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Makes t 
Uncompromising 

Possible 
compromising engineering -for value does it. 

You save up to 50% with Eico Kits and Wired Equipment. 

NEW 

NEW 

1 iii ' r 

Eicocraft 

Cortina Stereo -- THE VERDICT IS IN. High fidelity authorities agree: 
Cortina's engineering excellence, 100% capability, and 
compact dramatic esthetics all add up to Total 
Stereo Performance at lowest cost. 
A Silicon Solid -State 70 -Watt Stereo Amplifier for $99.95 kit, 
$139.95 wired, including cabinet. Cortina 3070 
A Solid -State FM Stereo Tuner for $99.95 kit, $139.95 wired, 
including cabinet. Cortina 3200. 
A 70 -Watt Solid -State FM Stereo Receiver for $169.95 kit, $259.95 wired, 
including cabinet. Cortina 3570. 
NEW Silicon Solid State 150 -Watt Stereo Amplifier designed for audio 
perfectionists. Less than 0.1% harmonic distortion, IM distortion. 
Less than 0.6% at full output. Controls and inputs for every music 
source. $149.95 kit, $225.00 wired including cabinet. Cortina 3150 
NEW 70 -Watt Solid State AM/ FM Stereo Receiver for $189.95 kit, 
$279.95 wired including cabinet. Cortina 3770. 

The newest excitement in kits. 
100% solid -state and professional. 

Fun to build and use. Expandable, interconnectable. Great as "jiffy" projects 
and as introductions to electronics. No technical experience needed. Finest parts, 
pre -drilled etched printed circuit boards, step -by -step instructions. 

EC -100 Electronic Siren $4.95, EC -101 Electronic Burglar Alarm $6.95, warn EC -102 Electronic Fire Alarm $6.95, EC -200 Electronic Intercom $5.95 
EC -300 Audio Power Amplifier $5.95, EC -400 Electronic Metronome $3.95, 
EC -500 Tremolo $9.95, EC -600 Electronic Light Flasher $3.95, 
EC -700 Electronic "Mystifier" $4.95, EC -800 Photo Cell Nite Lite $4.95, 
EC -900 Power Supply $8.95, EC -1000 Code Oscillator $2.50, 
EC -1100 FM Wireless Mike $9.95, EC -1200 AM Wireless Mike $9.95, 
EC -1300 Electronic VOX $8.95, EC -1400 Solid State FM Radio $9.95, 
EC -1500 Solid State AM Radio $8.95, EC -1600 Electronic Bongos $7.95 

Color n' Sound 
Add a new dimension to your 
music system. Introducing 
the first inexpensive solid -state 
electronic system which 
provides true synchronization 
of color with sound. Watch 

10 the music you love spring 
to life as a vibrant, ever 

,0000011111116111.1' shifting interplay of colors. 
Simply connect to speaker leads of your 

Hi -Fi system (or radio). Kit can be assembled 
in several hours - no technical knowledge or 

experience necessary. Kit $49.95, Wired $79.95. 

6 EXCITING NEW PROJECTS 
EC -1700 Ham /CB Vox $8.95, 
EC -1800 Electronic "TOX" $8.95, 
EC -1900 "Treasure Finder" $9.95, 
EC -2000 Electronic Organ $9.95, 
EC -2100 Electronic "Eye" $9.95, 

EC -2200 "Magic Switch" $9.95 

Automotive 
EICO 888 -Car /Boat 
Engine Analyzer. 
For all 6V/ 12V 
systems; 4, 6, 8 -cyl. 
engines. 
Now you can keep 
your car or boat 
engine in tip -top shape 
with this solid -state, portable, self -powered universal 
engine analyzer. Completely tests your total 
ignition /electrical system. 
Complete with a Tune -up & Trouble- shooting Manual. 
Model 888; $49.95 kit, $69.95 wired, 

Test Equipment 
100 best buys to choose from. 

The Professionals" 
-laboratory precision at lowest cost. 
Model 460 Wideband Direct -Coupled 
5" Oscilloscope. DC -4.5mc 
for color and B &W TV service 
and lab use. Push -pull DC vertical 
amp., bal. or unbal. input. Automatic 
sync limiter and amp. 
$99.95 kit, $149.95 wired. 

Model 232 Peak -to -Peak VTVM. A must for color or B &W TV and industrial use. 
7 non -skip ranges on all 4 functions. With exclusive Uni -Probe.® 
$34.95 kit, $49.95 wired. 

Circle 8 on reader service card 

FREE 1969 CATALOG 
EICO Electronic Instrument Co., Inc. 
283 Malta Street, Brooklyn, N.Y. 11207 

Send me FREE catalog describing the full EICO 
line of 200 best buys, and name of nearest dealer. 

Name 

Address 

City 

State Zip 
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I Grantham School of Engineering RE -5 -69 

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

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

C 

Name Age 

Address 

City State Zip 

Grantham School of Engineering 
has conferred on 

John Doe 
the degree of 

Associate in Science in Electronics Engineering 

with all the rights and privileges thnemwo appcn.umnn. In ttiuu Ihn tendon, ,b. 

has been Issued by the School Admmmramm op, nomnnndv,.m ,a ds In «dly at On `t,.. 

-::..r,... 

Orall(tfJatt>< 5CbOOC Of GlgtIleertllg 
bag ronferrrh on 

joijn Doe 

tttr òrgrrr of 

)3aciyelor of Science in Olrctronícg (Ingineering 

With ail Ihr rights San pr,htleges thereunto appertaining. In mnnrss thermf this biploma 

Nis . ignee has her, Isse.b by Ihr *chap! ahminutralmn upon rrrommenhanon of the 

laeullP al Ihr school on Ihis`' ban al ? 68 

l prrahrnl ) 
( Bean 

Grantham 

HOME 
ST') 

MAY 1969 

School of Engineering 

1505 N. Western Ave. 

Hollywood, Calif. 90027 
Telephone: 

(213) 469 -7878 

Three Big Steps 

to Success... 

in 

ELECTRONICS 

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

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

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

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

Accreditation and G.I. Bill Approved 
Grantham School of Engineering is accredited 1 y the 
Accrediting Commission of the National Home Study 
Counuil, is approved under the G.I. Bill, and is a,wth7rized 
under the laws of the State of California to grant academic 
degrees. 

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

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

Operating at 1350 °F. this 
glowing pipe demonstrates the 
efficiency of a key component 
in a new space satellite ther- 
moelectric generator. Heat 
from the induction coil is 

transferred uniformly along 
the pipe 500 times better than 
along any solid rod. In the 
generator being built by West- 
inghouse, a radioisotope is the 
heat source. 

The heat pipe is a closed 
tube with a wire mesh "wick" 
on its internal surface. A low - 
vapor- pressure fluid such as 
liquid sodium saturates the 
wick and, when heated at one 

BETTER IR 
LASERS 

PRINCETON N. J. -A new 
breed of "close- confinement" 
lasers developed at RCA Labs 
may find use in completely 
portable range finders. com- 
munication systems, intrusion 
alarms and heavier, more so- 
phisticated searchlights and 
aircraft altimeters. Using gal- 
lium arsenide, the new de- 
vices can convert 10 watts of 
electric power directly to 1- 

watt infrared light pulses at 
room temperature. Efficiency 
of the devices is 10% com- 
pared to 2% of other solid - 
state lasers at room tempera- 
ture. Larger units have gen- 
erated 70 -watt pulses of light. 

In addition to having 
small power supply require- 
ments, the lasers are about 
five times as reliable as other 
semiconductor infrared lasers 
since they operate at lower 
current levels. 

IN THIS ISSUE 

Two special roundup 
stories provide you with 
up -to -date details on the 
latest 5 -watt CB gear, and 
electronic equipment for 
boating. Find out how new 
devices and circuits are 
making CB and marine 
electronics more sophisti- 
cated, but bringing costs 
down. 

tftér 

end of the tube, vaporizes 
and moves rapidly to the 
other end. There the vapor 
condenses, giving off heat. 
Capillary forces return the 
fluid to the evaporation end. 

A generator consists of a 
heat source, heat pipe, ther- 
moelectric module and planar 
radiator -a package similar 
in size to a large console TV 
set. Heat is transferred by the 
pipe to the inside of a tubular 
generator, the hot side of the 
thermoelectric couple. The 
radiator is the cold side. Out- 
put of a unit is about 120 

watts (3.5 volts at 34 amps). 

LOOKING AHEAD 
By DAVID LACHENBRUCH 

CONTRIBUTING EDITOR 

Bright idea 
Goodbye Yttrium -Hello Gadolinium! 
This might be the hit song from the upcoming color 

TV saga, "The Battle of the Rare Earths," as the color 
tube brightness war stands on the brink of a new escala- 
tion for manufacturers. 

At least one manufacturer is planning a new super - 
bright tube, keyed to the use of the rare earth gadolinium 
and a new shadow -mask. The combination could result in 
another brightness step -up of about 32% . Most color 
tubes now use a red phosphor formulated from either 
europium -activated yttrium vanadate or europium -acti- 
vated yttrium oxide. The new phosphor, now being pro- 
duced by two chemical firms, is based on europium - 
activated gadolinium oxide, and is claimed to add a 

brightness factor of about 20% to the red color. 
The rest of the brightness increase will be gained by 

using a new shadow -mask with hexagonal holes which are 
slightly larger than the round holes in current masks. 
(R -E, August 1968), 

1971 color TV preview 
Looking ahead for another year or so -to the 1971 

color TV models -it's probable that we'll see three new 
large- screen color tubes. Two will have squared -off corners 
-a "supertube" 25 inches in diagonal measurement, with 
315 square inches of viewing area, and a 21 -inch tube 
with about 226 square inches. They're designed as even- 
tual replacements for the current 23 -inch tube (295 
square inches) and the 20 -inch (226 square inches, same 

(continued on page 4) 

NEW FABRICATION 

METHODS TO CUT 

IC COST AND SIZE 

Although fabrication of 
monolithic integrated circuits 
has been somewhat standard- 
ized for mass production, the 
process is still complex and 
costly. But now independent 
research by scientists at Bell 
Labs and Japan's Kyodo Elec- 
tronic Labs has simplified 
fabrication, eliminating up to 
three masking steps, reducing 
transistor areas on the chip 
75% and making switching 
times less than 1 nsec pos- 
sible. 

A disadvantage to conven- 
tional IC fabrication methods 
is the separate masking pro- 
cess required to electrically 
isolate chip components. In 
this diffusion isolation method 

STANDARD BURIED COLLECTOR STRUCTURE OF A 
TRANSISTOR 

COLLECTOR 'BUCKET' ITTER 

=LECTOR 

" «' 
,COLCTOR REGION 
COLLECTOR DIFFUSION ISOLATION STRUCTURE OF A 

TRANSISTOR NEGATIVE BIAS VOLTAGE 'PINCHES OFF' 
N REGION FOR 

- EMITTER 
ISOLATION 7,-- BASE 

P N. U, 0 
COLLECTOR , R 

gy'OPTIONAL BURIED 
`COLLECTOR REGION 

BASE -DIFFUSION ISOLATION STRUCTURE OF A 

TRANSISTOR 

T.ILYCRYSTAL LINE ISOLATION LAYERS 

N 

MODE-. 

BU 1E0 COLLECTOR .P"SUBSTR4TE%/ imii.i/-ii/i/oi/,.,11 
POL CRYSTALLINE ISOLATION STRUCTURE OFA 

TRANSISTOR 

(top drawing), p -type mater- 
ial is spread through the n- 

type layer to form a p -n junc- 
tion with the p substrate. The 
diode property of this junc- 
tion acts as an insulator. 

One of the new tech- 
niques, proposed a year ago 
by Bell and now tested, uses 

a p -type layer grown on the 
p- substrate. Called collector - 
diffusion isolation, the process 

(continued on page 4) 

www.americanradiohistory.com

www.americanradiohistory.com


71. 

Radio -Electronics 
May 1969 Over 60 Years of Electronics Publishing 

Electronics For Weekend Sailors 37 Charles Wurtsworth 
Who's new in electronics afloat 

What's New In 5 -Watt CB Gear 48 . . Len Buckwalter 
.i close -op of the CB "big stuff" 

TELEVISION 
In The Shop 17 Jack Darr 

The Picture That Went To Jail 44 Jack Darr 
Black bars were the problem 

Troubleshooter's Casebook 58 . .. Art Margolis 
l(iele the n- piles' on el .see what's wrong 

Service Clinic 86 Jack Darr 

BUILD ONE OF THESE 

Last -Word Stereo IC Preamp 45 . . . . Ken Beugel 
l( "x and circuit boards make it easy to build 

50 -Watt Guitar Amplifier 55 ... Jack Jaques 
For real sock, this is the one 

ELECTRONICS TODAY 
Looking Ahead 2 David Lachenbruch 
('eu,reeut happenings with future overtones 

The JFET Story 23 . .. Tom Haskett 
Hnw they work; how to use theist 

How IC Logic Circuits Work 32 Donald Lancaster 
All the basic facts and only the basics 

All About Ovonics 41 . Fred Shunaman 
11 :41 Ill icnudetl (or Iliade of glass? 

Circuits and Power Supplies 66 

AUDIO HI -FI 

How To Make Electronic Music 52 . . Robert C. Ehle 
The fine art of peaking music without instruments 

House Of The Singing Driftwood 
.I /neic in u ma, hie call 
Fire Fighters Record The Action 

57 , David K. Fulton 

71 - R. Dale MaGee 

DEPARTMENTS 

A glassy coating on these two wires -I-ay lead 
to a new solid -state electronics era. inside, the 
complete story on ovonic semiconductors. 

see page 41 

Lost at sea? Not if you're equipped with the 
latest marine electronics equipment. 

see page 37 

Behind the front panel of our "last- word" hi- 
fi preamp. Three IC op amps do the job. 

see page 45 
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4 New &Timely 
achieves several things in one 
strongly doped n -type diffu- 
sion step: collector- contact 
areas are established that also 
serve as isolating regions, and 
transistors bases and resist- 
ances are formed. Two mask- 
ing operations can be elimi- 
nated and transistor area 
needs are quartered. IC's 
made with this method are 
suitable for moderate speed 
and power applications. 

A second method, called 
base -diffusion isolation, uses 
a narrow p -type ring diffused 
around the transistor when its 
base is built up. Negative bias 
on the ring isolates the n -type 
region. Very low power is ne- 
cessary, but transistor area is 

3/4 less than with convention- 
al IC's and an optional buried 
collector offers below 1 nsec 
switching. 

The Kyodo isolation tech- 
nique involves depositing a 
polycrystalline layer such as 
silicon oxide where needed on 
the substrate. When the n- 
type layer is grown on the 
substrate slice, it forms an in- 

sulating polycrystalline layer 
above the oxide deposits, but 
a normal -conducting single 
crystal where circuit elements 
are fabricated. 

When incorporated into IC 
production lines, the new 
methods should reduce costs. 

Two to three as many circuits 
fit on a silicon slice than with 
standard IC circuits. 

NEXT MONTH 

Here's just a few of the 
features you'll be seeing 
in your June issue of 
RADIO -ELECTRONICS: 

How to Make 
Etched Circuits -Com- 
plete details on how to 
turn a PC pattern into a 
circuit board that works. 

SCR Projects -A 
two -part feature explains 
how silicon controlled 
rectifiers work, and pre- 
sents dozens of useful 
SCR circuits you can 
build. 

Servicing VTR's- 
Video tape recorders are 
becoming more popular 
as costs go down, but 
how do you fix them? If 
you've shied away from 
this lucrative repair field 
because you think VTR's 
are too complex, don't 
miss this one. 

ELECTRONIC TYPESETTER HELPS IN THE CLASSROOM 

LOOKING AHEAD 
(continued from page 2) 

as its successor). The third type will be the first slim -line 
color tube with a 110- degree deflection angle -a new 
version of today's 18 -inch tube (which has 90- degree 
deflection), designed for more compact large- screen por- 
tables. 

Rapid warm -up CRT 
Although the spotlight's on color, new developments 

are coming in black- and -white tubes, too. One, by Syl- 
vania, is an ingenious directly -heated cathode designed for 
quick -on performance in solid -state sets. The video signals 
are applied to the tube via the combination heater -cathode. 
The tube's low power requirement -0.5 volts at 0.8 am- 
peres- permits the heater to be driven by a simple (single - 
loop transformer) link to the horizontal yoke circuit. 
Tested in a 12 -inch tube, the new design provided a raster 
in as little as 11/2 to 2 seconds after turn -on. 

Consumer IC breakthrough? 
The spread of integrated circuits in consumer prod- 

ucts has been slower than expected, with monolithic chips 
generally showing up only in higher- priced products 
because of their high costs -an average of a dollar each 
in large quantities. 

This could begin to change rapidly. Now in produc- 
tion is the forerunner of a line of consumer ICs designed 
to sell in manufacturer quantities at -would you believe 
20 cents? 

The IC in question is a plastic quarter -watt audio 
(continued on page 6) 

Computerized information 
retrieval and an ultrafast elec- 
tronic typesetting system have 
made it possible for teachers 
to tailor textbooks to indi- 
vidual class needs. 

The page of text shown - 
complete with headlines, sub- 
heads, footnotes and rules - 
was set in 25 seconds by an 
RCA Videocomp typesetter. 
Speeds of up to 6000 charac- 
ters a second are possible 
with the electronic composi- 
tion system. The page is one 
of more than 12,000 forming 
the Encyclopaedia Britanni- 
ca's new Annals of America, 
a set of reference books stress- 
ing original historical docu- 
ments. 

When a school system de- 
cides which articles and para- 
graphs are needed, the request 
is keypunched by the publish- 
er and fed to a computer. The 
information is put on a mag- 
netic tape, which is used with 
the Videocomp to write each 
page on film prior to plate - 
making and printing. 

NEA SUGGESTS 

GUIDELINES TO 

SIMPLIFY SERVICING 

Recommended servicing 
guidelines for home entertain- 
ment products were recently 
drawn up by a National 
Electronic Associations com- 
mittee. The suggestions for 
manufacturers on equipment 
serviceability are designed to 
reduce repair problems for 
technicians and cut unsafe 
manufacturing practices. 

General -Tuners and oth- 
er subassemblies should be 
easily removable for cleaning 
and inspection. and "parking 
space" for them provided on 
the main chassis. Transistors 
should plug in, and shields 
should not hinder tube remov- 
al. Interconnecting wires. test 
and other important points 
should be clearly identified. 

Field servicing- Cabinet 
retaining devices should re- 
lease without tools, and pro- 
visions made for supporting 

(continued on page 6) 
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There's nothing wrong with the set. 

You fixed the picture a week ago, now you're back repairing 
your repair job. And paying for it. 

Replacement parts are supposed to last longer than that. 
Like electrolytic capacitors. If they're wound in computer - 

grade, 99.99% pure aluminum foil, they'll hold up for a long 
time at continuous temperatures of 85 C. 

Like Arcolytic capacitors do. 
Even though they cost the same as any other home enter- 

tainment capacitor. And come in more than 2000 exact re- 
placement values to maintain the set's stability. 

Any Arcolytic distributor can fill you in on the whole line of 

MAY 1969 

Arcolytic types -twist mounts, printed circuit twist mounts, 
tubular electrolytics (including very high capacitance values) 
and miniature tubulars in the smallest physical sizes. He can 
also sell you Elmenco capacitors. 

Then you won't have to do repair jobs twice. If the lady in 
the set seems to be missing something, a week after you've 
done a repair job, it's her problem. Not yours. 

Loral Distributor Products 
A DIVISION OF LORAL CORPORATION 

Pond Hill Industrial Park, Great Neck, New York 11022 
Circle 10 on reader service card 
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6 New &Timely 
(continued from page 4) 

the back when fasteners are 
released. Unusual methods of 
securing panels, knobs, etc. 
should be explained in promi- 
nent cabinet instructions. In- 
field adjustments should be 
clearly identified on the chas- 
sis and layout chart. 

Bench service- Chassis 
should be stable when posi- 
tioned for access to top and 
bottom with the tuner and 
assemblies on. A color yoke 
should be standardized in each 
deflection category by a man- 
ufacturer and adaptation kits 
made available. Circuit com- 
ponents should be easily ac- 
cessible and removable. All 
adjustable components should 
be covered in service litera- 
ture. 

Schematics & literature - 
Service notes should explain 
new circuitry and avoid com- 
mon- knowledge items. Loca- 
tion of adjustments should be 

next to adjustments. Sche- 
matics should he clear and 
easy to read; voltages should 
be included for signal /no -sig- 
nal and color /no -color condi- 
tions. Parts list should be 
complete for the main chassis, 
sub- chassis, tuner and control 
mounting assembly, etc. 

For details on the sugges- 
tions or comments write to 
NEA's secretary, Leon F. 
Howland, 4622 E. 10 St., In- 
dianapolis, Ind. 46201. 

MONOLITHIC IC 

DEVELOPS 18 WATTS 
A monolithic IC chip cap- 

able of delivering a whallop- 
ing 18 watts continuous rms 
will soon be turning up in 
Sony Corp's stereo sets, TV's 
and other home entertainment 
products. 

The Sony -developed chip 
contains two power transis- 
tors, four additional transis- 
tors, a diode and six resistors, 
and comes in a flat package 
with a special strap heat sink. 
For applications where lower 
power is adequate, the chip is 
also available in a standard 
TO -5 can. The dimensions of 
the monolithic chip are 1.5 x 
1.75 mm. Although it's ex- 
pected to find use primarily in 
audio circuits, the new IC can 
be used in TV vertical de- 
flection circuits. 

To operate at full output. 
the IC requires 40 volts with 
a 4 -amp p -p maximum cur- 
rent. The fabrication tech- 
nique used for the chip en- 
ables both poly -crystalline 
and single- crystal silicon to be 
grown so that buried- collector 
connections have low resis- 
tance and a high breakdown 
voltage. 

Although hybrid IC's made 
in this country develop similar 
power levels, the Sony mono- 
lithic device has a power 
capability three times that of 
similar IC's now available. 

THIS MONTH 
Turn to Robert Ehle's arti- 
cle on electronic music and 
learn how to turn street 
noise, bongos, etc. into 
wayout sound. 

Are transistors on the way 
out? Read Fred Shuna- 
man's article to find out 
how a new glassy semi- 
conductor works. 

LOOKING AHEAD 
(continued from page 4) 

amplifier designed for radio and TV, being built by Mo- 
torola, which says it could turn out more than a million 
weekly by year's end. Corning later will be versions for 
i.f. strips in AM and FM sets. So certain is Motorola that 
it can break the IC price barrier that it plans to ship the 
units in huge quantities to manufacturers in Japan, Hong 
Kong and Taiwan, and eventually_ produce then in its 
own plant in South Korea. 

Other semiconductor manufacturers are working on 
low -cost plastic ICs for everyday consumer electronics Luse, 

too, and the true microcircuit age for low -cost products 
could begin early next year. 

Another new tuner 
A unique uhf tuner with the "feel" and ease of a vhf 

tuner is scheduled to show up in some television sets to 
he introduced late this year. It provides a combination of 
continuous and detent (click) tuning, at the descretion 
of the user. 

The device has two concentric knobs -the inner 
knob a continuous tuner, the outer detented to six posi- 
tions. To pre -set uhf channels, the user merely tunes the 
center knob to the desired channel, then pushes it in, 
like setting a car -radio pushbutton. Then the outer knob 
is clicked to the next position for pre- setting the next 
channel, and the process repeated for as many as six 
channels. 

After presetting, any uhf channel may be quickly 
located by using the outer knob. At any detent position, 
the inner knob may be used for fine tuning, or as a 

(continued on page 14) 
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re. No More Room 
at the Top? 
There's always room ...for improvement! And, 
because RCA understands this, the SK Series 
solid -state replacement line is constantly up- 
dated to meet your growing needs. 

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

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

The line is comprehensive -39 devices that 
can do the work of almost 13,000 others. Each 
unit has electrical characteristics comparable 
to or better than originally designed -in devices. 
RCA's SK series can be your answer for any 
needs from small signal to the newest in silicon 
audio output applications. 

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

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

two KD2114 transistor arrays 
one KD2115 audio amplifier 
two KD2116 transistor arrays 
plus 

MW instructions for 12 useful 

¡p11/ 
(1111¡? 1 C VARIETYNPACK 

circuits, schematics, 
parts lists, etc. 

RCAI Electronic 
Components Harrison, 
N. J. 07029 

u 
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Learning 

electronics 

at home 
is faster, 

easier, more 
interesting with new achievement kit 

GET A FASTER START IN THE 
COURSE YOU CHOOSE WITH NRI'S 
REMARKABLE ACHIEVEMENT KIT 
When you enroll with NRI we deliver to your door 
everything you need to make a significant start 
in the Electronics field of your choice. This re- 
markable, new starter kit is worth many times 
the small down payment required to start your 
training. And it is only the start ... only the first 
example of NRI's unique ability to apply 50 years 
of home -study experience to the challenges of 
this Electronics Age. Start your training this 
exciting, rewarding way. No other school has any- 
thing like it. What do you get? The NRI Achieve- 
ment Kit includes: your first set of easy- to -un- 
derstand "bite- size" texts; a rich, vinyl desk 
folder to hold your training material in orderly 
fashion; the valuable NRI Radio -TV Electronics 
Dictionary; important reference texts; classroom 
tools like pencils, a ball -point pen, an engineer's 
ruler; special printed sheets for your lesson an- 
swers -even a supply of pre- addressed envelopes 
and your first postage stamp. 

Only NRI offers you this pioneering method of 
"3 Dimensional" home -study training in Elec- 
tronics, TV -Radio ... a remarkable teaching idea 
unlike anything you have ever encountered. 
Founded more than half a century ago -in the 
days of wireless -NRI pioneered the "learn -by- 
doing" method of home -study. Today, NRI is the 
oldest, largest home -study Electronics school. 
The NRI staff of more than 150 dedicated people 
has made course material entertaining and easy 
to grasp. NRI has simplified, organized and 
dramatized subject matter so that any ambitious 
man - regardless of his education -can effec- 
tively learn the Electronics course of his choice. 

DISCOVER THE EXCITEMENT 
OF NRI TRAINING 

Whatever your reason for wanting knowledge of 
Electronics, you'll find the NRI "3 Dimensional" 
method makes learning exciting, fast. You build, 
test, experiment, explore. Investigate NRI train- 
ing plans, find out about the NRI Achievement 
Kit. Fill in and mail the postage -free card. No 
salesman will call. NATIONAL RADIO INSTITUTE, 
Electronics Division, Washington, D. C. 20016 

8 RADIO -ELECTRONICS 
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ELECTRONICS COMES ALIVE 
AS YOU LEARN BY DOING WITH 
CUSTOM TRAINING EQUIPMENT 
Nothing is as effective as learning by doing. 
That's why NRI puts so much emphasis on 
equipment, and why NRI invites comparison with 
equipment offered by any other school, at any 
price. NRI pioneered and perfected the use of 
special training kits to aid learning at home. You 
get your hands on actual parts like resistors, 
capacitors, tubes, condensers, wire, transistors 
and diodes. You build, experiment, explore, dis- 
cover. You start right out building your own pro- 
fessional vacuum tube voltmeter with which you 
learn to measure voltage and current. You learn 
how to mount and solder parts, how to read sche- 
matic diagrams. Then, you progress to other ex- 
perimental equipment until you ultimately build 
a TV set, an actual transmitter or a functioning 
computer unit (depending on the course you se- 
lect). Its the practical, easy way to learn at 
home -the priceless "third dimension" in NRI's 
exclusive Electronic TV -Radio training method. 

SIMPLIFIED, WELL -ILLUSTRATED 
"BITE- SIZE" LESSON TEXTS 
PROGRAM YOUR TRAINING 

Lesson texts are a necessary part of training, but 
only a part. NRI's "bite- size" texts are as simpli- 
fied, direct and well -illustrated as half a century 
of teaching experience can make them. The 
amount of material in each text, the length and 
design, is precisely right for home- stucy. NRI 
texts are programmed with NRI training kits to 
make things you read come alive. As you Yearn, 
you'll experience all the excitement of original 
discovery. Texts and equipment vary with the 
course. Choose from major training programs in 
TV -Radio Servicing, Industrial Electronics and 
Complete Communications. 
Or select one of seven spe- 
cial courses to meet spe- 
cific needs. Check the 
courses of most interest to 
you on the postage -free 
card and mail it today for 
your free catalog. 

Available Undo 

NEW 
GI BILL 

If you served sär 
January 31, 1955, 
are in service, check 
line in postage -free ca 

6r 

ce 
or 
GI 

-d. 

custom training kits "bite - size "texts 
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12 New & Timely 

MATV DISTRIBUTION 

AMPLIFIER KITS 
for Color /B &W TV 

For the TV serviceman who has avoided amplified 
distribution systems as too involved, Mosley has 
developed four simple and easily installed MATV 
Distribution Amplifier Kits for VHF Color /B &W TV. 
Each kit contains all the components necessary for 
a two -outlet amplified system, designed for easy 
expansion with additional outlets. Four models for 
four widely -used types of lead -in: two coax, two 
twin -lead. Instructions offer suggestions for system 
planning and simple block diagrams with coax loss 
factors already figured. Write Dept. 180A for details. 

Murky, eieclaymtd. Sic roidogeN;enumndisbsezhitot. il 

Circle 13 on reader service card 

GIANT 1969 
RADIO -TV 

ELECTRONICS 
CATALOG 
228 GIANT VALUE - 

PACKED PAGES 

YOUR BUYING GUIDE FOR . . . 

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

famous bargain packed section! 

WRITE FOR YOUR FREE CATALOG TODAY! 1M i - - - fis wig 
BURSTEIN- APPLEBEE CO.. Dept. RE -E 
3199 MERCIER ST., KANSAS CITY, MO. 64111 

I Name 

IAddress 

City 

rite Zip Code 

MOM !i - - i - - M 
Circle 14 on reader service card 
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SOLAR PANELS UNROLL IN SPACE 
Huge retractable solar ar- 

ray panels that can he car- 
ried into space rolled up like 
a window shade are being de- 
veloped for tests late next 
year. When unfurled in space, 
the 51/2 x I6 -foot panels 
could deliver 1500 watts of 
power for orbiting satellites 
and interplanetary spacecraft. 

When a spacecraft maneu- 
vers in orbit or passes through 
radiation belts, the panels can 

be rolled up for storage on 
their drums. The T- shaped 
mechanism on which the ar- 
ray will be mounted keeps the 
silicon solar cells perpendicu- 
lar to the sun line. Units for 
the system being built by 
Hughes Aircraft Co. for the 
Air Force provide for energy 
storage. power control and 
sun tracking. Power output of 
the panels is 28 volts at 54 
amperes. 

SECURITY WITH CERAMIC 

New space gun? No -a 
new type of piezoelectric lock 
being held by a pretty mem- 
ber of Sandia Corp., part of 
the Bell System, where it was 
developed. The ceramic rings 
expand or contract, depend- 
ing on the direction of ap- 
plied current. Once the rings 

are positioned in the cylinder, 
you need the right combina- 
tion of electrical signals to re- 

move them. "Picking" this 
lock with the wrong signals 
only makes it more difficult to 
open. Unlike electronic mem- 
ory locks, this one is not 
sensitive to magnetic fields. 
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Capture that top 10% (at least) 

engine performance you're now 
blowing out the exhaust! 

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

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

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

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

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

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

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

Dealer /Distributor inquiries invited. 

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

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

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

Enclosed is my check (or money order) for $ 

Please send prepaid: 

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

Make of car: Year 

Name 

Address - 

City /State: Zip 
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14 New &Timely 

MA 

as 

simple 

as 

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

Whatever your speaker 
requirements may be- 
radio or TV, high -fidelity 
or stereo, inter -corn, 
automotive commercial 
sound, or musical 
instrument --any and 
every place where 
quality sound 
reproduction is a 

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

For the full story on 
what this quality can do 
for you, write today 
for your free copy 
of the big new Oxford 
catalog. You'll learn first 
hand why the buy word 
in speakers today is ... 
Oxford, of course! 

OXFORD 
TRANSDUCER 

COMPANY 
A Division of 

Oxford Electric Corporation 

3911 S. Michigan Ave. 
Chicago, III. 60653 

Circle 16 on reader service card 

LOOKING AHEAD 
(continued from page 6) 

continuous tuner to locate any channel not preset. The 
new tuner, said to be competitive in price with continuous - 
tuning uhf types, is being made for set manufacturers 
by Sarkes Tarzian Inc. 

Ready, cassette, go 
The tiny two -reel cassette tape cartridge, which has 

blazed a hot trail in the portable recorder field, will soon 
gain new prestige as a medium for recorded music when 
RCA Records and Columbia Records make available their 
first pre- recorded releases in this format. These two major 
companies were the last of the big recording firms to join 
the cassette parade. 

This new boost for the cassette makes it a formidable 
competitor to the eight -track continuous -loop cartridge 
which now dominates the tape -player field through its 
success in the automobile market. The greater flexibility of 
the cassette -its easy recording capability and adaptability 
to lightweight portables -is a big point in its favor. How- 
ever, it may have a demerit in terms of somewhat lower 
frequency response at its 17 /s -ips speed. 

Tape history has shown that fidelity has gradually im- 
proved at all speeds, and it's a good bet that the cassette 
some day will be promoted as a hi -fi medium. At any rate, 
it has now become a recognized playback as well as re- 
cording system, and could be preparing to challenge the 
Stereo -8 as a standard low -cost taped -music player. 

Color from monochrome film 
By early 1970, some television stations will be broad- 

casting in color from black -and -white film. They'll be 
using a system known as Broadcast Electronic Video 
Recording (BEVR for short) developed by CBS Labora- 
tories, an offshoot of CBS's cartridge -loading film- scanner 
system designed for educational and home use, but not 
yet in production (R -E, February 1969). 

The BEVR film equipment, being made in different 
versions by General Electric and Cohu Electronics, uses 
16mm film containing two sets of frames side -by -side- 
one set looking like a conventional black -and -white film 
image, the other containing encoded impulses to supply 
the color electronically. The film masters are made by an 
electronic process from standard color film, while multiple 
"release prints" used by the TV stations are processed 
optically exactly the sanie as any black -and -white film. 

The I6mm broadcast film system is said to provide 
the resolution of 3 5mm color equipment, but costs con- 
siderably less. Other advantages are claimed to be the low 
cost of black -and -white prints as compared to 3 5mm color 
film, and lack of fading and inconsistency characteristic 
of color prints. 

Who's ahead? 
Japan, which took over from the United States as 

the largest producer of radios, now says it's ready to chal- 
lenge us in color TV. The Ministry of International Trade 
and Industry there says that by 1970 Japan could be the 
world's largest supplier of color sets. Current expansion 
plans will increase its total manufacturing capacity to 
nearly 6.8 million sets next year, although it made only 
2.7 million last year and is preparing to turn out 4 mil- 
lion in 1969. American manufacturers made nearly 6 
million color sets last year, expect to make about 10% 
more this year. R -E 

J 
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C respondence 

CURRENT FLOW -WHICH WAY? 

A statement in the August issue by 
Matthew Mandl ( "Trouble Shooting 
TV Detector Diodes ") is misleading. 
He states that the cathode of a tube 
is negative while the cathode of a 
diode is positive. He does admit the 
cathode of a tube emits electrons. 

Someone should inform Matt that 
the polarity of a vacuum tube and a 
diode are identical. Current enters 
both at the cathode and exits at the 
anode or plate. Used as a rectifier, 
the cathode of both would connect 
to the positive side of the filter ca- 
pacitor. 

U. DUDLEY 
Denison, Texas 

Actually, the article did not say 
"the cathode of a diode is positive." 
I did mention that the symbol has 
a plus sign at the cathode side and 
that the actual unit itself may be so 
marked. I also pointed out that this 
might be confusing if the "plus" 
marking is compared to the negative 
polarity of a vacuum tube. Later 1 

indicated the direction of electron 
flow as being identical to that of a 
tube (cathode to anode). 

Unfortunately the confusion will 
continue as long as we have divided 
groups among our engineers regard- 
ing the direction of current flow 
(electron -flow theory vs. conventional 
current -flow theory). Thus, it might 
surprise Mr. Dudley to learn that 
many engineers will disagree with his 
statement that "current enters at the 
cathode and exits at the anode." I 
prefer to say "electron flow is from 
cathode to anode" to avoid misun- 
derstanding. 

Matthew Mandl 

SURGEON FOR A WART? 

Having read Mr. Paprocki's letter 
in the January 1969 R -E, I take of- 
fense at his statement that "anyone 
who can perform surgery on a solid - 
state color TV can surely figure out a 
simple 50 -watt amplifier." 

First, there's a terrific shortage of 
qualified technicians and we all have 

(continued on page 16) 
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LAFAYETTE 
RADIO ELECTRONICS 

n SOLID STATE 
al UNITS IN... 

(1) CB TWO WAY RADIO Features: 

5 -Watt FCC Max. Rating 
0.1µV Sensitivity 
23 Crystal Controlled Channels ... All 

Crystals Supplied! 
Socket For Priva -Com IIIA For Quiet 

Standby 
Television Interference Trap 
Dual Conversion 

(2) VHF FM RECEIVER Features: 

Monitors 150 thru 174MHz 
Manual Tuning of Complete Band Plus 

Two Switchable Crystal Positions 
For Optional Crystals 

Less Than lµV Sensitivity 

A CITIZEN BAND RADIO 

Plus A POLICE AND FIRE 

MONITOR RECEIVER 

Telsat`" 150 
Stock No. 99- 3215WX 

Only i9995 
Also Receives U.S. Weather Reports 
(162.55 and 163.275MHz) in mary 
parts of country, consult local weather 
bureau for reception in your area. 

IMONITOR 150- 174MHz And COMMUNICATE ON 23 CB CHANNELS) 

Only the new Lafayette Telsat 150 lets you monitor municipal frequencies 
(Auxiliary Police, Volunteer Firemen, etc.), and what's more, maintain two - 
way radio communications with your family and other members of your 
volunteer fire or auxiliary police squad. 

The end product of intense engineering effort, the Telsat 150 combines unique 
solid -state circuity that includes a 21 -semi- conductor Integrated Circuit, 25- 
transistors, 1- Field- Effect -Transistor and 9- diodes; with quality construction 
into an extremely compact unit: 21/2Hx61/2Wx8 "L. W't., 71/2 lbs. 

You can depend on this great nene Lafayette first for 23- channel two -way 
citizen band communications, plus monitor Public Safety, Industrial and 
Transportation VHF -FM frequencies in a vehicle (as well as the office or 
home with optional AC power supply)! 

FREE 1969 Catalog 

512 

PAGES 

Featuring Lafayette's 
award winning Hi -Fi com- 
ponents, CB equipment, 
test instruments-every- 
thing in electronics. 

Write for your FREE copy today 11 

LAFAYETTE Radio ELECTRONICS 
Oept.111SSP.O. Box 10 
Syosset, L.1., N.Y. 11791 

Send me the FREE 1969 catalog 690. 

Name 

Address .. 

City 

State Zip 

110;i9 

Mail This Coupon Today 
For Your 1969 Catalog 
No. 690. 
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the new 

46 watts of music power at 80 ... FET FM Front End ... exclusive 
Stereo Only circuit...outputs for 2 pair of stereo speaker systems, 
headphones, tape recording, monitoring and play -back...double pro- 
tection for power transistors...plus many other exclusive features, 
that you expect from Sansui and only Sansui. Visit your franchised 
Sansui dealer for a demonstration of the exciting new Sansui 350 
AM /FM Stereo Receiver...do it today for a truly memorable experi- 
ence ... $199.95. 

SANSUI ELECTRONICS CORPORATION, 34 -43 56th ST., WOODSIDE, NEW YORK 11377 
SANSUI Electric Co., Ltd., Tokyo, Japan European Office Frankfurt a.M., West Germany 

Circle 18 on reader service card 

There's Money in every 
IEC 

SERVICE - 

MASTER 
,i'1-',. 

A complete line of replacement types for Television, Radio & Hi -Fi 
requirements! 
The IEC Service Master tube means quality and dependability ... and 
they are priced right! See your local IEC tube distributor today! 

INTERNATIONAL ELECTRONICS CORP. 
ELECTRON TUBE DIV. Melville. L.l., New York 11746 

IEC - MULLARD ELECTRON TUBES SEMICONDUCTORS CAPACITORS 

Circle 19 on reader service card 

CORRESPONDENCE 

{ enntinued from page 15) 

more work than we can possibly han- 
dle. We do not pick the "easy ones," 
but rather the work that will show us 
a profit. The technician who can per- 
form "major surgery" on color TV 
isn't going to mess around with a 
simple amplifier any more than a 
doctor who can perform open heart 
surgery is going to remove warts! 

If he could only see the amount 
of work involved in completely dis- 
assembling a "simple" amplifier to 
resolder a poor connection on a PC 
board that some engineer swore would 
never go bad. 

Service customers bring the prob- 
lem on themselves when they are not 
willing to pay for the work involved. 
The owner of a color TV realizes 
that his set is a piece of sophisticated 
electronic equipment and is willing to 
pay for its repair. The "simple am- 
plifier" owner doesn't, even though 
the time and skills are equal! 

C. MILTON LOWELL, CET 
Beloit, Wisconsin 

MORE ON CET 

The February issue carried a letter 
from David L. Downing mentioning 
the Certified Electronic Technician 
program. Mr. Downing outlines the 
"image" and "competency" problems 
that the service profession faces and 
offers some solutions that he feels 
might eliminate them. 

His solutions show good thinking. 
Certainly licensing has been a goal 
of nearly all the service associations 
for years. Several states are presently 
working to obtain licensing. Also, Mr. 
Downing's dislike for multiple choice 
questions is understandable. The first 
version of the NEA CET 120 Question 
was an essay style test. 

To explain the CET test proce- 
dure a little better: The CET program 
does not offer a "mail order" license. 
Only the CET information is obtained 
by mail. The test is given under direct 
supervision, mostly by electronic ser- 
vice associations. 

Multiple choice questions are used 
so that it is not necessary for a tech 
to grade every test. The CET test 
does show drawings and asks for an- 
swers to troubleshooting problems. 

The CET program is doing great 
things for the individual tech. I urge 
Mr. Downing to take the exam and 
see what we mean. R -E 

DICK GLASS, 
CET President 

National Electronic Assns., Inc. 
5302 W. 10th St. 

Indianapolis, Indiana 46224 
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In the Shop ... With Jack 
By JACK DARR 

SERVICE EDITOR 

SIGNAL -TRACING COLOR WITH "SHOP" EQUIPMENT 
The idea was to find out if I could signal -trace color signals, with "ordi- 

nary shop test equipment." Translation: a Precision scope old enough to vote, 
a bar -dot generator too old for Operation Head Start, etc. Having a Zenith 
25NC38 chassis on the bench, I used that for the guinea pig. 

1/2 6KT8 
6JC6 5.6K 

2ND 
COLOR 
AMPL 

FERRITE 
BE 

ED CRT BLUE 
01 

250/ GRID 
V 

GRID 

225v 
COLOR 
LEVEL 150n 

Partial schematic of color amplifier 
and demodulator stage, Zenith 25NC- 
38 chassis, for signal- tracing. (Some 
3.58 MHz traps, etc. have been left 
out.) Numbers in circles indicate 
waveforms found at these points in 
corresponding figure numbers. 

The circuits are in Fig. 1 (I left 
out a few 3.58 -MHz traps and things 
to make it clearer). There are two 
bandpass or "color amplifiers," as 
they're called in this one. These feed 
the color signals to a pair of high - 
level demodulator tubes. The plates 
of these drive the CRT grids directly. 
The phase- shifted R -Y and B -Y 
signals, mixed with the 3.58 -MHz 
oscillator, are fed to the beam -de- 
flector plates of the special 6JH8's. 
The demodulated color signals show 
up on the "regular plates" of these 
tubes. 

So, away I went. I fed the bar - 
dot generator to the antenna input of 
the set, on its color bar pattern. This 
showed up on the screen, so the 
video or Y- channel was OK. Putting 
the low -capacitance probe on the 
scope, I checked the signal on the 
control grid of the first color ampli- 
fier, 1/2 of the 6KT8 tube. I got the 

Fig. 3 -A fuzzy sawtooth (6 -7 volts 
p-p) on 6KT8 color amplifier plate. 

Anyhow, on the plate of the 
6KT8 I got the pattern of Fig. 3, 
sawtoothed and a bit fuzzy, but the 
bars were there. This meant that color 
signals were getting this far, at least. 
The color -level control has no effect 
at this point. 

On the control grid of the 6JC6 
(continued on page 22) 

Fig. 4 -Grid of 6JC6 (3 -5 volts p -p). 

Fig. 2 -Stray pickup from another 
tube on grid of 1st color amplifier. 

pattern of Fig. 2. (A little while later, 
I found out that this wasn't the sig- 
nal, but stray pickup from another 
tube! Oh, well ) 

MAY 1969 

Fig. 5 -Plate of 6JC6 (17 volts p-p). 

De /ta Launches the 

C OMPUTAH * 

The 
Great 
One %: 

An exclusive computer-. 
tachometer for precise RPM 
measurement in easy -to- 
build Kit form! 

$2195 
I ppd. 

Delta, pioneers in CD ignition wio pro- 
duced the fabulous MARK TENS, now offer 
a precise computer- tachometer whir t obso- 
letes any type tachometer on the market 
today! You achieve unbelievable accuracy 
in RPM readings due to the acvanced, 
solid-state electronic matched components 
used in the computer, coupled with the 
finest precision meter in the worlc. Works 
on all 2, 3, 4, and 6 cylinder 2 cycle and 

with 4-6-8 cylinder -4 cycle 12 volt engines. 

A 0 -8000 RPM range 

Perfect linearity - zero paralax 
Adjustable set pointer 
Wide angle needle sweep 
Translucent illuminated dial 

Chrome plated die -cast housing 

All -angle ball & socket mounting 

A Use it with ANY ignition system. 

Meter: 31/4" dia. X 3' /e" deep 

Calibration kit included, no test eqpt. 
needed. 

Orders shipped promptly. t 

Satisfaction guaranteed. y`, 

DELTA PRODUCTS, INC. 

Send check today! 
P.O. Box 1147 RE / Grand Junction, Co o. 81501 
Enclosed is $ Ship ppd. S` p C.O.D. 
Please send: 

COMPUTACH A Kits ra $29.95 ppd 
Sold in Kit Form ONLY 

Name 

Address 

City /State Tip 

Circle 20 on reader service card 
J 
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"Get more 
education 
or 
get out of 
electronics 
..,that's my advice:" 

18 

Expe nded 
cover age of 
solid state 
electronics 
including 
inte -ted 
circuits ! 
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Ask any man who really knows the electronics industry. 

Opportunities are few for men without advanced tech- 
nical education. If you stay on that level, you'll never 
make much money. And you'll be among the first to 
go in a layoff. 

But, if you supplement your experience with more 
education in electronics, you can become a specialist. 
You'll enjoy good income and excellent security. You 
won't have to worry about automation or advances in 
technology putting you out of a job. 

How can you get the additional education you must 
have to protect your future -and the future of those 
who depend on you? Going back to school isn't easy 
for a man with a job and family obligations. 

CREI Home Study Programs offer you a practica way 
to get more education without going back to school. 
You study at home, at your own pace, on your own 
schedule. And you study with the assurance that what 
you learn can be applied on the job immediately to 
make you worth more money to your employer. 

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 
below or write: CREI, Dept. 1405H, 3224 Sixteenth 
Street, N.W., Washington, D.C. 20010. 

Ir- 

i 
L. 

Founded 1917 

OIL 
Accredited Mender of Me Nerione/ Name Srudy Council 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept. 1405H, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. 1 arr 
employed in electronics and have a high school education. 

NAME AGE 

ADDRESS 

CITY STATF ZIP CODE 

EMPLOYED BY 

TYPE OF PRESENT WORK G.I. BILL 

I am interested in Electronic Engineering Technology 
Space Electronics Nuclear Engineering Technology 

NEW! Digital Communications 

J 
APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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HOPPING ALL OVER TOWN 

FOR REPLACEMENT PARTS .. . 

Just hop to 

STANCO R 
i 

1: 

for all your exact monochrome 
and color TV replacement needs. 

Stancor Products offer a complete 
line of flybacks, yokes, vertical out- 
puts, audio outputs, power width 
and linarity controls for all major 
manufacturers. 
Stocked by over 1,000 Service Part Dis- 
tributors. Back up stock -Chicago, Dallas, 
Los Angeles, Hackensack and Atlanta. 

ESSEX 
Stancor transformers 

SrAwcoR 

ESSEX INTERNATIONAL, INC. CONTROLS DIVISION, 3501 W. ADDISON ST., CHICAGO, ILL. 6O6:3 

Circle 23 on reader service card 

NO COMPETITORS 
Nobody else but EMC designs in so much value 

Full -view meter gives 
direct. clear -cut qual- 
ity indications. 

Three heavy -duty 
controls for quick 
set -up of all tests. 
Check a fistful of 
tubes in the time 
it often takes to 
test one. 

12 slide switches for -individual selection of 
tube pins provides 
versatility in testing. 
prevents obsolescence. 

Compact. light- 
weight portabil 
ity. Use it on the 
bench or in the 
field. 

Full eomple- 
ment of sturdy 
sockets accepts 
compaetron (12- 
pin), nuvistor, 
novar, 10 -pin, 
9 -pin, octal. 
!octal, and miniature 
tubes. 

Precise pro- 
gramming. 
Only one socket 
per tube -base 
tonfi gurati on 
prevents acci- 
dental plugin, 

THE MODEL 13 saves you time, energy, money /Checks for shorts, leakage, intermittents, and quality Tests 
all tube types including magic eye, regulator, and hi -fi tubes Checks each section of multi -purpose tubes 
separately Gives long, trouble -free life through heavy -duty components, including permanently etched panel 

Keeps you up to date with FREE, periodic listings on new tubes as they come out Your best dollar value 

in a tube tester. Available in high- impact bakelite case with strap: $31.40 wired; $20.40 in kit form. Wood 

carrying case (illustrated) slightly higher. 

EMC 
ELECTRONIC MEASUREMENTS CORPORATION 

625 Broadway, New York 12, New York 
Export:Pan -Mar Corp.,1270 B'way, N. Y. 1. N. Y, 
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r 
EMC, 625 Broadway, New York 12, N. Y, 

Rush me FREE catalog describing all EMC 
value -loaded test instruments and name Of 
local distributor. 

NAMF 

ADDRESS 

CITY 70NE -STAT 

IN THE SHOP 
(continued from page 17) 

second color amplifier, I got a slightly 
clearer pattern (Fig. 4) and on the 
6JC6 plate, the waveform of Fig. 5. 

Now, the horizontal blanking had 
been added, and the color -level con- 
trol affected both grid and plate sig- 
nal amplitude. So, all OK so far. 

On to the control grid of the 
R -Y demodulator, one of the 
6JH8's, there was a nice flat- topped 

Fig. 6 -At the grid of R -Y demod. 

comb pattern, with blanking, at about 
5 volts p -p (Fig. 6). Marching on to 
the pin -8 plate of the same tube, 
there was the same pattern, inverted 

Fig. 7 -At the plate of R -Y demod. 

and amplified; about 70 volts p -p 
(Fig. 7) . 

So, ho! There it wuz! The color 
bar signal was going through all the 
stages and getting to the grids of the 
picture tube with plenty of amplifica- 
tion. We can follow this signal through 
the bandpass amplifiers and demodu- 
lators, and tell right where it stops, 
using only regular shop equipment. 

This is fine: this is dandy. But! 
There's one little thing wrong. It's 
very plainly shown in certain wave- 
forms, and all clues are given. Can 
you spot it right away, without look- 
ing at the answer? 
ANSWER 
SURPRISE! This set has absolutely 
no color on the screen! Nothing but 
nice clean black -and -white bars. 

The 3.58 -MHz color oscillator is 

not running at all, as you can see by 
the perfectly flat- topped waveform of 
Fig. 7, which is the red grid of the 
CRT. If the demodulator had been 

Fig. 8 -A R -Y demodulator signal. 

working, you'd have the "rocker" pat- 
tern of Fig. 8. This will apply to all 
color output stages, low- or high -level 
demodulators; you must have the 
rockers at the grids of the CRT. (In 
this case, the 6KT8 reactance tube/ 
color oscillator was shorted.) R -E 
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Field- effect transistors have revolutionized 
solid -state circuit design. 

Find out why in this fact -filled series -Part 1 

MAY 1969 

JFETS 
How they work 
How to use them 

By THOMAS R. HASKETT 

IN ALL ELECTRONICS, NOT MANY DE- 
vices have been so long awaited or so 
enthusiastically welcomed as the Field - 
Effect Transistor (FET). Many die- 
hard fire -bottle men (like me) have 
been reluctant to use transistors ex- 
cept where they clearly did a better 
job than tubes, or where size and por- 
tability were major considerations. 

Conventional transistors, unlike 
vacuum tubes, don't provide good 
input output isolation. Their internal 
feedback causes distortion and re- 
quires complex circuits to deliver fidel- 
ity. Further, drift is a problem, and 
ordinary transistors are highly suscep- 
tible to zapping (burnout). 

The FET has overcome many of 
the disadvantages of the conventional 
transistor, and tube lovers who learn 
about FET's are happy once again. 
Perhaps you don't realize that at this 
moment nearly three dozen different 
FET's can be had for less than $2.50 
each -many for only a buck. They'll 
do most of the jobs of vacuum tubes 
and many of conventional transistors. 
In some cases, they'll do better jobs 
than any other amplifying devices. 

Where FET's have an edge 
The first thing most people seem 

to learn about the FET is that its high 

impedance -like a tube -rather than 
low impedance -like a conventional 
transistor. Typical FET input imped- 
ance (Z) is 100 megohms, with an 
output Z of 100,000 ohms. 

Why such high impedance? The 
FET is a voltage -controlled devi:e- 
like a tube -rather than a current -con- 
trolled device -like an ordinary tran- 
sistor. That is, input voltage controls 
output current. Because of the FET's 
high impedance, it can be used in 
vacuum -tube circuit designs with little 
change in components. For one thing, 
you don't have to use electrolytics as 
coupling capacitors, and you can drive 
an FET directly from a high- imped- 
ance microphone or phono cartridge. 

As a dc amplifier, the FET has a 
zero temperature coefficient. Unlike a 
tube or ordinary transistor, it does not 
drift. 

As a general -purpose amplifier, 
the FET has the high power gain f a 
vacuum tube and less noise than either 
tube or transistor. Of course, it has no 
filament or heater, and power require- 
ments are small. 

As a vhf mixer, the FET has less 
noise and cross -modulation than ei :her 
a tube or an ordinary transistor. This 
is due to the FET's nearly perfect 
square -law transfer characteristic. 
Output current varies with the sgt_are 
of the input voltage; hence the FET 
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produces only second harmonics. 
Tubes and conventional transistors 
produce higher -order harmonics, caus- 
ing more interference. 

Other FET pluses include nearly 
constant current -output characteris- 
tic (flat drain -current /drain -voltage 
curves); almost completely unilateral 
gain function (nearly perfect input - 
output isolation), and it can be used as 

a voltage -controlled variable resistor 
(attenuator) when operated at low 
supply voltages. 

One unfortunate disadvantage of 
today's FET's is that they cannot pro- 
duce much output power. The present 
limit seems to be a few hundred milli - 
watts. Some manufacturers, however. 
are working on power FET's. Such 
devices would be welcome, and would 
probably replace ordinary transistors 
in output stages. 

How the FET works 
There are two basic FET types: 

this article deals only with the first - 
the Junction FET. (The other type will 
he covered in a later article.) A basic 
JFET is shown in Fig. l -a. It is made 
up of a bar of n -type semiconductor 
material with two p -type junctions dif- 
fused in its sides. The p -type junctions 
are connected together and called the 
gate. At one end of the n -type bar is 

a terminal called the source, which is 

connected to the negative pole of the 
battery. (This terminal is the source 
of current.) At the other end of the 
bar is a terminal called the drain, con- 
nected to the positive pole of the bat- 
tery. (This terminal drains off cur- 
rent.) Thus current flows from the neg- 
ative battery terminal, threugh the 
source and the bar (or channel), out 
the drain and to the positive battery 
terminal. The bar acts like a resistor, 
for it limits current flow. The sche- 
matic symbol for this basic n- channel 
JFET is in Fig. 1 -h. (It is called an 
n- channel JFET because the bar, or 
channel. is made of n -type material.) 

In Fig. 2 -a, you see the same 
hookup as before. except that now an- 
other battery (with lower voltage than 
the first) has been connected between 
the gate and source. Note that the gate 
is made negative with respect to the 
source. As shown. little current flows 
from source to drain. Why? Because 
the reverse voltage bias applied to the 
gate causes electric fields, or depletion 
zones, to form around the p -type gate 
junctions. These fields oppose and de- 
crease current flow through the chan- 
nel, or bar. 

If the gate -to- source voltage is in- 
creased enough, as in Fig. 3 -a, current 
flow from source to drain stops en- 
tirely. This level of gate -to- source 
potential is known as pinchofi or cutoff 
voltage. Thus the bar of semiconduc- 

GATE, 

DRAIN 

SOURCE 

a 
Fig. 1 -Large cur- 
rent flows when 
gate is open. JFET 
pictorial at a, 
schematic is at b. GATE 

FIELDS OR 

DEPLETION 
REGIONS 

a 

Fig. 2 -a, -h -Low 
negative gate bias 
reduces the current 
flowing between 
drain and source. 

FIELDS OR 

DEPLETION 
REGIONS 

G 

MUCH 
CURRENT 
FLOW 

GRAIN +_ 

SOURCE 

b 

LITTLE 
CURRENT 
FLOW 

NO 
CURRENT 
FLOW 

a 

Fig. 3- a, -b -In- 
creasing gate bias 
enlarges fields and 
pinches off the 
drain current. b 

tor material has become a variable 
resistor. 

Usually JFET's are made with 
symmetrical geometry. The symbol for 
such a device is shown in Fig. 4 -a. 
Thus it makes no difference which end 
of the channel you call the drain or 
which you call the source -current 
can flow in either direction. On the 

D OR S 

DORS 

a 6 

Fig. 4- JFET's are of two types: a- 
symmetrical and (b) nonsymmetrical. 

PINCH -OFF, SATURATION OR PENTODE 
REGION AVALANCHE OR 

I IN mA BREAKDOWN 
D REGION VGS 

6 8 10 

VD5 IN VOLTS 

ACTIVE REGION 

SATURATION 
REGION 

5 1r 
I 

a 

12 

BREAKDOWN 
REGION 

2 
IC IN mA 

15 

IO 

5 

r0 

4 6 8 10 12 14 16 

VCE IN VOLTS 

b 

GRID VOLTS 

-0.5 

-1.0 

-I 5 

-2.0 
-2 5 

-3.0 
-4.0 

I I I f 

100 200 300 400 500 

PLATE VOLTS 

C 

Fig. 5-Typical curves (a) for JFET, 
(b) for bipolar transistor, (c) pentode. 

other hand, some manufacturers make 
nonsymmetrical JFET's. The symbol 
for such a device is shown in Fig. 4 -b. 
In this type of JFET, drain and source 
terni finals are not interchangeable. 

Operating characteristics 
A bipolar junction transistor uses 

both majority and minority current 
carriers. In an npn version, for in- 
stance, most of the electrons flow from 
emitter to collector; they are the ma- 
jority carriers. Holes flow the other 
way, and are the minority carriers. In 
a pnp bipolar, everything is just the 
reverse. Bipolars are also called injec- 
tion transistors, because of electron - 
hole injection at the base. 
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Table I- Low -Cost JFET's 

Manufacturer 
Type 
No. 

Chan. 
Type 

öYDGO 
or 

BVGss 
(max) 
volts 

PD 
(max) 
mw 

Inns 
(min -max) 

mA 

ys. 

(min -max) 
µmhos 

Vr or 
Vas - 
(OFF) 

(max) 
volts 

C,.. 
(max) 

pF 

lass 
(max) 

oA 

Single 
quantity 

price 

Amelco 2N4302 N 30 300 0.5 -5.0 1000- 4 6 1 $0.97 
2N4303 N 30 300 4 -10 2000- 6 6 1 1.12 
2N4304 N 30 300 0.5 -15.0 1000- 10 6 1 0.90 

Dickson D1101 N 25 400 0.8-4.0 400-2000 10 2 10 1.85 
D1102 N 25 400 0.2-1.0 300-1000 5 2 10 2.15 
D1201 N 25 400 2-10 1000-4000 10 5 10 2.30 
D1420 N 25 400 0.5-5.0 1000- 4 5 1 2.15 
D1422 N 25 400 0.5-15.0 1000- 10 5 5 1.70 

Fairchild 2N4342 P 25 200 4-12 2000-6000 5.5 20 10 2.15 
2N4343 P 

20 
200 10-30 4000-8000 10 20 10 1.90 

2N4360 P 200 3-30 2000-8000 10 20 10 . 0.95 
2N5033 P 20 200 0.3-3.5 1000-5000 2.5 25 10 1.80 
2N5163 N 25 200 1-40 2000-9000 8 12 10 0.50 
FT3820 P 20 200 0.3-15 800-5000 8 32 20 2.40 

Motorola MPF102 N 25 200 2-20 2000-7500 8 7 2 0.90 
MPF103 N 25 200 1-5 1000-5000 6 7 1 1.00 
MPF104 N 25 200 2-9 1500-5500 7 7 1 1.00 
MPF105 N 25 200 4-16 2000-6000 8 7 1 1.00 
MPF106 N 25 200 4-10 2500-6000 4 5 1 1.34 
MPF107 N 25 200 8-20 4000-8000 6 5 1 1.50 
MPF151 P 40 200 1-5 1000-4000 4 7 10 1.00 
MPF152 P 40 200 2-9 1500-5000 4.5 7 10 0.75 
MPF153 P 40 200 4-16 2000-6000 6 7 10 1.00 
MPF154 P 60 200 1-5 1000-4000 4 7 10 1.50 
MPF155 P 60 200 2-9 1500-5000 4.5 7 10 1.20 
MPF156 P 60 200 4-16 2000-6000 6 7 10 1.50 
HEP802 N 25 200 2-20 2000- 1 1.59 

Siliconix E100 N 30 250 0.2 -20 500- 10 8 0.5 1.25 
E101 N 30 250 0.2 -1 500- 1.5 8 0.5 2.30 
E102 N 30 250 0.9 -4.5 1000- 4 8 0.5 1.85 
E103 N 30 250 4 -20 1500- 10 8 0.5 1.50 

Texas 2N3819 N 25 200 2 -20 2000 -6500 8 8 2 0.90 
Instrument TIS34 N 30 200 4 -20 3500 -6500 8 6 5 1.10 

TIS58 N 25 200 2.5 -8 1300 -4000 5 6 4 0.99 
TIS59 N 25 200 6 -25 2300 -5000 9 6 4 0.96 

Note: With five exceptions, all devices listed are furnished in epoxy cases. The five 
Dickson IFET's are furnished in TO -18 metal cases. In these devices, the gate 
is internally connected to the case. 

NEGATIVE 
GATE 
BIAS. 

Ocl 
o-1 
INPUT 

cc2 

a 

cs 

OUTPUT' 

POSITIVE 
BASE 
BIAS 

c 

R c IR L1 

OUT PUT 
F-O 
Oct 

P 82 

NEGATIVE 
GRID 
BIAS 

ccl r. 

O--I 
INPUT 

R 

RpIR,1 

OUT Ö T 

Oct 

c 

Fig. 6 -a -N- channel JFET requires negative gate bias. b -Npn bipolar trans- 
istor requires positive base bias and triode tube (c) needs negative grid bias. 

The FET, on the other hand, is a 

unipolar device. It uses only majority 
carriers -electrons in the n- channel 
version, holes in the p- channel type. 
(During manufacture, impurity atoms 
are mixed into the channel in such 
density that only one type of current 
carriers is available.) And because the 
gate junction is reverse -biased, neither 
holes nor electrons are injected into 
the channel. 

All three types of amplifying de- 
vices mentioned above employ some 
type of input bias. The gate of a FET 
is biased by a voltage with respect to 

MAY 1969 

the source. The base of a bipolar tran- 
sistor is biased by a voltage with re- 
spect to the emitter. And the grid of 
a vacuum tube is biased by a voltage 
with respect to the cathode. Note that 
a JFET is normally on until reverse - 
biased at the gate; a bipolar transistor 
is normally off until forward- biased at 
the base, and a vacuum tube is nor- 
mally on until reverse -biased at the 
grid. 

Characteristic curves for each of 
the three devices under discussion ap- 
pear in Fig. 5. The JFET drain -volt- 
age /drain -current curves for various 

values of base bias are in Fig. 5 -b. 
Bipolar transistor collector -voltage/ 
collector- current curves for various 
values of base bias are in Fig. 5 -6. 
Pentode vacuum -tube plate -voltage/ 
plate- current curves for various values 
of grid bias are in Fig. 5 -c. 

Look at Fig. 5 -a again and you'll 
see one important aspect of JFET 
operation. As drain -to- source voltage 
increases from zero, current flows 
through the channel. Channel cur- 
rent is approximately proportional to 
drain -source voltage -up to a point. 
This portion of the curve is kn,Dwn as 
the ohmic region. because the channel 
resistance is varied linearly by the cur- 
rent flowing through it. It's also called 
the triode region because the curve 
looks like that of a triode tube. (Near 
the bottom of the ohmic region of the 
curve, channel resistance is several 
megohms in a typical JFET.) 

But at the knee of the curve, the 
current has become so great that it 
sets up a reverse bias between the gate 
junctions which acts the same as exter- 
nal gate bias -it depletes the c:lannel. 
The curve flattens out because addi- 
tional increase in drain -source voltage 
has little effect on drain curren . (The 
channel resistance has decreased to 
about 1000 ohms.) 

Since this action resembles pinch - 
off voltage at the gate, this portion of 
the curve is known as the pinchoff re- 
gion. The channel is saturated with 
current flow, so this part of the curve 
is also known as the saturation region. 
And since the curve is flat, like that of 
a pentode, this area is also called the 
pentode region. 

By operating the JFET in the 
pinchoff region, with drain -source 
(V,, ) voltage between about 6 and 12 
(referring to Fig. 5 -a) , small changes 
in gate voltage (V5,) produce large 
changes in drain current (I,,). Thus the 
JFET is useful as an amplifier. 

Beyond the pinchoff region is the 
avalanche or breakdown region. It's 
similar to the breakdown region in a 
bipolar transistor. If total device power 
dissipation (P) is not limite3 to a 
safe value. the JFET will be destroyed. 

Comparison with 
other amplifiers 

The similarity between the JFET, 
the bipolar transistor and the vacuum 
tube, when each is used as a simple of 
amplifier is shown in Fig. 6. In each 
case, input is through coupling capaci- 
tor G, to the FET gate, the bipolar 
base and the tube grid. 

The FET gate is biased (with re- 
spect to the source) by the voltage drop 
across Ru, the source dropping resistor 
(Fig. 6 -a). The tube grid is also biased 
by the same method, by the voltage 
drop across cathode resistor R (Fig. 
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6 -c). The bipolar transistor is biased 
by the drop across voltage divider 
Rs RR between the collector sup- 
ply and ground (Fig. 6 -b). (Some bias 
also occurs because of emitter resistor 
RF, but this resistor is also used for 
stability. ) 

In each case a bypass capacitor is 
used across the lower element -Cs 
across the FET source resistor; CF 
across the bipolar emitter resistor, and 
CE across the tube cathode resistor. 
This bypass capacitor allows its as- 
sociated resistor to act as a voltage 
dropper for dc, but not for ac. 

Output is taken. in each example, 
across load resistor R,, -which is 
called R for the FET, Rc for the 
bipolar and Rr, for the tube. Output is 
through coupling capacitor C,. 

Now you've seen the similarities 
of the FET, the bipolar transistor and 
the vacuum tube. What about differ- 
ences? Well. FET's are also made 
with p -type channels (see Fig. 7). 
Everything here is just the opposite 
from the n- channel version above. 
The channel is p -type material, and 
the gate junction is n -type material. 
Drain voltage is negative and source 
voltage (ground) is positive. The gate 
is biased positive with respect to the 
source. This is similar to a pnp bi- 
polar transistor, as Fig. 7 -b shows, 
where the collector is negative, the 
emitter positive and the base biased 
positive with respect to the emitter. 

Of course, there is no such thing 
as a p- channel vacuum tube. If you 
make the plate negative with respect 
to the cathode the tube simply won't 
conduct. 

There are some differences be- 
tween n- and p- channel FET's. For 
one thing, the mobility of electrons is 
greater than that of holes. Since elec- 
trons are the majority current carriers 
-which is all that FET's use -in 
n- channel devices, they are better than 
their p- channel counterparts in sev- 
eral respects. The n's have more gain 
(for a given input capacitance) than 
p's. They also have lower on resist- 
ance and lower noise figures. As a 
matter of fact, n- channel JFET's have 
the best low -frequency noise figures of 
any amplifying device. 

All these benefits aren't achieved 
without a drawback or two. Like all 
semiconductor devices, JFET's are 
manufactured with a rather wide 
spread of specifications. Table I lists 
35 low -cost JFET's and Table II ex- 
plains their parameters. Nearly all are 
subject to some variation from one 
device to the next (of the same type 
number). For this reason, minimum 
and /or maximum values are shown. 
Base terminals for the listed JFET's 
are in Fig. 8. 

Two parameters aren't shown in 
Table I because they are somewhat 
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Table II 

Important JFET Parameters and What They Mean 
BVDC0- Drain -to -gate breakdown voltage, 

with source open. A maximum rating, this 
voltage must not be exceeded or the device 
will be permanently damaged (unless pow- 
er dissipation is limited to a safe level). 

BV(:ss- Gate -to- source breakdown voltage, 
with drain shorted to source. Also a maxi- 
mum rating which must not be exceeded or 
else permanent damage results (unless 
power dissipation is held to a safe level). 

Pp -Total device power dissipation at am- 
bient temperature of 25 °C (77 °F). This 
absolute maximum rating must not be ex- 
ceeded or the device will be destroyed. 

IDSS- Drain -to- source current, with gate 
shorted to source (zero gate voltage). Also 
called pinchoff or saturation current. This 
rating indicates the maximum useful cur- 
rent which can flow through an output 
load resistor. Exceeding the maximum 
Inns rating causes avalanche in the device, 
resulting in permanent damage (unless 
power dissipation is held to a safe level). 

Yr.- Small -signal, common -source, forward 
transadmittance (sometimes called gr.- 
transconductance) at 1 kHz. This is the 
key dynamic figure of merit for FET's, for 
it indicates how much gain is available. 

VF or VGS,F,,,,- Gate -to- source pinchoff (or 
cutoff) voltage. That value of gate bias 
voltage which reduces drain -to- source cur- 
rent to a very small amount ( usually some- 
what greater than the IGSS leakage- current 
value). 

Gr.. -Input (gate -to- source or common - 
source) capacitance at 1 MHz. (Also called 
C .. and measured with drain shorted to 
source.) This rating is particularly impor- 
tant in rf and switching applications. 

IGss- Reverse -bias gate -to- source leakage 
current, with drain shorted to source. This 
leakage current, which is usually low (due 
to the reverse- biased gate junction) de- 
termines input impedance, which is usually 
high (several hundred megohms). 

similar for most of the devices listed. 
The first is the resistance of the chan- 
nel: rd.(r,N). or drain -to- source on 
resistance, with gate shorted to source, 
at 1 kHz. The values range from 
about 100 to 3000 ohms, depending 
on the device, and are useful when 
designing a voltage -controlled attenu- 
ator. The off resistance is much 
greater, of course. 

The other parameter not shown 
in Table I is the noise figure, usually 
a rating of spot noise at one fre- 
quency. Values range from about 0.1 
to 4 dB, but this depends pretty much 
on the specified frequency, which 
can be 1 kHz for of JFET's and 100 
MHz for vhf devices. 

POSITIVE 
GATE 
BIAS. F-O 

-a 

NEGATIVE 
GATE 
BIAS . 

Fig. 7 (above)- Polarities of p -chan- 
nel JFET (a) and pop transistor (b) 
are opposite from those in Fig. 6. 

Fig. 8 (top right)- Basing diagrams 
for the JFET's listed in Table !, page 25. 

Fig. 9 -a, -b (right) -Symbols used for 
dual -gate symmetrical JFET's. Non - 
symmetrical dual -gate JFET uses c. 

Dual -gate JFET's 
Just as multigrid vacuum tubes 

are useful for mixing two signals, 
dual -gate or tetrode JFET's are used 
as mixers, converters, and in agc serv- 
ice. Schematic symbols in current 
use are in Fig. 9; (a) and (b) being 
symmetrical and (c) nonsymmetrical. 
No dual -gate JFET's are listed in Ta- 
ble I because there aren't any which 
cost less than $2.50. 

There it is, the complete JFET 
operating theory. Next month we'll 
put this theory to practice. We'll show 
you how to build a JFET preamp for 
a ceramic microphone and a simple 
JFET audio oscillator. R -E 
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gY,E 
NEW Model RE10 $90.00. shown cn Model 421 desk stand $10.50. Model RE15 $153.00, shown with Model 307 se hi on mount $ -ï. NEW Model REV] $36.00, 

shown with Model 3 1 1 snap -out stand adapter $3.90. NEW Model RE16 $159.00. shown on Model 421 der I t s ' : d $10.50. A l l . . . . . . .J not. 

Freedom of choice! 
CI)Professional sound has entered a 

. new era. It started with the Electro- - Voice Model RE15. And now there are 
four E -V dynamic cardioid microphones 
that share its distinctive advantages - 
with some unique benefits of their own. 

Unaffected by Distance ...Angle 
Basic to all of these microphones is 

Exclusive Electro -Voice Continuously 
Variable -D* construction. Now it offers 
something you've never heard before 
with any microphone: no matter what you 
do, microphone response never varies! 

Whether performers almost swallow 
the microphone, wander far off -mike ... 
or even move around to the back... 
you'll still get the same smooth response. 
Only the level changes. 

Once you set equalization it remains 
constant. You have full assurance that 
tonal balance won't change between the 
dress rehearsal and the final perfor- 
mance, no matter what the talent does. 

Improved Cardioid Pattern 
Only acoustics and noise can limit 

you.Yet even here these new E -V micro- 
phones gain an advantage from the 
super -cardioid pattern that provides 
better sound control than ordinary car - 
dioids. With maximum rejection 150° off 
axis, it is easier to eliminate unwanted 
sound while maintaining normal stand 
or boom microphone positions. There's 
also an integral bass -tilt circuit to cut 
rumble below 100 Hz. when needed. 

high fidelity systems and speakers tuners, amplifiers, receivers public address loudspeakers 
microphones phono needles and cartridges space and defense electronics 

Circle 24 on reader service card 

Now Select from Four Models 
In addition to the original REIS, we've 

added the RE16. The same fine micro- 
phone with an external "pop" fi "ter to 
solve the problems of ultra -close m.iking. 

The new REVD is the economy Version 
of the RE15. The same concept and 
quality, but for slightly less rigid re- 
quirements. And the RE11 is the lower 
cost twin to the RE16. 

These four great cardioid microphones 
give you new freedom to head cif sound 
problems before they start. You- E -V 
microphone headquarters has them 
waiting. Choose today. 
*U.S. Patent No. 3,115,.07. Trade mark regietered- 

ELECTRO- VOICE, INC., Dept. 591E 
613 Cecil Street, Buchanan, Michigan 49íC7 

A SUBSIDIARY OF GULTON INDUSTRIE. ' NC. 
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50 functions in a single clip. The functions of 50 separate transistors, 
diodes, resistors and capacitors can now be performed by the tiny 
dot in the center of the integrated circuit held by the tweezers. 

The «Chip" ...will it make or break 
your future job? 

THE DEVELOPMENT OF INTEGRATED CIRCUITRY is 
the dawn of a new age of electronic miiracles. it means 
that many of today's job skulls soon will be no longer 
needed. At the same time it opens the door to thousands 
of exciting new job opportunities for technicians solidly 
grounded in electronics fundamentals. Read here what 
you need to know to cash in on the gigantic coming 
boom, and how you can learn it right at home. 

TINY ELECTRONIC "CHIPS," each no bigger than the head 
of a pin, are bringing about a fantastic new Industrial 

Revolution. The time is near at hand when "chips" may save 
your life, balance your checkbook, and land a man on the 
moon. 

Chips may also put you out of a job... or into a better one. 
"One thing is certain," said The New York Times recently. 

"Chips will unalterably change our lives and the lives of our 
children probably far beyond recognition." 

A single chip or miniature integrated circuit can perform 
the function of 20 transistors, 18 resistors, and 2 capacitors. 

28 

Yet it is so small that a thimbleful can hold enough circuitry 
for a dozen computers or a thousand radios. 

Miniature Miracles of Today and Tomorrow 

Already, as a result, a two -way radio can now be fitted inside 
a signet ring. A complete hearing aid can be worn entirely 
inside the ear. There is a new desk -top computer, no bigger 
than a typewriter yet capable of 166,000 operations per sec- 
ond. And it is almost possible to put the entire circuitry of a 
color television set inside a man's wristwatch case. 

And this is only the beginning! 
Soon kitchen computers may keep the housewife's refrig- 

erator stocked, her menus planned, and her calories counted. 
Money may become obsolete. Instead you will simply 

carry an electronic charge account card. Your employer will 
credit your account after each week's work and merchants 
will charge each of your purchases against it. 

When your telephone rings and nobody's home, your call 
will automatically be switched to the phone where you can 
be reached. 

RADIO -ELECTRONICS 
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Doctors will be able to examine you internally by watch- 
ing a TV screen while a pill -size camera passes through your 
digestive tract. 

New Opportunities for Trained Men 

What does all this mean to someone working in Electronics 
who never went beyond high school? It means the oppor- 
tunity of a lifetime -if you take advantage of it. 

It's true that the "chip" may make a lot of manual skills 
no longer necessary. 

But at the same time the booming sales of articles and 
equipment using integrated circuitry has created a tremen- 
dous demand for trained electronics personnel to help de- 
sign, manufacture, test, operate, and service all these 
marvels. 

There simply aren't enough college- trained engineers to 
go around. So men with a high school education who have 
mastered the fundamentals of electronics theory are being 
begged to accept really interesting, high -pay jobs as engi- 
neering aides, junior engineers, and field engineers. 

How To Get the Training You Need 

You can get the up -to -date training in electronics fundamen- 
tals that you need through a carefully chosen home study 
course. In fact, some authorities feel that a home study 
course is the best way. "By its very nature," stated one elec- 
tronics publication recently, "home study develops your 
ability to analyze and extract information as well as to 
strengthen your sense of responsibility and initiative." These 
are qualities every employer is always looking for. 

If you do decide to advance your career through spare - 
time study at home, it makes sense to pick an electronics 
school that specializes in the home study method. Electron- 
ics is complicated enough without trying to learn it from 
lessons designed for the classroom instead of correspondence 
training. 

The Cleveland Institute of Electronics has everything 
you're looking for. We teach only Electronics -no other sub- 
jects. And our courses are designed especially for home 
study. We have spent over 30 years perfecting techniques 
that make learning Electronics at home easy, even for those 
who previously had trouble studying. 

Your instructor gives your assignments his undivided per- 
sonal attention. He not only grades your work, he analyzes 
it. And he mails back his corrections and comments the same 
day he gets your lessons, so you read his notations while 
everything is still fresh in your mind. 

Always Up -to -Date 

Because of rapid developments in. Electronics, CIE courses 
are constantly being revised. Students receive the most recent 
revised material as they progress through their courses. This 
year, for example, CIE students are receiving exclusive up- 
to- the -minute lessons in Microminiaturization, Logical 
Troubleshooting, Laser Theory and Application, Single Side - 
band Techniques, Pulse Theory and Application, and Boo- 
lean Algebra. For this reason CIE courses are invaluable not 
only to newcomers in Electronics but also for "old timers" 
who need a refresher course in current developments. 

ENROLL UNDER NEW G.I. BILL 
All CIE courses are available under the new G.I. Bill. If 
you served on active duty since January 31, 1955, or are 
in service now, check box on reply card for G.I. Bill 
information. 
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Tiny TV camera for 
space and military use 
is one of the miracles 
of integrated circuitry. 
This one weighs 27 
ounces, uses a one - 
inch vidicon camera 
tube, and requires only 
four watts of power. 

Get FCC License or Money Back 

No matter what kind of job you want in Electronics, you 
ought to have your Government FCC License. It's accepted 
everywhere as proof of your education in Electronics. And 
no wonder -the Government licensing exam is tough. So 
tough, in fact, that without CIE training, two out of every 
three men who take the exam fail. 

But better than 9 out of every 10 CIE graduates who take 
the exam pass it. 

This has made it possible to back our FCC License col:rses 
with this famous Warranty: you must pass your FCC exam 
upon completion of the course or your tuition is refunded 
in full. 

Mail Card for Two FREE Books 

Want to know more? The postpaid reply card bound in here 
will bring you a FREE copy of our school catalog describing 
today's opportunities in Electronics, our teaching methods, 
and our courses, together with our special booklet on low 
to get a commercial FCC License. If card is missing, use the 
coupon below. 

C l E Cleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland Ohio 44 114 

E 
COLLEGE - 

LEVEL 

COURSE IN 

ELECTRONICS 

ENGINEERING 
for men with prior ex- 
perience in Electron- 
ics. Covers steady - 
state and transient 
network theory, solid 
state physics and cir- 
cuitry pulse tech- 
niques, computer logic 
and mathematics 
through calculus. A 

college -level course 
for men already work- 
ing in Electronics. 

Circle 25 on reader service card 

Cleveland Institute of Electronics 
1776 East 17th St., Cleveland, Ohio 44114 

Please send me without cost or obligation: 
1. Your 44 -page book "How To Succeed In Elec- 
tronics" describing the job opportunities in 
Electronics today, and how your courses 1:an 

prepare me for them. 
2. Your book on "How To Get A Commercial FCC 
License." 

I am especially interested in: 

Electronics 
Technology 

Broadcast 
Engineering 

First -Class 
FCC License 

Electronic 
Communications 

Industrial Electronic: 
and Automation 

Electronics 
Engineering 

Name 

Address 

City 

(please print) 

State Zip Age 

Check here for G.I. Bill Information. 

Accredited Member National Home Study Coun.:il 
A Leader in Electronics Training...Since 1934 

RE -40 
-4 
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HOW IC LOGIC 

By DONALD LANCASTER 

PRICE REDUCTIONS ON MANY DIGITAL INTEGRATED CIRCUITS 

have made the logic gate practical for many "everyday" 
circuits. Besides their obvious use as computer logic ele- 
ments, these gates readily form the active elements needed 
for conventional pulse and digital circuits, multivibrators, 
triggers and a host of other circuits. 

By adding a biasing resistor, logic gates may be made 
into class -A linear amplifiers, useful in many low -level ap- 
plications. Let's look at some of the more popular gates. 

What's available 

There are many advantages in using IC logic gates to 
replace conventional transistors, resistors and diodes. Fore- 
most is cost. One $1.08 package, for example, contains six 
complete integrated gates -only 18g per gate. This is far 
less than the price of a single transistor or diode. 

As logic gates may be directly connected together and 
require no biasing or coupling circuitry, the need for ex- 
ternal resistors and capacitors is greatly reduced. Logic 

+3.6V 

INPUT 

IC EQUIVALENT 

+3.6V 

OUTPUT 

2N708 A 

8 

+3.6V 
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Low -cost computer logic gates 

gates are very compact, with two to six in a single plastic 
package. Circuit design is greatly simplified, since you know 
operating temperature range, speed, drive capability and 
power requirements ahead of time. For many applications, 
one or two penlight cells operate the circuit. 

A logic gate obeys certain rules to turn an output off 
or on upon some coincidence of signals at its input. A 
kitchen sink faucet is a logic gate -it gives you an output 
if either the hot or cold input is provided with an on signal. 
This is an example of an OR circuit. A garden hose is an 
example of an AND logic gate, since both the outdoor 
faucet and the nozzle valve must be on to get an output. 

There are many forms of logic gates: mechanical, hy- 
draulic, chemical, pneumatic, optic, electric and electronic. 
The electronic logic is far and away the most prevalent; 
millions upon millions of gates are used in the computer 
industry. Integrated circuits were called upon a decade ago 
to reduce the size, cost and power consumption of com- 
puters. 

As a result, many forms of IC logic gates are available 
today. Those we'll talk about are called RTL gates. because 
they are the integrated equivalent of Resistor Transistor 
Logic. Fig. 1 shows the discrete equivalent circuits for the 
one -, two -, three- and four -input RTL gates and their 
integrated equivalents. 

The two -input gate consists of two npn transistors 
sharing a common -collector resistor. Each base has a cur- 

-4 Fig. 1 -a -This is a 
one -input RTL logic 
gate and its IC equiv- 
alent symbol. Parts b, c 
and d are two- three - 
and four -input gates 
respectively with their 
IC symbols. All circuits 
run as saturated -logic 
switches. When any 
base receives current, 
the output of that gate 
goes near ground. If all 
bases do not receive cur- 
rent, the output goes 
positive to 3.6 volts. 

Table I -A few of the 
gate combinations avail- 
able in 14 -lead "cater- 
pillar" and 8 -lead TO-5 
cases. Top to bottom: 
Hex inverter, dual two - 
input, quad two -input, 
triple three- input, dual 
four -point. In each case, 
gates are independent. 

+3.6V 

GND 
GND 

+ 3.6V 
+ 3.6 V Taal mCOI" 

000 o ©ftóo 

GND 

+ 3.6V 
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CIRCUITS WORK 
make `everyday' circuits easy to build 

rent -limiting resistor attached to an input. If either input 
receives base current, the output goes to ground. If neither 
input receives base current, the output goes positive to the 
supply voltage. 

Using this basic configuration and choosing our defini- 
tions carefully, we can interconnect logic gates to perform 
all computer functions, and any set of logic rules we wish. 

A few of the more popular gates available are IC's that 
come in an eight -pin TO -S -size epoxy package or a 14 -lead 
in -line "caterpillar" package. Both types are interchangeable 
and operate from a single +3.6 -volt supply. For many ap- 
plications 1.5 -4.5 -volt battery supplies will work as well. 
The gates have a transition time around 15 nanoseconds. 
This is very slow as computer circuits go, but for everyday 
applications the gates are useful from dc to beyond 10 MHz. 

Note that all the packages contain more than one gate. 
All the gates are independent, and the only common con- 
nections are supply voltage and ground. For instance, a 
quad two -input gate contains four independent gates, each 
gate being the two -input variety. A dual four -input gate 
has two separate gates, each of which has four separate 
inputs. 

NOT 

A 

8 

OR 

NOT 

NAND 

AxB 

A+B 

Axé 

AND 

OR 

A+B 

A+B 

Fig. 2- Computer logic functions depend on definitions. 
Top (a) drawings show positive logic: "1" is positive and 
"O" is ground. In negative logic (b), "1" is ground and "O" 
is positive. 

MAY 1969 

Pin conventions are shown in Table I. The eight - 
pin version has a flat or color dot adjacent to pin 8. while 
the in -line package has an identifying notch and top -view 
pin connections as shown. IC's are good over a +15 ° -55 °C 
temperature range. Each gate consumes about 12 mW of 
supply power. Each gate's output can drive five similar 
gate inputs; where more output power, or fanout, is re- 
quired, a different IC, called a buffer, is needed. 

Logic circuits 

What integrated logic gates will do in computer ap- 
plications depends, not only on the circuit connection, but 
also on definitions. For example, if we define " +" as "I" and 
ground as "0." we are using a positive logic gate, and the 
NOT, NOR, NAND, OR, AND logic gates are built up 
with circuits of Fig. 2 -a. If, on the other hand, we define 
ground as "I" and " +" as "0," we are using negative logic, 
and the NOT. NAND, AND. OR and NOR functions are 
generated with the different gate connections shown in Fig. 
2 -b. 

To analyze any logic function, consider what the ac- 
tual gate does. The NAND coincidence is based upon 
neither transistor receiving base current, thus allowiig the 
output junction to swing positive. The NOR coincidence is 
based upon any gate transistor receiving base current and 
thus forcing the output junction to ground. 

As an example of a more complicated computer logic 
circuit, the EXCLUSIVE OR circuit, also known as a 
half- adder, is shown in Fig. 3. This circuit directl} per- 
forms binary addition. Usually two half- adders are used 
together, one to add two binary numbers and a second to 
handle a possible carry from the previous addition. Note 
that a considerable number of inverting gates may be 
eliminated, if the complements of the input and output are 
available or useful elsewhere in the circuit. 

a 

CARRY 

SUM 

CA=2RY 

Sul 

Fig. 3 -The EXCLUSIVE OR circuit (half adder) is one of 
the more complex computer functions. Part a shows arrange- 
ment with usable complements available; b has self -gen- 
erated complements. 
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VSET(5) RESET(R)v 

_L 

-I-2V 

(S) 

(R) 

b 

a 

PRESSED / BUTTON 

+2V 

SET RESET 2V 
c -r 

.00l 

Fig. 4- Various configurations of bistable nnitivihrators. 
In a, two one -input gates are back to back. Part b shows 
same circuit wired for pushbutton operation. Circuit in c 
uses two -input gate for a pulse set -reset latch. The pulse - 
coupling, set -reset flip -flop in d triggers with long input pulse. 

a 

INPUT 

°A" _J 

25K 

0 
WIDTH DETERMINED 
BY R AND C 

b 

c 

Fig. 5 -These are monostable multivibrator and delay cir- 
cuits. Basic circuit in a requires a brief, dc- coupled input. 
With circuit in b, the output is variable over a 10:1 range. 
High -gain transistor in c permits long time delays of output. 

34 

Suppose we connect two one -input gates back to back 
as in Fig. 4 -a. If the left gate's output happened to be 
grounded, it would allow the right gate's output to be posi- 
tive, which in turn would provide the base current to keep 
the left gate's output grounded. The circuit is stable and, 
if undisturbed, will stay in either of the two possible states. 
This is called a bistable multivibrator. 

The circuit is more useful if we force the bistable to 
go into either of the two states upon command. This is 
done by adding two pushbuttons as in Fig. 4 -b. Push the 
SET pushbutton, and point A goes to ground and stays 
there after the button is released. Push the RESET button 
and point A goes " +" and point B goes to ground. and stays 
there after the button is released. We can use this circuit 
as a memory or latch; it is somewhat similar to a relay 
latching itself on its own make contact. 

It is often desirable to change states upon electrical 
command. For this, we go to the two -input gate configura- 
tion of Fig. 4 -c. Here one gate input on each side is used 
for feedback: the other for an input. A short positive pulse 
at either input then sets or resets the latch, depending upon 
the input selected. 

For the circuit to operate properly, the inputs must 
"see" a dc return path and the input pulses must be brief. 
To ac- couple signals, or to trigger on the leading edge of a 
long input pulse, requires the pulse coupling circuit of Fig. 
4 -d. The 1000 -ohm resistors are essential; if they are omitted, 
the gate's base emitter pn junction will act as a dc re- 
storer and charge up the input capacitor after one or two 
operating cycles. 

If input signals appear simultaneously, both outputs 
will go to ground and the last input to disappear determines 
the state the bistable will go into. 

The circuits shown will not count and will not auto- 
matically steer input pulses from one side to the other if 
the inputs are connected together. To do this, an integrated 
circuit called a JK flip -flop is needed. 

Monostable circuits 

Suppose we break one of the feedback connections of 
the latch and insert a capacitor and recharging resistor 
(Fig. 5 -a). If we let the circuit sit long enough, it will go 
into the state in which the left gate's output is positive and 
the right output is grounded. Capacitor C will charge to 
roughly the supply voltage. 

Now, if an input trigger pulse is delivered, the left 
gate's output will immediately go to ground. Since the 
charge on a capacitor cannot immediately change, the right 
end of C abruptly drops negative, removing base current 
from the right gate. The right gate's output swings positive, 
and thus provides base current for the left gate, holding the 
circuit in the new state. 

So far things have gone just as they did in the bistable 
circuit. But resistor R now starts charging the right end of 
C positively, until the voltage on the right end of C is 
positive enough to provide base current for the right gate. 
The right gate's output starts to ground, and the circuit 
snaps back to the original state. 

This is another form of multivibrator. It has one 
stable state and one unstable one. Called a monostable 
multivibrator, it is used to generate a time delay or a 
rectangular pulse of controlled width upon command. To 
vary the output width or delay, R or C is varied. A 10:1 
range is obtained by the circuit of Fig. 5 -b. Here we have 
also added input capacitors for ac coupling or for triggering 
an input that is long compared to the delay time. 

There are several important design considerations. The 
input signal (either directly or through the capacitor differ- 
entiation network) must be brief compared to the delay 
time, or the circuit will not operate properly. As with the 
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bistable circuit, the 100 -ohm resistor on the input is essen- 
tial if capacitor coupling is used. The timing resistor may 
vary from 1000 to 25,000 ohms, while C may range from 
200 pF up to several hundred microfarads. The time 
constant of RC roughly equals the delay time, with intervals 
from 200 nsecs to several seconds possible. 

The monostable has a recovery time. It cannot be 
immediately retriggered, since C must recharge completely 
to the supply voltage. Constant -width operation may be 
obtained with a duty cycle less than 30 %, while a duty 
cycle as great as 75% may be used if considerable change 
in timing is permissible. The generated pulse width does 
not vary greatly with small changes in temperature or sup- 
ply voltage. 

Time intervals longer than a fraction of a second re- 
quire unreasonably large values of C as resistor R cannot 
be made larger than 25,000 ohms without running out of 
gain in the second gate. For long time intervals, a gate 
may be combined with a very- high -gain transistor to allow 
a much larger value of R, and a resultant reduction in 
capacitor size. (Fig. 5 -c). 

Other trigger circuits 

Figure 6 -a shows a nonregenerative pulse stretcher 
that provides a monostable output with a single, one -input 
gate. It produces a rectangular output pulse upon com- 
mand. and is used only when the input is dc- coupled and 
goes to ground and stays there for a time longer than the 
pulse period. Since there is no feedback, the fall time is 
not nearly as good as can be obtained with a true mono- 
stable. 

To trigger the circuit, the input is made positive long 
enough to charge C. The input is then abruptly brought to 
ground and held there. Since the charge on C cannot 
change instantaneously, the right end of C swings negative, 
turns off the gate and produces a positive output. Resistor 
R then charges C just as in the conventional monostable. 

A monostable circuit with "negative" recovery time 
is shown in Fig. 6 -b. Here the output goes positive immedi- 
ately upon an input command and stays positive for a time 
delay determined after the last pulse or input command 
chain is received. An input pulse discharges C, which then 
recharges through the internal collector resistor of the right 
gate until it is positive enough to allow the right gate to 
turn on. As C is "emptied" each time an input pulse 
arrives, the time delay begins anew with each input pulse. 

The output fall time is not very good, and very large 
C values are required for millisecond pulse intervals. The 
circuit is also rather dependent on supply and temperature 
and requires input pulses long enough to discharge C com- 
pletely. One interesting application for this circuit is with 
voice -operated relays. Another is for missing -pulse detection 
or producing an output only after an entire string of input 
pulses has passed. 

A Schmitt trigger is shown in Fig. 6 -c. This is an 
emitter- coupled multivibrator that is sensitive to input volt- 
age. As the voltage exceeds a given level, the Schmitt cir- 
cuit snaps into one state. As the voltage drops below a 
second level, the circuit snaps back into the original state. 

The two levels are made different, producing hyster- 
esis and eliminating chatter or noise sensitivity. The circuit 
shown snaps on with an input exceeding 1.5 volts, and off 
with the input voltage dropping below 1.1 volts. 

Since the ground lead must be broken and a 27 -ohm 
resistor inserted in series with the negative return on the 
IC, the circuit will work only with a dual two -input gate. 
The 27 -ohm resistor determines the trip points, while the 
output resistor determines the amount of hysteresis ob- 
tained. The circuit is used as an alarm or a voltage -level 
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Fig. 6- a- Nonregenerative pulse stretcher in this circuit 
requires an input staying at ground for duration of the out- 
put. The nonregenerative monostable in b is controlaed by 
last pulse in input chain. A Schmitt trigger is shown in d. 
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Fig. 7- Various free -running multivibrators: Circuit a is a 
basic astable, b is astable with dual -pot frequency control, 
c has variable symmetry output. Part d shows resistor and 
transistor load isolation; e shows JK flip -flop division by 2. 

35 

www.americanradiohistory.com

www.americanradiohistory.com


detector. Signal conditioning of the output may be required 
before driving additional logic gates. 

An astable multivibrato:- has no stable state and is thus 
free -running, forming a square -wave oscillator circuit (Fig. 
7 -a). Once again, timing is determined by the RC products. 
The waveform will be asymmetrical unless the RC products 
are equal. Fig. 7 -b adds a dual 25,000 -ohm potentiometer 
to obtain a 10:1 control range. For wider ranges, various 
values of C are switched in. 

The circuit of Fig. 7 -c provides a fixed output with 
variable symmetry. The minimum recommended value of 
R is 2000 ohms; the maximum, 25,000 ohms. Capacitor C 
may vary from 200 pF up to several tens of microfarads. 
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Fig. 8 -Here are a few practical applications. Part a shows 
bounceless pushbuttons (spdt on left, and n.o. on right). A 
squaring circuit is in b, and a 60 -Hz driver for high -speed 
JK's is in c. Single IC in d can be two -tone oscillator or 
alarm. A hex -inverter tachometer is shown in circuit e. 

10K 

a 

b - 

I0K I0K IOK 10K 

c 

.01 
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Inns- 

.1 T03 MHz SERIES - 
d RESONANT XTAL 

Fig. 9- Biasing scheme for class -A amplifier operation of 
gates is shown in a and the equivalent circuit in b. Circuit in 
c is gain -of -400 amplifier, and d is a crystal oscillator. 

There does not seem to be any starting problem with an IC 
astable of this type. 

The circuit operates properly only if lightly loaded. 
Two load -isolating techniques are shown in Fig. 7 -d, one 
of which requires a resistor and a gate, the other a tran- 
sistor emitter follower and a resistor. 

Single -potentiometer operation will result in a highly 
asymmeterical waveform. A very nearly square wave with 
excellent symmetry may be obtained by dividing the astable 
multivibrator's output by 2 with a JK flip -flop; the flip -flop's 
output is perfectly symmetrical, except for a possible small 
transition time (Fig. 7 -e). 

Some applications 

Let's look at how we can use these logic gates in 
other useful circuits. Fig. 8 -a shows two bounceless push- 
button circuits, essential whenever mechanical contacts are 
used with high -speed integrated counter circuits. A dual 
circuit or an spdt pushbutton may be used to drive a set - 
reset bistable multivibrator directly. This circuit requires 
two one -input gates. If an spst or make contact is the only 
one available, the 15 -msec multivibrator circuit may be 
used. This requires an additional resistor and capacitor. 

A single one -input gate is used as a squaring circuit to 
sharpen rise and fall times of an input signal (Fig. 8 -b). 
Around 20 nsecs of delay will also be picked up, and a 
single gate can be used as an ultra -short delay line. Fig. 8 -c 
shows a filter and three cascaded one -input gates. This cir- 
cuit is used to square 60 -Hz power -line or other low -fre- 
quency audio sine waves. The output is a square wave 
with a very fast fall time. a feature essential when inte- 
grated JK flip -flops are to be used in low- frequency circuit 
applications. 

The dual -tone oscillator of Fig. 8 -d produces a com- 
manding alarm that switches between 500 and 100 Hz 
twice each second. In operation, the left two gates operate 
as a 2 -Hz oscillator that alters the charging current and 
hence the frequency of the high- frequency astable formed 
by the middle two gates. The remaining gates serve as load 
isolation. The circuit drives any amplifier; with a compan- 
ion driver transistor, it will directly drive a speaker to ear- 
splitting volume. Note the extreme simplicity possible by 
using a hex inverter -only one active component is needed 
for the circuit. 

The same hex inverter is useful in tachometer circuits, 
again with a significant parts reduction. Fig. 8 -e shows the 
technique. By keeping the monostable duty cycle well under 
30% and isolating the indicating meter from the mono - 
stable, a considerable improvement in stability over simpler 
circuits is obtained. As with any pulse duty- cycle -type 
tachometer, the supply must be regulated and a suitable 
input network must be chosen to isolate ignition spikes 
and noise. 

Linear operation 

Gates may be biased up into the class -A region to 
produce a very -low -cost linear amplifier. Fig. 9 -a shows 
the biasing scheme, while Fig. 9 -b shows the approximate 
equivalent circuit. Discrete versions of this circuit are not 
often seen as the input impedance is rather low -even 
though the configuration has good gain and bias stability. 
The stages may be cascaded. 

A gain -of -400 amplifier is shown in Fig. 9 -c. Note 
that coupling capacitors are essential to keep the proper 
bias levels on each stage. Up to three stages may be cas- 
caded, producing gains above 60 dB. Maximum linear 
peak -to -peak output is around 1 volt. A practical applica- 
tion of the class -A technique is the crystal oscillator of 
Fig. 9 -d, which produces square waves at the fundamental 
resonant frequency of a series -resonant crystal. R -E 
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_- Electronics For 
Weekend Sailor's 

by CHARLES WURTSWORTH 

ALTHOUGH IT IS 969 YEARS I..ATER. 

the small -boat owner may still enjoy 
the adventures of a Leif Ericsson. He 
can founder in a squall. run aground. 
get lost. swamp or collide. Pirates 
may strip his spars at midnight. He'll 
meet fog. rough seas and unidentified 
floating objects. Propulsion systems 
run out of wind. oar or (today) gaso- 
line. The only good news, according 
to the Coast and Geodetic Survey. is 

that when sailing beyond sight of land 
there is absolutely no risk of falling 
off the edge. 

The dangers. though. may he di- 
minishing. There are now enough 
electronic devices for anyone from a 

Sunday skipper to Lloyd Bridges. We 
count more than a dozen different 
seagoing goodies being marketed to 
make boating less risky, more fun. 
Thanks to solid -state circuits, items 
once fit only for an Onassis are now 
scaled down in size and price. Let's 
consider some electronic items to out- 
fit a rowboat, then work up to hard- 
ware for the well -heeled commodore. 

Marine monitoring 

If the call of the sea is irresisti- 
ble. you won't have to wait to arrive 
at the water's edge. A car -radio con- 
verter. such as Pearce -Simpson's 
Monitor (Fig. 1). snares marine sig- 
nals and converts them to the broad- 
cast band. Drive within about 20 
miles of radio -equipped boats and you 
can eavesdrop on their captains to 
learn where the fish are biting. 

Monitoring the band is also pos- 
sible with a transistor portable while 
aboard your boat. There's a trend to- 
ward multiband reception in today's 
small sets, and many (Fig. 2) include 
marine frequencies. Some spell it out 
with the letters "MB." hut others con- 
ceal it as part of a short -wave band. 
You can easily determine whether a 
set includes the desired frequencies 
by examining the dial; it should cover 
2 to 3 MHz. 

There's been a recent prolifera- 

MAY 1969 

tion of new marine monitors because 
there are now two distinct sites for 
marine radio activity. The new one is 

"marine FM." a vhf hand from 156 - 
162 MHz. One reason it's generating 
much interest among boatmen is that. 
unlike its lower- frequency brother. it 
has a continuous weather channel. 

Before this service took to the 
air the only place you could obtain in- 
stant weather via radio was the low - 
frequency aeronautical navigation 
hand. Trouble was. few boatmen real- 
ly cared about rime icing while flying 
through cumuloform clouds at 10.000 
feet. And altimeter readings for boats 
are as useful as anchors for airplanes. 

The new weather channel, on 
162.55 MHz in some areas, is a bless- 
ing to boatmen. Not only does it con- 
tinuously report general weather. hut 
sea conditions. visibility and wind as 

reported from key points in the lo- 
cal area. It announces radar summa- 
ries of squalls and precipitation, as 
well as marine forecasts and warn- 
ings. There are almost 24 such con- 
tinuous weather stations around the 
country. each with a transmitting ra- 
dius of 25 -50 miles. 

An example of what manufactur- 
ers are producing for the band is 

Sonar's VHF Sentry (Fig. 3). A com- 
plete shirt -pocket -size receiver. it op- 
erates on any two crystal -controlled 
channels between 150 -174 MHz. Its 
usefulness is enhanced by coverage on 
the standard broadcast band. A porta- 
ble self- powered unit like this one can 
easily be carried aboard a dink or a 

dhow to good advantage. Other man- 
ufacturers offer similar portables, 
some with a continuously tunable dial. 

Fig. I -This marine -band converter 
lets you hear marine transmissions 
over your car radio. (Monitor, by 
Pearce -Simpson). 

Although slightl more critic a to 
tune. they offer total. continuous cov- 
erage of weather and marine ban..:s. 

Higher up the price scale are 
elaborate monitors that include a 

simple form of RDF. for radio- direc- 
tion finding. The Hallicrafters CR -44 
shown in Fig. 4 is an AM FM broad- 
cast portable that also includes the 
LF/MF band (185 -400 kHz). the 
regular 2 -3 -MHz marine band. plus 
FM from 152 -174 MHz. Thus the 
boatman can monitor just about any- 
thing of marine interest. inclLding 
continuous weather. The set also has 
a swingable antenna for direction find- 
ing in the LF /MF band (which con- 
tains marine and aeronautical bea- 
cons) or on standard broadcast sta- 
tions. A DF'ing antenna on this kind 
of receiver is more clearly apparent 
in Nova Tech's Action model, ancther 
complete monitor with a DF func- 
tion (Fig. 5). 

What can you do with these re- 
ceivers? Even the smallest craft can 
enjoy a basic, but valuable. naviga- 
tional facility. It could prove handy 
even if you don't do offshore cruising. 
When fog shuts off sight of land you 
can tune a known station and "home" 
in on it. It's easily done by steering a 

course that keeps a meter needle in a 

null (minimum) position. 
There's one pitfall in using these 

receivers: their rotating ferrite amen - 
nas have a 180° ambiguity. meaning 
there's a null reading in two (exactly 
opposite) directions. This is solvec by 
tuning a second station. With a chart 
you can quickly take a radio fix and 
pinpoint your position. 

Seafarers who venture beyond 
the sound of the breakers may want 
to step up to a niftier RDF. By add- 
ing a sensing circuit and additional 
circuitry. higher -cost models resolve 
the 180° ambiguity and make DF ng 
faster and more convenient. 

Notice the telescoping whip on 
the Pearce -Simpson DF -765 (Fig. 6). 
It is the sense antenna. When .ou 
want to obtain a line of position t.: a 

station. the whip is extended and the 
loop antenna (in the circular hous- 
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ing) turned by hand. The meter will 
read unequal signal peaks to reveal 
which of two directional possibilities 
is correct. The sense antenna is then 
collapsed and the loop used alone. 

You can tune a low- frequency 
beacon or standard BC station for the 
"homer ". Thus you might receive a 
standard AM station and steer the 
DF needle while listening to a few 
choruses of "Downtown" in the radio 
speaker. You can also arrive down- 
town because of one peculiarity of an 
RDF. It inexorably points to the sta- 
tion and ignores any intervening 
land between you and the transmitter. 
It's wise to observe this limitation un- 
less your boat has wheels. 

Another RDF for boatmen is 
Sonar's DF -1301 (Fig. 7). Besides the 
functions just mentioned, this model 
has a provision for receiving continu- 

6 
Many portable multiband receivers 
now include marine frequencies: Fig. 
2 is a three -band unit by Lloyd's, and 
Sonar's VHF Sentry ($40) in Fig. 3 
covers new continuous weather chan- 
nels (150 -174 MHz), plus standard 
BC. Fig. 4 is Hallicrafter's five -hand 
CR -44 ($120 net) with a directional 
antenna. The $130 Nova Tech Action 
receiver in Fig. 5 has a more elaborate 
DF'ing antenna. Circuits in Pearce - 
Simpson's DF -765 (Fig. 6) eliminate 
the dual -null problem in DF'ing. 
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ous weather reports on vhf. Sonar 
does it by including a two -transistor 
converter with a crystal -controlled os- 
cillator. When the operator switches 
to vhf, the weather channel is hetero- 
dyned down to the standard BC band. 

These higher -priced RDF's will 
also include a bfo for making a CW 
signal audible. It's handy when a sig- 
nal is too weak to move the signal - 
strength needle; you can still listen for 
a null in the audio tone. 

The bfo is also used for Con - 
solan. This is a relatively recent navi- 
gation system based on very simple re- 
ceiving equipment. There's no manual 
antenna turning because Consolan 
stations rotate their patterns for you. 
All you do is count the number of dots 
or dashes heard within a 1- minute 
period, then find yourself on a chart 
with the aid of a published table. 
There are only three Consolan sta- 
tions (Massachusetts, Florida and 
California), but their 1000 -mile range 
should give most boatmen adequate 
signals for navigation. 

If you're seeking the truly de- 
luxe direction finder, there's the 
Yachtsman marketed by Kett Avion- 
ics for $495. It's classed as an "ADF, 
for automatic direction finding. A 
needle on a compass rose points con- 
tinuously to the station you've tuned, 
even if you're sailing off in another 
direction. Its all automatic, with no 
manual loop turning required. 

Sounding the depths 

Once you know where you are, 
it's useful to know something about 
the nearest land -which lies immedi- 
ately below the boat. A depth finder 
supplies the information, plus some 
other functions which depend on op- 
erating skill. 

Most small -boat depth finders, 
like Ray Jefferson's 510 shown in 
Fig. 8, emit bursts of ultrasound at 
about 200 kHz from a barium titanate 
transducer on the hull. A whirling 
neon lamp flashes at the start of the 
burst, then again on the returning echo. 
As the lamp advances around the scale, 
depth is indicated in feet. 

An important development in 
current units is compactness and low 
power draw. That Ray Jefferson unit 
is less than 5 inches square and, de- 
spite a dc motor drive, consumes a 
mere 100 mA at 12 volts dc. It's 
practical to power the unit on a hot- 
shot battery. 

The sharp eye can make other 
underwater discoveries with a depth 
finder. A series of weak flashes (Fig. 
9) may indicate a school of fish. Lim- 
ited navigation is possible with a find- 
er and a chart of local waters show- 
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ing depth. Others report they can stay 
centered in a channel of known 
depth by observing the finder and 
avoiding shallower water. 

You might also "see" fish talk- 
ing! One manufacturer states in his 
instruction book that unexplainable 
flashes could be from marine life. If 
you detect intelligible communication 
of fishy origin. do not attempt to talk 
back. Contact the Scripps Oceano- 
graphic Institute immediately. 

Combination units 

The next two items reveal a 
trend by some companies to com- 
bine several functions in a single box. 
Sonar's HA -1 Hailer (Fig. 10) be- 
gins with a useful function: a 16 -watt 
public -address system. You can hail 
other boats or talk to swimmers and 
skiers hundreds of yards away. 

Since the instrument contains an 
audio amplifier, it can double as an 
intercom. Or, when the fog rolls in, 
you can switch to a mode that auto- 
matically repeats a 5 -sec on, 15 -sec 
off foghorn. 

The unit offers a range of alarm 
possibilities. By adding optional de- 
tectors the system warns of fire, theft 
or a flooded bilge. 

Another all -in -one unit is Ray 
Jefferson's Safety Center (Fig. 11). It 
can monitor and signal such conditions 
as potentially explosive vapors below 
deck, fire aboard, too watery a bilge 
and abnormal water temperature or 
oil pressure. You don't have to pay 
constant attention to the monitoring 
panel either. If a dangerous condition 
develops, the circuit sounds a warning 
buzzer and illuminates a red warning 
light to identify the specific problem. 

Two -way radio 

Any craft displacing more wa- 
ter than a floating log can now have 
two -way radio. A license -free, 100 - 
mW walkie- talkie will communicate 
some 3 or more miles over water. Fur- 
ther up the scale is CB, described 
elsewhere in this issue. 

But it is the standard marine fre- 
quencies which offer maximum safety 
and convenience on the water. All 
marine radiotelephones in the 2 -3- 
MHz band must be equipped to oper- 
ate on 2182 kHz, an international 
distress and calling frequency moni- 
tored continuously by the Coast 
Guard. 

FCC rules also require that two - 
way- equipped boats monitor 2182 
kHz when the receiver is on (and not 
in communication). it assures that 
many ears will be alerted to a "May- 
day" call. The band contains ship -to- 
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ship channels, as well as a link to the 
marine telephone operator. 

Marine radiotelephones can be ex- 
pected to operate at ranges of about 
1 mile per watt (a 100 -watter should 
communicate to 100 miles). This 
rule of thumb applies to salt -water 
operations, with about 30% less range 
over fresh water (and shorter dis- 
tances when channels are crowded 
with signals). 

One recent marine transceiver of 
moderate power is Pearce -Simpson's 
Bimini 550 (Fig. 12). It's a 50 -watt 
set with four -channel capability and 
a telephone handset. Its circuits fol- 
low the general practice of marine ra- 
dio: solid state throughout the re- 
ceiver and modulator, while the trans- 
mitter oscillator and final stages re- 
main vacuum tubes. 

A notable feature of the 550 is 
factory pretuning and a seal on each 
crystal attesting to a factory fre- 
quency check. This allows the buyer to 
install his set (which is supplied with 
an antenna) without the services of an 

8 
Another sophisticated radio direction 
finder is the Sonar DF -1301 in Fig. 7. 
The Model 510 depth finder by Ray 
Jefferson ($95) in Fig. 8 uses a hull - 
mounted, ultrasonic transducer. Fig. 9 
shows how the neon lamp on a depth 
finder may indicate marine life (35 
feet) as well as depth (100 feet). The 
$125 Sonar HA -1 in Fig. 10 has a 
combination two -way hailer, intercom, 
fog horn and alarm. And. Ray Jeffer- 
son's Safety Center in Fig. 11 monitors 
five safety conditions and sounds an 
alarm. Fig. 12 shows Pearce -Simpson's 
50 -watt marine radiotelephone unit. 
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A six- channel, 75 -watt radiotelephone 
(Sonar's 75AW, Fig. 13) also receives 
AM BC stations and vhf FM, and a 
100 -watt unit, Ray Jefferson's 4100, is 
shown in Fig. 14 ($330). The Pearce - 
Simpson MRT50 in Fig. 15 is a 12- 
channel unit for the newer vhf /FM 
band. By 1977, most small -boat trans- 
ceivers should he on vhf. Emergency 
Beacon Corp. makes the unit in Fig. 16 
that transmits on two international dis- 
tress frequencies, which can be picked 
up by aircraft up to 150 miles away. 
For large pleasure boats, there's a 
$1075 Model LJ -11 Loran for precise 
navigation (Fig. 17). and a $2698 
radar, the ETA Challenger (Fig. 18), 
both made by Kelvin Hughes America 
Corporation. 
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FCC -licensed technician. The manu- 
facturer urges that a ground plate be 
installed on the boat and states that, 
if any crystal changes are required in 
the future, a licensed technician would 
be needed. 

Sonar's 75AW, a 75 -watt six - 
channel set, is also shown (Fig. 13). 
A special feature of this set is a built - 
in vhf converter for receiving continu- 
ous marine weather on the vhf FM 
band mentioned earlier. The receiver, 
as in most marine radios, also picks 
up standard AM broadcast stations for 
entertainment. Ray Jefferson's 100 - 
watt set (Fig. 14) should appeal to 
larger -boat owners requiring greater 
range than is possible with the low - 
powered units. 

New marine band 

Some sweeping changes are due 
for the marine band. Although FCC 
rules are not final at this time, any 
buying decisions should take this pro- 
posed schedule into account: There 
will probably be no more new AM 
marine radios sold for the 2 -3 -MHz 
band after January 1971. If you buy 
one now, however, you should be able 
to use it until Jánuary 1977. This 
yields about 8 years to amortize your 
investment. 

After January 1977 it's the vhf/ 
FM band for most pleasure -boat own- 
ers. As 156 -162 -MHz becomes fully 
activated, the lower band on 2 -3 
MHz will be reserved for single -side- 
band equipment. Another proposal is 
that any boat operating on 2 -3 MHz 

17 

18 

with sideband would also be required 
to have vhf /FM. These proposals 
mean that vhf will be the only practi- 
cal marine band for most small boats. 

Confusing? There are several rea- 
sons for the changeover. The conges- 
tion and interference of 2 -3 MHz 
should be less on vhf since propaga- 
tion is line -of- sight. Signals will be 
confined to about 30 or so miles, 
which should be sufficient for most 
pleasure boats. Commercial and blue - 
water sailors would get the longer 
range they require on 2 -3 MHz with 
sideband (which also relieves band 
congestion) . 

At the moment there is no sig- 
nificant activity on marine vhf, though 
equipment is reaching the market 
(Fig. 15). Prices are higher because 
of more complex circuits, including 
dual -conversion receivers and trans- 
mitter frequency multipliers. When 
vhf /FM becomes the rule, you can 
generally expect less ignition and skip 
interference. Antennas shrink from 
towering poles to small whips of less 
than 2 feet. No ground plate will be 
needed under the boat because vhf 
antennas can supply an electrical 
ground or counterpoise within a nar- 
row space. 

Emergency beacon 

One of the latest items to appear 
in the boating field is the device by 
Emergency Beacon Corp. shown in 
Fig. 16. A pocket -size device, it can 
transmit a distress call to aircraft as 
far as 150 miles away. When switched 
on, the circuit simultaneously trans- 
mits carriers on two international dis- 
tress frequencies: 121.5 MHz and 243 
MHz. The latter frequency is continu- 
ously monitored by most military air- 
craft. If an aircraft detects the special 
audio signal -a wobbling tone sweep- 
ing from 1000 Hz to 300 Hz -the 
aircraft receiver is tripped open by a 
selective squelch. Search -and- rescue 
authorities can then locate the party 
in distress by a "build -and- fade" meth- 
od of direction finding. The emer- 
gency beacon will transmit continu- 
ously for more than 2 days. 

As we've shown. there are elec- 
tronic items for the yachtsman that 
can cost as much as a runabout -in- 
cluding radar and loran (Figs. 17 & 18). 
If the marine electronics industry keeps 
up with recent developments, it could 
be watching a new system now un- 
der test by the Navy. Three orbiting 
satellites enable ships to fix their posi- 
tions to within 1/10 mile. When the 
receiving system can fit in a pocket, 
and be sold at a price, you'll locate 
your favorite fishing spot with com- 
puterlike accuracy. R -E 
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ALL ABOUT OVONICS 
Glassy semiconductor switch! Is it new? Is it 

a breakthrough? Or is it nonsense? 

by FRED SHUNAMAN 

"THE NEWEST, THE BIGGEST, THE MOST 

exciting discovery in solid -state physics 
at the moment" was heralded in front - 
page articles in the daily press a few 
months ago. The transistor, the articles 
screamed, was about to be superseded 
by a new, smaller, lower -cost, and 
more reliable device; a device that 
would make it possible to have com- 
puters so small and so inexpensive that 
every two -car family could have one: 
a device that would finally make the 
picture -on- the -wall TV set a reality. 

A self- educated inventor, Stan- 
ford R. Ovshinsky of Troy, Mich., had 
announced that he had obtained pat- 
ents on a new type of semiconductor 
switch, one that did not have to use 
crystalline semiconductors, but was 
made of disordered (amorphous or 
formless) materials or glasses. These 
switches could be operated by any 
voltage from about 2.5 to 300 or 
more, would switch in picoseconds, 
and -unlike transistors -were bilateral 
(would work both ways). 

Even more important, the new 
devices were insensitive to radiation 
and could be used in space equipment. 
Another possible use was on nuclear 
warheads. Most antimissile weapons 
depend on paralyzing the electronics 
of a warhead with radiation. War- 
heads equipped with Ovshinsky's de- 
vices would ride right through a strong 
radiation field without noticing it. 

A few days later, the same papers 
came out with more subdued stories. 
Reporters sent out to interview large 
electronics companies found little en- 
thusiasm. "Yeah," the manufacturers 
said in effect, "we know about them. 
They work -after a fashion." One 
large company reported using the 
devices experimentally: another had 
been a licensee of Ovshinsky's firm for 
a few years. One outfit even claimed 
to have invented the device--years 
ago! 

So, what is the truth? What is this 
Ovshinsky device? Will it work? How? 
What can we expect from it? Is it 
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new? Is it revolutionary? Is it even 
Ovshinsky's? 

A true semiconductor device 
First of all, it is a semiconductor. 

It is a two- terminal device, so it might 
be called a diode- except it is a two - 
way device, conducting equally well 
both ways. Physically, it has a very 
thin "glass" film. (One formula is 48% 
tellurium, 30% arsenic, 12% silicon 
and 10% germanium.) If a voltage is 

connected across this semiconductor. 
it acts like a high resistance (hundreds 
of megohms) until the voltage reaches 
a certain point. Then the resistance 
drops suddenly to as little as 6 ohms 
or less. 

Depending on the thickness of the 
layer and its composition, the trigger 
or threshold voltage varies from about 
2.5 to over 300 volts. Since the semi- 
conductor is practically an open cir- 
cuit until it is triggered, almost no 
power is needed to turn it on, even at 
the 300 -volt threshold. And since the 
resistance can drop to a few ohms 
once triggered, it can handle large 
amounts of current -in the order of 
amperes. 

Why does it work that way? 
This is one of those "good" ques- 

tions. Strangely enough, less is known 
about noncrystalline (amorphous) sol- 
ids than crystals. This is largely be- 
cause the orderly and symmetrical 
arrangement of the crystal structure 
lends itself to mathematical treatment. 
A few theoretical physicists have de- 
voted themselves to the more rugged 
and less popular task of studying 
amorphous solids. The ovonic device 
is one of the first fruits of their efforts. 

One of the things researchers of 
"disordered structures" found out is 
that (in the words of Jan Tauc of the 
Czechoslovak Academy of Sciences) : 

"In an amorphous body or in a liquid 
the atomic arrangement is not totally 
chaotic. The chemical forces between 
the atoms tend to bind the atoms in 
the same way they are bound in a cry- 
stal. The consequence of these forces 
is that the arrangement of the nearest 
and next -nearest neighbors of a given 

atom is not very different from that in 
a crystal." This finding has adced some 
order to an otherwise disordered sub- 
ject. 

Mr. Ovshinsky looked for mate- 
rials that would trap many carriers of 
electric charge and yet, upon applica- 
tion of an electric field, release the 
carriers so that the material can be 
reversibly and selectively tranelormed 
from a nonconductor to a conductor. 

In other words, if ovonic mate- 
rial is placed between two electrodes 
and a voltage is applied, as in Fig. 1, 
the voltage exerts a "pull" on the 
trapped carriers (shown as electrons, 
marked "e" in the figure). At a certain 
(threshold voltage) many carriers are 
pulled out of the traps and give the 
previously insulating material a metal - 
like quality, -it has many free car- 
riers. This permits easy move -rent of 
carriers from one electrode, nto the 
semiconductor material and out into 
the other electrode. 

Once a path is established, an 
avalanche of carriers starts, and the 
resistance of the semiconductor drops 
to a few ohms. The whole process 
may take only about 150 picoseconds 
(0.000000000150 second). Tie con- 
ducting state is maintained until the 
current drops below a given level 
(0.5 mA), then the material switches 
back to the high -resistance condition. 
If the voltage is alternating, current 
starts in the opposite direction as soon 
as threshold voltage has been reached 
on the opposite alternation. 

Note that when the switch goes 

Fig. 1 -If ovonic material is placed 
between two electrodes and a voltage is 
applied, the voltage exerts a pul! on the 
trapped carriers, marked e in figure. 
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"on" it immediately passes full cur- 
rent. Thus a scope photo of the action 
looks like Fig. 2. (This pattern, by the 
way, is used as the graphical symbol 
for the device, which no one so far 
has dared to call an "ovistor. ") 

A memory cell 
Ovonic devices may be made in 

two main types. Besides the off -on 
switch, a unit can be made that, once 
it is conductive, remains conductive 
even after the voltage is removed. 
This effect is achieved by reducing the 
amount of arsenic in the material to 
about 5c7. 

Since such a unit can remain in 
either one of two stages- conducting 
or nonconducting -it can be used to 
store binary numbers. It is, in fact, a 
near -perfect memory cell for compu- 
ters. It can be "read out" by sending 
through it a current just strong enough 
to determine whether it is conductive 
or not. This can he done without 
destroying the information it carries 
(changing its state). The device will 
remain indefinitely in its conductive 
or nonconductive state without any 
power: it can be reached immediately 
to retrieve information. and can he 
erased by another pulse. 

Indeed, a complete digital com- 
puter could be built with just these 
two elements (the off -on switch and 
the memory device, replacing all the 
transistors and diodes of a present - 
generation computer. This was the 
basis for newspaper reports of "desk- 
top computers for use in homes." 

What can we do with it? 
What can we do with a unit that 

has two terminals, will turn on when 
voltage reaches a certain point and 
then conducts almost like a piece of 
wire? A mere voltage- operated switch? 

Not quite. Even if it were simply 
a voltage -operated switch, it would 
have (and does have) an important 
application in computers. And this 
switch can be smaller than the diodes 
now used, and is bilateral. 

But it can control far more than 
the amount of power that switches it 
on. Suppose, for example, we want to 
light a 6.3 -volt lamp using about 2 
watts of power, and have a 1-volt sig- 
nal (say an audio tone or the amplified 
signal from a vibration transducer) 
with current in the milliamperes to 
turn it on with. We could supply a 

steady 6.5 volts (ac or dc) and put 
our trigger signal in series with it, as 
in Fig. 3. Now, when the signal volt- 
age is added to the regular "bias" we 
have more than 7 volts. An ovonic 
device with a 7 -volt threshold will turn 
and supply the full 6.5 volts (minus 
circuit drops) to the lamp. 
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The device can be made to have 
almost any desired threshold between 
3 and 300 volts. Therefore, it can be 
used to release very large amounts of 
power with a triggering impulse in the 
milliwatt range. It can also be used as 
a phase control to cut the power to a 
circuit or appliance. If a device with 
a threshold of 70 volts were used in a 
120 -volt line, it would work exactly 
like a silicon controlled recifier 
(SCR) set to turn on at 70 volts 
(except that it would work on both 
halves of the cycle). Or a phase con- 
trol somewhat similar to those used 
with thyratrons or SCR's could be 
used to supply the turn -on pulse at a 
desired point in the cycle. 

And that TV on the wall? (Some 
work along this line has already been 
done for the Air Force.) By building 
up a laminated "sandwich" structure 
(closely packed transparent vertical 
conductors on one side, a thin film 
of ovonic threshold switching material 
and electroluminiscent phosphors in 
the middle, and closely packed hori- 
zontal conductors on the other side - 
see Fig. 4) it would be possible to 
build a flat TV display. 

Correct negative voltage applied 
to a horizontal conductor and positive 
voltage to a vertical conductor would 
cause the ovonic material to "fire" at 
the crossover point, creating a dot of 
light. By scanning, a complete picture 
could be built up. Simple, but not too 
easy to work out for entertainment - 
type picture quality, though it might 
do very well for a low- resolution dis- 
play. 

Fig. 4 -Flat TV 
display using 
ovonics might 
take the fora: 
shown here. Lam- 
inated sandwich 
structure (closely 
packed transpar- 
ent vertical con- 
ductors on one 
side, ovonic ma- 
terial and phos- 
phors in the 
middle, and hori- 
zontal conductors 
on other side) is 
secret. 

Metallic 
Deposit 

Fig. 2 -Two wires coated with thin 
filin of ovonic semiconducting material 
may indicate the ultimate in solid -state 
switching. Cost reflects simplicity. 

SIGNAL INPUT ó 

POWER INPUT 
117 VAC 

II 

b 6,5V 

OVONIC 
SWITCH 

LAMP 

Fig. 3- Typical application uses ovonic 
switch to control basic lamp circuit. 
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Linear amplification 
At first glance, it would seem 

that an all -or- nothing device like this 
would be useless in any application - 
an audio amplifier, for example - 
where the amplified signal must be 
varied continuously in strength. There 
are, however, ways to amplify vari- 
able- amplitude signals with fixed -out- 
put devices. Pulse -code modulation is 
one method: another is pulse -width 
modulation. The class -D or two -state 
audio amplifier (RADIO- ELECTRONICS, 
July 1965, page 54) switches transis- 
tors from cutoff to full pwoer, varying 
the width of pulses presented to the 
final or switching ampifier to obtain 
the variable audio output. 

An oscillator? 
Ovshinsky says: "Even in a circuit 

stabilized with a 100 -megohm load 
resistor, the unit cannot be held at an 
operating point between the highly 
resistive and the conducting state. In 
some cases relaxation oscillations gov- 
erned by the load resistor and the 
unit's capacitance have been ob- 
served." 

Anyone who has ever worked 
with a neon -bulb stabilized power sup- 
ply of the type popular in amateur 
circles some years ago will understand 
the above perfectly. The voltage rises 
till the unit just becomes conductive. 
Then (unless you have a perfect zero - 
impedance power supply) the sudden 
rush of current drops the voltage 
slightly, and the unit goes into the 
nonconductive state. This causes the 
voltage to rise again, the unit becomes 
conductive . . . and so on. 

It might be interesting to see what 
could happen with an inductor sub- 
stituted for the load resistor. With 
a switching time in the picosecond 
range and an internal capacitance of 
only 3 pF, some pretty high frequen- 
cies should be attainable. 

An important feature of the 
ovonic unit is that -unlike other solid - 
state devices -it is uniquely adapted 
to thin -film circuitry. There is no 
problem in integrating it onto a thin - 
film substrate -it is thin -film itself! 
This is very important. and may be a 
decisive factor in large -scale integra- 
tion. 

Another feature is its invulner- 
ability to X -rays or other radiation 
from antimissile missiles. In a crystal 
structure, such as a transistor, radia- 
tion may knock the arrangement out. 
But since the atomic arrangement in- 
side the ovonic device is already that 
of a "perturbed crystal" radiation 
doesn't bother it. The radiation merely 
rearranges the atoms without making 
it any harder (or easier) for charge 
carriers to get through the structure. 

This disordered arrangement is 
also a key to the low cost of produc- 
ing the device. No careful crystal 
growing, purifying or doping is 
needed. And not being harmed by fac- 
tors that might break down the struc- 
ture of a crystal and disable it, the 
ovonic device can be more reliable. 

Is it really new? 
It is new to the general public. If 

it is new to the engineer or technician, 
it is partly his own fault. Mr. Ovshin- 
sky has been talking about it since 
the early '60's without attracting too 
much attention. He had two handi- 
caps: First, to avoid patent interfer- 
ences, he avoided giving details until 
his patents were issued recently. (A 
person who says, "I have a great dis- 
covery," then fails to tell how it works 
is usually suspect.) Second, although 
Mr. Ovshinsky has gone far in the 
fields of mechanical engineering, 
neurophysiology and electronics, he is 
self- educated -has no Ph.D. And un- 
fortunately too many scientists are in- 
clined to pay little attention to a paper 
not authored by a Dr. 
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Demonstration 
model of ovonic 
electroluniines- 
cent display. In 
later models, 
switches will he 
integrated with 
the lamps to form 
a fully integrated 
flat panel visual 
display. Perhaps 
this will he a 
route to thin - 
screen hang -on- 
wall color TV. 

Mr. Ovshinsky's first patent on 
an amorphous semiconductor was 
granted in 1961. However, he gives 
credit for the discovery of the intrinsic 
behavior of amorphous semiconduc- 
tors to the physicists A. F. Ioffe and 
B. T. Kolomiets, and much work in 
the field has been done by Russian 
physicists. On the other hand. all his 
colleagues appear to give him full 
credit for the voltage -switching, or 
Ovshinsky effect in disordered materi- 
als. 

The magazine Electronics -_)rinted 
an article describing the experimental 
use of ovonic devices in compu :er cir- 
cuitry in July, 1967. The story con- 
tained four pages of color pictures of 
Ovshinsky's Energy Conversicn De- 
vices factory at Troy, Mich. 

Will it work? 
It is already working, and in cer- 

tain specialized uses, such as radiation - 
resistant applications, probably better 
than other available devices. How far 
it will go in other fields in which 
present -day transistors and diodes are 
firmly established (or in areas totally 
unforseen today) is a matter for the 
future to determine. Most of those who 
are well acquainted with the devices 
tend to agree with the Air Force expert 
who two years ago offered his personal 
opinion that the glassy devices, though 
still in their infancy, "will become as 
important as the transistor and the 
diode." R -E 

IMPORTANT! 
Don't rush out and sell all your 

old transistor equipment, just to get 
rid of it while it's still marketable! 
True, some of the reports seem to 
say that ovonic devices are going to 
replace the transistor immediately, 
and that kitchen computers and 
picture -on- the -wall TV are just 
around the corner. Those stories 
were written by reporters without 
too much technical knowledge and 
published by newspapers more in- 
terested in circulation than tech- 
nology. 

According to Mr. Ovshinsky: 
"Most of the operational applica- 
tions of this new field of electronics 
are still in the future." 

However, there appears to be lit- 
tle doubt, in the minds of engineers 
and scientists who have studied the 
new switching devices that -as 
Government scientists have written 
-"they will become as important 
as the transistor and the diode . . . 

will undoubtedly open new applica- 
tions so extensive they cannot even 
be imagined today." 
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THE PICTURE THAT WENT TO JAIL 

By JACK DARR 

"YOU 'VE NEVER SEEN ANYTHING 
like this before!" bragged Ernie. 
"Come look at it." Bernie chimed in, 
as usual: "Yeah!" They were my deal- 
er's two novice technicians, and they 
were never happier than when they 
found something that could stick the 
Old Man. So, I followed them into the 
back room. A Zenith color portable 
sat on its wheeled cart. 

The picture was good, plenty of 
color, brightness, focus and so on, but 
something new had been added -thick, 
very black vertical bars, five of them, 
equally spaced across the screen. The 
picture looked like the view from the 
window of a jail (Fig. I)! 

Fig. 1 

It had color all right, but it was 
a very odd off-color--almost purplish, 
or too reddish. The background was 
darker than it should have been, too. 
I turned to a station that had a news 
commentator sitting still. When I 
turned the color control all the way 
off I said, "Does that look all right ?" 

They admitted that it didn't, now. 
They had to-the picture was ob- 
viously negative (Fig. 2). You could 
see it much more easily on the black - 
and -white picture. I thought a minute. 
"Did you guys take that transistor 
video amplifier out ?" I asked. 

"Yeah," they both said at once. 
"Well, take it out again, and turn 

it halfway around and put it back." 
Ernie pulled the cheater cord, 

and they reversed the video- driver 
transistor. This was a plug -in type and 
very easy to get at on the back of the 
chassis. Turning it on again, we still 
had our jailhouse bars, but the picture 
was now positive. (Actually, I had 
been pretty sure that reversing the 
transistor would blow it out, but ap- 
parently it didn't. Only the emitter and 
collector had been reversed, since the 
base was in the middle. Oh well, you 
learn something every day.) 
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How to arrest troublesome bars and spikes 

Fig. 2 

I took the back off, and turned the 
set on. Bars still there. I wondered for 
a minute what it'd look like if I put a 
crosshatch pattern on it, and then 
stopped the foolishness and got the 
schematic out (20Y1C37 chassis). 

The bars were apparently being 
caused by something in the Y- channel 
or "video." I could cut their intensity 
by turning the brightness or contrast 
control down. Turning the color con- 
trol higher made it "slop over" into 
the black bars. So, this was apparent- 
ly something in only the Y- channel, 
not affecting the color. Tint control 
worked, and so did the color control. 

Up scope! Putting a test clip on 
my low- capacitance probe, I set up 
the scope for a look at the horizontal 
sweep frequency. This was obviously 
something like ringing, getting into the 
video and making bars by blacking out 
the signal at a rate of about 75 kHz 
or the fifth harmonic of the horizontal 
sweep. 

The video amplifier was visible, 
but the wires were close together. I 
had to pick up a short piece of wire 
clipped off a capacitor lead, and hold 
it in the end of the test clip. Shakily, 
I touched the collector of the transis- 
tor. Yep. There was the signal I'd ex- 
pected to see (Fig. 3) . 

Fig. 3 

However, on the transistor base, 
there was nothing but video. No bars 
or spikes at all. Hmm. Turning the set 
off, I pulled the transistor. Turning it 
back on, I got video on the base ter- 
minal again, nothing on the collector 
(which I'd expected) but a nice col- 
lection of bars and spikes on the emit- 
ter. Here it is! 

Tracing the circuit on the sche- 
matic, I could see a couple of things 
that might be causing the confusion. 
The blanking was fed to the emitter 
of this transistor, with a couple of 
diodes in there (Fig. 4). One went to 
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ground, and the other went back to 
a winding on the flyback. The wave- 
form from the flyback had a very high 
horizontal -blanking spike, and several 
much smaller "rings" along its base 
line (Fig. 5). 

Fig. 5 

The scope showed a very large 
pulse waveform at the end of the 
6800 -ohm resistor, and also on the oth- 
er side of the series diode. Turning the 
set off, I lifted one end of the diode 
and slapped the ohmmeter across it. 
Oh, ho! The little reascal was shorted. 
This allowed the whole blanking wave- 
form to get through, instead of only the 
blanking pulse. The rings along the 
base line were causing those thick black 
jailhouse bars! 

Putting in a replacement diode, 
a 1N64, which was the only one I had, 
I tried it. Evidently this made the jail- 
break good, the bars were gone. R -E 
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T 
BUILD -R -E EXCLUSIVE 

s I EAM 
Dual operational amplifiers give you top hi -fi performance 

by KEN BUEGEL 

THIS PREAMPLIFIER IS A COMPANION 
unit to the stereo power amplifier 
which appeared last month. Dual op- 
erational amplifiers packaged on a 

single chip provide left and right chan- 
nels for each of the preamplifier 
stages. The Motorola MCI303P is two 
separate amplifiers sharing common 
power supply terminals. 

The package layout is exception- 
ally easy to use. All input signals are 
applied to the non -inverting input (pin 
9) in Fig. I. Since this input has high 
impedance. in the order of many 
megohms, the input impedance re- 
quired for any application is easily set 
by connecting an appropriate resis- 
tance between this terminal and 
ground. 

Returning the inverting input 
(pin 8) to ground through a capacitor 
keeps the dc gain of all packages at 
unity Thus, the maximum dc output 
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voltage can never exceed the input 
offset voltage -less than IO mV. 

The total power supply require- 
ments are plus and minus 13 volts at 
45 mA. This amount of current is 
drawn from the power amplifier pow- 
er supply through dropping resistors. 
Zener diodes across the inputs hold 
the voltages within the IC ratings. A 
40 -mA lamp in series with the posi- 
tive supply current is used as a pilot 
light. A Zener diode across this lamp 
holds it to a 13 -volt operating voltage. 

Three IC's are used. ICI pro- 
vides amplification and the RIAA 
equalization required for a magnetic 
phono cartridge. Its output is a high - 
level signal which. with the other in- 
put signals, is connected to the con- 
tacts of SELECTOR switch S I . 

Switch SI's wiper feeds the vol- 
ume control. 1C2 provides amplifica- 
tion and the low output impedance 
drive for the bass and treble tone con- 
trols. The wipers of Sl also connect 

I 

directly to the tape outpu emitter 
followers. The tape recorder output 
jacks are a low- impedance output and 
have not been altered by an control 
action within the preamplifiêr. Since 
the tone controls. when in their FLAT 
position. attenuate all frequencies 
about 18 db. IC3 operates at moder- 
ate gain to boost the output voltage. 
Maximum output voltage. at less than 
0.1% distortion, is 4.5 -volt rms. which 
will drive any available power ampli- 
fier on the market. 

Frequency response of he com- 
plete preamplifier is 3 Hz to 34 KHz 
±6 dB. The required magnetic car- 
tridge load. usually 47,000 ohms, is 

connected directly across the phono 
input jacks. Each IC has a 100 -ohm 
resistor in series with its outpit termi- 
nal. This value is adequate for driving 
a signal through up to 50 feet of shield- 
ed cable. If longer output cables are 
needed, increase resistor values at the 
output of IC3. 
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Building the preamp 

The first step is to mount compo- 
nents to the printed -circuit board. A 
half -size layout is shown for those who 
wish to make their own boards. A 30- 
40 watt soldering iron with a small 
chisel tip is best for soldering leads 
to the board. After inserting a part 
bend the leads outward, cut off the inch 
above the board and solder. 

If you accidentally fill a hole with 
solder, touch the iron to the hole and 
insert a toothpick through the hole. 
Mount the IC's on the board last. 
The small notch in one end of each 1C 
should point to the right or output end 
of the PC board and should be above 
the tiny copper dot if you buy your 
board. 

After the PC board is complete, 
make all connections to the front panel 
controls. Wiring will be easier if the 
controls are first assembled to a sub - 
panel. A small 4- terminal tiepoint 
placed between the tone controls will 
provide input mountings for the tone 
control components. 
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Fig. 1 -One channel of the stereo preamp 
three op amp IC's is used identically in th 
the circuit is essentially flat over the audible 

PARTS 

The following parts are for a single channel 
only. You will need two of each for a stereo 
preamplifier 

Capacitors 
Cl, C6, C11, C17 -25 11F, 16 V electrolytic 

(Sprague TL1157.1 or equiv.) 
C2, C7, C10, C16-1 µF, 25 V electrolytic 

(Sprague TL1200 or equiv.) 
C3 -820 pF, disc ceramic, 10% 
C4 -.0068 µF, 80 V (Sprague 192P6829R8 or 

equiv.) 
C5 -.0015 µF, 200 V (Sprague 192P15292 or 

equiv.) 
C8, C18 -33 pF, disc ceramic, 10% 
C9, C19 -.001 pF, disc ceramic, 10% 
C12, C15 -.0022 p.F, 80 V (Sprague 192P229R8 

or equiv.) 
C13- .022 -12F, 80 V (Sprague 192P2239R8 or 

equiv.) 
C -14 -220 pF, disc ceramic, 10% 

All resistors 1/2 -watt 10% unless noted 
R1 -1000 ohms 
R2- usually 47,000 ohms (see cartridge data 

sheet for suggested value) 
R3- 820,000 ohms 
R4- 750,000 ohms, 5% 
R5- 51,000 ohms, 5% 
R6, R12, R25 -100 ohms 
R8 -3,300 ohms 
R10, R11, R20, R24- 100,000 ohms 
R13- 470,000 ohms 

is shown above. The second half of the 
e other channel. Frequency response of 
range: ±6 dB front 3 II: out to 34 kHz. 
LIST 
R14- 680,000 ohms 
R15 -4,700 ohms 
R16 -1 megohm 
R17- 47.000 ohms 
R19, R22- 10,000 ohms 
R23- 220,000 ohms 
Following parts are used one per preamplifier 
C20, C21 -350 AF, 15V (Mallory MTA350F15 

or equiv.) 
R7 -2,500 ohms, linear potentiometer 
R9 -dual 100,000 ohms, audio taper potenti- 

ometer (I RC -CTS type 45A104MA104S17 
or equiv., includes spst switch) 

R18, R21 -dual 1 megohm, audio taper po- 
tentiometer (IRC -CTS type 45A105MA105 
or equiv.) 

J1, J2, J3, J5, J6, J7, J8, J9, J10, J11, J12- 
phono jacks, single -hole mounting 

IC1, IC2, IC3- MC1303 (Motorola) 
Q1, Q2- 2N3381 (G -E) 
D1, D2 -1 W, 13 V, 10% Zener diode (1N4743 

or equal) 
S1 -2 -pole, 4- position miniature rotary switch 
52 -2 -pole, 2- position miniature rotary switch 
Case, knobs, miscellaneous hardware 
1 printed circuit board, etched and drilled 

No. PRE -1 $7.10 postpaid. Order from: 
Transitek Co. 
P.O. Box 98205 
Des Moines, Wash. 98016 

Kit of semiconductors including IC1, IC2, 
IC3, Q1, Q2, D1 & D2 also available from 
Transitek. $19.75 postpaid. 
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The capacitor shown in the parts 
list for C12 and C13 is small erough 
to mount directly across the control 
terminals. Be careful soldering in this 
area as parts are tightly spaced. 

Control panel hookup 

Use shielded cable for all v iring 
between the panel controls and circuit 
board. Connect the grounds or the 
signal input jacks together with No. 20 
stranded wire and make a solid con- 
nection to the circuit board. 

Connect the phono input jacks to 
the inputs of IC I with a 2 -wire shiélded 
cable. The specified loads for the 
phono cartridge. usually 47.000 ohms, 
are connected across the phono nput 
jacks. 

Route the ON -OFF switch i gads 
away from the inputs of ICI. The 
power cable to the preamplifier is a 5- 
conductor No. 20 cable. Since power 
supply filter capacitors C20 and C21 
are on the circuit board, this cable 
is not shielded. A power suppl} for 
the preamplifier should it be used as 
a separate component is shown in 
Fig. 2 -a. 

Test before using 

After the unit is completer', it 
must be tested. Use a scope to monitor 
the output signals as well as to measure 
their level. 

Apply a signal from an audio 
generator to each high -level input 'jack 
on the left channel. Connect the scope 
to the preamp left output jack. You 
should get an undistorted audio output 
of at least 4 volts rms with the tone 
controls in the flat position, and a 
0.2 -volt rms input signal. Rotating the 
balance control should increase and 
decrease the left channel output signal. 
Check the effect of the tone con -rois 
with test frequencies of 50 Hz and 
10 KHz. After all high level in- 
put jacks are checked out. apply a 
5 -mv signal at 1 KHz to the phono 
input jack. With SI in the phono rosi - 
tion. the output signal should an ear 
at the preamp left output jack. 

The left tape output jack sh..:uld 
deliver the input signal selected by 
SI. Tone, volume, and balance con- 
trols should have no effect on the ape 
output signal. 

Repeat this procedure for the 
right channel. 

Make a further check by measur- 
ing the output on the left channel 
with a maximum output level signal 
appearing on the right channel. You 
should read less than 10 mV on the left 
channel. Make this check in both direc- 
tions. 

Any hum or noise appearing: at 
the outputs should be completely in- 
audible at normal listening levels. R -E 
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What's New in 5 -Watt 
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Fig. I (top left) -Tire Squire -Sanders Skipper, a book -size 
mobile CB rig, features roller knobs, pushbuttons and a 
break -away mounting for passenger safety. Fig. 2 (center 
left) -Train's Titan II is a full -size vacuum-tube model with 
many features found in low-power ham transceivers. Meter 
on front panel can be used to measure SWR on the trans- 
mission line, signal strength in S -units and power output. 
Fig. 3 (lower left) is sketch of ureter selector switch on the 
rear panel. Fig. 4 (above) is the circuit of the SWR bridge 
in B &K's model Cobra 98. It is similar to units sold as a CB 
accessory. The Allied Radio model A -2350 (Fig. 5, below) 
transmits on ten crystal controlled channels. Its dual -con- 
version receiver with manual tuning covers the full band. 
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CB Gear 

By LEN BUCKWALTER 

JUDGING BY THE 1969 EQUIPMENT, CB ENGINEERS HAVE 

moved quickly to exploit recent gains in technology. They 
now build full -power transceivers barely larger than last 
year's handie- talkie. The package may contain a noise 
"silencer" similar to one in a $700 police radio, 23 crystal - 
controlled channels and a built -in PA system. A new CB 

set may boast features usually associated with costly ama- 
teur equipment, like a mechanical filter or a dual- conver- 
sion receiver. Fortunately, these advances are being intro- 
duced without significant price increases. 

It's now possible, for example, to buy a CB trans- 
ceiver for under $200 that includes most of these recent 
design improvements: 

Field -Effect Transistors -FET's are being quickly 
adopted for the front ends of CB receivers. They improve 
selectivity and reduce cross talk when operating on strong 
input signals. 

Integrated Circuits -IC's are now liberally applied 
in transceiver design. They'll appear in an i.f. strip or in 
audio stages. IC's make the rig smaller or economically 
supply the designer with more stages. 

Mechanical Filters -This component, which alone 
once cost more than some transceivers, has been scaled 
down for application by CB manufacturers. It improves 
receiver selectivity by slicing away adjacent- channel inter - 
erence. Ceramic filters also find their way into more 
equipment to enhance selectivity. 

Frequency Synthesis -This mathematical mixing of 
about 14 crystals to create 46 crystal -controlled frequencies 
is nearly standard in many new sets. The rig with fewer 
than 10 channels is hard to find. 

Noise Silencers -This one is an improvement over 
the conventional noise "limiter ". Now appearing on more 
transceivers, the silencer reduces noise at an early point in 
the receiver, where the signal occurs at a radio frequency. 
A silencer provides better action than simple limiters, 
which function mainly on the audio signal. It attacks noise 
voltage before it "rings" and broadens in the i.f. stages. 

Silicon Transistors -The changeover to silicon cir- 
cuitry is proving a boon to mobile operation. Earlier ger- 
manium types could succumb to heat developed under the 
automobile dash. 

These are some of the major advances in the recent 
crop of CB transceivers. Although the emphasis is on 
solid state, the equipment is changing in other ways, too. 

One is that the trend toward miniaturization has 
seemingly reached a crossroads. Although the tiny trans- 
ceiver is often welcomed by the CBer for his mobile rig, 
the physically large set persists in popularity for the home, 
or base -station rig. These preferences have led to more 
splitting of lines by many manufacturers into the "base" 
and "mobile" rig. 

In earlier years, one transceiver model with a dual 
power supply could be a base or mobile unit. Today, how- 

MAY 1969 

ever, a large transceiver may operate solely on hou 
rent; while small, solid -state sets are powered from 
dc. (Some manufacturers offer an accessory power 
for operating the mobile set at home.) 

Big power, small package 

se cur - 
12 -volt 
source 

Thus you can expect more differences in the physical 
packaging of 5 -watt CB gear this year. An impartant 
factor, though, is that even in extremely small mobile sets, 
it's still possible to obtain the elaborate circuitry focnd in 
the big base station. It's due to the high circuit density 
possible with solid -state components. Let's consider some 
actual examples of what's happening to CB equipment. 

An example of one manufacturer's effort to produce 
a compact rig with considerable circuitry is the Squire - 
Sanders_ Skipper shown in Fig. 1. Despite its size -about 
that of a book -the set operates on all 23 channels, deliv- 
ers full 5 -watt transmitter power and has a dual -conversion 
receiver. An innovation in this set is a break -away mount- 
ing bracket. If a passenger is thrown against the dash 
during an unscheduled stop, the set is shoved back harm- 
lessly. Another accommodation to auto safety is the ab- 
sence of fierce knobs or sharp edges. Instead there are 
roller knobs and flat pushbuttons. 

The Skipper, with its miniscule proportions, resides at 
one end of the size spectrum. It is clearly a mobile; the 
power source must be 12 -volt dc. At the opposite end is 
the big base station. Not only is it physically large. but sev- 
eral popular makes still contain vacuum tubes. The recent 
Titan II by Tram is one example of a set strictly for base - 
station work. It weighs 26 pounds (vs 31/2 for a tiny mo- 
bile), has vacuum -tube circuits and is housed in a substan- 
tial cabinet (Fig. 2). 

AM or double sideband 
The Titan II has several interesting features. For one, 

its transmitter can operate on either conventional AM or, 
by suppressing its rf carrier, on double sideband. In the 
sideband mode, a range increase is possible since addi- 
tional wattage is injected into the signal's audio - bearing 
sidebands. Another feature of this transceiver is the use 
of the S -meter for additional signal measurements. In 
the Tram unit, the S -meter reads incoming signal strength 
in conventional fashion. Then it may be switched to indi- 
cate relative transmitter power being applied to the trans- 
mission line. In another position, the meter indicates 
standing -wave ratio of the antenna system. This can be 
valuable. For example, if SWR is measured at a low value 
(less than 2:1, for example) it's excellent evidence that 
the transmission line and antenna are operating at high 
efficiency. The final meter value which the operator can 
select is the true rf power output of the transmitter. This 
is done by measuring the output signal across a built-in 
dummy load. Most transceivers which read power indicate 
it in relative values. The Tram arrangement provides a 
numerical reading in actual watts. Given SWR and power 
readings, the operator has a continuous check on system 
performance. How he selects the various meter functions is 
shown in Fig. 3. 

Built -in SWR 
Another manufacturer also includes a built -i 

meter in his transceiver. It's the B &K Cobra 98 
The partial schematic in Fig. 4 reveals how this fe 

n SWR 
mcdel. 

ature is 
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CB is looking at some changes. 

story on what's 
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10 

Fig. 6 (top left)- Johnson Messenger 223 transmits and 
receives on 23 channels. By using frequency synthesis, the 
engineers make 14 crystals do the work of 46. Fig. 7 (center 
left) shows two crystal frequencies heterodyned to transmit 
on 27.065 MHz. To receive, two crystals beat, producing a 
voltage 455 kHz below the signal frequency. Fig. 8 (lower 
left) -Sonar's model J -23 is another all- channel rig fea- 
turing frequency synthesis. Fig. 9 (top right) -The Eaglette, 
by Browning Laboratories, is a 23- channel mobile trans- 
ceiver with local- distance switch to cut down on noise and 
skip interference. Fig. 10 (above) -The Pace Base Station, 
in its low -profile walnut cabinet, is sure to make a hit with 
lady CB'ers. Fig. 11 (below) -Lafayette's Telsat 150 rig 
also receives FM in the 150 -174 -MHz police and fire bands 
and includes crystals for receiving US weather broadcasts. 
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Here's the inside 

happening today. 

added. The circuit closely resembles that of a conventional 
SWR meter that might be purchased as an external ac- 
cessory. Another manufacturer who uses the S -meter for 
more than the usual function is Allied Radio. As shown by 
the company's Model A -2530 (Fig. 5) the meter is cali- 
brated on several scales. By turning the meter switch on 
the front panel, the operator can read signal strength (S- 
meter), voltage of the car battery, transmitter modulation 
and relative output power. 

One trend in the recent lines of CB makers is the 
increasing number of channels being offered. A high per- 
centage of new equipment includes all 23 frequencies. The 
frequency synthesis approach is used in the new Johnson 
Messenger 223 (Fig. 6). With 14 crystals on strategic fre- 
quencies, it synthesizes a total of 46 CB frequencies (23 
for receive, 23 for transmit). We've illustrated in Fig. 7 
how channel 9 would be created. Note that two crystals 
subtract to generate the transmitted signal on 27.065 
MHz. When the operator wishes to receive this channel, 
another crystal combination takes effect. As shown, it pro- 
vides the local oscillator signal for channel 9 (26.610 
MHz). One crystal -32.800 MHz -participates during 
both transmit and receive. It's this kind of dual service that 
enables only 14 crystals to create 46 different frequencies. 
This is not the only system for obtaining all channels. 
Sonar, in its all- channel J -23 (Fig. 8), does it with 25 
crystals, instead of 14. 

Novel twists and tricks 

Which system is best? In early frequency synthesis 
circuits there was a problem of "birdies" heard in the re- 
ceiver. These were spurious signals created by the com- 
plex mixing process needed to make a few crystals do the 
work of many. Today, however, these problems have been 
largely solved and any system from a reputable manufac- 
turer should function properly. 

In other developments. transceivers turn up with a 
novel twist or two. Browning's new Eaglette (Fig. 9), a 
23- channel mobile rig, is fitted with a LOCAL- DISTANCE 

switch. The manufacturer states that in the LOCAL position 
receiver sensitivity is reduced so noise and skip interference 
are minimized when the desired signal is strong. In the 
DISTANCE position, the set operates at highest sensitivity 
for weak -signal reception. A counterpart of this feature is 
the rf gain control found in some large base -station sets. 
By manipulating the knob. the operator might optimize 
reception under certain conditions of interference and 
signal strength. 

An effort to please the lady of the house is evident in 
the Pace's new Base Station. As you can see in the photo 
(Fig. IO) the set is housed in a walnut cabinet. With a low 
panel silhouette and clean knob layout the set could pass as 
a stereo receiver. The Pace unit can be a fitting addition to 
a living room without clashing with the decor. Besides 
high styling, it has a built -in SWR indicating system, an rf 
gain control and full coverage on 23 channels. Another 
new wrinkle; instead of a fuse, there's a circuit breaker. 
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Thus, 1969 is a year which has, so far, witnessed no 
spectacular breakthrough in CB equipment. But it's a time 
that can boast of solid improvement. A good sign is that 
special circuits once offered at a premium are now apt 
to be standard items. The gingerbread and chrome which 
once festooned CB transceivers are now largely replaced 
by business -like, functional, panels. This could be in an- 
ticipation of "type acceptance," a government proposal 
which would require manufacturers to certify to the FCC 
that equipment meets minimum technical specifications. If 
the proposal becomes law (and it's generally believed 
that it will) the CB operator will have some recourse if 
he is cited for a technical violation due to poorly &signed 
equipment. According to existing law, the equipment own- 
er, not the manufacturer, is responsible when a rig fails to 
meet specifications. If type acceptance becomes law, it is 
not expected to have any significant effect on the perform- 
ance or appearance of transceivers. 

Trends in trouble 
Several trends in CB equipment, on the other hand, 

have failed to materialize. One is any speedy changeover 
to single sideband as a mode of transmission. When sev- 
eral manufacturers were queried about sideband plans 
last year, at least three declared they would soon market 
SSB transceivers. None has yet delivered any hardware. 
Sideband equipment, however, is available from at least 
one manufacturer. 

Another factor which has failed to materialize is the 
HELP program (Highway Emergency Locating Pln). In 
this proposal two frequencies would be created within the 
band, mainly for attracting assistance by stranded motor- 
ists. When HELP was presented several years ago (by the 
auto industry), CB manufacturers responded with the so- 
called "HELP- type" rig. It was extremely small, easy to 
operate and intended to appeal to the general public. Price 
was held to under $100. Since HELP has languished at the 
FCC, it is generally considered a dying issue. This might 
explain the reduced activity by CB manufacturers in the 
category of simple, stripped -down rigs. 

CB and business band 
One development, however, may trigger a new round 

of "combination" CB transceivers. There have been at- 
tempts in the past to combine the CB band with other 
services; the business band, for example. Also, several ear- 
lier transceivers had a power- reducing switch so the rig 
could be operated in CB or in the less -restricted 100- milli- 
watt unlicensed category (Part 15 of FCC rules). In other 
sets, manufacturers left empty channel switch positions in 
anticipation of new frequencies (such as HELP). Now 
there's a new "combination" circuit. It's in a newly intro- 
duced transceiver by Lafayette Radio (Fig. 11). Called 
Telsat 150, it is mainly a small 23- channel mobile CB 
transceiver. But it also has a built -in police and fire monitor 
receiver with a continuously tunable dial covering 151 -174 
MHz (the "high" vhf -FM band). For easy switch -selection 
of any two receive frequencies, there is provision for two 
crystals. The set could hold considerable appeal for the 
pleasure boat owner contemplating a CB rig for rrarine 
use. By plugging a suitable crystal into Telsat 150 he'll 
hear continuous broadcasts of marine weather. The new 
weather service also falls within the high vhf -FM band, on 
162.55 MHz. R -E 
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By ROBERT C. EHLE 

TO SOME PEOPLE ELECTRONIC MUSIC 
means any music employing electron- 
ics in any phase of its production. On 
the other hand, electronic music 
means certain things to people who 
work in this medium. Of primary im- 
portance here is "science fiction" mu- 
sic, "psychedelic" music, "electronic 
rock," "aleatoric" music, "stochastic" 
music, "chance" music and other 
forms totally unlike the old ordinary, 
pre -electronic music. The new elec- 
tronic music stands for new experienc- 
es in sound, for other -worldly, way - 
out sounds. 

Electronic music is being used as 
background music for science fiction 
movies, as sound for the new psyche- 
delic nightclubs and by the most suc- 
cessful rock'n'roll groups. 

The diversity of electronic music 
is exemplified by the fact that, while ac- 
claimed on college campuses as the 
latest in "intellectual" music by ad- 
vanced music students and faculty 
composers, it is also embraced by the 
Beatles and by a host of hippie and 
underground music groups, many of 
whom began in San Francisco's 
Haight -Ashbury nightclubs. 

Electronic music techniques 

Two basic types of electronic mu- 
sic are musique concrète, which in- 
volves hooking electronic instruments 
up with regular musical instruments, 
and "pure" electronic music which in- 
volves only sounds generated and pro- 
cessed by electronic instruments. Both 
are popular and both can be com- 
bined for an even more impressive 
array of possibilities than either can 
offer alone. 
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Make Your Own 

ELECTRONIC 
Musique concrete 
percussive sounds might be 
mixed with sound of tearing paper, shattering 
glass, the human voice, street and traffic noise by 
splicing and recording sound -on- sound. Here Nikolais 
marks the beginning of a sound with white grease pencil. 
The tape is then passed over playback head and the part 
wanted is edited out and spliced with electronic sounds. 

The important thing to remem- 
ber about musique concrète is that it 
is an "anything goes" style. If you can 
hook on a microphone to anything, do 
so. This includes the electronic organ, 
the electric guitar, electrified pianos, 
amplified voices, oriental gongs, 
chimes, the sounds of wood breaking 
-any sound ever heard by the human 
ear. The musique concrète composer 
or performer tries to make ordinary 
sounds louder, more intense, deeper, 
higher, richer and so forth. He wants 
you to hear sounds freshly, and with 
his particular emphasis placed on cer- 
tain sounds. 

When highly intensified sounds 
are linked with the sounds of a popu- 
lar singing group, the result is apt to 
be "the heavy sound," or some other 
variety which is so popular today. Se- 
rious composers tend to stay with 
"pure" electronic music by rejecting 
the use of microphones, contact pick- 

ups and recordings of natural sounds. 
The really successful techniques 

of both musique concrète and pure 
electronic music involve basic princi- 
ples of audio signal manipulation and 
processing. Recording engineers are 
called upon to produce these effects, 
as are sound effects departments and 
the special sounds departments and 
studios of motion picture manufac- 
turers, record producers, experimen- 
tal music laboratories of colleges and 
universities and any other organiza- 
tions responsible for the production 
of sound tracks and specialties. 

The basic instrument for pure 
electronic music and for musique con- 
crète processing is the sound synthe- 
sizer, which is, in reality, a collection 
of individual components or modules 
for various functions. No two synthe- 
sizers are exactly alike. Several excel- 
lent synthesizers are available com- 
mercially today, and every one is dif- 

A custom -built instrument using 10 oscillators to create pure electronic sounds. 
The knobs on each oscillator control the pitch, except for the unit beneath the 
small keyboard (upper left). This controls sound "color," providing a range from 
a harsh rasping to flutelike tones. Output may be spliced with percussive sounds. 
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MUSIC 
Percussive sounds 

from around the world 
are used for musique concrete -one form 

of electronic music -by Alwin Nikolais, a choreographer 
who creates music for his dance group. Chinese gongs 

and cymbals, primitive drums from Africa and modern metal 
drums from the West Indies are a few of the instruments 

recorded on up to five tape machines via a standing mike. 

ferent from all others. 
There are, however, many com- 

mon functions, and electronic music 
processing may be broken down into a 
number of them: 

1. Sound generation. 
2. Modulation, gating or envelope 

control. 
Filtering. 
Reverberation. 

3. 
4. 
5. Tape recording and tape tech- 

niques (splicing. dubbing, tape 
loops, overlays, echo and rever- 
beration). 

6. High -fidelity reproduction tech- 
niques (stereo, moving sound 
sources, etc.). 

7. Control devices (keyboards, lin- 
ear controllers, potentiometers). 

Next we'll look at these techniques 
one at a time. An earlier article (Jan- 
uary 1969 RADIO- ELECTRONICS) COV- 

ered some simple devices available to 
the home experimenter for perform- 
ing many of these functions. A future 
article will discuss specific electronic 

music generating and processing sys- 
tems, and some of the operations per- 
formed in schools, laboratories and 
studios across the country. 

First, look at a block diagram of 
a typical electronic music system (Fig. 
1). One or more sound sources send 
signals to modulators, filters and re- 
verberators. Frequency- modulation sig- 
nal sources may be used to frequency - 
modulate some types of sound sourc- 
es. The output of the process is 
mixed, taped and then subjected to 
the various tape recording techniques 
listed above. 

Audio generators 

There are two basic categories of 
generators: oscillators and electrome- 
chanical generators. An oscillator gen- 
erates an electrical signal that is a 
replica of an audible sound. When 
amplified and fed into a loudspeaker, 
the sound generated will be the equiv- 
alent of the electrical signal. 

Fig. 1 -Only a few of the infinite range of sound sources that may be amplitude 
or frequency modulated are shown in this block diagram of an electronic 
system. Tape editing and recording techniques broaden finished sound even 
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music 
more. 

FILTERS 
REVERBERATOR, 

(PASSIVE SOUND SYSTEM, - OR -"TAPE RECORD - 
REGENER- ERS, etc. 

ATIVE) 

Electromechanical generators are 
devices such as vibrating stnnp, reeds 
or membranes to which an electrical 
transducer (pickup) has been at- 
tached. This transducer will debver an 
electrical signai with a waveform sim- 
ilar to the pattern which the mechani- 
cal device describes. 

Four simple types of waeforms 
obtainable from oscillators and gener- 
ators are: 

Sine wave (a pure tone contain- 
ing only one frequency). 

Square wave (so called because 
of its appearance on the oscil- 
loscope; a fundamental fre- 
quency plus the odd -numbered 
harmonics up to the twelfth or 
higher). 

Triangular and sawtooth waves 
(so called because of their ap- 
pearance on the oscilloscope; a 
fundamental frequency plus all 
odd and even harmoo cs). 

White noise contains equal 
amounts of all audible frequen- 
cies; when some frequencies are 
missing the result is sometimes 
considered to be incomplete 
white noise and is sometimes 
called "pink" noise. 

Gating, envelope control' 
modulation 

All these oscillators are continu- 
ous -wave oscillators. Once turned on 
they continue to produce an output 
until they are turned off. 

With mechanical general ng de- 
vices such as strings, reeds or mem- 
branes, the source of power, such as 
the motion of a rosined bow or wind 
pressure, may be stopped. When we 
are deriving sound material from elec- 
tronic oscillators, however, we cannot 
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just turn off the power with a switch 
to stop the tone. This is because elec- 
tronic oscillators require a relatively 
long period of warmup time for sta- 
bilization. 

For this reason, electronic oscil- 
lators must be left running constantly 
while in use. To start or stop the 
sound we use a switch to disconnect 
the output. If we use an electronic 
switch (called a gate) we can turn 
the sound on and off much faster than 
we can mechanically. 

In addition, we will want to con- 
trol the volume. This can be done with 
a simple volume control or potenti- 
ometer. However, if we want to 
change the volume faster than we can 
turn a knob, we must use an automatic 
device called an amplitude modula- 
tor. This is an automatic volume con- 
trol that may be operated remotely 
by another control signal. (A common 
form of amplitude modulator uses a 

photocell as the volume -control ele- 
ment; the photocell is driven by the 
control signal through an amplifier 
driving a light source.) 

In better modulators the control 
signal is balanced out so that it does 
not appear directly in the output 
(only its effects on the input signal 
are present). The need for this type 
of circuit may be made clear by realiz- 
ing that we may want to change a 

volume at 500 times per second. Al- 
though 500 Hz is normally audible, 
we can balance it out of the output 
with a balanced modulator. 

If a gating device has a frequen- 
cy response down to dc, a direct -cur- 
rent control signal may be used. The 
dc level will set the volume of the 
audio signal. A really flexible ampli- 
tude modulator will have a frequency 
range extending to above audibility. 
Thus, the ideal unit will be a complete 
gate and amplitude modulator with a 
control frequency response from dc 
to supersonic frequencies. It's clear 
such units must have direct -coupled 
control amplifiers, since capacitors 
would remove the dc control element. 

Frequency modulation, unlike 
amplitude modulation, must be per- 
formed on the oscillators themselves 
rather than in external units. Thus, 
the ability to be frequency -modulated 
is a basic characteristic of oscillators. 
It is a desirable addition, but adds to 
the cost of the units. 

Frequency modulation, although 
sounding very similar to amplitude 
modulation, is much more audible. 
This is because the human ear is 

much more sensitive to changes in 
frequency than changes in volume. Of 
course, if the sound source is nonelec- 
tronic, amplitude modulation must be 
used since it is too late to modulate a 
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AMPLITUDE MODULATION, 
LESS THAN 100% 

AMPLITUDE MODULATION, 
BIAS SET TOO HIGH 

AMPLITUDE MODULATION, FREQUENCY MODULATION 
GREATER THAN 100% MODULATION A SINE WAVE 

AMPLITUDE MODULATION, 
100% MODULATED 

BY FREQUENCY MODULATION, 
BY A SQUARE WAVE 

Fig. 2- Various types of modulation as they appear on a scope. Typical source 
of amplitude modulation is a photocell used in conjunction with a low- amperage, 
amplifier- driven bulb. Human ear detects FM changes more quickly than AM levels. 

sound source's frequency once it has 
been generated. 

The actual sound of modulated 
tones varies from a slightly colored 
sound to a sound which is practically 
noise. One of the most attractive tech- 
niques in electronic music is to begin 
with the modulation off and gradually 
increase the percentage of modula- 
tion (Fig. 2). As the percentage in- 
creases the tone becomes gradually 
more complex, and the original sounds 
become inundated in a web of related 
but new sounds. 

Many variables exist in the tones 
used as sources and control frequen- 
cies, and an extremely wide range of 
modulation possibilities exist. Easiest 
to comprehend are the low- frequency 
controlled modulations, the trills, glis- 
sandi, vibrati, etc. High- frequency 
modulations are unique in that they 
are not found in traditional musical 
instruments. This quality makes them 
attractive to the experimenter who 
desires new sounds to work with. 

Filtering techniques 

Another technique available to 
the experimenter for electronic music 
applications is filtering. Filters have 
the function of depressing the ampli- 
tude of certain frequencies with re- 
spect to others. They can be used to 
change the tone color of many sounds. 

Although the sine wave cannot 
be changed by filters (it has only one 
frequency), the square wave or the 
sawtooth wave as well as natural 
sounds can be usefully filtered. Three 
or four different oscillator waveforms 
can be given an infinite variety of tone 
color by different types of filtering. 

Filters have four basic forms: 
high pass, low pass, bandpass, and 

band reject, all of which do exactly 
what their names imply: they pass or 
reject certain groups of frequencies. 
Each of these characteristics may 
also be variable. 

A special class of filters, of spe- 
cial importance in electronic music, 
is resonant filters. These, in addition 
to removing certain frequencies, ac- 
centuate the resonant frequencies of 
the filter. They have effects similar to 
musical instruments that contain res- 
onant sounding boards. 

Resonant filters are usually made 
by taking a passive filter such as a 
bandpass filter and adding an ampli- 
fier with positive feedback. (Fig. 3). 
The positive feedback, and thus the 
resonance, is usually variable. 

LI 

LIUU` 
REGENER- - - 

ATION T CI C2 

FILTER 

IN PUT 
a. 

OUTPUT 

AMPL WITH GAIN 
OF 100 

Fig. 3 -A resonant filter can be made 
from a passive filter by adding ampli- 
fier with positive feedback. When gain 
exceeds circuit attenuation, oscillation 
occurs at filter's resonant frequency. 

Reverberation 
Anyone who has heard sounds in 

an anechoic chamber (acoustically 
dead room) knows how important 
reverberation is to sound perception. 
We make judgments as to room size 

( continued on page 9l ) 

RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


 

50 -WATT 

BOOSTER 

AMPLIFIER 

Add wall -shaking power to your low -power amp 

By JACK JAQUES 

TO G1V11 THAT HEP GUITAR AMPLIFIER 
some real sock you've just got to build 
this 50 -watt booster amplifier. It will 
also work with any other low -power 
amplifier. Actually this amplifier is an 
optimized version of an original Delco 
circuit, but has been matched to the 
specific HEP transistors and Triad 
transformers listed in the parts list. 

HEP Technical Manager 
Motorola Inc., Phoenix, Ariz. 

INPUT 

When the amplifier is set up to 
work into an 8 -ohm resistive load with 
1 -volt peak -to -peak input signal, fre- 
quency response is flat from 20 Hz to 
15 kHz and is down only 1 dB at 20 
kHz. With an 8 -volt input signal, out- 
put is down 6 dB at 20 kHz. 

Assembly is easy 

To put the booster amplifier to- 
gether, physically lay out all the parts 
(filter capacitor, mounting brackets, 

DRIVER 
T3 

INPUT 
n JI RED 

TRANS 

GRN 

RI 
2.40. 
IW 
R2 
4000. 
5W 

o 
o 

R /B 
YEL 

GRN/ 
BLK NOT USED 

BLU 
R3 
2 4 SL 
IW 

YEL/BLK R4 

POWER TRANS 
TI 

40001 
5W 

R5 

B 

0.565. 
IW 

E 

oI HE P-232 
C 

OUTPUT 
F2 J2r, 

R6 R7 
0.5601 1000. 
IW 5W 
E 

2A 

B 

ICI 
IµF 

100V 

02 
c HEP -232 

BRIDGE RECT 

HEP -I62 (4) 

C2 
+ T 2000µF 

I 50V 

+ C3 y 
2000µF 

- 50 V 

The circuit is designed to be driven directly from the output of the 10 -watt HEP 
guitar amplifer described in the November 1968 RADIO- ELECTRONICS, or any 
low -power amplifier you want to use. For best transfer of heat from the output 
transistors to the heat sink, use silicone grease coating on the mica insulators. 

MAY 1969 

PARTS LIST 
C1 -0.1 µF, 100 V, ceramic disc 

C2, C3 -2000 4F, 50 V, electrolytic 
D1, D2, D3, D4 -3 A, 200 piV, silicon rectifier 

(HEP -162 or equiv.) 

F1 -3 A, 250 V, 3AG fuse 

F2 -2 A, 250 V, 3AG fuse 

J1, J2 -Phone jack 

Ql, Q2- HEP -232 

R1, R3 -2.4 ohms, 2 watts, 5% 
R2, R4-400 ohms, 5 watts, 5% 

R5, R6 -0.56 ohm, 5 watts, 5% 
R7 -100 ohms, 5 watts, 10% 

Sl -spst toggle switch 
TI, T2- Filament transformer: primary 117 

Vac; secondary 24 V, 1 A (Triad F45X or 
equiv.) 

T3- Driver transformer: 6:1:1 (Triad Tr -160X 
or equiv.) 

Miscellaneous Parts 
Chassis; 3" x 5" x 10" 
Terminal board; 31" x 3'/2" (Keystone 1753 

or equiv.) 
Push in terminals (17) (Keystone 1499,FT or 

equiv.) 
Heat sinks (2) (HEP -500) 

1- TO -3 transistor mounting kit (2) (HEP -450) 

Fuse holder for Fl 

Fuse holder for F2 

Mounting base for C2 -C3 (2) 

Rubber feet (4) 

Line cord set 

Pan head machine screws 8-32 x 14" (8-2 

i Pan head machine screws 8 -32 x 3" (4: 

Pan head machire screws 6 -32 x 1 /4" (8 
Nuts 8 -32 (20) 

Nuts 6 -32 (8) 

Metal handle (Bud H 9115 or equiv.) 
Speaker (Utah MI.12RC or equiv.) 
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Assemble the components on pert board as shown in the assemblies with hookup wire, following the coded tiepoints. 
drawing (upper left). Connect this board to other circuit Mount the perf board on the bolts supporting TI and T2. 

transformers, heat sinks, etc.) and 
carefully mark and drill the chassis. 
Cut two large holes in the chassis (ap- 
proximately 1 -inch diameter) immedi- 
ately underneath each power transistor. 
Make all interconnections following 
the pictorial diagram. 

Before wiring in the power trans- 
formers, try hooking them up on the 
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bench and check the output voltage. If 
you've got them right you'll measure 
48 volts. As indicated in the schematic, 
the beginning and end of the second- 
ary windings must be connected in a 
series -aiding configuration. Get them 
backwards and output voltage will be 
zero. 

The 10 -watt guitar amplifier de- 

scribed in the November 1968 R -E is 
equipped with a speaker- output phone 
jack, making it easy to connect to this 
50 -watt booster. 

That's all it takes in instructions. 
Follow the diagrams carefully and 
you'll have a 50 -watt booster amplifier 
that will rattle the walls and drive your 
neighbors mad. R -E 
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"HOUSE OF THE 

SINGING 

DRIFTWOOD" 

by DAVID K. FULTON 
A 3 -INCH STONE WALL SERVES AS A 

speaker baffle in an unusual home audio 
installation. The wall, a false interior 
curtain standing 15 inches from the 
load -bearing wall, was designed and in- 
stalled when we remodeled our 30 -year- 
old frame -and -stucco dwelling. 

Our purpose for constructing the 
wall was twofold: to create a flowing 
horizontal line when three rooms were 
combined into one: to serve as a large, 
if not infinite, baffle for the music sys- 
tem. As the picture shows, the stone 
work covers a vertical area 10 x 14 feet 
surrounding the fireplace and extends 
back to decorate the proscenium which 
encloses the planter. 

Speakers are mounted in the two 
small window wells flanking the fire- 
place. They sit at an angle of 50° from 
the vertical 7.5 feet above the floor, cen- 
tered 8 feet, 9 inches apart. 

We were not professional sound 
technicians, but we knew one thing al- 
most instinctively: the speaker installa- 
tion must not contain anything that 
could rattle, buzz, tinkle, flutter or vi- 
brate sympathetically. 

Weight was no problem. The larg- 
est and heaviest portion of the wall 
stands on the mantel. part of a solid 
mass of brick and stone that goes down 
to solid ground. 

For the framing, we first lag -bolted 
a 4 x 4 to the floor full length, except 
across the raised hearth, on a line flush 
with the front of the fireplace. Directly 
above this, we installed a ceiling plate, 
2 x 4, with plenty of toggle bolts. Lag 
screws were set into the ceiling joists. 
The vertical framing was then placed 
on centers never greater than 16 inches, 
with plenty of cross braces doweled and 
glued in place. 

While we still had access to the in- 
terior of the void, we lined the space with 
conventional insulating pads. We also 
installed several recessed electric out- 

lets and the furnace thermostat. 
To prepare for the stone work, we 

proceeded as we would have for a stucco 
job. A double layer of black building 
paper was laid on tight and smooth with 
roofing nails, then covered with a layer 
of metal -mesh lath, heavily stapled. On 
the stone face of the old fireplace, the 
lath was held with small concrete bolts. 
Then came a layer of "scratch " -mor- 
tar troweled on about an inch thick and 
combed rough before it set. Two lag 
bolts were then placed in premeasured 
positions to carry the weight of the 
driftwood. The pictures do not show the 
electric outlets behind the heavy part of 
the driftwood, in both windows and in 
both ends of the planter. 

Next came the brick facing. These 
bricks were about I1/2 inches thick, 2 

inches wide, and 12, 18 or 24 inches 
long. Color ranged from muted yellows 
and reds to deep, rich brown. They were 
set in place with brown mortar. 

Speakers were mounted in the 
usual manner on 34-inch plywood with- 
out hass -reflex ports. Small casement 
windows below and behind the speakers 
were closed permanently with weather 
stripping and heavy screws. The Japa- 

A three -door ma ̂  :- 

nolía cabinet coo - 
taining authors 
hi -fi componen'41 
is located acros 
the room from tl»e 

speaker wadi. 

AM -FM stereo 
tuner is mounted 
above 40 -watt 
amplifier. Slid- - 
out rack suppor'. 
Miracord tuna 
table, and tat e 

deck is on tke 
right hand sift. 

nese shoji screens covering the interior 
of the window are fitted tightly with 
foam- rubber gasketing, but are remov- 
able for servicing the lights mounted be- 
tween them and the permanent sash. 
Translucent Fiberglass instead of rice 
paper was used in the screens. 

The cedar -wood mantel is cap 
fitted over the old stone mantel. Vibra- 
tion was avoided by careful fitting of 
the cap, a few small wedges, and eiuscle 
-pressing the cap into place. 

The technical expert may wince at 
the unorthodox shape of our sound box, 
and we regret that it's impossible to tune 
for perfect speaker balance w ithout 
moving away from the controls. Báit nei- 
ther of these anomalies could he a aided 
-and neither spoils our fun. We are 
music lovers, not lab workers. arid the 
music is rich and warm as it lends 
across the face of the sturdy wall. 

High notes are true and clean, and 
the bass rolls smooth and mellow from 
the gnarled old wood. It took a lot of 
work and patience, but only ordinary 
skill and experience, to create a unique 
speaker baffle that gives us so much 
pleasure and satisfaction in the "House 
of the Singing Driftwood." R -E 
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Troubleshooter's Casebook 
Low B+ is a common clue to bad components. 

Knowing these six reasons why can save valuable bench time 

By ART MARGOLIS 

WHEN YOU HAVE A PIECE OF ELEC- 
tronic gear that has failed in one way 
or another, first off you reach for a 
voltmeter. In tube circuits you begin 
to test plate voltages. In many cases 
you may smile, thinking here is a 
clue: the B+ is low. Instead of +300 
volts, there is only about 50. 

This is the most common voltage 
clue, and seems to indicate you're go- 
ing to discover the troublesome com- 
ponent very shortly. Perhaps you will, 
but maybe you won't. 

Since there are six common ways 
for plate B+ voltage to drop in 
value, unless you are aware of all six 
you might spend hours pinpointing a 
bad resistor, capacitor or coil. 

VERTICAL 
OSCILLATOR 

VERTICAL 
OUTPUT 

I/26G F7 

DO NOT 
MEASURE 

001 
2 K 

SHORTED 

VERT 
OUTPUT 
TRANS 

E 

80 

+ 410V 

E 
OPEN 

1K 

3 WATT 

Fig. 1- Overheating 1000 -ohm resistor 
in plate circuit of 6GF7 was caused by 
a shorted capacitor in the same B+ 
line. The open resistor was the result, 
not cause, of the trouble and symptoms. 
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Let me describe six repairs from 
my service -bench casebook to dem- 
onstrate what T mean. 

The bright -line caper 

Last week I looked down on the 
bench at an RCA color chassis. I 
hooked it up to a test jig and turned it 
on. Instead of a picture, the only 
thing that appeared was a bright hori- 
zontal line. There was no vertical 
sweep. 

The first thing I did was turn the 
brightness down, so that the beam 
wouldn't burn a trace on the picture 
tube. 

Then I reached for my voltme- 
ter. I always make a few quick checks 
before going into full -dress tech- 
niques. I touched down momentarily 
on the plate of the vertical output 
tube. Ah ha, only a few volts B+. 

(Even though the schematic 

HORIZ 
OSC 

V26FQ7 
+135V 

-50V 

SHORTED 
TURNS 

\t 

22K 

0039 

+150V 

Fig. 2 -Low B+ here was result of 
lowered bias on oscillator grid, which 
in turn was caused by a faulty plate - 
circuit component. Shorted coil had 
changed oscillator frequency. 

states, "do not measure" on the verti- 
cal- output plate, it's a test point and 
if you just touch it momentarily you 
won't damage your voltmeter.) 

My quick check paid off. I could 
skip the signal- injection procedure. I 
looked at the schematic. In the B+ 
line was the vertical- output transform- 
er, a 3 -watt resistor and a bypass ca- 
pacitor (Fig. 1). The resistor was 
indicated as the cause of low B+. 

I took my ohmmeter and meas- 
ured the resistor. Instead of reading 
1000 ohms, it read 500,000 ohms. I 
replaced it. 

But when I turned on the TV, 
the resistor immediately began to 
overheat. I quickly turned off the set. 

While the resistor was the cause 
of the low B+, something was causing 
the resistor to burn up. 

I took a resistance reading from 
the plate side of the resistor to chassis 
ground. Practically zero ohms. There 
should have been a reading above 
100.000 ohms. What was causing it? 
There were two other components in 
the line to check: the transformer and 
the capacitor. 

I disconnected one end of the 
capacitor and took a resistance read- 
ing. Good! It was shorted. When I 
installed a new one, the vertical sweep 
returned and the 3 -watt resistor be- 
gan running cool. 

Case of the whining oscillator 

The other day a 14 -inch Ad- 
miral portable faced me on the bench. 
I turned it on. Instead of a picture, 
a loud whine sounded off. There was 
audio, too. 

The whine was not coming out 
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of the speaker, it was mechanical. It 
sounded like a 9- or 10 -kHz note. The 
only place such a note could come 
from is the horizontal oscillator, 
which should run at an almost silent 
15,750 Hz. This tied in with the 
screen symptom of: blackout -audio 
OK. 

As a quick check I reached for 
my voltmeter and took a reading on 
the oscillator plate. Instead of +135 
volts, it read only about 50. 

I checked at the schematic of 
the TV, especially in that plate circuit 
where the B+ was low. There was a 
22,000 -ohm plate -dropping resistor, 
and a horizontal -oscillator tank ring- 
ing circuit consisting of a horizontal - 
oscillator coil and 0.0039 µF in paral- 
lel (Fig. 2.). 

I turned off the TV and began 
checking their resistances. They were 
all OK. 

Then I switched the TV back on 
and began reading the voltages again. 
As I touched down on the control 
grid of the oscillator, I discovered 
that the grid bias was down to -4 
volts instead of -50 volts. 

That made the low plate B+ a 
false clue. With the lowered grid bias, 
the tube conducted heavily, dragging 
current through the 22,000 -ohm plate - 
dropping resistor. This caused the re- 
sistor to drop more voltage, bringing 
about the lowered B +. The lower 
grid bias voltage was now the valid 
clue. 

Now the question was, what 
could cause the lowered bias? The 
wrong horizontal frequency -the 
symptom -was a good bet. What 
were the frequency- controlling com- 
ponents? Number one was the hori- 
zontal- oscillator coil in the plate cir- 
cuit of the tube. 

I tacked a new one in place, and 
the oscillator and the picture came on. 
A horizontal oscillator coil in the 
plate circuit had caused a change in 
the control grid voltage that lowered 
B+ on the plate. You have to be 
careful with these low B+ clues. 

AUDIO 
SHORTED 

AMPL / AUDIO 
OUTPUT 

5005 
.05 

OUTPUT 
TRANS 

470K 
+80 

15052 

_ = B+ 

56052 
5W 

TO 
SPKR 

Fig. 3- Shorted blocking capacitor on 
control grid cut B+ to about 20 volts. 

MAY 1 969 

I brought my faithful old clock 
radio in with me after my wife de- 
clared, "Either fix that foggy sound or 
I'm going to throw it out!" 

The radio came on loud and 
clear, but after a few minutes the 
sound lowered and developed squawk- 
ing. It had been doing this a few years. 

First I read the audio output 
plate for B +. There it was. Instead 
of +125 volts, there was about +30. 
I looked for plate components. There 
was the audio output transformer, a 
5 -watt plate- dropping resistor and a 
couple of bypass capacitors (Fig. 3). 

The squawk sounded like Donald 
Duck now, so before I went for the 
plate components I decided to check 
other tube elements just in case the 
low B+ was a false clue. 

It was. The control grid had 
about +20 volts on it instead of zero 
volts. This high positive bias was driv- 
ing the tube hard, causing a large 
drop across the plate resistor, lower- 
ing the plate voltage. Again the low 
plate B+ was a false clue. 

I looked at the schematic. Where 
was this unwanted +dc coming from? 
The only possibility was the plate cir- 
cuit of the previous stage, the audio 
amplifier. Between the two stages was 
a 0.05 -µF blocking capacitor to pre- 
vent the audio amplifier B+ from get- 
ting to the audio- output control grid. 

I snipped the output end of the 
capacitor and read the voltage on the 
open end. Where I should have been 
reading zero volts, I was getting a 
good positive dc reading. The capaci- 
tor had sprung a leak and was caus- 
ing the false clue. A new 0.05 µF 
cured the squawking. 

(My wife let me keep my old 
favorite. although it didn't sound the 
same with the clear tones.) 

AUDIO OUTPUT 
6AQ5 

INTO 

SPKR 

OUTPUT 
TRANS 

+290V 

Double- trouble syndrome 

The portable TV had tAo dis- 
tinct troubles: low sound and no lock - 
in. The video was there, but it was 
rolling all over the place. 

I decided to check out the sound 
circuit first, since it's not as cam Alex as 
the sync circuit. I took a dc voltage 
reading at the audio- output plate. A 
clue right off! 

Instead of +230 volts, there was 
only about 10. I looked at the sche- 
matic in the plate leg. The leg was 
being fed B+ from a +290 -volt sup- 
ply point in the power supply (Fig. 
4 -a). A quick check at the supply 
test point and the plate circuit was 
exonerated. There was only about 20 
volts there. The audio plate couldn't 
possibly have 230 volts if its supply 
was producing only 20. 

In the power supply was a lapped 
bleeder resistor. Off one of the taps 
was a 10 -watt 2200 -ohm resistor. The 
+290 was supposed to emerge from 
this I0 -watt resistor. 

I tested the resistor. To my sur- 
prise it was OK -2200 ohms. 

Then I remembered the other 
clue: no sync. Following the leads 
from the +290 supply point, I noticed 
one headed toward the sync separator. 
There were a bunch of resistors and 
some bypass capacitors in the sync 
supply line. The schematic showed a 
0.0047 -µF bypass hooked in immedi- 
ately before the first series resistor 
(Fig. 4 -b). I checked it in the cir- 
cuit. Its resistance appeared to be 
about 10,000 ohms. 

Since capacitors shouldn't have 
any resistance, I unhooked one end 
of it and checked it again. Voilà! It 
still read 10,000 ohms -a high- resis- 
tance short. I changed it and turned 

SYNC SEP 
I /28KA8 

HIGH RESISTANCE 
SHORT 

T 
HORIZ 

PHASE 
DETECTOR b 

B+ +290V 
SUPPLY IOW SOURCE 

Fig. 4- Single bad component caused sound and sync trouble. The 6AQ5 in a 
had a very low B+ since a shorted capacitor in b shunted B+ to ground. 
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Ist 12nd 3rd 
I.F. AMPL I.F AMPL I.F. AMPL 

AGC CIRCUIT 

RF -I. F. 

FROZEN 

AGC 
CONTROL 

AG C 
CIRCUIT 

Fig. 5 -Low B+ in the i.f. circuit may 
indicate a bad component in the agc 
line. Trouble here was found with bias 
box, pointing to a bad agc control. 

on the TV. The sync locked in tight 
and the audio blasted loud and clear. 

The shorted capacitor was 
shunting off to chassis ground about 
80% of the B+ meant to power the 
audio -output and sync- separator 
plates. That's why the double trouble. 

A false i.f. clue 

When a technician is faced with 
a no-video-no- sound -but -good -bright- 
ness problem, his first job is to isolate 
the circuit in trouble. The possible 
bad circuits are many, from tuner to 
video output, plus adjoining circuits. 

One quick check to aid in the 
isolation is to look for lowered B+ 
on the first two i.f. plates. Low B+ 
here makes the agc circuit suspect 
number one. 

I had such a case the other day. 
It was a 13- year -old Crosley chassis 
with no picture or sound, but good 
brightness. First off I tested the first 
and second i.f. plates for B +. In- 
stead of +135, there was about +40 
volts on each. 

This meant there was no control 
grid bias, which turned the two tubes 
on full blast. The high plate current 
caused the plate voltage to drop. 

These two i.f. tubes get their bias 
from the agc circuit (Fig. 5). The 
bias is adjusted automatically accord- 
ing to the strength of the incoming 
signal. Strong signal, high bias; weak 
signal, low bias, and the tube con- 
ducts without overloading. When the 
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X 
DEMOD 

G-Y AMPL 

RED SCREEN 
GRID IN CRT 

Fig. 6 -A low B+ reading on the grid of the R -Y amplifier indicated the CRT 
was not causing loss of red in the picture. Changing the boiling 27,000 -ohm 
resistor in plate circuit did not correct the problem. When the tube was pulled, 
no voltage was present on cathode or grid socket pin, indicating no voltage bleed 
from the previous stage. Open peaking coil upset bias and circuit operation. 

agc circuit stops biasing the i.f.'s, 
the tubes run wild and all sound and 
picture is lost. 

Once I find this classic i.f. false 
clue, I substitute for the agc circuit. 
I connected an outside bias from my 
bias box into the i.f. control grids. 
In this case, the sound and picture 
came on immediately. That meant a 
defective agc circuit. Also, with the 
correct bias reinstated, the i.f. plate 
B+ was back to its normal + 135. 

The agc circuit repair turned out 
to be easy. As I tried adjusting the 
agc control I found it frozen. A new 
control cured the problem. 

When red goes . . 

A symptom that strikes terror 
into a color TV set owner's heart is 
loss of one color, especially red. In 
past years the red phosphor of the 
color CRT was weaker than the other 
two colors, the red electron gun had 
to be turned up higher, and conse- 
quently it burned out sooner. As a re- 
sult, the symptom, no red, signaled a 
bad color CRT. 

However, a certain quick check 
can often indicate the CRT is okay. 
The quick check is a reading of low- 
ered B+ on the difference amplifier 
that feeds the picture the red signal. 

The first time I ran into it, I was 
unusually concerned since I had re- 
placed this CRT a few months earlier. 
The symptom then, too, had been no 
red. The symptom now was no red. 

I began poking around the R -Y 
difference amplifier. The first thing I 
noticed was that instead of +170 
volts on the plate there was only 
about 80. As I looked over the plate 
circuit I saw a problem. The 27,000 - 
ohm, 2 -watt plate -load resistor was 
boiling (Fig. 6). 

I checked its resistance. Ah ha, 

it was about 1 million ohms. I changed 
it and turned on the TV again. I 
shook my head, the resistor was over- 
heating again. The TV was turned off 
before the new one burned. 

I looked over the schematic. 
There were a few other components 
in the plate circuit. I checked them 
one by one, but they were all perfect. 

This was a confusing one. I de- 
cided to sacrifice the new resistor, 
since I had to take voltage readings at 
the other tube elements. I turned on 
the set and quickly read the cathode 
and control grid. They both read ex- 
actly the same thing: +9 volts. 

According to the schematic, the 
cathode should have read 9 volts, but 
the control grid was supposed to read 
zero dc. 

I pulled the tube out and read 
the cathode and grid again. This time 
they both read zero. This indicated 
that no +dc was bleeding through 
from the previous stage. These two 
voltages were being developed by the 
tube's electron flow. 

Proceeding on the assumption 
that the control -grid circuit was open, 
I began testing all the series compo- 
nents. The blocking capacitor was 
good, the blocking resistor was good, 
but the series peaking coil was open! 

A new peaking coil restored the 
correct tube conduction, the plate re- 
sistor stopped boiling and red ap- 
peared on the screen once more. 

As you can see from my case- 
book, a lowered plate B+ can indi- 
cate several trouble areas. Check out 
the plate circuit and change any obvi- 
ously bad parts. 

Often the plate voltage is low- 
ered because the control -grid circuit 
is in trouble. And the control -grid cir- 
cuit can be snafued by other circuits. 
Knowing this makes your servicing 
more effective. R -E 
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The .e.iss9 Improved Model zs, A RE VOLUTIONA R Y NEW 

TUBE TESTING OUTFI 

COMPLETE WITH ALL 
ADAPTERS AND ACCESSORIES, 

NO 'EXTRAS" 

STANDARD TUBES: 

If Tests the new Novars, Nuvistors, 10 Pins, Magnovals, 
Compactrons and Decals. 
Mare than 2,500 tube listings. 

1/ Tests each section of multi- section tubes individually 
for shorts, leakage and Cathode emission. 
Ultra sensitive circuit will indicate leakage up to 5 
Megohms. 
Employs new improved 41/2" dual scale meter with a 
unique sealed damping chamber to assure accurate, 
vibration -less readings. 

1/ Complete set of tube straighteners mounted on front' 
panel. 

T 
Tests all modern tubes including 

Novars, Nuvistors, Compactrons and D cals. 

All Picture Tubes, Black and White 

and Color 

ANNOUNCING... for the first time. 
A complete TV Tube Testing Outfit designed specifi- 
cally to test all TV tubes, color as well as standard. 
Don't confuse the Model 257 picture tube accessory 
components with mass produced "picture tube adap- 
ters" designed to work in conjunction with al com- 
petitive tube testers. The basic Model 257 circuit was 
modified to work compatibly with our picture tube ac- 
cessories and those components are not sold by us to 
be used with other competitive tube testers o' even 
tube testers previously produced by us. They were 
custom designed and produced to work specifically in 
conjunction with the Model 257. 

BLACK AND WHITE PICTURE TUBES: 

1/ Single cable used for testing all Black and White Picture 
Tubes with deflection angles 50 to 114 degrees. 

J/ The Model 257 tests all Black and White Picture Tubes 
for emission, inter -element shorts and leakage. 

COLOR PICTURE TUBES: 

I/ The Red, Green and Blue Color guns are tested individ- 
ually for cathode emission quality, and each gun is 
tested separately for shorts or leakage between coni of 
grid, cathode and heater. Employment of a newly per- 
fected dual socket cable enables accomplishments of all 
tests in the shortest possible time. 

The Model 257 is housed in a handsome, sturdy, portable case. Comes complete with all 
adapters and accessories, ready to plug in and use. No "extras" to buy. Only 

s4750 
NOTICE 

We have been producing radio, TV and electronic test equipment since 1935, which means they were making 
Tube Testers at a time when there were relatively few tubes on the market, 'way before the advent of TV. The 
model 257 employs every design improvement and every technique learned over an uninterrupted production 
period of 32 years. Accurate Instrument Co., Inc. 

SEND NO MONEY WITH, ORDER 
PAY POSTMAN NOTHING ON DELIVERY 
Try it for 10 days before you buy. 
If completely satisfied then send 
$10.00 and pay the balance at the 
rate of $10.00 per month until the 
total price of $47.50 (plus P.P., 
handling and budget charge) is 
paid. If not completely satisfied, 
return to us, no explanation 
necessary, 

MAY 1969 

r 
ACCURATE INSTRUMENT CO., INC. 
Dept. 648 2435 White Plains Road, Bronx, N. Y. 10467 
Please rush me one Model 257. If satisfactory I agree to pay $10.00 within 10 days 
and balance at rate of $10.00 per month until total price of $47.50 (plus P.P., handling 
and budget charge) is paid. If not satisfactory, I may return for cancellation of a,:count. 

Name 

Address 

City lone State- 
s l Save Money! Check here and enclose $47.50 with this coupon and we will pay al shipping 

charges. You still retain the privilege of returning after 10 day trial for full re 'and. -J 
Circle 30 on reader service card 
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10 Reasons why 
RCA Home Training is 

your best 
investment 
for a rewarding 
career 
in electronics: 

Performing transistor experiments 
on programmed breadboard -using 
oscilloscope. 
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1 
LEADER IN ELECTRONICS 
TRAINING 

When you think of electronics, you 
immediately think of RCA ...a name 
that stands for dependability, integrity 
and pioneering scientific advances. For 
over a half century, RCA Institutes, 
Inc., a service of Radio Corporation of 
America, has been a leader in technical 
training. 

2 RCA AUTOTEXT TEACHES 
ELECTRONICS FASTER, EASIER, 
ALMOST AUTOMATICALLY 

Beginner or retresher, AUTOTEXT, 
RCA Institutes' own method of pro- 
grammed Home Training will help you 
learn electronics more quickly and with 
less effort, even if you've had trouble 
with conventional learning methods in 
the past. 

2 THOUSANDS OF WELL PAID JOBS J ARE NOW OPEN TO MEN SKILLED 
IN ELECTRONICS 

RCA Institutes is doing something pos- 
itive to help men with an interest in 
electronics to qualify for rewarding 
jobs in this fascinating field. Every year, 
literally thousands of high paying jobs 
in electronics go unfilled just because 
not enough men take the opportunity 
to train themselves for these openings. 

4 WIDE CHOICE OF CAREER 
PROGRAMS 

Start today on the electronics career 
of your choice. On the attached card is 
a list of "Career Programs ", each of 
which starts with the amazing AUTO - 
TEXT method of programmed instruc- 
tion. Look the list over, pick the one 
best suited to you and check it off on 
the card. 

Construction of Multimeter. 

5 SPECIALIZED ADVANCED 
TRAINING 

For those already working in elec- 
tronics or with previous training, RCA 
Institutes offers advanced courses. You 
can start on a higher level without wast- 
ing time on work you already know. 

6 
PERSONAL SUPERVISION 
THROUGHOUT 

All during your program of home study, 
your training is supervised by RCA In- 
stitutes experts who become personally 
involved in your efforts and help you 
over any "rough spots" that may de- 
velop. 

7 VARIETY OF KITS YOURS 
TO KEEP 

To give practical application to your 
studies, a variety of valuable RCA In- 
stitutes engineered kits are included in 
your program. Each kit is complete in 
itself. You never have to take apart one 
piece to build another. At no extra cost, 
they're yours to keep and use on the job. 

8 FROM RCA INSTITUTES 
TRANSISTORIZED TV KIT, 
VALUABLE OSCILLOSCOPE 

Those enrolled in RCA's television 
course or program receive complete 
transistorized TV Kit. All students re- 
ceive a valuable oscilloscope -both at 
no extra cost and only from RCA Insti- 
tutes. 

9 CONVENIENT PAYMENT PLANS 
RCA Institutes offers a unique tui- 

tion plan that lets you progress at your 
own pace. You only pay for lessons as 
you order them. You don't sign a con- 
tract obligating you to continue the 
course. There's no large down -payment 
to lose if you decide not to continue. 

However. if you desire, RCA Institutes 
also offers a convenient monthly pay- 
ment plan. 

10 RCA INSTITUTES GRADUATES 
GET TOP RECOGNITION 

Thousands of graduates of RCA Insti- 
tutes are now working for leaders in the 
electronics field; many others have their 
own profitable businesses. This record 
is proof of the high quality of RCA In- 
stitutes' training. 

CLASSROOM TRAINING 

ALSO AVAILABLE 

If you prefer, you can attend classes at 
RCA Institutes Resident School, one of 
the largest of its kind in New York City. 
Coeducational classroom and labora- 
tory training, day and evening sessions, 
start four times a year. Simply check 
"Classroom Training" on the attached 
card for full information. 

JOB PLACEMENT SERVICE, TOO! 

Companies like IBM, Bell Telephone 
Labs, GE, RCA, Xerox, Honeywell, 
Grumman, Westinghouse, and ma.or 
Radio and TV Networks have regularly 
employed graduates through RCA 
Institutes' own placement service. 

SEND ATTACHED POSTAGE PAID CARD 
TODAY! FREE DESCRIPTIVE BOCK 
YOURS WITHOUT OBLIGATION! NO 
SALESMAN WILL CALL! 

All RCA Institutes courses and 
programs are approved for veter- 
ans under the New G.I. Bill. 

RCA INSTITUTES, DEPT. RE -59 
320 West 31st Street, 
New York, N.Y. 10001 

Accredited Member National Home Study Council 

RCR 
Temperature experiment with transistors. 

MAY 1969 

Construction of Oscilloscope, 
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Dyna- 
flex 
the only practical probe 
for testing 
transistors in circuits. 

Throw away your alligator clips! 
Dyna -flex, the world's first and 
only 3 -point probe, makes instant 
test connections to transistors in 
printed boards. Easy to use, the 
Dyna -flex probes are spring - 
mounted on ball joints. Allow you 
to adjust to any spacing 1/32" to 
5/8 ", using only one hand. Dyna- 
flex eliminates costly unsoldering; 
can be used to make temporary 
component substitutions on printed 
wiring boards. Each point is color - 
coded for fast, easy identification. 
Dyna -flex- another engineering 
breakthrough from B &K. 

Model FP -3, $12.95 user net 

B &K Division of Dynascan Corporation 
1801 W. Belle Plaine Avenue /Chicago, Illinois 60613 

Where Electronic Innovation Is A Way Of Life 

Circle 32 on reader service card 

ABC's of Transistors 

CIRCUITS & POWER SUPPLIES 
Transistors are connected in three 

basic ways -grounded emitter, grounded 
base, or grounded collector. To deter- 
mine which configuration is being used 
note which element of the transistor is 

common to both input and output cir- 
cuits. (These configurations are also 
called common emitter, common base 
and common collector (Fig. 1). 

A 

GROUNDED 
BASE 

GROUNDED 
EMITTER 

C 

GROUNDED 
COLLECTOR 

Transistor power amplifiers 

Transistor amplifiers are classified 
like tube amplifiers, into class A, B, 

AB, and C. The output current consider- 
ations for classification, refer to base 
driving signal and collector output cur- 
rent. The transfer characteristic curve 
would be as shown in Fig. 2. The point 

B 

marked "X" would be the best bias. 

Power dissipation considerations 

Transistors are very sensitive to 
changes in temperature, and must be op- 
erated in an environment conducive to 
maintaining proper temperature limits. 
Power transistors in particular must have 
heat protection. Three common heat dis- 
sipation methods include using radiating 
fins -enclosing in a metal case and al- 
lowing the chassis to serve as a heat sink 

C 

MAX PWR 
DISS CURVE 

66 

I00µA 

ß0µA 

60µA 

40µA 

pµA 

LOAD LINE 

10 15 20 25 30 35 

VCC 3 

-and assuring the circuit will not allow 
excessive power dissipation. 

To determine if a transistor is op- 
erating within safe limits, draw the load 
line and maximum power dissipation 
curve (Fig. 3). If the curve and line do 
not intersect, then theoretically maxi- 
mum power is not being exceeded. In 
switching circuits with low duty cycles. 
these lines may be allowed to intersect 
to some extent. 

Load lines can be established on 
any set of curves by connecting all 
points on the graph from "0" collector 
current, full collector voltage, to max- 
imum collector current with emitter 
shorted to the collector. Transistor oper- 
ation should follow the load line plotted. 
Best base current values can be selected, 
and collector voltage and current swing 
can be plotted. 

The maximum power dissipation 
curve may be drawn on the family of 
curves, by plotting points of collector 
current vs collector voltage that are equal 
to the maximum power allowed by the 
transistor application, as shown in Fig. 
4. This curve is for a transistor with a 

20 

Vcc Ic 
I 20mA 

3.5 10 mA 
5 7 m 

IO 3.5mA 
15 2.33mA 

20 I.75mA 
35 1mA 

10 15 20 25 30 35 
VCC 

maximum power rating of 35 mW. 

Troubleshooting battery power supplies 

One of the first things to check in 
an electronic instrument poweerd by bat- 
teries is the batteries themselves. Some 
questions to be answered are: 1. Can 
the batteries maintain specified voltages 
under rated load? 2. Is the instrument 
overloading the battery? 3. Does the 
battery have excessively high internal 
resistance? 4. Does the battery show 
signs of leaking? 

Here are some measurements and 
checks that answer these questions. 

Question 1 -Can the batteries 
maintain specified voltages under rated 
load? Connect a voltmeter across the 
battery terminals for a reading and then 
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alternately connect and disconnect the 
battery to the instrument. Large changes 
in readings indicate a defective battery 
or a short in the equipment. Most manu- 
facturers specify minimum battery volt- 
age for satisfactory operation. Consult 
the related literature for minimum val- 
ues. Of course low applied power supply 
voltages result in reduced gain, less sensi- 
tivity and increased interference prob- 
lems. 

Question 2 -Is the instrument over- 
loading the battery? If the answer to 
Question 1 is "no" the fault may not be 
due to the battery. A partial short may 
have taken place in the circuitry. Meas- 
ure the actual current supplied by the 
battery and compare to manufacturer , 
data. They will usually indicate maximum 
and minimum values and with or with- 
out signal. 

Excessive current drain can indicate 
a leaky electrolytic capacitor, shorted 
transistor or lead which could lower the 
voltage supplied to the circuit. This will 
show up in a current measurement. 

Question 3 -Does the battery have 
excessively high internal resistance? Bat- 
teries used to check circuit operation 
should be in new condition. A battery 
eliminator should be a low- impedance 
type. Battery eliminators with high im- 
pedance can introduce the same trouble 
as a weak battery even though the volt- 
age is correct. If the impedance of the 
battery eliminator is not known, an im- 
pedance matching device (see Fig. 5) can 

+12V +105V +9V +75V +6V +45V +3V +1.5V 

5 

be made up. The battery eliminator is 

fed into the device and it will deliver 
the proper voltage to supply the instru- 
ment under test. A schematic of an im- 
pedance matching device is shown be- 
low. This circuit may also contain a 
milliammeter so that the current drain 
may be measured directly. The device 
provides a nominal 5- ohm -per -cell re- 
sistance which is normal for a dry cell. 

Question 4 -Does the battery show 
signs of leaking? A leaky dry cell hat - 
tery will show a salt -like residue which 
is a good sign of a defective battery. The 
chemicals will corrode battery contacts 
to the point where they may be unusable 
or not make connection. Wherever you 
find signs of leakage, clean the affected 
areas thoroughly. It is also advisable to 
check the voltages directly at the battery 
terminals and again at the buses on the 
board. This test will show up any poor 
or corroded battery contacts. R -E 
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TRI -POD 
L inn J 

Catalog No. 9143 
Suggested Net. 
Catalog No. 9144 
Suggested Net . . 

Easiest Installation - Stronger To Last Longer. EX- 

CLUSIVE . . . Removable nut and bolt on one leg 
provide "Swing-Up" feature for easier installation. 
Heavy -duty 11 /4" diameter galvanized steel legs mean 
stable strength. Mount accommodates masts to 13/4" 
in diameter for large antenna configurations. 

GC Always insist on . 

you'll get more for your money, every time! 

GG 
ELECTRONICS 

has everything in 

GC ELECTRONICS DIVISION OF HYDROMETALS, INC. Y 
MAIN PLANT: ROCKFORD, ILL. U.S.A. 

Giant New FREE Catalog!. . . Only cc gives you everything in elec 
t Cs ... has for almost 40 years. Write for your copy today! 

Circle 33 on reader service card 

www.americanradiohistory.com

www.americanradiohistory.com


...dramatically different in design, in performance and in construction! 

ADVERTISED IN 

Shown here: Model CW -96 
VHF -UHF -FM 

When we introduced the originalwedge design antenna (the SC -1000) 
in June of 1967, we told you there would be plenty more to come. 

And now it's here. Now we've refined and expanded our original 
wedge into an entire line of super high gain antennas ... the phe- 
nomenal Color Wedge series ! Phenomenal because Color Wedge is 
much more than a new antenna or a new shape. It's a dramatically 
different antenna. Dramatically different in design ! Dramatically dif- 
ferent in performance ! And dramatically different in construction. 

Look for yourself ! Both high and low band elements are connected 
directly to the booms -so that the booms are actually used as phasing 
lines. Element insulators and harmonic parasitics are completely 
eliminated, making the Color Wedge much more mechanically 
rugged. All elements operate at their fundamental mode, assuring 
complete freedom of minor lobes on all channels, so pick -up of un- 
wanted, interfering signals is reduced almost to zero. 

And, of vital importance, Color Wedge has a built -in ferrite im- 
pedance stabilizer that enables us to tune the antenna driven elements 
longer than is possible in other antenna designs, resulting in 10% 
more gain and an automatic match at 300 ohms. And, incidentally, 
all that and more is achieved in an antenna that is up to 50% shorter 
and more compact than other antennas would have to be. 

Other unique Color Wedge features? We've listed most of them 
here. When you see them, you'll know why Color Wedge is truly the 
most dramatically different antenna ever designed. 

SPECIAL COLOR - 

WEDGE FEATURES 
Unique Wedge design provides greatly increased vertical 

capture area (36 °) ... prevents pick -up of interfering sig- 
nals from above and below ... and enables antenna to work 
at peak performance because booms act as phasing lines. 

Patented UHF driven element assembly on 82- channel 
models and patented parabolic reflector screen provide 
unprecedented gain in an all band antenna. 

Special lightning protection circuit prevents static elec- 
tricity build-up and arching. 

Ferrite impedance stabilizer enables antenna elements 
to be slightly longer for greater capture area and an in- 
crease in gain of 10% . . . assures perfect impedance 
match to downlead. 
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OW-1000 VHF -UHF -FM 

CW -98 VHF- UHF -FM F -FM 

CW -96 VHF UHF - =M 

7 patents and patents pending 

Built -in transparent cartridge housing accepts solid state 
preamplifiers, and provides permanent weather protection 
for dowrlead terminals right at feed point of antenna, 
resulting in maximum signal transfer. 

FM control elements allow attenuation of strong FM sig- 
nals where they interfere with TV reception. 

82- channel models have special UHF control elements 
permitting antenna to be peaked for channels 70 to 83 
in translator areas. 

New truss construction, with three mast clamps, makes 
this the most rugged, strongest antenna made. Two special 
Cycolac tuned mast clamps have built -in anti -resonant 
circuit to prevent signal leakage to antenna mast. 

Boom cone, made of unbreakable Cycolac, automatically 
positions upper and lower booms at 36° for maximum 
efficiency and rigidity. 

Super strong ellipsoidal booms and attached elements 
are of a special aluminum alloy for greater strength and 
resistance to bend and distortion. 

Circle 34 on reader .se-rvice card 

CW -94 VHF -UHF -FM 

High tensile aluminum elements are made cf alloy with 
PSI rating of 38,000 compared to 27,000 PSI for alloys 
used in other antennas. More than 49% stronger and 29% 
more resistant to bend and wind distortion. 

All aluminum parts are permanently weather and corro- 
sion proofed with attractive, genuine gold and blue ano- 
dized finish. 

One -year factory guarantee of performance satisfaction 
and two -year unconditional replacement warranty. 

Beautiful new display -type shipping carton features 
wedge motif in color . .. attractive full -color wrap- around 
label on each antenna. 

Nationally advertised in Life, Sports Illustrated and 
Popular Mechanics. 

Winegard 
op ANTENNA SfSTEMS 

©Copyright 1969, V\6nsgard Company 

WINIFc-4?D CO. 3013 -3 KIïRKWOOD ST. BURLINGTOii. IOWA 52601 
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Make the wiggly test. 
ANMEMBilb 

1111111111111111111111111 

1111111111111111111111111 --aR r 
On the left, a pattern* produced by an ordinary color bar generator. 
On the right, the equivalent pattern* produced by Leader's 
LCG -388. Perfectly stable, the instant you turn the power on. 

Flip the switch, and you can select from 15 patterns. Including 
the single dot, single cross, single horizontal and single vertical. 

The magic is in Leader's binary counters and gates. Nobody 
else has them, and what a difference they make. 

$149.00, and you can make the wiggly test at your 
distributor's. For the one nearest you, just drop a line or call. 

*As photographed. 

Seeing is believing. 
.. zm®mis . irmaim s®osi 

LEADER INSTRUMENTS CORP. 
24 -20 Jackson Avenue, Long Island City, N. Y. 11101/(212) 729 -7411 

Circle 35 on reader service card 

NOW! Solve Electronics Problems 
fast with New Patented Slide Rule. 
(o 

L. 
That's right! This amazing new Electronics 
Slide Rule will save you time the very first 
day you use it. It's a patented, all -metal 10" 
rule that features special scales for solving 
reactance, resonance, inductance and cir- 
cuitry problems . . . an exclusive "fast - 
finder" decimal point locater ... widely - 
used formulas and conversion factors for 
instant reference. And there's all the stand- 
ard scales you need to do multiplication, 
division, square roots, logs, etc. 

Best of all, the CIE Electronics Slide Rule 
comes complete with an Instruction Course 

of four AUTO-PROGRAMMED* lessons. You'll quickly 
learn how to whip through tough problems 
in a jiffy while others plod along the old - 
fashioned "pad and pencil" way. 

Electronics Slide Rule, Instruction Course, 
and handsome, top -grain leather carrying 
case ... a $50 value for less than $25. Send 
coupon for FREE illustrated booklet de- 
scribing this Electronics Slide Rule and 
Instruction Course and FREE Pocket Elec- 
tronics Data Guide. Cleveland Institute of 
Electronics, 1776 E. 17th St.. Dept. RE- 
164, Cleveland, Ohio 44114. 

*TRADEMARK 

GET BOTH FREE! 

70 

Cleveland Institute 
of Electronics 

1776 E. 17th St., Dept. RE -164, Cleveland, Ohio 44114 

Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail 

promptly and get FREE Pocket Electronics Data Guide too! 

NAME 

Send 
coupon 
today --$ CITY 

(Please Print) 

ADDRESS 

STATE 

A leader in Electronics Training...since 1934 

COUNTY 

ZIP 

Circle 36 on reader service card 

COMING 
NEXT 
MONTH 
June is 1C month for RADIO - 

ELECTRONICS. You'll find next 
month's issue packed with proj- 
ects and features on these space - 
age microcircuits. 

IC's -What Makes Them Tick 
-An expert describes how IC's 
are made, and the solid -state 
theory that makes them work. 
First article in a series. 

IC's in Push -button Phones - 
The facts on IC's in the phone 
you may have at home or office. 

Build an IC Tach -Just one 
IC and a few components can 
help you get better performance 
from your car. 

PLUS THESE FEATURES 

IC -Diode Tuner -Build this 
stereo tuner that uses variable - 
voltge diodes for remote tuning, 
plus an all -IC i.f. strip. 

Kwik -Fix TV Repair -A new 
11 -E exclusive for easy trouble- 
shooting with photo symptoms 
and waveforms. 

June 

Radio -Electronics 
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FIRE FIGHTERS 

RECORD THE ACTION 

By R. DALE MAGEE 

HAVE YOU EVER WANTED TO RIDE ON A 

big hook -and -ladder truck as it responds 
to a fire call, red lights flashing and si- 
ren screaming? Unless you are a profes- 
sional fire fighter, your desire will prob- 
ably never be fulfilled. However, you 
can do the next best thing -respond to 
fires via tape recordings. The tapes are 
made by a Los Angeles Fire Depart- 
ment fire -prevention officer, Capt. Rob- 
ert Patterson. 

He began in 1948, before the ad- 
vent of modern compact transistorized 
recording equipment. In the years that 
have followed, Captain Patterson has 
developed unusual tape -recording tech- 
niques as a part of his department's 
fire -prevention program. 

Patterson first designed a unit to 
convert 12 volts dc from the battery of 
a city fire engine to 110 volts ac. This 
unit, built in the Fire Department radio 
shop, was permanently mounted on an 
engine stationed in a busy downtown 
Los Angeles firehouse. Operating from 

the inverter was a standard -model Eko- 
tape recorder. Since the Ekotape was 
not portable (it weighed well over 60 
pounds), Patterson left it on the fire en- 
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gine. Using a microphone at the end of 
a 100 -foot cord, he would charge into 
the fire zone with the "smoke- eaters" to 
give his eventual listeners an on -the- 
spot report of what happened. 

This pioneering arrangement pre- 
sented many problems, one of which was 
the lack of an on -off switch at the mike, 
necessitating a lot of tape editing. An- 
other problem was background noise, es- 
pecially from the fire apparatus siren, as 
Patterson tried to dictate an account of 
what was going on. He finally mounted 
a standard recorder microphone in a 
6 x 8 -inch padded and baffled box. After 
some trial and error, this arrangement 
proved successful, giving a directional 
microphone effect that was excellent for 
interviewing firemen and fire victims. 

Later, as portable recorders became 
available, Captain Patterson changed to 
a more mobile setup. His earliest oper- 
ated on a dozen flashlight batteries, and 
had approximately 15 minutes of record- 
ing time. This unit was not transistor- 
ized, but it was a definite improvement 
over the 100- foot -cord routine. 

Today, Captain Patterson is using a 
tiny recorder that can tape up to 4 
hours of material without changing 
tapes. With it he has done a remarkable 
job of taping fire -fighting action. Over 
the jears, his daily 15- minute prere- 
corded program has been aired both lo- 
cally and nationally. Through Patter - 
son's efforts, his listening audience can 
slide down the brass pole with the fire- 
men as the alarm bells sound, ride with 
the engine companies through the cen- 
ter of heavy downtown traffic, and rush 
right in behind the fire fighters as they 
enter smoke -filled buildings to go about 
the business of savings lives and property 
from the ravages of fire. R -E 
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PERFORM v,I.x 
CHAMPIONS 

BUY THE BEST 

ARK TEN® 
CAPACITIVE DISCHARGE 

IGNITION SYSTEM 

DELTAKIT only 52995 
ASSEMBLE IT YOURSELF! 
Now discover for yourself the drama-ic im- 
provement in performance of you car, 
camper, jeep, truck, boat - any vehicle! 
Delta's remarkable electronic achievement 
saves on gas, promotes better acceleration, 
gives your car that zip you've always wanted. 
Find out why even Detroit has finally come 
around. In four years of proven reliability, 
Delta's Mark Ten has set new records of 
ignition benefits. No re- wiring! Woks on 
literally any type of gasoline engine. 

COMPARE THESE PRO /EN 
BENEFITS... 

Dramatic Increase in Performarce and in 

Fast Acceleration 

Promotes more Complete Combustion 

Points and Plugs last 3 to 10 Times 
Longer 

Up to 20% Mileage Increase (saves gas) 

Order Your MARK TEN Today 
Shipped Postpaid at once . 

DELTA PRODUCTS;N':E 

P.O. Box 1147 RE Grand Junction, Cob. 81501 

Enclosed is $ Ship ppd. [ l p C.O.D. 
Please send: 

Mark Tens (Deltakit0) @ $29.95 
112 VOLT POSITIVE OR NEGATIVE GROUNI: ONLY) 

Mark Tens (Assembled) @ $44.9i 
6 Volt: Negative Ground only. 

12 Volt: Specify 
B 

Positive Ground 
Negati *e Ground 

Car Year Make 

Name 

Address 

City -State 7ir 

Circle 20 un reader service c.:rd 
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RADIO -ELECTRONICS READER SERVICE 

Here's how you can get manufacturers' 
literature fast: 

1. Tear out the post card on the facing 
page. Clearly print or type your name 
and address. Include zip code! 

2. Circle the number on the card that 
corresponds to the number appear- 
ing at the bottom of the New Products, 
New Literature or Equipment Report in 

which you are interested. 
For literature on products advertised 
in this issue, circle the number on the 
card that corresponds to the number 
appearing at the bottom of the adver- 
tisement in which you are interested. 
Use the convenient index below to lo- 

cate quickly a particular advertisement. 

3. Mail the card to us (no postage re- 
quired in U.S.A.) 

ACCURATE INSTRUMENT COMPANY, INC. 
(p. 61) 

ALLIED RADIO CORPORATION (p. 88) 
ARCTURUS ELECTRONICS CORPORATION 

(p. 94) 
ARROW FASTENER COMPANY, INC. 

(p. 90) 

B & K (Division of Dynascan Corporation) 
(p. 66) 

BROOKS RADIO AND TV CORPORATION 
(p. 84 -85) 

BSR USA LIMITED (p. 77) 
BURSTEIN -APPLEBEE COMPANY (p. 12) 

CARINGELLA ELECTRONICS, INC. (p. 84) 
CASTLE TV TUNER SERVICE, INC. 

(Cover III) 
CHEMTRONICS (p. 89) 
CLEVELAND INSTITUTE OF ELECTRONICS 

(p. 28 -31) 
(Slide Rule) (p. 70) 

Circle 30 
Circle 122 

Circle 136 

Circle 125 

Circle 32 

Circle 116 
Circle 108 

Circle 14 

Circle 114 

Circle 149 
Circle 124 

Circle 25 
Circle 36 

DELTA PRODUCTS, INC. (p. 17, 71, 87) Circle 20 
DELTA INTERNATIONAL, LTD. (p. 13) Circle 15 

EDMUND SCIENTIFIC COMPANY (p. 95) 
ELECTRO- VOICE, INC. (p. 27) 
EICO ELECTRONIC INSTRUMENT COMPANY, 

INC. (Cover Il) 
ESSEX INTERNATIONAL, INC., CONTROLS 

DIVISION, STANCOR INC. (p. 22) 

FAIR RADIO SALES (p. 97) 
FINNEY COMPANY (p. 85, 91) 

72 

Circle 137 
Circle 24 

Circle 8 

Circle 23 

Circle 139 

GBC CLOSED CIRCUIT TV CORPORATION 
(p. 81) 

GC ELECTRONICS COMPANY (p. 67) 
Circle 111 

Circle 33 

HEALD ENGINEERING COLLEGE (p. 93) Circle 132 
HEATH COMPANY (p. 78 -79) Circle 109 

INTERNATIONAL CRYSTAL MANUFACTURING 
COMPANY (p. 98) Circle 148 

INTERNATIONAL ELECTRONICS CORPORATION 
(p. 16) Circle 19 

JFD ELECTRONICS CORPORATION 
(p. 80) 

LAFAYETTE RADIO ELECTRONICS (p. 15) 
LEADER TEST INSTRUMENTS (p. 70) 
LORAL DISTRIBUTOR PRODUCTS 

(Division of Loral Corporation) (p. 5) 

MOSLEY ELECTRONICS, INC. (p. 12) 

OAKTRON (p. 91) 
OLSON ELECTRONICS, INC. (p. 86) 
OXFORD TRANSDUCER CORPORATION 

(p. 14) 

PENNWOOD NUMECHRON COMPANY 
(p. 92) 

PERMA -POWER (p. 88) 
POLY PAKS (p. 97) 

QUIETROLE COMPANY (p. 86) 

Circle 110 

Circle 17 
Circle 35 

Circle 10 

Circle 13 

Circle 126 
Circle 118 

Circle 16 

Circle 129 
Circle 121 
Circle 140 

Circle 119 

RCA ELECTRONIC COMPONENTS & DEVICES 
(Semiconductors (p. 7) Circle 11 

RYE INDUSTRIES, INC. (p. 86) Circle 117 

SANSUI ELECTRONICS CORP. (p. 16) 
SCHOBER ORGAN (p. 76) 
SCOTT, INC., H. H. (p. 77) 
SENCORE (p. 83) 
SOLID STATE SALES (p. 95) 

TV TECH AIDS (p. 91) 

WINEGARD COMPANY (p. 68 -69) 

Circle 18 
Circle 106 
Circle 100 
Circle 113 
Circle 138 

Circle 128 

Circle 34 

Circle 127 YEATS APPLIANCE DOLLY SALES (p. 82) Circle 112 
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NEW PRODUCTS 
More information on new products is available from the manufacturers 

of items identified by a Reader Service number. Use the Reader Service 

Card at the left and circle the numbers of the new products on which 

you would like further information. Detach and mail the postage -paid card. 

HIGH- CURRENT CHOKE, Stancor C- 
2692, for filtering high- current power 
supplies in computer and business ma- 

chines. Rated at 24 mH, 20 dc amps and 
6 mH at 40 dc amps. 531" x 47,té" x 

5'1 ". 21.2 lb. -Essex Wire Corp. 
Circle 46 on reader service card 

MICROPHONE, Luidyne IV. Model 548 
for stand or hand -held use. Model 548S 
for stand use; has on/off switch built into 
swivel mount. :Model 549 is a profes- 
sional stage version with a vibration -iso- 

lation shock mount. All provide dual 
impedance and Cannon -type connectors, 
and have frequency response of 40- 
15,000 Hz. $100 to S150.-Shure Broth- 
ers Inc. 

Circle 47 on reader service card 

POTENTIOMETER. Model 381 is a 
1 -W unit with 1% max. dynamic 

noise and 5% max. independent linear- 
ity. Resistances: 100 ohms to 5 megohms 
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linear; 500 ohms to 2 megohms tap- 
ered. Resistance tolerance, ±10% 
through 0.5 megohm; ±20% over 0.5 

megohm. Effective rotation, 270 °. Elec- 
trical rotation, 300° without switch; 
320° with switch. -Clarostat Mfg. Co. 

Circle 48 on reader service card 

ANTENNA PREAMPS, solid- state, sin- 
gle- channel. Remotely powered by in- 
door power supply. 5 models: M -13 to 
M -18, with 300 -ohm or 75 -ohm inputs 

+e Y 

WNLEAO OU, PUT 

ttNEY COMPANY 
,AEOrd, Ohm 

POWER SUPPLY 
MOOEL M 27 

FINCO 
715V FON: 2 SVA 

and outputs for F \1 bands as well as for 
vhf channels. Low band: 30 dB gain, 
3.5 dB noise figure. High band: 20 dB 
gain and 4.5 dB noise figure. Designed 
to fit on the antenna boom close to an- 
tenna terminals.- Finney Co. 

Circle 49 on reader service card 

4 -WAY RADIOTELEPHONES. Model 
2 x 2 has 6 crystal -controlled radio chan- 
nels, 5 marine band channels. Power in- 
put: 101 watts. Model RAY -1135 has 135 
watts input and 8 crystal -controlled 
channels plus AM broadcast band. Mod- 
el RAY -42, 10 vhf channels, 3 FM chan- 
nels, operates at a max. power of 25 

watts with miniature antenna. Narrow 
bandwidth plus power stepdown : ar 
close -range operation. No ground plate 
needed. 8389- $595.- Raytheon Co. 

Circle 50 on reader service card 

HARDWARE PACKAGE is plastic 
see -through container. Features on the 
label a large silhouette of the item it 

contains. Each unit is color- coded. PacVc- 

aged items include 132 types cif 

electronic /electrical hardware. 59¢ per 
package.- Watdom Electronics Inc. 

Circle 51 on reader service card 

CARTRIDGE RECORDER, Adel t::- 
Corder Rosette, operates on 117 V r.n1 
handles all standard 4- and 8 -track 
stereo cartridges. Converts any 4- or 

track player to playback and record. H 
fi recordings can be made from phono. 
tape deck, radio, TV or mike thrau;.-_ 

75 
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Build 
this exciting 
Schober Consolette 
Organ 

* Includes finished walnut 
console. (Only $716 if you build 

your own console.) Amplifier, 
speaker system, optional 

accessories extra. 

You couldn't touch an organ like this in a store 
for less than $1800 -and there never has been 

an organ of the Consolette Il's graceful small 
size with 22 such pipelike, versatile voices, five - 
octave big -organ keyboards, and 17 pedals! It 
sings and schmaltzes for standards, pops, old - 

time favorites, speaks with authority for hymns 

and the lighter classics, all with a range of vari- 
ety and satisfying authenticity you've never found 
before in an instrument under church or theatre 
size. If you've dreamed of an organ of your own, 
to make your own beautiful music, even if your 
home or budget is limited, you'll get more joy 
from a Schober Consolette II than any other 
"home size" organ -kit or no kit. 

You can learn to play it. And you can build it, 
from Schober Kits, world famous for ease of as- 

sembly without the slightest knowledge of elec- 
tronics or music, for design and parts quality 
from the ground up, and - above all - for the 
highest praise from musicians everywhere. 

Send right now for the full -color Schober catalog, 
containing specifications of all five Schober Or- 

gan models, beginning at $599.50. No charge, no 

obligation. If you like music, you owe yourself a 

Schober Organ! 

1 1 
Thet99C 4l 3' Organ Corp., Dept. RE -66 
43 West 61st Street, New York, N.Y. 10023 

D Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 

Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE ZIP - 
J 

Circle 106 on reader service card 

phono plug jacks. Level meters included. 
$99.95.- Dictation Products Ltd. 

Circle 52 on reader service card 

TWO -WAY SPEAKER SYSTEM, Mod- 
el GS-44. Bookshelf unit has wood lat- 
tice grille. Features 8" high- compliance 
woofer with a long -throw voice coil and 
a 21/2" wide -angle -dispersion cone type 

tweeter. Audio range extends from 35 
Hz to 20,000 Hz, with crossover at 2500 
Hz. Unit accepts input of up to 25 watts 
with a sensitivity of 96 dB per watt. 
Dimensions: 19" x 11" x 95 /s ". $67.50. 
-Pioneer Electronics USA Corp. 

Circle 53 on reader service card 

WIRELESS ALARM SYSTEM, closed - 
loop, solid- state. Utilizes frequencies 
from 265 -285 MHz. Can be triggered 

by tiny transmitters concealed in pocket 
or purse. If ac power fails, unit switches 
automatically to built -in battery opera- 
tion. $199.50. -Selectron Corp. 

Circle 54 on reader service card 

BENCH SUPPLY, Model BP -89, has an 
output of 0 -34 V at 0.5 A. Supply regu- 
lation is 0.01% and ripple is 250 V. 
Short -circuit and overload protection is 
provided. Dual -range meter for voltage 
and current readings. Fine and coarse 
voltage controls; 5 -way binding posts, 
on -off switch and pilot light. Circuit is 
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all- silicon solid -state and uses an input 
differential amplifier to maintain constant 
voltage over a wide range of temperature 
variations. $89.- Power /Mate Corp. 

Circle 55 on reader service card 

ANTENNA MOUNTING KITS. Each 
includes a universal tri -mount and a 5' 
11/4" O.D. mast (both are gold adonized), 
3 self -sealing drive -in nails, and three 
31/2" screw -in standoffs. Model PM600K, 
uhf /vhf /FM, has 50' lead -in. Model 

» 

PM613K, vhf /FM, has a 50' lead -in. 
Both include mast snap -on standoffs. 
Model PM682K, vhf /FM. has 50' of coax 
cable plus a matching transformer, MT- 
60, with single vhf /FM output. Prices 
range from $9.50 to $23.75. -JFD Elec- 
tronics Co. 

Circle 56 on reader service card 

DC -AC INVERTER, Model 1057, solid - 
state unit. turns dc input voltages of 
11 -14.5 into 117 Vac, 60 Hz. single 
phase. Delivers up to 300 watts. Fre- 
quency regulation: ±0.25% for line and 

load; 0.005 % / °F temperature coefficient 
and overall efficiency of 85 -90% for half 
load to full load. Protected against over- 
loads, short circuits and accidental rever- 

RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


sal of input voltage. Typical uses include 
remote operation of oscilloscopes, video- 
tape recorders, and other scientific 
instruments. $196.- Wilmore Electronics 
Co. 

Circle 57 on reader service card 

AM /FM STEREO SYSTEM, Scottie, is 
complete with two speaker systems. Oper- 
ates on a 12 -volt battery for use in a car 

or boat. Can also be operated on a 117 - 
volt current. $199.95. Optional turntable 
with magnetic cartridge and diamond 
stylus. $59.95. -H. H. Scott Inc. 

Circle 58 on reader service card 

DC MICROVOLTMETER PLUG -IN, 
Mode/ 1)P 110, provides digital display 
of dc voltage measurements from 1 µV- 
1000 V with an accuracy of ±0.05% of 
reading ±I digit. Pushbutton scale ex- 
pansion gives full 4 -digit (0.01% resolu- 
tion) to any voltage measurement. Input 

circuitry is fully floating, with more than 
10,000 megohms isolation between input 
ground and chassis or power -line ground. 
Automatic polarity displays on the main 
frame readout on all ranges when meas- 
urement is made. $450.- Hickok Electri- 
cal Instrument Co. 

Circle 59 on reader service card 

PA AMPLIFIER, Model 3281T, all -sili- 
con, solid -state, 80 -watt unit. Response, 
40- 10,000 Hz. Inputs, 2 mikes, hi /low 

impedance, 2 auxiliary. Gain: mike 118 
dB; aux. 89 dB. Hum and noise: mike 
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Scott builds 
the world's best 

receivers... 
and so can you! 

It's easy! Scott's new LR -88 AM /FM 
stereo receiver kit was designed to be enjoyed 

. both in the listening and in the construct- 
ing. Full- color, full -size assembly drawings 
guide you through every stage . wires are 
color -coded, pre -cut, pre -stripped . and 
critical sections are completely wired and 
tested at the factory. 

In about 30 goof -proof hours, you'll have 
completed one great receiver. The LR -88 in- 
cludes FET front end, Integrated Circuit IF, 
and all the goodies that would cost you over 
a hundred dollars more if Scott did all the 
assembling. 

Performance? Check the specifications 
and write to Scott for your copy of the de- 
tailed LR -88 story. n 1969, H. H. Scott, Inc. 

LR -88 Control Features: Dual Bass and Treble; Loud - 
ncss, li.ilancc; Volume Compensation; Tape Mcnitor; 
Mono ,icrco control; Noise filter; Interstaticn muting; 
Dual speaker switches; Stereo microphone inputs; 
Front panel headphone output; Input selector; Signal 
strength meter; Zero- center meter; Stereo threshold 
control; Remote speaker mono stereo control; Tuning 
control; Stereo indicator light. 
LR -86 Specifications: Power. II-IF ±I dB @ 4 Ohms, 
135 Watts: Continuous Power (RMS) both chcnnels 
driven R ohm., 30 watts each channel; Usable scasitiv- 
ity, 2.0 uV; Harmonic distortion, 0.6':; Frequency 
response, 15- 25,000 Hz1 dB; Cross modulation re 
jection, SO dB; selectivity. 45 dB; Capture ratio, 2.5 
dB; Signal noise ratio, 65 dB. Price, $334.95. 
Walnut case optional. 

CSCOTT 
H. H. Scott, Inc., Dept. 570 -05 Maynard, Mass. 11754 
Export: Scott International, Maynard, Mass. 0171,4 

Circle 100 on reader service card 

The brand for all reasons 
BSR McDONALD 600 

4 

Every BSR McDonald automatic turnable is 
precision made in Great Britain to the 
most exacting specifications. Upon Heir 
arrival in the U.S., every model is unaaced 
and re- tested under actual playing 
conditions. That's why BSR service c3IIs are 
the lowest in the industry -and perhaps 
that also explains why BSR sells mars. 
turntables than anyone else in the world. 

BSR (USA) LTD. 
BLAUVELT, N.Y. 10913 

Please send FREE detailed literature 
on all BSR McDonald automatic turntables. 

Address 

State 

Mc DONALD 

Circle 108 on reader. service card 
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For Top Performance And Value In Electronics 

Introducing The NEW Heathkit 1G-28 

Color Bar - 
Dot Generator .. . 

.Pt 

Advanced IC Design 

Gives 12 Patterns Plus 

Clear Raster Display & 

Eliminates Divider Chain 

Instability Forever! 

Stable Integrated Circuitry 
And Well- Engineered Layout 

Circuit Board -Wiring Harness Construction. Note the extremely clean, 
open layout - another advantage of integrated circuitry. The Video board is 
upper left, the Divider board mounts on the chassis. 

Fast Switch Selection Of Either 

Standard 9 x 9 Exclusive Heath 

Display OR "3 x 3" Display 

L 

Color Bars Shading Bars 3x3 Color Bars 

Dot Pattern 

Th 

Cross Hatch 3x3 Dot 

Horizontal Bars Vertical Bars 3x3 Horizontal 
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3x3 Cross Hatch 

I 

J 

3x3 Vertical 

The Most Advanced Instrument 
In Color TV Service 

All solid -state construction using Integrated Circuitry No divider 
chain adjustments Stable pattern display - no flicker, bounce or jitter 

Produces 12 patterns plus clear raster Instant switch selection of all 
functions Exclusive 3x3 display plus standard 9x9 display of all patterns 

Horizontal lines only one raster thick for added accuracy Variable 
front panel tuning for channels 2 through 6 Variable front panel 
positive and negative video output Front panel negative going sync 
output Two handy AC outlets on front panel Built -in gun shorting 
circuit with lead piercing connectors Front panel switchable crystal 
controlled sound carrier Copper- banded transformer to reduce stray 
fields Safe three -wire line cord Fast, easy construction with two 
circuit boards and two wiring harnesses 

The new Heathkit IG -28 is the ultimate signal source for all Color 
and B &W TV servicing. No other instrument at any price will give 
you as much stable, versatile TV servicing capability. Here are 
the details: 

AH Solid -State Circuitry produces dots, cross -hatch, vertical and 
horizontal lines, color bars and shading bars in the familiar 9x9 
display ... plus the exclusive Heath 3x3 display of all these patterns 
so necessary for static convergence, linearity and color demodulator 
phase adjustments ... plus a clear raster that lets you adjust purity 
without upsetting AGC adjustments. Fifteen J -K Flip -Flops and 
associated gates count down from a crystal controlled oscillator, 
eliminating divider chain instability and adjustments. 

Time- Saving Versatility. While many generators only give you one 
or two channel capability, the new IG -28 has variable front panel 
tuning for channels 2 through 6. The RF tank coil is actually etched 
into the circuit board for extra stability. Plus and minus going video 
signals are available at the turn of a front panel control. And for 
sync, in- circuit video or chroma problems, there's a front panel 
sync output. Convenient AC outlets are provided for degaussing 
coil, test instruments, TV set etc. Built -in gun shorting circuits and 
grid jacks are also included. Add any service type scope (with hori- 
zontal input) to the IG -28 and you have vectorscope display capa- 
bility too. Other features include a crystal controlled sound carrier 
oscillator, a well regulated full wave power supply with dual primary 
copper -banded transformer, safe three -wire line cord, and rugged, 
compact Heath instrument styling. Two circuit boards and two 
wiring harnesses provide easy construction in about ten hours. Start 
enjoying the versatility you couldn't get before ... put the remark- 
able new Heathkit IG -28 on your service bench now. 

Kit IG -28, 8 lbs $79.95* 
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Look To The Leader H33ïATHIKIT® 

Now There are 4 Heathkit Color TV's ... 
All With 2 -Year Picture Tube Warranty 

NEW Deluxe "681" Color TV With Automatic Fine Tuning 
The new Heathkit GR -681 is the most advanced color TV on the market. A strong 
claim, but easy to prove. Compare the "681" against every other TV - there 
isn't one available for any price that has all these features. Automatic Fine Tuning 
on all 83 channels ... just push a button and the factory assembled solid -state 
circuit takes over to automatically tune the best color picture in the industry. 
Push another front -panel button and the VHF channel selector rotates until you 
reach the desired station, automatically. Built -in cable -type remote control that 
allows you to turn the "681" on and off and change VHF channels without 
moving from your chair. Or add the optional GRA -681 -6 Wireless Remote 
Control described below. A bridge -type low voltage power supply for superior 
regulation; high & low AC taps are provided to insure that the picture trans- 
mitted exactly fits the "681" screen. Automatic degaussing, 2 -speed transistor 
UHF tuner, hi -fi sound output, two VHF antenna inputs ... plus the built -in 
self -servicing aids that are standard on all Heathkit color TV's but can't be 
bought on any other set for any price ... plus all the features of the famous "295" 
below. Compare the "681" against the others ... and be convinced. 
GRA- 295 -4, Mediterranean cabinet shown $119.50' 
Other cabinets from $62.95` 

Deluxe "295" Color TV... Model GR -295 
Big, Bold, Beautiful ... and packed with features. Top quality American brand 
color tube with 295 sq. in. viewing area ... new improved phosphors and low 
voltage supply with boosted B + for brighter, livelier color ... automatic de- 
gaussing . . . exclusive Heath Magna -Shield . Automatic Color Control & 
Automatic Gain Control for color purity, and flutter -free pictures under all 
conditions ... preassembled IF strip with 3 stages instead of the usual two . , . 

deluxe VHF tuner with "memory" fine tuning ... three -way installation - wall, 
custom or any of the beautiful Heath factory assembled cabinets. Add to that 
the unique Heathkit self -servicing features like the built -in dot generator and 
full color photos in the comprehensive manual that let you set -up, converge and 
maintain the best color picture at all times, and can save you up to $200 over the 
life of your set in service calls. For the best color picture around, order your 
"295., now. 
G RA-295-1, Walnut cabinet shown $62.95 
Other cabinets from $99.95' 

Deluxe "227" Color TV... Model GR -227 
Has saine high performance features and built -in servicing facilities as the 
GR -295, except for 227 sq. inch viewing area. The vertical swing -out chassis 
makes for fast, easy servicing and installation. The dynamic convergence control 
board can be placed so that it is easily accessible anytime you wish to "touch -up" 
the picture. 
GRA- 227 -1, Walnut cabinet shown $59.95' 
Mediterranean style also available at $99.50' 

Deluxe "180" Color TV... Model GR -180 
Sanie high performance features and exclusive self -servicing facilities as the 
GR -295 except for 180 sq. inch viewing area. Feature for feature the Heathkit 
"180" is your best buy in deluxe color TV viewing ... tubes alone list for over 
$245. For extra savings, extra beauty and convenience, add the table model 
cabinet and mobile cart. 
GRS- 180 -5, table model cabinet and cart $39.95' 
Other cabinets from $24.95' 

Now, Wireless Remote Control for Heathkit Color TV's 
Control your Heathkit Color TV from your easy chair, turn it on and off, 
change VHF channels, volume, color and tint, all by sonic remote control. No 
cables cluttering the room ... the handheld transmitter is all electronic, powered 
by a small 9 v. battery, housed in a small, smartly styled beige plastic case. The 
receiver contains an integrated circuit and a meter for adjustment ease. Installa- 
tion is easy even in older Heathkit color TV's thanks to circuit board wiring 
harness construction. For greater TV enjoyment, order yours now. 
kit GRA- 681 -6, 7 lbs., for Heathkit GR -681 Color TV's $59.95' 
kit G RA-295-6, 9 lbs., for Heathkit GR -295 & GR -25 TV's $69.95' 
kit GRA- 227 -6, 9 lbs., for Heathkit GR -227 & GR -180 TV's $69.95' 

HEATHKIT 1969 

MAY 1 969 

NEW 
FREE 1969 CATALOG! 
Now with more kits, more color. 
Fully describes these along with 
over 300 kits for stereo /hi -fi, 
color TV, electronic organs, elec- 
tric guitar & amplifier, amateur 
radio, marine, educational, CB, 
home & hobby. Mail coupon or 
write Heath Company; Benton 
Harbor, Michigan 49022. 

L 

$49995* 
(less cabinet) 

kit GR -295 
now only 

$4499E" 
(less cabinet. 

kit GR -227 
now only 

$39995* 
(less cabinet) 

HEATH COMPANY, Dept. 20 -5 
Benton Harbor, Michigan 49022 

Enclosed is $ 

kit GR -180 
now only 

$34995* 
(less cabinet) 

New Wireless 
TV Remote Control 

For GR -295, GR -227 
& GR-180 

$6995' 
New Wireless 

TV Remote Control 
For GR -681 

$5995' 

plus shipping. 

Please send model (s) 
Please send FREE Heathkit Catalog. Please send Credit Application. 

Name 

Address 

City State Zip 
Prices & specifications subject to change without notice. *Mail order prices; F.O.B. factory. CL- `4 

Circle 109 on reader service card 
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What Makes 
COAX 

CONDUCT? 
JFD" COLORSHIELD -82 

COAXIAL CAOLEMAMCM 

Coax is a very efficient transmission line, 
but few technicians really understand 
how it conducts TV signals. Signals don't 
simply go down to the set through the 
center conductor and back up to the an- 
tenna on the shield as many believe. In- 
stead, TV signals travel through the 
center conductor via a series of mag- 
netic build -ups and collapses, or "incident 
waves." 

Two things determine the quality of coax: 
(1) the match; and (2) the attenuation or 
loss it causes. If the center conductor 
is not really in the center of the dielec- 
tric at all points along the cable, match 
is poor. And poor match causes color 
smears. The loss of a cable is determined 
by the size of the center conductor and 
the type of dielectric used. Low loss is an 
especially important factor in 82- channel 
installations. 

1FD LOW LOSS COLOR 
SHIELD -82 PROVIDES 
BETTER MATCH -KEEPS 
COLOR IN - INTERFER- 
ENCE OUT. 
JFD Color Shield -82 coaxial cable uses 
finest foam dielectric and absolutely con- 
centric copper center conductors for low- 
est loss - maximum signal transfer. It 
is available in (1) convenient precut 
lengths with attached "F" connector on 
each end and weatherboot; (2) with or 
without unique 300 -75 ohm low -loss 
matching transformer molded into one 
end of the cable that attaches directly 
to the antenna terminals, plus crossarm 
insulator standoff. 

Install JFD couplers ... splitters . . . 

transformers ... home amplifier sys- 
tems - designed better to work better. 

Write for 48 -page JFD dealer catalog - 
or see your distributor. 

1 

JFCI® 
FD ELECTRONICS CORP. 

`15tJh Avenue at 62nd Street. Brooklyn. N. Y. 11219 

Circle 110 on reader service card 

43 dB below rated output; aux. 66 
dB below. Outputs: 4, 8, 16 ohms; 25, 
70.7 V. Power consumption, 150 watts. 
$114.95.- Allied Radio Corp., Chicago, 
Ill. 

Circle 60 on reader service card 

PULSE GENERATOR, PG -Il, solid - 
state circuits, glass -base epoxy printed - 
circuit boards. For bench or rack 
mounting. Unit provides single /double 
pulses, pulse pairs, pulse bursts or one - 
shot output and may be gated synchro- 

nously or asynchronously. Repetition 
rate: 10 Hz -20 MHz in the double -pulse 
mode and to 10 MHz in the single -pulse 
mode. Rise and fall times are 5 nsec max. 
at full ±15 -V output amplitude. Exter- 
nal trigger: dc to 20 MHz. $375. - 
Chronetics Inc. 

Circle 61 on reader service card 

LEVEL -LIMITER MICROPHONE, 
Model 500 -PS, contains a silicon solid - 
state circuit that provides 40 -dB dy- 
namic range low distortion compression. 
Operates from 10.5 -18 Vdc between -30 

and +65 °C, has attack time of 1 msec, 
release time of 0.25 sec. Harmonic dis- 
tortion is less than 5 %. Frequency re- 
sponse automatically controlled by voice 
level to stop garbling. -Vega Electronics 
Corp., Santa Clara, Calif. 

Circle 62 on reader service card 

COLOR ORGAN KIT, Model LO -103, 
utilizes frequency -selective networks to 
divide audio spectrum into 3 channels. 
Each has own intensity control plus a 
silicon controlled rectifier which controls 
the intensity of a color lamp ( not in- 
cluded) connected at its output terminals. 
Mixture of colors, synchronized Nvith the 
music, produces psychedelic light effects. 
Sensitivity 300 mV; impedance 3000 

80 

ohms; input power 16 Vac n 3 amps. 
$12.95.- Science Workshop, Bethpage, 
N.Y. 

Circle 63 on reader service card 

CUSTOM CABINETS, Fleai -Cab, for 
kit builders, experimenters and hobbyists 
come in 3 sizes; 3" x 4" x 4 ", 3" x 4" x 

6" and 3" x 6" x 9 ". Each consists of six 
panels macle from rugged 26 gauge 

vinylclad steel and 12 slides. Can be 
assembled in minutes by joining the 
panels with the slides. From 82.98. -Bell 
Educational Lab Div., Beltronix Systems 
Inc. Hauppauge, N.Y. 

Circle 64 on reader service card 

BURGLAR /FIRE ALARM protects 
home, office and vehicles. It's completely 
self- contained and needs no wiring or in- 

stallation. Permits 24 -hour unattended 
service. Size: 5',i" x 2%" x 1 % ". $4.95 
with batteries.- Protect -Alarm, Holly- 
wood, Calif. R -E 

Circle 65 on reader service card 
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NEW 
LITERATURE 
All booklets, catalogs, charts, data 
sheets and other literature listed here 
with a Reader Service number are 
free for the asking. Turn to the 
Reader Service Card facing page 72 
and circle the numbers of the items 
you want. Then detach and mail the 
card. No postage required! 
RECORDING HEAD called "Spot Check" fore- 
warns about 100 hours before the end of its 
useful life by a red indicating surface on its 
face. Useful to broadcasting and service indus- 
try, language labs and suppliers of background 
music where service contracts are used. Photos 
and description are contained in "Spot Check 
Brochure," 4 pages.- Michigan Magnetics, a 
Div. of VSI Corp., Vermontville. Mich. 

Circle 76 on reader service card 
PRECISION INSTRUMENT HAND TOOLS 
and power tools including three magnetizer -de- 
magnetizer models, sets of counterbores and 
countersinks, flexible -shaft power units and ac- 
cessories. several motorized units plus a number 
of new standard and special tools are featured 
with complete specs and price list in Catalog 
T-691, 16 pages. Fractional motors and watch- 
makers' tools are also illustrated.- Kendrick & 
Davis Inc. 

Circle 77 on reader service card 
TEST EQUIPMENT. Form #458, 12 pages 
feature five test instruments, including a sweep/ 
marker generator, combination oscilloscope/ 
vectorscope, color generator and two in /out cir- 
cuit transistor and FET testers. A special refer- 
ence section lists more than 12,000 different tran- 
sistors and FETs plus information needed for 
testing. All complete with performance data and 
prices. -Sencore Inc.. Addison, Ill. 60101. 

Circle 78 on reader service card 
PRINTED CIRCUIT CHART compares tech- 
nical specs of etched and die -stamped circuitry. 
Die -stamped circuit chart shows how thickness 
of conductors affects circuitry temperature at 
various voltage and current levels. -GTI Corp., 
Leesburg, Ind. 

Circle 79 on reader service card 
ANTENNAS AND ANTENNA SYSTEMS for 
the frequency range of 2 MHz to 1100 MHz, 
covering vhf /uhf fixed and mobile antennas as 
well as accessories are described in a 64 -page 
catalog. It also includes all antenna configura- 
tion necessary for field use. -Hy -Gain Elec- 
tronics Corp., Lincoln, Neb. 

Circle 80 on reader service card 
1969 HOME STUDY DIRECTORY. 8 pages. 
Provides names and addresses of 122 accredited 
schools and describes more than 500 courses of 
study. A cross -reference index by subject facili- 
tates reading. -National Home Study Council, 
Washington, D.C. 

Circle 81 on reader service card 
COMMERCIAL SOUND SPEAKERS, Models 
8J4S7 and 12J4S7 are illustrated and defined as 
to performance characteristics. physical specs 
and related technical data in an easy to read 
tabular form in a 2 -page Product Engineering 
Bulletin.- Oxford Transducer Co., Chicago, Itl. 

Circle 82 on reader service card 
REED RELAYS. Over 160 types are covered in 
a 24 -page catalog detailing information on life 
and reliability of the manufacturer's product. 
Reed relays listed include ultra- miniature, micro- 
miniature, miniature, standard and mercury - 
wetted types. Detailed electrical, mechanical and 
environmental specifications, dimensional draw- 
ings, photographs and ordering information are 
presented. -Wheelock Signals 

Circle 83 on reader service card 
LOUDSPEAKER GUIDE lists replacement 
speakers for equipment used in all American and 
foreign automobiles from 1960 through 1969. - 
Jensen Manufacturing Div., The Muter Co. 

Circle 84 on reader service card 

MAY 1 969 81 

Write direct to the manufacturers for in- 
formation on items listed below: 

SCIENTIFIC INSTRUMENTS for research and 
development, in industry as well as for educa- 
tional purposes, are described in a 68 -page 
catalog, #811/81. Included are full specs, illus- 
trations and many schematics for Malmstadt- 
Enke Spectros -copy System, Instrumentation 
Lab, Chart Recorders. Recording pH Electrom- 
eters, Polarography System, Berkeley Physics 
Lab, Heath Oscilloscopes, Power Supplies. Volt- 
meters, Signal Generators, Testers and Bridges 
etc. -Heath Co., Benton Harbor, Mich. 49022. 

NUTS AND BOLTS, lock washers and screw 
fastener units are described in 28 -page catalog, 
AS -800. Screw thread data plus complete di- 
mensions for the various types of head styles 
are included. In addition to standard types, 
information on a line of twisted tooth lock 
washers and many special metal and non- 
metallic washer designs for extraordinary ap- 
plications is provided. Write to Shakeproof, 
Div. Illinois Tool Works Inc., St. Charles Rd., 
Elgin, Ill. 60120. 

MOS /LSI INTEGRATED CIRCUI'T'S and other 
forthcoming IC products are featured ' 1h charts 
and diagrams in 44 -page catalog 70-13-2-0012-108. 
Standard products section provides i series of 
one -page specs for the company's Tine of MOS 
circuits, and custom MOS arrays secSioa includes 
Micromosaic arrays designed for law ,engineering 
cost and fast turnaround time requirements. Brief 
MOS historical development and technclogy plus 
Fairchild's MOS and LSI capabilities also out- 
lined.- Fairchild Semiconductor, :313 Fairchild 
Dr., Mountain View, Calif. 94040 

HARD -TO -FIND TOOLS is the title of a new 
24 -page catalog of interest to expel in hers, lab 
technicians, modelmakers, hobbyists. and others 
that do detailed work in wood and metals. Among 
the many items described and illustrated are 
electronic pliers and other electronic ¢cols, wood- 
carving knives, jeweler's tools, precision tools, 
unusual solders, soldering jigs, glass dr Ils, minia- 
ture files, rifflers, reamers and scores of other 
versatile, unusual small hand tool sad small 
power tools. 25f each. -write to Brokstone Co., 
98R River Road, Worthington, Mass. 0íC98. R -E 

First time ever 

General Electric 
video -tape recorders 

0 
(Built by Sony for 
General Electric) 
Compatible with the thousands of Sony half - 
inch video tape recorders (including popular 
battery- operated portables) now in use in 
schools, business and industry. 

Can be used to tape live material; tape 
programs off the air; and play back.this material 
on any standard TV monitor. 

Ideal for education, sales and employee 
training; medical applications; sports. drama and 
dance instruction; sales presentations. 
advertising. 

Rugged, portable cabinet with see -thru dust 
cover. Compact and lightweight. can be moved 
easily from location to location. 

Brand new units in their original factory cartons. 
Optional equipment available: video monitors. 

CCTV cameras. 
Order today while they last. 
Terms: Check with order, FREE delivery. 
COD's require 25% deposit shipped F.O.B. N.Y.C. 

(lowest price ever 
for a video tape 

recorder) 

Have you heard about 
our sensational Vidicon 

prices? An example, 
brand new 7735A's 

$34.50 each lots of 5. 

( /GBC Closed Circuit TV Corp. 
74 Fifth Avenue, New York, N.Y. 10011. Phone: (212) 989 -4433 'C; 

1yi,ri\,.4)e(ü ü ü.,6\oò . 
Circle 111 on reader service card 
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TECHNDTES 
USING IGNITION ANALYZER 

When using an oscilloscope -type ignition analyzer, the 
readings must be interpreted with care if the sparkplug wires 
are the resistive type used for radio -interference suppression. 
These wires limit the amount of energy fed to the plug and 

so reduce the effect of the spark characteristics on the coil 
waveforms. In particular, the "spark line" (a) commonly ob- 
served will not be seen. The observed pattern (b) will be that 
commonly considered characteristic of an open plug or some 
other malfunction that prevents sparking. -Charles Erwin 
Cohn 

LAFAYETTE LA- 226WX: INTERMITTENT, 

DISTORTED STEREO 

Bad stereo in this receiver can be due to a short in the 
shielded cable that connects to the high side of the dimension 
control. Replace the cable, and redress it carefully to prevent 
future trouble. 

To adjust the control, set it to the side that gives maxi- 
mum level in the FM multiplex stereo mode. At this point, 
separation is zero (monaural sound). The correct operating 
point depends on the signal level and the multipath ( "ghost ") 
content of the signal at that frequency. Move the control 
back until you reach a point with good separation and mini- 
mum hiss. The best setting must be found by experiment. 

If no multiplexed broadcast or test signal is available, set 
the control to the halfway point. -Steve P. Dow 

INTERMITTENT LOSS OF FOCUS IN 

ZENITH 25MC36 & -46 

If high voltage and focus voltage are normal, check the 
plastic pin stiffener on the base of the picture tube for signs 
of carbonization between the pins. We have come across 
several stiffeners where carbonizing caused leakage between 
the pins, upsetting focus. 

Either replace or discard a defective stiffener. If you 

82, RADIO -ELECTRONICS 

discard it, be sure that you install the socket correctly be- 
cause the stiffener also serves as a pin locator. -Jinn Wilhelm 

FORD 94BF AUTO RADIO DEAD 

Customer complained that the radio had just gone dead 
as he was driving home from work. He had removed it, 
checked tubes and replaced the fuse, without results. 

On the bench, the set played normally for about 20 min- 
utes and then stopped abruptly. My vtvm read 10 volts at the 
base of the 2N1008, but C 16 was not shorted. Then I noted 
10.1 volts on the 12FK6 cathode. Replacing C2 made the 
set operate normally. - - William Santora 

EICO 377: NO OSCILLATIONS 

An Eico 377 audio generator would not oscillate V.,, a 
6K6 -GT, had a red -hot plate and screen. We checked voltages 
with a vtvm. The voltage on V2's control grid was 80 -much 
too high. Replacing C7, the coupling capacitor. fixed the 
trouble. -Pierre Cappaert 

OLYMPIC CT- 910 -LOW VIDEO GAIN 

Video gain can be improved, if desired, by substitut- 
ing a 10KR8 for V8, the 10JY8 video amplifier tube. It may 
then be necessary to readjust the red, blue and green screen 
controls to a higher level for a better brightness /contrast 
ratio. -Olympic Service Bulletin 

Do TV 
service calls 

leave you 
weak 
in the 
knees? 

We can put the spring back in your step 
FREE 

illustrated 
brochure 

YEATS 

Please send me informative brochure on YEATS 
labor savers - no obligation. 

Name 

Firm 

Address 

City 

State Zip 

Appliance Dolly L_ 

Sales Company 1301 W. Fond du Lac Avenue., Milwaukee, Wis. 53205 

Circle 112 on reader service card 
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REPAIR DAMAGED TUNING SLUGS 

The slot in a ferrite tuning slug 
frequently appears damaged beyond 
repair by a metal tool. However, an 
inspection of the unit outside the can, 
before foraging in the junk box for 
a replacement, is often rewarding. 
Usually, there is an exact duplicate 
slot at the bottom end of the slug. 
It is only a matter of reversing it and 
the tuning slug will be back in busi- 
ness. 

In case you are not so fortunate, 
clamp the slug in a clothespin (not 
vise) and with a dull hacksaw blade 
work in another slot at any convenient 
end. This applies whether the slot was 
originally for screwdriver or hex align- 
ment tool, as it is now exclusively for 
screwdriver use. So, unless there is 
actual breakage, there is a definite 
cure for the trouble. The little dust 
lost in the process will not affect the 
magnetic properties of the core. - 
Verginaud Richard 

ADMIRAL 17A4 STEREO CHASSIS 

Low FM sensitivity may be due 
to incorrect adjustment of the RF 
BIAS control. This can be reset without 
removing the chassis from the cabinet. 
If readjustment does not correct the 
condition, you may have a bad FM 
i.f. transistor. 

Tune in a local FM station and 
adjust the RF BIAS control to kill the 
FM rf amplifier. If the output is cut 
off completely instead of just being 
reduced, or if the tuning meter acts 
peculiarly as you tune near cutoff. 
replace Q4. 

Improper operation of the FM 
stereo indicator is most likely due to 
a low setting of the STEREO THRESH- 
OLD control. Advancing it another l0 
degrees should permit the indicator to 
function correctly. -Admiral Service 
News Letter R -E 

J 

"Hurry it ut,'" 

MAY 1969 83 

NOW 
CHECK ILL 
TRANSISTORS 

IN OR OUT OF CIRCUIT .. . 

Flick function 
switch to left 
to check all 
regular tran- 
sistors. 

Flick function 
switch to right 
to check any 
FET. 

Model TF151 

all regular transistors plus the new field effect transistors. 
You won't be stopped when you run into the new FETs that are wired 
into the latest hi -fi, newest TV receivers and nearly every other new device 
coming on the market. For the very first time, you can check them all, 
in or out of circuit. The TF151 works every time using tried and proven 
signal injection techniques. New, improved tests on special RF transistors 
and the latest high power transistors, mean that the TF151 is the only 
up -to -date transistor tester on the market. A new, exclusive setup book 
in rear compartment guides you to every test for over 12,000 transistors 
and FETs. The book is not needed for general service troubleshooting. 
Regular transistors are checked for beta gain and lobo leakage. FETs 
are checked for transconductance and Igss leakage. only 

Your distributor just got this new tester in stock. 
See him, it obsoletes all others. 

$129° 

NC41=1 
NO 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMEN- 
426 SOUTH WESTGATE DRIVE. ADDISON. ILLINOIS 6010' 

Circle 113 on reader service card 
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NEW! 
S11I,II1 STATE ICITS 

FOR ANY 

TAPE RECORDER 

Automatic 
Recording -Level Control 
Low -noise distortionless compressor - preamp easily installs in mike line. 
Easy -to -build kit with complete 
instructions. 
MODEL ACP -1 KIT .... $18.50 

Voice /Sound 
Actuated Controller 

Voice operate any tape recorder, ham 
and CB transmitter. Ideal for intru- 
sion alarms. Built -in relay switches 
up to 1 amp. Easy -to -build kit with 
complete instructions. 
MODEL VOX -1 KIT .... $18.50 

Other Kits 
Audio Amplifiers Power Supplies 
Test Equipment Treasure Locators 

and many others 
FREE Data sheets with circuit description, 
diagram and specifications for all kits. 

CARINGELLA ELECTRONICS, Inc. 
P.O. Box 327 Upland, California 91786 

Phone 714 -985 -1540 

Circle 114 on reader service card 

POWER DARLINGTON IC'S 

Seven new Bendix power IC 
Darlington modules (types BHF0002 
through BHF0008) offer 25 watts 
dissipation and 10 amperes output 
currents at voltages ranging from 25 
to 80 volts. The units consist of two 
npn silicon devices on an alumina 
substrate. An integral commutating 
diode for load clamping and an in- 
ternal base -emitter resistor are in- 
cluded. No external compensation is 
needed. 

Treated as transistors, the power 
Darlingtons can be used as amplifiers 
and for power switching. A schematic 
and drawing of this new high -power 
IC module are shown. Absolute maxi- 
mum ratings are: 

Open -base breakdown volts V,_a 
Collector -base breakdown V_1 
Emitter -base breakdown Va_3 

Output current It 
Input current I1 

NEW TUBES AND 

1.06°MAX 

lr- .810" -ix-1 

TAN MOLDED 

140" 
.330 MAX, 

.68" MAX 

280'. I 
MAX .61" -0I 

POLYSULFONE CASE 

.042° DIA. GOLD PLATED 
COPPER TERMINALS 

CERAMIC SUBSTRATE 

B'HF0003 
BHF0002 BHF0006 BHF0007 BHF0008 

25V 40V 60V 80V 
40V 60V 80V 80V 

5V 5V 5V 5V 
IOA IOA l0A 10A 

250mA 250mA 250mA 250mA 

"VALUES" THAT DEFY ALL COMPETITION 
Our TREMENDOUS BUYING POWER & PURCHASING EXPERIENCE make is possible. We invest Thousands of Dol- 
lars (in just a single item) to create a good DOLLAR BUY, resulting in the AMAZING & EXCITING OFFERS that follow: 
FREE $1 BUY WITH EVERY 10 YOU ORDER toa'$1 uliiys FREE GIFT WITH EVERY ORDER 
ni SOLID STATE UHF CON 
;I-I VERTER Receives channels 

14 -8:3. Easy connection to $16 95 
your TV set v 
STANDARD TV TUNER 21mc- 
with schematic Popular type for $ 

y TVs J 
V TUNERS asst. all new standard 53 
makes. including Tubes 

El 

CI 

WESTINGHOUSE STANDARD 
TUNER #47 0V1201101 - (3G1L5 $4 

't:S Tubes) 
WESTINGHOUSE STANDARD 
TUNER #470V071H02 - (6ER5 $/ - 0(268 lobes) f} 

SPECIAL TUBE BUY 5C136, 3DT6, Car 
4CS6. 12.tÚ7, 12RH7. Each .... .7.7 
10 - ASST. RADIO & TV TUBES S1 
Every Tube a good number 
50 - ASSORTED TRANSISTORS $1 
big factory scoop sold as-is 
20- ELECTROLYTIC CONDENSRS S1 
Fine asst. -too numerous to mention 
20 -ASST. VOLUME CONTROLS $1 
All desirable good types 
2 - POWER TRANSISTORS Re- $1 
place 2N155, 2N170, 2N301, etc. 
2 - HYTRON POWER TRAN- 
SISTOR H -V replaces D8501, $1.29 
2N173, etc. 
25 - 3900-OHM-7w RESISTOR $1 
1O% Corning gh,.as 

20 - .47 -600V CONDENSERS 51 
White Ceramic C.D. -American .... 

TRANSISTOR RADIO 'rest type $1.50 
goon. bad. broken, as -is, potluck 

TAPE RECORDER assorted types $4 
good. bad, broken, as -is, potluck . 

32' - TEST PROD WIRE $1 
deluxe quality, red or black 

HEARING AID AMPLIFIER $1 
Mel. 3 Iuhes. Mike, etc. (as Is) . 

50 - #3AG FUSES 1/2 AMP Si popular type with pigtails 
10 - STANDARD TRANSISTORS Si 
NPN & PNS' 2\454, 2:V414, etc. . 

10- ASSORTED DIODE CRYSTALS 51 
1N34. 1N48, 1ü60, 1N64, etc. . 

6 - TRANSISTOR RADIO EAR- $1 
PIECES wired complete with plug 

L__1 
1 -SQ. YARD GRILLE CLOTH $2 
most popular brown & gold design 

S20 -SHURE M -7D DIAMOND $3 
NEEDLE ezact replacement 

515.00 TELEVISION PARTS $1 
"JACKPOT" best bug ever 
10 - SETS PHONO PLUGS & $1 I-1 
PIN JACKS RCA type 

10 - SURE -GRIP ALLIGATOR $1 
CLIPS 2" platen 
50 - ASSORTED PRINTED CIR- $1 
CUIT SOCKETS hest types 
10 SETS - DELUXE PLUGS & $1 
JACKS :vest. for many purposes . 

n 70 -BRASS FAHNESTOCK CLIPS $1 
popular type & size 

1_1 
100 -ASST 1/4 WATT RESISTORS $1 12" OXFORD SPEAKER, Top 5 stand. choice ohmages, some in 5ró Quality . Large Magnet ei 

1_1 ti100 

-ASST 1/2 WATT RESISTORS Si stan. choice 'ramages, some in 5 t 

70 - ASST 1 WATT RESISTORS Si 
stand. choice ohmages, some In 5% 

35 - ASST 2 WATT RESISTORS $1 
stand. choice ohmages, some in 5nq 

50 - PRECISION RESISTORS $1 
asst. list -price 550 less OS e 

20 - ASSORTED WIREWOUND $1 
RESISTORS, 5. 10, 20 watt 

4 - TOGGLE SWITCHES $1 
SPOT, SPOT, DPST, DI'DT 

10- ASSORTED SLIDE SWITCHES 51 Spar, SPOT, DPDT, etc. 

100 - STRIPS ASSORTED SPA- S1 
GHETTI hamly sizes 

METER SENTRY -SOLID STATE 
Protects meter movements up to 99, 
25 amps singe 

15 - ASST. ROTARY SWITCHES $1 
all popular types $20 value 

3 - TOP BRAND 35W4 TUBES $1 

7 - TV ELECTROLYTIC CON- $1 
DENSERS desirable types 

CI3 - PRINTED CIRCUIT I.F. 
TRANS. 455 RC. 4 Lug -Input 

$1 & Output 

IMMEDIATE DELIVERY ... Scientific ight packing for safe delivery at minimum cost. 
HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 
F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. 
Tearsheets will be returned as packing slips in your order, plus lists of new offers. 
Minimum Order $3.00 
Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

Name 

10" PHILCO SPEAKER $2.69 
Top Quality . . . Large Magnet 
6 "- ECONOMY SPEAKER Tep 51.69 quality 2.15 Sfag. 

5" UNIVERSAL TWEETER 51.29 
1 Oz. . Magnet 

UNIVERSAL 51/2" PM SPEAKER Si Alnico 5 magnet, quality tone ... 
UNIVERSAL 4" PM SPEAKER 79c Alnico 5 magnet, quality tone . .7 

2" x 6" SPEAKER $1 Alnico 5 magnet. quality tone . 

10 - SPEAKER PLUG SETS $1 deluxe type, 2 conductor 
31/2" - ROUND SPEAKER 59r Special Buy 

IBM COMPUTOR 
SECTIONS 

Se 
assorted Unite we 

for Si are 
loaded with over 
150 valuable parts. 
Incl. - Translators 
Condensers, Resist. 
ors, Heat Sinks, Di. 
odes, Etc. 

8 for $1 

100 IOf $10 

Address 

Cost of 
goods 
Shipping 
estimated 
TOTAL 

BROOKS RADIO 6c TV CORP., 487 Columbus Ave., New York, N. Y. 10024 21287HO600 
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SEMICONDUCTORS 
TV SCR's AND IC BRIDGE 

The 40640 and 40641 are two 
new TO- 66- packaged SCR's designed 
especially for use in the horizontal 
deflection circuits of large- screen col- 
or sets. These units have fast -recovery, 
short turn -off time, low switching dis- 
sipation and high -voltage characteris- 
tics needed for TV horizontal de- 
flection and such applications as 
high- frequency lighting, ultrasonic 
power supplies, injection laser drivers 
and radar pulse modulators. 

RCA 40642, 40643 and 40644 
are three new silicon rectifiers de- 
signed for use in the deflection circuit 
with the SCR's. The 40460 SCR and 
40642 rectifier are the sweep com- 
ponents. They provide bipolar switch- 

YELLOW DOTS AC 

RED DOT 
POS 

l 

ing for controlling forward -trace hori- 
zontal yoke current. Retrace current is 
controlled by the 40641 SCR and 
40643 rectifier. The 40644 rectifier is 
used as a clamp in the sweep circuit 
to protect circuit components from ex- 
cessively high voltage peaks which may 
result from possible arcing in the CRT 
or at the high -voltage rectifier. 

The BHC -0001 through BHC- 
0005 make up a series of Bendix 
silicon full -wave bridge rectifiers with 
PRV ratings (per leg) ranging from 
100 to 600 volts and working (rms) 
voltages from 70 to 420. Average out- 
put current is 10 amperes at Te of 
65 °C. They are housed in TO -3 mount- 
ings; connections and dimensions are 
shown below. R -E 

0.125° DIA 

0.3" DIA 

H 0.86" 

I. 56 0"MA X. 

0.95" MAX -- 
0.39"REF 

AC 

_k_ 

POS 

NEG 

FM Stereo 
WI N DOW 
ANTENNA 
by F/NC"rOo 
Outperforms any 
indoor antenna! 

List Price 

$16.95 

All directional receiving pattern. 
Aluminum constructioi w :h gold - 

corodized corrosion -proof finish 
on antenna. 
Fits horizontally or vertically in 
windows up to 42" wife or high. 
Extension bars availablle for larger 
windows. 
Write for Catalogue 20 -462 Dept. RE -5 

F7/1/C0 THE FINNEY 
COMPANY 

34 West Interstate St., Bedford. Ohio 44146 

Circle 127 on render service card 

-SHANNON MYLAR RECORDING TAPE 
21/2" - 225' ..$ .15 

3" - 225'., .17 

3" - 300'.. .24 

31/2" - 600' .. .49 

5" - 600'.. .52 

5" - 900' .. .67 

5" - 1200' .. .86 

5" -1800'.. 1.29 

7" -1200'.. .69 
7" - 1800' .. .99 

7" - 2400' $1.59 
7" - 3600' 2.78 
CASSETTE 60 minutes .89 

CASSETTE 90 minutes 1.54 
CASSETTE 120 minutes 1.97 

21/2" TAPE REEL .04 
3" TAPE REEL .05 
31/4" TAPE REEL .06 
5" TAPE REEL .12 
7" TAPE REEL .14 

RCA 110° FLYBACK TRANSFORMER 

We scooped the Market 
Latest type - standard 
for all 110° TV's 
RCA's design of large 
Coil produces 18KV- 
assuring adequate width 
Incl Schematic Diagram 
application for any TV 

List price $13.90 

Your price .. $3 
10% off in lots of 3 

CANADIANS: Ordering is easy - we do the paperwork - try a small order 

KNOB 
50 - ASSORTED RADIO KNOBS Sl 
Selected type..... best value ... 
25 - VERTICAL LINEARITY 

KNOBS 100g shank . M »at $1 
mount miniature assortment 
30 - VERICAL LINEARITY 
KNOBS Long shank . . . Side 5 
mount Standard sizes 1 
25 - KNURLED RADIO KNOBS $1 Hard to get . Best selection . 

SPECIAL 

E 

25 - TV KNOBS - POPU- 
LAR TYPES For most sets . . 

15 Station Selector . . PLYi° 
Fine toning. etc. . . . Greatest $1.49 
Value 1 
100 - ASSORTED RADLO 
KNOBS Su aamlarnl tepe 

$1.95 s_ll value 
30 ASSORTED CLOCK -RADIO 
KNOBS Bed a.. Ir tole I. M 

$1 popular types 

BONANZA "JACKPOT" not gold, 
not oil, but a wealth of Electronic $5 Items -Money- Back -guarantee ... 
300 - ASSORTED HEX NUTS $1 
2/56, 4/40, 5/40, 6/32, 8/32 .. 
250 - 

types 
ASST. SOLDERING LUGS $1 

best and sizes 

250 ASST. W 
finest 

- 
la popur O 

selectioOD n 
SCREWS $1 

250 - ASST. SELF 
SCREWS #8' #8, etc. 

110° TV DEFLECTION YOKE $ f 
for all types TV's inel schematic .. 

"COMBINATION SPECIAL" 
RCA 110' FLYBACK $5 

i7 plus 110° DEFLECTION YOKE 

90° FLYBACK TRANSFORMER 52 
for all type TV's incl schematic . 

90° TV DEFLECTION YOKE $2 
for all type TV's incl schematic . 

70° FLYBACK TRANSFORMER S2 
for all type TV's incl schematic . 

70° TV DEFLECTION YOKE $2 
for all type TV's incl schematic . 2 - TV CIRCUIT BREAKERS $1.19 
Hated 4.2 TO 5.0 AMPS, etc. . 

70° COLOR 
color 12 YOKE $ n 95 

For all round for CRT's .. 
90° COLOR YOKE For all 

Rectangular 19 to 25° Color 512,95 
CRT's 

MAY 1 969 

E 

o 

TAPPING $1 

150 - ASST. 6/32 SCREWS 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS 
and 150 -5/40 HEX NUTS 

500 - ASSORTED RIVETS 
most useful selected sizes $1 

500 - ASSORTED WASHERS 
most useful selected sizes $1 

100 - ASST. RUBBER BUMPERS S1 
for cabinet bottoms & mher uses .. 

100 -ASSORTED RUBBER GROM- $1 
METS bets sues 

MOTOROLA HEP KIT -INTE- 
GRATED CIRCUITS INCLUDES 
_One J -K Hip flop. One Dual 
Buffer, One 4 -input Gate, Two 53.95 
Dual 2 -Input Gates, All Five 

Li 300 
- TV TWIN LEAD -IN WIRE $2 

300 ohm, deluxe heavy duty, clear 

UNIVERSAL TV ANTENNA 
Back of set mounting 51,99 
5 section rods 

3 WAY UHF -VHF -FM SPLIT - 
TER Two Sets of terminals $1,98 
make hookup a cinch 

2 -G.E. PIECES OF EQUIPMENT 51 
stacked with over 200 useful parts 

50 - ASSORTED MYLAR CON- $1 
DENSERS popular selected types . 

3 - TOP BRAND SILICON REC- 51 
TIFIERS 1 atop, loon PIV 

20 - ASST. PILOT LIGHTS $1 #44, 46, 47, 51, etc. 

50 -ASSORTED #3AG FUSES 51 
popular ampere ratings 

4 - 50' HANKS HOOK -UP WIRE $1 
assorted colors 

100' - SPOOL SPEAKER WIRE S1 
2 cond, mini zip, clear, 101 uses 

5 - I.F. COIL TRANSFORMERS $1 
456 -kc for Transistor Radios . 

5 - AUDIO OUTPUT TRANS- 51 
FORM Sub -min for 'trans Radios 

5 - PNP TRANSISTORS 51 general purpose, TO -5 case 

5 - NPN TRANSISTORS $1 general purpose, TO -5 case 

Circle 116 on reader service card 

E 

E 

ALL AMERICAN TUBE KIT 
1 211t'í. IZ1.6. 12Aí5 5005, 52 355V4 -total list $9.70 ... (. 
UNIVERSAL MICROPHONE 
regular /remote /single 3, c .. plag $2 

CRYSTAL LAPEL MICROPH3NE 
COO high impedance, 200 -6000 sP`- . 

STEREO HEADPHONES 
Hi.Fi Quality . . . Ccmptie'e $5.95 
with Stereo plug .7 
50 - TUBE CARTONS (:o gyre 
assorted sizes for Popular ulrs .d 

d) $1 
4 - TV ALIGNMENT TOOLS $1 most useful assortment ,. . .... 
50 - ASST. TERMINAL STRIPS $1 
all types, 1 -lug to 0 -lug 
25 - INSTRUMENT POINTER $1 
KNOBS selo,1 I I,,,pt I:n tpr_ . 

1 - LB SPOOL ROSIN -CORE $1 
SOLDER .10/60 top qualit 
TWEEZER: - Stainless ste.4.- #.5 $1 
Made ìn Svitzerload -For fma work 
3- ELECTROLYTIC CONDENSERS $1 
most popular number 50,3C --150v 
21/2" x 4" SPEAKER 
Special Tiny -... . 69e 
5 - 6' LINE CORDS 51 #18 Stranded copper Win- ... 

MOTOROLA PWR TRANSFORM 
J. 110v, CT l50 / 1 iv, 0.3v .. .. . 

10 - TRANSFORMERS ass-acted $1 
Audio Outputs, Chokes, I, F, 's. etc. 

AMPLIFIER 110v AC -DC, 5 watt 
Wired - Phono, Comb. Ime'om, $3 etc. needs 3- 12AX7, 2 -50r f: -Es is 
4 - 36" Hi -Fi CABLES RCA 
Molded Phone plug at ose end 
stripped and tinned leads al dher 51 
end .... ... 
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clever Kieps 
Test probes designed by your needs - 
Push to seize, push to release (all Kleps spring 
loaded). 
Kleps 10. Boathook type clamp grips wires, 
lugs, terminals. Accepts banana plug or bare 
wire lead. 43/4" long. $1.19 
Kleps 20. Same, but 7" long. $1.39 
Kleps 30. Completely flexible. Forked -tongue 
gripper. Accepts banana plug or bare lead. 
6" long. $1.47 
Kleps 40. Completely flexible. 3- segment auto- 
matic collet firmly grips wire ends, PC -board 
terminals, connector pins. Accepts banana plug 
or plain wire. 61/4" long. $2.39 
Kleps 1. Economy Kleps for light line work (not 
lab quality). Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connec- 
tion. Molded phenolic. Doubles as scribing 
tool. "Bunch" pin fits banana jack. Phone tip. 
51/2" long. $ .79 
All in red or black - specify . 

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

Available through your local 
distributor, or write to: 
RYE INDUSTRIES, INC. 
13Q Spencer Place, Mamaroneck, N.Y. 10543 

Kleps 10 - 20 

I N D U S T R I E S 

Kleps 40 Kleps 1 

Circle 117 on re nler frrri< c cord 

Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog -Unheard of 
LOW, LOW PRICES on Brand Name 
Speakers, Changers, Tubes, Tools, Stereo 
Amps, Tuners, CB, Hi -Fi's, and thousands 
of other Electronic Values. Credit plan 
available. 
NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If yov have a friend interested in electronics 
send his name and address for a FREE sub - 

scription also. 

OLSON ELECTRONICS 

384 S. Forge Street Akron, Ohio 44308 

Circle 118 on reader service curd 

Q UIETROLE 
tUIITRtTIE 

he Original Control 
and 

Switch Lubri- Cleaner 

he oldest. most 

eliable and efficient 

roduct obtainable for 

positive lubrication and 

cleaning of TV Tuners. 

Controls and Switches. 

Harmless to plastics 
and metals. Zero effects 

on resistance and 

capacity. Noninflam- 
mable- non -conductive- 
non- corrosive. 

The Choice of Better 

Servicemen, Everywhere. 

For Color and 

Black and White 

Available in Aerosol or Bottle 
_ Product of 

QUIETROLE 
COMPANY 

Spartanburg, South Carolina 

Circle 119 on reader service card 

Service 
Clinic 

By JACK DARR 
SERVICE EDITOR 

TV set won't turn off 
When I turned the switch off, the 

TV set stayed on! The sound went off, 
but the picture stayed. When I un- 
hooked the antenna, the picture went 
off. I reversed the ac plug, hooked the 
antenna up again, and hang! Now, one 
of the bahu t coils in the tuner is burned. 
What happened ? -A. H., Brantford, 
Ontario, Canada 

You have a "line- connected" chas- 
sis. Somehow, your ac input has short- 
ed to the chassis. For instance, if line 
bypass Cl (see diagram) is shorted, ,.- GROUNDED TO MAST 

IN CENTER 

ANT DIPOLE 

TO TUNER INPUT-t 

LEAD- 
IN 

BALUN 
COILS 

0 of 

AC 

INPUT 

POWER 
TRANS 

SWITCH ON 1 

VOLUME 
CONTROL 1 

and the set is plugged in so that ter- 
minal A of the ac line is on the ground 
side, you have a complete circuit 
whether the switch is on or off. (All 
ac lines are ground on one side and 

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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electrically "hot" on the other.) 
So, your circuit would be: in at 

terminal B of the line, through the 
primary of the power transformer, 
through the shorted capacitor to the 
chassis, through the chassis to the 
antenna plug, then through the ground- 
ed mast back to earth. 

If you reverse the ac line plug, 
terminal A will be "hot" (117 volts 
with respect to ground). You have a 
circuit which is, in effect, a direct short 
(without going through the power 
transformer) from the hot side to 
ground, through the balun coil. This, 
of course, simply blows, since its small 
wires will carry practically no current. 

Check from both sides of the ac 
line to the TV chassis. You'll find a 
dead short somewhere in that circuit. 

P -P Voltage off on VTVM. 
I bet odd readings on my vtvm 

when I try to read peak -to -peak voltages 
in the agc keyer circuit. Reads different 
voltages at the same point when I 
change meter ranges.. Seems to read 
right on 60 -Hz voltages, though. - 
A. A., Cumberland, Md. 

Many ac voltmeters won't read ex- 
actly right on very narrow pulse volt- 
ages, which this is, in the ac keyer 
circuit. You're trying to read about a 
4 -5 -µsec pulse! If the meter input time - 
constant isn't correct, the capacitor 
won't have time to charge up on such 
short pulses, and the meter will read 
low. (All p -p meters like this read the 
voltage by charging a capacitor.) 

Many meters are calibrated for a 
60 -Hz sine -wave ac, and will read 
correctly with that frequency and wave- 
form; however, when we get away from 
a pure sine wave, we can get into trou- 
bles. A scope is still best for this. 

Gate switches under ice 
At a local hospital, they use elec- 

trically operated gates. A pair of tread- 
les work them, when a ear passes over. 
The problem is that they're clogging 
with snow and ice! What kind of sens- 
or will work ? -B. L., Denver, Colo. 

Any one of several kinds. You 
might try the pressure -sensitive, sealed 
Tape -switch kind; these are used in 
supermarkets, etc, to open doors when 
you step on them. Being sealed, they 
should not be affected too much by ice. 

Alternate: Try a PE -cell device on 
the gateposts, set up about 4 feet off 
the ground. Because you need two sen- 
sors for each gate, a proximity sensor 
might give trouble due to having the 
pickup plates so close together. This 
would have to be checked experimen- 
tally. The PE -cell devices can work on 
very narrow beams. 

(continued on page 88) 
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MODEL 3000 FET VOM 

A unique 

and efficient 
instrument 

bridging the gap 

between a 

mu/timeter and a 

digital voltmeter 

Delta, pioneer of the famous Mark Ten® CD System, 
now offers a compact, versatile, and extrenely 
sensitive VOM which combines FETs and ICs x 
extreme accuracy. Compact (61/2" W x 8" H x 3= 

., 

D), portable, wt. 33/4 

lbs. In full production 
at only 

Wou /d you believe: 

$74,ss 

1. Mirror scale 200» A D'Arsonval meter 
2. Integrated circuit (IC) operational amplifier for extreme accuracy 
3. FET input stage with current regulator 
4. Two stage transistor current regulator and Zener diode on OHMS for 

absolute stability and accuracy 

5. Voltage clippers for protection of input stage 
6. Fully temperature compensated for low low zero drift 
7. Ten turns ZERO and OHMS adjust potentiometers 
8. Epoxy glass circuit boards and metal case 

9. Enclosed switches 

10. Uses readily available type AA cells 
11. Uses standard test leads for maximum flexibility and ease of 

measurement 

12. 10 Megohms input impedance 

Available in Kit form: 

Feedback network with 
pre -selected compo- 
nents to eliminate all 
final calibration. Ready 

to use when assem- 
bled! 

Kit: 
$5995 

Only ppd. 

DELTA PRODUCTS, INC. 
P. O. Box 1147, Grand Junction, Colorado 8150 

I enclose $ Please send postpaid: 

Model 3000 FET VOMs Cá $74.95 assembled 

Model 3000 FET VOMs (& $59.95 kit form 

Name 

Address 

City/State ¿¡p 

DP 9i 

E 
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40 VUES wallet holds 
a0 your pictures, 
identification and 

credit cards, as well as 

coins and folding 
money. Available in a 

variety of fashion 
colors. You can give 
her several, because 
these Briteners are 
your fast movers! 

LIMITED TIME OFFER! 
LADIES PHOTO BILLFOLD 

YOUR GIFT FROM PERMA -POWER 
WHEN YOU BUY EITHER OF THESE 

BRITENER DEALS 

BIGGEST SELLER 
IN TV HISTORY 

Pernta -Power Vu -Brite 
Model C -401. (Parallel 
wiring, duodecal base.) 
Buy 12 at the 
money- saving $995 
package price of 

and the billfold is FREE 

WORLD'S MOST 
USEFUL BRITENER 
Perma -Power Tu -Brite 
Model C -212. (Works 
on any 110` button base 
set.) Buy 5 at the 
money- saving S1o95 
package price of 11 

r 
and the billfold is FREE 

Always rely on Perma -Power Briteners to 
extend useful picture tube life for months, 
preserve excellent customer relations for years! 

1 em1QrfolufA 
Division of Chamberlain Manufacturing Corporation 

5740 North Tripp Avenue, Chicago, Illinois 60646 

Circle 121 on reader service card 

REE1LUED 
ELECTFONICS 
$Cn EVEnnN21999 

TOP SAVINGS ON 
THE BEST IN 

ELECTRONICS 
FOR EVERYONE 

Shop by mail and save a 

Allied, world's largest 

electronics headquarters 
Hundreds of 
money- saving values. 

NO MONEY DOWN. 
Up to 2 years to pay I 

MAIL COUPON 
BELOW 

1 

NEW 1969 
/1L LIED 
CATALOG 

536 
PAGES 

SAVE ON: 
Electronic 8 Hobby Kits Stereo Hi -Fi 
Tape Recorders, Tape 
CB 2 -Way Radios 
Walkie- Talkies 
FM -AM & AM Radios 
Shortwave Receivers 
Portable TY 
Phonographs 
Amateur Gear 
Intercoms 8 PA 
Automotive Electronics 
Test Instruments 
TY Antennas 8 Tubes 
Power Tools, Hardware 
Tubes, Transistors 
Parts, Batteries, Books 

ALLIED RAD; O, Dept. 054 
PO. Box 4398, Chicago, III. 60680 

NAME 

Please 
Print 

First 

ADDRESS 

Middle Last 

CITY 

STATE ZIP 

Circle 122 on reader service card 

U,S, .GOV'T ELECTRONIC SURPLUS 

Nationally known -World Famous SURPLUS CENTER otters 
finest, most expensive, Government Surplus electronic units and 

components at a entice of their original acquisition Cost. 

ORDER DIRECT FROM AO or WRITE FOR CATALOGS 

COMPUTER TRANSISTORS ON HEAT 

IBM Computer Quality units 
1410 

( 002 -928 ) -- unit consists of one 150- 
watt power transistor on heavy, ribbed 
aluminum heal sink. Man' experimental 
uses, n Ib.) 6199 Coot "l Over 510.00 . 

F 

SINKS 

?: 
1 022 915 ) unit is t two I su ff 

watt transistors, 3 pot r..l 
diodes. capacitors, stora, etc. on W a,. 
ribbed aluminum heat sinks. heal for u.. .,. 
motor speed control. 14 lbs.1 

u,a Dos., Ines 53s.00 $4.91 or: 

RUNNING TIME METER 

( NOG -IM I- - tse to record number of OP- lin,l. 
Praline hours or electric lights and electrical 
devices such a refrigerators. furnaces. etc. . a 
Records total hours. tenths and hundredths on n 
to 4,999.99 hours. For 

weight 
B2lbs, . -. 

six, 4' ;'v7 "v24 ". shipping weiehl 2lns. $5.69 , ,,. , ,., .. 

12 and 24 -VOLT TRANSFORMER 
t 015 -920 ) general electric 115.volt, 

50 cycle to le and 24 -volts s 750-watts. 
Capacity 42amps. a 24- volts. b4 -amps. at 
12-volts. Useful for batten. chargers. running 
DC motors. etc. 7" it 5" x 5 ". (18 lbs.) 
Cost ,:nvt over 0.111.00 $16.72 

EXPANDED SCALE 0 - 15 DCVM ' 

t 521 -000 ) -- Brand ne r. expensive voltmeter 
Cads 9.5 to lb -volts IX: and 5 to 8-volts. very useful 1 

(or automotive and aircraft ba ten charge indicator, 

,:ltArsonval 
movement, black phenolic case. " ° - x 5" x .a4'. (31104.) 

List 012.50 $12.95 

SILICON DIODES DIGITAL 
READ -OUT A 

UNIT 
' t , ^ 't 5250.00 ) ' 

$3.97 mil[ ,p 

I SEE -It) - - Sophistic sled 
electronic unit contorno 5 -digit "rnd- 
out., electric motor, gear vain, relay. 
etc. 5 x b x 7'. (10 Ins.) 

$5.90 
( I r REG- 3)-- New.pe 

nrt, iirsi,ngbmue x770.0. 
275 -amp.. 50 -volt. x054044. 

Fme for ht- corent rectifier. 
(I lb.) List over $05.00 

SEND 250 COIN OR STAMPS FOR CATALOGS 

All Items FOB Money Back Guarantee 

SURPLUS CENTER 
DEPT. RE 049 LINCOLN, NEBR. 60501 

SERVICE CLINIC 
(continued from page 87) 

Field Adjustment of Color AFPC 

If you replace the reactance tube 
in a color oscillator circuit and you find 
that the range of the hue control is af- 
fected, would you recommend touch- 
ing up the oscillator frequency slug? - 
D.F., Reading, Pa. 

Carefully, and using the right pro- 
cedure, yes. However, I'd try one or 
two different tubes in that socket be- 
fore I took any drastic steps! You may 
be able to find one that will not cause 
a hue shift. 

You'll find the "Field Adjustment 
Procedure" for afpc in practically all 
color -TV service data. Briefly, this is 

what you have to do: short out the 
color afc, leaving the colors running 
free on the screen. Now, adjust the re- 
actance coil core until you see the 
barber -pole effect slow down and the 
colors stop. 

Now, the oscillator is exactly in 
step with the burst from the station 
signal. Very carefully move the core 
just a tiny bit more until you get the 
colors just exactly right: use flesh tones 
only, please, and make sure that the 
hue control is set to the center of its 
range. Now, take the short off the afpc 
and the color should snap in and stay 
when you change channels. (Always 
providing that the fine tuning isn't 
loose!) 

You can use a color -bar generator 
for this, of course, and set up for sta- 
tionary colors with the sixth bar blue, 
etc; the correct setup is given in the 
generator manual, so look it up to be 
sure. 

In a very few sets, you may have 
to reset the reactance coil and the 
3.58 -MHz oscillator coil as well. if any 
amount of service work has been done 
in that circuit. 

Ten -channel remote control 
on tape 

I need a unit that will put 10 in- 
audible signals on a tape, for control- 
ling a multiple- function remote -control 
device. They'd have to go on the regu- 
lar sound track, along with the sound 
signals. This should be "wireless," for 
maximum usefulness. -D. F., La 
Habra, Calif. 

Your best bet, probably, would be 

to use one of the ultrasonic control cir- 
cuits now found in many remote -con- 
trol TV sets. These operate in the 38- 
40 -kHz region. For example, you could 
use one of RCA's 8- channel remote - 
control receivers, of the type used 
with some color TV's. If you need the 
full 10 channels, a couple of extras 
shouldn't be hard to add. 
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You will get into one problem, 
though, if you plan to record or su- 
perimpose these signals on a standard 
tape recorder: You'll probably have to 
work the amplifier and heads over to 
get enough response up in the ultra- 
sonic region around 40 kHz. The av- 
erage home tape recorder gets up to 
around 20,000 Hz, and even that's do- 
ing pretty good for some of them! You 
might get better results by using the 
original transmitter, which has a set of 
tuned bars struck by spring- loaded 
hammers. 

Suggestion: Replace the original 
two -track head on the recorder with 
one of the four -track types. Use two of 
the tracks for sound, and the other 
two for control signals. A separate 
high -frequency amplifier and speaker 
may be necessary. 

You might be able to get a corn- 
plete remote- control unit, microphone 
and all, from RCA. As an alternative, 
look for a used TV set with one on it! 

Vtvm ohm function out 
1 hurl' an old vtvm, make unknown, 

and the ohms range won't work at all. I 
can't locate the maker. Can you help on 
this ? -R. C., Blacksburg, Va. 

We'll sure try! If it has anything 
like a standard ohmmeter circuit, it 
will look something like the basic ohm- 
meter in the diagram. 

Pull the vtvm tube, and measure 
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the resistors, starting at the "ohms" 
probe and working toward the battery 
terminal. You can read the value of 
each resistor between the probe tip 
and the battery terminal at X by 
changing the range switch. The selec- 
tor switch is not shown here, but con- 
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fleets to the tube grid, for dc volts 
tests, etc. 

This is actually a simple voltage 
divider, with higher resistance for each 
range. 

More "push" needed in antenna 
I've got a set, located about 75 

miles from channels 4, 5 and 8. The 
antenna is a conical, about'_ mile up on 
a hill, with open -wire transmission line. 
Low band stations are pretty good but 
channel 8 is pretty snowy /. What would 
help this out ? -L. M. Knoxville, Tenn. 

I believe your best bet would be 
more gain in the antenna. Conicals are 
fine, but the maximum gain is about 
4 -5 dB. Try one of the later all -band 
Yagi types; these have gains up to 12- 
14dB all the way across the band. 

Also, you're losing that high - 
channel station in the transmission 
line, most likely. Losses are much 
higher in highs than lows. Might try a 
small antenna -booster, either at the 
antenna site or cut into the line say 
about half -way up. Be sure to put a 
good lightning- arrester at the antenna. 

Color- hargenerator for use 
in Europe 

I'm taking electronics training in 
Canada, and I'm going home to Bel- 
gium next year. I'd like to take a color - 
bar generator with inc. What modifica- 
tions would he necessary to US genera- 
tors, such as Heatlikits, to take care of 
the difference between the 4.5 1fHz 
US sound and 5.5 -MHz sound in the 
CCIR system? I can't get an answer 
from anyone on this -help! -G. B., St. 
Jean, Que. 

Frankly, I agree with the people 
you've been asking! The color TV sit- 
uation in Europe is in a state of total 
and utter confusion. After the failure 
of the Oslo conference, it looks as if 
Europe is going to be divided into two 
systems! SECAM IV for the French, 
Russians and the satellites; PAL for 
England and Germany, and some oth- 
er transmission techniques. 

Since they can't even agree on a 
set of standards for black -and- white, 
goodness knows what they'll wind up 
with in color! Your best bet would be 
to wait and see. Actually, the sound 
frequency would be the very least of 
the problems! 

Circuit descriptions, schematics 
and construction details on color -bar 
generators for use in Europe have 
been described in such French techni- 
cal magazines as Le Haut Parleur, Tele- 
vision, Radio et Télévision, Radio Con - 
structeur, and Toute l'Electronique. 
You may find some of these magazines 
in a library in Quebec. R -E 
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Special to readers of 

RADIO ' ElECTRONICS 

WILL NOT 

DETUNE 

TUNERS 

SAFE 

FOR ALL 

PLASTICS 

CLEANS AND 

LUBRICATES WITH 

ONE QUICK SPRAY 

AND GET THIS 

FREE! 
NO ARC 

HIGH VOLTAGE 

INSULATOR 

POSITIVELY STOPS 
ARCING & CORONA 

SHORTS IN HIGH 
VOLTAGE CIRCUITS - 

(up to 30,000 volts) 

CHEMTROfi: "S 

NO-ARC 
HI-VOLTA 

IyNSULATp 
INFLAMMABLE ,. 

CNLMIAnNICS rR 
4veu,n, N. f_ 

Why are we willing to give you a FREE 
98C bottle of Chemtronics NO ARC ju6. to 
try Color Lube? The reason is simple. Once 
you try it you'll be hooked. You won'- be 
willing to settle for any other tuner spay, 
even if it's cheaper. 

We claim that Color Lube is the best 
tuner cleaner -lubricant on the market Arid 
we're willing to put our money where cur 
claims are. 

Buy a can of Color Lube from i:ur 
favorite distributor. Then, send us the 
label along with this coupon and we'll send 
you a FREE 98C bottle of NO ARC. Ifs as 
simple as that. 

N1111I11ntfNîllfYîllfî11tIli î 
FOR YOUR FREE NO ARC, mail this 
coupon and a Color Lube label to: 

CHEMTRONICS, 1260 Ralph Ave., Bklyn, N.Y. 1123E 

Expires May 30,1969 

CITY 

HEMTRONI 

'CA. M'- 
' = 

STATE 
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AUTOMATIC 

STAPLE GUNS 
CUT WIRE & CABLE 

INSTALLATION COSTS 
.. . without cutting into insulation! 

SAFE! Grooved Guide positions wire for 
proper staple envelopment! Grooved Driving 
Blade stops staple at right depth of penetration 
to prevent cutting into wire or cable insulation! 

No. T -18 -Fits wires up to 
3/16" in diameter. 

BELL, 
TELEPHONE, 

THERMOSTAT, 
INTERCOM, 
BURGLAR 

ALARM 
and other low 
voltage wiring. 

Uses T -18 
staples with 3/16" round crown 

in 3/8" leg length only. 

No. T -25 -Fits wires up to 
1/4" in diameter. 

Same basic construction 
and fastens same 
wires as No. T -18. 

Also used for 
RADIANT 

HEAT WIRE 

Uses T -25 staples 
with 1/4" round crown in 9/32 ", - 
3/8 ", 7/16" and 9/16" leg lengths.; ) 

T -18 and T -25 staples also available in Monel and 

with beige, brown and ivory finish at extra cost. 

No. T -75 -Fits wires and cables 
up to 1/2" in diameter. 

RADIANT HEAT 
CABLE, 

OF CABLE, 
WIRE CONDUIT 

COPPER TUBING 
or any non -metallic 

sheathed cable. 
Also used as 

11 

DRIVE RINGS 
in stringing wires. 

Uses T -75 staples with 1/2" 
flat crown in 9/16 ", 5/8" and 

7/8" leg length 
.12 

Arrow Automatic Guns save 70% in time 
and effort on every type of wire or cable fasten- 
ing job. Arrow staples are specially designed with 
divergent -pointed legs for easier driving and 

rosin -coated for greater holding power! All -steel 
construction and high- carbon hardened steel 
working parts are your assurance of maximum 
long -life service and trouble -free performance. 

Ask your Electrical Supply Dealer 
or write for further details. 

Saddle Brook. New Jersey 07683 

"Pioneers and Pacesetters 
For Almost A Half Century" 

Circle 125 on reader service card 

NOTEWORTHY 
CIRCUIT 

LIQUID -LEVEL INDICATOR 

This simple circuit produces an 
audible tone when its probes are 
touched by or immersed in a con- 
ductive liquid. It can be used to indi- 
cate when a bathtub is full, that some- 
one has entered or fallen into a swim- 
ming pool. It can also be used by a 
blind person pouring a liquid- parti- 

cularly something hot -to indicate 
when the container is full. 

When used as a level indicator, 
the probes must be suspended so their 
tips are at the desired liquid level. 

E 2N5306 
D I6P4 

PROBES 

The circuit consists of a Darling- 
ton amplifier (G -E 2N5306/D16P4), 
a Sonalert, 9 -volt battery and a spst 
switch in series as shown in the dia- 
gram. The plastic cap from a small 
spray can was used to house the 
switch, Sonalert and battery. A pair 
of thin flexible insulated leads go to 
the emitter and collector of the 2N- 
5306. The base and collector leads are 
used directly to form the probes. 

The Sonalert is mounted with a 
force fit in a hole in the top of the 
case and a miniature slide switch is 
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mounted on one side. The battery is 

held in place by rubber bands. 
-Rudolph F. Graf 

STEREO RECORDER HINT 

The EM84 /6FG6, single -bar re- 
cording level indicator cannot show 
program balance when used in a 

stereo recorder. With the new EMM- 
801 dual -bar indicator tube, the level 
of each channel can he watched 
separately. The EMM801 is the same 
size as the EM84, so the only changes 
needed are electrical. 

A typical EM84 level indicator 
circuit is shown in Fig. 1 and the 
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EMM801 circuit is in Fig. 2. 
Before removing the EM84, con- 

nect a 1 -KHz source to both the right 
and left radio /phono inputs of your 
recorder and adjust the recording gain 
control for maximum level wit.2out 
overloading. Note carefully the posi- 
tion of the gain control and the out- 
put setting of the generator. 

When the wiring changes are 
made set the generator output and 
record gain to the previous settings 
and adjust pots RI and R2 until the 
two bands meet. The new indicator 
now shows the same level as the old 
one. -Steve P. Dow R -E 
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rOutperforms any' 
indoor antenna! 

FCW -VU 
VHF -UHF 
List °514.95 

FCw -v 
VHF ONLY 
List`$11.95 

Unique swivel design zeros -in 
directly on stations. 
Aluminum construction with gold - 
corodized, corrosion -proof finish 
on antenna. 
Fits horizontaly or vertically in 
windows up to 42" wide or high. 
Extension bars available for larger 
windows. 

Write for Catalogue 20 -462 Dept. RE -5 

kiting THE FINNEY 
COMPANY 

134 West Interstate St., Bedford, Ohio 44146A 

Electronic Music 

(continued from page 54) 

and shape by means of reverbera- 
tion. Thus reverberation devices may 
be used in addition to musical per- 
formances to give the listener a sensa- 
tion of cramped space, great spacious- 
ness, unusual environments, etc. 

Most common reverberation de- 
vices fall into four classes: 

Tape recorder reverberation 
units. 

Taut springs or sheets of metal 
with a driver and a pickup 
(Fig. 4). 

A hollow tube with a microphone 
at one end and a speaker at 
the other (the tube may actu- 
ally be a room) . 

An electrostatic recorder-repro- 
ducer. 

DRIVER 

INPUT 

3 STEEL COIL SPRINGS 

'P2:I11sd?A:d1dl.à2L1b1,71;D 1;ìó55bJ5D:?:`DI 

U,tl Ú1vAlT ̀b a.0 : AV Ann 
DI YAM 

REVERBER- 
ATION 
MIXING 

OUTPUT 

Fig. 4-A typical spring reverberator. 

Through the use of the tape re- 
verb unit, reverberation is easily ob- 
tained, making it one of the most 
popular electronic music techniques. 

Most electronic music installa- 
tions use high -quality tape recorders, 
amplifiers and speakers. In addition to 
this equipment, special synthesizers 
employ various control devices with 
oscillators, modulators and so forth. 
These may be electronic keyboards, 
linear controllers or hand -capacitance 
controllers. 

In setting up components for 
generating electronic sounds or ma- 
nipulating nonelectronic sounds, keep 
several points in mind. 

First, the system should be flexi- 
ble. This can be done easily if all com- 
ponents have front -panel connectors 
so they can be interconnected in many 
different ways. Second, a variety and 
large number of conventional hi -fi 
components may be obtained (used 
equipment, for example) and used 
for a variety of purposes. 

Third, keep the system portable 
if at all possible. It pays to be able to 
move gear to live performances. R -E 

MAY 1 969 91 

ADD 
EXTRA 
PROFIT 
WITH 
OAKTRON 
SPEAKERS 

ir PVS -800, unique, patented speaker - 
baffle combination that can be used 
inside or out. Out performs most 2- 
speaker units. 

STEREO -SPEAKER KIT for cars, 
trailers, boats, or planes. Easy to 
install, 6 different models. Skin - 
packed ready to move. 

REAR SEAT SPEAKER KIT. 20 
models each includes all 
accessories. Skin -packed for 
easier merchandising. 
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REPLACEMENT SPEAK - 
ERS, highest quality, skin - 
packed, over 100 models 
to choose from. 

AND A COMPLETE .LINE 
OF ASSOCIATED ITEMS 

Write or phone for complete in- 
formation from this major manu- 
facturer of quality speakers. 

AKTRON ALMA 

930 30th St., Monroe, Wisconsin 53566 

Circle 126 on reader errh r rarrl 

Color TV 
WINDOW 
ANTENNA 
by F /NCO® 

SOLVE YOUR TV REPAIR 
PROBLEMS WITH 

TV TECH AID 
A monthly TV publication of actual re- 

pairs, and troubles encountered in OUR busi- 
ness. The information will be gathered from 
technicians, field reps, and all the leasing 
manufacturers. 

TV TECH AID will be published in lcose 
leaf sheets for simplified filing and easy 
reference. Each manufacturer will have its 
own page. 

Each symptom will have a clearly mar.ed 
schematic of the particular faulty stage. The 
faulty components, and corrections will be 
listed to aid in repair. No guess work. 

It will contain current models, okler 
models, circuit changes and modifications on 
various models as they occur. 

The days of "Trial and Substitution" are 
over. 

TIME LOST cannot be regained. and that 
is where the PROFITS are made. 

ONE repair is worth more than four times 
the investment. 

Each monthly issue will contain a series of 
timely sheets and the cost to you is only 
$6.95 for a full years subscription. 

TV TECH AID 
P.O. BOX 603 
KINGS PARK, L. I. 
NEW YORK 11754 

ENCLOSED IS A CHECK OR M.O. FOR 
$6.95 PLEASE SEND 12 ISSUE OF CV 
TECH AID 
TO: 

NAME 

ADDRESS 

CITY 

STATE ZIP 
L 
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SCHOOL 

DIRECTORY 
distinguished graduates 
hold important engineering and business administration 
posts throughout U.S. Professionally- oriented college with 
outstanding placement record. Four - quarter year permits 
degree in three years. Fine faculty. Modern labs. Small 

classes. 300 -acre campus. Accredited. Approved 
for vets. Moderate coats. Enter June. Sept., 
.Tan.. March. For Catalog, write Adm. Director. 

TRI -STATE COLLEGE 
2450 College Avenue, Angola. Indiana 46703 

EW1Z5ßNI1S 
MAIL COUPON FOR FREE BOOK 

Coyne Electronics Institute Dept. 59 -05, 
1501 W. Congress Pkwy., Chicago. IIL 00607 

Send Information as checked below 
HOME TRAINING in 'CV, Itudio and Color TV 
Servicing. 
RESIDENT SCHOOL COURSES in Electronics, 
Electricity, Engineering Technology, Television, 
Refrigeration, and Air Conditioning. 

Age 

City State Zip 

APPROVED FOR VETERANS r 

Accredited Member: National Association t 
Trade and Technical Schools. 

1.,111 

GET INTO 

ELECTRONICS 
V.T.I. training lead. to sues... a 
technicians, held engineers. specialists 
in communications, guided miseflsa, 
computers, radar and automation. Basic 
L advanced courses In theory A labora- 
tory. Electronic Engineering Technol- 

h Technology 
both available. 

Electronic 
degree in 29 

mos. H.S. also obtainable. G.I. ap- 
proved. Graduate. in all branches of 
electronics with major companies. Start 
Sept. Feb. Dorms. campus, High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept C, Valparaiso, Indiana 46383 

Learn Electronics for your 
SPACE -AGE EDUCATION 

at the center of 
America's aerospace industry 

No matter what your aerospace goal, 
you can get your training at Northrop 
Tech. in sunny Southern California. 

COLLEGE OF ENGINEERING. 
Get your B.S. degree in engineering in 
just 36 months by attending classes year 
round. Most Northrop Tech graduates 
have a job waiting for them the day 
they're graduated! 

A A P SCHOOL. Practical experience 
on real aircraft. One -year course pre- 
pares you for F. A. A. A & P certificate. 
WRITE TODAY FOR CATALOG. 
NORTHROP INSTITUTE OF TECHNOLOGY 
1199 W. Arbor Vitae. Inglewood, Calif. 

the NEW 
TYMETER 

CLOCK 
24 

HOUR 
Takes the Guesswork 
Out of Time Telling! 

#100-24H 
POST PAID E15 

Easy -to -read numerals register every second, minute, 
10- minute and hour. Walnut or ebony plastic case. 
4" H, 73/4" W, 4" D. Self starting electric. 110V 60cy. 
AC. One Year Guarantee. Made in U.S.A. 

At Your Dealer, or DIRECT FROM 

. PENNWOOD NUMECHRON CO. 
7249 FRANKSTOWN AVE., PITTSBURGH, PA. 15208 

Lai 

Please send #100-24H Tymeter Clock at 
$15. Post Paid. Enclosed is Check 

Money Order. No C.O.D.'s. 

Name 

Address 

City State 

Zip Code RE569 
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ENJOY THE "MUSIC ONLY" FM PROGRAMS 

MUSIC ASSOCIATED'S DETECTOR 
NO COMMERCIALS -NO INTERRUPTIONS 

It's easy! lust plug Music Associated's Sub 
Carrier Detector into multiplex jack of your 
FM tuner or easily wire into discriminator. Tune 
through your FM dial and hear programs of 
continuous commercial -free music you are now 
missing. The Detector. self - powered and with 
electronic mute for quieting between selections, 
permits reception of popular background music 
programs no longer sent by wire but transmitted 
as hidden programs on the FM broadcast band 
from coast to coast. Use with any FM tuner. Size: 
5l /2" x 9 ". Shipping weight approx. 7 lbs. 

(with pre -tuned coils. no alignment necessary) 

WIRED 7500 $4.95 ea.) 
(Covers extra 

Current list of FM Broadcast stations 
with SCA authorization $1.00 

65 Glenwood Road, Upper Montclair, N. J. 

Phone: (201) -744 -3337 07043 

TRY 
THiS 
ONE 
PHENOLIC CUTTER 

Though not fancy enough to be 
called `Shear Delight' this little `shear' 
cuts 1/16-in. phenolic perforated board 
neatly, quickly, and with no waste. 
Two halves of a 12 -in hacksaw blade 
are cemented with Duco or epoxy 
to a sturdy wood base 2 x 2 x 9 in. The 
smooth back edges form a shallow 
slot 1/s in. wide. While the cement is 
drying, prepare the shear blade. It 
consists of a third piece of hacksaw 
blade 8 in. long with a bevel ground 
along the back edge and stiffened with 
a length of 1/4 in. square metal or stiff 
wood. Use a flexible cement (as from 
a hot -glue gun) to fasten the stiffener 
to the blade. Center the blade in 
the slot, and glue the four wood guide 
blocks to the base only, not to the 
blade. Be certain the shear blade is 

ALLOW VERTICAL CLEARANCE 

I/8" MIN. 

o 

BEVEL 

1/4" SQUARE METAL OR 
STIFFWOOD 
STIFFINER 

CUTTER END VIEW 

STIFFENER 

GLIDE BLOCKS (41 

2"X2" 
BASE 

RUBBER PAD 

2 PIECES OF HACKSAW 
BLADE SPACED I/8" 
APART 

straight, not bowed. A thicker power - 
hacksaw blade would probably be 
better, if the long back edge is ground 
to a chisel shape. 

Next, tack or rubber- cement a 
3 x 510 in. piece of inner -tube rubber 
about ?'%G in. thick over the slot. (A pad 
of newspaper would probably also 
serve, but would have to be replaced 
periodically.) The bare hard edges of 
the slot seem to invite chipping of the 
brittle phenolic, hence the pad. Snap 
rubber bands around the base and 
blade near the guide -blocks. 
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J 
There's no substitute 
for SUCCESS... 

JAMES WONG -- Research E gneer 
Heald Engineering Coe..: GradJe 

or IN -CLASS INSTRUCTION! 

In electronics, it's the trainin3 that 
makes the difference. Emp oyers 
require well- trained men and the 
first thing checked is where you 
gained your knowledge. 
HEALD GRADUATES have may jot 
offers with starting salaries often in ex- 
cess of $10,000 per year. AND acvance 
ment is rapid. 

GET STARTED NOW. Be a 
DRAFTSMAN -12 months 
TECHNICIAN -15 months 
ENGINEER (B.S. Deg.) -36 months 
ARCHITECT (B.S. Deg.) -42 months 
YOU are eligible for HEALD ENGI- 
NEERING COLLEGE if you havea high 
school education or the equivalent 

Increased income starts with suçcess-- 
success starts with your move to Heald. 
Send now for FREE brochures with 
more information on Heald in San Fran- 
cisco and your future in Engineer ng. 

FREE LIFETIME PLACEMENT SERVICE 

04.0 VETERAN APPROVED 

WRITE TODAY FOR ETAIL 

HEALD Engineering College 
1215 Van Ness Ave . San Francisco. California 34109 

e 

Score a deep knife line on both 
sides of the perf -board midway be- 
tween the holes. Small pieces may 
be scribed on the under -side only. 
Set the scribed line under the teeth - 
up shear blade, and hold gently in 
place. Rap along the blade with a 
light hammer from one end to the 
other until the board separates. The 
object is to crack the phenolic evenly 
along the score -line. Start with small 
pieces and light taps until you develop 
a feel for it; but 4 -1 /4 in. wide perf- 
board can be cut into strips only one 
hole wide with 6 or 8 taps. Other 
thin materials such as acrylic (plastic -) 
or styrene can also be cut, as well as 
copper -clad board if the score mark 
cuts through the copper and into the 
phenolic base. Test a scrap piece first. 
-Norman L. Justice 

SALVAGING PARTS FROM 
PRINTED BOARDS 

Many surplus computer circuit 
boards contain valuable transistors 
and other components that can be sal- 
vaged for further use. But, the job of 
removing these components so they 
will still be useful is a difficult one. 
Usually, leads are very short and are 
likely to break off while the compo- 
nent is being removed. This is especial- 
ly true of transistors. 

TUBE. 
TESTER 
OWNERS 

WE HAVE THE 

LATEST TUBE 

DATA AND 

ADAPTERS 
FOR - 
Don't let your 
tube tester 
become 
obsolete 

COLETRONICS SERVICE INC. 
1744 Rockaway Ave., 
Hewlett, N.Y. 11557 
Please send me information on 
Model No and Make 

Name 
Address 
City State Zone 

I solve this problem by soldering 
new leads to the connections under the 
board before removing the compon- 
ents. Then, I take a strong pair of 
wire or diagonal cutters and gradu- 
ally chip away the insulating board 
until the components come free. By 
using this method, I have obtained 
many sensitive transistors and other 
parts. -Joseph Amorose, K411W 

SOLDERING ALUMINUM 

Soldering aluminum or to an 
aluminum chassis is not easy -even 
with special aluminum solder. How- 
ever, I've used this trick successfully: 
Take a strip of aluminum solder and 
a piece of rosin -core solder and hold 
the two together. Use an iron or sol- 
dering gun of at least 135 watts and 
apply the solders simultaneously. They 
will fuse together at a lower melting 
point. Rosin is the flux. The aluminum 
being soldered must be hot enough 
to secure a good bond. -Lee D. Fortan 

NIGHT LIGHT AS PHOTOCELL 

The familiar electroluminescent 
nightlight is a good makeshift, large -scale 
photoconductive cell. And it is inexpen- 
sive too. Sylvania's PNL -7 "Panelescent 
Nite Light," for example, has a sensitive 
surface that measures approximately 11/2 

x 21/4 in., and it sells for 79 cents at 
supermarkets, hardware stores, etc. 

WINDOW (LIGHT- SENSITIVE AREA) APPROX. I -I/2" X 
2 -1/4" 

FRONT VIEW 

CONNECT Bt TO 
THIS PRONG 

When operated on 90 volts dc (bat- 
tery or simple power supply), this de- 
vice passes a dark current of 14 A. 
When illumination is supplied by a 75- 
watt lamp 11/2 ft. away. the light current 
is 200 p,A. Bright sunlight gives 420 
p.A. This is ample current to close sensi- 
tive dc relays having internal resistance 
up to 2,000 ohms, and to provide a sensi- 
tive light meter. 

The male prongs of the unit are un- 
marked, but one polarity gives higher 
output than the other -follow the po- 
larity shown in the drawing. Don't use 
oc; it will make the nightlight glow and 
nullify the photoelectric action. -Rufus 
P. Turner R-E 
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Please send me information about: 
ARCHITECTURE 
ENGINEERING: Civil Electrical 

Electronics Mechanical Ill 
TECHNOLOGY: Electronic Engineering 

Technician (FCC) 
Radio -Television Technician (FCCI 

DRAFTING: Mechanical Electrical 
Structural 

I am interested in Day Evening :ourse: 
Also send an application. 

NAME 

ADDRESS 

CITY 

AGE 

STATE 

ZIP PHONE 
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MARKET 
CENTER 
GENERAL 

ROOM TO LIVE. Pleasant, peaceful, S. Utah Mtn. 
Valley. Hunting country. 40 ac. Level, rich soil 
$1600, $50 down, $31 /mo., 6% int.. WEST 
LANDS, Dept. RE. P.O. Box 17407, Holladay, 
Utah 84117 

COLOR T.V. 
IS TERRIFIC with 

TERADO 
VOLTAGE ADJUSTERS 

CORRECTS HIGH OR LOW 
VOLTAGE TO NORMAL CAP. 300 to 500 walls 

SATURN (shown) Model no. 50 -172 List $26.95 

POLARIS (w o meter) Model no. 50 -204 List $16.50 

FULL DEALER DISCOUNTS 
See your Electronics Parts Jobber, or write 

ACCURATE 
A C. VOLTMETER 

WO CORPORATION 
e//L 1053 Raymond Ave., St. Paul, Minn. 55108 

TREASURE HUNTERS! PROSPECTORS! Relco's 
new instruments detect buried gold, silver, 
coins. Kits, assembled models. Transistorized. 
Weighs 3 pounds. $19.95 up. Free catalog. REL- 
CO-A25, Box 10839. Houston, Texas 77018 

OPPORTUNITY AND ADVENTURE in Austra- 
lia. Information $2.00. Box 911 A, Union City, 
California 94587 

JAPANESE NEW PRODUCTS MONTHLY! $1.00. 
Refundable. DEERE, 10639 Riverside, North 
Hollywood, Calif. 

CONVERT any television to sensitive Big- Screen 
Oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans $2.00. RELCO -A25, Box 10563, Houston, 
Texas 77018 

INVENTIONS 
& PATENTS 

INVENTORS: protect your ideas! Free "rec- 
ommended procedure ". WASHINGTON IN- 
VENTORS SERVICE, 422X Washington Build- 
ing, Washington. D.C. 20005 

ARCTURUS SALE 
171111 t anaistor types at 39G each. 

40 watt germanium power transistor, same as 

Delco 501. 2N278 (etc.), Cat. #349. 590 each. 

Color TV cartridge focus rectifier 6.5 kv. Used 
in every color TV. Cat. = CFR -20. 790 each. 

Motorola 2500 ma. at toso piv. high voltage/ 
current epoxy silicon rectifier, axial leads. Cat. 

EP- 170. 49C each. 

2 Printed circuit I.F. transformers, 4 lug, 455 
kc input and output. cat. #1909P4. 99C each. 

RCA UHF transistor type TV tuners. KRK -120 
(long -shaft) cat, z U H F -20; KRK -120 (short - 
shaft). cat. A U H F -21, each $4.98. 

RCA VHF transistor type TV tuners, KRK -146, 
cat. = VHF -74, $9.99 each. 

Transistorized U.H.F. tuners used in 1965 to 

1967 TV sets made by Admiral. RCA, Motorola. etc. 
Removable gearing may vary from one make to an- 
other. Need only 12 volts d.c. to function. No fila- 
ment voltage needed. Easy replacement units, Cat. 
»UHF -567, $4.95. 

U.H.F. Tuner -original units as used in TV sets 
such as RCA, Admiral. etc. covering channels 14 

through 82, as part 094D 173 -2. Complete with tube. 
Drive gearing is removable. Can be used in most 
sets. Cat. = U H F -3. $4.95. 

Color yokes. 70" for all round color CRT's. Cat. 
4' XRC -70. $12.95. 90' for all rectangular 19 to 25" 
color CRT's. Cat. +X RC -90, $12.95. 

Kit of 30 tested germanium dindes. Cat. «100, 
990. 

Silicon rectifier. octal based replacement for 5U4, 
5Y3, 5ÁS4, 5A W4, 574, 5V4, 524. With diagram. 
Cat. 4- Rect. I. 996 each. 

7 ". or TV bench test picture tube with adapter. 
No ion trap needed. Cat. #7BP7, $7.99. 

Tube cartons 6A1.16 etc. size, $2.15 per 100. 

6SN7 etc. size, $2.55 per 100. 5Ú4G8 size, $2.95 
per 100. 5Ú4G size, 30 each. 

Send for complete free catalog. Include 4% of dollar 
value of order for postage. $5 MINIMUM ORDER. 
Canadian check, 8% dollar differential. 

ARCTURUS ELECTRONICS CORP. 
502 -22nd St., Union City, N.J. 07087 

Dept. MRE 

Phone: 201- 864 -5568 

Circle 136 on reader .cercice card 
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1M1R. SCA OPERATOR 
NEED A RELIABLE SOURCE FOR 
HIGH QUALITY, LOW COST SCA 
RECEIVERS, OR SCA DEMODULATOR 
UNITS? 
A new and proven sub -carrier demodula- 
tion scheme using old established principles 
is now practical clue to recent component 
developments and mass production. The 
resultant reduction in cost is passed on to 
you. 

MODEL SCA -6137 SINGLE FREQUENCY FM 
RECEIVER. Size: 12" x 51/.," x 41 -_> ". Price: 
569.95 ( Quantity 1-9) 
SCA -6137 FM Receiver Features: 

Range: 88 to 108 MHz Frequency Field 
Adjustable All Solid State Devices RF Stage 

3 IF Stages Automatic Frequency Control 
Two 67 KHz Amplifier Stages 67 KHz Ratio 

Detector Adjustable Muting Main /Sub -Car- 
rier Switch One Watt Audio Output 4" Mon- 
itor Speaker Provision for External Speaker 
117 Volt AC Operated. 

Also available: SCA -3 sub- carrier demodulator 
PC Card with muting control. Size: 21/," x 3" x 

". Operates on 6 to 12 Volts DC at 6 ma. Avail- 
able from stock. Price: $39.95 (Quantity 1 -9) 
Quantity discounts and detailed specifications are 
available to SCA operators. 

Send orders and inquiries to: 

JanZac Company; P.O, Box 177; 
Stamford Conn. 06904 

KenZac Company; P.O. Box 66251; 
Houston, Texas 77006 

ADVERTISING 
INDEX 

RADIO -ELECTRONICS does not assume 
responsibility for any errors which may 
appear in the index below. 

Accurate Instrument Company, Inc. 61 
Allied Radio Corporation 88 

Arrow Fastener Company, Inc. 90 

B & K (Division of Dynascan Corporation) 66 
Brooks Radio and TV Corporation 84 -85 
BSR USA Limited 77 
Burstein -Applebee Company 12 

Caringella Electronics, Inc. 84 
Castle TV Tuner Service, Inc. Cover Ill 
Chemtronics 89 
CLASSIFIED 94 
Cleveland Institute of Electronics 28 -31, 70 
Coletronics 93 
CREI, Home Study Division of McGraw - 

Hill Book Co. 18 -21 

Delta Products. Inc. 17, 71, 87 
Delta International, Ltd. 13 

Electro-Voice, Inc. 27 
EICO Electronic Instrument Company, 

Inc. Cover II 
EMC Electronic Measurement Corporation .. 22 
Essex International, Inc., Controls Division, 

Stancor Inc. 22 

Finney Company 85, 91 

GBC Closed Circuit TV Corporation 81 
GC Electronics Company 67 
Grantham School of Electronics 1 

Heald Engineering College 93 
Heath Company 78 -79 

International Crystal Mfg. Company 98 
International Electronics Corporation 16 

JFD Electronics Corporation 80 

Lafayette Radio Electronics 15 
Leader Test Instruments 70 
Loral Distributor Products 

(Division of Loral Corporation) 5 

Mosley Electronics. Inc. 12 
Music Associated 92 

National Radio Institute 8 -11 

Oaktron 91 
Olson Electronics. Inc. 86 
Oxford Transducer Corporation 14 

Pennwood Numechron Company 92 
Perma -Power 88 

Quietrole Company 86 

RCA Electronic Components & Devices 
Semiconductors 7 
Tubes Cover IV 

RCA Institutes 62 -65 
Rye Industries, Inc. 86 

Sansui Electronics Corp. 16 
Schober Organ 76 
Scott, Inc., H.H 77 
Sencore 83 
Surplus Center 88 

TV Tech Aids 91 

Winegard Company 68 -69 

Yeats Appliance Dolly Sales 82 

MARKET CENTER 94-97 
Arcturus Electronics Corporation 
Edmund Scientific Company 
Fair Radio Sales 
G & G Radio Supply Company 
Kenzac Company 
Lightworks 
Poly Paks 
Solid State Sales 
Terado Corporation 
Treasure Enterprises 

SCHOOL DIRECTORY 92 
Coyne Electronics Institute 
Northrop Institute of Technology 
Tri -State College 
Valparaiso Technical Institute 

RADIO- ELECTRONICS 
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INVENTIONS WANTED. Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., Oak- 
land, Calif. 94605 

FREE "Directory of 500 Corporations Seeking 
New Products." For information regarding de- velopments, sale, licensing of your patented /un- patented invention. Write: RAYMOND LEE OR- 
GANIZATION, 230 -U Park Avenue, New York City 
10017. 

WANTED 
QUICK CASH . . . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York, N. Y. 10012, 
212 WALKER 5 -7000. 

SELL -TRADE: Electronic test equipment, stereo 
items. R. ZAHORCAK, 29 Parker, Passaic, New 
Jersey 07055 

ELECTRONICS 

RADIO & TV TUBES 33¢ each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL 4217 -E University, San 
Diego, California 92105 

Discharge IGNITION, PHOTOFLASH. Free cata- 
log parts, kits. TRANSPARK, Carlisle, Mass. 
01741 

EXPERIMENTERS. Grab bag parts. $2.00. 
COURIER, 37 Fitch Terr., Randolph, Mass. 02368 

REGULATED POWER SUPPLY KITS, $2.75 -$8.50. 
10A flasher $3.98. Zeners, thermistors $.25. 
Photocell -triac kit $2.75. Nixie $5.00. Driver -DCU 
$4.50. Catalog. MURPHY, 204 Roslyn Ave., Carle 
Place, N.Y. 11514 

ELECTRONIC BARGAIN CATALOG on unusual 
kits, parts, do- it- yourself, stereo, intercoms. 
ALCON, P. O. Box 1348R, Lawrence, Mass. 
01843 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands -Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jeri- 
cho Turnpike, Mineola, N.Y. 11501. 

BUILD several sensitive metal detectors from 
our 20 page book. Fully transistorized circuitry. 
Easily followed diagrams and instructions, 
$4.00. TRIONICS, Box 164J, Brewer, Maine 
04412 

Ultra- sensitive and powerful METAL DETEC- 
TORS join the many who are finding buried 
coins, minerals, relics and artifacts. Don't buy 
till you see our free catalog of new models. 
Write JETCO -Box 132 -RE, Huntsville, Texas 
77340 

SEMICONDUCTOR AND PARTS CATALOG over 
100 pages free to Canadians. U.S. 50e. J & J 
ELECTRONICS, Box 1437, Winnipeg, Manitoba, 
Canada 

JAPAN DIRECTORY. Electronics products and 
parts. General merchandise and Asia trade in- 
formation. Just $1.00 today. IPPANO -KAISHA 
LTD., Box 6266, Spokane, Washington 99207 

TEKTRONIX TYPE 570 curve tracer, good condi- 
tion, $195.00. MIKE STRAND, 2343 Oakmont 
Ave., Santa Ana, Cal. 92706. 

BRAND NEW TUBES. World's lowest prices on 
Radio, TV- industrial -special purpose tubes. 
Write for free parts catalog. UNITED RADIO 
CO., Newark, N.J. 

CUSTOM MADE FACES. Free details, estimates. 
WEISS ELECTRONICS LABORATORY, Box 464, 
New Milford, Conn. 06776 

MAY 1969 

UNUSUAL 
BARGAINS SHOPPING MART GIANT FREE 

CA-IALOG' 
BY MAIL A selection of products available by mad for readers of Radio Electronics. 148 - PAGES 

All merchandise sold on money-back guarantee. Order by No. Send check or M.O. 

SEE MUSIC IN 

DAllLING ACTION 

Mo iS1 DRAMATIC 
BREAKTHROUGH 

IN AUDIOVISUAL ENJOYMENT 
See your favorite tousle translated 
into fantastically colorful Patterns; 
each note creating its own unique, 
evt'rchanging image in perfect time 
wills the music. Easily attached lo 
stereo, radio, tape recorder. Send 
25¢ in coin for 19-page booklet. 

8" DO -IT- YOURSELF KIT 
No. 71,009EH $22.50 Ppd. 
8" SET No. 71,030EH $45.00 Ppd. 
WALNUT CABINET MODEL 
No. 85.181EH $99.50 FOB 

NEW LOW-COST GEM TUMBLER 
Become a rockhoundl Fascmating hob- 
by loads of fun, inexpensive, 
easy. Make Jewelry of all kinds - decorative bookends. table tops, etc. 
Simply tumble -finish readily avail- 
able gemstones . . . then polish to 
high lustre . . . brings out beautiful 
colors. Rugge 3 -lb. tumbler w /con- 
tinuous duly motor compares to units selling for many times its price. 
Stock No. 70,874EH 510.75 Ppd. 
6 -LB. ROCK ASSORTMENT 
(10 TYPES) 
Stock No 70.868EH .. $ 9.00 Ppd. 

PROJECTION KALEIDOSCOPE 
Infinite variety of brilliant color 
patterns which do not repeat. Spe- 
cially designed, easily interchanged 
4" diam. liquid wheel, 3" projec- 
tion lens atol Edmund Projector 
make lt all possible. Easily per- 
ated. 1.arge screen image at short 
projection distance perfect for back- 
grounds, light shows, parties, 
dances, etc. Front or rear prof. 
Stock No. 71, 121 E H $94.50 Ppd. 
SOLID MULTI-COLORED (:LASS 
ACCESSORY \VIIEEL (9" Diem.) 
Stock No. 71.122EH $15.00 Ppd. 

`*v,,.. 

Ni -Cd BATTERY BARGAIN 
Terrific alue- slightly used govt 
surplus. lightweight o cell. 6 volt. 
4 Amp -hour battery with almost un- 
limited life. Extremely high ur- 
rent output. Recharges in I hour 
with Edmund kit. Won't deteriorate 
when left discharged. Minimum 
maintenance - few drops of water 
per year. Ruggeri. shock- and- vibra- 
lion resistant nylon case. Delivered 
partially charged. filled with elec- 
trolyte. 131'73" X 2" x 6" 2 lb. 
BATTERY 
Stock No. 70,942EH $15.00 Ppd. 
CHARGER KIT 
Stock No. 70,807EH S 8.00 Ppd. 

3" ASTRONOMICAL 'TELESCOPE 
See moon shots. ts_ stars, 
Phases f Vends. -0 close 
(i0 to YIS0 Mt. l'alo- 

alsireflecting vtyr t.l. improved 
minizcd R , 1 1 :5" diam- eter f/ I O Primary i1 venti- lated cell. Euipped1 with 

v 
60.\ 

eyepiece and modified 
with 

finder cope. hardwooid i;. <l. FREE: 
. STAR CliAlt'f"; "HA. [MOOR 11F 
HEAVENS ": "Iitl\V TO LSE YOUR TEI.ES('OPE," hunk. 
Stock No. 85.O5OEN 929.95 Ppd. 4,4" REFLECTOR TELESCOPE 
Stock No. 85.1O5EN 0.84.50 FOB (i" REFLECTOR TELESCOPE 
Stock No. 85.086EH 9199.50 FOB 

FMMIZECE 
Edmund. 3(10 Edscarp Bonding, 
Barrington, New Jersey 08007 

148 PAGES - 
1000's OF 
BARGAINS 
t'om pie ely new 
1909 ed akin. Doz- 
ens 

ele,edramngl 
netic parts, acres - 
t 

ous selection n of As- 
tronomical Tele- 

scopes, Microscopes, Binocu- lars. Magnifiers, Magnets, 
Lenses, Prisms. Many var s plus. Hems for hnoh,, sis, ex- perimenters, 

coupon 
hf >ps, fac- tory. Mail coupon f.r FREE 

catalog "Eli" 
NAME 

ADDRESS 

CITY 

STATE .2 P 

t_ 

TALOG 

J 
ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

EDMUND SCIENTIFIC CO 
300 EDSCORP BUILDING 
BARRINGTON, NEW JERSEY 0:007 
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INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS J TRIACS 

ER 900 TRIGGER DIODES These 
bidirectional trigger diodes are one 
of the best and cheapest methods of 
triggering SCR's and triacs. 

31$1.00 

UNIJUNCTIONS 
Similar to 2N2419 Rbb of 5-7, stand 
off ratio of .6 and Ip of 12, with 
data sheet $1.50 

ZENERS 
1 Watt 6.8 -68V $.40 
10 Watt 7 -200V $.75 

MOUNTING HDWE KITS 
These kits are used to mount our 
SCR's, zeners, & rectifiers etc. 

6 x 32 (3, 12 Amp rectifiers, 7 Amp 
SCR's) 6 sets /$1.00 

1/4 x 28 (20, 40 Amp rectifiers, 20 
Amp SCR's) 4 sets /$1.00 

PRV , AMP 
100 .07 
200 .09 
400 .12 
600 .18 
800 .22 

1000 
1 .35 

EPDXY AND 
CONTROLLED 
AVALANCHE 
RECTIFIERS 

1 AMP 

N- CHANNEL PLASTIC TO -18 
FET'S. Low noise, low leakage, 
gate current, gain to 9O00µ 
mhos. $ .80 

IN2326 voltage & temperature 
compensating diodes 5/$1.00 

PRV 
100 
200 
300 
400 
500 

TRIACS 
5A l0A 

.90 1.20 
1.40 I 1.75 
1.75 2.25 
2.25 1 2.75 
2.60 

I 3.25 

CADMIUM SELENIDE PHOTO 
CONDUCTIVE CELLS. Dark re- 

sistance of 500 megohms, Sensi- 
tivity of 1 -4.99 isa /ft candle with 
data sheet $ .80 

ni HIGH -VOLTAGE NPN 150V 
VBCBO at 2.5A, hi gain in 

TO -66 pack $ .75 

2N1163 a TO -3 PNP GER- L. MANIUM TRANSISTOR rated at 
35v and a gain of 50 at 25 amps. 

$135 

Silicon Power Rectifiers 
PRV 3A 12A I 40A 
100 .09 .30 

I .75 
200 .16 .50 I 1.25 
400 .20 .70 

I 1.50 
600 .30 1.00 I 1.80 
800 .40 1.25 

I 

1000 .55 1.50 I 

9030 8 BIT MEMORIES $5.95 

LINEAR CIRCUITS 
FM IF AMPLIFIERS S .90 
702C WIDE BAND DC AMPL $235 
709C OPERATIONAL AMP. $2.75 
710C HI SPEED DIFF. 

COMPARATOR $2.75 
711C DUAL COMPARATOR . $2.75 

DIGITAL RTL CIRCUITS 
2 -914 QUAD 2 INPUT GATE $1.25 
900 BUFFER $1.25 
925 DUAL 2 INPUT GATE 

EXPANDER $1.25 
923 JK FLIP FLOP $1.25 

NEON LIGHT of NIXIE TUBE 
DRIVERS. An NPN, TO -18, Si 

Transistor with a V('°' of 120 
3/$1.00 

Silicon Control Rectifiers 
TO -66 pack Studs 

PRV 3A 
I 

7A 20A 170A 
50 .35 

I .45 .70 I 

100 .50 I .65 1.00 I 4.00 
200 .70 

I .95 1.30 I 8.00 
300 .90 11.25 1.70 
400 1.20 I 1.60 2.10 12.00 
500 1.5012.00 2.50 
600 1.80 12.40 3.00 16.00 
700I2.20I2.80 5.00 

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, N ass. 

Circle 138 on reader service card 
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TREASURE 
KING 

$1388 - 

3 MODELS AVAILABLE 

Complete kit with assembly 
instruction $13.88 
Fully assembled and instru- 
ment aligned at factory for 
peak erformance $17 811 

FIND BURIED TREASURE! 

Find buried gold, silver, coins, war 

relics with new sensitive detector. Fully 
transistorized. 1969 model. Ideal for 

beach combing, treasure and coin 

hunting, prospecting for gold. So 

sensitive it will detect a single 
coin or gold nugget. Nothing 

else to buy. Gives loud, clear 

signal, when metal is 
detected. 

pea p 

Fully assembled with powerful 
built -in loudspeaker and plug -in 
earphone. Your best buy, $23.88. 

Add $1.00 shipping for either model 

TREASURE ENTERPRISES 
DEPT. K -38, BOX 10947 
HOUSTON, TEXAS 77018 

WEIGHS 2 POUNDS 

I0 -DAY 
MONEY 

BACK 
GUARANTEE 

THE PSYCHEDELIC 
LIGHTING MANUAL 

includes complete instructions for 
building strobes, color organs, light 
machines, etc. Send $2.00 to 
LIGHTWORKS, 507 Fifth Avenue, 
New York, N.Y. 10017 

INTEGRATED CIRCUIT KITS: computer, audio, 
others. New catalog free. KAY ENGINEERING, 
Box 3932 -D, Long Beach, California 90803. 

EDUCATION/ 
INSTRUCTION 

FCC First Class License in six weeks -nation's 
highest success rate- approved for Veterans 
Training. Write ELKINS INSTITUTE, 2603E In- 
wood Road, Dallas, Texas 75235 

NEW G & G CATALOG 
24 PAGES. crammed with Gov't Surplus Electronic 
Gear. Bigeest r Bargain Buys in America! It will Pay you to SEND 25e for your copy - Refunded with 
First Order! 

LORAN APN -4 FINE QUALITY 
NAVIGATIONAL EQUIPMENT 

4- Channel long range dual units. will determine exact 
geographic position of l ' , n e boat , - plane. Indicator 
and complete v ith all tube and al. 
INDICATOR ID6B /APN -4, and RECEIVER $86.50 R -9B /APN -4. complete with tube.. Exc. Used P {1 

LORAN R -65 /APN -9 RECEIVER 
6 INDICATOR 

-I- l'hann cl single unit system, used in 
ships and aircraft. Determines position 
rim' radio signals from known xntitters. \e urate to within I of distance. - 
Complete with tunes and rys- 
tal. IN LINE NEW Condition. $88.50 
All accessories for lair Equipment in stock. 

Wit, - OC -645 TRANSCEIVER, 15 tubes, .15 
?e ,- I:t; 1.. 5,011 M. Easily adapted for t" f ; :! ,n-ay voice or wr.le on Ham. Mobile. z prn. 'fe ievision Experimental and CM- 

en s' Bands. With tunes. less power 
I supply Inn_ ry facto carton. $16.95 

ne 

SPECIAL PACKAGE OFFER: BC -64 
Transceiver, Dynamotor and all 

tries, including mountings. UHF' Antenna As- 
semblies, control tat, cmotnplete, BRAND NOW $26.95 Y O 

AN /APR -4V FM 6 AM RECEIVER 
"FB" FOR SATELLITE TRACKING! 

nit'ing and High precision lab instrument. for 
t 

a 
measuring frequency and relative signal strength, 38 
in 4000 Mc. i 5 tuning ranges. For 110 V G0 cycle 
AC. Built-in power :uly. Original circuit /t ¡ 8 C liagrn Ch included. Checked out, perfect, $8.59 
LIKE NEW VV 
All Tuning Units Available for \I.ee.e 

SCR -247 -N, ARC -5 COMMAND SET HQ! 
Freq. Exc. Like BRAND 
Range Type Used New NEW 
RECEIVERS, Complete with Tubes 
190 -550 Ka... BC -453 ..$18.95 ..523.50 
3 -6 Mc. Bí;-474 .. $19.50 
6 -9.1 Mc. ... BC -455 ..814.95 ..$12.95 

TRANSMITTERS, Complete with Tubes 
4 -5.3 Me. ...BC -457 ..$ 6.95 ..5 8.95 511.95 
5.3 -7 Me. ...BC-458 ..$ 6.95 ..S 8.95 $12.05 
7.9 -1 Mc. ... BC -459 ..517.95 ..$19.50 $23.50 
2.1 -3 Me. ... T -18 .... - ..$ 9.95 511.95 
3 -4 Mc. .... T -19 .. St0.50 ..$12.50 $16.95 

TERMS: Either 2h'h Deposit with order. balance 
' C.O.D. -OR- Remittance in Full. Minimum 

Order ¶5.00. All shipments F.O.B. our warehouse. NYC. 
All merchandise subject to prior sale and price change. 

Telephone: (212) CO 7 -4605 
75A Leonard St., New'York, N.Y. 10013 
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MARKET 
CENTER 

ELECTRONICS ENGINEERING. Day or evening 
classes. Bachelor of Science Program evenings. 
Associate in Science Program day or night. If 
you are married or if you must work for a 
living while obtaining your education, this is 
the college for you. Approved for Veterans. 
WESTERN STATES COLLEGE OF ENGINEERING, 
970 West Manchester Avenue, Inglewood, Cali- 
fornia 90301. 

AUDIO - HI -FI 

HI -Fl COMPONENTS, Tape Recorders, at guaran- 
teed "WE will not be undersold" prices. 15 -day 
moneyback guarantee. Two -year warranty. NO 
Catalog. Quotations Free. HI- FIDELITY CENTER, 
239R East 149th St., N.Y., N.Y. 10451 

Tapemates makes available to you ALL 4 -TRACK 
STEREO TAPES. All labels -postpaid to your 
door -at tremendous savings. For free brochure 
write: TAPEMATES CLUB, 5280 RE West Pico 
Blvd., Los Angeles, Calif. 90019. 

RADIO & TV TUBES 25¢ each. One year guaran- 
teed. New or used and so marked! MULULIGAN 
ELECTRONICS, 607 West Grand, Box 5, Onarga, 
Illinois 60955 

WRITE for highest discounts on components, 
recorders, tapes, from franchised distributors. 
Send for FREE monthly specials. CARSTON, 
RFD #3, Route 7, Brookfield, Conn. 06804 

ACOUSTIC RESEARCH, Dyna, Koss, Shure dis- 
count specialists. Free catalog and low Hi -Fi 
quotations available from BOSTON AUDIO 
COMPANY, 2 Common St., Waltham, Mass. 
02154 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or ser- 

vices). 70¢ per word ... minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 30¢ per 
word ... no minimum. 
Payment must accompany all ads except those placed by accredited advertising agencies. 
10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable 
ads not accepted. Copy for July issue must reach us before May 11. 

WORD COUNT: Include name and address. Name of city (Des Moines) or state (New York) 
counts as one word each. Zone or Zip Code numbers not counted. (We reserve the right to omit 
Zip Code if space does not permit.) Count each abbreviation, initial, single figure or group 
of figures or letters as a word. Symbols or groups such as 8 -10, COD, AC, etc., count as 

one word. Hyphenated words count as two words. Minor over -wordage will be edited to match 
advance payment. 

CLASSIFIED ADVERTISING ORDER FORM 

1 2 3 4 

6 7 8 9 

11 12 13 14 

16 17 18 19 

21 22 23 24 

26 27 28 29 

31 32 33 34 

tf @ .30 Non -Commercial Rates) 

No. of Words 1 @ .70 Commercial Rate ) 

Iota' Enclosed $ 
Payment must ac 

Insert tlme(s) company order un- 
less placed 
through accred 

Starting with Issue ited advertising MAIL TO: RADIO -ELECTRONICS, CLASSIFIED AD DEPT., 
agency 28 200 PARK AVE. SOUTH, NEW YORK, N.Y. 10003 

5 

10 

15 

20 

25 

30 

35 

RAMP 

ADDRESS 

CITY STATE ZIP 

SIGNATURE 

RADIO -ELECTRONICS 
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LI $25 SURPRISE PAX: transstors, rect, diodes, etc. .. $1 

8 
G.F. 2N107 TRANSISTORS, pep. audio ekts $1 2- CLAIREX PHOTO ELECTRIC CELL Hobby must $1 

50 GERMANIUM GLASS DIODES, 11434. 1N48 no test S1 
40 TOP HAT SILICON RECTIFIERS, no testasst values $1 
25 EPDXY RECTIFIERS, silicon asst, no test SI 
40 PRECISION RESISTORS, 2W. 1,;'< asst values SI 
30 TRANSISTORS, ri'. if, audio, ose. no test $1 
60 TUBULAR CONDENSERS, to .mf to 1KV, asst SI 
50 DISC CONDENSERS, to.0úmfnpo,tempcoef,asst $1 60 TUBE SOCKETS, receptacles, plugs, audio, etc SI 
30 POWER RESISTORS, to 25 watts, to 24K ohms SI 
10 VOLUME CONTROLS, to I meg, switch too! $1 
10 ELECTEOIYTICS, ta 100mí, tubulars ton. asst $1 
SO RADIO d TV KNOBS, asstd colors & styles $1 
10 TRANS'TOR ELECTROLYTICS to 100mf, asst values $1 
50 COILS AND CHOKES, if,rf,ant,00e,peaking,ete $1 65 HALE WATTERS, to 1 meg. % popular values too SI 
60 HI- QUALITY RESISTORS, ' 1, 2W asst values $1 lo RCA PHONO PLUGS 6 JACK SETS, tuners, etc SI 
2 -PC INFRA -RED DETECTOR a FILTER SETscienceproj $1 
2 FIELD EFFECT TRANSISTORS, n channel, hobby $1 
50 TERMINAL STRIPS, I to K lug types $1 
3 PHOTO ELECTRIC CELLS, hi. imp schematic SI lo TRANSISTOR SOCKETS, for pnp & npn types $1 
Io PANEL SWITCHES, toggle, slide. micro. rotary $1 
4 TRANSISTOR TRANSFORMERS, asst, worth $26 - SI 
6 "IBM" COMPUTER BOARDS, many trans, dindes, $1 
40 "MICRO" CONDENSERS, for transistor circuitry $1 
3 74W. EPDXY TRANSISTORS, non. silicon, 13- 7,000, $1 
1$ lia 12 AMP STUD EECTIFIEES ,,.. enn p,v el 

RENT 4 -track open reel tapes -all major labels 
-3,000 different -free brochure. STEREO - 
PARTI, 55 St. James Drive, Santa Rosa, Ca. 
95401 

GOVERNMENT 
SURPLUS 

JEEPS Typically From $53.90 . . Trucks From 
$78.40. . Boats, Typewriters, Airplanes, 
Multimeters, Oscilloscopes, Transceivers, Elec- 
tronics Equipment, Used. 100,000 Bid Bargains 
Direct From Government Nationwide. Complete 
Sales Directory and Surplus Catalog $1.00 (De- 
ductible First $10.00 Order). SURPLUS SERVICE, 
Box 820 -REL, Holland, Michigan 49423 

CB keying problem 
e got problems with a Utica CB 

set. When I turn it on, all tubes light 
up, power is okay, but I have to "pop" 
the mike button several times before it 
will come on. (Tried new mike, 
changed all tubes and checked the re- 
lays.) What do you think ? -L. B., 
Racine, Wis. 

Since you have audio problems on 
receiver and transmit, look for some- 
thing common to both functions. The 
6AQ5 is the audio output tube on re- 
ceive, and the modulator on transmit. 
Also, the keying relay is operated by 
its cathode current! 

Since the problems seem to be 
centered around this stage, it should be 
thoroughly checked out. The tube has 
been replaced, so that takes care of 
that. Voltages are evidently all right as 
far as the B+ supply is concerned. 

I'd say this tube was blocked - 
cut off by excessive negative bias. 
Since it is biased by the resistance in 
its cathode circuit, these resistors must 
be checked. If any of them have in- 
creased in value, this could do it. Also, 
if there's any trouble in either of the 
two big electrolytic capacitors, this 
could cause the problem. If the 270,- 
000 -ohm resistor in the grid has gone 
up in value, or even opened, this could 
let the grid go so far negative that the 
tube would cut off. R -E 

III' CODE' ,vvaeses 
BELONG 
IN ALL ADDRESSES 

MAY 1 969 97 

FREE Catalog OfN E STy 
SURPLUS ELECTRONIC BAR 

a RLD'S 
OV'T 
INS 

Now BIGGER and BETTER Than Ever! 

NAME: 

ADDRESS: 

CITY: 

MAIL THIS COUPON NOW!---- -- - - -- 

STATE: ZIP NO 

FAIR RADIO SALES Box 1105 Lima, Ohio 4 X802 
( ir( lc 139 on rt'udc'r .crrricc card 

POLY PAKS BIGGEST "ONE DOLLAR" SALE* 
ON PLASTIC TRANSISTORS & INTEGRATED 
CIRCUITS 

We can 

EPDXY SILICON 
TRANSISTORS 

5 for $1 
Type 
2N2222 
2N2368 
2N2711 
2N2368 
2N3396 
2N3565 
2N3568 
2N3638 
2N3641 -3 
2N3645 
2N3662 
2N3683 
2N3793 
2N4248 
2N4284 -5 
2N4288 -9 
2N4290 

Sale 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 
5 for $1 

EY2 
s vd 

o' 
a 

* F a(c A 
exal SpeNai GE * 

OVER $500,000 worth of valuable EPC.1Y TRAN- 
SISTORS & RTLs, DTLs, & LINEAR AAPLIFIER 
INTEGRATED CIRCUITS ... sold to yo, at give- 
away prices. Each and every item gua,anteed or 
your money back. We include techn :al data, 
schematics & diagrams with all "EY.i SEES ". 
`Buy now while this special limited time offering 
is going on. 

3 for $2.75 Fairchild No Sale 
900 Buffer $1.00 
903 3 Input Gate Nand /Nor 1.00 
904 Half Adder 1.00 910' Dual Two Input Gate 1.00 
914 Dual Two Input Gate 1.00 
915 Dual 3 Input Gate Nand /Nor 1.00 
923 JK Flip Flop 1.00 
925 Dual 2 Input Gate, Expander 1.00 
927 Quad Inverter 1.00 
930 Dual 4 Input Gate Nand /Nor , 1.00 
932 4 Input Nand /Nor Buffer 1.00 
933 Dual Input Gate, Expander 1.00 
944 Dual 4 Input Power Gate 1.00 
946 Quad 2 Input Gate Nand /Nor . 1.00 
952 Dual 2 Input Inverter Gate 1.00 
953 2 -2 -3 -Input and Gate 1.00 954 Dual 4 Input and Gate 1.00 955 8 Input and Gate w/2 outputs 1.00 
961 Dual 4 Input Gate w /expand 1.00 

match up any number 962 Triple Gate 1.00 p y you desire - Same as 914 but Milli- Watt type e O CHOOSE nee 

i 

o 

Q 
0 Q 

. S 6 S' 
for 

COUNTING DIGITAL CIRCUIT n 8 Bit memory cell TO -5 case $2.98 

LOWEST PRICES ON 
LINEAR AMPLIFIERS 
Guaranteed! With Spec. Sheets! 3 for $6 
Type Use Sale 702 D.C. Amplifier ,.$2.22 

Cl 709 Operational Amp .. 2.22 710 Differential Comparator .. 2.22 D 711 Sense Amplifier 2.22 

1 AMP TOP HAT 
PIV SALE PIV 
50 .05 800 

100 .07 1000 
200 .08 1200 
400 .11 1400 
600 .16 1600 [1 

AND EPGKIES 
SALE Pl V SALE 
.19 1800 ] .87 
.31 2000 ] 1.05 
.44 3000 L] 1.60 
.62 4000 ',°] 1.90 
.72 1000C ] 4.80 -- PIV Sale ry s SOI. 

1 AMP 50 Si 602 204 

MICROMINIATURE 100 7t 254 

SILICON RECTIFIERS 400 E 12410 314 

Terms: add postage. Rated: net 30. ad's 25%4 Phone Orders: Wake eld, Mass. (617) 245 -3829 Retail: 211 Albion, St., Wakefield, Mass. 
AI_ANT "SUMMERCATALOG ON: Parts, ntCtifiers. 
LJ Transistors, SCRs, I.C.'s, Equipment, 1 Oc 

POLY PAKS P.O. BCY 942 R 

LYNNFIELD, MASS 
019'O 

Circle 140 on reader service card 
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The FM -2400C provides an accurate standard 

frequency signal for testing and adjustment 

of mobile transmitters and receivers at pre- 

determined frequencies between 25 and 500 

MHz. Up to 24 crystals may be inserted into 

the meter. The frequencies can be those of 

the radio frequency channels of operation, 
and /or of the intermediate frequencies of the 

receivers between 5 MHz and 40 MHz. Fre- 

quency stability (standard) =.001% from 32- 

to 122 F. Frequency stability with built -in 

thermometer, calibrated crystals and tempera- 

ture corrected charts, .00025% from +25 F 

to + 125'F. (.000125% special 450 MHz 

crystals available) 

FM 2400C (Meter Only) $445.00 

RF Crystals 
Hi Band $24.00 ea. 

Lo Band 15.00 ea. 

IF Crystals 8.00 ea. 

Write for free catalog. 

INTERNATIONAL 
- 

CRYSTAL MFG. CO., INC. 
10 NO. LEE OKLA. CITY, OKLA. 73102 

98 

is Completely Portable 
Tests Predetermined Frequencies 
25 MHz -500 MHz 

Circle 1.18 on reader service card 
RADIO -ELECTRONICS 
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Castle, the pioneer of television tuner overhauling, offers the following services. to 
solve ALL your television tuner problems. 

OVERHAUL SERVICE - All makes and models. UNIVERSAL REPLACEMENTS 

Prefer to do it yourself? 

Castle universal replacement tuners are available wit the 
following specifications. 

VHF or UHF tuner $9.95 

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

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

Overhaul includes parts, except tubes and transistors. 
Simply send us the defective tuner complete; include tubes, 
shield cover and any damaged parts with model number 
and complaint. Your tuner will be expertly overhauled and 
returned promptly, performance restored, aligned to original 
standards and warranted for 90 days. 
UV combination tuner must be single chassis type; dismantle 
tandem UHF and VHF tuners and send in the defective unit 
Only. 

STOCK 
No. HEATERS 

SHAFT 
Min.* Max.* 

I.F. OUTPUT 
Snd. Pic. PRICE 

CR6P Parallel 6.3v 13/4" 3" 41.25 45.75 13.95 

CR7S Series 600mA 13/4" 3" 41.25 45.75 1.50 

CR9S Series 450mA 13/4" 3" 41.25 4515 9.50 

CR6XL Parallel 6.3v 21/2" 12" 41.25 45.75 113.45 

CR7XL Series 600mA 21/2" 12" 41.25 45.75 11.00 

CR9XL Series 450mA 21/2" 12" 41.25 45.75 1-..00 

*Selector shaft length measured from tuner front apron 
And remember -for over a decade Castle has been the leader to extreme tip of shaft. 
in this specialized field ... your assurance of the best in 
TV tuner overhauling. These Castle replacement tuners are all equipped with memory fine Tun- 

ing, UHF position with plug input for UHF tuner, rear shaft extension and 
switch for remote control motor drive ... they come complete with hard- 

CUSTOM REPLACEMENTS ware and component kit to adapt for use in thousands of popular TV 

Exact replacements are available for tuners that our inspec- 
receivers. 

fion reveals are unfit for overhaul. As low as $12.95 ex- Order universal replacements out of Main Plant (Chicago) 
change. (Replacements are new or rebuilt.) only. 

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

EAST: 41 -96 Vernon Blvd., Long Island City, N.Y. 11101 
Circle 149 WI reader .service card 

www.americanradiohistory.com

www.americanradiohistory.com


Confidence builder 
RCA HI -LITE color picture tubes 
W It n does a coripcnent contribute more to a service call than simply 
the soluti,r to ycur customer's prctlerr? Wier. +t also contributes to you: 
service repu'a'fon! Euch is the case vwi.h -H -LITE picture tJbes wherE 
RCA's ex3erierce it Color TV truh, sl-cws its hand. 

WiEn you ista la H -LITE replecemer t picture -ube you krow ...and 
you- cust.Yners can :e told ... tha rare is the same quality ... the sane 
tube ... that goes into original equ overt se -s. That it's all new - 
glass, gun the works And that it irco+pa-ates tie latest technical 
acvancenerts c' the world's mos- exper encec color pictu-e tube 
manufact.rer, such as PERMA -CI- ROME and Unity Current Ratios. All 
this .. plus the c-oadest line of -pies in :he industry. 

See your autho-i?ed RCA Distri Dulcr for your tube needs. Install the 
brard that insti Is ccnfidence. 

RCP Elect-cnic Components, Harrison, N.J 

ncn 
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