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Dazzle your friends with lightworks.

® - .
. Sound n’ Color Translators Strobe Lites
The now dimension to music pleasure. The electronics you need to create audio- High- mtensny bursts of white light from Xenon
EICO Ail Electronic Solid-State Audio-Color stimulated light displays to your own tube flash in cadence with each beat of audio.
Organs transform sound waves into moving imagination. Actuates: Light Display Units, From $24.95 kit, $39.95 wired.
synchronized color images. Connect easily Strobe Lites, any lamp configuration (Xmas
to speaker leads of hi-fi or radio. From $29.95. 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.

| AARRKRTE
ﬁlii"’"l"‘f"i”(" el e e R e T e j - - -
&S i e e —
70-Watt AM/FM Stereo Recenver including 150-Watt Silicon Solid-State Stereo FM Stereo Tuner including cabinet.
cabinet. Cortina 3770, $189.95 kit, Amplitier, including cabinet. For the audio Cortina 3200, $99.95 kit, $139.95 wired.
$279.95 wired. perfectivonist. Cortina 3150, $149.95 kit,
70-Watt FM Stereo Receiver including $225 wired.
cabinet. Cortina 3570, $169.95 kit, 70-Watt Silicon Solid-State Stereo
$259.95 wired. Amplifier, including cabinet. Cortina 3070,

$99.95 kit, $139.95 wired.

/ Build for fun and use with
Eicocraft jiffy project kits.

The newest excitement in kits. (lo band) $7.95; EC-2800 Aircraft
100% solid-state and professional. HGOGRILF[,-_V Converter $7.9§; EdC)Z-égoo Police & Fire
Converter (hi ban 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.

Expandable, interconnectable. Excellent “m“- s
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 Wi

EC-1100
FM WIRELESS MIKE $9.95

Shape up your own car/boat with EICO Engme Analyzer

For all 6V/12V systems; 4, 6, 8-cyl. engines. Completely tests your total ignition/electrical

Now you can keep your car or boat engine system. Complete with comprehensive Tune-up &
In tip-top shape with this solid-state, portable, Trouble-shooting Manual. EICO 888, $49.95 kit,
self-powered universal engine analyzer. $69.95 wired.

The first and only solid-state test equipment guaranteed for 5 yrs.
Only EICO brings you laboratory precision and long life at lowest cost.

t K

EICO 240 Solid-State  EICO 379 Solid-State EICO 242 Solid-State EICO 150 Solid-State EICO 330 Solid-State
FET-TVOM Sine/Square Wave Generator Deluxe FET-TVOM Signal Tracer RF Signal Generator
$49.95 kit, $69.95 wired $54.95 kit, $74.95 wired $59.95 kit, $79.95 wired. $49.95 kit, $69.95 wired  $59.95 kit, $79.95 wired

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

Send me FREE catalog describing the

FREE 1969 CATALOG 1ull EICO Iine of 200 best buys, and name

of nearest dealer. S— S

Name
- h@ EICO Electronic Instrument Co., Inc.
Cm 283 Malta Street, Brooklyn, N.v. 11207 A -
L__J i ress
Available In Canada
City State Zip
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Speclal mtroductory offer to new members of the

For trial
membership take

Values up
to $12.50

Choose bonus from
Library Group A

#A850 MATHEMATICS FOR ELECTRONICS WITH APPLI-
CATIONS by H. M. Nodelman and F. W. Smith.
Pub. price, $8.00. Club price, $6.80

#A896 BASIC PULSE CIRCUITS by R. Blitzer. Pub.
price, $8.50. Club price, $7.25

#A530 PROJECT ENGINEERING by V. Hajek. Pub.
price, $9.75. Club price, $8.30

#£A355 FIELD-EFFECT TRANSISTORS by L. J. Sevin.
Pub. price, $10.00. Club price, $8.50

F#A475 MOSFET IN CIRCUIT DESIGN by R. H. Craw-
ford. Pub. price, $10.00. Club price, $8.50

#A142 TUNNEL-DIODE AND SEMI-CONBUCTOR CIRCUITS
by J. M. Carroll. Pub. price, $11.00. Club price,
$9.35

FA509 MATHEMATICS MANUAL by F. S. Merritt. Pub.
price, $11.95. Club price, $10.15

$A955 ELECTRONIC TESTING by L. L. Farkas. Pub.
price, $12.00. Club price, $10.25

*A144 DESIGN MANUAL FOR TRANSISTOR CIRCUITS
by J. M. Carroll. Pub. price, $12.50. Club price,
$10.65

YOUR BONUS BOOK comes with your first selection
YOUR FIRST CLUB SELECTION available from any Library Group above

IIERE is a professional book club designed to meet day-to-day
enginecring needs by providing practical books in your ficld
on a regular basis at below publisher prices.

How the club operates: Basic to the Club’s service is its publica-
tion, the Electronics and Control Engmems Book Club Bulletin,
whlch brings you news of books in your field. Sent to membels
without cost, it presents in detail the featured book of the month
as well as many alternate selections also available at special

members’ prices.

ELECTRONICS AND CONTROL

ENGINEERS’ BOOK CLUB

For trial
membership take

Values up
to $16.50

Choose bonus from
Library Group'B

#B978 TRANSFORMERS FOR ELECTRONIC CIRCUITS
by N. R. Grossner. Pub. price, $14.00. Club
price, $11.90

#B905 INTRODUCTION TO RADAR SYSTEMS by M. I.
Skolnik., Pub. price, $14.50. Club price $12.35

1#B677 DATA TRANSMISSION by W. R. Bennett.
Pub. price, $14.50. Club price $12.35

=zB270 MICROWAVE MEASUREMENTS by E. L.
Ginzton. Pub. price, $16.50. Club price $14.05

#B310 AUTOMATIC FEEDBACK CONTROL SYSTEMS by
J. G. Truxal. Pub. price, $16.50. Club price.
$14.05

B690 MODERN OPTICAL ENGINEERING by W. J.
Smith. Pub. price, $16.00. Ciub price, $13.60

£737 TRANSISTOR CIRCUIT DESIGN by Texas instru-
ments, Inc. Staff. Pub. price, $16.50. Ciub price,
$14.05

#B981 DIGITAL COMPUTER AND CONTROL ENGINEER-
ING by R. S. Ledley. Pub. price, $16.50. Ciub
price, $14.05

330 W. 42 st.,,

You can save time and money by using this coupon to join today

NEVER A MEMBERSHIP FEE ———=

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB
18th Floor, N.Y., N.Y. 10036

For trial
membership take

ANY UNE

Values up
to $37 50

Choose bonus from
Library Group C

#C509 ELECTRONIC AND RADIO ENGINEERING by
F. E. Terman. Publisher’s price, $195%C. Club
price, $16.55

C861 FLUID AMPLIFIERS by J. M. Kirshner. Pub.
price, $17.75. Club price $15.10

#C381 PULSE, DIGITAL, AND SWITCHING WAVEFORMS
by J. Millman and H. Taub. Pub. price, $18.00.
Club price, $15.30

#C360 ELECTRONIC ANALOG AND HYBRID CCMFUTERS
by G. A. Korn and T. M. Korn. Pub. price %18.75.
Club price, $15.95

2C085 DIGITAL AND SAMPLED-DATA CONTROL SYS-
TEMS by J. T. Tou. Pub. price, $19.75. Ciuk price,
$16.75

#C304 HANDBOOK OF SEMICONDUCTOR ELECTRONICS
2/e by L. P. Hunter. Pub. price, $22.50. Club
price, $19.10

#C290 ANTENNA ENGINEERING HANDBOOX by H.
Jasik. Pub. price, $27.75. Club price, $23.50

=C371 SYSTEM ENGINEERING HANDBOOK ecited by
R. E. Machol. Pub. price, $29.50. Ciob orice,
$25.00

F#C503 AMPLIFIER HANDBOOK by R. F. Skea. Pub.
price, $37.50. Club price, $29.50

Please enroll me as a member of the Electronics and Control Engi-
neers’ Book Club and send me the two books indicated below. I am
to receive the bonus book at the special Library Group price and
my first selection at the special Club price. These books are t> be
shipped on approval, and I may return them both without ccst or
further obligation. If I decide to keep the books, I agree to our-
chase as few as four additional books during the next two years at
special Club prices guaranteed to be about 15% under publizher

When you want to examine the Club’s
featured book, you do nothing. It will
be mailed us a regular part of your
Club service. If you prefer one of the
alternate selections—or if you want
no book at all for that month—you let
us know by returning the convenient
card enclosed with each Bulletin.

< Circle 8 on reader service card

!
} ;
I
[ |
! [
I |
| |
{ [
| prices. :
| Write Code No. of Write Code No. of
| bonus book first selection {
here here
! |
' | |
} |
| Name i }
As a member, you agree only to take I I
four books in two years. Considering I Address
the many essential books published in I
your field, there will surely be at least I City i
four that vou would want to own I l
anyway. By Joining the Club, you | state Zip |
save both money and the trouble of | (Offer good in U.S. and Canada only) E 33122 |
searching for the best books. b [y |

www americanradiohistorv com


www.americanradiohistory.com

NEW & TIMELY

Volume 40 Number 12

RADIO-ELECTRONICS

December 1969

TWO NEW SPEAKER SYSTEMS

NEw York—Two types of
speaker systems were demon-
strated by Jensen and Admiral
here recently. Both are de-
signed to reduce costs for
stereo systems.

Jensen’s approach is a sin-
gle-speaker setup using *‘acous-
tic matrixing.” A circuit within
a bookshelf-type cabinet com-
bines left- and right-channel
signals to produce sum and

difference outputs. These sig-
nals are directed to ar 8-inch
acoustic suspension speaker and
two S-inch speakers, one facing
left and the other right.

Jensen’s Stereo 1

R-E editors. A-Bing the
Jensen speaker with a two-
speaker system, found that Jen-
sen’s new Stereo 1 produces a
definite depth and spread in
stereo, but concentrates all the
instruments at the center.

Admiral presented more de-

Admiral’s Bull Horn

S
o

tails of its “Bull Horn” speakers
announced a year ago. Essen-
tially, these are high-compli-
ance speakers used in vented
quarter-wavelength, tunnel-re-
flex enclosures. The idea is to
improve bass without massive
woofers and powerful amplifi-
ers. The tunnel reflex tubes
(see photo) are folded to fit
compact enclosures, Various
sizes of the system are being
used by Admiral for portable
stereo phonographs and con-
soles.

An R-E editor. listening to
a “Bull Horn” demonstration,
found the system had low bass
response, but noticed a
“boomy” quality to audio at the
low end.

NEW YORK—An unmanned
robot sailboat capable of mov-
ing to a fixed location at sea and
“electronically tethering” itself
there for a year was recently
unveiled by RCA here.

The 16-foot-high  vessel
maintains its position by receiv-
ing signals from navigation sat-

IN THIS ISSUE
TV rotators have turned
to solid-state control cir-
cuits. Do you know what’s
inside the new ongs? Story
starts on page 42.

LOOKING AHEAD

by DAVID LACHENBRUCH

CONTRIBUTING EDITOR

SelectaVision and EVR

The two most influential companies in American com-
munications-entertainment-electronics agree that the next
major home clectronic product will be the color video
equivalent of the phonograph—the home video player. And
each is pushing its own system, trying to line up allies
among manufacturers first, the public later.

Shaping up is a fierce battle of the '70's between
SelectaVision (SV) holographic recording and Electronic
Video Recording (EVR) film system for home viewing
library standards. The batile will be reminiscent, in more
ways than one, of the post-World War 11 tight over phono-
graph record speeds and color TV systems. The protagonists
are the veterans of those former wars—RCA Corp. and
CBS Inc.

Despite the 100 per cent incompatibility of the two
systems, they're both based on the same premise: That the
‘public will want a simple-to-operate, cartridge-loading,
playback-only system to play visual recordings through the
antenna terminals of a color TV set—and that magnetic

tape isn’t the answer.
(continued on page 4)
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Robot sailboat afloat on the high seas. Has capability of
traveling anywhere in the world, directed by radio.

16-FOOT ROBOT SAILBOAT

ellites, computing where it is
and where it should be, then
navigating to its station. The
sails are rigid, foam-filled plas-
tic structures.

Its disc-shaped hull can
carry instrumentation for
oceanographic and weather re-
search or defense operations.
The SKAMP (station-keeping
and mobile platform) can be
recalled easily with a land-
based radio signal. The Navy
has expressed interest in
SKAMP.

NIGHT-VISION SCOPES
FOR COMMERCIAL USE

New  York — Commercial
versions of the military night
vision scopes used in Vietnam
were introduced by Raytheon
Co. at an electro-optical con-
ference recently. Suitable for
law enforcement. industrial se-
curity and nature study, the
MS-101-10 (photo) makes it
possible to view a man under
starlight conditions from about
300 yards with 4X magnifica-
tion.

Not shown at the confer-
ence was a new night vision
tube made by Aereojet Delft
Corp. that magnifies an image
from a 25-mm lens and dis-
plays it on a integral 125-mm-
diameter phosphor screen. The
direct-vision display tube has a

cathode, focusing electrode and
(continued on page 6)
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on your prints. For complete construc-
i i > oe 50O
tion details . . . . see page 50

Cassette sounds are improving z5 new,
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model's preamp-only output, autoload

and stereo become available.
see page 37
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LOOKING AHEAD

(continued from page 2)

Electronic Video Recording

CBS’s EVR system is now in the advanced stages of
production engineering in an industrial-educational black-
and-white version, with both instruments and program cart-
ridges promised by mid-1970. The home color version is
scheduled for production the following year. Motorola has
the exclusive American rights to EVR until the 1971 color
system comes along, when licensing will be available to all
comers. Motorola’s b-w version will sell for $795, and its
color player is tentatively penciled in at 20% more, which
would make it around $950 or so.

EVR uses a cartridge-encased, sprocketless motion-
picture film whose masters are recorded electronically.
Prints are made by a high-speed optical exposure process.
In the color version, there are two sets of frames side-by-
side on b-w film, one containing a conventional optical b-w
picture, the other encoded gradations of grey which are
electronically decoded into the color signal within the
EVR player. (A detailed description of EVR was featured
in Looking Ahead in February, 1969.)

SelectaVision . . .

RCA still has an “experimental” label on its SV system,
but has given some preliminary demonstrations, presumably
to line up allies who might otherwise drift toward EVR.
RCA says SV players and cartridges could be on the
market in 1972. SV’s advantages, according to RCA, are
simplicity, ruggedness and low cost. The price target for the
color player is $400 at retail, with half-hour home programs
to sell for less than $10. Unlike EVR, SV is designed
exclusively for home use.

SelectaVision promises to be the first product to bring
the laser into the home, and is based on the new science
of holography, or the recording of light interference pat-
terns. The tape used by the SV player is low-cost uncoated
vinyl on which holographic information is embossed, in
much the same manner as a phonograph disc is pressed.
The transport will be comparable to a standard mass-
produced audio tape unit, except that it probably will have
stop-motion and reverse-action capability.

Among the major advantages claimed by RCA for its
new system: The tapes are virtually impervious to wear.
Scratches, dust, even holes in the tape result in no visible
deterioration of the picture because any segment of the
frame contains all the information necessary to reproduce
the entire frame. No shutter mechanism is needed, mechani-
cal or electronic.

Microphoto of embossed vinyl
tape with impressed holo-
grams.

An even closer look at the holo-
gram tape. Note size scale.

A color SV tape is produced from program material
on film, video tape or live TV. The first step is to elec-
tronically print the material on b-w film, with the color
information encoded as a series of vertical stripes. Then
the film frames are recorded by a standard laser-beam
process as holograms on a plastic tape coated with photo-
resist. After processing, the plastic tape, which then con-
tains a holographic relief image, is used as a mold to make
a metal tape master. Duplicate tapes are made by passing
the metal tape at high speed through pressure rollers along
with heated vinyl tapes, which become embossed with both
the holographic and the color code information.

This printing process is considered a significant break-
through, permitting the mass duplication of holograms and
making the whole RCA system a potentially practical home
viewing method. It is based on a patent recently issued to
RCA. whose original application in 1964 (in England) en-
visioned a video disc, rather than tape.

In the home playback device. which probably will be the
size of a small open-reel tape recorder, the tape is reeled past
a low-powered, 2mW laser, which illuminates it and recon-
structs a picture (as well as the coded color information) for

He Ne LASER :
i converts the pic-

!"}*wv s t@ R ture and the verti-

” — cal color stripes

TV CAMERA

a b-w vidicon
il camera. An elec-
l t tronic decoder

into a standard
NTSC color sig-
nal, which is fed
through the set’s
antenna terminals
for viewing on an
unused channel.

Tape speed and size have not been finally resolved, but
in a preliminary demonstration, RCA used Y2-inch tape, run-
ning at 7.5 ips for 30 minutes of playing time on a 6-inch reel
of 2-mil tape. Resolution of a b-w picture shown on the sys-
tem was about 400 lines, considered completely adequate
for home viewing. The final version probably will use tape
encased in a two-reel cartridge, somewhat similar to an audio
cassette. The SV tape can be stopped at any individual frame
for a steady still picture, or played backwards or in slow-
motion without picture jitter or loss of sync. RCA’s first dem-
onstration was confined almost exclusively to b-w program-
ming, with only a single rudimentary color picture. But
engineers said perfection of the color signal was only a matter
of time. No sound was on the tape; this probably will be
added in the form of optical coding to be picked up by the
vidicon camera, rather than a magnetic stripe.

[Snsmem TO TV SET

...and VIR

Where does this leave the video tape recorder, previ-
ously regarded as an important future home electronic
instrument? The many previous attempts to introduce
magnetic-tape TV recorders for the home have failed, al-
though the VTR has found wide acceptance in education
and industry. But there’s no question now that magnetic
picture record-playback machines for the home have now
received a major setback—at least temporarily. It may well
turn out that playback-only devices will achieve popularity
first, followed some years later by consumer acceptance of
new, low-cost, record-and-playback TV machines—just as
the phonograph came before the tape recorder in home
audio systems. (continued on page 12)
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The restoration of power
can be very profitable

With Mallory’s new BC-15 Charger
for rechargeable alkaline Duracell®
batteries. It handles all recharge-
able *‘AA", "*C"” and "'D"’ Duracells,
And can charge two different sizes
at one time.

The BC-15 will add a lot more
profit to your established Duracell
business. [t lists for only $8.95.
And it's a perfect follow-on sale to
Duracell battery customers.

A free traffic-stopping counter
display is available. It's a complete
rechargeable-battery center and re-
quires less than one square foot of

valuable counter space. This mod-
ern molded plastic display attracts
high interest not only from con-
sumers, but also technicians, re-
pairmen .. .anyone who has
worked or works with kattery oper-
ated equipment or appliances.

The BC-15 is also backed up
by Mallory’s nationwide advertising
campaign.

Contact your Mallory representa-
tive now to get information on the
BC-15 Charger. See how profitable '
restoring power to rechargeable
Duracell batteries can be,

MALLORY DISTRIBUTOR PRODUCTS COMPANY

a division of P. R. MALLORY & COQ. INC.
Box 1558, Indianapolis, Indiana 46206: Teclephone: 317-838-5353

MALLOR

Batteries? Capacitors « Controls « Resistors » Semiconductors » Sonalert® « Switches « Timers « Vibrators « ICs

Circle 10 on reader service card

DECEMBER 1969
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(continued from page 2)

anode. It takes the place of a
man’s eye behind a secondary-
electron-conduction (SEC)
scope, displaying a 5X image.
Unlike CRT's, the tube does
not have a raster-like scan.
Developmental versions cost
$6000 at this stage.

Also at the electro-optical
conference, Amperex intro-
duced a silicon-diode-array
camera tube similar to those
first developed at Bell Labs.
Unlike conventional vidicons.
the sensing mosaic consists of

some 650,000 n-type islands on
a quarter-size p-type silicon
wafer. The light-sensitive wa-
fer can easily provide a TV
image of a smoker from the
glow of a cigarette.

RCA presented a combina-
tion SEC and silicon-target
vidicon with an image gain of

o
& M

2500. The combination tech-

nique provides 600 TV line
resolution at 2 X 10-% foot can-
dles. RCA’s C21117B uses the
silicon array for the photoelec-
tron-sensing SEC target. It will
be available in mid-1970.

X-RAY BURNS REPORTED
AT NEA CONFERENCE

WATERBURY, CONN.—X-ra-
diation from color TV sets un-
der repair was blamed for burns
and eye damage by techni-
cians attending the annual
National Electronic Association
conference. According to two
technicians, permanent damage
to their right eyes had been
caused by being too close to
the CRT screen during con-
vergence. Another technician,
who habitually laid his left arm
on top of sets while making
adjustments, claimed he had
developed a type of skin can-
cer on his forearm.

A G.E. representative
pointed out that ordinary safe-
ty glasses can significantly re-
duce

X-rays reaching eyes.
G.E. and other set manufac-
turers indicated new chassis

have been engineered for mini-
mum radiation. Misadjusted or
excessively high voltage is the
prime cause of high X-ray lev-
els in color TV.

IN THIS ISSUE

Experiment with MOSFETS.
Complete details on a group
of useful circuits you can
build and use. Story starts on
page 61.

SATELLITE TV

A stationary applications
satellite will be beaming TV
directly to millions of Indian
villagers in 1972 if all goes
according to plan. The joint
U.S.-Indian plan calls for
thousands of 10-foot dish an-
tennas costing only $500 to
be installed in villages.

These antennas will re-
ceive transmissions from a
30-foot antenna on a satellite
capable of beaming a concen-
trated TV signal to earth from
a 22.300-mile equatorial or-
bit. An 80-watt transmitter is
planned for the satellite.

Programs planned by the
Indian Government will be
beamed to the satellite from
a ground station.

SUPERPOWERFUL LASER
TRIGGERS FUSION

PAaris—A  superpowerful
laser has been used by the
French Atomic Energy Com-
mission to create minute ther-

monuclear explosions. The
laser, capable of delivering
50-billion-watt pulses for 5

nsec, was used to fuse deute-
rium nuclei held near abso-
lute zero.

The fusion energy re-
leased in the form of neu-
trons is difficult to detect

because of its low level. The
(continued on page 12)
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Castle, the pioneer of television tuner overhauling, offers the following services to

solve ALL your television tuner problems.

® OVERHAUL SERVICE — All makes and models.

(1960, or later)

VHF or UHF tuner $9.95
UHF-VHF combination (ene piece chassis) $9.95
TRANSISTOR tuner $9.95
COLOR tuner $9.95

(Guaranteed color alignment . . . no additional charge)

Overhaul includes parts, except tubes and transistors.

Simply send us the defective tuner complete; include tubes,
shield cover and any damaged parts with model number
and complaint. Your tuner will be expertly overhauled and
returned promptly, performance restored, aligned to original
stancards and warranted for 90 days.

UV combination tuner must be single chassis type; dismantle
tandem JHF and VHF tuners and send in the defective unit
only.

And remember—for over a decade Castle has been the leader
in this specialized field . . . your assurance of the best in
TV tuner overhauling.

Remove all accessories . . . or dismantling charge will apply.

® CUSTOM REPLACEMENTS
Exact replacements are available for tuners that our inspec-
tion reveals are unfit for overhaul. As low as $12.95 ex-
change. (Replacements are new or rebuilt.)

CASTLE TV TUNER SERVICE,

® UNIVERSAL REPLACEMENTS

Prefer to do it yourself?

Castle universal replacement tuners are available with the
following specifications.

STOCK SHAFT 1.F. OUTPUT

No. HEATERS Min.*  Max.*  Snd. Pic. FRICE
CR6P  Parallel 6.3v 13" 37 4125 4575 895
CR7S  Series 600mA 13”7 3”7 4125 4575 950
CRIS  Series 450mA 1%” 3”7 4125 4575 950
CRGXL Parallel 63v  2Y%%” 127 4125 4575 10.45
CRTXL Series 600mA 214”7 127 4125 4575 11.00
CROXL Series 450mA 215”127 41.25 4575 11.00

*Selector shaft length measured from tuner front apron
to extreme tip of shaft.

These Castle replocement tuners are all equipped with memory fire tun-
ing, UHF position with plug input for UHF tuner, rear shaft extension and
switch for remote control motor drive . . . they come complete witn hard-
ware and component kit to adapt for use in thousands of popwlar TV
receivers.

Order universal replacements out of Main Plant (Chicago)
only.

INC.

MAIN PLANT: 5715 N. Western Ave., Chicago, !llinois 60645
EAST: 41-96 Vernon Blvd., Long Island City, N.Y. 11101

Circle 11 on reader service card
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DISCOVER THE EASE AND EXCITEMENT
OF TRAINING AT HOME THE NRI WAY

New Achievement Kit—Custom
Training Kits —"Bite Size"” Texts

Only NRI offers you this pioneering method of simpli-
fied '3 Dimensional'* home-study training in Electron-
ics, TV/Radio and Broadcasting/Communications. It's
a remarkable teaching idea unlike anything you have
ever encountered, the result of more than half a cen-
tury of simplifying, organizing and dramatizing learn-
ing-at-home techniques. |f you are an ambitious man
—regardless of your education—you can effectively
learn the Electronics field of your choice the NRI way.

NR1 has simplified Electronics by producing ‘‘bite
size' lesson texts averaging only 40 pages each. Dozens
of illustrations open wide a picture window through
which you'll see and understand practical uses of Elec-
tronics. You start out with NR!'s exclusive Achievement
Kit, containing everything you need to get started fast.
(!llustrated at right.)

NR! has organized Electronics training to take you
step-by-step from the first stages into more intriguing
areas. Once you know the fundamentals thoroughly, it’s
easy to grasp more advanced theory and techniques.
You move with confidence and enthusiasm into a new
adventure filled with the excitement of discovery.

NR! has dramatized Electronics through the careful
development of special training equipment that is
programmed into your training systematically . . . be-
ginning with your first group of lessons. Things you
read about come alive in your hands as you build, ex-
periment, purposely cause ‘‘problems” in circuits—
and solve them. You learn to use test equipment, to
build radios and TV sets, transmitter, or computer
circuits. It's the priceless ‘‘third dimension'" in NRI
training . . . practical experience.

More than 50 years of leadership
in Electronics Training

P

YOU GET MORE FOR
YOUR MONEY FROM NRI

Mail postage-free card now for your free NRI catalog.
Then, compare. You'll find—as have thousands of others
—NRI training can't be beat. Read about the new
Achievement Kit sent the day you enroll; about ‘“bite-
size '’ texts and custom designed training eguipment.
See why NRI gives you more value. Whatever your reason
for wanting more knowledge of Electronics, NRI has an
instruction plan for you. Choose from major procgiams in
TV/Radio Servicing, Industrial Electronics and Complete
Communications. Or select from

special courses to meet specific AvailableUnder
needs. Check the course of inter- NEW
est to you on postage-free card GI BILL

and mail today for free NRI cata-
log. Nosalesman willcall. NaTioNnAL
Rapio InsTITUTE, Electronics Div.,
Washington, D.C. 20016.

If you served since
January 31, 13E5, or
are in service, check
Gl line in posiage-
free card.

Career? Part-Time Earnings? Hobby? Choose From 12 Training Plans

1. TELEVISION-RADIO SERVICING —
Learn to fix all TV sets, including Color.
includes your choice of NRI Color Kit or
19” biack-white TV Kit. Also covers
radios, stereo hi-fi, etc. Profitable field
spare or full-time.

6. BASIC ELECTRONICS — For anyone
wanting a basic understanding of Radio-
TV Electronics terminology and compo-
nents, and a better understanding of

2. INDUSTRIAL-MILITARY ELECTRON-
ICS — Basics to computers. Starts with
fundamentals, covers servos, telem-
etry, muitiplexing, phase circuitry, other
subjects.

the field.

5. MATH FOR ELECTRONICS — Brief
course for engineers, technicians seek-
of essential math:

ing quick review
short-cut formulas,

basic arithmetic,
digital systems, etc.

9. MARINE COMMUNICATION3 %K —
Covers electronic equipment used on
commercial ships, pleasure boats. Pre-
pares for FCC License with Radar
Endorsement.

10. MOBILE COMMUNICATIDN5 K —
Learn to install, maintain mobile trans-
mitters and receivers. Prepares for FCC
License exams.

11. ELECTRICAL APPLIANCE REPAIR—
Learn to repair all appliances, including

3. COMPLETE COMMUNICATIONS 3%k —
Operation, service, maintenance of AM,
FM and TV broadcasting stations. Also
covers marine, aviation, mobile radio,
facsimile, radar, microwave.

4. FCC LICENSE 3k — Prepares you for
1st Class FCC License exams. Begin
with fundamentals, advance to required
subjects in equipment and procedures.

DECEMBER 1969

7. ELECTRONICS FOR AUTOMATION —
Not for beginners. Covers process con-
trol, ultrasonics, telemetering and re-
mote control, electromechanical meas-
urements, other subjects.

8. AVIATION COMMUNICATIONS 3k —
Prepares you to install, maintain, serv-
ice aircraft in-flight and landing sys-
tems. Earn your FCC License with
Radar Endorsement.

wwWw.americanradiohistorv.com

air conditioning, refrigeration, small gas
engines. Leads to profitable part or full-
time business.

12. ELECTRONICS FOR PRINTERS —
Operation and maintenance aof Elec-
tronic equipment used in graphic arts
industry. From basics to computer cir-
cuits. Approved by major manufacturers.

>kYou must pass your FCC |.icense

exams (any Communications course} or NRI
refunds in full the tuition you have paid.

11
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THROW AWAY THE SOLDER
voor

MY DABDY USES CUSS WORDS

.

Some years ago two men, Mr. S. and Mr.
deC had an idea. Wearing white hats
they dutifully offered it to the giant
electronics conglomerate under whose
roof they laboured. He sneered so they
left and developed it on their own.

It's a solderless breadboard
and the secret lies in a

and low resistance. These
clips are leafspring con-
tacts of phosphor bronze
or silverplate.

precision clip of firm grasp .'—ﬁ

As with all good things customers came
up with mcre ideas using S-DeCs than
the originatars believed possible and the
demand for added flexibility resulted in a
box with two interlocking S-DeCs known
as DeCSTOR, (pronounced Deck-Store).
Not content with this, users circuits out-
grew the D=2CSTOR and so a 4-DeC kit
was created for the man with ideas big-
ger than his breadboard. Today there is
a whole rarge of DeC solderless bread-
boards covering conventional and inte-

grated circuit requirements.

So, if you n2ed to throw away the solder,
keep the skin on your fingers and the
black words buried down below, write to
us for more information, or better still

send us a check.

'----------\------—--------------1

INTRATEC

399 Jefferson Davis Highway
Arlington, Yirginia 22202
Please send me postage pald:
$-DeC's

..DeC STOR's
4-DeC's

@ $ 6.75 each
@ $13.75 each
@ $23.25 each

Ya. residents add 4% sales tax

literature and prices.

| enclose a check/money order for $..............

| am Iinterested In the IC versions. Send

- Sy e ey G WD D Y G W R W R GR GD G GRS ON GD e a
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laser blast raises the deute-
rium temperature to 15 mil-
lion degrees Fahrenheit. Si-
milar experiments have been
conducted in the USSR and
the U.S., according to a re-
port in The New York Times.

ELECTRONIC TOOL
SEES COLORS

Color blind? The Color-
mate 2000 might solve some
of your problems, although the
newly patented instrument was

sample of a material as a hu-
man eye would by comparing
it with a standard and record-
ing any color differences. A
sample color is identified by
alternately shining light on the
sample and a standard through
amber. green and blue filters.
A photocell receiving the re-
flected light then moves up or
down unti]l it receives equal
light from both sample and
standard.

A printout or chart indi-
cates color changes needed to
achieve a muatch. The electron-

designed with the chemical and  j¢ colormeter is mude by Neo-

printing industries in mind. tec Corp., a Rockville, Md.,
The Colormate “sees” a firm.

VOICE-OPERATED TYPEWRITER FOR
PHYSICALLY HANDICAPPED

Poor typists who blame the physically handicapped.
their mistakes on the type- Up to 20 words per minute
writer would feel comforta- can be typed by “dit-dahing”
ble with this model—it's  Morse code sounds into the
voice operated .An exper- machine’s microphone. It
imental set-up developed by  works, but there are no im-
a British division of ITT, it mediate plans for production.
is being studied as an aid to

(continued on page 14)

LOOKING AHEAD

(continued from page 4)

Mobile radio problems

The long-simmering problem of overcrowding in the mobile
radio bands has taken a new turn. A special study made for
the FCC by the Stanford Research Institute indirectly blamed
the FCC for “inadequate frequency management.” Mobile radio
users and manufacturers have long insisted that insufficient
spectrum space is available for land-mobile use and have re-
quested the reassignment, or sharing, of a portion of the cur-
rent uhf television band. The Commission now has pending
proceedings for sharing of channels 14 through 20 between
television and mobile radio and the reassignment of TV chan-
nels 70 through 83 to mobile radio use.

The Stanford report suggested that lack of FCC “manage-
ment”’ of the mobile spectrum was largely responsible for over-
crowding condition in some areas and under-utitization of fre-

(continued on page 14)
Circle 14 on reader service card >
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The RCA rotator has many features
your customers won't understand.

Ithas one that everyone recognizes:
the name, RCA.

RCA engineers have produced the best
in rotators. Beautiful, easy to operate
control cabinets. Rugged, durable
drive units. And they're tested.
Continuous operation life-tested,
under conditions no rotator would

ever encounter in normal use.

V-block serrated clamoing
system locks mast securely.

Reinforced shaft has rested
U bolt

Center-position alignment
i Dl s

Stainless steel bearings are
permarently lubricated.
No external thrust bearings

The “extra feature™ in every RCA Peewiton g

rotatoristhe name... RCA.it's the
feature your customers recognize,
rely upon. It’s taken over fifty years
to build this kind of acceptance. ..
acceptance that means

more sales for you.

Rotators

High-tensile aluminum hous-
ing is rugged, lightweizht

for less inertial loading on
mast

High-temperature insuta-
tion on motor allows
continuous operation

Main diive gear is cas!
integral to main shaft;
can't lgosen.

Positive disc brake on mo-
tor prevents “overshoot.”

Positive worm drive pra-
vents windmilling.

Overtravel clutch permits
motor to run before lozd is
engaged—tfor pre-turning
momenium,

High-efliciency motor con-

sumes less power; less

voltage drop over long
dns.

Model 10W707
The RCA fully automatic Io-
tator has solid state circuitry
for positive synchronization.
Positive directional indicator
lights. Silent operation.

e RS

. i
- 7 3
._‘-r‘f'fl,-,:.h___-
e S

Model 1CW505
The RCA positive push-button
fingertip control Rotator with

| 360° indicator dial. Unique

i 1 design assures precise control
| with few moving parts. RCA
performance and quality at a
modest price!

RCA | Parts and Accessories | Deptford, NJ
Rotators | Antennas | Receptian Aids | Installa-ion Hardwa-e.

WWW.americanradiohistorv.com
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Paging and Taik

Back Speakers

14

Professional Musical
Instrument Speaker

I

Public Address Speakers

Vi
g
-

Here are the speakers with the
quality features demanded for
today's critical sound require-
ments. Extra heavy ceramic mag-
nets for wider range, with Oxford's
exclusive ‘‘Floating Suspension
Surround’’ the permanently flexi-
ble edge that extends the low
frequency spectrum without un-
desirable hangover, assuring
smoother mid-range, brilliant high
frequency response,

/
]

Match your needs from a full
range of speakers for new highs
in high fidelity performance. Best
of all, they're available now from -

OXFORD.

of course.

MEMBER

Write for camplete information today!

OXFORD TRANSDUCER

COMPANY

A Dwisigan of Qeford Electr

oration

Circle 15 on reader service card
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to top Oxford quality, variety, delivery, and prices!

New & Timely

(continued from page 12)

FOUR CHANNEL STEREQ IS HERE
ON TAPE AND AIRWAVES

New York—Four-chan-
nel or “surround” stereo went
public in September with the
conversion of Acoustic Re-
search Inc.’s Grand Central
Terminal listening room to a
4-channel setup.

The AR demonstration
used a 4-channel Telex tape
deck model and AR4x
speakers for the two rear
channels. Most people who
have heard 4-channel demon-
stration have been impressed
by the additional presence the
rear speakers add.

Vanguard now has a num-
ber of 4-channel tapes on the
market. and Telex demon-
strated a tape deck for less
than $300 at the Los Angeles
Hi-Fi Show in October. Scott
is already marketing a 4-
channel amplifier.

The new sound is still ex-
perimental. FM stereo broad-

requiring 2 tuners) have been
tried in Boston and New
York. According to a Televi-
sion Digest report. a 4-chan-
nel broadcast using an FM
subcarrier for the rear chan-
nels was planned for October
26 over New York’s WNYC.
This setup requires only mod-
ifications of SCA equipment,
and does not alter the main
stereo broadcast. Record discs
have also been made by mul-
tiplexing the left and right
stereo channels with the rear
channels and decoding the
output of a normal cartridge.

Microphone placement for
most 4-channel tapes will be
to pick up reflections from
rear and side walls not rc-
produced in 2-channel stereo.
But gimmick or rock record-
ings may place the mikes be-
tween or among the recording
group to bring even more pre-

“TEMPO" Hi-Fi Speaker

casts using two stations (and  sence to the tape. R-E

LOOKING AHEAD

(continued from page 12)

quencies in others, and indicated the belief that proper use of
the present spectrum might relieve most of the congestion
problems.

Radiation and TV viewers

The Bureau of Radological Health has released a rather
reassuring study of the calculated effects of color TV radiation
on television viewers, based on average annual viewing and
average viewing distances, as observed in home tests in the
Washington. D.C., area. The tests showed that the average
color set radiated about 0.05 mR per hour at 5 cm. or approxi-
mately "o the limits established by health authorities. At that
rate. the average doses from viewing color TV to critical areas
of the body would all be well below one-half of one percent of
the suggested limit of radiation established by the National
Council on Radiation Protection and Measurements. Even from
sets emitting 0.5 mR per hour, the Bureau said. radiation would
be below the recommended limit of 5% of the average dose
from natural background sources (buildings, pavement, atmo-
sphere. etc.).

How many 1969 models?

The 1970 model sets are here, and it's time to take
stock of how the 1969’s did. Not so bad, it turns out. Ameri-
can sales of 1969-model color TV totaled about 6,450,000
sets, including imports, an increase from 5,700,000 of the
1968 models. Some 6,100,000 black-and-white sets were
sold during the 1969 model vear, as compared to 5,963,000
in the preceding vear.

Phonograph sales were up slightly, totaling 5,563,000
American-branded units, R-E

RADIO-ELECTRONICS
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The New 1970 Improved Model 257 A R[VO[”’IO”ARY ”Ew

TUBE TESTING OUTFIT

PR = e Tests all modern tubes including
s __ ‘o [ Novars, Nuvistors, Compactrons and Decals.

e All Picture Tubes, Black and White
and Color

ANNOUNCING... for the first time

A complete TV Tube Testing Outfit designed specifi-
cally to test all TV tubes, color as well as standard.

Don’t confuse the Model 257 picture tube accessory
components with mass produced ‘“‘picture tube adap-
ters’’ designed to work in conjunction with all com-
petitive tube testers. The basic Model 257 circuit was
modified to work compatibly with our picture tube ac-

famplfrf wrrﬁ ALl cessories and those components are not sold by us to

be used with other competitive tube testers or even

ADAPTERS AHD Afffj,sonffsf tube testers previously produced by us. They were

custom designed and produced to work specifically in

NO "EXTRAS” conjunction with the Model 257.

STANDARD TUBES: BLACK AND WHITE PICTURE TUBES:

w# Single cable used for testing all Black and White Picture

¢# Tests the new Novars, Nuvistors, 10 Pins, Magnovals, Tubes with deflection angles 50 to 114 degrees.
Comgactrons and Decals. »” The Model 257 tests all Black and White Picture Tubes
More than 2,500 tube listings. o for emission, inter-element shorts and leakage.
” Tests each section of multi-section tubes individually
for shorts, leakage and Cathode emission.
v# Ultra sensitive circuit will indicate leakage up to 5 COLOR PICTURE TUBES:
Megohms. . o ) v# The Red, Green and Blue Color guns are tested individ-
»# Employs new improved 414" dual scale meter with a ually for cathode emission quality, and each gun is
unique sealed damping chamber to assure accurate, tested separately for shorts or leakage between control
vibration-less readings. ] grid, cathode and heater. Employment of a newly per-
¥ Complete set of tube straighteners mounted on front fected dual socket cable enables accomplishments of all
panel. tests in the shortest possible time.
The Model 257 is housed in a handsome, sturdy, portable case. Comes complete with all $ . 50
adapters and accessories, ready to plug in and use. No “extras’” to buy.Only.........
We have been producing radio, TV and electronic test equipment since 1935, which means we were making
NOTICE Tube Testers a a time when there were relatively few tubes on the market, 'way before the advent of Tv.
The model 257 employs every design improvement and every technique we have learned over an uninterrupted
production period of 34 years. Accurate Instrument Co., inc.

SEND NO MONEY WITH ORDER
PAY POSTMAN NOTHING ON DELIVERY

____________________________ S
ACCURATE INSTRUMENT CO., INC. Dept. 712

2435 White Plains Road, Bronx, N. Y. 10467

Try it for 10 days before you buy. If
completely satisfied remit $52.50

|
|
plus postage and handling charge. { Plezse rush me one Model 257. If satisfactory | agree to pay at the terms stec fied
(If you prefer you may PAY | at left. If not satisfactory, | may return for cancellation of account.
!
|
|
|
!

MONTHLY ON OUR EASY PAY- Name e - N
MENT PLAN.) If not completely g‘ft“’ess R - -~ =
1y one ate

satisfied, return to us, no explana-

|
|
|
|
|
|
|
[
|
ticn necessary. |

[0 Save Money! Check here and enclose $52.50 with this coupon and we will pay all shipping
charges. You still retain the privilege of returning after 10 day trial for full refund.

Circle 16 on reader service card
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HOPPING ALL OVER TOWN
FOR REPLACEMENT PARTS. ..

'

Just hop to

STANCOR...

for all your exact monochrome
and color TV replacement needs.

Stancor Products offer a complete
line of flybacks, yokes, vertical out- \

puts, audio outputs, power width ‘\
and linarity controls for all major \
manufacturers. )

Stocked by over 1,000 Service Part Dis-
tributors. Back up stock—Chicago, Dallas,
Los Angeles, Hackensack and Atlanta.

ESBEX INTERNATIONAL, INC. CONTAROLS DIVISION, 3501 W. ADDISON ST.. CHICAGO, ILL. 60618

ESSEX

Stancor transtormers

Circle 17 on reader service card

Americas

Top-Rated

Stereo Kits

Now
a Best Buy!”

%

LT-112B-1

FM Stereo Monitor Tuner Kit:

Now $149.95

160-Watt Sterco Amplifier Kit:

LK-60B

Now $149.95

135-Watt AM/FM Sterco Receiver Kit:

LR-88

Now $299.95

NSCOTT-

Write for new Scott Kit Catalog.
H. H. Scott. Inc.,
Maynard, Mass. 01754, © 1969, H. H. Scott, Inc.

POPULAR SCIENCE SAYS:

How does it perform? In a
word flawlessly; stereo performance
is superb and the set’s sensitivity
will cope with the deepest fringe-area
reception conditions . . . I rate the
LT-112B as one of the finest FM
tuners available — in or out of Kit
form.”

STEREO REVIEW SAYS:

“We measured the THF sensitivity

of the Scott LT-112B tuner as 1.4

microvolts, which certainly makes

it one of the most sensitive tuners

we have encountered.”

AMERICAN RECORD

GUIDE SAYS:

“Scott LT-112B tuner must be placed

in the very top echelon of today’s

components.”

AUDIO SAYS:

“Here's a stereo FM/AM receiver kit

with a real hot front end, fairly high

power output, low dlstortlon and ex-
7 cellent operating flexibility . . . The

Scott LR-88 offers a most competent

design at a price well below that for

an equivalent factory-assembled unit.”

ELECTRONICS

ILLUSTRATED SAYS:

“One of the finest examples of solid-

state integrated-amplifier kit design.
packaging and performance we have

seen in the Scott LK-60.”

}IIGH FIDELITY SAYS:

. an unprecedented high sensi-

tivity. one which surprised even us
. This is certainly a tuner for use

in the most difficult of reception

areas; stations scem to pop in all

across the tuner dial.”

111 Powdermill Road,

16
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In the Shop
With Jack

By JACK DARR
SERVICE EDITOR

Sherlock And The
Schematically Impossible

THERE ARE THINGS, HORATIO, WHICH
are not explainable even in thy phi-
losophy. Especially in the bewildering
business of electronics repairing. We
run into them every day. How well
we get along depends on how flexible
we can be. We simply have to keep
an open mind at all times or we're
dead. A lively imagination is a big
help in this business.

Since we do detective work for
a living, we need to remember what
the greatest detective of them all
said: “Consider all the evidence.
Then, when you have eliminated all
but one of the possibilities. the one
which remains must be right.” Sher-
lock Holmes wouldn’t recognize that

quotation in that form, but he did
say it.

¥ LANODE
COMMON
CATHODE KJANODE

To illustrate this, take the Case
Of The Tunerless TV. While fiddling
around with it trying to find out what
was wrong, [ disconnected the tuner
completely. Somehow I happened to
feed the signal (from a cable system
antenna) directly into the open i.f.
input. T got a pretty fair picture on
Ch. 4. sound and all!

Hmm. How-come? Trf video i.f.
aligned on Ch. 4 or something? No!
Normal i.f. signal goes through as it
should. What’s happening? Investiga-
tion disclosed that the 3rd i.f. stage
was oscillating. and evidently at a fre-
quency which beat with the Ch. 4 rf
carriers to make a picture. The cure
was obvious. Watson. Stop the oscil-
lation. (Open screen bypass.)

The Case of the Schematically
Impossible Horizontal Afc was an-
other one and probably a better illus-
tration of the point. This set had
practically no horizontal stability, in
a strictly stock horizontal afc circuit.
So T went through all of the stock
tests. Pulses. waveforms, p-p volt-
ages. and everything checked out ok.
Dc voltage on the “afc grid” wasn't.
of course. since this was the root
cause of the horizontal instability.

So take it apart. Open the cou-
pling capacitors and check on the

( continued on page 22)

Circle 19 on reader service card >
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| Now...everyone in your family can watch the
TV shows they want... where they want... when they want!

NEW JFD'
ELECTRONIC HOME ENTERTAINMENT
PROGRAM CENTER KIT

i 5 B o T KR

makes wiring your home for oicture-perfect multi-set operation—
from one antenna — quick and easy.

e Provides up to four TV sets throughout ycur MAIL COUPON TODAY! .

home with different programs. — e S SEE

| r
| e Delivers picture-perfect Color or black-ard- i -{igfgﬁgggg&g; CORP.
I white TV on channels 2 to 83—plus FM mono or | BROOKLYN, NEW YORK 11219 |
f stereo to hi-fi systems. i _ it R,
g . . . u me more informatmon.
! e Fasy-to-install kits—complete wit1 amp if 2r, : O Rus LOFErVDT ) i
parts and instructions —available to satisfy evary | (O] 2'5o furnish name of my nearest  “S&ss_
1 locati Program Kit dealer. ~_F
ation. I \
e Conveniently packaged in compact carry-home I Name :
attaché carton. I (please print) I
® Also enables you to move any of your portable : Address :
TV sets from room to room and plug it into the e s - I
JFD system. A e S S

JFD ELECTRONICS CORP--a subsidiary of Riker-Maxson Corp. - world leader in home entertainment antenna systems

WwWWW.americanradiohistorv.com
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When things
slow down,
who's first
togo?

If you work in electronics, you know the answer.

Men who know only enough to handle routine
jobs are expendableThey're easily replaced when
things pick up. But no company wants to lose men
who combine experience with advanced,
specialized education in electronics.

Make yourself one of these valuable
specialists. Get the additional education
in electronics you need to enjoy challenging work,
high pay, and excellent security for yourself and
your famity.

Going back to school isn’t easy for a man
with a full-time job and family obligations. But
CRE! Home Study Programs make it possible for

you to get the additional education you need
without attending classes. You study at home, at
your own pace, on your own schedule. You study
with the assurance that what you learn can be
applied to the job immediately.

CREI Programs cover all important areas of
electronics including communications, radar
and sonar, even missile and spacecraft guidance.
You're sure to find a program that fits your career
objective, whether it be in research, production,
operation or maintenance.

You're eligible for a CRE! Program if you
work in electronics and have a high school
education. Our FREE book gives complete
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information. Mail postpaid card for your copy
today. If card is detached. use coupon or write:
CREI, Dept. 1412H,

3224 Sixteenth Street, N.V/_,
Washington, D.C. 20010. K’bﬁﬂvaé'?ircs e

Founced 1327

How tore e for

DECEMBER 1969

CRE!, HOME STUDY DIVISION
McGRAW-HILL BOOK COMPANY
Dept. 1412H, 3224 Sixteenth Street, N.W.,
Washington, D.C. 20010

Please mail me FREE bools describing CREI Programs. | am
employed in electronics and have a high school education.

Name___ @ Age
Address_____ —

city 0 State_ —Zip
Employed by.

Type of Present Work______ o G..Bilt
I am interested in: O Electronic Engineering Technology
O Computers 0O Space Electronics
O Nuclear Engineering Technology O Industrial Automation

APPROVED FOR TRAINING UNDER NEW G.I. BILL

TE mmE wmn wem ey oy SER U sy G why GEb mEs SEe sun wem
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LOOKING FOR

22

T.5% 8¢
ATV iy Twae

MODEL Fg
EL FEE

Take a close look at a revolutionary new muitimeter. The
Sencore Field Effect Meter. This beautifully styled FE
meter virtually obsoletes all VTVMs and VOMs. Why?
Exclusive FET circuitry. A totally new concept in multi-
meter design that prevents circuit loading. Interested?
Here's more. The FE16's 15 megohm input impedance on
DC and 10 megohm on AC is 750 times less loading than
a standard 20,000 ohm/volt VOM, 50% less loading than
a standard VTVM on DC volts and 10 times less loading
on AC volts. Here's a real package of dynamite that
means accuracy. FET ACCURACY that's 1.5% on DC,
:13"/.\:/88 )AC. (An unbelievable ¥2% full scale accuracy on

Want more? Look a little closer. An exclusive true zero
center scale starting at = .5V DC, DC current ranges
from 100x A to 1-amp, complete meter and circuit over-
load protection, mirror back scale, built-in battery check,
rugged vinyl clad all steel case, and . . .. that's it. If you
still want a closer look, you'll have to buy it. Remember
the name FIELD EFFECT METER. Only Sencore makes
them. Your Distributor has them in stock at $84.50—less
than the cost of a good VOM or VTVM.

S ENCORE

NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101

Circle 21 on reader service card
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IN THE SHOP
(continued from page 16)

open end for the sync and compari-
son pulses. Good. Nice clean wave-
forms. right p-p voltage, etc. One
down. Take resistance readings
around the circuit. Pretty good. No
shorts to ground, etc, although they
didn’t look just right.

Check the diode with ohmmeter,
in-circuit. l.ooks good. Diode-read-
ings on the common-cathode unit
showed that both diodes were ok.
Well! Take the diode out and check
it on the transistor-tester to make
sure. Ok. fine. Both diodes show nice
high reverse resistance. low forward
resistance. and they match. Put it
back in. Same as before. Very nar-
row horizontal hold range although
the picture would hold fairly well
once locked in. and it would hold
without the afc. showing that the os-
cillator itself was running as it should.
and not trying to pull out of range.
This was an afc trouble, but where?

Well, do it over again. You've
missed something. The resistances
around the diode circuit looked odd.
So out with the diode again. Check
with ohmmeter. Hey! What’s this?
While checking. I'd left one ohm-
meter clip on one of the anodes, then
moved the cathode clip to the other
anode. Hey! Short? Yes! Nice dead
short. From ANODE TO ANODE?
Yes sir. A new diode cleared up the
trouble.

Now what happened? Schemati-
callv, this is impossible (Fig. 1). The
anodes are the terminals farthest
apart. They can't short to one an-
other! But they did. The answer is,
of course. that this is an optical
illusion. caused by the way the diodes
are drawn in a schematic. In the ac-
tual diode chip. it is quite possible for
an anode to anode short to take place
(Even I could see this for it just did!)
The chip doesn’t look anything like
the schematic representation of the
thing. So. this can give you a mental
block as to considering such possibili-
ties.

Keeping a really wide-open
mind can be a big help when trying
to diagnose such complaints. If you
will freely admit the possibility that
anvthing can happen, and probably
will, vou won't be apt to overlook
things like this. For example, wires
that are far apart on a schematic can
actually be about 15 thousandths of
an inch apart on the chassis itself. and
easy to short together with a tiny bit
of solder. etc.. etc.

Keen the mind open: when vou
have eliminated all of the possible
causes except one. that has to be it.
Thanks, Sherlock! R-E

RADIO-ELECTRONICS
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MARK TEN SGR

CAPACITIVE DISCHARGE IGNITION SYSTEM

Now discover for yourself the dramatic improvement in performance of your
car. camper, Jeep, truck, boat-—any vehicie! Delta’s remarkable electronic
achrevement saves on gas promotes better acceleration, gives your car that
zip you've always wanted. Find out why even Detroit has finally come around.
In five years of proven reliability, Delta’'s Mark Ten has set new records of
ignition benefits. No re-wiring! Works on literally any type of gasoline engine.

A Dramatic Increase in Performance and A Points and Plugs Last 3 to 10 Times
in Fast Acceleration Longer

A Promotes More Complete Combustion A Up to 20% Mileage Increase
(saves gas)

OS2, G NI S44%,

I T

{0 i U~ S MR )

MODEL 3000 FET VOM ™
De'ta now offers a cgwpuact, versatile, and extremely sen- $7 49

sitive VOM which combines FETs and ICs for extreme

accuracy. Compact (6Y2"W x 8”H x 3%2"D), portable. Wt.

334 Ibs.

~IN KIT FORM: Feedback network with pre-selected com- onl $ 95
ponents to eliminate all final calibration. Ready to use y 59

- when assembled!

NEW DELTA FEATURES:

Fully temperature compensated for low low
zero drift

Ten turns ZERO and OHMS adjust
potentiometers

Epoxy glass circuit boards and metal case
Enclosed switches
Uses readily available type AA cells

Uses standard test leads for maximum
flexibility and ease of measurement

10 Megohms input impedance

A Mirror scale 200 A D’Arsonval meter

Integrated circuit (IC) operational amplifier
for extreme accuracy

A
A FET input stage with current regulator
A Two stage transistor current regulator and

and accuracy

Voltage clippers for protection of input
stage

> > > >

>

- Zener diode on OHMS for absolute stability
I

0-8000 RPM range

Perfect linearity — zere paralax
Adjustable set pointer

Wide angle needle sweep
Translucent illuminated dial
Chrome plated die-cast housing
All-angie ball & socket mounting
Use it with ANY ignition systere
Meter: 3vs"” dia. X 3% deep

Delta, pioneers in CD ignition who pro-
duced the fabulous MARK TEN*, now offer
a precise computer-tachometer which obso-
letes any type tachometer on the market
today! You achieve unbelievable accuracy
in RPM readings due to the advanced,
solid-state electronic matched components

| N I 2 S 2 2 2

r ] . . T used in the computer, coupled with the Calibration kit included, no test eqgpt.
| DELTA: Please send me literature immediately. | finosy precision meter in the world. Works needed.
1 1 amenclosing $__ for items checked. | on all 2, 3, 4. and 6 cylinder 2 cycle and )
] | HhOAR. . . ] *An exclusive comput.er
I [] Mark Ten SCR (] Kit [] Assembied) I with 4-6-8 cylinder— 4 cycle 12 volt engines.  tachometer for precise
i RPM measurement in
[ Model 3000 FET VOM (] Kit [] Assembled) . to-build Kit form! d.
; { C1 Computach (Kit only) : Write today for complete P Xt o pp
| Please ship immediately. | literature packet KIT FORM ONLY
| Name | pP 3-8
I Address I
[ I
| City/State __zip |
| *My car is (Model) (Year). l &
S S ————
DECEMBER 1969 Circle 22 on reader service card 23
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the new

Rl A5

The AU555 by Sansui is an outstanding, professional contro! ampli-
fier. 60 watts (IHF) of music power, bandwidth from 20 to 30,000 Hz
and a distortion factor of less than 0.5% assure you of clean sound
reproduction. The Sansui AUS555 offers almost unlimited versatility
with its pre- and main amplifier sections designed for independent
usage, 2-adjustable speaker damping factors, 4-position speaker
selector switch, 4-outputs and 7-inputs, and much, much more . ..
At your franchised Sansui dealer. $159.95.

Sansul

SANSUI ELECTRONICS CORP. woodside. New York, 11377 ¢ Los Angeles. California. 90007
SANSUI Electric Co., Ltd., Tokyo, Japan = European Office Frankfurt a.M., West Germany
Circle 23 on reader service card

Glever Kieps

| Test probes designed by your needs—

| Push to seize, push to release {all Kieps spring
. loaded).
© Kleps 10. Boathook type clarip grips wires,
lugs, terminals. Accepts banaia plug or bare
| wire lead. 43" long. $1.19
! Kleps 20. Same, but 7" long. $1.39
Kleps 30. Completely flexible. Forked-tongue
gripper. Accepts banana plug or bare lead.
6” long. 1.47
Kieps 40. Completely flexible. 3-segment auto-
matic collet firmly grips wire ends, PC-board
terminals, connector pins. Accepts banana plug
or plain wire, 6%4” fong. $2.39
Kieps 1. Economy Kleps for light line work {not
lab quality). Meshing claws. 412" long. $ .99
Pruf 10. Versatile test prod. Solder connec-
tion. Molded phenolic. Doubles as scribing
tool. “Bunch” pin fits banana jack. Phone tip.
5Y2' long. $.79
All in red or black — specify .
" For additional information, write for our com-
plete catalog of — test probes plugs, sockets,
connectors, earphones, headsets, and minia-
ture components

Available through your local
distributor, or write to:

RYE INDUSTRIES, INC.

121 Spencer Place, Mamaroneck N.Y. 10543

i
| ﬂ:p's 40

Kleps. 30

Kleps 20

Circle 24 on reader service card
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orrespondence

i
e SUN———— 1

IMPROVE SOUND RELAY

Mr. Wilson’s sound-operated re-
lay (September issue) was of special
interest, since T have designed several
of these in various forms over the past
10 years.

The circuit as shown is well-con-
ceived. However, one suggestion may
be of interest to your readers. I have
found that an inexpensive magnetic
earphone, of the type often supplied
with miniature radios, makes a fine
microphone for this application. Be-
sides being cheaper and much smaller
than a speaker, these tend to have a
broad resonant peak in the frequency
range of interest, which improves
sensitivity. Further, their typical im-
pedance of a few kilohms is ideal for
matching most common transistor am-
plifiers.

For further miniaturization, the
bistable relay may be replaced by a
transistor flip-flop driving a standard
miniature relay. I have built an en-
tire circuit comfortably into a 23 x
248 x 15%-inch Minibox. A chassis-
mounting male ac plug on the
Minibox makes the unit self-sup-
porting when plugged into a wall
outlet. Of course the case must be
isolated from the circuit, and prefer-
ably connected to a third “ground”
prong on the ac plug for hot chassis
safety.

MAXWELL STRANGE
Fulton, Md.

VANISHING LETTERS

Some of the lettering for the PC
pattern got trimmed from the margin
in our “One-IC Radio” article last
month (page 51).

R11-2 is the unlabeled lead be-
tween R11-3 and RI1-1 on the left.
On the right of the drawing, 1, 2 and 3
coming from S1/R11 are twisted leads
going to respective points on the left,
the left unlabeled wire is +6V to the
PC pattern and the right unlabeled
wire is +6V to BI.

If youre interested in obtaining
Amperex parts for the project, write:
One-IC Radio, Rabpio ELECTRONICS,
200 Park Ave. S, N.Y.,, N.Y. 10003

RADIO-ELECTRONICS
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7 arguments in favor
of building your own speaker
system from scratch.

The easiest way to buy high fidelity
speakers may not always be the best.
Because a complete pre-packaged sys-
tem may be far from what you need.
Consider some of the advantages of
separate component loudspeakers:

1. You choose from an almost infinite
variety of sizes and levels of perfor-
mance. Your system will exactly reflect
your specific listening preferences.

2. You save space by building speakers
into walls, ceilings, closet doors, even
in floors! Or use existing cabinets or
custom-built enclosures that better suit
your decor than any mass-produced
system.

3. You enhance the illusion of ““live”
music by hiding or disguising the sound
source. You listen to the music — not
the speakers.

4. You end the conflict between fine
sound and handsome decor by making
the speaker system an integral part of
the room or the furniture.

5. You save money by paying only for
performance.

6. You can up-date your component
system as often as you wish to meet
advances in the state of the art.

7. You can use the building-block meth-
od of planned improvement as your
budget permits. There’s no problem of

Circle 25 on reader service card
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being “‘stuck™ with a compact that fits
today’s budget but can’t meet your ul-
timate listening goals.

Take a few minutes to study the
variety of Electro-Voice component
speakers. 21 models from $14.00 to
$250.00. From super-twecters to giant
30" woofers. Consider how they can
aid in creating a speaker system that
uniquely expresses your musical needs.
And ask your Electro-Voice high fideli-
ty specialist for his recommendation.
Finally, take the time to listen carefully.

Freedom of choice. 1t’s at the nub
of high fidelity.

ELECTRO-VOICE, INC., Dept. 1294E,
613 Cecil Street, Buchanan, Michigan 45107

A SUBSIDIARY OF GULTON INDUSTRFES, INC.
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We pack yeur electromcs course with
kits to make your training fast.
You'll enjoy every mmute of it.

=it

i T
e

Your NTS success package

Choose a career in electronics:
Computers. Color TV Servicing.
Automation. Communications.
Whatever the field, NTS has a
complete home-study package to
get you to the top faster. 10 thor-
ough training courses. Each in-
cludes everything to give you the
working knowledge required of
successful technicians,

NTS Project-Method Training is
the practical way to learn elec-

28

tronics. It's a proven combination
of lessons and the best praofes-
sional kit equipment availakle.
NTS provides the biggest selec-
tion of kits ever offered in home-
study . . . all at no extra cost.
You'll construct these exciting
kits to fully understand electronic
circuits, components, and con-
cepts. Our Project-Method lets
you build skills by putting theory
into practice . . . by working with
your hands, as well as your head.

wWWWwW americanradiohistorv com

The NTS “learn ard practice” ap-
proach makes training at home
really easy. All it takes is a few
hours a week .. . whether you're
starting from scraich or in ad-
vanced courses. This is the all-
inclusive success package that
put thousands of men into the
best paying jobs . .. or into their
own business. If “just a living”
isn’t good enough for you, now is
the time to get scmething better
going for youl

RADIO-ELECTRONICS
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NTS COMPUTER
ELECTRONICS

This is the future. And it's hap-
pening now. The number of com-
puters will increase many times
in the next few years.

Exclusive new
Compu-Trainer®

NTS offers a solid grounding in
computer operation, wiring, data
processing and programming.
One of the 10 important kits in-
cluded is our exciusive Compu-
Trainer®. it’s a fully operational
computer logic trainer — loaded
with integrated circuits — the first
ever offered in home study. It in-
troduces you quickly to how,
what, when and why of computers
... from theory to practical serv-
icing techniques. This unit is
capable of performing 50,000 op-
erations per second. And it's sent
at no extra cost.

NTS COLOR TV
SERVICING

This is a broad, easily understood

COLOR TV
295 SQ. IN. PICTURE

program designed to make you a
complete home-entertainment
service technician. Included, at
no extra cost, is a color TV
that has more features than any

DECEMBER 1969

set on the market. You also learn
all about stereo, hi-fi, multiplex
systems, and become a specialist
in Color TV Servicing. Kits also
include AM-SW radio, solid-state
radio, field-effect transistor volt-
ohmmeter, electronic tube tester,

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

You're trained in the “push-but-
ton” electronics that keep indus-
try going and growing ... from
relay type controls to highly
advanced systems essential to
production. You receive 16 kitsin-
cluding a 5” wide band oscillo-
scope, and the new NTS elec-
tronics lab: a
fascinating NTS
exclusive
experi-
mental
laboratory.
A complete
workshop
which
makes you
familiar
with solid-
state,
miniature,
and integrated 57
circuits. Oscilloscope

NTS ELECTRONIC
COMMUNICATIONS

The use of 2-way radio systems in
private and commercial applica-
tions is skyrocketing. NTS pre-
pares you for the big-money
opportunities in the field of trans-
mitting and receiving equipment.
Your tuition will be refunded in
full it you cannot pass the FCC
exam for a 1st Class Commercial
Radio-Telephone License within

5 Watt AM Transmitter & Receiver

www.americanradiohistorv.com

six months after successftully
completing this course. You build
valuable kits including Amateur-
Phone 6 Meter VHF Transceiver,
solid—state Radio, and a field -
effect transistor volt-ohmmeter.

CLASSROOM TRAINING
AT LOS ANGELES

You can take classroom training
at Los Angeles in sunny Southern
California. NTS occupies a city
block with over a million dcllars
in facilities devoted exclusively to
technical training. Check box in
coupon.

NATIONAL SCHOOLS

World-Wide Training Since 1905

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

APPROVED FOR
VETERANS

Accredited Member: Natioral As-
sociation of Trade and Technical
Schools, National Home Study
Council.

—————— ——

[ TODAY, MAIL

| COUPON

| FOR FREE

| COLOR

| CATALOG
AND SAMPLE

| LESSON.

.l
|
|
|
I
|
|
]
I
|

| NATIONAL TECHNICAL SCHOOLS |

| 4000 S. Figueroa St., Los Angeles, Calif. 30937 I

| Please rush Free Color Cataiog and |

| Sample Lesson, plus information cn |

field checked below. No obligation. I

No salesman will call. I

] MASTER COURSE IN COLOR i

TV SERVICING i

COLOR TV SERVICING

MASTER COURSE IN TV & }

|
I
|
1
|
|
|
I
|
I
|
|
1
|
1
I
1
t

RADIO SERVICING
PRACTICAL TV & RADIO
SERVICING

MASTER COURSE IN ELEC-
TRONIC COMMUNICATIONS
FCC LICENSE COURSE
MASTER COURSE IN ELEC~
TRONICS TECHNOLOGY
INDUSTRIAL AND AUTOMATION
ELECTRONICS

COMPUTER ELECTRONICS
BASIC ELECTRONICS

00 O 00 o o g

Name Jige

Address

City State Zip
[J Check if interested in Veteran Training
under new G.I, Bill.
[J Check if interested ONLY in Classroom
Training at Los Angeles.  pept 206-129
________________ =
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SINCLAIR-
AUDIONICS

Stereo Sixty Control Center

The Sinclair Stereo 60 is a completely new unit for use
with the new Z-30 amplifier module. Four push buttons
are used for input selection and rotary controls are used
for bass, treble, volume and balance. The on-off button
also controls the power to the power amplifiers. The
Stereo 60 may be used with two IC-10's or any other
high performance amplifier. As with the Z-30, the
Stereo 60 is unsurpassed in its price range.

STEREO 60 SPECIFICATIONS

Frequency response: Radio and Aux. 20-25KHz plus or minus one db.
RIAA equalization accurate within one db.

Inputs: Radio, auxiliary and magnetic.
Overload factor: Better than 20db on all inputs per channel.
Distortion: .03%.

Better than —70db unweighted.
84 x 134 x 4 inches. Aluminum with black trim.

$36.95

The new PZ-6 power supply unit is suit-
able for driving a pair of Z-30’'s and the
Stereo 60. The PZ-6 is fully filtered and
stabilized and provides 1.4 amps at 35

volts DC. $23.95

The Stereo 60, Z-30 and PZ-6 are recent additions to the
expanding Sinclair-Audionics line of audio modules. The Z-12,
IC-10, Stereo 25 and PZ-4 units are recommended where less
power or ultimate performance is required.

Signal-to-noise:
Size and finish:

To receive a brochure describing the entire Sinclair line ranging
from the IC-10 silicon integrated circuit high fidelity amp and
pre-amp to the teak-trimmed Q-16 speaker system, use the
coupon below or a postcard and mail to Audionics, Inc., 9701
S.E. Mill, Portland, Oregon 97216.

Z-30 AUdIO Ampln‘ler Module

The introduction of the Z-30 high fidelity amplifier
module by Sinclair now makes it possible to construct
an amplifier with laboratory standards for less money
than ever before. The Z-30 module boasts the lowest
distortion level of ANY amplifier in the world. At the
maximum rated output or any level lower than the maxi-
mum, the harmonic distortion never exceeds .029%.
The Z-30 utilizes nine silicon epitaxial planar tran-
sistors in a unique circuit. Over 60 db of negative
feedback, with a constant current load to the drive
stage obtained by incorporating a two transistor circuit
in place of the more usual bootstrapping technique,
helps to achieve this remarkable performance. Besides
home audio applications the Z-30 is ideal for many com-
mercial and industrial uses where high performance,
reliability and size are factors ... not to mention low
cost.

Z-30 SPECIFICATIONS
15 watts continuous sine wave (30 watt peak) into
8 ohms from a 35 volt supply.
25 watts continuous sine wave (50 watt peak) into
4 ohms from a 35 volt supply.

Frequency response: 20 to over 30KHz plus or minus one db.

Power output:

Distortion: .02% or less up to and including full output into
8 ohms.

Size: 3x2.2x0.5 inches.

Sensitivity: 250mv into 100K ohms.

Signal-to-noise: —70db unweighted, class AB output.

Power requirements The Z-30 will perform perfectly down to voltages
as low as 8vdc, with the exception that power

output levels will be decreased.
$17.95

All Sinclair-Audionics products are backed with our money-back guarantee. If you should be
dissatisfied with any unit for any reason, return it unused immediately for full refund. All

nearest representative.

audio modules
available exclusively

Sinclair constructor items are guaranteed by Sinclair for one year against failure due to
manufacturing defects or poor workmanship. Dealers interested in learning more about the
Sinclair-Audionics group of products should write to AUDIONICS, INC. for the name of the

Please allow 2 weeks for delivery.

from AUDIONICS, INC.
and selected dealers

SINCLAIR constructor | To; AUDIONICS, INC., Dept. RE-12, 9701 S.E. Mill, Portland, Oregon 97216 1
PLEASE SEND POSTPAID NAME i

I

ADDRESS |

CITY :

| O FREE Literature STATE ZIp :

» |
EII'-II IEI' I FOR WHICH | ENCLOSE CASH/CHECK /M.0. |

Circle 29 on reader service card
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by PHILLIP‘C. BMSS!N‘E
SCOPE-TRACE DIAGRAMS OF Taamsm
characteristics are familiar to &
‘people x;grkmg with solid-state i
tromics, Manuals and data sheets s
selected transistor curves from
You can establish circuit paramd,rs.

Often thoughe, it’s desxrabl%; m%

make sets of curves for particular

transistors and to supplement qw.nl«q
able information. Comparisons be-
tween two or more transistors of tha
same type are often required far
matching or selection. Familiarity!
with a scope tracer makes it 2asy
identify unmarked units as to typz
‘and voltage. Zeners and other diodes
imay also be tested.
; The scope tracer described herz
will provide the more common and
desirabie transistor parameters. It =vas
designed to place npn and pnp types
in the common-emitter configuraticn
}and permit six curves to be displayved
individually or simultaneously on tha
scope screen. Audio, rf, switching and
some low-power units can be tested
within a range of up to 1 mA or so
«of base current.

1

:e.f*)«!;a

.

‘A basic tracer circuit

The basic circuit of a curve
tracer is shown in Fig. 1. Rectified
ac is applied across the collector and
emitter of the test transistor. This
voltage deflects the horizontal ampli-
fiers of the scope. The voltage drop
acrass the 100-ohm sensing resistor
is proportional to the current flow
through it and deflects the wvertical
‘amplifiers according to this ratia.

A battery and variable resistanez
form the base bias circuit. When R.
has infinite resistance, the collector
and emitter can be considered an
open circuit and the collector voltagz
will be maximum. When bias is ap-
plied to the base, current flows rela-
tive to the charactetistics of the tran-
:sistor, reducing Ve accordingly.

The amount of bias is shewn cn
the CRT by the height of the sweep
voltage above the base line. Tha
length of the trace depends on :ha
value of the sweep voltage relative to
the applied bias. In light of transistor
action: as base current increases, thz
collector-to-emitter voltage decrezses
until the transistor reaches saturatior.
. To obtain a satisfactory refer-
‘ence point (base line) for the curves,
the dc input of the scope is usad.
The grid of the CRT is usually Jde-
fined in peak-to-peak volts per msjor
division. The vertical displacemen:
converted to mA according to the IR
drop across the sensing resistor.

If a number of different bizses
are applied, a like number of curves
are praduced, and the total is consid-
ered a family of curves from which
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Fig. 1—Simple test circuit applies rec-
tified ac across collector and emitter.

the characteristics of the transistor
can be computed. Of necessity, each
curve must be copied onto graph pa-
per for evaluation. If all curves can
be seen simultaneously, only the per-
tinent data need be recorded in most
instances.

Auto tracer circuit

A combined block diagram and
schematic of the scope tracer circuit
is shown in Fig. 2. No chassis ground
is used as both supplies must be re-
versed to accommodate the two types
of transistors.

Transformer T2 supplies full-
wave rectified voltage between the
collector and emitter of the test tran-
sistor. This voltage is controlled by
the 3000-ohm pot. Limiting resistor
R2 restricts the current to about 100
mA to safeguard precision resistor
R5. Transformer T1 feeds a full-wave
supply that furnishes power for all
units in the base circuit.

T2

Six transistors shunt the bias line
of the test transistor to obtain dif-
ferent voltage levels. The bias steps
are controlled by the counter, which
is driven by the sync generator. An
external meter is connected into the
bias line to set specific biases.

With pnp transistors, the curves
are displayed conventionally: left to
right for sweep voltages, and bottom
to top for wvertical deflection. Npn
curves are reversed and upside down.
Either presentation is satisfactory af-
ter you arc accustomed to working
with them.

The unijunction transistor sync
generator in Fig. 3 is supplied from
the positive side of the rectified out-
put of T1. Bias of UJT QS5 is estab-
lished by RI18 and R20 relative to
R16. Resistor R17 and a capacitor
across the emitter of the UJT form
the timing network for the sawtooth
wave. The firing point of the UJT is
synchronized to occur on the negative
slope of the waveform seen at B2.
The output pulses from Bl are in-
verted by Q6 and used to drive the
counter flip-flops.

Although it is a simple matter to
obtain  synchronization with the
source voltage, the bias steps must
occur at the zero phase angle of the
sweep voltage;, otherwise, lines or
breaks will appear on the horizontal
section of the curves. Final selection
of UJT circuit resistors should there-
fore be done only after the tracer can
produce scope traces.

With S4 at run, the generator
operates at a 120-Hz rate. In TRIG,

R2
[o]e]¢]

D2

W
Hnz
VAC
ON-OFF
5 TI
o o
24 RECT FILTER AND
O O——
F
174 A
SYNC| | Fs6 | |sTEP
GEN COUNTER BIAS
OPERATE SET
(s4) (s5)

Fig. 2—Combined schematic and block
diagrams show the curve tracer circuit
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this is slowed to about 1 sec by C6.
The switch is turned from TRIG to
OFF to retain any bias curve. A re-
sistor in the OFF position reduces the
emitter potential well below the firing
point to introduce a time delay when
the switch is returned to TRIG. This
delay prevents premature triggering
of the counter by switch contact.

The counter is a conventional
divide-by-six circuit composed of
three IC flip-flops (IC1-IC3). These
are decoded by four dual 2-input
gates (IC4-IC7) to give six outputs,
each connected to a transistor that
shunts the bias line through a vari-
able resistance.

Decoding is accomplished by two
or more lows from the flip-flop out-
puts to cause a high level at one of
the gate outputs. These operate in a
sequential manner in which only one
is high at any time. Decoding opera-
tion is illustrated in the truth table.
The high level biases the respective
transistor to conduction, while the
resistance of the pot determines the
shunting action, setting the voltage to
a specific level.

A 500-ohm resistor in the regu-
lator supply line to the bias circuit
limits the maximum current. The
step-bias circuit is therefore cquiva-
lent to six combined shunt-voltage
regulators, each on for 8.33 msec at
a 20-Hz rate.

SET toggle switch S5 is used when
S4 is at RUN only. This toggle switch
permits sctting and measuring the
maximum bias applied to the test
transistor without recourse to trigger-
ing. When S5 is closed, the counter
will continue operating until IC7
(pin 6) goes high. The connection to
the clear input (pin 3) of IC1 holds
the NOT-A output in a high state,
preventing further action. A and C
of the divider are low at this time,
so trace 6 is presented until S5 is

opened.
The driver transistors should be
tested for complete switch action.

That is, that thev turn on and off
completely. This will insure minimum
interaction between these elements. If
necessary, the bias resistors can be
adjusted to compensate for differences
in gain.

If difficulties are encountered
with the TIC circuit, the driver col-
lectors can be disconnected from the
resistances and 10-volt 'S-mA or
similar lamps inse-ted to give a visual
display of counter action. In this case
the lamps are connected directly to
the 10-volt line and the slow speed of
the sync generator is used.

Regulated supply
A highly regulated supply is in-
cluded in the tracer (Fig. 4). It will
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ho!d a constant -~ 10 volts from no
loed to the full load ot 160 mA. Out-
put ripple is less than 2 mV. The
step bias is supplied directly from the
10-volt line while the 1C circuit
voitage is reduced to 3.6 volts by a
current-limiting  resistor and  Zener
diode.

The first filter capacitor from the
rectifiers 1s smull to provide a wave-

form with sufficient amplitude to
which Q3 can be synchronized.
The resistance value from the

load to full-lozd conditions. Too low
a value can cause positive regulation

(& slight rise in voltage with in-
creased current), so R8 should be
fixed just above this point.

A S000-chm  trimmer can  be
substituted for the three-clement di-
vider network (R12, R13, RI4) to

the reference amplifier. Other tran-
sistors can be used in this circuit with
equal results. A 2N1613 can directly
replace the 40407 shown in the dia-
gram.

and 6 are fixed values, althcugh they
can be made adjustable it preferred.
Resistor R22 places the lower curve
near the base line for most transistors.
Resistor R33 is set for about 3 mA
through the driver when it is con-
ducting. The resistances of R25, R27,
R29 and K3} arc approximate values
and will vary somewhat according to
operating conditions.

A preliminary adjustment of the
pots is niade by shorting the B-E
terminals, triggering for curve 6 and

emitter of Q3 to ground must be de- In the step-bias circuit of Fig. 3 setting R, (Btas pot R4) for 100 pA,
termined during tests covering no- resistors R22 and R33 for curves 1 using a microammeter in the jacks
Rel POINT
[ 5008 2 3 a 5 6 x To
y A : ’ o
+10 REG 2% F162)
RIS ! <L R25 R27 R29 R3! :& F33
394 noqe 250Q° 450Q° gson*" 222K
Dl =
HEP102 Q7 Ql2
2N!302(6)
. +3.6V R32 R34
"» 22K > 22K
pLO14(4)
|
R 5
(p5-ps + S8K-22K
C&THS) %, |
::RW = RI8 .
03K e +3.6V
R24 1C I1c2 Ic3
Qs - 47K L
: C
2N2646 Q6 A | B T 7h
2NI1302 = 7 A
N 2 . 2 %
) A B8
) JEY —13 5
c? 3 L5 =
002 = rl923(3) = .?
R20 '
330 SET 1
o AN
R35
10K

Fig. 3—Sync generator circuit
includes (Q5), counter (IC-1

NCTE: GROUND TO REGULATOR ONLY

IC3) and decoders (IC4-1C7), .1c7: PINB-+386
which provide step bias s e PIN 4 - GROUND
through transistors Q7-Q12. RSEE TEXT

8 APFROX SETTING, SEE PARTS LIST, TEXT

PARTS LIST (Figs. 2, 3 and 4)
R1—3000-0hm, 5W, wirewound linear potenti-
ometer
RZ—100-chm, 1W
R3—1000-ohm
R4—250,000-0hm, reverse-log (CCW)-taper po-
tentiometer

R5—100-0hm, 1W, 1%
RE6—65-0hm, 5W
R7?, R24—4700-ohm
RE—680,000-0hm (see text)
RG—27-ohm, 1W
R10, R11, R35—10,0G0-ohm
R12-—1500-chm
R13-—5000-chm trimmer potentiometer
R14—2700-chm
R15—39-ohm, 2W
R16—6800-22,00C-ohm (see text)
R¥7—83,000 ochms
R18—390-470 ohms (see text)
R19—39,00C ohms
R20-—33 ochms

21-—500 ohms (2 1,000-chm, %W in parailel)
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R22—27 ohms

R23, R26, R23, R30,
ohms

R25, R27—500-ohm trimmer potentiometer
(150-chm series resistor with R27)

R29—1000-0hm tetimmer potentiometer (with
220-ohm series resistor)

R31—2000-ohm trimmer potentiometer

All resistars 14 wait, 10%, except base resis-
tors tor Q7-Q12, {(5%).

Capacitors

C1-—50aF, 50V, electrolytic

C2—250-¢F, 50V, electrolytic

C3—0,01 pF

C4—10-4F, 15V, electrolytic

Cc5—0.1 xF, 100V

CE&—10-uF, 15V, eiectrolytic

Semiconductors

C1-D8—1-amp. 100 PIV or more diode

049, D10—6.2-volt, 1W Zener diode (HEP 103
or egual)

C11—3.6-volt,
equal)

R32. R33. R34—2200

1w Zener diode (HEP 102 or

2NZ646

L923,
fela

Ql—Any 503-mA, npn power transistor (see
Radio Shack No. 276-587, '69 catalog).
(2N1647 is stud mount to fit space)

Q240407 transistor (RCA}

Q3—2N1308% transistor {RCA)

Q4-—2N40231 transistor (RCA)

Q5—2N264€ unijunction transistor (GE)

Q6-Q12-—2M1302 transistor {RCA)

IC1-1C3—ut 923 JK flip-flop integrated circuit

1C4—1C7—ul914 dual 2-input nand/nor gate
integrated circuil

Other parts

S1—spst switch

S2—4-pole, 2-position switch

S3—-4-pole, 3-position switch

S4—sp-3-position selecior switch (Centralab
1461 or equal)

S$5—spdt toggle switch

T1, T2—24wol!t, 3000-mA and 600-mA trans-
formers [Lafayette No. 39 T€266 (1A) is
suitable for both]

MISC-—Cha:sis, case. YA fuse, fuse holder,
knobs, jacks, IC sockets, perf board
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TO Ql
SYNC GEN TYPE
R6 R9
&8 270 2Ni647 —
.
- D9
OLY Y D6 Bl 6.2v
s RI2
e 2NI305 4 hoK
+ a
T~ 50/ T [
TI 50V .
250/ " i
1 | sov K
: | R7
+
5 | 47K - Cg .cg/
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D7 D8 Rg" RI4 5y
680K 27K
*SEE TEXT. = DO NOT GROUND TO CHASSIS

Fig. 4—Regulated supply circuit for the
tracer keeps ripple to less than 2 mV.
A Zener diode (D11 in Fig. 3) supplies
the 3.6 volts for the integrated circuits.

provided. Biases of curves 2 through
5 are then set to 20, 40, 60 and 80
rA, respectively.

The B-E terminals are now
opened, a transistor inserted in the
socket and the above procedure re-
peated. Polarity must be observed in
all cases.

Since these even ratios will hold
to about 1 mA of base current, it is
only necessary to obtain curve 6 and
mentally calculate the others. Each
bias step can be checked by utilizing
the TRIG position of S1 and allowing
the counter to cycle, presuming meter
response is adequate. Manual trigger-
ing (switching S4 back and forth be-
tween OFF and TRIG) can, of course,
be employed when precise bias values
are desired.

These even multiple ratios will
generally hold true for either silicon
or germanium transistors, but not
both. The difference in the spread of
their base resistance is most apparent
at the lowest bias level, the silicon
giving the lowest reading.

This difference may amount to
12, 8 and 6 pA, for traces 1, 2 and
3, respectively, when trace 6 is set
for 100 pA. Ordinarily trace | can be
used as an indicator and left to fall
as it will. The pots can be set to
a mean value so the percentage of
error will be within tolerable limits
for most calculations. Therefore,
quick evaluations can be made by
merely utilizing S5 and setting R4 to
some value.

Since interpretation of transistor
characteristic curves is described in
many books, only a few points will
be discussed here. For detailed anal-
ysis, a photo or graph reproduction
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If you prefer, a 5000-ohm trimmer can
be used in place of resistors R12, R13
and R14. Also, a number of other tran-
sistors may work in the filter-regulator.

of the display may have to be made.

Load lines can be derived direct-
ly from the curves. A diagonal is
placed from a point on the I. ordinate
to a point on the V.. axis. This gives
Ry = Veu/ Lo

Dc beta = Io/1s. A vertical line
is drawn from V¢ to intercept a
curve having a certain base current.
From this point on the curve a line
is projected to the I. ordinate. Beta
is then a ratio of the base current
to the collector current at a specified
collector voltage.

Transistor saturation is termed
the region to the left of the knee of
the curve and is defined as Vecewan
at some stated I and I.. The point
at which the transistor reaches satura-
tion can also be found by displaying
curve 6 and increasing I. until the
end point of the curve becomes coin-
cident with the vertical section. At
this point any further increase of Iy
will cause little increase in I.

Zener diode characteristics are
found with these two operations: If
the polarity is known, connect the
cathode to the collector, and the
anode to the emitter of the transistor
socket (Ry is not used.) The tracer
is hooked to the scope as when dis-
playing curves. The scope horizontal
gain is set to a convenient value such
as 2V/cm. The tracer NPN mode
places a positive voltage on the cath-
ode, and increasing the tracer sweep
displays the breakdown voltage.
Changing to the pNP mode reverses
the current through the zener, and
the forward conduction curve will be
seen. The scope horizontal gain can
be changed to 1 V/cm for a more
accurate reading.

www americanradiohistorv com

Diodes and rectifiers are dis-
played in the latter manner. Mini-
mum sweep is used to prevent over-
heating from excessive current.

Double lines can be caused by
several factors and may not always
be possible to eliminate. If the prob-
lem is serious, check the amplitude
of the complementary half sine waves
from the rectifier output. Transformer
T2’s secondary may be unbalanced;
causing a difference in the two half
cycles. They should be reasonably
close. Keep all wiring capacitances
to a minimum. Excessive tracer sweep
voltage combined with high bias and
high vertical scope sensitivity will ag-
gravate the condition. Be sure to use
the dc input to the scope.

Observation of the waveforms
generated in the tracer will aid in
adjusting and troubleshooting. The
pertinent voltages are:

UJT-B2 Lower half of negative
slope
3-9V p-p 120 Hz

UJT sync

UJT sawtooth UJT-E

UJT output  UJT-BY  1-4V pP—P positive
pulse

Counter input Q6-C 0.8V p—p negative
pulse

Gate outputs 1C4-1C7 3V p-p 20 Hz

Step biases Point X 5-6V p—-p Equal steps

overall of mini-

mum tilt

VE curves Vertical Six curves

jack

The VE curves are formed across
the sensing resistor with a transistor
in the tracer socket and step biases
applied. (Use scope internal sync.)
Place a pot across R16 or R17 of
the UJT sync generator. Note the ef-
fect a decrease in resistance has on
the curves. Both points of each curve
should stop on the same horizontal
level, without breaks or overshoots.

Scope calibration

An audio oscillator and vtvm
are used to calibrate the scope. Since
the vertical gain on some scopes is
not calibrated, the complete proce-
dure will be described.

A sine-wave signal with a fre-
quency of 120 Hz and amplitude of
2 volts p—p as measured by the vtvm
is fed to the vertical input of the
scope. The vertical attenuator and
gain control are adjusted for a 4-cm

( continued on page 77)

TRUTH TABLE

Sequence| A | B | C A|lB]|cC
1 | L[t
2 L L L
3 L L
4 Lt
5 L|L

i 6 L L
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by WALTER G. SALM

USE ANY YARDSTICK YOU WANT TO—THE CASSETTE IS ONE
of the fastest growing branches of the home entertain-
ment industry. These days the cassette has an undeniable
identity—it's an all-purpose recording medium with almost
universal public acceptance.

Ne one is afraid to buyv a tape recorder now. The
cra of the all-thumbs-set being shut out of this market
has passed. For the cassctte is a tape medium that's
human-engineered as no other recording system has been—
right from the basic concept of a goof-proof plastic case
enclosing a 4-inch-wide ribbon of tape—to snap-out anti-
erase tabs that make accidental erasures a thing of the past.

Cassette players are priced as low as $19.95 and
four-song micro-cassettes are available at mini-prices (about
50¢ per song) making both the player and tapes competi-
tive with both Playtape and records.

The cassette format is the only tape system that offers
full compatibility and interchangeability between mono and
stereo machines. Equipment includes mono players at
$19.95, mono Y4 -track recorders at $29.95 up. stereo re-
corder/players for the living room starting at $99, under-
the-dash automwotive sterco systems with recording capa-
bility for $79.95, plus a new line of cassette plug-in AM
and FM tuners. The cassette story is a bit much to absorb
in just ene gulp, so let's backtrack a little.

The first cassette—where it began

About six years ago. N. V. Philips Gloeilampen-
fabrieken, headquartered in Eindhoven, Netherlands,
introduced the cassette recorder to the United States under
its North American brand name, Norelco. The new
machine was small, lightweight, and could be carried
suspended from a shoulder strap. It used an enclosed
plastic cassette-type cartridge that snapped in and out of
the machine easily, The machine, dubbed the “Carry-
Corder” had (and still has) a single-lever control for
record/playback, fast forward and fast rewind. A small
dynamic microphone and remote control switch fit easily

DECEMBER 1969

The boom in the cassette field
continues to grow as ‘gimmics’
and ‘gadgets’ make listening
easy, and high-quality tapes im-
prove the sound

into a small leather case on the shoulder strap. The whole
rig sold for $150.

Then the idea took hold. Philips couldn’t make Carry-
Corders fast enough to keep up with the demand, A few
copycat recorders showed up on the market very briefy—
notable among these were machines from Grundig and
Aiwa—both using different. non-compatible casseties. The
public started to get confused. Too many different 1vpes
of ‘ideal™ cartridges around. Which one to buv? The
smart money was on Philips, and in a brilliant move
that's still the cause of some debate, the Dutchmen offzred
to license the cassette format to any and all comers. They
had 39 major companies signed up within a couple of
months, and over the intervening vears have managed to
add just about every major recorder manufacturer in the
world to the roster.

Today, the minuscule cassette is a major force in
the recording industry. To be sure, the slow speed ( | % ips)
still limits upper frequency response, but this barrier too,
is being pushed back. Right now, the lid seems ta be
between 10,000 and 12,000 Hertz.

It's in the prerecorded tape area that casseties are
having their greatest impact right now. Since the format
lends itself so well to the teenage market, tape manu-
facturers such as Ampex are slanting entire product lines
toward this audience. Hard rock and Top-40 tunes appear
regularly in the $1.98 micro-casscttes, and attractive sales
promotion campaigns and deals are common.

Philips helped kick the bottom out of the market when
it introduced a play-only machine last year for $29.95.
This is the same machine that's sold for the same price
by Ampex and by Bell & Howell. The bulk of the
cassette equipment from these two companies comes from
the Philips lightbulb factory, produced either in Holland
or in Austria. Heavily tape-oriented 3M was also name-
branding Philips cassette machines for quite a while, but
finally came out with its own line last year.

The Japanese manufacturers are probably the hardest
to track down. Aside from the super giants like Sony,
Panasonic (Matsushita) and Toshiba, most Oriental pro-
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ducers gladly remain anonymous by private-labeling their
products for as many retail outlets as want this service.
Trade magazines abound with ads offering blank tape
cassettes witn “your company name here” on the paper
label. Bargain hunters can find blank cassettes in dozen
lots at incredibly low prices in the Sunday N. Y. Timnes
sports section.

But such bargain hunting raises another potential
problem—how good are the cheapie cassettes? The answer:
pretty darn good—now. Twasn't always so. Couple of
years ago, an inexpensive Japanese-made cassette could
be expected to jam up or lose its trapped mylar leader
after a couple of passes through the recorder. Even today,

Cassettes held to-
gether by screws
are easiest to re-
pair. Finger points
to older type 3M
cassette with Phil-
lips screw. Newer
cassette (fore-
ground) has slot-
ted bolts and nuts.

Lift out the tape
and hub carefully
with tweezers to
keep that wispy
ribbon from wun-
raveling. Note
tape is twisted
around other hub.
This portion of
tape is damaged
and will have to be
removed.

Use ordinary splic-
ing tape for this
not-so-ordinary
splicing job. Here,
the transparent
leader is scissor-
spliced onto tape,
then given ‘‘Gib-
son Girl” trim.

Laying that thin
ribbon back in the
guides is ticklish,
demands tweez-
ers, and shouldn’t
be hurried.

this can happen, and it does just as frequently with the
expensive name-brand cassettes as it does with the cheap
ones. It’s possible to make repairs in most cases, provided
you have the willingness, the patience, a steady hand
and are loath to part with money needlessly.

When the cassette jams—fix it yourself

Before getting to the plan of attack, note that there
are two basic types of cassettes—those held together with
microscopically small Phillips (naturally) screws and those
that are heat-sealed. Both types can be repaired. The
ones held together with screws are the easiest. Just remove
the screws and the two halves of the cassette come apart
like two slices of bread peeled apart from a sandwich.
It’s the liverwurst in this sandwich that’s important. It
could be tangled around one of the hubs. The fragile
ribbon of tape could have slipped out of its guides. Or
perhaps the trapped leader (or trailer) has pulled out
of the clamp that’s supposed to hold it securely in place
on the hub. Any of these problems can be fixed by
obvious and nerve-wracking repairs that will try your
patience. Be careful about one thing in particular—don’t
let that hub full of tape roll off the table. If this happens,
you're likely to chuck the whole business and go back to an
Edison phonograph.

Let’s assume you've got the tape mended, placed nicely
back in its guides (with tweezers, please). and the felt
pressure pad assembly is laid gently in place. Now comes
the aggravating job of mating the second slice of bread
exactly to the tape, pressure pads, hubs and plastic align-
ment posts. Gently, gently, and just as you snap it into
place, “Boing” goes the spring brass clip behind the
pressure pads, some tape unravels, you curse a few times
(or pound the table and weep—whichever is your forte),
and start all over again. Don't despair: it can be done.

Now for the cassettes that are heat-sealed. There are
two variations: one is simply heat-sealed: the other has a
single Phillips screw in the geometric center, apparently to
hold the whole shabang together when the heat treatment
was applied. Remove that cotton-pickin’ screw first. Then
with a sharp penknife. pry the crack in the plastic open
all the way around. Circumnavigate that cassette with
your knife blade several times, each time biting a little
deeper into the cassette. Eventually, you'll hear a satisfying
“crack” as the blade breaks the heat seal once and for all.
Crack the seal all the way around and the two slices of
bread will peel off this sandwich neat as can be. After the
repairs have been done, reseal the cassette with ordinary
cellophane tape—Scotch “magic mending” tape is most
suitable since it hides its presence by disappearing, and
wears well in normal use.

Cassettes for your car are here

One of the nicest features of cassettes which you’ll
discover—especially with a unit installed in your car—is
that you can roll your own. Unlike the 8-track cartridges,
you can tape off the air, from your records or prerecorded
open-reel tapes, or from the telephone. This last method
can give you a nice side benefit. Ever try to find a
strange place with a long list of complicated directions
on a sheet of paper you can’t read because you’re busy
driving? Next time you’re faced with this prospect, hook
up that cassette recorder to the telephone, and let your
friend gab away, giving you all those “important” land-
marks that you wouldn’t bother to write down. Then replay
that cassette in your under-the-dash machine or in a
portable on the front seat. You’ve got perfect, detailed
directions from the horse’s mouth without taking your
eyes off the road.

Trouble with those under-the-dash cassette recorders
is most of them aren’t theft-proof. About the only way
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to deburglarize them is to use a miniature unit and keep it
locked in the glove compartment. To play it, plop the
unit on the front seat. Hopefully, some auto manufacturers
will start to offer cassette options in new cars soon.
Trouble is, nobody is quite certain just what has been
committed by whom and to whom in the way of 8-track
contracts. Time will tell,

Gimmicks and gadgets

Gadgets have a habit of cropping up whenever there’s
a successful product, and cassettes are no exceptions.
Philips introduced a cassette changer a couple of years
back, and this is now being handled by the usual Norelco
outlets—including Ampex and Bell & Howell (below). This
lets you stack up to six cassettes for longer playing
periods. It retails for $130 and is available in a deck
version only.

The changer is in a way a stopgap measure—a hedge
against the day when the auto-reversing cassette machine
will bow. Such a unit may not be far off. At least one
manufacturer (Nortronics) has licked the ticklish head
design problem. The cassette is designed to admit only

Bell & Howell automatic changer provides several hours of
interruption-free music.

two heads—the crase and the combination record/ playback.
It has two holes for the heads, so each of these holes
must have a three way, all-purpose head in auto-reversing
machines. Triggering the reverse mechanism is easy—all
cassettes have trapped trailers and leaders. All the machine
needs is a tension-sensing trigger. The heads are here now.
The machines are sure to follow soon.

Bell & Howell has come up with an unusual and
highly appealing movie soundtrack system using a cassette
recorder and a Super-8 camera and projector. All three
elements must be purchased for the system to work. The
photographer carries the cassette recorder which is plugged
into the camera. When the camer runs, so does the
recorder. So far so good. But here’s the difference: the
recorder makes two recordings—something like two-track
stereo—one mono sound track plus a sync-control track.
The sync track has a series of audio spikes on it and
these spikes sync the recorder with the projector during
playback. One still-unanswered question—how do you edit
the movie?

Chromium dioxide to the rescue

Some cassette enthusiasts point gleefully to chromium
dioxide tape (DuPont’s “Crolyn”) as the panacea that’s
going to give slow-speed cassettes true high-fidelity response
at long last. True, Crolyn tape does increase frequency
response—actually doubling it (or adding an octave if you
prefer) over conventional iron oxide tape. This has been
borne out by experiences at Crown International—a firm
specializing in quality professional recorders made in
U.S.A. plus a line of consumer-priced consumer-type
tape gear made in Japan. Some of Crown’s pro recorders
feature front-panel-adjustable recording bias, a feature
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that makes the switch to Crolyn tape rather rainless.
You see, Crolyn requires a different recording b as than
the usual used for iron oxide. Strictly speaking. every
different iron oxide formulation needs some bias optimiza-
tion, but that’s another story.

Crown proudly plays Crolyn tape recordings at 1-7 ips
that certainly sound every bit as good as iron oxide
tapes made at 3-% ips and even some 7-V2 ips tapes. But
Crolyn is not ubiquitous material. DuPont has manufactured
it only in instrumentation-grade, with some of it slit to
Ya-inch width. This has been for test purposes cnly, being
sold on a limited basis for something like $10 per 1200-
foot reel (in quantity).

Crolyn has a serious disadvantage that will keep it
out of your cassettes for some time yet—it’s highly abrasive
to recording (and playback) heads. Once this prcblem is
licked, the mass tape duplicators can start to vse it in
prerecorded cassettes. So far, DuPont has licensed Memo-
rex, Sony and Philips (naturally) to manufacture this
tape. More may be coming, but these three seem to cover
the international marketplace pretty thoroughly.

In another new tape development, Tokyo-based TDK
Electronics Co., Ltd. has released significant cassette prod-
ucts. One is an extended-frequency-range tape with
claimed frequency response from 30 to 20,000 Hertz.
According to the firm’s own response curve, the tape is
flat from about 70 to 10,000 Hz. At 30 Hz, it's down
about 6 dB, and it’s down roughly 4 dB at 20 kHz.
So much for the charts.

In actual practice, the sound was unbelievable. I
tested a prerecorded demo cassette, and soon discarded
it as too artificial sounding. Then 1 dubbed a London
Phase 4 tape made with Dolby masters (Siokowski’s
performance of Night on Bald Mountain). This was ad-
mittedly playing dirty pool. since this London tape has
about as many wide swings in dynamic range, and in-
dividually spotted special effects as any I've ever heard.
Then I synchronized the original 7V4-ips reel tape znd the
dubbed cassette and A-B'd them.

Astounding point number one: the curve doesn’t lie!
The dubbed cassette sounded incredibly good. Granted,
it lacked much of the dynamic range of the original, and
tended to get muddy in sections where there were lots of
loud transients, but by and large, an excellent jo> for a
cassette.

TDK pulls off this feat by using a significantly smaller
magnetic domain size than normal—about 0.4 micrzn long
compared to the usual 1.0-micron domain length. This
has roughly the same effect as doubling the tape-1o-head
speed, so presumably we're getting something like 3-34 ips
instead of 1-7& ips. Still, the cassette has the ustal limita-
tions of its 1-7&-inch speed—mainly wow and flutter, Yet,
these were not serious in the test recording, in fact were
hardly noticeable. No, it’s not nearly as good as the Phase
4 original, but it's certainly the equivalent of Iots of
prerecorded open-reel tapes currently on the market.

The other innovation from TDK—one that wasn’t
ready for testing at press time—was an endless-loop
cassette. Presumably this tape is super-lubricated as all
endless cartridges must be. And presumably it will be beset
by the same problems of wow and lubricant rubking off
onto the heads. But it suggests itself immediately for use in
certain commercial sound applications, for stores, telzphone
answering equipment and other compact uses.

But what about right now, you want to know. Okay.
Buy a $20 player for your kids; get yourself a 350-60
mono recorder for general-purpose use; buy a sterec deck
that you can add to your living-room rig for $99; buy a
stereo unit for the car for $79; buy a bunch of precorded
and Jots of blank cassettes; and don't forget to buy a pair
of tweezers—the wife might not lend you hers. R-E
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SOLID-STATE FUZZ BOX

Add a new dimension to your guitar amplifier
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by JACK JAQUES

THE “FUZZ BOX' 1S VERY USEFUL FOR
converting the essentially “clean” out-
put tone of an eclectric guitar into a
distorted sound with a high harmonic
content that gives the guitar a more
“dynamic™ sound. This “Fuzz Box,”
1hrough the nse of a footswitch, will
either give the guitar a “clean” output
or add a variable amount of distorted
sound.

The circuit performs two functions:
one a squaring amplifiecr and one a
mixer. The squaring amplifier gener-
ates a square wave with rapid rise
and fall times. This shape of wave
contains many harmonics of the fun-
damental and the wave is clearly dis-
torted. Q1 and Q2 comprise a high-
gain casily saturated amplifier. For
any signal above about 10 mV the out-
put is a squarc wave. The output of
the squaring amplifier is taken from
the emitter of Q2 and as a result,
there is a 180° phase shift between
the input and output of the squaring
amplifier.

The output of the squaring amplifier
and input to the Fuzz Box are then
applicd to the audio mixer, Q3 and
Q4. Transistor Q3 is a P-channel
field-cffect-transistor  (FET)  which,
through its reverse biased gate has a
very high input impedance. The mix-
ing is done through R10 and R11 and
Q3. Q4 is an emitter follower used to
provide a low output impedance.

Potentiometer R9 varies the level
of the square wave applied to the
mixer. This varies the amount of dis-
tortion in the output trom none to a
square wave with slightly decreased
peaks. The presence of the fuzz is
controlled by the footswitch. The
contacts are normally closed to ground
out the square wave input and allow
only the guitar input to go to the au-
dio mixer. When the footswitch is de-
pressed the square wave and guitar
output are mixed. As the two signals

Top view shows numbered connections
to various controls, inputs and battery

Middle: top view of perf board showing
positioning of most of the components.

Bottom view shows wiring between num-
bered terminals underneath the board.
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are mixed 180° out-of-phase, the fun-
damental is suppressed and the har-
monics become more apparent.

Potentiometer R14 along with
switch S2, to turn the unit on ard off,
varies the output level. Simce the
audio mixer has a small gam, R14
can be used to adjust the gain to make
the output comparable to the guitar’s
output.

To use the Fuzz Box conmect the
guitar’s output to J1. The outpur level
of the guitar should be from 10 to
100 mV with 45 mV being ideal. This
will allow for the most effective con-
trol of the PERCENT Fuzz. The foot-
switch is plugged into J2 and left
alone for a “clean” output and de-
pressed to get the “fuzz” outpur. The
footswitch listed has spdt contacts
and must be disassembled to cennect
the cable. The cable’s shield skould be
connected to the contact arm and the
case while the inner cable shou'd be
connected to the normally closed con-
tact. The output, J3, is connecied to
the guitar amplifier, which s then
operated in a normal fashiom.

To keep from having a large change
in volume occur when switchirg from
no “fuzz” to maximum “fuzz,” rhe gui-
tar’s output should be adjusted to a
level that is comparable to the squar-
ing amplifier’s output. R-E

C1—&-nF, 15Y capacitor, electrolytic
C2—30-pF, 15V capacitar, slactrolytic

C3, C7~—10-uF, 15V capacitor, electrolytic
C4, C5—0.5 uF, 100V capacitor

C6—100 wF, 15V capacitor, electrolytic
All resistors %W, 10%

R1-—150,000 ohms

R2—27,000 ohms

R3-—220,000 ohms

R4—33,000 ohms

PARTS LIST

R5—330 ohms

R6—47,000 ohms

R7~--18,000 ohms

R8—1000 ohms

R9—25,000 ohms, linear potentiometer

R10, R11—100,000 ohms

R12-+-6800 ohms

R13—10.000 ohms

R14-—2500 ohms, linear potentiometer

Q1, Q2, Q4-—HEP57 pnp transistor (Motorola)

Q3—HEP803 p-channel field-effect Transistor
(Motorola)

J1, J2, J3—Phone jack

PL1—Phone plug

B1—9-volt battery

S1—spdt switch

S2—spst switch

MiSC—Battery holder, 6 x 4 x 2-inct: g1assis
(Bud AC-431), mounting board (<swvstone
1905), connecting terminals, cabkle tran-
sistor sockets.
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of the voltage maicares now mucn wue
antenna must turn to restore balance.

The RCA circuit

In this unit (Fig. 2), clements
R1-R4 correspond to those in Fig. 1-a,
with trimmers R2 and R3 being repre-
sented by R2-a/R2-b and R3-a/R3-b.
The transistors make up the detector
and amplifier.

To orient the antenna, the con-
trol knob is turned to the desired direc-
tion. The knob—on R4—is ganged to

IMAH 1 e - COULICICIVUAWIDC | FTDL
or normally closed) position because
there is no current through its coil.
With RY I's contacts holding the power
on. the motor rotates counterclock-
wise, turning the antenna and RI1.
When the desired aiming point is
reached, the error voltage is around
—0.25. At this bias level. QI and Q2
start conducting so Q2’s collector cur-
rent energizes RY?2. causing its con-
tacts to move to the clockwise posi-
tion. During the interval that the relay

DRIVE
UNIT

-.3VTO -IV CW

+5.6V 7O -1V CCwW

SEE NOTES 2 AND 3

Dynamic ‘“fuzz’’ sound occurs when
output of squaring amplifier QL=02 is
mixed with input to the Fuzz Bes in Q3.

Fig. 1—Basic bridge circuits used to
control the rotators. One (a) is a resis-
tive Wheatstone bridge. The othar (b)
is a R-L phase-sensitive type.

Fig. 2—Schematic of the RCA LOW707
solid-state automatic rotator. It uses a
Wheatstone bridge with potentior-eters
R1 and R4 as the variable compo-ents.

FIVE-WIRE CABLE ELECTRICALLY
CONNECTS DRIVE UNIT TO CONTROL UNIT

- S CONTROL UNT _
? -1% OV CW
) -"CY CCW
120 uF NON- 2.2K -2.5VCW rc
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NOTES: |
I. REFERENCE FOR ALL VOLTAGE |
MEAUREMENTS, EXCEPT AS NOTED. i
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WITH EMITTER REFERENCE.
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by ROBERT F. SCOTT

SENIOR TECHNICAL EDITOR

AS HIS INTEREST IN COLOR OR UHF TV
reception is aroused, many a home-
owner finds his original black-and-
white antenna system is obsolete. It
covers only channels 2 through 13 and
lacks the gain and bandwidth for good
color reception. Too, it is sited for re-
ceiving reception from only one direc-
tion, while he is now within range of
stations at several points around the
compass. So, his new vhf/uhf installa-
tion must include a rotator that will
aim the antenna at the desired station.
If he wants simple operation, pin-
point accuracy and positive sync be-
tween the rotator and control unit, he
will probably select one of the new
solid-state automatic rotators such as
the Alliance C-255 Tenna-Rotor, Cor-
nell-Dubilier AR-33 or RCA’s model
10W707. You are going to install and
service many of these units, so you'll
want to know how they work and how
to service them.
Like the¢ more common nonelec-
How the work — tronic rotators, the control circuits are
based on a bridge with two potentio-
meters as variable elements. One po-
tentiometer is turned by the dial on the
, i ) control box and the other is driven by
F & the rotator motor so the position of
the arm is directly related to the an-
tenna position. When the bridge is un-
balanced by turning the pot on the
control box, solid-state circuits amplify
the error voltage and determine the
direction the antenna (and potentio-
meter in the rotator) must be turned
to restore the bridge to balance. The
antenna points in the direction indi-
cated on the control box when the
bridge is balanced.
Two types of bridges (Fig. 1) are
used in the rotators described in this
article. Tn the basic resistive Wheat-

ctona hridas in Ria—d oo dr valto oo se

Pushbutton feature on Cor-
nell-Dubilier AR-33 permits
fixed settings.

v ‘Il B

turn on if the initial bridge unbalance
was counterclockwise.)

Vee ol

Phase-sensitive controls

Cornell-Dubilier’'s AR-33 Autoro-
R3 3 tor uses a phase-sensitive bridge as the
Qi NNN_Ec2 heart of a control system operated
by either five preset pushbuttons or a
360° dial. Positioning accuracy is
1°. The basic circuit of the AR-33 is
shown in Fig. 3 and the complete sche-
matic is in Fig. 4. The functions and
positions of R1, R2 and R3 correspond
D2 to those in Fig. 1-b.

When the bridge is unbalanced,
an ac voltage is fed to the base of Ql.

| U= R Q2

R2

Fig. 3—Basic circuit of the AR-33 by
Cornell-Dubilier. Phase relationship of

contacts are moving from the counter-
clockwise to clockwise position, the
circuit to RY1’s coil is opened. The
contacts of RY1 quickly open, turning
off the power to the motor and detec-
tor/amplifier circuits.

Now, if the bridge had been un-
balanced clockwise, the voltage on
Q!’s base would have ranged from
—0.3 to —0.1 volt. This would have
turned on the transistors and encrgize

waveforms and direction motor turns
depend on setting of pot R1.

RY?2 so the motor would turn clock-
wise. The motor runs until the volt-
age across the bridge again approaches
—0.25. The transistors cut off, de-en-
ergizing RY2 so power is turned off
during the switching interval.

(Note that the operating thres-
hold voltage is around —0.25 volt in
either case. The transistors turn off at
this level if the bridge has been unbal-
anced in the clockwise direction and

The phase of this ac error voltage with
respect to ground is determined by the
direction of unbalance. Wave-form B,
and B, show relative phase relation-
ships for cw and ccw unbalance.
Diodes D! and D2 supply out-of-
phase, half-wave positive pulses to the
collectors of Q2 and Q3. Points A and
B—the opposite ends of the center-
tapped secondary—are 180° out of
phase. When A is positive, D! con-
ducts and a positive pulse appears at
Q2’s collector. At the same time, point

n
n
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B is negative, D2 is blocked and Q3’s
collector is at zero volts. Waveforms
Ec. and Eg show the out-of-phase
positive pulses on the Q2 and Q3 col-
lectors.

If the bridge is unbalanced in one
direction, the amplified ac error volt-
age is in phase with the voltage on one
collector and out of phase with the
voltage on the other. Transistor Q2
and Q3 can conduct only when positive
pulses appear simultaneously at the
collector and base. If Q2 turns on,
RY! is energized, contact RYI-1
closes and the motor turns clockwise.
The motor turns counterclockwise
when Q3 is conducting. The motor
continues to run until the bridge bal-
ances and the error voltage drops to
around zero. At this point, the con-
ducting transistor turns off, releasing
its associated relay and turning off the
motor.

Switch S1, the DIAL-OFF-PUSH-
BUTTON switch (Fig. 4), is used to
select either pushbutton or dial opera-
tion. When it is in the PUSHBUTTON po-
sition, dial control R1 is switched out
and replaced by one of the preset pots
selected by pushbuttons S2-S6. The
AR-33 comes with a set of dry-trans-
fer numbers for marking the buttons
with either TV channels or FM station
frequencies.

Alliance Tenna-Rotor

The basic operation of the C-255
(Fig. 5) is similar to that of the Auro-
rotor, with R1, R2 and R3 corre-
sponding to the same components in
Fig. 1-b. Transistor Q2 determines the
direction the motor rotates. Control
pot R1 is ganged to S1 so the slightest
movement in either direction closes
S1-a and opens Sl-b.

Switching transistor Q2’s collec-
tor is fed through two paths. One path
is through D1, R4 and RY2; the other
is through D2, RY1 and RY2. The
motor turns in one direction when
RY?2 is cnergized and reverses when it
is de-energized.

The paths to Q2’s collector carry
half-wave negative pulses that are
180° out of phase. Collector current
flows through the path where the
pulses are in phase with the error volt-
age on the base.

Assume that the resistance of
control R1 must be reduced to start
the antenna turning in the desired di-
rection. The error voltage on Ql’s
base is in phase with the voltage at B
and out of phase with the voltage at A.
When A is positive, the negative half-
cycles on the base drive Q1 to greater

Fig. 5—The Alliance C-255 uses this
circuit. Its operation is based on the
phase-sensitive bridge (see Fig. 1-b).
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conduction. This increases collector
current through RS5. A positive pulse
through C1 keeps Cl completely cut
off, even though its collector is receiv-
ing a negative pulse through D2.

During the next half-cycle point,
B and the error voltage on QI’s base
are positive. Transistor Q1’s collector
current drops and develops a negative
pulse on Q2’s base. At this time, point
A (180° out of phase with B) is
negative. Diode DI conducts and
delivers a negative pulse to the col-
lector of Q2. A half-wave pulse of
current flows through R4 and RY2
and RY2 is energized. Capacitor C2
charges, keeping RY2 closed during
the next half-cycle. When RY2 is
closed it completes the circuit to the
transformer primary after the control
knob is released and S1-a opens. (Col-
lector current cannot flow through
RY! because D2 is back-biased by
the positive voltage on its cathode
from point B.)

Relay RY1 has not been ener-
gized so the motor is supplied through
the normally closed contacts and turns
clockwise. The motor runs until R1’s
resistance rises enough to balance the
bridge. At this point, the error voltage
drops to zero, RY2 releases and opens
the primary circuit.

creased to start the motor turning in
the right direction. The error voltage
is now in phase with the voltage at
point A and out of phase with point
B. On the half-cycles that A <wings
positive, the positive half-cycles of er-
ror voltage drive QI toward cutoff.
Q1’s collector swings negative and
feeds negative pulses to Q2’s base.
These base pulses are in phase with
the negative pulses fed to Q2's col-
lector through D2. Collector current
flows through RY1 and RY2, ener-
gizing their coils. Capacitors C2 and
C3 keep the relays energized during
the intervals that Q2 1is not con-
ducting in the circuit.

Relay RY2 closes the primary
circuit as before, while RY1 com-
pletes the motor circuit through its
normally open contacts so the motor
turns counterclockwise. When the
bridge is balanced, error +‘oltage
drops to zero and RY2 drops out,
again opening the primary circuit.

The time constant of RY1 and
its 100-pF capacitor (C3) is longer
than that of RY2 and C2, 20 uF.
Thus, RY2 is always the first to pull
in and the first to drop out. This
prevents the motor from starting in
the wrong direction when power is
first applied and also prevents last-

Now, let’s see what happens second motor reversals just as power
when R1’s resistance must be in- is being cut off. R-E
Nt~
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c2 !
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Can you solve these
- two basic problems in
electronics”?

This one is relatively simple:

When Switch S: is closed, which lamp
bulbs light up?

Note: If you had cdmpleted only the first tesson
©of any of the RCA Institutes Home Study programs,
you could have solved this problem.

(d-d) s10A 02—2 walgoid
dn 6y 11e Asyi—1 wajqold SHIMSNV

46

Z: 10 volt zener diodes

This one’s a little more difficult:

What is the output voltage (p-p)?

Note: If you had completed the first lesson in the
new courses in Solid State Electronics, you could
have easily solved this problem.

These new courses include the latest findings
and techniques in this field. Information you must
have if you are to service today's expanding
multitude of solid state instruments and devices
used in Television, Digital, and Communications
Equipment.

If you had completed an entire RCA Institutes
Home Study Course in Semiconductor
Electronics, Digital Electronics, or Solid State
Electronics, you should now be qualified

for a good paying position in the field you choose.
Send for complete information. Take that first
essential step now by mailing the attached card.

RADIO-ELECTRONICS
N
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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 oscilloscope,

Prepare for good paying
positions in fields like these
Television Servicing
Telecommunications

Mobile Communications
CATV B i
Broadcasting A A :
Marine Communications In the new program on Solid
Nuclear Instrumentation State Electronics you will study

. A the effects of temperature and
Industrial Electronics leakage characteristics of
Automation

transistors.
Computer Programming
Solid State "
Electronics Drafting

DECEMBER 1969

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

Job Placement Service, Too!

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

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

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

Accredited Member National Home Study Council.

IF REPLY CARD IS DETACHED, SEND THIS CCUPON

RCA Institutes Inc.
Home Study Dept. RED-9

320 West 31 Street

New York, N.Y. 10001

Name Age
(please print)

Address iy

|
|
l
|
|
: Please send me FREE illustrated career catalog.
]
]
|
|
|

S U |
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17
VAC

Solid-state reliability. Resets itself after 1 to 69-second interval

- SECONDS

TIME L“‘ _L
CALIBRATE 2Rig %?4 ,8(3)5
| b

RECEPT FOR
ENLARGER LAMP
(100 WATTS MAX.

FOR RY USEDj

AG COMMON %

2___: 27V 8] $R24

ZENER b2
T Y < 68K

ZC COMMON %

*NOTE
AC COMMON SIDE OF
117 VAC SHOULD BE
FLOATING
(COMPLETELY
ISOLATED FROM
ANY EXTERNAL
METAL SURFACE).

Fig. 1—Complete timer circuit. Diode D1 (unlabeled) is to the right of R21.
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by HERBERT ELKIN

AN AUTOMATIC PHOTOGRAPHIC EN-
larger timer is an invaluable darkroom
accessory. The timer leaves the pho-
tographer’s hunds and mind free to
concentrate entirely on the photo-
graphic creation.

The schematic in Fig. | is a solid-
state, automatically resetting timer.

PARTS LIST

Cl—47-uF, 20V, 10% electrolytic tantalum
capacitor (Mallory type CSR13-E476KL or
equal; see note below under relay RY1)

C2—100-uF, 150V electrolytic capacitor

C3—0.005-uF, 600V ceramic capacitor

All resistors 4W, 10% or better unless noted

R1—2000 ohms, 5%

R2-—20.000 ohms, 5%

R3-R10—22,000 ohms

R11-R16—220,000 ohms

R17—270 ohms

R18——47 ohms

R19—10,000-0hm, Y% W linear potentiometer

R20—150 ohms

R21—100 ohms, 2W

R22—12,000 ohms, 2W

R23-—15,000 ohms, 2W

R24—68,000 ohms

R25—10,000 ohms

D1, D2—750-mA, 400P1V, diode

D3—27-volt, IW, 5% Zener diode (Motorola
1N4750A or equal)

Q1—2N2647 unijunction transistor (G.E.)

'SCR1—C106F2 silicon controlied rectifier
(G.E)

Other parts

RY1—4pdt, 125-mW, 2500-ohms, £.4-mA dc
relay (Allied Control TS154-4C. Available
from Newark Electronics Corp., 500 N.
Pulaski Rd., Chicago. Ill. 60624 for $3.96
plus 2 oz. postage ppd. Stock No. 59F512,
1969 catalog). Capacitor Cl1 is $2.82,
Stock No. 17F1542.

8l—slide switch

S2, S3—1-pole, 12.position rotary switch
(Mallory 32112J or equal)

S4-—N.0., momentary pushbutton switch

S5—N.C., momentary pushbutton switch

S6—rocker switch

MISC—ac socket, 6% x 33/16 x 1%-inch
bakelite case with aluminum panel (La-
fayette 99T 6272), knobs, perf board,
transistor socket

RADIO-ELECTRONICS
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The advantages of a solid-state de-
vice over a mechanical timer are the
climination of noise, vibration, manual
resetting, and increased reliability.
The device is capable of timing inter-
vals from 1 second to 69 seconds in
I-second intervals.

The time interval is set by two
rotary switches. Switch S3 sets inter-
vals of 10 seconds and switch S2 sets
unit intervals additively. The timer is
activated by momentarily pressing
START switch S4. When the timing cy-
cle terminates, the device is automati-
cally reset and is ready to be activated
again by pressing the momentary
START switch. STOP switch S5 provides
an abort capability before the end of
the timing period if a timing interval
has been erroneously set. The unit's
recovery time is in the millisecond
range, which is advantageous when
making test strips.

Timing accuracy is better than
2% up to 30 seconds, after which ac-
curacy falls off slightly due to the leak-
age current of tantalum capacitor C1.
The unit provides exact time interval
repeatability, which is important for
consistent print results. Time interval
resettability is of more importance
than the slight loss of accuracy (2-
5% ) at intervals above 30 seconds.
Most enlarging situations call for less
than 30 second exposures.

How it works

Relay RY1 is energized during
timing and applies 117 Vac to the en-
larger via the ac receptacle. The pow-
er supply is a half-wave type consist-
ing of R21, D1, C2, R22, D3 and R24,
and supplies an unregulated dc volt-
age to operate relay RY1 and a 27
vo'ts dc, regulated by Zener diode D3,
The regulated voltage provides an ac-
curate reference voltage to the timing
section of the device.

The heart of the timer is unijunc-
tion transistor QI1, used as a single-
cycle relaxation oscillator. The timing
interval is varied by switching resis-
tance values (RI1-R16 additively) in
the unijunction emitter circuit to vary
the RC iime constant.

At the end of the timing cycle
(when C1 charges to the proper stand-
off voltage at the unijunction emitter),
a pulse is generated at Base 1 of the
unijunction. The pulse is applied to
the gate of silicon controlled rectifier
(SCR1), which then conducts current
around RY1 causing the relay to re-
lease and end the timing cycle.

Here is an outline of the timing
cycle:

1. Momentarily  depressing  START
switch S4 applies the unregulated
voltage through R23 to RYI,
which puts the four relay contacts

DECEMBER 1969

in the activated position.

2. When the sTaRT switch is released,
the relay remains activated as the
holding current is supplied through
the normally closed sToP switch S5
and through the closed relay con-
tacts 6 and 7. If it’s desired to ter-
minate a timing cycle before the in-
terval set. the STOP switch can be
momentarily pressed, intcrrupting
the relay holding current and re-
leasing the relzy.

3. With RYI activated, the enlarger

lamp receives 117 volts ac through
contacts 15 and 16, +27 volts is
supplied to the unijunction circuit
through contacts 12 and 13, and

c2

S3 —
{RU-RIB} {
3

8-

220 &
o=

R22

e e AN et oo 4 bl 1

4.

R20 is removed (contacts & and 9
are open) from across Cl.
When Q! fires at the end of the
timing interval, the positive pulse
generated at Base 1 triggers the
SCR, which then bypasses current
around the relay coil, causing the
relay to release.

Since the SCR anode voltage is
supplied through relay contacts 6
and 7, the SCR anode voliace is

removed when the relay releases.
Therefore, the SCR is restored to a
noncenducting state and the t:mer
is autematically ready for a new
timing operation initiated by the
START (S4) button.

RY1{

- 52
(FH-—RIG}

225

R18

Ri9

RIT

RZ3

Byl

Bottom view of ccmponent board. An external relay extends wattage capability.
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6. When the relay releases, contacts
15 and 16 open, the enlarger lamp
is turned off, the regulated +27
volts is removed from the unijunc-
tion circuit, and R20 is placed
across Cl. R20 completely dis-
charges capacitor C1 within milli-
seconds to assure that when a new
timing cycle is started the initial
voltage on C1 will always be zero.
This insures an accurate timing in-
terval.

Capacitor C3 is across relay con-
tacts 15 and 16 for arc suppression.
Diode D2 is across the coil of RY1 to
eliminate transient spikes during relay
turnoff, which could damage the SCR
and/or the relay coil. The I-second
timing resistance is divided into two
resistors. R1 and R2. R is always in
the timing circuit and provides protec-
tion for Q1 if the timer is started with
switches S2 and S3 accidentally left in
the 0 sccond position. R1 contributes
only a small error (less than 1%)
when S2 is set to 0 and the S3 (x10)
resistances are in use.

Provision is made for accurate
calibration using potentiometer R19.
By means of R19, the interbase volt-
age can be varied. thus controlling the
firing point of the unijunction transis-
tor (the firing point voltage at QI’s
emitter is equal to the stand-off ratio
() x the voltage across Q1, Base 1
to Base 2). The =10% tolerance of
C1 and the variation in the stand-off
ratio of Q1 (0.68-0.82) are halanced
out using R19. Although the timing
resistors are *=5% tolerance, it can
be shown that the timing accuracy is
better than 2% (if the leakage cur-
rent in Cl is considered negligible).

Construction

The cabinet is a 63 x 3%¢ x
17 -inch bakelite utility case. A 117-
volt isolation transformer was not used

to make the unit compact. If the bake-
lite case is used and all circuitry is iso-
lated from the metal front panel, the
transformer is not required in the cir-
cuit.

The components were mounted
on a phenolic perforated board which
was fastened to the bottom of the
bakelite case using spacers (legs) to
allow clearance for the components
mounted on the bottom side of the
board. Rotary switches S2 and S3
were mounted on the front panel so
that the space left between them was
sufficient for the relay clearance. Fo-
CUS-TIME switch S6 is a “see-saw” (or
“rocker™) type which adds to the con-
venience and simplicity of operation.
The relay was selected because of its
low operating power (175 mw). The
contact rating of the relay will allow
it to switch an enlarger lamp of up to
100 watts (within the range of most
home enlargers).

If you wish to use the timer with
a higher-wattage lamp, use the unit to
switch another external high-contact-
current relay. Capacitor C1 is a tanta-
lum capacitor and no other type
should be used since a low-current-
leakage capacitor is required. The ac
common points on the schematic in
Fig. 1 should be joined together and
connected to the indicated side of the
power line: do notr ground this side
of the power line to the front panel.

Calibration and use

As with all electronic gear, the
power supply should be checked out
first before connecting the circuitry.
Leave the connection to relay pin 13
open until the voltage is checked.
Double check the power supply wiring
and then turn power on. The voltage
on the open lead should be +27 volts
dc.

Set potentiometer R19 to mid-

range and the FOCUS-TIME switch Sé
to TIME. Set the timer for S seconds
(S2 to 5 and S3 to 0. Start the timer
by momentarily pressing the START
switch S4. Adjust potentiometer R19
for a 5-second cycle. You will hear the
relay drop out at the end of the cycle.
Check the timing interval at 10, 15,
20, and 30 seconds and touch up the
adjustment of R19 if necessary. All
time intervals up to 30 seconds should
be accurate to 2% . Check the timing
at 40, 50, and 60 seconds. The accu-
racy should be from 2 to 5%. A 5%
error at these settings will not at all
be noticeable in the finished print.

If the error above 30 seconds is
large (which will be rare) it is because
Cl1 has exceptionally high current
leakage. If C1! is not completely de-
fective, the accuracy above 30 seconds
can still be improved. Since C1 is a
relatively high-cost item, the following
procedure should be followed rather
than to discard the capacitor. Set S3
to the shortest time at which the ac-
curacy is to be improved (say 50 sec-
onds) and S2 to 5 scconds. Replace
R15 with a 500K pot and adjust for an
accurate 55-second interval.

The potentiometer can be left in
as part of the circuit or the poten-
tiometer resistance can be measured
and a fixed resistor substituted. Repeat
the procedure for the next highest
time setting of S3 (60 seconds and
R16 in this example) after the select-
ed resistor is soldered into the circuit.
Leave S2 set to 5 seconds.

With switch S1 on and the Fo-
CUS-TIME switch S6 set to Focus. the
enlarger will be continuously on. Af-
ter selecting negatives and focusing
the enlarger, set S6 to TIME. The
lamp will be switched off and the
timing interval set by S2 and S3 can
then be initiated by pressing START
switch S4. R-E

Manual.

Islip, L.I.

by TOM HASKETT

TOOLS FOR ELECTRONICS

This issue, starting on the facing page, is the fourth part of our new series of articles on
tools for electronics. It winds up our description of screwdrivers. Next month we will con-
tinue the series with the first part of an article on wrenches and how to use them. We be-
lieve you will find all of this material a handy, practical addition to your R-E Reference

If you wish you can purchase a special hardcover binder to keep your Reference Manual
pages together. It has a dark blue fabric cover and is gold stamped Radio-Electronics Ref-
erence Manual. The cost is $1.00, postpaid. Order from N. Estrada, 17 Slate Lane, Central
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6HS8 noise-canceling
sync/agc stage
sync separator section

e e

CREEN SYMPTOMS AS GUIDES " WHERE o CHCK FIRST
SYMPTOM PIC DESCRIPTICN

VOLTAGE WAVEFORM PART

Weak picture,
sync okay

Whiteout,
sourd
remains

No sync, signs
of overload,
sound may buzz

Use this guide to help you find which key voltage or wave- Muake voltage or waveform checks as indicated for screen
form to cheek frrst. syniproms.

Study the screen and the action of the age and noise gate Use the Veltage Guide and Waveform Guide to analyze
controls. resulis.

Most helpful clues to the jault are jound at the key test For a quick check, test or substitute the parts listed as the
points indicated. most likely cause of the symptoms.

DECEMBER L1969
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THE CIRCUITS

This sync separator stage is popular, especially in
color sets. The tube has twin-pentode construction, with
elements common to both sides—cancelling noise for both
sync separation and agc. This issue of Kwik-FixT¥,
number 7, covers the sync separator section: the prior
issue, number 6, described the other half of the tube—
keyed automatic gain control.

Grids 1 and 2 and the cathode are common to both
sections. terminated in pins 7, 2 and 1, respectively. The
sync section has its own separate G3 and plate, pins 9 and
8 (pins 3 and 6 are plate and grid 3 for agc section). Grid
1 is the noise-canceling grid for both sections. Grid 2 is
the screen grid for both: constant positive voltage there
affects general conduction for the entire tube.

SIGNAL BEHAVIOR

Video-and-sync signal from video amplifier is ap-
plied through compensating network C6-R11-C7 to pin
9, which is separator grid. Sync pulses here are positive-
going. They exercise strong control over conduction in
this section of tube, when tube can conduct.

At same time, video signal with negative-going sync
is applied to noise-canceling grid at pin 7 through C2.
Bias is enough on grid-pin-7 that any signal of higher
amplitude than sync pulses (such as noise) drives tube
far into cutoff. No noise pulse can therefore be amplified,
even if it reaches grid-pin-9. because same noise impulse
(but opposite polarity) is cutting tube off at grid-pin-7.

Long time-constant of R12. load for grid-pin-9, lets
signal level determine bias for G3. Grid-leak action sets
bias voltage just above pedestal level of incoming sync-
and-video signal. Video can’t make tube conduct. nor can
blanking pedestal. Sync pulses can. though., Output is
sync signal minus video and blanking.

Any noise that appears above or between sync pulses
is canceled by opposite version at grid-pin-7. Noise there-
fore doesn’t appear in output, and can’t foul up sync.

Capacitor C4 decouples screen grid, using cathode-
bypass capacitor C5 as easy signal path to ground.

Horizontal sync and vertical sync both show up in
output of sync separator. Small-value capacitor (not

WF2 WF4

VARIES WITH WHITE
CONTENT OF VIDEO

shown) couples horizontal sync to horiozntal afc stage;
resistor and integrator network (not shown) couple ver-
tical sync to vertical oscillator.

DC DISTRIBUTION

Plate voltage for this section of 6HS8 comes from
250-volt line through R13. Screen voltage comes through
R10.

Bias between cathode and grid | of tube is set by
controls R7 and R8. Noise-gate control sets level of oper-
ation for G1. Control is set for dc voltage level just below
tips of incoming sync pulses, so pulses won’t quite over-
come dc voltage. Agc control R8 adjusts cathode voltage
—thus sets grid-cathode bias. R8 determines conduction
for the amplitude of signal applied to separator grid (pin
9): it has little or no direct effect on sync, except in way
age affects signals in rf and i-f stages.

Operating value of dc bias at grid 3 (pin 9) depends
on level of blanking pedestals. A stronger signal develops
more grid-leak bias across high-value R12. reducing
amplification of sync pulses as well as keeping bias above
pedestal level. A weaker video signal develops less grid-
leak bias: amplification is higher, and bias drops down
almost to pedestal level. Output is fairly constant-ampli-
tude sync pulse.

QUICK TROUBLESHOOTING

When this section is faulty. it may also upset agc
section. ALWAYS start troubleshooting by clamping i.f.
agc stage at whatever value lets video get through nor-
mally to video detector and video ampl. Don’t apply too
much clamp voltage. Just clip variable dc supply to i.f.
agc line and turn up voltage control until picture is visi-
ble. If it's out of sync, that’s okay. Leave agc and noise
gate sct at center of rotation.

With video on screen, even though out of sync. use
scope to check waveforms (see Waveforms as Guides).
Many troubles in this section leave no dc clues; wave-
form analysis is usually quickest. If waveforms seem
fairly normal, then check voltages with dc voltmeter.

Also see last Kwik-Fix™, number 6, which is com-
panion to this one showing agc side of the stage. R-E

1 D1 WeEe UER
Yiro fivnila wkEo vl

£T5V
140V :
% It i & ~ TO HORIZ
g ¢ AND VERT 0SC
5 RII cr \\\ .
.003 !
FROM 100K
VIDEO - - - m_.._i( SRR - 0 Q7O 30V gg?:)K
AMPL RIZ .
: 10 MEG
c2 -
FROM 120V
VIDEO - gll _L +
DET / CI4 E
VARIES W|T5H58\7/ :y[ IRSI’C()
SETTING,35- s
10uF
R7 150V
7.5 MEG \
\ =

NOTE: ALL VOLTAGE TAKEN WITH
b A

LOCAL StAtl

*WITHOUT SIGNAL
58

\ 250V
\VARIES WITH R8
SETTING | 35-50V

RADIO-ELECTRONICS
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DC VOLTAGE AS GUIDES

Voltage change to zero very low low slightly low | slightly high kigh
Cathode-pin-1 R10 open R7 open R10 high C7 open C2 open R8 cpen
Normal 40 V. Varies C5 shorted C2 leaky C4 leaky R10 apen
from 35 to 50 volts with C5 leaky C2 open
setting of R8. Develops
as result of average
plate conduction in tube.

Screen-pin-2 R10 open C4 shorted R10 high C4 leaky R6 open R7 open
Normal 120 V. Is applied C4 shorted C5 shorted C4 leaky C2 open R8 open
through R10 from 250- CS5 leaky C7 open R10 low
volt line. C2 leaky
Gl-pin-7 R6 open R6 high R10 high C2 open C4 leaky R8 open
Normal 38 V. Varies R7 open C2 leaky R10 iow
from 35 to 50 volts with R10 open C5 leaky

setting of R7. Comes

through R7 from 125-

volt line.

Plate-pin-8 R13 open! C2 leaky R13 open R12 shorted | R8open R13 shorted
Normal 140 V. Varies C7 shorted C7 open C5 leaky

with station signal rf C7 leaky C7 leaky

level. Comes from 250-

volt line through R13.

In some chassis, also

fed from lesser B-plus

source—not shown here.

G3-pin-9 R10 open C5 leaky R10 very high R6 open R7 open
Normal 10-20 V. R12 open C2 open C5 open R8 open
Voltage depends on C5 shorted C2 leaky C7 open R10 low
white content of video C5 leaky C7 leaky C4 leaky
signal applied by C6- C7 shorted
R11-C7. Developed by

gridleak action across

R10.

1|n sets without extra (not shown) B-plus connection

Use this guide to help you pinpoint the faulty part.

BE VERY SURE to clamp i.f. agc line as described in
text; all indications in this chart are under those conditions.

Measure each of the five key voltages with a vtvm.

DECEMBER 1969

For each, move across to the column that describer the
change you find.

Finally, notice which parts are repeated in the combination
of changes you find.

Test those parts individually for the fault described.

59
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WAVEFORMS AS GUIDES

WF2 Normal 0.6V p-p

Taken at G1-pin-7, noise-canceling grid, this is video-and-sync signal directly from video
detector. Sync pulses normally point negative. There is no compensating network at in-
put, just dc-blocking capacitor C1. Note trailing edge is sharp, rather than leading edge
as in WF4. This signal doesn’t affect operation of tube much unless there is noise accom-
panying signal. In that case, noise pulse blocks conduction momentarily to keep its own
counterpart from appearing in sync output (which is WF5, taken from plate-pin-8).

V p-p low V p-p high V p-p zero
R8 open C2 open
C4 leaky ‘
C5 open VoD

0.4V p-p 0.5V p-p
R10 open R12 shorted C7 shorted

0.4V p-p 2V p-p 2V p-p 0.6V p-p 0.6V p-p
C2 open C2 leaky C5 open C5 leaky C7 open

WF4 Normal 30 V p-p

Taken at G3-pin-9, this is high-amplitude signal containing video and positive-going
sync pulses. It has been amplified and inverted by video amplifier before being applied
to input network C6-R11-C7. Compensating network puts slope on trailing edge, leaving
leading edge fairly sharp. Sync pulses in this signal are ones that drive tube, developing
horizontal and vertical sync in output (taken from plate-pin-8).

V p-p low V p-p high V p-p zero
R12 sharted C2 open
C5 teaky :
SreEs 2.5V p-p 2V p-p 40V p-p
C2 leaky C7 open C7 shorted

HORIZ

WF5 Normal (H) 40 V p-p
(V) 75V p-p

This is output of sync separator section, taken from plate-pin-8. Scope sweep is set at
V or about 20 Hz to show vertical sync output; at usual 5-kHz sweep rate for horizontal.
Vertical-sync spikes are almost twice amplitude of horizontal pulses (which you can see
as shading between vertical pulses). Both horizontal and vertical sync pulses are neg-
ative-going, being inverted in amplifying/separating process. Note video has been
removed—that's important.

Top waveforms horizontal, bottom vertical. Vertical malfunction applies to horizontal
VERT waveforms. (see below)

V p-p high V p-p zero V p-p low m
R10 open C5 leaky | R13 opent j\| - Sl A
R12 open C2 leaky J A
R12 shorted C4 shorted
R13 shorted 2.8Vp-p 3Vp-p 40V p-p
C2 leaky
C4 leaky
C7 open .
thout ext
Bt noai oV p-p 20V p-p 18V pp 4V p-p 60V p-p
Eé‘c"t‘f;‘nf°”' R8 open R10 open C2 leaky C7 open C7 shorted
NOTES: With the direct probe of the scope, check the three key
Use this guide and the Voltages Guide to help you pin  waveforms. The scope should be set at H or about 5 kHz,
down fault possibilities. to show three cycles of waveform.

ALWAYS clamp the i.f. age line at whatever voltage lets  Note wnplitude. 1f it’s low or high, check parts under
video reach the TV screen, even if sync remains poor. Al those descriptions.
waveform sympioms in this chart are under those con- Note waveshape. If there’s a change from normal, check
ditions (see text). the parts indicated.
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by RAY CLIFTON
JIAVIMNG LEARNED THE #ASIC TIIEORY OF
MOSFET operation lasi month. you're
ready to huild simple circuils using some
of the low-cost devices available,

If you experimented with JEET’s, as
outlined in the previous article (June
196%, R-E3, vou should have an idea of
the parts vou'll nesd for brewdboarding o
circieit. You might check Tig, 1 for more
ideas on parts vilues, For eose of bread-
board experimenting, | recommenid a few
periorated boards with push-in terminals.

Another indispensable accessory is a
bins box, to furmish gate bias while you're
gsetting up # vircuic. Fiz X shows the
simple arrangement | used—iwo 9-volt
trunsistor-radio battories across o 1-meg-
ohm lingar-taper pol, with a switch to
save the halleries when nol in use.

You'll need a power supply capable
of 20 volts and akuout 10 mA; batteries
will do. To set up circuits dynamically,
vou will need an audio generator. A sin-
gle frequency between 400 and 2500 Hz
is all you necd. and output voltage can
be quite low—50 mV rms. If you built
the simple JFET audio oscillator shown
in the June article. it will do nicely.

You should have an oscilloscope to
observe waveforms. but it need have only
audio-frequency response. A high-imped-
ance electronic voltmeter {vacuum-tube
or transistor) is essential, and a milliam-
meter is nice. but not a necessity.

Tn the onrevious article. vou learned
how to design a microphone nreampli-
fier. This is iust as good a starting place
for MOSFET design. because it’s simple
and immediately useful. Assume a high-
impedance crystal or ceramic micro-
phone with an output of about 30 mV
rms. Stage Q1 of Fig. 1 is representative
of what you can do with a MOSFET.
and here’s how to design and build the
circuit. T used a 40467, but the MPF157,
MPF158. 40468 and 40559 would also
be good choices.

Because of the high gate impedance
of the MOSFET, it's wise to use 2.2
megohms for gate resistor R1. Since the
circuit will be entirelv MOSFET. assume
roughly the same value of gate resistor
for the following stage. To provide good
low-frequency response with such high
gate resistance. coupling capacitors C1
and C2 should be 0.1 gF. Using .05 or
even .01, however. won’t cause notice-
able loss of low frequencies. Tf you want
only speech-quality response. use .005 yF.

Drain-load resistor R2 is 100k be-
cause that’s a good compromise between
maximum voltage gain (A.} and distor-
tion. In a preamp stage you want lots of
gain, and the input voltase swing is
small, so 100k is about right.

The 40467 operates best with some
reverse gate bias. You want to bias the
source positive with respect to ground
(so the gate is negative with respect to
the source) This bias is developed across
R3.

Previously you learned that MOS-
FET’s must be handled carefully to avoid

DECEMBER 1969

permancnily  destroying the insulated
sate, Some authoritics recommend using
soldering iroms ruther than zuns. You
must ground the iron tip and use heat-
sink pliers on the MOSFET leads when
soldering them in the circuit. But a much
simpler method is to use transistor sock-
ets, Push the socket leads through the

MOSFET

Part 2—Circuits you can build and use

holes in a perforated board and solder
the circuit components to the terminals.
Be sure the gate. source and substrate
terminals each have a dc return to chas-
sis, and ground the chassis. When you
haye the components in place (soldered
or clip-leaded) you are ready to install
the MOSFET in the socket. Be sure no
hot wires are near the circuit. and ground
the chassis or common bus to bench
ground (ideally. the earth). Then ground
yourself. T work at a bench with a
grounded metal molding around the
edge. When T rest my forearms on the
front of the bench. I am grounded
through the molding. You might also try
a metal sheet. and rest your elbows upon
1t.

If your arms are grounded. you can
handle a MOSFET with impunity. Pull
off the shorting ring. spread the leads
with long-nose pliers. and insert the de-
vice in the socket. If it doesn’t go in
easily. don't push heavily on the can—
youw'll only bend the leads and have to
straighten them out. Use your pliers to
ease each lead in. one by one. Once the
MOSFET is in the socket, never allow
the gate terminal to float. Tt must always
have a dc return path to ground. or it
may build up a static voltage which will
destroy it.

Once the device is in the socket,
don’t remove it., except to reolace it. If
you have to solder or unsolder a com-
ponent wired to the socket. hang heat-
sink pliers on the MOSFET lead itself
(not the socket terminal). Then clip-lead
the pliers to chassis ground. Don’t heat
the terminal any more than necessary.
If you use a soldering gun (as T do) keep
the tip and the tip loop awav from the
MOSFET.

Setting bias dynamically
The value of R3 can be determined
experimentally. Connect a resistor of
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Applications: Types A, B, and C FET's

In general, all type-A FET's are
junctions, and all Types B and C are
MOS.

Type-A FET's are preferrzd in the
following applications:

1. As a dc amplifier, the JFET is
more stable than the MOSFET.

2. As a low-noise, low-frequency
amplifier.

3. As a differential amplfier.

4. As a low-drift single-ended
amplifier.

Types B and C FET's are pre-
ferred in the following apdlications:

1. Where very high input imped-
ance is required, as in a picoammeter
or electrometer. The MOSFET has the
lowest input current of any amplifying
device.

2. As a low-noise hf, ¥hf and uhf
amplifier.

3. As a vhf amplifier and con-
verter, the MOSFET has :he lowest
cross-modulation of any amplifier de-
vice.

4. As a variable resistor or volt-
age-controlled attenuator, the MOSFET
has the greatest control-to-signal isola-
tion of any device.

5. Anywhere a device is needed
which can withstand positive and nega-
tive input voltage swings without
decreasing input impedance or draw-
ing input current. The MOSFET can
operate with reverse, zero or forward
bias.

6. As an analog or digitzl switch,
the MOSFET requires no ofiset voltage,
has low on resistance, high aoff resist-
ance, low capacitance and high
switching speed.

7. As an extremely sensitive prox-
imity detector. MOSFET's have ex-
tremely low input capacitance (1 to
10 pF).
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Fig. 1—MOSFET microphone preamp has agc circuit to compress signal range.
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Fig. 2—Bias box for use with MOSFET's.

1000-2000 ohms in series with the bias
box. If you have a milliammeter, put it
in series with the box. Clip a high-imped-
ance voltmeter from the source terminal
to ground. to measure bias voltage.
Tie the power supply to R2 as
shown in Fig. 1, hang a scope and a
monitor amplifier across the stage output
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(through C2), and feed about 30 mV
rms into Cl (400 to 2000 Hz. approx-
imately). Turn on the power supply and
vary the bias-box setting carefully until
you see a sine wave coming out of the
stage. Yow'll find a range of bias voltages
which produce a sine wave; choose a
voltage that gives you maximum gain
with minimum distortion. Try to get in
the middle of the useful range, as this
gives the circuit the most leeway against
temperature and supply-voltage varia-
tions. Figure the value of source-bias re-
sistor R3 from the current and voltage
you read. If you haven’t a milliammeter,
compute current through your temporary
R3. I found 8200 ohms necessary to bias
the 40467 T used. but because of param-
eter spread from device to device, you
may have to use another value. Ordinar-
ily the nearest 10% resistor value will
do—unless you are right in the middle
between two values. In that case, use a
5% value.

Adding agc

One thing about the MOSFET—
because the gate is insulated from the
channel, there's nearly perfect input—out-
put isolation. A dual-gate MOSFET is
therefore a natural choice for an agc
amplifier. Audio agc ampolifiers are
plagued by thump—the sound of the dc
control signal. which gets into the audio
path. A MOSFET can’t thump. because
the gate’s insulated from the drain-source
channel. Adding automatic gain control
to the mike preamp is useful because you
don’t have to ride gain while making a
tape recording. for instance. It has the
same advantage in PA work.

The MEMS554C dual-gate MOSFET
makes a good agc-controlled stage: one
gate accepts the audio signal. and the
other the dc control signal. Gate 1 works
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best with reverse bias, while gate 2 can
operate with reverse or forward bias.
Thus it’s best to reverse bias the stage.
Fig. |1 shows the circuit. Since input stage
QI puts out about 1 volt rms, you must
use a pot between Q1 and Q4. A standard
value is 1 megohm, which will work in
the circuit. Slightly less gate-input load-
ing is obtainable with a S-megohm pot.
Either should be audio taper, of course.

You can again use a 100k load re-
sistor, and temporarily ground gate 2
through a parallel combination of a 4.7-
megohm resistor and any capacitor from
.001 to 0.1 pF. Set up the stage as before,
using about 30-45 mV rms into gate 1.
Find the value of source resistor R7 and
install it.

You can omit stage Q3 is you're
willing to use a high-impedance preamp
output. for that stage is simply a source
follower to furnish a low-impedance out-
put. The 3N143 T used has a fairly high
I,«s rating. and thus will work well with
a fairly low load resistance. T chose 10k
for R10. To set up this source follower.
insert about 1k as a temporary R9
source-bias resistor. again placing the
bias box and milliammeter in series with
it. Don’t forget source-bypass capacitor
C6: without it the stage gain will be
quite low. Determine the exact value of
bias needed to produce maximum undis-
torted output, compute the resistor, and
put it in the circuit. I found about 2700
ohms about right (2820 was my calcula-
ted value).

DC feedback network

To demonstrate how controlled-
stage Q2 works. tie your bias box to gate
2 of the MEMS554C. Caution: Use a
clip lead and ground the gate 2 terminal
before you unhook R5 from ground.
Then connect the bias-box negative ter-
minal to R5 and the positive terminal to
ground. Remove the temnorary bypass
capacitor from gate 2, set the bias to —5
volts. unshort the gate, and fire up the
power supply. You'll see that varying the
bias on gate 2 affects the gain of Q2. The
more negative the bias. the less the gain.

Now turn off the power. short the
gate 2 terminal to ground again, and
reverse the bias box: connect the positive
terminal to R5 and the negative terminal
to ground. Unshort the gate and turn on
the power supply. By varying the bias.
you will see that positive gate 2 voltage
increases the gain of Q2. You are en-
hancing the channel of the MEMS554C,

I found using enhancement voltage
on gate 2 a more effective means of gain
control than using negative voltage. (It
also produces more gain.) Here's how
the dc feedback network shown in Fig. 1
works: R11 and RI12 form a voltage
divider from the supply to ground, and
the arm of threshold control R12 can
be set from 0 to -4 volts. R13 is an
isolating resistor between D1 and the
bias source. The positive voltage from
the arm of R12 reverse-biases D1. Re-
sistor RS isolates the gate from the rest
of the circuit, preserving its high imped-
ance value.

Audio signals through the preamp
are coupled through C8 to the cathode_
of D1, which conducts, adding a nega-
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tive dc voltage to gate 2 of Q2. In other
words, audio through C8 causes the bias
on gate 2 to be less positive, which de-
creases stage gain. If the audio signals
increase, so does the negative dc pro-
duced by DI, which reduces the gain of
Q2 still more.

Of course, you can't use a constant-
amplitude sine-wave oscillator to check
out an agc stage. You'll have to use a
varying-amplitude signal. Best is a live
microphone or a tupe recording of un-
compressed speech. You can use a com-
mercial disc or tape recording or the
signal from a receiver, but they'll contain
some compression and/or limiting,
which will tend to smooth out their
amplitude variations.

Whatever source you use, couple it
to the input and set the level carefully,
to avoid overdriving input stage Q1. Tie
a high-impedance voltmeter to the point
between D1 and RS to monitor gate bias
on gatc 2. Use the scope on the output
to monitor the waveform and check
audio output level. Vary the setting of
R12 until you get the compression you
want.

Resistor R14 and C9 set the time
constant of the control line. which is
about 1 sec. This provides for rather
slow overall gain control, which is what
an agc or compressor amplifier should
have. If you want a faster time constant,
simply change the values of C9 and R14,
Use the formula T = RC, where T is
time in seconds. R is resistance in meg-
ohms and C is capacitance value in micro-
farads.

Voltage-variable attenuator

The input—output isolation of the
MOSFET makes it ideal as a noiseless
attenuator, which has no coupling be-
tween the controlling and the controlled
circuits. As you saw last month, the
ohmic region of a MOSFET transfer
curve shows a rapid change in I,, with a
variation in V... In this region of the
curve, channel resistance changes abrupt-
ly from a few hundred ohms to several
megohms. In other words, by applying a
variable dc voltage to the gate, you can
control drain-source resistance.

Fig. 3 shows the circuit of a simple
shunt MOSFET attenuator in gate cir-
cuit of a JFET common-source stage.
The amplifier is conventional and follows
the principles outlined in the previous
article.

Attenuator Q1 should be used at a
point with no less than about 150 mV
rms; otherwise. series resistor R1 will
degrade signal-to-noise ratio. Mount Q1’s
socket with the drain terminal as close
as possible to the gate terminal of the
following stage (Q2, in this case). If
you don’t do this, you mav get undesired
stray pickup at the amplifier gate. Like-
wise, mount R2 close to Ql’s gate ter-
minal. so that it properly does its job of
isolating the gate and preserving its high
impedance.

A simple way of providing the re-
quired dc control voltage for the gate of
Q1 is to use batteries. You can then
realize the great advantage of this circuit.
You can put the pot and batteries at
almost any distance from the amplifier,
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Fig. 3—MOSFET voltage-variable attenuator for use as a remote volume control.

with no detriment to amplifier gain or
frequency response.

An alternate method, however, is
what I chose for my breadboard circuits;
I put a voltage divider across the supply.
This method is perhaps even simpler,
because you need only a pot and three-
wire line at the remote location. Here’s
how to determine the values of the
divider resistors.

Since you have no way of knowing
the location of the ohmic region of the
transfer curve on the particular MOS-
FET you use (due to parameter spread)
you must determine it dynamically. (I
used a 40559 MOSFET, but almost any
n-channel Type-B device could be used.)
Connect QI., R1 and R2 in the circuit.
Then connect R8, a 1000-ohm linear pot,
across a S-volt source. Tie the arm of
R8 to R2.

Bias the MOSFET gate to —5 volts
and feed a sine wave through the circuit.
Use a scope to monitor the output so
you can see the change in gain. Hang a
voltmeter (any impedance) from the
arm of R8 to chassis. Vary the setting
of R8 and watch the scope. Record the
voltmeter reading at the point just past
where the sine wave is completely unat-
tenuated (maximum gain). Then do the
same for the maximum attenuation point.
In my case, these two readings were
—2.0 and —2.6 volts.

Since you are using a 1000-ohm pot.
and you want a variation of 0.6 volt
across it, Ohm’s law calls for 0.6 mA to
flow through the divider. Now you know
the current value, and the drain supply
for Q2 must be 20 volts, so RS must be
33k. Resistor R8 must vary the bias from
—2.0 to —2.6 volts, so you need a 2-volt
drop between ground and the pot. By
Ohm’s law, this is 3300 ohms. T tried
this value and found a range of —2.3 to
—3.0 volts across R8. Then T tried 2700
ohms for the dropper and found a range
of —1.7 to —2.4 volts. Probably my re-
sistors were off just enough to spread the
ranges. At least T had bracketed the
range 1 wanted. T then used a 2700-ohm
and a 270-ohm (10%) in series (R6 and
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Rear view of attenuator breadhoard.

R7), and got a range of —1.9 to —2.6
volts, which worked out just fine. Attenu-
ation is spread across the entire range of
the pot.

To preserve isolation between the
dc control circuit and the audi> signal
path, be sure to use two filter capecitors,
C4 and CS5. instead of a single ome across
the supply. Note that the supply floats
across the chassis. At the licht load of
1 mA, a 212.5-volt battery (NEI*A 215)
would work just fine.

455-kHz generator

This device is simple and has but
one purpose—to furnish unmadulated
output of 455 kHz for AM receiver if.
alignment. (You don’t need modulation
because your readout indicator skould be
a voltmeter across the receiver avc line.
And you don’t need other frequencies;
align the front end on BC stations.)

(continued on page 68)
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One of our students
wrote this ad!

Harry Remmert decided he
needed more electronics
training to get ahead. He
carefully ““shopped around’’

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

By Harry Remmert

AFTER SEVEN YEARS in my present position, I was made
painfully aware of the fact that I had gotten just about
all the on-the-job training available. When I asked my
supervisor for an increase in pay, he said, “In what way
are you a more valuable employee now than when you
received your last raise?” Fortunately, I did receive the
raise that time, but I realized that my pay was approach-
ing the maximum for a person with my limited training.
Education was the obvious answer, but I had enrolled
in three different night school courses over the years and
had not completed any of them. I'd be tired, or want to
do something else on class night, and would miss so many
classes that I'd fall behind, lose interest, and drop out.

The Advantages of Home Study

Therefore, it was easy to decide that home study was the
answer for someone like me, who doesn’t want to be tied
down. With home study there is no schedule. I am the
boss, and I set the pace. There is no cramming for exams
because I decide when I am ready, and only then do I
take the exam. I never miss a point in the lecture because
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Harry Remmert on the job. An Electronics Technician with a promising
future, he tells his own story on these pages.

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

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

FCC License Warranty Important

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

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

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

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

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

From the foregoing, you can see I did not sclect CIE
in any haphazard fashion. I knew what I was looking for,
and only CIE had all the things 1 wanted.

Two Pay Raises in Less Than a Year

Only cleven months after I enrolled with CIE, I passed
the FCC exams for First Class Radiotelephone License
with Radar Endorsement. I had a pay increase cven be-
fore I got my licensc and anothier only ten months later.
I'm getting to be known as a thcory man around work,
instcad of one of the screwdriver mechanics.

These are the tangible results. But just as important are
the things I've learned. I am smarter now than 1 had ever
thought I would be. It feels good to know that I know
what I know now. Schematics that used to confuse me
completely are now casy for me to read and interprct.
Yes, it is nice to be smarter, and that’s probably the most
satisfying result of my CIE experience.

Praise for Student Service

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

And finally, there is Mr. Tom Duffy, my instructor. I
don’t believe I've ever had the individual attention in any
classroom that I've received from Mr. Duffy. He is clear,
authoritative, and spared no time or eflort to answer my
every question. In Mr. Dufly, I’ve rcceived cverything 1
could have expected from a full-time private tutor.

I'm very, very satisfied with the whole CIE cxperience,

ENROLL UNDER NEW G.I. BILL

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

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

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

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

Send for Complete Information—FREE

Many men who arc advancing their Electronics career
started by reading our famous book, “How To Succeed
In Electronics.” It tells of the many eclectronics careers
open to men with the proper training. And it tells which
courses of study best preparc you for the work you want.

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

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

coupon below.
@

CI Cleveland Institute

of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

Accredited Member National Home Study Council ® AlLeaderin Electronics Training...Since 1934 f

Circle 31 on reader service card
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I Cleveland Institute of Electronics |
1776 East 17th Street, Cleveland, Ohio 42114
|
| Please send me without cost or obligation: |
| 1. Your 44-page book '‘How To Succeed In Eiec. |
tronics’’ describing the job opportunities i1
CD EGE : Electronics todayl’i and how your courses cal |
- prepare me for them.
I'I' | 2. Your book on ‘““How To Get A Commerciak FCC '
LEVEL | Geense.” !
| I 'am especially interested in: I
COURSE IN | (J electronics (J Etectronic I
ELECTRONICS | recmoowr  _commmiations
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perience in Electron- | FCC License Engineering. I
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MOSFETS
(continued from page 63)
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Fig. 4—MOSFET 455-kHz generator is variation of tuned-plate, tuned-grid oscillator.

Rear view of 455-kHz generator board.

I didnt use a crystal because it’s
expensive and unnecessary. You can
zero-beat the second harmonic of this
generator with a BC station on 910 kHz
and end up very close to 455.

Winding a coil and juggling L and
C values can be a tiresome job. Besides,
hundreds of 455-kHz if. transformers
are thrown away with old vacuum-tube
radios every week. Such hi-Z cans match
FET’s nicely.

Fig. 4 shows the circuit T used. It’s
a variation of the tuned-plate. tuned-grid
oscillator. In the classic TPTG. the two
tank circuits aren’t coupled; here they
are, but this only provides more feedback.

If you must buy an i.f. can. find out
how it’s supposed to be connected.* If
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you cannibalize an old fire-bottle chassis,
note how the can was wired in. You
want to tie the plate winding to the drain
circuit of Q1. Then you want to tie the
grid winding to the gate circuit of QI.
One big difference between the original
i.f. hookup and this one: Reverse con-
nections from one winding, so the gate
circuit gets positive feedback.

The MOSFET makes an excellent
oscillator. Its high impedance means you
can use vacuum-tube circuits with little
or no change. The small mass of the
MOSFET allows it to warm up fast. Its
thermal and frequency stability is very
good. I used a 3N128, but the 3N143
and 3N152 will also work well.

Resistor R1 and C1 decouple Ql
from Q2 and the power supply. (None
of the capacitor values here are critical;
I used .05’s because they have an X, of
7 ohms at 455 kHz and I had some discs
of that value. Don't use tubulars; they
have more L than discs.)

Start with about 1k for R3 until you
get the oscillator going. Then hang a
scope across a l-meg load resistor in
place of R4 and R5. Adjust the value of
R3 for the purest sine wave and highest
output you can get. You'll have to com-
promise, but remember you only want a
little second harmonic (910 kHz) and
no higher orders in the output.

As the diagram shows. I got about
11.3 volts rms out of the oscillator. Tf
you use this much rf you'll overload an
i.f. strip. Besides, you can't couple the
oscillator to the i.f. strip without detun-
ing it. What you need is an isolation
amplifier.

Almost any JFET or MOSFET
could be used as Q2, which is merely a
buffer stage. I chose the MPF102 because
it has a high y,, rating. Also suitable are
the 2N5163, MPF105. 2N3819 and TIS-
*Any of these will work: Lafayette 32 T 0946,

Meissner 16-6758, Miller 12-C1 or Vidaire 119-
67-09.
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34 low-cost, MOSFET devices.

The 11.3 volts of rms from Q1 will
overdrive Q2, so you'll need a divider
in the gate circuit. Use a 1-meg pot
temporarily. Strap in the values shown
for R6 and R7, and don’t forget C4 and
R8 as a load. Then juggle the values of
drain load R7. source load (and bias)
R6, and the setting of the gate pot. You
may not get a perfect sine-wave output
from Q2, but try for the least distortion
with fairly high output: 100-200 mV
rms are all you really need for i.f. align-
ment purposes.

When you tie down the variables,
install fixed resistors. Unhook the
temporary gate pot and measure the arm-
to-end resistances on an ohmmeter. Then
select the nearest 10% values, making
the total of R4 and RS approximately
1 megohm. If RS is less than 470k, use
a larger R; of 2 megohms. (You want to
keep the gate of Q2 at a fairly high
impedance.)

Don’t bypass R7 in Q2’s drain cir-
cuit; it provides degeneration which
keeps the output linear. And don't take
output from the drain circuit. The
source-coupled output isolates the load
from the oscillator more effectively.

The step attenuator gives approxi-
mately 10:1 decade attenuation. The fine
attenuator lets you adjust for any value
in between.

Be sure you build this generator in a
metal box, but leave two holes for the
transformer slugs, so you can zero-beat
the oscillator every now and then.

General notes

The above procedures and circuits
are, of course, merely an introduction
to MOSFET circuits. For better perfor-
mance and more complex circuits, obtain
manufacturers’ literature and study de-
vice characteristics more closely.

More advanced circuits using MOS-
FET's include vhf oscillators, rf ampli-
fiers and mixers. where the device
performs excellently due to its low noise
figure and minimum cross-modulation.
Because of its extremely high input
impedance, the MOSFET also does an
excellent job in a picoammeter circuit. It
is additionally good as an rf switch,
pulse generator and Wien-bridge oscil-
lator.

Already FET's are being modified
for even more sophisticated circuits. A
few photoFET’s are available which
generate current when exposed to light.
And MOSFET’s are being fabricated in
the inputs of IC’s. where their high input
impedance is of specinl value.

Tt lTooks like you'll be seeing a lot
of FET’s in the years to come. R-E
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TECHNOLOGICAL PROGRESS COUPLED
with automation continues to elimi-
nate unskilled jobs while creating an
unprecedented demand for pecople
with the background to design, test and
service complex new equipment.
Today’s $20 billion electronic in-
dustry is expected to double in dollar
volume in the next 10 years. How can
you become a part of this growth?

Electronic aptitude

You might save a great deal of
time and money pursuing a career
field to which your abilities are not
suited by first asking yourself, “Do I
have the aptitude for a career in clec-
tronics?”

Each year, for example, a large
pcrcentage of the first year class
at technical and engineering schools
“drop out.” Many of them have an in-
terest in clectronics, but quickly find
this motivation is not enough to over-
come a lack of needed technical and
mathematical aptitudes.

You might avoid disappointment
and ncedless expense by first arranging
to take a battery of aptitude tests
through high school guidance counsel-
ors, state employment agencies or the
psychology department at a local col-
lege. Many schools give preliminary
aptitude tests to applicants.

Training and education

Once you've set your sights on a
career in electronics. there are many
paths to vour goal. First, the demand
for personnel in the electronics indus-
try is so great today, that firms have
established on-the-job training pro-
grams and hire trainees without prior
experience. Job training is coupled
with classes in electronics, and tuition
refunds are offered to permit further
study through correspondence courses
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or at night school.

What about self study? Book-
stores can provide study material
covering basic electronics, but this
approach demands considerable self
discipline and motivation. Due to the
diversity and growing complexity of
the field, it's becoming more and more
difficult to organize a worthwhile self-
study program. Employers prefer some
evidence of formal study—a degree or
certificatc.

Military training not only offers
a means of obtaining clectronic skills
but can be a rewarding carcer in it-
self. Increasingly, the armed forces are
recognizing the importance of carcer-
oriented personnel and are rewarding
them accordingly. Many civilian elec-
tronics technicians and engineers be-
gan their careers in military electron-
ics, furthering their education later
under the GI Bill.

Two-year technical schools offer
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excellent training. Proprietary or pri-
vate schools, the best of which require
high school graduation for admission,
stress theory and equipment training.
Many have night school and corre-
spondence programs. A growing trend
in technical cducation is the commu-
nity college or public institute. These
two-year schools offer Associate of
Applied Science degrees, and program
humanities courses that private tech-
nology schools usually do not irclude.

Correspondence courses have the
advantage of letting you set your own
study pace. Study material is prepared
by experts and you receive profession-
al guidance through the mail. Most of
the larger schools offcr sequences in
several areas, such as radio/ TV, com-
puters, industrial electronics, cammu-
nications, etc.

A B.S. degree in electrical engi-
neering is generally required to be-
come an electronics engineer, althcugh

Photo courtesy Martin Marietta
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there are other means: Federal and
state civil service boards set training
and educational requirements for pro-
fessional engincer ratings. as does the
1IEEE. Some companies assign engi-
neering titles to ecmployees without
B.S. degrees. (Salaries. however, do
not necessarily correspond to titles,
and skilled technicians sometimes carn
more than engineers.)

Industria! electronics

Industry is desparate for trained
men at all levels. from engineers on
down. Work in industrial electronics
is widely diversified. depending on the
field you choose, and the arcas in
which you are interested. You’'ll find
onenings for production and produc-
tion control pecople, where the concen-
tration is one of selecting areas of
mass production suitable for automa-
tion. and the design and implemen-
tation of this automated equipment.
Where automation is not feasible. stud-
ies arc made to break the work down
in stages that can be most casily han-
dled by a given group of workers.

The quality control group con-
centrates its efforts in sceing that the
company product is up to required
standards and specifications. This is
done by a series of tests on the product
with sophisticated test equipment. The
Q/C operators must be thoroughly
familiar with the use of meters. oscillo-
scopes, and related equipment.

Maintenance men keep the exotic
test equipment used in the lab and
shop in peak working condition. They
sece to it that laboratory standard
equipment is well-calibrated by peri-
odic checks, and remove equipment to
the maintenance shop on a routine ba-
sis, for clean-up and test. No product
is ever more accurate than the equip-
ment used to test and align it. so the
laboratory maintenance crew does a
critical and important task.

But probably the most interesting
work goes on in the research and de-
velopment lab. Here. the prototype
equipment is built, that starts with a
basic idea. and comes out completed
and packaged. Here an engineer works
up his diagrams. and turns them over
to a lab technician. Consulting with
the cnginecer. they come up with a
breadboard model for preliminary
testing. Then a finished unit is assem-
bled.

Along with all of this, the indus-
trial field offers such other tasks as
writing technical manuals, preparing
blueprints and drawings, and even
technical electronic photography, =2
field in itself!

Career in communications
Today, more than ever before,
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communications is coming into its own
in a big way. What with transaltantic
signals being bounced off echo satel-
lites. with space pioneers depending
on communications with the ground,
technology is becoming more and
more crucial every day. Without com-
munications nothing can move, wheth-
er it’s a business radio installation in a
fleet of oil trucks to an elaborate in-
tercontinental radio telephone system.
This equipment must be manufac-
tured. installed. and maintained.

Communications goes even furth-
er. A part of this vast complex includes
ship-to-shore radio phones. and a vast
array of accessory equipment for ships
of all sizes. including radar systcms,
depth sounders, and a complex net-
work of radio navigational equipment
both on ship and ashore.

Closely related to this are the
necessary communications and acces-
sory cquipment used by the air ser-
vices. These include multi-frequency
transceivers, coupled with Omnirange
transponders. The omni system brack-
ets the nation, with stations spread
overland to form a network of high-
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ways in the sky. Along with these. one
finds the distance-measuring equip-
ment, weather radar, auto pilot
systems, radio altimeters. and other
clectronic devices necessary to as<ure
the safe completion of every flight.
You also find an elaborate complex
of communications equipment on the
ground as well, with most major facili-
ties offering radar and control trans-
ceivers, and even the smallest airports
equipped with Unicom transceivers to
provide pilots with landing informa-
tion.

Career in broadcasting

The appeal in broadcasting is usu-
ally one that permits you to rub shoul-
ders with celebrities. 1f you plan to
break into this highly competitive field.
you will probably start, as most of
those who are successful in this field
did. at a small radio station out in the
hinterlunds. In a small station, you do
double-duty. Your day might begin at
five in the morning. when you turn on
the transmitter, and sleepily make the
morning identification. You might then
read the early news. and run a DI
show for a while. But to do these
things. you must have an FCC license!

Many of today’s top disc jockeys
still proudly retain their second-class
commercial tickets!

In television, you can go into
audio work. camera work. and even
make it in the control room.

Career in servicing

Do you like dealing with the pub-
lic? Do you enjoy meeting people?
Perhaps a career in radio and televi-
sion repair is your dish.

The basic philosophy here is that
a set worked once, then something
went wrong, and it stopped. Fix what
went wrong. and the set will work
again until something else goes wrong.
The radio/TV service technician
knows how to find what's wrong quick-
ly and correct the trouble.

In the larger repair facilities. two
types of technicians are employed. The
“outside’ man is skilled in dealing with
people, and making minor. emergency
repairs. He can do the small alignment
jobs, install antennas. change tubes.
But when he runs into a set with really
tough problems that require some
fancy test equipment or a major re-
pair, he takes the set into the shop for
the ‘“bench” man to work on.

T