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Dazzle your friends with lightworks.

The now dimension to music pleasure.

EICO All Electronic Solid-State Audio-Color
Organs transform sound waves into moving
synchronized color images. Connect easily
to speaker leads of hi-fi or radio. From $29.95.

‘Sound n’ Color’

Strobe Lites

High- mtensnty bursts of white light from Xenon
tube flash in cadence with each beat of audio.
From $24.95 kit, $39.95 wired.

Translators

The electronics you need to create audio-
stimulated light displays to your own
imagination. Actuates: Light Display Units,
Strobe Lites, any lamp configuration (Xmas
trees, patio lights, etc.). From $24.95 kit,

$39.95 wired.

Build the Stereo Kits praised by experts.

All amplifier power ratings according to IHF standards. Cortina® designed and manufactured in U.S.A. and guaranteed by EICO.
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FM Stereo Tuner mcludmg cabinet.
Cortina 3200, $99.95 kit, $139.95 wired.

150-Watt Silicon Sofid-State Stereo
Amplifier, including cabinet. For the audio
perfectionist. Cortina 3150, $149.95 kit,
$225 wired.

70-Watt Silicon Solid-State Stereo
Amplifier, including cabinet. Cortina 3070,
$99.95 kit, $139.95 wired.

Build for fun and use with
Eicocraft jiffy project kits.

(lo band) $7.95: EC-2800 Aircraft
Converter $7.95; EC-2900 Police & Fire
Converter (hi band) $7.95; EC-3100
2-Station Intercom (with cases) $10.95;
EC-3200 ""Do-It-Yourself" PC Etching
Kit $4.95; EC-2300 Audio Preamplifier
$8.95; EC-2400 Bullhorn $8.95;
EC-2500 Fuzzbox $8.95.

70-Watt AM/FM Stereo Receiver including
cabinet. Cortina 3770, $189.95 kit,

$279.95 wired.

70-Watt FM Stereo Receiver including
cabinet. Cortina 3570, $169.95 kit,

$259.95 wired.

The newest excitement in kits.
100% solid-state and professional.
Expandable, interconnectable. Excellent umn
as introductions to electronics.

No technical experience needed.

Finest parts, pre-drilled etched printed
circuit boards, step-by-step instructions.
36 kits to select from, $2.50 to $9.95.
Just released: EC-2600 "'Super Snoop”
$8.95; EC-2700 Police & Fire Converter

FICOCHAFT>

Sartrom wtat

EC-1100

FM WIRELESS MIKE $9.95 EC-1900 TREASURE FINDER $9.95

Shape up your own car/boat with EICO Engine Analyzer

Completely tests your total ignition/electrical
system. Complete with comprehensive Tune-up &
Trouble-shooting Manual. EICO 888, $49.95 kit,
$69.95 wired.

For all 6V/12V systems; 4, 6, 8-cyl. engines.
Now you can keep your car or boat engine

In tip-top shape with this solid-state, portable,
self-powered universal engine analyzer.

The first and only solid-state test equipment guaranteed for 5 years.

Only EICO brings you laboratory precision and long life at lowest cost.

nﬁﬂh

EICO 379 Solid-State EICO 242 Solid-State
Sine/Square Wave Generator Deluxe FET-TVOM

EICO 330 Solid-State
RF Signal Generator
$69.95 kit, $94.50 wired $49.95 kit, $69.95 wired $59.95 kit, $84.50 wired

EICO 150 Solid-State
Signal Tracer

EICO 240 Solid-State
FET-TVOM
$59.95 kit; $79.95 wired $69.95 kit, $94.50 wired

You save up to 50% with EICO Kits. Since 1945, Best Buys in Electronics. Over 3 Million EICO Instruments Now in Use.

B OCC0000000000000060000000000000000000000000000000000000000000000000000000000000060000000000000000060000000C00000600000000¢

Send me FREE catalog describing the

FREE 1970 CATALOG il EICO line of 200 best buys, and name

of nearest dealer. F— —

Name
C e i EICO Electronic Instrument Co., Inc.
; { 283 Malta Street, Brooklyn, N.Y. 11207 e S . _ .
m7 . Address
Semmen==""Available In Canada
City State Zip
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“ULTRAVOX SYSTEM”

model 3121
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The Geloso “ULTRAVOX'™ 3121 is a compact, self-
contained lightweight, portable public address system.
It consists of a sound column with buiit-in 25 Watts
solid state power amplifier, self-contained batteries,

collapsible floor stand for the column, cardioid dynamic
microphone with collapsible floor stand and connecting
cables. The entire system is contained in a custom-
designed carrying case. Up to 20 auxiliary columns, No.

3126, can be connected in series whenever additional
WRITE FOR THE FREE 1970
GELOSO SOUND PRODUCTS CATA-
LOGUE — DEPT. P/M

amplification is required.

o Will efficiently cover an area up to
5000 square feet

® Microphones
L‘_—f’-ﬁ'” ® Can be assembled in seconds!

¢ Amelifiers e Directional and Controlled

e Speakers, Sound Dispersion
e Mobile PA Systems e Cardioid Dynamic Microphone with Power-On-
Oft Switch

o Portable PA Systems _
o Seif-contained, for Indoor and Outdoor Use

I nl e Can operate from AC line with Adapter No. 2/1
Imr a ﬂ as AMERICAN GELDSO ELECTRONICS, INC., 251 Park Ave. South, New York, N.Y. 10010
a "‘ﬂmm]“e In Canada: Canadian Geloso Electronics, Ltd. UiS-ehene 2121254:2282
Canadian Factory Representative: William Cohen Corporation, 8900 Park Ave., Montreal
Circle 2 on reader service card
< Circle 1 on reader service card 1
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NEW & TIMELY

Volume 41 Number 7 RADIO-ELECTRONICS July 1970
TV CAMERA TUBE BOOSTS LIGHT 150,000 X (AIOE ERVICEANERICH

NeEw  York—RCA  is through local parts dis-

ready to open the doors to its tributors on a competitive

new organization, Service- basis. There will be no na-

America, formed to handle tionwide purchasing plan.

repairs of all makes of TV  Test equipment for the ser-

sets and other electronic vice centers will be purchased

home-entertainment equip-  in the same fashion. After the

ment. warranty period RCA parts

Starlight scene shows up on monitor like a studio setting. SIT tube
combines secondary electron conduction techniques and silicon target.

HarrisoN, N.J.—A super-
sensitive TV camera tube that
boosts the brightness of light
150,000 times is now avail-
able from RCA. The silicon
intensifier tube (SIT) is cur-
rently aimed at specialized in-
dustrial and government mar-
kets. Future versions should
permit improved colorcasts
under poor light conditions.

Incoming light strikes a
photocathode, which releases
electrons that are accelerated
through 10 kV to strike the
silicon diode-array target.
This target is an IC array of
some 600,000 pn junction
diodes.

SILICON DIODE TARGET ARRAY

" .
T ] =

ELECTRODES {10KY) PHOTOCATHODE

The diodes are reverse
biased with the n-type sub-
strate held at a positive poten-
tial and the scanned side near
ground potential. Because of
the depletion layer, each

diode acts as an elemental
storage capacitor.
Photoelectrons create a
large number of hole-electron
pairs in the n-region. The
holes move across the deple-
tion region, discharging the
ELEé;ONNOTN‘??AAGE
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. SCANNING
GEAM

=
Taul

s-lovE
b

N REGION

EPLETION
Prlavik"

storage capacitors. An output
signal is generated by the ca-
pacitive displacement current
during the recharging of each
capacitor by the scanning
beam.

The SIT’s, which can de-
tect scenes on an oOvercast
starlight night, can also take
extreme overloads without
burning or damage. Low lag
characteristics prevent smear
when a camera is panned
across a scene

A sampling price of $15,-
000 each should come down
to $5,000 in quantities.

HEART PACEMAKER
USES ATOMIC BATTERY

Paris—A  heart  pace-
maker powered by an atomic
thermocouple  battery  has
been implanted in a human
patient for the first time. The
lifetime of the power source
is a minimum of 10 years
and should be much longer.
Widely used cadmium bat-
teries must be replaced about

2

every 2 years by a doctor.

The nuclear device is 1%2
inches in diameter and Y2-
inch thick. About 150 mg of
plutonium 238 generates heat
as it decays. A bismuth-tel-
lurium compound used in the
thermocouples converts the
heat into electricity. A solid-
state circuit generates about
70 pulses per minute to the
coronary muscles, with the
output varied on demand.

The first branches of this
nationwide organization are
scheduled to open shortly in
Philadelphia. Before the end
of this year another branch
will open in San Francisco. A
nation-wide setup is antici-
pated within 5 years.

The move, a controversial
one, has drawn strong criti-
cism from independent ser-
vice technicians. With these
protests in mind, RCA has
spelled out, in detail, the op-
eration of ServiceAmerica.

All parts used by the new
company for repairing elec-
tronic equipment, including
replacement CRT's, mono-
chrome and color tubes, and
transistors will be purchased

and equipment will receive
preference and will be used
wherever practical. However,
even these parts will be pur-
chased through a local distri-
butor and not direct from
RCA.

Technicians for the new
company will not be recruited
initially from the existing ser-
vice technician pool. Current
estimates indicate that there
is now a shortage of 100,000
to 125,000 technicians, and
ServiceAmerica does not in-
tend to increase that number.
Instead, in their first oper-
ation, ServiceAmerica plans to
use as many technicians from
the RCA Service Company as

(Continued on page 14)

4-CHANNEL SOUND WILL BE ON CARTRIDGES

NEW  YOrRk—A  major
marketing push for 4-channel
sound in the home and car
using eight-track tape was an-
nounced here.

RCA Records will in-
troduce a new series of
Quadrasonic Stereo & car-
tridge tapes this fall, which
provide up to 25 minutes of
music on tracks 2-4-6-8 and
1-3-5-7.

The player demonstrated
here by RCA, the YZD-400,
has two built-in and two ex-
ternal speakers (photo). A
button on the compatible

player selects 4- or 2-channel
(conventional) playback.
Motorola will sell a 4-
channel, eight-track  tape
player for cars—the Quad-8.
Hang-on units will be avail-
able late this year, and fac-
tory-installed players should
be optional in 1972 or 1973
models, Motorola said.

The quadrasonic  car-
tridges will be somewhat
more expensive than con-

ventional units, even with a
slightly thinner tape and a
less costly coating technique.

(N & T continued on page 6)

“Surround sound’’ from cartridges will be introduced this fall.

RADIO-ELECTRONICS
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Radio-Electronics
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How to get the best results from microphone setups
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BUILD ONE OF THESE
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Technical Topics, . . . . . ... ..... 71 . .. Robert F. Scott
Solid-state regeneration . . . the superhet revisited

DEPARTMENTS

New Books- -
New Literature - - - - + - + .

CB Troubleshooter’s Casebook - « - - - - 81
Coming Next Month. - - . .. ..... 80
Correspondences « - « - - - - ..... 16
New & Timely - - + v v v v v 2

RADIO-ELECTRONICS, JULY 1970. Vol. 41, No. 7
Published monthly by Gernsbuack Publications, Inc., at Ferrsy St., Concord, N. H. 03302 s\
Editorial. Advertsing. and Executlve oflices: 200 Park Ave. S., New York, N.Y. 10003. Subscription Service: Boulder. Colo. 80302. @

Second-class postage haid at Concord. N. H. Printed in U.S.A. One-year subscrintion rate: U.S. and possessions, Canada, $6.
Pan-American countries, §7. Other couniries. $7.50. Single copies 60¢. @ 1970 by Gernshack Publications, Inc. All rights reserved. Cueat

New Products- - - - - - - - - . ..

80
90

Build this dual-trace scope switch and
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LOOKING AHEAD

Volume 41 Number 7

RADIO-ELECTRONICS

July 1970

by DAVID LACHENBRUCH
CONTRIBUTING EDITOR

Electronics at Expo

Osaka, JapaN—Nlight as well call it Expotronics *70.
Japan’s world exposition is almost completely an elec-
tronics show from the computer-supervised parking lots to
the video telephones scattered about the fairgrounds here
in the rolling Senri Hills. Well over half of the pavilions
use electronics in one form or another.

The Japanese are perhaps proudest of their innovation
in multiplex television which started on Expo’s opening
day, but will continue as a permanent feature of NHK, the
government-chartered broadcast service. The system is cur-
rently used by NHK’s Tokyo and Osaka transmitters and
requires special receivers or adapters. which are just going
on sale. It uses a frequency-modulated sound subcarrier,
and adapters are equipped with switching systems for main
carrier, subcarrier or both (stereo). At present, it’s used to
transmit special Expo events in two languages, usually
Japanesce and English. In addition, The Doris Day Show is
regularly broadcast in both the original English and dub-
bed Japanese—take vour choice. Unadapted receivers pick
up only the main (Japanese) sound carrier.

Stereophonic TV will be broadcast soon, and already
hi-fi stores are offering combination TV tuners and switch-
ing systems for component audio equipment. In the sterco
mode, the system becomes an L+ R. L—R operation, sim-
ilar to conventional FM stereo broadcasting.

Expo itself is computer-operated, via an ‘“operation
control center,” which controls loudspeakers, changing
clectric signs, tratlic signals, teleprinters, telex and tele-
phones.

Comiputers monitor crowds

Underground coils at entrances and exits of cach
parking area detect the number of passing vehicles, and
transmit this information to a computer which operates
electric signs guiding vehicles to parking lots with vacant
spaces in them. The computer also rcceives data on the
flow of visitors from individual pavilions, 50 closed-circuit
TV cameras, 100 guard boxes with dial cards for auto-
matic reporting, all entrances and exits, and the moving
sidewalks. Visitors may check on crowd conditions by
looking at the clectronic information maps at 18 sites
around Expo. These show movement of visitors to each
pavilion: Two white lights indicates that the wait is 20
minutes or less: white and red means a longer wait; two
reds—bring your funch.

Lost children and scparated families are a big problem
at world’s fairs, and Expo handles it electronically, of
course. Parents are asked to obtain children’s tags at cn-
trances; cach tag bears a serial number and is pinned to the
child, while the parent keeps a duplicate. Tf the child dis-
appears, the parent proceeds to the ncarest information
booth, gives the serial number, which is fed to the com-
puter and compared with numbers of strayed children
found at various fair sites. Lost children are identified (and
reassured) via video telephone.

Electronic newspapers are available at Expo. “Home
facsimile” editions of Yomiuri Shimbun and its English-
language sister The Duaily Yomiuri are received from
downtown Osaka and transmitted to the Livelihood and
Industry Pavilion by a combination of telephone circuits,

4

microwave and laser beam and printed out by fiber-optic
cathode ray tubes at 80 seconds per tabloid-size page. An-
other newspaper chain, Mainichi, is demonstrating home
facsimile printing simultaneously with color TV reception,
the fax information transmitted during the vertical blank-
ing period.

Much of the ¢lectronics at Expo is just for fun. At the
spectacular Hitachi pavilion, lucky Expogoers become air-
line pilots. Seated in a cockpit with aircraft controls, but
with a closed-circuit color TV screen in place of a wind-
shield, the “pilot” actually controls take-ofl and landing.
The controls are geared to servo-controlled closed-circuit
cameras focused on a large model of an airport and very
real simulation is obtained. Upon “landing.” if the pilot
misses the airstrip, the TV screen turns red and crashing
noises are heard.

Hitachiis also showing a laser color TV projection
system with a 9 x 12-ft picture. Using the NTSC system,
the projector has a beam-deflecting system consisting of a
horizontal scanner with 16 mirror facets rotating at 60,000
rpm and a vertical scanner with 24 facets rotating at 150
rpm.

‘Computopia’ fun and games

The Furakawa Group exhibit, in a seven-storied pa-
goda. contains an e¢lectronics hall called “Computopia,”
which is full of computerized fun and games. In one game,
a robot cranc may be commanded by voice to “put the No.
I ball in the red cylinder” or any other of a large com-
hination of tasks. The robot will obey unless the demand is
impossible—in which case it will talk back, in perfect Japa-
nese. In another display, a computer plays a sophisticated
form of tic-tac-toe with visitors. In still another, the visior
can play any series of notes on an clectronic organ, and a
computer then composes and plays five sclections based on
the notes—in waltz, blues, tango, samba, classic-style or
modern, at the option of the computer. Anoher Furukawa
device accepts written requests from female visitors on a
spectal form, then prints out dress designs especially suited
to their tastes.

An “clectronic fortune-teller” is featured at the Sumi-
tomo Group pavilion. An Expogoer sits in a chair in front
of a closed-circuit camera. A computer analyzes his face,
separating the image into 76,800 bits of information, and
detects major facial characteristics. Based on nine different
points (mouth, nose, jaw, ctc.), the computer classifies the
subject as one of 21 fundamental character types and plays
back an audio tape aralyzing his character on the basis of
his factal characteristics. At the same time, a computer-
made line drawing of the subject’s face appears on the TV
screcn and he is presented with a computer print-out draw-
ing of his face as a souvenir.

A corncr of Sanyo’s pavilion is devoted to the “family
information system” of the future, consisting of a color
TV set, video tape playback unit, 1émm movic projector,
electronic calculator, closed-circuit TV, fax newspaper
printer and sterco music center—all operated from a
simple keyboard.

This is just a small sampling. At Expo, clectronics is
not only the guiding force and regulator, it’s a major pre-
occupation, and it’s also for fun. More importantly, it sym-
bolizes Japan’s growing importance as a leader in the field
of electronics. R-E

Circle 3 on reader service card >
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YARIABLE BALANCE STEREO
HEAD PHONE

Unique "‘Sound Levél™ control on
wach earpiece permits adjustment
#¥requency range: 20 to 20,000 +
ops. 614" cord with sterec pivg
4{mpedance 4 to 15 ohms.

<at. No. Q4-132 $17.95 Net

JDIO ADAPTORS
" Audio Adaptcr has a phono pin
ck on one end and dual phono

n plugs on the other.
=t. No. Q4-288 5.99 Net

CALECTR

HOBBYIST'S SOLDERING AND
TOOL KIT

Diagonals, long nose pliers, solder-
ing iron and solder, solder aid tool,
heat-sink, and screwdriver. An ideal
gift item.

Cat. No. H3-378 $7.95 Net.

T

TWO STATION WIRELESS
INTERCOM

Just plug into any electrical outlet.
Completely portable. Expand sys-
tem anytime with additional units.
Two unit system complete in dis-
play pack.

Cat. No. N4-110 $34.95 Net

TAPE RECORDER MICROPHONE

Qutstanding performance on music
and speech for the price. Low im-
pedance matches fate model solid
state recordess. Ramovable desk
stand 414" cord with dual plugs
that fit most models. Freq. Re-
sponse; 100-8k Hz Output: — 77
dB. Impedance: 200 ohms

Cat. No. Q4-146 $4.35 Net

MINIATURE LAMPS

Type PR2 + 2.5 volt « 0.50 amp *
Cat. No. E2-430 + Pkg. of 2 $.29 Net
Type PR3 « 3.5 volt « 0.50 amp
Cat. No. E2-431 - P«g. of 2 $.29 Net

STANDARD 1000 VOLT CAPACITOR
High quality, ompact and reliable.

RESISTORS

Attractively packaged 2 per pack,
showing valuzs, color codes and
formr las.

G-C ELECTRONICS

A DIVISION OF
HYDROMETALS, INC.

400 SO, WYMAN ST. ROCKFORD. ILLINOIS 61.01

EXPERIMENTER'S CIRCUIT
BOARD KIT

Contains a 334" x 4" perforated
board, 15 terminals (No. J4-636)
and 4 mounting feet w/screws.
Build small circuits, hobby and
science projects, etc.

€at. No. J4-660 $.98 Net

THE *6C CALECTRO HOBBYIST
HANDBOOK"

The “GC Calectro Hobbyist Hand-
book” is available at your nearest
Calectro Electronic Supermarket.
One is located nea- you. WRITE
TODAY and we'll rush you the name
and address of your nearest Calec-
tro Supermarket.

Qu?
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(Continued from page 2)

New&Timely

LASER GENERATOR

CUTS MASK TIME

MuRrray  Hitr, N.J.—
Complex circuit masks for
IC's can be drawn in minutes
instead of hours using a new
laser pattern generator devel-
oped at Bell Lubs.

Intricate masks 1hat for-
merly required 12 hours of
machine time c¢an now be
min-
has a

completed in about |2
generator

utes. The

moving table to hold an X
10-inch  photographic plate,
an argon laser, modulators
and lenses to control the laser
beams. A 10-sided mirror
(upper left in photo) rotates
on air bearings to reflect the
beam along 32,000 scan lines,
each with 26,000 positions.

CORRECTION
A typographical error in last
month’s New & Timely altered
the meaning of the last sen-
tence in the ""Scheiber 4-Chan-
nel Process’ item (page 2). It
should have read: . . . gain-
riding function. . . .” [

TESTS MAY AID COLOR TV UNIFORMITY

NEW York—On-air tests
of wvertical interval reference
(VIR) signals to achieve bet-
ter color uniformity on home

color TV sets are planned
here this summer.
VIR signals would give

stations o constant color ref-
crence to insure outgoing sig-

nals have the proper chromi-

The VIR signal contains
chrominance. luminance and
black-level references. 1t will
be tested on line 20. during
the vertical interval just be-
fore picture information
starts.

An Electronic  Industries
Association committee is also
studying the advisability of

nance-to-luminance ratio and  tightening tolerances on sync
that the color burst repre- and burst timing specifica-
sents @ proper reference for  tions, and updating specifica-
the phase and amplitude of tions on gamma. primaries

the chrominance signal. and reference white.

light from the screen to pass
through and darken the fuce-
plute as the scanning beam
excites the phosphor screen.

To “read”

GLASS STORAGE TUBE

Cor~NiNG, N.Y.—Using a
new device in the computer

field. a photochromic glass o : the "l'sr’]“:‘f
storage tube. Corning Glass high-intensity green light is

Works is building an inter- focused on the faceplate. The
active computer terminal sys-
tem and plotter.

Like film. photochromic
glass contains silver halides.
The glass. however, does not
remain dark afrer exposure
to light; it lightens slowly in
darkness uand rapidly under
infrared illumination. Infor-
mation to be displaved is
stored in a 5-inch, phosphor-
screen CRT mounted directly
behind a faceplate of fiber
optic  material with photo-
chromic cores. A dichroic mir-
ror between the screen and
faceplate permits ultraviolet

light passes through the fiber
optics, is reflected from the
mirror back through the face-
plate und focused by unother
lens on the projection screen.

Wider and sharper: The new look
in some 1971 color TV models to
be introduced this summer will

be a 25-inch diagonal picture
tube. The tubes have a 3:4 as-
pect ratio (compared to the

present 4:5), matching the true
shape of broadcast pictures. The
new 25V’s have 315 square
inches of viewable area. The
23V’'s (middle) have 295 square
inches. Philco-Ford, who is mak-
ing the 25V size, say a new
electron gun makes their pictures
21% sharper. On top is the 21-
inch round CRT mask.

(N & T continued on page 12)

NEXT MONTH

e Take a close look at
the latest portable vir cir-
cuits.

e Build a 12-or 24-hour
digital clock with a built-in
alarm.

® Build a universal al-
kaline battery charger.
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Want to
tie up the
service
market?

Start with the Channel [Master
Opti-Vue Calor CRT with the three
year waranty, cre TV set that
needs a picture tube, axd one
customer.

= ()7
B

G JONIPL

1 %
. ()
\ %
AEEA
M-

Tell you- customzr how Opti-Vue
guarantees the finest colcr he's
ever seen r a full three v2ars---
not just one or twa. And how, just
in case somezhingshould gc wrong,
he gets a Iree replacemert. So it
may cost a little more, out it's
worth it. And the price is right,
too!

N

\ \l
‘0@

Now, ycu'v2 secured the dart of
the set he’s most worriec about
he's su-e tc call you whan any
other part “a'ls. You've tied up al
his service business for a full
three years oy taking care of his
knottiest problem, and, not unim-
portantly, syour customer’s very
happy wita his new color vision!

009

I

o

J = ‘ S So go eheac and tie one on witn

| OPTI-VUE

The line with 3 year warranty?

CHANNEL MASTER

Div. of Avret, inc., Ellenvillz, M.Y. 12428

)
y
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EXPERIENGE
5 STILL YOUR

BEST TEACHER

" NRI designed-for-learning
training equipment gives you
priceless confidence be-
cause your hands are trained
E £ 2 as well as your head.

I.earnmg Electromcs at home the NRI way is fast

and fascinating. Read opposite page.

OLDEST AND LARGEST
SCHOOL OF ITS KIND
Accredited by the Accrediting Commission of the National Home Study Council

RADIO-ELECTRONICS
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You get more for your money
from NRI—more value, more solid experience

so essential to careers in Electronics. NRI's pioneering
“discovery’” method is the result of more than half a
century of simplifying, organizing, dramatizing subject
matter. In each of NRI's major courses you learn by
doing. You demonstrate theory you read in ‘“‘bite-size"”
fessional lab equipment. Electronics comes alive in a
unique, fascinatingway. You'll take pleasure in evidence
you can feel and touch of increasing skills in Electronics,
as you introduce defects into circuits you build, per-
form experiments, discover the ‘“‘why'" of circuitry and
equipment operation.

Almost without realizing it, the NRI discovery method
gives you the professional's most valuable tooi—prac-
tical experience. You learn maintenance, installation,
construction and trouble-shooting of Electronic circuits
of any description. Whether your chosen field is Indus-
trial Electronics, Communications or TV-Radio Servicing,
NRi prepares you quickly to be employable in this
booming field or to earn extra money in your spare
time or have your own full-time business. And you
start out with training equivalentto months—even years
—of on-the-job training.

NRI Has Trained More Men for
Electronics Than Any Other
SChOOI—By actual count, the number of individ-

uals who have enrolled for Electronics with NRI could
easily populate a city the size of New Orleans or Indiana-
polis. Over three-quarters of a million have enrolled with
NRI since 1914. How well NRI training has proved its
value is evident from the thousands of letters we re-
ceive from graduates. Letters like those excerpted
below. Take the first step to a rewarding new career
today. Mail the postage-free card. No obligation. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D.C. 20016.

. @ L.V.Lynch, Louis- A G. L. Roberts,
ville, Ky., was a Champaign, Ill.,
factory worker is Senior Tech-
with American nician at the U.

Tobacco Co., of Illinois Coor-
now he's an Elec- dinated Science

tronics Technician with the
same firm. 'l don't see how
the NRI way of teaching could
be improved.”

Don House,
Lubbock, Tex.,
went into his
own Servicing
business six
months after
completing NRI training. This
former clothes salesman just
bought a new house and re-
ports, ‘'l look forward to mak-
ing twice as much money as |
would have in my former
work."

Laboratory. In two years he
received five pay raises. Says
Roberts, ‘| attribute my pres-
ent position to NRI training.””

Ronald L. Ritter
of Eatontown,
N.J., received a
promotion be-
| fore finishing the
NR! Communica-
tion course, scoring one of the
highest grades in Army pro-
ficiency tests. He works with
the U.S. Army Electronics Lab,
Ft. Monmouth, N.J. “Through
NRI, | know | can handle a job
of responsibility.””

APPROVED UNDER NEW GI BILL. If you served since January 31,
1955, or are in service, check Gl line on postage-free card.

JuLy 1970
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COLOR TV CIRCUITRY COMES ALIVE

asyou build, stage-by-stage, the only custom Color-TV engineered
for training. You grasp a professional understanding of all color
circuits through logical demonstrations never before presented.
The TV-Radio Servicing course includes your choice of black and
white or color training equipment.

COMMUNICATIONS EXPERIENCE

comparable to many months on the job is yours as you buiid and
use a VTVM with solid-state power supply, perfcrm experiments
on transmission line and antenna systems and build and wcrk
with an operating, phone-cw, 30-watt transmitter suitabte for
use on the 80-meter amateur band. Again, no other home-study
school offers this equipment. You pass your FCC exams—or get
your money back.

tors, s

WWW.americanradid
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It’s yours

‘REE

mwce 1931

EVERYTHING IN RADIO-TV.
AND ELECTRONICS

GIANT 260 PAGE

1971
RADIO-TV
ELECTRONICS
CATALOG
YOUR BUYING GUIDE FOR EVERYTHING IN ELECTRONICS!
RESERVE YOUR COPY NOW FOR DELIVERY IN LA usT

New & Timely

{Continued from page 6)

RADIO CALL BOXES
SUMMON HELP FAST

BosTON—A new line of
radio call boxes that can
summon firemen, police, am-
bulance or road service with
a 300-msec, coded AM signal
in the 72-76-MHz range has
been introduced.

The battery-operated sys-
tem sends a daily test signal,
reports on battery condition
and will transmit a tam-
per/knockdown signal to a
communications center con-
sole.

o — - ‘
Q ‘C'_' 4?

Optional plug-in modules
permit one- or two-way voice
communication. Gamewell, a
Gulf & Western Systems Co.,
makes the emergency call
boxes.

NEA SAFETY GROUP
DESCRIBES TV FIRES

InDiANAPOLIS—Based on
reports from independent ser-
vice dealers, a National Elec-
tronic  Association product
safety committee recently re-
leased some estimates on TV
fires.

Of some 4,000 TV fail-
ures annually that produce
evidence of combustion, 800
actually ignite the cabinet,
back cover or sizable com-
ponent. The NEA survey
found that no one brand was
substantially more fire prone.

The on-off switch area
caused 38% of the com-
bustion, the flyback area

38%, the power supply 13%
and miscellaneous parts and
areas 16%.

Do-it-yourself repairs and
failure to recognize warning
signals were cited as prime
causes of fires. Obvious mal-
function clues listed were:
snapping and popping,
shrinking  picture size, a
weave in the picture and/or
hum in sound, need to reset
circuit breaker and using a
set with a touchy on-off
switch. NEA estimates half of
the annual 8,000 TV fires are
due to unqualified repair at-
tempts (bypassing fuses and
switches, adjusting high volt-
age wrong, using wrong value
parts).

Local residents sample the ser-
vices of an advanced, all-elec-
tronic telephone switching system
being installed at Walt Disney
World near Orlando, Florida.
Equipped for abbreviated dialing,
the system automatically com-
pletes a call after two or three
digits are dialed. A “call back”
feature notifies a caller when a
busy phone becomes free. Resi-
dents of the 27,000-acre devel-
opment will be able to “pro-
gram’”  their telephones (by
dialing two digits and another
number) to have calls follow
them when they visit a neighbor.
The system is made by Stromberg-
Carlson, a General Dynamics sub-
sidiary.

snradiohistorv com

A new electronic simulator de-
signed to rapidly train technicians

for TV repair has been devel-
oped. The teaching device com-
pels the student to follow a logi-
cal sequence of steps to analyze
a probelm, then solve it. A visual
display section, which can show
four slides simultaneously,
presents a problem. The panel
then shows which parts of a set
could be used to diagnose the
difficulty, and requires a specific
series of buttons to be pressed.
The device is being marketed by

Educational Computer Corp.
{N & T continued on page 14)

Circle 7 on reader service card >
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““We have never tested a recorder at this price level that
could match the 1200U. Its only real competition would
seem to come from the $500-and-up class of recorders.’’

— STEREO REVIEW, 1959

When it comes to performance, our A-1200U is the only professional-quality machine
on the market for less than $300. And we wouldn’t con you pros.

True, this deck isn’t set up with professional rack mountings, studio output lines or
N.A.B. reels —it’s designed for home use. But it’s right at home with a lot of pros we know.
And some of them insist on taking it to work in professional broadeast operation, too.

Why not? This model meets most of the accepted broadcast standards. If you
heard one on the air, you'd never know the difference between the
1200 and a pro deck with all those fancy fittings.

It’s our kind of craftsmanship, yvour kind of cost.
Plenty of unique features, too, including
everything it takes to make a TEAC.

So play it by ear. You'll like what yo1
hear. And hearing is believing.

TEAC

TEAC Corporation of America
2000 Colorado Avenue
Santa Monica, California 90404

A-1200U

* Triple-motored drive system

¢ 3 precision heads for instant
ofl-the-tape monitoring

* ADD recording for built-in sound-
on-sound

* Mike-line mixing

* 4 independent preamplifiers

e Automatic tape lifter

» All-pushbutton controls ;

* Stereo echo for special sound effects

www americanradiohistorv com
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WEW COAX

MATCHING 4 4

TRANSFORMER

For UHF/VHF
Color/B&W TV

One UHF or VHF Matching
Transformer for either indoor
or outdoor use. Mosley’s new
MTR-37A provides a perfect

match of 300 ohm antenna or
receiver to 75 ohm coax.

Solderless connections

for easy installation
on antenna or TV
set terminals.

L ht ™

)

57
Efi'}«
‘Eﬂ@ Write Dept. 160A for FREE detailed brochure.

Ms/ey Elitronta

Circle § on reader service Lard

4610 N. Lindbergh Blvd.,

Bndgeton Missouri 63042

Accuracy like a VTVM...
Convenience like a VOM...

NEW BATTERY-OPERATED FET
SDUD_ETME VOLT-OHMMETER #1168

sy-to-build KIT

52955*11%

Factary-Wired & Tested

539 15w

Now you can get all the benefits of a
VTVM (laboratory accuracy, stability and
wide range) but with its drawbacks gone:
no plugging into an AC outlet, no waiting
for warm-up, no bulkiness. New Field
Effect Transistor (FET) design makes
possible low loading, instant-on battery-
operation and small size. Excellent for
both bench and field work.

Campare these valuable features:

= High impedance low loading: 11 meg-
ohms input on DC, 1 megohm on AC e
500-times more sensitive than a standard
20,000 ohms-per-volt VOM e Wide-range
versatility: 4 P-P AC voltage ranges: 0-3.3,
33, 330, 1200V; 4 RMS AC voltage ranges:

i

1

1

]

]

i
0-1.2, 12,120, 1200V; 4 DC voltage ranges: 1 Vame
0-1.2,12,120,1200V; 4 Resistance ranges: :
0-1K, 0-100K, 0-10 meg., 0-1000 meg.; ; Address
4DB ranges: —24 to +-560B. : X
Sensitive easy-to-read 42" 200 micro- § C'LY —
amp meter. Zero center position avail- : 7i
able. Comprises FET transistor, 4 siticon | State P

transistors, 2 diodes. Meter and tran-
sistors protected against burnout. Etched
panel for durability. High-impact bake-
lite case with handle useable as instru-
ment stand. Kit has simplified step-by-
step assembly instructions. Both kit and
factory-wired versions shipped complete
with batteries and test leads. 5¥4"H x
63%4''W x 278''D. 3 Ibs,

14

end FREE catalog of complete EMC line
nd name of nearest distributor.

[T

Enpirl: Par-Mai Caip.

RE-7

ELECTROMIC MEASUREMEMNTS CORP.
625 Broadway, New York, HLY. 10012

TR0 B way. W0 K.Y 10001

New &Timely

(Continued from page 12)

SERVICEAMERICA

(Continued from page 2)
possible. (The RCA Service
Company will continue to op-
erate as a separate company,
even though it will compete
with ServiceAmerica.)

The first offices in Phila-
delphia, will start operations
with 20 trucks, one tech-
nician to a truck for field
work, 5-10 shop bench men,
and about [0-15 support per-
sonnel. All technicians will be
union members (IBEW Jo-
cal), and pay scales will vary
according to local conditions.
Pay range is expected to begin
at a low of $94.50 for a grade
1 technician. and go up to
$158 for a journeyman, $168
for a master tech and $178 for
a chief tech. (There will be no
more than 1 chief tech to a
branch office.)

Other technicians needed

for the new company’s oper-
ations will be recruited largely
from non-service-technician
sources. They will come from
technical schools and other
electronic training schools,
and will be required to have
a basic knowledge of elec-
tronics.

After hiring,
pective technician will un-
dergo a four-week training
course at a ServiceAmerica
Training Center. There will
be six training centers—Ilo-
cated in Philadelphia, New
York, Los Angeles. Chi-
cago, Detroit and Miami.
This course is followed by
one week of on-the-job train-
ing at the branch where the
technician will work. During
the following 6 months, the
new technician will spend 1
day a week with a journey-
man technician to check and
improve his skills.

each pros-

METER SPOTS X-RAYS
CLEVELAND—A new me-
ter designed to detect radi-
ation emitted from color TV
sets has been introduced by
Victoreen Instrument Divi-
sion. The meter, model 499,

both
gamma radiation,
$79.50. Its range is from 0 to
1,000 counts per minute. The

X-ray and
selling for

detects

built-in detector is a Victo-
reen Geiger-Mueller counter
tube.

LONG-PLAY CASSETTE
NEew York—Continuous-
loop cassettes, which have ca-

pabilities similar to eight-
track cartridges (plus a
recording capability), are

being introduced by TDK.
The company, for the mo-
ment, is marketing the cas-
settes for educational and in-
dustrial applications instead
of consumer use.

www americanradiohistorv com

To prevent rewind, a de-
vice is used in the left-hand
hole. Maximum playing time
is 2 hours after players have
been modified. This would
give a I-hour playing time
for new 4-channel cassette
recordings if they are put on
the market.

UNDERWATER CAMERA
USES ‘SPACE’ TUBE

PiTTssURGH — Technology
used to produce low-light TV
cameras for the Apollo pro-
gram is being applied to un-
derwater TV cameras by
Westinghouse. The SEC im-
age tubes respond rapidly to

A pe
1WA i 1
L B i
- osee ‘Alll.l G |
scenes without smear. The

small monitor (left) is sealed
to prevent camera tube deg-
radation in a high-pressure
helium atmosphere. R-E

RADIO-ELECTRONICS
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don’t miss this opportunity

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

JULY 1970

L

Circle 9 on reader service card

If You Have What It Takes
to Qualify for Training in Electronics
We'll Not Only Train You...

We'll Help You Finance
Training and Help Place You
In the Job You Want!

S

o

£

UNIT;

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

The demand for trained Electronics Specialists and
Draftsmen is increasing every year! These are well-
paid, prestige positions with practically unlimited
opportunities for advancement. In 12 months or less,
United Technical Institute can prepare you to take
your place in this dynamic, expanding field. You can
study right at home, in your spare time and at your
own pace — or attend a UTI resident school near you,

Because UTI is an eligible institution under the
Federally Insured Student Loan Program, you may
attend the Institute on a government-guaranteed
educational loan. And after you finish your training,
we can help you find your first position!

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

«, United Technical Institut

g division of Career Academy

125 W, Wells St. Milwaukee, Wis. 53203

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

Dept. 07N215202

el

Name Age
(Please print)

Address

City State _______ Zip

Phone

am interested in: [J Classraom Study ] Home Study

O Facts on GI Bill

www americanradiohistorv com

15


www.americanradiohistory.com

NOW —
CHECK

TRANSISTORS
IN OR_OUT OF CIRCUIT ...

Flick function
switch to left
to check all
regular tran-
sistors.

Flick function
switch to right
to check any
FET.

G
BiCRowuge

2™

Hlthoaupg
Millimpg

... plus T
the new & _
FIELD EFFECT - L

-

TRANSISTORS

Sy
ARGE 6" M
too! e

PR

You won't be stopped when you run into the new FETs that are wired
into the latest hi-fi, newest TV receivers and nearly every other new device
coming on the market. For the very first time, you can check them all,
in or out of circuit. The TF151 works every time using tried and proven
signal injection techniques. New, improved tests on special RF transistors
and the latest high power transistors, mean that the TF151 is the only
up-to-date transistor tester on the market. A new, exclusive setup book
in rear compartment guides you to every test for over 12,000 transistors
and FETs. The book is not needed for general service troubleshooting.
Regular transistors are checked for beta gain and !cbo leakage. FETs
are checked for transconductance and Igss leakage. only $1295g

NEW SENCORE TF17 compact in and out of circuit
transistor FET tester. Same as TF151 except in new
Sencore Handi case and with 4-1/2" meter. . .$109.50

PENSoae |
ot e,

S ENCORE

NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT
426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101
Circle 10 on reader service card
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orrespondence
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PENN!IAC WITH FORTRAN

I am enclosing a listing of my
computer program, in FORTRAN,
which uses the penny matching algo-
rithms described in your Penniac article
in the last issue (April) of R-E.

Any of your readers who has ac-
cess to a time-shared computer with a
FORTRAN compiler can try it out. It
is easier than putting 66 1C’s together

The function RND in statement
#50 returns a random number be-
tween 0 and 199999, the remainder of
the program is written in a time-
sharing version of FORTRAN.

C.R. LEwarT

Holmdel, N. J.
Computer program for matching
pennies:

DIMENSION M(8)

DATA L1 /"T"/

DO 10 I-=1,8
19 M(I)=90

NGAME=0)

NWIN=0O
5 NGAME=NGAME+1

IF(NGAME.LE.2)G0 TO 50

NX=(NPL1*NPL2+1)/2

NJ=NW2*4+NX*2+NW1l+1

IF(M(NJ).EQ.9) GO TO 50

NPLAY=NPL1*M(NJ)

GO TO 51
5¢% NPLAY=INT(RND(@)*2.)

&*2-1
51 PRINT,"YOUR MOVE HOR T"

INPUT 1,L
1 FORMAT (AY)

MANPL=1

IF(L.EQ.L1)MANPL= —1
NWIN=NWIN—NPLAY*MANPL
IF(2—-NGAME)57,55,58

57 IF(M(NJ).EQ.®) GO TO 56
IF(NPLAY.EQ.MANPL) GO
TO 55
M(NJ)=0
GO TO 55

56 M(NJ)=NPL1*MANPL

55 NPLZ2=NPL1

NW2-=NW1
58 NPL1—=MANPL

NW1l= (NPLAY*MANPL+1)/2

IF(NPLAY.EQ.MANPL)GO
&TO 61
60 PRINT, "COMPUTER PRE

DICTED INCORRECTLY"
GO TO 62
61 PRINT, "COMPUTER PRE

(continued on page 22)

RADIO-ELECTRONICS
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RESTORES
AVILY ENCRUSTE
TV TUNERS

B PR RN

he
heavy du
ner Spray
Wit
I
S

This tuner comtact

It looks clean, but

reveal minute areas
corrosion and dirt.

[ &

FOR (
PROFESSIONA NLs 4
TECHNICIA

ADNCH* R
SiEAvy puTy TUNE(N

SEE THE DIFFERENCE )

been sprayz=d ¥ith an
ordinary tuner cleaner.

close examina ion would

FEELTHE DIFFERENCE

»
&

This tuner contact has been
sprayed with new
TUN-O-BRITE

with its built-in brighteners.
It is not only clean,

it has been polished shiny.
There is absolutely no dirt
or corrosion left to spread.
What's more, the contact is
protected by a film of
ultra-long-lasting lubricant.

has

with

The extra heavy duty lubricant
used in TUN-O-BRITE makes
¢ any tuner slide from channel

4 to channel smoothly,

Your customer will feel the
difference immediately.

When he sees bright, clear
pictures on every channel and
feels how smoothly the channels
change, he’ll know you’ve done
something almost miraculous

oD ™

SAVE *478

WHEN YOU
BUY THIS

PERSREE
RS

AVAILABLE FROM YOUR
CHEMTRONICS DISTRIBUTOR

Circle 11 ¢n reader service card
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N 1 DRAY wiTH BUILT to his tuner.
Oluisning ACTIC 4
J [] e
tfs To CONTA
MiNaTES CALL
-rLA L)
BT.8 8oz $2.39 e %
BT-16 16 oz. $3.49

iy At

LT

The heav

: ilt-in : jITU
P spray with BB, l: [¥g
6" ACK! POLISHING ACTION_J}: |*C
' @Exa’.m"h

! 1260 RALPH AVENUE:
¢ BROOKLYN, N. Y. 11236

Sy

y duty tuner
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‘Get more

or N

get out of
electronics

.that's my advice.”

18

IN-DEPTH
COVERAGE OF
S0LID STATE
ELECTRONICS
..including

integrated circuits!

RADIOC-ELECTRONICS

www americanradiohistorv com
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JuLy

1970

Ask any man who really knows the electronics industry.

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

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

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

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

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE
book gives complete information. Mail postpaid
card for your copy. If card is detached, use coupon
below or write: CREI, Dept. 1407A, 3224 Slxteenth
Street, N.W. Washmgton D.C. 20010.

Founded 1927

CRET

Accradiied Member of the Netionel Home Study Countii

Pru e e e e e e — S — S A e S e T — -
| CREI, Home Study Division :
I McGraw-Hill Book Company |
| Dept. 1407A, 3224 Sixteenth Street, N.W. I
|  washington, D.C. 20010 :
| Please mail me FREE book describir)g CREI Programs. |
| am employed in electronics and have a high school education. :
I
[ NAME — AGE. |
: ADDRESS :
] oy STATE ZIP CODE |
I
: EMPLOYED BY__ = |
|  TYPE OF PRESENT WORK. oerBitL |
| | am interested in |
| O Electronic Engineering Technology O Computers |
| O Space Electronics O Nuclear Engineering Technology |
| O Industrial Automationd NEW! Electronics Systems EngineeringJ'
g m. e m mn el N m s g ey ey ey e

APPROVED FOR TRAINING UNDER NEW G.l. BILL

www americanradiohistorv.com
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Who Needs a
Tuner Wash?

QUIETROLE
Mark Il Spray Pack

The product that cleans and
lubricates better than any
product you can buy and has
been used for more years than
any product of its kind.

The Choice of “'Better
Servicemen” Everywhere

manufactured by

 QUIETROLE ...

Spartanburg, South Carolina

Circle 12 on reader service card

AL,

SERIES
g ALUMINUM
g TOWERS

for
uhf - vhf

Iqeal for mounting indus-
trial, commercial, citizens
band, amateur, or televi-
sion receiving antennas.
Exceptional strength in
proportion to weight quali-
ties. Easy access to equip-
ment mounted on the
Mlcroflect top mast exten-
sion. Other features are:
* 10 to 120 feet high in easy
to erect 10 foot sections.
* Available factory assembled
or.in kit form.
¢ Lightweight, all aluminum,

10 foot sections weigh only
121 Ibs.

¢ Low maintenance, will never
rust or require painting.

* Staggered ladder treads for
easy climbing.

¢ Can be used for direct radi-
ator at HF.

* Wide variety of mounting
brackets and accessories
available.

DISTRIBUTOR INQUIRIES
INVITED

MICROFLECT

3575 25TH STREET
SALEM, CREGON 87302
AC 503-363-9267 TwX 510-539-0107

Circle 13 on reader service card

Don't shoot till you see
the tenths of a voit.

The sure way to troubleshoot
solid state TV is with a scope
that measures DC.

Take Leader’s five-inch
LBO-53B:

It gives you adrift-free DC
input, so you can see those
tenths of a volt. It gives you a
bandwidth to 10 MHz. And it
gives you a sensitivity of
10 mv/cm or better.

have a Leader LBO-53B for
just $229, about half the price
of any other scope with the
same capabilities.

Since the proof is in the
seeing, we direct you to your
Leader distributor. Ask to see
our color bar generators too;
you haven't seen the finest
until you've seen Leader's.,

Seeing is believing.

Now for the shocker. You can

Leader Instruments Corp.
37-27 271h Stireet, Long Island City, N. Y. 11101, (212) 729-7411
Circle 14 on reader service card
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CORRESPONDENCE
(continued from page 16)

DICTED CORRECTLY"
62 PRINT, "TOTAL NUMBER OF
WINS =" ,NWIN

PRINT," "
GO TO 5
STOP

END

A typical printout would look like this:
YOUR MOVE H OR T®?H

COMPUTER PREDICTED
INCORRECTLY

TOTAL NUMBER OF
WINS = X

YOUR MOVE H OR T?H

COMPUTER PREDICTED
CORRECTLY

TOTAL NUMBER OF
WINS = O
etce.

We appreciate Mr. Lewart’s inter-
est and FORTRAN program. Perhaps,
as he suggests, those with aq line to a
computer will want to try it. Let us
know who wins the pennies.

NOTE TO JACK DARR

As a faithful reader of R-E for
many years, I have always read your
service column with the utmost inter-
est. Even though we here in Europe
do not have the same makes of elec-
tronic gadgets, it is recally surprising
how well your service information can
be applied to many of the service
problems we face here in everyday ser-
vice. The reason for this, I believe, is
the fact that basic circuits are used no
matter who is the maker or where it is
made.

It seems to me that you have al-
ways advocated that a service man in
the electronic field should be open to
any type of electronic unit that is not
functioning properly.

In a small town you get all types
of electronic units to work on. It
would, of course, somectimes be far
casier to specialize in certain types of
home entertainment equipment but it
is much more rewarding to be able to
restore many different types of gadgets
to their original specified standards.
When it comes to what to take on or
not to take on, I have always been in-
spired by your way of reasoning—that
with solid knowledge and proper test
equipment, no service problems
should be turned away. R-E

IVAN ANDERSON
Lagans Radio och TV-service
Lagan, Sweden

RADIO-ELECTRONICS
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PRO'S GUIDE

10

Whether you use microphones for tape recording or public address,
follow these rules to get top performance from them

ATIYONE WHO HAS EVER TAPE-RECORDED A
friend’s voice has heard the classic com-
ment. “But that doesnt sound like me
at all’” We might expla n that bone con-
duction does distort th: sound of your
own voice. so you caa never hear it
drectly the way it sounds to other
people. The same thing holds true in a
PA system.

After all, microphones—Ilike cam-
eras—don’t lie. Or do they? Before you
answer too promptly, read on. The kind
of microphone you use, and the way
you use it, has a great deal to do with
how you will sound.

This article describes 10 “com-
mandments” to help you make the best
possible usc of your equipment. Most of
the suggestions are useful in public ad-
dress work as well as recording.

Rule 1: Use the best microphone
You can get.

Public address systems are chains of
components—microphones, preamplifiers,
power amplifiers and speakers. Every
chain has its weakest link. In audio
equipment, these weak links arc the
transducers  that translate mechanical

energy inio electrical signals, or \ice
versa. A modern audio system is limited,
not by its amplifiers, but by its micro-
phones an'{ loudspeakers.

Perhaps you already have a micro-
phone tha'’s “good enough.” But the olds
are against you. As a rule of thumb, a
microphone suitable for serious record-
ing will cost you at least $40, and very
likely more. Like any other precision in-
strument, excellent microphones are ex-
pensive. You should shop for a micro-
phone even more carefully than you
shop for a turntable or an amplifier.

What kind of microphone should

you buy? Nobody but the telephane
company uses carbon microphones
nowadays. Crystal microphones have

limited frequency response. Ceramic mi-
crophones have wider and smoother fre-
quency response, but their high imped-
ance makes them susceptible to hum and
interference. Condenser microphones,
though excellent, are quite expensive
and require high bias voltages.

A good ribbon microphone gives a
natural quality that is hard to match,
but is also ecxpensive. relatively heavy

www americanradiohistorv com

steps

to hest
mike use

and limited to use indoors where there
are no drafts. That leaves dynamic mi-
crophones—comparatively light, rugged
and inexpensive.

Your microphone should have a
wide frequency range. Its response
should be flat within a couple of deci-
bels down to at least 100 Hz and up to
at least 10,000 Hz. The response curve
should be flat, without mountains and
valleys. The final test here is your own
ear. Satisfy yourself that a familiar voice
“sounds right.”

Your micrephone should have an
output level high enough to drive your
public address amplifier. It's true that
you can compensate for low output by
turning the volume coatrol all the way
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up, but only at the expense of degrading
signal-to-noise ratio.

Choose a microphone with low-im-
pedance output. Practically all low-im-
pedance microphones have a standard
impedance of 150-250 ohms, which will
directly match most transistor pre-
amplifiers. Tube preamps will require a
step-up input transformer.

Low-impedance lines pick up less
noise, hum and interference. If fluor-
escent lights or radio frequencices still

cause interference, you can use a bhal-
anced line, adding an input transformer
and grounding its center tap. And last
but not least, low impedances allow you
to use very long cables—up to hundreds
of feet—without losing high frequencies.

Rule 2: Choose the microphone
type that's best suited to the material you
plan 1o handle.

A microphone is a single ear rather
than a pair of cars. It registers only the

loudnesses of sounds. not where they
come from. Practically every micro-
phone  listens  selectively—it  favors

sounds coming from its sensitive side
(s). These variations in sensitivity make
up a microphone’s directional character-
istics. or polar pattern.

There are only a few basic direc-
tional patterns:

® Bidirectional—sensitive on  two
opposite sides. and almost totally in-
sensitive or ‘“dead” everywhere clse

(Fig. 1-a). This characteristic is associ-
ated with ribbon microphones. While it’s
handy for excluding noises and rever-

beration. ribbon microphones are be-
coming rare.
e Unidirectional—more sensitive

on one side than on the other side (Fig.
1-b). Some dynamic microphones are
unidirectional. They have less sensitive
sides. but there will still be some pickup,
from

especially with low frequencies,
the so-called dead side.
e Cardioid—a heart-shaped  pat-

tern, with sharpened sensitivity to pick
up sounds over a wide angle on one
side, while discriminating against sounds
from the other side (Fig. 1-c). This is a
specific unidirectional type.

o Supercardioid—similar to a car-
dioid. but with a narrower beam of sen-
sitivity (Fig. 1-¢). Supercardioid mikes
allow us to listen in one sensitive direc-
tion, while picking up a minimum of
surrounding sound.

0° 0°
27 o'@so' 270° 90°
o 180° b s0°

00
270° 90° 270°H,

d

c

180°

180°

Fig. 1-a—Bidirectional pattern. b—Uni-
directional pattern. c—Cardioid and su-
percardioid (dotted line). d—Omnidirec-
tional pattern at 5,000 Hz.
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Bidirectional model
300 mike (left) by
Shure. Above is
Shure’'s SM53, a uni-
directional mike. On
the right is an omni-
directional mike, the

Cutaway (left) shows
Electro-Voice RESO,
‘‘mike-within-a-
mike.”” Below is Elec-
tro-Voice’s model
676, a unidirectional
cardioid mike. .

RE55 by Electro-
Voice.
TROUBLE CAUSE REMEDY
No sound Defective cable or connector Substitute spare cable (keep

Microphone switch turned off

one on hand for trouble
shooting)

Turn switch on (if you don't
use it, short the switch so
it can't be turned off ac-
cidentally)

Low volume

Microphone too far from sound
source
Microphone aimed poorly

Impedance mismatch (low-im-
pedance microphone con-
nected to medium- or high-
impedance input)

Inadequate amplifier gain

Move microphone closer to
sound

Make sure microphone’s most
sensitive side is directly in
front of sound source, and
aimed directly at it

Find correct impedances from
data sheets, add input trans-
former between microphone
and input

Add preamplifier between mi-
crophone and input

Too much bass

Too much
treble

Speaker talking away from
microphone
Microphone not aimed properly

Speaker too close to direction-
al microphone

Microphone has uneven fre-
quency response, or speaker
talking into lavalier micro-
phone

Impedance mismatch (ampli-
fier impedance too low for
microphone)

Caution speaker to talk direct-
ly into microphone

Aim microphone’s most sensi-
tive side directly at speaker

Move microphone farther away
from speaker

Have speaker talk across mi-
crophone (not into it)

Check data sheets, make sure
microphone is connected to
proper load impedance

Popping (on p
and t sounds)

Speaker too close to micro-
phone

Move microphone farther away;
have speaker talk across
microphone; use wind screen
on microphone

Distortion Microphone too close to loud Move microphone farther away
sound (overloaded micro- (Volume controls usually
phone or preamplifier) follow preamp; if preamp is

overloaded, turning volume
control down will not reduce
distortion)

Sound peaks too loud Caution speakers and musi-
cians to turn somewhat
away from microphone dur-
ing very loud passages; use
compressor

Vibration Use microphone stand and
shock mount; put rugs or
padding underneath

Too much Microphone too far from sound Move microphone closer

reverb Microphone near reflective Move microphone away from
surface walls, etc.

Room too reverberant

Find room with more sound-

www americanradiohistorv com
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Unidirectional
with a supercardioid pat-
tern (Shure’s model 330).
Below is Electro-Voice's su-
percardioid
Shure 579 SB (bottom) is
unidirectional.

mike (left)

RE15. The

Shown in use as lavalier, Shure’s 5758
has an omnidirectional polar pattern.

room noises

Room actually too noisy

TROUBLE CAUSE REMEDY
absorbent surfaces (furni-
ture, rugs, acoustical tiles)
(try using clothes closet)

Too many Poor microphone placement Move microphone closer to

performer; position micro-
phone so noises are on dead
side; make sure live side
doesn’t face reflecting sur-
face

Try to find quieter location for
recording; turn off noises if
you can; record late at night

Noises: Hiss

Noises: Hum

Voiume control set too high

Magnetic fields

Poor grounding

Amplifier requires a larger in-
put signal; see “‘low volume"’

Move microphone away from
clocks, motors, power trans-
formers, etc.; reorient mi-
crophone to position that
minimizes hum; try reposi-
tioning cable

Check cable; make sure shield
is connected at both micro-
phone and amplifier

Noises: Buzz

Microphone picking up un-
wanted sounds

Higher harmonics of hum
Rf interference from appliance

Vibration

Move microphone nearer to
desired sound if possible;
control noise source

See “‘Hum”’

Locate offending appliance;
install filter or turn it off
Use shock mount or padding
under microphone stand

Noises: Crackle
(“*frying”’
noise)

Amplifier malfunction (seldom
caused by microphone)

Repair ampilifier: especially
check transistors or tubes
in first stage

Noises: Clicks,
clunks and
thuds

Mechanical shocks or vibration

Rf interference (from switches,
thermostats, etc., when ap-
pliances are turned on or
off)

Intermittent connection (vol-
ume varies)

Loose element in microphone

Avoid touching or handling mi-
crophone; use shock mount
or padding under stand

Balance microphone line (add
input transformerandground
center tap of primary}; in-
stall rf fiiter; unplug appli-
ance if possible; if using
transistor equipment with
ac adapter, try using bat-
teries

Check cable connectors for
weak or broken solder joints;
substitute a cable you know
is good

Shake microphone gently; if
you hear loud noises on
tape, microphone should
probably be returned to
manufacturer for repairs

Julry
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® Omnidirectional——equal sensitivity
to sounds on all sides, back or front, left
or right, above or below (Fig. 1-d). No
microphone fully satisfies this require-
ment at all frequencies. Nevertheless.
some are called omnidirectional because
they are more nearly omnidirectional
than unidirectional.

Which is best? If you made record
ings in a very quiet room with optimum
reverberation time, it wouldn’t make
much difference what kind of directional
pattern your microphone had. The om
nidirectional one would be easiest to
use.

But places we want to record in do
have noises; if the radiator isn't gurgl-
ing. the refrigerator clicks on or your
take-up reel squeaks. Many rooms have
so much reverberation that speakers and
singers sound like they’re at the bottom
of a deep rain barrel. A nondirectional
microphone would pick up all of these
unwanted sounds, giving you a very
cluttered. amateurish feeling.

Directional mikes are easy to use,
you simply focus them on the sound you
want to pick up. You want a micro-
phone as sensitive as possible on the live
side, and as insensitive as possible on the
nominally dead side.

If you will have a single person
talking or singing. the best choice is a
super cardioid microphone with a very
narrow sensitive lobe.

To record groups of people or mu-
sical instruments you must use either
more microphones with narrow sensi-
tivity or one microphone with a wider
pickup area.

In a two-microphone setup, the
second microphone should be at least
three times the distance from the sound
source as the first microphone. Another
way of putting this three-to-one ratio
rule is to say the output of the second
microphone should be at least 9 dB be-
low the first.

If you use a single microphone. bal-
ance sounds by the way you position
people and instruments around your mi-
crophone. Softer voices or quieter in-
struments should be closer, and directly
in front of the mike. Loud instruments
or voices should be farther away. and
perhaps on one side of the microphone.

Be sure the microphone has nearly
equal response at all angles (uniform
polar pattern) or the off-axis pickup will
be softer but “colored” as well.

Rule 3: Know your microphone.

Practically every quality micro-
phone comes equipped with a sheet of
technical data and instructions. The data
sheet usually shows a polar plot of its
directional response—where the live side
or pickup area is, how wide an angle it
spans, and how relatively insensitive the
dead sides are. This polar diagram is not
so complicated as it looks: study it thor-
oughly, and you will be able to position
your performers by visualizing the pickup
area.

Remember, however, that direc-
tional characteristics are measured in
anechoic chambers, so they will not be
contaminated by reflected sounds. Real-
life conditions are more complicated.

Suppose you place a highly direc-
tional supercardioid microphone so its
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live side faces a plastered wall. The
mike will ignore sounds coming from its
dead side, but the wall reflects these
sounds right into its most sensitive zone.

Place your microphone well away
from large, solid surfaces. It’s better to
place a microphone in the middle of the
room rather than on sides or in corners.
It also helps if you angle the most sensi-
tive axis so you minimize reflection into
the live side.

Rule . 4: Aim your microphone

To achieve good reproduced sound,
you must recognize that a sound’s fre-
quency has much to do with how it travels.
A low frequency—such as 100 Hz—be-
haves much like subsonic vibrations.
tending to radiate in all directions and
even to bend around corners. A high
frequency—say, 10,000 Hz—acts morc
nearly like a beam of light: it travels
mostly in a straight line, in a narrow
cone that diverges only gradually. The
low frequency components in the sound
of a trumpet diverge over a wide angle,
but the highs tend to keep going in a
straight line. The sound has greatest
“bite” or “‘presence”’—that is, most
highs—when your car or microphone is
directly in front of the trumpet’s bell. If
you want a softer. mellower sound,

move the microphone to one side, or be-
hind the trumpet player.

EV's RE15 mikes used on chk—Ca\}et
show.

A person’s speaking voice is direc-

tional, too. Low frequencies tend to
spread out, while higher frequencies
travel in narrowed beams. Although

low-frequency vowels are the most in-
tense components of speech, under-
standing what people say to you depends
mostly on hearing the weaker. higher-
frequency consonants. A person’s voice
will be most easily understandable if
you hear it from a point directly in
front of his mouth. Hence that is the
best microphone position.

Microphones give better frequency
response from some positions than they
do from others. exactly as loudspeakers
do. When we say a microphone is “‘flat
up to 12,000 Hz.” a qualification is that
the sound source is directly in front of
the microphone. on its most sensitive
side. As we move the sound source to
either side. away from this best axis. we
begin losing highs. High-quality direc-
tional microphones. however. have very

uniform polar fields throughout their
frequency range.
Rule 5: Place your microphone

close to the sound source.

We generally associate the inverse-
square law with light, but it applies just
as well to sound. When we muldtiply an
object’s distance by x, we are dividing
its sound intensity by x*. Let's say you
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i
Supercardioid RE1l by Electro-Voice
has blast and pop filter wire screen.

are 2 feet from a microphone and move
4 feet from it. Your voice intensity at
the mike will be a fourth of what 1t was
before. Tf vou had moved closer—to a
distance of only | foot—the sound
would have been four rimes more in-
tense at the mike.

It’s ditlicult 1o pick up sound sources
that move around. Caution your per-
formers not to move; they should pick a

location that pleases them and stay
there.
Close miking is the best way to

eliminate (or at least reduce) extrancous
noise.

However, many microphones will
not perform well when the person
speaking is only a few inches away.
Sounds made by sharp air puffs—Iike p or
t—cause overload and distortion. Bass
response may be over emphasized and,
finally, the mike often picks up breathing,
teeth gnashing and tongue clicking. (Some
microphones have built-in “pop” fiiters.)
A realistic distance for picking up some-
one’s voice is between 1 and 2 feet.

Close microphone positions sound
“dry” because there is relatively little re-
verberation. To get a more reverberant
sound. move your microphone toward a
reflecting surface and away from the
sound source. That, in turn, picks up
more incidental noises along with the re-
verberation. Experimenting is the only
way you can be sure what will happen.
If your experiments disappoint you, try
an electronic reverberation unit that can
give more echo without picking up stray
noises. In an auditorium, distant micro-
phoning—even of soloists and solo in-
struments—may be desirable to include
the acoustic character of the performing
hall.

Rule 6: Avoid ambient noises.

Just as amateur photographers pose
their  models against overburdened
clothes lines and telephone poles, so
novice recordists sct their microphones

near fans, air
and refrigerators.

Begin by sitting in the room where
you record and listening carefully for an
hour or so. What noises are there?
Where do they come from? And what
can you do about them?

If you can turn noise-makers off
while you are recording, do so. You can
do without air conditioning for an hour
or so. You can unplug the refrigerator
briefly without thawing frozen foods.
You may be able to unplug your tele-
phone. or leave it off the hook.

Many other noises will be with you
whether or not you want them—passing
trucks. children shouting at each other,
your necighbors’ television sets, etc. Try
to make vour recordings when there
isn’'t so much noise, perhaps late in the
evening. Second, move your microphone
as far as possible from the noise. Fi-
nally. use a directional microphone,
positioned so noises are on its dead side.

Rule 7: Avoid vibrations.

A transducer element that responds
to puny airborne vibrations will also re-
spond to the much stronger vibrations
that come to it through the microphone
case or its cable. Some manufacturers
avoid this by putting the microphone in-
side another microphone case with vi-
bration-absorbing material.

A very inexpensive microphone has
severely limited frequency response, so
it is comparatively hard to create vibra-
tion problems with a cheap microphone.
A quality microphone's extended low-
frequency response will faithfully repro-
duce many vibrations you do not want.
Some of these vibrations will be below
100 Hz. Even if you don’t notice the vi-
brations. thev can modulate higher fre-
quencies and cause distortion.

How can you isolate your micro-
phone from these vibrations? First, use
a sturdv mike stand—the heavier, the
better. Table stands are handy, but they
transmit shocks and vibrations from
table to microphone. Some manufac-
turers market special shock mounts that
fit between the top of the stand and the
microphone proper.

A floor stand damps vibrations by
forcing them to travel farther. Set your
stand on a carpeted floor, rather than on
tile or linoleum. Carpeted floors reduce
vibration; they also reduce room rever-
beration and allow you to move around
quietly. Where there are bare floors,
play it safe by putting a small rug under
vour stand. Another solution to low-fre-
quency vibrations is a high-pass filter.
The response curve of the Electro-Voice
513 is shown in Fig. 2.

(continued on page 79)
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This important job (and its big salary)
is reserved for a qualified
electronics technician. It can be you:

It’s a tact. There are many thousands of jobs like this
available right now for skilled electronics technicians.
What’s more, these men are going to be in even greater
demand in the years ahead. But how about you? Where
do you fit into the picture? Your oppertunity will never
be greater...so act now to take advantage of it. The first
step? Learn electronics fundamentals...develop a prac-
tical understanding of transistors, troubleshooting tech-
niques, pulse circuitry, micro-electronics, computers and
many other exciting new developments in this booming
field. Prepare yourself now for a job with a bright future

...unlimited opportunity...lasting security...prestige...
and a steadily-increasing salary.

Thousands of ambitious men are using Cleveland Insti-
tute of Electronics Training Programs as a stepping stone
to the good jobs in Electronics. Why not join them? You
will learr: at home, in your spare time, and tuition is re-
markably low. Read the important information on the
facing page. Then fill out the postage-free reply card and
drop it in the mail today. Without obligation we’ll send
you all the details. But act now...and get your high-pay-
ing job just that much sooner.

_-ELECTRONICS
28 RADIO-ELE
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How You Can Succeed In Electronics
...Select Your Future From Six Career Programs

The “right” course
for your career

Cleveland Institute offers not one, but six different and up-
to-date Electronics Home Study Programs. Look them cver.
Pick the one that is “right” for you. Then mark your selec-
tion on the bound-in reply card and send it to us. In a few
days you will have complete details...without obligation.

1. Electronics Technology

A comprehensive program covering
Automation, Communications, Com-
puters, Industrial Controls, Tele-
vision, Transistors, and preparation
for a 1st Class FCC License.

| HEW! ]

2. Broadcast {Radio & TV) Engineering

Here’s an excellent studio engineer-
ing program which will get you a 1st
Class FCC License. Now includes
Video Systems, Monitors, FM
Sterco Muitiplex, Color Transmitter
Operation, and CATV.

3. First Class FCC License

If you want a 1st Class FCC ticket
quickly, this streamlined program
will do the trick and enable you to
maintain and service all types of
transmitting equipment.

4. Electronic Communications

Mobile Radio, Microwave, and 2nd
Class FCC preparation are just a
few of the topics covered in this
“compact” program...Carrier Tele-
phony too, if you so desire.

5. Industrial Electronics & Automation

This exciting program includes
many important subjects such as
Computers, Electronic Heating and
Welding, Industrial Controls, Servo-
mechanisms, and Solid State
Devices.

| vew! !

6. Electronics Engineering

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

B e s PR
R e ot T
s s

ENROLL UNDER NEW G.I. BILL. All CIE courses are avail-
able under the new G.I. Bill. lf you served on active duty
since January 31, 1955, or are in service now, check kox
on reply card for G.1. Bill information.

An FCC License...or your money back!

In addition to providing you with comprehensive train-
ing in the area indicated, programs 1, 2, 3, and 4 will
prepare you for a Commercial FCC License. In fact,
we’re so certain of their effectiveness, we make this
exclusive offer:
The training programs described will prepare you for
the FCC License specified. Should you fail to pass the
FCC examination after completing the course, we will
refund all tuition payments. You get an FCC License...
or your money back!

cie's AUTO-PROGRAMMED’ tessons help

you learn faster and easier

Cleveland Institute uses the new programmed learning
approach. Our AUTO-PROGRAMMEDS® lessons pre-
sent facts and concepts in small, easy-to-understand
bits...reinforce them with clear explanations and ex-
amples. Students learn more thoroughly and faster
through this modern, simplified method. You, too, will
absorb...retain...advance at your own pace.

Lifetime job placement service for every

CIE graduate...at no extra cost

Once enrolled with CIE, you will get a bi-monthly list-
ing of the many high-paying, interesting jobs available
with top companies throughout the country. Many
Cleveland Institute students and graduates hold such
jobs with leading companies like these: American Air-
lines, American Telephone & Telegraph, General Elec-
tric, General Telephone and Electronics, IBM, Mo-
torola, North American Aviation, New York Central
Railroad, Raytheon, RCA, and Westinghouse.

CIE lessons are always up-to-date

Only CIE offers new, up-to-the-minute lessons in all of
these subjects: Logical Troubleshooting, Laser Theory
and Application, Microminiaturization, Single Side-
band Techniques, Pulse Theory and Application, Boo-
lean Algebra.

5 Full accreditation...your assurance
“= of competence and integrity

Cleveland Institute of Electronics is accredited by the
Accrediting Commission of the National Home Study
Council. You can be assured of competent Electronics
training by a staff of skilled Electronics instructors,
@
CI Cleveland Institute of Electronics
1776 East 17th Street, Cleveiand, Ohio 44114

If card has bieen remaved, mail this coupen for 2 FREE BOOKS

Cleveland Institute of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

Please send me without cost or obligation:

1. Your 44-page book “‘How To Succeed In Electronics” describing
job opportunities in Efectronics today, and how your courses can pre.
pare me for them.

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

| am especially interested in:

Electronics
O Technology

Broadcast

First Class
Engineering D

FCC License

'n Electronic O Industrial Electronics O Electronics
Communications & Automation Engineering
Name Age
{PLEASE PRINT)
Address
City _ State 2ip.
[] Check here for G.l. Biil information RE-80

P ————————— e — —

______________ ——— e ————d

Circle 16 on reader service card

JULY 1970
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The long awaited and newly revised Sylvania
Technical Manual is out. Complete and unexpur-
gated. The fantasy of every Independent Service
Technician. Written anohymously by an agile team
of Sylvania engineers. 32,000 components de-
scribed in breathtaking detail. Including thousands
of unretouched diagrams and illustrations. Discover
the unspeakable thrill of new color TV Tubes, listed
as never before. The ecstasy of 28,000 ECG Semi-
conductors.

From exotic Deflection Oscillators to a lurid ac-
count of Transistors and Rectifiers.

This book has what you want. Components for
the man who knows what to do with them.

The 14th Edition of the Sylvania Technical Man-
ual is not available in any bookstore. Your Sylvania
Distributor is discreet. Speak to him.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

“Electrifying”

RADIO-ELECTRONICS
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Basic rules
for setting up the latest PA equipment

by WALTER G. SALM

PUBLIC ADDRESS EQUIPMENT  HAS
come a long way in the transistor era.
New amplifiers offer features that
have been tried and refined over the
years, along with the solid reliability
of solid-state design. But the new
equipment designs aren’t a panacea;
they just mean that gear will work
better, given half a chance. There arc
still some basic ground rules to follow,
although the picture may have
changed somewhat in recent years.

First, there’s a sharp delineation
to make—between amplifiers designed
strictly for public-address (PA) work,
and the home-entertainment amplifier.
The latter manages to creep into hona
fide PA situations by virtue of its
ready accessibility on the market when
the local restaurant’s proprictor goes
prowling for a music system for his
catery. Often, he’ll plunk down four
or five hundred dollars for a stereo
FM receiver, a couple of speakers,
and will set it up himself.

Such a system is ok if he has
enough power output and if the two
speakers are rcasonably well located.
Rut soon, he decides that his room
coverage isn't good enough: normal
ambient room noise drowns out the
sound at the far end. He decides that
he needs some more speakers, and
rightly so, but hasn’t the foggiest idea
of how to hook them up. Also, while
he’s at it, he'd like to string some ex-

JULyYy 1970

tensions in his special party dining
room. Fine. Let’s tackle this problem
first.

If his FM recciver is a tube-type
unit, impedance matching is a
straightforward hookup, paralleling
spcakers and using the lowest imped-
ance transformer taps. Not so with
solid-state cquipment. Here, the power
output is optimized for 8-ohm speaker
impedance. Halve the speaker imped-
ance by stringing two or more units in
parallel, and youw’ll slash the power
output drastically—by much more
than 50% in many cases.

That amplifier needs a constant
load and constant impedance across
its output termunals, and the casiest
way to do this is with an impedance-
matching  transformer. Two are
needed for the ubiquitous sterco am-

T0 e
AMPL |

PARALLEL CONNECTIONS FOR SPEAKERS N PHASE

TO S
AMPL

PARALLEL CONNECTIONS FOR SPEAKERS THAT

MUST BE 180° QUT OF PHASE WITH EACH OTHER.

Out-of-phase speaker wiring can help

reduce back-fill interference problems.,

www.americanradiohistorv.com

DO'S & DONT'S

plifier, with the terminals marked
“—8” and “48” connccted to the
amplifier’s  speaker terminals. The

transformer’s other terminals provide
myriad impedance connections for
most situations, from 4 to 16 ohms.

All right. you've got the imped-
ances matched and the power output’s
ok: what about phasing? Simple? Not
when doing back fill. You may end up
with speakers at the rear of the room
facing the main speakers. This can be
a little sticky. If the speakers are all
positively phascd—the usual proce-
dure—then you’ll get lots of sound
cancellation and other interference
problems. Phase the two main. front-
of-the-room spcakers normally, check-
ing them out with a monophonic pro-
gram source with lots of bass in ijt.

Then shut off the main speakers
and phase the rear speakers with cach
other, the same way. Now, connect
the rear (front-facing) speakers 180
degrees our of phase with the front
(rear-facing) speakers. This way, the
rear speakers will be pulling when the
front speakers are pushing and vice
versa. If the speaker terminals aren’t
clearly marked to make this possible,
try thc mono program source again,
this time with all four spcakers on the
line. Now change the phasing of the
rear pair of speakers (since they’re al-
ready in phase with cach other). By
the way, youw’ll run info this same
problem with mono PA systems too,
since there are lots of situations where
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you'll need speakers facing cach other.

When adding speakers in other
rooms, it isn’t as important to phase
them with the main system, unless
there’s lots of residual sound coming
through a large doorway or other
opening. Just make certain the speak-
crs in the remote room are phased with
cach other. If there is a cancellation
problem with residual sound from
other rooms, try reversing the phase
for all the spcakers in the room.
Sometimes, 180 degrees out-of-phasc
may be the answer here, too, since
sound from the main speakers may be
out-of-phase by the time it gets there.

Power output is an all-important
factor. You can probably estimate the
correct amount of power neceded for a
given room, but what happens when
the system has to be expanded? Allow-
ing for future expansion can raisc the
initial installation cost, since a more
powerful amplificr is called for. Part
of this is simply a matter of good cus-
tomer relations. Explain to your cus-
tomer what different power levels
mean in terms of cquipment cost and
future expansion. If he’s at all for-
ward-looking, he’ll go along with you
and opt for an oversize amplifier. Re-
member, it may not be oversize for
long.

Power output needed is directly
related to spcaker efficiency. Remem-
ber this rule of thumb: average cone-
type spcakers have about 2% effi-
ciency: high-quality theater-type cone
speaker systems might have as much
as 5% efficiency; horn-type PA speak-
ers have about 15% efficiency. Thus,
TO 70.7 VOLT LINE

0.62W
1.25W
25w . L1 1)
o]
5W e ——1:1 L)
e SPKR
10w e 114
, =
COM O * 7 COM

Speaker matching transformer matches
impedance of PA speaker to 70.7-volt
line output from the PA amplifier.

SOUND
COLUMN

MIKE

JHdHE A Y

horn-type speakers (usually specified
for outdoor use) can have cfficiencies
about 7.5 times that of run-of-the-mill
cone speakers, and only about 1/7th as
much power is needed. But horn-type
speakers are more expensive and tend
to have poor bass response.

While sclecting appropriate
speakers, keep the sound-column type
in mind. These arc especially useful
for reinforcing sound from an audito-
rium stage. The sound column should
be between the speaker’s microphone
and the audicnce. Its bottom shouid
be at least 5 feet from the auditorium
floor, and the spcaker should be ang-
led down from the vertical. Sound
reinforcing specakers aren’t designed to
fill the whole hall, but to cover parts
of the audience beyond casy hearing
distance of the stage. Close-in scats
don’t have to be covered as well by
the speakers.

In large auditoriums, sccondary
reinforcing speakers may be needed,
especially under balcony overhangs.
Balconies frequently create dead spots
of their own, and new speakers added
here can be a big help. Because of the
time lag (sound travels at 1129 feet-
per-sccond at sea level) the sound
from the stage speakers may be de-
layed enough to be out of phase with
these secondary spcakers. Thus,
middle-hall speakers may have to be
180 degrees out of phase with the
stage speakers just to be in proper
phase with the sound. Again. the
problem is solved the same way as for
rcar-of-the-room speakers that face
forward, but you may have to adjust
the sccondary spcakers’ location to hit
the 180-degree spot precisely.

Impedance matching can be a
problem or not. Most of today's PA
amplifiers use a multi-tapped output
transformer with secondary taps of 4,
8 and 16 ohms plus constant imped-
ance outputs of 25 volts and 70.7
volts. The beauty of the 70-volt sys-
tem is that you can add almost any
number of speakers at almost any dis-

AUDIENCE

Sound columns, if carefully positioned, help cover farthest locations in audience.
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tance from the amplifier without af-
fecting the impedance or signal level.
Each speaker has its own line match-
ing transformer (they cost about
$3.00 cach).

Designed for 25- or 70-volt lincs,
these transformers have a 500-ohm
primary for connecting across the
line, and a multi-tapped secondary—
usually 4, 8 and 16-ohms—for match-
ing with the speaker. Many of these
transformers have additional taps
marked off in watts at 4 ohms and 8
ohms. These cxtra taps give some ad-
ditional flexibility in choosing power
available to each speaker location. The

transformer itself is small—about the
WATTS
40 | com | 05 1 2 4
SPKR
80 | com | 025 | 05 1 2
70.7 V LINE

Taps on constant-voltage transformers
let you pick power level speaker requires.

size of the output transformer for the
old 50L6 tubes—and can usually be
mounted directly on the speaker frame
or certainly in the speaker enclosure.

Onc thing to remember—a 70-
volt line mecans just that—therc’s 70
volts on it, so ordinary, flimsy speaker
cable just won’t do the trick. Wire
gauge should be at least No. 18. and
the heftier the insulation, the better.
Regular ac lamp cord is far preferable
to garden-variety speaker cable, while
No. 16 Romex would be even better.

One other thing—if you do use a
70-volt line, check your local electrical
code. Yes, that's right, the electrical
code. In many localities, the 70-volt
line qualifies as a full-fledged power
line and might have to be enclosed in
rigid conduit. If it does, drop down to
a 25-volt system. It’ll be cheaper and
won't call for conduit.

The multi-tapped constant-imped-
ance transformer has a wide selection
of power taps for a given impedance.
Thus you can select power levels for
cach speaker depending on specaker ef-
ficiency, location (high ambient noise,
etc.) and other factors that affect ap-
propriate power level. Again, the 25-
or 70-volt line makes this possible.

Proper amplifier selection in-
volves much more than just picking
cnough power output to do the job.
There’s also a question of 117-volt ac

RADIO-ELECTRONICS
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Many PA speakers, like Utah's above,
have built-in transformers. At right is

Matrixing transformers (Microtran HM-
90) keep a constant impedance and
load across output of home-entertain-
ment amplifiers. Photos (left, below)
show outside and internal view of sim-
ple setup for stereo.

the Bogen MTX30B amplifier and the Utah SND-3 sound column.

and 12-volt dc operation, the number
of microphone inputs and mixing
channels, auxiliary inputs, microphone
output relays and output transformer
taps.

First is power level. Get enough
without going overboard. We've al-
ready talked about how much power
you may need, but again, we can’t em-
phasize this point cnough. Too little
power at the amplifier will spell dis-
aster the first time you fire up the sys-
tem.

Distortion figures tend to im-
prove as you go for the higher power
rigs. A 30-watt amplifier running at
30 watts has a much higher distortion
level than a 60-watt unit running at
30 watts. Also, cost per watt gocs
down drastically as the total power
goes up. For example, a typical 30-
watt unit may cost $126 ($4.20 per
watt): a 60-watt amplifier, $165.00
($2.75 per watt); a 120-watt unit
$217 ($1.81 per watt). This should
help you make up your mind if you're
one of those believers in adding an-
other 60 watts next ycar by paralleling
the two amplifiers.

What about those mike inputs? It
all depends on what your amplifier is
going to be used for. In some jobs—
cspecially mobile PA rigs—a single
microphone input is all you’ll need.
But if you’re miking a hall for a dis-
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cussion group or seminar or mecting,
you may nced inputs for eight micro-
phones with input mixing. That mix-
ing is important. It lets you adjust
cach mike’s relative level to com-
pensate for different microphones and
for different people with louder and
softer voices. It also lets you cut back
on microphones that are likely candi-
dates for feedback.

A general rule-of-thumb for the
number of microphone inputs nceded:

® Mobile and circus barker type
installations—one mike.

® Protestant church,
four.

o Catholic church, from four to
eight.

® Theater stage. five. Nightclub
with dance band and vocalist, four.

Generally, the higher the ampli-
fier power, the more microphone in-
puts it has. The amplifier should also
have inputs for a phonograph, a tape
recorder and an FM tuner. If the sys-
tem is going to carry music through
an industrial plant or large office area,
the amplifier should have a cutout re-
lay to turn off the music when the
switchboard operator hits the press-to-
talk button on the paging microphone.

In some auditoriums and large
rooms. reverberation can  be  bad
cnough to degrade the overall system
performance. A bass-cut control usu-

two to
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ally can help by attenuating fre-
quencies below 300 Hz. Generally, it’s
also a good idea to cut the bass when
re-entrant horns are used, since these
spcakers arc susceptible to damage
from high-cnergy, low-frequency sig-
nals. Most PA amplifier bass and
treble controls offer enough attenua-
tion range to take care of most Spe-
cific problems of this kind.

Keep this 7-point checklist in
mind when selecting the basic PA am-
plifier:

1. Maximum power you’ll prob-
ably need two years from now.

2. Maximum number of micro-
phones you’ll ever need to use.

3. Power supply for both mobile
and fixed use, if there’s even a remote
chance you'll ever do any mobile
work.

4. Inputs for phono, tape and
tuner.

5. Press-to-talk  relay  cutout.

6. Multi-tapped  output trans-
former with 25- and 70.7-volt lines.

7. Bass and treble controls.

Bear in mind that phasing may
be a bit different than with con-
ventional home music systems, espe-
cially when speakers face each other
or are some distance from the primary
speakers. And keep those local clec-
trical codes in mind if you elect to use
a 70-volt line! R-E
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QULAL THACE SWiT

TGN

CO

by THOMAS B. MILLS
TO THE INDUSTRIAL FLECTRONICS
maintenance man, the experimenter
and the service technician the value of
the oscilloscope is unquestioned. But
its role in sniffing out faulty ampli-
fiers, measuring phase shift and
analyzing circuit operation can be
greatly enhanced by adding a dual-
trace switching unit.

Modern laboratory oscilloscopes,
in the thousand dollar bracket, include
dual vertical-input amplifiers with a
choice of chopped-trace or alternate-
trace sweeps, while some actually have
dual-beam CRT's.

The cost of a laboratory version
is not practical for most of us, but
you can inexpensively add a chopped-
trace capability to your present scope
at the vertical input.

dual

e SWIL

With the dual trace, or dual
SCOPE
DUAL TRACE
SWITCHER
VERT [
O <oy ING O EXT
O~ O Rg—t o s
‘'l e 1
““““ T
A B :
SYNC MAY BE

CONNECTED TO
A,B, OR OTHER
SOURCE.
Fig. 1—Inputs to switcher are combined
and fed to scope vertical input. Ex-
ternal sync is taken at input or source.
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Fig. 2-a—Trigger pulse in upper trace
drives a multivibrator whose output
(bottorm) can be viewed simultaneously.

is a sine-wave

Fig. 2:-b—Top trace
modulating signal, bottem trace is the
demodulated signal frem rf transmitter.

nal (vertical lines from negative peak).

www.americanradiohistorv.com

Fig. 3—Heterodyne zero beat in FM sig-

Lets you view two separate waveforms on
single-beam CRT. Response up to 1 MHz—
has dozens of practical uses for troubleshoot-

ing und experimentation

sweep, you will be able to look at two
waveforms simultancously. For in-
stance, when testing amplifiers you
can observe the input and output to-
gether, instantly compare these signals
and note if distortion or phase shift is
present. For working with electronic
counters and other digital circuits, a
dual-trace presentation is almost in-
dispensable to find out the relationship
of one flip-flop output to another.

You might also use the dual trace
for checking a modulation signal
against a modulation envelope or for
demodulation while testing a radio
transmitter. Uses arc limited only by
the frequency response of the dual-
trace switcher and oscilloscope. In
some cases the frequency limitations
may be circumvented by converting u
high-frequency rf signal to a lower
frequency within the bandpass of the
amplifiers.

This article describes a dual-trace
swiicher that may be constructed in a
small box external to your scope. It is
connected to the scope as shown in
Fig. 1. The two unknown signals are
applied separately to the two inputs.
The switcher output goes to the single
vertical input of the scope, and a sync
line from onc of the inputs is taken to
the scope’s external-sync input.

Frequency response of the input
amplifiers is 300 kHz over the range
of the gain controls. With the gain
controls wide open so no attenuation
of the signal takes place. the fre-
quency response is up to I MHz. The
dual-trace switcher is easier to usc it
the scope has a triggered sweep to
make syncing of the trace independent

RADIO-ELECTRONICS
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of the input frequency.

Two cxamples of dual-trace
switcher use are in Fig. 2. Fig. 2-a is
an oscillogram of a trigger pulsc on
the upper trace, which drives a one-
shot multivibrator giving an output
shown on the bottom trace. The sweep
spced is such that the chopping tran-
sients appear as a broadened base.

A second example, Fig. 2-b, is an
oscillogram of a sinc-wave modulating
signal on the top trace and a demodu-
lated signal on the bottom trace of the
original modulation taken from an rf
transmitter.

Fig. 3 shows a hetcrodyne zero
beat in an FM signal that appears as a
narrow band of horizontal lines run-
ning vertically from the negative sine-
wave peak.

PARTS LIST

All resistors 15W, 109%,

R1, R2—47,000 ohms

R3—25.000-0hm linear potentiometer

R4, R5—100.000-0hm linear potentiometer

R6, R7—4700 ohms

R8, R9, R12. R13, R15, R18—2200 ohms

R10. R11—820 ohms

R14, R19—2700 ohms

R16, R17—10,000 ohms

Capacitors

C1l, C2—0.47 uF, 600 volts

C3, C4—10 uF, 15 volts

C5, C6—.002 pF

C7—.05 uF

€8—250 uF, 30 volts

Semiconductors

D1, D2—1N3064 diode or equiv.

D3, D4—1N4002 diode or equiv.

Q1, Q2—2N5163 transistor, Motorola or
child (selected for I;,s match)

Q3, Q4-—2N3638 transistor, Motorcola or Fair-
child

Q5, Q6—2N5134 transistor, Motorola or Fair-
child

Other parts

T1—Triad F-94X transformer or equiv.

S1-—spdt switch

MISC—33% x 7 x 3% -inch cabinet (LMB W-2C),
ac cord, knobs, terminal posts

Kit with PC board and semiconductors only is
available for $10.00 from Solid State
Services, 1720 Kimberly Dr., Sunnyvale,
Calif. 94087

Fair-

Fig. 4 (above)—FET's Q1 and Q2 boost inputs, which
are chopped by Q3 and Q4 from Q5—Q6 pulses. Same-
size PC board and component placement are below.

Note that the line between the two inner-most input
connectors must go to plus 20 volts as do points
on PC board. Points ‘‘e’”” on board are for ground con-

nections.
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The superimposed sine-wave is
the modulating signal that gives refer-
ence points for tuning to the max-
imum positive peak, maximum nega-
tive peak and carrier of the signal. In

this way the peak-to-peak deviation
can be measured with a heterodyne
converter, where the converter os-
cillator is on a low frequency that can
be casily measured. The oscillator de-
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viation times the harmonic number is
the measured signal’s deviation. The
amplitude of the rf varies in the os-
cillogram, not because of modulation,
but because of the bandpass of the
low-frequency amplifier used after the
converter.

How the switcher works

A schematic diagram of the dual-
trace switcher is shown in Fig. 4. Two
inputs are attenuated by potentiome-
ters R4 and R5 to a level within the
range of the switcher’s amplifier cir-
cuit, The signal is amplified by the in-
put FET's, Q1 and Q2. and applied to
the bases of Q3 and Q4, which act as
switches. These are alternately gated
on and off by the gating waveforms
from Q5 and Q6. (Note that the dia-

-~ man

gram does not indicate the drain and
source terminals on Q1 and Q2. This
is because the devices are bidirectional
and may be placed either way in the
circuit.

Transistors Q5 and Q6 are a
free-running multivibrator whose fre-
quency is determined by RI16, R17,
C5 and Cé6. Diodes D1 and D2 allow
the voltage at the collectors of the
multivibrator to rise very rapidly and
thereby improve the switching speed.

As an example of how switching
is accomplished, consider Q5 on: its
collector is therefore at ground. The
emitter of Q3 is at a potential below
its base and is therefore off. At the
same time, Q6 is off and its collector
is “floating” so that no current flows
in load resistor R19. The emitter of

Fig. 5—Chassis view with cover removed from the case shows PC board mounted on
the back panel. You may want to mount the dual-trace parts inside your scope.

Q4 is, therefore, 0.6 volt higher than
the base and this transistor is oper-
ating in its normal mode. The output
from either Q4 or Q3 is developed
across R12, depending on which tran-
sistor is on. The output voltage across
R12 is fed to the input of the os-
cilloscope in the setup.

Construction and use

Most of the circuitry can be built
on the same-size printed circuit board
shown. The entire circuit may be
mounted in an aluminum box. Fig. 5
shows an inside view of the box. The
PC board is mounted vertically on the
back panel. The output jack is on the
rear panel, where it is convenient to
attach the vertical input of the scope.

After assembly has been com-
pleted, an oscilloscope should show a
square wave of approximately 20 volts
peak-to-peak at 40 kHz on the collec-
tors of Q5 and Q6.

Next, connect a generator (either
sine or square wave between 10 Hz
and 100 kHz) to both inputs for a
function check. The scope sync should
always be obtained externally as
shown in Fig. 1. A good sync source
is at either input or the generator. The
scope sensitivity should be set at or
near maximum (0.5 volt p—p per inch
or better).

Operation of the position control
should move the two traces on the
screen to any desired position. Gain
controls R4 and RS may be varied to
produce a convenient display size on
the scope. R-E

Easy to build —
TRANSISTOR

HEADPHONE
AMPLIFIER

Here is a low-power headphone
amplifier that has application i nu-
merous audio systems. lIts circuit,
simple and straightforward, consists of
a modified Darlington-pair that elimi-
nates the dc supply voltage flowing
through the load. As can be seen from
the schematic, the load has been re-
placed by a resistor and coupling ca-
pacitor. Transistor Q1 is an npn gen-
cral-purpose audio type and Q2 is an
npn [0-watt (or higher) transistor.
The rectifiers (D1-D4) are 2-amp,
100 piv diodes.

The main advantage of this cir-
cuit is that a pair of expensive stereo
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+6V
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headphones cannot be damaged by ex-
cessive voltage. It was found ex-

perimentally that the Joad resistor did
not reduce the performance of the cir-
cuit. Approximately 0.5 volt of drive
voltage gives a good output listening

- +6
?  1000uF

oo o

level. The power supply can be used to
power two units for stero. This circuit
has proved to be of great value in
monitoring the output of stereo tuners
and broadcast-type tape machines with
low-level monitor outputs.—Glenn C.
Gutleben
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Kwik-Fix"picture and waveform charts

by Forest H. Belt & Associates™

SCREEN SYMPTOMS AS GUIDES WHERE TO CHECK FIRST

SYMPTCOM PIC DESCRIPTION VOLTAGE WAVEFORM PART
No color Q1 base WF1 L1
at all; b-w Q2 base
bars only
Weak color— Q2 collector WF6 R7
blue or red, R11
especially

Too much red; Q1 collector WF5 R8
parasitic
oscillation at left

I
v
iy
iR

E.
i
e

Too much blue; Q2 collector WF6 RO
color smeared

Red weak; Q1 collector use R10
colors float dc

around clue

Red on half Q2 collector WF6 R2
of screen; Q2

rest monochrome

pron Red missing; Q1 collector not Q1
: : blue and much c2
green visible help
Green missing; Q1 collector WF5 R6
- o1 s B e 10 red and &)
blue visible
Green weak; Q2 collector WF6 L2
L screen half red, C3
half blue

*an Easy-ReadT™ feature by FOREST H. BELT & Associates © 1970
wWWwWWw.americanradiohistorv.com
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| Screen half Q2 emitter Not L2
kg i onctnon magento, much
half green help
Mostly blue; not R8
red and much
green very weak help WF5

NOTES:

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

Study the screen colors, with color-bar generator fed into
antenna terminals. the receiver’'s hue control set at center,
and the color control about two-thirds up.

Most helpful clues to the fault are found at key test points
indicated in Voltage or Waveform column.

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

Use Voltage Guide or Waveform Guide to analyze results.
For a quick check, test or substitute the parts listed as the
most likely cause of the symptoms.

THE STAGES

This kind of color demodulator section is fairly new. It’s
one of the first solid-state demodulators since diode versions.
(The other type uses an integrated circuit.) Chroma is fed to
both transistors in the same phase. The 3.58-MHz reinsertion
subcarrier goes directly to the X demodutator, but is phase-
shifted before it’s applied to the Z demodulator.

The output of the X demodulator is an R—Y color dif-
ference signal. Qutput of the Z demodulator is B—Y. Both
signals are fed directly to color-difference amplifiers (covered
in Kwik-Fix®™ No. 14, next). A phase-shift network also
feeds the R—Y to a third color-difference amplifier. where it
is mixed with B—Y to form the G—Y signal needed by the
tricolor picture tube. All three make the color picture.

SIGNAL BEHAVIOR

The chroma-sideband signal comes from the chroma out-
put transformer—sometimes called bandpass transformer. In
some chassis, there may be a chroma or color control between

%FJROMA L
TPUT
TRANS 5.6kH !

'Y — TN

X DEMODULATOR

the chroma amplifiers and the demodulator stages. In this ver-
sion, L1 does the coupling, and R1 and R2 apply the signals to
the bases of QI and Q2, respectively. Since the “splitting™ is
resistive, both signals are in the same phase when they reach
Q1 and Q2.

The color-oscillator output transformer is the source of
3.58-MHz signal for the demodulators. The chroma sidebands
must beat against this reinsertion subcarrier. That’s how color
or chroma information is recovered.

But each demodulator must recover a separate portion of
the original color signal. So it’s necessary to phase-shift the
3.58-MHz signal applied to one of them. In this demodulator
system, the CW signal is shifted before being applied to Q2,
the Z demodulator. Coil L2 and C| do the phase-shifting. with
R4 as their load.

Resistor R3 applies the direct 3.58-MHz input signal to
the emitter of Q2. Because it’s fed to the emitter, the CW
signal in Q1 is 180° out of phase with chroma, which is fed to
the base. The two signals are less than 180° apart in Q2.

(copy continues on page 43)

Ql

i ,'_?5,( ¢ , TO R-Y AMPL
B l R8 RIO
2 c2 3.9K gsvx
= 33pF
= 5600 . E I P
3300 = 20V 330V

1508

R6

Q2
Z DEMODULATOR

R2 c ) .
15K TO B-Y AMPL
cs i 8ok
3.58 MHz 39K
OUTPUT L2 RS E I33PF 2w
TRANS 10uH 3300 L
T8 BAAAS - 20V 330V
g Icn R4 RT
180pF 3900 1509

1|H

1
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DC VOLTAGES AS GUIDES

Voitage change to zero very low low slightly low J slightly high high
Q1 base R1 open#*
Normal O volts. L1 open*
Q1 emitter R1 open R3 open, high R3 low R4 low R4 shorted
Normal 0.45 volt. L1 open R6 low R8 open, shorted R6 open, high
Develops across Q1 faulty C1 shorted
R6, with R3
essentially in
parallel. Holds
Q1 past cutoff,
but high input
signal keeps
average current
high.
Q1 collector C2 shorted R3 low R3 low R4 low R6 low R1 open
Normal 25 volts. R6 open, high R10 high R8 high R3 open, high
Comes mainly R10 open, high L2 open R8 open
from 330-volt line C1 shorted R10 low!
through R10. No C2 leaky L1 open
significant Q1 faulty
changes with
signal tevels.
Q2 base R2 open*
Normal O voits. L1 open*
Q2 emitter R2 open R4 tow C1 shorted R9 open R7 open
Normal 0.34 volt. L1 open R5 open, high C1 teaky R9 shorted R7 high
Develops across Q2 faulty C1 shorted L2 open
R7, with R5 L2 open L2 shorted
essentially in
parallel. Holds Q2
past cutoff, but
high input signal
keeps average
current high.
Q2 collector C3 shorted R11 open R5 low R2 shorted R7 low R2 open
Normal 26 volts. R7 open, high R11 high R9 high R4 low
Comes mainly R11 open, high L2 shorted R5 open, high
from 330-volt line C3 leaky R9 open
through R11. No R11 low!
significant Cl shorted
changes with L1 open
signal levels. L2 open
Q2 faulty
*goes
negative

NOTES:

Use this guide to help you pinpoint the faulty part.

All voltages taken with signal from color-bar generator
fed into antenna terminals of receiver.

Measure he six key voltages with a vivm.

For each, move across to the colunn that describes the

change you find.

JUuLy 1970

Finally, notice which parts are repeated in whatever com-

hination of voltage changes you find.

Test those parts individually for the fault described.
Look for additional clues in the Waveform Guide.

bad, measure these before replacing it.

www.americanradiohistorv.com

"Low R10 or RI11 blows transistor. If either transistor is
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WAVEFORMS AS GUIDES

WF1 Normal 2.5 V p—p

Taken at the junction between L1 and R1-R2. This is the chroma-sideband signal from
the bandpass or chroma amplifier. Exact amplitude depends on the setting of the color
control in the receiver and the setting of the saturation control on the color-bar generator.
Ten color bars are visible (but not in the first group, because of sync and blanking inside
the scope).

V p-p low

V p-p high

V p-p zero

2Vpp
R6 open, high

1Vpp
L1 open

25Vpp
R7 open, high

WF2 Normal 18 V p—p

This waveform is shown for reference only. It is taken from the secondary of the color-
oscillator output transformer. This is the 3.58-MHz CW signal that mixes with chroma in
the demodulators. If this waveform is missing, there is no color on the screen—just bars
of black and white.

WF3 Normal 3 V p—p

Taken at the emitter of Q1. This is a combination waveform, showing both chroma bars
and CW signal. You can see the bars modulated in the CW signal. Both must be present
for proper demodutation to take place. The only way to be sure the CW signal is in proper
phase is by the output signals (WF5).

V p-p low

R3 high
R6 low

V p-p high
R3 low
R6 open, high

V p-p zero

3Vpp 2Vpp 2Vpp
R1 open R3 high R3 open
LL open

WF4 Normal 3 V p—p

Taken at the emitter of Q2. This is a combination waveform, showing both chroma bars
and CW signal. You can see the bars modulated in the CW signal. Both must be present
for proper demodulation to take place. The only way to be sure the CW signal is in proper
phase is by the output signal (WF6).

V p-p low

R4 low
R5 high
R7 low

V p-p high

R5 low
R7 open, high

V p-p zere

3Vp-p

R2 open
R5 very low
L1 open

L2 open C1 shorted

iy

i

,"‘Q”M" ]

l[”' I-'If!

WF5 Normal 24 V p—p

Taken at the collector of Q1. This is output of the X demodulator; it's an R—Y signal—red
without Y or brightness component. The first bar is lost in the blanking of the signal. The
third bar is the longest, as it should be for R—Y. The chief direction is negative, although
some bars go positive. When applied to the red grid of the CRT (after inversion in the color-
difference amplifier), only negative bars (here) cause beam output.

42
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WAVEFORMS AS GUIDES

V p-p low
C2 leaky

V p-p high

V p-p zero
C2 shorted

10Vpp
R3 high, open

10V p-p
R6 open, nign

24V p-p
R7 open

3Vpp
R8 shorted

A

I
20V p-p 28V p-p 50V p-p
C1 shorted R6 low R8 open

WF6 Normal 24 V p—p

Taken at the collector of Q2. This is output of the Z demodulator; it’s a B—Y signal-—blue
without Y or brightness component. The first bar is positive. Counting on through, you
see the sixth is the longest negative bar. As with WF5, only negative bars in WF6 cause
beam output from the blue gun of the color CRT. The sixth bar should always be the

longest, if CW oscillator phase and demodulation are correct.

Use this guide and the Voltages Guide to help you pin
down fault possibilities.

Waveforms are taken with keved-rainbow color-bar gen-
erator fed into antenna terminals of receiver. Hue control
is centered, color control two-thirds up.

With the direct probe of the scope. check the waveforms
at the six points shown. Set the scope sweep at H or

V p-p low V p-p high V p-p zero
C3 leaky C3 shorted IW
2Vpp 20 V p-p 6Vpp 50 V p-p
R2 open L2 shorted R5 high R9 open
N
L u w
25V pp 2V pp 10V p-p 20V p-p 10V p-p
R9 shorted L1 open R4 very low R4 jow R7 open
Q2 faulty R5 open C1 leaky
8Vp-p R7 low
R11 open C1 shorted
L2 open
NOTES: abour 5 kHz, to show three cycles of the waveform.

Note amplitude. 1f i’s missing, low or high, check the
parts indicated under those columns.

Note wavesiape. Pay special attention to which bars are
positive and which negative. Note which is the furthest
negative.

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

The transistors demodulate the chroma signal. Capacitors
C2 and C3 eliminate whatever is left of the 3.58-MHz CW
signal. Resistors R8 and R9 are the main output loads (R10
and Ri1 are larger in value and have little load cffect).

The outputs arec pure R—Y and B--Y signals. They are
coupled to color-difference amplifiers (not shown).

The transistor bases are returned to ground through Ri,
R2 and the low-resistance winding of the chroma output trans-
former. There's very little base current. So. very little voltage
develops between the bases and ground.

Bias for the transistors, then. depends on average dc in
the emitter resistors. Resistors R6 and R7 have low values. but
average current in the transistors is substantial, around 4 mA.
Therefore, considerable bias voltage is developed.

Notice, it's reverse bias. That puts operation of these npn
transistors down into class C. Voltage amplification of the de-
modulated signals is fairly high.

Collector voltages come primarily from the 330-volt line

JULY 1970

through R10 and R11. The conncctions through R8 and R9 to
the 20-volt line are for load matching. If R8 or R9 opens, the
collector voltage goes up, not down

You can also look at RE-RI10 and R9-R11 as voltage
dividers between the 330-volt line and the 20-volt line. If you
look at them that way. Q1-R6 and Q2-R7 arc branches in
parallel with RS and RY. respectively. Collector voltage there-
fore depends on how much voltage is dropped across RI10 or
R11 by the current drawn by those branches.

Dc voltages in these stages remain fairly stable through
any changes in signal. Of course, there are no waveforms un-
less a color signal is being received.

You'll see changes in the levels of chroma waveforms if
you turn the color level control. which isn't part of these
stages. Changing the hue (or tint) control of the set has a
noticeable effect on WF5 and WF6: the bars change positions
and relative amplitudes as the control is turned. Keep the hue
and color controls turned up about two-thirds. R-E

43

wWwWw.americanradiohistorv.com



www.americanradiohistory.com

Rdiﬂ-Ele'c-tt‘lfncS

13

AR

H-RP‘D URGLAR
B TOPPER

Part 2—Add a wiring alarm, adjust and install the system

by KENNETH C. BUEGEL

LAST MONTH THE MAJOR OPERATING
features of R-E's *“radar” burglar
alarm were described. Basically, the
system detects reflected load changes
on a micropower 400-MHz oscillator,
activating whatever types of alarms
you decide to use.

This concluding section provides
PC patterns (pages 73-74) and tells
how to adjust and install the alarm.

A large system with many TCI
heads might be disabled by severing
a connecting cable to a head, thus
providing sate access at a certain
point. The wiring alarm circuit imme-
diately initiates an alarm.

All TC1 heads will have a dc volt-
age near +6 volts at the junction of
R14 and R15. On the W1 board (Fig.
6) R41 and R42 hold the basec of Q12
at about +4 volts. Resistor R44 sets
the ecmitter voltage of Q12 at 43

BATTERY
5 5
% g T
—Rr50~ (€] Rar —R44~ R4l ‘ . .
—p7-1% tpget— | I.J ] -4 | —ob8-5- —prs— Fig. 6—Wiring
~R40T Bas i iz ~R405 circuit below trig-
C —prot *pgo— o ‘ | —o8:6- — D6~ 3 gers alarm if rf
~R405 . —R-ze—l R4z —R40- head wires are
¢ —pra—t *pg3— Qi3 R4S e D87 —— D7 broken. On the
R403 i i ! —R40- left, parts place-
W —o7-at Yopg-a— JUMPER— —-DB-8~ —D7-8- ment is shown.
. . RdO~ e , —R40- . (See above for
= - S location of PC
st 8 0¥ L = PO patterns.)
PARTS LIST
WI Wiring Alarm
R40-1, 2—100,000 ohms X201R502B)

R41—A470,000 ohms

R42—220,000 ohms

R43, R45, R46, R47, R48, R49, R50—10,000
ohms

R44—5000-chm, YW trimmer (CTS type

Q12, Q14—2N5355 transistor

Q13—2N3860 transistor

D7, DB—1N4154 diode

*WI circuit board, $1.75; *WI complete kit, 4
inputs, $7.45

B

éR4I

470K
Q2

IN4154(4)

D7-i D8-1

"N" ON
AR BOARD

2N5355

- D7-2
IN"ON »i

AR BOARD * #1 T |
I
R40-2 i
100K :
|

Rén | 1

D7-n D8-n | =
1

S —i¢-
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volts. Transistor Q12 is not turned on
nor are Q13 and Ql4. Point W is
held at ground potential.

If the +6 volts should disappear
from any of the D7 inputs, its resistor
(R40-1 or R40-2) would drop the
voltage at the base of Q12 to about
plus 1.2 volts. When Q12 saturates,
Q13 and QI4 will turn on and point
W will become positive. This point is
also connected to W on the DE board
and provides a rapid charge to CI8,
activating the relay and sounding the
alarm.

The relay specified has a dpdt con-
tact set with a 10-amp rating. Since the
contact scts are isolated from ecach
other they may simuitaneously operate
sirens, auto-dialers, etc.

The power supply (Fig. 7) is a
simple full-wave battery-charging cir-
cuit which is always connccted. The
battery furnishes all alarm and system
power. If the ac line input should be
lost, Q32 is turned on and LM?2 lights
to indicate the loss of ac power.

In a residential system with four
TC! heads, a 35 amp-hr battery can
furnish operation for over two weeks
after loss of ac power. The system
could conceivably be used on con-
struction jobs to prevent material
theft, a freshly charged battery being
installed at regular intervals,

Construction

The majority of the system parts
are on the various PC boards. The
DE, AR and WI boards were mounted
above the chassis on V4-inch spacers
with a large rubber grommet for wires
from the boards. Two easier methods
of wiring the system are possible. One
way is to mount each board vertically
by mecans of two small right-angle
brackets. Another way to case wiring
is to mount the boards flat over a
large rectangular cutout extending
nearly to the mounting holes.

The TC! board is mounted only by
means of the standoff insulator that
extends through the 4 x 5-inch face of
a 4 x 5 x 6-inch metal box. Before
placing any parts on the TCI board,
use the board as a template to deter-
mine the location of the insulator
hole. Up to cight TC1 heads and AR
boards may be used with each WI
board. If the WI board is not used, 15
TCI heads and AR boards may be
used per system.

A chassis 8 inches wide and 2V4
inches deep was used in the prototype.
This provides a roomy layout without
crowding. A separate ground return
to each circuit board is necessary. Use
No. 20 wire for power supply con-
nections. The battery lcads should be
No. 16 wirc or heavier.

Follow the component layout dia-
grams carefully and be especially care-

RADIO-ELECTRONICS
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ful in the power supply connections.
A 12-volt battery can rapidly deliver
several kilowatts of heat cnergy into a
short circuit.

Testing and adjustment

The system can give the appear-
ance of improper operation if not ad-
justed correctly and in a certain se-
quence. Fortunately, almost all im-
proper settings result in an alarm.

1. If the WI board is used. con-
nect a transceptor head to the AR board
with the alarm-signal output. All other
AR inputs must consist of a 4700-
ohm resistor to ground, and also a
4700-ohm resistor to the battery. (The
tap of this voltage divider simulates
the output of a TC1.)

2. Connect the battery to the sys-
tem. The Ac PowEer oFF light should
turn on. Now plug in the linc cord—
this light should go off. Unplug the
line cord; note that in a few scconds
the light again comes on.

3. Due to the long time constants
involved, the channel alarm lights may
be almost continuously energized as
the capacitors charge up. Wait at Jeast
5 mins before proceeding. During this
time set R21 on cach AR board for
minimum gain (maximum resistance
in the ecmitter circuit). Also set the
wipers on R58, R64 and R82 on the
DE board to the point farthest from
the ground end. Do not apply force to
these trimmers!

4. When the 5 min period has ex-
pired, push alarm reset switch S1. All
channel alarm lights should go out
within 5 sec.

5. Set all channel oN—OFF switches
to the ON position. Push test switch
S2. All channel alarm lights should go
on. Push S1 and reset the alarm.

6. Insert an ammeter in the bat-
tery circuit. Push SI until the lights go
out, and adjust the slider on R105 un-
til the battery charges at a 0.1-amp rate
with the line plug connected.

(The following tests involve re-
peated use of the test, alarm reset, and
exit switches. To save space we will
write only “Push T,” “Push A,” or
“Push E.”)

7. Sct R53 so the wiper is shunting
all of R53 (only R52 in the circuit).
Resistor R58 determines the voltage
level at which QI5 conducts. Nor-
mally this should be at about the point
where the charge on C17 is approxi-
mately +3.0 volts. If the sensor head
is set for maximum range (minimum
R21 in the circuit) then very slight
disturbances will soon charge up C17
if R53 is adjusted for maximum dis-
charge time (all of R53 between R52
and ground).

In general, R53 should be shunted
more as the gain is increased so the
wiper positions of R21 and RS3

JuLy 1970

should track cach other.

Connect a dc vtvm or dc scope be-
twecen C17 and ground. Connect a
vom (on 12V range or higher) be-
tween point C and ground). Push A.
Push T. Adjust R58 so that point C
goes positive as the charge on Cl7
reaches 3 volts ==0.2 volt. Push A,

8. Connect a 12-volt light between
onc of the normally open contacts of
the relay and the battery. Ground the
other NO contact. Resistor R64 scts
the time between an alarm condition
(point C becoming positive) and the
rclay operation. Push T and hold.
When point C becomes positive, re-
lease T and start timing. Adjust R64
for desired delay.

9. The exit delay time is set by
R82. Push T and hold until C be-
comes positive. Push E. After 15 sec
set R82 until C goes to ground poten-
tial. Increase R82's setting until the
exit time is at the desired point.

10. Push A. Push T and check
alarm dclay sctting. Push E and check
the exit delay setting.

11. Short any of the D7 inputs on
the WI board to ground. Within a few
seconds the relay should operate.

Installation

The TC1 heads must be connected
as though they were a small trans-
mitter. This means that the antenna
requires a ground plane. Unless you
need the maximum range this can be
as little as a 3-foot length of hookup
wire with the insulation removed in
the center and the wire looped under
onc of the casc screws. For the max-
imum range use two of these ground
radials at right angles to each other.

The head must be suitably pro-
teccted from the elements if mounted
outside. A wide tape may be used to
cover all box seams. or a commercial
water-proofing compound may be ap-
plied to all seams. If cable length be-
tween the head and control unit is less
than 40 feet, three-wire No. 20 cable is
adequate. If the installation length runs
more than 40 feet, use three-wire No.
20 shielded cable.

Although radio waves travel
through walls, it has been found pos-

Fig. 7—Circuit keeps battery charged,
lighting LM2 if the power is cut off.

Fl
1/2A

I IN4002(2)

I+

.

c2s
1000/25V T

sible to mount the heads under caves
if the wall insulation was of the alumi-
num-foil-backed type. An alarm was
not generated by movement inside wn-
less a person walked along with shoul-
ders rubbing the wall,

Another installation problem of
“inside vs. outside” discrimination was
solved by removing siding over a 6-
foot-squarc arca and stapling sheets of
heavy-duty aluminum foil over the
arca with a 3-inch overlap at each
scam.

Placement of the heads should be
carcfully planned before the actual in-
stallation. Some cautionary advice is
in order. Do not attempt to increase
range by increasing antcnna length; it
will not change the range. Maximum
range, in an open field. can be 45 fect.
With many metallic objects in the
area, such as fencing, concrete rein-
forcing rods, steel building panels,
ctc., it will usually be found necessary
to run the channel gain at much less
than maximum.

In gencral you will have a better
system if you use more heads and set
each onc at a lower sensitivity. A pos-
sible modification which might im-
prove the system would be to wire a
switch to the R64 leads on the DE
board. This switch could then select
between two alarm delay times: a
short delay when everyonc was home
and movement could come only from
an intruder, and a long delay to allow
sufficient time for the operator to en-
ter and resct the system. R-E

PARTS LIST

Power Supply and Relay
R103—1000-0hm, Y,4W
R104—10,000 ohms
R105—50-0hm, 50-watt adjustable
C25—1000 uF, 25V electrolytic
D18. D19, D20, D23—1N4002 diode
Q32—2N5355 transistor
T1—117V pri, 24V CT sec transformer (Triad
F40X or equiv)
RYl1—Parelco R10E1UZV185 or equiv. (12V
coil, K5-ohm dc¢ resistance, dpdt, 10A)
LM2—12-14V, 25-40-mA pilot bulb
S1, S2. S4—spst, momentary contact switch
S3—spdt switch, 1 per channel
Fl—Y%-amp fuse
PSZ-K, complete kit of relay and power supply
parts, except T1, $12.30
Asterisked items are available from: TRANSI-
TEK, P. O. Box 98205. Des Moines. Wash,
98016. ltems are sent postpaid. Washington
state residents include 4.5% tax.

T08B
ON ALL
CIRCUIT BOARDS
23
IN4002 2OW
i { 1
RIO4 Q32
tok 2N5355 [ Py
12v
| BATTERY
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FET & OP-AMP —£—

FET acts as variable resistance in op amp circuits. Learn how to build gain-controlled and

by NORMAN DOYLE*
THIS ARTICLE DESCRIBES HOW AN IC OPERATIONAL
amplifier can be used with a junction FET operating in its
lincar region. Gain control and bandpass control of audio-
frequency signals, compressor amplifiers, and voltage-
tuned filters are among the applications covered.

Component characteristics )
The frequency response and basic configuration of

the operational amplifier are in Fig. 1. Since this amplifier
has built-in frequency compensation, it does not require
cxternal frequency-compensation networks. As with all op-
erational amplifiers, the gain is given by A=R/R..

The junction FET is a depletion type, n-channel de-
vice in an epoxy package (Fig. 2). The shaded areas are
the depletion regions surrounding the junctions. Varying
the bias voltages makes the depletion regions move closer
together, reducing channel width and increasing the FET's
resistance. For small values of drain-to-source bias, the
variations of channel resistance with gate-to-source bias
arc as shown in Fig. 3.

As you can see in Fig. 3, for small ac signals applied

between drain and source. the device presents a resistance
whose value is determined by the gate-to-source voltage.
(Note that an FET is often referred to as a unipolar tran-
sistor because the current in the channel is made up only
of majority carriers, whereas in a bipolar transistor the
current consists of carriers of both polarities.)

The channel resistance is given by the equation

Rns = — —*I{D S
' _ l:8K,\E0(¢,.1 - vﬁ] Vs
gN, d*

However, for our purposes, the following approximation is
more than adequate.

where V. is the gate-to-source bias, V, the gate-to-source
bias for pinch-off or zero conduction, and R, the value of
the channel resistance at V.. = 0.

A word about distortion: The percentage of second-
harmonic distortion as a function of drain-to-source signal

. - . — — . s -
’20| T i I [ l | DRAIN GATE  SOURCE 0.25 "
| o) ol L Tp=25°C 1 VG507 QA
| =25 I e - LN
100 | ..[: T sk ) Vp SALL | 05v- 17
! [ '_| i L3
80 \ — _ i = S R SO SR S L
g l o 2oy
= 60 CHANNEL I I e el e =
= > o
R —
= 40 I = o S—
S Pt g ‘ |
20 , s - — e ——
| /A
0 — ] {- | |
1 | = T
=20 | i | I a 0.25 . !
JHz 10 100  IKHz i0 100 IMHz IO -0.05 0 0.05
FREQUENCY - Hz 1 T‘ 3 Vps ~DRAIN TO SOURCE VOLTAGE —VOLTS
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Re+R = ~ / { | | ]
s {
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2 e i
S | ! 1
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Fig. 1-a—Frequency response of the | [ oW | | I !
uA741 op amp. b—~Basic circuit con- 0 0.2 0.4 0.6 0.8 10
figuration for the unit, which has I o VTS )
a built-in frequency compensation. ! 4 D-s
|

Figs. 2-a—c(right)—FET resistance in-

Fig. 3(top)—Graph shows 2N5163

creases as bias voltage is increased
and the depletion regions converge.

e

*Fairchild Semiconductor

resistance is determined by the gate-
to-source voltage. Fig. 4 (above)—
Second-harmonic distortion increases
with  signal and bias  voltage.
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<>—AUDIO CIRCUITS

compressor amplifiers, voltage-tuned active filters and voltage-controlled oscillators

voltage for various values of gate bias is in Fig. 4.
These curves show that, to minimize distortion, we
should work at the low-resistance (low-gate bias) end of
the FET characteristic and keep the impressed signal volt-
age as low as possible.

Many circuits that use operational amplifiers must
have a variable resistance to vary gain, frequency responsc
or whatever. Frequently it is desirable to have this resis-
tance variation controlled from a point far from the op
amp. The FET fills this need well, since it obviates the use
of long signal paths and permits more complex control
characteristics than are possible with ordinary potentiome-
ters. Let's consider some of these FET op amp com-
binations in practical circuits.

Gain-controlled amplifier . )
An amplifier whosc voltage gain from input to output

is given by A = R{/R,, is in Fig. 5. Now, R, is the drain-
source resistance of the FET and is controlled by Vi, the
gate-to-source voltage. Note that the FET source is always
at ground, since this is a feature of the op amp. Thus the
gate potential specifies the gate-source bias. The variation

in amplifier gain with gate voltage is shown in Fig. 6-a.
The relationship between gain and temperature is in Fig.
6-b below.

A compressor amplifier
If we rectify the output of the amplifier, we can de-

rive a dc voltage proportional to the signal level. If this dc
voltage is used as the FET control voltage, it will stabilize
the output level with variations in input. A simple circuit
for this function is shown in Fig. 7. At higher input signal
levels (where lower gain is desired), we reach the dis-
tortion condition described earlier. This is overcome by
adding a shunt resistor across the FET. Now when the
control range of the FET is exceeded, the amplifier per-
forms normally.

The action of the circuit can be considerably tight-
ened up by adding some gain in the feedback loop. A
second op amp, which drives the rectifier while the output
is taken from the first op amp, as before, is shown in Fig.
9. This circuit gives 2 dB change in output level for 30 dB
change in input. The performance curves for both circuits
arc shown in Fig. 8.

R¢
—AMAY

2N.'gl6_3 MAT4L

—O0

OUTPUT
%0

v=iizy

Fig. 5(left)—Amplifier gain is R, /R,
with R,, the FET’s drain—source re-
sistance, controlled by voltage V...

Fig. 6-a(below)—Plot of Fig. 5 gain
with changes in gate voltage. b—
Changes in gain with temperature.

Fig. 7(right)—Output of op amp is
rectified to control FET gate voltage;
gain of amplifier is held constant.
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cuit performance. 8.2k
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Voltage-tuned active filter

The circuit in Fig. 10 is a fairly well-known active-
filter configuration. The values of the various components
are given by

R1 = I 0
27 AAC
Ro=—1_,
Ar C
R, = ! =,

27C|:2f‘: - _\.A]
A

where A is the 3-dB bandwidth in Hz, A the voltage gain
and f, the center frequency. The advantage of this particu-
lar configuration, from our point of view, is that the cen-
ter frequency is controlled solely by R, (for fixed values of
all other components). Thus, by putting our FET in place
of Ry, we have a voltage-controlled filter, as shown in Fig.
11 below.

The filter performance for the component values in
Fig. 11 is in Fig. 12-a. Since the handwidth is fixed at 80
Hz, the Q varies from 2.5 at 200 Hz to 40 at 3.2 kHz.
The gain of the filter is 26 dB and the maximum variation
in gain over the tuning range is == 1 dB.

When we come to thermal stability, the picture
changes somewhat. The next set of curves (Fig. 12-b)
show the variation in center trequency over the tempera-
ture range from 0°C to 70°C for various initial settings.

Under some conditions, the circuit makes a good dig-
ital thermometer. To understand a little more about these
curves, we must look at the temperature response of the
FET channcl resistance, as shown in Fig. 12-c.

Note that tor low-gate voltages the temperature
cocfficient is positive. As we get closer to pinch-off voltage
the temperature coefficient approaches zero, and beyond
pinch-off the drain-source resistance has a ncgalive tem-
perature coefficient. This eifect, combined with the nonlin-
car Rys vs Vi characteristic, makes it very diflicult to
stabilize the device thermally and still maintain the filter

tuning range. To keep the circuit simple, tuning range is

sacrificed for thermal stability. If we set our lowest desired
frequency at FET pinch-off with a shunt resistor, and the
upper frequency with a scries resistor, as shown in Fig. 13,
and confine ourselves to a one octave tuning range, we get
better results.

The performance of this circuit js:

Lower Tuning Freq.  Upper Tuning Freg.

(380 Hz) ~ (760 Hz)
Deviation at 0°C =% —2.7% i
Deviation at 70°C - 1.8% +3%

How acceptable these figures are depends on the ap-
plication. If the deviation is within the bandwidth and the
tuning range is sufficient, then the requirements for a
stable, tunable filter would secem to be met.

Voitage-controlled oscillator

It is a short step from an active filter to an oscillator
(too short for some people). If we invert the filter output
and feed a suitable portion back to the input, we can
realize a voltage-controlled oscillator or VCO, as it is often
called.

This circuit (Fig. 14) uses the same frequency-deter-
mining components as the original filter, and its output
frequency covers the same range. Obviously, a sweep can
be generated by applying a ramp at rthe gate. There is a
variation in output amplitude over the range, however,
and it might be useful to usc our compressor amplifier as
the feedback clement here. This would make for a very
amplitude-stable VCO. Of course the remarks made carlier
about temperature stabilitv would still apply. However
thermal problems might possibly be overcome by the ar-
rangement in Fig. 15.

Here the compressor dehivers amplitude stabilization
and has a level control. The op amp is being used as a
low-pass filter (sec Fig. 1), and its dctected output, in
conjunction with the frequency setup voltage, is used in-
itially to set the oscillator output frequency. Any sub-
sequent frequency change due to thermal changes within
the loop will generate at the gate of the control FET a dc
correction voltage which will tend to pull the frequency

CoF Fig. 11(right)—Voltage-tuned active 005
e filter is obtained when the 2N5163 - )
] T g FET is used for resistor R3 in Fig. 10. /A
, R | 3 IMEG |
R E CuF HAT4I 27k 005 MATAI ‘
O MA——g—F——=- O—————{
R3 o ‘ o
OUTPUT V. OUTPYT
N G
1 R v=t2y Fig. 12-a(below)—Performance of —@ZNNG?’ [
= circuit in Fig. 11. b—Shift in center ]
10 frequency with temperature. c— %IMEG y=tizv
Fig. 10—Active-filler op amp circuit. Temperature vs. channel resistance 4 _l_
R3 value sets center frequency. piot. 11 = =
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3

fp50= 2800Hz
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back to the set value. As may have been inferred, this
system has not yet been tried, but it is suggested here as a
logical combination of the basic building blocks described

above.

Onward and upward

The principles involved here may be extended into the
video-frequency range by a suitable operational amplifier.
At frequencies where the drain-to-source capacitance of
the FET becomes noticcable (above | MHz), it may be
necessary to tune out this capacitance with a shunt in-
ductance, thereby climinating any undesirable phase shift

005
S—

27k .005
O—AA—— g ——) |

v=tizy

33k
Ve
12k
2N5163

Fig. 13(above)—Circuit values for
one-octave-tuning-range active filter.
Fig. 14(right)—Voltage-controlled os-
cillator; filter output is inverted.

over the operating range of the circuit,
It is also apparent that the functions discussed here
could be achieved using discrete devices as amplifiers.

However, the op amp is such a simple, stable and versatile
device that it is well worth using for these applications.
There is another advantage to the circuits described:

v=2v

Fig. 15(right)—VCO with good ampli-
tude stability uses compressor ampl.

no dc drain bias is used with the FET. This means that
li.« (the drain current for Vi = 0) variations are not a
consideration and devices may be interchanged ecasily. The
design of the various circuits should, however, include a
consideration of Ry .y, (the drain-to-source resistance for

Vs =0), which will vary from device to device. R-E
r‘] ]
% 47010 {
—_— jo . AMPLIFIER oc
F [ 0?5 (FIG e |
L6 IMEG e [ %
27k MAT 4 €2 I MEG IMEG
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, [ o0 SE600! S L
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IN THE FIRST PART OF THIS ARTICLE.
last month, we looked at the theory
of operation for triacs plus a few
applications. Here are more prac-
tical circuits. (Sec part one for figure
reference 10 or lower.)

A modified version of Fig. 10 is in
Fig. 11. This circuit is ideal for use as a
very sensitive temperature-operated line
switch. giving a thermal backlush of
only about [°C. Base drive for Q2 is
obtained from voltage divider R9-THI.
Thermistor THI1 has a negative tem-
perature coeflicient (its resistunce in-
creases as temperature decreases).

Zener diode D3 insures that Q2's
base drive conditions are independent of
variations in the low-voltage supply-line
potential. and D1-D2 (general-purpose
silicon diodes) temperature-stabilize the
trip point of the transistor circuitry. As
a result. the trip temperature is con-
trolled purely by the temperature of the
thermistor and is independent of the
ambient temperature of the transistor
circuitry.

The trip point of the circuit ¢can be

set with an accuracy of 1°C. and ther-
mal backlash is about 1°C. (If the triac
turns ON when the THI temparature
falls below, say 25°C. it will not turn
OFF again until the temperature rises 10
26°C.) This backlush can be increased.
if required. by increasing the value of
RS.

In this circuit the triac turns ON
when the temperature fails below a pre-
set value and goes OFF again wben the
temperature rises above that value. For
reverse action (Ql ON when tempera-
ture rises, OFF when temperature falls).

interchange the positions of THI1 and
R9. Thermistor THI can be any rod-

type negative-temperature-coeflicient
unit with a resistance in the range 2.000
to 8.000 ohms at the required operating
temperature.

Water-operated switch

The gate driving sections of the four
circuits we have looked at in Figs. 8 10
I'1 have all been “live," and dangerous
to the touch. None of them cun be
grounded. On the other hand, Fig. 12

R3 12V + Vg

]

LOAD
(AS FIG.2)
I

—_— |
120 OR
240VAC

R

Ql
(AS F1G.2)

NOTE :-
ALL RESISTORS =1/2 WATT

DI-D2 = GENERAL PURPOSE SILICON DIODES

B

680

Fig. 11—Highly sensitive temperature-operated line switch.
Thermistor turns on Q2 and Q3, which gates on the triac (Q1).
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shows how the triac can be operated as
a  water-activated line switch, using a
gate-driving circuit that is isolated from
the line voltage and that can be safely
grounded. The circuit is a modification
of Fig. 5.

In this circuit the UJT is wired as a
pulse generator to feed trigger pulses to
the triac via TIl. The UJT can operate
only if the Q3 end of R2 is shorted to
the 18-volt positive line. But in the dia-
gram Q3 is normally oft (when the
probes are open circuit), so R2 is nor
mally connected to the zero-volt
(ground) line via R3 and the UJT is
inoperative. The triac is normally OFF

When, on the other hand, a resistance
of less than about 120.000 ohms is con-
nected across the probes, Q3 is driven
to saturation. The top of R2 s
effectively shorted to the 18-volt line,
and the UJT oscillates and drives the
triac ON.

When, the probes are placed in water,
the water acts as a resistance of consid-
erably less than 120,000 ohms, and the
triac operates. The circuit functions
effectively as a water-operated switch.

Either one of the probes can be
grounded, if required, since the probe
circuitry is isolated from the power sup-
ply line via T1.

Phase-triggered power control

The triac circuits we have looked
at so far have all been used for a
simple ON/OFF type of power control.
Either full power or zero power is ap-
plied to the load. Triacs can also be
used to give very efficient variable
power control in ac circuits with a sys
tem known as “phase triggering.” The
principle of phase triggering can be de-
tailed with the aid of Fig. 13.

A basic phase-triggered variable-
power control circuit is in Fig. 13-a.

The triac and load are fed from an ac
source. The triac’s gate trigger signal is
derived from MT2 via a variable phase-
delay network and a trigger device. The
phase-delay network permits delaying
the ac signal to the trigger device, rela-
tive to that at MT2, by an amount vari-
able from about 10° to 170°.

The trigger device is a voltage-op-
erated “switch™ that triggers ON and

18V +Vg
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240 VAC Tl
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IIG
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Fig. 12—Water-activated line switch. Resistance across
probes trips Q3, which turns Q2 on, gating Q1 on through T1.
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Fig. 13-a—Basic circuit for phase-triggered variable-power
control. b—Waveforms in circuit for various phase delays.
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fires the triac when a preset voltage is
reached at the output of the phase-delay
network.

If the phase-delay network is set
for a 10° delay, the triac triggers ON in
each half-cycle 10° after the MT2 po-
tential reaches the preset voltage (the
triac is turned ON shortly after the start
of each half-cycle, and almost the full
available line power is applied to the
load),

If the phase-delay network is set
for a 170° delay. the triac does not trig-
ger ON until near the end of each half-
cycle. so only a negligible part of the
available line power is applied to the
load. By varying the setting of the
phase-delay network between 170° and
10°, the mean power to the load can
be varied all the way from near zero to
maximum, and the circuit acts as a vari-
able-power controller. Since the triac is
either full ON or full OFF at all times.
very little power is lost in the triac, and
the circuit is highly efficient.

The circuit waveforms that result
in the basic circuit at different settings
of the phase-delay network are in Fig.
13-b.

Since lamp brightness or electric
motor speed is proportional to the
power fed into the device. phase-trig-
gered triac circuits can be efficient lamp
dimmers and drill-speed controllers.

Triac lamp dimmers

The basic circuit of a simple triac
lamp dimmer is in Fig. 14-a. Diode D1,
a diac, acts as a high impedance until
35 wvolts is applied across it. At this
point it switches sharply to a low-im-
pedance ON state. When it is ON, it
passes enough current (if the voltage is
applied via a series resistor) so the volt-
age across it falls to about 30 volts (a

5-volt pulse is developed across the
diac as it switches from the OFF to
the ON state). The diac is a bidirec-
tional device and gives symmetrical
voltage triggering.

The RI-—C1 series combination

acts to give a voltage across C1 that can
be varied in magnitude and shifted in
phase (relative to Ql's MT2) by about
90° via RI. When the C1 potential
reaches 35 volts the diac fires and par-
tially discharges CI1 to produce a S-volt
trigger pulse that turns the triac ON. As
the triac goes ON, it self-latches for the
rest of the half-cycle and removes the
drive to the triggering network. At the
end of the half-cycle, the triac turns
OFF. It is triggered again in a similar
manner on the following half-cycle,
since both the diac and the triac are
bidirectional devices.

When RI1 is small. the voltage on
C1 is nearly the same as that on MT2,
and Cl's phase shift is very small.
Therefore, the triac fires early in ecach
half-cycle.

When R1 is large. the peak voltage
on C1 just reaches the 35 volts needed
to trigger DI1. and ClI’s phase shift is
close to 90°. Since the peak of a half-
wave occurs 90° after the start of the
half-cycle. the net effect of the low volt-
age and near-90° phase shift on CI is
to delay the firing of the triac by about

RADIO-ELECTRONICS


www.americanradiohistory.com

170°. Now. the triac does not turn ON
until near the end of each half-cycle.
Thus. the RI-C1-DI network permits
delaying the firing of the triac between
roughly 10° and 170° via RI1, and the
circuit acts as an efficient power con-
troller in numerous applications.

In practice, this simple circuit must
be modified slightly before it can be
used. Since the triac switches from OFF
to ON very sharply. and switches fairly
high currents, the switching waveform
of the circuit is very rich in harmonics.
If these harmonics are fed into the sup-
ply line, they can cause interference on
AM radios. The first modification that
the circuit needs is an rf filter to keep
higher harmonics out of the supply line.

Next. we must find a way to insure
that, when R1 is set near its minimum
value. the charge currents flowing to Cl
via R! are not so large that they dam-
age RI. This protection can be a limit-
ing resistor in series with R1.

Finally. to give a really satisfactory
performance. the maximum effective
value of R1 should be adjusted so lamp
power only just falls to zero as RI
reaches its maximum value. This can be
done by shunting R1 with a trimmer re-
sistor (see Fig. 14-b for a practical cir-
cuit incorporating these modifications).

Here. R3 is the shunt trimmer re-
sistor, R2 is the charge-current limiting
resistor, and 1.1—C2 form the rf filter.
L1 must have a current rating greater
than that of the lamp load.

The circuit of Fig. 14-b makes a
very useful lamp dimmer, but has two
slightly annoying features. The first is
that brightness control RI1 has consid-
erable hysteresis or backlash at its min-
imum setting (if the lamp finally goes
fully OFF when R1 is increased to
250,000 ohms. it will not start to go ON
again until RI1 is reduced to about
200.000 ohms).

The second annoying
that. when RI1 is reduced from the
250.000-ohm OFF position to the
200,000-ohm position. at which power is
first fed to the lamp. the lamp burns
initially at a fairly high brightness level.
Both of these effects can be explained.

On each half-cycle C1 charges and
discharges at a rate controlled by RI1.
The larger R1's value. the more slowly
C1 charges and discharges. Now, let’s
suppose that the triac is fully OFF and
R1's value is reduced to 201,000 ohms,
where Cl’'s voltage is not quite reaching
the 35 volts needed to fire the circuit.
Thus., C! is discharging by nearly 35
volts and charging by nearly 35 volts on
each half-cycle. giving a total voltage
change of nearly 70 volts per half-cycle.
Now if R1 is reduced to 200,000 ohms.
C!'s potential does reach 335 volts, and
the diac fires the triac about 10° be-
fore the end of this first operative half-
cycle. Therefore. very little power is ap-
plied to the lamp load. As the diac fires,
however. it reduces the charge on CI
by 5 volts. to only 30 volts.

Consequently, on the following
half-cycle C1 only has to discharge 30
volts and charge 35 volts to trigger the
triac, giving a total voltage change of
only 65 volts in this half-cycle. Since R1

feature is
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is set at the same value as on the first
operative half-cycle C1l’s charge reaches
35 volts earlier on the second half cycle
than it did on the first. This time the
triac fires appreciably earlier (about 30°
before the end of the half-cycle) on this
second half-cycle. and a substantial
amount of power is applied to the lamp.

On all subsequent half-cycles C1
operates under the same conditions as
on the second half-cycle (if R1's value
is not altered), and the lamp continues
to burn at appreciable power.

Once the circuit is operating and
C1 is going through a 65-volt change on

proved lamp dimmer is in Fig. 15. It
gives greatly reduced R1 backlash and
permits relatively low initial turn-on
powers. Tnis improved performance is
obtained by adding limiting resistor R4
in series with the diac, to reduce the
magnitude of CI’s discharge pulse, thus

reducing the instantaneous voltage
change on C1.
Even better performance can be

obtained from the double-time-constant
lamp-dinner circuit shown in Fig. 16.
This circuit works in roughly the same
way as that of Fig. 14-b. But here the
charge of time-constant capacitor C1 is

each half-cycle, Rl can be increased to S|
about 249,000 ohms before the lamp —ea @LM! =
finally turns fully OFF. Thus, very laruwe LOAD
phase-delay angles can be obtained. and TRIE(;
the lamp can be operated at very low =— RI
power levels. The backlash of RI and AC
the high initiul brightness levels of the INPUT
lamp are caused by the relatively large = CI_L DI
instantaneous voltage changes that occur T DIAC
on C1 as the diac and triac fire. It
The practical circuit of an im- g
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] Ql
120 OR RI ®r3 (AS FIG.2)
240VAC 250K 2 MEG
—-— . L 4
2~ DI
{
40583
Cl (RCA)
’]'\ .1 100V
I l
[I20VAC | 240VAC |
gs i ?-3FK-2'68\‘71 TT&I(/)ZOV‘ Fig. 14-a—Simpie triac iamp dimmer. b
uky Arh b —Version with trimmer pot and rf filter.
S| Lt
18 (é)LMI
LOAD 100uH
(AS F1G.2) R2*
- Ql l
;24%(\)/% RI oR3 {AS FIG.2)
250Kj 2 MEG
€2t < 390Q,172W
(RCA)
Ci
“T 1,100V l
i J

*AS IN FIG. 14-&

Fig. 15—Addition of R4 to the circuit in
Fig. 14 reduces backlash effect of C1.

LI
o DM
LOAD 100k H
(AS FIG.2) R2
20 OR 2
l (AS FIG.2)
RI o "
ChiehL e 250K 2 hEG -
] — ANy
C2 =< . 15K 172W | o}
l 40583
J_CI c3 (RCA)
T ’I\ 1,100V |
[120vAC | 240vAC |
R2 ‘2~2K.V2W 3.3K,1/2W Fig. 16—By adding C3 to circuit of Fig.
CLC2 |.InF,200V | .IuF,400V 15, Cl's backlash effect is cut further.
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S| Li
SIS M s N 1,7,1, 3
LOAD 100uH
{AS FIG.2) R2*
e Ql
120 OR R oR3 {AS FIG.2)
240 VAC o 2 MEG i
———er R4
1. AAN—9
ca* 1~ I15K,1/2W [ 1008,1/2W
40583
T Ccre Tc3_ {RCA)
* AS IN FIG. 16
Fig. 17—Backlash effect is minimized by adding R5 to the
circuit in Fig. 16.
S1 L
— o @M T
LOAD I00uH *
{AS FIG.2) R2*
— Ql
120 OR RI o R3 {AS FIG. 2)
240VAC 250K 2 MEG
R i NAA
ca2* T~ | ZRKS Di
oW 40583
Cc3 — (RCA)
CI* < 1jloov T LDR
4403(RrRCA)
[l20vAC 240 VAC | Fig. 18—Automatic turn-on circuit add-
R4|15K,2WATT |B.2K,2WATT | ed to double-time-constant lamp dim-
*AS IN FIG 16 mer. Light decreases LDR resistance.
s C MOTOR
| R2 R4
LOAD
| 2.2K,1/2W 1004},
i {AS FIG. 2} 172W
b | Ql
120 OR (AS FIG. 2)
240VAC 75K . 9
ANN— c2 =
2208,172W D1 .22uF,200V
—_ql (ON 120 VAC)
“T™ 1,100V 4(%38,3 400V )
{ON 240 VAC)
Fig. 19—Circuit for induction-motor speed controller. This
setup varies speed from maximum to one-third of maximum.
C MOTOR
\ o
F 'y
| {ASFIG.2) e
| Ql
o {AS FIG.2)
120 OR oR3
240 VAC 250K 2 MEG

15K

N/2W

3=

—L 40583
¢ €2 (RCA)
1100V T
| T <
120 VAC _l..24OVAC | Fig. 20—Universal motor speed can be
R2 2.2K, I1/2W | 3.3K,1/2W varied from zero to maximum by triac.
Cl | JuF, 200V | .JuF,400V
C3|.22uF200V |.22uF, 400V

fed to slave capacitor C3 via the rela-
tively high resistance of R4.
Consequently, C1 is at a slightly
higher voltage than C3. When C3's volt-
age reaches 35 volts, the diac and triac
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fire. and the diac reduces C3's potential
to 30 volts. The voltage on Cl stays
above 30 volts due to the isolation of
resistor R4.

After the circuit has fired, there-
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fore, Cl partially restores C3's charge
via R4, and little net change takes place
in the effective charge on C3 due to the
firing of the diac. The circuit gives low
hysteresis and a low initial turn-on lamp
power.

Fig. 17 shows how the circuit can
be improved to give virtually zero back-
lash on R1. Here the dischargc current
of C3 is limited by R5. so that when
the diac fires, C3’s voltage is reduced by
considerably less than 35 wvolts. After
triggering, C3 is more completely re-
charged via C1 and R4 and backlash is
thus reduced to negligible proportions.

A minor snag with the circuits of
Figs. 16 and 17 is that when R1 is in-
creased to near its maximum value, the
lamp may sometimes flash brightly for a
few cycles just before final turnoff.

This happens because two time-con-
stant networks are used and the total
phase shift of C3’s voltage may exceed
90°, making a total effective phase
delay of more than 180° available. As a
result, when R1 is set near its maximum
value the triac may fire afrer the end of
the correct half-cycle (at the start of the
following half-cycle).

A simple way to overcome this
snag is to gang S1 and R1 and adjust
R3 so the lamp does not quite turn fully
off when RI1 is set to its maximum
value. Thus, slight extra rotation of R1’s
spindle causes S1 to open. and we can
switch off without a pre-turnoff flash.

Finally, Fig. 18 shows how the
double-time-constant lamp dimmer can
be modified to give automatic turn-on
when ambient light levels drop. Under
bright conditions the LDR acts as a
very low resistance, and its resulting po-
tential divider action with R4 prevents
C3’s voltage from reaching the firing
potential of the diac, so the triac is fully
OFF. Under dark conditions. the LDR
acts as a very high resistance and does
not appreciably limit C3's voltage. The
triac therefore fires normally, and the
lamp operates with a brightness dictated
by the setting of R1.

Triac motor-speed controllers

Phase-triggered triac circuits can be
used as effective speed controls for uni-
versal (ac/dc) electric motors. Such
motors are used in electric drills, saws.
etc. Phase-triggered triac circuits also
give rather limited speed control of
fixed-load shaded-pole and split-phase
induction motors, like those in electric
fans and some food mixers, etc.

Motors are  basically inductive
loads, however, and since triacs turn
OFF when their main currents reduce
to zero, there is a phase difference be-
tween the line voltage and the triac’s
currents that causes the triac to turn
OFF sharply when the line voltage is at
a value other than zero. When the triac
turns OFF in each half-cycle, therefore,
a substantial instantaneous value of line

voltage is applied directly across its
main terminals. If the rate of rise of
this “commutating” voltage is above a

certain value it can cause the triac to
trigger back ON, and thus upset the
phase-triggering operation of the circuit.
When these circuits are used to control
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motor loads, therefore, they must be
modified to give a controlled rate of
rise of turnoff voltage across the triac.
This control can be obtained by wiring
a simple “snubber” R-C network be-
tween the triac’s main terminals.

Since the motor acts as an in-
ductance in series with the supply line.
it prevents the higher harmonics of the
triac’s switching waveform from being
fed into the supply line, where they
might cause interference on AM radios.
I'he usual rf filter can be eliminated in
such circuits.

Motor speed controller

The circuit of a practical induction-
motor speed controller is in Fig. 19.
The snubber network is formed by
R4-C2. The circuit allows motor speed
to be varied from maximum down to
about one-third of maximum. An in-
duction motor usually stalls if its speed
is suddenly reduced below a “dropout”
value determined by its loading condi-
tion and the phase setting of the triac
circuit.

The speed of universal (ac/dc)
motors. on the other hand. can be con-
trolled all the way from near-zero to
maximum using phase-controlled triacs.
Fig. 20 shows the practical circuit of a
useful drill-speed controller using a
double-time-constant network. Any of
the phase-delay networks shown earlier
can, in fact, be used here. Again, R5 and
C3 are used as a snubber network.

Quadrac control circuits

A quadrac can be described, in
technical language, as a “gated bidirec-
tional silicon thyristor with an integral
trigger.” It can also be described. in less
technical language, as a triac with a
built-in diac trigger diode. Thus, a
single quadrac can replace both the diac
and triac in each of the phase-triggered
circuits described so far.

The conventional symbo! used to
represent a quadrac is in Fig. 21. Fig. 22
shows the bottom view and lead con-
nections of these particular quadracs. A
quadrac can be used in a simple lamp-
dimmer circuit as in Fig. 23. It can be
used in a double-time-constant lamp-
dimmer circuit as in Fig. 24. Finally,
Fig. 25 shows how it can be used as a
drill-speed controller.

Maximum gquadrac loads

These three circuits use either a
40511 (120 Vac) or 40512 (240 Vac)
quadrac. These particular quadracs are
supplied with a factory-attached heat
radiator, and can handle rms currents
up to 2.2 amps at ambient temperatures
of 25°C. This means maximum load
powers of 264 watts and 528 watts. re-
spectively. They can, however, handle
rms currents up to 6 amps if the case
temperatures are kept to less than 75°
C with the help of additional heat sink-
ing, thus allowing maximum load pow-
ers of 720 watts and 1440 watts, respec-
tively. Both quadracs can handle peak
surge currents up to 100 amps for one
duty cycle. R-E

JULY 1970

[mr2

MT|

Fig. 21(above)—Symbo! for the quad-
rac.

Fig. 22—Bottom view of lead connec-

,HEAT RADIATOR (MT2)

W

A= CHASSIS MOUNTING HOLES

tions on the integral heat sink for
40511's (RCA). B=PC BOARD MOUNTING TABS
S @M
LOAD I0GuH
(ASFIG 2}
- Qi
120 OR Rl
240VAC 250K
-y
C2 1~ 390Q,1/72W
-4
“T
[120vac  |240vac |
R2|33K,1/2W [47K, 172w Fig. 21—Quadrac is triac with built-in diac trigger
C2|.IuF, 200V |.IuF, 400V diode. Lamp-dimmer circuit here can handle 264
QI | 40511(RCA) | 40512 (RCA) watts at 120 volts ac.
S| LI
@ Tyu |
LOAD I00RH
(SEE TEXT) R2
~ Ql
120 OR
RI oR3
LA 250K 2MEG
. AM ®
Ce _L ISK,1/2W l
Cl c3
T 1,100V T |
[120vaC  |240vAC | . - S
R2 | 2.2K,I/2W | 3.3K,172W Fig. 22—Variation of circuit above uses double-
C1,C2 | .IuF, 200V | .IuF, 400V time-constant effect to eliminate backlash. L1
Q1 | 405I1(RCA)| 40512(RCA) helps to suppress rf noise.
S| C MOTOR
—.
LOAD R2 RS
(SEE TEXT) 1009,
172w
- , Q!
120 OR |
! % R3 i
240 VAC 250K 2 MEG R4 @D -L
-~ 1
l P
ISK,1/2W
Ct c2 J_ \_ €3
T 1,100V T
[120vaCc | 240vAC
R2|2.2K,I/2W | 3.3K,1/2W . . . . .
Cl |.IuF,200V | iuF,400V Fig. 23—Quadrac application in a drill-speed con

C3 | .22uF,200V | .22uF,400V |
Q1 | 40511 (RCA) | 40512(RCA) |
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troller circuit. The quadracs listed have heat ra-
diators attached.
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Second in a series...

an you solve
these problems
in electronics?

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

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

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

DOOR BELL

{0

' i
I '\a) 120 VOLTS
i "y

o [«.'l I:"

In this door bell circuit, which kind of What is the total capacitance in the above
transformer is T, —step-up or step-down? circuit?

Note: if you had completed only the first lesson of Note: you'd know the solution to the problem if
any of the RCA Institutes Home Study programs, you'd taken cnly the first two lessons in RCA's new
you'd easily solve this problem. 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
176 first step now. Send for complete information—
‘UMOP-dalg s1omsuy mail the attached card.
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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 oscilloscopé.

Prepare for good paying
positionsin fields like these ;=
Television Servicing :
Telecommunications
Mobile Communications
CATV

Broadcasting

Marine Communications
Nuclear Instrumentation
Industrial Electronics
Automation

Computer Programming
Solid State

Electronics Drafting
JuLy 1970

In the new program on Solid
State Electronics you will study
the effects of temperature and
leakage characteristics of
transistors.

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.

Two Convenient Payment Plans

Pay for lessons as you order them. No contract
obligating you to continue the course. Or, you can
take advantage of RCA's convenient monthly
payment plan. No interest charges!

Classroom Training Also Available

RCA Institutes operates one of the largest technica!
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.I. Bill.

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

Accredited Member National Home Study Council.

[t e C e e eI CIC JIC JIC JIE I it JC it ety |
: IF REPLY CARD 1S DETACHED, SEND THIS CCUPON :
| RCA Institutes Inc. |
| Home Study Dept. 758-007-0 |
I 320 West 31 Street [
| New York, N.Y. 10001 |
| Please send me FREE illustrated career catalog. [
! Name____ ! _Age I
| (please print) |
| Address ]
I I
i City___ ___State Zip I
(SRS I WS SO S W e AT SO S L VO |
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R for color

TV overheating
problems in ..

Checker simpiifies adjustment

of horizontal output circuit.

by ART MARGOLIS

FOR BLACK-AND-WHITE TELEVISION,
a valid high-voltage repair test is to
feel the flyback transformer. (After
you turn the set off.)

If the flyback is hot, it’s bad!
No ifs ands or buts. It has shorted
turns and nceds replacement, which
usually cures the trouble.

But this rule seldom holds true for
color TV. Usually when a color fly-
back is overheating, it’s because some-
thing is causing it to run hot. If the
flyback continually runs hot it will
go bad. However, replacing it won't
help unless you get to the root of
the trouble.

Pinpointing the reason for the
hot flyback is based around perform-
mmg a simple adjustment. lLet's go
through some case histories and T'll
show you what 1 mean.

The repeated-burnout syndrome

Wc give a 90-day guarantee on
receiving tubes sold over the counter.
A vyear ago a doctor brought in a
6JE6 color horizontal tube that he
had purchased about 6 months carlier.
He wanted to exchange it for a new
one. I pointed to our sign: “90
days. . . .

“I normally wouldn’t try to pull
this,” he said, “but it’s the fourth one
you sold me, and it’s an eXpensive
tube.”

“In how long a time?” I asked.
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He pulled out a sheaf of our
receipts and removed four of them.
They dated back over 2 years. all for
6JE6’s, and cach one had lasted about
6 months.

I said, “It’s unlikely we've sold
you four tubes with the same 6 months’
life. There must be something about
your color TV that's shortening the
tube’s life.”

“That makes sense,” he said,
“why don’t you come out for a ser-
vice job?”

1 followed him home and hooked
a milllammeter into the cathode leg
of the horizontal-output circuit. Then
I turned on his RCA TV with a
new tube installed and let it heat up
about 5 minutes.

“Horizontal output tubes are
especially critical in color TV,” I ex-
plained. “They have certain character-
istics and must operate within certain
parameters. If they deviate, the tube
either burns up or has its life short-
ened. The fiyback transformer works
with the output tube, and when the
tube runs incorrectly the flyback runs
too hot.

“It’s essential that the output tube
operate correctly. To check it, just

see how much current is passing
through the cathode. Each output
tube has its own rating, A 6JE6

should pass 220 mA.”

This set was running its output
tube at about 140 mA. I turned off
the sct and felt the flyback. It was
running with a hot core. The incorrect
setting was shortening the output
tube’s life and the flyback was also
in jeopardy.

To adjust the cathode current,
an EFFICIENCY COIL (sometimes the
HORIZONTAL LINEARITY COIL) is pro-
vided (Fig. 1).

1 adjusted it, and the meter
needle gradually rose to 220 mA. I
buttoned up the TV. “Ill have to
charge you for the service call and
the tube. Your set was shortening its
life,” 1 said.

“Well, at least you're not charg-
ing me for prevention of flyback fail-
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the case of the

ure,” he said, lighting his pipe.

A customer huffed and puffed
a 23-inch Emerson color table model
into the shop. “Boy, you advertise
bring-in service, but this one is heavy,”
he said.

*“You could have called us and
I would have sent out a serviceman,”
I said.

“Then he’d
charge.”

I figured T better change the sub-
ject. “What’s the problem,” T asked
as I removed the back.

“If 1 knew what was wrong 1
wouldn’t have needed you, would [?”

I plugged mn a cheater cord and
turned on the TV. As I watched, the
horizontal output tube came on, its
plate structure turned cherry red. I
pulled the plug and felt the core of
the flyback. It was so hot I couldn’t
keep my fingertip on it. “Looks like
you have a bad flyback and possibly
some other trouble,” I said.

“Well, fix it,” he said. I wrote up
a shop repair tag and he left.

On the bench I noticed the fly-
back started to smoke when I turned
on the set. Any kind of sparking or
smoking in a flyback indicates a re-
placement is needed, even though, like
this one did, it looks new.

I called my supplier and ordered
a new onc. It was an exact replace-
ment except for the letter B on the
end of the part number instead of
the original A.

A shect of instructions explained
that the B meant the output-tube
screen resistor needed a new value,
and the agc takeoff required a new
wiring hookup. That was all the sheet
instructed.

I installed the new flyback with
the changes and a new output tube.
The picture came on beautifully. 1
let it play a few minutes and turned it
off. Then I gave the flyback the “feel”
test. The core was hot.

Even though the picture was per-
fect I knew the flyback couldn’t run
that hot for any length of time.

1 re-examined the installation and

add on a service
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HOT:-FLYBACK

22pF
1KV
6CL3 ; (-
DAMPER AN —L
5.6uH 56uH -
027
TO = _
FLYBACK ‘
oee
EFF1C|ENCYI
coiL l
033
+405v B—BOOST
810V

Fig. 1—Typical location of the Hhori-
zontal efficiency coil. To obtain the
correct horizontal output cathode cur-
rent flow, adjust the efficiency coil.

it checked perfectly with the instruc-
tion shect. Now what?

[ connected a milliammeter into
the cathode circuit of the output tube
and turned on the TV. Voila! The
cathode current was running at about
260 mA instcad of the 200 it was
designed to operate at. 1 adjusted
the EFFICIENCY coil. and gradually
the current worked its way down to
200.

I conducted the
Success. The flyback
cool.

test again.
running

feel
was

When the customer came in, he
said, “I sec you fixed it.” He lrlcd to
lift the table model, but his face got
red and he put it back down. “How
much to deliver this thing?”’ he asked.

“Just the regular service charge,”
I smiled.

He peeled off the cash and laid
it alongside the check for the repair.
“Deliver it, will vou? But if my wife
asks, the delivery is free, O.K.?”

The stubborn flyback
A large. practically new 21-inch
Philco Color Home Theater was rest-
ing atop my bench when 1 returned
from a few house calls.
“What’s it there for?’ 1

1970

asked

JulLy

the men, who were “busy” elsewhere.

“It's vour turn on that dog,”
they replied.

[ turned it on, and a picture
crackled into view. However, the

width was not quite wide enough and
a thin white wvertical line crunched
the picture in slightly at the center.

I turned it off after abour 5
minutes and felt the flyback. It was
running too hot for comfort.

I looked over the shop repair
tag. The set was originally brought
i for extreme loss of width. The
picture had shrunk about 4 inches on
each side. The flyback had been found
smoking and was replaced. The pic-
ture came on bright. sprcad out al-
most enough, but with the white line
down the center. Also the flyback was
running too hot.

I smiled at the men and attached
a milliammeter into the cathode of
the output tube. My smile faded. for
the cathode current was exactly 210
mA. as called for.

That cleared the output-tube legs.
The trouble was in the flyback cir-

cuit arca. First thing | always do
when a new trouble appears that

wasn’t there before is to examine our
own work. Chances arc good that
during a complex replacement a mis-
take can be made and a new trouble
induced.

I checked the old flyback with

the new. The part numbers were
identical. There was no instruction
sheet contained in the box. I checked

the wiring. We alwayvs make a wiring
diagram during such a replacement.

The wires matched. wire for wire.
There was no error.
I reviewed the symptom. There

scemed to be a mismatch. 1 adjusted
the efliciency coil. The picture spread
out and the line disappeared. But now
the cathode current read 290 mA.
The output tube and flyback would
burn out in no time. [ turned the
coil back to 210 mA.

Next I pulled the factory notes
on the set. | figured a good way to
start was to check all the flvback
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connections according to the sche-
matic provided.

Then | saw it. The damper and
yoke connections to the tlyback were
reversed (Fig. 2). This was the way
the job had come into the shop. 1
reversed them as the schematic
showed and turned on the sct.

The picture came on. The cath-
ode current dropped to about 160
mA. [ looked at the picture. It was
still scrunched up. “What the —77
[ muttered

A hand reached over my shoul-
der and began adjusting the efficiency
coil. It was the bench man who'd
worked on the set before and had
been observing me closely out of the
corner of his ecye. As the meter hit
210 the picture came in perfectly. L
gave the Hyback the feel test. It was
cool.

He fashioned a piece of solder
into a star, attached it to mv shop
coat and saluted.

Mystery of the touchy sync

A 2l-inch  department-store-
brand color TV was brought in by
onc of the roadmen. The shop repair
tag read, “FLYBACK.”

I turned on the TV. There was
no high voltage. | tested the flyback.
[t was bad. The secondary winding
had opened.

I obtained the replacement and
installed it. The high voltage crackled
back on and brightness appeared on
the screen. 1 attached an antenna.
Instcad of a picture the screen was
full of horizontal lines.

I adjusted the horizontal hold.
The picture almost came in, but was
locking on one end. I tried to center
sct it but couldn’t. Then the picture
would tear off into lines.

Meantime | checked my flyback
installation. Uh, oh, the flyback was
running hot. I figured I'd better
straighten that out before attacking
the secondary horizontal sync condi-
tion in the sct.

An ammeter in the output cathode
circuit read closc to 300 mA. I tried
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adjusting the cfliciency coil, but it had
little effect on the current drain. I
shut off the TV.

I had two choices: try getting
the output current back to normal or
try clearing the horizontal sync condi-
tion. | decided 1o take the easy choice
first: Clear the horizontal sync condi-
tion and sce what happens.

However, 1 couldn’t run the TV
with the flyback so hot without damag-
ing the new flyback. So 1 removed
the horizontal output tube from the
set and then turned it on. This shut
down the entire high-voltage system.

Since the horizontal hold control
wouldn’t set, I started in the circuit
containing the control, the horizontal
oscillator.

First stop was the plate of the
oscillator. I turned on the TV and
took a dc voltage reading. There was
supposed to be 265 volts dc at that
point, but the meter recad about 40
volts.

I traced back in the plate leg
to see if any series component could
be absorbing the missing voltage. I
crossed over the horizontal-frequency
coil and the voltage remained at 40.
Then I crossed over the plate feed
resistor. The voltage leaped to about

Fig. 2—Hot fiyback in Philco Home
Theater was caused by a reversal of
damper and yoke connections (pins 10
and 3).

Fig. 3—Off-frequency horizontal oscil-
lator (faulty resistor) caused a hot fly-
back. Horizontal hoid did not work.

6FQ7
HORIZ
0sc

(Fig. 3). I changed it, and the plate
read 265 volts.

I reinstalled the horizontal out-
put tube and heard the high voltage
bristle around the picture-tube shell.
I looked at the ammeter in the out-
put cathode. It was no longer read-
ing 300 mA, but was down to 240.

I adjusted the etlicicncy coil and
the needle crept down to a safe 200
mA.

The picture was a screenful of
lines. I adjusted the horizontal hold
control and the picture snapped in
at the center of the range.

Then 1 turned off the TV and
gave the flyback the feel test. Ex-
cellent, it was now cool. The repair
was complete.

The increased-value resistor had
changed the frequency of the hori-
zontal oscillator. This gave reduced
feed to the horizontal output. This
lowered the output tube’s input and
caused the tube to draw too much
current, which in turn made the fly-
back run hot.

At any rate, hot flybacks cannot
exist in a color TV. Whenever you

0015
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300 volts. Ah ha!

I turned off the TV and meas-
ured the resistor. Instead of 27,000
ohms, it read close to | megohm

TGBOpF

@’\DEFECTIVE
27K
W

i

B+
300V

run across a hot flyback, whether
the picture is good or bad, you have
to cool it before putting the set back
into operation. R-E

KNOW YOUR METER

This month Section Il of your Radio-Electronics Reference Manual gets under way. We start off with
an excellent article on how to get the most from your meter. Future material for this section will in-
clude a complete manual on TV antenna installation, as well as other similar material.

If you wish you can purchase a special hardcover binder to keep your Reference Manual pages to-
gether. It has a dark blue fabric cover and is gold stamped Radio-Electronics Reference Manual.
The cost is $1.00, postpaid. Order from N. Estrada, 17 Slate Lane, Central Islip, L.I., N. Y. 11722,

|
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In the Shop .

By JACK DARR

SERVICE

.. With Jack

EDITOR

Checking Unknown Tubes

EVERY ONE OF US HAS HAD THE MISER-
able experience of yanking the back off a
TV set and finding tubes he’s never seen or
heard of. In many cases. your tube
tester or manual hasn’t either. From the
tube-layout chart inside the cabinet, we
can find out what a tube is used for—
sound, video. horizontal output/damper,
etc. If this happens to be the function
that is not working, we should check the
tube beforc we tear the chassis apart
But how?

There are ways. If there is a sche-
matic of the set with it. you can identify
the base pins of the elements. Even if
there isn’t. it's still possible.

Let’s take the easiest first: with the
schematic. Most of these will be dual or
even triple types. As an example of this
method, not too long ago | found a
24BF11 dual pentode for the first time.
The tube is used for sound detector and
audio output in a Truetone EIS1015A-
69. Fortunately, the Western Auto Co.
puts a nice big readable schematic in
each set. The complaint was “"no sound”
with a good picture.

Setting the tube up on a test
adapter (12-pin:Pomona TVS-12 Com-
pactron) with lugs around the base, I
checked the audio output section plate
and screen voltages on pins 10 and I1:
Fig. 1 shows a partial schematic. These
were okay, and an audio signal went
“Beep” through from the grid. That took
care of the audio output half.

The detector screen voltage was 90
volts, as called for, but no plate voltage
to speak of was present. | pulled tube

This column is for your service
problems—TV, radio, audio or gen-
cral and industrial electronics. We
answer all questions individually by
mail, free of charge, and the more in-
teresting ones will he printed here.

If you're really stuck, write us.
We'll do our best to help vou. Don’t
forget to enclose a stamped, self-ad-
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 200 Park Ave.
South, New York 10003,

and adapter to get at the 330K plate re-
sistor on the PC board (behind it, of
course). An ohmmeter indicated this
was okay. | put tube and adapter back,
then put a long, well-insulated test prod
on the supply end of the 330K resistor.
The voltage came up to its advertised
300 volts. At the load end of resistor
nothing.

Turned set off; waited for it to cool.
Turned it on again with voltmeter on
load end; voltage came up, but never
reached normal value. Turned set oft;
waited 30 seconds. Read resistance from
pin 7 plate to B—. Hmmm; about 400
ohms. Pullied tube. 400-ohm resistance
disappeared.

Diagnosis complete; 24BF1! tube
shorted in sound detector section. Re-
placement, after we found one of the
things, confirmed this. There is one
more trick you can pull, in these cir-
cumstances, if the set does not have a
series-heater string. Pull the tube, turn
the set on, and read the voltage on the
open plate terminal of the socket. This

24BF 1
+300V
BOOST
SOUND
DET
+140V ol
TO SOUND 5 VOLUME
LE AMPL S o 8
TRANSISTOR ] ~, | MEG
90V =
10K o
| QUAD 1200
: coiL ek
+125V = = +I30V

Fig.
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When you're
putting up an
antenna,

RCA supports it.
With a complete
line of hardware.

Chimney, wall, and roof mounts.
Masting. Guy wires, fittings . . .
and standoffs, too. Whatever vour
requirements . . . RCA meets
them with a complete line of
Antenna Installation Hardware.

Every item in the line has been
given that specia!l a‘tention to
design and quality that you'vs
come to expect from RCA.

Ask your RCA Distributor about
the RCA antenna hardware line,
and about his special deal on

a hardware merchandiser for
profitable ‘‘do-it-yourself” sales.
Sell the hardware line with built-in
consumer acceptance—RCA.

Parts and Accessories,
Deptford, N.J. 08096

Antenna
Installation Hardware
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AT LAST...

TRANSITEK'S CATALOG
IS READY!

MANY  NEW  UNPUBLISHED
PROJECTS COMPLETE  DE-
- SCRIPTIONS GIVEN.

NEW KITS

CHANNEL PREAMP
CHANNEL POWER AMP.

STUDIO QUALITY TAPE
ELECTRONICS

PROFESSIONAL PREAMPLIFIER

LEGAL CORDLESS PHONE —
WITH DIALING

RADAR TYPE ALARM SYSTEM
— COMPLETE

plus TUNERS, TESTGEAR —
MANY OTHERS

Send 25¢ in coin for
catalog & supplements to:

JRA NSITEK

Excellence in electronics -by. design
PO Box 98205, Des Moines, Wash.
98016

Circle 18 on reader service card

QUALIFY FOR
YOUR FCC
RADIOTELEPHONE
LICENSE!

ICS has successfully trained thousands.
Study at home, at your own speed, with the
detailed personal attention of your highly
qualified instructor. No time lost commuting
to classes, or waiting for a class to catch up.

Course material includes detailed informa-
tion on various FCC examinations and typical
FCC examination questions, with answers ex-
plained in detail. Covers preparation for First,
Second and Third Class tickets. Studyone...
or all three.

Your tuition refunded—or additional instruc-
tion provided—if you fail to pass your FCC exam
after completing ICS instruction.

Don't wait—for full information send the
coupon today.

ICS, Scranton, Pa. 18515
l C S‘Inremah'onal Correspondence Schools
Division of Intext D7942F
Mail to ICS, Scranton, Pa. 18515
Rush me free details on your warranted
Radiotelephone License qualifying program.

Name_ —__Age
(please print)

Address._ -

City ___ State_ Zip

Occupation.____ -

O | am a veteran; tell me how | qualify for
tuition refund under the new G! Bill.

Circle 19 on reader service card

should rcad the full B+ voliage, since
there is no load except the voltmeter re-
sistance. This will catch such things as
shorted or leaky bypass capacitors, etc.
Very handy for checking for leaky saw-
forming capacitors in horizontal os-
cillators, as | found out later.

That’s the easy way. Now for the
hard way—no diagram, no base con-
nections, no nothin’. Pull the tube, wipe
the dust off the base, and get out the
jeweler’s loupe, or any high-powered
magnifying gluss. Shine a strong light
across the base of the tube; even a pen-
light will do. You can actually see the
base pins and where they connect to the
various elements. Make a sketch of a
pentode, (riode, etc. and trace the con-
nections and write in pin numbers.

» 1 | _—Mica pisc
f\aas==aq/4

/ SUPPRESSOR,G3

|
SCREEN, G2
//
f s gCI)NTROL GRID,

| | —PLATE, P

| Mica pisc

\ |~ CATHODE, K

] 4 ¢ A T

/

161 °H HW
iy \_n,’ﬂ/ P

U

!

Fig. 2

This is casier than it sounds. Fig. 2
shows a sketch of what the bottom of
the element assembly looks like. You
can see the white heaters going up into
the cathode sleeve. On either sidc of the
cathodc, the two rods are the control
erid mounts. The ribbon connection to
these can be traced (o the base pin.
They will be welded to the element sup-
port rod and the top of their base pin at
each end. (You can also see if the rib-
bon is making good contact to the pin
or rod; a broken weld can be spotted!)

The cathode sleeve is easy to iden-
tify. The next pair of rods “outward”
will be the control grid, or G1i. Next,
the screen grid, then the suppressor grid,
and last, the plate. You can see the side
rods of the plate structure by looking
above the round mica mount-spacer to
be sure. Just count the pin numbers, and
write them in on your rough drawing.

Once the pins are all identified, you
can put the tube back in the set. or a
test adapter, and rcad the important
voltages—plate, screen, cathode, grid,
etc. You can feed signals to the grid ter-
minal of the adapter and sce if they get
through the tube.

If you have any trouble identifying
the base-pin connections with the mag-
nifying glass, get out a new familiar
tube. Check its base connections on the
schematic or in a tube manual. then
cross check them on the tube itself. R.E.
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Service
Clinic

SERVICE EDITOR

Narrow-band scopes for color

I've got an old Heathkit 012
scope. Can I use it for servicing color
sets, or will I have ro modify it?—
W. K., Winnipeg, Manitoba, Canada

Actually, there are very few
scopes that are not suitable for color
service if they're in good shape. In
most cases, by using the scope and the
picture-tube screen together, we can
get all the information we want.

One thing is very helpful—know-
ing what the patterns on your scope
look like at various points in the cir-
cuit. For example, on one of my old
narrow-band scopes (up to a full
20,000 Hz!) I can see the burst signal
at  the burst-amplifier  output. It
doesn’t look like the pictures in the
textbooks, but T know what it means!
Take some waveforms from a color
sct that is working, and you can tell
about what to expect.

Horizontal instability

I had a funnv one. While check-
ing a Zenith 14N33Z portable on
the bench, it was okav when it was
facing me. When | turned it sidewise
to look in the back. I got a loud hiss,
and the horizontal hold got very un-
stable! Turning it back, it was all
right'—R. Q., Ark.

If this hadn’t happened to me,
too. I wouldn’t know the answer.
With the set facing vou, your bench
antenna lead-in was going away from
the chassis. Turning the set sidewise,
the lead-in draped itself over the
2AS2 HV rectifier! So, you got all
kinds of “stuff” coupled into the
tuner! Just be careful that the lcad-in
doesn’t get too near the HV section.

338-kHz converter coils

Where could 1 get coils to make
a converter to tune to the 338-kHz
weather band? Should I use a crystal-
controlled  oscillator?>—W. P., St
Louis, Mo.

Try old car radios. If they have
260-kHz i.f. transformers, they should
tune up to this frequency. If they
won’t, disconnect the resonating ca-
pacitors across each coil. Also, 455-
kHz i.f. transformers can be tuned
down to this frequency by adding
small capacitors across coils.

Yes, use crystal control since you
want only one frequency.

RADIO-ELECTRONICS
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Short 3A3 life

3A3 tubes last about 10 days in a
hig color set; sometimes less. This is
getting annoying, as well as expensive.
What can I do?>—W.T., Forestville,
Conn.

One of two things. First, I'd
check the cathode current of the hori-
zontal output tube, boost voltage. etc.,
to make sure that the horizontal out-
put stage was OK.

Last resort, you might try using
some of the later, and slightly higher
rated high-voltage rectifier tubes:
3CA3, which has a 3.6 volt filament at
225 mA, or the 3GN3. 3.15 V (same
as 3A3) but at 225 mA. Zenith has
a new high-voltage rectifier tube, the
3DB3, which is interchangeable with
3A3. but not vice versa. (Don’t re-
place 3DB3’s with 3A3's.) The 3DB3
is a little higher rated. and has lead-
glass for X-ray protection.

Check the high-voltage regulator:
if it's taking too much current, this
could be the cause.

Filaments in series?

In alate model Zenith, I looked in
and saw the damper tube dead. Put a
new one in and nothing happened!
Finally found out that the high-voltage
regulator tube was dead, too. What the
heck is going on here?—F.B., Ark.

This is normal, and intentional.
New Zeniths have the damper and
high-voltage regulator filaments in ser-
ies. So, if the high-voltage regulator
tube blows. the damper tube goes out,
killing the horizontal output. The high-
voltage is not allowed to rise to danger-
ous heights because of loss of high-
voltage regulator loading. It's a safety
feature, and a good one.

Slow loss of focus

I'm working on an RCA CTC-11
with a peculiar problem. It works fine
when first turned on. After about 20
minutes you have to turn the kine-bias
control down to keep a good picture
in focus. Eventually, vou have to turn
the kine bias so far dowu that the pic-
ture is practically out. Ger me started
on this'—K.W., Chester, Pa.

You've got a thermal problem.
Something is “heating up and going
out.” From the description, | suspect
the focus voltage. Read the high volt-
age and focus voltage when the set is
first turned on, and log the readings.
After the trouble shows up, read the
same voltages again, and you can tell
what's happening.

Focus voltage should always be a
percentage of the HV applied at the
time. This is usually about 20%.
When the trouble shows up, see if

both focus and HV have dropped by
the same percentage. For example, the
HV is down by 20% and the focus
also down by 20%, of the ‘“starting
values.” This would point to trouble
in the source of both these voltages.
In other words, the horizontal output
tube, flyback, damper tube, etc.

If the HV stays up and the focus
voltage goes down, or if they go down
by different percentages, look for
some trouble in the focus rectifier,
tube or filter resistors, control, etc.
Check the socket of the crT. The
focus element pin (9) often corrodes,
and makes intermittent contact.

338-kHz converter coils

Where could I get coils to make
a converter to tune to the 338-kHz
weather band? Should | use a crystal-
controlled oscillator?—W. P., St.
Louis, Mo.

Try old car radios. If they have
260-kHz i.t. transformers, they should
tunc up to the frequency. If they
won't, disconnect the resonating ca-
pacitors across cach coil. Also, 455-
kHz if. transformers can be tuned
down to this frequency by adding
capacitors in parallel across coils.

Yes, use crystal control since you
want only one frequency; it’s much
more stable. R-E

When you have an intrusion detection system that already
cuts theft potential 95% by automatically switching on lights,
why add sound? Environmental Variance. EV is another way of
saying that numerous individual and business premises are sub-
ject to varying leveis of background noise, including cars, trucks,
trains and industrial activity...as well as varying levels of out-
side people-traffic. This is why DeltAlert’s new audio capability
is the answer to Environmental Variance, and why it's your

answer to totai intrusion detection.

Horn sound is high-intensity, and the horn itself can be lo-

cated away from the sensing unit. There is a ten second delay

1

¥

}

!
to allow authorized entry and access to the horn's on/off switch.
Order your DeltAlert system, complete with horn. You'll see 1
how DeltAlert’s variable sensitivity control and adjustable timing ;
I

i

1

1

1

|

providesthe most advanced sentry
system on the market. Completely
monitor and blanket areas fifteen
to thirty feet. Easy to connect. No
rewiring necessary.

JUuLy 1970

increase to $69.95 ppd.

DeitAlert, compiete 1.
unit, ready to 859952‘ Name _

u

DeltaHorn,

Complete with s 95 GEEIED
built-in delay.....Only

*Effective August 1, 1970, DeltAlert will City/ State

Circle 20 on reader service card
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SPECIFICATIONS:
Ultrason ¢ Frequency: 35 KHZ A
Area Coverage: 15-30 feet (de-
pending on shape of area} A
Controls: On-Off Switch; Built in Timer;
Variable Sensitivity Control 2 Output: 110-
Power Requirements: 110-
130, 60 HzAC A Dimensions: 10%"W x 3%'H x 3%'D A Complete
with 110-130V Drop Cord A Wainut designer finish.

Unit and ail parts manufactured in U.S.A.

130V at 1 Amp. /

P.0. Box 1147 RE/Grand Junction, Colo, 81501

Please send me literature immediately.

Enclosed is $
Please send

________ ——————

- Ship ppd. [J Ship C.0.D.
DeltAlert  {! DeltaHorn

b o s ot e e e e e e e A
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PULSE
GENERATOR

ADAPTER

APG-100
(not iltustrated)
APG-150

Now convert your sine/square wave gencrator 1o
high-speed lab quality pulse generator. No longer d
you need to be limited with the standard test genera
tor, Now BLULYNE makes it possible for you to havi
a laboratery variahle nulse generator at less than on
gutput of your present sine/square wave generilor t
and you have fast rise and fall times. us well as vari
ahla pulse width, variable pulse amplinule, and vari
able freweney
—ecalibrate vour scope at high frequencies
rise time)
_No need to buy u rouiplete expensive generalor
—Perfect far the designer. egperimenter,
techuician. .
—erfect for citeuils requiring fasi rise times,
—T'se to control chopper cireuits.
—Many mere valuable uses.

(30 Mh

Specifications:

Frequency range — 1 Hz to 10 Mhz.
Rise time — less than 20 nsec. (nanoseconds)
Fall time — less than 20 nsec. (nanoseconds)
Pulse width (variable)

100 nszc. to 500 msec. (50% duty max)
Pulse amplitude .

(APG-100) 0.6v — 6.0v (unterminated)

(APG-150) 0.6v — 10.0v {unterminated)
tnput Impedence — 5000 ohms
Output Impedence

(APG-100) 110 ohms

(APG-150) 50 ohms
Connectors

(APG-100) phono jacks

(APG-150) BNC

Price
(APG-100) not illustrated
(APG-150)

other BLULYNE products.

Blulyne Electronic Corporation
Dept. R, 3 Sand Springs Road,
Williamstown, Mass. 01267

quarter the cost of a separate unit. Merely attach the

the inpuf of the BLULYNE pulse generitor adaptes

engineer,

... $39.95
$49.95

Write for illustrated literature for this and

a
Ll
L
e

o
T

¥A
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IF YOU ARE A TV REPAIR
MAN YOU NEED

TV TECH AID!

TV TECH AID is the best trouble shooting
guide available today. It takes all the guess-
work out of TV repair and is designed to help
you solve your problems quickly and eco-
nomically. )

Each month you reccive updated inlonpa-
tion on up to 40 ditlerent lrouh|e~shoou_ng
cases. This important information is supplied
1o us by technicians, field reps and all the
leading TV manufacturers. .

You will tind every symptom piclnreq with
a clearly marked schematic ol the particular
faulty stage. The fuulty components and cor-
rections will also be listed {0 aid in repair.
You go right 1o the source of the trouble
without guesswork. In addition you get val-
uable information on current models as well
as older models along with circuit changes
and moditications as they occur.

TV TECH AID is the best invesunent you
can make in your own business. The cost to
you is only $7.95 for a full ycars subscription.
Send for it now . . . Yowll be glad you did!

TV TECH AID

P.O. BOX 603

KINGS PARK, L. L.

NEW YORK 11754

ENCLOSED IS A CHECK OR M.O. FOR
$7.95 P1L EASE SEND 12 ISSUES OF TV
TECH AID

TO:

NAME e e L
ADDRESS _
CITY

STATE . -

zip

Circle 22 on reader service card
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TRY THIS ONE

POWER RESISTOR TRICK

The trick of connecting an ad-
justable or center-tapped power re-
sistor to reduce its resistance while
still maintaining full power dissipation
has been around for quite a while.
When a center-tapped resistor is con-
nected as in Fig. 1. the resistance is
reduced to one-quarter of the original
value. For example, if you nced a
0.25-ohm. 25-watt resistor and one is
not available, you can use a 1-ohm,
25-watter connected as in Fig. 1.

O
i ¢

RroTal RroTaL
FIG. | FiG. 2

Why stop at a 25% reduction in
resistance? By using an adjustable re-
sistor with three sliders (adjusted for
cqual resistance between all adjacent
taps), you can get one-sixteenth of
the total resistance by wiring it as in
Fig. 2. Seven shiders connected as in

P

o

Ryoral
FIG.3

Fig. 3 reduces resistance (o one sixty
fourth of the original value. The
length of the resistor is the limiting
factor. It determines the number of
sliders that can be used. I've used this
scheme to make a very low-resistance,
high-power load for high-current pow-
er supply tests.—Herbert E. Pasch

PROTECT THOSE TRANSISTORS

Doces your youngster pull the bat-
teries out of his transistor radio, CB
transceiver or recorder and try to re-
place them himself? Many of the bat-
terics can be inserted backward and

/2 SILICON
TO 9 VOLTS RECTIFIER
BATTERY 500mA
_— +[ —i—
I T
TO TO
NEGATIVE POSITIVE
SIDE OF SIDE OF
RA?IO RADIO
+ - 1.1+
W .
1172 TO 9V
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he can very easily wreck some of the
transistors in the equipment.

You can prevent trouble very
casily by placing a top-hat or similar
silicon diode in series with the battery
lead. Take either positive or ncgative
battery lead that goes to the PC board
and insert the diode as shown in the
drawing. The diode will only let cur-
rent flow in one direction and if the
battery is inserted backward there is
no voltage applicd to the radio—
Homer L. Davidson

""UNSOLDERING’ AID

To unsolder both ends of a com-
ponent on a printed-circuit board at
the same time, bend a picce of bare
No. 12 copper wire into keyhole shape
and bolt it to the tip of the soldering
aun.

Extra “keyholes” can be attached
for components having multiple leads
and the prongs casily adjusted to any
dimensions.—H. Josephs

FREEING COIL SLUGS

Often, coil slugs are so stuck that
any atiempt to turn them will result in
a cracked slug, stripped hole or
stripped alignment tool. If on the first
tug the slug doesn’t turn casily, don’t
force it. Insert an icepick into the hole
and apply hecat to the icepick with
your soldering gun as near to the coil
as is practical, for about one minute.
Remove the icepick and insert the
alignment tool into the slug and it will
turn frecly. We use this same trick
on all types of slug-tuned coils and
transformers.—Harry 1. Miller

SLIP-ON SOLDERING TIP
This easy-to-make slip-on solder-
ing tip is just the thing to use on
transistor circuitry when all you have
is a high-wattage soldering gun. As
shown in the drawings and photo, flat-
ten a short piece of copper tubing to

SLIP-ON SOLDERING TIP

NO.12 WIRE

FLATTENED
COPPER TUBING

fit over the regular gun soldering tip
and a piece of No. 12 copper wire.
With the pointed and tinned wire on
top, clamp it to the gun tip with a
small screw and nut. Heat can be reg-
ulated by the position on the gun tip.
—Peter Legon R-E

RADIOC-ELECTRONICS
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All readers of R-E understand the
operation of the basic superhet receiver
as exemplified by the tiny transistor
portable and the All-American Five

tube-type radio. However, modern
communications-type  superhets  in-
corporatc  numerous  circuit  in-

novations for improved stability, sclec-
tivity, sensitivity and signal-to-noise
ratio. We plan to cover in detail many
of these new circuits in Technical
Topics but before we do. a brush-up
on superhet basics is in order so you
can better understand and apply the
circuits discussed.

Figure 1 is a block diagram of a
basic “all-wave”™ superhet covering
from 550 kHz to 30 MHz. The tuned
incoming signal is mixed with a tu-
nable signal from the local heterodyne
oscillator to produce a fixed-frequency
signal of a lower frequency that con-
tains all the modulation that is on the
original signal. (The block diagrams
shown here have separate mixer and
oscillator stages but, in practice, these
two functions may be combined in a
single tube or transistor called a con-
verter.)

This lower frequency—called the
intermediate frequency or i.f.—is the
difference between the incoming signal
and the signal from the local os-
cillator. The basic superhet usually has
an i.f. in the range of 450 to 470 kHz.
This band of frequencies. like 1650
kHz and the 10.7-MHz FM i.f, is sct
by international agreement.

Most of the set’s gain and sclec-
tivity is provided by the i.f. amplifier.
The lower the i.f., the greater the se-
lectivity available from a given num-
ber of stages or tuned circuits. An i.f.
of about 455 kHz is a design com-
promise between sclectivity—the abil-
ity to separate adjacent stations—and
image rejection.

Recalling that the station we
want to receive is on a frequency
cqual to the local oscillator frequency
minus the i.f., the image frequency
equals the local oscillator frequency
plus the i.f. Stated another way, the
image frequency is twice the i.f. above
the desired signal. Thus, if a set with a
455-kHz i.f. is tuned to 5.000 MHz,
its oscillator is tuned to 5.455 MHz
and the image {requency is 5.455 MHz
plus 455 kHz or 5.910 MHz.

At higher frequencies. one or two
tuned stages ahead of the mixer cun-
not provide enough sclectivity to pre-
vent interference from a strong station
on the image frequency. On the other
hand, if a higher i.f. (1650 kHz for
example) is used, a single tuned cir-
cuit ahecad of the mixer can provide
adequate image rejection, but a greater
number of tuned i.f. circuits or crystal
or mechanical filters must be used for
good selectivity.

JUuLYy 1970

by ROBERT F. SCOTT
SENIOR TECHNICAL EDITOR

This month we revisit the superhet, look at i.f.
selectivity and actually build a receiver

The superhet just described uses
what we might call the “standard cir-
cuit.” That is, the incoming signal and
the heterodyne oscillator circuits are
gang-tuned to develop a fixed i.f. that
is lower, and therefore, the difference
between the two variable frequencies.
However, there is another possible
but less used—configuration for the
standard superhet. In this instance, we
have a fived local oscillator and a fu-
nable i.f.

For example, take a tuning range
of 550 to 1650 kHz with a 2450-kHz
fixed local oscillator. In this case, we
use the swn frequencies as the if.
ranging from 3.0 to 4.1 MHz. (Other
1.1-MHz scctions of the frequency
spectrum can be tuned by selecting
suitable fixed oscillator frequencies.)
If the input (signal) circuits are band-
pass networks, all tuning is done at
the intermediate frequency. The if.
circuit would consist of a 3.0-4.1-
MHz tunable amplifier followed by a
detector. A superhet using this design
would have good image rejectior but
would require quite a few well-de-
signed gang-tuned circuits for ade-
quate selectivity.

(When a tunable i.f. is used in

by a second mixer and fixed oscillator
to develop a second i.f. at a fixed
lower frequency. This system, double
conversion, will be discussed shortly.)

Other variations in the standard
superhet design have the local os-
cillator operating below the signal fre-
quency. This arrangement is some-
times used in uhf sets in the interest of
oscillator stability. Take, for example,
a4 450-MHz receiver using a 50-MHz
i.f.—iLf.’s arc generally higher in the
uhf range for good image rejection,
The oscillator frequency can be cither
500 or 400 MHz. Since oscillator sta-
bility tends to fall off at higher fre-
quencies, placing the local oscillator
below the signal at 400 MHz would
tend to improve overall stability.

Another scheme used for greater
oscillator stability is to use the second
harmonic of the oscillator on a lower
band as the heterodyning signal for a
higher band. This type of design was
fairly common in reccivers built
around 1933-1946,

Assume that a designer of a
broadcast and shortwave receiver
wanted one shortwave band at 4.8 to
12 MHz and a second band going up
to about 25 MHz. With a 455-kHz

modern design, it is usually followed i.f., the local oscillator tunes from
0.55-30MHz 455 kHz
RE LF 455-kHz] 455 kHz DET
AMPL -1 MIXER - ILF. AND
/ AMPL AF AMPL
K Ve 1.005 -
// / 30.455 MHz
/ / |vamiasLe
// 7 /| osc
Lo _1_/_ 4/
TUNING
FIG. 1

The basic superhet block diagram (for tubes or solid-state) is in Fig. 1 above.

The simplest form of double superhet (Fig. 2) has a tunable first oscillator.

lo.ss-l.e MHz 90 KH 90 kH
= 4
-8 -30MHz 1650 kHz 2ND IND
- IST IST LE D IF [S0-wiz | 1.F. DET
—» " IF AND
AA/APL ) MIXER MIXER it AF AMPL
p /
/ / 2.25-3.25 MHz
// // 3.35-31.65 MHz 1.740 MHz
/ /
/ , VARIABLE XTAL
/ /| osc 0sC
/ / /
b
TUNING
Fi6. 2
71
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5.255 to 12.455 MHz on the first
shortwave band. By using the second
harmonics of the oscillator (10.510 to
24910 MHz), the higher tuning
range will be 10.965 to 25.365 MHz
if the oscillator’s harmonic is helow
the signal frequency and 10.055 1o
24.455 MHz if the oscillator is above.

The double-conversion superhet

The  double-conversion  super-
het—or double superhet is an attempt
to provide adequate image rejection
and sclectivity. It uses rwo inter-
mediate frequencies. The first, at some
high frequency to minimize image in-
terference, may be any frequency
from around 1600 kHz to above 40
MHz. The i.f.’s are selected so neither
falls on a frequency in the set’s nor-
mal tuning range.

The block diagram in Fig. 2
shows a simple double-conversion su-
perhet, covering from 550 kHz to 30
MHz. The local oscillator tuned cir-
cuits are ganged to the rf amplifier
and mixer tuned circuits so its fre-
quency is always 1650 kHz above the
signal frequency. Since, as we have
seen, we cannot use an i.f. that falls
within the set’s tuning range, there is a
gap in the tuning range between 1.6
and 1.8 MHz.

The first i.f. signals are passed,
either through a first i.f. (1650-kHz)
amplificr or directly to the sccond
mixer. Here, the first i.f. beats with
the signal from a fixed oscillator—
generally crystal controlled—to gener-
ate the second i.f. at a much lower
frequency. Frequencies as low as 50
kHz have been used as the second i.f.
but 90 kHz is used in the example in
Fig. 2.

The crystal-controlled front end

A double-conversion amateur-
band superhet with a crystal-con-
trolled front-end (tuner) is shown in
the block diagram in Fig. 3. In this
circuit, the signal sclected by the tuned
antenna and mixer circuits beats with
the fixed-frequency signal from a crys-
tal-controlled oscillator. In this case,
the i.f. is different for each incoming
signal and the r.f. amplifier is tunable
over this range.

For ecxample, consider Band 3,
14.0 to 150 MHz. The crystal os-
cillator operates on 16.5 MHz. When
the input is tuned to 14.0 MHz, the
mixer output is 2.5 MHz. When tun-
ing to 15.0 MHz, the difference fre-
quency (i.f.) is 1.5 MHz. As the re-
ceiver is tuned (rom 14 to 1S MHz,
the output of the first mixer (the first
i.f.) is tuned from 2.5 to 1.5 MHz
and is fed to the input of the second
mixer. In this stage, the first i.f. is het-
erodyned (beat) against a signal from
a 2-3-MHz variable-frequency  os-
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BAND |-3.2-4.2 MHz TUNABLE L.F,
2-6.8-78 MHz BANDS (-4
3-14.0-15.0 MHz 2.5-15 MHz
4-20.8-2(.8 MHz  BAND 5
5-28.0-30.0 MHz 5.5-3.5MHz
s \ < % 500 kHz 500 kHz
N rexen] N roEr
RF 15T 2ND F F
AMPL I MIXER MIXER AREL AF AMBL
]
7?__T_um_~_e___f___ e BAND |-4
i ! 2-3 MHz
)
| BAND 5
4 4-6 MHz
S =
5 : :
3-16 5 MHz > XTAL : VFO
3-233 MHz ‘
5-33.5 MHz ) ]
F16.3

Fig. 3—Block diagram of high-performance ham-band double superhet. The first
oscillator is crystal controlled for high stability. The first i.f. circuit is tunable.

cillator (vfo) to produce a 500-kHz
second i.f.

(Note that when using a crystal-
controlled front-end; or when using a
crystal-controlled converter with a
broadcast receiver, the band of fre-
quencies that you want to receive can-
not be wider than the bandwidth of
the first i.f.).

All amateur bands below 10 me-
ters (28 to 30 MHz) are less than 1
MHz wide so the first four bands can
be covered with one crystal cach and
the 2.5—1.5-MHz first i.f. Ten meters
covers 2 MHz so the designer has a
choice of breaking the band into two
J1-MHz segments and using two crys-
tals (30.5 and 31.5 MHz) or. as in
Fig. 3, using only onc¢ crystal (33.5
MHz). shifting the first i.f. band to
5.5-3.5 MHz and using the second
harmonics (4-6 MHz) of the vio. In
this way, the first i.f. bandwidth is in-
creased to 2 MHz to handle the
28-30-MHz band without switching.

The 80-, 40- ,20-, and [5-meter
bands (3.5-4.0. 7.0-7.3, 14.0-14.350
and 21.0-21.45 MHz, respectively)
are all less than 500 kHz wide so
some designers Iimit the first i.f. band-
width to 500 kHz and use four crys-
tals to cover [0 meters. In most cases,
the antenna, mixer grid and first i.f.
circuits are fixed-tuned bandpass net-
works, cach designed to cover the de-
sired 500-kHz spectrum. An antenna
trimmer or peaking control is usually
provided to tune the rf input circuit
precisely to the incoming signal and to
compensate for loading effects of the
antenna. In this type of design, the
vio is the only variable-tuned circuit.

The double-conversion design in
Fig . 3 inhcrently has better stability
and more accurate calibration than
the one in Fig. 2. It is much casier to
design and build a highly stable vfo
covering one relatively narrow band
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of low frequencies and maintain good
tracking with the antenna and mixer
input circuits than it is to provide
cqual performance from a vio cov-
ering several frequency bhands.

1.f. selectivity

In any superhet, the amount of
sclectivity provided by the i.f. circuits
should be determined by the type of
signal being received and by the
interference  from adjacent stations.
An i.f. bandwidth of 12 kHz (at 6-dB
points) is desired for best fidelity from
AM broadcast stations when there are
no strong stations on adjacent chan-
nels. A bandwidth of 5 kHz may be
used for international  shortwave
broadcasts. 2.4 kHz for amateur AM
and single-sideband signals and 300 to
500 Hz for CW.

Most receivers provide three or
four bandwidths: selected by a switch
which may be a separate control or a
part of the mode switch. At least one
all-wave receiver features continuously
variable i.f. selectivity ranging from
12 kHz for AM to 100 Hz tor CW.

In future Technical Topics we
will cover the theory and practical ap-
plications of such receiver circuits as
Q multipliers, i.f. selectivity, automatic
gain control, digital readouts, mixers,
product detectors, noise limiters and
noise blankers.

Speaking of receivers,
let’s build one

We oldtimers still have fond—
and often exaggerated—memorics of
the two-and three-tube regenerative re-
ceivers that were our introductions to
the mysteries of radio and the joys of
shortwave listening and ham radio.
Nostalgia isn’t ours alone, it is world-
wide.

In the “For Young Readers” col-
umn of Electronics Auwustralia, Lco

RADIO-ELECTRONICS
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Fig. 4—Simple all-wave regenerator uses a 2N4360 FET detector. Pin 2 on coil
socket goes to drain and pin 5 to C2. Diode is a BA100, 1N537 or equivalent.

Simpson presented a solid-state version
of the regencrative set of 30 years
ago. The sect, Fig. 4, can be built as a
1-transistor model for use with high-
impedance phones or a 2-transistor
audio amplifier to drive a speaker.

A 2N4360 FET is the regenera-
tive detector with feedback provided
by a “tickler” coil (L3). Construction
can be simplified by using one of the
inexpensive 1C audio amplifiers in-
stead of the 2N3565-2N3568 am-
plifier in the original. The BA100 (or
any simtlar silicon diode) prevents the
audio input stage from being de-
stroyed by voltage swings (around 8
V p-p) that develop if the regenerative
detector is permitted to “squegg” or
motorboat at low frequencies. This
happens with high-gain  detectors
when the regeneration control, C2, is
advanced too far, or L3 has too many
turns or is wound too close to L2.

The coils are designed for a 410-
pF tuning capacitor but you can use
onc scction of a standard two-gang
tuning capacitor from an old radio.
You will nced a good vernier (slow-
motion) dial for accurate shortwave
tuning. Better yet. use the vernier dial
on a small variable capacitor—about
30 pF—shunted across Cl1.

Coil data is given in the table.
Coils may be wound on Mayfair type
24-6P (Allied Radio catalog No. 47

A 6697) or cquivalent 1%4”, 6-prong
forms. Be sure and note the pin con-
nections for L2 and L3 (see Fig. 5).
If, on any range, the detector does not
oscillate, try reversing the connections
to either 1.2 or L3. If it doesn’t os-
cillate on the low-frequency end of a
band, add more turns to L3 or move
it closer to L2. If regeneration cannot
be controlled by C2, remove a few
turns from L3. R-E

== = —_—

“Trickeer, | L5
L3 :":2

-,=é2 SEC

TICKLER

SEC,L2— 3
(SPACE /4
WOUND) / PRl 1 _'];,l
T
PRI, LI ]
(INTER- T
WOUND) Ull HWIL
2.9-30 MHz 0.570-4.7 MHz
1-1/4"DIA
3 4
'/zo o
(o) ¢©
w® O
N~

BOTTOM VIEW OF
COIL FORM AND SOCKET

Fig. 5—How plug-in coils are wound. In
the old days many coils were wound on
Bakelite bases removed from old tubes.

COIL WINDING DATA

Coil Frequency
0.570-2.0 MHz 1.8-4.7 MHz | 29-11.2 Mﬁzi| 8.2-30 MHz
L1 =15 turns, 3/16"” 11 turns, %4 5 turns, 1/16” 1 turn, inter-
from ground end from ground from ground wound from
of L2 end of L2 end of L2 ground end of L2
L2 #100 turns, #38 turns, #13 turns, #4 turns spaced
closewound closewound spaced to to occupy 15”
occupy 15"
L3 140-60 turns, *20-35 turns, I *9.15 turns *4-6 turns,
Lg" from 15" from top 1g” from 1g"” from top
top end of Lg, end of L2 top end of L2 end of L2

Colls are wound on 144"
Wire sizes are as follows:

JuLy 1970

dfa., 6-prong coils as in Fig. 5.
'No. 30 enameled wire, #No. 24 enameled wire,

No. 36 enameled
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R-E'S "RADAR”
BURGLAR
STOPPER

Complete fuli-size
circuit patterns

The diagrams on this page and page 74
wind up the material for the “Radar”
Burglar Stopper. The five foil patterns
shown on these two pages represent those
you need to build vour unit. All are actual
size and can be easily duplicated. Of
course, you can buy ready-made boards if
you wish (see parts list). Remember,
depending upon your needs you may need
more than one of some of these boards.
The TC1 board for example. You need a
board for each sensor unit you build. So
check vour requirements before you start.
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BURGLAR ALARM BOARDS
FOR THE FINEST (continued from page 73)
RECEPTION AVAILABLE

THESE FOUR CIRCUIT BOARDS are
required for the Radio-Electronics Bur-

NEW SUPER 'I’" glar Stopper. The “RE” board (right) is
for the lamp reset circuitry. The 4TC1”
board (below) is the transceptor head

circuit. The “AR" board (below left) is

H H M & »”
VHF-FM-COLOR TARGET R X s
ANTENNA SERIES ::zv::‘mangtgugle;?:es.. All foil patterns are

5Z¢¥7?(;/ “ih)/%MQ%%%F

~HRLET

ELIMINATE THE NEED

FOR TWO ANTENNAS.
The best features of Log-Periodic
and Yagi type arrays are combined
for outstanding performance in
Super Target Antennas. New,
tougher aluminum alloy used for all
elements. Rugged square boom con-
struction. Unique construction fea-
tures reduce installation time.

§ & A ELECTRONICS INC.

210 W. Florence Street ¢ Toledo, Ohio 43605

Circle 23 on reader service card

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name Specak-
ers, Changers, Tubes, Tools, Stereo Amps,
Tuners, CB, Hi-Fi's, and thousands of other
Electronic Values. Credit plan available.

NAME _ =
ADDRESS. ]
cITyY __STATE

GIVE ZIP CODE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

OLSON ELECTRONICS

Dept. LG 260 S. Forge Street
Akron, Ohio 44308

Circle 24 on reader service card
RADIO-ELECTRONICS
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TECHNOTES

RCA SERIES G COLOR TV CHASSIS

Remote-controlled receivers using
this chassis use a length of twin-lead
for power to the pilot lamp. In some
instances.  particularly after normal
servicing and during reinstallation of
the tuner mounting assembly, the hot
side of the lamp power lead may be
pinched between the tuner mounting
bracket and the chassis. Thus. short-
ing the lamp power to the chassis. The
following corrective steps are to be
taken when Series G receivers (remote
control models only) come in for ser-
vieing:

1. Make a visual check of the pi-

TMA SIDE VIEW

TMA
k/BRACKET

UHF

TUNER

R95 —l
188 , -
‘f

RELOCATE
AWAY FROM
MOTORS

—TN |
N

lot lamp supply lines (twin lcad) to
see if it has been pinched or shorted
by the tuner mounting bracket.

2. If the lead has been pinched
or shorted, remove the tuner bracket
and place a spaghetti sleeve over the
pilot lamp leads.

3. Check the physical location of
the pilot lamp scries resistor (R95, 18

ohms, 2> watt). This resistor, see
drawing. may be located close to the
color remote motors. If necessary.

take the following corrective action:
Relocate terminal board leads and/or
the body of the resistor so the resistor
is at least 2-3 inches away from any
of the remote control motors. This op-
cration may involve a simple reloca-
tion of the terminal board further
rcarward on the TMA (tuner mount-
ing assembly) bracket. Resistor R9S is
accessible without pulling the TMA or
the chassis—RCA Television Service
Bulletin

OLYMPIC CTC910 SERVICE HINTS

Intermittent tuner operation—
Check resistor R10. This 10.000-ohm,
l-watt unit is the mixer plate-load
resistor and is easily accessible from
inside the tuner.

Restricted focus range—Check
the focus rectifier load resistor (R808,
68 megohms) for a possible change in
value.

Poor vertical retrace suppression
—Check, and replace if necessary,
C420. This 0.05-pF capacitor may be
leaky.

Excessive brightness and weak
color—Check resistor R608: it may be
open. This 15K resistor is located at
pin 8 of V-18.—Olympic Service Bul-

letin R-E
"l Q

2 |
/Q ’3, 7y

2
Ty =
((("’f\;"(,’/i Jo
AV
1k N}
(L

\

“Ues lined up a string of moiels where
he can work out his honcymoon.”

DID YOU MISS . . .
If you're going into digital elec-
tronics, take another look at the
dual-trace scope switch on page 36.

JUuLYy 1970

Your caddy is the only

Circle 25 on reader serv ice card

www.americanradiohistorv.com

caddy our tubes fit.

Because we market our tubes only

through you—the independent
serviceman.

We don’t have service trucks or
retail outlets. Our tube caddies
are available only to you.

You see, we're independent too—

the largest independent tube

supplier in the business. We have

to cooperate with you—not

compete. Because we depend on

you just as you depend on us.
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FIX COLOR TV FAST!

Inside the
High-Voltage Regulator

Find out how the new pulse-feedback regulator cricuits work

by MATTHEW MANDL
CONTRIBUTING EDITOR

THE WIDELY USED SHUNT REGULATOR
for high-voltage control in color TV
is rapidly being replaced in late-model
reccivers. Instcad of the 6BK4-A-
type tube regulation, more and more
sets usc the solid state, pulse-feed-
back type and regulate the high volt-
age by changing the bias on the grid
of the horizontal output tube.

There are a number of reasons
for the switchover. Instead of an ex-
pensive tube, a rectifying diode or
varistor is used. By eliminating the
shunt regulator tube we also do away
with one of the three possible sources
of X-radiation (the other two being
the high-voltage rectifier and the pic-
ture tube). Power consumption,
shielding and space requirements are
also reduced.

The pulse-feedback bias type of
regulation varies the power input
to the sweep system, while the shunt

type acts as a variable load on the
sweep circuits. Thus. operating prin-

ciples of the two types of circuits differ
considerably.

Diode type

A typical high-voltage regulation
system using the pulse-feedback bias
method is shown in Fig. . Here a
pulse is obtained from a tap on the
extra winding of the horizontal output
transtormer. (This extra winding also
furnishes a pulse for keyed age, blank-
ing, elc.)

Capacitors C3 and C4 are in se-
ries with the pulse-rectifier diode and
these, in furn, are connected across
the tapped portion of the extra wind-
ing of the output transformer. A posi-
tive pulse causes the diode to conduct

HV
RECT
HORIZ OUTPUT 3AT2
_L——% 23J56-A FLYBACK
(9]
[ Rl
Y
>
2R Tc CHECK o
POINT
PULSE
R2 RECT.
‘
c2 04‘t
B e ———
FROM :_E —+ I AD"UST l
HORIZ - - = -
0sc 280V
R4 = { DAMPER
. . A CIRCUIT)
I==T ~v
Ics ADJUST. RT
= —= 280V

Fig. 1—Pulse-feedback bias technique uses pulse tapped from flyback, which is
rectified to vary horizontal output grid bias. See text for circuit description.
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and C3 is charged negative with re-
spect to the horizontal output tube
grid. Resistors RI and R2 act as volt-
age dividers, and C2 filters ripple and
produces a dc bias. The amount of
bias applied to the output tube de-
pends on the pulse amplitude and the
setting of the MV ApJUST potentiome-
ter.

The drive signal from the hori-
zontal oscillator also appears at the
grid of the horizontal output tube and
combines with applied bias to regulate
conduction. Thus. the pulse amplitude
at the high-voltage rectifier is also
controlled and consequently the high-
voltage amplitude.

When the brightness level of a
scene increases there is an increased
power drain on the horizontal deflec-
tion system and the high voltage tends
to drop because of the increased load
on the horizontal output amplifier.
Consequently. the pulse obtained from
the extra winding would also drop in
amplitude. But now the pulse rectifier
diode conducts less and the bias to
the grid of the output drops. With
less bias on the tube, conduction in-
creases and increased power is applied
to the deflection and high-voltage sys-
tems. Thus the preset high voltage is
kept constant.

For dim scenes the high volt-
age would increase because of the re-
duced loading effect. Now the fecd-
back pulse increases in amplitude,
raising the bias on the output tube.
This reduces power applied to the
output system and brings the voltage
back to normal. Since R6 and R7 are
in series with the diode, R6 will regu-
latc the degree of conduction and
hence adjusts the amount of bias de-
veloped. Because the bias setting af-
fects the high-voltage amplitude, R6
is used to adjust the high voltage to
the proper level for normal opera-
tion.

Notice the width adjustment on
this receiver. Shunting R10 decreases

RADIO-ELECTRONICS
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the series resistance to the screen grid
of the output tube and raises screen
grid voltage for increascd scan.

Circuit variations

Some circuit differences will be
found in various color sets, though the
basic opcrating principles are the
same. For the system shown in Fig. 2,

TO CONVERGENCE
SOCKET

P

—]

FROM

CIRCUIT

HY
ADJUST

PULSE
RECT

Fig. 2—Variation of circuit in Fig. 1
bridges pulse rectifier diode with ad-
just pot, then bias is applied to grid.

the HV ADJUST potentiometer picks off
the negative bias (by shunting the
pulsc rectifier diode) and applies it
directly to the grid of the output tube.
Note the auxiliary transformer wind-
ing which supplies the pulsc for the
bias also furnishes convergence sig-
nals. Also. the blanker grid is supplied
a blanking pulse from the same tap
supplying the bias pulse. Consequent-
ly, troubles in the blanker or con-
vergence circuits could affect the bias
amplitude applied to the output grid.

In the Motorola TS-921 receiver
the rcgulation system also incorpo-
rates a master brightness control (Fig.
3). Here. the bias applied to the hori-
zontal output tube is also applied to
the grid of the videco amplifier and
controlled by the potentiometer. The
pulse-rectification and bias circuitry is
similar to that shown in Fig. I, with
the HORIZ BIAS control tapping the
junction between the bottom of the
diode and the capacitor to ground. A
high voltage adjustment therefore af-
fects the sctting of the master bright-
ness control.

Varistor types
Some pulse-feedback bias regula-
tion systems use a varistor instead of

TO
VIDEO HV
AMPL RECT oy
GRID 3AT2 N
HORIZ. OUTPUT !
6LB6 FLYBACK |

HoRIZ—{(

0s¢C

TO
NOISE
GATE

BRIGHTNESS

385V
Fig. 3—Master brightness control in
this Motorola circuit applies voltage

from rectified flyback pulse to video am-
plifier grid.

a diode. The varistor is a voltage-de-
pendent resistor (VDR), which has a
decreasing resistance for higher volt-
ages. As the voltage across the VDR
gradually increases, the nonlinear re-
sistance decrcase causes the current
through the VDR to increase to a
greater degree. Thus, the VDR exhib-
its rectifying characteristics just as
the diode does. The VDR has a slight
advantage over the diode rectifier be-
cause its nonlinear characteristics ef-
fectively stabilize line-voltage fluctua-
tions (and hence dc voltages furnished
by the power supply).

180 P-P

\

FROM
HORIZ
0scC

resistor

4—Voltage-dependent
(VDR) circuit also biases horizontal out-
put grid, since a VDR rectifies pulses.

Fig.

wWwWw . americanradiohistorv.com

A typical system using the VDR
is shown in Fig. 4, for the Westing
house V2656-1-2 series. The circuit
function is similar to that of the diode
types. The VDR rectifies the pulses
and applies the resultant dc bias to
the grid of the horizontal output tube.
The average dc bias is about — 75
volts, while the drive signal from the
horizontal oscillator has a peak-to-
pcak voltage of 180.

Another high-voltage regulation
system using a VDR is shown in Fig.
5 (G.E. chassis G-1). In Fig. 5, part

HORIZ OUTPUT
2ILG6

FLYBACK

TO HY
RECT

Go0UTo000000 F?Yl

= HY R AR -
ADJUST l.4kVI DAMPER

Fig. 5—Another VDR circuit, showing
typical values and voltages to be
checked.

values are given as well as voltages to
indicate typical values to be checked
during servicing. Note the high-volt-
age rating of the capacitors in the
regulating circuit. Replace these,
when nccessary, with equal or higher
voltage ratings.

Servicing hints

In any unregulated power sup-
ply. a variation in the current drawn
by the load will cause a change in out-
put voltage. In b-w receivers picture-
tube beam current is considerably
lower than that of a color tube, hence
current changes due to picture bright-
ness are small. With color tubes,
beam-current changes are sufficiently
high to affect the high-voltage level.
With a fluctuating high voltage there
would be changes in brightness, width,
height and focus. In addition, bloom-
ing would occur and hue as well as
convergence would suffer.

These troubles call for a check
of the voltage-regulating system. Ini-
tially, the horizontal output tube
should be checked. since a weak tube
will reduce the power delivered to the
deflection system. Next, test for prop-
er screen grid voltage, grid bias volt-
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age, and output voltage at the pulse
rectifier. If such voltages are below
normal, the low-voltage power supply
should be checked because this is a
common trouble source, particularly
with older receivers.

Also test to see if the HV ADJUST
potentiometer permits a variation of
high voltage above and below that
recommended for the receiver. If not,
the rectifying diode may be defective
or an open circuit may exist in the
regulating network.

If the grid bias voltage from the
regulating circuit is near normal, the
trouble may be insufficient drive from
the horizontal oscillator circuit. This
is because both the drive signals and
the rectified bias voltage contribute to
the total high voltage produced. Use a
high-impedance scope probe to mea-
sure the peak-to-peak voltage at the
grid of the horizontal output tube and
compare vour reading with that rec-

ommended for the receiver. If below
normal, try a new horizontal oscilla-
tor tube.

If poor regulation persists, test
individual capacitors and resistors in
the grid, screen-grid and pulse-rectifi-
cation circuitry. If troubles are still
present, the associated circuits which
also obtain pulses from the auxiliary
winding of the output transformer
should be checked. Faults in these
will be reflected to the pulse takeoff
point and can interfere with regula-
tion in the circuit.

A few precautions

When working on the horizontal
output and high-voltage systems sev-
eral precautions must be observed.
Do not attempt voltage measurements
at the anode of the horizontal output
tube. When testing for high-voltage
output be sure to use the proper high-

voltage probe. Don’t operate any ot
the horizontal sweep circuitry with a
tube removed, and if a new tube is
inserted, don’t turn the set on until
the other tubes have cooled off. (If
other tubes are hot, the warmup time
of the new tube may overload the sys-
tem.)

If it is necessary to turn the set
on with the high-voltage compart-
ment open or shields removed, make
your tests as quickly as possible. Many
manufacturers  recommend  safety
goggles for close inspection of high-
voltage circuitry. Remember that
some X-rays are generated and pro-
longed exposure should be avoided.

Be careful in replacing pulse-
rectifving diodes and varistors with
so-called equivalent types. There may
be sufficient differences in character-
istics to hamper good regulations. Use
exact replacements when possible. R-E

BUILD—Zener

By I. QUEEN
EDITORIAL ASSOCIATE

NEXT TIME YOU ASSEMBLE A SIMPLE
experimental tube circuit, don’t make its
power supply, too. Just use two phono
plugs for the A- and B-supply, and plug
the experimental unit into a utility pow-
er supply like this onc.

Contained in a box only 4 x 214
x 2V inches. this supply puts out tixed,
regulated B-plus voltages of 30, (actual-
ly 47 volts with the diode used for D4),
100, 150 and 200. The filament or heater
output is 6.3 volts ac at 0.6 amp. The
output is available at two phono jacks,
one for heater power and the other for
plate. It is suitable for nearly any onc
or two-tube circuit, and is worth its
weight in gold when you need it

R3, R4 and R5 are chosen to limit
current through the diodes (in this case,
t5mA). Hum level is low, and can be
reduced further by connecting a large
capacitor (10 to 20 pF, 250 V) from the

J3

c

junction of R1, R2 to chassis. R-E
2sv o R R2
15M 3300 2708 200V 3
{Bemeceer) | A ; v (‘\Dz !guosvon A
+ C2i4 1 y50v | 2.2K LB
< £ 0w
N 16 i AN -
250V 250V i R4
i ooV \
H7vVou | O— - AAA—T
= 7 5.6K 03 | IN3OO5-A
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Power Box

PARTS LIST

g;:g;g gh::z }or one 560-chm resistor

R3—5,600 ohms

R4—2,200 ohms

R5—12,000 ohms

All resistors V2 watt, 10%

C1, C2-16 uf, 250 volts, electrolytic

D1—silicon rectifier, 400 piv

D2—Zener diode, 150 volts,
1N3011-A or equivalent)

D3—Zener diode, 100 volts,
IN3005-A or equivalent)

D4—Zener diode, 47 volts, 1 watt (Motorola TN3036-A
or equivalent)

T—Power transformer, 6.3 volts ot 0.6 amp, 125
volts at 15 ma (Stancor PS-8415 or equivalent)

J1, J2—phono jacks

Aluminum box, 4 x 2V4 x 2V4 inches

S—double-pole 5-position switch

RADIOQ-ELECTRONICS

10 watts (Motorola

10 watts (Motorola
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10 STEPS TO BEST MIKE USE
{continued from page 26)

The microphone cable is also sensi-
tive to shocks and vibrations. Arrange
your cable carefully so it hangs free.
without touching the stand or anything
else that could transmit noise. Leave a
generous loop of cable at the base of the
stand: it will help absorb the impact in
case someone trips over the cable.
Thread the cable under the base of the
stand. If someone does trip. he will pull
against the stand’s heavy base, without
tipping the stand over.

A popular microphone in the broadcast
and entertainment field is the 635A by
Electro-Voice. It has a built-in, four-
stage blast filter for close-up work. It
has an omnidirectional pickup pattern.

%

This Unidyne 1l (model 545) by Shure
has a unidirectional polar pickup pat-
tern. Response of this mike is 50-15,-
000 Hz. Has both high- and low-imped-
ance outputs and the swival adaptor
shown.

A spherical “pop proof’’ wire-mesh grille
on this Shure mode} 588SA “‘Unisphere”’
reduces unwanted sound on close-mik-
ing. Unit has a unidirectional cardioid
pattern.

JULY 1970

Rule 8: Check output levels.

Most tape recorders have some de-
vice for measuring output level—a meter,
Magic-eye tube or even a neon light,
You can safely set your gain control,
then forget about it when you are taping
from records. radio or television. These
media use sophisticated electronic pro-
cessors that limit loud passages and en-
hance very soft sounds.

But that’s not true when you make
a live presentation. Some people speak
much [ouder than others do. Many
people begin speaking quite loudly. then
trail off to their normal volume. Others
gradually creep toward the microphone,
or shrink away from it.

In a PA setup. you've got to
keep your eyes on the meter and your
hand on the volume control—constantly.
Try to make smooth, gradual changes
that will keep the volume always within
the optimum range on your indicator.

Don’t let soft sounds get lost. Don’t
let loud ones blast and distort. Try to
avoid changing your volume setting
abruptly. Often it’s better to let the
sound overload for a few seconds while
you reduce volume gradually, instead of
snapping the control down sharply.
[Some experts prefer to set the meter
for recording peaks. then adopt a
“hands off” policy.—FEditor.]

A still better approach is using a
compressor circuit to regulate gain auto-
matically. A good compressor makes
gain control so convenient that it's sur-
prising more manufacturers haven’t in-
corporated one to their gear.

Rule 9: Monitor—listen to
you're doing.

No photographer in his right mind
would dream of pointing his camera at
something and just absent-mindedly snap-
ping the shutter. Even with the smallest.
cheapest box camera. you look through
the viewfinder to see what you're taking a
picture of.

You should make your tape record-
ings as intelligently as you take pictures.
Don’t wait until you have completed an
hour’s reel of tape to find out it’s not
right—listen as you record. You can tell
a great deal by hearing the sound over a
small loudspeaker or a pair of head-
phones. This information gives you an
opportunity to make changes and im-
provements while you are recording.

Rule 10: Finallyv—experiment!

The equipment you use and the place
where you use it are unique. Your prob-
lems can never be quite the same as some-
one else’s. But if you understand what
your equipment can do—its strengths and
its weakness—you can find the best way
to record under your own particular
conditions.

Experiment with different micro-
phones and different placements. Com-
pare them and modify them. You can
use the two channels of a stereo
recorder to good advantage. recording a
different condition on each track so you
can make A-B comparisons. Before too
long, you will be able to pinpoint the
standard microphone placements that
work out best for the type of material
you record. Standardizing these setups
will make your future recordings easier,
faster and better. R-E

what
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If you can't
see the
difference

the long-lasting
quality will
tell you—

IT'S A QUAM!

The Quality line
for every speaker need

(UAM

Quam-Nichols Company
234 East Marquette Road
Chicago, lllinois 60637
Phone: (312) HU-8-5800

and you don’t
hear the
difference—

Circle 26 on reader service card
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COMPUTER BOARD
SPECIAL

Honeywell Computer boards, 4147 x 127, Tran-
sistors, diodes, zeners, capacitors, precision
resistors, heat sinks, trimmers etc. 3 Different
boards $1.00. Stock No. B90R2

Stk. No. ZENER DIODES

B4010 1IN751A 5.1 Volts, 400 mw ...5/1.00
B4011 1N3039A 62 Volts, 1 Watt 3/1.00
B4012 1N3822 3.6 Volts, 1 Watt .5/1.00
B4013 1N3000B 62 Volts, 10 Watts . .2/1.00
B4014 1N3048B 150 Volts, 1 Watt . ...3/1.00
B4015 14M3.0 3 Volts, 1% Watt . ...4/1.00
B4029 1N429 5.6 Volts, 1 Watt ... .4/1.00

COMPUTER GRADE CAPACITORS
B2040 Sangamo or Pyramid 414" x 13/4"

4000 MFD 50v ...  ..... 5/2.00
B2039 Pyramld 414" x 376000 MFD
75V L .75 3/2.00

B2035 Mallory 5%"” x 3" 31,500 MFD
25V .. RAND NEW 2.00 3/5.00
MISCELLANEOUS

B4016 FET Field Effect Transistor To-18
25 Volt Source to

Gate N Channel ... ...... . .50 5/2.00
B4017 Tunnel Diode Similar

to IN3717 ... ........... .50 5/2.00
B9083 G.E. Hi Imp. Microphone

with switch . ... . .............. 2.75

B9084 G.E. Hi Z Microphone
wtih switch and plug

Lots of other items—scud for free flier; all mer-
chandise fully guaranteed. Please include postage;
excess will be refunded.

A DELTA ELECTRONICS. GO.

'BOX 1, LYNN, MASSACHUSETTS 01903
Circle 27 on reader service card

Build this pipelike

Schober Recital Organ
for only
“*1850!

*Includes

finished walnut
console. {Only
$1446 if you build
your own console.)
Amplifier, speaker
system, optional
accessories extra,

You couldn't touch an organ like this in a store for
fess than $4,000—and there never has been an elec-
tronic instrument with this vast variety of genuine
pipe-organ voices that you can add to and change
any time you like! If you've dreamed of the sound
of a large pipe organ in your own home, if you're
looking for an organ for your church, you ‘Il be more
thrilled and happy with a Schober Recital Organ than
you could possibly imagine — kit or no kit.

You can learn to play it—and a full-size, full- facil.
ity mstrument 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 obliga-
30n I‘f you like music, you owe yourself a Schober

rgan!

Thu%'WOrgan Corp., Nept. RE-80

43 West 61st Street, New York, N.Y. 10023

{J Please send me Schobcr Organ Catalog and
free 7-inch “sample” record.

{1 Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.

NAME
ADDRESS
CITY STATE zip

---------‘-.------------------
Circle 28 on reader service card
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NEW
BOOKS

INFORMATION PROCESSING MACHINES by
Panos A. Ligomenides. Holt, Rinehart, & Win-
ston, 383 Madison Ave., New York, N. Y.
10017. 9 x 6 in. 358 pages, hard cover.
$10.95.

Intended for engineering, math-
ematics and science students. this books
unifies and correlates the most impor-
tant topics in the operation, organiza-
tion and design of information process-
ing machines. Primary emphasis is on
functional and design aspects of these
machines. The author presents his mate-
rial in an orderly sequence starting with
a survey of organization and operation
followed by discussions of programm-
ing, coding and reliability, logic design,
techniques of minimization and logical
and sequential circuit design. He then
goes into computer hardware to famil-
iarize the reader with the elementary
switching devices and circuits which
make up the arithmetic and memory
portions of an information processing
machine.

ELECTRONIC TEST & MEASUREMENT HAND-
BOOK by John J. Schultz. Tab Books, Blue
Ridge Summit, Pa. 17214. 5% x 8% in. 224
pages. $7.95, hardbound; $4.95, paperbound.

A complete set of practical trouble-
shooting procedures based on tried and
tested measurement techniques. Intended
for anyone involved with verifying or
establishing  proper operation, with
checking claim performance, or with re-
pairing a defective piece of equipment.
Contains a variety of tests for receivers.
transmitters. transceivers, antennas and
a wide range of accessory equipment.
Contents include general testing proce-
dures, receiver tests and alignment, an-
tenna and transmission line measure-
ments, system and interference tests.

AUTOMOBILE TRAFFIC SIGNAL CONTROL
SYSTEMS by Lionel M. Rogers and Leo G.
Sands. Chilton Book €Co., 401 Walnut St.,
Philadelphia, Po. 19106. 92 x 6 in. 200
oages, hard cover. $7.95.

If you need data on the design, in-
stallation and timing of electronic traffic
control devices. this book should not be
overlooked. It describes the basic cri-
teria for the selection of equipment and
explains in detail how to design and ap-
ply modern traffic control systems.
Equipment, maintenance and various
means for electrically interconnecting
intersection controllers, vehicle detectors
and central control devices are included.

INTRODUCTION TO NON-LINEAR NETWORK
THEORY by Lleon O. Chua. McGraw-Hill, 330
W. 42nd St., New York, N. Y. 10036. 8 x
6% in. 987 pages, hard cover. $22.50.

This book covers both the theory
and techniques for the analysis and syn-
thesis of practical large signal circuits
or. as they are also called, non-linear
circuits. A knowledge of calculus is re-
quired. R-E

IC Digital Clocks

30 CA3018 Projects

COMING
NEXT
MONTH

AUGUST 1970

Learn about a diode-
readout, 44-IC ‘“‘com-
puter’” wrist watch.
Build two Nixie readout
models: one with a
programmed alarm,
another superaccurate
clock with a 10-MHz
crystal.

Inside Portable VTR's
Electronic photography
is beginning to boom
as vtr prices drop.
Here's a detailed look
at the circuits in the
shoulder packs.

This four-transistor IC
package can operate at
400 MHz and offers a
theoretical current gain
of 25 million times.
Don’t miss these prac-
tical applications.

Kwik Fix TM: Color
Difference Amplifiers
Follow the signal path
on from the demodu-h
lators described this
month. Symtoms, volt-
ages and waveforms
help you spot troubles
quickly.

RADIO-ELECTRONICS
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CB Troubleshooter’s
Casehook

Compiled by

Andrew J. Mueller®

Case 1:

Common to:

Radio blows fuses on 117 Vac.

Lafayette Comsat 25A

Reasoning:

R1 is one of the biasing resistors for Q1, Q2.
it has opened, allowing maximum forward
bias to be applied to the transistors. This
causes excessive heating in the transistors
and they finally break down and short.

Case 3:

Common to:

Unit does not receive. Transmits ok

Lafayette HB-625

Ti
FROM 455 kHz = f -
CERAMIC ) =l
FILTER | : ﬁ.:
S | [
! 22K
s -
= J- 47K
047
L |
10.4v T 78V
Remedy: Replace IC-1.
Reasoning: IC-1, if. amplifier, has opened. A voltage

check at pin 8 reveals 10.4 V instead of the
required 9.5 V. Since there is no voltage drop
across RI1, it appears that IC-1 is open. Re-
place IC-1 and align T1 and T2 to restore
normal operation. R-E

*Service manager. Tel-Air Communications, Inc., Pewaukee, Wis.

Qi
2SB471B /‘f/"
Dl lpoweR

CONVERTER IOD4| TRANS

TRANS
25uF
(e
47040
AWV
D2
Q2 1004
2SB471IB
-— ]
TO
POWER y}f
PLUG e
ON- OFF 1

Remedy: Replace DI1.

Reasoning: Diodes D1 and D2 are dampers or transient
protectors across Q1 and Q2. They protect Q1
and Q2 against high-voltage spikes that could
ruin the transistors. In this case D1 has
shorted. This is causing a large alternating
current to pass through it and D2 which will
blow F1l. Replacement of D1 will cure this
trouble.

Case 2: The power transistors short after a few min-

Common to:

utes of operation.

Pearce-Simpson Power Match

Remedy:

JULY 1970

(2)2NI554

\/

TO
RECTIFIERS

OPEN!

10A,32V
Y+ 6V DC -

INPUT

Replace R1

FREE!

Would you like to see a clever, proven way to
promote and advertise your Radio-TV-HiFi
Repair Service?

Brings in new customers consistently — at
minimum cost!

Fill in below for prompt, FREE details. (No
salesman will cail.)

H. K. Simon Co.
Box 236, Dept. RE-P
Hastings-on-Hudson, N. Y. 10706

|

|

|

|

NAME |
ADDRESS B ) - ——— = :
CITY. STATE - :
74| — |
My business is ( ) full time |
( ) part time !

Circle 29 on reader service card
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the ideal
sound
system?

I
I
| Before you answer, you'll ask: “'For what?"'
l Because the system that's ideal for church ser-
mons might be hopelessly inadequate for
l basketball games.
| But you know all that. You may not know that
somebody has finally put together a handbook
| in which specific systems, including amplifiers,
l preamps, mikes, speakers and accessories are
recommended for specitic applications in audi-
I toriums, athletic fields, factories, restaurants,
churches, gymnasiums, portable and mobile
I systems, etc.
..,I That somebody is Bogen. And, as you would
expect, this ““Application Engineered Sound
l Systems’ Handbook recommends a lot of Bogen
I components.
It also recommends a lot of equipment not
| made by Bogen as long as it's right for the job,
| and fits the budget. So you know this handbook
is a useful tool, not some advertising gimmick.
| The handbook, including binder, all present
l sheets and all future supplements,
| sells for only $3.50. %
I
|
|
I

BOGEN

Bogen Division, Lear Siegler, Inc.,
Paramus, N. J. 07652
Att: M. Sumberg

Enclosed find my check for copies of
the ""Application Engineered Sound Systems"
Handbook @ $3.50 each, post-paid.

] v“.s‘g.

NAME

ADDRESS

CATALOG
ON REQUEST

“TYMETER":

T2 Time At A Glance®
o't
HOUR

CLOCK MOVEMENTS

24

DIGITS RESETTABLE INDIVIDUALLY

Available in 50, 60 c¢y., oll voltages, AC. UL
epproved motor, cord. One Year Guorontee.

F131....24-HOUR

#130....12-HOUR

Tymeter #90
Direct Read.
Out Interval
TIMER

by seconds,

minutes, 1/ hr.
Y2 hr., hour '

Made in U.S.A,

Complete Line: Delay, Intervel
and Cycle Timers, Digital Computers

PENNWOOD NUMECHRON CO.
TYMETER ELECTRONICS

7149 FRANKSTOWMN AVE_ . PITTSBURGH, PA. 15708

Circle 30 on reader service card
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NOTEWORTHY
CIRCUITS

SIMPLE FLAME DETECTOR

Here is a flame detector (fire
alarm) so simple even a child could
assemble a model of it without
difficulty—yet it will detect the flame
of a match at a distance of onc foot, a
bonfire blaze at 6 to 10 feet, depend-
ing on its intensity.

The detector consists of nothing
more than a Mallory Sonalert alarm, a
photoconductive cell, and a 12-volt
battery, all connected in series. The
battery can consist of 8 size-C or size-
D flashlight cells connected in series,
or the equivalent in any other form.

The photoconductive cell has a
very high resistance—of the order of
megohms—in total darkness. Its resis-
tance drops sharply, sounding the
alarm, when it is exposed to light.

CLAIREX
CL90O5HL

T —

scez2s 5 -
{MALLORY l:[:l 12 VOLTS .
SONALERT) —

The photoconductive cell of the
flame dctector is intended to be lo-
cated in a place of total darkness, such
as an attic, or a dark corner of the
basement; for example, behind an oil-
burner furnace. The Sonalert unit can
be located in the bedroom or kitchen.

Standby current through the cir-
cuit is in the microamperc range.
Thus, the battery will last a long time.
It is well to check the setup from time
to time, however, by lighting a
wooden match in front of the photo-
conductive cell and listening for the
alarm to sound. Make certain the win-
dow in the cell does not gradually be-
come fogged with dust or accumu-
lated grime.—Frank H. Tooker

A NEON-LAMP THRESHOLD AND
POLARITY INDICATOR

This circuit was developed to
rapidly identify telephone line-pairs and
simultaneously to determine the dc po-
larity of the pair. Other uses will be
apparent to the electronics technician
and troubleshooter.

Since the open-circuit (i.e., tele-
phones disconnected or cradled) dc

www.americanradiohistorv.com

potential of the line was nominally 48
volts, the use of a standard 22.5-volt
battery with a NE-2 neon lamp, made
it readily possible to establish both the
polarity and that at lcast 48 volts were
present. In effect, this established that
a live pair was involved and also in-
dicated the proper connection infor-
mation.

The head of a small nail is
cleaned, tinned, and the nail soldered
directly to the positive terminal of the
battery (Eveready 412 or RCA VSO84)
as the probe end. A layer of black
plastic clectrician’s tape is wrapped
around the battery, and the other

BATTERY
33K TO
500K
1/73W
@ o/w
NE-2

components necatly taped to it. The
NE-2 is left partially exposed, of
course, so that its indications are vis-
ible. A small alligator clip on a 10-12-
inch lead completes the assembly.

In operation, when the nail probe
is touched to a negative 48 voits, this
voltage is in series-aiding with the
22.5-volt battery. The resultant sum-
ming to approximately 70 volts causes
the neon lamp to ionize and glow. Re-
versed connection has a bucking (sub-
tractive) voltage effect and the neon
will not strike. If the alligator clip lead
is made with red wire, it will enable
convenient polarity determination, re-
membering that red is positive (or one
can remember, nail is negative) when
the neon is glowing.

Obviously this principle of volt-
age summing or bucking can be
adapted to other dc voltage levels for
circnit tracing and troubleshooting
uses. Circuit refinements may extend
the measuring threshold levels. How-
ever, all this circuit tells is a “yes—
no” to the queries, “Is a minimum
voltage (70 V — E...) present?”’
and, “What is the polarity?” Often
these are quite sufficient data for the
purposes at hand.

While this simple indicator does
not replace a voltmeter, its com-
pactness and simplicity make it a very

useful adjunct to servicing circuits
whose  expected parameters are
known.—Aaron W. Edwards R-E

RADIO-ELECTRONICS
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NEW PRODUCTS

More information on new products is available from the manufacturers

of items identified by a Reader Service mumber. Use the Reader Service

Card on page 91 and circle the numbers of the new prodicts on which

you would like further information. Detach and mail the postage-paid card.

POLICE, FIRE & WEATHER MONI-
TORS, Alodels COP-20H and COP-30L,
are pocket-size, 3-channel high-band
(148-175 mHz) and low-band (20-50
NMHz) units. Monitor police, fire, weather,
business plus standard AM broadeast band
transmissions. TTim and noise minimized
with adjustable squelch. Three ervstal-
controlled chanuels monitored with no
coil changes. Has built-in battery level
indicator, earphone, carrying strap and

built-in antenna. Black high-impact plas-
tic cabinet with clectro-plated chrome
bezel and satin aluminum trim. $33.50.
Optional ac adapter, $3.95. COP-50HL,
twelve channel crystal-controlled monitor
—6 high- and 6 low-band channels. Rf
peaking control gives greater receiver
sensitivity for specific channel. Tone con-
trol emnphasizes highs or lows. Comes with
ac and de cables and mobile mounting
bracket. $139.95. Courier Communica-
tions, Inc., Hillside, N.J,
Circle 46 on reader service card

8.5 SNy
A Ee—re
7
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WIRE STRIPPER, Little 7, for strip-
ping, cntting and looping all commonly
used wire from Nos. 16 to 6 solid and 18
to 8 stranded. Six stripping holes. Cut-
ting blade, %#” long to cut copper and
aluminnm conductors, UF, and Romex.
Can be used for reaming %” and %”
conduit. No. 18-850. $2.50. Holub In-
dustries, Inc., Sycamore, 111
Circle 47 on reader service card

SOLID-STATE TAPE DECK, T-600,
records and plavs back 4-track 2-channel
stereo or 4-track 1-channel mono auto-
matically or by touch-bhutton control with
automatic tape braking. Center capstan
for automatic reverse or antomatic repeti-
tion playbacks along with sensing tape.
Has two 4-track 2-channel heads for re-

JULY 1970

cording and plavback and two 4-track
2-channel heads for erasing. Uses hyster-
esis-synchronous motor to ensure against
specd variations due to line-voltage vari-
ations; optional operating speed choice
of 7% ips and 3% ips; winding speed
of 110 scconds for 1100-ft tape. Weaving

or curling prevented by built-in pressure
regulator. Built-in solid-state preamp uses
18 transistors and 8 diodes with frequency
response of 30-13,000 Hz at 3% ips or
30-20,000 Hz at 7% ips and signal-to-
noise ratio of 50 dB. Wow and fiutter
less than 0.12% at 7)% ips and less
than 0.20% at 3% ips. $299.95 with dust
cover. Pioncer Electronics USA Corp.,
Farmingdale, M. Y.
Circle 48 on reader service card

MOBILE TELEPHONE, Tela-Puge, for
the person who rarely leaves his home
town but is always in and out of his car.
12-chamnel automobile telephone, simi-
lar to auto sterco tape decks, unplugs
and becomes “pocket pager.” Unit heeps,
speaker opens, user gets message. Used
with common carvrier, unit can make and
receive calls from car to any phone in
the world. Receiver can get calls in and

www.americanradiohistorv.com

out of buildings, restaurants, theaters, job
sites, etc. on citv-wide basis. Cost deter-
mined by number of channels required.
International Mobile Telephone Systems,
7129 Gerald Ave., Van Nuys, Calif.
91406.

Circle 49 on reader service card

TRANSFORMIER-BALUN FOR
ANTENNAS, AModel TRS-57, adapts
Mosley SWL-7 and RD-5 shortwave
listening  antennas  (and any  short-
wave listening doublet) to receive stan-
dard broadcast bands below 4 MHz, On
recular shortwave bands, TRS-57 acts as
balun to give halanced receiver input.

SWL

Installed with screwdriver. $7.43. Mos-
ley Electronics, Inc., Bridgeton, Mlo.
63042,

Circle 50 on reader service card

FOUR MOBILE PA SYSTEMS ranging
from 10 to 35 watts power output in-
clude standard and solid-state amplifier
circuits, designed for direct-use indoor
and ountdoor applications where quick
setup and operation are nceded. 30-watt,
all-weather car-top system with mounting
bracket available. From $160 for Portable
10 (10-watt system) to $350 for Por-

table 35 Car-Top 30, $250. All systems
include carryving case with handle. Ampli-
fiers and speakers sized and matclied for
particular  crowd capacities. Bell P/A
Products Corp., 1209 No. 5th St., Coluin-
bus, Ohio 43201.

Circle 51 on reader service card

COMPULOGICAL TUTOR, teaches
digital logic. User can be working out
problems on it in 20 minutes. Intended
for family use. You learn how logic is

83
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applicd to number systems and prob-
lems, understand fundamental concepts
of Boolean algebra, logic building blocks
and symbols, truth tables, basic theo-
rems, computer circuits, the tunctional
units of all digital computers, decision-
making logic, error-detecting logic, com-
puter storage and programming, etc.
Adds, subtracts, multiplies, and divides
Shows how to
to practical problems of

in millionths of a second.
apply computer

(2
-

e,

accounting, economics and  finance.
Comes with all circuits, controls, logic
blocks shown in photograph. \laster as-

sembly board comes with appropriate in-
puts and outputs (read with colored
lights). Operates on dry-cell batteries
(not provided) and will work for
months with one set. Instruction manual
of over 100 pages, explains computer
concepts and outlines hundreds of spe-
cific projects and problems that can be
worked out on it. $69.95. Compusad,

New York Mills, N. Y. 13417.
Circle 52 on reader service card

Inc.,

SOUND MINI-COLUMNS engincered
for low-level music background and pag-
ing systems. Quick
clip-on polarized line
terminals. Continuous-
ly variable thumb-type
1 impedance  selcctor.
Model 10/96: 12
watts, 16 ohms, 4 Ihs.
1947 x 4”7 x 3%”. Mod-
% el 10/97T: same as
10/ 96 with built-in
line transformer. lm-
pedance: 16, 50, 75,

La 100, 150, 250, 350 and
iy 500 ohms for 25-V
v line systems. Model

0/98T: same as 10/

96. Impedance: 16,
500, 750, 1,000, 1,500
2,500, 3,500 and 5,000
ohms for 70-V line
systems. American Geloso Electronics,
Inc., 251 Park Ave. So.. New York 10010,
Circle 53 on reader service card

VHF MONITOR/SCANNER, Regency
Hi/Lo Monitoradio Scanner. Computer
patch board matrix that automatically
receives 63G1 combinations of both high-
and low-band signals. Scans any mixture
of frequencies in 30-50 MHz and
144-174 MHz rdnges through 8 crystal-
controlled channels. Can crossband mon-
itor police, fire, radio, telephone and
marine signals in either hand. Searches

for signal, stops to monitor entire trans-
mission and resumes search at end of
transmission. Patch board matrix has
8 high and 8 low terminal program-
mers plus 8 crystal sockets. Sensitivity:
0.5 uV for low-band channels and 0.7
wV for high. Spec selectivity:50 dB @=+

15 kHz and 5 watt audio output is deliv-
ered. Complete with power cords for ac

or 12V dc¢ operation, detachable tele-
scope antenna  and  mobile  mounting
bracket. $169.00. Metal vinyl-clad cabi-
net has external speaker terminals and
standard  auto  antenna  jack on  back
panel. Regency Electronies, Inc., 7900
Pendleton  Pike, Indianapolis, Ind.
46226.

Circle 54 on reader service card

ANTENNA ROTATOR, Prism-Matic
PM-1, permanently synchronized, de-
signed to pinpoint TV and FM stations
in area. Can be mounted at any point on

WHERE THE ACTION IS!

FREE $1 BUY WITH EVERY 10 YOU ORDER

— 300 — ASST.

Top Hrand. Shert Leads.
Selection

100—ASST Va WATT RESISTORS

stand. choice ohimages, some in 5C% 1

100—ASST /2 WATT RESISTORS 51

stand. choice ohmages. some In 5€%

70 — ASST 1 WATT RESISTORS 51

stand. choice ohmages, some in 370

35 — ASST 2 WATT RESISTORS 51

stand. choicé ohmuges, some in 5€7

50 — PRECISION RESISTORS 51
asst. list-price $30 less 084%

20 — ASSORTED WIREWOUND 51
RESISTORS, 20 watt ...

5 — TOGGLE SWITCHES 51
SPST, SPDT. DPST. DPDT .. ..
10—ASSORTED SLIDE SWITCHES 31
SPST, SPDT. DP'DT. elc

TRANSISTOR RADIO asst tvpe $1.50

good, had, broken, as-is. petiuck
TAPE RECORDER—:ssorted (ypes 54

V2 W RESISTORS
Excellent 51 D

kv

50 —

10 —

] DDDDDDDDDDD_—
O OO D O DDDUD

sets 26150 List Price—%36.75

6 — TRANSISTOR RADIO EAR- 51
PIECES wires compléte with plug EI
100° — FINEST NYLON DIAL 51
CORD best size, .028 gauge .

U 0
D 10 — SETS PHONO PllTIGS & 51
0

makes.

PIN JACKS HCA type

RCUIT FTRANS S
3—PRINTED CI C“0 ]I\ 1 D

FORMERS 4-Lug.
IMMEDIATE DELIVERY . .

COLOR-TV RECTIFIER —

Used in.n"lou color sels—-Gh00 S 95 MARKET SCOOP COLUMNl

12” UNIVERSAL SPEAKER. Top 34
Large Magnet . ....

10” PHILCO SPEAKER $9.69
Large Magnet 2 I:I

UNIVERSAL SPEAKER — 51.94

Large NMagmet—Special Buy

15 — ASST. ROTARY SWITCHES 51

all popular types $20 value ..

15 — G.E. #NE-2 TUBES 51

Neon Glow lLamp for 101 uses D
150° — BUSS WIRE #320 tinned § 8"
fotr hookups. 1 D
.0033 DiISC CERAMIC S
CAPACITORS C.R.L. 1 D
RCA DAMPER DIODES
# 120818 used in most color 58'95
sets . ... 3 For
12—MINIATURE ELECTROLYTIC
CONDENSERS For
miniature work .
MINIATURE 456KC IF
TRANSFORMERS Exceptional value 51
-PC—1" X 1,7 o -

IV TUNER - asst. all
standard makes.
TV TUNERS asst.
ineluding Tubes
WESTINGHOUSE STANDARD
TUNER #1:0\1:2!101-—.3(;»\, 54
#JC8) Tuhes)

UHF TUNER — TRANSISTOR 53.95
TYPE Used in all TV Sets ...

Scientific light packing for safe delivery at minimum cost.
HANDY WAY TO ORDER: Penml mark or write amounts wanted in each box, place letter

Only applies
to ’$1° Buys

3 for

Quality
Top Quality . .

special cirenits. ete.

-8 Ohm.

quality 2.15 Mag. .
5" UNIVERSAL

Transistor & 51 1 0z Magmet

Alnico 5 magnet.

uogrC

Speeial Buy ... .. ..

good. bad, broken, as-is, potluck. . 50 — OIL IMPREGNATED D 314” — ROUND SPEAKER
520 — SHURE M7D DIAMOND 53 TUBULAR CAPACITORS Por sSpeeial Buy

NEEDLE ¢xact replacement celain, Axial lLeads—Most 53 .25 25 — 3900-OHM- 7w

SHURE M44 SERIES DIA- popular values .......... . D 10% Corning glass . .

MOND NEEDLE exact Replace- 54 .69 2 — COLORBURST QUARTZ— 20 —

ment . ... CRYSTAL REPLACEMENT “‘0: White Ceramic C.D.-American . ..
COLOR POWER TRANS- most Color TV Sets..3579.54% 51.49 SPECIAL TUBE BUY 3Ci6. 3DTG.
FORMER — Good for most 589 £ ’ R’ 1C$6. 12aAU7. 12BNT.

new 51
[.ess tubes D
alt new standard 53

UTAH 8"—-3 WAY
D SPEAKER 30 watts,
Special . ... ... ...

SPEAKER 45 Watls.
Special .. .. .-

Name . ...

Address ...

£ in box for Free $1 BUY. Enclose with check or money order, add extra for shipping.

Tearsheets will be returned as packing slips in your order, plus lists of new offers.

Minimum Order $3.00

UTAH 8" — HEAVY DUTY 10
OZ. SPEAKER Ceramic

6”"—ECONOMY SPEAKER Ton 51.94

TWEETER 51.29
UNIVERSAL 5V2" PM SPEAKER $
auality tone .. .

UNIVERSAL 4” PM SPEAKER 51
With 50LG6 Output Transformer ..

HEAVY DUTY COLOR FOCUS $1 212" x 4” SPEAKER
RECTIFIER 14.000 PIV @ 1 ma ..

.47-600V CONDENSERS 31

10 — ASST. RADIO & TV TUBES S|
Every Tube a gnod number . .

CO-AX

8 Ohm § 95
2 For 29

UTAH 12"—3 WAY CO-AX

8 Ohm

"y v “40%°

FREE GIFT WITH EVERY ORDER

KNOB SPECIAL
s 100 — ASSORTED RADIO
— KNOBS All standard types . 51
$20 value .
50 — TV KNOBS — POPULAR 51
TYPES For most sets .. .......
25 — VERTICAL LINEARITY
KNOBS long shank .. .Front 51
mount . . . MiKiature assortment
30 — VERTICAL lINEARITY
. $3'69 L KNOBS - . Side mount . 51
Standard sizes
D 25—KNURLED RADIO KNOBS 31
Hard to get . . . NRest selection
’:] 25 ASSORTED CLOCK-RADIO
KNOBS Best assortment. Most 31

popular types

ANY & KITS FOR S5

D 3-—ELECTROI.YT|C CONDENSERS
C.D. 500 mfd-—200 volts ......

. 69
598

RESISTOR S

D 3—ELECTROLYTIC CONDENSERS $1

G.E.—200/30/4/10mfd—350 volts

D 3—ELECTROLYTIC CONDENSERS $1
most popular number 50/ 30—150v

D 7 — TV ELECTROLYTIC CON- 51
DENSERS desirable typhes .

D 5 — 6’ LINE CORDS 1

49¢ #18 Stranded Copper Wire

Each. MOTOROLA PWR TRANSFORM $1
110v, CT 150/150v. 6.3

25 — #130 WESTINGHOUSE PI-
LOT BULBS 5000 towrs. . .Same 51
as HA4T ..o
25— WESTINGHOUSE PILOT
BULBS Your choice of#ul #1054, 51
#PR-23

50 — ASSORTED PRINTED CIR- $1
CUIT SOCKETS best types ... ..

Cust of
goouls
Shipping

estimated ......,..

TOTAL

Please specify refund on shipping overpayment desired: [] CHECK [] POSTAGE STAMPS [] MERCHANDISE (our choice) with advantage to customer

BROOKS RADIO & TV CORP.,
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TV nast. Weight, 4% lbs. Under most
operating conditions, repeatability is 3°
or less. No wind slippage and is useable
in temperatures ranging from —40°F to
+140°F. Motor reaches full torque before
engagement to break ice accumulation.
Solid-state control system insures repeat-

flat frequency
from 10 to 50,000 Hz =1 dB. Has out-
puts for two scparate stereo speaker Sys-
tems and inputs for tape, phono, aux-
iliaries, recording or plavback using 2
tape recorders. Preamps and main ampli-
fiers are designed to be used separately

section gives response

with electronic crossover syvstem. Are
connected with phono-type connectors.
All-silicon AM tuner is separate section
incorporating one-stage rf uand 3-gang
variable capacitor to improve image re-
jection and eliminate beat and whistle
noise inherent in AM signals. Sansui
Electronics Corp., 32-17 61 St., Wood-
side, N. Y. 11377.
Circle 56 on reader service card

changeable, plug-in  powerhcad regu-
lating temperature of 3/16” workpoint
to below TO00°F. lHas one extra pow-
erhead with 600°F workpoint (1/8”).
Soldering points have special coating to
slow corrosion. 120V, 60-cvcle operation.
Weller Electric Corp.,, 100 Wellco
Road, Euaston, Pa. 18042,
Circle 57 on reader service card

TOOL
SPOOL, Dri-Wick, for easy desoldering

DESOLDERING ON A

ability of antenna direction. 117 Vac at
% amp. Preassembled hardware sup-
plied. Blonder-Tongue Labs, 9 Alling
St., Newark, N. J. 07102,

Circle 55 on reader service card

STEREO RECEIVER, MODEL
2000A, 120 watt AM/FM unit features
all solid state design, 4 1C’s in if. sec-
tion plus FET FM front end. Specs in-
clude 120 watts of THF music power
providing 43 watts per channel of con-
tinuous power at 4 ohms. FAI tuner sen-
sitivity: 1.8 uV (IHF); selectivity: bet-
ter than 40 dB at 98 Mllz; stereo
separation better than 35 dB. Awplifier

electrical connections, to make rework or
salvage of expensive circuitry practical.
Desolders  typical miniature connection
in about one second at cost of about one
cent. Woven of ultra-fine copper strands

coated with water white rosin, and
wound on self-closing spools. Operator
lays Dri-Wick on joint, applies tip of
30—10W soldering iron to top of Dri-
Wick, lifts iron and braid simulta-
neously. Solder is absorbed into braid.
Available in 4 widths. American Beauty.

6110 Cass Ave., Detroit, Mich. 48235.

Circle 58 on reader service card
(continued on page 90)

Weller
transformerless. Has inter-

SOLDERING TOOL,
matic GTTA,

Temp-

—— SHANNON MYLAR RECORDING TAPE —

CANADIANS: Ordering is easy — we do the paperwork — try a small order
. COMPUTOR 212" — 225 ..§ A7 7 —2400° .. ... .. .. 51.79
WESTINGHOUSE ALL TRAN- ?g - ISBM sections | 3" _ gp " h |l 70 see0 b5
| .- - a Tt s we .
SISTOR HOME/OFFICE ¢ e ﬁm‘; Gl for S1 - are 3~ 300 .. 27 CASSETTE 60 minutes g9
g A 34" — 600° .. 58 CASSETTE 90 minutes | §4
MESSAGE CENTER —=== AT ? ) 'v ' 57— 600’ 2 CASSETTE 120 minutes 1.97
Leaves messages for other for replay . . . Built in | :‘—‘,:CQ E"‘,L;.lde::e-lr;m?;:;l;s 57  _ 900 ’ .80 ®
speaker/microphone for talk-into convenience . . . Re- . i tors. leat Sinks, S 2V TAPE REEL .... .04
cords up to 3 minutes of messawges . . . lllunéinuted g%i ) Diodes. Ete. 5  —~1200° .. .97 3 TAPE REEL .... .05
signal shows when a message is waiting, ontiol B e s 57  _ 1800 . Valt
adjusts playback volume without affecting recording = —ame 8 for $1 7 1200° a 122 3,,/4 JARE REEL: ¢ 06
volume . . . Capstan Drive: $10 , . e s 3 - 77 5 TAPE REEL .... .12
BRAND NEW SOLD AS IS 10% off in lots of 3 = == 100 - 10 77— 1800° .. 1.12 7"  TAPE REEL .... .14
RCA 110° FLYBACK TRANSFORMER ||| WESTINGHOUSE FM TUNER | MOTOROLA HEP KIT—INTE. D 3 — TOP BRAND SILICON REC S1
#476.V-006101 GRATED CIRCUITS INCLUDES TIFIERS ! amp. 1000 PIV . ..

52.99

we scoaped the Market Tube) —oOne J-k flip flop. One Dual 20 — ASST. PllOT llGHTS 51

Latest type —— standard - -
for all 110° TV's i WESTINGHOUSE FM TUNER g‘.‘.’:f"».?:ﬁ..f"é':‘ﬂ G‘:‘ﬁ ;;:’: 53~95 L #14. 46,47, 51
RCA's design of largey— #478-V-015D01 Iransis- 53_99 N - = 50 — ASSORTED #3AG FUSES s
Coil produces 18RV.__ tor type . MOTOROLA EXPERIMENTER | popular ampere ratings 1
assuring :\deq\mlg width KIT HEK.-2—9 Projects. instruc-
)] SOhersatic] Bansar 300 —~ ASSORTED HEX NUTS 59 tions enclosed. Inchwies 2-FET. [[] 4-50" HANKS Hoox,up WIRE 59
§ | application IG;];'“QYO 6. 0. 5740, G/32. 2.Transistors. **Tips on using $49.95 assorted colors ... ... ... ... ..
4 List price 813, _ 'ETS'" & Cross-reference Guide. 100°'—SPOOL SPEAKER WIRE §
250 — ASST. SOLDERING LUG! ! = £
R g 3, [ | 2-MOTOROLA HEP-170 RECTI- e
=L FIER 21, AMPS and 1000V(MIV) 5—-LF. CONIL TRANSFORMERS $
0% off in lots of 3 250 — ASST. WOOD SCREWS 51 Covers all GOOMA to 2500MA Units I.. 456-ke for Transistor Radios . . 1
N L finest popular setection . .. 3 Voliage ranging from 30PIV to 51 — 5 _ AUDIO OUTPUT TRANS. 51
1000 PIV . ... ... . J
FORM Sub.-min for Trans Radios

110° TV DEFLECTION YOKE for 33ﬂ 250 — ASST. SELF TAPPING 51 L

all types TV's inel sehematie .. . I SCREWS #06. #8. oic. 4 — TV ALIGNMENT TOOLS 51 POWER STAT-VARIAC — PRI 52 o8
’ Am

and 150—2/56 HEX NUTS

L most useful assertment #1

12V 60Cy. sec. 3.5v—=2

= "COMBINATION SPECIAL” i 150 — ASST. 6/32 SCREWS $1/(] 4 -JV ALIGNMENT TOOLS 59 .49
RCA 110" FLYBACK S5 | and 150 &/32 HEX NUTS " 100 Er N ANSR C fmfi;.ﬁ‘\ﬂiﬁcﬁr%ﬁo‘zﬁ‘e’)ﬁﬁ”‘,ﬂ’l 1
110° DEFLECTION ; '
2L 150 — ASST. 8/32 SCREWS 1/ $oory SOLOR ALIGNMENT $2.79) 50 — ASSORTED MYLAR CON- 1
90° FLYBACK TRANSFORMER 59 and 150—8/32 HEX NUTS - - J oo, S T -] DENSERS pomular selected iypes,
for all type TV's el seliematic - . 150 — ASST 2/56 SCREWS s Senernt parmose o oke . *1|[7] UNIVERSAL MICROPHONE 59
52][] . o 1 | regular/remote/single & dual plug

90° TV DEFLECTION YOKE

for all type TV's incl schematle ..

OO0

70° FLYBACK TRANSORMER

for all type TV's inel schematic ..

150 — ASST. 4/40 SCREWS
and 150—4/40 HEX NUTS

E] 150 — ASST. 5/40 SCREWS 51

O
15

5 — NPN TRANSISTORS 31 i

seneral purpose, TO.5 case

100'—TV TWIN LEAD-IN WIRE S
300 vhm, deluxe heavy duty. clear

UNIVERSAL TV ANTENNA

CRYSTAL LAPEL MICROPHONE 59¢
high impediance. 200-6000 cps .
STEREO HEADPHONES

Hi-Fi Quality . . . Complete 55.95
with Stereo plug . 113 .

70° TV DEFLECTION YOKE $9 and 150—5/40 HEX NUTS ... Back of set mounting . s1.98 [
! for all 1ype TV's inel schematic . . - 5 section rods 50 — TUBE CARTONS (colored) S
i ] 300 ASSORTED RIVETS  $]| . 5o _ ASSORTED TRANSISTORS 54 |L assored sises for ropuiar sober - -1
D ‘Z{a‘-;'EV CIRCUOITHB”RSEACDECER 51.19 big faclory scoop_sold as-is } 4 — 36" Hi-Fi CABLES H1C.
5 D 5001-— I%SlSOR]TE‘DIWASHERS 51 0 TO 200 MICRO AMP MINIA- Molded Ihone plug at ovne end
. most Useful selected izes . o TURE METER % ~ 11 LWL g stripped and tinned leads on other S
70° COLOR YOKE S 95
D For all round color CRT's | 10 ° ! 1 100 — ASST. RUBBER BUMPERS 31 3 0Oz. Excelient S meter o 1 end| Sl he T e e s s A 1

| for caninet bottoms & other uses . .

90° COLOR YOKE For all
Rectangular 19 to 257 Color
L) cwrs 105

JUuLy 1970

100—ASSORTED RUBBER GROM- 51
METS hest sizes ... .ol

O

10 — STANDARD TRANSISTORS 51
NPN & PNP 2N404, 2N4 14, etc.

10—ASSORTED DIODE CRYSTALS 51
1IN34. IN48, INGO, ING4, etc, .

Circle 106 on reader service card

wWwWw.americanradiohistorv.com
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3' JUMPER CABLES Maic nCA 5q.19
Type Piug on Both Ends, 2 For

50 — ASST. TERMINAL STRIPS $1
all types, l-lug to 6-1
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RADIO AND TV TUBES 33¢ each. One year
guaranteed. Plus many unusual electronic bar-
gains. Free catalog. CORNELL 4217-E Univer-
sity, San Diego, Cal. 92105.

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON, 469 Jeri-
cho Turnpike, Mineola, N.Y. 11501.

CONVERT any television to sensitive Big-Screen
Oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans $2.00. RELCO-A25, Box 10563, Houston,
Texas 77018

TUBES—LOWEST PRICES. Foreign-American,
Obsolete, receiving, special purpose, trans-
mitting tubes. Send for tube, parts catalog.
UNITED RADIO COMPANY, 56-R Ferry St,

Newark, N.J. 07105.

Discharge IGNITION, PHOTOFLASH. Free cata-
log parts, kits. TRANSPARK, Carlisle, Mass.
01741

COLOR ORGANS, 2000 WATTS, $19.95 Assem-
bied; $14.95 Kits, postpaid. Money-back Guar-
antee. CYBULSKI, Box 31174, Washington,
D.C. 20031.

Ultra-sensitive and powerful METAL DETEC-
TORS join the many who are finding buried
coins, minerals, relics and artifacts. Don't buy
till you see our free catalog of new models.
Write JETCO—Box 132-RE, Huntsville, Texas
77340

EXCITING LISTENING! Police-Fire-Emergency
calls on your broadcast radio. $19.95 up! Re-
tail-Wholesale. Also crystals-receivers, Scan-
ners, dualband High/Low. Brochures 10¢.
SAL;:H COMPANY, Woodsboro 43, Texas
78393

THREE CHANNEL COLOR ORGAN Kit $7.50.
Power Supplies $2.75. Catalog. MURPHY, 204
Roslyn Ave., Carle Place, N.Y. 11514,

COMP-U-KIT. COMPUTER MICRO-CIRCUITS, a
unique inter-connection method, and a book
which tells all (about computer logic). Free il-
lustrated literature. SCIENTIFIC MEASURE-
MENTS, C106, 9701 Kenton, Skokie, Ill. 60076.

JAPANESE NEW PRODUCTS MONTHLY! $1.00.
Refundable. DEERE, 10639 Riverside, North
Hollywood, Calif.

TECHNICIANS & ENGINEERS. Teach yourself
Computer Logic and advance professionally.
COMP-U-KIT Logic Lab with modern type 74
microcircuits, a quality patch system. and our
outstanding logic handbook is only $39 post-
paid. Free literature. SCIENTIFIC MEASURE-
MENTS, C108, 9701 Kenton Skokle 1. 60076.

BUY DIRECT from AUTHOR!ZED DIS-
TRIBUTOR, Westinghouse receiving tubes and
Eveready batteries. Free catalog. EDISON
ELECTRONICS, Box 2055, Edison, N.J. 08817.

GE PA.237 2-WATT
AUDIO AMPLIFIER

O ‘*lLowest Prices *Brand New!

$2.95

2 watts continuous 9 to 27 volt supply, 8 mV sen
sitivity, |n§|ud§s Il circuits, for phono, tape re-
corders, dictating, TV, FM, movie

[J Westinghouse WC334 one watt audio
amp, TO-5 case

I98

TEXAS! NATIONAL!

LS SMASHES “IC’”" PRIGES!

BRAND NEW!

"MEMORIES" for 19707

Guaranteed! With Spec. Sheets!
T Fairchild 1128 8 bit $2.49

How's your

Fairchild 9033 16 bit L3395
Philco PLSR100 Dual 50 bit ?IZ 50
[l 4000 Bit Core Planes $8.50

RTL-TTL 'ICS’

FAIRCHILD ALL GUARANTEED! With Spec Shectst Loy,
" [T Description )
COUNTING "IC's ~ Sea3so Dual ¢ Input Nand/Nor Gate .. TTL Loy,
%né/argnfeed’“W/Spec Sheets Any 3 — W266F  Quad ;linlpI‘ftn(j‘:{e 38 1 Pri
s Discoun .]thﬂl'lxp ¥ Iop (f.lStL’Sl loglc) E?L ficesy
} L
q 956 Decade Counfer ..._........ Et:lflfe‘?ddel :;::
;‘39 Ouag Latch - Half Adder ... RTL 99¢
E! S”;:;g ec:’de Counter .. Shift Register . . HTL
M %’CND LLatich Dual 2 Input Gate. RTL each
ecoder JK Flip Fi
[3 9301 t-t0-10 Decoder [ Ol - R
.. 4.50 9E0TU Dual Buffer . - BTL 3 for
[] 9306 BCD Up/Down Counter .. $8.95 7470FX  JK Flip Flop (35mhz) s TTL
[LJ 9300 4 Bit Univ. Shift Register $2 49 F302ZFX  Dual JK Flip Flop g T $2.75
[J 9304 Dual Full Adder ' 7400XF Quad 2 Input Gates i
{1 SN7493 1 Bit Binary Counter 4.95 CODE: S=Sylvania, F=Fairchild, W= Westmghouse, X=Texas,
[F=Flat Pakk DG Duall Inlzlng T=TO-5 case, metal. U=unable to
name maker. Give 1st, 2nd, and 3rd choices on case styles,
LINEAR AMPLIFIERS ' —
$1.39 each. 3 for $4.00 ke 10 for $1 | SOLID STATE 1970 WINNERS
[J 702C DC Amplifier .ﬂ 0 =—iulllp— [J Philco SC!600 Dual Mosfets $3.98
[ 709C Operational Amp | 1 AMP 800 PIV O Fairchild 9401 Mono Yibrator 52:98
O 710C Ditferential Comp. § g O Fairchild 741 OP. Amplifier* $2.98
O 711C Sense Amplifier d A RECTIFIERS *irequency compensated 709
e O Westinghouse Yoltage Regulafor
Terms: add postage. Rated: net 30 cod’s 237, 0 to 40 YDC Positive 3 21,19
Phone Orders: Wakefield, Mass. (617) 243- 382 [ ] Shockley Diodes, 4 layers 3 for §0,09
Retail: 211 Albion, St., Wakeficld, Mass. [] Neon & Nixie Driver 2N4410 4far §1.00
[l SCR/Triac Trigger Diodes ... afor §1,1%

P.O. BOX 942 R
LYNNFIELD MASS
940

POLY PAKS

[ 9989

4 Bit Binary Counters .......
0 9997

4 Bit Shift Registers .........

Circle 91 on reader service card
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SOLDERING TIP FOR
SOLID-STATE WORK

Most  high-wattage  soldering
guns develop too much heat for safe
use on semiconductors and some PC
boards. In emergencies and for occa-
sional jobs requiring low-level heat,
vou can modify your gun to do the
job. Replace the original soldering tip
with one made from No. 12 Copper-
weld (copper-clad steel) wire. It is
casy to bend and holds the required
shape. A tip made of Copperweld
wirc does not get as hot as one made
of copper because of the greater resis-
tance of the steel core.

For example, an all-copper tip
normally used in my 150-watt solder-
ing gun readily meclted 40-60 solder.
A Copperweld tip would not do so,
but handled 60-40 solder nicely. As
an added bonus, the home-made tip
far outlasts the all-copper type sup-
plied with the gun.—EL. F. Ehlinger

DIGITAL CLOCKS

In the August issue electronic time-
pieces will be an important item. There
are two construction articles on digital
clocks for your home or desk and a
feature story on the latest in electronic
wristwatches. Would you believe a
digital readout on your wrist?

U.S. GOV'T ELECTRONIC SURPLUS

e Nationally Known-Worid Famous SURPLUS CENTER offers
finest, most expensive, Government Surplus electronic units and
components at a fraction of theic original acquisition cost.

BURGLAR-FIRE ALARM SYSTEM

e (ITEMH#I135-A)~~ Dual alann
svslem zfves waming of fire or beeak-in.
Operaies on 1 Control unit, 2-
Kidiee [Lash Vire, 2-mercury colun 3.|n..r
window actuators. alam hell, 100 11,
wite, instiuctions. 814' 8 9t x 3

": Ih';.l

Compact, 20,000-0hm/valt
eter in eveellent unit tor tesung eleetrieal
eClrome equipnient, excellent lor servicing

. Da resiKtars
uccutary.  230-microump D' Arsonval
i seale’ with superior 1eadablliyy on

Volts: §-30-50-25-3060. DC Volts:
DO Current: 0-250 mik., 8-50
0-10,000 and § Meg (evpanded

20 to plus ersll size
w:lm leather case, 36"
hs.

® spee
0-3-25-123-300-2500.
Otims
ey b

mieroamp.

$8.98
EXPANDED SCALE 0 - 15 DCVM

o (#21-300 ) - - Wand new, expenslve villmeter
reads 9.3 ta 16-volts M and 3 Lo B-volts. Very uselul

for avtomative and alrcralt battery charge IdiCator,
ote. D'Arsonval movement, black phenolic cuse.
VXS N A )

$12.95

List $32.30

RUNNING TIME METER

@ { 4DX-104) - - Uise to record number of ap-
erating Jours of electric Hghis and efceiricat
dev suth as retrigerators, tum: 5, .
Rev 101l houts, tenths ahd hllmlrl'ﬂlhs up
W ot 115voll

Shinpine weight 2 ths. $5. 69
Cost Over $29.00

0 9,
Size 3723

COMPUTER TRANSISTORS ON HEAT SINKS
$BM Computer Quality Units

® {4#22-928) -~ vl cansists of ane 150-
watl  power transistor on  hesvy, rihbed,
aluminum  heat  sloh. Many  experimental
uses,
Cusl Giov't Over $10.00 s‘ .99

® {#22-815)- - Unit consists of twn 130~
watt power  Iransistors, 2 pots.,  several
diodes, Cabacilors, resistors, ctc. on heavy,
ribbed aluminum heal ginks. ldeal for vse as
mator speed control. (4 1bs.)

$4.91

Cost Gov't Ovet $35.00

TR ORDER FROM AD—WRITE FOR FREE CATALOG
uwM!N

Include Maney For Postage Money Back Guarantee

JUuLy 1970

1000°s OF UNUSUAL SCIENTIFIC BARGAINS

SPECIAL IINIQIIE

02 fiise P

7]
NICKEL- CADHIIUM BATTERY BARGAIN!

Terrific value—slightly used
gov't surplus. Lightweight
6 cell, 6 volt. 4 Amp-hour
hattery with almost unlim-
ited life. Extrcmely high
current ouiput. Recharges in
1 hour with Edmund kit
won't deteriorate when left
discharged. Minimum main-
tenance—tew drops of water
per year. Rugged. shock
Lul-vihration resistant nylon

case. Delivered p.n‘lmll\ charged, filled with electrolyte.
3l x 2" x B
Stock ND 70942EH ... .(BATTERY)...... $15.00 Ppd.

Stock No. 70.807EH .$ 8.00 Ppd.

PSYCHEDELIC LIGHTING HANDBOOK

100 infermution packed

p,nges' I‘ully exhlaing larest

hedeli lighting
techniques. de-

(CHARGER KIT)..

ns. Covers all facets

P’ o of payehedelic  light-show

B P praduction including strobes,

. hlaelk lights, projeciors.
erystals, organie slides. mir-

rers. color organs. holarized

- colar ight  loxes.  Musie-
Vision. ete. 814" x lI” Inosele.:r paper for 3 ring bhinder.
Stock No. 9I00EH .......................... .00 Ppd.

LONG-WAVE BLACK LIGHT FIXTURE

E = doxiremely  versatile,  com-
1tly designed. long wave
32t - 4 augstrois) black

’ light (ultraviolet) fixture—
2 4 eliminates harniful shorter
& wave ultravielet rays. Use to
" idlentify minerals, fungi,
hacteria- -check for surface
flaws, oi! and gas leakage—
perfect for displays with flu-
orescent paper. paints, chalk.
crayons. trace powder. Incl. adjustable aluminum reflector,
push-pull switeh, connecting plug. Mount vert., horiz.,
or on corner. 10" L., 1%” W_ 1%" H
Stock No. 70.384EH 12.50 Ppd.
No. 60,124EH . REPLACEMENT BULB ...$4.50 Ppd.

NEW, LOW-COST GEM TUMBLER

Become a rockhound! Tasci-
nating hobb; loads of
fun, inexpensive, easy. Make
jewelry of all kKinds—decora
tive hook-ends. table tops.
ete.  Simply tumble-finish

readily available gemstones
. . . then pelish to high
lusire . hrings etit beau-

tiful colors. Rugged 3-1h. ca-

e “ pacity tumbler w/continuous
duty tnetor. l‘ull instructions.

Stock No. 70,374EH ... ... ... ... ......... $10.75 Ppd.
6-1b. ROCK IISSORTMENT (10 TYPES)

Stock No. 70,868EH ....................... $ 9.00 Ppd.

TUNE IN AND TURN ON YOUR OWN
Psychedelic Light Show
Take one bookshelf sized
conservative  looking  oiled
walnut finished light hox
with its buili-in Kkicker. an
indiv, controlled 3-channel
color organ. Activate hy at
taching to hi-fi or stereo
speaker. IMlug in and switch
on! Mugie fills the room and
the prismatic screen leaps into pulsating life. 1*atterns
are wild and wonderful. ar soft and soothing—responding
directly on time and intensity to tausic. 1'erfect liome en-

tertainment, little theater or romhos. llouse current.
Stock No. 80.126EH (18"WxI2"Hx9"D) ...... $49.95 Ppd.

£

NEW! PROJECTION KALEIDOSCOPE

A low-cost unit with easily

interchanged $7 diam. liquid
wheel. [P'rojccts variety of
color patterns which do not
repeat.  Speeially  designed
wheel. 3” projection lens and
Ednimd Visual Special Ef
feets Projector inake it all

nnssible.  Easily  operated
Large screen image at short
™ profection distance perfect
for phote hack&rounds, light

shows. parties, dances. ete. IFrout ar rear projection. Inel:
1 RI*'M 1153V Moter. meter bracket, instructions.
Stock N0, ZILI21EH a. - cicisionsed + - Fuks » o s oganoss $94.50 Ppd.

MULTI-COLORED GLASS WHEEL
Stock No. 71.122EH (9" diam.) ... ....$15.00 Ppd.

NEW $99. 50 HELIUM- NEON LASER'

Completely assembléd, in-
stant-starting w/three times
power oulput of corubarable
models. Steady, ripple-free
light of maoderate (safe)
power. Excellent collima-
tion. Partienlarly  useful
for stwlies, experiments in
holography, interferometry,
diffraction, optical al!g
uient, Simple and sa
The 1% Ih. muL reaches 15%
power in 2 secs.: full power, typically 0.5 milliwatt (0.3
mW minimum) in 3 mins. Beam divcruence only 2 milli-
radians (far ahead of competition); beam only 2 ecms at

40 feet.
Stock No. 79.004EH e ..$99.50 Ppd.

use—just plug in, switch on.

ORDER. BY STOCK NUMBER * SEND CHECK OR MONEY ORDER . MONEY-BACK GUARANTEE

EDMUND SCIENTlFIG G

dhrcluding. . .
E RYNSIELC IGHTING

3-CHANNEL COLOR ORGAN BARGAIN!
Create tremendous variely of
unusual & beautiful lighting
effects with this low-cost
top-quality 1500-Watt unit
(500 \. per channel). Com-
pare with others selling for
twice the price. Has nilot
light. plus individual sensi
tivity controls and ¢hannel
indiestor lights. ('an onherale
ten 150 W." “‘spots’* or 200 3
Christmas lights. 1lses reg.

house current—attaches to audio sonrce w/RCA-type blhono

plug. 574" x 634" x 214”7, 23 Ibs. Thermal setting plastic
case, 6-ft. cord. Ineluding completo instructions.
Stock No. 71223EH ... $34.95 Pnd.

TREASURE HUNT ON LAND & SEA

Find buried gold. siiver
€oins,  treasure Powerfu!
new electronic detectr.

prohes deep into earth,
to 216 feet in water in per
feet sufety. Sensitive enough
to locate single coin. small
nugget, Best fully transis-
torized, loop detectur u-
moderate  price. Big 11
witerproof loop wWorlk
through earth. wood. veer
tarfon, salt water, snow or ice. Instant signal on wideview
wier and headset tone when ohlect detected. Rugged,
tightweight (3% 1bz.). trouhle-free unit uses inexpersive
9 volt battery (inclnded—130 bour life).

Stock No. 80.I34EH ...................... $(63.50 Ppd.

ROTATING MULTI-COLORED LIGHT
Duzzling colors stream end-
lessly frem constantly rota-
ting light. Facefted. trans
barent globe has leuvered
drum inside with red, grecn, §
blue & yellow stars. Bulb
heat rotates drumn which pro- 3
jeets flickering star poeinrs
on walls. ceilings. elc. while
individua! globe facets pre
sent constantly changlng sr-
ray of brilliant colors. 9% *
star—approx. 12”7 high on bell-shaped base. Surprisingly
Hght. Easily pl.lce'l on table, TV, ﬂreplace or Xmas tree top.
Stock Neo. 71.000 $6.00 Ppd.

SPECIAL VISUAL EFFECTS PROJECTOR 3ET

Fantastic variety. Incredibly
“eautiful. Create fleating,
exploding, fiery bursts of
color like “"Sympheny of
Spheres™, ‘““Chromatic Star-
bursts’’, Cryslal Star-
burst”". Features 35mn 509
W. fan cooled projector,
praduces big image at short
distance.  Accepts twn 97 e Foy B
dlam. wheels (Dry Kaleido- =g
scope & lexidoscope), 2 cylindrical accessories (67 Col-
ored Cloud & 57 Hexidoscope w/six internal wirrored
walls). Complete instructions.

..$79.50 Ppd.

Stock No. 71.212EH

81 “WILD" 35MM SLIDES
Created by Hollywood's pre-
mier special lighting etfects

man—RBeh  Deck I'rodwe
fantastie hackgrounds. light
shows, psychedelic  slide

shows, ete. 81 prentounted
slides especially selected for
impaet, vividness and/or in-
triguing scene. Range from
Uway-out’t group of eves to
kaleidoscopic images, opti- g
cal illusions, etc. l.ow-cost
unduplicated sets fill popular Kodak Carousel tray. Ideal
for modern professional— Loads of fun for amaieurs.
Stock No. P-60.749EH—(Set A) §22.5C Ppd.
Stock No. P-60,750EH—(Set B) .. .$22.50 Ppd.

STEREO MICROSCOPE—Great Buy!
American made. High pow- voe
ered. Direct Higasurement.
Up to 3” workink distance—
wide 3-dimensional field. 2
sets of ohjectives o rotating
tarret. Xtandard pair of wide
field 10N Kellner Eycpieces
give 23 power and 40 bower
clear. sharp, erect Image.
Interpupiiliary distance ad-
justable. 10-day free trial.
Stock No. 85.056EH ...

MAIL COUPON FOR GIANT FREE CATALOG

148 PAGES—1000's OF BARGAINS
Completely new edition. New items. cite
gories, illustrations. Dozens of electrical
and  electromagneiic  parts,  accessories.
Enermous selection of Astronemical Tele-
scopes, Microscobes. Iiinoculars. Magnitiers.

Magnets. Lenses, Prisms. Many war surplus

items: for hebbyists. experimenters. work-

gshon. factory. Mail coupon for catalog

R

EDMUND SCIENTIFIC CO.

300 EDSCORP BUILDING

BARRINGTON. N.J. 08007

NAME

ADDRESS

CITY STATE z1r —t

300 EDSCORP BUILDING
= BARRINGTON. NEW. JERSEY 08007
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VIARKET

CEN

TER

TUBES, OBSOLETE, LOWEST PRICE. Send 20¢
refundable for list. WALKER, 617 Avalon Ave.,
Virginia Beach, Va. 23462.

GENERAL .

N ~ *
Fihaen . i e Bt e i B S e B

NEW SOLDERING AID: Versatile chemical gel
stops damaging heat flow. Prevents remelt of
nearby solder joints and damage to delicate
components. Performance guaranteed. $2.95
Ib. postpaid. DYNATEK INDUSTRIES, Dept. R-7,
Box 24268. Cleveland, Ohio 44124.

FREE ‘*‘Directory of 500 Corporations Seeking
New Products.” For information regarding de-
velopments, sale, licensing of your patented/un-
patented invention. Write: RAYMOND LEE OR-
GANIZATION, 230-U Park Avenue, New York City
10017.

SCHEMATICS, DIAGRAMS, OLD RADIOS, $1.50
TVs, $2.50 GORDIE’'S TV, Hustisford, Wis. 53034

AUDIO — HI-FI

WRITE for highest discounts on components,
recorders, tapes, from franchised distributors.
Send for FREE monthly specials. CARSTON,
RFD #3. Route 7, Brookfield, Conn. 06804

T TR

Tapemates makes available to you ALL 4
TRACK STEREO TAPES. All Labels—postpaid to
your door—at tremendous savings. For free bro-
chure write: TAPEMATES CLUB, 5280 RE West
Pico Blvd., Los Angeles, Calif. 90019.

TAPE RECORDER SALE. Brand new nationally
advertised brands, $10.00 above cost. Amazing
discounts on stereo components. ARKAY
ELECTRONICS, 1028-E Commonwealth Avenue,
Boston, Mass. 02215

ENJOY THE ULTIMATE in stereophonic sound,

using stereo headphones, $20.00 per pair.
Ig.gSSITER, Box 474, Port Hueneme, Calif.
041.

SAVE OVER 331/3 on_a pair cf one of The
World's Best Speaker Systems. Shipped direct
to you from factory. Try them in your home
for thirty days. KGLL INC., water St., Lewis-
ton, Maine 04240

RENT 4-TRACK OPEN REEL TAPES—all major
labels—3,000 different. Free_  brochure.
STEREO-PARTI, 55 St. James Drive, Santa
Rosa, Cal. 95401

B e s

%

INVENTIONS (55
& PATENTS ’%
e e |

L R

INVENTIONS WANTED Patenteo Unpalenled
GLOBAL MARKETING, 2420-AE 77th Ave., Oak.
land, Calif. 94605

lNVENTORS protect your ideas! Free ‘‘rec-
ommended procedure’’. WASHINGTON IN-
VENTORS SERVICE, 422X Washington Build-
ing.. Washington, D.C. 20005

e P
> GOVERNMENT“ £
ﬁ"* »ISURPLUS:

H
JEEPS Typically from $53.00 . , . Trucks From
$78.4 . . Boats, Typewrlters Airplanes,
Multllmeters Oscilloscopes, Transceivers, Elec-
tronics Equipment, Used. 100,000 Bid Bargains
Direct From Government Nationwide. Complete
Sales Directory and Surplus Catalog $1.00 (De-
ductible First $10.00 Order). SURPLUS SERVICE,
Box 820-REL, Holland, Michigan 49423

HOBBYISTS, EXPERIMENTERS; BLACK AND
WHITE TELEVISION CONVERTED TO COLOR
BY MEANS OF A NEW PATENTED COLOR
CONVERTER ADAPTOR. INSTALLATION ALL
DO IT YOURSELF. WRITE FOR FREE BRO-
CHURE. BELE ELECTRONICS CORP., 111 N.E.
SECOND AVE., MIAMI, FLORIDA 33132,

EDUCATION/
: INSTRUCTlDN

£ 4
FCC First Class Llcense in six weeKs—natlons
highest success rate—approved for Veterans
Training. Write ELKINS INSTITUTE, 2603E In-
wood Road, Dallas. Texas 75235

LEARN TO REPAIR T.V. TUNERS—How | earn
$10 per hour. Introduction, Contents, Details of
Complete Course, Twelve REPAIR TRICKS,
PLANS for Special Probes and Power Supplies,
Two Complete Sample Lessons, All for $1. Re-
fundable. FRANK BOCEK, Box 3236 (Enterprise),
Redding, California 96001.

ELECTRONICS ENGINEERING. Day or evening
classes. Bachelor of Science Program eve-
nings. Associate in Science Program day or
night. If you are married or if you must work
for a living while obtaining your education,
this is the college for you. Approved for Veter-
ans. WESTERN STATES COLLEGE OF ENGI-
NEERING, 970 West Manchester Avenue, In-
glewood, California 90301

MEMORIZE, STUDY: 1970 Tests-Answers” for
FCC First and Second Class License.—plus—
~Self-Study Ability Test.” Proven. $5.00. COM-

MAND, Box 26348-E. San Francisco 94126.

 wantep,

AR
2 WALKIE TALKIES Wor|d War 1 type. SEL-
WYN LUBEN, 3641 Troost, K.C., Mo. 64109.

QUICK CASH . . . for Electronic EQUIPMENT,
COMPONENTS, unused TUBES. Send list now!
BARRY, 512 Broadway, New York, N. Y. 10012,
212 WALKER 5-7000.

CASH PAID for your PRECIOUS METAL, scrap
silver, gold, platinum. sludges circuitrv plated
material. ACME REFINING & SMELTING, 454
N. Green, Chicago, lllinois 60622.

E_Rgpﬂ tTRI(I;(:E'R DlqudES. These FIBRE OPTICS
odirectional trigger diodes are one - i i
ofl. tl:ee%Je'st:;'and Ish;aa_uesll metg})‘r;'? (}8 /32" 2.5 mil. fibers in PVCs uggl;tf!:
trigger SO NI ON : COMPLETE LIGHT GUIDE
Similar to 2N2419. RBB of 5-7 stand BUNDLE
oflfmrla?iro gf .6 and 1p of |2 with data | DECADE DIVIDER ... ... $3.95 | consisting of an 11” length of 1/32”
sheet $1.00 RE 112 Dual JK Flip Flov .... 1.50 | dja. fiber opties with bound ends.
N-CHANNEL FET'S TO:-I8 MC 415 JK Flip Flop ...... .. .85 §2.00 ea.
plastic wnits. low  noise. low | MC 400 Dual 4 input 709C OPERATIONAL AMPL.
leakage. 25 volts source to gate. 50 NAND/NOR gate ........ .85 $1.45 ea.
ma gate eurrent Gain to 5000 gmho's. 933|Bbl1t5|5'8"’3%0 ORFW'AI'SE'" ..... .75 Controlled Avalanche or
NEON  LIGHT OR NIXIE DECODER .............. 2.95 Epoxy Rectifiers 1 AMP.
TUBE RI o n
T0-18. ST Transistor. With 2 VCBO | Silicon Power Rectifiers PRV SEERY
Of 120 e arnss 3/$1.00 PRV _1l00 | .07 600 | .16
MOUNTING PRV | 3A | 12a_|_ 30A 200 7 .09 | “Boo | .20
HARDWARE KITS. 100 | .09 | .24 | .50 400 11| 1000 1 i 30
These kits are used to mount our ~200ﬁ|—16_| 35 IVBO c
SRy Zeners and Reetifiers ete. B T N — Slllcon comm| Rechfners
6x32 stud (3, 12 amp rectifiers. 400 | .20 | ,45 ] 1.20 — =
7A SCR's) 6 sets/$1,00 = PRV | 3A | 7A | 20A | 70A
v2x28 stud (30 amp. rectifiers, 600 _ -30 D 7QA|71750 —e6 35| 451 Jo |
20 amps SCR’s) 4 sets/$1.00 "800 | .40 | .85 1 180 _ 50 .35] .45 l_
UL To00 | .50 | T.10 | 2.20| | |-1001 50| .6511.00 | 4.00
PVR | 10A | . . , . 200 .70 | .95 1.30 8.00
rms: FORB Cambridge. Mass. Y 70 |
—__100 7—‘; o= 20 .\‘on(iﬂc’llll;rk or .\ll)?\’l‘l,\-w(l;r‘:ﬁ'r. Ii:l(?luda BOOL —glu\z—s | lﬁ 0 L e
200 O | l?é J)’osl:ll:(.: A\"vrum-"\’\'t.A per package JQO_| 17207!71130 | 2.10 | 1210
———300 J—z 25— S/%(;g No .O.D.'s. Minimum Order 500 | 1.50 | 2. 00A|_2‘ 0 |
_400 | 275 I WE LEAD THE WAY 600 | 1.80 | 2.40 | 3.00 | 16.00
500 ! 325 IN SERVICE AND QUALITY 700 | 2.20 | 2.80 | !
send for our latest catalog featuring Transistors and Rectifiers; 325 Elm $t.. Cambridge. Mass.

Post Office Box 24D

Somerville, Mass. 02143

Tel. (617) 547-40035
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MAKE BITS FOR SPECIAL SCREWS

Instead of lugging a variety of
screwdrivers spilling out of your tool
kit, just cut some short driver blades
from pieces of Yis-inch steel. Grind the
sides to snug-fit into a hex-nut driver,
and grind a suitable point on the short
blade. A number of the short blades
made up to fit special-slot screws, take
up little space in the tool box.—S.
Clark

PHILLIPS SCREW HOLDER

When I can't find a locking-type
screwdriver  for  holding  Phillips
screws in hard-to-reach places, [ just
slip a pocket pencil clip around the

=

CLIP \

=

shaft of the Phillips screwdriver so
the bottom of the clip presses against
the screwhead, firmly holding it posi-
tioned for easy handling.—Harry J.
Miller

RADIO-ELECTRONICS
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ENJOY THE “MUSIC ONLY” FM PROGRAMS

M. A. D.

MUSIC ASSOCIATED'S DETECTOR

for continuous, commercial-free music
with ANY FM tuner or receiver

Kit $49.50 Wired $75.00 Cover $4.95 List of FM
stations with SCA authorlzatmn $1.00. For com-
nlete information write or cal

Music ASSOCIATED
65 Glenwood Rd.,
Upper Montclair, N.J. 07043
phone 201-744-3387

WHOLESALE TO ALL

Breadboard Kits—"'RF'' Kits—''PC’" Kits—Perf.
Phenolic Board—Copper Clad Board—Cowl Type
Electronic Cabinets—Heat Sinks—Solid State Hobby

Kits—Solderless Connectors—Hardware Kits—Tran-
sistor Sockets and many more items. Send for free
catalog from: H. M. C. Sales—P. O. Box 276—
Santa Susana, California 93063

PEP’$ Dollar Sale
$1 Money Back guarantee $1
1 I'l1mn Sll'n:on l(Ret:tlfler 7 AMP SCR

choice of package "
Bullet—Miniature Glass- H g?ggv 3:::: g%gg
Metat A .
5800V units $1.00 1 2-200% units 31.00
4-1000V units $1.00 7 1-800V unit $1'50
D 3-1200V units $1.00 | o
20 AMP SCR
3 AMP Epoxy Package 1 2.50v  wunits §$1.00
%150;1100[%\, units $1.00 [} 1-300V unit $1.00
: units  $1.00 Gen Purpose PNP
J 2-1000V units $1.00| Germ Transistor Similar
5 AMP Epoxy Package Os Fotro %?40%4
[J 8-100vV units $1.00| =7 = e —
] 6-200V units $1.00 ZENER DIODES
{1 3-800V units $1.00 3 Watt
| 10 Volts
SILICON STUDPMOUNT 03 units $1.00

12 AM
15100y units $1.00 | ZENER DIODES 1 Watt
] 2-800v  units $1.00 04 units $1.00

] 1-1000V units $1.00
~_| GERM GLASS DIODES
SILICON STUD MOUNT | DO7 GEN PURPOSE
20 AMP

20 Unifs $1.00
[13-100v units $1.00 Replaces 1N-34 1N-60
(] 1-1000V unit $1.00 IN- 64 1N-295

I1.C. SUMMER SPECIAL
14 Lead Dual In-Line Pkg.
| Perform same function as 7000 series
Master Slave Flip Flop 75¢ @—5-$3.00
Quad 2 Input Nand Gate 75¢ @—5-$3.00
16 Bit Memory Cell—$4.25
14 Lead Dual In-Line Pkg.

CIRCUIT BOARD COLOSSAL
3 different groupings to choose from
Typical samples below
A) 4 1.C. mounting blocks—3 transistors—over 25
resistors complete with board! Price $1.25

Tel. (603) 893-0276

| B) 32 transistors—over 100 resistors—capacitors—
S.C.R.’s over 15 diodes—complete with board! |
| ) Price $1.75
C) 22-14 lead dual in-line 1.C."s—over 75 diodes—
capacitors—20 transistors—over 50 resistors
—complete with board! _Price $4.50
| FULL WAVE BRIDGES
| PRV | 2Amp | 3Amp SAmp | 10Amp |
| 50v_ | I.25 | 135 | 1.50 | 1.70 |
100v | 150 | 1.60 | 1.75 | 1.95
| 200v | 1.75 | 1.85 | 2.00 | 2.20
| [Ta00v | 200 ) 210 | 225 | 245
600v | 2.50 | 260 | 275 | 295
800V | 3.00 | 3.10 | 325 | 3.45
PARK ELECTRONIC
PRODUCTS
P. O. Box 78 N. Salem, N. H. 03073
|

NO SALES TAX 0] WE PAY POSTAGE
Circle 94 on leadel service card
JULY 1970

DDAV IAAXYY

K4
¥ latest catalog. Minimum order
3; $5.00, plus postage.
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LATEST

ARCTURUS
SPECIALS ¢

&

e Color focus rectifiers, 14,- :3
000 P.I.V. at 1 MA, 99¢ each. %
6.5 KV—79¢ &
e Color TV yokes 70° & 90°
types. Fit almost all sets 4
$10.95. ﬁ:
e 1700 Transistor types—39¢ &
e DS-501, 2N278 power tran- 4
sistor types. Cat. #349, 69¢ ﬁ:
e HEP170, Motorola HV/Cur- &
rent epoxy silicon rectifiers, a$
2.5 amps at 1,000 PIV, 49¢ f:
e Fully transistorized UHF &
tuners. Fit most sets. Cat. ‘ﬁj
#UHF567, $4.95 each. :«
e UHF tuners, 1 tube type. &
Fit most sets. Cat. #UHF3, }3
$3.95 each. &

Complete listings of electronic
items at similar bargain prices
are available. Write for our

+ ARCTURUS ELECTRONICS CORP.

502-22nd St.,, Unijon City, N.J. 07087 N
Dept. MRE

Phone: 201-864-5568

o0 o oA 0T Th e Fo e SR e P e e e T e P A

Circle 95 on reader service card

SCHOOL
DIRECTORY

distinguished graduates

hold important engineering and management posts through-
out U.S. Professionally-oriented college with outstanding
placement

three years.

record. Four-quarter year permits degree in
Dedicated faculty, Modern labs. Small classes.
400-acre  campus. Accredited. Approved for
vets. Moderate total costs. Enter Sepl.. Jan..
March. June. For Catalog, wrile Admissions.

TRI-STATE COLLEGE

2470 College Avenue, Angola. Indiana 46703

GET INTO

ELECTRONICS

V.T.l. training leads 1o success as
technicians, field engineers, speciajists
in communications, guided missiles,
computers, radar and automation. Basic
& advanced coursef in theory & labora-
tory. Electronie Engineering Technol-
ogy Electroni¢ Technology curricuia
both available. Agmsociate degree in 29
mo&. B.S. also obtainable. G.I
proved. Graduates in all branches nl
electronies with major companies. Start
Sept., Feb. Dorms. ecampbus. High
achno! graduate or equlvalent. Catalog.

VALPARAISO TECHNICAL
INSTITUTE
Dept. C, Valparaiso, indiana 46383

Rebuild Your Own Picture Tubes?
With Lakeside Tndustries pre-
cision equipment. you can rebuild
any picture tuhe!

For complete details, mail counon.

=

Industries . |
5234 N. Clark St.

Chicago,
I’hone:
NAME

1
111, 60640 ]
312-271-3399 I

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or services).

70¢ per word . . . minimum 10 words.

NON-COMMERCIAL RATE (for individuals who want to buy or sell personal items) 30¢ per word

. no minimum.

FIRST WORD and NAME set in bold caps at no exira charge. Additional bold face at 10¢ per word.
Payment must accompany all ads except those placed by accredited advertising agencies.
f paid in advance. Misleading or objectionable ads not
accepted. Copy for September issue must reach us before July 5.

discount on 12 consecutive insertions,

10%

|
|
I
1 2 3 4 5 :
|
6 7 8 9 10 |
|
i1 12 13 14 15 |
|
16 17 18 19 20 I
: |
21 72 73 7 25 I
|
26 27 78 79 30 }
- 31 32 33 34 35 :
|
1[ @ .30 NéJn-Commercial Rates} -$ RAME :
.70 Co rcial Rat R ——
No. of Words | @ mmerci e ADDRESS |
Total Enclosed §
Payment must sc gy STATE 2P |
insert_____time(s) Icampany o{der un(i |
ess place
through accred- SIGNATURE |
Starting with Issue ited advertising MAIL TO: RADIO-ELECTRONICS, CLASSIFIED AD DEPT., |
agency 28 200 PARK AVE. SOUTH, NEW YORK, N.Y. 10003 i
89
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or IN-CLASS INSTRUCTION!

makes the difference.
require well-trained men and the
first thing checked is where you
gained your knowledge.

HEALD GRADUATES have many job
offers with starting salaries often in ex-
cess of $10,000 per year. AND advance-
ment is rapid.

GET STARTED NOW. Be a

DRAFTSMAN—12 montns
TECHNICIAN—15 months
ENGINEER (B.S. Deg.)—36 months
ARCHITECT (B.S. Deg.)~—42 months

YOU are eligible for HEALD ENGI-
NEERING COLLEGE if you have a high
school education or the equivalent.

success starts with your move to Heald.
Send now for FREE brochures with
more information on Heald in San Fran-
cisco and your future in Engineering.

There's no substitute
for SUBBESS. .

JAMES WONG--Ressarch E ngineer
Heald Engineering College Graduate

n electronics, it's the training that
Employers

ncreased income starts with success--

FREE LIFETIME PLACEMENT SERVICE
. VETERAN APPROVED
S5k

Sge 1663

£ & WRITE TODAY FOR DETAILS

X ol

HERLD Engineering College

1215 Van Ness Ave., San Francisco, California 94109

Pl

cir

STA

2P

NAME

ADDRESS

ease send me information about:
ARCHITECTURE [J
ENGINEERING: Civil[J Electricald
Electronic[J Mechanical [J
TECHNOLOGY: Electronic Engineering
Technician (FCC) [
Radio Television Technician (FCC)[J
DRAFTING: Mechanical [T -Electrical (]
Structural O
1 am interested in Day[J Evening[J courses
Also send an application.[]

AGE e——a

Y

TE

PHONE A

90

Circle 107 on reader service card

NEW PRODUCTS
(continued from page 85)

FET VOM, B & K model 176. Solid-
state unit is battery-operated, features
complementary symmetry circuit protect-
ing FET's from over-voltuge transients
and provides balanced temperature com-
pensation. Ac frequency response to 3
MHz, fuse and diode protected against
accidental overloads. Rf accessory probe
extends frequency range to 230 MHz.
High voltage uaccessory probe extends

voltage range to 60 kV with input imped-
ance greater than 1,000 megohms, in-
sulated case eliminates shock hazard. 8
de ranges: from 0.5 to 1,500V full scule;
full

aceuracy: *+92% scale; impedance:

11 megohms. 8 rms ac ranges: from 0.5
to 1,500V full scale; accuracy: +=3% full
scale; input impedance: 10 megohms
shunted by 65 pI on 0.5 V range and 36
pF on remaining ranges: frequency re-
sponse: % db 9 Iz to 1 MHz. Ohmme-
ter: 7 ranges: RXI to RX1 meg.; mid-
scale reading: 10 megohms (on RX1
range); accuracy: *+3% scale arc. Dc cur-
rent: 6 ranges: 150 uA, to 53 A full scale;
accuracy: 2% full scale; internal voltage
drop: 200 mV. Multipliers: 1% precision
type; frequency compensated for ac.
Power supply: amplifier: two 9-volt bat-
terics in series, regulated for constant 13
V dec; ohinmeter: one 1.5 V*C” cell.
Size: 7 x 9 x 3%". Weight: 5 lbs., 2 oz.
$99.95. Optional probes: rf, $11.95; high
voltage, $15.95. Dynascan Corp., 1801

W. Belle Plaine Ave., Chicago, Il
60613.

Circle 60 on reader service card
WIRELESS REMOTE SWITCH,

Knight-Kit KG-203, controls radios, TV’s,
lamps or other electrical appliances up to
40 ft away. Any electrical device up to
600 watts can be plugged into remote
switch receiver and turned on or ofl with
transmitter. Receiver plugs into  ac;
transmitter uses 9 V battery. $16.95.
Wired, model A-2909 $19.95. Allied Ra-
dio Corp., 100 N. Western Ave., Chi-
cago, Iil. 60680. R-E
Circle 61 on reader service card

WwWWW.americanradiohistorv.com

NEW
LITERATURE

CONNECTOR SELECTOR is a slide-rule that
catalogs Amphenol’s Min-Rac 17 series connec-
tors. The user places the arrow in horizontal
window to one of six family types (fixed con-
tact, high density. encapsulated contact, hard
dielectric, Poke-Home, or power/coax) shown,
then reads Amphenol pin-and-socket connector
characteristics, such as temperature range, in-
sulator material, contact size. wire sizes ac-
cepted, electrical specs and shell material plat-
ing.—Amphenol Industrial Div., Chicago, IIL
60650

Circle 62 on reader service card

CATALOG. Series 54/74 TTL Integrated Cir-
cuirs (Catalog CC 201) includes 424 pages of
data sheets on every circuit in TI’s three TTL
54/74, 54H/T4H and 54/74L series. The MSI
functions tisted are data selectors/multiplexers,
decoders, nmemories/latches, shift registers, coun-
ters, parity generators/checkers, and arithmetic
elements, linear, systems, interface, DTL, ECL
MOS, series SNF/SNG TTL and custom cir-
cuits.—Texas Instroments Inc., Inquiry Answer-
ing Service, P.O. Box 5012-—-M/S 308, Dallas,
Tex. 75222
Circle 63 on reader service card

EDMUND 1970 CATALOG No. 70! offers kits,
components, products in  astronomy, optics,
electronics, chemistry, physics, math, microscopy,
photography. psychedelics, and behavioral sci-
ence. Caters to experimenters, hobbyists, stu-
dents, gadgeteers. researchers, educactors,scien-
tists and children. Satisfaction guaranteed or
money refunded within 10 days of purchase.
Postage paid on most items. Edmund Scientific
Co., 300 Edscorp Bldg., Barrington, N. J. 09007

Circle 64 on reader service card

Write direct to the manufacturers for in-
formation on items listed helow:

MICROPHONES AND ACCESSORIES—Pub-
lic address, tape recording, broadcast and En-
tertainment. Floor stands, hooms, holders, line
transformers, cables, connectors, screens, solid
state portable mixer-preamplifier, low-level music
and paging system; baffles with speakers; mobile
solid-state sound systems, amplitiers, paging sys-
tem; reflex trumpets.—American Geloso Elec-
tronics, Inc,, 251 Park Ave. So., New York, N.Y.
10010

In Canada: William Cohen Corp., 8900 Park
Ave., Montreal.

MICROPHONE CATALOG, Astatic Micro-
phones, catalog M-69, features illustrations. de-
scriptions and specifications for mikes for mobile
use. communications, public address, paging, re-
cording, broadcast and all sound uscs. Includes
mike Selector Guide to assist in choice of mike
for specific application. Astatic Corp., Conneaut,
Ohio 44030.

PROTOTYPE CHASSIS SYSTEMS available
in more than 500 sizes trom 2” x 2" x I”
to 17 x 17" x 4” and a complete line of match-
ing terminals and terminal boards in a variety
of sizes are described with charts. measurements
and photos. Prices listed. Write 1o Aracon
Electronics Inc., 344 E. 49 St., New York, N.Y.
10017

1969 GENERAL CATALOG, 52 pages, com-
prises 375 eclectronic test accessories for which
photos. dimension drawings, schematics. specs,
features and operating ranges are presented. In
addition. bhooklet also describes many typical
applications and information helpful to design-
ers and test cngincers.—Pomona Electronics Co.
Inc., 1500 E. 9 St., Pomona. Calif. 91766 R-E

DID YOU MISS . . .

. Do you know what a quadrac is and
how to use one for dimming lights and
motor speed control? If not, see page
49.

. What can cause an overheating
flyback transformer? See page 58.

RADIO-ELECTRONICS
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Cirele 108 onwreades; seryice cdid

TheRe Place ,

Says Alexander Wellington,
owner of Sylvan-Wellington, Inc.,
New York City, in speaking about
The Re-Place, Cornell-Dubilier’s
new capacitor replacement cen-
ter. ''l am amazed at the in-
crease in turnover, and the ease
of sellirg.”

A pioneer in €lectronic servic-
ing, Mr. Wellington was also one
of the first of those alert cistributars who have in-
stailed The Re-Place in their stores.

The Re-Place is both a showcase and a self-service

“These capacitors practically sell
themselves, like in a supermarket!”

stare within a sliore, all in 2 compact 5’ x 2’ zrea. It
organizes capacitor inventory and makes it easy for
customers to select and to buy from a complete stock
of twist-prong aluminum electrolytics, tubular elec-
trolytics, miniature el=ctrolvtics, ceramic discs and
mica capacitors.

Ycu can provide instant service to your customers
with The Re-Place—and profitably increase your turn-
ovar, too. Call your CDE Representative tocay. Or
write for full informat on about The Re-Place™

' 2 CORNELL:
CDE JUBILIER
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Circle 109 on reader service card
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. Space age communication
equipment demands a crystal
that meets all standards of
technical advancement. Crystals
that were acceptable some
years ago do not meet present
day specifications. As a general
rule, your crystal must be
selected from the best quartz . ..
(no throw off cuts). Tight
tolerances demand selected
angles of cut. The x-ray is
important in making this
selection. The crystal should be
preaged with stress cycling. It
should be checked for frequency
change vs temperature change.
It must be checked for optimum
spurious response. It should be
calibrated to frequency with the
correct oscillator. International
Crystals are manufactured to
meet today's high accuracy
requirements. That’s why we
guarantee all international
crystals against defective
materials and workmanship for
an unlimited time when used in
equipment for which they were
specifically made.

WRITE FOR CATALOG

INTERNATIONAL
.

CRYSTAL MFG. CO,, INC.
10 NORTH LEE
OKLAHOMA CITY, OKLA. 73102
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