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The Personal Computer Line
by OHIO SCIENTIFIC

. Personal Computers

C1P: $349 A dramatic breakthrough in price and performance. Features
OSl's ultra-fast BASIC-in-ROM, full graphics display capability, and large
library of software on cassette and disk, including entertainment pro-
grams, personal finance, small business, and home applications. It's a
complete programmable computer system ready to go. Just plug-in a
video monitor or TV through an RF converter, and be up and running.
15K total memory including 8K BASIC and 4K RAM—expandable to 8K.

C1P MF: $995 First floppy disk based computer for under
$1000! Same great features as the C1P plus more memory and
instant program and data retrieval. Can be expanded to 32K static
RAM and a second mini-floppy. It also supports a printer, modem,
real time clock, and AC remote interface, as well as OS-65D V3.0
development disk operating system.

Professional Portables

CA4P: $698 The professional portable that has over three times the display capability
of C1Ps. Features 32 x 64 character display in up to 16 colors, graphics, audio output, a
DAC for voice and music generation, key pad and joystick interfaces, AC remote control
interface and much more. Utilizes a 4-slot BUS (2 used in base machine), 8K BASIC-in-
ROM, 8K of static RAM and audio cassette interface. Can be
directly expanded to 32K static RAM and two mini-floppy disks.

C4P MF: $1695 The ultimate portable computer
has all the features of the C4P plus real time clock,
home security system interface, modem interface,
printer interface, 16 parallel lines and an accessory
BUS. The standard machine operates at twice the
speed of currently available personal compu-

ters (with GT option it runs even faster!). The C4P

MF starts with 24K RAM and a single mini-floppy and
can be directly expanded to 48K and two mini-floppies.
Available software includes games, personal, business,
educational and home control applications programs as
well as a real time operating system, word processor and a
data base management system.

seseesseeene
I

Computers come with keyboards and {loppies where specified.
Other equipment shown is optional.

C8P DF: From $2597 The ultimate

Home/Very Small Business Computer at a

Home/Small Business Systems

C8P: $895 Same great features as the C4P in a tremendously expandable *‘main-
frame package!' Features over three times the expansion capability of the C4P for
advanced home and demanding business applications. Can be expanded to 48K RAM,
dual 8” floppies, hard (Winchester) disks and muitiple |/O devices such as Voice /0 and
a universal telephone interface.

CIRCLE 9 ON READER SERVICE COUPON

personal computer price. Features 32K RAM
(expandable to 48K) and dual 8" floppy disks
(stores eight times as much information as a
mini-floppy). Has all personal computer
capabilities including 32 x 64 display, color
graphics, sound, DAC, joystick interfaces,
home features including real time clock, AC
remote interface, home security and fire
detection interface and can be expanded to
inciude voice /O and a universal telephone
system for answering and initiating calls! its
large memory capability and 8” floppies allow
it to run most Ohio Scientific business system
software including a compete accounting
system, word processor and information
management system

For literature and the name of your local
dealer, CALL 1-800-321-6850 TOLL FREE.

1333 SOUTH CHILLICOTHE ROAD
AURORA, OH44202 « (216) 831-5600



Computer
Peripherals

. Hand-held
Digita! Mult:meter

400 electronic kits: test instru-

—_— ments, computers, amateur radio
Digtal leronic 341, electronic educational pro-
grams, color televisions, stereo

Scale

oy e components, R/C gear,home prod-
ucts, energy conservation de-
vices, marine and aviation gear,
and more — things you've always
wanted and needed, now at low

kit prices from Heath.

Discover the fun of kit building -
it's a great way to relax in your
spare time and share a rewarding

Ll {diid

Speedometer/
Tachometer
Pro-Series Audio
Components

e

Heathkit products are displayed, sold and serviced at Heathkit Electronic
Centers® nationwide. Consuit your telephone directory white pages for location.
*Units of Veritechnotogy Eiectronics Corporation. Some retail prices may

be slightty higher.

R

> O

Amateur Antenna Tuner

Oscilloscopes

Giant screen
projection TV

Rechargeable
Camp Light

Programs

Chart Recording
Depth Sounder

pastime with your whole family.
The useful items you build will re-
flect the pride of your craftsman-
ship, too. The famous Heathkit
illustrated manuals make it easy
for anyone to build reliable,
professional-quality kits.

Computerized
Weather Station

SEND FOR YOURS NOW!
The 104-page catalog is Freel If coupon is missing write:
Heath Company, Dept. 026-632, Benton Harbor, Ml 49022

ﬁ

s HeathkKit 5o itho s >
-' Send my free Heathkit Catalog now. .-

= | am not currently receiving your catalog. tg
l Name e — e

= Address e ——
= City — — —— State

l cL-727 Zip

l'\-----‘ - . r 0 T 11 1 BT [ [ [ ‘[ L
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Build these projects and have the most
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RADIO RECEIVERS AND
ACCESSORIES

41 Roaring Twenties Receiver
44 Low Cost CW Filter
82 Shortwave Supercharger

Flappers and Stutz Bearcats will dance
on your table when you. put the final
touches on our slick ‘“Roaring Twenties
Receiver.” There are more radio acces-
sories, too.

So you're a hobbyist? Well, these con-
struction projects will put you in the
professional class—in the darkroom, in
the lab, and at the workbench.
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BUILD MUSIC MASTERS

ACUTE TRINNGLE

20 Super Sound Synthesizer STRAIGHT LINE Y
51 Simple Syn ‘ "
61 Disco King

71 Big Boost

78 Super Eass o
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89

Be your own orchestra conductor, or
leag a jazz or disco band with these
construction projects you'll never see on
a store shelf.

Stereo Bar Graph Meter

FAST SLOW MIXER

You'll never be bored when you build
these simgle, high-technology projects.
They’re fun for the whole family, and
easy to get going.
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Hand-Held 3% DMM

With a choice of either LCD
or LED displays, two new VIZ
31, digital multimeters provide an
accuracy of 0.1% (DCV) with an
input impedance of 10 megohms.
The LCD model, WD-759, offers
the advantage of a visual indica-
tion of function (DC or AC volt-
age, ohms or amperes) in the
display window, as well as the
measurement value. The suggest-
ed price is only $159. Measure-
ment ranges are from 100-micro-
volts to 1000-VDC and up to 600-
VAC; from 0.1-ohm to 20-meg-
ohms and from 0.1-microamp to
1-amp, DC and AC. The units also
provide for measurement of either
high or low power ohms in all
ranges, switch selectable. For
easy service in the field, there is
a 1-amp fuse, plus spare, located
in the rear battery compartment.
An optional AC adaptor is avail-
able for bench operation. A carry-
ing case is available that permits
use of the instrument while in the
case. Another optional accessory
is a high-voltage probe (50-KV
DC). The LED model, WD-758, is

CIRCLE 35
ON READER
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COUPON

identical in electrical performance
except that it doesn’t provide
function indication in the display.
Price for this model is only $149.
For additional details, contact any
VIZ distributor or write to VIZ
Mfg. Co., 335 E. Price St., Phila-
delphia, PA 19144.

Custom Mount
The new Model K-4A-DD Fire-
stik Super Stud Disco-Disc Mount
uses a chrome-plated steel disc
for strength and beauty. 1t comes
complete with S0O-239 base,
heavy-duty mounting stud and 3s-

ELECTRONICS HOBBYIST 1980

24 solid brass threaded shank.
The K-4A-DD accepts PL-259 ter-
minated cables: A low-profile deck
mount (less than Va-in. from deck
to stud) must be used with spring.
The unit is designed to hold
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heavy duty Firestiks or similar an-
tennas up to 4 ft. in length. Excel-
lent for use with CB, VHF or ama-

teur antennas for installation on

trucks, boats, automobiles, RV’s,
etc. Sells for $5.95. For more in-
formation, write to Firestik An-
tenna Corporation, 2614 East
Adams, Phoenix, AZ 85034.

Electronic Keyer

The new MFJ-408 Deluxe Elec-
tronic Keyer |l has a readout me-
ter and a socket for Curtis acces-
sories. The MFJ-408 lets you read
your sending speed to 50 WPM,
and the accessory socket allows
you to use the following Curtis
accessories: external memory,
random code generator, or key-
board. (These are accessory PC
boards or boxes.) The MFJ-408 is
based on the proven Curtis 8044IC
keyer chip, and sends iambic, au-
tomatic, semi-automatic, or man-
ual CW. Dot-dash memory pro-
vides self-completing dots and
dashes with jam proof spacing.

lud
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The MFJ-408 provides solid state
keying for grid block, cathode or
solid state transmitters (—300-V,
10-ma. max, +300-V 100-ma. max).
The MFJ-408 is completely porta-
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Panasonic
Portable
Light Scope

When you depend on
an eye for detail

"Suggesied
retail price
§24.95

The powerful Panasonic Light
Scope FF-393E lets you make bril-
liant observations . . . every time,
anywhere. It's the ideal tool for stu-
dents, engineers, collectors, jewel-
ers, chemists, hobbyists, printers,
textile inspectors . . . and other
sticklers for detail. For the profes-
sional perfectionist, it's hand-held
technology ata pocket sized price.*
It features:

® 30-power magnification

® biue light filter

® thumbwheel lens focus

® battery operation (operates on 2“AA”
size batteries, not included)

® compact — 5%" total length

® automatic shut off when folded

® carrying pouch

For more information about Panasonic

portable light scopes. fill out and mail
us this coupon.

SN B s o e — = i
+ Panasonic Company,

! Battery Dept.
 P.O. Box 1500
' Secaucus, NJ 07094

1] would like more information
| about Panasonic light scopes.
I Name

I
!
|
[}
1
]
I
}
|
I
} [}
) Firm ]

[}
: Address :
: City/State/Zip :
1 )
1 Phone y

3
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New Products

ble; it operates up to 1 year on
4 C-cell batteries. It has a 2.5 mm
phone jack for external power (6
to 9-VDC) or order the optional
AC adapter for $7.95. The MFJ-
408 Deluxe Keyer Il is available
from MFJ Enterprises, Inc. for
$79.95 plus $3.00 shipping and
handling, accessory cable with
plug is $3.00. To order call toll
free 1-800-647-1800 or mail order
to MFJ Enterprises, P.O. Box 494,
Mississippi State, MS 39762.

Wide-Bandwidth Equalizer

A new graphic equalizer from
Sansui, with a suggested retail
price of just $230, boasts a flat
frequency response of 0-100,000-
Hz +0, —1-dB to ensure that any
alteration in frequency balance is
limited to changes deliberately
made by the listener. The new
Sansui SE-5 provides equalization
in eight frequency bands, centered
on 80, 160, 315, 630-Hz, and 1.25,
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2.5, 5 and 10-kHz, for precise con-
trol of the reproduced sound to
compensate for room acoustics,
limitations of other components,
characteristics of the music being
listened to or personal taste. The
SE-5 can be switched to apply
equalization to a recording as it
is made. This is useful when dub-
bing from old, noisy recordings,
compensating for vocal or instru-
mental limitations or in preparing
specially equalized tapes for use
in cars, planes or boats with high
ambient noise. For further infor-
mation, write to Sansui Electron-
ics Corporation, 1250 Valley Brook
Avenue, Lyndhurst NJ 07071.

Disco Delight

Numark’s Studio Amplifier, Mix-
er, Equalizer MA4000 combines all
the essential features in one pack-
age for any disco application,
portable or permanent. The ampli-
fier section features 50 watts RMS
per channe! at less than 0.1%
THD, from 20 Hz to 20,000 Hz,

along with 12 level LED display
for accurate monitoring. The unit
also features a five-band equalizer
with a range of =12 dB. The mix-
ing section provides for two
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phono, two line and two mike in-
puts. Other features include fader
and cue control, phone level ad-
justment and talk-over switch. The
unit features a bridging circuit that
allows any power amplifier to be
tied into the MA4000 for unlimited
versatility. Suggested retail price
is $580.00. Music lovers can get -
all the facts from Numark Elec-
tronics Corp., 503 Raritan Center,
Edison, NJ 08817.

Direct-Drive Turntable

The Realistic LAB-500 turntable
from Radio Shack is fully auto-
matic and has an electronic
quartz-locked circuit designed for
absolute speed precision at 33
or 45-RPM. Using a quartz crystal
frequency standard and PLL elec-
tronic circuitry, motor speed is
constantly monitored and correct-
ed for variations in line voltage.
Just 1.5 seconds after start-up,
the speed is kept accurate to with-

e
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in 0.0005%. The result: wow and
flutter is less than 0.04% WRMS.
The LAB-500 has a 3.1-Ib. alumi-
num alloy die-cast platter which
rests directly atop a 12-pole brush-
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less DC servomotor. To comple-
ment its drive system, there's a
statically balanced S-shaped tone-
arm with an integrated head-
shell/cartridge for extremely low
mass. The cartridge provides a
linear frequency response from
20-20,000 Hz at tracking forces of
under one gram. LAB-500 func-
tions include electronically-con-
trolled oil-damped cue/pause,
start/stop, record size and speed
selectors, and a single-play/re-
peat knob for automatic replay or
shutoff at disc’'s end. Priced at
$259.95, the Realistic LAB-500
turntable is sold exclusively by
Radio Shack stores and dealers
nationwide and in Canada.

Upgrade 6800 MPU to 6809

Percom Data Company is now
offering a 6809 adapter for South-
west Technical Products’ MP-AZ2
processor card. Although designed
for the SWTP card, the Adapter
may in fact be used to upgrade

Ao
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most other 6800 or 6802 MPUs to

6809 operation. The 6809 micro-
processor chip offers several ad-
vantages over the 6800 chip, in-
cluding more registers, expanded
memory and register addressing
capability, and a command/in-
struction set that includes the
6800 commands as a subset and
faster throughout. The kit, which
sells for $69.96, is an inexpensive
way for owners of 6800 or 6802
computers to upgrade to 6809 op-
eration without changing any per-
manent wiring on the processor
board, mother board or elsewhere.
The original system may be re-
stored by simply removing the
Adapter, which plugs into the 6800
socket, and a wire-jumpered DIP
header, which plugs into the clock
generator IC socket, and rein-
serting the original comoonents.
The Adapter, which is supplied

ELECTRONICS HOBBYIST 1980

assembled and tested, includes
the 6809 IC, a crystal, other es-
sential parts and user instructions.
The wire-jumpered DIP header is
also included. An operating sys-
tem—a version of PSYMON, Per-
com’s operating system for the
company’s 6809 single board
computer — is also available for
users of the upgrade adapter.
Orders may be placed by dialing
1-800-527-1592 (outside of Texas)
or 214/272-3421 (within Texas),
and may be paid by check or
money order, COD or charged to
a Visa or Master Charge accounts.
When you call, tell Percom that
ELEMENTARY ELECTRONICS
sent you.

Get Ticket at Home

A self-instruction program for
passing the FCC Technician and
General Class Amateur Radio Li-
cense exams has been introduced
by the Heath Company. The pro-
gram, divided into 15 units, covers
the material FCC exams are based
on, Unit exams check the stu-
dent’s progress while giving prac-
tice at exam taking. Also included
are cassette practice tapes to pre-
pare the individual to send and
receive Morse code up to 15 words
per minute, two words per minute
above the FCC General Class re-
quirement. The program also in-
cludes a code practice workbook,
a world map, a booklet on salving
radio and TV interference prob-
lems, a log book, a copy of FCC

o
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amateur radio rules and regula-
tions, FCC Form 610 required to
apply for the exam and a sched-
dule of exam dates and locations.

INTERNATIONAL CRYSTALS and KITS
OF-1 OSCILLATOR

8493

The OF-1 oscillator isa
resistor/capacitor circuit
providing oscnllauon over a range of frequen-
cies by inserting the desired crystal, 2to 22
MHz, OF-1 LO, Cat. No. 035108. 18 to 60
MHz, OF-1 HI, Cat. No. 035109. Specify
when ordering.

MXX-1 Transistor RF Mixer

3'to 20 MHz, Cat. No. 035105
2010 170 MHz, Cat. No. 035106 $6.38 ea.

SAX-1 Transistor RF Amp
3to 20 MHz, Cat. No. 035102

20 to 170 MHz, Cat. No. 035103 $6.38 ea.
BAX-1 Broadband Am
20 Hz to 150 MHz, Cat No. 035107 $6.67 oa.

.02% Calibration Tolerance
EXPERIMENTER

CljRK! gﬁhilder) 8574

i

Cat. No Specifications “
031300 3 to 20 MHz—For use 'Tl
OF-1L OSC Specify when ordering

031310 20 to 60 MHz —For use in OF-1H OSC
Specify when ordering.

Enclose payment with order (no C.0.D.). Shipping
and pos-age (inside U.S.. Canada and Mexico only)
will be prepaid by international

Prices quoted for U.S.. Canada and Mexico
orders only. Orders forshipment to other
countries will be guoted on request

Price subject to change. Address orders to

M.S.Dept..P.O.Box 32497
Oklahomacny Oklahoma 73132

WRITE FOR BROCHURE
International Crystal Mfg. Co., Inc.
10 North Lee, Oklahoma City, Okiahoma 73102
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BIG SPEAKER CATALOG

1001 BARGAINS IN

SPEAKERS — PARTS —TUBES —HIGH FIDELITY
COMPONENTS — RECORD CHANGERS
Tape Recorders—Kits—Everything in Electronits

1901 McGee Street, Kansas City, Missouri 64108




New Products

Mail order priced at $49.95, the
program carries a money-back
guarantee should the purchaser
fail the Technician or General
Class FCC exam. Get the details
direct from Heath Company, Dept.
570-220, Benton Harbor, Mi 49022.

Home Burglar Alarm

With over 3 million home bur-
glaries reported last year (authori-
ties estimated twice as many went
unreported), the 54 Heathkit Elec-
tronic Centers in 28 states are
about to introduce a remarkably
effective device that does what
most  custom-installed burglar
alarms do. It's the MIDEX-55, a
compact, professional-grade home
burglar alarm system that uses
sophisticated motion sensing elec-
tronics to detect, then startle ard
drive off intruders. The MIDEX-55
is capable of emitting up to 120
decibels of sound. It can be in-
stalled jn just three minutes, acti-
vated with the push of a button
and, best of all, it sells for un-

AMAZING

«({(( PHASERS )i

PPE-1 PHASER PAIN FIELD — This device recently devel-
oped and patented 1n our 13bs Is being evalualed by law enforce-
men| agencies for riol and crowd controt. it is now available but
soon will come Vnder the junisdiction of weapons and infernal
machine control making it unavailable to the public. The device
is hand-held and locks hike a BUCK ROGERS ray gun. it is hazar-
dous if not used with discretion.

PF-1 PLANS $15.00
IPG-1 INVISIBLE PAIN FIELD GENERATOR — This
amazing. simple hand-heid device 1s about the size of a pack of
cigarettes and generates a directional field of moderate to inten-
sive pan in the lower part of the head up 10 a range of 50° De
vice 15 simple and economical 1o make
IPG-1 PLANS $6.00 IPG-1K ALL PARTS $39.50
IPG-10 ASSEMBLED& TESTED FOR ANIMAL CONTROL $49.50

LASERS >

RUBY LASER RAY PISTOL — Produces highly intense red
beam. capable of burming A hazardous device PLANS. PARTS
SOURCES $15.00
HIGH POWERED CARBON DIOXIOE BURNING AND CUTTING

Complete plans and all parts sources .$15.00
SOLID STATE IR 12 WATTS with built 1n power suppl

plans  $8.00° Complete kit with colimator ~ $74.0 3
POCKET LASER pulsed. visible red . plans $7.00
Complete kit~ $59.50 Also complete plans and parts
sources for RUBY. YAG. NEODYNIUM, HeNe ARGON. DYE.
NITROGEN and many more lasers.

— 7" SECURITY ——F2—

SNP-2 SNOOPER PHONE - Dial home or oltice phone
while on vacation activaling sensmive rmike without phone
ringing Exceilent property prolection and intrusion device

SNP2 PLANS $7.00
SNP2K ALL PARTS $49.50
SNP20 ASSEMBLED AND TESTED $89.50
LONG RANGE XMTR PLANS $6.00
SEE-IN-THE-DARK PLANS $8.00
DIRECTIONAL SHOTGUN MIKE PLANS $7.00
SUPER SENSIT!VE PARABOLIC MIKE PLANS $7.00
SOUNO & TELEPHONE OPERATED TAPE RECORDER  $6.00
CATALDG ON PLANS. KITS & FINISHED UNITS $1.00

Send check or money order to

SCIENTIFIC SYSTEMS, oept. A10. Box 716
AMHERST. N.H. 03031
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der $250 complete. Designed for
use in the home, apartment, week-
end retreat or small office, the
MIDEX-55 system consists of just
two components: a combination
transceiver control unit ($199.95)
and a companion blast-horn
speaker ($39.95). Operating off
normal house current, the MIDEX-
55 can be set up by connecting
the speaker wires to the back
panel of the control unit using
only a screwdriver. To ensure per-
formance reliability, Solfan Sys-
tems, Inc. tests each component
part of the MIDEX-55 control unit
at extreme tolerances and then in-
dividually bench tests each as-
sembled system under full power
for seven days. This pre-shipment
testing is designed to simulate
three full months of continuous
use, and is further backed by an
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unconditional one-year warranty
for all parts and labor. Solfan Sys-
tems also maintains a ‘“consumer
hot line” toll-free telephone num-
ber: (800) 227-8065. Or, write to
Solfan Systems, Inc., Midex Con-
sumer Division, 665 Clyde Avenue,
Mountain View, CA 94043. In either
case, tell Solfan, “ELEMENTARY
ELECTRONICS sent you.”

Prototype Boards

O.K. Machine and Tool Corp.
has introduced a new series of
Circuit Mount boards for electron-
ics projects and prototypes. All
boards feature solderless insertion
type sockets on 0.1 inch centers.
Each row has 5 common points.
Larger boards also feature 40-
point bus lines, and a separate
bus strip module is also available.
All boards can accept standard
component leads, including DIP’s,

while interconnections are easily
made using standard 22 AWG
solid wire. Prices are: $25.95 for
the 1020 point CM-100, and $16.45
for the 630 point CM-200. Delivery

CM-100
. ‘ . m CIRCUIT MOUNT

LT L
Ty

o
&
CM-200
& (IR(U“ MOUNT
L
- e . - L
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is from stotk at local electronics
retailers or directly from O.K. Ma-
chine and Tool Corp., 3455 Con-
ner Street, Bronx, NY 10475.  To
get all the facts on these boards
and other prototype boards, write
directly to O.K. Machine and Tool
Corp.

Four More for Good Audio

Four  new high fidelity Home
Speaker Systems from Audiotex
of GC Electronics feature a unique
total motor system which results
in higher than normal efficiency
for acoustic suspension speakers.
Now available is the 8-in., two-
way system (Cat. No. 94-1200)
with a suggested retail price of
$59.95 each. An 8-in. woofer and
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a phenolic-ring tweeter get the
most out of this compact cabinet.
Power handling capacity is 35
watts RMS with a frequency re-
sponse of 45 to 20 kHz. A 10-in.
woofer and brilliant wide-disper-
sion phenotlic-ring tweeter high-
light the Audiotex 10-inch, Two-
Way System (Cat. No. 94-1300),
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which carries a suggested retail
price of $69.96 each. The system
handles 35 watts RMS power with
a frequency response of 40 to
20 kHz. Enjoy lifelike reproduc-
tion of sound with the new 10-
inch, Three-Way System (Cat. No.
94-1350). A deep-throw 10-in.
woofer, 42-in. hardback mid-
range and phenolic-ring tweeter
create an unbeatable combination
of power plus performance. Pow-
er handling capacity is 40 watts
RMS with a frequency response of
40 to 20 kHz, and it sells for
$89.95 each. Engineered for the
hard-to-please audiophile is the
12-inch, Three-Way System (Cat.
No. 94-1400) with a $99.95 price
tag. Natural sound emanates from
an acoustic suspension system
with a 12-in. woofer, 4¥2-in. hard-
back midrange and wide-disper-
sion phenolic-ring tweeter. The
system handles 45 watts RMS
with a frequency response of 35
to 20 kHz. Audiotex speakers are
manufactured from start to finish
in GC’s own 50,000 sqg. ft. speaker
plant. Audiotex makes them, tests
them and backs them! Get all the
facts from Audiotex Division, GC
Electronics, 400 South Wyman
Street, Rockford, L 61101.

Pocket Shortwave Receiver
Measuring only 13 x 27 x 1, the
Model EP-8 may be the smallest
AM/SW 2-band receiver. In addi-
tion to the standard ‘‘broadcast”

CIRCLE 42
ON READER SERVICE
COUPON

band (AM), the Model EP-8 re-
ceives shortwave frequencies from
3.9 to 12 MHz. Audio output is via
the supplied earphone only and
the receiver is powered by two
hearing-aid type batteries (in-
cluded). The EP-8 has built-in Fer-
rite Rod antennas for both bands.
Shortwave reception is satisfactory
for powerful stations such as the
BBC, Radio Canada International,
Radio Nederland, Deutsche Welle
and others. Priced at $24.95 the
Model EP-8 is available from
Radios International, P.O. Box
6053, Richardson, TX 75080.
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Graphics Upgrades PET
The Micro Technology K-1008A-P
Visible Memory is a graphic display
board that upgrades the Commodore
PET computer system to permit high
resolution graphics, such as math
plots, 3-D line drawings in perspec-
tive, and arbitrary character sets.
During image update there is no

CIRCLE 44 ON READER SERVICE COUPON

snow or visible interference. When
not used for graphics, the board
serves as an 8K byte expansion
memory, doubling the 8K PET cava-
city. K-100B-3C graphic software is
also offered. The K-1008A-P puts up
a high resolution matrix of 64,000
dots (320 wide .x 200 high), and al-
lows contro!l of the on/off state of
each dot individually and indepen-
dently. The board interfaces to the
PET with the K-1007A-1 bus adaptor
with easily detached ribbon cable
interconnects. Without the bus adap-
tor. the K-1008A-P can be used with
AIM-65, KIM-1 and SYM-1 cemputers.
The K-1005A-P expansion card file
is optional. The Micro Technology K-
1008A-P Visible Memory is priced at
$243.00 the K-1007A-1 bus adaptor
at $99.00, the K-1005A-P card file at
$80.00 and the K-1008-3C software
at $20.00. Literature is available on
request. For more information, write
to Micro Technology Unlimited, 841
Galaxy Way, P.O. Box 4596, Man-
chester, NH 03108.

Quick Disconnect Adapters
Two new Quick Disconnect Adapt- |
ers, for fast, easy antenna whip re-
moval to protect against theft and
damage during car washing or gar-
aging, are now available from An-
tenna Incorporated. The adapters
are unique because of their ease of
operation and durability. The model
18016 is designed for mounting any
long quarter wave 3% inch-24 thread-
ed whip. The adapter can be used
between ball and spring or spring
and whip. It may be used on any
bumper mount spring and whip, or

(Continued on page 98)
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With a little help, your scope

becomes an electronic canvas

generate beautiful geometric line
drawings electronically? And what
if these figures could be made to
look 3-dimensional, with forms that
expand, rotate, and flow under the
command of a joystick? Sounds expen-
sive and complicated, doesn’t it? If
you've seen some of the graphics pro-
duced by hobby-type digital computers,
you're probably skeptical and rightfully
so. Small digital computers generate
simplistic graphics with a chunky ap-
pearance. Generating smooth lines and
complex figures with a digital com-
puter requires much more memory
than most computer hobbyists can
afford.
But if a few ideas are borrowed
from the analog computer, a device

How WOULD YOU LIKE TO be able to

rarely mentioned anymore, it’s possible
to generate dazzling graphics with sim-
ple, inexpensive circuitry. That’s the
principle of the Imagician, a simple,
two-IC project that transforms your
oscilloscope’s screen into a window on
a magic land of animated geometric
figures.

The Lissajous Figure. Before delving
into the workings of the Imagician’s
circuit, let’s talk about Lissajous figures.
If you own a scope, no doubt you are
familiar with them. A Lissajous figure
is a closed curve that results when two
harmonically related signals are ap-
plied to a scope—one signal to the
vertical input, the other to the hori-
zontal input. The most familiar figure
occurs when a sine wave is applied to
one input, and a phase-shifted sine of

the same magnitude and frequency is
fed to the other input. On the scope’s
screen there appears either an elliptical
or circular trace, depending upon the

‘phase relationship between the two sig-

nals. With non-sinusoidal waveforms
driving the X and Y inputs, other geo-
metrical displays can be created.

Let’'s examine the various waveforms
synthesized within the Imagician (Fig-
ure 2). From just these six signals,
thousands of fascinating displays can
be produced. Waveforms a, b and ¢
all oscillate at 60 Hz, signal a is a tri-
angle wave, b is a symmetrically clipped
triangle, and ¢ is trapezoidal. Signal d
is another triangular waveform, but
with a frequency of 120 Hz. For rea-
sons that will be apparent later, let’s
call figures a thru 4 “slow” figures.

It stands to reason that there ‘must
be some fast signals, too. Waveforms
e and f are the fast ones, with a fre-
quency equal to 3840 Hz (64 times
faster than 60 Hz). Signal e might be
called a “soft-shouldered square wave,”
while f just begs to be called a “shark-
fin wave.”

What are the simplest Lissajous fig-
ures that can be generated by selected
pairs of the above six waveforms? Fig-
ure 3 shows these fundamental figures
along with the X and Y components
necessary for their generation. It is as-
sumed that the X and Y components
are of equal magnitude; if such is not
the case, the shapes will be distorted
to new forms. Note that these tunda-
mental Lissajous figures are segregated
into slow and fast classes. The slow
figures have slow waveforms (a
through d) as components, while the
fast figure has fast components (e
and f). The slow figures include famil-
iar geometric shapes: a straight line,
a right triangle, a parallelogram, an
acute triangle and the perhaps not-so-
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familiar bow tie. Were it not for a slight
slope to the sides and a pair of rounded
corners, the fast figure would almost
appear to be a square. In recognition
of the similarity, let’s call the fast
figure a “squaroid.”

New complex Lissajous figures, some
of which will appear to be 3-dimen-
sional, can be synthesized by adding
together one of the slow figures and the
squaroid. This is accomplished by sum-
ming the X- and Y-component wave-
forms of the two figures independent-
ly. Furthermore, it’s not necessary to
mix signals in a one-to-one ratio. Dif-
ferent mixing ratios yield new and fas-
cinating displays in a manner that's
often hard to predict. As a final touch,
the components of the fast figure
(squaroid) can be amplitude-modu-
lated. The type of modulation used
here was specifically chosen to enhance
the illusion of perspective in those dis-
plays that appear 3-dimensional.

The Circuit. Let’s consider the Imagi-
cian’s circuit in detail. Two batteries, B1
and B2, provide +9V and —9V supply
potentials for the circuit when power
switch Sl is closed. Diodes D1 and D2
protect the ICs from incorrect battery
installation and also drop the supply
potential slightly, which is desirable
here. Capacitors C1 .through C4 pro-
vide supply bypassing.

Ql, a programmable unijunction tran-
sistor (PUT), works together with R1,
R2, R3 and C5 to form an oscillator
that feeds pulses to the clock input
(pin 1) of Ul, a 4024B seven-stage
binary frequency divider. Ul divides
the input frequency by 2, seven times
in succession to yield seven harmoni-
cally related square-wave outputs. We
need harmonics in order to generate
Lissajous patterns, but square wave-
forms do not yield interesting displays.
Consequently, the greater portion of
the Imagician’s circuitry is devoted to
the shaping of square waveforms into
other more useful signals.

At pin 3 of Ul, we find the lowest-
frequency square wave (60 Hz), while
pin 4 supplies the second harmonic
(120 Hz). R15 and C6 integrate the

60 Hz signal to a triangular waveform
(a). Diodes D3 and D4 together with
integrating network R16/C7 produce
the symmetrically-clipped 60 Hz tri-
angle (b). Driven by both the 60 and
120 Hz signals, the DS/D6/R17/R18/
C8 network yields a 60 Hz trapezoid
(c). Finally, the last slow waveform,
triangle wave d, is generated when R19
and C9 integrate the 120 Hz square-
wave signal.

Fast waveforms e and f are formed
with the aid of shaping networks R22/
C10 and R23/Cl11, respectively. When

modulated 384U Hz square-wave cur-
rent will be fed to each R/C shaping
network. Consequently, signals e and f
will' be of constant amplitude.

The rest of the circuitry serves only
to combine signals a through f in vari-
ous ways. Switch S3 selects pairs of
X and Y components for the 5 slow
Lissajous figures. These signal pairs are
routed to the vertical (R24a) and hori-
zontal (R24b) mixers via reversing
switch S4. (When a Lissajous figure’s
X and Y components are interchanged,
it flips to a new orientation on the

PC BOARD

This underside view
of the chassis shows
the positions of the
panel switches and
joystick control. As
usual, this should on-
ly serve as an exam-
ple of how you can
go about building
your own model.
There are no critical
component  place-
ments in Imagician.

S3

R24 (o B b}

S6 is flipped to the left, as indicated in
the schematic, amplitude-modulated
currents at 3840 Hz are fed to the
shaping networks just discussed. As a
result, waveforms e and f are also am-
plitude-modulated. The manner in
which modulation is obtained here re-
quires further explanation: U2, a2 4070B
quad EXCLUSIVE-OR gate, taps har-
monically related signals from frequen-
cy divider Ul. The gates within U2 are
connected so as to yield a sort of digi-
tal multiplier when the various outputs
are summed together (by R5/R9 and
R10/R14). Switch S2 controls the
shape of the modulation envelope, with
three choices available. If S6 should
now be flipped to the right, an un-

screen.) Switch S5 performs the same
function as S4, but it operates on the
components of the fast figure instead.
Addition of the X components of the
slow and fast figures occurs in the hori-
zontal mixer; the vertical mixer sums
their 'Y components. R24a and R24b
are part of a joystick assembly; north-
south movement of the stick controls
R24a, while east-west motion affects
R24b. Thus, a single control manipu-
lates two pots independently of one an-
other. If desired for reasons of econ-
omy, however, two separate potenti-
ometers could be used for R24a and
R24b. Jacks J1 ahd J2 send the mixer
output signals to the appropriate high-
impedance (1 Megohm) scope inputs.
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Here are a few examples of the designs which can be produced by mixing of the basic waveforms. What we can’t show are the mov-
ing figures and the shifts which are possible. From left to right are: acute triangles, Parallelograms, inverted .acule triangles,
and a double bow tie formed in a dot pattern instead of solid lines. With experimentation, you can come up with many more.
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~ IMAGICIAN

[S

Construction.  Printed-circuit con-
struction of the Imagician is recom-
mended, and complete details of the
board can be found in Figures 4 and S.
For the sake of shielding, an aluminum
cabinet should be used to house the
circuit. Furthermore, the chassis should
be connected to system ground at some
point. Connections between the Imagi-

cian and your oscilloscope should be

effected by means of relatively short,

(18-inches or less) shielded cables.
As usuval, solder joints should be

made with a small, 25-watt iron and

~ resin-core solder. Sockets are required

for the two CMOS ICs, which should
be installed ohly after all soldering is
finished. Be certain that Ul and U2
both have the “B” suffix—devices with
an “A” suffix will not work in this
circuit.

Capacitor C5 must be a polystyrene
(or mica) unit to ensure that your os-
“cillator's frequency is close to that of
the prototype. Be careful with those
devices requiring proper orientation—
- electrolytic capacitors C1 and C2, Ql,
the ICs, and the diodes. Although S3 is
shown schematically as a rotary switch,

« . « — ’
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This front panel closeup shows the relative
positions of all the controls, and the dry
transfer lettering we utilized to achieve
a more professiqnal appearance for the pro-
totype. We positioned the input and output
coaxial jacks at the bottom front rather than
at the top, so as to minimize the effects of
body capacitance when one’s hand is
brought into proximity of the input and
output cables. This feature also allows much
more freedom of access to the controls as
opposed to_top mounting of the jacks.
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it’s obvious from the photos that a push-
button unit was used in the prototype.
You can use whatever is most con-
venient. ‘ .

Current consumption is on the order
of 1-milliampere, so batteries will last
a long time. Be sure that both batteries
are fresh—if they are not, lop-sided
displays will result. :

When wiring the joystick, you'll find
that it comes equipped with four pots.

4

AT RSIENE
6 / a
)2 51 )
40708 |

5 8

12
2 73

Use any two pots on adjacent sides of
the square support assembly. The po-
tentiometers on opposite sides are
gdnged together and cannot be ad-
justed independently.

- Checkout and Operation. After con-
struction is complete, the circuit should
be given a thorough workout to make
sure that everything is in order. Begin
by turning on your scope‘and allowing
15 minutes warm-up time. If the grati-
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cule on your scope is removable, as on
the older Heath and B&K models, it
might be a good idea to take it off; the
gridwork of lines serves no useful pur-
pose in this application, but it may dis-
tract attention from the display. If the
graticule cannot be removed, just turn
the GRATICULE ILLUMINATION
control completely off.

Both the X and Y inputs should have
an impedance of about 1-Megohm.
This almost universally is the case, but
check your scope’s specifications to be
sure—especially if a very old model is
being used. With the horizontal and
vertical inputs grounded, center the
dot on your screen. Signals from both
channels of the Imagician have peak-
to-peak amplitudes of 1.2-volts; set
your vertical and horizontal gain con-
trols so that a 1.2-volt signal would
roughly span the screen.

On the Imagician, turn MODULA-
TION switch S6 to OFF, and set
SLOW-FIGURE SELECTOR 83 to its
PARALLELOGRAM position. Con-
nect the outputs of the Imagician to the
appropriate scope inputs with short
shielded cables. After turning on the
power with S1, you should see an image
of some sort on your screen. The dis-
play will probably be faint, so rotate
your scope’s INTENSITY control to
maximum. (However, when centering
the dot as described above, you should
use only minimal intensity to avoid
burning the scope’s screen.) Now, re-
adjust the scope’s vertical and horizon-
tal gain controls so that the image just
fills the screen. Finally, adjust the AS-
TIGMATISM and FOCUS controls, if
your scope has them, for an image
that is sharp and clear at all points on
the screen.

j’ { “'}}L'-f E‘J_,‘;—_

TO S6b TO S5 aBb

TO BI (POS)
TO B2 (NEG}

This is the component location guide used with the printed circuit board. Just about
all of the components used in Imagician, with the exception of the switches, jacks and
R24, are mounted directly on the board. Use IC sockets and be sure to orient them
properly. Take special note of the takeoff points that lead away to the switches.

S1-—-Power
S2-Modulation Selector
S3-Slow-Figure Selector:

1 = parallelogram
2 = bow tie

3 = acute triangle
4 =right triangle
5 = straight line

S4_Slow-Figure Reversing Switch
S5—Fast-Figure Reversing Switch
S6—Modulation ON/OFF

R24a, b—Mixer

This table shows which switches perform
what functions and, for S3, what figures
are generated in each switch position.

This is the etching guide for the PC board, shown in exact scale. If a project of this
magnitude is beyond your abilities, you can obtain a ready-made circuit board from LEC-
TROGRAPHIX. Their address and ordering information is shown beneath the parts list.
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Bend your Imagician’s joystick until
you reach the position where a simple
parallelogram fills the screen. Next, flip
S3 to its four other positions so that the
rest of the slow figures may be ob-
served. After viewing them all, return
to the parallelogram. Use the joystick
now to create new images. Note that
this is a ‘“high-powered” control—a
seemingly slight adjustment can lend a
whole new character to. the display.
With practice, you'll learn to make
images dance and change form at will
through skillful manipulation of the
stick.

Still using the parallelogram, adjust
the joystick until the resultant display
has a 3-dimensional character. Turn on
the modulation via S6, and check out
the various effects produced by MODU-
LATION SELECTOR S2. Manipulate
the joystick, too, in order to get, differ-
ent views.

Conclusion. By now, you should be
somewhat familiar with the controls on
the Imagician. You can proceed to
create 3-D patterns based on the re-
maining four slow figures. Also, check
out the effects of the reversing switches,
S4 and SS5; the effects of S5 are subtle
and depend upon the setting of the
joystick, so watch closely. If you wish,
it’s possible to capture some of your
prize creations on film with the aid of
a Polaroid scope camera, which you
might be able to borrow from a school
science department. With a little imagi-
nation in the photodeveloping process,
you may become the first electronic
Picasso! . |
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Stop missing those
important phone calls

SIMPLEX-A-THI

YOU WON’T MISs any more phone calls
when out of hearing range of your
telephone, if you add this simple re-
mote signalling unit which alerts you to
incoming calls by means of either a
buzzer or blinker light. The unit is self
powered for easy placement in any
room in your home, or even outdoors
where there are no AC outlets.

Now that you are permitted to own
your own phone, you don’t have to
worry about the legality of add-on con-
venience devices, so long as you don’t

upset the phone company’s circuits.
This unit won’t bother Ma Bell one bit
because it is nor electrically hard-wired
to the telephone lines, and therefore
cannot possibly cause voltage drops
that could be detected at the phone
company switching station. This gadget
simply senses the normal ringing of the
telephone with a magnetic reed switch
placed near the telephone ringer arma-
ture. When the phone rings, the arma-
ture generates a strong electro-mag-
netic field, which trips the reed switch.

OESIAZD
== =T "a5t T arT o L |
Jl ERRCHH PARTS LIST FOR SIMPLEX-A-THING
%CE Pl o B1, B2—1.5-volt “D"cell battery
o X _ )1 —subminiature phone jack,
[*— e

= T ™ B e B

TELEPHONE RINGER

2-conductor
K1-—miniature reed switch, SPST
— — { 4+ L1—1.5-volt flashiight tamp
£ | P1—subminiature phone plug,
y | 2-conductor

| S1—SPDT toggle switch
MISC: suitable mounting cabinet,
3-velt buzzer or screamer

|

J ARMATURE ! module, length of 2-conductar
[ wire for extension,

1 | haokup wire, solder, tape, etc.

! I

B T s -

TELEPHONE SIGNALLING UNIT
12

The switch is triggered even if you turn
the regular telephone bell off to pro-
vide completely silent . signalling by
means of a blinker light.

Construction. Solder a 14-inch-long
insulated wire to each end of the reed
switch and terminate these leads with a
phone jack. Insulate the switch body
before installation in the telephone, by
means of a plastic sleeve or with elec-
trical tape.

Open the telephone and remove the
bell-clapper arm back to where it joins
the armature-coil assembly.

Have someone call you on another
dialer mechanism by gently lifting it off
its mount. Find the ringer armature
located just behind the dialer. You can
recognize the armatur by following the
telephone so that the regular bell rings.
With the reed switch plugged into the
signalling unit, and the selector switch
thrown to the buzzer position, gradually
move the reed switch close to the ringer
armature. When the buzzer beeps in
time with the telephone bell, the reed
switch is correctly placed. If the buzzer
sounds continuously, even when the
phone stops ringing, back the reed
switch off a little. In the telephone
shown here, mounting was achieved
easily by simply faping the reed switch
to a large capacitor. =
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Ce-Hour
BLD Clock

Learn to count like
a computer with
this binary clock

R s
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VER THE CENTURIES inventors have
0 made ingenious devices to keep

track of time, and displays of all
sorts have been used. From interpreting
the sun’s shadows falling on the marked
circle of the ancient sundial to the sim-
plicity of the modern digital displays,
man has developed myriad ways to rep-
resent the passage of hours, minutes
and seconds. In the last few years many
innovative clocks have appeared. The
“Ball Clock,” for example, uses an
electric motor to place steel balls in
counterbalanced tracks, one per minute.
The balis circulate in response to the

All of the 24-Hour
BCD Clock’s parts fit
neatly on a PC board.
Righthand set of LEDs
is for seconds, the
center group for min-
utes and the lefthand
group is for hours.
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laws of gravity and the physics of
levers to “read” time by totalling the
number of balls in each track. Another
unique clock uses three concentric cir-
cular greups of LED’s (light-emitting
diodes); as each LED lights it repre-
sents the tip of the hour, minute or sec-
ond hand of a conventional clock face.

Clock With a Code. Which brings us
to the BCD Digital Clock. Here the
display 1eads opt hours, minutes and
seconds n a code familiar to virtually
anyone involved with computer tech-
nology—BCD or Binary-Coded Deci-
mal. The clock is extremely easy 1o

A complete kit of parts
is available from West
Side Electronics. Be
sure to decide which
integrated circuit you
are going to use be-
fore you order the IC.

build if a printed cireuit board is used,
taking less than an hour to assemble.

The BCD Digital Clock reads in a
24-hour format on either 50 or 60 Hz.
Built around an MM531!1 or MM5309
integrated circuit clock chips, which
have BCD outputs, you don’t have to
add much more than indicator LED’s,
driver transistors and resistors. The
“on-board” rectifier /filter assembly al-
lows use on low-voltage AC. For sim-
plicity in packaging an external wall-
plug transformer is used for AC power.

You can also use this clock as an
elapsed timer by using the MMS5309
clock chip in place of the MMS5311,
they are interchangeable with only one
pin function difference, as explained
later. A complete kit of parts is avail-
able for under $20, with an optional
fitted stained wooden case and “drilled
faceplate for under $5.

Why BCD? Admittedly, BCD readout
is used here for novelty purposes. It
makes a great conversation piece, es-
pecially among the scientific commu-
nity. However, from a practical stand-
point, if you're not already familiar
with BCD you’ll quickly learn to read
it and will soon be explaining it to
others—so the BCD clock has educa-
tional value.

While machines and electronic cir-
cuits readily handle “binary” numbers
—0’s and 1’s in a powers-of-2 format—
people are used to working with deci-
mal aumbers. So, whencver people and
digital circuits confront each other, the
data will usually be presented in a
decimal format. The digital circuits in
these cases use binary codes to convert

13



BLD Clock

binary numbers to decimal numbers.
Of various binary codes that have been
developed, the Binary-Coded-Decimal,
or BCD, format is the most common.

Reading BCD. A BCD code contains
from one to four “bits” (binary digits)
for each decimal digit. A bit can be
either a 0 or a 1. The so-called “8421
Code” is the BCD code most frequently
used, and is relatively simple to under-
stand with a little explanation.

The BCD Code chart shows the 8421
Code for decimal digits. Note that each
column of the 8421 code, reading from
right to left, increases by a power of 2,
starting at 2 (which is equal to 1).
This is the basis of the binary code. By
simply using the decimal equivalent of
each bit and adding them together you
obtain the BCD value

A simple example is binary 0101,
Since there is a “1” in the “1” (2¢)
column, and a *“1” in the “4” (22)
column, we add 1 and 4 to get deci-
mal 5. Therefore, as stated before, any
decimal digit from O to 9 can be rep-
resented by four binary digits.

What Time Is It? Now look at the
BCD clock display diagram, which is a
representation of the *“face” of the
BCD Digital Clock. The LED’s are
placed in six vertical columns and four
horizontal rows, with each column rep-
resenting hours, minutes or seconds, as
indicated. The LED’s in the lowest row
represent a decimal [, the next highest
row in each column represents a deci-

8421 BCD'CODE CHART
2% (22 (2%  (20)=pOWERS OF 2
“g" iq" 2 b DECIMAL
o o) o} o} = Qg
o) o o & =
(@] (@] . (@] = Z
o o e W = 3
o e o Ol b= g
© e o e = s
© & e o = &
o e e & = 7
[ O (o] O = 8
o o e = 9

The BCD numbering system is very logical
once you understand the binary sequence,

mal 2, the next a 4 and the uppermost
an 8. Some columns have only 2 or 3
LED’s since they need not count higher
than 2 or 5.

Once again, an example makes things
clear. A lighted LED is “On,” and rep-
resents the decimal number of its row,
al, 2, 4 or 8 “Off" LED’s represent
a zero. Reading from left to right this
time, the first column, tens of hours, is
a 1. In the second column, unit hours,
the 4 and 1 LED’s are lighted, so the
decimal digit is a 5. Taking the first
two columns together, we have 15
hours (that’s 3 PM in 24-hour format
time). Column 3, tens of minutes, has

LED’s 2 and 1 lighted, giving a decimal
3, while the unit-minutes column has a
4 and 2 lighted for a decimal 6. There-
fore, the minutes read 36. Similarly, the
last two columns read 29 seconds.
Now, that’s not really so hard, is it?
With a little practice, it’s easy—and
your non-technical friends will think
you're a genius!

The Circuit. The integrated circuit,
Ul, is a clock chip with multiplexed
BCD and 7-segment outputs. Only the
BCD outputs are used in this clock.
Twenty LED’s are arranged in a matrix
of six verical columns and four hori-
zontal rows. The column-driver PNP
transistors, Q1—Q6, arc biased on when
the corresponding digit outputs of IC1
(pins 20—25) are low. Simliarly, each
row-driver PNP transistor, Q7-Q10, is
biased on when the BCD output con-
nected to its base goes low. Since each
LED is in series with only one, row-
driver and one column-driver, it only
lights when both drivers are conduct-
ing. For example, LED6 lights only
when Q8 and Q3 are biased on by low
signal levels at pins 3 and 25 respectively.

“Multiplexed” means that each of
the outputs are sequentially enabled by
the IC circuitry at a speed controlled
by R1 and C2—about 1,000 times a
second. The IC time-keeping circuitry
determines whether a high or low volt-
age appears at each BCD output as it
enables (with a low) each digit output,
S1 through H10 (in that order). In
other words, as each time digit (col-
umn) output is enabled, only the BCD
outputs (rows) are enabled (LO) that
will indicate the proper decimal num-
ber for that digit. Using multiplexing,

RJ
R2 LED | LED 2 D3
P oo =
" LED4  LEDS LED6 - LED7 Leb B
14 : LED 9 DIO  LED DI2  LED 14
. ul LEDISE ALLEDI6  LED I8
Leb 20
g} 09
RI
D3
06
3 02 1

This component location diagram shows where all the parts are located on the printed circuit board. The foil side is down in {his
view so don’t worry about jumpers shorting. Although most LEDs are oriented as shown here, be sure to check the polarity.
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only 10 signal lines (6 columns, 4
rows) are needed to control 20 LED’s.
Otherwise, 20 signal wires would be
needed. (Multiplexing shows, an even
greater advantage, for example, when
using 7-segment digital displays, where
6 digits would require 42 signal lines
(7 x 6) if non-multiplexed, but only 13
lines (7 plus 6) if multiplexed.)

Resistors R2, R4, R6 and R8 hold
the bases of the BCD output transistors
high, so they are positively biased off
until intentionally pulled low by a sig-
nal. Resistors R3, RS, R7 and:R9 hold
LED current flows to safe limits. Trans-
former T1 provides AC power, which
is converted to pulsating DC by full-
wave bridge rectifiers D1—D4, and then
filtered (smoothed) by electrolytic ca-
pacitor C1. The 50 or 60 Hz input fre-
quency is also fed to pin 19 of IC1 to
control timekeeping. Switches are used
to set the time, or, if an MMS5309
chip is used, to reset the time to zero.

Pin. 14 is grounded for a 60 Hz in-
put, or left unconnected for 50 Hz,
which is used in many countries outside
of the USA.

Construction. Although there are a

] e R o w B

[— — ~ RS o ©

LEGEND = = z Z 3!

3 3 3z 3 5 3

Owewor | 2 2 2 3 32 3
:33=LED ON > " S ol £ The clock numbers run
‘ | from the bottom to the
Ly & l top, with the bottom
1l row of LEDs represent-
ROW 8" —= O O o ing (bit on or off respec-
ROW 4" ’ O Q O O tively) 1 or 0, the second
. N ol R row 2 or 0, the third 4
ROW 2" — O O e ‘ ® O or 0, and the fourth row
8 or 0. If there is a lit

ROW | 9 @ - - r

—— %% %0 0w LED in the “1” and “4”
f f f rows then the decimal
equivalent of that num-

UNIT UNIT UNIT
HOURS IMINUTES SECONDS ber would be 5(1+4).
( TENS OF TENS OF TENS OF TiSe SHmild o Secamds i
HOURS MINUTES  SECONDS this diagram is 9(148).

mwe ——— |5 1 36 1 29

this is a simple project if assembled on
the PC board available from the source
shown in the parts list. You can, of
course, build it on a perforated board
with point-to-point wiring, but it’s te-
dious and errors in wiring could be dis-
astrous! Since all the parts are on one
PC board, except for the transformer,

boards or complex intercabling.

Use the PC board layout included
in this article, foil side up, if you wish
to make your own board. Locate all the
parts according to the diagrams. Start
by putting in the bare wire jumpers as
indicated—there are 23 jumpers shown.
If you will be using the clock overseas,

lot of jumpers and solder connections, assembly does not involve mating on 50 Hz, delete the jumper at pin 14.
19 50/60 HZ.IN
PARTS LIST FOR 24-HOUR BCD CLOCK —
£1—220-F, 25-volt electrolytic capacitor ENABLE 28 | N/C [CONNECT TO V°° 7O TEST LEDS)
€2—0.01-xF, 50-volt disk capacitor ANODE CATHODE
D1, D2, D3, D4—1N4001 (1-amp, 50 PIV) diode 15 Ves(+) 9 _ =
LED 1 through LED 20—red Light Emitting 3'
Diode NOTE: {1) ALL TRANSISTORS 2N3906
Q1 through Q10—2N3906 PNP switching tran-  Naool  |220uF _2_0 - N (R
sistor (or equivalent) 5'0 ,
R1—-100K, V4-watt resistor T 1 VoD LED
R2, R4, R6, RB—10K, Ya-watt resistor : (GROUND)
R3, RS, R7, R9-—-100-ohm, Ya-watt resistor ul e
$1,.52, $3—SPST pushbutton switch OE
T1—12-VAC wall-plug transformer (100 mA + |
minimum) {vss) MPX TIMING
Ut—MM5311 or MM5309 integrated circuit IOORF:
clock {see text)
Misc.—Wire, perforated or PC board, cabinet,
faceplate, 28-pin integrated circuit socket, MM%'S“
solder and hardware. OR
MM5309
{SEE TEXT)
Ordering Information a7 EBA%'IE
The following 24-hour BCD clock construction =L L Fy(,)R Ll 14 60 HZ
kits are available from: S| SELECT
West Side Electronics, Dept. EE i 18 FAST
P.0. Box 636 - . gEoTw
| O S
Chatsworth, CA 91311 - 36T
BCD-CK* A complete kit of all parts above, $———"o—— 16 HOLD
including an etched and drilled PC RESET %
board, case and drilled faceplate— |
s *=MM5309 ONLY

BCD-PK* A partial kit of all the parts above,
except the case and faceplate—
$19.95

BCD-PC Etched and drilled PC board only—
$5.95

BCD-C Case and drilled faceplate only—

$4.95
Add $1 per order for shipping and haadling.

Calif. residents add 6% sales tax to kit cost.
*MM5311 will be supplied unless MM5309

is requested.
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BLD Clock

Next insert and solder the resistors in
the positions indicated, and then C2.
Now install and solder diodes D1—-D4,
being very careful that the black-band
end is oriented as shown. Insert the
leads of capacitor Cl into the board
and solder only after being certain the
polarity is as shown. It should be
mounted right against the top of the
PC board. Next insert and solder the
PNP transistors. All the transistors are
the same, but two of them, Q9 and Q7,
face in the opposite direction of the
others. It is extremely important that
you orient each transistor properly—
looking at the flat side of the transistor,
the leads are emitter, base, collector
reading from left to right. The IC
socket is soldered in next.

Before assembling each LED to the
PC board, be sure you have the polar-
ity correct. This depends on the spe-
cific LED’s you use. You can test them
with two flashlight batteries together
with a 100-ohm resistor all in series
with the LED lights, the anode is con-
nected to the positive side of the bat-
teries. Actually, most LED’s have a
notch or flat at the base of the cathode;
however, if you're not sure, make the
test above. If the LED’s are installed
“backwards” in this circuit, the relative-
ly high inverse voltage could blow them
all out! Doublecheck everything!!

All that needs to be added now are
the switches and transformer. The
switch terminals are inserted into the
PC board from the component side and
soldered to the PC board pads. Insu-
lated jumper wires run from the IC to

-

The circuit board switches fit into three
mating holes in the red plastic faceplate.

each switch. Solder the leads from the
wall-plug transformer to PC board lo-
cations C and D—no polarity required.
Now carefully insert ICI in the socket,
being sure all pins are seated and that
pin 1 of the IC is properly oriented.
Avoid excessive handling of the IC.

Testing And Operation. Now it’s time
for the well-known” smoke test.” Plug
it in and see what happens! If your
clock is operating normally, all or most
of the LED’s will stay dark, except the
far right column which will start
“counting” by the second. Now press
Sl—the LED’s in the two center col-
umns will count furiously, finally light-
ing column 2 and then column 1. Ac-
tually, you are fast-forwarding the time
display at the rate of one hour each
second. Switch S2 advances the minutes
(columns 3 and 4) at the rate of one
minute per second while the last two
columns (seconds) race madly. Switch
3 will stop the counting entirely if you
use the MM5311, or will reset the dis-

play to all zeroes if you are using the
MM5309 for an elapsed timer. Check
to see that all LED’s light. and in prop-
er sequence. Connecting IC Pin 28 to
ground (the negative side of Ct)
should light all the LEDs at once.

If a particular LED does not light at
all, it may have been installed with the
anode and cathode reversed—and if
that’s the case, it has probably blown
out. Replace it, properly oriented. If
none of the LED’s light, check the
voltage at IC pins 15 and I. This
should read around 12 volts, with pin
15 positive. If not, make sure the rec-
tifiers, D1—D4, are not reversed. Also,
check the polarity of Cl, and be sure
Ul has not been inserted into the sock-
et with pin 1 on the wrong end! The
transistors could also be installed back-
wards; reversing the emitter and col-
lector leads is easy to do, but the cir-
cuit won’t work properly if at all.

If only some LED’s don’t work, or
there is generally erratic behavior, check
your solder joints. If all else fails, care-
fully replace the clock IC; actually, this
is the least likely cause of problems
unless you've treated it carelessly in
handling or installation.

Set the time by advancing the hours
with S1 and the minutes and seconds
with S2 until the BCD code reads
slightly ahead of the real time. Now
hold down S3 (if you're using the
MMS5311) to stop the count until the
real time catches up with the displayed
time, and then release S3. Remember.
however, that if you use the MMS5309
instead of the MMS5311 then S3 will
reset the entire display to zero.

Since the seconds count regularly
from 0 to 59 you'll get plenty of prac-
tice reading BCD by just watching the
seconds counting. ]

By using this full-sized printed circuit board template you can make your own BCD clock printed circuit board. Any one of the popu-
lar photo-etching techniques should work well for this board. Be careful to check the finished board for accuracy and solder bridges.
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New from NRI! 25”color TV that
tuneshy compuier, programs an
entire evening's enteriainment.

ELECTRONICS HOBBYIST 1980

Just part of NRI’s
training in servicing TV,
stereo systems, video tape
and disc players, car
and portable radios.

Only NRI home training prepares you
so thoroughly for the next great leap forward
in TV and audio. .. digital systems. Already,
top-of-the-line TV's feature digital tuning,
compule programming is appearing, and new
digital audio recording equipment is about to
g0 on the market.

NRI is the only home study school to
give you the actual “hands-on” training you
need to handle servicing problems on tomor-
row's electronic equipment. Because only NRI
includes this designed-for-learning, 25"
diagonal color TV with electronic tuning,
built-in digital clock, and computer pro-
grammer as part of your training. With this
advanced feature, you can pre-program an
entire evening’s entertainment. . .even key lock
it in to control children’s viewing.

Exclusive
Designed-for-learning Concept
The color TV you build as part of NRI's

Master Course looks, operates, and performs
like the very finest commercial sets. But behind
that pretty picture is a unique designed-for-
learning chassis. As you assemble it, you per-
form meaningful experiments. You even intro-
duce defects, troubleshoot and correct them as
you would in actual practice. And you end up
with a magnificent, big-picture TV with ad-
vanced features.

Also Build Stereo,
Test Instruments

That's just a start. You demonstrate
basic principles on the unique NRI Discovery
Lab® then apply them as you assemble a fine
AM/FM stereo, complete with speakers. You
also learn as you build your own test instru-
ments, including a 5" triggered sweep oscillo-
scope, CMOS digital frequency counter, color
bar generator, and transistorized volt-ohm
meter. Use them for learning, use them
later for professional servicing of TV,
audio, and video systems.

Complete, Effective Training
Includes Video Systems

You need no previous experience of any

kind. Starting with the basics, exclusive “bite-

size” lessons cover subjects thoroughly, clearly,

and concisely. “Hands-on" experiments rein-
force theory for better comprehension and
retention. And your personal NRI instructor is
always available for advice and help. You'll be
prepared to work with stereo systems, car
radios, record and tape players, transistor

radios, short-wave receivers, PA systems, musi-
cal instrument amplifiers, electronic TV
games, even video tape recorders and tape or
disc viden playbacks.

Send for Free Detailed Catalog...
No Salesman Will Call
Mail the postage-paid card today for our

free 100-page catalog with color photos of all
kits and equipment, complete lesson plans,
convenient time payment plans, and informa-
tion on cther electronics courses. You'll also
find out about NRI's new Computer Technol-
ogy Course that includes your personal mi-
crocomputer. Or Complete Communications
with 2-meter transceiver. If card has been
removed, write to:

NRI Schools
McGraw-Hill Continuing

Education Center
3939 Wisconsin Ave.
I }n I Washington, D.C. 20016
]
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Super Sound Effects
Synthesizer

Bring way out sound effects
right into your home

The table at right
shows some of the
more popular effects
made possible by our
synthesizer. More com-
binations can be had
by experimenting af
random  with  the
switch positions. If
you feed the synthe-
sizer through your
stereo  system, the
tone controls can also
be used to vary the
sound effects.
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TABLE OF SWITCH POSITIONS
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Sound Effect

Siren

Locomotive
Tweeting bird
Phaser gun

Phaser gun

White noise (sea sound)
Different siren
Steady organ sound
Ticking clock
Alternating tones
Interrupted tone

CIRCUIT BOARD

SPEAKER—

20

The arrangement of
parts on the perfboard
is not at all critical.
Wire the switches and
potentiometers to the
circuit board before
mounting them to the
front of the cabinet.
You may wish to pur-
chase a larger cabi-
net to accomodate a

larger speaker. This
will ~ definitely add
depth to the sound

quality of the Super
Sound Synthesizer.

IF YOUR IDEA OF FUN is a locomotive in

your bedroom, or a siren announcing
breakfast, then we have the right kind
of project for you! This simple-to-build
sound effect generator will produce a
variety of sounds resembling a ticking
clock, a locomotive puffing away, a po-
lice siren, a ray gun straight out of a
science fiction movie or a tweeting bird.
The sound generator can be used to
add a “living” sound to electronic
games, or it can be a part of a futuristic
bell chime.

How It Works. The guts of the sound
generator—a newly developed integrated
circuit—consist of thousands of transis-
tors. The main building blocks of this
IC are a noise generator, an audio pitch
generator and a Super Low Frequency
(SLF) generator. The SLF gencrator
controls the changing pitch and the
repetition rate of the audio generator
by, for example, producing a slowly
rising and falling pitch of a siren. The
SLF generator can also turn the other
two generators on and off at a slow
rate. A puffing locomotive sound will
result when the SLF generator controls
the noise generator.

Scveral pins on the integrated circuit
control the mixing mode of the three
generators. Seven of these control pins
arc brought out to switches S1 through
S7. The frequency of the SLF generator
and of the audio pitch generator is con-
trolled by the potentiometers R10 and
R8. respectively. Transistors Q1 and Q2
drive a small speaker while potenti-
ometer R6 adjusts the volume. Switch

Make sure to follow the proper pin orien-
tation for the IC. See the text for details.
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S8 ganged with the volume control
turns the unit' on and off.

Construction. The sound generator
operates at audio frequencies, therefore
no special wiring precautions are neces-
sary. We assembled our prototype on
regular breadboard stock with point-to-
point wiring techniques, and encount-
ered no difficulties. Caution is advised
when handling the IC. It is highly sensi-
tive to static electricity discharges
passed from the body, and can be de-
stroyed before you are aware that
you've done the damage. During con-
struction, do not remove the IC from
its packing until you are ready to install
it in its socket, which should be fully
connected to-the rest of the circuit.

Take care that you have followed the
correct pin orientation in wiring the
socket. The pin connections are supplied
with the IC, and pin number one is
marked on the IC’s body. Make a small
mark on the IC socket to indicate pin
number one, and wire the pins in con-
secutive order to avoid confusion and
possible errors.

After assembly, you may find that
the small, built-in speaker does not pro-
vide sufficient sound for the purposes
which you intend the synthesizer’s use.
To provide for direct input to your
home stereo system, or to a tape deck,
simply wire a 22-ohm, Y2-watt resistor
across the leads running to the built-in
speaker (you must disconnect the
speaker for this purpose), and run the
svnthesizer directly into your system.

Of course, these are only some of the
many combinations and effects avail-
able. With a little experimentation,
many more are available. If you are
using a guitar amplifier with the syn-
thesizer, the reverb, vibrato, and ac-
cessory controls, such as “fuzz” can also
enhance the effects which are gener-
ated. Even the tone controls on your
stereo can cause dramatic changes in
the synthesizer’s effects.

One note of caution: Your stereo
speakers may not be able to handle
sustained high-level output when being
driven by the synthesizer. Watch your
levels!

Operation. You can control the sound
coming out of the sound generator by
setting switches S1 through S7 and by
adjusting the pitch and the repetition
rate with potentiometers R8 and R10.

Shown are some representative switch
positions and the corresponding sounds.
A “4+” in the Table means that the
switch is connected to Vreg, a “0”
means that it’s connected to ground. ®
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