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The Magnificent Sven 

We've been hearing unsolicited rave reviews from soundmen across the 
country concerning our seven ingeniously versatile problem -solving audio 
control components (1) M68 Microphone Mixer, vanguard of the low -cost, 
high -performance portable mixers; (2) M68 -RM Mixer, with built -in reverb 
for vocalists and special effects; (3) M67 Mixer, the trail -blazing low -cost 
professional mixer; (4) M63 Audio Control Center, that gives you variable 
response shaping; (5) M62V Level -Loc, the audio level controller that auto- 
matically limits output level; (6) M688 Stereo Mixer, made to order for stereo 
recording and audio -visual work; and finally, (7) M675 Broadcast Production 

sic Master, that teams up with our M67 to give a complete broadcast production 
console (with cuing) for under $325. Write for the new Shure Circuitry catalog 
that shows them all: 

Shure Brothers Inc. 
222 Hartrey Ave., Evanston, III. 60204 

Circle I on reader service card 
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r¢tot/4m introductory offer to new members of the 

ELECTRONICS AND CONTROL NGINEERS' BOOK CLUB 

107,'971 

ELECTRONIC 
CIRCUITS: 
PHYSICAL 
PRINCIPLES, 
ANALYSIS AND 

DESIGN 
by P. M. Chirlian 
Pub. price, $15.50 
Club price, $13.25 

637/458 

DESIGNING 
WITH TTL 
INTEGRATED 

CIRCUITS 
by Texas 
Instruments 
Inc. 

Pub. price, $18.50 
Club price, $13.50 

404/437 

SOURCEBOOK 
OF ELECTRONIC 
CIRCUITS 

by J. Markus 

Pub. price, $19.75 
Club price, $14.75 

259/607 
COMMUNICA- 
TION SYSTEM 

ENGINEERING 
HANDBOOK 

by 
D. H. Hamsher 
Pub. price, $29.50 
Club price, $22.50 

158/215 

AN 
INTRODUCTION 
TO ELECTRONIC 
COMPUTERS, 2/e 
by G. B. Davis 

Pub. price, $12.50 
Club price, $9.30 

286 515 

INTEGRATED 
CIRCUITS: 
A Basic Course 
for Engineers 
and Technicians 
by R. G. Hibberd 
Pub. price, $9.95 

Club price, $8.45 

497/265 

ELECTRONIC 
SWITCHING, 
TIMING AND 

PULSE CIRCUITS.. 

2/e 
by Pettit & 
McWhorter 
Pub. price, $12.50 
Club rice, $8.95 

313/059 

HANDBOOK OF 

SEMI- 
CONDUCTOR 
ELECTRONICS, 

3/e 
by P. Hunter 
Pub. price, $27.50 
Club price, $21.50 

308/470 
ACTIVE FILTERS: 
LUMPED, 
DISTRIBUTED, 
INTEGRATED, 
DIGITAL & 

PARAMETRIC 
by 
L. P. Huelsman 
Pub. price, $16.50 
Club price, $13.95 

124/035 

HANDBOOK OF 

PHYSICS, 2/e 
by Condon and 
Odishaw 
Pub. price, $34.75 
Club price, $14.95 

rl r: 
Save time and money by joining the 

I i 
Electronics and Control Engineers' Book Club 

H ERE is a professional club designed specifically to meet your 
day -to -day engineering needs by providing practical books 

in your field on a regular basis at below publisher prices. 

How the Club operates: Basic to the Club's service is its publi- 
cation, the Electronics and Control Engineers' Book Club 
Bulletin, which brings you news of books in your field. Sent to 
members without cost, it announces and describes in detail the 
Club's featured book of the month as well as alternate selections 
which are available at special members' prices. 

When you want to examine the Club's feature of the month, 
you do nothing. The book will be mailed to you as a regular part 
of your Club service. If you prefer one of the alternate selec- 
tions-or if you want no book at all for that month -you notify 
the Club by returning the convenient card enclosed with each 
Bulletin. 

As a Club member, you agree only to the purchase of four 
books over a two -year period. Considering the many books pub- 
lished annually in your field, there will surely be at least four 
that you would want to own anyway. By joining the Club, you 
save both money and the trouble of searching for the best books. 

Special $1.00 bonus book 
comes to you with your 

first club selection 

494/754 
ENGINEERING 
MANUAL, 2/e 
by R. H. Perry 

Pub, price, $12.50 

Club price, $9.95 

654'301 

ENGINEERING 
MATHEMATICS 
HANDBOOK 

by J. J. Tuma 

Pub. price, $9.95 
Club price, $8.45 

671 616 

WAVE 

GENERATION 
AND SHAPING, 
2/e 
by L. Strauss 

Pub. price, $16.50 
Club price, $13.95 

209/731 

STANDARD 
HANDBOOK FOR 

ELECTRICAL 
ENGINEERS, 
10 /e 
by Fink and 
Carroll 
Pub. price, $32.50 
Club price, $24.95 

MAIL THIS COUPON TODAY 

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 
582 Princeton Road, Hightstown, N.J. 08520 

Please enroll me as a member of the Electronics and Control Engi- 
neers' Book Club and send me the two books indicated below. I am 

to receive the bonus for just $1.00, and my first selection at the 
special Club price shown. These books are to be shipped on ap- 
proval, and I may return them both without cost or further obliga- 
tion. If I decide to keep the books, I agree to purchase as few 
as four books during the next two years at special Club prices (at 
least 15Ç' below list). 

Write Code No. of 
bonus book 

here 

Write Code No. of 
first selection 

here 

Name_ 

Address_ 

City 

State Zip 
E33173 

Circle 2 on reader service card 



Universal tap simplifies MATVdesign 

Until now, MATV system design 
has been somewhat complex. You had 
to calculate losses in decibels and 
specify a fixed tap -off isolation value 
at each receiver location. 

The new Jerrold OMNI -TAPs have 
changed all this. OMNI -TAPs are uni- 
versal. That is, any OMNI -TAP can be 
used anywhere in any MATV system. 
The secret is adjustable isolation . 

which you can vary simply by turning 
a screwdriver after the system has been 
installed. 

Aside from simplifying system 
design, OMNI -TAPs also reduce your 
inventory problems. Since OMNI -TAPs 
can be varied continuously over a 12 
to 25 dB range. one type of OMNI- 
TAP replaces three types of conven- 
tional tap -offs. 

Figure 1, for example, shows a 
typical 8 story apartment house, older 
school or hotel, with eight TV outlets 
per floor. OMNI -TAPs are used for 
every TV outlet. Because tap insertion 
loss is very low (average about 0.6 dB 
per tap at VHF), isolation is adjust- 
able. and Jerrold CAC -6 cable loss is 
minimal. (3.2 dB /100' at VHF), your 
system calculations are greatly simpli- 
fied. Just use a Jerrold Gibralter 3550 
amplifier. fed by a Paralog Plus an- 
tenna. A new motel or school would 
be similar. except that trunklines 
would be run horizontally. 

If your particular system is smaller, 
reduce the number of trunklines and 
tapoffs, but nothing else. The 3550 is 
economical enough even for small 
systems. If the system is bigger. add 
trunklines and tap -offs. but nothing 
else. The 3550 can easily handle up to 
100 OMNI-TAPs. (For systems over 
100 tap -offs, use the 3661 or 3880.) 

Choose the antenna as you would 
an ordinary home TV antenna, except 
that it usually pays to choose the next 
larger model. If signals are weak. 
simply add a Powermate preamplifier. 

Figure 1 is a VHF -only system. But 
adding UHF channels is no problem. 
Simply use a VU- FINDER PLUS an- 
tenna instead of the PARALOG PLUS. 
and a 4400 82 channel amplifier in 
place of the 3550. No other changes 
are required because the OMNI -TAPs. 

the splitters and the cable can handle 
UHF frequencies with no difficulty. 
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Manager Jerrold DSD /ECSD Division 
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FIGURE 1 

Adjusting 
OmniTap Isolation 

Once the system is installed, you 
have to make sure it works properly. 
In many cases. no adjustments will be 
necessary. The OMNI -TAPs will work 
fine in the system just as you receive 
them. 

In large systems. however, you will 
have to adjust the OMNI -TAPs so that 
they provide more isolation near the 
Head End amplifier than they do at 
the ends of the trunklines. 

There are two ways to adjust 
OMNI -TAP isolation: 

1972 

1. With a Field Strength Meter. 
such as the Jerrold 747. You should 
have a Field Strength Meter for 
MATV work anyhow, and this is 
the easiest way to adjust OMNITAP 
isolation. 

Start by turning all of the 
OMNI -TAPs fully clockwise. for 

Circle 3 on reader service card 

maximum attenuation. Then, go to 
a tap in the middle of the trunkline 
and make sure you can read at least 
1000 microvolts of picture carrier 
signal on the highest channel the 
system carries. If the reading is less 
than 1000 microvolts, turn the 
OMNI -TAP counterclockwise until 
you get 1000 microvolts. Repeat 
for each tap until you get to the 
end of the line. 

2. With an Ohmmeter. Connect the 
Ohmmeter between the arm of the 
OMNI -TAP potentiometer and the 
center conductor of the tap output. 
Set the first four OMNI -TAPs in 
each trunkline (nearest the Head 
End) to 700 ohms. Set the next 
two OMNI -TAPs in each trunkline 
to 500 ohms. Then, reduce each 
tap -off in the line by 100 ohms 
until you get to the end of the line. 

For help in laying out a system or 
solving specific system problems, 
contact Jerrold via your local Jerrold 
distributor. 

Or, for more information on MATV 
systems. write Jerrold Electronics, 
P.O. Box A. Philadelphia. Pa. 
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looking ahead 

Super -8 TV 

You're going to be able to 
play your home movies 
through your color set if two of 
the world's leading film and 
camera manufacturers have 
their way. In addition, they an- 
ticipate that a wide variety of 
educational and entertainment 
film eventually will be released 
for a la carte TV viewing. East- 
man Kodak has been demon- 
strating a film videoplayer 
which it says could be on the 
market in about two years as 
an attachment to television 
sets. Japan's Fuji Photo Film is 
in pilot production of its own 
version which it plans to export 
to the United States late this 
year. Both units run silently, 
using continuous- pulldown 
systems, eliminating inter- 
mittent motion and shutter 
noise common to film pro- 
jectors. The Kodak version 
uses an all- electronic shutter 
system, the Fuji a 16 -face re- 
volving prism. Both use flying - 
spot scanning systems and ac- 
commodate cartridged film. 
Prices will be steep at first - 
Fuji's is $750 -$800 in Japan, 
the Kodak unit may cost as 
much as $1,000 -but both 
companies claim prices will 
come down with the type of 
quantity production required 
for the consumer market. 

Cable TV thaw 

Thaw in the FCC's nearly - 
seven- year -old CATV freeze is 
finally in sight, and many cable 
experts see the beginning of 
cable TV expansion starting 
later this year. Broadcasters, 
cable operators and copyright 
owners all have agreed to a 
compromise formula engi- 
neered by the White House's 
Office of Telecommunications 
Policy. The complex agree- 
ment sets guidelines as to 
which signals may be carried 
by cable systems in commu- 
nities of various sizes, and es- 

tablishes other ground rules, 
such as respect for copyrights 
on programs by cable oper- 
ators. It will still take some time 
for the FCC to set out the 
agreement in terms of formal 
rules, but it is expected to pave 
the way for the establishment 
of new CATV systems in larger 
cities, which has been banned 
in the recent past under the 
Commission's freeze. 

4- channel disc war 

Just when it appeared that 
peace was in sight in the battle 
over quadraphonic record 
standards (Looking Ahead, Ra- 
dio Electronics January 1972), 
a real war has broken out. 
Once again, it's between RCA 
and CBS, and it could be an- 
other struggle reminiscent of 
the titanic fights over postwar 
record (45 vs 33) and color TV 
(compatible vs field- sequen- 
tial) standards. 

CBS, with Sony as its 
prime manufacturing ally, has 
introduced and is selling the 
SQ matrix disc system. Now 
RCA Records has revealed 
that it is working to improve 
some characteristics of the 
discrete CD -4 four- channel 
system developed by the Victor 
Company of Japan and will in- 
troduce discs some time this 
year. (Victor's system was de- 
scribed in Radio-Electronics in 
December 1970.) Allied with 
RCA Records in this venture 
are Japanese manufacturers 
Panasonic and Victor, both 
owned by the powerful Mat- 
sushita Electric Company. Al- 
though RCA's own manufac- 
turing arm appears to be 
taking a less active role, an of- 
ficial statement said it favors 
the discrete concept and has 
no plans to market matrix disc - 
playing equipment. In the CD -4 
system, the two rear channels 
are modulated on a high -fre- 
quency carrier (around 30,000 
Hz). The record is compatible 
with two- channel stereo play- 
ing equipment, which simply 

ignores the carrier. A CD -4 
player uses a special "de- 
modulator" to unscramble the 
rear channels. 

RCA's main effort now is 
to improve the durability of the 
four -channel disc when played 
using a regular stereo car- 
tridge, which tends to destroy 
some of the four -channel 
capability. RCA says it has had 
remarkable success so far 
toward achieving that goal. 
The obvious advantage of the 
RCA system is that it presents 
four completely independent 
channels, providing a truer 
four -channel sound than ma- 
trix records, in which front and 
rear channels are intermixed, 
with rear channels encoded. It 
has two principal dis- 
advantages: (1) The playback 
equipment promises to be 
more costly than that for the 
SQ system, since it requires a 
special high -quality cartridge 
capable of picking up the 
30,000 -Hz carrier, in addition 
to the demodulator. (2) Dis- 
crete discs can't be broadcast 
over stereo-FM stations under 
current FCC rules, while matrix 
discs can. Nor can the output 
of a discrete disc be fed into a 
standard two -channel tape 
recorder and played back 
through a decoder to produce 
four -channel sound. With SO 
discs already on the market 
under the Columbia Records, 
Vanguard and Ampex labels, 
and with equipment being of- 
fered by Masterwork, Sony, La- 
fayette and Sherwood, the 
RCA -CBS quadraphonic war 
threatens to intensify in the 
months ahead. Radio -Elec- 
tronics will present complete 
details of both CBS and RCA 
systems next month. 

Hotel pay TV 

Talk of pay -as- you -watch 
subscription TV is as old as 
television itself -and so far it's 
been mainly talk. The FCC has 
authorized pay -TV trans- 
mission to homes, and perhaps 

some pilot projects will get un- 
der way soon. But the first 
working pay TV systems more 
likely will be in hotel and motel 
rooms. Two competing sys- 
tems, in fact, are already well 
under way -both having un- 
dergone test runs, and one of 
them scheduled to be in regu- 
lar operation by the time this 
issue of Radio-Electronics ap- 
pears. Both systems operate in 
a similar manner. The pay -TV 
attraction -which could be a 
first -run movie or a sporting 
event not broadcast over free 
TV -is fed via the hotel's mas- 
ter antenna system to all guest 
rooms in scrambled form on an 
unoccupied channel. To re- 
ceive the attraction un- 
scrambled, the hotel guest 
calls the desk. His picture is 
unscrambled and the "admis- 
sion charge" is added to his 
hotel bill. 

The movies will be shown 
continually throughout the day 
and evening with staggered 
starting times, so that at each 
hour a new film begins. 

Both of the systems an- 
nounced so far will depend 
largely on movies as their first 
attractions. One system, devel- 
oped by a subsidiary of Colum- 
bia Pictures, has been tested 
at the Regency Hyatt House 
Hotel in Atlanta, and is sched- 
uled to be installed soon in ho- 
tels and motels in major U.S. 
cities and in London. The other 
system, owned by Computer 
Television Inc., underwent a 
long testing period in a motel 
in Newark, N.J., where it was 
found that a susbtantial per- 
centage of guests would gladly 
pay three dollars to view a cur- 
rent feature film. The films, in 
color, are transferred to video 
tape, and shown at specified 
times. If this new type of pay 
TV succeeds, it could open up 
a big new field in maintenance 
of closed- circuit and video 
tape equipment for hotels and 
motels. R -E 

by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 
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MCR-1211... 
the tonal truth, and 
nothing but the truth. 
Our trim, new true -fidelity cassette tape recorder. 
What a beautiful way to break the big- sound/ 
small -package barrier. 

With built -in uniform sound -level control, full -range 
dynamic speaker, new automatic shut -off that 
prevents electrical or mechanical damage to tape 
and machine ... many other high -value features. 

All compactly designed into a lightweight 51/2" x 

23/4" x 101/4" case. Complete with easy -carry 
handle, m- crophone, earphone, Duratape cassette, 
four Duracell batteries ... ready to play. 

The MCR -1211 joins our other two solid -state models for 
go- anywhere, great- everywhere cassette recording. 
Try 'em al'. See your nearby Mallory Distributor, soon. 

MCR -1232 
Recorder and superb AM /FM 

radio. Total entertainment 
in sound. Batteries/ 

a -c plug -in. 

MCR -1204 
Neat, easy- to-use, battery- 
operated recorder. 

MCR -1211 
The perfect gift. Simple, 
push- button operation. 
Batteries /a -c plug -in. 

411-.,._ 

MALLORY 
MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. R. MALLORY & CO. INC. 
Indianapolis. Indiana 48206 

Circle 4 on reader service card 
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new & timely 

THE CONTENTS OF A LADY'S PURSE show up on a storage -type radiographic amplifier screen. 

Radiographic screens 
Westinghouse has developed two 

new solid -state radiographic amplifier 
screens which quickly convert X -ray im- 
ages into visible images with energy gain. 
The screens are available in both storage 
and nonstorage types for industrial non- 
destructive testing and for special medical 
applications. 

The storage -type amplifier screen dis- 
plays its visible image for several hours or 
until it is electrically erased. This permits 
long, detailed study of an X -ray image 
without continuous exposure to radiation. 
The screen can be photographed to keep 
a permanent record, but no delay for pho- 
tographic processing is necessary since 
the screen can be studied directly. 

As a direct replacement for existing 
fluoroscopic screens, the nonstorage ra- 
diographic screen has a reasonably fast 
response so it can effectively view both 
static and dynamic X -ray images. Its main 
applications include production line in- 
spections and nondestructive testing. It 
can be photographed if a permanent 

record is needed. 
The panels are solid -state photocon- 

ductor- electroluminescent types. The 
photoconductive layer is sensitive to X- 
rays. The electroluminescent layer pro- 
vides the visible image and is deposited on 
top of the photoconductive layer. A volt- 
age is applied across the two layers. When 
the photoconductive layer is exposed to X- 
rays, its electrical resistance decreases, 
causing more of the applied voltage to be 
dropped across the electroluminescent 
layer. With this higher voltage applied, the 
electroluminescent layer emits more light. 
The light pattern emitted exactly corre- 
sponds to the pattern of incident X -rays. 

Warranty plan 
General Electric has introduced a TV 

warranty certificate program enabling a 
consumer to get service on his set any- 
where in the country from any of 5,000 
franchised service centers registered with 
the company. Home Furnishings Daily re- 
ports that it will not make any difference 
where the set was purchased, because 

under the new program servicing dealers 
will continue to provide warranty service 
for their customers, even if the buyer has 
moved to a different state. 

Laser communicator 
A new laser communicator, designed 

to be as easy to use as a pair of binocu- 
lars, was developed and demonstrated by 
the Santa Barbara Research Center, a 
subsidiary of Hughes Aircraft Company. 
The self- contained transceiver weighs 
three pounds, and uses a gallium arsenide 
laser with output in the infrared to provide 
point -to -point communications. The de- 
vice operates from a small rechargeable 
nickel cadmium battery mounted within 
the body of the receiver unit. 

To transmit the signal the operator 
pulses the laser diode at a reference pulse 
repetition rate which is then frequency 
modulated by the voice signal inputs. 
Each light pulse has a time duration of 100 
nanoseconds and reaches a peak power 
output of ten watts. Pulse transmission is 
started by talking into a built -in micro- 
phone. 

The receiving portion of the commu- 
nicator is optically aligned to receive the 
transmitted light pulses through a 2.5 -inch 
receiver aperture. The infrared energy re- 
ceived is then processed using special 
techniques to enhance the signal -to -noise 
ratio. The pulses are amplified and the re- 
petition rate demodulated to convert the 
received pulses into audio or data signals. 

OPTICAL BANDPASS 
F7UER AND LENS 

RFCCMER TRANSMITTER LENTICULAR BEAM 
SPPEADNG OPTI, 

Because of its wide -angle transmitter 
beam design, the communicator may be 
used under any conditions that allow the 

(continued on page 12) 
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new dimensions phase 

in electronics 

NOW AVAILABLE FOR IMMEDIATE DELIVERY 

the versatile PHASE solid state 

AUDIO SWEEP GENERATOR 
srtuiri;AIIUNJ et rtAiUlfíta 

Functions: sine, square, triangle, posi- 
tive and negative sawtooth 
with variable slope control 

Controls; range, frequency, functions 
attenuator, sweep speed (VCO 
frequency), VCO amplitude 

Frequency Range: 0.02 Hz. to 20 KHz. - 
all functions 

Dial Accuracy: better than 2 °/o linear 

Power: 115 vac, 50/60 Hz. 

Output Impedence: 50 OHMS 

Output Voltage: 0- 10 volts, peak -peak 

Sweep Speed: variable 1/25 sec. -10 sec. 

Sweep Width; continuously variable 
maximum; 20Hz. - 20KHz. 
minimum; zero! 

Waveform Distortion: less than 1 

(sine, square, triangle) 

Frequency Response: 20Hz - 20KHz ± 1 db 

Frequency Stability: 0.1% per (0 -50°C) 

Square Wave Rise Time: less than 80 ns. 

Triangle Linearity Error: less than 0.5% 

VCO Access: use the ASG -200 to trigger 
other equipment, or use 
other outputs to trigger 
the ASG -200! 

Added Features: smooth continuous sweep 
no external inputs needed, 
short -circuit proof ! 

Dimensions: 4 -3/4 in. high, 8 -1/4 in. wide, 
6 -1/2 in. deep 

Weight; 48 ounces 

Continuously sweeps 
the entire audio range 
ELECTRONICALLY ! ! 

Or use it as a 

function generator 

Used with your oscilloscope, you can measure 
the frequency response of amplifiers, etc., 
quickly and accurately. You will see the 
amplifier response curve instantaneously! 
Eliminates point by point graphing ! 

The incredibly low price of $108.09 
includes factory assembly 

and testing, a two year 
warrantee, and a ten day 
money -back guarantee 
if not satisfied for any 
reason! 

Also available as kit:$84.8& 

1 PHASE CORPORATION Dept.862 

1 315A Boston Ave., Medford, Mass. 02155 

1 

1 

i 

quen i tern desc price 
ASG-200 assembled 108.09 

ASO-200 lilt 84.85 

CIR KIT 1/16" 5 /1. 60 

CIR KIT it/3" 5 fI 

I1 1 Check Enclosed For f 

I1 1 Cnarye My MaM Chary. . 

CIR KIT 1118' 10011 

60, 

9.95 

CIR KIT 1/8" 100fí 9.95 

1 

, Charge My Bank Mqn -am 

CIR KIT 6'x12"sheet 
pkg of 5 sheets 

2.50 
9.95 

I 1 sh.o C O.D. 

Mass Raenls Add T Saes is. 
we pay shipping 

on all cash orders 
MIEN, MEN, aan .a- 1 WM? .NW /MIN, 

CIRCUIT 
BOARDS 
in 10 
Minutes 
with just a pair 
of scissors 

z 

Pressure Sensitive Copper Foil 
Tape and Sheet 

No Chemicals - No Mess 
. No Layout Restrictions 
. Full Instructions 
. Simple Circuit Changes 
. Flexible - Conforms to any surface shape 

Use for Crossovers - Either insulate with 
Teflon or Mylar or use other side of ooard. 

5 feet 1/16" or 1/8" wide $.60 
100 feet 1/16" or 1/8" wide $9.95 

Sheets 6" x 12" - $2.50 each 
or 5 for $9.95 

Order Now 

Cir ki 
A division of PHASE CORPORATION 

Circle 5 on reader service card 
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firsts 
make learning 
Electronics at home 
fast and fascinating 
give you priceless 
confidence. 

a. 
Some NRI lrStS in training equipment 

to give you Color Television 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. 

8 RADIO -ELECTRONICS FEBRUARY 1972 

Ii last to give you a unique, exciting digital 
computer with memory built especially for home train- 
ing. You learn organization, trouble shooting, opera- 
tion, programming as you build and use it. Performs 
the same functions as commercial computers. Lessons 
stress computer repair. You conduct a hundred ex- 
periments, build hundreds of circuits. A solid -state 
VTVM is included among ten training kits. 



NRI's "discovery" method is the result of over 
half a century of leadership simplifying 
and dramatizing training at home 
The FIRSTS described below are typical of NRI's half century of leadership in Electronics home 

training. When you enroll as an NRI student, you can be sure of gaining the in- demand technical 

knowledge and the priceless confidence of "hands -on" experience sought by employers in 

Communications, Television -Radio Servicing and Industrial and Military Electronics. Everything about 

NRI training is designed for your education ... from the much -copied, educator -acclaimed 

Achievement Kit sent the day you enroll, to "bite- size" well -illustrated, easy to read texts programmed 

with designed- for -learning training equipment. 

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK 

There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in 

spare time, have a business of your own or qualify quickly for career positions in business, industry, 

government. And if you enroll for any of five NRI courses in Communications, NRI prepares you 

for your FCC License exams. You must pass or NRI refunds your tuition in full. No school offers a 

more liberal money -back agreement. The full story about NRI leadership in Electronics training is in 

the new NRI Catalog. Mail postage -free card today. No salesman is going to call. 

NATIONAL RADIO INSTITUTE, Washington, D.C. 20016 

APPROVED UNDER NEW GI BILL If you have served since January 31, 1955, 

or are in service, check GI line on postage -free card. 

designed from chassis up for your education 

firstto give you true -to -life experiences as a 

communications technician. Every fascinating step 
you take in NRI Communications 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 troubleshooting become a matter of 
easily remembered logic. 

I ui'sE to give you completely specialized 
training kits engineered for business, industrial and 
military Electronics. Shown above is your own train- 
ing center in solid state motor control and analog 
computer servo- mechanisms. Telemetering circuits, 
solid -state multi- vibrators, and problem -solving 
digital computer circuits are also included in your 
course. 
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ill ew & t i e e l (continued from page 6) 

use of binoculars, its range being depen- 
dent on visibility and the degree of diver- 
gence desired. Possible applications in- 
clude ship -to -ship communications, riot 
control, tower -to -tower transmission in the 
forestry service, and various battlefield 
uses. 

Hugo Gernsback 
scholarship winner 

Career Academy has awarded its 
Second Annual Hugo Gernsback Scholar- 
ship for 1972 to Gordon E. Shepard of 
Ionia, Michigan. Gordon receives $125.00 
from Radio- Electronics as an outstanding 
student at one of eight home -study 
schools of electronics. 

When he completed high school Gor- 
don went to work as a welder at General 
Motors, but, after two years, enrolled with 
Career Academy's home -study program to 
pursue his major interest, electronics. Al- 
though he says he has acquired enough 
knowledge now to hold a better job, Gor- 
don is planning to study full -time to learn 
still more in his field. 

Two -way cable TV system 
A one -year pilot trial of a complete 

two -way cable television system at Cape 
Cod, with about 200 homes participating, 
has shown that the idea of an interlinked 
city is a practical possibility. Rediffusion 
International Ltd., a British firm, is offering 
the system to operators of telephone and 
TV cable systems in the United States. 

Called Dial -a- Program, the setup of- 
fers subscribers variety in information and 
entertainment, including access to facsim- 
ile reproduction of newspapers, to film 
and tape libraries and university- linked 
networks, and to programs for particular 
regions or ethnic groups within a commu- 
nity. Subscribers could communicate with 
their banks, with supermarkets and other 
businesses, and computers could "talk" 
to computers. 
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The system works somewhat like a 

conventional telephone network. Color or 
back -and -white standard TV sets can be 
connected to a local program exchange 
by two pairs of wires, one of TV bandwidth 
quality (5 to 10 mHz) and another slightly 
lower -grade pair which can be used for 
very high speed data, speech, control and 
other purposes. Signals can be carried on 

II (.0-0 
kaa.n Trunk 

the high -grade pair in both directions si- 
multaneously using different frequency 
channels. In this way programs may be 
originated at one subscriber's studio or 
home and relayed to others via the ex- 
change. 

An ordinary telephone -type dial that 
actuates a reed selector switch designed 

(continued on page 14) 

Radio-Electronics is published by Gerns- 
back Publications, Inc. 200 Park Ave. S. 
New York, N.Y. 10003 (212) 777 -6400 
President: M. Harvey Gernsback 
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ADVERTISING SALES 
EAST 
Stanley Levitan, Eastern Sales Mgr. 
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New York, N.Y. 10003 
(212) 777 -6400 

MIDWEST /Texas /Arkansas /Okla. 
The Ralph Bergen Co. 
6319 N. Central Ave. 
Chicago, Ill. 60646 
(312) 792 -3646 

PACIFIC COAST /Mountain States 
J.E. Publishers Representative Co., 
8560 Sunset Blvd., 
Suite 601, 
Los Angeles, Calif. 90069 
(213) 659 -3810 
420 Market St., 
San Francisco, Calif. 94111 
(415) 981 -4527 

SOUTHEAST 
E. Lucian Neff Associates 
25 Castle Harbor Isle, 
Fort Lauderdale, Florida 33308 
(305) 566 -5656 

SUBSCRIPTION SER- 
VICE: Send all sub- 
scription orders and 
correspondence to 
Radio -Electronics, 
Subscription Depart- 
ment, Boulder, Colo. 
80302 

MOVING? For change 
of address allow six 
weeks, furnishing 
both the old and new 
addresses and if pos- 
sible attaching label 
from a recent issue. 
Otherwise please 
print clearly your 
name and address ex- 
actly as it appears on 
your label. 

ATTACH 

LABEL 

HERE 

name (please print) 

address 

city state zip code 

Mail to: Radio- Electronics 
SUBSCRIPTION DEPT., BOULDER, COLO. 

80302 

12 RADIO -ELECTRONICS FEBRUARY 1972 



When you're in a hurry; it's nice to know GTE Sylvania has the parts. 

Only 34 tubes and ECG solid -state components will 

solve practically all of your high -voltage rectifier re- 

placement problems. 
And they're all available from your Sylvania dis- 

tributor. 
Because tubes are tubes, we can't promise to reduce 

the number you'll have to carry. But, with the Sylvania 
line, your distributor will have the tube you need when 
you need it. 

In semiconductors, the story is different. Just 124 
ECG solid -state devices including transistors, diodes 
and integrated circuits will replace over 41,000 differ- 

ent types. In the high -voltage section alone, only 8 

ECG rectifiers and triplers will take care of almost 
every job. 

And they save a lot of space in your tube caddy. 
When your distributor is stocked with Sylvania 

receiving tubes and ECG semiconductors you'll have 
the parts you need. And you'll get them fast. 

It's like having a complete warehouse built into 
your telephone. 

And that should help you make a fast getaway. ® SYLVANIA 
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for 36 channels is used to select pro- 
grams. An individual selector mechanism 
permits record -keeping of audience rated 
figures and subscriber money paid or due. 

Local exchanges, each covering 
about fifteen city blocks, would be linked 
by a coaxial cable network of circular 
trunk routes. Signals starting at any point 
in the system could be injected at any pro- 
gram exchange and circulated throughout 
the network or retained within a local loop. 

Rediffusion's system requires the in- 
stallation of a simple cable, known as 
"Qwist ", which carries both audio and 
video. In effect, it extends the technology 
of the telephone to the point where full 
band width for color transmission is car- 
ried on a wide bandwidth which is two - 
way and switched. 

Expected cost to the subscriber will 
lie in the range of $5 to $6 per month, to 
cover all the broadcast channels an oper- 
ator could pick up off the air. Other chan- 
nels could be rented to anyone interested 
in communicating visually with the public. 

A Raytheon plan view display is given a micro- 
scopic examination prior to acceptance tests 
by the U.S. Federal Aviation Administration. 
The high resolution screen displays aircraft in- 
formation and movements clearly in alpha- 
numeric characters and lines considered supe- 
rior to air traffic control displays currently in 
use. 

Alec Reeves dies 
The developer of pulse -code modu- 

lation, Alec Harley Reeves, died of cancer 
on October 14th. He was 69 years old. 
Best known for his revolutionary method 
of transmitting telephone conversations, 
other electronic messages or data, Dr. 
Reeves spent his entire professional ca- 
reer, until retirement, with International 
Telephone & Telegraph Corporation (ITT). 
He left no family. 

Dr. Reeves was born in England in 
1902, graduated from London University, 

111111111111ìi1' 

Laser resistor- trimming set -up at Motorola. Resistors on hybrid circuit substrates are trimmed to 
tight ohmic tolerance by a laser beam which cuts into the film resistors used. The TV monitor dis- 
plays hybrid circuit workpiece, while the computer /measurement system (on the right) monitors and 
controls the trimming operations. 

and was a member of the British Institution 
of Electrical Engineers. At ITT he worked 
on the first transatlantic radiotelephone 
system. Later he aided in implementing 
the first Spain -to -South America high -fre- 
quency radio link and the first microwave 
radio system across the English Channel. 
During World War II he developed the 
"Oboe" radio navigation system, for which 
he was made a Member of the Order of the 
British Empire in 1945. 

First case of healing fractures by 
electricity reported 

University of Pennsylvania surgeons 
have reported the first successful case of 
healing a bone fracture in a human by 
electricity. The research, begun nine 
years ago, has culminated with repair of 
an ankle fracture in a 51- year -old woman. 
Details on the technique were reported in 
New & Timely. July 1971, Radio-Elec- 
tronics. 

Peruvian government seizes TV 
The revolutionary military government 

of Peru has taken control of the TV and ra- 
dio industry. The reasons given by the 
Minister of Communications and Trans- 
port, Brig. Gen. Anibal Meza Cuadra were 
basically that the 19 TV and 222 radio sta- 
tions were in the hands of a few families 
and not designed to aid the cultural, social 
and economic development of the people; 
only 36% of the mass media shows are of 
Peruvian origin, the rest are mostly dub- 
bed programs from the US, Europe, Mex- 

ico and Argentina; commercials take up 
nearly 40% of broadcast time; and most 
stations are concentrated in a few large 
urban centers and do not service the ma- 
jority of people who live in rural areas. 

While most industry sources con- 
ceded that many of the military's com- 
plaints and aims were justified, they de- 
nied responsibility for the shortcomings, 
claiming that the way they ran their sta- 
tions reflected life in Peru, as well as in 
many other Latin American countries. 

ANTENNAS FOR A US ARMY ground surveil- 
lance radar (foreground) and a long -range sur- 
veillance radar used by the Marine Corps. Both 
are developed and produced by ITT. R -E 
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When you're in a hurry, it's nice to know GTE Sylvania has the parts. 

Only 15 tubes and ECG solid -state components 
will solve practically all of your damper replacement 
problems. 

And they're all available from your Sylvania dis- 
tributor. 

Because tubes are tubes, we can't promise to reduce 
the number you'll have to carry. But, with the Sylvania 
line, chances are your distributor will have the tube 
you need when you need it. 

In semiconductors, the story is different. Just 124 
ECG solid -state devices including transistors, diodes 
and integrated circuits will replace over 41,000 differ- 

ent types. In the damper section alone, only 3 ECG 
solid -state devices will take care of almost every job. 

And they save a lot of space in your tube caddy. 
When your distributor is stocked with Sylvania 

receiving tubes and ECG semiconductors you'll have 
the parts you need. And you'll get them fast. 

It's like having a complete warehouse built into 
your telephone. 

And that can save you from a real pain in the neck. ® SYLVAN IA 
FEBRUARY 1972 RADIO -ELECTRONICS 15 



HEAR 
MUFFS 

Telex headphones and headsets give you that comfortable feeling 
of assurance when you monitor broadcasts or communications. 
Signals come through loud and clear - intelligibly and reliably. 

Telex professional monaural or stereo headphones incorporate 
audiometric -type transducers that are impervious to temperature 
or humidity changes and provide you with absolute performance 
consistency day in, day out. These sensitive dynamic transducers 
produce high output levels with minimum consumption of trans- 
mission power. Available in single or dual muff configuration and 
with noise cancelling dynamic or carbon boom microphones. 

And you'll never miss a cue or program buss with a Telex 
Anouncers Earset® . Inconspicuous for `on camera' work, it has 
practically become standard in the industry. 

Or you can select a Teleset® , Twinset® or Earset® for light- 
weight, comfortable and inexpensive private monitoring. And for 
special applications in business or home, industry or institution, 
Telex makes a listening device to fit your requirements. Available 
at better sound dealers or write for free information. You'll hear 
more from Telex. PPOpUC,S OF SOUND PESEAP, 1y 

ores O$ V i S i O N 

9600 ALDRICH AVENUE SOUTH 
MINNEAPOLIS. MINNESOTA 55420 

CANADA DOUBLE DIAMOND ELECTRONICS. LTD ,Onter,o 
EXPORT ROYAL SOUND COMPANY, INC .409 North Me ,r, Street. Freeport, N Y 11520 U.S.A. 

Circle 6 on reader service card 
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letters 

TOO MUCH TUNING 
I would like to take exception to 

part of the article "Break Through Ra- 
dio Pollution" by Robert B. Cooper in 
your June 1971 issue of Radio -Elec- 
tronics. 

I'm sure that most of us would 
rather " tweek and re- tweek" once in a 
while in preference to adjusting four 
dials every time we tune in a new sta- 
tion on FM. Mr. Cooper's statement 
that modern FM sets use one rf stage 
shows poor contact with the FM broad- 
cast receiver field. Oak Products' FM 
tuner, which is used in several FM sets 
on the market, including the I-Ieathkit 
AR -15. has two rf stages, and FET's in 
the front end, and has been in produc- 
tion and general use for three years. 
There is no evidence of front end over- 
loading as a result of large adjacent sig- 
nals. 

The use of printed- circuit coils 
seems to be a panacea. since we're all 
going printed- circuit these days, but Mr. 
Cooper's claim that they are more 
stable than wire coils is just not true. 
The best of the printed -circuit mate- 
rial -epoxy glass -has a far higher tem- 
perature coefficient of expansion than 
wire, and therefore would be more un- 
stable. Further, the process of etching 
the PC leaves very sharp edges on the 
copper. This. along with the fact that 
the wire is laid the way it is. leads to 
very high losses at the edges. and his 
1/16 flat wire assumes the proportions 
of a No. 34 wire or less. This does not 
contribute to a very high Q in the tuned 
circuit. 

Also, we at Radio Aids have used a 
tube -type tuner, with much the same 
characteristics as Mr. Cooper claims for 
his FET tuner, for 22 years, although we 
use tubes rather than transistors. of 
course. Our requirements call for sensi- 
tivities in the order of 0.3 ;IV for 20 dB 
silencing at the front end. Our tuner op- 
erates with one dial. 
HOWARD S. KNAACK 
Radio Aids 
Lake Bluff. Ill. 

MR. COOPER REPLIES 
I find that you have not grasped the 

purpose of my article on the FM pre - 
amp, and I would like to present a 
number of facts about etched in- 
ductors. 

You mention our having a lack of 
contact with the FM broadcast receiver 



field. If you will carefully check my text 
material, you will find that my reference 
to a stage, such as rf stage, is a semantic 
term covering a particular function, and 
not the number of active devices found 
within that particular section of the re- 
ceiver. In other words, an rf stage is one 
in which radio frequency amplification 
takes place, regardless of whether this is 

done in one or a dozen active devices, 
such as a transistor. It is a fact, of 
course, that virtually all top -of -line FM 
tuners and /or receivers are today using 
FET's in the front end. This has been go- 
ing on for a number of years. What has 
escaped you is the manner in which 
these FET's are being used in receivers. 
I am intimately familiar with their op- 
eration. We use them in our lab for 
reference sources. I am afraid there is 

considerable evidence of front -end 
overloading as a result of large adjacent 
signals. If you have never experienced 
front -end overloading with modern 
tuners you simply have not been located 
close to one or more local FM trans- 
mitters. If you "sweep" the rf amplifier 
section (stages) of these receivers you 
will probably discover, as we did some 
years ago, that the 3 dB selectivity 
points, as measured through the rf 
amplification stage, are approxi- 
mately 3 MHz. In other words, signals 
+ or - 1.5 MHz from the frequency the 
receiver is tuned to are being amplified 
by the rf stage by not less than 3 dB, ref- 
erence to the station you think you are 
tuned to. 

Stability in inductors is really a 

moot question unless you have had the 
opportunity to work with etched in- 
ductors. Stability can be measured as a 

function of rapid temperature and /or 
humidity changes, or as function of ex- 

act repeatability from one device to the 
next. Within the normal temperature 
ranges that are experienced by most re- 
ceiving devices, the coefficient of ex- 
pansion of wire and glass epoxy board 
is in a negligible change region and it is 

unlikely that in either case there is suf- 
ficient change to warrant discussion. 

On the other hand, in the business 
of designing and building exact band - 
pass devices, such as filters or amplified 
filters, the ability to work with identical 
inductances from one stage to the next 
and from one device to the next is ex- 

ceedingly important. For example, all 

high -quality laboratory standards band - 
pass filter devices which use discrete in- 
ductors wind these inductances on pre - 
grooved forms. This is to eliminate the 
inherent human and mechanical errors 
which invariably creep into the produc- 
tion process of manufacturing what is 

supposed to be an identical series of in- 

ductors. Even this technique leaves a 

great deal to be desired. 
Our belief in the etched inductors 

is based on the assumption that when 
working from a suitable master, each 

board containing one or more etched 
inductances is identical to all boards be- 
fore. If the board master itself is correct, 
and can be resonated within the desired 
frequency range, the production person- 
nel, the alignment technician, and the 
ultimate user can be assured that each 
device manufactured using this concept 
will have performance parameters that 
are identical to its original production 
claims and measurement specifications. 

In short, the question really becomes 
one of exact repeatability from one de- 
vice to another. We believe this is where 
the etched inductor has a very definite 
place in the future of electronics. 
ROBERT B. COOPER, JR. 

CADCO 
Oklahoma City, Okla 

IS DOLBY NECESSARY? 
Much has been said in your maga- 

zine about the application of Dolby 
processing to FM broadcasting. The 
whole basis of Dolby (type B) is to 
boost treble during low -level passages; 
the response is then flattened during 
normal or maximum -level passages. A 

complementary device is supposed to be 
used to de- process the audio. However, 
should we assume that there will always 
be level changes sufficient to derive 
benefit from Dolby processing? 

In my opinion, the typical rock mu- 

sic FM station will not receive a benefit 
from Dolby sufficient to justify the ex- 
pense. I have actually watched modu- 
lation meters at a rock station. Level 
changes sufficient to activate the Dolby 
equipment may represent 1% or less of 
air -time and on some days they may 
never happen at all! 

Many radio stations in this country 
(rock and others) do not allow drops in 
audio level: they employ 20 dB or more 
of automatic volume -compression and 
an uncertain degree of manual com- 
pression (they "ride the gain "). Such 
stations pride themselves on being 
"tight" -which is broadcasting slang for 
allowing no lapses in audio whatsoever. 

Many recordings are already highly 
compressed these days -even many clas- 
sical recordings. While it is true that 
Dolby processing may extend the dyna- 
mic range of commercial recording, I 

believe that the final product will al- 
ways be subjected to compression. This 
is especially true of rock music. 

As a matter of fact, several rock 
stations on FM in this country are auto- 
mated and the equipment will automat- 
ically reject the very kind of audio 
which would benefit from Dolby pro- 
cessing. It's called "silence sense" and 
it's intended never to allow any silence 
on the air that might result from an 

(continued on page 22) 

For 

faster 
service 

USE 

ZIP 

CODE 

on 

all 

mail 

TRUE TRIGGERED SWEEP 

OSCILLOSCOPE /VECTORSCOPE 

MODEL 
TO -50 

DC to 10 mhz 

frequency response 

.02 volt sensitivity 

Calibrated vertical 

attenuator 

Calibrated time base 

Supplied with combi- 

nation Direct /Lo-Cap 
probe 

5 X magnifier 

Automatic triggering 
mode 

5" flat face tube 

edge-lit graticule 
One Year Warranty 33950 

Made in U.S.A. 

L See your distributor or write Dept. RE -2 

LECTROTECH, INC. 
4529 N. Kedzie Ave., Chicago, Illinois 60625 

Circle 7 on reader service card 
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"He's a good worker. 
I'd promote him 
right now if he had 
more education 
in electronics:" 

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

amount of hard work will open them. 
But you can build a rewarding career if you supple- 

ment your experience with specialized knowledge of 
one of the key areas of electronics. As a specialist, 
you will enjoy security, excellent pay, and the kind of 
future you want for yourself and your family. 

Going back to school isn't easy for a man with a 

18 RADIO -ELECTRONICS FEBRUARY 1972 

full -time job and family obligations. But CREI Home 
Study Programs make it possible for you to get the 
additional education you need without attending 
classes. You study at home, at your own pace, on 
your own schedule. You study with the assurance that 
what you learn can be applied to the job immediately. 

CREI Programs cover all important areas of elec- 
tronics including communications, radar and sonar, 
even cable TV engineering. You're sure to find a pro- 
gram that fits your career objectives. 



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

tronics and have a high school education. Our FREE 

book gives complete information. Mail postpaid card for 
your copy. If card is detached, use coupon at right 
or write: CREI, Dept. E1201C, Wisconsin 
Ave. &Tilden St., Washington, D.C.20016. 

Founded 1927 

CREI 
Accredited Member of the 
National Home Study Council 

CREI, A Division of the McGraw -Hill 
Continuing Education Company 
Dept. E1402C, Wisconsin Ave. & Tilden St., 
Washington, D.C. 20016 

Please send me FREE book describing CREI Programs. I 

am employed in electronics and have a high school education. 

NAME - - - AGE 

ADDRESS _ 

CITY_ STATE __ZIP CODE 

BY - - - 

TYPE OF PRESENT WORK D G.I. BILL 
I am interested in: (l Space Electronics 

[] Electronic Engineering Technology Computers 
Industrial Electronics Nuclear Engineering 

Technology [] Electronics Systems Engineering 
Non -technical course in computer programming 

(_] CATV Engineering 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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Need high temperatures in tiny places? 
The amazing Little Torch is so tiny 
it can throw a flame of 6300 °F. 
through the eye of a needle. It sol- 
ders, brazes, welds and heats with 
exacting precision in the smallest 
places; uses oxygen and acetylene, 

hydrogen, propane, natural gas or 
Mapp. It's available with five tips 
ranging in size from one large 
enough to weld 16 ga. steel to one 
small enough to weld .002" copper 
wire. For free brochure write to: 

Instrument 

aiok 

Dept. 2 -SS, 2600 Niagara Lane No., Minneapolis, Minnesota 55441 
Circle 8 on reader service card 

'DUAL RECEIVE CAPABILITY 

New Messenger 323 -M 
Hottest CB idea since 23- channel 
operation! DRC lets operator work 
one channel while automatically mon- 
itoring another. 2 monitor channels 
are switch selectable. Indicator light 
flashes when call is received on moni- 
tored channel. Mode switch selects 
indicator light only or automatic 
switching to monitor channel audio. 
Separate squelch circuits, too. 

You're going to hear 

=' more from... 

JOHNSON 

) 

Melted solder 
disappears up 
hollow tip 
into tube 

The ENDECO Desoldering Iron 
Removes Soldered Components 
in seconds...without damage! 
Endeco melts solder; removes last trace 
by vacuum. Leaves terminals and 
mounting holes clean. Resolders PC 
boards better than regular iron. One - 
hand operation. Temperature controlled 
for continuous use. Standard tip furn- 
ished, 5 other tip sizes. Pays for itself. 
$20.65 net. Smaller size available. See 
your distributor or write: 

ENTERPRISE 
DEVELOPMENT 
CORPORATION 

J® Waseca Minnesota 56093 5127 E. 65th Indianapolis. Ind. 46220 
Circle 9 on reader service card Circle 10 on reader service card 
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LETTERS 

(continued from page 17) 

expired tape or a defective machine. 
However, this gadget is a troublemaker 
sometimes because it may reject the oc- 
casional soft or slow passage in the mu- 
sic. So, as a matter of self -defense, the 
tapes for the automation are subjected 
to lots of automatic and manual com- 
pression, and even some clipping, dur- 
ing preparation. Then the station com- 
presses the tapes even more on 
playback. After all this, it goes to the 
Dolby. I think there will not be many 
level changes on which the Dolby can 
operate! 

Too many of us are guilty of think- 
ing of FM as it used to be: classical mu- 
sic with wide dynamic range was once 
FM's specialty. But is this still true to- 
day? 

I don't agree with those that say 
that FM benefits from Dolby even if the 
complementary receiver circuit is not 
used. If the de- processing is not used 
the response will not be flat at all times. 
Isn't a flat response one of the primary 
objectives of FM? FCC regulations 
specify more flatness on FM than on 
AM. 

If the FCC rules that Dolby can be 
used at all times. then they will require 
that all manufacturers build in the 
Dolby circuits in all new receivers. This 
will render obsolete thousands of FM 
receivers already in use. Nine out of ten 
receivers in use cannot easily be con- 
verted -only those with separate tuners 
and preamplifiers can be converted with 
ease. But that kind of set is in the mi- 
nority today. 

Is all the expense and bother really 
worthwhile? This change would be 
made for the sake of a minority of lis- 
teners with borderline reception. Let me 
point out that the FCC limits the range 
of a station by limiting the power which 
may be used. It is illogical to use a gad- 
get such as Dolby to extend the range, 
and it is an attempt to bypass the rea- 
sons for limiting power. 
CLYDE E. WADE, JR. 
Little Rock, Arkansas 

TIC -TAC -TRONIX 
Two problems seem to have crept 

into my "Tic- Tac -Tronix" article which 
appeared in the December 1971 issue of 
Radio Electronics. In Figure 3, diodes Dl 
through D7 should come directly from 
the base of the first Darlington Transistor. 
This connection appears correct in Figure 
9, Figure 10 and Figure 1 1. 

Integrated circuit IC5 is a 74107. It is 
correctly called out in the parts list and 
Figure I I, but is garbled in Figure 5. 

Hope these details make construc- 
tion a little easier for Radio -Electronics 
readers. 
DON LANCASTER R -E 



Put More "GO POWER" into Your Electronics Career 

ffl017 hIME) 
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 in ELECTRONICS ENGINEERING is designed to 

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

rantbam School of engineering 
M/ eMrteerN M 

gottn goe 
the begin of 

associate in Science in electronics engineering 
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Earn an Associate Degree 
in Electronics Engineering 

While you continue your present employment, 
you can really learn electronics engineering and 
earn an ACCREDITED DEGREE. 

GRANTHAM's strong- foundation corre- 
spondence program in electronics engineering 
leads to non -obsolescent skills - to skills based 
on reasoning - and leads to the DEGREE of 
Associate in Science in Electronics Engineering 
(the ASEE Degree). Completion of this program 
will prepare you for positions normally filled by 
college -graduate engineers, and for many other 
electronics careers open to men with the proper 
training. 

This accredited degree program for experi- 
enced technicians consists of four correspond- 
ence courses of 100 lessons each -an overall 
total of 400 lessons- followed by a two -week 
graduation seminar held at the School. Upon 
completion of the four correspondence courses, 
you are awarded a diploma in Electronics Engi- 
neering. Then, upon completion of the two -week 
graduation seminar, you are awarded the ASEE 
Degree. 

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

Where will you be five years from today? Are you 
headed for real advancement in electronics, or in 

a rut? The experience you have 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 mathematics, physics, 
computers, and engineering design. 

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 Cali- 
fornia to grant academic degrees. 

For complete details, mail postcard or coupon. r 
Grantham School of Engineering RE -2 -72 

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

Please send me your free Bulletin which explains how 
the Grantham educational program can prepare me for 
a degree in electronics. 

I am a beginner in electronics. 
LI I have a little experience with electronic equipment. 

Grantham School of Engineering 
., 

seb 
Established in 1951 

i Nxsc o 1505 N. Western Ave. 

z 
Hollywood, Calif. 90027 

Telephone: 
i 

HOME y,t,vO (213) 469 -7878 

I am an experienced electronics technician. 

Name 

Address 

City State Zip t 

1 
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To Troubleshoot 

FAST & EASY 
use: Serviset 

Model EC 
PATENTED 

Intro -Price 

52995 FREE 
Postpaid INFORMATION 

A precision engineered professional quality 
electronic test instrument. Ideal for field or 
bench servicing of all types of Communica- 
tions gear. 
CHECKS: sync, sweep, video, audio circuits, 
high voltage supplies (DC, RF or Pulse), low 
voltage supplies, coils, capacitors, resistors, 
tubes, transistors, diodes, transformers, 
speakers, etc. Will locate trouble to a partic- 
ular stage, determine defective component 
and can actually be clamped in circuit to re- 
atore circuit operation temporarily in 80% 
of component or tube defects. Ideal for !orat- 
ing and confirming intermittents. 

SPECIFICATIONS: 

RF S AF Signal Tracer, RF & AF Signal Infec- 
tor, AC & DC Voltage Indicator 0/60/550/ 
20,000 DC Polarity Indicator 60/550/20,000 
volts, Lo ohms 0 -5. Hi ohms 0- 500k -20 meg- 
ohms. Tests Condensers, .00025 -12 mfd., Tests 
Resistors 2 ohms -20 megohms, 2 Capacitance 
Sub ranges 01 -.1 & 4 -40 mfd., 3 Resistance 
Sub ranges 50-500 ohms, 5k -25k, 100k -1 msg. 

NEW CT -1 
From 

Will allow you 
to Dynamically test all 
types of capacitors. 

The Model CT -1 features a built -in electronic 
power supply providing BOTH AC and DC 
Test Voltages in a special circuit with high- 
ly sensitive NEON type leakage indicator. 
The CT -1 permits quick, accurate testing of 
condensers for leakage or shorts with actual 
DC voltage applied and readily indicates in- 
termittent OPEN condensers with AC ap- 
plied. Self- regulating power supply circuit 
provides tapered forming current to suit par- 
ticular requirements of capacitor under test. 
Special circuit re -forms and polarizes elec- 
trolytic and tantalytic capacitors under test. 
High sensitivity permits determination of 
condenser dielectric breakdown before leak- 
age causes major shut -down. 

Only $16.95 postpaid 
Capacitor Range: .00025 - 1000 mfd. 
Sensitivity: Over 200 M E G O H M S 

30 DAY MONEY -BACK GUARANTEE 

LEE ELECTRONIC LABS.. CO. 
88 Evans Street 
Watertown. Massachusetts 02172 
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appliance clinic 

YOU'RE GOING TO RUN INTO SEVERAL 
kinds of appliances which are turned on 
or off automatically by the presence or 
absence of light. Not too far back. this 
would have meant a vacuum -tube 
photocell. an amplifier, dc power sup- 
ply. relay. and a pretty bulky "package" 
of electronics. They're getting a lot 
smaller. There is a solid -state device 
that can be turned on or off by light. 
and guess what? It's our old friend the 
SCR in a new version: two SCR's back - 
to -back in a single package with a hole 
in the top, and actuated by light. This is 
the LASCR. 

These are just like phototransistors. 
Actually, all transistor junctions are 
photo- sensitive -light falling on 'em 
makes 'em turn on. All they have to do 
to make a phototransistor is leave a hole 
in the top of the case so light can hit the 
junctions. The LASCR can be turned on 
by light falling on it. In other words. 
with light. conduction; no light. no con- 
duction. See any good SCR Handbook 
for full details. 

64 

w 

C2 
.05 

120V 
60 

C 

LOAD SOCKET 

R2 
156 

RI 
200K 
SENSITIVITY 

RCA 
40485 
TR1AC 

6V 

R3 
I 2K 

ALLORY 
-3 STD 6 

TRIGGER 
DIODE 

RCA 

4403 
PHOTOCELL 

There are applications where we 
need full -wave conduction. So. we have 
to use a "double SCR" or " Triac" since 
the basic SCR cuts off half of the ap- 
plied ac. like any diode. Also. in a lot of 
cases. we need an "opposite reaction ": 
turn on when there is no light. turn off 
when there is. So we add a few little 
gubbins to the circuit, like the one 
shown in the diagram. from RCA's 
"Solid -State Controls" book. and there 
we are. 

What Are They Used For? 
There are lots of applications for 

this kind of thing; automatic yardlights 
Circle 12 on reader service card 
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that turn on at sunset; automatic night 
lights. room lights. garage door openers. 
and so on and on. Three resistors. two 
capacitors. and three solid -state devices 
and there you are. The RCA 40485 is a 
6 -amp Triac. so it will handle up to 700 
watts or so. There are higher -rated types 
if needed. 

How Does It Work? 
When there is no light falling on 

the 4403 photocell. its resistance is high. 
So the ac voltage coming through SENSI- 
TIVITY control RI and resistor R2 can 
charge .05 -µF capacitor CI to a high 
voltage. twice during each full cycle. 
This builds up enough voltage to fire 
the trigger- diode. which in turn fires the 
Triac and discharges the capacitor. This 
is the on condition; whatever load is 
plugged into the load socket will be 
energized. 

In a yard -light. this would be 
"night "; no ambient light. so the light 
turns on. When day breaks. the light in- 
creases (unless the smog is too thick). 
The increased light falling on the 
photocell makes its resistance go away 
down. Since the photoelectric cell is ac- 
tually shunted across Cl. it prevents the 
voltage on the capacitor from rising to a 
level high enough to fire the trigger - 
diode. So the Triac won't fire either. 
and the light goes off. 

This circuit. as -is. would be all 
you'd need for an automatic yard -light. 
etc. It could also be used for things such 
as counting packages on a conveyor 
belt. counting people going through a 
gate to a sporting event. etc. 

With an external relay plugged into 
the load socket. it could be used to start 
or stop a motor. A relay can open a cir- 
cuit or close it. depending on which pair 
of contacts (on a spdt) you use. when its 
coil is energized. 

So this could be "reversed "; made 
to turn lights on when light hits the 
photoelectric cell. (F'rinstance. auto- 
matic garage lights which turn on when 
the car's headlights hit the cell) or even 
a garage -door opener which works 
when the headlights shine on it. etc. 

If anything goes wrong with one of 
these. servicing is simple. Any of these 
things can be checked out with an 
ohmmeter and an ac voltmeter. Just like 
checking transistors. Look for a short or 

(continued on page 69) 



The electronic snooper will resort to anything to listen to 

your conversations. See how to plug his electronic ears 

outwit electronic snoopers 

"BUGGING" OR ELECTRONIC EAVES - 
dropping, which was something strictly 
from science fiction, is a big business in 
the United States today. You don't hear 
much about it. because legitimate man- 
ufacturers of such devices promote their 
products primarily to law- enforcement 
agencies, and makers of illicit bugs pre- 
fer to attract as little attention as pos- 
sible to their operations. 

FCC regulations prohibit the sale 
or use of unauthorized eavesdropping 
devices, but the fact is that a reasonably 
effective bug is relatively easy to build. 
They usually can be readily concealed. 
and since their signals can only be 
picked up over a distance of a few hun- 
dred feet at the most, it is almost impos- 
sible to enforce the regulations. 

Bugs have been used by private de- 
tectives to gather information for their 
clients, by employers to eavesdrop on 
their employees, by businessmen to gain 
access to their competitors secrets, and 
by jealous husbands to check on their 
wives. In fact, bugs are so easily built or 
purchased that it is safe to assume that 
anyone's conversation may be bugged if 
a person feels it is worth the risk. 

This widespread use of eavesdrop- 
ping devices has led to the development 
of a new profession -that of the elec- 
tronic "debugging" expert. Many secur- 
ity consultants spend full time locating 
bugs and providing secure areas for pri- 
vate business discussions. Furthermore, 
many electronics technicians are being 
called in by companies to assure that 
their secrets are not leaking out to com- 
petitors by way of bugs which have 
been secreted on their premises. 

There are four types of electronic 
eavesdropping devices that are in com- 
mon use today: 

1. High -gain directional micro- 
phones. 

2. Hidden microphone wired 
directly to a listening or recording de- 
vice. 

3. Miniature radio transmitters. 
4. Bugs used in connection with 

telephones. 
The first type, the high -gain di- 

rectional microphone, is the easiest to 
defend against. It is simply a micro- 
phone equipped with a parabolic reflec- 
tor to make it highly directional. De- 
vices of this sort are large and hard to 

by JOHN E. CUNNINGHAM 

conceal. Usually. they cannot pick up 
conversations at distances of more than 
about 150 feet. The defense is simply to 
hold conversations in areas with reason- 
ably soundproof walls and closed win- 
dows. It also helps to have a distracting 
source of sound, such as a transistor ra- 
dio in the room. 

The second type is a microphone 
that is hidden in a room and connected 
by wires to a remote point where the 
eavesdropper listens with an amplifier 
and headphones, or has planted a tape 
recorder. This type is usually difficult to 
track down because it doesn't radiate. 

By far the most common type of 
bug is the miniature radio transmitter 
such as the one shown in Fig. 1. This 
device is actually a battery- operated 
transmitter. The eavesdropper merely 
plants it and then picks up its signal 
from some convenient place where he is 
not apt to be noticed. 

The fourth, and probably most so- 
phisticated type of bug is the telephone 
bug. Many different types of telephone 
bugs are in use. They range from simple 
wiretaps to radio transmitters hidden in 
the telephone. The latter are often ar- 
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FIG. 1- INEXPENSIVE WIRELESS BUG trans- 
mits on an unused portion of the standard FM 
broadcast band. 

TO CONNECT PHONE 
TO LINE 

TO BELL 

LINE TO PHONE 

RELAY 

FIG. 2- TELEPHONE BUG CIRCUIT. Caller at 
listening point turns on phone's mike by dial- 
ling number then sending special tone. 

ranged to draw power from the tele- 
phone line and use the telephone trans- 
mitter as a microphone. 

A very sophisticated telephone 
bug, shown in Fig. 2, effectively "an- 
swers" the phone before it rings. In this 
circuit, a tone -operated relay is con- 
nected so when a tone of the proper fre- 
quency is transmitted on the line, a re- 
lay is actuated to disconnect the bell, 
and connect the transmitter to the line. 
Once this kind of bug is installed in the 
victim's phone, the eavesdropper can 
dial the number from any other phone 
in the United States. There is a short pe- 
riod of time between the instant that the 
connection is made and when the bell 
starts to ring. During this interval. the 
eavesdropper transmits a tone over the 
line with a small portable oscillator. 
The tone prevents the bell from ringing, 
and connects the victims telephone to 
the line. The eavesdropper can then lis- 
ten to all of the conversation in the 
room from as great a distance as he 
wishes. The only way that the victim 
might become aware of the bug is when 
he fails to get a dial tone when placing a 
call. Even this usually isn't noticed. be- 
cause when the eavesdropper hears 
someone attempting to use the phone 
he can quickly hang up. 

This type of bug is complicated and 
expensive, but it has the advantage that 
once the bug is planted, the eavesdrop- 
per can listen in almost complete safety, 
to everything that is taking place. 
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Debugging techniques 
When an electronics technician is 

called in to locate a bug, or to provide 
an electronically secure area for private 
conversations. he must use every bit of 
ingenuity at his command. The state -of- 
the -art at the present time seems to be 
on the side of the eavesdropper. 

The first step in debugging a room is 
to conduct a painstaking and thorough 
physical search of the premises. This is 
time consuming, but is usually well 
worthwhile. Many experts charge fees 
of up to $1,000 to assure that a confer- 
ence room is secure. 

When conducting a search. pay 
particular attention to anything that is 
new, or temporarily present in the 
room. A favorite way of temporarily 
planting a bug is to conceal it in an item 
of personal property that can be left as 
though by accident. Thus a competitors 
representative may leave a briefcase. 
raincoat, or umbrella containing a bug 
during a visit to a facility. Many mod- 
ern bugs are inexpensive and are con- 
sidered expendable. Sometimes bugs 
are concealed in gifts such as pictures. 

An important factor in debugging 
an area is the fact that a professional 
agent rarely plants only one bug. He 
plants at least two and sometimes more. 
So if the technician locates a single bug, 
he should not consider his job done. 
The bug that he found may have been 
deliberately planted in a place where it 
would be easily found to lull the victim 
into a false sense of security. while an- 
other bug is transmitting all of his con- 
versations. 

A small metal locator of the type 
used to locate buried objects is a valu- 
able aid in locating wired microphones 
that do not radiate. 

When a conference room is first 
built, or at a time that it is known to be 
secure, make a "map" with the aid of a 
metal locator showing the location and 
size of metallic objects. If during a sub- 
sequent search with a metal locator, 

FIG. 3- SPRAGUE INTERFERENCE LOCA- 
TOR -vital as a debugging tool -was designed 
specifically to track down rf signal sources. 

1972 

FIG. 4 -THE HOUND DOG covers from below 
27 to above 108 MHz and responds to both 
strong signals and weak signals nearby. 

new metal objects are detected in the 
walls, ceiling. floor. or furniture. further 
investigation is warranted. If no new 
metal objects are located. carefully in- 
spect existing ones such as lamps, vases, 
and electrical outlets. 

Rf field- strength measurements 
Most miniature -transmitter type 

bugs can be located with rf field - 
strength measurements. A typical inter- 
ference locator that has been very effec- 
tive in locating clandestine transmitters 
is shown in Fig. 3. The search is often 
simplified by first carefully examining 
all signals on frequencies that the eaves- 
dropper is apt to use. The professional 
will never use a frequency where his 
bug is likely to be picked up by other 
users of the spectrum. One bug was lo- 
cated because it was interfering with air 
traffic communications. Frequencies are 
usually selected where sensitive receiv- 
ers are readily available commercially. 
This factor, together with the fact that 
short antennas are efficient, has led to a 
tremendous number of bugs operating 
in and just outside of the standard FM 
band of 88 to 108 MHz. Commonly 
used eavesdropping frequencies are 
listed in table I. 

Amateur eavesdroppers are apt not 
to be as aware as the professional of the 
risk of using certain frequencies. They 
use almost any frequency where they 
can build small efficient transmitters. 
This means almost any frequency up to 
about 200 MHz might be used. The 
search isn't complete until the entire 
spectrum has been checked. 

Make debugging field- strength 
measurements by carefully identifying 
each signal that is picked up in the sus- 
pected area. Many bugs use voice -oper- 
ated relays that turn the bug on only 
when a conversation is taking place. For 
this reason, the searcher should talk 
continuously while making the mea- 
surements. Otherwise. the bug might 
not be radiating while a measurement is 
made. While making measurements, if 
the investigator hears his own voice 
over the field- strength meter, it is a sure 
sign that a bug is operating in the vicin- 
ity. 

Another popular debugging meter, 



FIG. 5 -THE LINE SWEEP detects tones sent 
over phone line to activate bug. Can be used to 
detect bugging on local or distant phones. 

called the "hound dog" is shown in Fig. 
4. This unit is not tuned, but has a 

broad response to signals from below 
the Citizens band to above the FM 
band. Since the majority of bugs oper- 
ate in or near the standard FM broad- 
cast band, the meter is made most sensi- 
tive over this part of the spectrum. 

The meter is used to probe the 
walls, floors, and ceiling of the sus- 
pected area, as well as all objects in the 
area. Its sensitivity is adjusted to pro- 
vide a minimum reading on signals 
from local FM and TV stations. When it 
is brought in close proximity to a bug, 
the meter indication will rise sharply. 
This simple meter in the hands of an ex- 
pert will detect almost any bug of the 
radio transmitter type. 

In areas where there are many 
strong signals, it is often advisable to 
make the search after 2 AM when most 
stations are off the air. 

Telephone debugging 
Because of the possibility of wire- 

tapping, a telephone should never be 

considered completely secure. The 
phone itself, however, can be debugged. 
Begin with a thorough search inside the 
phone for foreign objects. Then make 
field- strength measurements to detect 
any transmitter that wasn't discovered 

by the physical search. 
Tone -operated telephone bugs can 

be detected with an instrument called 
the "Line Sweep ", shown in Fig. 5. This 
device is connected to the telephone 
line and, as its name implies, generates 
a tone which is swept through the audio 
spectrum while a meter monitors the 
line voltage. The voltage on the phone 
line is normally approximately 50 volts. 
If while the line is being swept, the po- 
larity of the voltage reverses, it means 
there is an incoming call. 

If while the instrument is sweeping 
the spectrum, there a significant dip in 
the line voltage, there is probably a 

tone -operated bug on the line. More of- 
ten than not it will be in the phone it- 
self, but it could be anywhere along the 
line. Once you know there is a bug, it is 

simply a matter of dilligent searching to 
find it. 

The Line Sweep can also be used 
to check any local or distant phone for 
the presence of a tone -operated bug. 

gatalaserasi 

TINY WIDEBAND MIKE measures 0.375 a 0.375 
x 0.200 inches. Its output must be amplified for 
taping or transmission. 

Simply advise the party on the other 
end not to answer his phone and then 
dial his number. Immediately after the 
number is dialed, turn on the sweep. 
After a few seconds of sweeping the 
line, the ringing sound will stop if a bug 
is connected to the line. 

Automobiles aren't always safe 
It is quite easy to bug an automo- 

bile. There are plenty of places to hide 
the bug, and the battery will supply 
plenty of power to operate a bug that 
will have a considerable range. The an- 
tenna can be passed through a small 
hole in the body, or in some instances 
the auto radio antenna has been used. 

The proper way to search for a bug 
in an automobile requires two people - 
one inside talking continuously to trig- 
ger any voice- operated device and the 
other outside making field strength 
measurements. 

TABLE 1 

Frequencies commonly used 
for bugging 

60 - 88 megahertz 
88 - 108 megahertz 
108 - 110 megahertz 
27 - 28.4 megahertz 

TABLE 2 
Manufacturers of 

Debugging Equipment 

Sprague Electric Company, North 
Adams, Mass -Model 600 

R. B. Clifton, 11500 -W N.W. 7th 
Ave., Miami, Fla. -Hound Dog 
and Line Sweep 

BUGGING TRANSMITTER, concealed in Illp- 
top cigarette pack, has a built -In antenna giving 
It a range of up to two city blocks. 

TIE -CLIP MICROPHONE feeds a miniature 
recorder or into a concealed transmitter to send 
signal to distant listener or recorder. 

Countermeasures 
Perhaps the biggest question is not 

locating the bug, but taking the proper 
action to restore security. The elec- 
tronics technician has completed his job 
when he has either located every bug in 
an area, or assured himself that there 
are none. If a bug is discovered, it is up 
to the proper security authorities to de- 
cide what action to take. One common 
approach, once a bug is located, is to 
leave it undisturbed, hoping to mislead 
the eavesdropper with false informa- 
tion. The technician should always 
check with his client before taking any 
action. 

The names and addresses of manu- 
facturers of debugging equipment are 
given in Table 2, and further informa- 
tion may be found in the following 
books: 

Security Electronics By J. E. Cun- 
ningham, Howard W. Sams 

Business Intelligence and Espionage 
By Richard M. Greene, Dow -Jones Ir- 
win, Inc. Homewood, Ill. R -E 
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Grea careers 

Join the high -paid electronics technicians 
who got their start through NTS Home Training. 

Your home can become your 
own private classroom- workshop. 
NTS sends you everything you 
need to learn valuable technical 
skills in electronics. You get easy - 
to -grasp lessons, comprehensive 
kit manuals, large fold -out charts, 
and more. Plus the finest profes- 
sional equipment available today. 
It's all included in your tuition, 
yours to keep. 

Your equipment is sent to you 
in kit form, matched to lesson ma- 
terial. With the NTS Project Meth- 
od, you start with simple projects, 
then move from basics to more 
complex concepts. You discover 
how electronic principles work by 
performing practical, fascinating 
experiments. Learn at your own 
pace. 

You quickly become expert in 
the actual equipment and meth- 

ods you'll use on the job. And 
soon you're ready to cash in on 
the tremendous opportunities in 
the expanding, exciting world of 
electronics! 

If your field is television, you 
might decide to join a first -class 
TV repair center. Or start a shop 
of your own. Or specialize in in- 
dustrial applications of television. 
Once you master an area of elec- 
tronics, the direction you take is 
really up to you. And you'll be 
able to use the test instruments 
you built yourself! 

It all begins at home, with NTS 
Project Method Training. Find out 
how fast and easy it is to learn 
skills that pay off. Check card or 
coupon today for your free full - 
color NTS Catalog and complete 
details. No obligation. No sales- 
man will call. 
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NTS COLOR AND B &W TV 
SERVICING 
Build the largest, most advanced 
color TV made! Over -all solid -state 
design, 315 sq. in. ultra -rectangular 
screen, matrix picture tube, built -in 
self- servicing features, "Instant On," 
A.F.T., solid -state VHF tuner, and 
much more! Also build and keep AM- 
SW Radio, Solid -State Radio, FET 
Volt- Ohmmeter, and Electronic Tube 
Tester. Learn trouble -shooting, hi -fi, 
stereo, multiplex systems, radio, 
color and B &W TV servicing. 

Solid -state 
B &W TV 
74 sq. in. 
picture 
(cabinet 
included) 

Learn sophisticated solid -state cir- 
cuitry as you build this B &W TV re- 
ceiver. Course covers the full range 
of home entertainment electronics. 



be in at home. 

New solid -state 
315 sq. in. color TV 

NTS COMPUTER 
ELECTRONICS 
Build and operate the exclusive NTS 
Compu- Trainer! Loaded with inte- 
grated circuits, it teaches you the 
how, what, and why of computers 
faster, more thoroughly. You per- 
form all wiring and patch- cording. 
No short -cuts. No pre -wired circuit 
boards. Also receive an FET Volt - 
Ohmmeter and a 5" wide -band 
Oscilloscope. 

NTS ELECTRONIC 
COMMUNICATIONS 
Gain the prestige and earning power 
of owning an FCC First Class Radio 
Telephone License! Two exciting 
courses in the fields of transmitting 
and receiving. Experiment with an 
amateur phone 6 -meter VHF trans- 
ceiver, NTS' exclusive 6- transistor 
solid -state radio, and a fully transis- 
torized volt- ohmmeter. 

5 -watt AM 
transmitter/ 
receiver. 

s 

The exclusive 
NTS Compu- Trainer 

NTS AUTOMATION/ 
INDUSTRIAL 
ELECTRONICS 
Systems automation is the future of 
industry - and you can play an im- 
portant role! Enter the age of eec- 
tronic controls by training on the 
NTS Electro -Lab -a 
complete workshop. 
Also receive a 5" 
wide -band profes- 
sionally rated Oscil- 
loscope. Build five 
industrial controls to 
regulate motor 
speed, temperatures, 
pressure, liquid level 
and much more. 

5" Oscilloscope 

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

APPROVED FOR VETERANS 
Accredited Member: National Associa- 
tion of Trade and Technical Schools: 
National Home Study Council. 

NATIONAL TECHNICAL SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

4000 S. Figueroa St., Los Angeles, CA 90037 

r 

L 

Please rush Free Color 
Catalog and Sample 
Lesson, plus infor- 
mation on course 

NTS GUIDE 

ELECTRONICS 

lifer Dr3 

checked below. No 
L obligation. No sales- j man will call. 

National Technical Schools 
4000 S. Figueroa St., Los Angeles, CA 90037 

Master Course in Color TV Servicing 
Color TV Servicing (For Advanced 
Technicians) 

ï Master Course in B&W TV & Radio 
Servicing 

Li Master Course in Electronic 
Communications 
Practical Radio Servicing 

IQ FCC License Course 
[- Master Course in Electronics 

Technology 
Automation S Industrial Electronics 
Computer Electronics 
Basic Electronics 
Stereo, HiFI 8 Sound Systems 
High School at Home Dept. 206 -012 

Name Age 

Address 

City State Zip 

Check if interested in Veteran Training 
under new G.I. bill. 

L7 Check if interested ONLY in Classroom 
Training at Los Angeles. 
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Stop 
Expensive 
Tune -Ups! 
With This Easy -to- Build, 

Universal Auto Analyzer Kit 

Almost Pays for 
Itself the First 

Time You Use It! 
For ANY Car! 

I 

Step -by -Step 
Assembly 
Instructions - 
Fun to Build! 

Cut car costs -be your own "mechanic" 
with our low -cost electronic troubleshooter. 
Check out electrical and ignition systems, 
set idle speed and timing, test plugs and 
points, more. Built -in tachometer, dwell 
meter, ammeter, ohmmeter, voltmeter, 
leakage tester -read all tests on the big 
71/2" meter. Solid -state circuitry, battery 
powered for use anywhere. With illustrated 
assembly instructions, operating manual, 
48 -page "Tune-Up Guide° 4 "C" cells- 
everything' 1000's in use. At / 995 
Radio Shack and Allied Radio ( 
stores everywhere or postpaid. 

Over 1300 Stores Nationwide 
.. See Your Phone Book 

r-- Dept. 
AND RE-15 

ALLIED RAD10 STORES 

2725 W. 7th Street, Fort Worth. Texas 76107 
Rush me Auto Analyzer(s) at 49.95 ea 

postpaid plus applicable sales taxes. Check or 

money order for S enclosed. 

Please PRINT Clearly 

Name Apt # 

Street 

City 
L_ 

State Zip ll 

Circle 13 on reader service card 
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equipment 
report 

Ten -Tec RX -10 

Communications Receiver 

Circle 56 on reader service card 

I'VE BEEN INTERESTED IN THE SYN- 
chrodyne, homodyne and other types of 
direct -conversion receivers for quite a 
few years. So, when I saw ads on the 
Ten -Tec model RX- I0 communications 
receiver. I knew this was one set that I 

wanted to try. What's the appeal of this 
receiver? To some, its low cost (around 
$60.00), weight (about 2 pounds) and its 
drain of only 35 mA from a 12 -volt bat- 
tery may be its major attractions. How- 
ever, I was immediately intrigued be- 
cause the RX -10 is advertised as using a 
synchrodyne circuit. 

When the receiver arrived, I 

R3 
IOK 

RI 
470K R4 

101 

22pF 

couldn't wait to try it. It does not have 
an audio power amplifier, its output is 
designed for headphones with an im- 
pedance greater than 1000 ohms. I knew 
that I had lots of headsets around and 
did not anticipate any problem. Well, 
somewhere along the line, I'd given my 
2000 -ohm headsets to kids for use with 
code oscillators and simple home -built 
receivers etc. and the only phones I had 
worked at voice -coil impedances. Local 
radio parts stores did not have high -im- 
pedance phones in stock or only had 
high- quality types costing more than I 

cared to spend. 
Then. a mind -blocking near -panic 

set in and for nearly a week I wondered 
how I could test the RX -10. After my 
11- year -old son asked why I couldn't 
play it through his record player. the fog 
cleared and my mind was literally 
flooded with alternatives to the head- 
phone dilemma. My solution was to use 
a small audio output transformer to 
match the receiver to 8 -ohm phones. 

The RX -10 tunes the 3.5 -4.0, 
7.0 -7.3, 14.0 -14.6 and 21.0 -21.9 -MHz 
ham bands. I tied on a long -wire an- 
tenna and fired 'er up. All I could hear 
was high -speed code and radioteletype 

(continued on page 84) 
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You can now buy Liquid crystal displays off the shelf as well as 

get the chemicals and parts for them separately. These devices 

have micropower supply requirements, extreme thinness, high 

brightness, and a bunch of other advantages. Here's how they 

work, what's available, how they stack up to led's, what you can 

do with them, and where to get materials for your own displays. 

au 
o co p 

k!r 

by DON LANCASTER 

A LIQUID CRYSTAL IS A CHEMICAL THAT FLOWS LIKE A LIQUID, 
yet retains an orderly molecular structure within that 
Pow. Many chemicals behave this way Dyer a limited 
temperature range. Some of these also have unique 
electrical or thermal properties that make them attractive 
for a wide variety of electronic uses. For nstance, cho- 
lesteric liquid crystals have a very interesting property - 
they change color wildly for a very small . emperature 
change. These have been available for several years and 
are used widely for thermal and heat studies microwave 
power field analysis, medical diagnosis. and even in 
dime -store novelties. 

A more recent development is the neratic liquid 
crystal, whose properties were first descr bed exten- 
sively by RCA engineers in 1968. Nematic .crystals are 
clear, but whenever you apply an electric field, they turn 
milky or cloudy. Chemically, the process is called dyna- 
mic scattering and the cloudiness or milkiness is 
caused by the external field interacting wi-h he ordered 
liquid structure. 

H 1 

An obvious use for something that turns whit 
whenever you apply voltage is an electronic display. T 

make things more interesting, liquid crystals are als 
poor conductors, which means they draw practically n 

current when they're in the milky state and zero curren 
when clear. This makes liquid crystals particularly at 
tractive for watches, clocks, miniature computers, an 
pocket calculators. We can also use them as Nixie tub 
replacements on electronic instruments, particularly o 
battery -powered versions. Liquid crystals offer quite 
bit as a possible route to flat- screen TV displays. Th 
computer people are also interested, because certai 
combinations of nematic and cholesteric liquid crystal 
can also exhibit storage and memory, important feature 
in a terminal or computer output display where the infor 
mation need only be provided once by the computer in 
stead of having to be refreshed 60 times a second as i 

ordinary TV. 
Liquid crystal displays do not generate light. The 

either reflect it or transmit it, depending on how you us 

OPTEL MODEL 1003 liquid crystal displays are in photo abov 



them. This means that there is no con- 
trast problem with high ambient light 
levels -the brighter the room lights, the 
brighter the display. Normally the liq- 
uid crystal material is only a mil or two 
thick, making for an extremely thin dis- 
play. It can be made into a display of 
any size, and we could even imagine 
room partitions or windows using liquid 
crystals for controllable privacy or light 
transmission. And, you can make liquid 
crystals into any color display you 
want -white for maximum contrast, red 
to alert or warn, yellow or green for 
easy reading, blue for attractive appear- 
ance. 

Right now, you can't go out and 
buy liquid crystal displays for 50¢ a di- 
git, but the potential is certainly there. 
Several manufacturers now offer com- 
posite displays and individual digits. 
These are still rather expensive in small 
quantities, although their quantity 
(1000 - 10,000) prices are competitive 
with Nixie and Light Emitting Diode 
(LED) displays, particularly if large di- 
gits or alphanumerics are needed. 

Materials 
One of the first nematic materials 

studied by RCA is an organic jaw- 
breaker going by the name of Ani- 
sylidene- Para -Aminophenylacetate. A 
half -mil (0.0005 -inch) thick layer of this 
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chemical you'll be able to mix up in 
your kitchen sink, the stuff is readily 
available and ranges in price from $4 
per gram in 5 -gram lots to under $1 per 
gram in kilogram lots. Depending on 
the character size, a gram is enough for 
a hundred or so characters or digits. 
Thus the price per digit is around 4C 
each. Other nematics are similarly 
priced, ranging up to $15 per gram in 
small lots. 

Fig. 1 shows four popular liquid 
crystal configurations. In Fig. l -a, we 
have a simple transmissive display. Here 
the liquid crystal is sandwiched between 
two layers of conductive glass or any 
suitable transparent, rigid material with 
a conductive path on its inside surfaces. 
With a modern liquid crystal com- 
pound, 12 to 15 volts is needed to block 
light transmission through the display, 
while 0 volts allows light to pass 
through freely. Thus, this type of dis- 
play is directly compatible with MOS or 
COSMOS integrated circuits, but will 
not give acceptable contrast when 
driven with 5 -volt TFL (at least not with 
presently available materials). Fig. 1 -b 
shows a reflective display, where the 
back conductor becomes a reflector that 
returns scattered light to the observer. 
This is the most popular form, because 
only external room lighting is needed to 
view the display. 
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To improve the contrast and to get 
by on lower operating voltages, we can 
use other optical properties of liquid 
crystals, as shown in the bi -level displays 
of Figs. l -c and 1 -d. Some liquid crys- 
tals have an optical property called 
birefringence. If the birefringence is volt- 
age- controllable, we can use it to selec- 
tively rotate polarized light. In 1 -c we 
have two light polarizers that are parallel 
in orientation. With no voltage applied, 
the liquid crystal does not significantly 
affect the plane of polarization of the 
light. The first polarizer polarizes the 
light and the second one passes it freely. 
This is called a normally open display. 
When voltage is applied the liquid crys- 
tal rotates the plane of polarization 90° 
and the second polarizer blocks the light 
transmission. To get the normally closed 
display of Fig. 1 -d, we use crossed polari- 
zers. Here, in the absence of a voltage, 
the first polarizer polarizes the light, the 
liquid crystal does nothing to it, and the 
second one blocks the transmission. Fan- 
cier forms of bilevel displays can be used 
in the reflective mode and some can even 
produce selectable colors. 

Some problems 
Liquid crystals still have some 

problems and disadvantages. The cell 
holding the liquid must be dimen- 
sionally stable, clear, and a conductor, 

D- 

VIEWER 

(b) REFLECTIVE DISPLAY (c) NORMALLY CLOSED 
BI - LEVEL 

was placed between two pieces of con- 
ductive, transparent glass and heated to 
its nematic operating range of 83° to 
100° C. When 60 volts was applied, (an 
equivalent field strength of 120,000 volts 
per inch), the test cell turned milky, 
blocking transmitted light and reflecting 
incident light. With no voltage applied, 
the cell was clear. The best brightness of 
this early display was around half that 
of a good piece of writing paper. 

Things have improved consid- 
erably since those early tests. Research 
by such people as RCA, Kent State 
University, Penn State University, Vari- 
Light Corp., Optel, Ilixco, and Liquid 
Crystal Industries has made a wide vari- 
ety of room temperature operating liq- 
uid crystals available. One of these is p- 
Methoxy- Benzylidine, p-n- Butyl -Ani- 
line 4- Methoxy, 4'n- Butyl -Benzylidene- 
Aniline. While this isn't the sort of 

FIG. 1 -FOUR COMMON CRYSTAL displays, 
showing transmissive and reflective effects. 

FIG. 2- DECIMAL COUNTERS using liquid 
crystal devices. 2 -a, working with dc, uses a 

single IC; the ac version in Fig. 2 -b has a longer 
display life but is more complex. 
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at least on its inner surfaces. There is 

presently no ultra -low -cost material that 
fits these standards, and you have to go 
to a fairly fancy coated glass to meet the 
requirements. One widely used glass is 

the Nesatron N -2 manufactured by 
Pittsburgh Plate Glass Industries. The 
process puts a metallic oxide on the 
glass surface and does it at low tem- 
peratures, preventing any stress or an- 
nealling effects from hurting the flatness 
of the glass. Coated glass of this type 
runs around $14 per square foot, drop- 
ping to $10 per square foot in quantity. 
This is seven to ten cents a square inch, 
so it turns out that the glass you look 
through costs twice as much as the liq- 
uid crystal material itself. The Vari- 
Light people offer a 2 x 21/2-inch piece 
of electrically conductive glass with a 

busbar edge for $1.50 each in single 
quantities. This should be enough for 
either one transmissive four -digit dis- 
play or two reflecting ones. 

The liquid crystals are sensitive to 
impurities, so reliable displays must be 
hermetically sealed. Bubbles must ob- 
viously be avoided -they will degrade 
the display appearance. Capillary and 
edge effects present a problem with any 
thin liquid film. Obviously the display 
must not leak. Small impurities can al- 
ter the dynamic scattering drastically, 
and mechanical stress on the conductive 

source if long lifetimes are needed. Fig. 
2a shows how we might build a decimal 
counting unit by connecting a MOS 
decimal counter- decoder to a 7 -seg- 
ment liquid crystal display. Note that 
we only need two parts for the complete 
count -decode- display operation. We 
can run this on ten microwatts at a 1 Hz 
counting rate for the counter, and 
around 20 microwatts or so for the dis- 
play on the average. 

The trick is to run the IC's on dc, 
yet convince the display it is running on 
ac, without going to any fancy Triac 
drivers or anything like that. To get 
long life ac operation, we use the circuit 
of Fig. 2 -b. Here seven EXCLUSIVE OR 

gates are added between the counter 
and the display, which is driven off a 

60-Hz square wave. The exclusive OR 
gate turns the square wave upside down 
(inverts it) whenever you want to light a 

segment, and simply passes it on 
whenever you want the segment off. An 
ofsegment sees the same signal on both 
ends and doesn't light. An on segment 
sees 15 volts across it all the time, alter- 
nating polarity 120 times a second. Thus 
we get ac display operation with dc on 
the integrated circuits at reasonable cost 
and complexity. 

Liquid crystal displays are some- 
what slow. Normally they turn on in IO 

milliseconds or so and off in 100 to 200 

REFLECTION FROM A MIRRORED SURFACE is minimized with nematic liquid crystals. Future appli- 
cations may include an automatic dimming rear -view car mirror. 

CONTROLLING THE TRANSMISSION OF OBJECTS opposite a viewing surface using nematic liquid 
crystals, makes display overlays, optical shuntera and automatic dimming windows possible. 

glass faces can alter the optical bire- 
fringence properties dramatically. 

If you apply a dc voltage contin- 
uously to a liquid crystal, it loses con- 
trast after a 2000 to 10,000 -hour oper- 
ating lifetime. To get around this, the 
displays should be run from an ac 

milliseconds. While we can speed them 
up a bit with "quenching" techniques, 
they are inherently slow devices. 
They're great for people, but cannot 
generally be used in such high -speed 
applications as electronic shutters, film 
annotation, and anywhere else a fast 

turnoff is needed. They can be used at 
television vertical rates, and TV displays 
using liquid crystals have been demon- 
strated. Considerable effort will be 
needed before a flat screen liquid crys- 
tal TV or computer display becomes a 

commercial reality. 
A final problem with liquid crystals 

is that LC displays do not multiplex 
very well. Multiplexing is a trick you 
use to share one decoder- driver with 
many digits, thus holding down system 
costs and the number of inter- 
connections. For instance an eight -digit 
display done normally would take 57 

connections and eight decoder -drivers. 
If we multiplex, we get by with one 
decoder -driver, one eight -point scanner, 
and 15 connections, assuming you're us- 
ing 7 -bar displays. To multiplex, you 
run each digit at eight times normal 
brightness for one- eighth of the time, 
and switch them fast enough that the 
human eye can't follow. The eye sees a 

continuously lit display of normal 
brightness. The breakeven point on 
multiplexing is four digits; the more di- 
gits, the more you gain. 

Neon lamps, Nixie tubes and light 
emitting diodes multiplex very well 
since they can be overdriven for short 
times, and more important, since they 
are inherently diodes that block current 
in the reverse direction or below a 

threshold value. Liquid crystals cannot 
reflect more light than they receive, and 
they do not have a well defined off-on 
threshold. Thus, at the very least, series 
diodes are needed for each segment of 
each digit to prevent sneak paths and 
ghost images. Good multiplexing tech- 
niques will eventually develop, but right 
now liquid crystals are not overly attrac- 
tive for multiplex use. 

Liquid crystals versus LED's 
The light emitting diode, or LED, is 

rapidly becoming the dominant type of 
readout used today, replacing the now 
obsolete Nixie type with its high voltage 
requirements. LED's combine a long life, 
very attractive appearance, TTL 5 = volt 
compatibility with a wide availability, 
and, recently, low cost. How do they 
stack up against liquid crystals? 

The obvious answer is that both 
LEDs and liquid crystals have unique 
advantages and they can each serve an 
important segment of the display mar- 
ket. Where you want to produce light, 
you must go the LED route. For good 
multiplexing, high -speed operation, 
complex alphanumericx, and custom ar- 
rays, LED's are the way to go. They also 
have very much of a head start in the 
marketplace and right now are more at- 
tractive than the liquid crystal displays 
in appearance. 

On the other hand, it always takes 
more power to produce light than to 
guide it, and liquid crystal technology is 

inherently simpler than semiconductor 
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EIGHT DIGIT liquid -crystal display (larger pho- 
tograph) forms the readout of a new pocket size 
electronic calculator made by Ragen. The cal- 
culator will retail for about $100. 

technology. So for lots of digits, low 
power, low cost, the liquid crystals are 
very much the better choice. We could 
envision eventually some gel form of 
liquid crystal that is silk -screened onto 
displays by the mile at a cost of pennies 
per digit. Important first applications of 
liquid crystals will be in pocket calcu- 
lators and electronic clocks, particularly 
miniature, battery- powered ones. Liq- 
uid crystals generally interface with 
high density tiros integrated circuits 
without needing any high current driver 
stages. It doesn't take too much imagi- 
nation to see a pocket add- subtract- 
multiply -divide -store calculator thats 
nothing but a keyboard, a single Lsl 
chip and a display combined with a bat- 
tery. You end up with a device that's far 
less complex and far simpler to manu- 
facture than a $2.50 AM transistor ra- 
dio. 

What's available now? 
Table I lists the manufacturers of 

liquid crystal displays. Commercially 
available units are offered by RCA, OP- 
TEL, and ILIXCO. 

RCA initially offers six units. Two 
are single- numeral 0.75 -inch high ver- 
sions that plug into a PC connector. The 
TA8032 is a transmissive style while the 
TA8034 is reflective. Total display 
power is 35 microwatts at a supply volt- 
age of 12 to 15 volts. The operating tem- 
perature range is 5° to 55° Centigrade. 
(22° C is "room" temperature). In- 
troductory single quantity price is $25, 
dropping to prices competitive with LED 
displays in quantity. Since, as we'll see 
below, the ILIXCO prices in single 
quantities run $8 per digit, we can ex- 
pect these introductory prices to drop to 

TABLE I 

LIQUID CRYSTAL DISPLAYS 
OFF -THE -SHELF SUPPLIERS 

ILIXCO 

Box 184 

Kent, Ohio, 44240 

OPTEL CORPORATION 

Box 2215 

Princeton, N.J., 08540 

RCA SOLID STATE 

Central and Terminal Avenues 

Clark, New Jersey, 07066 

TABLE II 

MATERIALS FOR BUILD -YOUR- 
OWN LIQUID CRYSTAL DISPLAYS 

CHEMICALS 
Liquid Crystal Industries 
460 Brown Avenue 
Turtle Creek, Penna., 15145 

Vari -Light Corporation 
9770 Conklin Road 
Cincinatti, Ohio, 45242 

CONDUCTIVE GLASS 
P.P.G. Industries 
New Products Development 
One Gateway Center 
Pittsburgh, Penna., 15222 

Vari -Light Corporation 
9770 Conklin Road 
Cincinatti, Ohio, 45242 

POLARIZERS, OPTICS, MISC. 
Edmund Scientific Corp 
101 East Glouchester Pike 
Barrington, New Jersey, 08007 

reasonable levels very shortly, perhaps 
by the time this is in print. 

The other four RCA units are four - 
digit ones, two with decimal points for 
instrument use and two with colons in 
the middle for clock use. One of each 
type is reflective and one is trans- 
missive. This is their TA8040 -43 series. 
These are initially offered at $75 each, 
dropping in quantity to competitive 
prices with LEDs. The characters are 0.6- 
inch high and the unit plugs into a con- 
ventional PC socket. Total power for 
four digits is around a milliwatt with all 
segments energized on 15 volts. 

OPTEL has two units, a three -digit 
1003 and a 31/2-digit model 1053. The 
1003 comes with decimal points, while 
the 1053 has a colon and is intended for 
clock use. The characters are 0.450 
inches high and the power dissipation is 
40 microwatts per segment at 20 volts. 
The operating temperature range is 0 to 
50` C, and, as with the others, prices are 
competitive with LED devices in quan- 
tity. 

ILIXCO presently offers the lowest 
prices and widest variety in stock dis- 
plays. They have ten displays available, 
ranging from 3' digits to 8 digits and in 
both 0.4 -inch and 0.8 -inch sizes. The 
31/2-digit versions are offered for clocks, 
while the intermediate sizes are suitable 
for digital instruments, and the 8 -digit 
version is intended for pocket calculator 
use. The prices range from $8 per digit 
in single quantity down to $5 per digit 
in 50 lots. The ILIXCO units are bilevel 
and operate clear down to 5 volts, al- 
though operation is best between 7 and 
15 volts. Their display appears as a dark 
blue character on a clear background. 

Other stock liquid crystal displays 
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should soon be available from a wide 
range of manufacturers and it is reason- 
able to expect the per -digit prices to 
drop dramatically once serious com- 
petition and production economies set 
in. 

Building your own 
With commercial units still some- 

what expensive for an experimenter's 
budget, you might like to try building 
your own liquid crystal display. Sources 
of materials are listed in Table H. This 
should be a hot science fair, school, or 
university project as it is a rather exotic 
technology that you can still work with 
yourself on a lab bench or a kitchen 
table and still come up with a working 
device. 

Probably for openers, 5 grams of 
Vani -Light VL462N at $12.80 and a 
CG -75 gold coated glass at $1.50 might 
be a good starting point. You can use 
one or two mil drafting Mylar (25C a 
sheet at any drafting or photocopy 
store) for spacing, and might try first 
building up a simple transmissive sys- 
tem that turns cloudy whenever you ap- 
ply 15 or 20 volts. You could then try 
printing an invisible message on the 
glass with PC photoresist and turning 
the message on and off with the control 
voltage. From that point on you should 
be able to work up your own 7- segment 
readout, eventually ending up with a 
leakproof, bubble -free version you can 
stand on end. There are all sorts of pos- 
sibilities. 

Liquid crystals aren't particularly 
toxic, but their long -term effects aren't 
really known and some of them do pen- 
etrate the human skin very easily. SO,- 

(continued on page 90) 
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TRANSISTOR TESTING is a cinch 
Here is a simple method for checking those unknown transistors 

with a minimum of test equipment and a maximum 

of good old ordinary common sense 

by ARTHUR CUNNINGHAM 

There has been a lot of guff written about 
transistors. However, what the working tech- 
nician and experimenter needs is a simple, 
practical test method, requiring a minimum of 
equipment. This must help him to find the type, 
polarity and quality of any unknown transistor. 

Quite frankly, when I started I didn't think 
there was a way to do this. After a few days of 
experimenting and a great deal of confusion, 
some light began to dawn. (Some of the con- 
fusion was caused by getting hold of a couple 
of brand -new bad transistors!) 

After this little imbroglio was discovered 
and remedied, things looked better. My data 
began to repeat itself reliably. A great many 
tests were made, using all kinds of transistors 
and the pattern started to shape up. This 
showed characteristic readings which were the 
same for each type of transistor! Not the same 
in absolute values or readings, but the same rar 

lank tio. 
My initial tests were made on brand -new 

transistors by a variety of manufacturers. After 
this I tested a large number of unknown tran- 
sistors, as well as known transistors .aiber- ° =RUARY 1972 RADIO -ELECTRONICS 37 



ately left anonymous until tests were 
finished. In all cases, the method 
worked. The checks showed the transis- 
tors to be the type we knew they were. 

Test equipment needed 
You will need a minimum of one 

piece of test equipment -a good ohm- 
meter! Any good in- circuit /out- of -cir- 
cuit transistor tester makes it easier and 
a signal generator /scope enables quick 
checks to get into the area of the trouble 
as fast as possible. (There is, of course, 
only one infallible test for any transis- 
tor; Does it work? If you find the right 
signal in and the right signal out, forget 
it; this one is working). 

Our biggest problem is identifying 
unknown transistors. We need to know 
five things about a transistor: npn? pnp? 
germanium? silicon? base connections? 

With the tests described in this ar- 
ticle you can get this information. Of 
course, it does help to know if the tran- 
sistor is good or bad, but this is simple. 
You'll find unmistakable reactions dur- 
ing the tests that will tell you. 

Three diodes 
The basic test used here is the fa- 

miliar three -diode method (see Fig. I). 
Checking between each pair of leads of 
a transistor with an ohmmeter, you 
should get a high reading one way, then 
a much lower reading by reversing the 
ohmmeter prods; just as if you were 
checking a diode. This is very obvious, 
out -of- circuit, and shows up fairly well 
incircuit, unless there is a very low re- 
sistance shunted across the transistor. 
Even then, you'll usually see enough to 
help. If you are left in doubt, take the 
transistor out for a definite out- of -cir- 
cuit check. 

The indicated resistance depends 
on several things; the material of the 
junction; the voltage applied by the 
ohmmeter battery, plus the polarity of 
the voltage applied! (By the way, des- 
pite the many warnings, I have never 
yet damaged a transistor with an ohm- 
meter. There is apparently enough 
series resistance in the circuit to hold 
the current to safe values.) 

The "Necessities" 
The first step is to determine the 

polarity of the voltage at your ohm- 
meter prods. This is the one key point 
we use in all of the tests to come. We'll 
mention polarity, and you'll see polarity 
markings in the diagrams. This means 
the polarity of the voltage applied by 
your ohmmeter. Remember that! You 
can get this by checking the schematic: 
faster still, just sit the thing on OHMS 
and read the dc voltage with another 
meter. 

In all the transistorized meters I've 
seen (TVM and FETVM), the red prod is 
POSITIVE. In the VTVM's, it seems to 
be NEGATIVE. In a lot of voM's, it will 

also be negative. (Incidentally, since 
electronics men are trained to think Red 
= Positive, if your ohmmeter has a "red 
negative ", just reverse the ohmmeter 
prods in the jacks, so that red is positive. 
Believe me, it'll be easier that way, and 
I won't tell you how I found out.) 

Two sets of test leads make it much 
easier; a set of needle -point prods for 
in- circuit tests, and another with clips 
for out -of- circuit test. Use the small 
clips, with a tight grip; those teeny leads 
are hard to get a grip on! 

Verification 
Because of the normal wide vari- 

ation in transistors, junctions, ohm- 
meters, and so on, you will not get ex- 
actly the same readings I did. So, do 
this: make the same tests yourself, using 
your own test equipment. Get four new 
transistors out of stock. One each pnp 
and npn germanium, and the same in 
silicon. Now, verify my results! Repeat 
the tests until you are familiar with the 
readings for each type, and the con- 
nections. 

I used three ohmmeters for my 
tests: a tvm, a vtvm and a vom. Most of 
the time, I used the R x 100 range. Un- 

less otherwise specified, this is the range 
I mean. For most checks, use a range 
that will give you a "low" reading 
somewhere between center scale and 
the low part (zero). 

The actual reading in ohms is not 
too important. What is important is the 
ratio between the two, one high and the 
other low. We'll use the actual (in- 
dicated) reading in one test, but once 

FIG. 1- HIGH -LOW READINGS between each 
pair of leads, by reversing the prods. This Is the 

MPN 
GERMANIUM 

- 

RESISTANCE: HIGH 
SHORT BASE TO: 
E -R GOES DOWN 
C -R INCREASES SLIGHTLY 

NPN 
GERMANIUM 

+ 

RESISTANCE: LOW 
SHORT BASE TO: 
E -R GOES UP 

C -R GOES DOWN 

TRANSISTOR: 
RCA SK -3010 

PNP 

GERMANIUM 
4D_ +_ 

RESISTANCE: LOW 
SHORT BASE TO: 
E -R GOES UP 
C -R GOES DOWN 

PNP 
GERMANIUM 

+ 

RESISTANCE: HIGH 
SHORT BASE TO: 
E -R GOES DOWN 
Fr -R GOES UP SLIGHTLY 

TRANSISTOR: 
RCA SK -3003 

VTVM: 
HICKOK 209 
TVM: 
SENCORE FE -14 
VOM: 
TRIPLETT 625NA 

NPN; 
SILICON 

RESISTANCE: INFINITY 
SHORT BASE TO: 
E -R GOES DOWN 
C - NO CHANGE 

NPN 
SILICON 

+ 

RESISTANCE: INFINITY 
SHORT BASE TO: 
E - NO CHANGE 
C -R GOES DOWN 

TRANSISTOR: 
RCA SK -3024 

PNP: 
SILICON 

RESISTANCE: INFINITY 
SHORT BASE TO: 
E - NO CHANGE 
C -R GOES DOWN 

PNP: 
SILICON 

+ 

RESISTANCE: INFINITY 
SHORT BASE TO: 
E -R GOES DOWN 
C - NO CHANGE 

TRANSISTOR: 
RCA SK -3025 

METERS: 
SAME AS BEFORE 

FIG. 2- OHMMETER TESTS for identifying transistors, out of circuit. Exact resistance readings will 
vary, but ratios won't. Note effects of shorting base lead to other two, In different types. 
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more the ratio and not the actual value 
will be the key clue. 

The "High -Low" test method 
Start with the clip -leads in the 

ohmmeter, since it will be easier to be- 
gin with the out -of- circuit tests. Pick out 
any one of your test transistors. Get a 

piece of scratch paper and make a 

rough sketch of the basing, showing 
only the three leads. It may help you 
keep straightened out (it does for me)! 

1. Check for the diode- effect, on all 
three leads, reversing the prods to make 
two measurements on each pair. Never 
mind which leads; this, and the basing, 
is one of the things we want to find out. 
If you see the diode -effect, high resist- 
ance one way, low with prods reversed, 
ok. This indicates a good transistor. 

2. By trial and error find out which 
lead has about the same resistance, to 
the other two. This resistance may not 
be exactly the same, but it will be the 
closest match. Now you've got some- 
thing. The lead that shows the same low 
resistance to the other two is the base. 
Mark it. (That's one!) 

3. Now we know the polarity of this 
transistor. If the negative ohmmeter 
lead is on the base, it's a pnp. If the 
positive lead is on the base, npn. (That's 
two!) 

4. Move the clips to the other two 
leads. Find out which way they show 
the low resistance. The positive lead will 
be on the emitter of a pnp; on the col- 
lector of an npn. (That's three and four, 
and we've identified all leads, and the 

3.3K 

a 

B -C = 33K 
REVERSE = 3.3K 
BASE -COLLECTOR 
JUNCTION OPEN 

b 

B -C =012 
REVERSE =012 
COLLECTOR -EMITTER 
SHORTED 

FIG. 3- POSSIBLE IN- CIRCUIT ohmmeter reac- 
tions, to different faults. 

1 
3 

o b 

1 j 
c 

FIG. 4- FINDING THE BASING, type and loca- 
tion of transistor, In unknown set. One step at a 

time. Sketch helps. 

basing!) 
(Up to this point, we haven't had to 

check the actual value of the indicated 
resistance. All we've needed is high or 
low. Having determined the polarity 
and basing of this transistor, we want to 
know whether it's germanium or sili- 
con.) 

5. Check the reading in the low di- 
rection, from collector to emitter. If this 
is down to a few hundred ohms (200 to 
600 ohms was about where they ran for 
me, on the R x 100 range), and re- 
versing the prods shows about 8 times 
that, but still a readable deflection, you 
have a germanium transistor. 

If the low resistance is much 
greater, say around 3000 to 4000 ohms, 
and the high reading is infinity (no 
reading at all) the unit under test is a 

silicon transistor. (Remember to check 
this with your own ohmmeter!) In small 
silicon transistors, you will probably get 
a reading between collector and emitter. 
In the high- voltage silicon power tran- 
sistors, you may get infinity in both di- 
rections! In some of these, turning up to 
the R x 1- megohm range may show a 

"low" reading. This tells you that the 
collector- emitter junction is not open. 
Some of the high- voltage silicons, such 
as HEP -740 (700 volts BV,,,) will not 
show a reading even on the R x 1- 

megohm range. (Another test for this 
coming up!) 

Fig. 2 is a chart of the test readings 
I got on my sample transistors. These 
tests repeated on quite a few different 
transistors of all sizes, ratings and 
makes. So I believe they will be helpful. 
You might cut this out and paste it on 
the wall! Polarities shown, I repeat, are 
those of the ohmmeter! Note the differ- 
ences between germanium and silicon 
transistors. 

Here is the test I mentioned, for the 
collector- emitter junction. With the 
ohmmeter hooked up as shown, note 
the reaction when you short the base to 
the other two leads. For example, with 
the npn and a negative collector, short- 
ing the base to the emitter makes the in- 
dicated resistance drop way down. Re- 
versing the polarity of the ohmmeter, 
and shorting the base to the collector, 
the resistance drops. I believe that this 
can be used as an indication of a good 
collector- emitter junction. 

The hard part 
Now we come to the hard part. 

Identifying unknown transistors in -cir- 
cuit. Outside of actual performance, in- 
circuit testing of transistors is always an 
"iffy" thing. (In other words, "If it 
works, it's good! ") So far, my ex- 
perience has been that if an in- circuit 
transistor tester says that it's good, it is. 

If it says it's bad, it may or may not be. 
In any case, if you get a bad reading in- 
circuit, you're going to have to take it 
out anyway. Repeat the tests; out- of -cir- 

cuit tests are accurate. 
There is one thing which can never 

be checked in- circuit; leakage. There 
are always so many shunt paths around 
a transistor circuit that this test is mean- 
ingless. Out -of- circuit tests will show 
you whether it has leakage or not. One 
good clue to leakage problems is the 
"Things are almost all right but it 

doesn't work too well!" symptom. This 
is where the transistor -tester comes in. It 

will show you the actual leakage. (In- 
cidentally, all germanium transistors 
have some leakage. Power types can 
have up to 200 to 300 pA and still work. 
Silicons, on the other hand, should nor- 
mally show zero leakage! even 10 to 20 

µA is too much, in power types!) The 
ohmmeter will not read transistor leak- 
age! Don't bother. 

However, the ohmmeter does a 
good job of finding common faults, in- 
circuit. Shorted transistors will give you 
the same reading both ways across a 

junction, usually zero ohms. An open 
junction will show up by giving you the 
same reading both ways, usually that of 
the shunt resistance. Fig. 3 shows a 
couple of examples. If you read 3300 
ohms both ways across the base- collec- 
tor junction in 3 -a, it is probably open. 
In 3 -b, if you read a dead short across 
the collector- emitter junction, both 
ways, it's probably shorted. For a defi- 
nite check, pull the transistor and re- 
peat. 

The worst case tests 
This test if often used by engineers. 

In our business, the worst possible case 
would be one of those sets with nothing 
but a batch of solder- blobs. No identi- 
fication, no lettering, no nothing. 

Locate the transistor on the parts - 
side of the board. Shine a light through 
the board, and locate the transistor ter- 
minals, as in Fig. 4-a. This can be 
sketched as shown; helps to remember! 
At first, all we know is that there are 
three blobs. Number them. Now, put 
the needle -point prods in the ohm- 
meter, and away we go. 

First checks show a low reading of 
about the same value between 2 and 1, 

also 2 and 3. So, we say that 2 is the 
base (Fig. 4-b). The positive prod is on 
2. So, this is an npn. Moving the prods 
to 1 and 3, we find the low- reading di- 
rection. The positive prod is on 3, so this 
is the collector. By a process of elimi- 
nation simple enough even for me, 1 is 

the emitter. 
Using the in- circuit transistor tester 

confirms this. In the LEAKAGE position, 
we see a full -scale reading set to pnp, 
and a much lower reading on npn. (We 
are not using the leakage tester as such; 
just for a double check on the polarity 
of the transistor.) However, the tester 
will not show a beta reading. So pull the 
transistor, repeat the test, and the tran- 

(continued on page 90) 
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Experiment with a 

Binary Counting Demonstrator 
It's easy to understand counting to the base two when you have a visual aid 
like this demonstrator to show you what's going on. 

by FRANK GROSS 

This binary counter demonstrator 
counts by two's instead of tens, showing 
the base two arithmetic and counting 
used by most computers. It counts up to 
sixteen and can be reset to zero at any 
time. You use it as a study or teaching 
aide, or as a science -fair or computer - 
technology entry, or for a school lab 
project. It uses three TTL integrated cir- 
cuits and four transistors and may be 
built in an evening or two. 

Why binary? 
People are used to counting by 

tens, and before "modern math" came 
along, non -computer people gave very 
little thought to counting in any number 
base but ten. The problem with decimal 
or base ten counting is that you need ten 

FIG. 1 -BASIC LOGIC 
DIAGRAM of binary 
ripple counter 
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RI. 
IK 

- CI 
47µF 

PARTS LIST 

C1 -47 µF, 15 volts, electrolytic 
C2 -0.1 µF, 10 volts, disc ceramic 
C3 -0.05 µF, mylar or disc ceramic 
C4 -2500 µF, 10 volts, electrolytic 
D1, D2 -1 amp, 50 PIV silicon power diode, 

IN4001 or equal 
IC1- MC7400P 
IC2, IC3 -MC7473P 
LM1 thru LM4 -5 -volt 50-mA panel lamp as- 

sembly 
S1 -spst slide switch 
S2 -spst normally open pushbutton 
S3-spdt pushbutton 
01 thru Q4- 2N5139 transistor (National) 
R1 thru R7 -1000 ohms, '/. -watt carbon 
T1 -8 Vct, 0.5 -A transformer 

MISC -21/2" x 2 %" PC board; PC Board stand- 
offs and hardware (4); case; Bottom feet 
(4); C4 mounting clip*; line cord and strain 
relief*: 4 lug terminal strip*: wirenut; 
power supply hardware*; case hardware; 
wire; solder; etc . . . 

°Parts for power supply 

NOTE: The following items are available from 
Southwest Technical Products, Box 16297, San 

Antonio. Texas, 78216: 
Etched and drilled PC board No. 183, $1.80 
Complete kit of all parts, including prepunched 
and prefinished case but less power supply, 
No. 183 -K, $8.90 

FIG. 2- COMPLETE WORKS of the binary counter. Note that the correct position of the IC's is in- 

dicated by the notch in one end. 
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different symbols (0,1,2,3,4,5,6,7.8. and 
9) to represent any number. To do this 
electronically in the decimal system. 
we'd have to recognize either ten differ- 
ent voltage levels. or. to get by with 
loose -tolerance circuits. a signal on one 
of ten different lines. 

In the binar' or base two system. we 

only need remember two states "I" and 
"0 ", or simply "yes" and "no ". Just as 
we move over one decimal point when 
we get to ten. we move over one binar' 
point when we get to two. with the 
"heavier" numbers always tacked on 
the left. The binary equivalents for the 
first sixteen numbers (0 -15) are: 

DECIMAL BINARY 

tens units 8 4 2 1 

0 0 0 0 0 0 

0 1 0 0 0 1 

0 2 0 0 1 0 

0 3 0 0 1 1 

0 4 0 1 0 0 

0 5 0 1 0 1 

0 6 0 1 1 0 

0 7 0 1 1 1 

0 8 1 0 0 0 

0 9 1 0 0 1 

1 0 1 0 1 0 

1 1 1 0 1 1 

1 2 1 1 0 0 

1 3 1 1 0 1 

1 4 1 1 1 0 

1 5 1 1 1 1 

While binary numbers may appear 
longer than decimal ones, the looks are 
deceiving. because ten different states 
go into a decimal number. while only 
two are used in binary. To represent a 

"15" in true decimal form. at least 
eleven leads would be needed. In bi- 

5v nary. it takes onl four. 
250mÁ y y 

It turns out that binary is the most 
efficient possible way of storing infor- 
mation and performing arithmetic. It 

uses the simplest possible storage de- 
vices and requires the fewest inter- 
connections. Practically all computers 
internally deal with binary and then 
make a binary to decimal conversion 
only when they interface with people. 
When computers (particularly small 
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FIG. 3 -FULL SIZE diagram of the printed -cir- 
cult board as seen from the foil side. 

FIG. 4 -DRILL AND JUMPER guide for the bi- 
nary counter circuit board. 

FIG. 5- OVERLAY DIAGRAM shows parts 
mounting positions on the circuit board. 

ones) must deal with decimal, they 
re- encode it into a near -binary form, 
called Binary Coded Decimal. Own) 
Even in this form, the numbers can only 
be handled in 16/10 the space that 
would be needed for binary, a storage 
penalty of 60% in the size of a machine. 
Arithmetic operations in BCD are also 
proportionately more complex than in 
straight binary. 

How it works 
The logic diagram of the demon- 

strator is shown in Fig. 1. The circuit con- 
sists of a four -stage binary ripple counter 
formed by cascading two dual nc flip -flop 
TTt, integrated circuits. The input COUNT 
commands from a pushbutton are made 
noiseless and bounceless by a set -reset 
contact conditioning flip -flop made of 
half of a quad two -input gate TTL in- 
tegrated circuit. Contact conditioning on 
the CLEAR line is not needed, for resetting 
a counter to 0000 a dozen times has the 
same effect as only doing it once. The 
states of the counters are indicated by 
connecting the Q terminal on each flip - 
flop to a lamp through an inverting pnp 
driver transistor. 

Construction hints 
The schematic is in Fig. 2. A 

printed circuit board is recommended 

x67 DRILL (ALL OTHERS) 

PRETIN TERMINAL 
PADS 

JUMPERS (3) 

#30 DRILL 
(2) 

JUMPERS MADE FROM 
RESISTOR LEAD (3) 
COMPONENT SIDE 

2 -5/8" 

2 1/2" 

ONE REQ'D 1/16 "G -10 PCMAT'L 

E81 __; . . r t- 

To RIP 
ritii.i.l 

1 1 >t i 

woo11 : ti .r x ä 

N.C. 

N.C. 

N.C. 

for component mounting. Figs. 3 and 4 
show how the board is set up. Three 
jumpers are needed. These may be 
made out of cutoff resistor leads and are 
positioned as shown. 

Component locations are shown in 
Fig. 5. Note the polarity on CI and the 
three IC's. The code notch and dot is 
between pins 1 and 14. 

The photos show the internal as- 
sembly details. The circuit board is 

"1" LAMP LM1 

"2" LAMP LM2 
"4" LAMP LM3 
"8" LAMP LM4 

GROUND 
+5V 

N.O. "CLEAR" S2 

N.C. "COUNT' S3 

N.O. "COUNT' S4 

mounted on four standoffs along one 
end of the case, and leads are soldered 
directly to their respective pretinned 
terminal pads. The pilot lamps snap 
into place. Switch S 1 is mounted with 
suitable hardware. 

The binary counter may be pow- 
ered by a high -quality 5 -volt 250-mA 
lab bench supply, or the power supply 
shown in Fig. 2 may be built into the 
bottom of the case. 

ROLLING PICTURE IN RCA KCS132A 

The picture would roll constantly 
and would not lock -in vertically. When 
the vertical hold control was rotated the 
picture would roll up but never down- 
ward. The picture would roll slowly up- 
ward with the vertical hold control at 
top end of rotation. Undoubtedly, poor 
vertical sync. The vertical oscillator tube 
was changed. All voltages were quite 

close to what they were supposed to be, 
yet the picture continued to roll. 

A check showed the feedback 
.0068 -µF capacitor at the grid (pin 4) of 
the 6EM7 was leaky. A replacement re- 
stored normal performance. After a few 
years this capacitor becomes leaky and 
the picture has a tendency to roll. - 
Homer Davidson 
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Vertical dynamic convergence 

Kwik-F1xTM p ¡ c tu re and waveform charts 
. . , r..__ . Forest H. Belt & Aksoçiátes 

wHERE TO CHECK FIRST 

SYMPTOM PIC DESCRIPTION VOLTAGE WAVEFORM PART 
SCREEN SYMPTOMS AS GUIDES 

=- orma ots wl_ 
in 

top midarea 

Normal dots 
in 

bottom midarea 

Red and green 
won't converge 
at top or at 

ttom 

Point A WF1 P /S1 open 
R11 open 
D4 shorted 

Yellow dots 
won't converge 
with blue at top 
and bottom 

P /S2 open 

Can't converge 
top and 
bolt )m 

no help WF2 P /S3 open 
R14 open 

MO& 

Red dots high 
at top: R14 
no effect 

no help P /S4 open 
P /S5 open 
R14 open 

Convergence 
poor; 
green dots 
won't move 

nD help WF6 L10 open 
RII open 
R13 open 

Convergence 
poor: 
red dots 
won't move 

no help WF5 L9 open 
R10 open 

Convergence 
poor: 
blue dots 
won't move 

ra help WF4 L8 open 
C7 open 
R9 open 
R 12 open 

P/S = Plug /socket terminal 
an Easy -Read *" feature by FOREST H. BELT & Associates 1971 



NOTES: 
Use this Guide to help you find which key voltage or waveform 

to check first, or to guide you to the causes of symptoms that 
don't have voltage or waveform clues. 

Study the screen with a dot pattern injected to the set. Try each 
vertical dynamic convergence control. You 'll find the most 
helpful trouble clues at the key test point indicated opposite 
whatever symptom you observe. 

The Stages 
This vertical dynamic convergence section is typical of 

those found in most American and Japanese color television 
receivers. Variant versions among brands generally differ only 
in rearrangement of controls or occasionally in the way input 
waveforms are derived. 

Dividing the vertical dynamic convergence section into 
"stages" is difficult. A multiplicity of inputs all combine to 
form the waveshape applied to each vertical convergence coil. 
This results in considerable interaction, as you'll discover 
when you try adjusting the controls. The section gets only ver- 
tical sweep signals. Because of the low frequency (60 Hz), no 
adjustable inductances are used -only resistors or poten- 
tiometers. 

Each vertical convergence coil is wound on the same core 
as its counterpart in the horizontal dynamic convergence sec- 
tion. Ignore whatever effect this has on operation of the verti- 
cal convergence section. 

Signal Behavior 
Three input signals from the vertical output section of 

the color receiver drive the vertical dynamic convergence cir- 
cuit. Two of them come from windings on the vertical output 
transformer. The other is shaped a bit differently and comes 

VERT OUT 
TRANS 

CONVERGENCE 
PLUG /SOCKET 

1 

Make voltage or waveform checks whenever indicated for spe- 
cific screen symptoms. 

Use the Voltage Guide or Waveform Guide to analyze the re- 
sults of your tests. 

For a quick check. substitute or test the parts listed as the most 
likely causes of the symptoms you observe. 

from the cathode circuit of the vertical output tube. 
The first input waveform, WFI, comes from a center - 

tapped winding on the vertical output transformer, with the 
center tap grounded. (Some sets omit the center -tap on this 
transformer winding and use a phantom ground through two 
equal -value resistors.) The signal feeds across a pair of poten- 
tiometers. The slider of potentiometer R9 carries the signal to 
one end of blue vertical convergence coil L8; the slider setting 
determines what phase of signal reaches that end of the coil. 
The other potentiometer, R 10, feeds the signal to one end of 
the red vertical dynamic convergence coil; the pot sets the 
phase. 

Another vertical -sweep input waveform comes from a dif- 
ferent center -tapped winding on the vertical output trans- 
former. The tap of this winding is not grounded. Potentiometer 
R14 bridges the whole winding. Its slider selects whichever 
phase is appropriate for the particular color-GRT gun structure. 
The slider of R 14 carries the selected polarity of waveform to a 
slider on potentiometer R 13, which bridges the red and green 
vertical coils -not in parallel, but as if the coils were in series. 
Adjusting R13 applies the signal from R14 more to one coil or 
the other. The center tap of this same winding is the common 
return for both red and green vertical coils. 

(copy continues on page 50) 

BLU 
TOP/ BOT 

RIO 
6052 
2W RED /GRN 

BOT C7 

/ WF4 f 

25µF 

VERTICAL INPUT 
(FROM VERT 
OUTPUT CATHODE 
CIRCUIT) 

WF2 

RII 

15052 

2W 

RI2 
6041 
2W 

814 
I2041 

2W 

RED /GRN 
TOP 

BLU 

TOP /BOT 

RED /GRN 

TOP 

*WOUND 
ON SAME CORE WITH 

HORIZONTAL COIL OF LIKE COLOR 
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R13 

50011,2W 

RED /GRN 

BOT 

R15 
4752 

WF6 

L8 
BLUE 
VERTICAL 
COIL * 

fWF5 

L9 
RED 
VERTICAL 
COIL * 

LIO 

GREEN 
VERTICAL 
COIL * 



DC VOLTAGES AS GUIDES 

Voltage change to zero very low low slightly low slightly high high 

Test point A 

Normal -0.1 V 

D4 open 
D4 shorted 
R15 open 

NOTES: 

Use this guide to help you pinpoint the faulty part. 

Measure the one key voltage with a vtvm or fetvom. 

Notice which part is listed as possibly causing any change you 

find. 

For more help to further narrow down the faulty part. see the 

Waveforms Guide. 

WAVEFORMS AS GUIDES 

V p-p low I V p -p high I V p -p zero I Changed Shapes 

t, 
WF1 Normal 15 V p-p 

T. Taken conveniently a the convergence plug /socket, this waveform comes from a winding of the ver- 

tical output transformer. The winding is center -grounded. Amplitude may vary with settings of vERTI Liiiiiiiiiii. 
CAL LINEARITY and HEIGHT in the receiver, but only Slightly. - 

10Vpi) 
P /S1 open 

III 

WF2 Normal 10 V p -p 
i ,I 

i ili 
' 

Comes from tapped (but not grounded) winding of vertical output transformer. Has trapezoidal 

shape, but with some parabolic signal. Some WF3 mixes in at certain settings of R14, R13. and R11. 

Any of these controls can alter the shape of this waveform, but shape shown is for "normal" con- 

vergence settings for average picture -tube gun structure. 0- 

PiS2 open 
P /S3 open 
R14 open 

6Vp-p 
P S1 open 

-I. 

WF3 Normal 7 V p -p 

Comes from vertical output cathode, through large -value capacitive divider that imparts integrated 

parabolic shape. Best place to scope is at convergence plug /socket terminal. Amplitude may depend 

on settings of Vertical Linearity in receiver, but shape doesn't alter much. 

' WF4 Normal 4.5 V p -p 

, 
11 

I 

Taken at "high" end of blue vertical convergence coil. Consists mostly of trapezoid from vertical out- 
, put transformer, with phase selected by R9. Can be completely reversed in polarity, depending on 

conditions, and still be normal. Amplitude. too. depends on settings of controls (R9 and R12). Value 

-. given and shape shown is average. 

P /S3 open 
P /S5 open 
R14 open 

P /S2 open 
R11 open 
R12 open, {. 

10Vp-p 
R9 open 

10Vpp 
P S1 open 

0.5Vp-p 
R9 open 
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MIESSI 

This important job [and its big income) 
is reserved for a qualified 

electronics technician. It can be you! 
It's a fact. There are thousands of jobs like this one 
available right now for skilled electronics technicians. 
What's more, these men are going to be in even greater 
demand in the years ahead. But how about you ? Where 
do you fit into the picture? Your opportunity will never 
be greater ... so act now to take advantage of it. The 
first step ? Learn electronics fundamentals ... develop a 

practical understanding of transistors, trouble- shooting 
techniques, pulse circuitry, micro -electronics, computers 
and many other exciting new developments in this 
growth field. Prepare yourself now for a job with a 
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bright future ... unlimited opportunity with lasting 
security ... prestige and a steadily growing paycheck. 

Cleveland Institute of Electronics courses have been 
stepping stones to good jobs in electronics for thousands 
of ambitious men. Why not join them ? You can learn at 
home, in your spare time, and tuition is remarkably low. 
Read the important information on the facing page. 
Then fill out the postage -free reply card and drop, it in 
the mail today. Without obligation we'll send you all 
the details. But act now ... and get your high - paying 
job just that much sooner. 



How You Can Succeed In Electronics 
...Select Your Future From Seven Career Programs 

The "right" course for your career An FCC License.., or your money back! 
Tile CIE courses described here will prepare you for the FCC 

License specified. In fact, we are so certain of their effec- 
tiveness we offer this warranty: Should you fail to pass the 
FCC examination after completing a CIE license preparation 
course, we will refund all tuition payments. You get an FCC 

license ... or your money back. This warranty is valid during 
the entire completion time established for your course. 

Cleveland Institute offers not one, but seven different and 

up -to -date Electronics Home -Study Programs. Look them 

over. Pick the one that is "right" for you. Then mark your 

selection on the bound -in reply card and send it to us. In a few 
days you will have complete details ... without obligation. 

1A. Electronics Technology 
A comprehensive program covering 
Automation, Communications, 
Computers, Industrial Controls, 
Solid -State Devices, and prepara- 
tion for a 1st Class FCC License. 

1B. Electronics Technology 
with Laboratory 
Includes all areas of Course 1A 
including 1st Class FCC License 
preparation. In addition, student 
receives 161 -piece Electronics 
Laboratory and 17 "lab" lessons for 
"hands-on" experience. 

2. Broadcast Engineering 
Here's an excellent studio engineer- 
ing program which will get you a 1st 
Class FCC License. Now includes 
Video Systems, Monitors, FM Stereo 
Multiplex, Color Transmitter Opera- 
tion and Remote Control. 

3. First Class FCC License 
If a 1st Class FCC ticket is your goal, 
this streamlined program will do the 
trick and enable you to maintain 
and service all types of transmitting 
equipment. 

4. Electronic Communications 
Mobile Radio, Microwave and 2nd 
Class FCC preparation are just a few 
of the topics covered in this "com- 
pact" program. Highly recommended 
for jobs with telephone companies. 

5. Industrial Electronics 
& Automation 
This exciting program includes many 
important subjects such as Corn - 
puters, Electronic Heating and 
Welding, Industrial Controls, Servo- 
mechanisms and Solid -State Devices. 

6. Electronics Engineering 
A college -level course for men 
already working in Electronics ... 
covers Steady -State and Transient 
Network Theory, Solid -State Physics 
and Circuitry, Pulse Techniques, 
Computer Logic and Mathematics 
through Calculus. 

CIE's AUTO -PROGRAMMED° Lessons help 

you learn faster and easier 
Cleveland Institute uses the new programmed learning ap- 
proach. Our Auto - Programmed Lessons present facts and 
concepts in small, easy -to- understand bits ... reinforce them 
with clear explanations and examples. Students learn more 
thoroughly and faster through this modern, simplified 
method. You, too, will absorb ... retain ... advance at 
your own pace. 

Employment Assistance available for 
all CIE students ... at no extra cost 
Once enrolled with CIE, you will get a bimonthly listing of 
high - paying, interesting jobs available with top companies 
throughout the country. Many CIE graduates hold such jobs 
with leading companies like American Airlines, AT &T, 
General Electric, General Telephone and Electronics, IBM, 
Motorola, Penn Central Railroad, Raytheon, RCA, Westing- 
house and Xerox ... to name a few. 

CIE Lessons are continually up -dated 
All lesson books and materials from CIE are continually 
revised or replaced according to the current needs of indus- 
try and the rapidly advancing and changing state of the art. 

New Revised G.I. Bill Benefits: 
All CIE courses are approved for full tuition refund 
under the new G.I. Bill. If you served on active duty 
since January 31, 1955, OR are in service now with 
more than 180 days active duty, check box on reply 
card or coupon to get latest G.I. Bill information. 

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

If card has been removed, mail this coupon for 2 FREE BOOKS 

Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 
Please send me without cost or obligation: 

1. Your full -color book, "Succeed in Electronics." 
2. Your book on "How To Get a Commercial FCC License. " 

1 am especially interested in: 
Electronics Broadcast Electronic 
Technology Engineering Communications 

Electronics First Class Industrial Electronics 
Technology FCC License & Automation 
with Laboratory Electronics Engineering 

Name Age 
(please print) 

Address 

City 
Veterans & Servicemen: 
check here for G.I. Bill information. 

Accredited Member National Home Study Council. 

State Zip 

RE-99 
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WAVEFORMS AS GUIDES 

. 

'- 
, 

_iiiiin_LIti44444.1.11.4iiiiiiiiii. 

WF5 Normal 4.5 V p -p 

Taken at "high" end of red vertical convergence coil. Consists mainly of trapezoid from same trans- T former winding as WF4, but with some of WF2 and WF3 mixed in by R13. Amplitude. shape, and po- larity depend on control settings needed to put the dogs nearest perfect convergence: those shown 
are average. 

P /S2 open 
P /S3 open 
P /S5 open 
R14 open 

+ %A.- 
I)vop 
P S1 .)pen 

10 V p-p 
R10 open 

WF6 Normal 4.5 

Taken at "high" end 
vertical output cathode, 
pends on control settings, 
ture. 

V p -p 

of green vertical convergence coil. Consists mainly of parabolic waveform from 
but modified by WF9 and WF10 that are mixed in by R13. Amplitude de- 

but shape varies little. Value given is for average picture -tube gun struc- 

FM 
4V pp 
R11 open 

123 
3Vp -p 
R11 open 

PM 
2Vp -p 
R11 open 

;NOTES: Use the direct probe of the scope. Set the scope cweep to about 
30 Hz, to display two cycles. 

Use this Guide and the Voltages Guide to help you pin down Check the six waveforms at the six key test points. fault possibilities. 
Note amplitude. If it's low or high, check the parts listed under 

Set controls for the best convergence possible, even if it's not those columns. 
correct convergence over the whole CRT face. Use dot pat- Note waveshape. If there's a change that matches one shown, 
tern. check the parts indicated. 

The third signal input, taken from the cathode of the ver- 
tical output tube, feeds two potentiometers in series. (In some 
chassis, these potentiometers are in parallel, and one of them 
has a resistor between its lower end and ground.) The slider 
of potentiometer R 11 feeds a signal to one end of the green 
vertical coil, much the same as RIO feeds a signal to one end 
of the red vertical coil. R15 and D4 shape this particular 
waveform to some extent. 

You could consider R13 a mixing pot for signals from (a) 
RIO, (b) RI I, and (c) R14. The result goes to the red and 
green convergence coils. 

Potentiometer R12 also takes signals from the vertical 
output cathode. R12 is in series with RI I. (In some designs, 
they are in parallel.) The slider of R12 feeds signal to one end 
of the blue vertical coil -the end opposite that fed by R9. Ca- 
pacitor C7 has a very small effect on shaping. In some chassis, 
C7 is omitted and replaced by direct connection. 

Looking at the three coils, you can see that the wave - 
shape developing across them -that is current developing in 
them -is a result of differently phased waveforms fed at each 
end of each coil. The resulting currents make the magnetic 
fields that "warp" the CRT beams that correspond to the col- 
ors of the coils. 

DC Distribution 
The only dc in this vertical convergence section is devel- 

oped by D4. Capacitors in the feed line from the vertical out- 
put cathode block any dc that might come from there. The dc 
path to ground through R Il and R12 keep the voltage quite 
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low -a mere fraction of a volt. This clamp voltage is positive 
(it's negative in the horizontal convergence section). 

Station and Control Effects 
How much or how little signal is being picked up from a 

station has no effect on the waveforms in the vertical con- 
vergence section. The waveforms come from the vertical out- 
put system, which runs whether there is sync or not. However, 
the six vertical -convergence potentiometers definitely affect 
waveforms. This effect is easiest to see with a dog pattern on 
the picture tube face. 

Control R 10 affects red and green dots in the area mid- 
way across the bottom of the screen. As you twist the poten- 
tiometer knob, the red and green dots move further apart or 
squeeze closer together sideways. Control R13 affects the 
same dots, but it moves them vertically closer to or further 
away from each other. The object is alternately to adjust RIO 
and R13 until the red and green dots superimpose and form 
yellow dots (with blue killed). 

RI 1 and R14 have a like effect on the dots midway along 
the top edge of the picture tube screen. As you twist the knob 
of RlI, red and green dots are pulled closer together or 
pushed further apart in the sideways direction. As you twist 
R14, the same dots approach or spread apart vertically. 
Again, the task is to superimpose them to form yellow dots. 

R9 and R12 move blue dots at the top and bottom mid- 
points on the picture tube screen. But the dots move in a little 
different manner than with the red /green controls. R12 
moves either or both sets of dots upward or downward simul- 



equipment report 

Hickok CRO -5000 Triggered 

Sweep Scope 

Circle 55 on reader service card 

THE HICKOK CRO -5000 OSCILLOSCOPE 

is quite an instrument. It's described in 

the manual as a "general- purpose high - 
frequency scope for use in development 
laboratories, production testing and 
precision electronics servicing work." 
I'll take that. 

The spec's are impressive: vertical 
amplifier bandwidth up to 25 MHz with 
usable response to 50 MHz; ac or dc 
coupled input, with the choice of a 

high -pass or low -pass filter for getting 
the best results; triggered sweep. with a 
selector to allow triggering on either the 
positive- or negative -going slope of the 
waveform; a horizontal sweep from 50 
nsec per division up to two sec- 
onds /division; a built -in calibrator, 
square wave at 1.0 kHz, and so on. 

The horizontal sweep (TIME /DIV) 

and vertical gain (VOLTS /DIV) each are 
controlled by a single knob. Calibration 
is in "1 -2 -5 -" steps for both. A contin- 
uous control for the horizontal sweep is 

provided by a center -knob. To cali- 
brate, it is turned full CCW until you 
feel the switch click. From then on volt- 
age and frequency can be read directly 
from the dials. 

Any voltage and frequency can lit- 

erally be read with a "twist of the 
wrist," and counting the divisions of the 
graticule covered by the waveform. This 
is possibly the fastest scope I have ever 
used in that respect. Dc levels in the 
waveform can be read just as easily. 
The input switch is set to dc. and the 
undeflected line adjusted to the bottom 
line of the graticule. Ac peak -to -peak 
voltages are read by counting divisions 
and multiplying by the calibration set- 
ting. (4 divisions, at 1.0 V /div = 4.0 
volts peak -to- peak.) On the highest 
voltage range, 50 V /div, you can read 
300 V peak -to -peak, since the graticule 
has 6 major divisions. With the 10:1 

low- capacitance probe, the maximum 
voltage is multiplied by 10, for a read- 
ing of 3,000 V peak -to -peak. 

You can use any of three vertical 
inputs: AC -LF, which is flat from 5 Hz 
up to about 100 kHz: AC -HF with a high - 
pass filter, flat from about 500 Hz up to 
more than 10 MHz, with only -3 dB at 
25 MHz, and usable response to 50 
MHz, or dc with the same hf response 
as the AC -HF position, and low -fre- 
quency response all the way down. 

The triggered -sweep can be used 
for "instant- locked" observation of any 

waveform. Triggering on the positive -or 
negative -going slope of the wave makes 
it easy. Just push the + or the 
- button. For setup. or for applications 
where the triggered sweep isn't neces- 
sary, the AUTO button is pushed. This 
switches the sweep back to manual, and 
it runs constantly. This is useful for the 
quick testing through any kind of circui- 
try, to find out where the signal stops. 
As usual, we put the CRO -5000 through 
its paces on the test bench on actual TV 
troubles. The CRO -5000 came through 
with flying colors. It is everything a 
technician could possibly want. 

All of the operating controls are 
logically placed. Vertical and horizontal 
controls have large knobs, and are set 
close to each other. Calibration is plain 
and easy to read. The TRIGGER LEVEL 

control is near them, and these are the 
most -used ones. The position controls 
are placed below and up the right side 
of the screen. All the rest are pushbut- 
tons, in a handy row along the bottom 
of the front panel. 

External triggering can be used, as 
well as internal and line -sync. External 
horizontal sweep can also be used, 
through a jack on the panel. These are 
controlled by the pushbottons. 

A special flat -face CRT is used, 
with a rectangular screen. This is re- 
cessed to reduce glare. However. the 
trace is very bright and sharp, and it 
could be used in any room even with 
high -intensity lighting. 

There was only one thing I didn't 
like about this tremendous scope -hav- 
ing to send it back! R -E 

KWIK FIX TROUBLESHOOTING CHARTS 

(concluded) 

taneously. R9. on the other hand, moves top blue dots up- 
ward and bottom blue dots downward or else moves bottom 
blue dots upward and top blue dots downward. The objective 
is to arrange the blue dots so they superimpose with yellow 
dots to form white dots. 

If blue dots at the top or bottom don't align correctly. 
you may have to get them in nearly the same positions (with 
respect to yellow) as those in the center of the pix tube and 
then converge with the static magnets. That was done before 
any convergence was started. but you may have to readjust 
static convergence from time to time all through dynamic 
convergence. 

Quick Troubleshooting 
Almost the only components in the vertical dynamic con- 

vergence section are the six controls and the three con- 

vergence -yoke coils. The dots on the screen -or their lack of 
movement -generally give enough clues to tell whether a part 
is bad or not. 

If a coil is open, none of the controls that move that par- 
ticular color of dot has any effect. The same controls might 
affect other dots. For example, if the red coil is open, the 
red /green controls (all except R9 and R12) will effect green 
dots but red dots just sit there. If green dots won't move and 
red will. the green coil is probably open. If the blue coil is 

open. red and green dots move, but neither R9 nor R12 will 
move blue dots. 

On the other hand, if only one control is bad, the other 
controls will usually affect the dots they should. 

Another easy way to check out convergence -board com- 
ponents is with an ohmmeter. The only trouble is, you have to 
disconnect one end of just about any component on the board 
if you're going to see what its resistance is. Generally, on the 
vertical convergence portion of the panel, you can get a better 
idea from how the controls affect the dots they are supposed 
to control. R -E 
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ALTHOUGH THE HARMONIC-DISTOR- 
tion meter and the intermodulation 
analyzer are the specialized instruments 
for measuring audio distortion, the os- 
cilloscope can also be useful. A scope is 
particularly helpful in identifying the 
type(s) of distortion in various trouble 
situations. The scope may be used 
directly. or with a harmonic- distortion 
meter. Nearly all tests of hi -fi equip- 
ment place exacting requirements on 
scope characteristics. as will be ex- 
plained. 

Sinewave displays 
Let's start with a review of sine - 

wave displays. Fig. I is the basic test 
setup. The load resistor should have a 
resistance roughly that of the rated am- 
plifier output impedance and must also 
have a power rating at least equal to the 
maximum rated power output of the 
amplifier. Note that the audio oscillator 
must have a lower percentage distortion 
rating than the amplifier under test. 

fore it becomes easy to see, when the 
method shown in Fig. 1 is employed. 
For example, Fig. 2 shows 1 -kHz sine- 

FIG. 2- REFERENCE PATTERN when audio os- 
cillator is connected direct to the scope. 

wave patterns displayed when the out- 
put from the audio oscillator is fed 
directly into the vertical input terminals 
of the scope. Although high -quality in- 
struments were used in this example, 
there is of course a slight amount of dis- 
tortion. But even a highly experienced 

lustrated in Fig. 2, it is very difficult to 
discern the difference. 

When an amplifier operates at 2% 
harmonic distortion, the operator may 
be able to observe a departure from the 
reference pattern. For example, Fig. 4 is 
an example of 2''r harmonic distortion. 
In this case, the distortion is caused by 
positive peak compression. This is one 
of the most common forms of audio dis- 
tortion: it is caused by a nonlinear 

FIG. 4 -TWO PER CENT MORE distortion than 
the waveform of Fig. 2 becomes noticeable. 

Scope Analysis of 

Similarly, the vertical amplifier of the 
scope must have a lower distortion fig- 
ure than the amplifier rating. Otherwise. 
the test results become meaningless -we 
will be measuring test -equipment defi- 
ciencies rather than amplifier perform- 
ance. 

Tests can be made at various levels 
of amplifier power output, but the most 
useful test is usually the one made at 
maximum rated power output. Most 
types of distortion show up most 
prominently at maximum output, al- 
though there are a few exceptions. For 
example, crossover distortion is greater 
at low levels. Therefore, low -level per- 
formance must not be ignored. 

Distortion must be appreciable be- 

AMPLIFIER 
OR DEVICE 

UNDER TEST 

G 

LOAD AUDIO LR 
OSCILLATOR 

FIG. 1 -TEST SETUP for sinewave display. 

scope operator could not state the ap- 
proximate percentage nor identify the 
types of distortion in the display. 

A reference pattern like that of Fig. 
2 should always be set up and observed 
before making measurements. Not only 
does it serve as a check on instrument 
condition, but it also establishes a stan- 
dard for subsequent observations. Next, 
let us consider the pattern that is dis- 
played when the I -kHz sinewave volt- 
age is passed through an amplifier oper- 
ating with 1% harmonic distortion. Fig. 
3 shows the resulting pattern. Note that 

FIG. 3 -THIS WAVEFORM has one percent 
more distortion than the one shown in Fig. 2. 

although this waveform contains 1% 
more distortion than the waveform il- 
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The technician's most valuable 
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FIG. 5- DISTORTION due to wrong bias. 

for a specialized 

OUTPUT\ 

1\-1 

transfer characteristic, as depicted in 
Fig. 5. In this example. the bias point is 
incorrect. Note that even when the bias 
point is correct, overdriving inevitably 
results in double -peak compression or 
clipping, as shown in Fig. 6. 

Higher percentages of distortion 
are progressively easier to observe in 
sine -wave patterns, as in Fig. 7. These 
are also examples of positive -peak com- 
pression. The relation of second -har- 
monic distortion to peak compression 
or clipping is depicted in Fig. 8. In- 
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FIG. 6- OVERDRIVING, even with correct bias, 
will cause a clipping type of distortion. 

troducing a second harmonic results in 
reducing one peak amplitude and in- 
creasing the other in the resultant com- 
plex waveform. (In general, we can state 
that unsymmetrical distortion is caused 
by even -order harmonics, while sym- 

AN 
SSINE WAVE AND 

SECOND HARMONIC 

r iFUNDAMENTAL 

SECOND HARMONIC 

MEINNIIIVA 
i 

IIMIIIINIPA IIIIIRUI MIME 
MEIN, 

COMBINED r ENTAL 
AND SECOND HARMONIC 

FIG. S- SECOND HARMONIC distortion and its 
relation to peak compression or clipping. 

FIG. 9- MIRROR IMAGE DISTORTION due to 
phase of the second harmonic insertion. 

more amplifier output voltage than in- 
put voltage; and since the horizontal 
amplifier usually has less gain than the 
vertical amplifier, the arrangement 
shown in Fig. 10 is generally most prac- 
tical. 

Audio Distortion 
instrument can often substitute 

audio analyzer 

by ROBERT G. MIDDLETON 

metrical distortion is caused by odd -or- 
der harmonics.) 

Although the ear has little or no 
discrimination for phase distortion, the 
resultant waveform of a fundamental 
and second harmonic changes greatly 
with phase shift, and is very prominent 
in a scope pattern. As an example, if a 
second harmonic is introduced into a 
sine wave with the phase shown in Fig. 
9, peak compression does not occur. In- 
stead, a mirror -image type of nonlinear 
distortion takes place. Note also that a 
harmonic -distortion meter is "like" the 
ear in that it has little or no response to 
harmonic phase relations. 

Lissajous displays 
It is easier to discern small per- 

centages of distortion in scope patterns 
if we use Lissajous patterns. Fig. 10 

shows the basic test setup. A linear time 
base is not used. Instead, the amplifier 
input waveform is fed into the vertical 
channel of the scope, and the amplifier 
output waveform is fed into the hori- 
zontal channel. Although the amplifier 
roles could be reversed, we usually have 

FIG. 7- POSITIVE PEAK COMPRESSION: a- 
3% harmonic distortion, b -5 %, c -10 %. 

AMPLIFIER 
OR DEVICE 

UNDER TEST 

AUDIO 
OSCILLATOR 

FIG. 10- LISSAJOUS DISPLAYS can be ob- 
tained with the test setup of this figure. 

Note that the audio oscillator need 
not meet hi -fi standards to be useful in 
Fig. 10. That is, the test setup is largely 
immune to distortion in the audio -os- 
cillator output waveform. On the other 
hand, the scope must have hi -fi vertical 
and horizontal amplifiers. Otherwise 
distortion in the scope will be charged 
against the amplifier under test in most 
cases. It is advisable to make a prelimi- 
nary equipment check by omitting the 
amplifier in Fig. 10 and driving the 
scope's vertical and horizontal ampli- 
fiers directly from the audio oscillator. 
If the scope has hi -fi amplifiers, a 
straight diagonal line will be displayed, 
as illustrated in Fig. 11 -a. 

Since no scope can be absolutely 
perfect, there is a slight amount of dis- 
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tortion in the pattern on Fig. l l -a, al- 
though it cannot be discerned. Next. 
when an amplifier operating with 1 %r 

harmonic distortion is checked, we note 
that this amount of distortion is evident. 
although it might be overlooked by the 
inexperienced observer. Note in Fig. // 

FIG. 11- AMPLIFIER OUTPUT Lissajous dis- 
play. a- negligible. b -1% distortion. 

I1 -b that if a straightedge is held 
against the displayed line, a definite 
curvature is apparent. This is also the 
case if we sight along the displayed line 
from end to end. 

Although no industry standards 
have been established, it is generally 
agreed that high -fidelity reproduction 
entails a harmonic -distortion figure of 
less than 1 %. Thus, the examples shown 
in Fig. 12 exceed high- fidelity limits. // 
FIG. 12- INCREASING DISTORTION is easy to 
see. a -1.5 %. b -2% harmonic distortion. 

These tests were made at 1 kHz, which 
is the standard single -test frequency. 
The particular curvature in the patterns 
is characteristic of peak distortion, and 
is essentially independent of the test fre- 
quency. Fig. 13 shows similar patterns 

o. b. c. 

FIG. 13- LISSAJOUS PATTERNS for peak com- 
pression at 3, 5 and 10% harmonic distortion. 

for higher percentages of distortion. 
Note that the traces are visibly sepa- 
rated for the examples of 5% and 10% 
distortion. This is an indication of har- 
monic phase shift, in comparison to the 
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Cow 
FIG 14- CLASSIC AUDIO PATTERNS. a -no 
overload, no phase shift: b -peak clipping, no 
phase shift: c- double peak clipping, no phase 
shift: d -phase shift, no amplitude distortion: 
e -phase shift and peak clipping: f -phase shift 
and double peak clipping. 

foregoing photos. 
Fig. 14 depicts the basic amplitude 

and phase -shift Lissajous patterns. We 
observe that clipping produces a sharp 
discontinuity in the pattern. All ac- 
coupled audio amplifiers shift phase in 
the vicinity of their high- frequency and 
low- frequency cutoff points. A dc- 
coupled audio amplifier exhibits phase 
shift only in the vicinity of its high -fre- 
quency cutoff point, since its low -fre- 
quency cutoff point is zero Hz. As noted 
previously, the percentage of harmonic 
distortion due to crossover distortion in- 
creases as the output power is reduced. 

Analysis of distortion products 
An oscilloscope is also useful for 

checking harmonic -distortion products. 
as shown in Fig. 15. This application is 

o 

AUDIO 
OSCILLATOR 

o 

o 
AMPLIFIER 
OR DEVICE 

UNDER TEST 

the period of the distortion waveform. 
The scope is adjusted to display one 
complete cycle when the harmonic -dis- 
tortion meter is set to feed the input 
waveform through. Then, when the har- 
monic- distortion meter is adjusted to re- 
ject the test frequency. we observe how 
many cycles of the distortion waveform 
are displayed on the scope screen. For 
example, if three cycles are displayed, 
we know that the dominant distortion 
product is the third harmonic. 

Note that phase relations are not 
troublesome in most cases. For ex- 
ample, Fig. 16 depicts a distortion 
waveform made up of a dominant sec- 
ond harmonic with a subordinate sixth 
harmonic. In these two examples, the 
sixth harmonic has zero phase and 180` 
phase respectively, with respect to the 
second harmonic. However, the number 
of zero crossovers remains the same, 
and the period of the complex dis- 
tortion waveform is unchanged. 

Finally, we may note that apparent 
harmonic distortion might be hum dis- 
tortion in whole or in part. In either 
case. scope analysis of the distortion 
waveform will quickly show whether 
60-Hz or 120-Hz hum voltage may be 
present. 

Conclusion 
Although the harmonic- distortion 

meter is the basic instrument for mea- 
surement of audio distortion, the os- 

least demanding on scope performance. 
and any service -type scope can be uti- 
lized. When the harmonic -distortion 
meter is adjusted to reject the test fre- 
quency (such as I kHz), the scope then 
displays the waveform of the distortion 
products. This is very seldom a second 
harmonic alone, a third harmonic 
alone, or a mixture solely of second and 
third harmonics. In most situations, we 
will find a distortion waveform that 
consists of a number of even and odd 
harmonics. However. one harmonic, 
such as the second or the third har- 
monic, is usually dominant. This can be 
determined by using the scope to mea- 
sure the frequency of the complex dis- 
tortion waveform. 

Frequency can be measured easily 
if the scope has calibrated sweeps. For 
example. if the test frequency is I kHz, 
and the period of the distortion wave- 
form is 500 µs, we know that the domi- 
nant distortion product is the second 
harmonic. On the other hand, if the 
scope does not have calibrated sweeps, 
a simple comparison test will determine 

1972 

HARMONIC HARMONIC oV 

DISTORTION SCOPE 
METER 

FIG. 15- HARMONIC DISTORTION TEST, setup 
for analyzing the distortion products. 

FIG. 16 -THESE TWO distortion waveforms are 
alike except for relative phase relations. 

cilloscope is a useful supplementary in- 
strument. When an HD meter is not 
available, a scope can be used for quali- 
tative and even for rough quantitative 
analysis of distortion. The most useful 
approach is to display an input -output 
Lissajous pattern. To obtain meaningful 
results, both the vertical and the hori- 
zontal amplifiers of the scope should 
have hi -fi characteristics. A scope is also 
useful for checking harmonic- distortion 
products in audio circuits when used 
with an harmonic -distortion meter. R -E 



Universal dual signal 

source for audio testing, 

digital logic, electronic 

music synthesis, SWL 

and ham BFO'S, panic 

alarms, sirens, birdcalls, 

calibrators, signal 

generators, squawkers, 

etc.... 

HERE'S A UNIVERSAL SHORTPROOF DUAL 
oscillator that virtually anyone in elec- 
tronics can use and easily afford. Snap 
on a capacitor and out comes a stable, 
buffered, 3 -volt high symmetrical 
square wave of any frequency you want 
from once every ten seconds up to 30 
MHz. If you want, you can knob tune 
the frequency over a 3.5 to I range with 
a single capacitor. or voltage control the 
thing with an external 3- to 5 -volt dc 
control voltage. 

The output directly drives TTL, RTL, 
DTL, or low -threshold MOs integrated 
circuits, and with a good power supply, 
the frequency is stable enough for mu- 
sic synthesis and metronome work. A 
speaker can be driven directly by the 
output to useful volume levels. If you 
need more stability, just replace the ca- 
pacitor with a crystal from 3 to 30 MHz 
and you have a crystal -controlled 
source. 

You can use just one of the clocks, 
use both clocks separately, or you can 
let the one clock control the other one, 
useful for sirens, two -tone alarms, tone - 
burst testing, etc. Hams and SWL's 
might like to put a crystal calibrator on 
one half and a bfo on the other. 

Said -state 
Dual-Clock Generator 

Cost and complexity? A single 
$2.40 integrated circuit does the whole 
job, helped along with two optional 25¢ 
transistors. You provide the power sup- 
ply- either 5 volts from a regulated 
bench source or 4.5 to 6 volts worth of 
D cells. 

Construction hints 
The schematic is in Fig. I. The 

heart of the circuit is IC 1, a dual buf- 
fered TTL astable multivibrator. The 
multi's frequency is controlled by an ex- 
ternal capacitor along with a control 
voltage input. For no frequency adjust- 
ment, you clamp the control voltage to 
+5. For pot control, you run it to a pot 
that lets the voltage run from +2.5 to 
+5. Or for external use, you bring out 
the voltage control directly. 

Note that there are three supply 
voltages and three ground connections 
that must be made to the IC. B + to the 
oscillators must be R -C decoupled to 
prevent interaction between both circuit 
halves. The oscillators cannot be gated 
by applying and removing B + because 
of a sneak path through from the volt- 
age control input. Thus, to elec- 

by DON LANCASTER 

tronically gate (or turn on and off) the 
oscillator, you break the ground side to 
the oscillator. This is done optionally by 
transistors Q I and Q2. If you don't need 
gating, just replace these transistors with 
a solid ground connection. +2 to +5 
volts at the GATE terminal turns ON the 
clock. Ground shuts it off. 

A small printed circuit simplifies 
assembly. You can make your own us- 
ing the layout guide of Fig. 2, along 
with the mechanical and layout guides 
of Figs. 3 and 4. Be sure to observe the 
code notch and dot when inserting the 
IC and use a low- wattage iron and fine 
solder during assembly. 

The printed circuit mounts on the 
side of a small case, with each clock's 
input, output, and capacitor binding 
posts going on the top, along with a fre- 
quency- adjust pot. Since this is a 30- 
MHz device and circuit, lead routing 
can be critical and cause noise and in- 
teraction problems. To solve these 
problems, use short pieces of coax (min- 
iature 50-ohm RG -174 is ideal) to reach 
the capacitor binding posts. Use one 
piece of coax for each binding post and 
ground the coax only at the printed -cir- 
cuit end. Also, use a sturdy No. 12 or 
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FIG. 1- COMPLETE SCHEMATIC of the dual clock. It's a versatile dual - 

output signal generator that has a thousand and one uses around the 
shop. And you can build it around a single IC and a pair of low -cost 
diodes. 

COM 

FIG. 2 -FULL SIZE PATTERN for the dual -clock 
circuit board. 

TIN PADS 
FOR TERMINALS 
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o o 

1 REO'D MAKE 
FROM 1/16" G -10 
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FIG. 3- DRILLING GUIDE shows proper hole 
sizes for board. 
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CASE 

GROUND 
BUS 

TO POS 
OR GATING 
SOURCE 

TO OUTPUT POST 

TO CAPACITOR 
POSTS VI A 
SHIELDED 
CABLE 

TO R10 

TO S2 

TO R10 

TO +5 SU PP LY 

GND 

GATE 

OUT 

CAP 

o 
'9'10 GND 

-R2- GATE 
NC 

OUT 

CAP 
RS CAP CAP C3 Cl 

NC 1R; D1 

NC 

CCW 

VC IN 

CW f03 
POS 

11R8 
SWTPCO 

DUAL CLOCK 

GROUND BUS 
TO POS OR 
GATING SOURCE 

TO OUTPUT POST 

TO CAPACITOR 
POST VIA 
SHIELDED CABLES 

NC 

C IN TO S1 

CW TO R9 
POS TO +5 SUPPLY 

FIG. 4 -PARTS LAYOUT to follow when wiring 
your dual -clock circuit. 

RI. R2. R5. R6 -4700 ohms. '/4 watt 
R3. R4 -2200 ohms. '/. watt 
R7. R8 -27 ohms. ' -. watt 
R9. RI0 -5000 ohms. linear pot 
Cl. C2. C3. C4. C6 -0.1 pF. 10 volts. disc ceramic 

C5 -50 F. 6 volts. electrolytic 
DI. D2. D3. D4 -1N914 silicon diode 
ICI- MC4024 or MC4324 
QI. Q2- 2N5129 
SI. S2 spdt slide switch 
JI thru 110 -5 wav binding posts. 4 white. 2 each 

red. yellow. and black 
MISC: PC Board. 21-." x 3 ": case: mounting feet 

10 MHz 

1 MHz 

100 kHz 

10 kHz 

I kHz 

100 Hz 

IO Hz 

(4): push -on knobs (2): RG -174 or other miniature 
shielded wire. 2 feet: hookup wire: PC board 

mounting hardware: ground bus: solder. ground 

lug to lit 15. 

NOTE: The following Items are available from South- 

west Technical Products, 219 West Rhapsody, San An- 

tonio. Texas, 78216: 
Integrated Circuit IC1 MC4024. $2.40. 

Etched and Drilled PC Board No. 176B. $1.80. 

Complete kit of all parts including prepunched and pre - 

finished case and complete assembly instructions No. 

176-C. $8.30. 

.<2 / h,O 

JG 

0.1 µSEC 

IµSEC 

10 µSEC 

FIG. 5- OUTPUT CA- 
PACITOR selection Is 

simplified by using this 
little chart. 

IOO µSEC oo 

w a 
I msec 

10 msec 

100 msec 

I Hz I sec 
100 10 0.1 0.01 1000 100 10 

MICROFARADS PICOFARADS 

No. 14 ground bus. made from a piece 
of house wiring. When lead dress is 
right, both oscillators should run over 
their entire range without any inter- 
action. pulling. or noise problems. 

If desired. a small 5 -volt power 
supply may be added to the bottom of 
the case. It should be regulated if ex- 
treme frequency stability is needed. 

Operation 
To use one of the clocks, apply 5 

volts. make the gate input positive by 
2.5 to 5 volts, use the internal pot. and 
snap a capacitor in place. The fre- 
quency is determined by the graph of 
Fig. 5. For instance, a 0.1 -µF Mylar ca- 
pacitor should give you a range of 1200 

FIG. 6 -FOUR APPLI- 
CATIONS for the dual 
clock, a -1 kHz test os- 
cillator, b- crystal 
clock or marker ganar 
ator. c -1 pps metro- 
nome or clock source. 
d- two-tone alarm. 

Hz to 4500 Hz. 
Some practical circuits are shown 

in Fig. 6. A l -kHz square wave gener- 
ator (Fig. 6-a). A 3.58, 4.5, or 10.7 -Mhz 
crystal oscillator for color, sound TV or 
FM work (Fig. 6-b). Crystals below 3 

MHz may be used. but some capacitive 
padding is sometimes needed for stable 
operation. You can go down to 100 kHz 
if you custom -fit the padding to the par- 
ticular crystal in use. A one pulse -per- 
second timer or metronome (Fig. 6-c). 
A two -tone audio alarm that puts out a 

commanding TWEEE -DELLL TWEEE- 

DELLL note (Fig. 6-d). To allow one 
clock to control the other, or anytime 
you want a full five volts output, add a 

2.200- or a 470 -ohm resistor between 

0.22 µF 
MYLAR 

o 

250µF 
ELECTROLYTIC 

@ @ @ 

c 

OUT 

3.58, 4.5 
OR 

10.7 MHz XTAL 

o 

OUT 

OUTPUT +5V 

the driving output and +5 volts. You 
might like to do this internally. 

To gate one clock with the other, 
remove the gate input from POS and 
connect it to the other output. This gives 
you a gated oscillator or a tone burst 
generator. Or, add a big electrolytic and 
a charging resistor to the VC INPUT to get 
a siren or FM signal source. 

There are many options available 
to you. If you want, bring the GATE in- 
puts out to binding posts and add per- 
manent output pull -up resistors. Or to 
cut costs, if you're never going to use an 
outside world signal. leave oli protect- 
ing diodes D1 thru D4. You'll find lots 
of ways to customize this Radio-Elec- 
tronics dual clock to your own uses. R -F 
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ALL ABOUT ELECTROLYTICS 

THE MODERN ELECTROLYTIC CAPACITOR 
is one of the "main parts" in electronic 
circuits today. Their major use is still 
power -supply filtering, but electrolytics 
are also used for bypassing and signal - 
coupling, especially in solid -state cir- 
cuits. 

They can also cause some of the 
weirdest troubles imaginable! So, let's 
take a long look at these things -how 
they're made, how they're used, and 
most important of all to the service 
technician and experimenter, how to 
test them. 

We'll show you at least one guaran- 
teed- infallible test for an electrolytic! 
They are not hard to test if you know 
how they work and how they act when 
they don't work. 

How electrolytics are made 
We don't have time to go into a de- 

tailed explanation of the design of an 
electrolytic capacitor. You don't have to 
build them -all you have to know is 
what size to buy and use. 

All capacitors have two plates. Ca- 
pacitance depends on the size of these 
plates, and the spacing between them, 
and the dielectric between them. An 
electrolytic capacitor is made of two 
sheets of aluminum. This metal has a 
peculiar yet useful property -it oxidizes 
very rapidly. Clean a piece, and without 
special precautions, it's covered with a 
thin layer of aluminum oxide before 
you can say Jack Robinson. Remember 
this oxide layer! 

ALUMINUM 

THIN LAYER 
OF OXIDE 

DIELECTRIC 

ALUMINUM 

SEPARATOR SEPARATOR AND 
ELECTROLYTE 

FIG. 1- ELECTROLYTIC CAPACITOR PLATES 
greatly enlarged. The wry thin layer of oxide is 
the dielectric. 

ALUMINUM 
PLATES 

OXIDE THIN GAUZE 
SATURATED WITH 

ELECTROLYTE 

FIG. 2 -BASIC CONSTRUCTION of all dry elec- 
trolytic capacitors follows this pattern. There 
are two sheets of aluminum foil with electrolyte 
between them. The sandwich is then rolled up 
to form the capacitor. 

The original electrolytics were wet 
types. A corkscrew- shaped electrode 
was mounted in a can, filled with a solu- 
tion of borax, etc. A forming voltage, 
dc, was applied and the oxide layer 
formed on the positive electrode, the 
corkscrew. The can was negative. The 
oxide layer, about to -"' cm thick is the 
negative plate! Since it is very close to 
the metal, the result is a very high ca- 
pacitance per sq. inch. The electrolyte 
liquid and the other metal plate, or the 
can, is used only to make electrical con- 
tact to the outside of the oxide layer 
(Fig. I)! 

The wet types, like all electronic 
components, had disadvantages and ad- 
vantages. One big advantage was their 
ability to arc between the plates, and 
then heal. (The paper capacitors used 
during that period would not do this. 
When they broke down, that was it.) 
The disadvantage was large size. An 8- 
µF wet electrolytic had a diameter of 
about 2.5 inches and were 3 to 4 inches 
high. Also, they had to be kept right - 
side up, to assure proper venting of the 
electrolytic capacitor. 

Eventually, the wet electrolytic was 
replaced by the present dry electrolytic 
types. These aren't any more dry than a 
dry battery is. The liquid electrolyte is 
still used, but in a different form. To 
make one like this, two very thin sheets 
of aluminum foil (2 -3 mils thick) are 
rolled up, with a porous separator be- 
tween them. This is saturated with the 
electrolyte in a paste form. The roll is 
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sealed into aluminum cans. One end of 
the can has an insulator with a terminal, 
which is the positive plate, except in 
specially -built units (Fig. 2). 

The first dry electrolytics used 
smooth foils. They got what was then an 
amazing amount of capacitance into a 
very small can. Manufacturers kept 
looking for ways to increase capacitance 
without increasing size, and they found 
it. The surface area of the plates deter- 
mined the capacitance. So the surface of 
the plates was etched enough to make it 
rough (Fig. 3). The roughness increased 
the effective surface area, and the ca- 
pacitance increased. 

Making an electrolytic 
Assembling an electrolytic capaci- 

tor is a fascinating process. Two sheets 
of perfectly clean aluminum foil, with 
the saturated separator between, are 
rolled up to form a cylinder. The sheets 
are usually offset slightly; and alumi- 
num tabs are spot -welded to each foil 
for the connections (Fig. 4). This as- 
sembly is sealed into the can and the 
tabs are welded to the terminals. 

In this condition, the thing would 
have a certain amount of capacitance, 
but it would be small and the leakage 
would be high. You could say that it is 
not a capacitor, yet. 

To make an electrolytic out of it, a 
dc forming voltage is applied. The 
forming voltage determines the working 
voltage of the finished capacitor! The 
positive voltage is connected to the in- 



The modern electrolytic capacitor is not the simple device it seems. 

Take a look at how it is made and how it may fail. by EUGENE CUNNINGHAM 

ELECTROLYTE 
IN GAUZE 

/PLATE 2 

FIG. 3- ETCHING THE SURFACE of the alumi- 
num sheets that form the plates of the "dry" 
electrolytic capacitor, In effect, Increased the 
surface area of these plates. This, In turn, In- 
creases the capacitance, permitting a larger - 
value capacitor In the same size case. A simple 
but effective technique. 

FOIL 

GAUZE // FOIL k)) 
r FOIL 

GAUZE 
-FOIL 

FIG. 4- TYPICAL CONSTRUCTION of a dry 
electrolytic. You can see how the two foils, with 
the electrolytic between them, are slightly off- 
set. This simple offset makes It possible to 
have the connecting tabs located so they come 
out at opposite ends of the assembled capaci- 
tor. 

sulated terminal, the + terminal of the 
capacitor. This causes the oxide layer to 
form on the positive plate. The thick- 
ness of the oxide layer determines the 
capacitance of the unit, also its safe 
working voltage. For low -voltage ca- 
pacitors, a very thin layer is formed, and 
the capacitance is greater. (Plates 
spaced closer.) The oxide layer could be 
said to be plated on the surface of the 
positive plate. 

These capacitors, in all standard 
types, are definitely polarized. The posi- 
tive terminal must be connected to a 
positive voltage. If they are reversed, 
the current -flow through the electrolyte 
will actually dissolve the oxide layer 
into the electrolyte and the capacitor 
will conduct dc. So you can't use it 
backwards. 

There are specially built "nonpo- 
larized" electrolytics for use on ac. But 
practically all of the ones we find in 
electronic circuits, though, will be dc 
electrolytics. Unless they are a special 
type, the insulated terminal will always 
be positive and the can negative. 

Remember those little tabs which 
make the contact; we'll be seeing them 
later! 

Leakage current 
Because of their peculiar construc- 

tion, all electrolytic capacitors permit 
some leakage. With the proper polarity, 
in good grade capacitors, this is very 
small. We used to have a rule on this; 
"one tenth mill per mike ". (0.1 mA /µF). 

The new models have a leakage 
much lower than this. They have to! 
Otherwise, leakage current through a 
4,000 -11F capacitor would be something 
like 400 mA. 

Leakage current is measured by 
applying the rated dc working voltage 
to the capacitor, and reading the current 
on a milliammeter. Practically all of the 
better capacitor testers can make this 
test. If the applied voltage is reversed, a 
much greater leakage current will flow, 
and the capacitor will be destroyed. 

You can verify this for yourself 
with an ohmmeter. Connect the positive 
lead to the + terminal, and the negative 
to the -. You'll see a fairly high resist- 
ance. Reverse the ohmmeter leads, and 
you'll see a very low resistance, even 
with the very low voltage applied by the 
ohmmeter battery. (Very much like the 
effect you get when checking a semi- 
conductor diode!) 

If the forward leakage current is 
too high, it will generate heat, inside the 
electrolytic. So if you find a warm or hot 
electrolytic in a power -supply circuit, 
and there is no source of heat nearby, 
look out! This one is probably on the 
verge of failing! If the leakage current is 
high enough, it can even cause steam to 
form, and the pressure will break the 
seal and blow off the electrolyte. 
Whereupon, the capacitor opens. (In 
some of the older wet types, steam pres- 
sure has been known to make the can 
explode and shoot itself through the top 
of the cabinet like a tiny rocket!) 

High power factor 
Excessive leakage is part of the 

cause of one of the most annoying faults 
in an electrolytic capacitor -high power 
factor. It reduces the capacitance only a 

little bit, but it sharply reduces the tit- 

tering efficiency. As simply as I can put 
it, it's about the same as connecting a 
good sized resistor in series with the ca- 
pacitor. 

All good capacitor testers can mea- 
sure power factor. This is done with a 
bridge circuit. As a rough rule of 
thumb, units which read higher than 
about 15% power factor should be eyed 
with deep suspicion! High power- factor 
capacitors can cause some of those 
weird reactions I mentioned before. 
We'll get to a reliable test for this in a 
minute. 

What are they used for? 
What do we do with electrolytics? 

Everything. Their principal use in the 
early sets was power- supply filtering. 
However, in modern sets, especially 
solid -state models, you'll find them used 
as bypass and coupling capacitors too. 
We need to know what they do, how 
they do it, and the typical fault -reac- 
tions we see when they aren't doing it. 

Power -supply filtering 
In all ac- powered equipment, the 

basic power supply is the 117 -volt ac 
line. This is stepped up or down to the 
proper voltage, rectified, and must then 
be filtered to a "pure dc". If you're Brit- 
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ish, this is "smoothing ". The basic cir- 
cuit used in practically all filters is in 
Fig. 5. It works because of the useful 
property of a capacitor to pass ac and 
block dc. 

The rectifier output of all power 
supplies includes ripple. This is the 
sinewaves of ac that we fed to the recti- 
fier- actually a "pulsating dc" as in Fig. 
5. If we think of this as "dc with an ac 
component" it may be easier. Our filter 
circuit works something like the dia- 
gram of Fig. 6. 

The ac component is passed to 
ground, through the first and second fil- 
ter capacitors, while the dc component 
goes on through the choke. We come 
out of the filter with fairly good dc. 

This is a "r- section filter " -so- 
named because it looks like the Greek 
letter r. Here, C l is the input filter and 
C2 the output filter. Remember these 
names. They'll come up later on. Each 
one has a different fault- reaction to help 
us find the trouble. 

Dc power supply troubles 
Rule one: I he one circuit in a set 

that is common to all of the others is the 
dc power supply. Any faults in it will 
show up in all stages. 

Here's the second one: The resis- 
tance of the dc power supply, as mea- 
sured to ground with an ohmmeter, 
must be very high. The impedance of the 
dc power supply must be absolutely 
zero. or very close to it. 

If the dc resistance is too low, the 
circuit draws too much leakage current, 
and the transformer gets hot, the recti- 
fiers blow, etc. This kind of problem can 
usually be solved with an ohmmeter, 
and /or a voltmeter. Low resistance here 
is usually caused by shorted or leaky 
electrolytic or paper capacitors. To find 
the cause, look for the last resistor in the 
string that's too hot, and then find the 
shorted capacitor on the load side of it! 

How do we make the impedance of 
the dc power supply so low? With big 
electrolytic capacitors connected from 
the dc supply lines directly to a com- 
mon ground. All of these capacitors can 
be considered as being connected in 

0 

PULSATING 
DC DC 

0 

IN DC OUT 

CHOKE I INC 

FIG. 5- FILTER CIRCUIT for removing the 
ripple (ac component) from pulsating dc from 
the rectifier output. 
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T 

FIG. S-AC GOES TO GROUND through the fil- 
ter capacitors. Dc goes on through the circuit. 

parallel across the dc supply lines. So 
their capacitances add. Four 80-µF ca- 
pacitors gives us a total of 320 µF. 

Why is this such a big deal? We 
need pure dc for the power supply, of 
course, but this is not the only impor- 
tant function of these capacitors. They 
are also bypasses. Here's a very impor- 
tant fact: remember it. The dc power 
supply acts as a common ground- return 
for every signal- handling stage in the set! 
(See Fig. 7). 

The dc power supply is fed up the 
lines to operate the amplifiers. In all 
amplifiers, the signal is developed 
across a "load impedance ". After the 
signal has passed through this imped- 
ance, and done its work, we have to get 
rid of it! It must be bypassed quickly to 
ground. 

Since the only way we can do this is 
to bypass it to ground through a big ca- 
pacitor, here's where those big elec- 
trolytics in the dc power supply come in 
handy. As you can see in Fig. 7, the to- 
tal impedance of the power supply to 
ground, at all frequencies from 60 Hz 
on up, must be as close to absolutely 
zero as we can make it. Signal- return 
currents from every stage in the set flow 
through it; 60/120-Hz ripple, 60-Hz 
vertical sweep, 15,750 -Hz horizontal 
sweep, video, audio, color, etc. You 
name it, we've got it in there some- 
where. 

If you have zero impedance to 
ground, no matter how many currents 
you have flowing through it, you won't 
develop very much voltage drop across 
it. And that's what we must have. 

What would happen if we didn't? 
What if we had what some of the books 
call non -zero impedance to ground? In 
other words, one of our electrolytic ca- 
pacitors has opened, or lost capacitance, 
and as a result, the impedance of our dc 
power supply is now greater than zero. 
Now we have some resistance in our re- 
turn circuit. In Fig. 7, we had zero, so 
we had zero voltage drop across it. Now 
we have something like Fig. 8. We have 
a resistance in series with our signal cur- 
rents and we do have a voltage drop 
across it. 
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Now we've got signals of all kinds 
flowing back and forth on our dc power 
supply lines. Since the dc power supply 
is common to all stages, some of these 
are going to be fed back into other 
stages. What does feedback cause, with 
the right phase? Yes sir! Oscillation. 
(Incidentally, it can also modulate the 
other signal. 

Notice that we didn't even bother 
to label each stage in Fig. 8. It makes no 
difference at all which stage is feeding 
back into which! In all cases, this causes 
trouble (and that starts with "T" and 
rhymes with "E" and that stands for 
electrolytics!) I can make a firm state- 
ment here; counting all the cases of this 
type of trouble that I have ever run into, 
at least 99% of them have been caused 
by faulty electrolytics. 

Fortunately, there are several ways 
to pin down this problem. One requires 
only the well -calibrated eyeball, and the 
other calls for an instrument that should 
be used in all service shops. This one 
gives you an infallible test for this. We'll 
get to them very soon. 

Symptom analysis 
Right now let's warm up by talking 

about one of the most important things 
in all kinds of electronics repair work - 
the analysis. Diagnosing the cause of a 
fault is the hard part. The actual repair 
takes very little time. So if you learn to 
recognize the usually obvious symptoms 
of electrolytic capacitor faults, it can 
speed your work tremendously. 

The failure of an electrolytic ca- 
pacitor in any kind of circuit will give 
you a definite indication. If it's shorted, 
this is easy. Up the ohmmeter and at 
'em. In the simple half -wave or full - 
wave power supply, an open capacitor 
in the filter input will make the dc volt- 
age drop to about 1/2 of its normal value 
or less (C 1 in Fig. 6). 

So if we find the dc supply voltage 
is low, and the rectifiers, etc. all in good 
shape, and no obvious overloads or hot 
resistors, etc. -the first thing to look for 
is an open input filter capacitor. You 
can check for it by simply bridging a 
good capacitor across the input filter. If 
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FIG. 7 -DC POWER SUPPLY circuit for any set. 

This also acts as signal- return path for all 

stages. 

the dc voltage jumps back to normal, 
you've found the trouble. Needless to 

say, this applies to tube circuits only. 

Don't do this in transistor circuits with 
power on. The resulting surge can dam- 
age transistors. 

Audio problems 
In all audio amplifiers oscillation is 

a common symptom of electrolytic fail- 
ure. It is usually caused by a unit that 
has opened or developed a high power 
factor. As a result, there is a feedback 
path through the power supply, and 
away we go. This kind of oscillation can 
be anything from a high -pitched squeal 
to a very low -frequency plop, plop 
sound, which used to be called motor - 
boating. 

Once again, an open capacitor is at 
fault, so you can bridge a good one 
across any suspected unit and see if it 

stops the trouble. Remember, only in 
tube sets with the power on. Turn the 
power off in solid -state sets before 
bridging and back on only with the 
bridge capacitor in place. Follow the 
same power -off procedure to remove 
the bridge capacitor. 

By the way, this kind of trouble can 
develop even in battery- powered ampli- 
fiers, radios, etc. The basic cause is the 
same; non -zero impedance to ground in 
the power supply. You'll find a good - 
sized electrolytic capacitor connected 
across the dc supply lines to hold this 
impedance to the lowest possible level. 
Same basic symptoms; oscillation, etc. 
A weak battery can cause similar symp- 
toms so check the battery in battery- 
powered sets first. 

Black & white TV set troubles 
You can have the same kind of 

power- supply troubles in black & white 
TV's. Dc voltages low, oscillation in 
audio, and so on. Now you can see 
some of the symptoms, though. In sets 
with a full -wave rectifier, an open input 
filter capacitor can allow the ripple to 
reach high levels, and reduce the dc 
voltage as well. So you get a symptom 
looking something like Fig. 9. 

Note the BASIC CHARACTER- 

N` A`,AW-41rt 47, 
DC PWR 
SUPPLY 

"R"(ACTUALLY Z) 
V = SOME VOLTAGE ( S! ) 

FIG. 8 -SAME SIGNAL -RETURN path as in Fig. 

7, but now we have non -zero-impedance, and 
look at that mess of feedback paths. 

ISTICS: raster reduced in width; two 
dark "hum- bars" showing on the raster, 
and the edges of the raster pulled in. 

You see two hum -bars because the basic 
ripple frequency in full -wave dc sup- 
plies is 120 Hz, and the vertical sweep is 

60 Hz. If this set had a half -wave recti- 
fier in the dc supply, the ripple fre- 
quency would be 60 Hz, and you'd see 
only one hum -bar. 

This is one of the very few places 
where you can be led up the garden 
path by the symptoms. A heater -cath- 
ode short in any tube with a cathode re- 
sistor can cause the same single -hum- 
bar symptom. Even the rf amplifier can 
do it. (Our infallible tester will catch 
this; wait just a minute!) 

All TV sets 
Remember the multiple feedback 

paths shown in Fig. 8? Here is our MVS 
(Most Valuable Symptom). Any fault in 

this common- ground- return path will 

cause multiple symptoms. So if you see 
any TV set with several different symp- 
toms all at the same time, look for a bad 
filter capacitor! Almost certainly open, 
or high power- factor. 

Why is this? Because, by the nature 
of things, other part -failures in TV cir- 
cuits will affect only one thing; video, 
audio, sweep, etc. Dead tube, open re- 
sistor, shorted paper capacitor, etc. Sets 
which have multiple symptoms are al- 
most certain to have a common cause, 
and here we are again; the dc power 
supply and its electrolytics. 

This does not refer to something 
like a "no raster" complaint, that could 
be a shorted rectifier, fuse, etc. if you do 

FIG. 9- DOUBLE HUM BARS, bending of edges 
of raster, narrow raster -all symptoms of elec- 
trolytic capacitor trouble. 

have a raster, but (for a typical ex- 
ample) you have very poor horizontal 
and vertical sync, bending, shading of 
the picture, smeared color, oscillations 
visible in the picture, and so on, go 
straight for the dc power supply and 
start checking electrolytics. Dc voltages 
in these cases will offer very little help. 
You need the Infallible Test In- 
strument; I told you we'd get to it. 

The Infallible Test Instrument 
The best test for any kind of elec- 

tronic equipment is actual operation in 
the circuit where it's supposed to work. 
If we can get an accurate reading on 
how well the thing is working, without 
having to take it out for an external test, 
this is far more useful (and a heck of a 
lot faster). The capacitor- tester is very 
useful, necessary, and you should have 
one. There will be times when you need 
it, for reading leakage, capacitance, 
power- factor, etc. 

However, you have one instrument 
on your bench that is a simple, fast, and 
absolutely infallible indicator of this 
kind of trouble. It is the oscilloscope. 
With one quick jab of the probe, you 
can tell whether any electrolytic capaci- 
tor is doing what it's supposed to -in- 
circuit and in operation. 

How -come? What? Well, go back a 
few paragraphs, and see what I said 
about what an electrolytic capacitor is 

supposed to do. It is supposed to remove 
all signals from the dc power supply 
lines. So to find out if it is doing the job. 
just touch the scope -probe to the termi- 
nal of any electrolytic capacitor; if you 
see anything, there's a bad (open) ca- 
pacitor in there! The scope responds 
only to ac signals! (In this case; you can 
use a dc scope, but put a blocking ca- 
pacitor in series, making it an ac scope). 

If we see any ac floating around on 
the dc supply lines, we have trouble. 
The impedance of the power supply 
should be so low that you should never 

be able to see any signal; just a nice 
straight line. You do not have to cali- 
brate the scope, or set the sweep to any 
particular frequency! Just set the verti- 

(continued on page 84) 
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practice what 
preach! 

Keep your scope handy, 
use it wisely. It's a friend 

that will never let you down 

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 

AT REGULAR INTERVALS I EMBARRASS 
myself by NOT doing what I keep tell- 
ing others to do! A really good example 
of "Don't do as I do, do as I say!" There 
is one redeeming feature, though. I get 
to write up my mistakes and sell 'em, 
much to the envy of some friends. Here- 
with, the history of one of these. 

The victim was an RCA CTC -38 
color set. It had some dandy symptoms 
(all intermittent, of course): Horizontal 
pull, loss of sync, color smear, and a few 
more. It was brought in by a friend who 
had been working on it for a couple of 
days. He claimed that it acted up at 
home, but sat on his bench and played 
perfectly. (Normal, huh ?) So, we set it 
up, hooked it to the test jig, and started 
in. 

He was right; it did play very well. 
Voltage checks showed nothing un- 
usual; the agc tube plate showed a nor- 
mal reaction with and without signal. 
However, the agc control showed a 
rather odd effect. Instead of going 
smoothly from whiteout to blackout, it 
had a sort of "hump in the middle" 
kind of action. Agc voltages seemed to 
be very close. I tried to override the agc 
voltage with my bias box, without suc- 
cess. Checking the schematic showed 
why: my old box went only to 20 volts, 
and this one needed considerably more 
than that. So, "Oh, well. We'll do with- 
out it." (Mistake No. I.) 

At about this point in the proceed- 
ings, I accidentally found that the thing 
was mechanically intermittent. You 
could push on the bottom of the PC 
board, at certain places, and make the 
symptoms appear and disappear. Oh, 
ho! This is going to be easy. Cold solder 
joint. After about 15 to 20 minutes of 
pushing, tapping, bending and ham- 
mering on it, I decided that it was not 
going to be all that easy. Everything I 

touched made it cut in and out! 
A close visual examination of the 

bottom of the PC board showed no ob- 
vious bad solder joints. So, I got down 
the shotgun; I resoldered all of the 
joints in the area that seemed to be the 
most sensitive. This helped just as 
much as anything I'd done so far -or, 
not at all. 

Quite a few fruitless voltage mea- 
surements and hammer -tests later, I fi- 
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nally did what I should have, long be- 
fore this. I got out the scope. Nothing in 
the way of excess ripple on the dc volt- 
age supply lines; symptoms in or out. 
Keying pulse on agc tube plate clean, 
plenty of amplitude. So, there went that 
one. Signal on agc tube grid, woops! 
Here's something that isn't right! All 
bent up and badly distorted. 

Back to the video detector output; 
signal there OK when board was 
pushed down, very badly distorted 
when board pushed up to make the 
symptom show up. Ah, ha! This trouble 
is NOT in the sync, etc. where I'd been 
looking for it. It's farther back, in the i.f. 
or tuner. (At this point, I am now begin- 
ning to show signs of having a normal 
mentality.) 

Changing to the crystal- detector 
probe, I followed the signal back 
through the i.f., to the 1st i.f. input. 

Hmm. Signal clean at that point, dis- 
torted when board pushed. Tuner 
trouble? No. Oh, oh. What controls the 
i.f.? The agc. So, how about the agc 
line? (Right at this point, I'm looking 
pretty good. About time, too!) 

Going back to the low -cap probe, I 
scoped the agc line. Oh, wow! With the 
symptoms out, clean. With the symptom 
in, the dangedest mess of stuff you ever 
saw. The scope photo shows what this 
pattern looked like. This is just a little 
out of the ordinary! The agc line should 
have nothing but pure dc on it. Not this 
mess of horizontal and vertical pulses, 
at about 5.0 volts p -p. 

After I stopped hitting myself on 
the head with the rubber hammer kept 
on the bench for this purpose the real 
nature of the trouble dawned on me. 
There are all sorts of pulses and things 



THIS IS WHAT THE BRAIN found on the agc 
line. when it went looking for itl 5.0 volts p-p of 

assorted mess, on the i.!. agc! 

on the age line. at its "beginning ". What 
parts are used to take them out? Bypass 
capacitors. (Boy! How complicated can 
you get ?) What would happen if one of 
these bypass capacitors was open? I'd 
have exactly the same kind of mess on 
the agc line that I had just seen. Ergo. 
the intermittent that I had been 
fruitlessly chasing for so long was now 
identified. It was one of the three agc 
bypass capacitors. Had to be. (Now, 
you're beginning to think.) 

Locating these capacitors, and 
checking them carefully showed that 
C251, a .001 -pF capacitor directly con- 
nected to the emitter of the agc transis- 
tor. had a VERY bad ground con- 
nection. This joint just happened to be 
under a couple of wires on the bottom 
of the PC board, and I hadn't seen it. 
When it opened, being right on the agc 
input to the i.f., it allowed all of those 
pulses to be applied to the i.f. bases. 
There; they caused the mother and fa- 
ther of all feedbacks, and I got all of 
those different symptoms at the same 
time. 

The moral of this is very simple. 
When I stopped using my muscles - 
pushing and hammering on the board. 
and began using my head -to make a 
logical analysis of the symptoms, I 

could trace the fault back through the 
circuits to the point where it began. 
Then, everything cleared up in a hurry! 
Total elapsed time, using second me- 
thod, not more than 10 minutes; time 
wasted using first method, about two 
hours. 

So, STOP and THINK. You 
KNOW how these things work, and 
"what causes certain reactions ". If you'll 
make a few logical tests, and then inter- 
pret the results correctly, you'll get 
along a lot better, and be embarrassed 
much less frequently! R -E 

Reader 
Questions 

NOT ENOUGH HIGH -VOLTAGE 
I've problems with a Zenith 25NC3& 

The high - voltage rectifier tube gets red 
hot and I can only read about 9 -10 kV of 
high voltage. After some fiddling around, 
I pulled the cap off the 6BK4 high - voltage 
regulator; the high voltage shot up to 30 
kV. and the high - voltage rectifier tube 
cooled of 

Voltage on grid and cathode of the 
6BK4 reads + 290 volts. Boost voltage 
reads +600 volts. I've checked everything 
I can think of in the 6BK4 circuit, no re- 
sults. Where is it ? -J.L., Elizabeth, N.J. 

You're there, keep looking! The 
fact that you can get up to 30 kV with 

740V 
BOOST 780V +350V 

TO 
PIX 
TUBE 

the regulator tube out of the circuit, and 
only IO kV with it in proves one thing. 
That regulator tube is drawing a heck of 
a lot more current than it's supposed to. 
(It doesn't take much, either, with a 

plate voltage of 25,000 volts. Check the 
maximum rated current of a 6BK4 in 
the tube manual. It's a whopping big 1.5 

mA!) 
You have the key voltage reading - 

you said that both grid and cathode of 
the 6BK4 were at +290 volts. If you 
read this from cathode to grid, you'd 
notice that the tube actually has zero - 
bias on it! Same voltage on grid and 
cathode. Going back to the tube -man- 

(continued on page 68) 
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t) B &K 
Precision 

Model 1460 
Triggered 

Sweep Scope 
$399.95 

B &K Precision's new 1460 Triggered Sweep Scope... 

The one that's been worth waiting for. 

You won't believe how easy it is to sync TV-V and TV -H 
signals until you've actually tried it. 

And the "back porch" of the horizon- 
tal sync pulse, with color burst in- 
formation. All locked in rock steady. 

All solid state with 6 FETS. Runs 
coolest. Vertical sensitivity (10mV/ 
cm) and writing speed of 0.1 micro - 
second/cm (using 5X multiplier). Fea- 
tures usually found in expensive lab 
scopes. Complete with direct /10 to 1 

probe. 19 sweep speeds and 11 volt- 
age calibrated ranges, DC to 10 MHz. 

Pinpoint your problems quickly and 
accurately with the new 1460 Trig- 
gered Sweep Scope. The only thing 
you'll have to adjust to is having more 
time on your hands. Ask your dis- 
tributor or write for our free catalog. 

Trouble shooting complex TV cir- 
cuits takes enough time without hav- 
ing to fiddle with dials and controls 
to adjust to the proper wave form. 

That's why the new B &K Triggered 
Sweep Scope features the TV -H and 
TV -V positions. These are the two new 
positions you've always needed for 
quick one -knob selection of horizon- 
tal or vertical TV signals. Exclusive 
sync separator circuit. No compli- 
cated and time -consuming adjust- 
ments ... just flick a single knob. 

Fully automatic triggered sweep 
lets you view the entire complex TV 
signal or any part of it. Including the 
VITS (vertical interval test signal). 

There is a difference in test equipment -ours works! 

Product of DYNASCAN CORPORATION 
1801 W. Belle Plaine / Chicago, Illinois 60613 

Circle 15 on reader service card 
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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 talking. 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 weil- 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. 

L 

RCA Institutes 
Home Study Department ' 58- 2o2 -o 

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 D J 
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READER QUESTION 
(continued from page 63) 

ual again, at zero bias, the tube draws a 
fat 2.8 mA, or more than double the 
maximum rated plate current. 

Normal bias on this tube must be 
about -15 volts. This holds the current 
down to not more than 1.0 mA. In ac- 
tual operation. this is set by the two re- 
sistors in the grid circuit. 1.0 megohm 
variable (HV ADJUST) and the fixed 1.5 
megohm to ground. This goes back to 
the boost voltage through a 2- megohm 
resistor. The cathode is fixed at B+ 
voltage through the 1000 -ohm resistor 
to the damper plate. 

Normal operation should be at 
about a -15 volts, or less than 1.0 mA 
current with the pix tube screen dark. 
Check these resistors. One of them may 
be off: or C113. the .022µF may be 
shorted. 

RASTER RIPPLE, RAINBOW BARS 
I've a bad 120 -Hz ripple in the raster 

of this Motorola 918 color chassis. Two 
horizontal bars, about an inch wide, roll 
slowly up through the picture. At the point 
where the bar is at any moment, there's a 
color rainbow! Follows the bar up. The 
sides of the raster pull in and wrinkle, and 
this too follows the bars. 

The silly part is that it does not do 
this on my test jig! All filter capacitors, 

which I suspected at first, check perfectly 
good and the picture is clear; no ripple at 
all. I smell a resistor burning somewhere, 
but I haven't found it yet. -R. G., Cove, 
A rk. 

When you took the chassis out of 
the cabinet, you "moved" everything 

POWER 
TRANS 

PRI 
DEGAUSSING 

COIL 

+375 

I60µF 

220f2 

HEATER \ 
I 

L I THERMAL J SWITCH 

TO HEATERS 

that could normally cause this, with one 
exception. The degaussing coil. I'm 
pretty sure that you'll find the thermal 
switch either open or burned up so that 
it doesn't make contact (See diagram). 

In normal operation this switch is 

open at turn -on leaving the degaussing 
coil in the circuit. It is a tiny thermal 
switch with a heating element in the 
filament circuit. It should close after a 
short time. shorting the degausser. It it 
doesn't, the coil is left in- circuit. and is 
carrying a hefty ripple pulse and quite a 
bit of dc. It is causing the 120 -Hz bars 
and the rainbows. 

There is a 220 -ohm 2 -watt resistor 
connected across the degaussing coil. It 
is on the front of the chassis at the de- 
gaussing coil plug. If the set is operated 
with the degaussing coil unplugged, the 
B+ circuit is completed through this re- 
sistor, which should he shorted by the 
thermal switch. If the switch is open, the 
resistor carries all the current and burns 
up. That's the one you're smelling. Re- 
place the thermal switch and check the 
coil. It may have been heated up and 
shorted. 

REPLACEMENT SWITCH 
The on -off switch on this RCA KCS- 

160 is damaged I'd like to replace it with 
one of the push -pull types. Don't find a 
listing for a replacement.-.1.F., Media, 
Pa. 

This is a special, dual switch (see 
diagram). SI is the regular on -off switch 
in the ac input. However, S2 is a com- 
pletely separate switch. It is connected 
to the ungrounded end of the brightness 
control and to a + 110 -volt dc source at 

If1TERNATIONAL 

FreqiieRcy 
mfgi 

FM- 2400CH 
Tests Predetermined Frequencies 25 to 1000 MHz 
Extended Range Covers 950 MHz Band 
Pin Diode Attenuator for Full Range Coverage 
as Signal Generator 
Measures FM Deviation 

The FM- 2400CH provides an MOBILE 
accurate frequency standard for 
testing and adjustment of mobile.:. - 
transmitters and receivers at pre- 
determined frequencies. 

The FM- 2400CH with its extended range 
covers 25 to 1000 MHz. The frequencies 
can be those of the radio frequency channels 

111 of operation and /or the intermediate fre- FM- 2400CH 
quencies of the receiver between 5 MHz and (meter only) $595.00 
40 MHz. , RF crystals (with temper- 

ature correction) 24.00 ea. Frequency Stability: ± .0005% from +50° ,T. RF crystals (less temper - 
to +104 °F. ature correction) 18.00 ea. 
Frequency stability with built -in thermometer t ' y IF crystals catalog price 
and temperature corrected charts: ± .00025% 0 

. 

from +25° to +125° (.000125% special 450 _ ' rriaN MHz crystals available). INTERNATIONAL 
Self- contained in small portable case. Complete l a 7 
solid state circuitry. Rechargeable batteries. . 

CRYSTAL MFG. CO., INC. WRITE FOR CATALOG! 10 NO LIE ONLA CITY ONLA 73102 
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the 22JF6 screen grid. 
This is a "spot- killer" switch; it 

turns on when the ac line switch is 

turned of: This puts the +110 volts dc 
on the brightness control and the pic- 
ture tube cathode, thus discharging the 
by quickly and killing the spot. 

As far as I know, no one makes an 

FROM 
VIDEO 
OUTPUT 

250µH 
1.5K 

PIX 

-15V 

33K 270K 

S2 ON 

TO +110V 
BRIGHTNESS I OFF 22JF6 

%1 
SCREEN 

BOTH ON 1 

VOLUME( I 

CONTROL 
ON 

~000 oOFF 
117V AC SI ,__( Li 

HEATERS 
a 

RECTIFIER 

exact duplicate. RCA part number is 
119191. In an emergency, you can use 
any stock 1- megohm volume control 
with an spst switch and leave the spot - 
killer circuit open. With an aluminized 
picture tube it doesn't do much good 
anyhow! 

APPLIANCE CLINIC 
(continued from page 24) 

an open. If CI is shorted. you won't be 
able to get enough gate voltage on the 
trigger diode. So. the thing would stay 
off at all times. If CI was open or leaky. 
the chances are that it would either re- 
fuse to work or operate erratically. If ei- 
ther the trigger diode or the Triac 
shorts. the light will stay on all the time. 
(I'm not sure. but I believe that a 
shorted trigger diode would destroy the 
Triac. from breakdown due to excessive 
gate voltage. Depends on the resistance 
"after the short." 

The photocell causes little trouble; 
if you suspect it. check it with an 
ohmmeter. Dark. it should have a very 
high resistance. Shine a flashlight on it 
and the resistance should go away 
down. If it'll do this, it's OK. 

This particular Triac and several 
others in the same series are built in a 
TO -5 transistor case. Looks like a tran- 
sistor but isn't. Check the number in 
any good Transistor Guide to make 
sure. 

JACK DARR 
SERVICE EDITOR 

Save money and improve car 
performance at the same time. 
Maintenance costs go down and performance increases when you put a 

Delta Mark Ten Capacitive Discharge Ignition System on your car. 

For eight years we've been telling you about the tremendous advantages of 
CDI systems. We've promised and delivered better performance for cars, 
boats and trucks. Hundreds of thousands of satisfied customers testify to 
that fact. However during these eight years, we've been asked over and over 
again, "If CDI systems are so great, why doesn't Detroit adopt them ?" It's 
taken a long time, but finally Detroit has recognized the value of the CDI 
system. Chrysler, long noted for excellence in engineering, is now installing 
CDIs in new cars. Have you seen their ads? Heard their commercials? They're 
repeating what we've said for eight years. CDI systems not only improve 
performance, but eliminate the need for most tune -ups. If you're not buying 
a new car, but want new car performance, put a Mark Ten or Mark Ten B on 
your present automobile. If you're purchasing a new car with no CDI system, 
install a Mark Ten or Mark Ten B and enjoy the benefits of low maintenance 
and increased performance. 

HERE'S WHAT A MARK TEN WILL DO FOR YOU: 
Mark Ten and Mark Ten B - up to 20% increase in gasoline mileage 

Eliminates 3 out of 4 tune -ups Installs in only 10 minutes Spark 
plugs last 3 to 10 times longer Dramatic increase in performance Pro- 
motes more complete combustion Instant starts in all weather. 
Mark Ten B- Improves combustion, reducing contaminants Handy switch 
with redundant contacts for instant return to standard ignition Applicable 
to ANY 12 volt negative ground engine Eliminates starting and idle prob- 
lems Longer spark duration during cranking and idling. 

Mark Ten (Assembled) $44.95 
ppd 

Mark Ten (Deltakit) $29.95 
Kit available in 12 volt only, ppd 
positive or negative ground 

Mark Ten B $59.95 ppd 
(12 volt negative ground only) 

ORDER TODAY! 

Superior Products at Sensible Prices 

r Dept RE 

DELTA PRODUCTS, INC. 
P.O Box 1147 / Grana Junction. Colo 81501 

(303) 242 -9000 

Please send me literature immediately 

Enclosed is S Ship ppd. _ : Ship C 

Please send. 

Mark Ten B @ $59.95 

Standard Mark Ten (Assembled) @ $44 95 

6 Volt. Nag. Ground Only Positive Ground 

12 Volt. Specify Negative Ground 

Standard Mark Ten (Deltakit ) @ $29.95 
(12 Volt Positive Or Negative Ground Only) 
Car Year __- Make_. 
Name 
Address 
City /State Zip 
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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 101 and circle the numbers of the 
new products on which you would like further information. De- 
tach and mail the postage -paid card. 
BURGLAR ALARM SYSTEM, Watchdog, 
do- it- yourself kit. Low -cost system is easy 
to install. Comes with eight -inch diameter 
bell that is activated by solid -state control 
circuitry. Three sets of magnetic weather- 
proof switches, on -off key switch, door 
cord, wood screws, 100 feet of plastic- 

sit sows 4`*(44 

coated wire and illustrated installation 
drawing are included. Designed to sound 
local audible alarm to scare off intruders, 
the system is powered by 12 -volt dc bat- 
tery. $49.95. -Crime Detection Systems, 
Inc., P.O. Box 790, Dept. A -89, Pearland, 
Texas 77581. 

Circle 31 on reader service card 

MAGNETIC TAPES, UD -C -60, UD -C -90. 
Blank cassette tapes in sixty- and ninety - 
minute lengths. Feature wide dynamic 
range, high output, low -noise character- 
istics. These are ferric -oxide coated tapes 

that are intended to be used in existing 
cassette recorders without any need for 
readjusting the biassetting.- Maxell Corp. 
of America, 501 Fifth Ave., New York, N.Y. 
10017. 

Circle 32 on reader service card 

TRANSISTOR SOCKET for new 8 lead 
TO -3 case. Molded nylon top wafer with 
two integral .060 high insulating shoulder 

mountings. Eight spring brass cadmium 
plated pin contacts and two steel cad- 
mium plated mounting lugs with 6 -20 

formed threads that will accept a No. 6 
metal tapping screw.- Keystone Elec- 
tronics Corp., 49 Bleecker St., New York, 
N.Y. 10012. 

Circle 33 on reader service card 

AUDIO AMPLIFIERS, Sanken Series S- 
1000A. A 50 -watt hybrid IC for audio am- 
plifier applications. Delivers 50 watts into 
an 8 -ohm load. Harmonic distortion is 
0.5 %. An application note showing how to 

use the hybrid IC to build a stereo ampli- 
fier is available.- Airpax Electronics, Intl. 
Div., P.O. Box 8488, Fort Lauderdale, Fla. 
33310. 

Circle 34 on reader service card 

SPEAKER SYSTEM, LST, designed spe- 
cifically for professional applications as a 
broadcast and recording monitor or on a 
medium -power sound reinforcement sys- 
tem requiring maximum accuracy. Offers 
six different energy profiles, repeatable at 
the turn of a switch. Low harmonic dis- 
tortion; wide dispersion of midrange and 
high frequencies; multiple drivers to 
handle power levels significantly higher 
than speakers for home use. Uses one 12- 
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inch acoustic suspension woofer, four 1'h- 
inch midrange hemispherical domes, and 
four 3/. -inch high- frequency hemispherical 

domes.- Acoustic Research, Inc., 24 
Thorndike St., Cambridge, Mass. 02141. 

Circle 35 on reader service card 

REMOTE CONTROL, Whistle Switch. 
Wireless sound command device turns 
TV, lights, appliances on and off. Plugs 
into any 117 -volt standard household out- 
let, then plug any home appliance up to 

Mew 

300 watts capacity into the Whistle Switch. 
Comes vth both squeeze -bulb and mouth 
whistle to activate the device. Possible 
uses include: security device for turning 
on lights in dark areas, to a convenience 
for bedridden or convalescent persons. 
$14.95. -Signal Science, Inc., Box 413, 
140 Lowland St., Holliston, Mass. 01746. 

Circle 36 on reader service card 

STEREO MIXER KIT, Prokit SM -6. All 
plug -in IC's minimize servicing and trou- 
bleshooting problems. Kit forms profes- 

ri4.+f 0-1 0.6 Et q7í sii E_..7:- 
9 Q0 9 9409 0 

sional system for remote or studio record- 
ing, and sound reinforcement mixing. Will 
mix up to six signals simultaneously. Any 



input can be switched between line or mi- 

crophone function. Inputs 5 and 6 can be 

switched to function as RIAA phono pre - 

amps. Input 5 is permanently assigned to 
output A, input 6 to output B. Other four in- 

puts can be switch- assigned to either out- 
put or both at the same time. Microphone 
preamps can be switched into either high - 
or low -gain mode. Accessory packages 
available. $229.00. -Gately Electronics, 
57 W. Hillcrest Ave., Havertown, Pa. 

19083. 
Circle 37 on reader service card 

PORTABLE SOLDERING IRON, Iso -Tip, 
cordless rechargeable iron is designed for 
hobbyist, service technicians, engineers. 
Construction prevents ac leakage from 
damaging delicate electronic com- 
ponents. Mimimizes problems caused by 

high heat transfer. Tip capacity up to 60 
joints per charge; reaches soldering tem- 
perature in five seconds; performance 
equivalent up to 50 watts. Uses nickel cad- 
mium batteries. Overnight recharging. 
$19.95. -Wahl Clipper Corp., 2902 Locust 
St., Sterling, III. 61081. 

Circle 38 on reader service card 

COMPONENT FORMING & MEASURING 
SYSTEM, ConForm 1, fits in palm of the 
hand. Designed to make leads conform to 
proper hole -to -hole spacing for all axial 
lead components while compensating for 
lead thickness, stress relief loops and MIL 

Spec's. Also bends all sizes and shapes of 
axial lead components for horizontal and 
vertical mounting with or without stress re- 
lief loops. Device straightens transistor 
leads and provides gauging for cutting 
leads to suit board thickness and lead 

length requirements. $8.95. -Pace, Inc., 
9329 Fraser St., Silver Spring, Md. 20910. 

Circle 39 on reader service card 

PATTERN GENERATOR, model LCG -384. 
A digital -clock binary system assures 
quality test patterns and is among the prin- 

cipal features of this mini -portable color - 
bar pattern generator. Powered by four 
1.5V pen -lite batteries (6V total) and ac 
adaptable, this generator fits into a tool 

caddy. The LCG -384 provides 8 patterns 
including the gated rainbow for testing 
NTSC color sets. It has two push -button 
selectable TV channel frequencies, offers 
full protection against ambient tempera- 
ture and line voltage changes and is sup- 
plied with two battery compartments, car- 
rying case and strap. The unit weighs 2 

lbs. $109.50. -Leader Instruments Corp., 
37 -27 -27th St., Long Island City, N.Y. 

11101. 
Circle 40 on reader service card 

INDOOR TV /FM ANTENNA AMPLIFIERS, 
Color Caster Plus series designed to make 
signals from a single antenna strong 
enough to serve every TV and FM receiver 
in homes, apartment houses, and motels. 

DID YOU KNOW THAT 

ADEMCO SELLS & STOCKS 

1031 COMPLETE ALAR 

SYSTEMS AND 

COMPONENTS 

FOR THE BURGLAR 

ALARM TRADE? 

, 
1 

1 

, 
1 

and offers training in installation 
work 
and provides technical assistance 
and offers prompt delivery from stock 

IF YOU'RE IN THE BURGLAR ALARM BUSINESS OR 

THINKING OF GETTING INTO IT, YOU SHOULD BE USING 

\ADEMCO 
CONTROL INSTRUMENTS? Ademco stocks 70 different styles 

MAGNETIC CONTACTS? Ademco stocks 18 different styles. 

BELLS? Ademco stocks 23 different styles. 

PLUS PHOTOELECTRIC SYSTEMS. POWER PACKS. FOIL 
AND HUNDREDS OF OTHER ESSENTIAL COMPONENTS 

ALARM DEVICE MANUFACTURING CO. 
ADEMCO A DIVISION OF PITTWAY CORPORATION 

165 Eile Y. 11791 

Circle 61 on reader service card 
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The amplifiers feature dual -diode input 
circuits protecting them from lighting in- 
duced voltages at the antenna terminals. 
Model TA -84 amplifies all uhf, vhf and FM 
signals, provides four 300 -ohm outputs 
from a single 300 -ohm input, $40.75. 
Model TAC -84 is similar, except it is a 75- 

Some single 
gang, some 
multiple gang. 

11122 

SWITCHES 

16 for $100 

SLIDE 
SWITCHES 

12 for $100 

All types, SPDT, DPDT, etc. N106 

TRANSISTOR 
REPAIR KIT 

Includes resistors, condensers, 
transistors, transformers and var- 
ious & sundry parts used to repair 
transistor radios, walkie- talkies, 
tape recorders. etc. 

11107 

eRADIO & 
HI -FI KNOBS 

100 for$100 
All different types, shapes & 
colors. Some with set screws. 
others for knurled shafts. 11112 -r - - 

PRECISION 
RESISTORS 

All 1%, i/ watts & 60 
1 watts. From low to for high ohmages. 

11113 $100 

B ARRIER 
TERMINAL 
B LOCKS 

20assorted for $100 
These are seconds from 2.14 
terminals. Some screws missing. 
All functional. /1126 

FUSE 

HOLDERS 
4 fur $100 

Standard, for 3AG fuses. N129 

ECM 100 PC. GIANT 
PACK OF 

ASSORTED 

Silicon Planar 
Untostod, NPR & PAP. 

Power. Audio. RP. 
loo for s1.98 

I 
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 

ohm unit for use with coaxial cable, and 
particularly applicable wherever inter- 
ference is a problem, $49.95. TA -246, 
$31.50. TA -81, $46.50. -Jerrold Elec- 
tronics Corp., 401 Walnut St., Phila- 
delphia, Pa. 19105. 

Circle 41 on reader service card 

ADHESIVE, Permabond. Industrial - 
strength adhesive for repair and main- 
tenance. Liquid requires no solvents, 
catalysts, or heat treatments and bonds all 
hard surface materials to themselves and 
to each other, including rubber, glass, 
porcelain, wood, ceramics, metal and 
most plastics. Water and weatherproof, 
solvent -free and non -toxic, Permabond is 
useful to repair autos, cameras, radio and 
TV cabinets, switches and knobs, sporting 
goods, motors, lab apparatus, etc. 

BARGAIN 

BONANZA 

EHIGHEST QUALITY 

ONLY NEW 
PRODUCTS 

EXCELLENT MIXTURE 

FULL YEAR GUAR. 
RADIO a TV RECEIVING 

Acquired from U.S. 
Defense depots or re- 
moved from equip- 
ment (new and used). 
These are laboratory 
tested and guaran- 
teed for one full year. 
Most are of such 
standard makers as 
RCA, GE, etc. 

1L4, 1S4, 1S5, 1U4, IV2, 
2BN4, 3A3, 38C5, 3BY6, 
3CS6, 30K6, 3DT6, 304, 4BC5, 
4BN6, 4BZ7, 4DE6, 5X8, 6AC7, 
6AG5, 6AH6, 6AM6, 6AN5, 
6AU5, 6AY3, 6AV5, 6AX4, 6B8, 
6BC5, 6BG6, 6BK5, 6BL8, 
6BW8, 6CG3, 6CG7, 6CG8, 
6CH8, 6CL8, 6CM6, 6C13, 
6CS7, 6CQ4, 6CZ5, 6DE4, 
6006, 6DT8, 60W4, 60X8, 
6E88, 6E17, 6EM5, 6EV7, 
6EW6, 6FD7, 6FQ7 6GF7, 
6GH8, 6J6, 61M6, 6156, 6K6, 
6KA8, 6KT8, 6SL7, 6SV7, 6V4, 
6W4, 7Y4, 8CS7, 8EB8, 100E7, 
12AB5, 12AV7, 12BA6, 12BY7, 
12075, 12EN6, 12EK6, 1215, 
12SN7, 13EM7 17128, 
17BF11, 25C5, 25CU6, 25EH5, 
25W4, 25L6. 25Z6, 27, 28D7, 
28HE7, 55. 

WRITE FOR 
FREE VALUE PACKED 

CATALOG 

BONUS 
FREE CUT WIRE 

KIT' for any $5.00 Kit purchase 

I/2 WATT CARBONS - 
100 for 

All standard ohmages, some 5 %. 
Standard makes. N150 

CARBON RESISTORS 

200 for $100 
Most with cut leads (ong enough 
for soldering), some preformed. 
Most all 5% or 10 %. N136 

POWER RESISTORS 

35 for $1 00 

Consists of standard makes such 
as Clarostat, Sprague, etc. As- 
sorted ohmages & wattages 

11109 

DISC CAPACITORS 

60 for $100 
Assorted capacitances from .0001 
to .1. Different voltages, mostly 
600 volts N.P.O. N750. 11140 

ra:trials.l 
MINIATURE TRANSISTOR 

ELECTROLYTES 

12 for $100 
Some axial leads. some vertical 
mount, mixed capacitances and 
mixed voltages. 11121 

1 WATT CARBON 
RESISTORS 

70 for $100 
All standard ohmages, some 5 %. 
Standard makes. N145 

MINIATURE 

POTS 

12 fer $100 
Used in transistor and miniature 
applications. 11141 

tk* 
CRYSTALS 
8 for $100 

Some for receiving or transmit- 
ting; some CB, some Ham, some 
business band, in different type 
holders. N144 

RELAYS 

4 for $100 
Assorted types, from 6 volts to 
110 volts. Some sell for as much 
as $10.00. 11155 

EDLIE ELECTRONICS, INC. 2700 F HEMPSTEAD TPKE., LEVITTOWN, N.Y. 11756 

Circle 62 on reader service card 

-Oneida Electronic Mfg. Co., 843 N. Cot- 
tage St., Meadville, Pa. 16335. 

Circle 42 on reader service card 

RATCHET SCREWDRIVER SET, Palm - 
Grip. Change drivers in the common 
handle of this screwdriver set which 
comes with two sizes of Slot drivers, two 
sizes of Phillips drivers, and 10 sizes of 

Hex drivers in standard increments. 
Handy, durable pouch included. -J. Mills 
Tool & Mfg. Co., Inc., 1444 South 27th St., 
Phoenix, Ariz. 85034. 

Circle 43 on reader service card 

EMERGENCY MONITOR, CB -9. Monitors 
emergency channel 9 or any alternate 
channel. Full receiver with squelch and 
volume control, sensitivity 0.5 ftV. Crystal 
supplied for monitoring channel 9: any other 
channel or Citizen or business band between 

25 and 30 MHz may be monitoried on alter- 
nate swith by adding plug -in crystal for ap- 
propriate frequency. $39.95. -PACE Div., 
Pathcom Inc., 24049 S. Frampton Ave., 
Harbor City, Calif. 90710. 

Circle 44 on reader service card 

OSCILLOSCOPE, model 553P. 5" CRT 
has all solid -state circuitry, dual -trace trig- 
ger scope is suited for measurement and 
waveform monitoring applications. With 
two identical channel operations, the 553P 
contains a vertical differential dc amplifier 
that produces a bandwidth of dc to 10 
MHz. with a voltage accuracy of ±3 %. 
The system displays either channel sepa- 



rately, alternates between channels, or 
choppers between channels. $538.00. - 
Kikusui Electronics Corp., 200 Park 
Avenue, New York, N.Y. 10017. 

Circle 45 on reader service card 

D.I.P. SOCKETS. Fourteen contact D.I.P. 
sockets designed with a low profile of 
0.218 in. to provide high- density pack- 
aging. Large tapered entry channels aid IC 
insertion and reduce lead damage. Dual - 
leaf wiping contacts, accepting round or 

flat leads, insure low contact resistance 
and high reliability. Body design features 
mounting points for hexagon bolts or nuts, 
and standoffs provide an air gap between 
socket and board. -Vero Electronics, Inc., 
171 Bridge Road, Hauppauge, N.Y. 11787. 

Circle 46 on reader service card 

SPEAKER LINE TESTER, model LTS -1, is 
a self- contained ac powered direct read- 
ing instrument designed to determine the 
wattage requirement of any 25- or 70 -volt 
speaker line up to 200 watts, the wattage 
drawn by a speaker with a 25- or 70 -volt 

transformer, and the impedance of a 
speaker voice coil. It tests speaker lines, 
speaker with transformer, and the speaker 
voice coils for shorts and opens. $34.75. - 
Trutone Electronics, Inc., 14660 Raymer 
St., Van Nuys, Calif. 91405. R -E 

Circle 47 on reader service card 

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 101 and circle the num- 

bers of the items you want. Then mail the postage -paid card. 

ELECTRONIC CHEMICALS CATALOG, No. 
7172. Among the products described are tuner 
sprays. circuit coolers, insulating sprays, lubri- 
cants, tape head and record cleaners, glues and 
cements, solder, and spray paints. The 12 -page 
catalog is complete with descriptions. applica- 
tions, tables and pricing for all products. - 
Chemtronics Inc., 1260 Ralph Ave., Brooklyn, 
N.Y. 11236. 

Circle 48 on reader service card 

RADIAL HORN LITERATURE, Model RH -500. 
Information on an indoor and outdoor radial 
horn for use in stadiums, auditoriums, trans- 
portation terminals and industrial plants is now 
available. Describes the weatherproof horn de- 
signed for high intensity audio in the middle and 
upper range of the spectrum. -Atlas Sound, 10 
Pomeroy Road, Parsippany. N.J. 07054. 

Circle 49 on reader service card 

CONNECTOR 8 SWITCH CATALOG, No. 
7FOM. 24 pages in full color, illustrating IC ter- 
minal sockets, connectors and terminals, relay 
sockets, phono sockets, lighted pushbutton 
switches, and various tools for hand and pro- 
duction assembly and extraction of com- 
ponents. -Waldom Electronics, Inc., 4625 W. 
53rd St.. Chicago, III. 60632. 

Circle 50 on reader service card 

SCIENCE 8 OPTICS, Catalog No. 721. 4,000 
unusual items for hobbyists, experimenters, 
craft enthusiasts, students. gardeners and 
workshop buffs. Fully illustrated book lists tools, 
puzzles, games. rockets, microscopes. tele- 
scopes, binoculars, photographic attachments, 
black -light equipment, and unique lighting 
equipment.- Edmund Scientific Co., 380 
Edscorp Bldg., Barrington, N.J. 08007. R -E 

Circe 51 on reader service card 

IT'S 
EASY TO 

ASSEMBLE 
A SCHOBER 
ORGAN! 
'Includes easy to assemble 
walnut console kit. (Only $1575 
it 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 $4,000 - and there 
never has been an electronic instrument 
with this vast variety of genuine pipe - 

organ voices that you can add to and 

change any time you like! If you've dreamed 
of the sound of a Large pipe organ in your 
own home, if you're looking for an organ 

for your church, you'll be more thrilled 
and happy with a Schober Recital Organ 

than you could possibly imagine - kit or 

no kit. 
You can learn to play it -and a full -size, 

full- facility instrument is easier to learn on 

than any cut -down "home" model. And 

you can build it, from Schober Kits, world 
famous for ease of assembly without the 

slightest knowledge of electronics or mu- 

sic, for design and parts quality from the 

R;1850` 
* 

ground up, and - above all - for the highest 
praise from musicians everywhere. 

Send right now for the full -color Schober cata- 

log, containing specifications of all five Schober 
Organ models, beginning at $499.50. No charge, 

no obligation. If you like music, you owe 
yourself a Schober Organ! 

The &Adel Organ Corp., Dept. RE -99 

43 West Gist Street, New York, N.Y. 10023 

Please send me Schober Organ Catalog and 
free 7 -inch "sampler" record. 

[1 Enclosed please find 51.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE 71P 
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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 64 on reader service card 

Unusual 
tools, hard- 

to-find items. 

Send for 
free ! 

UNIQUE loo(S i.n..-..,, 
4, w. rI 

Diversif i 

collection- 

tools of all kinds 
_. ..recision instruments 

essential shop items 

... convenient 
one -stop shopping 

from your desk. 

NC 
National Camera 

"Dept. c8A 
E nglewood, Colorado, 80170 

more ways to use 
your tape recorder 
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by BYRON G. WELS 

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. 

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! 

Play a musical instrument? 
If so, you can have a ball with a 

tape recorder. To begin with, you 
need a pickup microphone, available 
from most mail -order houses, for ev- 
erything from accordions and guitars 
through harmonicas and saxophones! 
Connect an appropriate unit to your 
instrument, plug it into the tape re- 
corder, and you're all set. Record the 
melody on track one, playing it 
straight. Then, using sound -on- sound, 

1972 

record a harmony line or chord ac- 
companiment on track two. Using 
sound -on- sound, put both voices on 
track one, and then add another voice 

TAPE -RECORDER FUN can be listening to ear- 
lier performance while taping sound -on- sound. 



to track two. I've had a lot of fun 
with this, using my guitar. After re- 

cording melody and a chord accom- 
paniment, try slowing the machine to 
33/4 -inch speed, and record a tremolo 
accompaniment an octave lower. 
Then add this to the first track, at the 
71/2-ips speed. It comes out sounding 
like a mandolin, and the total effect is 

astounding. You don't play a musical 
instrument? Try using your own 
voice, monitoring track one with ear- 
phones while you record track two, 
and sing a harmony figure. You can 
make yourself sound like a choral 
group! 

". . . Veddy Intderesstink. . ." 
Invite a friend or two over, and 

without 'their knowledge, make a 
good, long recording of a conversa- 
tion. Make sure you get lots of words 
of all types. Make the recording at 
71/2 ips. Then cut the words apart. 
Carefully place them in envelopes, 
adding duplicates as you get them. 
Then mark the envelope so you know 
what words are in each. Now you can 
actually write a script, and splice the 
words together so that, in their own 
voices, your friends are saying entire- 
ly different things. With practice, you 
will learn how to select inflections 
properly too, making the tape much 
more realistic. 

Automatic sound -slide shows 
Got an automatic slide projec- 

tor? Good! Make a sensing element 
by attaching two brass standoffs to a 
piece of plastic about 1 inch by t/s 
inch, and cementing the plastic base 
to your tape deck so it is in the path 
of the tape as it goes to the take -up 
reel. The back of the tape must be in 
contact with both posts at all times. 

AUTOMATIC SLIDE SHOWS are easy when 
you use a tape recorder to do the hard part. 

Connect a piece of ac line cord to 
each post, and connect the other end 
of the cord to the slide projector's re- 
mote switch socket. Now arrange 
your slides, and project the first one 
on a screen. Record your comments 
(maybe even some background music 
and sound effects) on the tape. When 
you're finished, apply a bit of alumi- 
num sensing tape to the back of the 
recording tape. When the sensing 
tape shorts the two posts, the projec- 
tor will switch to the next slide. 

Next time you have people over, 
plug the slide projector into the tape 

recorder, and sit back and enjoy the 
show with your guests! 

"Hello. Hi. Who's this? . . ." 
You've heard the bit, and are 

probably very well aware of it. You 
telephone a friend, and he says, 
"Hello ". Then you say, "Hello ". He 
says, "Who's this ", and so it goes. Get 
a telephone pickup and connect it to 
your phone and tape recorder. Start 
recording all your telephone conver- 
sations. After each one, play them 
back. You aren't trying to "bug" any- 
body- you're trying to learn how to 

FREE: 
JUST OFF THE PRESS!! 

SEND FOR YOUR EXCITING COPY NOW! 

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 

Send For Your Free Lafayette Catalog Today! 
Lafayette Radio Electronics, Dept. 17022 

P.O. Box 10, Syosset, L.I., N.Y. 11791 

r 
Send Me the Free Lafayette Catalog 

Name 

Address 

City 

State Zip 
(Please include your zip code) 

L. 

,7022 
1 

J 
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use a telephone properly. Before 
long, you'll find yourself making a 
call, and when the other party says, 
"Hello ", you'll answer, "This is John 
Smith; may I speak to Mr. Jones, 
please ?" Your phone efficiency factor 
will zoom. In fact, you will soon lose 
patience with people who are not ef- 
ficient on the telephone, and it won't 
take long at all. 

Do -it- yourself language lab 
Start out with a packet of 5 x 7 

file cards. Mark them at the bottom 
so that, with the card resting on your 
tape deck, a pair of marks on the 
card will indicate the level of the 
tape. Now, using rubber cement and 
a razor blade, apply a strip of re- 
cording tape at the bottom of each 
card. When they have all dried, write 
a word in English on each card. Set 
your machine to RECORD, and feed the 
card into the head gap, until the cap- 
stan and capstan idler grab the card 
and pull it through. As it passes 
through, speak the same word in the 
foreign language into the mike. 

To use this device, look at the 
card, and try to remember the for- 
eign equivalent for the word. To 
check yourself, slip it into the head 
with the machine on PLAY, and you'll 

hear the foreign word coming out the 
speaker! 

Record a TV program 
Maybe you can't record the 

video portion of a TV program, but 
there's nothing to stop you from pick- 
ing off the audio portion! Unfortu- 
nately, with the relatively poor fidel- 
ity one gets from today's television 
set, you'll be better off to slightly 
modify the television receiver first. 
Do this by adding a jack to the back 
of the chassis and connecting the jack 
across the volume control. Plug in 
your tape recorder, and make sure 
you set the recording level before the 
program starts. The quality of filmed 
programs is usually pretty poor, but 
you can do great on live or taped 
shows, and usually, the sound is 
worth saving, too. (Better add block- 
ing capacitors -about .05 µF, 600 
volts) to each side of the jack for isola- 
tion if your TV is a transformerless 
type. 

"Hello CQ, Calling CQ. . ." 
Three times three, three times. 

That's the way you're supposed to 
initiate a CQ. A lot of hams lately 
have taken to using a tape- recorded 
CQ, as it saves a lot of time and trou- 

ble. Simply record a good one, and 
either play it through your micro- 
phone, or plug the tape recorder's 
output directly into the mike jack 
(provided the impedances aren't too 
far off). There's a good chance here 
for the CW operator, too. Use a relay 
in place of the speaker on the re- 
corder, and record your. CQ irr CW. 
The audio from the recorder's ampli- 
fier will key the relay, which in turn 
will key the transmitter. 

Living greeting cards 
We all know that tape- respon- 

dence isn't new. Families, separated 
by many miles, often keep in touch_ 
with one another via reels of tape - 
after all, the spoken word is far more 
satisfying than written letters. But 
have you thought about making taped 
greeting cards? The . youngsters espe- 
cially like these "tapes with a theme." 

Got any more good ideas on 
how to use a tape recorder? Got 
some special technique of your own? 
Jot it on a postcard and mail it to Tape 
Ideas Editor, RADIO -ELECTRONICS, 200 
Park Ave. South, New York, N.Y. 
10003. We'll pick out the best of 
those we receive and publish them at 
some future date for all our readers 
to enjoy. R -E 

SOLDERING + 
DESOLDERING 

RESOLDERING 
SOLDER ( °)ABILITY 

ELEMENTARY V7 To ELITE 
WORLD'S MOST PRACTICAL SOLDER HANDLING TOOLS 

meets industries demands 
with a COMPLETELY PORTABLE SOLDERING /DESOLDERING /RESOLDERING SYSTEM 

1 

Send for our FREE 16 page 

SOLOCRQAILETY 
manual. 

E D B Y ZGT 
15954 ARNINTA STREET 

VAN NUTS. CALIFORNIA 91406 

PHONE (2131 989 2374 

TOLEER NO. 65 -1469 EDSYNER VAN 

' Ads in UM, MAS, EBG, 

AE, TR, and EPAC Catalogs 
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audio 
switching systems 

In a search for versatility. I have devised a switching sys- 

tem. so that various parts of an audio system can he operated. 
without having to plug and unplug the separate parts. or hav- 

ing to turn on more equipment than is necessary. In effect. 

this unit combines a hi -fi system and an intercom system. 

Many of you know that a simple way to feed a signal 

from a self -contained unit. such as a shortwave receiver. into 
a high -impedance input of a recorder or amplifier. is to take 
off the signal across the receiver voice coil and feed it to the 
input. This is convenient for recording. but suppose you just 
want to listen to the receiver at some remote point. Why 
amplify the voice -coil output. since it is all ready to feed a 

speaker? That is where this unit will come in handy. 
The coupling unit consists of 3 switches. which 1 have la- 

beled WHAT. HOW and WHERE. The WHAT switch selects the 
program originator such as tuner. tape. etc. which can be high 
impedance or low impedance. The HOW switch selects the vol- 

ume level at which the program is to be reproduced. The 
WHERE switch selects the location where the program will be 

heard. 
A little explanation may be needed about the HOW 

switch. It has three positions. Position I connects a high -im- 
pedance program source to a step -down transformer (Stancor 
A3327 or equal). to operate a speaker directly, without ampli- 
fication as a low -level background source. If you have I to 2 

volts at a high -impedance level you can do this. I found this 
very adequate if the ambient noise level is low. 

Position 2 connects the inputs to 5 -watt amplifiers for 
stereo, more serious listening or where there may be higher 
background noises. 

Position 3 has two uses. If the input is low impedance (4, 

8 or 16 ohms) to start with. you can send it on to the speakers 
directly through position 3 and leave the amplifiers off. Posi- 
tion 3 also feeds the signal to the right and left channels of a 

large stereo amplifier (in the living room). 
I did not make any provision for a dummy load on the 5- 
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watt amplifiers. This can be done by making S2 a 5 -pole 
switch (both amplifiers using a common dummy load). For 
my purposes. I found miniature zip cord (2 cond. 24 GA 
stranded) obtainable from Lafayette. ideal for running be- 

tween the unit and the remote speakers. -Fred Butterfield 

DIGI SCAN 
-8T.M. 

This most popular & best selling digital readout scanner has become 
infamous for making all other types of monitor receivers obsolete. 
And you can understand why when you look over the many outstand- 
ing features this 8 channel, crystal controlled, FM digital scanner 
incorporates. Features that include A digital (not just dots) readout 
indicator that automatically seeks and identifies broadcasting chan- 
nels Exclusive "Drop -in" front end Printed Circuit Boards for inter- 
changeable Low Band, VHF or UHF monitoring Individual channel 
lock -out switches for selective programming Variable squelch 
control "Piano Key" switches for automatic or manual operation 

"Easy Open" crystal compartment Approx. 0.5 uy sensitivity over 
a 7MHz band spread Handsome die -cast front panel & vinyl on 

metal case. These features and more, combined with proven depend- 
able performance have made DIGI SCAN -8 the "standard of com- 
parison" of many Federal & local agencies. "DIGI SCAN -8 ... the 
monitor receiver of the 70's, TODAY!" 

DIGI SCAN 4 +4 T.M. 

Here are a few of the outstanding features that make the new DIGI 

SCAN 4 +4 so unique that we feel it too will become a best selling 
scanner along with our famous Digi Scan -8... DIGI SCAN 4 +4, 
like the Digi Scan -8, is an 8 channel digital readout scanner BUT the 
listener is not restricted to monitoring only one band at a time! 
DIGI SCAN 4 +4 permits simultaneous monitoring of 4 channels on 

any 2 out of 3 bands! For example: 4 on VHF and 4 on UHF -or 4 on 
VHF and 4 on Low Band -or 4 on UHF and 4 on Low Band Accom- 
modates any frequency spread within a selected band (i.e.: 4 chan- 
nels, 150- 158MHz, 4 channels, 162- 170MHz) Front panel scan rate 
control Front panel priority channel switch Individual channel 
"Lock -Out" switches VHF, UHF or Low Band interchangeable 
"Drop -In" front end modules Extremely fine sensitivity and selec- 
tivity Die -cast front panel, vinyl on metal case. If because of the 
change over in frequency bands by many Federal, State and Munic- 
ipal agencies, or just because you're missing channels you would 
like to be monitoring, DIGI SCAN 4 +4 is the scanner you've been 
waiting for. 

See your Unimetrics Dealer today for a demonstration of either 
of these fine digital scanners. Or write to us for complete in- 
formation and technical specifications. Dealer inquiries invited. 

unImeTnIcs,Inc. 
23 WEST MALL, PLAINVIEW, NEW YORK 11803 

In Canada: Western Radio Services, Ltd.,1675 W. 3rd Ave. Vancouver, B.C. Canada 
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More kits than ever,,.over 3í0,,,a11 is your 
The most advanced color TV kit 
we've ever offered. 

. o 

, ,,_ 
. . 

»sa\N . Magnificent Mediterranean Console. 
Here's the finest TV cabinet we offer, a 
perfect choice for a GR -900. Has deep - 

grained pecan veneers on hand -rubbed 
fcrniture grade hardwood solids. Two 
scalloped double- hinged doors hide the 
Tv screen when not in use. 

Assembled GRA- 405 -25, 100 lbs.....179.95* 

The new Heathkit GR -900 25V Color TV has UHF /VHF detent 
tuning & varactor UHF tuner, angular tint control - more features 
than any other color TV kit! Better performance than any other set. 
UHF/VHF detent power tuning. Push a button and you scan the channels in either direction 
with detent action locking in on VHF channels 2 -13 and any 12 preselected UHF stations. 
A pushbutton selects either UHF or VHF mode, and a lighted dial indicates tuner position. 
And you can have full remote -control selection too for just a few dollars more. 
New voltage -controlled varactor UHF tuner and specially designed VHF tuner with MOS Field 
Effect Transistor contribute to better fringe -area reception, increased sensitivity. 
New angular tint control. A switch now gives you either "normal" or "wide angle" color 
demodulation to reduce tint and flesh tone change when changing stations and when pro- 
grams change. Other deluxe features include "instant on" operation with override for con- 
ventional on /off operation; automatic fine tuning; adjustable tone control, and an output for 
playing TV audio through your stereo hi /fi system. 
Exclusive Heath MTX -5 ultra -rectangular tube. It's the largest color screen you can buy 
anywhere, with a full 25 inch meas. diag., 315 sq. in. viewing area. You see virtually every- 
thing the station transmits, in the corners and at the sides. The specially etched face plate 
cuts glare, and reflection, increases contrast without sacrificing brightness, and each dot is 
projected through a matrix screen to stand out crisply against a solid black background. 
Modular solid -state circuitry. Plug -in circuit boards and plug -in transistors make assembly, 
adjustment and servicing easy. There are 46 transistors, 57 diodes and four ICs - making 
this one of the most reliable sets we've ever designed. 
Other features include automatic chroma control, adjustable video peaking, adjustable noise 
limiting and gated AGC. 

Exclusive Heath self -service built -ins. Your Heathkit GR -900 includes built -in dot generator, 
tilt -out convergence panel for set -up and periodic adjustments. A handy volt -ohm meter 
included in the circuitry helps you check your work during assembly, and can be used in 
conjunction with the manual for any servicing. Like all Heathkit color TVs, the GR -900 gives 
you complete installation flexibility. There are four beautiful Heath cabinets to choose from 
plus the new built -in electronic wall mount with hide -away tambour doors. Or you can cus- 
tom install your GR -900. We think you'll agree, the GR -900 is truly the most impressive color 
receiver we've ever offered. 

Kit GR -900, TV less cabinet, 125 lbs. 599.95* 
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Wireless Remote for your GR -900. 
The ultimate in armchair viewing. Gives you 
eight- function across -the -room control of 
on /off, three preset volume levels, power 
tuning (up or down), color, tint, UHF /VHF 
channel selection. Also activates Custom 
Wal' Mount doors. 

Kit SRA- 900 -6, 6 lbs. 79.95* 

New Custom Wall Mount. Touch a button on 
the frame or on your Heathkit Remote 
Control unit and the folding tambour doors 
open to reveal your color TV. Kit includes 
everything needed to build your Heathkit 
GR -371MX or GR -900 into a wall. 
Kit GRA -402 -25, walnut finish, 
50 lbs 114.95* 
Kit GRA- 407 -25, unfinished, 
50 lbs 109.95* 



FREE '72 HEATHKIT Catalog 

New Heathkit 
229.95* Digital Multimeter 

A kit -form multimeter that meets lab specs. 
Has 31/2 digits for 100 uV resolution on the 
200 mV range, 1V on 1000 V. Five overlapping 
ranges measure voltage from 100 uV to 1000 V 

on DC (either polarity); 5 ranges cover 100 uV 

to 500 V on AC; 10 ranges measure 100 nA to 
2A AC or DC; and 6 ranges measure resistance 
from 0.1 ohm to 20 megohms. Input impedance 
is approx 1000 megohms on 2V range, 10 megs 
on higher ranges, with overload protection 
built-in. DC calibrator supplied permits 0.2% 
accuracy without external equipment. Can be 

lab calibrated to 0.1 %. For lab performance at 
a budget price, order your IM -102 today. 

Kit IM -102, 9 lbs. 229.95* 

The better -than -ever '72 Heathkit Catalog has 
the world's largest selection of fun -to- build, 
money- saving electronic kits... including color,,' 
TV, stereo /hi -fi, organs, home appliances,/ 
engine tune -up tools, radio control, porta- 
bles, shortwave, marine gear, metal locator,/ 
instruments, hundreds more. If you don't . 
have this catalog, you've missed seeing 
over 50 new kits, introduced since the last, 
edition. Send today for your free copy./ 

New Heathkit 10 MHz 
229.95* Triggered Sweep Scope. 

Here's a five -inch triggered sweep scope at 
a price you can't afford to pass up. Has 
DC -10 MHz response, calibrated attenuator, 
50 ns sweep rate with magnification, AC -DC 

coupling, 50 mV sensitivity. It's the ideal 
instrument for general service and design 
work... and its quality design, easy assembly, 
simple operation and self- service capability 
make the Heathkit 10 -103 one of the greatest 
scope values on the market today. Order one 
for your shack, shop, lab or classroom, now. 

Kit 10-103, 37 lbs. 229.95* 

The most powerful 
and sensitive stereo receiver they've ever tested. 

Heathkit AR -1500 AM /FM /FM- Stereo Receiver - ranked by independent experts as the best 

ever. Here's 180 watts dynamic music power, 90 watts per channel into 8 ohms, 120 watts 

per channel into 4 ohms. Less than 0.1% intermod distortion, less than 0.25% harmonic 

distortion. FM selectivity greater than 90 dB, outstanding phase linearity, separation, and 

low distortion result from two computer- designed 5 -pole LC filters. A 4 -gang 6 -tuned circuit 
front end offers rock -solid stability, 1.8 uV sensitivity, 1.5 dB capture ratio and 100 dB image 

and IF rejection. Automatic FM squelch is both noise and deviation activated, fully adjustable 
for sensitivity. 
The AM section, overlooked in most receivers, boasts two dual -gate MOSFETS in the RF and 

Mixer stages, one J -FET in the oscillator, 12 -pole LC filter in the IF, and broad -band detector 
for good overload characteristics, proper AGC action, no IF alignment and high -fidelity per- 

formance. The AR -1500 is an easy kit to build, ten plug -in circuit boards, two wiring har- 

nesses and extensive use of pre -cut wiring with installed clip connectors make assembly fun. 

Built -in test circuitry uses the signal meter to make resistance and voltage checks as you go. 

Other features include Black Magic panel lighting that hides the dial markings when the set 

is not in use; flywheel tuning; pushbutton function controls; outputs for two separate speaker 

systems, bi- amplification, oscilloscope monitoring of FM multipath; inputs for phono, tape, 

tape monitor and auxiliary sources - all with individual level controls. The AR -1500 is the 

critics choice, and with no reservations, the best stereo receiver we've ever designed. 

Kit AR -1500, less cabinet, 42 lbs. 379.95* 

ARA- 1500 -1, walnut cabinet, 6 lbs. 24.95* 

Send for your FREE 1972 Heathkit Catalog today 
HEATHKIT ELECTRONICS CENTERS - ARIZ.: Phoenix, 2727 W. Indian School Rd.; CALIF.: Ana-1 
heim, 330 E. Ball Rd.; El Cerrito, 6000 Potrero Ave.; Los Angeles, 2309 S. Flower St.; Red -1 

wood City, 2001 Middlefield Rd.; San Diego (La Mesa), 8363 Center Dr.; Woodland Hills, I 

22504 Ventura Blvd.; COLO.: Denver, 5940 W. 38th Ave.; FLA.: Miami (Hialeah), 4705 W. 16th i 

Ave.; GA.: Atlanta, 5285 Roswell Rd.; ILL.: Chicago, 3462 -66 W. Devon Ave.; Downers Grove, i 

224 Ogden Ave.; KANSAS: Kansas City (Mission), 5960 Lamar Ave.; MD.: Rockville, 55421 
Nicholson Lane; MASS.: Boston (Wellesley), 165 Worcester St.; MICH.: Detroit, 18645 W. I 

Eight Mile Rd. & 18149 E. Eight Mile Rd.; MINN.: Minneapolis (Hopkins), 101 Shady Oak Rd.; 

MO.: St. Louis, 9296 Gravois Ave.; N.J.: Fair Lawn, 35-07 Broadway (Rte. 4); N.Y.: Buffalo i 

(Amherst), 3476 Sheridan Dr.; New York, 35 W. 45th St.; Jericho, L.I., 15 Jericho Turnpike; i 

Rochester, Long Ridge Plaza; OHIO: Cincinnati (Woodlawn), 10133 Springfield Pike; Cleve- 1 

land, 5444 Pearl Rd.; PA.: Philadelphia, 6318 Roosevelt Blvd.; Pittsburgh, 3482 Wm. Penn I 

Hwy.; TEXAS: Dallas, 2715 Ross Ave.; Houston, 3705 Westheimer; WASH.: Seattle, 2221 Third 
Ave.; WIS.: Milwaukee, 5215 Fond du Lac. 

HEATH COMPANY, Dept. 20-2 
Benton Harbor, Michigan 49022 

Please send FREE Heathkit Catalog. 

Enclosed is $ , plus shipping. 

Please send model(s) 

Name 

Address 

City 

HEATHKIT 

Schlumberger 

State Zip 

Prices & specifications subject to change without notice. 
Mail order prices; F.O.B. factory. CL -429 

.1 
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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. I.-Pads. Mikes. Needles. Oscillators, P Bores. Goad- 

! acs, Resistors. Semiconduriors Telephones. Ultrasonic Alarms. 

VHF Antennas, Wire. Xenon Strobe, Y Adapters, Zener Diodes plus 
our Science Fair kits and Knight-Kits - and much morel 

Get your FREE copy at our nearby 
store -or mail in coupon today! 

.All /ED R4010511.41X Dept. RE -14 

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 

Ltate Zip 
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Earn 
E 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 
o C_f 1011,, .1 d s in,i,.'y 

Foust Hill Road 
P. U Bon 10634 

Jackson, Miss 39209 
Established 1945 

Fonnerly Cook's School of tie, t,o.ii.., 

AC circuits nomogram 
by A. K. QUINN 

The graph on the facing page 
makes it easy to solve series and parallel 
circuits containing resistance and reac- 
tance. It's simple to use and gives re- 
sults well within normal parts toler- 
ances. 

The conventional way to solve the 
circuit of Fig. 1, when the reactance of 
C is known, takes many steps. One way 
would be the solving equations like 

Z - X2XR2 
which requires squaring and square 
root. Another would be to draw vectors 
and either measure phase angles with a 
protractor or look up values in trig ta- 
bles. 

Consider the circuit in Fig. 1. As- 
sume we want to find the voltages across 
C and R, the current, the impedance, 
the phase angle, and the power factor. 
The graph, plus some Ohm's -law 
arithmetic, will give us all those quan- 
tities. 

Here's how to go about It. 
1. Divide the reactance by the resist- 
ance. For our example, this would be 
7,000/10,000, or 0.7. 
2. Locate 0.7 on the left -hand vertical 
axis. A straightedge laid straight across 
the graph at this point shows that 0.7 
corresponds to a phase angle of 35 °. 

3. The straightedge cuts scale A at 
about 0.58. Multiply this by the applied 
voltage 200 volts times 0.58 gives us 116 
volts. This is the voltage across C. 
4. The corresponding point on scale B 
is 0.82. Multiply this by 200 volts and 
we get 164 volts across R. Scale B also 
gives the power factor, 0.82. 
5. Ohm's law gives us the value of cur- 
rent as ER /R, or 164/10,000, or 16.4 
mA. 
6. Impedance is 200 volts/ 16.4 mA or 
12,200 ohms. 

Series R -C -L circuits 
These circuits are even simpler. Look at 
Fig. 2. 
1. Subtract Xe from X,. 
2. X/R gives the vertical axis index, as 
with the last example. 
3. Scale B value gives a multiplier for 
ER 
4. Current is ER /R 
5. Er is I times }Cc- 
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6. E1 is I times 
7. E, is I times XI, 
8. ZisEA /I 
60 - 40 = 20 (X) 
20/20 = 1 (Index) 
0.71 (Multiplier) 
ER =0.71 x 100 =71V 
I = 71/20 = 3.5 amps 
Et =3.5 x 40 = 140V 

= 3.5X60 =210V 
Z = 100/3.5 = 2.9 ohms. 

Parallel ac circuits 
For these circuits, procedure varies. 

because now we are looking for differ- 
ent things. We know the voltage across 
the components, but we want to find the 
current through each component, the 
total current, the impedance, phase 
angle and power factor. (See Fig. 3.) 
1. Find the current through each corn- 

R=IOK 

XC=7K 

R-20f1 

Xc =4012 

Fig. 

Xi =6012 

Fig. 2 

510K 

Fig. 3 

R 150 XC =3042 : X.20R 

Fig. 4 



The math for ac circuits is generally tedious and boring. 

This nomogram speeds the solutions to R -C, R -L and R -C -L networks. 

ponent by dividing the applied voltage 

by the resistance or reactance. 
Ir = EA/Xe = 20/10,000. or 2 mA. 
18 = EA /R = 20/5,000, or 4 mA. 

2. Divide R by Xc. 5.000/10,000 = 0.5. 

This is the index, or left vertical axis 

value. It corresponds to a phase angle of 
26 °. 
3. A straightedge at 0.5 cuts scale B at 

0.90. This is the power factor. 
4. Now divide lit by 0.9 to get the total 

current (IT). For example, IT will be 4 

mA /.9. or 4.5 mA. 
5. Impedance is EA /IT, or 20V/4.5 mA. 
or 4.450 ohms. 

Parallel RCL circuits 
This type of circuit is shown in Fig. 4. 

1. lit. Ir. and II, are found by Ohm's 
law. 60/15 = 4 amps. 60/30 = 2 amps. 

60/20 = 3 amps. 

5 

4 
2.9 2.@\ 

3 

2:fr 
2.4 

-2.5 

2.3 

175 
1.9 
1.8 
1.7 / 
1.6 
1.4 
1.3 
1 2 
1.1 - I. 

1.25 

.9 

6 

.2 

.05 

2. II, - Ic gives I amp, which we will 
call Ix. 
3. Ix /Iit gives us our vertical index 
value. 1/4 = 0.25 
4. Read scale -B value as 0.97 (power 
factor). Phase angle is 14 °. 

5. 11(1 (scale -B value) gives IT. 4/0.97 = 
4.13 amps. 
6. EA /IT gives impedance. 60/4.13 = 
14.5 ohms. 
You'll note that in all the applications, 
scale B is associated with resistive volt- 
age or current. Scale A is associated with 
reactive voltage or current. Knowing 
that makes it easier to find and use the 

right scale. 
The graph is not absolutely precise, 

yet it yields solutions well within prac- 
tical tolerances, and is easier to use than 
other approaches that rely on vectors. 
square roots or trig tables. R -E 
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TV TECH 

AID 
Takes you right to the 

source of the trouble... 
without guesswork and 

wasted time! 
You receive each month OVER 40 
ACTUAL CAUSES AND CURES OF 
COLOR AND B -W TV TROUBLE 
SYMPTOMS . . . 

reported by leading TV manufactur- 
ers, technicians and field reps . . . 

each presented in a concise, brief 
format, including a clearly marked 
schematic diagram of the associated 
circuitry ... no wading through un- 
necessary details! 
You also receive timely and complete 
information about CIRCUIT MODI- 
FICATIONS AND OTHER VALUABLE 
SERVICE DATA relating to both new 
and existing TV models. 
Start or expand your own file of 
causes and cures with TV TECH AID 

arranged so you can file them 
by make and model, by trouble 
symptom or use your own system! 

SUBSCRIBE or 
RENEW NOW! 

only $7.95 per year (12 issues) 
(that's less than 670 per month!) 

NEW! 
Over 400 Causes and Cures of Re- 
curring Troubles in major -brand 
Black- and -White TV 

All in one large, easy -to -use issue 

All for only $5.95 . . . Less than 
11/20 per tip ... each of which can 
save you hours of valuable trouble- 
shooting time! 

r 
TV TECH AID 
P.O. BOX 603 
KINGS PARK, N.Y. 11754 

ENCLOSED IS A CHECK OR MONEY 
ORDER FOR $ 

PLEASE SEND: 

1971 -12 ISSUES -$7.95 
1970 -BOOK FORM -$5.95 
1969 -12 ISSUES -$4.95 

ill 1971 B -W BOOK -$5.95 
1972 -12 issues -$7.95 

TO: 

NAME 

ADDRESS 

CITY 

STATE ZIP 
0 
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AT UST! PROFESSIONAL 
HOME PROTECTION 
EVERYONE CAN INSTALL 
AND AFFORD. Nrompr 

Model FC-100 Fell 8are 

WIRED T u 

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. 

SECURITY CONTROL 
CENTER 

a 

Tail Safe'-SYSTEM BY EICO 
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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new books 

RCA TRANSISTOR, THYRISTOR & DIODE MANUAL (Technical 
Series SC -15). RCA Solid State Div., Somerville. N. J. 08876. 5 x 8 
in.. 768 pages. Soft cover. $2.50. 

This. the latest edition of the RCA semiconductor manual. has 
been expanded and updated to cover the latest developments in solid - 
state technology and application. Too. the technical data has been 
regrouped according to product type (small -signal bipolar transistors, 
MOS transistors. low- and medium- frequency power transistors. rf 
power transistors. etc.) to facilitate selection of the optimum device 
for a particular application. An index to specific devices is included. 

The Circuits Section includes several new additions and the cir- 
cuits carried over from previous editions have been modified and up- 
dated to reflect current practices in circuit design and applications. - 
RFS 

SERVICING ELECTRIC ORGANS, 1969 from TAB Books, Blue 
Ridge Summit. Penna. 17214. By Max H. Applebaum and Donald 
A. John. 8'4 x 11 in. 160 pp. Bound in simulated leatherette. 
$7.95. 

This book is a handy reference for those interested in repairing 
and tuning electronic organs. It covers actual technical aspects of or- 
ans. presents a history of the organ as a musical instrument. and the 
way the organ basically functions. for better understanding of the pos- 
sibilities of what could go wrong. The section on troubleshooting hints 
is heavily illustrated to show organ troubles and their causes. 

There is a separate 36 -page fold -out section of typical organ sche- 
matics. Step -by -step tuning methods. which do not require previous 
musical knowledge. are also detailed. -JW 

Try Us You' // Like 
FREE $1 BUY WITH EVERY 10 YOU ORDER 

70° COLOR TUBE BRIGHTNER $3.95 ¡ 

90° COLOR TUBE BRIGHTNER 

á 

$4.95 

HEAVY DUTY COLOR FOCUS $1 
RECTIFIER 14.000 PIV t ma .. 

50 - OIL IMPREGNATED 
TUBULAR CAPACITORS Po,* 
celaln. Ax11 Leads -Most S3.93 
popular lpes 3 
COLOR -TV RECTIFIER - 
Used in most color sets.-6500 51,93 
k. 3 for 
15 - ASST. ROTARY SWITCHES $1 all popular types 1120 value 

13 - G.E. #NE.2 TUBES S1 
Neon Glow I.amp for 101 uses.. 

CAPACITORS 
cDISC CERAMIC 51 

3- ELECTROLYTIC CONDENSERS S1 most popular number 50/30 -ISO. 
7 - TV ELECTROLYTIC CON- $ 
DENSERS dir esable i 
12- MINIATURE ELECTROLYTIC 
CONDENSERS For Transistor & Se 
miniature work 
10 - MINIATURE 4S6KC IF 
TRANSFORMERS anptionl ralt Si -PG -tl, x 11, 

2 - BELFUSE #450 -1 ad 3.1 
RCA Replacement 945395.4 and 

Si 945392.3 
UHF OR VHF MATCHING 
TRANSFORMER Simple Pool -proof S1 
installation 

2- ELECTROLYTIC CONDENSERS Si 
C.D. 500 mfd -200 volts 

STEREO HEADPHONES 
HI -FI quality 

. . Complete $5.93 with Stereo plug e7 

UHF TUNER - TRANSISTOR$ .95 
TYPE Used in all TV seta ... 3 
STANDARD TUNER - TRANSIS- 
TOR (GUIDED GRID) 

$1 4 Channel closed circuit 

20 - DIPPED MYLAR CAPACI- $ 
TORS .01 -600V i 
20 - DIPPED MYLAR CAPACI- $1 
TORS .033 -e00V 
20 - DIPPED MYLAR CAPACI- $ 
TORS .0033-1000 V i 
20 - DIPPED MYLAR CAPACI. $ 
TORS .047 -400 V. i 
15 - MOLDED TUBULAR CA- S1 
PACITORS .íl68 -400 V. 

6 - MINIATURE ELECTROLYTIC S1 
CAPACITORS 5 MFD -i50 V. 

SARKES TARZIAN TUNER 
41mc 

Latest Compact 
Model good for 
all 41 me T1 "a. 

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. Sr, 

COMPLETE with Tubes 

Only applies 
to "$1" Buys FREE GIFT 

KNOB SPECIAL 
100 - ASSORTED RADIO 
KNOBS All oimiard type, ... Si 520 value 
50 - TV KNOBS - POPULAR 
TYPES Mostly Selector 4, Fine Si 
Tuning 
25 - VERTICAL LINEARITY 
KNOBS I...g shank Front 5 i mount . . . miniature assortment 
30 - VERTICAL LINEARITY 
KNOBS Side mount . . . Si Standard else. 
25- KNURLED RADIO KNOBS Si Il ant to Ver . nest selection 
40 - DELUXE RADIO KNOBS 
Choice assortment . . . Popular 53. 
types 

ANY 6 KITS FOR SS 

TRANSISTOR RADIO osai typa $1,50 good. bad. broken. as.1., potluck 
TAPE RECORDER -assorted types $4 good. bad. broken. as is, potluck . 

300 - ASST. 1/2 W RESISTORS 
Top Brand. Short Leads, Excellent Si Selection 
100 -ASST 1/4 WATT RESISTORS $1 stand. choice ohmages, some in 5ro 
100 -ASST 1/2 WATT RESISTORS 51 m stand. choice ohagea. some in 5rc 
70 - ASST 1 WATT RESISTORS Si stand, choice ohmages. some in St`o 

35 - ASST 2 WATT RESISTORS S1 
d stan. choice ohmages. some in 5,1/ 

o 

E 

E 
o 

50 - PRECISION RESISTORS S1 
asst. liaDprive $50 less 98,7o 

20 - ASSORTED WIREWOUND 5 
RESISTORS, 5. in. 20 wort .... i 
10- ASSORTED SLIDE SWITCHES S1 
SPOT. SPDT, 11/PDT, etc. 

IMMEDIATE DELIVERY ... Scientific ight packing for safe delivery at minimum cost. `m 
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: O CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

Us 
ITH EVERY ORDER 

2 - COLORBURST QUARTZ - 
CRYSTAL For Most Color TV 5189 sets 3579.545 KC 

2 - ELECTROLYTIC CAPACI- 
TORS Cu - 40/40 RFD - 450 
Vohs 

1 - VACO MONO CARTRIDGE S1 Model TO45x 
1 - 6" x 9" HEAVY DUTY 10 
OZ. SPEAKER Ceramic Type .. $3.69 
ROhm 

$20 - SHURE M7D DIAMOND S3 
NEEDLE exact replacement 

SHURE M44 SERIES DIAMOND SA .69 
NEEDLE exact Replacement .. 4 
4 - 9 VOLT MOTORS Excellent 51 for hobbyist 

200' - #24 SOLID PUSH BACK 
WIRE Yellow or Black excellent Si buy 
MATCHED PAIRS TRANSISTORS 
NPN B PNP ,2Y4252- 2S2904r Si .2N2222.115:2907) Each set 
RONETTE STEREO CARTRIDGE 52 latest dual sapphire aipover type 
6 - TRANSISTOR RADIO EAR- $1 
PIECES wires complete with plug 

S ASSORTED GLOBAR VARI- 
SISTOR Popular replacements for Si most COLOR TV 

10N JACKS 
PHONO PLUGS B 51 

E RCA type 
5- PRINTED CIRCUIT IF TRANS- S1 
FORMERS 4 -I.ug. 456 KC 

25 - 3900-OHM-7w RESISTOR S1 
10% Coroing glass 
20 - .47 -600V CONDENSERS $1 White Ceramic C.D..meriran . 

13 Pc. SCREWDRIVER IL SA.S0 
NUTDRIVER SET reg 3R.05 . . 

Address 

Cost of 
good. 
Shipping 
estimated 
TOTAL 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 21ELÉPMONE0 



Jdruments in One! 

NEW EICO 
TRANSSTOR 
ANALYZER 

Model 685 
$ 

KIT 
9995 

FACTORY WIRED 5149.95 

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 25c for First Class mail service. 

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 

ENGINEERING CIRCUIT ANALYSIS. by William H. Hayt, Jr. and 
Jack E. Kemmerly. McGraw -Hill Book Co., 330 W. 42nd St.. New 
York. N.Y. 10036. 612 x 91/2 in., 653 pp. Hardcover. $15.50. 

Intended for use as text for a first course in electrical engineering. 
The concepts covered include the resistive circuit. natural response 

and complete response to dc excitation of the simpler RL. RC. and 

RLC circuits. frequency domain. complex- frequency. magnetic cou- 
pling. and transform methods in circuit analysis. -MCL 

BASIC ELECTRONICS PROBLEMS SOLVED, by Donad A. Smith. 
Tab Books, Blue Ridge Summit, Pa. 17214, 192 pp. 51/2 x 81/2 in. 

$7.95 hardbound. $4.95 clothbound. 
Answers basic electronics problems dealing with solid -state and 

tube -type circuits. Concentrates on problem solving giving detailed 
explanations with answers. Starts with simple problems. then goes on 

to dc circuits, semiconductors and power supplies. all the way through 
the use of the slide rule. -JW 

RCA SHUTS DOWN SERVICEAMERICA 
December 31, 1971 was the last day of business for 
RCA's ServiceAmerica operation. Established in three 
test markets (Philadelphia, San Francisco, and Miami), 
ServiceAmerica was to repair all makes of tv sets and 

other home -entertainment equipment. RCA stated that 
its results in the test markets did not justify the in- 

vestment of manpower and other resources needed to 

expand ServiceAmerica nationally. 
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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: S7.95 
BRAND NEW SOLD AS TS 

WESTINGHOUSE FM TUNER $2.99 
1a,,.. 

WESTINGHOUSE FM TUNER 
#478V015D01 . . Tranin 5 3'99 for 

300 - ASSORTED HEX NUTS Si 
2/58, 4/40, 5/40, 8/32, 8/32 . 

250 - ASST. SOLDERING LUGS $i best types and sizes 

250 - ASST. WOOD SCREWS Si 
finest popular selection 

250 - ASST. SELF TAPPING Si 

RCA 110° FLYBACK 

a small order 

IBM COMPUTOR 
SECTIONS 

8 assorted Units wa 
sell for $1 are 
lnvled with over 
150 esluable parts. 

Incl. - Transistors 
Condensers. Reads. 
tors. Heat Risks. 
Diodes. Etc. 

8 for $1. 

100 for $10 

SHANNON MYLAR RECORDING TAPE -. 
21/2" - 225' ..$ .17 

3" - 225' .. .19 

.27 

31/4" - 600' .. .58 

5" - 600' .. .62 

.80 

S" 

7" 

- 1200' .. 
- 1800' . . 

-1200'.. 
- 1800' .. 

.97 

1.49 
.77 

1.12 

7" - 2400' 
7" - 3600' 
CASSETTE 

CASSETTE 

CASSETTE 

S1.711 

2.95 
80 minutes 19 
90 minutes 1.54 

1211 minutes 1.97 

21'2" TAPE REEL .... .05 
3" TAPE REEL .... .06 
314" TAPE REEL .... .07 
5" TAPE REEL .... .14 
7" TAPE REEL .... .15 

TRANSFORMER 

We scooped the Market 
Latest type - standard 
for all 110 TV' 
RCA's design of large 
Coll produces 18gV- 
assuring adequate width 
Inc] Schematic Diagram 
spoilralion for any TV 

List price 813.90 

Your price 
$3 

IOriln off in lots of 3 

SCREWS #8. #8, etc. 110° TV DEFLECTION YOKE 
for all 1) -1 "'. I\ ". ocl .ß11,o, :n lc 

150 - ASST. 6/32 SCREWS Si 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS Si 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS $i and 150 -2/56 HEX NUTS 

and 150 4/40 HEX NUTS 
SCREWS 

150 - ASST. 5/40 SCREWS Sil 
and 150 -5/40 HEX NUTS 

500 - ASSORTED RIVETS 
most useful selected size' 

S00 - ASSORTED WASHERS Si 
most useful selected sines 

"COMBINATION SPECIAL" 
RCA 110" FLYBACK S 5.95 
plus 110° DEFLECTION YOKE 

1. 
100 - ASST. RUBBER BUMPERS Si 
for cabinet bottoms a other uses .. 

100- ASSORTED RUBBER GROW $1 
METS best Blau 

90° FLYBACK TRANSFORMER 
for all type TV's inri schematic . 

90° TV DEFLECTION YOKE 
for all type TV's Mel schematic 

70° FLYBACK TRANSFORMER S2C- 
for oil type TV's inca schematic .. 

70° TV DEFLECTION YOKE S2 
for all type TV's Inca schematic .. 

2 - TV CIRCUIT BREAKERS 51.19 
Rated 4.2 TO 5.0 AMPS. etc. . 

70° COLOR YOKE $12.95 
For all round color CRT's .. 

90° COLOR YOKE For all 

Rer 
tan 

gular 
19 to 25" Color $10.951 
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10 - STANDARD TRANSISTORS S1 MARKET SCOOP COLUMN ]T'] & PNP ^_N404. ^ -N414. etc. .. IrinRlC 1 SCOOP 
10- ASSORTED DIODE CRYSTALS $il 6" UNIVERSAL SPEAKER 
1N34. 1N48. 1 \80. 1N04. etc. . Top quality Special t.o 29 Ea. - 51 3 TOP BRAND SILICON REC. S1 
TIFIERS i a''P 1888 Pi'. 
COLOR POWER TRANSFORMER 

Good for most nets 2611151) 56.95 
I. ist Price-030 77, 

4 -50' HANKS HOOK-UP WIRE S1 
assorted colors 
100' -SPOOL SPEAKER WIRE S 1.50 
2 cond. mb,i rip. clear. 101 uses 

10 - ASST. RADIO 8 TV TUBES S1 
Every Tube a good number 

5 - I.F. COIL TRANSFORMERS S1 
456 Ile for Translator Radios 

5 - AUDIO OUTPUT TRANS- $i 
FORMERS Sub -min for Trans Radios 

TV TWIN LEAD -IN 300 ohm 
500' - 01 100.-S1.50 50' - $i 
CO -AX CABLE IIG59U grey or 5111 

black 250' $9 I0li' -$3.69 50'- L 
4 - TV ALIGNMENT TOOLS Si 
must useful assortment #1 
4 - TV ALIGNMENT TOOLS Sí.49 
For ('odor TV #2 
6 - TV COLOR ALIGNMENT $2.79 
TOOLS Most P.n.'s, type 

5 - PNP TRANSISTOR 
general purpose. TO raseSi 
5 - NPN TRANSISTORS S1 
gener:0 purpose. TO .5 rase 

UNIVERSAL TV ANTENNA 51.98 
Rork of set Mounting . . . 

5 section rods 

50 - ASSORTED TRANSISTORS Si 
big factory scoop -sold as Is 
RCA COLOR FLYBACK Fart S12.95 
#113382 (Stancor #H0-1301C 

service card 

5 for S5 

12" UNIVERSAL SPEAKER. Top $4 
Quality . . . Large Magnet 

10" PHILCO SPEAKER 52.69 
Top Quality . (.arge Magnet 

8" UNIVERSAL SPEAKER - 52.49 
Large Magnet- Special Buy . 

5" UNIVERSAL TWEETER Sí.29 
i Or. . Magnet 

UNIVERSAL 4" PM SPEAKER Si 
With 501.6 Output Transformer . 

21/5" x 4" SPEAKER 6 
Special Huy lO For $5- 9t Ea. 

31/2" - ROUND SPEAKER 595 
Special Huy 

4" X 6" "GUAM" 16 OHM 

special HUY (10 for $15.00) .. 

FEBRUARY 1972 

SPEAKER 1.0rge magnet 51,79 

CRYSTAL LAPEL MICRO- 
PHONE High draped. 200- 

49e sa. 
.. 11 for $5 . .7 

MONO PHONO ARMS ... Mont 
popular type - 1'5.51 in most 
Trans istori Zed phono Players (13 51 
for $12.00) 
RCA - SK3054 - NPN TRAN- 
SISTOR General Replacement - 
Voltages up to 50 Volts (5 for 51.25 

1- 25 

SPECIAL TUBE BUY 
(6I.J8- 12BH7- 12DT8- 12307- 

75e Ea. 
12FX50 -163 

ALL AMERICAN TUBE KIT 
I 1 2 A V 6.12 BE6 -12 BA 6 -3 5 W 4- 
5005) 

52.49 
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laser experiment 
Coherence is one of the prime characteristics 
of laser light. Try this experiment 

Consider an ideal elementary sinusoidal wave form. The 
characteristics of this wave are its amplitude A (its height 
above the zero line) and its wavelength X (the distance from 
wave peak to wave peak). In this case, the amplitude varies 
with time in a constant sinusoidal manner and with the max- 
imum remaining the same. The wavelength also remains con- 
stant, as the wave propagates (Fig. 1). 

Temporal coherence 
The definition of coherence involves two or more waves 

rather than just one. Consider two waves, one superimposed 
over the other on the same line of propagation. (Figure 2 
shows the two waves with the super -imposition modified for 
clarity.) 

First, disregard the amplitudes of the points and consider 
points only with respect to the direction of propagation. 

During a time t, each of the two waves advances down 
the line of propagation to a wave peak, point 1 on wave A, 
and point 2 on wave A,. They are traveling at the same speed 
and have the same wavelength and, if allowed to continue, the 
wave peaks will occur at the same places all the way down the 
line. These waves are said to be in phase and coherent. This 
particular coherence, that is, with respect to time, is called 
temporal coherence. 

With this in mind, we can now define coherence. Two or 
more waves are said to be coherent if the "phase difference" 
between two pairs of points, one on each wave, remains con- 
stant. If our example, where the waves are in phase, the phase 

Accuracy like a VTVM... 
Convenience like a VOM... 
NEW BATTERY -OPERATED FET 
SOLID -STATE VOLT -OHMMETER =116 
Easy -to -build KIT 

$2995 116K 
Factory -Wired & Tested 

$4090 116W 

Fig. 

Fip. 2 

Now you can get all the benefits of a 
VTVM (laboratory accuracy, stability and 
wide range) but with its drawbacks gone: 
no plugging into an AC outlet, no waiting 
for warm-up, no bulkiness. New Field 
Effect Transistor (FET) design makes 
possible low loading, instant -on battery - 
operation and small size. Excellent for 
both bench and field work. 
Compare these valuable features: 

High impedance low loading: 11 meg- 
ohms input on DC, 1 megohm on AC 
500 -times more sensitive than a standard 
20,000 ohms-per-volt VOM Wide -range 
versatility: 4 P -P AC voltage ranges: 0-3.3, 
33, 330, 1200V; 4 RMS AC voltage ranges: 
0-1.2, 12, 120, 1200V; 4 DC voltage ranges: 
0 -1.2, 12, 120, 1200V; 4 Resistance ranges: 
0 -1K, 0.100K, 0-10 meg., 0.1000 meg.; 
4DB ranges: -24 to +56DB. 
Sensitive easy -to -read 41h" 200 micro - 
amp meter. Zero center position avail- 
able. Comprises FET transistor, 4 silicon 
transistors, 2 diodes. Meter and tran- 
sistors protected against burnout. Etched 
panel for durability. High- impact bake- 
lite case with handle useable as instru- 
ment stand. Kit has simplified step -by- 
step assembly instructions. Both kit and 
factory-wired versions shipped complete 
with batteries and test leads. 51 "H x 
63/4 "W x 27/a "D. 3 lbs. 
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Send FREE catalog of complete EMC line 
and name of nearest distributor. 

RE -2 

Name 

Address 

City 

State 74) 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York, N.Y. 10012 

FEBRUARY 1972 

Fig. 3 

difference is zero throughout and thus constant. 
Figure 3 shows a slightly different situation. In this case, 

one wave "lags" the other slightly, but the waves are still tem- 
porally coherent because the sets of points remain at constant 
distance d apart along the line of propagation. They are not in 
phase but have a constant phase difference. 

Interference 
Up to this point, the amplitude of the waves being dis- 

cussed has been ignored to stress other factors. 
Consider two waves superimposed on each other along 

the same line of propagation. It is well known that as a wave 
moves through a media, it propagates a disturbance along the 
direction of propagation. The amount of disturbance depends 
on the amplitude of the wave. When the amplitude is positive 
(i.e. when a peak is formed or the wave point is moving up), 
it is termed positive disturbance. Alternately, when the ampli- 
tude is negative, it is termed negative disturbance. 

If two waves are superimposed on one another along the 
same line of propagation, the amplitudes add. If there are two 
positive amplitudes, they total to a greater positive amplitude. 
Two negative amplitudes follow the same formula, adding to a 
greater negative amplitude. If, however, a negative amplitude 
is paired with a positive, the difference between the two is 
found for the total amplitude. 

The interaction of two waves as described above is called 



interference. Constructive interference results from adding two 

wave amplitudes of the same sign (-I- or -) (see Fig. 4A). 
Destructive interference results from adding two amplitudes of 

different signs (Fig. 4B). 

Fig. 4 

Lateral coherence 
Consider two waves traveling along the parallel lines of 

propagation, with equal amplitudes, wave lengths, and in 

phase (Fig. 5). Pick two points, one on each wave, and note 

Fig. 5 

what happens as the wave propagates. (It must be emphasized 
that only the positions of the points in a perpendicular direc- 
tion to the line of propagation need be considered.) As the 
points move from a to b to c, the distance between them 
remains constant. The points are not only in phase along the 
path of propagation, but also in a direction perpendicular to 
the paths of propagation. Since these points are in phase per- 
pendicular to the path of propagation, they are said to be 
laterally coherent. 

Spatial coherence 
The discussion has been limited thus far to a two- dimen- 

sional representation. However, light waves are three- dimen- 
sional, and the concept of coherence must be expanded to 
cover such a system. 

The transition is simple. Temporal coherence remains the 
same along the direction of propagation as does lateral coher- 
ence, but now lateral coherence is allowed to relate to any 
direction perpendicular to the line of propagation. 

The result of combining these two concepts, lateral and 

temporal coherence, produces what is called spatial coherence 
in which two or more points are in phase a) along the direc- 
tion of propagation (temporal); and b) along any direction 
perpendicular to the direction of propagation (lateral) (See 
Fig. 6). 

All points remain equidistant 
as wave propagates 

Fig. 6 

Importance of coherence 
One of the most startling consequences of coherent light 

was totally unexpected until the phenomenon was viewed for 
the first time during the operation of a continuous wave laser. 
This phenomenon is, of course, the speckled image produced 
when the highly coherent laser light is scattered from a semi - 
smooth diffuse reflector. Here we see diffraction and phase 
interference effects on a scale never attained before with vis- 

ible light. What we see is really a stationary diffraction pattern 
in space resulting from the scattering of the coherent light by 
the diffuse reflector and the subsequent interference of the 
coherent wave trains with each other. The effect is enhanced 
by the high coherence so that the pattern extends to dimen- 
sions visible to the human eye. R -E 

10 CHANNELS 
SONAR SCAN'w. 

FM MONITOR RECEIVERS 

MODEL 
FR-2516 Off MANUAL 

WAFITCA 

r wr* 

* PRIORITY CHANNEL -LOCKS OUT ALL OTHER SIGNALS' 
* CARRIER DELAY -YOU HEAR MOBILE CALLBACKS 
* MANUAL SELECTION BY SLOW SCAN TECHNIQUE 

A proven professional performer with the most advanced tech- 
nology in design, circuitry and solid state electronics assures 
flawless performance you can hear with extreme clarity 
SONAR -SCAN will search and automatically lock a signal on any 

of 10 pre -programmed channels Noise free squelch 10 crystal 
controlled channels Adjustable scan sensitivity Narrow band 
operation 117 VAC or 12 VDC, negative ground only 

FR -2516 (25.50MHz) FR -2517 (150- 175MHz) $15995 Comes complete with AC and DC power cables. 
mounting bracket less crystals -Crystals $5.00 ea. 

EXCLUSIVE WITH SONAR and PATENT PENDING 

SONAR RADIO 
CORPORATION 
73 Wortman Avenue 

Brooklyn, N.Y. 11207 

Send information on Model FR- 2516/17 
SONAR -SCAN. Dept. 425 

Name 

Address 

City.... State Zip .. 
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`No- Noise'Products 
LikejtAggiel. 

For Color 
and B/W I SUPER i 

Art- LUBE 
Concentrated formula 
for heavy duty jobs. NS,ax 
Foams away corrosion. 
dirt, oxidation and 

- . 

_ 
polishes all tuners with- - out drift or detuning. 
Avoid call- backs. 

P t 

no carbon 
tic 

toxic, safe 
for plastics 

Rep RP' 

Volume 
Control & 

"No- Noise" 
tproducts are 

guaranteed non - 
flammable, 

eat ̂ ilio' 

. 

0 Contact "N:',ac' 

Restorer vó&UMË 
CONTROL IF Cleans, lubricates, re- 
CONTACT stores volume controls, 
RESTORER push button assemblies. 

band switches, relays raxtattt/ i 
and other electri- 

cal contacts. S 
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 
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LIQUID CRYSTAL 
(continued from page 36) 

treat them with respect! Don't get any 
on your hands, eyes, or mouth. Clean 
up thoroughly when finished, and keep 
the chemicals away from children. 
Avoid getting any fumes (highly un- 
likely) in your eyes or mouth. In short - 
in spite of the fact that liquid crystal 
chemicals appear harmless -treat them 
as dangerous chemicals. Better safe than 
sorry. 

Before you start your display work, 
get as much printed information as you 
can, starting with manufacturer's litera- 
ture from Tables I and II. Then read 
Dynamic Scattering: A New Electrooptic 
Effect in Certain Classes of Nematic Liq- 
uid Crystals by Heilmeier, et al., in the 
July 1968 Proceedings of the IEEE, Vol 
56, no 7, pp 1162 -1171. You might also 
find pages 2146 -2148 (December 1968) 
of interest, as well as pages 34-38 (Janu- 
ary 1969) of volume 57. For more infor- 
mation beyond this, check the Engineer- 
ing Index in your local library under 
Crystals, Liquid. This will generate a 
hundred or so papers, some of which 
you'll be able to pin down. Remember 
that nematic liquid crystals are most of- 
ten the ones used in displays, while half 
the papers will deal only with thermal 
effects and cholesteric materials. R -E 

BONUS SALE 
NEW LOW, LOW PRICES 
free 810 operational amplifier (dual) DIP w /data for all prepaid orders of $10. or more. $1.25 value 
FREE 810 op -amp and one LM309K 5 volt 1 amp. power supply mod- ule (TO -3) with prepaid orders of $25. or more. $3.75 value 
With prepaid orders for $50. or more you get the $25. bonus plus ten per cent discount on all items purchased. 

EPDXY TRANSISTORS 
Popular n mben, all /actorym.rkd wrth 
2N -typ number. Gur.nteed minimum 
of 40 pieces of TO -5 and TO -18 mixed. 
Untested, but sampling indicates over 85% 
good 

approximately 1.ounc 40. Unaotors 
for only S1 89 

DIGITAL SPECIAL 
Tn brand new (on c rrier) du.lin -Ire 
JK flip-Cop. LU321 with data hest and 
two pges of application notes describing 
hookups for divide by three through ten. 
and twelve Also .lf correcting ring noun 
ter hookups, etc. 

10 LU321 W / data $5.00 

DIGITAL COUNTER MODULE 3OMC 
und include board, 5N7490. 
S N7475 quad latch, S N 7447 
7- segment driver and RCA 

umitron 
- display tube 

W decimal. 1.' x 4.5 . module 
will mount on 1 center. 

k0 512 wired and tasted S15 

All IC' w and fully tested - 
lesds e plated with gold or solder. 
Orden for S5 or more will b. .hipped 
prepaid Add 35, handling and po.tag 
for mNler order. California resident. 
odd .N.. tx IC order r. hipped 
within two workday of receipt of order - kit. r shipped within ten day of 
ectpt of order Money back guarantee 

on all good. .old. 

TTL dual -ln -line 
7400. 7401. 7402. 7404, 7405. 7410, 
7420, 7430, 7440. 
7450. 7451. 7453 ea. $ .30 
7441 BCD decoder driver 1.40 
7442 BCD decoder 1.40 
7473 dual 3K flip -flop .65 
7474 dual type D FF .50 
7475 quad latch 1.40 
7478 dual JK FF .65 
7480 gated full adder .80 
7483 4 hit full adder 1.60 
7488 quad exclusive or gate .. .65 
7490 decade munter 1.40 

LINEAR IC's (dual- inlinei 
709 operational amplifier .. .50 
710 voltage comparator ... .75 
LM309K 5V-IA 

power supply module .. 2.50 
OA 100 positive voltage reg. .80 
747 dual 741 p :unp 1)11' . 1.25 

.60 

8242 
8280 
8281 
8520 

7495 
8590 
8270 

LINEAR SPECIAL 
Ten (10) Teledyne TO -5 741 
operational amplifiers with a two -page 
sheet of application notes coveting the 
has.: circuits using op amps 
S 75 each Op amp package 

10 741 s data sheet 
and application notes 

only S7 00 

7491 4 

7492 divide 
7493 4 
74154 one 
74192 up 
74193 up 
74195 only. 
8220 parity 

LED Red Emitting Lamp .. 
bit shift register $1.40 

by 12 munter 1.40 
hit binary counter 1.40 

of 16 decoder 3.00 
/down decade munter 2.25 
/down binary munter 2.00 

4 bit sit 1.40 
Ken /ebeeker 1.00 

4 bit comparator S .90 
preset decade munter 1.40 
preset binary munter 1.40 
25 MC divide by "N- 
2 to 15 2.00 
4 bit SHIFT RECIRTEIt 1.40 
8 bit shift register 2.00 
4 lilt shift register 2.00 

BABYLON 
ELECTRONICS 

SEND FOR 
FREE FLYER 19161 

P.O. Box 85 
CARMICHAEL, CA. 95608 

(916)966 -2111 
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TRANSISTOR TESTING IS A CINCH 
(continued from page 39) 

sistor now shows good. No leakage, and 
npn (and, as you can see in Fig. 4-c, the 
"almost- standard" TO -5 basing or E -B- 
C counting clockwise around from the 
locator lug on the case.) 

There was evidently too much 
shunt resistance somewhere to let the 
transistor test good in- circuit. This was 
in a little "gadget" I had picked up; I 
thought the transistors were good, and 
this one was. 

In another test, on an all- channel 
TV booster, there was a definite suspi- 
cion that the transistor was bad. (I don't 
know what made me think that; maybe 
because it had been hit by lightning, 
and wouldn't work!) At any rate, there 
were a lot of low- resistance things 
hooked across the transistor; baluns, 
small resistors, and so on. Resistance 
readings were way off. However, I did 
note that the ohmmeter showed no 
diode -effect between base and emitter. 

I took the transistor out and 
checked it on the tester. no good. The 
ohmmeter showed that the base -emitter 
junction was open. The collector -emit- 
ter junction still showed a diode -effect. 
From the low resistance indicated. this 
note that the ohmmeter showed no the 
ohmmeter was on the emitter. So, this 
was a pnp. I did note that what I was us- 
ing as the collector lead was connected 
to the case. 

The assumption turned out to be 
correct. Plugging the booster in, and 
checking the open- circuit dc voltage 
from the power supply showed 25 volts. 
So I chose a pnp germanium transistor, 
collector -voltage rating of 35 V. 800 
MHz high- frequency cutoff. and tried it. 
It worked. 

So even if the transistor is a com- 
plete stranger, with one junction com- 
pletely open, you can still use these tests 
to get enough data to make a ball -park 
diagnosis of what it was, and select a re- 
placement that has a chance of working. 
As a matter of fact. if you turn out to be 
wrong (as demonstrated by the in- 
disputable fact that the thing won't 
work!), it doesn't seem to do any harm 
to a modern junction transistor to be in- 
stalled backward. 

Summation: I have only one sug- 
gestion now. Be sure to try these tests 
yourself, with your own equipment. and 
compare results. At first, use new 
(checked) transistors, and keep notes. 
Watch for the peculiar reactions of the 
two types of bipolar transistors, and 're- 
member them. I believe this will be very 
helpful! 

Possibly some of you have your own 
methods of identifying and testing un- 
known transistors. If so. I'd like to hear 
from you. Perhaps we can get together 
and develop a "standard" test. R -E 



MINI SOLDER POT 
HEATS IN MINUTES 

How many times have you wished 
for a ready hot solder pot at hand as 

you tinned a dozen or so wires one at a 

time with an iron? Here is a miniature 
solder pot that fits into a regular solder- 

ing iron that heats up, 
only a few minutes. 

The solder cup is an end cap for 1/2- 

ready to use, in 

try this one 

inch rigid copper tubing around which a 
copper wire is bent, as shown, forming a 

circle slightly smaller than the diameter 
of the end cap. 

After forming the wire and check- 
ing for a tight fit thoroughly clean it and 
the outside wall of the cup with steel 

wool or sandpaper. As the iron heats up 
for the first time apply solder to the cop- 
per wire and it will flow between the 
wire and the cup. 

The wire used to support the cup 
should be soft copper (preferably solid) 

of the same diameter as the soldering - 
iron tip it replaces. A No. 2 or 3 wire is 

about right for a 1/4-inch tip. 
With care lightly shake the iron 

(wear safety glasses!) to get rid of excess 
solder. What's left will form a near per- 
fect heat transfer, hot or cold, insuring a 

quick warm up of the solder that now 
can be put in the pot. 

For safety and to free both hands, 
use a bench stand or a small vise to hold 
the iron. This is a case where an ounce 
of prevention, by way of the stand, is 

well worth a pound of trouble that the 
lead on the loose would surely be.- 
Gene Cabot R -E 

If electrolytic capacitors are your nem- 

esis, you won't want to miss the article 
starting on page 58. It's called "All About 
electrolytics," and once you've read it you 

shouldn't have any questions left. 

audio signal 
generator 

KEY 
PARTS LIST 

1 HEP 310 or 2N5871 
unijunction transis- 
tor 

1 180 ohms, 'Y2 watt, 
10% resistor - 200K 

1 200,000 -ohm po- 
tentiometer 

1 47,000 ohms, 'h 
watt, 10% resistor 4.7K 01 SIGNAL 

1 0.5 -!F, 25-volt ca- HEP3IO 1E- 4-GENERATOR 

pacitor (OPTIONAL) 

1 Key (for code prac- E 
52 

tice) 
1 Set headphones (or 

speaker) 
1 0.01 -pF. 25 -volt ca- 

pacitor (optional, 
needed only for sig- 
nal generator) 

1 9 -volt battery 
B- 

A unijunction relaxation oscillator can be used for 
many purposes simply by changing a few com- 
ponents, as illustrated by this one -transistor proj- 
ect. It can generate an audio signal for trouble- 
shooting amplifiers or for practicing code. The 
frequency is adjustable and the oscillator can be 

used with headphone or speaker. The signal gen- 
erator output provides a pulse output with high 
harmonic content. For a clarinet -like sound, take 
the output signal from the emitter of the uni - 
junction transistor. R -E 

TO 
HEADPHONES 
OR 

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. 6'/4" long. $2.39 
Kleps 1. Economy Kleps for light line work (not lab quality) 
Meshing claws. 4'/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. á .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 
distributor, or write to: 
RYE INDUSTRIES INC. 
127 Spencer Place, Mamaroneck, N.Y. 10543 
In Canada: Rye Industries (Canada) Ltd. 
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ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 
from the Indiana Home 

Study Institute 
We are proud to announce two great 

new courses in Engineering Mathematics 
for the electronic industry. 

These unusual courses are the result of 
many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to ap- 
preciate them! 

NOW you can master engineering 
mathematics and actually enjoy doing it! 

WE ARE THIS SURE: you sign no 
contracts -you order your lessons on a 
money -back guarantee. 

In plain language, it you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

\\'rite 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 2, P.O. Box 1189, Panama City, Fla. 32401 
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EQUIPMENT REPORT 
(continued from page 84 

(C7, L3, C8, C9) and only the lower dif- 
ference- frequency signals are passed. 
The first af amplifier feeds through the 
volume control to three cascaded af 
voltage amplifiers. The receiver's selec- 
tivity (2 kHz at -6 -dB points) is quite 
adequate for most amateur communi- 
cations. 

Two paralleled diodes protect the 
mixer transistor against possible dam- 
age by very strong rf signals and in- 
duced voltage from electrical storms. 

The ANTENNA TUNE control tunes 
L2 on 80 and 40 meters. On 20 15, L I is 
switched across L2 to low the effective 
inductance of the antenna circuit and 
permit it to be tuned td the higher fre- 
quencies. 

The oscillator circuit is rather un- 
usual. On 80 meters L5 and L6 are in 
series and the main tuning capacitor is 
between ground and the oscillator emit- 
ter. The buffer, an emitter follower, 
feeds the signal to the mixer. On 40 me- 
ters, only L5 is tuned and the MAIN 
TUNE capacitor is moved to a capacitive 
tap to provide the correct bandspread 
tuning for that band and the ones above 
it. When receiving on 20 and 15 meters, 
the oscillator tunes from 7.0 to 7.3 MHz 

\SnN\oJ 
J pGaN cXS:4\c C` 

Speakers, 
Modules, 

Speakers, 
Stereo, HI -FI. ` Photo Cells and r thousands of 

other 
Electron!. 

Parts. Send for 

FREE 
Catalog 

1711 

6a '. 

1161111111MIIIMMEN 
ELECTRONIC DISTRIBUTORS INC. 
Dept. TA -2, 4900 Elston 
Chicago, III. 60630 

RUSH CATALOG 

Name 

I 
City I 
Address 

State Zip Code 

1. 
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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. 

111 Acoustic Research, Inc. 
24 Thorndike Street 
Cambridge. Mass. 02141 

Dept. RE -2 

Please send measured performance data 
on AR products to 

Name._ 

Address 

1972 
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SPECIFICATIONS 
Frequency range: 3.5 -4.0 MHz 

7.0 -7.3 MHz 
14.0 -14.6 MHz 
21.0 -21.9 MHz 

Modes of operation: USB, LSB, AM, CW 
Sensitivity: Less than 1 AV for readable 

signal 
Stability: Less than 100 Hz drift, no 

warm -up 
Audio output: 3 volts across 1000 ohms 
Antenna Impedance: 50 -70 ohms un- 
balanced 
Selectivity: 2 kHz at -6 dB points 

and the multiplier is cut into the circuit 
to double or triple the oscillator fre- 
quency as needed. 

Ten -Tec has a set of three PC mod- 
ules (VO -1 oscillator, MX -1 mixer and 
AA -1 audio oscillator that can be inter- 
connected to make a receiver similar to 
the RX -10. By adding to this, the TX-1 
crystal oscillator and 2 -watt rf amplifier 
module. you will have a low -power 
ham -band transceiver. 

"Psst! Looking for a bargain ?" 

"Rigby, you've got to find a better way to 
cure your hiccups." 



...unless you help. 
give to the 

MARCH OF DIMES 

SONY KV -1710 
Residual buzz in this color set is caused by hum or noise 

in the deflection circuit. After replacing the SC board, use the 

following procedure to eliminate the buzz: 
1. Move the grounding point of the GRY /WHT 

shielded wire connected between the volume control and ter- 
minals 12 and 13 on the SC board as shown in Fig. 1. 

FORMER 
GROUNDING 
POINT 

13 NEW 
GROUNDING 
POINT 

DELAY LINE 

I- 

R OUT. o 

8 OUT f-0 
G OUT o 

¡AFT ¡ r 
L_ _J VIF-3 

i r--+is-1] 
¡SIF -- _ 

UNSOLDER 
THIS 
POINT 

/ 
SIFT- I C 

Q SIFT - 2 

C SIFT -3 

Fig. 2 

2. Unsolder the single ground point for the SIF shield 
case as shown in Fig. 2. -Sony Service Supplement 

RCA CTC 46 SERIES 
The output impedance of the MAN sound output mod- 

ule is relatively high (32 -35 ohms) compared to other current 
color chassis. When bench servicing is required, make certain 
a lower impedance (4 -8 ohms) test speaker is not used since 
this can result in damage to the MAN module components. - 
RCA Service Information 

3CU3 HV RECTIFIER 
Some late Magnavox color TV chassis use a 3CU3 high - 

voltage rectifier tube and a 3A3 should never be tried as a 
substitute. The 3CU3, a directly heated type, has a posted 
filament design that prevents the possibility of a broken fila- 

technotes 

ment from contacting the tube anode. The 3A3 does not pro- 
vide this protection. 

The 3CU3 has a faster warm -up time and receivers using 
it may display the picture before the automatic degaussing ac- 
tion is completed. DO NOT use a 3A3 to delay the picture 
and thus conceal the degaussing action.- Magnavox Service 
News Letter 

LINEARITY CONTROL REPLACEMENT 
When a vertical linearity control (usually a wire -wound 

pot) bums out an exact replacement may not be available. 
While an ordinary wire -wound pot may be substituted I've 
found that a 3 -watt fixed wire -wound resistor may be used. 
The resistance required for good linearity can be found by 
substituting. The height control can be used to fill the screen 
vertically. 

I used this scheme in an RCA KCS 146 b -w chassis. -Paul 
Galluzzi 

Do you know what liquid -crystals are all about? If not turn back to 

page 33 right now and read Don Lancaster's article on Liquid 
Crystal Displays. It opens the door to a whole new corner of elec- 
tronic devices. 
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AMPEREX 
READOUT 

TUBE 

Brand new 
$3.00 ea. 
10/$25.00 

COUNTING 
PACKAGE 

Amperex Tube 
SN 7490 
SN 7441 

All above $6.75 

NIXIE TUBE POWER SUPPLY 
From used egpmt. OK. 
115V input, solid state. 

$4.95 

GIANT NIXIES 
$3.00 each. 10/$25 

Magnificent alpha- numeric 15 
segment nixies. Display full al- 
phabet plus numbers 0 -9, all in 
one tube 4'/2 inches high with 2' /z 
inch characters. 170 volt operation, 
make unusual clocks, displays, 
games. etc. 
#7971 $3 each 10/$25. Sockets 500 each 

. .1 

aH 

;, ', 
'' '' 

' , f<(G.' O 
. 

f 

TCS receiver & transmitter. 4 channel 
crystal or tuneable. 1.5 thru 12 mc. Collins 
design, govt surplus, xlnt cond. No conver- 
sion required, Simple make a power supply, 
data included. Receive foreign broadcast. 
amateur, time signals, short wave. marine. 
Either rcvr or xmtr at $40 or both for $75. 

MM500 Dual 25 bit shift register 
MM502 Dual 50 bit shift register 
MEM 511 MOS P- channel FET 
1 amp diode 1000 PIV 8/1.00 
1 amp diode 1500 PIV 4/1.00 
2 amp diode 1000 PIV 6/1.00 

$2.50 
3.50 
1.00 

Please add postage for above items 
Send 25¢ for Surplus Catalog . . . 

JOHN MESHNA JR. ELECTRONICS 
P.O. Box 62 E. Lynn, Mass. 01904 

Circle 97 on reader service card 

r ANOTHER SUPERB 
VALUE 

from Olson 
Electronics 

ONLY 

DELUXE 

WIRELESS 

INTERCOM 

Save steps, keep In touch with this com- 
pact two- station intercom. Needs no cable. 
Just plug into any AC outlet in your home 

wiring system and talk between them. 
Can continuously monitor baby's room, 
sickroom or any desired location. 

Olson Electronics, Dept. 12 
260 S. Forge St., Akron, Ohio 44308 

I enclose $28, plus $1 for postage 
and handling. Send me the AM -366 

Wireless Intercom. 
Send me the next seven issues of 

the Olson Catalog, without cost or 
obligation. FREE 

IName 
i 

I Address 

City I 
State Zip 

L 
Circle 84 on reader service card 
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market 
center 

HIGH FIDELITY 

DISCOUNTS: All stereo equipment. Request 
Quotes: NEWPORT AUDIO, 50 Newport Drive, 
Hewlett, N.Y. 11557 

HI -FI system designed especially for you. Pro- 
fessional help in choosing your components. 
Write: DONALD DAUGHTERY, 5754 -N Backlick. 
Springfield, Va. 22150 

MAKE YOUR OWN SPEAKER SYSTEMS. SAVE 
// THE COST. WRITE FOR CATALOG. McGEE 
RADIO COMPANY, 1901 McGEE STREET (RE), 
KANSAS CITY, MO. 64108 

TAPE & RECORDERS 

RENT 4 -track open reel tapes -all major labels - 
3,000 different -free brochure. STEREO -PARTI 
55 St. James Drive, Santa Rosa, Ca. 95401 

MEMOREX recording tape, audio & video lowest 
prices, write for free information. BERGETZ 
SYSTEMS CO., Box 1181, Melrose Park. Ill. 
60161 

HONEYWELL COMPUTER BOARDS 

Honeywell Computer boards, 4!'2" x 12 ". Tran- 
sistors, diodes, zeners, capacitors, precision 
resistors, heat sinks, trimmers etc. 2 Different 
hoards $1.00. Stock No. J9082. 

COMPUTER GRADE CAPACITORS 
12062 40.000 mfd. 10 volts 3'/4 "x4' /," 1.25 ea. 6 7.00 
12118 70,000 mfd. 10 volts 3'/4 "x41/4" 1.75 ea. 6 9.00 
12117 6,000 mfd. 55 volts 2y "x41/4" 1.50 ea. 7 9.00 
12116 3.750 mfd. 75 volts 2'// "x41/4" 1.75 ea. 6 9.00 
All above are brand new and include terminal hardware. 

PHOTO ELECTRIC ASSEMBLIES 

H7000 

H7001 

H7000 
Contains cadmium sulfide photo cell, potentiometer. 
relay, lamp & Fairchild 2N2657. lsN" x l'.+ ". 
original used as exposure meter control. Complete 
with circuit diagram & application data ....$1.25 
H7001 
Contains cadmium sulfide photocell. 2 -500 1L vari- 
able resistors. & Fairchild 2N2240. Change in light 
changes bias on transistor. Useful for all types et 
light sensing & alarm devices .75 ea. 

3 ea. H7000 & H7001 5.00 
$1.00 FREE WITH $10.00 ORDER 

MINIMUM ORDER $3.00 
Lots of other items -send for free flier; all mer- 
chandise fully guaranteed. Please include postage; 
excess will be refunded. 

1972 

DELTA ELECTRONICS CO. 
BOX 1, LYNN. MASSACHUSETTS 01903 
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FIRST BREAKTHROUGH IN RECORDING 
TAPE. Originally made by America's leading 
tape manufacturer 2400' MYLAR, 7" reel, $2.29: 
1800' MYLAR, 7" reel, $1.69; 1200' ACETATE, 
7" reel, $.79. Write for quantity prices. AAE, 218 
Columbia St., Utica, N.Y. 13502 

ELECTRONICS ENGINEERING & 
INSTRUCTION 

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 

COMMUNICATIONS CONSULTANT- F.C.C. Li- 
censed- Commercial, Amateur, C.B.THEODORE 
AHRENS, 21 Poplar Street, Bloomingdale, N.J. 
07403 

FCC "TESTS- ANSWERS" . . . Original exam 
manual for F.C.C. First and Second Class Li- 
cense- plus -"Self -Study Ability Test." Proven! 
$9.95. Satisfaction Guaranteed. COMMAND 
Box 26348 -E, San Francisco, Ca. 94126 

USE THIS 0 0 0 
HANDY DANDY 
STORAGE IDEA! 

Handy Dandys are plastic caps that 
hook onto 1 /e" pegboard and hold quartl!r -twist jars, 
such as popular food jars with l'$( {" neck. Nothing 
better for storing components, workshop supplies, 
parts, small tools conveniently. Sample pack, caps 
only 10 -$1 36 -53.50 72 -$6 144- S11.50. Unbreak- 
able, clear plastic ¡ors only 10 -$2 24 -$4.50 36- 
$6.25 72- 511.50 144 -522 500 572. Ppd. U.S.A. 
No C.O.D.'s. WICKLIFFE INDUSTRIES, INC., Box 
286 RE -2 Wickliffe, Ohio 44092. 

GET INTO 

ELECTRONICS 
V.T.I. training leads to success as 
technicians. Cold engineers. specialists 
in communications, guided missiles, 
computers, radar and automation. Basic 
& advanced courses In theory & labora- 
tory. Electronic Engineering Technol- 
ogy & Electronic Technology curricula 
both available. :Associate degree In 29 
mos. B.S. also obtainable. G.I. ap- 
proved. Graduates In all branches of 
electronics with major companies. Start 
Sept.. Feb. Dorms, campus. 11Igh 

e hoot graduate or e,piivalent. Catalog. 
VALPARAISO TECHNICAL 

INSTITUTE 
Dept. C, Valparaiso, Indiana 46383 

J ) 

tltATi appliance 
dollies 

MOVE 'EM EASY a1,' "° 

YEATS dolly #.L 
Debi,. Model No. 14 

$11.50 
O.O. 1,011. /0041/, 

DOLLS 
{ DOWN 
SUMS 

FREE ilknarated Meeker, 

Yeats Appliance Dolly Sales Co. 
1301 W. FOND DU LAC AVE. 

MILWAUKEE, WIS. 53205 



IMPOSSIBLE? BARGAINS IN SURPLUS ELECTRONICS AND OPTICS 

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. 
Sgnetms or Philco. no choice. All 

packages are 14/16 lead silicone Dual In Line Pak. 

rar 

7400 
7401 
7402 
7403 
7404 
7405 
7408 

14_00 
7448 
7491 
7492 
7493 
74180 

NEW LOWER PRICES' 
ITEMS AT 

7413 
7442 
7443 
7444 
7475 
7476 
7477 

404 954 

7409 7450 7406 7470 

7410 7451 7407 7472 

7411 7453 7416 7473 

7420 7454 7417 7474 

7421 7460 7426 7486 

7430 7437 74121 

7440 7438 74122 

$250 
7445 
7447 
7448 
7483 
74145 
74194 

S2_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 

S5 75 

74166 
74198 
74199 

59 75 

7489 
74170 
74181 
2501 

HOT NEW INTEGRATED CIRCUIT ITEMS/ 

7413 Dual NAND 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 Reg.. 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) 525.00 

20% discount on all orders for 100 or more integrated circuits. All 
I.C.'s postpaid, with FREE air mail on orders over 550.00. We 

strive to ship I.C.'s by return mail. Free data sheets on all items. 

DIGITAL CLOCK KIT WITH NIXIE DISPLAY 
We have well over 
20.000 surplus 
nixes In stock, 
and because of 
this bargain 
purchase we can 
sell a complete 
digital clock kit 
for less than the 
usual cost of the 
display tubes 
only. We provide 

a complete etched and thru. plated circuit board. all integrated 
circuits, complete power supply. display tubes. I.C. sockets and a 

nice front panel with polaroid visor. We have never seen anyone 
offer this kit for less than 5100.00 before. Includes BCD outputs 
for use as with timer option. May be wired for 12 or 24 hour 
display. Indicates hours. minutes. seconds. 

I ! Clock Kit. complete less outside cover 55750 
1 Aluminum blue or black anodized cover (specify) S 450 

BRIDGE RECTIFIERS 
MOLDED EPDXY 

1/2 amp 200 volt SO 50 
1/2 amp 400 volt 0 75 
1 amp 200 volt 0 75 
1 amp 400 volt 1 00 
1 amp 600 volt 1 25 
4 amp 200 volt 1 50 
4 amp 400 volt 1 75 
10 or more mixed or matched, 20% 
discount. 

SANKO AUDIO AMPLIFIERS 
We have made a fortunate pur. 
chase of Sanko Audio Amplifier 

-- Hybrid Modules. With these you 
can build your own audio amp. 

SI -1O50Á Idlers at less than the price of 
discrete components. Just add a 

- power supply, and a chassis to 
act as a heat sink. Brand new 
units, in original boxes, 

i guaranteed by B and F, Sanko 
and the Sanko U.S. distributor. 
Available in three sizes: 10 watts 

RMS (20 watts music power), 25 watts RMS (50 watts M.P.) and 
50 watts RMS (100 watts M.P.) per channel. 20 page manu- 
facturers instruction book included. Sanko amplifiers have proved 
so simple and reliable. that they are being used for industrial 
applications. such as servo amplifiers and wide band laboratory 
amplifiers. 

10 Watt RMS Amplifier S 4.75 
25 Watt RMS Amplifier $14.75 
50 Watt RMS Amplifier $22.50 

B & F ENTERPRISES - WE SCOOP THE COMPETITION 

You may have noticed that our competitors are mimicking our product lines, sometimes even our advertising 

copy! We don't mind, not only because imitation is the sincerest form of flattery, but because we have a 

whole bag of surprises, including items you might have thought were only a gleam in some engineer's eye 

(witness the "calculator on a chip ", phase locked loops). B and F is dedicated to supplying the electronics 

enthusiast with the most advanced technology, at prices that are "impossibly low ". How do we do tnis? By 

putting our head on the chopping block! For instance one purchase of integrated circuits was over 250,000 

pieces, representing more than the total inventory of most of our competitors. 

SPECIAL! SHARP 
MODEL ELBA CAL- 
CULATOR 
The response to last months 
offer of the Sharp OT 8 

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 titan the 
OTO. a remarkable buy at only 5192.50. 
Don't forget, you can charge this, as well as other items to 
Mastercharge or BankAmericard. Fully guaranteed by Sharp 
and B & F. 

Sharp electronic calculator. model ELBA S192.50 

TEXAS INSTRUMENTS LIGHT 
EMITTING DIODES (LED's). 

Use as logic readouts, either on panel 

or right on cards. Infinite life. 

2 for S 1.50 
10 for 7.00 

100 for 50.00 

OPERATIONAL AMPLIFIER SUPPLY 

15 volts IA 100 milliamps. Brand new, 
115 VAC input, manufactured by 
Analog Devices, sunder to their model 
902. List price S49.00, our price $32.50. 

SOCKETS FOR INTE. 
GRATED CIRCUITS 

14 pin 3 for 51.00 
16 pin 2 for $1.00 

ROPER 5 J PUNCH 
Whitney Roper =5 J punch. 
brand new with all punches and 
dies. We guarantee this punch 
will be one of the most used 

tools in your toolbox. Wish we 
could afford the time and space 

to tell you how handy we have found these to be for light 
production. Takes one tenth the time of drilling. Include shipping 
for five pounds, not postpaid S14.50 z NIXIE- READOUT DECADE COUNTER 

KIT, including 7490 and 7441 integrated 
circuits. readout tube, complete etched 
circuit and instructions. 
Would you believe 58.95 

(Add 52.00 for 7475 latch) 

Burroughs 5441 tube and socket only 
Price 54.75 
Amparen B1000R tube only 
Price $2.95 

HIGH VOLTAGE POWER SUPPLIES 
We have 1200 of these. At 15 
pounds each the floors are 
groaning. Help clear them out at 

our bargain price. Provides 
.5000 volts, -6500 volts, 5000 
volts A.C. at 1.5 milliamps each 
seems to be regulated. Weighs 15 
pounds. Definitely not postpaid, 
include shipping S9 00 

44) 

FEATURE ITEM! 

BRAND NEW AM /FM RADIOS 
Mfg. by Delco for 
1969 Pontiac. 
This would have 
cost $170.00 

( 
1 

your car, but you 
when you bought 

can buy them 
now for 532.50. 
Use them in car, 
boat, camping 
trailer. Weight 10 
lbs., not postpaid. 
A great buy. 

AM /FM Radio $32.50 
AM only $17.50 
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Texas Instruments 
TMS 1802 "Calculator 
on a Cmp". This is 

tomorrows technology 
today, and at a fraction 
of list price. This 
calculator logic unit 
consists of a 3,520 bit 
read only program 
memory, a 182 at 
random memory, a 

decimal arithmetic logic 
unit, plus timing, control, 
and output decoders. The 

'''" features are: eight 
"" "digits four opera 

Irons three regis 
hers floating or fixed 

point decimal constant or chain operations automatic 
roundoff leading zero suppression internal keyboard 

encoding and debouncing decoded display outputs single 

phase clock operations 28 pin DIP package internal power 

on clear. 

Every TM -1802 is a brand new Texas Instruments factory 
packaged, fully guaranteed unit. The only devices required to 

build a calculator are a battery, dodo generator, keyboard, 

display drivers, and eight digits of display, all available from B & 
F. Full schematics, specifications and instructions from T.I. are 

included. 

Texas Instruement TMS 1802 Calculator Chip . . . . $29.00 
' Texas Instruments keyboard $19.00 

L . T.I. SN25391, SN26392 Drivers, 4 required .1 for S 3.00 
f' All parts for clock generator S 4.75 

Readouts. eight required 1 for S 3.50 
Complete package, except battery $88.00 

7 SEGMENT READOUTS 
7 Segment Readouts. Two 
types are available, a large size 
model with wire leads for P.C. 

Board Mounting illustrated at 
(A) and a small size 
low-current version on a Dual 
In.Line type package for 
miniature battery operated 
instruments illustrated at (B). 

Large Size Readout 
(Illus. A) 53.95 
Low Current Version 
(Illus. BI 53.75 
Complete counter kit, 

5v including 7490 decade 
J s counter. 7447 decoder and 

iel5MA/SEG. printed circuit board. and 

5UK HR . choice of either readout. 

LIFE Price $8.75 
Complete counter as above. 
with 7475 latch, for storage. 
Price $10.75 

A 5v, 
2314A/SEG. 
100K HR. 
LIFE 

LI 

Complete Bidirectional counter, with 74192 instead of 
7490, for up down counting 511.75 
Complete Bi directional counter, with latch for storage 
(74192 7475 -7447) $ 12.75 

NE 567 phase locked loop, win full instructions for touch tone 
decoding S 5.00 
NE566 phase locked loop, with full instructions for touch tone 
generation 5 5.00 

Molten termapomt connections for I.C.'s. With these you can 

build low cost I.C. sockets by lust cutting off the number of 
connections required, ie., two strips of seven for 14 pin socket. 

500 Molex 1938 -4 Soldercons S 4.75 

1 ampere 5 volt regulated power supply for I.C.'s . . . $12.50 
3 ampere, 5 volts regulated 524.50 
5 ampere, 5 volts regulated $29.50 
3 amp, 5 volts regulated and .200 volts for Sperry and Nome 

displays $34.50 

Polaroid circular polarized red plastic for LED, Nixie and lamp 

displays, piece 1 1/4" x 6" S 1.50 

80 PAGE CATALOG - Free with any order or send $0.25 

ALL ITEMS (WHERE WEIGHT IS NOT SPECIFIED) 

POSTAGE PAID IN THE U. S. A. 

Chergrs Welcwne BanAA /rencard Masierrharge StO.00 mur. 

B.& F. ENTERPRISES 
Phone (617) 532 2323 

P.O. Box 44, Hathorne, Massachusetts 01937 
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FOR SALE 

B 8 K, Sencore test equipment, discount 
prices. Free catalog and price sheet. 
FORDHAM RADIO. 265 E. 149th St. Bronx, N.Y. 
10451 

FREE Electronics magazines list $1.00. ELEC- 
TRONIC PUBLICATIONS, DEW -50. Wainwright, 
Ak. 99782 

200 MILE TV RECEPTION? YES- with CADCO 
equipment. Free catalog. CADCO SYSTEMS, 
Box 18904, Oklahoma City, Ok. 73118 

TELEVISION Broadcasting Employment Infor- 
mation; "How to Break In," $2.00 I.Q. ENGI- 
NEERING, Box 374, Canoga Park, Ca. 91305 

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 

MEMORIES SEMICONDUCTORS FREE FLYER, 
UTI. P.O. Box 252, Waldwick, N.J. 07463 

RESISTORS, capacitors, Telephones, parts. 
Brochure. COMET COMMUNICATIONS, Dept. 
"R" 639 -50th Street, Brooklyn, N.Y. 11220 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or ser- 
vices). 904 per word . . . minimum 10 words. 
NONCOMMERCIAL RATE (for individuals who want to buy or sell personal items) 604 per word . . 

no minimum. 
FIRST WORD and NAME set in bold caps at no extra charge. Additional bold face at 104 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 April issue must reach us before Feb 1 

SPECIAL 30 DAYS SUPER SALEI 
We have to order IC's for our manufacturing and retail requirement. on March 1, 1972. 
In order to be able to bargain for high -volume prices, we must reduce our 55,000 IC 
inventory. To take advantage of these low, low. price.; YOUR ORDERS MUST RE POSTMARK- 
ED ON OR RErORX FIR. 25, 1972. N. pralee you, come March lot, everyone's IC price. 
(including ours) will be higher. 

TTL DIGITAL IC'S 

7400, 7401, 7402, 7403. 7410, 7420, 
7430, 7440, 7450, 7451, 7453, 7454. 
7460, Rath 270 
7404, 7405, 7406, 7409, 7411, 7421, 300 
7406 Hex Inverter, 30V, 40mA, Driver 680 
7407 Hex Buffer, 30V, 40M, Driver 660 
7413 Dual NAND Schmitt Trigger 660 
7416 Hex Inverter, 15V, 40mA, Driver 580 
7417 Hex Buffer, 15V, 40mA, Driver 560 
7426 Quad 2 -Input High Voltage UAAD 400 
7438 Quad 2 -input NA.4D Buffer 660 
7441 BCD- to-DECIMAL Decoder/Driver...$1. 33 
7442 BCD -to- DECIMAL Decoder $1.25 
7443 Excess 3 -to- DECIMAL Decoder $1.28 
7444 EXCESS 3- GRAY- to-DECIMAL Dowd. $1.26 
7445 BCD- to-DECIMAL Decodr/Oriver $1. 59 
7446 BCD -to-7- Segment Decoder/Driver $1.52 
7447 BCD -to-7- Segment Decoder/Driver $1.52 
7448 BCD -to-7- Segment Decoder/Driver $1.44 
7470 GATED J -K Flip -Flop 650 
7472 GATED J -K M/S Flip -Flop 590 
7473 Dual J -X M/S Flip -Flop 600 
7474 Dual D -Type Edge -Triggered F.r. 600 
7475 Quad LATCH $1.15 
7476 Dual J -K M/S Flip -Flop 620 
7480 GATED PULL ADDER 900 
7483 4 -Bit Binary FULL ADDER $1.58 
7486 Quad 2 -Input EXCLUSIVE -OR Gate. -..770 
7489 64 -Bit READ/WRITE MEMORY (RAN) $6.65 
7490 DECADE COUNTER $1.18 
7491 8 -Bit Shift Register $1.45 
7492 Divide -by -12 COUNTER $1.18 
7493 Divide -by -16 COUNTER $1.18 
7494 4 -Bit SHIFT REGISTER $1.39 

7495 4 -Bit RIGHT -SHIFT, LEFT-SHIFT 51.30 
7406 5 -Bit SHIFT REGISTER $1.35 
74100 s -Bit LATCH $1.95 
74107 Dual J -K 9/8 Flip -Plop Bac 
74121 ONE -SHOT Hultivibrator 770 
74122 Retrtggerable ONE -SNOT w/CLEAR 56* 
74123 Dual Retrig. ONE -SNOT w/CL'AR..01.35 
74141 BCD -to- DECIMAL Decoder/Driver..01.45 
7414S BCD -to- DECIMAL Decoder/Drieer..81.45 
74150 16 -line to 1 -line M3LTIPLEXER. .52.00 
74151 8 -Line to 1 -Line MULTIPLEXER...01.37 
74153 Dual 4 -Line to 1 -Line MULTIPL. $2.13 
74154 4 -Line to 16 -Line DEMULTIPLEX. $2.00 
74155 Dual 2 -Line to 4 -Line DiMULT2. $1.71 
74157 Quad 2 -Line to 1 -Line MULTIPL. $1.91 
74176 PRESETABLE DECADE COUNTER $2.04 
74177 PRÉS TABLE 4 -Bit BINARY COUNTER 2.04 
74180 8 -Bit ODD /EVEN Parity Gen /Check 1.67 
74181 4 -Bit ARITHIA'TIC /LOGIC $oit$7.50 
74182 LOOS -AHEAD CARRY G'v,ERATOR $1.63 
74192 DECADE UP/DOIRi COUNTER $2.70 
74193 4 -Bit BI.4ARY UP /DOWN COUNTER $2.70 

11405$ IC'S 

.40340 POWER DRIVER $2.75 
í:E560, NE561, NE562, 06565, PLL, Ea. $6.50 
NE566 TORE/FUNCTION Generator 
NE567 TOME DECODER 
709 Operational Amplifier 
710 Nigh -Speed Comparator 
711 Dual High -Speed Comparator 
723 Voltage Regulatormpar 
741 Compensated Op-Amp 
740 Operational Amplifier 

N5595 Four- Quadrant MULTIPLIER 

$6.50 
570 
570 
670 

$1.17 
620 
720 

$4.00 
ALL IC'S ARE IN DUAL -IN -LINE PACKAGES, EXCEPT AE540 WHICH IS is 10 -PIii TO -S PACKAG3. 
We give PREE IC data ehets upon r.aly.t. So, ask for those data sheets that you NEED. 
even for those IC's that You are not buying. On order. over $50.00, we'll send you 
new 150 -page COMPLETE TTL IC data book, FREE! 

OUR AEU CATALOG LISTING A COMPLETE LINE Or BRAND NEW ELEC,RD.1IC PARTS AND SERVICES IS 
AVAILABLE NOW. WRITE POR IT, OR CIRCLE READER SERVICE CARD. 

:r3LLX IC SOCKET PIAS. 
DON'T SOLDER YOUR IC'S 
TO PC BOARDS. USE THESE 
ECONOMICAL SOCKET PINS. 
SOLO) IA STRIPS IN Mt3LTI- 
PLE.; OF 100 PINS ONLY. 
PRICE PER 100 $1.00 

L.1 -335, 5V, 600W1/1 52.85 
LM -336, 13V, 500mA 53.85 
L14-337, 15V, 450011 54.05 
I7TEI61ALLY -SET, OV.:RLOAD 

AND 1,110 AT-CIRCUIT PROOF I 

VOLT.ICE W:GULATORS. GAVE 
TO -3 PACwAGE PO.,D -,:ICE CURRENT LI,41T- 

I.IG. .,'ED AO EXTERNAL COMPOAEITTS TO SET. 
NITR DATA SHEET 6 APPLICATION NOTE. 

ST.SNCOR P -8160, 25.2 VT. 1 -AMP TRANSFOS -I 
.. IDEAL IGA OSE WITtl LM- SERIËS. 52.55 

ALLEN- BRADLEY MIL -GRAD: (S- 8221D) RESI5- 
TORS. 4 OP 4 WATT. ANY VALUE FROM 2.7i T 
22163. Min. 2 per value. EACH 4 

DIP 
SOC4,iT OR SILDLAY. RIC'T Ie: O 

III 

PIP SOCK. OR SOLDER DIRECTLY TO 
PC dOARD. RATED BM PER SDISI ro 
AT TTL SUPPLY OF 5 VDC. pLSITC 
LIFE OF 50.000 HOURS! POR LIMITED 
TIME ONLY, EMS $3.25 

TERMS: RATED FI1045 NET 30 DAYS. OTHiRS 
CASH OR CNEC7 WITH ORDER. ADD 350 FOR 
POSTAGE AND dAWDLI,05 TO ORDERS U.ID.:R 55. 
MISSOURI R:SID:..TTS ADD 14 SAL.:S TAX. 

SOLID STATE SYSTEMS, INC 
P.O. BOX 773. COLUMBIA. MO 65701 
PHONE 314 - 443 -3673 

Circle 82 on reader service card 
96 RADIO -ELECTRONICS FEBRUARY 1972 

Independent News Com- 
pany, Inc. Is pleased to 
announce a Retail Dis- 
play Plan which Includes 
Radio-Electronics as part 
of a group of magazines 
available for the earning 
of a Display Allowance. 

To obtain details and a 
copy of the formal con- 
tract please write to Mar- 
keting Department, Inde- 
pendent News Co.. Inc., 
909 Third Avenue. New 
York, N.Y., 10022 (Atten- 
tion Mr. Paul Hender- 
shotq. Under the Retail 
Display Plan in consid- 
eration of your acceptance 
and fulfillment of the terms 
01 formal contract to be 
sent to you upon request 
you will receive a Display 
Allowance of 10% of the 
cover price per copy of 
each magazine in the 
group sold by you This 
plan will become effective 
with all issues of the maga- 
zine group delivered to you 
subsequent to the date 
your written acceptance IS 
received and accepted by 
our Company 

U.S. GOV'T ELECTRONIC SURPLUS 
Nationally known -World Famous SURPLUS CENTER otters finest, meat expensive. Geeernment Surplus RiRthmmc units and c.mnnnants at a *Wren of their original acquisition colt, 

IBM COMPUTER POWER SUPPLY 

( ITEM 027 -934 ) - - 1,prn,,.r. i 
Pled a 1 ,ore tut college labs 

eltó 
u. a shoos, Icy 

output 
co' ages , .I 

J 6, 12, R nerve. 
range 

. n lout s 
available. Ñ. etc. tilde range of AI' voltages avall,ble. 

Finest lnnslonsen, Idlera transistor load ,Iy 
regulation system. Independent of line voltage 
fluctuations. Contain, live separate rerubel systems. s. Unit Is IunnMed without small 

be 
Cfcard" which ca be easily made n . 

dassed. E true diagrams 
ran 

all Ned. 30" o l2" a 10 ". 11051IL, I 

see 

Cost fleet $24.95 Over 4300.00 
ONCE -IN -A- LIFETIME SPECIAL 

' 

- 

(¡f 

BURGLAR -FIRE ALARM SYSTEM 

f. 
, 0i ( ITEM N I U9 -A) - Dual alarm 

om n , 5to f tire m ...AA.. A.. Operates 1, r Control 
" 
nl t 

V e htldr flash i'i ohmn 1Sour ..mw adro bell. 100 met. L $ 9.95 
;e 

."'"."."^s ''''3',- 3 7 m , 

STANDARD DIAL TELEPHONE ~7 
( ITEM 0715 ) .. Standard. r w `, .7 i,i,_u, uene annelid throudmul I NO 1 u 1" . 1 
p,i!Sfl,d Mirk, like new condition. l'se . (bl[mal ' . -t' 
ral,,ph'mmw toe . toe local ...corn 

ur oar.- - 
Full rl r IumlNrd . i 624.50 $7.49 

STEP -BY -STEP TELEPHONE SWITCH >, 

( ITEM 01199 ) -- Amazing ...phone .e iernu - onc,. Great penmenlal item. sbrn u...1 ,Ih un gym 
toire telephone alai .001 ,.i.d any sum l ^r Inn^ o , loo. pre J 
Slake start motor's 

to 
nit. ompiele auk lcontact 'éaek. 

R,f 
II" t 6" a V.( 16 lb.. 1 IC'oat Over $90.00 
X96 $6.29 177 6e 

Telephone di,i for use I@ above tutted. 
me, a. , It 7011 1 $1.97 

MAGNETIC DIGITAL COUNTER (12 to 18 -V DC) 
(bTEM 021454) -- meant Mm u. an, 

Car opened alb, ill -' 
[_l uses 

n. is clo 
number 

m 
of cñ door 

prices 
-s,, ) , .roaster 10th count) 

I count 
aw 

for I pulse and .ill 

í411m_ a4a. coal Facho$1.99 Th:- $4.99 Over $19.00 

200 AMP., 50 VOLT, SILICON DIODE 
( ITEM 02241IS I - - A Four Sly w>' e., leading 

make. Newsy duty units excellent for use in 12 or 24 -toll lax camgrra. high w supply S5 Slam, r 
2y" a 14 o 14 ". i " -16 SAL mounung threads., I IS. 

LIM Over 415.00 $4.99 

AC PROGRAM TIMING CLOCK ¡` 
(ITIM NM) -- Tennis u! -Sac unit Ise 0 yI 

log periodic signaling. wort breaks rla s.r. , 1 a radio, etc. UT ell. Perot. OP alt F . 
lany 

Mu In 24nour period. Also has ".kip a day ean. Can be multiple programmed. 
a4 "s64'a 4 ".l a th.I ._1".6...1 - 

Coal Gov't $15.75 Over AOa -- - -' 
Ail SNAP AROUND VOLT -OHM -AMMETER 

Pt 1,, 
( ITEM 0714114 1 - - Ac' current tit... ...at the line. 

simply 
; handle anld.m".2! 

era 133 t an ,ene,d. wing' a 300, r 

currents 
o nn up m 500. Tea 

motor,. appliances. elr. Three c ranges volt 
age range, lit. case. teal leads. s 3" 1W % '. $36.90 es. P 

x39.9! 
ncr 121M. 

SPECIAL SALE 
Correspondence \ 

Course In 
f irr 

ELECTRICAL $8.79 r In U.S.A. 
ENGINEERING $10.79 oOIM U.S.A. 

ifl 
ITEM 00 151 1 - - obtain term in.! training , Ion coll. tine. 

n[ rarer [ School has din its correspondence Canes bra... 
nI r ±all tco,u. 1 limned number I111ennral Aolorern[ runes an i. of It 

but 
SO each 000 .a,nl.nted .:ms a d 

course secs. 
Rook Oescnbrn. p Inc Wane t:aanmeal Isbonlery 

!tench furnished at no extra coal. 

RUNNING TIME METER 
(ITEM ISMI - - Record m.nlwr or"p. iy .,t7a 

grating w ll bouts of electric lights a elerlrirn -.56 
devices such as refrigerators. an turn 
Records 199 hots. Ibs a. hundredths Ito vJ ,x99.99 huts. Fort 

Shipping eight 
M12 

Mu 64.3 "x24 ". Shlppm[ru ht Ellis. f4. 391,,.0 
u, er szv 011 

COMPUTER TRANSISTORS ON HEAT SINKS 
IBM Computer Mislay Units - 1 

( $22 -848 ) -- tat conslxt 01 one Ise 
nett pp.t, Inabta on heat,. ribbed. 1 

Poem 
beat W. Many a per m,nul i 

nlb.t ,$1.99 - .. Cat One'I 0m, 510.00 1 

1 077.ßi8 1- - Unu c ,r,r. "11.0 ISO- 
- _ ' 

.aW pole. transistors I pus. ...Ural , ,_- 
diodes, usellprs, testators. en Mary, 
ribbed lunnuin heat sinks. Ideal to re as 
motor speed control. i 4 Im. I 

Co Gu,'l Cher 433.00 $4.91 i-- '- -- -- Coal 

All Items shipped f.o.b. Lincoln. Nebr. 
met Upµ n.M 
rI '",r'f1 Order Direct From Ad. Money Back Guarantee. 

CI ,,y' :; SURPLUS CENTER 
Dept RE -022 Lincoln, Nebr. 68501 
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T.V. SERVICEMEN Original Replacement Parts, 

Japanese, American Tubes. Transistors, Dealer 

Discounts. MARCUS, 43 -35 44th St., Long Is- 

land City N.Y. 11104 

METERS REPAIRED, calibrated. Free precision 
resistor Complete details, send name, address 

to MEASURING INSTRUMENTS SERVICEN- 

TER 1770 W. Flagler St.. Suite = 5, Phone 

649 -7001 Miami, Florida 33135 

ELECTRONIC ORGAN KEYBOARDS, OS- 

CILLATOR COILS. PRINTED CIRCUITS AND 

OTHER COMPONENTS FOR ORGAN CIRCUI- 

TRY 20 CENTS FOR BROCHURE DEVTRONIX 
ORGAN PRODUCTS, 5872 AMAPOLA DRIVE. 

SAN JOSE, CA. 95129 

FREE CATALOG New Electronic Devices! 
World's Smallest Transmitter $19.95! Telephone 
Answerer $49 50! Telephone Recording Device 
$19 95! "Bug" Detector $59.50! Many morel 

SONIC DEVICES, 69 -29R Queens Blvd . N.Y 

11377 

IGNITION. 250:1 Coil, Ballast $7.95. Free lists 
TRANSPARK, Carlisle, Mass.. 01741 

INVENTIONS & PATENTS 

INVENTIONS WANTED, Patented, Unpatented. 
GLOBAL MARKETING. 2420 -AE 77th Ave 
Oakland Ca 94605 

TUBES 

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 

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 

VARIABLE CAPACITANCE DIODES, 
(similar to 1N5463A) used to 
tune VHF, Color TV & FM broad- 
cast sets $1.00 

ER900 TRIGGER DIODES. These 
biodirectional trigger diodes are one 
of the best and cheapest methods to 
trigger SCR's and triacs 4 /$1.00 

Visible MLD 600 LED $1.20 

MRD 148 photo 
darlingtons $ .75 

TRIACS 
PRV I 1A 1 10A ' 15A 1 20A 
1 0 0 i .-46 I .70 1 1.00 

1 
1.20 

200 I _.701 1.101 1,40 
1 

1.60 

3001 .90 1 
1.35 

1 
1.801 2.00 

400 
1 

1.10 
1 

1.601 120 I 2.40 

50011.501 2.001 2.60 
1 
2.80 

*Press fit 

NIXIE TUBES 
Similar to Raytheon 8754 
with socket & data sheet 

$3.00 

TTL IC SERIES 
7441 BCD DECIMAL 

DECODER $1.75 
7475 QUAD BISTABLE 

LATCH $1.40 
7476 DUAL 1K MASTER - 

SLAVE 1K 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 

1447 BCD TO SEVEN 
DECODER DRIVER $2.00 

74121 MONOSTABLE 
MULTIVIBRATOR $ .90 

14 Pin DIP 
sockets 3 for $1.00 

Silicon Power Rectifiers 
PRV 3A 

100 .09 

200 .12 
400 

I .16 
600 I .20 
800 ' .28 

1000 .35 

12A I 
30A 

.24 I .40 
.28 I .60 
.35 I .90 

.50 1.10 

.70 1.40 

.90 I 

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 PRV 

100 I .08 600 I .11 

200 ! .07 800 
1 

.15 
400 I .09 1000 1 .20 

LINEAR CIRCUITS 
709C operational Amp ..$ .70 
741 operational Amp .. $1.00 
SE 501 Vid}'o Amp ...$1.00 
723 Voltage regulator . $1.25 

Silicon Control Rectifiers 

PRY 3A 
1 

7A 20A 1 70A 

50 .25 1 .28 .60 1 

100 .30 I .38 .85 I 3.50 

200 .50 I .60 1.10 I 8.50 
300 .60' .68 1.30 I 

400 .70 i .75 1.50 I 9.50 

500 .80' .8511.701 
600 .90 1 

1.20 1 1.90 1 11.00 
Terms: FOB Cambridge, Mass. 

Send check or Money Order. Include 
Postage. Average Wt, per package 
t/r Ib. No. C.O.D.'s. Minimum Order 
$3.00 

Send for our fall catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 
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ALES 
Tel. (617) 547 4005 

SAVE MONEY ON PARTS AND TRANS- 
MITTING- RECEIVING TUBES. FOREIGN -DO- 
MESTIC SEND 25e FOR GIANT CATALOG. RE- 
FUNDED FIRST ORDER UNITED RADIO 
COMPANY, 56 -R FERRY STREET. NEWARK. 
NJ 07105 

TV -2 /U DYNAMIC MUTUAL 
CONDUCTANCE ELECTRONIC 

TUBE TESTER 
For portable use. Gov't. surplus 

unit used to Lest and measure per - 
rormarue capacities. and to deter- 
mine rejection limits for electron 
tubes used in receivers. low pow- 
ered transmitters and other elec- 
tronic equipment. lias provislory: 
for checking tubes up to 9 pins 
including Acorn. Novai, 7 Pin 
Trans. etc. Meters 216' for read- 
ing Fil., Grid. Plate, Screen, 
Signal and transconductance (per- 
cent quality) which is 10.006 ohms 
per volt. All the important tests 
can he made on this unit. Also it 
will test tubes under actual oper- 

ating conditions by setting the proper voltages on the 
meters. Power Req.: 115 volts. 60 cycle. Size: 17V x 
1614' x 854W. %,t.: 45 Ibs. Prices: Used, serviceable: 
$55.00 Checked: $65.00 

TS -382 AUDIO OSCILLATOR 

di 

Frequency range 20 to 
200,000 CI'S in four 
bande. output imp. 1000 
ohms. amplitudes con- 
tinuous variable 0 -10 
volts: Freq. response 20 
CPS to 150.000 C'PS: 
approx. ±1 

DB . ; 
Freq. 

accuracy 
ity ±2q : Hum 60 PIS p 1f e - below rated output: at- 

texcept 10 Micrro. V +2 
or -3 Microvolts. Power input 115 V. 50 -1600 rye. 
output 100 MW. With nine tubes. calibrated tuning 
dial. freq. range switch. output level rant. output level 
attenuator. signal input and output Jack. output level 

meter. vibrating reed -type meter toed as accuracy check 
of the ose. calibration. Rine: 18% x 10 x 123. Shpg. 
Wt.: 75 lbs. 
Prices: l'ed. Jersireahle: $75.00 Checked. $65.00 
All Prices are F.O.B.. Lima. Ohio. Address Dept. RE 

Send Now For Our CATALOG 72 

FAIR RADIO SALES 
EUREKA Box 1105 LIMA, OHIO 45802 

I 

NINIV NEI 

Semiconductor Supermart 
MOTOROLA RCA FAIRCHILD NATIONAL HEP 

i 

1 

DIGITAL READOUT 
At a price 
everyone $3.70 
can afford 

Operates from 5 VDC 
Same as TTL and DTL 
Will last 250,000 hours. 

SPECIAL OFFER 
Digital readout 
BCD to 7- Segment 
Decoder /driver 
7490 Decade Counter 
Only $8.50 

POPLAR IC's 
MC1550 Motorola RF amp $1.80 
CA3020 RCA 1/,. W audio $3.07 
CA3020A RCA 1 audio $3.92 
CA3028A RCA RF amp $1.77 
MC1306P Motorola 1/a W audio $1.10 
MC1350P High gain RF amp/ IF amp $1.15 
MC1357P FM IF amp Quadrature det $2.25 
MC1496 Hard to find Bal. Mod. $3.25 
MFC 9020 Motorola 2 -Watt audio $2.50 
MFC 4010 Multi- purpose wide -band amp. $1.25 
MFC 8040 Low noise preamp $1.50 
MC1303P Dual Stero preamp $2.75 
MC1304P Fm multiplexer stero demod $4.95 

TRANSISTORS 
MPF102 JFET .. $ .60 
MPF105 2N5459 JFET .96 
MPF107 2N5486 JFET VHF UHF $1.26 
MPF121 Low -cost dual gate VHF RF . .85 
MFE3007 Dual -gate $1.98 
2 N 5188 .79 
3N140 Dual -gate $1.95 
3N141 Dual -gate $1.86 

MOST MOTOROLA. FAIRCHILD, RCA, HEP & 
NATIONAL INTEGRATED CIRCUITS. FETS 
OTHER TRANSISTORS AVAILABLE. WRITE 
WITH YOUR NEEDS. 

HEN -2 FET EXPERIMENTERS KIT Contains 
HEP-80I. HEP 802. HEP 50, HEP -51 and In- 
structions for 9 Projects $3.95 

SUPER BUYS 
709 Op. Amp .70 

741 Op. Amp $1.25 

723 V. Reg. $1.75 

Zener 9 V .50 

Zener 12 V .50 

Zener 5 V .50 

INSTANT CIRCUIT BOARDS 
Instant Circuit Boards -NO ETCH -NO MESS 
-NO FUSS CIRCUIT -STIK is a complete sys- 
ter of component subelements and materials 
designed to work together to produce instant 
circuit boards that are as durable as regular ' 
circuit boards. CIRCUIT -STIK ELIMINATES: 
'drilling, photo work, and etching. Just stick 
the pressure sensitive sub -elements down on 
pattern G Vectorboard. They stick down firm- 
ly, withstand soldering temperatures. yet can 
be picked up and moved for circuit changes. 
In fact. they make building projects with in- 
tegrated circuits and transistors a real breeze. 
Sub -elements are available for 8. 10. and 12- 
lead IC's. dual in -line IC's, all transistors. plus 
pressure sensitive copper tape, etc. Applica- 
tions data available. Starter Packet Assort- 
ment $5.50. Super Packet $7.95. 

Please add 35e for shipping 

CIRCUIT SPECIALISTS CO. 

Box 3047, Scottsdale. AZ 85257 
FACTORY AUTHORIZED 
HEP -CIRCUIT -STIK 
DISTRIBUTOR 

Circle 94 on reader service card 
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UNIVERSAL 
DCU /DRIVER 

This universal decade counter and seven 
segment display driver module is rated 
at up to 15V and 40mA per segment. It 
will drive most incandescent and all LED 
displays. Count rate 20MHz typ. PC bd 
measures 1" x 3 1/2 ". Uses 3 TTL IC's. 
Any number may be cascaded. 

NR -3 Universal Counter /Driver ... $8.75 
[LESS READOUT - OTHER MODULES AVAILABLE] 

- C 

F 

RYSTAL 

i' REQUENCY 
STANDARD 

Contains a .002% crystal oscillator with 
decade dividers to give TTL compatible 
Outputs of 10, 1' z, 100, 10, IkHz, 100 
10, 1, 5 0.IHz. Kit operates from 5 volt 
supply requiring 175mA. Great for freq 
meters, clocks, etc. Included are zero 
beat trimmer and G -10 PC board. 

CRO -1D Crystal Freq Standard ... $21.95 

LOGIC 
SUPPLY 
REGULATOR 

Both kits have an output range of 3.3V 
to 5.0V with current itr.iting and short 
circuit protection. Regulation is 1% 
and the ripple 6 noise is 10nV RY.S. G -10 
is the board material. 

DPS -IA Output Current 0.6A S6.95 
UPS -2A Output Current 2.2A .... 9.95 

TRI00 
TR500 

[1 

[J 
[] 

LED -2 Small lamp for miniature 
displays or logic indicator (A) 
LED -50 Popular pill package(B) 
LED -5020 Larger lamp for front 
panel indicator use. (A) 

3/$2.00 10/$5.00 100 /$45.00 

LED 
Electrically and physically identical 
to the popular MAN -1. Has higher light 
output than MAN -I. Includes LH decimal 
point. W /spec sheet d app information. 

LED700 7 Segment LED Display .... $7.95 
[QUANTITY DISCOUNTS AVAILABLE] 

LSI 
Build several instruments with this Chip 
and little else. First really useful LSI 
chip for experimenters. Contains: 

Four Decade Counters + Overrange 
Four 4 Bit Latches 
Seven Segment Decoder 
Display Multiplexing Circuitry 
Two Programable Oscillators 
Operates from single 5V supply 
Inputs TTL compatible 
Housed in 28 pin Dual In -line pak 
Great for DVM's, Freq Meters. etc. 

Comes with 9 p. booklet of specs d app 
notes. Booklet contains interfacing info 
on all seven segment displays made. 

5002 LSI Chip $26.95 

5005 Booklet on 5002 only 1.50 

RAM 
TRANSFOP.r.EP FOR DPS -IA .. $2.25 The 1101 Random Access Memory (RAM) will TRANSFORMLic FOR DPS-2A .. 5.95 store and readout 256 bits. The Chin is 

TTL compatible and comes with a complete 
spec sheet w /applications. 

1101 256 Bit RAM $8.95 

ZENER DIODES 1 Watt 5? 

1N4728A 3.3 Volt 1N4735A 6.2 
1N4729A 3.6 IN4736A 6.8 
1N4731A 4.3 1N4742A 12 
1N4732A 4.7 1N4744A 15 
1N4733A 5.1 1N4749A 24 

This universal 12 hr. digital clock has 
all the counting and decoding necessary 
to display seconds, minutes, and hours 
on any 7 se rent display requiring up to 
15V and 40!.A per segment. PC board is 
3 1/2" x 6'. Requires 5V supply. Kit 
supplied with all parts & instructions. 

NR -3CK Digital Clock $39.95 

vpd 

3/$1.00 
CORE MEMORY DIODES 
Sylvania GY Diodes .. 10 /$I.00 100/54.95 

POWER DIODES 

1144004 400Piv I Amp 5/$1.00 

ENVIRONMENTAL PRODUCTS Bankk,iericard - master 

BOX 406 $10.00 MIN 

LAFAYETTE , IN 47902 317 -743 -1893 
Circle 95 on reader service card 
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INDEX 
RADIO -ELECTRONICS does not assume 
responsibility for any errors which may ap- 
pear in the index below. 

READER SERVICE CARD NO. PAGE 

81 Acoustic Research 
61 Alarm Device Mfg. Co 
13 Allied Radio Shack 
69 Allied Radio Shack 

77 Babylon Electronics 
86 B &F Enterprises 
I5 B & K. Division of Dynascan Corp 
74 Brooks Radio & TV Corp. 

92 
71 
32 
82 

90 
95 
63 

86 -87 

64 Chemtronics, Inc. 74 
14 Cleveland Institute of Electronics 46-49 
70 Cook's Institute of Electronics 

Engineering 82 
CREI, Division of the McGraw -Hill 

Continuing Education Co 18 -21 

85 Delta Electronics, Co 94 
17 Delta Products, Inc. 69 

62 Edlie Electronics, Inc 72 
87 Edmund Scientific Co. 100 
67 Edsyn Inc 76 
76 Electronic Chemical Corp. 90 
80 Electronic Distributors, Inc 92 
73 EICO, Electronic Instrument Co........85, 86, 87 

EMC. Electronic Measurements Corp. 88 
10 Enterprise Development Corp. 22 

I I Grantham School of Engineering 23 
GTE Sylvania Electronic Components....13, 15 

100 Heath Co 78 -81 

79 Indiana Home Study Institute 92 
16 International Crystal Mfg. Co 68 

3 Jerrold Electronics 2 
9 E. F. Johnson 22 

66 Lafayette Radio Electronics 
7 Lectrotech, Inc 
12 Lee Electronic Labs, Co 

75 
17 
24 

4 Mallory Distributor Products Co 5 
2 McGraw -Hill Book Co 1 

65 National Camera Co 74 
National Radio Institute 8- I I 

National Technical Schools 28 -31 
83 Nelson- Hershfield Electronics 94 

94 84 Olson Electronics 

5 Phase Corp. 7 
72 Precision Tuner Service 84 

RCA Institutes 64 -67 
78 Rye Industries, Inc 91 

88 Sams and Co., Howard W. Cover III 
63 Schober Organ 73 
I Shure Brothers, Inc. Cover II 
75 Sonar Radio 89 
89 Sony Corp. of America Cover IV 

6 Telex 16 
8 Tescom Corp 22 
71 TV Tech Aids 83 

68 Unimetrics 

MARKET CENTER ..._ ................ 
94 Circuit Specialists 

Fair Radio Sales 
95 Environmental Products 
97 John Meshna Jr. Electronics 
96 Polypaks 
98 Polypaks 
93 Solid State Sales 
82 Solid State Systems 

Surplus Center 
Wickliffe Industries, Inc. 
Yeats Appliance Dolly Sales Co. 

77 

SCHOOL DIRECTORY... .... _....____.._.._......__. 94 
Valparaiso Technical Institute 



BRAND NEW! Guaranteed! 

LINEAR IC AMPS W /Spec 
Sheets 

Ty in Description Sale Sade 

703 RF -IF, 14 hookups, TO-5 ..$1.19 3 for 93.00 
709C Operational Amp . .. . .59 2 for 1.00 
710C Differential Amp . ... .59 2 for 1.00 
711C Memory. Sense. Amp . .59 2 for 1.00 
723A Voltage Regulator (DIP) . 1.49 3 for 3.75 
TVR -2000 Hi -power 723 (DIP) 1.59 3 for 3.95 
741C Freq. Comp. 7O9 .... .95 3 for 2.50 
748C Freq. Adjustable 741 * . .95 3 for 2,50 
709 -709 Dual 709's (DIP) . 1.49 3 for 4.00 
741 -741 Dual 741's (DIP) . 1.98 3 for 5.50 
749 -749 Stereo Preamp (DIP) . 1.98 3 for 5.50 

State 1st, 2nd choice. nuai In Line, TO -5. 

GIANT SALE ON NEW TTL 

TEXAS & NATIONAL ICs 

Buy Any 3 - Take 10% DI 
factory Tested! 'Factory Goa 

TyPt. Function Snlr 

SN7400N Quad 2 input NAND gate S .39 
SN7401N SN7400 with open collect .39 
SN7402N Quad 2 input NOR gab .39 
SN7404N Hen Inverter .39 

C5N7405N Hen inverter, open collect .39 
SN7410N Triple 3 input NAND gate .39 
5N7420N Dual 4 input NAND gate .39 SN7430N 8 input NAND gate 
SN7440N Dual 4 input NAND buffer .39 
5N7441N BCD to- Decimal driver 1.50 

0 
SN7446N BCD -to -7 seg. dec. /driver 2.25 
SN7447N BCD -to -7 seg. dec. /driver 2.25 

CI SN7472N J -K M slave flip -flop .69 
SN7473N Dual J -K Master slave . flip -flop 

.69 SN7474N Dual D triggered flip flop .. 
1.50 n SN7475N Quad bistable latch 

n SN7476N SN7473, with preset --clear .88 
SN7481 N 16 -bit memory (scratch pad) 1.50 

n SN7483N 4 -bit binary full adder 
1.50 51'47490N Decade counter -. 

- 1.50 SN7491N 8 -bit shift register 1.50 n SN7492N Divide by 12 counter 
SN7493N 4 -hit binary counter 

1.50 11 SN7494N 4 -hit shift register 
n SN7495N 4 -hit register right -N -left . . 1.50 
PI SN74154N Divide by 16 3.45 

SN74181N Arithmetic Logic Unit 8.50 
3.45 
3.45 

t! 

t I SN74192N Bi- directional counter 
SN74193N Binary up-down counter 

6 -AMP FULL WAVE BRIDGES 
400 1 50 

50 $ an 600 1.75 
100 .99 800 1.95 
200 1.25 1000 2.25 

PIV 2Amp 2Amp 
50 S.05 s.o5 

100 .06 .06 
200 .07 .07 
400 .09 .09 
600 .12 .12 
800 .I5 .15 

1000 .18 .18 

S.Ó8 EPDXY 
SILICON 

:zá RECTIFIERS 
-349 

5 
m,crom,niature 

ALLEN BRADLEY'S for Si 
"MICRO- POTS" ArOf 

1 2" diu. 
1/2" high. Mounts 1/4 
hole, with shaft. linear. 
immersion-proof high 
freq. 
Ohms Ohms Ohms Ohms 

300 ] 250 
500 

1.0K 10K 100K 
2.5K 25K 250K 

:.] 5.0K 50K 500K 

Ohm. 
1 Meg. 
2 Meg. 
5 Meg. 

FETS, UJTS, VARACTORS, NIXPES 
5 - Varactor diodes, 10, 20, 10. 40, 50;1441.00 
1 - "PUT" Programmable unijunction .. 1.00 
2 - 2N3370 rET, N channel TO -18, metal 1.00 
2 - 2N2608 FET, P channel TO -18, metal 1.00 
2 - 2N2646 l'nijunction. plastic 1.00 
5 - ER -900 Trigger diodes, sers, trines 1.00 
2 - 2N3277 FhT. 1' channel. metal TO -5 1.00 

COUNTING SYSTEM 
$Pc. Kit 

[4 
6.99 

/ 
..i 

Inclil.s SS- I'. ;I; decade 
counter, 557 4 4 1 ,,A1U) 
decoder -driver, S 475 
quad latch with honkut'- 
instruetlpns w'itfl tube 

ALLEN BRADLEY'S .4 

"TRANSISTOR" P to< 
POTS 

..," I -. Screwdriver. adjust. 
Ohms Ohms Ohms Ohms Ohms Ohms 

100 500 2.5K 20K 100K 
] 200 1.OK 5.0K 25K 200K 

: 250 2.OK 10K 50K 250K 

500K 
1 Meg. 
2 Meg. 

15c CATALOG on Fiber Optics, 'ICs', Semi's, Parts 

Terms: add postage. Rated: net 30, cod's 25'; . 

Phon. Orders: Wakefield, Mass. 16171 245-3529 
Retell: 211 Albion St.. Wakefield. Muss. 
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RADIO & TV Tubes 33¢ each. One year guaran- 

teed. Plus many unusual electronic bargains. 
Free Catalog. CORNELL 4217 -E University, San 

Diego, Ca. 92105 

TUBES Receiving Factory Boxed, Lo Prices, 
Free Price List. TRANSLETERONIC, IN . 1306 

40th Street, Brooklyn, N.Y. 11218 Telephone 
212- 633 -2800. 

PLANS AND KITS 

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 

COLOR ORGAN KITS $7.50. IC's $.25. Catalog. 
MURPHY, 204 Roslyn Ave., Carle Place, N.Y. 

11514 

LINEAR AMPLIFIERS. Build your own 250 

Watts, 10 -15 Meter Linear. Plans $1.00 ROB- 

ERTS Box 8791 Fort Lauderdale. Fla. 33310 

WANTED 

QUICK CASH for electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, N.Y. 10d12, 212 
WALKER 5 -7000 

BUSINESS OPPORTUNITIES 

JAPANESE NEW PRODUCTS MONTHLY! 
$1.00. Refundable. DEERE, 10639 Riverside, 

North Hollywood, Ca. 91609 

The 

iadeic 
In the modern medical clinic, the physicians 
and staff frequently get "lost" in the maze 

of examination, consultation and treatment 
rooms. The MEDISTAT is o simple flashing 
light system that informs office staff the loca- 
tion of doctors and key personnel. With six 

color lamps available for individual or opera- 
tional identification, a MEDISTATannuncia- 
tor located by the door of each examining or 

consultation room tells the story of that room's 

occupancyand condition from moment to mo- 
ment. The central annunciator tells recep- 
tionist or nurse the status and occupancy of 
all rooms in the clinic. MEDISTAT works inde- 
pendently or harmonizes with the MEDICOM 
communications system. For more informa- 
tion write, wire or call, 

NePeov- l4,4e(6 F1vtZtawue 

1848 WEST CAMPBELL AVE 
PHOENIX ARIZONA 85015 

r 

( 

WESTINGHOUSE 

q'' \ .l\a". if AM -FM 
1111 - 

L: ; 
& e{aad,. \ :`.'- L. SOLID 

,: s, 1'i , ¡í- -e+ "h, I STATE 
0 ' _I ^u TUNER 

t 
0, 

e .4 !ÁQ0 III 
Imo_ $3.88 

II 

Ir I 
__ 

ll 
3 for $10. 

Tunes FM 88 -108 mhz A AM 550 to 1600 kcs bands. 
Sensitive. compact (23/4 21 /e x 11/2" module). Can 
be used with 10.7 me A 455 kcs IF strips and any 
hi -fi amplifier. Printed circuit. wired. 4 gang variable. 
supply voltage 9V 6 -mils. Varactor diode for AFC. 

With schematics. 

plaamrrrrrr ....X. mlunm 

.,77IT.fiXrgri! MEMORIES! !js.'t a-.;.'4F! 
VfliDaU01Mg"I;1 

E' 
r 

-J t.cl.. 1 
IBM 4000 Bit 

r..- --.'; ;e ore plane, from $9.9S 
computer r 1 101. 

"PIK- A -PAK" FACTORY IC KITS 
From Factory To Yowl No Test! With Diagrams! 

24 -709, 710, 711. 723, 741 asst. cases $2.98 
24 -7400 Series, Dual in line, asst, 1.98 
24- Linear A 7400 Series. asst, cases 1.98 
3 -723 Type, voltage regult TO -5 .. 1.00 10 -709, 710. 711. 723. 741, TO -5 .... 
6 -709. 741's. Dual in line 1.00 
6 -710 Ili .Speed differentials. asst. case 1.00 
6 -711 !Armory, sense, asst. cases 1.00 
15 -711 Memory, sense, flat paks 1.00 
2- SN7481, hobby. up to I f, cell memories 1.00 
3- 5N7481, up to tit cell memory. flat pal, 1.00 
2- 5N7441, hohhi', Ill'At t., Nisi, nip pal.. 1.00 

TELEDYNE -FAIRCHILD 
16- TRANSISTOR 1 

STEREO PRE -AMP "IC" $2.49 
LOW NOISE! Type 739. 8 transistor per channel. For 
magnetic stereo phono and tape recording devices. 
50K input Imp., 20,000 input gain. Provides RIAA 
band shape. Supply volts: 6 to 18V. Dual In Line 
package. Specs. diagrams. 

"VISIBLE" LIGHT © --, 

EMITTING DIODES 
Micro mini, axial lead S .88 2 for $1.45 
Jumbo, 10 -18, 2 leads red 1.00 2 for 1.75 

7- SEGMENT ..9.. 
ALPHA -NUMERIC ` 
LED READOUT 

$6.50 3 for 518. 1 I I 
1 

O -9 numbers and 9 letters. Compatible with SN7446 
and SN7447 7- segment BCD IC drivers. Snaps into 
dual in line sockets. Only 'a s r/a x V. ". Specs: SV 
20 -mils. 

18 TRANSISTOR IC s1.98 "BEEP" GENERATOR 
By Motorola - miniature! Designed for 

Photographic "audible 
micro 

timing alarm ". Excellent gen 
orator of square waves. Use for Intrusion. burglar. 
and fire alarms. Complete with Instructions, sche- 
matics. 

50 WATT HIGH c Its c.,its volts Volts 

POWER ZENERS 8.2 27 ' Se .1 i2ó 
$1.49 3 for $3.75 10. 33 ' 

; 
ea ,7 150 

12. "39 n 82n 
FAIRCHILD'S POPULAR "IC" 
TWINS - RTL914 & RTL923 
epoxy TO.S Case 75c 
914 Dual 7 In Gate 
923 1K Flip Flop 3 for $2.00 

709 -710 -711 Ineludr. nor .Oil ope, AMPLIFIER SET alionat. one 710 High 
Speed I)iffe,ential, and 

BM tors. Flat Puk ease. El 
BM one 711 Comparer 

Brand mew, 

D 15C CATALOG on Fiber Optics, 'ICs', Semi's, Parts 
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LIVE IN THE WORLD OF TOMORROW ... TODAY! NEW PRODUCTS, NEW MATERIALS, NEW IDEAS! 

(INUSU 
ECOLOGICAL 

AL & 
LOGIC 

PHYSICAL 5C 1CHCC IONS 
UNIQUE HARD -TO -FIND BARGAINS FOR FUN, STUDY OR PROFIT c 

NEW ELECTRONIC CALCULATOR -5199.50 
Really terrific imported 
value. Loaded with big ma- 
chine capabilities. let truly 
personal electronic calcula- 
tor. Absolutely cllent an- 
swers in milliseconds. Use 
it anywhere- AC /DC. Only 3 
lbs.- 6:9x2" 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. Sleek No. 78,000EH $199.50 Ppd. 

lst LOW -COST VACUUM PUMP! 
Nothing like Ill Top-quality 
hand -held pump produces & 
maintains 25" of vacuum. 
Has Instant release tab, 1%" 
diem, stainless gauge (0- 
30 "). 100s of uses -siphon 
noxious fluids, evacuate bell 
Jars and castings. clean, re- 
trieve, lift sterile objecta, 
demonstrate Magdeburg 
hemisplheres, bleed fuel 

lines, check leaks, etc. Lifta 40 lbs. with included "T" 
Lifter (21k" diem. cool-much more w /larger cup. 
Stook No. 71,301EH $12.00 Ppd. 
No. 71,1100EN (without gaup/lifter) 5.50 Ppd. 
BLACK -LIGHT MIGHTY MITES 

Relatively small (12") fix- 
tures give surprisingly 
bright blackllght Mirror - 
finished reflector makes in- 
stant starting 8 -watt, high - 
intensity bulb look like 
40- wetter. 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 -caps remove for safe, easy replacement of bulb and starter. Stands upright or horizontal. Alum. case. 
Stock No. 71 274EH $14.95 Ppd. DELUXE OUTDOOR /INDOOR MODEL 
Stock No. 71,299EH $19.95 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 leas 
than an hour. Connecta 
to a permanently fixed 
germanium crystal. Kit 
inch: 4 -9k X 6 -% X 1b" 
thick plywood base, high - 

Q tuning coil, germanium diode, variable condenser, all 
radio parts, earphone & holder plus diagram & simple 
loutre. A charming conversation piece, great fun at 
parties and ideal gift. 
Stock No. 71,513EN $5.95 Pod. 
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 808 Pod 
TUBE W /DECTO -LEFT: No. 41,618EH ....5.95 Ppd. 
Socket for above: No. 41,617EH 808 Ppd. 
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 elide. Playback and 
TSS AUTOMATICALLY 
changea 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 $21.95 Ppd. 
6 -FT CONNECTOR CORDS $4.75 Ppd. each 
Kodak Prof. (#E60,804EH) Airequipt (#60.805EH) 

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 and ecological 
items. Microscopes, Binoculars, Magnifiers. 
Magnets. Lenses. Prisms. Many war surplus 
itente Mall coupon for catalog "EH" 
EDMUND SCIENTIFIC CO. 
Sn0 EDSCORP BUILDING 
BARRINGTON. N.1. 08007 

NA St E 

ADDIRESS 
CITY STATE ZIP 

AMAZING NEW WANKEL ENGINE KIT! 
t !'hull to the fun of building 

your own see- through mo- . 4 if torized model of revolution - 
ary pistonless type engine 

. 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. greater re- liability. same speed w /lees horsepower. Switch- Req. 

' -15V butt. (not incl.). 
No. 71,424EH (4W z 5" z 9') $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 spstema. 
Laws of Seta -even do your 
own programming after com- 
pleting simplified 116 page 
instructive booklet. Includes step -by -step assembly dia- 
grams. Circuits easily changed. Readout front illuminated 
control panel. Req. 2 "D" bast. (not incl.). Best model 
we've seen -for home, school, industry. 
No. 71.434EH (II" z 12h /a' a 4') $31.50 Pod. 

EMOTION METER "TESTS" YOU 
Amazing lie 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- 
ment 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. Ines. 9v battery, comp!. Imtra. 
Stook No. 41.422EN $15.95 Ppd. 

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 
mile away to signal for help 
or fun. Great for boating 
(it floas), hiking, camping. 
hunting, seashore. rooting 
for your team. Can be heard 
over traMc and coney. noises 
to sound fire drill, lunch break or emergency. Weighs only 
3 oz. but contains up to 100 mile -piercing blasts. 
Sleek No. 41,423EH 3.25 Ppd. 
2 Refill Cartes. (P- 41,424EH) $2.75 Ppd. 

FLEXIBLE IMAGE TRANSMITTER 
Hl- 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 Bight- 
ing. 7X magnifying eyepiece 
focuses from less than 15" 
from sullied to infinity. 
Ideal for monitoring hazard- 

ous processes, surveillance instrument, demonstrate fiber 
optics. Over 4,000 coherent glass fibers (.002"). %" dia. 
semi -rigid gooseneck sheathing. 
Stock No. 60,857EH $40.00 Ppd. 

NEW LIGHT -EMITTING -DIODE KIT 
Bargain kit ideal for eco- 
nomical experimenting with 
amazing LED.,. the tiny 
solid state monochromatic 
lamps that use low voltage 
DC. last up to 1MM hrs. 
Used in card -tape readers, 
character recognition, hl- 
speed detectors, all kinds of 
electro- optical applications. 
Kit inch 3 L.E.D.s: gal- 
lium arsenide (MLED 600, MV 50. MLED 930); 2 visible 
red emiting (6800 A °); 1 infra -red emitting (9000 
A °); 6 resistors; l' 20mm plastic fibre optic light pipe; 
instrs. 
Stook No. 41,597EH $5.95 Pod. 

NEW $99.50 HELIUM -NEON LASER! 
Completely assembled, in- 
stant- starting w /3X power 
output of comparable models. 
Steady. ripple -free light of 
moderate (safe) power. Ex- 
cellent collimation. Simple 
and safe to use. 41/2 lb. unit 
reaches 75% power In 2 
secs.; 100%. typically 0.5 
mllllwatt (0.3 mW mini- 
mum) In 3 mins. Beam 
divergence 2 mllliradiane - 

2 at las f! 
Stock No. 79,004EH $99.50 Ppd. 
SINGLE MODE LASER No. 79,008EH ....$131.50 Ppd. 

TREMENDOUS WAIT. 
SURPLUS VALUE In ex- 
cellent condition. Mark 57, 
Mod 0. 1 -meter Erect Image 
Coincidence Rangefinder- 
ranges from 100 -10,000 yds., 
accurate to 12 -are seconds. 
Optics & mount alone 
worth more than price. 
Fabulous precision optical 
Instrument. 51' x 7' dia. 
Yellow, dark neutral, polarizing & clear ray glass filters. Non -magnetic cancer.; 2 bearing mounting surfaces (11 s 53%' O.D. & 11/2 x 515" O.D.). Storage box. Instrs. 
No. 85,208EH (Shppg, WT.- 200 -Ibs.) .. $450.00 F.O.B. 
$1,250 HAND HELD 50 CM MODEL 
No, 85,213EH (Shppg. Wt.- 11 -Ibs.) .., $600.00 F.O.B. 

PRECISION MICRO SCREWDRIVERS 
Set of 10 top quality pro- 
fessional screwdrivers with 
blade widths ranging from 
0.6 to 3.8mm I For fine pre- 
cision work, intricate as- 
sembly. Invaluable for 
hobbyists, camera, Instru- 
ment and electronics re- 
pairs, tool and watchmakers, 
Jewelers. Handy swivel tops, 
non -slip knurled shafts, 
tempered steel blades. Width of blade clearly marked on each screwdriver. Convenient see- through plastic pouch. Stock No. 41,671EH $4.00 Ppd, 

ELECTRONIC REMOTE CONTROL Trigger still or movie cam- 
eras, start /stop tape re- 
corder, alarm, houselights 

up to 400 fL away 

candle's, 
unit for eelus 

action 
its, 

shots. dangerous 
cameras shots, or when 2 cameras 

are used. No wires. Just 
attach transmitter to camera, se- screw in cable release and r 
shoot! (Not for elec.- eye 
cameras but operates on manual setting). Receiver, trans- mitter, cable release; POLAROID ADAPTER, elec. adapt- 
er cord & load. Req. 1 9v trans. 4 AA batt (not incl.). 
Stock No. 1620EH $51.50 Ppd. 

TEST AIR, WATER, LAND POLLUTION 
Now you can easily detect 
ALL three AIR, WA- 
TER and LAND Pollution -with one low -cost kit. 
Loaded with safe chemicals 
& apparatus for hundreds 
of fascinating hours of 
scientific environmental 
measurement 40 experi- 
ments to detect and, In 
many cases, measure degree, 
of 5 major pollutants; measure alkalinity and acidity 
levels. Also instructs In biodegradables. anti-litter acttvly. 
Ideal introduction to ecology and good citizenship. In- 
cludes 48 -page Illustrated Instruction booklet. 
Stock No. 71,548EH $9.95 Ppd. 

NEW "SEE-THRU" SIGHT LIGHT! 
Ingenious see -thru flash- 
lights lights up difficult -to- 
see -into areas. Puts a beam 
of light along your line of 
sight in spots you couldn't 
previously look into & illu- 
minate simultaneously. 
Hundreds of uses at home. 
on the Job. Use for pipes, 
sockets, engine parts, auto 
parts, gun barrels, re- 
cessed areas. Ideal for factory, workshop, mechanics. 
plumbers, electricians, sportsmen, hobbyists. doctors and 
dentists. Use it also as an all -purpose flashlight. 
Stook No, 71,534EH $3.95 Ppd. 

Hand-sized solid eta 
S ELECTRONIC STROBE! 

elec- 
tronic strobe light at fan- 
tastically low price. Pro- 
duces bright psychedelic 
effects like larger, far more 
expensive Xenon strobes, yet 
It's just 2 -% x 4 x 1 -96 
thick. Adjustable flash rate, 
approximately 3 -10 flashes 
per second. Make stop mo- 
tion effects, posters come 
alive. Great to take with you to parties, dances, outing. 
etc. Requires 2 9v transistor bath (not incl.). Instructions. 
Stock No. 41,445EH $8.95 Ppd. 
4 REPLACEMENT LAMPS P- 41,444EH $1.00 Ppd. 

"FISH" WITH A MAGNET 
Go treasure hunting on the 
bottom! Fascinating fun & 
sometimes profitable! Tie a 
line to our 5 -Ib. Magnet- 
drop it overboard In bay. 
river. lake or ocean. Troll it - 
along bottom -your "trea- 
sured" haul can be outboard &. 
motors, anchors. other metal care, 
valuablee. 5 -lb. Magnet is W 
war surplus -Alnico V Type - 
-Gov't. cost $50. Lifts over 150 lbs. on land -much 
greater weights under water. 
Stock No. 70,571EH 914.00 Ppd. 
Stock No. 70,570EH 3 -1/4 LBS $8.75 Ppd. 
Stock No. 85,I52EH 15% LBS $33.95 F.O.B. 

$15,000 RANGEFINDER 

EDMUND' 

ORDER as STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY BACK GUARANTEE 300 EDSCORP BLDG. SCIENTIFIC CO. - BARRINGTON, NEW JERSEY 08007 
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Automotive Electronics Graf a Whalen - 
practical design with tranalsters H«o+ 

Study Guide for CET Examinations 

TELEVISION SYMPTOM DIAGNOSIS AA' ENTRY i r1 n' 5(RV,C /R6 TIVMELL 201,0 

"Best Seller" Electronics Guides 
Color -TV Field- Service Guides 
Invaluable for servicing color -tv in the cus- 
tomer's home. Each vol ime contains 80 dia- 
grams covering over 3.000 chassis ... sensibly 
organized with detailed chassis layout charts 
on one page and speci'ic adjustment proce- 
dures on opposite page Indexed for instant 
reference. 
No. 20864 (3 Vol. set) $14.85 
No. 20796 (Vol. 1) $4.95 
No 20807 (Vol. 2) $4.95 
No. 20847 (Vol. 3) $4.95 

Study Guide for CET Examinations 
By J. A. Wilson, CET, and Dick Glass, CET 
A comprehensive review. of the material cov- 
ered by the CET (Certified Electronics Tech- 
nician) examination. It's almost a "must" for 
gaining a CET designation, for passing a state 
or local licensing exam. or for a "brushing - 
up" when applying for a position in the elec- 
tronics field. Includes question- and -answer sec- 
tions and a 50- question test in each chapter. 
No 20834 S5 95 

99 Ways to Improve Yo .Jr Hi -Fi 
By Len Buckwalter 
This book covers many methods - many of 
them simple, little- or no-cost adjustments - 
for improving your hi -fi and stereo sound sys- 
tems. All- inclusive coverage from the antenna 
to the speaker is divided into ten sections and 
supplemented. wherever necessary, by photos 
and illustrations. Basic or elementary knowl- 
edge, simple tools and equipment are all that 
is needed to make :he most of the suggested 
innovations. 
No. 20876 $3.50 

Understanding IC Operational Amplifiers 
By Roger Melen ano Harry Garland 
This book explains how C op amps work and 
how they can be used in many practical cir- 

When it comes to electronics, let a 
book in the modern Sams Technical 
Library be your guide. Send for our 
free catalog. 

cuits Discusses in detail basic semiconductor 
electronics, integrated op amp circuitry, prac- 
tical design considerations in circuits using 
IC op amps, bias current, offset voltage, fre- 
quency compensation, slew rate, and more. 
No. 20855 $3.95 

Commercial Radiotelephone License 
Q and A Study Guide 
By Woodrow Smith and Robert Welborn 
This comprehensive study guide contains 
questions taken from the first four elements 
of past and present Government publications 
of "Study Guide and Reference Material for 
Commercial Radio Operator Examinations," 
and thus presents questions used in FCC ex- 
aminations. 
No. 24027 $5.95 

Pracical Design with Transistors - 
2nd Edition 
By Minnie Horowitz 
This new and updated edition provides engi- 
neers and technicians with enough factual 
material to complete independent circuit de- 
signs. With the aid of this book, anyone with 
a working knowledge of algebra and radio 
electronics should have no difficulty in de- 
sigring a transistor circuit. 
No. 20868 56.95 

Radio Operators License Handbook - 
2nd Edition 
By Edward M. Noll 
Covers the laws, rules, regulations, and ac- 

cepted operating procedures for the non - 
licensed operator, as well as the licensed 
operator. Questions and answers based on the 
FCC exams for Elements I, II, and IX enable 
the reader to prepare for any FCC license up 
to, but not including, the Second -Class li- 
cense. It is an invaluable study guide for 
obtaining Third -Class license with Broadcast 
Endorsement. This book is a complete and 
indispensable reference for the marine radio 
telephone, aviation radio, citizens band or 
broadcast operator. 
No. 20877 53.95 

Automotive Electronics 
By Rudolf F. Graf and George J. Whalen 
This book presents a complete picture of all 
the applications of electronics in a modern 
automobile. The electronic system of the auto- 
mobile is divided into several smaller systems 
and each i5 explained in detail. A chapter on 
test equipment and its use will be very helpful 
to those who like to do their own trouble- 
shooting and repair. 
No. 20856 $6.95 

Television System Diagnosis 
By Richarc W. Tinnell 
A complete training program providing the 
necessary .ob -entry skills for students without 
previous knowledge of electronics circuitry. 
Upon completion of the course, the student is 
qualified to efficiently repair an inoperative 
black -and=vhite or color receiver. 
No 20810 $6.95 

4 HOWARD W. SAMS & CO.. INC. 
w 4300 West 62nd Street, Indianapolis. t diana 46263 

Order from your Electronics Parts Distributor, 
or mail to Howard W. Sams 8 Co., Inc. 
Send books checked at right. $ 
Please include sales tax where applicable 
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or to let you bust your buttons bragging about it. 
The tuner, though, makes no concessions: It has 

a sensitive, overload -proof FET front end. And 
ceramic i.f. filters that increase selectivity and 
never need realignment. Plus a tuning meter for 
both AM and FM. 

The controls have all the flexibility you'd expect 
from Sony: tape monitor, main /remote speaker 
selector, switchable loudness, even front -panel 
microphone input jacks. 

And the control feel is typical Sony, too - firm, 
silky- smooth and positive. So the pleasure begins 
at your fingertips, even before your ears can start 

enjoying. Your pleasure 
will deepen to ecstasy when 
you hear the low price. As 
will your dealer's when 
you buy one. Sony Corpo- 
ration of America, 47 -47 
Van Dam Street, Long 
Island City, N.Y. 11101. 
IHF standard constant supply method. 
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Ecstasy. At a price that 
wont cause too much agony. 

Before the ecstasy of listening to your new stereo 
equipment comes, alas, the agony of shopping for 
it - the frustration of wanting this feature, and 
that spec, and finding that your budget won't 
quite cover it. 

Sony has something to ease the pain. The STR- 
6036. An FM Stereo /AM -FM receiver for the man 
with a small room, a small budget, but big ears 
nonetheless. 

It's an inexpensive receiver that doesn't sacri- 
fice performance, specifications, control flexibil- 
ity, sound quality, or even looks. 

What it does sacrifice, of course, is just a bit of 
power. The STR -6036 de- 
livers 50 clean watts of 
IHF dynamic power at 4 
ohms *. That's quite enough 
to drive even most low-effi- 
ciency"bookshelf"speakers, 
even if it's not enough to 
rival the power company, 

The SONY 6036 Stereo Receiver 
Circle 89 on reader service card 


