replacement Guide Multi -fit 
Replacement Tuner Shaft Guide 

We offer you finer, faster... 
Precision 

For fastest service. send faulty unit with tubes shields and all broken parts to 

PTS ELECTRONICS, INC. 

VHF -UHF -FM $ 9.95 
UV -COMBO $16.95 
IF- MODULE $12.50 

Major Parts charged at Net Price 

CL'.S'TOM /ZED REPLACEMENTS A VAILABLL 
FOR tt2 vv l'P (VFW OR RFBUILTJ 

HOME OFFICE- P.O. Box 272 -Bloomington, Ind. 47401 
SOUTHEAST- P.O. Box 6771- Jacksonville, Fla. 32205 
WEST COAST- P.O. Box 41354- Sacramento, Calif. 95841 
EAST- P.O. Box 3189- Springfield, Mass. 01103 
SOUTHWEST- P.O. Box 7332 -Longview, Tex. 75601 
MOUNTAIN- P.O. Box 4145- Denver, Colo. 80204 

Circle 62 on reader service card 

Tel. 812/824 -9331 
Tel. 904/389 -9952 
Tel. 916/482 -6220 
Tel. 413/734 -2737 
Tel. 214/753 -4334- 
Tel. 303/244 -2818 
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LINEAR IC's (dual -in -line) 
709 operational amplifier .. .70 
710 voltage comparator .75 
LM309K 5V -IA 

power supply module 2.50 
810 dual operational amplifier 1.25 
N E525 memory sense amplifier 1.50 
7524 dual sense amplifier 1.50 

LED Red Ernnting Lamp .60 
7491 b Mt shift register 
7493 4 bar binary counter 
74192 up/down decade counter 
74193 up,down binary counter 
8220 panty genrchecker 
8242 4 bd comparator 

lopen collector) 
8280 preset decade counter 

LINEAR SPECIAL 
ten 10) Fairchild dual In line 741CN 
operational amplrhers with a two -pave 
sheet of application notes covering the 
basic circuits using op amps 
5 75 each Op -amp package 

10- 741's. data sheet 
and application note, 

only Si 00 

51.75 8520 25 MC divide by "N" 2 to 15 S2.00 
1 -75 N1283 Signetic 8 bit scratch pad 1.75 
2.00 8H21 75MC dual JK the -flop 1.25 
2.00 7495 4 bit SHIFT REGISTER 1.75 
1.00 8H70 UHS triple 3 reprit NAND 40 

8H80 UHS Quad 2 input NAND .50 
.90 8590 8 bit shift regalen 2.00 

2.00 8270 4 bit shift register 2 -00 

BABYLON 
ELECTRONICS 

SEND FOR 
FREE FLYER 

P.O. P. Box 85 
CARMICHAEL, CA. 95608 

19161 1916)966 -2111 

WHISTLING IN THE DARK... 

if you think that heart disease and stroke 
hit only the other fellow's family. 

GIVE ... so more will live 

HEART FUND 

IC's REMOVED FROM BOARDS 
These units were removed from printed circuit boards. All are brand new 
(mostly TI) but have solder on leads. All are dual in line with 74 -- Series 
factory marking. 

SN7400, SN7401, SN7402, SN7440, SN7410 ea. .15 
SN7474 dual-type 'D' flip -flop ea. .25 
SN7476 dual JK flip -flop ea. .45 

EPDXY TRANSISTORS 
Popular numbers, all factory- marked with 
2N -type numbers. Guaranteed minimum 
of 40 pieces of TO -5 and TO -18 mixed. 
Untested, but sampling indicates over 85% 
good. 
approximately 1- ounce -40+ transistors 

for only 51.89 

DIGITAL SPECIAL 
Ten brand new Ion carriers) dual-in-line 
JR flip -flops -LÚ321 with data sheet and 
two pages of application notes describing 
hookups for - divide by three through ten, 
and twelve. Also self correcting ring coun- 
ter hookups, etc. 

10 LÚ321 W /data 55.00 

DIGITAL COUNTER MODULE 3OMC 
unit includes board, SN7490, 
SN7475 quad latch, SN7447 
7- segment driver and RCA 

umitron" display tube 1, 
decimal. 1" 4.5" module T' will mount on 1" centers. 

kit S12 -wired and tested S15. 

All IC's are and fully tested - 
leads are plated with gold or solder. 
Orders for S5 or more will be shipped 
prepaid. Add 35c handling and postage 
for smaller orders. California residents 
add sales tax. IC orders are shipped 
within two workdays of receipt of order 
-- kits are shipped within ten dey of 
receipt of order. Money beck guarantee 
on all goods sold. 
TTL dud] lin -line 
7400, 7401, 7402, 7404, 7405, 7410, 
7420, 7430, 7440, 
7450, 7451, 7453 All-3 for 51.00 
7441 BCD decoder driver 1.50 
7442 BCD decoder 
7473 dual JK flip -flop 
7474 dual type D FF 
7475 quad latch 
7476 dual JK FF 

7480 gated full adder 
7486 quad exclusive or gate 
7490 decade counter 

2.00 
.65 
.65 

1.50 
.75 

1.00 
1.00 
1.50 

Circle 64 on reader service card 
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control offers four types of effects: ordi- 
nary stereo; simulating small recital hall 
for listening to soloists or small groups; 
simulating large concert hall with full re- 

verberation; surrounded by music. 
$49.95. -Toyo Radio Company of 
America, Inc., 1842B West 169th St., Gar- 
dena, Calif. 90247. 

Circle 40 on reader service card 

STEREO AMPLIFIER, model LA -2525, No. 
99- 02628W. 4- channel solid -state stereo 
amplifier rated 40 -watts ±1dB at 0.8% 
THD. This amplifier incorporates circuitry 
for deriving 4- channel stereo sound from 
conventional 2- channel sources such as 
stereo records, tapes, and FM broadcasts. 
Separate volume controls for front left and 

right, rear left and right channels. Head- 
phone jack for private listening from front 
amplifiers (channels). Total harmonic dis- 
tortion, 1 kHz, 8 ohms, 1 watt = 0.125 %. 

Earn 
Your 

'Degree 
ELECTRONICS 
ENGINEERING 

through HOME STUDY 
HIGHLY EFFECTIVE 
HOME STUDY COURSES IN: 

Electronics Engineering Technology 
Electronics Engineering Mathematics 

Earn your Associate in Science Degree in 
Electronics Engineering and upgrade your 
status and pay to the engineering level. 
Complete college level courses in Elec- 
tronics Engineering. We're a forward 
looking school. Outstanding lesson ma- terial- thorough and easy to understand. 
Engineering taught on the basis of appli- 
cation and understanding rather than on 
the basis of memorization. Up to date 
in every respect. Acquire the knowledge 
and ability that means the difference 
between a low paying technician job and 
a high paying engineering position. Low 
tuition cost with low monthly payments. 
Free engineering placement service for 
our graduates. Write for free descriptive 
literature. Ask for bulletin R, no sales- 
man will call on you. 

COOK'S INSTITUTE 
0/ eke /ronicJ ¿it,ineering 

Forest Hill Road 
P. 0. Box 10634 

Jackson, Miss. 39209 
Established 1945 

Formerly Cook's School of Electronics 

Circle 65 on reader service card 
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Input sensitivity, Aux = 275 mV, tuner = 
500 mV, phono mag = 3.5 mV. Comes 
with simulated walnut grained metal en- 
closure. $119.95.- Lafayette Radio Elec- 
tronics Corp., 111 Jericho Turnpike, Syos- 
set, L.I., N.Y. 11791. 

Circle 41 on reader service card 

CASSETTE STORAGE. Aluminum cas- 
sette storage library exclusively for Memo- 
rex cassettes. Holds six albums neatly and 
compactly with easy accessibility. 
Equipped with interlock for adding on 
units. Identification labels clearly visible 

on stored cassettes. For limited time only, 
offered free to customers purchasing 
three Memorex 60 or Memorex 90 cas- 
settes at regular price.- Memorex Corp., 
San Tomas at Central Expressway, Santa 
Clara, Calif. 95052. 

Circle 42 on reader service card 

IMPEDANCE -CONVERTING AMPLI- 
FIERS, Impedaverter models IMP -1 and 
IMP -2. Solid -state high input and low out- 
put impedance converting amplifiers for 
use with medium- and high- impedance mi 

crophones and instrument pickups. Cab- 
les up to 500 feet may be used at the out- 
put without alteration of audio response or 
excessive pickup of hum and noise. Al- 
lows bridging lines without loading; output 
can be split to feed two amplifiers. Gain 
and phase switching provided. Input im- 
pedance greater than 4 megohms 30 Hz to 

1 kHz, 3 megohms at 5 kHz, 1.5 megohms 
at 10 kHz, 1 megohm at 15 kHz. Output im- 
pedance 70 ohms at 60 Hz, less than 15 
ohms 400 Hz -20 kHz. Specs for IMP -1 
and IMP -2 identical except that IMP -2 has 
no gain and phase switching and one 9- 
volt battery used. IMP -1, $34.95; IMP -2, 
$25.95. -Russound /FMP, P.O. Box 204, 
Stratham, N.H. 03885. 

Circle 43 on reader service card 

TUNER CARE KIT, a tuner degreaser, 

Royal Clean, and a heavy -duty lubricant 
and tuner cleaner, Royal Lube, for TV 
tuner contacts. The fast -drying, non -flam- 
mable degreaser does not affect plastics, 
and it dissolves dirt, grease and oil, evapo- 
rating completely after application, with no 

Build 

Schober Consolette 
Organ for 
only '10401 

!SOLVES 

TUNER CLEANING PROBLEMS 

residue. The foam spray lubricant main- 
tains constant contact protection, clean- 
ing and lubricating as the TV viewer 
changes channels. $4.98. -Injectorall 
Electronics Corp., 4 North Road, Great 
Neck, N.Y. 11024. 

Circle 44 on reader service card 

More will 
Live 

the more 
you Give 
HEART FUND 

FREE 

for the 

man in 
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TRIGGER Electronics, Dept. RE -12 
7361 North Ave., River Forest, III. 60305 

Send FREE 1972 TRIGGER Catalog 

OUR GREAT SELECTIONS! 
Send for this reliable buying guide 
to carefully selected: Amateur 
Gear Stereo Hi -Fi Electronic 
Kits CB Radio Tape Recording 

Electronic Parts Antennas 
Tubes Transistors Tools 
Books Test Equipment 
Count on TRIGGER for the best in 

electronics. Get our FREE Catalog. 

SEND FOR IT TODAY! 

Name 
PLEASE PRINT 

Address 

I`ity State Zip 

Circle 66 on reader service card 

" Includes finished walnut 
onsole. (Only $793 if you build 
your own console.) Amplifier, 

speaker system, optional 
accessories extra. 

You couldn't touch an organ like this in a store 
for less than $1800 -and there never has been 

an organ of the Consolette Il's graceful small 
size with 22 such pipelike, versatile voices, five - 
octave big -organ keyboards, and 17 pedals! It 
sings and schmaltzes for standards, pops, old - 
time favorites, speaks with authority for hymns 

and the lighter classics, all with a range of vari- 
ety and satisfying authenticity you've never found 
before in an instrument under church or theatre 
size. If you've dreamed of an organ of your own, 

to make your own beautiful music, even if your 
home or budget is limited, you'll get more joy 
from a Schober Consolette Il than any other 
"home size" organ -kit or no kit. 

You can learn to play it. And you can build it, 
from Schober Kits, world famous for ease of as- 

sembly without the slightest knowledge of elec- 
tronics or music, for design and pats quality 
from the ground up, and - above all - for the 
highest praise from musicians everywhere. 

Send right now for the full -color Schober catalog, 
containing specifications of all five Schober Or- 
gan models, beginning at $499.50. No charge, no 
obligation. If you like music. you owe yourself a 

Schober Organ! 
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Measurably 

Better! 
MICRONTA® MULTITESTERS 

Sold Only by Radio Shack 

2995 
#22 -152 

100,000 Ohms/ 
Volt! 27 Ranges! 
4" Mirror Scale, 
Fully Protected 
Against Burnout. 

195 
#22 -049 

30,0)0 Ohms/ 
Volt! 23 Sanges! 

3- Scale, 
1% Resistors. 
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new literature 

All booklets, catalogs, charts, data sheets and other literature 
listed here with a Reader Service number are free for the asking. 
Turn to the Reader Service card on page 89 and circle the num- 
bers of the items you want. Then mail the postage -paid card. 

HEAT -BLO GUN CATALOG, full color descrip- 
tion and specifications on models of electric, 
portable Heat -Blo guns with heat ranges up to 
1000° F. They all produce flameless, concen- 
trated heat for use in heating or drying. Also 
gives details on new chrome contamination -free 
heat gun designed especially for use in labs, 
around computer equipment, in electronic 
plants. Features the 3 models of Torrid Air Blow- 
ers capable of use constantly, even day and 
night. -Milwaukee Lock & Mfg. Co., 5028 North 
37th St., Milwaukee, Wisc. 53209. 

Circle 45 on reader service card 

USES FOR AEROSOL COOLANT BOOKLET, 
entitled The Cool Way to Find Thermal Inter - 
mittents, describes typical thermal intermittents 
and how Super Frost Aid aerosol coolant will lo- 
cate them. A step -by -step service procedure is 
outlined. Booklet also describes the other ser- 
vice aid applications of the coolant, including 
cooling delicate heat sensitive components 

NEw ENDECO 
Desolderi ng 
Kits MODEL 

300 -K 

KIT 

SHOWN 

1595 
#22 -022 

20,000 Ohms /Volt! 
28 Ranges! Mirror 
Scale, 1% 
Resistors. 

Factory wired 'OM's (with batteries 
& leads included!) at "kit" prices! 
Performance proven by servicemen, 

_R 

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 69 on reader service card 

1971 

prior to soldering; preventing cold solder joints 
and transformer burnout; and locating hairline 
cracks in PC board circuitry.- Chemtronics, 
Inc., 1260 Ralph Ave., Brooklyn, N.Y. 11236. 

Circle 46 on reader service card 

STEREO & TAPE BROCHURE, fully illustrated 
with specifications. Complete line of head- 
phones, cassette and cartridge carrying cases 
and portable storage units, and cassette albums 
are shown. -RMS Electronics, Inc., 50 Antin 
Place, Bronx, N.Y. 10462. 

Circle 47 on reader service card 

FOIL CAPACITORS Dual Temp Tantalum, an 
11 -page technical data bulletin. Describes the 
tantalum foil capacitor type TAND.- Cornell -Du 
biller Electronics, 150 Avenue "L ", Newark, 
N.J. 07101. 

Circle 48 on reader service card 

AUDIO ACCESSORY LINE, # FR -71 -A, 52 -page 
catalog including items for use in all phases of 
home electronics, from hi -fi listening to stereo 
accessories for the car. The illustrated booklet 
shows TV antenna installation hardware, cable - 
connector- adaptors for stereo equipment appli- 
cations, acoustic -suspension loudspeaker sys- 
tems, speaker switching devices, stereo head- 
phones, microphones and accessories, 
intercoms and telephone accessories. -GC 
Electronics, 400 South Wyman St., Rockford, Ill. 
61101. 

Circle 49 on reader service card 

SOLDERING IRON TIPS CATALOG, #0471. 
This 28-page soldering iron tip and aids catalog 
features plug, sleeve and threaded shank sol- 
dering iron tips to fit all leading brands and mod- 
els of soldering irons, desoldering tips, tip wip- 
ers, iron holders and desoldering wick. 
Diamond, cone, chisel, screwdriver, bevel, 
turned down and tapered tips from ' /e" to 1 Ya" in 
diameter are illustrated with dimensioned draw- 
ings to help users to specify diameter, length, 
point shape, shank style and point tinning re- 
quirements. -Plato Products, Inc., P.O. Box 
1019, El Monte, Calif. 91734. 

Circle 50 on reader service card 

TV TIME & FREQUENCY BOOKLET. The ex- 
perimental television- time -code system recently 
developed at NBS can provide inexpensive 
coarse- and fine -time signals and precise -fre- 
quency signals to a great number of users. The 
system is described in a 12 -page booklet com- 
plete with diagrams.- Program Information Of- 
fice, National Bureau of Standards, Boulder, 
Colo. 80302. 

Circle 51 on reader service card 

PORTABLE VOM BROCHURE. Four portable 
battery- operated FET vom's and accessories 
shown in this illustrated brochure. Specifica- 
tions plus chart to help you select the vom that 
best fits your needs. -Triplett Corp., Marketing 
Dept., Bluffton, Ohio 45817. R -E 

Circle 52 on reader service card 
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coming next 

JANUARY 1972 

9th Annual Color TV Issue 
Start off the new year with this special 
issue packed full of the latest color TV 

information. You won't want to miss a 

single word. 

Modular TV Is Breaking Out All Over 
Picture report on the latest happenings 
in modules. Close ups of what they look 
like and how they improve color receiv- 
ers. 

Trinitron vs Shadow Mask 
A comparison of how these very differ- 
ent color picture tubes operate and 
pointers on their respective advan- 
tages. 

Automatic Color Control Circuits 
The latest circuits do a lot to make the 
color on your TV screen look better. 
Here's how they work. 

Build Instant Color 
Add a group of preset controls and a 

front -panel pushbutton that restores 
perfect color no matter how the kids 
twiddle the front -panel controls. 

PLUS: 
Stereo Amplifier Design 
Color Crosshatch Generator 
Kwik -Fix Troubleshooting Charts 
Jack Darr's Service Clinic 

Kleps 30 
Kleps 40 

Kleps 1 

Kleps 10 

Kleps 20 Pruf 10 

Clever Kleps 
Test probes designed by your needs -Push to seize, push 

to release (all Kleps spring loaded). 
Kelps 10. Boathook 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. Ac- 

cepts banana plug or bare lead. 6" long, $1.47 
Kleps 40. Completely flexible. 3- segment automatic 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 connection. Molded 
phenolic. Doubles as scribing tool. "Bunch" pin fits banana 
jack. Phone tip. 51/2" long. $ .79 
All in red or black - specify. For additional information, 
write for complete catalog of -test probes, plugs, sockets, 
connectors, earphones, headsets, miniature components. 

Available through your local 

rve distributor, or write to: 
RYE INDUSTRIES INC. 
l''i Spencer Place, Mamaroneck, N.Y. 10543 
In Canada: Rve Industries (Canada) Ltd. 

Circle 70 on reader service card 

Kleps 10 - 20 

Kleps 30 

Kleps 1 

l`' 

Pruf 10 

IGHT 
INSTRUMENTS IN ONE 

Out -of- Circuit 
Transistor Analyzer i Dynamic In- Circuit 
Transistor &. Racio Tester 
Signal Generator 
Signal Tracer Voltmeter 
Milliammeter 

I Battery Tester 
Diode Checker 

Transistor Analyzer Model 212 
Factory Wired & Tested - $22.50 
Easy -to- Assemble Kit - $14.95 

YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RADIOS! All the 

facilities you need to check the transistors themselves - and the radios or other cir- 

cuits in which they are used - have been ingeniously engineered into the compact, 

6 -inch high case of the Model 212. It's the transistor radio troubleshooter with all the 

features found only in more expensive units. Find defective transistors and circuit 

troubles speedily with a single, streamlined instrument instead of an elaborate 

hook -up. Ì 
Features: 
Checks all transistor types - high or tow 
power. Checks DC current gain (beta) to 
200 in 3 ranges. Checks leakage. Uni- 
versa! test socket accepts different base 
configurations. Identifies unknown tran- 
sistors as NPN or PNP. 

Dynamic test for all transistors as signal 
amplifiers (oscillator check), in or out of 
circuit. Develops test signal for AF, IF, 
or RF circuits. Signal traces all circuits. 
Checks condition of diodes. Measures 
battery or other transistor -circuit power- 
supply voltages on 12 -volt scale. No ex- 

ternal power source needed. Measures 
circuit drain or other DC currents to 80 
milliamperes. Supplied with three exter- 
nal leads for in-circuit testing and a 

pair of test leads for measuring voltage 
and current. Comes complete with 
instruction manual and transistor listing. 

EMC, 625 Broadway, New York 12, N.Y. 

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

NAME 

ADDRESS 

CITY TONE- STATE -__ 

RE-12 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York, N Y 10012 
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J 

new books 

ASTRONOMY, by Donald H. Menzel. Ran- 
dom House, New York, N. Y. 320 pages, 
8Y2 x 11 3/16 in Hardcover, $17.50. 

While the book has been titled "As- 
tronomy", we have a strong feeling it should 
have been called "Radio Astronomy ". In the 
very early chapters of the book Dr. Menzel 
lays a groundwork for understanding our 

universe with a discussion of atoms, atomic 
energy, and radiation. In this very up -to -date 
text all of the instruments and techniques that 
have revolutionized astronomy in recent 
years are covered. The powerful radio trans- 
mitters and ultra -sensitive receivers, elec- 
tronic amplification of light with image tubes, 
orbiting telescopes, rocket -borne cameras 

CHANNELLOCK 
Gives You More In Hand Tools Including 

TOUGHNESS 
That Stands Up 
To Tough Jobs 
Year After Year 

You'll take pride -as do we -in the beautiful 
finish and fine craftmanship of your 
CHANNELLOCK tools. But even more, you'll 
like their durability, their toughness in 
hard service year after year. The skilled 
forging of beautiful, tough, hard working hand 
tools has been our only business at 
CHANNELLOCK since 1886. Best of all, you pay 
no premium price for CHANNELLOCK quality. 
LIKE TO SEE THE ENTIRE LINE? 
Send for our catalog ... yours for the asking. 

t - I */* / .. °" 
a 

------- 

TOOLS BY 

O 

MEADVILLE, PA. 16335 

Circle 71 on reader service card 
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that translate photographs into electronic im- 
pulses, atomic clocks that measure in nanose- 
conds, laser beams that measure the distance 
to the moon within a foot, and computers 
that instantly calculate every detail of space 
flights, are all described in great detail. 

Supplementing the text are 319 illustra- 
tions, including 210 photographs from the 
world's observatories and NASA space 
flights. Equally important are 85 diagrams 
and 24 sky maps. A book for anyone who 
wants to learn what science now knows about 
our universe. -LS 

BASIC FOR BEGINNERS, by Wilson Y. 
Gateley and Gary G. Bitter. McGraw -Hill 
Book Co., 330 W. 42nd St., New York, N.Y. 
10036. 5 5/16 x 8 in., 152 pp. Softcover, 
$3.95. 

Provides a simple, easily understood in- 
troduction to the BASIC language of corn - 
puters so that a student can use a terminal fa- 
cility as a tool. Covers the language itself, 
control statements, loops and arrays, library 
functions and the DEF statement, input, 
printing, and string data. Meant to be used as 
a self -instruction manual with minimal out- 
side help -MCL R -E 

FREE! New '72 Edition 
Radio Shack Electronic 

Accessories & Parts Catalog 

1000's of 
Products 
100's of 
Exclusives 

THE buying guide 
for kit builders, 
CB'ers, installers, 
experimenters, 
hobbyists, elec- 
tricians- anyone 
in electronics in 
any way! 

Electronics from A to Z- Antennas, Batteries, Capacitors, Diodes, 

Educational Kits, Fiber Optics, Grille Cloth, Hi -Fi Speakers, IC's, 

Jacks, Knobs, L -Pads, Mikes, Needles, Oscillators, P- Boxes, Quad - 

racs, Resistors, Semiconductors, Telephones, Ultrasonic Alarms, 

VHF Antennas, Wire, Xenon Strobe, Y Adapters, Zener Diodes plus 
our Science Fair kits and Knight- Kits - and much more 

Get your FREE copy at our nearby 
store -or mail in coupon today! 

Dept. RE -10 

2725 W. 7th St. Fort Worth, Texas 76107 
Send me your FREE 1972 Catalog #215 

Please PRINT Clearly 

Name Apt # 

Street or Rte. & Box 

City 

State Zip 1 1 1 1 

Circle 72 on reader service card 
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SCANNING MONITOR RADIOS 

(continued from page 59) 

by the application of base drive current 
from ICI. 

Transistor Q10 is a Colpitts -type 
crystal oscillator with four third -over- 
tone crystals connected between base 
and collector through switching diodes. 
These diodes are back -biased so they 
appear as open switches in series with 
the crystals. Note that the collectors of 
lamp -drivers Q l -Q4 are connected 
through 2700 -ohm resistors to the junc- 
tion of a crystal and a switching diode. 
Whenever a lamp- driver is turned on, 
its lamp lights and the collector voltage 
drops to a low value. This removes the 
blocking bias from the associated 
switching diode and lets it conduct. The 
conducting diode then appears as a 

closed switch connecting its crystal to 
the oscillator. 

} 

ELECTRA'S BEARCAT III features Inter- 
changeable plug -In rf modules for any two of 

the three bands. Crystal I.f. filters and LED in- 

dicator lamps are standard equipment. 

If a signal is present on that chan- 
nel. the squelch opens and develops a 

control voltage that turns off the multi - 
vibrator; stopping the scanner on that 
channel. If there is no signal, the scan- 
ner continues to operate until a station 
starts transmitting on one of the 
scanned channels. 

When the SCAN -MANUAL switch is 

placed in the MANUAL position, the 
multivibrator is disconnected from con- 
trol transistor Q7. Pressing the CHANNEL 
SELECTOR button applies a positive 
pulse to the base of Q8 through Cl. 
This causes the multivibrator to com- 
plete one cycle and then return to its 

steady state until the CHANNEL SELEC- 
TOR is released and then pressed again. 

The 8- channel Monitoradios are 
similar with an additional J -K flip -flop 
operating at one -eighth the multivibra- 
tor frequency. One of the transistors 
driven by ICI is in series with the 
lampdrivers for the even -numbered 
channels and the other is in series with 
the odd -numbered lamp drivers. The 
bases of the lamp- drivers are driven in 
sequence from the outputs of the IC's 
operating at one -quarter and one -eighth 
the multivibrator speed. R -E 

INJECTORALL'S 
HEAVY DUTY 

TUNER CARE KIT 
CLEANS TUNERS 

"the professional way" 
INJECTORALL's new heavy duty TUNER CARE KIT 

has a double punch. It is a two -part system. Part 
one, ROYAL CLEAN Tuner Degreaser, pressure 
cleans contacts and part two, ROYAL LUBE Heavy 

Duty Lubricant, lubricates and keeps them clean. 
It works better because 
ROYAL CLEAN dissolves 
dirt and grease instantly 
leaving no gum or resi- 
due. It is safe for plastics 
and leaves contacts shin- 
ing new. ROYAL LUBE, 

the extra thick lubricant, 
protects, lubricates, and 
cleans contacts as the 
tuner is used. 
INJECTORALL's two part 
system in one package is 
called "TUNER CARE 
KIT." 

Cat. no.700 -701 TUNER CARE KIT $4.98 dealer net. 

INJECróitAi4 
INJECTORALL ELECTRONICS CORP. 

Glen Cove. N.Y. 11542 
In Canada: Dominion Tire and Radio Co.. Brandon, Manitoba 

Circle 73 on reader service card 

TV TECH SPECIALS 

90 Degree Color Yoke 
Repl. Y 109 -DY95 AC $8.95 
Magnavox Yoke #361290 
equiv. to DY92 AC $8.95 
20 Assorted Controls $3.95 
10 1N34A Diodes $1.00 
20 -1 Amp. 1000 PIV (Epoxy) ...$3.95 ' 

20 -2 Amp. 1000 PIV (Epoxy) ...$4.95 
6500 PIV Focus Rect..... 3 for $2.00 

RCA COND. AXIAL LEADS 

50 Mfd. 50 V 4 for $1.00 
500 Mfd. 50 V 4 for $1.89 
1000 Mfd. 50 V. 4 for $2.50 
40 Mfd. 150 V. 4 for $1.29 
80 Mfd. 150 V 4 for $1.89 
100 Mfd. 250 Volts 4 for $1.98 

2 Mfd. 450 V 6 for $1.49 
4 Mfd. 450 V 6 for $1.69 
10 Mfd. 450 V 6 for $1.98 
16 Mfd. 450 V 6 for $2.29 
30 Mfd. 450 V. 6 for $2.98 
10 Mfd. 600 V 4 for $2.29 
20 Mfd. 600 V. 4 for $2.69 

RCA COND. CANS 
50 -30 mfd. 150 V 
300 Mfd. 150 V. 
125 Mfd. 350 V. 
80 Mfd. 450 V. 

SEND FOR FREE CATALOG 

Tubes Up To 80% Off 

Minimum Order $15.00 
Send Check or M.O. 

TV TECH SPECIALS 
P.O. Box 603 

Kings Park, L.I.- New York 11754 

3 for $1.29 
2 for $1.59 
3 for $1.98 
4 for $2.39 

Circle 74 on reader service card 

Why pay an answering 
service when you can 

own your own? 
Dictaphone has a machine to 
make sure you never lose an- 
other cent through a missed 
phone call or a garbled mes- 
sage. In fact, we have a whole 
line of them. 

They're called Ansafones. You can buy one outright 
or possibly lease it for about what you're paying your 
answering service now. And it works for you 24 hours a 

day, 7 days a week. 
For a free brochure describing how much an 

Ansafone can help you, mail this coupon now. 

*Dictaphone 
1 

Box L -34, 120 Old Post Road, Rye, New York 10580 

Please send me full details of the Ansafone line. 

I 
1 

1 

City _ State lip Code - 
IL 

Ansafone and Dictaphone are registered trademarks of Dictaphone Corp. 

Circle 75 on reader service card 
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the 
Troubleshooter 

The coldest circuit cooler. Cools 
to -50°F and leaves no liquid 
residue. Isolates and pinpoints 
thermal intermittents. Saves 
hours of probing and testing. A 
must for every serviceman. 

Preferred by Professionals 
CHEMTRONICS INC. 
1260 Ralph Avenue, Brooklyn, N.Y. 11236 

Circle 76 on reader service card 

COMMANDER 
COMMUNICATOR 

YOUR 

P Ta 
Your Pushbutton Valet will run your verbal 
errands and find that hard -to- locate person. 
With locking light and ringer, he remembers 
your calls so that when you return to your 
desk they may be answered. If you ask, he 
jealously protects your privacy, or the flip 
of a switch will give you hands -free reply to 
incoming calls. Or with an optional hand- 
set your Pushbutton Valet will protect the pri- 
vacy of your incoming calls. With his magic 
100 watt booster amplifier he can page over 
100 loudspeakers atone time. Your Pushbut- 
ton Valet never tires and never wears out. 
Where most intercoms have maximum capa- 
cityat 12 or 24 switches, the Pushbutton Valet 
can grow to 72 switches or even more on spe- 
cial order. With the Pushbutton Valet at your 
side you will indeed be called the Commander 
Communicator. Write, wire or call 

/iihoffe- king Ettertokice 
tam WEST CAMPBELL AVE. PHONE 
PHOENIX. ARIZONA 85015 602.264.1348 

IMPEDAVERTER TM IMP 1 

Improves Microphone Performance 

1. Converts high to low impedence. 

2. Use cables to 500 feet with mini- 
mum loss of response, and mini- 
mum hum. 

3. Switchable gain /loss and phase. 

4. Quick disconnect stand clamps 
provided. 

$22.95 
+$1.25 postage 

RUSSOUDEPT. ND 
1 FMPR , INC. N 

P.O. BOX 204 %I.p4 STRATHAM, N.H. 03885 

MULTI -MIXER TM TMS -1 
HANDLES UP TO THREE RECORDERS 

1. Record or play back any 
or all simultaneously. 

2. Eliminates jury-rig multi- 
ple connections. 

3. Establishes a main con- 
trol system for multiple 
usage and monitoring. 

4. RTC BKTS provided for 
permanent installation. 

INTRODUCTION 

PRICE 

$19.95 
f $1.25 postage 

WRITE DEPT. R 

FOR NEW PRODUCT RELEASES 

Circle 77 on reader service card 

ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 
from the Indiana Home 

Study Institute 
We are proud to announce two great 

new courses in Engineering Mathematics 
for the electronic industry. 

These unusual courses are the result of 
many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to ap- 
preciate them! 

NOW you can master engineering 
mathematics and actually enjoy doing it! 

WE ARE THIS SURE: you sign no 
contracts -you order your lessons on a 
money -back guarantee. 

In plain language, if you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every- 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

Dept. RE -12, P.O. Box 1189, Panama City, Fla. 32401 
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COLOR -CRYSTAL CHECKER 
Here is the circuit of little in- 

strument I've found very handy for giv- 

1 
< 

1 

HEP50 

3.5M-IZ I « XTAL 
UNDER 
TEST 

001 

1K 

No 53 
LAMP 

14V 
.12A 

Q2 
HEP50 

1N4154, OR 
EQUIV Si 

SWITCHING 
DIODE 

ing color crystals a go /no -go test. Just 
connect a crystal to the test leads. If the 
crystal is ok, Q 1 oscillates, biasing Q2 
on and turning on the lamp. -Tom 
Noves 

ADJUSTABLE DIODE 
It is hard to find a diode with just 

the right drop to bias a Class B transis- 
tor amplifier as in Fig. 1 or in other con- 
figurations, and then if you change tran- 
sistors, the bias may not be right any 
more. Yet the low dynamic resistance is 
desirable. so try the simple regulator of 
Flg. 2. Connected between A and B in 
Fig. 1 in place of the diode, it con- 
stitutes an "adjustable diode" whose 
drop can be set as needed but must be 
enough -usually above 0.5 volt -to keep 

FIG. 1 

the particular transistor used for Q l be- 
yond the knee of its common- emitter 
characteristic and its gain high. 

With the components shown in Fig. 
2, the "adjustable diode" has 10 ohms 
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noteworthy circuits 

dynamic resistance and at midsetting 
0.85 volts drop at 5 mA, dropping to 
0.81 at 1 mA as current decreases from 
rectified signal opposing it when the 
amplifier of Fig. 1 is driven. This is cor- 

fi 
.67 V 

.18 V 

01 
2N2I3 

85V 

Fig. 2 

rect bias for a two -stage complementary 
amplifier using germanium transistors 
of the 2N1320-21 etc. series (now obso- 
lete). Taking hold of Q1 with the fingers 

REPLACEMENT 
PARTS & 

ACCESSORIES 
WELTRON' S 

GOT 'EM! 
DO YOU? 

plugs & jacks * stereo switches * 
universal replacement antennas & 

bases * volt meters * cables * mi- 

crophones * power supplies * auto 

stereo accessories * high precision 

motors * synchronous motors * 
shaded 4 -pole motors * 

COMPLETE CATALOG AVAILABLE. 

CALL YOUR DISTRIBUTOR NOW! 

eltron® 
COMPANY, INC. 

514 EAST PEABODY STREET. DURHAM, N C 27707 
919.682 0333 

Circle 80 on reader service card 

in 15 C ambient drops the voltage from 
0.85 to 0.82 at 1 mA, with less change at 
5 mA. This tends to compensate for 
power transistor heating if Q1 is at- 
tached to one of the power transistors. 

The "adjustable diode" can of 
course be used with other amplifier con- 

figurations if arranged for the right bias 
voltage. which for centertapped push - 
pull is halt' that for the complementary 
circuit and with germanium transistors 
may be too low for common -emitter op- 
eration of Q I so a different type of 
regulator is necessary. -A. H. TavlorR -E 

ROTARY 

Some single 
gang, some 
multiple gang. 

C122 

SWITCHES 

16 for $100 

SLIDE 
SWITCHES 

All types, SPDT, DPDT, etc. C106 

TRANSISTOR 
REPAIR KIT 

$100 
Includes resistors, condensers, 
transistors, transformers and var. 
fous & sundry parts used to repair 
transistor radios. walkie- talkies, 
tape recorders, etc. 

C107 

RADIO & 
HI -FI KNOBS 

100 for$100 
All different types, shapes & 
colors. Some with set screws, 
others for knurled shafts. C112 

PRECISION 
RESISTORS 

All 1 %, 1/2 watts & 
1 watts. From low to 
high ohmages. 

C113 

60 
fo 

$10r 0 

BARRIER 
TERMINAL 
BLOCKS 

20assorted for $100 
These are seconds from 2-14 
terminals. Some screws missing. 
All functional. C126 

FUSE 

HOLDERS 
4 for $100 

Standard, for 3AG fuses. C129 

PENLITE CELLS 

15 for $100 
Fresh, always handy. 

C125 

MONEY BACK GUARANTEE 
Terms: Minimum order $3.00. 
Include postage. Either full pay- 
ment with order or 20% deposit, 
balance C.O.D. 
FREE CATALOG 

BARGAIN 

BONANLA 
OF 

EDLIE 
HIGHEST QUALITY 

KITS 
ONLY NEW 
PRODUCTS 

EXCELLENT MIXTURE 

ALL 
FULL 

YEAR 

GUAR. 

SURPLUS 

3 

for 
$1.00 

TUBES 
NEW AND USED. 

1L4, 1S4, 1S5, 1U4, 1V2, 
2BN4, 3A3, 3BC5, 3BY6, 
3CS6, 3DK6, 3DT6, 304, 4BC5, 
4BN6, 4BZ7, 4DE6, 5X8, 6AC7, 
6AG5, 6AH6, &AM6, 6AN5, 
6AU5, 6AY3, 6AV5, 6AX4, 6B8, 
6BC5, 6BG6, 6BK5, 6BL8, 
6BW8, 6CG3, 6CG7, 6CG8, 
6CH8, 6CL8, 6CM6, 6C13, 
6CS7, 6CQ4, 6CZ5, 6DE4, 
6DQ6, 6DT8, 6DW4, 6DX8, 
6EB8, 6E17, 6EM5, 6EV7, 
6EW6, 6FD7, 6FQ7 6GF7, 
6GH8, 6J6, 61M6, 61S6, 6K6, 
6KA8, 6KT8, 6SL7, 6SV7, 6V4, 
6W4, 7Y4, 8CS7, 8EB8, 10DE7, 
12AB5, 12AV7, 128A6, 12BY7, 
12DT5, 12EN6, 12EK6, 1215, 
12SN7, 13EM7 17178, 
17BF11, 25C5, 25CU6, 25EH5, 
25W4, 25L6, 2526, 27, 28D7, 
28HE7, 55. 

WRITE FOR 
FREE VALUE PACKED 

CATALOG 

BONUS 
FREE CUT WIRE 

KIT for $5.00 purchase 

1/2 WATT CARBONS 

IUD 
100 for $100 

All standard ohmages, some 5 %. 
Standard makes. C150 

CARBON RESISTORS 
200 for $100 

Most with cut leads (long enough 
for soldering), some pre- formed. 
Most all 5% or 10 %. C136 

POWER RESISTORS 

35 for $1 00 

Consists of standard makes such 
as Clarostat, Sprague, etc. As- 
sorted ohmages & wattages 

C109 

DISC CAPACITORS 

60 for $100 
Assorted capacitances from .0001 
to .1. Different voltages, mostly 
600 volts N.P.O. N750. C140 ,b 

MINIATURE TRANSISTOR 
ELECTROLYTES 

12 for $100 
Some axial leads, some vertical 
mount, mixed capacitances and 
mixed voltages. C121 

1 WATT CARBON 
RESISTORS 

70 for $100 
All standard ohmages, some 5 %. 
Standard makes. C145 

MINIATURE '¡jam 
POTS ü 

12"r $1°° t 
Used in transistor and miniature 
applications. C141 

tk 
CRYSTALS 

15 for $100 
Some fdr receiving or transmit- 
ting; some CB, some Ham, some 
business band, in different type 
holders. C144 

RELAYS 

8 for $100 * 
Assorted types, from 6 volts to 
110 volts. Some sell for as much 
as $10.00. C155 

EDLIE ELECTRONICS, INC. 2700 -A HEMPSTEAD TPKE., LEVITTOWN, N. Y. 11756 
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3 Instruments in One! 

NEW EICO 
TRANSISTOR 
ANALYZER 

Nobody but Eico makes the troubleshooting of solid state 
equipment so quick, easy, versatile and precise for the pro- 
fessional electronics technician and engineer -and at such 
low cost! 

Dynamically tests transistors in and out of circuit. 
Performs the 4 basic tests on all types of FETs 
including pinch -off. 
Performs the 3 basic tests on all types of bipolar transistors. 
Tests for true transconductance and AC Beta, 
in and out of circuit. 
Tests all types of diodes and measures zener voltage. 
Tests SCRs, TRIACSs, and UJTs. 
Incorporates easy -to -use DC Voltmeter and Ohmmeter. 
50 uA taut band meter movement. 

FREE 32 PAGE EICO CATALOG 
For latest catalog on EICO Test Instruments, Stereo, EICOCRAFT 
Projects, Environmental Lighting, Burglar /Fire Alarm Systems, 
and name of nearest EICO Distributor, check Reader Service 
Card or send 250 for First Class mail service. 

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 

Circle 82 on reader service card 

E/CO2-7 

TIC -TAC -TRONIX 

(continued from page 35) 

move counter then remains in this last state regardless of any 
additional plays until it is reset. 

Although the move -3 logic output is positive during the 
reset time, no move -3 lamps will light prematurely as this oc- 
curs before a strategy is selected. 

The strategy selector is shown in Fig. 6. Its purpose is to 
pick and hold one of five possible program branches or strate- 
gies in response to a test made during move one and is aimed 
at finding the initial player response. On the player's first 
move, one and only one red player lamp will be lit, and one 
of diodes D18 -25 will be grounded at the lamp end and al- 
lowed to conduct. These diodes are oR'ed together to form 
five strategy lines, with the computer playing the same game 
with a B or an H initial response; for a D or a G; or for an F 
or an I. 

At the end of move -1, a move -1 output pulse is generated 
by the move counter. This causes the strategy latch to catch 
and hold whichever input was grounded. thus remembering 
where the player went on his first move. 

A quad latch is used for IC3, forming four of the strategy 
latches, while a quad two -input gate IC4 is connected as a 
fifth latch. On all five latches, the complimentary output con- 
nection is used. Thus, before a strategy is selected, all outputs 
are grounded. After a strategy is selected and for the remain- 
der of the game, one selected output is positive, while the re- 
maining four stay grounded. Depressing reset button S 11 re- 
turns the latches to an all- outputs -grounded state. 

Looking back over Figs. 4 through 6. we see that there 
are seven logic lines provided by these circuits. One of five 
strategy lines goes positive after the first move. A move -two 
line goes positive after the second move and stays there, and 

Shopping Power of Your Dollar 
FREE $1 BUY WITH EVERY 10 YOU ORDER 

KNOB SPECIAL 
El10o 

- ASSORTED RADIO too 
AD stands"' types . . 

$20 value 

50 - TV KNOBS - POPULAR 
Mostly Selector & Fine $1 

Tuning 
25 - VERTICAL LINEARITY 
KNOBS Long shank Front $1 
mount . . . miniature assortment 
30 - VERTICAL LINEARITY 
KNOBS side mount $1 
Standard sixes 

rt 25- KNURLED RADIO KNOBS $1 J 1. Hard to get . Rest selection 
40 - DELUXE RADIO KNOBS 
Choice assortment . . Popular $1 
types 

ANY 6 KITS FOR $5 

1 - VACO MONO CARTRIDGE $1 
Model TO -45X 

1 - 6" x 9" HEAVY DUTY 10 
OZ. SPEAKER Ceramic Type .. $3.69 
8 Ohm 
TRANSISTOR RADIO sert type $1.50 
good, bad. broken, as -is. potluck 
TAPE RECORDER - assorted types $4 
good, bad, broken, as -is, potluck .. 
300 - ASST. 1/2 W RESISTORS 
Top Brand, Short Leads, Excellent $1 
Selection 
100 -ASST I/4 WATT RESISTORS $1 
stand. choice ohmages, some in B% 
100 -ASST 1/2 WATT RESISTORS $1 
stand, choice ohmages, some in 5% 
70 - ASST 1 WATT RESISTORS $1 
stand, choice ohmages, some in 5% 
35 - ASST 2 WATT RESISTORS 51 
stand, choice ohmages, some in 5% 
50 - PRECISION RESISTORS 51 
asst. list -price $50 less 98% .... 

2 - COLORBURST QUARTZ - 

CRYSTAL REPLACEMENT For 
most Color TV Sets . 3579.545 $1.89 
KC 

3' JUMPER CABLES Male RCA $1.19 
type Plug on Both Ends, 2 For 

50 - ASST. TERMINAL STRIPS S1 
all types. 1.1ug to 6 -lug 

2 -G.E. PIECES OF EQUIPMENT 51 
stacked with over 200 useful parts 

$20 - SHURE M7D DIAMOND S3 
NEEDLE exact replacement 

SHUREM44SERIESDIAMOND $A.69 
NEEDLE exact Replacement .. 
4 - 9 VOLT MOTORS Fbtcellent $1 
for hobbyist 
200' - #24 SOLID PUSH BACK 
WIRE Yellow or Black excellent $1 
buy 

MATCHED PAIRS TRANSISTORS 
NPN & PNP (2X4252 -2X2904) $1 
(2N2222- 2N2907) Each set 

RONETTE STEREO CARTRIDGE 5Z 
latest dual sapphire 6ipover type . L 
6 - TRANSISTOR RADIO EAR- $1 
PIECES wires complete with plug 
100' - FINEST NYLON DIAL 51 
CORD beat size, .028 gauge .. 

10N JACKS 
PHONO PLUGS & $1 

EKS RCA type 

3- PRINTED CIRCUIT IF TRANS- $1 
FORMERS 4 -Lug, 456 KC 

in 25 - 3900-OHM-7w RESISTOR $1 
10% Corning glass 

20 - .47 -600V CONDENSERS $1 
White Ceramic C.D. -American 

13 Pc. SCREWDRIVER & $4,50 
NUTDRIVER SET reg $8.95 .. 

[1 20 - DIPPED MYLAR CAPACI- j1 
TORS .047 -400 V. 

Oy app 
on,Sl,Buys FREE GIFT WITH EVERY ORDER 

70° COLOR TUBE BRIGHTNER $3.95 

90' COLOR TUBE BRIGHTNER $4.95 

in HEAVY DUTY COLOR FOCUS $1 
RECTIFIER 14.000 PIV @ 1 ma .. 

50 - OIL IMPREGNATED 
TUBULAR CAPACITORS Por- 
celain, Axial Leads -Most 5195 
popular values - 
COLOR -TV RECTIFIER - 
Used in most color sets -6500 $1.95 
kv 3 for 
15 - ASST. ROTARY SWITCHES 51 
all popular types $20 value 
15 - G.E. #NE -2 TUBES 
*L 51 Neon Glow lamp for 101 uses 

1--1 
50 - .0033 DISC CERAMIC S 
CAPACITORS 1 
3- ELECTROLYTIC CONDENSERS $1 most popular number 50/30 -150v A. 

7 - TV ELECTROLYTIC CON- 
$1 DENSER$ desirable types . 

12- MINIATURE ELECTROLYTIC 
CONDENSERS For Transistor & 51 
miniature work 

10 - MINIATURE 456KC IF 

TRANSFORMERS Exceptional value 
-PC-i4° x t4 
2 - BELFUSE #450 -1 ad 3 -1 
RCA. Replacement 945392 -4 and Si 
945392 -3 

UHF OR VHF MATCHING 
TRANSFORMER Simple Fool -proof $1 
instauatium 

3- ELECTROLYTIC CONDENSERS S1 
C.D. 500 mfd -200 volts 
STEREO HEADPHONES 
Hi -Fl Quality . Complete $C 

5 95 with Stereo plug 

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 
Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

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 

UHF TUNER - TRANSISTOR $ 3.95 
TYPE Used in all TV sets .. 
STANDARD TUNER - TRANSIS- 
TOR (GUIDED GRID) 51 
4 Channel closed circuit 
COLOR POWER TRANSFORMER - Good for most sets 26R150 $(x`.95 
List Price -$36.75 vV 

5 ASSORTED GLOBAR VARI- 
SISTOR Popular replacements for 51 
most COLOR TV 
10- ASSORTED SLIDE SWITCHES S1 
SPST, SPDT. DPDT, etc. 
20 - DIPPED MYLAR CAPACI- S1 
TORS -01 --600V 

TORS .DoIPPEsoóvYLAR 
CAPACI- $1 

-1 20 - DIPPED MYLAR CAPACI- $1 LJ TORS 0033-1000 V 
Name Cost of 

goods 
Address Shipping 

estimated 
TOTAL 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 ZTELEPicr 
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finally a move -three line goes positive after the third move. 
The logic states on these seven lines are converted into 

moves by the play computer shown in Fig. 7. This diode -tran- 
sistor logic array is the brain center of Tic -Tac- Tronix. Move- 
s responses are associated with R52 through R56. while 
move -2 responses are handled by R57 through R61, and 
move -3 responses are handled by R62 through R66. 

A move is made by allowing current from the + 5V sup- 
ply to reach the desired bases of the machine lamp drivers. 
The +5 volts arrives via resistors R47 through R51. These are 
all clamped to ground by the strategy selector before move - 
one, and after move -one. a single resistor is allowed to go 

positive. During move -one, the move -two and move -three 
logic lines keep their resistors clamped to ground. On move - 
two, the move -two line goes positive allowing completion of 
the second move, and finally on move -three, the move -three 
line goes positive, allowing completion of the game. 

The play computer's outputs are used in conjunction 
with diodes D1 through D7, which provide the required 
testing for the second and third moves. Goof switch S 1l oper- 
ates by tampering with the second computer response of 
strategy III. In the SMART position, things are normal, while in 
the DUMB position, the wrong square is played, allowing the 
player to win. 

The power supply is shown in Fig. 8. It provides 6.3 volts 
of moderately filtered dc for the lamps and a regulated 5 volts 
for the logic and the rest of the circuit. 

How to build it 
A printed circuit board is essential for this project. The 

foil pattern of the board is in Fig. 9. 

Fig. 10 is a drilling guide that also shows how the 18 

jumpers of No. 24 solid wire are positioned on the component 
side. PC terminals may also be optionally set on the corn- 

(turn page) 

AT LAST! PROFESSIONAL 
HOME PROTECTION 
EVERYONE CAN INSTALL 
AND AFFORD. 

Model FC -100 

$ 495 
WIRED 

Start your custom 
Burglar /Hold -up /Fire Alarm 
System with the FC -100. 
Add on Sensors, Alarms 
and Accessories to suit your 
own needs. 
"Do-it-Yourself" Installers 
Handbook included. No 
technical knowledge needed - 
No soldering. 
100% Professional in Design, Reliability, 
Performance. 

roll safe' 
sLCüRfry CONTfOì CENTER 

__ att. 
sr 

`Fail Safe'-SYSTEM BYE/CU 
A New Concept in "Do- it- Yourself "Home Protection 

FREE 32 PAGE EICO CATALOG 
For latest catalog on EICO Test Instruments, Stereo, EICOCRAFT 
Projects, Environmental Lighting, Burglar /Fire Alarm Systems, 
and name of nearest EICO Distributor, check Reader Service 
Card or send 25C for First Class mail service 

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 
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CANADIANS: Ordering is easy - we do the paperwork - try 

WESTINGHOUSE ALL TRAN- 
SISTOR HOME /OFFICE 

MESSAGE CENTER 
Leaves messages for other for replay . Built in 
speaker /microphone for talk -into convenience ... Re- 
cords up to 3 minutes of messages Illuminated 
signal shows when a message is waiting. Control 
adjusts playback volume without affecting recording 
volume Capstan Drive 
BRAND NEW SOLD AS TS 

$7.95 

WESTINGHOUSE FM TUNER $2.99 RCA 
(12DTS Tube) L 

WESTINGHOUSE FM TUNER 
#476- V- 015D01 . . Transis- 5 3 99 
for 

300 - ASSORTED HEX NUTS 
2/56, 4/40, 5/40, 6/32, 8/32 .. 

250 - ASST. SOLDERING LUGS 
best types and sizes 

250 - ASST. WOOD SCREWS 
finest popular selection 

250 - ASST. SELF TAPPING 
SCREWS #6. #8, etc. 

150 - ASST. 6/32 SCREWS 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS 
and 150 -5/40 HEX NUTS 

500 - ASSORTED RIVETS 
most useful selected sizes 

500 - ASSORTED WASHERS 
most useful selected sizes 

100 - ASST. RUBBER BUMPERS $1 
for cabinet bottoms & other uses . 

1 

$1 

51 

a small order 

IBM COMPUTOR 
SECTIONS 

8 assorted orted Units we 
sell for $1 are 
loaded with over 
150 valuable parts. 

Ind. - Transistors 
Condensers, Rests. 
tors. Heat Sinks, 
Diodes, Etc. 

8 for s1 

100 for $10 

110° FLYBACK TRANSFORMER 

We scooped the Market 
Latest type - standard 
for all 110s TV's 
RCAs design of large 
Coil produces 18RV- 
ssuring adequate width 

Inc] Schematic Diagram 
application for any TV 

List price $13.90 

$3 
Your price .. 

10n/c off in lots of 3 

Si 

$l' 

110° TV DEFLECTION YOKE f "' $3 
all types TV's Mel schematic ... 

"COMBINATION SPECIAL" 
RCA 110 FLYBACK S% 
plus 110 DEFLECTION YOKE 

100- ASSORTED RUBBER GROM- $1 METS best sizes 

90° FLYBACK TRANSFORMER S2 
for all type TV's foci schematic .. 

90° TV DEFLECTION YOKE $2 for all type TV's incl schematic .. 

70° FLYBACK TRANSFORMER S2 
for all type TV's Ind schematic .. 

70° TV DEFLECTION YOKE S2 
for all type TV's Ind schematic .. 

2 - TV CIRCUIT BREAKERS $1.19 
Rated 4.2 TO 5.0 AMPS, etc. . 

70° COLOR YOKE $12.95 
For all round color CRT's 

90° COLOR YOKE For all 
Rectangular 19 to 25" Color 510.95 
CRT's 

Circle 83 on r 

- SHANNON MYLAR RECORDING TAPE_... 
21'2" - 225' ..S .17 

.19 

.27 

314" - 600' .. .58 

5" - 600' .. .62 

5" - 900 .. .80 

5" - 1200' .. .97 

5" - 1800' .. 1.49 

7" - 1200' .. .77 

7" - 1800' .. 1.12 

7'' - 2400' $1.79 
7" - 3600' 2.95 
CASSETTE 60 minutes .89 
CASSETTE 90 minutes 1.54 
CASSETTE 120 minutes 1.97 

21/2" TAPE REEL .... .05 
3" TAPE REEL .06 
31/4" TAPE REEL .07 

5" TAPE REEL .14 
7" TAPE REEL .15 

10 - STANDARD TRANSISTORS Si 
NPN & PNP 2N404, 2N414, etc. 
10- ASSORTED DIODE CRYSTALS 

$1 11134, 1N48. 1N60, 1E64, etc. . 

3 - TOP BRAND SILICON REC- 51 
TIFIERS 1 amp. 1000 PIV 

20 - ASST. PILOT LIGHTS $1 #44. 46. 47, 51, etc. 
4 -50' HANKS HOOK-UP WIRE $1 
assorted colors 
100' -SPOOL SPEAKER WIRE $1.50 
2 cond. mini zip, clear. 101 uses 

10 - ASST. RADIO & TV TUBES S1 
Every Tube a good number 

5 - I.F. COIL TRANSFORMERS $1 
450 -kc for Transistor Radlos 

5 - AUDIO OUTPUT TRANS- Si 
FORMERS Sub -min for Trans Radios 

TV TWIN LEAD -IN 300 ohm 
500' - $7 100' -$1.50 50' 

CO -AX CABLE RG59U grey or 5e>t 

black 250' -$9 100' -$3.69 50'- 
4 - TV ALIGNMENT TOOLS Si 
most useful assortment #1 
4 - TV ALIGNMENT TOOLS $1.49 
For Color TV #2 

I-, 
6 - TV COLOR ALIGNMENT 52.79 
TOOLS Most popular type 

5 - PNP TRANSISTOR $1 general purpose. TO -5 case 

5 - NPN TRANSISTORS $1 general purpose. TO-5 case 

UNIVERSAL TV ANTENNA 51.98 
Back of set Mounting 
5 section rods 

50 - ASSORTED TRANSISTORS Si 
big factory scoop-sold as -is 

RCA COLOR FLYBACK Par, $12.95 
#113382 ,Sfaneur #H0 601C 

ender service card 

MARKET SCOOP COLUMN 
6" UNIVERSAL SPEAKER 
Top quality Si cel l buy $1.29 Ea. 

5 for $5 

12" UNIVERSAL SPEAKER. Top 54 
Quality . Large Magnet 

10" PHILCO SPEAKER $2.69 
Top Quality . Large Magnet 

8" UNIVERSAL SPEAKER - $2.49 
Large Magnet- Special Huy 

5'óa UNIVERSAL TWEETER 51.29 

UNIVERSAL 4" PM SPEAKER S1 
With 50L6 Output Transformer . 

21/2" x 4" SPEAKER 6`9t 
Es. Special Buy 10 For $5- 

31/2" - ROUND SPEAKER 59t 
Special Buy 

4" X 6" "GUAM" 16 OHM 
SPEAKER Largo magnet . $1,79 
Special BUY (10 for $15.00) .. 
CRYSTAL LAPEL MICRO- 
PHONE PHONE High imped. 200- 49r ea. 
601m cps .. 11 for $5 .. 

MONO PHONO ARMS 
Most popular type - Used In 
most Transistorisai phono $1.05 
Players 12 for $lO; 

CAR BURGLARY ALARM - 
12 VOLT Easy to install ... $17.50 
Step-by-step Inst. 

CI 
SPECIAL TUBE BUY 
(BLJ8- 12BH7- 12DT8.12S07- 75r Ea. 
12FX50 I 
ALL AMERICAN TUBE KIT 
(I 2AV 6- 12BE8- 12BA6 -35 W 4 - 

SOCS) 
52.49 
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LISTEN TO: INSTANT/ 
POLICE, FIRE, 

& WEATHER REPORTS! 
Perfect for 

Industrial, Commercial, Utility 
and Government Use 

SONAR SENTRY 

VHF MONITOR RECEIVERS 
ADJUSTABLE SQUELCH 

VHF SENTRY 
MJ;'. ?ß -103-$A 

BC 
SQUELCH 

HF 

VHF CHA N 

$4 
With Battery & Earphone 

less Crystals - 
Crystals $5.00 ea. 

MODELS 
FR- 103-SA 
150-175 MHz 

FR- 106 -SA 
(IN 4 FREQUENCIES) 

A -30 -33 MHz- B -3338M Hz 

C -3 8.44 M H z -D -44.50 M H z 

95 

7esigned and engineered for sim- 
3Ilcity of operation, compact enough 
:o fit a shirt pocket yet powerful 
enough to deliver a clear clean 

it's dependable dependable Operates on 
three crystal controlled VHF chan- 
nels and tuneable broadcast band 
Adjustable squelch Completely 
solid state for long life use Vlsable 
battery indicator to show battery 
condition at all times Built in an- 
-enna Fie" Hx21 "Wx1316 "D. 
Wt. 11 oz. 

SONAR RADIO CORPORATION I 

73 Wortman Ave., Brooklyn, N.Y. 112071 
Please send me information on VHF Monitor Receivers 

Dent. 450 

Name 

Address 

City State Zip. 

Circle 84 on reader service card 
80 RADIO -ELECTRONICS DECEMBER 1971 

TIC -TAC -TRONIX 
(continued from page 79) 

ponent side; 23 are needed. 
Components are located as shown in Fig. 11. The IC's 

are identified by a notch and dot between pins one and four- 
teen. They are shown top view everywhere in this article. Use 
a small iron and fine solder when installing. Be very careful in 
observing the polarity of all the diodes. To save some board 
space, two groups of resistors mount upright. R1 through R7 
mount vertically in individual holes, while R23 through R30 
mount vertically and a common bus is run along their top 
ends and terminated to +5 volts as shown. 

Case and display 
Everything mounts in a sloping vinyl -clad wooden case 

with the circuit board, goof switch, and power transformer 
near the bottom and the display on top. Fig. 12 shows how 
the display assembly goes together. A subchassis is used that 
holds the lamps and their color filters. The lamps press into 
grommets as shown in Fig. 13. Six dividers go above the 
lamps, eggcrate style, forming nine individual cubicles for 
each of the squares. The insides of each divider should be 
very shiny. 

The playing screen 
A frosted Mylar mask is made of drafting Mylar. Trans- 

lucent X's and O's are added using the translucent red and 
blue printed- circuit tape sometimes used in two -sided PC 
board layout work. A front plate secures the entire assembly 
as well as holding switches S I through S IO. These switches 
are operated by the player to conduct his game. 

Wiring is shown in Fig. 14. Sixteen -conductor flat cable 
is broken up into two 8- conductor sections, a 5- conductor sec- 
tion, and a 7- conductor section; and used as a wiring harness. 
Note that lamp A is lit all the time, and that S I is not con- 
nected and used simply as a mechanical dummy. R -E 

YOU CAN HELP SO MANY . . 

..WHEN YOU GIVE THE 

UNITED WAY! 

1970 by News Syndicate Co. Inc. 
World Rights Reserved 
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APPLIANCE CLINIC 

(continued from page 16) 

plug the thing in, and take an ac voltage reading between the 
case and a known ground. Should show absolutely zero volt- 
age, of course. If you do get even a very small voltage, find 
out why. This can come from odd things. An accumulation of 
lint and dust making a conductive bridge from a hot terminal 
to the case, especially in damp environments, and so on. Of 
course there is always a chance of a careless repair job in the 
past leaving things such as strands of wire touching the case. 

So the "Third Wire" is the best safety feature of all. By 

making the exposed metal case of the unit ground at all times, 
any electrical leakage will have a path to ground. If the leak- 
age is high enough. it will trip the circuit breaker or blow the 
fuse. That's what it's supposed to do! If it is correctly hooked 
up, the appliance will never become a "Third Rail." 

Just to make sure, it's not a bad idea to check this. in 
houses where the outlets are all of the 3 -wire type. Use a stan- 
dard electrician's test -lamp: a socket, a lamp and flexible test 
leads which can be plugged into the receptacle. The in- 
candescent test -lamp should light to full brilliance between 
the hot terminal of the receptacle and the round hole or 
ground. If it does not: if it lights only dimly, this means that 
the protective grounding is bad! It is not correctly grounded! 
If you find this, let your customer know about it and tell him 
he must have it checked by an electrician at once. 

As one of my old bosses used to say "My Gawsh. don't 
take chances with our customers! We haven't got enough of 
'em as it is!" Remember that. 

JACK DARR 
SERVICE EDITOR 

Put it to 
Work! 
NEW AND 
FROM EICO 

ONLY 

THE INDUSTRYS 
LOWESPPRICED 
PROFESSIONAL 
FEETVM. 

Model 239 

K,T3995 
Use the battery powered Solid State EICO 239 on your 
bench or in the field. Check semiconductor and vacuum 
tube circuits. 11 Megohm DC input impedance. Read AC 
rms and DC voltages in seven steps from 1 to 1000 volts 
on large 41/2" meter. Measure and read peak -to -peak AC 
to 2800 volts. Check resistance from 0.20 to 1000MO on 
seven ranges. Provides a total of 28 useful ranges on 12 
accurate scales. Automatic battery check. Includes exclu- 
sive DC /AC ohms UniprobeTM. Factory Assembled, $59.95. 

FREE 32 PAGE EICO CATALOG 
For latest catalog on EICO Test Instruments, Stereo, EICOCRAFT 
Projects, Environmental Lighting, Burglar /Fire Alarm Systems, 
and name of nearest EICO Distributor, check Reader Service 
Card. 

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 

Circle 82 on reader service card 

Today, stereo is not enough! 
This little box 

can add the delights 
of four channel 
sound to your present 
stereo system. It's the 
E-V STEREO-4T" Decoder. 
And it, plus a second stereo amplifier 
and rear speakers, provides life -size 
sound from every corner that closely 
duplicates the actual listening expe- 
rience. STEREO -4 sound is being 
broadcast from many stereo FM stations 
and recorded on stereo discs. Today. 

EVX-4 $59.95 

But there's a 

bonus. Convention- 
al stereo records, 
FM, and tapes take on new life and 
dimension with the STEREO -4 system. 
And STEREO-4 is flexible. You can enjoy 
mono, regular stereo, even discrete 
4- channel (with the proper source) 
all with the same system. In short, 
STEREO -4 is compatible with the past, 
present, and foreseeable future. The 
STEREO -4 system is at your E -V 

showroom now. 

EV STEREO-4") 
compatible four channel 

gige."AY01.CC, 
a GULTON subsidiary 

ELECTRO- VOICE, INC., Dept. 1214E, 613 Cecil Street, Buchanan, Michigan 49107 In Europe: Electro- Voice, S.A., Lyss- Strasse 55, 2560 Nidau. Switzerland 

Circle 85 on reader service card 

www.americanradiohistory.com

www.americanradiohistory.com


NE4 ', FREE 
FIRE/BE K(><I. R 
k.LaR.NI C LOG 

64 pages presenting 350 intrusion 
and fire alarm products for today's 
skilled alarm installers and electronic 
technicians. Includes the latest sys- 
tems and detectors, hard -to -find 
parts, accessories, and technical ap- 
plication notes on uses and circuit 
designs. 

alarm 't'PP 

Lx .,,ountain 
Wol:um supply co. 

4215 NORTH 16th STREET 
PHOENIX, ARIZONA 85016 

Circle 86 on reader service card 

r ANOTHER SUPERB , 
VALUE 
from Olson 
LCam 

Electr 
ONLY L 

$300 
TV 

SYSTEM 
with 
INTERCOM 

Compact camera and monitor is 
equipped for 2 -way sound that 
offers new dimension in all -round 
protection for your family, home, 
business or industry. Simple plug - 
in installation. Complete - nothing 
else to buy. 

Olson Electronics, Dept. LX 

260 S. Forge St., Akron, Ohio 44308 
I enclose $300 plus $1 for postage 

fl and handling. Send me the TV-300 TV 
System. 

O Send me the next seven issues of 
the Olson Catalog, without cost or 
obligation. 

So.) 

t5 
wire., 

' Name 

Address 

City 

State 

L 

FREE 

Zip 

Circle 87 on reader service card 
J 

try this one 

WRINKLE PAINT CLEANER -UP 
One of the easiest and best ways to 

clean wrinkle and crackle finishes is to 
use one of the many hand cleaners with 
a sugar -beet base. This basic product is 
sold under such trade names as Goop, 
Go -Jo, and SBS. The usual soap and 
water treatment, even using a stiff 
bristled brush, is hard pressed to re- 
move the dust and dirt which always 
collects in such finishes. Some liquid 
cleaners are inclined to leave a residue 
which renders the supposed cleaning 
job a complete disaster. 

To do a really good job, remove all 
knobs and easily removable trim. Apply 
a tablespoonful of handcleaner and 
work it into the finish with your finger 
tips. The cleaner starts to liquefy almost 
immediately, it is this action which lifts 
the dirt out of the pores and cracks in 
the paint. Continue the application, 
doing a small area at a time. When you 
have finished wipe the cleaner off with a 

clean rag, reapply a small amount and 
give it a once over lightly to remove any 
stubborn spots. Again wipe with a clean 
rag, reinstall items previously removed 
and the job is complete. - William P. 
Turner, WA OA BI 

ELECTRIC TOOTHBRUSH 
ERASES EFFORTLESSLY 

Just slip a pencil eraser over the 
end of your electric toothbrush to make 

an electric eraser that will effortlessly 
erase ink or pencil lines. 

When done drop the brush in its 
charger and it's ready for its original 
purpose. -Gene Cabot 

AR guarantees 
its published 
specifications 
At Acoustic Research we believe 
that the publication of complete 
performance data on our high fi- 
delity components is obligatory. 
Otherwise, our guarantee would 
have little meaning. 

Find out just what AR guarantees 
that its products will do. Mail the 
coupon below, and detailed tech- 
nical literature will be sent to you 
free of charge. 

Acoustic Research, Inc. 
24 Thorndike Street 
Cambridge, Mass. 02141 

Dept. RE -12 

Please send measured performance data 
on AR products to 

Name - - 

Address 

Circle 88 on reader service card 

STATEMENT OF OWNERSHIP. MANAGEMENT AND 
CIRCULATION (Act of August 12, 1970: Section 3685, 
Title 39, United States Code) 

I. Title of publication: RADIO- ELECTRONICS 
2. Date of filing: October I, 1971 
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 of- 

fices of the publishers: 200 Park Avenue South, New York, 
New York 10003. 

6. Names and addresses of publisher, editor and manag- 
ing editor: Publisher and Editor -In- Chief, M. Harvey Gems- 
back, 200 Park Ave. South, New York, N.Y. 10003; Editor, 
Larry Steckler, 200 Park Avenue South, New York, N.Y. 
10003. 

7. Owner: Gernsback Publications, Inc.. 200 Park Avenue 
South, New York, New York 10003; M. Harvey Gernsback, 
200 Park Avenue South, New York, New York 10003; Mary 
H. Gernsback, M. Harvey Gernsback, Benjamin E. Winston 
as trustees under trust agreement dated September 30, 1915 
c/o Benjamin E. Winston, Esquire, 2 W. 46th Street, New 
York, N.Y. 10036. 

8. Known bondholders, mortgagees, and other security 
holders owning or holding t percent or more of total amount 
of bonds, mortgages or other securities: None. 

9. For optional completion by publishers mailing at the 
regular rates (section 132.121 Postal Service Manual. In ac- 
cordance with provisions of U.S.C. 3626, I hereby request 
permission to mail the publication named in item 1 at the re- 
duced postage rates presently authorized by 39 U.S.C. 3626. 
(signed) H. Matysko, Circulation Manager. 

10. For completion by nonprofit organizations authorized 
to mail at special rates: Does not apply in this case. 

11. Extent and nature of circulation. Average number of 
copies each issue during preceding 12 months: (A) Total No. 
of copies printed (net press run): 213,880; (B) Paid circula- 
tion: (I) Sales through dealers and carriers, street vendors 
and counter sales: 43,959; (2) Mail subscriptions: 105,944; 
(C) Total Paid circulation: 149,903; (D) Free distribution by 
mail, carrier or other means: (1) Samples, complimentary, 
and other free copies: 1,538; (2) copies distributed to news 
agents, but not sold: 57,074; (E) Total distribution: 208,515; 
(F) Office use, left over, unaccounted. spoiled after printing: 
5,365; (G) Total 213,880. Actual number of copies of single 
issue published nearest to filing date: (A) Total No. of copies 
printed (net press run): 208,008; (B) Paid Circulation: (I) 
Sales through dealers and carriers, street vendors and 
counter sales: 43,817; (2) Mail subscriptions: 107,586; (C) 
Total Paid circulation: 151,403; (D) Free distribution by 
mail, carrier or other means. (I) Samples, complimentary, 
and other free copies: 1,550. (2) Copies distributed to news 
agents, but not sold: 53,735; (E) Total distribution: 206,688; 
(F) Office use, left -over, unaccounted, spoiled after printing: 
1,320; (G) Total 208,008. 

I certify that the statements made by me above are correct 
and complete. 
(Signed) H. Matysko, Circulation Manager 
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80 Weltron ............................ ............................... 77 
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SCHOOL DIRECTORY. 
Valparaiso Technical Institute 

IMPOSSIBLE? BARGAINS IN SURPLUS ELECTRONICS AND OPTICS 

LOGIC AND NIXIE POWER SUPPLIES 
5 volt, 5 ampere supply 
1% line, 1% load, 0.1% 
ripple. Built by Bluline 
for integrated circuit 
applications. Fantastic 
value, brand new. $29.50 

5 volt 3 ampere supply, with 170 volts at 50 Ma for Nixies, 
similar to above, except 170 volts is unregulated. $29.50 
5 volt 3 ampere supply, built by Powertek. Low profile for easy 
build -in to instruments. $25.00 

O NIXIE- READOUT DECADE COUNTER 
KIT, including 7490 and 7441 integrated 
circuits, readout tube. complete etched 
circuit and instructions. 
Would you believe $8.95 

(Add $2.00 for 7475 latch) 
D Burroughs 5441 tube and socket only 

Price $4.75 
Amperex B1000R tube only 
Price $2.95 

SURPLUS TTL INTEGRATED 
CIRCUITS, BRAND NEW IN ORIGINAL 

MANUFACTURERS CARTONS 
B & F has one of the worlds largest 
inventories of surplus integrated 
circuits. All are new, meeting all 
manufacturers original 
specifications, and in factory 
packaging. The low prices should 
speak for themselves. Manufactured 
by Texas Instruments, National, 
Signetics or Philco, no choice. All 

packages are 14/16 lead silicone Dual In -Line Pak. 

(./;\= 

7400 
7401 
7402 
7403 
7404 
7405 
7408 

$2.00 
7448 
7491 
7492 
7493 
74180 

404 

7409 7450 
7410 7451 
7411 7453 
7420 7454 
7421 7460 
7430 
7440 

$2_50 
7445 
7447 
7448 
7483 
74145 
74194 

NEW LOWER PRICES! 
ITEMS AT 

954 

7406 7470 7413 
7407 7472 7442 
7416 7473 7443 
7417 7474 7444 
7426 7486 7475 
7437 74121 7476 
7438 74122 7477 

$2.75 
7441 
7491 
74123 

$3.75 

74150 7485 
74152 74182 
74153 
74154 
74192 
74193 

$1.75 

7480 74141 
7483 74151 
7490 
7494 
7495 
7496 
74107 

$5.75 $9.75 
74166 7489 
74198 74170 
74199 74181 

2501 

HOT NEW INTEGRATED CIRCUIT ITEMS! 

7413 Dual NANO Schmidt Trigger S 1.75 
7485 Magnitude Comparator 3.75 
74123 Dual One Shot W /clear 2.75 
74153 Dual 4 Line to 1 Data Selector /multiplexer 3.75 
7489 64 Bit Random Access Memory 9.75 
74170 4 x 4 Register File 9.75 
74181 Arithmetic Logic Unit 9.75 
74182 Look Ahead Carry Generator 3.75 
2501 256 Bit MOS Random Access Memory 9.75 
74166 Parallel In Series Out Synch Shift Reg 5.75 
74198 8 Bit Shift Rag., Shift Right/left 5.75 
74199 Same as 74198 5.75 
2513 MOS 64 x 7 x 5 ASCI Character Generator - generates 64 

alpha -numeric characters on a 5 x 7 matrix of lamps (or on 
a CRT) $25.00 

20% discount on all orders for 100 or more integrated circuits. All 
I.C.'s postpaid, with FREE air mail on orders over $50.00. We 

strive to ship l.C.'s by return mail. Free data sheets on all items. 

D.C. TO 400 Hz OR 
D.C. TO D.C. CON- 
VERTER KIT 
This kit includes all the 
parts, both electrical and 
mechanical to build a 115 
volt 400 cycle 75 watt 
supply, operating from an 
input of 12 volts D.C. 
Included is a special trans. 

former, 2N3055 power transistors, resistors, chassis, etc. Use it 
to run surplus 400 cycle equipment, or use a rectifier or doubler 
to provide D.C. for vacuum tube finals. 

D 400 cycle converter $14.50 

I.C. AND NIXIE 
POWER SUPPLY KIT 
This is a kit of the electrical 
(no mechanical) parts 
required to build a supply 
capable of supplying 5 volts 
3 amperes regulated, and 
170 volts 50 milliamps un- 
regulated, as is required for 

nixie coun ers. Included is a transformer made by Precision 
Electronics which provides 9.5 volts at 3.25 amperes to the 
regulator and 170 volts A.C. P 50 ma. Also included are a 

2N3055 transistor, a NE55OL regulator, two 3,000 Mfd W 20V 
capacitors, a bridge rectifier, and all resistors, capacitors and 
diodes required to build the supply, and instructions and 
circuits. 

D Complete power supply kit $17.50 
Transformer only 7.75 
3,000 Mfd W 20 volt D.C., capacitors only 2 for $1.00 

' SOCKETS FOR INTE- 
) GRATED CIRCUITS 

uuFuou / 14 pin 3 for $1.00 
16 pin 2 for $1.00 
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THIS MONTH'S SUPER SPECIAL! SPECIAL! SHARP 
MODEL ELBA CAL- 
CULATOR 
The response to last months 
offer of the Sharp OT-O 
calculator was overwhelm- 
ing, and within a short 
period of time we ex- 
hausted their entire stock so 

that this model is no longer 
available. Because of this 
unprecedented response, 
Sharp has offered B & F a 

special quantity purchase 
on the model ELBA, which 
is the new pocket size 
version of the 0T8. We can 
offer this model at only a 

few dollars more than the 
OTO, a remarkable buy at only $192.50. 
Don't forget, you can charge this, as well as other items to 
Mastercharge or BankAmericard. Fully guaranteed by Sharp 
and B & F. 

D Sharp electronic calculator, model ELBA $192.50 

/Z34S.5 78. 

T 

4 A 

TEXAS INSTRUMENTS LIGHT 
EMITTING DIODES (LED's). 
Use as logic readouts, either on panel 
or right on cards. Infinite life. 

L] 2 for $ 1.50 
D 10 for 7.00 

100 for 50.00 
7 Segment Readouts. Two 
types are available, a large size 
model with wire leads for P.C. 
Board Mounting illustrated at 
(Al and a small size 
low- current version in a Dual 
In -Line type package for 
miniature battery operated 
instruments illustrated at (B). 
Large Size Readout 
( Illus. A) $3.95 
Low Current Version 
(Illus. B) $3.75 

El Complete counter kit, 
including 7490 decade 
counter, 7447 decoder and 
printed circuit board, and 
choice of either readout. 
Price $8.75 
Complete counter as above, 
with 7475 latch, for storage. 
Price $10.75 

Complete Bidirectional counter, with 74192 instead of 
7490, for up- down counting $11.75 
Complete Bidirectional counter, with latch for storage 

(74192-7475 -7447) $12.75 

SPECIAL SALE ON DIODES AND TRANSISTORS 
The recession in the electronics industry is the gain of the 
electronics enthusiast. Discrete components are now available at 
prices that are a fraction of the large volume price. Every unit 
listed is a brand new device, with full lead length, and in original 
manufacturers boxes. Guaranteed to equal or exceed 
manufacturers specifications. 

ZENER DIODES, 5% Tolerance, Mfgs. List $1.71 each. 
1N746A 3.3 Volt 1N7544 6.8 Volt 
1N747Á 3.6 
1N748Á 3.9 
1N749Á 4.3 
1N750Á 4.7 
1N751Á 5.1 
1N752Á 5.6 
1N753Á 6.2 

1N755Á 7.5 
1N756Á 8.2 
1N757A 9.1 
1N758Á 10 
1N759Á 12 

14 Volt, 3 Watt 

Specify Number: 3 for $1.00 10 for $2.50 100 for $225.00 
Mix or Match 

TRANSISTORS 
2N3055 87.5 Watt Hi -Power Silicon $1.25 
2N242 60 Watt Germanium Hi -Power 2/$1.50 
2N3819 N Channel FET 2 for $1.00 
2N2484 NPN Silicon Amplifier 1W, Lo Noise 3 for $1.00 
2N2907 PNP Silicon Amp-Sw, Hip, 200 MC 3 for $1.00 
2N2222 NPN Silicon Amp -Sw, Hip, 250 MC 3 for $1.00 
2N2369 NPN Silicon Amp-Sw, Hip, 500 MC 3 for $1.00 
2N2219 NPN Silicon Amp-Sw 3W 3for$1.00 
2N2905 PNP Silicon Amp-Sw 3W 3 for $1.00 
NPN Silicon TO -18 Transistors marked with RCA house numbers 
p = 100 -200, P = 0.3 Watts 10 for $1.00, 100 for $7.50 
Same as Above, but 1 Watt TO-5 10 for $1.50, 100 for $10.00 
Same, 0.3W PNP TO-18 10 for $1.50, 100 for $10.00 
Same, 1.0W PNP TO-5 10 for $2.00, 100 for $15.00 
PNP Germanium transistor, RCA house number same as 2N 404 
Price 12 for $1.00, 100 for $6.00 
NPN Silicon transistor, RCA house number, sane as 2N 3261, 600 
MHz 4/$1.00 
DIODES 
1N4004 400 PIV, 1 Amp 5 for $1.00 
Epoxy F.W. Bridge Rectifier 400 DIV, 2 Amps $1.00 

RESISTOR SPECIAL RESISTOR SPECIAL 
100 1% and 2% military RN 70 specifications resistors 'A, 1, 2 

watts, mixed values and wattages $1.00 

80 PAGE CATALOG - Free with any order or send $0.25 

ALL ITEMS POSTAGE PAID IN THE U.S.A. 

Charges Welcome.' BankAmericard - Mastercharge - $10.00 min. 

B. & F. ENTERPRISES 
Phone (6171 532 -2323 

P.O. Box 44, Hathorne, Massachusetts 01937 
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market 
center' 

WANTED ELECTRONICS ENGINEERING & 
INSTRUCTION 

QUICK CASH . . . for electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, N.Y. 10012, 212 
WALKER 5 -7000 

PLANS & KITS 

Mini -COMPUTER plans -uses integrated cir- 
cuitry to add, subtract, multiply, or divide num- 
bers in nanoseconds. Detailed plans $3.00. 
BUCKLEY, 927 Marco Place, Venice, Ca. 90291 

COLOR Organ Kits $7.50. IC's $25. Catalog. 
MURPHY, 204 Roslyn Ave., Carle Place, N.Y. 
11514 

ELECTRONIC ORGAN KEYBOARDS, Tone 
Generator Kits and Components, P.C. Cards, 
etc. for any organ circuitry. Send 206 for List. 
DEVTRONIX ORGAN PRODUCTS, 5872 Ama- 
pola Drive, San Jose, Ca. 95129 

FCC "TESTS- ANSWERS" . . . Original exam 
manual for F.C.C.: First and Second Class Li- 
cense- plus -"Self -Study Ability Test." Proven! 
Satisfaction guaranteed. COMMAND, Box 
26348 -E, San Francisco, Ca. 94126 

TV TUNER REPAIRS -Complete Course Details, 
12 Repair Tricks, Many Plans, Two Lessons, all 
for $1. Refundable. FRANK BOCEK, Box 3236 
(Enterprise). Redding, Ca, 96001 

FOR SALE 

B & K, Sencore test equipment, discount 
prices. Free catalog and price sheet. 
FORDHAM RADIO, 265 E. 149th St. Bronx, N.Y. 
10451 

IGNITION, 250:1 Coil, Ballast $7.95. Free lists. 
TRANSPARK, Carlisle, Ma. 01741 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or ser- 
vices). 902 per word . . . minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 606 per word . . . 

no minimum. 
FIRST WORD and NAME set in bold caps at no extra charge. Additional bold face at 100 per word. 
Payment must accompany all ads except those placed by accredited advertising agencies. 10% dis- 
count on 12 consecutive insertions, if paid in advance. Misleading or objectionable ads not ac- 
cepted. Copy for Feb. issue must reach us before Dec. 1. 

r 

L 

CLASSIFIED ADVERTISING ORDER FORM 

1 2 

6 7 

11 12 

16 17 

21 22 

26 27 

31 32 

@ .60 Non -Commercial Rates 
No. of Words k @ .90 Commercial Rate 

No. of Words in bold caps 
@ .10 =S- 

3 4 5 

8 9 10 

13 14 15 

18 19 20 

23 24 25 

28 29 30 

33 34 35 

NAMF 

Total Enclosed $$ 
ADDRESS 

Payment must ac- CITY STATE 7IP_ 
Insert times) company order un- 

less placed 
SIGNATURE 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 

J 
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U.S. GOV'T ELECTRONIC SURPLUS 
Nationally Known -World Famous SURPLUS CENTER offers 

finest, most expensive, Government Surplus electronic units an 
Components at a fraction of their original acquisition cost. 

IBM COMPUTER POWER SUPPLY -. 
( ITEM #22-9111)- - Expensive, reo- I 

%',. 
bled soil. Fine for allege labs. research 

R 
service en' shops, etc. Pure DC over awido 

Rages. DC output voltages 6. 12 d I' 0, le. Wide range of AC voltages available.' 

Finest baosformers. filters, transistor load l'( 0. 
tegelatlon system. Independent of line voltage 
fluctuations. Contains five 

n 

separate rec tifier / Her 
sD) 

ees LIP ws 
tcuh 

ahed 
wratemsme 

o 
g- 

e by-assed . Data and circuit diagrams fr 
St Aed, 30 0 12 a 10 ". 1 123 Ns.) \! av 

OCostOovN $24.95 ver 
ONCE -IN -A- LIFETIME SPECIAL 

mil, 

BURGLAR -FIRE ALARM SYSTEM 

( ITEM 01138 -A ) - - Dual alum 
1 , ` .¿ ,, system gives warning of fire or freak -b. ...!t9" 

a 
a' -7 Operates on 115 -VAC. Control unit. 2- 

A - Nmde nosh fire, 2- mercury column. 3-door 

a $29. 
window actuators, alarm bell. loo ti. 

- r -. $29.95 wire,h,structlons.014" a 7% a 3'. (7 lbs.) - 

STANDARD DIAL TELEPHONE 
(ITEM #710 I - - st.neara, commercial 

7alet/me same en used throughout U.S.A. - 

flye polished black like new condition. Use as Original 
extension phone b private systems or connect Cost 

teme l phones together for local intercom sys- 
. Full insunctions are tumished. WI. 9 lbs. $24.50 $7.49 

STEP -BY -STEP TELEPHONE SWITCH b, 
( ITEM 01 -a06 ) -- Amazing telephone selector 

switch. Great experimental Item. when used with Io 
wire telephone dlal will select any number from o m 100. $ ' ; 
Matte intercom or private system. Use to bum on 
llgrats, wterl m tors, le. Complete with cp rodbvnk. 
13 a 6 x 3 ". (I6 lbs.) Cool Over s90.0o n 

so $6.29 B@ 
Telephone dial for use wilt. above mulish. 
Order as ( Item a]DO) $1.97 

MAGNETIC DIGITAL COUNTER(12 to18 -VDC) 
( ITEM 521-BBB) - - Rse loo t electrinny. 

' 7E - Use to count number of time door is opened after 
business is closed, to how changing prices. labors- .' tory uses etc. will count 1 for earls pulse d will 
transfer 10th count to neat unit. e%' x V A" o 5W'. 

I I %Me..1 i regsú.öo Fach $1.99 11,7` $4.99 

( ITEM 022-563 I -- A Four Star My' New, leading 
make. Heavy duty units excellent for use in 12 or 2e -volt 

200 AMP., 50 VOLT, SILICON DIODE 

fast chargers, high current power supply systems, etc. 

24i01% x 1% ". % -16 SAE mounting threads.( 1 lb. ) 

Llst Over $15.00 $4.99 

AC PROGRAM TIMING CLOCK 

( ITEM 0188) -- zenith us -'AC untie Use 
for periodic signaling, work breaks, classes, tom 
on radio. ere. Adj. clips permit ON-OFF swilchin 

fof 
time In 24-hour period. Also has skiD-a-Mib 

eature. Can be multiple programmed. 
S % a 6% o V. 18 lbs. I 

Cost craft $15.75 Over $30.00 

aP 

_r f ,. 

- - - - -- - -- 

a 
e 

SNAP AROUND VOLT- OHM -AMMETER 

opening 
( ITEM 521 41{) -- Measures AC current e 

the line. Simply press handle an d the 
around the conductor. Reads currents from 25 les- 
amps. Reads anlege5 to recur ants up to tO. Test 
motors, appliances, etc. Three current s, two vill- 
age es. With case, lest leads. ] %" a eE% 

$36.90 Reg. Pri9.95 ce (t lbs. 1 63 

SPECIAL SALE 

Correspondence 
Course In 

ELECTRICAL $8.79 Prepaid Inu.6.A. ® 
E NGINEERING $10.79 U.S.A. 

f_ngi eetlegpxñ000l 
t- 

as suspendte`dc IN 
technical low 

ourses because 
ul rising costs. A limited number of Eleclrlcal Engineering Courses are 

siNlabre. 
but without Ne ecamm oOlor grading service. The course con - 

ats of 15 lesson looks, each with associated exams and standard an- 
swer, Rock describing Prior winning Horne Experimental laboratory 
Rench furnished at no eats cost. 

RUNNING TIME MITER 
I ITEM linee I - - Record number of o 

dmating hours or electric lights d electrical h; -.e,(5 
evices such s refrigerator., lumsees, etc, 

Records total Yours. tenths and hundredths up 
to 9,999.99 hours. For 115 -volt. 6D -cycles. -- _ A Sire a %" 0T 52%'. Shipping weight 2 lbs. $4.39 Cost u, Fr a2m.n n 

COMPUTER TRANSISTORS ON HEAT 
IBM Computer Quality Units 

( 022 -958) unit con. i. i one 150- 
wall power lnnslsl« on heal.. ribbed. 

...per aluminum heal sink. Many n m I 

uses. (11b.) $1.99 Cost Gov't Over 510.00 

SINKS 

.,(t ,. 

- . 5 
0 

' 

- 

(022-!16 I -- unit venmts att. loo- I`1:$._ 
watt power transistors, 2 pots., several 
diodes. capacitors, resistors. etc. n heavy. 
ribbed aluminum heal sinks. Ideal for use as 
motor speed control. (e lbs.). 

Cost Govet Over $33.00 $4.91 

3 

rpow All Items shipped f.o.b. Lincoln. Nebr. 
`ulwalgwï 

Order Direst From Ad. Money Bask Guatenfe. Fiíii 
..1 SURPLUS CENTER 

Dept RE -121, Lincoln, Nebr. 68501 
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NIXIE TYPE 
AMPEREX 
READOUT 

TUBE 
Brand new 
$3.00 ea. 
10/$25.00 

COUNTING 
PACKAGE 

Amperex Tube / 
SN 7490 
SN 7441 

All above $5.75 

NIXIE TUBE POWER SUPPLY 
From used eqpmt, OK. 
115V input, solid state. 

$4.95 

2N404 3/1.00 2N990 2/1.00 
2N706 3/1.00 2N2222 2/1.00 
2N2218A 2/1.00 2N2907A 3/1.00 
709 OP AMP 750 741 Op Amp 1.00 

MM500 Dual 25 bit shift register $2.50 
MM502 Dual 50 bit shift register 3.50 
MEM 511 MOS P- Channel FET 1.00 
1 amp diode 1000 PIV 8/1.00 
1 amp diode 1500 P1V 4/1.00 
2 amp diode 1000 PtV 6/1.00 
COMPUTER ENCODER PC board, wired, with 
diodes & IC,'s. Removed from ASKII key- 
boards. $5.00 each. 

640 WIRED CORE MEMORY 
$5.00 per frame 

e 
aaataat araaa 

COMPUTER KEYBOARD $30.00 
W /encoder diode matrix 

MAGNOSTRICTIVE COMPUTER MEMORY 
Magnostrictive delay line good for approx. 
7000 bit storage. Details included. $25.00 

SN 7490 -SN 7493 -SN 7441 
New Low Price $1.50 each 

Please add postage for above items 
Send 25¢ for Surplus Catalog .. . 

JOHN MESHNA JR. ELECTRONICS 
P.O. Box 62 E. Lynn, Mass. 01904 

Circle 93 on reader service card 

Poor edge convergence 

We've got a problem with partial 
misconvergence on a late -model color TV. 
I've checked the convergence board and 
all waveforms, but no help. Any ideas? - 
R. G., Regina, Sask. 

Several! Try this: put a cross -hatch 
pattern on the screen. Now, loosen the 
yoke clamp and very carefully juggle it 
just a wee bit, watching the pattern. 
You may find that the yoke is turned 
slightly off center or up and down. In a 
good many cases, this will affect edge 
convergence. Don't move it far enough 
to upset purity, of course. 

Second: Try moving the conver- 
gence yoke just a tiny bit back and forth 
along the tube neck. If this is off by 
about half an inch, it can cause edge 
misconvergence too. Be sure that the 
blue vertical magnet is exactly straight 
up and down above the blue -gun pole - 
piece. 

Also, on this and any other set us- 
ing the large, dual- magnet assembly on 
the blue lateral magnet, check its action. 
These use two magnets which are 
moved nearer and farther from the tube 
neck by a track arrangement inside the 
plastic housing. If one of the actuating 
dogs jumps the tracks, one magnet will 
move and the other one won't. This 
changes the action of the magnet. R -E 

7400, 
7404, 
7410, 
7450, 
7460; 
7406 

7407 
7416 

7417 
7441 

7442 

7447 
7448 
7470 

TTL DIGITAL IC'S 

7401, 7402, 7403, 
7405, 7408, 7409, 
7420, 7421, 7430, 
7451, 7453, 7454, 
Each 32t 
Hex Inverter,30V, 
Buffer /Driver 85t 
Hex Buffer /Driver 85t 
Hex Inverter,15V, 
Buffer /Driver 80t 
Hex Buffer /Driver 80t 
BCD -to- DECIMAL 
Decoder /Driver $1.40 
BCD -to- DECIMAL 
Decoder $1.40 
p3CD-to-7-Segmenti 2.25 
1Decoder /Driver f$1.75 
J -K Flip -Flop 80t 

7472 
7473 
7474 
7475 
7476 
7480 
7483 
7486 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74121 
74141 

74151 

J -K M/S Flip- Flop75t 
Dual J -K F.F. 60t 
Dual D Flip -Flop 60t 
QUAD LATCH $1.40 
Dual J -K M/S F.F.65t 
Gated FULL ADDER 95t 
4 -Bit FULL ADD $1.80 
Quad EXCLUS. -OR 70t 
Decade Counter $1.25 
8 -Bit Shift Reg 1.60 
Divide -by -12 $1.25 
Divide -by -16 $1.25 
4 -Bit Shift Reg 1.50 
4 -Bit Shift Reg 1.50 
5 -Bit Shift Reg 1.50 
ONE -SHOT Multi. 85t 
BCD -to- DECIMAL 
Decoder /Driver $2.00 
8 -Bit DATA SEL.$1.60 

74154 4 -Line to 16 -Line 
Decoder $3.20 

74180 Parity Generator 1.75 
74192JJSynchronous 4 -Bi 300 
741931UP /DOWN Counter 

. 

LINEAR IC'S 

711 Dual Comparator 70t 
723 Voltage Regulator $1.25 
741 Compensated OP -AMP 70t 

DIODES & TRANSISTORS 

1N270 Ge Signal Diode 15t 
1N751A 5.1V, 5%, ZENER 30t 
1N4002 1 -Amp, 100V PRV, 

Rectifier Diode 150 
1N4154 Si Signal Diode 15t 
2N3860 General Purpose 

Silicon Trans. 25t 

LM335, 5V, 600mA INTERNALLY -SET 
VOLTAGE REGULATOR, NO EXTERNAL 
COMPONENT NEEDED. WITH DATA 
SHEET & APPLICATION NOTE $3.00 

STANCOR P -8180, 25.2VCT, 1 -AMP, 
TRANSFORMER, IDEAL FOR USE WITH 
LM335 REGULATOR $2.75 

liA -B or IRC RESISTORS, tW 
or &W, 10% Tol., ANY VALUE 
FROM 2.70 TO 22MO, MIN. 2 

er VALUE. EACH 5t 

TERMS: RATED FIRMS NET 30 
DAYS; OTHERS CASH WITH 
ORDER. ADD 35t FOR POSTAGE 
TO ORDERS UNDER $5.00 

ALL MDSE. ARE BRAND 
NEW! 

SOLID STATE SYSTEMS 

P.O. BOX 773 

COLUMBIA, MO. 65201 

Circle 100 on reader service card 

Rebuild Your Own Picture Tubes? 

With Lakeside Industries precision 
equipment, you can rebuild any 
picture tube! 

For complete details, send name, 
address, zip code to: 

LAKESIDE INDUSTRIES 
5234 N. Clark St. 
Chicago. Ill. 60840 
Phone: 312 -271 -3399 

PARTS! 
9k, Send For Ftree 

CORNELL'S 
New Color 

Catalog 
Pgs. New Items 

per 
( tube 

OF 100 

ORDER FREE 
IF NOT SNIPPED 

IN 24 HOURS' 

4215 E UNIVERSITY AVE. SAN DIEGO. CALIF. 92105 

F.M. MOTOROLA GOVERNMENT 

SURPLUS 
RE- 

USED: COND.: 
R -394 RECEIVER 
152.172 MC .. $14.95 $22.50 

T -278 TRANSMITTER 
152-172 MC .. 18.95 24.95 

R -257 RECEIVER 
25-50 MC . 19.95 

Also-Power Sup - 
piles, Amplllters, 

T -208 TRANSMITTER 
25-50 MC . 29.95 

Modules, etc. Write CY -938 CABINET 7.95 9.95 
-Dept. RE C -847 CONTROL 

BOX 8.95 12.95 

Send For Our BIG CATALOG No. 71 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

We can supply Japanese tran- 
sistors, rectifiers, and SCR's 
in quantity. Phone or send 
type numbers or specifica- 
tions 

2N3819 General purpose 
N- Channel FET'S $.45 

PROGRAMMABLE UJT's 
similar to D13T with data 
sheet $.75 
6, 12 or 24V 500 MW 
zeners $.30 ea. 
ER900 TRIGGER DIODES. These 
biodirectional trigger diodes are one 
of the best and cheapest methods to 
trigger SCR's and triacs .4/$1.00 

LIGHT EMITTING DIODES (LED's) 
Infra red $1.20 
Visible MLD 600 $1.20 
Photo detectors for each , $ .70 
MRD 14B photo 
darlingtons $ .75 
14 Pin DIP 
sockets 3 for $1.00 

TRIACS 
PRY 1A 10A 15A 20A* 
100 .40 .70 1.00 1.20 

200 .70 1.10 1.40 1.60 

300 .90 1.35 1.80 2.00 
400 1.10 1.60 2.20 2.40 
500 1.50 2.00 2.60 2.80 

*Press fit 

Send for our fall catalog 

NIXIE TUBES 
Similar to Raytheon 8754 
with socket & data sheet 

$3.00 

TTL IC SERIES 
7400 QUAD 2 INPUT 

GATE $ .30 
7441 BCD DECIMAL 

DECODER $1.75 
7475 

QUAD 
BISTABLE 

L 
$1.40 

7476 DUAL 1K MASTER - 
SLAVE JK FLIP FLOP $1.00 

7490 DECADE COUNTER $1.50 
7492 DIVIDE BY TWELVE $1.85 
7481 16 BIT MEMORY 

ELEMENT $2.00 
7404 HEX INVERTERS $ .40 
7447 BCD TO SEVEN 

DECODER DRIVER $2.00 
74121 MONOSTABLE 

MULTIVIBRATOR $ .90 
Silicon Power Rectifiers 

PRY 

100 
200 
400 
600 
800 

1000 

3A 

.09 
.12 
.16 
.20 
.28 
.35 

12A 
I 

30A 
.24 .40 
.28 .60 
.35 .90 
.50 1.10 
.70 I 1.40 
.90 

DECADE 
COUNTER KIT 

CONSISTING OF: 
1 -NIXIE TUBE and SOCKET 
1 -7490 1 -7475 1 -7441 

Specially priced at $7.50 

Controlled Avalanche or 
Epoxy Rectifiers 1 AMP. 

PRY PRY 

100 
I .06 600 

I .11 

200 
I .07 800 I .15 

400 I .09 1000 I .20 

LINEAR CIRCUITS 
709C operational Amp ..$ .70 
741 operational Amp . . $1.00 
SE 501 Video Amp ....$1.00 
723 Voltage regulator . . $1.25 

Silicon Control Rectifiers 

PRY 3A 7A 20A 70A 
50 .25 .28 .60 

100 .30 .38 .85 3.50 
200 .50 .60 1.10 6.50 
300 .60 .68 1.30 
400 .70 .75 1.50 9.50 
500 .80 .85 1.70 

600 .90 1.20 1.90 11.00 
Terms: FOB Cambridge, Mass. 

Send check or Money Order. Include 
Postage. Average Wt. per package 
1/2 lb. No. C.O.D.'s. Minimum Order 
$3.00 

featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 

TATE 
Somerville, Mass. 02143 

Circle 95 on reader service card 

ALES 
Tel. (617) 547 4005 
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'KEEP PÀCE"ÏNjTHIPACE AGE! SEE MOON SHOTS- LANDINGS, SPACE FLIGHTS, CLOSE -UP! 

o so AMAZING SCIENCE 'BUYS fXML., for FUN, STUDY or PROFIT GIFTS! 
NEW ELECTRONIC CALCULATOR -$199.50 

Really terrific imported 
value. Loaded with big ma- 
chine capabilities, 1st truly 
personal electronic calcula- 
tor. Absolutely silent an- 
swers In milliseconds. Use 
it anywhere- AC /DC. Only 3 
lbs.- 6x9x2" high. Add, sub- 
tract, multiply, divide, per- 
form mixed calculations. 8 
digit entry & read -out w/16- 

digit cap. Auto. precise to the decimal. Features under - 
flow. zero suppression, minus signal for true credit balance, 
error correction, keyboard roll over memory. Solid state re- 
liability, modular constr. 1 year guar, for normal use. 
Stock No. 78,000E13 $199.50 Ppd. 

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, projectors, 
crystals, organic slides, mir- 
rors, color organs, polarized 
color, light boxes Music - 

Vision, etc. 81" x 11" looeeleaf paper for 3 ring binder. 
Stock No. 9100E11 $3.00 Ppd. 
INFRA RED SENSOR ALARM KIT 

Make a sensor alarm w/ 
'., new low cost experimental 

kit. When Infra red hits 
solid state sensor's LASCR 
(Light Activated Silicon 
Controlled Rectifier) it ac- 
tuates the integrated c(rc. M= tone generator. Oscillations 
then amplified into loud 
speaker. Inds. 16ohm 2%" 

dia. spkr., pert bd., butt. clip & holder; 24" .020 dia. 
plastic fibreoptico light gd. w/ Infra red filter; wire; 
resistors; capacitors; transistor NPN. Regs. 4 AA cells, 
not incl. bistro. w/ expo. & apes. 
Stook No. 41,595EH $6.95 Ppd. 
1st LOW -COST VACUUM PUMP! 

Nothing like it! Top-quality 
hand -held pump produces & 
maintains 25" of vacuum. 
Has !natant release tab, 11" 
diam. stainless gauge (0- 
30"). 100's of uses -siphon 
noxious fluids, evacuate bell 
jars and astings, clean, re- 
trieve, lift sterile objects, 
demonstrate Magdeburg 
hemispheres, bleed fuel 

lines, check leaks, etc. Lifts 40 Iba. with Included "T" 
Lifter (21/" diem. cup) -much more w /larger cup. 
Stook No. 71.301 EH $12.00 Ppd. 
No. 71,300EH (without gauge /lifter) 5.50 Ppd. 

NUMERICAL INDICATOR TUBES 
Designed as direct line, 
side -view readout devices for 
basic counter and computer 
circuits. Gas filled cold - 
cathode numerical readout 
tubes use common anode, 10 
cathodes in shapes of nu- 
merals 0 -9. Also gives visual 
digital display of volts, 
cycles, etc. High reliability, 
long life; wide -angle view- 

ing with brightness and stability. 
TUBE W/O DECIMAL: No. 41,593EH 595 Ppd. 
Socket for above: No. 41,616EH 80$ Ppd 
TUBE W /DEC -TO -LEFT: No. 41,618EH ....5.95 Ppd. 
Socket for above: No. 41,617E14 80$ Ppd. 
BUILD A WORKING CRYSTAL RADIO 

Bring the 20's back with 
the fun of a modernized 
earphone crystal set that 
receives 1 or more sta- 
tions! So simple you can 
have it working in less 
than an hour. Connects 
to a permanently fixed 
germanium crystal. Kit 
incla: 4 -% X 6 -% X W' 
thick plywood base, high - 

Q tuning coil, germanium diode, variable condenser. all 
radio parts, earphone & holder plus diagram & simple 
lastra. A charming conversation piece, great tun at 
parties and ideal gift. 
Stock No. 71,5ISEH $5.95 Ppd. 

A" ' al 
<ef 

MAIL COUPON FOR GIANT FREE CATALOG 
148 PAGES- 1000's OF BARGAINS 
Completely new 1972 edition. New items, 
categories, illustrations. Dozens of electri- 
cal and electromagnetic parts, accessories. 
Enormous selection of Astronomical Tele- 
scopes, Unique lighting Items. Microscopes, 
Binoculars, Magnifiers, Magnets, Lenses, 
Prisms. Many war surplus Items. Mail 
coupon for catalog "EH" 
EDMUND SCIENTIFIC CO. 
300 EDSCORP BUILDING 
BARRINGTON. N.J. 08007 

NAME 
ADDRESS 
CITY STATE ZIP 

AMAZING NEW WANKEL ENGINE KIT! 
Thrill to the fun of building 
your own see- through mo- 
torized model of revolution - 
cry visionless type engine 4 

only engine experts 
think economically modifi- 
able to meet new pollution 
standards. Replaces piston, 
cylinder, crank assemblies 
with rotating discs (sections 
removed for firing cham- 
bers). Smaller than conventional; fewer parts. reater re- 
liability, same speed w /less horsepower. Switch. Req. 
2 -1.5V butt. (not 
No. 7I.424EH (4t /a" x_5" x 91 $6.75 Ppd. 

NEW! ELECTRONIC DIGITAL COMPUTER KIT! 
Solve problems, play games, 
predict weather with this 
actual working model of 
giant electronic brains. 
Amazing new fun way to 
learn all about computer 
programming . logic, 
decimal, binary systems, 
Laws of Sets -even do your 
own programming after com- 
pleting simplified 116 page 

instructive booklet. Includes step -by -step assembly dia- 
grams. Circuits easily changed. Readout from illuminated 
control panel. Req. 2 "D" Batt. (not incl.). Best model 
we've seen -for home. school, industry. 
No. 71,434EH (II" x 121/4" x 4 ") $3I.50 Ppd. 

3- CHANNEL COLOR ORGAN BARGAIN! 
Create tremendous variety of 
unusual & beautiful lighting 
effects with this low -cost 
top-quality 1500 -Watt unit 
(500 W. per channel). Corn - a I 1s 
pare with others selling for a i' 
twice the price. Has pilot " , 

light, plus individual sensi 
tivity controls and channel '-_ . ys indicator lights. Can operate * 
ten 150 W. 'spots" or 200 
Christmas lights. Uses reg. 
house current- attacTes to audio source wfRCA -type phone 
Plug. 51/4" x 614," x 2'4 ". 2'4 lbs. Thermal setting plastic case, 6 -ft. cord. Including complete instructions. 
Stock No. 71,223EH $44.50 Ppd. 
NEW 18" BLACK -LIGHT STROBE 

It's a versatile strobe /_' ' and it's black -light I Adjest- 
able flash rate from as slow. 
as 1 flash per several secs, 
to a continuous glow beyond 
visual flicker perception 
(1,500 flashes a minute)- 
can be used as reg. light 
source. Top quality, solid - 

state unit has hi- polish re- 
flector, long lamp life. Ideal 

for parties, black -light posters, combo's, decoration and 
experiments. Incls, 18" black -light tube, 4 ft. cord, 
Stook No. 7I,480EH Approx. 3 x S/s x Ir $42.95 Pad, 

1st QUALITY OPAQUE UNDER $200 
Terrific Buy! Top Quality! 
Projects brilliant, sharp 41,4 
ft. sq. image from 8' using 
up to 5 "x5" color, b &w il- 
lustrations. Retains all ori- 
ginal colors, proportions. 
Enlarges drawings. coins, 
maps, etc. Revolutionary 
peanut -size quartz Halogen 
lamp (50 hr. life), 200mm 
anastigmatic lens (f3.5, 8" 
F.1..) unique internal re- 
firrting system give maximum brightness, entire field 
fors. ('an he used upside down. Turbo- cooled. 51/2 ft. cord. 
Stock No. 71,272EH (Wt. WA lbs.) $98.75 
NEW LIGHT -EMITTING -DIODE KIT 

Bargain kit ideal for eco- 
nomical experimenting with 
amazing L.E.D.s, the tiny 
solid state monochromatic 
lamps that use low voltage 
DC, last up to 1MM hrs. 
Used in card -tape readers, 
character recognition, hi- 
speed detectors, all kinds of 
electro- optical applications, 
Kit Inds 3 L.E.D.s: gal- 

lium arsenide IMI,I:D 600. 11V 50, MLED 930); 2 visible 
red emiting (6600 A °); 1 infra -red emitting (9000 
A °); 6 resistors; l' 20mm plastic fibre optic light pipe; 
instrs. 
Stock No. 4I.597EH $5.95 Ppd. 

18" FLEXIBLE FIBERSCOPE 
Hi- resolution image- trans- 
mitter lets you see into re- 
mote, inaccessible illumi- 
nated areas: through pipes, 
tubes or any % "+ opening 
no matter how intricate. 
Provides clear. wide sight- 
ing. 7X magnifying eyepiece 
focuses from less than 1/" 
from subject to infinity. 
Ideal for monitoring hazard- 
ous processes. surveillance instrument, demonstrate fiber 
optics. Over 4,000 coherent glass fibers (.002 "), %" die. 
semi rigid gooseneck sheathing. 
Stock No. 60,857E H $40.00 Ppd. 

NEW 3" REFLECTOR TELESCOPE 
See moon shots, 
orbits, stars, 
craters! 80 to 
180X. De -Luxe 
features at econ- 
omy price. Amax - 
Ingly priced 
Apollo Space Ex- 
plorer brings the 
wonders of the 
universe up close. 
3" aluminized & 
overcoated f/10 
mirror. Reaches 
theoretical limits of resolution & definition. 60X standard 
size 11/2" O.D. eyepiece, 1/2" F.L. 3X adjustable Barlow. 
6X finder telescope; high impact plastic tube; metal fork 
mount w/ positive locking. 36" hardwood tripod. Included 
FREE: 272 p. Handbook, Star Chart, Instructions. 
Stock No. 80.162EH $59.50 Ppd. 
No. 85,050EH 3" Reflector Telescope $34.50 Ppd. 
No. 85,105EH 4l/ Reflector Telescope $94.50 F.o.b. 
No. 85,086EH 6- Reflector Telescope $239.50 Ppd. 

BLACK -LIGHT MIGHTY MITES 
Relatively small (12") fix- 
tures give surprisingly 
bright blacklight. Mirror - 
finished reflector makes in- 
stant starting 8 -watt, high - 
intensity bulb look like 
40- wafter. Up to 5,000 
hours of safe, long -wave 
(3660A) black -light to really 
turn -on parties, light & 
theatrical shows, psychedelic 
decors, holiday decorations. 
Shockproof end -cape remove for safe, easy replacement of 
bulb and starter. Stands upright or horizontal. Alum. case. 
Stock No. 71.274EH $I4.95 Ppd. 
DELUXE OUTDOOR /INDOOR MODEL 
Stook No. 71,299EH $19.95 Ppd. 

EMOTION METER "TESTS" YOU 
Amazing Ile detector type 
device that really works. 
Reveals hidden likes, dis- 
likes. Easy to use. Sensitive 
and accurate. Measures 
changes In body resistance 
caused by changes in emo- 
tional state. Needle move- 

indicates emotional 
response (not whether favor- 
able or unfavorable). Effec- 
tiveness depends on questions asked and interpretation. 
Unique 10 -oz. set intended strictly for entertainment, edu- 
cation. Great fun at parties. Inds. 9v battery, comp!, lnstrs. 
Stook No. 41,422EH $15.95 Pad. 

POWER HORN BLASTS A MILE 
Frighten prowlers, muggers, 
vicious dogs with 118 deci- 
bels. Just press and this 
Freon powered pocket -sized 
metal horn can be heard a 
mile away to signal for help 
or fun. Great for boating 
(it floats), hiking, camping, 
hunting, seashore, rooting 
for your team. Can be heard 
over traffic and constr. noises 
to sound fire drill, lunch break or emergency. Weighs only 
3 oz. but contains up to 100 mile -piercing blasts. 
Stock No, 4I,423EH $3.25 Ppd. 
2 Refill Carts. (P- 4I,424EH) $2.75 Ppd. 

LI 
3- HEADED TREASURE FINDER! 

Best value solid -state metal 
detector we've seen. Ex- 
tremely versatile-easily at- 
tached search heads: 10 "- 
for quick, large area cover- 
age; 5 "- general search; 3" 
-extreme sensitivity. Tele- 
scoping aluminum rod (18" 
to 30"). Sep. volume, tuning 
control set for 1 hand oper- 
ation, All fit snugly in 
handsome locking foamltned attache case. Incl: 91/ trans. 
bait., earphones, instruct., 196 pp. book, 
Stock No, 71.446EH $49.95 Ppd. 
SAME BUT ONE 5" HEAD NO CASE. 
Stock No. 71.447EH $29.95 Pad. 

TAPE -SLIDE SYNCHRONIZER 
Coordinate tape recordings 
with slide series. Hook up 
stereo recorder to remote 
control projector and TSS- 
then record what you wish 
for each slide. Playback and 
TSS AUTOMATICALLY 
changes slides in synch. 
w /tape. Your presentation 
"gives itself ". Perfect for 
sales meetings, lectures, & 
'talking albums" of child's growth -a new dimension to 

vacations, parties ... anywhere. 
Stock No. 41,222EH $22.95 Pad. 
6 -FT CONNECTOR CORDS $4.50 Ppd, each 
Kodak Pro). ( #60,804EH) Airequipt ( #60,805EH) 

EDMUND - 
SCIENTIFIC CO. 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

300 EDSCORP BLDG. 
BARRINGTON, NEW JERSEY 08007 
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FREE ELECTRONICS CATALOG, Tremendous 
bargains. EDU -KITS, Department C -267G, Hew- 
lett, N.Y. 11557 

PANORAMA of industrial and government elec- 
tronic surplus in our monthly picture catalogs. 
Free. STARTRONICS Box 17127, Portland, Or. 
97217 

FREE Electronics magazines list $1.00. ELEC- 
TRONIC PUBLICATIONS, DEW -50, Wainwright, 
Ak.99782 

MEMORIES SEMICONDUCTORS FREE FLYER, 
UTI, P.O. Box 252, Waldwick, N.J. 07463 

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, 
Tx. 77018 

INTEGRATED CIRCUITS- Factory Prices, Cata- 
log 10e. SILLING CO., Box 6257; Seattle, Wa. 
98188 

SPECIAL Clearance Sale: Rectifiers, Transis- 
tors, small motors, electronic parts. Lowest 
Prices. Free Catalog. GENERAL SALES COM- 
PANY, (713- 265 -2369) 254 E. Main St., Clute Tx. 

77531 

TUBES 

SAVE MONEY ON PARTS AND TRANS- 
MITTING- RECEIVING TUBES, FOREIGN -DO- 
MESTIC. SEND 256 FOR GIANT CATALOG. RE- 
FUNDED FIRST ORDER. UNITED RADIO 
COMPANY, 56-R FERRY STREET, NEWARK, 
N.J. 07105 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands -Biggest Discounts. Tech- 
nicians, Hobbyists, Experimenters- Request 
FREE Giant Catalog and SAVE! ZALYTRON, 
469 Jericho Turnpike, Mineola, N.Y. 11501 

RADIO & TV Tubes 33ft each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free Catalog. CORNELL 4217 -E University, San 
Diego, Ca. 92105 

TAPE & RECORDERS 

FIRST BREAKTHROUGH IN RECORDING 
TAPE. Originally made by America's leading 
tape manufacturer 2400' MYLAR, 7" reel, $2.29: 

Iv1800' MYLAR, 7" reel, $1.69; 1200' ACETATE` 
7" reel, $.79. Write for quantity prices. AAE, 219 

olumbia St., Utica, N.Y. 13502 

RENT 4 -track open reel tapes -all major labels - 
3,000 different -free brochure. STEREO -PARTI 
55 St. James Drive, Santa Rosa, Ca. 95401 

RECORDING? DUBBING? EDITING? Use the 
"Dubie" Control. Integrate two or more record- 
ers into your music system. End tangled cables, 
ruined tapes. Brochure D-4, DUBIE CO., 1509 
Oklahoma, Norman, Ok. 73069 

GET INTO 

ELECTRONICS 
V.T.I. training leads to success as 
technicians, field engineers, specialists 
in communications, guided missiles, 
computers, radar and automation. Basic 
& advanced courses in theory & labora- 
tory. Electronic Engineering Technol- 
ogy & Electronic Technology curricula 
Iron v t available. b a le. Associato r de ee in 29 g 
rhos. B.F. also obtainable. G.I. ap- 
proved. Graduates in all branches of 
electronics with major companies. Start 
Sept.. Feb. Dorms, campus. High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept. C, Valparaiso, Indiana 46383 

HIGH FIDELITY 

MAKE YOUR OWN SPEAKER SYSTEMS. SAVE 
1 THE COST. WRITE FOR CATALOG. McGEE 
RADIO COMPANY, 1901 McGEE STREET (RE), 
KANSAS CITY, MO. 64108 

INVENTIONS & PATENTS 

INVENTIONS WANTED, Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., 
Oakland, Ca. 94605 

BUSINESS OPPORTUNITIES 

JAPANESE NEW PRODUCTS MONTHLY! 
$1.00. Refundable. DEERE, 10639 Riverside, 
North Hollywood, Ca. 91609 

GOVERNMENT SURPLUS 

MANUALS for SURPLUS electronics. List 25. 
BOOKS, 4905 Roanne Drive, Washington, D.C. 
20021 

Sharing 
is 

Baring 

YEATS APPLIANCE DOLLIES 

* STAIR- CLIMBING DOLLY 
* One Man Operation for 

light appliances 
* FREE -illustrated brochure $66.50 

Yeats Appliance Dolly Sales Co. 
1300 W. FOND DU LAC AVE. 

MILWAUKEE, WIS. 53205 

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 $49.50 Wired $75.00 Cover $4.95 List of FM S S S 
stations that transmit "Music Only" programs 
$1.00. For complete information write or call: 

MUSIC ASSOCIATED 
65 Glenwood Rd., 

Upper Montclair, N.J. 07043 
phone 201 -744 -3387 

GIANT SALE ON NEW TTL 

TEXAS L NATIONAL ICs 

uy Any 3 - Take 10a /a DI 

*Factory Tested! 'Factory G 1 

10o or more, 25% discount 

Largest inventory of high quality integrated cire nts 
at the lowest possible prices in the United States' 
COMPARE OUR PRICES! OUR GUARANTEES! WE 
GIVE SPEC SHEETS, too! Made by Fairchild, Texas. 
Sprague, National, etc. 

I! 
eed! 

Type Function 
SN7400N Quad 2 input NAND gate 
SN7401N 5N7400 with open collect 
SN7402N Quad 2 input NOR gate 
SN7404N Hex Inverter 
SN74OSN Hex Inverter, open collect 

NAND gate 
SN7420N Dual 

Triple 
3 

input 4ipNAND gate 
SN7430N 8 Input NAND gate 
SN7440N Dual 4 input NAND buffer 
5N7441N BCD -to- Decimal driver 
SN7446N BCD -to -7 seg. dec. /driver 
SN7447N BCD -to -7 seg. dec. /driver ... 
SN7472N JK Master slave flip -flop 
SN7473N Dual 1 -K Master slave flip -flop 
SN7474N Dual D triggered flip flop 
5N7475N Quad bistable latch 
5N7476N SN7473, with preset --clear . 

5N7481N 16 -bit memory (scratch pad) . 

5N7483N 4 -bit binary full adder 
5N7490N Decade counter 
SN7491N 8 -bit shift register 
SN7492N Divide by 12 counter 
5N7493N 4 -bit binary counter 
5N7494N 4 -bit shift register 
5N749514 4 -bit register right -N -left 
SN74154N Divide by 16 
SN74181N Arithmetic Logic Unit 

Sale 
$ .39 

.39 

.39 
.39 
.39 
.39 
.39 
.39 
.39 

1.50 
2.25 
2.25 

.69 

.88 

.69 
1.50 
.88 

1.50 
2.25 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
3.45 
8.50 

L I 51474192N Bi- directional counter 
$N74193N Binary up -down counter 3.45 

ti-AMP FULL WAVE BRIDGES 
l' > 400 1.50 

50 $.88 600 1.75 
10o 0 .99 ! 800 1.95 
200 1.25 LI 1000 2.25 

PIV lAmp 2Amp 
50 $.05 9.05 

100 .06 .06 
200 .07 .07 
400 .09 .09 
600 .12 .12 
800 .15 .16 

1000 .18 .22 

3Amp 
9.08 

.12 

.15 

.22 

.39 RECTIFIERS 

.59 

EPDXY 

SILICON 

LINEAR AMPLIFIER SALE! 
Ts'pe Function ::,I,. 
L] 709C Operational / .59 

710C HI -speed DIf. Comparator . .59 
711C Dual Comparator .i 0° ° .59 
723 Voltage Regulator p' s. t,ß'1.49 
741 Frey. Comp. 709 J.4 

k6ß 
OJ .95 

709 -709 Dual 709's . .. 09 6 1.49 
741 -741 Dual 741's ç' 1.98 

State case desired: IMP. TO -5. FLAT l'AK 

ALLEN BRADLEY'S jog $1 
"MICRO- POTS" pin'l 

Type G, 1/2" dia. 
1/2" high. Mounts 1/4" 
hole, with shaft, li,,nar, 
immersion -proof hi k: 
freq. 
Ohms Ohms Ohms 

100 
250 

p 500 

1.0K 10K 
D 2.5K 0 25K 

5.OK 50K 

Ohms Ohms 
100K [; 1 Meg. 
250K 2 Meg. 

In 500K 5 Meg. 

- G -E 3.5W AUDIO .- "IC DIP" AMPI 

Type PA -263, 3.6w 4E3.95 
cont, duty. 9- to -30v 

3 for $30 supply. For phono, tope, 
stereo 

SALE ON SILICON POWER RECT 
Ply 6 Amp 12 Amp 55 Amp 250 Amp 

pop 

50 09.16 09.29 5.69 L$4.50 
100 .22 .36 .89 ! 6.50 
200 .30 .45 01.49 I I 9.95 
400 .40 .61 01.25 9.95 
600 .55 .79 01.80 - 
800 .75 .90 02.30 

1000 .90 01.15 02.75 

ALLEN BRADLEY'S y 

"TRANSISTOR" to- 
POTS it% Tv ne F. Screwdriver adios,. 

Ohms Ohms Ohms Ohms Ohms Ohms 
100 500 2.5K 201( 100K 500K 

Cl 200 1.0K 5.0K 25K 200K 1 Meg. 
250 2.OK 10K SOK 250K 2 Meg. 

D 151 CATALOG on Fiber Optics, 'ICs', Semi's, Parts 

Terms: add postage. Rated: net 30, eod's 26 e. . 

Phone Orders: Wakefield, Mass. 18171 2.16-3S29 
Retail: 211 Albion St.. Wakefield, Mass. 

POLY PAKS 
P.O. BOX 942 R 

Lynnfield, Mass. 

01940 
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three in one... 
INTERNATIONAL'S 

6024 FREQUENCY METER 

SECONDARY FREQUENCY STANDARD 
SIGNAL GENERATOR 

POWER METER 

The 6024 packs three test instruments into one 
small package for fast, professional servicing on all 
makes of Citizens Radio transceivers. You have at 
the flick of a switch, a SECONDARY FREQUENCY 
STANDARD, range 26.965 to 27.255 MHz with 
Counter Circuit, zero to 2500 Hz; SIGNAL GEN- 
ERATOR, 26.965 to 27.555 MHz and DUMMY LOAD/ 
POWER METER, up to 5 watts. 

Order your International 6024 today! 

Complete with connecting cable, dummy $ 
load, rechargeable battery and charger. 34500 

88 RADIO -ELECTRONICS DECEMBER 1971 

PRACTICAL 

CB RADIO 
SERVICING 
A reference 
manual for CB'rs, 
servicemen and students 

This book covers virtually every 
servicing problem faced by CB 
radio enthusiasts, technicians, 
servicemen, and students. It pro- 
vides all the theory and detailed 
procedures needed to repair and 
maintain equipment in a profes- 
sional manner. Ideal tool for spot - 
testing and trouble shooting. 
Complete with tables and charts. 
$4.75 postpaid 
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Miere% the 
voltmetee 

New Scope Measures 
Peak -To -Peak Voltage with 
Cali- Brain® 

You're looking at it in this solid state 
oscilloscope. The new B & K Precision 
1465 is a triggered sweep 
oscilloscope with CA LI -BRAIN -a 
built -in feature for measuring 
voltages, automatically without 
computation in seconds. CALI -BRAIN 
will measure peak -to -peak voltage 
on waveforms of any complexity - and 
at voltage levels from 10mV to 600 V. 
Only B & K scopes have CALI -BRAIN 
-a real advance in TV test equipment. 

Servicing time goes down - 
picture quality goes up -when you 
use this scope. Now, in one 
instrument, you get triggered sweep 
to eliminate those waveforms that 
won't lock in, a vectorscope for color 
TV servicing, 10 MHz response for 
high resolution analysis. A unique 
sync separator generates special 
sweep synchronizing pulses to let you 
analyze any portion of the TV 
waveform. For economical perfor- 
mance, use the B & K Precision 1465. 
About the Cali- Brain® System 

The CALI -BRAIN system 
increases your efficiency because it 
lets you measure its peak -to -peak 
voltage without changing your test 
set -up. Now you can confirm the 
manufacturer's service data exactly - 
checking out typical waveforms and 
peak -to -peak voltage readings at 
various test points. 
Cali- Brain® in Action 

Use CALI -BRAIN when you 
want to measure peak -to -peak 
voltage of the waveform displayed on 
the scope screen. Here's what 
happens when the CALI -BRAIN 
switch is activated: 
A. The horizontal sweep collapses and 

the waveform under examination 
appears as a straight vertical line. 

B. A numerical indicator in the CRT 
bezel lights up to show the full 
scale voltage (including decimal 
point) corresponding to the 
Vertical Attenuator setting. 

C. A graduated scale on the graticule 

FOCVS BIBBBFAtRM) 
SIM 

1,411 m¡e . _.! - (0 0140 . STABIL 

OWCÌ 

STABIL 

B & K Precision Model 1465 

$37995 
Probe included 

overlay is illuminated on either 
side of the scope screen. The scale 
corresponds to the full scale 
voltage indicator in the bezel. 

D. The vertical waveform line on the 
CRT moves to either side of the 
screen, to align itself with the 
illuminated scale. 

The entire CALI -BRAIN action 

1.1 oo ..TS 

/ 
) 

; 

I 1 1 1 1 1 o -I 

2 

is automatic- and takes less than a 
second. After you have read waveform 
voltage on the scale, you deactivate 
CALI -BRAIN system with a single 
switch, and the waveform is again 
displayed as before. One probe and 
one test instrument - lets you 
concentrate on trouble shooting, not 
the test equipment! 

3 4 

To read peak -to -peak voltages utilizing Cali- Brain, note the full scale voltage reading 
in the bezel above the screen (fig. 1 -.100 volts full scale) (fig. 3 -5.00 volts full scale). 
Pull out the Cali-Brain knob and you will notice that the 1st waveform in fig. 2. reads 
.067 volts P -P and the second waveform in fig. 4. reads 4.95 volts P -P. 

See your local distributor or write us for more information F1Product of 
DYNASCAN CORPORATION 
801 W. Belle Plaine Chicago, Illinois 60613 
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WHY REPAIR TV TUNERS? 
CASTLE REPLACEMENTS 
start at . . . . . ....... 
Select by part number below. Write, phone or wire order. 
No mailing ... no waiting ... no nonsense! 

895 
UNIVERSAL REPLACEMENTS 
Prefer to do it yourself? 

These Castle replacement tuners ore all equipped with memory fine 
tuning and UHF position with plug input for UHF tuner. They come 
complete with hardware and component kit to adapt for use in thou. 
sands of popular TV receivers. 

'Supplied with max. length selector shall (measured from tuner front 
apron to tip( ... you cut to suit. 

STOCK 
No. 

CR6P 

CRIS 

CR9S 

CR6XL 

CR7XL 

CR9XL 

HEATERS 

Parallel 6.3v 

Series 600mA 

Series 450mA 

Pacallel 6.3v 

Series 600mA 

Series 450mA 

SHAFT 
Min.' Max.' 

3,, 

3" 
3" 

13/4" 

13/4" 

13/4" 

21 /" 12" 

21/2" 12" 

21/2" 12" 

I.F. OUTPUT 
Snd. Pic. 

41.25 45.75 

41.25 45.75 

41.25 45.75 

41.25 45.75 

41.25 45.75 

41.25 45.75 

PRICE 

8.95 

9.50 

9.50 

10.45 

11.00 

11.00 

® EXACT REPLACEMENTS Purchase outright ... no exchange needed. $15.95 ea. 
Castle replacements made to fit exactly in place of original tuner. Available in the following popular numbers. 

ADMIRAL EMERSON 

94E21Ú -1 
94 E2I U- 3 

99E227 -2 
94E228 -1 
94E229.4 

94E22í -8 
940257 -1 
940257 -7 
940257 -49 
9E260 -8H 
94E260 -II 
94E251-113 
94E261 -1C 
94E261 -ID 

94 D201 -4 
940273 -2 
940273 -4 
940273 -7 
94C273 -8 
940273 -9 
94C271 -10 
94C273 -13 
94C273-15 
940281 -IK 
94C286-ID 

94C28c-IS 
94C286- I L 
94C186-43 
94C286-5 

94C286-12 
94C280- 16 
94C289- I 

CURTIS 

MATHES 

7A Ii 
7A17 
7A38 
7A48 
7A050 
7A53 -001 
7A056 -001 
7A59 -001 

471851 
471512 

471515 

471578 

471082 

471700 

340042 -1 
340052 -1 
340053 -1 
340066 -1 
340067 -1 

340069 -1 
340078 -1 
140078 -2 
140055 -2 

G E 340130-1 

ET86X188 
ET86X208 MOTOROLA 
ET86X212 
ET86X21 3 

ET8oX214 
ET86X215 
ET86X22I 
ET86X224 
ET86X227 
ET86X230 
ETe6X231 
ET86X232 
ET86X2 36 
ET80X24` 
ET86X24, 
ET86X25+ 
ET86X256 
ET86X265 
ET86X277 
ET8oX281 

HEATHKIT 

OPT T12 IC 
OPTT123D 
TTIISA 
TT133YA 
LTT307A 
RTT322A 
CPTT332A 
CPTT338B 
DCPTT 3380 
Ct.3TT340A 
CI:T.-39Gc 

EAT34GA 
VTT348B 
V TT1490 
CPTT350B 
CPTTl56YA 
TT36IY 
OPTT36IY/3 
CPTT366Y 

110-17 CPTT366YD 
110-14 OPTT366YD 
110-25 NCPTT376YA 
110-33 CPTT378YA 
110-38 NCPTT378YA 

OPTT385Y 
OPTT385YA 

MAGNAVOX OPTT386YA 
OPTT388YA 

340009-1 CPTT39GYA 
340010- 1 OPTT 390YB 
340017-1 OPTT 394 
340038-1 SCPTT 394 
340040- I AOPTT399 

LOPTT 799y 
LOPTT359YA 
OPTT399 YA 
OPTT402 
LOFT T402 
CPT 7403 
OPTT4 04 
OPTT404 A 
CPTT405 
OPTT414A 

MUNTZ 

PRG352-1 
PR 0164 
PR0376 
PR9021 
PR 9044 
PR 9095 
PR9050 
PR9058 

OLYMPIC 

CL4692- 1 

CL5220- 1 

CL28874-I 
C L2 9554 
CL29566 
C L29650 
CL33579 
CL33858 
CL34190 
CL 34835 
K24013USA-1C 
K500I3USAH-3 

PHILCO 

76- 12405 -4 

76- 13579 -5 
76- 13579 -7 
76- 13579 -8 
76- 13579 -9 
76- 13851 -2 

76- 13871 -1 

76- 13945 -1 

76-13955-1 KRK133BC 
76-13955-2 KRK133D 
76-13955-5 KRK1330 

RCA 

KRK 103A 
KRK1OfC 
KRK 101F 
KRK103L 
KRKIU4A 
KRK104C 
KRK104F 
KRK104L 
KRK 107A 
IC FUG 070 
KRK 107C 
KAK107D. 
KRK107E 
KRK107F 
KAKIGSA 
KRK1080 
KRK108C 
KRK108D+ 
KRK108E 
KRK108F 
KRK1130 
KRK116/3 
KRK II8A 
HAK]18C 
KRK118D4 

KRK123D 
KRK124AA 
KAK124U 
KRK 127AA 
KRK127A0 
KRK 12713 
KRK 127BA 
K AK 127E 
KAK127L 
KRK127T 
KRK 127U 
KRK127W 
KRK128A0 

KRK128U 

SEARS 

95 -75 

95- 141 -0D 
95 -358 -0 

95- 437 -0A 

95- 480 -3D 

95- 500 -0A 
95- 500 -IA 
95- 500 -10 

SYLVANIA 

54- 11644 -3 

54- 11702 -1 
54- 17214 -1 

54-17436-2 
54- 17436 -3 

54- 1743h -4 

54- 17436 -5 

54- 17778 -1 
54- 23853 -3 
54- 23857 -2 
54- 78093 -1 
54- 88847 -30 
54- 89093 -1 
54- 89720 -IA 
54- 89720 -3 
54- 89840 -2A 
54- 94689 -3 
54- 97948 -6 
54- 97948 -7 

WESTING- 
HOUSE 

470V007H03 
470V019H05 
470V019M01 

470V030H01 
470V049H01 
470V149H01 
470V151H01 
470V158D03 
470VIhID03 
470V188D01 
470V188D02 
470V190D01 
470V191D01 
470V191Dh2 
470V191003 

ZENITH 

175 -167 

175 -168 

175 -170 

175 -201 

175 -202 

175 -202A 
175 -203A 
175 -204 

I75 -204A 
175 -206 

175 -212 

175 -211 

175 -214 

175 -216 

175 -220 

175 -222 

175 -228 
175 -230 

175 -232 

175 -254 

175 -256 

175 -262 

175 -264 

175 -266 

175 -268 

175 -272 

175 -402 

175 -405 

175 -406 

175 -412 
175 -416 

175 -418 
175 -420 

175-424 
175-42o 

175-411 
175-454 
175-601 
175-602 
175-b04 
175-621 
175-622 
175-640 
175-641 

175-642 
175-643 
175-044 
175-645 
175-046 
175-647 

175-060 
175-661 

175-662 

175-661 

175-666 

175-667 

175-668 

175-669 

175-671 
175-680 

175-681 
175-682 

175-681 

175-684 
175-685 
175-68,. 

175-687 

175-688 

175-689 

175-690 

175 -708 

175-711 

175-712 

175-713 

175-7I5 

175-716 

175-717 

175-718 

175-719 

175-720 

175 -721 

175 -722 

175 -711 

175 -732 
175 -733 

175 -734 

175 -715 

175 -736 

175 -717 

175 -714 

175 -739 

175 -740 

175 -741 

175 -742 

175 -743 

175 -744 

175 -745 

175 -746 

175 -747 

175 -748 

175 -750 
175 -751 

175 -752 

175 -753 

175 -754 

175 -755 

175 -756 

175 -757 

175 -758 

175 -759 

175 -760 

175 -761 

175 -762 

175 -763 

175 -764 

175 -1101 

175 -1102 

175 -1103 

175 -1104 

175 -1105 

175 -1106 

175 -1108 

175 -1118 

175 -1119 

175 -1120 

175 -1121 

175 -1122 
175 -1131 
175 -1112 

175 -1131 
175 -1114 

175 -1135 

175 -1116 

175 -1137 

17s -1138 

175 -1139 
175 -1140 

175 -1141 

175 -1142 

175 -1143 

175 -1144 

175 -1145 

175 -1146 

175 -1147 

175 -1148 
175 -1150 
175 -1151 

175 -1152 

175 -1153 
175 -1154 

175 -1155 

175 -1156 

175 -1157 

175 -1160 

175 -1161 

175 -1162 

175 -1161 

175 -1164 

175 -1165 

175 -1168 

17 5-117 2 

175 -1175 

175 -1176 
175 -1177 

MISC INCLUDING 
PRIVATE LABELS 

TA82 
TAI29 
TAI29 
TA131 
TA133 
TA136 
TA1 36 
TA147 
TA150 
TA157 
25A1241-0020 
25A1241-0040 
25A1241-0050 
25A1241-0068 
25A1245-0050 
25A1245-006D 
25A1245-009 
25A1245-011 
Z5A1246-001 
25A1246-003 
25A1246-004 
25A1246-005A 
25AI247-002 
2SA1249-0G1A 
25A1249-001E 
25A1253-001 
25A1253-0010 
25A1253-OOID 
25A1256-OCIC 
ZSA1258-001A 
25A'258-001C 
25A1263-001 
25A1264-001B 
25A1265-0010 
25AIZ68-001 
25A1270-001 
006-014700 
006-015000 
006-015700 
006-016500 
006-017300 
006-017700 
006-018600 
006-020100 
006-020900 
006-021000 

'Supplied with new channel indicator skid knob, original illuminof.d dial is no said 

OVERHAUL SERVICE - All makes and models. 

VHF or UHF tuner (1960 or later) $9.95 
TRANSISTOR tuner $9.95 
COLOR tuner $9.95 
Overhaul includes parts, except tubes and transistors. 
Dismantle tandem UHF and VHF tuners and send in defec- 
tive unit only. 
Remove all accessories...or dismantling charge may apply. 
Your tuner will be expertly overhauled , aligned to original 
standards and warranted for 90 days. 

® CUSTOM EXCHANGE REPLACEMENTS 
When our inspection reveals that original tuner is unfit 
for overhaul, we offer an exact replacement 
If exact replacement is not available in our stock we 
custom rebuild the original at the exchange price. 
(Replacements are new or rebuilt.) 

tPROFESSIONAL "CONTACT OVERHAUL" KIT 
Do your own minor tuner over- 
hauling by using this professional 
kit of chemicals. Dealer Net $5.50 

CASTLE T V TUNER S E R V I C E , I N C. 
MAIN PLANT:5715 N. Western Ave., Chicago, III. 60645 Ph. 312 -561 -6354 

EAST:130 -01 89th Rd., Richmond Hill, N.Y. 11418 Ph. 212 -846 -5300 

Circle 92 on reader service card 

www.americanradiohistory.com

www.americanradiohistory.com

