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Introducjng... 
The Stereo 
"Deceiver" 
It looks straightforward enough. But, the clean front panel of the new Sony 222 FM Stereo /FM -AM receiver hides a simple, but effective circuit. A tuner section sensitive enough (2.0u.V for 30dB quieting) to bring in even the weakesï stations free of distortion. An amplifier that puts out 24 watts IHF at less than 0.8% distortion both channels operating into 8 ohms. Plenty of power. And a frequency response of 20 to 50,000 Hz ± 3dB for clean reproduction from the bottom to the top of the audible spectrum. 

The Sorry,- 222 is devoid of frills. But all of the essentials a °e there -even a few essential extras like speaker selector switch, a signal strength meter, a high filter, a stereo indicator Hat and a stereo headphone jack. 
Now the grand deception. The $149.50* price which ir.cludes the walnut case. Its far less than you would expect to pay for such performance. It sort of makes purchasing the Sony 222 a rather straightforward decision. Sony Corporation of America, 47 -47 Van Dam Street. Long Island City, N.Y. 11101 sucaçestted List' 

SONY 222 FM STEREO /FM -AM RECEIVER 

D STATE 

TUNING 
HIGH FILTER MODE Ft. NCTI()N 

OFF STEREO 

ON MONO 

'()SMREU 
- ,PHONO 

TAPE AUX 

STEREO REC'=iVER SONY 
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NEW &TIMELY 
Volume 41 Number 6 RADIO- ELECTRONICS June 1970 

PATIENT SYSTEMS 

LIMITED TO 10 f'A 

Electrical currents as low 
as 10 AA can be hazardous in 
some patient situations in 
hospitals, according to an ar- 
ticle in the March Hewlett - 
Packard Journal. Although 5 

mA is considered the max- 
imum current that should be 
allowed to pass through a hu- 
man being, when electrical 
contacts are made inside the 
body, fluid electrolytes greatly 
reduce resistance to current 
flow. 

Direct connections to the 
heart are common in in- 

tensive care units, and with 
multiple probes attached to 
the patient the chances for 
leakage currents directly to 
the heart increase. 

H -P patient -monitoring in- 

struments now have circuits 
that limit current flow to less 

than 10 µA should the patient 
contact 115 or 230 volts. Ac 

coupling of patient probes 
eliminates any dc connection 
between the instrumentation 
input and ground. 

Optical coupling for isola- 

tion and back -to -back diodes 
in the leads are other tech- 

niques under investigation. 

RADIO 'STAKEOUT' 

GETS FCC APPROVAL 

DETROIT- Recent FCC ap- 

proval of an electronic "sta- 
keout system" here can alert 

police patrol units that a rob- 

bery is in progress within 8 

seconds. 
Small activator transmitters 

will be placed in retail estab- 

lishments. When a button is 

pressed on the easily con- 

cealed units, a larger radio 
transmitter concealed in the 
back of a store sends a pre- 

recorded coded message to 

the police department's mo- 

bile relay station. 
The 6 -sec code message 

and 5 -9 -sec voice trans- 
mission is also received at 

police headquarters and de- 

coded in case the message re- 

layed to patrolmen from the 

mobile station is indistinct. 

UNIQUE SEMICONDUCTOR DEVICE DEVELOPED 

Shifting charges to deeper adjacent potential well is 

accomplished by making V3 more negative than V2. 

MURRAY, HILL, N. J. -A 
new class of semiconductor 
devices suitable for imaging, 
logic and memory functions 
has been developed at Bell 
Labs. The three -layer struc- 
ture for the CCD's (Charge 
Coupled Devices) is easily 
fabricated, and they can per- 
form many functions that 
complex IC's accomplish. 

Typically, a silicon dioxide 
layer is fixed between a metal 

Experimental 8 -bit shift register, larger than pro- 
duced version would be, still fits in eye of needle. 

conductor and a silicon semi- 
conductor base. The CCD 
creates and stores minority 
carriers, or their absence, at 
"potential wells" on the semi- 
conductor surface. This occurs 
when the metal is made nega- 
tive with respect to the semi- 
conductor and holes are intro- 
duced into the depletion region 
(by light, avalanche multipli- 
cation or other means). 

The holes collect at the 

semiconductor interface, and 
can be moved from under one 
electrode to an adjacent elec- 
trode by applying a more 
negative voltage to the ad- 
jacent electrode. 

As a shift register, minor- 
ity carriers are stored and 
moved two dimensionally in 
precise patterns, and detected 
and measured at some loca- 
tion. A recirculating memory 
or delay line can be formed. 

NEW DIODE READOUTS 

CUPERTINO, CALIF. -A 
monolithic, light- emitting 
diode alphanumeric readout 
is being offered commercially 
by Monsanto Co. The devices 
are being used in their new 
120A counter /timer. 

É Circle 8 on reader service card 

The readouts, called Man - 
3's, are formed by zinc 
diffusion into n -type gallium 
arsenide phosphide wafers. 
They emit red light. A visibil- 
ity of more than 200 foot - 
lamberts per segment is pos- 
sible with an 8 mW input. 
The 0.24 x 0.163 -inch units 
cost $12.45 each (1 -9 ). 

LOOKING AHEAD 

In this issue the regular 
feature column by David 
Lachenbruch is on page 4. 

SCHEIBER 4- CHANNEL PROCESS GOES PUBLIC 

NEW YORK -A recent dis- 
cussion and demonstration 
(see "Looking Ahead ") of the 
Scheiber four -channel process 
by its inventor gave a few ad- 
ditional hints on the technique 
used. 

Scheiber said, however, 
that he could only broadly 
describe his compatible encod- 
ing /decoding process until pa- 
tent questions are settled. 

Instead of increasing fre- 
quency bandwidth to put more 
audio information in a record- 
ing, Scheiber explained, his 
system relies on generating 
phase conditions that provide 
directional clues to the listen- 
er's ear. 

According to an engineer 

familiar with the system, the 
four separate channels are 
combined at 45° to one an- 
other- unlike the 90° orienta- 
tion in conventional stereo 
records. This causes a 3 -dB 
"leakage" into adjacent chan- 
nels in the playback array. 
During encoding, passive com- 
ponents assign the four signals 
their respective directions. The 
decoding matrix then reassigns 
the signals to their original 
positions. 

Separation can be further 
enhanced by an elaborate 
gain- rising fucntion that can 
reduce crosstalk to an inaudi- 
ble level. 

(N & T continued on page 6) 

TV- guided Maverick missile streaks from an F -4E Phantom toward a 

ground target. The pilot watches a small TV screen on his instrument 

panel. When the missile's TV camera picks up ground targets, the pilot 

locks the camera onto a target and fires the Maverick. After launch, the 

Hughes Aircraft -built missile guides itself to the target. 
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LOOKING AHEAD 
Volume 41 Number 6 RADIO -ELECTRONICS 

June I970 

by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 

Are home videoplayers next? 
Is the next major consumer electronic product the home 

videoplayer? This controversial question has provoked an 

undercurrent of dispute among the world's consumer elec- 

tronics manufacturers, as several home see -and -hear 

record systems near the stage where they can be marketed 

practically. 
Those on the "pro" side insist that the color videoplay- 

er will be to the LP record what television was to radio - 
an offspring even more important than the parent -and 
that the prospect of buying or renting visual entertainment 
to view at one's own convenience will have strong con- 

sumer appeal. 
The "cons" argue that the consumer has about all the 

visual material he can take right now on television -and 
it's free. They say comparisons with the LP disc are in- 

appropriate, since one can listen to the same record 100 

times or more, but there are very few movies or plays 

worth watching more than twice. And they point to the 

high cost of prerecorded visual material, both in material 

and artists' royalties. 

Color EVR ready 
The most widely publicized videoplayer system is 

CBS's EVR (for Electronic Video Recording). At its recent 

premiere showing, the color version performed extremely 

well. The color system, to be marketed about a year ahead 

of schedule, will first be offered for educational, industrial 

and commercial use, but is intended eventually as a home 

medium. 
The EVR player is the size of a large phonograph, 

which attaches to the antenna terminals of a TV set. A 

cartridge, which looks like a thick 45 -rpm record, is placed 

on a spindle and the lid closed to play automatically up to 

25 minutes of color programming (or 50 minutes of black - 

and white). 

EVR player pipes col- 
or or b -w pictures 
into antenna termi- 
nals of set. Initial 
price is $795. 

EVR is an electronic film system. The 8 -mm film 

(with no sprocket holes) contains two series of frames side - 

by -side. One series looks like conventional black -and -white 

film and consists of the luminance (black- and -white) signal. 

Alongside of this track is a series of vertical black -and- 

white lines, representing the electronically coded chromi- 

nance (color) signal. The EVR player uses a flying -spot 

scanner to pick up the information, which is converted 

into a standard NTSC color signal. 
EVR film is processed from standard color film or 

video tape by CBS and packed in the special cartridges. 

The masters are made by an electron -beam printing sys- 

tem, duplicates run off optically on a high -speed printer. 

First production deliveries of EVR players are sched- 

uled for Sept. 1 by Motorola, which has an exclusive CBS 

4 

license to manufacture them until 1972, when, presum- 
ably, other manufacturers also may join in with their own 
versions. The price of the players has been set initially at 

$795 -the same price which Motorola had originally an- 
nounced for a monochrome -only version. 

Movie producers are looking at home videoplayers as 

a new market for their product. Darryl F. Zanuck, chair- 
man and chief executive officer of 20th Century -Fox, was 

the first to cast his hat into the ring. He announced that all 

20th Century -Fox features will be recorded in EVR format 
for rental to the public five years after their theatrical 
release. 

Sony's Videocassette 
Already coming off production lines in limited quan- 

tities, and scheduled for marketing in Japan later this year 
and in the U.S. in 1971, are Sony's Videocassette players. 
The Sony player accomplishes the same result as the 
EVR -producing a high -quality color picture when played 

through the antenna terminals of a color set -but uses 

magnetic tape as its medium. 
In its production version, the Sony player can accom- 

modate book -sized Videocassettes playing for either 100 or 
30 minutes. Like the EVR, the Sony player is self- thread- 
ing (three mechanical fingers lift the tape from the car- 
tridge and loop them around the head drum). 

While CBS appears to lean toward rental of entertain- 
ment programs, Sony has another idea: Buy a blank 
Videocassette for $20, take it to the program supplier and 
have a program recorded on it. When you're through with 

it, take it back and have it re- recorded. 
Sony's Videocassette player, somewhat more compact 

than EVR, carries a tentative U.S. price tag of $350, but 
first models may cost more. Although the player isn't ca- 

pable of recording from a TV set or camera, Sony says it 

plans eventually to offer a recorder attachment for $100. 
RCA's system, employing holography, is scheduled for 

introduction in 1972 at less than $400. 

More on 4- channel 
Interest in four -channel stereo seems to be increasing, 

particularly by audio manufacturers. Much of the interest 

centers on the controversial Scheiber system, which pro- 
duces four -channel sound from an encoded two -channel 
source (Looking Ahead, February 1970). 

The controversy over the system was highlighted in a 

recent meeting of the New York chapter of the Audio 
Engineering Society devoted entirely to four -channel 
stereo. The Scheiber system and other four -channel sys- 

tems were demonstrated, highlighted by a recording of a 

Scheiber system FM stereo broadcast from New York, 
made in Princeton, N.J. 50 miles away. The tape was made 

on a standard two -channel stereo recorder, and converted 
to four -channel through a decoder at the demonstration. 

The Scheiber system was described as "psy- 

chological"-a word which appeared to make it even more 

controversial. The meeting was climaxed by an A -B dem- 

onstration comparing a four- channel Scheiber disc with a 

four -track tape of the same material. The engineers were 

asked to vote, by raising hands, which was the Scheiber 

disc and which was the tape. Our own estimate indicated 

the vote was about 100 to 10-the 100 wrong. R -E 
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THE CAPACITOR YOU WANT, WHEN YOU WANT IT. 
The widest line ... off the shelf availability. 
Your nearby Mallory distributor stocks aluminums, 
tantalums, wet slugs, solids, foils, motor- start, 
motor -run, polystyrene and ceramic. In a variety 
that includes the capacitor you need for your 
immediate and future programs. 

MALLORY 
MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of I'. R_ MALLORY I<, CO. INC. 
k3o' 1558, Indianapolis. Indiana I(i::CIEI 

Batteries pj;t9gorsA Controls Resistors Semiconductors Sonalerty Switches Timers Vibrators ICs 

Circle 9 on reader service card 
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New &Timely (Continued from page 2) 

MOSFET'S USED WITH 
STRAIN -GAGE CARTRIDGE 

PARIS -Add the MOSFET 
strain gage to the list of hi -fi 
cartridges. Sescosem, a French 
firm, showed their prototype 
strain -gage unit at a recent 
hi -fi show. 

The cartridge, described 
in the March 16 Electronics, 
has MOSFET's deposited on 
two silicon bars that are con- 
nected to the needle shaft. 

OUTPUT 
PRONGS 

SILICON 
BARS 

MOSFET 
TRANSDUCERS 

i I 
`I ,TVLUS 

Output of the device is 

500 mV- enough for direct 
connection to power am- 
plifiers. Dynamic mass is 0.7 

mg with pressure on the 
grooves only 0.75 grams. Fre- 
quency response is 0- 30,000 
Hz, and compliance (so far) 
10 

-5 cent /dyne. Signal -to- 

noise ration is 40 dB, which 
Sescosem also hopes to im- 
prove. 

Actually, each silicon bar 
has two MOSFET's: one the 
transducer, the other acts as a 
load resistor. The company 
has patented the cartridge. 

ALLOYS MAY LEAD TO 

CONTROLLED FUSION 

DALLAS -New alloys that 
retain their superconductivity 
in magnetic fields up to 
410,000 gauss were described 
at an American Physical So- 
ciety meeting recently. 

The alloy developments, 
according to scientists working 
toward controlled nuclear fu- 
sion, are encouraging steps 
toward creating magnetic 
fields that can bottle plasma 
for fusion. 

One of the alloys is a com- 
bination of niobium, alumi- 
num and germanium that re- 
mains superconductive to 
38 °F above absolute zero. 
Most superconductors, a re- 
cent New York Times article 
pointed out, lose their super- 
conductive properties a few 
degrees above absolute zero 
(-459°F). 

Whether the new alloys 
can be formed into wire for 
magnets and withstand the 
stress of high magnetic fields 
is still under investigation. 

DEFENSE CUTBACKS SLOW EE RECRUITMENTS 

A cutback in defense and 
aerospace funding combined 
with the Nixon administra- 
tion's steps to slow down the 
economy have reduced job 
prospects for graduating elec- 
trical engineers. 

A study based on recruit- 
ment advertising reported in 
The New York Times indi- 
cates a steady decline in the 
demand for engineers and 
scientists since a 1966 peak. 

According to another sur- 
vey by the Engineering Man- 

power Commission of the 
Engineers Joint Council, many 
companies are planning sub- 
stantial cutbacks this year, and 
are holding back college re- 
cruitment. 

Companies with heavy de- 
fense orientation are laying off 
engineers and supporting per- 
sonnel as contracts expire. 

An RCA executive has 
pointed out that diversified 
companies such as his has not 
been badly affected by the eco- 
nomic slowdown. 

A low -cost "instant reply" 
device that uses two highly 
polished magnetically coated 
discs to provide immediate 
access to up to 80 seconds of 
just- recorded action is being 
marketed by Ampex. De- 
signed for use in educational, 

medical, industrial, military 
and government applications, 
the DR -10 begins at $8000. 

The device allows de- 
tailed and lengthy study of 
recorded pictures, with 
fast and slow replay. 

(N & T continued on page 12) 
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YOU THINK YOU'VE HAD FUN 
WITH ELECTRONICS IN 

THE PAST. 
.. --..r opirr 

WAIT 'TIL YOU GET ONE OF THESE.. . 
THIS NEW ELECTRONIC DEVICE IS THE "COMPULOGICAL TUTOR", A REAL COMPUTER THAT LETS YOU DO -IT- YOURSELF 
AND SHOWS YOU GRAPHICALLY AND DRAMATICALLY HOW ALL COMPUTERS WORK. YOU'LL NEVER GET TIRED OF 
USING IT ... AND YOU'LL LEARN SO MUCH! 

A product of imagination and inventiveness, developed by men who are themselves steeped in knowledge and proficiency 
with the finest commercial computers, the Compulogical Tutor is the newest and most exciting product of its kind 
available today. It performs the same basic functions as computers costing $250,000 or more. It gives you all the 
instructive features of a superb trainer, with the intellectually stimulating pleasures of a highly sophisticated toy. 
Anyone from 8 to 80 can derive endless educational and entertainment value from the Compulogical Tutor, while gain- 
ing deep insights into the workings of commercial computers. In an age when so much of our lives is governed by 
computers, every informed citizen should have an understanding of these machines . . their powers and their lim- 
itations. The Compulogical Tutor gives you this means for the first time, at a price anyone can afford. What can you 
learn from the Compulogical Tutor? A lot of things that may sound difficult, but which in fact are amazingly simple 
when you observe them in practice. And you can learn them faster and easier with the Compulogical Tutor than by 
any other method. In no time at all, you'll have a good grasp of digital logic, the foundation of all modern computers. 
You'll learn the functions of the various logic blocks ( "And ", "Or ", "Not ", Etc.), concepts of Boolean algebra, binary 
numbers, truth tables, computer circuits, decision-making and error -detecting logic, computer storage, programming 
and many other fascinating aspects of computer operation. With your own hands, you'll program the Compulogical 
Tutor to handle hundreds of different problems and operations, giving you answers in millionths of a second! It adds, 
subtracts, multiplies and divides and you'll also learn how to apply the computer to practical problems of accounting, 
economics and finance. 

HERE IS JUST ONE OF THE FASCINATING PROBLEMS YOU 
CAN PERFORM ON YOUR COMPULOGICAL TUTOR: 

2 

3 

1 

8 

7 

4 

6 9 5 

"SINK THE BATTLESHIP" 
This o an entertaining problem, easy to set up. You'll 

s 

a it pro- grammed on the board in the photograph, and a schematic diagram of 
it is shown at right. With the logic blocks in place and wired, you tell 

danother person to elect any umber in the squares at left, but not to 
ivulge this number to you. You than ask him the following questions. 

A. Is the number odd? 
B. Is the number in the first or third vertical r 

C. Divide the number by lour, is the remainder less than 
Iwo? 

D. Is the square number greater than 3? 
As he n ers each question, you feed the answer into the appropriate inputs a sw 

, ns er sisto red "C", rock. Each answer instantly y vet bee and 
in, 

stored in the or compizer 
output 

blonds. When all Chelan answers have 
the 

fed in, you then read the had 
in 

nd. and it tells you exactly i which 
precise, 

tce n merat tge st person pad ip mind. It ee for fails; is infallible nd derst it does on 
manual 

of pure a the and u you'll find instruction of 
ual which o pother your Cnter 

interesting 
Tutor, leu'll find hundreds of similar problems, and others more interesting and complex. 

s 

r- 

It isn't every day that you can bury a computer by mail. Because the Compulogical Tutor is so new. so exciting, so different, we decided to offer it to you direct by mail from the manufacturer, at the lowest possible price. It is not available in stores or from other sources. (Patent and infringe - ment clearances have been established on the Compulogical Tutor, and patent application has been 
filed with the U. S. Patent Office.) To get one or more by return mail, 
all you have to do is fill out and mail the handy order coupon at right. 

JUNE 1970 

COMPUSAD, INC. 
16 Wetmore St. - P.O. Box 10 

New York Mills, N.Y. 13417 

L 

The Compulogical Tutor is not a "push- button" computer. All elements, except the 
basic circuitry which is located inside the master assembly board, are open and 
above-board. You, the operator, select the proper logic blocks for solving a particular 
group of problems. You then plug them in (as clearly explained in the instruction 
manual), link them up with the appropriate leads supplied. All inputs and outputs 
are clearly marked and explained. Answers are read out by means of colored lights 
adjoining slate panels on which numerical values are hand printed for each set of 
problems. In this manner, you achieve a maximum understanding of all the com- 
puter's functions and relationships. 

you receive everything shown above. The 
OffI f desk -size master assembly and control 

board; eighteen transistorized logic blocks; 
a big instruction manual (not pictured) 
which gives you hundreds of experiments, 
problems and computer operations that 
you can perform yourself. Everything is 
supplied 

¢ 
cept the batteries, which are 

standard flashlight type available any- 
where. 

THIS GUARANTEE IS YOUR PROTECTION 
Each Compulogical Tutor is fully guaranteed to perform as adver- 
tised and to give you complete satisfaction. If you are not more 
than pleased with it in every respect, send it back and we will refund 
your purchase price immediately. 

99.5 

USE THIS CONVENIENT ORDER COUPON 

COMPUSAD, INC. 
16 Wetmore St. 
P.O. Box 10 
New York Mills, N.Y. 13417 

s 

Please send at once ... Compulogical Tutor(s) at 
$69.95, postpaid, with the understanding that if I am not more 
than satisfied in every way, I may return the Tutor(s) for a full 
refund. 

Full remittance enclosed; send postpaid. 
$10 deposit enclosed; send C.O.D. for balance plus 
postage and fees. 
Send free color brochure at no obligation. 

NAME ... 

ADDRESS 

CITY ...... ..... .._.. STATE ...... ........ ZIP . 

Circle 10 on reader service card 
7 
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Discover the ease and 
excitement of learning 
Electronics with 
programmed equipment 
NRI 

When you train at home with NRI, you train 

se n S o u with your hands as well as your head. You 

learn the WHY of Electronics, Communica- 

tions, TV -Radio the NRI pioneering "3- Dimensional" way. NRI training is the result of more than 

half a century of simplifying, organizing, dramatizing subject matter, and providing 

personal services unique for a home study school. You get the kind of technical 

training that gives you priceless confidence as you gain experience equal to many, 

many months of training on the job. 

NR/- The 53 Year Leader in Electronics Training 

APPROVED UNDER 
NEW GI BILL If you served 

since January 31, 1955, or are in ser- 

vice, check GI line in postage -free card. 
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Earn $5 or more an hour 
spare or full time in 

TV- RADIO 
SERVICING 
Color Television has arrived. Sales 
are soaring, along with the continu- 
ing popularity of other home enter- 
tainment equipment like portable 
radios, tape recorders, hi -fi sets, 
phonographs and auto radios. TV- 
Radio servicing is one of your best 
routes to spare -time earnings, a 

good paying job or a business of your 
own. NRI not only trains you quickly 
and expertly, but also shows you 
how to get started in Servicing soon 
after you enroll, earning as you 
learn. NRI trains you in today's 
methods of installing and repairing 
all Electronic equipment for the 
home -including booming Color TV. 
You even build, experiment with and 
keep to enjoy your own solid -state 
radio and your choice of black -and- 
white or Color TV receiver. Like 
thousands of others, you can be 
earning $5 or more an hour extra in 
spare time starting soon. 

There's money and 
success awaiting you in 

BROADCASTING - 
COMMUNICATIONS 
The experience you gain from in- 
tensely practical NRI training in 
Complete Communications equals 
as much as two years of training on 
the job. With NRI, you can train fora 
choice of careers ranging from mo- 
bile, marine and aviation radio to 
TV broadcasting and space commu- 
nications. You learn how to install, 
maintain and operate today's re- 
markable transmitting and receiving 
equipment by actually doing it. You 
build and experimentwith test equip- 
ment, like a VTVM you keep. You 
build and operate amplifier circuits, 
transmission line and antenna sys- 
tems, even build and use a phone -cw 
transmitter suitable for transmission 
on the 80 -meter amateur band. 
Whichever of five NRI Communica- 
tions courses you choose, you pre- 
pare for your FCC License exams, 
and you must pass your FCC exams 
or NRI refunds your tuition in full. 

Move ahead in America's 
fast growing industry as 

ELECTRONICS 
TECHNICIAN 
Electronics touches everyone's lives. 
This vast field of opportunity is open 
to you with NRI training. Industrial/ 
Military Electronics training -like all 
NRI courses -prepares you quickly, 
thoroughly the practical "hands on" 
way. You build with, and learn to un- 
derstand the functions of, today's 
miracle solid -state components like 
printed circuits, diodes and transis- 
tors. You build and experiment with 
Electronic circuitry used in automa- 
tion, data processing, ultrasonics, 
telemetry. Whatever your interest in 
Electronics, NRI training can fill your 
needs. Prove to yourself what nearly 
a million NRI students could tell you 
... that you get more for your money 
from NRI. Check the postage -free 
card and mail it today for your FREE 
NRI Color Catalog. No salesman will 
call. NATIONAL RADIO INSTITUTE, 
Electronics Division, Washington, 
D.C. 20016. 

YOU GET MORE FOR YOUR MONEY FROM NRI_ Build, test, 
explore, discover. Everything you see here is included in one NRI course -including Color TV. Other 
courses equally complete. And you'll be surprised at the low tuition costs. Text for text, kit for kit, 
dollar for dollar -you get more 
for your money from NRI. 
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One of our students 
wrote this ad! 

Harry Remmert decided he 

needed more electronics 
training to get ahead. He 

carefully "shopped around" 
for the best training he could 
find. His detailed report on why 
he chose CIE and how it worked 
out makes a better "ad" than 
anything we could tell you. 
Here's his story, as he wrote it 
to us in his own words. 

By Harry Remmert 
AFTER SEVEN YEARS in my present position, I was made 

painfully aware of the fact that I had gotten just about 
all the on- the -job training available. When I asked my 
supervisor for an increase in pay, he said, "In what way 
are you a more valuable employee now than when you 
received your last raise ?" Fortunately, I did receive the 
raise that time, but I realized that my pay was approach- 
ing the maximum for a person with my limited training. 

Education was the obvious answer, but I had enrolled 
in three different night school courses over the years and 
had not completed any of them. I'd be tired, or want to 
do something else on class night, and would miss so many 
classes that I'd fall behind, lose interest, and drop out. 

The Advantages of Home Study 

Therefore, it was easy to decide that home study was the 
answer for someone like me, who doesn't want to be tied 
down. With home study there is no schedule. I am the 
boss, and I set the pace. There is no cramming for exams 
because I decide when I am ready, and only then do I 
take the exam. I never miss a point in the lecture because 

18 

Harry Remmert on the job. An Electronics Technician with a promising 
future, he tells his own story on these pages. 

it is right there in print for as many re- readings as I find 

necessary. If I feel tired, stay late at work, or just feel lazy, 
I can skip school for a night or two and never fall behind. 
The total absence of all pressure helps me to learn more 
than I'd be able to grasp if I were just cramming it in to 
meet an exam deadline schedule. For me, these points 
give home study courses an overwhelming advantage over 
scheduled classroom instruction. 

Having decided on home study, why did I choose CIE? 
I had catalogs from six different schools offering home 
study courses. The CIE catalog arrived in less than one 
week (four days before I received any of the other cata- 
logs) . This indicated ( correctly) that from CIE I could 
expect fast service on grades, questions, etc. I eliminated 
those schools which were slow in sending catalogs. 

FCC License Warranty Important 

The First Class FCC Warranty* was also an attractive 
point. I had seen "Q" and "A" manuals for the FCC exams, 

*CIE backs its FCC License -preparation courses with this famous Warranty: 
graduates must be able to pass the applicable FCC License exam or their 
tuition will be refunded in full. 
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and the material had always seemed just a little beyond 
my grasp. Score another point for CIE. 

Another thing is that CIE offered a complete package: 
FCC License and technical school diploma. Completion 
time was reasonably short, and I could attain something 
definite without dragging it out over an interminable num- 
ber of years. Here I eliminated those schools which gave 
college credits instead of graduation diplomas. I work in 
the R and D department of a large company and it's been 
my observation that technical school graduates generally 
hold better positions than men with a few college credits. 
A college degree is one thing, but I'm 32 years old, and 
10 or 15 years of part -time college just isn't for me. No, 
I wanted to graduate in a year or two, not just start. 

If a school offers both resident and correspondence 
training, it's my feeling that the correspondence men are 
sort of on the outside of things. Because I wanted to be 
a full -fledged student instead of just a tagalong, CIE's 
exclusively home study program naturally attracted me. 

Then, too, it's the men who know their theory who 
are moving ahead where I work. They can read schematics 
and understand circuit operation. I want to be a good 
theory man. 

From the foregoing, you can see I did not select CIE 
in any haphazard fashion. I knew what I was looking for, 
and only CIE had all the things I wanted. 

Two Pay Raises in Less Than a Year 
Only eleven months after I enrolled with CIE, I passed 
the FCC exams for First Class Radiotelephone License 
with Radar Endorsement. I had a pay increase even be- 
fore I got my license and another only ten months later. 
I'm getting to be known as a theory man around work, 
instead of one of the screwdriver mechanics. 

These are the tangible results. But just as important are 
the things I've learned. I am smarter now than I had ever 
thought I would be. It feels good to know that I know 
what I know now. Schematics that used to confuse me 
completely are now easy for me to read and interpret. 
Yes, it is nice to be smarter, and that's probably the most 
satisfying result of my CIE experience. 

Praise for Student Service 

In closing, I'd like to get in a compliment for Mr. Chet 
Martin, who has faithfully seen to it that my supervisor 
knows I'm studying. I think Mr. Martin's monthly reports 
to my supervisor and generally flattering commentary have 
been in large part responsible for my pay increases. Mr. 
Martin has given me much more student service than "the 
contract calls for," and I certainly owe him a sincere debt 
of gratitude. 

And finally, there is Mr. Tom Duffy, my instructor. I 
don't believe I've ever had the individual attention in any 
classroom that I've received from Mr. Duffy. He is clear, 
authoritative, and spared no time or effort to answer my 
every question. In Mr. Duffy, I've received everything I 
could have expected from a full -time private tutor. 

I'm very, very satisfied with the whole CIE experience. 

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 or coupon for G.I. 
Bill information. 

JUNE 1970 

Every penny I spent for my course was returned many 
times over, both in increased wages and in personal satis- 
faction. 

Perhaps you too, like Harry Remmert, have realized that 
to get ahead in Electronics today, you need to know much 
more than the "screwdriver mechanics." They're limited 
to "thinking with their hands "...learning by taking things 
apart and putting them back together... soldering connec- 
tions, testing circuits, and replacing components. Under- 
standably, their pay is limited -and their future, too. 

But for men like Harry Remmert, who have gotten the 
training they need in the fundamentals of Electronics, 
there are no such limitations. As "theory men," they think 
with their heads, not their hands. For trained technicians 
like this, the future is bright. Thousands of men are ur- 
gently needed in virtually every field of Electronics, from 
two -way mobile radio to computer testing and trouble- 
shooting. And with this demand, salaries have skyrocketed. 
Many technicians earn $8,000, $10,000, $12,000 or more 
a year. 

Send for Complete Information -FREE 
Many men who are advancing their Electronics career 
started by reading our famous book, "How To Succeed 
In Electronics." It tells of the many electronics careers 
open to men with the proper training. And it tells which 
courses of study best prepare you for the work you want. 

If you're "shopping around" for the training you need 
to move up in Electronics, this 44 -page book may have 
the answers you want. We'll send it to you FREE. With 
it, we'll also include our other helpful book, "How To Get 
A Commercial FCC License." 

To get both FREE books, just fill out and mail the 
bound -in postpaid card. If the card is missing, send the 
coupon below. 

CIECleveland Institute of Electronics 
1778 East 17th Street, Cleveland, Ohio 
Accredited Member National Home Study Council A Leader in Electronics Training ...Since 1934T -`T 

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 19 on reader service card 

Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 
Please send me without cost or obligation: 
1. Your 44 -page book "How To Succeed In Elec- tronics" describing the job opportunities in 
Electronics today, and how your courses can 
prepare me for them. 
2. Your book on "How To Get A Commercial FCC License." 
I am especially interested in: 

Electronics Electronic 
Technology Communications 

Broadcast Industrial Electronics 
Engineering and Automation 
First -Class Electronics 
FCC License Engineering. 

Name 

Address 

City 

State _ Zip Age 

Check here for G.I. Bill information. RE -77 

(PLEASE PRINT) 
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PßÖOF TUN -O -FOAM 
KEEPS TUNERS WORKING 

BETTER, LONGER! 

THIS TUNER 
WAS USED AS IT 

After 36,000 revolutions, the silver has 
been worn away. The tuner does not 
function on any channel. 

CAME FROM THE MANUFACTURER 

THIS TUNER 
After 36,000 revolutions there is no sign of wear. 
The tuner brings in all channels, sharp and clear. 

WAS SPRAYED WITH TUN -O -FOAM 

THE 
PROFESSIONAL'S 
TV TUNER 
CLEANER 
Foams into the tightest 
places. Won't cake up, dry 
out or detune. Keeps clean- 
ing and lubricating contacts each time channel 
is changed. Guaranteed to be the best tuner 
lubricant cleaner you've ever used, or money 
refunded. Six -month no- callback guarantee. 

1260 RALPH AVENUE, 
BROOKLYN, N.Y. 11236 

For export: ROBURN AGENCIES INC., NEW YORK, N.Y. 10014 
In Canada: MAGNASONIC CANADA LTD., MONTREAL 9, CANADA 

Circle 20 on reader service card 
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CORRESPONDENCE 
(continued from page 16) 

output attenuator. Modulate generator 
No. l with 400 Hz to a deviation of 
22.5 kHz. Connect a filter and amplifier 
to the ratio detector output. Tune the 
filter to notch out the 400 Hz output. 
(This notch depth must be at least 46 
dB.) Modulate generator No. 2 with 
1000 Hz at a deviation of 22.5 -kHz. In- 
crease output level of generator No. 2 
until 1000 Hz output is at same level as 
400 Hz before filtering. The difference 
in generator output readings is the cap- 
ture ratio. 

(There are several ways of making 
this measurement. To get a better cap- 
ture ratio, i.e. a lower num5er, start 
with generator No. 1 at 1000 AV. This is 
a meaningless measurement in any 
event. It would be more to the point to 
make threshold measurements, except 
that FET front ends show up poorly on 
that kind of a test.) 

AM Suppression 
Connect a generator through a 300 - 

ohm pad to the receiver input. Modulate 
the generator with 400 Hz to a deviation 
of 75 kHz. Set the generator output for 
10,000 AV. Measure the output voltage 
at the receiver at the ratio detector. This 
is the 0 dB reference. Now modulate the 
generator to 30% amplitude modulation 
and measure the output at the ratio de- 
tector again. Add +10 dB to this figure 
to read the AM suppression. 

Harmonic distortion 
Connect a generator through a 300 - 

ohm pad to the input terminals. Set gen- 
erator output to 1000 AV; modulate with 
400 Hz to 75 -kHz deviation. Connect a 
harmonic distortion analyzer to the out- 
put of the ratio detector and measure 
distortion. (This figure includes the gen- 
erator distortion, which is extremely 
difficult to determine accurately.) For 
minimum generator distortion use the 
Hewlett- Packard 608D with synchro- 
nizer. 

Hum and noise 
Connect the generator through a 

300 -ohm pad to the input terminals. Set 
generator output for 50,000 pV un- 
modulated. The output at the ratio de- 
tector must be at least 70 dB below the 
noise output with the generator set for 
zero output. 

Spurious response 
This measurement is made at quiet 

spots on the receiver dial at each end of 
the band as well as near 100 MHz. A 
shielded enclosure is almost mandatory. 

Tune the receiver to a quiet spot 
near 88 MHz. Set the generator for 75- 

kHz deviation of a 400 -Hz modulating 
signal. Tune the generator across the 88- 
to 108 -MHz band and record the gener- 
ator output level for any frequency that 
causes an output level at the ratio detec- 
tor greater than 10 dB below the noise 

reference voltage as measured tinder 
"quieting sensitivity." 

(continued on page 42) 
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Model 176 $99.95 

How 
low can you 
get? 

Modern solid state circuitry demands lower voltage measurements. And no one goes 
lower than B & K. Because B & K makes products that really work. 
Take the new Model 176 for instance. It has more new design features than any other 
portable FET /VOM today. 

An exclusive complementary circuit protects FET's 
from over voltage transients, provides balanced 
temperature compensation. And a unique voltage 
regulation circuit maintains constant voltage for 
the life of the batteries. 

You get a flat frequency response to 1 megacycle, plus 
high input impedance and instant drift -free 
transistor action. 

Or consider the B & K Model 120 VOM. It features 
extra -low voltage and current ranges, 2% accuracy, 
and element -to- element voltage differentials 
of only a few tenths. 

It's ideal for transistors and printed circuit boards. 
And for only slightly more, you can get 11/2 % accuracy with the special Model 120M. 
Even if you need a VTVM, nothing beats B & K. Because Models 175 and 177 
are loaded with exclusive features time -tested for rugged use. 

So next time you measure volts, do it with B & K. You 
can't get any lower. And you can't get any better. 
Ask your distributor for complete details. 

Model 120M 
$69.95 

Model 120 
$64.95 

Model 177 
$89.95 

Model 175 
$69.95 

zipE 
PRODUCTS of DYNASCAN CORPORATION 

1801 W. Belle Plaine 
Chicago, Illinois 60613 

The Big Difference in Test 
Equipment: Ours Works. 

Circle 21 on reader service card 
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SPECTRUM PRODUCTS PRESENTS 
HIGH QUALITY POWER AMPLIFIERS 
AT MANUFACTURERS PRICES 

a -L¢<$. .LO z 

ONE FET AND 7 SILICON TRANSISTORS. 
POWER OUTPUT. 25 watts RMS at 8 ohm load. (35 

watts IHF music power) 
FREQUENCY RESPONSE. -1DB from 10Hz to 50,- 

000Hz at full RMS output. 
DISTORTION. Less than one (1) percent. 
THREE INPUT CHANNELS. One megohm FET high im- 

pedance input, and two (2) low impedance inputs. 
INPUT SENSITIVITY. High impedance .5 volt for full 

RMS output. Low impedance .25 volt for full RMS 

output. Low impedance 1.5 volt for full RMS 

output. 
TRANSISTORIZED TEMPERATURE SENSOR. Holds idle 

current at a constant 10 ma. preventing thermal 
damage. 

DC OPERATING VOLTAGE. 45 volts. 
DC OPERATING CURRENT. 10 ma. idle. 1 ampere at 

full IHF output. 
OVERALL DIMENSIONS, 4x4x2 inches. PRICE. $16.50 

SPECTRUM PRODUCTS 
PRESENTS THE NEW 

SELECTRA -MATIC POWER AMPLIFIER 

ONE FET AND 7 SILICON TRANSISTORS. 

SELECTRA -MATIC. Automatically lets you select any 

power from 1.5 to 15 watts RMS at 8 ohm load. 

(22 watts IHF music power) 
FREQUENCY RESPONSE. 3DB from 10Hz to 50,000Hz 

at full RMS output. 
DISTORTION. Less than 1 percent. 
THREE INPUT CHANNELS. One megohm FET high - 

impedance input. Two low- impedance inputs. 
INPUT SENSITIVITY. (35 volt supply) High imped- 

ance .25 volt for full RMS output. Input (1) Low 

impedance .5 volt for full RMS output. Input (2) 

Low impedance .05 volt for full RMS output. 
TRANSISTORIZED CURRENT CONTROL. Automatically 

holds distortion at a minimum. 
TRANSISTORIZED TEMPERATURE SENSOR. Holds idle 

current at a constant 20 ma. thus preventing 
thermal damage. 

DC OPERATING VOLTAGE. Anywhere from 12 to 35 
volts. 

DC OPERATING CURRENT. 20 ma. idle. 750 ma. at 
full IHF output. 

OVERALL DIMENSIONS. 3 x 31/2 x P12 inches. 
PRICE. $16.50, two (2) for $31.00 

SATISFACTION GUARANTEED 

SPECTRUM PRODUCTS P.O. BOX 2562 

CULVER CITY, CALIFORNIA 90230 

Circle 22 on reader service card 
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In the Shop ...With Jack 
By JACK DARR 

SERVICE EDITOR 

RADIO -ELECTRONIC'S SERVICE CLINIC 

has a fully equipped service lab. Here, 
tests are run on TV, radio and audio 
equipment, and new test equipment is 
checked out in actual operation. Test 
methods can also be checked to see 
which give the best results in the least 
time. 

Detailed notes are kept on. each 
job, for time -and -motion studies of 
techniques, equipment and diagnosis 
methods. These can be very helpful, 
and also somewhat embarrassing at 
times. Here are the actual notes on one 
job, transcribed verbatim from the clip- 
board. 
Set: RCA KCS -169 hybrid TV. 12- 
22- 69;4:35 PM. 
Symptoms: No high voltage. Sound 
okay. 
Tests: Neon -lamp rf indicator shows 
what seems to be normal glow on 
high -voltage rectifier plate lead. No 
high voltage at all on 1X2 filament. 
One wire on wrong pin. Corrected. 
Still no HV. 
Question: Are horizontal output tube 
and flyback putting out enough to 
light 1X2 filament? No visible glow. 
Test: wind paper clip to make "socket" 
for No. 222 flashlight lamp. Remove 
1X2, tack -solder to filament wires. No 
glow in pilot lamp. 
Test: Set 33GY7 horizontal output 
tube on cathode -break adapter. Read 
cathode current. Ik on original tube 
150 mA. Schematic says 110 mA. 
Hmmm. Try new tube. Same; same 
current, still no light in 1X2. Try new 
1X2 and socket, tacked in. Omit 2.2- 
ohm resistor. Now read about 2 kV 
on socket. No light on screen. 

Check flyback for shorts, in -cir- 
cuit. Flybacker tester says flyback 
shorted. Slide chassis out, remove fly- 
back. As anticipated, now tests OK; no 
shorts. Replace. Disconnect horiz yoke; 
check. Hmm. Flybacker says shorted. 
Read dc resistance of yoke. Schematic 
calls for 30 ohms. Yoke reads 30 
ohms. Check resistance of each half 
from CT; 15 ohms each. Yoke re- 
moved from list of suspects. 5:16 
PM. Give up -go home. 

Second go- round. 12- 23 -69, 9:20 
AM. Check scope waveform loosely 
coupled to 1X2 plate lead (Fig. 1). 
Scope shows very low peaks (I knew 
that!) and excessive ringing (I didn't 
know that). Check boost voltage. 

Fig. 1- Excessive ringing at 1X2 plate. 

Reads +165 volts. B+ reads +135 
volts (normal). Disconnect boost ca- 
pacitor; checks okay. 

Disconnect yoke. Turn set on. 
High voltage goes up to 5 kV; bright 
vertical line now appears on screen. It 
33GY7 now drops to 120 mA. Re- 
check yoke; still shows shorted on fly - 

backer. Disconnect yoke balancing 
capacitor; checks okay, naturally. 
Substitute variable inductor for hori- 
zontal yoke. Ik (cathode current) of 
33GY7 now drops to 110 mA; high 
voltage jumps up to 9 kV, vertical 
screen line very bright. 

(This is a very good example of 
how we can walk right over a key clue 
without seeing it! Did you? It's easy 
with our regular 20:20 hindsight, but 
it was just as obvious when we made 
the original test! The test equipment 
told me that the yoke was shorted, but 
I deliberately talked myself out of it 
and kept on. Right then, I should 
have stopped and substituted another 
yoke or the test inductor. Here are the 
final lines on the clip- board.) 
CONCLUSION: When the Flybacker 
tells you that the yoke is shorted, BE- 
LIEVE IT, STUPID! Don't just sit 
there -get a new yoke! R -E 

TEST EQUIPMENT DATA NEEDED 

The Service Editor gets requests 
for service data on old test equip- 
ment at regular intervals. While he 

has quite a pile of such data he can 
always use more. Among these are 
the Solar "Exam- meter" capacitor 
tester Model 'CF', and a McMurdo - 

Silver "Sparx" signal- tracer. Any 
other old instruments would be 
welcomed. Send copies if possible; 
if not, they will be copied and sent 
back if requested. 
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don't miss this opportunity 

If You Have What It Takes 
to Qualify for Training in Electronics 

We'll Not Only Train You... 

We'll Help You Finance 
Training and Help Place You 

In the Job You Want! 

Just a few short years ago, who could have imagined 
electronic marvels like the micro -miniaturized printed 
circuit, no larger than the head of a pin ... battery - 
powered heartbeat regulators ... computers that 
make split- second calculations it would take the 
human brain years to duplicate! This is the amazing 
world of technology. 

The demand for trained Electronics Specialists and 
Draftsmen is increasing every year! These are well - 
paid, prestige positions with practically unlimited 
opportunities for advancement. In 12 months or less, 
United Technical Institute can prepare you to take 
your place in this dynamic, expanding field. You can 
study right at home, in your spare time and at your 
own pace - or attend a UTI resident school near you. 
Because UTI is an eligible institution under the 
Federally Insured Student Loan Program, you may 
attend the Institute on a government -guaranteed 
educational loan. And after you finish your training, 
we can help you find your first position! 

Accredited Member of National Association of Trade and 
Technical Schools. Approved for Veteran Training. 

United Technical Institute 
division of Career Academy 

.71 

Ì 125 W. Wells St. Milwaukee, Wis. 53203 Dept. 07N215201 

Please rush me your free 28 page booklet 
with all the details on your Electronics course 

Name A$e 

Get the facts now! Just clip the coupon and 
send today for a FREE, fact-filled book des- 
cribing the exciting opportunities in electronics, 
and how you can qualify for them. We'll rush 
your book by return mail so you can read it and 
decide for yourself. No obligation, of course. 
But don't delay - clip the coupon for your free 
book today' 

JUNE 1970 

(Please print) 
Address 

City State Zip 

Phone 

am interested in; Classroom Study Home Study Û Facts on GI Bill J 
Circle 23 on reader service card 
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compact sets 
SPEED DRIVING OF BRISTOL 

AND ALLEN HEX TYPE SCREWS 

No. 99PS -60 Bristol Multiple Spline 
Type Screwdriver Set 

u 

4 and 6-flute blades 
with diameters from 
.048" thru .183" 

-No. 99PS -40 Alten Hex Type 

% Screwdriver Set 

Hex diameters 
from .050" thru 3/16" 

Compact, Interchangeable blade, Xcelite sets 
permit quick selection of the right tool for the 
job. With greater reach than conventional keys, 
these handy blade and handle combinations make 
it easier to get at deep set or awkwardly placed 
socket screws, simplify close quarter work. 

Each set contains 9 precision formed, alloy 
steel, 4" blades; 4" extension; shockproof, 
breakproof, amber plastic (UL) handle with 
exclusive, positive locking device. 

Sturdy, see -thru plastic cases fit pocket, have 
flat bases for use as bench stands. 

WRITE FOR BULLETIN N365 

01-11M-jj 
XCELITE, INC., 10 Bank St., Orchard Park, N.Y. 14127 

In Canada contact Charles W. Pointon, Ltd. 

Circle 24 on reader service card 
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TECHNICIAN 
TRAINING 

NEW YORK, N.Y.- Magna- 
vox's unique setup of regional service 
training centers is entering its third 
year of highly successful operation. 
Centers in Rutherford, N.J., Atlanta, 
Ga., West Lake, Ohio, Skokie, Ill., 
Dallas, Texas, and San Francisco and 
Torrence, Calif. offer free of charge, 
to qualified and professional tech- 
nicians, technical training that cannot 
be presented in the more common 
seminars and field training sessions. 

The facilities, instructors and 
equipment are integrated in a manner 
that produces the highest degree of 
theoretical and practical training in 

the minimum number of hours. Five 
training programs consisting of two 
or more complete courses are sched- 
uled Monday through Thursday. A 
class -day is 8:00 a.m to 5:30 p.m. 
with a complementary lunch provided 
between 12:30 and 1:30 p.m. 

The study programs, with some 
overlap in courses, are set up so the 
student can select the one most 
beneficial to him. Progress is gauged 
by workbooks and quizzes. The pro- 
grams and their included courses are: 
Color TV I, courses 120, 201 and 

201A; Color TV II, courses 201, 
201A and 501; Color TV III, courses 
201, 201 A and 202; Solid State, 
courses 130 and 302; Fundamental 
Color and Solid State, courses 110, 
120 and 130. 

Course 110, New Technician In- 

Typical lecture and demonstration pe- 
riod. These sessions are followed by a 

workshop session to back up the lecture. 

doctrination.- Provides background 
on Magnavox, its facilities, services 
and products. Covers product 
identification, service manuals, re- 
placement parts, etc. Suggested for 
new dealer or service personnel. 

Course 120, Basic Colorimetry 
and Color TV Setup. -For service 
technicians without prior color ex- 
perience. Covers degaussing, purity, 
color temperature, convergence and 
all other field adjustments. 1 day. 

Course 201, Color TV Circuit 
Analysis and Troubleshooting -For 

the technician who is now doing or 
preparing to do bench work. Detailed 
coverage of circuit operation and a 
logical approach to troubleshooting 
bandpass amplifiers and all other 
color circuits. Workshops are pro- 
vided on adjustments required in 
color circuits and troubleshooting ac- 
tual receiver problems. 2 days. Pre- 
requisite: course 120 or equivalent. 

Course 201A, Solid -State Color 
TV Circuits.- Extension of course 
201 covering the TAC (automatic 
tint control) and the solid -state cir- 
cuits in the T936 chassis. Includes 
work periods and solid -state trouble- 
shooting techniques. 1 day. Pre- 
requisites: course 201 and course 130 
or equivalent. 

fit 

Student in a workshop for Course 130. 
He is becoming familiar with various 
solid -state devices used in radio and TV 

sets. 

Course 202, Color Television 
Alignment.- Teaches how to analyze 
problems resulting from misalignment 
and the use of sweep alignment equip- 
ment as a troubleshooting aid. Work- 
shop session provides experience. 

Course 130, Solid -State Com- 
ponents, Their Operation and Appli- 
cation in Solid -State Radios. -In- 
troduces theory and operation of 
semiconductor components and cir- 
cuitry in radio and TV sets. Circuit 
application and component check- 
ing is taught by using student work - 
boards. 

Semiconductors studied are then 
examined in a complete AM -FM 
stereo receiver. Correlation of circuit 
analysis and symptom analysis is 

taught in workshop sessions. 2 days. 
Prerequisite: basic electronics. 

Course 302, Solid -State TV Cir- 
cuitry and Service Techniques. -A 
study of solid -state devices in special- 
ized TV circuits with emphasis on 
agc, sync, vertical and horizontal 
deflection, video and high -voltage cir- 
cuits. Workshops on solid -state TV 
trouble- shooting. 2 days. Prerequisite: 
course 130 or equivalent. 

Course 501, Magnavox TV Re- 
mote Control Systems. -A complete 
study of the Magnavox 8- function re- 
mote control. I day. Prerequisite: 
courses 130, 201 or equivalent. R -E 
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Solitron's microelectronic amplifier. 

If you've been Ico =King around far a top qua ity 2 -watt class A, 5- or 15- 
watt class B audio amJlifie -, look no more. Solitron is into them. Has them 
in stock. 

With Solitron microcircuit amplifiers, you can m&ke an electric guitar ampli- 
fier or other instument that makes it like a top make (they're the same 
amplifiers). Or use them in hi -fi or stereo amplifiers, record players, PA sys- 
tems, intercoms. Whatever turns yDu on. 

The 5 -watt doesn't need a preamp. Ail need fewer than the usual external 
jazz. (4 or 5 inexpensive external components give you a completed unit.) 
And they're dependable. They're made with the latest thick film hybrid mi- 
crocircuit construction; cermet chips on ceramic substrates. By the company 
known as the "high -rel ability aerospace semiconductor house." 
Get into the microelectronics action with Solitron. For complete specifica- 
tions and instructions. contact Solitron at 256 Oak Tree Road, Tappan, 
New York 10983. 

It's where it's at. 

Bolitron DEVICES, INC. 

256 OAK TREE ROAD, TAPPAN, N. Y. 10983 / PHONE (914) 359 -5050 / TWX: 710- 576 -2654 / TELEX: 13 -7346 
Radio Electric Service, 701 Arch Street, Philadelphia, Pa.! Kierulff Electronics, Inc. 2585 Commerce Way, Los Angeles, Cal./ Solid State 
Electronics, P. O. Box 20299, Dallas, Texas 75220/ Demambro Electronics, 1095 Commonwealth Ave., Boston, Mass./ Intermark, 100 
Industrial Way, San Carlos, California/ Radio Electric Service, 5 North Howard Street, Baltimore, Maryland 21201 

Circle 25 on reader service card 
JUNE 1970 
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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 refresher, 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. 

3 THOUSANDS OF WELL PAID JOBS 
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 major 
Radio and TV Networks have regularly 
employed graduates through RCA 
Institutes' own placement service. 

SEND ATTACHED POSTAGE PAID CARD 
TODAY! FREE DESCRIPTIVE BOOK 
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. 758 -006 -0 
320 West 31st Street, 
New York, N.Y. 10001 

Accredited Member National Home Study Council 

Temperature experiment with transistors. 

JUNE 1970 

Construction of Oscilloscope. 
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iqp avwar 
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.; J 

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 
DRIVE RINGS 

in stringing wires. 

Uses T -75 staples with 1/2" 
flat crown in 9/16 ", 5/8" and 

7/8" leg lengths., 

Arrow Automatic Staple 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 07663 
"Pioneers and Pacesetters 

For Almost A Half Century" 
Circle 26 on reader service card 
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NEW FOR YOU 
Heathkit AR -29 AM /FM Stereo Receiver 

For manufacturer's literature, circle No. 35 on Reader Service Card. 

THE AR -29 ARRIVED IN A HEFTY BOX 

crammed with parts. Fortunately, with 
this kit, the days of the box marked "misc. 
hardware" are over. There are eight 
boxes labeled Pack #1 through #8, 
each containing all components and 
hardware for each stage of construction. 
All other components, (preassembled 
tuner, power transformer, signal and 
tuning meters and chassis parts) are sep- 
arately boxed or wrapped. 

Construction started with the open- 
ing and check -out of Pack #1, the AM- 
rf circuit board. Heath has taken each 
board and, in the pictorial, split it into 
halves or quarters vertically. Then, each 
group of components (resistors, capaci- 
tors, diodes, transistors, etc.) are in- 
stalled onto the board. This does keep 
things from getting confusing. 

Next comes the AM- FM -i.f. board, 
the most complicated board in the entire 
set. This one board took us nearly 31/2 

hours to complete. The multiplex PC 
board came next, followed by the power 
supply board, the input preamplifier 
board, the two identical output amplifiers 
and the control preamplifier board. 

The chassis came last, with most of 
the wiring in harnesses. All circuit 
boards "plug" into the chassis for easy 
assembly and easy servicing, with the ex- 
ception of the AM -rf board. This one is 
mounted and wired to the front end. 

One unusual feature of the AR -29 
is the test circuitry built around the sig- 
nal strength meter which allows it to be 
used as a voltmeter or an ohmmeter. 

All boards are checked for proper 
resistance at different points. Then each 
board is plugged into the chassis and 
voltage measurements are made. If in- 
correct voltages or resistances are en- 
countered, there is a complete trouble- 
shooting chart which will pinpoint the 
source of the difficulty. 

With all boards in place, speakers 
are connected to each channel and hum 
injection tests are made on the pre- 
amplifier and output stages. Finally the 
FM antenna is connected and the mo- 
ment of truth arrives. (AM antenna is a 
built -in Loopstick.) 

FM adjustments are next, and with- 
out the usual FM generator! All you 
need is the signal and tune meters. This 
alignment procedure really amounts to a 
touch up, as the i.f. transformers all 
were very close. Multiplex adjustments 
follow. using again the signal and tune 
meters, and the built -in voltmeter. AM 
alignment just uses the signal meter. 

In conclusion, this receiver is easily 
built, mechanically sound, and most en- 
joyable to use. FM sensitivity and selec- 
tivity are very good. FM stereo recep- 
tion from stations 100 miles away was 
loud and clear, and stayed "locked in" 
well. As an amplifier, we can only describe 
its performance as distortion -free and 
clean. With its built -in test set, its owner 
will be able to do most of his own testing 
and repairs. Mark Gernsback R -E 

MANUFACTURERS SPECIFICATIONS 

FM (MONO) 
Frequency Response: ±-1 dB 20- 15,000 Hz 
Sensitivity: 1.8 AV, 1.5 AV typical 
Volume Sensitivity: Below measurable 

level 
Selectivity: Greater than 70 dB 
Image Rejection: 90 dB 
I.f. Rejection: 90 dB 
Capture Ratio: 1.5 dB 
AM suppression: 50 dB 
Harmonic Distortion: 0.5% or less 
IM Distortion: 0.4% or less 
Hum and Noise: Better than 60 dB 
Spurious Rejection: Better than 90 dB 

FM STEREO 
Channel Separation: 

45 dB av at 1000 Hz 40 dB min 
35 dB at 50Hz 30 dB min 
30 dB. at 10kHz 25 dB min 
25 dB at 15 kHz 20 dB min 

Frequency Response: +1 dB from 20 to 
15,000 Hz 

Harmonic Distortion: 0.5% at 1000 Hz 
with 100% Modulation 

19 kHz and 38 kHz Suppression: 55 dB or 
better 

SCA Supression: 55 dB typical 

AM SPECIFICATIONS 
Sensitivity: 

Ext. antenna 
30 µV at 600kHz 
20 AV at 1400kHz 
Internal rod Antenna 
200 AV /Meter at 600kHz 
300 µV /Meter at 1400 kHz 

Selectivity: Better than 40 dB (alternate 
channel) 

image Rejection: 60 dB at 600 kHz; 45 dB 
at 1400 kHz 

I.f. Rejection: 50 dB 
Harmonic Distortion: Less than 2% 
Hum and Noise: 35 dB 

AMPLIFIER 
Dynamic Power Output per channel: 50 

watts (8 -ohm load); (4 -ohm load 65 
watts); (16 -ohm load 30 watts) 

Continuous Power Output per channel: 35 
watts (8- ohms); (4 -ohm load 35 watts); 
(16 -ohm load 25 watts) 

Frequency Response: (1 watt level) -1 dB, 
7Hz to 60 kHz -3dB, 4 Hz to 100 kHz 

Harmonic Distortion: Less than 0.25% 
from 20 Hz to 20 kHz at 35 watts; Less 
than 0.1% at 1000 Hz with 1 watt out- 
put 

IM Distortion: Less than 0.2% with 35 
watts output, using 60 and 6,000 Hz 
mixed 4:1; Less than 0.1% at 1 watt 
output 

Input Sensitivity: Phono -2.2 mV; Tape - 
180 mV; Aux -180 mV; Tape Mon -180 
mV 

Hum and Noise: Phono -(10 mV reference) 
-65 dB Tape and Aux -(0.25 V ref- 
erence) -75 dB 

Channel Separation: Phono 50 dB; Aux, 
Tape and Tape Mon. 60 dB or better 

RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


by LARRY STECKLER 
MANAGING EDITOR 

AMERICANS LOVE THEIR CARS. THEY ALSO LOVE 
STEREO. To combine these two loves it is now possible 
to put stereo into cars. Tape is one medium that makes it 
happen... 8 tracks in cartridges and 4 tracks in cassettes. 

FM multiplex radio is another way to add stereo to 
a car and is also growing rapidly. In some instances the 
way to add FM stereo to a cartridge tape player is to buy 
a plug -in adapter (it goes where the tape cartridge fits). 

Where does it go? 
But no matter which way you use to add stereo to 

your car there are some important rules to observe. First: 
where will the tape player go? 

The most common place for mounting the tape player 
is under the dash in the center of the car. This makes the 
player convenient to the driver. It also puts it right in the 

Eight -track cartridge tape is approximately 1/4 -inch wide. This sketch shows how it is divided up into 8 separate tracks. 
(Sketch courtesy RCA) 

With compensated playback this is the electrical frequency 
response curve that can be attained with an 8 -track stereo 
cartridge tape. 
(Sketch courtesy RCA) 

.y 
0 

_5 

20 

J U N E 1 9 7 0 

100 500 1000 

FREQUENCY IN CYCLES PER SECOND 
10000 20000 

way of anyone seated there. So you may be trading stereo 
for a passenger seat. 

Second: you must add speakers. The speakers now in 
your car are not suitable for stereo. At a minimum you 
need two, one on each side of the car. You can add more 
pairs of course, but they must be balanced. They can go in 
the doors or front side panels or they can be surface - 
mounted. If possible use the built -in approach -it leaves 
more leg room. 

Third: decide now- cassette or cartridge. Both are 
available and both have advantages so you must make the 
choice yourself. But here are some points to keep in mind 
while making that choice. 

The cartridge offers four bands of material so while 
it is playing you can select any of these four bands to listen 
to. By contrast the cassette offers only two bands. Playing 
time is about equal, however, and so is tape cost. 

Cassettes are smaller than cartridges and you can 
store more casettes in the same amount of space. The 

.244 
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RCA Stereo 8 cartridge 
plugs into player in a 

modern car. Four 2- 
channel stereo pro- 
gram tracks are pro- 
vided. 

Lear Jet A -130 is an 
add -on cartridge play- 
er. It also has an AM- 
FM stereo radio. 

400! 

Panasonic CX -451 is 

an 8 -track cartridge 
tape player. 

Typical cassettes used 
in cassette players. 
These are not prere- 
corded. Mallory Dura- 
tape. 

Muntz 9200 add -on 
cassette unit will re- 
cord as well as play 
back tapes. 

Aiwa TPR -2011 plays 
prerecorded cassettes. 
Has push button con- 
trols. 

Cassette adapter pack 
makes possible playing 
cassettes in cartridge 
tape player. Panasonic 
model CJ -980. 

Motorola TF800S is a 

cartridge machine that 
includes an FM stereo 
receiver. 

34 

Lafayette RK -210 tape 
player -recorder uses 
cassettes. 

ratio is about 2 cassettes in the space needed by one car- 
tridge There is a new cartridge just announced that folds 
in half when not in use. It is still just a trifle larger than the 
cassette, but a lot more competitive in size. 

There are home players for both cassettes and car- 
tridges so you can double the use of either tape. However, 
in home machines there are cassette changers. There aren't 
any cartridge changers. 

Both cartridge and cassette players for cars offer some 
machines with recording capability. Watch this feature 
carefully. Some of the machines that record will record in 
mono only. So while you are buying a stereo player, don't 
try to make your own stereo tapes. 

When recording, a cassette is probably a bit easier to 
use than a cartridge. When you reach the end of cassette 
there is no doubt about it -the tape just can't go any fur- 
ther. At the end of a cartridge, however, the tape keeps 
right on going. And if you are still recording at this point 
you'll start erasing whatever material you had at the begin- 
ning of the cartridge. 

Cartridge- Cassette differences 
Other than the number of tracks there is one basic 

difference between the cartridge and the cassette -the car- 
tridge is a continuous tape: the cassette is a reel -to -reel 
tape. The difference is pressure and tension on the tape. 
Much greater tension and therefore, greater wear is im- 
posed upon the cartridge tape. To alleviate some of this, 
cartridges use lubricated tape. 

Cartridge tape is wider than cassette tape -about 
twice as wide. But since cartridge tape has twice the num- 
ber of tracks on it, the tracks -cartridge or cassette -are 
about the same width and therefore have about the same 
audio characteristics. 

About frequency response 
You arc not likely to get better than 10 kHz as the 

top frequency from the prerecorded tapes you buy. The 
main reasons being the limitations on the speakers in the 
car and the frequency range actually put on the tape. The 
graph of the preceding page indicates the equalized fre- 
quency response you can expect from a stereo tape car- 
tridge. This is the best you can get because this is what the 
tape maker is putting onto the tape. 

Somewhat better response is possible with a cassette. 
But again, in the car the speakers will become the limiting 
factor. And even in the home, 12 kHz is the practical limit 
to expect today. 

Tape hiss may be noticeable. There is little you can do 
about this problem. It is inherent in the tape speed, 334 ips, 

How to clean car tape cartridge players. (right) Note use of 
cotton swab with isopropyl alcohol, NOT carbon tetrachloride. 
Add -on tape player and speaker mountings are shown below. 
Only one pair of speakers is needed; three locations shown. 
(Diagrams courtesy Motorola) 
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used in these machines. As better tapes (high- density like 
the new Bell & Howell and TDK) or the new chromium 
dioxide tapes become available, this problem is reduced. 
Electronic systems, like versions of the Dolby equalization 
circuit also reduce tape hiss of this type. 

Headphones too? 
One of these days headphones for car stereo listening 

will be available. One headphone manufacturer Superex, 
has already announced such a system. It is intended for all 
passengers, but NOT for the driver. 

If you should want to install such a system yourself, it 
shouldn't be too difficult. Set up plug -in terminals for each 
passenger and provide a set of headphones. Just make sure 
you doublecheck impedance matching with the output of 
the amplifier. 

Tape player maintenance 
Car tape players, like home machines, require regular 

maintenance if they are to operate properly. The largest 
single cause of improper operation is oxide build -up on the 
tape head or capstan. In normal operation, as the tape goes 
through the deck, iron -oxide particles wear off the tape. 
Accumulation of this material degrades playback and can Lear Jet A -260 is a cause the tape to slide up and down. Therefore the head cartridge record /play 
and capstan should be cleaned regularly. This can be done machine for cars. 
without removing the tape player from the car. 

Follow the procedure shown in the illustration below. 
Use a cotton swab and head cleaner or isopropyl alcohol to 
remove oxide accumulations. Then wipe dry with a clean 
dry swab. Clean the leaf contacts on the track switch at the 
same time. 

When cleaning the tape head be extremely careful. Do 
not allow any cleaner fluid to touch plastic parts. 

Special cartridges and cassettes containing a cleaning 
tape are sold. If used regularly they can help keep tape 
heads clean and in good working order. 

In normal use, the tape heads may pick up a bit of 
residual magnetism. Any tape head that becomes magne- 
tized shows a loss of high frequency response and an in- 
crease in noise. To demagnetize the heads in your machine Hitachi CS -204 has use a commercial tape head demagnetizer, following the dustproof door to pro - instructions packed with the unit. tect player mechanism 

when not in use. 

Ampex Micro 42 is a 
cassette machine. Has 
mono recording and 
stereo playback. 

Sony model 20 cas- 
sette player features 
push -in loading and 
automatic eject. 

R-E 

TAPE PLAYER MAKERS 
A list of names and addresses of tape -player manu- 

facturers is available from Radio -Electronics. Just send 
a stamped, self- addressed envelope to Tape Player 
List, Radio -Electronics, 200 Park Avenue South, New 
York, N. Y. 10003. The list will be on its way back to 
you by return mail. 

¡APE C4,,,,DG'. CAPSTAN S1Nn 
ERASER E 

AUTOMATIC 
TRACK SNITCH 

USE COTTON swAB 
MOI5TM0 wITA 
ISOPROPYL ALCOHOL 

DO MI OSE CARBON 1ETRACILORIDE 

J U N E 1 9 7 0 

DEPRESS MOTOR SWITCH WITH 
Cie 

ERASER END OF A PENCIL 
ITO NM UNIT O11 w11EN 
CLEAMNC CAPSTAN SHAFT. 

Mini -cartridge (left) 
folds in half to reduce 
storage -space needs. 
It's made by Lear Jet. 

Add -on speakers for 
car stereo players have 
walnut finish cabinets. 
Mount on rear window 
deck. From Eastern 
Specialties. 

Norelco 2602 Stereo 
cassette player auto- 
matically shuts off at 
the end of a tape. 

Automatic Radio ACS - 
6000 cassette player is 
for cars, trucks or 
boats. Shuts off auto- 
matically. 

35 

www.americanradiohistory.com

www.americanradiohistory.com


Radio -Electronics 

by KENNETH F. BUEGEL 

Senses intruders 45 feet away by detecting 
changes in reflected load on 400 -111Hz oscillator -part 1 

C2 5 

Rt05 

EXIT SWITCH TERMINAL BLOCK 

TRANSCEPTOR 
TERMINAL BLOCKS 

DE BOARD 
WI BOARD AR BOARDS ß/tá 

S3 -I S3 -2 S3-3 
(NOT ON FIGS.) 
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FEW PROJECTS ARE AS FASCINATING IN 

operation as intrusion alarms. A vari- 
ety of circuits may detect the actual 
intrusion: others make "decisions" and 
provide useful time delays. 

Most alarm systems described as 
"radar," "microwave" and "Doppler 
radar" sense intrusion by noting the 
effect of changes in reflected load on a 
flea -power oscillator. The oscillator 
operates at low power for two rea- 
sons: first, to avoid radiation of a field 
beyond FCC limits: second, to keep 
sensitivity high. The radiated field sets 
up a reflection at the boundary of two 
materials of different dielectric con- 
stants. The reflection is strongest 
where the difference is largest, such as 
air to metal. 

The system described here is well 
suited for outdoor use. Ultrasonic 
types cannot be used where the sur- 
rounding air may have temperature or 
velocity fluctuations.) Also, this alarm 
reliably detects movement at 40 to 45 
feet, which is more than can be ex- 
pected of ultrasonic types. 

Circuit operation 
Transistor Ql oscillates near 400 

MHz (Fig. 1). The frequency is de- 
termined by L1 and the capacitance of 
the printed circuit (transceptor) itself. 
A tap on Li is coupled to an antenna 
through C3. The collector current for 
Ql is supplied from a Zener- stabilized 
source. Resistor R5 and C4 remove 
the Zener noise components. 

Reflected load variations cause a 
current change through R4. This volt- 
age drop across R4 is applied to two - 
stage amplifier 02 -03. Except for C5 
the entire amplifier is direct -coupled to 
maintain low -frequency response. The 
lower frequencies are caused by slow 
movement. 

OPERATING 

Battery operation -"Float" charged 
from ac line. Two weeks operation 
after power loss. Signals loss of 
ac power. Reliable source of pow- 
er to trip alarms. 

Wiring alarm -Instantly signals de- 
liberate or accidental damage to 
sensor heads or wiring. 

Time delays -Adjustable to accom- 
modate installation needs- usual- 
ly available only as options in 

commercial versions. 

Signal sequencing- Minimizes 
"false" alarms when operating at 
the highest sensitivity. 

Operating range -Can be set to in- 
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The output of the transceptor 
head (TCI) is from emitter follower 
Q4. Output is derived from voltage 
divider R14 R15, whose purpose is, 
not to attenuate the signal, but to per- 
mit the output point to be grounded 
without destroying Q4. The effective 
output impedance is 900 ohms. This 
allows TC1 heads to be used 50 feet 
from the control unit with unshielded 
leads or 300 feet with shielded leads. 

An Alarm Receiver (AR) board 
is required for each TCI head used in 
the system. Transistor Q5 amplifies 
with the gain set by R21 in the emitter 
circuit (Fig. 2) Capacitor CIO pro- 
vides negative feedback at all fre- 
quencies above a few Hz. Resistor 
R19 and Cll are a low -pass filter to 
restrict the input to amplifier Q6 to 
lower frequencies. Most motion will 
appear in the range 0.1 to 10Hz. 

All detected motion affects two 
channels in the system. One channel is 
a latching light circuit Q8 and Q9, 
which indicates the TC1 head being 
disturbed. The other channel 
(Q10 Q11) is nonlatching and fur- 
nishes the alarm signal. The alarm -sig- 
nal channel does not need to be com- 
pletely duplicated on other AR circuit 
boards. 

The D5 diodes on all AR boards 
may be tied together at point X to 
furnish drive for the alarm circuit. 
For certain applications where the rest 
of the system is not needed, the relay 
may be connected to point RY. If R38 
is installed, the alarm circuit will latch 
once triggered. Temporarily ground- 
ing point RR will restore the circuit to 
a ready status. 

Diodes D3 and D4 rectify the 
alarm signal at the emitter of Q7 and 
forward -bias Q8, which turns on Q9. 
Resistor R32 provides a positive feed- 

FEATURES 

dicate movements from 10 to 45 
feet. 

Sensor heads -Use "fail- safe" cir- 
cuitry. Low -impedance outputs al- 
low placement hundreds of feet 
from control and alarm chassis. 
Up to fifteen sensor heads may be 
used with each control and alarm 
chassis. 

Type of operation- Measures reflect- 
ed load changes on micropower 
oscillator. Not disturbed by air 
movement or sudden temperature 
changes. Well- suited for outdoor 
use. Can be installed to provide 
discrimination between indoor and 
outdoor movements. 

J U N E 1 9 7 0 

LI 
(PART OF CIRCUIT 

BOARD) 

QI 

40235 

C3 
10pF 

u 
12° OF 1/2° 

ALUMINUM 
ROD 

C5 

823011 
25/35V 

R6 
82011 

C7 
5/50V R9 

10K I000/3V 
+1/ _ 

B E C 
CASE 

40235 

DI 
10V,IW 

5% 

C6 
500/15V 

3rt 

RII 
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) 

kE C B/ 

2N339IA, 
2N3860 

R7 R8 
2MEG 1MEG 

02 
2N 339IA 

RIO 
10011 

03 
2N339 IA 

RÌ2 

R13 
IOK 

2.2K 

R14 
10K 

R15 
IK 

RI6 
22011 
1/V1r-- 

Fig. 1- a- Transceptor head cir- 
cuit. You can use several of 
these units as external sensors 
to cover large areas. 

Fig. 1-b--Parts layout on the 
transceptor head circuit board. 
Full side foil pattern will be 
shown next month. 

-CI- 
- - 

R2 ÿ C3 
I 

1 

-C2- 
1 

R4 
I R3 

RED 

BLACK -- 
SHIELD 

STANDOFF 
INSULATOR 
MOUNTING 

(LONG. PART INSIDE CASE ) 

-R9- -Fa- -Rb- . Dz / 
e RIO- (+CB 
RS_ , ,-C-03 04 

II .IJCia _Ct] 
I RI3 

S 
RI4. 

1 

f 

R16 ---- TO C9 (AND 07 IF 

WHITE 

BATTERY 
(THRU CABLE) 

PARTS LIST 
TC1 Transceptor Head 

All resistors 1 /4w, 5% unless noted 
(throughout). 

R1 -4300 ohms 
R2- 22,000 ohms 
R3, R6-820 ohms 
R4 -3300 ohms 
R5 -180 ohms 
R7 -2 megohms 
R8 -1 megohm 
R9, R14- 10,000 ohms 
R10 -100 ohms 
R11- 68,000 ohms 
R12 -2200 ohms 
R15 -1000 ohms 
R16 -220 ohms 
Capacitors 
C1 -220 pF, mica 
C2-0.1 µF, 10V, ceramic 
C3 -10 pF. ceramic 
C4, C6-500 µF, 15V electrolytic (Mallory MTV 

500 DN15) 

W) BOARD IS USED) 

SIGNAL SHIELD 
GROUND GROUND 

C5-25 µF, 35V electrolytic (Mallory MTV 
25C 635) 

C7 -5 µF, 50V electrolytic (Mallory 
5CB50) 

C8 -1000 µF, 3V electrolytic (Mallory MTV 
1000 DN3) 

Semiconductors 
Q1 -40235 transistor (RCA) 
Q2, Q3- 2N3391A transistor 
Q4- 2N3860 transistor 
D1 -10V, 1W, 5% Zener diode 
Other parts 
L2 -2T No. 18, 1/2 "-dia. 1 /2" -long coil 
Antenna -1 /2" aluminum rod, 12" long, tap & 

thread one end 10 -32 1- Feedthrough insulator (E F Johnson 135- 
45) 

*TC1 circuit board, $2.25; TC -1K, complete 
kit except for antenna, $11.55 

MTV 
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back path for the lamp driver so that 
LM1 remains lit once energized. 
Grounding point RL will extinguish 
LM1 until another signal is applied. 

However, when the system gain 
is at its highest, as determined by the 
setting of R21, any disturbances 
would soon cause all lamps to light. In 
a multiple- sensor system the alarm 
might sound and indicate security vio- 

BATTERY 

JUMPER 

± D6- -R36- -R37- R35-. 
011 C--= 

f __R3g____ 010 
I 

+ 

(APP R34D -R39- 

R29 

t_D4- ©07 
-R31- -830- -R28-- (C::)°6 CII (),09 _ED 08 

lations at all points. This is a very re- 
mote possibility. 

Therefore all RL points are peri- 
odically connected to ground for 
about 0.2 sec every 4 sec. This reset 
(RE) signal is furnished by the RE 
board (Fig. 3). Unijunction transistor 
Q28 pulses the astable multivibrator 
formed by Q29 and Q30. Capacitor 
C24 and R99 determine the output 

-R23- 
+I R22 
D2 

JUMPER 

R25 

CI 
LMi -R32- -826- 

D3 827 -R24- 

C9 
25/35V 

FROM +l 
RI4 INN 

1I 
1ECB/ .-/ 

2N 5355 

38 

R17 
2MEG 

R18 
10K 

R22 
1800, 

Fig. 2 -a -Alarm re- 
ceiver circuit. One 
of these circuits is 
needed for each 
transceptor head. 

Fig. 2-b--Parts lay- 
out on the alarm re- 
ceiver board. Full 
size foil pattern will 
be shown in July. 
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pulse length of the astable multivibra- 
tor. Transistor Q31 saturates during 
this pulse length and, through the 
D21 diodes, connects each RL point 
to ground (see Fig. 4) 

If the alarm trip point is reached, 
however, a positive voltage from the 
alarm circuit will be applied to point 
C. This will cause Q27 to saturate, 
thus discharging C23 and preventing 
any further lamp resets. When the 
alarm triggers, the lit lamp shows 
where the intrusion is taking place. 

The signal appearing at point RY 
on the AR board is fed to delay and 
timing board (Fig. 5). The DE board 
provides the required system time de- 
lays. The alarm signal, now a pulse of 
battery voltage, is applied through 
D13 and R51 to charge C17. A vari- 
able discharge rate on C17 is set by 
R53. The only load on C17, other 
than R52 and R53, is the reverse - 
biased gate of FET Q15. Current will 
flow in the drain circuit of Q15 only 
when the charge on C17 is greater 
than the gate source voltage set by 
R58. 

When Q16 is turned on by the 
drain current of Q15, then D10 and 
R54 apply the collector voltage of 
Q16 to further charge C17. This cir- 
cuit is now latched up and, because of 
saturation of Q16, the full battery 
voltage appears at point C. This point 
C is the same as point C on the RE 
board, and now prevents the lamp -re- 
set circuit from operating. Even 
though a valid alarm has been gener- 
ated, it is usually not desirable to im- 
mediately operate the relay to activate 
an external siren, buzzer, etc. 

PARTS LIST 

AR Alarm Receiver 
R17, R24 -2 megohms 
R18, R25, R30, R31, R34, R36. R37, R39, 

R106 (1 per channel) -10,000 ohms 
R19, R29, R34- 22,000 ohms 
R20 -620 ohms 
R21 -'44W. 5000 -ohm trimmer (CTS type 

X201R502B) 
R22 -180 ohms 
R23 -330 ohms 
R26 -1000 ohms 
R27 -1800 ohms 
R28, R35 -4700 ohms 
R32, R38- 150,000 ohms 
R33-47 ohms 
C9, C13, C16-25 pF, 35V electrolytic (Mallory 

MTV 25CB35) 
C10-1 ¡F, 50V electrolytic (Mallory MTV 

1CB50) 
C11 -5 µF, 50V electrolytic (Mallory MTV 

5CB50) 
C12 -500 µF, 15V electrolytic (Mallory MTV 

5000N15) 
C14 -60 µF, 15V electrolytic (Mallory MTV 

60CB15) 
C15-5 µF, 50V electrolytic (Mallory MTA 

5D50) 
Q5- 2N3391A transistor 
Q6, Q7, Q8. Q10- 2N3860 transistor 
Q9, Q11- 2N5355 transistor 
D2 -10V, 1W, 5% Zener diode 
D3, D4, D5, D6, D22 (1 per channel)- 1N4154 

diode 
D21 -1N270 diode, 2 per channel 
LM1- 12 -14V, 25-40 mA pilot light 
*AR circuit board, $2.75; *AR -K, complete kit, 

$13.75; 'AR -L, complete, less relay driver 
parts, $11.65 (includes DR, OT. and RT) 
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If the circuit immediately trig- 
gered the alarm, how could you enter 
your property without becoming a 
public nuisance? Therefore, the alarm 
signal now starts to charge C18 
through R60. Source voltage Q17 is 
again varied by adjusting R64 to set 
the time delay before Q18 latches up 
Q17 and turns on the alarm through 
Q19. This delay can be set from about 
4 to 90 seconds by R64. 

Thus, when you return home you 
have time to unlock doors, enter, and 
disable the alarm without arousing the 
community. So far, so good. You can 
get back in, but how do you get out 
without setting off the alarm? Ob- 
viously, a means to disable the system 
temporarily is needed. 

Note that Q20 is kept on by bias 
current supplied through R69; thus 
Q20 is saturated and its collector volt- 
age is very near ground potential. Ca- 
pacitor C19 will momentarily turn off 
Q20 when the exit switch is closed, 
discharging C19 and providing reverse 
bias to Q20. 

Thus a single positive pulse will 
appear at the collector of Q20. Once 
C19 discharges, Q20 again turns on. 
This pulse, about 0.5 sec in duration, 
turns on Q21 and in turn Q22. Posi- 
tive feedback via R71 latches up the 
combination. While it is latched up, 
the gate on silicon controlled rectifier 
SCR1 is triggered. 

SCR1 now completely discharges 
C17 through D9 and prevents any 
alarm activation. At the same time 
C21 is being charged through R78. 
Resistor R82 sets the gate- source volt- 
age at which Q23 will have enough 
drain current flow to turn on Q24 
When Q24 is turned on, its collector 
furnishes positive feedback to R83 
and also turns on astable multivibra- 
tor Q25 -Q26. 

Transistor Q26 will furnish a posi- 
tive output pulse of about 0.5 sec to 
the gate of SCR2, which pulls the 
junction of R75 and R76 to ground. 
This turns off gate drive to SCR1 and 
again allows alarm signals to charge 
C17. 

Conduction by SCR2 discharges 
C21 through D15 until the current 
falls below the holding current of 
SCR2; then SCR2 turns off since gate 
drive has already been removed. Any 
remaining charge on C21 is dissipated 
to ground through R78, R76 and 
R77. The exit time delay may be set 
from about 4 to over 90 sec. 

After an alarm is received it can be 
neutralized by momentarily grounding 
point RA by a switch contact. 

The final circuit board will prob- 
ably not be needed in most residential 
installations, but is highly desirable in 
a business system. 

JUNE 1970 
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030 
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PARTS LIST 

RE Lamp Reset 
R92, R98, R100, R101- 10,000 ohms 
R93, R99 -100,000 ohms 
R94, R95-47 ohms 
R96 -4700 ohms 
R97, R102- 22,000 ohms 
C23 -10 µF, 50V electrolytic (Mallory MTV 

10CB50) 
C24 -1 F, 50V electrolytic (Mallory MTV 

1CB50) 
Q27, Q29, Q30, Q31- 2N3860 transistor 
Q28- 2N2647 unijunction transistor (GE) 
D17- 1N4154 diode 
*RE circuit board, $1.40; 'RE complete kit, 

$4.85 

D21-1 
1N270 

CHANNEL 
SWITCH 

S3-1 

031 
2N3860 

Fig. 3 -Lamp reset circuit is shown 
above. Parts placement on reset board 
below. Full size foil pattern will be 
presented next month. 
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Fig. 4 -Block diagram 
shows interconnections 
of alarm units and 
switches. 
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PARTS LIST 
DE Delays and Timing 

R51, R52- 220,000 ohms 
R53 -' /4 W, 1- megohm trimmer (CTS type 

X201R105B) 
R54, R68, R71, R89- 100,000 ohms 
R55, R56, R61, R62, R65, R73, R74, R75, 

R76, R77, R79, R80, R83, R85, R86, R87, 
R90, R91- 10,000 ohms 

R57, R63, R70, R81 -4700 ohms 
R58, R64, R82 -' /4W, 10,000 -ohm trimmer 

(CTS type X201R103B) 
R59, R84 -330 ohms 
R60, R78- 150,000 ohms 
R66 -2200 ohms 
R67, R69- 470,000 ohms 
R72, R88- 22,000 ohms 
C17 -10 µF, 50V electrolytic (Mallory MTV - 

10CB50) 
C18, C21 -500 µF, 6V electrolytic (Mallory 

MTV500DJ6) 
C19, C22 -1 RF, 50V electrolytic (Mallory 

MTV1CB50) 
C20 -.05 /F, ceramic 
Q15, Q17, Q23- 2N3819 n- channel FET tran- 

sistor (TI) 
Q16, Q18, Q22, Q24, Q26- 2N5355 transistor 
Q19, Q20, Q21, Q25- 2N3860 transistor 
D9, D10, D11, D12, D13, D14, D15, D16- 

1N4154 diode 
SCR1, SCR2- C106Y1 silicon controlled recti- 

fier (GE) 
"DE circuit board, $3.80; "DE complete kit, 

$19.60 
BATTERY 
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AS SHOWN IN PC DRAWINGS. 

NOT SHOWN IN FIG.4 

K A 'GI 

2N38I9 C106Y1 
R54 

IOOK 
-"WS, 

D13 
R51 

IN4154 220K 

Under- chassis 
view of main 
alarm section is 
shown in photo 
above. Parts lay- 
out for the delay 
board is to the 
left. Fig. 5 below 
is the circuit for 
the delay and tim- 
ing section. 

Asterisked items are available from: TRANSI - 
TEK, P. 0. Box 98205, Des Moines, Wash. 
98016. Items are sent postpaid. Washington 
state residents include 4.5% tax. 

NEXT MONTH 
The remaining (optional) section of 
the alarm and the power supply will 
be presented next month. Actual - 
size PC patterns, construction de- 
tails and test -adjustment procedures 
will also be shown. 
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0 

experiment with- 

THE AMPLIFIED 
ZENER 

REACH FOR A LITTLE ZENER THE 
next time you need a big one, but 
pull out a silicon power transis- 
tor, too. This pair will replace the 
larger Zener at reduced cost, if used 
as described. 

You pay no performance pen- 
alty. In fact, if you add a few in- 
expensive components you come out 
ahead. An improved "amplified Ze- 
ner" can be reliably free of Zener 
noise. And, unlike the simpler single - 
Zener circuit, it can be adjusted very 

A 

ELECTRICALLY 
SIMILAR 
TO 

ZENER WITH 
DISSIPATION 
RATING OF 
POWER 
TRANSISTOR 

1 

POWER TRANSISTOR 

Fig. 1- Ready -to -use amplified Zener 
circuit has good regulating ability. 
J U N E 1 9 7 0 

near whatever regulating voltage you 
need. If necessary, this circuit can be 
used to make up the equivalents of 
50- or 100 -watt Zeners. 

How it works 
One simple view of the amplified 

Zener has it as a Zener diode rein- 
forced by a transistor amplifier which 
works according to the Zener's dic- 
tates (see Fig. 1) . In another per - 
spective, we can view the Zener as 
fixing the voltage from A to ground, 
with the transistor passing whatever 
current is required to hold that volt- 
age. A key point is that the voltage from 
A to ground will always be the Zener 
breakdown voltage plus the base - 
emitter voltage of the transistor. And 
since about the same voltage appears 
across the transistor as across the 
Zener, the transistor will dissipate more 
power than the Zener if it carries a 
larger current. 

This gives us an insight into how 
the circuit works. A transistor's dc 
beta is its current amplification factor. 

by JIM ASHE 

A simple transistor 

circuit lets you use 

low -power Zeners for 

high- wattage applications 

If the transistor has a beta of 50, its 
collector current will be 50 times its 
base current. In this circuit it should 
dissipate 50 times as much power as 
the Zener. We can observe this in the 
simple bench test setup of Fig. 2. 

The Zener used is a good -quality 
I/4 -watt variety, of unknown ancestry. 
It controls a General Electric D27C 
plastic silicon power transistor. The 
D27C, rated at 8 watts when well 

117V AC 

4.7V 
250mW 
ZENER 

REGULATED VOLTAGE 

Ion 25 w A 
o 

0 -I A 

VARIAC 

UNREGULATED 
DC POWER 
SUPPLY 

D27C 

Fig. 2 -Test setup to check amplified 
Zener. D27C beta fixes part of current. 
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heat -linked, was chosen as a good ex- 
ample of modern transistor design. Its 
particular virtue is a very weak 
beta /collector current dependence. 
This very important point reappears 
later. Zener current is adjusted by 
varying voltage applied through a 

fixed series resistance, but a fixed volt- 
age and variable resistance works as 
well if no Variac is available. 

Initially, applied voltage is below 
the Zener breakdown value. Transis- 
tor collector current is only that due 
to leakage, which is very small indeed 
in the D27C. Looking into point A, 
the circuit resembles any good Zener 
looking back at less than its break- 
down voltage. 

At a higher voltage the Zener be- 
gins to conduct, but carries very little 
current. This small current, flowing 
into the D27C base, invokes a much 
larger collector current, which also 
flows down through point A. At this 
and higher currents, the circuit acts 
like a Zener diode because any small 
voltage change results in a large cur- 
rent change. The transistor does the 
work, with the Zener setting the volt- 
age scale. Results of this test are sum- 
marized in Fig. 3. 

At the end of the test, the tran- 
sistor was dissipating about 5 watts, 
but the Zener only 75 mW. Since its 
spec is 250 mW the Zener runs very 
cool, and a smaller one could have 
been used here. Or we might have 
chosen a larger transistor. The com- 
ponents used here were picked mainly 
because they were on hand for the 
test. 

Working with amplified Zeners 
To design an amplified Zener cir- 

cuit, we work out the extremes. The 
intermediate conditions shift for 
themselves. Maximum dissipation oc- 
curs at high power line voltage 
coupled with least circuit demand. 

Some transistors show a drop in beta 
under heavy load, which increases Ze- 
ner dissipation. The D27C beta curve 
of Fig. 3 is included to illustrate an 
actual transistor beta dependence. 

KNEE REGION ENDS 

ZENER VOLTAGE 

/ MEASURED " BETA 
/ BETA BETA 

/ D27C STYLE 
ER 

TRANSISTOR 
t 

1 I I 

70 

60 

50 

40 

0 200 400 600 800 1000 

COLLECTOR CURRENT- MA 

Fig. 3- Amplified Zener performance. 
Flatness above knee indicates low dy- 
namic resistance. Middle curve, against 
0 -70 beta scale, shows transistor beta 
measured at same collector currents in 
a transistor tester. Dotted line indi- 
cates beta with strong current depen- 
dence. 

The opposite extreme occurs at 
maximum circuit demand coupled 
with low line voltage. Under these 
conditions the Zener must not go into 
its knee region, and again the transis- 
tor beta dependence upon current gets 
a close look. If this starvation condi- 
tion allows the Zener to drift into its 
knee region, regulation will be poor 
with increased hum and noise. Since 
supply resistance will rise, a high -gain 
audio circuit may go into oscillation. 

Trouble is avoided in most prac- 
tical circuits simply by choosing a Ze- 
ner with a sharp, low- current knee, 
and using a modern silicon power 
transistor whose beta current depend- 
ence is weak. Its power rating should 
not be very much greater than re- 
quired for the circuit. 

Sometimes an amplified Zener 
circuit will be very noisy for no clear 
reason. A tendency to self -generated 

noise is why most Zener regulators 
are shunted with a large capacitor. 
The noise is more nuisance than de- 
fect, and is controlled by adding a ca- 
pacitor as shown in Fig. 4. At today's 

IOON F 

APPR OPIAT E 

VOLTAGE 

Fig. 4 -Zener noise is eliminated by ca- 
pacitor across the amplified Zener. 

capacitor sizes and prices a 100 -µF 
capacitor seems appropriate. 

This capacitor has another effect. 
Its influence, like the Zener's, is am- 
plified by the transistor. The working 
circuit will act as if it has a much 
larger capacitor in it. 

Now we come to the strongest 
argument favoring the amplified Ze- 
ner. Its regulating voltage can be ad- 
justed. As shown in Fig. 5, one or 

SILICON OR GERMANIUM 
DIODE BOOSTS ZENER 
APPARENT VOLTAGE -USE 
SMALL DIODE 

Fig. 5- Series diode in circuit can in- 
crease apparent Zener voltage in steps. 

two diodes can be added in series with 
the Zener to increase its apparent 
voltage. A germanium diode adds 
about 0.2 volt, a silicon diode about 
0.7 volt. The diode carries the same 
current as the Zener, but it points 
along the direction of the current 
while the Zener points upstream. Be- 
cause the current is small, a germa- 
nium point- contact diode works. R -E 

CORRESPONDENCE 
( continued from page 22) 

Image rejection 
Tune the receiver to a quiet spot 

near 100 MHz. Using a frequency 
counter, set the generator to 121.4 MHz. 
With the generator unmodulated, in- 
crease the generator output until the ra- 
tio detector noise output voltage drops 
10 dB. Record this output voltage. Cor- 
rect for the 300 -ohm pad attenuation. 

Half i.f. response 
Connect the generator through a 

300 -ohm pad to the receiver input ter- 
minals. Tune the receiver to a quiet spot 
near 100 MHz. Tune the generator ex- 
actly 5.35 MHz higher in frequency. In- 
crease the generator output until the ra- 
tio detector output voltage is 10 dB less 
than with the generator attenuátor set to 
zero. Correct for the 300 -ohm pad atte- 
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nuation and record this output voltage. 

Alternate channel selectivity 
Tune the receiver to a quiet spot 

near 100 MHz. Connect two generators 
through a 300 -ohm hybrid mixer to the 
receiver input terminals. Set generator 
No. 1 exactly on frequency, with a CW 
output and with an input to the receiver 
of 10 AV. Set generator No. 2 for 75- 
kHz deviation with a 400 -Hz modulating 
signal on a frequency 200 kHz higher 
than generator No. 1. Increase the out- 
put of generator No. 2 until the ratio 
detector output increases 1 dB. Correct 
the output reading of generator No. 2 
for the attenuation of the 300 -ohm pad 
and record this voltage. Repeat with 
generator No. 2 exactly 200 kHz lower 
than generator No. I. 

(This is not a standard measurement, 
although it shows good correlation with 
overall receiver operation.) 

Overload sensitivity 
Connect the generator to the re- 

ceiver through a 300 -ohm pad. Set the 
generator for 75 -kHz deviation of a 400 - 
Hz modulating signal. Tune the gen- 
erator to the receiver frequency and 
increase the generator output until a dis- 
tortion analyzer connected at the ratio 
detector output shows 1% distortion. 
Correct the generator output reading for 
the pad attenuation and record voltage. 

In almost all cases it is necessary to 
make these measurements in a screen 
room with at least 60 dB plane -wave at- 
tenuation between 50 MHz and 300 
MHz. A filtered power line is man- 
datory. Instrument calibration must be 
accurate, especially where two gener- 
ators are used. 

The multiplex measurements are 
standard. 

KENNETH E. BUEGEL 
Kent, Wash. 
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( 

NEW R -E EXCLUSIVE 

Kwik-FixTMpicture and waveform charts 

Hybrid Y section 
in color receiver - 
tube /transistor /tube 

by Forest H. Belt & Associates 
SCREEN SYMPTOMS AS GUIDES WHERE TO CHECK FIRST 

SYMPTOM PIC DESCRIPTION VOLTAGE WAVEFORM PART 

Pic smeared 
and flecked. 
Brightness 
low. 

V2- grid -pin -2 

WF5 
shows 
blanking 
only 

R3 
L1 

Severe streaking. 
Lower left of 
pic blanked 
out. 

Q1 base WF5 R4 
L2 

Raster dark. 
Controls don't 
work. Heavy 
retrace lines. 

Not 
much 
help 

WF5 
shows 
weak video, 
no blanking 

R6 

High brightness, 
no pic. Smearing. 
Jitter. 

Q1 collector WF5 C3 

Pic very dark. 
Brightness 
control has 
no effect. 

Q1 collector 
V2- grid -pin -2 

Not 
much 
help 

R7 

No pic. Raster 
dim. Brightness 
control has 
no effect. 

\'2- grid -pin -2 

NOTES: 

Use this guide to help you find which key voltage or wave- 
form to check first. 

Study the screen and the actions of the three controls. 
Most helpful clues to the fault are found at the key test points 

indicated in voltage or waveform column. 

Not 
much 
help 

R9 

*an Easy- ReadTM feature by FOREST H. BELT & Associates © 1970 

Make the voltage or waveform checks indicated for symp- 
toms you see on the screen. 

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

For a quick check, test or substitute the parts listed as the 
most likely cause of the symptoms. 
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THE STAGES 
THIS Y (VIDEO) SECTION IS SIMILAR TO THESE IN SEVERAL HYBRID 

Color Receivers. The Y section amplifies (and delays) the 
brightness component of the color signal. Chassis with this 

arrangement split the Y signal from the chroma, amplify each 
separately and matrix them back together in the color picture 
tube. 

The cathode -follower triode matches the impedance of 

the video detector circuits (not shown) to the delay line. 
There is no voltage gain in this stage. 

The transistor is a common -emitter amplifier, with a gain 
or two or three. Horizontal and vertical blanking pulses are 
applied through R6, but the grating diodes that feed the pulses 
in are not shown. The diodes are also dc ground return for the 
Q1 emitter. 

In versions that don't have the triode tube, the transistor 
is the splitup point for video and chroma. Color signals in 

some are taken off at the emitter, and video signals at the 
collector. In those chassis, blanking is usually added some- 
where in the stages that handle color. 

The output tube, V2, is a high -gain pentode. Its cathode 
and plate circuits have peaking components to enhance video 
response, even though a peaking network is also included in 

the triode stage. The contrast control is the ordinary cathode 
pot- and -capacitor type used in most b -w and color sets. 

The brightness control is part of the output -tube grid cir- 
cuit. Because coupling is dc throughout this section, altering 
the average dc voltages anywhere changes the picture tube 
brightness. Potentiometer Rl0 varies bias on the tube grid, 
and thus plate current in V2. Consequently, it controls average 
cathode bias on the color picture tube. That sets the beam 
current and hence the brightness of the raster. 

This dc coupling is important to remember. A change in 
dc at any point in the stages affects screen brightness. When 
you do find dc voltages wrong, you have to track down the 
source of the trouble; it may not be exactly where you first 
notice the incorrect voltage. 

SIGNAL BEHAVIOR 
Video signal comes from the video detector through a 

4.5 -MHz trap (not included here). It is fed to the grid of V1. 
There is no amplification in V 1. 

Video is peaked by Cl and R2 in the cathode circuit of 
Vl. The signals are differentiated slightly to sharpen the edges. 
This makes picture images crisper. R2 is adjustable for the 
viewer's taste. 

Delay Line LI slows down the Y signal by about 1 µsec. 
Otherwise, the Y signal would get to the picture tube ahead of 

v p-p 

1.7V 

VI 
VIDEO 

CATHODE 
FOLLOWER 

CI 

`!1 4,111111M' '. 

R3 
1.2K 

470pF 

R2 
5K 

44 

PEAK 

R1 

3.3K 
01 

Y DRIVER 
250K 

LI 
DELAY 
LINE 

fOOO -. 
S 

L2}o 
425µH bo 

R4 
I 5K 

R7 R8 
OK 47 12 4.7K 

250V 

R5 R6 
10012 2.2K 

C2 
150pF 

FROM 
BLANKING 

DIODES 

EL3 
170µH 

the demodulated color information. The color would be offset 

from the video picture by a fraction of an inch. L2 and L4 

are a matched load for the delay line. 
Both horizontal and vertical blanking are applied to the 

emitter of Q1 by R6. R5 and C2 shape the horizontal pulses. 
(Some designs have only vertical blanking fed into the Y sec- 

tion.) These positive -going pulses bias the transistor com- 
pletely off for their duration. That makes high -amplitude, 
negative -going pulses in the collector. The output stage inverts 
them again. They go to the CRT cathodes as high positive 
pulses, and cut off the CRT beams during vertical and hori- 
zontal retrace. You can see the pulses in waveforms that fol- 
low the transistor. (You see only horizontal pulses, because all 
the waveforms in this Kwik -FixTM are at horizontal rates.) 

Output load for Q1 is R7. Capacitor C3 couples the Y 

signal to the grid of V2. Resistor R9 maintains dc coupling. 
The grid load is R11 and a portion of R10; they have another 
function: biasing the grid. 

A degenerative type of contrast control is used. Its slider 
inserts more or less of the bypass action of C4 across the 
cathode resistor. The greatest shunting action is with the R12 
slider at the top -toward the cathode. That's the least degen- 
erative position; contrast is highest. 

The screen grid of V2 is decoupled completely by elec- 
trolytic capacitor C5. There should be almost no signal at V2's 
screen (pin 8) in case you scope that point. 

The output load for V2 isn't shown in the diagram. It is a 
trio of drive controls that feed preset amounts of the Y signal 
to the CRT cathodes. Peaking networks like L4R15 are used 
liberally in the output circuit, but only one is shown here. 

DC VOLTAGE DISTRIBUTION 
Plate voltage comes to V1 through 3.3K resistor Rl. The 

cathode return path is through R3, delay line Ll, and delay - 
line load L2 R4. 

There is a dc path from the cathode of V1 to the base of 
Ql. Therefore, base bias on Q1 depends on cathode voltage at 
V 1. The delay -line load network is also the dc return for the 
transistor base. Emitter dc return is through R6 and the un- 
seen blanking diodes. 

Voltage for the collector of Ql is lowered considerably 
across 120K resistor R7. The 250 -volt supply is too much for 
the transistor. But the high value of R7 has another advan- 
tage: it develops an output waveform with rather high ampli- 
tude. 

Plate voltage for V2 comes through the drive controls 
you can't see. Screen voltage is supplied through R14 from the 
250 -volt source. (text continued on page 47) 

... -...... ..r... a 

WF3 loV p-p 

C' 

R9 
390K 

RII 
470K 

RIO 
1 MEG 

-75V 
(FROM HORIZ = 
OUTPUT GRID) 

320V 

L4 WF5 

I70µH 
.-fööa' 

RI5 
15K 

BRTNSS 

C4 y 50µF 

R13 
R 4 70 

R12 

CONTRAST 

100V p-p 

TO R,G,B DRIVE 
CONTROLS AND 
CRT CATHODES 

R14 C5 
22K 4µF 

250V 

pP 
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DC VOLTAGES AS GUIDES 

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

1/1 cathode, pin -1 
Normal 4 V 

Develops across 
R3, L1, L2, R4. 
Varies with white 
content of picture. 

R3 low, shorted 
R4 low, open 
L2 open 

R4 high R3 open 
L1 open 

VI plate, pin 3 
Normal 250 V 

Applied through R1 

from 250 V. 

R1 open 

QI base 
Normal 2 V 

Comes from R4 -L2 
portion of V1 

cathode voltage. 

R3 open 
R4 shorted 
L1 open 

R3 high 
R4 low 

R3 low 
R7 open 

R3 shorted 
Q1 faulty 

R4 open 
R4 high 
L2 open 

Q1- emitter 
Normal 1.6 V 

Develops across R6 
(blanking diodes 
are ground). 

R3 open 
R4 shorted 
LI open 

R3 high 
R4 low 

R7 open R3 shorted 
R4 open 
R4 high 
L2 open 

Q1 collector 
Normal 13 V 

Developed by 
divider R7- R8 -L3- 
R13. 

R4 open 
R7 open, high 
R13 shorted 
L2 open 

R4 high R3 low, shorted 
L4 open 

R3 open, high 
R10 open 
L1 open 

R4 low, shorted 
R8 open'` 
R13 open, high 
L3 open" 

V2 cathode, pin -1 

Normal 7 V 

Develops mainly 
across R13; can be 
affected by voltage 
from L3- R8 -Q1. 

R7 open 
R13 short 

R7 open 
R14 open 

R4 open 
L2 open 
L4 open 

R3 low 
R7 high 
R11 low 

R3 open, high 
R4 high 
Ll open 

R4 shorted, low 
R7 low 
R8, R10, 
R11 open 
R13 open, high 
C3 shorted 
L3 open 

V2 grid, pin -2 
Normal 3 V 

Developed mainly 
by R10 -R11 from 
horizontal output 
grid. Value 
determined by 
setting of R10 and 
by Q1 voltage 
through R4. 

R7 open R7 open 
R13 shorted 

R3 low 
R4 open 
R7 high 
R11 low 
R14 open 
L2 open 

R3 open 
L1 open 

R3 hi* 
R4 high 

R4 low, shorted 
R7 low 
R8, R10, 
R11 open 
R13 open, high 
C3 shorted 
L3 open 

V2 plate, pin -7 
Normal 320 V 

Supplied through 
drive controls 
(not shown). 
Varies widely with 
R10 setting, slightly 
with station signal, 
none with video 
whites. 

R8 open 
C3 shorted 
L3 open 
L4 open 

R4 shorted 
R10 open 
R11 open 

R3 open, high 
R4 low 
L1 open 

R7 open 
R11 low 

R13 open, high 
R14 open 

V2 screen, pin -8 
Normal 195 V 

Comes from 250- 
volt line through 
R14. 

R14 open R8 open 
C3 shorted 
L3 open 
L4 open 

R4 low, shorted 
R11 open 

R3 open, high 
R10 open 
L1 open 

R7 open 
R11 low 

R13 open, high 

NOTES: 
Use this guide to help you pinpoint the faulty part. 
Clamp the agc line if symptoms are affecting age. 
Measure the nine key voltages with a vtvrn. 
For each, move across to the column that describes the 

change you find. 

JUNE 1970 

Finally, notice wihch parts are repeated in whatever coin - 
bination of voltage changes you find. 

Test those parts individually for the fault described. 
Look for additional clues in the Waveform Guide. 
'`May ruin transistor. 
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WAVEFORMS AS GUIDES 

WF1 Normal 2V p-p 

y 
ll 

Shown for reference only. Taken at VI's grid (pin -2). This is the waveform from the video 

y detector. It comes from the detector diode, through a 4.5 -MHz trap and several peaking 

. ,,.._ circuits. You can see the burst during color programs, riding the back porch of the hori- 

zontal sync pulse. Burst is later eliminated. 

WF2 Normal 1V p -p 

Video waveform after passing through the cathode follower and delay line. Taken easiest 

at the base of Ql. Burst has in most cases been swamped out by peaking network 
ow 

°` 
4144 

C1 -R2. There's no significant change in shape from WF1 (the lesser video shown here 
w * «w. 

is caused by a different picture from the station). Polarity is the same, but overall p -p 
voltage is slightly lower. 

V p -p low 

R1 open 

V p -p high V p -p zero 

R3 open 
L1 open 
C1 shorted 

WF3 Normal 10V p -p 

Taken at V2's grid (pin -2). Blanking pulses dominate the video. The waveform shown 

happens to be taken during a "fade to black" at the station; the scene doesn't contain 
io M much video white. This signal is coupled to the output stage by C3 after inversion and 

amplification in Ql. The high amplitude is blanking, not video. Faults affect amplitude 

more than shape, so no changed waveforms are shown below. 

V p -p low 

C3 open 
R6 open 
C2 shorted 
Ql faulty 

V p -p high 

C2 open 
R5 open 

V p -p zero 

R3 open 
R7 open 
Ql faulty 

2 V p -p 
Scope turned 
up to show video 

WF4 Normal 1V p -p 

This is the cathode waveform of V2. Amplitude is variable from zero to maximum (about 

4V p -p) with the contrast control. Again, shape doesn't change much with defects - 
only amplitude does. Waveforms up to this point aren't very indicative of faults. Wave- 

forms below show effects of varying the contrast control. 

Contrast max. 
0.2 V p -p 

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

Contrast min. 
4 V p-p 

RADIO- 
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WF5 Normal 100V p -p 

s Output waveform of V2. This is the signal fed to the drive controls and then to the CRT 
cathodes. Polarity is reversed again by amplification in V2. The relationship between 
blanking amplitude and video level is closer; video got the most amplification. This wave - 
form is excellent for clues to troubles; it may be the only one you'll worry much about. 
Positive -going blanking drives the CRT into cutoff during retrace intervals. Video is ap- 
plied almost equally to the CRT cathodes. 

4 

V p -p low 

C3 open 
R14 high 

V p -p high V p -p zero 

Q1 faulty 
R7 open 
C5 shorted 
R10 open 

`"' "`" 
75 V p -p 
R3 open 

l t" 

I`^ 

50 V p -p 
R4 open 
L2 open 

. 

75 V p -p 
C3 open 

WF6 Normal OV p -p 

Shown for reference, this is 
included so you can see what 
(photo below). 

a zero waveform when everything is normal. However, it is 
happens when the screen bypass capacitor opens up 

V p -p low V p -p high V p -p zero 
I! r t 

100 V p -p 
C5 open 

NOTES: 
Use this guide and the Voltages Guide to help you pin down 
fault possibilities. 
Clamp the agc line if picture symptoms appear to be affect- 
ing agc. 
With the low -capacitance probe of the scope, check the 
waveforms at the points shown. (Only a couple of them give 
trouble clues worth following up.) The scope sweep should 

be set at H or aoout 5 kHz, to show three cycles of the 
waveform. 

Note amplitude. If it's missing, low, or high, check the 
parts indicated under those columns. 

Note waveshape. If there's a change from normal, despite 
amplitude, check the parts indicated. 

Cathode voltage is developed mainly across R13. How- 
ever, a dc connection through L3 -R8 and contrast -control 
R12 lets Q1's collector voltage and V2's cathode voltage inter- 
act slightly. Part of the effect is to keep brightness and con- 
trast adjustments from throwing each other off. 

Grid bias for V2 is applied through RI1. It comes from 
potentiometer R10, which is a divider across the negative bias 
source. The -75 volts is taken from the horizontal output grid. 
(If you reason out this relationship, you'll find it helps keep 
high -brightness scenes from causing high -voltage blooming.) 
For main control of brightness, the control sets bias on V2, 
controlling plate current and thus plate voltage. That dc volt- 
age, applied to the crt cathodes, affects CRT beam current and 
thus raster brightness. 

QUICK TROUBLESHOOTING 
First, if the agc appears affected, clamp it. That way, the 

i.f. stages will let video through. You can then trace the 
trouble to its true source. 

For video symptoms, the scope is your best helper. A 
missing, weak or compressed video waveform is a sure clue to 
the fault. The input to this section, from the video detector, 
must be a clean video wavefòrm at least 1 volt p-p. 

You'll find gain from input to output of the triode 
tube. The transistor imparts a small voltage gain. The pentode 
should put out a strong video signal -at least 100 volts p-p. 

JUNE 1970 

Blanking pulses should appear much higher than that. 
Also scope across power -supply filters (not shown) and 

the screen bypass capacitor. There should be no video across 
them. 

If there is no raster, check high voltage first. If it's okay, 
the CRT is probably biased off. That means too much positive 
voltage at the CRT cathodes. An uncontrollably bright raster 
means there isn't enough positive voltage on the CRT cath- 
odes. 

Make voltage measurements with your voltmeter in the 
brightness circuits -the grid of V2. Also check the cathode dc 
voltage. If V2 is cut off, or conduction seriously reduced, high 
plate voltage is passed on to the cathodes as cutoff bias. Don't 
forget the V2 screen circuit when you're measuring. 

There's another dc troubleshooting method. Try voltage - 
clamping. Apply the correct voltage to the cathode of V2. If 
that restores normal brightness (including normal control ac- 
tion), the fault is in the cathode circuit. 

Next clamp V2's grid voltage at its labeled value. If the 
right voltage there doesn't correct brightness on the CRT 
screen, check the tube and its plate and screen circuits. Vary- 
ing the clamp voltage should have the same effect as turning 
the BRIGHTNESS knob. 

Clamp the emitter and then the base of Q1. Troubles in 
this stage and in VI can affect brightness, but cannot blank it 
completely or keep brightness control from varying it. R -E 
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Like the transponder, DME also functions on uhf 
signals. In operation, DME transmits a pair of pulses to a 

ground station which fires back pulses in response. Since 
radio waves travel at a known velocity, the time for the 
pulses to travel back and forth is easily computed as dis- 
tance, or miles, from the station. The intriguing aspect of 
DME is that dozens of aircraft may interrogate one ground 
station simultaneously. How does one aircraft know it's 
getting its pulse responses -and not those intended for 
another plane? The technique is an electronic "jitter." Each 
aircraft's DME transmitter is modulated by a random 
"jitter" signal that imparts a unique identity to its pulses. 
Only when the transmitted and received "jitter" patterns 
agree will a DME receiver accept and read out the signal 
to the pilot. 

These are not all the electronic devices now aboard 
aircraft, but they represent the heart of today's avionics. 
Additional equipment is more complex, or a derivation of 
these basic packages. There is weather radar, for exam- 
ple, to help the pilot circumnavigate the deadly turbulence 
of thunderstorms, and instrument landing systems which 
provide electronic guidance down to a fog -bound runway. 
A very recent addition is the "area navigation" computer. 
It enables aircraft to fly away from standard airways to 
alleviate air -traffic congestion between larger cities. 

Avionics test bench 
at King Radio Corp., 
a major manufactur- 
er. Airplane makers 
also employ techni- 
cians for in -plant in- 
stallations. 

What does a newcomer have to know to enter the 
field as an avionics technician? Mr. Baker (the AEA 
official) says the beginner should acquire a background in 
basic electronics. A formal electronics education should 
include at least a two -year program. It's desirable to learn 
about the basic aircraft structure and its systems, as well 
as avionics. Mr. Baker believes that avionics, which today 
covers almost every frequency from dc through microwave, 
offers an interesting and challenging career with plenty of 
opportunity. 

Yet, the availability of specialized avionic training is 
still sparse. Purdue University is one of the few exceptions; 
it offers a two -year undergraduate college program called 
Aviation Electronics Technology leading to an Associate 
Degree in Applied Science. It covers everything from 
elementary mathematics and aircraft electricity, through 
to navigation systems and automatic flight control. Al- 
though the program offers practical technician training, 
many students do not ultimately sit at an avionics repair 
bench. They continue their studies and win a regular 4- 
year B.S. degree, then join the airlines to work in a man- 
agement or supervisory position. 

In fact, the university has a "co -op" program with 
three major airlines -American, Pan Am and United. 
After two years of electronics training, a student can gain 
managerial training with an airline (with pay) while con- 
tinuing his education. At this time there are co -op work 
assignments at airline stations in Dallas, Chicago, New 
York, San Francisco, Los Angeles and Frankfort, Ger- 
many. For details write: Department of Aviation Tech- 
nology, Purdue University, Lafayette, Indiana 47907. 

But if you want to start at the bottom rung, the 
"ticket" to a first job may be an FCC Second Class Radio- 
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telephone License. It's not an absolute requirement (you 
can work under the supervision of a ticketholder) but it's 
good evidence of a basic electronics background. You 
mig:it land a job at an avionics shop as an "in- and -out" 
man -to pull ailing radios from aircraft and re- install 
them after they've been repaired. In bigger shops the job 
may be called "line technician." 

After acquiring some experience, the tyro might move 
up to installation or bench technician. (Such separation of 
job function tends to disappear in smaller shops.) An in- 
staller must have a good grasp of how various avionics 
systems operate and their interwiring. The bench techni- 
cian must know most about circuitry inside the black 
boxes since he'll perform the internal troubleshooting. 
He'll often specialize and become an "ADF" or "DME" 
m an. 

The gap in avionics training closes somewhat after the 
technician acquires his basic background and experience. 
Avionics manufacturers conduct their own training pro- 
grams on theory, operation and trouble- shooting on major 
pieces of equipment as they're introduced. In many in- 
stances, shop technicians travel to the manufacturer for 
factory "seminars." Some educational material also ap- 
pears in elaborate maintenance manuals prepared by man- 
ufacturers for new equipment. The latest technique is an 
audio -visual presentation. Manufacturers have devised 35- 
mm slide shows with cassette tapes (for audio) that can 
be sent to shops around the country. There is, for example, 
one 3 -hour course on the transponder. It discusses theory, 
block diagram, schematics, service and alignment. 

To see what's happening in the airline field, we spoke 
to Leland Reilly, chief of avionics for American Airlines 
at New York's LaGuardia. He has 44 avionics people 
working for him and is now looking for 15 more. Why the 
shortage? One reason he points out is that the FAA licenses 
people who work on airframes and powerplants, but has 
no license provision for avionics technician. He believes if 
there were such a requirement, more schools might train 
people specifically for the ticket. Mr. Reilly emphasized 
his remarks by noting that 43% of airliner troubles don't 
occur in the airframe or powerplant -but somewhere in 
the avionics. 

To beat the technician shortage, American Airlines 
(as well as other carriers) is doing its own training. It 
started a 7 -week school at Ft. Worth and trains its own 
aircraft mechanics who show an inclination toward the 
avionics field. Other airlines offer apprenticeship programs 
for newcomers with electronic aptitude, still others expect 
the beginner to study for an FCC second class license on 
his own. 

The rewards of a career in aviation electronics can 
be agreeable for a technician willing to grow with tech- 
nological developments. The starting salary at American 
Airlines for a man with an FCC second class license is 

$4.62 per hour (which increases to $5.01 in two years). 
Reports of $10,000 per year for a qualified technician in 
independent shops are not unusual, and top men, accord- 
ing to the Aircraft Electronics Association, might realize 
$18,000 to $20,000 in management positions. For the 
novice entering avionics, the future may take him up up- 
and -away. 

FEDERAL REGULATIONS ON 
AVIONICS SERVICING 
FAR 145 "Repair Stations" (400) 
FAR 65 "Certification Other Than Flight Crew - 

Members" (350) 
FAR 43 "Maintenance, Preventive Maintenance, Re- 

building and Alteration" (55¢) 
These federal air regulations are obtainable from US 
Gov't Printing Office, Washington, D.C. 20402 R -E 
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WF5 Normal 100V p -p 

Output waveform of V2. This is the signal fed to the drive controls and then to the CRT 
cathodes. Polarity is reversed again by amplification in V2. The relationship between 
blanking amplitude and video level is closer; video got the most amplification. This wave- 
foul" is excellent for clues to troubles; it may be the only one you'll worry much about. 
Positive -going blanking drives the CRT into cutoff during retrace intervals. Video is ap- 
plied almost equally to the CRT cathodes. 

V p -p low 

C3 open 
R14 high 

V p -p high V p -p zero 

Q1 faulty 
R7 open 
C5 shorted 
Rlo. open 

rte .li.wi. -1 

75 V p -p 
R3 open 

k' 

50 V p -p 
R4 open 
L2 open 

75 V p -p 
C3 open 

WF6 Normal OV p-p 

Shown for reference, this is 
included so you can see what 
(photo below). 

a zero waveform when everything is normal. However, it is 
happens when the screen bypass capacitor opens up 

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

100 V p -p 
C5 open 

NOTES: 
Use this guide and the Voltages Guide to help you pin down 
fault possibilities. 
Clamp the agc line if picture symptoms appear to be affect- 
ing agc. 
With the low -capacitance probe of the scope, check the 
waveforms at the points shown. (Only a couple of them give 
trouble clues worth following up.) The scope sweep should 

be set at H or aoout 5 kHz, to show three cycles of the 
waveform. 

Note amplitude. If it's missing, low, or high, check the 
parts indicated under those columns. 

Note waveshape. If there's a change from normal, despite 
amplitude, check the parts indicated. 

Cathode voltage is developed mainly across R13. How- 
ever, a dc connection through L3 -R8 and contrast -control 
R12 lets Ql's collector voltage and V2's cathode voltage inter- 
act slightly. Part of the effect is to keep brightness and con- 
trast adjustments from throwing each other off. 

Grid bias for V2 is applied through RII. It comes from 
potentiometer R10, which is a divider across the negative bias 
source. The -75 volts is taken from the horizontal output grid. 
(If you reason out this relationship, you'll find it helps keep 
high -brightness scenes from causing high -voltage blooming.) 
For main control of brightness, the control sets bias on V2, 
controlling plate current and thus plate voltage. That dc volt- 
age, applied to the crt cathodes, affects CRT beam current and 
thus raster brightness. 

QUICK TROUBLESHOOTING 
First, if the agc appears affected, clamp it. That way, the 

i.f. stages will let video through. You can then trace the 
trouble to its true source. 

For video symptoms, the scope is your best helper. A 
missing, weak or compressed video waveform is a sure clue to 
the fault. The input to this section, from the video detector, 
must be a clean video waveform at least 1 volt p-p. 

You'll find gain from input to output of the triode 
tube. The transistor imparts a small voltage gain. The pentode 
should put out a strong video signal -at least 100 volts p-p. 
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Blanking pulses should appear much higher than that. 
Also scope across power -supply filters (not shown) and 

the screen bypass capacitor. There should be no video across 
them. 

If there is no raster, check high voltage first. If it's okay, 
the CRT is probably biased off. That means too much positive 
voltage at the CRT cathodes. An uncontrollably bright raster 
means there isn't enough positive voltage on the CRT cath- 
odes. 

Make voltage measurements with your voltmeter in the 
brightness circuits -the grid of V2. Also check the cathode dc 
voltage. If V2 is cut off, or conduction seriously reduced, high 
plate voltage is passed on to the cathodes as cutoff bias. Don't 
forget the V2 screen circuit when you're measuring. 

There's another dc troubleshooting method. Try voltage - 
clamping. Apply the correct voltage to the cathode of V2. If 
that restores normal brightness (including normal control ac- 
tion), the fault is in the cathode circuit. 

Next clamp V2's grid voltage at its labeled value. If the 
right voltage there doesn't correct brightness on the CRT 
screen, check the tube and its plate and screen circuits. Vary- 
ing the clamp voltage should have the same effect as turning 
the BRIGHTNESS knob. 

Clamp the emitter and then the base of Q1. Troubles in 
this stage and in VI can affect brightness, but cannot blank it 
completely or keep brightness control from varying it. R -E 
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CAREERS in 
An upsurge of avionics gear means 

some 4500 technicians are needed by 1975. 
Are these high - paying jobs for you? 

NAYDMAtIG/3o0 

An automatic direction- finding receiver. 

by LEN BUCKWALTER 

THE SMALL AIRPLANE SEEN ABOVE WAS RECENTLY PUR- 
chased for $7,800. This is not unusual for a 4- passenger 
Cessna of five -year -old vintage. What is exceptional is the 
electronics installation. It's worth about half the price of 
the whole airplane! What is more, the new owners are 
planning to add about $1000 more in electronic gear. 

Does the craft ferry around executives with six -figure 
incomes? Not at all. It is owned by a flying club whose 
members mostly venture aloft an hour or two on week- 
ends. Why, then, do they invest heavily in what pilots 
reverently call "the black boxes ?" 

It's because aviation -from Piper Cub to jumbo jet - 
is moving higher, faster and in greater numbers. The 
skies are growing more crowded as some 125,000 aircraft 
navigate U.S. airspace. And forecasters say their numbers 
will double within the decade. The consequence of bur- 
geoning growth is that airplanes are flying less by seat -of- 
the -pants feeling and more by electronic guidance. If 
Baron Von Richthofen landed a Fokker at San Francisco 
International on a foggy day, he'd be fined for not having 
a two -way radio, have his epaulets ripped off for pene- 
trating a high- density area without a transponder -and 
drummed out of the Korps for failing to have an instru- 
ment rating. 

Commercial airliners, as you may suspect, are aerial 
electronic palaces. Although fewer than 3,000 airliners 
now ply commercial routes, they carry an awesome load 
of communications, navigation and flight control gear. 
The day of dead reckoning by iron compass (railroad 
tracks) is being replaced by navigation via satellite refer- 
ence. Hands -off, automated landings are now a reality and 
avoiding mid -air collisions will be done by ticking off 
accurate time slots on an atomic clock. Although the 
electronics hasn't yet reached half the cost of the com- 
plete airliner, the trend is clear. Someday "TWA" may 
mean "Transistors, Wires and Amperes." 

In addition to private planes and big Boeings there's 
a fleet of in- between aircraft; air taxis, commuter airlines 
and business aircraft. Not only are they, too, growing 
fast, but they use a significant chunk of electronics. Just 
how much was suggested in a speech by H. E. Wood, chief 
pilot for the Gillette (razor) Co. He said electronics will 
be "in the neighborhood of one -third the total cost of the 
medium -size twin- engine aircraft used for business pur- 
poses." Time may prove the estimate to be on the low side. 
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ADF dials (left) and autopilot (above). 

Who's going to install, maintain and troubleshoot this 
sky full of electronic equipment? You can -if you're will- 
ing to bring the right skills -or develop them -in a field 
that's becoming known as "avionics." As it grows by leaps 
and bounds, it's suffering a severe shortage of technicians. 
Opportunities abound for the serious -minded individual. 
With pilots and passengers trusting their lives to reliable 
electronics, one manufacturer says, the field is no place for 
the idle tinkerer or hobbyist. It requires a strong combina- 
tion of electronic theory, practical know -how, plus a will- 
ingness to crawl behind an instrument panel and (as it's 
been said) "work with rudder pedals sticking in your back." 

Another ingredient to success, says an industry spokes- 
man, is a willingness to keep on learning. Avionics equip- 
ment is transitioning to solid -state and microcircuitry and 
it's bringing the downfall of the tube jockey who can't 
follow a schematic. To see where the opportunities lie, 
let's take a closer look at the industry. 

The aviation field (excluding the military) divides into 
two basic categories: the commercial airlines- United, 
American, Pan Am, etc. -and "general aviation," which 
covers private and business aircraft. Electronic servicing 
of this equipment also follows the same basic division. The 
commercial carriers generally conduct their own mainten- 
ance operations, while the repair of general aviation 
planes is often done by independent shops. There are now 
about 500 facilities around the country selling, installing 
and maintaining electronics in smaller, non -airline, planes. 
They are usually located on an airport as an independent 
shop or a division of a larger operation devoted to other 
aircraft services, such as engine and airframe maintenance. 

There are other technician employers as well. Much 
electronics is installed at the factory at the time an air- 
craft is assembled (much as you'd order a radio for a new 
automobile). These companies are the "airframe" manu- 
facturers, and number such names as Cessna, Piper and 
Beech. About 20 such general aviation manufacturers 
hire electronic personnel. Although many new civil aircraft 
are delivered with a single radio, this radically changes for 
larger business planes. They are generally ordered with 
customized avionics and require elaborate engineering and 
installation. 

According to the Aircraft Electronics Association, an 
industry group, the avionics field now employs between 
2500 and 3000 technicians. An additional group is hired 
by about 40 manufacturers of avionics equipment (Narco, 
King, RCA, Bendix and others). Mr. Gene Baker, an AEA 
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VHF NAVIGATION RECEIVER (VOR) 

AVIATION electronics 
VHF COMMUNICATIONS 
(TWO ANTENNAS) 

SENSE ANTENNAS 
(FOR ADF) 

LOOP (FOR ADF) 

',MARKER RECEIVER 

official, states that general aviation has grown faster than 
10 percent a year for the past five years and he estimates 
the industry will require some 3000 new avionics techni- 
cians over the next five years. It is estimated that the 
airlines would like another 1500 technicians to keep 
their equipment flying. 

The hardware you'll see 
That's the industry -from the small shop servicing 

the private flier to the large repair facility maintaining 
the big jets. Although equipment grows sophisticated in 
heavy aircraft, much of the hardware and technology is 
quite similar throughout aviation. Consider the major 
pieces of electronic equipment you'll be expected to learn 
about and maintain: 

Transceiver: The basic two -way radio in aviation is a 
vhf transceiver operating from about 120 -135 MHz. Cir- 
cuits are relatively conventional: superheterodyne receiver 
and AM transmitter controlled by crystals. The circuits 
become specialized mainly in the oscillator circuits; hun- 
dreds of channels (at 50 -kHz spacing) are often required 
and the designer may resort to frequency synthesis to re- 
duce the number of crystals. Aircraft transceivers usually 
transmit a few rf watts for light planes, and several times 
that for the large craft. Transmitter power isn't too critical 
because antennas are high and communications range lim- 
ited by the earth's curve. (The radio range of a jet at 
30,000 feet on vhf is some 200 miles.) 

Overseas flights, however, also rely on hf transceivers 
to provide long -range communications. These sets, in the 
3- to 30 -MHz band, can transmit via "skip" through the 
ionosphere. When a transatlantic airline captain at mid - 
ocean sees a call -light illuminate on his panel, the message 
could be from Newfoundland or Ireland, many hundred 
miles away. Some low- frequency communications (under 
3 MHz) might still be in operation, but today's standard is 
vhf for continental operations and hf for long -haul work. 

"Omni" (VOR): This is the most important air navi- 
gational system within the country -used by everyone 
from home -made rag -wings to Sinatra's $890,000 Learjet 
(that's with custom interior). "Omni" is the popular term 
for "Vhf Omnidirectional Range," also abbreviated to 
"VOR." There are about 900 unmanned VOR stations 
spotted around the country by the FAA (Federal Aviation 
Administration) to form the nation's aerial roadways. The 
VOR system operates on vhf (from about 108 to 120 
MHz) and is virtually immune to atmospheric disturbances 
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which plagued older, low- frequency systems. VOR oper- 
ates by transmitting fixed and rotating signals that are 
oriented to magnetic north. The receiver in the aircraft 
compares the phase of the two arriving signals and can read 
out their difference in magnetic degrees. 

ADF: "Automatic Direction Finding" is another 
major aid. It operates on either low- or medium -frequency 
ground stations (including standard broadcast) in the fre- 
quency range of about 190 to 1700 kHz. As you can see 
(top center, page 48), it has a compass -type dial and an 
indicator. The needle constantly points toward the station 
and supplies the pilot with a line of position to the station. 
It's done with a highly directional loop antenna mounted on 
the skin of the airplane, plus a "sense" antenna to resolve a 
180 -degree ambiguity which occurs in the bi- directional 
pattern of the loop antenna. 

The devices described thus far compromise the basic 
"navcom" (navigation- communications) package found in 
many light and medium aircraft. As the airplane grows 
larger, and for commercial reasons must operate safely 
in bad -weather conditions, the electronics complement 
broadens to include: 

Transponder: This is a small receiver- transmitter oper- 
ating on uhf (about 1 GHz). It greatly enhances an air- 
craft's target on ground radar screens. Conventional radar 
( "primary" type) sends a pulse which passively reflects 
from an aircraft skin. It could produce a weak echo and be 
overlooked by the ground controller. Further, the return- 
ing echo carries no identifying signature to isolate one 
aircraft from another. 

A transponder aboard the plane resolves these prob- 
lems. When it receives a radar pulse from the ground, it 
transmits back a powerful response that paints a bright 
target on the radar screen. Also, a controller can sort out 
the maze of air traffic by saying to a pilot, "squawk ident." 
The pilot presses a button and his transponder fires back 
coded pulses. They appear on the radar screen as an extra 
dab of light and the airplane is easily spotted by the con- 
troller. 

DME: Meaning "Distance Measuring Equipment," 
DME is another important electronic aid. It eases the 
pilot's workload by reading out the number of miles he is 
from a ground station (the VOR's mentioned earlier). 
DME is also useful when an aircraft is ordered into a 
holding pattern during landing delays. It helps define a 
racetrack course in the sky that a pilot can follow without 
seeing outside the cockpit. 
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Like the transponder, DME also functions on uhf 
signals. In operation, DME transmits a pair of pulses to a 

ground station which fires back pulses in response. Since 
radio waves travel at a known velocity, the time for the 
pulses to travel back and forth is easily computed as dis- 
tance, or miles, from the station. The intriguing aspect of 
DME is that dozens of aircraft may interrogate one ground 
station simultaneously. How does one aircraft know it's 
getting its pulse responses -and not those intended for 
another plane? The technique is an electronic "jitter." Each 
aircraft's DME transmitter is modulated by a random 
"jitter" signal that imparts a unique identity to its pulses. 
Only when the transmitted and received "jitter" patterns 
agree will a DME receiver accept and read out the signal 
to the pilot. 

These are not all the electronic devices now aboard 
aircraft, but they represent the heart of today's avionics. 
Additional equipment is more complex, or a derivation of 
these basic packages. There is weather radar, for exam- 
ple, to help the pilot circumnavigate the deadly turbulence 
of thunderstorms, and instrument landing systems which 
provide electronic guidance down to a fog -bound runway. 
A very recent addition is the "area navigation" computer. 
It enables aircraft to fly away from standard airways to 
alleviate air -traffic congestion between larger cities. 

Avionics test bench 
at King Radio Corp., 
a major manufactur- 
er. Airplane makers 
also employ techni- 
cians for in -plant in- 
stallations. 

What does a newcomer have to know to enter the 
field as an avionics technician? Mr. Baker (the AEA 
official) says the beginner should acquire a background in 
basic electronics. A formal electronics education should 
include at least a two -year program. It's desirable to learn 
about the basic aircraft structure and its systems, as well 
as avionics. Mr. Baker believes that avionics, which today 
covers almost every frequency from dc through microwave, 
offers an interesting and challenging career with plenty of 
opportunity. 

Yet, the availability of specialized avionic training is 
still sparse. Purdue University is one of the few exceptions; 
it offers a two -year undergraduate college program called 
Aviation Electronics Technology leading to an Associate 
Degree in Applied Science. It covers everything from 
elementary mathematics and aircraft electricity, through 
to navigation systems and automatic flight control. Al- 
though the program offers practical technician training, 
many students do not ultimately sit at an avionics repair 
bench. They continue their studies and win a regular 4- 
year B.S. degree, then join the airlines to work in a man- 
agement or supervisory position. 

In fact, the university has a "co -op" program with 
three major airlines- American, Pan Am and United. 
After two years of electronics training, a student can gain 
managerial training with an airline (with pay) while con- 
tinuing his education. At this time there are co -op work 
assignments at airline stations in Dallas, Chicago, New 
York, San Francisco, Los Angeles and Frankfort, Ger- 
many. For details write: Department of Aviation Tech- 
nology, Purdue University, Lafayette, Indiana 47907. 

But if you want to start at the bottom rung, the 
"ticket" to a first job may be an FCC Second Class Radio- 
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telephone License. It's not an absolute requirement (you 
can work under the supervision of a ticketholder) but it's 
good evidence of a basic electronics background. You 
mig:it land a job at an avionics shop as an "in- and -out" 
man -to pull ailing radios from aircraft and re- install 
them after they've been repaired. In bigger shops the job 
may be called "line technician." 

After acquiring some experience, the tyro might move 
up to installation or bench technician. (Such separation of 
job function tends to disappear in smaller shops.) An in- 
staller must have a good grasp of how various avionics 
systems operate and their interwiring. The bench techni- 
cian must know most about circuitry inside the black 
boxes since he'll perform the internal troubleshooting. 
He'll often specialize and become an "ADF" or "DME" 
man. 

The gap in avionics training closes somewhat after the 
technician acquires his basic background and experience. 
Avionics manufacturers conduct their own training pro- 
grams on theory, operation and trouble -shooting on major 
pieces of equipment as they're introduced. In many in- 
stances, shop technicians travel to the manufacturer for 
factory "seminars." Some educational material also ap- 
pears in elaborate maintenance manuals prepared by man- 
ufacturers for new equipment. The latest technique is an 
audio -visual presentation. Manufacturers have devised 35- 
mm slide shows with cassette tapes (for audio) that can 
be sent to shops around the country. There is, for example, 
one 3 -hour course on the transponder. It discusses theory, 
block diagram, schematics, service and alignment. 

To see what's happening in the airline field, we spoke 
to Leland Reilly, chief of avionics for American Airlines 
at New York's LaGuardia. He has 44 avionics people 
working for-him and is now looking for 15 more. Why the 
shortage? One reason he points out is that the FAA licenses 
people who work on airframes and powerplants, but has 
no license provision for avionics technician. He believes if 
there were such a requirement, more schools might train 
people specifically for the ticket. Mr. Reilly emphasized 
his remarks by noting that 43% of airliner troubles don't 
occur in the airframe or powerplant -but somewhere in 
the avionics. 

To beat the technician shortage, American Airlines 
(as well as other carriers) is doing its own training. It 
started a 7 -week school at Ft. Worth and trains its own 
aircraft mechanics who show an inclination toward the 
avionics field. Other airlines offer apprenticeship programs 
for newcomers with electronic aptitude, still others expect 
the beginner to study for an FCC second class license on 
his own. 

The rewards of a career in aviation electronics can 
be agreeable for a technician willing to grow with tech- 
nological developments. The starting salary at American 
Airlines for a man with an FCC second class license is 

$4.62 per hour (which increases to $5.01 in two years). 
Reports of $10,000 per year for a qualified technician in 
independent shops are not unusual, and top men, accord- 
ing to the Aircraft Electronics Association, might realize 
$18,000 to $20,000 in management positions. For the 
novice entering avionics, the future may take him up up- 
and -away. 

FEDERAL REGULATIONS ON 
AVIONICS SERVICING 
FAR 145 "Repair Stations" (400) 
FAR 65 "Certification Other Than Flight Crew - 

Members" (350) 
FAR 43 "Maintenance, Preventive Maintenance, Re- 

building and Alteration" (55¢) 
These federal air regulations are obtainable from US 
Gov't Printing Office, Washington, D.C. 20402 R -E 
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TRIACS ARE SOLID -STATE ELECTRONIC 

power "switches" that can be turned 
from the OFF to the ON state with 
low -power trigger signals. They are 
members of the thyristor or silicon con - 
trolled rectifier (SCR) family. The SCR 
and triac are both three -terminal de- 
vices. They pass a major current be- 
tween two terminals, and are triggered 
through the third. 

SCR's however, are unidirectional 
devices and pass current in one direc- 
tion only. That is, they can act as a 
closed switch only on positive inputs. 
Thus SCR's can be used to switch ac 
loads only by wiring two SCR's in in- 
verse- parallel, or by first full- wave -rec- 
tifying the ac and using a single SCR to 
switch the resulting rough dc. 

Triacs, on the other hand, are bidi- 
rectional devices, and pass major cur- 
rents in either direction between their 
two main terminals. They can act like a 
closed switch to both positive and nega- 
tive half -cycles of an ac input. The triac 
is thus ideally suited to ac power- switch- 
ing applications, and can thus be used 
in a wide range of automatic and semi- 
automatic ac switching circuits- house- 
lighting control, electric motors, heaters, 
etc, 

A quadrac is simply a special type 
of triac for use in phase- triggered vari- 
able power control applications; it can 
be used in lamp- dimmer and drill - 
speed controller circuits, etc. 

In this two -part series we'll show 
you the basic characteristics of both the 
triac and the quadrac, and describe 
some 20 practical circuits in which these 
amazing solid -state devices can be used. 

Triac characteristics 
The triac is a three -terminal device. 

Its symbol is shown in Fig. 1 -a. Notice 
this symbol resembles two ordinary 
rectifiers connected in inverse parallel 
between Main Terminal 1 (MT1) and 
Main Terminal 2 (MT2). An additional 
gate terminal is wired to the MT1 end 
of the combination. 

When the triac is turned on with a 
suitable gate- trigger signal, it acts just as 
though it were two silicon rectifiers con- 
nected this way between MT1 and MT2. 
That is, it's a virtual short circuit that 
can pass current in either direction. 

But when a trigger signal is not ap- 
plied at the gate, the device acts as 
though both rectifiers are open- circuit, 
and passes negligible current in either 
direction -it acts like an open- circuit 
switch. Triacs are generally wired in 
series with a load and connected across 
an ac supply (Fig. 1 -b). Referring to 
this diagram, here are the general char- 
acteristics of a triac: 

1. Normally, with no gate signal 
applied, the triac is off, and acts (be- 
tween MT1 and MT2) like an open -cir- 
cuit switch; it passes negligible current 
in either direction. 

2. If MT2 is more than about 1.5 
volts positive or negative relative to 
MT1, the triac can be turned ON (so it 
acts as a very low impedance between 
MT1 and MT2) by applying a suitable 
trigger signal or bias to the gate. The 
device takes only a few microseconds to 

switch from the OFF to the ON state. 
3. Once the triac has been turned 

on initially via its gate, it becomes self - 
latching. (It remains ON as long as a 
current flows between its main termi- 
nals, even if the gate signal is completely 
removed after turn -on has been in- 
itiated.) Thus, only a brief gate trigger 
pulse is needed to turn the triac ON. 

4. Once the triac has latched on, it 
can be turned off again only by briefly 
reducing its main -terminal currents to 
near -zero or below a value known as 
the "minimum holding current" (typi- 
cally a value of a few mA ). Thus, when 
the triac is used as an ac switch, turn-off 
occurs automatically at the zero- crossing 
point at the end of each half -cycle as 
the main -terminal currents momentarily 
fall to zero. The triac can not be turned 
off via its gate. 

5. The triac can be turned ON 
with either a positive or negative gate 
pulse or bias voltage, irrespective of the 
polarities of the main terminal voltages. 
The actual gate potential needed to trig- 
ger the device is only about 1 volt, but 
trigger- current sensitivity depends on 
the polarities of both the gate signal and 
MT2. 

Typically, a 6 -amp triac needs a 
gate current of only about 10 mA if the 
gate and MT2 are of the same polarity, 
but needs twice this current if the gate 
and MT2 are of opposing polarities. (If 
MT2 is positive, relative to MT1, the 
triac can be triggered via a gate current 
of +10 mA or -20 mA. If MT2 is 
negative, it can be triggered via a gate 
current of +20 mA or -10 mA.) In either 
case, a very considerable power gain is 

MAIN- 
TERMINAL 2 

(MT2) 

AT E 

MAIN- 
TERMINAL I 

(MTI) 

0 

AC 
(LINE) 
INPUT 

available between 
its main terminals. 

6. The gate- to -MT1 path of a triac 
exhibits characteristics similar to those 
that might be found if two silicon 
diodes were connected in inverse paral- 
lel between the gate and MT1. (A low - 
impedance path exists in either direction 
between the two points, and the gate is 
inevitably held at a potential within a 
volt or so of that of MT1 -just as the 
base of a transistor is inevitably held at 
a potential close to that of its emitter.) 

7. When the triac is ON, less than 
1.5 volts is developed across its main 
terminals, even at high operating cur- 
rents. Thus, if the device is used to 
switch a 6 -amp load from a 240 -volt 
rms supply, negligible power is devel- 
oped in the load or the triac under the 
OFF condition. But under the ON con- 
dition about 1440 watts is developed in 
the load and only 9 watts in the triac. 
The triac thus acts as an efficient switch 
for ac loads, and can be used in a vari- 
ety of line -switching applications. 

The basic circuit of a dc- triggered 

G 

GATE INPUT 
+VE OR -VE 

b 

the device's gate and 
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TRIAC 

CIRCUITS 
Quadracs and triacs are 

solid -state power switches. 
This two -part feature shows 

how they work, how to use them 

by R. M. MARSTON 

Package styles for triacs 
are shown in photos: On 
the right is a modified 
TO -5; below is a TO -66, 
and a TO -5 with integral 
heat radiator (bottom). 

Fig. 1- a- Symbol for the 
triac. b- Typical ac cir- 
cuit connections for 
triac. 
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triac ON /OFF switch is in Fig. 2. With 
S1 open, no current flows to the gate of 
the device, so the triac is OFF, and vir- 
tually zero power is developed in the 
load. When Si is closed, BATT supplies 
a current of about 40 mA to the triac 
gate via R2. The triac is driven ON as 
soon as MT2 becomes positive or nega- 
tive to MT1 by more than about 1.5 

volts. So the triac is virtually turned ON 
permanently, and almost the full avail- 
able line power is developed in the 
load. 

The circuit can be used with either 
120 -volt or 240 -volt, 50 -Hz or 60 -Hz 
supply lines, and can handle maximum 
load currents up to 6 amps. On 120 -volt 
lines an RCA 40429 triac should be 
used, and maximum permissible load 
power is limited to 720 watts. On 240 - 
volt lines an RCA 40430 triac should be 
used, and maximum permissible load 
power is 1440 watts. 

The trigger- current sensitivity of 
this circuit can be raised, if required, by 
using a simple transistor switch in place 
of Si. Note that this circuit draws a 
continuous gate current of about 40 
mA. 

The basic circuit of a self -triggered 
triac ON /OFF switch is in Fig. 3. Here. 
with SI open, no current flows to the 
gate, so the triac is OFF. On the other 
hand, if Si is closed, the triac is OFF at 
the very start of each half -cycle, since 
there is zero voltage difference between 
MT1 and MT2 at this moment. Shortly 
after the start of the half- cycle, how- 
ever, the MT2 voltage becomes high 
enough (5 or 6 volts) to supply the 
necessary trigger current to the gate via 
R1, so the triac is triggered ON. 

As the triac goes on, its MT2 -to- 
MT1 voltage falls to only 1 volt or so, 
removing the gate drive via R1. This 
has no effect, since the triac passes sub- 
stantial main -terminal currents as soon 
as it is triggered and thus latches ON 
for the remainder of the half- cycle. At 
the end of the half -cycle the ac supply 
voltage and the main terminal currents 
again fall momentarily to zero, so the 
triac automatically turns OFF. 

The whole process starts over again 
on the following half -cycle, the triac 
triggering ON again just after the half - 
cycle starts. This process repeats as long 
as SI is closed, so the triac is ON al- 
most permanently, and virtually the full 
available line power is developed in the 
load. 

Note in this circuit that the gate 
trigger polarity is always the same as 
that of MT2, so the triac operates at 
maximum gate sensitivity. Also note 
that only a brief low -power trigger 
"pulse" flows to the gate through R 1, so 
this resistor can be a low- wattage unit. 
The circuit is very economical in its 
gate trigger -power requirements, and Si 
can be replaced by a low- current relay 
contact if preferred. This relay contact 
must be able to withstand the full avail- 
able line voltage. 

An ON /OFF circuit allows the 
triac to be triggered from an electrically 
isolated input (Fig. 4). Notice LDR and 
LM1 are sealed together in a light -ex- 
cluding tube. The lamp is connected to 
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LOAD 
(6 AMP MAX 

SEE NOTE) 

120 OR 
240V 
50-60 Hz 

QI 

R2 SI 

120.1,1/2 W 

RI 

IK,I/2W 

QI = 40429 (RCA) ON 120 VAC 
40430 (RCA) ON 240 VAC 

6V , 

BATT 

NOTE: - 
LOAD = 6A MAX (720 WATT ON 120V, OR 1440 
WATT ON 240V) IF QI CASE TEMPERATURE 
IS KEPT TO 75 °C OR LESS BY A HEAT SINK. 
IF QI IS NOT MOUNTED ON A HEAT SINK, 
MAX LOAD CURRENT IS APPROX.I.54 AT 
25 °C AMBIENT. BOTH TRIACS CAN HANDLE 
PEAK SURGE CURRENT UP TO IOOA (NON - 
REPETITIVE) FOR ONE CYCLE OF THE 
SUPPLY LINE; THIS FACTOR ENABLES 
HIGH CURRENT INCANDESCENT LAMP LOADS 
(WHICH TYPICALLY HAVE TURN-ON SURGE 
CURRENT 12 TIMES GREATER THAN THEIR 
NORMAL OPERATING CURRENTS) TO BE 

USED 

Fig. 2 (top) -Basic dc triggered triac 
circuit is gated on by 40 mA from BATT. 
Fig. 3 (above) -Self- triggered triac 
ON /OFF switch is gated on by line ac. 

the remote SI BATT circuit, and the 
LDR (a cadmium sulphide photocell) is 
connected between MT2 and the triac 
gate. 

When SI is closed, the lamp lights, 
illuminates the face of the LDR, and 
causes LDR resistance to fall to a low 
value (typically a couple of hundred 
ohms), so the triac turns ON and oper- 
ates in exactly the same way as the cir- 
cuit of Fig. 3. 

When SI is open, the lamp is off, 
so the LDR acts as a very high resis- 
tance (typically about 1 megohm) and 
prevents the triac from triggering. The 
triac is OFF under this condition. 

The LDR can be any low -power 
cadmium sulphide photocell that offers 
a low "bright" and a high "dark" resist- 
ance, and can withstand the full ap- 
plied line voltage. 

An alternative method of triggering 
the triac from an isolated input is in 
Fig. 5. Here the unijunction transistor 
(UJT) acts as an oscillator when Si is 
closed, and applies a continuous train of 
trigger pulses to the triac gate via Ti. 
The UJT oscillates at about 2 kHz, so 
these pulses occur at 500 -µsec intervals. 
Because this interval is very short rela- 
tive to the period of a half -cycle of sup- 
ply -line voltage, the triac is inevitably 
triggered ON very shortly after the start 
of each half -cycle. The triac is thus 
effectively turned on almost per- 
manently, and almost the full available 

120 OR 

LIGHT- 

0., 
RI TUBE 

10011, SI 

240 VAC LMI 

QI 

(AS FIG.2) 

6,1; 
BATT 1 

LDR (SEE TEXT) 

Fig. 4- Isolated -input triggering works 
when LM1 lowers LDR resistance 
enough. 

LOAD 
(ASFIG.2) 

120 OR 

RI 
220.0, 

1/2W 

+VE 

240 VAC 

Q2 
2N2646 

R2 

QI 
(AS FIG.2) 

SI 

12K,I/2W 
18T024 

VDC CI 
.05 

TI 
(1:I) 

Fig. 5- Transformer isolates input from 
the 2 -kHz UJT oscillator gating circuit. 

hSI 
rr ON 

RI 
IK,3W R2 QI 

IK,5W (AS FIG.2) 120 OR 
240VAC. 

CI =.5µF TO2p.F 
250V (ON 120 VAC) 
500V (ON 240 VAC) 

LOAD 
(AS FIG. 2) 

LS2 
OFF 

Fig. 6 -Self- latching circuit. After S1 
turns it on, S2 is closed to stop oper- 
ation. 

line power is applied to the load. 
When SI is open, the UJT os- 

cillator is inoperative, the triac is OFF 
and negligible power is applied to the 
load. 

In this circuit the UJT oscillator 
can use any supply in the 18- to 24 -volt 
range. The supply can be derived from 
either batteries or a line -driven power 
unit. The supply can be grounded, if re- 
quired. Transformer Ti can be any 
small 1:1 unit that can withstand full 
line voltage between its two windings. 

Switch SI has to handle a current 
of only 2 mA or less, and can be re- 
placed by a simple transistor switch in 
many applications. This means that the 
triac can be effectively operated by 
light, heat, sound, water, etc., as re- 
quired in the application. 

Finally, Fig. 6 shows the basic cir- 
cuit of a self -latching triac ON /OFF 
switch in which the triac goes ON when 
Si is momentarily operated, and then 
stays on indefinitely until S2 is operated, 
at which point the triac turns OFF 
again. 

Suppose initially that the triac is 
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R8 
3311: 

O MTI 

LOAD 
(AS FIG.2) 

MT2 
TO -66 CASE 

Fig.7 (left) -TO -66 case lead configura- 
tion. Fig. 8 (below)- Automatic -turnoff 
circuit shuts off load after set delay. 
Fig. 9 (middle) -Delayed turn -on line 
switch goes on after 8 -80 -sec delay. 
Fig. 10 (bottom) -Light -operated cir- 
cuit turns on load when light falls below 
a preset value, off when light increases. 

RI R4 
27051 22051 

Q2 
2N 2646 

SCRI 
(ANY 
I -AMP 
TYPE) R5 

100ft 

ALL RESISTORS .1/2 WATT 

LOAD 
(AS F10.2) 

RI 
27051 

R2 
47051 

© SCR I (ANY I -AMP TYPE) 

R3 
10051 

02 
2N2646 

R6 
47K 

R7 
500K 

CI 
100/15V 

o 

SI 

R4 
220f1 

R6 
500K 

R5 
47 K 

o 

+ VE 

12 VDC 

SI _VE 

12VDC 

ALL RESISTORS = 1/2 WATT 

120 OR 
240 VAC' 

LOAD 
(AS FIG.2 ) 

01 

(AS FIG. 2) 

R3 + VE 

ALL RESISTORS =1/2 WATT 

RI 
IK 

R6 
2.2K 

02 
2N3704 

R2 

OFF -full line voltage appears between 
MTI and MT2. When Si is operated 
briefly, gate drive is applied to the triac 
via R1 and R2, the triac goes ON, and 
the line voltage then appears across the 
load. The gate of a triac is inevitably 
held at a potential within a volt or so of 
that of MT1; therefore, this line voltage 
also appears across the Cl R2 com- 
bination, and Cl charges via R2 and the 
gate of the triac. At the end of the first 
half -cycle, line voltage falls momentar- 
ily to zero, so the triac turns OFF and 
Cl starts to discharge via the triac gate. 

At the start of the next half -cycle, 
however, gate current is still flowing 
from the discharging Cl, so the triac is 
automatically turned ON again shortly 
after the half -cycle starts. As soon as it 
turns on, Cl starts to charge again in 
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1VVV 
27052 

12vDC 

the reverse direction. This process con- 
tinues indefinitely, so the triac is vir- 
tually permanently turned ON and the 
full line power is developed in the load. 

Once the triac has latched in, it 
can be turned OFF again only by 
briefly closing S2, thus discharging Cl 
and breaking the operating cycle. 

In this circuit C 1 must be a rever- 
sible type of capacitor, with a value be- 
tween 0.5 µF and 2µF. It must with- 
stand the full applied line voltage. 

The five basic circuits we have 
looked at so far all use either RCA 
40429 or 40430 triacs. The base con- 
nections of these particular units, which 
are housed in TO -66 cases, are in Fig. 
7. 

Having looked at these basic cir- 
cuits, let us now examine a few inter- 

esting applications of ON /OFF triac 
circuits that you can build. 

Auto -turnoff line switch 
The circuit of an auto -turnoff line 

switch is in Fig. 8. The triac goes ON as 
soon as SI is closed, but goes OFF 
again, automatically, after a preset pe- 
riod. The delay period can be varied be- 
tween about 8 and 80 seconds with R7. 

The time -delay circuit is powered 
from a 12 -volt dc supply (batteries for 
testing purposes, or an ac line- operated 
power supply). 

When 51 is first closed SCR1 is off, 
so the gate of the triac is connected to 
the 12 -volt positive line via R1 R2, and 
the triac is driven ON by about 30 mA 
of gate current. 

Simultaneously, as SI is closed, 
power is applied to the Q2 UJT timer 
circuit, and a timing cycle starts. At the 
end of this timing cycle (which can be 
varied between 8 and 80 seconds by 
R7) the UJT fires, and applies a posi- 
tive trigger pulse to the gate of SCR1. 

This trigger pulse drives SCRI ON, 
causing it to self -latch. The SCR's anode 
thus falls to near -zero volts, and breaks 
the drive to the triac gate; therefore, the 
triac turns OFF. The triac then remains 
off until SI is briefly opened, permitting 
the Q2SCR1 circuit to reset, and then 
closed again, allowing a new timing 
cycle to start. 

Delayed- turn -on line switch 
A delayed- turn -on line switch (the 

triac does not go ON until some time 
after 51 is closed) is in Fig. 9. The 
turn -on delay can be varied between 8 
and 80 seconds with R6. 

When S1 is closed, the SCR is off. 
Almost 12 volts appears between its 
anode and cathode and is applied to the 
UJT timer circuit. The UJT circuit 
draws less than 2 mA from the supply 
via R1, therefore gate current is 
insufficient to trigger the triac, and the 
triac is OFF. 

As soon as power is applied to the 
UJT circuit, a timing cycle is initiated. 
At the end of this cycle the UJT fires 
and triggers SCRI on and makes it self - 
latch. As the SCR turns on, it effectively 
connects the triac gate to the 12 -volt 
positive line via R1, so the triac goes 
ON. 

Simultaneously, the SCRI anode -to- 
cathode voltage falls to nearly zero. 
This removes the drive to the UJT 
timer, disabling it. The triac remains 
ON as long as SI is closed. 

Light- operated switch 
The circuit of a very sensitive light - 

operated line switch is in Fig. 10. In 
this arrangement the triac goes ON 
when the light level falls below a preset 
value. It goes OFF again when the light 
level rises above that value. 

Transistors Q2 and Q3 are wired as 
a complementary Schmitt trigger, in 
which either both transistors are ON or 
both transistors are OFF, depending on 
the amount of base drive applied to Q2 
via potential divider R4 LDR. 

LDR is a cadmium sulphide photo - 
(continued on page 97) 
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TROUBLESHOOT 
COLOR TV WITH - 

tran- 
sistor 
curve 
tracer 
by JUD WILLIAMS" 

New TV repair technique 
promises faster, easier 

way to find bad transistors 
in a solid -state color 

TV receiver 

First video amplifier. 

voltage which usually measures from 
several tenths of a volt to slightly less 

than a volt. A second check is the 
voltage drop across the load resistor to 
see if current is flowing. Either a sen- 
sitive meter or a dc- coupled os- 

cilloscope may be used to make these 
measurements. 

If an in- circuit transistor checker is 

used it connects the transistor under 

Second video amplifier. Chroma output. 

First video i.f. 

. 
I Mill111111111111111111111 

I Ir 
Video output. X demodulator. 

Second video i.f. First chroma amplifier. 

THE AGE OF TRANSISTORS IS UPON US 

and with it the ticklish problem of 
how to service solid state equipment 
quickly and efficiently. Various mod- 
ern methods use meters, oscilloscopes 
and in- circuit transistor checkers, 
none of which can positively identify 
defective transistors without first re- 
moving them from the circuit. 

One way to locate defective transis- 
tors is to check the base -to- emitter 
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Second chroma amplifier. 

test into an oscillator circuit which re- 
sults in a simple go, no -go test. Un- 
fortunately, the loading effects of the 
components in the circuit being tested 
will often defeat this method. Also, 
improper connection to the transistor 
may result in its destruction. 

Of course the transistor can be 
physically removed from the circuit 
and subjected to several tests. An ohm- 
meter will detect shorts and opens 
between the base -to- emitter or the 
base -to- collector junctions. Simple out - 
of- circuit transistor checkers will give 
an indication of leakage and beta. But 
this is useful only to a limited degree 
because it is a static test. 

For many years an instrument 
called a "dynamic transistor curve tra- 
cer" has been used by engineers and 
quality -control people to test and 
classify transistors. To use a curve tra- 
cer a transistor is plugged into a test 
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socket and its collector -to- emitter junc- 
tion is swept by a 120-Hz pulsating dc 
voltage. Synchronized with this is a 
staircase generator supplying the base 
with calibrated steps of current. This 
turns the transistor "on" and displays, 
on an oscilloscope, a family of charac- 
teristic curves. 

The pulsating dc collector -to -emit- 
ter voltage starts at zero and rises to 

,. -3 

-e `711111111111111 \\:1 11 ...2 
..... 

io 

Z driver. 

Z demodulator. 

11111111111111 

AIL NI:lb,.` I1.\. .` 

Color killer. 

X driver. \; - `,L 
o 

3.58 -MHz oscillator. 

its maximum test voltage and then re- 
turns to zero at a 120 -Hz rate. It is 
the usual waveform seen at the output 
of a full wave rectifier. At the begin- 
ning of each sweep cycle the base is 
turned on by the current level pro- 
duced by one step of the staircase gen- 
erator. Since the steps operate at a 
120 -Hz rate they are synchronized 
with the voltage sweeping across the 
collector -to- emitter. 

The staircase generator is usually 
calibrated in microamperes or milli- 
amperes per step and may produce 
from 4 to 12 steps. Each step produces 
one curve in the family of curves 
and because the system operates at 
a 120 -Hz rate all the curves appear 
simultaneously. 

The oscilloscope is operating as an 
XY scope when used with a curve tra- 
cer and the vertical divisions on the 
scope face represent the collector cur- 
JUNE 1970 

rent. This current is proportional to 
the voltage drop across a resistor in 
series with the emitter using Ohms 
law. The horizontal divisions represent 
the voltage that is swept across the 
collector -to- emitter. It may be varied 
from zero to as much as 200 volts. 

Engineers use characteristic curves 
to determine transistor gain, which is 
the ratio of collector current to base 
current. Since we feed various current 
levels to the base, the ideal bias volt- 
age for the particular transistor under 
test can be determined easily. Remem- 
ber, transistors bearing the same type 
number do not necessarily have the 
same characteristic curves. There can 
be and is quite a "spread ". This is why 
many manufacturers use selected or 
matched transistors to satisfy particular 

MERU 
111111111Will WI 111 

First audio amplifier. 

Noise gate. 

Sync separator. 

Audio output. 

circuit requirements. 
The "selected" transistors bear the 

manufacturers own part number 
which limits the sources for replace- 
ments. This is particularly true in the 
TV industry where replacement tran- 
sistors are becoming a problem. It is 
not always convenient for a service 
technician to get a replacement from 
the manufacturer. By using a curve 
tracer, the technician may be able to 
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locate a transistor to satisfy his re- 
placement needs from the supply he 
normally keeps on hand. A curve tra- 
cer usually has two test sockets so 
transistors can be easily matched by 
comparing one to the other. This is 

very useful when one transistor is 
used as a standard. 

Recently, I discovered a new use for 
the "dynamic transistor curve tracer." 
I found that the instrument could be 
used as an in- circuit transistor checker 
in a way that has never been tried be- 
fore. It is the only method I know 
that will positively identify a defective 
transistor without removing it from its 
circuit! 

The method is called "interpretive 
diagnosis." It is foolproof and will 
work in virtually any type of circuit - 
rf, audio or digital. The curve tracer 
probe is connected to the suspect tran- 
sistor and if it is working, a family of 
curves appears on the scope. If the 
transistor is open, a single horizontal 
line is displayed. If it is shorted, a 

drooping or vertical line appears. It's 
as simple as that! 

Since the transistor is still in the cir- 

cuit while it is checked, the peripheral 
components will affect the shape of 
the curves. The influences of loading, 
capacitance and inductance will alter 
the curves and they take on the shape 
or loops or may droop or take on 
some other peculiar form. But as 
long as a distinct number of curves 
appears it is certain that a "live" tran- 
sistor is in the circuit! 

While these tests are performed, the 
equipment under test must be un- 
plugged from its source of power. No 
external signals are used so the proce- 
dure is electrically safe. 

The curve tracer is not limited to 
only this kind of test. Those intimately 
familiar with transistors know that 

they are made up of diode junctions. 
By connecting collector -to- emitter 
leads of the curve tracer across each 
of the junctions the tracer will display 
the characteristic diode "knee ". This is 
useful in determining which of the 
junctions is defective. You can use 
this same test to locate defective 
diodes in circuit. 

The procedures described here have 
been tested extensively on the Sylvania 
Gibraltar color TV chassis. Several 
photographs of the curves found in 
various circuits are shown. These 
photos show the curves produced by a 
transistor under test and their peculiar 
shapes. 

As this technique wins acceptance, 

=:r; i 1, 1 crri. .,r `i` c - 

Acc amplifier. 

11111511 
VOZESAllí... \ ® 
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Frequency regulator _ 11li\ 'IM ®ßìr 
Agc amplifier. 

-lo 

!mm MN= 
MEINJ 

-lo 

Agc gate. 

', 
113011 10 M ®HUME® 

-lo 

20 -volt filter. 

FII 0- \ 
" i 

Blanker. 

ii i I. 
1111111 ; M 111111 L'® -lo 

Apc amplifier. 

future schematics may show the "dy- 
namic curves" of each transistor used. 
It appears to be the safest in- circuit 
technique available, as the transistor 
under test is never in danger of de- 
structive voltage or currents. The 
technique seems to work with any cir- 
cuit so its use can be expected to have 
universal application. R -E 

TOOLS FOR ELECTRONICS 
by TOM HASKETT 

This issue, starting on the facing page, is the next part of our new series of articles on tools 

for electronics. It is the second part of our description of nutdrivers and a new section on align- 
ment tools. Next month we will continue the series with an article on Using Meters Effectively. We 

believe you will find all this material a handy, practical addition to your R -E Reference Manual. 
If you wish you can purchase a special hardcover binder to keep your Reference Manual 
pages together. It has a dark blue fabric cover and is gold stamped Radio -Electronics Ref- 

erence Manual. The cost is $1.00, postpaid. Order from N. Estrada, 17 Slate Lane, Central 
Islip, L.I., N.Y. 11722. 
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PROGRAMMED 

by LARRY ALLEN, cet 

STEREO MULTIPLEX 
FM IN 1910 CARS 

Just read each easily digested frame of informa- 
tion. Then test your grasp of it by answering a mul- 
tiple- choice question. If you choose correctly, you're 

guided automatically to the next program capsule. If 
you miss, don't worry; extra programed information 
helps you to a correct answer. 

Stereo (often called multiplex) broadcasting over 
FM stations began several years ago. Yet technicians 
hesitate to work on such receivers. This goes double 
for sets in automobiles. Which is too bad . . . for the 
1970 cars now on the road and those to come have 
more of these receivers than in any year before. 

In this short course, you'll discover there's no 
good reason to be afraid of stereo FM sets. Most of 
them are basically alike. Differences are minor. Learn 
one brand or model and you can handle them all. 

How simple they really are can be seen in the 
function diagram. This diagram could easily belong 
to almost any brand or model. That's because any 
multiplex receiver must do certain things, no matter 
who designs or builds it. The differences, then, lie in 
the stages themselves, and even they are remarkably 

O similar. 
Here's how the multiplex section of a stereo -FM 

Handles pilot signal and 
generates re- insertion carrier 

FROM 
FM 
DET 

PREAMP 

For impedance 
matching ; also 
may block SCA 
carriers 

STEREO - 
SYNC 

BRANCH 

L -R /L +R 
BRANCH 

STEREO 
DETECTOR 

L 
SIGNAL 

SIGNAL 
AUDIO 

IGNAL - SECTION 

(Sometimes 
thru preempt) Demodulates 

L -R and mixes 
with L +R 

Carries L +R signal 
and L-R sidebands 

set works. The composite multiplex signal comes 
directly from the FM discriminator or ratio detector. 
There's no de- emphasis network, because it would foul 
up the L -R sidebands. A preamplifier matches the 
high impedance of the discriminator to the lower im- 
pedance of the stages in the multiplex section. The 
preamp is usually a combination stage that amplifies 
some of the signal and merely matches impedance for 
the rest. 

The L -R sidebands and the L +R signals are sepa- 
rated from the 19 -kHz synchronizing signal at the 
preamp. In preamps of some models, traps and filters 
eliminate SCA (67 -kHz, etc.) signals, so they can't 
interfere. In others, the SCA traps may be in the 
L -R /L +R branch. The composite L -R /L+R stereo 
signal, minus the 19 -kHz pilot carrier, is fed to the 
stereo detector. 

The pilot signal is amplified in some models. A 
carrier generator in the stereo -sync branch produces a 
38 -kHz reinsertion carrier for the stereo detector. 
Without the carrier, the detector can't extract the 
L -R audio signal from the L -R sidebands. The pi- 
lot signal synchronizes the phase of the carrier- gener- 
ator signal, so the demodulated stereo is exactly like 
the original modulation. 

The stereo detector combines the 38 -kHz reinser- 
tion carrier, the L -R sidebands, and the L +R signals 
in a way that recovers separate left and right audio 
signals. The two- channel audio output goes to a stereo 
amplifier. 

Question: Name the two branches of a multiplex sec- 
tion. 

Left and right. Move on to Frame 14. (page 81) 
D Pilot and L- R /L +R. Check frame 20. (page 90) 

Discriminator and i.f. Read Frame 5. 

You're on the right track, but not correct. The 
synchronized oscillator is common in Delco models, 
but a frequency doubler system is what's used in most 
others. The doubler is sometimes preceded by an am- 
plifier, sometimes followed by one, and in one brand 
it's alone. You might want to reread Frame 20, but ifs 
okay if you just go on to Frame 12. (page 68) 

i 

You're not right. This was a nonsense answer. If you 
picked it, you're only guessing, and should begin at 

©Frame 1 again. However, if you think you know the 
right answer now, go back to Frame 20 (page 90) and 
have another try. 

I 

JUNE 1 9 7 0 

You're on the wrong track. This might sound 
complicated enough to be an answer, but it isn't. You 
need to give the whole idea a little more thought. 

OHowever, the answer is plainly stated in Frame 13 
(page 80). Perhaps you'll get it quicker if you'll read that 
frame over again and then try answering the question. 

i 
Come on . . . you knew that wasn't the answer. 

You skipped to this frame just to see what it says, © right? Fact is, you probably knew the right answer all 
along. So go back to Frame 1 and pick it out. 

(continued on page 66) 
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"He's a good worker. 
I'd promote him 
right now if he had 
more education 
in electronics:" 

Could they be talkiiig about you? 
You'll miss a lot of opportunities if you try to get along 

in the electronics industry without an advanced edu- 

cation. Many doors will be closed to you, and no 

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

ment your experience with specialized knowledge of 

one of the key areas of electronics. As a specialist, 
you will enjoy security, excellent pay, and the kind of 

future you want for yourself and your family. 
Going back to school isn't easy for a man with a 

62 

full -time job and family obligations. But CREI Home 

Study Programs make it possible for you to get the 

additional education you need without attending 
classes. You study at home, at your own pace, on 

your own schedule. You study with the assurance that 

what you learn can be applied to the job immediately. 

CREI Programs cover all important areas of elec- 

tronics including communications, radar and sonar, 

even missile and spacecraft guidance. You're sure to 

find a program that fits your career objectives. 
RADIO -ELECTRONICS 
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IN-DEPTH 

COVERAGE OF 

SOLID STATE 

ELECTRONICS 

...including 
integrated circuits! 

You're eligible for a CREI Program if you work in elec- 
tronics and have a high school education. Our FREE 
book gives complete information. Mail postpaid card 
for your copy. If card is detached, use coupon at right 
or write: CREI, Dept, 1406A, 3224 16th St., N.W., Wash- 
ington, D.C. 20010. 

founded 1977 

Accredited Member al the National Nome Stud/ Council 

JUNE 1970 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept.1406A 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please mail me FREE book describing CREI Programs. I 

am employed in electronics and have a high school education. 

NAME AGF 

ADDRESS 

CITY STATE ZIP CODF 

EMPLOYED BY 

TYPE OF PRESENT WORK G.I. BILL 

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

Engineering 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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(continued from page 61) 

i 
That's a preposterous answer! You didn't really 

think that, did you? The foils of the capacitors have 
OaosoluLCly no Dearing on we puwanly ui uie uulputs. 
Read Frame 13 again (page 80) twice, if you picked 
this answer seriously) and choose the right answer to 
the question. 

i 
gives a net audio signal that is opposite, too. Okay 
you're doing great so far. Now move on to Frame 1 

(page 67) and learn about stereo indicators. They 't 
simple. e. 

Right you are. Their reversed polarity merely re- 
verses the polarity of the L -R signal they develop. 
Then, combining that with the regular L +R signal 
gives a net audio signal that is opposite, too. Okay, 
you're doing great so far. Now move on to Frame 11 
(page 67) and learn about stereo indicators. They're 
simple. 

O 

The L -R sidebands and L +R signals go from 
the preamp to the stereo detector by a separate 
branch. As usual, they differ from set to set. All the 
diagrams of L -R /L +R branches show the input 
preamp or the first 19 -kHz amplifier as the stage 
that isolates L- R /L +R. The pilot signal goes to its 
own branch, which was already explained in Frame 12 
(page 68). 

The simplest L -R /L +R branch is in the Craig 
stereo -FM receiver. It's nothing more than an elec- 
trolytic capacitor. The transformer primary in the col- 
lector circuit isn't decoupled at the bottom end, thus 
leaving the supply resistor as part of the output load. 
The transformer couples out the 19 -kHz pilot signal, 
and the remaining signal -the L -R sidebands and 
the L+ R -goes through the capacitor to the center 
tap of the stereo detector transformer. 

The Tenna Corp. version isn't very much more 
complicated. The load feeding the L -R/ L +R 
branch is the emitter resistor. In the branch, there's a 
larger -value electrolytic, and a 100 -ohm resistor that 
improves frequency balance of the branch. Again, the 
multiplex signal (without pilot carrier) is fed to the 
center tap of the detector transformer. 

In the Motorola L -R /L +R branch, a 67 -kHz 
trap blocks SCA carrier, if any is present. Beyond the 
coupling electrolytic, a time- constant circuit consisting 
of two capacitors and two resistors feeds the raw 
stereo signal to the detector. 

The Delco L -R /L +R branch is obviously the 
elaborate one. There's an SCA trap, then impedance - 
matching emitter follower Q2. A frequency -com- 
pensating network couples the signals from the emitter 
load of Q2 to the center tap of the stereo detector 
transformer. A SEPARATION control is part of the 
compensation network. The 0.1 -µF capacitor also 
blocks dc from the transformer winding. 

Question: Exactly what signals are handled by the 
branches shown in the figure above. 

L -R sidebands and L +R audio signals. Go on 
to Frame 13 (page 80). 

Left and right audio signals. Move to Frame 9. 

D Composite stereo signal and pilot carrier. Check 
Frame 19 (page 90). 

(TENNA) 

19 kHz 
AMPL 

(CRAIG) 

PREAMP 

1K 

TO SYNC 
BRANCH 

;OA F 

19kHz 

( MOTOROLA) 

f9kHz 
AMPL 

5K 

SEPARATION 

(DELCO) 

100S2 

TO PILOT 
DOUBLER I 1 

1 

TO 
STEREO 
DETECTOR 

TO 
STEREO 
DETECTO 

2.2K 

TO SYNC 
BRANCH 

67kHz --- 2µF 

TO 
STEREO 
DETECTOR 

R 

TO 
SYNC 

BRANCH 

67kHz 

6.8K 

Bt 

IOK 

IIOpFT 10K 

2.2K 

.0022 

TO 
STEREO 
DETECTC 

SEPARATION 

R 

is true under one condition: that the receiver is pick- 
ing up a monophonic FM signal. A monophonic sig- 

nal 

only partly right. The answer you chose tap. There's also no 19 -kHz pilot to activate the sync 
branch, so there's no 38 -kHz reinsertion carrier in the 
detector. The L and R signals go unaffected to the 

is equivalent to a simple L +R signal, which can detector output and finally to both speakers. That's 

go right on through the L -R /L +R branch of the monophonic reception. 
Omultiplex section. However, the question in Frame 8 refers to 

L +R is applied to both sides of the stereo detec- stereo reception. So, go back, read the question again 

tor equally, since it goes into the transformer center and you'll pick out the right answer easily. 
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There are only three groups of adjustments in a 
stereo -FM multiplex section: (1) The SCA traps, (2) 
the stereo -sync coils and (3) the SEPARATION control. 
Before you start, make sure the BALANCE control is 
the stereo amplifier is properly set, and then proceed. 

You can use a modulated 67 -kHz (and 53 -kHz, 
when that's included) signal for trap adjustments. 
Clip a scope or vtvm at the center tap of the stereo 
detector transformer. Or, you can use an unmodu- 
lated 67 -kHz (or whatever) signal and monitor your 
adjustment with a dc voltmeter clipped to the output 
anode of one of the stereo detector diodes (D2 or D3 
in the diagram in Frame 13 page 80. 

Be sure to force enough signal through the traps 
to get a noticeable reading. Then tune the appropriate 
coil(s) for minimum indication on the voltmeter or 
scope. 

Next, adjust the 19- and 38 -kHz coils using an 
accurate source of unmodulated 19 -kHz signal. These 

adjustments can be made with the signal from a 
stereo-FM station, although modulation may affect 
readings if you connect a voltmeter in the stereo de- 
tector. Tune all 19 -kHz and 38 -kHz coils and trans- 
formers for maximum indication. 

To assure best separation, you must use a 
stereo -FM generator or a station that periodically 
broadcasts a one -channel -only signal. If one does, it's 
usually on the left channel. But be sure -call the sta- 
tion and ask. 

With left channel modulated, connect an ac vtvm 
across the right -signal output of the multiplex section 
or across the right -side speaker output of the receiver. 
Turn the volume up and set the separation control for 
minimum right -channel reading while receiving a left - 
channel signal. 

That's all there is to it. Simple . . . right? You've 
done so well, getting this far, that you get off without 
a final exam. You've just graduated! RE 

So the listener will know for sure when a stereo 
program is being received, many auto sets nowadays 
have a light that comes on during stereo programs. 
The light is turned on by the pilot carrier. Some of 
the ways this is done are shown. 

Three models -the Tenna, Craig and Motorola- - 
depend on do voltages that are a byproduct of actions 
in other stages. In two of them -the Tenna and 
Craig -the dc triggering voltages are a result of using 
full -wave diode doublers to raise the 19 -kHz signal to 
a 38 -kHz carrier. A small positive voltage develops at 
the cathodes of the diodes whenever a 19 -kHz sync 
signal is present. 

In the Tenna unit, that dc merely biases a tran- 
sistor that has a lamp in its collector circuit. The 
Craig circuit takes advantage of the effect of the volt- 
age on average conduction in the collector of the 38- 
kHz amplifier transistor. A supply resistor in the col- 
lector circuit develops a voltage change that biases the 
lamp -control transistor. In this case, B -plus is fed to 
the emitter, and the collector -load lamp goes to 
ground. 

If you look back at the stereo detector in (Frame 
e13, page 80), you'll notice that a positive voltage can 
easily be picked off at the cathodes of D2 and D3. 
This is what is used to activate the Motorola stereo 
indicator. A pair of 220,000 -ohm resistors prevents 
any interaction with normal operation of the stereo 
detector. The voltage thus obtained biases a dc am- 
plifier which turns a switching transistor on or off. 
The lamp is between emitter and B -plus; collector is 
grounded. 

Delco uses a relay. Some of the 38 -kHz signal 
developed when a pilot signal is present is fed to an 
amplifier. The amplified signal goes to a control tran- 
sistor whose bias changes according to how much sig- 
nal is applied. When the signal is there, the relay 
closes, lighting the lamp. 

Question: What part of the total stereo signal is used 
to trigger stereo indicator lights? 

D The pilot carrier. See Frame 18 (page 81). 
The L -R sidebands. Move along to Frame 17 
(page 81). 

O All of it. Check Frame 22 (page 90). 

(TENNA) 

DC FROM 
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DIODES 

(MOTOROLA) 

DC FROM 
STEREO DETECTOR 
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22K 
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B+ 

FROM 
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B+ 

180 K 

B+ 
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Yes, a frequency doubler is the most common 
way to get a synchronized 38 -kHz carrier from the 
19 -kHz stereo sync signal. As you remember from 
the diagram in Frame 1 (page 61), the 19 -kHz sync 
signal is separate from the stereo composite signal at 
the input preamp stage. 

Since the stereo -sync branch is the one most 
likely to differ in various multiplex sections, it's a 

good one to understand well. All three major types 
are shown in below, with circuit details. The middle 
one is the most popular. 

At the top, the Motorola is the simplest of the 
bunch. The preamp is also a pilot amplifier; a 19 -kHz 
tuned circuit is the collector load. The 53 -kHz tuned 
circuit is a trap to prevent audible interference be- 
tween an SCA carrier and the upper end of the L/R 
sidebands (they go up to 53 kHz). The takeoff for the 
L -R /L+R branch gets its signals from the emit- 
ter- across R2, the SEPARATION control. There's an- 
other SCA trap in that branch, but it's not shown. 

The diode clips off the negative half of each 
cycle, which makes it easy for the transistor to ampli- 

(MOTOROLA) 

Cl 

FROM .1 

RATIO 
DETECTOR 

(TENNA) 
(CRAIG-SIMILAR) 
(BENDIX) 

FROM 
INPUT 
PREAMPS 

(DELCO) 

FROM 
INPUT 
PREAMP 

53kHz 
PREAMP 

fy the second harmonic of 10 kHz. The tuned trans- 
former rounds out the amplified 38 -kHz cycles, and 
applies the carrier to the stereo detector. 

The middle schematic has a passive doubler. A 
tapped transformer applies the 19 -kHz signal to a full - 
wave rectifier circuit. The output, which is twice the 
input frequency, is coupled to a 38 -kHz amplifier. 
Then a transformer couples it to the stereo detector. 

The bottom version of these sync branches is the 
Delco, with the locked oscillator. The oscillator is a 

Hartley. It is synchronized by 19 -kHz signals fed to 
the base o.f the oscillator transistor. The 38 -kHz oscilla- 
tor is transformer -coupled to the stereo detector. 

Question: Can you figure out one factor common 
only to doubler -type pilot channels? 

A diode is responsible for the doubling. Move to 
Frame 15 (page 81). 

D The transistors are all npn types. Go to Frame 16 
(page 81). 
The 19 -kHz signal is always transformer -coupled. 
Look at Frame 21 (page 90). 
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When 
RCA engineers 
put their minds 
to antennas, 
outstanding things 
happen: 
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RCA PerMacòkr 
Permacolor is not just 
an improved antenna, 
it's a completely new 
antenna. New in looks. 
New in design. Very easy 
to set up and install. 

And Permacolor is 
manufactured exclusively 
by RCA. Here are a few 
of its many unique 
features: 

Permanent 
Connections. 
Any antenna is as 
permanent as its 
electrical connections. 
Particularly between the 
elements and the feed 
line. If a connection fails, 

ghosts, 
streaks, 
"noise," 
even total 
reception 
failure may 
occur. 

On a Permacolor an 
aluminum strap solidly 
connects every active 
element to the feed line. 
Connection failure is 
virtually eliminated. 

Tuned Circuits. 
Permacolor elements 
are integral parts of 
tuned circuits and many 
perform more than one 
function. Circuits stay 
"perma- tuned" because 
elements are permanently 
connected. 
Feed 
lines are 
unbroken 
aluminum 
strips 
perfectly 
balanced for 
optimum 
impedance match and 
minimum ghost pick -up. 

Revolutionary 
Insulators. 
Permacolor insulators 
are polypropylene, a 
tough, flexible, water- 
proof plastic with 
superior electrical 
properties. Their unique 
design includes many 
ribs and barriers to make 
leakage paths longer. 

On a Permacolor, 
elements do not pivot. 
Instead, the elements are 

assembled 
right into the 
insulators. Each 
insulator, gripping 
51/2 inches of 
element, pivots 
as a unit. When 
the Permacolor 

unfolds, insulators snap 
in place and permanently 
lock to form a rigid truss. 
There's no point of high 

stress along the entire 
assembly. 

Superior 
Combinations. 
UHF and VHF get bigger 
boosts on Permacolor 
combinations. On the 
corner reflector, the 
angle is increased to 
110° for optimum 
efficiency. And for the 
first time, a bow tie is 
included. This best 
type of UHF dipole is 
integrated into a single 
downlead, made possible 
by a newly designed 
three -tuned -circuit 
coupling /isolating 
network. 
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RC,' 

Permacolor 
combinations are 
uncompromising all - 
channel antennas. 

Square Boom. 
A square boom supports 
the Permacolor. 
And it isn't a feed line - 
it's at ground potential. 
Detuning effects that 
often occur when a 
grounded mast is 
coupled to a signal 
carrying boom are 
eliminated. 

The mast clamp is heavy 
plated steel and locks 

around the boom without 
rivets. A double set of 
serrated teeth take a 
vise -like bite on the mast 
to prevent slipping 
or twisting. 

Goes Up Easier. 
A Permacolor goes 
up in one piece. On the 
roof. Not on the ground. 
There's no bag 
of parts. There's 
nothing to take 
apart. An 
installer's job 
has 
never been 
easier or faster. 
And installation is just as 
easy on larger models. 
A double boom gives 
added strength, yet takes 
up only 10 inches on 
the mast. This allows 
Permacolor to be 
placed closer to a 

rotator, thus minimizing 
stress on the rotator as 
well as the mast. 

Tough Finish. 
Permacolor has a 
tough blue and gold vinyl 
finish on all aluminum 
parts -even the hidden 
areas. It's similar to the 
long- lasting coating on 

aluminum 
siding 
for homes. 

There's not 
another antenna 
like the new, 
trim, clean RCA 
Permacolor. 

See the complete line of 
Permacolor antennas 
today. Your RCA Parts 
and Accessories 
Distributor has them now. 
Parts and Accessories 
Deptford, N.J. 
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Build this magnificent 
Schober Theatre Organ 

for only 

* 1730! 
*Includes 

finished walnut 
console. Ampliter, 

speaker system, 
optional accessories 

extra. Only 
$1256 If you 

build your own 
console. 

You couldn't touch an organ like this in a store for 
less than $3500 -and there hasn't been a musical 
instrument with this vast variety of genuine Theatre 
Organ voices since the days of the silent movies! If 
you've dreamed of the grandeur of authentic big-or. 
gan sound in your own home, you won't find a more 
satisfying instrument anywhere -kit or no kit. 

You can learn to play it. And you can build it, from 
Schober Kits, world famous for ease of assembly 
without the slightest knowledge of electronics or 
music, for design and parts quality from the ground 
up, and -above all -for the highest praise from 
musicians everywhere. 

Send right now for your copy of the full -color 
Schober catalog, containing specifications of the five 
Schober Organ models, beginning at $499.50, No 
charge, no obligation - but lots of food for a healthy 
musical appetite! 

The Yd/fl.éa Organ Corp., Dept. RE- 79 
43 West 61st Street, New York, N.Y. 10023 

Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 
Enclosed please find $1.00 for 12 -inch LP 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE ZIP 

Circle 27 on reader service card 

NEW 

SEMICONDUCTORS 
AGC I.F. AMPLIFIER IC 

The µA757C is a new high -gain 
agc i.f. amplifier designed for AM and 
FM communications receivers, where 
it provides high -gain amplification 
without detuning the external circuits. 
It consists of two gain -controlled sec- 
tions that can be operated indepen- 
dently or in cascade. 

The design of the Fairchild IC 
features excellent dynamic signal 
range and improved signal -to -noise 
characteristics; a linear relationship 
between agc voltage and the logarithm 
of gain which simplifies the design of 
agc loops and S -meter circuits. Useful 
up to 25 MHz, the µA757C provides 
constant input /output impedances at 
changing agc levels and gain is con- 
stant despite temperature and supply - 
voltage variations. 

Agc sensitivity is 50 dB per volt 
with a 70 -dB agc range at 10.7 MHz. 
Voltage gain at this frequency is 70 
dB, power gain is 78 dB. The IC oper- 
ates within a temperature range of 0° 
to +70 °C and comes in a 14 -pin dual - 
in -line package. Price is $7.50 for 1- 

24; lower in larger quantities. R -E 

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. 
Cheek 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 comple- 
ment of sturdy 
sockets accepts 
compactron (12- 
pin). nuvistor, 
nover, 10-pin, 
9 -pin, octal. loctal, and miniature 
tubes. 

Precise pro- 
gramming. 
Only one socket 
per tube -base 
configuration 
prevents anti - 
dental plug -in. 

THE MODEL 213 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 sep- 

arately Gives long, trouble -free life through heavy -duty components, including permanently etched panel Your 

best dollar value in a tube tester. Available in high- impact bakelite case with strap: $33.40 wired; $21.90 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. 

NAME 

ADDRESS co 
W 

CITY 70NE -STATF 

COMING 

NEXT 

MONTH 

JULY 1970 

10 Steps To Best 
Mike Use 

Proper mike use is the 
key to first rate PA 
systems and tape re- 
cordings. Learn the 
right way, first. 

FET Dual -Trace Scope 
Switch 

A must for experiment- 
ing with digital circuits; 
simplifies audio trou- 
bleshooting. Handles 
signals out to 1 MHz. 

Use PA Systems 
Effectively 

A few simple rules and 
precautions make it 
easy to get the best 
out of your PA setup. 

Kwik- FixTM: Color 
Demodulators 

Solid -state demodula- 
tor sections can be 
tough to repair unless s 

you know what to look 
for. Included are f. 

screen symptoms, dc 
voltages and wave- 
forms. 
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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. 

PORTABLE FISH SPOTTER, Heathkit 
MI -29, all solid- state, features wide -dis- 
persion -angle transducer that allows 
fisherman to survey greater areas under- 
water in shorter time, down to 200 ft, 
with 5% depth accuracy. Describes un- 
derwater terrain and vegetation; spots not 
only schools but individual fish. Gives 
navigational depth sounding as secondary 

function. Operates from internal batteries 
in completely waterproof, floating case. 
Heath noise rejection control allows unit 
to be close to engine without ignition 
noise showing up on calibrated dial. Ad- 
justable sensitivity control eliminates 
echoes from bottom in shallow waters. 
Waterproof transducer mounts with 2 
large suction cups to transom or side of 
boat and comes with 15 -ft. cable. $84.95. 
Heath Co., Benton Harbor, Mich. 49022. 

Circle 46 on reader service card 

INTEGRATED STEREO AMPLIFIER, 
TA -1144, consists of preamp and power 
amplifier, uses all silicon transistors giving 
70 -watt dynamic power (IHF) into an 
8 -ohm load without distortion. Uses 
quasi -complementary- symmetry circuit, 
assures low distortion and high damping 
factor at low frequencies. Features 2 pairs 
of phonograph input connectors for 2 
turntable systems, binaural auxiliary in- 

JUNE 1970 

put connector on front panel for duplica- 
ting tape or temporary use, pre -power 
amplifier selector for multichannel sys- 
tem, easy -to -read tone and balance con- 
trols. $219.50. SONY Corp. of America, 
47 -47 Van Dam St., New York, N. Y. 
11101. 

Circle 47 on reader service card 

ELECTRONIC TUNING FORK has 12 
steady tones, middle C through the B 
above it. Pitch accuracy is within 5 cents 
(5% of semitone ). Spe,.ial knob sets 
scale at A -440 but permits resetting any- 
where between about 433 and 445. 
Tones have harmonics, making zero -beat 
tuning technique easier and permitting 
unit to be used directly to tune instru- 
ments in higher and lower octaves. Has 

strong wood case (5;í x 7 x 3 in.) 
covered with tough, attractive fabric; 
front cover and carrying handle. Oper- 
ates on 2 flat 9 -volt transistor batteries. 
Has own built -in loudspeaker. Solid -state 
circuitry with no moving parts and no 
warm -up time. Voltage regulator main- 
tains pitch accuracy during entire life of 
batteries (about 18 hr of continuous op- 
eration and several times that in normal 
use). $49.95, with quantity discounts. 
The Schober Organ Corp., 43 W. 61 St., 
New York, N. Y. 10023. 

Circle 48 on reader service card 

SINGLE -BAND BEAM ANTENNAS, 
Classic 10 and 15 feature new feed sys- 
tem plus optimum spacing, maximum 
gain, increased bandwidth, more effi- 
ciency through balanced capacitive 
matching. Have rugged, lightweight con- 

struction with high- impact insulators and 
clamping blocks, aluminum element sup- 
port and tubing, stainless -steel hardware. 
Model CL -10 for 10 meters, 1 kW; 
model CL -15 for 15 meters, 1 kW. For- 
ward gain: S dB compared to reference 
dipole; 10.1 over isotopic source. Front - 
to back ratio: 20 to 25 dB. SWR: 1.5/1 
or better. Feed -point impedance: 52 
ohms. Recommended transmission line: 
RG -8 /U. Model CL -10, 10 meters, 1 kW, 
$57.64. Model CL -15, 15 meters, 1 kW, 
866.50. Mosley Electronics, 4610 N. 
Lindbergh Blvd., Bridgeton, Mo. 63042. 

Circle 49 on reader service card 

MATV TAPOFFS AND LINE EX- 
TENDER AMPLIFIERS, models SL- 
6302 and SL- 6312. Latter gives 12.5 dB 
at uhf ( channels 14 through 83) and 
passes vhf at unity gain. The former 
model gives 13.5 dB gain at vhf (chan- 
nels 2 thru 13 ) and unity gain at uhf. 
Both units give an 82- channel "F" out- 
put tapoff. Can he cable -powered from 
any 17 -Vdc, 24 -mA source. Are designed 

primarily for use with JFD Smoothline 
cable- powered systems. Ideal for extend- 
ing MATV trunk lines to accommodate 
extra TV outlets or when wing is added 
to building. Fit any standard electrical 
box; can be installed anywhere on 
MATV trunkline. Can amplify signals 
enough to eliminate snow at end of old 
lines. $47.50 each. JFD Electronics Co., 
Systems Division, 15th Ave. at 62 St., 
Brooklyn, N. Y. 11219. 

Circle 50 on reader service card 

SOLDER -TYPE BREADBOARDING 
KIT consists of phenolic breadboarding 
deck, metal hase, solder -type feed - 
through terminals, switch and potentiom- 
eter brackets, universal "Z" brackets, 
right -angle brackets, smaller pieces of 
phenolic board and assembly hardware. 
Deck, 5" x 10 ". Base has h "', ii" and 5" 
holes. Feed -through terminals accommo- 
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Olson 

FR 
ELECT 

E 
Cat 

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 Speak- 
ers, 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 you have a friend interested in electronics 
send his name and address for a FREE sub- 
scription also. 

OLSON ELECTRONICS 
Dept. LF 260 S. Forge Street 

Akron, Ohio 44308 

Circle 106 on reader service card 

elate 6 or more wires on top and 4 or more 
on underside of breadboard deck. Ter- 
minal insertion tool provided. Universal 
"Z" and right -angle brackets will mount 
IC sockets. Houle Mfg. Co., Y.O. Box 276, 
Santa Susana, Calif. 93063. 

Circle 51 on reader service card 

SOLID STATE OSCILLOSCOPE, 
L80 -501, 5" scope with bandwidth 
of dc to 10 MHz, triggered sweep 
range from 0.2 µsec /cm to over 0.2 
sec /cm, calibrated vertical input, 

s harp -rise -time calibration si plan. waves, 
calibrated time base, special sweep po- 
sitions for viewing horizontal and vertical 
TV sweep patterns, vertical sensitivity of 
20 mV p -p /cm. Tilt stand for casier 
viewing. Uses semiconductors, high volt- 

The brand for ail reasons 

r BSR MCDONALD 800 

Every BSR McDonald automatic turntable is 

precision made in Great Britain to the 
most exacting specifications. Upon their 
arrival in the U.S., every model is unpacked 
and re- tested under actual playing 
conditions. That's why BSR service calls are 
the lowest in the industry -and perhaps 
that also explains why BSR sells more 
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 107 on reader service card 
76 

age power supply and dc coupling. 
$339.50. Leader Instruments, Long Island 
City, N.Y. 

Circle 52 on reader service card 

L /C /F CALCULATOR, Type A, 
gives frequency corresponding to given 
wavelength or vice versa, inductance 
and capacitance which will resonate at 
given frequency or wavelength, and vice 
versa. Inductance given in microhenrys 

and capacitance in picofarads; 
wavelengths in meters and frequency in 
kilo- and megahertz. Carries table of 
equivalents and 23 cen/9 in. ruler. $2.00. 
American Radio Relay League, Inc., 
Newington, Conn. 

Circle 53 on reader service card 

7 -IN -1 DC BIAS SUPPLY, Model 
BE156, for color TV alignment, provides 
3 separate 25 -V supplies that can be 
switched positively or negatively. Sev- 
enth range of negative 0 to 75V is pro- 
vided to meet specifications of manufac- 
turers using 67.5V to bias chroma 
amplifiers during alignment. Can be used 

with any sweep and marker generator. 
Supplies well- filtered at ,Çci of 17 ripple 
with little or no interaction between 
them. $24.95. Sencore, Addison, Ill. 

Circle 54 on reader .service card 

CLEANING AND LUBRICATING 
TOOL, Gc zinta, designed for use from 
front panel, manufactured from alumi- 
num alloy with female threads machined 
on o e end to adapt to bushing of con- 
trol after knob is removed. Has plastic 
valve. extension on other end which will 
pressure -fit contact cleaner aerosol cans. 
When pressure is applied will force- 
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clean control. Adapter supplied for car 
radios. Gozinta and car radio adapter 
comes with 3 oz. aerosol can of Lubrite. 
$2.67. Workman Electronic Products, 
Inc., Sarasota, Fla. 

Circle 55 on reader service card 

COMPACT CARDI- 
OID CONDENSER 
MIKE, Sony Model 
ECM -22, designed 
for home recordist 
and semi- profession- 
al. Uses permanently 
polarized electret 
capsule. Switch se- 
lects either flat fre- 
quency response or 
one that is rolled -off 
below 200 Hz. 
Comes with swivel - 
mounted adapter, 
wind screen and 
vinyl case, 20' 
cadmium- bronze 2- 
conductor shielded 
cable, $99.50. Super - 
scope, Sun Valley, 
Calif. 

Circle 56 on reader service card 

AM /FM STEREO MULTIPLEX RE- 
CEIVER, SX- I500TD, featuring micro- 
phone mixing circuit with separate vol- 
ume control permitting voice or 
instrument mixing with tuner, phono, 

tape recorder or PA. FET front end. 4 
IC's in i.f. section and monolithic IC in 
multiplex section for improved separa- 
tion. Silicon transistors. Output power of 
180 watts (IHF ). Free from SCA beat. 
Muting circuit eliminates hiss or noise 
between stations. 5- speaker position se- 
lector. Silver and black contrast and pol- 
ished rosewood end -pieces, $399.95. Pio- 
neer Electronics U.S.A. Corp., 
Farmingdale, N.Y. 

Circle 57 on reader service card 

CAR ACCESSORY SECURITY LOCK, 
Bolen 200, 7 -pin tumbler cylinder lock 
secures electronic equipment to desk, 

AVOID 10B 

RUST 
Electronics is a field where it's especially easy 

to get "rusty" -but where an ICS course makes 
it just as easy to stay completely on top of things. 
Courses prepared and continually updated by 
specialists. 

The ICS way is the ideal way -study at your 
own pace, no time lost commuting to class; de- 
tailed personal attention from your expert in- 
structor to prevent any "hang up." ICS has 
successfully trained hundreds of thousands of 
men as technical specialists. 

Find out more -send the coupon today for the 
most refreshing step you can take! 

Ir SInternational Correspondence Schools 
Division of Inte kt 

Mail to ICS, Scranton, Pa. 18515 

Name Age 

Address 

City State Zip 

Employed by 

Check the course that most interests you: 83942E 

General Electronics Industrial Elec. Tech. 
Electronic Technician Electrical /Electronics Engineering 
Electronic Drafting FCC License Preparation 

17 Electronic Engineer Numerical Control Electronics 

Approved for veterans 
Accredited Member, Nat'l Home Study Council 

Circle 108 on reader service card 

SELECT FROM TWO OF THE 

MOST USEFUL ELECTRONICS 

PRODUCTS AVAILADLE TODAY 

THE MARK TEN 

CAPACITIVE DISCHARGE 

IGNITION SYSTEM 

is time tested to give your 
car added performance. Care- 
fully engineered, the Mark, 
Ten electronic ignition sys- 
tem incorporates the advan- 
tages of capacitive discharge with those of solid state electronics. 
The largest selling unit of its type on the market today, the Mark 
Ten out performs all other known ignition systems regardless of 
price. 

Compare these advantages: 
Up to 20% increase in gasoline mileage Installs in only 10 minutes 
on any car or boat without rewiring Points and plugs last 3 to 10 
times longer Instant starts in all weather Dramatic increase in 
acceleration and overall performance Virtually eliminates ignition 
tune -ups. 

Only $4495 
ppd. 

I $2995 
ppd. 

Assembled Kit Form 

r 

L 

For 

DELTALERT, the all new ultrasonic silent 
sentry, is a total motion detection, intrusion 
and monitoring alert system. The system 
plugs into any wall outlet. It also features 
variable sensitivity control and adjustable 
timing which provides the most advanced 
sentry system on the market. 

Specifications: 
Ultrasonic Frequency: 35 KHZ A Area Cover- 
age: 15 -30 feet (depending on shape of area) 
. Controls: On -Off Switch; Built in Timer; 
Variable Sensitivity Control A Output: 110 - 
130V at 1 Amp. A Power Requirements: 110 - 
130V, 60 HZAC A Dimensions: 103 /8 "W x 
31/4 "H x 31/4"D A Complete with 110 -130V 
Drop Cord A Walnut designer finish. 

Complete Unit, Ready to Use ONLY $5995 
ppd 

DELTA PRODUCTS, INC. 
P.O. Box 1147 RE /Grand Junction, Colo. 81501 

Please send me literature immediately. 

Enclosed is $ Ship ppd. Ship C.O.D. 
Please send Mark Tens (Deltakit®) (í; $29.95; (12 Volt 
Positive or Negative Ground Only); Mark Tens (Assembled) 
@ $44.95; Volt: Negative Ground only. 12 Volt: Specify. 

Positive Ground; Negative Ground; DeltAlert. 

DF 70-3 

Car Year Make 

Name 

Address 

City /State Zip 

Circle 109 on reader service card 
J 

www.americanradiohistory.com

www.americanradiohistory.com


AT LAST .. . 
TRANSITEK'S CATALOG 

IS READY! 

MANY NEW UNPUBLISHED 
PROJECTS COMPLETE DE- 

SCRIPTIONS GIVEN. 

NEW KITS . . . 

4 CHANNEL PREAMP 
CHANNEL POWER AMP. 

STUDIO QUALITY TAPE 
ELECTRONICS 

PROFESSIONAL PREAMPLIFIER 

LEGAL CORDLESS PHONE - 
WITH DIALING 

RADAR TYPE ALARM SYSTEM - COMPLETE 

plus TUNERS, TESTGEAR - 
MANY OTHERS 

Send 25c in coin for 
catalog & supplements to: 

R NS/ TEK 
Excellence in eltctnonicA. -6g. deeign 

PO Box 98205, Des Moines, Wash. 
98016 

Circle 110 on reader service card 

table, car or panel and cannot be removed 
without owner's key. Free spinning and 
wrench resistant. Owner has one of 25,000 
key combinations. $10.95. Bolen Indus- 
tries, Inc., Hackensack, N.J. 

Circle 58 on reader service card 

CASSETTE RECORD1NG TAPE, Dura- 
tape, fits all types of recorders and 
comes in reels with 30, 60, 90 and 120 - 
minute playing time. Non- jamming and 
packed in plastic box. Non -abrasive clean- 
er for cassette recording heads avail- 
able. Mallory Battery Co., Tarrytown, 
N.Y. 

Circle 59 on reader service card 

3 -WAY BOOKSHELF SPEAKER SYS- 
TEM, the Criterion 100B, incorporating 
10" woofer with 5h lb. magnet structure 

Don't shoot till you see 
the tenths of a volt. 

The sure way to troubleshoot 
solid state TV is with a scope 
that measures DC. 

Take Leader's five -inch 
LBO -53B: 

It gives you a drift -free DC 
input, so you can see those 
tenths of a volt. It gives you a 
bandwidth to 10 MHz. And it 
gives you a sensitivity of 
10 my /cm or better. 

Now for the shocker. You can 
have a Leader LBO -53B for 
just $229, about half the price 
of any other scope with the 
same capabilities. 

Since the proof is in the 
seeing, we direct you to your 
Leader distributor. Ask to see 
our color bar generators too; 
you haven't seen the finest 
until you've seen Leader's. 

Seeing is believing. 
Leader Instruments Corp. 

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

Circle 111 on reader service care 
78 

and 2" dia. voice coil, 3h" midrange 
speaker and 1'z' direct- radiator super 
tweeter. 12 dB /octave L -C crossover net- 
work operates at 3,500 and 10,000 Hz. 
Enclosure is bass reflex type with sonic 
tube. Overall frequency response: 30 -1,- 
000 Hz. Power handling capacity: 40 
watts. Impedance: 8 ohms. Walnut veneer. 
21'2' x 115 x 95 ". $44.95. Stock no. 99- 
02115WX. Lafayette Radio Electronics, 
Syosset, N.Y. 

Circle 60 on reader service card 

NEW 
LITERATURE 
All booklets, catalogs, charts, data 
sheets and other literature listed here 
with a Reader's Service number are 
free for the asking. Turn to the 
Reader's Service Card facing page 75 
and circle the numbers of the items 
you want. Then detach and mail the 
card. No postage required! 
TEST EQUIPMENT CATALOG, form No. 
517, features Sencore's complete line of elec- 
tronic test equipment for 1970. Contains specs 
on Mighty Mite VI -FET- operated tube tester 
with extra socket for testing new tubes, tube - 
caddy -size color generator, FET tester -model 
FT155 -and new BE156 bias supply. Also car- 
ries field -effect meters, sweep and marker gener- 
ator, sweep- circuit analyzer, combination os- 
cilloscope /vector scope, combination transistor/ 
FET testers, CRT tester, and other special - 
purpose instruments. Sencore, Inc., Addison, Ill. 

Circle 61 on reader service card 

GRANTHAM'S ASSOCIATE DEGREE PRO- 
GRAM BULLETIN covers enrollment require- 
ments, curriculum in engineering technology, 
cancellation and refund policy, tuition, G.I. Bill 
training information, and enrollment by corre- 
spondence application. Prerequisites for enroll- 
ment: high school diploma or equivalent and 
one year's full -time experience as technician. 
Grantham School of Engineering, 1505 N. West- 
ern Ave., Hollywood, Calif. 90027. 

Circle 62 on reader service card 

FCC LICENSE CORRESPONDENCE 
COURSE BULLETIN covers information on 
various licenses offered by FCC, G.I. Bill eligi- 
bility, money -back warranty, certificate awarded, 
school's benefits, and application for enrollment. 
Pathfinder School of Electronics, 1505 N. West- 
ern Ave., Hollywood, Calif. 90027. 

Circle 63 on reader service card 

Write direct to the manufacturers for in- 
formation on items listed below: 

ELECTRONIC SERVICING CHEMICAL 
CATALOG, No. 6970, covers tuner sprays, con- 
tact and control cleaners, insulating sprays, lu- 
bricants, circuit coolers, etc. Eight -page catalog 
features Tun -O -Foam, foaming tuner lubri- 
cant /cleaner; Tape Head Cleaner, aerosol spray 
designed for cassette tape recorders; improved 
Mask -N -Glas, cleaner /polisher; Tun -O -Wash, 
tuner degreaser; and Super Frost Aid, to locate 
thermal intermittents fast. Free to distributors 
and TV technicians. Chemtronics, Inc., B'klyn. 
N. Y. R -E 
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Now a Heathkit® 
Solid State Vectorscope /Color Generator 

Only $124.95* 

Accurately Performs All Of These Adjustments: 
Raster 
Static & Dynamic Convergence 
Purity 
Gray Scale 

Fast switch selection of standard 

Dot Color 
Bars 

Shading 
Bars 

J 

Pattern 

Cross 
Hatch 

r 

11111111111 

3.58 MHz Oscillator 
Reactance Coil 
Phase Detector Transformer 
Demodulator Angle Check 
Chroma Bandpass Touch -Up 

Kit 10 -101, 12 lbs. $124.95' 

9 x 9 display ... or exclusive Heath "3 x 3" display 

Horizontal 
Bars 

Vertical 
Bars 

10 -101 SPECIFICATIONS - PATTERNS - Purity: Produces a snow -free raster for purity adjustments. Dots ": 9 x 9 produces a display of 110 small dots. 3 x 3 produces a display of nine dots for convergence adjustments. Crosshatch ": 9 x 9 produces a display of 11 vertical and 10 horizontal lines. 3 x 3 produces a display of three vertical and three horizontal lines for con- vergence and linearity adjustments. Horizontal Lines': 9 x 9 produces a display of 10 horizontal lines. 3 x 3 produces a display of three horizontal lines for vertical linearity and pin -cushion adjustments. Vertical Lines': 9 x 9 produces 11 vertical lines. 3 a 3 produces a display of 3 vertical lines for horizontal linearity and convergence adjustments. Color Bars': 9 a 9 produces a display of ten standard color bars. 3 x 3 produces a display of three standard color bars. A visual finger- print (voltage pattern) of all ten color bars in the form of a petal pattern is displayed for color circuit servicing. Gray Scale: Provides a wide bar crosshatch pattern with six shades of bright- ness for color gun level adjustments. OUTPUT SIGNALS - Video: Greater than *1 volt peak - to -peak composite signal for composite signal injection beyond the video detector. RF: Variable to approximately 25,000 uV output, channels 2 through 6, for composite signal injection into the TV receiver antenna input terminals. Sync: Greater than 3.5 volts peak -to -peak signal for servicing sync circuits without video, or sets having separate video and sync demodulator phase adjust- ments. GENERAL - Power Requirements: 105.125 or 210 -250 VAC, 50/60 Hz, 20 Watts. Cabinet Dimensions: 6%" W x 9%" H x 14%" D. Net Weight: 9% lbs. 
The number of dots, lines, and bars indicáted for a 9 x 9 display is the number displayed if the receiver under test has no overscan. 

JUNE 1970 

3x3 
Color Bars 

r 
3x3 
Shading 

r 

1 

3x3 
Dot 

3x3 
Cross Hatch 

r 

3x3 
Horizontal 

1 3x3 
Vertical 

L 
IZ11 

HEATH COMPANY, Dept. 20 -6 
Benton Harbor, Michigan 49022 

Please send FREE Heathkit Catalog 
Please send 10 -101 Specification Sheet 

Enclosed is $ plus shipping. 
Please send Model 10 -101 

Name 

Address 

City State Zip 
Prices and specifications subject to change without notice. 
',Mail Order Prices; F.O.B. Factory TE -222R 

I. 

a Schlumberger company 

Circle 112 on reader service card 
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How to cool off 
hot-headed 
customers... 

Install Admiral 
Super -Brite 
replacement color 
picture tubes with 
the 3 -year warranty. 

Admiral offers the only replacement color picture 
tube line with a 3 -year warranty. Make sure your 
customers get this extra protection. 

Admiral Super -Brite replacement color picture 
tubes aren't rebuilts. They're brand new. And 
they're available in the U.S.A. and Canada. From 
Admiral, producers of more rectangular color pic- 
ture tube sizes than anyone in the world. 

Now, watch your customers warm up to you for 
steering them right. 

Admirai 
Admiral Corporation warrants this picture tube to be free from defects 
in mate rial or workmanship for 3 years after date of sale to the customer. 

Admiral's obligation is limited to supplying a suitable replacement 
picture tube. This warranty is effective if the picture tube is registered 
With Admiral within 10 days after date of sale to the consumer. 

Circle 113 on reader service card 
80 

PROGRAMMED CAR MULTIPLEX 
(continued from page 68) 

That's it! The signals handled by the paths in 
Frame 8 page 66 are: the L+R, which is the equivalent 
of a monophonic signal, and the L -R sidebands, which 
are the result (at the transmitter) of amplitude -modu- 
lating the L -R audio signal on a 38 -kHz carrier and 
then removing the carrier. 

A receiver picking up a nonstereo signal doesn't 
get any L -R sidebands or any pilot carrier. The 
L+R is fed equally to both sides of the stereo detec- 
tor, because of the center -tap connection to the trans- 
former. This mono signal therefore goes right on 
through to the left and right audio amplifiers. 

A stereo signal is what really puts the multiplex 
section to work. The pilot carrier precisely synchro- 
nizes a 38 -kHz signal for the stereo detector. The 
SCA traps block out potential interference of that 
type. The L -R sidebands and L+R signals are fed 
to the center tap of the stereo detector transformer. 
And then what? 

Fig. 4 shows essentially the stereo detector used 
in all stereo-FM receivers. You may see it drawn 
different ways schematically, but the circuit is virtually 
the same. One way to look at this stereo detector is as 
a pair of phase detectors. Here's how they work. 

Take the one consisting of D1- D2- R1 -R2. The 
38 -kHz signal is applied to both diodes in series. 
When a half -cycle has the top end of the secondary 
negative, both diodes conduct. On the next half -cycle, 
they can't. Thus they are switched "on and off" at a 
38 -kHz rate. Meanwhile, the L -R sidebands are 
being applied equally to both diodes, through the cen- 
ter tap of the transformer. The result is a re- creation 
of the L -R signals that originally formed the side - 
bands. 

38kHz 

DI 

RI 
CI 

(- LEFT AUDIO 

D2 4 u 
R 

D3 
L -R SIDEBANDS 
LtR AUDIO 

R3 

R4 R6 

C2 

E.-RIGHT AUDIO 

At the same time, L+R signals are being applied 
to the same diodes in the same way at the L -R side - 
bands. At the junction of R1 and R2, the recovered 
L -R and the transmitted L +R combine in additive 
phase. The result is cancellation of the right (R) sig- 
nal and reinforcement of the left (L). 

Notice the direction of the other diodes, D3 and 
D4. They are wired exactly the opposite of D1 and 
D2. They, too, are switched on and off by the 38 -kHz 
signal, but in exactly opposite phase to D1 and D2. 
The signal that is recovered is a negative L -R, 
shown algebraically: - (L -R). Combining this with 
the L +R signal at the junction of R3 and R4 is 

therefore subtractive. The result is cancellation of the 
L signal and reinforcement of the R. 

The audio outputs thus developed across RS and 
R6 are coupled through Cl and C2 to the left and 
right amplifier channels. 
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Question: What is it about the lower pair of diodes 
(D3 and D4) in the stereo detector that causes 
them to recover an L -R signal that is opposite 
in phase from the L -R signal developed by the 
upper diode pair (D1 and D2)? 

The diodes don't do this. It is the connection 
across opposite ends of the transformer that gives 
the output the opposite phase. Read Frame 4 
next (page 61). 

The outer foil of one of the output capacitors 
should be turned the other way for this to hap- 
pen. Go to Frame 6 (page 66). 

The lower diodes are connected in opposite polar- 
ity across the transformer, so their outputs are 
opposite in phase. Go to Frame 7 (page 66) 

Wrong -and so soon, too. You haven't read the 
grk first frame and studied its function diagram carefully 
libi enough. Either that or you're just guessing. Go back 

to Frame 1 (page 61) and reread it. Then pick the right 
answer. 

o 

Yes, both do use diodes. The top one, the Moto- 
rola, uses the diode merely as a harmonic generator. 
Clipping off the negative half -cycle makes one side of 
the waveform flat like a square wave. As you prob- 
ably know, a square wave is full of harmonics. The 
transistor would amplify all those harmonics except 
that its collector load is tuned to 38 kHz. That does 
away with all except the 38 -kHz second harmonic. 
and that's what is passed along to the stereo detector. 

The two -diode doubler acts a lot like a full -wave 
power supply without filters. The waveform is a series 
of sawtooth -like humps, at a frequency double that of 
the input. So again the stereo detector gets 38 kHz. 
This time it's amplified first. 

It looks as if you have the idea of the stereo -sync 
branch pretty well. Move now to Frame 8 (page 66) 
and find out about the L- R /L R branches in various 
sets. 

Yes, they are. But that's not the right answer. 
The best way to figure out this one is by careful study 

oof the three diagrams in Frame 12. Then look at the 
three answers at the end of Frame 12 (page 68) again 
and pick another one. 

Not so. They're not always present, even when a 
stereo signal is. When there's no voice or music, there 
is no L -R or L+ R. So neither one is very depend- 

IV able to keep a stereo lamp burning. Go back to 
Frame 11 (page 67), study it again quickly, and have 
another go at the answers. 

Yes, the pilot carrier. It's present all the time a 

stereo signal is being received, even during periods of 
no modulation. So its dependable for turning on a 
stereo lamp and holding it on during stereo programs. 

By now you have a pretty comprehensive idea 
. how the multiplex section of a stereo -FM receiver 

works. To wrap it up, turn to Frame 10 (page 67) and 
read how to be sure all adjustments are okay. They're 
something that throws many technicians, yet there's 
nothing much about them that's complicated. 

(continued on page 90) 
JUNE 1970 

Join the 
Admiral 

S &H book 
club. 

Get a free book of S &H Green 
Stamps with every Admiral Super - 
Brite color picture tube purchase. 

Get a certificate worth 600 stamps 
(% book) with every Magna -Brite 
color picture tube you buy. 

Every book puts you closer to 
owning a set of luggage, a pool 
table, or any other item in the 180 - 
page S &H Gift Catalog, including a 
14 -foot sailboat. 

Register now with your Admiral 
Distributor and learn all the details 
about "A Brighter Year Ahead." Or 
use the Reader Service card. 

Admiral Corporation, 
3800 Cortland Street, Chicago, Illinois 60647. 

Ad ç,nlrai ,ko,o 
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Speakers, 
Stereo. 
Photo Cells 

and 

thousands of 
other 

Electronic 
Parts. Send for 

FREE 
C Catah,g 

I 
u 
u I . City 

11 V 1111 111 1111 11 M 111 1111 11111 

ELECTRONIC DISTRIBUTORS INC. 
Dept. TA -2, 4900 Elston 
Chicago, III. 60630 

RUSH CATALOG 

Name 

Address 

State Zip Ct de 

Circle 115 on reader service card 

Service 
Clinic 

By JACK DARR 
SERVICE EDITOR 

This column is for your service 
problems -TV, radio, audio or gen- 
eral and industrial electronics. We 
answer all questions individually by 
mail, free of charge, and the more in- 
teresting ones will be printed here. 

If you're really stuck, write us. 
We'll do our best to help you. Don't 
forget to enclose a stamped, self -ad- 
dressed envelope. Write: Service Edi- 
tor, Radio -Electronics, 200 Park Ave. 
South, New York 10003. 

Little tube blows big one 
A color set came in with the fly- 

back well smoked up, the 6DQ5 
blown, and so on. The only cause 1 

could find was a bad 3A3 high -voltage 
rectifier. How can such a little tube 
blow such a big one ? -M. V., Chi- 
cago, Ill. 

No trouble at all! The 3A3 is a 

Precision 5 
Line 

Precision has led the 
field in quality and de- 

pendability for 25 years. 

Ureatest value in sound 

for every PA application 
Most trouble -free line in the industry, Precision 
offers a complete range of amplifiers in every 

power range including mobile, and a complete line of accessories. 
From the smallest office to large auditorium or industrial installations, 

Precision gives maximum flexibility and performance. 

S-30MAC 

a 
II 

S-25-30 
. 60-100 

DIVISION OF PRECISION ELECTRONICS, INC. 

9101 KING STREET, FRANKLIN PARK. ILLINOIS 60131 

NAME 

ADDRESS 

CITY STATE ZIP 

` `rw1rN_..I1 1e1111NMIIMIM0MMs0 
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part of the "load" circuit on the fly- 
back, and this load circuit is tuned! 
Just like a radio transmitter: the sec- 
ondary circuit is usually tuned to the 
third harmonic of the sweep. If you 
upset this tuning, your output tube 
will draw a very heavy current, and 
things will start to smoke. 

Sylvania made some tests a while 
back on this point. They showed that 
only 30 seconds of a "massive over- 
load" on a horizontal output tube 
took away the equivalent of 1,000 
hours of life! It doesn't take long. 

Width sleeve "shorts" yoke 
The horizontal yoke on a Zenith 

1922 checked bad. However, I no- 
ticed the metal width sleeve was still 
in it. When 1 took this out, the yoke 
checked good. What happened? - 
W. F., Baltimore, Md. 

Standard flyback -yoke checkers 
work on resonance: they have a tube 
and circuits that will oscillate if. any 
inductance (flyback, yoke, etc.) is 
connected across the test terminals. 
However, if the inductance has a 
shorted turn, the circuit will not os- 
cillate. 

You can verify this by hooking 
up a good flyback and then wrapping 
a "shorting turn," made from a loop 
of solder, etc., around the core. The 
needle will drop into the bad sector 
on a yoke tester. Your width sleeve 
was acting as a shorted turn inside the 
yoke. 

Mysterious short 
I've an Admiral G -13 color chas- 

sis on the bench kicking the circuit 
breaker. I get a reading of only 4 
ohms to ground from B+! However, 
all filter capacitors, etc. are okay! 
What can this be ? -P. J., Tulsa, Okla. 

That is just a little too low re- 
sistance, isn't it? It could be a wiring 
short, of course, but check the verti- 
cal positioning control. This is in the 
high B+ circuit. I've seen one with 
the same resistance and symptoms. 
The slider of the vertical position con- 
trol was accidentally shorted to 
ground. 

In any case like 
isolating: disconnect 

RADIO- 

this, start in by 
all the branches 

ELECTRONICS 
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of the B+ supply circuits, and look 
for the one with low resistance. 

Low- Frequency Remote -Control 
Problem 

l'm using a 455 -kHz fixed -frequency 
receiver to operate a latching relay, for 
remote control operations. Now, I'm try- 
ing to build a hand -held transistor trans- 
mitter that will actuate it satisfactorily, 
and I'm having trouble getting enough rf 
power output. 

I can make it work, but I don't have 
enough range. Can you suggest a better 
antenna circuit for the transmitter? - 
W.S., College Park, Md. 

You can attack this kind of a 
problem from either end; get more 
output from the transmitter, or in- 
crease the signal pickup of the receiver. 
It might be easier to add a long -wire 
loop all around the room, for the re- 
ceiver. This is the method used in if 
communication and paging systems in 
commercial units. In most cases, it 
can be easily added. 

XTAL 
455 KH z 

001 
MILLER 
2004 

9V 

1 

1 

1 

1.8K T.002 'L330 ,PF 
ADDA, 
TRIMMER 

n 
I 

You'll get more out of your trans- 
mitter by peaking that antenna coil, I 
think. This is a ferrite -core loop de- 
signed for BC receivers, and covers a 
range of 550 -1600 kHz., if a 365 -pF 
tuning capacitor is used. You show a 
330 -pF fixed capacitor, and this may 
be peaking your antenna a bit too high. 
Try shunting the 330 -pF unit with a 
variable capacitor that will add up to 
about 400 -425 pF at maximum. 

Peak the transmitter by using the 
receiver as an output indicator. In 
most receivers like this, the developed 
voltage at the grid of the relay control 
tube is almost directly proportional to 
input signal strength. 

JUNE 1970 

Now it costs less 
to own the best 

oscilloscope 
you need. 

The New RCA WO -505A Solid -State Oscilloscope 

Irexpensive Ouality 

tOptional Distributor 
Resale Price 

The best you need is the new 5 -inch RCA WO -505A, all 
solid -state oscilloscope. It makes yesterday's general - 
purpose 'scopes look old- fashioned. 

At just $298.501 the WO -505A offers an unmatched list of 
features usually found only in more expensive, laboratory 
type instruments. For example there's the all solid -state 
circuitry ... an illuminated graph screen calibrated directly 
in volts, and a deep -lip bezel for exceptional clarity. The 
regulated power supply minimizes trace bounce and pro- 
vides excellent stability. And the camera mounting studs 
offer still more evidence of the functional value built into 
the new WO -505A. 

But you've got to see this new RCA 'scope in operation - 
see the sharp, clean trace it provides -to appreciate it. 
Some statistics: 

High- frequency response, usable to 8 MHz. 
High Sensitivity (.05 V p -p range). 
DC vertical amplifier; DC /AC input. 
Return trace blanking ...Trace polarity reversal switch ... 
Phase control. 
High- frequency horizontal sweep; solid lock -in on 5 MHz. 
Preset TV "V" and "H" frequencies for instant lock -in. 
Built -in square -wave signal for calibrating P -P voltage 
measurements. 
Provision for connection to vertical deflection plates of 
CRT. 

Some statistics! For complete details, contact your 
RCA Distributor. 

RCA I Electronic Components I Harrison, N. J. 07029 
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Amateur, Monitor and CB 

CRYSTALS 
Your dealer has a new, fast, direct - 
factory ZIP Crystal Purchase Certificate 
that enables you to get the Amateur 
Controlled Quality Crystals you want 
mailed direct to you promptly. Ask 
about it. 

There's no substitute 
for SUCCESS... 

JAMES WONG -- Research Engineer 
Heald Engineering College Graduate 

or IN -CLASS INSTRUCTION! 

In electronics, it's the training that 
makes the difference. Employers 
require well- trained men and the 
first thing checked is where you 
gained your knowledge. 
HEALD GRADUATES have many job 
offers with starting salaries often in ex- 
cess of $10,000 per year. AND advance- 
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 success- - 
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 Engineering. 

FREE LIFETIME PLACEMENT SERVICE 

VETERAN APPROVED $ /4d 
to WRITE TODAY FOR DETAILS 

ir 

HEALD Engineering College 
1215 Van Ness Ave., San Francisco, California 94109 

Please send me information about: 
ARCHITECTURE 
ENGINEERING: Civil Electrical 

Electronic Mechanical El 
TECHNOLOGY: Electronic Engineering 

Technician (FCC) 
Radio-Television Technician (FCC) 

DRAFTING: Mechanical Electrical 
Structural 

I am interested in Day Evening courses 
Also send an application. 

NAME ACE 

ADDRESS 

CITY 

STATE 

e PHONE 
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No vertical lines on 
bar -dot generator 

In a lot of sets, I have trouble 
getting plain vertical lines with my 
new bar -dot generator. Horizontal 
lines are okay, but sometimes the ver- 
tical lines are so faint I can hardly 
see them. If this happened on all sets, 
I'd send the generator back! It doesn't, 
though, only on a few. Why? - 
A. V. P., Charleston, W. Va. 

Save the postage! Your new bar - 
dot's probably okay. This happens on 
some sets which have video peaking 
controls. If you have this control set 
at "soft," or counterclockwise, it can 
cause a slight smear effect, and this 
makes the vertical bars faint. 

Check the setting of this control; 
it should be at "crisp," or fully clock- 
wise. The basic cause is a loss of low - 
frequency response. Also, be sure 
your fine -tuning control is properly 
adjusted. Between the two, they can 
kill vertical bars almost entirely. 

Calibrating with WWV 
I've lust finished building a signal 

generator, and I want to calibrate it using 
harmonics with WWV. I get too many 
"beeps." How can you tell which one is 
correct ? -R. G., Burlington, Iowa 

The best way is to count up 
from the fundamental. For example, 
if you want to check the generator at 
10 MHz, connect a good antenna to 
a receiver and tune in WWV at 10 
MHz. Leaving the antenna connected, 
couple the signal generator rf output 
loosely to the antenna lead -in. 

You can get a direct check by 
zero -beating the generator against the 
10 -MHz signal. Switch the modula- 
tion on and off to identify the genera- 
tor's signal. Then tune the signal 

generator back to 5 MHz. You should 
hear its second harmonic beat against 
the 10 -MHz WWV signal. You can 
go back to 2.5 MHz, and even back 
to 1 MHz (10th harmonic) and still 
hear a good usable beat. 

Remember the harmonic of the 
generator signal will be higher in fre- 
quency and lower in amplitude each 
time you go up one harmonic. The 
second harmonic is double the fre- 
quency and half the amplitude. If 
the receiver has an S- meter, this will 
provide a rough check. Or use an 
output meter across the voice coil. 

Broadcast radio stations are very 
accurate ( ±5Hz) and can also be used. 
Use harmonics to check lower genera- 
tor bands. For instance, the 450 -kHz 
second harmonic is 900 kHz. There's 
usually a BC radio station near 900 
KHz for calibration. 
Remote -control intermittent 

I've got an intermittent in the 
"Channel Lower" control of a Zenith 
Space Command. Works for several 
days then acts up. -M. H., Brooklyn, 
N. Y. 

If all other functions are work- 
ing, this one must be something nice 
and simple, like a slightly dirty re- 
lay contact. Open the control chassis 
so that you can see the relays, then 
push the button for the intermittent 
function. You can then see which 
relay moves. Check its contacts, and 
"paper" them. Slip a piece of stiff 
paper such as a postcard between the 
contacts and hold them closed. Then, 
pull the paper out. This is a very good 
home -made contact burnisher. 
Converting CATV 
line amplifiers 

I'd like to know a good way to 
convert a transistor CATV line ampli- 

{1 1( cNVe7lLL °Nola 

}.CHSIEK ZIP CENT6ICATE= 

AyAtEUR 

N OW... YOU CAN 

z I/" BORDER f7"2 43 ZV CRYSTAL 

'utmost cENTIFICAtE_ o n-...-, -_.-. 
ïCNS1El :- ,r,, ., ...-. 

AIRAtEUR 
FT-247 21P CIIrSTAL 

FUR CERTIFICATE 
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CRYSTEK 
DIVISION OF 
WHITEHALL 
ELECTRONICS 
CORPORATION 

° formerly Texas Crystals 

1000 Crystal Drive Fort Myers, Florida 33901 

4117 W. Jefferson Blvd. Los Angeles, California 90016 
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fier from its present 40- 110 -MHz 
coverage to 40 -220 MHz. -T. G., 
Canton, Pa. 

So would a lot of people! How- 
ever, this would involve replacing 
all the transistors with higher -fre- 
quency cutoff types, changing all coils 
and capacitors, and so on. In other 
words, you could (and would) be 
building a completely new amplifier. 
This has been verified by some of my 
CATV friends who have tried it. 

This is "theoretically possible and 
technically impractical." 

Horizontal coil `rings wrong' 
I've got an Admiral 15D1 B port- 

able, and the horizontal oscillator 
won't work. I checked everything I 
could think of, even the 3900 -pF 
(.0039 p.F) capacitor across the ring- 
ing coil. There's only -18 volts on 
the horizontal output tube grid. 
Should be -35 volts. What's going 
on ? -L. B., Elmhurst, N. Y. 

I see something that might be 
wrong! While most of these chassis 
did use a 3900 -pF capacitor across 
the ringing coil, some runs used a 
coil which needed only 680 pF. You 
may have one of them. Try a 680 -pF 
capacitor to see if it won't bring the 
oscillator back on frequency. 

Design scope preamp? 
Can you design a transistorized 

scope preamplifier for a dc scope for 
me ? -T. B., New Berlin, Wis. 

Nope. I'm not smart enough. Be- 
sides, this department tries to stay out 
of "design" as much as possible. That's 
not my forte. 

However, I can give you an idea: 
look up a transistor TV schematic, 
and steal the video output stage. This 
will go from a pretty low frequency 
to at least 4.5 MHz, and it does 
work. Lots of good ideas in such 
books as the G -E Transistor Manual, 
Motorola's Semiconductor Data Book 
and RCA's Transistor Manual. 

Test CRT as CRT checker 

If I use a 8YP4 test CRT and get a 
good bright picture when the original 
CRT shows only a very dim picture, does 
this mean the original tube is bad? Or 
is it because the smaller tube naturally 
makes a brighter picture ? -S. W., Flin 
Flon, Man., Canada 

That usually means the original 
CRT is weak. To confirm your test re- 
sults, measure the HV and the dc 
voltages on the CRT base, screen 
grid, etc. If these are okay, but the 
original tube's raster is dim, the tube 
is weak. A 50 -volt p -p video signal 
on the cathode, is further confirma- 
tion. This much signal should make 
a good "contrasty" picture. R -E 

Now it costs less 
to owe the best 
VOM you need. 

The New RCA WV -510A Solid -State MasterVoltOhmyst` 

ZM 

'Inexpensive Quality 

(Optional Distributor 
Resale Price 

The best you need is the new solid -state RCA WV -510A 
Master VoltOhmyst ®. The most functional VOM we've ever 
produced, the 510A has all the features you'll ever need no 
matter what your requirements may be. 

And we've added some extra features you won't find in 
any competitive VOM, at any price... features designed to 
make your work easier, help you get the job done faster. 

For example: The RCA WV -510A operates from batteries 
or AC. Remove the detachable AC line cord while you're 
taking a measurement and the batteries take over immedi- 
ately without a flicker of the pointer. And you'll get maximum 
life from the batteries because they're always on trickle 
charge during AC operation. Stability? Switch from range to 
range and watch a whole series of measurements without 
constantly having to zero -adjust the meter. 
Some statistics: 
Current: 

0.01 milliampere to 1.5 amperes in 8 ranges. 
Resistance: 

0.02 ohm to 1000 megohms in 7 ranges. 
DC Volts: 

0.01 volt to 500 volts in 8 ranges. 
AC Volts: 

0.2 to 1500 rms AC volts in 7 ranges plus peak -to -peak 
voltages of complex waveforms. 
21 megohm resistance on all DC ranges. 

And it's only $128.t complete with DC /AC ohms probe 
and flexible shielded input cable with BNC connector, 
and removable AC line cord. 
Some statistics! For complete details, contact your local 
RCA Distributor. 

RCA I Electronic Components I Harrison, N. J. 07029 
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ARTISAN 
TRAIISTOR ORGANS 

CLASSICAL and THEATER styling for all CHURCH -HOME- 

PROFESSIONAL applications. 

ARTISAN tonal concepts, consoles and related mechanics 

are completely TRADITIONAL in design. 

Individually keyed oscillators and independent sets of 

tone generators with separate amplifiers and speakers 

assure the finest sound. 

Distinctly voiced solo stops that blend in grand ensemble. 

Assemble your own organ and save 40%-12 models in 

KIT or assembled form. In addition, we custom build to 

your specifications. 

Tailor your own sound with PLUG -IN adjustable voices, 

variable VIBRATOS and TREMOLOS, sustain, reverbera- 

tion and REAL PERCUSSIONS. 

For descriptive literature and address of your nearest 

dealer. 

ORGANS 

Write: 
AN ORGANS 

128 E. Wheeler Ave. 
Arcadia, Calif. 91006 
213 -445 -1707 
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NEW BOOKS 
MOST -OFTEN- NEEDED 1969 COLOR TELE- 

VISION SERVICING INFORMATION (Vol. C- 

69). Compiled by M. N. Beifman, Supreme 
Publications, 1760 Balsam Road, Highland 
Park, III. 60035. 81/2 x 103/ ", 192 pp. Paper, 
$4. 

In our review of Vol. TV -28 cov- 
ering 1969 b -w TV receivers, we men- 
tioned that we thought the publisher 
should either include color TV service 
data in the TV series or come out with 
a new series devoted entirely to color. 
Evidently, he was thinking along the 
same lines. This manual -the first in the 
new color TV series -contains reprints 
of original manufacturers' schematics 
and detailed servicing data covering 
about 400 models and chassis from 14 

manufacturers. Possibly, due to an over- 
sight or last- minute editorial or produc- 
tion problems. the Magnavox service 
data covers the T917 solid -state b -w 
chassis rather than a color set. This new 
manual is a must for all active TV ser- 
vice technicians. 

HANDBOOK OF PRACTICAL ELECTRONIC 

TESTS AND MEASUREMENTS, by John D. 

Lenk. Prentice -Hall, Inc., Englewood Cliffs, N.J. 

07632. 302 pp., 61/4 x 91/4". Hardcover, $15. 

Details operations that can be per- 
formed with basic test equipment by the 
technician. Covers voltage, current, re- 
sistance. capacitance, inductance, imped- 
ance, decibel. time, frequency and 
phase, solid- state. microwave, antenna 

and component measurements. A brief 
explanation of the theory behind each 
measurement is included. Generally, a 
simple and laboratory test are described. 

101 TV TROUBLES FROM SYMPTOM TO RE- 
PAIR by Art Margolis. Tab Books, Blue Ridge 
Summit, Pa. 17214. 51/2 x 83/4 in. 224 pages. 
Hardbound, $7.95; paperbound, $4.95. 

A cause and cure guide to problem 
solving virtually any TV trouble -color 
or black & white. Troubles are broken 
down into 5 basic categories: brightness, 
contrast, sweep, color, and sound. Each 
category lists specific troubles relating to 
that symptom. With the categorized 
trouble list and index. the reader can 
find the exact symptom and the trouble 
cure for many TV circuit defects. 

MOST- OFTEN -NEEDED 1967.1969 RADIO DIA- 
GRAMS AND SERVICING INFORMATION 
(Vol. R -27). Compiled by M. N. Beitman, Su- 
preme Publications, 1760 Balsam Road, High- 
land Park, Ill. 60035. 81/2 x 103/ ", 192 pp. 
Paper, $4. 

Volume R -27 is the latest in the al- 
most perennial line of service manuals 
reprinting original manufacturers' sche- 
matics and service data covering AM, 
FM, AM -FM radios and phonographs. 
Contains such essential data as dial - 
stringing diagrams. alignment charts, 
component layouts, PC board patterns, 
and tube and transistor terminal volt- 
ages. R-E 

FREE $1 
Dependable Quality! Old Fashioned SAVINGS! 

BUY WITH EVERY 10 YOU ORDER tOon'siapBuiy FREE GIFT WITH EVERY ORDER 

KNOB SPECIAL 
100 ASSORTED RADIO 
KNOBS All standard types $1 
$20 value 
50 - TV KNOBS - POPULAR Sl 
TYPES Fur most sets 
25 - VERTICAL LINEARITY 
KNOBS Long shank Front Si 
mount . . miniature assortment 
30 - VERTICAL LINEARITY 
KNOBS Side mount. .. $1 
Standard sizes 
25 - KNURLED RADIO KNOBS $1 
liard to get . Rest selection 
25 ASSORTED CLOCK -RADIO 
KNOBS Best assomment, Most 51 
popular types 

ANY 6 KITS FOR $5 

3- ELECTROLYTIC CONDENSERS $1 
C.D. 500 mid -200 volts 

3- ELECTROLYTIC CONDENSERS $1 
G.E.-200 '30/4 / 1 Omfd -350 volts 

3- ELECTROLYTIC CONDENSERS S1 
most popular number 50/30 -150v 
7 - TV ELECTROLYTIC CON- $1 
DENSERS desirable types 

5 - 6' LINE CORDS $1 
#18 Stranded Copper Wire 

MOTOROLA PWR TRANSFORM $1 
CT 150/1500, 6.3v 

25 - #130 WESTINGHOUSE PI- 
LOT BULBS 5000 Hours...Same $1 

t-, 

25- WESTINGHOUSE PILOT 
BULBS Your choice of #241, #154, $1 
/#PR -23 

50 - ASSORTED PRINTED CIR- $1 
CUIT SOCKETS best types 

MARKET SCOOP COLUMN 
I-I 12" UNIVERSAL SPEAKER. Top $4 iJ Quality . . 1.at \carnet 

10" PHILCO SPEAKER $2.69 
Top Quality . . . Large Magnet 

8" UNIVERSAL SPEAKER - S1.94 
Large Magnet- Special Buy . 

6 "- ECONOMY SPEAKER TOP $1.94 
quality 2.15 Mag. 

5" UNIVERSAL TWEETER $1.29 
Li I Oz. . Magnet 

UNIVERSAL 51/2" PM SPEAKER $1 
Alnico 5 magnet, quality tone 

UNIVERSAL 4" PM SPEAKER $1 
With 50L6 Output Transformer . 

UTAH 8" -3 WAY CO -AX 
El 

UTAH 
30 Watts, 8 Ohm $18.95 

Special OO 

UTAH 12" -3 WAY CO -AX 
SPEAKER 45 Watts, 8 Ohm $29.95 
Special L J 
21/2" x 4" SPEAKER 
Special Buy 

31/2" - ROUND SPEAKER 
Special Buy 

25 - 3900. OHM -7W RESISTOR $1 
10% Corning glass 

20 - .47.600V CONDENSERS 51 
White Ceramic C.D.- American 

C SPECIAL TUBE BUY sono. mira, Apt 
4CS6, 12AU7, 12BH7. Each .. 7 
10 - ASST. R 
Every Tubs a good number 

8 TV TUBES $1 

3- PRINTED CIRCUIT IF TRANS - $1 
FORMERS 4 -Log, 

69e 

59e 

456 KC 

COLOR -TV RECTIFIER - 
Used in most color sets -6500 51.95 
kv 3 foe 

15 - ASST. ROTARY SWITCHES S1 
all popular types 820 value 

Neon Glow lamp for 101 uses .. $ 

o 

á 

o 

15 - G.E. #NE -2 TUBES 

150' - BUSS WIRE -2r) 'tuned $1 
for hookups. special circuits, etc. 

50 - .0033 DISC CERAMIC S1 
CAPACITORS CH 
STANDARD TV TUNER 21mc- 
with schematic Popular type for $5 
many TV's 7 
12- MINIATURE ELECTROLYTIC 
CONDENSERS For Transistor & $0 

miniature works 
10 - MINIATURE 456KC IF 
TRANSFORMERS Exceptional value y 
-PC- - x the 'i 
HEAVY DUTY COLOR FOCUS 511 

RECTIFIER 14,000 PIV @ 1 ma 

50 - OIL IMPREGNATED 
TUBULAR CAPACITORS For. 
celain, Axial Leads -Most $3.25 
popular values 

2 - COLORBURST QUARTZ - 
CRYSTAL REPLACEMENT For 
most Color TV Sets .. 3579.545 $1.49 
KC 

TV TUNER - ast. all Bev 51 
standard makes. I.ess tubes 
TV TUNERS asst. all new standard 

$3 makes, including Tubes 

WESTINGHOUSE STANDARD 
TUNER #470°122801- (3GE5- 54 
6JC81 Tubes) 

UHF TUNER - TRANSISTOR $3.95 
TYPE Used in all TV Sets .... 

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 

Name 

Address 

E 

E 
E 

300 - ASST. 1/2 W RESISTORS 
Top Brand. Short Leads. Excellent 51 Selection 
100 -ASST 1/4 WATT RESISTORS Sl stand. choice ohmages, some in 5'', 
100 -ASST 1/2 WATT RESISTORS $1 
stmui. choice ohmages, some in 5e7 
70 - ASST 1 WATT RESISTORS 51 

some stand. choice ohmages, some in 5% 
35 - ASST 2 WATT RESISTORS 51 
stand. choice ohmages, some in 5% 
50 - PRECISION RESISTORS 51 
asst. list -pries $50 less 98% 
20 - ASSORTED WIREWOUND $l 
RESISTORS, 5, 10, 20 watt 
4 - TOGGLE SWITCHES $1 
SPOT. SPDT, DPST, DPDT 
10- ASSORTED SLIDE SWITCHES S1 
SPOT, SPDT, DPDT, etc. 
TRANSISTOR RADIO asst OP, $ 1 50 
good, bad, broken, as -is, potluck 
TAPE RECORDER - asserted types 5,s 
good. Ital. broken, as -is, potluck Y 
32' - TEST PROD WIRE $1 
deluxe quality, red or black 
HEARING AID AMPLIFIER $1 
incl. 3 Tubes. Mike, etc. (as is) 
COLOR POWER TRANS. 
FORMER - Dotal for most $695 
sets 2611150 List Price -$36.75 
6 - TRANSISTOR RADIO EAR- $1 
PIECES +cues complete with plug 
$20 - SHURE M7D DIAMOND 53 
NEEDLE exact replacement 
100' - FINEST NYLON DIAL $1 
CORD best size, .028 gauge 

10 - SETS PHONO PLUGS 8 S1 
PIN JACKS RCA type 

BROOKS RADIO óc TV CORP., 487 Columbus Ave., 

86 

Cost of 
goods 
Shipping 
estimated 
TOTAL 

MERCHANDISE (our choice) with advantage to customer 

212-874 5600 
TELEPHONE 

RADIO-ELECTRONICS 

New York, N. Y. 10024 
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TRY THIS ONE 
SALVAGING A HAND REAMER 

Don't throw away your hand 
reamer that is ineffective because of 
nicks and rounded edges. Instead, use 
a flat file to restore each surface of the 

reamer to like -new condition. For best 
results, clamp the reamer in the vise, 
and make an equal number of long 
even strokes on every flat surface. - 
Robert E. Kelland 

RADIO CONTROL MONITOR 
With the large increase in the use 

of 72 -76 Mhz radio -control devices 
to operate overhead cranes, this tip 
may prove quite helpful to other ser- 
vice personnel as it has to our own 
plant electronics crew. 

When a radio -controlled crane is 

reported out of service, it helps if the 
repairman can determine, on the spot, 
if either the portable transmitter is at 
fault or the crane. Since cranes can be 
anywhere from 30-100 ft off the 
floor, that climb to the crane bridge 
can be laborious and time con- 
suming- especially since cranes gener- 
ally break down someplace other than 
where a crane ladder is located. 

We have found that the popular 
FM pocket portable, currently avail- 
able for under $20 and covering the 
vhf police bands (150 Mhz -172 
Mhz), can pick up extremely strong 
second -harmonic signals over 50 ft 
away. Command tones are clearly dis- 
cernable on this unit. Our men carry 
one in their pocket and quickly deter- 
mine if the transmitter is at fault (it 
generally is), or whether the trouble 
is up on the crane bridge where the 
electronics and electrics are located. 

The vhf set also proved to be a 
useful tool in the shop for monitoring 
transmitters under repair. It does not 
replace the scope or other in- 
struments, but for minor repairs such 
as weak batteries, broken cables, and 
intermittents, it is a time -saver that 
our men have come to appreciate.- 
Domenic R. Ripani R -E 

COMPUTER BOARD 
SPECIAL 

Honeywell Computer boards, 41/2" x 12 ". Tran- 
sistors, diodes, zeners, capacitors, precision 
resistors, heat sinks, trimmers etc. 3 Different 
hoards $1.00. Stock No. B9082. 
Stk. No. TRANSISTORS 
B4000 2N277 Motorola PNP Germanium 

Power 55 Watts .75 3/2.00 
84001 2N1183B RCA PNP Germanium 

Power 7.5 Watts .75 3/2.00 
B4002 2N1204 Motorola PNP Germanium 

General Purpose 5/1.00 
B4003 2N231 PNP Germanium General 

Purpose 5/1.00 
B4018 2N1907 Texas Inst. PNP Germa- 

nium Power 150 
Watts 175 

B4022 2N1546 Motorola MP 1546 High 
Reliability 90 Watts .1.00 

B4023 #108 Motorola or Delco Similar 
to 2N1100 40 watts 3/2.00 

B4024 2N3567 Fairchild NPN Silicon 
General Purpose 5/1.00 

B4025 MADT Sprague 4/1.00 
B4035 2N1137B Motorola 80 Watt PNP 

Power ..50 5/2.00 
B4028 2N1011 Motorola PNP Germanium 

Power 35 Watts 3/2.00 
ZENER DIODES 

B4010 1N751A 5.1 Volts, 400 mw 5 /1.00 
B4011 1N3039A 62 Volts, 1 Watt 3/1.00 
B4012 1N3822 3.6 Volts, 1 Watt 5/1.00 
B4013 1N3000B 62 Volts, 10 Watts 2/1.00 
84014 1N3048B 150 Volts, 1 Watt 3/1.00 
B4015 1/4 M3.0 3 Volts, 1/ Watt 4/1.00 
B4029 1N429 5.6 Volts, 1 Watt 4/1.00 
Lots of other items -send for free flier; all mer- 
chandise fully guaranteed. Please include postage; 
excess will he refunded. 

DELTA ELECTRONICS CO. 
BOX 1, LYNN, MASSACHUSETTS 01903 

Circle 123 on reader service card 
CANADIANS: Ordering is easy - we do the paperwork - try a small order 

WESTINGHOUSE ALL TRAN- 
SISTOR HOME, 'OFFICE 

MESSAGE CENTER 
Leaves messages for other fol' replay . Built in speaker /microphone for talk -into convenience . Re- cords up to 3 minutes of messages . Illuminated signal shows when a message is waiting. Control adjusts playback volume without affecting recording volume Capstan Drive: 
BRAND NEW SOLD AS IS 10 S 10% off in lots or 3 

RCA 110° FLYBACK TRANSFORMER 
We scooped the Market 
Latest type - standard 
for all 110° TV's 
RCA's design of large 
Coil produces 181(V- 
assuring adequate width 
Incl Schematic Diagram 
application f n r any 7'V 

i.lst price 813.90 

S3 
Your price . 

10l^c or in lots of 3 

110° TV DEFLECTION YOKE $3 
for all types TV's in el schematic . - 

"COMBINATION SPECIAL" 
RCA 110° FLYBACK S5 
plus 110° DEFLECTION YOKE 7 

90° FLYBACK TRANSFORMER $2 
for all type TV's in c1 schematic . 

90° TV DEFLECTION YOKE S2 
for all type TV's noel schematic . 

70' FLYBACK TRANSFORMER S2 
for all type TV's noel schematic . 

70° TV DEFLECTION YOKE 52 
for all type TV', incl schematic . 

2 - TV CIRCUIT BREAKERS 51.49 
Rated 4.2 TO 5.0 AMPS, etc. . 

Li For 
COLOR YOKE $10.95 

For all round color CRT's 

90° COLOR YOKE For an 
Rectangular 19 to 2 Color 

$10.95 CRT's 

.-4,- 
.... 

IBM COMPUTOR 
SECTIONS 

8 assorted Unite we 
cell for Si are 
loaded with mer 
150 valuable parts. 
Incl. - Trea.letor. 
condensers, Realist. 
ore. Heat Sinks, M- 
adam. Etc. 

8 for $1 
100 lar $10 

300 - ASSORTED HEX NUTS sl 2/56, 4/40, 5/40, 6/32, 8/32 . 

250 - ASST. SOLDERING LUGS 51 best types and sizes 

250 - ASST- WOOD SCREWS 
finest popular selceti i, 

o 
250 - ASST. SELF TAPPING 
SCREWS #6, #8. etc. 

150 - ASST. 6/32 SCREWS 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS 
$1 

1 

$1 

!El 

' $1 

$1 

51 

$1 

and 150-5/40 HEX NUTS .... 
500 - ASSORTED RIVETS 
most useful selected sizes 

500 -ASSORTED WASHERS 
most useful selected size. 

sl 

$1 

100 - ASST. RUBBER BUMPERS Sl for cabinet bottoms & other use. . 

100- ASSORTED RUBBER GROM- S 
METS best nines 

WESTINGHOUSE FM TUNER 
%476- V0061101 (12DT8 51.99 

Tube) 

RCA DAMPER DIODES - #120818 u.ird to most color 59.9, sets 3 For 

i- 

-SHANNON MYLAR RECORDING TAPE- 
21/2" 

3" 

31 /a" 
5" 
5" 
5" 
5" 

7" 

7" 

- 225' ..S .17 7" - 2400' $1.79 
225' .19 7" - 3600' 2.95 

- 300' .27 CASSETTE 80 minutes .89 

- 600' .58 CASSETTE 90 minutes 1.54 

- 600' .62 
CASSETTE 120 minutes 1.97 

- 900' .80 

- 1200' .. .97 21/2" TAPE REEL .04 

- 1800' .. 1.49 
3" TAPE 
31/4" TAPE 

REEL 
REEL 

.05 
.06 - 1200' .. .77 5" TAPE REEL .12 - 1800' .. 1.12 7" TAPE REEL .14 

MOTOROLA HEP KIT -INTE- 
GRATED CIRCUITS INCLUDES 
_ One .I -I: flip flop. One Dual 
Buffer. One 4 -input Gate. Two 53.95 
Dual 2 .Input Cotes. All Five 
MOTOROLA EXPERIMENTER 
KIT AEA -2 -9 Project a, instruc- 
tions epcl -,.ed. includes 2.FET. 
2- Trnn.i...tir,. "Tips on using 53.95 
Pal's.. .c t'n.- reference Guide. 

2- MOTOROLA HEP -170 RECTI- 
FIER -t, AMPS and 160(iV(PIV) 
Cn: er- all 000MIA to 2500MA units 
v,,Itage ranging from 50PIy to 

51 10(r0 P1V 

4 - TV ALIGNMENT TOOLS S1 
most useful assortment #1 

4 - TV ALIGNMENT TOOLS $1.49 
For Color TV #2 
3 - TOP BRAND 35W4 TUBES SIL 

UNIVERSAL MICROPHONE S2 regular /remote /single & dual plug 

CRYSTAL LAPEL MICROPHONE 59° high impedance, 22(10 -6000 cps 

STEREO HEADPHONES 
Hi -Fi Quality Complete 55.95 with Stereo plug 
50 - TUBE CARTONS (colored) Sl 
assorted sizes for Popular Tubes .. 
4 - 36" Hi -Fi CABLES RCA 
Molded Phone plug at one end 
stripped and tinned leads on other 51 end 

3' JUMPER CABLES Maie RCA 
$1 

19 
Type Plug on Both Ends, 2 for 

I1 50 - ASST. TERMINAL STRIPS S1 -J all types, 1 -lug to 6 -lug 

Circle 122 on reader service card 

l 

O 
O 

2 -G.E. PIECES OF EQUIPMENT $l 
stacked with over 200 useful pans 

50 - ASSORTED MYLAR CON- S1 
DENSERS ''Icci u selected types . 

3 - TOP BRAND SILICON REC- 51 
TIFIERS 1 atop. 1nn0 ply 
20 - ASST. PILOT LIGHTS #44. .10. .17. 51. etc. $1 
50 - ASSORTED #3AG FUSES 51 
popular ampere rating, 
4 - 50' HANKS HOOK -UP WIRE S1 
assorted colors 

100' -SPOOL SPEAKER WIRE 51.50 
2 conti, mini zip. clear, 101 use, di 
5 - I.F. COIL TRANSFORMERS Sl 450 -kc for Transistor Radios 

5 - AUDIO OUTPUT TRANS- Sl 
h FORM Snmin for Trans Radios 

5 - PNP TRANSISTORS 
$1 general purpose, 7'O -3 case 

5 - NPN TRANSISTORS $1 general purpose. TO.5 case 

100' -TV TWIN LEAD -IN WIRE S2 
300 ohm, deluse heavy duty, clear 

UNIVERSAL TV ANTENNA 
ltack of set mounting 51.9e 
5 section crois 

50 - ASSORTED TRANSISTORS 51 
big factory -,cony -sold as 

0 TO 200 MICRO AMP MINIA- 1 
TURE METER 11/2 ` ll/2 .. wt. 
3 Oz. Excellent S meter 5 

10 - STANDARD TRANSISTORS Sl 
NPN & PNP 2N4(14. 2N414, etc. . 

10- ASSORTED DIODE CRYSTALS S1 1N34, 1N48, 12460. 1N64. etc. 
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When you're 

putting up an 

antenna, 

RCA supports it. 

With a complete 

line of hardware. 
Chimney, wall, and roof mounts. 
Masting. Guy wires, fittings ... 
and standoffs, too. Whatever your 
requirements ... RCA meets 
them with a complete line of 
Antenna Installation Hardware. 

Every item in the line has been 
given that special attention to 
design and quality that you've 
come to expect from RCA. 

Ask your RCA Distributor about 
the RCA antenna hardware line, 
and about his special deal on 
a hardware merchandiser for 
profitable "do -it- yourself" sales: 
Sell the hardware line with built -in 
consumer acceptance -RCA. 

Parts and Accessories, 
Deptford, N.J. 08096 

ftc,. 
Antenna 
Installation Hardware 
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VECTOR-SCOPE 
ON THE QUASAR 
by STAN PRENTISS 

\MERICA'S ALL SOLID STATE, LARGE 

screen, color set chassis, Motorola's TS- 
915/919. has now been on the market 
two years. Except for a solid -state high - 
voltage rectifier and certain ac regu- 
lation in top -of- the -line models, the 
basic receiver has changed little. 

Appearances can often be deceiv- 
ing, however. Tuners are always under - 
going modifications (or outright substi- 
tution) ; resistance -capacitance -inductance 
values may be altered for additional noise 
suppression, age action, horizontal sweep 
improvements, or to render a better 
picture. 

The TS 915 is certainly no ex- 
ception. Motorola engineers devoted mg- 
jor attention to the color circuits, and 
have removed shielding from color 
panel S and simplified a number of sig- 
nal paths with favorable results that can 
he seen in vector display patterns. 

Vectorscopery 
Right now let's take a look at a ran- 

dom selection of vector waveforms that 
could well identify the difference be- 
tween a good set and a host of later 
troubles. If you're worried about the 
proper vector scope setup, reverse polar- 

IF YOU ARE A TV REPAIR 
MAN YOU NEED 

TV TECH AID! 
TV TECH AID is the best trouble shooting 

guide available today. It takes all the guess- 
work out of TV repair and is designed to help 
you solve your problems quickly and eco- 
nomically. 

Each month you receive updated informa- 
tion on up to 40 different trouble -shooting 
cases. This important information is supplied 
to us by technicians, field reps and all the 
leading TV manufacturers. 

You will find every symptom pictured with 
a clearly marked schematic of the particular 
faulty stage. The faulty components and cor- 
rections will also be listed to aid in repair. 
You go right to the source of the trouble 
without guesswork. In addition you get val- 
uable information on current models as well 
as older models along with circuit changes 
and modifications as they occur. 

TV TECH AID is the best investment you 
can make in your own business. The cost to 
you is only $7.95 for a full years subscription. 
Send for it now ... You'll be glad you did! 

TV TECH AID 
P.O. BOX 603 
KINGS PARK, L. I. 
NEW YORK 11754 

ENCLOSED IS A CHECK OR M.O. FOR 
$7.95 PLEASE SEND 12 ISSUES OF TV 
TECH AID 
TO: 

NAME 

ADDRESS 

CITY 

STATE 7IP 

L 
Circle 124 on reader service card 

ity of the normal vertical and horizontal 
plates (since color and luminance are 
both fed to the receiver's cathodes) and 
connect a standard, calibrated color bar 
generator to the receiver terminals. Then 
connect the vertical plate of the os- 
cilloscope through an RC network to the 
red cathode of the CRT and the horizon- 
tal plate to the blue cathode. Adjust the 
receiver's Hue control so that the No. 1 

color bar is yellow- orange and the third 
bar is red (the receiver will respond ex- 

actly). 
Then, if you're still dubious, con- 

nect an oscilloscope through a low -ca- 
pacitance probe to the blue cathode and 
set the Hue control so that the third and 
ninth color reference bars are as near 
zero (center horizontal graticule line) as 
possible (Fig. l ). Note several things in 
this receiver. The brightness control 
must be considerably retarded. The hori- 
zontal blanking pulse is some 10 -µsec 
plus wide. And the tenth color bar is 
blanked, presumably to relieve stress on 
the dc regulated collectors of the hori- 
zontal output transistors. (We're using a 
calibrated triggered sweep oscilloscope.) 

The first pattern shown is the true 
vector scope pattern (Fig. 2) with the 
receiver properly adjusted showing the 
third red bar at a true 90° and sixth 
blue bar at approximately 180 °. Imme- 
diately you know that the receiver is op- 
erating correctly and is demodulating 
near quardature (90 °), one of the opti- 
mum angles for satisfactory flesh tones. 
The slight fuzziness in the display is due 
to the cycling of several air conditioners 
in the distributor's building. 

RADIO -ELECTRONICS 
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Fig. 3 
As the scope reveals, the 10th color 

bar is completely blanked. Note the 
sharp rise and fall times of the vertical 
red bar; this is highly indicative of good 
color detail. 

Breakdowns 
The first "breakdown" we'll exhibit 

(Fig. 3) is a common base -to- emitter 
short of the 1st color i.f. amplifier. (This 
really simulates an open, since collector 
voltage merely rises to that of the sup- 
ply.) If the 3.58 MHz oscillator quits or, 

Fig. 4 

for that matter, if there is any complete 
break in the color chain, the vector 
scope will produce only this single dia- 
gonal line. 

At times like this, the vector scope 
is basically useless, except to tell you 
that the trouble is in the receiver and 
not in the cathode ray tube. No color 
and a full vector display would directly 
implicate the receiver's CRT. 

The next fault is a shorted diode 
from the collector of the color oscillator 
output to ground. As seen in Fig. 4 and on 
the receiver's CRT, this upsets the fre- 
quency of the color oscillator output by 
disturbing the shunt and feedback net- 

JUNE 1970 

Fig. 5 
(continued on page 92) 

Important New SAMS Books 
New 10th Edition of the Sams 

Transistor Substitution Handbook 
by the HOWARD W. SAMS ENGINEERING STAFF. Fully 
updated to include tens of thousands of substitu- 
tions. Covers all manufacturers and gives proper 
substitutions for all types of bipolar transistors: 
U.S. and foreign, home -entertainment and indus- 
trial. Computer- compiled for accuracy. Also in- 
cludes manufacturers' recommendations for gen- 
eral- replacement transistor substitutions 
Order 20773 only $1.95 

Color -TV Training Manual. 3rd Edition 
by the HOWARD W. SAMS ENGINEERING STAFF. The 
completely revised third edition of this famous 
training guide covers all the latest developments 
in the field. Written for the technician preparing 
to service color TV receivers. Describes the sci- 
ence of color, requirements and make -up of the 
color signal, latest color circuits, and practical 
setup and servicing procedures. Includes full -color 
picture tube photos. Order 20736, only $6.95 

ABC's of Air Conditioning 
by ERNEST TRICOMI. This book presents a non- 
technical explanation of the laws of physics which 
relate to air conditioning and shows how these 
laws are applied practically in the design and 
manufacture of all types of air conditioning units 
and their components. Covers components com- 
mon to all systems, electrical systems, estimating 
capacity and installation methods, and air con- 
ditioning repairs. Order 20725, only $2.95 

1 -2 -3 -4 Servicing Transistor Color TV 
by FOREST H. BELT. The "1 -2 -3 -4 Method" is a 
simple, logical, step -by -step process which helps 
do the service job the right way and the easy way. 
In this book, the fundamentals of transistor color 
TV are covered, followed by a detailed explana- 
tion of how to apply the method for quick trou- 
bleshooting and easy repairs. Supported by a 
wealth of illustrations, charts, and block and 
schematic diagrams to make understanding easy. 
Order 20777, only $4.95 

Tape Recorder Servicing Guide 
by ROBERT G. MIDDLETON. Thoroughly explains 
the principles and characteristics of magnetic 
recorder circuitry, describing the various corn - 
ponents and systems. Provides comprehensive 
instructions on preventative maintenance, adjust- 
ments and minor repairs, and solving tape trans- 
port, recording, and reproduction troubles. 
Order 20748, only $3.95 

1 -2 -3 -4 Servicing Automobile Stereo 
by FOREST H. BELT. This book first applies the 
ingenious "1- 2 -3 -4" repair method to both me- 
chanical and electrical equipment and then pro- 
ceeds to cover the electronic and mechanical 
principles of automobile stereo, fm multiplex and 
tape cartridge systems. Finally, the book shows 
how to apply the method to auto stereo systems. 
Includes many schematics, charts and illustra- 
tions. Order 20737, only $3.95 

Workshop in Solid State 
by HAROLD E. ENNES. Presents the technology of 
transistor operation in terms familiar to those 
educated in tube technology. Provides an orien- 
tation in solid state principles, and a detailed 
analysis of the diode; covers transistor param- 
eters, linear switching and pulse circuits, a wide 
variety of practical design problems and applica- 
tions and basic testing and servicing techniques. 
Order 20735, only $9.95 

r HOWARD W. SAMS & CO., INC. - 
Order from your Electronic Parts Distributor, 
or mail to Howard W. Sams & Co., Inc., Dept. RE -6 
4300 W. 62nd St., Indianapolis, Ind. 46268 
Send books checked at right. S enclosed 

20713 

20736 

20725 

20777 

20748 

20737 

20735 

Send FREE 1970 Sams Book Catalog 

Name 
PLEASE PRINT 

Address 

City State Zip 
L 
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NEW 
FREE 
SWITCH CATALOG 
Complete 44 -page Master Catalog is yours for 
the asking ... photographs, cutaway illustrations, descrip- 

tions, detailed specifications, application data and exclusive 

Switch Selector- Locator for CHERRY COIL SPRING 

SNAP -ACTION SWITCHES LEVERWHEEL and THUMB - 

WHEEL ROTARY SWITCHES MATRIX SELECTOR 

SWITCHES GOLD "CROSSPOINT" CONTACT SWITCHES 

CHERRY 
CHERRY ELECTRICAL PRODUCTS CORP. 
1668 Old Deerfield Road Highland Park, Illinois 60035 

Circle 126 on reader service card 

A clever tape file 
Stores 5 reels in one sturdy plastic case with swing -out 

compartments. Protects these valuable tapes, keeps them 
handy, indexed and orderly. Stacks hori- 
zontally or vertically, comes in three sizes 
(for 3 -, 5 -, 7- inch reels) . Handsome two - 
tone beige. (A neat 8 -mm film file too ! ) 

r 

3 ": $2.99 

5": $4.45 

7": $4.95 
(all prices less reels) 

eAvailable through your local distributor, or write to: 

RYE INDUSTRIES INC. 
127 Spencer Place, Mamaroneck, N.Y. 10543 

Circle 127 on reader service card 
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PROGRAMMED CAR MULTIPLEX 
(continued from page 81) 

You missed! Remember, the pilot carrier goes its 
own way. It goes down the sync branch, where it 
locks a 38 -kHz oscillator or is doubled to form a 38 

°kHz carrier. So that keeps it out of the L -R /L+R 
channel. Go back and reread all of Frame 8 (page 66) 
and then pick another answer. 

e 

Yes, that's right. You're on your way. The pi- 
lot, or stereo -sync, portion is always taken from the 
composite stereo signal and fed to the reinsertion car- 
rier generator. The L -R sidebands and L+R signal 
follow their own path to the stereo detector. That's 
why the function diagram shows two branches -one 
for sync and one for L- R /L -1-R. These do not cor- 
respond to the two audio channels -left and right - 
that are the output of the stereo detector. 

There are important differences among various 
models. For example, one brand doesn't use an am- 
plifier stage in the L -R /L+R branch, though an- 
other needs that extra amplification. Or, SCA traps 
may be in the L- R /L-FR branch instead of at the 
preamp. 

Several models vary in how preamp outputs are 
split. In some, one signal is taken from the collector, 
which imparts some amplification. The signals for the 
other branch don't get amplified, being taken from the 
emitter. But of course it does isolate them from each 
other. Furthermore, they may get their boost from an 
amplifier in their own branch. 

Probably the major difference in various models 
lies in how the 38 -kHz carrier is developed. In Delco 
models, for example, a 38 -kHz oscillator is used. An 
amplified 19 -kHz pilot signal synchronizes it. Bendix 
sets, original equipment in some new cars, have a fre- 
quency doubler following a pilot amplifier. Motorola 
has a doubler, but it's stereo detector is sensitive 
enough that the pilot amplifier isn't needed. In Tenna 
Corp. receivers, a doubler comes first and the 38 -kHz 
signal is then amplified. 

In a few sets, an audio preamplifier for each side 
(left and right) follows the stereo detector. However, 
audio preamps are usually part of the audio section of 
the receiver. 

Some models have a stereo indicator stage. No 
two brands have identical stereo indicator circuits. 
You'll learn a little more about them in a later frame. 

Question: What method is used most in auto 
stereo-FM receivers to develop the 38 -kHz rein- 
sertion carrier for the stereo detector? 

Multiplex channel pilot carrier. Go to Frame 3 

(page 61). 
Frequency doubler. See Frame 12 (page 68). 

El Synchronized oscillator. Turn to Frame 2 (page 61). 

Oh, no it isn't. Look again at the top diagram in 
Frame 12. That's a capacitor (C3) coupling the 19 -kHz 
signal from the preamp to the diode in the base circuit 

eof the doubler. Here's a clue: the similarity referred to 
r by the question is in the doublers. Now pick another 

answer in Frame 12 (page 68). 

No, that's not right. Only one portion of it is 

there all the time when a stereo station is on the air. 
Stop and think about it a minute and you'll have the 

®,answer. If you can't get it, go back to Frame 11 (page 

I`67) and it'll come to you during a quick reading. 
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THE FIRST IN-CIRCUIT TEST 
TO TELL A GOOD TRANSISTOR 

FROM A BAD ONE. 
WITH NO IFS, ANDS OR BUTS. 

Inside every transistor is a message you want 
to get at: whether the transistor is good or bad. 

We've come up with a way to let the 
transistor tell you. For dead -certain, without 
ever taking the transistor out of the circuit. 
(In fact the circuit isn't even on.) 

Our way is the transistor curve tracer you see 
above. It sweeps a transistor with pulses of 
DC voltage. And presto, the transistor 
starts talking. 

You get the message on an oscilloscope. 
If the transistor is good you see a family 

JUNE 1970 

of curves; if it's kerflooey, a single vertical or 
drooping line appears; and if the transistor 
is open, the scope will show you a single 
horizontal line. 

Another thing. 
Transistor manufacturers make lots of 

essentially identical transistors. But each 
manufacturer uses different numbers, so you 
don't know the transistors are identical. 

Our transistor curve tracer can tell you that 
too. So you don't have to buy all those identical 
transistors; instead you can build up an 
inventory of universal replacement types. 

It's all so simple, we don't know why 
somebody didn't think of it before. All we know 
is, nobody did. 

The dynamic transistor curve tracer. 
$120 at your local distributor's. 

Good transistor. Shorted transistor. 

JUD WILLIAMS 
Box 335, Long Valley, N.J. 07853. (201) 876 -4376 

Circle 128 on reader service card 
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NEW ENDECO 

Desolderi ng 
Kits MODEL 

300 -K 

KIT 

SHOWN 

All you need to handle 

almost any desoldering 
and resoldering job! 

Kit 300K includes the famous Endeco 
pencil desoldering iron Model 300, six 
different size tips (.038 to .090) for any 
job, tip cleaning tool, and metal stand 
for iron ... all in a handy lifetime steel 
storage box. $19.90 net. Model 300K -3 

with a 3 -wire cord $20.90. Also a similar 
kit for military users. Kit 100K with large 
Endeco iron (Model 100A) is $27.40, and 
3 -wire Kit 100AD -3 $28.40. 

SEE YOUR DISTRIBUTOR OR WRITE 

ENTERPRISE 
DEVELOPMENT 
CORPORATION 

5147 E. 65th Indianapolis, Ind. 46220 

Circle 129 on reader service card 

VECTOR SCOPE ON THE QUASAR 
(continued from page 89) 

work and produces a "fan" of high fre- 
quency oscillations on the screen of the 
vector scope. 

At this point, let's detune the coil in 

the color output circuit (Fig. 5) so the 
color bars on the set's CRT are moved 
to the left and the vector pattern is 

shifted to the right, the first bar now ap- 
pearing at 85 °. The third bar should be 
at 90 °- remember? Detuning the lumi- 
nance and chroma coupling transformer 

Fig. 6 

will do the same thing if the top coil is 
detuned. and the inverse if the bottom 
coil is out of tune. It might be disastrous 
to attempt to align both of these trans- 
formers at the same time. 

Should the capacitor in the collec- 
tor of the color oscillator phase splitter 
short, the vector display would collapse 

to a diagonal line and the receiver's 
CRT would only show purple bars with 
green shading. 

Demodulators and traps 
An excellent use for the vector 

scope is finding troubles in the demo- 
dulators, color outputs, and 3.58 MHz 
traps. On video driver panel "L ", for in- 
stance, if the red demodulator shorted 
the red vector portion of the display 
would collapse, leaving a fuzzy thickened 
line of blue information. The opposite 
would be true if the blue demodulator 
diode shorted (or opened). Should some- 
thing happen to the green demodulator, 
however, the vector pattern would only 
shift 5° and the set's CRT would show all 
9 color bars but with greenish back- 
ground. 

The "spectacular" vector exhibits 
are produced when detuning the LC 
subcarrier oscillator traps that now 
directly precede the red, blue, and green 
video drivers. Their effect is readily 
viewed on the vector scope and charac- 
terized by a fine line pattern on the re- 
ceiver's screen. 

In vector scope examinations, many 
useless patterns are produced if the bar 
generator has a sloppy output. Test 
your's first on a good receiver with vec- 
tor scope attached before attempting to 
troubleshoot a defective one. You must 
also have a vector scope that will re- 
verse both vertical and horizontal pola- 
rities for these cathode -fed color receiv- 
ers. Otherwise, the patterns will be 
displayed upside down. R -E 

99.99% reliable 
Every now and then, one of our tubes fizzles - 

and somehow it's the one you install. 
Even we don't know how you happen 

to receive that particular tube. But we 
do know that it doesn't happen 

more than once in thousands of times. 
Raytheon receiving tubes -including 

Raytheon Tubes for Imported Sets -have 
to be extra reliable. Because, 

Raytheon is the leading independent 
supplier of receiving tubes to 

independent servicemen. We don't 
have competing service trucks or 

retail outlets. So, we depend on you 
just as much as you depend on us. 
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TECHNDTES 
INTERMITTENT SOUND -G -E S -2, 

P -1 AND P -2 CHASSIS 
The small, green 0.047 -µF capaci- 

tors used in the audio circuits of the 
S -2, P -1 and P -2 chassis receivers 
may be responsible for complaints of 
intermittent audio. 

If C309 (S -2 chassis) or C310 
(P -1, P -2 chassis) opens, audio is 
lost, sync buzz becomes pronounced 
and off -channel white noise is normal. 
There is very little effect on the audio 
quality when these capacitors are 
shorted. 

In the P -1 and P -2 chassis, an 
open C304 causes reduced audio, sync 
buzz and no white noise when the 
tuner is switched to an unused chan- 
nel. A shorted C304 upsets the bias 
on Q301 and causes loss of audio. 
There is usually no damage to Q301 
when this happens. -G -E Portafax 

WESTINGHOUSE RTF 3030A RADIO 
To prolong the life and to better 

protect the stereo indicator lamp 
(LA -1), add a 47 -ohm, 14-watt resis- 
tor in series with the lamp. 

Open the radio back cover to ex- 
pose the PC board. Disconnect the 
wire located at the point marked P11 
on the board. Solder one end of the 
resistor to the wire and the other end 
of the resistor to point P11. Tape the 
exposed connection. 

TO 
P109 
RED 

TO 
PI10 

BLUE 

TO TIO 
SECONDARY 

(RED) 

TO P108 
YELLOW 

To eliminate hum reported in 
some of these models, add a 0.01 -p,F, 
500 -volt ceramic capacitor across 
D104 and another one across D102 
on the terminal board (see diagram) 
adjacent to the power transformer. - 
Westinghouse Tech -Lit News 

ADMIRAL K10 COLOR AMPLIFIER TUBE 
Before removing or installing an 

8AC10 or 12AC10 color amplifier 
tube in hybrid 12 -, 14 -, or 16 -inch 

JUNE 1970 

color chassis, pull the ac line cord. If 
you don't, you are likely to damage 
color demodulator transistors Q20 or 
Q21. Surges, arcs and transients de- 
veloped when making or breaking a 
live circuit can instantly ruin transis- 
tors. 

Make it a habit to disconnect 
power before making or breaking 
connections on transistorized equip- 
ment.-Admiral Service News Letter 

AC LINE FILTER CAPACITORS 
Underwriters Laboratories re- 

quires only specific types of capacitors 
be used for line filters which are con- 
nected directly to the power line in G- 
E TV chassis. If failure occurs due to 
lightning or power -line surges, these 
special Mylar capacitors have a fail- 
ure characteristic which does not 
create any hazard. 

For C130 in CB, KC and KD 
chassis and C155 in the KE chassis, 
use G -E part EU25X4 (0.047 -M,F). 

For C403 in the DD and D1 
chassis and D404 in the Al special - 
markets chassis, use part ET25X78 
(0.022-/AF). 

For C403 and C414 in the DD 
and Dl special- markets chassis, use 
ET25X79 (0.01- pF). -G -E Service 
Talk R -E 

Enjoy Relaxing Background 

Music at Home with .. . 

NO COMMERCIALS! 

Size: 61íz x 5 x 21/2 

Our SCA -1 Decoder makes possible reception of 
this "private" musical programming, transmitted 
by nearly 400 FM stations around the country. 
YOUR FM tuner or receiver can recover this "hid- 
den" music with a simple addition of an SCA -1. 
Hook -up in minutes -full instructions supplied. 
SCA -1 is self powered . . . uses all solid -state 
circuitry (FET'S, IC's, NPN's). Works with any 
quality FM Tuner or receiver. Send check or m.o. 

SCA -1 (Wired, ready to use) $64.50 
SCA-1K (Kit, all needed parts) $49.95 
Etched, drilled P.C. Board plus special IC 

plus full construction plans $12.50 
(New York State residents odd Sales tax) 

One year parts guarantee 
Free national SCA station list supplied with every order. 

SOLD FOR HOME USE ONLY 

SCA SERVICES CO., INC. 
Box 601 -RE Port Washington, N.Y. 11050 

(516) 883 5694 

Circle 131 on reader service card 

EXCLUSIVE! NOBODY BUT NOBODY CAN TOP THESE FEATURES! 

PRIORITY CHANNEL SIGNAL LOCKS TO THE EXCLUSION OF ALL OTHER SIGNALS* 

CARRIER DELAY ALLOWS OPERATOR TO HEAR THE MOBILE CALLBACKS* 

MANUAL SELECTION ACCOMPLISHED BY SLOW SCAN TECHNIQUE* 

SONAR -SCANN 
FM MONITOR RECEIVERS 

A new standard of excellence that defies comparison. With versatility that's surpassed only 
by performance. It's advanced design, circuitry and unusually crisp clear sensitivity (0.5v) 
are only a few of the many features for the ultimate in FM Monitor Receivers Plus 
SONAR -SCAN will signal search and automatically lock a signal on any of 8 pre -p -o- 
grammed channels ... Solid state - for ruggeduse -over a':Wide temperature range . . 

Noise free squelch ...8 crystal controlled channels ... Dual purpose power supply for 
117VAC or 12VDC, negative or positive ground Once you see and hear the difference 
you will know why SONAR represents the standard of value that defies comparison. 

FR -2514 (25- 50MHz) FR -2515 (150.175MHz) 
Comes complete with AC and DC power cables, 
mounting bracket less crystals - Crystals 55.00 ea. 

ONAR and PATENT PENDING * 

SQUELCH VOLUME 

ore MANUAL ELECT 

PRIORITY SCAN MANUAL 

SONAR RADIO 
C O R P O R A T I O N 
73 Worturan Avenue 
Brooklyn, N.Y. 11207 

Send information on Model FR2514/15 SONAR -SCAN. 
Dept. 950 

Name 

Address 

City State 7ip 

Circle 132 on reader service card 
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MARKET 
CENTER 

ELECTRONICS 
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 

TUBES -LOWEST WORLD PRICES. Foreign - 
American. Obsolete, current. Receiving, Special 
purpose, transmitting tubes. Send for tube and 
parts catalog. UNITED RADIO COMPANY, 56 -R 
Ferry St., Newark, N.J. 07105 

Discharge IGNITION, PHOTOFLASH. Free cata- 
log parts, kits. TRANSPARK, Carlisle, Mass. 
01741 

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. 

TREASUREPROBES. Patented transistorized de- 
tector signals "dig" by earphone "beeping" 5" 
search head. PC board, two colpitt oscillators 
improve stability. Kit $13.95, assembled $18.88, 
with speaker $24.88. 60 day guarantee. Send 
for Free bibliography, "Treasure Maps and 
Books of U. S." TREASURE -HOUSE, RB60, 
Tennent, N.J. 07763 

BURGLAR ALARMS 70's SUCCESS STORY, di- 
versify your TV Electronics business now for 
huge profits. Make $200 up, one day installation. 
Dealers wanted. No investment. Operating/ 
Sales plan, installation instructions, parts cata- 
log, dealer prices free. Write on letterhead. 
JASON, Box 683, Miami, Florida 33157 

SUCCESSFUL TREASURE HUNTERS and pros- 
pectors choose White's "Quality engineered" 
metal -mineral detectors, either heat -frequency 
or transmitter -receiver, especially designed to 
locate coins, caches, relics, jewelry, gold, silver 
ores. Budget terms. Free catalog: WHITE'S 
ELECTRONICS, INC., Room 70, Sweet Home, 
Oregon 97386 

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 

AUDIO - HI -FI 
TAPE RECORDER SALE. Brand new nationally 
advertised brands. $10.00 above cost. Amazing 
discounts on stereo components. ARKAY 
ELECTRONICS, 1028 -E Commonwealth Avenue, 
Boston, Mass. 02215 

WRITE for highest discounts on components, 
recorders, tapes, from franchised distributors. 
Send for FREE monthly specials. CARSTON, 
RFD #3, Route 7, Brookfield, Conn. 06804 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

TRIACS 
PYR 10A 

100 1.20 
200 1.75 
300 2.25 
400 2.75 
500 3.25 

10,000 PRY 50 ma rectifiers 
$2.00 ea. 

ER900 TRIGGER DIODES. These 
biodirectional trigger diodes are 
one of the best and cheapest 
methods to trigger SCR's and 

triacs 3/$1.00 
UNIJUNCTIONS! 

Similar to 2N2419. RBB of 5-7 

stand off ratio of .6 and Ip of 12 
with data sheet $1.00 

N- CHANNEL FET'S TO -18 plas- 
tic units, low noise, low leakage, 25 
volts source to gate, 50 ma gate 
current Gain to 9000 µmho's. $ .80 

NEON LIGHT OR NIXIE TUBE 
DRIVERS. An NPN, TO.18, SI 

Transistor. With a VCBO of 120 
3/$1.00 

MOUNTING 
HARDWARE KITS. 

These kits are used to mount our 

SCR's Zeners and Rectifiers etc. 
6x32 stud (3, 12 amp rectifiers, 

7A SCR's) 6 sets / ;1.00 
Send for our latest catalog 

SE 161 ONE SHOTS $3.50 
US 908 FULL ADDERS $1.50 
US 913 REGISTERS $1.50 
US 940 JK FLIP FLOP $1.00 

'/4x28 stud (30 amp. rectifiers, 
20 amps SCR's.) 4 sets /$1.00 

9030 8 BIT MEMORIES $3.95 

NEW TTL IC SERIES 
DECADE DIVIDER $5.95 
RF 112 Dual JK Flip Flop $2.50 
MC 415 JK Flip Flop 1 50 
MC 400 Dual 4 input 

NAND /NOR gate ..1.50 
4 Bit Storage 

Register 2.50 
MC 403 Exclusive OR gate 

with COMP 1.50 
9301 MSI ONE -OF -TEN 

DECODER 4.95 

Silicon Power Rectifiers 

PRY 3A I 
12A 30A 

100 .09 .24 .50 
200 .16 .35 .80 
400 .20 .45 1.20 
600 .30 .70 1.50 
800 .40 .85 1.80 

1000 .50 1.10 2.20 
Terms: FOB Cambridge, Mass. 

Send check or Money Order. Include 
Postage, Average Wt. per package 
t/2 lb. No C.O.D.'s. Minimum Order 
$3.00 

WE LEAD THE WAY 
IN SERVICE AND QUALITY 

featuring Transistors and Rectifiers; 

FIBRE OPTICS 
1/32" 2.5 mil. fibers in PVC packet. 

.33 /ft. 

COMPLETE LIGHT GUIDE 
BUNDLE 

consisting of an 11" length of 1/32" 
dia. fiber optics with bound ends. 

$2.00 ea. 

LINEAR CIRCUITS 
CA 3011 FM -IF AMPLIFIER .$..90 
709C OPERATIONAL AMPL. 

$1.45 ea. 
710C HI SPEED DIFF. AMP. 

$1.45 ea. 
7110 COMPARATOR $1.45 ea. 

Controlled Avalanche or 
Epoxy Rectifiers 1 AMP. 

PRY 

100 I .07 
200 I .09 
400 I .11 

PRY 

600 .16 
800 I .20 

1000 I .30 

Silicon Control Rectifiers 

PRY I 3A 
50 .35 

100 
200 
300 
400 
500 
600 
700 

.50 

.70 

.90 
1.20 
1.50 
1.80 
2.20 

7A 
.45 
.65 
.95 

1.25 
1.60 
2.00 
2.40 
2.80 

20A 
.70 

1.00 
1.30 
1.70 
2.10 
2.50 
3.00 

70A 

4.00 
8.00 

12.00 

16.00 

325 Elm St., Cambridge, Mass. 
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ALES 
Tel. (617) 547 -4005 

ADVERTISING 
INDEX 

RADIO- ELECTRONICS does not assume 
responsibility for any errors which may 
appear in the index below. 

READER SERVICE CARD NO. PAGE 

113 Admiral Corp. 80 
114 Admiral Corp. 81 

26 Arrow Fastener Co., Inc. 32 
121 Artisan Organs 86 

21 B & K (Division of Dynascan Corp.) 23 
122 Brooks Radio and TV Corp. 86-87 
107 BSR USA Ltd. 76 
12 Burstein -Applebee Co. 12 

20 Chemtronics 22 
126 Cherry Electrical Products Corp. 90 
19 Cleveland Institute of Electronics ... 18 -21 
10 Compusad, Inc. 7 

CREI, Home Study Division of 
McGraw -Hill Book Co. 62 -65 
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123 Delta Electronics Co 87 
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115 Electronic Distributors Inc 82 
EMC Electronic Measurement Corp. 72 
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18 Finney Co. 17 
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16 Grantham School of Electronics 15 

118 Heald Engineering College 84 

112 Heath Co. 79 

108 International Correspondence Schools 77 
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9 Mallory Distributor Prod., Inc. 5 

14 Mosley Electronics Inc 14 

National Radio Institute 8 -11 

106 Olson Electronics, Inc. 76 

116 Precision Electronics 82 
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Tubes Cover IV 

117 Test Equipment 83 
120 Test Equipment 85 

RCA Institutes 28 -31 
RCA Parts & Accessories 69 -71, 88 

130 Raytheon 92 
11 Rye Industries, Inc. 12 
127 Rye Industries, Inc. 90 

125 Sams & Co., Inc. Howard W. 89 
15 S &A Electronics 14 
131 S.C.A. Services Corp. 93 
27 Schober Organ Co. 72 
17 Sencore 16 
25 Solitron Devices, Inc. 27 
132 Sonar Radio Corp. 93 
8 Sony Cover II -1 
22 Spectrum Products Co. 24 

13 TEAC Corp. of America 13 
110 Transitek 78 
124 TV Tech Aids 88 

23 United Technical Institute, 
Division of Career Academy 25 

128 Jud Williams Co. 91 

24 Xcelite, Inc. 26 
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134 Arcturus Electronics Corps. 
Bele Electronics 

135 Edmund Scientific Co. 
Fair Radio Sales 
Houle Mfg. Co. 
Lakeside Industries 
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136 Park Electronic Products 
137 Polypacks 
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U.S. GOV'T ELECTRONIC SURPLUS 
Nationally. Known -World Famous SURPLUS CENTER otters 

finest, most expensive, Government Surplus electronic units and 
components at a fraction of their original acquisition cast. 

BURGLAR -FIRE ALARM SYSTEM 
( ITEM #1I35A) - Dual corm ' 

1 fire or b kin. 
Operates on 115-VAC. 

x 
a + 

Control t. 2 
ee M1 ll. flash f 

I 3-door 
1 l I hell. Inn ft. 

-A... ?alb $29.95 wire, In.anrinm..s, 
` 

x3". (7 Ih,.I 

POCKET SIZE MULTI -RANGE TESTER 
' ( ITEM #AI01 ) - - Compact, 20.nmt nhn volt 

milometer is Q1~ excellent unit for testing electrical 
and electronic ennimnent. C'Ilenl for servicing 

d equipment. 1 - precision 'ors 
r i t v) n- p \. 

da 
n 3 al t V o readability u n 

I 

Spec, VC Volts: 0-10-50-25-11100. De Volts) 
a s _5 1 -5 5M' -511, IA t a .5a mil.. 0 -50 
microamp. Ohms, 0-10.000 .011i 

1 
\pen expanded 

low ohm scale 1. DB. 20 le phis rill mir, 

$8.98 O', lca,3ls inÁtriií',;'47 :'I,r , , , u , sae' 

EXPANDED SCALE 0 - 15 DCVM 

( #21 -950 ) - - Brand new. expen.nr xonmeter 

fcads 
9.5 to Ie -volts Ur and 5 to 8-volts. Very useful 

or automotive and aircraft ballem' charge indicator. 
etc. D'Arsonval 

u 
n ent. black phenolic case. 

x 5" x_ t. r fllest. l' 
List 832.50 $12.95 

RUNNING TIME METER 

t #55-1041- us,. 10 record nunMer of on. 

>ñ 

erating hours of electric lights d electrical 
devices surh as refrigerators. f 
Records total hours. the and hundredth 
to 9.999.99 hours. For 115 -volt. 60- ,ale. - = 
Size V." x 3" x 2,2. Shipping weight 2 lb.. 55.69 , ,=t 0.a ,829.00 

COMPUTER TRANSISTORS ON HEAT SINKS 
IBM Computer Quality Units 

( #22-92t ) snit ra i .- or m,e 150 - 
watt power transistor on heavy, ribbed. 
aluminum heat sink. 51 no experimental 
uses. (ile.) $1.99 Cost Govt Over 810.M 

(022 -915) - - Unit consists of two 150 - 
watt power transistors, 2 pus.. veral 
dimes, capacitors. resistors, etc. on heavy. 
ribbed aluminum heat sinks. Ideal for use as 
motor speed control. ( a lbs.) 

Cost Gov't Over 835.00 $4.91 

o,come tT ORDER FROM AD -WRITE FOR FREE CATALOG 

yyyy++r 
Include Money For Postage Money Back Guarantee 

ofal. t'.f 
SURPLUS CENTER 

-- -- DEPT, RE-O80 LINCOLN, NERO.60501 

-//%/ 

LATEST 
ARCTURUS 
SPECIALS 

% /////%%%%%//%%//%/%/%/%/ 

Auto/x."4P, ,r 

Color focus rectifiers, 14,- 
000 P.I.V. at 1 MA, 99¢ each. 
6.5 KV -79¢ 

Color TV yokes 70° & 90° 
types. Fit almost all sets 
$10.95. 

1700 Transistor types -390 
DS -501, 2N278 power tran- 

sistor types. Cat. #349, 69¢ 
HEP170, Motorola HV /Cur- 

rent epoxy silicon rectifiers, 
2.5 amps at 1,000 PIV, 49¢ 

Fully transistorized UHF 
tuners. Fit most sets. Cat. 
#UHF567, $4.95 each. 

UHF tuners, 1 tube type. 
Fit most sets. Cat. #UHF3, 
$3.95 each. 
Complete listings of electronic 
items at similar bargain prices 
are available. Write for our 
latest catalog. Minimum order 
$5.00, plus postage. 

ARCTURUS ELECTRONICS CORP. 
502 -22nd St., Union City, N.J. 07087 

Dept. MRE 

Phone: 201 -864 -5568 
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1000's OF UNUSUAL SCIENTIFIC BARGAINSA 

SPECIAL UNIQUE witiejfec LIGHTING fp f,, . ,, 
I 

NICKEL -CADMIUM BATTERY BARGAIN! 
'l'oreille value- slightly used 
govt surplus. Lightweight 
í cell. 6 volt, 4 Amp -hour 
battery with almost unlim- 
ited life. Extremely high 
(torrent output. Recharges in 
1 hour with Edmund kit. 
Won't deteriorate when left 
discharged. Minimum main- 
tenance -few drops of water 
per year. Rugged, shock - 
and- vibration resistant nylon 

case. Delivered partially charged, filled with electrolyte. 
3141" x 2" x 6 ". 2 lb. 
Stock No. 70,942EH (battery) $15.00 Ppd. 
Stock No. 70,807EH (charger kit) S 8.00 Ppd. 

PSYCHEDELIC LIGHTING HANDBOOK 
100 information packed 
pages! Fully explains latest 
in psychedelic lighting 
equipment, techniques, de- 
velopments. Covers all facets 
, f psychedelic light -show 
production including strobes. 
!:lack lights. Projectors, 
crystals. organic slides. mir- 
rors, color organs, polarized 
color, light Boxes. \lusie- 

C151 n, etc. 3p_" x 11" louseleaf paper for 3 ring hinder. 
Stock No. 9100EH $3.00 Ppd. 

LONG -WAVE BLACK LIGHT FIXTURE 
` - Extremely versatile, com- 

pactly designed, long wave 
(3200 -4000 angstroms) black 
light (ultraviolet) fixlure- 
climinates harmful shorter 
wave ultraviolet rays. Use to 
identify minerals, fungi, 
bacteria -check for surface 
flaws. oil and gas leakage- 
perfect for displays with flu- 

' orescent paper. paints. chalk, 
crayons, trace powder. Incl. adjustable aluminum reflector, 
push -pull switch, connecting plug. Mount vert., horiz., 
or on corner. 10" L., 11/2" W., 11/4" H. 
Stock No. 70,364EH $12.50 Ppd. 
No. 60,I24EH ... REPLACEMENT BULB $4.50 Ppd. 

NEW, LOW -COST GEM TUMBLER 
Become a rockhoundl Fasci- 
nating hobby . loads of 
fun, inexpensive. easy. Make 
jewelry of all kinds- decora- 
tive hook -ends, table tops. 
etc. Simply tumble -finish 
readily available gemstones 

then polish to high 
lustre . . brings out beau- 
tiful colors. Rugged 3 -lb. ca- 
pacity tumbler w /continuous 

duty FII: in Ir:::(ions. 
Stock No. 70,874EH $10.75 Ppd. 
6 -Ib. ROCK ASSORTMENT (IO TYPES) 
Stock No. 70,868EH S 9.00 Ppd. 

TUNE IN AND TURN ON YOUR OWN 
Psychedelic Light Show 

.. Take one bookshelf sized 
conservative looking oiled 
walnut finished light box - 
with its built -in kicker, an 
indly. controlled 3- channel 
color Organ. Activate by at- 
taching to hi -fi or stereo 
speaker. Plug in and switch 
ont Music fills the room and 

the prismatic screen leaps into pulsating life. Patterns 
are wild and wonderful. or soft and soothing -responding 
directly on time and intensity to music. Perfect home en- 
tertainment, little theater or combos. House current. 
Stock No. 80.126EH (18 "Wx12 "Hx9"D) $49.95 Ppd. 

NEW! PROJECTION KALEIDOSCOPE 
A low -coat unit with easily 
interchanged 9" diam. liquid 
wheel. Projects variety of 
color patterns which do not 
repeat. Specially designed 
wheel, 3" projection lens and 
Edmund Visual Special Ef- 
fects I'rojeetor make it all 
possible, Easily operated. 
Targe screen image at short 
projection distance perfect 
for photo backgrounds, light 

shows. parties, dances, etc. Front or rear projection. Inc!: 
1 RPM 115V Motor, motor bracket, Instructions. 
Stock No. 71,12IEH 

$94.50 
Ppd. 

MULTI -COLORED GLASS WHEEL 
Stock No. 71.122EH (9" diam.) $15.00 Ppd. 

NEW $99.50 HELIUM -NEON LASER! 
Completely assembled, in- 
stant- starting 5v /three time, 
power output of comparable 
models. Steady, ripple -free 
light of moderate (safe) 
power. Excellent collima- 
tion. Particularly useful 
for studies, experiments in 
holography, )nterferometry, 
diffraction, optical align- 
ment. Simple and safe to 

use -just plug in, switch on. The 41/2 lb. unit reaches 75% 
power in 22 oars.; full power. typically 0.5 milliwatt (0.3 
no W minimum) in 3 mins. Beam divergence only 2 milli - 
radians (far ahead of competition); beam only 2 ems at 
90 feet. 
Stock No. 79,004EH $99.50 Ppd. 

3- CHANNEL COLOR ORGAN BARGAIN! 
Create tremendous variety of 
unusual & beautiful lighting 
effects with this low-cost 
top -quality 1500 Watt unit 
(500 W. per channel). Com- 
pare with others selling for 
twice the price. Has pilot 
light, plus individual sensi- 
tivity controls and channel 
indicator lights. Can operate 
ten 150 W. "spots" or 200 
Christmas lights Uses reg. 
house current attaches to audio source Iv/RCA-type phone 
Plug. 51/" x 634" x 212 ". 21/2 lbs. Thermal setting plastic 
ease, 6 -ft. cord. Including complete instructions. 
Stock No. 7I,223EH $34.95 Ppd. 

AMAZING "TRICK" PHOTOGRAPHY KIT 
Now any amateur can pro- 
duce all kinds of weird, wild, 
way -out photo effects. No 
special knowledge or equip- 
ment required. Unique kit 
enables n-ou to turn friends 
into monsters. show house 
with water to 2nd floor, make 
psychedelic slides. kaleido- 
scopic pilotos, impressionis- 
tic photo -art . unlimited 
possibilities. Instnmtions 
reveal the secrets . . includes all accessories needed. 
Stock No. 7I,229EH $10.50 Ppd. 

ROTATING MULTI- COLORED LIGHT 
Dazzling colors stream end- 
lessly from constantly rota- ting light. Facetted, trans- parent globe has louvered 
drum inside with red. green, 

blue & yellow stars. Bulb 
heat rotates drum which pro- jects flickering star points 
on walls, ceilings. etc. while 
individual globe facets pre- 
sent constantly changing or- 
ray of brilliant colors. 9% 
star -approx. 12" high on bell -shaped base. Surprisingly light. Easily placed on table, TV, fireplace, or Xmas tree top. 
Stock No. 71,000EH $6.00 Ppd. 
SPECIAL VISUAL EFFECTS PROJECTOR SET 
Fantastic variety. Incredibly 
oeautiful. Create floating. 
exploding, fiery bursts of 
color like "Symphony of 
Spheres ", "Chromatic Star- 
burs ls ", "Crystal Star- e 

hurst". Features 35mm 500 
W. fan cooled projector, - 
produces big image at short 
4istanee. Accepts two !I" 

¿ss diam. wheels (Dry Kaleido- 
;cope A Hexidooeope). 2 cylindrical accessories (6" Col- 
ored Cloud & 5" Hexidoscope w /six internal mirrored 
walls). Complete instructions. 
Stock No. 7I,2I2EH $79.50 Ppd. 

81 "WILD" 35MM SLIDES 
Created by Hollywood's pre- 
mier special lighting effects 
titan -Bolo Beck. Produce 
fantastic backgrounds, light 
shows, psychedelic slide 
shows, etc. R1 prenlounted 
slides especially selected for 
Impact, vividness and /or in- 
triguing scene. Range from 
"tray -out" group of eyes to 
kaleidoscopic images, opti- 
cal illusions, etc. 7-ow -cost 
unduplicated sets fili popular Kodak Carousel tray. Ideal 
for modern professional -Loads of fun for amateurs. 
Stock No. P- 60,749EH -(Set A) $22.50 Ppd. 
Stock No. P- 60,750EH -(Set B) $22.50 Ppd. 

STEREO MICROSCOPE -Great Buy! 
American made. High pow- 
ered. Direct measurement 
I. p to 3" working distance - 
wide 3- dimensionaI field. 2 

of objectives on rotating ê ls! 
turret. Standard pair of wide 
field lOX Kellner Eyepieces 
give 53 power and 40 power 
clear. sharp, erect image. 
Interpupilliary distance ad- 
justable. 10 -day free trial. 
Stock No. 85.056EH $99.50 FOB 

MAIL COUPON FOR GIANT FREE CATALOG 

148 PAGES- 1000's OF BARGAINS 
Completely new edition. New items, cate- 
gories, illustrations. Dozens of electrical 
and electromagnetic parts, accessories. 
Enormous selection of Astronomical Tele- 
scopes. Microscopes. Binoculars. Magnifiers, 
Magnets. Lenses. i'risms, Many war surplus 
items: for hobbyists. experimenters, work- 
shop. factory. Mail coupon for catalog 
"EH" 
EDMUND SCIENTIFIC CO. 
300 EDSCORP BUILDING 
BARRINGTON. N.J. 08007 

NAME 

ADDRESS 

CITY 

STATE ZIP 
ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

EDMUND SCIENTIFIC CO. B 0Ó N 
EDSCORP BUILDING 

Circle 135 on reader service card 
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MARKET 
CENTER 

RENT 4 -TRACK OPEN REEL TAPES -all major 
labels -3,000 different. Free brochure. 
STEREO -PARTI, 55 St. James Drive, Santa 
Rosa, Cal. 95401 

SAVE OVER 331/3 on a pair of one of The 
World's Best Speaker Systems. Shipped direct 
to you from factory. Try them in your home 
for thirty days. KGLL INC., Water St., Lewis- 
ton, Maine 04240 

TAPE- TIMERS, the only PROFESSIONAL way of 
timing tapes. Two models available. Catalog on 
request. Unusual test record, true laboratory 
tool to check any disc playback system. Details 
from TIMEKEEPER, P. O. Box 762, Mineola, N.Y. 
11501 

NEED THIRTY R -E Issues To Complete Library 
File. WAYNE NELSON, Concord, N. C. 28025 

QUICK CASH . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York, N. Y. 10012, 
212 WALKER 5 -7000. 

GENERAL 
JAPANESE NEW PRODUCTS MONTHLY! $1.00. 
Refundable. DEERE, 10639 Riverside, North 
Hollywood, Calif. 

SCHEMATICS, DIAGRAMS, OLD RADIOS, $1.50 
TVs, $2.50 GORDIE'S TV, Hustisford, Wis. 53034 

INVENTIONS 
& PATENTS 

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. 

INVENTORS: protect your ideas! Free "rec- 
ommended procedure ". WASHINGTON IN- 
VENTORS SERVICE, 422X Washington Build- 
ing.. Washington, D.C. 20005 

INVENTIONS WANTED. Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., Oak- 
land, Calif. 94605 

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 

MATHEMATICS. ELECTRONICS. Satisfaction 
guaranteed. Free brochure. INDIANA HOME 
STUDY, Dept. RE, Box 1189, Panama City, 
Florida 32401 

MEMORIZE, STUDY: "1970 Tests -Answers" for 
FCC First and Second Class License. -plus- 
"Self -Study Ability Test." Proven. $5.00. COM- 
MAND, Box 26348 -E, San Francisco 94126. 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or services). 
70¢ per word ... minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 300 per word 
... no minimum. 
Payment must accompany all ads except those placed by accredited advertising agencies. 10% 
discount ors 12 consecutive insertions, if paid in advance. Misleading or objectionable ads not 
accepted. Copy for August issue must reach us before June 10. 

CLASSIFIED ADVERTISING ORDER FORM 

2 

7 

11 12 

16 17 

21 22 

26 27 

31 32 

.1 @ .30 Non -Commercial Ratesl -$ 
No. of Words l @ .70 Commercial Rate J 

Total Enclosed $ 
Payment must ac- 

Insert times) 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 

3 4 5 

8 9 10 

13 14 15 

18 19 20 

23 24 25 

28 29 30 

33 

NAME 

34 35 

ADDRESS 

CITY STATE ZIP 

SIGNATURF 
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ELECTRONICS ENGINEERING. Day or evening 
classes. Bachelor of Science Program eve- 
nings. Associate in Science Program day or 
night. If you are married or if you must work 
for a living while obtaining your education, 
this is the college for you. Approved for Veter- 
ans. WESTERN STATES COLLEGE OF ENGI- 
NEERING, 970 West Manchester Avenue, In- 
glewood, California 90301 

GOVERNMENT 
SURPLUS 

JEEPS Typically from $53.00. . Trucks From 
$78.40. . Boats, Typewriters, Airplanes, 
Multi meters, 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 

HOBBYISTS, EXPERIMENTERS; BLACK AND 
WHITE TELEVISION CONVERTED TO COLOR 
BY MEANS OF A NEW PATENTED COLOR 
CONVERTER ADAPTOR. INSTALLATION ALL 
DO IT YOURSELF. WRITE FOR FREE BRO- 
CHURE. BELE ELECTRONICS CORP., 111 N.E. 
SECOND AVE., MIAMI, FLORIDA 33132. 

WHOLESALE TO ALL 
Breadboard Kits -"RF" Kits -"PC" Kits -Pert. 
Phenolic Board -Copper Clad Board-Cowl Type 
Electronic Cabinets -Heat Sinks -Solid State Hobby 
Kits -Solderless Connectors -Hardware Kits -Tran- 
sistor Sockets and many more items. Send for free 
catalog from: H. M. C. Sales -P. 0. Box 276 - 
Santa Susana, California 93063 

PEP'$ Dollar 
si Money Back 
1 Amp Silicon Rectifier 

choice of package 
Bullet- Miniature Glass- 

Metal 
5.800V units $1.00 
4.1000V units $1.00 
3 -1200V units $1.00 

Sale 
guarantee $1 

7 AMP SCR 
4.50V units $1.00 
3.100V units $1.00 
2 -200V units $1.00 
1.500V unit $1.00 
I -800V unit $1.50 

20 AMP SCR 

2-50V units $1.00 
1 -300V unit $1.00 3 AMP Epoxy Package 

10 -100V units $1.00 
5 -400V units $1.00 
2.1000V units $1.00 

Gen Purpose PNP 
Germ Transistor Similar 

to 2N404 
8 For $1.00 5 AMP Epoxy Package 

8.100V units $1.00 
6.200V units $1.00 
3.800V units $1.00 

ZENER DIODES 
3 Watt 

10 Volts 
3 units $1.00 SILICON STUD MOUNT 

12 AMP 
5.100V units $1.00 
2 -800V units $1.00 
1-1000V units $1.00 

ZENER DIODES 1 Watt 
1 EA 4V- 6V- 8V -10V 
4 units $1.00 

GERM GLASS DIODES 
D07 GEN PURPOSE 

20 Units $1.00 
Replaces 1N -34 IN -60 
1N -64 1N -295 

SILICON STUD MOUNT 
20 AMP 

3 -100V units $1.00 
1.1000V unit $1.00 

SILICON STUD MOUNT 
15 AMP 

1 -1000V $1.00 
Zener Diodes 250 to 400 

Mlllawatt 
I EA 2V- 4V- 6V- 8V -10V 

0 5 units $1.00 
16 Bit Memory Cell 

$4.25 
14 Lead Dual In -Line Pkg 

COLOSSAL 
to choose from 

below -3 transistors -over 25 
board! Price $1.25 

resistors -ca pacitors- 
-complete with board! 

Price $1.75 
I.C.'s -over 75 diodes - 

-over 50 resistors 
Price $4.50 

- -- 
SILICON STUD MOUNT 

60 AMP 
2 -50V units $1.00 
1 -1000V unit $1.25 

CIRCUIT BOARD 
3 different groupings 

Typical samples 
A) 4 I.C. mounting blocks 

resistors complete with 
B) 32 transistors -over 100 

S.C.R.'s over 15 diodes 

C) 22-14 lead dual in -line 
capacitors-20 transistors 
-complete with board! 

FULL WAVE BRIDGES 
PRV 2Amp I 3Amp I 5Amp lOAmp_ 

1.70 50V 1.25 I 1.35 I 1.50 
100V 1.50 I 1.60 I 1.75 1.95 
200V 1.75 I 1.85 I 2.00 2.20 
400V 2.00 I 2.10 I 2.25 2.45 
600V 2.50 I 2.60 j 2.75 2.95 
800V 3.00 I 3.10 I 3.25 3.45 

PARK ELECTRONIC 
PRODUCTS 

P. O. Box 78 N. Salem, N. H. 03073 
Tel. (603) 893 -0276 

NO SALES TAX WE PAY POSTAGE 

Circle 136 on reader service card 
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PAIR RADIO SALES 
1016 E. EUREKA Bog 1105 LIMA, OHIO 45802 

SCHOOL 

DIRECTORY 
GET INTO 

ELECTRONICS 
0.1.1. training mode to snocaM 
technicians. held engineer., speelalite 
In communlcat /on. guided missile., 
computer.. radar and automation. Baal, 

advanc.d course, to theory labora- 
tory. Electronic Engineering Teehnol. 
°Ry & Electronic Technology Corn cola 
troth available. Associate degree In 211 
mos. B.S. also obtainable. 0.1. p 
proved. Graduates In all branches of 
electronics with major companles. Stan 
Sept.. Fab. Dorms, campus. High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept C. Valparaiso. Indiana 46383 

111 

distinguished graduates 
hold ..nr'in.ering and management p. t. tlunugh. 
and U.S. Profe..iona lly.oriented college with outstanding 
Placeraient eroni. F --gh year ear permits degree in 
three years. Dedicated faculty. Modern labs. Small classes. 

dent-acre campa... ACCT. i Red. Approved for 
.,.i. Moderate total rra -le. Faller Sept., .Lan., 
.., re!). June. For Catalog. write Admissions. 

TRI -STATE COLLEGE 
Angola, Indiana 46703 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. A. D. 
MUSIC ASSOCIATED'S DETECTOR 
for continuous, commercial -free music 

with ANY FM tuner or receiver 

Kit 249.50 Wired $75.00 Cover 34.95 List of FM 
stations with SCA authorization $1.00. For com- 
plete Information write or call. 

MUSIC ASSOCIATED 
65 Glenwood Rd., 

Upper Montclair, N.1. 07043 
phone 201 -744 -3387 

20 TRIAC CIRCUITS 
(continued from page 53) 

cell, and presents a high resistance un- 
der dark conditions and a low resistance 
under bright conditions. Thus, under 
bright conditions, negligible drive is ap- 
plied to Q2's base (due to the potential 
divider action of R4 -LDR), so Q2 is 
off. 

The base drive for Q3 is obtained 
from Q2 collector, so Q3 is also off un- 
der this condition, and negligible cur- 
rent flows between Q3's collector and 
the 12 -volt positive line (Q3's collector 
is virtually shorted to the zero -volt line 
under bright conditions). 

Suppose, on the other hand, that 
light levels are just low enough to raise 
the resistance of the LDR so a small 
base drive is applied to Q2. This base 
drive is amplified by Q2 and applied 
to Q3's base via R6. Transistor Q3 
further amplifies the drive and feeds it 

JUNE 1970 

PA°Ig SMASHES "IC" PRICES! 
GE PA -237 2 -WATT 
AUDIO AMPLIFIER 

...Lowest Prices Brand New! $ 2.95 
2 watts continuous 9 to 27 volt supply, 8 mV sen- 
s i t i v i t y . ' - d . _ le r - c.., 
corde- - . 

Westinghouse WC334 one watt audio 
amp, 10.5 case 

TEXAS! NATIONAL! 
FAIRCHILD 
COUNTING "IC's" 
Guaranteed! W /Spec Sheets Any 3 - t0y. Discount! 

0 156 Decade Counter n 959 Quad Latch 63.95 
51.17490 Decade Counter 5.50 
SN7475 Quad Latch 4.50 
SN7441 BCD Decoder 6.50 

U 9301 I -to -10 Decoder 4.50 
9306 BCD Up /Down Counter .48.95 
9300 4 Bit Univ. Shift Register 82.49 U 9304 Dual Full Adder _ 4.95 

SN7493 -1 Bit Binary U iunter4.95 

LINEAR AMPLIFIERS 
SI.39 each, 3 for $4.00 

C 702C DC Amplifier 
709C Operational Amp 

L Differential Comp. 
71 IC Sense Amplifier 

198 
BRAND NEW! RTL -TTL 'ICS' 

How's your "MEMORIES" for h970' 
Guaranteed! With Spec. Sheets' 

Fairchild 1128 8 bit S7 c. 
Fairchild 9033 16 bit 

, 3 r 
[7] Philco PL5R100 Dual 50 bit 12 S- 

4000 Bit Core Planes S8 

ALL GUARANTEED! With Spec Sheets.' 
Description 

G SG43SD Dual 4 Input Nand /Nor Gate... TTL L W215F JK Flip Flop DTL 
W266F Quad 2 Input Gate DTL [L3201 JK Flip Flop (fastest logic) ECL 900FF Buffer RTL U 908TU Full Adder RTL 

{ 1909TU Buffer RTL U 912TÚ Half Adder RTL 
H 

913TÚ Shift Register RTL 9141F Dual 2 Input Gate RTL L 923TF JK Flip Flop RTL 960TÚ Dual Buffer RTL 3 for 7470FX JK Flip Flop 133mhz) TTL 7302FX Dual JK Flip Flop DTL 7400XF Quad 2 Input Gates TTL 
CODE: S- Sylvania, FFairchild, W- Westinghouse, X =Texas, 
F =Flat Pak; D -Dual Infine. T =TO.5 case, metal. U= unable to 
name maker. Give Ist. 2nd, and 3rd choices on case styles, 

OWI 

low 

Prices 

99C 

$2.75 

lo for $ 1 

1 AMP 800 Ply 
RECTIFIERS 

Terms: ai1.1 poaage. Rated: net 30, cods 25'4 - 

4 00 Phone Orders: Wakefield, Mass. (61T) 243 -3829i - - Retail: l'11 . \Il,i1in. St.. \\':,l.. held. Mass. UY\ 
P.O. BoX 942 R 4' 4 ` 

LYNNFIELD, MASS Lat' 0 

01940 
POLY PAKS 

SOLID STATE 1970 WINNERS 
' Philco SCI600 Dual Mosfets $3.98 

Fairchild 9601 Mono Vibrator $2.98 
U Fairchild 741 OP. Amplifier' $2.98 frequency compensated 709 

Westinghouse Voltage Regulator 
0 to 40 VDC Positive $1.19 
Shockley Diodes, 4 layers 3 for $1.19 Li Neon d Nixie Driver 2N4410 . 4 for $1.00 
SCR Triac Trigger Diodes 4 for $1.19 

9989 4 Bit Binary Counters 4.95 
9997 4 Bit Shift Register. 4.95 

(_ ii-c/c l.; T iii n tala r 1 rri('c rurt! 

back to Q2's base via R7 -R8, thus com- 
pleting a positive feedback loop. The 
circuit regenerates, Q3 switches sharply 
to saturation. and a heavy current flows 
between Q3's collector and the 12 -volt 
positive line. (The collector of Q3 is 
virtually shorted to the +12 -volt line. 

The values of feedback resistors 
R7 -R8 give the minimum amount of 
positive feedback necessary for stable 
regeneration; therefore only a very 
small change in light level is needed to 
make Q3 change from OFF to ON. and 
the circuit gives very little "backlash." 

In Fig. 10 the gate drive of the 
triac is obtained from Q3's collector via 
R2. Under bright conditions (Q3 off) 
the Q3 end of R2 is effectively clamped 
to the zero -volt line, so zero drive is fed 
to the triacs gate, and the triac is OFF. 

Under dark conditions (Q3 on), the 
Q3 end of R2 is virtually shorted to the 
12 -volt positive line, and about 40 mA 
of gate current flows and the triac is 
ON. The trigger light level of the circuit 
can be preset with R4. The LDR can be 
any cadmium sulphide photocell 
offering a resistance of roughly 2,00( to 
20,000 ohms at 2 foot -candles. RE 

Next month we present more triac 
circuits and introduce the quadrat. 

COMING NEXT MONTH 
Boost the usefulness of your 

scope by adding a dual -trace scope 
switch. 

Help your Post Office to give 

you the best possible service - Mail early in the day!! 

Rebuild Your Own Picture Tubes? 
With Lake. i de Induct rics pre - 

. -idon equipment. you can rebuild 
any pinture tube! 
t'or complete details, mall coupon. 

Lakeside Industries 
5234 N. ('lark St. I 

Chicago, Ill. 60640 I 

Phone: 312- 271.3309 
NAME 
ADDRESS 
CITY I 

STATE ZIP_. 

ERES Celos PINEST ÓROV'T 
SURPLUS ELECTRONIC BARGAINS 

N o w B I G G E R a n d 
BETTER Than Ever! 

- -MAIL THIS COUPON NOW - -1 

J 
For your FREE copy, fill out coupon and mail. Dept. RE 

NAME: 

ADDRESS 

CITY: STATE: ZIP. 
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three in one... 
INTERNATIONAL'S 

6024 FREQUENCY METER 

SECONDARY FREQUENCY STANDARD 

SIGNAL GENERATOR 

POWER METER 

The 6024 packs three test instruments into one 

smal package for fast, professional servicing on all 

makes of Citizens Radio transceivers. You have at 

the 'lick of a switch, a SECONDARY FREQUENCY 

STANDARD, range 26.965 to 27.255 MHz with 

Counter Circuit, zero to 2500 Hz; SIGNAL GEN- 

ERATOR, 26.965 to 27.555 MHz and DUMMY LOAD/ 

POWER METER, up to 5 watts. 

Order your International 6024 today! 

Complete with connecting cable, dummy $34500 load rechargeable battery and charger. 

PRACTICAL 

CB RADIO 
SERVICING 
A reference 
manual for CB'rs, 
servicemen and students 

This book covers virtually every 
servicing problem faced by CB 
radio enthusiasts, technicians, 
servicemen, and students. It pro- 
vides all the theory and detailed 
procedures needed to repair and 
maintain equipment in a profes- 
sional manner. Ideal tool for spot - 
testing and trouble shooting. 
Complete with tables and charts. 
$4.75 postpaid 

Circle 140 on reader service card 
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INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
10 NO LEE OKLA CITY. OKLA. 73102 

RADIO -ELECTRONICS 
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VALUE NO. /, TWO OUTSTANDING VALUES FROM GBC, 
THE NATION'S LEADING CCTV SUPPLIER! 

MINICCTY ai a low $349.50 
COMPLETE WITH CAMERA, 7" MONITOR AND BUILT-IN 2-WAYSOUND! 

FOR DOCTORS & BUSINESSMEN 

146 
9 

IN DOCTORS' & DENTISTS' OFFICES 

VALUE NO. L2' 
COMPLETE VIDEOTAPE SYSTEM 

FIRST TIME EVER OFFERED FOR LESS THAN $1, 300.001 

COMPLETE WITH VIDEOTAPE RECORDER, 

FULL CRYSTAL CAMERA, AND 

$59 RECEIVER MONITOR ... onl 5. I y 

IN BUSINESS 

FOR HOME SECURITY & ENTERTAINMENT 

DON'T OPEN THE DOOR TO A STRANGER TO WAT 

Just plug it in and use it! 
Until now, a closed circuit TV system cost thousands of dollars 

. and it took a technician to install it. The amazing new MINI -CATV 

is as easy to use as a toaster or an iron. Just take it out of the 

box, connect one wire, plug it in and enjoy perfect sight and sound. 

The only camera adjustment is focus. The monitor is easier to 

adjust than an ordinary TV set. Built in 1000 to 1 automatic light 
compensation enables the camera to produce excellent picture 
quality in almost any light. 

The 2 -way sound is controlled at the monitor, giving you the 

option of listening to sounds at the camera location or turning them 

off. To converse with someone at the camera location, you simply 
press the "push -to- talk" button. 

Light, portable and easy to handle, the MINI -CCTV comes with a 

30' wire to connect between camera and 
O monitor. 50' and 100' extension wires are 5 J 

available for unusual installations. 9 
FOR MORE INFORMATION, CALL OR WRITE 

HERE'S WHAT YOU GET FOR ONLY $595 

A) GE 1/2" VIDEOTAPE RECORDER (Made for GE by 

Sony. Compatible with all other Sony 1 /z" VTR's). Completely solid 

state. Helical scan, with two video heads and one audio head. 

Provides instant replay. As easy to operate as an audito tape 
$Ì95. recorder. Regular Price 

B) GBC SOLID STATE VIDICON CAMERA with crys- 

tal controlled horizontal frequency, 550 line resolution, dual focus, 

4000 to 1 automatic light compensation, 25mm f1.8 lens. $495. 
Regular Price 

C) SONY 8" RECEIVER/MONITOR Can be used for 

taping TV shows off the air as well as play back monitor. $195. 
Regular Price 

OUR LOW PRICE FOR ALL 3 ITEMS... only $595. 

TERMS: Check with order- FREE delivery. 

COD- 25% deposit, shipped F.O.B. N.Y.C. 

I38c% GBC CLOSED CIRCUIT TV CORP. 
74 Fifth Avenue, New York, N.Y. 10011 

Please send me: VR -50 Complete Videotape system @ $595.00 

MINI -CCTV Complete CCTV systems @ $349.50 

Enclosed is my check for $ 

Name ¡G1 GBC CLOSED CIRCUIT TV CORP. Address i 

74 Fifth Avenue, New York, N.Y. 10011 City State Zip 
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Receiving 
'- Tube Manual 

New and bigger than ever! 
The RC -27 

L 

Put 
your 
11709noW 
where 
your 
profits 
are. 

Solid -state design is the big thing in electronics today, 
but your profit margin is -and will be for years -directly 
related to your tube business. 

That's why we keep on expanding and up- dating the 
RCA Receiving Tube Manual -the "bible " -to help you 
continue to save time (and make more money) in the 
servicing of tube -designed equipment. 

Now 672 pages, the manual includes comprehensive 
technical data and curves for all active RCA receiving 
tubes ... a useful circuits section ... handy Applications 
Guide ... tabulated data on color and black- and -white 
picture tubes, voltage- reference and VR tubes ... plus a 
Replacement Guide. 

Get a copy today from your RCA Distributor. It's 
almost as indispensable as your tube -tester and V -O -M! 

RCA I Electronic Components I Harrison, N. J. 07029 
'Optional Price 

RC" 
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