


NOW GET SCOPE, COUNTER
AND DMM INPUT ALL AT ONCE

THROUGH ONE PROBE!
31 laBS 3 U in, 0 0 Q _ [

I I L\ 0 U a u u

________GatedJrequeney.measurement._DelayJime measurement. Delay_ ChanneL1 de volts measure-
B sweep trigg ering during the time from the start of A sweep to ment. The average dc cornpo-
intensified portion of the A sweep. the start of the B sweep is mea- nent of a waveform is measured
Intensified portion frequency is sured with crystal accuracy. directly through channel 1with
measured with the counte r/timer/ direct dig ital fluorescent readout.
DMM.

TheTek 2236combines
100MHz, dualtimebase
scopecapability with
counter/timer/DMM
functions integrated into
itsvertical, horizontal
andtrigger systems. For
the same effort it takes to
display a waveform you
can obtain digital readout
of frequency, period,
width, totalized events,
delay time and .!i-time to
accu racies of 0.001%.

The same probe is
used to provide input for the
CRTdisplay and the digital
measurement system ,
resulting in easy set-up,
greater measurement confi­
dence and reduced circ uit
loading . Probe tip volts can
also be measured through
the Ch 1 input.

Precision measurements
at thetouchofa button.
Auto-rang ing frequency,
period, width and gated
measuremen ts are push­
button-simple . And the 2236
offers an independent float­
ing 5000 count, auto-rang ­
ing multimeter with side
inputs for DC voltage mea-

Bandwidth
No of Channels
Max. Sweep Speed
Digital
Readout
Features

Timing Meas.
Accuracy
Trigger Modes

Weight
Price
Warranty

100 MHz
2+ Trig. View
5 ns/div
Direct Ch 1Voltage Meas. 0.5% DC; 2.0%

AC RMS
Resistance: .OH1 to 200 Megfl
ContinuityfTemp: Audible /CO or FO
Totalizing Counter:- 1counts to 8,000,000
Direct Freq. Meas: 100 MHz to 0.001% acc .
Period, Width Meas: 10 ns with 10 ps max.

resolution
.001% (delay and ~-time with readout)

pop Auto, Norm, TV Field, TV Line, Single
Sweep

7.3 kg (16.2 Ib)
$2650
3-year including CRT(plus opt ional service

plans to 5 years)

surements to 0.1%.
A built-in, auto-rang ing

ohmmeter provides
resistance measurements
from 0.01 fl to 2Gfl-as
well as audible continuity.
Automatic diode/junction
detection and operator
prompts serve to simp lify
set-up and enhance
confidence in your
measurements.

The2236: scope,
counter, timer, DMM
plusa 3-year warranty

-all for just$2,650.
Contact your nearest dis­
tributor or ca ll Tek toll-free.
Technical personnel on our
direct-line will answer your
questions and expedite
del ivery. Orders include
probe s, 30-day free trial and
service worldwide.

Call Tek direct:
1-800-433-2323 for
video tape or literature,

1-800-426-2200 for
application assistance or
order ing information.

In Oregon, call col lect:
1-627-2200

COM M ITTED TO EXCELLENCE

Copyright © 1986, Tektronix, Inc . All rights reserved . TIA-797
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Hear the hidden signals on the FM band.
Rudolf Graf and William Sheets

45 VERSATILE DIGITAL TIMER
Precisely controls any AC-powered device in you r home.

__Ross Ortman
1

57 R-E ROBOT
Part 9. Programming the robot.
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75 PC SERVICE
Direct-etch fo il patterns for the digital timer.
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BUILD THE VIDEO PALETTE
Add special color effects to a video signal.
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The FM band abounds with hidden
signals. Called SCA broadcasts or
transmissions, some carry back­
ground musicforstores, offices, and
restaurants; some carry data for per­
sonal and commercial computer
users; and some offer special inter­
est programming for the handicap­
ped and other groups. This month,
we tell where those hidden signals
are, and what makes them possible.
Then we'll show you a receiver that
will let you tune into the hidden world
of FM radio. The story begins on
page -39 .- - - ---------
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More Functions. SmallerBudget.
Beckman Industrial Circuitmate DMMs

p ut hF~ Logic) Capacitance) Frequency and
True RMS In Your Hand For Less.

Anti-skid pads

Frequencycounter to
200KHz

Price:DM850(True
RMS)~$219:95'­

DMBOO (Average)
.. ..... .$169.95'

Continuity beeper

DataHolddisplay
capability

DM850
True DIS

TrueRMS

Built-inbail

4'h digits. DCVaccuracy
is .05% +3 digits

• ~ri=a. TM•..~ .--... ....
Beckman Industrial Corporation Instrumentation Products luvbion
ASubsidiaryof Emerson ElectrfcCompany
3883 Ruffin Rd. San DieRo. California 9212} IH9X
(619) 1(,1-4·111 ' FAX, (6191 J(,Xlll;! • T1.X, !·IIMl j l

© 1987Beckman lndustnal Corporation

See vour Beckman Industrialdistribu­
toranddiscovermore DMM performance.
For less.

' Suggested list price(SUS) with battery. testl eadsand manual.

fits in a shirt pocket, yet givesyou a fullsize
3 Yz digit, 3jg " readout. Not to mention a
completeline of accessories like test leads,
current damps, even probes that can extend
your DMMs range andsensitivity All
designedto work flawlessly withyour
Beckman Industrial CircuitrnateDMM.

Anti-skidpads

DM25L
Capacitance, Logic,
hFE 589.95*
TIL Logic Probe:20MHz

Hill%ff indications
Detects25nS pulse
widths

Built-inbail

hFE (NPN or PNP):
1range (1000)

Capacitance: 5ranges
(2nF to20!,F)

Continuity beeper

CIRCLE 98 ON FREE INFORMATION CARD

alsogivesyou frequency counting. Afull­
function DMM, andmore, doesn't have to
costover SI69.95 . If it's a Circuitmate
DM800.

Or, for a few dollars more, get true RMS
(ACcoupled) to let you accurately measure
non-sinusoidal AC waveforms, andall the
capabilityofthe DM800, in the DM850.

Of course, there's a whole range of
CircuitrnateDMMs and service testinstru­
ments, induding the DM78 autoranger that

DM20L Pocket-Size
w/Logic 569.95 *
TIL Logic Probe : 20MHz

Hi/l% ff indications
Detects25nS pulse
widths

hFE (NPN or PNP):
1range(1000)

Dhms-8 ranges (200 ohms
to 2000 Megohms)

DMM: Input Impedance­
10 Megohms
DCNACA-5ranges
(2oo!'A to2At

Continuity beeper

1= "'SDN

Get more, forless. It's a simpledefi­
nition of value. For DMMs, value means
findingthe combination ofcapabilities that
meets your needs at the right price. Without
losing sight ofaccuracy andreliability
If you want more functions at a low price,
Beckman Industrial's Circuitmate" Digital
Multimeters are thebest valuearound.

From the pocket-sized DM20Ltothe
DM850, with true RMScapability and accu­
racy to0.05 % ± I digit, Circuitmate DMMs

- - give-yotrthe functions-you-need.

For instance, the DM20L puts both a
Logic Probe, a transistor gain function (hFE),
and a fullrange ofDMM functions in the
palm ofyour hand. For only S69 .95.

Then there's the DM25L. Where else
does S89 .95 buy you a Logic Probe, capaci­
tance measurement, transistorgain function
(hFE), and24 DMMrangesinduding resist­
anceto 2000 megohms? Nowhere else.

When highaccuracy counts, there's the
DM800 witha 4 Yz digit display The DM800



WHAT'S NEWS
New instrument measures tape surface magnetism

New infrared systems test
gallium-arsenide wafers

The Nat io na l Bureau of Stan­
dards repo rts two testi ng syste ms
usin g pol ar ized in fr ared li ght.
They are expected to be espec ially
useful in p rodu cti on co nt ro l of
gall ium-arsenide (gAaS) wafe rs.

GaAs applicatio ns are growing
rapid ly, but p rod uction-of t he
near-p erf ect crysta ls need ed fo r
best per fo rm ance is not as ad­
vanced as w it h the o lde r si lico n
tec hno logy. Detectin g f laws in
GaAs c rys ta ls sho u ld be easier
with th e new systems. O ne can
scan an entire wafe r; t he othe r
uses a 75- to 600- x microscope to
view smaller porti on s. Both perm it
digital im age sto ring and th e use of
false-co lor graphics to represent
vari ati on s in ch aract eri sti cs t hat
could point to potential probl ems.

FCC abandons Consumer
Radio Service

The FCC reports that it " has de­
c l i ne d to ame n d its r ul e to
establish a Co nsumer Radio Ser­
vice w ithin th e 462- and 467-MHz
frequency segme nts now assigned
to t he Ge nera l Mobi le Radio
Service (GM RS)." That marks the
end of an FCC-spo nsore d plan to
replace the GMRS w ith a service
that many fe lt wo uld be of far-less
value.

Repl ies to a requ est for co m­
ments "fai led to fi nd any spec if ic
needs" for such a service, accord­
ing to the FCC. Moreover, conce rn
was exp ressed abo ut the fate of
present uses of the GMRS, inclu d­
ing safety services provid ed by vo l­
unteer pu blic service teams such
as REACT (Rad io Emerg e n cy
Associated Com m u n i cat ion s
Team s).

Co nseq uent ly, the Commiss ion
concluded " that there was no rea­
son to di sl ocat e current GM RS
users" and drop ped t he Co nsume r
Radio Service concept. R-E

mation in this area co uld lead to
imp roved m agn et ic record ing
techn ol ogies."

"The t rick," Fletch er said, "was
to make t he probe as sensit ive as
possibl e to magneti c fi eld s at the
surface . Thi s was acco mplished by
sendi ng-the neutrons nearly-paral­
lel to t he surface, so t hey graze it ."
The instrument can measur e mag­
neti c fi eld s with in .0002-inc h of the
surface of th e material. It can de­
tec t a magneti c fi eld change over a
distance as small as a bil lionth of
an in ch .

A new device that co uld lead to
improved operation of many de­
vices usin g magn eti c ta pe has
bee n developed by scie nt ists at
th e Argo nne Nation al Laboratory.
The in strum ent , cal led a pol ar­
ized-n eutron refl ectometer, uses

_ neut r.ons_to_m easu r magnet i
fields over microscopic depths at
the surface of materials.

" The inst ru me nt has al rea dy
be en u sed to m easure t he re­
spo nse of new recording materi als
to magn eti c f ie lds," says Gia n
Fletcher of Argon ne. " Better infor-

(J)

~
z
o
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W
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W

o GIAN P. flETCH ER, ARGON NENATION AL lABORATORYscientist, with the polarized-neutron
~ reflectometer that co uld lead to improvement s in magnetic recording.a: L- .......J
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Where's Your ELECTRONICS Career Headed?

The Move You Make Today Can Shape Your Future

Yes it's your move. Whether on a chess board
or in your career, you should plan each move
carefully. In electronics, you can move ahead
faster and further with a

B. S. DEGREE
Put professional knowledge and a COLLEGE
DEGREE in your electronics career. Earn your
degree through independent study at home,
with Grantham College of Engineering. No
commuting to class. Study at your own pace,
while continuing your present job.

The accredited Grantham non-traditional
degree program is intended for mature, fully
employed workers who want to upgrade their
careers . . . and who can successfully study
electronics and supporting subjects through

INDEPENDENT STUDY, AT HOME

Free Details Available from:

Grantham College of Engineering
10570 Humbolt Street

Los Alamitos, California 90720

Independent Home Study Can Prepare You

Study materials, carefully written by the Gran­
tham staff for independent study at home, are
supplied by the College, and your technical
questions related to those materials and the
lesson tests are promptly answered by the Gran­
tham teaching staff.

Recognition and Quality Assurance
Grantham College of Engineering is accredited
by th e Accrediting Commission of the National
Home Study Council.

•
All lessons and other study materials, as well as com­
muni cati ons between the college and students, are in the
English language. However, we have students in man y
foreign countries; about 80% of our students live in the
United States of Am erica.

,----------------------.I Grantham College of Engineering R-8-87
I 10570 Humbolt Street, Los Alamitos, CA 90720

I Please ma il me your free catalog w hich expla ins your
I B.S. Degree independent-study program.
I
I Narne Age, _

I
I Address _

I
I City State Zip__L _

»
c
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c
~
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VIDEO
NEWS

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

• TV Sets Large and Small.TV sets with giant
cathode-1'8(/ tubes are now included in many
manufactures' lines; at the other end of the
spectrum are the first active-matrix LCD color
sets. Active-matrix LCD's produce a picture that is
vastly superior in terms of resolution and color
to the passive-matrix type used in the LCD sets
introduced to date.

Panasonic originally showed a sample of its 3­
inch "Pocket Watch" LCD TV set almost a year
ago, then shelved it because of manufacturing
problems. Now it has been introduced in a
somewhat different form-including stereo-FMI
AM radio (with headphones). Because of the
inherent expense of producing the active-matrix
LCD's, as well as the high value of the Japanese
Yen in relation to the Dollar, Panasonic has put a
list price of $550 on that little TV set. In addition,
Toshiba plans to offer a 4-inch active-matrix LCD
TV this fall, and has said it is "aiming" at a price
of around $400.

On the large screen front, several manufac­
turers are introducing sets with screens larger
than 26 or 27 inches, but smaller than the 35­
inch size produced initially by Mitsubishi, and
later adopted by Sanyo, Sharp, Fisher, and Sears.

Panasontc, in its new line, is featuring a 31­
inch set, as is North American Philips, which
manufactures sets under the Magnavox, Philco,
and SylVania brands, Now Toshiba, the originator
of the FST (Flat , Square Tube), has introduced its
FST Magnum, a tube that measures 30 inches,
diagonally, and whose face is virtually flat. The
rest of the industry is choosing up sides among
the various sizes. Whichever they choose, the new
types are luxuries indeed, with prices ranging
from $2,000 and up.

• Super Camcorder. The first combination
~ camera-recorder capable of making home movies
z with higher resolution than broadcast TV or
~ videodisc has been announced by Hitachi. Hitachio S8(/S it has developed an MOS camera pickup that
::J can produce 450 lines of horizontal resolution,
w6 which it plans to mass-produce starting this
o summer. Until Hitachi's development became«a: known, it was believed that camera pickups

6

matching the resolution capability of the new
Super-VES system (Badio-El e ctronics , M 8(/,

1987) would be unavailable at a consumer price.
Hitachi now S8(/S it will deliver .a high-resolution
Super-VES camcorder this fall. RCA,whose VCR's
and cameras are made by Hitachi, is expected to
come out with a similar version.

• Menu-Driven TV Sets.Television manufac­
turers are borrowing from computers in
providing what they see as the very latest in
tuning convenience-the on-screen menu. That
feature is carried to the furthest extreme in the
new RCA and Magnavox lines, in which virtually
every TV function may be tuned with on-screen
indicators and legends. In RCA's Dimensia audio­
video line even the FM- and AM-radio tuning is
done on the TV screen. A typical TV tuning
system gives on-screen indication of such
functions as mono, stereo, SAP (for Second Audio
Program), bass, treble, balance, input, brightness,
picture, color, tint, sharpness, cable or broadcast
tuning, on-off time setting, channel blockout (for
parental control), and so forth. The Magnavox
Total Remote Con tr ol system even has a novel
"channel captioning" system. The user can
identify each channel by its call letters or
broadcast- or cable-network (HBO, CNN, etc.)
affiliation, and any time that channel is displayed,
the identification also is flashed on the screen.

Double-Tuner TV sets. Another innovation in
the new models is the two-tuner TV set. The first
digital TV models, you'll recall, had the picture-in­
picture feature that superimposes a second
picture in a corner of the screen, but required a
second picture source, such as a VCR, to use the
feature. New color-TV sets from Sony and Hitachi
get around that by incorporating two tuners. That
allows the viewer to watch any two channels
simultaneously, switch them around, halt one to a
still picture, and so forth. Interestingly, the new
double-tuner picture-in-picture storage system is
digital, but other processing circuits are analog.
And therein lies another trend in the new
models: Use digital technology where necessary
to provide a special feature; otherwise st8(f with
tried-and-true analog circuitry. R-E
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Wide bandwidth and exceptional 1mV / DIV sensitivity
make the Model 3500 a powerful diagnostic tool for
enginMfS or technicians. Delayed triggering allow. any
portion of a w aveform to be isolated and expanded for"' · "'" I I ,-"
closer inapect ion. Variable Holdoff mak es possible the
stable viewing of complex waveforms.

• lab quality compensated 10X pro bes included
• Delayed and sing le sw eep modes
.. Z Axis intensity modulation
• X-Yoperation • 8right 5 " CRT • TV Sync filter

+J~J~~!~~~~!\I!~
(408) 866-6200. FAX (408) 378-8927. Telex 171-110

COPYRIGHT 1986 JDR MICRODEVICES
THE JDR INSTRUMENTS LOGO IS A REGISTERED TRADEMARK OF JDR MICRODEVICES.

JDR INSTRUMENTS IS A TRADEMARK OF JDR MICRODEVICES.

Ie design for the ultimate in portability and
80 pin LSI chip increases reliability. Audible

and data hold feature for added convenience.
aoo~tleries included.

.. Basic DC accuracy: plus or minus 1%
• DC voltag e: 2v - 500v. autoranging
• AC voltage: 2v - 500v . autoranging
* Resistanc e: 2k ohms - 2M ohms .

autoranging
.. Fully over-load protected
• Input impedance: 11M ohm
• 162 x 28 x 17mm. weighs 75 gram s

OR VISIT OUR RETAIL STORE
1256 SOUTH BASCOM AVE.

SAN JOSE, CA. (408) 947-8881
CIRCLE 59 ON FREE INFORMATION CARD



WRITE TO:

ASK R-E
Rad io-Electron ics
500-B Bi-C ounty Blvd .
Farmin gdale, NY 11735

trans istor (Q3) circu it: a relaxation
osci llator that is coupled to Triac
TR1's gate t hrough pu lse t rans­
fo rmer T1. The osci llato r's basic

, f requency depends on R7/C4.
The bridge rectifier deve lops ap­

proximate ly 165 vo lts peak, wliidi
is regulated to approximate ly 13.5
vo lts by silicon rectifie rs 0 5 and 0 6
wh ich are in ser ies w it h 12-vo lt
Zener d iode 08.

Also con nected across the 13.5­
vo lt source is Q3's RC timi ng net­
work, R3/C2. For proper circuit op­
eration, R3 must be adjusted so
the voltage across C2 just rises to
the cond uction point of Q3 at the
end of each half-cycle of the line
voltage. Under that condition, Q3
de live rs a current pulse through T1
to TR1's gate as the instantaneous
lin e vo ltage drops close to zero .
Since the line vo ltage is near zero ,
no appreciab le cu rr en t f lows
through the load (co nnected to
S01) when the Triac conducts .

The adjustable dimming control
R2, is a10Kwirewound potentiom­
eter. The voltage tapped off R2
feeds an RC timi ng network con­
sist ing of R3 and RATE contro l R4 in
series with C3, a 100-f-lF, 16-volt
electro lytic capacitor. The vo ltage
across C3 is app lied to the base of a
Darlington amplifier (Q1 and Q2)
that uses 2N3565 or sim ilar NPN
silicon transi stors. The Darl ing­
ton 's emitter output is connected
to timing capacitor C4 and to the
emitter of Q3.

As C3 charges, it s vo ltage is ap­
pli ed as a " bootst rap" vo ltage to
C4. Since the Triac is normally off,
or nearly so, we simply cause it to
turn on earlier and earlier in each
half-cycle of the supp ly vo ltage
w hen we want to inc rease current
through the load that is connected
to socket S01 . On the other hand,

cembe r, 1966, pages 65-75 . Be­
cause th e circuit was designed for
240-vo lt operat ion , so me circuit
valu es-those marked w ith an as­
teri sk-wi ll have to be adjusted for
operation on 117-vo lt powerlines .

Current tnrou gna-Iamp or a
heater load connected to socket
S01 is controlled by varying the
conduction period (ang le)
t h ro u gh each half-cycle of line
vo ltage app lied to the Triac (TR1),
which is 'connected in ser ies w ith
the load across the AC powerline .
The conduction period is varied
and controlled by the unijunction

Cryste k Crys tals offer s their new 16 page FREE
catalog of crysta ls an osci llators. Offering state of
the art cry sta l components manufactuered by the
latest autom ated technology. Custom designed or
"off the shelf, " Crystek meets the need. worldwide.
Write or call todayl

FOR OPTIMUM STABILITY
AND RELIABILITY IN

FREQUENCY MANAGEMENT

CIRCLE 193 ON FREE INFORMATION CARD

CRYSTEK CORPORATION
DIVISION OF WHITEHALL CORPORATION

2351/2371 Crystal Drive eFt. Myers, FL 33907
P.O. Box 06135 eFt. Myers , FL 33906-6135

TOLL FREE 1-800-237-3061
PH 813-936-2109/TWX 510-951"7448/FAX 813-939-4226

TOLL FREE IN THE U.S.A. EXCEPT FLORIDA, ALASKA, HAWAII

Crystek
crystals

QUARTZ CRYSTALS
FOR

o Industrial Equipment/Instrumentation

• Micro-processor controlII
• Computers/Modems
• Test/Measurement ."
• Medical

o General Communications
• Channel element Service (VHF/UHF)
• Land Mobi le 2-way ~
• Marine
'~rornft "
• Telemetry
• Monitors/Scanners/Pagers

o Amateurs/2-Meter/General Coverage
CB/HobblestlExperlmenter

SUNRISE TO SUNSET
SIMULATOR

I need a sunr ise/sunset simulator,
wh ich is a device that will turn on a
lamp slowly to simulate the sun ris­
ing and then, after a preset time,

s low lyaim thelfgllt to simulate sun­
set. Do you have anything in your
files?-D.E.R., Notre Dame, IN .

Figure 1 show s a circuit t hat w ill
fi ll the bi ll. The ci rcuit was pre­
sented by Jamieson Rowe and
Kieth Woodward in the art icl e "An
Automatic Lamp Dimmer, Usin g
the Triac AC Switch" in the maga­
zine Electronics Australia , De-
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to redu ce current through th e load
we DIM co nt ro l R2 to redu ce th e
vo ltage across C3. That lowers th e
" bootst rap" vo ltage availab le fo r
C4 so Q 3 and TR1 b egin co n­
du cting later and later in each half­
cycle of th e line voltage.

When RAT E co nt ro l R4 is 500K,
th e maximum fade-up and fade-

down time is abo ut 1 minute.
Chang ing R4 to 5 megohm s in ­
creases the contro l range to abou t
15 minutes.

Pulse tran sformer T1 is wo und
on a 1-inchlength of %-inch diam-

ete r ferrite rod . Each winding con­
sists of 100 c1osewound turns of
No. 36---40 enam eled wire.

Inducto r L1 is a hash supp resser
mad e of 50 c1osewo und turn s of
No . 18 enameled wire on a 2-Y2­
in ch pi ece of th e same type of rod
as used fo r th e core of T1. Insulate
th e co il w it h plastic tape.

Resistor R7 may have to be ad­
ju sted sl ightly fo r co rrec t c i rcu it
ope rat io n. R-E

TEST INSTRUMENTS ~~f~~~~~r

Service &Shipping Charge Schedule
Continental U.S.A.

FOR ORDERS ADD FOR ORDERS ADD
$25- 100 $4.50 $751-1.000 $12.50
$101·250 $6.00 $1.00 1·1500 $16.50
$25 1·500 $800 $1.50 1·2.000 $20.00
$50 1·750 $10 .50 $2,001 and up . •. .$25.00

SCOPE 4Y2 Digit LCD
Bench Digital Multimeter

. Model $.mft..Q5
DVM-6005 .".,..

Test lead set &6"0" size batteriesincluded·0.4" high
characters·Conversionperiod: 500 milliseconds
• Automatic, negativepolarity

HITACHI35 MHz Dual Trace oscillogggcoe
- _ .......~ Model V-355 $5 5

• •• • (Reg. $899.95)
Probes included • Thin, lightweight,
compact • Large 6" rectangular,
internal graticuleCRT· Autofocus

Model $5875
DVM-636
• 8 function , 37 ranges
• Capacitance measurement

SCOPE 3Y2 Digital Multimeters
Model $711Q5
DVM-638 .,..
Test leads included • 11function, 38 ,...---~
ranges • Logiclevel detector • Audibl -------------
visualcontinuity • capacitance and
conductance measurement.

SCOPE 3Y2Digit Capacitance
Model $5500
DCM-602 '
Test leadsincluded • 8 ranges with full
scalevalues to 2000 uF • LSI circuit
• Crystal time base • Frequency range
800 Hzto 8 Hz

Test leads included·0.5%
accuracy- 6 functions,
19ranges • Automatic zero
adjust • Low battery indication
• Measures 5" x23/. " x7,, ""

SCOPE 3Y2 Digit LCD
Multimeter $2995Model

:~~~~ II DVM.630

Model
DVM-632
Deluxe testleads included
• 0.5% accuracy» Transistor
gain test • Audiblecontinuity
checking & diode test1.:;.;:;;:;;::. ·10 Amp measurement

260 Motor Parkway, Hauppauge, NY 11788

....;,,;,;,;;,,;.._.... SCOPE Pocket Sized Audio
... . Tl ..., B&K20 MHz Dual Trace Signal Generator
4.::""-· " Model $39995 Model $4995

.. _ . - ' - 2120 RC-555

fA 7T . Probes included• 20and26 , Test leads & 9Vbattery included. Low
'eJ;J. --------- MHz band widths. TVVand ' ~i .::!.. "'"- distortion sine-wave signal· 46step

TVH • X-Yoperation·Trace rotation: adjustable : ,,-.__'- selected frequency. x1 range 20Hzto
front panel • Channel 1output : . ::::-- . 1.5KHz I x1 00range 2KHz to 150 KHz

:= Z 00 Phone orders accepted. -M M QkA.;rRee~

Fordham ~~~~ 800·645·9518
In New York State 800-832-1446
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NRI gives you two unbeatable
opportunitiesfor top pay, security,

even abusiness of your own.

Name Age _

Street _

>
Co
C
(J)
-l

11

o DataCommunicauons
o Industrial Electronics
o Communication Electronics
o ElectrOnic DeSign Technology
o Telephone Servicing
o Digital Electronics Servicing
o Basic Electronics

, . .

Go after high earnings, pay increases,
a business of your own.
Send for NRI's free catalog. Find out what
hands-on projects you do, the profes­
sional tools you train with , and the futur e
that can be yours. Act today.

NRI training so complete,
professional tools even included.
NRI trains you for this lucrative field, gets
you ready to land a good paying job , pick
up extra income in your spare time, even
start a business ofyour own. You're ready
to jump right in because NRI includes the
tools you need : system analyzer , leak
detector , tubbing and joint tools, a top­
quality vacuum pump for purging systems,
plus demonstration pane l units for hands­
on systems training. Graduates of our
Master Course also get optional free
residential training at the world-famous
York Institute in York, PA.

the steady demand for your skills in this
field, the U.S.Department ofLabo r scores
a so lid hit...high earnings and good job
prospects attract many individual s ...
because people in business depend on
their air conditioning, heating, and refrig­
eration sys tems, the need for skilled tech­
nicians to do maintenance work has to be
met regardless ofswings in the economy.
Add millions of window units in older
homes requiring maintenance and repair;
heat pumps so popul ar they're now as
common as furnaces; commercial

- refrigeration alone ca lling for skilled t ech­
nicians to install and service walk-in cool­
ers, freezers, ice makers, and food cases.
Wherever you look, there's tremendous
oppo rtunities for the trained air
conditioning, refrigera tion, and heatin g
technician.

ForCareercourses
approvedunderGlbill

o check fordetails

....'..•;,j •

NRlsCHOOLS
McGraw-Hill Conti numq Ed ucation Center
3939 Wisconsin Avenue,~Washington. DC 20016
- ,',4~ We'll give you tomorrow.
t'/. J":"
I '.nI.IECHECK ONE FREE CATALOG ONLY

o Electrician 0 Automotive Servicing
o Air Conditioning Heating 0 Bookkeeping & Accounting

& Refrigeration 0 Photography
o Small Engine Repair 0 Computer Electronics
o Appliance Servicrnq 0 TV/AudloNideo Servicing
o Locksmithing & Electronic Security 0 Satellite Electronics
o Building Construction 0 Robotics & Industrial Controls
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I City/State/Z ip I
L Accredited b)'the National Home Stud)' Council 4 21 9 -087 I______ _ ___________ _ _ _________ ---1

Be an Air Conditioning,
Refrigeration, Heating

Technician.
When it comes to target ing the good
paying jobs , regular pay increases, and

Everybody wants to get ahead, but most
peo ple want assurance they're making the
right job choice. According to the U.S.
Department of Labor, jobs for electricians
and air conditioning, heating and refrigera­
tion technicians offer high earnings and
good job prospects. Now NRI can showyou
how to go after the high earnings, the steady
pay increases, even how to be your own
boss in a business of your own. You'll get
all the skills to get there. Nonight school,
no need to quit your job until you're ready
to make your move. NRI trains you right at

_ home in your spare time. _

No Experience Needed.
NRI starts you with the basics, then builds
your knowledge and skilla step at a time,
all the while adding practical know-how
through hands-on training. You even get
tools you need on the job or in a business
ofyour own.Over a million and a halfstu­
dents have trained theNRI way since 1914.

Be an Electrician.
Each year, the demand for skilled
construction , maintenance, commercial
and utility electricians continues to grow.
The U.S. Department of Labor estimates
that close to 100,000 new jobs willope n up
in the next ten years - a conserva tive
es timate compared to industry and union
predictions .
And few jobs can match the money-making
potential of the qualified electrician. You
can earn a salary in excess of $25,000 or
be your own boss with your own electrical
contracting business.
Only NRI gives you this kind of practi­
cal, job-oriented, hands-on training.
You master practical skills like this with the
equipment, test instruments, and training
materials included in your course...you
duplicate on-the-job wiring with your NRI
Residential Wiring Practical Lab<ll>...you
learn professional troub leshooting using
your Volt-Ohmmeter and Clamp-On
Ammeter to test the circuits you build up
on your NRICircuitDemonstrator...and , by
installing and test ing an electronic­
programmable thermostat and a micropro­
cessor- controlled remote power control,
you come to understand today 's e lectronics
as it applies to the latest devices electri­
cians are called on to install and repair.
Training in the latest need-to-know
electronics required of today's
electrician.
NRI created this new course so you can
move from the simplest fundamentals of
electricity, through pro fessional wiring and
trouble-shooting techniques, all the way up
to mastering the practical field skills you
need to become today's electronic-smart
electrician. Be an electrician. It could be
the best and last job choice you'llever have
to make.
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IDOES Y O U R DIGITAL CAPACITANCE METER 00THls ?1
FULL 4 DIGIT 0.5 INCH LCD DISPL AY COMP LETELY AUTORA NGING WITH 10 RANG E MAN UAL CAPABILITY

DEALER ENQUIRIES INVITED
CIRCLE 200 ON FREE INFORMATIO N CARD

ON PATENT APPLICATIONS
I wo ul d like to tha nk Dav id

Press man for hi s re ma rks co n­
ce rn ing my art icle o n paten t s,
w hic h appe ared in the Janu ary,
1987 issue of Radio-Electronic s. Hi s
correct io ns to detail s co nta ined
w it h in the tex t illustrate th e need
for co ntinuo us monitoring of pat­
ent requirements, and the w isdom
of payin g an attorney or an agent
to at least review the applicat io n.

I agree that th e task of applying
fo r a patent is not simple, and that

Techn ol ogy," by Vaughan D. M ar­
t in / in the May 1987 issue of Radio­
Electronics. There sho uld be mo re
art icles such as th at, whi ch give
good data to t he inexper ienced.

_ How_ else_w i l l th ev.beca b!e t o
learn ?

I would like to add two po ints:
O ne is th at we never use any sol­
der in g iron th at isn't te mperature­
co ntro lled for elect ronics solde r­
ing. The o ld "wood-burni ng" too ls
are histo ry, bu t I didn 't see any
m ention of te m pe rat u re -co n­
tro lled irons; th ey really aren' t t hat
expe nsive and are esse nti al t o
good soldering.

Th e second po int is on tech­
nique: The iron mu st always have
an excess of solde r in orde r for the
heat to tran sfer qu ickly. Get o n
and get off t he joint; ot herwise,
th e heat will travel away f rom the
jo int and heat ot her areas. Under­
stand ing heat fl ow, of course, is
w hat solde ring, br azing, and we ld­
ing are all abou t. A good rul e of
thumb wo uld be to apply solde r to
th e ti p and jo int simultaneously­
maki ng co ntact between t he tip
and th e solde r is very important.

Keep up the goo d wo rk.
GERALD F. DULIN
Torrance, CA

U.S. FUND S
$ _
$ _

$ -

$ _
$ _
$ _

Z IP COD E

TOTAL

AND THIS
IDENTIFIE S TRANSISTORS (NPN, PNP)
AND THEIR LEADS (E, B, C, ETC.)

AND THIS
TESTS ZENER DIODES AN D RECTIFI ERS.
UP TO 20V ZENER WITH AC ADAPTOR,
ZEN ER VOLTAGE WITH 9V BAnERY
DEPENDS ON ITS CON DITION

AND THIS
AUTOMA TICA LLY CALC ULATES LENGTH S
OF CA BLES IN FEET, METRES, MILES,
KILOM ETRES (THEORETICAL RANG E
OF 9,999 MILES)

AND THIS
AB ILITY TO SORT CA PACITORS IN
MANY DIFFERENT MODES

AND THIS
ABIL1TY TO READ LEAKY CAPAC ITANC E
(INSULATION RESISTANCE OR CURRENT)

AND THIS
CA LCULATES TIM E CONSTANTS WITH
USER DEFIN ED RESISTANC E VALUES

AND THIS
HOLD FUNCTION FREEZES DISPLAY

STATE

ON SOLDERING
I enjoyed t he article, "So lde r­

in g: O ld Techn iqu es and New

PLEASE SEND ME
_ _ (QUAN TITY) MC300(S) @ $169.95

CARRYING CAS E $ 16.95

AC ADAPTOR $ 9.95

SHIP PING AND HANDLl NG @ $5.ooPER INSTRUMENT

[ jCHE CK [ ) MON EY ORDER

[ 1VISA [ 1MAST ERCARD
[ 1CARD NO. _

EXPIR Y DATE SIGNAT URE _
NAME _

ADDR ESS _

CITY

SHIPPING INSTRUCTIONS:
All units shipped out F.O.B. Buffalo NY via United Parcel Serv ice (except Hawaii & Alaska)
unless otherw ise indicated (in which case shipments will be F.G.B. Canada)

a division of Bergeron Technologies Inc.
7686 KIMBEL STREET, UNIT 5
MISSISSAUGA, ONT., CANADA

L5S lE9 (416)6 76'160 0

RANGE OF 0.0 pF to 1 FARAD (999.9 mF)
0.5% BASIC ACC URACY UP TO 100 uF

AND THIS
READS DIELE CTRIC ABSO RPTION

AND THIS
EXTENDED PSEUDO 5 DIGIT

RESOLUTI ON ON SOME RAN GES ON LY

AND THIS
ABILITY TO ZERO LARGE CA PACITA NCE

VALUES UP TO 99.99 uF

AND THIS
CA LCULATES TRUE CA PAC ITA NCE

IF CAPAC ITOR IS LEAKY

AND THIS
DIODE CLAM P AN D FUSED

PROTECTED INPUT.
DISCHA RGE RESISTOR IN OFF

POSITION AT TER MINA L INPUTS.
POWE RED BY 9V BATIERY

ONE YEAR PARTS &
LABOUR WARRANTY

FOR ONLY THIS

MODEL

MC300 ..." , .51"
r'lI"" x P;'''

I!)OAETRON

LEADER DMM/STORAGE
OSCILLOSCOPE

I was pl eased to see Leader's
mod el LCO-100 DMM/Sto rage Os­
cilloscope (see Fig. 1) featured in a
_Rad io~E lect r.on ics~Equiprnen Re­

port" (june, 1987). Wh ile the re­
view was informative, th e p rici ng
informati on was incorrect. The ac­
tual pri ce is $850.00, and the uni t is
cur rent ly avai lab le.
MARC REINER
Leader Instrumen ts Corp.
380 Oser Ave.
Hauppauge, NY 11788
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MODEL 9702
digi-clampTM compact
AC clamp-on volt-ohm­
ammeter with data hold
$79°0

me ee
ELECTRONICS
Division of Simpson Electr ic Company

859 Dundee Avenue, Elgin. IL 60120·3090
(312) 697·2265. Telex 72-2416

Mercer Electronics products reflect the design and quality
standards established by Simpson Electric Company, an industry .
leader for over 50 years and known worldwide for its integrity
and product excellence .
In Stock . . . Available Now! Stop in at your nearest distr ibutor
and see this new, complete line of Mercer test instruments.
For the name of the MERCER distributor in your area, call
(312) 697·2265, or send for our new line catalog.
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C
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C
(J)
-i

CDco
-..j
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PC CLONE
Thanks, Radio -Electronics: You

fin all y printed an art icle, " IBM ­
continued on page 22

tem s for industri al use. Altho ugh I
did not come across a wate r alarm
th at used th e SCR ci rcuit, I con­
clud ed that a patent for a water
alarm wo uld not be profi tabl e. I
used the circ uit as an examp le in
the pate nt ing art icl e because it sat­
isfi ed th e need fo r a simple, easy­
to-d escribe ci rc u it , and yet one
that exhi bite d a unique qu ali ty.
DAVE SW EENEY

TESTING SEMICONDUCTORS
I was ju st reading "Test ing Semi­

co nducto rs" in th e April 1987 issue
of Radio-Electronics. I en joy read­
in g your articles, because they re­
fresh my mem ory on how variou s
components work .

In th e article, you printed an er­
--- - ro r- t hat is ve ry (ommon in the

fie ld . In Fig. 1, yo u are measuring
th e rever se cu rre nt of a di od e
usin g a mi cro ammeter (t he text
says milli ameter). The reverse cur­
rent th rou gh the di od e sho uld be
ext reme ly sma ll as co mpared to
th e current used by th e vo ltmeter
(M2). Wi th some voltmeters, that
current is mu ch higher th an w it h
oth ers. It is a good pr act ice, w hen
measur ing the prop erti es of any
device, to eliminate any exte rna l
interference th at you can . In th e
present case, simply placing the
vol tm et er b efore t he cu r re n t
meter would quickl y eliminate the
problem .

I f ind th at many measurements
in th e fi eld are inaccurate, du e to
t he t ech n i c iansf nvo lved n ot
kn owing how th e test equipme nt
aff ect s th e ci rcu it t hat it 's bein g
co nnected to. I once witnessed a
t echni ci an co n nect i ng a meter
with a 600-o hm impedance to th e
in put of a transmi tte r. That was
don e to measure the aud io signal
go i ng in t o t he tra ns mitte r.
How ever , t he m et er was co n­
nected in para lle l to th e inp ut,
p rodu cing a 300-ohm impedance;
therefore, the signal level was off
by eno ugh to ind icate a probl em
with the t ransmitter, w hen, in fact ,
the re was no p roblem-just an in­
accurate measurement.
RICHARD P. M ORLEY
APO, N Y

$245

$169

Auto Ranging
plus

Manual Ranging
3Y2 Dig it Meter

28 Funct ions
Full y protecte d

~~~ul.er $23

MO·1252

M·1180 .7% Acy $36.95
M·1182 .25% Acy $39.95
M·1181 .1% Acy $42.95

BREADBOARD

Model 0"'"''9436 .... ...-
Shown :.:.:: : :

9430 1,100 pins $15
9434 2,170 pins $25
9436 2,860 pins $35

50MHz LOGIC PROBE
20 nse c with memory
Lp·700

~23
. F·1000
",- 1GHz

-
F·100..... 100MHz

$498

Mode l
$·3000

$148
Model

LC·1800
Measures:
Indu ct ors,
Capacitors,
Resis tors

35MHz DUAL TRACE OSCILLOSCOPE

pack aged t he alarm in a pl asti c
sandwich box. The alarm wo rked
quite well , even after sitti ng under
a hot-water heater fo r more than a
year. In co nside ratio n of patenting
the idea, I searched the archives of
the Patent and Tradem ark Office
and fo und numerou s patents hav­
ing to do w it h sensing water and
actuat ing switches.

In add it io n, I co llected adve rt is­
in g for a number of comme rcial
ente rprises mark eting bo th water
alarms and wetn ess-detecti on sys-

IBDO

$135

• 10MHz DC or AC
• Triggered Sweep
• Calibrated Vert & Hor
• Reads Volt s & Freq

...

MULTI·FUNCTION COUNTERS

DIGITAL LCR METER

Frequency , Period, Total ize, Self Check with High·
Stabilized Crystal Oven Oscillator, 8 Digit LED Display

....

10MHz OSCILLOSCOPE

$199

.05% DC Accuracy

.1% Resistance
wit h Freq. Counter
& Deluxe Case

TRUE RMS 4Yl
DIGIT MULTIMETER

Model
M·7000

--TWO
100MHz

SWITCHABLE
PROBES

INCLUDED

Q-40V @ 1.5A
0·20V @ 3A

$239

MO·1251

MULTIMETER with
CAPACITANCE AND
TRANSISTOR
TESTER

Model $65
CM-1500A

Reads Vol ts, Ohms,
Current , Capaci to rs,
Transistors &
Diodes With case.

$359

I 00

DIGITAL 3 AMP POWER SUPPLY
Model
XP·750

$165

- - -"iLt'._ . Sine, Square, Triangl e
• Pulse, Ramp, .2 to 2MHz
• Frequ ency .1 thru 10MHz

GF·8015 without Freq. Meter $179

DIGITAL TRIPLE POWER SUPPLY
Model
XP·765

$195
0·20V @ 1A
0·20V @ 1A

5V @ 5A

20MHz DUAL TRACE OSCILLOSCOPE

GF·8016 FUNCTION GENERATOR
with Freq. Counter_ at

Top qual ity sco pes at a very reasonable price . Conta ins all the des ired feat ures. Elenco's 2 year guarantee
assures you of continuous service . Two 1 x , 10x probes , diagrams and manual included. Write for specs.

C&S SALES INC., 8744 W. North Ter., Niles, IL 60648 O!C=15 DAY MONEY
800·292·7711 (312) 459·9040 ASK FOR CATALOG l. BACK GUARANTEE

2 Year Limited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax
CIRCLE 109 ON FREE INFORMATION CARD

....

Full y regulated, short circu it protected current
lim it cont rol
XP·850 with Analog Meter. $129.50

Fully Regulated, Short Circuit Protected with 2
Lim it Cont. 3 Separate Supplies
XP·660 with Analog Meter. $159.50

th e expressio n " re latively simple
task" (t he ed itor's word s, inc ide n­
tall y) co uld mi slead the reade r.
However, I t h ink t hat t he in ten t
was to introduce t he concept that
apply ing fo r a pate nt is a finite task
co mpr ised of estab l is hed p ro­
ced ures, sta nda rd fo rm, an d a
structu red meth od of descr ibin g
th e inventi on .

As to Mr. Arn old 's letter co n­
cern ing the water alarm: Back in
1975, I invented a wetn ess alarm
th at used th e SCR c i rc ui t, and

•
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February 1984 Issue February 1987 Issue
We stock the parts, PC Board and AC
Adaptor for an art icle on bui lding a cable TV
descrambler appearing in Radio-E lectronics.

#701 Parts Package* $29.00
Inc ludes all the original resistors, capacitors,
diodes , trans istors, integrated circuits, coils ,
IF transform ers (Taka BKAN-K5552AXX) .

#702 PC Board* $8.95
Origi nal etched and drilled silk-screened PC
Board used in the art ic le,

#704 AC Adaptor $7.95
Original (14 volts DC @ 285 mal AC Adaptor
used in the article.

FREE repr int with Purchase Abo ve

#708 Toko Co il Set $6.95
Includes (2) BKAN -K5552AXX, (1) E520HN­
300023, (1) 144LY-120K and BFQ-85
Replacement 2SC2369.

We stock the parts, PC Board and AC
Adaptor for an artic le on a tri-mod e cable TV
descrambler appear ing in Radio-Electronics.

#301 Parts Packaqe" $39.00
Includes all the original resistors, c apacitors,
diodes, potentiometers, transistors,
integrated circuits, LED's, Taka coil
(E520HN-3000023) and Plessey Saw Filter
(SY-323).

#302 PC Board* $8.95
Original 5 x 8.8 etched and dr illed silk­
screened PC Board used in the article.

#304 AC Adaptor .. . . . . . . . . . . $7.95
Original (14 to 18 volt DC @ 200 mal AC
Adaptor used in article.

Free Reprint with Purchase Above

#308 Plessey & Toko Set . .. .. $6.95
Includes (1) Plessey SY323 Saw Filter plus
(1) Taka E520HN-300023 Coi l.

Add $2.50 Shipping & Handling; $4.50 Canadian Orders

72-CHANNEL MC-702 CONVERTER

»
c
o
c
(fl
-i

• Parental control for all channels
• Last channel recall
• Fine tune memory
• UL listed/ FCC approved
• Simpl e installation with any TV
• Includes battery and 3 foot coax

cable

Ccopyright 1987 by J&W Elect ronics. Inc.

P.O. BOX 800 • MANSFIELD, MA 02048

J&II)
ELECTRoniCS,Inc.

• 72-channel capability
• Wireless, Infra-Red remote control
• Channel output 2 or 3 switchabl e
• Microprocessor controlled PLL

operation
• Skip channel memory eliminates

unused channelsAdd $3.50 Shipping and Handling
$4.50 on Canadian Orders

CABLE CONVERTER $79.95
WITH INFRA-RED REMOTE CONTROL

Q~
e~

ORDER TOLL FREE
1-800-227-8529
Inside MA: 617-695-8699
VISA, MASTERCARD OR C.OD. ~ - MEMBER

[83] L~j L~j
' Not available to Massachusetts residents due to state law.

CIRCLE 65 ON FREE INFORMATION CARD
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EQUIPMENT

REPORTS
A SOLlDEX®VCR AID!
Free-Up Viewing Time that used to be
spent rewinding tapes. And, take the work
"load" off }lour VCR'smotor with this factol}'__
new VHS Video Cassette Rewind er by
Solidex@. Our specia l arrangement with
the manufacturer makes it a great buy at a
remarkably LOW liquidation price !

3 Big Benefits! Th is "must" dev ice
quick ly rew inds video casse tte tapes.
Extends the life of your VCR's motor. And,
helps you avoid costly VCR repairs. Buy
NOW! And put this unit to work for you!

• Reduces Costly Wear on VCR Motor.
• Cuts Delays. Lets You Spend More Time

Viewing Tapes, and Less Time Waiting
on Rewinds.

• Fast, Efficient Operation. Auto Shut-Off.
Auto Soft Eject.

• Compact, Space-Saving Size: 2V2'H x
5" W x 11V2'D. LED "On" Light.

I-Year Limited Factory
Warranty Parts/Labor.

Mfr. List . . . . •... .. . .. $29.99

Liquidation $19
Priced At ... •... .• •

Item H-2648-7152-291
Ship, handling: $4.00 ea.

r - - - - - - - - - - - - ,Credit card customers can order byI phon e, 24 hours a day, 7 days a week . I
I !~! I;uf.i~~t~:48~:!~~:!~s~~~:~t?o I
I s~~c~a~ ~o_n~ i~~n~._P~e..a~: :a~ ~~~r~: ~~n_q~i~e~ .. .. .1
I SEND TO: Item H-2648I

I B:X1:El Direct Marketing Corp. I
1405 Xenium Lane N/Minneapolis, MN 5544 1-4494

I Send_VHS Video Rewinder(s) Item H-2648-7152-291 at I
1

$19 each, plus $4 each for ship, handllnq. (Minnesota
residents add 6% sales tax. Sorry, no C.O.D. orders.) I

I 0 My check or money order is enclosed. (No delays in II processing orders paid by check.) I

1 6~~'CSK~ 01·,.. 1OfEBJ old l0ii!iJ I
~ I Acct. No. Exp.--L- Iz PLEASE PRINT CLEARLY I
~ IName I
t3 I Address Apt. #_ - I
W I City I
u:J I State ZIP~ _

eI Phone () I
a: L Sign Here .I------------16

Regency Informant
Scanning Receiver

An innovation in scanner
technology

SCANNERS HAV E NEVER BEEN POPULA R

w ith John Q. Publ ic. Pot en ti al
sca nner bu ffs are ofte n int imi­
dated by th e task of programming
a scanner's memo ry w ith frequen­
cies of in terest , o r by the need to
buy crysta ls for each fr equ ency to
be moni to red . But th e scanne r in ­
du stry co uld be in for a big change
and hu ge expansion if it foll ows
th e examp le set by t he Info rm an t
INF-1, a new scanner f rom Regency
Electronics (707 Records St reet, in­
di anapoli s, IN 46226).

Th e In f orm ant p romi se s to
make just about eve ryo ne a scan­
ner enthusiast because it's so easy
to use-even first-tim e listeners
will be hook ed. The In formant is
so different f ro m othe r scanne rs
because it's pre-p rogrammed with
all frequ encies used by state and
local poli ce in eac h of th e f ifty
states. Simply turn t he scanner on,
swi tc h it to you r state, and yo u're
sure to hear lot s of action.

The Informan t is so easy to use
that it 's almos t poss ible to ove r­
look it s second impressive fea­
tu r e: hi gh - sp e e d sca nn i ng.
Thanks to what Rege ncy ca l ls
Tu r b o Sc an tec h no logy, t he
In forman t offers a scann ing rate of
40 channe ls per seco nd. That 's fast
-most scanne rs on the market to­
d ay offe r a to p scanni ng speed
about one quar te r of that.

CIRCLE 37 ON FREEINFORMATION CARD

Using the Informant
H o w easy i s it to u se th e

Informan t? With only two kn obs
and three toggle switches on the
fron t pane l, yo u know it can't be
too di fficult. O ne of th e kn ob s, of
co u rse, is th e VO LUME co nt ro l,
whi ch also serves as t he pow er
switch. The other is th e SQUELCH

co nt ro l.
The HOLD swi tc h is used to lock

the scanne r on a single frequen cy
of interest. Pressing it once pu ts
t he scanne r in the H O LD mode;
pr essin g it a seco nd t ime causes
scanni ng to res ume. The HI W AY/

CITY switch is used to select eit her
state-pol ice f req uencies (HIWAY) or
local city- and co unty-police f re­
que ncies (CITY). The third switc h is
the wx SCAN/STATE selector. W hen
wx SCAN is selected, th e In formant
wi ll scan t he fre quencies used by
th e Nati on al Wea t he r Serv ice to
broadcast weather bulleti ns. The
ot her pos ition is used to select th e
state w hose f requ encies yo u want
the In forman t to scan.

Round ing o ut th e fro nt panel is a
two-digit, vacuum-fl uorescent dis­
p lay that indi cates the state and
th e type of signal (state, local, o r
weathe r) be ing mon itored , and
t he scanner's mod e.

The In forman t cove rs state , city,
and co unty police f req ue nc ies
f ro m 36 -47 M Hz (V HF Low),



SATELLITE ELECTRONICS
TRAINING FROMNRI!

Nowyoucanmove intohome satelliteTVand
commercial satellitecommunications withNRI's latest
breakthrough inelectronics training

With NRI training, you' ll explore every aspect of satellite
transmission and reception as you assemble, install, troubleshoot ,
and tr ain with the complete TYRO sys tem included in your course.

With today 's satellite technology, a call to Paris is as clear and as
easy to make as a call next door . . .executives use video conferencing
to "meet" withou t leaving their offices .. .simultaneously, a billion
people witness a single event (a soccer game, an inauguration, a
benefit rock concert)..... andscientistsexplore.themysteries.ofoute r__
space without leaving their labs.

These amazing applications of satellite technology have opened
up exciting, new opportunities for the technician trained to install,
maintain, troubleshoot, and repair sa tellite communications
equipment.

Explosive opportunities in home satelliteTV
In suburban backyards, alongside country farmhouses, and atop

commercial buildings, satellite TY systems are continuing to expand
all across the country.

Already there are over a million TYRO (Television Receive-Only)
sys tems in place in the U.S. alone, and experts predict that the future
of home satellite TY looks even brighter.

Newjobs,new careers for thetrainedtechnician
As an NRI-tr ained technician, you can concentrate on

consumer-oriented TYRO equipment, or use your tr aining to build a
career servicing the satellite equipment that has become so vital in
commercial and military communications to transmit and receive
voice, data, and video signals.

NRI bringssatellitetechnology down toearth
NRI trains you thoroughly in basic electronics, communications,

and television principles. Using the remarkable NRI Discovery Lab Q!>
and your digital multimeter, you perform critical experiments , tests,
and measurements. Then, using your NRI Antenna Applications and
Design Lab, you assemble and test various types of antennas and
matching sections.

You then concentrate on both commercial and consumer satellite
earth station equipment, putting theory to practice as you assemble,
install, and test the complete satellite antenna system included in
your course.

Building yourown home satelliteTVsystem bringstheoryto life!
Your Drake TYRO system comes complete with 6 ' parabolic

dish antenna system, low-noise amplifier (LNA), down converter,
receiver, low-loss coaxial cable, and even a permanent polar mount.

By tr aining with an actual TYRO system, you'll come to
und erstand, first-hand , the function and operation of a satellite earth
station. And once completed, your TYRO system willprovide the
best television entertainment available-direct from the satellite to
your home.

Train theuniquely successfulNRI way
It's hands-on training, at home . .. designed around the latest

state-of-the-ar t equipment. Youdiscover by doing . .. and you do it at
your own comfortable pace.

Built into your NRI training is the enormous experience of our
development specialist s and instructors, whose training skills and
personal guidance are available to you on a one-to-one basis.

Make yourmove into thefuturetoday!
Send for yourFREE NRI catalog

Only NRI can train you at home for an exciting and rewarding
career as a satellite electronics technician. And now is the time to act.
Send tod ay for your free, 100-page catalog. It details our training
methods and materials, and our more than 72 years of successful
innovation in hands-on career training. If the coupon is missing, write
to: NRI Schools, 3939 Wisconsin Avenue, Washington, D.C. 20016.

r--------------------~

I
IIIRI SCHOOLS • , . For Career courses I
McGraw-Hili Continuing Education Center ~ !~ approved under GI bill.

I 3939Wisconsin Avenue, Washington, DC 20016 Itnlil 0 check for details. I
We'll give you tomorrow.

I IECHECK ONE FR~E CATALOG ONLY 0 Data Communications 0 AutomotiveServicing I
o Satelltte Bectronics 0 Communications Electronics 0 Air Concitloninq, Heating.

I 0 Computer Electronics withMicrocomputers 0 Industrial Electronics Refrigeration , & Solar Technology I
o Robotics& Industrial Controls 0 Basic Electronics 0 BuildingConstruction

I 0 Video Electronics Servicing 0 TelephoneServicing 0 Locksmtthing & Electronic Security I
o Electronic DesignTechnology 0 Small EngineServicing 0 PhotographyI 0 DigttalElectronics 0 Appliance Servicing 0 Bookkeeping I

I Name (PleasePrint) Age I
I Street I

Complete TVRO System andelectronictestequipment L CitYIStatelZ iP Accredited by the National Home Study Council 10-087 I
incJudedwithyour fraining. _ - - - - - - - - - - - - - - - ---_~
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Informant INF-1

3 M Hz (V H F H igh ), and
2 M Hz (UHF). It 's packaged
se that w i ll be at home in ju st
any car (abo ut 1Y2x 5 X 6Y2
) and it co mes eq u ippe d
mobi le mounti ng bracket.
d ud ed are a DC p-owe r <.;.o rd
rma nent in stallati on in a ve­
and a ciga rette-lighter p lug

mporary in stallat ion.
In form an t's simp l ic ity i s
be a great attraction to peo­

ho are un famil iar w ith scan­
and to those w ho want an
o- use sca n ne r for mobi le
ut simplic ity has its di sad­
es, too. Regency chose not
ude a DELAY switch on the
pro babl y to keep it loo kin g
an and sim ple as possible.
ut a delay switch, th e user

o contro l ove r how lon g th e
er wi ll wait on a sing le fre­
y for the respon se to a t rans­
n . The In formant waits less
seco nd, and in man y cases
ust not lon g eno ug h.
only ot he r thing mi ssing is a

ency di spl ay. In a sense , it's
not need ed , but it would be

o have some way to id en ti fy a
channe l.
n though a LO CKOUT switch is
nd uded , i t is possibl e (by
two of the toggle swi tc hes in
nat ion ) to force the scanne r

p an unwanted channe l.
In forman t INF-1 sel ls fo r

95. We can' t co mpa re t hat
to any ot her scanne r on the

et beca use the In forman t is
e. W hen its main features­
Scan techno logy and simp le

at ion-are in co rpo rat ed in
ucts b u i lt for t he scanner
yist, things wi ll never be the
. Rege ncy is working o n
that now ; by the t ime yo u

t hi s, t hey wi ll have in t ro­
d new scanners w ith features
e never even drea me d of. R-Ey
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dence and pridethatyoucanonly get
by building a state-of-the-artproduct
yourself. And you're backed by our
promise, "We won't let you fail:'

The Heathkit Catalog is a simple ­
and FREE- first step towardthis ex­
cellent opportunity.

A veryspecial computer &
electronics guide thatshows
you what the exciting world of
kitbuilding can dofor you.---- -

Challenge. Knowledge. Achievement. Enjoy­
ment.All of these things areyours whenyou build
a Heathkit high-quality product. Our colorful, in­
formative catalog reflectsthe yearsof experience
and technological expertise that make these
things happen for you.

In our catalog you'll find over 450
interesting and useful items - from
computer hardware and software to
robotsandtest instruments, andfrom
home security systems to color tv's
and amateur radio equipment.

But what makes Heath Company
unique is that we offer you the confi-

Send NOW for your FREEHeathkit Catalog

Yes! I want to see what kitbuilding can do for me. I
Please send me the latest Heathkit Catalog Free. I

send to : Heath Company, Dept.020-562 I
B Bento n Harbor, Michigan 49022 I
20 IName _

~ IAddress I
~ _ H ea th k U"_ICity State I.
ei I Zip I.
~ I A subsidiary of Zenith Electronics Corporation CL-787R2 1.L ~

20
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innouatiuely des igned
with YOlV time in mind.

CIRCLE 177 ON FREE INFORMATION CARD

Call Today Wats Free 1-800-843-3338

SENCORE
3200 Sencore Drive
Sioux Falls, SD 57107
605-339-0100 In SD Only

with the new improved CR70 "BE AM BUILDE R"TM
Universal CRT Tester and Restorer

Patented $995

Now test and restore every CRT on the
market ... without ever buying

another adaptor socket or coming up
embarrassingly short in front ofyour

customer ... or your money back

"BEAM BUILD ER " is a trademark of Sencore, Inc.

Have you ever?

Thrown away a good TV CRT, data display CRT, or scope CRT that
could have been used for another two or three years because you had no
way to test or restore it?

Lost valuable customers because you advised them that they needed
a new CRT when another technician came along and restored the CRT
for them?

Lost the profitable extra $35 or mor e that you could have gotten for
restoring a CRT while on thejob and locked in the profitable CRT sale later?

Avoided handling profitable trade-ins or rentals because you were
afraid you'd have to replace the picture tube when you could have restored
it?

Had a real need to test a CRT on the job, but didn't have the rig ht
adaptor socket or setup informati on in your setup book?

If any of these things have happened to you, CALL TODAY, WATS F REE,
1-800-843-3338, for a FREE 15 day Self Demo.

NEW
LIT
ELECTRONICS PRODUCTS CATA­
LOG, includ es such item s as a
co lor li gh t contro ller, color LED
VU meter, electronic echo and re­
verbe rat io n amp lif ier, stereo sim­
ulato r, mul ti -purpose melody gen­
erato r, di g i t al c lock w ith two
t ime rs , batte ry flu o rescen t li gh t ,

- i"n f rarear em o te :T o-nT ro·l-u n- i t-;-I----­
speaker protect io n, superior elec­
t ronic roulette, power supply for
microcom puter, and many others .
24 pages. Ava i lab le o n request
fro m Mark V Electronic s, Inc., 248 E.
Mai n St., Suite 100, Alhambra, CA
91801.

CIRCLE 38 ON FREE INFORMATION CARD

CONSUMERS'S GUIDE TO PRI­
MARY BATTERIES, is pocket-size
(3Yz x 7 inch), six-page gu ide to
t he m o st- comm o nl y used co n ­
sumer batte ri es; also som e un­
usual types that are also available
in the average supermarket- such
as cy li ndr ica l, rectan gul ar, and
button /coin sizes . The booklet dis­
cusses each typ e and how each
sho uld be used to assure the most
eff ic iency and safety. It is availab le
up on request fro m Nati onal Elec­
trical Manufacturers Associ ati on,
2101 L Street N .W., Wash ington ,
DC 20037.

CIRCLE 39 ON FREE INFORMATI ON CARD

INTRODUCTION TO PACKET RA­
DIO, is an 18-page, lett er-sized
boo klet that exp lains packet 's pro­
ced ures, operatio ns, and app lica­
ti on s in easily-understood terms.
It is wri tten in a co nversatio na l
sty le, a n d t he co nte nts are
o rganized by the common ques­
t io ns that mo st potent ial users ask
abo ut packet rad io, such as: What
is packet radio ? W here is it used?
W hat eq uipment do I need ? How
do I operate it?-and mo re. The
booklet also in cludes FCC licen s­
in g informatio n . It i s ava i lable
upon requ est f ro m Kant ro nics,
1202 E. 23rd St., Lawren ce, KS
66046. R-E

CIRCLE 40 ON FREE INFORMATION CARD
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Hands-on Electronics SUBSCRIPTION

wo rk, mad e th e manufacturin g
drawi ng fo r th e boa rdho use, and
d rawn th e co mpone nt layou t
wants to get a more co nc rete fee l­
ing fo r electronics . We ll, the next
step is to stuff boa rds, get to know
actual co mpo nents, learn how to
solder, etc. An d then get into the
theo ry as a final step.

Radio-Electronics is givi ng me a
library on those th ings, th e " how
to ," and t he adverti sers for the
parts and the tool s. .

Again, thanks! And I also th ink
that puttin g t he ma gazin e in a
mailing wrapper is great- no more
mangled covers.
CURTIS E. VAILLETTE
M adison , WI

ADDITIONAL IN FORMATION
In response to t he q uesti o n

abo ut o pe rati ng 117-vo lt, 60-Hz
eq u ipme nt o n nO-vo lt, 50 Hz
power l ines th at app eared in "Ask
R-E" in Radio-Electronics, M ay 1987,
her e's so me add it io nal info rma­
ti on . I was stationed ove rseas fo r
fo ur years; and as the staff El ec­
t ron ics Office r, I d id a lot of modi­
f ications of that ty pe .

M o st manufactu rer s have ki t s
tha t yo u can buy that co mpensate
fo r the slowe r rotat io n spee d of 60­
Hz mot ors when operated on 50­
Hz pow er. A di ffer ent-size d ri ve
wh eel is usually availab le fo r most
t urntables and tape recorders. A
d ifferen t- siz e pu lley is usu all y
ava i lab le f or m oto rs t hat d r ive
washe rs and dryer s.

Clock and timer modi fi cation s
are availab le fo r 50 Hz, but are
hard ly wo rt h t he t rou b le. Buy a
clock in the co untry w here it ' to be
used . The t ime rs on yo ur washer,
dryer, ove n, etc. w ill run a little
slower, but they can be set to co m­
pe nsate fo r th at.

The resist ive load of oven, stove,
ir on , toaste r, ro om-h eat er, and
cl o th es-dryer heatin g elements
w ill work we ll on eit he r 60 or 50
Hz. O f co urse, the vo ltage mu st be
correct. In a cloth es d rye r, yo u can
mo di fy t he c i rcuit to inclu d e a
transfo rme r o n t he drive motor
and timer ci rcuit. That wi ll great ly
reduce th e size of the transfo rme r
th at is nee ded .

Forget abo ut ope rati ng a TV set
bui lt for US video systems and 60
Hz : Rent or buy one in the co unt ry

Detach and mail today
to:
HANDS-ON
ELECTRONICS
SUBSCRIPTION DEPT.
P.O. BOX 338
MOUNT MORRIS, IL
61054

AR E87
(Zip)

• YOU CAN HAVE THE NEXT TWELVE is­
SUES of Hands-on Electronics delivered to
your home for only $18.95 - saving $11.05 off
the single copy price.

found t he e lect ro nics art i cl es
useless. I subscribe to yo ur maga­
zi ne because I want to learn more
and un derstand what 's go ing o n.
I'm a mechani cal-en gin eering st u­
den t . M y only co nnectio n to elec­
tronics was a sorry two years that I
spe nt learning pri nted- ci rcui t art­
work prepa rat io n fro m th e ground
up. You know-the "make a mi s­
take and we'll tell yo u what yo u did
wrong" approach. I made a lot of
mi stak es.

Anyo ne w ho 's taped a PC art-

• EVERY ISSUE OF Hands-on Electronics
will continue to contain a variety of construction
articles to suit every taste. In addition, feature
articles on electronics fundamentals, test equip­
ment and tools will round out each issue. Of
course, Hands-on Elect ronics will continue to
provide new product and literature iistings to
keep you up to date on the latest developments
in electronic technology.

• GET IN ON THE ACTION! Order your next
issue of Hands-on Electronics today. Use the
convenient order coupon below. Be sure to send
check or money order-no cash!

(State)

Please charge my
o Visa 0 Mastercard Signature' _
Acct.s Exp. Date, _

con tinued fro m page 14

LETTERS

• IF YOU'RE THE KIND OF READER that
doesn't want to wait, you can order your next
copy of Hands-on Elect ronics now. Hands-on
Electronics is crammed full of electronic proj­
ects that you won't be able to wait to build for
yourself. You can expect top-notch digital proj­
ects, fun- to-play elect ronic games, valuable
add-on computer projects, BCB and shortwave
receivers, photographic/darkroom gadgets, de­
vices to improve your car's performance, test
equipment ideas, and more in every issue of
Hands-on Electron ics .

Allow 6-8 weeks for the first issue to arrive. Offer valid in U.S. Funds Only.

Please print

(Street Address)

(Name)

(City)

o Payment Enclosed

o Bill Me Later

[ I I want to be sure I don't miss any issues. Send me ONE FULL YEAR - twelve issues - of
Hands-on Elect ron ics for $18.95 (Canada $23.95 U.S. Funds).

Co mpat ib le C lo ne Co m pute r,"
(February 1987 Computer Digest)
that I can use and relate to. That
one art icle, to me, is worth t he
th ree years o r so that I have bee n
carryi ng a subscript ion . I want to
have a co mp uter soo n, and I think
th e art icle was my ticket to getting
one.

That is not to say t hat I have

(j)

U
Z
o
a:
I­
U
W
...J
W

6
o
<l:
a:

22



Walk "tough dog" troubles out of
any TV & VCR in half the

time ... or your money back

~
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inno vatively designed
with your time in mind.

Call Today Wats Free 1·800·843·3338

SE:NCORE:
3200 Sencore Drive
Sioux Falls, SD 57107
605·339·0100 In SD Only

with the exclusive, patented,
VA62 Universal Video Analyzer . . .$3,295

Would you like to?

Reduce analyzing time: Isolate any problem to one stage in any TV or
VCR in minutes, without breaking a circuit connection, using the tried
and proven signal subst itution method of troubleshooting?

Cut costly callbacks and increase customer referrals by completely
performance testing TVs & VCRs before they leave your shop? Own the
only analyzer that equips you to check all standard and cable channels
with digital accuracy? Check complete, RF , IF , video and chroma response
of any chassis in minutes without taking the back off the receiver or
removing chassis plus set traps dynamically right on CRT too? Simplify
alignment with exclus ive multiburst pattern?

Reduce costly inventory from stocking yokes, flybacks, and other
coils and transformers, for substitution only, with the patented Ring­
ing Test. Run dynamic proof positi ve te st on any yoke, flyback, and inte­
grated high voltage transformer .. . in- or out-of-circui t?

Protect your future by servicing VCRs for your customers before they
go to your competiti on? Walk out "tough dog" troubles in any VCR chromi­
nance or luminance cir cuit - stage-by-stage - to isolate problems in
minutes? Have proof positive tes t of the video record/play heads before you
replace the ent ire mechanism?

Increase your business by meeting all TV and VCR manufacturers'
requirements for profitable warranty service work with this one universally
recommended analyzer?

To prove it to yourself, CALL TODAY, WATS FREE, 1-800-843-3338, for
a FREE Self Demo . . . or learn how the VA62 works first by calling for
your free sim plified operation and application instruction guide, worth
$10.00.

HEADLAMP WARNING
On page 67 of th e April 1987 is­

sue of Radio-Electronics a circuit is
show n that warn s of th e head­
lamp s of a car bein g left on. If the
voltage f rom th e fu se panel used
to power th e pi ezobuzzer and LED
is tak en after th e dimmer control
for th e pan el lights, it is possib le
th at th ere may not be eno ugh volt­
age to drive those compon ents.

Wh en I built myown version of a
warni ng ci rcuit a few years ago, I
used p ow er f ro m th e pa r ki ng
lamps, w h ic h are not d immed.
Thou gh it is unl ik ely th at th e car's
fuse block will co me after th e dim­
mer co nt ro l, if that is the case, my
solut io n is bound to wo rk well .
KEVIN STEBLETO N
Royal Oak, MI R-E

th at yo u're in; modi fi cation s are
too co mplicated to get in to .

Do not buy t ransforme rs in the
U.S. to take ove rseas with yo u .
Th er e are always peopl e being
tr ansferred back to th e States or
elsew here, and who wan t to get
rid of th e transformers that th ey
have. You can save a bund le. Even
if you bu y new ones, buy th ose
wo und to ope rate on 50 Hz ; th ey
have more iron in th em and will
ope rate cooler fo r a given load .

Some peopl e have on e lar ge
tr ansformer for the whole house;
ot he rs have them for individual
app liances. Wh ichever way you
go, watch th e load. Add up all the
possible loads that you will have

--and-ge a-transfo rmer - t hat's - b ig- I- - - - - - 1

enough to handle the job .
If you bu y equipment overseas,

be sure that the adapters are avail­
ab le to op erat e it when you get
back to the U.S.

Whatever you do for yourself or
fo r some body else, if you modify
th e equipment or change th e wir­
ing, be sure to document what you '

. have done and what it was like be­
. fo re you starte d . That will be a

great help at.some later date, fo r
whomever t ries to chan ge it back
once again .

I've read yo ur publications since
I was age 12, and that was 60 years
ago; I've been a subscriber for at
least 30 years.
ROY A. NORMAN
Lcdr. USN Ret.
Brunswick, GA

CIRCLE 178 ON FREE INFORMATION CARD 23



VIDEO TAPE COpy
PROTECTION

GOT YOU DOWN?

\ \
, . >:

I

CIRCLE 32 ON FREE INFORMATION CARD

testi ng static dissipat ive and co n­
duct ive mate rials. Featuring a se-

POCKET MEGOHM METER, t he
Micro-Megger is a hand-held , bat­
tery-powered megohm meter fo r

CIRCLE 31 ON FREE INFORMATION CARD

Th e mod el C st rips any size
down to t he finest stranded #36
AWe w ire witho ut adjustme nt. It
is also suited fo r coax ial cable and
will strip Tefl on as well materi als
with a lower melt ing point, such as
vinyl , nylon , dacron, rayon , pol y­
et hy le ne, etc. I t is pri ced at
$139.50.- Western Electronic Prod­
ucts Co ., 107 l os Mol inos , San
Clemente, CA 92672.

act io n to rem ove t he insulation
with a slig ht pull. No sharp cutt ing
edges are used, so the re is com­
plete freedom fro m cut or nicked
w ires. The ligh t-weight handl e is
heat-i nsulated _wi th co rk .__

STATIC CONTROL, Screen Prep
co ns ists of two in d iv id ua l, d is­
posabl e cloth pads sealed in twin
foil packets. The first pack et co n­
tain s a prem oi sten ed pad satu­
rated w ith a co mbinat io n solvent!
anti-stat ic agent that qui ckl y re­
moves du st, dirt, and f inge rp ri nt
oi ls. The seco nd packet contai ns a
dry, lin t- free pad to w ipe the sur­
face clear.

CIRCLE 30 ON FREE INFORMATION CARD

Screen Prep also provides a co n­
veni en t m eth od f or c lea n i ng
sm udges and sta ins th at resul t
fro m equi pme nt handl in g during
service calls . It effect ively removes
CRT screen co ntaminants that in­
hi bit and destroy visio n. Packaged
in boxes of 24 dual-packs, Screen
Prep is pri ced at $7.50 per box .­
Chemtronics, 681 O ld Willets Path ,
Haupp auge, NY 11788.

TH ERM AL WIRE STRIPPER, t he
mod el C, features a cont inuo usly
variab le heat co ntro l t hat al lows
the un it to st rip vi rt ual ly any size or
typ e of pl asti c-in sulated w ire. De­
signed fo r production-line opera­
t io n, the device can be used eit he r
as a be nch-o pe rated too l or it can
be held in the hand for use in inac­
cessib le locations.

The strippe r uses two parall el­
heatin g eleme nts to sever pl astic
insulat io n, and provides a pincers

NEW
PRODUCTS

LINE ZAPPER

STABILIZE YOUR PICTURE
WITH THE NEW, IMPROVED

LINEZAPPER

Our New and Highly Effective Advanced-Place­
ment Program for experienced Electronic Tech­
nicians grants credit for previous Schooling and
Profess ional Experience . and can greatly re­
duce the time required to complete Program and
reach graduat ion. No residence sc hooling re­
quired for qualified Electronic Techn icians.
Through this Special Program you can pull all of
the loose ends of your electronics backgro und
together and earn your B.S.E.E. Degree. Up­
grade your status and pay to the Engineering
Level. Advance Rapidly ! Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World . Established
Over 40 Years ! Write for free Descriptive Lit­
erature .

EARN YOUR \ ",'V
E eB.S.E. . \

DEGREE
THROUGH HOME STUDY

Bothered by brigh tness changes , ve rtica l jum pi ng and
littering . and vi deo noise? Tired o f rent ing or buying
tape s and be ing forced to wat ch an unstabl e was hed out
picture ? Solve yo ur probl ems wit h the line u ppe r.

The Line lapper accepts di rect video from any VCR
and moni tor s the signa l. lin e by video lin e. When It sees
the copy prot ect ion signa l It laps it , giving yo u a nor -

_ ma l,-c1ean .slgna l.a t the .o utp ut , I_-'-=-="---'c.:....:..:"-'-.:::-=O':'::O:":":~'_'=_'_'_=.c.:..:~.=:.

Availab le in both k it fo rm and fully assembled . The kit
Is o nly S69 .9 5 (Not recomm end ed for the beginner) pl us
S3.00 shipp ing . Assemb led . te sted units wi th a 90 day
warranty are on ly S124 .95 pl us S3 .00 shipping.

Arizona residents must add 6.7 % sales ta x. Please
allow 6 to 8 weeks for de livery. Dealer inquiries
we lcome.

ELEPHANT ELECIRONICS INC.

BOX 41865-F
PHOENIX, AZ 85080
(602) 581-1973
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ries of LED's that indicate surface
resistivity, the unit performs over
1000 surface mea surem ents on a
single charge.

The Micro-Megger measures
su rface e lect rica l resistan ce in ac­
cordance with ASTM D-257; it uses
a rechargeable NiCad battery and
presents no electrical shock haz­
ard. It is priced at $249.00. ­
Charleswater Products, Inc., 93
Border St., West Newton, MA
02165.

ODOMETER DATA COMPUTER,
records and stores mileage, date,
and time information for up to 60
trips before pr inting is required; it
also keeps a year-to-year mileage

--tota I-fo r- the -GU rrent-and-p revi0 us­
year, and calculates the percen­
tage of auto use for business . It
includes a detachable pr inter.

CIRCLE 33 ON FREE INFORMATION CARD

A simple hookup and command
to the printer produces a printed
record that can be submitted to
the Internal Revenue Service . Each
trip's printout includes a purpose
section where busi ness activities
can be personalized .

The compact computer, which is
illuminated for use at night , can be
placed anywhere in the vehicle , al­
though the manufacturer recom­
mends that such un its be kept off
dash due to temperature ex­
tremes . The printer, which is
powered off the computer, can be
stored in the glove box, trunk,
briefcase, or th e office wh en not in
use. In addition, several people
can share a printer.

The Odometer Data Computer
is priced at $399.00 .-Mileage Val­
idator, Inc., P.O . Box 830650 ,
Richardson , TX 75083. R-E

Exclusive, triple patented dynamic
cap and coil analyzing ... guaranteed
to pinpoint your problem every time

or your money back

with the all new LC75 "Z METER 2"
Capacitor Inductor Analyzer

Patented $995

The "Z METER" is the only LC tester that enables you to test all
capacitors and coils dynamically - plus, it's now faster, more
accurate, and checks Equivalent Series Resistance (ESR) plus
small wire high resistance coils.

Eliminate expensive part substitution and time-consuming shotgun­
ning with patented tests that give you results you can trust every time.
Test capacitor value, leakage, dielectric absorption, and ESR dynamically;
with up to 600 volts applied for guaranteed 100% reliable results - it's
exclusive - it's triple patented.

Save time and money with the only 100% reliable, in - or out-of-circuit
inductor tester available. Dynamically test inductors for value, shorts, and
opens, automatically under "dynamic" circuit conditions.

Reduce costly parts inventory with patented tests you can trust. No
more need to stock a large inventory of caps, coils, flybacks , and IHVTs.
The "Z METER" eliminates time-consuming and expensive parts substitut­
ing with 100% reliable LC analyzing.

Turn chaos into cash by quickly locating transmission line distance to
opens and shorts to within feet, in any transmission line.

Test troublesome SCRs & TRIACs easily and automatically without
investing in an expensive second tester. The patented "Z METER 2" even
tests SCRs, TRIACs, and High-Voltage Diodes dynamically with up to 600
volts applied by adding the new SCR250 SCR and TRIAC Test Accessory
for only $148 or FREE OF CHARGE on Kick Off promotion.

To try the world 's only Dynamic LC Tester for yourself, CALL TODAY,
WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo.

Call Today Wats Free 1-800-843-3338

SE:NCORE:
3200 Sencore Drive
Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.
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COMMUNICATIONS~,. - 'i.--~ '; ...
CORNER \ ~:,; O i
Diversity micro phone transm issio n

WE H AV E DEVOTED SEVERAL C O LU M N S In the usual fo rm of diversity re-
in th e past to th e subject of d ive r- cept ion, a specia l receiver sw itc h-
sity recep ti on as it p ert ain s to es between horizon tal and vert ical

__ high~f req u e n cy_sho r:twave_si gn als_anten nas ,. always select ing the an- -
(to 30 M Hz) ; th ose signals are par- tenna inp ut that provides the max-
t icularly sensit ive to variat io ns in imum signal stre ngth. Natura lly, a
po larizat io n . Altho ugh we call the broad range of signa l level is ac-
eff ects of po larizatio n " select ive cepted as " sat isfacto ry" to prevent
fad ing," in fact the signal might the ante nnas fro m switchi ng back
not vary in strength at all; on ly its and forth contin uo usly. .
po lari ty var ies. However, the typ- But signal po larization isn' t the
ical receiver sees a change in po- on ly recepti on p ro b le m t hat re-
lari zati on as be ing a change in qui res d iversity recepti on , nor
signal strength. does diversity recept ion neces-

sari ly require verti cal and horizon­
tal receivin g ante nnas. In par­
ti cul ar, FM wireless mi crophon es
can be serio usly affected by-signal­
ph asing probl ems caused by mul­
ti p ath rece ption . Alt houg h t he
prob lem can usually be resol ved
th rough diver sity rece pt io n, the
two ante nnas invol ved are both
vert ically polarized .

For th ose of you unfami liar with
th e wireless microphone, it is ac­
tuall y a syste m co nsist i ng of a
tran smitter and a receiver. Th e

CIRCLE 188 ON FREE INFORMATIONCARD

Call (408) 988-7510 for more information
or bring your service needs to:

Complete Floppy Drive service for the following:

IBM TEAC
Fuj itsu Shugart
Qume Apple
Mitac Panasonic

First Street Computer Corp.
3385 Viso Ct. • Santa Clara, CA 95054

Floppy Drive
Repa ir & Service
Now the company that manufactures

floppy drives has set up a repair division.

All r ep a irs are warranteed!
We also service on IBM and compatible computers.

•

Send now for your
FREE catalog of

electronic tools &
test equ ipment

TOLL-FREE1-800-638-64051933 Montana Ave. NE
WashingtonDC20002

~

w,s'J E NK S & Son .. ..

v sa..;... Service Master
A.U3lU:: Roll Kit
List $95.71 SALE $76.99
Includes23tools inplastic-ceated canvas
case:6" longnose plier, 5" diagonalplier,
6"adjustablewrench, regular andstubby
handles,9 regularnutdrivers, 3 stubby
nutdrivers, nos. 1&2Phillipsscrewdrivers,
"116" & 'I.' slottedscrewdrivers, reamers and
r extension. 99SM

Professional Soldering Kit
List $38.29 SALE $30.50
Includessoldering gunwithpre-tinnedheavy
cercr.;r tip,2 sparetips,wrench,fluxbrush,
~~:ri8~5~~~ool & solder inplastic carrying

WTCPR
Controlled
Output
Soldering
Station
$76.00

Universal Soldering Kit
List $28.22 SALE $22.48
Includes dual heatsolderinggunwith3
soldering tips, wrench, fluxbrush, solderingaid
tool & solder inplasticcarryingcase. 8200PK

~yLess For
The Best
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transmitter might be combined
with the microphone into a micro­
phone-shaped device, or the
transmitter might be independent
of the mike so it can be worn on a
belt or concealed under the user's

REFLECTIVE
SURFACE

FIG.l

I
I
I
IL ..J

FIG.2

clothes . Wireless mikes are used
by those who prefer to roam unen­
cumbered by the umbilical cord of
a conventional microphone. Also,
wireless sensors, which are usu­
ally wireless-microphone based,
are now built into electric instru ­
ments such as guitars so that per­
formers can also dispense with the
umbilical cord between instru­
ment and amplifier.

In principle, the wireless mikes
are much like the inexpensive FM
microphone kits you can buy from
electronics hobby stores for a few
dollars; those, of course, broad­
cast a signal that can be received
by a conventional FM radio. Pro­
fessional wireless microphones,
however, usually pack much more
power, have a wider frequency re­
sponse for high fidelity, and oper­
ate on VHF frequencies specifical­
ly assigned for stage, radio, and TV
communications.

Because they operate on VHF
frequencies, they are prone to
multipath reflections from by steel

continued on page 31

Analyze defective waveforms
faster, more accurately, and

more confidently - every time
or your money back

with the SC61 Waveform Analyzer
Patented $2,995

If you value your precious time, you will really want to check
out what the exclusively patented SC61 Waveform Analyzer can
do for you. 10 times faster, 10 times more accurate, with zero
chance of error.

End frustrating fiddling with confusing controls. Exclusive ultra solid
ECL balanced noise cancelling sync amplifiers, simplified controls, and
bright blue dual trace CRT help you measure signals to 100 MHz easier
than ever.

Accurately and confidently measure waveforms from a tiny 5 mV
all the way to a whopping 3,000 V without hesitation with patented
3,000 VPP input protection - eliminates expensive "front end" repairs
and costly equipment downtime.

Make only one circuit connection and push one button for each
circuit parameter test: You can instantly read out DC volts, peak-to-peak
volts and frequency 100% automatically with digital speed and accuracy.
It's a real troubleshooting confidence builder.

Confidently analyze complex waveforms fast and easily. Exclusive
Delta measurements let you intensify any waveform portion. Analyze
glitches, interference signals, rise or fall times or voltage equivalents be­
tween levels; direct in frequency or microseconds.

Speed your digital logic circuit testing. Analyzing troublesome divide
and multiply stages is quicker and error free - no time-consuming
graticule counting or calculations. Simply connect one test lead to any test
point, push a button, for test of your choice, for ERROR FREE results.

To see what the SC61 can do for your troubleshooting personal productivity
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338,
for a FREE 15 day Self Demo.

Call Today Wats Free 1-800-843-3338

SE:NCOAE:
3200 Sencore Drive
Sioux Falls, SD 57107 innovatively designed
605·339-0100 In SD Only with y~ur time in mind.
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SATELLITE TV

Is HOlV the key to an international standard?
BOB COO PER, JR.,

SATELLLlTE TV EDITOR

Out of spectrum
Spect rum space is, in fact, al­

most no n-existent unti l the micro­
wave region near 12 GHz. There,
perhaps w it h careful p lanning, is
the means w he reby we can fit in
th e wide bandwidths req uired for
HDTY. CBS wou ld li ke to see ter-

been chipping away at both t he
top end (channels 70-82) and t he
bottom end (channels14-20) of the
UHFband for more than a decade,
sipho ning off UHF channe ls for
two-way radio and other uses.

Add yoursell to our user files
to increase your access.

RE-BBS
51 6-293-2283

We support 300 and1200
baud operation.

leave your comments on R-E
with the SYSOP.

Communicate with other R-E
readers.

Themoi e you use it the
more uselul it becomes.

Parameters: 8Nt 18data
bits, no parity, t stop bit) or
7Et (7 data bits, even parity,
1 stop bit).

Try the

1all1e·
lie Ire la.

bulletin board
system

(RE-BBS)
516-293-2283

T HURSD AY. AUG UST 13
- Instr ucto rs/ VCR school - Tr ade show

• NES DA off icer elltCtions • Tech nical sem­
inar s • Country/West ern di nne r party .

FRID AY. AUGUS T 14
-I nstru ctors/ VCR school . Deal er /M lr .

me'um~s • Naucn..1Servic e Con fertlnc e ­
CET Exams - Cant. ISCET ann ua l m\!'et mg
• Professional ~minars • Dinner party .

SAT URDAY. AUG UST 15
-I SCET brea kfast . lnst ruc tors lVCR

school . Ad van ced VCR service scn cor ­
$e Nlc ing Digu al VCRs - NE5 DA/ ISC ET
ennu al awar ds ba nquet and c tt. c ers
ins laila t io n ce rem on y .

MONDA Y . AU G,UST 10
• Go lf & tenn is ou t ings · Begin 40-h ou r

Instr uc tors Co nfere nce and bas ic VCR ser­
vicing co c rse e Get-acquai nte d pa rty an d
MIssissippi River boat ride (t ree to ear ly
registrants; ex tra-eon option to ot her s) .

TUE SDA Y . AUGUST 11
- Instr ucto rs/ VCR school . Busine ss

management seminar • Tec hn ical seminars
- ISCE T o fficer erecucns e Din ner par ty .

WEDNE SDAY. AUGUST 12
_I nst ructor s/ VCR school • NEs DA an ­

nua l Hou se o f Rep rese ntat ives and me mber ­
ship meet in g/State of the Associatio n ­
Tech n ical seminars . Dinn er party .

• Sod" lE""ts • $poMond ,... Functtonl • o-e..
• TKh"1c1l S.,ftIM" • But IMl . Men...,...", Tr""'"1

• Two-Dey Nl1ionll ""of..10NI IEIKtroNa Trade- Shaw

• Mud hllnd • Bell. St,,", • TN MI"k.lP9i Rln,

NESDA ('nc. NATESA], IseET s TESDA ON THE MISSISSIPPI RIVER

ELitTRGHI{:S .roBILEE 'H
MEMPHIS. TENNESSEE

1987 National Professional
Electronics Convention

The Peabody • Memphis, TN

August 10-15, 1987

For more information and a registration form, co ntact N PEC '8 7,
2708 W. Berry s-, Ft . Worth T X 76 109; Ph . (81 7) 92 1·9061

TENTA TlVE SCHE DULE

IN O UR LAST COLUM N W E D ISC U SSED A

pl an to grad uall y ph ase o ut th e
525-l ine NTSC national te levision
standard. It s replacem ent wou ld
b e a n ew w i d e ba n d , Hi gh
Definition TV (HDTV) syste m hav­
i n g more than 1,000 sca n ni ng
lin es. What makes the wideband
pl an feasibl e is the con cept of sat­
ell ite d istr ibut ion of tel evi sion
prog rammin g, whi ch, perhaps ,
w ill ultimately rep lace terrestrial
VHF and UHF t ransmitte rs.
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broadcasts, ent i re ly new studio
and transm ission equipment and
programming had to be created ,
because in addition to t he en­
han ced reso lut ion, the asp ect
rat io (w idth to h ei ght) was
changed aswe ll : from 4 x 3 to 5 x
3. (Sony bega n de liveri ng 5 x 3
HDTV came ras and professiona l
tape decks late in 1986, and new
prod uct io n studios using that
eq uip ment are already operati ng
in severa l US cities .)

INTERESTED IN SCRAMBLING?
sight- under 25 miles). M ost favor
a sate l l ite-to - ho me ap p roac h,
using the DBS-assigned sOO-M Hz

B ob Coope r's CSD Magazine bandwidth between 12.2 and 12.7
maintains a 24 hour per day Scramble-
Fax-Hotline telephone service (305/771- GHz. A few eng ineers are looking
0575) which you may call to obtain a 3- at the next higher satel lite band,
minute recorded update onthe latesthap- Ka, in th e 20-GHz region , because
penings in the satellite scrambling world. p recise beam shap ing would allow
Scramble-Fax Newsletter is also pub- footprint -patte rne d sate ll ite t rans-
Iished to keep you abreast of the latest
eventsindescrambling, includingsources mitting ante nnas to cove r irregul ar
for descrambling chips and equipment. shapes (such as the state of New
For information, write Scramble Fax, P.O. j ersey) w ith great accuracy.
Box 100858,Ft.Lauderdale,FL.333100r It 's assumed th at t he U.S. w ill
telephone 305-771-0505.

If you have a dish of your own, tune in make the deci sion to implem ent
the Caribbean Super Station (Western5, HDTV before 1990 because th at's Back-door standards
transponder 23) Tuesdays at 7 PM east- th e year that the japanese expect Altho ugh HDTV addresses itself
ern for a special weekly Bob Cooper re- to launch a fu lly ope rational th ree- to a better-quality pict ure, in actu-
port. Also tune-in Boresight at 9 PM channe l HDTV satellite (in t he 12 al fact it is in terlocked wi th the
Thursday nights (Spacenet 1, transpon-
der 9) for a weekly one-hour reporton the GHz-band). Already, new satel lite co ncept of a global TV standard ,
actLlillies inJhe_h9lILe_TVROJ~JQ . _,.---,-,re_c_ejyeL~,-l:~v i s-io n mon itors,__an d_fo r many co m t)'l.ullicat ion s

and v ideotape d eck s have been people the idea of a globa l TV stan-
design ed to support t he ir HDTV da rd i s m o re impo rta nt t han
program. When t he japanese inau- whether the TV scree n can show
gurate t he HDTV serv ice th ey pl an greater pi ctu re detail. But the idea
to have al l of the co nsume r receiv- of a hi gh- resol ut ion p icture has
ing eq uipment o n sto re she lves mo re sizz le and snap than tec h-
ready fo r deli very. nical standards-about wh ich the

The revol uti on at the receiving aver age user could n't care two
end, w hi le spectacular, is hardly hoots- so we w ill most probab ly
t he full effo rt. To produce HDTV co ntinued on page 74

rest rial de live ry of HDTV signals,
meaning that th e signals orig inate
from a mi crowave transmitting an­
tenn a mounted on a tall tower o r a
tall bu ilding. Virtually nobody else
li kes th at co ncept beca use tra ns­
mi ssion ran ges wo uld be sho rt
(t ypi call y, on ly d irect li n e of

THE MOST POPULAR
WIRE-WOUNDCB ANTENNAS

IN THE WORLD
Because... they perform!

FACT

"When CB was legalized in England,
'Firestik' antennas were barred from sale
because the emitted sig nal was too
stro ng. Fortun ately, no othe r country ,
inc ludi ng the U.S . , li mi ts antenna
efficiency."

YOU CAN HAVE SECOND
BEST OR, 'Firestil<' !

Call or Write for FREE Catalog

'Firestil<' Ante nna Company
2614 East Adams

Phoenix, Arizona 85034
(602) 273-7151

~ ~

, fl* 'ifit':".. i

Learn at home in sparetime.
No previou sexperienceneeded.

~1!I_..._nn"l
No costly school. No commuting to class.
The Or iginal Home-Study course pre­
pares you for the "FCC Commercial Radio­
telephone License". This valuable li cense
is you r " ti cket" to thousands of exciting
jobs in Communications. Radio-Tv , Micro­
wave. Computers. Radar. Avonics and
mo re! You don 't need a college degree to
qualify. but you do need an FCC License.
No Needto Quit Your Job or Go To School

This proven course is easy. fast and low
cost! GUARANTEED PASS - You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPONTODAY!

r----------------------,
I commdnD PRODUCTiOnS I ~
I FCC LICEN S E TRA IN ING , Dept . 90 I C
I P .O . Box 2223, San Franci sco, CA 941 26: §
: Please rush FR EE detai ls im me d iately! I ~
I NAME I
I ADDRESS I gs
t~I!Y ~~T,;,~I!:~_J '-J
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DESIGNER'S
NOTEBOOI{
Logic-family t ranslation

ROBERT GROSSBLATT,
CIRCUITS EDITOR

Different supply voltages
__J hings get even mo re-tricky if

th e CMOS and TTL halves of your
circui t are powered by d ifferent
voltages . Two readil y availab le
CMOS buffers (the 4049 and th e
4050) can t ranslate th e higher-volt­
age CMOS o utput into something
th e TTL input can use. A sample
ci rc u it is show n in Fig. 2-a. To
make th e tran slati on without in ­
vertin g th e signal, use a 4050.

Goi ng f ro m TTL at 5 vo lts to
CMOS at, say, 10 volts , requ i res
some vol tage tr anslation . We can' t
always do it th e way we did in Fig.
1-b because th e TTL output rnust :
be iso lated from the higher CMOS
vo ltage.

There are many schemes to get
the job done, but an easy one is
show n in Fig. 2-b . A small-signal
NPN transistor is used as a buffer­
in g sw itc h between the TTL and
the CMOS parts, but keep in mind
that th e transistor w ill invert the
signal from the TTL output. You
can re-in vert th e signal by usin g
an oth er t ra ns isto r o r a spa re
CM OS gate.

Fanout
Before we leave the subject of

logic-fami ly translat ion , we mu st
talk abo ut fano ut. If you' re a reg­
ular CM O S user, you' re probably
used to igno rin g fanout limits al­
together. The reason is that th e in ­
put impedance of a typi cal CM OS
part is so high that yo u can drive as
many inputs as you want w ith a
single o utp ut. The same is tru e
w hen driving CMOS with TTL: A
typi cal TTL output has more than
eno ugh current-capacity to drive
any num ber of CM O S inputs.

OUTPUT

,....--....-.. +10V

b

FIG. 2

':"
a

+5V

OUTPUT

':"
b

FIG.l

+10V +5V

OUTPUT

INPUT

INPUT

the CM OS input w ill change state,
so the re's no guarantee that th e
circuit w ill work co rrect ly. The so­
lution is to add a pull -up resistor of
abo ut 4.7K, as shown in Fig. 1-b.
The exact value of th e resisto r de­
pends on the type of TTL yo u' re
using (74, 74S, 74LS, etc. ), but a
value of 4.7K at least will get you in
t he ballpark.
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EVERYBODY H A S HIS FAVORITE LOGIC

___family._SomeJike..theJamil iar ity_of _
TTL and have never given CMOS a
chance since the bad days of the
CMOS "A" series devices. On the
ot he r hand, some like CMOS and
thi nk that anyo ne hung up on TTL
is fro m the sto ne age. DTL and RTL
users are prim aril y histor y.

The t rut h of the matt er is that
both TTL and CMOS are go ing to
be aro und fo r a w hi le because
each has advantages and disadvan ­
tages. If yo u look at eno ugh sche­
matics, yo u' ll see th at many circuit
des igne rs routi ne ly mix both logic
fami l ies in t he same electro nics
package.

There are several conside rat io ns
to keep in mind if you want to do
the same th in g in yo ur own de­
sig ns . M ixin g lo gic famili es re­
quires th at you pay attenti on to the
vol tage at w hich th ey change state.
TTL parts have mu ch stricte r re­
quireme nts than CMOS. A TTL low
state has a maximum vo ltage of
abo ut 0.8, and a TTL high state has
a minimum vo ltage of 2.4. CMOS,
on th e othe r hand , is mu ch mor e
flex ib le . A low is usually defi ned as
less than half the supp ly voltage,
and a high is more than half the
supply vo ltage .

If yo u' re wo rk ing with a five­
vo lt-on ly circu it, mi xing TTL and
CMOS is sim ple. As you can see in
Fig. 1-a, driving a sing le TTL input
with a CMOS o utput re q uires
nothing more th an con necting the
two parts togethe r. Go ing fro m
TTL to CMOS, however, requi res a
bi t more tho ught . Assumi ng a five­
vo lt supply, th e TTL hi gh outp ut ·
can be as low as 2.4 vo lts . That's
slight ly be low the po int at w hich
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Go ing the other way, however, is a COMMUNICATIONS CORNER dive rsity ante nna/receive r syste m
bit of a prob lem . that Shure (222 Hartrey Ave. , Evan-

The reason is that most CMOS continued from page 27 ston, IL 60202), a manufacturer of
outputs simply can't deliver mu ch hi gh -pe rf orm an ce m icr o ph on e
current into a low-impedance TTL equ ip ment, calls Oiversip hase.
input. The number of TTL inputs beams , stage hardware, and any- The wonder of Oiversiphase is
you can drive with a CMOS output thing else that can reflect rad io sig- that it wasn't in vented earlier. Fig-
depends on the specific TTL part nals . As shown in Fig. 1, any re- ure 2 shows how it wo rks. The sig-
yo u' re usi ng . As a general rule you f lected signals arrive at a w ireless- nal is rece ived by vert ical ante nnas
can drive mo re LS inputs than reg- microphone system's receivin g an- A and B, w hich fee d th e receiver in
ular o r 5 inputs, but it's usua lly tenna afte r a direct ly rece ived one; para lle l. To ensure th at bo th an-
better to be safe than sorry. So hence, they are us ua l ly out of te nnas aren' t affected by th e same
don't drive more than two inputs , phase with t he di rect ly received multipath signals, at least one an-
regard less of type . As a matter of signal. That phase difference can tenn a mu st be remote ly located .
fact , it's better not to drive more pl unge t he received sig na l level Usually, 25-foot spacing betwee n
th an o ne, and make it a 7404 or rig ht in to the noise level. As a re- the antennas is best ; the minimum
74504. You'll have no troub le what- suit, at one mo ment t he audience spaci ng is 6 feet.
soever d rivi ng the single inpu t and may hear the pe rfo rme r, but at th e How ever, note t hat ante n na A

then fo llowing the standard rules next only the lips are seen movin g. feeds th e receive r direct ly, wh ere-
fo r TTL-to-TTL fanout. That's because, w he n t he sig na l as antenna B fee ds t he receiver

It yo u ant ic ipate des igning many strengtnis too low, tne mi cro- thr ou gha1800 -delayl in e tnat is l5y-
mi xed- fami ly logic circuits, work phone's rece ive r sque lches to pre- passed by an electronic sw itch.
out each problem on a breadboard ve nt t he liste ne r's ears fr om The de lay lin e is a half-wavelength
and standard ize t he des ign . By possib ly be ing. assau lted by t he (at the ope rat ing frequ ency) coax-
doing so, any time you 're faced sound of random no ise. ial section.
wit h the same p rob lem, you' ll The signals from the two ante n-
have a debu gged modu le you can Curing multi phase d istortion nas always add togeth er, so th at
d rop in yo ur circuit and solve t he Mu lt ipath d istortio n pl agu ed whe n th ey are in-phase, t he total
problem . And that will let yo u go w ire less-microphone co mmunica- signal de livered to the receiver is 3
on to more important things . R-E tions unti l the introduction of a continued on page 78
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I "THE RABBIT"
VIDEO MU TIPLYING SYSTEM

TR-7000
$51 95 '_. 4\) $59.95/6-11

~_9'96/1 -5
1 2 U P~

IT'S LIKE HAVING A
VCR IN EVERY ROOM

I
I
I .58 channels

• Remote channel changing
• Remote on/off switch
• Remote fine tuning

I JERROLD CORDED

I CABLE TV CONVERTER
MODEL JRX3-105

I $34.95/10 up

I
$3 9.95 16-9

$49.95/1.5.

I ,--I

•

• MASTER CARD • VISA
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AUDIO
PDATE

The audio answerman LARRY KLEIN,
AUDIO EDITOR

IT OCCU RRED TO ME RECENTLY THAT cases is simply to prevent audio It seems to me that if each rnusi-
I've been answe ri ng co ns ume rs' thumps and othe r noi ses as the cal inst rument in a band or o r-

- hi=fj-quest io-n-s-in-varim rs-publit Cl-- - ci rt Oits-charge-an he- moment-of--chest ra has been recoraea w ith a
t ion s for ab o u t 30 years ! O f turn-on . When dealin g with vac- speci fic loudness level relative to
co urse, as times have change d and uum t ubes th er e's an addit ional th e othe r in strument s in that band
e lec t ro ni cs ha s advan ced , t he reason not to have th e equipme nt o r o rchestra, yo u want your speak-
nature of th ose quest io ns has also full y off. Tube fi lame nts (like elec - ers to rep rodu ce those levels accu-
evo lve d. In 1964, for exa m p le , I tri c li ght bulb s) tend t o su ffe r rate ly, no matter what k ind of
caut io ned a reader that a metal 6L6 st ress from t u rn-on su rges. If a mu sic is in vol ved. For example, if
tu be was not an adequate rep lace- tube is always o n (w ith reduced th e recordin g ha s been eng i -
ment fo r a 6L6GC becau se th e fil ament vo ltage), th ermal shock is neered so that th e bra ss has an
glass GC tube wa s d esign ed to reduced , and the tube's fi lame nt ext ra " nasal" qu ality, th e bass extra
w ithstand the higher vo ltages to life is exte nde d. " sock," and th e st ring extra " bite,"
be encounte red in th e new aud io Aside from noi se and lon gevity, a speake r w ith a flat response will
ampli f ie rs. so me manufacturers c laim that deliver th o se quali ti es-neith er

O ver th e ye ars I ' ve hand led th ere is a sonic advant age in hav- more nor less. In other words, you
prob lem s of stereo and th en qu ad- in g thei r eq uipment con stantly want a speake r system that is neu -
raph onic co nversion, advised on on . That may be, but my fee ling is tral , rath er th an having a specific
th e pros and co ns of sw itching to that any design that needs to be built - in t ona l qua l ity. When a
tra n sistor eq u ip me n t , and so permanentl y powered to avoid a speaker system inj ects its own to -
forth . Today those qu estions and lo ng warm-up drift need s to be nal qu alit ies- such as an upper-
th eir answers are no longer perti - gotten back to th e drawing boa rd midrange boost-into the mu sic,
nent, but new queries have ari sen as quickly as possib le! In any case, some program mater ial may sound
to tak e t hei r p lace , so I 've as- most manufacturers wou ld adv ise " be tte r"- but o n most program
sembled a group of today's recur- you to turn off your audio equip- materi al th e co nt ribut ion w ill be
rent Q 's and A's in hope that th ey mentwhen youdon 'tplantouseit in approp riat e and will only b e
will be of some aid and co mfo rt again for several hours. heard as co lo rat io n.
both to th e novi ce and to th e tech - I can see a situat ion in whi ch a
nicall y beleaguered aud iophil e. Separate speakers speake r th at does a f ine job of re-

Q
I have been told th at yo u producing st ring quartet s is not

On-off sw itch ing • sho u l d u se o ne typ e of suitab le fo r rock , but only because

Q Sho uld aud io eq uip me nt spea ke r for classical records and it lacks th e aco ust ic -o utput ca-
• be left o n perm an entl y? anoth er fo r rock. Do yo u agree pabil ity to ach ieve th e d esired

Some aud io p h iles and manufac- with that id ea? sound-pressure levels. Achi evin g
turer s claim that th ere is less wear A Ab solutely not! Every speak- an adequate loudn ess level for
on th e eq uipme nt if it is left on, • er system sho uld deli ver an rock o r co ntempo rary elect ronic
and th at it also sounds better. accu rate acou sti c ana log of t he mu sic can drive yo ur amplifi er,

A Severa l manufacturers of elect rical signal provid ed to it by yo ur speakers, o r both into di sto r-
• preamps and acce sso r ie s the amplifie r. Those pu shing th e t io n. The distortion may be du e to

advise th at th eir eq u ip me nt be co nce pt of differen t speake rs fo r (1) in adequate am p lif ie r power,
sw itched on permanently. In fact , different mu si c are say ing, in low speake r effic iency, or both , or
some eq ui pme nt is design ed so effect, that certa in typ es of mu sic (2) inadequate power-hand lin g ca-
that it s circuits are powered at re- so und best with speake rs whose pacity on th e part of the speake rs.
du ced voltage even when sw itc h- fr equ ency-r espon se cu rves, di s- In such a case, othe r speakers with
ed off , as long as th e AC line cord is persion, d istortion levels, etc. de - greater efficiency and power-han-
plugged in . The purpose in both viate fro m t he ideal. d lin g capacity would , of course,
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s
CHEMICAL

SOLUTIONS

We're still supplying quality
crystals with

• Quick Turnaround
• Low Price
• High Quality

I Since I
1965

We've been supplying quality
crystals since 1965 ­
long before the flood of

cheap imports .

"Made in U.S.A."

FREE CHEMTRONICS CATALOG!
Comprehensive new source for over
200 products used in electronic man­
ufacturing and field service. Precision
cleaning agents, flux removers, bulk
solvents, circuit refrigerants, precision
dusters , non-residual wipers , foam
swabs, premoistened pads /swabs ,
antistatic compounds, conformal coat­
ings, lubricants, adhesives, desolder­
ing braids, rosin core solder and solder
masking agents, Complete with tech­
nical spec ifications and application
guide.

(fA Chemtronics Inc .e 681 Old Willets Path

L
Hauppauge. N.V. 11788

______ ~6~~::'__J
CIRCLE 54 ON FREE INFORMATION CARD

co d ing and encodi ng ci rc u i ts
switc hed off, th e signal is likely to
be record ed by the secon d ma­
chine at a di ff erent level th an on
th e original tape. That can confuse
the Do lby-decod ing circuits dur­
ing pl ayback of th e copied tape
because th e Dolby reference level
has been shifted . The result wi ll be
less noi se redu cti on and so me
high-frequ ency boost (or lo ss) in
playback of low-level signal s.

do a better job . However, all other
pe rfo rmance criteria in respect to
freq uency range and smoothness,
d isto rt io n, di spersion, etc. , con­
tinue to be valid .

Fo r t hat reason, a speaker that
can deliver th e hi gh vo lume levels
desirabl e for roc k reproduction, if
it is in tru th a hi gh-fidelity re­
producer, sho uld do ju st as good a
job reproducin g the mo re mod er­
ate lev el s of a st r i ng qu artet.

Dubbing Dolby

Q
Wh en copying a Dolby-en­

• coded tap e from one deck
to anothe r, is it better to decode
the tape playin g on deck A and re­
encode it wh en recording on deck
8, o r to record t he tap e from deck
A to deck B without decod in g and
re-encoding?

A You 'll achieve t he best re­
• suits in du pl icating Do lby ­

processed tapes if you decod e the
signal during playb ack and re-en­
code it whi le copy ing. In oth er
words, th e Dolby circu its should
be swi tched on in bot h machin es.
If yo u were to co py Dolby-pro­
cessed aud io mat er ial with th e de-

Tape-dub overload Power and volume loss

Q
Wh en I dub som e of my Q Althou gh I have a CD play-

• records onto cassette, sec- • er, I need a recor d player
tions of th e tape (usually at th e for my 10-year col lection of LP's, I
beginn in g) suffe r fr om a so rt of rece~tly re~laced my <:> ld pho~o
breakup in th e sound every sec- cartr idge with a new high-quality TO SOLVE

--ond-o r-so.-W hen-I-listen-to-the--uniL b_u.Lo_OW tlle_p_oweL Le.dJo_my CRYSTAL
di sks th emselves during dubbing speak ers is much lower on phono PROBLEMS,
or later, th ey sound fin e. Wh at's than on tape or tuner. Exact ly what GET THIS
wrong? is th e pr~bl~m? , CATALOG

A The reco rd s yo u are trying to A Variations on t~at quest.lon
• dub are probably warped • ha~e app eared In my mail at JAN CRYSTALS

suffi ciently to cause severe vert ical Ieast tWIce a' mo nt h fo ~ m any P.O. Box 06017
defl ection of your phono styl us yea,rs . The proble~-and It really Ft. Myers, FL 33906
during play. That produces a very IS~ t ~ prob lem- Is a .Ioss (or a - (813) 936.2397 .,.
strong , very low frequency signal gain) In, volu~e resulting from a ~
that ove rloads your tape (or cas- c~ange In equipment : phono car- CALL 1-800-237-3063
sette) deck 's elec t ro nics. The rec- tr idge, tape d eck , CD player, FREE (Except Florida)
o rds th em selves sound f ine when tuner, preamplifier, power ampli- CIRCLE 104 ON FREE INFORMATION CARD
heard through your system proba- fier-i~, fact, anY,;o~ponent. , r-------------,
bly because the subsonic warp sig- The problem a~lses . pa rt l a ~ l y
nal i s e it he r handled without because many audiophiles rrus-
overload o r it is filtered out by takenly .bel ieve that v~lume c~n-
co mpo ne nts followin g th e tape- trol s~t.tlng correlates directly with
output jack in your equi pme nt. ampllfl~r output pO,~er; It does
You can test my hypoth esis by notfThlnk of an amplifier s volume
pl ay in g t he probl em disks again co ntro l as a handle on a wat,er
and notin g wheth er warp s d is- faucet. If t he water pre ssure (sig-
place th e phono stylus toward th e n ~l volta,ge) i,s very high" th en a
cart r idge body an d whether th e slight twist will deliver .a high vol-
warps co inc id e with th e t aped um e ,of water (sound) ; If the pres-
over lo ad di stortion . sure ISlower, then the faucet has to

be opened further to get th e same
volume of waterflowing from it. In
the case in point, the new phono
cart r idge obvio us ly deliver s less
sig nal to th e preampl ifier for a
given record-groove velocity than
t he previous model.

To determ in e whether the out­
pu t level of a phono cart ridge is
ad eq uate , pl aya rec o rd at th e
loud est volume at whi ch you
would ever no rmally listen to it ,
and th en , without tou ch in g t he
vo lume co nt ro l, lift th e tone arm
wi th its cu e cont ro l. Listen for
noi se from th e phono-preamp
stages . If you don't hear hum,
his s, o r RF buzz, phono gain is
w ithin t he proper range. R-E
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"If you're going to learn
electrunics-;-you-rnight
as well learn it right!"

"Don't settle for less.
Especially when it comes
to career training...because
everything else in your life
may depend on it.
That's why you ought to

pick ClEf"

Stephen J. Simcic
~~~ Vice President, Academic Affairs



'J:u' ve probably seen adver­I.~sements from other
electro nic schools. Maybe you think
they're all the sa me. They're not!

CIE is the largest independent
home study school in the world that
specializes exclusively in electronics.

Meet the Electronics
Specialists.

When you pick an electronics school,
you' re gett ing ready to invest some time
and money. And your whole futur e
depends on the education you get in
return .

That 's why it mak es so much sense
to go with number one . . . with the
specialists .. . with CIE !

Pick the pace that's
right for you.

CIE und erstand s people need to learn
at their own pace. There's no pressure
to keep up . . . no slow learn ers hold
you back. If you' re a beginner , you
start with the basics. If you already
know some electronics, you move ahead
to your own level.

Enjoy the promptness of CIE's
"same day" grading cycle.

When we receive your lesson befor e
noon Mond ay through Saturday , we
grade it and mail it back the same day.
You find out quickly how well you' re
doing!

CIE offers you an
Associate Degree.

One of the best credentials you can
have in electronics - or any other
career field - is a college degree.
That' s why CIE gives you the oppor­
tunit y to earn an Associate in Applied
Science in Electronics Engineering
Technology. Any CIE career cour se can
offer you credit toward the degree ­
more than half of the number needed
in some cases.

"Cleveland Institute of Electronics is
the only accredited institution of higher
learning offering an Associate Degree
progra711 with t~ition based on actual
study time used. The faster you com­
plete your degree assignments, the less
your overall tuition . " Steve Simcic

Vice-Pres ident Academ ic Affairs

Microprocessor Trainer

There's no such thing as
bargain education.

--If-you- talk-with-some-of-our------,
graduates, chances are you'd find a
lot of them shopped around for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was available when
they picked CIE as number one .

We don 't promise you the
moon. We do promise you a
pro ven way to build valuable
career skills. The CIE facu lty
and staff are dedicated to that.
When you grad uate, your diploma
shows emplo yers you kno w what you' re
a bout. Today, it' s prett y hard to put a
price on that.

Which CIE Training fits you?
Beginner? .Intermediate?

"E~;J~~~~--Advanced? CIE home-stud y
. , courses are designed for

ambitious people at all entr y
levels. People who may have:
I . No previous electronics

knowledge, but do have an
interest in it;

2. Some basic know ledge or
experience in electronics;

3. In-depth working exper ience or
prior training in electronics .

You can start where you fit and fit
where you start, then go on from there
to your Diploma, Associate Degree,
and career.

Check box for G.!. Bill bulletin on Educational Benefits: 0 Veteran 0 Active Duty

City State Zip _

Age Area Code/Phone No. / _

Address Apt. _
»
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c
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Today is the day.
Send now.

Fill in and return the postage-free
card attached . If some ambitious person
has remo ved it, cut out and mail the
coupon. You'll get a FREE schoo l
cata log plus complete information on
independent home study. For your
convenience, we' ll try to have a CIE
representative contact you to answer
any questions you may have.

Mail in the coupon below or, if you
prefer , call toll-free 1-800-321-2155
(in Ohio , 1-800-523-9109).

Print Name

MAIL TODAY!
CIRCLE 60 ON FREE INFORMATION CARD

State-of-the-art
Laboratory Equipment

Some courses feature the CIE
Microprocessor Training Laborator y.
An integral part of computers,
microprocessor technology is used in
many phases of business, includin g ser­
vice and manufacturing industr ies.

The MTL gives you the op portunity
to program it and interface it with LED
displays, memor y devices, and switches.
You' ll gain all the pra ctical experience
needed to work with state-of-the-art
equ ipment of today and tomorrow.

r - - - - - - - - - - - - - - - - - I
ARE·66• C IE Cleveland Institute of Electronics, Inc.

1776 E a s t 17th Street, Cle v el a n d , O hio 44114

I Accredited Member Nat ional Home Study Council

• YES... ! want to learn from the specialists in electronics - CIE. Send me my FREE

I CIE school catalog.. .including details about the Associate Degree program...
plus my FREE package of home study information.

•I
I••

Programmed Learning
That 's exactly what happens with

CIE's Auto-Programmed Lessons. Each
lesson uses famous " programmed learn­
ing" methods to teach you important
princip les. You explore them , master
them completely, before you start to
apply them . You thoro ughly understand
each step befor e you go on to the next.
You learn at your OW Il pace.

And, beyond theory, some courses
come fully equipped with electronics
gear (the things you see in technical
magazines) to actua lly let you perform
hundreds of "hand s-on" experiments .

Experienced specialists
work closely with you.

Even though you study at home, you
are not alone! Each time you return a
comp leted lesson, you can be sure it
will be reviewed, graded , and return ed
with appropriate instru ctional help.
When you need additiona l individual
help, you get it fast and in writing from
the faculty technical specialist best
quali fied to answer your question in
term s you can und erstand .

Because we're specialists
we have to stay ahead.

At CIE , we've got a position of
leadership to maintain. Here are some
of the ways we hang onto it . . .



V-110OA DCto 100MHz, Quad
Channels, Delayed Sweep
$2240. Save $2501

V-G80 DCto 60MHz, TripleChannels,
DelayedSweep $1340.Save$1501

V-423 DCto 40MHz, DualChannels,
SingleTime BaseDelayed Sweep
$745. Save $2501

V-1050F DCto 100MHz, Quad
Channels, Delayed Sweep
$1445. Save $1501

V-650F DCto 60MHz,TripleChannels,
Delayed Sweep $1070. Save $1251

V-422 DCto 40MHz, DualChannels
$795. Save$1301

V.509 DCto 5OMHz, DualChannels,
Delayed Sweep $1195. Save $25UI

V-058G DCto 5MHz, DualChannels
$838. Save $1001

V.134 DCto 10MHz, DualChannels
$1420. Save $2001

V.425 DCto 40MHz. DualChannels
$845. Save $1501

POLAROID®
05-34
CAMERA

Save $135! $280.
• Instant Hard Copy From Oscilloscopes
• 5", 6" and 7" Hoods (Availableseparately
@$51 ea. PleaseSpecifysize)
• Pistol Grip For Ease ofOperation
• Works on Any Make ofOscilloscope
• Three Full Year Warranty

VC-6020

$1750.
Save

$200!
1MHz Sampling, Dual Channels
• Usable as both a conventional
oscilloscope and a digital storage scope.
• CRT: 6" rectangularwilh 2kV Potential
• Vertical Deflection: Ver. Modes:CH1,
CH2, DUAL, ADD(DIFF). Bandwidth: DCto
20MHz(-3dB). Sensitivity:5mV/divto
5V/div. GPIB,IEEE488
• Digital Storage Functions: Max.
SamplingRate: 1 MHz(for DualChannels).
Ver. Resolution:8 bit. Max. StorageFreq:
100kHz(-3dB). MemoryCapacity: 1k
wordslch. Hor.Resolution: 100poinVdiv.
SweepTime:0.1m/divto 1sldiv. Pre­
trigger:Provided. Dataoutput:Analog.

$2550.
Save $400!

DC TO 150MHz,
Quad Channels,
Delayed Sweep

$847. Save $150!

DCto-20MHz;-DualChannels,;----:;;;;;;;;;;;= -.;;;= ;;;;.,.- ....;= = = _ -.l
Delayed Sweep

• CRT: 6" rectangular with 2k V Potential
• Vertical Deflection: Ver. Modes:CH1,
CH2,ALT, CHOP, ADD(DIFF). Bandwidth:
DCto 20MHz(-3dB). Sensitivity: 5mV/div
to 5VIdiv . Max Sensitivity: 1mVIdiv at X5
Mag.Extends.
• X-y Operation (CH1:X, CH2:Y): 3° or
less fromDCto 50kHz
• Weight: 7I<g (15.5Ib)

• CRT: 6" rectangular with 20 kV
Potential
• X-V Operation: (CH1 :X, CH2:y)

3° or lessfrom DCto 1MHz
• Weight: 1Okg(22 Ib)

~HITACHIV-1150

• CRT Readout Functlqns: DVM,
Freq. Counter,Events Counter,
Cursor Readout, Ground Level
Indicator, CommentsDisplay,
Panel SettingsDisplay.

V-209 DCto 20MHz, Dual Channels
• CRT: 6" rectangular with 1.5kV Potential
• Vertical Deflection: Ver. Modes:CH1,CH2,
ALT,CHOP,ADD (DIFF)Bandwidth: DCto
20MHz(-3dB). Sensitivity:5mV/divto 5V/div.
Max Sensitivity: 1mV/divatX5 Mag.Extends.
•x-v Operation (CH1 :X, CH2:y): 3° or less
from DCto 100kHz
• Weight: 5kg (11 Ib)

V 222 .Same as above,
- but with CH1 output

and DCoffsetvoltagemonitoroutlet
availablefor externalcounteror DVM.

$515. Save $200!

DC to 20MHz, Dual Channels
• CRT: 6" rectangularwith 2k V
• Vertical Deflection: Ver. Modes: CH1,
CH2,ALT, CHOP,ADD (DIFF). Band­
width: DCto 2OMHz(-3dB). Sensitivity:
5mV/divto 5V/div. Max Sensitivity:
1mV/divatX5 Mag. Extends.
• X-YOperation (CH1 :X,CH2:Y):3° or
less fromDC to 50kHz
• Weight: 6kg (13.3Ib)

V-212 $465. Save $150!

V-223 $o9-S. Save TO-cr.
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PHONES

STEREO
POWER

TUNINGR

VOLUME

L

TUNE

FM

SeA

ON

POWER

SCAlFM-STEREO
RECEIVER

SCA/FM STEREO
RECEfl/ER

D ID YOU K NOW T H AT W ITH A STAN DAR D

FM-broadcast rece iver you can only hear
part of the signa ls available on that band '!
The rest , called SC A (Subsidiary Com­
municati on s Author iza t ion) tr an smi s-
sions, are hidden away on subcarriers and
are intended to be recei ved only by certain
segments of the publ ic .

SCA or iginated with the founding of
the 88- 108-MHz band in the 1940 's. It
was intended as an inco me producer to
help FM stations financially until the band
became eco nomically viable. It has bee n
used for various purposes , such as back­
ground music without commercials for
restaurants and offices , for medical news,
for second-language programming , and

- for-radio reading.and.news services for.th -'- --"."..,-_
visually handicapp ed.

In th is article we are goi ng to explore
the world of SCA . We 'll discuss , what it
is , what makes it possibl e , and what types
of programs and services make use of it.
We 'll also show you how to build an FM
stereo/SCA receiver that will let you tune
in to all of the signals on the FM band .

But before we ge t too far along , it
would be helpfu l to have an understanding
of FM-radio basics . Let 's take care of that
step first.

WARNING!

RUDOLF GRAF and WILLIAM SHEETS

Tune into the "hidden" signals on your FM dial
with this SeA receiver.

FM-radio basi cs
An FM (Freq uency Modulation) signal

is simply any RF (Radio F requency) sig­
nal whose instantaneou s freque ncy is de­
termined by th e m odul at ion. The
deviation of an FM sig nal is the compo­
nent of change in carrier frequ ency that is
determined by the amplitude (primarily)
and frequ enc y of the modu latin g signal.
In the U.S. , FM broadcast stations are
permitted ± 75-kHz deviation , which is
defined as 100% modulation . Both a 20­
Hz audio signal and a IS-kHz audio signal
can produ ce 75-kHz deviation because it's
the combination of the frequency and the
amplitude of the modulatin g signal (pro­
gram audio) that determines the devia­
tion . If one volt of fixed-frequ ency audio
produced ± 75-kHz deviation , then one
tenth of a volt would produce ± 7 .5-kHz
deviation. Although deviat ion and modu­
lation frequ ency are independ ent varia­
bles , the rat io of deviation to modul ation
frequency is called the modulation index ,
or (3, where

(3 = deviation /modul ation freq uency

In a typic al FM-broadcast situation,
with a I-kHz audio signal at 50 % modul a­
tion (3 7 .5-k Hz dev ia tio n), (3 = 37. 5
(37 .5 kHz/ l kHz).

It's noi sy
Becau se the ear is most sensitive to

high-frequ en cy noise, and because the

FCC wanted FM to have the best possible
signal-to-noise rat io, FM broadcasting in­
corpo rates a sys tem of preemphasis/
deemphasis equalization, whose param­
eters are based on the fact that the high­
freq uency energy of the sounds that are
co mmon ly part of programm in g de ­
creases at an almos t fixed rate per oc tave
above 1000 Hz . (Tha t was before the era of
electronic instrum ent s .) That allows the
high frequencies to be preem phasized be-

SCA is not a broadcast service, and
SCA transmissions are not intended
for recept ion by the general public. As
a result , SCA transmiss ions may be
governed by Sect ion 605 of the FCC
Rules, which forbid unauthorized ind i­
viduals from receiving such communi­
cations and using them for the ir own or
other 's profit , or divulging their con­
tents , intent, or meaning to any other
unauthorized individual.

Many for-profit services make use of
SCA, and reception of those in most

fore tr an sm issi on , and mirror-i mage
deemphasized at the recei ver. The end
pro d uc t is a " fl at aud io resp on se" ;
however, noise ge nerated anyw here be­
tween the preemp hasis and the deem­
phasis (such as atmos pheric noise ) is
attenuated . Because the equalization re­
flect s nat ure 's own freq uency charac ­
te r ist ic s , it is the re fo re po ss ible to
preemphasize say, a co ncert orchestra that
is reading 100% modulation on a YU

cases is permitted by paying subscrib­
ers , and under certa in circumstances,
only. Some not-for-profit serv ices do
make use of SCA also , however, such
as those prov iding assistance to the
blind. It may be possible to receive
those without obtaining prior permis­
sion or paying a subscription fee, as
long as the terms of Section 605 are
observed. We advise you to contact
the approriate programmers in your
area for more information and to ob­
tain any necessary authorizations.
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mete r (which indicates average rather
than peak power) without worrying that
the preemp hasized highs will cause over­
modulation of the transmitter.

Elect ronic instrument s and " s ignal
processors" that came along many years
after the founding of the modern FM band
were to interfere with the established pre­
cmphasis/dcc mphasis concept: however.
the equalization is still required to ensure
optimum signal-to-noise ratio. (although
it can be modified to accommodate FM­
Dolby transmissions). By the way. if FM
prccmphasis/dccmpha sis noise reduc tion
sounds simila r to Dolbv-B tape noise re­
duction its because they arc similar in
overall concept. Dolby simply "floats"
the high-frequency reference level.

Pre-em pha sis/de-emph asis of so me
kind is used in all forms of FM communi­
cations . including SCA. That is. the FM
signal has it. and so does the SCA signal.

---' Because the earliest FM detector was
also an AM detector it was sensitive to
AM atmospheric noise (stat ic). and so re­
ceivers used IF limiter amplifier s to clip
the amp litude level of the IF signal so that
most AM variatio ns- incl udi ng those
ca used by mult ipath reception- were
eliminated before the signal was detected.
Even though modern FM detectors barely
respond-if at all-to AM signal varia­
tions. receivers still use IF limiting to
ensure minimum AM noise. and in par­
ticu lar. to eliminate many troub lesome
effects caused by multipath recept ion.

FM bandwidth
TIle occupied bandwidt h of an FM sig­

nal. at fi rst glance, appears to be simply
the peak-to-peak deviation . However, that
is not always true . A 75-k Hz deviation

FM broadcast signal, for instance . re­
quires somewhat more bandw idth than
simply the peak-to-peak deviation. Ob­
viously. it is important to know the re­
quired bandwidth for various reasons.
among them channel spacing. necessary
receiver bandwidth. and signal-to-noise
ratio considerations.

For signals with a very high modulation
index. the necessary bandwidth is very
close to the peak-to-peak deviation. As an
example , that would be true for a 1001,;0­
modulated FM signal (75-k Hz deviation
in commercial broadcas ting) with low au­
dio-frequency modulation (on the order of
20 Hz. for example). However, the situa­
tion changes for signals with a low modu­
lation index. At a modulation index of 10
the bandwidth required would be about
2.8 times the peak-to-peak deviation (75
kl-l z), or 210 kHz. At a modulation index
of 5 (as would result from a 75-kHz signal
with 15-kHz audio modulation) about33
times the peak-to-peak deviation . or 247
kl-l z, would be requ ired.

That increased bandwidth is due to the
sidebands generated in FM . The side­
bands, as in the AM case , are separated by
the modulation frequency from the car­
rier. However, depending on the modula­
ti on ind ex , th e s ide ba nds vary in
amplitude . They appea r, reach a max­
imum. then , at higher modul ation in­
dices . some sidebands disappear. In fact.
the carrier disappears at a modulation in­
dex of2.4 . That means, if we apply a tone
of about 31kHz to an FM transmitter and
adjust the level of the tone to produce a
deviation of 75 kHz, the carrier will actu­
ally null out. Of course, the FM signal has
not disappeared-all of its energy is now
conta ined in sidebands spaced 31 kHz

from the carrier-s-at ± 31kl-l z, ± 62 kHz.
± 93 kl-l z, etc.

While the mathematics required to de­
scribe sideband amplitude and hence re­
quired bandwidt h are very complex. a rule
of thumb that works out relatively well in
practice for low distortion is that the re­
quired recei ver band width is app rox­
imat ely tw ice the deviat ion plus the
highest modulating frequency. That fig­
ures out to about 240 kl-lz for an FM­
stereo/SCA receiver. Note that FCC chan­
nel bandwidths are 150 kl-lz, with 50 kHz
guardba nds between assigned channels .

As another examp le, commercial 2­
way FM radio used for police, fire , taxi­
cab , etc. as well as 2 meter FM radio use
± 5-kHz deviation with audio restricted to
3 kl-l z (3000 Hz). Receivers for those ser­
vices use 13-kHz bandwidth IF filters .
That. of course, is twice the deviation plus
the highest modulation fre!-luency-,--

The FM signal
The various components of a stereo FM

broadcast signa l are as follows:
• Audio baseband (0-15 kHz). That is a
monophonic signal comprised of the S lI/ll

of the left and the right (L + R) audio
channels: it is the program audio received
by a a monophonic FM radio.
• Stereo baseband (19 kHz and 23-53
kHz). That consists of the pilot carrier at
19 kHz, and a DSB (Double SideBand)
suppressed carrier AM signal centered at
38 kHz . The 38-kHz carr ie r is sup­
pressed , and the low-level pilot carrier at
19 kHz is used by the receiver to regene­
rate the 38 kHz suppressed carrier, In that
way the 38 kl-lz DSB signal is recovered
and detected. That signal is comp rised of
the difference between the left and right

L1 MITERI
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PARTS LIST

Resistors V.watt , 10% unless
otherwise noted

Rl , R3. R7, RB, R10, A46. R6Q-l00.000
ohms

A2-47,000 ohms
R4, A2S. R2B, A6B, A7Q-100 ohms
A5, A31 , R32. R35-470 ohms
R6, R21, A39-1S0 ohms
A9, R11-220 ohms
R12, A14, Rl8-2200 ohms
Rl3-3500 ohms
A1S, R30, R56, R57, R62, R66. A76­

1000 ohms
A16, R23, R27, R36-R38, R40, R43 ,

R4S , R49 . R54 , AS8, R59, R61­
10,000 ohms

R17-1 megohm
A19. A67, R69-10 ohms
R20, A24, R29, R33-330 ohms
R22, A26-33.000 ohms
R34, A42, R44-22.000 ohms
R41, A47 , R51-R53, R64, R6S-4700

ohms
R48, A5Q-18,OOO ohms
A55, R63-15,OOO ohms
R71-A75-l0,OOO ohms , potentiometer
Cap ac ito rs
ct . C7, C17-2- 1B pF trimmer
C2. C5, C6. C8, C9, en.Cl3-C15, C18,

C20-C26, C28 ,. C30-C34-0.01 fL F,
ceramic disc

C3. C4, C66-470 pF, ceramic disc
C10, C16, C37-100 pF, silver mica
C12, C29, C35, C36, C39, C47, C49, C59,

C62-10 fLF, 16 volts, electrolytic
Cl9-8 pF, silver mica
C27~otused

C38-3-40 pF, trimmer
C4D-C43-220 pF, silver mica
C44-0.001 fLF. Mylar
C45, C60, C63-0.1 IJ.F, Mylar
C46, C51-D.047 fLF. Mylar
C4B. C52-D.0022 IJ.F, Mylar
C50, C53-0.22 IJ.F, Mylaror tantalum
C54-D.47 IJ.F, Mylaror tantalum
C55, C65-470 pF, silver mica
C56, CS7-D.022 IJ.F. Mylar
C58, C61, C64-470 IJ.F, 16 volts, elec­

trolytic
Semiconducto rs
IC1-LM3189N FM receiver IF system

(National)

audio ch ann els (L - R). In a stereo re­
ce iver, the L - R and L + R signals are
combined in suc h a way as to recreate the
left and right audio channels .
• AR I (Automobile Radio In form ation)
subcarrier (57 kH z). That is a narrow-band
channe l used for traffic bu lletins . Ori­
ginated in Europe , that service has been ­
recentl y imp leme nted here and may be­
come popul ar in the future . It is curre ntly
used on a trail basis in some maj or metro­
politan areas.
• SCA subcarrie r (most ofte n 67 kH z
and/or 92 kHz). The SC A subcarr ier is
used for " hidde n" rad io pro gram s , back ­
gro und music , and di gital data tran smi s­
sion . The sign als are FM with ± 7.5-kHz
deviation maximum . SCA is not a high
fidelity serv ice ; its audio-res po nse band -

IC2- LM565 phase-locked loop (Nation­
al)

IC3-LM1310N FM ste reo demodulator
(National)

IC4, IC5-LM386 audio amplifier (Nation­
al)

01 , 02-40673 dual gate MOSFET
trans istor

03-Q5-2N3563 NPN trans istor
06, 07-2N3565 NPN trans istor
Dl, D2, D4-MV2107 varactor diode
D3-1N757 diode
D5-1 N4001 diode
LED1-jumbo red LED
LED2- jumbo gree n LED
Other components
L1 , L3, L5-see text
L2, L4-l .8IJ.H
L6, L7-181J.H
CF1-CF3-l0.7 MHz ceram ic filler
J1-stereo headphone jack
J2-J8-phono jacks , ACAtype
Sl -SPST toggle switch
S2-3P4T rotary switch
Miscellaneous-PC board , No. 20 solid

uninsulated wire forwinding L1, L3, and
L5 (18 inches total required), wire, so l­
der, hardware , knobs , cabinet . etc.

The following are ava ilable from North
Country Radio, P.O.Box 53, Wykagyl
Station, NY11804: Kit consisting of
PC board and all PC-board mounted
parts (jacks, switches, OS, LED's ,
power-supply components, etc. not
included), $75.00 plus $2.50 postage
and handling ; Etched and dr illed PC
board, $12,50 plus $2.50 postage and
handling. NY residents please add
appropriate sales tax.

PARTS LIST-POWER SUPPLY

C67-2200 IJ.F, 25 volts, electrolytic
C68-D.01 IJ.F, ceramic disc
C69-D.l IJ.F, ceramic disc
C7Q-470 IJ.F, 16 volts, electrolytic
Tl-117-volt primary, 16-18 volt 500-mA

secondary
IC6-LM7812 three-terminal regulator
D6-D9-1 N4001 diode

width is limited to abo ut 5000 Hz.
Our immediate interest , of co urse, is in

the SC A signa l. It is normally used as an
aux iliary, income-produ cing service by
the operators of an FM broadcast station.
However, we do not get som ething for
noth ing . Modu lat ing any of an FM chan­
nel's subca rriers reduces the maximum
modulation available for the main audio
ch ann el. In the case of SC A , modul at ing
one subcarrier of a stereo signa l uses up
abo ut 10% maximum of the to tal 75 kHz
deviation (100% modul at ion ). In practice,
that reduces the main channe l 's s ignal
stre ngth by about I dB . Normally, such a
drop in signa l leve l would not be notice­
ab le . However in are as with crowded FM
bands, every dB counts in the race for
ratings , and revenu e . Stations in those

locations are likely to thin k twice abo ut
usin g both available SCA subca rrie rs.
whic h would cost abou t 2 dB in signal
level. let alone ARI. etc. On the ot her
hand , leasing those subca rriers can be a
significa nt source of income for the li­
cense owner.

SCA is noisy
At best , the SCA of a stereo-FM signa l

ca n rep resent on ly 10% of the total FM
transmi ssion ; hence. the received SC A
signal is unu sually weak . and therefore
pron e to be noisy. Also . depending on the
design of the recei ver and the care taken
with the SCA sig na l at the tran smitter, the
received SCA can suffer from " splatter"
or "spillover sputter" from an FM sta­
tio n's main audio chan nel. The sp latter
and sputter is usua lly 30-40 dB be low the
SCA audio , but that's a level that ca n be

_ heard as intermittent " noise .':":"'With prop­
er filterin g in the receiver, however, main­
channe l interference to the SCA cau sed
by the rec eiver 's circuits- not by the
transmitter-can be a tte nua ted low
eno ugh so it can 't be heard .

In fact , the SCA ch anne l-particularly
when recei ved on an SCA-dedicat ed re­
cei ver-is good enough so that in add itio n
to background music it has been used for
digit ized stock-market quotes , d ig ital ­
data transmission, telemetry, radio pag­
ing , and slow-scan co lor TV. And at pres­
ent, out in Ca lifornia (where else") the
SCA is being used to distribute informa­
tion and advertis ing to co mputer user s in
the Los Angeles area .

Receiving SCA
A block diagram of our SCA/FM-ster­

eo recei ver is shown in Fig . l. The com­
plete schematic is shown in Fig . 2 . The
circuit uses a MOSFET RF amplifie r
whose input and ou tput (mixer) ci rcuits
are tu ned by varactor diodes. Those varac ­
tor s can be thou ght of as voltage-var iab le
tuning capacitors . The DC tuning vo ltage
is variable from about 1.5- to 8-volts DC.
The local oscilla tor operates at the tun ed
signa l frequencypl us 10. 7 MH z. The os­
cillator is also tun ed-by mea ns of a varac ­
tor diode . The three varactors are biased
by a co mmon DC bias line , so as to simul­
taneou sly tune the RF amp, mixer, and
osci llator circuits .

The mixer output circuit is tu ned to
10 .7 M Hz and feed s an IF preamplifier
that has a ga in of abo ut 30 dB . Thi s pre­
amplifier uses two transistors and three
fixed-tuned ceramic IF filters centered at
10.7 MH z . Sin ce the filters are fixed­
tuned , no alignme nt is necessary. That
eliminates the need for complex sweep
alignme nt and allows a novice bui lder to
automatically get the good IF-bandpass
resp onse necessary for SCA/FM-stereo
reception .

A National LM 3 189N FM receiver IF
sys tem (an RCA CA3 l89 E can be sub-
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FIG. 2-THREE OF THE INDUCTORS shown in this schematic diagram must be wound by hand . Even
so, they are simple to make ; complete details will be given in the next ins tallment of the article.
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stituted) l'C, IC I. perfo rms limiting and
quadrature detection of the FM signa l.
and recovers the original audio baseband .
That IC offe rs hi gh~ gain . good limi ting .
a nd low- di st o rti o n d e tec t ion . It a lso
provides an APC voltage to co rrec t drift in
the local oscillator and to aid in tuning a
selected s tation . Due to the very high
uain , lavo ut is "('/T critica l and we strong­
ly reco;nmend usin g the PC layout th'at
will be presented next tim e . Ot her wise
you may leave yourse lf open to RF-in­
stabi lity prob lems .

The audio output of the LM 3 189N is
fed to an 2N 3565 aud io amplifier. whic h
de liver s an output level of about 3-volts p­
p. Tha t baseba nd aud io is used to feed the
phase - lo ck ed- loop SCA de te ct o r (a n
LM565) and the FM-stereo detector (an
LM I3 10N).

A high pass and twin-T R-C filter de­
s igned to reject frequenc ies below 50 kHz
passes the SCA ca rrie r to the LM 565 . The
output of the IC is the YCO control volt­
age . which follow s instant an eou s fre­
q uency variations of the 67- or 92 -kHz

subcarrier. Th at output (about 50 to 100
millivo lts p-p) is the SCA aud io . It is
passed through a low-pass de-e mph asis R­
C network to re move hi gh -frequ e nc y
noise . An SCA audio amp (a 2N3 565)
amplifies the signal to about 500 -mY p-p,
whic h is sufficient to fully drive the aud io
powe r amplifiers .

The LM 1310N is designed to accept the
baseband audio and reproduce the or igi­
nal L and R aud io cha nnels. Baseband
audio of about 2-3-vo lts p-p is fed to the
LM I310N and L and R audio signa ls ap-
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pear at the outputs . Shunt connec ted ca­
pac itor s provide de-emphasis . An LED
can be connected to the decoder to indi­
cate stereo recept ion .

A 3P4T (three po le. 4 throw) switch
selects among FM (ste reo in the case of
stereo broadcasts). SCA . tune . and auxi li­
ary positions for input to the dual power
amps. In the tune pos ition. FM mai n
channel audio is input to one of the amp s
while SCA audio is input to the other.
That makes tuning in an SCA subcarrier
eas ier ; more de tai ls w ill be provided when

we ta lk abo ut using the receiver. In the
auxi liary position the unit becomes a
power amp and wi ll accept an external
inpu t via its LI N E IN jacks .

The dual power amps are identical and
are bui lt aro und a pai r of LM386N·s .
Power outp ut is Y2 watt (500 mW ) per
channe l. Tha t is sufficient to drive a pair
of sma ll speakers . but we recommend
using stereo head phones for best resul ts .
If desired. the LM386N amps ca n be
omitted and the outputs fed to the line
input s or tuner inputs of an aud io system.

About 500 mY into a 10k load is availab le
at the l ll~ E OU T jacks .

More detail
Looki ng at the circuit in more detai l.

FM signals from the antenna are applied
betwee n the tap on Ll , which is the anten­
na coi l. and gro und . The antenna co il is
tuned by C I and varactor D I to the signal
frequ ency. The varac to r has a vari~ble
back bias of 1.5 to 8 volts across it. That
will swee p its capac itance from 15 to 30
pF. When that ca pac itance is added to the
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FIG. 3-THE CIRCUIT REQUIRES a regulated 12-volt power supply. The one shown here fill s the bill
nicely.

RF input signal) is about 12 to 15 dB, ply line by R32. R31, C24. and C23.
depending on local oscillator drive level. Resistor R30 is used to determine the op-

TIle local oscillator uses a 2N3563 tran- erating points of Q4 and Q5. It results in a
sister, Q3. whose operating point is 4 + 4.5-volt supply to those stages, form-
volts at 1.5 milliamReres. ThaLQr-eratjng__ing a.voltage divider with R3Land R32.
point is established by the network com- The IF signal is coupled to the limiter/
prised of R12. R13. R1 4. and R1 5. Note detector stage (lCI and peripheral cornpo-
that the local oscillator is actually a volt- nents) by FL3. The three ceramic fi lters
age controlled oscillator set up to be in the shape the IF bandpass of the receiver.
common-base mode at RF frequencies. They are fixed tuned and no alignment is
At such frequencies, C l4 grounds the required.
base of Q3. The gain ofQ4 and Q5 is about 26 to 30

Inductor L4 is an RF choke that is used dB. That gives a total gain so far, from the
to feed DC voltage to the collector of Q3. antenna. of about 55 to 60 dB. ensuring
Capacitor CI5 couples the tank circuit that the front-end noise will cause limiting
made up of L5. C17. and D4 to the collec- in ICI . The maximum output of Q5 is
tor of Q3. That tank circuit is used to about 0.25 volt, which is the saturation
determine the oscillator frequency. which point, no matter how strong a signal is
should be 10.7 MHz above or below the received: ICI can easily handle that with-
signal frequency. In this receiver. the local out distortion. No AGC was found neces-
oscillator operates 10.7 MHz above the sary in this receiver.
incoming signal. Therefore, it must tune Most the functions of an FM IF system
from about 98 to 120 MHz. The spacing are provided by ICI . That device includes
should be 10.7 MHz over the entire tuning a three-stage limiter, signal-level detec-
range of 87-109 MHz. Resistors RI6 and tors, a quadrature detector, and an audio
RI7 are used to couple the AFC correction amplifier with optional muting circuit
voltage to the tuning line, eliminating the (squelch). It has its own interna l reg-
need for a separate AFC tuning diode. ulators for DC voltages, and can drive an
The value of RI6 can be anything from IK external tuning meter. While we specified
to lOOK, depending on how much AFC is using a National LM3819N, an RCA
desired. We used a 10K unit. CA3189E is pin-for-pin compatible with

As previously mentioned , L5 and CI9 that device and can be used in its place.
match the mixer to ceramic fi lter FLI . Use whichever IC is easiest for you to
Those components also help prevent un- find .
wanted VHF components from leaking Input signal from FL3 is applied to pin
into the IF stages. which could cause spu- I of ICI . R33 is a bias resistor and also
rious responses. A ceramic fiIter is a terminates FLI . Capacitors C25 and C26
piezoelectric device that is the equivalent are RF bypass capacitors . The 12-volt sup-
of an IF transformer. It acts as a double- ply line is connected to pin II of ICI by
tuned transformer with a I-dB bandwidth RI9, C31, R39, and C32; those compo-
of 250 kl-l z, centered at 10.7 MHz. The nents provide RF decoupl ing as well.
device's insertion loss is about 6 dB. and While theyare not used in the receiver, the
its termination impedance is specified as Ie's squelch (mute) circuits must be ter-
330 ohms. minated; R34, C28, C29, R35, and R36

The first IF amplifier is built around serve that function.
Q4. That transistor is biased by R22, R23, An optional tuning meter can be in-
and R25 to about 2 milliamperes when the stalled in the receiver. We chose not to do
collector voltage is 4. Ceramic niter FL2 so, but if you do, install it at the junction
couples Q4 to Q5, which is biased identi- of C30 and R37 as indicated in Fig. I.
cally to Q4, using R26. R27. and R28. Otherwise, the junction makes a good test
Capacitors C21and C22 bypass the emit- point for aligning of the front-end's tuned
tel's of Q4 and Q5 respectively. The IF circuits.
stages are decoupled from the power-sup- continued on page 8/
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stray capacitance on the board and the
input capacitance of QI. it yields a tuning
ranee of X7-109 MHz: that is more than
surl'icie nt to cover the complete FM
broadcast band.

Capacitor C2 provides an RF ground
and allows DC bias from the tuning-volt­
age line to be supplied through RI. It also
cleans up any noise present on the tuning
voltaue line. No DC current fl ows in RI.
and therefore there is no voltage drop
across that component.

TIle tap on LI is placed so that Q I sees a
high input impedance. Transistor Q I is a
40673 MOSFET device with a noise fig­
ure of4 dB or less (typically 2-3 dBat FM
frequencies): that ensures high sensitivity
and there is no base-emitter junction to
cause unwanted rectification of strong sig­
nals . Res isto r R4 and ca pac itor C3
provide biasing and RF grounding for

I\ source terminal. TIle G2 termim\1is
biased at about + 4 volts by R2 and R3.
and C4 bypasses that terminal to ground.
The gain of the stage may be controlled by
reducing that bias to - 2 volts (cut-off) for
AGC purposes. However. AGC was not
necessary in the receiver. and was not
used. The drain is biased through R6 and
L2 to about + l l-volts DC. Drain current
(which is exactly equal to the source cur­
rent) is about six to eight milliamperes.

Resistor R5 limits the stage gain to
abo ut 6 times . That is the optimum
amount of gain to ensure circuit stability:
it is quite adequate to override mixer
noise. yet not so high as to unnecessarily
overload the mixer on strong signals. Fur­
ther. it allows about a 3-lB margin for
mistracking and errors in alignment of the
tuned circuits.

Capacitor C6 couples the RF signal to
L3. which serves to tune the mixer input.
Capacitor C5 is an RF bypass and resistor
R6 decouplesthe RF stage from the + 12­
volt line.

The mixer-input tuned circuit is tuned
by C7 and D2. with stray circuit capaci­
tances once again playing a role. Ideally.
total capacitance in the circuit is exactly
equal to that in the antenna circ uit.
However. the operating Q is a little higher
(about 30). The overall RF bandwidth is
about 2 to 3 MHz. which provides quite
adequate image rejection -about - 30
dB or better.

The mixer is driven by a signal of about
3-4 volts pop on G2 of Q2. Since the
transconductance of the 40673 is a func­
tion of the G2 voltage with respect to the
source. the local oscillator (more on that
in a moment) signal in effect modulates
the transconductance of Q2. That results
in the 40673 acting as a mi~r. Resistor
RX returns G2 to DC ground. Re~or R9
and capacitor C9 provide about a 0 .6-volt
bias. which places both gates at about
- 0.6 volt. with respect to the source ter­
minal. The power gain of the mixer (the
ratio of the IF signal at 10 .7 MHz to the
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ROSS ORTMAN

Versatile Digital Timer
Youdon't need a fancy microprocessor-based timer to turn a device off and on

several times a day. This easy-to-build and inexpensive timer will do it with no hassle!

TIMERS CO NTROL EVERYTHING FROM SE ­

curity systems to computer systems to cof­
fee makers-the list goes on and on.
Timers vary in sophistication from simple
mechanical devices to microprocessor­
based controllers. But there is a middle
ground . A low-cost module allows you to
build a high-performance unit that oper­
ates like a VCR timer, is inexpensive, and
is very easy to build . The timer allows
three on/off set points per day, and it can
control any device that draws as much as 6
amps of current. If the timer's output ca­
pacity is insufficient, you can easily add
an output switching device with greater
capacity. The timer can be built for about
$60 using all new parts.

How it works
The timer's schematic is shown in Fig.

I. The heart of the timer is the PCIM 2303
LCD timer/clock module, made by PCI
(Printed Circuits International, 1145
Sonora Court, Sunnyvale, CA 94086).
The 2303 module contains the timer IC,
clock crystal, an LCD display, and all
support components. It requires only 1.5
volts and draws a maximum of 10 J.LA .
That low power requirement allows the
module to be powered by a single AA
battery, which makes it great for use in
portable equipment.

The module has a single output that is
high during the on period and low during
the off period . Because the output is

powered by the module, it cannot deliver
any appreciable current. Therefore the
control voltage is fed to a transistor switch
composed of QI, Q2, R3, and R4. The
switch circuit in turn controls ICI, an
MOC3010 optocoupler, which isolates
the power-control section from the rest of
the circu it.

The power-control section is composed
of Triac TRI, current-limiting resistor R5,
and an MOV (Metal Oxide Varistor). The
latter protects the triac and the op­
tocoupler from power-line spikes and
transients caused by highly inductive
loads .

The power supply is composed of TI ,
Dl, and CI; it provides nine-volts DC that
powers the switch circuitry. It can also be
used to trickle-charge a Ni-Cd battery.
Although a regular lead-acid or alkaline
battery will last for quite some time, a 1.5­
volt rechargeable battery will give best
results. The I-rnA trickle charge supplied
by optional components D2 and R I
should increase battery life indefinitely. If
those components are not installed, never
apply power to the unit without a battery
in place, or damage to the PCIM 2303
module may result.

The specified Triac is rated at 6 amps . If
that is inadequate for your application, a
larger one can be used . Regardless of
which Triac is used, it will generate heat,
so provide an adequate heatsink and ade­
quate ventilation to avoid overheating.

Fuse FI protects not only the transformer
and circuitry, but also the Triac. If a de­
vice tries to draw more current than the
Triac can handle, the fuse will blow, thus
saving the Triac from damage . If you use a
Triac with a larger current rating, be sure
to install a fuse of the proper size.

Other types of power-control circuits
are possible ; several examples are shown
in Fig. 2. An SCR-based circuit is shown
in Fig. 2-a, and a relay-based circuit in
Fig. 2-b. If you use a different circuit, be
sure to isolate the timer module from the
voltage being switched. And whether you
use a relay, a Triac, an SCR, or some other
device, be sure it can handle the max­
imum current the device you want to con­
trol will draw.

Construct ion
The timer circuit is simple enough to be

wired using point-to-point techniques;
but for a cleaner layout, PC boards can be
used. You can purchase pre-etched and
drilled boards from the source mentioned
in the Parts List; alternatively, foil patterns
for etching your own board are shown in
PC Service. As shown in Fig. 3, the dis­
play board contains the timer module and
SI-S4. The main board, shown in Fig. 4, »
contains the power supply, the battery, the §
switching circuit and the output circuit. If C

(j)
you use a different output-switching cir- --l

cuit you can alter the design of that board
to fit your application.

45



117VAC

I
I

i ~ .---t=---'W"r-....-----<t---t-+--'

2
1 ~
I
L J

I CI
MOC3010

R2
470n

Tl
6.3V

300mA
,------,

+ Cl
220/.lF
16V

02
IN4001

I
I
I
I
I
I

PCIM 2303

4

SI
SET..:::c...

S3
~..:::c...

S2
HRS ..:::c...

1r--------~--7_:t___.__¥/Ir__j4_____1r__'lMr_____,
I
I
I
I
I
I
I ~..:::c...
'-OISPtAY - - - - -I.o==""i':'=;;J

~O~O_._

FIG. 1-SCHEMATIC DIAGRAM OF THE TIMER. The PCIM 2303 t imer module contains all timing
circuits and an LCD display. .

FIG. 2-AN SCR (a) OR RELAY OUTPUT (b) driv­
er can be substituted for the triac output circuit
in Fig. 1.

Stuff the boards in the usual manner,
starting with the low-profile components,
and working up to the larger ones. The
timer module contains CMOS circuitry,
so handle it with care . Be sure to observe
the polarities of capacitor CI and the sem­
iconductors. Install the transformer last ,
making sure that it is installed correctly.

Operation
Programm ing the timer is very similar

to programming a VCR timer. At initial
power-up, the device must be reset . That's

ule (and the attached PC board with
switches) is glued from behind to an
opening in the front panel.

Test ing
After mounting all components, in­

spect your work carefully for open solder
joints, solder bridges, etc. Correct any
mistakes.

Then insert a battery into the holder,
being sure to observe polarity. Now press
the SET and MAN buttons simultaneously
to reset the module. If the module doesn't
display anything, re-check your wiring.

After you get the module to reset, plug
the line cord into an AC outlet, and plug a
table lamp (or other electrical device) into
SOl and press the MAN button . The light
should tum on. If it doesn 't, check the
module's output pin. It should have about
1.1 volts on it. If it does, make sure that Ql
and Q2 are turning on and enabling the
LED in ICI. If the LED is turning on, you
should measure about 1.4 volts across it.
If the LED does tum on, the problem lies
with the AC portion of the circuit. Be very
careful when troubleshooting the AC
section, because it has I17-volts AC
across it. Check for wiring errors; other­
wise , the triac may be bad.

After you get the circuit working, as­
semble the case. The timer is now ready to
go to work for you in whatever application
you see fit.

..:::c...S4
B----~O ?SET

..:::c...S3
·...-:- --<0 ?HRS

..:::c... S2
'~:-----O ?MIN

..:::c... S1
=-rr-i--~o JMAN

FIG. 3-THE TIMING MODULE and fou r switch­
es mount on the disp lay board, which connects
to the main board via th ree wires .

TO
FIG.4

An excellent case for the timer is men­
tioned in the Parts List. If you use the
specified case, note the limited clearance
between the bottom of the PC board and
the case . Be sure to insert a piece of fish­
paper (or some other insulator), between
the board and the bottom of the case to
avoid shorts-and possible shocks.

Note, in Fig. 4 and Fig. 5, the small
strip of PC board material glued to the top
of the main board behind the display
board . That strip reduces stress on the
module and prevents the display board
from bending when the pushbuttons are
pressed . The remainder of construction is
straightfoward . In our prototype the mod-
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FIG. 4-STUFF THE MAIN BOARD as shown here . Three wires connect to corresponding points on the
display board, as shown in Fig. 3.

:x:­
c
(j)
c
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PARTS LIST
Allresis tors are Y4-watt, 5% unless oth-

erwise noted.
Rl-4700 ohms
R2-470 ohms
R3-47,OOO ohms
R4-100,000 ohms
R5-180 ohms
Capacitors
Cl- 220 ll-F, 16volts, electrolytic
Semiconductors
IC1-MOC3010 Optocoupler (Radio

Shack 276-134 or equivalent)
0 1, 02-1 N4001 rectifier diode
Ql- 2N3904 NPNTransistor
Q2- 2N3906 PNP Transistor
TRl-6-amp 400-voltTriac (Radio Shack

276-1000 or equivalent)
Other components
81-1 .5 volts , rechargeable AA battery
F1-6-amp, 250-volt fuse
MOVl -117-volt metal oxide varistor (Ra-

dio Shac k 276-568 or equivalent)
S1-S4-SPST, momentary, normall y

open
S01-ehassis-mount AC receptacle
T1-6.3-volt 300-mAtransformer (Radio­
Shack 273-1384, or equivalent)
Miscellaneous: PC1M 2303 timer/clock
module, chassis-mount fuse holder, bat­
tery holder, line cord, case (Radio Shack
270-286).
Note: the following are available from
Dakota Digital, R. R. 1, Box 83, Can­
istota, SD 57012: display PC board,
$3 .50; main PC Board , 59.95 ;
PCIM-2303 module, $23.95 ; module
and four pushbutton switches, $26.50.
All orders add $1.50 for shipping and
handling. South Dakota residents add
appropriate sales tax

house can be made to look " lived in" by
turnin g the lights on in the morn ing for a
preset time and turning them on and off
several times during the evening . If sever­
al timers were used to control different
light s th rough ou t a hou se , the effect
would be even grea ter.

Other items can be controlled. For ex­
ample, you could turn your coffee pot on
in the morn ing 10minutes before you get
up. The n you co uld always have your
morn ing coffee first thing. You could also
co ntrol your heati ng sys tem with the
timer, heating your hou se only whi le
you're home and awake, and turning it off
during the day while you're gone and at
nigh t whi le you're asleep. The money
saved doing that will add up quickly.

During the winter, in cold climates, the
timer cou ld be used to turn your car's
engi ne-block heater on in time to warm
the block up enough for safe usage.

Of course, the PCIM 2303 can be used
in many other app licat ions. It's a versati le
device and it can be used in countless
applications . Whether you're replacing an
existing timer or des igning a timer system
for a custom applicat ion, the PCIM 2303
clock/tim er module is the idea l starting
point for many designs. R-E

+

I
R5
I

SOl

Applications ,
The timer is versa tile, so its applica­

tions are virtually limitless. As a stereo
timer, the unit outperforms most comme r­
cia lly available syste ms . The timer could
be programmed to tum your stereo on in
the morn ing , tum it offjust after you leave
for work or schoo l, tum it on just as you
are getting home , and tum it off after you
have gone to bed .

The unit could also be used to control
house lighting for co nvenience or se­
curity. When used as a sec urity device , a

current time , which is ind icated by a
flashing colon . The programmed timer
will now tum the device you connec ted on
and off at the preset times.

The MAN button allows you to override
the present state of the timer manually. If
the output is off when the MAN button is
pressed , the output will tum on. Con­
versely, if the output is on, pressing the
MAN button will tum the output off. After
pressing the MAN button , the sta te of the
output rem ains co nstant until the M A N

button is pressed aga in , or until a preset
time forces the output of the timer into a
different state .

The MAN button controls another im­
portant function. It can be used to override
the pre-set times. For example, to over­
ride the first on time , advance the set
mode until the first on time is reached and
press the MAN button . An X will appear in
the display; it indicates that the first on
time has been overridden. The timer will
then ignore the locked-out set poin t unt il
it is " unlocked" by repea ting the lock-out
sequence.

II
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FIG. 5-THE COMPLETE TIMER CIRCUIT ap­
pears as shown here. Trim the PC board so that
it fits into the case properly, and insert a sheet of
insulating paper between the board and the bot­
tom of the case .

accomplished by pressing the SET and
MAN buttons sim ultaneo us ly. The n the
correct time must be entered. Press SET

once to enter the set mode; a flashing T
will be displayed. Now set hours and min­
utes by pressi ng the HRS and MIN buttons
as appropriate . The displayed hours (or
minutes) will advance once for each press
of the button ; if you keep the button
pressed, the dis play will advance continu­
ously at a rate of about two digits per
seco nd .

By pressi ng the SET button agai n, the
first on time can be set in the same way
that time is set. The n press the SET button
agai n to se t the first off time. By con­
tinuin g to press the SET button , the seco nd
and third on and off times can be pro­
grammed into the unit. After the third off
time is set, pressi ng the SET button once
more returns the unit to displaying the

117VAC ::[)::={
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HIGH
DEFINITION

TV

The most important change in TV techno logy since it was invented
is just over the horizon.

JOSEF BERNARD
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through a spinning spiral of holes in a
Nipkow disc , the very first TV images
were so crude that they barely allowed the
viewer to distinguish light from shadow.
Today we are much more fortunate-on­
screen resolution of several hundred lines ,
both horizont al ly and vertica lly, permi ts
us to read street sig ns . subtitles , and
movie credits on co lor CRT's or LCD 's .

Even so , we' re always aware that we' re
looking at a television picture . that is, a
picture disp layed on a screen . And when
we can not discern the finer detai ls in an
image. no matter how hard we stra in, the
shortco mings of the current sys tem be­
co mes evident. That is true whether the
sys tem in question is the NTSC sys tem
used in this country. or the slightly higher­
reso lution PAL and SECAM sys tems that
have been adopted by most of the rest of
the world .

But he lp is on the way. Dramat ic im­
provements are on the horizon in the form

of Hi gh-Definiti on TV (HDTV) systems
that will add rea lism and detail to the
images we view for entertainment and in­
formation.

HDTV technology exists today ; it is
used , for example, in Hollywood for spe­
cial- effects work in TV. By as early as
1990 , Japanese broadcaster NHK plans to
have an HDTV sys tem in place and opera­
tional. And work here , in Europe , and
elsewhere is progressing so fast that sys­
tems may be in place wor ldw ide shortly
thereafter. In this article we 'll examine the
Japanese HDTV sys tem and others , see
how they evolved , and learn about what
obstacles remain before they can become
ado pted for wides pread use.

HDTV criteria
One of the goals of HDTV is to create a

sense of rea lism for the viewer that' s at
least as good as that provided by motion­
picture film. How? Tests have shown that ,
to overcome the " picture- in-a-box " effect

of TV viewing, the image must subtend a
viewing angle of at least 30°. To obtain
such an angle , one could simply sit clo ser
to the screen. However, at a distance of
less than 7 time s the image height , scan
lines become not iceable and give the im­
age a gra iny appearance .

Figure I compares th e geo me tr ies
provided by viewing both conventional
TV and HDT V scree ns from the distance
at which scan lines are rendere d invisible .
In a conventional sys tem, the viewing an­
gie is only about 10°, but an HDTV sys ­
tem provides the desired 30° viewing
angle .

As shown in the figure , if the num ber of
sca n lines is increased to 1000 or more ,
the minimum viewing distance is redu ced
to about 3 times the image height. At that
d istance a 30° viewing ang le ca n be
achieved . Further, due to the limited reso­
lution of the human eye, the lines will
blend together and give the impression of
a smooth image .
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• A PCM dig ital audio signal to be multi ­
plexed with the video signal.

MUSE is known as a " motion-com­
pen sated subsa rn pling " sys te m . The
term s subsanipling and sub-Ny quist refer
to the fact that when the video information
is processed , fewer samples are extracted
from it than would be the case if it were to
be processed using co nventional meth ­
ods , where sampling occ urs at twice the
highest frequency (i. e. , the Nyquist fre­
quency ) involved: the lower sa mpling rate
is the reason why that method is ca lled
sub-Ny quist.

The prin cipal trick used by the MUS E
system is that it sub-samples the video
signal over a four-field sequence pr ior to
tran smission: the sampling pattern used is
shown in Fig. 3 . That tech nique allows for
the 4 :I redu ction in requ ired bandwidt h.

Reconstru ct ion of the MUSE signal re­
qui res an HDTV receiver equipped with a
memory ca pable of storing the fou r fie lds .
For still (non-moving) parts of an image ,
the picture can be reconstructed using
samples from all four field s since there
will be no movement from field to field .

But where there is movement , atte mpt-CONVENTIONAL TV

. .
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FIG.1- THE GEOMETRY OF TV VIEWING. With an HOTV image , a viewer can sit closer to the screen to
attain a greater viewing angle, thereby improving the sense of realism. Because the sig nal has
approximately twice as many scan lines as a conventional system, those lines are not visible at
distances as close as three times the image height.
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FIG. 3- THE SAMPLING PATTERN us ed by
NHK's MUSE system. Pic ture information is
transmitted over four fields rather than the two
of conventional TV.

HDTV-16:9!1.77:1)

FIG. 2-ASPECT RATIOS. Here , the as pect
rat ios of con ventional-TV, HOTV, and Panavi­
sion motion-picture viewing screens are com­
pared.

• Processing of luminance and chromi­
nance informat ion by TCI (Time Com­
pressed Integrat ion).
• Time-compressed line-sequenti al pro­
cessing of chrominance information gen­
erating R - Y (red minus luminance) and
B - Y~(b lue minus luminance ) co lor-dif­
ference sig nals .
• Time com pression of the chrominance
signal by a factor of four.
• Bandw idth redu ction of the TC I signal
through subsa mpling .

mation that does a co nventio nalone, thu s
requiring a bandwidth at least five times
grea ter than that spec ified for the NTS C
system used by U. S. broadcasters today.
111<1t translates to a bandwidth require­
ment of 30 MH z , co mpared to the 6 MH z
NTSC standard .

To squeeze all of the inform ation re­
qui red for a HDTV picture into a more
manageable bandw idth, NHK developed
a system called MUSE (MU ltip le Sub­
Nyq uis t Sampling Encoding) . MUSE
converts a wide band analog studio signa l
to digital form, compressi ng it to slightly
more than 8 MHz for transmission . At the
receiver, the signal is re-expanded to its
orig ina l form for disp lay. The MUSE
spec ifications call for:

The NHK system
As we mentioned ear lier, the HDTV

sys tem closest to being a practi cal real ity
is the one proposed by Japan's NHK. That
sys tem uses a signal with 11 25 scan lines
and a 2:I interlaced scan rate of 60 fields
(30 frame s) per second . NHK's HDTV
system has already been demonstrated
both in Japan and in the U.S .

One problem with all HDTV systems is
that they po tentially require enormo us
amounts of bandwidth . For insta nce , in
the sys tem proposed by NHK . a high­
definition TV picture co ntains about five
times more lum inance (brightness) info r-

Another facto r adding to the impres ­
sion of reali sm offered by HDTV is a
change in aspect ratio , the ratio of an
image 's width to its height. Co nventiona l
TV has a 4:3 aspect ratio, which mean s
that the picture is four units wide and three
units high . That aspec t ratio was adopted
originally to conform to what was used at
the time for motion-picture photography.
These days. most films are shot using the
Panav ision process, which use s a I. 85:I
(5. 55:3) aspec t ratio . It is expected that
HDT V will use an aspect ratio between
the two. with 1.77 :I (16:9) be ing endorsed
by many. See Fig. 2.
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inu reconstruction usinz two or more tio na! Radi o Co ns ulta tive Co mm ittee's s igna l that is de rived from an HDTV sig-
li e~ltl s wi ll yield a pict ure~w i th unacccpt a- 1986 Plenary Assembly. Instead . a deci- nal of 1050 lines . The second channe l
ble blurring . Th at 's because the picture sion was postponed until 1990 . at the ear- contain s the high-frequen cy luminance
co ntent will be changi ng from field to liest . That postponem en t has added so me anti color-diffe re nce in fo rm at ion . Ac -
field . The refo re , o nly the informat ion co nfus ion to the HDTV world. so there is co rd ing to Bell Lab s. a normal NTSC
from o ne field ca n be used to for m the no guara ntee as to what shape. if any. a rece iver would rece ive the NTSC channe l
imaze anti a 1:4 loss of resolu tion occ urs. worldw ide specification will take . It is wi th only a slight degradat ion of picture
H~oweve r. a MUSE recei ve r also incor- expec ted. however. that the 11 25/6012:I qu ality. An HDTV recei ver would recei ve

porates a motion detector, That stage en- standard will becom e a defacto sta ndard both channe ls and co mbine them using a
a b ies t he re c e ive r to inte g ra te th e in most 60-Hz HDT V studios . frame store . The result is then scan-co n-
sta tiona ry anti moving part s of a sce ne Seve ral of the sys tems are of the MAC verted to reproduce the origina l 1050- line
into a sing le image . (That's whe re the (Multiplexed Analog Co mpone nts) type . picture .
.. m ot ion- com pe nsa te d .. part o f the In a MAC signa l. the luminance . co lor CBS has proposed another two-ch ann e l
M USE sys tem co mes in. ) The result is difference . and mu ltip le digit a l sound sig - sys te m. O ne cha nne l would conta in a
that sta tionary part s have maximu m reso- na ls are co mpressed in tim e and multi- MAC- like time-mu ltip lexed com po ne nt
lut ion while moving parts appear s lightly plexed onto the same signal. In parti cul ar. signal in a 525-line/60-Hz for mat. Th e
blurred . Such blurring is not cons ide red most Europ ea n HDTV sys tems are based second ch ann el would contai n anothe r
se rious . however. since our perception of on so me type of MAC sys tem . time -m ult ip lexed co mp o nen t s ig na l.
sharpness is not reduce d by blur in a mov- For instance. Philips . the Dutch elec- When the two signals are combined. an
ing image . We simply acce pt it as an at- tron ics giant. has proposed a Europea n HDT V image results . The sys tem does
tribut e of the mot ion . HDT V sys tem called HD-M AC. The sys - not requ ire a receiver with fram e store and

A spec ia l case in the MUSE sys tem tem is based on the 625-li ne . 50-H z PAL wo uld use Direct-Broadcast S a te ll ite
occ urs wn e n the ca mera is panneU""'o""I"-' -~stanaara:-Thei npu signarisI250-1i-=-ne""'s""'.--'(DBS)-delivery.
tilted . caus ing the entire image to cha nge . 50 Hz. wit h 2:1interl ace . Vert ical filter ing William G lenn of the New York In-
When the enco d ing c ircu itry detect s that is u se d to m ak e a w ide - ba nd w id th stitute of Techno logy has proposed a sys-
type of picture co ntent. a vector represent- 625 /50/2 : I signal for tran smi ssion . The tem that makes use of the propert ies of
ing the moti on of a sce ne is ca lculated and bandwidth is reduced by tr an smitt ing human vision to reduce the bandwidth of
the informat ion is sent durin g the vertica l- on ly alternating hori zontal samples : four a transmitted HDTV signal. In his pro-
blanking inter val. At the recei ver. the in- fie lds are required to recei ve a co mplete po sal , an " improve d" NTSC signal is
formation is applie d to the fie ld mem o- HD-MAC picture . Th at . once ag ain of tran sm itted over a standard NTS C cha n-
ries, ca usi ng the posi tio n of the sa mpled co urse. mean s that the recei ver must have nel . (Those improvem ent s co uld enta il
pictu re eleme nts to be shifted as appro pri- a f ra m e m e m 0 ry t o di s p la y th e pre-combing to elimina te interference be-
ate to the moti on . The bott om line is that 1250/50/2: 1 picture . tween the luminance and color informa-
the moving pictures are processed as if Oth er MAC sys tems are similar. except ti on , use of progre ssi ve ra the r tha n
they were stationary ones . w ith co nspic- for the numbers invol ved . For instanc e . inter leaved scan. e tc . Som e improve-
uous blur in uniform ly moving reg ion s of B-MAC is a MAC sys tem that's co mpati- ment s may require modifi ed NTSC re-
the image held to a mi nimum . subject to ble with the 11 25/60/2 :1 proposed world- ceiving equipme nt.) That signa l. whi ch
the acc uracy of the motion vec tors. Note wide standard. alread y w ill offe r somewhat better resolu-
however that non-uniform moving reg ions And th ings have not been quiet in this tion than standa rd NTS C. is acco mpa nied
wi ll unavo idably suffe r a loss of reso lu- country. e ither. Bell Lab oratori es has pro - by a 3-MHz wide auxi liary sig na l that
tio n . In most instances . howeve r. suc h posed a two-ch annel transmi ssion sys tem contain s high-freq uency. low te mporal-
loss wi ll be acceptable as a co nseque nce in whic h one channel contain s an NTSC rate information . as well as information
of mo tion .

FIG. 4- IN THE DEL RAYHDTV SYSTEM,each NTSCpixel is broken up into six samples for transmis­
sion . Picture information is relayed in a sequence of six f ields.

SAMPLE TRANSMISSION:

A"' 60'" FiElD 0 =160+31'" FIELD
B = 160 + Il'" FIELD E= (60 + 4)'" FIELD
C= (60+ 2)'" FIELD F= (60+ 5)'" FiElD
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Other systems
Altho ugh NHK's MUS E sys tem is the

one clo sest to implem ent at ion . work on
HDT V is also continuing in Euro pe and
the U.S. In th is sec tion we wil l look at
so me of the more promisin g sys tems .

Most of these sys tems are based on the
fo llowin g standa rd : 1125 lines . 60 frames
per second. 2:1 interl ace . 16 :9 as pec t
rati o . The number of lines was chosen as a
co mprom ise between the PA LIS EC AM
and the NTSC ca mps. It is more than 1000
lines . but not exac tly equal to twice e ither
625 o r 525 line s . Also. a ltho ug h 50
fra mes pe r second is used in Euro pe and
e lsew here. th e NTSC sta nda rd of 60
frames per second was accepted because it
subs tantia lly reduces flicker and allows a
high er sa mpling rate . Inte rlaced scan­
ning . as opposed to a progress ive scan­
nin u sc he me. is used bec au se of the
redu ced band width it req uires .

Note that those specifications have not
been formally accepted as a worldw ide
sta nda rd. however. It was hoped that a
sta nda rd would be adopted at the Interna-

NTSC NTSC
PIXEL PIXEL

NTSC
PIXEL

A E C A E

C A E C

B F 0 B F

0 B F 0

A E C A E

C A E C

x ~1I1300 PICTURE WIDTH

y"'111000 PICTURE HEIGHT

}
EVEN FIELD
SCAN LINE

}
000 FIELD
SCAN LINE
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Compatibility
High-definition television is ce rtainly

practic al. Indeed, it already exists. The
probl em that conce rns many, though, is
how to get program material produced in
that medium to the greatest number of
viewer s .

In the past , virtu ally all improvem ent s
in broadcastin g in the U .S . have been
achieved with in the fra mework of the sys­
tem es ta b lis he d in the 1940 's by the
NTS C; othe r TV systems have also main­
tained co mpatibility with existin g equip­
ment as they were improved . Altho ugh
newer receiving equipment has been re­
quired to take full advantage of improve­
ments such as co lor and stereophonic
broadcasts , program material incorporat­
ing tho se improvements has ge ne ra lly
been able to be recei ved and enj oyed usin g
equipment alrea dy in use .

The ideal , of course , is to Develop a
sys tem in which a current recei ver co uld
accept an HDTV transm ission and d ispl ay
it in HDTV form . In all likel ihood, that is
an unatt ainable dream . More likely would
be a system in whic h an NT SC receiver
would be abl e to recei ve an HDTV signal
and display it with the same or slightly
worse qual ity as it displ ays an NTSC sig­
nal. Another possibili ty would be a sys-

Distribution
After an HDTV spec ification has been

established and agreed upon, the problem
remains of how to distribute mater ial pro­
duc ed in that medium to the public wait­
ing for it. So specifications , distribution ,
and co m patibility are }-IDTV's toughest
rem aining problem s . Let's look at the dis­
tributi on probl em in more detail first; later
on we' ll del ve dee per into co mpatibi lity.

As wi th today 's video programming ,
there are two alternatives: broadc ast and
pre-recorded materi al. In the realm of
broadcasting , o ne po ssibility is , of
course, DBS . Satellites could provide a
distribution route completely independent
of those used for co nventional broadcast­
ing , and the co mpatib ility issue co uld , in
a sense , be skirted. It has been sugges ted
that the most econo mica l and practical
sys tem for d istributing HDTV is by DBS
in the 22 - and 40 -G Hz band s . (For more
on HDTV and DBS , see Sa te lli te TV
elsewhe re in this issue , as well as in the
Jul y issue of Radio-Electronics. )

Until recentl y, most observers had
ruled out terre stri al broadcastin g as a pos­
sible distribution medium . However in a
test conducted thi s past Janu ary in the
Washin gton , DC are a by the NAB (Na­
tion al Association of Broadcaster s) and
the MST (As soc iatio n of Maximum Ser­
vice Tel ecaster s), two adjacent UHF
cha nne l slots were used to transmit a
MUSE HDTV signal. At the same time , a
13-GHz terrestrial-microwave rel ay signal
was used as a backup , and to dem onstr ate
the feasibili ty of using that band in areas
where sufficient UHF spectrum was un­
avai lable . On the UHF band the broadc ast
was made usin g vestigial s ideba nd AM ;

requ ired to produce a wide aspec t-ratio tern in which an NTSC rece iver co uld be
pictu re . Th e two signals would be co m- modi fied , perhaps through an outboa rd
bined in a frame store to produ ce an adapter, to recei ve HDTV sig na ls . Of
HDT V im age . course , the cos t of such a mod ificatio n

The Del Ray Gro up of Marin a Del Ray. must be relati vel ylow to be practical. If it
CA, has proposed a sys tem that uses' a is too high , most co ns umers would opt to
s ing le NT SC c ha nne l to transmit a for go modificati on and simply repl ace
525/60/2 : I HDTV signal. They propose a their equipment wh en they decid e to up-
sys tem in which a s ing le NT SC lumi- grad e . A final possibility would be that an
nance sam ple (pixe l) is brok en up into 6 NTS C rece iver simply co uld not be used
samples . O ne sample is transmitted eac h to recei ve and displ ay HDT V signals in
fiel d until after 6 fie lds the co mplete any form . In othe r words , it would be a
NTSC pixel is sent. Th e sampling pattern co mpletely inco mpa tible system.
is shown in Fig. 4. At the rece iver. a frame Of co urse . co mpatibility is a desi rable
store is used torecreate the co mplete pic- goa l, but you ca n not over look the co st at
ture . According to the Del Ray G roup, FIG. 5-AN HDTVvideotape recorder from Sony which it is achi eved . At thi s point in
such a sig nal could be di splayed on a non- was used this past spring to present one de- HDTV research . it appears that the higher
HDTV NTSC recei ver with little degrad a- signer's spring line in New York. the compatibility with ex isting sys tems ,
tion whe n co mpared with a normal NTSC the poorer the high -d efinition perfor-
signal. manc e. Images will be striking ly better

A wider aspect rati o is achieved in this on 13 GHz, FM was used . In genera l. the than those provided by a non-HDTV sys-
sJ.' stem by reducin g the number of active result s were sa tisfactory, although some tern, but they will not provide maximum

---video lin es transm itted by ~TheDel-----problems were en countereaw ill11hePCM- -possibl e per formance . -
Ray Gro up contends that due to overscan dig ital audio , which was designed for sat- On the other hand, the highest perfo r-
losses in a typica l recei ver, the rem oved e llite rather than terres trial di stribution , man ce HDTV sys te m w ill Iikel y be
lines wo uld not be missed . Furthe r, those whe n the signa l was attenua ted. Th at achieved only if the co mpatibility prob-
69 lines co uld then be used to transm it probl em will have to be so lved to make lem is co mpletely ign ored . In that event. a
digital so und. terrest rial di stribution of a M USE signal separate programming di stribution sys -

pract ical. tem likely will develop that will supply
The other way in which HDTV pro- pro gramming to viewers that possess the

gramming could be provided is in pre- app ropriate equipme nt.
reco rded form-on videotape and vid- Ignoring compatibility altogether is not
eodi scs . Whil e the wide bandwidths of with out precedent. Wh en FM radio
HDTV are beyond the capabilities of con- broadcasting was introduced, that mode
ventiona l bro adcast and con sumer equip- was incompatible with the ex isting AM
ment , Son y and other manufacturers have sys tem . That , however, did not stop peo-
developed sys tems capable of s toring pie from investin g in what then was ex-
HDTV images . See Fig . 5 . pensive equipme nt to take full advantage

of the benefits (supe rior audi o qu ali ty)
offe red by that medium.

The newer FM sys tem coex isted with
the olde r AM one , and prospered . Today,
it is commonplace to find AM and FM
tun ers in the same piece of equipment­
even small portable receivers . And even
now the sa me pro gram material is so me­
times broadcast by a station in both AM
and FM , so that those with FM equipme nt
can enjoy the all the benefits of the new
techn ology, and those who are still AM­
bound will not be le ft out.

Similarly, television broadcasters co uld
pro vid e h igh-qual ity HDTV program­
min g by satellite or some other means to
those equipped to recei ve it , whil e per­
formin g scan- and medi a-conversion at
their own facilitie s and simultaneous ly
sending NTSC-format signals containing
the same material on the ir con venti on al
VHF and UHF frequ encies for viewers
with existing NT SC (or PAL or SECAM )
rece iver s.

Whatever fina l form po litic s , policies ,
and technology dictate for HDTV, it ap­
pea rs that there 's no holding that tech­
nology back. In ju st a few sho rt years,
Japanese viewer s will be enjoyi ng its ben­
efits; it' s very likel y that shortly thereafter
we'll be getting the " big picture" in thi s
country, too! R-E
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CERTIFICATION

W. CLEM SMALL, CET

FOR

shops can afford to spe nd . One effect ive
way to ens ure the proper testing and eval­
uation of pote ntial emp loyees is to use the
ce rtifica tion procedures of the vario us
professiona l o rgan izat io ns th a t have
evolved to serve the comm unicatio ns and
electronics indu stry. In fact, within the
broadcas t and telecommun ications indus­
try, mos t emp loyers who formerly re­
qu ired the FCC First -Phone now require
(or accept) ce rtificat ion by a professional
or industry-sponsored orga nization,

The exac t procedure used for the cer­
tification of technic ians depends on the
parti cular organizat ion. For exa mple, one
early approac h was to consi der a techni­
cia n's past FCC license level and perhaps
his em ploymen t und er that license. Both

ELECTRONICS
TECHNICIANS

If you really have specialized knowledge and skills­
if you know your stuff-you can become a

certified electronics technician.

Certifications
Often, emp loyers wi ll test job app li­

cants , but if properly do ne, on-site testing
can be a relatively expensive undert aking
that ofte n cos ts more than many sma ll

For the seasoned techn ician , pas t em­
ployment records may be all the recom­
mendation that's needed, but for the less
experienced person it is usually a diffe rent
and more complex situation. Wh ile it is
possible for an em ployer to ask for tran­
scr ipts of the applica nt's trade -sc hoo l
training , many new technicians who want
to work in communications have picked
up their know ledge without goi ng to a
forma l trade school: How are they to es­
tab lish their know ledge and competence?
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EV EN IN TO T ilE EARLY YE,\RS OF SO[Jl)­

state equipme nt des ign, the FCC's exa m­
ination for a lst Class General Radio­
tcl ep hon c L icense w h ich is almost
uni ve rsall y know n as a " First-Phone ,"
covere d mos t of what there was to know
about the electronics of co mmunicat ions.
Exce pt for radar. which was an endorse­
ment on the license obta ined through a
separa te exami na tion , the know ledge
needed to get a First -Phone was so broad
and so thoro ugh that the licen se was often
a prereq uis ite for gene ra l techn ica l em­
ployment, even though the license was
intended on ly for technic ians whose job
involved transmi tter adjustments.

The reason why employers placed so
much faith in the First-Phone was because
it certified a minimum level of know ledge

--- anClSKi Il-:-Even ltlne JOB ope n was repai:"'r---~>-i

ing home stereo receivers , an emp loyer
co uld be reasonabl y ce rta in that so meone
with a First-P hone had an acce ptable un­
derstandi ng of both electron ics and elec-
tric fundamentals. .

But sudde nly, a lmos t overn ight, the
general radiotelephone license lost both
its value and its need . First, as with all
othe r things , e lectro nics technology be­
ca me so complex and sophisticated that
no one co uld be expected to be expe rt, or
even merely competent, in more than one
or two spec ialized areas of interest. Be-
ca use the radio broadcasting serv ices no
longer represe nted a major area of e lec-
troni cs , having a license tha t ce rtified
competence with tra nsmitte rs and anten-
nas no longer impli ed co mpe tence with
the main stream of e lectronics equipment.

Second, there was so me thing cal led
" lice nse deregulation. " Modern tech-
nology had made the stabi lity of radio
equipment so reliab le that as far as the
FCC was co ncerned, other than for the
ship and aircraft services there was rea lly
no longer a need for a spec ially-licensed
techni cian . So the FCC eliminated the
requ iremen t that only an FCC- licensed
technic ian co uld make adjustments and
repairs to transmitters: It became the re­
spo nsibility of the owners and operators
of radio-transmi tting equ ipment to ens ure
prop er operation. (A ltho ugh Congress
impl ied that the FCC co uld recognize
tech nician " ce rtification" by industry­
sponsored pri vate organizations-and
that age ncy has sent out not ices abo ut
prog rams available-it officia lly recog­
nizes no "private" cert ification of any
kind.)

Since an FCC license no longer re­
flected the major interests of electro nics,
and since very few posit ions in the com­
muni cations industry required an FCC li­
ce nse , how, then , was an em ployer to
evaluate a potential emp loyee's tech nica l
knowledge and sk ill'!
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(General Radio telephone Certificate l

tification requires a combination of ad­
vanced schooling and extensive experi­
ence . For example. their lowest class of
engineering cert ification requires either a
two- or four-year engineering degree. or
previous high-level techn ical cert ifica tion
plus two years of engineer-level experi­
ence . The NARTE 's minimum technician
certification (Class I V ) requ ires an exam-
ination. while the highest (Class I) re­
quires previous certification plus six years
verifiable radio or telecommunications
experience .

CET
Long before FCC deregulation. elec­

tronics professionals recog nized the need
for certifying electronics technicians in
troubleshooting consumer products. in

i- - basic logic circuits and- industrial con­
! trois. and the safety and accuracy of cal-

ibra tion for medical electronic instru­
ments. As early as 1965. the CET test
used by the International Society of Cer­
tified Electronics Technicians (lSCET)
used exams that tested black and white
television adjustments, audio speaker en-
closures and adjustments, and the use of
e lec tro nics test equ ipment- Nea rly
20, 000 technic ians had passed those
exams (out of about 70,000 ) even before
the FCC deregulat ion. Persons passing
the appropriate tests may first attain the
apprentice electronics-technician certifi­
cate, and then one or more advanced jo ur­
neyman-level certificates.

Fed eral
Communi cation s
CommilJlJion

Febru'n 22 1978San Fr.nci.co. C.liforni.

February 22, 1983

___ _ _ . . ~ NOT VALID UNTIL SIGNED

/fn (()itnuu:'mal !Jhcieo/i 01
((;!~ i l;;~erl ~(ec.ti()Ju'ca iJeol/iJui':iUJl iJ

~j,,"/~~/A:',{ WILEY CL>:HOlf SIW.L

~ ,oco.,,,. I 'OCO. "" . I
L.::-~ Bl ue , lad- Br own 11-2 7-32

IS A LICENSED ItAOIO OP'UATOR. AUTHORIZED , SUBJECT TO ANY SP'ECIAL (HOORSUH 'H "LAC ED HEIl[ DH, TO DI'EItA TE THE CLASSES or
LICENSED RADIO STATIONS roll: WHICH THIS CLASS OF" LICENSE IS ""LID UNDER THE ORDERS, RULES AND REGULATIONS OF THE FEDERAL
COMMUNICATIONS COMMISSION, ANY srerurt OF TH E UNIT ED STATES AND ANT TRr An TO WHICH TH E UNITE D 5r"n$ IS A 'ART1.

THIS LI CENSE IS GRANTED UNOUt THE AUTHOIUT Y or THE COMMUNICATIONS ACT OF IU4. A5 AM[ NO[O , AND THE TER NS AND CONDITIONS
THEREOF AND OF All LEGISLATIVE ACTS, EXECUTIVE DItDEIlS, AND T REATIES TO WHICH THE UN lTE O STAns IS SH. HATOltl . AND ALL ORDER S,
RULES AHO REGULATIONS OF THE FEDERAL COl4MUHICATIOHS COMMISSIO N, WHICH ARE I IHDIHG u r ON RADIO D'UAr OIllS. ARE MADE A PART
HEREOF AS THOUGH SPECIFICALLY SET OUT IN FUl l HEREIN. •

NEITHER THIS LICENSE NOR THE RIGHTS CERTIFIED TO HEREIN SHAl l BE ASSIGNED OR OT.HERWISE TRANSFERRED TO ANYOTHER PERSON.

REGISTERED RADIOTELEPHONE OPERATOR. LICENSE

THIS WAS THE LEGENDARY First-Phone FCC license. No longer in existence, it attested to the
holder's general technical competence. It was often a "ticket to success" in communications.

This certif ies that the individual named and described below is a licensed rad io ope rato r and is autho rized to operate
licensed rad io stat ions for which th is class of license is valid . The aut hor ity granted is subject to any endorse ment
placed on this license. The aut hor ity granted is also subject to the orders, rules, and regulat ions of the Internatio nal
Society of Certified Electro nics Technicians and the statutes of the United St ates.

CERTIFICATION PROGRA MS

The license may not be assigned or transferred to any ot her person. It expires at three o'clock AM Eastern Standard
Time on the da te shown below.

SAMPLELicemu:'-- _

Electronic's Technicians
Association
604 N_ Jackson St.
Greencastle, IN 46135

Sex I
Height

I
Weight Color Eyes

I
Color Hair Date of Birth

Place of Issuance Expirat ion Date li cense Number

International Society of
Certified Electronics Technicians
'2708 West Berry St.
Fort Worth, TX 76109

_--..SA,-",,-,Met__t __ •-...•,
{ ' - \

Not V, IId W,t1toclrfSCCT.SNI • ,.~ .~

National Association of Busin ess and
Educational Radio
P.O. Box 19164
Washington, DC 20036

National Association of Radio and
Telecommunications Engineers
P.O. Box 15029
Salem. OR 97309

SEVERAL PRIVATE CERTIFICATES are similar in appearance or format to the old FCC First·Phone
license.

the National Association of Business And
Educational Radio (NABER) and the So­
ciety of Broadcast Engineers (SBE) have
had certification programs that required
prior possession of an FCC license as a
basic requirement. Upon satisfaction of
their requirements, a certificate that re­
sembles the old FCC license is awarded to
the applicant. On the other hand , various
aspects of existing and emerging radio

technologies such as cellular telephone ,
as well as the telecommunications skills
needed since the breakup (dereg ulation)
of AT&T. requi res high ly specia lized
knowledge , which is certified through
special exams given by the National Asso­
ciation of Radio And Telecommunication
Engineers (NARTE), which certifies on
two levels: techni cian and engineer- Al­
most without exception, NART E ce r-

National Institute for Cert ification in
Engineering Technologies
1420 King St.
Alexandria. VA 22314

Society of Broadcast Engineers
PO. Box 5084 4
Indianapolis , IN 46250
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AUGU ST 31, 1989
DATE OF EXPIRATION

L~~ ~ b .£l
SIGNAlrU RE OF TECHNICIAN

Reg,Slr ilhon No

For more info rmat ion on how to ge t
certifie d in va r io us e lec tro nic tec h­
nologies, you sho uld co ntac t the major
pri vate cert ification organ ization s listed in
the bo x that ca n be found e lsew he re in this
article . Altho ug h those organiz atio ns are
not-for-profit . they do have a reason ab le
fee for test ing and process ing , In par­
ticu lar. we suggest you enquire as to what
study g uides they spec if ic a lly reco m­
mend . R-E

17540

AU GUS T 1, 1984
DATE OF ISSUANCE

EXpiration Dal e

I ms cemnc ere 1$ Issued JOin tly by

PRIVATE·SECTOR CERTIFICATION attesting to a min imum level of knowledge and sk ill is availab le
for various areas of electronics. It often serves as a " ti cket to success."

A ssociate Certified Electronics Technician

has successfully completed the Tech nica l Tests and ae qurrements giving un iversa l eecoqnmon for
competence . at nhty and knowledge as an ASSOCIate Cerutred Etectromcs Technician

In ternational Society of

Certified Electronics Technicians

has demonstrated a knowledge of the Federa l Commu nica tions Comm issio n 's Rules and Regulations
govern ing the Land Mobile and Priva te Fixed Rad io Services and has shown a general com pr ehension
of the theo ries of elect ro nics and radio pro pa gatio n. Th is ind ividu al is her eby recogni zed as a NABER
Certifie d Techni cian thr ou gh a FEDERAL COMMUNICAn ONS COMMISSION en do rsed program .

The National Association of
Business and Educatio nal Radio, Inc.

Certifies that

1111Hlty (ltltmou ~mull

nized by emp loyers is worthless . If yo u
want a particular kind of job . say in ce l­
lular phon e. or eve n broad casting . check
w ith so me large ope ra tions and spec ifica l­
ly as k if they recogn ize or require pr ivate
ce rtificat ion or licensing and , if so . from
who m . If you choose to work in an area
that req uires private ce rt ifica tion . bear in
mi nd tha t as a ge ne ra l rule the higher the
ce rt ific ate fo r w hic h yo u qu alify. the
grea te r the poten tia l job oppo rtunities .

EVEN WHEN THEY DON'T RESEMBLE the First-Phone license, some private cert ificates such as
this one state or imply endorsement by the FCC, although the FCC does not approve, sanction, or
endorse any private program,

The right certification
It is rea sonable to expec t that. as more

and more jobs requ ire ce rt ification of
so me kind in lieu of the o ld First-P hone .
we're bo und to see a pleth or a of pri vate
o rua nizations offe ring their ow n vers ion
or' private li cen s ing . ~ Bear in min d that
ce rtifica tion that isn ' t spec ifically recog-

The FCC and CET
The FCC has made no official sa nc tion

of any private- industry cert ifica tion pro ­
gram . Pub lic noti ces have been issued by
the FCC to ass ist technic ian s in locating
certi fica tio n pro gra ms . but those have
spec ifica lly stated. "The Comm iss ion
does not approve , endorse . o r officially
sanc tion any private sector ce rtification
program . .. " However, in its Report and
O rde r. docke t 83-322. 49 Fed . Reg .
20 658, the Commiss ion did endorse the
concept of pri vate sector cert ification pro­
grams as a poss ible subs titute fo r Co m­
m iss ion tes t ing of co m me rc ia l rad io
op erato rs .

Two organ izat ion s that offer a CET or
C .E.1'. test ing pro gram are ISC ET and the
E lec t ro n ic Te chn ic ian ' s As soc ia t io n
(ETA ). Options tha t are avai lab le from
one or the other of these programs inclu de
most maj or areas within e lectronics tech­
nology.

With in the ETA pro gram are the ad ­
vanced options of Senior C.E .T and Mos-
ter C. E .T. , whic h are ava ilab le to pe rso ns
with e ight or more yea rs of ex perience in
the profession . Higher passin g scores in a
chose n op tion are req uired for the se nior
level than for the lower level s . The master
op tion requires passin g an exa mi na tion
that cove rs consume r e lec tro nics. co m­
mercial e lectronics , co mmunica tions, in­
dus tria l e lec tro nics. computers. and bio­
medica l e lec tro nics .

ISCET has two levels of cert ification.
Associate C ETs must pass an exam cove r­
ing basic e lec tro nics, c ircuits, se rnicon­
dUlOto rs.,.--te st-i ns trument s.,.--and-basic- ­
troubl esh oo ting . Technici ans w ith four
years expe rience can tak e the higher- level
Journeyma n ex am at the same time . They
must be ce rt ified at the Journeym an level
to use CET after the ir nam es . CET"s are
issued permanent ce rtifica tes suitable for
framing and a pla sti c wa lle t card .

O nce ce rt ified as a C ET or C.E.1'..
techn ici ans are e ligible for membership in
the pa rent orga niza tion . ISCET or ETA .
Me mbe rs rece ive book s . magazines . re­
prints . and regu lar tec hnica l material;
may atte nd co nve ntio ns and technical
training program s: and recei ve d iscounts
on books . tap es. and software . But the
real benefi t of ce rt ification is a growing
awa reness w ithin the e lectro nics ind ustry
that a ce rt ified techn ician is a pe rso n who
has de mo nstra ted co nside rable skill. un­
derst andi ng. and co mpe tence in his or her
tested areas .
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TRANSISTOR

JACK CUNKELMAN

Its easy to design a simple transistor amplifier. Heres how.

WE WERE H AVI NG TROUBLE FINDING AN

exact replacement transistor while repair­
ing a piece of eq uipment recently. Figur­
ing that an exact replaceme nt was go ing to
be impossib le to find , we bega n to disc uss
what to do. And someone pointed out that
there were on ly two kinds of bipo lar tran­
sistors-NPN and PNP. Of course, values
for various characterist ics vary wide ly,
even for a specific transistor; but in many
circuits, a garden-variety device wil l work
(and did in our case).

Designing and repairing transistorized
circuits is much simpler than you might
suspect. A well-des igned circuit has built-

- - in to lerance;-so 'it's-probab ly-not-device­
sensi tive . The most important charac ­
teristics to co nsider when substit uting de­
vices or designi ng a circuit from scra tch
are operating frequency and power level.

What follows is the design procedure
we went through to solve an audio -gain
problem . Try it when you need a little
extra gain for that next audio project.

An audio amp
This particular project involved injec t­

ing the audio from a TV receiver into a
stereo sys tem. The audio-output portion
of the TV-audio receiver was abandoned
beca use of its poor frequency respo nse
and high distortio n. Instead , we wanted to
come right off the detec tor into a quality
audio amplifier and speaker. So, after
picking off the audio at a convenient point
in the set (in this case, from a potentiome­
ter), we wanted to feed it to the auxiliary
input of the stereo amplifier.

The amplifier we used required an input
of I volt rms, but a quick check with an
AC VTVM indica ted that our picked-off
audio signal was only O.l-volt rms . Ob­
viously, an amplifier with a gain of 10was
needed.

Scanning the literature on transistor
ampli fiers revealed that a common-emit­
ter amp lifier with a voltage -div ider bias
circuit would solve our problem nicely.
Such a circ uit is shown in Fig. I . Some of
that circuit's characteristics includ e: mod­
erate input impeda nce, moderate voltage
gain, inverted output, and input/output
impedance and gai n that depend only
slightly on transistor beta.

There are, of course, severa l rules that
must be followed in using a common­
emitter amplifier, including:
• With a positive supply use an NPN
transistor.
• With a negative supply use a PNP tran­
sistor.
• The supply voltage must not exceed the
trans istor's VCE rating.

• The power-dissipation rating of the
transistor must not be excee ded .
• The beta of the transistor should be 100
or higher.

In our example the following facts are
known:
• Our amplifier had a single-ended 12­
volt power sup ply.
• We need a voltage gain of 10.
• The input impedance of the amp lifier
should be about 15K, the same as the
potentiometer from which audio was
taken.
• The impedance of the stereo amp lifier' s
auxiliary input is about 50K .

As is the case in most circuit designs, a
few facts are known, and the rest must be
calculated or picked using a few " rules of

thumb ." We will learn how to make the
calc ulatio ns next.

Doing the math
For max imum undi s tor ted outp ut

swing, we wi ll make the quiescent co llec­
tor voltage Y2 the supply voltage . See Fig.
2. The drop across Rc must therefore be 6
volts .

The value of Rc, the collector load re­
sistance , is chosen considering output im­
pedance, gain , and collector current. If
possib le, the output impedance should be
lower than the impedance of the circuit we
are feeding by a factor of 10 or more .
Doing so will avoid circuit loading . So
let' s make Rc equal to 4700 ohms, which
is about 50K/IO.
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LISTING 1

10 CLS
20 REM TRANSISTOR AMPLIFIER CALCULATIONS
3 0 REM BY JACK CUNKELMAN
40 REM APRIL 1986
5 0 GoSUB 900
60 INPUT "SUPPLY VoLTAGE";V
70 PRINT "THE DROP ACROSS THE COLLECTOR
RESISTOR ="V/2"VoLTS"
80 INPUT "INPUT IMPEDANCE OF THE FOLLOW I
NG STAGE(oHMS)";Z
90 RC = lIl0
100 PRINT "COLLECTOR RESISTOR, RC SHOULD
BE"RC"oHMS"

105 INPUT "THE CLOSEST 51. RESISTOR VALUE
TO THIS IS"jRC

110 IC = (.5*V)/RC
120 PRINT "THE COLLECTOR CURRENT IS"IC *

1000"MA"
130 INPUT "DESIRED VOLTAGE GAIN";G
140 RE = RC /G :R$ = CHR$(32)
150 PRINT "THE EMITTER RESISTOR FOR THIS
GAIN IS"RE"oHMS"-

160 IF RE<=39 OR RE =)1001 THEN 170 ELSE
180

170 R$ = CHR$(42)
180 INPUT "GERMANIUM (G) OR SILICONE (S)
TRANSISTOR TYPE"jT$

190 IF T$ ="G" THEN 210
200 IF T$ ="S" THEN 220 ELSE 180
210 J = .2 :GoTo 230
220 J = .6
230 VE = IC * RE
240 PRINT "THE DROP ACROSS THE EMITTER R
ESISToR IS"VE"VoLTS"
250 VB = VE + J
260 PRINT "THE BASE VOLTAGE MUST BE"VB"V
oLTS"
270 INPUT "WHAT IS THE DESIRED INPUT IMP
EDANCE FOR THIS STAGE"jIZ
280 R2 = IZ*RE*100/«RE*100)-IZ)
290 PRINT "THE BIAS RESISTOR, R2 IS"R2"0
HMS"
300 INPUT "THE CLOSEST 51. RESISTOR VALUE

TO THIS IS"jR2
310 VD V - VB : 12 = VB / R2
320 IB = IC/B
330 Rl = (V - VB)/(IB + 12)
340 PRINT "THE BIAS RESISTOR, Rl IS"Rl"o
HMS"
350 INPUT "THE CLOSEST 51. RESISTOR VALUE

TO THIS IS";Rl
360 PRINT "CALCULATION OF THE INPUT AND
OUTPUT CAPACITOR VALUES"
370 INPUT "LOWEST FREGlUENCY THIS AMP SHo
ULD PASS";F
380 Cl 1/(3.2*F*IZ)
3 9 0 Cl Cl * lE+6
400 C2 1/(3.2*20*Z)
405 C2 C2 * lE+6
410 IE VE/RE: RJ = .03/IE
420 A = RC/RJ
430 C3 = 1/(6.2*F*RJ)
440 C3 = C3 * lE+6
500 CLS
510 PRINT "PARAMETERS FOR A COMMON EMITT
ER AMPLIFIER STAGE"
520 PRINT
530 PRI NT "SUPPLY VOLTAGE.............•.
. "V"VoLTS"
540 PRINT "COLLECTOR RESISTOR (RC) .....
. "RC"oHMS"
550 PRINT "EMITTER RESISTOR (RE) .
. "RE"oHMS "R$
560 PRI NT "BI AS RESI SToR (Rl) .
."Rl"oHMS"
570 PRINT "BIAS RESISTOR (R2) .
. "R2"oHMS"
580 PRINT "INPUT CAPACITOR (Cl) ........•
• "Cl "MF"
590 PRINT "OUTPUT CAPACITOR (C2) .
."C2"MF"
600 PRINT "VOLTAGE GAIN•. •••............
• "5
610 PRINT "TRANSISTOR BETA.•............
."B
620 PRI NT "LOW FREGlUENCY LI MIT.....•..•.
. "F"HZ"
630 PRINT "EMITTER BYPASS = "C3"MF FOR A

GAIN OF ...• "A
700 INPUT "RUN AGAIN.. Y OR N";R$
710 IF R$ = "Y" THEN 10
720 IF R$ ="N" THEN END ELSE 700
900 PRINT "CALCULATIONS FOR A COMMON EMI
TTER AMPLIFIER STAGE"
910 PRINT
1000 INPUT "TRANSISTOR BETA IF KNOWN (0
IF UNKNoWN)"jB
1010 IF B = 0 THEN B = 100
1020 RETURN
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Co llec tor current. Ie' is equal to 0 .5
Ve c/Re , or 6/4700 = 1.28 rnA. That
current is certainly low enough that we
will not exceed any collect or-current rat­
ings. so let's go on.

To ac hieve maximum stab ili ty. the
emitter resistor should be in the range of
40 to 1000 ohms. Voltage gai n (A v) =
Re/RE • so RE = RelA v In our case RE
equals 4700 /10. or 470 ohm s. Tha t falls
with in the range of acceptab le values.

The curre nt through the emitter resistor
consists of the co llector current plus the
base current. The base current here is sig­
nificantl y sma ller than the co llec tor cur­
rent , so it ca n be ignored for the next
calculat ion.

The voltage drop across the emitter re­
sistor = Ie x RE , or 1.28 rnA x 470
ohms = 0 .602 volts . The base voltage
must exceed the emitter voltage by 0.6
volts for a silicon transistor and by 0 .2
volts for a germa nium transistor. We 'll
use a silicon tran sistor in our circuit, so
the base voltage mu st be 0 .6 + 0.602 =
1.202 volts.

The inp ut impedance of the circu it
eq uals R2 in parallel with the emi tter re­
sis tor times beta ; inp ut impedance wi ll
vary with the transistor 's beta . For our
exa mple , assume we are using a transistor
with a beta of 100. We want the input
impedance to be about 15000 ohms. Solv­
ing for R2 , we find :

liN = (R2 X RE X ~)/[R2 + (Re x ~) ]

R2 = (liN X RE X ~) /[ (RE X ~) - liN]

R2 = (15000 x 470 x 100)/[(470 x 100)
- 15000]

R2 = 22,030 ohms

We can use a 22K resistor. In general, if
input impedance is not cri tica l, for max­
imum stability R2 can be 10 to 20 times
RE·

The drop across R2 must be 1.20 volts ,
so the current through R2 is 1.20/22,000 ,
or 0.054 rnA. Therefore , RI must drop the
rest of the supply voltage , which is 12 ­
1.20 = 10.8 volts. The current flowin g

continued on page 77



The robot's command language

Part 9 N OW THAT W E'VE AS ­

sembled th e robot 's
hardware , it's time to dig into the soft­
ware. In this article we' ll describe the R-E
Robot ' s command language, RCL
(Robotic Control Language). It 's an easy­
to-learn and easy-to-use language written
in FORTH. Don 't be scared by FORTH;
you can use RCL without being an expert
at programming in the language. And, as
you learn RCL , you' ll learn (painless ly)
the basics of how FORTH works, so that,
if you want to , you can go on and learn the
language itself. To give you a chance to
see RCL in action, we' ll present a robot­
based mail -del ivery sys tem . You ca n
study our program to learn how RCL
works, and you can also use it as the basis
of your own program .

How difficult is RC L? Not very. For
example , suppose you wanted the robot to
move in the forward dire ction 3.4 feet at a
speed of 2 miles per hour . You would
simply type in the following code:

RERB 2 MPH 3.4 FEET FORWARD

RCL includ es co mmands to move the
robot forward and back ward , to tum left
and right, to move its man ipulator up and
down , and to open and close a gripper.

You can combine a sequence of com­
mand s and store them for execution at a
later time . In addition, commands can
also be executed imm ediately from the
keyboard .

Real-time control
The R-E Robot consists of a computer­

controlled set of electromechanical de­
vices. The assembly is broadly known as a
motion-control system.

Real-time motion control requires real­
time sensing and processing . One way to
ensure proper sensing and processing is to
force the co mputer to execute a control
loop at regular intervals. That co ntrol loop
will be the computer' s highest priority.
Everything else the co mputer does will be
seco ndary, and it will have to do those
other things as it finds time .

A simple way to implement the control
loop is to have a clock IC generate an
interrupt at regular interva ls. Each time
the clock interrupts the microprocessor, it
will execute the co ntro l loop, and then it
will return to whatever it was doing before
the interrupt occ urred . The amount of
time the computer spends executing the
control loop must be less than the time
interval between interrupts .

RCL basics
The software that controls the robot is

built up layer by layer. The most primitive
words must be defined first; more-com­
plex word s are defined using the pre­
viously defined words ; at the top level are
the RCL words that make motion control
easy. As each word is defined it can be
tested and debugged . When it is debug­
ged, the next layer may be defined .

Notice that you are defining words ,
rather than writing a program , as with
most computer languages. Tha t's not ju st
a matter of semantics; it's also a way of
looking at a programm ing problem . The
problem can be broken down into a series
of smaller problems, and then those prob­
lems can be broke n down further, and so
on, until you have a set of problems that
can be programm ed . Each little problem
becomes a FORTH word, which in turn
becomes part of another FORTH word, so
that eventua lly all we have to do is say
something like

TURN-LEFT

The real-tim e control portion of RCL
consists of the hardware interface, inter­
rupt cont rol, following-error monitoring,
velocity control, and position con trol.
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Following-error wo rds
To detect a problem with the motors , it

is necessary to compare actual speed with
expected speed. If the two differ by more
than a small percentage , an overload con­
dition exists, so the motors cou ld overheat
and be destroyed . The following-error
words con stantly moni tor the motors and
detect a stalled motor by comparing the

Micro K Systems (15874 East Hamilton
Place, Aurora, CO 80013,303-693-3413)
will provide the following: Commented
source code in RE-robot disk format ,
$2.00. Printed sou rce-c ode li sti ng,
$15.00. Two 27128 EPROM'swith source
screens (and without comments) for the
R-E Robot, $39.00. With EPROM's you
won't need a disk drive, but you should
also obtain the printed listing to read the
comments . The Laxen and Perry F83
Model disk with full source code and met­
acompiler for customiz ing F83, in MS­
DOS 360K format, for a PC compatible
computer, $25.00. (Very useful for learn­
ing FORTH if you already have a PC.) All
orders must be prepaid. NO COD's. in­
clude $3.00 for shipping with each order.
Additional source code and applications
will be available from Micro K Systems.
Contact them for more information.

SOFTWARE SOURC ES

Position-counter words
The hardware position counters must

be initiali zed by the robot's software . In
addition, the position counters are only 16
bits wide , so the robot won 't move very
far before the coun ters overflow. So it's
necessary to extend counter length with
software . If we look at the counters often
enough, they will not overflow. The soft­
ware maintains a 32-bit pos ition cou nter.

Because the counter routi nes must be
executed many times per seco nd, the time
required to execute those routines is im­
portant. So all counter routines (and sever­
al others) have been written as CODE
words. To experiment with those words,
you' ll have to know 80188 assembly-lan­
guage programming .

The high-level words for reading the
counters are ?CNT I and ?CNT2 to read
the position s of motor I and motor 2 ,
respectively. The hardware causes the 16­
bit counters in the 8253 IC 's to decrem ent
for each encoder count that is in the proper
direction . Th e difference betwe en a
motor's forward and reverse counts gives
the absolute position of the motor.

sary to link a new interrupt handler into
the microprocessor 's interrupt vector in
low RAM . After executing INSTALL the
interrupt-control word will be executed
every 10 milliseconds, and will continue
to do so until the system is turned off, the
interrupt is disabled , or a new interrupt
routin e is installed .

Interrupt control
Motor speed must be updated many

times per second to produ ce smooth ac­
celeration and deceleration . The upda te
rate is set by the interrupt-control routines
to 100 time s per second (i . e . , there are 10
ms between interrupts). The 80188 micro­
processor has three built-in timers that can
generate interrupts . Timer 0 is used by the
BIOS and the DOS to maint ain a time-of­
day clock. The BIOS is set up to generate
interrupt OICh every time timer 0 counts
down to O. If we change the count value in
timer 0 we can use it to generate the
motor-control interrupt. However, the
time-of-day clock will cou nt in IO-millise­
cond periods instead of the usual 55-milli ­
second periods, so a set of time-of-day
words will have to be defined for the new
rate . In addition, we' ll have to install a
new BIOS-level interrupt handler to main­
tain compatibil ity with MS-DOS.

First of all, we must define the interrupt
routine we want to exec ute . Then we can
insta ll that routin e so that it is executed
each time the interrupt is ge nerated by the
timer.

The word INT-OFF disable s interrupt
generation by the timer so that we can
change the interrupt vector, or disable it.
INT-ON turns timer-interrupt generation
back on . SET-TIMER takes a count that
sets the period for the timer. The input
frequency to the timer is 2 MH z/3, yield­
ing a period of 1.5 micro second s per
count. If the count is set to 6667, the timer
will count down to 0 every 10 mi lliseconds
and generate an interrupt.

GET-CS is a special word that is used
to return the code seg ment in which the
FORTH system is executing . SET-INT
sets the interrupt vector to the word we
want to execute each time the interrupt is
generated.

INSTALL performs all the tasks neces -

PC! (value port j

Speed control
Hardware on the control board is re­

sponsible I'(Jr controlIing speed (acce lerat­
ing and dece lerating ). Th e hard ware
makes the software sys tem much simpler
than it would be if the software were re­
qu ired to maintain spee d alo ne. The
phase-locked loop on the co ntrol board
maintains the desired motor speed under
varying loads. The software on ly has to set
the speed . and to acce lerate and decele­
rate the base unit.

The speed at which each motor runs is
determi ned by the frequency of a signal
that is generated by co unter 0 of the 8253

Motor-control words
Severa l words operate the speed-con­

trol circuit s and the relays . For examp le,
ENABLE and DISABLE write an appro­
priate value to turn on or off a part icular
function of the hardware . STOP-LEFT,
STOP-R IGHT, and STOP use DISABLE
to turn the relays off. FORWARD, RE­
VERSE, CW, and CCW enable the proper
re lays to allow the motors to turn in the
desired direction . CW and CCW allow
turns to be made by enabling the wheels to
turn o ppos ite to each ot her. GO and
COAST enable and disab le the spee d­
control ci rcuit s and the motor-drive cur­
rent as well.

Low-level words
The most-primiti ve words dea l with the

robot's hardw are: turnin g the motors on
and off. se tting the directi on in which
eac h motor rotates, and enabling th e
spee d-co ntro l c ircuits . To co ntro l the
hardware , values must be written to and
read from various registers on the robot's
control board . Those registers are read
and written using the microprocessor 's 1/
o statements (IN and OUT ). In RCL , to
write an eight-bit value to an output port ,
the word PC ! is used:

(f)
o
Z
o
([
f-­
o
W
-l
W

6
o
«
([

timers. Setting the numb er of count s in
the counter determines the period of a
squarewave output. The phase-locked
loop circuitry responds to the frequency
corresponding to that period .

The frequency of the signa l applied to
the 8253 's on the motor-cont rol board is
the 2-MHz system clock divided by 16, or
125 kHz. Therefore a count is generated
every 8 microseconds (1/125,000). The
8253 is programmed to generate a square­
wave whose period correspond s to the val­
ue loaded into the counter. So , if the
counter is loaded with the value 125, the
tota l period would be 125 x 8 microse-

Tha t statement spec ifies that value is to be conds , or I mi llisecond, which corre-
output to 110 port port. A word about sponds to a frequency of 1000 Hz.
notation is in order. The stack diag ram, With a 500-count-per-revo lution en-
enclosed in pare ntheses , represe nts the coder, the motor speed would be 1000/500
paramete rs required by the word PC! In- = 2 revolutions per second , or 120 rpm .
put param eters appear to the to the left of The counter can be loaded with any
the das hes, and output parameters appear value between I and 65 ,536 (0 actually),

---to the-right In.this.case.there are.no output__corres pond ing_to_freque nc ies _rang ing
param eters . from 125 kHz to just under 2 Hz.

FORTH words in general (and those of
RCL in part icular) make extensive use of
the stack, both for param eters supplied to
a word , and those that it may produce . The
top of the stack is always the parameter
furthest to the right. In the precedin g ex­
ample, the stack diagram shows that the
value to be written must be pushed on the
stack followed by the port to which it is to
be written. The word PC! removes these
parameters from the stack, uses them , and
leaves nothing on the stack. Other words
may leave one or more values on the stack.
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FIG. 1-ACCELERATION AND DECELERATION BREAKPOINTS must be ca lculated in order to move
the robot from one point to another.
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Trapezoidal velocity control
To perform a move , the robot must be

acce lerated from a speed of zero to top
speed, and then decelerated at the appro­
priate point to arrive at the desired posi­
tion . The simplest system would just set
the speed of the motors , turn the motors
on until the end point was reached , and
then turn the motors off. That type of
approach assume s instant aneo us acceler­
ation and decel eration, but in an actual
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TABLE 1-NUMERIC STORAGE
Input Value Size DPL

725 725 16 -1
- 1 - 1 32 0

1.2 12 32 1
- 9.999 - 9999 32 3
38.04 3804 32 2

Motion
To move from one point to another, the

motors must be acce lerated and decele-
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932.015 FIXED 1000 FRACTION.

FRACT ION is used by many other words
to convert values for internal use.

rated. By allowing the user to set a value
for acce leration, dece leration, and max­
imum speed, the behavior of the robot can
be controlled precisely.

Before a move is actually made, the
software does a ser ies of ca lculations to
determine the top speed that can be at­
tained , and the positions at which acceler-
ation should end and deceleration should
begin in order to atta in a trapezoid al ve­
locity curve, as shown in Fig. I.

Ca lculated speed may be less than de­
sired speed, but that is not a problem for
short moves . Maximum spee d will be

User-input conversion words used for moves that are long enough to
Several words convert user-inpu t values allow the motors to acce lerate to ~thei r

to more basic units the hardware ca n use maximum velocity. For Sh0I1 moves, ac-
for the move co mmands. celeratio n is more important than max-

Di st anc es are ente re d in unit s of imum speed .
IN CHES , FEET, MILES a nd DE- To perform a move , breakpoints on the
GREES. INCHES takes the value spec- trapezoid al velocity cur ve must be found .
ified and converts it to internal form. The The point s where acce leration ends and
input value and a sca le factor are saved for - deceleration begin s , as wellas-tne end
later conversion . FEET takes a distance in point pos ition, must be calculated .
feet and MIL ES takes a distance in miles. The robot is a speed-controlled system,
The sca le factor is set appropriately for so the acce le ra t io n and decelerat ion
eac h word in term s of the num ber of breakpoints must be used to ca lculate
inches each word represents . DEGR EES what speed will be achieved by acce lerat-
calculates how far each motor must move ing at the specified value of acce leration
to make the speci fied turn . to the breakpoint pos ition . Tha t new

Speed can be entered in miles per hour speed is saved with the breakpoint posi-
by using the word MPH , inches per sec- tion . The same values of speed and dis-
ond by IPS , feet per second by FPS, and tance are used to calculate the breakpoint
feet per minute by FPM . Each of those where deceleration is to begin .
words stores the value and an approp riate
sca le factor for later conversion.

G converts the input value (in terms of
the acceleration due to the earth's gravity,
i.e ., 32 .2 ftlsec /sec) to a co unt that is used
to acce lerate or decelerate the moto rs, if
necessary, each time speed is updated by
the interrupt routines.

Numeric input
FORT H norm ally works with 16-bit

signed integers. Such numb ers can range
in value from - 32768 to + 32767. In
addi tion, a decimal point may be included
anywhere in a number and FORTH will
treat it as a signed doubl e-precision integ­
e r w i t h a p o s sibl e r an g e of
-2 ,147 ,4 83, 64 8 to + 2, 147,483 ,647 .
The position of the decimal point is kept
in a system variable , DPL. If a number
without a decim al point is entered, the
system sets DPL to - I. If a number is
entered with a decim al oint , DPL will
contain the position of the decim al point
relative to the least sig nificant digit en­
tered . A numb er may have a maximum of
fou r digits to the right of the decim al
point. The FORTH sys tem converts the
input number to a signed integer repre­
senting the integer part and a signed integ­
er representin g the fractional part . The
pair of single precision numb ers each car­
ries a sign bit; the numb ers can be used
alone or together.

Table I illustrates how various numbers
are stored . Keep in mind the fact that the
decim al-p oint position stored in DPL is
correct only for the last numb er entered by
the user fro m the keyboard . Numbers
compiled into a definition do not affect the
value of DPL after compilation . You must
be in the decimal base (base 10) when
entering numb ers with decimals.

The word FIXED co nvert s the last
number input to an integer and a fraction .
FIXED gets the value from DPL and puts
it on the stack, then it calls (FIXED). We
defined the separate word (FIXE D) to do
the actua l conversion, because it can be
made more general- it can convert any
number, even if it was not entered from the
keyboard.

EXTR ACT strips the frac tion digit s
from the number one by one until all have
been removed . That leaves the integer part
of the number on the TOS (Top Of Stack)
with the digits beneath it. The digits are
reassembled into a single numb er with
BUILD . SCAL AR produ ces a value that
is used to adjust the frac tion to the proper
range. If the unsca led fract ion is 9, we
need to know whether it is 9000 /10,000,
9/10,000 , or another value.

The word FRAC TION takes a fraction,
an integer, and a multiplier and creates a
doubl e-precis ion integer. So the value
- 932. 015 converted by FIXE D is a frac­
tion and an integer. Tak ing these two
numbers and a multiplier of 1000 would
give us the double preci sion number
- 932015 as follows :

current motor posi tion with the expec ted
position . If the difference is too great the
motors are turned off immediately. This
also means that if you specify a value of
acce lera tion that is too high , a following­
erro r will be detected, and the motors will
be shut down .
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system it's not practical. Therefore , we
have to take into accou nt the acce leration
that actually can be achieved by the sys­
tem. In pract ical ter ms, acceleration
might be a fract ion of G, or it could be
several G's, depend ing on the size of the
motors in relation to the size of the load .

To acce lerate and decelerate the robot,
velocity actually must be cha nged many
times per second. In genera l, the robot
starts' with a velocity of zero and then
acce lerates at a constant rate to the top
speed . Then it must decelerate at a con­
stant rate until it stops at the final position .

The velocity-versus -time profile is also
shown in Fig. I, but superimposed on the
velocity trapezoid . Note that the position
profile is not simply a straight line . In
terms of calculus, position is the integral
of speed over time . The basic equations of
mot ion are as follows:

V = Va + AT

D = VaT + Y2AF

where V stands for velocity, A for acceler­
ation, T for time , and D for dis tance . Vo
refers to starting velocity.

From the previous equations we can
derive an equation that describes the dis­
tance requi red to acce lerate from one
speed to another:

D = (V2 - Va 2) / (2A)

We can use that equation to compute the
distance required to change speeds .

For a short move , the distance required
to acce lerate to the des ired speed and then
decelerate to a stop may exceed the dis­
tance to move. In such a case, decelera­
tion must begin at some speed less than
maximum.

The word DISTANCE takes the or igi­
nal speed and the desired speed (both in
rpm) and ca lculates the distance in inches
that will be required to change speeds .
The word COUNTS changes the distance
from inches to position-encoder counts.
The word EXPECTE D converts the user­
input distance to pos ition-encoder counts.
The word SPEED converts the user-input
maximum speed into rpm.

The word BREAKPOINTS calculates
the positions on the velocity trapezoid to
stop acce lerating and begin decelerating .
The acceleration and dece lera tion seg­
ments can ' t be more than half the total
move distance , so the distance to acce ler­
ate from 0 to the input speed is calculated
and compared to half the move distance.
The minimum of these two values is then
used as the acce leration dis tance . The

Cf) breakpoint positions are saved in arraysoz for use during the move.
o Afte r the robo t starts moving, the
a:
I- breakp o int positions are compa re d
frl against the current position every time the
u:l control loop executes to determine when
o acceleration should stop and dece leration
~ should begin . If the move dista nce is long
a: enough, there wi ll be a period dur ing
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which the motors run at maximum speed.
For a short move, acce leration will stop
before maximum speed is attained , and
dece leration wiil start immediately after
acceleration stops .

Command language
The RCL includes a simple command

set to allow movement of both the base
unit and the arm.

The base-movement commands allow
forward and backward motion, and left
and right turns . Maximum speed, acce ler­
ation rates, and move dis tance may all be
altered by user input. After each move is
complete, a new move command can be
executed. By defining FORTH words we
can chain several move commands to­
gether in a motion sequence. We' ll dis­
cuss such a sequence shortly.

The arm commands move the arm up
and down, and open and close the jaws .

Command syntax
In general, a command consists of a

device name , a speed value , a distance
value, and the command:

[DEVICE] [n SPEED] [n DISTANCE]
COMMAND

where bracketed quant ities indicate op­
tion al values tha t will be: the value
entered with the command; the last value
if a new value is not included; or a default
value if this is the first time the particular
command is issued . The value of n de­
pends on the command. DEVICE may be
RERB for the base unit or ARM for the
arm unit.

Base commands
The genera l syntax for the base-move­

ment commands is as follows :

[RERB] [n SPEED] [n DISTANCE]
COMM AND

COMMAND may be one of the follow­
ing: FORWARD, BACKWAR D, LEFT,
or RIGHT. SPEED may be one of the
following: MPH, IPS, FPS or FPM. DIS­
TANCE may be one of the follow ing:
INCHES, FEET, MILES or DEGREES.

The command G is used to set the ac­
celeration constant used to change speed;
the const ant is expressed in G's of acceler­
ation . Any acceleration may be specifie d ,
up to the maximum acce leration the sys­
tem can achieve. The acce leration may be
specified in a separate com mand.

Arm Commands
The basic syntax for the arm-movement

commands is as follows:

[ARM] [n DISTANCE] COMMAND

COMMAND may be one of the follow­
ing: UP, DOWN, OPEN , or CLOSE.
DISTANCE may be INCHES or FEET.
DISTANCE is the amount spec ified in the
COMMAND direction relative to the cur­
rent posit ion .

The examp le program shown in Listing
I illustra tes how you can combine several
RCL commands to cause the robot to tra­
verse a square . The sequence first sets the
acceleration constant to 0 .1 G. Then the
RERB device (i . e . , the base) is selected
to move at 25 .5 inches per second. Then it
moves 3.5 feet forward and makes a left
turn . The latter actions are repeated three
times so that the robot ends up where it
started .

.Here 's a short routine that moves the
arm down and then back up:

ARM 3.1 INCHES DOWN 2 INCHES UP

By defining FORTH words we can
create macros to perform various func­
tions. For example, Listing 2 shows a
macro that will cause the robot to traverse
a box of any size .

LISTING 1

.1G ( 3.22 ftlsec/sec)
RERB 25.5 IPS
3.5 FEET FORWARD 90 DEGR EES LEFT
3.5 FEET FORWARD 90 DEGR EES LEFT
3.5 FEET FORWARD 90 DEGREES LEFT
3.5 FEET FORWARD 90 DEGR EES LEFT.

uses MS to delay the specified number of
seconds. The last is MINUTES, which
uses SECONDS to delay the specified
number of minu tes.

Next we define several words for con­
venience and to improve the readability of
the source code . The robot willannounce
its arrival at each place it stops . That is
done by sounding a beep. The word AT­
TENTION gene rates the beep.

WARN ING, so un ds several sho rt
beeps . It is used to avoid running over
anyone when the robot is ready to move .

Since all the turns in our model office
are at right ang les, it' s convenient to de­
fine left and right 90° turn words, TU RN­
LEFT and TU RN-RIG HT. When the
robot starts its trip it must back out of the

continued on page 80
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68000 UPDATE

We've just finalized arrangements with
Peter Stark,a long-time member of the

microcomputing co mmunity, to do a series
of articles that will .be of great interest to
anyone interested in Motorola's 68000 fam­
ilyof microprocessors, and to anyone who
wants to learn abou t computer-system de­
sign from the ground up. The series will
center around a gradually upgradab le CPU
board that hasbeen custom-designed spe­
cially · for readers of ComputerDigest. A
minimal system can be brought up for
about $200; it requ ires only a serial ASCII
terminal or any personal computer and a
communications program to operate.

The co mp uter can be populated on­
board to include one megabyte of RAM,
fl o p py- di sk co nt ro ller, b att ery-backed
clock, Winchester interface, serial and par­
allel ports,and more. It w ill also include 3-5
IBM-compatible expansion slots, in wh ich
you can plug a monoch rome IBMPCd isplay
adapter. In addi tion, the motherboard wi ll
accept an IBM PC keyboard . (Of co urse, it
w ill also accept low -cost clone compo­
nents as well.) Using a PC display adapter
and keyboard w ill allowyou to easily create
a low -cost stand-alone development sys­
tem.

The bare-bones system will include an
EPROM- based monitor program called
HUMBUG, which derived its tongue-in­
cheek name from a series of different BUG
programs, all of wh ich were based on
Motorola's original MIKBUG program, which
was used in early 6800 (hundred, not thou­
sand!) machines. HUMBUGhasa number of
co mmands for examining and d isplaying
memory, etc. In ad dition, we hope to in­
clude a small version of BASIC in EPROM.

The expanded co mputer w ill run the
SK*DOS operat ing system, and possibl y
others.The author of SK*DOSalso happens
to be the author of the series of articles, so

you' ll get a unique first-hand opportunity to
learn about operat ing-system d esign .
SK*DOS includes a 68000 assemb ler, a line
ed ito r, a 6809 emulator, floppy- and hard ­
d isk sup port, extensive file -manipulation
facilities, etc.

As for the MC68000 computer we pre­
sented in the March and May issues this
year, we should havethe promised informa­
tion packet ready by mid to late summer. In
addition, Peter Stark has adapted SK*DOS
to run on the MC68000, although no formal
system of dist rib ution has been set up. We
should point out, how ever, that the new
(and as yet un-ch ristened) machine w ill
have better local support and d istribution.

A ll in all, we're very excited abou t this
project; we hope to begin the series in
October or November. For more informa­
tion, check our BBS (516-293-2283) occa­
sio nal ly, and w atc h th ese p ages fo r
announcements of progress.

IHARD-I
WARE:.

IBM'S NEW MODEL 30 AND MODEL 50
PC'S

In case you missed it, IBM introduced four
new personal computers last spring.They

go by the name of Personal System/2, al­
though only the three high-end machines
(the Mod els 50, 60, and 80) have the new
high -speed (a nd incomp at ib le) Mi cro
Channel b us, and only they w ill be able to

takeadvantage of the new operating system
OS/2, wh ich we'll be lucky to see by early
next year. How ever, the low-end machine
(the Model 30) is not wi thout merit; we
examined one, and a Model 50.

All aboard
The new low-end machine can be view­

ed asa souped-up PC or Xl, depending on
whether you get it with two floppy-disk
drives or a hard disk and a single floppy It
has a bus that is compatible with the.o ld
bus, and it's a fast (8 MHz) 8086-based
machine that co ntains everything on the
system board that you normally must add
via expansion cards: 640K of RAM, serial
and parallel ports, keybo ard and mouse
connectors,battery-backed c lock, and vid ­
eo adapter. See Fig. 1. Other than the com­
pact, lightweight system unit, the only thing
you need to get a Model 30 running is DOS
3.30 and a monitor.

The video hardwa re is downward-co m­
patib le w ith the CGA (contrary to our re­
port last month), and has two new modes
of its own, includ ing a stunning 256-color
mode that allows you to create images like
that shown on this month'scover (page 61).
The other new mode provid es 640 x 480
resolution in two colors, wh ich should be
great fo r CAD applications. The MCGA
(Multi -Color Graphics Array) is not com ­
patible with Hercules or EGA standards,
but it may be upgraded (via a pl ug-in card)
to the VGA (Video Graphics Array) video
adapter, wh ich we discuss below, that is
standard with the other PS/2 machines. The
VGA is EGA-compatib le.

The Model 30 co mes w ith a d isk-based
set-up/tutorial program that allows you to
set time and date, park the hard-di sk heads
for moving the system, etc. The tutorial is
extremely well -done, both in terms of the
information presented and in the way it is
presented . The graphics in the tutorial are
simp ly stunning; they drew numerous oohs
and aahs from our co-workers. The manual
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Model 30 memory mapping
According to the Model 30 Technical Ref­

erence manual, the BIOS can detect the
presence of an alternate video adapter.
When it does, it w ill d isable the on-boa rd
MCGA and use the alte rnate adapter.
How ever, the manual does not specify
w hat type of adapter may be used in that
w ay. So w e don't know at present whether
Hercules, EGA, and other adapters w ill
function in the Model 30. But you can add
the IBM PS/2 Disp lay Adapter, which brings
VGA-sty le graphics to the Model 30, aswell
as to the PC and XT models.

The Model 30's 640K RAM has been im­
p lemented as fol low s. The first 128K con­
sistsof four 64K by four-b it and two 64K by
two-b it DRAM's, all of w hich are solde red
to the mot herboard . The next 512Kconsists
of two 256K by nine-bit p lug=in-SIP RAM
modules.Those modulesare mounted on a
slant; they're visible at the right side of the
system unit in Fig. 2.

A special register (accessib le at I/O port
6Bh) allows each 64K segment of memor y
from 40000h to 90000h to be di sab led in
case of conflict with memory on an expan­
sion card or hardware error. In addition, a
spec ial b it in that register appa rently allows
one of the upper banksto be re-mapped to
the lower 128Ksegment of memory in case
there isa hardw are p roble m there.The BIOS
POST (Pow er-On Self Test) handles those
duties automatically.

el; in the high-res mode, each b it represents
one pixel.
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is a slim booklet that wi ll neither intimidate
the novice nor bore the expert.

In our tests, we found no hardware or
software incompatib ilities. Our test unit ran
an Ethernet adapter card and a 68000 co ­
processor card w ithout a hitch.Tested soft ­
ware includes: AutoCad 2.6, WordStar 4.0,
Dr. Halo II(version 2.15, specially for the PS/2
line), SideKick 1.56b, Direc-Link, Brooklyn
Bridge, Best Friend, PCED, and numerous
small utilities.

The MCGA
The Model 30's video adapter provides

better text q uality than the old CGA, b e­
causeeach character is now displayed in an
8 x 16 box, rather than the CGA's 8 x 8
box. How ever, the screen still fl ickerswhen
in the text mode. As many as four character

fonts may b e stored in the OAOOOOh seg­
ment of RAM (formerly used by the EGA );
one or two active fonts may be loaded and
stored in a separate 8Kstatic-RAMcharacter
generator. DOS 3.30 uses the new font ca­
pability to p rovide greater support for for­
eign languages; the new capabi lity should
also ease imp lementing any scient ific and
engi nee ring w ord -proce ssing programs .
The OB8000h area of memory is still used as
a video buffer, with characters and their
attributes occupying alt ernate bytes of
memory.

In graphics modes, OB8000h is still used
for storage in the o ld CGA-compatible
modes; in the new 256-color and 640 x
480 modes (11 and 13, respective ly), the
vid eo buffer begins at OAOOOh. In the 256­
co lor mode, each byte represents one p ix-

Model 30 hardware notes
The Model 30 has three horizonta lly

mounted expansion slots; they' re visible at
the rear left in Fig. 2. The edge connectors
for those slots are mounted to a board that
in turn p lugs into an edge connector on the
motherboard . The exp ansion-slot board
also carries the c lock/ca lendar's backup
battery; that battery is soldered to the
board, and at present IBM only p lans to
rep lace that board as a unit when the bat­
tery w ears out.

The BIOS now supports four serial ports;
previou s machines official ly supported
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only two, The parallel port is now b i-d irec­
tional, soyou can con nectthe parallel ports
of two machines toge ther and exchange
data between them. In fact, IBM is selling a
prog ram/cab le co mbination ca lled the
DataMigration Facili ty (DMF) that allows you

FIG. 5
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TheVGA
The Model 50's Video Graphics Array

hardware is compatib le w ith all previous
IBM di sp lay adapters (monoch rome, CGA,
EGA, and MCGA), and it add s several new
display mod es of its own , including:
• 640 x 480 graphics in 16 col ors (the
MCGA provid es only two colors at that res­
olution);
• 720 x 400 alphanumeric in 16 co lors or
monochrom e;
• 360 x 400 alphanumeric in 16 colors.

Of co urse, the VGA can also run in the
256-co lor mod e of the MCGA. By way of
comparison, the EGA provides 640 x 350
in 16 co lors in graphics mod e. Appa rent ly,
the VGA is not compatib le w ith the Her­
cules monochrome standard.

It's worth po inting out that all supported
modes wi ll run on any PS/2 monitor. That
d iffers from most present multi-m ode vid ­
eo adap te rs, wh ich can run in vario us
modes, but only on appropriate monitors
(TTL mon ochrom e, color, o r enhanced
co lor). There's much more to sayabout the
VGA, but, unfortunately, no space to do so
at this time.

the BIOS separates keystroke scan codes
from Mouse codes.

A ll the I/O connectors are soldered to
the motherboard . No external di sk-control­
ler cards (for hard or floppy d isks) are nec­
essary Th~ d isk d rive handles 720K 3W'
disks,asused in the IBMPCConvertible and
many other porta b les. The power supply is
rated at only 70 watts, but that should be
sufficient for most users. In addition, sur­
face-mount technology is used extensively,
as shown in Fig. 3.

The Model 50
The Mod el 50 can be viewed asa hybrid

of an XT and an AT, w ith the Micro Channel
bus (three slots) and OS/2 compatib ility
thrown in for good measure. The mod el 50
has a 10-MHz one-wa it-state 80286 micro­
processor, w hich is faster than the AT's mi­
croprocessor; but it has a relatively slow,
relatively small (20 megabytes) hard-di sk

- drive like the Xl
The floppy-d isk drive can read the 720K

format used by portables and the Mod el
30; it also can read and w rite a new 1.44­
megabyte format. You cannot format a 720K
d iskette for 1.44-megabyte use; spec ial di s­
kettes are required . The Model 50 also in­
cludes a megabyte of RANI, and a full
comp lement of I/O ports.

We tested the Model 50 and found it to
be qu ite fast. See Fig. 4 for a speed-com­
parison chart. The Model 50 ranall the soft­
w are w e tested it w ith: WordStar 4.0, Dr.
Halo II version 2.15, numerous system util­
ities, including a spec ial co mmunications
program that manipulates the serial port
directl y-and ev erything we tested
w orked w ithout a hitch. Of course, we
couldn't test any expansion boards, be­
cause none are available yet.
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to do exactlly that. The DMF could be es­
pecially useful in transferring data from an
old -sty le machine.

The keyboard and mouse ports are elec­
trically interchangeable--either keyboard or
mouse may be p lugged into either port-

FIG. 4

*NOT AVAILABLE* *NO HARD DISK

90

80

70

60
50

40/

30

20

10 ,," \.
< \

FLOPPY READ " ~ \
FLOPPY WRITE\/~"------

65



ISOFT- I
WARE:

MEMORY MINDER, DISK-DRIVE
ANALYZER FROM J&M SYSTEMS

How to run it
Firstyou boot your machinedirectly from

the Memory Minder program disk. It then
d isplays a menu that letsyou select param­
eters and run tests. After booting, the pro­
gramdisk isno longer needed; at that point,
you insert the Digital Diagnostic Disk(DDD),
manufactured by Dysan, into the desired
drive. Disks are availab le for testing several
types of drives.

From the main menu you first run aclamp
test (shown in Fig. 2), which tests the ac­
curacy with which a diskette is clamped. If
your d rive can't pass the clamping test,
chances are it can't pass any other tests
either. (It's also possib le that the DDD has
gone bad, in which case it must be re­
placed for the healthy sum of $40.)

Then you run a quick test,whose screen
appearsasshown in Fig.7). Ifyourdrive fails
any aspect of the quic k test, you can run
more-detailed tests. For example, spindle
speed may be measured directly in RPM,
and, if speed varies from the standard (300
RPM for a 5%-inch drive ) by more than
± 2%, the program tells you so.

Another test checks the drive's head
alignment. J &M provides generic instruc­
tions for aligning a head, and w isely refers
you to the manufacturer'salignment instruc­
tions.Other tests check other aspectsof the
drive's operation, and a special set of rou-

continued on page 72
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Media Cybernetics (8484 Georgia Ave.,
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copy of AutoCAD version 2.6. Thanks to
Andre Duzant for cover art, and to Herb
Friedman for cover photography. a> .

Conclusions
All in all, the PS/2 machinesrepresent real

technological improvement in the PCfamily
They are not a radical departure from past
systems, nor are they misplaced machines
like the PC Jr and the PC Portab le. Rather,
they represent an incremental step in the
evolution of the PC family They're not the
cheapest machines, but they set standards
that others will follow. We applaud IBM's
leadership efforts, and hope that it will con­
tinue in the course it hasset itself.

New BIOSand DOS
The following discussion refers to the

Mod el 30's BIOS and DOS 3.30 A new
BIOS interrup t 10h function call (12h)
provides a means of switchi ng various vid­
eo adapters on and off. Again, it's unclear
whether external Hercules, EGA, or other
adapters are supported.

Another new BIOSinterrupt function (In-

Monitor mania
There are several monitors availablefor all

the new models; two are co lor d isplays
(8512, 8513) and one is monochrome
(8503). They all have the same resolution
(720 x 400 in text mode, 640 x 480 in
graphics mode); they d iffer mainly in price
and size.Ourcover shot was made with the
8512 monitor, a 14-inch model .

The new moni tors are analog types,
which means that they are incompatible
w ith the previous standards, although NEC
hasannounced that their MultiSync monitor
is compatible w ith the addi tion of a cab le
adapter. The new monitors are plug-com­
patib le wi th each other; the BIOS senses
whether a color or a monochrome d isplay
isconnected and routes signals accordi ng­
ly If a monochrome monitor isattached and
a color mod e is active, the RGB signals are
summed and output to the monitor via the
DAC ( Digital-to-A nalog Converter) that
controls green.

It 's uncl ear at present whether tw o
monit ors can funct ion sim ultaneou sly;
some CAD programs and debuggers use
one screenfor menusand control functions,
and the other for program output.

Model 50 hardwarenotes terrupt 15h, function 4Fh) allows you to in-
Asw ith the Model 30, surface-mount Ie's tercept keyboard scan codes as they are

are used extensively; plug-in cards extend generated (via interrupt 9). The new func-
appropriate signals from the motherboard tion allows you to change the scancode, or
to the floppy- and hard -d isk d rives. One cause it to be ignored altogether. That func-
very interesting feature of the Model 50 is tion w ill aid remapping keys for foreign- M echanical devices are always the first
the modular way in w hich all the sub-sec- language and technical word processing, to go. In particular, d isk drives are a
tions snap together. For example, as shown but w ithout resorting to illegal interrupt primary source of troub le. Tohelp you spot
in Fig. 5, the floppy-di sk d rive snaps into stealing assome word-processing and key- a potent ial prob lem before it develops into
p lace, and the edge connector provides board-enhancing programs do. Another a catastrophe,you can takeyour dr ives to a
mec anlcal aswell ase ec neal con ac . (A- -"k""-e-y'boara -functlon ( nterrupt 16n,-functi""on- - r-e-pairshop for testing. Or you can buy a
plastic guide system beneath the unit locks 5) allows you to stuff the keyboard buffer d isk-c rive, analysis program for about the
it into p lace.) The hard-d iskd rive mounts in w ith key codes as if those keys had been cost of tWo trips to the repair shop and run
a similar manner, as do the bus-extender typed. the d iagnostics yourself.
cards, and even the fan. A number of other BIOSfunctionsarenot One such program is called Memory

The Model 50 includes threeMicro Chan- clearly documented, but seem to point in Minder. It's sold by J & M Systems, Ltd .
nel busslots(show n in Fig.6); itssibling, the the direction of adding multi-tasking ca- (15100A Central SE, A lbuquerque, NM
Model 60 (w hic h w e didn't evaluate), pabi lities to the machine. 87123, 505-292-4182), and it lists for $114.
provides eight slots and a faster hard disk. DOS3.30 is not a major upgrade, but It is The packageconsistsof three parts: a man-

not insignificant either. It contains greatly ual, a disk containing the control program,
expanded support for foreign-language and a special test disk. The program disk
character disp lay, extended network sup- uses the test disk to check drive speed,
port, and extended batch-file support, in- head and clamping alignment, and several
c1uding a CALL command that allows one other factors.
batch file to call another. (CALli ngwas pos­
sible but awkward in previous versions of
DOS.) The new DOS also supports all d isk
formats, ranging from the single-sided sin­
gle density (160K)5Y4 format of the original
PC to the 14 4 MB format of the mod els 50,
60, and 80. DOS 3.30 runs on all past and
present mod els of the Pc.
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MICRO­
FLOPPY RETROFIT
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Retrofit your PC or XT with a 31/2-inch disk drive.

HERB FRIEDMAN

If you use an IBM PC or clone, you may be underwhelmed by all
the fuss being made about 3Y2-inch disks. How ever, many porta­

bl e comp uters, and all of IBM's new line of PC's, use 3Y2-inc h di sks.
(See "Editor 'sWorkbench" for reviews of two of the new PC's.) The
small di skettes have many advantages over the SY4-inch d isk you're
used to using, includ ing:
• Increased capaci ty (two to four times that of a standard 360K
floppy di sk)
• Greater reliab ility, because each disk is comp letely enclosed by
a hard p lastic shell
• Smaller, shirt-pocket size

5Y4-inch d isksare by no meansobso lete, but chances are that the
ind ustry wi ll move stead ily toward use of 3Y2-inc h d isks, ju st as 8­
inch d isks were grad ually sup p lanted by SY4- inch disks. So in this
article we'll show you how to retrofit your co mputer to use 3Y2-inch
d isks. Then you 'll be ready to hand le the upcomi ng new w ave of
software and d ata. We'll discuss installation of IBM 's model
'2683190 disk-drive retrofit kit for PC and XT model computers.
Similar kits are available from clone manufacturers, but installation
may di ffer, so your drive 's instruct ions carefully

What it is
The retrofit kit consists of a cab inet-mounted 3Y2-inch d isk d rive

wi th attached signal and power cab les,aY-adapter that letsyou tap

:~

FIG. 1-THE CABLE FROM THE 3V2-inch drive has its own power
connection take-off that matches the miniature power socket on
the supplied V-adapter. The ring through which the adapter 's
power wire loops is a toroid choke that help suppress RFI.

power from your co mputer's internal disk-d rive power con nector
(shown in Fig. 1), and a kit of three pre-pu nched metal b rackets
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FIG. 4-THIS IS A TYPICAL CLONE INSTALLATION. The disk­
controller socket and the 3V2-inch drive's power socket are on
adjacent brackets.

FIG. 5-CONNECTORS IN PLACE AND READY FOR USE. The 37­
pin D-connector is a real heavyweight , so be certain that you
tighten its mounting screws to ensure reliable operation.

Standard controller
To use the adapter, you must have an an IBM-type floppy-d isk

co ntro ller, the. kind w ith a 37-pin D-connector on the mounting
b racket (as shown in Fig. 3), in addi tion to the regular floppy-d isk

(shown in Fig. 2) that accept the Y-adapter's connector.
Installation is simp le. First you mount the appropriate bracket or.

the rear apron of yo ur co mputer. Then you install the Y-adapter in
series w ith one of the existing internal d isk-drive power con ­
nectors. Next, you pu sh the small pow er co nnector through the
hole in the bracket. That co nnector locks in pos itio n by means of
mounting ears mold ed on the co nnecto r. Finally, you connect the
cab le from the 3%-inch d iskdrive to the co ntrollercard in your main
com p uter.

With some PC's you won't need to install the power cable in
series w ith the floppy pow er con nector. The reason is that the
power supplies in some PC's have four power connectors. So, if
you haven't used used all four,just connect the Y-adapter to one of
the unused connectors.

Use the bracket that causes the least inconvenience . For exam­
p le, if you use the relat ively large standard rear-slot bracket shown
in Fig. 2, you must give up an entire slot. Some PC's have only five
slots, so it may p rove impossib le for you to use the large bracket. In
that case yo u co uld use the smallest bracket, which w ill mount in
the small hole above the cassette port (yes, the original PC included
a cassette interface). The med ium-size bracket can be used in the
extra slot above the keyboard port on an Xl

- ---Cone pane ayou s may vary, so you mlghTfiave to use tne fOlI-- ---­
size bracket and give up a slot. Or yo u might j ust cut a ho le of yo ur
own in which to mount the small bracket.
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FIG. 2-THE RETROFIT KIT is supplied with three different
brackets for the power sockets. Use the one that's most conve­
nient for you, but remember that the standard bracket (the large
one) may force you to give up use of one expansion slot.

FIG. 3-IBM-TYPE DISK CONTROLLER cards have a 37-pin sock­
et on the rear for external disk drives (C: and D:). The retrofit cable
must connect to that socket.

co nnector. The IBM co ntrolle r accomm odates four floppy-d iskdriv­
es: two internal and two external drives. Because the retrofit kit
conn ects to the computer via the external 37-p in co nnector, you
cannot use a multi-function d isk control ler (the kind that co mb ines
a d iskco ntrol ler, serial and parallel ports, a joy-stick interface, and a
clock), because it has no con nector for external floppy-d isk d rives.
The co ntroller itself needn 't be an actual IBM d evice; having the
external co nnector is the important point.

Figure 4 shows an XT clone ready to connect the 3%-inch disk
drive.The external d isk-drive connector isadjacent to the miniature
power connector installed in the slot furthest left.

To install the 3Y2-inch drive, simply plug the appropriate con ­
necto rs from the d rive in the appropriate jacks,as shown in Fig. 5.

Device driver
Before you can use your new drive yo u must tell the co mputer

that it's there by add ing a device d river to your co mp uter's CON­
FIG.SYSfi le, the configuration fi le that'sauto matically read when the
co mputer boots. For examp le, add ing the line:

DEVICE = DRIVER.SYS /0 :2

to yourCONFIG.5YS file w ill allowyou to accessa 3% inchd iskdrive
as the next available drive (0 : on an xn IBM's device driver comes
only with DOSversions 3.20 and 3.30. (Some clone manufacturer's
d rives areavailable w ith drivers that workunder DOS 2.11.- Editor)
The device driver informs your computer that the 3%-inch drive
exists, estab lishes its physical parameters, includ ing number of
tracks, sectors per track, number of head s, etc., and sets the d rive's
logical designation (0 :, E:, F:, etc.).
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DESIGNING PC BOARDS
ON YOUR

COMPUTER

ROBERT GROSSBLATT

Last time, in the June issue, we examined CAD (Comp uter Aided
Design) in a general w ay, seeing w hat kind s of thingsyo u can d o

(or should be ab le to d o) w ith any worthwhile CAD package. This
month we'll look at several spec ific packages, foc using on those
that are of special interest to the electronics enthusiast.

There are a number of packages on the market, and both p rice
and pe rformance vary considerab ly How ever, none of the pack­
ages we review ed are inexpensive. As we've seen, a layout pro­
gram must contain several d ifferent bu t integrated parts, so a
complete package rep resents a substantial investment in develop­
ment time. In addition, the potential market is small, certai nly much
smaller than the markets for word-processing and database p ro­
grams. So development costs and market size translate into rela­
tively high p rices.

smARTWORK
The Wintek Corpora tion markets a package called smARTWORK,

wh ich p robably is the most popular of the "inexpensive" rout ing
packages. It hasa graph ics editor, router, and is capa b le of produc­
ing high-q uality output. The program is an "interactive" router­
wh at we call a poi nt-to-point router. After yo u place the compo­
nents, you can d raw traces yo urself or tell the router w hich points

you w ant co nnected together. smA RTWORKwil1do its bestto lay in
the traces.

The Wintek prog ram on ly does the PC-board layout; there's no
way to d raw the schematic, generate a netl ist, and have the router
read the file. So using smARTWO RK is in some ways similarto doing
a layout by hand on graph paper.

smARTWO RK is simple to use. After load ing the program and
creating a file, you begin yo ur layout by plac ing the doughnuts and
pads . The coord inates of the cursor are always shown on the
bottom of the screen; that makes it simple to put a co mponent in a
precise location in the workspace.There are avariety of pad shapes
available, as well as commands to create various patterns for I('s
(SIPand DIPlayouts, for example) heade rs,and so on, automatically

The finished layout is really the parts-pla cement d iagram for the
board you're designing, so it'sa good idea to work out a rough id ea
of where things are to be p laced be fore you start smA RTWORK.
Doing so w ill make it easier to avoid go ing beyond the edge of the
boa rd aswe ll as to take into accou nt any of the spec ial p lacement
cons iderat ions we've already mentioned . It's easy to make adj ust­
ments to the board when you beg in routing the traces beca use
smA RTWORK's graph ics ed itor has a set of commands to let you
move, stretch, de lete, and fill.
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FIG. 2-SMARTWORK also produces qua lity copy on a dot-matrix printer.

When you start routing traces,smARlWORK wil l let you do either
a single- or a double- sided board, w ith an optional silk-screen
layer. How ever, keep in mind the fact that the program can only
hand le two routing layers.If you want to do mult ilayer boards, you'll
have to use another package. Each layer can contain two trace
widths, thin and fat, and although you can choose between three
preset thin w idths, you can only use one on each layer. The fat
w idth, 50 mils, is the only one availab le, but you can prod uce a
fatter trace by laying two or more traces near each other.

Routing can be done either by hand or by using the rout ing
algorithm built into the program. How ever you do it, chances are
that you'll want to rearrange traces as the layout develops--and
that'swhere you'll appreciate the pow er of the graphics editor. It's
easy to change anything on the board-it's really as simple as
moving text around in a w ord processor.

When the design is complete, you can get hardcopy from a dot­
matrix printer in either actual board size or double size. There are
commands to co ntrol the intensity,rotation, and size of the printed
outp ut. As shown in Fig . 1, a much higher-quality printout can be
obtained by using a p lotter; smARlWO RK suppo rts several.Which- (smARTCAD) that converts smARlWORKfi les into AutoCAD format.
ever device you use, smARlWORKwi ll generate camera-ready art (We d iscuss AutoCAD below ) When you do convert a file, each

_foLpbotocbem icaLboa rdJabrlcatioD~WiQte~_caQsupplY_YOuNtb-s ideDf yourJ~.c board w ill be on a separate layer, and_Y'ou can use
information about hardw are compatib ility anyAutoCAD ed iting command to do thingsyou just can't do w ith

Wintek markets another program called HiWIRE, a graphic sche- smARlWORK. For example, you can:
matic-drawing ed itor, and they're currently w orking on software • Add text in any size and font.
that will let the two programs share common data files. Contact • Place pad s for odd-sized components.
them d irect ly at the address shown in the sidebar for more detailed • Increase board size beyond 10 x 16 inches.
information. • Use a different grid spacing.

Another company (Creative Electronics) is marketing a program • Prepare a solder mask.

... ............
. ............
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a: used with a good plotter..
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Project:PCB
A new low -pri ced entry is called Project:PCB; it's made by

DASOFT Designs, Inc., and it hasmany featuresthatare missing from
smARlWORK, includ ing a means for schematic capture and a true
auto-router. The circuit diagram can be entered w ith a graphics
ed itor; the program can extractthe netlist directly from the drawi ng.
You can also enter and ed it connections in text form direct ly from
the keyboard. The software comes w ith a limited component
library, but you can use a parts editor to build new parts that can
then be called up automatically when you're entering a schematic.

In fact, Project:PCB actively encourages you to create symbols
and share them w ith others; the company has set up a bulletin
board (41 5-486-0862) w here users can share custom parts and
libraries, and w herethe companywill post information on upd ates,
bug fixes, new versions, etc.

To use Project: PCB, first you create the schematic. When it's
finished, you use the layout ed itor in a graphics mod e to define the
overall shape of the board and to p lace the compon ents. Then
you're ready to route the board. It can be done automatically w ith
Project:PCB by select ing the Route opt ion on the menu, or you can
enter traces manually before turning the router loose on the layout.
One of the nicest features of the program is the ability to tell the
router to do only asirigle net and then stop.That rneansthat you can
pre-route power and ground lines, for examp le, before going on to
the rest of the board .

The router goes over the board twice. But you canset it up to do
only one side of the board and then stop. That gives you the
opportunity to try to irnprove the layout by hand, and then havethe
router go through that side again. Doing the layout that way can be
val uab le, because fee dthro ughs are the inescapab le co n­
sequences of double -sided boards, and plated-through holes are
di fficu lt to do at home and expensive to do commercially

Project:PCB can del iver hardcopy to a variety of plotters, but
printer outp ut is lirnited to text d umps of the various data files that
are generated by the program. If you have one of the p lotters
supported by the program you'll get beautiful camera-ready art­
work that's perfect for board production .

The program has more stringent hardware req uirements than
smARlWORK. Much of the equipment (mo use and p lotter, for
example) that is optional w ith smARlWORK is req uired to run



ProjectPCB. But ProjectPCB has a much more extensive graphics
package, as well as an auto-router. TABLE 1-PROGRAMS DISCUSSED

6. Board dimensions can be up to two feet square.
The fourth item in that list d eserves a littl e exp lanation. Some Ie's

(memory devices, for example) are p ut on a board asa bl ock, and
the traces that con nect them are laid out in a standard fashion.
Autoboard has built-in algorithms to generate those traces, and
there are routines in the graphi cs ed itor to p lace the Ie's on the
board w ith proper spacing.

The best way to indi cate how A uto board works is to descr ibe
the process of creating a board . Remember that you must own a
copy of AutoCAD (and know how to use itl) in order to use
Autoboard .

The first step, as w ith ProjectPCB, is to tel l A utoboard about the
schematic yo u're using. There are a series of batch files that do all
the setup work for yo u (open d ata files, cal l up AutoCAD, and load
a series of custom menusand scr ipts). Partsare chosen from menus
along the right side of the screen; AutoCAD prompts you for
orientation and location .As yo u move the cursor around the screen,
the part you're working w ith drags along until you p lace it. Next
you're asked for the part's number and value. Last, AutoCAD draw s
the part on the screen along with the other information.

When the parts are all placed and ide ntified, you con nect them
together using either A utoCAD'sLine co mmand or the Line macro in
the Autoboard menus. There's a d ifference. Autoboard's Line com­
mand w ill automatica lly place the line in the cor rect layer for the
software that reads the drawing file and generates the list of con ­
nections.You can sw itch between layers using the normalA utoCAD
co mmands, b ut it's simp ler to use the macros.

When the drawing is sized, tit led, and completed, a special
co mmand conve rts the schematic information to a netl ist for use by
the rest of the p rogram; it also makes sure you don 't have any
unconnected co mponents or lines. If it find sany, it letsyou know by
listing them on the screen as text-but that's not all.

One of the layers that Autoboard d efines when it sets up Auto ­
CAD is called the Warning layer. If there are any uncommitted p ins,
unterminated lines, etc., Autoboard wil l return you to AutoCAD,
and the points in question w ill have small red circles around them. <0co
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FIG. 3-AUTOBOARD routed this board automatically using a schematic
created with AutoCAD.

Autoboard
At the other end of the pr ice/performance spectrum isa program

called Autoboard. It isdes igned for serious product ion. It hasevery
feature we've already di scussed , and many, many more. In fact,
co mpa ring it to the packageswe've been discussing is like co mpa r-
ing a Ford to a Ferrari-they're in different leagues altogether. Of
co urse, the ad ded capabil ities don't come for nothing.

In order to co ncentrate all their energy on the routing package,
the Great Sof twestem Company d ecid ed to look elsewhere for the
graphics ed ito r. That w as a w ise decision.

Autoboard, in add ition to its auto-router, is a collection of over­
lays, scrip t files, menus, macros, and draw ings to turn AutoCAD into
an elect ronics graphics package. It goes wi thout saying that A uto­
CAD is one of the most powerful and most sup ported graphics
ed itors on the market. So one of the great strengths of Auto boa rd is
that it makes full use of A utoCAD. The schematic and board layout
are entered in AutoCAD; A utoboard's custom menu system makes

it simp le to do so. AutoCAD
__While_build ingJhe.5cbematicoLtbe_board, .yo u.cao_use_any.of__--jl, _

A utoCAD's aw esome range of commands to edit the d rawing
yo u're w orking on. The parts library from Autoboard is extensive,
and yo u can create new par ts by b uild ing their definitions in aw ord
processor-a straightforward proc edure that's described in the
manual.

Autoboard is designed for commercial board fabrication , so it
has some impressive capabi lities:

1. It can route boards up to 16 layers thick.
2. It can hand le more than 1000co mponents on a board .
3. More than 40 buses can be defined .
4. You can have as many IC arrays asyou wa nt.
5. More than 1000 p ins can be tied togethe r.
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EDITOR'S WORKBENCH

con tinued from page 66

tines aid in performing a traditional align­
ment by allowing you to position the head
to any track.

Each test isactivated from itsown screen
fromwhich you canselect the drive to test,
the head (0 or1) to test,and the location on
the DDD to test.You canprint anyscreen by
choosingtheapprop riatemenu item. In ad­
d ition, a setup screen allows you to estab­
lish spec if ic operat ing characte ristics,
including disk type, serial-port parameters,
mainor altemate test tracks, etc. (The alter­
natetracks on the DDDareprovided so that

FIG.7

you can continue to use the disk after the
first set wearsout.)

Recommendations
Memory Minder is rather expensive for

hobbyist use. However, if you split the cost
among several persons, each of w hom
might use the program two or three timesa
year, Memory Minder is wor thwhile. The
manager of a small office w ith a number of
PC'scould easily justify the cost of the pro­
gram, and if he uses it conscientiously, it
could prevent valuable data from being
lost, and thereby make an employee very
happy

Whatto do w ith the informationMemory
Minderprovidesisanotherstory Ifyouhave
no experience aligning d isk drives, it's
probably best to leave well enoughalone,
unless you're w illing to experiment and
possibly pay the consequences. But as a
diagnostic aid, Memory Minder is a well­
thought-out, easy-to-useproduct.t a>.



MICRO,FLOPPY DISK DRIVES

continued from page 68

You can access the d isk like this: The 3Y2-inch drive is automat­
ically assigned the next availab le drive letter (after all floppies and
hard d isks, if any). Forexamp le, if your hard di sk is dr ive C , the 3Y2­
inch drive becomes drive D:. If you have two hard drives, C and D:,
the 3Y2-inch drive becomes drive E:. If you have no hard disk, but
you do have a RAM disk set up as drive C, the 3Y2-inch drive again
becomes drive D:.

Logical and physical
You may wonder whether you can copy a file from one 3Y2-inch

d iskette to anothe r without goi ng through an intermed iary device
such asa hard d isk,a RAM d isk, or even a 5Y4-inch floppy di sk.You
can (using DOS 3.20 or DOS 3.30). What yo u do is enter the d evice
driver program into the CONFIG.SYS fi le twice. For examp le:

DEVICE = DRIVER.SYS /0 :2
DEVICE = DRIVER.SYS 10:2

The computer is the n fooled into th inking that there are two
physicaI3Y2-inch d rives with di fferent logical d esignations (D: and
E:, for example). DO Sw ill p rompt you to switch di sks w hen that is
appropriate.

That's not as complicated as it may sound. It's really the same
capability we've always had with the IBM, but extended to hand le
more drives and more types of drives . If you've ever copied a file

COMPUTER DESICNED PC BOARDS

continued from page 71

To cor rect a mistake, you can co nnect an uncommitted point using
the Dot co mmand, which draw s a small b lue circle there and
informs Autoboard that yo u w ant a co nnection . If the p in was left
open by design you can j ust ignore the w aming .

The next step is to define the b oard and place the parts. O nce
again, Autoboard has a set of files that custom ize A utoCAD w ith
menus and macros. After the board outline is defined, you can
b egin laying the parts out in much the same fashion you d id w hen
the schemat ic was d rawn. Picking a part from a menu allowsyou to
drag it around the screen and p lace it exactly where you w ant it.

It'sa tremend ous help to use Au toCAD'sZoom co mmand to zero
in on a location if you're p lacing a small part. The drawing of the
part yo u drag around the screen wil l be enlarged by the same
amount, so you' ll be ab le to judge relative p lacement and size.
O nce you've p icked the insertion point, you' ll be asked for the
name of the part and its value. They must be consistent w ith those
yo u used in the schemat ic entry phase,because Autoboard s router

. uses tho se names to identi fy the parts and also the connections in
the netl ists.

When you complete the layout, you can hand -route some traces
if your circuit has requirements you're afraid w on' t be properly
addressed by the router. Next you'll w ant to tum the auto-router
loose; that's done simply by giving it the name of the board you
wan t routed .

Autoboard isan open system in that all the menus and script files
(and many other parts of the program) can be customized to fit
your requ irements. The same is true, to a lesser extent, of the router.
There are a series of "switches" you can set in the router that control
things like the number of allowable layers, min imum and maximum
pad and trace widths, spaci ng, time limits, and so on . That is easily
done by editing a co nfiguratio n file with a word p rocessor. The
router automatically looks for that fi le when it starts to run. If it can't
find it, it uses its default values.

There's something magical about watching the router in opera-

tio n because it constant ly reports its p rogress on the screen. Our
examp le board w as one that had already be en done by hand (we
showed it last time), and it w as amazing, to say the least, to w atch
Autoboard do in 15 minutes what had taken two days to d o by
hand . The only consolation w as that allconnections w ere made in
the hand-routed board , butAutoboard missed five (out of a total of
115). That's not a bad percentage, and it's a safe bet that twea king
the co nfiguration file co uld result in a success rate of 100%.

The lastthing the router does iscall up AutoCAD, d raw the board
on the screen, and d isplay all the traces it has fin ished. It creates a
separate "rats-nest" layer for the missed routes and d raws them on
that layer in a d ifferent color. It also creates a text file w ith a .BAD
extension that lists all the co nnect ions it missed . By the t ime reach
this point, you're in A utoCAD looking at the routed board w ith each
boa rd layer in a separate AutoCA D layer (includ ing separate ones
for the pads and the silkscreen). Now is w hen you' ll appreciate the
fact that Au toboard works insid e AutoCAD. You can use any Auto­
CAD co mmand to do anything you w ant to any layer-you have
complete con trol of the d rawing.

When you're happy w ith the layout, you can use any of Auto­
CAD's normal output commands . So you can create a text file that
describes the board ( for conversion to FutureNet, Gerber, etc.), or
you can pr int it, plot it, etc. AutoCAD knows how to talk to virtually
every pr inter and p lotter ever made, so you can be co nfident itwill
talk to yours. And AutoCAD fi les are one of the few standards for
graphic data. As for input devices, some sort of digitizing tablet is
tremend ously helpfu l in draw ing both schematics and layouts.
And, as w ith pr inters and plo tters, AutoCAD knows how to talk to
just about all of them . The keyboard, of cou rse, can be used alone
or in conjunction w ith a d igitizing tablet.

Conclusions
Each of the packages w e've bee n talking about isa w el l-thought­

out p iece of software, and each is updated occasionally. Al l the
graphic s produced for this article were done on an IBM PCXTwith a
Sigma Designs Color400 Video Board , an SR-12 monitor from
Princeton' Graphics, and a Summamouse from Summagraphics.
And a very spec ial b it of thanks must go to Dennis Jump for
standing by the phone.t eD.
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ready to be rep lace d , a ser io us
effo rt should be made to adopt
new standa rds it w ill resol ve the
50-year o ld p ro bl em s rel ated to
m ul t ipl e, non-comp atibl e sys ­
tems. Unfo rtunate ly, it will requ ire
uncom mon reso lve to pu sh t he
stro ng nat io nalistic insti ncts into
th e background in favo r of a sin­
gle, wo rldwi de -techno logy stan­
dard. If it happ en s, it will be t he
first t ime that the wo rld has agreed
on an i m p o r t an t broad castin g
standa rd. R-E

Radia- EleclralliclI®

anese , and North American firms
all have such systems operat ing­
l ike t he NT SC/ PA LISECAM d e­
velo pment s, no two of the pre s­
ent ly developed syste ms share t he
same sta ndards , so we' re ba ck
w it h the same old problem.

Many engineers be lieve t hat
t he re is genera l wo r ldw ide ac­
knowl ed gm ent that we mu st avoid
ente r ing t he era of HDTV w it h
t h ree di f ferent " nat io nal stan­
dard s," and that since the p resent­
day t rans m ission standard s are
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end up sell ing the TV viewers a
better p ict ure in orde r to atta in an
international standard .

W hy an in tern ation al fuss abo ut
the technica l ni tty-gri tt y that goes
in to a TV picture? Because there is
a crying need fo r a uni versal te lev i­
sio n sta ndard . Hi gh-tech co m ­
muni cati on syste ms , su c h as
sate ll ites, can now beam a TV pic­
ture from any part of th e world to
any TV set , so there mu st be a con­
veni ent way for everyo ne to view
programming from any spot on th e
glo be . Since th ere are three wide-

- Iy-usecr felevision stanaa ras now
in use-NTSC, t he North Ame r­
ican or USstandard; PAL, th e basic
all -Europe standard; and SECAM ,
th e jo int Fren ch-Ru ssian stan­
dard-th e exchange of te levision
programming such as th e O lym­
pics, and new s feeds, and eve n
family programm ing, has bee n a
burd en because t he eq uipme nt
th at converts one TV standard to
another is expensive and pron e to
failure.

Wh ile it is possibl e to manu fac­
ture a receiver capable of receivin g
the three types of TV signals, th ey
are, and are likely to remain, pro­
hi bitivel y expe ns ive. Multi-stan­
dard receivers, such as th ose th at
are availab le in small qu ant iti es in
Europ e and th e Middle-East, are
not cost-effect ive because a major
portion of th e ci rcuit ry mu st be
duplicated, even tripli cated , to ac­
co mmo date t he di fferen t trans­
mission standards.

continued fro m p age 29
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Whose HDTV?
Televi sion fo rmats, as we know

them today, originated in the 30's
and 40's. (NTSC co lo r was appen­
d ixed to an existi ng b lack-and ­
w hit e standa rd in the 50's.) Even if
we could convenient ly and inex­
pen sivel y in terch ange t he sig na l
fo rmats, all of the systems, NTSC,
PAL, and SECAM, realize approx­
imately half of th e pi cture defin i­
tion t hat 's poss ib le usin g 1980's
techno logy.

Alt ho ug h p rese nt techn ol o gy
makes a 1,000- to 1,200-li ne video
tran smi ssion sys te m do- abl e at
consumer pri ces-Eu rop ean, lap-
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USE THIS BOARD to assemble the digital tachometer's dicplay board. The article appeared in the June 1987
issue.
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THE MAIN BOARD fo r the di gi tal timer is shown here. You can f ind the story beginn ing on
page 45.

THE DISPLAY BOARD for the digital ti mer is ~

shown here. ---J
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FIG. 2-SIMPLE CALCULATIONS yielded the
component values shown here.

>c
G)
c
(J)
-1

+12V

+ 12V

but it can be modi fied to run on any other
syste m.

A few thoughts on components before
we fin ish: Usi ng 5% resistors allows
closer adherence to the calculated values .
Because of their temperature stability and
low leakage specifications, silicon rather
than germanium trans istors are preferable
for this type of circuit.

Finally, you've no doubt noticed that
we have yet to specify a specific transistor.
That's because for this type of application
it reall y doesn 't matter ! Almost any
small-sig nal device will do fine . R-E

FIG. 4- INCREASE GAIN by bypassing the emit­
ter resistor as shown here.

C2T·33JlF

~OUTPUT
I
I

...~ RL
~. 50K
I
I

~

FIG. 3-CAPACITOR COUPLING is required to
interface the amplif ier to the outside world.

Computerized calculations
It only seems natural to put the com put­

er to work to lessen the drudgery of doing
repetiti ve mathematical calculations. The
BAS IC program shown in Listing 1 is
written to do ju st that. In addition, it
serves as a sort of scratch pad for your
designs, and allows you to do several
" what-if" ca lculatio ns eas ily. The pro­
gram was written for a Commodore 64,

= 10.8/0 .067 rnA = 160 ,000 ohms .
Resis tor Rl is the most critica l resistor

in the circuit. To ensure maxi mum voltage
swing, it should bring the qu iescent col­
lector voltage to one half the supply volt­
= 10 .8/0 .067 rnA = 160,000 ohms.

Resistor Rl is the most critica l resistor
in the circu it. To ensure maximum voltage
swing, it should bring the quiescent col­
lector voltage to one half the supply volt­
age. After building the circuit , the value
of RI may have to be varied slightly to
ach ieve that voltage swing .

We now have a circu it we can test.

Interfacing
Connecting the circuit to the outside

world will require ca paci tor cou plin g .
That serves to isolate the AC signal from
any DC bias voltages . Figure 3 shows our
complete circuit with input and output

--coupling-capacitors .-The-values.of those
capacitors were calculated using C =
1/(3.2 X f X R), where C equals the
capacitor value in farads,jequ als the fre­
quency at which response will be down I
dB , and R equals the impedan ce on the
load side of the capacitor.

To calculate the value of C l , the ampli­
fier 's input impedan ce (15K) is used for R.
To calculate the value of C2, the input
impedance of the next stage (50K) is used
for R.

The value of C l can now be ca lculated
for adrop ofldB at20Hz: Cl = 1/(3.2 X
20 X 15000) = .00000104 farad = 1.0
p.E The value of C2 = 1/(3.2 X 20 X

50000) = .0000003 1 farad = 0 .33 f.1F.
To increase the gain of the stage, you

could bypass R E with a capac itor, as
shown in Fig . 4 . Nothing comes for free,
however. The price you pay for increased
gain is lower input impedance , which will
vary widely with beta . If that variat ion is
not a probl em , a significant gain increase
can be reali zed by adding the bypass ca­
pacitor. Our original circuit has a gain of
10; if the emitter is bypassed the gain
becomes Re/0.03/I E = 4700/ (0 .03 /
0 .00129) = 4700/23 = 200.

The value of the bypass capacitor in
farads is calculated from the formu la C =
1/(6 .2 X f x R). Agai n f is the low­
frequency limit in Hz, and R is the dy­
namic emitter resis tance (0 .03/IE). In our
example, if we stick to a 20-Hz lower limit
we have C = 1/[6.2 x 20 x (0 .03/
0 .00129)] = .000344 farads = 344 u.E A
350-f.1F unit can be used .

Re
47000

Ql

+ 12V

R2->-- - - - - - RE

AMP DESIGN

+ Vce

Rl

continued from page 56

Rl
160K

BASE BIAS
VOLTAGE
DIVID ER

Is = 1.28/100 = 0.0128 rnA

So the total cur rent through Rl is 0. 054
rnA + 0. 0 128 rnA = 0 .067 rnA, and Rl

through Rl is a combination of the volt­
age-divi der cur rent plus the base current.

The base current is eq ual to the collec­
tor current divided by beta. It is found
from :

FIG. 1-A COMMON-EMITTER AMPLIFIER was
the ideal solution to our design problem.
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Call 516-293-3000 to reserve space. Ask
for Arline Fishman . Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500­
B Bi-County Blvd ., Farm ingdale, NY
11735.

• 6 x rate $745.00 per each insertion.
• Reaches 242,400 readers.
• Fast reader service cycle.
• Short lead time for the placement of
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• We typeset and layout the ad at no

additional charge.

CALL NOW
AND
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2645T-117 PRACTICAL IC PROJ ECTS
YOU CAN BUILD .....$10.95. Dozens of fully­
tested, ready-to-build circuits you can put to­
gether from readily-available, low cost IC's!
There are a total of 11 7 IC circuits ranging
from an audio mixer and a signal splitter to a
tape-deck amplifier and a top-octave gener­
ator organ! From TAB Books. To order your
copy send $10.95 plus $2.75 shipping to
Electronic Technology Today Inc ., P.O.
Box 240, Massapequa Park, NY 11762­
0240

CIRCLE 85 ON FREE INFORMATION CARD

BUILD STEVE CIARCIA'S INTELLIGENT
SERIAL EPROM PROGRAMMER. • Use
Standalone or with Computer/Terminal;
• Progr ams Stand ard or Fast Algo rithm
Mode; • Menu Selectable , No Configuration
Jump ers ; • Programs All 5V 27XXX
EPROM s from 2716 to 27512. Includes
CMOS and 12.5V Vpp; • Read, Copy, Verify
after Write; • Intel Hex File Upload/Down­
load . Full Programm er Kit $199.00, Power
Supply add $19.00. S&H $5 in USA. CCI, 4
Park St., Suite 12, Vernon, CT 06066. (203)
875-2751.

CIRCLE 196 ON FREE INFORMATION CARD

SIMPLY SNAP THE WAT-50MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S + H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO,
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD
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dB greater th an th e sig na l received
by a sing le antenna . A specia l de­
tector samples th e sig na l-to -no ise
rati o of th e received sig na l o n a
half-cycl e basis. If o u t -o f-p hase
multipath recepti on at o ne ante n­
na causes th e sig na l-to -noise rati o
to fa ll below a minimum value , th e PANASONIC CABLE CONVERTERS,
det ect or auto mat ica lly in sert s th e Wholesale and Retail. Scientific Atlanta and
de lay lin e by o pe n ing t he elec - Pioneer Cable Converters in stock . Pan-
tron ic swi tc h , th er eb y f li pp ing th e asonic model 130N 68 channel converter

I f $79.95, Panasonic Amplified Video Control
ph ase of th e sig na rom ante nna B Switch Model VCS-1 $59.95. Scientific Atlan-
by 180°, whi ch in turn causes th e ta Brand new Model # 8528 550MHZ 80
delayed sig nal to add o nce again Channels Converter $89.95. Video Corrector
to that of ante nna A . (MACRO, COPYGUARD , DIGITAL) EN-

- - --T---'o---c--t--'c h-'- - - - - HANCER-$89.95.-Write.or-call.BLUE STAR_
o avo ) co ns a.n S~ I c )~ g IND., 4712 AVE. N, Dept 105, Brooklyn, NY

back and forth , whi ch mi ght dis- 11234. Phone 1-718-258-9495.
tract t he li sten er, th e det ector is
design ed so th at it maintains th e
phasing as long as th e received sig-
nal is strong enoug h to be usabl e.
O nly if new or chang ing multipath
sig na ls degr ad e th e "out of ph ase"
sig na l to an un acceptab le valu e
w il l th e de tecto r cause th e delay
line to sw itc h o ut.

Some of yo u familiar wi th selec­
tive fad ing on th e hi gh-frequen cy
shortwave ba nds will w onder wh at
happen s to th e rece ive r's volum e
level w he n th e signal vari es within
the all owe d range (before it fall s
low enoug h to act ivrte th e delay­
line sw itching). Th e answe r is that
n o thin g hap p e n s : th ere is n o
change in vo lume level. On th e
shortwave freq ue nc ies , al l sig na ls
are AM or sing le sideba nd (w h ich,
of co urse , is o n ly a variati on of
AM), so th e vo lume level fro m the
speaker w ill vary if th e signa l level
b reak s away from co nt ro l of th e
AGC (Automati c Gain Co nt ro l) o r
th e AvC (A u to ma t ic Volum e
Co nt ro l); that 's a co nd it io n abso­
lutely bo un d to occu r d u ri ng se­
lecti ve fadi ng.

But w ire less so und eq uipme nt
uses FM modulati on , w hose re­
ceived vo lume level depends o n
devi atio n, no t signa l st re ngth .
O nly if t he sig na l fall s to an almost­
useless level is th er e any effect o n
an FM signal's vo lume level , and
the receiver sq ue lch circu its w i ll
mute th e sound lon g before t he
li stener hears a change in vo lume
level caused by the received sig nal
st rength. R-E
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BUILD STEVE CIARCIA'S NEW VIDEO
DIGITIZER. • True "Frame Grabber", pic
takes 1/60th sec. Not bus Dependent ­
Standa lone digit izer. Seria l output, trans­
mits 300bps to 57 .6Kbps • Reso lut ion:
256 x 244 x 6 w/64 level grayscale. Accepts
any NTSC video inp ut , B&W or Co lor
• Optional ReclDisplay makes Video Tele­
phone. Images can be stored & displayed
on IBM PC. Full Digitizer/Serial Transmitter
Kit - $249. Call for other options and specs.
CCI, 4 Park St., Suite12, Vernon, CT 06066.
(203) 875-2751.

CIRCLE 198 ON FREE INFORMATION CARD
CIRCLE 94 ON FREE INFORMATION CARD

TUNABLE NOTCH FILTER-for elimination
of any TV, FM, or VHF signal. Can be tuned
precisely to ANY signal within these ranges: THE MODEL WTT-20 IS ONLY THE SIZE OF
'MODEL 26-Ch's. 2-6 plus FM [54-1 08 Mhz] A DIME, yet transmits both sides of a tele-
'MODEL 1422-Ch's . 14(A)-22(1) [120-174 phone conversat ion to any FM radio with
Mhz] 'MODEL 713-Ch's. 7-13 [174-21 6 Mhz] crystal clarity. Telephone line powered - never
Highly selective 60dB notch. Send $30 each. needs a battery! Up to Y4 mile range. Adjusta-
Quantity prices as low as $15. Money back ble from 70-130 MHZ. Complete kit $29.95
guarantee. STAR CIRCUITS, P.O. Box 8332, + $1.50 S + H. Free Shipping on 2 or more!

- Pembroke Pines ,FL733084- - - - - -I- COD -add -$4~Call- o r- send -VISA;-MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

NEW 442 SYNE WAVE DECODER WITH
VARI SYNC-Replaces the oak N-12$80.00,
S.B. add on decoder $99.00, S.B. Tri-Bi de­
coder $100.00, Zenith SSAVI $185.00, S.B.­
SA decoder $140.00, Starcom converter
$139.95. Buy a decoder take off $(10.00).
Guaranteed. (402) 331-4957. Call or write for
your free catalog . Many other products &
quantity pricing. M.D. ELECTRONI CS, 5078
So. 108th #115A, Omaha, NE 68137

CIRCLE 204 ON FREE INFORMATION CARD

LOOKSOUND FM SUNGLASSES. Super
durable sunglasses with that great look. Each
one has a state of the art micro FM radio built
right in. Great for jogging, bicycling; boating,
sports events, etc. $39.95 plus $3.00 ship­
ping and handling. Visa, mastercard, and
cod. 1-800-522-2636 for orders . (617)
843-1900 for information . CAMEO ENTER­
PRISES INC. P.O. Box 63 Accord, MA
02018

CIRCLE 89 ON FREE INFORMATION CARD

A CAREER START FOR THE 21ST CEN­
TURY. Since 1905, Nationa l Techn ica l
Schools has helped people build successful
careers . Enter the 21st Century thro ugh
home study courses in Robotics, Computer
Technology and Servicing, Microprocessors,
Video Technology, Basic Electronics, Trans­
portation Technology, Climate Control Tech­
nology or TV and Radio Servicing. For a '
FRE E catalog, ca ll 1-800 -B-BETTER. Or
write NTS/INDEPENDENT TRAINING
GROUP,456 West M. L. King Jr. Blvd. L.A .,
CA 90037.

CIRCLE 187 ON FREE INFORMAT ION CARD

2706T-BUILDING METAL LOCATORS, A
Tresure Hunter's Projects Book.....$9.95.
Build your own high-quality metal detector for
a fraction of the factory-built cost! The detec­
tors described in this unique project guide will
locate anything from coins and jewelry to gold
and silver-and can be built quickly and easi­
ly! From TAB Books. Get your copy today.
Send $9.95 plus $1.75 sh ipping to Elec­
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

ZENITH SSAVI $169; Level II $199. Recon­
ditioned. Surplus Sylvania 4040 Converters­
DIC, N-12, MLD 1200, new low quantity
prices. Satellite systems , converters, ampli­
fiers, accessories . SSAVI project handbook
$6.50 ppd. Radar speed gun for baseball,
car/boat racing, bowling, skiing, etc ., from
$275. Professional models used by police.
Catalog and coupon $1.00. AIS SATELLITE
INC., P.O. Box 1226-R, Dublin, PA 18917.
(215) 249-9411.

CIRCLE 81 ON FREE INFORMATION CARD

LONG RANGE NIGHT VIEWER. See over
300' in total darkness. Facial identification to
135' . Developed for industrial & government
work. Applications include; animal observa­
tion, security surveillance, video recording,
laser & fiber optic work, IR astronomy, micro­
scopy & thermal research, document & art
examination. 50W halogen, 200,000 CP IR
source . 12VDC ope ration. $750 delivered .
(Dealers Wanted). OCTE ELECTRONICS,
PO Box 276, Alburg, VT 05440. (514) ;
739-9328. Catalog $1.

CIRCLE 191 ON FREE INFORMATION CARD

~
c
(j)
c
(f)
--l

<0
co
--.J

79



continued fro m page 60

LISTING 2

: BOX ( feet ---- )
RERB

25.5 IPS
2DUP (FEET) FORWARD

90 DEGREES RIGHT
2DUP (FEET) FORWARD
90 DEGREES RIGHT
2DUP (FEET) FORWARD
90 DEGR EES RIGHT
2DUP (FEET) FORWARD
90 DEGREES RIGHT;

LISTING 3

: MS ( milliseconds ---- )
o ?DO 33 0 DO LOOP LOOP ;

: SECONDS (seconds ---- )
o?DO 1000 MS LOOP ;

: MINUTES ( minutes ---- )
o ?DO 60 SECON DS LOOP ;

ROB OT0
PRESIDENT'S MAIL NEST

OFFI CE ROOM I
I

i- - - - - - - -~ - ~-- --- - ~
I
I

t
I

•I
r -~---- --~ --__- _ l ---- - - - - -~ - - - - - - - -,
I I
I tI
I I
I I
I

II
I

l- •UJ IUJ
L.L. I I

'"
I I
I I<T I I
I tI
I I

I T I
I

1..
I

--I-I
I -- I
I I• I

I I
II II II

I T
t
I
I
I
I
I

I I
L _ _ _ ___ _ _________ _ __ _ _ ~-- ----- ---- -------- J

T

.11------------ - - 40 FEET---- - - - - - - - - -

LISTING 4 FIG. 2-MODEL OFFICE FOR THE EXPERIMENTAL TRIP program that is shown in Listing 5.

: ATT ENTION ( ---- )
BEEP BEEP 1 SECONDS;

: WARNING ( ---- )
5 0 DO BEEP 1 SECON DS LOOP ;

: TURN·AROUND ( ---- )
RERB 10 IPS 180 DEGREES
LEFT:

: TUR N-LEFT ( ---- )
90 DEGREES LEFT ;

: TURN·RIGHT ( ----)
90 DEGREES RIGHT ;

: AHEAD ( feet -.--)
FEET FORWARD ;

LISTING 5

: TRIP ( _... )

WARNING RERB 20 IPS 3 FEET
BACKWARD TUR N-AROUND 2.5 AHEAD
TURN·RIGHT 12 AHEAD TURN ·LEFT
5 AHEA D TURN-LEFT 36 IPS
10 AHEA D TUR N·RIG HT 2 COLLECT
7 AHEAD 2 COLLECT 8 AHEA D
TURN·RIGHT 25 AHEAD TURN-RIGHT
3 AHEAD 2 COLLECT 11.5 AHEAD
4 COLLE CT 11.5 AHEAD TURN-RIGHT
ATTENTION 3 COLLECT ( President)
14 AHEAD TURN-LEFT 4.5 AHEAD
TURN·R IGHT 12 AHEAD TUR N-LEFT
10 IPS 5.5 AHEAD

(J)

~
z
oa:
f­a
ill
..J
ill

6
is
-ca:

: COLLECT ( minutes ---- )
ATTENTION MINUTES WARNING ;

recharg ing area and turn aro und to go
forward . Th e word T UR N-ARO UND
makes a 1800 turn . The word AHEAD is
shorthand for a forward move . CO LLECT
combines the ATTENT ION , WAIT ING.
and WAR NING functions . because we a l­
ways use them together. The definit ions of
those words are shown in List ing 4 .

A trip co nsis ts of backing out of the
recharger and exiting the mai l roo m. mak­
ing a c lockwise trip aro und the office,
stopping at severa l poin ts (inc lud ing a
long stop at the pres ide nt's office), and
finally return ing to the mail room. The

word TR IP executes the entire program ; it
is shown in Listi ng 5.

TRIP only ca use s the robot to make one
exc ursio n aro und the office, but we want

LISTING 6

: MAILBOT (---. )
8.5 AM WAIT-UNT IL TRIP
9.5 AM WAIT-UNTIL TRIP

10.5 AM WAIT-UNTIL TRIP
11.5 AM WAIT-UNTIL TRIP

1.5 PM WAIT-UNTIL TRIP
2.5 PM WAIT-UNTIL TRIP
3.5 PM WAIT-UNTIL TRIP
4.5 PM WAIT-UNTIL TRIP

the robot to make several trips during the
day, without having to tell it to do so eac h
time . We ca n schedule the trips when de­
sired usin g th e wo rds AM , PM , and
WAIT-UNTI L. WAIT-UNTI L si mp ly
waits in a delay loop until the current time
is ident ical to the desired time . AM and
PM set the desired time . Time is specified
in hou rs. so minutes must be expressed as
fractional hou rs . For example, 8 .5 AM is
8:30 am. The entire MAILBOT program
is shown in Listin g 6 .

You can extend RCL to deal with addi­
tional hardware and to prov ide grea ter
software flexibility. FORTH gives you the
freedom to experiment and add to the ca ­
pabi lities of the system. R-E
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No Previous
Experience

Necessary

ICS SCHOOL OF Tv/VCRREPAIR. Dept. DEOn
SlIoICl lUl Scranton. Pennsylvania 18515

Please send me free facts o n how I ca n lea rn T V/ VCR
Repair at hom e in my spare ti me. No sales man will visit .

Na me Age _

NO W you ca n t rain at home in spare ti me for a mo n­
ey -making ca ree r as a T V/VCR Repa ir Specialist.

No need to Quit your job or schoo l. We sho w you how
to t roubl eshoot and repai r videoc asse tte reco rders and
TV sets, how to hand le hous e calls and shop repairs fo r
almost an y mak e o f te levisio n o r VCR. Yo u learn abou t
TV receivers, tu ne rs and antenn as, x-ray emission, th e
cha racte ristics of sound, how elec tr ica l imp ulses are co n­
ve rted into a TV picture . and mu ch, mu ch mo re. Tools
are inclu ded wi th your course so you can get " hands-on "
prac t ice as you follow the lesso ns step by step. Send for
free fact s about opportun itie s in T V/ VCR Repair and
find out how you can start mak ing mo ne y in th is
great career . 0(

Experts show you what to do. how to ,
do it...g uide you every ste p of the way! <

Ever ything is exp lained in easy-to-u nde rstand language
with plent y of dra wings, photos and diagrams. But if
the re is ever anyth ing in you r lessons you do n 't under­
st and. you can write o r pho ne yo u r inst ructo r and yo u
can cou nt on gett ing an autho ritative answer. Se nd for
free facts and color bro chu re. No cost. No obl igation.
!.O~e~~w~i~y~. ~Al.':. S2.U~N~~y~

LEARN TV/VCR
REPAIR

CIRCLE 111 ON FREE INFORMATION CARD

Lea rn micro-pro cessing with the new

MICRO"PROFESSOR IP

Students , engineers or technicians­
upgrade your micro-processing sk ills
with the new Micro-P rofessor IP.

The MPF·IP features:
• extensive software support
• mor e bu ilt-in memor y
• improve d keyboard
• larger display

T hree tu to rial gu ides help cover all
capab ilit ies. The ideal tr aining tool!
MP F-IP will deli ver you into th e growi ng
world of micro-processing . Invest now!

Plus-FREE GIFT O nly $199.95
o Check th is box for FREE~
Z·80 Mic ro processor ~I
Programming and
In terfacin g textbook When_~
you order within 7 days. -J. Dept. RE0887
$1I,.9S value. (Include 53 26 9th Ave. N .E .
$7.SU (luslagc & Seattle. WA 98 105-3 617
IHlndhng}

For immediate action call TO LL FREE:

1..800426..1044
Full money back guarantee . ~ 1:;;:;;;;;:;-:1

Pictured \\ ith op tiona l printer v . /

I
I
I
II Add ress _

I City/S tat e/Zip - :

L~~_~ ~

Next time
That' s all the room we have for now.

Next time we ' ll show you how to build,
align, and use the receiver. The PC pattern
will be presented at that time . R-E

continuedfrom page 44

STEREO RECEIVER

seA demodulation
Audio from Q6 is fed to an SCA take­

off R-C high-pass filter made up of C40 ,
R48 , R49 , C4 1, C42, and R65 . That filter
subs ta ntia lly atte nua tes aud io co mpo ­
nents below 50 kHz .

The SCA de mo dula to r, IC 2, is an
LM565 phase- locked loop. It contai ns a
VCO (Voltage Co ntro lled Osc illator ) and
phase detector co mparator. If a signal of
sufficient amplitude (about 100 millivo lts)
is fed into pin 2 or 3 of that device , and its
frequency is suffic iently close (say within
± 30%) to the VCO frequ ency, the VCO
will lock to the input frequency and track
it; that is. the voltage that contro ls the
VCO wi ll follow any change s in the fre­
quency of the input signal. TIle contro l
voltage for the VCO is present at pin 7 and
is a linear function of the input- signal
frequency. There fo re , the LM565 ca n
function as an FM detector with no exter­
nal induc tive components requ ired . (At
the SCA-subca n'ier frequenc ies of 67 or
92 kl-lz , ind uctor s ca n becom e rath er
large and somew hat cos tly. It is therefore
to our adva ntage to eliminate those co ils.
and the ir alignment.)

The LM565 is biased by externa l re-

sis te rs R5 1. R52 , R53 , and R54 . The
VCO frequency is determi ned by C43 and
the resistance of R72 and R55. The sett ing
of R72 is adjusted so that the VCO rre':.
quency, which can be measured at pin 4 ,

The IC s AGe funct ion was not used in is near 67 kHz .
the design . Instead . pin 16 was terminated Adjustme nt of R72 is not critical. and
by R40 and C33 . simply adjusting it for clearest SCA re-

A 10.7-M Hz tuned c ircuit is formed by cepti on is adequate . (If 92 kHz operation
L7, C38, and C37 . Resistor R4 1 acts as a is desired. R55 should be changed to
swamping resi sto r to obta in the wide about 6 .8 K.) Ca pac itor C44 is used as a
band w idth of the quadrature circuit, C37 . loop filt er for the phase -locked loop. Au-
C38 . and L7 . Drive vo ltage from pin 8 , IF dio app ears at pin 7 of the LM565 . A de-
out. to pin 9 . quadr ature detector input, is emphasis network mad e up of R56 , C45 ,
delivered via L6 . The value of that indu e- R57, and C46 will suppress any 67-kHz
tor is so mew h a t c ri t ica l fo r prope r components and attenuate high-frequency
sque lch-circuit operation. It should be be- noise .
tween 18- 22 fL H . We had an 18-fLH unit An aud io-amplifier stage , Q7, brin gs
on hand so it was used . up the detecte d aud io level to about 500

A load for the AFC circ uit is provided mV. From the am plifier, the signal is sent
by R43 , and R42 biases the audio circuit to the se lec tor switch. 52. for rout ing .
in.the.ICi.Capacitor.Cdd.is.used.to. tune _
the quadrature c ircuit to 10.7 MHz. It is FM decoding
adjusted for best rece ived aud io and zero Audio from Q6 is also se nt. via block-
DC voltage across R43. ing ca pac itor C49 , to IC3, an LMI 310N

Recovered total mod ulation is present FM- s te reo mul t ipl e x de c o der. T he
at pin 6. It contains the FM baseband and LMI 310N contains a VCO , a phase-Iock-
the SCA signal . The baseband audio is ed loop for regeneratin g the 38-kHz stereo
taken off through R44 and C39 . subcarrier, a lock de tec tor used as a ster-

The baseband-audio amp lifier is built eo-ind ica tor circuit. and a decoder circuit
around Q6 , a 2N 3565. It is set up for a for der iving the left and right audio chan-
nominal gain of about 5 (the rat io of R44 nels . The intern al VCO ope rates at 76
to R46 is the approxi mate ga in of this kHz and the 19-kHz and 38-k Hz sig nals
stage) . Resistors R45 and R46 bias Q6 to are derived from an internal frequency
abo ut 6 volts at 1 milliam pere . R47 is a d ivider. No indicators are requ ired and
load resistor. About 2 volts of baseband alignment co nsists simp ly of adjusting
audio is present at the co llecto r of Q6. R73 for a 19-kHz signa l at pin 10.

Audio from Q6 is fed to two separate Gett ing back to the c ircuit. C53, R62 ,
c ircuits . One c ircuit is an SCA dem od- and C54 form a co mpensating network for
ulator ; the other is an FM stereo decoder. IC3 's interna l phase-locked loop. Ca paci­

tor C50 is the loop filter for the phase­
locked loop. The net wor k made up of
C55 , R63, and R73 contro l the ce nter
frequency of the internal VCO , which
should be 76 kHz. The 19-kHz pilot signa l
(derived from an inte rnal divider) is avail­
able at pin 10 for test purp oses. Audio
outp ut appea rs at pin s 4 (le ft) and 5
(right). Resistors R64 and R65 serve as
loads for the intern al audio amplifiers .
FM- aud io de-emphasis is prov ided by
C56 and C57 . TIle right and left audio
from pin s 4 and 5 is fed to 52 .

The audio amplifiers in this c ircuit. IC4
and IC5 , a re LM 386N's . They eac h
provide about a 0 .5-watt output , adequate
for dr iving an eight-o hm speaker. Do not
use spea ker s that present less than an
eight-ohm load .

The entire recei ver dr aws abou t 125
milliamps at 12-volt s (the recommended
sup ply voltage). The supply should be
regul ated and have goo d filtering . A suit­
able powe r supply is shown in Fig. 3.
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FOR SALE
RESTRICTED technical information: Electronic
surveillance, schematics, locksmithin g, covert sci­
ences, hacking, etc. Huge selection. Free bro­
chure MENTOR·Z, 135-53 No. Blvd., Flushing, NY
11354.

TV tunable notch filters, free brochure. D.K. VIDEO,
Box 63/6025, Margate, FL 33063. (305) 752-9202.

FREE power supply with Assortment #103
(February '84 article, has printed circuit,
;raKO coils(4), 2N3904(2}, BF085, 7812 ,
14123, MC1330, 1N914, 1N5231B. TELE­
ASE·MAST ASSORTMENT # 301 (October
J\rticle) Printed Circuit with all IC's, tran­
sistors, diodes. Only $25.00/each assort­
ment. Flve/$112.50. Shipping $3.00. 1
(800) 821·5226 Ext. 426. (orders). or write
mMRHODES INC., P.O. Box 3421;-Bristol,
LTN 37625.
DESCRAMBLER catalog all makes. Special com­
bo Jer rold 400 and SB3 $165. New cable de­
scrambl er kit $39.00 (assembles in half hour). Send
$1.00. MJ INDUSTRY, Box 531, Bronx, NY 10461.

TUBES! 59¢. Year guarantee. Free catalog. Tube
tester $8.95. CORNELL, 4215 University, San Di­
ego, CA 92105.

IS it true...Jeeps for $44 through the government?
Call for facts! 1 (312) 742·1142, ext. 4673.

OLDTIME radio program s on high qua lity tapes .
Comedy! Adventure! Music! Free catalog . CARL F.
FROE LIC H, Heritage Farm, New Freedom, PA
17349.

LINEAR PARTS-transistors : MRF45 4 $ 15,
MRF455 $12, MRF477 $11, MRF492 $16.7 5 ,
MRF421 $22 .50, SRF 2072 $13, SRF3662 $25,
3800 $18.75, 2SC2290 $19.75, 2SC28 79 $25.
Tubes: 6KD6 $10.50, 6LQ 6 $9.75 , 6LF6 $9 .75,
8950 $16.75. Best prices on Palomar road noise
mics, Ranger AR3300. New 16-page catalog listing
radio /amplifier tri cks-channel mod ificat ion, PLL­
slid ers , peaking for range , hard-to-find lin ear
parts-mail $1.00 to: RFPC, Box 700 , San Marcos,
CA 92069 . For same day parts shipm ent , call (619)
744-0728.

TUBES· 2000 TYPES
DISCOUNT PRICES!

Early, hard-to-find, and modern tubes.
Also transformers, capacitors and
parts for tube equipment.Send $2.00
for 20 page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
688 W. First St.oT empe, AZ 85281 0 602 / 894-9503

CABLE TV converters. Scientific Atlanta, Jerrold,
Oak, Zenith, Hamlin. Many others . "New" Video
Hopper "The copy kille r." VHS .w ireless remote
$239 .00 . Visa, M/C & Amex acce pted. Toll free
1-(800) 826-7623. B&B INC., 10517 Upton Circle,
B!oomin gton, MN 55431.

BUI LD your own pro monitors 32 pg. 5 part man­
ual discloses design criteria utilized by major man­
ufacturers of pro moni tor ing sys tems. Bluep rints
incl uded! $25.00 co mple te to : BRIX ENTER­
PRISES INC., 24 19 Richm on d Road, S.1.N. Y.
10306.

SCANN ING disk te levision. Read all about it! "The
Mechanics of Television." (1987) 182 pages $20.00
postp aid . TESLA ELECTRONICS, 835 Bricken,
Warson Woods, MO 63122.

LEADER LFC-945 signal level meter $425.00. (312)
771-4661.

TUBES, name brands , new, 80% off list, KIRBY,
298 West Ca rmel Drive, Carme l, IN 46032

ATTENTION looking for surplus test equipment sig­
nal gene rator voltmeter oscilloscope. J.B . ELEC­
TRONICS, 9518 Grand , Franklin Park, IL 60131.

TEST equipment, reconditioned. For sale . $1.25 for
catalog . WALTER 'S , 2697 Nickel , San Pablo, CA
94806 . (415) 724-0587 .

OLD radio TV schemat ics . Se nd $1.00, make,
model.RADIO MAPS, P.O. Box 791, Union City, CA
94587 .

ROBOT! kits . Books and Plans! Learn to build your
own robots. Free catalogs contain hundreds of af­
fo rdable rob ot systems . Exp lore the wo rld of
robotics today. Catalog: CEARGS-ROBOTS!, POB
458, Peterborough, NH 03458. (603) 924-3843.

LATEST high -p erform an c e o p-a m ps , power
mosfets. First quality. Send stamped envelope for
list. ANZA INSTRUMENT CO., Box 60907 , Palo
Alto, CA 94306 .

CABLE television converter, descrambler
and wireless remote control video equip~

ment accessories catalog free. CABLE OJS~

iTRlBUTORS UNLIMITED, 116- Main Road,
Washington, AR 71862.
LASERS, components and accessories. Free cata­
log, M.J. NEAL COMPANY, 6672 Mallard Ct., Ori­
ent, OH 43146.

We specia lize in a wide variety of technical infor­
mation, parts and services for CB radios. 10M­
FM convers ions, repai rs, books, plans, kits ,
high-performance accessories. Our 11th year!
Catalog $2.

CBC INTERNATIONAL, P.O. BOX 31500RE.
. PHOENIX, AZ 85046

SUPERFAST morse code supereasy. Subliminal
casse tte. $10.00 Learn Morse Code in 1hour; amaz­
ing new supe reasy techniqu e $10. Both $17.
Mon eyback gu ar antee. Free ca ta log : SASE .
BAHR, 2549-E3 Temple, Palmbay, FL 32905.

TUBES. new, unused . Send self-addressed, stamp­
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

TUBES: "Oldest" , "latest". Parts and schematics.
SASE for list. STEINMETZ, 7519 Maplewood Ave.,
RE Hammond , IN 46324 .

CABLE-TV conve rters and descramble rs. Low
prices, quality merchandise, we ship C.O.D. Send
$2.00 for catalog. CABLETRONICS UNLIMITED,
P.O. Box 266, South Weymouth, MA 02190. (617)
843-5191.

Upgrade CD players, other equipment with Au- '
dlo Amateur, world's only audio construction'
quarterly. S18/year; S301two. Satisfaction guar­
an teed . MClVtSA (603) 924-9464; checks to Box
576, Dept. F:l7, Peterborough, NH 03458-0576.

ZENITH SSAVI, ready to go $100.00 plus shipping ,
order C.O.D. 1 (305) 752-9202 .

FREE sample! Discover Apex screwd riving bits, ac­
cessories. Sensational fit, remarkable toughness ,
amazi ng durability. Write today! R. SHOCKEY'S,
5841 Longford, Dayton, OH 45424 .

DECODE near ly any Gated Pulse signal with our
new super simple circuit. Works on In-band, AM or
FM pilot tone-use with Haml in, Je rrold, Sylvania.
Complete plans and theory only $13.50 plus $1.50
P&H . ELEPHANT ELECTRONICS INC., Box
41865-J, Phoenix, AZ 85080 . (602) 581-1973.

VIDEO scramblin~ techniques, the original "secret
manual " covers Sinewave, Gatedpulse, and SSAVI
systems. 56 pages of solid, useful , legible informa­
tion , on ly $14 .95 ELEPHANT ELECTRONICS
INC., Bo x 41865-J, Pho en ix, AZ 8508 0. (602)
581-1973.

~ WRITE FOR

~C3Li McGEE'S
SPEAKER & ELECTRONICS CATAlOG

1001 BARGAINS IN SPEAKERS
toll free 1-800-346- 2433 for ordering only.

1901 MCGEE STREET KANSAS CITY, MO. 64108

WHOLESALE car stereos alarms electronics. Huge
se lection. Ca ta log $1 .00 . NORMAN ELEC­
TRONICS, Box 3579A Ridgewood, NY 11386.

BATTERIES rechargable, gel-lead , pure lead Ni­
cads send for free complete listing of batteri es by
arnp/hr and voltage. ENERGY CONT ROLS, 20451
Steph en s St. , Cla ir Shores, M I 48080 .' (313)
775-3492.

RESISTORS : 1/4 watt, 5%, all standard values to
4.7 meg. 20 pieces of one value $1.00 postp aid.
RAHTEC, Box 3606 4, Minneapolis, MN 55435 .

PCB volume fabrication from Hong Kong INTEG ·
RITY TECHNOLOGY, 105 Serra Way, #230,
Milpitas, CA 95035-0604.

SURPLUS computers: Multibus, Versabus, S-100,
VME, AMIGA, Atari ST-boards, power supplies,
test equip men t, termina ls, disk dr ives, 'comple te
systems. Free catalog . Trading I BM-compati ble~ for
unwanted systems; buying unwanted equipment.
HIGH-TECH SURPLUS, (203) 723 -5694 , 490
Wooster Street, Nauqatuck, CT 06770.

TAP complete set volumes 1-84 quality copies $1.00
ppd PEl, P O. Box 463 , Mt. Laurel , NJ 08054.

PHOTOFACT folders, under # 1400 $3.00. Others
$5.00. Postpaid. LOEB , 414 Chestnut Lane, East
Meadow, NY 11554.

EQUIPMENT liquidation: Surplus remote-control
converters, with touch-type remotes , favorite chan­
nel programmab le, digital PLL synthesized, auto­
mati c f ine tuning , sw itched TV ou t let , 30 day
warranty, $35.00 . Quantity package 25 + unit s
$15.00@, field run, as is (includes servi ce manual ).
Oak minicode N12 decoders quant ity package 25 +
units $20.00@, field run, as is. "Beeping", notch
fi lter CH3 decod ers, 30-day warranty, $15.00@,
quantity 25 + $10.00@, field run, as is, shipped
prepaid. All others add $3.00 unit shipping . Send
money order to ELECTRONICS PRESS, PO Box
10009, Colorado Springs, CO 80932 .

Super High Gain System 599.95( + shipping)
AMR HighGainSystem 579.95( t shipping)

Multi-Channel 1.9 to 2.7GHz
Dealerships. a ty.Pric ing ,Replacement Parts

PIlIllIDS·TBCh Electronics
p.D. 8GJl 8533• SCOttsdale. AI 85252

LIFETIME (602)947-7700 1$3.00Credit ,IIphon!...dersll
WARRANTY MlSterCard· Vi.. 0 COO's

TI-99/4A software/hardware barqin s. Hard to find
items. Huge selection . Fast serv ice. Free catalog .
DYNA , Box 690 , Hicksville, NY 11801.

Z-TAC Zenith cable unit only $175.00. Buy 5 at only
$150.00, or 10 at only $125.00. These units do not
use block converto rs, we install our own VHF tuner
for excellant picture quality. UPS daily. COD accept­
ed. All orders shipped 2nd day air. 90 day warranty
on units. Call for information or free catalog or write
AM COM , P.O. Box 68391, Virgini a Beach , VA
23455. Phone: (804) 456-5505.

FREE "National Semi Conductor" pocket ca l­
culator and catalog of car stereo, C.'s, radar detec­
tors, alarms, accesso ries. Dirt cheap! Send $4.00
for postage and handling, ELECTROMANIA, 51B
Sunrise Highway, Lynbrook, NY 11563.



DO YOU

REALLY
GET THE BEST BUY

FROM

THEM?
~

t's face it: There will always be some outfit
that ca n undercut a published price. They

do it by having no overhead, and no
responsibi lity to you, the co nsumer.

"So , you want that Jerrold 450
combo? The one that I'8clncGable

Co., Inc.• is offering for $199OO?
Well, that's a good price, but

here's what I'll do.. ." What may
happen is that you may save a

couple of bucks at the time. But suppose
the re's a problem (and it happens to the best

of them,) and you cal l that "Dealer"... This could be what you' ll hear:
"No , Steve isn't here. He moved out, the bum! And he owes me $43700 on the phone bill! No, I don't

know about any guarantees on your Gera ld, who's that? Listen, if you see that creep... " etc.
At I'8clllcCable Co.,you've got an established company who will be here for you,time after time.We may be tough competi tors, but we've

got a soft spot for our clients! Try us, and be treated rig ht-and we' ll prove it by giving a one-year warranty on everything we sell.

CheCk our prices on SclenUflc Atlanta Unltsl

ITEM

RCA 36 Channel Converter (Ch.3 output only) .

Panasonic Wi reless Converter (our best buy) .

400 or 450 Converter (manual fine tune) .

*Jerrold 400 Combo .

Jerrold 400 Hand Remote Control .

Jerrold SB-Add-On .

*Jerrold SB-Add-On with Trimode .

*M-35 B Combo unit (Ch 3 output only) .

*M-35 B Combo unit with VariSync .

*Minicode (N-12) .

1
UNIT

29.00

88.00

88.00

169.00

29.00

89.00

99.00

99.00

109.00

89.00

100R
MORE

18.00

69.00

69.00

119.00

18.00

58.00

70.00

70.00

75.00

58.00

ITEM

*Minicode (N-12) with Vari Sync .

*Minicode VariSync with Auto On-Off .

Econocode (minicode substitute) .

Econocode with VariSync .

*M LD-1200 -3 (Ch.3 output) .

*MLD -1200 -2 (Ch.2 output) .

*Zenith SSAVI Cable Ready .

Interference Filters (Ch.3 only) .

*Eagle PD-3 Descrambler (Ch.3 output only) .

*Scientific Atlanta Add-on Replacement Descrambler .

1
UNIT

99.00

145.00

79.00

89.00

99.00

99.00

175.00

24.00

119.00

119.00

100R
MORE

62.00

105.00

52.00

56.00

58.00

58.00

125.00

14.00

65.00

75.00

Name _

Acct. # Exp. Date _

»
c
G)
c
(j)
-i

o Mastercardo Visao C.O.D.o Money Order

State__ Zip Phone Number (

o Cashier's Check

Quantity Item Output Price TOTAL
Channel Each PRICE

SUBTOTAL
Ca liforn ia Penal Code #593 - D forb ids us from Shipping Add
shipping an y cable descrambli ng unit to anyone $3.00 per unit
residing in the state of Ca lifornia . COD & Credit
Prices subject to c hange without notice Cards-Add 5%

PLEASE PRINT TOTAL

Address City _

FOROUR RECORDS

DECLARATION OF AUTHORIZED USE - I. the undersigned, do hereby declare under penalty of periurv
that all products purchased, now and in the future, will only be used on cable TV systems with proper
authorization from local officials or cable company officia ls in accordance with all applicable federal and
state laws.

Signature _

• NO COLLECT CALLS! •

IMPORTANT. When ordering, please have
the make and model number of the equ ipment
used in your area-Thank you!

* Call for availability

Prices subject to cha nge without notice

CHECK US OUT-WE'LL
MEET OR BEATTHE OTHER'S
ADVERTISED WHOLESALE
OR RETAIL PRICES!

PC.
Pacific Cable Co., Inc.
7325112 Reseda Blvd., Dept. R-08

Reseda, CA 91335
(818) 716 -5914 • (818) 716-5140

Jerrold is a registered trademark of General Instruments COfP
Dated: Signed: _
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PAY TV AND SATELLITE OESCRAMBLING
NOW 120PAGES

Snni lki Electronics Corp. 1327A Niagara St..
Niagara Falls. NY 14303. COD 's 716 -284 -2163

Schematics. theory, bypasses.13cable.7satellitesystemsIncludingAfter
Dark Video $14.95. 6 Ed Update Only S8.95 Experiments With Vld­
eoclpher. Latest cr cuus. cloning. rnusketeennc data $12.95. Cable TV
Two-way, security systems. cesqn S12.95. MDSiMMDS Handbook. For
microwave hackers $9.95. Build Satellite Systems Under SOOO S12.95.
Any 3/$26, Summer catalog$1.

SUPER Octopus circuit tester ; plans and user's
guide; $5.00 to VIEWPOINT, 8405 Glencrest, Sun
Valley, CA 91352.

Cable TV Converters
Why Pay A High Monthly Fee?

I

CABLE-TV DESCRAMBLERS. You name it!
You 'll get it! Specializing in hard to find
equipment. Special: Scientific Atlanta com­
bination with remote $229. C. O.D. any­
where. (916) 541-8461. NATIONAL CABLE/
SO. SHORE INC. , 151 2 Roswell Road # 229 ,
Marietta, Georgia 30067

Iri M d " SB3 H I' a k VN 12 ELIMINATE light and dark from copying new video
rt- 0 e, - , am In, a - , tapes. Schematic $5.95 circuit board $5.00. BLED-

M-35-B , Zenith , Magnavox, Scientific SOE, PO Box 3892, Central Point, OR 97502.

Atlanta, and more. (Quantity dis- DETECTIVES, experimenters. Exciting new plans.
counts) 60 day warranty. For fast ser- Hard to find micro and restricted devices. Large

catalog $5.00 refundable on t st order. WILSON,
vice C. O. D. orders accepted. Send P.O. Box 5264, Augusta, GA 30906.

PLANS AND KITS SASE (60 cents postage) orcall for info ELECTRONICS surveillance.book on eavesdrop-
BUILD this five-digit panel meter and square-wave (312) 658-5320. Midwest Electronics, ping Investigation surveillance Includes civil liberties
generator including an ohms, capacitance and fre- Inc.!, HIGGINS ELECTRONICS, 5143-R outlined by congress (Office of Technology Assess-
quency meter. Detailed instructions $2.50. BAG- ment). Also covers infrasonic sound (sound below
NALL ELECTRONICS, 179 May, Fairfield , CT W. Diversey, Chicago , IL 60639. MC/ hearing) send $17.00 to: COUNTERMEASURES,
06430. Visaorders accepted . No Illinois orders P.O. Box 1021, Rowlett, TX 75088.

HI-FI speaker systems, kits and speaker compo- accepted . Mon.-Fri.-9A.M.-6 P. M.CST RADIO, free power, modern day crystal set. Send for
nentsfrom the world's finest manufacturers. For be- info. MERIDIAN SYSTEMS, Box 11 6, Eliot, ME
ginners and audiophiles. Free literature. A&S :-:03:;-9=0=3:-;.===__-:- _
SPEAKERS, Box 7462, Denver. CO 80207. (303) WIRELESS remote cable converters $60.00 with ULTRASONIC ranging system measures dis-
399-8609. purchase of selected video kit. $50.00 boards and tances from 6:' to 35' . I/O is TTL compatible, can be
VOICE disguisers! FM bugsl SWL active antenna! parts for video and hobby projects from magazines connected directly to most computers. Experi-
Receivers! More! Cata log $1.00 (Refundable) : and other sources. SA turn on kit $40.00. Video menter's kit includesone SN28827 ranging module,
XANDI ELECTRONICS, Box 25647, Dept. 60P, dechipher kit $75.00. Call or write for list and details. one Polaroid 50KHz electrostatic transducer, and
Tempe, AZ 85282. WIZARD, 1-(419) 243 -78 56, 24 East Centra l, user's manual With data sheets. Great for alarms,

Toledo, OH 43608. computer mapping, robotics, etc. $59 95 + $2 00
PROJECTION TV...Convert your TV to project 7 . . postage. $2.50 for COD. 1.0. MICRODEVICES,

---foot- picture:- Results- comparable- to- $2;500-p roj JERROLD.gated.pulse.theory._Twelve Informatlon-- -p.o. Box 2386, Canoga Park- CA- 91306 (818)
ectors...Total cost less than $30.00 plans and 8" packed pages covenng DI & DIC converter opera- 348-8312. , .
lens $21.95...llIustrated information FREE...MAC- tion. Includes Introduction to tnmode system. $6.95
ROCOMA-GL, Washin gton Crossing, PA 18977. plus $1.50 pos tage and handling . ELEPHANT
Creditcard orders 24hrs. (215) 736-3979. ELECTRONICS INC., Box 41865-J, Phoenix, AZ

85080. (602) 581-1973.
CRYSTAL radio sets, plans, parts, kits, catalog
$1.00. MIDCO 660 North Dixie Highway Hol- DESCRAMBLE the latest video cassette copy-pro­
Iywood, FL 33020. ' tecti(Jnscheme. Our simple line zapper circuit takes

the Jitter out of your picture. Complete plans and
CA'!'ALOG: .hobby/broadcasting/1750 meters/ham/ theory only $13.95 plus $1.50 postage and handling.
CB.. transmitters, antennas, scramblers, bugging PC board and complete kits also available. ELE-
devices, more! PANAXIS, Box 130-F8, Paradise, PHANT ELECTRONICS INC., Box 41865-J, Phoe-
CA 95967. nix, AZ 85080. (602) 581-1973.

FREE catalog 99-cent kits- audio, video, TV, MINIATURE elec tronics devi ces, like Jam es
computer parts. ALLKIT, 434 W. 4th St., West Islip, Bond's. Catalog $2.00. F&P ENTERPRISES, Box
NY 11795. 51272, Palo Alto, CA 94303-L.

SATELLITE descrambling manual, Video Cypher
II. Schematics, thorough explanation of digital audio
encoding, EPROM code, DES. (HBO, Cinemax,
Showtime.) $10.95 + $1.00 postage. Catalog $1.00
CABLETRONICS, Box 30502R, Bethesda, MD
20814.

MELODY IC, Piezo element and application sheet
only $3.00. BELL CERAMIC INDUSTRIES, INC.,
31 Passmore Avenue, Unit 28, Toront o, Ontario,
Canada M1V4T9.

ULTRASONIC pest repeller: Exceptional design!
Complete quality kit $25.00, assembled $30.00.
UFO DETECTING BOOK : Electronic projects, the­
ories, schematics, $6.00 (NY + 7.5%). UFONICS,
Box 1847-R, W. Babylon, NY 11704.

INVENTORS

DESCRAMBLlNG, New secret manual. Build your
own descramblers for Cable and SUbscription TV.
Instructions, schematics for SSAVI , gated sync,
sinewave. (HBO, Cinemax, Showtime, etc.) $8.95
+ $1.00 postage. Catalog $1.00. CABLETRONICS ,
Box 30502R, Bethesda, MD 20814.

STRANGE stuff. Pians, kits, new items. Build satel­
lite dish $69.00. Descramblers, bugs, aduit toys.
Informational photo package $3.00 refundable. 01­
RIJO CORPORATION, Box 212, Lowell, NC 28098.

PAC-TEC enclosure specified in Feb. '87 R-E article
on Tri-Mode. Pre-drilled..$24.95 plus $2.50 S&H.
VISA/MASTER CARD accepted . Call (617 )
339-1026 or send to THE HOBBY HELPER, P.O.
Box 308, Bridgewater, MA. 02324.

CABLE television converter, descrambler:
and wireless remote control video equip·
ment accessories catalog free. CABLE DIS·
iTRIBUTORSUNLIMITED, 116·PMain Road,
Washington, AR 71862.

INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA­
TION for free information. Over a decade of service.
1-(800) 338-5656. In Massachusetts or Canada call
(413) 568-3753.

tAMERICAN CANCBl SOClElY '

When som eone
inyour family

gets cancer,
everyone

inyour family
needs help.

Nobodv knows better than
we do how much help and
und erstanding is needed . T ha t's

why our service and reh abilit ation
programs emphasize the wh ole
family; not just the cancer patien t.

Among our regular serv ices
we prov ide info rmation and
guidance to patients and familie s,
transpo rt patte rns to and from
treatment . supply home care items
and asstst patients in their return
to everyday life.

Life is wha t co ncerns us.
So you em sec we are eve n

more than the research o rganl­
zatio n we are so well know n to be .

No one f:l.ces em cer alon e.

$2795

~
~

TOROIDIAL
TRANSFORMER

112" $995
(1-3 ) (....uP)

• 120 vol t pnmary . 2 - 2OV, 5A
seccodanes • 04'h" roun d . · 04 Ibs

• A gr&l t assortment of di fferent
values and wort<ing voltages
Includes elect rolyt ics , cera mics,
mylars, and mor e!

300 PIECE CAPACITOR

KIT~

~

........

jtl 30-0 10

• 2 posrno n. rotary type . Full y
shield ed, FCC approved

RS-232 DATA SWITCH

115" $1395
(l-ll (" ·I O}

HARDWARE AND ELECTRONICS

9" x 8" Dou ble Sided
...5-300

18" x 12" Double Sided
1055- 320

I
e 15 day money bKk gUManlM , · $10.00 minimum I
order. • COD on:»n~ • 24 hour ahlpp6ng .
• SNPPInG ct\argt' '" UPS chMt ,.te ($2.50 min-
Imum charge). Hours1:30 a.m. - e p.m. EST M-F.

PARTS EXPRESS INTL INC.
3040 East First 51.

Dayton , Oh io 04&402

0290-100

12" PIO NEER WOOFE R

CIRCLE 181 ON FREE INFORMATION CARD

I6SO
(1-' l

Our new 56 page catalog contains
thousands of items that you need
every day for do-it-yourself
projects, product engineering,
electro nics repair and more. Call us
today for your free copy and start
saving!

FREE CATALOG

jt350-010

A COPPER C"LA",D,¥ \ PC BOARD

""",,,'"U", ~
• <4 " diopter magnIfying lens
• Uses up to a 60 wall bu lb (not
Included) . UL listed. 117VAC

PIONEER HORN
TWEETER

027ll-05O

• Frequency response 1800 to
15.000Hz, • Power handli ng ceca cu- • Power: 65W RMS. 11 oz. mag net
ities: 35W RMS, resonant frequ ency . 25 to 2500 Hz resporee e 1'h"
2 kHz, 3'h" x aw. voi ce COil

CALL TOLL FREE
1-800-255-3525

In Ohio: 1-800-322-3525
Local: (513) 222-0173

1,£Parts
II j XP~J!.!~

(fJ
o
Z
o
a:
f­o
UJ
....J
UJ

6
is
<t:
a:
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BUSINESS OPPORTUNITIES

ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

HOME assembly. Assemble PC boards for video
accessories. We supply materials. No experience
need ed, $7 .50 per hou r. Se nd se lf-add ressed
stamped envelope, to : MICRON -ELECTRONICS,
Box 4716, Akron OH 44310.

Start home. spare time. lnvestment-knowledge or
experience unnecessary, BIG DEMAND assem­
bling electronic devices. Sales handled by profes­
sionals. Unusual business opportunity.

FREE: Complete illustraiedliterature
BARTA. RE-O Bux 248

Walnut Creek. Calif. 94597

EASY, lucrative . One man CRT rebuilding machin­
ery. Free info: (815) 459-0666 CRT, 1909 Louise,
Crystala ke, IL 60014.

MECHA NICA LLY in clin ed indiv idua ls desi r ing
ownership of small electronics manufacturing busi­
ness-with out investm ent. Write: BUSINESSES,
92-R, Brighton 11th, Brooklyn, NY 11235.

PROJECTION TV...Make $$$'s assembling proj­
ectors...easy...results comparable to $2,500 proj­
ectors . Total cos t less th an $30.00 . PLANS, 8"
LENS and dealers information $20.50. Illustrated
information free. MACROCOMA-GLX, Washington
Crossing, PA 18977. Creditcard orders 24hrs. (215)
736-2880.

ShiPPing $2 50 Sf:nd checka odd $2.50(00.«(Mho certified chc:ckorMO
00 COD) No credit cec, terns, PO's NY. odd 8% tax

TRVO dealers receive 510.00 rebete towerds 1st
purchase of !'ROlIC plus discounts worth more then

$50 .00 on soldering equipmentondeccessortes,
TESTRON, Inc.,
dept R.1, 184 Jericho Turnpike, Floral Park, N.Y. 11001
800-221-1002 oct 301 24 tv, -7 doys ( In NY) 516-358-9414

PRINTED CIRCUIT BOARDS

NEWlIlNSTALLAnON and REPAIR
of VldcoClphc~ i OOO and i100

Th.'-OnlyVCR InstructionolVideoProgrom
Dernonstreting.

NO(mol & Specieltrst elletion • SettingExter",,1
Controls . PrefO(minglnterrel Adjustments
• Deter-ming end RepoirlngCommon Boord

Problems. Replocing PortsCovered by Epoxy
• Slotic Precoutions& Special Soldering Techniques.

Using !'ROlIC; theelectronic test device fO(
the orotesslooel TYRO deeler

Everything you've wanted to know shown

V>d<oC '~"~~~J.~~J;.e~~~~~_

SATELLITE systems $295 up. VISA/MC available.
Cata log $2 . STARLINK INC., 2603- 6E Art ie ,
Hunstviile, AL 35805.

VIDEOCIPHER data disk , Apple II and PC, dial
(011)(52) (451)42268 (Mexico), 4-10 PM. CST. for
information.

SCIENTIFIC Atlantia cable users series 8500 8550
get all channels instructions for simple modification
cos ts under $10.00 to make. Complete instructions.
Send $10.00 no checks to K.F. SPECIALTIES, P.O.
Box .443,.Forked River, NJ08731.

10ft Satellite system, remote controlled, tracker
and descrambl er with 1 yr free subscript ion to 20
channels. $1,495 plus UPS. VISTA VISION, 1 (602)
458-5482 after 10 a.m.

CIRCUIT boards prepared from layout s or CA D
flies . Call for price list (301) 987-4023. PEL, 1205
Generals Highway, Crownsville, MD 21032 .

I

1.S-2.7GHz Parabolic Dish 40' dBGain
LIFETIMEWARRANTY

Complete SystemS8995 (Shipping Incl.)
Replacement Components
& Expert Repairs Available

K& SELECTRONICS Callnow forsame
P.O. BOX34522 dayshipping!
PHOENI X. AZ 85067 16021 230·0640

- VISAlM CICOO- - For-O ealer Rates Call 602'888'4060 -

SATELLITE TV equipment. Buyers guid e, discount
prices. $3.00 N.E.C.S. INC., Box 22808-Rl, Little
Rock, AR 72221.

CABLE TV Secrets-the outlaw publication the ca­
ble companies tr ied to ban. HBO, Movie Channel,
Showt ime, descramb lers, converters, etc . Sup­
pliers list included $8.95. CABLE FACTS, Box 711­
R, Pataskala, OH 43062 .

SATELLITE TV receiver kits ! Instructions ! Sche­
matics ! Catalog $1.00 (refundab le): XANDI ELEC­
TRONICS, Box 25647, Dept. 21S, Tem pe, AZ
85282.

SATELLITE TV

SATELLITE scrambl e newsletter, non-profit pub­
lication, des cram bler source s, $1.00, MICHAEL
THOMPSON , Bo x 4508, Dieppe , Cana da,
E1A-6Gl .

59 degr ee brand name LNA's! LNB 's! Ku-Band
LNB 'slDiscount pricin g! Catalog $1.00 (refundabl e):
LNA-RE, 201 E. Southern, Suit e 100, Tempe, AZ
85282.

DESCRAMBLER build our low cost sateilite TV
video only descram bler for all major movies and
sp ort s. Use s all Radi o Shack par ts. Order P.C.
board and instructions by sending cheque, money
order, or Visa for $35.00 U.S. funds to: VALLEY
MICROWAVE ELECTRONICS, Bear River, Nova
Scotia, Canada, BOS-160. (902) 467-3577 .

MARK V ELECTRONICS INC 1-800-423-3483 INFORMATION: 1·818-282·1196
., TOLL FREE MAIL ORDER: P.O.BOX 6610248 EASTMAIN STREET. SUITE 100. ~ f25CSI

ALHAMBRA. CA 91801 ~Only for orders paid by Master or V lsacardlS:Z2J ALHAMBRA,
TELEX 3716914 MARK5 IN CAL.: 1-800-521-MARK CA91802

MEASUREM ENT RANGE
o C VOLT AGE l mV - l 000 V
A C VOLTAGE lm V - l QOOV
DIG ITAL THE RMOMET ER ric _ 100°C
D.C. CURR ENT : 1 uA - 2A .
CAPACITO R METER : 1 pF - 2 uF Kit $30 .00
DIMENSIONS : 3 3/4 " x 1 7/B" x 4 1/16 " Assembl ed with tested ... ...... $36 .00 .:. An elabo rated p rot ection syst em is spec ially designed , a ' BB' sou nd and

80W+80W DC LOW TIM PR EeMAI N AMPLI FIER .:. ~:::r~~~~i1~~gyhta~~ 1 ~:I~:~i~i7yh~~ tr~~u~~;~u~~s ~:;:~~~~:' h i g h quality
TA-BOO 1_ I yohege regu lated IC

~T) A I f:;(,I JotJ ...:::::.------;--- .:. King SIze meter makes the reading of voltage and curr en t mo re clearly
~lijj~iJ.lI glJ, I~V 1'" 1\ rulp ---;-- and .ccurat ely

F
.(.""'t:°fO r" r l

,~ ••• A refi ned case meter and all accessory are enclosed for bot h kit and
H,..... I ..,..IIJo-l" e/,lf ---:-: • assem bled for~ It ISmost SUItable fo r prof esSional or amate ur use.

~-joJl.~~ 20 STEPS BAR /DO T AUDIO LEVEL
K IT S55.3. __ DISPLAY KIT T Y- 4 5

METAL CABINET/X ' FORM ER .. . $26/5 16 .80 .-----:::;

CIRCLE 93 ON FREE INFORMATION CARD
85



YOUR own radio station! AM, FM, cable. Licensed
or unlicensed. BROADCASTING, Box 130-F8, Par­
adise, CA 95967.

PERSONAL computer owners can earn $1000 to
$5000 monthly offering simple services part time.
Free list of 100 services . Write: C.I.L.G.B., P.O. Box
60369, San Diego, CA 92106-8369.

EARN thousands with your own electronics busi­
ness. I do. Free proof, information. INDUSTRY, Box
531, Bronx, NY 10461.

FLOR IDA business for sale. Elect ronic servi ce
sales. FLORI·DAY ELECTRONICS , 44 Avenue E,
Apalachico la, FL 32320. (904) 653-9657.

MAKE $$$ manufacturing electronic products! 30 +
plans $5.00 complete! (Free details available) NRG
INC., 11580 Oakhurst Rd., Largo, FL 33544.

EDUCATION & INSTRUCTION
F.C.C. Commercia l Genera l Radiotelephone li­
cense. Electronics home study. Fast, inexpensive!
"Free" details. COMMAND, D-176,Box 2223, San
Francisco, CA 94126.

CASSETTE recorded home study for new General
Class FCC license examinations. Seminars in Phil­
ade lphia, Det ro it , Bos ton, Was hington . BOB
JOHNSO N TELECOMMUNICATIONS, 1201 Ninth,
Manhattan Beach, CA 90266. (213) 379-4461.

DESCRAMBLER MODULE
COMPLETE cable-TV decoder in a mini-module.
Latest technology upgrade for Jerrold SB-3 or Ra­
dio-Electronics Feb. 1984 project. Available at very­
low cost. For literature, SOUTHTECH DISTRIBUT­
ING. 1-(800)-821-5226 ext. 130.

WANTED
INVENTORS! AIM wants-ideas, inventions, new
products, improvements on existing products. We
present ideas to manufacturers. Confidentiality
guaranteed . Call toll free 1-(800) 225-5800 for infor­
mation kit.

INVENTIONS, ideas, new products wanted! Indus­
try prese ntation/national expos ition . Ca ll free
1-(800) 528·6050. Canada, 1- (800) 528-6060 .
X831.

WANTED surplus inventories of ICs, transistors etc.
No quantity too sma ll or large . Ca ll WESTERN
TECHNO LOGY, (303) 444-4403. FAX (303)
444-4473.

NOTCH FfLERTS
NOTCH filters for any channel. Send $15.00 for
sample unit. Specify output channel of converter.
Money back guarantee. DB ELECTRON ICS, PO.
Box 8644, Pembroke Pines, FL 33084.

SCIENTIFIC ATLANTA & SB-3
SCIENTIFIC Atlanta cable conver ters (or iginal
units), models-8500 and 8550, remote con -
trol...$240.00. SB-3's...$74.00. TRI-Bi 's $95.00.
SBSA·3's...$99.00. Zenith (Tag-ons) $159.00.
Jerrold-450 converters ...$95.00. Dealer discount
on units. Call-N.A.S., (213) 631-3552.

-:::-::::J VIDEO TAPE

a ~l'!.' !!..J COPYGUARO
E li minate the latest copygu ard pro bl ems

units from $599 $ to $1699 $

'De1/W- 'EtectrQniu (7U}998·6866
1432JUim ., Or. Ca.9266>

DO IT YOURSELF TV REPAIRS
NEW...REPAIR ANY TV...EASY. Anyone can do it.
Write RESEARCH, Rt. 3, Box 601R, Colville, WA
99114.

CABLE TV TURN-ON 'S
" TURN·ON" boards for all models Jerrold 450's.
Requires no internal modification or soidering, sim­
ply plugs into existing connector. Fully guaranteed.
Quantity discounts available. Call or write for infor­
mation and prices. VIDEO SOLUTIONS, 3938 E.
Grant , Suite 257 , Tucson , AZ ·85712. (602)
323-6072.

CONSULTING SERVICES
DIGITEK turns your ideas into hardware. Desi~n

and/or prototyping. Send SASE for free feasibility
and cost analysis. No job too small. DIGITEK, Box
195 Levittown, PA 19059.-( 215) 949' 2260. -

COMPUTERS
TANDY computers! MSDOS, IBM, compatible. Dis­
count prices! For quote or purchase call 1-800-36­
SHACK. EDGEWOOD COMPUTER CENTER.

~ CABLETV DESCRAMBLERS
CABLE television converter, descramblerl
'andwireless remote control video equlp~
ment accessories catalog free. CABtE DiS­
iTRIBUTORSUNliMITED, 116~C Main Road,
~asblnQ!on, AR .!1~!~ ..__._ .__

~~. SOLID STATE SALES TEL (617) 547-7053 WE SHIP OVER 95°1.
• , FAX 617-354-1417 OF OUR ORDERS WITHIN

POBOX 74 D - SOMERVILLE MASS 02143 TOLL FREE 1·800-343-5230 24 HOURS OF RECEIPT
• • , . FOR OROERS ONLY

3 1$100
$ 30

51$100
$ 50
$85
$100
$ 1.10
$ 1,15

IN4 148I1N91")

15/1.00

DI P SW IT C H E$

15 UF 16 V
22 UF 10 V
JOUF 6 V
33 UF 15 V
47UF 20V
68 UF 20V
l00UF 16 V
330UF 10 V

CT5206 4 4 p~,t , O" . 75
CTS200 1 7P~,1 , 0 '" 95
CT5 206 8 8 P~",O '" 95
CTS 206 ,10 10 PC>1OI, o" 1 25

RCA. HC 2500 60 WATTS
S O LI D STA TE H Y BR f D $34 .95
LI N E AR AN D AU D IO AMP

BANO WIDTH 30 KHr ~ I

GO WATT5. 7 AMP OUT PUT

TANTULUM CAPACITORS
22UF 35 V 5 /$ 1 00
47U F-35 V 5 /$1 .00
68UF 35V 5 /$ 1 00
lU F 20V 5/ $1 .00
2.2UF 20V 51$1.00
3 3 UF 20V 4 /$ 1.00
4.1UF 20V 41$1 .00
6 8UF 20V 41$100
10UF 20V $ "0

Di SC C A PACITO RS
. l UF 16V. l 0 1$ 1.00 100 /$800

0 1UF 35V 16 1$100 100 /$ 500

REGULATO RS
l AS39U . . .• ,. $595 323 K t lA l" 051•• S295
]8L05 0 ' 12 . • •. $30 l M331 • .•• .• , . $2 75
78M05.120r 15 . • $ ,40 l M338K . . ..•• $3 75
l M305 . • • .• $ . 75 340T' 5,6.8.9. 12.
309 ~ . . . . . .• • $1, 25 15. 180r 24V . , $ " 5
l M3 11T •. , . . . $ ,90 723 . .•• .• •••. $ 4 5
320T ' 5.1 2,15or 2" $ 55

l 14 1H R Dell'~ tor . . . •• 3 /$1,00
FP 100 PhOIO Tra ~ . . $ 50
Aed ceo-, 2" . •... . . .. , . . . . • . . 10 1$100
Yellow. G ree ....or Amoor 19 lE O's .2" . .. . 8 1$100
Rl d·Gree... B'Pol lr lED . . , . . $ 90
R.d·y , lIow BIpo lar l ED . . , . . . . $ .90
Ml ED92 IR lE D •. ...•• . $ 40
MAD1"8 Phot o Dart. XTOR •• . • • • .., • . $60
l l ,5 0PIO Iso la to , s . $ .60
4N" 5 Op lO COUpllilf $ 60

S ILIC O N PO WE R RECT IF IERS MU LTI TU R N

PRY 1A 3A 12A 50A 125A 2" OA TR IM PO TS
100 05 1" 35 90 600 I IlU WOHM
200 06 11 50 1 30 .. "ilI I IJ (IQ 100 OHM
400 09 .25 65 150 1000 12 00 l QOOOHM
600 . 11 .30 80 200 1300 15 00 51< 10 K
800 . 13 351 00 250 16 00 1800 io~ lOOK
1000 20 45 1 25 300 20 00 ze 00 3/5 2.00

TTL SIZE PR INTE D C IRCU IT BOA R D
REL AYS 4" ~ 6" DOUBLE 5 1DED EPOXY

5V 5P5 T BOAR DED 1116" THICK
5V DP5T .95 $ .60 u . 5i$260

12 V OP5T t .95 .......0:;=:-::==---11
~~ 2O~~O~rODES $ 1 .9 5

BRIDGE
PRY 2A 6-' 25A
100 1 40
200 80 1 30 220
400 100 1 65 330
600 , 30 190 440

5ENO S 25 FOR OUA CAT AlO G FEATURI NG
TRAN51ST OR5 &: REC T IF IER5

145 HAMPSH IR E 5T., CAMBRIDGE, MA55 , 02 139

,4 l5240 .65

~: ~~;:; ~~ I-"-=="':"':""::'::::::-C~~.L.."':"':':""'':'':'''.....,.
141 524 3 65
741 524 04 65
H l 5 245 . 75
74 lS246 1 40
741 5247 .75
14 15 243 65
104152 51 .45

~: ~~;~~ :~; I-':':,::-:~:;;:..:.===-----==.
74 152 58 .45
]04l 5259 120
7415260 .45
74 l 52(;6 ,55
74L5213 .75
74L5279 .39
74LS280 1,70
74 L528 3 .55
74 L5290 80
74 15293 .80
14 l5~8 65

14lS320 200
74lS322 300
7" LS323 2 40
14 l 53G5 .39
74 15366 39
74 153 61 39
14 15368 .39
14 15313 15
14LS3 14 .15
741537 1 .15
7415386 45
14 l53OO 1.10

~: ~~i~~ 2:~~ ~:'::'=':""'':'':'''=.L''':''::':'':''''':''''':''''' =':'':'''.
7415446 200
7415541 1.40
14 l5625 1.75
1" lS 64 5 .95
H l SGG8 145
74 lS 6 10 .95
81LS98 140

14 L5 112 29
1" L51 13 33
14l5 11" .33
74 15123 4 5
14 LS125 35
74 15 126 .35
1" l 5132 39
7"l5136 35
741 5 137 90
14 L5 138 39
14151 39 39
74 l5145 .70
14 15 147 1.00
741 5 148 .90
7415151 .39
74 lS153 .39
7415154 1 50
7415155 55
74 15 156 .45
74L5 157 35
74 15158 ,20
74lS160 29
74lS161 49
741 5 161 49
74 151 63 49
1415164 45
74lS1G5 65
1415166 95
7" l516!1 90
14 15 110 80
74l51]3 49
7415114 39
7415115 39
741518 1 140
7"l51OO 49
7415191 49
7415 192 65
74 15 19 3 65
7415 194 65
1415195 65
14 lS196 55
74 151 97 55
7"lS221 55

74LS SERIES

14500 .25 1458 5 00 14S SERIES
1" 502 29 74586 35 145165 15O
14503 .29 74589 200 145174 .75
14504 .29 145112 .50 1451 75 75
145 05 29 1451 13 .50 145181 3,00
74508 .35 745 12" 2.20 1" 51 8 2 2 00
7"S09 ao 74S 133 - s 145189 1 60
7451 0 .29 745 135 .85 745194 1,30
14S1 1 .35 745 138 .75 14 5195 1.30
745 15 35 74513 9 75 1" 524 0 1,40
14520 .29 145 140 50 7"524 1 ''0
14530 .29 745 151 .75 14524 " 1.25
14532 .35 74S1 53 .75 745251 .75
145 40 29 1"51 57 75 745 257 90
14542 .85 7" 5158 90 145260 ."14 55 1 .35 145161 1 25 145 3 731 .65
14574 ." 745 1631.25 1" 53 1" 1,65

1456 80
. 1" 58 50

l M1808 1.75
A02JCX)lD4 .9 5
l M2901 9 5
CA30 18 H IS
CA3045 1,20
CA3078AT 1.5 0
CA3080 85
CA308 9E 1.75
CA309 4 1.30
CA3 130 90
CA3 140 .75
5G3524 1.2 5
5G 3543 . 70
5G3544 1.00
UNl3101E 1.75
CA3822 .75
l M3OO9 80
" 136 85
S D5OO0 1.75
N553 4 .75
N55 96 A 1.50
50 600 0 1 00
803 8 3 9 5
870 0CJ 5 95
l M13 080 .9 5

TR IA C ' s

PRV 1A 10 A 25A
100 ,35 60 1 " 0
200 .50 .80 1.90
"00 .70 1 ,00 260
600 1.00 1.20 3 60

l M386 85
lM381 95
l M393 40
l F398 A 3,0 0
l F4 11 1.25
AD 506J H 2 50
53 7 1 50
l M555 29
l M5 56 .45
558 1.1 0
564 1.75
565 90
566 1.25
56 7 .75
NE570 2 50
NE5 92 95
700 CH 80
711 CH .60
733 95
74 1CV .19
747 .50
lM798C T 60
OAC0800 295
LM13 10 1.40
MC13 30 1.00
MC1355 .70
MC1391 1 00

SC R 's

1.5A 6A 35A 75A
100 .3540 140
200 .40 .50 1 80
400 ,60 .10 2 40 900
600 .80 1.00 360 1200

PLEASE CALL FOR QUA NTITY PR[C[~!G

74COO 25 74C9 15 1.10 4027 35 40 72 20
74C02 .25 74C9 21 3 5O 402 8 es 407 6 .55
74C04 .25 '001 .ie ' 029 cs 4077 .28
l"COB 25 '002 ' 0 40 30 35 ' 08 1 2C
14C l0 25 -ccc 65 "0 3" 1 40 ' 08 2 20
14C1 4 .55 ' 007 20 4035 65 . 09 3 "7" C20 25 ' 008 85 4040 65 eoee 1 40
14C 32 .35 ' 009 .35 "0~1 . 75 ' 501 95
14 C42 1.1 0 40 10 .25 ."', 55 '503 ."14C7 4 .55 4011 .19 ",., 85 ' 506 75
74C76 60 ,40 12 as "". 65 . 45 10 . 5
1"C8 3 1 20 40 13 35 ",,, 85 451 1 55
74C85 1,25 "014 65 ",., 85 " 512 .75
74C86 35 40 15 28 ",., 65 45 14 95
74C93 1.00 40 16 28 4049 .28 " 515 1 60
14 C154300 40 17 " ' 050 28 45 16 75
14C 1S1 95 40 18 65 4051 65 451 8 85

14C1G1 95 " 0 19 .35 405 2 65
4520 .75
4528 .75

74C1704 es 40 20 55 40 53 65
4529 1 " 0

1"C1 15 95 402 1 65 '060 65
14C2"5 1. 75 4022 65 . 066 28

04 538 95

74COOl 35 4023 .25 '068 35 "" 1 50

74COO2 '0 402" .. 4069 .19
454 1B 1.20

74COO3 80 402 5 .25 4070 28
4553 1. 7!:>

74C901 .75 .026 125 4071 20 '56' 90
4585 75

Ace
08 09 CCN 8 ,95
T L06 2CP .95
T l 06 4C N 1.00
T l 072 1.00
T l 082 90
Tl0&4 1.00
lM201 .75
l M301n 4 8 ,35
lM 30 7 45
l M308 65
lM 3 10 1.1 0
l M3 11 45
l M31 8 1,00
l M3 19 1.10
l M324 35
l M339 .50
lM348 65
lF3 51 ." 5
lF353 55
lF355 35
l F356 85
l M358 45
l M310 160
l M3RO 85
l M38 4 1.60

T ERMS: FOB CAMBR IOGE . MASS SEND CHECK OR MON EY OROER

MINIMUM TE LEPHON E, CO D. PURCHAS E ORDER OA CHARGE $20 00
MIN IMUM MAil OR DER $5 00

TTl l C SER IE S

TIP 3 18 NPN 5, TO·220 $ .40
T IP 328 PNP 5, T O·220 $ ,40
T1P 34 PNP 5, . . . . $ .95
T IP 111 , . . . . . . . . $ .50

T IP 121 NPN 5; U8" . . $60 ~1I...I!Il~;J~,!Iii!l•••TIP 141 NPN 51 U97 . , . $ 1.00
T IP 1" 5 . , .. . . . . . . . $ 1.35
2N1307 PNP GE TO·5 . . $ " 0
OPS2000 - DUA l

POWER CA RL. .• . . . $3.95
2 N2222 NPN S, TO·92 . . . 7 /$ 1.00
2N 290 7 PNP 51TO·92 7/$ 1.00
T IP 29 55 PNP 5, . " $ . 70
2N 305 5 NPN 5, TO·3 $ .60
MJ E30 55 T. , . • . . $ .60
2 N377 2 NPN 5i TO-3 . $ 1 ,25
2N3904 NPN 51TO·92 . , , . 7 /$ 1.00
2 N3906 PNP 5i TO·9 2 . . , 7/$ 1.00
2N" 901 PNP S, TO·3 , $1.00
2N5296 NPN TO·220 . , S .50
2N6109 PNP 51TO·n o . . ' . $ ,55
MJE 13009A 400 V NPN $1.00
MRF ·8004 CM RF NPN $ .75

7400 .19
7"0 1 .19
740 2 .19
740 3 .19
7"04 .19
7405 25
7406 27
740127
7"08 24
7409 . 18
74 10 .18
7"1 1 .25
741 2 .25
74 13 .35
7" 14 .45
74 16 .25
74 17 .25
7"20 .20
7" 25 .27
7426 .30
7"2 7.27
7" 30 .20
7432 .27
143127
74 38 29
74" 0 20
74"2 45
144565
7448 .70
7450 ,20
1"12 29
74 1335
741" .32
747 5 45
7" 76 .50

OB
CONNECTOR
DB9P • $ 80
DBOS . $ .95
HOODS · $ 65
DB25P - $ 1 25
08255 - $ 1.50
HOOD S- $ .65

CRYSTALS
2000 6 .1" "
3 000 8 .000
3.57 9 10. 000
4 000 18. 000
5 000 18 "32
6 ,000 20000

1.75 ea.

OISC
Controllers

0765C 4 ,50
177 1 4.7 5
1791 9 .50
179 3 950
179 5 12.00
179 7 12.00
279 7 7.95

RAM 's
20 16 1.50
21 l 02 ·3 .70
2101A ·" 1.50
21 11A 1.75
21 12·1 1.95
211"·2 1.00
2118· 4 1.75
21" 7·3 2.50
32"2 6 .00
TM53409 1.75
MK"027·) .90
TMS40SON L 1.75
MK"096·11 1.25
4 108·) 1.60
" 116·2 .70
" 118·4 1.75

" 16" ·15 .90
" 1256· 15 ) ,50
""~· 15 4 .00
MK"8 02 5.00
Z6 104 ·" 2.50
611 6·3 1.60
8 167 1"·3 ".50
626 "lp·15 3 .40
8118·12 4 .95

WIRE
WRAP

SOCKETS
1" PIN ." 5
16 PIN .50
18 PIN .65
20 PIN .90
2" PIN 1. 10
28 PIN 1, 25
40P IN 1.80

POSTAGE ADD 10% FOR ORDERS UNDER $25.00

RA TES ~gg ~: ~g: g:g~~~ ~~~~E$~~~'oo AND $50.00

DIPSOCKETS
8PIN .10 22 PIN .15

14 PIN .11 2" PIN .20
16 PIN .12 28 PIN .20
18 PIN .15 40 PIN . 25
20PIN .18

V20·5 10 .95 CPU 's&CHIPS
vac.e 1" .95 8086 8 ,00
IN52650 2 ,50 80 88 7.50
Z80A CPU 1.75 8 155- 2 2.75
ZSOB CPu 3 .75 8 202 9 00
ZSOA CTC 1 ,95 8203 16 .00
ZSOAOART5 .25 8 212 1 ." 5
Z80AOMA 5 .50 82 1" 3.7 5
Z80A P10 1 .95 82 16 1.50
Z80A 510 5 .50 822" 2.25
Z808510 9 .95 822 8 1.6 0
8 2C4 3 2 .75 82 31·5 6.50
AM0 2oo 1 e.oo 8238 3 ,95
650 2 2 .75 825 0·A 8 .75
6522 3 .50 8 25 1-A 2." 0
6800 1.75 82 53 1. 75
6802 4.50 8 255·A·5 1.8 5
S80 3 l 8 .00 825 7 2 " 0
6809 5.50 8259 2"0
88 10 1.75 8272A 4 ,75
68 21 1.75 8275 9 .00
68"5 4 .50 8219·5 2,75
685 0 1.15 82 84 2 .50
68 75 " SO 8288 ". 75
01220·1 12.00 8355 12.9 5
803 1 2 .75 8748 1 .50
803 5 1. 75 N5164 50 6.95
8048 5 ,00 TMS99 27Nl 9 .9'5
804 9 2 .50 68 000 1 8 8 .50
808 0A 2.50 ROM's
808 5A 2 .75 IN52 65·1 4 .50

REGISTERS ~~:11:r2 ~ :~
MM1402 1.7 5 8 25 12 6 195
MM1"03 1. 75 8 251 29 1.95
MM14 04 1. 75 825130 1.95
MM501 3 2.50 82 S13 1 1.50
MM50 55 2.50 TPB285 166 9 .50
MM50 56 2 50 8 25 19 1 4 50

~~= ;:~ ~~~r+"5V t~~
INTERfACE 2732a·3 3.75

AY5. 10 13A 3.75 2760\·25 " 00

~4Y8~10150 4:~~ ~H~:~~ i~
1" 89 40 362 8A.3 3 ,00

~=~;~~~ ;~; .'r25
:::

6;::.5_ ...:',;:.2;:.5 ., NO . 30
AY5-3600 f'AO 9 .9 5 WI RE W RA P
CRT5037 1895 WIRE S ING L E

~~~~~ ~:~~ STR A ND
8830 2 .50 100 ' . .$ 1.40
883 3 2.50 IIL_..",=...J
8834 2 .00
8838 2.00
MPY112 K 25.00

(/)
ozoa:
I­o
W
...J
W

oo
<t:a:
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l~~="":::·::I:::::-:c:=.--:=:=IT'~;::;::.':::'~~=.:.~cs.::;.~::;~~I'::I::..~c:'~.::~~':t~,:e.::: SERVICE CHARGES VOLUME DISCOUNT
,~g. W.~y.llthooPng.oo""""'"", loadd''''-,"lhIIUS A CInIlUIndMe'lC01OMtnChec:" OfmoneyOl'lStt~Ol'dMDoo, I(I'Y~~Ol'c*S .....th,"lheconl"""'III US A~• • t O.(l().. 9.99 •• • • • • • •Add . 2.00 $; 0.00-$ 99.99 ••• ••• •••• •• N ET
Hn... ClIIoIdI.t'1d """:0 $; 1000-$25.00 • • ••• • • •Add t o.75 • 1oo.00-t 249.99 •• •• •• •Le ..s 10%

WHEN ORDERIN GBYPHONE. CAll 1 BOO 34445]9 IAI(,(Ill 21868166141 BYMAll SEND YOUR ORDER TO OIGI KEY. POBox 611. Tb.,' RI" , hll.. MN 56101 t 25.00-$49.99 ... .. . .. Add SO.50 • 250 00-$.499.99 ....... Le u 15'1,

:~::,=~~:::::,:"O''"':~':.~:of=~ ~P::g:::~~~~~~~~~::~r:,:~,;;;;~trom D9 Key lhll pr~ lO'- dtfec1~ ...,Q '-~Ol' ,.fund :1~O:-~:·~~. : : : : : : : N~dC'h-:;;: :1::~~~:~ : : : : : : :t:::~~

»
c
G)
c
(J)
-i

CD
OJ
--J

PAN ASQNIC V SERIES
S....... Mo.-'_e-.-.

~T_II_ .eo'C .. . .-c
c--.,. 11_: 0 01~1 to I ClIo'
T__~I...-ct 2 5'"
s_C...-kyT----= t l ""
~'_[-...t: I ~

_1I~ta"a. l(11JljUQ~J

V......~IDCI' Jo\ot'og~

A~"-""""
a.e-'IfI......... rarn
LM4 ...-" XIO, XIO::::;:;-,v..

~1'::.Y ~' , M "'" ,..,... ..." " ,.. .".'~10 .... " ,.. "c,.", ... " " ,.. " ......" 001 2 " ~ ... M"...." 0011 " .. ." " ......" 001' ." ,.. .~ " "...." ,m ." ,.. ." ....
'4/>1' "" " '" ... ""...... , on " ". '''' " ......" "" " '" 1011 n ......" ,..,

" , u "" " ..
"'" .... " '"

,,,. .."
"'" ,... " ", Ill' ......,.

' ''' .. ,,,
"" 100 IO....,.

" .. ,.. ". ,......... '" " '" "" 11) ..- '" " '" .... '" ''..... ". ,.
'" .. .. ,. "....,. . u " '" "" 151 510

...." '" " '" nn ,....

..." '" n ,.. ,,,. ",..
"'" ." " n, " .. .."
"'" '" .. ". u" ~ ....... 'M '" ",. "' ......" ... " on "M "' ....... n, M .u .". m ..
..." " .. ." "" m ..

Mif.jt;i'."'it~iR'q.i3i(.j-f.

TW X - 91035019I2 olGI KEY CORP

C,t . No.
P62OO-Kit

*399
'

CAT. NO.
DH KIT
~,

*24'1

ONL Y

FAX - 211-1511-.3310

31D DISC
CAPACITORS

AS 50IlTMUfT Of 11

""""'.CA' A-CITOIlI

PAN ASONIC l S SERIES
_'_A~I"""ool.". e..-. __

' oW!O lO~ ' 500 1] l :a . 713
.......cz 15~' !oOO '1 1t7 Ul1
' 4olO3 I'" !iOO I I " 7 UJI

=:: ~~ :: ,-: :: ::-::
~ 3Itpl loOO 111:I •••' 1
HQ 47p1 !l«I 137 11 10 _SJ
HQ 51p1 !IOO 111 11 10 _U
NoI10 _pi SOl) I II 1]31 l00 3l§
!'<MIl 121" 500 205 17 51 131M
-c-.....~_"..,.....__~
e---'~_'''ffOIGI-I(IT~.

• $SOIlTIIII".., ,1
"'--UUlIU

' l U5CIltIUAlln

5';b Wtrewound Bee. Res .st or •
....-.- ""'lt l. Wall

1Il14lll 3 M<toef _ lOOOle 2 0¥.Q
M_pa l

".Ml:~~
2 Mdl ol .. _ ........
1._~1

lie. . M<to ol_ ' OQ ~ I IQ
IM __ I

1ISJ15 . M<to.t ...... l00"'tlQ
11I_,,""1

1I.,. ,..:l>oI_O:m MOIIQ
l lO _ pea l

r""---::'='T"" -11" r,
~G"

~
-,..,.---_.~:._ .,~~
=~~~~~

_o..--··lN, no 410
, ...._"*~"-""' _'W.IIV_

OllOOlo 2GKQ.l0 W.IIV_ ' Ga M3 omHewT.e.-: T. Io_ ," .....

_-..w·· ....' ~ .... _ ·"Wlr""1D_ l'_
,IM/Ior,~,-U._.u..CI9> Il;.. ,..,_.
-~, , ,. ..... U Ol

'w~ _ . . . 32 110 1<100 1000 ICla

lOW... . JI no %700 10000 11000... _ _ . ...0._

I w_ 1Il ""--

J -800-344-45 3 9
A K. Pu erto Rico - 211-681-6674

ulul~KEV
CORPORA TION
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MICROPROCESSOR COMPONENTS'
MISCEllANEOUS CHIPS 6500/6800 /68000 Cont. 8000 SERIES Cont.

Part No. Price Pert No. Price Part No. Price
D7 65AC . . . . 4.49 68 40 3.95 8228 2.49
WD1770 1'9:95 14.95 68 43 2 .95 8237-5 4.95
2661-3 5.9 5 6845 2.95 8243. . . 2.25
W D9 2 16 9:95 6.95 68 50. . 1,49 8250A. 5,49
lBO. lBOA, lBOB SERIES 68 52 . . &.95 2.49 8250B (For IBM ) 6.9 5
zao. . . 1.2 5 ~6~i..8. · · · · · i ~·~~ 82 5 1A. 1.75
ZSO-eTC. . 1.79 MC68OOOL10~ 14.9 5 82 53 -5 1.9 5

1:f~~( ~ ~ ~ : ~ ~lr mt~~;SF~~f -I~r/· : ~ ~ ; : . :iir
ZSOA-SIOiC) 4'95 8085A. 229 8741 10.9 5

ZSOB. . . .. 2:95 :2.·.·...':. ; .': ~~~ ~~~g <If~ (2i Vi..16~~
ZSOB-CTC 3.49 8087(5M Hz) 12500 8749 9.95
Z80B-PIO. . . . . . . 4.29 8087-2 (8MH~) : 159:95 87 5 1. 39 .95
6500/6800 /68000 SER. 8088 6.49 875S 14.95
6502 2.25 8088-2 6.95 DATA ACOUISITION
65C02 (C MOS) 8.95 8 116 . . . 4.95 ADC0804LC N 3.19
65 20. . . 1.7 5 8 155. . . .. . . . . 1.95 ADC0808CCN 5.95
6522. . 2.95 8155-2. . . . 2.49 ADC0809CCN 3.95
6532. . .6.49 8156 . . 3.9 5 ADC0816CCN 14.95
6551. . . 3.29 820 2. . 9.95 ADC0817CCN 8 .95
6800. . .. . 1.75 8203. 14.9 5 DAC0808LCN 1.95
6802 . . 3.49 82 12 . . .. 1.49 OAC1 008LC N. . . 6.49
68 10 1.2 5 8224. . 2.2 5 AY -3 -1015D 4.95
68 21 1.29 8228. . 2.4 9 AY-5 - 10 13 A .. 9:95 2.95

DYNAMIC RAMS

I

Wire Wrap (Gol d) L~ #3
8 pinWW 59

14pinWW. . . . . .6 5
16pin WW. . .. . • .69
24pinWW 1.19
28 p in W W 1.39
40 pi n WW 1.89

LM1 4 58N 39
LM1488N 49
DS14C88N (C M OS) 1.19
LM1489N .49
DS 14C89 N (CMOS) 1.19
LM 1496 N. .85
M C 164B P 4.95
LM1871N 2.95
LM 1872N 2.95
LM1896 N - 1. . , . • . 1.59
ULN 20Q3A. . .99
XR2206 3.9 5
XR2211. . . • . . . 2.95
XR22 43. . • . . . . 1.95
DS26LS 29CN 4.49
0 5 26 LS3 1C N 1.19
DS 26LS3 2CN 1.19
DS 26LS3 3CN. . . . .. • 1.95
LM2901N 49
LM 2907 N 2.49
LM29 17 N (8 pin) 1.55
M C3 4 19CL 9.95
M G3 44 6N . 2.95
M C3 4SOP 2.95
MC3470P 1.95
M C3 471P. . . . • . 4.95
M G3479P. . . . 4 .79
MC3486P 1.69
M C3487P 1.69
LM3900N. . .49
LM3905N 1.19
LM3909N . . .99
LM391 4 N 1.95
LM391 6N 1.95
NE553 2 . . . . .89
NE553 4 69
780 5K (LM34 OK-5) .. 1.29
781 2 K (LM340K-12) . 1.29
78 15K (LM340K-15) . 1.29
7805T (LM340 T-5) .. .49
78 12 T (LM340 T- 12) . .49
78 15T (LM340T- 15) ..49
790 5K (LM320K-5) . . 1.3 5
7905T (LM320T-5 ) . . .59
75472. . . .99
75477 1.29
754 77 . . .. . . . . . 5.95
MC145406P. . . .... 2.95

LINEAR

Low Pro fi le
8 pi n LP .11

14 pi n LP .12
16 p in LP 13
24 p in LP .25
28 pi n LP . . . . . . .27
4O pi1 LP. .. .... . .29

SATELLITE TV
DESCRAMBLER CHIP .

DS0026CN . . . . . . . 1.9 5
TL 07 4CN . . . . . • .89
TL084CN. . . . .99
A F1DO- leN 8.95
LM307N . . . . . . . . .4 5
LM 309K. . 1.2 5
LM311N .45
LM317T. . . . .79
LM31 e N. . .99
LM 31 9N ,. . .99
LM323K. 3.9 5
LM324 N . . . .39
l.M338K. 4.95
LM339N 39
LF34 7N 1.79
LM348N. .69
LM350T 2.9 5
LF351N. . . . . . . .39
LF353N 49
LF3 55N. .79
LF356N. . . . .79
LF357N 1.09
lM358N 49
LM36ON. 2.19
lM361N l .79
LM38ON-8 . . . . . .99
lM386N-3 . . . . . . . .. .99
LM387N . . . . . . . . . . .99
LM393N. . . . . . . . . . .39
LM399H 2.95
LF41 1CN . . . . .79
TL497ACN . . . . 2.69
N E54 0H (C540H) . . . 2.95
N E55 5V . . . . . . .29
XR-L555. . .75
LM556N. . . .. .49
NE558N. . . . . . . . . .89
LM565N 99
LM56 7V.. . . . . . . . .69
N E59 2N 89
LM74 1CN 29
LM74 7CN 59
MC1 3 50. . . . . 1.49
M C 137 2 P. . . . . . . .. 2.49
MC1377P 3.19
M C 1398P 8.95
LM 1414N 1.29

74 Coo.. .29 74C174.. .79
74C02. . . . .. ..... . . .29 74C175 .. .. .. .. . .. .79
74C04. .. .29 74C221.. . . . . . .. .. 1.49
74C08. . ......... .3 5 74C240. . . ...... ... 1.29
74C 10. ..... .. .35 74C244. .... 1.29
74 C 14. . . . . . . . . . . . .49 74C373 1.49
74C3 2. . . . .. . . .. .3 5 74C374. . . . . . ..... . 1.49
74C 74. . . ........ .59 74C91 2. . ....... .. 7.95
74C85. . .......... 1.39 74C91 5. . . .. . . . 1.39
74C86. . . . . . ..... . .35 74 C9 20 . . . .. . . . . . .. 9.95
74 C89. . . . . .... . ... 5.19 74C9 21. . .. . .. . .. 9 .95
74C90. .. . .. . .. . . .99 74C9 22 . . . . . ... . . . 3.9 5
74C154. . . . . . . . . . . . 2.95 74C923 .. . . ... . . .. 3 .95
74 C 173 .. . . .. . . •... 1.05 74 C9 25 ....... . 5.9 5

PlIrt No. Price Part No. Price
74 HCOO. .... . . .... .25 74 HC 175 . . . .. .. . . . .69
74 HC02 ... . ..... .25 74HC221. . . . . .99
74HC04. ... . .. . . . . . .29 74 HC240. .. . .. . .. .79
74 HCOB. . . . .. . . . .. .29 74HC244 . . ... ..... .79
74 HC10. . . . . . . . . . . .29 74HC245 . . . .... .. . . .89
74HC14 .. .... ... . .49 74 HC253. . .... . . .59
74 HC3 0. ... . . . .. .. .29 74HC259. . ....... .6 5
74 HC32. ... . . .29 74 HC273. . . .79
74HC74 ... . . . . .... .39 74HC373. . .79
74 HC75.. .39 74HC3 74 . . . .79
74 HC 7 6. .45 74HC393.. .75
74HC85. .. .. . .. .79 74 HC 595. . . . . . . . . .. 1.19
74HC86. ... . .. .39 74 HC 688 . . ...... .79
74HC 123. . . .... . . . .8 9 74 HC4 040. . . . .... .89
74 HC125. .. ... .. .. .49 74 HC4 04 9. . . .59
74 HC 132.. .49 74HC405O.. .. ... . . .59
74 HC l 38. .. •. ...•. .49 74HC4060. . . .• .. .. 1.09
74H C 139..... . . .. .49 74 HC4 51 1.. . ... ... 1.29
74HC 154. . . . . . . . . . • 1.19 74HC4514. •. . •. •. . 1.19
74HC1 63 . . . . . . . ... . .65 74HC4538. .. . . .... .89
74 HC 17 4.. ... .. . . . .69 74HC4543. . . . . . .. . 1.19

The MM5321 is a TV camera sync generator desig ned to
supply the basic sync function s for either color or mono­
chrome 525 line/ 60Hz interfaced and camera video recor der
applications. COLOR BURST GATE& SYNC

AUOW STABLE COLOR OPERATION

MM5321 N $11.95
INTERSIL Also Available!

SoIdertiA Standml (SoklI .lin ) I Haadl r Plug$oc;kets Abo A.llable

74HCTOo. .. .... . . . . .29 74HCT139. . ...... .59
74HCT02. . . .. .. .29 74HCT157.. .... . .69
74HCT04 .... .. .. .. .29 74HCT174. . . ....... .69
74HCTOB. . .29 74HCT175. . . .. . . . . .. .69
74HCTl O. . .. . .29 74HCT240. .. ... . . . . . .99
74HCT32.. .29 74HCT244. . .... . . .. .99
74HCT74. .. . .49 74HCT245. . . ... . .. . . 1.19
74HCT66. . . . . . . .. . .49 74HCT373. . .... .. . .. 1.19
74HCT13 8.. .59 74HCT374 . . . .. . . 1.19

I 74C-CMOS I

~4HCHI-SPEED CMOS

I ICSOCKETS

I 74HCT - CMOS TTL I

I

Price

8722 MMU. . • . • . • . • . • • • . . 9.95
*251104-04 jernat ROM. • .• •• 10.95
318018.0 3 sese ROM ·C128. • . 15.95
318019-03 BaseROM-C1 28• . . 15.95
318020.04 Ke~ RO'" ·C128•• . 15.95
325302-01 64KROMlor

154011541 Onlle• •• • •• •• • • 15.95
*325572-01 l ogIC ArrZ'/• • • •• • 24 .95
·82S100P!.A (906114.01)"·• •. • 13.95
90122~1 ChalROM• . • • • • . 11.95
90122~1 BASICROM•• . •• • 11.95
901227.03 KemalRO 11.95
901229.05 Upg<3d< ROM

(For 1541o.skom. }. . . . . .• 15.95
"No specs . available

" Note: 82S1ooPlA = un (C-64)

Price Part No.

655 1 AClA. • • • •• 3 .29
6560 VlC·1.. . . . . 10.95
656 7 VIC·II. . .. •. 14.95
6569 VICPAl 14o:9510.95
6572 VICPAl·N.» .10.95
658 1 sm(12V). •. 14.95
6582 SID(9V)• •• • 14.95
83&0 TextEdlllnQ• •10.95
8501 MPU• •• • • • 10.95
8502 MPIJ • • • ffl5 S.95
8563 CRT ConI! • • 15.95
8564 VIC•••i!r.9512.95
6566V1C PAl.~15.95

8701 ClockClup • •• 9.95
"8721 PL.A. • •• •• 14.95

256 x8
2048 x 8
4096 x 8
8 192 x 8
1024 x 8
2048x 8
2048 x 8
2048x8
2048 x 8
4096x8
4096 x 8
4096 x 8
4096 x 8
4096 x 8
8 192 x 8
8 192 x 8
8 192x8
8192 x 8
8 192 x 8
8 192 x 8
16,384 x8
16.384 x 8
16.384 x 8
16.384 x 8
32 .768 x 8
32 .768 x8
32 ,768 x 8
65 .536x8
8 192 x 8
8 192 x 8
2 56 x4
2 56 x 8
3 2 x8

2048 x 8
1024 x 1
1024 x 4
1024 x 4
1024 x 4
1024 x 4
1024 x 4
25 6 x4
20 48 x 8
2048 x 8
2048x8
8 192 x 8
8 192 x 8
8 192 x 8
1024 x 4
32,768 x 8

Function

Price Pa rt No.

COMMODORE CHIPS

1702 A
TM52516
TMS253 2
TMS2564
2708
TM5 27 16
27 16
27 16 - 1
27 C 16
27 32
27 32 A-20
27 32A-2 5
2732A-45
27C32
2754-20
2764-25
2754A-25
2764-45
27C64
27C64-15
27 128-20
27128-25
27128A-25
27C128 -25
27256-20
27256-25
27C256-25
27512-25
68754
68766
745387
74$47 1
N82 S1 23

20 16-12
2102 -2L
2114N
211 4 N -2
2114 N-2 L
21C1 4
2149
5 10 1
6 116 LP-2
6116P-3
6 116LP-3
6254l.P- 12
6264P-15
6254LP- 15
65 14
43256-15L

4116- 15 16,384 x 1
4128 -20 (Piggyback) 13 1,072 x 1
41 64 -1 20 65 ,53 6 x 1
41 64 -1 50 65 ,53 6 x 1
41 64 -200 65.53 6 x 1
TM S4 416-1 2 16.384 x 4
8 118 16,384 x 1
4 125 6-120 262.144 x 1
4 1256-150 262.144 x 1
50 464-15 65 .53 6 x 4
51 1000P- 10 1,0 48.576 x 1
514256P-10 262.14 4 x 4

Part No.

(l 5On s) . . . . 89
(200ns). . . ..,.g 3.25
(12Ons) . . . . . . . . 1.75
(1SOns) 1.15
(2OOn s) • . . • .•. ••• .•. .• . •• . .• •.• .•.95
(12Ons) . . . . . . . . . . . . . 4:25 3 .7 5
(12Ons) . . 69
(12Ons) . . . . . . . . . . . . . . 3.9 5
(l 5Ons) ~ 2.75
( l 5Ons) (4454) (4 1454) 4.95
(100ns) 1 Meg . . . . . 99:95 27.95
(100ns) 1 M eg .w:95 29 .95

----- - ----STATIC RAMS ---------­
{120ns). . . . . . . . . . . . . . 1.69
(2 50 n s) Lo w Power (9 1L02) 1.9 5
(4 5Ons}. .. . . . . . . . . . . .99
(200ns). . 1.0 5
(2<X>ns) Lo w Power 1.49
(2 oons) (CMOS) . . . . . . . . .49
(45 ns) , . . . .~ 3.49
(4 5Ons) CM OS . . . . . . . . . . . 1.95
(12Ons) Low Power CM 0 5. . .. . 2.95
(1SOns} CMOS. . . . . . . . . . •.. 1.89
(1SOns) Low Power 1.9 5
(12Ons) Low Power CM OS. . . . •. 4h~5

(l5Ons) CM OS. . • . . 3.59
(15Ons) Low Power CM OS 3.75
(35Ons) CMOS (UPD 444C ) ..,.g 3.95
(1SOns) Lo w Power. .. .. 24:95 17.9 5

-------- - -PROMS/EPROMS----------
(11'5). . . . . . . . .. . 6.95
(4 SOns) 25V. . . . . . . . . . 4.95
(4 5Ons) 25V. . . . . . . s,gs 6.95
(4 5Ons) 25 V. . .. 8.95
(4 5Ons) . . . • . • . . . . . . 4.95
(45Ons) 3 voltage. . . 9.95
(45Ons). . . . . . 3.75
(3 5Ons) 25 V. . . . . . . . . . . . 4.95
(4 5Ons) 25V (CMOS). . . . 6.49
(4 SOns). . . 3.95
(200ns) 21V . . 4.25
(25Ons) 2 1V. . 3.9 5
(4 5Ons) 2 1V• . . . . . . . . . . . . . . . . . . . . . 3.7 5
(4 5Ons) 25 V (CM O S). . 6.49
(200ns) 2 1V . • . . 4.25
(2 50 ns) 21 V. . .. .... . 3 .75
(25Ons) 12.5V. . . . . . . . . 4.25
(4SOns) 2 1V. . . . . . . . . . .... 3.49
(45Ons) 21 V (CMOS). . . 5.49
( l5Ons) 21V (CMOS). . . 6.49
(200ns) 128K 21V . . . . .. 5.95
(2 5Ons) 128 K 21V. . . . . . . . . . . . . 5.25
(2 SOns) 12.5V . . . . . . . . . . . . . . .. •. 4.95
(2 5Ons) 21V (CMOS). . . 5.95
(200ns) 256K (12.5V). . . . 6.9 5
(2 5Ons) 256K (12.5V) . . . 5.95
(25Ons) 2561< (CMOS) (12.5V) 8.95
(25On s) 5 12K (12.5V) 19.95
(45Ons) 25V . . . • . . .. 15.95
(3 5Ons) 25V . . . . . . 16.95
PROM O .C. 1.29
PROM T.S. . 4.95
PROM T.S. . . • . . 2.49

W01770 Dsk.. Cool. 19:'95 14.95
SI ·3052P 5Vf\)$ltrve

VoII3ge Reg. 2A. . • •. 5.95
6502 MPU wl1nl Clock . • . 2.25
6504A CPU.. . . . . . .. . 1.95
650 7 CPU. • • • • • • 4:95 3.49
6510 CPU 9.95
6520 PIA••••• •• •• • • 1.75
6522 VIA. . • •.• • • •. • 2.95
6525 TPI. • • • • • • 'l:95 4.95
6526 CIA. • ••• • •• • • • 14.95
6529 SPI. • • • • • • 4:95 2.95
6532 128x8RAM,1I0,TimA( 6.49
6545- 1 CRTC. . . . . . . .. 2.49

.19 CD 407 6. . .6 5

.89 CD4 081 . . . .25

.19 CD4 08 2. . .25

.29 CD4093. . . .3 5

.29 CD4094. . . .89

.55 CD4 01 03 . . 2.49

.59 C040107. . . . . .69

.59 CD40109. . . . . 1.49

.49 C04510 . . . .69

.35 C045" . . . .69

.29 CD4520 .75

.65 CD4522. . .79

.29 C04538. . . .79

.29 C04541. . .69

.59 C04543. . . .79

.59 C04553. . . 4.95

.59 C04555. . . . .79
· . 3 .95 C04566. . . . 2.49
· . 1.9 5 C04572 (M C 14 572 ) . .39

.29 CD4583. . . . . .89

.25 C04584. . . . . . .39

.25 CD458 5. . . . . .89

.25 MC1 4 4 11P . . 8.95

.25 M C 14 490 P 4 .49

74F
.39 74 F139.
.39 74F157 . . .
.39 74F193..
.39 74F240.
.39 74F244 .
.49 74F253.
.59 74F373. ..
.89 74F374.

.29 745188* . . . . . 1.29

.35 74 5 189. . .. 1.69

.35 748196 2.49

.29 745240 1.49

.3 5 745244 1.49

.45 745253. . . . . .79
.. 1.79 745 28 7* . . . . . . 1.49

. ..... .35 74S288a
• • •• 1.49

· . 2.95 74$373. . . . 1.49
.79 745374. . . 1.49
.79 74$472*. . . . 2.9 5

CD-CMOS

74500.
745 04.
74808. .
74510. .
74532..
74874. . .
74585..
74S86. . .
74812 4. .
745174.
745175.

CD4oo 1..
CD4008. .
CD4 0 1' ..
CD4 013. . .
CD4016. .
CD40 17. .
C0 40 18. .
CD4020.
CD4024.
C04027.
CD4030. .
CD4040. ..
CD4049.
CD4050..
CD4051.
CD4052..
C04053. .
C04059. .
CD4063..
CD4066. .
C 0 4069
CD4070.
C0 407 1.
C0 4072..

74LS
74LSOO... .29 .19 74 L5165. .7 5 .6 5
74LS02.. .29 .19 74LS1 66. .. .99 .8 9
74LS04.. .35 .25 74LS173 .59 .49
74LS05. . .3 5 .25 74 LS174.. .49 .39
74 L5 06.. .... 1.09 .99 74LS175 .49 .39
74 LS0 7. ..... 1.09 .99 74 L5 189. . . . . 4.59 4.49
74LS08 . . .29 .19 74 LS1 9 1.. .59 .49
74 LS 10. .. .29 .19 74LS193.. .79 .69
74LS 14. .49 .39 74 LS2 2 1. . .69 .59
74LS27. . .35 .25 74 LS2 40 .. .79 .69
74 LS30.. .29 .19 74 LS2 43 . . . .79 .69
74 LS3 2. . .3 5 .25 74 L524 4. . .79 .69
74L542.. .49 .39 74L5245. . .89 .79
74LS 47 .. .99 .8 9 74LS259 . . .99 .8 9
74LS73 . .39 .29 74 LS273. .. .89 .79
74 LS74. . .3 5 .25 74 L5279.. .49 .39
74LS75. . . .39 .29 74LS322.... . 4.05 3.95
74 LS 76. .55 .45 74LS365. . . .49 .39
74LS 8 5. .59 .49 74LS366. .49 .39
74LS86.. .35 .2 5 74 LS3 6 7 .49 .39
74 LS90 . .49 .39 74LS368. .. .49 .39
74L593. . .49 .39 74LS373. . . . . .79 .69
74L5123. . .59 .49 74LS374. . . . . .79 .69
74L5125. . .49 .39 74LS393. . . . . .89 .79
74 LS 138. . .49 .39 74LS590. . . . . 6.05 5.95
74LS139 .49 .39 74 L5 624. ... . 2.05 1.95
74 LS 154 . . .. . 1.09 .99 74LS629. . . . . 2.29 2.19
74 LS 157 . . .45 .3 5 74 LS640. ... . 1.09 .99
74 LS 158 .. .45 .35 74 LS64 5.. 1.09 .99
74LS 163 . . .59 .49 74L5670. . . . . 1.09 .99
74 LS 164 . . .59 .49 74L5688.. . . . 2.05 1.9 5

74S/PROMS·

Part No. 1·9 10 + Part No. 1-9 10+
7400. _ .29 .19 748 5. . .6 5 .5 5
74 02 . . .29 .19 7 486. . . .45 .3 5
7404. .35 .2 5 7489. . . . 2 .05 1.9 5
7405. .39.29 7490. .4 9 .3 9
7406. . . .3 9 .2 9 7 493. . .4 5 .3 5
7407. . .3 9 .29 74121 . .4 5 .3 5
7408. . .3 5 .2 5 7 4 123. . .5 9 .4 9
7410. . .3 5 .2 5 74 12 5. . .5 5 .4 5
7 4 14. . .49 .39 74126. . .7 5 .6 5
7 4 16. . . .4 5 .3 5 74 14 3. . 4 .0 5 3 .95
7 4 17 . . . .4 5 .3 5 74 150. 1.3 5 1.2 5
7420. . .35 .25 74 154 1.3 5 1.25
7430. . .3 5 .25 74 158 1.59 1.49
7432 . . .3 9 .29 74 17 3 . .8 5 .7 5
7 438. . .3 9 .2 9 74174. . .6 5 .5 5
74 42. . .55 .4 5 7 4 175. . .6 5 .5 5
74 45. . .79 .6 9 74176. . . . ..99 .8 9
7446 89 .79 74 18 1. __ • . . . 1.9 5 1.8 5
~44~89--:7g (4' 89~2.05-1.95-

7448 2.05 1.9 5 74 193. . . .79 .69
7472. .75 .6 5 74 198 1.85 1.75
7473. .45 .3 5 7422 1. . . . . . . .99 .89
74 74 . .45 .3 5 74273 2.05 1.95
7475. . .49 .39 74365. . .69 .59
7476. . .4 5 .35 743 67. .69 .59

Replace th e 8086 or 8088 in Your IBM-PC and
Increase Its Speed by up to 40 %!

Part No. Prk:e

UPD70108-5 (5MH z) V20 Chip • • . ••• $ 9.95
UPD70108-8 (8MH z) V20 Chip• • . •• • $11.95
UPD70116-8 (8MHz) V30 Chip• • • • . • $14 .95
UPD70116-10 (10MHz) V30 Chip.• • • $34 .95

7400

PARTIAL LISTING· OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS

CIRCLE 114 ON FREE INFORMATION CARD



• BO Col. / 64K RAM • Doub les
amount of data your Apple fie
can displ ay as 'Wellas its mem­
ory ca paci ty • Ideal for word
processing ' Complete with
instructions

MUF60 $9.95
Tarin Indu stries (4 .68 u sq ., 60 cfm)

SU2A1 $8.95
EG&G not-en (3.1 2 5~ square, 20 cfm)

ELECTRONI C S

DATA BOOKS

IBM
Compatible!

DISK DRIVES
Documentation

Irtc/uded
Teae5%"DS'h·H(IBMPC/XT) • •• $109.95
Panason ic 51f. ~ os 1,.':z ·H (IBM PC/XT) $ 109.95
Panasonie5"" DS'h·H(IBM AT] . . $129.95

APPLE COMPATIBLE
ACCESSORIES

JE450 Solder les s
Proto-Type Builder

• Provides user with qu ick
and effic ient system for
breadboarding electronic
circuits' Compo nents &
wire leads can be quickly
in serted and removed
without soldering or de­
soldering • 3 regulated
powersupplies: 5V @1A.
+5Vto+15V@.5A. - 5V
to - 15V @.5A . Power:LJ•••• • ~ 120VAC. 60Hz fused

"'l NEW!
JE450 Solde"ess Proto·Type Builder... $119.95,....... .......,- /"

~::, . ?/; ' .f
r

;

30003 Nati on al linear Data Book (82) . • . • • . $14.95
30009 Inlersil Data Book(86) $ 9.95
30013 Zilog nateBook (85) $14.95
3003 2 Natio nal linear Supplement (84)•. ..• 5 6.95
210830 Intel Memory Handbook (87) $17.95
230843 Inte l Micr osyst em Hndbk. Set (87) 524 .95

Additional Apple Compatible
Products Available

Jameco Parallel Printer Ca rd
ImMl-'·III1 .... for A p ple II , 11+and lie
- --;;;.~ • Intelligent interface to
'1n~1 : ---,.. most dot matrix grap hics

, pr inters

• Centronics standard

,~, . Advanced text printing

JE880 Par."" Print Cord $49.95
JE883 64KBuff...forJE880 $69:95 $49.95
JE8803 JE880 andJE883 $99;95 1$89.95

Extended 80-Column
Card fo r Apple lie

J JE310 Fiber Opticseln!!if2 Experimenter Kit
NEW! ~~~~c:i~odnea~~e~i;~......-~IC"'~, engi neers hands-on

experience with fiber
optic technology
• Step by step in­
structions ' Inc ludes
transmitter & receiver
circu it s boa rds . as
well as all nee. IC's,
cables & co nnectors

JE310 Fiber OpticK~. • . . . . . . . . . $19.95

TURBO.. . .. SALE! . . . . $129.95 $119.95

JE1 016•••••••••••••• ••••••••• $ 79.95

Turbo 4.77/8MHz Motherboard

IBM PC/XT Compatible
, 75% faster than the IBM PC while in
the turbo mode ' Turbo Mode selectable
thro ug h ei ther so ftwa re or hard ware
• Expandable to 640K (comes w/zero- K)
• DTK/ERSO BIOS includ ed

. Enhanced PC/XT keyboard (equiv. to Keytr onic s" 5151) . Separate cursor
and numeric keybo ard ' Typewriter style layout makes it easier to learn ! • LED
indicators ' Manual included' Color: off-white ' Size: 20"Lx81; 'Wx 1'k"H

. Tactiletouchkeyswitches . ATstyle layout· Switchselectablebetween PC/XT
or AT . Illuminated Caps Lock. NumLock and Scroll Lock indicators ' Low
profiledesign ' 81;footcord ' Manual included ' Size: 18"Lx7'.\ 'Wx 1\; "H
JE1 015. • • • • • • • $59.95

IBM PC/XT
Compatible
Enhanced
Keyboard

IBM PC/XT/ AT
Compatible
Keyboard

AT
~\ Style

tl Layout20Meg Hard Disk NEW!
20MBHardDisk DriveBoard
for Tandy 1000..~ $494.95
20MB Hard DiskDriveBoard
for Tandy1000SXS5ll9:95 5499.95

E-XoP-A-N-D TRs -80 MEMORY
All kits come complete with docum entation

Erases a ll EPROMs. Erases up to 8 chips within 21 minut es
(1 chi p in 15 minutes). Maintains constant expo sure distance
of 1 ~. Special cond ucti ve foam liner eliminates stat ic build- up .
Built -in sa fety lock to prevent uvexoos ure. Co mpact - 9.00 "L
x 3.70'W x 2.60"H. Complete with hold ing tray for 8 ch ips.

DE-4 UV-EPROM Eraser $69.95
UVS-11EL ReplacementBulb $19.95
NCF-2 Co ndoFoam 12 x24 x14 Hard Blk. S 8 .95

TAN-EM256K
TAN-EM512K
TAN-C

TANDY 1000
Multifunction
Board with

Clock Calenda r
Expand th e memory on your Tandy 1000 (128K Version) to as
much as 640K. Complete with an RS232 po rt, clock/calendar,
RAM Disk Printer Spoo ler and on-board DMA co ntroller chip.

MTAN-256K Includes256KRAM $179.95
MTAN-512K Includes512K RAM $1 99.95

NEW! Multifunction NEW!
Board for TANDY 1000SX

M256K Includes 256K RAM. . . . . $189.95

UV·EPROM ERASER

NEW!
T20MB

sX20MB

rRS-80ITANDY~ COMPATIBLE
ACCESSORIES

NOWYOUCAN BUILD AN IBM PCIXT COMPATIBLE!
Jameco's IBM PC/XT Compatible Kit

4164-150 128KRAM (18 Chi.,.). .. .$20.70
IBM-FCC Aoppy ControllerCerd .. $34.95
IBM-Case Aip-Top Cese $34.95

, JE1015 XT/ATStyleKeyboard $59.95
JE1030 150Wett -., Supply .. $69.95
JE1050 Mono/Graph.Crd.wlP.Port $69.95

HESWARE 300 Baud Modem I ti~~~~N ~~:"~~~~~':'~M:~~~~~:~~
FOR VIC-20 AND C-64 ,IBM-MB XT Motherl>oerd(Zero-KRAM-jneL

, Connects directly toUserPort· ManualAnswer/ DTKlERSO BIOS ROM) 599.95
~il~~I~~~;'i.\\~~~~Yl:.i~:~iA~~~t~~~~e,;:~~~~ FREE! aUICKSOFT PC
:ation software. WRITE WORD PROCESSING
CM-1 (ForVIC-20 endC-64) $24:95 $19.95 SOFTWARE INCLUDED!

External Power Supplies Weight: 48 Ibs. Regular List $590.30
CPS-10 (For C-64) ~ . . . . . . . . •. $39.95 JE1004 (Includes 9 items above) • • • • • $499.95
CPs-128 (ForC-1 28) $59.95

ADDITIONAL ADD-ONS AVAILABLE!
RS232 Interface!. Rs232HC RS232 SerialHalf Card.... •.......... $ 29.95

Allowsconnecti on ofstandardsena devices. EM-100 Expansion Memory HalfCard (without RAM) . • $ 59.95
JE23~~~ti~~;,~~~;,~oc:;~~tnC612~~~ ~~?9.95 _ JE10 52 I !'tegratejLG!>!()LG!'BP~ics_~ard._•.•_.-,_•..._$_59.95__

JE1078 Multifunction 0-384K RAM (w~hout RAM) $ 89.95
PM1200B-2 1200/300 Beud HellCord Modem w~hout software $119.95
PM1200B-2S 1200/300 BeudHeltCordModem w~ Mirror Software.. $149.95
JE1055 Enhanced Graphics 256K Video RAM. • ..•.. $199.95
TTX-1410 14" RGB Color Mon~or.... •.......... $289.95
ST225K 20MB Hard Disk Drive, Controller& Cable.... $339.95

IBM is a regis tered trademark of IBM Comoi nere

fRS-SO MODEL 100 SKEXPANSION
M1008K $'l9:95 $17.95

.dJC:I{I:I~BOAI~I)
TANDY 1000

Expansion Memory
Half Card

Expand the memory of your
Tandy 1000 (128K Version) to
as muc h as 640K . Also includes
DMA controller chip.

Includes 256K RAM• . • . . • • S 99.95
Includes512K RAM $119.95
Plug- in Clock option chip (only) $39.95

fRS-SO MODEL 4, 4p,& 40 64K112SK EXPANSION
TRS-64K-2 S7.95
Expend s Model 4 from 16K- 64K or Model 4 (Gate Array
le rsion), 4P and 4D from 64K- 128K

mS-64K-2PAL $'t4;95 $13.95
=xp and s Mod el 4 (No n-Ga te Array Versio n) fro m 64K to 128 K

$20 Minimum Order - U.S. Funds Only California Residents: Add 6%, 61/2% or 7% Sales Tax Data S heets - 50¢ each
Shipping: Add 5% plus $1.50 Insurance We reserve the right to substitute manufacturers. Prices Subject to Change

Send $1 .00 Postage for a J "I_ ISend $ 1.00 Postage tor e
FREE Seasonal Flyer ameco @ FREE 1987 CATALOG

VISA Telex: 176043
FAX 415-592-2503 ~ ,:::::::::::::::::,:::::::::::::::::::::::::::::,:,:

8/87 ~ . :::::::::,:::,:,:,:,:::::::::,:::,:::::::::::::::::: ©1987JamecoElectronics

1355 SHOREWAV RD., BELMONT, CA 94002 • FOR ORDERS ONLY 415-592-8097· ALL OTHER IN QUIRIES 415-59 2-8 1 2 1
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Computer Power Command
Center for only $39.95!
At this price they won't last
long, so order yours today!

Get rid of that confusing maze of wires and ease
operator fatigue with this one fantastic product!
The monitor stand swivels 3600 and tilts 12.50 to
improve line of sight and minimize glare . The
electronics built into the base provide EMIfiltering
and surge & spike protection for five component
inputs. You can plug your computer, monitor,
printer, and two other devices into the 3'pin
sockets in the back of the stand and control them
individually with the lighted rocker switches on
the front Or tum the entire system on and offwith
the master control switch!

TILT. SWIVEL POWER COMMAND

Compare
Our Price!

SIZE: 11 ,.. ..w x 101' ''0 x 3 ,....H
W EIGHT: 4lbs.
POWER CORD: 54" 14 AWG x 3C
CIRCUIT BREAKER: 15 Amp

This superb monitor stand puts control
of your entire system at your fingertipsl
Our special purchase of these units
can put one in your hands at

- - - d-nu -nb-e-atooIe-p-rie-el

Dealer Inquiries we lcome! J ust circle reader service number 189

$2995

0-1245

Versatile probe suits virtually any ' scope. It features buil t in x l Zxl 0
swit ch, 4 ' of, SHIELDED cable wit h BNC conn ector , and wandering
earth lead with alligat or clip, Insulat ing shroud.
Specltlcofton: Workingvoltage- 600 V Pklor 600 V DC). Bandwidth ­
xl : DC-' OMHz/z10: DC-100 MHz. input resisteoce-xli l M ohmlx10:
10M ohm . Inpu t capacitance -xl : 40pF ±CRO input clx10 : 10 ­
60pF. REF position -probe ground ed via 9M resist or.

Pl•••• "ole: Sa le pricu a~ availabl. b y MAIL ORDER ONLy. You
m us t mention this a d and qu ote the prict/$ on the item s you wish, o ffttrvalid
through J uly 3 1, 198 7 or wh il. -supp lies lu t • quantities are Iim itt1d, s o
hl/rryl

~nH
ELECTRONICS

Sto res In BERKELE Y.CA (4 15) 486·0755 : REDWOOD CITY. CA (4 15) 368·8844 : SAN JOSE. CA (408) 241·2266

To receive your copy 01 our colorful 1411 page catalog, ci rc le Reade r service 190

Order by Phone
415-368-1066

Mon - Fri 7am - 6pm
Pacific Time

All 'scopes are supplied with schematics

15 MHz
PORTABLE 20 MHz 35 MHz 50 MHz

SPECIFICATIONS DUAL TRACE DUAL TRACE DUAL TRACE DUAL TRACE
Rise time (usee) 24 <17.5 < 10 < 7.7
Ma x input 600V popor 300V (DC ± peak AC)
Input impedance 1M ohms shunted by 20pF ± 3pF for all mode ls
Chop frequency 200 KHz (approx) for all models
Channel separation 60dB @ 1KHz 60dB @ 1 KHz 60 dB @ 1KHz 70dB @ 1KHz
TIme base .5 ueec - .5sec ,2 usee to .5 sec .1 usee -.5 sec 2 usee - .5 sec
CRT 95mm 5" 5" 5"
Cat No. 0-1244 0-1240 0-1241 0-1243

NOW $349 $319 $449 $649

SAVINGS '150 '80 '150 '250

14-DaySatisfaction Guarant••

20AfHz Dua' Trace Scope Price Brea'kfhroughl

fiiEJa·'~··"!ii: i:=-a~~' >.;~~ was $399 - SAVE $80 now ~31.·!
I " " . , .•- n , ~ ~ a;;.

I ':,: :: . : .: , "-, , ~..,- ,... ,...:- r;;, • Include~ quality probes (x1,x10,gnd) 0-1240 '

! . _ ...:~ - . ! :~ ~.. :~-~ • Built-In component tester

~
-_.. : Oofo":-~ ' ~,' , :_"'- .,- • 1V-v1deo sync filter

- 1 .. 'Off mCI2 ~. Ci2. •X - Y operation CRT Probe set~ ~-JI!-=
-..:..~ -: .....'" '~L ._. ~ • Z-axis ( Intensity modulation) ~~

, . .._"". .~ . ? ~... ""Q" ~ • 1 year warranty ~

tr~
II? c;:1'

90

C/)
U
Z
o
c:
I­
U
UJ

~ MAIL ORDERS
Ci DSE, P.o. BOX 8021 , Redwood City, CA 94063
« We stup UPS Ground unless ot herw ise requested. Add 5% of order tota l (min
a: $1. 50) fo r shlp pmg Out side USA add 20 % {rrun $4 ). There IS an additional

$ 1.5 0 handli ng fee. Califo rn ia res idents please add sales tax. VISA and
MAS TERCARD welcome, Min im um order value $20.00
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Deluxe Anti-Static Desoldering Tool
• Rugged metal construction . Anti­
static tip . Nozzlecleaner
• Lightweight andcompact
• Disassembles easily for cleaning
• Ttl" longx ¥." diameter

Wire Stripper andCutter
• Made of tempered steel . Adjustment can be
setfor wiresizes 10-24 gauge . Returnspring
• Cushion grip. 5'1<" long

Diskette FileBox
• Storesupto 70- 5'14' diskettes. Case made
of anti-static ASS plastic withsmoked acrylic
cover. Six adjustable index dividers

Deluxe Joystick forAtariandCommodore
• For use with Atari, Commodore andother
VCScompatiblesystems. Two firingbuttons
.5.5' cord with9 pin plug

For more Chemicals and
Tools see pages 128-136 of
Catalog #15

Tenma Soldering Station
• Adjustable temperaturerange of 1SO°-420°C(300°_
790°F)• Grounded tip forsolderingstatic sensitive
devices . Overheat protection withclosed loop
temperaturecontrol. Replaceable ironclad tip
• Improved circuit design for greater temperature
stability

Tuner Cleaner
• Cleans, lubricates, protects. Cleans andrestoresdirtyand
corrodedcontacts . Doesn't harm plastics. 16oz.

@ 1987, MCM Electronics

MCM ELECTRONICS
858 E. CONGRESS PARK DR.
CENTERVI LLE, OH 45459

A PREMIER Company

Catalog #15 has other Computer Equipment
and Accessories on pages 119-127

e

:!-__I :a.-"",,:-_Super Wash _

• Powerfulspray cleans intricate electronicassembly without
harming plastics. Dries instantly . Spray literally blasts dirt
and greaseaway. 24 oz.

Tenma LCR Meter
• LCR Meter providesaconvenient wayto accurately
measure inductance, capacitanceandresistance (.Ol ohm
resolution) on its 3'hdigit LCDdisplay-

Tenma 15MHz DualTrace Portable
- Oscilloscope

• Dual trace modelcapableof
displayingsignals upto 15MHz,
forupto two hoursonasingle
chargeof its internal battery
• Powercanbe suppliedfrom
either a 12VDC or 120/240V
SO/60Hz AC source

Tenma 10AmpRegulated Power Supply
• Output: Regu lated13.8VDC. Input: 120VAC.Fuse
protected. With easily accessiblefuse holder. Neon light
indicator. Heavyduty binding posts. Effectiveheat sinks
for more power dissipation. Outputcurrent: 10ampone
minuteon,threeminutesoff;7ampcontinuous

Anti-Static Work Mat
• A mustfor themodern service shop.
• Use in conjunction withour
#21-660 wriststrap to help
eliminate static related problems
.18" x 26"

Antl-StalicWrist Strap
• Thiswrist strapwhen used withour
anti-static workmat, will effectively
dissipatestatic charges. Thefivefoot
coiled, cordwith 1Mohmresistor,
snaps to wrist strap to giveuser added
mobility. Cord is terminatedwith a
banana plugandalligator clip

Be Sure To Call For
Your FREE Catalogl
Over 7,000 Itemsl
Call Toll Free 1-800-543-4330

For complete information see
page 136 of Catalog #15

Here is just a
sample of what
you'll find at
MCM Electronics

In Ohio1-800-762-4315
In Alaska and Hawaii 1-800-858-1849

CIRCLE B7 ON FREE INFORMATION CARD
SOURCE CODE: RE-35
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(450no) 4.95
(450no1(5VI 3 .49
1350nsl(5VI 3 .95
1450 nsl( 5VI 5 .95
1450nol(5VI 3 .95
1250ns1(5V1( 21V PGM) 3.95
12oons 1(5V1(21V PGM) 4.2 5
(250 noI(5VI(CMOS) 5.95
1450nsl(5VI 3 .49
(250no1(5VI 3.95
1200nol(5V I 4.2 5
1350 nsl(5VI(24 PIN I 17 .95
1250nol(5V I 4.2 5
1250 ns1(5VI(CMOS) 10 .95
1250nol(5VI 7 .49
21V PGM: Program .t 21 Vo tu

EPROM ERASERS

HIGH SPEED CMOS

Timer Ca pacity Intensity
Ch ip (uW/Cm')

NO 9 8 ,000
YES 9 8,000
YES 12 9 ,600

2708 1024.8
27 16 2048.8
27 16-1 2048.8
TMS2532 4096x8
2732 4096. 8
2732A 4096 .8
27 32A -2 4096 .8
27C64 81 92 . 8
2764 8 192.8
2764-250 8192x8
2764 ·2 00 8 192.8
MCM68766 8 19 2 .8
27 128 16 384.8
27C256 32768 .8
27256 32768.8

5V" S ing l. 5 Vott Su ppl y

**** HIGH-TECH ****
NEG V20 UPD70108 $11 95
REPLACES 8088 TO SPEED UP IBM PC 10·40%
* HIGH-SPEED ADDRESS CALCULATION

IN HARDWARE
* PIN COMPATIBLE WITH 8088
* SUPERSET OF 8088 INSTRUCTION SET
* LOW POWER CMOS

8MHz V20 UPD70108-8 $13.95
8MHz V30 UPD70116-8 $19.95

**** SPOTLIGHT ****

1.95
3 .95

.99
2 .99

.99
1.09
1.49
1.95
1.95
1.49
1.95
1.89
1.95
1.95
2.05
2.95
3.89
3 .95
4.49

(450nol
(450noI(CMOS)
1450nol(LPI
1450nsl
1450n5)
1450ns1(LP)
(200nsI(LP)
(150 noI(LP)
(450ns)
1150ns )
(100ns)
1200ns1( CMOS)
(150nsI(CMOS)
1200 ns I(CMOSI(LP)
(150nsI(CMOSI(LP)
(120nsI(CMOSI(LP)
(150noI(CMOSI
(150 noI(CMOSI(LPI
(120nsI(CMOSI(LPI

2101 256.4
5101 256x4
2102L-4 1024.1
211 2 25 6x4
2 1 14 10 2 4x4
2 1 14 L-4 1024x4
2 114 L-2 1024x4
2 11 4L-15 1024.4
TMS 4044-4 4096.1
TMM201 6-1S0 2048x8
TMM2016 -1oo 2048.8
HM6 116-4 2048.8
HM6116-3 2048x8
HM6116LP-4 2048.8
HM6116LP-3 2048.8
HM6116LP-2 2048.8
HM6264P-15 8192.8
HM6264LP·15 8192.8
HM6 264LP-12 8192.8

LP:Lowpower

DYNAMIC RAMS
4116·250 16384.1 1250no) .49
4 11 6·200 16384.1 1200ns) .89
41 16 · 150 16384.1 (15 0 nol .99
4 116·1 20 16384.1 (12 0 nol 1.49
MK4 332 32768.1 1200no) 6.95
4164·200 65536.1 (200nsI(5v) 1.19
4164·150 65536.1 (150noI(5v) 1.29
4164·120 65536.1 (120noI(5v ) 1.95
MCM6665 65536.1 (200nsI(5v) 1.95
TMS4164 65536.1 (150noI(5v) 1.95
4164·REFRESH 65536. 1 (150nsI(5VI(REFRESH) 2.95
TMS4416 16384.4 1150no1(5v) 4 .95
41128·150 131072.1 1150nol(5vl 5.95
TMS4464·15 65536. 4 1150no1(5v) 6 .95
41256-200 262144.1 1200 ns1(5v) 2.95
41256· 150 262144.1 (15 0 noI(5v) 2 .95

- Sv=S ing le 5 Vo lt Su p pl y - - REFR ESH -Pin 1 Refr es h -

1.1 9
.89

2.4 9
.89
.95

1.1 5
.9 9

1.8 9
1.8 9
1.89

.85
1.39
1.89
4.99

.99
2.29
2.29
1.39
1.39
1.99
1.39

.89

.89

74HC1 48
74 HC151
74HC 15 4
74HC157
7 4HC158
74HC163
7 4HC175
7 4HC240
74HC244
74HC245
74HC257
74HC259
74HC273
74HC299
74HC368
74HC373
74HC374
74HC390
74HC 393
74HC 4017
74HC 40 20
74H C4049
74HC 40 50

A new family of high speed CMOS logic featuring
the speed of low power Schottky (8ns typical gate
propaga tton delay). combined with the advantag es of
CMOS: very low power consumption. superior noise
immunity, and im proved outp ut drive.

74HCOO
74HC: Operat e at CMO S log ic leve ls and are ideal

for new . all-CMOS designs.

74 HCOO .59
74HC02 .59
7 4HC04 .59
74HC08 .59
74HC10 .59
74HC14 .79
74HC20 .59
74HC27 .59
74 HC30 .59
74HC32 .69
74HC51 .59
74 HC74 .75
74HC85 1.35
74HC86 .69
74HC93 1.1 9
74HC107 .79
74HC109 .79
74HC 11 2 .79
74HC125 1.19
74HC132 1.1 9
74 HC133 .69
74HC138 .99
74HC139 .99

74HCTOO
74HCT: Dir ect. drop -in replacements fo r LS TIL

and can be intermixed w it h 74LS in the same circuit .

74 HCTOO .69 74HCT1 66 3 .05
74HCT02 .69 7 4HCT174 1.09
74 HCT04 .69 7 4H CT1 93 1.39
74HCT08 .69 7 4HCT1 94 1.19
7 4HCT10 .69 7 4HCT 240 2.19
74HCT1 1 .69 7 4H CT241 2.19
74 HCT27 .69 7 4HCT244 2.19
74 HCT3 0 .69 74 HCT24 5 2.19
74 HCT32 .79 7 4 HCT25 7 .99
7 4HCT74 .8 5 7 4HCT 25 9 1.5 9
74 HCT7 5 .95 74 HCT273 2.09
74HCT1 38 1.1 5 7 4HCT 36 7 1.09
74HCT139 1.1 5 74 HCT373 2.49
74HCT154 2.99 74HCT374 2.49
74HCT157 .99 74HCT393 1.59
74HCT158 .99 74HCT4017 2.19
74 HCT1 61 1.29 74HC T40 40 1.5 9
74HCT164 1.39 74HCT 40 60 1.49

74FOO
7 4F7 4
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HALF HT 20MB 65ma $2 7 5
HALF HT 30MB 65ms (RlL) $2 9 9
HALF HT 40MB 40ms $ 5 9 9
HALF HT 60M B 4Qms (RLl) CALL
FUll HT 3 0MB 40ms $ 5 5 9
FUtLHT80MB 28ms $ 1 1 9 5

ST -225
ST -238
ST -251
ST -277
ST-4038
ST-4096

SAMSUNG
MONOCHROME

• IBM COM PATIBLE TTL IN PUT
• 12" NO N-GLA RE AMBER.

LOW DISTORTION SCREEN
'" RESOLUTION: 72QH x 350V
• ATTRAC TIV E CA SE WITH

SWIVEL BASE
'" ON E YEAR WA RRANTY

CASPER
ROB MONITOR

• COlOR/GREEN /AM BER
SWITCH ON REA R

'" DIGITAL RG B-IBM CO MPA TIBLE
'" , 4 " NON -GLA RE SCRE EN
• RESOLUTION , 640 H x 240V
'" .39mm DOT PITCH
• CA BLE FOR IBM PC IN CLUDED

CIRCLE 182 ON FREE INFORMATION CARD

$5995

APPLE COMPATIBLE INTERFACE CARDS

$399.95 $299.95
TILT I SWIVEL MONITOR STAND $1295

'" DUPLICATE OR BURN AN Y
2hx SERIES EPROM
(27 16 TO 27 128)

'" MENU -DRIVEN SOFlWARE
'" HIGH SPEED WA ITE AlGO·

RITHM

CASPER
EOA MONITOR

• EGA & CGA COM PATIBLE
'" SCAN NING FREQUENCIES:

15 .7 5 / 2 1.85 KHz
'" RES: 640 x 200 I 350
'" .3 1mm DOT PITCH, 25 M Hz
• ' 6 COLO RS OUT OF 64
'" 14 " , BLACK MATRIX SCREEN

I I I I.......................
CRTMONITORS FOR ALL APPLICATIONS

KEYBOARD·AP

• SET x-v A X IS FOR AUTO CENTER OR
FREE MOVEMENT

* FIRE BUTTON FOR USE WIT H GAME
SO FlWARE

'* ATT RA CTI V E, SOLID. PLASTIC CASE
.. INC LUDES A DA PTOR CABLE FOR IB M ,

A P P LE II, lie. II c . AT AR I & VIC 20 /64

AP-135
$129.95

AD-3C
$139.95

KB-1000 $79.95
CASE WITH KEYBOARD

FOR APPLE TYPE MOTHERBOARD

DISK DRIVE ACCESSORIES
FDD CONTROLLER CARD 5 4 9 .9 5
lie ADAPTOR CABLE 5 1 9_9 5

ADAPTS STANDARD APPLE DRI VES
FOR USE WITH APPLE fie

JOYSTICK C8-10

* 100% APPLE lie COMPATIBLE,

2~~~ll°rloL~D1bN;~%~IELDED
CONNECTOR

• b~~JERELIABLE SLiMLINE DIRECT

* SIX MONTH WARRANTY

.. REPLACEMENT FOR A PPLE II KEYBOARD

.. CAPS l OCK KEY. AUTO-REPEAT
'*ONE KEY ENTRY OF BA SIC OR CP / M

COMMANDS

AP-150
$99.95

OQ\)\\\'t.
S\Ot.O\

MAC535
$249.95

• FULL HT SHUGART MECHANISM
• DIRECT REPLACEMENT FOR APPLE

DISK II
'* SIX MONTH WARRANTY

'* % HT. DIRECT DRIVE
. 100% APPLE COMPATIBLE
• S IX MONTH WA R RA NTY

_. 3.S'"ADD·DN DISK DRIVE-----­
* 100% MACINTOSH COMPATABlE
• DOUBLE SIDED 800K BYTE STORAGE
* HIGH RELIABILITY DRIVE

HAS AUTO-EJECT MECHANISM
.. FULL ON E YEAR WARRANTY



EASYDATA MODEMS
All models feature auto-dial/anSWBr/red ial on busy, Hayes compatible, power up self
test, touch tone or pulse dialing, built-in speaker, PC Talk 1/1 Communications
software, Bell Systems 103& 212A full or half duplex and more.

INTERNAL
EASYDATA·12H $99.95

1200 BAUD HALF CARD

EASYDATA·128 $119.95
1200 BAUD 10" CARD

EASYDATA·248 $199.95
2400 BAUD FULL CARD

EXTERNAL
NO SOFTWARE INCLUDED

EASYDATA·12D $119.95
1200 BAUD

EASYDATA·24D $219.95
2400 BAUD

DISPLAY CARDS
_ _ _ cROM MODULAR CIRCUIT TECHNOLOGY-_

MCT-EGA $179.95
100% IBM COMPA TlBLE, PASSES IBM EGA DIAGNOSTICS

• COMPATIBLE WITH IBM EGA . COLOR GRAPHICS ""'Il:9l1....- 1':"'... .
AND MONOCHROME ADAPTORS

• TRIPLE SCANNING FREQUENCY FOR DISPLAY
ON EGA. STANDARD RGB OR HIGH RES­
OLUTION MONOCHROME MONITOR

* FULL 256K OF VIDEO RAM ALLOWS 640 x 350
PIXELS IN 16 OF 64 COLORS

* LIGHT PEN INTERFACE

MCT-MONO $49.95
ANOTHER FANTASTIC VALUE FROM JDR!

* IBM COMPATIBLE TIL INPUT * 720 x 348 PIXEL DISPLAY
PLEASE NOTE THIS CARD Wl LL NOT RUN LOTUS GRAPHICS

AND DOES NOT INCLUDE A PARALLEL PORT

EPROM PROGRAMMERS
FROM MODULAR CIRCUIT TECHNOLOGY

MCT-EPROM $129.95
PROGRAMS 27xx AND 27xxx SERIES EPROMS UP TO 27512

• SUPPROTS VARIOUS MANUFACTURERS
FORMATS WITH 12 .5.21 AND 25 VOLT
PROGRAMMIMG

* MENU-DRIVEN SOFTWARE ALLOWS
EASY MANIPULATION OF DATA FILES

• SPLIT OR COMBINE THE CONTENTS OF
SEVERAL EPROMS OF DIFFERENT SIZES

• READ. WRITE. COpy. ERASE CHECK AND
VERIFY WITH EASY ONE KEY SELECTION

* INCLUDES SOFTWARE FOR STANDARD
HEX AND INTEL HEX FORMATS

4 GANG PROGRAMMER $18995

10 GANG PROGRAMMER $29995

MCT-CG

MCT-MGP $59.95
COMPATIBLE WITH IBM MONOCHROME AND HERCULES GRAPHICS STANDARDS

* SHORT SLOT CARD USES VLSI CHIPS TO
INSURE RELIABILITY

* PARALLEL PRINTER PORT . CONFIGURABLE AS
LPT1 OR LPT2

* 720 x 348 GRAPHICS MODE
* LOTUS COMPATIBLE
* CAN RUN WITH COLOR GRAPHICS CARD IN

THE SAME SYSTEM

MCT-MG

$89.95

$59.95

$79.95

IBM COMPATIBLE
FLOPPY DISK DRIVE

JDR PART N:FDD-360
GOOD QUA LITY DRIVES

B Y MAJ OR MANUFA CTURERS SUCH AS
____QUME, TANDON & CDC

...5';." HALF HEIGHT ...05/00
• 360K STORAGE CAPACITY • 48 TI'l

$69.95

* IBM AT STYLE LA VOUT
• SOFTWARE AUTOSENSE FOR XT OR AT

COMPATIBLES
...EXTRA LARGE SHIFT &. RETURN KEYS
• LED INDICATORS FOR SCROLL. CAPS &

NUMBER LOCK
...AUTO REPEAT FEATURE

IBM COMPATIBLE KEYBOARDS

$59.95

IBM STYLE
COMPUTER CASE

FARADAY
FDD CONTROLLER

JDR PART N:FAR-FDD

.. SUPPORTS UP TO 4 INTERNALLY
MOUNTED FDD.

~IBM_COMI'ATI BLE._ INTERFACES .TO__
360K OR 720K USING DOS 3.20

• INCLUDES CABLE FOR 2 DISK DRIVES

$24.95

...IBM ENHANCED STYLE LAYOUT
• SOFTWARE AUTOSENSE FOR XT OR AT

COMPATIBLES

l!~~~!~!!~!~!~L' 12 FUNCTION KEYS

.. EXTRA LARGE SHIFT &. RETURN KEYS
• LED INDICATORS FOR SCROLL. CAPS &

NUMBER LOCK
...AUTO REPEAT FEATURE
...SEPARATE CURSOR PAD

• REPLACEMENT FOR KEY TRONIC '·
KB-5151 KEYBOARD

...SEPARATE CURSOR &. NUMERIC KEYPAD
• CAPS LOCK & NUMBER LOCK

II,:;;;;:;~;;;;;;;;;;~~:::;;::::;,::;;~:'J INDICATORSII . IMPROVED KEYBOARO LAYOUT

1:!1~~~~~~~~!!~d * " 5150" STYLE KEYBOARD
• FULLY IBM COMPATIBLE
• LED STATUS INDICATORS FOR CAPS &

NUMBER LOCK
• LARGE. EASY TO REACH SHIFT &

RETURN KEYS
• 83 KEY TYPEWRITER LAYOUT

1_- - - - - -, MCT·5339
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$129.95MGT-EMS
2MB OF LOTUS/INTEL/MICROSOFT COMPA TfBLE MEMORY FOR THE XT

* CONFORMS TO LOTUS/INTEL EMS
* USER EXPANDABLE TO 2 MB
* USES 64K OR 256K DYNAMIC RAM

(NO MEMOR Y INSTALLED)
* USE AS EXPANDED OR CONVENTIONAL

MEMORY. RAMDISK OR SPOOLER
* SOFlWARE INCLUDES EMS DEVICE DRIVERS.

PRINT SPOOLER AND RAMDISK

MGT-ATMF
ADDS UP TO 3 MB OF 1 BIT RAM TO THE A T

* USER EXPANDABLE TO 1.5 MB OF ON-BOARD r
MEMORY INO MEMORY INSTALLED}

* FLEXIBLE ADDRESS CONFIGURATION
* INCLUDES SERIAL PORT. PARALLEL PORT AND

CLOCK/CALENDAR
* OPTIONAL PIGGYBACK BOARD PERMITS

EXPANSION TO 3 MB

ATMF-SERIAL 2nd SERIAL PORT

MCT-ATMF-MC *2995
PIGGYBACK BOARD (ZERO K INSTALLED)

MGT-ATID

* O·348K DYNAMIC RAM USING 4164.
* INCLUDES SERIAL PORT. PARALLEL PRINTER

PORT. GAME CONTROLLER PORT AND
CLOCK/CALENDAR

* SOFlWARE FOR A RAMDISK. PRINT SPOOLER
AND CLOCK/CALENDAR

MGT-10 $59.95
USE WITH MCT-FH FOR A MINIMUM OF SLOTS USED

* SERIAL PORT ADDRESSABLE AS COMI. COM2.
COM3OR COM4

* PARALLEL PRINTER PORT ADDRESSABLE AS
LPTI OT LPT2 (.378 OR .278)

* CLOCK/CALENDAR WITH A
BATTERY BACK-UP

ID·SERIAL 2nd SERIAL PORT

MGT-MID $79.95
A PERFECT COMPANION FOR OUR MOTHERBOARD

: ~N~mUim~~I~~Rc;.~~~=~tt~~PORT.------
GAME PORT AND CLOCK/CALENDAR
WITH BATTERY BACK-UP

* SOFlWARE FOR A RAMDISK. PRINT SPOOLER
AND CLOCK/CALENDAR

MID-SERIAL 2nd SERIAL PORT *1595

MGT-ATRAM $149.95
A POWER USER'S DREAM, 4MB OF MEMORY FOR THE A T

* USER EXPANDABLE TO 2MB OF ON·BOARD
MEMORY

* USES FULL 16 BIT PARITY CHECKED MEMORY,
64K OR 256K DYNAMIC RAM

* FLEXIBLE STARTING ADDRESS. ROUND OUT
CONVENTIONAL MEMORY TO 640K & ADD
EXTENDED MEMORY ABOVE 1MB

MCT-ATRAM-MC *3985
2MB PIGGYBACK BOARD (ZERO K INSTALLED)
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BOTH CARDS HAVE SILK SCREENED LEGENDS
AND INCLUDES MOUN TING BRACKET

IBM·PR1 WITH +5V AND GROUND PLANE • • • • $2 7.95
IBM · PR2 A S ABOVE WITH DECODING LAYOUT . 29.95

IBM

2 VOLUME SET
Ie MASTER

THE INDUSTRY STANDARD

$129.95

EMI FILTER $4.95

. . .
- . '

. :

6' LINE CORDS
2 conduc tor .39 3 co nductor .99
3 co nduc to r w / fe m ale soc k et 1.49

PS·A

5-100
BARE · NO FOIL PADS •• •• • • • • •• ••15 .15
HORIZONTAL BUS • • • • • • • • • • • • • • • 21 .80
VERTICAL BUS • . • •••••••• •• ••• • 21 .80
SINGLE FOIL PADS PER HOLE • •• • • • • 22.75

APPLE
BARE· NO FOIL PADS • • • • • • • • • • • • 15 .15
HORIZONTAL BUS • •• •• • • • • • • • • • • 22 .75
SINGLE FOIL PADS PER HOLE • . • •• . • 21 .80
FOR APPLE II . AUX SLOT • • • • • •• • • • 30 .00

IBM-PR2

$99.95

Pl00· l
Pl00·2
Pl00·3
Pl00·4

LITHIUM BATTERY
A S USED IN CLOCK CIRCUITSI@

BIULD YOU R OWN
Z80 COMPUTER $19.95

. 17. 95
$18 .95
$18. 95
. 18.95
. 19.95

BOOKS BY STEVE ClARClA

$34.95
'" 75 WATTS, UL APPROVED
'" +5V@ 7A.+12V@ 3A

- 12V @ 250ma. -5 V @ 300ma

PS· 130

$49.95
* USE TO POWER A PPLE TYPE

SYSTEMS. 79.5 WATTS
* +5V@ 7 A.+12V@ 3A

·5 V @ .5A . · 12V @ .5A
• APPLE POWER CONNECTOR

* 130 WATTS
'" SWITCH ON REAR
* FOR USE IN OTHER IBM

TYPE MACHINES
• 90 DAY WARRANTY

$79.95
• FOR IBM PC· XTCOMPATIBLE
'" 150 WATTS
'" +12V@ 5.2A .+5V@ 16 A

· 12V @ .5A. ·5V @ .5A
• ONE YEAR WARRANTY

----- SWITCHINOPOWERSUPPlIES­
$89.95

* FOR IBM PC· XT COMPATIBLE
* 135 WATTS
* +5V@ 15A, +12V@ 4.2A

·5V @ .5A . '12V @ .5A
* ONE YEAR WARRANTY

PS·IBM / l50

en
o
Z
o
a:
f­o
LU
.....J
LU

a
is«
a:
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lIadl8 Ihaek ItartIltlae e TM_ -..
THE BUILDER'S STORE! OVER 1000 COMPONENTS IN STOCK

Put These High-Tech ICs to work

(11)

With Data, Circuit Sampl es

(10) SP0256-AL2 Speech Synthesizer. MOS/LSI device with built-in pro­
gram easily interfaces with most computers . Requires 3.12 MHz crystal
(special order via " hotline" above). 28-pin DIP. #276-1784 12.95
(11) CTS256-AL2 Text-to -Speech IC. Preprogrammed 8-bit processor
translates ASCII into control data for figure 10. Requires 10 MHz crystai
(special order). 40-pin DIP. #276-1786 16.95
(12) SSI 202 Touch -Tone Deco der IC. Easy-to-use DTMF receiver is just
right for remote-control applicat ions. Requires a minimum of support parts
and is easily interfaced with most microprocessors. #276-1303 . . . . 12.95

(10)

Your Radio Shack sto re
manager can special-order
a variety of parts and ac- \\"
cessories not listed in our \,~\
catalog-tubes, linear and
digital ICs, diodes, transis-
tors, crystals, phono cartridges and more. There's no
minimum order requirement for this convenient ser­
vice! Your order wil! be sent to your nearby Radio
Shack store, and we' ll notify you when it arrives.

We send your order
direclly to the
Radio Shack near you .
We pay the postage.
Delivery time on most
items is one week.

Save With Our "Hotline"
Order Service

Panel Switch values

~i8ijiiilf-~~1(9)

(7) Lighted SPST Normally 'Open
or Normally Closed. Rated 5
amps at 250 VAC, 12-volt lamp.
#275-678 5.95
(8) SPST Rocker Switch. Rated 6
amps, 125 VAC. #275-690 .. 1.89
DPDT. #275-691 2.49
(9) SPOT Mini-Toggle. Rated 5
amps, 125 VAC. #275-603 .. 1.49

(1) Super-Br ight Red. Outputs
300 rncd, 20 mAo #276-066. 1.19
(2) Blinking Red. MOS driver and
red LED combo. #276-036 . . 1.29
(3) Blinking Green.
#276-030 . . . . . . . . . . 1.29
(4) CdS Photocell .*ated 200
mW, 170 volts. #276-116 .... 1.79

Attention-Getting LEDs

(5) Trl-Sound Alarm. Contains an
IC , dr iver c i rcu it and 8-o hm
speaker. Three distinct ive sounds.
3 VDC. #273-072 5.95
(6) Electronic Chime. Melody­
syn thesi zing IC and speaker
combo produce a pleasant " ding­
dong " sound. Operates 6 to 18
VDC. #273-071 7.95

Unusual Buzzers

Communications
Circuit Book

149

A Must
For Project

Builders
Th e la tes t o f
th e " hands-
on" electronic-
project books by Forrest M. Mims
III. Includes projects for wired and
wireless voice and code systems,
shortwave list eni ng and much
mor e. Co ntains 48 pag es with
schematics. #276-5015

Deluxe Enclosures Miniature PC pots Tantalum Caps Top-Quality Memory

l>
C
G)
C
Ul
-i

Delivers stable DC with extremely
low ripple at precisely the voltage
you need. Adjustable from 0 to 15
VDC, or series output provides up
to 30 VDC. Selectable independent
or slave operation of two voltages.
Meter for monitoring voltage or cur­
rent of either output. UL listed.
#22-121 69.95

Upgrade
Your Computer

4164 64K Dynamic RAM. 150 ns
access time, low-power design
(230 mW, typical). Single 5 VDC
supply. #276-2506 3.95
TMS 4256 256K Dynamic RAM.
150 ns maxi mum access, low­
power 16-pin DIP with specs and
pin-out. Single 5 VDC supply.
#276-1252 6.95

nuai-rraeklna DC Supply

lIadl8 Ihaell
A DIVISION OF TANDY CORPORATION

Prices apply at participat ing Radio Shack stores and dealers

28-Range FET VOM

Low As

0.1 35 272-1432 .49
0.47 35 272-1433 .49
1.0 35 272-1434 .49

F VDC Cat. No. Each

Big 5"
Color­
Coded
Scale

Maximum Capacity
In an Extremely
Small Package

2.2 35 272-1435 .59
10 16 272-1436 .69
22 16 272-1437 .99

Each
IC pin spacing. 20% tolerance.

Works like a sol id-st ate VTVM I
Super-sensitive-10-megohm input
impedan ce. With 28 ranges and
"beep" co nti nuity. Includes test
leads and spare fuse. Requires one
9V and one " C" battery. #22-220.

.36

.21

.16

.16

59¢
Each

Ohms Cat. No.
1k 271-333

10k 271-335
25k 271-336

100k 271-338

Rated at ' I. -watt. Sealed against
noise-causing contaminants.

3'1, X 2'/. x 4" 270-251 2.99
4 x 23/. x 6" 270-252 3.99
5'1, x 3 x 57/ . " 270-253 4.99

Vented steel tops , easy-to-work
aluminum chasis. With protective
rubber feet and hardware.

Size Cat. No. Each

Archer@) Hand Tools
\ (13)

Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors,
Chokes, Clips, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Memory
Chips, Multitesters, PC Boards, Plugs, Power Supplies, Rect ifiers, Relays, Resis­
tors, Switches, Tools, Transformers, Transistors, Wire, Zener Diodes, more!

Pro fess ional Quali ty

(13) 5 ' /, " Long No se Pliers .
Spring return, insulated grips .
#64-1812 5.99
(14) 4

'
/2" Diagon al Cutters.

Spring return, long lasting and in­
sulated grips. #64-1813 . . . . 5.99
(15) 6" Locking Forceps. Use as
a temporary heat sink and to pick
up or hold parts. #64-1866 . . 4.95
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SOUD @
STATE . @

BUZZER·
Star # SMB·06L
evoc
TTL compatible.
$1.00 each

.10 for $9.00

2K10TURN
MULTI,TURN POT

~
SPECTRal

, .. MOD 534·7161

$5.00 EACH

RELAYS
10 AMPSOLIDSTATE

::ONTROL: 3 - 32 'Ide ~~
LOAO, 140 vee \ 0 amp \ ~1'0.-'l
) IZ E:2l,7"x:U~x'tl" \~

$9 .50 EACH 10.FOR $? O.OO

ULTRA-MINIATURE
5 VDCRELAY

Fujitsu # ~
FBR211NED005M20

~~~~f~g=s
CONTACTS: 1 amp
Mounts in 14 pin DIP socket
$1.25.aeh 10 tor $10.00

MINIATURE
6VDCRELAY

Aromat # RSD·6V~~'Super Small l~

S.P.D.T. relay .
GOldcoibelt
contacts rated

M~~~~ri~~~S~~~~i~~
coil.
Operate from 4.3 - 6 'Ide.
COIL: 120 ohms $1.50 ••ch
13/16 X 13/32~ x '1 , .~ 10'or $13.50

13 VDCRELAY ,
CONTACTS: S.RN.C
l Oamp @ 120vac
Energize coil to
cceo ccotect .. .
COil : 13voc 650ohms

SPECIAL PRICE 51.00 each

4PDTRELAY 1_
14pinKHstyle . . . ~

~~~8 :;}~~s ...
tested ....$1.70 each

~~f~.r:dc~~~~~red
LAilGE QUANTITIESAVAILABLE

SOCKETSFORKH RELAY
75C.ach

8" 15 WATT SPEAKER

~~~'~a~~:::~r~9 O'lh
t OO-10,OOOHz; .. ,
Ideal for PA systems. '. J
Mounting holes for
line-matching transformer.

CATfSK-B 15
$3 .50 el. case 0' 8 pcs.

$25 .00 per cu .

$3.00
$ \ • 75

$2 .00
$3.00
$4 .00
$4.85
$7.00

$2 . 00
$2 .50
$4.85
$&.75
S9.50

$11.00

13.8 VDC REGULATED POWER SUPPLY
;I/. These are solid state, fully regulated 13.8 vee

"W%~I/IQ. power supplies. Both feature 100 % solid state
71,- construction. fuse protection , and L.E.O. power

indicator. U.l. listed.
2 amp constant, 4 amp surge '20.00 each
3 I mp constlnt, 5 I mp surg e ' 27.50 . Ich

120 volt
primaries

MICRO-CASS ETTE MECHANISM

5.6 voUa @ 750 rna.
1.3 volt @ &00 mi.
12 V.C.T. @ 200 mi .
12 V.C.T. @ 400 rna.
12 V.C.T. e 1 I mp
12 V.C.T. @ 2 amp
12 V.C.T. e ..amp
18 YOIts @ 650 mi .
24 V.c.T. @ 200 mi .
24 V.C.T. e 1 I m p
24 V.C.T. e 2 I mp
24 V.C.T. @ 3 I mp
24 V.C.T. @ .. amp

TRANSFORMERS

tID!

EDGE
CONNECTORS

ALL ARE .156 " SPACING .

~~~~~~~.?~~~~r~:P~LY
des~ned to power TexasInstruments com puter ...., R

eq~~;1. 14 - 25 vee (illl amp· SPECIAL ,"'. "
OUTPUT: + 1 2 vdc ~-:l50 ma . PRICE . '

~ ;::@~~am: $3 .50
SIZE: 4~~ x 4 14~ x 11,4. hig~ ••ch

Cat' UNCC-N 512 . 5 0

Wi l l ch arge

~~~= eve~rY•• .
Ni - c a d
b a t t e r y .
ava i l abl e.

.Micro-cassette tape transport for
s ta nd a r d M C 6 0 o r MC45

C~~~i~~~sd~I:~ · m~t~r~cb~Ft~r~~~d:
capstan, pinch wheel and other
components . 3 112" X 2 1/4' X 5/8"
CAT# MCMEC $3 .00 each 10 lor $27.50

WALL
TRANSFORMER

~
1 1 '5 VdC

,~~- 1.95
,, ~ Amp.

.i " INPUT:
. SI ZE : 120 Vac

3 3/4" X 2 7/8" X 2 5/8"
CAT # DCTX-115 19

$ 6 .5 0 ea ch

~!,;;;::::::~;!t;~
22 EOGE CONNECTOR $1.25 ..
solder lug style 1010r $11.00

22/44 EDGE CONNECTOR
$2.00 .. RC. style 10 for $18.00

22/44 EDGE CONNECTOR
solder lug style $2.50 ••ch

_ 28/58 EDGECONNECTOR

P.C. style $2 .50 ••
38/72 EDGE CONNECTOR

P.C . style $3 .00 ••c h

43/88 EDGE CONNECTOR
P.C. style $4. 50 • • ch

external coaxial relay on a
sa te lli te TV syste m . IDE A L FOR ~

THE EXPERIMENTOR AS PARTS. ......
Heavy ch assis bo x co ntain ing a

CA 358 op amp •

and ot he r pa rts . Ca t aloq • RDPS

51. 7 5 each 1 0 f or 51 5. 0 0

POLARITY SW ITCH

4 ' or $1.00
3 tor $1.00
~ :~:mg ~ ...L ;"';"'- "",

3iO ''ff.00
$1.50
$1.00
$1.00

75'
75'

2N706
2N2222A
PN2222A
2N2904
2N2905
MJ2955
2N3055
PMD 10K40
TIP 121
TIP 125

WALL
TRANSFORMERS

aIl Plu1d"ee'IY~~
int~~I~tvac t~___

4 VDC @ 70 rna. $2.00
6 VAC @ 500 rna. 53.50
6VDC @ 750me. ...sc
~2V~~A~ ~g~a';'a . :~:gg
18 VAt; @ 18 VA and

8.5 VA(; @ 1.28 VA 53 .5 0
24 VAC @25 0ma. 53.00
MULTI·VOLTAGE e 500 ma.
3,4'12,8,7112 ,9 or12 vee $7.50

TRANSISTORS

RECHARGEABLE
NI -CAD BATIERIES

~ ~ ~

INFO • (213) 3 8D-8000

FAX - (2 13 ) 389-7073

MI~~A:~I~~~E~~I;,E:'OO TOLL FREE ORDERS
CALIF. ADO SALES TAX 800-826-5432

USA: $3.00 SHIPPING
NO C.O.OJ

FORE~N ORDERS:
INCLUDE SUFFlCIENT

SHIPPING

FLASHERLED

,~ 5 volt operat ion

~
redJumboTl~ size

CAT# LED·4 $1.00

~~~" ~:DE;~ ~~~HER

BI-POLAR Jum~~r~~i~e

LED'S
STAND ARD JUMBO
DIFFU SED T 1·3/4

RED 10 for $1.50 ~100 for $13.00
GREEN 10 lor $2.00

100 for 517.00
YELLOW 10 for $2.00

100 tor 517.00

ALL ELECTRoniCS CORR
w[L[L ~[L~CSuw@ @DCS® CS@w[f6

SOUND AND VIDEO
MODULATOR

Tl t UM1 38 1- 1 De sign e d for use with
T . l . compute r s . Ca n be u s ed with
v i deo camera s , games o r other
audio/ video s ources. Bu i l t in A/B AAA SIZE 1.25V $1. 85
swi t ch ena b l e s user t o switch f rom AA SIZE 1.25V 500mAH $1.85
T. V. ante n na wi t hou t disc on necti on . AA with solder tab $2.00
Cha nnel 3 o r 4 se let ion . Ope r ate s o n C SIZE 1.2V 1200mAH $3 .5 0
1 2 vdc , Hook -up dia g r am included' ,-""~"",~:mSUB-C S IZE solder tab $3. 50
CATI AVMOD 5 5 . 0 0 e a ch..: 0 SIZE 1.2V 1200mAH $3 .50

48 KEY ASSEMBLY
FORCOMPUTER OR

HOBBYIST

~~ O~~al~O~d~~~~~n.
l~ to .erve U better

~~~~~=~~J~~~ NM~~ING ADDRESS _~
anica l sw itches . Term inates to P.O. BOX 567 .~~~

15 oin connector. Frame 4' x 9 V A N NU Y S CA 9 1408
CAT # Kp·48 $3. 50 .ach

XENON FLASH TUBE
~

314" long X 1/8" di a. Flash
tube desiqned for use In .
comract camera flash units.

~~"r;o~n:ri~el~~r~i .00

SP.S.T.
TOGGLE
SWITCH

SOUND EFFECTS BO ARD
PC board wit h 2 1/ 4 " speaker , I
2 LEOs , Ie , battery snap ,
other c o mp o ne n t s 2 3/8 " x 3 " . \
\'ih e n switch is p u s hed ~
b oard beeps a nd l e d s li g h t ~ @ .

['~! llllJ 0 0 0 Op e r a te s on 9v battery , , ~J,

lI] rtJ (n ot i n cl u d e d ) .
(!) .,t:::r:J; Exp erimenter's de light* 'fR t) ~/
~ . . CAT'ST-3 $1.25 ea . "in ambI ent lIght.

"hen an ob j ect or per son COMMODORE PRINTER PLOTTER
passes. wi thin it ' 5 ~ i el d 4 inc h Commodore Model II 1520
of vi ew (about 5 I ) 1 t beeps a er Four c.olor X-Y plotter. Standard VI<?
for severa l seconds then reset s.~pp senalin tertace allows oasy c,onnechon
Co u ld be u s ed a s a door annun - to Commodore 64 computers. Up to 80
c i a t o r or modi fied to trigger _ characters per hne.
o ther device s . 5 1/2 " x 4" x 1. ~
Operates on 6 v dc • Requ ires 4 1\/1. , CAT 1/ COM.1520
bat ter ies ( not inc luded). ~ $49.95 each
CAT . LSMD $5 .75 p e r uni t EXTRApen setaSl .50per set.

CARLI NG
( on - o ff )
RATED :
10 amp

@ 125 vac .
A l l p l a st ic body

a nd tog g le.

CAT' STS-l ~'
$1 .00 ea .

lOfor$ B.5 0 .
100 f or 57 . 50

LARGE QUANT I T IES

LED HOLDERS
Two piece holder e e

1- -; ~,o'~:nfS~LED 100 for $5.00

CLEARCLlPLITE
LEDHOLDER

Make LED a fancYQ
indicator. Clear.
4 'o r$1.00

=c,w > . MAIL ORDERS TO:
••~ ALL ELECTRONICS

P.O. BOX 567

9 140 B

TWX - 10 10101 6 3
ALL ELECTRONIC

Sterccr " TI PC·8

600 ~hms c.t . to 600 ohms c.t.

P.C. board mount
3J.4" x 5/8" x 314"

. 1.25 e.ch

FUSES I E=d
3AG (AGC) SIZE
\ , \ \7, 2. 2\7 . 3 . 4 , 5. 6 AMP

?~~3~~E5 AM P ~
5 01any ONE amperage 75 ¢

3rd TAIL
LIGHT?

S leek
h i g h-te c h
lamp
assembl y .
Co u ld be
u s e d a s a
third a u to
t ai l l i g h t, e mer g e ncy
warn ing l i g h t , o r
s pe cial - ef f e cts lamp .
Red refl ecti v e l e n s
is 2 3/4 " x 5 1/2 "
i s mounted on a
4" high pede s tal
wi t h up-down swi v el
ad j ustme n t. Includ e s
12 v rep l aceab le b u l b.
CAT ' TL B $3 . 95 e ach .

~~~~~~~Em
TRANSFORMER

Two eolor [ill'coded - •
terminals on a Cl ~ Ci •
sturdy 2~ · x "-if
3~ ~ bakelite • 0

plate.
Great for speaker enclosures or
power supplies.

75¢ EACH 10 for $6 .00

STORES
LOS ANGELES, CA
905 S. Vermont Ave .
213 38D-8000

VAN NUYS, CA
6228 SepUlveda Blvd.
818997- 1806

COMPUTER GRADE
. CAPACITORS

1,400 mfd. 200 Vdc
3" X 2 " d ia. 52. 00

6,400 mfd 60 Vde

4 1/4 " xl 3/8 " dia . s~ . 50 1-- - - - - - - - - --,r - - . ""'i:;r;;;cr-- - '
7,500 mfd 200 Vde
3/ 4 " x 3 " d i a , 54 . 00

12,000 mfd 40 Vde
4 1/4 " x 2 " d i a . 52 .5 0

22,000 mfd 25 Vdc
4 3/4 " x 2 " d i a , $2. 50

48,000 mfd 10 Vde
3 " x 2 1/2 " dia . 52. 5 0

66,000 mfd 15 Vdc
3 3/ 4 " x 3 " di a . 53 . 50

72 ,000 mfd 15 Vdc
4 " x 2 " d ia. $ 3 .50

100,000 mfd 10 Vdc
6 " x 2 1/2 " dia .51.00

~
PHOTO-FLASH

I CAPACITORS
' !,~17 0 MFD 330 Vo l tlLeu CA~ ~/=;~~7 0

40 0 MFD 33 0 Vo lt
CAT ' PPC- 40 0 51 . 0 0 ea

eno
Z
o
a:
I­o
W
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W

o
o«
a:
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'\Nhat's New at
AMERICAN DESIGN COMPONENTS?

"The Source " of the
electro-mechanical components
for the hobbyist.

»
c
(j)
c
(f)
;-l

99

Output : + 5.1 5V @ 70 A
+ 12V @ 4A
+ 12V @ 4A

+ 5.2V @ 5A
Input: 115/230V nominal,
.7 25KW cant . 4 7-63Hz. En­
closed in metal housing.
Dim.: 15 "W x 2 Y, "H x 6 " deep .
M!r - Todd Prod. #4 XS815 1A

Item #9 749 $29.95 New

Commodore VIC 20 CPU board &
mechanical keyboard. Guaranteed
not to work. (For parts onlv.l

Item #12 144 $14.95 RFE

HI -POWER
SWITCHING
POWER SUPPLY

15 ", green phos phor , high reso­
lut ion ('2 lines center) and band­
width from 10Hz to 30 Hz ± 3dB.
Operating volt.: 120/240VAC,
50 /60Hz., 65VA max.
Mfr - Motorola - Alpha Series
Item #10044 $34.95 New

Insides of the
Commodore Computer.

Number

Name

State Zip

Address

City

All inquiries and free catalog requests call 20 1-939-2 7 10.

Other uses-runs CB & cer rlJdios.
Come. reed y to plug in /
DCOutput : - 5V @ .5 amp.

+ 5V@3amp.
+ 12V @ 6amp.

Input 115V/60H . Dim.: 9 \1, "W
x 3 0/. "H. (Rubber ft. incl.)

Item #950 1 $24.95 New

5 ~", 1.2 Mb. A T 15" COMPOSITE

HALF HT. DISK DRIVE VIDEO .---JYI0 N IT O R

DOS 3.2 Compatible
96 TPI, DS /OUAD DENSITY
Tandon TM55-4 DS/Quad

Item # 1904 $79.00
2 for $150.00

COMPUTER GRADE
POWER SUPPLY

5 ~ "

FULL
HT.
DISK
DRIVES
48TPI

3¥.z" , 1 O M b
HARD DISK D R IVE
(IBM!!> Compatible)

Fits standard 5 y.. .. spacing.
Shock mounted. Highspeed , low
power . Mfr - Rodime #R0 252F
Item #10 15 1 $159.00 New
Controller Card for above

Item # 10 150 $89.00

~
115 & 230V, 47 -440 Hz.
Input: 90-135V/180- 270 V
Output: 5VDC @ 5.5A

+ 12VDC @.4A
- 12VDC @ .3A

Perforated meta l case enclosure .
Dim.: 9 Y, "L x 3 Y> "W x 2 "H.
Mfr - General Instrument

1r;~==~I~te~m~#~7983 $ 1 4 . 9 5 New

12 VDC/110 VAC(w/built-in
power supply). Green phosphor.
Mtd. in meta l housing. Schematic
supplied. Mfr - Capetronic
#DS-1030 ;

Item #68 11

P C 8300
HOME COMPUTER
(Advanced version
of tho TImex 1000)

42 -key mechanical keyboard (not
mem brane) . Conta ins 2K of
RAM. Reverse video, Z80A,
6.5MHz processo r, ROM8K
8ASIC. Graphics capability/sound­
music, TV or monitor . Joyst ick
input operates on 115 VAC. In-
cludes : AC adapter , TV cable,
and pair of cassette cables. Will
fun all prerecor ded tape s for Sin­
clalrlTlmex 1000-ZX81 . Mfr ­
Power 3000. In orig. boxes.

Item #10 33 6 . $ 2 9.95 New (IBM!!> C o m p at . )
.A ccessoTies ._._. . Double sided/double density, full- ---
* 16K RAMPACK u pgrade height drive. 48 T.P.I., 80 trac ks.
Item #10 337 $9 .95New Mfr - Tandon TM10 0 -2

* 3 2K RAMPACK d
Item #7 928 $79.95

up g ra e 2 for $ 1 5 0 . 0 0* Item #12148 $ 19 . 9 5New 96TP I,DS/QuadDensity
* COLOR PACK Mfr - CDC #940 9T* Item #12 147 $19.95 New Item #189 3 $99.00

12" , High Res o lutio n SWITCHING POWER* TTL MO N ITOR SUPPLY ; .-- -.

*

THERE'S NO RISK.
With our full so-eev warranty,

any purchase can be returned for
any reason for full credit or refund .

Gives your Adam fast , reliable data
storage and retrieval. Can hold up to
l 60K bytes of information. Uses industry­
sta ndard SS /DDdisks. Connects directly
to your Adam memory console. Comes
with disk drive power supply. Disk
Manager disk and owner' s manual.
Mfr - Caleca , Model 7817
Item #12830 $199.00 New

ADAM Accessories . . .
ADAM COMPUTER KIT -
(Less printer.) Includes: Keyboard, digital
data drive, 2 game controllers, power sup­
ply, allmemory boards, and one casse tte .
No wiring necessary; hook-up diagram incl.

Item #74 10 $99.00

COLECOVISION to ADAM
EXPANSION KIT - Touch-
Plugs into your ColecoVision. With printer tone to
power supply& one data drive, you' llhave a rotary (may 55/'00 CFM ~
working Adam Computer! Keyboard & one be used ~~_. I --J,
Smart Basic casse tte also included. even where 8 W. Can be mounted for blow- It:

Item #99 18 $ 5 9 . 5 0 there is ing or exhaust . Aluminum hous-
only ing, brushless , ball-bearing type .

ADAM PRINTER ' a rotary , N Thin: 5 plastic blades with Contains 10 full-length expan-
Item #88 39 $ 69.50 ,.. IIiii.l1 phone). feathered edges . sian slots (w/guides). With room

DATA DRIVE - mu;:~~~e~~ .I~~~~~~~; ~e,.d~~~ Fits Atari, Apple. Commodore, Mfr - Centaur #CUDC24K4·60 1 ~~rv~~ ~~:r~a~a~f~~:i~~~dd1~~kdrive
Item #6 64 1 & standard modular plug. and our #10 33 6 PC8300 Com- Item #854 1 $ 1 9 .95 New slots . Rear on/off sw itch, notched

LAST CHANCE - $19.95 Color: Ivory. Mfr _ Spectra-phone. puter. Has 4-ft. cord with plug. 1 'h . Standard: 5 plastic blades to hold in power supply (not
PRINTER POWER SUPPLY - ModelOP-1. ltem #10748 Dim.: 3 Y, - sq. x1 Y, " H. Mfr - Centaur #CNDC24 K4·60 1 incl.l, and security sw itch w/key.

Item #664 2 $14.95 $6.95; 3 for $ 1 5 . 0 0 New Item #12 143 $5.95 New Item #12 10 9 $14.95 RFE Item #12266 $49.95 New

ASCII KEYBOARD - $1995 AMERICAN DESIGN COM PONENTS, 6 2 JOSEPH S T REET , MOONACHIE, N .J. 07074 MINIMUM
Item #664 3 • ORDER

CONTROLLERS _ YES! Ple ase s end me t he following it e m s: 0 My check or money order is enclosed .
(50tof41 Item #70 13 $9.95 Item How 0 Charge my c red it card . $15

No. Many? Description Price Total 0 Visa 0 Maste r Card 0 Amex RE-87
ADAM CASSETTES - Card No.
(Consisting of Smart Basic, Buck Rogers =.::....:.=- _
& blank cassette.) Exp. Date

Item #7 786 =::....::= - - - - - - - - - - - - - - - -
BAKER 'S DOZEN - $ 19.95 :::Si"'g:..::na:.:' :::ur..::e _

LOGIC BOARD - .:..Te:.:le"'p:..::h:.::o:..::ne:..:::.:..A:..::re:.:a:..::C:.:o:.:d..::e_----'-=='----- _
(Parts only.) Item #72 3 1 $9.95 -

GAME BOARD -
(Parts only.) Item #7 679 $ 6 .95

ADAM LINK MODEM -
ISoftware lncluded.I

Item #12353 $29.95

AUTO-DIALER
ADDRESS BOOK ­

Item #123 65 $19.95

CIRC LE 195 O N FREE INFOR MATION CARD

W e warehouse 60,000

items at American

Design Components - e x ­

pensive, often hard-to-find

components for sale at a

fraction of their original cost!

You'll f ind every part you

need - either b rand new,

or removed from e q u ip m e nt

(RFE) in excellent condition.

But quantities are limited .

Order from this ad, or visit

our retail showroom and find

exactly what you need from

the thousands of items on

display .

Open Mon . - Sat ., 9-5

ADAM COMPUTER.
5~"

DISK
DRIVE



15 DRY mOnEY BRCK TRIRL
Coil for • cop~ of 15 d.~ trl .1 . .... ment , lex &
frei .ht .xtn.5end ch.c k Dr . dd 1.90 for COD.
Pnce m.~ ch.ne.StDr . price m.~ diff.r,While
,uPPlie. 10.t. No PO. term. Dr credit cord.

S •• S OPEN
iliconYaUey urplus 1uern - 6pm

415-261 -4506 CLOSED
4401 OAK PORT OA KLAND CA,94601 SUN &MON

CALL OUR DDS 41 - 2 6 1-4 13

They were developed by the computer indus try
as hi-te e L.C.D. backlights. You can bend and twist
them into almost any sha pe, The white one turns
a brillant colbolt blue , The pink one turns bri ght
white, The green one, well it looks like the power
source from a space ship! A manu al explains how
they work and the assembly direct ions are clear.
Even the solder is included!

EACH $39 KIT INCLUDES:
I :INSTRUCTION MANUAL WITH THEORYSECTION

SEND U (APPLIED TOPUROfASE) FOR TIlEMANUAL ONLY

:5:L1GHT PANELS:
I EA 10 INCH BY ·0 INCH (SPECIFY WHITE ORBLUE)

1EA 9.5 INCH BY 2.5 INCH (PINKmAT TURNSWHITE)
--- 3EA 9.5INcH BY 2.5 INeiI (MELT DOWN GREEN)

I :POWER SUPPLY KIT

69.50
59.50
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• CATALOG CONTAININGDESCRIPTIONS OF ABOVEPLUS
HUNDREDSMOREAVAILABLE FOR S1 .00ORINCLUDED FREE
WITHALLABOVEORDERS.
PLEASEINCLUDE$3.00PHON ALL KITS ANDPRODUCTS
PLANS AREPOSTAGE PAID.SENDCHECK, MO.VISA.MC IN
USFUNDS.

INFORMATION UNLIMITED
P.O. BOX716 DEPT.RE,AMHERST,NH 03031

PLANS -BUildYourself-All PartsAvailableInStock
• LC7-BURNING CUTIINGCO, LASER ... . .. $ 20.00
• RUB4-PORTABLELASERRAY PI STOL .... ........ ........ 20.00
• TCCl-3SEPARATETESLACOIL

PLANS TO 1.5MEV .... , 20.00
• IOG1-IONRAYGUN.................. .. 10.00
• GRA1 - GRAVITYGENERATOR 10.00
• EML1-ELECTROMAGNET COILGUN/LAUNCHER 6,00

KITS
• MFT1 K-FMVOICE TRANSMInER3MIRANGE ... ... 49.50
• WlPM5K- TELEPHONETRAN5MlnER 3MIRANGE... 39.50
• BTC3K- 25O,00 VOLT10·14"SPARK TESLACOIL 199.50
• LHC2K-S IMULATEO MULTICOLORLASER 39.50
• BLS1K- l oo,OOO WATIBLASTER DEFENSE DEVICE .. 69.50
. ITM1 K- l oo,OOO VOLT 20' AFFECTIVE

RANGE INTIMIDATOR , .
• PSP4K- TIME VARIANTSHOCK WAVEPI STOL ..
• PTG1 K- SPECTACULARPLASMA

TORNADO GENERATOR .. 14B.50
'MVPIKSEE INOARKKIT 169.50

ASSEMBLED
• PG7OH-MULTICOLOREO VARIABLE

MOOEPLASMA GLOBE "7" 42500
• BTC11l-5O,OOO VOLT- WORLO'SSMALLEST
TESLA COIL "... 44 .50

' LGU41l-1MWHeNeVISIBLEREDLASERGUN 299.50
• TAT20AUTO TELEPHONERECORDING DEVICE.. 24 .50
• GPV11l-SEE IN TOTALDARKNESS IRVIEWER , 299.50
• lIST1Il-SNOOPER PHONE INFINITYTRANSMlnER 169.50
• IPG71l-iNVISIBLEPAINFiElDGENERATOR-

MULTI MODE __ 74.50

CIRCLE 186 ON FREE INFORMATION CARD
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o BP125-25 SIMPLE AMATEUR BAND ANTENNAS...•.ss.oo.All are inexpensive
to build, yet perform well. Diodes, beams, triangle and even a mini rhombic.

o BP12&-20 PROGRAMS FOR THE ZX SPECTRUM AND 16K ZX82.....$5.75.
Included with each program is a flow chart and a description of what happens.
Notes for converting programs for use on other computers are also included.

o 16G--COIL DESIGN & CONSTRUCTION MANUAL.....$5.95. How the hobbyist
can build RF, IF,audio and power coils. chokes and transformers. Covers AM. FM
and TV applications.

o 208-PRACTICAL STEREO & QUADROPHONY HANDBOOK.....$3.00. A reter­
ence book for all interested in stereo and multichannel sound reproduction .

- f}- BP99-MINI-MATRIX-BOARD PROJECTS.= .$5.00. Here-are 20 useful circuits
that can be built on a mini-matrix board that is just 24 holes by ten copper-fail strips.

o BP157-HOW TO WRITE ZX SPECTRUM AND SPECTRUM + GAMES PRO­
GRAMS.....$5.95. A crystal-clear step-by-step guide to writing your own graphics
games programs.

o BPl17-PRACTICAL ELECTRONIC BUILDING BLOCKS-Book 1.....$5.75.
Oscillators,Timers, Noise Generators, Rectifiers, Comparators,Triggers and more.

o 218-S0LlD-STATE NOVELTY PROJECTS.....$4.95. Fun projects include the
Optornin, a musical instrument that is played by reflecting a light beam with your
hand, and many more.

o BP33-ELECTRONIC CALCULATOR USERS HANDBOOK.....$5.75. Invaluable
book for all calculator owners. Tells how to get the most out of your calculator.

o BP36-50 CIRCUITS USING GERMANIUM . SILICON & ZENER 01­
ODES.....$5.00. A collection of useful circuits you'II want in your library.

o BP37-50 PROJECTS USING RELAYS. SCR'S & TRIACS .....$5.oo. Build pri­
ority indicators, light modulators , warning devices, light dimmers and more.

o BP183-AN INTRODUCTION TO CP/M.....$5.75. To run and use programs oper­
ating under the CP/M operating system you will find this book extremely useful.

o BP42-SIMPLE LED CIRCUITS .....$5.00. A large selection of simple applications
for this simple electronic compone nt.

o BP127-HOW TO DESIGN ELECTRONIC PROJECTS .....$5.75. Helps the reader
to put projects together from standard circuit blocks with a minimum of trial and
error.

o BP122-AUDIO AMPLIFIER CONSTRUCTION.....$5.75. Construction details for
preamps and power amplifiers up through a to o-watt DC-coupled FED amplifier.

o BP92-GRYSTAL SET CONSTRUCTION.....$5.00. Everything you need to know
about building crystal radio receivers.

o BP45-PROJECTS IN OPTOELECTRONICS.....$5.00. Includes infra-red detec­
tors, transmitters, modulated light transmission and photographic applications.

I

o BP179-ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF
ROBOTS ..... $5.00. Data and circuits for interfcing the computer to the robot's
motors and sensors.

o BP126-BASIC & PASCAL IN PARALLEL.....$4.95. Takes these two program­
ming languages and develops programs in both languages simultaneously.

I 0 224-50 CMOS IC PROJECTS .....$5.25. Includes sections on rnulnvlbrators,
amplifiers and oscillators, trigger devices, and special devices.

o 225-A PRACTICAL INTRODUCTION TO DIGtTAL IC·S.....$4_95. Mainly con­
cerned with TTL devices. Includes several simple projects plus a logic circuit test
set and a digital counter timer.

o BP48-ELECTRONIC PROJECTS FOR BEGINNERS .....$5.00. A wide range of
easily completed projects for the beginner. Includes some no-soldering projects.

o BP48-POPULAR ELECTRONIC PROJECTS .....$5.50. Radio, audio, household
and test equipment projects are all included.

o BP51-ELECTRONIC MUSIC AND CREATIVE TAPE RECORD ING.....$5.50.
Shows how you can make electronic music at home with the simplest and most
inexpensive equipment.

o BP56-ELECTRONIC SECURITY DEVICES .....$5_00. Includes both simple and
more sophisticated burglar alarm circuits using light, infra-red, and ultrasonics.

o BP17G--INTRODUCTION TO COMPUTER PERIPHERALS_....$5.95. Shows how
to use a variety of co computer ado-oris in as non-technical a way as possible.

o 227- BEGINNERS GUIDE TO BUILDING ELECTRONIC PROJECTS .....$5.00.
How to tackle the practical side of electronics so you can successfully build
electronic projects.

o BP58-SECOND BOOK OF CMOS IC PROJECTS .....$5_00.More circuits show­
ing CMOS applications. Most are of a fairly simple design.

o BP72-A MICROPROCESSOR PRIMER.....$5.00. We start by designing a small
computer and show how wecan overcome its shortcomings.

I

o BP168-HOW TO GET YOUR COMPUTER PROGRAMS RUNNING.....$5.95.
Shows how to identify error in program and what to do about them.

o 123-FIRST BOOK OF PRACTICAL ELECTRONIC PROJECTS .....$3.75. Proj­
ects include audio distortion meter, super FET receiver, guitar amplifier,metronome
and more.

o BP24-52 PROJECTS USING IC 741.....$5.25. Lots of projects built around this
one available IC.

o BP11G--HOW TO GET YOUR ELECTRONIC PROJECTS WORKING .....$5.00.
How to find and solve the common problems that can occur when building projects .

o BP74-ELECTRONIC MUSIC PROJECTS .....$5.95. Provides the experimenter
with a variety of practical circuits including a Fuzz Box, Sustain Unit, Reverberation
Unit, Tremelo Generator and more.

o BP91-AN INTRODUCTION TO RADIO DXING...._$5.00. How you can tune in on
those amateur and commercial broadcasts from around the world in the comfort of
your home.

o BP94-ELECTRONIC PROJECTS FOR CARS AND BOATS.....$5.00. Fifteen
simple projects that you can use with your car or boat. All are designed to operate
from 12-volt DC supplies.

OUTSIDE USA & CANAOA Number of booksordered D
Multiply Shipping by 2 for sea mail
Multiply Shipping by 4 for air mail

Totalprice of merchandise' . $ _
SalesTax (New York State Residents only) $ _
Shipping(see chart) . . . . $ _

SHIPPING CHARGES IN
USA & CANADA
$0.01 to $5.00 $1.00
$5.01 to $10.00 $1.75
$10.01 to 20.00 $2.75
$20.01 to 30.00 $3.75
$30.01 to 40.00 . $4.75

Address _

Name _

ELECTRONIC TECHNOLOGY TODAY INC.
Po. Box240. MassapequaPark, NY11762-0240

I
I
I
I
I
I

City State Zip $40.01 to 50.00 . $5.75 All payments must Total Enclosed $ I
R8-87 $50.01 and above . $7.00 be in U.S. funds . . J-

~----- -- ------- ------------- - ---- -- - -- --- -- - - ----,,
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PATCH CORD; SMD GRABBER '·
BOTH ENDS: MODEL 5301

SMD MICROTIP '· TEST
PROBE TO SINGLE
STACKING BANANA
PLUG: MODEL 5144

CABLE ASSEMBLY; SMD
GRABBER '· TEST CLIPS TO
BNC MALE: MODEL 5304

SMD TEST TWEEZER '· TO BNC
MALE: MODEL 5142 (SHOWN).
TO TWO SINGLE STACKING
BANANA PLUGS: MODEL 5143

FREE 1987 GENERAL CATALOG

ITT Pomona Electronics
1500 E. Ninth St. , Pomona, CA 91766

Tel : (714) 623-3463

SOIC CLIP '· TEST CLIP: MODEL
5250 (8 PIN); 5251 (14 PIN); 5252
(16 PIN) SHOWN; 5253 (20 PIN);
5254 (24 PIN)

DO-IT-YOURSELF SMD
GRABBER ,. : MODEL 5243

MOLDED BREAKOUT; SMD
GRABBER'· TEST CLIPS TO
FEMALE BNC: MODEL 5305

Our Products are availabl e through your tavorlten'ectronlcs parts distributor.

CIRCLE 101 ON FREE INFORMA ; ION CARD


