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'Becreative and thrifty too!

SAVE WITH EICO KITS AND WIRED EQUIPMENT.

;~
y | NOW YOU CAN SEE
NRUNTER KIT o /' THE MUSIC YOU HEAR.
- Finds metals, pipes several ‘ y eo]or
R st COLOR IMACES 5"‘"“1“
_ Strobes -

Hunter locates iron, steel, EleatroniciArt in MiSon
tin, gold, silver, copper ECIronic AL in VOMon.  «CELESTIAL
etc. Beep pitch in- “CHRSMA- & LITES”
creases as you near CUB,E . Y Constantly flowing
object. Classic white 18 \ ! color images move

?ulie ftgaturgs g in rhythm to music.
antastic audio- 247 247 X 6.

responsive light
display.

Battery oper-
ated. $29.95.

COLOR ORGANS

The now dimension
to music pleasure.
EICO all electronic solid-state
Audio-Color Organs transform
sound waves into moving synchro-
nized color images.
MODEL 3450 Giant (30" x 12" x
10”) 4-Channels. Kit $79.95,

' Wired $109.95.
“LIGHT FANTASTIC" MODEL 3445 (24" x 12" x 10")
Translucent dome provides 3- 4-Channels. Kit $64.95,
dimensional world of ever changing Wired $99.95.
light patterns in response to music. 38" high. MODEL 3440 (10" x 15" x 16”)

’ 3-Channels. Kit $49.95.
4 Wired $79.95. Other models to

NEW _ . choose, from $19.95 and up.
cortina2

STEREO KITS TRANSLATORS

5 The electronics you need to create
The lowest-priced i . :
component quality audio-stimulated light displays.

NEW ‘“BULLHORN" KIT

¥ Carries your voice up to 400 feet.
Zd EICO BH-16 Solid State Bulihorn.
i 2V Ibs. light, is perfect for
all outdoors, camping, sports.
Battery-operated. $15.95.

B high fidelity! MODEL 3460
NEW Elcocmn e © €% kcoarsosowatt 11(.‘5232”9%
gl ] Silicon Solid State FET AM-FM Stereo i =)
The electronic science project kits Receiver. Kit $109.95, Wired $169.95 el Bl
for beginners, sophisticates, ! o | MODEL 3465
educators. 42 kits to date. 3 Channel.

Kit $39.95, Wired $69.95.

STROBE LITES
Burst of white light flash in
cadence of each beat of audio.

[~ 2 /l FM Wireless

' Mike $9.95.
- f Mike s EICO 3080 50-Watt Silicon EICO 3300 Silicon Solid State Xg.de'ﬁglmR
~4 ' Solid State Stereo Amplifier. FET AM-FM Stereo Tuner, KitJ;ZQagg ate.
Kit $69.95, Wired $109.95 Kit $69.95, Wired $109.95 Wired $44-195 3
\ ( Model 3475 ;
pre= . NEW SOLID STATE TEST INSTRUMENTS Qi”tds‘sg;\gg“ﬁf-d $50.05
8 NEW EICOCRAFT KITS The first and only solid state test equipment guaranteed for 5 years! it € 9.

® “MOODLITE” Light Dimmer |
Control ® “VARASPEED" Motor AUTOMOTIVE
oy EICO 889 Solid State

| 'fq
Speed Control @ “LIGHTSHOW"” A B p 5 & =
Sound/ Lite Translator e |- -'_" [ Ealia ol | B Ealie; )

“ELECTRIC FIESTA" Audio Color

Automotive “LIGHTGUARD"” e &;
“VARIVOLT” DC Power Supply D' H == m . i

Capacitive Ignition

Organ ® “SUPER MOODLITE” EICO 240 SO|!d State FFT-TVM. Kit $59.95, Wired $79.95. 7 J System.
Remote Control Light Dimmer i!(t:geggss?/lvlq Sgaggflsnoe/ Square Wave Generator. Boost gas mileage up to 25%,
* | e “ELECTROPLATER” Fro it $69.95, Wired $94.50. life of points, plugs to 100, e
$2.50t0 $14.95. rom EICO 242 Solid State FET-TVOM. Kit $69.95, Wired $94.50. ey Wipre“dg5$391850 000 miles
EICO 150 Solid State Signal Tracer. Kit $49.95, Wired $69.95. s ! U

" ”'E:VEX b B EICO 330 Solid State RF Signal Generator.
it — Kit $59.95, Wired $84.50.
DS Siels 0 o e g ——g gy

designed cabinet in

" [}
minutes! i »FREE 1971 EICO CATALOG
Give your EICQCRAFT I [} Send me FREE catalog describing the full EICO
and other projects ¥ line of 200 best buys, and name of nearest dealer.
that finished pro- .

)] > EICO 888 Solid State
ge;:s(;?r;?l I]ggl?-'tvEltxhl i Name, Universal Engine Analyzer.
CAB vi 7 1ad steel L e Tunes and troubleshoots
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ca 'hnf S tr?s » €8sy, ] State totally professional way.
Sty Se1zes ) - Kit $49.95, Wired $69.95.
from $3.49. i EICO Electronic Instrument Co., In|
. 283 Malta Street, Brooklyn, N.Y. 1
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Put More ““GO POWER’’ in

to Your Electronics Career —

MIOWIE ARLEXID
from Technician to

ENNGIIN IR

by studying at home with
GRANTHAM SCHOOL OF

Brantham Bcehool of Elngineering
bas conferred on
Fobhn Boe
the degree of

Wssoriate in Heience in Bflectronics Gngineering

\Q

ey sl the CHAS ot priicges Therrunts mppectmaing By Wnems fereel g Molmar
uip shgard b berw ok @ I Schosl Aducimatranes epew rersmmeabanes of the
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Kol dlennsy "

ENGINEERING

“the college that comes to you”

Earn a DEGREE in Electronics Engineering

The GRANTHAM educational program in ELECTRONICS ENGINEERING is designed to
upgrade electronics technicians to the engineering level, mostly by home study.

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

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

This accredited degree program consists of four “cor-
respondence semesters” of 100 lessons each, a total of 400
lessons. All except the last ten of these lessons are com-
pleted entirely by correpondence. However, after you have
completed Lesson 390 you must then attend a two-week
Graduation Seminar at the School. It is during this at-
tendance that you complete Lessons 891 thru 400 and
receive your ASEE Degree.

Accreditation and G.1. Bill Approval

Grantham School of Engineering is accredited by the
Accrediting Commission of the National Home Study, is
aepproved under the G.1. Bill, and is authorized under the
laws of the State of California to grant academic degrees.

Grantham School of Engineering
e Established in 1951 e

1505 N. Western Ave.
Hollywood, Calif. 90027

Telephone:
(213) 469-7878

PITED o
*® %

< Circle 1 on reader service card
JANUARY 1971

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

Where will you be five years from today? Are you headed
for real advancement in electronics, or in a rut ? The expe-
rience you have as a technician is valuable; it gives you a
head start toward a better future. But to get ahead and
stay ahead, experience must be supplemented with more
education in electronics and such allied subjects as math-
ematics, physics, computers, and engineering design.

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

® Mail the coupon below for our free Bulletin @

I~ ' 3 ; - i
1 Grantham School of Engineering  KE-1-71 |
| 1505 N. Western Ave., Hollywood, Calif. 90027 !
I Gentlemen: |
| Please send me your free Bulletin which gives com-

|
| plete details on the Grantham educational program |
| leading to the Associate Degree in Electronics Engi- I
| neering. I understand no salesman will call. |
| i
‘! Name - =
| |
I Address - i
! |
} City State Zip {
L I have been in electronics for years -}

Circle 2 on reader service card
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HUGO GERNSBACK CRATER
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CLOSEUP LOOK AT HUGO GERNSBACK CRATER on the moon.
The crater is located in a strip of the moon that runs between the
front and back sides of the moon. As a result, it can be viewed
from Earth at some times of the month. On the lunar map it lies
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between coordinates 36S and 37S, and right on 99E.

TOTAL DARKNESS
CAMERA INTRODUCED

New York, N.Y.—GBC
Closed Circuit TV Corp.,
demonstrated a commercially
available “See in the Dark”
TV system. The GBC TD-
1400 Closed Circuit TV
Camera sees clearly under
visible and invisible illumina-
tion.

The system delivers clear
pictures from daylight to
moonlight conditions. It can
be controlled locally or from
a distance. The camera oper-
ates like regular daylight
cameras. Various fixed focal
lengths and zoom lenses pro-
vide desired fields of view.
The motorized zoom lens can
also be used to control the
camera Jens from a remote
location. The camera can also
operate with infra-red illumi-
nation which (although not
required) when used, pro-
vides high-resolution video
pictures in total darkness.

A key element in the
camera is a virtually inde-
structible solid-state light sen-
sitive wafer in place of the
delicate chemical film used in

2
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most camera tubes. Depend-
ing on the color of illumina-
tion there is three to ten
times the sensitivity as con-
ventional b-w vidicon tubes
under the same range of visible
light. Under infra-red illumi-
nation, the sensitivity is 12 to
17 times greater.

Since the system is con-
siderably more sensitive than
some low-light level cameras,
it has negligible lag at lower
light levels where the lag and
blooming in other cameras
may be excessive. From 6 to
10 grey scale levels can be
detected over the entire illu-
mination range. The array of
more than one-half million
diodes in the camera vidicon
cannot be “burned” by ex-
posure to intense light. *

NEwW YORK, N.Y.—A new sys-
tem for broadcasting and
recording four-channel stereo
sound using existing two-
channel equipment was dem-

onstrated starting at the
Audio Engineering Society
convention and exhibit.

Named “Electro-Voice Stereo-
4”, the system requires only
a simple *“encoder” at the
broadcast or recording source
and an inexpensive “decoder”
in the home.

The encoded signal is
completely compatible with
existing equipment and tech-
niques. It will be received
and reproduced as regular
two-channel sound in existing
standard home stereo systems
where a decoder is not used.

Prototypes of the home
decoder were shown by Elec-
tro-Voice. It is a small unit
that plugs into an existing
stereo system. Available
about January 1, the sug-
gested retail price of the
decoder is expected to be
well under $100.00.

Use of the Stereo-4
decoder in the home will also
expand any existing two-
channel source material (FM
broadcast, records, or tape)

WwwWw americanradiohistorv com

to four independent channels
of sound. Records and tape
now owned do not become
obsolete. Four different
sound channels are created
from two-channel sources.

The Electro-Voice sys-
tem allows broadcasters to be
on the air immediately with
four-channel stereo informa-
tion, as existing stereo trans-
mitting equipment is used.
Four-channel program mate-
rial, as from a tape player, is
fed through the E-V encoder
and then to the standard mul-
tiplex generator and FM
transmitter. The encoding
process causes negligible dis-
tortion, noise, phase shift, or
other signal degredation, re-
quires no change in band-
width, and is fully compatible
with current two-channel re-
ceivers. The system, there-
fore, requires no approval or
other action by the F.C.C. It
is claimed that it is superior
to any previously announced
matrixing system.

The Stereo-4 system is a
joint development of Electro-
Voice, consulting engineer
Leonard Feldman and Indus-
trial Patent Development
Corp. (turn to page 6)
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LOOKING AHEAD

Volume 42 Number 1

RADIO-ELECTRONICS . . . FOR MEN WITH IDEAS IN ELECTRONICS

January 1971

by DAVID LACHENBRUCH
CONTRIBUTING EDITOR

Out on alimb

The January issue of Rapio-ELECTRONICS traditionally
is our color television issuc. And January traditionally is the
month to look ahead at what the year holds in store. So,
putting two traditions together, we’ll try to take a look at
television 1971. If we're right about what happens in 1971,
we'll probably take credit for it in a later issue. If we fall
off the limb, you can be sure we’ll never mention it again
and hope you forget it, too. So here goes.

The multi-purpose display

This will be the year that the home television receiver
begins its transformation from a single-purpose to a multi-
purpose device. To understand what we’re driving at, con-
sider the history of the home audio amplifier. 1t entered
the home as an essential part of the radio. Later, the am-
plifier became a part of the electronic phonograph and the
tape player. Today in the home, a single high-fidelity am-
plifier (with its associated speakers) does at least triple
duty.

By contrast, the more complex and costly video cir-
cuits and color picture tube still perform only one single
function—displaying pictures picked up off the air. This
waste of a versatile visual device seems certain to be cor-
rected in the future. The first moves are scheduled to come
in 1971.

The home videoplayer

If all goes well, the first home cartridge VTR will be
on the market in 1971, giving the home TV set new flexi-
bility. Although 10 or more non-compatible varicties of
home videoplayer are scheduled for marketing by 1972,
only one of these has been definitely promised for 1971.
This is the Cartrivision system, developed by Cartridge
Television Inc., a subsidiary of Avco Corp., to be mar-
keted by both Cartridge TV and Admiral in a color TV-
VTR combination at less than $900. A $400-$500 deck is
promised later.

The entire television industry, from manufacturer to
retailer, will be watching the Cartrivision effort closely, to
see how enthusiastically the public responds to the concept
of the casy-to-use home VTR-player. Cartrivision will be
offered with an extensive rental library of feature films,
how-to lessons, musical video records and documentaries.
In addition. a user will be able to record color TV off the
air for later viewing and to make home TV movies in
black-and-white with a $200 accessory vidicon camera.
Our forecast is that 1971 will indeed go down in history as
the year the first cartridge VTR entered the home. but so
few will be produced in this first year that it will be impos-
sible to draw any conclusions as to the success of this new
product.

Other cartridge videoplayer manufacturers are taking
a more cautious route—offering industrial-institutional-
educational models first, and scheduling home editions for
1972. CBS’s playback-only EVR film system went into
production late in 1970. Scheduled for 1971 production
are institutional catridge VTRs by Ampex, Sony and
Philps—all touted as forerunners of 1972 home units.

Cable TV
In 1970, the FCC indicated its intention to require

4

program originations by the larger cable TV systems, and
many systems already have started limited originations.
This means that CATV no longer stands for “Community
Antenna Television,” but finally represents a new source
for program material—a new use for the TV box. The
new year will also be a year of research into the potential
of the widely heralded two-way home cable systems. One
of the most imposing experiments may result from a
recently formed combination of 25 corporations known as
Broadband Communication Network. The group includes
several major cable TV system owners, electronic equip-
ment manufacturers (Magnavox is one), computer hard-
ware and software firms (Honeywell), communications spe-
cialists including the New York Times and Los Angeles
Times-Mirror.

The aim of this group will be to establish a working,
two-way pilot home broadband communications system,
budgeted at $10-$20 million, possibly as carly as 1972, If
preliminary studics indicate the project is feasible, a multi-
corporation consortium, BCN Inc., will be formed to un-
dertake the project. Services being explored for the new
system, which has a goal of 10,000 subscribers and profit-
able operation, are information retrieval for the home (ex-
amples: recipes, best auto routes, library reference service),
programmed learning, airline and theater ticket sales,
banking, entertainment programming of the viewer’s
choice on demand, stock quotations on demand, tele-
shopping, facsimile newspapers, fire and intrusion surveil-
lance, opinion surveys, possibly electronic mail delivery.

Better color transmission

Now back to 1971 and more prosaic developments.
The vyear is likely to see vastly improved color consistency
and uniformity between program and program, and be-
tween station and station, as a two-year high-level engi-
neering study is gradually implemented. Some of the rec-
ommendations already are being put into eflect—such as
more uniformity in TV film colorization. Others may take
FCC action—use of vertical interval to convey color stan-
dard information, tightening of some transmission toler-
ances. But the entire broadcasting and receiver manufac-
turing industries are now uniformity-conscious, and major
improvements should be noticeable on color TV screens in
1971.

This, in turn, could lead to more fuss-free receivers.
Pre-set tint controls, sometimes in combination with
brightness and contrast, will soon be practical. Some ap-
peared on receivers in 1970; they’ll be more worthwhile in
1971 with increasing uniformity of the transmitted color
signal. (The pre-set tint controls shouldn’t be confused
with so-called “automatic tint,” the flesh-color com-
pensation circuits offered by most major U.S. television
manufacturers in 1970.)

Receiver innovations
Having suffered nearly disastrous sales setbacks in re-
cession-plagued 1970, TV set manufacturers will be more
inclined toward making money than making history in
1971. Some major innovations penciled in for 1970-71
have alrcady been postponed until such time as the set
makers feel the public is willing to pay for them. However,
there will be some evolutionary changes in 1971 color re-
ceiver lines. Probably the most significant will be a rather
large-scale increase in the number of all-solid-state receiv-
(continued on page 14)
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FREE! YOUR FIRST
CAN OF [0 IS
ON US!

We say TUN-O-BRITE is head and shoulders
above any other tuner spray you've ever tried.
You say you've heard that song before.

It’s time for us to put our money where
our claims are. Tell you what we’re gonna do.
Buy a can of TUN-O-BRITE from your fav-
orite distributor — at the regular price.

When you've used the TUN-O-BRITE up,
send the empty can to us. We'll send you a
new can OF YOUR FAVORITE TUNER
SPRAY FREE!

There are no strings attached to this offer.
If you ask for TUN-O-BRITE, we'll be de-
lighted to send you another can absolutely
free. If you ask for a competitive brand, we’ll
be disappointed, but we’ll send it to you any-
how. Either way, you can’t lose. You get to
try TUN-O-BRITE at our expense because
you can swap the empty can for a free can
of your favorite tuner spray.

1. TV TECHNICIANS
AN
HEAVY DUTY: TUMEF
SPRAY WITH BUILT &
POLISHING ACTION!

SHAKE WELL

e

Of course, we're betting that once you try
TUN-O-BRITE, you simply won'’t settle for
any other product, no matter how cheap you
can buy it. After all, you can tell a profes-
sional TV technician by the tools he uses.

e CHEMTRONICS:
Ty BKLYN NY. 11238

This offer expires
February'1, 1971

Circle 3 on reader service card
JANUARY 1971 5
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(continued from page 2)
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NEW UHF DX RECORD

FT. MCPHERSON, GA.—
“Why not?”

“Yes, let’s break the 2,-
300 MHz world DX (long-
distance) record!”

This might have been
the gist of a conversation ear-
lier this year between Bill
Byrd (WA4HGN) of Muscle
Shoals, Ala., and Paul Wilson
(W4HHK) of Collierville,
Tenn. And break the world
record they did’

Bill and Paul are both
amateur radio operators, and
members of the Third U. S.
Army Military Affiliate Radio

System (MARS) as
AD4HGN and A4HHK, re-
spectively.

On July 9, Bill drove a
panel truck to a place called
Sunset Rock near Bon Air,
Tenn. Inside the truck was
seemingly enough exotic ra-
dio equipment to monitor a
space flight, and on a trailer
behind, looking not unlike a
large mechanical turtle, was a
specially tuned and rigged 10-
foot dish antenna.

Working from an eleva-
tion of nearly 2,000 feet
above sea-level, and using an
astro-compass to point his
dish antenna in precisely the
right direction, Bill first at-
tempted to contact Paul on
the morning of July 10. Re-

peated attempts that first day
were unsuccessful, but early

on July 11 another call
brought the looked-for re-
sponse: “This is W4HHK

reading you loud and clear!”

The record thus estab-
lished was for 249 statute
miles, as established by aero-
nautical charts. And the
record is now official, having
been recognized early in Sep-
tember this year by the
American Radio Relay
League.

Two hundred forty-nine
miles may, to the unini-
tiated, not seem like a very
astounding distance in this
age of moon voyages and
globe-girdling commu-
nications. But the record set
by Messrs. Byrd and Wilson
was at a frequency of 2,300
MHz, approximately three
times as high as that of the
highest-frequency UHF TV
stations on the air in the US.

Also, there’s the matter
of power. Commercial UHF
TV stations routinely use
more than a million watts of
power to send an acceptable
signal 50 miles or less. Bill
and Paul communicated over
their record-breaking distance
using less than a thousand
watts, the legal limit for all
radio amateurs. *

, -
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SMALLER THAN A BREAD BOX, Raytheon’s Model 2900 radar
fits into the limited space found on most pleasure hoats. The
transistorized radar paints an electronic picture of land contours
and other vessels up to 32 miles away. Its 33-1, inch radome-
protected antenna weighs only 48 pounds. The radar is offered by
Raytheon Marine Products, at $2,850.

MICROWAVE RADIATION

Rockville, Maryland—A new
Federal standard that sets
limits on radiation from mi-
crowave ovens has been is-
sued by the Health, Educa-
tion and Welfare’s
Environmental Health Ser-
vices’ Bureau of Radiological
Health. As published in the
Federal Register, under the
Radiation Control for Health
and Safety Act, the standard
states that microwave home
or commercial cooking ovens
manufactured after October
6, 1971, “may not emit radi-
ation in excess of 1 milliwatt
per square centimeter prior
to oven sales” and “may not

emit radiation in excess of 5
milliwatts per square cen-
timeter throughout the useful
life of the oven.” Allowance
is made under the S-milliwatt
limit for the possibility that a
gradual increase in radiation
emissions may occur as a re-
sult of normal oven wear. In
contrast, a maximum of 10
milliwatts per square cen-
timeter has been recognized
as a voluntary standard by
the microwave oven industry
up until now.

The limitation was initi-
ated after local, state, and Fed-
eral public health agencies sur-

(continued on page 12)
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FE21 HI-LO
with 4%-inch
meter $99.50

SENCOR

o Errsc? MU'-""""

nﬂ "
)

+£20 MI-LO Mmk =

FE20 HI-LO

wnh hl'voltage probe and large
six-inch meter $129.50

WITH THE NEW HI-LO FIELD EFFECT MULTIMETERS

Look at these extra features to see why the Hi-Lo meter bélongs on your want list:

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

9 DC zero center ranges from .05 volts to 500
volts . . . a must for delicate transistor bias
measurements

7 resistance ranges from 1000 ohms full scale to
1000 megohms

Low voltage of .08 L
volts prevents tran- I}
sistors from conduct- an
ing and misreading B
/circuit. Resistor will [ty

now read 10K as it

should. Also prevents neasurements Iin

sistor.

9 DC current ranges from 100 microamps to 1
amp

Automatic built-in battery test . . . never a worry
about rundown batteries, just push the switches
under the meter and read.

Standard .6 amp fuse to protect the ohms and
milliamps scales if voltage or overload is ac-
cidentally applied. No more need to return the
meter to factory for repair . . . just replace the
fuse.

Special probe with 100K isolation resistor in
probe to prevent AC pickup or to prevent loading
oscillator circuits. Leave in normal position for
most tests.

u e N

Higher voltage of 1.5
volts causes semi-
conductors to con-

duct to read. proper
front-to-back ratio or

3 conductivity of tran-
CUVCEUER RGN CELE solid state circuits: sistors. Meter would

not be complete with-
out hi-ohms reading.

S E= NI C O FRE= INC. 3200 Sencore Drive o Sioux Falls, South Dakota 57107

Circle 4 on reader service card
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Discover the ease and
excitement of learning
Electronics with
programmed equipment
NRI sends YOU e o

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 Gl Bll-l- If you served

since January 31, 1955, or are in ser-
vice, check Gl line in postage-free card.

8 RADIO-ELECTRONICS
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Farn 85 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 payingjoborabusiness 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. NR! 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 experiment with test equip-
ment, like a VTVM you keep. You
build and operate amplifier circuits,
transmission line and antenna sys-
tems, even build and use aphone-cw
transmitter suitable fortransmission
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

ELEGTRONICS
TECHNICGIAN

Electronicstouches 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 NR! students could tell you
...thatyou 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_:.i, cos:

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.

JANUARY 1971

THE ONLY

COLOR TV

TOTALLY

ENGINEERED
FOR TRAINING
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SOLDERING +
DESOLDERING +
RESOLDERING =

SOLDER @ABILITY

WORLD'S MOST PRACTICAL SOLDER HANDLING TOOLS

SOLDAPULLZ: ® SOLDAVAC ..

Desoldering Tools

te r

@ LIGHT WEIGHT, PORTABLE @ SELF-CLEANING @ FAST, VACUUM ACTION

sotoaruLr

Foivavac

l

RS . The World's Finest Soldering Tools

wete—(l==— CO/DAS/P.

@ EXPERT CRAFTSMANSHIP
@ FAST SOLDERING CYCLES
Several models to choose from

Resoldering Tips
These tips sip up solder
like a sponge or solders

SOLDASIP
RESOLDERING
FLUX

AN

\\

BURNISHING ToOL

Double magnifying, cleans
relay contacts and Solda-
sip capillary slots. x

like a dream.

<TezEr ) ()
# Angle tace Tip
SEZZEAVD,
* PryTip

Use as soldering aid to
pry component leads free.

One Tip applies, removes
solder.

U.S. and Foreign Patents Applied For.

A IEIDSY X
| 15954 ARMINTA STREET
VAN NUYS, CALIFORNIA 91406
PHONE (213) 9892324

® Advertised in EEM, MASTERS, EBG and EPAC Catalogs

Send for our free 12 page
sOLDER( jasBiLITY manual.

TELEX NO. 65-1469 EDSYNEX VAN

New&Timely

{continued from page 6)

veyed tested ovens and found
that 20 to 30% of those
teted emitted  microwave
radiation in excess of the in-
dustry’s standard. Some levels
were found to be capable of
inducing biological effects in
animals.

Changes were also made
in provisions covering safety
interlocks on oven doors,
which turn off the cooking
microwaves automatically
when the door is opened. The
standard asks for at least two
safety interlocks which would
have to be concealed, safe
from tampering. The issued
standard requires one inter-
lock to be concealed to allow
the use of more effective
types of interlocks to min-
imize hazards. The standard
stipulates, “failure of any
single mechanical or elec-
trical component of the mi-
crowave oven shall not cause
all safety interlocks to be in-
operative.” *

Circle 5 on reader service card

INSTRUI\/IENTS

IN ONE

¢ Dut-of-Circuit

TAPE RECORDER
STANDARDS

NEw  Yorg, N.Y.—
“Swift introduction of such a
three-part program is essen-

Transistor Analyzer tial to avoid comp‘etiFive

e Dynamic In-Circuit chaos” was stated by Virginia
Transistor & Radio Tester Knauer, President Nixon’s

il e Signal Generator Consumer Adviser in regard
| Signal Tracer ¢ Voltmeter to her proposed standard-
¢ Milliammeter ization program for the Tape
|e Battery Tester Recorder TIndustry. 1t will

‘s Diode Checker

Transistor Analyzer yose: 212

« Factory Wired & Tested — $21.50
& Easy-to-Assemble Kit — $14.50

YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RADIOS! All the
facilities you need to check the transistors themselves — and the radios or other cir-
cuits in which they are used — have been ingeniously engineered into the compact,
6-inch high case of the Model 212. 1t's the transistor radio troubleshooter with all the
features found only in more expensive units. Find defective transistors and circuit
troubles speedily with a single, streamlined instrument instead of an elaborate

hook-up.

Features: |
Checks all transistor types — high or low
power. Checks DC current gain (beta) to |
200 in 3 ranges. Checks leakage. Uni-
versal test socket accepts different base
configurations. |

Identifies unknown tran-

p————_—————————
EMC, 625 Broadway, New York 12, N. Y. I

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

RE-1 :

cover manufacturing, per-
formance, and product infor-
mation.

She warned it is equally
necessary that Government
prodding be headed off by
developing voluntary standards
within the industry.

In Mrs. Knauer’s speech
at the International Tape As-
sociation’s first conference,
she spelled out four specific
areas where full standards are

sistors as NPN or PNP. | NAME
Dynamic test for all transistors as signal | | needed.
amplifiers (oscillator check), in or out of | ADDRESS.

circuit. Develops test signal for AF, IF,

or RF circuits. Signal traces ail circuits. | ¢ 7y zoNE___sTATE___ |
i Jd

Checks condition of diodes. Measures
battery or other transistor-circuit power-
supply voitages on 12.volt scale. No ex-
ternal power source needed. Measures
circuit drain or other DC currents to 80
milliamperes. Supplied with three exter-
nal leads for in-circuit testing and a
pair of test leads for measuring voitage
and current. Comes complete with
jnstruction manual and transistor listing.

12

EMC

Export: Pan-Mar Corp., 1270 B'way, N.Y. 1

product
ELECTRONIC MEASUREMENTS CORP. quirements
' 625 Broadway, New York 12, New York recorders,

equipment.

www americanradiohistorv com

including terms and
| definitions for product infor-
mation, materials and specifi-
cations, dimension and inter-
changeability standards,
and component re-

and other related

Surveillance
Radar
System

PITTSBURGH, PA.—A sur-
veillance radar system using a
helicopter to elevate the an-
tenna for better radar cov-
erage is now being evaluated
by the Air Force. The engi-
neering model was developed
for the Air Feorce System
Command’s Rome Air Devel-
opment Center by the West-
inghouse Aerospace and Elec-
tronic Systems Division.

Due to the earth’s curva-
ture, a ground radar’s detec-
tion range for an aircraft fly-
ing at tree-top level is about
10" miles providing there is
no interference from terrain
or foliage. However. if the
terrain or foliage cut just one
degree from the angle of the
radar’s beam path, the detec-
tion range is reduced from
about 10%. to one-half mile.

Using a helicopter in-
creases the low-altitude detec-
tion range which is limited by
the earth’s curvature, terrain
and foliage effects.

In flight, the antenna ro-
tates at nine revolutions per
minute beneath a UH-1 heli-
copter. For take off and land-
ing, the antenna folds into
the space between the landing
skids. It can be deployed or
retracted in 30 seconds.

Since the radar looks
down to the same extent that
a ground radar looks up, the
effect of ground clutter—
noise in the system due to ra-
dar energy reflected in a vari-
ety of ways by everything on
the ground—is greatly in-
creased. These severe ground
returns compete with the re-
turns from targets. The heli-
copter supported radar there-
fore has to have exceptional
clutter compensating ability.

Two radar innovations
alleviate the clutter problem
in the developmental radar.
These are a digital moving
target indicator and coded
pulse anticlutter circuitry. In
addition to reducing the

(continued on page 14)
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=TCA-40

4-track, 4- and 2-channel playback

A-41

4-track, 4- and 2-channel playback
2-channel record

=TCA-42

4-track, 4- and 2-channel playback
4- and 2channel record

TCA-40

HIGHER MATH

Three decks, three capabilities: the Simul-trak®
TCA Series from TEAC.

Buy one, add onto it, and you’re up to the next
model. Keep going till you reach the top.

Or start at the top, and get everything going
for you at once.

All three units feature 4- and 2-channel
playback — the only brand with auto reverse.
And Models 40 and 41 can be modified to the
full 4-channel capability of Model 42 as
shown. Meanwhile, any one of these decks s gacen siesto.swcan, amectien
is compatible with your present 2-channel
equipment without modification.

Other 4-channel tape decks may look
like ours. But they either have only one
motor — or they cost a king’s ransom.
(They don’t sound as good, either.)

And any way you add them up,
the TCA Series can never be
obsolete. You don’t even need
a slide rule to show you why.
Just a good pair of ears.

(Mounting cradle and'dust cover optional)

1.
aLi8e

()
INSTITUTE OF
TEAC
®
TEAC Corporation of America

2000 Colorado Avenue
Santa Monica, California 90404
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TRUE TRIGGERED SWEEP

0SCILLOSCOPE/VECTORSCOPE

MODEL
TO-50

o DC to 10 mhz
frequency response

e .02 volt sensitivity

e Calibrated vertical
attenuator

ll% lj

e (Calibrated time base

o Supplied with combi-
nation Direct/Lo-Cap
probe

3

o 5 X magnifier

e Automatic triggering
mode

e 5” flat face tube

edge-lit graticule LB e el

Made in U.S.A.

339"

See your distributor or write Dept. RE-1

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

Circle 7 on reader service card

COLOR TV

CONTROLS

+CONVERGENCE
« Audio Color
*A.6.C. Delay

* Brightness

Focus
Sensitivity

*Horizontal Frequency
*Horizonfal Centering
*Vertical Linearity
*Vertical Centering

105 DIFFERENT
EXACT REPLACEMENTS

RCA « SILVERTONE
ADMIRAL = ZENITH
G.E. and others

ASK FOR FREE CROSS REFERENCE NO.X67

MANUFACTURED BY
woRKMAN ol
PRODUCTS, INC.

SARASOTA, FLORIDA

MANUFACTURED FOR
THE OEM MARKET.

NOW AVAILABLE FOR
REPLACEMENT PARTS...

Circle 8 on reader service card
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(continued from page 12)

problem of ground clutter,
these also lessen the effects of
weather clutter. Some ability
to detect ground targets has
also been observed.

The digital features com-
bined with the use of solid-
state components for every-
thing but the high power
transmitter and display tubes
made the system lighter in
weight, use less power, more
reliable and stable than
would have been possible
with conventional techniques.

The radar is a two di-
mensional system operating
in the L frequency band.

The antenna is an array
of stripline dipoles separated
from a ground plane and me-
chanical support by a hard
foam plastic layer. This type

heavy parabolic antenna and
has built-in provisions for a
radar beacon signal reception
and transmission.

A data link to provide
radar  information to a
ground display is part of the
system. It provides (wo-way
communications over a slant
range of ten miles. Two an-
tennas are used on the heli-
copter for the data link, one
in front and the other in
back, so there is always one
antenna in the line of sight of
the ground antenna.

In a tactical situation,
helicopter supported radars
could be used to augment
ground early warning radar
systems to fill gaps in cov-
erage, and to provide radar
coverage in contingency situ-

ations before ground radars
are emplaced. R-E

of construction eliminated
the feed horn and the large,

LOOKING AHEAD

(continued from page 4)

ers offered to the public. Japanese television makers are
joining in a unified campaign to eliminate receiving tubes
entirely, and they’ll go the major distance toward their
goal in 1971. While the Japanese are phasing tubes out of
color portables, their American counterparts will continue
to phase solid-state chassis into their console lines.

There’s an outside chance that the first substantially
integrated-circuit receiver could show up in 1971—and it
probably will be from Japan, where the entire television
industry is pooling its efforts to develop standard TV ICs.
Although the U.S. leads in IC technology, American man-
ufacturers so far have shown no inclination to work
toward standard circuits which could make widespread use
of ICs economically feasible. The Japanese cfforts could
jolt them into standardization—but probably not before
1972.

Other trends to watch in 1971: Color tubes—More of
the new square-cornered types, the 25-inch, the newer 19-
inch, probably a few 21-inchers. The short color tube with
110-degree deflection is currently being offered only by
RCA in an 18-incher, but 19-inch versions (high priced)
will come on the market in 1971. Electronic tuning—This
will proliferate in a limited fashion, at the high end of
some TV lines. You may see the first digital-tuning all-
channel set, using two Nixie tubes as indicators, along with
signal-seeking action. This could set a trend.

Warranties

With the increase in solid-statc sets, and continuing
“consumerism” pressures, we're almost certain to see fur-
ther extensions of warranties in 1971. The one-year parts-
and-labor policy will become standard for solid-state re-
ceivers, and it wouldn’t be surprising to see some
experimentation with two- and three-year warranties be-
fore the year is out. Television receiver prices will rise to
cover the warranties. R-E

RADIO-ELECTRONICS
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RCA CALLS IT ICTJ.
YOU'LL CALL IT THE GREATEST SERVICE
AID EVER TO COME ALONG.

ICTJ* is more than a test jig. It's a complete system
designed by RCA to help you service Color Television
faster and more precisely.

With the updated 1CTJ system you’ll be able to

service more than 90% of al/l Color TV consoles on the
market—that’s over 1,500 different models from

more than 17 different manufacturers.

Here's what it includes: First, the test jig itself, in bench
or portable models.

Second, an assortment of adapters engineered to

match almost any Color console chassis to the test jig.

*Industry Gompatibte Test Jig

Deptford, Hew Jersey

JANUARY 1971

Third, 2 complete reference book to take the
guesswork out of which adapter to use with each
chassis—and RCA keeps it up to date through a
subscription service.

And there’s alsc a new optional high voltage meter
kit to give you safe, accurate and continuous monitoring

ICTJ lets you pull a chassis with the complete
assurance that the picture in your shop will be the same
as the customer sees in his home.

See your RCA Parts and Accessories Distributor today;
chances are you'll find a less important use for that
old jury rig.

REGA
Accessories

15
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Glever Kieps

Kieps 40

Kleps 30 Kleps 1

Kieps 10

Prut 10

et

Circle 9 on zeadel service card

Test probes designed by your needs—

Push to seize, push to retease (all Kleps spring
toaded).

Kleps 10. Boathook type clamp grips wires,
lugs, terminals. Accepts banana plug or bare
wire lead. 4% long. $1.19
Kleps 20. Same, but 7" long. $1.39
Kleps 308. Completely flexible. Forked-tongue
gripper. Accepts banana plug or bare !ead
6’ long. $1.4
Kleps 40. Completely flexible. 3-segment auto-
matic collet firmly grips wire ends, PC-board
terminals, connector pins. Accepts banana plug
or plain wire, 64" long. $2.39
Kleps 1. Economy Kleps for light line work (not
lab quality). Meshing claws. 412" long. $ .99
Pruf 10. Versatile test prod. Solder connec-
tion. Molded phenolic. Doubles as scribing
tool. “Bunch” pin fits banana jack. Phone tip.
512" long. $.79
All in red or black — specify .

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

Available through your local
distributor, or write to:

RYE INDUSTRIES, INC.

127 Spencer Place, Mamaroneck N.Y. 10543

Build this
pipelike
Schober
Recital
Oorgan
for oniy
$1850!*

no kit.

* Includes
finished walnut console. (Only $1446
it you build your own console.) Amplifier,

speaker system, optional accessories extra. | wm e wm mm e —= s oo o= —— — s

ThEQ%OMOrgan Corp., Dept. RE-86 }
| 43 West 61st Street, New York, N.Y. 10023 l
| [0 Please send me Schober Organ Catalog and |
i free 7-inch “‘sample” record. ]
O Enclosed please find $1.00 for 12-inch L.P.
i
| record of Schober Organ music. i
I NAME :
1 ADDRESS {
] cITY. STATE ZIP l

You couldn’t touch an organ like this in a store for less than
$4,000—and there never has been an electronic instrument with
this vast variety of genuine pipe-organ voices that you can add
to and change any time you like! All four families of formal pipe
tones are present in variety to delight players of classic and
religious music. Yet you can change the entire organ for popular
and theatrical sounds, or plug in special voices for baroque,
romantic, or modern repertoires. If you've dreamed of the sound
of a large pipe organ in your own home, if you're looking for an
organ for your church, you'll be more thrilled and happy with a
Schober Recital Organ than you could possibly imagine — kit or

You can learn to play it—and a full-size, full-facility instrument
is easier to learn on than any cut-down “home” model. And you
can build it, from Schober Kits, world famous for ease of assembly
without the slightest knowledge of electronics or music, for de-
sign and parts quality from the ground up, and—above all—for
the highest praise from musicians everywhere.

Send right now for the full-color Schober catalog, containing

specifications of all five Schober Organ models, beginning
at $499.50. No charge, no obligation. If you like music,
you owe yourself a Schober Organ!

-———_—_———————————.1

Circle 10 on reader service card
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orrespondence

WRONG STATION

In your October issue you men-
tioned a quadrophonic broadcast in San
Francisco. The involved stations were
KLOL and KRON. You gave one the
incorrect call letters. KIOI is at 101
megacycles and the letters are KIOIL,
not KLLOL.

D. TABER
San Francisco

Our thanks for unscrambling those
call letters. As you can see, it was
caused by a slipped finger on the type-
writer.

WHERE DO | GET PLL IC'S?

In your November issue there was
an article on the Phase Lock Loop
which I found to be quite interesting.
However, you mentioned that the new
IC’s were developed by Signetics, but
did not indicate where they are located
and how an interested person might
contact them. Could you possibly
publish their address in an issue soon,
so others like myself can write to them
for buying details?

SYDNEY JOHNSON
New York, N.Y.

You and any other readers inter-
ested in getting more data on PLL
IC’s and their availability should con-
tact Signetics directly. Their address is
811 E. Arques Ave., Sunnyvale, Calif.,
94086.

ACHIEVEMENTS UPDATE

My article, “Measurements of Your
Achievements” which appeared in the
December, 1970 issue of Radio-Elec-
tronics, requires a little updating. The
fece for the Certified Electronics Tech-
nician Examination has been in-
creased from $5.00 to $10.00, and for
further information on this program,
the reader should contact Mr. Leon
Howland, Chairman, NEA Certifica-
tion Program, ITTA Building, 1309
W. Market St., Indianapolis, Indiana
46222,

Louis E. FRENZEL, JR.
Silver Spring, Md.
(continued on page 22)
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JANUARY

- 35000 parts
foradollar.

What do you do %
when a customer walks %
in with a TV set which has ™%
a brand name that sounds like
hara-kiri, and you find that one of ¥
the transistors has committed suicide? "%%

You can tell him to throw the set away.

Or, if the transistor has a number, you can
look it up in Sylvania’s ECG Semiconductor
Replacement Guide and pop in an ECG re-
placement.

The Guide lists over 35,000 transistors,
FETs, diodes, rectifiers, Zener diodes and linear

1971

" ICs. It includes JEDEC, European
and Japanese types.
/' All of them can be replaced by only 87
ECG semiconductors.
So you don’t have to own a warehouse to do
your job.
You just need a few drawers of ECG parts.
And one buck...
for which your Sylvania Distributor will
gladly sell you the Guide. He also has the entire
ECG replacement line. Remember: Sylvania
supplies you; we don’t compete with you.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS
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A

50 functions in a single chip. The functions of 50 séparate transistors,
diodes, resistors and capacitors can now be performed by the tiny
dot in the center of the integrated cireuit held by the tweezers.

The “Chip” ...will it make or break

your future job?

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

INY ELECTRONIC “CHIPS,” each no bigger than the head

of a pin, are bringing about a fantastic new Industrial
Reveolution. The time is near at hand when *‘chips™ may save
your life, balance your checkbook, and land a man on the
moon.

Chips may also put you out of a job...or into a better one.

“One thing is certain,” said The New York Times recently.
“Chips will unalterably change our lives and the lives of our
children probably far beyord recognition.”

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

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

Miniature Miracles of Today and Tomorrow

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

And this is only the beginning!

Soon kitchen computers may keep the housewife’s refrig-
erator stocked, her menus planned, and her calories counted.

Money may become obsolete. Instead you will simply
carry an electronic charge account card. Your employer will
credit your account after each week’s work and merchants.
will charge each of your purchases against it.

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

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

New Opportunities for Trained Men

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

It’s true that the “chip” may make a lot of manual skills
no longer necessary.

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

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

How To Get the Training You Need

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

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

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

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

Always Up-to-Date

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

ENROLL UNDER NEW G.I. BILL
All CIE courses are available under the new G.I. Bill. If
you served on active duty since January 31, 1955, or are
in service now, check box on reply card for G.I. Bill

Tiny TV camera for
space and military use
is one of the miracles
of integrated circuitry.
This one weighs 27
ounces, uses a one-
inch vidicon camera
tube, and requires only
four watts of power.

Get FCC License or Money Back

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

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

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

Mail Card for Two FREE Books

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

‘coupon below.

£
CI Cleveland Institute
of Electronics

1776 East 17th Street, Cleveland Ohio 44114

NEW

COLLEGE-
LEVEL

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

1. Your 44-page book ‘‘How To Succeed In Elec-
tronics” describing the job opportunities in
Electronics today, and how your courses can
prepare me for them.
2. Your book on “‘How To Get A Commercial FCC
License."”

| am especially interested in:
[J Electronics O Electronic

COURSE IN Technoiogy Cummu?icatiuns .
ELECTRONICS | ©Enes, = v soovores

1
i
]
I
|
{
1
§
§
I
b
§
}
]
1
O Electronics !
Engineering :
i

]

1

1

I
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I

I

I
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I

I
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|

; - FCC License
for men with prior ex.
perience "in Electron- .
ics. Covers steady- Name

state and transient (please print)

network theory, solid

¥ k Address
state physics and cir-
cuitry pulse tech- .
niques, computer logic City
and mathematics
through calculus. A State Zip Age . |

[0 check here for G.1. Bill Information.
Accredited Member National Home Study Council

college-level course
for men already work-
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|
1
|
|
|
|
|
|
:
ENGINEERING E [J First-Class
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information ing in Electronics. A Leader in Electronics Training...Since 1934
: RE-86
TS e E s -—d
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CORRESPONDENCE
(continued from page 16)

HUMIDITY SENSOR AVAILABLE?

Some time ago an article in Rapio-
EvLecTroNics featured a type HA-26
humistor (humidity sensor). I have
not been able to locate the manufac-
turer nor the source of this element.
We are developing an automatic mi-
crobarograph recorder and want to
measure relative humidity also. The
HA-26 humistor secems the ideal sens-
ing eclement for this purpose. Can
you supply the name and address of
the manufacturer or a catalog source?

VAGN H. JENSEN
University of Tasmania
Hobart, Tas.

Australia

The Road-Icing Alarm, described
in the October 1968 issue, was a popu-
lar item and its description was reprint-
ed in a number of foreign publications.

The Hygropak humidity sensor is
made by Photo-Crystals, 604 Prairie
Street, St. Charles, 11l. 60147. It is car-
ried by Allied Electronics, 2400 W.
Washington  Blvd., Chicago, il
60680. The catalog number for the
Hygropak HA-26 is 60 D 7747 and
the matching socket is No. 60 D

B
.a ECISION MDDEL 11460 i
4 L "

. \ .‘1
;D(slncu -

VARUBLE
VOLTAGE /CM

ARIABLE /HOR GAIN i b el
SWEEP TIME/CM . 2B

TRIG LEVEL
STABILITY

B&K
Precision
Model 1460
Triggered
Sweep Scope
$389.95

B &K Precision’s new 1460 Triggered Sweep Scope...
The one that's been worth waiting for.

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

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

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

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

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

All solid state with 6 FETS. Runs
coolest. Vertical sensitivity (10mV/
cm) and writing speed of 0.1 micro-
second/cm (using 5X multiplier). Fea-
tures usually found in expensive lab
scopes. Complete with direct/10 to 1
probe. 19 sweep speeds and 11 volt-
age calibrated ranges.

Pinpoint your problems quickly and
accurately with the new 1460 Trig-
gered Sweep Scope. The only thing
you’ll have to adjust to Is having
more time on your hands. Ask your
distributor or write us for catalog.

There is a difference in test equipment—ours works!

B

Product of DYNASCAN CORPORATION
1801 W. Belle Plalne / Chicago, lllinols 60613

Circle |2 on reader service card
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7748. The HA-26 and socket are
$6.00 and $0.30, respectively.

HELP A READER TODAY

Some months ago I was shown an
electrical device that I would like more
information about.

I am sorry that I do not know the
trade name nor am I able to give any
more information to help you trace it
down for me than what 1 have out-
lined below.

The device is an electro-chemical
unit, that when activated by a 1%z
volt battery, will produce heat on one
side and cold on the other side. The
active material is tellurium salts with
perhaps other agents used as catylists.
The physical size is approximately Y4
of an inch thick by 12 inches wide
by 3 inches long. Two terminals are
connected on either side of the 1V2
inch top. The back and front of the
unit have small copper plates im-
bedded in the plastic case on both
sides of the unit.

I would appreciate it very much if
you would forward this letter or send
me information as to the manufac-
turer and address so that I can write a
letter of inquiry.

J. D. TAYLOR
627 Fraser St.
Kamloops B.C.
Canada

It would be of great help to me if
someone could answer these questions.
To date I have solicited answers from
several sources, but without success.

Specifically, I am trying to find out
what companies manufacture the
Navy Ordinance Locaters, Mark I
mode! 0, Mark 10 model 0 and the
current Army Mine Detector (transis-
torized)? Are any of these units avail-
able in civilian or surplus form on the
open market? What companies make
waterproof earphones that could be
used with some of the current com-
mercial metal detectors, especially
White’s SAM [ underwater detector?
Is there a listing of metal detector
manufacturers, particularly under-
water models?

Your help in obtaining answers to
these questions would be greatly ap-
preciated.

W. J. KEITH
Marine Biologist
South Carolina
Dept.

Marine Resources Div.
217 Fort Johnson
Charleston, S.C. 29407

Wildlife Resources

Ok men, that’s two of your fellow
readers with a problem. If you can of-
fer any assistance why don’t you drop
them a card? R-E

RADIO-ELECTRONICS
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Important
New

SAMS
Books

Color-TV Field-Service Guides

These invaluable guides have been com-
piled to enable the technician to service
color-TV more efficiently in the cus-
tomer’s home. Charts provide chassis
layouts showing type, function, and
location of all tubes and/or transistors
used in a particular chassis, ratings and
locations of fuses and circuit breakers,
location of service controls and adjust-
ments, etc. Specific field-adjustment
procedures are shown on page opposite
chassis layout. Index provides instant
reference to the proper chart for any
particular TV chassis. Each volume
contains 80 diagrams covering over
3,000 chassis.

Volume 1. Order 20796, only. .. .$4.95
Volume 2. Order 20807, orly. ... $4.95

Questions and Answers

About Medical Electronics
by EDWARD J. BUKSTEIN Anyone fa-
miliar with basic electronic circuits will
find this a fascinating and readily
understandable book emphasizing the
applications of electronic equipment in
clinical and research medicine, general
principles of equipment operation,
special features of the equipment, and
the related medical terminology.

Order 20816, 0nly. ... ......... $

ABC’s of Integrated Circuits

by RUFUS P. TURNER. This basic in-
troduction to the integrated circuit (IC)
will be welcomed by hobbyists, experi-
menters, and students who have some
familiarity with semiconductors. De-
scribes the fundamentals of the IC, and
its applications in amplifiers, oscillators,
control circuits, communications, test
equipment, and computers.

Order 20823, 0nly. ............ $2.95

Transistor Specifications Manual. 4th Ed.
by THE HOWARD W. SAMS ENGINEERING
STAFF. Lists the electrical and physical
parameters (along with the manufac-
turers) of virtually all of the transistor
types now in use. Also includes fre-
quency, gain, and leakage parameters,
as well as a special section on rf power
transistors. Comb-bound.

Order 20788, 0nly......,...... $4.50

ABC's of FET's

by RUFUS P. TURNER. Clearly explains
the theory and describes the operating
principles of FET’s (field-effect tran-
sistors), special semiconductor devices
with unique qualities. Describes FET
circuit design and typical applications
in a number of practical circuits.

Order 20789, 0nly............. $2.95

JANUARY 1971
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Computer Data Handling Circuits

by ALFRED CORBIN. This book offers
the beginner a valuable introductory
course In practical digital data circuit
analysis. Makes understandable the
semiconductors and circuitry used in
digital equipment. Explains digital data
logic and the associated mathematics.
Analyzes the basic logic circuits and
their functional blocks, as well as digital
display devices. Invaluable for anyone
desiring to be conversant in the opera-
tional theory of data handling circuits.

Order 20808, 0nly............. $4

.50

Golor-TV Case Histories

by Jack DARR. Case histories not only
provide the TV technician with solu-
tions to troubles he islikely to encounter,
but enable him to compare his trouble-
shooting methods with those of others.
Each of these case histories of troubles
actually happened. The symptoms are
given for each trouble, along with the
method used to locate it.

Order 20809, 0nly............. $3.50

Radio Spectrum Handbook

by JAMES M. MOORE. This book fills the
“information gap’’ about the many
types of radiocommunication which ex-
ist apart from radio and TV. Each
chapter covers a given frequency-ailo-
cation range; a table provides an over-
all summary of the uses of all frequencies
in that range, followed by text describ-
ing the individual radio services avail-
able. Includes information on receivers
available for the various frequency
bands described. Hardbound.

ISTENER'S

First-Class Radiotelepone
License Handbook. Third Edition

by EDWARD M. NOLL. Completely up-
dated to cover all the new material
included in the recently revised FCC
Study Guide. Book sections include:
Theory and discussion of all phases of
broadcasting; all the questions (and the
answers) included in the FCC Study
Guide; three simulated FCC examina-
tions; appendices containing the most
relevant FCC Rules and Regulations.
This book will not only help you ac-
quire your license, but will also serve as
a textbook for broadcast engineering
training. Order 20804, only. . .. . $6.50

Short-Wave Listener’s Guide. 4th Ed.

by H. CHARLES wOODRUFF. Completely
revised and enlarged to include the
most recent changes inSW broadcasting
schedules. Lists world-wide short-wave
stations by country, city, call letters,
frequency, power, and transmission
time. Includes Voice of America and
Radio Free Europe stations, and sta-
tions operating behind the Iron Curtain.
With conversion chart and handy log.
Order 20798, 0nly. .. ... ... . .. %$2.95

ABC's of Tape Recording. 3rd Ed.

by NORMAN CROWHURST. Newly revised
and updated edition of this popular
handbook. Explains how tape recorders
work (transport mechanisms, heads,
controls, ete.), how to choose the best
recorder for your needs, and how to use
it most effectively for both entertain-
ment and practical purposes. Includes
tips on recording quality and recorder

Order 20772,0nly. ......... ... $7.95 care. Order 20805, only........ $2.95
| TR A e HOWARD w- SAMS & coil lNc- ——————— _l
| Order from your Electronic Parts Distributor, !
I or mail to Howard W. Sams & Co., Inc., Dept. RE-011 [120796 [7]20808 !
| 4300 W. 62nd St., Indianapolis, Ind. 46268 |
| ] 7120807 [ 20809 i
| Send books checked at right. $ enclosed
| [ Send FREE 1971 Sams Book Catalog 020772 320789 |
| 720816 720804 |
Name - |
] ;:: i (720823 [ 20798 |
: s [720788 [ 20805 :
City State Zip
o e e m T e e = s
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THE SANSUI (§-1
QUADPHONIG SYNTHESIZER

SANSUI QS-|

4-CHANNEL SOUND FROM ANY 2-CHANNEL SOURCE

Senses and recovers the ambient information
hidden in your stereo discs, tapes and broadcasts

After having discovered that the ambient components of the original total sound
field are already contained in hidden form, in conventional stereo records, tapes

and broadcasts, Sansui engineers developed a method for sensing and 3 e
recovering them. These subtle shifts and modulations, if re-introduced, — s ——
breathtakingly recreate the total of the original sound as it existed in the Bl matrix ‘_‘{ L—\

recording or broadcast studio. Phase-modulation
The heart of the Sansui Quadphonic Synthesizer* is a combination of a unique ket
reproducing matrix and a phase modulator. The matrix analyzes the 2-channel
information to obtain separate direct and indirect components, then redistributes Phase-modulated signals
these signals into a sound field consisting of four distinct sources.
This type of phase modulation of the indirect components, applied to the additional
speakers, adds another important element. It sets up a complex phase interference fringe in the
listening room that duplicates the multiple indirect-wave effects of the original field. The result is
parallel to what would be obtaind by using an infinite number of microphones in the studio (Ml through
Mn in the accompanying illustration) and reproducing them through a corresponding number
of channels and speakers.

\5’0:"6 source I The startling, multidimensional effect goes beyond the four discrete sources used in conventional
/ ! 4-channel stereo, actually enhancing the sense of spatial distribution and dramatically expanding the
i

\ 7 dynamic range. Also, the effect is evident anywhere in the listening room, not just in a limited area
/ \ / at the center. And that is exactly the effect obtained with live music! This phenomenon is one
ta \X/ of the true tests of the Quadphonic system.

w/ N/ The Sansui Quadphonic Synthesizer QS-1 has been the talk of the recent high-fidelity shows at which

it has been demonstrated throughout the country. You have to hear it yourself to believe it. And you
can do that now at your Sansui dealer. Discover that you can hear four channels plus, today,
with your present records and present stereo broadcasts. $199.95.

\,M;,_A, 4
s P

".ysp‘

SRR
Nici

Listening room

*Patents Pending

SANSUI ELECTRONICS CORP.

Woodside, New York * Gardena, California

SANSUI ELECTRIC CO., LYD., Tokyo, Japan = Frankfurt a M., West Germany
Electronic Distributors (Canada), British Columbia

Circle 14 on reader service card
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NEW::s o be

You build your own digital computer step-by-step,
circuit-by-circuit. You really get involved as you learn com-
puter organization, operation and programming with this remarkable
new training aid. It performs the same functions as bigger commer-
cial computers—and it’s yours to keep and use.

What better way to learn all about computers than to ac-
tually build and use one? That'’s exactly what you do in NRI’s
new Complete Computer Electronics home training program.

What you see illustrated may very well be the most unique
educational aid ever developed for home training. This is not
simply a “logic trainer.” It is literally a complete, general
purpose, programmable digital computer that contains a
memory and is fully automatic. It’s a small-scale model of
larger, expensive commercial computers. Once you build it
and it is operational, you can define and flow-chart a problem,
code your program, store your program and data in the mem-
ory bank. Press the “start” button and, before you can remove
your finger, the computer solves your problem and displays
the results.

NRI is offering this new course because this is only the be-
ginning of the “Computer Age.” The computer industry con-
tinues to leap ahead. Qualified men are urgently needed, not
only as digital technicians and field service representatives,
but also to work on data acquisition systems in such fascinat-
ing fields as telemetry, meteorology and pollution control.
Office equipment and test instruments also demand the skills
of the digital technician. This exciting NRI program can give
you the priceless confidence you seek to walk into a techni-
cian’s job and know just what to do and how to do it.

You learn with your hands as
We// as yOUI‘ headPlanned from the beginning to

include training equipment in the pioneering NRI tradition,
this ‘exceptional new course combines kits with educator-ac-
claimed NRI “bite-size” texts in an easy-to-understand pack-
age. But, unlike other home training, this is not a general
electronics course. Lessons have been specifically written to
stress computer repair. You perform a hundred experiments,

JANUARY 1971

COMPUTER
TEGHNICIAN

NRI program includes a
complete, operating computer,
with memory, to make you
thoroughly familiar with

- computer organization,
design, operation, construction,
programming, trouble shooting
and maintenance.

build hundreds of circuits, use professional test equipment.
You build and use your own solid-state, transistorized volt-
ohmmeter and your own oscilloscope in addition to your digi-
tal computer. Because you work with your hands as well as
your head, your training is as much fun as it is education.

Train at home with the leader

There is so much to tell you about this latest NRI “first” in
home training, you must fill out and mail the coupon today.
Get the full story of Complete Computer Electronics and the
amazing digital computer you build and use as you learn. The
free NRI Catalog you receive also tells you about other NRI
training plans in Color TV Servicing, Communications, Elec-
tronics Technology. There is no obligation. No salesman will
call on you. NATIONAL RADIO INSTITUTE, Washington,
D.C. 20016.

" e .
| MAIL NOW FOR FREE CATALOG

NATIONAL RADIO INSTITUTE
Washington, D.C. 20016
Please send me your FREE CATALOG with de-

tails about new Complete Computer Electronics
training. (No salesman will call)

94-011

Name. Age
Address.
City___ State. Zip

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
. --------------- =

J° = == ow am au &w an aw
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GOVER MORE
COLORTV

WITH TRIAD
YOKES,VERTICALS
AND FLYBACKS

Triad's 1971/72 TV Replacement Guide
is the most thorough, up-to-date refer-
ence of its kind. It enables you to imme-
diately determine exactly which Triad
flyback, vertical output, power trans-
former or deflection yoke will replace
corresponding parts in the most popular
models made by RCA, Motorola, Zenith,
Admiral, General Electric, Philco, Mag-
navox, Olympic, Silvertone and a dozen
other manufacturers. See how the most
complete line of color TV replacement
transformers available today will sim-
plify your service calls. Your increased
efficiency will mean greater conven-
ience and savings for both you and your
customers. Get your copy and watch it
turn into cash. Write Triad Distributor
Division, 305 North Briant Street, Hunt-
ington, Indiana.

N':Eﬂ - ‘,.\?\
8 1pe 455 NEWTRIAD
G (5% 1971/72
7 % CATALOG AND
¢ REPLACEMENT
" GUIDE

Triad Distributor Division
of Litton Indusiries (5

Circle 66 on reader service card
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EQUIPMENT REPORT

Winegard Sensar TV Antennas
For manufacturer’s literature, circle No. 18 on Reader Service Card.

These two new all-channel TV
antennas present a striking contrast to
the traditional outdoor antennas we
are accustomed to working with. They
are small and lightweight, easy to
mount, and highly wind and weather
resistant. For fast mounting on a
rooftop, in an attic or under the eaves
they are hard to beat. Both are in-
tended for color and black and white
reception of uhf and vhf channels.
The FM band is attenuated, so don’t
expect good performance here.

The SR-20 version contains a sol-
id-state modular amplifier in the anten-
na head. This amplifier boosts the signal
strength of all signals received. The
SR-10 is the same basic antenna, but
without the amplifier. The antennas
are connected to their control box
(near the TV) by 75-ohm coax cable.
The control box provides two sets of
300-ohm antenna outputs.

Winegard recommends using the
SR-20 at distances up to 40 miles
from the transmitter. With this in
mind I set up a Sensar SR-20 on my
roof, some 32 miles from the ncarest
TV transmitters, and directly com-
pared performance of the Sensar with
my existing multi-element  “fringe
area” antenna.

Results were surprising. Reception
with the Sensar was good. When
switching from one antcnna to the
other there was little noticable change
in picture quality.

There was, however, one draw-
back—ghosts. In my location, there is
a water tower about two bhlocks in
back of my house, and on channels 2
and 4 this resulted in a strong ghost as
this tower is almost directly in line
with the TV transmitters. The multi-
clement antenna I now use is direc-
tional enough to climinate the ghost,
but the bi-directional qualities of the
Sensar could not eliminate it.

As a result of these tests I would
advise using the Sensar in arcas where
directional characteristics are not vital.
Under these conditions the Sensar can

WwWwWw_americanradiohistorv com
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be extremely useful.

But where directivity is a must for
good reception, the Sensar probably
cannot be used successfully.

Because of the ease of mounting,
even a window frame is suitable, the
Sensar SR-10 antenna is extremely
convenient for installation in metro-
politan areas.

To wrap it up, the Sensar may not
work well in every location, but where-
ever it can be used, it will afford the
technician with an easy installation.
And the antenna will deliver good pic-
tures.—Larry Steckler

SPECIFICATIONS

ANTENNA

Dimensions: 46” x 6” x 134”

Turning Radius: 24”

Bandpass: VHF 54-88 and 174-216 |
MHz UHF 470-890 MHz

Output Impedance: 75 ohms un-
balanced

Power Requirements: 12 Vac

Directivity: Bi-directional

Weight: 2 Ibs. 8 oz.

POWER COUPLER

Dimensions: 6” x 3%¢” x 134"

Power Requirements: 110-125 Vac

Power Output: 12 Vac

Input: 75 ohms

Outputs: two, 300 ohms

L O R R
Y

“Your TV is ok Mr. Clawson. I'm afraid
someone played a little trick on you

while you were dozing.”

RADIQO-ELECTRONICS
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In the Shop . .. With Jack

By JACK DARR

SERVICE EDITOR

COMB COLOR TROUBLES OUT OF YOUR HAIR!

WHEN WE'RE LOOKING FOR TROUBLES IN
color TV, we need all the help we can get.
This is especially true in the newer hy-
brids and solid-state sets. We can’t dis-
connect, check and replace as easily as
we did. So we nced a method that will
pinpoint the trouble area, fast!

Where we need the most help is in
the ones with “Got a raster but no pic-
ture!” symptom. Since the signal-path in
every radio and TV set ever built is a
series circuit, all we need to know is
“Where is it broken?” In other words,
where does the signal stop or lose a lot
of amplitude?

So back we go to one of the oldest
test-methods—signal-tracing. Of course,
there’s nothing like the scope for this. It
shows you the signal. It also shows you
the amplitude, any distortion, and so on.
For the quickest results we need a signal
we can identify instantly.

We've got one. The color-bar pat-
tern from the bar-dot generator makes
an unmistakable “Comb” pattern on the
scope (see Fig. 1). The beauty of this is
its simplicity. Just hook the bar-dot to
the antenna terminals, turn the set on
and away you go. Follow the signal
through the signal-path until it stops.
Then we go to the dc voltmeter and find
out what’s happened.

This can be used in any stage. For
chasing signals through the video i.f.
stages, use a crystal demodulator probe.
The waveform of Fig. 1 was taken at the
collector of the 2nd i.f. transistor in a
hybrid Magnavox 936 color TV chassis.
This one happens to be about 2.0 volts
p-p. You do not have to read p-p voltage
on every test point. As long as you can
see an increase in pattern amplitude be-
tween input and output of a stage, OK.

If you want to take a shortcut,
eliminating at least four tests, take your
first reading on the video detector out-
put with the direct probe. This should be
at least 2.0 to 3.0 volts p-p and look ex-
actly like Fig. 1. If this signal is present
at this point, you've cleared the tuner,
video i.f., agc, dc voltage supply and a
raft of other things!

After the video detector, the low-
capacitance or direct probes can be
used. The same comb signal can be fol-
lowed through the video amplifier stages.
Look for changes in amplitude to check
the gain. Starting with 2 to 3 volts p-p at
the videa detector, we should wind up
with 250 volts p-p at the output of the
video amplifier. If you see much less than
that, you’ll have a weak picture. Fig, 2
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FIG. 1—COMEB PATTERN taken with de-
modulator probe on coliector of 2nd video
i.f. amplifier.

paaubaBEngy  MAMRMBBNe, Boni

" 20000990003 99900000909 6004

FIG. 2—COMB SIGNAL taken with direct
probe at the base of the video driver. 1.2V
P=p, sync positive-going.

Wetoe 10000000000 10000000008 ¥
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FI1G. 3—SAME SIGNAL on grid of video
output amplifier tube. 8.0V p-p, inverted;
sync negative going.

shows the comb-pattern taken at the
2nd video amplifier of the Magnavox 936,
with a direct probe.

Obscure problems can be (raced
rapidly with this method. For example,
there should be no signal inversion
through an emitter-follower stage, but
there should be as you go through a
common-emitter stage. If you see the
same signal, amplitude and polarity, at
the input and output of a common-emit-

(continued on page 76)
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TONIGHT, YOUR
PROPERTY COULD BE |
SOMEONE'S

Teuget

PROTECT IT WITH
DELTALERT!

Don't let unwanted visitors set their sights
on your home or business. For total family and
business safety get DeltAlert protection...
before it’s too late.

Enjoy new peace of mind with a reliable
DeltAlert detection and alarm system. DeitAfert
detects motion in 150 to 300 sq. ft. of critical
space with a silent ultrasonic blanket...
turning on lights automatically to drive
away prowlers.

When the separate DeltaHorn is plugged in-
to the DeltAlert unit, the intruder faces the
additional obstacle of loud, ear-shattering
noise. A built-in 20-second delay switch allows
authorized persons to turn off the horn when
entering the monitored area. The sturdy units,
finished in handsome walnut veneer, are
maintenance-free, economical and need no,
installation.

At home or work, proven economical se-
curity begins with DeltAlert alarm and detec-
tion protection.

DELTALERT
10%" x 3%"h x 3%"d
$69.95 ppd

% 1

DELTAHORN

3%"w x 3%"h x 3Vs"d

$24.95 ppd

Order your DeltAlert Security System today!
Superior Products At Sensible Prices

Made in U.S.A.

© 0060000000000 00060600000 0
® [}
. DP 70_26 =
g DELTA PRODUCTS, INC. -
® r LI )
® P.O. Box 1147 RE/Grand Junction, Colo. 81501 L]
° (303) 242-9000 5
e Please send me literature immediately: °
® Enciosed is §_ ] Ship ppd. I Ship C.0.D. ®
® please send. DeltAlert(s) @ $69.95 ppd. 14
: Please send____ DeltaHorn(s) @ $24.95 ppd. :
e Name ®
®  Address °
® [}
o City/State Zip. Py

[ >

®e00000000000000000®
Circle 15 on reader service card
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Second in a series...

Can you solve
these prohlems
in electronics?

They're a cinch after you've taken RCA Institutes’
new communications electronics program.

It includes new preparation for the FCC license plu.s the
assurance of your money back if you fail to get it.

This one is quite elementary. This one is more advanced.

e

& DOOR BELL —
5 | NS\ N,
~— §120 VOLTS 6 VOLTS ?
N S RSN
: N :

L 2uf 2uf uf
N N
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L
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¥

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

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

37 g
‘uMop-dalg [siemsuy
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What is the total capacitance in the above
circuit?

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

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

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

aerospace, industrial automation and many others.

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

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

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

Wide Range of Courses

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

Electronics Fundamentals
Black & White Television Servicing
(Transistorized TV Kit Available)

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

Plus these new
up-to-the-minute courses

Semiconductor Electronics
Digital Electronics

Solid State Electronics
Communications Electronics

Build and keep this
valuable osciiloscope.

Prepare for good paying |
positions in fields like these |

Television Servicing
Telecommunications
Mobile Communications
CATV

Broadcasting

Marine Communications
Nuclear Instrumentation
Industrial Electronics
Automation «

Computer Programming
Solid State

Electronics Drafting

State Electronics you will study
the effects of temperature and
leakage characteristics of
transistors.

nRGA
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Variety of Kits—Yours to Keep

A variety of RCA Institutes engineered kits are
included in your program of study. Each kit is yours
to keep when you've completed the course.
Among the kits you construct and keep is a working
signal generator, a multimeter, a fully
transistorized breadboard superheterodyne

AM receiver, and the all-important oscilloscope.
These 4 kits are at no extra cost. Compare this
selection with other home study schools.

Convenient Payment P}an

Take advantage of RCA’s convenient monthly
payment plan. No interest charges!

Classroom Training Also Available

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

Job Placement Service, Too!

Companies like Bell Telephone Labs, GE,
Honeywell, IBM, RCA, Westinghouse, Xerox, and
major radio and TV networks have regularly
employed graduates through RCA Institutes’ own
placement service.

All RCA Institutes courses and programs are
approved for veterans under the new G.l. Bill.

Send Attached Postage Paid Card Today.
Check Home Study or Classroom Training.

Accredited Member National Home Study Council.

el e e S s O Sl O S TR -1
|

1 IF REPLY CARD !S DETACHED, SEND TH!S CCUPON :
1 RCA Institutes Inc. |
i Home Study Dept. 758-001-1 I
| 320 West 31 Street i
| New York, N.Y. 10001 |
] Please send me FREE illustrated career catalog. l
' Name = Age |
| (please print) i
| Address___ _ I
i |
| City. State Zip |
(S s e SO - |
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How

THIS IS NOT AN IN-DEPTH STUDY OF ALL
the complexities of color TV broad-
casting and reception, but rather a re-
view of the information every tech-
nician should know.

So let's start where the picture
starts, in the TV studio. Figure 1 is a
block diagram of a camera chain. This
is a 3-tube camera (some cameras
have 4, one for black and white and 3
for color). The scene to be televised

MIRROR

DICHROIC,
MIRROR

1ENS =

A__._b_

MIRROR =

COLOR
TV
1971

X'—F-— 1-—}‘—3@,,;
I\VY -

s Ay
S
\—F =i

enters the camera lens, and following
this the scenc is “separated” into the
basic primary light colors of red,
green and blue. The output of the
camera tubes are mixed (engineers
call it matrixing) 59% green, 30%
red and 11% blue. This mixture pro-
duces an output which is the same as
a black and white camera tube would
produce. This mixture is called "Y”; it
corresponds to a normal monochrome

i ANT

AMPLIFIER TRANSMITTER

CHROMINANCE _1
ADDER

"BAL'ANCED
MODULATOR
BALANCED

MODULATOR

358 —MHz 90° PHASE _J

0scC

— )

color television basics

Fig. 1—A SIMPLIFIED BLOCK DIAGRAM of a color camera chain at a TV station for

cameras using 3 orthicon tubes.
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BURST
I

HOME

From studio color camera to picture

tube in your set—a refresher in

Works

by WAYNE LEMONS

signal and is used to modulate the TV
transmitter so that black and white
sets can receive a color picture (in
black and white of course).

The next step is to add color
without increasing the bandwidth of
the transmitted signal or interfering
with the luminance (brightness) in-
formation. Analysis of a b-w signal
proved that, although the brightness
information extended up to 4.5 MHz,
all the energy was concentrated in
narrow-band clusters centered around
harmonics of the frame frequency (30
Hz) and the line frequency (15,750
kHz). The best color transmission
(compatible with b-w) could be ob-
tained by using the chroma informa-
tion to amplitude modulate a subcar-
rier placed at about 3.58 MHz above
the picture carrier.

Thus color information is ob-
tained by taking the outputs of the red
and blue camera tubes and feeding
them into another adder or matrix
along with a —Y (inverted Y) signal.
The output of each adder then goes
into a balanced modulator along with
the carrier (3.58 MHz). (Balanced
modulators suppress the carrier; leav-
ing only the two AM sidebands.) Fig-
ure 2 shows a simplified circuit of a
balanced modulator. Note that the
3.58-MHz signal input will cause first
one transistor to conduct and then the

RADIO-ELECTRONICS
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Fig. 2—SIMPLIFIED DIAGRAM of a bal-
anced modulator. With no modulator input
the 3.58 signal is cancelled in the output.

other but with the collectors of the
two transistors connected together the
output across R, will be zero. Thus
with only the 3.58-MHz carrier input
there is no output from this circuit.
However by inserting modulation at
the center tap of the input trans-
former, whichever transistor is turned
on at any given instance can have out-
put depending upon the amplitude and
polarity of the modulating signal. The
output then is a replica of the input
modulation except now it is in 3.58-
MHz “steps™. In other words, the
3.58-MHz signal has sampled the
modulation input at the rate of 3.58
million times a second so that the side-
bands have the same dc envelope as
before (Fig. 3) cxcept that it has been

AFTER

GOING THRU

ORIGINAL BALANCED
SIGNAL MODULATOR

Sl

Fig. 3—A DC SIGNAL that has bheen
‘“chopped” by the balanced demodulator
still retains the average dc value.

“chopped” up at the rate of 3.58
MHz.

The advantage of the balanced
modulator is that when there is no
color there is no carrier signal and the
transmitter’s modulation is zero in the
color channel. The disadvantage of
this system is that the 3.58-MHz car-
rier must be reinserted at the receiver
exactly in step with the original. How
this is done will be covered a little
later.

There are two balanced modu-
lators in the color camera, one for the
red and one for blue. The blue modu-
lator has the 3.58-MHz signal fed in
with no phase lag while the red modu-
lator has the 3.58-MHz signal input
delayed by 90 degrees. Figure 4 shows
two identical signals with one lagging
the other by a quarter cycle. Note that
when the amplitude of one is max-
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imum, the other is minimum; like two
switches, one off and the other on.
This also means that the two balanced
modulators are switching off and on
alternately, in others words, one takes
a look at the color modulation signal
and then the other takes a look.

This gives us two colors but
where is green? To find out let’s look
again at Fig. 1. Note that the +Y
signal is inverted making it a —Y and
this —Y signal is fed to both the blue

Q
YR
A A
\L\Z/ O
GREEN

Fig. 4—“I”’N PHASE AND “Q”UADRA-
TURE (90°) signals are direct opposites in
amplitudes. When one is maximum the
other is minimum.

and the red adders so the modulation
for the balanced modulator is really
not red and blue but rather R—Y and
B—Y. And since Y is made up of red,
blue and green, it follows that what-
ever is NOT R—Y and B—Y must be
green (G—Y). Take for example a
completely green scene being trans-
mitted—the Y output will be green
only and the —Y will be the only
thing left at the bluc and red adders
since with a green-only picture the red
and blue camera tubes have zero out-
put. Thus the green signal is negative
and the only source to both the bal-
anced modulators so green is modu-
lated 180 degrees or on the “backside”
of both modulators,

One other thing required of a
color transmitter is the hurst signal,
This is an 8-cycle sample of the 3.58-
MHz signal. Tts purpose is to synchro-
nize the color oscillator in the re-
ceiver. The burst is sent on the hack
porch of the horizontal sync pulse
(Fig. 5) so that it can’t get into the
picture and interfere. In the receiver
the horizontal sync pulse will be used
to key on the burst amplifier so the

15 3.58 MHz

HORIZONTAL
SYNC BURST
~ {8 CYCLES}

PULSE

Fig. 5 THE COLOR BURST SIGNAL IS
SENT ON THE “BACK PORCH” of the
horizontal sync signal.

The exact frequency of the color
oscillator (called a subcarrier) is
3.579545 MHz but it is called 3.58
for short. The exact frequency was
chosen because (1) it had to be as far
from the video carrier as possible to
minimize any beats between the two
(2) but it had to be iow cnough so
that a 0.5-MHz sideband above would
not get too near the 4.5-MHz sound
carrier and (3) it needed to he on an
odd-harmonic of half the horizontal
frequency so that any beat between
the color and the horizontal frequency
would cause one scan line to go black
and the next to go white thus min-
imizing the noticeable effect of the
beat.

The old frequency of 15,750 Hz
for monochrome horizontal was
changed to 15,734.264 for color and
the vertical is no longer at 60 Hz but
at 59.94 instead.

A look at the color receiver
The composite color signal hav-
ing left the transmitter and arriving at
the receiving antenna is processed the
same as a monochrome signal until it
gets to the last i.f. stage (Fig. 6). Two
detectors are used in color scts, one
for the video or Y signal and the
other for the sound (and sometimes
sync. Two detectors makes it easier
to keep the sound carrier (4.5 MHz)
out of the color amplifiers tuned to
around 3.58 MHz. The output of the
video detector has two color signuls,
one the burst signal and the other the

sample can be retrieved. color sidebands (often called
TUNER AND VIDEO VIDEQ Y
ILF. AMPL DETECTOR AMPL WITH
IZL DELAY LINE i
COLOR 1
]—u SAOA%I;‘E LEVEL i
COLOR I.F | &, COLOR COLOR
P T AMPL i EMODULATO AMPLS
]
COLOR
KILLER 1
i " BuRrsT | osc 3.58 Mz ggg:E‘go
TRIGGER AMPL [coNTROL[T™] ~ O
BLANKING| ~ PULSE PHASE DELAY
PULSE FROM|  FROM
HORIZ CKT|HORIZ CKT!

Fig. 6—BLOCK DIAGRAM of the signal portion of a typical color TV receiver.
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chroma). Since the burst is on the
back porch of the horizontal sync sig-
nal, a horizontal pulse is used to turn
on the burst amplifier only during the
horizontal sync time.

On the other hand, the color
amplifiers disregard the burst and ac-
cept only the chroma by being turned
off during the horizontal sync time.
Should the keying pulse for burst
amplifier be lost the chroma will be
amplified by the burst amplifier and
color lock will be lost or very erratic.
Should the keying pulse be lost and
the burst get into the color if.
amplifiers it will often cause a faint

BURST AMPL

ample would be slightly to the right of
the Y signal door post. To correct for
this all color sets have a delay line in
the Y amplifier somewhere between
the color takeoff point and the CRT.
The delay line slows down the Y sig-
nal so color register is perfect.

The color killer

Some sets do not use a color
killer but most still do. The color kill-
ers job is to prevent colored snow on
a monochrome picture. It is triggered
directly or indirectly by the burst sig-
nal. When a monochrome picture is
being transmitted, the killer circuit de-

@
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Fig. 7—A DIRECT DRIVE or “brute force” oscillator control circuit used jn a color set.

color smear usually green in color but
can vary depending upon the receiver.

The burst amplifier

The output of the burst amplifier
is used to either directly or indirectly
lock-in the color oscillator so that it is
exactly in step with the transmitted
3.58-MHz signal. Nearly all early sets
used the indirect method with the
burst signal applied to a dual-diode
phase detector which in turn provided
dc contro! to slow down or speed up
the crystal oscillator and keep it in
sync.

Another method that has become
quite popular because it requires fewer
parts is the “brute force” method
shown schematically in Fig. 7. Here
the 3.58-MHz crystal is driven directly
by the output of the burst amplifier
and forced to oscillate in step with the
burst signal. The 0.82-pF and the ad-
justable 2-10-pF capacitor are neu-
tralizing capacitors which cancel any
burst signal at the oscillator grid.

The color i.f.

The color if. amplifier(s)
amplify the chroma signal and feed it
through a COLOR LEVEL control to the
color demodulators. The color i.f. has
a bandwidth of around 1 NMHz. This
comparatively  narrow  bandwidth
“slows down” the color signals so that
they would arrive at the CRT slightly
later than the Y signal and this would
mean that a door post’s color for ex-
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ped off (with a bit more of the R—Y
signal than the B—Y signal) and fed
to an amplifier (which inverted it)
making a G—Y output. The fact that
the outputs taken from the —-Y
amplifiers were unequal had the effect
of “widening” ‘the phase angle so that
the final result is about 90 to 95 de-
grees.

Color demoduiation like the orig-
inal color modulation in the camera is
a process of electronic switching. It is
the process of taking a look in se-
quence of the red. blue, and green val-
ues in the scene. It is a common error
to suppose that only two colors are
transmitted, actually all three must be
in the sidebands or they could not be
derived at the demodulators. (At the
transmitter the blue camera output
modulates the B—Y, after approxi-
mately 90 degrees lag the red camera
output modulates the same 3.58-MHz
signal and approximately 140 degrecs
later the green camera output is mod-
ulated on the “backside™ of the blue
and red modulation.)

Actually it is only necessary to
transmit two parts of a three-part
whole if we combine the two outputs
to provide the third part. The demod-
ulator in Fig. 8 is a perfect example

CHROMA INPUT "y" SIGNAL
N e ES——
o =
3,58 MH;z — X R-Y
OUTPUT | DEMOD AMPL CRT
120K —] 'R
T
éa.ex 150K _J }
t L <+
i 2 B-Y
PHASE
DELAY DE MOD AMPL
! INVERTER
G—Y
I AMPL

Fig. 3—A BLOCK DIAGRAM of “X” and “Z' color demodulation.

tects the fact that there is no burst
signal and biases the color i.f.
amplifiers to cutofl. The reason this is
necessary is that even though no color
is being transmitted there still can be
video or noise at or near 3.58-MHz
which would be amplified by the color
i.f. chain and cause color snow on the
screen.

The color demodulator

Color demodulation can be de-
rived in a number of ways. The oldest
popular way is as shown in Fig. 8
where the demodulators “looked” at
the color sidebands about 75 degrees
apart then applied the output to R—Y
and B—Y amplifiers. The outputs of
the two —Y amplifiers were then tap-

www americanradiohistorv com

where the R—Y and B—Y outputs
are combined and inverted and presto-
chango we have G—Y.

To get a little more technical, the
color camera does not transmit any
specific color at all. It transmits 1 the
in-phase signal, and Q the 90 degree
quadrature signal (Fig. 9). The color
set demodulators are then correctly
phased so that the proper colors ap-
pear on the screen. It was common
practice for color demodulators to de-
modulate for B—Y and R—Y about
90 degrees apart until a few years ago
when manufacturers found that they
had less problems with greenish flesh-
tones if they widened the demodula-
tion angle to about 100 to 105 de-
grees.

RADIO-ELECTRONICS
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YELLOW,

-(B-Y) B-v

COLOR ———— el (REF

BURST ANGLE}
BLUE

~(R-Y) CYAN

Fig. 9—A COLOR WHEEL SHOWING THE
RELATIVE POSITIONS OF COLORS. Any
color with a large amount of white is said
to have low saturation, if all colors have
tow saturation then the result is white.

Fig. 10—A 3-DEMODULATOR SYSTEM
with the “Y” and color signals mixed prior
to the CRT (prematrixing).

CHROMA {NPUT

e

358-MHz
COLOR §
. 0SC.

Y SIGNAL
INPUT

Now at least one manufacturer
provides a customer preference switch
which shifts the demodulation angle
to about 132 degrees to minimize the
change of fleshtones when switching
from one station to another. Ob-
viously this also distorts the remainder
of the color spectrum but the flesh-
tone change is the most objectionable
to a viewer becausc he has a “stan-
dard” to go by. Who really knows,
unless he is looking at two color sets
at the same time and even then he
really doesn’t, whether a background
is greenish-blue or bluish-green and
how many really care?

But back to demodulators
proper. In the last few years various
companies have gone to a 3-demod-
ulator system rather than deriving
the G—Y from the output of the
other two. This is especially true of
transistor sets and sets that use pre-
matrixing. Prematrixing is the mixing
of the Y and color signals before they
reach the picture tube. In the older
method the Y signal goes into the
cathodes of the CRT and the color
signals into the grids and the mix
takes place in the CRT itself.

Figure 10 shows the 3-demodula-
tor system with prematrixing. You
might question the fact that there is
no phase delay between the color os-

cillator and the G--Y demodulator
when the color wheel shows that
JANUARY 1971

B—Y is closest to zero degrees. But
you have to remember that the color
oscillator output circuits are tuned
and so the actual phase of the color
oscillator output is not the same as the
burst input. This makes no difference
so long as the two maintain an exact
phase delay, as in this case where the
natural phase delays of the circuit
cause a fixed 240-degree phase lag be-
tween the burst phase and the os-
cillator output.

Again, though. this circuit shows
that green (G—Y) is actually being
transmitted and is in the chroma sig-
nal otherwise it could not be derived
in the demodulator. Tt is still the
“backside” of the other two signals
but the backside in this case is ob-
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Fig. 11—A COMPLETE 3-DEMODULATOR
dual-diode color demodulator.

tained simply by delaying the phase of
the color oscillator output.

Figure 11 is a complete 3-de-
modulator circuit using diodes. Note
that the circuits are identical except for
the delay network. An interesting fea-
ture of this demodulator is that, like the
balanced modulator discussed earlier,
the 3.58-MHz signal is cancelled in
the output. When the 3.58-MHz sig-
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nal goes positive the diodes are both
turned on but the output so far as the
3.58-MHz signal is concerned is zero
since the output comes at the center
tap of two identical resistors. The
color sidebands (chroma) produce an
output because they are fed 180 de-
grees out of phase between the two
diodes. In other words, the output is
again a dc replica of the input at the
color camera.

In summary, color transmission
is simply a black and white trans-
mission with the color signals switched
in at a 3.58-MHz rate to “paint” the
large and medium size areas of the
black and white picture since our eyes
cannot discern color in small detail
parts of the picture. The 3.58-MHz
“switch” is recrcated at the receiver
and locked in the transmitter “switch”
by the burst signal. The transmitter
switch is called a modulator and the
receiver switch a demodulator. The
tint or hue in the color receiver can be
changed by changing the phase rela-
tionship (at what specific time the
3.58-MHz switch looks at the color
sidebands) between the burst and the
receiver color oscillator, thus a HUE or
TINT control is simply a phase
changer. The relationship of the col-
ors can also be controlled.

Figure 12 shows a modification

68 TO 680pF
SELECT FOR
BEST EFFECT

=

SWITCH

° COLOR
1 TONE

Fig. 12—A CIRCUIT YOU CAN EXPERI-
MENT WITH in your own color set to give
you ‘“automatic” tint correction.

you can makc to any set with an X
and Z demodulator to shift toward the
more “orangey” colors and so keep
fleshtones out of the green cast
through a wider variation of trans-
missions from different stations, in
other words, the TINT will not appear
to need touching-up when you switch
between color stations. This circuit
can be added to any color receiver by
trial and error, while watching the
color picture use various size capaci-
tors to change the delay of the color
ascillator signal going into the demod-
ulators. In some demodulators you
might have to add a capacitor to both
phase dclay circuits. Keep the leads
fairly short to the switch but because
of the low impedance of the circuit
lead lengths of one foot or less will
not generally cause any problem. Do
not usc coax lead since you will not be
able to “switch out” the capacitance
of the lead itself. R-E
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New color TV sets do not present a radiation
hazard. They include circuitry that makes
excessive x-rays impossible. Older sets radiate
excessive x-rays only when misadjusted —
high voltage too high, bad regulator or hv
rectifier, or the high voltage cage not closed.
When servicing a color set be sure to

check these points.

S40 X-RAY DETECTOR

check color sets accurately

by RICHARD K. STOMS &
EDWARD KUERZE*~

There are several ways to measure
x-rays radiating from color TV receiv-
ers. One of the best from the standpoint
of sensitivity and economy uses a Gei-
ger-Mueller (G-M) tube as the sensing
device.

The G-M tube instrument consists
of three basic sections—the sensor. high-
voltage supply, and readout. G-M tubes
have a cathode, anode, and are gas
filled. The gas is usually a mixture of a
noble gas (argon or helium) and a
quenching gas such as alcohol vapor or
one of the halogens.

When a positive voltage is applied
to the anode. the electric field is highest
around the thin-wire anode and de-
creases rapidly as the distance from the
wire increases. The high electric field
gradient around the wire permits oper-
ation in the Geiger region, with a lower
applied voltage than with a thick-wire
anode.

Geiger operation

Ionizing radiation, such as x-rays
and cosmic rays, enter the tube, and a
small percentage react with either the
tube wall or the gas to produce free
electrons in the gas. As the voltage on
the anode is raised from the cathode
voltage, some of the free electrons col-
lect on the positive anode and some re-
combine with gas molecules. As the
anode voltage is increased further, more
electrons collect and less recombine.

If the voltage is raised still higher, a

*Public Health Service
Bureau of Radiological Health
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Three simple circuits for detecting
color-TV x-rays with a thin-wall
Geiger-Mueller counter are described.
The first instrument presents visible
and audio outputs that represent the
detector counting rate. It costs about
$40 to build. The second includes a
count-rate meter. A manually switched
and electronic-oscillator high-voltage
power supply are described. A simple
circuit and count-rate calibration of the
metered circuit are included. All cir-
cuits are easily built from commonly
available components.

point is reached where the electrons are
accelerated to a high enough velocity to
knock electrons (secondary electrons)
from the gas molecules with which they
collide. Thus. more electrons are col-
lected than were originally produced by
the radiation. At an even higher voltage,
the electrons reach such high velocities
that they cause many secondary elec-
trons, which are in turn accelerated to
high enough velocities to produce even
more electrons.

As a result, an avalanche of electrons
is formed and the tube is said to be op-
erating in the Geiger region. The final
number of electrons collected is approx-
imately a constant and independent of
the number and energy of the original
electrons produced by the radiation. It
depends only upon the applied voltage
within the Geiger region.

The quenching gas causes the tube
to revert to its previously de-ionized
state after the avalanche occurs.

Circuits for detecting x-ray emis-
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sion from television receivers have been
designed with low cost and ease of con-
struction as criteria. The Geiger tube
chosen for the instruments described
here is the Victoreen [B85 which is
available from a number of supply
houses (about $18). The 1B85 was se-
lected because of its thin-wall construc-
tion which permits detecting low-level
radiation.

The high-voltage supply for the
1B85 should provide between 800 and
1000 volts dc. The current required
from the power supply is minimal. A
0.047-xF capacitor charged to 900 volts
will operate the G-M tube for more than
an hour at normal background count
rates, The high-voltage supplies for the
meters described do not have to be
highly regulated since the variation in
the counting rate expected from the low-
est to the highest voltage over which the
tube will operate is only 5% or 6%.
However. some form of regulation is
provided to prevent a catastrophic over-
voltage which could destroy the G-M
tube.

The transformer and other com-
ponents for the power supply are rather
common. A wide variety of filament,
output. or interstage transformers will
work. Regulation is provided by a series
string of low-cost NE2 neon lamps. The
readout can take many forms—Ilights,
audio. or meters.

Any of the instruments described
here will determine whether a color TV
receiver is emitting x-rays and indicate
in a general way, the source of the
x-rays (picture tube, high-voltage com-
ponent, etc.). In all known cases of
x-radiation, the emissions could be

RADIO-ELECTRONICS
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reduced to near zero by high-voltage ad-
justments to manufacturers’ specifica-
tions: by replacing either the high-volt-
age rectifier or shunt regulator tubes, or
in a few cases by replacing the high-
voltage cages or covers which had besen
left off. These instruments will deter-
mine whether or not a color TV is
emitting  significant  radiation  and
whether or not repairs have eliminated

that radiation.
Since detecting significant

PARTS LIST (Fig. 1)

All resistors l»-watt 10%

R1—10 megohms

R2, R3—100,000 chms

R4, R7—10,000 ohms

RS, R9—1000 ohms

R6—560 ohms

R8—15,000 ohms

C1—0.047 uF, 1600 V

C2—0.001 pF, 2000 V

C3—100 pF

C4—0.1 uF

C5—20 uF, 15V

D1, D2—F8 (Sarkes-Tarzian)

Q1—2N5457 (MPF 103) or 2N4221 (Moto-
rola)

Q2—2N635A, 2N697, 2N706,
2N3567, 2N3646, or 2N5133

Q3—2N404, 2N414, 2N652, 2N741, 2N1038,

X-ray

2N1605,

2N1193, 2N3133, 2N3638, 2N3645,
2N5140, or MA206
T1—Filament transformer; 6.3-volt secon-

dary. (Allied 54-1416, 54-1449) or input
transformer 100/98,500 (Triad A-1X)
T2—same as T1 plus input transformer
10,000/2000 (Calectro D1-719) (Lafa-
yette 99-6124)
LM1 to LM18—NE-2 neon lamp
LM19—NE-2 or NE-51 neon lamp
Sl—any 3 to 11 position switch, make be-
fore break
BATT—6-volt (4 AA cells)
An ectched and drilled circuit hoard for
this circuit, made of G-10, is available.
The price is $5.50 postpaid. Order board
RE-1B71 from Photolume, 118 E, 2§ St.,
New York, N.Y. 10016
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CHECK THE FACEPLATE for
x-rays too. Scan the entire front of
the screen slowly. At left is a
closeup of the detector. This set had
no x.ray problem.

radiation rather than an accurate deter-
mination of x-ray exposure is our goal,
a meter readout is not necessary. Using
headphones or an indicator lamp, the
average background count rate will
range between 40 and 150 counts per
minute, depending upon geographic lo-
cation, elevation and the possible pres-
ence of slightly radioactive materials.

An x-ray field of 0.5 mR/hr pro-
duced by a shunt regulator or high-volt-
age rectifier tube will produce a count

rate of about 4000 counts per minute. It
is therefore obvious when a TV is emit-
ling x-rays. Any vast increase in count
rate when checking the receiver is the
tipoff.

Counter circuit 1

A very simple instrument is shown
in Fig. 1. High voltage is developed by
repetitively operating switch SI. Several
operations of S1 will charge capacitor
C! to its terminal voltage. Once Cl is
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g
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—o0 - LMZA@ R2
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o
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]

R4
10K

J
1

% SEE PARTS LIST

FIG. 1—SIMPLE RADIATION DE-
TECTOR can be built for less than
$40. Neon lamps provide overvoltage
protection.
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HIGH
VOLTAGE Q9
SUPPLY *
SEE FIG. 2 2N4360 RIS
Q4
2N4360 Q6
MPSA66
1B85
Q5
|R23* ! }
i €5 RI9 RI8
R22 1uF 2.2MEG $220K
86 7 50K Q (PAPER)
s2-a |l T s
] - TIME
IN99 : M1 CONSTANT
' 1 ‘ ! i A

[ I | l l p3 1 | * SEE TEST

i ]

° ° ' } . A 01.05,00-2N8457

S2-bf” + =
SWITCH S2 -L—ll —————— I i == MPF103
12v - =
POS. FUNCTION =
) OFF
2 BATT TEST
3| ZERO METER F1G. 3—(top of page) ACCURATE DE.
g l3.000 cpm TECTOR uses meter to give exact readout
;000 cpm . - figures. FIG. 2—(below} HIGH-VOLTAGE

6 10,000 cpm PARTS LIST (Fig. 2 right) multivibrator circuit is used in Fig. 3 and
7 30,000 cpm All resistors Y2-watt 10% can be added to circuit of Fig. 1 to replace
8 100,000 cpm R1—see text charging switch S1.

PARTS LIST (Fig. 3 above)

All resistors l5-watt 10%

R1—10 megohms

R2, R3—100,000 chms

R4, R7—10,000 ohms

R5, R14, R15—1000 ohms
R6—560 ochms

R8-—6800 ohms

R9—100 ohms

R10—470 ohms

R12—82,000 ohms
R13—potentiometer, 50,000 ohms
R17—10 megohms

R18—220,000 ohms

R19—2.2 megohms
R20—potentiometer, 1000 ohms
R11, R16, R18, R19, R21 to R27—see text
C1—0.001 uF, 2000 V

C2—100 pF

C3—0.001 uF

C4—0.1 uF

C5—1 uF, paper

D1—IN713A

D2—1N914B

D3—1N99

Q1, Q5 Q8-—2N5457 (MPF103) (Motorola)

HEP-801 (Motoroia)
Q2—2N5133 (Fairchild) HEP-10 (Motorola)
Q3—2N3638 (Fairchild) HEP-52 (Motorola)
Q4, Q9—2N4360 (Fairchild)
Q6, Q7—MPS A66 (Motorola pnp Darlington
S1—spdt center-off toggle

S$2—2-pole 8-position rotary

+ cn‘.z?vfr ®R7 —® +
HY 1885 * ..\'2/
sttt TN
et
< izai ton bl

18 NEON [ aAmBS a2 ¢
& L S £ "‘:3': -+ -
BATT$- LT o
e D"”‘” X —rs® 100

R2—1000 ohms

R3—560 ohms

R4-—15,000 ohms

R5—22 chms

R6—100,000 chms

C1—0.1 uF

€2—0.047 uF, 1600 V

D1, D2—F8 (Sarkes-Tarzian)
Q1—2N3567 (Fairchild)

Q2—2N3638 (Fairchild)

LM1 to LM15 or LM18—NE-2 neon lamp
T—100 ohms /98,500 ohms (Triad A-1X)
BATT—12 volts

PRINTED-CIRCUIT BOARD for the de.
tector is shown below. Foil pattern (right)
is half actual size. Parts layout is at the
left. A photo of the assembled board is
shown above.
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charged, it will operate the 1B85 for
about an hour at background rates and
for more than ten minutes at 4000
counts per minute. This allows ample
time to check a color TV for x-ray
emission.

Phasing of transformer T1 must be
set so when S| is operated, the increas-
ing current in the primary (low turns
side), which occurs each time the wiper
makes contact, induces a negative volt-
age at the high side of the secondary.
This forward biases D! and D2 which
clamp Ti’s secondary to ground, and no
voltage appears across the NE2 lamps.
When the wiper moves off a contact,
current is suddenly cut off, producing a
high positive voltage at the high side of
the secondary. D1 and D2 are now back
biased and the positive voltage is applied
to the NE2 lamps. Note that S1 can be
any type of rotary switch that has a
break-before-make action. Rotating SI
alternately closes and opens the primary
circuit of T1. An 11-position single-deck
switch is desirable, although any number
of positions will work, S1 should never
be left in an intermediate position or T1
primary current will flow continuously
and rapidly discharge the batteries.

The voltage from TI1 will cause
conduction in the string of NE2 lamps.
Current through the lamps charges CI1.
When ClI’s voltage is below the ex-
tinguishing voltage of the NE2 string,
C1 will charge with every pulse. How-
ever, when C1 is charged to about the
extinguishing voltage, the next pulse will
charge it above this voltage. Then, C1
will charge to a higher voltage during
the pulse and then discharge back
through the NE2 lamps until their ex-
tinguishing voltage is reached. Thus, the
terminal voltage on C1 is determined by
the extinguishing voltage of the NE2
lamps.

When selecting a transformer, set
up the high-voltage circuit shown. An
acceptable transformer will produce no-
ticcable flashes in the NE2 lamps every
time S2 is rotated. If no flashes occur,
either the primary or sccondary leads
should be reversed. Also, to provide
some safcty margin, use 18 NE2 lamps
when selecting a transformer.

D1 and D2 are rated at 800 volts
piv. They are avalanche protected,
which is a must in this circuit. The volt-
age appearing across the combination is
approximately the voltage on C1 (about
900 volts) plus the voltage required to
ignite the NE2 string (about 1100
volts). This adds up to about 2000 volts.

As mentioned above, 18 NE2 lamps
are used to select a transformer. Provide
space on your circuit board for 18
lamps. The exact number used in the fi-
nal circuit will depend on the specific
lamps you use. A method for selecting
the final number of lamps is described
later.

Neon lamp selection

High voltage is applied to the 1B85
through anode load resistor R1. Its value
is not critical, and any resistance be-
tween about | megohm and 10 megohms
can be used. The signal produced by a
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Geiger discharge at the 1B85 anode is a
negative pulse. Its amplitude and width
are primarily functions of the high volt-
age, load resistor, coupling capacitor,
and following-stage input impedance.
Typically, it is about 2 volts peak and
20 usec wide with the values shown.

Q1 is an amplifier that increases the
signal level and inverts the pulse to
drive monostable multivibrator Q2 and
Q3. An FET in this stage is not man-
datory, although it does do a good job.
A standard bipolar transistor, properly
biased and with an adequate frequency
response will work in place of an FET.

Q2 and Q3 form a one-shot or
monostable multivibrator. Normally, R7
causes Q2 to be cut off, so the voltage
drop across RS is zero. This, in turn,
causes Q3 to be cut off. A positive pulse
at the base of Q2, derived from QI, will
start to turn Q2 on. The falling voltage
at the collector of Q2, and hence at the
base of Q3 will start Q3 conducting. The
increasing voltage at Q3’s collector is
coupled to Q2’s base through R8 and
C4, which further tends to cause Q2 to
conduct. This positive feedback action
causes Q3’s collector current to increase
rapidly and remain until C4 becomes
fully charged and positive feedback ac-
tion stops. This makes Q2 and Q3 revert
to the nonconducting state. The magni-
tudes of R7, R8, C4, and collector load
of Q3 will determine the output pulse
width.

A ncon lamp and an earphone are
shown in Fig. 1 for readout. Either or
both may be used. Transformer T2 is
any one of a large variety of types. The
earphone is a low-impedance unit. Most
speakers will also work well.

Circuit number 2

For those who prefer not to operate
a switch to obtain high voltage, the cir-
cuit in Fig. 2 will be useful. Free run-
ning multivibrator Q1 and Q2 is quite
similar to the one-shot multivibrator in
Fig. 1. The only difference is that R7 in
Fig. 1 is deleted and replaced by R1 in
Fig. 2. RI is selected so Q1 conducts
slightly. This slight conduction sends a
signal through QU’s collector to Q2’s
base and then through Q2’s collector
back to QI’s base. This positive feed-
back turns Q2 on hard until C1 is fully
charged and positive fcedback stops.
Now Q! and Q2 turn off and the cycle
repeats. On and off times of this circuit
are not necessarily equal. With a fixed
C1, the oN time is determined primarily
by R4 and the repctition rate by RI.
The transformer is more critical than
the one in Fig. 1 because Q2 cannot in-
terrupt current as quickly as a mechani-
cal switch nor can it supply as much
current to the transformer as the switch.

All circuits (Fig. 1. Fig. 2, and Fig.
3) should be enclosed in and grounded
to a metal box since they are sensitive to
clectromagnetic fields, especially those
caused by the horizontal output circuit
of a TV. Cut a rectangular hole in the
side of the box so the G-M tube is ex-
posed. This hole should be 234”7 x 3”,
If any rf sensitivity is noticed, cover the
hole with one layer of aluminum foil
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glued in place. Obviously it is best to
keep the high-voltage section as far
from the input circuitry as possible.

We mentioned earlier that the cir-
cuit board should provide for 18 neon
lamps. The high-voltage circuit should
work with all 18 lamps in series. The
G-M tube should not be connected to the
high voltage at this time. First, short out
5 of the lamps with a jumper so that 13
lamps are left in series. Now insert the
G-M tube and turn on the circuit (oper-
ate SI in Fig. 1). The high voltage
should be too low, and there will be no
output from the counter. Now turn the
unit off and reconnect the jumper so 14
neon lamps are connected in series, and
turn the unit back on. Continue this
procedure, adding one more lamp to the
series string at a time. until an output
indication is obtained from background
radiation. You may have to wait about
15 seconds to determine if the counter is
woking since the background rate is
low and random. Add one more neon
lamp in series after counting starts.

One word of caution. Do not short
the high-voltage capacitor when it is
charged and transistor QI is in the cir-
cuit. The resulting sudden change in
voltage can damage the gate of QI. Re-
move the transistor or connect a lead
from gate to ground when working on
the high-voltage circuit.

Circuit number 3

This circuit (Fig. 3) delivers more
accurate measurement of the G-M tube
counting rate than the counter in Fig. 1.
The power supply of Fig. 2 is used
to generate the high voltage. Tran-
sistor QI and multivibrator Q2 and Q3
are as previously described except for a
change in Q3’s collector circuit.

In operation C4 is charged by cur-
rent pulses through Q4. Each pulse from
the G-M tube results in a constant-am-
plitude constant-width current pulse into
C4. R13 is used to adjust the voltage
output.

The selection of mcter ranges de-
pends upon the intended use of the jn-
strument and on the meter movement
selected. For example, if full scale
ranges of 1000, 3000, 10,000, 30,000,
and 100,000 counts per minute are de-
sired, the total range is 100 to 1. If a 50
mV meter movement is available, the
upper voltage to be delivered by the in-
tegrating circuit and voltmeter circuit is
5 volts, which is well within their ca-
pabilities. A 100-mV movement would
require a 10-volt upper range which
would be obtained by an 18-volt supply
voltage to the multivibrator, integrating
circuit and voltmeter circuits. Meters
with a higher mV requirement would
necessitate restricting the ranges or ar-
ranging to switch in various values for
R12 and R13 (or alternately R11).

The instrument is calibrated in
counts-per-minute, by disabling the high
voltage or by removing the G-M tube.
Resistors in the meter circuit are then
selected to provide full-scale meter read-
ings for the desired set of full-scale in-
put voltages at QS5’s gate (e.g., 0.050,

(continued on page 79)
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Instruments on this page are: 1Y Heath
10-101 Vectorscope. 2) Delta 3000 FET
Voitohmmeter. 3) Sencore CG153 Color
Generator. 4) Leader LB-501 Scope. 5) RCA
WT-509A Color CRT Tester. 6) EICO HVP-§
High-Voltage Probe. 7) B&K 1246 Digital
Color Generator.
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THERE ARE TWO MAJOR CLASSES OF TEST EQUIPMENT THAT ARE
absolutely essential for ali color TV work. The first class
comes in only one model; it comes in a great many different
shapes and sizes. The color makes no difference. Fig. 1 is a
typical example. Every technician should have at least one.

The second class of test instruments are housed in metal
boxes. They are used to augment the somewhat feeble sensors
of Fig. 1. Their indications are normally fed in through the eyes,
although the ears are used in some cases, as well as the nose.
(This last is often useful for finding burnt out power trans-
formers, etc.)

The basic method

There’s a very simple, basic method for using your head.
The trouble symptoms are observed, your brain puts them all
together and feeds out a “hypothesis”, as to the location of the
trouble. The physical instruments are then used to make vari-
ous tests to check this hypothesis and find out if it is correct.
(Hypothesis is of Greek origin and means “A theory imagined
or assumed to account for what is not yet understood.” Short-
form is “guess™!)

If the instrument readings agree with the hypothesis, then
it shapes up and becomes a “diagnosis”. (The Greeks had a
word for this too: “to ascertain from symptoms the true na-
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signal which will produce a color bar pattern on the screen of
a working TV set. If this pattern doesn’t come through, we
know that there definitely is trouble and we set about finding
out where it is. There is one other signal-generator which is
very useful, but it is discussed later.

For reading outputs, the scope, is most versatile. It will
not only display the waveform of any signal, but will also tell
us whether its amplitude is correct. So it tells us whether a
given stage has the right amount of gain.

This input/output test should be the first step in any diag-
nostic procedure. If the signal doesn’t get through a certain
stage, then we lay down the scope probe and use the second
most useful instrument, the vtvm. (In this article, “vtvm”
means any very high impedance voltohmmeter—tube or solid-
state unit.) With it we read the “operating values” around the
faulty stage; dc voltages, currents, resistance. continuity, etc.
These are the simple things which “gotta be there” before the
stage can work and are too often overlooked. (I know of one
technician who made several complicated tests around a dead
3.58-MHz oscillator stage, before he found that he’d over-
looked a nice simple thing—the tube had no voltage on its
screen-grid because the dropping resistor was open! So, don’t
overlook the simple things—there are a lot more of them than
complex ones!

COLOR

need and how to use it

By JACK DARR
SERVICE EDITOR

ture of the trouble”, or “to find the true cause”.) If the in-
strument readings do not agree with the original hypothesis, it
is cheerfully discarded and a new one worked up which fits
the observed facts. This is the point where the blue mud
makes most of its mistakes; it insists on staying with the origi-
nal hypothesis. Always be quick to pitch out an unproven
hypothesis and build up a new one!'

Since practically all technicians have at least one Class 1
instrument, we'll spend most of the time discussing the many
different kinds of No. 2’s, and how they can help solve the
many problems found in color TV repair work.

Inputs and outputs

Basically, color TV test equipment can be divided into
two classes, which could be called “iNpUTS” and “OUTPUTS”.
The INPUTS are signal gencrators. They feed in test signals, so
that we can have a known and controllable source of test sig-
nals to measure the performance of any circuit.

The ouTruTS are just that. With a known test-signal in-
put, we should have a certain output from any circuit being
tested. By reading the signal input and output, we can tell
rapidly whether this circuit is working or not.

For all color TV work, the color bar generator is prob-
ably the single most versatile instrument. It delivers an input
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““Comb’’ out the trouble

The first thing we need to do, in any kind of TV work, is
find out “where the signal stops”. The typical symptom of this
is “no picture—just a blank raster”. A less complicated one is
“No color, but good b/w picture”. With the first, you know
that most of the set is working. Evidence—you do have a
raster, so the dc power supply, both sweeps, etc. are working.
Something has broken the signal-parh between the input
(antenna) and the output (picture tube).

In all TV sets this is a series circuit (Fig. 2). Now you
start the detailed tests needed to find out where the signal
stops. It’s simple, if you use the right equipment. Feed the
color-bar generator into the antenna, tune the set to the right
channel and pick up the scope. With it, you can trace the
unmistakable “comb” pattern all the way through the set.

In the if. stages, use a crystal detector probe. Your pat-
tern will look like Fig. 3. The signal at this point is still rf, so
you must provide the detector. After you pass the video detec-
tor, you can switch to either a direct probe or low-capacitance
type. Incidentally, even narrow-band scopes will show you the
typical comb pattern, as in Fig. 4, which is a little blurry but
very useful; taken at video detector output with a direct
probe. Amplitude at this point should be about 2-3 volts p-p.

From the video detector it is easy to follow the comb all
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the way through the video amplifier
stage(s) to the cathodes of the picture
tube. If you do not have black-and-white
bars on the screen (minimum), you’ll find
some point in this circuit which has input
but no output. This method is completely
universal-—it will work on all types of TV
set—B/W, tube, hybrid, solid-state, color
—they all do the same thing to the signal.

t‘Color-only’’ problems
For a variation, if you do have bars

‘“Is the 3.58-MHz
oscillator working?”’

There’s a very simple test, in this
sequence, for the 3.58-MHz oscillator.
Just look at the waveforms on the pic-
ture tube grids. If you find the same
flat-topped comb pattern you’ve been
tracing, the oscillator’s dead. These must
have the characteristic “rocker” shape.
Fig. 7 shows the pattern on the red grid,
and Fig. 8 on the blue grid. Both of
these were taken with a direct probe.

These waveforms will be found on
the schematics. Note that on the red
grid, the 3rd pip from the blanking is
the highest, meaning maximum
amplitude. On the blue grid, the 6th pip
is highest. You can check these out on
the crt screen. too. This waveform can
also be used to check demodulator ac-
tion. Any problems will cause distortion
or absence of certain key waveforms,
and these are some of them.

To get these, set the scope sweep at

voltages and currents, the HV probe for
reading and adjusting high voltage and
focus voltage, and as usual, the scope.
The HV probe can be a large multiplier
resistor in a special “handle” for use
with the vtvm or 1t can be a special
probe type with its own meter. The sep-
arate HV probe is very useful, since it
can be hooked up, and watched while
the vtvm is used to take other necessary
readings; for example, adjusting the
horizontal efficiency coil.

The very important cathode-current
of the horizontal output tube can be
read on a special test-adapter. This is
much easier than pulling the chassis to
disconnect the cathode wire: There are
several types, one for each different
class of horizontal output tubes. (Some
have the cathode on pin 3, others on pin
6, and so on.) You simply pull the tube,
plug the adapter in, then put the tube
into the adapter. The test leads are then
plugged into the vtvm, or, better still,

|
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on the screen, but no color; you can elimi-
nate the first four parts of the circuit
immediately. The tuner—i.f.—video detec-
tor—video output stages are working. The
trouble is entirely in circuits which han-
dle only color signals. This is true in the
original color circuit and in later models
with “cathode-feed” or “R-G-B” circuitry.

So go straight to the color bandpass
amplifier(s). Once again, this is basically
an rf signal (3.58 MHz sidebands, AM),
so use the crystal detector probe. In a lot
of circuits you'll be able to see the pattern
with a direct or low-cap probe. Fig. 5
shows a typical comb on the grid of a
bandpass amplifier, which is a fairly low
level. Fig. 6 shows the pattern on the
plate of the bandpass amplifier, also with
a crystal probe. This will catch one of the
common troubles—if the color-killer is
faulty, it will bias-off the 2nd bandpass
amplifier, and you’ll have input but no
output here.
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7875 Hz, to display two lines of hori-
zontal signal. As we said before, even
the old narrowband scopes will show
you this pattern. It may blur, but it will
be distinct enough to tell you whether
it’s there or not! One of the most useful
applications of the scope is just that—it
will tell you whether there is a signal at
a given place or not, and that’s what you
need to know!

Power supply test instruments

The power-supply section in a color
TV chassis provides a lot of the more
common troubles. Because of the higher
power used, plus the need for HV regu-
lation, and so on, this section must be in
perfect shape before we can make any
other tests. The right test equipment,
properly used, will speed this part of the
job.

Three of the instruments are very
important—the vtvm for reading dc
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into a separate 0 to 500 dc milliamme-
ter, to free the vtvm for other work.

The scope in power
supply testing

The scope is invaluable in power
supply testing. Beside smoothing the ac
ripple in the dc supply, the filter section
has another, and much more important,
job. It must provide an absolutely zero-
ohms path to ground for all stages in the
set, for their power-supply return cir-
cuits. Since the power-supply is common
to all stages it must get rid of “used”
signals by passing them off to ground. If
the filter has a “‘non-zero impedance”,
these signals will develop voltages across
the power supply! These will feed back
into other stages, and the result will be
the damndest mess of symptoms you
ever saw!

Any time you find a color TV with
multiple symptoms—two or three differ-

RADIO-ELECTRONICS
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ent things going on at the same time,
look into the power supply. For in-
stance, one set had bending in the pic-
ture, vertical shading bars on blank ras-
ter, periodic loss of vertical sync, and an
intermittent ioss of color sync.

Scoping the dc power supply
showed the waveform of Fig. 9-a. The
60-Hz ripple here is complicated by the
presence of a high horizonial-frequency
ripple, too. Also, if you look closely
near the center of the waveform, you’ll
see a “notch”. On the scope screen this
was easy to identify as a vertical blank-
ing pulse! When this got to the vertical
oscillator, it cancelled the regular sync
pulse, and the picture rolled. Peak to
peak voltage of this pattern was over S0
volts. (Normal ripple, almost zero!) Fig.
9-b shows a very similar pattern taken
across one of the main filter capacitors
in another color set. Here too we see the
notch. The widening of the basic 60-Hz
ripple trace was again due to the pres-

read 25 to 30% less than normal, you’ve
got an open circuit in a supply resistor
to one of the high current stages. This
instrument is invaluable when power
transformers have been replaced. You
can get an instant reading which will tell
you whether the short that blew the first
transformer is still there or not!

Picture tube or TV chassis?
One of the harder questions to an-
swer, especially in “one-color” problems,
or wrong-color trouble, is: “Is this the
color picture tube or something in the
TV chassis? Without the right test
equipment you can get an expensively
wrong answer! Incidentally, the loss of
all color, with a good black and white
raster, is never the picture tube! If the
tube will make a black and white picture
or a white raster, all three guns must be
good and properly balanced! However,
symptoms such as “one color flares up”
or “one color missing” can be caused by

chassis isn't driving the tube to normal
output.

The hard ones

For those hard-to-pin-down trou-
bles which are centered in or around the
picture tube, a CRT analyzer can be
a lot of help. It is connected into the
circuits between the CRT and its socket.
All dc voltages. except the HV, can then
be read by setting a selector switch. The
current can be read in any circuit, by
pushing a button.

With this test you can read and
compare the cathode-currents (beam
current) of all three guns, and see if
they are drawing enough current to give
normal brightness. Incidentally. only the
cathodes should show any current read-
ing at all' The others are all dry circuits;
voltage but no current! If you do read
current in any of these, such as a grid,
this means trouble—probably gas in the
tube, or an internal short.

i
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ence of a high horizontal hash, which
caused the waveform to jitter so rapidly
that the photo is blurred.

However, blurs make no difference
in this test! If the scope shows you any-
thing except a nice straight line, look
out! Normal maximum ripple in any dc
power supply should be not more than
about 1.5 volts peak to peak. Anything
else means trouble, due to feedbacks. Re-
place any capacitor that shows this kind
of a pattern.

The wattmeter

Shorts or open circuits in the dc
power supply can be quickly isolated
with a test instrument that can read the
input ac power—a wattmeter. By com-
paring the normal power input as given
on the schematic, you can tell instantly
what’s going on inside. If the reading is
25% or more above normal, there is ei-
ther a short or a high leakage. If you
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either the picture tube itself or the TV
chassis.

The quickest answer is a good color
picture tube tester. With it, you can find
heater-cathode shorts in one gun (causes
that color to flare up). an open cathode
in one gun, (complete loss of that
color), and/or very low emission of one
or more guns.

With this instrument, low-emission
guns can be rejuvenated, singly, to bring
their emission up to maitch the others. If
this doesn’t give lasting help, a bright-
ener can be used to raise the filament
voltage (and cathode temperature)
slightly.

If the tube-tester shows that all
guns are capable of a minimum, say at
least 300-400 nA of emission, forge! the
tube and start checking the circuits of
the TV chassis—CRT screen voltage,
grid voltages, cathode voltages, etc.
Something is wrong in that area—the
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When the CRT tester confirms the
diagnosis of picture tube trouble, don’t
give up—not yet. There are little things
that can help a lot. For example, if a
picture tube with good emission has a
heater-cathode short, you can clear it
with a special isolation transformer in
the heater circuit. It looks like a stan-
dard brightener, but it isn't. It is a two-
winding transformer, 1:1 ratio, which
does not increase the heater voltage. It
isolates the heater from the *ground”
or dc voltage applied to the heater to
prevent such shorts! (Since it’s already
happened, we can forget it.)

In “one-gun” troubles which can’t
be cleared up by rejuvenation a poten-
tiometer which is inserted into the cir-
cuit between the G1 and G2 grids of the
defective gun and used to balance the
bias voltage so this gun will conduct
normally. It is installed with solderless
connectors, and can be of a lot of help!
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The test jig

Color TV chassis aren’t too big.
However, some come in monstirous cabi-
nets that can be up to nine feet long!
Color TV servicing can be a lot easier if
you can take only the chassis to the
shop and leave that big cabinet at the
customer’s home.

To operate the chassis on the bench
you’ll need a test jig, which consists of
a cabinet, color picture tube, deflection
and convergence yokes, and extension
cables to hook up the chassis. A test jig
can be used with a great many different
chassis, The manufacturers publish a
cross-reference guide which gives the
make and model number of various sets
and the number and type of conversion
cables needed to make a particular
chassis work on the jig.

Making things easier

There are a lot of small, in-
expensive test equipments for color TV
that don’t look like it. I mean the “little

In the .big multiple-combination
units, radio-TV-phono sets, there is a
great deal of “interconnection” between
the units. Most of this is done with
multi-conductor cables, and (too often)
special plugs/sockets. Most manufac-
turers make up sets of extension cables
for their own brand.

You can also buy “universal” exten-
sion cables, for all types of CRT’s,
yokes, and so on. In sets using “Molex”
plugs, special cable-sets are now avail-
able in radio-TV supply houses.

The vector scope is a most useful
instrument for pinning down certain elu-
sive troubles. This is a color bar gener-
ator with its own oscilloscope. It dis-
plays the ten color bars of the paitern in
a “flower” like pattern, as in Fig. 10.
Each petal is one of the color-bars, and
the gap is the burst.

In the 3-tube (transistor) color dif-
ference amplifier circuit, the pattern is
read clockwise from the gap. The third
bar (red) should be straight up, and the

tube cathodes, and the flower pattern is
reversed; you count bars counter-clock-
wise, but the display is basically the
same.

Alignment problems

Last, but most certainly not least,
we come to something that has bugged a
whole generation of TV technicians,
even before the advent of color, where
it is of far greater importance—sweep
alignment. Incorrect alignment can cause
a host of problems—washed out pic-
tures, ringing, ghosts, poor color, color
smearing—you name it, it’s in there
somewhere. The “old guys” (self in-
cluded) weren’t tco hot on sweep align-
ment, simply because it was such a long
job to get all of the things hooked up
and calmed down. It was a long, hard
job and we didn’t use it as often as we
should.

However, there’s a whole new “gen-
eration” of swesp-alignment test in-
struments. With them, sweep-alignment
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things” that make certain tests much eas-
ier, saving a lot of time.

The simplest and smallest of these
are “test socket adapters.” They make
diagnostic testing much faster, since you
can read actual socket voltages on any
tube from the top of the chassis. The
tube is pulled. plugged into the adapter,
and put back. You can then read volt-
ages and/or signals on each element.
There is a tiny numbered metal tab
brought out from each one.

Extension cables are another very
useful item. Using them, you can take
the chassis out of the cabinet—unplug-
ging the picture tube, yoke, and high
voltage lead—and put it on the bench. It
can be hooked up and operated, with its
own tube, yoke, etc., by connecting
them with extension cables. Console
cabinets can be left on the floor. These
make testing a great deal easier, and fas-
ter.
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6th bar (blue) should be at about 90°
(straight to right), etc. With this in-
strument, any odd phasing problems can
be quickly checked out. It can even be
used to align the color bandpass and/or
demodulator stages. This is the only test
instrument that can read phase-angles in
color demodulators!

The vector scope can be an in-
valuable tool for testing and adjusting
the ever-more-popular “Automatic Tint
Control” circuits. All of these affect the
phasing of the color demodulators, in
one way or another. Their effect can be
seen and analyzed, by looking at the
vector scope tlower pattern. You can see
the bars shift as the atc circuit is
switched on and off, and make any ad-
justments needed.

The vectorscope can be used in the
“direct drive” or R-G-B color circuits
often found in transistor TV sets. Here,
the connections are made to the picture
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is just as simple as hooking up a color-
bar generator and looking at the output
on a scope! Everything you need, in-
cluding as many as three separate bias
supplies, are all there “in the same box”.

These sweep generators have all of
the regular swept-signal outputs—rf, if,
color bandpass. and even the 10.7-MHz
for FM i.f.s. However, instead of the
single marker that we had to run up and
down the curve, watching the marker
generator and the scope at the same
time, these instruments have a great
many individual, crystal-controlled
markers, any or all of which can be dis-
played on the curve ar the same time.

In these units, the markers are
added to the output after the swept sig-
nal has passed through the circuits being
aligned. This removes all chance of
marker distortion, one of the old head-

(continued on page 83)
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PROGRAMMED

by LARRY ALLEN

Just read each easily digested frame of information.
Then test your grasp of it by answering a multiple
choice question. If you choose correctly, you're guided

COLOR TV BY

REMOTE CONTROL

automatically to the program capsule. If you miss, don’t
worry; programed extra information helps you to a cor-
rect answer.

Remote control for TV sets went through a heyday
a few years ago and then faded. But it’s back. The pop-
ularity of color has revived interest in working the set
from across the room.

Remote controls today are more complex than
those of yesteryear. For one thing, there are more func-
tions to control. An claborate system for a color set can
(1) turn it on or off, (2) adjust its volume, (3) select a
channel, (4) shift hue to either end, and (5) set color
intensity. This can involve a dozen operations. Practical
systems combine operations, doing most or all of these
with six to eight functions.

For example, a vhf channel selector may rotate in
°0ne direction only; that takes only one remote function.
A uhf tuner may be a “search” type that stops when it
encounters a station; one remote function is needed to
start it searching. On-off is often combined with vol-
ume. A few remote systems omit the color-intensity
function, as hue control is far more important.

Question: Which of the following are most likely 1o be
accomplished by the same function button in a color-set
remote control?

Color intensity and hue control. Read Frame 9 be-
fore proceeding.

Volume and on-off. Check in Frame 18.

Uhf tuning and color intensity. Try Frame 22.

No. The RCA is clectronic—often called a transis-
torized transmitter. Its output definitely is acoustic, pro-
duced in a transducer driven by an oscillator. But the
tone isn’t derived mechanically. Go back and answer the
question in Frame 23 again.

[ O, yes it has. The voltage across it couldn’t change

value if it didn’t. Then the igfet conduction couldn’t be
evaried. Better read Frame 20 over again and have an-
I other look at the answers.

No, it can handle more operations than that, if you
count the on-off extension of the volume-control action.
Examples are the Motorola and the Sylvania. Go back
to the chart in Frame 8 and count them. Then answer
the question again.

JANUARY 1971

You got it. Mechano means the ultrasonic tone
is produced mechanically, and acoustic means it travels
through the air to the receiver, like sound. The rod in
the Zenith, vibrating after being struck by the hammer
in the transmitter, emits a sound you can’t hear. The
RCA, and others like it, uses an oscillator to produce an
ultrasonic signal and a transducer to make it acoustic. It
isn’t mechanical.

The ultrasound travels through the air and is
picked up by a microphone in the TV set. Converted
thus back to an ultrasonic signal, the tonc is amplified
by a broadband preamp (Fig. 1). In some reccivers, the
preamp is an IC. In others, it uses four to six transistors.

MIKE

BROAD-

BAND < B

PREAM T
TUNED i1
RELAY 41.25| |43.25) [40.25| |44.75| [35.75| [37.25( [387
DRIVERS kHz | | kHz | | kHz | | kHz kHz | {kHz | | kHz

FUNCTION COLOR HUE VOL
RELAYS ANNEL I DOWNI | GRN I DOWN
TOLOR HUE VoL
up PURPLE up
REMOTE .
RECEIVER

TV SET I ] ‘
MOTORS

VHF COLOR HUE VOLUME
TUNER CONTROL CONTROL CONTROL
ON
OFF
SWITCH

FIG. 1—TYPICAL REMOTE RECEIVER has broadband pre-
amp and a series of tuned relay-drivers.
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After that, the signal is applied to relay driver tran-
sistors. Each one has a resonant circuit. It is therefore
actuated only by one tone. The driver stage that accepts
that particular tone closes the associated relay.

Each relay supplies voltage to a motor in the TV
chassis. The tuner motor turns in only one direction.
But the motors on the color, hue, and volume controls
are reversible, depending on which relay makes the volt-
age connection. A control motor, through a system of
gears, turns the control at a speed that works out to
about 10 rpm.

In Fig. 1, the Sylvania, the ON-OFF switch is part
0 of the volume control. RCA and Magnavox have a like

system. When the motor that’s turning volume down
reaches its limit, it shuts the set off. The motor that
turns volume up turns the set on as it starts rotation.

Question: The preamp in most remote-control receivers
is broadband. About what is its center frequency?

About 22.675 kHz. Check your answer in Frame
24.

About 40.0 kHz. Move the Frame 17 to sce if
you’re right.

About 44.75 kHz. Look at Franie 16.

Magnavox

704054 40.0 43.0 415 37.0 355
Motorola

TRR-7 43.0 35.0 40.0
RCA

10A/12C 40.25 41.75 44.75 37.2¢
Sylvania

for D12-3 41.25 43.25 40.2%
Zenith

600 41.25 40.25

HUE (TINT)  VOLUME POWER
Purple Green Up Down On  Off

Magnavox

704054 44.5' 46.0' 445" 46.0' 38.5%
Motorola

TRR-7 415 370 385 445 385 445

0 -

10A/12C 35.75 34.25 43.25 38.75 43.25 38.75
Sylvania

for D12-3 44.75 35.75 37.25 38.75 37.25 3875
Zenith

600 40.25° 41.25" 37.75 37.75 37.75

Yes, that’s how many. You didn’t forget to count
the muting opecration which is an extra one for the
function-change relay. The operations in this system
are: Tune up, tune down, hue red, hue green, mute,
evolumc up, TV on, TV oft. The volume can’t be turned

down without going through “off,” because the stepping
relay only turns in one direction.

The Motorola TRR-7 remote system is a radical
departure from those discussed so far, although control
frequencies arc about the saume. Move along to Frame
20 and read how it is unusual.

Not quite. The RCA handles eleven of the oper-
ations listed on the chart in Frame 8, and so does the
Magnavox. But they use eight frequencies. Neither one
runs both tuners in both directions. The Magnavox sub-
stitutes automatic action for the Tint (Hue) operation,
in some chassis. Go back to the chart and study the
Motorola and Sylvania seven-frequency systems. Then
answer the question again.

ation in the TV set. One tone causes one operation (ex-
cept for on-off, which will be explained later.)

FI1G. 2—REMOTE CONTROL FREQUENCIES FOR COLOR TV

VHF TUNE UHF TUNE COLOR
Up Down Up Down Up Down

All frequencies in kHz.

! In chassis with automatic tint control (atc) these frequencies are for
volume.

*Turns off automatically when no station is picked up for 60-90
seconds.

3 Must rececive 38.75-kHz tone first, to close mute/ function relay.

The Zenith 600 system is different. The transmitter
produces only four ultrasonic tones. The 41.25-kHz
tone turns the vhf channel selector toward higher num-
bers, and the 40.25-kHz tone turns it toward lower
ones. A third tone, 37.75 kHz, operates a stepper reclay
that first turns on the set; the next three steps turn up
volume, and the one after that turns the set off.

A fourth transmitter tone, 38.75 kHz, operates a
relay that mutes sound and changes what the first two
tones do. The 40.25-kHz tone then turns the Hue con-
trol toward purple and the 41.25-kHz tone then turns it
toward green. Thus six operations are performed with
only four tones.

Question: How many operations can a seven-frequency
remote-control transmitter perform in an ordinary color
set?

Seven. See Frame 3.

Nine. See Frame 23.

Twelve, See Frame 7.

All the major color-set makers have remote control
chassis in their lines. The chart in Fig. 2 lists functions

and frequencies for a few popular brands. Frequencies
e are similar, but they’re not used for the same functions
in the various brands.

Most of them are simple in concept. A small re-
ceiver picks up an ultrasonic tone from a remote-control
transmitter. A resonant circuit in the remote receiver
lets that tone activate a relay which performs the oper-
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Too bad, missing your very first try. These two
functions must be handled separately. The only way
they could be on the same button is if a second button
switches operation from onc to the other. Even then,
two buttons are required for color intensity because it
has to be turned both up and down. Hue has two direc-
tions, also.

A combined function has to have two operations
that don’t interfere with each other. If you stop and
think how the TV set is operated manually, you’'ll prob-
ably be able to go back to Frame 1 and pick the right
answer.

RADIO-ELECTRONICS
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Oops! You slipped up on that one. You counted
the operations and the frequencies wrong. Consider all
@the frequencies in Fig. 3 and then count the operations

cach of them causes in the TV receiver. Then you
should be able to come up with a better answer to the
question in Frame 17.

Question: The scope can ‘be used for tracing signals . . .
. . . at the base and collector of the transistor. See

@mee 21.
‘ . « . up to and including the base. Try Frame 15.
. . » all the way to the motors. Check Frame 25,

Yes, that’s the path both ways. Voltage in one polar-
ity ionizes the neon bulb and lets the charge build up on
the memory capacitor. An opposite polarity also ionizes
the bulb, and lets the charge drain off. (If it were
oallowed to, it would eventually charge the capacitor in

opposite polarity.)

You've got a pretty good idea what remote control
systems are all about. Now move along to Frame 12
and get some pointers on how to service them. It’s
pretty simple, actually.

Servicing color-TV remote controls isn’t com-
plicated. You can probably figure out most of the steps
yourself.

Start with the receiver. Use a transmitter—one you
know is okay—for a signal source; an audio generator
isn’t accurate enough. Align cach channel of the remote
receiver carefully, making sure you use the right fre-
quency for cach coil. The coils all look alike, so check
the diagram furnished by the manufacturer.

There may be a broadband coil in one of the pre-
amp stages. If there is, peak it at the center of the pass-
band.

A vtvm set for the dc ranges, is a good alignment
indicator. Connect it to the collector of each relay-
driver transistor. You’ll be able to judge the peaking of
the coil associated with that transistor. If it doesn’t
peak, either the coil is bad, the signal isn’t getting that
far, or the transistor is faulty.

A scope shows if the signal is getting to the base of
the transistor. So does an ac vtvm. There should be very
little signal at the collector, because a large capacitor
and the relay coil smooth it out to dc.

An ohmmeter is okay for checking relay contacts,
but only with the plugs between remote and TV chassis
disconnected so no voltages are on the contacts. If that’s
unhandy, and it may be if the same plug powers the rest
of the remote receiver, use a voltmeter. The relays apply
ac power to the motors. A vtvm should tell you if the
voltage is getting to the proper motor when a particular
tone is received. Occasionally burnishing the contacts of
relays keeps them from getting sticky. Even pulling a
strip of lens-cleaning paper through the closed contacts
is a help.

So . . . you can conclude that a system of signal
tracing, alignment, and voltage tracing is the best trou-
bleshooting method.
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Not even a little bit. 1f any of the electrons from
the capacitor get in there, it’s because the IGFET is
@ shorted. The memory module would be useless. Go back

and read Frame 20 again. Do it more carefully this time
and you’ll get the right answer easy enough.

Oh yes, one of them is. Mechano means the ultra-
sonic tone is produced mechanically. Acoustic means
@ the tone gets to the receiver by traveling through the

air, like sound. Keeping those ideas in mind, go back to
Frame 23 and pick another answer.

Yes, that’s right. The scope shows the ultrasonic
signal all the way from the preamp input to the base of
the relay drivers. It isn’t as good as an alignment in-

dicator, though. Its cables can detune the resonant cir-
@cuits when connected across them. Alignment peaking is
best checked with a dc vtvm connected to the transistor
collector.

And that completes this little course. R-E

No, that’s not the center. It is one of the fre-
quencies the amplifier must pass, but it’s at the upper
@ limit. Go back to Frame 5 and see what the lower limit

is. Then, with those in mind, pick out an answer that
seems more in the center.

Sure. The frequency that’s half-way between the
lowest and highest is the center of any broadband
response. If you study the chart in Frame 8, you’ll sce
chat 40 kHz is about the center for all the remote sys-
tems listed except Zenith.

Frequencies for tht Zenith 600 system are close to
40 kHz, but they’re distributed a bit differently. The
approximate center of preamp bandpass is 39.5 kHz.
The diagram is shown in Fig. 3.
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RELAY
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FIG. 3—~ZENITH REMOTE CONTROL RECEIVER uses a func-
tion-change relay to convert tune stages to control hue.

Any signal tone is fed right through all the tuned
circuits. Only the tuned circuit that’s resonant at the
tonc’s frequency intercepts it. The tone actuates that
@ driver transistor and closes that relay.

The changeover operation was described briefly be-
fore. In its regular state, the function-change relay
leaves the tune relays connected so they apply voltage to
the tuner motor. The tuner is rotated up-channel or
down-channel according to whether 41.25 or 40.25 kHz
is received.

But a 38.75-kHz signal operates the function-
change relay. That relay connects the 41.25- and 40.25-
kHz drivers and relays so they apply voltage 1o the hue-
control motor instead of to the tuner motor. The
buttons of the remote transmitter that formerly turned
the tuner now turn the hue control.

The small dashed line from the function-change
relay to the TV audio stages represents the muting func-
tion. An extra set of contacts cuts off all sound while
this relay is closed.

The step relay that turns the sct off and on and
controls volume was already explained, in Frame 8.

Question: How many operations are handled in the Zen-
ith system, and with how many frequencies?
Eight operations with four frequencies. Turn to
Frame 6.
Six operations with four frequencies. Move to
Frame 19.
Seven operations with three frequencies. Go to
Frame 10.

Right. It’s handy to let the volume-up operation
turn the sct on first, and let the volume-down operation

turn the set off at its finish. This isn’t necessarily the
@way it's always done, but this is the most-likely com-
bination of operations. Now move back to Frame 8 and
learn about specific systems.
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You left out a couple. Count them for yourself.
Two tuning operations, two hue operations, volume in-
one direction, TV on and off, and audio mute (that
extra operation of the function-change relay). Now go
back to Frame 17 and pick out the right answer.

Not long ago Motorola came up with a unique
remote control for its Quasar transistor color TV. The
TRR-7 system does away with motors on controls. The
only motor left is for tuning. Most relays are eliminated,
too.

The hcart of this new system is diagramed in Fig.
4. The dashed line enclosed what is called a “memory

il -
CONTROL VOLTAGE FNE - 98 1GFET T *
INPUT | I
g ‘ 100 puF
27K 368K
NEON
DIODE CLAMPS BULB A1.5uF
=) MEMORY | - L
CAPACTOR| | la7vpe
5 CONTROL VOLTAGE
SOURCE
10K 2 e sISTOR
+100VDC -80VDC + 3

FIG. —MEMORY MODULE IS HEART of Motorola’s silent
remote control. Has igfet, charging neon, and high-quality
capacitor. Igfet conduction sets control.

module.” It consists of a neon bulb, a capacitor with
absolutely no leakage, and an insulated-gate field-effect
transistor (1GFET).

Clamp voltages and diodes at the input of the mod-
ule hold input voltages (from the arrow) within limits
that are safe for the 1GFET yet high enough to fire the
neon bulb.

When the neon fires, the capacitor charges. It stops
charging when the voltage is no longer applied. But
there’s no discharge path for the electrons that are
stored in the capacitor. The gate of the IGFET can’t let
them out, nor can the neon bulb.

The voltage across the capacitor is also across the
IGFET, gate-to-source. It thercfore controls conduction
through the 1GFET channel from source to drain. That
conduction develops a dc voltage across the source re-
sistor.

The voltage across the resistor is used instead of
motors to control various functions. For example, vol-
ume. The remote receiver has its own group of audio
amplifiers. During remote operation, thesc are used in-
stead of those in the TV set. Their gain is adjusted by
the control voltage from the audio memory module.

When a 38.5-kHz tone is reccived by the Motorola
remote receiver, a voltage is applied to the audio
memory module that fires the neon bulb and raises the
charge across the capacitor. The IGFET conducts more
and the control voltage gets higher. Audio is increased.
When the control tone is no longer present, the volt-
age—and thus audio volume—remains at whatever level
it reaches when the tone stops.

When a 44.5-kHz tone is received, a reverse-polar-
ity voltage is applicd to the memory-module input. It

RADIO-ELECTRONICS

www americanradiohistorv com



www.americanradiohistory.com

discharges the memory capacitor. iGFET conduction re-
duces, control voltage goes down, and so does volume.

A special voltage-sensitive relay circuit controls on-
off. When the audio control voltage gets below a certain
point, the circuit shuts the set off. As soon as it rises
above that point, it turns the set on. Thus on-off is
controlled by the same tones as volume.

Memory-module circuits just like this one operate
the hue and color. A color amplifier in the remote re-
ceiver takes the place of the color i.f. amp in the TV set.
Its gain is sct by the voltage across the source resistor of
the color-control IGFET. That, in turn, is controlled by an
input voltage applied to the module whenever a 35.0- or

40.0-kHz tone is reccived.
@ Likewise, a phase-control stage in the remote re-
ceiver controls burst phase (and thus hue) in the TV
set. It is controlled from the memory module, which is
activated by voltages gencrated whenever a 41.5- or
37.0-kHz tone is received.

The Motorola system is completely silent except for
channel-changing. Only the tuner has a motor. The only
relays are for on-off and for the tuner motor.

Question: What is the charge-discharge path for the
Motorola memory capacitor?

It has none. See Frame 2.

Through the channel of the 1GFET. Check Frame
13.

Through the ncon bulb. Try Frame 11,

At the base you can, but not at the collector. The

transistor and a capacitor-coil load keeps the output
@smoothed out almost to dc. The scope isn’t that helpful
as an alignment instrument. Go back and read Frame
12 again, and pick another answer.

Extremely unlikely. Before you go back, however,
@move to Frame 9 and read it. That will help you pick
the right answer.

sonic frequency. Its vibrations go through the air to a
tiny pickup microphone in the TV set.

Other manufacturers have battery-operated elec-
tronic transmitters. They transmit ultrasonic notes, not
electromagnetic radiation. An example is the RCA
model 10A transmitter in Fig. 5.
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$20I8 i [ ¥ O vt 160pF
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¢ ~ —
e | [ ' 34250 kHz
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FIG. 5—EIGHT-BUTTON TRANSMITTER supplies ultrasonic
tones from transistor oscillator and acoustic transducer.

The oscillator is a transistor with collector-to-base
feedback. The transformer is tuned by C2002, trimmer
C2003, and whichever other capacitor the button-
switches connect across it. The osillator tone is coupled
to a transducer that radiates the ultrasonic vibrations
into the air.

Question: Which of the two remote transmitters in this
frame is classified as mechano-acoustic?

The Zenith. Move to Frame 5,

The RCA. Move to Frame 4.

Neither one. Check Frame 14.

Right. Both the Motorola and the Sylvania use
seven frequencies to control nine operations. The extra
two come from combining on-off operations with vol-
ume.

It’s just like operating the volume control by hand.
When the control reaches the end of its down-volume
rotation, it's rotated a little further to turn the set off.

The same remote-control tone does it. Likewise, before
@the volume starts going up, the on-off switch snaps on,
activated by the volume-up tone of the remote trans-
mitter.

Only one of the manufacturers in our chart still
uscs a mechanical transmitter. That’s Zenith. A rod-and-
hammer arrangement produces the ultrasonic vibration
that is picked up by the remote-control receiver. On the
hand-held transmitter, a button is depressed; a spring-
loaded plastic striker slips off its retainer latch and hits a
metal rod. The rod is physically “tuned” to an ultra-

JANUARY 197

You're wrong. Where did you get those numbers?
The center frequency of a broadband amplifier is the
one to which you’d tune it during alignment. If the
frequencies on each side are to be amplified without
serious attenuation, the peak frequency must be about
half-way between the high-frequency and low-frequency
limits. Figure that out in Frame 5 and try picking a
better answer.

Heavens, no. If you try it, you may find some kind
of waveform, but it won’t be the ultrasonic signal. You
should restudy the portion of this course beginning with
Frame 5. Pay careful attention to what signals go
where in the remote receiver. You’'ll see why this answer
is wrong, and you'll get valuable review working your
way back to where you were when you answered this
one wrong.
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COLOR
TV
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Build
with
1C’s

color convergence

generator

Two IC’s form the heart of this
little generator. It makes bars,
crosshatch, dots for color set
convergence and audio tone for
use as a signal injector.

¢ G pDOT-BAR

GEN
+
SIGNAL

ENJECTYOR

[

HERE’S A HANDY DUAL-PURPOSE GEN-
erator you'll want to have. It’s a dot-
bar generator for color-TV alignment
and a signal injector for radio, tape
recorder or record player repairs.

The unit is reliable, compact, in-
expensive, and completcly portable.
It’s powered by two penlight cells and
since the unit draws only 21 mA, bat-
tery life is long. A drawing of the panel
is shown in Fig. I.

How it works

The dot-bar gcnerator section
puts out clear and stable horizontal
and vertical bars, dots, and a
crosshatch pattern.

The generator is built around two
integrated circuits (Fig. 2). ICI
muakes up the vertical oscillator, a mul-
tivibrator operating at 189 kHz, the
12th harmonic of the horizontal fre-
quency, and four signal shapers. Tran-
sistors 1 and 2 of ICl comprise the
multivibrator. Its output is shaped by
differentiating circuit Cl and R1 and
fed to transistor 3 for further shaping.
This output is fed to transistor 4 for
final amplification before being sent to
transistor Nor gate 3 for shaping, in
1C2. Depending on the output desired,
transistor 3 cither forwards its signal
to S2 or to Nor gate 4 in IC2 for
inversion first. The output of this sec-
tion alone produces vertical lines.

The horizontal section of the
generator is composed of Nor gates 1
and 2 in IC2, making up the multi-
vibrator which operates variably
around 660 Hz, the 11th harmonic of
the vertical frequency. The output
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of this oscillator is fed to transistor 6
of ICI for shaping after it has been
sharply differentiated into a 40-usec
pulse by CS5 and R2.

After amplification in transistor
6, transistor 5 accepts the new pulse
shapes it, and sends it to nor gate 3 in
ICI and on through the output stages
which are the same for the vertical
circuit. This circuit alone produces
horizontal lines.

Switch SI makes the selcction of
outputs, eithcr bars, dots, or
crosshatch. The signal injector is com-
posed of Nor gates 1 and 2 in IC2.
The signal output of this circuit is
coupled to J5 through coupling ca-
pacitor C10 for maximum isolation
from the circuit under test.

Construction

Layout is not critical and any
chassis can be uscd. The only sugges-
tion here is that you use IC sockets
for the integrated circuit components.
An exact size printed circuit template
(Fig. 3) is provided for your use. If
you decide to make your own printed
board, a component layout and wiring
diagram are given in Fig. 4. Capaci-
tors C] and C5 are the only critical
components. They set a pulse width
which gives you clean, thin bars.

To use this instrument as a con-
vergence generator, hook leads be-
tween the ground jack J2 and the tele-
vision chassis; J1 (dot-bar output) to
the control grid of the last video
amplifier. To get vertical sync, simply
clip a lcad to the yellow wire on the
yoke. For horizontal sync clip onto

RADIO-ELECTRONICS
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the red lead on the yoke. Place S3 in
the ON position, tune to a strorg sta-
tion, adjust the contrast and bright-
ness for best clarity. Adjust R9 and
R10 for the number of verticai or
horizontal lines you desirc. For the
best stability of the lines, adjust poten-
tiometers R7 and R8. To obtain dots
on the screen, rotate S to the por
position and flip S2 to position “B”.

The signal injector is superb for
troubleshooting; just connect ground
terminal J2 to the chassis of the radio,
and J5 to the grid or basc of each
tube or transistor back-tracking from
the speaker. For even higher fre.
quencies, connect the hot probe to J1
and tune to horizontal bars. This will
allow you to reach high into the MHz
range. For maximum protection when
you inject a signal into a sensitive
FET or junction transistor circuit,
place a piecc of electrical tape between
the probe and the gate or base of the
transistor involved. R-E

PARTS LIST

All resistors 1 -watt 10%

R1, R6—39,000 ohms
R2—22.000 ohms

R3—33,000 ohms

R4-—27,000 ohms

R5—6800 obms

R7, R8—potentiometer, 500,000 ohms
R9, R10—potentiometer, 25,000 ohms
C1—12 pF, 5%, mica

C2, C3, C4—100 pF, 5%. mica
C5—0.0043 uF, 5%, mica
C6—0.002 nF, 5%, mica

C7, C8—0.03 uF, 5%, ceramic
C9-—50 uF, electrolytic

C10, C13-—0.01 uF, ceramic
C11—0.47 uF, ceramic
C12—0.001 uF, ceramic
IC1—MC789P (Motorola)
IC2—MC724P (Motorola)
S1—2-pole 4-position, rotary
S2—spdt center-off toggle
S3—spst toggle

Case, 4” x 6” x 2" or larger
Miscellaneous harware

Full size etched and drilled printed circuit
board for this unit is available. G-10 glass
epoxy board is $3.50 postpaid. Order part
No. RE-171 from Photolume, 118 E. 28
St., New York, N.Y. 10016

FiG. 1 (top)—PANEL LAYOUT. Drawing
is about three-quarters full size. Fig. 2
imiddie) —SCHEMATIC DIAGRAM is sim-
ple when IC’s are only active components.
FIG. 3 (right)—PARTS LAYOUT and
wiring diagram. FIG. 4 (below)—FULL
SIZE PC BOARD layout may be used as
pattern.

~
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BREADBOARD A COMPUTER WITH

R-E’s Logic Laboratory

by DAVID KORMAN

Last month we presented the first part
of the computer Ilaboratory. This
month construction details, testing and
operating instructions are presented.

Clock-lamp driver card

Assemble all diodes and resistors
on the card as per the information on
the printed circuit card. All diode
bands go down or toward the furthest
edge of the card. Solder and clip off
excess lead lengths.

Install transistors QO thru Q7
with flat sides toward the IC’s or fur-
thest edge of the card. Solder and
clip. Install unijunction transistor Q8
with the flat side toward the nearest
edge of the board. Solder and clip.

Install the IC’s. There is a black
dot on the drawing (solid) and a cop-
per spot on the circuit card to indicate
the orientation of the dot on the IC’s.
Carcfully solder all leads. Do net clip
these leads.

Install the capacitors and insure
that the positive end of the tantalum
capacitor goes to the positive pad on
the circuit card.

Test before using
Testing the gate circuits of the

logic laboratory is really quite a
simple procedure. The test suggested
would not be adequate for extremely
high clock rates but will give a good
indication of the devices ability to
function in the laboratory.

First it would be well to establish
a few points:

As with the lamp drivers, the in-
puts to the logic gates look like a logi-
cal “1” if left open or disconnected.
This is not acceptable procedure for

GENERAL SPECIFICATIONS

1. Size—12.75 x 9.75 x 4.5 inches (stackable)

2. Finish—lacquered birch

3. Weight—5.5 pounds

4. Power requirements—50 or 60 Hz, 105 to
120 volts ac

5. Power switch—toggle on display panel

ELECTRONIC LOGIC SPECIFICATIONS

1. Functions available:
8 Master-slave J-K flip flops
8 2 input NAND gates
6 3 input NAND gates
4 4 input NAND gates
4 AND/NOR gates (Exclusive OR or Half-

Adders)

2. Type of circuit:
7400 Series IC’s using Transistor-Transistor
Logic

3. logic levels:
HIGH—--5 volts nominal (4-2.4 volts low-
est)
LOW—Ground nominal (0.0 to 0.4 wvolt)
Internal Supply Voltage: 45 volts available
at HIGH terminals of LOGIC PANEL.

4. Input Loading:
Unit Load: 1 TTL Load = 1.6 mA at ground.
--40 uA at -3 volts. Gate inputs and Flip-
Flop J and K inputs present one unit load.
Flip-Flop Clock and Reset (C & R) inputs
represent two unit loads each.
Lamp inputs present one unit load each.

5. Output Drive:
The fan-out of an output indicates the num-
ber of unit loads that output can drive.
Logic ouputs on the LOGIC PANEL have a

LOGIC LAB HARDWARE SPECIFICATIONS

fan-out of 10. (They will each drive 10 unit
loads.)

Pulsers and clock have a fan-out of 10.
Toggle switches and HIGH outputs have an
unlimited fan-out.

CONTROL AND INDICATOR SPECIFICATIONS
1. Functions available:
8 toggle switches to generate steady-state
logic levels.
2. pulser switches
8 lamps used as indicators
Variable frequency clock
2. Toggle switches:
Give a HIGH output when toggle is up.
Give a LOW output when toggle is down.
Fan-out: limited only by power supply
3. Pulser switches:
Normally provide a HIGH output.
LOW output when depressed, remains LOW
until released.
Fan-out: 10 unit loads
Latches prevent noise from switch bounce.
4. Lamp indicators:
Normally ON with no input. Can be turned
OFF by “daisy-chaining” unused lamps to
ground.
ON when corresponding input is HIGH.
OFF when corresponding input is LOW.
LOAD: 1 unit load each.

5. Clock:
Repetition rate: LO and HI (with each varia-
ble)
Fan-out: 10

Output: Square wave
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dcsign purposes for rcasons that are
best understood by a careful reading
of the literature on TTL integrated
circuits, but it will work fine at the
low clock rates and loads associated
with the lab.

There will be more information
on this later but here are the necessary
NAND circuit conditions to allow you
to perform the tests. It requires all
“1's” into a NAND gate to get a “0”
out. Any zero in will give a one out!

In the test setup shown, the
CLOCK output is connected to LAMP 0.
The output of the gate being tested is
connected to LAMP 1.

All inputs but one of the gate
being tested are left open (logical
“1”) and the clock set for minimum
speed is connected to the input to be
tested. When the clock goes to “1”,
the output of the gate will go to “0”
(all “I’s” in give a zero out). This
means that the CLOCK LAMP, LaMP ()
will be lit and the output lamp, lamp
1, will be out. As the clock goes to
“0”, the output of the gate goes to
“1”". The clock lamp goes out and the
output lamp comes on.

In other words, if the lamps al-
ternate on and off out of step, the gate
input being tested is good. Test the
other inputs to the gate in the same
way for all 2, 3 and 4 input gates.

Operating instructions

Since every piece of electronic
equipment available to industry nor-
mally has a set of operating instruc-
tions, they are included here followed
by a set of test procedures that will

The diagrams on the facing page are re-
peated from our December issue. Mis-
registration of color last month made them
unusable.

RADIO-ELECTRONICS
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allow you to check out the computer
lab completely and also give you an
opportunity to learn a little of how it
works and how the experiments will
be detailed in later material.

Logic levels

The computer lab uses positive
logic definitions throughout. This
means that a more positive voltage
(up to 5 volts) will represent a fogical
“1” and a more negative voltage
(ground or almost 0 volts) will repre-
sent a logical “0”.

These levels are available from
several sources. On the LOGIC PANEL,
the terminals labeled HIGH arc 5 volts

PRINTED CIRCUIT PATTERN for the
clock-iamp driver circuit. This pattern is
shewn actual size and can be copied di-

CLOCK — LAMP DRIVER CARD

or logical “1”. The terminals labeled
Low are ground or logical “0”.

The DISPLAY PANEL toggle
switches have two positions. In the
DOWN position, the switch output on
the 1LoGIC PANEL will be grounded
(logical “0”), and in the up position
it will have +5 volts as an output or
logical “1”

Pulser switches

Two pulsers are provided on the
display pancl. The output of these pul-
sers appears on the logic panel termi-
nals labeled puLser. The output of
these terminals is normally HIGH.
Pressing onc of the switches drives the

rectly. Complete boards are available from
Southwest Technical Products, 219 Rhap-
sody, San Antonio, Texas.

DI-D4 RI R2 Ql
MD*E‘L‘Z_A_" 08 330 2N423|
— AAA——AAN—
F ] T ¥
1/72A
346 +_C
"\500pf R3
25V 15060 LGl
s |2ev| L 1/2W Logle
| Cc2 |+
\ 500uF 1~
\ 25V
l_c l | =
— "
D5-D8 RS
MD_A94gA- 2ra
T2
zm
oW LAMP
63V | 2 POWER
|50 °3 DIO
; : 25\, IN5338A
NOTES:

INS338A - 5WATT 5.V ZENER
IN749—400mwW 4.3V ZENER
MDA942 A-l—15a 50V BRIDGE
2N4231—2A 35W NPN POWER

POWER SUPPLY is not built on 2 circuit

board. This supply provides regulated dc
to the logic circuitry. A separate section
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of the supply provides power to the famps.
This dc supply uses a Zener diode to
regulate the lamp supply at 5.1 volts.
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corresponding output terminal to a
Low level for as long as the switch is
depressed. When the switch is released,
the output goes back to HIGH.

A Nor gate latch is part of the
circuitry and insurcs that even though
the contacts of the switch may
bounce, the output from the pulser
circuitry, once it has made the transi-
tion to the new level will remain at
that level. The toggle switches are not
provided with this type of circuitry.

The configuration was chosen be-
cause these pulsers will normally be
used as clock inputs to flip-flops which
require a negative going transition to
cause them to change state. A positive
going pulse can be obtained by feed-
ing the pulser outputs through an in-
verter as will be described later.

Pulses

A pulse is a signal voltage that
goes from one more or less steady
level to its opposite leve! for a short
period of time and then returns to its
original level.

A pulse that goes from a Low
level (logical “0”) to a HIGH level
(logical “1”) and back to a Low level
is called a posITIVE, HIGH or “1”
pulse.

A pulse (as with the pulsers)
that goes from a HIGH level to a LOW
level and back to HIGH is a NEGATIVE,
LOW or “0” pulse.

Every computer needs a clock.
The computer lab is no exception.
Unlike the computer lab, however,
computer clocks usually run in the
megahertz range. The lab clock
frequency can be varied from about 1
Hz to several hundred Hz with the
toggle switch in the Lo position, and
from several hundred to several thou-
sand Hz in the HI position.

After a great deal of consid-
eration, the very high and inter-
mediate frequencies were left out. The
lab will be used in two basic modes.
In the first mode, all outputs and in-
puts will be monitored with the lamps.
For this reason, high frequencies are
unnecessary. It would be impossible to
follow lamp transistions at more than
a few hundred cycles per second even
when using a long chain divider.

The w1 frequencies were chosen
to supply stable oscilloscope displays
even with long chain dividers.

The clock also outputs logic
compatible squarc waves instead of
pulses which along with the adoption
of only two basic frequency levels
makes the clock inherently less ex-
pensive than similar systems. If ncces-
sary, the output of the clock can be
made a pulse with circuitry that will
be described in appropriate ex-
periments.

The operation of all experiments
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with the lab can be monitored with
the lamps. By keeping the frequency
low, all of the experiments will
change conditions slowly enough to
allow the lamps to respond. A lamp
will light if its corresponding input is
high and will be off if the correspond-
ing input is low. With no connection,
the lamp will be on. This con-
figuration saves money and it is easy
to put all lamps out as was demon-
strated in the testing section.

Unused inputs

Although all of the literature as-
sociated with 7400 Series logic sug-
gests that all unused inputs to gates,
flip-flops and other elements should be
tied to a HIGH level, this is not com-
pletely necessary for low frequency
operation. The logic circuit, because
of its input characteristics, treats an
open (unconnected) input as a logical
“1” or HIGH level and will operate sat-
isfactorily for almost all low fre-
quency applications. Should the ex-
periment  give improper results,
connect all unused inputs to a HIGH
level before deciding that something is
wrong with the IC’s or other circuitry.

Building larger systems

Two labs can be used together
(or more if desired) to build larger
logic systems. An even better ap-
proach might be to obtain additional
logic panels and a heavy duty power
supply. In this way it would not be
necessary to duplicate the lamps,
switches and clock circuitry each time
extra logic was required (unless these
were also necessary). The only con-
nection that must be made between
logic panels or additional labs is a
ground connection. Simply run a
jumper from the LOW terminal on
one panel to the Low terminal on the
other panel or panels.

Logic lab wiring
Wiring on the LOGIC LAB is
done using a technique called “daisy
chaining”. If more than two outputs
are required from the clock —+ side,
for example, connect one of the clock
-+ outputs to the first flip-flop C input.
Run a lead from this C terminal to
the next flip-flop C terminal and so
forth. In this way, any number of in-
puts can be supplied from a single
output terminal. R-E
(Experiments start next month)

LAMP INPUTS (top) chained together to
ground turn off the corresponding lamps.

DAISY CHAINING (center) flip-flop «“C”
inputs from a single clock output.

TESTING FLIP-FLOPS (bottom) is more
elaborate than testing other sections.

JANUARY 1971

SWITCH OUTPUTS

SO S O M .*,.”:‘:.'::';m.*
A4

A" v 4

eof dee oofi dlee <5 e :::1_),{ :DOI
*oc *—a—ic
&0—--(.6»--‘-. oo« "Bv—o—o &»‘r‘[j g j:
ole ole o =
el ot K s wj _\f' 0—0—:{_——__7 e )J e
*-ec o—oc
*o—x T *o-—n G+o@ HIGH GH -
- ol == = C
Sy Sy EDAEDM
o) -
Croca | -
cEorgozor [F o
o

= B |

=
SWITCH OUTPUTS

]HMHMHHHHI

>y —
Mool Dl D e L

oS
> -y
z:l ")! :-;- "'{ o oo |
I :
ool s e == yt

co—i* Hr, ‘~._‘ H_Jl k. o-o—r,{ )_,
= = f
s

[ =S L

HIGH HIGH
—e

My Sy st

oo

ALL UNUSE Ay
LAMPS 70 GROUND ]Huﬂm
b—o

-
EBOH SR S . o
o—etl |o—cHH
E Bl i ot

WWW.americanradiohistorv.com


www.americanradiohistory.com

Bell £abs Photo,

www.akhericanradiohis

, continuouY, waves,

THE TERM “LASER” STANDS FOR “LIGHT AMPLIFICATION BY
Stimulated Emission of Radiation.” Thus the laser is a device
which produces and amplifies light. The light produced by
the laser is unique, for it has properties which are very
desirable, but almost impossible to obtain by any other
means.

To get a better understanding of what a laser is and
what it can do, we start with a short review of some of the
phenomena involved in laser action. A good subject to
start with is light.

Light is a basic form of electromagnetic encrgy. It
occupies the portion of the electromagnetic spectrum with
which man first dealt because it was visible to the human
cye. Originally, the term “light” included only the visible
frequencies. About 1800, however, the British-German as-
tronomer W. Herschel placed a thermometer just beyond
the blue portion of a spectrum produced by a prism using
sunlight and found its temperature was raised. Later, invis-
ible light was found on the other side of the visible spec-
trum. These frequencies outside the visible range were
lumped with the visible frequencies and called “light.”

Later, when X-rays, radio waves and other discoveries
were made, light was found to be a part of a spectrum of
electromagnetic radiations. The distinction between these
radiations is primarily energy which is proportional to fre-
quency. Light is generally considered to be the portion of
the electromagnetic spectrum having wavelengths between
100 and 10,000 nanometers (nm = 10 meters) as
shown in Fig. 1.

Electromagnetic radiations simultaneously display two
seemingly contradictory properties. Electromagnetic radia-
tions:

1. Propagate through space as waves
2. Possess a definite particulate nature, since a dis-
crete cnergy and momentum are associated with them

uch of these properties is important to the complete
derstawding of the behavior of all electromagnetic radi-
atidps. Bo¥y propertics are combined in the current con-
cept &f light & described by quantum mechanics.

quent[W, for aid in visualizing wave behavior, light
y said tymove M much the same fashion as waves on a
bdly of witer. Whikg this is not entirely true, certain char-
actdgistics akg comni to both types of wave motions.
Lhe fact'%hat a défnite energy is associated with the
radiatip is ofteNconside a particulate property. There-
fore, it I\ difficult % visualiZg electromagnetic radiations as
propaga¥ng continuously through
spacc. Oneway of pdgtially relfaying this conceptual diffi-
Ity is thinkfng of the Wdiations % consisting of a limited
ve packet \which weRall a “phdon” (see Fig. 2). The
fon is thouglt to mov&through shpuce, thus satisfying
t cannot by seen.

>sses which akg responsibi® for the gen®gation of
et’s look firstat atomic efgrgy levels und then
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see how changes in these energy levels can produce laser
light.

Many simplifications can be made regarding the con-
cept of the atom. For this discussion let's assume that the
atom consists of a small dense nucleus and one or more
electrons in motion about the nucleus.

The relationship between the electrons and the nu-
cleus is described in terms of energy levels. Quantum me-
chanics predicts that these energy levels are discrete. A
simplified energy level diagram for a one-electron atom is
shown in Fig. 3.

Radiative transitions

The electrons normally occupy the lowest available
energy levels. When this is so, the atom is in its ground
state. However, clectrons can occupy higher energy levels,
leaving some of the lower levels vacant. The electrons
change from one energy level to another by absorbing or
emitting energy. One way an atom can change its energy
state is through what is called a radiative transition.

There are three types of radiative transitions. Two of
these, absorption and spontaneous emission, are quite fa-
miliar, but the third, stimulated emission, is relatively unfa-
miliar. It is this third type of radiative trasition that is the
basis for laser action. Each form of transition is described
below.

Absorption—An electron can absorb energy from
many external sources. For a laser two modes of supplying
energy to the electrons are of prime importance. The first
is the transfer of all of the energy of a photon to an
obital electron. The increase in the energy of the electron
causes it to “jump” to a higher energy level; the atom is
then said to be in an “excited” state. It is important to note
that an electron accepts only the precise amount of energy
that will move it from one allowable energy level to an-
other. Hence only those photons of the energy or
wavelength acceptable to the electron will be absorbed.

The second method often used to excite electrons is
an electrical discharge. In this technique the energy is sup-
plied by collisions with electrons accelerated by the electric
ficld. The result of either type or excitation is that through
the absorption of energy, an electron has been placed in a
higher energy level and the atom of which it is a part is
also said to be excited.

Spontanecous Emission—The entire atomic structure
tends to exist in the lowest energy state possible. An ex-
cited electron in a higher energy level will attempt to “de-
excite” itself. Some of the energy may be converted to
heat. Another means of de-excitation is the spontaneous
emission of a photon. The photon released by an atom as
it is de-excited has a total energy exactly equal to the dif-
ference in cnergy between the excited and lower energy
levels. This release of a photon is called spontaneous emis-
sion. One example of spontaneous emission (and absorp-
tion) is seen in phosphorescent materials. Here the atoms
are excited by photons of appropriate energy from the sun
or a lamp. Later, in the dark, they de-excite themselves by
spontancously emitting photons of visible light. A second
example is the common neon sign. Atoms of neon are

{EORY AND EXPERIMENTS. This is the first
art of a detailed series of articles on lasers and
eir applications. It is based on a publication by
e Department of Health, Education, and Wel-
re; Bureau of Radiological Health. It was
epared by W. F. Van Pelt, H. F. Stewart, R. W.
sterson, A. M. Roberts, and J. K. Worst. We
ink this is the most complete text of its kind.
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FIG. 1—(top) LIGHT WAVELENGTHS range between 100 and
10,000 nanometers. FI1G. 2-—(second from top) PHOTONS are the
working parts of light. FIG. 3—(third from top) SIMPLIFIED
ENERGY LEVEL diagram for one-electron atom. FIG. 4—(bot-
tom) ILLUSTRATION of normal and stimulated emission states.
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excited by an eclectrical discharge through the tube. The
de-cxcite themselves by emitting photons of visible light.
Note that in both of these examples the exciting force is
not of a unique encrgy, so the electrons may be excited to
any one of several cnergy levels. The photons released in
de-excitation may have any of these several discrete fre-
quencies. If enough discrete frequencies are present in the
appropriate distribution, the emissions may appear to the
eye as “white” light.

Now let’s look at the third and probably least familiar
type of radiative transition.

Stimulated Emission—In 1917, Einstein postulated
that a photon released from an excited atom could, upon
interacting with a second similarly excifed atom, trigger
the second atom into de-exciting itself by releasing a pho-
ton. The photon released by the second atom would be
identical in frequency, energy, direction, and phase with
the triggering photon, and the triggering photon would
continue on its way, unchanged. Where there was one,
now there are two. These two photons could then trigger
more atoms through stimulated emission.

If an appropriate medium contains a great many ex-
cited atoms and de-excitation occurs only by spontaneous
emission, the light output will be random and approxi-
mately equal in all directions as shown in Fig. 4-a.

The process of stimulated emission, however, can
cause an amplification of the number of photons traveling
in a particular direction—a photon cascade—as illustrated
in Fig. 4-b. A preferred direction is established by placing
mirrors at the ends of an optical cavity. Photons not per-
pendicular to the mirrors will escape. Thus the number of
photons traveling along the axis of the two mirrors in-
creases greatly and light amplification by the stimulated
emission of radiation occurs.

Population inversion

Practically speaking, stimulated emission will not pro-
duce a very efficient or even noticeable amplification of
light unless a condition called “population inversion™ oc-
curs. If only two of several million atoms are in an excited
state, the chances of stimulated emission are infinitely
small. The greater the percentage of atoms in an excited
state, the greater the probability of stimulated emission. In
the normal state of muatter, the electron population has
most of the clectrons in the ground or lowest energy lev-
els, leaving the upper levels somewhat depopulated. When

E; -s-oeeeesooveossoer

Normal Inverted

Population Distribution

Populotion Distribution

FIG. 5—POPULATION INVERSION is required hefore stimuiated
emission or lasing can occur. This does not happen normally.

electrons are excited and fill these upper levels to the ex-
tent that there are more atoms excited than not excited,
the population is said to be inverted. This is illustrated in
Fig. 5.

How does the laser operate?

Now that some of the phenomena have been dis-
cussed, let us seec how a laser is constructed and how it
operates. Three components are needed: an active lasing
medium; an input cnergy source (called the “pump”), and
an optical cavity.

Lasers can be classified according to the state of their
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lasing media. Four common families of lasers are recog-
nized today.

Solid-state lasers use a lasing material distributed in a
solid matrix. One example is the ruby laser, using a precise
amount of chromium impurity distributed uniformly in a
rod of crystalline aluminum oxide. The output of the ruby
ijs primarily at a wavelength of 694.3 nm (nanometer),
which is deep red in color.

Gas lasers use a gas or a mixture of gases in a glass
tube. Common gas lasers include the He-Ne laser, with a
primary output of 632.8 nm and the CO. laser, which
radiates at 10,600 nm, in the infrared. Argon and krypton
lasers, with outputs in the blue and grcen regions, are be-

FIG. 6—TYPICAL LASER SETUP in the laboratory. Gerard
White of Bell Laboratories adjusts an optical modulator for his
laser system.

coming quite common. Even water vapor can be made to
deliver a laser output in the infrared.

Liquid lasers are relatively new, and the lasing med-
jum is usually a complex organic dye. The most striking
feature of liquid lasers is their “tunability.” Proper choice
of the dye and its concentration allows light production at
almost any wavelength in or near the visible spectrum.

Semiconductor lasers should not be confused with
solid-state lasers. Semiconductor devices consist of two lay-
ers of semiconductor material sandwiched together. One
material consists of an clement with a surplus of electrons,
the other with an electron deficit. Two outstanding charac-
teristics of the semiconductor laser are its high efficiency
and small size. Typical semiconductor lasers produce light
in the red and infrared regions.

Pumping methods

Laser action can occur only when a population in-
version has been established in the lasing medium. This
population inversion is produced by pumping cnergy into
the lasing medium. Several methods of pumping are com-
monly used. Optical pumping is employed in solid-state
and liquid lasers. A bright source of light is focused on the
lasing medium. Those incident photons of correct energy
are absorbed by the electrons of the lasing material and
cause them to jump to a higher level. Xenon flashtubes
similar to strobe lights used in photography, but more
powerful, are commonly used as optical pumps for solid
state lasers. Liquid lasers are usually pumped by a beam
from a solid state lascr.

Electron collision pumping is used in gas lasers. An
electrical discharge is sent through the gas-filled tube. The
electrons of the discharge lose energy through collisions
with gas atoms or molecules and the atoms or molecules
that receive energy are excited. Electron collision pumping
can be done continuously and can result in a continuous
laser output. (to be continued)
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Design for

STEREQ

by MANNIE HOROWITZ*

how to design

your own solid-state

audio amplitier

Part II: Diodes and sine waves are vital elements in designing
power supplies for audio amplifiers. Here we see how it’'s done

LAST MONTH THE FORWARD AND RE-
verse characteristics of the diode were
discussed. We saw that the diode con-
ducts when the anode or p-type semi-
conductor material is made positive
with respect to the n-slab, the cathode.
The diode will not conduct when the
voltages are reversed.

Due to these unique character-
istics of the diode, it can be cffectively
used in power supplies. Before attack-
ing this application, it is useful to re-
view some aspects of the ordinary sine
wave. Familiarity with these charac-
teristics is important here as well as in
the discussion on power amplifiers,
several months hence.

The sine wave

As you are aware, direct current
and voltage are theoretically constant
at all times. Disregarding aging, the
voltage at the positive post of a bat-
tery is always a fixed amount above
that at the negative terminal. The re-
verse is never true. This is not so with
sinusoidal ac voltages and currents.

With respect to one voltage ter-
minal of an ac generator, the voltage
at the second terminal varics as shown
in Fig. 1. The single cycle in Fig. 1 is
repeated many times a second depend-
ing upon the frequency involved. It is
repeated 60 times a second for a 60-
Hz power supply. Each cycle is di-
vided into 360 degrees. The amplitude
varies from zero at 0° to a positive

*Chief Project Engineer, EICO Electronic In-
strument Co., Inc.
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peak, V,, at 90°, back to zero and on
to a negative peak at 270°, returning
to zero thereafter.

This very basic description was
introduced here to enable us to dis-
cuss, define and get a complete insight
into the meaning of rms, average,
peak and peak-to-peak voltage.

The average dc voltage is the
constant voltage at the terminals of a
ccll or battery. The average ac voltage
of a sine wave is zero over the com-
plete cycle, for the two equal por-
tions—the positive and the negative—
arc added vectorally and cancel.

f ! '
Ve :
! Ve-p
1 \iBO°  360°
0° 90° 270° 1
, ‘
s Vav=0 ] Ve

VRMs =Ve/ V2 \| by

FIG. 1—A SINGLE CYCLE of ac voltage.

Vav = 2Vp /7

+VP
Vrms=Ve/ V2

1 -
0° 90° 180° 270° 360°
FIG. 2—TWO HALF CYCLES of same pola.
rity deliver same power as in a sinewave.

+Vp VAV = Vp /1
1 VRms = Ve /2
0° 90° I180° 270° 360°

FIG. 3—NEGATIVE PULSE has been cut
off, leaving only the positive pulse.

+
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The sine wave does deliver power
despite the fact that the average volt-
age over the complete cycle is zero.
The ability to deliver power is due to
the availability of voltage (and cur-
rent) in each individual half of the
cycle. The power is delivered due to
an effective or rms voltage which is
equal to V,/\/2 or 0.707 V,.

Now let us assume that the nega-
tive half of the sine wave is flopped
over so that it is always positive as
shown in Fig. 2. As the same varying
voltage and current appear as before
(only the polarity of one-half of the
cycle is changed, not the amplitude) it
can deliver as much power as the
cycle in Fig. 1. The rms voltage will
remain unchanged at 0.707 V,. But
since it delivers current and voltage in
one direction, there is also an average
value for the voltage. This is 2V /=
where = is always equal to 3.14.

It 1s important to clearly under-
stand the difference between average
and rms voltages. The average voltage
has nothing to do with power. It just
tells you what voltage you would have
if the amplitudes of the sine wave
were added at each point on the curve
and then divided by the number of
points considered. It is as if the sinu-
soidal voltage were flattened by
squashing the upper part of the curve
down to a flat level and raising the
bottom part to that level. The area un-
der the flat curve is equal to that un-
der the sinusoidal form.
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On the other hand, the rms volt-
age involves power and is derived
from considering the power delivered
to a load by the fluctuating sine wave.
The dc voltage capable of delivering
this power into the same load is con-
sidered. The ac and dc voltages are as-
signed identical numbers in volts and
amperes when they deliver identical
amounts of power. The ac voltage,
known as rms, is then compared to
the peak sinusoidal voltage and a rela-
tionship between peak and rms is es-
tablished.

Now, let’s see what happens if
the negative pulse of the sine wave is
entirely eliminated and only the posi-
tive pulse (0° through 180°) remains.
The voltage is zero from 180° through
360° in cach cycle. Sce Fig. 3. The

DI

across the load, R, through diode
D1. Current flows through the circuit
when terminal 1 of the transformer
secondary is positive with respect to
terminal 2. Only then is the anode of
DI positive with respect to its cath-
ode, biasing the diode in its forward
conducting mode. The output across
R, consists of positive half-cycie pul-
ses. On alternate portions of the cycle,
the diode is reverse biased and it does
not conduct.

The average voltage across the
load is almost V,/w while the rms
voltage of this half cycle is just about
0.5V,.

The pulsating dc across the load
has a large amount of ripple. As it
stands, the circuit has little value as a
practical power supply for an audio
amplifier. A large capacitor across the

T load reduces this ripple so the supply
is usable as a smooth source of dc
120V power. The capacitor charges through
60Hz the rectifier during the conducting
: half of the cycle and will be only
\% somewhat discharged through the load
during the portion of the cycle when
1 0.0005
09| 1002
o8l [——————1004
o7k 008 FIG. 4 (top)—HALF-
0.6 o— 0.15 WAVE rectifier. FIG.
VR, t———0.3 Ry+Rs 5 _ (left) — Design
e 05 —hR CURVES for half-
(o). | m—e——— 0.7 L wave power supply.
O3 e ! FIG. 6—FULL-WAVE
0.2 RECTIFIER reverses
0.1}k polarity of alternate
i ) 1 — g ] I 1. half cycles.

(0]
01 02 04071 2

4 710 20 40 70100

6.28fR C (C IN FARADS, R_ IN OHMS)

01

120V
60Hz

/ D2

V:—_P- (ACROSS EACH HALF
iy OF THE SECONDARY)

average voltage is haif that for the
curve in Fig. 2 while the rms voltage

is that in Fig. 2 divided /2.

The power supply

The audio amplifier uses many
different types of power supplies to
convert the ac line supply into useful
dc power at the required voltage and
current levels. They are all based upon
the simple half-wave supply shown in
Fig. 4.
The 120 volts from the power
line is reduced or raised to usable lev-
els by power transformer. T1. The
voltage ratio of the primary to the sec-
ondray is, of course, proportional to
the turns ratio of the two windings of
the transformer.

The secondary voltage is applied
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the diode does not conduct. It will
maintain the voltage across itself and
the paralleled load at a relatively clean
and constant dc.

The dc voltage across the load
will depend upon several factors,
namely:

1. The line frequency, f.

2. The load resistance, R..

3. The sum of the resistance, Ry, of
the transformer sccondary with
all other resistance, R,, in serics
with the rectifier, as well as the
resistance of the rectifier, r,.
(r.c, the forward ac resistance of
the rectifier is 26/1, where I is
the average or dc current flowing
through the rectifier and ex-
pressed in milliamperes).

4. The size of the filter capacitor.
A series of curves relating these fac-
tors is shown in Fig. 5.

To use this plot, the initial re-
quirement is to determine the particu-
lar curve applicable to the circuit in
question. To do this, determine the ra-
tio of (Ry+Rg)/R.. Use the curve
which most nearly approximates this
ratio. If you like, you can interpolate
between two curves. Next, calculate

www.americanradiohistorv.com

the product 6.28 X f X R. X C for
your circuit (where C is in farads and
R, is in ohms). Mark this point on
the curve you selected and note the
ratio Vx./V, at the left-hand vertical
axis. V., is the peak voltage at the sec-
ondary of the transformer, or the rms

voltage multipled by \/2. Then calcu-
late Vg, the dc voltage across the
load, from the information derived.

The amount of ripple that can be
allowed to ride on the filtered dc de-
pends upon the section of the audio
amplifier to which the rectified and fil-
tered voltage is applied. Obviously,
more ripple can be tolcrated when the
voltage is applied to the output stages
than when applied to the higher gain
inputs. In high-gain stages, the ripple
is amplified more than in power
amplifiers, and may thus be objection-
able. Increasing the size of the filter
capacitor C will reduce the ripple. Fig-
ure 5 can be used to recalculate the
output voltages as related to different
C’s. Note that the output remains rel-
atively constant as the product of
6.28fR,C is increased above 100.

A full-wave rectifier, as in Fig. 6,
reduces ripple and cases the filtering
problem. However here, the ripple is
of the more objectionable 120-Hz type

rather than of the 60-Hz variety
found in the half-wave supply. (This,
of course, assumes a 60-Hz power
supply.)

In the full-wave supply, two
diodes are used-——cach conducts on

alternate half cycles. The missing half
cycle pulse at the output of the half
wave supply in Fig. 4 is filled in here.
The unfiltered average dc voltage
across the load is 2V,/= while the
rms voltage is 0.707V,.

With a filter capacitor across the
load, the ripple will be less than in the
half-wave supply case because the
ripple frequency is twice the supply
frequency and the capacitor is not re-
quired to hold the charge as long here
as was previously necessary. The ca-
pacitor gets recharged each half-cycle
rather than waiting a full cycle for the
next pulse, as was the case with the
half-wave supply.

The curves in Fig. 7 illustrate the
various relationships for the full-wave
supply as did the curves in Fig. 5 for
the half-wave supply. Here, V. refers
to the voltage across half the secon-
dary of the transformer.

Specifying rectifiers and
power transformer

Two primary factors which de-
termine the rectifier to be used in any
circuit are the dc forward current it
must pass and the dc reverse voltage it
must block.

The current that flows through
the load is Vy., the voltage across the

RADIO-ELECTRONICS
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load, divided by R, the load resist-
ance. In the half-wave circuit, the rec-
tifer must carry all this current. In the
full-wave circuit, the load current is
divided equally between the two
diodes.

As a 0.7V forward voltage drop
across the diode exists simultaneously
with the forward current flow, I, the
power dissipated by the diode is the
product of the rms current and rms
voltage averaged over the complete
cycle. This power generates hcat
which must frequently be drawn away
from the junction by heat sinks. Large
rectifiers are mounted in metal cases
which can be clamped to a chassis or
other mass of metal for this purpose.
Small units, rated up to about 3
amperes, use thick leads for con-
ducting heat away from the junction.
This latter structure uses cither a glass
or plastic case. The plastic case is
more desirable for better heat dis-
sipation while the glass envelope is
used where an absolute hermetic seal
is required.

So as a start—specify the average
forward current. Use maximum fig-
ures if the load and diode currents
vary. Give yourself plenty of lea-
way—multiply the calculated or mea-
sured current by two.

Next, the forward surge current
must be considered. Normally, the
load current is Ir,. However, the filter
capacitor across the load is a short cir-
cuit at the instant ac is applied. It is a
partial short until the capacitor is
fully charged. During this time, the
only resistance in the circuit is the
sum of transformer and diode resist-
ances. The load resistor is shorted by
the filter capacitor. A surge current
exists initially due to this low circuit
resistance. It is approximately the peak
voltage V; (see Fig. 4 and 6) divided
by the sum of all the resistance re-
maining in the circuit that is not
shorted by the filter capacitor.

Diode surge capabilities are de-
noted by the peak current permitted to
flow for ¥2 or for a full cycle. The
duration of a cycle of 60-Hz current
is %o or .0167 sccond. Half cycle
time is obviously half that figure or
.0083 seconds. For 50-Hz lines, this
becomes .02 and .01 for full and half
cycle time, respectively. It doubles for
the 25-Hz line.

The time constant of the power
supply circuit is the product of the fil-
ter capacitor in farads (1,000,000 mi-
crofarads) with the sum of the ac re-
sistance of the rectifier (26/1:
expressed in mitliamperes) and the dc
resistance of the transformer winding.
This product must be less than .0167
for a permissible surge current when
the diode is rated for 1 cycle surge
and less than .0083 for an allowed
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surge current when the diode is rated
for ¥4 cycle surge. This of course, as-
sumes 60-Hz is the base frequency.

Another consideration is the peak
inverse voltage rating of the rectifier.
The reverse voltage, V,, the rectifiers
must withstand is equal to twice V..
However, there are frequently peaks
and pulses in the power line which
can exceed the calculated V, by a
large factor. It is wise to usc rectifiers
with V; ratings exceeding the calcu-
lated value by two.

The various shapes the reverse
breakdown curve can take is shown in
Fig. 8. Two different types of diode
characteristics, A and B, are shown.
Both diodes have the same breakdown
voltage, Vzy. Diode 4 has a lower ac
and dc resistance after breakdown
than does diode B. A large current
and voltage pulse is more likely to
overheat the junction of B than that

to or greater than 5. Substituting
f = 60 and R, = 30 into the cqua-
tion, yields a filter capacitor of at least
443uF. Feed this information into the
curve in Figure 7.

The ratio of the output voltage,
V=, to the peak supply voltage, V,,

for half the transformer, is about
0.73. As Vi is 30, then
V, =30/.73 =43 volts. The rms

voltage across each half of the trans-

former is V,/\/2 =43/141 =304
volts. From the calculations, you find
you need a transformer with a 60.8
volt center-tapped secondary and a
maximum effective total winding re-
sistance of 4.8 ohms.

The continuous dc forward cur-
rent rating of the silicon rectifiers can
be 1 Ampere. The surge current in the
circuit is V,/Rs = 43/2.4 = 18
Amperes. The RC time constant is
(2.4) (443 x 10°%) = 1060 X 10¢ =

0.0005
FIG. 7 (right)l— 09 % 0.001
CURVES for full- 08 {004
wave rectifier design. 07
FIG. 8—-REVERSE- 06 /,——————— 0.l
VOLTAGE  break- YR g 19I5 R+ Rg
down curves for con- Ty o, / 03 —¢
ventional and ava- ¥ 0.5 L
lanche diodes. FIG. 03 07
9 (hottom)—TWIN 02 1
DIODE EQUIVA- O.l F
LENT of bipolar L A L -t i -
transistor. 0.1 02 04071 2 4 710 20 40 70 100

6.28fR C (C IN FARADS, R IN OHMS)

of A. A diode with the breakdown
characteristics of A4 is more desirable.
These arc referred to as controlled
avalanche breakdown rectifiers.

The power transformer can be
specified with the help of the curves in
Fig. 5 and 7. Temperature rise is an
important part of the transformer’s
specifications. Actually, it is desirable
to limit the final transformer tempera-
ture to 95°C as the insulation is nor-
mally guaranteed to about 105°C.
Considering that the transformer
should, at worst, operate in a 55°C
ambient, the temperature rise should
be limited to 95° — 55° = 40° Celsius.

Designing a supply

As an exercise, assume you need
a power supply to deliver 30 volts at 1
ampere. You want low ripple so you
sclect the full-wave circuit with a
shunt filter capacitor. The load resist-
ance is Ry = 30 volts/1 ampere = 30
ohms. For reasonable regulation (vari-
ation of output voltage with the change
in load current) the resistance of the
transformer, R., should be low. As-
sume all is satisfactory if the ratio of
R; + Ry to Ry is 0.08. As r.., the only
factor comprising Ry, is negligible com-
pared to Ry, Ry must be equal to .08
Ry = 2.4 ohms.

It can be shown that the ripple is
fairly low if 6.28fR.C is made equal
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.0016 seconds. As this is less than the
time for 2 cycle, a diode with a surge
current rating of more than 18 amperes
for Y2 cycle is satisfactory.

The peak inverse voltage rating
for the rectifiers must be greater than
2V, = 86 volts. A 100-volt rectifier
will be satisfactory if there are no in-
stantaneous surge voltage peaks in the
line. To account for these surges, you
can double your voltage specification
for the rectifier and/or use a device
with a sharp avalanche breakdown
characteristic.

(o]

Another diode application

Figure 9 shows two diodes con-
nected to power sources. This is the
basic equivalent and bias circuit of the
bipolar transistor.

The details of how bipolar and
FET transistors operate and amplify
will be discussed in the next in-
stallment of this series.

(to be continued)
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NTS puts 2 whole new world at vour ﬁmmlins.

NTS home training can put a
whole new way of life in the palm
of your hand. A new, exciting job,
a much bigger income is now
easily within your reach.

NTS training is something spe-
cial. We provide all the kits you
need for the most effective train-
ing. National Technical Schools
sends kits with every course, and
teaches you to build and test a

64

wide range of professional equip-
ment — the same kind of equip-
ment you’llactually use onihe job.

That’s the NTS “Project Method”
—training that's practical and
in-depth. You learn everything
from tundamentals to the latest
innovations. From beginning
to end, NTS makes it fas-
cinating and fun to learn this
way. And all you need is a little

www.americanradiohistorv.com

spare time and an interest in
electronics.

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

RADIO-ELECTRONICS
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We nack vour electronics course with kils to make
vour training fast. You'll eniov every minute of it.

NTS COLOR TV
SERVICING

COLOR TV
295 SQ. IN. PICTURE

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

NTS COMPUTER
ELECTRONICS

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

Exclusive new

Compu-Trainer®
o e e e e e e aeme "
If card is missing .

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

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

Please rush Free Color Catalog and
Sample Lesson, plus information on
course checked below. No obligation.
No salesman will call.

|

|

|

|

: £

} National Technical Schools
[

|

|

|

r
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NTS offers a solid grounding in com-
puter operation, wiring, data pro-
cessing and programming. One of
the 10 important kits included is our
exclusive Compu-Trainer®. It's a fully
operational computer logic trainer
— loaded with integrated circuits —
the first ever offered in home study.
It introduces you quickly to how,
what, when and why of computers
... from theory to practical servicing
techniques. This unit is capable of
performing 50,000 operations per
second.

NTS ELECTRONICS
COMMUNICATIONS

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

5 Watt AM Transmitter/
Receiver

(] Master Course in Color TV Servicing
(] Color TV Servicing

[_] Master Course in TV & Radio Servicing
(] Practical TV & Radio Servicing

['1 Master Course in Electronic Comm.
(] FCC License Course

{_] Master Course in Electronics Tech.
(1 Industrial and Automation Electronics
(] Computer Electronics

(] Basic Electronics

www americanradiohistorv com

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Let NTS put you into the age of elec-
tronic controls. Systems Automation
is rapidly becoming the emphasis of
modern industry. Your NTS training
in automation electronics includes
equipment like a 5" wide band Oscil-
loscope. You also get the new NTS
Electronics Lab. It's an exclusive

NTS experimental taboratory — a
complete workshop that simplifies
learning about solid-state, miniature
and integrated circuits.

CLASSROOM TRAINING
AT LOS ANGELES

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

in coupon.
NATIONAL SCHOOLS

WORLD-WIDE TRAINING SINCE 1905

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

APPROVED FOR
VETERANS

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

|

Name =2 Age ’
Address :
|

City State Zip I
[J Check if interested in Veteran Training under !
new G.1. Bill |

[ Check if interested only in Classroom Train- |
ing at Los Angeles Derie-ameteny :

4
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New Heathkit" Solid-State

Design and performance
features add up to
one-of-a-kind superiority.

Over five years were spent in research
and development to achieve the nota-
bly superior performance, improved
convenience features, and ease of
service now embodied in the new
GR-270 and GR-370.They are premium
quality receivers in the truest sense,
and, we believe, the finest color TV's
on today’'s market. Here's why ...

| w7 Exclusive solid-state circuitry design ... total
of 45 transistors, 55 diodes, 2 silicon controlled
rectifiers; 4 advanced Integrated Circuits con-
taining another 46 transistors and 21 diodes;
plus 2 tubes (picture and high voltage recti-
fier) combine to deliver performance and reli-
ability unmatched by conventional tube sets.

Exclusive design solid-state VHF tuner uses an
MOS Field Effect Transistor for greater sensi-
tivity, lower noise, and lower cross-modulation
...gives you sharply superior color reception,
especially under marginal conditions. Gold/
Niborium contacts give better efectrical con-
nections and longer wear. Memory fine tuning,
standard. Solid-state UHF tuner uses hot-carrier diode design
for increased sensitivity.

— e

) 3-stage solid-state IF has higher gain for better

overall picture quality. Emitter-follower output

..M prevents spurious signal radiation, and the en-

< tire factory-aligned assembly is completely
shielded to prevent external interference.

Automatic Fine Tuning — standard on both sets. Just push a

button and the assembled and aligned AFT module tunes in

perfect picture and sound automatically . ..eliminates manual

fine-tuning. Automatic between-channel defeat switch pre-

vents tuner from locking in on stray signals between channels.
AFT can be disabled for manual tuning.

VHF power tuning...scan through all VHF and one preselected
UHF channel! at the push of a button.

Built-in automatic degaussing keeps colors pure. Manual de-
gaussing coil can be left plugged into the chassis and turned
on from the front panel...especially useful for degaussing
after the set is moved some distance.

Automatic_chroma control eliminates color variations under
different signal conditions.

Adjustable noise limiting and gated AGC keeps pulse-type in-
terference to a minimum, maintains signal strength at con-
stant level.

High resolution circuitry improves picture clarity and new ad-
justable video peaking lets you select the degree of sharpness
and apparent resolution you desire.

“Instant-On”. A push of the power switch on the front panel
brings your new solid-state set to life in seconds. Picture tube
filaments are kept heated for instant operation, and extended
tube life. “Instant-On" circuit can be defeated for normal on-
off operation.

Premium quality celor picture tubes. Both the 227 sq. in. GR-
270 and 295 sq. in. GR-370 use the new brighter bonded-face,
etched glass picture tubes for crisper, sharper, mcre natural
color. And the new RCA HiLite Matrix tube is a low cost option
for the GR-370. See below.
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2 Compare these features:

o Modular plug-in circuit board construction,

© MOSFET VHF tuner and 3-stage IF.

o Adjustable video peaking.

e Sound instantly, picture in seconds.

@ Built-in Automatic Fine Tuning.

o Pushbutton channel advance.

e Tilt-out convergence and secondary controls.

o Hi-fi sound outputs — for amplifier.

e Virtually total self-service capability with
built-in volt-ohm meter, dot generator, and
comprehensive manual.

e Premium quality bonded-face etched glass
picture tubes.

e Choice of 295” or 227" picture tube sizes.

Adjustahle tone control lets you choose the sound you prefer
... from deep, rich bass to clean, pronounced highs.

Hi-fi output permits playing the audio from the
set through your stereo or hi-fi for truly lifelike
| reproduction. Another Heath exclusive.

Designed to be owner serviced. The new Heath solid-state color
TV's are the only sets on the market that can be serviced by
the owner. You actually can diagnose, trouble-shoot and main-
tain your own set.

Built-in dot generator and tilt-out convergence panel let you
do the periodic dynamic convergence adjustments required of
all color TV's for peak performance. Virtually eliminate techni-
cian service caiis.

!

Snap-out glass epoxy circuit boards with tran-
sistor sockets add strength and durability and
permit fast, easy troubleshooting and transis-
tor replacement. Makes each circuit a module.

Built-in Volt-Ohm Meter and comprehensive
manual let you check circuits for proper oper-
ation and make necessary adjustments. The
manual guides you every step in using this
built-in capability. Absolutely no knowledge of
= electronics is required.

Easy, enjoyable assembly . .. the Heathkit way. The seven-sec-
tion manual breaks every assembiy down into simple step-by-
step instructions. With Heath’s famous fold-out pictorials and
simple, straightforward design of the sets themseives, anyone
can successfully complete the assembly.

Heathkit Solid-State Modular Color TV represents a significant
step into the future...with color receiver design and per-
formance features unmatched by any commercially available
?efj at any price! Compare the specifications. Then order yours
oday. -

Kit GR-270, a!l parts including chassis, 227" picture tube, face
mask, UHF & VHF tuners, AFT & 6x9” speaker, 114 Ibs. $489.95*

Kit GR-370, all parts including chassis, 295" picture tube, face
mask, UHF & VHF tuners, AFT & 6x9” speaker, 127 Ibs. $559.95*

Kit GR-370MX, complete GR-370 with RCA matrix picture tube,
27) 555 0 - o000 0000880 690l - 0,008 80,0 60 bo oo 8000T 0000 $569.95*

GR-270 AND GR-370 SPECIFICATIONS — PICTURE TUBE SIZE: GR-370
Approximate Viewing Area: 295 Sq. In. GR-270 Approximate Viewing
Area: 227 Sq. In. DEFLECTION: Magnetic, 90 degrees. FOCUS: Electro-
static. CONVERGENCE: Magnetic. ANTENNA INPUT IMPEDANCE: VHF
300 ohm balanced or 75 ohm unbalanced. UHF: 300 ohm balanced.
TUNING RANGE: VHF TV channels 2 through 13. UHF TV channels 14
through 83. PICTURE IF CARRIER: 45.75 MHz. SOUND IF CARRIER:
41.25 MHz. COLOR IF SUBCARRIER: 42,17 MHz. SOUND IF FRE-
QUENCY: 4.5 MHz. VIDEO IF BANDWIDTH: 3.58 MHz. HI-FI OUTPUT:
Output impedance — 1 k ohm. Frequency response — =1 dB 30 Hz to 10
kHz. Harmonic distortion — less than 1% at 1 kHz. Output voitage —
0.3 V rms nominal. AUDIO OUTPUT: Qutput impedance — 4 ohm or 8
ohm. Output power — 2 watts. POWER REQUIREMENTS: 110 to 130
\l/g)lts AC, 60 Hz, 240 watts. NET WEIGHT: GR-370, 114 Ibs.; GR-270, 101
Sy

RADIO-ELECTRONICS
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Modular Color Television!

Exclusive Modular Design ... Circuit Boards snap in and out in seconds

for easy assembly, simple servicing

Plug-in
3-stage 3.58 MHz Plug-in Plug-i
o o 1g-in
IF assembly Plug-in Oscillator Chroma Luminance

GG/ SynC .4 circuitboard  circuit board  circuit board

Gun shorting
switches

Tilt-out
convergence/
secondary

control panel

Service and

Exclusive Dots switches

Check-out

meter

Hi-fi sound

output

Master control panel

ok
ol

Plug-in Sound
circuit board

Circuit breaker /Conservatively-rated

protection

New Expedited 48-Hour No-Charge Warranty Service Plan for Solid-

Plug-in
Video Output
circuit board

High Voltage
Power Supply

power supply

components
P Plug-in Plug-in
Plug-in wiring Ver%ical Horizontal Plug-in
harnesses and Oscillator Oscillator Pinﬁusmon

connectors for
easier assembly

circuit board circuit board

circuit board

Add extra convenience and versatility to your

State TV Modules! Special service facilities have been established i ~ new GR-270 or GR-370 Solid-State Color TV with
at the factory and all Heathkit Electronic Centers to expedite ! A this new ultrasonic remote control kit. Lets
service and return of Solid-State TV circuit modules within two so—-> you turn the set on and off, adjust volume,
working days. During the 90-day warranty period, TV modules will .-; change VHF channels and adjust color and
be serviced or replaced with no charge for labor or parts. After h o tint from the comfort of your chair. Assembles
the initial 90-day warranty period expires, TV modules will be serv- o \ and installs complete in just a few hours and
iced or replaced at a fixed charge of $5.00 per module for labor and the built-in meter on the receiver makes final
parts for a period of two years from date of original kit purchase. P adjustment a matter of minutes.

i Kit GRA-70-6,6 Ibs. ................... $64.95%

Choose One Of These Handsome, Factory Assembled Cabinets

3 models in 295 sq. in.

Luxurious Mediterranean
Cabinet . . . factory as-
sembled of fine furni-
ture grade hardwoods
and finished in a flaw-
less Mediterranean pe-
can. Statuary bronze
trim handle. 30-1/32" H

Deluxe Early American
Cabinet . . . factory as-
sembled of a special
combination of hard-
woods & veneers and
finished in classic Salem
Maple. 29-21/32" H x
371" W x 1933” D, As-

Contemporary walnut
Cabinet . .. factory as-
sembled of fine veneers
& solids with an oil-
rubbed walnut finish.
29-17/32" H x 35-13/16"
W x 1978”7 D. Assembled
GRA-301-23, 56 |bs, .

X 477 W X 1737 D. As- 30123 67 ANERT SRy U U $74.95+
sembled GRA-304-23, 85 T g Db
Ibs. ......... $129/95+ B 2R - Y :
. . Contemporary wWalnut
3 models in 227 sq. in. Cahinet and Base Com. Hary Real: A cehunc) feai

Exciting Mediterranean
Cabinet . . . assembled
using fine furniture
techniques and finished
in stylish Mediterranean
pecan. Accented with
statuary bronze handle.
27-31/32" H x 417" W
Xx19-9/16” D. Assembled
GRA-202-20, 70 Ibs. . ..

$114,95*

bination. Handsome wal-
nut finished cabinet sits
on a matching walnut
base. Cabinet dimen-
sions 20-31/32” H x 31-
7/16” W x 189" D. Base
dimensions 73" H «x
27%"” W x 185" D.
Assembled GRA-203-20
Cabinet, 45 |bs. $49.95*
GRS-203-6 above cab.w/
matching base, 58 Ibs.
............. $59.95*

tion. Features the GRA-
203-20 walnut cabinet
plus a walnut-trimmed
wheeled cart with stor-
age shelf. Assemhled
GRA-203-20 Cabinet, 45
98 il gl o $49.95*
GRA-204-20 Roll-Around
Cart, 18 ibs. . ..$19.95*
GRS-203-5,Cart & Cabinet
Combe, 58 Ibs. $59.95*

HEATH COMPANY, Dept. 20-1
Benton Harbor, Michigan 49022

O Enclosed is $

NEwW
FREE 1971 CATALOG!

Now with more kits, more
color. Fully describes these

a Schlumberger company
plus shipping.

Please send model (s

)
O Please send FREE Heathkit Catalog.
Name

along with over 300 kits for
stereo/hi-fi, color TV, elec-
tronic organs, guitar ampli-

O Please send Credit Application.

fiers, amateur radio, marine,

educational, CB, home & Address

hobby. Mail coupon or write . )
Heath Company, Benton Har. |  City State Zip

bor, Michigan 49022,

JANUARY

Circle 16 on reader service card

1971
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THREE COMMON BREAKERS. Top unit is
Workman. At lower left is Littelfuse unit
and Mel-Rain breaker is at bottom right.

Replacing TV

Circunt

Breakers

by JAMES A. FRED

On mosi TV's you will find a little
red button on the back of the set.
This button resets a circuit breaker
that protects the TV from many
potentially serious troubles. Other
TV’s have the circuit breaker built
into the on-off switch.

The circuit breaker can be in the
power transformer primary or it may
be in the center of the high voltage
winding on the transformer. The cir-
cuit diagram in Fig. 1. is typical of
TV's that use power transformers.
The circuit breaker protects the B-plus

circuits from current overioads.

The sccond circuit diagram,
shown in Fig. 2, is typical of scts that
do not use a power transtormer. The
circuit breaker removes the line volt-
age from the sect whenever the B-plus
current exceeds the circuit breaker rat-
ing.

The circuit breaker rating is es-
tablished by engineers at the TV set
manufacturer’s laboratory. The oper-
ating current rating is determined by
measuring the current drawn by a
number of sets when operated at vari-
ous line voltages. The break current is
150% of the operating current.

More recently introduced is a
new dual circuit breaker for color TV
sets. This circuit is shown in Fig. 3,
There are two circuits through the
breaker: one protects the B-plus while
the other protects the horizontal out-
put. Excessive current in either circuit
will open the breaker and remove all
B-plus from the set.

Several replacements
are available

Four companies are marketing
circuit breakers for replacement use.
They are: Littelfuse Corp., Des
Plains, 1ll.; Workman Electronic

(continued on page 85)

FIG. 1—TYPICAL TV POWER SUPPLY in a receiver that uses

5V a power transformer. Note the location of the circuit breaker
"7 C 18KJEU"CA?SER EVlA in the ground portion of the B-plus supply.
VAC _ NNECTOR
5U4-GB Py
[
CH l
FI1G. 2—TRANSFORMERLESS VOLTAGE-DOUBLER power sup-
+ 280V ply has the circuit breaker after the heater string takeoff. When
+ 280V breaker opens, B-plus is removed from the set.
{- _____ 1| + 140V
_1__0_L l_' +
¥ | 120 FIG. 3—~DUAL-ELEMENT BREAKER is often used in color TV’s,
| CIRCUIT I FFSD _l.t Overloads on B-plus line or horizontal output circuits will cause
LBREAKER_J = 3 ~ 120uF it to open.
==
6 }TO HEATERS Fig. 1
TO JUMPER VIA
. — — . YOKE CONNECTOR CIRCUIT
N 1 BREAKER
1 ! )
| | | [
H7V 793 | pREAKER | ' 8 : L
| I5W AK | }
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To call it“an

amplifier”

would be like
calling a Porsche
“Basic transportation’

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

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

Dual-purpose meters.

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

A broadcast/recording monitor console in
miniature.

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

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

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

The amplifier —no mere “black box"

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

selector switch, and a power limiter (in case your

present speaker should lack the power handling

capacity of the next one you intend to buy).
Circuitry unusual, performance more so

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

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

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

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

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

Their sole vice: they are hardly inexpensive

Of course, at a price of $329.50 (suggested
list) for the TA-2000 preamplifier, and $349.50
(suggested list) for the TA-3200F power amp,
this system cannot be considered other than a
luxury. But then, it was intended to be. For there
are those to whom fulfilment of prosaic tasks is
unfilling. And among them

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

Porsche is a trademark of Dr.-ing.h.c.F.Porsche KG

Circle 17 on reader service card

W A ()

LT v via ]

are not only many of our
customers, but also many
of our engineers. Sony
Corporation of America,
47-47 Van Dam Street,
Longtsland City,

New York 11101.

SONY:
o

v
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Photofact Annual Index

your instant guide to the world’s
finest troubleshooting data ...

COVERS OVER 83,000 DIFFERENT MODELS:

e TV Receivers +« CB Radios
» Home & Auto Radios » Tape Recorders
o Phonos & Hi-Fi » Record Changers

Special Color TV Index

Send today for this valuable 136-
page index to PHOTOFACT trouble-
shooting data for virtually every
model of electronic home-entertain-
mentequipmentproduced since1946!

PHoOTOFACT provides everything you
need in complete, uniform style for
quick, effective repairs: Famous
Standard Notation Schematics
packed with the trouble-shooting
details you need; Full Photo Cover-
age of all chassis views; Complete
Replacement Parts Lists; Tube
Placement Diagrams; Troubleshoot-
ing Charts; Alignment Instructions;
CircuiTrace® for printed boards; Dis-
assembly Instructions; Dial Cord
Diagrams; Changer and Recorder
“Exploded Views”—plus dozens of
other great features.

Get your FREE copy of the latest
PHotoFAcT Index to the service data
you need!

Available from
your Sams Distributor,
or send coupon today

Howard W. Sams & Co., Inc,
Dept. REF-011

4100 W. 62nd. St.,

Indianapolis, Ind. 46268

) Send FREE 1971 Photofact Annual
Index

[J Send full details on money-saving
Photofact-of-the-Month Club
subscription plan

Name S

Address___

—— — —— ———— = = v w— m—

Circle 82 on reader service card

NEW PRODUCTS

More information on new products is available from the manufacturers

of items identified by a Reader Service number. Use the Reader Service

Card on page 91 and circle the numbers of the new products on which

you would like further information. Detach and mail the posiage-paid card.

MAGNETIC SCREWDRIVER—Vaco-
Matic, features four interchangeable
bits—two conventional and two Phillips—
is four tools in one. Large contoured

¥

handle allows for minimum hand fatigue.
Aluminum shaft has an integral magnet
to hold screws in hard-to-reach places.
Wide selection of interchangeable bits
available.~Vaco Products Co., 510 N.
Dearborn St., Chicago, 11. 60610.
Circle 31 on reader service card

CASSETTE CARRYING CASES, mod-
els 1509 and 1510 are available in a
wide range of colors and patterns. 1509
stores 12 cassettes, 1510 for 12, 8-track

g

A

cartridges. Made of sturdy molded plas-
tic, compartmented trays assure full pro-
tection of tapes and are removable. RMS
Electronics, Inc., 50 Antin Place, Bronx,
N.Y. 10462.

Circle 32 on reuder service card

STEREO RECEIVER, model KR-5150,
is 180-watt unit. Terminals for three sets
of speakers with a front panel speaker
selector switch, center channel outpul
and inputs for two phonographs, two

auxiliary lines and terminals for a tape
deck are built in. Frequency response is
20-40,000 Hz (plus 1.5 dB), a power
bandwidth of 17Hz-30kHz and 0.5% dis-

www americanradiohistorv com

tortion at rated output. The tuner section
has 2 FETs, a 4-gang tuning capacitor, a
signal strength meter and an FM zero
center tuning meter with FM stereo in-
dicator light. Pushbuttons control loud-
ness, tape monitor, FM muting and high
and low filter, $319.95.—Kenwood Elec-
tronics, Inc., Dept. P. 15711 S. Broad-
way, Gardena, Calif. 90247.
Circle 33 on reader service card

LASER SCIENCE KITS for those inter-
ested in science and conducting ex-
periments in light, communications and
photography. Kits include a loose-leaf
manual outlining a range of experiments.
With the Laser Optics Kit, hobbyists can
progress from the beginning concepts of

d

0 ; ﬁ

light, through geometric optics, and on
through physical optics, including ho-
lography  (three-dimensional  photog-
raphy). Each kit is built on a modular
concept that allows expansion of the
range of experiments as interest grows.—
Metrologic Instruments Inc., 143 Har-
ding Ave., Bellmawr, New Jersey 08030.
Circle 34 on reader service card

MOBILE FM TRANSCEIVER, model
HR-2. For operation in the 144-148

MHz band. Features a 10-watt power
output with any of 6 transmit and re-

ceive channels in the band. The receiver
section is double conversion, superhet-
rodyne with a ceramic filter for operation

RADIO-ELECTRONICS
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on both wide and narrow band signals.
Sensitivity is 0.35 uV, 20 dB quieting
and audio output at 5 watts. Transmitter
has phase modulation for stability. Built-
in SWR load mismatch circuitry protects
against open or shorted antenna condi-
tions.  Inclndes ceramic microphone,
built-in  speaker and mobile moutiting
bracket, and one pair of installed trans.
mit and receive crystals. $229.00.—Re-
geney Electronics, Inc. 7900 Pendleton
Pike, Indianapolis, Ind. 46226,
Circle 35 on reader service card

LOW BAND TRANSCEIVER, model
23034, available for use in either the 32.5-
41-MHz or the 42-50-HMz bands. Pro-
vides two-way communications in metro-
politan areas for
fire and  police
depts. and all pub-
lic services and
business appli-
cations where tall
buildings are a
problem. The
unit  delivers 1.6
watts output. Fea-
tures separate
transmit  and re-
ceive channels, a
squelch circuit
. and includes ex-
ternal connections for antenna, earphone
and battery charger. Supplied with crys-
tals for one channel and a set of 12 AA
batteries. $475.—Sonar Radio Corp., 73
Wortman Ave., Bklyn,, N.Y. 11207.
Circle 36 on reader service card

REPLACEMENT TV TUNERS, for
color or black & white receivers with 40-
MHz if. systems. Available with heater
circuits for 6.3V, 600-mA, 450-mA and
300-mA supplies. Short and long shafted
styles enable the TV technician to cut
and match to original tuner shaft, up to

12 inches. All models aligned for 41.95-
MHz sound i.f. and 45.75-MHz video if.
Equipped with memory fine tuning, they
have uhf position with plug input for
amplifying the uhf tuner output. B-plus
supply for the uhf tuner is automatically
switched on when ubf position is se-
lected. Available in 8 models ranging
from $8.95 to $11.00.—Castle TV Tuner
Service, 5710 N. Western Ave., Chicago,
11l

Circle 37 on reader service card
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HI-FI MULTIPLEX RECEIVERS,

Mark 10, Mark 12, Mark 20. All are top-
of-the-line products with 100-, 150-, and

justient system for bass, treble, balance
and volume control. Each unit has linear
logging scales and a center reading tun-

300-watt outputs respectively. Mark 10
has an accessory ac outlet for use with
Mark

ing meter for FM and maximum reading
signal strength meter for AM. Tape
monitoring and front panel provisions,
stereo  headphone jacks, and loudness
contour controls are standard features on
all models.—Concord Electronics, 1935
Armmacost  Ave., Los Angeles, Calif.
90025,
Circle 38 on reader service card

CB WHIP ANTENNAS, models DA-2,
Dp-2, DE-4. These three mobile an-
tennas are for automobile monnting and
are useful for the 26.9 to 27.3 MHz Citi-
zen’s band. All are omnidirectional, have
a VSWR of 1.5/1 or better. Feedpoint
impedance is 52 ohins. The whip ele-
ments are made of stainless steel. The

another music source. 12 in-

corporates switched and unswitched ac-
cessory ac outlets plus 75 and 300 ohm
antenna inputs. The Mark 20 includes a
ceramic i.f. amplifier, scratch filter, inter-
station muting, and a calibrated slide ad-

If you can't come to the worlds
newest, largest and most exciting
electronics department store,

well mail the store to you!

Exclusive!

vé it and ti Realistin -
SIVE: L nikit and ime Typ, istic Ljfe.
)(C'u s, Build-you! WOrries g 5, 1€ €nd of f,p
science FaiT (g ™, ptomotVe, | fast as o, 7 U3rantee oy ¢
own s\e_‘eo'd nce, hobby, st "eplace jt FREE{OU Set—or ye
ham ‘ad‘%'h?j and more’ !
pho\og[a ,

~ Exclusive!
Big Choice of Auip Items...
Factory-Direct Savings!

1s this the iast
o receiver
we'll over design®

Realistic_ STA-120. widebang AM, FET-Fm
Stereo Receiver. 149 Watts. With case. $269.95

KENWOOD f Alfﬂ :
o e 1 APy
OTOROLA gé%’f:‘;l_ :_

1971 Allied Radio Shack Catalog

Thousands of electronic values!

RADIO SHALK )

Allied Radio and Radio Shack have joined Mail Coupon To Address Below .. or bring to
forces to form the largest electronics dis- Allied Radio Shack store for new 1971 catalog !
tributing company in the world! This new I "7 m" 0 SHACK, 100 N. Western Avenue 610 1'
460-page catalog offers you famous-name | Chicago, Illinois 60680

brands, exclusive new products you'll find |

Yes! | want your big new 1971 catalog. | enclose $I for l
mailing and handling (refundable with my first purchase of

nowhere else and prices that only our | $1or more). |
combined buying power makes possible! | name |
I First Middle Last I
, ; ADDRESS
World's Largest! Over 800 stores in 48 | Street or Route and BWEDDDD |
es. our phone k. CITY STATE ZlA
lates i5pe v ph b I I enclose  Jcheck [Jmoney order (J cash I
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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!

g p) 1 »)1
Q\ No. T-18—Fits wires up to
: > 3/16” in diameter.
i - BELL

TELEPHONE,
THERMOSTAT,
INTERCOM,
BURGLAR
ALARM
and other low ||
voltage wiring. r

Uses T-18
staples with 3/16” round crown

in 3/8"” leg Iength onlyjj

o

r D)
No. T-25—Fits wires up to
1/4” in diameter.

o)

Same basic construction _-
and fastens same
wires as No. T-18.

Also used for
RADIANT
HEAT WIRE

Uses T-25 staples =75 ) (/%
with 1/4” round crown in 9/32”, o
3/8”,7/16” and 9/16" leg lengths., jT |

T-18 and T-25 staples also available in Monel and

Qith beige, brown and ivory finish at extra cost.

” \
. No T 75—-Fits wires and cablea
\ up to 1/2” in diameter.

RADIANT HEAT
CABLE, L
UF CABLE,
\  WIRE CONDUIT
COPPER TUBING
or any non-metallic
sheathed cable.
Also used as
DRIVE RINGS
in stringing wires.

Q1

)

\

S

\ S Uses T-75 staples with 1/2"
. /é flat crown in 9/16”, 5/8” and
I: v

7/8” leg lengths.
i
Arrow Automatlc 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-steet
construction “and high-carbon hardened steei
working parts are your assurance of maximum
long-life. service and trouble-free performance.

Ask your Electrical Supply Dealer
or write for further details.

Saddie Brook. New Jerscy 07663
“Pioneers and Pacesetters
For Almost A Half Century”
Circle 61 on reader service card
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DA-2 and DP-2 are paralleled capacitor
matched, while the DE-4 has a shunt
feed. The DA-2 is intended for CB use,

L S | — o
P e

= — L
“BEPUTY" WADEL DR

r—

while the DP-2 can also be used for 10
meter amateur band, and can handle 200
watts AM, 400 watts PEP SSB input to
the final. The DE-4 can handle 250
watts, AM, 500 watts PEP §SB input to
the final on the 10 meter amateur band.
The DA-2 is 17 5/16” long. The DP-2 is
44" long. The DE-4 is 46 1/6” long.—
Mosley Electronics Inc., 4610 N. Lind-
bergh Blvd., Bridgeton, \Io 63044.
Circle 39 on reader service card

STEREO FM RECEIVER, Marantz
model 19. Features built-in oscilloscope
for precise tuning. Push-button controls
select desired operating mode. Channel
separation in excess of 45 dB at 1000
Hz, and 30 dB at 15 kHz. Elec-

=

= ==
7" WODEL OE <

tronically triggered photo-electric circuits
for automatic stereo switching. But-
terworth if. filters reduce distortion and
give better high frequency separation.
Parametric inter-station muting circuit.
Two dubbing jacks are provided for a
second recorder’s inputs and outputs for
copying tape from the system’s recorder
to another. Other features include a tape
monitor switch, high-low filters, an an-
tenna attenuator, and a front panel head-
phone jack. $1,000.—Superscope, Inc.
8150 Vineland, Sun Valley, Calif.
Circle 40 on reader service card

CASSETTE DECK, model A-24, has a
frequency response of from 40-12,000
Hz. The transport utilizes a hysteresis-
synchronous outer-rotor motor for precise
tape speeds and smooth performance. In-
chides an automatic pinch roller dis-
engagement which is activated by an

This en-
gages the mechanism and eliminates de-
formation of drive components. Provides
its own input selector to choose tuner or
line sources and can be integrated into

end-of-cassette sensing circuit.

any component system. $199.50.—Teac
Corp., 2000 Colorado Ave., Santa Monica,
Calif. 90404.

Circle 41 on reader service card
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AUTO BURGLAR ALARM, Audiotex
30-3180, installs rapidly, uses no special
tripping or triggering switches. Detects
any sudden drop in battery voltage, no
matter how small. Such a drop occurs
when a door or lighted glove com-
partment, trunk, or engine compartment

are opened, when the starter is used,
headlights turned on, or radio used. The
voltage drop sounds a loud emergency
bell. Kit includes step-by-step instruc-
tions. $29.95.—GC Electronics, Div. of
Hydro-metals, 400 S. Wyman St., Rock-
ford, Ill. 61101.
Circle 42 on reader service card

SOLDERING IRON HOLDER, Big
Hex, is designed for heavy duty irons
with case diameter up to 14%”. May be
mounted either above or below a bench.
Features a solder splash shield and cup

for operator safety and an open frame
for better air circulation.—Hexacon Elec-
tric Co., 161 W. Clay Ave., Roselle Park,
N.J. 07204.

Circle 43 on reader service card

VHF/UHF/FM SIGNAL SPLITTER,
Model FS-1314-FM. Separates incoming

signals according to frequency range.

s

Signals are available at three 300 ohm
outlets: vhf from 54 to 216 MHz,
uhf from 470 to 890 MHz and FM from
88 to 108 HMz. No lead stripping is need-
ed. $3.95.—Jerrold Electronics, 401 Wal-
nut St., Phila., Pa. 19105. R-E
Circle 44 on reader service card
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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 1o the
Reader Service Card on page 91
and circle the numbers of the items
you want. Then detach and mail
the card. No postage required!

TV ACCESSORY CATALOG, Telematic’s pro-
fessional line features brighteners, antenna
couplers. antenna switches. service extensions,
replaccment sockets, test jig accessories, and hi-
voltage accessories. Also offers service aid kits.—
Telematic, 2245 Pitkin Ave., Bklyn., N.Y. 11207,

Circle 45 on reader service card

DRY TRANSFER CATALOG, /970, lists tech-
nical Instant lettering, dry transfers, and related
procucts for engineers. industrial designers,
draftsmen. chemists, and technical illustrators.
Included are 128 JotDraft printed circult and
component patterns and a series of direct etch
resist Kkits. Includes protective coatings, elec-
tronic symbol drafting set. titles for electronic
equipment, and an alphabet and numeral cross-
reference table. Also tells how (o use dry trans-
fers effectively.—-Datak Corp. 85 Highland Ave.,
Passaic. N.J. 07055.

Circle 46 on reader service card

ELECTRONIC PARTS CATALOG—No. 7]0.
This 468 page buyer's guide offers the latest in
stereo amplifiers. tuners. changers. Turntables,
reel-to-reel tape recorders. cassette and cartridge
players for home and auto, digital clock radios,
television, two-way radios, marine equipment,
toos, and thousands of clectronic components.
Lafuyette Rudio Electronics, Dept. PR, Box 10,
Syosset, L.1.,, New York 11791,
Circle 47 on reader service card

INDUSTRIAL SOLDERING TOOLS, catalog
NS5, lists technical and performance information
on contro'led output soldering tools, tip styles
and accessories, standard, minfaturized, isolated
and low voltage tools are also included. A basic
soldering 100l selector guide relates specitic
Weller tools to typical soldering situations. In
addition, economy tools and field service kits are
listed.—Weller division of Cooper Industries
Box 345. Easton, P’a. 18042.
Circle 48 on reader service card

CATALOG of Closed Circuit TV's. Includes
indoor and outdoor cameras, sound, wireless,
transistor and infra-red cameras. video monitors,
lenses. video switchers. Also lists tripods, vidicon
tubes, camera stands, and others —GBC TV
Corp., 74 Fifth Ave.. New York, NY 10011.

Circle 49 on reader service card

CB8 MOBILE ANTENNAS CATALOG, fea-
tures CB whips and nine interchangeable
mounting accessorics offering the equivalent of
78 antenna systems. For custom designing, each
part can be bought separately. Detalled informa-
tion is given on the Demon. Deputy. and De-
vant Whip models—Mosley Electronics, 4610 N.
Lindbergh Blvd.. Bridgeton. Mo. 63044.

Circle 50 on reader service card

CAPACITOR REPLACEMENT GUIDE, lists
Arcolytic  replacement  products by original
manufacturer’s part number for color and black
and white receivers. Also Includes c:oss reference
guides. Sets listed were manufactured from 1958
through January, 1969. Each set manufacturer is
listed alphabetically and manufacturer part num-
Jers are cross-reerenced to the proper replace-
meni.—Loral Distributor Products, Pond Hill
Industrial Park, Great Neck, L.I., N.Y. 11022.

Circle 51 on reader service card

SEMICONDUCTOR DEVICE DIGEST, Lists
IR’s line of electronic devices including. silicon
controtled rectifiers, power logic triacs, high
power silicon rectifiers, selenfum rectifiers, Zener
regulators. low power silicon rectifiers, silicon
assemblies, light sensitive devices and heat ex-
changers. Each category of semiconductor de-

JANUARY 1971

vices is presented in compact tables and charts
giving ratings, parameters, and other specifica-
tions. Complete alpha-numeric cross reference
index of individual device numbers. Dimensijonal
case drawings included.—International Rectifier,
Semiconduxtor Divislon, Deptr. 781, 233 Kansas
St., El Segundo, Calif. 90245

Circie 52 on reader service card

REPLACEMENT SEMICONDUCTOR GUIDE,
Entertainment Semiconducior Almanac, is bro-
ken down Into three sections, | for technical
data, II for replacement guides, and IIl for
experimenter and hobbyist components. Listings
include Quartz crystals, Zener diodes, terminal
drawings, crystal diodes, silicon and germanium
rectifiers, Jual diodes, and kits, with cross
referencing. Listed in numerical order. General
Electric Tube Dept., Owensboro, Ky. 42301

Circle 53 on reader service card

Write direct to the manufacturers for in-
formation on ihe foillowing items,

TV PRODUCT CATALOG, covers the full line
of general TV distribution products plus a guide
to MATV systems. Includes necarly 300 products
with photos, specification tables, diagrams and
drawings. Covers several TV distribution prod-
uct lines. Categories include system and home
antennas, amplifiers, preamplifiers, plus rraps.
filters. converters, modulators, demodulators
outlets, connectors. adapters. cameras and acces-
sories. 56 pages. $1.00—from Jerroid Electronics,
401 Walnut St., Phila., Penna. 19105.

MASTER INDEX 10 Supreme Publication

Carries Most-Often-Needed Television and Radio
servicing information. Names of manufacturers
are listed in alphabetical order. Listed at the
left under each manufacturer in numerical order
are models and chassis numbers listed in various
Supreme manuals. Across from each listing, ref-
erence is made to manual and page where service
material for cach set begins. Separate section for
models prior to 1965. Tells how to obtain dia-
grams.—Supreme Publications, 1760 Balsam
Road, Highland Park, 1. R-E

AFAYE

RADIO ELECTRON!

ceivers » Books and Parts
Plus Thousands of Additional Items

Mail This

Coupon Today |

For Your  madies
1971 Catalog (S:lt:)yte

No. 710 J]

FREE!

e Stereo/Hi-Fi Components e Musical
e Photography Equipment ¢ Ham and CB Gear e Public Address Sys-
tems e Tools and Test Equipment e Educational and Optical Equipment
® Black and White/Color Televisions e Police and Fire Monitor Re-

Send For Your Free 1971 Lafayette Catalog Today!

LAFAYETTE Radio ELECTRONICS Dept. 7011
P. G. Box 10, Syosset, L. I., N. Y. 11791

r-------------------

Send Me the Free Lafayette Golden Jubilee 1971 Catalog 710

(Please include your zip code)

Lafayette’s
1971
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20t
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468 PAGES:
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L
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.
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[ ]
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17011
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Circle 62 on reader service card
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make tricky jobs easy 1

SUPER LONG NUTDRIVERS

Over 20” long with 1/4” and 5/6” hex open-
ings, color-coded plastic (UL) handles, full length
hellow shafts.

Eliminate skinned knuckles and the frustration
of trying to reach tuners, bezels, other up-front
components from the back of a TV set with
ordinary tools.

Extra length means more convenience, greater
-driving power for many other "fix-it" jobs.

INVERTED PALNUT DRIVER SHANKS

Fit all Xcelite “99” handles, including Tee and
ratchet types. Popular 7/16” and 1/2” external
hex sizes, hollow shanks.

Save time, prevent damage to fastener or
equipment when removing Palnuts on balance
controls, on-off switches, volume control shafts
of most TV sets, record players, portable radios.

nationwide availability through
local distributors
REQUEST BULLETIN N470

XCelITE

XCELITE INC., 10 BANK ST., ORCHARD PARK, N. Y.
In Canada contact Charles W. Pointon, Ltd.
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IN THE SHOP
(continued from page 27)

ter stage, you’ve found the trouble.
You’ll also see a negarive picture on the
screen! If the “colors look very odd”
turn the color off and see if the video
isn’t negative.

You do not need a wideband scope
to make these tests. If the bandwidth
and sensitivity of your old scope is a
little limited you won’t see sharp clean
patterns, but you’ll see ’em. The wave-
forms of Figs. 1, 2 and 3 were made on
a scope old enough to vote. With the
newer models you will be able to see
signals of much lower amplitude; for ex-
ample, the signal at the tuner output,
which is only a few hundred microvolts.

With this method you can chase
down trouble anywhere in the set—sync,
agc  white-compression, sync-clipping,
and many others. The comb pattern has
both vertical and horizontal sync pulses.

Using the demodulator probe you
can trace the color signals through the
bandpass amplifiers, clear up to the
demodulator input. Use the demodulator
probe, for the color signals at this point
are really rf; between 3.08 and 4.08
NMHz, and AM at that. However, they
will “demodulate” to show you the same
comb pattern you see in other stages.
Signal level at the input will be only a
few volts, 1 or 2V typical. Ouiput at the
demodulator grid (input) will average
about 30 volts p-p.

If you can see the color signals at
this point, but still have no color on the

PROFESSIONAL
'RECORDING
'ELECTRONICS

(96,660 -

frm

- RP-84, professional solid state, mon-

~aural record and playback preamplifier.

_ For tape transports with two or three
heads. Selectable equalization from
1-7/8 to 15 IPS. A-B monitor switch.
Mixing of mike and line inputs. Bias
synch provision * for multi-channel

_ application. Phone jack, VU meter,
record light. OQverall frequency re-
sponse 30-18,000 Hz + 3 dB at 7.5
IPS. Compact design makes this an
ideal amplifier for a!l serious recording
projects. $144.95. PB-10 — Playback
preamplifier. $46.20. PA24F — 8 watt
playback amplifer. $91.26. Made in
u.s. 1

PRODULCTS OF SOUND RESEARCH

TELEX.

COMMMUNICATIOGNS DIVIgIon

9600 Aldrich Avenue South
Minneapolis, Minnesota 55420
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screen, you can eliminate the bandpass
amplifiers, the color killer (which gener-
ally cuts off the 2nd bandpass amplifier)
and several other things-—cc, afpc, and
so on. Go and scratch around in the
3.58-MHz oscillator or burst-amp cir-
cuits. The chances are that they’re not
working properly. A great many other
“obscure” troubles can be found and
fixed in this way, by eliminating certain
things as possible causes.

There are a lot of other troubles
that can be pinned down by signal-trac-
ing. So, have at it! R-E

Service
Clinic

By JACK DARR

SERVICE EDITOR

This column is for vour 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 reaily 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.

NO B+ VOLTAGE
ON DAMPER PLATE?

This Admiral portable, a G4
chassis, has no raster. Sound is very
low, but clear. 1 get no boost voltage
at all; in fact, there’s no voltage, even
on the plate of the horizontal output
tube! Also, no B+ on the plate of the
damper tube! Help!—G.K., Utah.

Ah yes! I've seen this one before.
Start at the damper plate, pin 2 of the

——
I FLYBACK
4 ELECTRON
FLOW
DAMPER

e

— | VOLTAGE
SOURCE

L
{

FIG. |

38HE7 combination horizontal out-
put-damper tube, and check contin-
uity back toward the B+ 135 volt
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source. Yowll find an open circuit
somewhere!

The damper tube must have B+
before any circuit like this can work.
The voltage supply for the horizontal
output tube plate comes through the
damper tube from B+, as in Fig. 1.
So, get this first and the rest will prob-
ably work. Check the PC board under
the 38HE7 socket. If C432, across the
damper tube, has been bent over, it
can arc to the PC board conductor

CUT OUT IN
CHASSIS PC EOARD
FOIL SIDE OF PC BOARD
® @ .
N PINS
® 3-6
@ BLANK
BREAK_)
®
@
O
®41 L4003 -
FIG. 2

which connects pin 2 of the 38HE7 to
the load end of the rf choke, 1.403 in
Fig. 2. If this has happened, it'll be
easy to see. Bend the capacitor up and
away from the board and run a bead
of solder along the conductor. Job

over.

ELECTRIC CLOCK SLOW?

I've an old Telechron electric clock,
a 4HI12. It ran slow for a while, then
stopped entirely. My wife is very fond of
it (It's her kitchen timer!) and she wants
me to fix it. 1 think the drive coil is
burned; it's so old that 1 don’t know
where to get one, Can you help?—D. D.,
Ink, Ark.

I have the same kind of prob-
lems. (Don’t we all?) Anyhow try
this; check the resistance of that coil.
If it's around 600 ohms, it’s probably
OK. Turn it on and hold a small screw-
driver near the frame. If it “buzzes”,
the coil is OK. Your “gear-box™ is
probably gummed up.

Take out the 4 screws; the frame
will come apart. Try some very light
oil on the tiny pinion. If it won’t go
in, then put the unit over a soldering
iron until it’s pretty hot. You should
see tiny bubbles at the pinion. Now,
take it off, and apply the light oil to
the pinion; at the samec time, spray
coolant on the case! This will create a
little vacuum inside the case and suck
the oil in. If standard light oil won’t
work, try using some of the silicone
lubricant in spray-cans. This is very
light, and will get into places where
oil won't.

JANUARY 1971

If this won’t do it, you can still
get the gear-box and coil units from
any of several large appliance-parts
houses.

HORIZONTAL TROUBLE,
MAGNAVOX 908

I've horizontal drive trouble with a
Magnavox 908 transistor TV. I get about
7-8 kV of high voltage, but the hase
waveform on the horizontal output tran-
sistor is very distorted. Not as big as it
should be, either. Tried a new horizontal
output transistor, but that didn’t help. 1
get a peculiar waveform on the primary
of the horizontal driver transformer,
too.—R. G., Salina, Kansas.

This can be annoying! Check the
dc voltages on the horizontal driver
transistor. I have a decp suspicion that
you'll find almost the same voltage on
both collector and base! This transistor
is probably shorted.

The question immediately arises,
“How can we get any signal at all
through it if it’s shorted?”. You have
apparently got a base-collector short
and with the circuit connections used
here, you can get some drive signal to
flow through and get to the horizontal
output!

The two isolated transformer
windings let this happen. In direct
coupled circuits no, but in this case
it’s possible. R-E

NOW A ONE STOP
SHOPPING CENTER FOR
YOUR AUTO RADIO AND
8 TRACK STEREO PARTS.
AT FACTORY DISCOUNTS

WE ARE AUTHORIZED PARTS
DISTRIBUTORS FOR:

DELCO
BENDIX
MOTOROLA
LEAR JET
TENNA
RANGER
METRA
AUTOMATIC
ON GUARD
CRAIG
PANASONIC
PHILIPS
BELLE wOOD
WARD
QUICKMOUNT
DEWEKO

AC SPEEDO
STERO LOCK MOUNTS
SPARKOMATIC

SEND YOUR ORDERS WITH
PART NUMBERS TO

Laran Electronics, Inc.

3768 Boston Road

Dept. 200 Bronx, N.Y. 10469
OR SEND MODEL, MAKE AND
DESCRIPTION OF PART WANTED
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HOTTER
THAN EVER!

New Mark Ten B D
System With Exclusive
VARI SPARK

Gircuitry.

Delta, the world's oldest and largest manu-
tacturer of Capacitive Discharge Ignition
Systems, brings you the most dynamic im-
provement in ignition since the advent of the
Kettering System.

By combining the new Vari Spark circuitry
with the now famous Mark Ten system, Delta
has formulated a new solid state ignition that
drastically reduces combustion contaminants
and restores power lost by the use of smog
control devices. This completely sealed sys-
tem. with handy switch for instant conversion,
requires no rewiring—installs quickly. The
Mark Ten B actually pays for itself in dollars
saved.

Look At These Features:

Eliminates 3 out of 4 tune-ups!

¢ Improves combustion, reducing
contaminants,

Installs in only 10 minutes.

Instant starts in all weather.

Dramatic increase in performance.
Handy switch with redundant contacts for
instant return to standard ignition.
Two-piece housing with neoprene seals
affording dust and moisture protection.
Applicable to ANY 12-volt, negative-

ground engine.
9
Only $59 5ppd.
(12v neg only)

9
Standard Mark Ten $4'4' =

“Delta Products, One Of America's

Mark Ten B

l Order today! OP 70-25

DELTA PROBUCTS, INC.

P.O. Box 1147 RE / Grand Junction, Colo. 81501
(303) 242-9000

Please send me literature fmmediately: [J

Enclosed is §. 0 Ship ppd. [ Ship C.0.D.

Please send:

—_Mark Ten B@ $59.95

—__Standard Mark Ten (Assembled) @ $44.95

—_6 Volt: Neg. Ground Only

——12 Volt: Specify
Standard Mark Ten (Deltakit’ ) @ $29.95

{12 Volt Positive Or Negative Ground Only)

Car Year. Make.

Name

Address.

City/State.

Circle 15 on reader service card

Positive Ground

—_Negative Ground
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CATALOG T T I I
™~ PILOT LIGHT AS POWER LINE AND FUSE MONITOR
The addition of three simple com- POWER
= . TO AC
ponents will convert your neon pilot LINE SW TRANS
ligh : : : FUSE PRIMARY
ight to a triple-duty monitor. Figure o— oo
1-a shows the circuit before con-
version and Fig. 1-b, after conversion. 100K
Here's how it works. Under normal 1/2W
N conditions, with ac line power present, NESI
24 the neon lamp lights as soon as you OR
turn on the switch. If the cquipment NE2
HOUR HOUR fuse blows, however. the circuit auto- .
AT e, ban matically becomes a low-frequency re- a
CLOCK MOVEME"TS laxation oscillator and the neon lamp
. . R TOAC
will blink on and off continuously. LINE
DIGITS RESETTABLE INDIVIDUALLY The lamp will, therefore, in addition sw
Availoble in 50, 60 cy., oll voltages, AC. UL to its normal pilot light function, POWER
opproved motor, cord. One ;:‘:;,0“”‘2“;';6“ automatically and specifically indicate P;’?@ESY
#130. ... 1ZHEUE pho by either blinking on and off or not
f lighting at all, if your loss of power is 25
#£100-24H ‘i —— due to a blown fuse in the equipment 200v
24 Hour or an ac line problem. The feature of
cLock bein_g able to identify the prob]em im- DIODE 100K
mediately can be a great time saver if 200 PIV 1/72W
your equipment is installed so the fuse
Made in US.A. and/or ac outlet is hard to get at. NESI
Complete Line: Deloy, Int l The diode can be L SR e o
B ’ 14 o 5 5
and Cycle Timers, Digital Computers fier with a rating of 200 piV or more. NE2
< The values shown for the added re- b
L L DRI LSS LS | cistor and capacitor were chosen to Fig. 1
TYMETER ELECTRONICS roduce a satisfactory blinking rate megs and from 0.1 to 1 xF dependin
. , p y g | fre pending
7249 FRANKSTOWN AVE. PITTSBURGH. PA. 15208 for the neon lamp. The values may on the blinking rate that you desire.—
Circle 67 on reader service card range, however, from 1 meg to 10 Bill Fisher R-E

EVERY ITEM A BARGAIN

FREE $1 BUY WITH EVERY 10 YOU ORDER °%/*%:. FREE GIFT WITH EVERY ORDER

300 — ASST. V2 W RESISTORS HEAVY DUTY COLOR FOCUS §
SARKES TARZIAN TUNER \D Top Mrand, Short Leads. Excellent §q KNORB SPECIAL ID RECTIFIER 14.000 PIV @ 1 ma . 1
! Seledtion]| SOugEinn 1. g afids ] 100 — ASSORTED RADIO 0 UHF TUNER — TRANSISTOR $3.95
41me ‘D 100—ASST %h WATT RESISTORS $9 KNOBS Al standard types .- 1 TYPE Used in all TV sets ...
i stand. cholce vhmages, some in 505 KBOLvalte e pie o4 - el . e _
oty (Camrmls 100—ASST V2 WATT RESISTORS 59 50 — TV KNOBS — POPULAR Sq [0 2 ; J5208E0 FETIEDICIES SN
2illry ! D stand. choice ohmages. sume in 57p D TYPES For most sets .. .......
Modellgoodifor 70 — ASST 1 WATT RESISTORS $9 25 — VERTICAL LINEARITY (YA STATICEFIATRSTEREQNC ARSI R
all 41 me TV’s. [ Loaa, chnice ohmages. some in 565 O {[NORs |} hetuitank K. Bupirsty TRIDGE plug in. power polnt. .
BRAND NEW \D 35 — ASST 2 WATT RESISTORS 51 mount . miniature assortment D ]R?NETTEI ETEhRiEPﬂ CeR_T‘RIDGE 52
0y - stand, choice ohmages. some in 5% D 30 — VERTICAL LINEARITY ::;scodua B b;EcranpEo er type
— PRECISION RESISTORS KNOBS - Side mount . . . R-TV 1ER —
D 225‘. list-price 850 less 98% 51 Standard sizes .. ............ 51 D Used in most color sets-——6500 S« 95
‘D 20 — ASSORTED WOlREWOUND 51 D 25—KNURLED RAEIO K]NC:]BS 51 750 -coccoocnocooco 3 for
RESISTORS, 5. 10. 2 watt . Hard to get est selection -
D 4 — TQSQLEDI§¥IT§Iﬁ§$ 51 D ?(.LC;\BSSSO'BTFD CLOCK-LRAEIO D :ﬁ po;fu?nsr'iyteosréggv:san’e"q{?s. 51
TUNER “SARKES TAR- SPST, SPDT. ST. a3 est assortment. ost ¢ 15 — G.E. #NE-2 TUBES
BiainT oer adeiast word Tor | [] 10GASSORTED SLIDE SWITCHES 57 | pelr s oo o 1 3,68 ez wvees | sg
stability, definition & smoothness E N N p el 1 ANY 6 KiTS FOR $5 150° — BUSS WIRE #20 tinned §
of operation. An opportunity—to |/[ ] ;foﬁNéjds'gskgfgi?:s;uz‘:i 51.50 (s hookups, special circuits, ete. 1
improve and bring your TV Re- E RE y . MATCHED PAIRS TRANSISTORS
3 TA RECORDER—as%orted types Ly b X 50 — .0033 DiSC CERAMIC
ce'ég’ﬁgfé?é'df;?‘ei b $7°5 O -vo(:s.E bad. broken. as-is. potluck. 4 O ";ngg “:yo%') ‘;:‘f:":”‘”o“ 51 0 CAPACITORS C-R.L. ... 1
iy WSS ; 520 — SHURE M7D DIAMOND $3 R s Y "Nl__ § [[] 3ELECTROLYTIC CONDENSERS 59
D 5 — ILF. COIL TRANSFORMERS 51 D NEEDLE exact repl cement . l:] 4 — 36” Hi-Fi CABLES RCA | most popular number 50/30—150v
458-ke for Transistor Radios ..... SHURE M43 SERIES DIAMOND $A4.69 Molded I’hone plug at one end | | ]
0 5 — AUDIO OUTPUT TRANS. 51 O NEEDLE exact Replacement 4 el b 100 o Giice 51[] 7DENSETRVS E:.SE‘IEJL!‘IS%)YTLLCCON 51
FORM Sub-min for Trans Hadios PICKERING V-15 DIAMOND $4 .69 e B R .
TV TUNER asst. all new \D NEEDLE ¥™»act replacement D 5 — 6 LINE CORDS 51
D standard makes. Less tubes .. ... < COLOR POWER TRANSFORMER D 3 JUA!\PER CABLES Male RCA 51.49 #18 Stranded Copper Wire ......
G.E.STANDARD TUNER [0 *F6o0a tor mont sets 26R150 5695 BETEQEII (Rt © B0R [T] MOTOROLA PWR TRANSFORM $9
D Model #(ET-86x291) - (ET. $6‘95 1.ist Prica—$38.75 . D 50 — ASST. TERMINAL STRIPS 51 110v, CT 150/150v, 8.3v ......
Ao D3) BN o ¥ 6 — TRANSISTOR RADIO EAR- 9 all types, 1-lug to 6-lug ........ [ 25-#130 WESTINGHOUSE PI-
TV TUNERS asst. all new standard § PIEGES] WiissisampletciviCp Le e, LOT BULBS 5000 Hours. . .Same
D makes, including Tubes a 100 — FINEST NYLON DIAL $1 D g(,‘ch'eEl‘VVP‘{ECDE\,SBTQZEOEgsli‘!‘,PIMEﬁE 51 £ /240 & pacaccacaaaacccoges 51
12—MINIATURE ELECTROLYTIC CORD best size. .028 gauge ol . 25—WESTINGHOUSE PILOT
[] CONDENSERS For Transistor & 1] 10 — SETS PKONO PLUGS & 39 0 MOTOROLA HEP KIT—INTE- [] BULBS Your choice of #3241, #154, §
A AT o ¥ F ooae , PIN JACKS RCA type ... ... GRATED CIRCUITS INCLUDES | = gpram ...l T 1
10 — MINIATURE 456KC IF D STEREO HEADPHONES —One J-K fiip flop, One Dual !
Neepti 1 1Hi-Fi  Quality Complete § = 95 Buffer. One 4-input Gate, Two 95! 3—ELECTROLYTIC CONDENSERS $
YR££§2RTE£§ E\cem ?f‘al_ n ue 51} “-;m Stereo Plug « .- --...-- 5 \ Dual 2-Input Gates, All Five s395'[] C.D. 500 mfd—200 voits ...... 1
IMMEDIATE DELIVERY . . . Scientific light packing for safe delivery at minimum cost. Namel $4m 3o« oqyaB i P LLEL ¢ S et ;:j;:'. ..........
HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, plac? |e_"5f AUATESS ooy o aiviw miwm pts s o e i gy Shipping
F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. estimated «........

. ) - o g e e e A a0 weie. TOTAL
Tearsheets will be returned as packing slips in your order, plus lists of new offers.

Minimum Order $3.00

Please specify refund on shipping overpayment desired: [ CHECK [] POSTAGE STAMPS [[] MERCHANDISE (our choice) with advantage to customer
212-874 5600

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 ‘receprone
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X-RAY DETECTORS
(continued from page 39)

0.150, 0.50, 1.50, and 5.0 volts full scale
for the 1000 to 100,000 count-per-min-
ute ranges mentioned earlier). Input
voltage can be obtained from a battery
and potentiometer applied directly to
Q5’s gate without disconnecting previous
circuitry.

A pulse generator (negative pulse
of about 0.5 to 2.0 volts peak with a rise
time of about 0.1 wsec and a width of
less than 100 usec) should be connected
across the junction of R2 and R3. The
pulse rate can be rclated to the meter
reading by adjusting R13. Only one
point needs to be set. The circuit in Fig.
I-b is a convenient way to obtain 3600
counts per minute. The clip is connected
to the R2-R3 junction. Usually no
ground is required. If so, touching the
chassis is enough.

General operating data

Normal background count rates
will probably fall between 40 and 150
per minute. Any x-ray emission high
enough to justify corrective action will
increase this count rate considerably. If
there is any question or doubt that the
rate has increased, it has not.

In a conventional color TV, X-rays
are generated by the picture tube, shunt
regulator, and high voltage rectifier.
Thus a quick pass, say 30 seconds across
the CRT face is enough for this area.
Some CRTs emit x-rays from the funnel.

In some instances these are transmitted
through the cabinet. If the tube emits
from the face, it will emit over most of
the face area.

The regulator tube and rectifier are
usually placed on the opposite side of
the cabinet from the tuner. Hence, a
pass around the rear, top. side, and if
accessible. the bottom of the set in the
vicinity of the high-voltage components
and CRT should be all that is necessary.
Sometimes the x-rays are emitted in a
narrow beam, so it is important that you
sweep as great an area as possible. When
using the instrument move it at rate of
about 1 foot in 15 seconds. R-E
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“I hope it doesn’t bother you to have
someone look ocer your shoulder.”

'CARTRIDGE

'TRAN SPORTS

Broadcast

quality transports for aU" 4

NAB type endless loop tape canndges“ i
Three modeis — manual, semi auto-

matic or automatic for broadcast,
or commerical

dustrial

in-
applications.

Available in various monaural or stereo

head configurations,

single or

dual

speed. From $86.00. Tape cartridges,
associated record/playback electronics
avaulable Made in U. S ~

PROGUCTS OF BOUNG AESEAREM

TEI.EX

EOMMUNICATIONS BIviBion

9600 Alqr!ch\,Avenue South
Minneapolis, Minnesota 55420 -
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CANADIANS: Ordering is easy — we do the paperwork — try a small order

—— SHANNON MYLAR RECORDING TAPE___

o COMPUTOR 2% — 225 ..$ 7 7 —24000 ... .. 3179
WESTINGHOUSE ALL TRAN- = = IBM scrions av o~ 225 . a9 || 7v—3e00r ... 2.95
—as= A 8 ‘ted Unit | s i
SISTOR HOME/OFFICE P R el o 81 are 3 — 3000 .. 27 CASSETTE 60 minutes g9
MESSAGE CENTER ie = P tonded with  over 317 600 58 CASSETTE 90 minutes 1 54
<[[f= 150 valuable parts. - | CASSETTE 120 minutes | g7
Leaves messages for other for replay Built i I WQ Incl, — Transistors 5 — 600 .. .62 ®
3 - ilt in X Condensers, is- “ . B
speaker/microphone for talk-into convenience . . . Re- : S tor':,le“;x:: gi?-nsk:, 5 —~ 900" .. .80 22" TAPE REEL .... .04
:lorg:l u:)h(t)t\)‘BS ‘m}:(r;rllnes ofesn;essa"es . . . Illuminated 5@” O Diodes. Etc. 57 —1200 .. .97 3 TAPE REEL ... .05
£ v a message is waiting. Control b 3 S s 8 $ 5 = 1800 .. 1.49 3Va' TAPE REEL .... .06
adjusts playback volume without affecting recording ey —r— for 1 “ , 77 .
voll‘kmeD. - Capstan Dlslvfs' 57 95 o e 100 . 310 7 — (200" .. . ; 5 TAP: RE:[ vope 12
BRAN W SOLD A e v or 77 —1800" .. 1.1 7" TAPE REEL . ... .14
RCA 110° FLYBACK TRANSFORMER MARKET Scoop COLUMN D CO-AX CABLE RG59U grey or $2D WESTINGHOUSE FM TUNER
o We s ed the Market black 250’—89 100°—83.69 50'— #476-V-006H01 -... {12DT8 $9.99
AN eyt [] 12/ UNIVERSAL SPEAKER. Ton A [—] 4 — TV ALIGNMENT TOOLS  §9 Tube) nep vy wpmma - o - o 2
for all 110¢ TV's Quality . . . Large Magnet ..... most useful assortment #1 . @ WESTINGHOUSE FM TUNER
gCAS r.;zsmn orB}l\xi]rge D _}ou(;H!LCO SPEAKER 32.69 D 4 —C'I’V ALIGNMENT TOOLS 51.49”:] #476-V-015D01 . . . Transis. § 399
oil p uces 1BKV__| op Quality . . . Large Magnet For Color TV 2R Yor
paguinEjudenuatogidin 8" UNIVERSAL SPEAKER — $%.49 6 — TV COLOR ALIGNMENT $9.79| =~~~ ririreeeees
::;ln?::;znm,’;:: ’:’nﬂf‘"?‘!"} O Large Magnet—sSpecial Buy 2 D TOOLS Most popular type .. 2 O 300 — ASSORI‘ED HEX NUTS $1
i List price $13.90 | UTAH 8"—HEAVY DUTY 10 OZ. D 5 — PNP TRANSISTOR $1 2/56, 4/40, . 8/32, 8/ oW
) I SPEAKER Ceramic Type— $.69| general purpose. TO-5 case . .....
) ) 53 8 Ohm. .................. 'D 5 — NPN TRANSISTORS 51 D 333 =2 eAsSaS“Td. 32|;DERING LUGS 51
Your price D 6”—IEC02N0MY SPEAKER Top 52.94 generaEl purpose. TO-5 cz}sEe ...... ol PAREINE LSS | Y s o4 o
109 off in lots of 3 quality 2.15 Mag. .......... UNIVERSAL TV ANTENNA 3 250 — ASST. W R
D §n0 UNIVE\?SAL TWEETER 51'29[[] Back 1;1‘ sztd Mounting ° 1 D finest popls:lsnr seleocgo?: SCEWS 51
7 agnet . ... .... 5 section rods |
110° TV DEFLECTION YOKE for § STANDARD TUNER — TRANSIS. || 50 — ASSORTED TRANSISTOR 250 — ASST, SELF TAPPING 5
L aniypes v's inci scnemate ... 3 O TOR (GUIDED GRID) 1 IR R wom o e e ), O SCREWS #6. #8, etc. ....... i |
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S (MR O D) o HEGTIO M MM g O 1 ARRYS s 1
—= ¢ 3 0z. Excellent S meter . :
plus 110° DEFLECTION YOKE GE-12, RCA-SK3021. HEP-240 51 95|D 10 — STANDARD TRANSISTORS 51 D 150 — ASST. 8/32 SCREWS 51
[] 90° FLYBACK TRANSFORMER 59 WG 0000908300000 NPX & PNP B 2\4;:4 ete. and 150—8/32 HEX NUTS .- ...
) o h e .. GE-2. RCA-SK3009, HEP-230 — RTE R
Rl Ve S v=sTnatsghiema e =t e s 1 39‘[] e b Dy St chc"Als 51 lsod = :s;}. 2/56 SCREWS 1
90° TV DEFLECTION YOKE $ 5 ASSORTED GLOBAR VAR!- 3 — TOP BRAND SILICON REC- § and 150—2/56 HEX NUTS - - - -
D for all type TV's incl schematic . . 2 D SISTOR Popular replacements for le TIFIERS 1 amp. 1000 PIV 1 D 150 — ASST. 4/40 SCREWS 51
70° FLYBACK TRANSFORMER  $9 Moz ] COFOIETY . - i" T ARILON] LIGHTS s1 and 150—4/40 HEX NUTS .. ..
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for all iype TV's incl schematic . . D }NJEPIIVSE&SGA(L)M?)!A er’r\émssfzfrﬁe’fﬁk. b 50 — ASSORTED #SAG FUSES 51 D 150 — ASST. 5/40 SCREWS $1
70° TV DEFLECTION YOKE $ 25" x 4" §P . popular ampere ratings . ...... and 150-5/40 HEX NUTS - ...
I i e sa 22 [ 2aEexpe S REKE RIS 69 [] 450 ‘H;:«r(ss HOOK-UP WIRE sq 500 — ASSORTED RIVETS 51
assorte OFS wveeinee s |
D 2 — TV CIRCUIT BREAKERS $ .19,[| 32" — ROUND SPEAKER 59¢ D 100'_SPOOL SPEAKER WIRE 31 50 most useful selected sizes . ;
Rated 4.2 TO 5.0 AMPS, ete. Special Buy ............. a 2 cond. mini zip. clear, 101 uses 500 — ASSORTED WASHERS $
o D 25 — 3900-OHM- 7w RESISTOR 51 10 — ASST. RADIO & TV TUBES 51 most useful selected sizes . 1
D 70 ClO‘LORd !g.!f-ECHT's 512~95 10% Corning glass D Every Tube a good number .. ....
He e - [] 2 - _.47-600v CONDENSERS 51 UNIVERSAL MICHROPHONE s2 0 100 i ASST. RUBBER BUMPERS 59
90° COLOR YOKE For all White Ceramic C.D.-American . . . D regular /remote /single & dual plug for eabinet bottoms & other uses .
Rectangular 19 to 257 Color § .95 TV TWIN LEAD-IN 300 ohm CRYSTAL LAPEL MICROPHONE = A
I gnirrk etk e s 10 0 5007 — $7 100'—$1.50 50’ $1 UJ high impedance, 200-6000 cps . 59é mgTsAbissf)giEEE FUBSER.GROM 51
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PHOTO ELECTRIC ASSEMBLIES

B7001

B7000 Contains cadmium sulfide photocell, po-
tentiometer. relay, lamp & Fairchild 2N2657.
158”7 x 1%4". Ongmally used as exposure meter con-
trol. Complete circuit diagram & application data.
................... es¥s 1.25

B7001 Contains cadmium sulfide  photocell,
25000 variable resistors, & Fairchild 2N2240.
Presence or absence of light changes bias on tran-
sistor. Useful for all types of alarm & light sensing
devices. Complete with diagram. 75 ea.

Honeywell Boards 5%2” x 6”. Loaded with late
no. transistors. diodes, resistors and capacitors.
2 different boards $1.00. 2 Ib. Stock No. 9094

Honeywell Power Board contains 4 2N1137B
80 wait PNP power transisiors, 8 Top Hat diodes,
8 precision resistors and 4 IN642 diodes $1.25 ea.
2 1b. Stock No. B9093

Honeywell Computer boards. 4Y2”x12”. Transistors,

diodes. zeners, capacitors. precision resistors, heat

sink, trimmers eic. 2 Different boards $1.00. 3 1b.
Stock No. B9082

B2040 Sangamo or Pyramld 4V4” x 134"

4000 MFD 50V Lol 500 5/2.00
$1.00 FREE WITH $10.00 ORDER
MINIMUM ORDER $3.00
Lots of other items—send for free flier; ail mer-

chandise fully guaranteed. Please include postage;
excess will be refunded.

DELTA ELECTRONICS CO.

A30x1 LYNN, MASSACHUSETTS 01903

Circle 75 on reader service card

EQUIPMENT REPORT

Harman-Kardon Citation Twelve

For manufacturer’'s literature, circle No. 20 on Reader Service Card.

LEGENDS AND GREAT NAMES NOTWITH-
standing, Rapio-ELECTRONICS decided
10 take a critical look at the new Cita-
tion Twelve amplifiecr, Harman-
Kardon’s first kit product in eight years.
Unpacking our Citation Twelve
kit and examining the components
and literature, it was apparent that H-
K hadn't lost its touch for producing
great kits. The 45-page manual is
clearly written, profusely and
accurately illustrated, and it's obvious
that the person who wrote the manual
actually assembled the amplifier, with
comments such as “watch your ﬁngers
when installing these connectors”
sounding like the voice of experience
itself. It’s all kind of reassuring.
Accompanying the  assembly

OUR STORE
AT YOUR DOOR

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fantas-
tlc Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name Speak-
ers, Chongers, Tubes, Tools, Sterea Amps,
Tuners, CB, Hi-Fi's, and thousands of other
Electronic Values. Credit plan availoble.

NAME_
ADDRESS______
CITY .
GIVE ZIP CODE

STATE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scrintion also.

0LSON ELECTRONICS

Dept. LM 260 S. Forge Street
Akron, Ohio 44308

Circle 76 on reader service card

80

e
%\\\i‘\ \.\%%\‘“ \Q: ransistors,

dules,

Sneakers.
Stereo, Hi-Fi,
Photo Cells and
thousands of

ther

Electronie

Parts. Send for

FREE
Catalog
]
“"“;-' -

u®

L b
EAEEEEEEEEE
ELECTRONIC DISTRIBUTORS INC.
Dept. TA-2, 4900 Elston

. Chicago, IIl. 60630

. [J RUSH CATALOG

. Name
. Address
. City Zip Co
EnEmEEEEEN J
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manual are ten lifc-size pictorial dia-
grams that accurately depict every de-
tail, even showing which direction to
wrap wires around terminals. The
manual and pictorials are well in-
tegrated and virtually foolproof.

We found no defective parts or
shortages in our kit. Small com-
ponents and hardware are divided into
nine labeled plastic bags. Each one is
opened at the appropriate time in the
assembly sequence. We liked this
approach—it’s far superior to rum-
maging through all the bits and pieces
to find one odd washer or a particular
disc capacitor. We've seen “fancier”
kits, with clever packaging of com-
ponents, but we like this “no-non-
sense’” approach better.

The only preassembled com-
ponents are the massive heat sinks
with power transistors mounted in
place. Otherwise, you work from
scratch.

Aside from the power transistors
and the two completely separate
power supplies, all active components
of the Citation Twelve are mounted
on one large, plug-in printed circuit
board. The two halves of the board
are “mirror images” of each other,
each containing six transistors (in-
cluding a special differential amplifier,
consisting of two transistors in a com-
nmon case).

We completed the assembly of
our Citation Twelve in less than nine
hours, and were delighted when the
unit performed flawlessly on the first
try. The only adjustments required are
setting the output transistor bias for
each channel. H-K even provides a
specially marked test meter to facil-
itate this operation. (The meter is not
installed, just used for the initial ad-
justment.)

The completed amplifier looks as
good as it works, with the heat sink
fins providing a rugged, handsome ap-
pearance as well as doing an excellent
job of keeping the amplifier running
cool, even under heavy signal loads.
Input jacks (standard pin plug type)
and the large color coded speaker
binding posts are mounted, along with

(continued on page 84)
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; r ‘
CB Troubleshooter’s Only MASTER offers so
much in heat blowers,
c b k Compiled by save u to priced as much as
ase nn Andrew J. Mueller*® 2/§rds less th.an others!
Adjustable orifice con-
r s on trols temperature up
to °. Heavy-dut
Case 1: Low output voltage. Unit smells. mo?(?? fo:-icon);imljlo):ls
Common to:  Hallicrafters PS-20 power supply ame ess service. Removable
sturdy base. Mounts in
i SHORTED! — 18V heat any position, adjusts to
any angle. Easy porta-

0 bility. Twelve basic
e models to meet
17vac \\\ any application

I I . blister pack,
£ 2Ly parts assembly,
spot drying, shrink
Remedy: Replace D1. . tubing, auxiliary
Reasoning: After a lightning storm the supply did not ‘ ‘L §pace heater, or fan.
function normally. The output voltage is about | Write for FREE 12-page
6 volts. The trouble was traced to a shorted catalog on flameless
rectifier that had failed after a ‘“‘near miss.’ blowers, torches, guns.
Replacement restored the unit to normal oper-
ation.
Case 2: Channeis 1 to 4 inoperative. Radio is OK on ' - »
other channels. | =
Commonrto:  Courier TR-23S Racine, Wl 53403
Circle 71 on reader service card
]S;’T%EC
MIXER
UNEXCELLED! THE UVM ANTENNA
.OOZ/F 12 . ‘
100K g
J\N\v 0 —— S
PART OF S e
CHANNEL SELECTOR ) 1K o -1 -
1 3 » =
6.9V|[C I -
‘ e O} v UHF-VHF-FM ) =
——-———0\ 44V +8.8V COLOR | s i
B |
; @ sioe| B M
5% - |
1710 e
I 40245
- SYNTHESIZER . .
OEFECTVE| O, d o o %4701( e - Combination
‘" UHF-VHF-FM Antennas
8.8v

XTAL 1 37. 750 37800 g g
R iz = Slpr R xion performance

e =] (CH I3-16) T ~T"(CH I7-20) 5% tot ju,ﬂé

XTALZ_l XTAL 3 | 1A

I Sy S 37700 S TRANSMIT Tuned and engineered featuring a LOG PERIODIC

(CH5- sf[ T(CHS i2) | |eHzi23) IXE VHF section incorporating a PATENTED MAGNETIC

2 WAVE design for UHF. Discriminate between de-
—=7pF sired signal and unwanted noise. An absence of
INPO minor lobes and extremely high front to back ratio
p- are characteristics of these antennas. Mechanical
Remedy: Replace master crystal XTALI1. features include all new fittings and special alloy
i i lumi tubing f th. Si
Reasoning: Crystal XTAL1 is the master range crystal for a urr:;nbt:;n s8ingi fariafdetNiisog S mEcies
channels 1 to 4. The crystal was fractured and Gl :
is inoperative. Both transmit and receive are Write or phone for complete information,
not working because the crystal is used for
both modes. When replacing the crystai, be
sure to h_aye the frequency checked and the S & A ELECTRDN'CS, INC.
work certified by a licensed technician. R-E | 210 W. Fiorence St.  Phone (419) 693-0528  Toledo, Ohio 43605
*Service Manager, Tel-Air Communications, Inc., Pewaukee, Wis.
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Nothing replaces
the reality of personal
“in-class™ instruction.

It builds your confidence
through thorough preparation.

Professional success depends upon
the quality of your training. You
owe yourself the best. Anything
less will be costly, takes much
longer and requires more effort
from you.

Take the shortest distance between
you and your career. You'll be
ahead in every day.

FREE LIFETIME PLACEMENT
(‘nb VETERAN APPROVED
Y

R3S

nct A
2NZ  HEALD

Engineering College

1215 Van Ness Ave.,
San Francisco, California 94109
Oldest and Largest Institution of its
kind in the United States. (Since
1863)

Please send information on:
HEALD ENGINEERING COLLEGE
Bachelor of Science Degree Courses (36
months)

[JElectronic Engineering

[ClEiectrical Engineering

[IMechanical Engineering

[JCivil Engineering [JArchitecture (42
months)
HEALD INSTITUTE OF TECHNOLOGY

EQUIPMENT REPORT
Sinclair Project 60 FM Stereo Tuner

For manufacturer’s literature, circle No. 19 on Reader Service Card.

This new FM tuner is claimed to

be the first in the world to use the
phase-lock-loop  (PLL)  principle.
(See Rabio-ELEcTRONICS, November
1970, page 59 for a complete article
on phase lock loop.) It also in-
corporates variable capacitance diodes
in the front end for the tuning. They,
of course, replace the usual tuning ca-
pacitor. Also featured in this tuner are
printed circuit coils for the front end
and i.f. strip; agc, afc, a squelch circuit
that mutes the tuner when it is set be-
tween stations, an IC stereo decoder
and the option of remote control and
push-button tuning.

The tuner is supplied completely
assembled, but does have to be
mounted in some kind of enclosure.
This is actually an advantage, as the
unit lends itsell to custom installation

in furniture that doesn’t provide
enough room for the morc con-
ventional sterco components. When

used with the other equipment in the
Sinclair line (power amplifier, preamp,
active filter and power supply), vou
can put an entire stereo system almost
anywhere.

The tuner works beautifully and
completely lives up to its specifica-
tions. The standard version (as shown
above) was easy to set up and oper-
ate. It is easily attached to the rest of
the Project 60 system (a review of the
other elements will appear in Febru-
ary).

it is a phase-lock-loop circuit in which
a voltage-controlled-oscillator is kept
in phase with the incoming signal by a
phase comparator or detector which
compares the two and feeds a control
voltage to the oscillator. This control
voltage is the audio output.

Since it is possible to design a vco
that has an extremely linear voltage-
to-frequency transfer characteristic, it
is relatively easy to get excellent audio
fidelity. Even more important, the os-
cillator can track a signal while com-
pletely rejecting a nearby, stronger sig-
nal which could cause interference in
a conventional set.

All in all, this is a tuner worth
listening to . . . twice.—Warren Roy

SPECIFICATIONS

Tuning Range: 87.5 to 108.5 MHz

Capture Ratio: 1.5 dB

Sensitivity: 2 nV for 30 dB quieting
7 pV for full limiting

Muting Threshold: 20 pV

Afe Range: =200 kHz

Signai-To-Noise Ratio: 65 dB

Total Harmonic Distortion: 0.15%

for 30% modulation

Stereo Threshold Level: 2 pV

Pilot Tone Supression: 30 dB

Cross Talk/Separation: 40 dB

LF.: 10.7 MHz

Output: 150 mV rms per channel

Antenna Input Impedance: 75 ohms

A division of Heald Engineering College Except for the use of variable ca- Indicators: AC power, Sterco,

Technology Diploma Courses pacitance diodes in the .front cnd_, the Tuning
[JElectronic Engineering Technician (FCC) tuner is rather conventional until we Price: $74.95

{15 months) get to the demodulator. In this tuner,
[CJRadio-Television Technician (FCC) (15

months) BLOCK Du_\GRAM
[IMechanical Drafting {12 months) | SEEon] :’:er::e F:°’°::n:r°_
CJElectrical Drafting (12 months) | ‘l Note the phase de-
[CJStructural Drafting {12 months) ‘ - tector ahead of the

’ T N T stereo decoder,

Name Age |G Varicap tront end »—-»-—l 1F.Amp! r—+—->—1 e et | Outouts
Address - L - [ L TS
ci g S —y

ity \ e ;
State AGC r Vohage

Amplifier and control
Zip— Phone J dm::l: L o:c:llamr
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MODEL
8C6PAX

HOTTEST
MOVER IN THE
PUBLIC ADDRESS

FIELD!

8 inch, 6 oz. ceramic magnet
speaker handles 12 watts,
Dual cone. Frequency
response 50-2000) Hz.
Shallow construction

(3" depth). Transformer
mounting facilitizs.

ONE OF MANY FINE QUAM
SPEAKERS FOR SOUND
SYSTEM APPLICATIONS

Write for our Sound System Catalog
Quam-Nichots Company
234 East Marquette Road
Chicago, lllinois 60637

Circle 83 on reader sevice card
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TEST EQUIPMENT FOR COLOR
(continued from page 44)

aches. They use a ‘“post-marker” in-
jection circuit, which then feeds the out-
put to the scope’s vertical and horizontal
inputs.

In color TV if’s, the position of
the markers is very important. With one
of these sweep generators, you can see
all important marker frequencies at the
same time. This makes curve-shaping
and adjustment a whole lot easier. Fig.
11 shows the output curve you can get,
and the number of markers it is possible
to see at one time. One very important
thing in color alignment is the position-
ing and shape of the i.f. response curve on
the “sound side”. where the color carrier
(42.17 MHz) is. This must be correct
and each marker must be in the right
place.

For example, the 42.17 MHz color
carrier should be at about the center of
this side of the curve, (and at the same
height as the picture carrier, 45.75 MHz,
on the other slope). The color band-
limit markers, 41.67 and 42.67 MHz,
must be at the right places—one right at
the knee of the curve and the other on
the lower slope, but never on the base-
line or in the sound trap.

All of the important trap markers
are included, of course. 4125 MHz
sound, 39.75 MHz adjacent picture,
47.25 MHz adjacent sound are all there,
and with the post-marker adder system,
you can see them even if they’re down
on the baseline. In the older type of
sweep generator/scope hookup markers
often distorted the trace ends, in too many
cases, they were invisible!

Strangely enough, one of the most
valuable things that these generators do
is tell you that you don’t need to use
them! If you have a set of symptoms
that make you suspect that this set does
need alignment, you can verify this in
an amazingly short time. It used to take
up to 20 to 30 minutes to hook up and
check. Now you can hook one lead to
the antenna input, one to the video de-
tector, clip on a bias lead. and have a
full sweep curve on thc scope in only
about three minutes! (These generators
are all solid state and they warm up
“right now!”)

By checking the position of the
markers on the curve you can tell
whether the set needs alignment or not.
If all of the markers are in the right
places, it doesn’t; and you've eliminated
that possibility. If it needs only a
touchup, you can do this with ease.

Let’'s wrap it up

We've tried to include representa-
tive examples of all of the test equip-
ment you'll need for servicing color TV
sets of any type—tube or solid-state. All
of these have been checked out in Ra-
DIO-ELECTRONICS’ Test Lab. and the re-
sults are those found on actual TV sets
and circuitry. Of course, no test equip-
ment will relieve you of the need for
thinking. However, this test equipment
will give you the accurate answers you
need to get a valid diagnosis, in the
shortest possible time. R-E

www americanradiohistorv com

Telex writes
tough new
specs on
sensitivity and
ruggedness in
headphones.

Communications Series 1320

HIGH SENSITIVITY AND LOW
OPERATING POWER. Communications
Series 1320 headphones are designed around
a ‘dramatic new driver that requires only
minimal operating power. This added
efficiency makes the 1320 Series the most
sensitive and versatile headphones availabie
today.

RUGGED. CONSISTENT PERFORMANCE.
The 1320's rugged new cone provides peak
performance without being affected by
temperature or humidity. You get con-
sistent, high quality performance, day in and
day out, under the most demanding com.
munications conditions. Contact your
nearest Telex dealer or write.

9600 Aldrich Avenue South
Minnespolis. Minnesots 55420

Circle 74 on reader service curd
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EQUIPMENT REPORT
(continued from page 80)

primary fuses and the pilot lamp, on
the decorative panel beneath the heat
sinks. The power cord enters through
the rear of the chassis.

In operation, the Citation Twelve
lives up to the high promise of its
published specifications. H-K claims a
frequency response that is essentially
flat from | Hz to over 100,000 Hz,
with extremely low phase shift (less
than five degrees at 20 Hz). This kind
of extended range performance pays
off in particular at the low end, where
bass response is noticeably cleaner and
“tighter” than with our old, high qual-
ity, tube-type amplifier of similar
power capability (60 watts RMS per
channel).

Adding a power amplifier such as
the Citation Twelve to a slightly aging
component system results in both sat-
isfaction and frustration—the satisfac-
tion of having advanced one key ele-
ment of the system to a quality level
that need not ever be surpassed; the
frustration of realizing the deficiencies
in the remainder of the components.
And so the pursuit of the always clu-
sive “perfect sound” continues its
never-ending search.

It is a natural compulsion for a

reviewer to want to balance a glowing
report with a few dashes of negative
criticism, and I am not above such
temptation. To find fault with the Ci-
tation Twelve is to pick nits, but we
feel that at $295.00 (wired; $225.00
in kit form) the user has a right to be
a bit fussy. For instance, we think an
on-off switch would be an appropriate
and inexpensive addition. Even
though the amplifier is intended to be
powered and controlled by a preamp
with ac switching, there might be oc-
casions when we would like to turn
off the power amplifier alone without
pulling the plug. We'd also like to see
input level controls, to compensate tor
over-enthusiastic preamps that might
tend to drive the mighty Citation to
speaker destroying levels. Finally, we
think it would be smart for H-K to
have two identical printed circuit
boards—one for each channel—in-
stead of one big board, thus making it
a bit more reasonable for the user to
keep a spare board on hand, just in
case.

So much for the nits. The impor-
tant issue is, as the ads say, “Citation
is Back”—and we’re glad!—Terry W.
Barnes R-E

of tomorrow options.

OPTIONS
+Crystal Control Oscillator #'
+2:1 interlace -- TTL logic 2
- «ElA Internal Sync
«Low Voltage Power Feed
+Remote Control-Beam,
target, focus, and ALC
sInfrared Vidicon
«Matrix diode vidicon
+CCIR Model 240 V/50 HZ

15625/50 HZ Scan Rate

602-264-1348 or write:

Neliou Houskfield oitiouis
proudly offers their new Model PB914

PROFESSIONAL TELEVISION CAMERA
AT ECONOMICAL COST

A new Second Generation television camera making competitive models
obsolete. Silicon transistors integrated
ensures a professional product that will give years of trouble free service. For
surveillance, security, industrial, or educational applications, the six pound
package offers 550 line horizontal resolution, 4000 to 1 automatic light control,
mechanically focused vidicon, electronically regulated power supply and science

into sophisticated space age circuitry

il

Modern technology has indeed made available an outstanding product. If
you use or seill CCTV Cameras, why not get the best. Act today; wire or call

1848 W. Campbell Ave.
85015

Nblion- Kosahfild Shitiouia

Phoenix, Arizona

. m Solid-State
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COMING
NEXT
MONTH

FEBRUARY 1971

m Replacement Transis-
tors
Service Editor Jack

Darr tells how to find
the right replacement
for that mystery semi-
conductor.

m What's A Frequency
Synthesis?
You don't know? Let
R-E’'s expert explain
this very recent re-
ceiver development.

Amplifier
Design

Engineer Mannie Horo-
witz continues his se-
ries. You'll soon be
putting together your
own custom designed
units.

@ Build A Darkroom
Temperature Monitor
It's easy to keep chem-
icals at just the right
temperature once you
have this simple unit.

PLUS:

The Laser

Jack Darr's Service Clinic
Linear IC’'s Circuits

Build a Pocket Pipper

RADIO-ELECTRONICS
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CIRCUIT BREAKERS
(continued from page 70)

Products Inc., Sarasota, Fla.,, G-C
Electronics, Rockford, Ill. and Mel-
Rain Corp., Indianapolis, Ind. Re-
placements made by Mel-Rain are
marketed exclusively by the Mallory
Distributor Products Co., Indianapolis,
Ind.

The rotary switch type circuit
breaker is manufactured by Mallory
Controls Co., Frankfort, Ind. and re-
placements are available only through
the Mallory Distributor Products Co.,
Indianapolis, Ind.

How to spot a bad breaker

There are several reasons why a
circuit breaker will trip and turn off a
TV. Some of the more common ones
are: shorted rectifiers. leaky or
shorted filter capacitors, shorted trans-
formers and lack of horizontal drive.
Line voltage surges and lightening
flashes are external causes that may
cause a breaker to trip. Finding a de-
fective breaker is mostly one of visual
observation. First, you can see that
the red button has popped out. Sec-
ondly, the tube heaters will usually
stay lit, but there will be no raster and
no B-plus.

One of the most annoying service
calls are those caused by a breaker
that “pops” open for no apparent rea-
son. Some technicians cure this by re-
placing it with a larger current capac-
ity unit. This cures the immediate
trouble, but can lead to more serious
trouble later on.

The experienced service tech-
nicians would first observe that the set
is off and the red button popped out.
He pushes in the button and it may
stay in or pop right out. He consults
the service literature and checks the
breaker to be sure the proper one is in
the set. Next he connects his ac am-
meter or wattmeter in series with the
line cord and checks the current
drawn by the set.

If the breaker doesn’t stay reset
long enough to take a reading he must

MALLORY OCB BREAKER is mounted at
the rear of a conventional carbon poten-
tiometer.

JANUARY 1971

short around the breaker 10 gct the
current reading. If this current is
within 10% of the normal current for
that set he can conclude that the
breaker has gone bad and rcplace it
with one with the same rating. If he
gets a higher than normal reading he
must dig into the set and find what is
wrong with it.

Once the technician finds the de-
fective part and replaces it, current
should return to normal and the cir-
cuit breaker will work as intended.

Pointers on replacing breakers

Always replace a circuit breaker
with a new one with the exact current
rating called for or you are destroying
the protection the breaker provides.
When soldering to the breaker termin-
als do not allow solder or flux to flow
into the unit through holes in the base
or case. This could cause the new
breaker to malfunction. Do not at-
tempt to adjust or change the breaker
setting. Do not pull connecting leads
too tight when wiring to the breaker
or you may damage the current carry-
ing parts inside the case.

The breaker is an inexpensive
part and is often taken for granted,
but it can and does act up. The infor-
mation presented here should help you
easily spot and correct troubles caused
by faulty circuit breakers. R-E

IF YOU ARE A TV REPAIR
MAN YOU NEED

TV TECH AID!

TV TECH AID is the best trouble shoot-
ing guide available today. It takes all the
guesswork out of TV repair and is de-
signed to help you solve your problems
quickly and economically.

Each month you receive updated infor-
mation on up to 40 different troubleshoot-
ing 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 com-
ponents and corrections will also be listed
to aid in repair. You go right to the source
of the trouble without guesswork. In addi-
tion you get valuable information on cur-
rent models as well as older models along
with circuit changes and modifications as
they occur.

TV TECH AID is the best investment you
can make in your own business. The cost
to you is only $7.95 for a full years sub-
scription.

Limited supply of 1969 TV TECH AID
series available for $4.95

TV TECH AID

P.0. BOX 603

KINGS PARK, L. L

NEW YORK 11754

ENCLOSED IS A CHECK OR M.O. FOR

$7.95. PLEASE SEND 12 ISSUES OF TV
TECH AID
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TDK stands for cassettes with wider
frequency response, low noise, low
distortion and greater dynamic range
—not to mention freedom from tape
jamming and dropouts.

That’s because TDK's SD Super
Dynamic tapes are made with ultra-
fine magnetic oxides—up to 8 times
as many particles per inch of tape

as ordinary cassettes—and because
our cassettes are precision engineered
for easier, smoother tape flow.

TDK SD tape is available in 30, 60
and 90 minute cassettes and is sold
by all leading audio, music,
department & camera stores.

You'll learn more about TDK's Super
Dynamic Tape, and how to get the
most from all cassettes in a free
booklet you’ll find at your TDK Dealer.
Or write to:

TDK ELECTRONICS CORP.

23-73 48th Street,
Long Island City, N.Y. 11103

*TDK's initials stand for Tokyo Denki
Kagaku, or Tokyo Electrical

Engineering Company, recognized as a
pioneer in ferric oxides for electronics.

Y

eA |
o)
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World's leader in
® tape technology since 1932,

TOK ELECTRONICS CORP.
LONG ISLAND CITY, NEW YORK 11103

Circle 79 on reader service card
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IVIARKET
CENTER

ELECTRONICS

GRAB bag! Electronic components. Values over
1.00 plus free catalog. Send 1.00. MARTRONICS,
Box 98771, Des Moines, Washington 98188

RADIO and TV Tubes 36¢ each. One yea
guaranteed. Plus many unusual electronic .bar-
gains. Free Catalog. CORNELL 4217-E Univer-
sity, San Diego, California 92105

TUBES—Llowest prices. Foreign-American. Ob-
solete, receiving, special purpose, transmitting
tubes. Send for tube, parts catalog. UNITED
RADIO COMPANY, 56-R Ferry St., Newark, N.J.
07105

B & K, Sencor test equipment, discount prices,
Free catalog and price sheet. FORDHAM RA-
DIO, 265 East 149th Street, Bronx, NY 10451

SAMS photofact sets complete $1.50 set post-
paid. Send stamp for set, numbers available.
SADLER, 2306 N. Evergreen, Phoenix, Arizona
85006

TUBE Sale to 80% off. Javelin ES 101 CCtv
distributors net $350.00. Mail order only.
J. KNIGHT TV, 612 Gaines Avenue, Hot Springs,
Ark. 71901

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessarg. llustrated
plans $2.00. RELCO-A25, Box 10563, Houston,
Texas 77018

DISCHARGE Ignition, Photoflash. Free catalog
parts, kits. TRANSPARK, Carlisle, Mass. 01741

RECEIVING & Industrial Tubes, Transistors, All
Brands—Biggest Discounts. Technicians, Hob-
byists, Experimenters—Request FREE Giant
Catalog and SAVE! ZALYTRON, 469 Jericho
Turnpike, Mineola, N.Y. 11501

LAMPKIN PPM package, 103 and 111 with man-
uals. Excellent condition $275.00. PEDERSEN,
East Andover, Maine 04226

AUDIO — HI-FI

OLD RADIO PROGRAMS ON TAPE. YOUR FA.
VORITES LIVE AGAIN. $8.00 FOR 6 HOURS 50¢
FOR CATALOG. THOUSANDS OFFERED.REMEM-
BER RADIO INC., 1926 CHEROKEE, NORMAN,
OKLA. 73069
STEREO TAPE TRANSPORT—7"” reel—2 speeds
—pause control—made for famous manufac-
turer—50 to 15,000 Hz—with rec/play and
erase heads, without case. Send M.O. or check
for $19.50 to STEREO CENTER, 218 Columbia
St., Utica, N.Y. 13502. $2.50 for prepaid ship-
ping and insurance.

- i

BACKGROUND MUSIC, continuous, commercial-
free. Solid-state MUSICON SCA ADAPTER
plugs into any FM Tuner, Receiver. Line pow-
ered. 5 year guarantee! Only $39 postpaid. K-
LAB, Box 572R, South Norwalk, Conn. 06856

TAPEMATES makes available to you ALL
4.-TRACK STEREO TAPES. ALL labels—Postpaid
to your door—at tremendous savings. For free
brochure write: TAPEMATES CLUB, 5280 RE
West Pico Blvd., Los Angeles, Calif. 90019

USED background music receivers. CARTER
11514 Fruitland, Cleveland, Ohio 44102

EENT 4-track open reel tapes—all major labels
—3.000 different—free brochure. STEREO-

70¢ per word . . . minimum 10 words.

. . . NOo minimum.

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or services).
NON-COMMERCIAL RATE (for individuals who want to buy or sell personal items) 30¢ per word

FIRST WORD and NAME set in bold caps at no extra charge. Additional bold face at 10¢ per word.
Payment must accompany all ads except those placed by accredited advertising agencies. 10%
discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable ads not
accepted. Copy for March issue must reach us before Jan. 5.

- §

.
1
-

' |
I i
|
: = 2 3 4 5 :
' : |
| 6 7 8 3 10 |
' |
: 11 12 ) 13 ia 15 :
|
I 16 17 18 T 20 :
' |
| 21 22 23 24 25 |
! |
: %6 37 78 75 30 :
|
| e 32 33 3% 5 :
I { @ .370 Ngn-Commalrcli?al Rates}_s |
. of Word @ .70 Commercial Rate R
| fgehece No. of Words in bold caps RAME |
| @ 4 == ADDRESS I
I Total Enclosed  § |
| insert——time(s) 'c)::nr:aeg; :::: ey | I STATE ZIP :
n. .
less placed
| through accred- SIGNATURE. |
I Starting with = Issue ited advertising MAIL TO: RADIQ-ELECTRONICS, CLASSIFIED AD DEPT,, I
I agency 28 200 PARK AVE. SQUTH, NEW YORK, N.Y. 10003
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ADVERTISING
INDEX

RADIO-ELECTRONICS does not assume
responsibility for any errors which may
appear in the index below.
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Allied Radio Shack ................. 73
61 Arrow Fastener Co., Inc. ............. 74
12 B&K, (Division of Dynascan Corp.) .. 22
69 Brooks Radio & TV Corp. ........ 78-79
81 Castle TV Tuner Service ...... Cover 111
3 Chemuronics .........................
15 Cleveland Institute of Electronics .. 18-21
CREI, Home Study Division of
McGraw-Hill Book Co. ......... 55-56
75 Delta Electronics Co. ................ 80
15 Delta Products, Inc. .............. 27, 77
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77 Electronic Distributors Inc. ........... 80
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13 Sams & Co., Howard W. ............ 23
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PARTI, 55 St. James Drive, Santa Rosa, Calif.

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 Street, Lew-
iston, Maine 04240

EDUCATION/
INSTRUCTION

MEMORIZE Study 1970 Test Answers'" for
FCC First and Second Class License.—plus—
“Self-Study Abllity Test.” Proven. $5.00. COM-
MAND, Box 26348-E, San Francisco, Calif.

94126

TV TUNER RZPAIRS—Complete Course De-
tails, 12 Repair Tricks, Many Plans, Two Les-
sons, al! for $1. Refundable. FRANK BOCEK,

Box 3236 (Enterprise), Redding, Calif. 96001

. WANTED 1

QUICK CASH . . . for Electronic EQUIPMENT,
COMPONENTS, unused TUBES. Send list now!
BARRY, 512 Broadway, New York, N.Y. 10012,
212 WALKER 5-7000

CLASSICAL monaural unscratched records
wanted. JUNKER, 326 Parnassus, San Fran-
cisco, Calif. 94117
INVENTIONS =
& PATENTS :
N

FREE ‘‘Directory of 500 Corporations Seeking
New Products’. For information regarding de-
velopment, sale, licensing of your pat-
ented /unpatented invention. Write: RAYMOND
LEE ORGANIZATION, 230-U Park Avenue, New
York City 10017

INVENTORS: Protect your ideas! Free ‘“Recom-
mended Procedure'". WASHINGTON IN-
VENTORS SERVICE. 422X Washington Build-
ing, Washington, D.C. 20005

SCHOOL
DIRECTORY

distinguished graduates

hold important engineering and management posts through-
out U.S. Professionally-oriented college with outstanding
placement recond. Four-quarter year permits degree in
three years. Dedicated faculty. Modern labs. Small classes.
400-acre campus. Accredited. Approved for
vels. Moderaie tolal costs. Enter March. June.
Sept.. Jan. For Caialog. wrile Director of
Admissions, indicating career preference.

TRI-STATE COLLEGE

2411 College Avenue, Angola, Indiana 46703

GET INTO

ELECTRONICS

V.§.l. wawmng leads W success as
technicians, tleid engineers, specialists
in communications, gulded missiles,
r and sutomation. Basic
seg tn theory & labora.

computers, ra
& advanced col

ogy 5
both available. Associate degree in 29
mos. B.S. also obtainable. G.I. ap-
proved. Graduates in all branches of
electronies with major companies. Start
Sept., Feb. Dorms., campus. High
sehool praduate or equivalent. Catalog.

VALPARAISO TECHNICAL

INSTITUTE
Dept, C, Valparaiso, Indlana 46383

y U.S, Lobor Depl. says a2% DT o
*  needed next 1 yeavs * Send for FREE “DRAFT-
ING CAREER KiT.” No salesman will calt,

U NAME AGE
'ADDRESS.
cITy STATE ZIP.

1 NORTH AMERICAN SCHOOL OF DRAFTING, Dept. 3081
LAmmm Hational Home Siudy Council 4500 Camgpus Dr., Newport, Calif. 52660

JANUARY 1971
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4,000 BIT [
MEMORY _$8.50

From IBM Computers,
Guoronteed! W /Spec Sheets

SILICON POWER , FAIRCHILD
RECTIFIERS IC “AMPS"
Py, 130 s | $1.19
.45 each

RF-1F Amp
1.19 709 Operational Amp
135 ¥710 Hi-Speed Diff
. 711 Dual Comparator

.65
.95 703

EPOXY RECTIFIERS

PV 1Amp¥* 3Am
TRIACS 5o $.08 $.08
100 o

200
S50 | aoo
75 600
1.19 200)
1000 o
1.65 P
*mlcrominiature

SILICON CONTROL RECTIFIERS

7AMP 16AMP 25AMP

$.29 $.49 $.65
.45 .69 -89
.69 .89 1.15
.88 1.19 1.50

1.25 1.50 1.95

2Amp
$.0!

70AMP
3.50

10¢ Catalog on Fiber Optics, *ICs’, Semis, Parts

Terms: add postage. Rated: net 30. cod's 25%,
Phone Orders: Wakefield, Mass. (617) 245-382%
Retail: 211 Albion, St., Wakefield, Mass.

POLY P.O. BOX 942 R

LYNNFIELD, MASS

1971 SPECIAL

GIANT SALE ON
SPRAGUE- IC’s

<

B Full adder

[ 909 Buffer

O Dual two input gate
0 Half adder

I

O

Your Choice
3 for $1

Shift reqister
914/921 Dual 2 input gate
[ 923/940 J-K flip flop

POLY PAK “LINE LITERS”

1 Tunnel Diode 1N3717

1 TTL-SN7400 Quad 2 In. Gate

1 TTL-SN7404 Hex Inverter . .

1 TTL-SN7473 Dual JK Flip Flop .. 1

1.-watt Audio 'IC amplifier’” W(C334 1

1 Voltage Regulator, 0 to 40 YDC Positive !

4 — 2N4409 Nixie tube drivers transist 1

5 — 2N170 RF transistors npn n w3gg 17
]
1
1
1

§ — 2N107 Audio transistors pnp . .

1 — 15Amp 200 PRV Triac stud .

2 Unijunction transistors 2N4891

2 N-Channel plastic Fets 2N3819 Texas

‘COUNTING‘ SYSTEM

3 PC. KIT .
Includes SN749.0 decade
counter, SN7441 BCD
decoder-driver, SN7475
quad lateh with hookups.
instructions

——
(0-9), wide angle

. 5 95 * Similar to Burroughs

4-f1t Fiber Op!lc Lite Pipe w/jacket . ...
8 Transistor stereo preamplifier . . .
10 Epoxy transistors 2N2222. "V35G5

2N3642 2N3645 -2N4248 .

10 — 1 watt zeners 5 to 12 volts
741C Freq. Comp. 709 Op. amplifier ..
10 — 1Amp BOO piv silicon rectifiers
8 — 1Amp 1000 plv silicon rectifiers
1 — 2N3055 NPN 100V 15A TO3 trans
1 — 1N2929 Tunnel diode, Centralab
4 — ER-900 Trigger diodes, trniacs
2 — 2N2419 Unijunction transistors
25 GE 1AmD sincon rects. to 1000V . ..
§ — 3Amp 600V top hats silicon . ....
4 — 3Amp 80OV ton hats silicon .

Circle 84 on reader servicecard card

SPECIAL PURCHASE MAKES
THIS KIT AVAILABLE AT A

RIDICULOUS PRICE

SOLID STATE COLOR GENERATOR

We bhought out all the component parts from the

manufacturer and are now selling them as a kit 3. Crrstal
which 1s complete in every detail.

The parts make up the Precise Model 600 Color 4

Generator. (This is not manufactured by I're- 5. Continuously
cise—only the parts to make up this unit were control
bought from them.) [

FEATURES: addition to three color gun killer

1. Sharp displays. well defined. with unusually switches. hoard  showing  all
high contrast and an abhsolute mininnus of ‘The bhooklet included with this kit is parts connections. 3.
hackground nolse. not a step-hy-step instruction booklet. Coniplete instructions

2. Incorporating high quality unijunction tran- It has: 1. A schiemalie dlagram. 2. A as to the use of the

sistors on counter eircuits.

EDLIE’S

and Syne signals.
. Reguiated I"ower Suppiy

. Includes 4.5 sound carrier switch in

pictorial layout of the prlnted circuit

MONTHLY
BARGAINS

controlled sound

;- A
STEAL AT

$3995

COMPLETE READY
TO BUILD

carriers

variable chroma-level
on front panel.

Color Generator.

3 WAT

fier which can he used
or Variable reluetance
electric  impuises  fror

soumitrack, as well as
powered public address

ST’F&'}CO put: 120 VAC/60Cy)

This is a brand new 4 tube Ampli-
innut, for either Crystal,

and/or tape pickup heads or Photo watt stereo anmmplifier for

Comtains output transformer. {in-

TRANSFORMER POWERED
AMPLIFIER & PREAMP

Ridieulously priced at $ 95
for Phono 4
car(t‘:xrg:z';{!c Buy a pair 1o make a 10

Alm phono or tape deck.

a medium
amplifier,

two for

38.95

Complete with tubes.

1400 DOLLAR BARGAN SPECIALS 400

8 FOOT gvs
HEAVY DUTY _éh. ALetiriens |
CHEATER CORD V. 12 for $1.00

(STANDARD I'LUG)
4 for 51.00

6 FT. UL

2 for §1.00
APPR. LINE CORDS st

50A 50 PLV

Price 6 for $1.00

WRITE FOR FREE VALUE-PACKED CATALOGUE

CLEAg PLASTlc
EPOXIE
= PARTS BOX
= RECTIFIERS Wxs%"Dx2 Il
34—1000 P.I.v. | Comes with cover which
/ 4 for 51_‘00 T g ois indesnl:d for stacking.
1A—1000 P.1.V. MONEY BACI(
5 for $1.00 GUARANTEE
Terms: \hmmum order
$3.00, Include postage.
Elther full payment with
order of 20% deposit, bal-
ance C.

EDLIE ELECTRONICS. INC.

2700-B HEMPSTEAD TPKE.. LEVITTOWN. N. Y. 11756

Circle 85 on reader service card
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U.S. GOV'T ELECTRONIC SURPLUS

N FREE
S A 3 h » G‘ANT ® Nationally Known-World Famous SURPLUS CENTER offers
G finest, most expensive, Government Surplus electronic units and
o ® o - - . CATALO components at a fraction of theie original acquisition cosi.

NEW §99.50 HELIUM-NEON LASER! SPECIAL VISUAL EFFECTS PROJECTOR SET 18M COMPUTER POWER SUPPLY
Completely assembled, in- Fantastic variety. Incredibly ;

stant-starting w/three timet beautiful. Create floating,
power outbutr of comparable exploding. flery  bursts of
models. Steady. ripple-free color like “‘Symphony of
light of maderate (safe) Spheres™”, “*Chromatic Star-
: power. Excellent collima- bursts’” “Crystal  Star-
tion,  Particularly useful bursi**. Features 35mm 500
¢ fur studies, experiments In W. fun cooled projeciar.
holography interferometry, produees hig imnge at short
diffraction. optical align- distunce. Acrepts  tweo
ment, Simple and safe to diam. wheels (Dry Kaleido-

e (ITEM #22-334 ) .-
lated unlt, Fine lor

€0's., SETVICe Shops. el
fange of voliaces. D solta
48, elc. Nide range of AC mlm..-- allaie.

Fapensive,
e lal

',
e ll

S

use—jusi plug In. swit n. ‘Fhe 4% 1b. unit reaches 75% scope & lHexidoscape). 2 eylindrical uLccasnrlea 4" Col-
power I 2 ~ecs. . full power, typieatly 0.7 milliwat (1.3 ored Clond & 5 llexidoscope w/six Internal mirrored Cont_Gox't $24.95
mW minimum) in 3 mins. Beam divergence only 2 milli walls). Complete instructions. Over S0 IN-A-LIFETIME SPECIAL
rudians far ahead of competition. bean only 2 cms at 0 ft SHOcK NO- ZI212EH . it - e dia v < gt B $79.50 Ppd. e A e
Stock No. 79.004EH . ............coconenn $9! Ppd. —
SINGLE MODE MODEL 3 ASTRONOMICAL TELESCOPE BURGLAR-FIRE ALARM SYSTEM
Stock No. 78,008EH ... ....o.cooovneec ..$129.50 Ppd. S’ee moon shn\ls. orbits-stars.
phases  of enus. planets
PSYCHEDELIC LIGHTING HANDBOOK close up. 40 to 180 power.

100 inforiatlon  packed z
¢ uages! Fully explxins latest AI“":]I::::(:IIN“"(“ll?‘?}rﬁl)l‘::li(\!
3 1 & i
. i A I: y(lm:t fl‘l'"“ "lelf]":";g mirror. ventilated  cell.
: =i cquipment. e I Kaunterial mount with locks

:

%
‘.

) i

velopmenis. Covers all facets on hoth axes. Fa o
1 W I xes. Equlpped with
£ of psschedelic | ght-show oy Topepiece and  mounted STANDARD DIAL TELEPHONE
' produciion Inelwling s(robes. Larlow lens. 3N finder tele- h f
¢ black lights, - DROJECIOrs. seope  hardwond  tripod. s o (ITEMATIS) - - Stndard.  Cwmmercial (%
AS erystals. organle slides. mir FREE: “STAR cHART": 222-page "HANDBOOK OF lrlﬂ*\nn- ~ame ax used thenughout 8.3, Attrac-
rors. color organs. polarized HMEAVENS": “HOW TO USE YOUR TELESCOPE" ack., new conditiu Orinmal
= color. 1ght hoses. Musie-  gygcy " No.” 85.050E H $29.95 ppg o TR o
Vision, ete. 812" x 11” looseieaf paper for 3 ring binder. Stock No. 85 105E H $94.50 FO‘B' o e e et Mt B lhe. $24.50
Stock No. BI00EH ..ooooiioeeceneis $3.00 Ppd.  Stock Mo. 85.086EH $239.50 FOB
LONG-WAVE BLACK LIGHT FIXTURE STEP-BY-STEP TELEPHONE SWITCH
%&.W’Ww oo nims NGO tgo r < l‘\(remel) versatile, com- ROTATING MULTI-COLORED LIGHT
: .;"r)ju 4g(e,‘s)h.ned long) v“ld‘l: ll)zw,zlim: colors stream end- R L O Sy G e
[ angstrons) hlac! essly from constantly rota- . v suich. tireat eiimrntal P with fwo-
¢ Might (ultraviolet) fixture— ting Jghi. Fucetted, trans- \T"L'fn'x r.....'.'.l.".:m'-"‘e":.:,:'w:'."u:-mf:':.:m.:.'."m.'ur:g
elimlnates huarafu) shorier parent  glohie has lonvered highix QI et Complete with toniact hank,
d/ wave ultraviolet rays. 17se to it nside with red, green. 5 R $6.29
identify minerals. fungi. blue & vellaw stars. Bulb ]
[ hacteria check for surface heas rot ety whicl pro- ® Letephone dial for use with sbove switeh,
s flaws, oil and gas leukuge— jeets flickering star peints 3 Order a8 ¢ flem 9700 ... - $1.97
perfect for dlsnlayls \ﬂlhI ﬂ]lll- on walls. cellings. ete. while
£ : grescent paper. paintz, chalk indivisdual glohe faceis pre-
ruyuns. irace powder. Incl. adjustable aluminum reflector, sent constantly ("anglngpar- MAGNETIC DIGITAL COUNTER(12 to18-VDC)
push-pull  switeh, conuecting plug. Mount vert.. horla.. ray of hrilllant colors. 931° o (ITEM #21-959 ) ¢« - {'we (o caunt rlectrically.
gr OLI (Nornel 160” L.. 1%%" W, 14" H RS0 B <tar-—aphrox. 12° high en bell- uhnn\'d Imse\ Surprisingly i enmd gl n:' timex duer Is opuned afler
toc 0. 70.364EH ..........o... b nd. ight. Easily placed on table. TV, fireplace. or Xmas tree top. wiuers In closesd, i xluw chaneine prices. Inbora-
R0 T2 r R EPLUACEMENT BULB . 8475 Pod.  Stock No. 71.000EH oo reess i $7.00 Ppc. nafon Vot cvumt b et a4 % T et
PR oRALS Bou:"ec\zn!;;?:‘:;llmonm cetio 1st LOW-COST XENON STROBE! e oo racn $1.99 5T $4.99
in mirrored llghts that  Trice breakiorough inoriel. o TYPICAL BUYS FROM OUR 1970 CATALOGS
richochet to the heat of to- reliable electronic strol pess 1 L
day's discotheque. Up to ..'0\\' Sumld_ xenon  tube.
1,000 lustrous, clear, hand- }I;:;le::‘l]'tullllvi'bhe "l““:l'& l?fei’ o5 10.00  (15-Volt DPDT Relayt.coiocricrcreiecrsacie: 91,09
4 s i u ' 1nie. G 4
5};‘1‘1‘04:,::;?f::,lll;,rso(‘;sc ?i"ghel?,c,: more than 1.000.000 flashes. Regulated Transformer, Wide Range....... .. $14.9N
cffects. Motorized—ihey cast ]R';"“'g "‘,"I";""?ol‘(’rﬂ|des:lg,2‘ 20-Refay T Panel.... . $4.39
reflections 1hat  blow  the BRI ey MINAILG (O )
® $250.00 Gyroscope, Twin Rotor, 28V, . .ciiiimniiiian $9.89

i Ewernally mounted bulh,
mindtl tdeal for light shows, e el 6¥x3%x2".

displays, restauranis. hotels,
] 1 oz. I'erfect for psyche-
and modern stores. 2
: elic. siop-action lighting AC PROGRAM TIMING CLOCK
Stock No. 71,066EH ... (127 Djam.) $30.00 Ppd. effects for plmme éhzlu shows, mnllex displays

Stock No. 85,180EH .. .$75.00 FOB Stock No. 71,342

Stock No. 71.065EH ......{ 8 Diam.) ......$17.50 Ppd. R e YOURSELFA TROBE KIT .$24.95 Ppd. o CITEMHISE) - - Zenun 15NAC omt. fiae

fnr periodic worh heeaks, classes, tum

BLACK-LIGHT MIGHTY MITES Stock No. 71. SUIETHIL Ly S e + gl g $19.95 Ppd. T “m“{“‘;
atively smail (127) f ogrammed. 13-anp. con-
i lltl(;lelsu e:{ivse * S|x(|-pri:ing§\‘ 1st QUALITY OPAQUE UNDER $200 a3 =
; bright blacklight. Mlrror-  ‘lerrific Buy! Top Qualily: s (T $15.75
tinished reflector makes in- Projects brilliant. st;‘up il 4 Drer $10.00
~tant starting 8-watt, high- . sy z¢ rom using =
iy look ke  up to 3"x3" color. b il [ SNAP AROUND VOLT-OHM-AMMETER
i0-watter. U] to  5.000 Justrations. Retains ail ori- '
i;r)ur:, of suf: long-wave glnui  colors.  proportions. \ T\.m.“..'lf.'ﬂ ‘I’:n'va\‘:n"‘h pn‘-‘:s'm:':l-\“..ar:r'.'::'»ﬁ":-'-'»’:.';
(36604 ) dlack-iizhi to really Enlurges  drawings.  coins ) the comductor. N o from .23 te 125
iurn-on  parties Hght & ele. levolntionary e . Reuds roltaces to WM remteg e up w,nn Test
. g Halogen ™ apylianceg. ere. 1ree curment mages. (oo volt-
llhe.llrlcnll ﬂu]nrs dns;che?ehc , mp ":."“hr'l""l""e") N / age eanges, With case, Tord Imads, T v 3% 1 105
decors. holiday decoration &l N £l Y ) 5
Siockprool end-vaps remnove for sate, easy replacentent of amastigmatie lens (3.5 87 o 7 $36.90 R g g
bulh and starter. Stands upright or harizontal. Aluwn, case, L unigque intern: re-
Stock No. 71.274EH .. ... .ot $14.95 Ppd. Heeting  systewe pive  maximu brightness. entire field SPECIAL SALE P
DELUXE OUTDOORIINDOOR MODEL foens. -an he used npside down. Turho-cooled. 5% 1t. cord. rf"’ﬂ“‘
Stock No. 71.299EH ....................... $19.95 Ppd. Stock No. 71,272EH (Wt 1% (bs) $89.75 Ppd. Correspondence ‘ r
25X to 900X LABORATORY MICROSCOPE UICK OCR “GO . .. NO-GO' TEST! o g 4] =l
Q GO E /M,
g Sturdy.  monocular-type, 3 New, low-cost way S Barr ELECTRICAL Ui / =
#08 (oated Achromatic parfoeal v e B A ks 7 SB 79 viepdd muSaA. Y, -
= Gljectives 0.10 NA). thime & money in OCR oper ENGINEERING e
@g( 16X (0.35 NA). ROX (0.87 atlons Dy detecting in f% slo 7 9 Ouisute 1154
8 NA): lrlpl(: revolving nose- proper baracters.  lines S 4 e (ITEM ,““ Nas G
piece.  Automatic forusing spacing before problems F Faigineering SChool ftas sugpend
Stop prevents damage lo ob- oceur. Iwo 27 reticles 3 RL TR ol cintng tust, A limited numbe b Tin
jectives and slides. Fises ith  hamdy. — pocket-szed S2C XRY R } = ST PR A S s Rl
160min tube. Ruek & pinita Comparater for checking {8 =|'?_‘E Runra, b pi prize winming Home Eap
E e ocisine & ﬂ,'; ANSI size | &1V characier - ARl Woneh tw At Do PALR CORL
mierometer l\m'.: slide ad- set Ixuthlkl\\uh ll'.lll'll)ll'('? §y
justments. 3 Huyvgenian exe 1nk Qulekly. ea eheck
pleces: 3X. 10X, 15X, Bakelite stage 4-1/2 g‘ 4-5/16" i wer slze. shape. :I\eu‘ 2 RUNNING TIME METER
2 stage elips accept Edmund graduated mech. stage No. & spacing: dine spaciug k“ke“ stroke width; voids, o (ITEM #2188 ) - - Revord numbe: of up-
30,060- —\ul»lu;.e L equipment: I’Ixed-condenser iens, iris ="“lt|£'e~ peaks, vaileys. marks. 12 nnllsh & metric senles. erating houes ol clectrie Hghin and electrical
diaphragm, 1-7/8” diam. plano-cenecave mirrur. No. 41.350EH (With Cemparator) . devites surh as relIgeratoo, lurmices, cle.

enths and hundredihs op
Yoo 113volt, G0-cscles.

. Shigping weight 2 Ihs, $4.3 9 A o

Koo ards totul

Sr7 P RETICLE ONLY. 430 642EH S|
$99.75 7.C.C.  g7F |v RECTICLE ONLY-#30,G43EH  $10.75 Pod. Shae Ferar

1st LOW-COST VACUUM PUMP!

Noihiog lke it! Top-quality 4.
hund-held punip hroduces &
malniains 23" of vacuum.
Itas instant release tab, 15"
Ham. stainless Kauge (U-
Wy, 100°s of uses—siphon
noxious fHuids. evacuate hell
jars anul castings. clean. re-
wrieve, 1ift sierile objects.

Stock No. 85, CHOEH. SQHPA"HL, 1L Ibs. W)
MAIL COUPON FOR GIANT FREE CATALOG

1148 PAGES—1000's OF BARGAINS
Completely new 1971 edition. New ilems
catesories. illusitations. Dozens of eleetri
cal amd elecirmmagnelie paris, accessories.
Isnormous  selection of Astronomien! Tele-
scopes, Unique lighling items, Alicroscopes,
Rinoculars. Magnitlers. Magnets. Lenses.
I'rlsms.  Many  war  surplus  items.  Mail
centpeon for caalog 1GH

o, : COMPUTER TRANSISTORS ON HEAT SINKS
g IBM Computer Quahity Units
o~

e (#22-9281-- 1 nut consisis al one 156+
Satt  pHwWer  iransistor ribhed,
aluminem  heal  &ink. rimental

uses. (1 Ih
Caat fios 't @ver $10.00 $1.99

EDMUND SCIENTIFIC CO. e sirale re

300 EDSCORP BUILDING f:;l'::{‘:;;,:;:;; ,,i\e'e"(’,‘de",':lre“', i . o (22915 )- - 1mi consinte of tnu 130-

BARRINGTON. N.1. 08007 ey, cheek leaks. ete. Lift —— T, i, T

NAMLE _— 40 1bs. with included "T * Lifter {(2'%” diam. cup)— tibhed alummum o une as

ADDRESS mueh more w/larger eup. nmtar speed €on W

CITY = Stock No. 21.300EH .. ... .. .. ........... $12.00 Pnd. Cant ton over 1300 94,91
STATE zZip No. 71.300EH (without gauge/hﬂer) ....... 5.50 Ppd.

-

S
%

SEND 25¢ COIN OR STAMPS FOR CATALDGS
Drder Direct From Ad. Money Back Guarantee,

EDMUND 300 EDSCORP BLDG.

SCIENTIFIC CO. BARRINGTON, NEW JERSEY 08007
ORDER BY STOCK NUMBER * SEND CHECK OR MONEY ORDER * MONEY-BACK GUARANTEE

Circle 86 on reader service card
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MARKET
CENTER

INVENTIONS wanted. Patented; Unpatented.
GLOBAL MARKETING, 2420-AE 77th Ave., Oak-

land, Calif. 94605 20021

MANUALS for surplus electronics.
BOOKS, 4905 Roanne Drive, Washington, D.C.

List 25¢.

GENERAL
L R -
MAGNETS. All types. Specials—20 dis¢ mag-
nets, or 2 stick magnets, or 10 small bar mag-
nets, or 8 assorted magnets, $1.00. MARYLAND
MAGNET CO., 8825.G Allenwood, Randalistown,
Maryland 21133

PRECISION Hole Finder. It's New. $1.49 Post
Paid. PRECISION PRODUCTS, 1261 Gamblie
Lane, Escondido, Calif. 92025

JAPANESE NEW PRODUCTS MONTHLY! $1.00
Refundable. DEERE, 10639 Riverside, North
Hollywood, Calif. 91602

st et Bl

with

GOVERNMENT
SURPLUS

JEEPS Typically from $53.90 . .
$78.40 . Boats, Typewriters, Airplanes, Mul-
timeters, Oscilloscopes, Transceivers, Elec-
tronics Equipment. Wide Variety, Condition.

. Trucks From

100,000 Bid Bargains Direct From Government
Nationwide. Complete Sales Directory and Sur-
plus Catalog $1.00 (Deductible First $10.00
Order). SURPLUS SERVICE, Box 820-REL, Hol-
land, Michigan 49423

ENJOY THE “MUSIC ONLY” FM PROGRAMS

M. A. D.

MUSIC ASSOCIATED'S DETECTOR

for continuous,

Kit $49.50 Wired $75.00 Cover $4.95 List of FM
stations with SCA authorization $1.00. Excellent
F.M. Monaural Tuner with M.P.X. Jack $50.00

Upper Montclair, N.J. 07043

commercial-free music

ANY FM tuner or receiver

MUSIC ASSOCIATED
65 Glenwood Rd.,

phone 201-744-3387

INTEGRATED CIRCUITS f

4 Bit Storage Register .. 1.25
9301 MS! ONE-OF-TEN
DECODER

Silicon Power Rectifiers

off ratio of .6 and Ip of 12 with data
sheet $.80

i
[] N-CHANNEL  FET'S TO-IB, ....................

plastic units, low noise, low
leakage, 25 volts source to gate, 50

t t Gain to 9000 - -
rlr:?nhog’as‘e current  Gain to 3.60 —Pg% ,Il, ::;;7] 71%% 1 :3[;,;
2N4303. P channe! FET with a —%GO'T :16_ —I— —'35—}——'-80{
Q ms of 2000 xohms ........ $.95 godV I oU) WIRSECEt) [ o ]
MM 2260. An NPN TO-5 silicon unit | | 200 1 .20 | .45 | 1.20
used for video output circuits in ( | 600 | .30 | .70 | 1.50
transistorized TV's, with a gain of "800 _I'_m’ ET 1.80

35 and Vcb of 75

MOUNTING
HARDWARE KITS.

These kits are used to mount our
SCR's Zeners and Rectifiers etc.
6x32 stud (3, 12 amp rectifiers,

{1000 | .50 | 1.10 | 2.20|

Terms: FOB Cambridge, Mass.
Send check or Money Order. Include
Postage. Average Wt. per package
15 Ib. No. C.0.D.'s. Minimum Order
$3.00

Send for our latest catalog featuring Transistors and Rectifiers;

OLID

Post Office Box 74D

RECTIFIERS
SEMICONDUCTORS S TRIACS

TRIACS 7A SCR’s) 6 sets/$1.00
— . Wl " e 14x28 stud (30 amp. rectifiers,
PRV | 1A | 5A | 15A 20 amps SCR’sz)"R se{:/sll.ﬂro
100 50| .70 | 1.00 MRTL IC’s
200 | .80 [ 1.25 [ 1.40 || 958 pyyy nppER 75
300 [1.10 | 1.60 | 1.80 || 912 WALF ADDER | 1
400 | 1.40 [ 1.90 | 2.20 || 913 REGISTER ..
| 500 [1.75 1 2.20 | 3.00 || 940 JK FLIP FLOP
ER900 TRIGGER DIODES. These TTL IC SERIES
Bprecars] ingeer dndes 50t | DECADE DIVIDER ... $3.95
trigger SCR’s and triacs .. .3/$1.00 | RF 112 Dual JK Flip 1.25
MC 415 JK Flip Flop ........ .85
UNIJUNCTIONS! MC 400 Dual 4 input .
Similar to 2N2419. RBB of 57 stand NAND/NOR gate .. -10

Somerville, Mass. 02143

FIBRE OPTICS
] 1732 2.5 mil. fibers in PVC
packet. $ .33/
| COMPLETE LIGHT
GUIDE BUNDLE

consisting of an 11” length of
1/32" dia. fiber optics with

bound ends. 2.00 ea.

Epoxy Rectifiers 1 AMP.
Q PRV PRV

} Controlled Avalanche or

100 | .07 | 800 | .16
200 | .09 | 800 1 .20
400 | .11 | 1000 | .30
LINEAR CIRCUITS
709C operational Amp . .$1.30

1

SE 501 Video Amp ... .$1.00
SE 518 voltage
Comparator .. .. ... $1.00

Silicon Control Rectifiers
|PRV] 3A | 7a | 20A | 70A
| 50} .30 .35( .70
{100 .40| .55[1.00| 4.00
| 200 .60 .80(1.30| 8.00]
| 300 .80(1.00(1.70 | |
|40011.00]1.30]2.10]12.00
|{50011.25[1.60[250|
| 600 1.50 | 1.90 | 3.00 | 16.00
l BIGGER AND BETTER

BARGAINS.

325 Elm St., Cambridge, Mass.

ALES

Tel. (617) 547-4005

JANUARY 1971

Circle 87 on reader service card
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PEP’$ Dollar Sale

$1 Money Back guarantee $1
1} Amp Silicon Rectifier | 2 AMP BULLET

choice of package | RECTIFIERS
Bullet—Miniature Glass- 10-200V—$1.00

Metal 8-100v—351.00
[] 5-800V  units $1.00 6-500v—$1.00

[] 4-1000V units $1.00

[13-1200V units $1.00 | GERM GLASS DIODES

DO7 GEN PURPOSE

'3 AMP Epoxy Package | [ 20  Units  $1.00
[J 10-100V units  $1.00 | Replaces 1N-34 1N-60
[] 5-400V wunits $1.00 | 1N-64 1N-295
[1 2-1000v units $1.00 |
Gen Purpose PNP | SILICON STUD MOUNT
Germ Transistor Similar (03 10050 Au“:']f‘s $1.00
to 2N404 B 5 1
)8 For $1.00 0] 1-1000v wnit  $1.50

1 EA 4V-6V-8V.10V .
s $1.00 | 14 Lead Dual In-Line Pkg
1.C. SPECIAL
14 Lead Dual in-Line Pkg.
Perform same function as 700 series
Master Slave Flip Flop 75¢ @—5-$3.00
Quad 2 Input Nand Gate 75¢ @—5-$3.00

[ P;VSILIQON CONTROL RECTIFIERS

ZENER DIODES 1 Watt | [] 16 Bit Memory Cell
4.25

‘units

/ | 1Amp | 3Amp | 7 Amp
| 50 | .20 ) 25 | .30
TOONNIE 250 =3 01 PS5
| 200 | .40 | .45 | .50 |
) 300 | 60 | 70 | 80 |
[ @00 | 75 | 8 | 95 |
_ 50 | — | — [ 100 |
[ 60 | — | — 130 |

TRIACS
‘ PRV | 1Amp | 3Amp | 6Amp | 10Amp| 15Amp |
[_100 | .40 ) .50 | .75 | 1.00 | 1.20 |
| 200 | .65 | .75
| 300 | 1.00 | 1.10

I

1

N} !

| 500 § 1.60 | 1.80 |
v

400 | 1.30 | 1.40 | 1.80 | 2.30 | 2.60
2.10 | 2.75 | 3.10
FULL WAVE BRIDGES
_PRV_| 2Amp | 3Amp | S5Amp | 10Amp
50V | 1.256 | 1.35 | 1.50 | 1.70
100v_| 1.50 | 160 | 175 | 195 )
200V | 1.75 | 1.8 | 200 | 220
400V ] 200 | 210 | 2.25 | 245
600V | 250 | 260 | 275 | 295
800v_| 3.00 | 3.10 ) 3.25 | 3.5 |
PARK ELECTRONIC
PRODUCTS

P, 0. Box 78 N. Salem, N. H. 03073
Tel. (603) 893-0276
NQ SALES TAX WE PAY POSTAGE

Circle 88 on reader service card

GIVE T0

UNITED
CEREBRL
PALSY

NON-TANGLING TEST LEADS

These are made from a 3-foot
length of 300-ohm twin lead. Split lead
at each end for 2 or 3 inches and make
a hole with a paper punch at the end of
the slit to prevent further tearing. Ter-
minate the two conductors with phone
tips, spade lugs, etc.—Henry Josephs

Rebuild Your Own Picture Tubes?
With Lakeside Industries pre-
cislon equipment, you can rebuild
any Dicture tube!

For complete details. mail coupon.

i Laakaside_lndustries _____ [ 14
5234 N. Clark 8t. i P
Chicago, Ill. 60640 = 1ot

Phone: 312-271-3399
NAME . .
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INTERNATIONAL Fre uencg

- S i e

@ Tests Predetermined Frequencies
25 to 1000 MHz

3 oi'd @ Extended Range Covers 950 MHz
T Band

8- @ Pin Diode Attenuator for Full Range
iﬂ; Coverage as Signal Generator

® Measures FM Deviation

FM-2400CH

\

The FM-2400CH provides an accurate
frequency standard for testing and adjust-
ment of mobile transmitters and receivers
at predetermined frequencies.

The FM-2400CH with its extended range
covers 25 to 1000 MHz. The frequencies
can be those of the radio frequency chan-
nels of operation and/or the intermediate
frequencies of the receiver between 5
MHz and 40 MHz.

Frequency Stability: = .0005% from —+-50°
to 4104°F.

Frequency stability with built-in thermom-
eter and temperature corrected charts:
+ .00025% from +425° to +125°
(.000125% special 450 MHz crystals
available).

Self-contained in small portable case.
Complete solid state circuitry. Recharge-
able batteries.

FM-2400CH

{meter only) ............... $595.00
RF crystals (with tem-

perature correction).... 24.00 ea.
RF crystals (less tem-

perature correction).... 18.00 ea.
IF crystals................... catalog price

IV R\
INTERNATIONAL

CRYSTAL MFG. CO, INC.
10 NO. LEE ® OKLA. CITY, OKLA. 73102

WRITE FOR CATALOG

Circle 80 on reader service card
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TV TUNER SERVICE

Castle, the pioneer of television tuner overhauling, now offers the following services

@ EXACT REPLACEMENTS

Castle replacegn_enis

Purchase outright . . . no exchange needed. $15.95 ea.

gde to fit exactly in place of original tuner. Available in the following popular numbers.

ADMIRAL s@osz ! 76-13945-5 ggxnm 470VO30HOI  175-424 175-721 175-1133  MISC, INCL
76-13955- | oo KRICES: 470V 049HOL 175-426 R -

94E210-1 471351 P in053- 1 76-1395572 . 470V 149HOL 175.:31 i;:;if i;;:;;; PRIVATE LABELS
94E210-3 471512 _,_> 340066-1 76-13955- 5 % 470V I151HOI 175-454 175-732 175-1136  TA82
94E227-2 471515 4 {470V158D03  175.601 175-733 175-1137  TAl24
sz oall 471678 2 470V161D03 175602 175-734 175-1138  TA129
22 es2 T i 175-604 175-735 175-1139  TAL31
94E229-8 471700 A4nate-2 % SOPTT404K 175-621 175-736 175-1140 TA133
94D257-1 14085558, i CPTT405 175-622 175-737 175-1141 TA136
94D257-7 34&;125;31 -OPTT414A 3 175-640 175-738 175-1142 TA138
94D257-49 GE noT y . 470V191D02  175-641 175-7 39 175-1143  TAIl47
94E260-8H 470V191D03 175-642 175-740 175-1144 TA150
94E26C-11 ET86X188: - 175-643 175-741 175-1145 TAL57
94E261-1B ET86X20 KRKiMCv 175-644 175-742 175-1146 25A1241-002B
94E261-1C  ET86X212} ‘S KREN04F 95-481-3A # ZENitH & 175-645  175-743  175-1147  25A1241-004B
94E261-1D ET&bleﬁm,@ [ F123C KRKlNLz 95-500-8A 175-646 175-744 175-1148 25A1241-005B
94D261-4 ETBsxal PROSY6- £ KRK 147A* 95 500§ 175-187 175-647 175-745 175-1150  25A1241-006B
94C273-2 PR9021 . KRE1978% CRIIUPE S | 175-660 175-746 175-1151 25A1245-005D
94C273-4 FR‘)OM B, .-H BE 1TC%, 175-661 175-747 175-1152 25A1245-006D
94C273-7 FERELOTD* 175-66 175-748 175-1153 25A1245-009
94C273-8 KRK187Ex* SYIVARIA 175-66 175-756 175-1154  25A1245-011
94C273-9 ; # & 175-66 175-751 175-1155  25A1246-001
94C273-10 ET86>¢231 CPTT336B 2 KRK108A* 175-667 175-752 175-1156 25A1246-003
94C273-13  ETB6X232  DCPTT338% ALYMBRC ™ HRK 1 08B%. 175-668 175-753 175-1157  25A1246-004
94C273-15 ET86X236  CMTT34i4 KR#108C* 175-669 175-754 175-1160 25A1246-005A
94C281-1K  ETB86Xg42 CL4692-1 KRK 108D, ¢ 175-671 175-755 175-1161  25A1247-002
94C286-1D ET%X%‘H TT34a0 GGL5220-1 KRKI108E* 2 175-756 i15-1162 25A1249-0C1A
94C286-1E  ETB86X255 MTT345A CL28874 1 KRKI08F* 175-757 AY5-1163 25A1249-001E
94C286-1]  ETB6X256  MTT348B CL29554 KRK113B Ys-1164 25A1253-001
94C286-1L  ETB6X285  VTT349B Y ci29566 KRK116B 175-683 25A1253-001B
94C286-4T ET86X2%7 J &P 'rssoa ,gg_,zqf, KRK118A 54-23853- . -684 25A1253-001D
94C286-5 ET86X250™ mg KRK118C# 54-23857- 688y 175 761 £5A1256-001C
94C286-12 TT361¥ KRK118D* 175-686 175948 25AT258-001A
94C286-16  QEATHRT  OPTT351YB KRK123A 175-687 175 763
94C289-1 CPTT356Y CL34835 175-688 175 764 E

11047 CPTT366YD  [K24013USA-1C z 175-689 175 1101 25A1264-001B

110-%4 OPTT366YD  'K50013USAH-3 KRKI124U 4% 175-690 175 1102 25A1265-001B

110-25 NCPTT376YA KRK127AA 54 e ne T “1¥5-262 175-707 175 1103 174-1176 25A1268-001
CURTIS 110433 CPTT378YA KRKI127AB 54.94689-3 © “175-264 175700 175 1104 175-1177  25A1270-001
MATHES 11030 MCPTT378YA  PHHLO KRKI127B 54-97948-6 175-28h 175300 175-1105 175-1178 006-014700

GPTT385Y KRK127BA 54-97948-7  175-268 175.% 11 175-1106  175-1179  004-£15000

1Al CHTT385YA  76-.2405-4 KRKI27E 175-272 175-712 L73-1 004 004-1:15700
1A17 MAGNAVOX OPTT386YA  76-(3579 %4 KRKI127L 175-402 175-7£3 Lisoiiz v 0062116500
1A 38 OPTT388YA  76-|3579 7 KRK127T WESTING-  175-40% 175-715 1752111 006 - 1117300
1A48 CPTT390YA  76-13579-H KRK127U HOUSE 175-4104 175716 ; l]_l. 006-a17700
+A050 ; OPTT390YB  76-13579 4 KRKI12TW LTa-d 12 175-71% 1121 006-111 4600
7A53-001 ,..101. 1 QETT394 76-13851-2 KRK128AB L7 175-T 18 L1z 006~ 024100
7A056-001 340038 1 SEPTT394 76-13871-1 KRKI128AE 17 176.T1% 13 006-021900
+A59-001 340040 1 AOPTT399 76- 15945 1 KRK128U ITOVALEMOL 1T 175-720 175-1152 006-121000

*Supplied with new chonnel indicatar skirt knob, originol illuminoted diol is not used.

UNIVERSAL REPLACEMENTS
Prefer to do it yourself?

STOCK SHAFT I.F. OUTPUT
No. HEATERS Min* Max.* Snd, Pic. PRICE

CR6P  Parallel 6.3v  13%” 37 4125 4575 8.95

-

"CRTS  Series 600mA 1%~ 3” 4125 4575 950

CR9S  Series 450mA 13”7 3” 4125 4575 950

“CR6XL Parallel 63v 234" 127 4125 4575 1045

'CRTXL Series 600mA 25”127 4125 4575 11.00

CROXL Series 450mA 215" 12 4125 4575 11.00

*Supplied with mox. length selector shaft [measured from tuner front
opron to tip) ... you cut to suit.

These Costle replacement tuners ore oll equipped with memory fine
tuning and UHF position with plug input for UHF tunar. They come
complete with hardware and component kit to adapt for use in thou
sands of popular TV receivers.

CASTLE TV TUNER SERVICE,

@OVERHAUL SERVICE — All makes and models.

VHF or UHF tuner
TRANSISTOR tuner $9.95
COLOR tuner $9.95
Overhaul includes parts, except tubes and transistors.

Dismantle tandem UHF and WHF tuners and send in defec-
tive unit only,

Remove all accessories...or dismantling charge may apply.
Your tuner will be expertly cverhauled , aligned to original
standards and warranted for <0 days.

CUSTOM EXCHANGE REPLACEMENTS

When our inspection revea s that original tuner is unfit
for overhaul, we offer an e»act replacement

If exact reploceament is not available in our stock we
custam rebuild the original at the exchange price.
(Replacements are new or rebuilt.)

$9.95

(196D or loter)

INC.

MAIN PLANT: 5715 N. Western Ave., Chicago, lllinois 60645

EAST:

130-01 89th Rd., Jamaica, N.Y. 11418

Circle 81 on reader service card
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10 million reasons why .
it pays to promote matrix,
the brightest, sharpest color picture tube

in RCA history!

Reasons 1 to 10,000,000. Large-screen MATRIX can up-
grade the performance of at least10 million color TV sets
now in use. The RCA MATRIX 23VALP22 is a direct replace-
meni for the 23VANP22, 23VARP22, 25AP22A, 25BAP22
{(Chromacolor), 26BCP22, 25BGP22, 25XP22, and 45 other
industry types! Giant-screen sales potential for the RCA
MATRIX —practically unlimited!

More RCA Color Picture Tubes are stocked and sold by

distributors than any other color picture tubes in the in-
dustry. So, MATRIX is more readily available to you no
matter where you are, to give your customers faster service
and ring up more:profitable sales.

MATRIX is the brightest and sharpest color picture tube
in RCA history!

Here’s why:

The RCA jet-black matrix*

It soaks up room-light normally _reflected
back at the viewer from the face of the tube.
Result: brighter pictures because now there's
no need to “filter out” brightness ‘to maintain
contrast under strong room-light conditions.

pmnces
T feren G
e

*Magnified drawing **Simulated

The RCA MATRIX phosphor-dot process*

First, we developed. brilliant new phosphors
and a unique screening process incorpo-
rating a jet-black matrix. Then we deposited
the 1,200,000 red, green, and blue high-
intensity phosphor dots precisely within the
black matrix. Result: brightness doubled with
dramatic. improvementin contrast and clarity.

New 4-color consumer flyar.on MATRIX is available from your RCA Distributor.
RCA | Electronic-Components | Harrison, N. J. 07029

www.americanradiohistorv.com

The RCA MATRIX picture**

Spectacular! In operation, a new, unique
high-resolution gun “shoots" the phasphors
with more energy than any other gun pre-
viously available. Result: black matrix +
phosphors + high-resolution gun = maximum
sharpness over the entire brightness range,
truer colors under all viewing conditions.
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