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Automa;ically, ‘round the clock, when hazardous
smoke fumes threaten, it sounds a life-saving

Your sure-fire
Intermittent blast—so loud it can break through
S oke det the deepest sleep.
ll. e( :' ‘ 'r The Mallory Smoke Detector Alarm is completely
° self-c'o'ntalned, battery-powered. It installs-easil)'/
ls el.e tlle on ceﬂmgs—in hallways, bedrooms, wherever
000 warning for escape from lethal combustion
products (visible or invisible) is needed.
ory SDA3 Anq the 12.6-volt Mallory battery is specially
designed for added security. It changes
) characteristics after a life of approximately one
o year andlthe Alarm then emits a burst of sound
at one-minute intervals, signaling that a fresh
battery is needed.
All for a price so affordable, every home,
apartment, trailer, office can have sure-fire smoke-
alarm protection.

For details, see your Mallory distributor.

The SDA3 Alarm is compact,
unobtrusive—only 6" x 194¢".
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MALLORY ad:vxsionorP.R.MALLoRYSg'L]Si’]SUTOR PRODUCTS COMPANY

Box 1284, Indianapolis, Indiana 462086; Telephone: 317-856-3731

Batteries « Capacitors « Controls « Securil
. Y Products « DURATAPE® « Resistors « Semiconductors SONALERT i imi
. ® « Switches « Timin i
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iS5 PROUD TU ANNGUNCE:
= THE CT-402L TERNINAL SYSTEN

* DISPLAYS UP TO 16 LINES {(of 32 Characters) AT ONE TIME.

* 1,024 Character — Two Page Memory Capacity — STANDARD.
* Plug-In Circuits to adapt the terminal to any requirement at lowest possible cost.
* Requires +5 Volts DC @ 2.5 Amps, -5 and -12 Volts @ 20 Ma.

* Use with any TV set

* Up to date, low power consumption STATIC type MOS Memory.

* No complicated refresh or power-down circuits needed.

At last we can tell you about the most versatile, video-
display terminal kit available anywhere; the Southwest
Technical CT-1024. Our terminal is designed around a basic
mother board and a 6,144 bit memory that will display
two pages of data on any standard television set, or moni-
tor. The two pages consist of 16 lines with 32 characters on
each line. Input may be any source of parallel ASCII code;
keyboard, computer, etc. If the system is to be used for a
display, teaching aid, deaf communicator, or other similar
purpose; this is all you will need.

Other applications of a terminal system such as remote time
share, RTTY, etc require an interface having a serial output.

For these applications you add our# CT-S plug-in UART
card to the mother board. This allows you to transmit and

receive ACSCIl coded data in serial form at a rate of 110
baud. (300 and 600 baud options are available). The
standard RS-232 type interface connects directly to your
transmitter FSK modulator, modem system, or what have
you.

If you are going to use the CT-1024 directly with a com-
puter 1/0O port that requires a parallel ACSCII input, then
you will want our parallel interface card, #CT-P which

allows either the keyboard, or the computer to access the
terminals memory and display data on the screen.

For those applications where it is useful, we also have an

“off line edit’’, or ‘‘screen read’’ plug-in circuit #CT-E.
This allows you to compose a program, or message on the

terminals display screen and transmit it out a line at a time
when you are finished and satisfied that everything is cor-
rect.

If you would like the convenience of complete cursor con-
trol, we have our # CT-CM plug-in board. This gives you
Move Right, Move Left, Move Up, Move Down, Home Up,
Erase to end of line and Erase to end of frame functions.
These are operated by keyswitches, or any other type
switches you may wish to use, giving you complete manual
control of the cursor.

If the terminal is to be part of a computer system, you
might prefer our automatic cursor control circuit # CT-CA.
This plug-in not only allows you to control the cursor and
to perform the functions listed above, but makes possible
computer control of these same functions through the
machines software.

# CT-1024 Terminal System Kit with 1024 Memory Card—less cabinet or power supply . . . ... ... $175.00 PPd
# CT-EScreen Read Plug-inCard Kit. . ... .. ... ... ... .. .. ... ... ... ... ... $ 1750 PPd
# CT-M Manual Cursor Control Plug-in Card Kit . . . . .. ... .. ... .. $ 11.50 PPd
# CT-P Power Supply for CT-1024—115-230 Volt Primaries, . . . ... . ... ... ............. $ 15.50 PPd
# KBD-2 Keyboard Kit — 53 Keys . . . . . e e e e e e $ 39.95 PPd

FREE--1975 Catalog—Circle our number on the “Bingo’” card.

SoUTHWEST TEcHNIcCAL Probucts CORPORATION

219 W. RHAPSODY

SAN ANTONIO, TEXAS 78216
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Now there'’s a CB radio
with too much talk power.

Put punch in your voice, from a block  Extra large Power S Meter let's you
away to the fringes of your range.  monitor your set's performance
New Dyna-Mike gain contiol puts out  easily even when it's tucked under

absolute modulation. So much talk  the dashboard.

power you'll have to turn it down. A4 you get switchable automatic

An important feature, but only  noise limiter, P.A./external speaker
one that makes this fantastically low-  jack, large built-in speaker and
priced CB radio the best CB value detachable mike.
ontoday's market. |t's all wrapped up in a beautiful,
The Cobra 21 with crystal filter, compact cabinet only 6" wide x 2)4"
dual conversion receiver; transmits  wide x 72" deep. Meets FCC
and receives on all 23 AM channels. requirements.
Features 60 dB adjacent channel  Ask your CB Dealer for the Cobra 21
rejection that completely  The radio with too much talk power
eliminates bleedover.  for not much money.

‘ COBRA ]

WITH-EXCLUSIVE DYNA-MIKE

Product of DYNASCAN.CORPORATION « 1801 W. Belle Plaine « Chicago, lllinois 60613
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Editorial

IT'S A TOUGH WORLD OUT THERE

An electronics editor sometimes gets spoiled. Parts are almost
always available, delivery is generally speedy, etc. However, to
corroborate some reader reports that it isn't as easy as it once was to
be an electronics hobbyist, | set out to build some projects without
my protective cloak. Here are some of my experiences.

Failing to find a particular $3 component locally—retail electronics
stores didn’t stock it and industrial distributors wouldn't sell me just
one—I| found an industrial mail-order supplier that carried it.
However, since | didn't meet a minimum purchase requirement, | had
to pay a 50% premium ($1.50 handling charge) on the part, plus
postage. | also used mail order for a single 750k-ohm, 5%, Vz2-watt
resistor because it wasn't available at local outlets. And | purchased
a 556 dual timer that turned out to be defective (which | learned after
troubleshooting an inoperative module). After quickly wiring in a
replacement without referring to an application note, | discovered
that the second device had a different pin configuration.

Running out of solder, | hurried to a local electronics retailer and
asked for a pound. The clerk’s eyes widened as he advised me that
tin prices had gone sky-high and a pound would cost $9.85, plus tax.
Nine-eighty-five indeed, | thought! So | tried another electronics
store, where | was able to buy a pound of name-brand, rosin-core
solder for only $4.95. Happily, | took my bargain home, only to
discover that the solder required more time than usual to melt.
Furthermore, spread was poor, the liquified alloy looked slurry and
the solidified joint was dull and crusty rather than bright and shiny.
Distressed, | examined the spool. It was 40/60. What | wanted,
naturally, was 60/40, which has a lower melting point (370°F vs. 460°F).

[ could go on, but the idea is clear. It is more difficult today than it
used to be to gather parts at the right price—for a variety of reasons.
But in many ways, our lot today is better than it ever was. We have
many more devices available, with numerous circuit application
possibilities. Prices on many devices are low and getting lower (an
anomaly in today's inflationary market). Using pc boards and
multi-function chips, it is easier to assemble a complicated circuit
today than it was to put together a simple one years ago. The result
is more satisfactory also.

Facing up to the fact that no single outlet carries all parts and that
some suppliers are not interested in small-quantity orders, how can
one ease the parts procurement problem? One sensible way is to
write to all companies that sell components and have catalogs
available. Many of them advertise in this magazine. Be sure, also, to
check mail-order suppliers at the back of the magazine. Arm yourself
with cross-reference and replacement guides, too. This may sound
basic, but we recently received a host of letters asking where one
could get 200-PIV diodes for a solder-iron heat reducer hint we
published, when practically every electronic parts catalog lists them!

Also, there's nothing wrong with using higher-rated components (a
2-watt resistor if a 1-watt isn't available); totem-poling zeners; )
paralleling capacitors; etc. Yankee ingenuity can often provide a
helpful assist.

POPULAR ELECTRONICS

Get the news hefore it's news...

with a “behind-the-scenes” Scanner Radio from

Realistic® scanners seek and lock-in on exciting police, fire and
emergency calls, even continuous weathercasts* There's one to

Radio Shack!

cover the “action” in your area— 10 models in all.

PRO-6 —VHF-Hi and VHF-Low

Continuously, automatically scans up to
4 crystal-controlied channels on 148-174
or 30-50 MHz. It stops on each active
channel until the conversation ends, then
resumes scanning. You don't miss a thing
—it's like 4 radios in one! Lighted channei
indicators, switches for bypassing any
channels, scan/manual switch, variable
volume and squelich. built-in speaker and
antenna, earphone jack. With 4 "AA" cells.
Requires up to 4 crystals. #20-171.

PRO-5—UHF “Metro” Band
Same as the PRO-6, but covers 450-470
MHz now used in many larger cities. Re-
quires up to 4 crystals. #20-169.

Accessories Available. Plug-in antenna, /
12VDC adapter or AC adapter/battery{

charger, nickel cadmium batteries.

11923,

Pocket Size,
Both Models

’ VHFHI-

— .

- 2,

e

weeee

! ! . ! ANTENNA @D
IS 3
4 EaRpHgy ((‘ -

MANUAL

. OUME oy

Test Instruments e More!

available only at

this catalog now

SEND FOR YOURS TODAY!
FILL OUT COUPON BELOW

1975 Mail to Radio Shack, P. O. Box 1052,
Catalog Ft. Worth, Texas 76101. (Please print.)

FREE New 1975

Radio Shack Catalog

OVER 2000 PRODUCTS
EXCLUSIVES ON EVERY PAGE
BEAUTIFUL FULL COLOR
Stereo ¢ Quadraphonic ¢ Phonographs
TV Antennas ¢ Radios ¢ Citizens Band
Kits e Recorders ¢ Tape ¢ Tools
Auto Tune-Up e Electronic Parts

e e e e . e s i

164 pages of the finest in
home and hobby electronics
Respected brand names like
Realistic, Micronta. Archer,
Science Fair — and they're

Radio

Shack stores and dealers
nationwide! See what'sreally
new in electronics by getting

|

|

|

|

I Name Apt. No.
|

| Street

|
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: State rdld
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HF WEATHER
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*On VHF Hi-Band. Stations not in all localities

The PRO-16 —a Super Scanner
for the ultimate at-home
or mobile listening post

20029299

PATRCLVAN PRGY &

T ——w———
Scans up to 16 crystal-controlled channels, in any combination, on
30-50 and 148-174 MHz VHF and 450-470 MHz UHF. Like 16 radios
in one! Lockout buttons and indicator lights for each channel, manual
selector, squelch, variable scan rate, scan-delay in/out button, 12
VDC/120 VAC operation, mobile mounting bracket. Requires up to
16 crystals. U.L. listed. #20-165

T IREALISTIC®

Radio fhaek

A TANDY CORPORATION COMPANY

OVER 3000 STORES « 50 STATES « 7 COUNTRIES
Retail prices may vary at individual stores

Master Charge or
Bank Americard at
participating stores

J
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‘GETINTO
YOURSELF

Discover your

Alpha Brainwaves
with this professional
Biofeedback System.

Lowest Cost Brainwave Monitor

EICO introduces a price breakthrough in
the fantastic new field of brainwave
biofeedback ...a completely safe, battery
operated, biofeedback system that offers
features and sensitivity comparable to
professional models costing much more.

You Will Be Amazed At What You Hear
The BW-300 will detect your alpha
brainwaves (which occur when you are
totally relaxed) and produce a tone
varying in frequency according to your
mental state.

100% Solid State Circuitry

Reliable All Solid State IC Circuit Design
features an active filter that isolates alpha
brainwaves and a high-gain low-noise
amplifier providing 5-microvolt sensitivity
for easy alpha recognition. The BW-300 is
supplied with stethescopic earphones,
electrodes headband,

contact cream and KIT 3495
instructions. WIRED 59.95

FREE EICO CATALOG

For latest EICO Catalog on Test Instruments,
Automotive and Hobby Electronics, Eicocraft
Project kits, Burglar-Fire Alarm Systems and
name of nearest EICO Distributor, check reader
service card or send 50¢ for fast first class
mail service.

EIC0—283 Malta Street, Brooklyn, N.Y. 11207

Leadership in

®
creative electronics
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Letters

FEEDBACK ON SALT METER

The data on sodium chloride content of
baby foods and other hypothetical intake
cited in the POPULAR ELECTRONICS article
("'An Electronic Salt Meter For Family
Health," October 1974) are not unreasona-
ble, but they do not give an accurate or
complete picture of the salt intake of in-
fants.

About 20 years ago, one of our physical
chemists designed and built conductance
meters for controlling salt addition in our
production operations. Although these
meters represented an advance at the time,
their use has been abandoned because
conductance is influenced by too many
food factors other than salt. Salt addition is
carefully controlled by weighing or accu-
rate metering devices. The sodium levels in
Gerber Foods are determined by atomic
absorption or electron emission methods
and have been published periodically for
more than 20 years.

ROBERT A. STEWART, PH.D.
Director of Research
Gerber Products Company
Fremont, Mich.

PRO’S AND CON'S OF TECH REPPING

| enjoyed your article about tech reps
('"'Career Opportunities for the Tech Rep,"
November 1974). | feel it was a straightfor-
ward and honest account of the profes-
sion. Let me encourage anyone contem-
plating such a career—the future looks
good. | would suggest an associate degree
in electronics or computer science for the
first-rate positions, as this would be a dis-
tinctadvantage over either military or trade
school training, with the added plus of hav-
ing college hours should further education
be desired. With “‘sheep-skin’ in hand, you
can literally write your own ticket.
MICHAEL P. TOWERS
Field Engineer
Singer Aerospace & Marine Systems
Binghamton, N.Y.

| have just finished reading “Career Op-

| portunities for the Tech Rep,” and as a

former tech rep, my message to all is to stay
out of the business. Tech repping is a job
whose duration is only as long as the con-
tract you are on lasts. Your job experience
will not be recognized when you look for
employment back in the U.S. — no matter
what your title was as a tech rep. The pay

offered for tech reps is not all that hot
either.

BERNHARDT SANDLER

Gardena, Calif.

AND NOW A WORD FROM AN SWL

I am happy to see that the ‘'Shortwave
Broadcasts to North America’” schedules
are again being published quarterly in
POPULAR ELECTRONICS. However, there is
one criticism | feel | must make. The ex-
perienced DX'er knows that stations
periodically change their schedules of
operating frequencies—often without pre-
vious notice. To help correct this fault, a
simple note should be prominently placed
on the page to inform the reader that fre-
quencies might be changed without
notice.

I also question the use of a Collins re-
ceiver in preparing this listing. After all,
how many newcomers to SWL'ing have an
expensive Collins? With the receivers
neophytes do have, they are lucky they can
receive HCJB with good quality.

Kenneth Zichi, WDX8KWT
Bay City, Mich.

Your recommendation about a word of
caution on frequency changes is hereby
adoped. Thanks. With regard to the useof a
Collins receiver, the information is sup-
olied simply as a frame of reference. Unless
one is seeking out a 5-kW station, less
costly gear should display similar recep-
tion quality. The antenna is only a simple
end-fed Hertz type. If one can't receive
HCJB, which boasts one of the strongest
and cleanest signals, he must have a defec-
tive receiver andjor antenna.

ERRATUM

A drafting error seems to have slipped
into Fig. 2 of my “"Photo Tachometer” story
{August 1974). For transistor Q2 (in Fig. 2),
the S and G legends were shown trans-
posed. Most people who build this project
will correctly place the leads of Q2 in the
proper holes (they conform to the
transistor's lead basing configuration), but
we should clear up this confusion for any-
one who may have doubts.

A.A. MANGIERI
New Kensington, Pa.

WHEN DOES $10 EQUAL $1007

| have built the “‘Large-Port Speaker Sys-
tem” described in the August 1974 issue
and have only words of praise. This is not
only the most unique speaker system that |
know of, but it is also the’best sounding
system | have heard next to $100 and $200
systems with which | compared it. Consid-
ering that my Large-Port Speaker System
cost only $10 to build, the results are re-

markable.
ScoTtT E. PERSSON

Omabha, Neb.
POPULAR ELECTRONICS

“ELECTRONICS AUSTRALIA” SCOOPS PE

In “Build a Laser TV System’’ (November
1974), it was claimed that POPULAR
ELECTRONICS published details of the
world's first hobbyist/experimenter's laser
in December 1969. | beg to differ! We pub-
lished construction details for such a pro-
jectin our August 1969 issue and gave de-
tails of the modifications necessary to use
it for light-beam communications in our
October 1969 issue.

J. Rowe

Editor

ELECTRONICS AUSTRALIA
Sydney, Australia

We were surprised to learn that we were
scooped on another continent back in
1969. Congratulations EA.

SETTING UP CB SERVICE SHOP

I enjoyed ""How to Set Up a Home TV
Service Shop' (August 1974). Now, | would
like to see you publish an article on how to
set up a home CB service shop.

BoB J. LATHIM
Dwight, iil.

DISCRETE IS BETTER THAN INTEGRATED

In Don Lancaster's article on selecting
an electronic music synthesizer (October
1974), our company was omitted from the
list of manufacturers.

There is one portion of the article to
which we would take exception. That is his
statementthatpresent-day IC's will provide
economies in future synthesizers. Our
engineering staff has yet to find an
integrated circuit currently on the market
(except for the 741 op amp) that will
perform as well in EM circuits as do our
discrete designs. We have been told by
almost all our competitors that they have
found the same thing in their research.

O. D. WILLIAMS
General Manager
Steiner-Parker

Salt Lake City, Utah

‘
Out of Tune

In “Measure Low Millivolts with a
Multimeter” (November 1974), capacitor
C1 is listed correctly as 3 pF in the Parts
List, butis shownincorrectly as33 pFin the
schematic. Resistor R10 is a 100,000-ohm
fixed resistor, not a potentiometer.
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BUILD&T
CIRCUITS |

AS FASTAS YOU THINK!

+ POWER FOR THE PROFESSIONAL
» ECONOMY KITS FOR THE HOBBYIST
A MODEL AND A PRICE FOR EVERYONE

PROTO BOARD 203

Breadboard Prototesting with 5 Volt,

1 AMP Regulated Power Supply included!
A total ready-to-use power breadboard
prototest device with a built-in regulated,
short-proof power supply. Just plug-in and
start building! 2 extra floating 5-way
binding posts for external signals. Self-
contained with power switch indicator lamp
and power fuse. 24-14 pin DIP capacity.
Attractive two-tone quality case. All metal

$ construction. 934”L x

612"W x 2%”H. 5 Ibs.
Order today!

Add $2.50 shipping/handling

A modestly priced kit for the
economy-minded experimenter . . .

PROTO BOARD 100

A low cost, big 10 IC capacity breadboard
kit with all the quality of QT sockets and the
best of the Proto Board series . . . complete
down to the last nut, bolt and screw. Includes
2 QT-358 Sackets; 1 QT-358 Bus Strip; 2
5-way binding posts; 4 rubber feet;

screws, nuts, bolts; and easy

assembly Instructions.

19 95

Add ?‘1.50
shipping/handling.

PROTO-CLIP

for Power-On,
Hands-Off Signal
Tracing. No more
shorting leads.
Costs less than . . .

Bring IC leads from pc board for fast signal tracing and
troubleshooting. Inject signals. Wire unused circuits
into boards. Scope probes and test leads lock onto
Dynagrip inset (see circle) for hands-off testing. Plastic
construction eliminates springs, pivots. Non-corrosive
nickel/silver contacts for simultaneous

low resistance connections.

PC-14, 14-pin Proto Clip, $4.50 ea.

PC-16, 16-pin Proto Clip, $4.75 ea.

Add 75¢ shipping/handling.

Order today off-the-shelf from CSC
=E= Continental Specialties Corp.

or local distributor. Charge: BAC,
Box 1942, New Haven, CT 06509 « 203/624-3103

MC, AX. Write for free catalog. Free
English/Metric Slide Rule with each

W. Coast 0ff.: Box 7809, S. Francisco, CA 94119 e 415/383-4207
Canada: Available thru Len Finkier Ltd., Ontario

order. Dealer inquiries invited.
Foreign orders add 15%.
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You get the same
y-Kit color

[ 28
- TVfrom three
different schools.

{4 hO

You get
this designed-

for-learning
25 colorTVonl

DIAGONAL

with NRItrammg.

POPULAR ELECTRONICS

No other home-study school gives youa TV
like the one you build with NRI’s Master
Course in Color TV/Audio servicing.
Some schools give you three or four plug-in
sub-assemblies off the production line to
put together a commercial set. Others give
you a hobby-kit bought from outside
sources. And because neither type was
originally designed-to train people for
TV servicing, lessons and experiments must
be “retro-fitted” to the set as it comes.
That’s why we went to the trouble to
engineer our own, exclusive solid-state TV.
It’s the only way a student can (1)
get the feel of typical commercial
circuitry, (2) learn bench tech-
niques while building a com-
plete set from the “ground” up,
(3) perform over 25 “in-set”
experiments during construc-
tion, and (4) end up with a 25"
diagonal solid-state color TV
with console cabinet and all
the modern features you’ll
find on sets you’ll service.
Nobody else can give you this
combination of advantages be-
cause nobody else invested the
time and money to design a set
with learning in mind.

NRI passes the savings
on toyou

You don’t pay a big premium to get this unique TV as
part of your training, because NRI engineering eliminates
the cost of buying from an outside source. And we pay no
saleman’s commission. We enroll students by mail only.
We pass the savings along to you in the form of low
tuition fees, extras like a cabinet for the TV, a solid-state
radio you learn on as you build, and actual instrument
kits for servicing TVs . . . triggered sweep oscilloscope,
integrated circuit TV pattern generator, and 32 digit
digital multimeter. You can pay hundreds of dollars
more for a similar course and not get a nickel’s worth
more in training and equipment.
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More know-how
per dollar

That’s what it all boils down to, the quality of training
you get for the money you spend. In our 60-year history,
more than a million students have come to NRI and
we’re fully approved for career study under the G.I. Bill.
We must be teaching something right.

Some of those “right” things are bite-size lessons to
ease understanding and speed learning . . . personal
grading of all tests, with comments or explanations where
needed . . . a full-time staff of engineer/instructors to
help if you need it . . . plenty of “real-life” kits and
experiments to give you hands-on training . . . and fully

professional programs oriented to full- or part-time
career needs.

Widest choice of
career opportunities

NRI offers not one, but five excellent TV/Audio
servicing courses so you can tailor your training to your
budget. Or, you can study other opportunity fields like
Computer Electronics, Communications, Aircraft or
Marine Electronics, Mobile Radio, and more. Free
catalog describes them all, showmg lesson plans,
equipment and kits, and career opportunities. There’s
no obligation and no salesman will ever call, so send for
your copy today. See for yourself why NRI experience,
selection, and exclusives give you something no other
school can.

If card is missing, write to:

N Rl NRI SCHOOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue,
IA.ln Washington, D.C. 20016



ARGE-LARGE

DISCOUNTS
LOW - LOW

PRICES

NATIONALLY
ADVERTISED STEREO EQUIPMENT
AT LOWEST PRICES!

TURNTABLES * SPEAKERS * RECEIVERS
AMPLIFIERS *© TAPE RECORDERS
WRITE FOR QUOTE ON
NATIONALLY ADVERTISED BRANDS OF STEREO
COMPONENTS, SATISFACTION
GUARANTEEDI

HI-FI WHOLESALERS
P. O. Box 809
Kankakee, illinois 60901
(815)-939-7868

New Products

Additional information on new products
covered in this section is available from
the manufacturers. Either circle the item’s
code number on the Reader Service Card
| inside the back cover or write to the man-
| ufacturer at the address given.

PEARCE-SIMPSON COUGAR 23B
TRANSCEIVER

This mobile CB transceiver by Pearce-
Simpson features 23-channel capability,
built-in SWR bridge, r-f noise blanker with
manual override and a multi-purpose
meter that indicates r-f outputand actsasa
receive/transmit indicator, S-meter, mod-
ulation monitor, and forward/reflected

|
|
|
|
|

qow the most
enjoyable,
do-it-yourself
project of your
lite— a Schober [Electronic Organ!|

You'll never reap greater reward, more tun
and proud accomplishment, more benefit
for the whole family, than by assembling
your own Schober Electronic Organ.

You need no knowledge of electronics,
woodwork or music. Schober’s complete kits
and crystal-clear instructions show you —
whoever you are. whatever your skill (or
lack of it) — how to turn the hundreds of
quality parts into one of the world’'s most
beautiful, most musical organs, worth up to
twice the cost of the kit.

Five superb models, with kit prices from
$575 to around $2,300, each an authentic
musical instrument actually superior to most
you see in stores.

Join the thousands of Schober Organ
builder-owners who live in every state of the
Union. Often starting without technical or
music skills, they have the time of their lives
—first assembling, then learning to play the
modern King of Instruments through our
superlative instructions and playing courses.

Get the full story FREE by mailing the
coupon TODAY for the big Schober color
catalog, with all the fascinating details!
r---------------
.The Fetiober 0rgan Corp., Dept. PE-58

43 West 61st Street, New York, N. Y. 10023
[] Please send me Schober Organ Catalog.

[J Enclosed please find $1.00 for 12-inch L.P.
[ ] record of Schober Organ music.

I NAME
J ADDRESS

lCITY—___.STATE___ZIP
N--------------'
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power meter. Other features are a high-Q
ceramic filter, PA capability, squelch, re-
ceiver offset tuning, and noise limiter.
| Specifications include 5 watts input powet
I and a rated sensitivity of 0.5 uV for 10 dB
|S+N/N. A noise-cancelling dynamic mi-
crophone is included with the rig. It mea-
sures 678" X 23/3¢” x 9¥a” (17.3cm x 5.5 cm
x 23.2 cm)and operatesfroma 13.8-V posi-
l tive or negative ground source.
|
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| BLONDER-TONGUE FM ANTENNAS

lTwo new antennas for the FM broadcast
band have been introduced by Blonder-
Tongue. Both the eight-dipole Stereo-8
and the five-dipole Stereo-5 are log-
periodic designs whose dipole elements
operate in the half-wave mode. This design
is said to provide good gain and directivity
and an impedance that is essentially uni-
form across the band. The Stereo-6 has a
claimed average gain of 4 dB across the
band, 16-dB front-to-back ratio, and 70°
horizontal beamwidth. The respective fig-
ures for the Stereo-8 are 6.5dB, 26 dB, and
| 60°. For rotor-equipped installations, the
turning radii are 52 in. (1.32 m) for the
Stereo-5 and 65 in. (1.65 m) for the
Stereo-8. The respective retail prices are
| $27.28 and $40.29.
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DYNASCAN RF SIGNAL GENERATOR

Dynascan announces introduction of the
B & K Model 2050 RF Signal Generator. The
unit is totally solid-state, and provides

three outputs—r-f, 400-Hz modulated r-f,
and externally modulated r-f. Accuracy s
said to be 1.5% of dial setting.’A combination
high-low switch, plus continuously vari-
able r-f output control provides up to 20-dB
change in output level. Features include
zener-regulated power supply, FET oscil-
lators, 4%-in. dial with anti-backlash drive,
and shielded leads terminated with a
banana plug and insulated clip. Measures
V" x 68" x 9%" (19.1 X 15.6x 24.8 cm).
Price is $107.00
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HEATHKIT EXHAUST GAS ANALYZER

With the new Heathkit CI-1080, persons
can check exhaust emissions of their own
cars, and adjust engine tuning for
minimum pollution levels and maximum
operating efficiency. The Exhaust Gas
Analyzer indicates air-fuel ratio, percent-
age of carbon monoxide present, and rela-
tive combstion efficiency of four-cycle au-
tomotive engines. Color-coded battery
clips attach to any 6- or 12-voltauto battery.
A flexible stainless steel tubing directs ex-
haust gas from the tailpipe to the sensor.
The kit is mail-order priced at $59.95.
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CASTLE MASTER TUNER SUBBER

The Master Subber Mark V is the latest ad-
dition to Castle's line of instruments for TV
service technicians. It is a signal-
substitution type of analyzer that can be
used to test all signal stages of color and
monochrome TV receivers. Substitution
signals allow tests of: vhf tuner, uhf tuner,
video i-f amplifiers, video detectors, video
amplifier, 4.5-MHz sound i- amplifier,
sound limiter, sound detector, audio am-
plifier. A loudspeaker, video-carrier level
meter, and telescoping antenna are in-
cluded with the subber. The unit can be
operated from the 117-volt ac line or from
its internal 9-volt alkaline battery supply.
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BURWEN NOISE FILTER

The Burwen Model DNF 1200 is a dynamic
noise filter that is compatible with any
program source. Thus, it does not require
encoded program sources. Employing afil-

POPULAR ELECTRONICS

ter whose bandwidth is varied according to
the spectral content of the program mate-
rial, the filter attenuates the high-
frequency content when the program level
is low —when the noise is most noticeable.
At other times, the spectral configuration
of the program material is not disturbed
since the level of the signal is sufficient to
mask the noise. The threshold at which
dynamic filtering is engaged is determined
by a sensitivity control. Switches are pro-
vided for program source selection,
switching the filter in and out of the signal
path, and for power. A slide control is used
for setting the filter's threshold. Two LED’s
monitor the activity of the filter: dynamic
filtering (suppression) and unaltered spec-
tral balance (Wide Band). The noise filter is
claimed to produce only 0.2 percent har-
monic distortion.
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SOUNDCRAFTSMEN TAPE
RECORD/PLAYBACK EQUALIZER

The Model RP 2212 stereo 10-octave
equalizer allows the owner of a hi-fi system
to introduce flexible audio response with-
out loss of tape-monitoring facilities when

only one set of jacks is available for patch-
ing purposes. In addition to extra outputs
for tape recording and playback, the
equalizer features LED indicators for

FEBRUARY 1975

input/output balance adjustments, front-
panel pushbutton selectors, separate
equalized zero-gain controls with a range
of +6 to —=12 dB and +12—-dB response
adjustments for each octave. The RP2212 |
is packaged in a walnut-grained vinyl case. |
Price is $349.50.
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ASCOM MULTITESTER FOR VHF

Ascom Electronic Products has introduced
a new multitester for use with vhf com-
munications systems. The Model
AMSR100 tester is useful for monitoring
transmitter and antenna operation over a
frgquency range of 144 to 174 MHz (con-
tains vhf marine band, land mobile chan-
nels, and 2-meter amateur band). The in-
strument functions as a wattmeter, field-
strength meter, and VSWR indicator. It has
0-25- and 0-50-watt power ranges. Trans-
mitter output power is read directly on
either scale with a claimed +8-percent ac-
curacy. VSWR is measured, with meter
calibration from 1:1 to 3:1. Using this func-
tion, antenna adjustments and matching
network operations can be checked. To
monitor overall system operation and an-
tenna directivity characteristics, the field-
strength meter is used. Price is $69.95.
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KENWOOD DOLBYIZED CASSETTE DECKS

Kenwood has introduced two new high-
performance cassette decks with Dolby
noise reduction. The decks, KX-910 and
KX-710, boast a number of special features,
including a high-torque motor, belt-driven
large (90 mm) flywheel, and precision-
machined capstan. Flutter and wow is
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Straight talk
about a stylur

You can still hear some audiophiles refer to the
record stylus as . .. “the needle.” The fact is that
the stylus of today bears no more resemblance to
a needle than it does to a ten-penny nail. In fact,
a Shure stylus is probably the most skillfully as-
sembled, critically important and carefully tested
component in any high fidelity system. It must
maintain flawless contact with the undulating
walls of the record groove — at the whisper-
weight tracking forces required to preserve the
fidelity of your records. We put everything we
know into Shure Stereo Dynetic Stylus Assemblies
— and we tell all about it in an informative book-
let. For your copy, write:

Shure Brothers Inc.
222 Hartrey Ave., Evanston, 1ll. 60204
In Canada: A. C. Simmonds & Sons Limited




MONEY o TIME © FREIGHT

QUALITY STEREO EQUIPMENT
gkA'r LOWEST PRICES.

YOUR REQUEST FOR QUOTA.
TION RETURNED SAME DAY,
FACTORY SEALED CARTONS—
CUARANTEEC AND INSURED.

SAVE ON NAME BRANDS LIKE:

A.D.C. KLH
A.R. SHURE
DYNACO KOSS
SONY FISHER

AND MORE THAN 50 OTHERS
BUY THE MODERN WAY
BY MAIL—FROM

illinois audio

Department 217S
12 East Delaware
Chicago, llinois 60611
312-664-0020

CIRCLE NO. 17 ON READER SERVICE CARD

Eleqt(onic
Technicians!

SCHOOLING
OF EXCELLENCE

in ELECTRONICS
ENGINEERING

If you have adequate schooling and experience
at the technician level you may be able to quality
to enter our college-level Home Study Program in
Electronics Engineering. The CIEE Program is
OUTSTANDING. and up-to-date in every respect.
CIEE is a forward-looking school, and Engineer-
ing is taught on the basis of application and
understanding rather than on the basis of mem-
orization. All lesson material and texts are
thorough and easy-to-understand, Through this
Highly Effective Home Study Program in Elec-
tronics Engineering you can raise your status
and pay to the Engineering level. No residence
classes required for those who qualify. If you are
an electronics technician with above-average am-
bition, and not willng to settle for anything less
than the best home study Engineering Schooling
available anywhere, then you should write TO-
DAY for our -free revealing descriptive literature.
There is no obligation, and no salesman will call
on you.

COOK’S INSTITUTE

o/ 6/'(from'u é)nginwriny

Raymond Road

P. 0. Box 10634
Jackson, Miss. 39209
Established 1945
Formerly Cook's School of Electronics
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specified as 0.1%. Use of a special ferrite
head extends high-frequency response to
16 kHz. Automatic tape selector and Auto

| Memory, an Automatic Level Control, and

LED peak-level indicators add to operating
flexibility and performance.
CIRCLE NO. 77 ON READER SERVICE CARD

GLENBURN RECORD CHANGER

A new record changer, the Model 351, has
been introduced by the Glenburn Corp. A
wide umbrella spindle has been incorpo-
rated into the unit to correct double record
drop, record hang-ups and unbalanced-
record slanting tendencies. Other features

include bi-directional viscous-damped
cueing, slide-in cartridge adapter, dual
anti-skating scales, gravity stylus pressure
adjustment, and a four-pole synchronous
motor. The unit is equipped with a Shure
MO1E elliptical stylus. Price is $160.
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ADD-ON FOAM SPEAKER GRILLES

Do-it-yourself speaker grille kits with
sculptured-foam speaker material are of-
fered by Republic Systems. This flexible
urethane foam can be sprayed with latex
paint if the standard black color is not suit-
able to the user’s decor, and cut with scis-
sors for a custom fit. Foam is available in 8"
x 15"(20.3 x 38.1 cm) and 14" x 24" (35.6-X
61 cm) sizes. Each kit contains sculptured
foam grille, self-sticking attachment mate-
rial, and instructions. Address: Republic
Systems Corp., 9160 Green St., Chicago,
IL. 60620.

MIDLAND 23-CHANNEL
HAND-HELD €B RIG

Midland Electronics’ Model 13-796 is a
23-channel, hand-held transceiver with 5
watts input power. The dual-conversion
superhet receiver includes agc and a

three-way meter for indicating signal
strength, output power and battery condi-
tion. Includes a jack for use with an op-
tional external microphone/speaker. The
transmitter can be run at full legal power
input or in a “battery saver'' 2.5-watt irput
mode. It operates on 12-V dc penlight cells
(dry-cells or nickle-cadmium), ac adapter,
or auto cable. $190.95.
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FLUKE MULTI-FUNCTION
FREQUENCY COUNTER

The John Fluke Co.'s new Model 1900A
frequency counter has an upper limit of 80
MHz, and contains autoranging and au-
toreset functions. Autoreset controls all
functions and gate times, and autoranging
is available in both the frequency and
period measurement modes. The 1900A

uses advanced LSI/MOS circuitry, has four
over-riding gate times for manual selection
of resolution down to 0.1 Hz. The frequency
counter can also be used to totalize, with
event counting up to 106 events. Results
are displayed on six LED digits with leading
zero suppression, automatic annunciation
and overflow. A switchable 1-MHz low-pass
filter and attenuator are included. Sensitiv-
ity is 256 mV, and dynamic range is 5 Hz to 80
MHz. An optional rechargeable internal
battery pack is available. $349.
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SOLDERING IRON TIP CLEANER

The RE-TIP (No. 9482) from GC Electronics
is designed to instantly clean any contam-

inants or excess solder from iron and pen-
cil tips. It accommodates tips up to Ya-inch
diameter. The tip cleaner has a self-
adhesive bottom for workbench installa-
tion. A refill cartridge, catalog No. 9484, is
also available.
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Messenger 130. . .so radically new in

design and performance that citizens band

radio will never be the same again. Inside this prestigious
“radiotelephone’” package is a unique all solid-state chassis
that provides unparalleled operating advantages. From
handset reception clarity. .. to automatic speaker

§ilencing for private listening. .. this is truly an innovation
in C.B mobile radio performance. An innovation that’s
available only from your E. F. Johnson dealer.

Messenger 130

CB mobile radio will never be the same again,.,

A
o

HANDSET CLARITY. ..
PRIVATE LISTENING OPTION

POWERFUL, ALL SOUD.STATE

”
23.CHANNEL CIRCUITRY PUTIN PAIPUNCTION-... UNIVERSAL MOUNTING .

| . EXTERNAL SPEAKER FUNCTION TRANSMISSION HUMP,

\l 1 oers YOU HEAR CALL UNDER DASH, OVERHEAD
- N OUTSIDE VENICLE

Waseca, Minnesota 56093

Excellence through half a century of experience.
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free

The “NEW LOOK”’

1975

LAFAYETTE

Radio Electronics

CATALOG

TONICS catalog no. 750

1975 elect

Lafayette:.-

Listen to us,you Zamt go wrong:

The ONLY Nationally Distrib-
uted Full-line Catalog with a
Major Showing of the Newest
NAME-BRAND electronics
products for 1975.

FREE
SEND TODAY

SAVE on exclusive Lafayette
Products plus MAJOR BRANDS

= Stereo and 4-Channel Systems - Tape
Equipment - Car Stereo - CB and Ham
Gear -« Police/Public Service Receivers
« Antennas + Cameras « TV « PA and Test
Equipment < Musica! Instruments and
Amplifiers - Books - Electronic Calcula-
tors - Security Systems s« PLUS PARTS,
TUBES, BATTERIES, HARDWARE, MORE!

Lafayette

Listen to us,you
can’t go wrong.

mmw
Dept. 35025
Lafayette Radio Electronics .
111 Jericho Tpke., Syosset, L.I., N.Y. 11791

Send me your FREE 1975 Catalog
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New Literature

EDSYN SOLDERING TRAINING MANUAL

A new training manual for soldering tech-
niques has been prepared by the Edsyn
Company, a manufacturer of soldering
tools. Using the Fanovision™ method (flip-
ping the pages creates a nickelodeon ef-
fect), correct soldering practices are illus-
trated, supplemented by text. Also in-
cluded in the 144-page publication are
Color codes for resistors, Ohm's law,
Series and Parallel Resistance tables, and
inch/millimeter conversion tables. Avail-
able at participating dealers for $7.95, or
free with a $7.95 or more purchase.

NATIONAL LED DRIVER SELECTION GUIDE

National Semiconductor offers a short-
form device summary to designers in
selecting LED drivers. The LED Driver
Selection Guide lists 23 National driver
types. Organized as a four-unit matrix, the
guide has rows for common anode and
common cathode configurations, and col-
umns for segment and digit drivers. Thus
the user can tell at a glance exactly which
LED driver is needed. Available from Mar-
keting Services, National Semiconductor
Corp., 2900 Semiconductor Drive, Santa
Clara, CA 95051.

PACE COMMUNICATIONS CATALOG

A new four-color, full-line catalog from
Pace Communications, displays its equip-
ment for CB, Marine, Scanning Monitor,
and Business/Industry Communications.
Each unit is illustrated, described, and
specifications and available accessories
are listed. Available from Pace Communi-
cations, 24049 S. Frampton Avenue, Har-
bor City, CA 80710.

FORDHAM SERVICEMAN/TECHNICIAN CATALOG

A new 48-page, illustrated discount mail-
order catalog is available from the Ford-
ham Radio Supply Company. This catalog
has been designed as a quick reference
ordering guide for Radio/TV Servicemen,
Electronic Technicians, and Hobbyists. In-
cluded are tools, repair kits, tubes, test
equipment, phono cartridges, speakers
and mikes, antennas, and components.
Available from Fordham Radio Supply, 558
Morris Avenue, Bronx, N.Y. 10451.

EICO TEST EQUIPMENT CATALOG

A 6-page condensed catalog featuring a
broad line of electronic test and mieasuring

devices is now available from Eico. The
publication includes a large selection of
oscilloscopes, VTVM's, FET VOM's, signal
tracers, signal injectors, bridges, grid dip
meters, automotive engine analyzers, and
battery eliminators/inverters. Accessories
such as test probes, and carrying cases are
also listed. In all, more than 100 electronic
kits and factory-assembled units are de-
scribed. Address: Eico Electronic Instru-
ment Co., inc., 283 Malta St., Brooklyn, NY
11207.

EDMUND SCIENTIFIC CATALOG

The latest in items that conserve energy,
save money, plus things that are unusual or
just plain fun are crammed into Edmund
Scientific's Catalog No. 751. Over 300 new
products @nd a total of 4500 items are in-
cluded in the 164-page publication. Pro-
ducts include devices for reclaiming chim-
ney heat, brain-wave monitoring, metal de-
tection and Kirlian photography, as well as
Edmund’s well-known line of telescopes.
Address: Edmund Scientific Co., 555 Eds-
corp. Bldg., Barrington, NJ 08007.

SPRAGUE INTEGRATED CIRCUIT GUIDE

Sprague Electronic's Semiconductor Divi-
sion has published a guide to its line of
“ion-implanted’’ integrated circuits, de-
singed for application in the audio, radio,
and TV fields. IC's are offered to implement
many functions — from chroma demod-
ulators and oscillators, TV sound systems,
to stereo decoders for FM receivers and
audio amplifiers and preamplifiers. In-
cludes ‘‘quick selector’” and cross-
reference tables. Address: Sprague Elec-
tric Co., 115 Northeast Cutoff, Worcester,
MA 01606.

SWITCHCRAFT SHORT-FORM CATALOG

Switchcraft, Inc. announces the publica-
tion of its 1974/75 Short-Form Catalog.
Contains more than 4000 product listings,
with a special alphabetical/numerical
index. The'42-page booklet provides pro-
duct data and prices of major Switchcraft
product lines, including telephone jacks,
plugs, switches, connectors, molded cable
assemblies, and audio accessories. Avail-
able from Switchcraft, inc., 5555 No. Elston
Ave., Chicago, Il. 60630.

HEATH/SCHLUMBERGER INSTRUMENTS CATALOG

Test instruments for the advanced elec-
tronics experimenter, engineer, and scien-
tist are listed and fully described in the
latest Heath/Schiumberger catalog. Fea-
tured are such instruments as fre-
guency/events counters, oscilloscopes,
multimeters (both digital and analog),
signal generators, substitution boxes, etc.
Forthe engineering and science labs, there
are chart recorders and accessories, an
analog/digital designer breadboarding
system, plug-in circuit cards, and pH me-
ters. Address: Heath/Schlumberger instru-
ments, Benton Harbor, M| 49022.
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Hobby Scene

BEAT OSCILLATOR FOR CODE

Q. /| have an excellent AM-FM-
Shortwave receiver that | would like
to use to help me learn Morse code.
How could | arrange a low-cost beat
oscillator to use with my set?

+15/20v

390pF
3 | ImH E
10KZ

HEP725 160pF

Za7x 20K§<—K—OUTPUT

SuF

A. The circuit shown here can be
added to your receiver either at the
antenna, the i-f strip, or the detector.
Adjust the 10,000-ohm potentiometer
for maximum output amplitude and

the 20,000-ohm potentiometer for the
desired level. The coil shown is for a
455-kHz i-f.

CDI INTERFERENGE

Q. | have installed a CDI system in
my 1967 VW Bug and have the typical
problem of ignition interference with
my AM radio (Sapphire V). I've
shielded all CDI leads, the ignition
coil, and installed “Mag Wire.” The
noiseisthe distinct sound of the unit’s
multivibrator, which varies with en-
gine speed, and seems to come
through the speaker even when the
radio is off. Any suggestions?—R.
Schweder, La Habra, Cal.

A. CDI systems do not use variable-
frequency multivibrators, but run at a
fixed frequency set by an RC combina-
tion. You must be hearing something
else. More likely the voltage regulator,
the generator, ortheignition coilis the
trouble source. Add 0.5-uF feed-
through (coaxial) capacitors to the
armature and battery connectors on

the regulator, and attach the leads to
them. Connect a 5-ohm, 1-watt resis-
tor and a 0.002-uF capacitor in series
from the regulator’s field terminal to
ground. Generator leads to the reg-
ulator should be well shielded. If inter-
ference is still a problem, install a
0.5-uF bypass capacitor from the bat-
tery terminal of the ignition coil to
ground, and/or a 0.1-uF coaxial feed-
through capacitor to the coil's battery
terminal, attaching the battery lead to
the capacitor's top post. That should
take care of any interference prob-
lems. It is not unusual for a solid-state
radio to produce audible interference
at the speaker when power is off, be-
cause a transistor junction can rectify
an r-f signal even when not supplied
with operating voltage.

ULTRASONIC INSECT REPELLER

Q. |/ live in an area where the mos-
quitoes are ferocious. Could you
show me a simple circuit for an ul-
trasonic insect repeller. | have seen
them advertised and would like to
construct one. P.S. Where can |l get a
1N3716 tunnel diode?—M. Rehorst,
Cudahy, Wis.

A. See “Electronic Pest Control,” a
construction project in POPULAR
ELECTRONICS July 1972. The tunnel
diode is listed in the Newark Elec-
tronics catalog. Nearest branch is at
3695 No. 126th Street, Brookfield,
Wis., 53005. (414) 781-2450. However,
a $25 minimum order must be sent.

SQUARE WAVES FROM SINE WAVES

Q. | have a decent solid-state sine-
wave generator that | use quite often.
Is there a simple circuit that | can use
with the generator to get clean
square waves? The circuit should be
small enough to mount within the
present case.

A. There are several approaches to
this problem. You can use a low-cost
TTL flip-flop (with a +5-volt supply)

driven from the sine-wave source. Al-
though the square waves will be clean,
they will be at half the dial frequency.
(The flip-flop divides by two.) You can
alsousea TTL Schmitt trigger; or, you
canusethesimple circuit shown here.
Any decent silicon switching transis-
tors can be used. Set the potentiome-
ter for the desired symmetry. Once ad-
justed, this potentiometer should not
have to be reset. The circuit will cover
the audio range from about 10 Hz to

100 kHz. It requires a drive of about 2
volts.

Another reader asked the same
guestion, but he was also concerned
with the loading of the square-wave
converter on his audio generator. The
second circuit shows a high-input-
impedance Schmitt trigger using a
MOS front end. Because of the high
input impedance, the circuit should
not load the generator. The trip point
is between 3 and 3.5 volts.
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A Government FCC License can
help you qualify for an exciting,
rewarding career in ELECTRONICS,
the Science of the Seventies.

Read how you can prepare for

the license exam at home in your
spare time— with a passing grade
assured or your money back.

F YOU'RE OUT TO BAG A BETTER JOB in Electronics,

youd better have a Government FCC License.
It will help you track down the choicest, best-paying
jobs in the growing field of Electronics.

Demand for people with technical skills is growing
twice as fast as any other group, while jobs for the
untrained are rapidly disappearing. Right now there
are thousands of new openings every year for elec-
tronics specialists. And you don’t need a college
education to qualify!

But you do need knowledge, knowledge of elec-
tronics fundamentals. And there is only one nation-
ally accepted method of measuring this knowledge
.. . the licensing program of the FCC (Federal Com-
munications Commission).

Why a license is important

An FCC License is a legal requirement if you want
to become a Broadcast Engineer, or get into servic-
ing any other kind of transmitting equipment — two-
way mobile radios, microwave relay links, radar, etc.
And even when it’s not legally required, a license
proves to the world that you understand the principles
involved in any electronic device. Thus, an FCC
“ticket” can open the doors to thousands of exciting,
high-paying jobs in communications, radio and TV
broadcasting, the aerospace program, industrial auto-
mation, and many other areas.

So why doesn’t everyone who wants a good job in
Electronics get an FCC License?

It’s not that simple. You must pass a Government
licensing exam. A good way to prepare for your FCC
exam is to take a licensing course from Cleveland
Institute of Electronics.

Our training is so effective that, in a recent survey
of 787 CIE graduates, better than 9 out of 10 CIE
grads passed the Government FCC License exam.
That’s why we can offer this famous Money-Back
Warranty: when you complete any CIE licensing
course, you’ll be able to pass your FCC exam or be
entitled to a full refund of all tuition paid. This war-
ranty is valid during the completion time allowed for
your course. You get your FCC License — or your
money back!

And with CIE, you learn at home in your spare
time. With AUTO-PROGRAMMED?® Lessons, you’ll
pick up the facts, figures and electronics theories you

m

CIE HAS CAREER COURSES
TO FIT YOUR BACKGROUND

ELECTRONICS TECHNOLOGY with LABORATORY
... teaches you the fundamentals. With a 161-piece labo-
ratory you apply the principles you learn by analyzing and
trouble-shooting electronics equipment.

ELECTRONICS ENGINEERING ... A college-level
course for men already working in Electronics. Covers
steady-state and transient network theory, solid-state
physics and circuitry, pulse techniques, computer logic
and mathematics through calculus.

may have considered “complicated”. . . even if you’ve
had trouble studying in the past.

CIE Grads get licenses . . . better jobs

The value of CIE training has been demonstrated
time and again by the achievements of our thousands
of successful students and graduates.

An outstanding example is Ed Dulaney of Scotts-
bluff, Nebraska. He passed his 1st Class FCC License
exam soon after completing his CIE course. Today,
he owns two companies . . . one to manufacture and
distribute two-way radio equipment, the other to main-
tain and repair such equipment along with home radio,
TV and stereo sets. He says: “In the last three years
we sold more than $1,500,000 worth of equipment
through dealers in every state plus Canada, South
America and Europe.”

Richard Kihn, Anahuac, Texas, worked in the
engine room of a tugboat when he started his CIE
training. He reports, “Before finishing, I got my FCC
License and landed a job as broadcast engineer at
KFDM-TV in Beaumont, Texas. I was able to work,
complete my CIE course and get two raises . . . all in
the first year of my new career in broadcasting.”

Send for FREE books

If you’d like a chance to succeed like these men, send
for our FREE book, “How To Get A Commercial
FCC License.” It tells you all about the FCC License
... requirements for getting one . .. types of licenses
available . . . how the exams are organized and what
kind of questions are asked ... where and when the
exams are held, and more.

With it, you will also receive a second FREE book,
“Succeed in Electronics.” For your convenience, we
will try to have a representative call. Send for both
books today.

APPROVED UNDER G. L. BILL

All CIE career courses are approved for education-
al benefits under the G.I. Bill. If you are a Veteran
or in service now, check box for G.I. Bill

information.

o)
EI Cleveland Institute
of Electronics, Inc.

1776 East 17th Street, Clevetand, Ohio 4414
Accredited Member National Home Study Council

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

Please send me your two FREE books:

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

|

|

|

|

|

: 2. Your school catalog, “Succeed in Electronics.”

I | am especially interested in:

[ [ Electronics Technology (] Electronic Communications
| [ Broadcast Engineering [ Industrial Electronics

| [OJFirst Class FCC License [J Electronics Engineering

; [J Electronics Technology with Laboratory
|
|
|
|
|
|
|
|
|
|

(PLEASE PRINT)

Address

City

State Zip Age

Veterans and Servicemen:
O Check here for G.I. Bill information. PE-75

|
|
|
|
|
|
|
|
|
|
|
|
|
Name |
|
|
|
|
|
|
|
|
|
-
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TAPE HEAD ALIGNMENT

HEN it comes to aligning
; tape recorders, | favor the
support-your-factory-serviceman
approach. A practiced technician with
a bench equipped for alignment can
make short work of even a compli-
cated machine; but an untrained
amateur taking his first crack at the
job is almost certain to find it tedious
and outrageously time consuming. So
there's no disgrace, as | see it, in sav-
ing the alignment (and other routine
chores of maintenance) for a periodic
factory return, where your machine
can be fussed over by capable and
sympathetic hands.

But how do you know when your
recorder needs such care? And worse,
once it's given, how do you know it
was administered properly, or that it
survived the trip back to your local
freight depot, the ride home in the
trunk of the car, or the fall from the
coffee table that took place several
days later?

Many experts suggest that, as a
check on the day-to-day health of your
recorder, you make and save a refer-
ence recording (a dubbing of a pho-
nograph record, for example), and
assure yourself periodically that the
machine is still capable of recording
the same disc with equal fidelity. This
is actually a fairly sensitive test. But
some people are reluctant to trust
their ears that far, and others will have
long since updated their phono car-
tridges or other components in the

By Ralph Hodges

system, changing the reference point.
Finally, the reference-recording test is
not at all diagnostic; you may hear that
something is wrong, but you won't
necessarily know what. Clearly it
would be good to have some addi-
tional techniques for isolating specific
problems.

The alignment of a tape recorder re-
fers to both electrical and mechanical
adjustments, and these affect its
frequency response (particularly
high-frequency response), signal-to-
noise ratio, distortion, and drop-out
rate (drop-outs are brief signal losses
caused by imperfect tape-to-head
contact): Many of the adjustments are
interdependent. Therefore, if you ever
feel ambitious enough to make one,
you may find yourself forced to make
all the rest.

This is precisely what you're trying
to avoid. So the idea behind recorder
check-ups at home is to find out as
much as possible about what's right
and wrong with the machine without
disturbing any of its adjustments too
much. This is not easy, | assure you,
but there are ways.

Mechanical Alignment. This refers
to the orientation of the tape heads
relative to the tape passing over their
faces. Not only should each head be
positioned properly, but, since most
serious recordists’ tape recorders
have at least three interdependent
heads (erase, record, and playback),

they should all be positioned properly
relative to one another. The azimuth
adjustment—getting the record and
playback head gaps precisely perpen-
dicular to the edge of the passing
tape—has been well publicized be-
cause it is critical for extended high-
frequency response. However, there
are other alignment factors (Fig. 1)
that can affect audible performance
much more. The height adjustment,
for example, which determines how
accurately the playback and erase
heads line up with the tracks the re-
cord head laysdown, is vital foragood
signal-to-noise ratio, and can even af-
fect the drop-out rate. The sameistrue
of the tiit adjustment.

As a preliminary check on align-
ment, put areel of tape onthe machine
and record a 1,000-Hz tone from your
audio generator on both channels,
watching the recorder’s output on a
scope. Use a fresh reel of good tape
for this, since any deformation of the
tape edges will grossly influence re-
sults. It's also a good idea, in this and
subsequent tests, to run through the
reel at least once beforehand at nor-
mal playing speed, so that the ma-
chine has had a chance to wind the
tape the way it normally does on the
take-up reel. Do not use a fast-wound
tape for this test and watch out for any
rubbing of the tape on the reel flanges.

Set the scope for a slow sweep SO

' that you car observe the envelope of

the signal rather than individual cy-
cles. As you switch the scope from one
channel to the other, small differences
in level will be readily apparent, and
you'll also see drop-outs as momen-
tary gashes in the envelope. The ideal
is for both channelsto be equalin level
and drop-out severity—an achievable
goal for a half-track machine, but not
always for a quarter-track recorder,
which may have a consistently poorer
left channel.

The level difference between the
two channels should be well within
one decibel. Otherwise, some electri-

Fig. 1. An azimuth error, as indicated at (A) is a common cause of logse§ at the extr}‘:me
high frequencies. A height error is shown at (B), with the head gaps missing the tracks
somewhat. At (C) is a tilt error. All illustrations are exaggerated for clarity.
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Fig. 2. A tilt error produces a
trapezoidal wear pattern on the head.
Correct pattern is at left.

cal portions of the machine—meters,
or recording or playback electronics
—are miscalibrated, or there is a tilt
problem with one of the heads. If, on a
quarter-track machine, the right
channel is lower in level (and all other
possible causes have been elimi-
nated), the trouble is very likely tilt,
which causes the top edge of the tape
to press closer to a head than the bot-
tom. A tilt error should also produce
more drop-outs on the weaker chan-
nel.

A height misalignment is less likely
to show up as a level difference bet-
ween channels. What can happen,
however, is a high drop-out rate onthe
left channel of a quarter-track
machine, usually caused by a record
or playback head that is too low (and
therefore recording or playing right on
the upper edge of the tape, which is
the most irregular part).

The Magic Marker Test. To get an
idea of the tilt situation, as well as a
general picture of tape-to-head con-
tact, try gently painting the head faces
with dark-color ink from a felt-tip pen
and running a few seconds worth of
tape over them. Once the tape has
worn away some of the ink, you'll be
able to see a contact patch, which
should be perfectly rectangular in
shape and well centered on the head
face (Fig. 2). If the patch is trapezoidal
(i.e., wider at the top or bottom of the
head), there is a tilt misalignment, al-
though it may not be obvious which
head is misaligned. Any head of the
three can give the tape a little skew
that will show up in the cohtact pat-
terns of the other two. But probably

OO
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the responsible head will have a patch
thatislargerinarea. (Asageneral rule,
you can expect patches of equal size
on therecord and playback heads of a
properly aligned machine.)

On a brand new recorder, or an
especijally old one, the contact
patches may be roughly rectangular,
but irregular in shape or even streaky.
In the new machine's case, this is
caused by a slight roughness of the
head faces that will disappear after a
few reels of tape have polished them
down. With an older machine, it may
indicate severe and uneven head
wear.

A tilt misalignment may be respon-
sible for an error in height, since the
tilt can bow the tape away from its
proper path, or even cause it to “ride
up' on the angled head surface. Con-
versely, if the machine was originally
aligned with a tilted head, correcting
the condition may cause a heighterror
to appear. You can readily appreciate
from this how head alignment tends to
be an "all or nqthing”’ task.

After you've completed the magic
marker test, clean the heads accord-
ing to the manufacturer's recommen-
dations and, since it's probably not a
good idea to reuse it, snip off and dis-
card the length of tape used to de-
velop the contact patch.

Looking at the Recording. When
you suspecta height problem, the first
guestions is: which head is responsi-
ble, the record or playback head?
About the only way you can determine
this (short of buying an expensive test
tape and fiddling with playback-head
alignment) is to invest in the Sound-
craft Magna-See kit, which costs
about $7 and is not always easy to find.
The main ingredient of the kit is a can
of volatile (but not flammable) solvent
in which is suspended a gray iron-
oxide powder. Swirl a bit of recorded
tape around in this fluid, letitdry, and
Shazam! the recorded tracks appear
in a dusty pattern on the tape surface.
An alternative to the Magna-See, less
messy and easier to obtain (through
mail order) but more expensive, is
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Fig. 8. A height error of the record head on a half-track machine creates an

off-center guard band (A). Diagrams (B) and (C) show results of a quarter-track

record head positioned too ligh and too low, respectively.
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3M’s Plastiform Magnetic Viewer Type
BX-1022. With this device, the fluid is
contained in a thin-wall plastic case
that is placed directly on the tape sur-
face. One drawback, according to a
3M spokesman, is that the case’s seal,
critically thin to ensure adequate sen-
sitivity, must be maintained by storage
in a moist environment (such as a
sponge in the viewer's box). Order
from 3M Industrial Electrical Products
Div., P.O. Box 33365, 3M Center, St.
Paul, MN 55101. Price is $24.95 plus 75
cents for postage.

For a half-track machine with both
channels of the tape recorded, a
height misalignment of the record
head exists if the guard band between
tracks is not perfectly centered on the
tape (Fig. 3). A quarter-track tape,
which should be recorded on both
channels in both directions, shows a
record-head height error when all
three guard bands are not of the same
width. A too-wide center guard band
means the head is too low, which may
actually give acceptable performance
as long as the tracks don’t touch or
overlap. A too-narrow center band in-
dicates a high head, which risks
drop-outs of the tracks near the edge
of the tape. (if your recorder is a
four-channel machine, you'll find this
test easier to interpret if you record
only the two front channels, in both
directions.)

So much for the record head. If it
passes this test and you still suspecta
height problem, you'll have to start
thinking of the playback head, or pos-
sibly some misalignment of the tape
guides.

Some Simple Adjustments. The
only way you can learn much more
about the alignment condition of your
machine is to start fiddling with the
head adjusting screws. This can be a
tempting idea, particularly if you be-
lieve thatonly one head is at fault, and
that fixing it might cause everything
else to snap into place. Well, it doesn’t
always work that way. It may be, for
example, that at one time the other
heads were aligned to the incorrectly
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Fig. 4. Azimuth errors between record and playback heads produce high-freguency losses

(A). Misalignment of both heads (B) causes

positioned head, in which case a
change in any one of them is likely to
degrade the performance of the rest.
Aiso, there's the problem of making
sure that when you change one align-
ment factor—height, for example
—you don’'t also change tilt or
azimuth. (As far as | know there is no
way to be sure of this, except by going
back and checking tilt and azimuth
after you've made the adjustment.) Fi-
nally, depending on the way the man-
ufacturer has set up the machine, a
readjustment of equalization or bias
may be necessary.

Looking at the brighter side, how-
ever,itis true thatyou usually have the
option of returning to the original ad-
justment if your attempted improve-
ments do more harm than good
—provided you have marked the orig-
inal screw positions carefully! When
you take off the cover to expose the
heads, you'll probably find some or all
of the alignment screws (protruding
through the littie platform on which
each head is mounted) sealed with
lacquer or whatever. If not, you can
apply your own at this point, since the
broken edges of thedisturbed seal are
a much better guide for returning to
the starting point than a pencil mark.

Next, it's a great comfort to have on
hand the recorder's service manual
(frequently an expensive item), or at
least some specific instructions from
the manufacturer on head alignment.
Sometimes the screws are readily

identifiable as to their precise func-
tion, but there may be some sequence
in setting them that will greatly sim-
plify the whole business.

And now to proceed. With the sim-
ple checks described above and a few
others, you're in a position to do a
respectable alignment job on every
parameter except the azimuth of the
playback head. Playback azimuth
must be set with a reproducer align-
ment test tape if it is to conform to
tapes made on other, properly ad-
justed machines. If this is not a re-
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quirement, you can get by with a
reasonable error in playback-head
azimuth as long as the record head
has exactly the same error (Fig. 4). But
where possible, it's best to avoid
touching the playback head at all, on
the assumption that whatever its ac-
tual azimuth alignment, it is more ac-
curate than you could achieve without
a test tape.

In making height and tilt adjust-
ments on the record head, you'll have
to resort to the magic marker test on
both the record and playback heads to
make sure that what you're doing isn’t
adversely affecting either one. If one
contact patch changes appreciably in
size relatjve to the other, it means that
one head is beginning to lose contact
with the tape. Shifting the entire re-
cord head closer to or farther away
from the tape will usually serve to
equalize things again.

You'll also have to keep constant
tabs on the playback head, making
sure that what you do to the record
head does not diminish its output (in-
dicating that the tracks laid down by
the record head are beginning to miss
the playback-head gaps). To do this
you must have tape running through
the machine virtually at all times, and
being recorded with a steady 1000-Hz
tone. Monitoring the playback-head
output on a scope or meter will alert
you to any loss of level (an increase in

level is a good sign, provided it takes
place in both channels). There will be
a short delay before any adjustment
you make on the record head shows
up in the playback-head output, and
you'll simply have to get used to that.

On the other hand, if the playback-

head gaps are significantly longer

than the width of the recorded tracks,
you may be able to make minor height
adjustments on the record head with-
out observing any changes in
playback level.

Assuming you can get the height
and tilt of the record head squared
away without introducing further

no losses for tapes made on that machine.

problems, you can go on to matching
the record head's azimuth to the
playback head. For a test signal, | just
use the audio generator to drive the
record head, running it up in fre-
quency until the playback-head out-
put begins to drop. Then | tweak the
record-head alignment to see if | can
raise the output level at that point.
(Note that the results may well be dif-
ferent for the two channels, neces-
sitating an intermediate setting.) Usu-
ally | use the 7%2-ips tape speed, al-
though the other speeds should work
as well on most machines. (The one
exception | can think of had its re-
sponse electronically rolled off apove
20 kHz. Since the heads were presum-
ably capable of going beyond that at
7% ips, | probably would have chosen
a slower tape speed to make sure I was
seeing the effects of head alignment
and not electronic filtering.) However,
be sure to keep the recording level for
the test tone down to -20 dB or lower.
Otherwise, high-frequency tape loss-
es are likely to occur at most speeds.
I've saved the erase head for last
because it's easy. Azimuth doesn’t re-
ally matter, and tilt can be handled
through the magic marker test. The
height adjustment is best accom-
plished by running a previously re-
corded tape with the machine in the
record mode (record-level controls at
minimum and no input signal being
fed to the machine) and going for
minimum playback output.
The Last Word. So it is possible to
perform a good deal of recorder
alignment with a minimum of
specialized equipment. This is not to
say, however, that all these tests will
give you nice, neat, unambiguous re-
sults, or that you'll find satisfaction in
devoting to them the time they require.
Those seeking the last word in tape
performance regularly go to greater
lengths, and are often rewarded by
audibly improved performance. For
others, these tests can serve as indi-
cators of something wrong. @®
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FCC CB & Experimenter Proposals

In response to 4 ruling by the Supreme Court, the
agency has proposed a reduction in station license fees
for CB operations from the present $20 to $6. The'new
amount is based on recovery of the cost associated with
apphcanon processing. In another move, the Commis-
sion has proposed the establishment of a license-free

5-channel band adjacent to the 6-meter (50-54 Msz
amateur band. Transmitters would operate on 49.91

49.93,49.97 and/or 49.99 MHz. AM, SSB, and FM emis-
sions would be allowed, when confined within a 20-kHz
phannel centered on each of the above frequencies. Total
input power would be limited to 100 mW and the an-
tenna (single element, one meter or less inlength) would
have to be permanently attached to the gansmitter or
transceiver enclosure.

Plug-In P-ROM Calculator

Using a P-ROM (Programmable-Read Only Memory)
system, Sharp Electronics introduced ¥ calculator that
can be designed to a user’s specialized interest. The first

customer-designed” calculator, Model PC-1002, is a
fifteen-function scientific unit with four extra-function
keys .and a receptacle for accommodating a P-ROM
plgg-m module. The program of the P-ROM, which is
tailored to the user’s application, is controlled by the

extra-function keys. While the “design-your-own” cal-
culators can be programmed for a wide range of
specialized scientific, engineering, and business uses
s.tandard chips are now available for four basic applica:
tions: statistics, mathematics, metric conversion, and
surveying. Additional programs are currently l,)eing
_readled, covering the structural and electrical engineer-
ing, and financial fields, among others.

Information Bank

Individuals can now retrieve general information from
the quormaﬁon Bank of the New York Times. The com-
puterized on-line, time-shared system provides the user
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with an ab'stract of a wide range of material published \
every day in the newspaper and in a number of other

magazines and periodicals. The abstract includes the
date of publication and page number so that the user
may obtain the complete article. One taps into the com-
puter, a System 370/145, via a video display terminal.
The abstract appears on the display screen, but a hard-
print copy is also available. The entire process of locating
adesired abstract is said to take about a minute. The user
can begin his search with a broad category and narrow
the field down until the specific subject is reached. The
number of subject terms is about 11,000, not including
names of people, places and organizations.

CMOS Prices Drop 20 to 51%

Tyvo major manufacturers of CMOS logic, RCA and
National Semiconductor, are reducing the prices on
gates toa point where they are competitive with TTLon a
piece-by-piece basis. RCA has reduced gate prices more
than 30% and MSI prices more than 20% for standard
CD4000 series devices in quantities of 100 to 999 units.
National has reduced prices on two product lines, the
MM7CXXN series, and Series-4000 equivalent
MM56XXAN, from 25 to 51%. Price reductions affect
every Series 74C molded, commercial-grade and
Series-4000-equivalent devices. Price cuts are attributed
to increased efficiency in high-volume production.

NYC Doubling Voice Communication Boxes

The City of New York is adding 3000 two-way voice
communication boxes to its emergency reporting sys-
tem. This brings to about 6000 the number of Norelco
voice communications devices ordered since 1971. The
city plans to replace all of its 15,000 older fire alarm
boxes with such two-way voice boxes over the next few
years. The audio boxes allow the user in the street to
speak. directly with fire or police officers simply by de-
pressing a button on the call box. The system also pro-
vides a printed record (time, operator and box number)
of all incoming calls. Each box can be tested automati-
cally from the central station.

An Electronic Weed Killer

Zapper 111, a device which kills weeds by electronic
rather than chemical means, has been developed by the
Oceanography International Corporation. The editorial
board of Industrial Research, which includes rocket
pioneer Werner Von Braun and inventor William Lear
has selected the weed killer as one of the 100 most
significant new technical products of the year. The
Zapper III is a 13-ton, self-propelled machine with a
155-kW diesel generator and two Klystron microwave
sources which produce 60 kW of microwave energy.
Microwaves cause the molecules of an organism to ro-
tate very rapidly. This causes fatal internal structural
damage to the organism. The effects on plants, seeds
and fungi are said to be immediate and lasting. ' ,
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A COMPUTER CONCEPT
BECOMES AN EXCITING
REALITY.

Not too long ago, the thought of an
honest, full-blown computer that sells
for less than $500 would have been
considered a mere pipe dream.

Everyone knows that computers are
monstrous, box-shaped machines that
sell for 10’s and 100’s of thousands of
dollars.

Pipe dream or not, MITS, the quality
engineering oriented company that
pioneered the calculator market, has
made the Altair 8800 a reality. 1t is the
realization of that day when computers
are accessible to almost anyone who
wants one.

The heart (and the secret) of the MITS
Altair 8800 is the Intell 8080 processor
chip. Thanks to rapid advances in
integrated circuit technology, this one IC
chip can now do what once took
thousands of electronic components
(including 100’s of IC’s) and miles of wire.

Make no mistake about it. The MITS
Altair 8800 is a lot of brain power. lts
parallel, 8-bit processor uses a 16-bit
address. It has 78 basic machine
instructions with variances up to 200
instructions. That's more than enough to
program all the street lights in a major city.

And the MITS Altair 8800 Computer is
fast. Very fast. It's basic instruction cycle
time is 2 microseconds.

Combine this speed and power with the
Altair’s flexibility (it can directly address
256 input and 256 output devices) and
you have a computer that's competitive

the core of a sophisticated time-share
system.

The Altair 8800 can be a process
controller. It can be an educational
device. Or it can be expanded to be an
advanced, custom intrusion system. A
programmable scientific calculator.
Automatic IC tester. Automated
automobile test analyzer. Complete
accounting system. “Smart’” computer
terminal. Sound and light system
controller.

OR it can be all of these things at the
same time. It could be the beginning of
new business opportunities. The list of
applications is literally endless.

MITS wants to service your individual
computer needs.

You can buy an assembled Altair 8800.
Or you can start by building the computer
yourself. The MITS Altair 8800 is the

For those users who are not familiar
with computers, MITS offers free
consultation service. Just describe your
requirements to our engineering staff and
we will specify the additional cards and
the system configuration you need to do
the job.

The MITS Altair 8800 is backed by
complete peripheral and software
development programs. There is even a
high level language available.

Order your Altair 8800 Computer
today. As a special introductory offer,
MITS is offering the Altair 8800 at a
discount of $100. This offer is good on all
orders postmarked prior to March 1, 1975.

PRICES:

Altair 8800 Computer (assembled with
complete operation instructions) $750.00
Altair 8800 Computer (kit form) $495.00
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Using an MOS array
and digital electronics
eliminates vidicon
and yoke.

OLID-STATE image sensors,
which were discussed in detail
last month, may one day supplant vid-
icon tubes in TV cameras. They prom-
ise small size and easy camera con-

can be picked up by Cyclops. Unlike
conventional cameras, however, Cy-
clops is sensitive to infrared radiation

and is thus able to ‘‘see"” in the dark
when an infrared light is used to il-
luminate the scene.

. e : ! -
with most mlnf’son the_market today. And u!tlmate kit. Its assembly isn’t much more Subtract $100.00 from above prices on struction, have a low power require- ]
sells for a fraction of their cost. difficult than assembling a desktop all orders postmarked prior to March 1, ment and o & ) LENS

The Altair 8800 has been designed to calculator. 1975. . operate in a wide range of aalix = RESET imace § -7
fullfill a wide variety of computer needs. OR you can start with an Altair 8800 light conditions. Cost, however, has Ic2 107 768, Ico SEapOR -
It is ideal for the hobbyist who wants to get complete data processing system. Altair peen prohibitive—until now! b ‘ nyly
involved with computers. Yet, it has the Systems Comem4ba5|ccon|gurat|on.’ e Presented here is “Cyclops,” the
power and versatility for the most . g [ Enclosed is a Check for $ irst all-solid-state TV camera project
advanced data processing requirements. or [0 Bank Americard # 1 LS ] DISITAL VERTICAL HORIZONTAL

It's basic memory of 256 words of static or [ Master Charge # sing a special MOS photoelement ™ b N SCAN COUNTER SCAN COUNTER Fig. 1. Logic diagram
RAM memory can be expanded to 65,000 | Credit Card Expiration Date o DOkt : array as the image sensor—and, it can 1c3,IC4,IC6 1C5, IC7 gra

! ’ Include $8.00 for Postage and Handling ] Assembled . - o Of the camera shows
wor.ds of d,recﬂy addressable memory. [J ALTAIR 8800 : | e built by electronics experimenters how scan counters
Static OR dynamlc memory. OR PROM or [ Please send complete Altair System Catalogue. t an affordable price. (A com plete kit address camera and
ROM memory. OR a floppy disc system. | NAME 1 of . : 3 Z-AXIS D/A CONV D/A CONV ’ aj
All supplied by MITS i f semiconductors, including the Awe VERT awP HORIZ AMP also generate sweep
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Using standard MITS interface cards, I city | VIOS device, is available for $55, for : 4 signals for the scope.
the Altair 8800 can be connected to MITS e agy(: oiays £ s and labor for assembled  sTATE & ZIP | xample.)

{ X < nits. parts for kits. R i . A
peripherals (computer terminals, line Prices, specifications and delivery subject to change MITS/ 6328 Linn, N.E., Albuquerque, New Mexico Any image that can be plcked Up by INTENSITY V INPUT H INPUT
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PARTS LIST

C1, C2—0.001-iF disc capacitor
C3, C4, C5—0.1-uF disc capacitor
C6—330-pF disc capacitor
C7, C8, C9—0.01uF disc capacitor
D1 to D4—1IN914 diode
D5—1N5242 12-volt zener diode
IC1—1024-element image sensor
1C2, 1C9—7402 TTL quadruple 2-input
NOR gate
1C3, IC5, 1C6, 1C7—7493 TTL 4-bit b
nary 4counter
1C4—7404 TTL hex inverter
1C8—7400 TTL -quadruple 2-input
NAND gate
IC10-—MC7805CP S-volt regulator
11, 12—#47 pilot light
J1 to J4—Banana jacks
Qt1, Q2, Q3—2N3640 transistor
Q4, Q5—2N3904 transistor
R1—100-ohm, Y%-watt miniature poten-
tiometer
R2—100-ohm, Y5-watt resistor
R3—560-ohm, Y4-watt resistor
R4 to R18 and R52—1000-ohm, Y4-watt
resistor
R19—15,000-0ohm, Y-watt resistor
R20 to R31—20,000-0hm, Y4-watt 5% resis.
R32 to R39—10,000-ohm, Y4-watt 5% resis.
R40 to R44—100-ohm, Y4-watt resistor
R45, R46—68,000-0hm, Y4-watt resistor
R47, R48—5600-ohm, Va-watt resistor
R49—1800-ohm, Y4-watt resistor
RS0—18,000-ohm, Y4-watt resistor
R51—2200-ohm, Y-watt resistor
Misc.—IC socket (9), 34" variable-length
spacers, lens -(see text), suitable chas-
sis, mounting hardware, line cord, etc.
Nofe—The following -are available from

H. Garland and R. Mele

Lane, Los Altos, CA 94022: kit of all

1C’s (including image s

and transistors at $55; pc board at $5; all

postpaid. California re
add sufficient sales tax.
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Fig. 3. Actual-size foil pattern (top) and component placement.
Note that most resistors are mounted on end to conserve space.

The MOS array has 1024 separate
photosensitive elements fabricated on
a single chip and mounted in a con-
ventional 16-pin DIP case with 4 trans-
parent cover. Altifough similar sens-
ing devices have cost up to several
hundred dollars in the past, new tech-
niques and volume production have
made it possible to reduce prices.
With just 1024 elements (in a 32 by 32
array), Cyclops tan't be expected to
match the resolution of a vidicon
camera; but it is quite useful for many
applications. The circuit described
here is for using Cyclops with a con-
ventional oscilloscope, but it could be
altered for a display on a TV tube.
(Among other things, a sync gerierator
would be needed.)

A little imagination will enable the
experimenter to come up with a
number of novel uses for Cyclops. For
example, if a fiber-optic light pipe is
used with the sensor, it could pick up
conventional printed material for
transmission or to excite a type of
tactile device for use by the blind.
Consider also the possibility of using
Cyclops in conjunction with the
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Altair 8800 Minicomputer (POPULAR
ELECTRONICS, January 1975). The
combination could be used to build a
security system that would operate on
the basis of a person's appearance.
This @pproach also opens up a brand
new and exciting area for the ad-
vanced experimenter—a digital com-
puter that has "vision.” For example,
the Cyclops/Altair combination, with
256 independent inputs/outputs could
be the basis for a robot that could be
programmed to do anumber of things,
while also being able to “'see’ its envi-
ronment and make any necessary cor-
rections in its actions.

Circuit Operation. The Cyclops
logic diagram isshown in Fig. 1. A part
of /IC2 is used as a 1-MHz timing oscil-
lator. One output of the oscillator
drives the verticalscan counter, which
drives the horizontal scan counter.
The binary outputs of the scan coun-
ters are used to address the rows and
columns of the MOS array.

As each of the 1024 elements is ad-
dressed, two events occur within a
period of less than two microseconds.

First, the outputs of the vertical and
horizontal scan counters are proc-
essed by a (adder-type digital-to-
analog (D/A) converter, then amplified
by Q4 and Q5, respectively, to produce
the scope vertical and horizontal
sweep. This creates the raster on the
CRT. The second event occurs when
the video information on the image
sensor is read out, amplified and used
to vary the brightness of each of the
1024 dots that make up the raster and
produce the intensity-modulated
image on the CRT. Since both sweeps
(H and V) and the video (brightness)
information are ‘‘in step” at all times,
each of the 1024 elements on the sen-
sor has a corresponding point on the
raster, and the charge on each ele-
ment determines the brightness of its
raster dot.

A novel coding scheme is used for
the video information. Thirty com-
pletely new frames are displayed on
the scope each second, with each
frame made up of 16 separate and
complete scans of the image sensor.
The first of these 16 scans is used to
reset the 1024 photoelements, with
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PARTS LIST

C1—500-uF, 15-volt electrolytic capacitor

C2, C3—2000-uF, 15-volt electrolytic
capacitor

D1, D2—1N4001 diode

Fi—1-ampere fuse and holder

$1—Spst switch

T1—12.6-VCT filament transformer
(Triad F-25X or similar)

Fig. 4. Power supply for camera can be wired
point-to-point and mounted anywhere in chassis.

the reset pulses generated by IC7, IC8,
and /C9. On subsequent scans, the
video information is read out.

When a particular photoelement is
illuminated by a bright light (from the
image being sensed), a video output
pulse is developed each time that ele-
ment is addressed. The video output
pulses are amplified by Q7 and, after
gating, by Q2 and Q3 to produce the
scope intensity (Z) axis signal. If there
is no light on a particular element, no
video pulse is generated when that
element is addressed. For grey por-
tions of the picture, thé number of
video pulses generated for each frame
is determined by the intensity of the
grey in the original image.

Several inputs and outputs are pro-
vided on the pc board as showri in Fig.
2. These are for possible use in ad-
vanced projects. For normal opera-
tion, no connection is necessary at
these points. Point “T" provides a
TTL-level signal to facilitate interfac-
ing with external digital circuits. By
connecting point ‘E" to ground, the
1-MHz oscillator is disabled and an ex-
ternal oscillator can be applied to
point “C". An external reset pulse can
be applied through point “R" to reset
the scan counters at any point in the
scan cycle. Since both position and
intensity information are available in
digital form, Cyclops can very easily
be interfaced with & digital computer.

Photo shows chassis with the printed circuit board pulled out.
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The external osciflatdr input can be
used to synchronize Cyclops with the
computer or with a TV display.

Construction. The logic circuits of
Cyclops are on a single pc board (Fig.
3). Use sockets for all of the IC's ex-
cept /C10 which is soldered in place.
Be sure to observe the correct
polarities on all IC’s, diodes, and tran-
sistors.

For the pilot lamps (/7 and /2), drill
holes in the board just large enough to
accommodate the metal portions of
the lamps so that, when they are in-
serted from the nonfoil side, the glass
portion just touches the board. The
metal portions of the lamps are then
soldered to the pads, and smalil
lengths of wire are soldered to the
center connectors on the lamps and
the appropriate pads.

Miniature potentiometer R7 is
mounted on the foil side of the board
so that the two lamps can be adjusted
when the pc board is mounted in
place. The purpose of /7 and 12 is to
bias the image sensor with a dim, un-
iform background light. Aithough this
is not absolutely necessary, the bias
light improves the low-light-level sen-
sitivity and provides better picture
contrast.

Note that many resistors are
mounted on-end to conserve space on
the board.

The power supply circuitis shownin
Fig. 4. This supply is wired point-to-
point (using a terminal strip) and can
be mounted anywhere within the
selected chassis.

The pc board is mounted on %" ad-
justable standoffs behind the front of
the chassis. Mount the board tem-
porarily and mark a spot on the front
panel that is directly in line with the
center of the image sensor (/C7).
Remove the board and drill (or cut) a
hole just large enough to accommo-
date the selected lens. Before mount-
ing the board permanently, make sure
that the distance between it and the
lens can be adjusted slightly to permit
focussing.

Connect the ground, +8-volt and
—17-volt lines from the power supply
to the board. Connect the four leads
from the board (ground, vertical, hori-
zontal, and intensity) to their respec-
tive color-coded jacks on the rear
panel. The power switch (S7) is also
mounted on fhe rear panel, and the
line cord goes through a grommeted
hole in the same panel.

Either one of two image sensors
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Jacks for scope connections and onloff switch are on chassis rear.

may be supplied for use in Cyclops.
The two are identical except for the
way pins 14 and 15 are connected to
the circuit. Note that, on the pc board,
/C1 pin 15 goes to pad J, and pin 14
goes to pad K. If your image sensor is
marked “Type A," connect pad J to pin
8 of IC4 and pad K to pin 10 of /C4. If
the image sensor is marked “Type B,"
connectpad Jto pin9 of /C4 and pad K
to pin 11 of /C4.

Lens Selection. Aimost any movie
camera lens will work with Cyclops.
The two important factors to consider
in choosing a lens are focal length and

INTENSITY,
INPUT

Fig. 5 This circuit can
be used if scope has no
internal provisions for
intensity modulation.
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f-number. The focal length determines
the viewing angle of the camera, while
the f-number determines how much
light can be collected.

The lens used with Cyclops should
have a variable aperture so that the
f-number can be adjusted to suit the
lighting conditions. The minimum
f-number, when the aperture is wide
open, determines the lowest light level
at which Cyclops will operate. An f-2.8
lens should be adequate for most ap-
plications, though some additional
lighting may be required for indoor
operation. (We purchased an un-
der-$10 used f-2.8 normal motion-
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picture-camera lens with variabie
stops for this project.)

Both new and used movie camera
lenses are available from photography
stdres and maif-order houses. A
12.5-mm, f-27 lens is available from
Edmund Scientific (300 Edscorp
Bldg., Barrington, NJ 08007) for less
than $10 (stock No. 41,146).

Setup and Operation. Connect
Cyclops to an oscilloscope (set to ex-
ternal horizontal) as follows: J71 to
horizontal input, J2 to vertical input,
J3 to ground, and J4 to intensity input.
If your scope does not have provision
for anintensity input, modifyitaccord-
ing to Fig. 5.

With power applied to both Cyclops
and the scope, adjust the scope's
horizontal and vertical gain until a
32-by-32 pattern of dots forms a
square array on the screen. Cover the
lens of Cyclops and then turn the
scope'’s intensity control down until
the dots just disappear. Now, expose
the lenstoalamp. Thedotson the CRT
will illuminate.

To adjust the focus between the
image sensor and lens, turn the bias
lamps down (R7 at maximum resis-
tance) and expose the lens to asimple,
illuminated test pattern such as a
black cross on a white background. If
the lens can be focussed, adjust it for
the distance between the lens and the
test pattern. Set the lens to its widest
opening (smallest f-number). Use a
50-watt lamp to illuminate the test pat-
tern and position the lamp until an
image appears on the screen. Adjust
the distance between the image sen-
sorand the lens by varying the spacers
until the test pattern is in the sharpest
focus. Then secure the pc board in
place.

To adjust the bias lamps, darken the
room so that no ambient light reaches
theimage sensor. Make sure thatR1 is
at maximum resistance (lamps out).
Adjust the scope’s brightness control
until the dot pattern can just pe seen,
and then increase the brightness of
the bias lamps until the scope pattern
just starts to get brighter. This is the
correct setting of R71. Place the cover
on the chassis so that no ambient light
reaches the image sensor.

Cyclops is now ready for use. Al-
though the resolution may seem to be
on the low side for observing fine de-
tails, you will note that the appar-
entresolution seems to increase when
viewing a “live"" scene—especially
one with motion. @®
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HASE-LOCKED loop circuitry

has been popularized by its cur-
rent use in high-quality FM stereo tun-
ersand by publicity accompanying the
Dorren Quadraplex system of discrete
4-channe! FM (a quadraphonic FM
broadcasting contender).

Though the advantages of PLL in
FM reception have been used for
many years in sophisticated military
and spaceapplications,integrated-cir-
cuit versions weren't introduced un-
til 1970. Lowered costs have spurred
applications in many consumer-elec-
tronics areas.

The phase-locked loop is anaio-
gous to a servo system—in the FM
range. lts behavior as a servo permits
it to find and lock on signals, tracking
them 6 dB under the noise level. As an
electronic filter, it can present a 1%
passband to any frequency from 0.1
Hz to the r-f region with excellent sta-
bility. Using programmable dividers
in its oscillator loop, the PLL be-
comes a frequency synthesizer that
can reproduce practically any fre-
quency from only one crystal. This
throws the door open to digital tuning
of receivers and transmitters.

These are only a few of the areas
where PLL is useful. There are, in addi-
tion: frequency shift keying for RTTY,
motor control, FM generators, touch-
tone telephone, and stereo and four-
channel decoding. Now that the price
of PLL IC's has dropped below $5.00,
the hobbyist and experimenter can
add the PLL to their store of basic
building blocks.

PLL Basics. The PLL is a feedback
system comprised of four basic ele-
ments (Fig. 1): a phase detector or
comparator; an external low-pass fil-
ter; an error correction amplifier; and
a voltage controlled oscillator (vco).

The vco is a free-running form of
multivibrator whose center frequency
is determined by an exterrial timing
capacitor and resistor. The vco output
is presented to the phase comparator,
where it is compared to the incoming
signal. The result is an error correc-
tion voltage whose magnitude is a
function of the phase and frequency
differences of the two signals.

This signal is then filtered in an ex-
ternal low-pass filter and amplified in
the error correction amplifier. The
output of the latter is fed back to the
voltage-control input of the vco to
complete the loop and cause the oscil-
lator frequency to approach more
closely the frequency of the input.

Once the vco starts to change fre-
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Theory and applications of an old circuit,
revitalized and refined by IC technology.

quency, it is in the “capture’ state,
and it continues to change frequency
until its output is exactly the same fre-
quency as the input. The circuitis then
“locked’* so that the loop frequency
varies exactly with the input fre-
guency.

Thus, the loop has three states:
free-running, capture, and locked or
tracking. The capture state is highly
complex. Interestingly, the capture
range (frequency band above and
below the vco center frequency) is not
as wide as the locking range.

A closer look at the capture state will
provide an explanation. Figure 2
shows the waveform of the voltage at
the output of the error-correction am-
plifier. As capture starts, a small sine
wave appears. This is the “'beat” be-
tween the vco and the input signal.
Note that the negative half of the
waveform is slightly larger than the
positive half. Thisis the dc component
of the beat, which drives the vco to-
ward lock. Each successive cycle
causes the vco to move closer to the
input signal.

There are two results of this action
which help the vco to lock. First, the
closer the vco approaches the input
signal, the lower the beat frequency.
This allows the low-pass filter to pass
more of the beat frequency to the vco
with a correspondingly larger portion
of the dc component. The vco is NoOw
skipping two steps toward lock and one
step back. Af the same time, the closer
the vco nears lock, the longer it wants
to stay there, and tHe more reluctant it
is to move dway. This extends the
negative half of the cycle, reduces the
positive half, and increases the dc
component to speed up the process.
The vco finally locks and the beat fre-
guency is zero.

The low-pass filter is an important
factor in controlling the capture
range. If the vco is too far away from
the sighal, the beat frequency will be
too high to pass through the filter and
the signal is out of the capture band.

Once lock has been achieved, the
filter no longer restricts the PLL. It can
track a signal well past the capture
band, being restricted only by the out-
put range of the phase comparator.
However, the filter does limit the
speed at which the PLL can track. If
the signal frequency changes too
rapidly, the PLL can become ‘un-
locked.”

The low-pass filter is an engineering
trade-off. On one hand, it restricts the
capture band and reduces tracking
speed; but, without it, the PLL would
have great difficulty locking. The filter
supplies the PLL with a short-term
“memory’’ of where it was with re-
spect to the signal, providing a sort af
fly-wheel effect. It also “‘memorizes”
the rate-of-change of the signal fre-
quency. Even if the signal should drop
into a noise level for several cycles, the
filter will continue to shift the vco at
the same rate until it picks up the
sigrfal again. This produces a high
noise immunity and locking stability.

The 560 Family. The most popular
family of PLL IC’s is the Signetics 560
series. The table lists the important
specifications for various units in the
series. The first three are high-
frequency devices, with typical vco
operation of 15 MHz and a maximum
of 30 MHz. Above 15 MHz, its opera-

Fig. 1. Four basic elements
of a phase-locked loop.
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Fig. 2. Upper trace shows beat
between vco and tnput. Lower
trace is the lock range.

tion becomes critical, and great care is
needed to get them to perform prop-
erly. Its input sensitivity is very
good—the device can lock on to sign-
als of 100 to 200 microvolts. The 561 is
a duplicate of the 560, but it has an
added product detector for synchro-
nous demodulation. The 565 has an
exceptional lock range {typically
+60%]; however, its input sensitivity is
only fair (1 millivolt for lock). The 565
has one added advantage over the
high-frequency units: its vco is tuned
with an RC network, and frequency is
directly proportional to the change in
the resistance. This permits tuning
over a 10-to-1 frequency range using a
potentiometer.

The 567 is primarily a narrow-band
filter. Itsinteresting featureis a built-in
synchronous switch which turns on
when the unit goes into lock. The
switch is able to handle up to 100 mA
and can be used to turn on an SCR, a
relay, or a lamp for indication of the
lock condition. Anotherfeature of the
567 |s its low power-supply voltage (4
volts minimum), making it ideal for
battery operation. However, it is less
input-sensitive than the others.in the
series.

Working with the 565. The 565
PLL is the only member of its family
that is not internally stabilized with a
zener diode. Therefore, a well-
regulated supply or a zener diode
should be used to keep the power sta-
ble.

Suppose you wantto use a 565 as an
SCA background music decoder. A
suggested circuit is shown in Fig. 3.

The SCA signal is 14-kHz FM on a
67-kHz subcarrier. Note that a single-
ended power supply is used and the
resistor network made up of R3
through R6is used to bias the inputs at
3.2 volts. Thus only one comparator
input (pin 2) is used for the signal.
The two input capacitors (C2 and
C3) and resistor R2 act as a high-pass
filter to remove the lower-frequency
stereo subcarrier from the SCA input.
Capacitor C7 and resistor R7 deter-
mine the operating frequency of the
internal vco by the expression
1.2/(4R1C1). Since we know that the
vco should operate at the SCA fre-
quency of 67 kHz, and we would like
R1 to be about 5000 ohms, we can

+|OVe——g

The demodulated output (pin 7) is
passed through a three-stage low-
pass filter (C5 to C7 and R7 to R9) to
provide the necessary de-emphasis
and attenuate the high-frequency
noise that often accompanies the SCA
transmission. The demodulated out-
put signal is approximately 50 mV and
the frequency response extends to 7
kHz.

The locking range is determined
from +8F V. which comes out (=8 X
67)/10 or +53.6 kHz. Since the band-
width of the SCA subcarrier is only 14
kHz, there is more than enough lock-
ing range available. This expression
applies only when the input signal is
high enough to saturate the com-
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»F  oF 8 10 .00IyF
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4.7K 24.7K Cl
2 .pdlurl * SEE TEXT

Fig. 3. Typical phase-locked circuit for
decoding SCA background music on FM broadcast.

calcujate the value of C7 needed. This
works out to be 0.000895 or 0.001 uF.

Tuning resistor A1 is made up from
a 1000-ohm fixed resistor in series
with a 10,000-ohm potentiometer.
(Remember that we assumed a value
of 5000 ohms for R71.) Using this larger
potentiometer will enable tuning over
a wide range around the center fre-
quency (in case the tolerance of C1 is
very broad), while the 1000-ohm fixed
resistor will act as a current limiter if
the potentiometer resistance is re-
duced to zero.

PLL SPECIFICATIONS

Type Min. Input VCO Freq.
For Lock (MHz)

560 120 uv 15

561 120 uVv 15

562 200 uV 15

565 1 mv 0.5

567 20 mv 0.1
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Lock Range Vee
Min. Max
15% 16 26
15% 16 26
15% 16 30
60% 10 26
12% 4 10

parator. If the input signal decreases,
the correction voltage also decreases,
thereby reducing the locking and cap-
ture ranges.

The curve in Fig. 4 shows the lock-
ing range versus the input signal level.
Since the SCA decoder requires a 20%
locking range, the curve shows that a
10-mV input will be enough to drive
the phase lock.

The 565 provides a method of limit-

ing the locking range. A tap on an in-
ternal voltage divider is used as a ref-
erence output (pin 6). This voltage is
the same as the output voltage (pin 7)
when F, is equal to the {ncoming
signal. Connecting a resistor between
pins 6 and 7 differentially loads the
output without changing the dc level
or shifting the vco. A resistance
change from 25,000 ohms to zero be-
tween these points will shift the lock-
ing range from +60% to +20%. Since
the output is loaded, one can expect a
corresponding decrease in the level of
the output signal.
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NORMALIZED LOCK RANGE

HISTORY OF PHASE-LOCKED LOOPS

In 1932, a group of British physicists
was.working-on a new method of radio
reception to compete with the
superheterodyne s'ystem. This new ap-
proach would require only one tuned'
circuit and would have greater fidelity.
and selectivity than the superhet circuit.

The theory was deceptively simple.
When an r-f oscillator and an incoming

. signal are mixed at the same phase and
frequency, the outptit product wilf be a
perfect audio reproduction of the
transmitted modulation. An adjacent
carrier, 20 kHz away, will be demod-
ulated as a 20-kHz signal and could eas-

* {iy be filtered out of the desired audio.

The system was constructed using a
simple untuned r-f amplifier to feed
the mixer. The results were as-
tonishing—perfect reception with no-
adjacent-channel interference. The
only problem was that the local oscil-
‘tator would slowly drift off frequency,
producing a beat note which made re-
ception intolerable. '

One member of the group then
theorized thatif the oscillator frequency
sould be compared to the signal fre-
quency in a phase-detector circuit, a
correction voltage could be produced”
to return the oscillator. This could be
done by having the correction voltage
drive a Miller-effect (electronic vari-
able capacitance) amplifier connected
across the tuning circuit of the oscil-
tator. The same feedback idea had
worked in servo systems. So, why not
an-electronic servo?

" The new oscillator circuit was built

and connected to the receiver system. it

not only stayed in frequency with the
_incoming-signal, it tocked itself in.
When the tuning was changed to a new

34

signal, the osciliator would hold onto
the old until the new one got too strong
and then it would switch to the new
signal. When the system was tuned be-
tween ‘carriers, it hunted for the
stronger one and locked on to it.

The receiving system, which origi-
nally had been named the homodyne
circuit, was renamed the syncrodyne
circuit.

The circuit, though superior to the
superhet in many ways, could not com-
pete where cost was concerned. The
oscillator locking circuitry was too ex-
pensive. Though the syncrodyne re-
_celver circuit was never used in AM re-
ceivers, it attracted the attention of FM
receiver designers who were looking
for a method of stabllizing the
mixer/oscillator at 100 MHz. The FM re-
ceiver already had a form of phase dis-
criminator to demodulate the i-f signal.
By connecting the dc component of the
discriminator output to a Miller-effect

_ tube across the local oscillator, the lat-

ter could be forced to lock in 10.7 MHz
above the incoming signal to produce
an exact 10.7-MHz i-f. The system was
called automatic frequency control.

The budding TV-receiver industry,
tooking for a way of locking the horizon-
tal oscillator, developed several phase-
locked circuits—notably the “'Syncro-
Guide” and “Syncro-L.ock.”

By the mid 1940's, phase-lock was
being used in military microwave and
radar receivers. When NASA fired the
first space capsule; its 10-milliwatt,
108-MHz transmitter signals were re-
ceived by a phase-locked receiver,
'whose ability to follow a signal below
the noise level was considered pheno-
menal.

The differential output (pins 6 and 7)
is useful in frequency-shift keying.
Thisis amethod of reproducing digital
pulses by shifting the frequency of the
inputsignal,genera!ly1 kHz for azero
state and 2 kHz for a one state. By
connecting a voltage comparator
across pins 6 and 7, the output pulses
are cleaned and shaped. They can
then be interfaced with the following

digital circuitry.

The 565 has two outputs that can be
useful in some applications. A triangle

waveform is available at pin 9 with an

output of 2.4 V and 0.5% linearity. Be-
cause even light loading at the output
will distort the triangle wave, a high-
impedance buffer is recommended
when using it.

Note that there is a short between
pins 4 and 5. Pin 5 is the output of the
vco while pin 4 is the input to the com-
parator. In the SCA adapter, these two
pins are not used. The output at pin 5
is a square wave with an impedance of
5000 ohms and a level of 5.4 V p-p.

As shown in Fig. 5, pins 4 and 5 pro-
vide a convenient way to insert a pro-
grammable frequency divider for fre-
quency synthesis. If the input, Freris @
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Fig. 5. Adding a divider
permits frequency synthesis.

10-kHz crystal-controlled source, and
the divider is programmable from 1 to
10, the vco output, Foy, is 10t0 100 kHz
in steps of 10 kHz, all having the same
stability as the crystal. If a divider is
programmed from 100 to 110, the vco
becomes programmable from 1 MHz
to 1.1 MHz in 10-kHz steps. Unfortu-
nately, the 565 can only operate t0 1
MHz, so this discussion serves only to
illustrate how you can use a phase-
locked loop and a programmable
counter to synthesize almost any de-
sired frequency.

This, in essence, is how frequency-
synthesized CB and FM devices work.
If you have a synthesized local oscil-
lator, you can receive almost any
channel on any band, provided they
are evenly spaced. @®
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SHORTWAVE NEWSCASTS IN ENGLISH

BY RICHARD E. wOOD

SHORTWAVE receiver is a passport

tion will depend on many factors—

to a world of information. On the
shortwave bands, headline news stories
can be heard as they happen. Try listen-
ing to some of the broadcasts listed here.
Though frequencies are subject to change
without notice, this list includes most
of the major newscasts (in English) copy-
able in North America. These broadcasts
are notnecessarily beamed here and recep-

your receiver and antenna, ionospheric
conditions at any given moment, and your
location.

In addition to the stations listed, the
Voice of America, the AFRTS (Armed
Forces Radio and Television Service), and
the CBC Northern Service provide many
newscasts, throughout the day, on a
number of frequencies.

The listings here are based on the
author's experience and proven re-
ception—with one exception. The Israel
BA station has done many flip-flops in
scheduling in the past few months
(perhaps as a result of the installation of a
new 300-kW transmitter). So the times and
frequencies listed for this station are the
latest obtainable.

Time Station Frequency (MHz)
(GMT) R. Bangladesh 15.520, 11.650
0000 BBC 15.260*, 11.750, 9.740t, 9.580, R. Berlin Int. 9.730
9.510*,9.410 R. Moscow See 0200 listings
7.325, 6.175t, 5.975 R. Beirut 9.675 {may be changed)
R. Japan 15.105 R. Cairo 9.475
R. Norway 11.860, 9.645 {Mon) UN Radio 21.630, 17.850, 15.365
R. Moscow 9.665, 7.440, 7.355, 7.205, 0240 R. Australia See 0230 listings {weekdays)
7.185. 7.150, 7.105, 5.940 (Australian Newsreel)
R. Peking 15.520, 15,060, 11.945, 11.685, 0250 Voice of Chile 15.150, 9.590, 9.560, 6.190
8.300,6.810 0300 BBC 15.260*, 9.580, 9.510*, 7.325,
R. Tirana 9.755, 7.065 6.175*,5.975
R. Sofia 9.700 R. Japan 15.105
0030 R. Sweden 6-MHz band (subject to change) T, FoA 9.625, 7.270, 5.980, 3.995
V. of Chile 15.150, 9.590, 9.560, 6.190 R. Finland 9.720 (Subject to change}
HCJB, Quito 11.915, 9.560, 5.970 (weekdays) Ll 9.70011, 7.440, 7.365, 7.205,
R. Kiev 9.655, 9.530, 9.520, 7.150, 7.185,7.150
5.940 (Tu, Fri, Sat) R. Kiev 9.610, 9.520, 7.205 (may
R. Prague 9.540 be changed) (Tu, Fri, Sat}
Sk 91685, 7.105 ISun, Mar] R. Peking 15.095, 15.060, 12.055, 11.650,
0100  Vatican R, 9.605, 6.165, 5.995 11.445,9.780**, 7.120"*
Deutsche Welle 9.690, 9.545, 6.040,6.010 RAE, Argentina 9.690
R. Japan 15.105 i R. Budapest 9.833, 7.220,6.165
R. Canada 9.755, 6.085 R. Portugal 11.840
RAI, Rome 9.575. 6.010 R. Prague 11.990, 9.630, 9.540, 7.345
R. Berlin Int. 9.730 5.930 '
R. Havana 11.930, 11.725 R. Bucharest 11.940, 9.570, 6.190, 5.990
R. Moscow See 0000 listings. Spanish Nat. R. 11.925,6.065
R. Peking 17.855, 17.715, 15.060, 11.945, Deutsche Welle 9.545, 6.185, 6.075, 6.040
11,445, 9.780**,9.390. 7.120* 0320 R. Erevan 17.900, 17.720, 15.180 (via
Spanish Nat. R. 11.925, 6.065 Soviet Far East) (Mon, Wed,
R. Budapest 9.833, 7.220, 6.165 Fri, Sun)
R. Television 0330 R. Berlin Int. 11.970, 11.840
Dominicana 9.505 (weekdays, irregular) R. Havana 11.930, 11.760, 11.726
Trans-World R. 11.815"** R. Moscow See 0300 listings, plus 17.775
R. Prague 11.990, 9.630, 9.540, 7.345, 15.180, 15.140, 11.860, 11.690,
o 9.785, 9.735, 9.700t 1, 9.610,
0130 R, Japan 17.825,17.725, 15.235, 15.195 9.580, 9.540
R. Australia 17.795, 16.320, 11.970 R. Austria 9.770,6.1565
R. Moscow See 0100 listings, with R. Tirana 7.300, 6.200
9.700t1 0345 R. Portugal 11.935, 6.025 {not Mon)
R. Austria 9.770, 6.155 0400 BBC 11.750,9.580, 9.510*, 5.975
R. Bucharest 11.940, 9.570, 6.190, 5.990 R. Japan 9.505
R. Tirana 7.300, 7.070, 6.200 (7.300 il SEGELE QaFES..6.1180
may vary to 7.290, all times) R. Sofia 9.700
0145  Swiss BC 11.715,9.635, 6.120,5.970 R. Norway 9.645, 6.180 (Mon)
0200 BBC 15.260%, 11.750, 9.580, 9.510*, R. Portugal 11.935, 6.025 (Mon)
7.325, 6.175%, 5.975 R. Moscow See 0330 listings but delete
R. Japan 15.105 9.700, add 9.655, 5.940
R. Portugal 11.935, 6.025 New Zealand BC 16.110
R. Grenada 11,975 (weekdays) R. Peking 15.385, 15.060, 11.650, 9.640
HCJB 11.915,9.560, 5.970 (weekdays) 0415  R. Budapest 9.833, 7.220, 6.000
R. Moscow 9.785, 9.7001 1, 9.665, 9.610, RAI, Rome 7.265, 5.990
7.440,7.355, 7.205, 7.185, 0430  R. Tirana 7.300, 5.945
7.150 R. Bucharest 11.940, 9.570, 6.190, 5.990
R. Peking 17.715, 15.060, 12.055, 11.945, Bilss BE 11.715,9.725
11.445 R. Moscow See 0400 listings
Spenish Nat. R. 11.925, 6.025 0445  Deutsche Welle 9.645,6.185, 6.075
R. Nederland 6.165*** (weekdays) 0500 BBC 11.750, 9.580, 9.510*, 6.050
R. Norway 9.645, 6,180 (Mon.) 5975 ol
0230 R. Australia 17.795, 15.320, 11.970 srael BA 12.000, 9.495, 9.009, 7.395
R. Sweden 6.135 R. Japan 9.505 o
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Time
(GMT)

0515

0530

0536

0600

0615
0630

0700

0707
0715
0745
0800

0815
0830
0845
0900

1000

1040
1100

1115
1130

1145
1200

1205
1220
1230
1245
1300

1315
1400
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Station

R. Korea, Seoul
R. Canada
HCJB

R. Nederland
R. Moscow

HCJB
ORTF, Paris

R. Kuwait
R. Moscow

ETLF, Addis Abeba
Deutsche Welle

V. of Nigiria
BBC

R. Japan
R. Norway
R. Moscow

New Zealand BC
RAE, Argentina
R. RSA

R. Havana

R. Nederland
R. Moscow

V. of Malaysia
UN Radio
BBC

R. Japan

R. Moscow
UN Radio
R. Australia
UN Radio
BBC

R. Japan

R. Nederland
New Zealand BC
R. Australia

V. of Malaysia
UN Radio

BBC

R. Canada

R. Japan

R. Korea, Seoul
R. Japan

R. Pyongyang
R. Hanoi

UN Radio

V. of Chile
BBC

R. Japan
Vatican Radio
R. RSA

R, Korea

R. Tirana

V. of Indonesia
R. Canada
Israel BA

Vatican Radio

R. Japan

R. Tashkent

R. Peking
Trans-World Radio
R. Ulan Bator

R. Australia
Vatican Radio
BBC

B. Japan

R. Pyongyang

R. RSA

R. Hanoi
Trans-World Radio
Swiss BC

BBC

Frequency {MHz)

9640

9.655,6.135

11.915, 9.560,5.970 {Tu, Th, Sat)
9.715*** 6.165*** (weekdays)
17.775, 15.180, 15.140,
11.860, 11.690,9.785,

9.735, 9.610, 9.580, 9.540,
7.260,7.170, 7.150, 5.985
11.915, 9.560, 5.970 (Wen,

Fri)

11.735, 11.710, 9.710, 9.680,
7.135

15.345

See 0500 listings, but delete
17.775, 15.140, 11.860, 11.690
11.890, 9.730

9.765, 9.605t, 9.545, 6.145,
6.085%, 6.075

15.185, 11.900, 7.255

15.400*, 15.070, 11.750, 9.640,
9.600*,9.580, 6.005*

9.505

11.860 (Mon)

See 0530 listings, add

11.690, 7.300

11.780, 9.540 (BBC News)
9.690

17.780, 15.220,.11.900

9.525

11.730*** (weekdays)

See 0600 listings ’

15.295, 11.900

9.530, 6.055 (Tu-Sat)

15.400*%, 15.070, 11.750, 9.640,
9.600*,9.580, 6.005*

9.505

See 0600 listings

9.520, 6.055 (Tu-Sat)

9.570, 7.280

9.520, 6.055 (Tu-Sat)

15.070, 11.955, 11:860*, 9.640,
9.600*, 7.150

9.505

9.715*** (weekdays)

11.780, 9.540

9.570, 7.280

15.295, 11.900

9.565, 5.955, (Tu-Sat)

15.400*, 15.070, 11.955, 9.640,
7.150

9.625, 5970

9.505

15.335, 9.640

9.505

12.075, 9.895, 7.405
15.012

9.650, 6.145

15.150, 9,590, 9.560, 6.190
15.070, 12.095, 11.905

9.505

21.485, 17.840 (weekdays)
21.535, 15.220,11.900

15.335, 9.640

11.985, 9.500

11.715 (varies)

11.825, 9.655, 6.970

17.690, 15,130, 15.100, 12.025,
9.009

21.485, 17.840 (weekdays)
9.505

15.460, 156,115, 11 925, 11.730
11.685, 9.480, 8.260, 5.250, 4,130
11.815*** (Sat, Sun)

17.780 (variable) , 15.440, 8.990
9.680

21.485, 17.840 (weekdays)
21.710, 17.790, 15.070

9.505

9515

21.535, 15.220, 11.900

10.040

15.256%**% 11.816*** (Sat)
21.520, 15.140

21.710, 17.840*%, 17.790, 16.070
(Sat)

R. Japan

R. Sweden

R. Finland

R. Tashkent
1415  Trans-World Radio
1450  Vatican Radio
1500 BBC

R. Japan

HCJB

R. Bucharest
1530 R. Belgrade

R. Hanoi
1600 BBC

R. Japan

R. RSA

R. Norway
1700 BBC

R. Japan

R. Tahiti
1720 Vatican Radio
1730  R. Kuwait
1800 BBC

R. Canada

R. Japan

R. Finland

UN Radio

V. of Nigeria
1810 Vatican Radio
1830 R. Belgrade
1900 R. Japan

R. Algiers
1930 R. Baghdad
2000 BBC

R, Japan

R. Nederland
R. Belgrade
R. Ghana

V. of Iran
Israel BA

2010 R. Havana
2030 R. Grenada
2035 Vatican Radio
2045 ELWA, Monrovia
2050 R. Havana
2100 R. Japan

R. Canada

R. RSA

Swiss BC

All india Radio
2130 R. Nederland
2200 BBC

R. Japan

R. Norway

R. Moscow

R. Belgrade

R. Cairo

All india Radio

R. Canada

RAI, Rome

V. of Turkey
2210 V. of Chile
2230 R.RSA

R. Vilnius

2300 BBC

R. Japan
R. Moscow

2330 R. Moscow
2345 R. Japan

*Via Ascension
*#*\/ia Tirana
***\/ia Bonaire
tVia Sackville
t1Via Sofia
1+t1Via Madagascar
*Via Greenville

9.505

17.710

15.185

15.460, 15.115, 11.925, 11 730
15.255*** (Sun)

11.825

21.710, 17.840*, 17.790, 15.260,
15.070 (Radio Newsreel)

9.505

17.880, 15.115, 11.740 {weekdays)
15.250, 11.940

15.240,11.735

7.038

17.840*, 17.790, 15.070, 12.095
9.505

15.155, 11.900

17.825, 15.175 {(Sun)

15.070, 12.095,9.410

9.505

15.170, 11.825 (except Sun)
17.900, 15.210, 11.705

15.415

15.070, 12.095,9.410

15.325, 11.865, 9.480, 5.930
9.505

15,185

21670, 18.275, 15.410 (weekdays)
15.210,11.770

17.200, 15.210, 11.705

9.620

9.505

17.745, 15.420 (both variable)
9.745

15.400*, 15.260*, 15.195,
15.070, 11.750,9.410

9.505

11.730tt1 (weekdays)

9,620

11.850

15.084, 6.022

17,690, 16.490, 15.100, 12.025,
9.815, 9.495, 9.009, 7.395
15.155

15.105 (weekdays)

156.260, 11.740, 9.625

11.940

17.705, 11.970

9.505

9.480, 5.930

15.155, 11.900

15.430, 15.305, 11.870,11.720
11.620, 9.912,9.525

9.715, 5.965 (weekdays)
15.260*, 15.195, 11.780, 11.750,
9.680,9.410,5.975

15.105

15.175 {Sun)

7.390

9.620, 7.240, 6.100

9.805

11.620,9.912,9.525

11.990, 9.480, 5.930

11.905, 9.710, 5.990

11.880

15.150, 9.590, 9.560

15.155, 11.900, 9.695, 9.525
11.980, 9.655, 9.530, 7.105
({may be changed) (Sat, Sun)
15.260*, 11.780, 11.750,
9.740t, 9.580, 9.510*,

7.325, 6.175t,5.97%

15.105

9.665, 7.440, 7.400, 7.355,
7.205, 7.185, 7.150, 7.105,
5.940

See 2300 listings

15.445, 15.270
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PART 2

Gain-block IC, JFET, MOSFET, CMOS and digital keyers

AST MONTH, Part | discussed

what a keyer does and several dif-
ferent types of keyers and vca's used
in electronic musical instruments. We
continue here with descriptions of
other types of keyers, including the
digital variety.

A Special Gain Block. The CA3080
is a special, inexpensive gain-block IC
made by RCA. It can serve either as a
voltage-controlled amplifier (vca) or
as atwo-quadrant muitiplier, making it
almost ideal for use in electronic mu-
sical instruments.

A typical circuit in which the CA3080
is used is shown in Fig. 1. While the IC
looks like an ordinary operational am-

i plifier (the connections are about the

same as for the 741 op amp, in fact),

o there are some important differences.
Rl FEBRUARY 1975

By DON LANCASTER

First, the output is a bilateral current
coming from a very high impedance
source. Second, the internal current
gain is linearly variable from zero up

by controlling the current fed into pin
5 of the IC. Zero current provides zero
gain, while +100 nA provides a max-
imum useful gain.

oLTHALT

L 7K

Fig. 1. The QA3080 gain-block IC used as a vca.
Cost of unit in large quantities is about 50 cents.
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and the control current fed into pin 5.
There are three important things to
remember when using the CA3080: (1)
always keep input signal levels belgw
100 mV to prevent distortion and clip-

TONE /NPT

or envelope voltage from appearing at
the output.

The input impedance on the control
line is very high because a reverse-
biased diode is being driven as an

Fig. 3. Typical circuits using a MOSFET.

Shunt mode is shown at (A); series at (B).

gate of a MOSFET to drive the device
(unlike the depletion-mode JFET that
requires that a voltage be removed
from the gate to turn it off). This per-
mits the use of positive envelope and
control voltages. '

The MOSFET remains cut off until
the envelope input signal reaches +4
volts or so. Between +4 and +8 volts,

= T control of gain and resistance is more
W or less linear. Any potential be.ypnd +8
é’f,’-‘ﬁ,r AT 7o volts or so does not significantly
g ——0 = change the resistance.
e “ZW 0/207’7”"7' The input impedance to the MOS-
ry FET is essentially infinite on the en-
e i feedback re-
- £ Ry velope line. However, the fee
- i s sistors reduce the impedance to about
/fﬁj,v-'r 6 megohms, a value low eno.ugh tlo
i = permit the use of small cap‘acnors in
“ the envelope shaping circuitry. At $2
o7E -
) /{";1/73 Eyﬂlfﬁ'LoRE Lr =
ping; (2) always current-limit the input Cpy ot TS +— :
in 5 wi han 100,000 Tl
to pin 5 with not less t . ) a
ohms; (3) the voltage gain obtained o5 EO_WTEJ | "
depends on the output load resistor. w°—k . I E‘* |
“eo—m 2 | WK
The JFET. The junction field effect 2,0 R s ll 2
transistor (JFET) can serve as a 2 , ..I_E WA
! | | A ¢ - NOTE
small-signal, electrlcaH.y varlabJre re o, o " e ] ~ 7
sistor. JFET's are low in cost.. exas . 3 ;i. n | ol l og/i;?v:
Instruments’ 2N3819 is a typical ex- 0% 7 |
ample of such devices. Also, there is a £, o 1 2 ! fak
wide variety of custom JFET's f.or . 2 ”I-LE 1
variable-resistance applicathns, with fy o—‘\Mr-*‘———; |
Siliconix offering seyeral devices and | | g s Tt
B O e aigna (0 3 JF < — - voltage-controlled amplifier
o S'Q“a' it riayd meSt WIZL ;g:;e ”;;’é//g‘;%% uses CMOS logic and costs
be kept very low in amplitude, prefer- e e e & o
ably less than 10 mV peak-to-peak. 3.3 e
Grounding the gate input qf an £ G,GR AR S N ﬂggm
n-channel JFET causes the device to CEE#

conduct heavily. As the gate is made
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N
or so per device, the MOSFET tech-
nique can be economically used on
smaller polyphonic instruments,

The CMOS Technique. There are
many games you can play with the
CMOS digital-logic family of devices,
especially the industry standard
CD4000 series. One obvious thing to
dois tobiasahexinverter to obtain six
n-channel MOSFET’s, yielding six
keyers in a $1 or $2 package. The re-
sultant unit keyer cost will then be 15¢
to 30c, which is the pricing you must
aim for when considering a fully
polyphonic keying system on a large
but reasonably priced instrument.

The only catch to the above is that
ordinary CMOS hex inverters contain
input-protection diodes that make this
essentially impossible. But the new
RCA CD4049 or Motorola MC14049
IC’s eliminate the problem. The circuit
for using these new IC's is shown in
Fig. 4. It is simply the circuit shown in
Fig. 3 repeated 12 times for a full
octave's worth of keying (12 notes),
accomplished with three low-cost in-
tegrated circuits.

The signals must be limited to very
low levels at the note inputs, pref-
erably to between 50 and 100 mV rms
from a 400-ohm source. Thanks to the
operational amplifier, the output im-
pedance from the system is low. The
output signal level is 2 volts peak-to-
peak. The resistors provide a lineariz-
ing effect. Depending on your system,
however, you may be able to eliminate
the resistors. It all depends on the dis-
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tortion permissible at this pointin your
system. Since each keyer works on
only one note, distortion changes the
harmonic structure of only the one
note and does not intermodulate.
The most important advantages of
the CMOS keying approach include
very simple circuit design, low parts
cost and, electronically, very high im-
pedance on the envelope input lines.
(A fully custom version of the Fig. 4
circuittechnique is used by one major
electronic organ manufacturer.)
While you are looking at CMOS de-
vices, check out the quadrature
analog gate CD4016 IC. It cannot be
used in a variable-gain mode, but it is
great for on/off control of electronic
music signals. Even in single-quantity

prices, it costs only about 25¢ per
channel.

Going Digital. So far, only analog
keying and control techniques have
been described. Digital techniques
can also be used in electronic music.
You will be seeing more EM digital
circuitry in the future. Let us take a
brief look at some of the possibilities:

In Fig. 5A, eight stages of CD4016
CMOS IC switching are used to set the
gain of an operational amplifier to one
partin 256. The gain can be set to any
of 256 discrete values that are close
enough that they appear to continu-
ously change in amplitude.

The tone signal is fed to the input of
the operational amplifier, and en-
velope information is derived from a
mask or a digital memory. The mem-

4____#——7

|
DI6/TAL INPLITS
input. One problem is that the cutoff 87
( I bt feorh BB DIGITRL INPUT 2/6/TA,
ONE NOTE voltage varies quite a bit VEITAL [MPUT
e JOK e i m JFET to another. Thus, it may be —— L
iust the envelope am- Ssn 1 2 8 Sienw 72 4
TONE necessary to adjus : e ANRLOE S
ENV. NPUT 10K )74+ plitude and off level to suit the particu o MCI406-8 OpL i T T T !
NPT lar JFET in use. e @ ] ,
RN38/9
i ] 1 1
- AN T The MOSFET. Enhancement-mode wores veaw ae N ek S8 L 13 ‘ . 4
- INPLT 10K s 's with Pl
MOS (metal-oxide silicon) FET's wi EMVELOPE OR X ) M /6 1TAL ! Ll
(A insulated gates can also be used as NOTE] R ——— NAA ALUT = 1 o
2 i - OSFET's costa bit VICE VERSR p K 7 i 11
. B) variable resistors. M. e I ._,VWW_ MR
Fig. 2. The JFET can be used in t]ze(;lzunt more than convent|orT(":f;.I ;JiEE::évalr:E o oA (B T
mode (A) or the series mode circuit (B). they have a number of dis ‘ 3,<v | o
tages. \cal circuits in v Sk Fig. 5. At (A) is digitally
i C, in- more and more negative, the equiva- Shownin Flg,Sare typicalcir 4l i 1 MRSyl | controlled analog multiplier; 74285
There are two inputs to the IC, in lent resistance increases until the cut- which the 2N4351 MOSFET is use { 0_04/.__,\/\/\,_/__‘ (B) is economical but unipolar
verting (—) and ngnlnvertmg (+). The oefrf] voltage is reached, at which point  the shunt (A) and series (B) m(:dilsoat {_o,y.____jv&’_‘ DIA converter; (C) is
IC amplifies the difference voltage on the JFET acts as an open circuit. the substrate lead is permitted to b ] 258k all-digital 5x5 multiplier. | S SR G
these inputs and converts it tolandout- A JFET must be used in a shunt and the two-resistor feedbactl;] nceir T 28 64 32 /6 8 4 a2 v
e- : ; ; ecir-
e mase (s 4 o s o o nrkisussdsactysostounvet | spiee | i -~
L et teis converted to ar; virtual ground of an operational am- cuits can -+ t(?— ol audiv sigral. x) YK %a&jz/r D
O the overall' plifier in the series mode (Fig. 2B) volts of peak-10-p 56 1o 10
e i Thgreforel, de Os'stor must be summed to keep the control A voltage must be applie fC/
voltage gain is set by the load resi

ory can be in the form of a permanent
store, program card, or programma-
bie information 'store. One benefit of
this approach is the ability to generate
any envelope you want, including
waveshapes that would be physically
impossible with conventional acous-
tical instruments. Precision resistors
are required for this particular circuit.
In Fig. 5B, all switching is accom-
plished inside the Motorola
MC1408P-8 IC. An analog input cur-
rent and a digital word are applied to
the inputs. The output current is a
ratio of the input current from zero to
full value in one-of 256 discrete steps.
This circuitis also useful for changing
a digital to an analog envelope wave-
form, or for converting digital timbre
information into an equivalent analog
waveshape. One limitation of the de-
vice is that the input current must be
single-directional with respect to
ground, so, an MC1408P-8 cannot be
used directly for keying operations.

In Fig. 5C is a 5-bit by 5-bit (5X5)
digital multiplier that provides a digital
word as the product of an input en-
velope word and an input tone word.
The five bits are derived from a pair of
4X4 multipliers and an exclusive-OR
gate to take care of the sign bits.
Though we would like to see more bits
than this, the cost rises considerably if
you shoot for greater accuracy.

There you have the keying and vca
techniques commonly used in elec-
tronic musical instruments. Good luck
in applying these to your own instru-
ment designs. ®
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SOLID STATE
VU METER

I

SOLID STATE
VU METER

CONSTRUCTION

New bar-graph device provides signal-strength

readouts, accurate peak signals

U METERS cannot accurately

read out momentary peaks due
to meter-movement inertia. For exam-
ple, the ballistics of a professional VU
meter is standardized so that about
0.30 second is required before a
steady-state reading is reached. Obvi-
ously, this is too slow to register the
fast peaks that occur in music. A
peak-responding LED is sometimes
used to indicate the presence of such
transients.

Here is a "VU'' meter that combines
the features of a standard VU and the
peak indicator. It is a meter with no
moving elements. The all-solid-state
circuit is designed around a new in-
candescent bar indicator that instan-
taneously shows relative signal
strength, including sharp peaks, over
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a wide dynamic range.

The readout element resembles a
conventional DIP IC (in shape) and
displays up to ten discrete signal
levels on parallel filaments. In this
case, it has a dynamic range of 30 dB,
with each sequential filament il-
luminating fully at 3 dB over the pre-
ceding one. The tenth filament (the
final 3dB) is the peak signal indicator.

Circuit Operation. As shown in Fig.
1, potentiometer R7 sets the level of
the audio input to a precision full-
wave rectifier that uses both halves of
/C1. The rectified output is coupled to
10 parallelvaltage comparatorsin/C2,
IC3, and IC4.

Each of the 10 filaments in the dis-
play operates at 5 volts and 10mA. The

first nine are driven directly by the
comparators. The tenth is controlled
by a one-shot multivibrator (/IC5) to in-
gicate the peaks.

Two other comparators in [C2 are
used as voltage regulators to supply a
reference voltage. A third regulator
made up of D3 and Q7 supplies the
higher current required forthe display
filaments.

The resistor network made up of
R24 through R42 is arranged as an
R-2R ladder that allows a precision
voltage divider to be constructed
using enly two different values of pre-
cision resistors. The consecutive ref-
erence voltages for the noninverting
inputs of the comparators are selected
to increase in 3-dB steps from the low
end to the high end of the range. As
the rectified audio voltage to each
comparator's inverting (—) input
reaches that of the associated nonin-
verting (+) input, the comparator
switches to turn on its associated dis-
play filament. Thus, the number of fil-
aments turned on (illuminated) at any
instant is determined by the level of
the audio input.

Censtruction. The circuit can be as-
sembled on a pc board or a perforated
board. All of the components except
for the power supply and the display
can be on the board. Sockets should
be used for the IC's.

When laying out the board, be sure
that wires carrying the comparator
outputs and inputs are nottoo closeto
each other to avoid oscillation. Since
the output pins of the comparators are
at one end of the package, there
should be no problem in getting a
satisfactory layout. The +V¢, pin of
each IC should be bypassed to ground
by a 0.1-uF disc capacitor mounted as
close to the pin as possible.

Outputindicator D/S7 and its socket
are cemented in asuitable rectangular
cutout on the front panel. Since the
incandescent filaments emit a white
light, a filter of aimost any color can be
used in front of the display. In the pro-
totype, a green fiiter was used.

Any power supply delivering 12 volts
at 200 mA can be used.

Diode D3 must be selected by trial
and error. First, tack-solder a standard
1N914 into the circuit. Apply an input
audio signal of about 1 or 2 volts rms
to J1 and adjust A7 until all 10 seg-
ments are lit. All 10 segments should
be bright, but there is a possibility that
the first nine may not have equal
brightness due to different current-
sinking capabilities of the com-
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Fiy. 1. ?‘he audio signal is rectified and applied to
sequential comparators, which turn on filaments in display.

(_I;AR'I;S LIST
(Two of each needed for stereo
C1—47-pF tantalum capacitor )
C2—6.8-uF tantalum capacitor
C3,C4—22-uF tantalum capacitor
C5—0.05-uF ceramic capacitor
C6—0.1-uF ceramic capacitor
C7—I1-uF tantalum capacitor
D1,D2—1N914 diode
Bl

—Bar indicator light (se
IC1—558 dual op ampgh s
IC2,IC3,IC4—LM339 quadruple com-

parator (National)

1C5—555 timer
J1—Phono connector
Q1—2N2222 transistor (or similar)
R1—10,000-ohm potentiometer
R2,R4,R5,R9.R12,R26,R28, R30,R32,

R35,R37,R3 — -
R3l;/i>7r§sgsto§ 9,R41,R42-—1000-0hm,
,R7,R8,R11,R25,R27,R29,R31,R34

R36,R38,R40—2000-ohm, 1% resistor
R6—20,000-ohm, 5% resistor
R 10—1000-0ohm, 5% resistor
R13—470-ohm, 5% resistor
R14 to R23—100-ohm, 5% resistor
R33—420-ohm, 1% resistor
R43—510-ohm, 5% resistor
R44—4700-ohm, 5% resistor
R45—150,000-0hm, 5% resistor
Misc.—IC sockets (6), transparent filter,
cement, mounting hardware, power
supply.
Note—Bar indicator (3015Q) is available
from Readouts, Inc., Box 149, Del
Mar, CA 92014, for $4.25, plus postage.
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parators. If there is a noticeable differ-
ence in segment brightness, use two
diodes in series for D3. Recheck the
brightness. At least one diode must be
used for D3; but as many as three
(connected in series) may be used to
get the desired brightness.

USe. Since the meter has a relatively
high input impedance, it can be con-
nected directly across the speaker
terminals of any audio amplifier. In
fact, two meters can be used for stereo
balance tests.

Adjust potentiometer R1 so that the
last segment flickers on the required
audio peaks. @
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POWER SURGES
AND SEVICONDUCTORS

MOST repair problems on elec-
tronic equipment can be traced
to failures of parts due to simple
things like overheating, vibration, or
even sheer carelessness—as when a
screwdriver gets stuck in the wrong
place. These faults are relatively easy
to locate and correct; but sometimes
(particularly when semiconductors
are involved) we hit a real “puzzle-
ment.” These problemscan’tbesolved
even with the aid of the most sophisti-
cated test gear.

in such cases, the problem is:
though semiconductors have no
known wear-out mechanism when
operated within specified limits, how
can they suddenly fail catastroph-
ically?’ How can a piece of equipment
containing all the correct compo-
nents, with a well-regulated power
supply and proper volitages, suddenly
drop dead? It can happen anywhere,
even in mobile equipment located far
from an ac power line.

Line Surges. The answers to some
of these questions were provided ina
recent paper written by engineers at
Genera! Electric. Their findings are
worth bearing in mind.

In monitoring the power lines of
about 400 locations in 20 cities, these
engineers found some astoundingly
high voltage surges. A few were as
high as 2500 or even 5600 volts and in
six locations, there were surges over
1200 volts more than once a day.
These were not prolonged peaks, of
course, but extremely short transients
that suddenly appeared on the power
line.

What causes these sudden surges”?
In some cases, they have been traced
to the operation of an oil burner, a
fluorescent lamp bank, a pump motor,
a refrigerator, etc. In other cases, no
amount of deliberate load switching
could produce the transients. Some
surges were traced to local lightning
storms. (Film recordings, made on os-
cilloscopes, showed distinct oscilla-
tory characteristics of approximately
300 kHz. This suggests shock oscilla-
tion of the home power system.)

The question of the amount of
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energy involved inthe surge is related
to the impedance of the system, which
usually falls in the range of 100 to 300
ohms for a branch circuit. This means
that, in a typical home, the impedance
at the common service entrance could
be about 5 to 10 ohms. However, this
low value exists only for a small frac-
tion of a microsecond of pulse travel
time. Connected loads have a lower
impedance than a branch circuit and
will be dependenton frequency where
inductive components are present.
These loads will absorb part of the
energy, thus lowering the peaks. Elec-
tric motors and transformers have
substantial insulation, which may ac-
count for their rare failures. Defective
wiring practices may cause flashover,
without the 60-Hz power follow.

Other Types of Surges. High-vol-
tage surges also spring from other-
than power-line sources. For example,
take the simple case of an on-off
switch in the primary circuitofatrans-
former. If the transformer is suddenly
energized, or de-energized, at the
peak of the input power waveform, a
transient of approximately twice the
normal peak voltage of the secondary
can occur. If there is any contact
bouncing when energizing the trans-
former, much higher transients may
occur. These transient voltages are
due to the interruption of the mag-
netizing current. Transients in excess
of 10 times the normal voltage have
been observed across rectifiers if
there is no load on the system. Unless
alow-impedance path is provided, this
can be generated across the load. If
the rectifiers have insufficient PRV rat-
ings, they can be destroyed.

If there is any inductance in a
power-supply circuit (such as a
choke), interrupting the power line
can produce transients as the mag-
netic field collapses. Itis also possible
to get large transient voltages on the
de side of the rectifier as opening the
dcload circuit can producean amount
of energy proportional to the stored
energy of the ac line and transformer.
This is greatest when the dc circuit is
opened with a high current flowing.

BY LESLIE SOLOMON
Technical Editor

The stored energy in the ac circuit is
the source of the destructive energy as
the dc stored energy is dissipated
through the forward path of the rec-
tifiers. 1f high-current rectifiers are
used, a higher dc current will flow in
the load circuit; and if this is suddenly
interrupted, large transients can be
generated.

Keep in mind that these sudden
transients rhay be many times larger
than the maximum peak voltages of
the various semiconductor junctions.
Also keep in mind that semiconduc-
tors are notlikevacuum tubes thatcan
tolerate some overvoltage without
sustaining permanent damage. A fast
peak, that may occur only once, may
be enough to blast a semiconductor
junction out of existence, yet not
damage any other parts. That is why,
in some inoperable circuits, all com-
ponents except the semiconductors,
areiin good condition. This is also one
reason diode protection is found in
some signal circuits. The diodes allow
up to 0.5V to pass, yet look like shorts
when the voltage exceeds this value.

Mobile Equipment.Considera whip
antenna mounted on a fast-moving
vehicle in dry air. Think of the amount
of static voltage being built up on the
antenna. Couple this with the possibil-
ity of lightning-produced charges in
the air. Or consider what happens if
the car passes under a high-tension
line just as alarge transientgoes down
the line. To protect mobile equipment,
a neon lamp can be connected be-
tween the antenna and. ground to act
as a “short” when the static voltage
exceeds a certain value. An r-f choke
can also be connected between the
antenna and ground to act as a short
to the static voltage, yet presenta high
impedance to received signals.

As for power-line transients in the
home or shop, it is pretty difficult to
turn apower supply onor off exactly at
the zero crossing. One solution is to
use one of the transient suppressors
now being offered by a number of
manufacturers. These can be foundin
the pages of most of the larger elec-
tronics catalogs. @
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Fig. 1. Clock oscillator IC1A drives IC2A and IC2B to
generate two successive gate intervals. Output of IC1B is

4.8 —s pulse, inverted to a 0.7 —s pulse by ICTA. Upldown
counter (IC5) and BCD-to-decimal circuit (IC4) drive LED’s.
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Fig. 2. Timing diagram shows relationship between
pulses at X, Y, and Z. If a player operates switch
before LEDI 1is lit (during t1), he is penalized.

PARTS LIST

C1,C5—10-uF electrolytic capacitor

C2,C6,C17,C19 to C23—0.01-uF capac-

itor

C3,C4,C8,Cl1—1-uF electrolytic ca-

pacitor

C7, C19, C13, Ci4, Ci5, Ci6, C27, C28—

0.1-uF capacitor

C9,C12—0.001-uF capacitor

C18—Not used.

C24,C25,C26—47-uF, 15-volt electrolytic

capacitor

C29—2.2-uF electrolytic capacitor

C30—500-1000uF, 15-volt electrolytic

capacitor

D1 to D8—IN914 diode

D9 to D12—1N2071 diode

IC1,IC8,IC9—556A dual timer (Signetics)

IC2—553B quadruple timer (Signetics)

IC3,IC7—7400 quadruple NAND

1C4—8251B BCD-to-decimal (Signetics)

1C5—74192 up/down counter

IC6—8241A quadruple exclusive OR
(Signetics)

IC10—LM309DB 5-volt regulator (Sig-
netics)

LEDI1,LED11—Green MV5253 (Mon-
santo)

LED2 to LEDI0—Red MVS5053 (Mon-
santo)

R1—20,000-ohm, Y4-watt 10% resistor

R2—680,000-ohm, Y4-watt 10% resistor

R3—430-ohm, Y4-watt, 10% resistor

R4,R6—200,000-ohm, Y4-watt 10% resis-
tor

RS,R7,R10,R11,R22,R23,R27,R32,R34—
2200-ohm, Ya-watt 10% resistor

R&—390,000-ohm, Y4a-watt 10% resistor

R9,R25,R30—22,000-ohm, Y4-watt 10%
resistor

R12 to R21—620-ohm, Y4-watt 10% resis-
tor

R24,R29—2700-ohm, Y4-watt 10% resistor

R26,R31,R38,R40—2000-ohm, Y-watt
10% resistor

R28,R33—510-ohm, Y4-watt 10% resistor

R35,R36—130,000-ohm, Y4-watt 10% re-
sistor

R37—75,000-ohm, Y4-watt 10% resistor

R39—120,000-ohm, Y4-watt 10% resistor

$1,S2,S3—Spst temporary-contact push-
button switch

Spkr—8-ohm speaker

T1—6.3-volt filament transformer (Triad
F-14X or similar)

Misc.—Suitable Cabinet, line cord, rubber
grommets (11), press-type, mounting
hardware, IC sockets (9), clip-on heat
sink for IC10, solder, wire, etc.

Note—The following are available from
Four Seasons Mfg. Corp., 1071 Peninsu-
lar, Los Altos, CA 94022: IC package
containing IC1 through IC10 for $24;
etched and drilled pc board (TW202) for
$6.95; wood case with metal top plate
screened and drilled (TW206) for $9.95.
California residents add sales tax. All
prices include shipping in U.S. only.
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that this oscillator ‘‘sinks” current,
LED! isturned on. The pulse also trig-
gers IC2A and /IC1B. The former is a
one-shot multivibrator whose “‘on”
time is determined by R4 and C3.
Since this timer is edge-triggered and
the state of the trigger has no effect on
the output pulse, /C2A can be coupled
to /C2B to provide a second pulse of
equal duration (determined by R6 and
C4). The outputs at points X and Y are
sequential pulses of equal duration.

When /C1B is triggered, it produces
a one-shot output pulse of about 4.3
seconds, determined by R8 and CS5.
This pulse is inverted by /C7A to pro-
duce a pulse of about 0.7 second dura-
tion just prior to each clock pulse. The
pulse at point Z is used to penalize the
player who attempts to anticipate the
clock and jumps the gun. The timing
diagram in Fig.2 shows the sequence
of events.

The circuitry for the players is
shown in Fig. 3. The two circuits are
identical except that their outputs are
reversed to enable one to drive an
up/down counter (/C5 inFig. 1) in one
direction and vice versa. The players'
positions are keyed around one-shots
(1C2C and IC2D).

To see how the circuits work, as-
sume player B does not touch his but-
ton when the Go light comes on or that
player Aisvery fastand is able to press
his button during time period t2 (Fig.
2). Then the pulse generated by /C2C
is applied to an AND gate with the pulse
from point Y. Two exclusive OR gates
(IC6A and IC6B) act as a frequency
doubler and provide two pulses at
point A, which are applied to pin4 of
ICS5. This causes /C5 to count down
two steps. The BCD-to-decimal de-
coder(/C4) takes the output of /C5 and
causes the lit LED to move two posi-
tions toward the A end.

If player A is not quite as fast and
pushes his button during period t3,
the output of /C2C and the pulse at
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Fig. 4. Optional sound-output circuit
is two gated tone-burst generators,
each having a different frequency

to create separate sounds for players.




Fig. 6. Foil
patterns for

the double-sided
pc board are
shown at right
and below.
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point X are applied to AND gate /C3B.
Then only one pulse appears at point
A, and the lit LED advances only one
position toward A.

When player A tries to anticipate the
GO light and presses his button too
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soon, the pulses from /C2C and point
Z are applied to AND gate /C7B and the
output at point B causes the counter
to go in the other direction.

The circuit for player B operates in
the same way as that for player A. If

both players press their buttons at the
same time, the signals cancel each
other. After playing the game for some
time, the players' reflexes will appear
to have improved to the point where
the game becomes a standoff. In this
event, reduce the values of R4 and R6
to shortent2and t3. Resistors R26 and
R31 should be reduced by the same
percentage as R4 and R6 to reduce the
possibility of confusion in the AND
gates, since the pulses at X and Y will
be much shorter.

When one player has moved the lit
LED to hisend,LED11 islit and diodes
D1 and D2 prevent any further action
until the START button is operated.

The game can be made more excit-
ing by adding a circuit to provide an
audible indication of which player has
won. The circuit is shown in Fig. 4.
Tone bursts are generated by /C8 and
IC9. Each half of/C8 acts as aone-shot
which determines how long the as-
sociated half of /C9 is activated. The
two halves of /C9 are oscillators with
outputs of different frequencies.
When a player wins a game, the signal
at A or B causes the appropriate cir-
cuit to provide a sound through the
loudspeaker.

The simple power supply shown in
Fig.5 can be used for the Tug-of-War.

B ——

B . rape—

MR
g 1"

Photograph of interior of the Tug-Of-War
shows mounting of printed circuit board
with power supply transformer and
optional speaker for sound at right.
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Fig. 7. Components must be mounted carefully
since the top of the pc board is primarily

a ground plane. Some connections, however,
are made to the top side of board (asterisk).

Construction. A double-sided pc
board such as that shown in Fig. 6 can
be used for the Tug-of-War. Don’t use
sockets for the IC's. Since the top of
the pc board is primarily a ground
plane,itisimportantto remember that
cemponents must be carefully
mounted so that their leads do not
touch the ground, though some com-
ponents and IC pins are soldered on
the top side of the board to provide a
ground. These points are indicated in
Fig. 7 with an asterisk.

Since the board does not have
plated-through holes, coincident pads
(AQ) on both sides should be inter-
connected by small lengths of wire
through the holes and soldered on
both sides. Use a clip-on heat sink for
integrated circuit /C710.

The LED's and switches are mount-
ed on the top cover as shown in the
photograph. All use %" holes with
grommets for the LED's. Short lengths
of insulated wire are used to connect
the LED’s and switches to the board.

Mount the LED’s so that proper po-
sitioning and polarity are observed
—with LED6 at the center of the line,
LEDZ2 toward player Aend, and LED10
atthe otherend. Green LED’s are used
for the WINNER and GO indicators,
while the others are red. ®
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TESTED||

“UNIVERSAL”
DIGITAL
PROBE

BUILDA "

»
#
1 g —y,

Tests virtually any digital logic family at speeds to 10 MHz.

ANY different designs for digi-

tal logic test probes have ap-
peared in the past few years. Most
tend to favor a specific logic family,
with TTL getting the most attention.
Few, if any, are capable of checking
ECL and MOS devices and circuits.
The logic probe described here is de-
signed for testing virtually all the
logic families currently in use, includ-
ing RTL, DTL, TTL, ECL, and MOS de-
vices and circuits.

The universal logic probe, while
larger than “ordinary” testers, is also
completely self-contained. It has its
own built-in battery power supply to
simplify test hookups. (Most popular
test probes derive their power from
the circuit under test.)

An important. factor to be consid-
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ered in logic probe design is frequen-
cy response. Most testers will not re-
spond to high frequencies. Thus ex-
tremely short duration pulses are lost
and, in some cases, cause signal deg-
radation in the circuit being tested.
The universal probe solves this prob-
lem by being able to respond to fre-
quencies in excess of 10 MHz. Fur-
thermore, it will check for a logic 1 or
logic 0 within 5 mV of a set value.

About the Circuit. The tester is
made up of two parts: a small case
containing all of the electronics (in-
cluding two controls that permit you
to preset the logic levels) and a probe
assembly with attached cable. The
probe itself contains a 7-segment
LED display. The ground lead is at-

e Q2
2N3904
R3
400
D&
IN34

DIs 1

Fig. 1. Dual comparators sense the voltage at probe tip.
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tached to the body of the probe for
easy connection to the circuit being
tested.

The heart of the circuit is dual dif-
ferential comparator integrated circuit
IC7 in Fig. 1. The /C18B half checks for
a logic 1. Its pin-8 output is held low
until the input on pin 5 from the probe
is 5 mV (or greater) above the voltage
applied to pin 6. The latter is deter-
mined by the setting of R5 and ranges
from —1 V to +5.25 V dc. When the
inputis greater than the voltage on pin
6, the output of the comparator sends
Q17 into conduction to cause a 1 to be
displayed. .

The 0 part of the circuit operates in
the opposite manner. The input on pin
13 must be more negative than the
preset voltage on pin 12, determined

PARTS LIST

B1,B2—9-volt battery

B3,B4—1.5-volt battery (AA cell)

C1—10-pF, 10-volt capacitor

C2,C3—0.1-uF, 10-volt capacitor

D1,D2—IN751A zener diode

D3 to D6—1N34 diode (or similar)

D7—IN753A zener diode ;

DIS1—Seven-segment LED dispiay (Mon-
santo MAN-3 or similar)

IC1—72720 dual differential comparator

figl ,Qf2—2N3904 transistor (or similar)

he following resistors are Y& watt:

R1—1000 ohms

R2—10 ohms

R3—40 ohms

R4-—10,800 ohms

R6,R9—8000 ohms

R7—18,000 ohms

R10—5000 ohms

R11—6.8 ohms [

RS,R8—10,000 ohm miniature potenti-
ometer

Misc.—Length of three-conductor
shielded cable, plastic felt-tipped pen,
cement, needle tip, knobs (2), press-on
type, battery connectors, chassis,
mounting hardware, etc.
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Fig. 2 Foil pattern (right) and component installation.

by the setting of R8. The range here is
from -2 V to +3 V dc. When this sec-
tion of the comparator turns on, Q7
saturates, and the 0 portion of the dis-
play is illuminated.

Diodes D3 and D4, in conjunction
with capacitors C2 and C3, ensure
that, once the indicator is activated, it
will remain onlongenough to be seen,
even with reasonably high pulse repe-
tition frequencies. Resistors R2, RS3,
and R77 provide current limiting for
the display. Diodes D5 and D6 form a
gate that allows testing the indicator
before operation. Diodes D7 and D2
protect the IC inputs. Resistor R70,
with D7, converts the 18 V from bat-
teriesB7 andB2to -6 Vand +12V for
the IC. Batteries B3 and B4 provide the

M/

o CIRCUIT

E BOARD

B1 B2 B3.4

[o]

Fig. 8 Layout of chassis
as used in prototype.
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higher current required for the
seven-segment display.

Construction. The tester can be as-
sembled on a printed circuit board
using the actual-size etching and drill-
ing guide shown in Fig. 2. However, if
care is exercised, the circuit could be
assembled on perforated board using
point-to-point wiring.

Mount the board and batteries in an
enclosure approximately 1%2" b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>