
Troubleshoot microprocessor­
based systems with our
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70 SER IES

8New Meters. 8Old,Fashioned Values.
Introducing Fluke's 70 Series II, next­
generation multimeters that meet the
increasing demands ofyour joband your
budget.
C.onsider. At thetopof theline, thenewFluke
79and29 delivermorehigh-performance
features- capacitance, frequency,afast 63­
segment bar graph,Lo-Ohmsrange,Smooth­
ing™, faster ranges- than DMMscosti ng
muchmore.
At the entry level, the new model 70, Fluke's
lowest-priced DMMever, delivers unparalleled
Fluke quality at aprice comparable to "dispos­
able" meters.
And inbetween are al l the modelsthat have
madethe70 Series the most popu lar DMM
familyinthe world- updated, refined and
delivering even more value than ever.

"BASICS"REDEFINED
No matter which 70 Series II you choose, you
get simp le,one-handed operation. High
resolution.Andbuilt-in, go anywhere reliability.
AutomaticTouch Hold@-standardon every
model - locksthe read ingonthedisplayand
signalsyou with abeep, automati callyupdating
for eachnew measurement without areset.
Leavingyoufreetoconcentrate on your work,
not on yourmeter.
YOUR BEST CHOICE
Best of all , every 70 Series II isaFluke, backed
by aworldwide service networkand an industry­
leading3year warranty.
So the next time you'reinthe market for anew
meter,ask for the one that guarantees old­
fashi oned value. Fluke70Series II. For more
information call 1-800-6789-L1T. Or call
1-800-44-FLU KE, ext 33 for the nameof your
nearestFlukedistributor.

CIRCLE 121 ON FREE INFORMATION CARD

Fluke 79Series II & 29Series II
$185'
40110Count Digilal Display (9999 inHz &-If- )
63segment AnalogBarGraph
0.3%BasicDC Voltage Accuracy
AutomalicTouchHold'
DiodeTest, AudibleContinuityBeeper
Autoranging, Manual Ranging
Holsler withFlexStand ' "
FrequencyCounter toover 20kHz
Capacitance 10pFto9999~

lc-Ohms RangewithZero Calibration
Smoothing' "
70llHours BalteryLile(alkaline)
3year Warranty

79{l7{l5(73{l0 lormeasuremenls to480llV-A.
29/23/21 torhigher energy measurements.
'Fluke 70SeriesItsuggested U.S.lisl prices rangefrom$69 to$185.

John FlukeMig Co.• Inc. PO. Box 9090 MiS 250E Everett.VIA96206 U.S.: 206·356-5400
Canada 416-890-7600Other Countries206-356-5500 C> Capyriohl1991JohnFluke Mfg.
Co., Inc.Allrights reserved . Adno.00091 Prices andspecificationssubject tochange
without notice



October 1991

33 PC-TO-TV CONVERTER
Our VGA to NTSC television adapter is your computer's link to the
outside video world.
Anthony Stevens

39 VOCAL,EFFECTS/MIXER
Use it to create a multiple-echo effect and to mix audio from various
sources.
Terry Weeder

43 DIGITAL SINEWAVE SYNTHESIZER
Generate low-distortion waves digitally.
Steven D. Swift

60 R·E's CALL ALERT
It eliminates the chatter on your favorite channel or repeater.
Rodney A. Kreuter and David Plant

67 MICRO MONITOR
This inexpensive logic-analyzer kit simplifies microprocessor design
Jim Cooke

TECHNOLOGY i

51 BINAURAL BASICS
A look at the technique that makes recordings come alive.
John Sunier

53 AN INTUITIVE LOOK AT ELECTROMAGNETIC THEORY
A look at magnetic charges and "6" fields.
William P. Rice

Vol. 62 No. 10

PAGE 43

PAGE 39

6 VIDEO NEWS
What's new in this fast­
changing field.
David Lachenbruch

22 EQUIPMENT REPORTS
Units + Conversion Factors.

72 HARDWARE HACKER
Tesla coils, high-energy
resources, and more.
Don Lancaster

74 AUDIO UPDATE
Reader letters.
Larry Klein

85 DRAWING BOARD
Let's build an oscilloscope!
Robert Grossblatt

94 COMPUTER
CONNECTIONS
History in the making.
Jeff Holtzman

108 Advertising and Sales
Offices

108 Advertising Index

8 Ask R-E

14 Letters

97 Market Cente r

27 New Lit

24 New Products

4 What's News

oo
d
OJ
m
:D



(J)

o
Z
o
a:
b
UJ
...J
UJ

o
is
-c
a:

2

ON THE COVER
One of the latest "buzzwords" in

consumer electronics is "multi­
media"-and there's no reason for
your computer to be left out. By con­
verting the PC's VGA sig na l to
NTSC, you can display the comput­
er's video pictures on aVCR. You can
get a jump on the mult imedia trend,
and connect your computer to the
outside video world, by using our
VGA to NTSC vi deo co nversio n
board, a VCR, and animation soft­
ware. That combination will allow
you to create your own TV video pro­
ductions, insert-ed it t itles on home
videos, or even play video games on
a huge projection-TV screen. To find
out how to get started, turn to page
33.

COMING NEXT MONTH

THE NOV EM BER ISSUE
GOES ON SALE

OCTOBER 3

BUYER'S GUIDE TO DSO'S
We concentrate on digital storage oscilloscopes with bandwidths from
20-200 MHz.

MICRO MONITOR
Construction detai ls for the logic analyzer kit.

MUSIC ON HOLD
Add this high-tech feature to your telephone.

DOPPLER-ULTRASOUND HEART MONITOR
Listen to your heartbeat with this device.

As a service to readers , RADIO·ELECTRONICS publishes available plans or inform ation relating to newsworthy products,
techniques and scie nti fi c and technological developm ents . Because of possible variances in the quality and condition of
materials and woriunanship used by readers, RADIO-ELECTRONICS disclaims any responsibility for the safe and proper
funct ion ing of reader-bui lt projects based upon or from plans or inform at ion published in th is magazine.

Since some of the equipment and circuitry described in RADIO-ELECTRONICS mayrelate to or be covered by U.S. patents,
RADIO-ELECTRONICS disclaims any liabilityfor the infringement ofsuch patents bythe making, using, or selling of any such
equipm ent or circuitry, and suggests that anyone int erested in such proj ect s consu lt a patent attorney.

RADIO-ELECTRONICS, <ISSN 0033-7862) Oct ober 1991 . Published monthly by Gemsback Publications, Inc., 500-B Bi­
County Boulevard, Fanningdale, NY 11735 Second-Class Postage paid at Fanningdale, NY and additional mailing offices .
Second-Class mail regis tratio n No. R125166280. authorized at Toronto . Canada. One -year subscription rate U.S.A. and
possessions $17.97, Canada $25.65 (includes G.S.T. Canadian Goods and Services TaxRegistrationNo. RI25166280I,allother
coun tri es $26.97. Al l subscription orders payable in U.S.A. funds only . via internati onal posta l money order or check drawn on a
U.S.A.bank. Single copies $2.95. il:l 199t by Gemsback Publications, Inc. Allrights reserved. Printed in U.S.A.

POSTMASTER: Please send address changes to RADIO-ELECTRONICS, Subscription Dept., Box 55115, Boulder, CO
80321·5115.

A stamped self-addressed envelope must accompany all submitt ed manuscripts and/or artwork or photographs if th eir return is
desired should th ey be rejected. We disclaim any responsibil ity for the loss or damage of manuscripts and/or artw ork or
photographs while in OUf possession or otherwise.
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Service & Shipping Charge Schedule
Continental U.S.A.

FOR OROERS AOD FOR ORDERS ADD
$0-25 ,$4,50 $501-750 ,$16.00
$26-50 $6,00 $751-1,000 $18.00
$51-100 ,$7,50 $1,001-1,250 $20.00
$101-200 $9.00 $1,251-1,500 .. ,$22.00
$201-300 $10.00 $1,501-2,000 .. .$27,50
$301-400 $12.00 $2,001and up. ,$35,00
$401·500 $14.00

Model SC·9000A
- 3 Wire ACLine Input
-Function Generator
-Triple Power Supply
-8 LDgic LED's

Proto-Board Station

Special! S29SO°

Model V-3SS
-19 Calibrated Sweeps
- 6" CRT - Auto Focus
PROBES INCLUDED!

HITACHI Dual Trace Oscilloscope

NOW $59800
........"7

~~~~~9it LCD Meter
-0.5% Accuracy - rxJAC Voltage.DC Current
-Dlode& Batte ry Test -Overload Protection

DC500V, AC 350V, Ohms 250V rxJAC

SAIE
O

~32~~$5000
Optional Deluxe Carrying Case CC-30 $4.50

~C9br-a.'
Feature Packed!
Contemporary Look!

SCOPE Analog Lab

salel NOW $19SOO
Reg. $225.00

Model SC-6000
- 5 Freq. Ranges
-variaole Posit ive
Power

- Potent iometer

-11 Funct ions
- 38 Ranges
- Contlnultv Beeper
-overioac Protection

Optional Carrying
Case C4-92$9.95

RLESS
HFORDHAM

Special Bonus with
anyorCier

RD-2110 Radar Detector

Yours $4995
for only Reg. 109.95

with yourorder of anyitem on
thispage.

Ideal for field applications!
-Light weight -Portable -Hand Held
-Overload Protection -test Leads

OptionalCarryingCase C4-92 $9.95

~~~~~9itLCR Meter
~'-----------------, r------------------.::

"00.1.1

Rugged & Reliable!I...5i8i~~'~
- 8 Functions
- 37 Ranges

Model
DVM-636

Now Only

$5995

Feature packed! HITACHI Oscilloscope

!QlS42500fIoo :_~~~
Model V-212 Dual Trace
-D Cto 20 MHz. 1mVidiv
- 6" Rectangular Screen
PROBES INCLUDED!

SCOPE Hand Held
Digital Multimeters

Sweep Function Cenerator

Salel NOW $19800
Reg. $319.95

Model FG-801
- selectable Wave
& TIL Pulse

- 7 Freq. Ranges
(0.2 Hz to 2MHz)

- Sweep Rat io 100·1



WHAT'S NEWS
A review of the latest happenings in electronics.
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Commercial solar-electric
power plants

The next generation of solar elec­
tric plants are being heavily promoted
in the Sunbelt states by solar engi­
neers at Sandia National Laborato­
ries (Albuquerque , NM). Unlike
earlier plants, which suffered from
power-output and efficiency limita­
tions due to the use of steam, the
new solar plants will use molten salt
to transfer heat and store energy in
the system. The engineers have been
trying to sell utilities, regulatory agen­
cies, and environmental groups on
the benefits-in terms of cost, en­
vironmental safety, and efficiency­
of building a molten-salt central re­
ceiver power plant that would be ca­
pable of producing 100 megawatts or
more of electricity.

Central receiver power plants,
such as Solar One in the Mojave Des­
ert near Barstow, CA, consist of a
field of sun-tracking mirrors that con­
centrate sunlight onto a receiver that
absorbs the energy and transfers it to
a heat-transport fluid. The fluid is
heated to more than 540°C (1000°F),
and the resultant energy is either
used to drive a turbine to produce
electric power or is stored for later
use. Molten salt presents an attrac­
tive alternative to steam because of
its lower cost, high heat-transfer ca­
pabilities, and increased safety. The
development of molten -salt systems
began in the late 1970's , and national
laboratories, private industries, and
universities have been working to­
gether since then to develop and test
the system components. Recent
Sandia experiments-many per­
formed at the scale of an operating
plant-have proved the feasibility of
such a commercial solar power plant
and demonstrated the reliability of
major components .

Solar One used a receiver in which
water was boiled by concentrated
sunlight to produce steam, which
passed directly to a turbine to pro­
duce electric power. It is difficult,
however, to store energy in the form
of high-pressure steam, so the plant
lacked an efficient energy-storage

system . That caused operational
problems-particularly during cloudy
weather-which had the effect of
lowering electricity production .

The use of molten salt eliminates
most of those problems. Because
the hot salt is stored at atmospheric
pressure, the energy-storage system
design is simplified. In addition, the
molten-salt central-receiver systems
do not produce hazardous waste or
emit gases linked with acid rain or
global warming and could reduce our
dependence on foreign oil.

One of the most attractive benefits
of the technology is the plant's load­
shifting capability, or the ability to de­
liver electricity to consumers when
demand is highest. Its highly efficient
energy-storage system also allows a
molten-salt plant to operate cost
effectively more than 60 % of the year
without using fossil fuel as a backup.

A 200-megawatt second-genera­
tion solar-power plant could produce
electricity at a cost competitive with
power from a fossil fuel facility. For
instance, the cost of electricity from a
molten-salt solar-power plant is just
one to two cents per kilowatt hour
higher than from. a similar-sized coal
plant, and the price is likely to go
down as the technology is improved.
The key to getting the costs down lies
in reducing the cost of the field of
mirrors-which could be achieved
with mass production . Other benefits
are that the new solar plants would be

. /.. ~

TESTS AT SANDIA'S NATIONAL SOLAR
Thermal Test Facility have proved the
viability of a commercial, utility-scale, so­
lar thermal-power plant using molten salt
for efficient heat transfer and energy stor­
age. Such a facility, using a field of sun­
tracking mirrors as pictured here, could
produce electricity at a cost competitive
with coal-fired plants.

able to deliver electricity on demand ,
even at night; produce electricity
much cheaper than any other utility­
size solar power plant; store energy
inexpensively; and reduce our depen­
dence on foreign oil.

Radio signals via fax?
Fax-Ma x Services, a Montauk, NY­

based commun ications company,
has petitioned the FCC to create a
new service in which radio signals
could be broadcast to facsimile ma­
chines. If the advertiser-supporter
service was approved by the FCC, it
could allow fax machines to function
like radios that provide a printout of
their broadcasts. News updates ,
weather maps, sports scores, stock­
market reports , and public-service
announcements could be transmit­
ted on a regular basis, at much less
cost than transmitting data over tele­
phone lines .

The petition asks the FCC to make
legal a new class of broadcasting ser­
vices to be known as the Public Fac­
simile Broadcast Service (PFBS).
PFBS would use at least three radio
channels at about the 930-MHz
band. Fax-Max plans to begin experi­
mental services in the New York area
by October 1, and has initiated patent
proceedings for a radio receiver that
accepts signals transmitted to fax
machines. About the size of a ciga­
rette pack , the receiver is intended to
be attached to a fax and plugged into
the phone line. According to current
plans, advertisers and other compa­
nies transmitting data would pay a
per-page fee to Fax-Max. Recipients
would buy the receiver, but would re­
ceive broadcasts at no charge . They
could select both their broadcasts
and the channels , as well as the sub­
ject categories . Information would be
transmitted at regular intervals; for
examples, news updates could be
sent every 30 minutes. Fax-Max envi­
sions the transmiss ion of a broad
range of serv ices , from general
hourly newspapers to specialized
services like civil -service alerts or
wanted poster to law-enforcement
agencies . R-E





Whats new in the fast-changing video industry.
DAVID LACHENBRUCH

• Wooing Nintendo. So ny and
Philips, which joint ly developed the
Compact Disc , appear to be going in
different direct ions in CD -ROM multi­
media sys tems for the consumer
market. Both of them have deals with
Nintend o involving different-and in­
compatible-CD-RO M game sys ­
tems. Sony w ill int roduce a CD­
ROM -based home-en tertainmen t
system called Play Station, which wi ll
also have a port for Nintendo's new
16-bit video-game cart ridges. How­
ever, the CD-ROM's for Play Station
will all be ori ginal Sony tit les, not
adaptat ions of Nintendo games, and
Nintendo has announced that it won't
support Play St at ion with any CD
games .

Instead, Nintendo is casting its lot
with Philips' CD-I approach, and an­
nounced at the Consumer Elec­
tronics Show in Chicago that it will
develop CD -ROM games for that for­
mat. Both Sony and Philips consider
Nintendo to be a major asset be­
cause of the widespread popu larity of
its games . At our deadline, Sony and
Ninten do were invo lved in discus­
sions which could result in a closer
alliance . It's known that Philips' an­
nouncement of Nintendo CD-ROM
games took Sony by surprise in view
of the fac t th at Son y apparently
thought it had an exclusive CD-ROM
deal with the game company.

Additional video -game-CD al­
liances: JVC and Sega have formed a
partnership fo r sophis t icated video
motion CD-ROM games, incompati­
ble with both CD-l and Play Station.

• JVC goes widescreen. JVC
may be the first brand to bring wide ­
screen TV sets with a 16:9 ratio pic­
ture tube to the United States. The
company is introducing a set with a

~ 34- inch wide-ratio tube in Japan this
z fall and says it will bring the same set
a? to the U.S. shortly thereafter. Thus it
o could well beat Thomson, which is
UJu:J selling a widescreen set in Europe, to
o the U.S. market. JVC's set is de-
o signed for standard NTSC pictures ,-<
a: but can accommodate letterboxed ·

6

videos full-screen, convert normal
ratio (4:3) pictures to 16:9 by elim­
inating part of the top and bottom, or
show standard pictures on the screen
with space left over at one side for
three small pictures (a "picture-out­
side-of-picture" version of picture -in­
picture) .

• 8mm Snapshots. Electro nic dig­
ital video sti ll cameras flopped on the
consumer market-probably be ­
cause they were too expensive . Now
the Japanese manufacturers have a
better idea: Why not let video cam­
corders make digital snapshots as
well? The first such camcorder to em­
brace this idea was shown in pro­
totype form recently by Hitachi. A
high-band 8mm (HiS) mode l, it can
record a high-resolut ion digital st ill
picture at the same time it's making a
moving analog video. The sti ll pic­
tures are recorded in pulse code
modulation on the audio track at the
rate of one every 12 seconds. The
PCM digita l audio track can't be used
while stills are being recorded, but
the hi-f AFM analog stereo track can.

• Philips' LCD Projector.
Philips will soon introduce a unique
LCD projector in the U.S . under its
Magnavox label. Using three 2.8 -inch
LCD panels, it can project a 660,000­
pixel picture on a screen up to about
100 inches in diagonal measureme nt.
It uses a 2000-hour metal-hal ide lamp
developed by Philips' lighting division.
An on-screen countdown can be ac­
cessed by the remote control unit to
tell how many hours of life the lamp
has left. Unlike Sharp's somewhat
sim ilar LCD projector (Sharp sup­
plies the LCD's to Philips), the Mag­
navox unit has a TV tuner. It has a
"convenience speaker" in the proj­
ector and two outboard speakers as
well, for placement at either side of
the screen . The picture can be re­
versed or turned upside down so the
same projector may be used in rear
projection as well as front projection
systems. The price wi ll be in the
$5000-$7000 range , according to

Philips. Although the first model is
rather large (but st ill fairly portable),
Philips says it's aiming at a futu re ver­
sion about the size of a VCR .

• Hail to the King. Japan is agog
over a new TV picture tube, used in
high-end Matsushita TV sets , that
goes under th e name of "Gao ."
Loosely translated, that means "king
of pictures." Having conquered Ja­
pan, the King is com ing to the United
States. The Gao tube (which, of
course, will be called something else
here) is notable for its almost (but not
quite) flat faceplace and its high-con­
trast picture. The contrast is obtained
by the use of a very dark faceplate
with a light transmission of only 33 %
to 36% (depending on tube size). The
tube can be driven at very high volt­
age and has a new gun and shadow­
mask system to provide the required
brightness even at the extremely
high-contrast level. In addition to the
high contrast and flat front surface.
Matsushita says a multifocus cath­
ode results in an improved focus .

In Ja pan, Gao co mes in three
sizes, none of them cheap-25-inch
sets start at about $1265, two 27­
inch versions cos t up to $1825 and
two 31 -inchers go as high as $3500.
In the U.S., it's expected that 27- and
31-inch versions wi ll show up in Pan­
asonlc's Prism line next year.

• VHS -C compatib i li t y .
Speaki ng of JVC, that company has
a goa l of across -th e-b oard com ­
patibility of its full line of VHS decks
with VHS -C cassettes by 1993. The
company currently has two decks­
at $500 and $ 1600 suggested list
prices-w hic h can play the s mall
VHS-C cassettes without an adaptor.
JVC currently is developing a sec­
ond-generation system to accom mo­
date compact- and standard-s ize
VHS cassettes in the same loading
mechanism but at a much lower cost
than the current compatible loading­
drawer system. Its goal is a loading
system that costs no more than the
current full-size-only tape slot. R-E
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In a de power supply.
Now, put a dependable, 3D-wattde
power supply on your bench for
just $300:1: You'llget the low
noise your work demands (200 IlV
rms). Constant-voltage or constant­
current operation. And built-in
reliability ensured by conservative
design margins and rigorous
environmental testing.

Outstanding value in a de power
supply. It's just one in a full line
of basic instruments developed
by HP to give you uncompro­
mising performance at an
affordable price.

• To order, call lIP DIRECT,
1-800-538-8787, Ext.'IW13.

We'll ship your order the day it's
received. Instruments come with a
sixty-day, money-back guarantee.
All you need is a -· fEr'J
company purchase VISA' I ......Y'"
order or credit card.

HP3lkYatt E3610A E3611Apowersupplies

II::::: 8V,3A 20V,l .50A

15V,2A 35V,O.85A

Load or line
0.01'10 +2 mVregulation

Rippleandnoise
200~V rms/2 mVpop(10 Hz·l0 MHz)

* V.s . liSl price

There is a better way.
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ASK R-E
Write to Ask R-E, Radio-Electronics, 500-8 Bi-County Blvd., Farmingdale, NY 11735

modify your own cassette recorder,
but trying to do it without the service
manual is kind of like doing an appen­
dectomy on a Neptunian. The pro­
cedure is fairly simple but you haveto
know where .the appendix is before
you start cutting.
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SLOWER RECORDING
I would like to modify my cas­

sette tape recorder so it can play
and record at 15;16 inches per sec­
ond instead of the standard
speed of F/8 inches per second.
Doing this will let me get 180 min­
utes of recording time from a
standard C-90 cassette. I've seen
ads in various magazines for ma­
chines that have been modified
like this but I'd like to do it to my
own machine•.Do .you know of any
articles or information I can get
that will show me how it's
done?-M. Couch, Warren, MI

I read a lot of magazines every
month but I can't remember ever hav­
ing seen an article on this subject. I
wouldn't be surprised if some of our
readers have better memories (or dif­
ferent reading lists), but I'm willing to
bet that, even if you find an article on
the subject, it won't be much use to
you.

The only way to be able to modify
the speed (and, ideally, make it
switch-selectable with the standard
speed) is to know how your machine
works . The most valuable information
you can get is the service manual for
your cassette recorder-it will give
you a head start in modifying the cir­
cuit. Otherwise, you'll first have to
figure out how your recorder works
before you can attempt any changes.

In actual fact though, what you
want to do is not terribly difficult,
since the method of controlling the
speed of the tape on most cassette
recorders is fairly simple. The details
of the designs will vary from machine
to machine but there are really only
two basic ways to do the job.

Inexpensive recorders usually have
a variable-speed (voltage-depen­
dent) motor, and the speed is main­
tained by regulating the voltage sent
to the motor. The regulation can be as
simple as a pair of resistors (not com­
mon since there would be a lot of
wasted power), or a Zener-based reg­
ulator circuit. If you have a recorder
like that , you can change the speed
by replacing the Zener with one that
provides a lower voltage.

There are two important things to
watch out for if you decide to do this .
The first is that you have to be sure
you've identified the right Zener di­
ode on the circuit board and you've
verified the voltage by actually mea­
suring the voltage at the motor. The
second is that you have to verify that
the motor will work reliably at the re- INTEL 8052
duced voltage. Some motors, par- I built a single-board computer
ticularly those in cheap recorders, based on Intel's 8052AH-BASIC
don't develop a lot of torque and, if chip which has an onboard 8K
you slow themdown by-reducing the-ROM containing the Basic Inter-
voltage, they'll stop running at a con- preter. I've successfully copied
stant speed, or may pack it in com- the language to an EPROM but I
pletely-and there's a good chance it haven't been able to get the
will eat some of your tape before it EPROM to work with the standard
decides to die. 8052-AH. This less-expensive

More expensive cassette record- version of the 8052AH-BASIC
ers usually have circuitry that chip is identical in every respect
monitors the speed of the motor and except that it doesn't have BASIC
constantly adjusts the voltage as the in the internal EPROM. Do you
power starts to drop. These rna- know of any way to make the
chines have a tachometer on the 8052AH read the EPROM from the
shaft of the motor that sends a signal moment it's turned on as if it were
to a frequency-to-voltage converter its own ROM? I don't have a
where it's compared to a reference 8052AH simulator so any solu-
voltage. The.error voltage generated tion will have to be in BASIC.-D.
is used to ensure that the motor is Nikolaidis, Melbourne, FL
always being fed with the proper volt- I've done quite a bit of designing
age for the right speed. around Intel's 803X, 804X, and 805X

If your cassette recorder has a family of microcontrollers but haven't
tach-driven motor, you'll usually find had a lot of experience with the
there's a potentiometer you can BASIC versions of the chip. The first
tweak to adjust the speed. Mark the thing you should do is get your hands
current setting with a pen before you on any information on the 8052 that
start fooling around with it since you you can, since the more information
may want to put it back to the original you have in front of you, the less risk
position some time in the future. there is for brain damaqe at the
You'll also need some way to monitor bench.
the speed of the machine while You didn't send any schematics
you're adjusting it. The standard way with your letter, but let me tell you
of doing that is to use an alignment right off that the 8052AH and the
tape and a frequency counter but, if 8052AH-BASIC are not, as you said,
you've got the mind to mess around identical in every respect. There are
with this stuff in the first place, you differences between them, and it may
can more than likely come up with be that these differences are causing
some other creative ways to do it. your problems in the first place.

While it's possible to modify the The pinouts of both chips are
speed of just about any cassette re- shown in Fig. 1 and you can see that.
corder in existence, the only ones while the chips are similar in function,
that are usually used are the more the differences in their internal organ-
expensive machines with tach-driven ization has resulted in different as-
motors . Those machines are the signments to the pin functions. I'd
ones that you've seen advertised . strongly suggest that you call Intel's
There's no reason why you can't literature department
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training CIEhas been providing its tional help, you get it fast and inwriting NewCourses!
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money. And.y.our wholefuturedepends theirown pace. Theres no pressure to inelectronics _ or any other career field

___ on t ~e ed!:!fatlonyou receivemreturn . keep.J!p...noslowlearners holdYQ~~_ isacollege degree. That'swhy CIE - - - - .-
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There'snosuch "Same Day" toward your deg rees.
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facuIty andstaff stand ready to assist via
CIE's toll free number. And, eachtime
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FIG.1-THE 8052AH AND THE 8052AH-BASIC. Differences in their internal organization
has resulted in different assignments to the pin functions. .

80S2AH
BASIC

(r.<. JP1 .¢

("72(EX)f>.1.1

rP iYM OtlT)P1.2

continued on page 87

has all the information you need and
several interesting article reprints as
well.

In general , the two main dif­
ferences between the chips are that
the 8052AH-BASIC requires external
memory to operate, and it doesn't
have as many I/O ports as the
8052AH. The remaining I/O port lines
on the 8052AH-BASIC also have to
do double duty to support some fea­
tures of the Basic Interpreter.

It may very well be that the reason
you're haVing trouble is that you're
not properly handling the differences
in the pin assignments. If you 're really
lucky, however, the only reason you 're
stuck is because you're not properly
using pin 31 . Even though it's not so
evident by looking at Intel's official
listing for this pin on both chips,
they're' identical.

If you tie pin 31 high on either chip,
the IC will look for code in its internal
EPROM. By making pin 31 low, both
chips will expect the program code to
be found in an external device such as
an EPROM. This means that a low on
pin 31 will cause the 8052AH-BASIC
to behave very much like a regular
8052AH microcontroller chip since it
won 't be able to address its own inter­
nal EPROM.

i/c:e:J/o
PO.O(AIJ¢) 39
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IF you are able to work with common small hand
tools, and are familiar with basic electronics (i.e. able
to use voltmeter, understand DC electronics). .. .
IFyou possess average mechanical ability, and have a
VCR onwhich to practice and learn.. . .then we can
teach YOU VCR maintenance and repair!
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FACT: over 77million VCRs inuse today nationwide!
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nance and repair-"real world " information that is
NOT available elsewhere!
Also includes all the info YOU'll need regarding the
BUSINESS-SIDE of running asuccessful service op-
eration! FREE INFORMATION

CALL TOLL-FREE 1·800-537-0589
Or write to: Viejo Publications Inc.

5329 Fountain Ave .
Los Angeles , CA 90029 Dept. RE

(1-800-538-4725) and get a copy of
their Microcontroller Handbook. It

What is the prinCical disadvantage
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What are out-of-phase signals?

Heath Video Courses
speed your learning curve!

Learn basic electronics athome atyour own
pace with four, 50-minute video tapes. Know
thevariable inductor symbol. Recognize a PN
junction. Understand oscillator fundamentals.
Clearly SEE what most basic electronic books
can only describe.
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simple electronic circuit. EV-3101-A.
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ics. Covers the principles of AC, voltage and
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circuits &optoelectronic devices. EV-3103-A.

B.ECTRONIC CIRCUITS. Complete the basic
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coupling, audio amplifiers, closed-loop vs.
open-loop operation and more. EV-3104-A.

An activity-filled workbook and explanation
of how to solve each problem comes with
each tape so you learn three ways-~,

workbook and hands-or!
Order today!
Call Toll free,
24-hours a day.
1-800-253-0570.
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MasterCard, America "" "
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RELEASE 3.0
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unlimited numb er of passivecomponents, just as the original Release.

hen analyze your circuit with the built-in mu ltimeter, oscilloscope or
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PROTOLAB
N
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customize your program! Most importantly, Release 3.0 suppor ts
advanced componentsavailab le with PROTOWARE'" circuit modu les.

Oscilloscope

PROTOLAB
TU

Release 3.0* $129.95

PROTOWARE'" circuit modul es expand your lab into the wor ld of
di od es, transistors, and spec ial funct io n linear ci rcuits. Each
PROTOWARC di sk, sold separately, coversa particular topic, such as
transistor amplifie rs. Circuits are presented in a "cook-book" format
making it easyto learn and understand.Changecomponent values, and
analyze the ci rcuit in the same way asalways. Or "play" the Electroni c
Organ whi le you study it'soperation. Plus, view the circ uit in schematic
or pictori al presentation . Imagine a PROTOBOARD~ layout to follow
right on your computer screen!

Ammeter
In the future, your fun will continue as new PROTOWARr " modu les
are introduced taking you into more advanced topics. Wh ere else
couId you fj nd thousands of do llarswort hof partsand instruments~""

for the one low price of $129.95?Order now for a limited tim e,~
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· LETTERS
Write to Letters, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

CHROMINANCE CLARIFICATION
Regarding the project "Color Bar

Generator" (Radio-Electronics,
July 1991), there were a coup le of
statements relating to chrominance
that were incorrect. It was stated that
''A3.58-MHz subcarrier is sent by the
transmitter and used in the receiver
to restore the original color informa­
tion." It also stated that "the color­
burst signal is used as a reference to
synchronize the phase and amplitude
of the color subcarrier;" and that " the
colorburst also determines the tint
and saturation of the color that is dis­
played." (The italics were added to
pinpoint errors)

At the transmitter, the R - Y and
B - Y signals are each applied to sep­
arate modulators. Each of these also
receives a 3.58-MHz carrier. The car­
riers are 90° out of phase with each
other. The two resulting amplitude ­
modulated carriers are applied to a
balanced modulator that suppresses
the 3.58-MHz subcarrier, leaving only
the sidebands containing the chroma
informat ion for transmission.

At the receiver, a 3.58-MHz sub­
carrier is generated and reinserted to
enable the extraction of the original
R - Y and B - Y signals on their re­
spective carriers. The co lorburst ,
which has the phase and frequency
(not amplitude) of the original 3.58­
MHz carrier. is used as a reference to
lock the new one. The colorburst,
however, does not contain the infor­
mation relating to hue or 'saturation .
This information is contained in the
color sidebands .

To understand how the hue and
saturation is determined, try to view
the R - Y and B - Y and their respec­
tive carriers as two phasors that differ
by 90°. The phase angle of the resul­
tant determines the hue (or color)

~ while the amplitude of the resultant
z determines the saturation. If proper
~ lock between the colorburst and the
b 3.58-MHz subcarrier generated in
~ the rece iver isn 't mainta ined . irn­
wo proper tint wi ll result.
Ci I have presented this additional in­
~ formation because I believe it fills a
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gap in an otherwise reasonably thor­
ough discussion of the NTSC meth­
od of luma/chroma transmission .
S.J. BABBERT
Worthington, OH

PSUEDO TUBE AMPLIFIER
I read Larry Klein's Audio Update

column about making a transistor am­
plifier sound like a tube amplifier by
adding resistance to the speaker line
(Radio-Electronics, April 1991),
and I tried his method. I own an old
tube Dynaco and a transistorized,
later model Technics set. I know how
the Technics should sound because
the 70-watt Dynaco is practically the
best any amplifier could sound .

I tried it and it works! It really
sounds much better. Larry Klein is a
very creative thinker to come up with
such a simple and effective approach.
It saved me a couple hundred dollars .
KARL G. MAEDER
Hemet , CA

SATISFIED SUBSCRIBER
Bravo! for the "PC-Based Test

Equipment" articles by James Barba­
rello (Radio-Electronics . May,
June, and July 1991). Those pieces
make me glad that I renewed my sub­
scription to Radio-Electronics,
which I had considered canceling.
Well done . guys. You've allowed me
to renew my work on a long-term proj­
ect by letting me get inside my PC.
AMBROSE C. CAMPBELL

MAGNETIC-FIELD EXPOSURE
After reading the concerns and

opinions expressed in the Letters
section of the July 1991 issue of Ra­
dio-Electronics, I thought the po­
sition of the American Conference of
Governmental Industrial Hygienists
(ACGIH) concerning exposures to
magnetic fields should be expressed .

First. a definition is in orde r. The
standard of measure used by the
ACGIH is the Threshold Limit Value
(TLV). which represents "conditions
under which it is believed that nearly
all workers may be repeatedly ex­
posed day after day without adverse

health effects ." Second, a distinction
is made between "Static Magnetic
Fields" and "Sub-Radiofrequency
Magnetic Fields ." the ACGIH
(1990-91) recommended exposure
limits are as follows :

Static Magnetic Fields : Routine
occupational exposures should not
exceed 60 mil liTeslas (mT)-equiv­
alent to 600 Gauss-over the whole
body or 600 mT (6000 Gauss) to the
extremit ies on a daily, time-weighted
average basis . A flux density of 2
Teslas is recommended as a ceiling
value. Safety hazards from the me­
chanical forces exerted by the mag­
netic field upon ferromagnetic too ls
and medica l implants may exist.
Workers havlnq implanted card iac
pacemakers should not be exposed
above 1.0 mT (10 Gauss). Perceptible
or adverse effects may also be pro­
duced at higher flux densities result­
ing from forces upon other implanted
ferromagnetic medical devices, e.g.,
suture staples . aneurism clips, pros­
theses . etc .

Sub-Radiofrequency Magnetic
Fields (30 kHz and below): These
TLV's refer to the amplitude of the
magnetic flux density (B) of sub-radi­
ofrequency magnetic fields in the fre­
quency range of 30 kHz and below, to
which it is believed that nearly all
workers may be exposed repeatedly
without adverse health effects . The
magnetic field strengths in these
TLV's are root-mean-square CAMS)
values. Those values should be used
as guides in the contro l of exposure
to sub-radiofrequency magnetic
fields and should not be regarded as a
fine line between safe and dangerous
levels . Routine occupational ex­
posure should not exceed BTLV = 60
mTlf, where fis the frequency in Hz.
At frequencies below 1 Hz, the TLV is
60 mT (600 Gauss). The permissible
magnetic flux density of 60 mTI f (Hz)
at 60 Hz corresponds to a maximum
permissible flux density of 1.0 m1. At
30 kHz, the TLV is 2,...,T, which corre­
sponds to a magnetic field strength of
1.6 Aim. For workers wearing cardiac
pacemakers, the TLV may not protect



Learn to Use Your
Computer's Full Potential.
If you've been hesitating about upgrading your
computer skills because you couldn't find the time or
locate the right proqrarn to teach you everything you
need to know to be successful in today's world of
computers, you'll be happy to hear that CIE's new
career course can provide you with the computer
technology curriculum you seek in an independent
study program you can afford to invest your time in.

CIE's COMPUTER OPERATION and
PROGRAMMING course was designed and devel­
oped by CIE to provide a complete overall under­
standing of the unlimited potential today's computers
offer, once you learn and discover their full capabili­
ties , in today's high tech environment. CIE's new
computer course quickly provides you with the
electronics fundamentals essential to fully understand
and master the computer's techno logical potentials for
your personal and professional advancement. Upon
mastering the fundamentals you will move into high
level language programming such as BASIC and
C-Language and then use that programming in order
to relate the interfacing of electronic hardware circuitry
to programming software . As a gradu-
ate of the Computer Operation and
Programming course, you will be able
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install, troubleshoot, program and
maintain the various types of electronic
equipment used in business, manufac­
turing, and service industries.
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become successful in
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desire. Your future success!
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more comprehensive computer course anywhere!
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Shortwave listening
Guidebook

PC POWER SUPPLIES
My compliments to Radio-Elec­

tronics for running the two install­
ments of the article on PC power
supp lies ("Inside Switching Power
Supp lies," Apri l and May 1991), I have
to repair those buggers and before
reading the article, I understood only
about half of what lived inside them . I
really appreciate it!
MATI McCULLAR

TUNING UP
THE SHORTWAVE RECEIVER

Rodney A. Kreuter's artic le, "Tune
in the World With R-E's Shortwave
Receiver" (Radio-Electron ics ,
January 1991), was informative and
challenging, not to mention well writ­
ten . I have enjoyed many years of
well-written and -researched art icles
from Radio-Electronics . Thank
you .

W ith regard to the shortwave-re­
ce iver project, I used ferrite toroids in
place of the micro metal toroids . I also
rep laced the output amplifier
(MC34119) with an LM386 O.4-watt
ampli f ier. I changed to the LM386 am­
plifier because it required less com­
ponents and cost less, without losing
any audio quality. The PC board foil
pattern was well done except for one
component (R22) . The resistor was
shown connected to R10 instead of
Vee (+ 9.0 volts), That might cause
an impedance drop on the collector
of transistor Q3 (ZN3904) and cou ld
reduce the effectiveness of Q4,
which is connected to R22, the AGC
of the output.

The receiver operates quite well. I
have severa l high-power AM radio re­
peat ing towers nearby, and not one of
those stations is heard on my re­
ceiver. I receive the BBC, the Voice of
America, and a commercial station
from Canada, along with all kinds of
continuous-wave transmissions .
Thanks for the inexpensive short­
wave-receiver project. I really enjoyed
it. Keep them coming!
JEFF LEMAY
Carol Stream, IL R-E

between charges you must have a
number of batteries available, par­
ticu larly if you are using automatic
focus. The "H" series batteries, such
as 77H , are improved, but the facts
st ill remain.
GEORGE H. WESSLER
Sallta Fl:: , NM

against electro magnet ic interference
with the pacemaker funct ion. The.
TLV for pacemaker wearers should
be reduc ed by a safety factor of ten.

Of course , there currently is not a
clea r understanding of the health
effects res ulting from expos ure to
rnaqnetic fields (es f,Jec ict lly low-inten­
sity, low-frequency ones ), I hope that
this information w ill help to clarify
what' is considered safe exposure to
magnetic fields .
JACK G. ELLIS
McKinney, TX

LONGER-LIVED BATIERIES
In the Ask R-E column in the June

1991 issue of Ra dio- Electronics,
the answer to the letter under the
heading " Safe Charging" was an in­
teresting and timely discu ssion of Ni­
Cd battery problems, but L. Shedler
(who didn 't mention Ni-Cd's) was
asking about gel cellar lead-acid 12­
volt batteries. The tip-off for me was
his statement that he is using a trans­
former to charge them .

I use 12-volt motorcycle bat­
te ries-lead-acid, 6.5 AH-with my
8mm Sony camcorder. I use an elec­
tronic voltage controller (and voltage
reducer) and get fine results. But the
question is : When is my lead -acid
battery truly, fully charged? I use a
digital voltmeter for accuracy, but the
basic question is still unanswered. I
also use a wall -plug transformer
charger.

If you hadn 't played with this prob­
lem, you might well feel that the sim­
ple thing to do is to use 6-vol t
(approx imately 10 AH ) motorcycle
batteries for the 8mm video 6-volt
requi rement . The problem is th at' :
there is an extremely narrow spread
of voltage (available usage) between
a fully charged 6-volt battery and the
automatic low-voltage shutoff point of
the camcorder. CThese systems
should really be called 7.5-or-so-volt,
not 6-volt, systerns .)After the shutoff
po int is reached, an extremely high
percentage of the battery power re­
mains unused and unavailable to the
operator.

Som e camcorder users mig ht
wonder if this disc uss ion is relevant.
The reason it is relevant is that Ni-Cd
batteries available for 8mm camcor­
de rs have a far shorter usage be­
tween charges th an th e manufac­
turers state, and are quite expensive.
If you require a couple of hours of use
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by Harry Helms
The world is talking on shortwave radio,
and here 's the book that tells you how to
listen inl In direct , nontechnical language,
Harry explains how to get the most from
your shortwave radio. Its 320 heavily
illustrated pages are filled with practical
advice on:

antennas
when and where to tune

• selecting the right radio for you
accessories

• reception techniques

Learn how to hear
ilr.l.ut~!.~~~II' ••! the BBC, Radio
Lt:1J:~~J;m;Y1 Moscow , ham radio

....IIJC1ij;~ operators, ships at
Ilil! sea, even Air Force

One! Includes
hundreds of
frequencies for
stations around the
world and the times
you can hear them,
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Your most complete source for electronics
books for over 25 years.

Membership Benefits • Big Savings. In addition to this introductory
offer, you keep saving substantially with members' prices of up to 50% off the
publishers' prices. • Bonus Books. Starting immediat ely, you will be eligib le
for our Bonus Book Plan, with savings of up to 80% off publishers' prices. • Club
News Bullet ins. 15 times per year you will receive the Book Club News, describ­
ing all the current selections-mains, alternates, extras-plus bonus offers and
special sales, with scores of titles to choose from. • Automatic Orde r. If you
want the Main Selection, do nothing and it will be sent to you automaticall y.
If you prefer another selection, or no book at all, simply indicate your choice
on the reply form provided. You will have at least 10 days to decide. As a mem­
ber, you agree to purchase at least 3 books within the next 12 months and may
resign at any time thereafter. • Ironclad No·Risk Guarantee. If not satisfied
with your books, return them within 10 days without oblig ation! • Exce pti onal
Quality. All books are quality publishe rs' editions especially selected by our
Editorial Board. (Pubhsbers' PricesShown)

3632 $18.95

Il~ EL[:LT~U]~~LS B[][]K GLlJBSM

J.J:!) Blue Ridge Sum m it , PA 17294-0810

Please accept my membership in the Electronics Book Club and send the 5 volumes listed
below, billi ng me $4.95. If not satisfied, i may return the books within ten days without obli ­
gation and have my membe rship cancelled . I agree to purchase at least 3 books at regular
Club prices during the next 12 months and may resign any time thereafter. A shipp ing/han ­
dling charge and sales tax will be added to all orders.

SELECT 5 BOOKS
for only $425

(values to $112.75)

33 2 1P $16. 95

298 0P $ 19.95

2883 P $18.95

3485 $27.95
Counts as 2279 0P $ 14. 95

33 45 $39 .95
Counts as 2

32 58 $27.9 5
Counts as 2

2996P $14.95
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State Zip Phone
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All books are hardcover unless number
is followed by a " P" for paperba ck.

© 1991 ELECTRONICS BOOK CLUB
Blue Ridge Summit. PA 17294-0810

280QP $16.95 261 3P $ 17 .95 Signature _

Valid for new members only. Foreign applicants will receive special ordering instructions. Canada mus t remit
in U.S. currency. This order subjec t to acceptance by the Electronics Book Club. RPIE1091

3343 $29.95
Counts as 2

3475 $27 .95
Count s as 2
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Plus you now go on to work with today's most
popular integrated software package, Microsoft Works,
learning to use its word processing, spreadsheet, data­
base, and communications utilities for your own personal
and professional applications. But that's not all.

Train the NRI uiay-s-and learn to
service today's computers as you build
your own 386sx computer system, now
with 1 meg~ 40 meg IDE hard
drive, and exciting new diagnostic
hardware and software!
Jobs for computer service technicians
will almost double in the next 10
years according to Department of
Labor statistics, making computer
service one of the top growth
fields in the nation.

Now you can cash in on this
exciting opportunity-either as a
full-time industry technician or in
a money-making computer service
business of your own--once you've
mastered electronics and computers
theNRI way.

NRI's practical combination of "reason-why" theory
and hands-on building skills starts you with the funda­
mentals of electronics, then guides you through more
sophisticated circuitry all the way up to the latest ad­
vances in computer technology.

Learn to troubleshoot and
service today's com uter
systems as ou bull a
386sx/20 mini tower
computer!

Train with and keep a powerful 386sx/20 MHz
computer system plus popular Microso:ft®
Works software!

Only NRI gives you hands-on training with the finest
example of state-of-the-art technology: the powerful new
West Coast 386sx/20 MHz mini tower computer. As you
assemble this 1 meg RAM, 32-bit CPU computer from the
keyboard up, you actually see for yourself how each section
of your computer works.

You assemble and test your computer's "intelligent"
keyboard, install the power supply and 1.2 meg, high­
density floppy disk drive, then interface the high-resolu­
tion monitor.

Your hands-on training continues as you install a
powerful new 40 meg IDE hard disk drive-now included
in your course to dramatically increase the data storage
capacity of your computer while giving you lightning-quick
data access.

Only NRI gives
you hands-on
training with
the remarkable
RA.C.E.R. plug­
in diagnostic
card and
QuickTech
diagnostic
software from
Ultra-X­
professional,
state-of-the-art
diagnostic tools
that make
computer
troubleshooting
fast and accu­
rate.



I City/StatelZip Accredited Member, National Home Study Council 3-101 IL...: ---.J

MR~
McG raw-Hill Continuing Educati on Center
4401 Connecticut Ave nue, NW ~'li;II

Schools Washington, DC 20008 itnUiI

Age

For career courses
approved under GI Bill

D check for details.

D Computer Programming
D PC Software Engineering Using C
D Desktop Publishin g
D Word Processing Home Busin ess
D Paralegal
D Building Const ru ction
D Bookkeepin g & Accounting

(please prin t )

IBM is a regist er ed trademark of Intern ational Bus iness Machines Corp. R.A.C.E.R. and
QuickTech are registe red trademarks of Ultra-X, Inc.

No experience needed ... NRI builds it in
NRI training gives you practical, hands-on experience
that makes you uniquely prepared to take advan­
tage oftoday's opportunities in computer service.

You learn at your own convenience in your
own home. No classroom pressures, no night
school, no need to qui t your present job until
you're ready to make your move. NRI starts you
with the basics, building on that found ation
step by step until you have the knowledge and
skills you need for success .

And all throughout your training you've
got the full support of your personal NRI
instructor and the entire NRI technical
staff, always ready to answer your que stions
and help you achieve your training goals.

FREE catalog tells more. Send today!
Send today for NRI' s big, free catalog that
describes every aspect of NRI's innovative
computer training, as well as hands-on
training in other growing high-tech
career fields.

Ifthe coupon is missing, write to:
NRI School of Electronics, McGraw-Hill

Continuing Education Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.

printer ports, seri al communications ports, video display
memory, floppy drives, and hard disk drives.

Only NRI gives you such confidence-building, real-world
experience. Only NRI gives you both the kno wledge and the

professional tools to succeed as today's in-demand computer
service technician .

~Check one FREE catalog only

D MICROCOMPUTER SERVICING
D TVNideoiAud io Servicing
D Telecommunications
D In dust rial Electronics
D Security Electronics
D Electronic Music Technology
D Basic Electronics
D Automo tive Servicing

SENDTODAY FOR FREE CATALOG

Name

Address

NOW! Training now includes Ultra-X
diagnostic hardware and software for quick,
~ccw:a~troubleshooting!

Now you train with and keep the latest in
diagnostic hardware and software: the
extraordinary RA.C.E.R plug-in diagnostic
card and QuickTech diagnostic software,
both from Ultra-X. Using these state-of-the­
art tools , you learn to
quickly identify and
service virtually
any computer
problem on XT,
AT 80286/80386 ,
and compatible
machines.

You discoverhow
to use the RA.C.E.R
diagnostic card to
identify individual
defective RAM chips, locate interfacing
problems, and pinpoint defective support
chips. Plus you learn to use your QuickTech
diagnostic software to test the system RAM
and such peripheral adapters as parallel

Your NRI computer training includes all this: • NRI's unique Discovery Lab" for circuit design and
testing • Hand-held digital multimeter with "ta lk -you-th rough" instructions on audio cassette • Digita l
logic probe that lets you visually examine computer circuits • The new West Coast 386sxl20 MHz

computer system, featuring a high-speed 80386sx CP U, 1 meg RAM,
101-key "intelligent" k eyboard, 1.2 meg high-density floppy

drive, and h igh-resolution monitor • 40 meg IDE hard drive •
MS-DOS, GW-BASIC, and Microsoft Works software •
RA.C.E.R. plug-in diagnostic card a nd QuickTech menu­
driven diagnostic software • Reference manuals with
guidelines and schematics



EQUIPMENT REPORTS
Units+ Conversion Factors Unit-Conversion Software

THE MAIN SCREEN OF UNITS. Note the "Dimension" window in the lower right corner.
Since we're working with units of volume, it shows the basic SI unit of length being rased
to the third power.
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Know your coulombs from
your amp-hours.

CIRCLE l OON FREE INFORMATION-CARD

Without common units, we
would never be able to get
any thing done . Although

the engineering and scientific com­
munit ies use metric units as a matter
of course, the U.S. sti ll is insistent on
keeping English units for everyday
use . Even people who are not in­
volved in technology or engineering
can relate to the problems that in­
compatible units can cause. Some of
us, for example , think of parcels of
land in terms of their dimensions and
in square feet. Others are more com­
fortable think ing and working with
acres, an area of about 43 ,560
square feet. Boaters think in terms of
fathoms and knots, instead of miles
and miles per hour. It's said by some .
that the tower of Babel was doomed
not by differences in language, but by
differences of units.

In electronics and eng ineering ,
problems with units still exist. In the
U.S., for example, we talk of capaci­
tance in units of microfarads and
picofarads . Our European counter­
parts, however, are equally comfort­
able using nanofarads . Although few
things are simpler than shifting a dec i­
mal point three places in one direc­
tion or the other, it can st ill cause
frustration and confusion.

A greater prob lem can result when
engineers in different disciplines try
to communicate. One may be used to
thinking of magnetic flux dens ity in
units of webers/rn? or tesla, and the
other in units of kilogauss. Convert-

ing between units is never an unsur­
mountable problem , but it can cause
headaches and, occas ionally, an er­
ror.

We recent ly found an $89.95 soft­
ware package for IBM PC's and com­
patible computers that takes all the
work out of moving from one unit to
another: Units + Conversion Factors
from David F. Taylor, Jr. CPO. Box
562 , Commerce, TX 75429). To run
Units , your system requires a mini­
mum of 512K memory, one floppy­
disk and one hard-disk drive, and ei­

.ther CGA or EGA graphics com-
patib ility. A mouse, though not

required, is supported.
The working screen of Units con­

tains six majo r sections or windows:
" O pti ons," " Units 'of," " Origi nal
Number and Units," " New Number
and Units ," a " Dimensions window,
" and a command -menu bar.

To convert a given quantity and
unit, you click on the " Units of" win­
dow and enter, or scroll to , the type of
unit you want to use from "accelera­
tion" to "wave number." If you want­
ed to convert from cubic meters, for
example, you would scroll to "Vol­
ume."

You would then go to the " Original
Number" window and enter the quan­
tity, and then scroll to call up the given
original unit Cm3 ) . Moving down to the
" New Units" window, you can then
enter the units you 're converting to,
or scroll through the available list until
you get to the one you want. We, for
example, were curious how many
teaspoons were in a cubic meter. The
answer, which we arrived at easily
enough, is sligh tly more than
202 ,884.

If you need to find out more about a
compound unit, you can " dissect " it
and examine the nature of its compo­
nent parts . You can then " transplant

(Continued on page 102)



Now, You Can Eavesdrop On The World. Introducing the new Drake R8 Communications Receiver.

It's world class, world band radio, made-in the U.S.A. From Perth to the Persian Gulf , Moscow to

Mozambique, local or global, you hear events as they happen with amazing clarity. Since 1943, Drake

has been setting the standards in electronic communications... and then raising them. Today, there's

no better shortwave receiver than the Drake R8. Out-Of-This-World Performance. The new Drake R8

has more standard features than other shortwave radio s. You get wide frequency range (100 KHz to

30,000 KHz), coverage of all world and local bands, and excellent dynamic range . But you also get

important features you won 't find on receivers costing hundreds of dollars more. A multi-voltage

power supply. Pre-amp and attenuator. Five filter bandwidths and synchronous detector. Dual mode

noise blanker and passband offset. Non-volatile 100channel memory. All designed to give you the best

reception with the least distortion. Down-To-Earth Design. The ergonomic design of the R8 gives you

real ease of operation. You have convenient keypad entry, with large, legible contro ls. The face is bold .

Uncluttered. And the liquid crystal display (LCD) is backlighted for easy read ing. Try The R8 . ..

At Our Risk. If you 're not impressed by Drake's quality, performance and ease of operation, return

the R8 Receiver within 15 days' and we'll refund your money in fu ll, less our origin al shipping

charge . For more information, or to order , call TOLL-FREE, 1-800-9-DRAKE-l. Telephone orders

may be placed on a major credit card. $979.00 (Shipping and handling $10 in continental U. S.

Ohio residents add 6 Y2% tax.) Call TOLL-FREE, 1-800-9 -DRAKE-l today . You can't lose.

.;;;;;;;DRAKE~~~&
In touch with the world.

R.L. Drake Company> P.O. Box 3006 • Miamisburg, Ohio 45342 U.S.A .
CIRCLE 197 ON FREE INFORMATION CARD
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Use the Free Information Card for more details on these products.
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PC BOARD DIAGNOSTIC
SYSTEM. Auto ma t ed
printed -circuit board tests
were not within the bud­
gets of low-volume users,
either because the board
volumes were too low or
too varied, or because the
company lacked the tech­
nical capability to maintain
an automated test system.
Other deterrents included
concerns about obsoles­
cence, operational com ­
plexity, and the diffi culties
in obta ining the schematic
documentation usually re­
quired for programming. A
cost-effective , in-circuit"
and out -of-circuit PC-board
diagnostic system from
B&K-Precision solves
those problems and fills
the gap between expen­
sive ATE systems and ser­
vice instruments . De­
signed for use in bench-top
production testing , depot
repair and testing, SRO's ,
and independent or third­
party service organiza­
tions, the Pro-Line Model
PL 5000 will troubleshoot
complex boards in-circuit
or out of circuit.

The user can def ine all
test routines and voltage
thresholds for compatibility
with a wide variety of semi ­
conductor technologies
and component types. In­
circuit configurations are
"learned" and tested from
a resident library that con­
tains more than 2000 de­
vice types , including lSI
devices . In addition to TIL,
CMOS, and ECl devices,
the Pro-Line PL 5000 sys­
tem tests analog devices.
Test graphics and an histor­
ical-fault database gui de
the user to the failure.

The on-line networkable
system is capable of gener-

ating productivity and pro­
cess management reports,
including reports based on
fault symptom, component
types , or board serial
number. A resident soft­
ware tool for developing
custom IC libraries is also
included . Programming is
simplified with menu-driven
software to quide the pro­
cess of inputting PC-board
characteristics, compo­
nent designations, types,
and x-y coordinates for the
component locations. The
PL 5000 then automatically
learns the circuit configura­
tion by prompting a "walk"
from IC to IC using the test
clip, until the entire board is
learned .

The system's standard
capability is 48 channels in­
cluding six guard point s,
but it can te st up to 64
channels w ith expansio n
opt ions. "Clip-on" testing
provides easy interfacing
to the device under test. To
eliminate contact errors,

probe-contact-sensing cir­
cuitry assures proper con­
nection to the device under
test and automatically initi­
ates the test sequence.

The Pro-Line PL 5000
uses an 80286-based,
IBM-compatible computer
with 1 MB of standard
memory (expandable to 4
MB) and two expansion
slots . The package in­
cludes one 40-MB hard
drive and a 1.2-MB 5V4­
inch floppy drive, a 13-inch
EGA monitor, and an AT­
style keyboard. Complete
software is supplied , in­
cluding debug tools, a se­
curity utility. and diagnostic
routines that verify opera ­
tion of the test unit.

The Pro-Line PL 5000
PC-board diagnostic sys­
tem costs $1 4 ,950.­
B&K-Precision , Divi­
sion of Ma xtec Interna­
tional Corporation, 6470
West Cortland Street. Chi­
cago , Il 60635 ; Phone :
312-889-1448.

NTSC/PALIFILM SYNC GEN­
ERATOR. MicroKey/Gen­
lock, an add-on for Video
Associates ' MicroKey / A
system, is an NTSC/PAl
film synchronization gener­
ator that allows a computer
to be treated as a standard
broadcast video source ,
eliminating the need for an
expensive frame syn­
chronizer. The device is
unique in its ability to han­
dle not only PALand NTSC
signals, but also the 24­
frame-per-second film
speed . The film genlock
mode eliminates frame
shutter bars on final film
products.

The M icroKey/ A fea­
tures digital audio and high­
resolution VGA graphics
output to a video system.
Its digital-audio capability
allows ADPCM-encoded
12-bit audio to be ap­
pended to an image source
for message insertion and
cuing. MicroKey/Genlock
provides synchronization
of MicroKey/A's 15-kHz
VGA to an external refer­
ence for film , PAL . or
NTSC with 24-, 25- , and

CIRClE 17 ON FREE
INFORMATION CARD

30 -fram e-per-second dis­
play rates , respect ively.
Two BNC input connectors
allow loop-through of exter­
nal reference black burst or
video. Chromalock fea­
tures include NTSC comb
filtering and PAL chroma



CRAMO llN®continues tobe the mosteffectiveand
economicalproduct for improvingand maintaining
electricolcomponent reliability.

USED BYTHOSE WHO DEMAND THE BEST:
• Bell &Howell • CapitolRecords. Dolby Laboratories
• HewlettPackard • John FlukeMfg. • McintoshLabs
• MC! (Sony) • Motorola • NASA · Nakamichi
• RCA • Switchcroft • andMany Mo re.

FOR MANUFACTURE, MAINTENANCE
AND SERVICE OF:
• Switches &Relays • Cable Connectors &Adaptors
• Edge Connectors • Terminal Strips • Plugs&Sockets
• GoldPlated Connectors • Potentiometers • Battery Contacts

P. O. BoxJ
EscarrldJ, CA 92033-3679
(619) 743-7143
FAX: (61 9)743-2460"Environment ally conscious"

Since 1956

IJGl\lQ

CRAMOLIN@DeOxidizer
IMPROVES CONDUCTIVITY
DEOXIDIZES.CLfANS • PRESERVES • LUBRICATES
ForAll Metals, IncludingGold!

CRAMOllN®DeOxidizerimproves conductivity by dis'
solving oxides that fo rm on metal connector and COIr
tact surfaces, eliminatingunwonted resistancethat
impedes eloctrical performance.

CRAMOllN®is onactive ingredient that does nat
rely on solvents forperformance. Dueto theexce l·
lent migration prope rties, CRAMO llN®coats the enti re
metal surface and protectsit from futureoxidation.

and a single, vert ical top
whip element. Transmit and
receive characteristics are
flat within 2 dB over the en­
t ire 25-1300-M Hz range.
The ante nna has an input
power rating of 200 watts
and 50-ohm impedance.
The OA-301comes with N­
type and BNC connectors
along with 50 feet of coax­
ial cable.

The OA-301 wideband
antenna has a suggested
reta il price of $99 .50.­
A ce Communicat ions,
Monito r Div is ion , 10707
East 106th Street, Indi­
anapolis, IN 46256 ; Phone :
31 7-842 - 7 115 ; Fa x :
317-849-8 794 .

AMATEUR-RADIO HEADSET.
The noise -cance ling micro­
phone on the Contester
ama te ur-radi o headset
favo rs the 100-8000-Hz

. human-voice range for
maximu m spe ech intel ­
ligibi lity. The microphone

separat ion . The co mposite
input sig nal is one vo lt,
peak-to-peak. Video over­
lay is provided by an op­
ti on al keye r (MicroKey/
Link), On the MicroKey /
Genlock board, co ntro l of
the computer's power-up
timing is managed by card­
edge adjustments for the
horizontal phase and sys ­
tem subcarrier phase . The
included softwa re can set
and store multiple tim ing
assignments. Pulse assign­
ments quickly chang e tim ­
ing for multip le des igna­
t io ns . The package in­
cludes one board, sof t­
ware, a 20-pin ribbon cable,
and a looping terminator.

MicroKey/A, M icroKey/
Ge nlock (sh ow n) , and
MicroKey / Link have sug­
gested re tail pr ices of
$1495 , $695, and $195 , re­
spect ively.-V i d e o As­
so cia t e s, 4 9 2 6
Spicewood Springs Road,
Austin, TX 78759; Phone:
51 2-346-5781.

WID EBAND ANTEN NA. In­
tended to improve the per­
formance of many types of
V HF/ U HF co m munica ­
tions equipment , the com­
pact mode l OA-301 wide­
band tran smit and receive
antenna from Ace Commu­
nications covers the 100­
kHz to 1.3-GHz freq uency
range. The 51 -inch-tall, Dis­
con e- ty pe ant enna fea ­
tures eight horizontal radi­
als, eight diagonal radials,
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boom rotates, so that it can
be wo rn on the right or left
side of the head, and auto­
matically shuts off the mic
whe n placed upright. To
take full advantage of the
no ise-canc el ing feature ,
the microphone should be
placed almost touching the
user 's lips toward one cor­
ner of the mouth . Ac cord­
ing to Telex Co mmunica­
tions , t he Co ntester has
th e sa me ru gg ed c o n­
struction as the headset s
the co mp any mak es for
commercial broadcasters,
pi lots , an d pro fess io na l
fo otb all coac hes . The

CIRCLE 50 ON FREE INFORMATION CARD

An ETCHED
circuit board

from a
Printed PAGE

in just 3 Hours

The ER-4 PHOTO ETCH KIT gives yo u the tools. materials and chemica ls
to make yo ur ow n printed cir cui t boards. The patented Pos-Neq " process
co pies artwo rk from magazines like thi s one w itho ut damagin g the page .
Use the c ircuit patt erns , tapes and drafti ng film to make yo ur ow n 1X 0
artwo rk. Or try the Direct Etch " syste m (also inclu ded ). to make single O
c!rcu lt board s Without artwork. The ER-4 is stocked by many elec tro nic 0

.distributo rs, or orde r di rect. Add $3.50 for handling and shipping. CD
ER-4 PHOTO ETCH KIT (NV and CA resid ent s add sales tax) . . . . $38 .00 gJ
DATAK'S COMPLETE CATALOG lists hundreds of printed circuit produ cts ~

and art patte rns . A lso contains dry transfer lett er sheets and elect ronic t itl e co
sets for professional look ing co ntro l pane ls. WRITE FO R IT NOW! ~

DATAK Corporation . 55 Freeport Blvd. • Sparks, NV89431 25
CIRCLE 177 ON FREE INFORMATION CARD



headset's dynamic re­
ceivers have a 50-15.000­
Hz frequency response and
impe d anc e c o mpati bl e
with amateur transceivers.
The five-foot headset cord
is unterminated to accept
any conne ctor suitable for
the user's transceiver.
Washable cotton covers
come with the headset and
slip over.the foam-filled ear
cush ions for long-term
comfort.
. The Contester headset
has a suggested list price
of $102-Telex Com­
munications. Inc.,
9600 Aldrich Avenue
South . Minneapolis . MN
55420 : Phone :
612-884 -405 1: Fa x :
612-884-0043.

HAM RADIO SWRtPOWER
METER. Designed to help
amateur-radio operators
optimize antenna settings
for handheld transceivers
as well as mobile or fixed
ham radios , Radio Shac k's

CIRClE 20 ON FREE
INFORMATION CARD

Micronta SWRIPower
Mete r (ca talog number
19-320) is intended for use
on two popular amateur-ra­
dio bands : 2-meter (144
MHz) and 70cm (440
MHz). The SWR/power
meter features low inser­
tion loss . which enables it
to remain connected at all
t imes . Its wide accuracy
range lets the user mea­
sure power up to 60 watts.
The rugged. compact de­
vice is encased in a sealed
die-cast aluminum en­
closure and measures ap­
proximately 2Y2x 2Y4 X %
inches .

Th e Micronta S W RI
Power Me ter retails for
$39 .95 at Radio Shack
stores nationwide.-Ra­
dio Shack. 700 One Tan­
dy Center, Fort Worth, TX
7610 2 ; Ph on e :
817-390-3300 .

SCREEN-MOUNTED SCOPE
CAMERA. To allow users of
osc illoscopes and other
measuring instruments to
take high- resolut ion pho­
tos of sc reen images in
areas whe re printers and
plotters are impractical­
even in clean-room environ­
ments-Tektronix's C-9
camera offe rs Autofi lm ca-

CIRClE 21 ON FREE
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pabi lities . With Polaroid's
Autofilm, the C-9 camera
can automatically advance,
eject . and develop film into
a clean, dry print. The cam­
era also offers an optiona l
chamber to hold and pro­
tect the photos as they are
ejec ted and developed .
The remote shutte r actu­
ator is also useful in c1ean­
room and medical environ­
ments , where film handling
might caus e co n ­
tamination. The C-9 can be
used wit h screen-based in­
st ruments includi ng small
video monitors, logic ana­
lyzers, and medical-imag­
ing equ ipments. With an
optional pisto l grip, the C-9
can be used with instru­
ments lacking camera at­
tachments. A lso available
opt ionally is a variable-in­
tensity flash unit.

The C-9 camera costs
$4 90.- Tektro n ix, Inc. ,
P.O. Box 19638, Portland,
OR 97219 -0638 ; Phone :
800-426-2200 . R·E
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I AMATEUR RADIO LICENSE I
I The FCC recently passed Docket 90- I
I

55 which for the first time allows a new

Icodeless entry ham rad io license of
technician grade. Privileges 30 MHz

I and above - All modes! (See R.E . ar- Iticle in April 1991 issue ).

I Get all the no-code license details , I
I

study & testing information plus a one-

Iyear SUbscription to one of ham radio's
longest runn ing specialty mode publi -

I cations that will teach you all about the Inew modes you will be able to operate!

I FSTV SSTV FAX RTTY PACKET I
AMTOR OSCAR FM REPEATERS

I MICROWAVE AND LOTS MORE! I
I SEND OUR I
I $25 24TH ICHECK YEAR

OR SINCE
(/) I MONEY 1967! Io
Z ORDER
0 I Ia: = 'YP-f500I- --~--~-o

I Iw The SPEC-COM Journal..Jw P.O. Box 1002 ,a
I Dubuque, IA 5200 4

_EBJJ
B (319) 557-8791«
a:

~~
MCNISA (5% added)
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EARN YOUR \ ~

B.S.E.E. \ ~
DEGREE

THROUGH HOME STUDY
Our New and Highly Effective Advanced-Place­
ment Program for experienced Electronic Tech·
nicians grants credit for previous Schooling and
Professional Experience, and can greatly reo
duce the time required to complete Program and
reach graduation. No residence schoo ling reo
quired for qualified Electr onic Technic ians.
Through this Special Program you can pull all of
the loose ends of your electronics background
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
monthsor less. Students and graduates in all 50
States and throughout the World . Established
Over 40 Years! Write for free Descriptive Lit·
erature .

COOK'S INSTITUTE
OF ELECTRONICS ENGINEERING

~IE 4251 CYPRESSDRIVE
~ E JACKSON, MISSISSIPPI 39212

CIRCLE 58 ON FREE INFORMATION CARD

~
PRE CHRISTMAS

_~if; SALE'-. .
~CXBLEta1ifi
j OESCRAMBLERSi
~WE'LL BEATi
~ ANY PRICE «
~ JERROLD-TOCOM-ZENITH ~f
~ HAMLIN-OAK-PIONEER
:zb. SCIENTIFIC ATLANTA
'If • 24 HOUR SHIPMEN TS! .jtf.
~ • M ONEY BACK GUARANTEEl ~
:zb. • QUANTITY DISCOUNTSl \4)
~ MASTER CARD / AMEX/ VISA / C.O.D t
j B3 ~
cl\t Have makeand model number of «
~ equipment usedinyou areaready. ~t CAll TOll-FREE ~
t 1·800·284·8432 «
~ CABLE WAREHOUSE ~
)~ 10117 West Oakland Park Blvd., «

\t Suite 515, Sunr ise, FL 33351 _
NO FLORIDA SALES ~

~~~g~«~g~g~g
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NEW LIT
Use The Free Information Card for fast response.

1991 ELECTRONIC MARKET
DATA BOOK; from Electronic
Industries Association, Pub­
lications, EIA Marketing
Services Department, 2001
Pennsylvania Avenue,
N.W., Washington, DC
20006-1813; Phone:
202-457-4955; $100.

If you're involved in any
area of the electronics in­
dustry, this edition of the
EIA's annual encyclopedia
of the U .S. electronic in­
dustries is a valuable busi­
ness tool. Electronics man­
ufacturers, market re ­
search firms, financial in­
stitutions , schools , and
libraries keep the book on
hand for up-to-the-minute
information on consumer
electronics, communica­
tions equipment, computer
and industrial electronics,
electronic components,
government electronics. in­
ternational trade, employ­
ment , and research and
development. It covers new
and upcoming develop­
ments in consumer elec­
tronics, such as DAT,
CEBus, and HDTV; out­
lines the govern ment's
fiscal year 1992 budget
(and budgets for NASA
and the Departments of
Energy end Trans porta ­
tion) , the Strategic De­
fense Initiative. and a ten ­
year forecast for military
electronics; reports on the
average annual employ­
ment and earnings and the

CIRCLE 22 ON FREE
INFORMATION CARD

job market outlook; and
provides a full-industry
summary. The book in­
cludes illustrative charts ,
graphs, and tables, along
with a glossary of terms.
One chapter is devoted to
electronic-related products
and services, such as auto­
motive electronics and
home-office products, and
extensive coverage of key
technological develop­
ments are included.

PLL DESIGN CHART; from
RF Prototype Systems, 9393
Activity Road, Suite C, San
Diego, CA 92126; Phone:
800-874-8037 or
619-689-9715 (in CA); Fax:
619-689-9733; free.

CIRCLE 23 ON FREE
INFORMATION CARD

Of particular interest to
synthesizer and PLL de­
signers, this reusable PLL
design chart can also be
used as a general Bode­
plotting tool. The chart fea­
tures key decade slope
lines to aid in plotting the
open-loop response of a
second- or third -order PLL,
phase noise floor data for
commonly used phase de­
tectors , and a procedure
for predicting phase noise
at the synthesizer output.
The chart, designed for use
with only water-based eras­
able pens, can be easily
wiped clean for repeated
use. Step-by-step instruc­
tions are included.

1991-1992 EQUIPMENT,
TOOLS & SUPPLIES CATA­
LOG; from Print Products In-

ternationallnc., 8931 Brook­
ville Road, Silver Spring,
MD 20910; Phone:
800-638-2020
(301-587-7824 in MD); Fax:
800-545-0058
(301-585-5402 in MD);
$2.00.

This 62-page catalog is
filled with electronic main­
tenance and service prod- .
ucts from major manufac­
turers . Highlighted in the

CIRCLE 24 ON FREE
INFORMATION CARD

1991-1992 version are
Pace desoldering/solder­
ing and surface-mount re­
work and repair systems;
test equipment from Lead­
er, Hitachi, B&K, Kenwood,
Simpson, Beckman, Tri­
plett , G loba l, and Viz;
Print's own line of tool kits
and cases; and tools from
Cooper, Crescent, Weller,
and Xcelite . Also included
are computer accessories
and supplies, including
RAM testers, EPROM pro­
grammers , troubleshoot­
ing supplies, and diag­
nostic disks.

TOTAL HARMONIC DISTOR­
TION; CARTOONS FROM
STEREO REVIEW; byCharles
Rodrigues. Published by
Perfectbound Press , 1120
Avenue of the Americas,
Suite 4118, New York, NY
10036; $7.95.

Do you take your audio/
video gear very seriously?
If so, this collection of car­
toons is sure to make you

CIRCLE 25 ON FREE
INFORMATION CARD

laugh-at the consumer­
electronics industry, at the
high-end manufacturers
and distributors, at the
family and friends who
must live with your obses­
sion, and at yourself.

EQUIPMENT CATALOG; from
Optoelectronics Inc., 5821
NE 14th Avenue, Fort
Lauderdale, FL 33334;
Phone: 800-327-5912 or
305-771-2050; free.

Aimed at two-way radio
users , monitoring hob­
byists , cellular phone tech­
nicians. law-enforcement
and secur ity personnel, TV
and radio-station engi­
neers, and others involved

CIRCLE 26 ON FREE
INFORMATION CARD

with radio broadcasting
and reception from sub-au­
dio to 3 GHz, this 16-page
catalog describes Op­
toelectronics newest hand­
held and bench-top instru­
ments . Included are de­
scriptions, technical data ,
tips on how to use frequen­
cy-finding handi-counters,
universal counter-timers
for lab and field, and PC­
based counters . R-E
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·The two most comprehensive electronics

Take any 3 books for only $995

2672 $49.50
A one-stop sourcebook for the
data needed on how linear ICs
are fabricated , how they work,
wha t types are available, and
techniques for designing IC cir­
cuits . 624 pp.

3540 $26.95
This guide brings you up-to-date
on today's most advanced power
supply circuits, components, and
measurement proced ures . Co­
ver s switc hing rates up to
3-MHz and higher as well as the
20-kHz standard. 176 pp.

PRI ,TfD
CIRC
DESI

EL ~: (' TII II .\ I l'
II II\H: nl'II.\T II II L

3837 $27.95
Focuses on the specific digital
circuits used in electroni c power
applications. Pres ents state-of­
the-art approaches to analys is,
troubleshooting, and implemen­
tation of new solid-state devices.
272 pp.

10016 $39.95
Design tighter , more complex
circ uits , on time and on budget
with this book , one of the first
to provide a thorough cove rage
of all aspects of PCB design,
includ ing CAD .
320 pp. Counts as 2

3557 $29.95
A detailed study of signal analysis
as it applies to the operation and
signal-gener ating capabili ties of
today's devices . Explains the
composition and use of test
instruments, transmission media,
sate llite systems, broadcast and
rece ption facilit ies, and more.
272 pp.

9255 $97.50
" Outstanding , extensive refer­
ence to current technology of
elec tronics . Covers everything
from princip les to appl ications."

-Computer Book Review
2,528 pp. , 1,800 iIIus.
Counts as 3

,..--- -:

9290 $36.00
This gu ide prov ides a practical
approac h to pinpointing symp­
toms and causes, and effective­
ly troubleshooting malfunctions.
Prov ides many never-before­
publis hed techn iques and case
histories. 315 pp . Counts as 2

l0010P $19.95
Mo re do -it-yo ur self circuits
from the master-Steve Ciarcia .
Step-by-step guidance on pro­
jects ranging from a gray-scale
video digi tizer to para llel inter­
facing . 256 pp.

I
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1938 $60.00
For quick-reference and on-the­
job use, this sourceboo k puts
over 1,300 state-o f-the-ar t
designs at your fingertip s. From
A (alarm circuits) to Z (zero
cro ssing detector ci rcuits) this
compendium excels in content ,
scope , and design. 768 pp.
Counts as 2

3258 $27.95
Thi s book offers up-to-d ate
instru ctions for trouble shoot ing
and repairing all major brands of
equipment , with hundreds of
diagrams, specs, and schematics.
Cove rs TVs , VCRs, CD play­
ers, and much more. 310 pp.
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020975·8 $99.50
The essential reference fo r all
elec tr ical engineers. Comp lete­
ly revised and updated . this
classic handbook covers the
generation, transmission . dis­
tribut ion. contro l. conservation.
and application of elec trical
power. 2,4 16 pp .• 1,388 iIIus. ,
430 tables . Counts as 3

3037 $24.95
This is a practical introduction to
artifi cia l neu ral netwo rks­
complete with I I circu its readers
can build , using the schematics
and software provided in the
book . Also covers theory , hard­
ware, mathematics, and the
future of neural comp uting .
160 pp.

9373 $46.00
This completely updated edition
helps electronics profe ssionals
discover the wide variety of
appli ca tio ns possibl e using
op-amps. Cove rs signal genera­
tion, instrumentation , and filter
and control circuits .
5 16 pp. Counts as 2

003957-7 $49.95
Written for technica l personnel,
eng inee rs, managers , and
operators , this is a practical
guide to design, implementation,
and maintenance of cable TV
systems, includes an overall
introduction to standard NTSC
and HDTV systems .
400 pp. Counts as 2

071231·X $54.95
A wealth of information on both
analog and digital dev ice s.
Cove rs many types of sensors ,
semiconductor devices and basic
circuits, signal amplification and
processing, data switching, con­
trol and readout, and much
more. 377 pp. CO/lilts as 2
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engineering clubs have joined forces ...
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053570-1 $64 .95
Everyth ing you need to desig n or
wo rk with communications
receivers such as: shortwave,
bro ad cast , rad ar , military ,
marin e , and more .
608 pp ., 402 illus. Counts as 2

3279 $36.95
Per form rou tine ma intena nce,
and diagnose and repair any kind
of comp uterized device . This
popu lar reference cov ers large
dynam ic RAMs, 32-B it pro­
cesso rs, 80286 , 80386, and
Z800 I·Z8002 processor s.
570 pp . Counts as 2 '

9401P $19.95
A step-by-step guide to op-amp
circuit opera tion for technicians,
e ngi nee rs , a nd scien tis ts .
Explo re fundame nta l circuits
usin g bipol ar , J F ET -inpu t ,
C MO S, and No rt on-ty pe
op-amps. 250 pp .

15041P $19.95
Ex plo re memo ry ca pac ity,
arc hitec ture . page-based virtual
mem ory, input /ou tput , a nd
pipelining . Learn about the
80386 register s, real mode and
pr ot ec ted mod e o pe ratio n ,
special fields, and more . 458 pp.

iJCPfRIMDm W1IH

EPROMS

2962P $17.95
Thi s complete EPROM instruc ­
tion ma nual prov ides a deta iled
explanation of under lying theory,
plus 15 d iffe rent pr oj ect s ,
including programm ers, erasers ,
and EPROM ·b ased circuits .
240 pp .

001013-7 $69.95
A compre hensive review of all
elements of applied fiber optic in­
form ati on transfer. It covers
operational principles at the
sys tem and component levels,
comparat ive data on compo nents,
a nd more .
608 pp . Counts as 2

3787 $29.95
The most current information
avail able on the propert ies of
conductors a nd insu lat io n.
system desi gn and assembly
techniques, and guidelines on \I S­

ing the latest equipment.
256 pp.

ELECTRONIC
COMMUNICATIONS

II
3365 $14.Q'i
Use this broad study to prepare
you for your FCC Genera l
Radio telephone Operator Li ­
ce nse or CET exam, then keep
it on your desk as a handy wo rk­
ing reference .
704 pp. C OUIIIS as 2

IOlH7 S44.95
The most lI P·t0-Q~te gu ide on
CMOS and BilMO S. Gain
practical eng ineering solutions to
des;gDin~ ~m(l bll i 1 0 i n ~ reliable,
cosr-effective i Q' i tal svsrerns.
310 pD. C unts ,;" 2 ~

013'i"Q·T $27.95
G ives techn icians , c '1gint"ers ,
sc ientis ts, a nd stude nts the
precise data they need to solve
day -to-day prob lems. Prov ides
instant access to specifics on
co mponents , circuits, power
supplies . op-arnps. and more.
608 pp . COIIIII' a' 2

How the Club Works:
The Electronics Engineers and Designers Book Club and
the Electronics and Control Engineers ' Book Club have

joined forces to bring you all the best titles from
the most prominent electronics publishers.

YOUR BENEFITS: You get 3books for $9.95 plus shipping and hand­
ling when you join. You keep on saving with discounts of up to 50 % off
as a member.

YOUR PROFESSIONAL BOOKSTORE BY MAIL : Every 3-4
weeks, you will receive the Electronics Engineers Book Club News describ­
ing the Main Selection and Alterna tes, as well as bonus offers and special
sales, with scores of titles to choose from.

CLUB CONVENIENCE & EASY RISK-FREE TERMS: If you
want the Main Selection, do nothing and it will be sent to you automatica l­
Iy. If you prefe r another selection , or no selection at all. simply indicate
your choice on the reply form provided . You will have at least 10 days
to decide. As a member , you agree To purchase at least 3 books within the
next 2 years and may resign at any time thereafter. If not saTisfied with
your books , return them within 10 days without oblig aTion!

BONUS BOOKS: Starting immediaTely , you will be eligib le for our
Bonus Book Plan, with savings of up to 80 % off publishers ' prices.

EXCEPTIONAL QUALITY: All books are Top-quality editions from
ALL the pub lishe rs in the field especi ally selecte d by our Editorial Board
to ensure the information provided is reliable and specific enough To meet
your needs .
All books are hardcove r unless numbe r is followed by a " P" for pap erback.
(PUblish ers' Prices Shown) © 1991 EEBC, Blue Ridge Summit, PA 17294·0860

...to bring you the largest selection of titles
available anywhere -at savings of up to

50% off publishers' prices!

------------- - - - - - - - - - - - --1
ELECTRONICS ENGINEERS'___________ _ __ BOOK CLUB_

Blue Ridg e Summit , PA 172 94-08 60

D YES! Please accept my memb ership in the ELECTRONICS
ENGINEERS ' BOOK CL UB and send my 3 volumes listed below
billing me $9.95. If not satisfied, I may return the books within 10
days and have my membership cancelled . I agree to purchase 3 or
more books at regular Club Prices duri ng the next 2 years. and may
resign any time thereafter . A shipping/ handling charge and sales tax
will be added to all ordf'rs.

I I [
I
I Name
I
I Addres s
I
I City

II STate - -- Zip Phone
I Valid for new members only . Fore ign applicants will receive spec-ial ordering instructions.

Ca nada must remit in U.S. currency. This orde r subject to acceptance hy the Electronics
I Engineers Book Club. DREI091

~------- - ---- - - - -- - - - - - - --~
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RADIO SHACK

PART S PLACEsM
(1) NEW! " Shirt Pocket" Mu ltimeter. Take it along! Features LCD
disp lay, autoranging with manua l override, continuity soun der. Mea­
sures to 400 volts ACIDC and resistance. With fold-up vinyl case ,
manual and replaceable batteries. #22-169 27.95

(2) NEW! Bui lding Power Supplies. Easy-to-understand , 96-p age
book explains linear and switching supp lies . Includes complete plans
for build ing five useful supplies with Radio Shac k parts.
#276-5025 4.95

(3) Min i Audio Ampl ifier. Great for computer voice/ music synthesis,
signa l tracing and more. Has a built -in speaker, ' /a" headphone jack ,
'/a" input jack and volu me control. Put one on your bench today!
#277-1008 11.95

(4) Digital Logic Probe. LEDs and tone outputs reveal log ic states
instantly. It's the fast way to check operat ion and pinpo int problems in
all types of digital circuits.
#22-303 16.95

(2)

(3)

---_...-- -

Since 1921 Radio Shack has been the place to obtain up-to-date electronic
parts as well as quality too ls , test equipment and accessories at low prices .
Our 7000 locatio ns are ready to serve you- NOBODY COMPARES
Prices apply at participating Radio Shack stores anddealers. Radio Shack is adivisionofTandy Corporation

(1) Voltage Regulator ICs . Feature
built-in overload protection and ther­
mal shutdow n. Great for custom pro­
jects . Maximu m input: 35VDC.
7805 . 5V. #276-1770 1.19
7812. 12V. #276-1771 1.19

(2) Low-Voltage Motor. Just the thing
for scie nce projects , robotics and solar
power demos . Operates from 1'/2 to
3VDC. About 1'/2" long.
#273-223 9ge

(3) High-Speed 12VDC Motor. Up to
15,200 RPM, no load. About 2" long .
#273-255 2.99

(4) " Ding-Dong" Chime. This IC and
mini -speaker combo is ideal for a
customer-entry alert or doorbell. Pro­
duces 80 dB sound pressure at 12VDC.
Operates from 6 to 18VDC.
#273-071 8.99

(5) Surface-Mount Resistors. 200­
piece assortment of 15 popul ar values .
Rated '/a watt , 5% .
#271-313 Set 4.99

(6) Metal Project Cabinet. An att rac­
tive, easy-to -drill housing at a low
price. 3 x 5'/4x 57/a':
#270-253 6.79

(7) Power Supply Project Case .
Vented 2' 12 x 45/a x 3' /4" molded case.
#270-287 3,99

(8) 0 to 15 DC Voltmeter. Quality jew­
eled movemen t. #270-1754 . . . . 7 .95

(9) Box/Board Combo. Molded en­
closure plus predrill ed 2 x 3'/a" board,
labels and more.
#270-291 4,99

(10) Eight-Position Audio Phono
Jack Bo ard . #274-370 1.69

(11) 1:1 Audio Transformer. Z: 600·
9000. #273-1374 3.59

(12) Three-Pin XLR Mike Plug . Metal
body. #274-010 2.99

(13) Three-Pin XLR Inline Socket.
#274-011 ' 2.99

(14) Three-Pin XLR Panel Socket.
#274·013 3.69
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(12) With Space -Saving 90° CEE con-
nectar. #278-1260 5.99

(13) With Straight CEE Con nec tor .
#278·1257 3.99

Parts Specia l-Order Hotline. Your local
Radio Shack store stocks over1000 popu­
lar electronic components. Plus, we can
special-order over 10,000 items from our
warehouse-linear and digital le s, tran­
sistors and diodes, vacuum tubes, crys­
tals, phono cartridges and styli , even
SAMS'" service manuals. Your order is
sent directly to your Radio Shack store
andwe notify you when it arrives. Delivery
time for most items is one week and there
are no postage charges or minimum order
requirements.

(1) Shielded RS-232 Jumper Box. Top­
quality inline D-sub 25 adapter. Wire the
included jumper wires and board to suit
your need. #276-1403 9.95

(2) Computer RS-232 Tester. Dual·
color LEDs monitor seven data/control
lines to help you spot problems quickly. D­
sub 25. Connects inline.
#276-1401 14.95

(3) Grounded-Tip Soldering Iron. 15W.
#64-2051 7.49

(4) Vacuum-Type Desoldering Tool.
#64·2120 6.95

(5) Locking Forceps. 6" long. Stainless.
#64·1866 4.95

(6) Rosin Solderi ng Paste Flux. 1 oz.
#64-021 1.79

(7) Lead-Free Solder. 96% tin, 4% sil-
ver. 0.25 oz. #64-025 1.99

(8) 10-Amp Mic rowave Oven Fuses.
#270-1256 Pkg. of 2/1.29

(9) 2-Amp Fast-Acting Fuses .
#270·1275 Pkg . of 3 / 79~

(10) 5·Amp " Blade" Vehicle Fuses.
#270-1205 Pkg . of 2/ 89C

32

Computer /Prin te r/ Business Machine
AC Power Cords. 6 feet long.

(11) Extension . Just plug in to lengthen
~ existing cord.
Z #278-1259 4.99
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TABLE 1-SYNC POLARITY AND VGA MODE RELATIONSHIP

**800 x 600 Graphics
t 1024 x 768 interlaced graphics

Video Signals
Black level = OV
Full intensity level = + 0.7V

standa rd h as several modes of
operat ion for compatib ility wi th
exis ting s o ft ware . Thos e dif­
ferent modes define the control
s ign a ls tha t ge nerate the hori­
zontal , vertical. and p ixel clock­
ing rates . The horizontal rate is
the time it takes to paint one line
from left to right acro ss th e face
of th e vide o monitor. The pi xel
clock sets the dots of resolution
for each horizontal line. The ver­
ti cal timing sets how many hori­
zon ta l lines that make up the
whole pi cture from the top to the
bottom of the di splay.

PC video s tandards and operat­
ing frequencies can differ greatly,
depending on the type of monitor
used. For instance , a 640 x X400
mono/color VGA monitor has a
vid eo bandwidth (dot rate ) of
25 .175 MHz with a horizontal
scan rate of 31.5 kHz, while a
640 x X350 EGA monitor has a
16.257-MHz bandwidth with a
21.85-kHz horizontal scan rate.
Other mono and color monitors,
such as CGA. MDA. HGC . and
MCGA also have different video
bandwidths and horizontal and
vertical scan rates. The VGA sig­
naling to the computer monitor
consists of multiple signal lines .
Figure 2 shows that three inde­
pendent signal lines carry the ac­
tual analog video in a red, green.
and blue (RGB) format . one color
per line. One other line carries
the horizontal sync pulses, and
another line carries the vert ical
sync pulses. Some of the various
VGA modes are indicated by the
polarity of the two' sync signals.
Table 1 shows th e relationship
between sync polarity and the
VGA mode. As we will see, VGA
technology differs grea tly from
the NTSC broad cast standard.

NTSC is the standard u sed by
television broadcasters in the
United States. Video casse tte re­
cor ders (VCR's) a n d cameras/
camcorders also use that same
standard. The NTSC signal is a
compos ite of all the s ign als nec­
es sary to ge nera te a broadcast
quality pi cture. The three analog
color sign a ls are combined to ­
ge ther with th e horizontal a nd
vertical sync signal s and color
su bcar r ier to make up the total
NTSC s ign al.

The NTSC sync s ignals and
color subcarrier a re fixed in their
frequencies; the h orizontal scan­
ning frequency is 15,734.26 Hz.
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VGA versus NTSC standards
VGA boards have become very

popular in recent years. The VGA

and NTSC makes it impossible to
display a VGA picture on s tan ­
dard television without a format
converter. Conversion from VGA
to NTSC is not an easy task. Let's
see how those systems work.
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enough so the eye sees a continu­
ous picture without flicker. Con­
trol, or sync signals are also sent
to the monitor to align the pic­
ture properly on the screen. An
NTSC signal scans twice in an
interlaced mode to make a com­
plete picture (Fig. l-b),

The difference in the control
and sync signals between VGA

Fixed-Frequency Monitor

Display Horizontal Sync Polarity Vertical Sync Polarity
Mode Frequency Frequency

350 lines 31.5 kHz + 70.1 Hz -

200 lines 31.5 kHz - 70.1 Hz +
400 lines 31.5 kHz - 70.1 Hz +
480 lines 31.5 kHz - 59.9 Hz -

132 columns 31.5 kHz - 70.0 Hz +
Multi-Frequency Monitor

350 lines 31.5 kHz + 62.3 Hz -

200 lines 31.5 kHz - 62.3 Hz +
400 lines 28.0 kHz - 62.3 Hz +
480 lines 31.5 kHz - 59.9 Hz -

132 columns 27.6 kHz - 61.5 Hz +
600" 35 .2 kHz - 56.2 Hz -
768t 35.5 kHz + 86.9 Hz +

I--- -V TRACE--~-I V ....I..f--- -V TRACE-J Vi A

RETRACE RETRACE
c

FIG. 1-DOT SCANNING OF THE PICTURE TUBE creates the image that you see. VGA
uses a non interlaced technique wh ich scans once to make a complete picture (a), NTSC
uses an interlaced method to scan tw ice to make a complete picture ( +hbib +hb). The
amplitude of the deflected signal vers us time is shown in c.
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About the circuit
The video converter 's p ower

and softwar e inter rupt cont rol
s ign als are su pplied directly fro m
the PC bus . The video s ignals
from the VGA board a re con­
nected to the con verter u s ing th e
VGA monitor cable. The comput­
er monitor is then plugged in to
the converter board by anoth er
VGA monitor cable. An RCA jack
on the converter board is used to
s u p p ly the NTSC video s ignal
output.

Figure 3 s h ows a bl ock d i­
agram of the vid eo conver ter, an d
the schematic is shown in Fig. 4 .
The circuit consists of two main
parts: an NTS C color en coder/
modulator, ICI , a n d the NTS C
sync generator, IC2 . Ho ri zon tal
a n d ver t ica l VGA sync s ignals
from the VGA con nector (pins 4
and 5 of Pl ) are buffered by R3 2 ,
R33, IC3-a, -b , an d -dbefore driv­
ing IC2. The vertical sync is also
conditioned by RlO, Rll , C12 ,
and IC3-c . Thos e con d it io n ed
s ignals are n arrow pulses , whi ch
drive Q2. The collector of Q2 and
RI7 are wired ORED to the PC b u s
interrupt request input ( IR Q 2 ),
which tells the computer when
conversion begins .

Two input clocks are requ ired
by IC2 : The I4.3I8I8-MHz crys­
tal , XTALI , and co m ponen t s
R19-R21, C21-C2 3, a n d DI
make up a phas e-lock ed os ­
cillator clock that's genera tf'~ the
color subcarrier and runs the in ­
ternal workings of IC2 . Compo­
nents L4, C25- C28, R24-R26 ,
and D2 make up the second clock
oscillator, which is used to com­
bine all the n ecessary sync sig­
nals together.

The output of IC2 is the com ­
posite NTSC synch ron izing s ig­
nal (pin 21) and th e co lor
subcarrier (pin 27). The su bcar­
ri er s ignal is buffered by R3I and
IC3-e . Com ponents RI 2, C16 ,
and C33 reduce the su bca r r ter
ampli tude to match ICl 's input.
The NTSC com pos ite sync a nd
color su bcarr ier s ignals a re then 0
a pp lie d to th e NTS C color en - a
code r/modu lator. c

Motorola 's MC1377 is us ed for :;
the NTSC modulator, IC I. Th e ~

VGA RGB s ig n a ls a re a p p lied «:
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tical sync. The th ree color signals
a re then mi xed and adde d to th e
color subcarrier, fini shing the
job.

th e evens with the odd numbered
lines, making one complete pic­
ture. Most modes in VGA, on the
other hand, use noninterlaced
scanning, where the com ple te
pi cture is painted in only one
pass over the face of the pi cture
tube.

The challenge of converting
from VGA to NTSC standards in­
volves s tr ipp ing off the VGA hori­
zontal and vertical con trol s ig­
nals, changing the vid eo timing,
and recombining properly gener­
ated NTS C horizontal and ver-

VGA MONITOR CABLE PIN OUTS

GROUNDS

nrc VI!)I f)

FUNCTION SIGNAL

BLUE VIDEU

GREEN vmro

HORIZONTAL SYNC

VERTICAL SYNC

2

3

8

5

6

7

14

10

13

PIN

l NTSC ~
OUTPUT If NTSC COLOR

ENCODER/MODULATOR

VGA 'I j <

MONITOR
CABLE IN

Il L ~7 7

HORIZONTAL ~ SYNCHRONIZER
,..-v BUFFER Ii SYNTHESIZER

< ...
......

VGA
'-l\

VERTICAL ~ e. ,=::..IMONITOR BUFFER
CABLE OUT .. AND INTERRUPT :1CONTROLLER-,

f7

l, PC BUS ::Il

FIG.2-THESE ARETHE PINOUTS OFA VGA MONITORCABLE, with the ir corresponding
signals. Note that pin 15 is not used .

the vertical scanning frequency
is 59.94 Hz , and the color subcar­
rier frequency is 3 .579545 MHz.
By con tra s t , the different VGA
modes have different horizontal
and vertical timing r ates , de­
pending on the vid eo mod e
chosen.

Another difference between
VGA and NTSC is the field scan ­
ning. NTSC uses in te rlacin g ,
which s cans the pi cture tub e
twice per p icture (Fig. I-b). There
is one sca n for the even lines an d
anoth er s can to fill in between

FIG. 3-BLOCK DIAGRAM OF THE BROADCAST VIDEO CONVERTER. The unit consists
of two main sections; an NTSC co lor encoder/modu lator and an NTSC synchronizer
synthesizer.
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PARTS LIST
All resistors are %-watt, 5%, un­
less otherwise indicated.

R1-R5-not used
R6, R22-47,OOOohms
R7-1500 ohms
R8 , R11, R13, R15 , RR23 ,

R31-R33-1000 ohms
R9-75 ohms
R10, R16, R17, R21 , R26, R28, R29,

R34-10,000 ohms
R12-470 ohms
R14-220 ohms
R18, R27-75,000 ohms
R19, R24-1 megohm
R20, R25-100,000 ohms
R30-22,OOO ohms
Capacitors
C1 , C2, C10-not used
C3, C4, C5-22 llF. 16 volts,

electrolytic
C6, C12, C22, C23, C27, C28-1000

pF, 100 volts, disc
C7, C8, C11 , C15, C24, C29, C30,

C32-Q.01 llF. 100 volts, disc
C9, C13, C14, C20, C31-Q.1 J.l.F,

Mylar
C16--18 pF, 100 volts, disc
C17, C33-100 pF, 100 volts, disc
C18, C25, C26--39 pF, 100volts,disc
C19-82 pF, 100 volts, disc
C21-33 pF, 100 volts, disc
Semiconductors
IC1-MC1377 RGB/NTSC encoder,

Motorola
IC2-HD440072 sync generator,

Hitachi
IC3-74HC04 CMOS hex-inverter

buffer
01 , 03, 04-2N3904 NPN transistor
02-2N3906 PNP transistor
D1-D3-1N4001 diode
Other components
XTAL1 -14.31818 MHz resonator

(HC-49U)
L1-39 llH epoxy choke, 5%
L2, L4-100 llH epoxy choke, 5%
L3-22 J.l.H epoxy choke, 5%
Connectors
P1-15-pin female DB15Fconnector
P2-9-pin male DM9M connector
CE1-eard edge connector in PC
J1-RCA phono jack
JP1-2-pin header
Note: The following items are

available from Video Control,
3314 "H" St., Vancouver, WA
98663, (206) 693·3834:
• A complete kit including PC
board, D-eonnectors, mounting
hardware, all parts and convert­
er software package-$164.
• An etched, drilled, and plated
through PC board with IC2 and
conversion software-$125.

Please specify 5% or 3lh inch flop­
py disk for software, add $5.50
for shipping and handling; bank
cards and checks are accepted.
Allow 4 to 6 weeks for delivery.

VGA CABLE WIRING I
1" PIN 9 PIN

1 3
2 4

3 5

4 (NOCONNECTION)

5 (NOCONN ~(: nON)

6 2
7 6

8 7

9 (NO CONNECTION)

10 I 1

11

-(Nt CONN~CTION)1-
12

13 8

14 I 9

15 (NO CONNECTION)

the color image. A 200-f..Ls delay
circuit consisting of R8, R13,
C17 , C18, Ll , and L2 was added
in the luminance path to match
th e delay of the chrominance cir­
cu it, which makes the black and
white part of the picture line up

VGA
BOARD

COMPUTER
MONITOR

VIDE0P.= 1rii
IN

9·PIN
CONNECTOR~.,.

VIDEO C CK VIDEO
CONVERTER l::R~A_J_A ..:.;IN<::I TV

BOARD COMPOSITE MONITOR
VIDEO

th rough the VGA connector pins
1-3 . Components C3-C5 block
any DC on the video. A ch romi­
nance bandpass filter consisting
of R7 , Cll , C19 , C30, and L3 re­
duces mixing harmonics. That
filter introduces a 200-f..Ls delay to

FIG. 6-HERE IS THE HOOKUP DIAGRAM for the video converter.

FIG. 5-PARTS PLACEMENT DIAGRAM. The square pads on the PC board ind icate the
positive leads for polarized capacitors, the cathode of diodes, and pin 1 of the IC's.
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THIS IS THE FOIL PATTERN of the component side of the PC board.

I... 4'/4 INCHES --------------.

HERE IS THE FOIL PATTERN of the solder side of the PC board.

with the color part. The pass­
band of the delay ctrcutt is 4 MHz
to ensure the sharpest possible
picture.

The composite NTSC video sig­
nal from ICI pin 9 is buffered by
RI4, RI5, and Ql. A 75-ohm out­
put impedance required to drive
a video cable is provided by R9.
Components R22, R23, R34, Q3 ,
and D3 make up IC2 's power reg­
ulator. Now let's build the video
converter.

Construction
The entire video converter cir­

cuit is located on one double­
sided PC board. The foil patterns
of the component side and solder
side are provided if you wish to
make the board yourself. The PC
board is a card-edge type, de­
signed to fit into a short slot di­
rectly into a PC motherboard. A
parts-placemen t diagram is
shown in Fig 5 .

Assembly of the unit is
straightforward, just make sure
the orientation of the tran­
sistors, diodes, electrolytic ca­
pacitors, and IC's is correct. The
positive (+) leads for polarized
capacitors, the cathode of di­
odes, and pin I of the IC's are
identified by a square pad on the
board. After soldering, Visually
inspect it to make sure there are
no solder bridges between closely
spaced traces.

To test the board, hook it up as
shown in Fig. 6. A test program is
available on the Radio-Elec­
tronics BBS (516-293-2283,
1200/2400, 8NI) as VGA.ZIP, and
will give you a go/no-go indica­
tion of proper operation. The
complete software is available
from the source mentioned in the
parts list.

This VGA to TV broadcast con­
verter is an excellent, easy to use
multimedia tool. To record the
computer's video on your VCR,
plug a cable from the VCR's video
input into the converter board's
NTSC output. With two VCR's
and a switch box you can insert­
ed it text or graphics from your
computer using the pause con­
trols . (A time-base corrector is re­
qutred if you want to overlay the
com pu ter images onto your vid­
eo s.) Now you can create your
own video productions, record
co m p u te r graphic images on
VCR's, or play video games on
projection Tv. R-E

•
• ••

1 ---'

MADE IN USA
COPYRIGHT 1991
50-0012- 00
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VOCAL EFFECTSjMIXER

L-EQUAlIZATlON----I L-EFFECTS.......J

TREBLE FeEDBACK LEVELBASSVOLUM E

Build this vocal effects mixer
and get studio-quality sound

tltlreverberations" in your recordings.

TERRY WEEDER

IF YOU ENJOY EXPERIMENTING WITH

home recordings, you'll be inter­
ested in our vocal effects mixer.
With a few evenings' work and a
cost of$50, you'll be able to shape
your voice with tone controls and
create a "multiple-echo" effect
while mixing in audio from a
tape, CD, or other stereo source.
The effects mixer can also be
used with the lead vocal filter
(Radio-Electronics, September
1990), to mix your own voice with
vocal-less music. Let's see how
your stereo's channels are mixed
together and delayed to produce
the reverberation effects.

How it works
The effects mixer takes the

line-level output from your ster­
eo's RECORD jacks and applies it to
two mixers-one for each chan­
nel (left and right). Figure 1
shows a block diagram of how the
circuit works. The signal from a

microphone is amplified by a pre­
amp and is then sent to an equal­
ization stage where bass and
treble levels can be adjusted inde­
pendently. That signal is fed to an
8-ms delay circuit whose output
is remixed with the original to
simulate an echo. The delayed
signal is attenuated and fed back
to the input of the delay circuit,
to generate the effects of multiple
echoes.

Finally, the vocal signal and it's
echoes are fed to two mixers,
where they combine with the mu­
sic program being received from
the stereo system. The output of
those mixers are then fed to the
stereo amplifier, via its PLAY input
jacks.

Circuitry
The schematic of the effects

mixer is shown in Fig. 2 . The
stereo input signal is coupled via
Cl and C2 to the two mixers, ICl-

c and ICI-d. The signal from the
microphone is coupled via C13 to
IC4-c, which amplifies it 30 times
to a line level of approximately
200 mv The impedance seen by
the mike is set by R24, while C14
and R25 filter out frequencies
above the voice spectrum.

The output of IC4-c passes
through tone controls R28 and
R30 (With the associated capaci­
tors) and is applied to the non­
inverting input of IC4-b. The
gain of IC4 is set by R33 and R34
at 12, which makes up for the
loss occurring in the tone-control
stage.

The signal then goes through
ICl-b to IC2 (an RD5106 256­
sample bucket brigade by EG&G
Reticon), which delays the signal 0
about 8 milliseconds . An os- ~
cillator made up of IC3 and its rIl

associated components gener- g:J
ates a clock pulse for IC2, which ~

determines the delay time and ~
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FIG. 1-BLOCK DIAGRAM. The mike signal is adjusted with bass and treble controls.
Echo is produced by delay ing the signal 8 milliseconds then remixing with the original
signal. Feeding the output of the delay circuit to it's input causes multiple decaying
echoes. The mike signal with echoes are mixed with the stereo signal.

MIXER

Construction
The a u t hor 's fin ished p ro­

totype is shown in Fig. 3. Th e
main circu it is mounted on a s in ­
gle-s id ed PC boa rd , while the
power su pply (Fig. 4) is wired on
a perforated construction board.
An etch ed an d drilled PC board is
available from the so u rce men­
tioned in the pa r ts lis t , or you can
build you r own u s ing the foil pa t­
tern provided. Mount the cornpo­
n en ts accor d ing to the p art s
pl a cemen t diagram s h ow n in
Fig. 5 . Note th at R24 sets th e in­
put impedance at the mike in­
put. The va lue of that resistor
shou ld be 300 ohms when using
a low-impedance mi crophone, or
10K w ith a h igh-impedance
m ike.

A 1/4-inch phone jack can be
mounted on the front panel for
u se wi th a high-impedance mi­
crophone, or an XLR 3-p in jack
can be u sed for a low-impedance
mi ke.

to mixer IC4-a through EFFECTS­

LEVEL potentiome ter R15. IC4-a
combi nes that s ignal with the
original s ignal coming from IC4­
b . Th e volume level is adjusted
u s ing R41, together with IC4-d.
From there the s ignal is sent to
ICI-c and ICI-d where it mixes
with the s igna l coming from th e
s tereo .

LINE
OUT

EFFECTS
LEVEl

th e delay ch ip. Th e output of ICI ­
a is then fed through FEE D B ACK

potentiometer R9 back to the in­
put of the delay stage, via mixer
ICI-b .

The output of ICI-a is also fed

LEFT CH
"::"

LINE
IN

RIGHTCH

FEEDBACK

"::"

MIXER

can be calc u lated by
512/fc = total delay,

where fe represents the clock fre­
quen cy. A low-p a s s filt er is
formed by ICI-a , which smooths
out the sample s teps caused by

(J)
o
Z
o
a:
I­o
W
...J
Wo
o
-c
a:

All resistors are V4-watt.
R1 , R2, R5-150,000 ohms
R3, R13, R16-R18, R21-R23, R4G-

47,000 ohms
R4-100,000 ohms
R6-1 megohm
R7, R27-33,000 ohms
R8-10ohms
R9, R15, R28, R30, R41-100,OOO

ohms, potentiometer
R10, R12-10,OOO ohms
R11-43,OOO ohms
R14, R19, R20, R37-15,000 ohms
R24-300 ohms or 10,000ohms (see

text)
R25, R29-20,000 ohms
R26-1000 ohms
R31-3000 ohms
R32-2200 ohms
R33-5100 ohms
R34-56,000 ohms
R35, R36, R38, R39-39,000 ohms
R42-130,000 ohms
Capacitors
C1 , C2-2.2 I-LF, tantalum
C3, C5, C6, C19-0.1 I-LF, mylar

PARTS LIST

C4-1 I-LF, tantalum
C7-Q.15 I-LF, tantalum
C8-200 pF, ceramic disc
C9-0.002 I-LF, ceramic disc
C1 G-270 pF, ceramic disc
C11 , C12-4.7 I-LF, tantalum
C13-10 I-LF, electrolytic
C14-39 pF, ceramic disc
C15-0.005 I-LF, mylar
C16-0.033 I-LF, mylar
C17-Q.01 I-LF, mylar
C18-Q.068 I-LF, mylar
Semiconductors
IC1 , IC4-LM324 quad op-amp
IC2-RD5106 256-sample bucket-

brigade analog delay line, EG&G
Reticon

IC3-4011 quad two-input NAND gate
Power-supply parts
F1-Q.5 amp fuse and fuseholder
T1-24 VAC center-tapped trans-

former, 100 mA
BR1-1 .5-amp bridge rectifier, 100

PIV
C1, C2-1000 I-LF, 25 volts,

electrolytic

C3, C4-10 I-LF, 16 volts, electrolytic
C5, C6-0.1 I-LF, ceramic disc
D1, D2-12-volt Zener diode
R1 , R2-220 ohms
R3-1000 ohms
S1-SPST switch, 1 amp
LED1-light emitting diode,any color
Miscellaneous: PC board, stand-

offs, hardware, wire, shielded ca­
ble , power-supply cord , strain
relief, four RCA jacks, XLR jack or
V4-inch phone jack, five knobs, and
enclosure.

NOTE: The following are available
from Weeder Technologies,
14773 Lindsey Rd., Mt. Orab,
Ohio 45154: An etched, drilled,
and plated through PC board,
$10.00; all board-mounted com­
ponents, $19.00; power-supply
components (not inclUding the
perforated construction board,
fuse, fuseholder, and switch),
$12.50. Include $2.00 for ship­
ping and handling. Ohio resi­
dents add 5.5% sales tax.
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FIG. 2-SCHEMATIC OF THE EFFECTS MIXER.The output from the stereo 's RECORD jacks
are fed to mixers IC1-cand -d , The mike signal is amplified by preamp IC4-c, IC4-b cor rects
fo r signal attenuation in the tone-control stage. IC2 delays the signal 8 milliseconds and
IC1-asmooths out the sample steps. The delayed signal combines with the original in the
IC4-a mixer, then passes through volume control amp IC4-d to mixers IC1-cand -d where it
combines with stereo music. The outpu t is then fed back to stereo via the PLAY jacks.
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FIG. 4-POWER SUPPLYSCHEMATICfor the effects mixer circuit. Note that this is a dual
supply.

should also be used to con nect
the line IN/OUT termi nals on the
board to RCA jacks mounted on
the back pan el.

The power su pply s h own in
Fig. 4 is the same as the one u sed
in the vocal filte r project. In fact,
one power su pply can be shared
by both uni ts if they're mounted
in the same enclosu re .

Mount the power-supply com­
ponen ts on a p erfora ted con ­
str uction board . Mount t hat
board in the en closure op pos ite
the mi ke input of the main PC
board. The h igh-gain m ike in put
stage sh ou ld be kept so me di s­
t ance from t he p ower-supply
transformer to reduce noise and
hum p ickup.

Hookup and operation
The effects mi xer can be con­

n ected into the tape-m onitor
loop of you r s tereo sys tem . Use
shielde d cable with ph on o con ­
nectors on eac h end to con nect
inputs to the record jacks on you r
s te reo, an d outpu ts to th e play
jacks . You can now m ix your
voice in with the program materi­
al selected by your stereo (for ex­
amp le phono , CD player, FM
broadcast, an d so on) .

There are a number of ways of
u sing the vocal filter a n d the
effects mixer together to replace
the lead vocals with your own. By
placing the vocal filter in the s ter­
eo/tape deck record path, you can
produce recordings of your favor­
ite songs, minus the lead vocals .
Then by placing the effects mixer
in the tape deck/s tereo playb ack
path, you can dub in you r own
voi ce live, or record the music
an d you r voice together wi th a
secon d tape deck.

You can also remove the lead
vocals and add you r own simulta­
n eous ly s im ply by hook ing the
input of the vocal filter to the ster­
eo's RECORD jacks , the output to
the input of the effects mi xer an d
the output of the effects mi xer to
the stereo's PLAYjacks. (Keep in
mi nd that your stereo's RECORD

jack is an ou tpu t , an d PLAY is an
in p ut. For yo u r tape d eck ,
R E C ORD is an input, and PLAY is
an output. )

Once you have the effects mix­
er co nnected , p lug in a m icro­
phone and set the mike volume
slightly less than 12 o'clock an d
the effects con tro ls at their mini-

contin ued on pag e 88

USE 314-INCH
STANDOFFS

pins 1 and 3 shou ld be connected
to the sh ield and pin 2 to the cen­
ter conductor. Shie lded wire

II +12V
+ C3

01 10J.lF C51N4742 0.1
12V

GNO

02 LED1
1N4742 Jt/

R2 C4 + C6 R3
PL1 2200 10J.lF 0.1 1K

-12V

Us e s hielde d wire to connect
the jack to the m ike input on the
board. Wh en u s ing an XLR jack ,

FIG. 5-PARTS PLACEMENT DIAGRAM. Remember to connect the two jumpers. Use
shielded cabl es for all inputs and outputs, and make sure the capacitors are installed with
correct polarities.

_........~--~---:.~--::;;.~--------~-­
MIKE
INPUT

FIG. 3-THE AUTHORS FINISHED PROTOTYPE. Both boards are mounted on %-inch
standoffs. The left and right channel line IN/OUT jacks are mounted on the rear enclosure.
The author used heat-shr ink tubing to insulate the primary switch terminals.
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STEVEN D. SWIFT

DIGITAL
SINEWAVE SYNTHESIZER

Build this direct digital synthesizer,
and generate low-distortion sine waves digitally.

HOW OFTEN HAVE YOU WISHED YOU

had one of those fancy frequency
generators that let you set your
frequency accurately without
having to fiddle with the uncaIi­
brated tuning knob? Without a
high-quality frequency counter
and without nearly infinite pa­
tience, it is impossible to keep
your audio oscillator on frequen­
cy without constant tweaking. If
you eliminate the expensive ex­
tras, while retaining resolution
and stability, you'll end up with
the synthesizer project presented
in this article.

While this synthesizer doesn't
have the features of some very ex­
pensive products, it does provide
I-Hz resolution at over 500 kHz
with crystal-controlled precision,
all for less than $70. Once you
add a suitable enclosure and
power supply, you'll have a digi tal

frequency synthesizer small
enough to fit on even the mes­
siest workbench. And it's perfect
for providing that odd-ball fre­
quency that your new project
needs.

Direct digital synthesis
As the name implies, direct

digital synthesis (DDS) is a meth­
od of frequency generation that
uses digital methods rather than
the traditional analog oscillator,
phase-locked loop, or bank of
crystals. The availability of fast
digital circuits and D/A convert­
ers make this technology avail­
able to the average electronics
enthusiast.

A review of trigonometry is im­
portant to the understanding of
DDS before delving into the de­
tails of the electronics. Figure 1
shows a circle with a radius

whose length is arbitrarily set to
one. The radial line labelled R is
allowed to rotate about the circle
through an angle P, which will be
referred to as the phase. Drawing
a horizontal line from the tip ofR
until it intersects with the ver­
tical axis defines the length S
shown in the figure . As the radi­
us, R, is allowed to make a com­
plete rotation around the circle,
the length of S takes on all values
between + I and - I, while P var­
ies from 0 to 360 degrees. The
length S is precisely the sine
function of P, sin(P). shown in
Fig. 2-a.

If. rather than allowing R to ro­
tate smoothly around the circle, 0
we make 8 equal steps around ~
the circle, then the values of S OJ

form the stepwise approximation ~

shown in Fig. 2-b. As the number u;
of steps are increased, the ap- CD
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(0,1)

(- 1.0) f---- - -"---I"---'--------l (1.0)

(0.-1)

FIG. 1-THIS CIRCLE HAS A RADIUS
whose length is arbitrarily set to one. As R
rotates around the circle, S takes on all
values between + 1 and - 1.

ins tan t, then by varying the step
s ize the number of steps around
the circle can be var ied. The
fewer. the steps. the faster the
complete circle is covered, h en ce
the higher the frequency of the
sine-wave approximatto n . Note
that fewer steps means a coarser
approximation to the actual sine
fu nction, with the output even­
tually reducing to a square wave.
wh ich points out one of the limits
of this technique . All we n eed
now is a circ uit that will sy n­
chro n ize t he var iab le- p hase
s teps to a precision clock.

Figu re 3-a s h ows a bl ock d i­
agram of the system . The block
labelled Phase Accu m u lator re­
peti tively adds the value set by
the Step S ize Program mer to the
sum performing the fu nction of
stepp ing the radius (R faboiit tfie
circle in equal phase in crements .
The phase accumulator behaves
like a s im ple cou nter, except that

rather than in crementi ng its out­
put by one on each clock pul se.
the output advances by the value
set by the s tep s ize programmer
on each clock pulse. The block
labelled SIN(P) converts the value
stored in the phas e accu mulator
to a s ine amplitude approxi ma­
tion. The step s ize programmer is
simply a bank of DIP switches.
the phase accu mu lator is a series
of cascade d 4-bit adders , an d the
SIN(P ) block is a s ine look-up ta­
ble contained in an EPROM.

The digital data present at the
output of the SIN(P) block mus t
be converted to an analog voltage
in order to be useful. A method
for doing th is is sh own in Fig. 3­
b. which consis ts of a D/A con ­
verter, filter. and ou tput ampli­
fier. The filter h elps to smooth out
tlre jagged s teps in- thesine ap­
proxtmatt on, while the output
a m plifie r buffers the ou tp u t of
the D/A conver ter. In the actual

P

a

STEP SIZE
PROGRAMMER

v

t-J Lr- I
,

[
I

I

I

I I
,

II I
0 so 100 1 iO 200 250 300 35

0.0

0.5

1.0

_0.5

- 1.0

FIG.2-THE LENGTH S,AS R ROTATES, is
the sine function of P (a). If we make 8
equal steps around the circle, then we get
the stepwise approximation shown in b. If
we make 64 steps, the approximation be­
comes closer to the actual sine function
(c).

p

74LS283

a

SINIP)

b

FIG. 4-PARTIAL SCHEMATIC of the phase accumulator (a) and the converter and output
stage (b).

FIG. 3-BLOCK DIAGRAM of the phase accumulator and phase-to-sine converter (a) , and
the block diagram of the digital-ta-analog converter and output stage (b).
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proximation b ecomes closer to
the actual sine functi on , with
Fig. 2-c showing the app roxima­
tion for 64 steps. In pra ctice.
analog filtering is us ed to smooth
out the steps, as we 'll see in a
minute.

From this sim plifie d di scus ­
s ion, a method for generating a
va rying fre quency can b e d e­
rived. Assume that each step oc­
curs at a precis ely determined
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FIG. 6-THE SCHEMATICfor the analog section.
U)
o
~ implementa ti on , the bufferin g
g: a n d the filter ing fu n ctions are
o combined .
~ The frequency resolution of a
L1Jo DDS system is set by the master
(5 cl ock fre q uency, fe' a n d t he
~ n u mber of bits , N, in the phase

accu mu lator. For the binary ac­
cu mu lator that we have h ere, the
resolution is then fc/2N . If the
step size p rogrammer is set to a
b ina ry value, M, then the output
frequency is M X fc/2 N. The d e­
s ign presented here keeps M less

than N/4 to minimize di s tortion
at the output.

Circuitry
There a re several m anufa c­

turers of complete integrated cir­
cuits that can perform the digit al
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LISTING 1

. f i nc l u d e <s t dio . h >
f include <ma th . h>

.ma i n ()
(

/* Th i s program c alculates the v alue of the s i ne f un c t i o n
o f f s et so t hat t he 4th and 1st quadr ants c aus e a code
from 0 t o 255 . Code is generated to fi l l a 2048 b y t e prom
(27 16 o r equivalent) f o r a ful l circle of 2*pi r adia ns.
Other s ize memory may be used by changing the v a lue o f
b y tes i n the d e c l a r ation t a b l e . */

o
o
d
OJ
m
:D

rent proportional to the d igital
value present on its 8-b it parallel
input. The current is set by R8 to
a maximum of 1.06 rrtA. The dig­
ital word presented to t he D/A
varies from 0 to 255, forcing the
current output to vary from 0 to
(2uu/2u6) x 1.06 rnA. The cur rent
is then fed to op-amp IC4-b
which converts it to a voltage that
varies from 0 to approximately
1.0 volt. The complete schematic
for the phase accumulator cir­
cu it is shown in Fig. 5, and the
schematic for the analog section
is shown in Fig. 6.

First-order filtering is ac com­
plished by C9 in this conversion
stage. Op-amp IC4-a provides ad­
ditional filtering to further
smooth out the steps in the sine
approximation. The output of
this two-pole filter is AC-coupled
to the output connection. Figure
7 shows the relative response of
the filtering provided in the out­
put s tage. The corner frequency
of the filter is set by the formula

fo = 1/(21tVR7 xC10 xR6 xC11)

which, for the values shown, is
equal to 482 kHz. A high-speed

d o uble p=O; /* phase input to sin f cn */
d o ub le 5= 0 ; /* o utp u t value o f t rue sin fcn */
int s; /* amplitude truncated to 8 b its */
d o uble sin(); /* t r u e sin f cn */
double pi=3.141592654 ;
i n t a d dr- O; / * addr ess of EPROM */
int bytes=20 4B; /* size of EPROM in bytes */

prin t f ( " 0 1 2 3 4 5 6 7 8 " );
printf ( " 9 a bc d e f \ n " ) ;
while (a d d r < bytes )

(

if ( addr % 16 == 0
p r i nt f (" \ n %4x ", addr):

p = 2 .0*pi* ( (d o ub l e ) addr )/ «double) bytes) :
S = 127 .5*(1 .0+sin(p - pi/2.0): / * gives 0 at -90 deg * /
s = ( (int ) S ) : /* convert t o an integer */
if ( S - ( (double) s ) >= 0 .5) /* rounds if necessary */

s ++;
p r intf (" %2x" ,s);
addr++: /* i n c r e me n t address * /
I

That matches the function to the
2716 EPROM with its ll-bit ad­
dress s pace and with its 8-b it
output range. A C-program used
to gen erate the values in the table
is shown in Listing 1. Since the
EPROM has only 11address lines ,
only 11 lines Ir om t h e ac­
cu mu lator are used in this ap­
pli cation. The 8 bits at the output
of the EPROM are a digital repre­
sen tation of the amplitude of the
sine wave and must be converted
to an analog voltage before being
filtered and buffered.

Since simplicity and low-cost
were design goals, the output of
the EPROM is latched by another
74LS374, which allows the full
clock period for the EPROM out­
put to settle, permitting the use
of inexpensive slow EPROM's.
The latch also gu aran tees a glit­
ch-free input to the D/A converter
section.

Figure 4-b shows the D/A con­
verter circuitry. The D/A con­
version is accomplished using a
DAC08 8-bit D/A converter (an
MC1408 can be substituted with
some loss in performance). The
output of the converter is a cur-

portion of the block diagram, but
these parts a re expens ive and not
readily av ailable. Fi gure 4-a
shows a partial sch ema tic of the
phase accumulator using compo­
nen ts that are inexpensive and
easy to get.

The complete phas e ac­
cumulator consist s of six
74LS283 4-bit adders, with their
outputs lat ched b y three
74LS374 octal D flip-flops . The
outputs of the 74LS374's are fed
back to the B inputs of the
74LS283, which forces the sum
stored in the latches to be added
to the value set by the switches
on the A inputs . Since the
74LS374 stores data only at the
positive edge of its clock input,
the fact that the data presented to
its inputs will be changing short­
ly after the clock causes no er­
rors. The delay through the latch
and adder gu aran tee glitch-free
operation. At each clock pulse a
new sum is present at the output
of the latch. The output of each
adder then stabilizes with the
new sum allowing the cycle to re­
peat continuously. This sum rep­
resents the value P in the
theoretical discussion, while the
value set by the DIP switch repre­
sen ts the size of each phase step.

The sine-wave lookup table is
contained within a single 2716
EPROM providing phase-to-am­
plitude conversion. Although 24
bits are available in the phase ac­
cu mu lator as implemented here,
only 21 bits are used to maintain
compatibility yith readily avail­
able crystals. For those who wish
to program their own EPROM,
both a hex dump of the con ten ts
of the EPROM an d an S-Record
formatted hex dump for us e with
PROM programmers can be
downloaded from the R-E BBS
(516-293-2283, 1200, 2400, 8Nl)
in a file named DIGSYN.HEX. A
programmed EPROM is available
from the source shown in the
parts list.

The data in the EPROM repre­
sents the values generated by the
mathemati cal fun ction
127.5(sin(2nP/2048 - n/2 )) trun­
cated to 8-b its, with P taking on
values from 0 to 2047, that Is. the
addresses of the EPROM. The for­
mula offsets the sine function so
th at its value ranges from 0 to
255 as P ranges from 0 to 2047
an d avoids n egative values which
would complicate the n ext s tage.
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speed CMOS and mus t therefore
be h andled care fu lly to preven t

m ent di agram sh own in Fig. 8 .
Note that IC5 a n d IC8 are high-

FOIL PATTERN for the solder side of the digital synthesizer.

FOIL PATTERN for the component side of the digital synthesizer.
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FIG.7-THE RELATIVE RESPONSEof the
filtering in the output stage. The corner
frequency is equal to 482 kHz. A high­
speed op-amp is required to effectively
filter the waveform.

op-amp is required in this stage
to filter the waveform effectively.
The 4558 op-amp we used is a
good compromise between per­
formance and cost.

The clock for all functions is
provided by a crystal oscillator
running at 4. 194304 MHz, which
happens to be exactly the 22nd
power of two. The clock is divided
by two to provide the phase-ac­
cumulator clock and EPROM
latch clock. Additional inverters
are used as delay elements to en­
sure that the latches are clocked
at precisely the right instant to
prevent glitches. With the clock
and timing as such, EPROM's
with access times as slow as 475
ns can be used.

With 21 bits of the phase ac­
cumulator used and a' clock fre­
quency of 4.194304/2 MHz (fel,
the output resolution is precisely
1 Hz. Since 19 bits are presented
as the input to the phase ac­
cumulator by the DIP switch, the
maximum output frequency is:

219 x fcl22 ! = fcf4 = 524.288 kHz

While a DDS system can ap­
proach fc/2 , fc /4 was chosen as a
maximum to limit the total dis­
tortion in the output waveform.
The top frequency is actually 1 Hz
less than that because the max­
imum setting is 2 19 -1 for a 19­
bit binary input. The filter rolloff
shown in Fig. 7 attenuates clock­
rel ated distortion by over 30 to 1.

5
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--3
-35
10kHz 30kHz 100kHz 300kHz 1.0MHz 3.0MHz

FREQUENCY

B Construction
Z A double- sided PC board is
a? available from the source s h own
t-o in the parts lis t, and we've also
~ provided the foil patterns in case
w6 y ou wan t t o m ake yo u r own
0 · board . If you're u sing the PC
ri board , follow the parts-pla ce-
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EPROM

POWER
INPUTS~~a~

SINE WAVE OUTPUT DIPSWITCHES USED TO SET OUTPUT
FREQUENCY

FIG.9-THE COMPLETED UNIT. This compact PC board can easily be installed in almost
any kind of project case.

FIG. 8-PART5-PLACEMENT DIAGRAM. Follow this diagram if you 're using a PC board.
The smaller IC outline beneath IC2 is for experimenting with a faster EPROM such as a
745472 (see test).

PARTS LIST

All resistors are %-watt, 5%.
R1-1 megohm
R2, R3-10 ohms
R4, R7-3300 ohms
R5-100 ohms
R6-15,OOO ohms
R8, R11-4700 ohms
R9, R1D-1000 ohms
R12, R13-4700 ohms x 9, 10-pin

SIP resistor
Capacitors
C1-5-30 pF trimmer
C2, C3, C6, C12, C18-C2D-O.1 f.L F,

ceramic disc
C4, C5-not used
C7, C14, C15-10 f.LF, 35 volts,

electrolytic
C8--100 f.LF, 16 volts, electrolytic
C9, C1D-100 pF, ceramic disc
C11 , C17-22 pF, ceramic disc
C13, C16-470 f.LF, 16 volts, elec-

trolytic (optional for power supply)
Semiconductors
IC1-0AC08CN 8-bit O/A converter
IC2- 2716 2K x 8-bit EPROM
IC3, IC15-IC17-0M74LS374N oc­

tal latch
IC4-MC4558CN dual op-amp
IC5-MM74HC04N hex CMOS

inverter
IC6--LM7805 +5-volt regulator (op­

tional for power supply)
IC7-LM7905 - 5-volt regulator (op­

tional for power supply)
IC8-MM74HC74AN dual Ootype

CMOS flip-flop
IC9-IC14-0M74LS283N 4-bit

adder
BR1- 1-ampbridge rectifier (optional

for power supply)
Other components
XTAL1-4.194304 MHz crystal
S1 , S2-10-position DIP switch
PL1-AC line co rd (opti onal for

power supply)
T1- 120VAC/1 2.6VAC transformer

(optional for power supply)
Miscellaneous: PC board, solder,

case, mounting hardware, etc.

Note: The following items are
available from NOVATECH IN­
STRUMENTS, INC., 1530 East­
lake Ave. E, Suite 303, Seattle,
WA 98102 (206) 328-6902:
• Programmed 2716 EPROM­
$10.00
• Double-sided PC board­
$15.00
• Compl ete kit of parts (except a
case and the optional power­
supply parts}-$69.95

Please add $5.00 shipping and
handling. Washington State res­
idents must add 8.2% sales tax.

damaging them . Use a grou n de d­
tip solde r ing iron (if you've got
access to one) an d grou n d you r­
self before pi cking up the board
or an IC. Space for the op tion al
power su pply (shown in Fig. 6 ) is
n ot provided on the PC b oard,
but it can be made on any kind of
board . The power-supply circuit
is not cr itical, but be carefu l due
to the line voltages present. Fig­
u re 9 sh ows the completed u n it .

Since the major ity of the cir­
cuit is di gi tal, s im p le wir ing
techniques ca n be u sed . The au ­
th or 's o r iginal prot o type was

built using wire-wrap methods
for the digital section an d pomt­
to-point for the analog section . If
you 're wire-wrap p ing the circu it,
so me ca re must be applied to the
analog section to preven t digital
switching n oise from getting into
the output. The grou n d returns
for all of the analog section must
con nect to the power su pply se p­
arately fro m the di gital section 0
an d the analog bypass capacitors ~o
mus t b e co n nected as close as m
possible to th e an alog integrated gJ
circu its . The oscilla tor, consis t- CD

' ng of IC5-a , RI, R4 , C I a n d ~
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FIG. 10-0UTPUT OF THE AUTHOR'S PROTOTYPEat 100 kHz (5fLS/div. horizontal, 0.2VI
div. vertical).

FIG. 11-SPECTRUM ANALYZER PHOTOGRAPH of the 100-kHz output. (100 kHz/div.
horizontal, 10dB/div. vertical, 500 kHz center frequency, 10 kHz resolution bandwidth)
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nect it to pin 5 of IC8-a. If you
don 't have a cou n te r, adjust Cl to
mid-range; wi th the crystal spec­
ified , your error s h ou ld be n o
more than ab out 0 .02%. Apply
po wer an d , using an insulated
adjustme n t tool, adjust Cl to ex­
ac tly 2.09715 2 MHz if you have a
cou nter con nected. With an os­
cilloscope con nected to the out­
put, vary the DIP switch setting;
yo u w i ll see th e frequenc y
ch a nge . For higher and higher
frequencies the distortion will in­
crease with the maximum distor­
tion at the highest setting.

The frequen cy output is equal
to the binary valu e set by the DIP
SWitches, with a logical 1 corre­
sponding to an "off' position. For
a swit ch s ettin g of
QOl,1000,0110,101O,0000 (lOO
kHz) , the author's prototype gave
th e waveform shown in Fig. 10. A
spectrum-analyzer display of the
100-kHz output is show in Fig.
11. Note that the harmonics are at
least 40 dB down, cor respon ding
to about 1% distortion. Varying
the least-significant DIP switch
will change the frequency output
by 1Hz. Since the frequency is set
by the DIP switch and the ac­
curacy of the crystal oscillator,
the output will be the same even
after a power-down, power-up cy­
cle. Table 1summarizes the spec­
ifications for the completed di g­
ital synthes izer.

Experiments
If the digital parts are changed

from 74LS to 74F, the EPROM
changed to a bipolar PROM (such
as a 74S472 which is accommo­
dated on the circuit board), and
the clock oscillator replaced by a
faster one, the output frequency
can be increased at the expense
of resolution. The author has
su ccessfu lly operated the circuit
up to a 5 .0-MHz output frequen­
cy, provtding 10 Hz resolution.
The circuit is simple and com­
pact en ou gh that several units
can be built to provide fixed cal ­
ibration frequencies needed on
you r b ench. High-speed CMOS
logic may be substituted for th e
low-power TTL devices for lower­
power ope ration . If you decide to
change to CMOS , IC3 must be a
74HCT374 as the output of the
EPROM is TTL-compatible . Ad­
vanced CMOS, 74AC or 74ACT,
sh ou ld not b e used because of
noise induced by its fast edge
rates . R-E

Operation
Before turn ing on the power,

carefu lly inspect the b oard for
shorts , solde r bridges , wiring er­
rors , etc . Set the DIP switch to
any non-zero value. If you have a
frequency cou n te r ava ilable, con-

1 Hz to 524.287 kHz
1 Hz over complete range
Depends on crystal, typo 0.005%
Low distortion sine wave
Approx. 1 volt peak-to-peak, decreases at top end
+5V at approx . 250 mA
- 5V at approx . 50 mA

TABLE 1-SPECIFICATIONS

Frequency Range :
Resolution :
Accuracy:
Output:
Output ampl itude:
Power requirements:

XTALl , must be ti ghtly w ire d .
The author's original prototype
had the d iscrete components sol­
dered directly to the wtrewrap­
socket pins of IC5 . A board wi th
an existing grou n d plane is ideal
for wire-wrap construction.

enoz
oa::o
UJ
....J
UJ

oo
-ca::
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BINAURAL
BASICS

A LTHOUGH MOST AUDIOPHILES ARE

familia r wi th the term binaural,
there 's s t ill quite a bit of co n ­
fusion abou t it. Early in stereo
his to ry the terms b inaural an d
stere o were u sed m terchangea­
bly, even though the two record­
ing methods a re to tally different.
Recording pioneer Emory Cook
caused so me of that confusion by
ca ll ing hi s ea r ly 5 0 's twi n­
grooved ste reo LP's b in aural
when they were actually s tereo.

Binaural recordings ca n open
up a whole new realm to you r lis­
tening enjoymen t. We 'll look at
the hi s t ory be hi n d binaural
so u nd and how it is made as well
as presen t some h tgh-quah ty
binaural products .

The binaural difference
If you lis ten to a stereo source

from stereo h eadphon es co m ­
pared to the same sou rce lis tened
to from loudspeakers . yo u 'll
n otice a much different sou n d

between the two. That's because
most source ma terial isn't de­
signed for h eadphone listening.
An unnaturally exagge r a te d
effec t is c rea ted with he ad­
phones . as though h alf a n or­
chestra is on one s ide of you r
head an d the other h alf on the
other s ide, with a hole in the mid­
dle. Also , the musi c sounds as if
it's h appening inside your h ead
rather than ou t in the room. No
serious record producer would
ever monitor a recording session
so lely on headphones ; a proper
se t u p of t he highest quality
m oni t or loudsp e akers i s r e ­
quired to ge t a feeling for proper
balance in the mi x.

Binaural background
True binaural us es on ly two mi­

crophones. u sually s mall electret
con de nsers ei ther set into the
outer ea rs of an artificial human
head, or at least spaced the same
distance apart as an ave rage pa ir
of ea rs . an d mounted on either
si de of a s mall b affl e . The two

Binaural recordings
will add a new

dimension to
your audio world.

JOHN SUNIER

mikes feed two channels which
are kept en ti rely separated from
the source all the way to the final
listener, whether live. a record­
ing. or a broadcast. The listener
wears stereo h eadphones an d the
original left ea r signal must be
routed properly to the left ea r an d
the right to the right or the effect
is compromised. The final result
is for the listener to be sonically
transported to where the sou nds
originated, rather than attempt­
ing to bring the sou nds into the
listener's room as with speake rs .
The left speaker s ign a l is pre­
vented from feeding into the lis­
ten er's right ear, an d vice versa,
with binaural playback on stereo
headphones . Figure l-a-d shows
var ious types of sou nd reproduc­
tions, including binaural.

With binaural recording. spa-
tial placement within a 360-de ­
gree s phere is s o realistic that
eve n vertical p lacement is per­
ce ived . Reproduction of the am­
bi ence or reflected sounds in a
h all is so cor rect that aco ustical
eng inee rs can li s ten to s uch 0
tapes and identi fy in which hall ~
they were recorded. The on ly (D

areas of location tha t a re so me- gj
times problematic a re on a line u;
directly in front of and to the rear ~
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vironment were the voices of the
woman, s pe a k ing English, and
the man, greet ing her in Ger­
man . Eventually they meet in
front of the listener. All the while
you can easily focus on eit h er th e
German or the English and un­
ders tand perfectly without se­
rious distraction from the other
voice. as would occur with stereo
sound and certainly with mono
reproduction.

This very fu nctional u se of b in­
au ral is cu r ren tly being applied
to military aircraft communica­
tion by researchers at the NASA­
Ames Research Cen ter. They use
a powerful compu te r known as
the Convolv ot ron to proces s
mono s peech and s ignals from
several sou rces. su ch as con t rol

con tin ued on page 84
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dummy head, which was h and­
made for the project. Music ex­
cerpts from it are still cu r re n tly
available on a pre-recorded cas­
sette . The S ennhei s er micro­
phone/headphone people in Ger­
many issued a ser ies of 45-rpm
binaural demo recordings (long
out of print now), which were
well done and designed to pro­
mote their open-air phones and
special binaural mike system. Di­
agrams of the placement of musi­
cians a n d s ounds a rou n d the
lis tener a ide d in evaluati ng how
precise the effects were.

One demo in particular was in ­
teresting. It featu red a woman ar­
riving on a train an d being met
by a man a t the s tation. Placed
among all the so u n d effects of the
train. p eople , a n d station en-

FIG. 1- S0UND REPRODUCTION SYSTEMS; monaural (a), binaural (b), monophonic (c),
and stereophonic (d).

of the listener. That is dep endent
on s everal factors. including how
our hearing mechanism works .
differences in headphones . and
individual differences as well as
learned responses.

Binaural history
The first use of binaural sou nd

occurred in 1881 in Paris . Inven­
tor Clement Ader mounted a se­
ries of primitive carbon tele­
phone transmitters along the
fron t of the stage of the Paris Op­
era House. The transmitters were
grouped in pairs the same dis­
tance apart as human ears. with
several pairs across. The leftmos t
of each pair were mi xed together
and fed to one telephone line.
which listeners in their homes
directed to their left ears using
the ordinary phone earpiece. The
rightmost of each pair were also
mixed together and fed to a sec­
ond phone line. which each lis­
tener had to have installed in
their home. The result was that
as opera singers moved about the
stage, home listeners could "see"
their movement while h earing
the music with much greater
fidelity than a single phone line
could possibly provide. The origi ­
nal patent says "Th is double lis­
tening to sound... produces the
same effects on the ear that the
stereoscope produces on the
eye." It's fortunate that a wide fre­
quency response is not the most
important parameter for con­
veying the binaural effect; phase
accuracy and correct balance be­
tween the two channels is more
important. .

A similar project was carried
out with an improved version of
the Ader experiment in Berlin in
19 25. During that same year
more than one radio station in
the U.S. did experimental bin­
aural broadcasts using two dif­
ferent fr eq ue n c ie s . Listeners
needed two crystal sets , each
feeding a separate earphone. The
mikes in the studio were kept
about seven inches apart. and
therefore listeners with only one
radio still heard a normal s ignal.

(f)
g During the last 40 yea rs there
~ has been sporadic interest in bin­
a:: au ra l reproduction around theo world, centered primarily in Eu­
llJill rope and Japan. In 1970, Stereo
o Review issued a binaural demon-
o stration LP of music and s ou nd
Ci effects using the "Blue Max"
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E

Learn the meaning behind magnetic charges and JJB" fields.

IN OUR LAST ARTICLE, WE DISCUSSED

the general concepts of an elec­
tric field and how they applied to
forces between static electric
charges. We'll now deve lop an in­
tuitive picture of how charges
moving with a constant velocity
produce an additional force, and
how that force leads to the con­
cept of a magnetic field.

Magnetic ·"charges"
Early experiments showed that

if two permanent magnets were
near each other, each experi­
enced a force. In each magnet
there appears to be two regions,
called the north and south poles,
that contain the source of the
force . A pole of one magnet at­
tracts the opposite pole of the
other magnet but repels the
other pole, thereby creating a tor­
que. Apparently, a magnet pro­
duces something similar, but not
identical, to that produced by an
electric-charge distribu tion. A
basic difference is that electric
charge distribution can be sepa­
rated into two distinct regions of
positive and negative charge,
while experiments show that cut­
ting a magnet into smaller and

WILLIAM P. RICE

smaller pieces simply result in
more magnets, each having two
poles . No matter how small a
piece is taken, there's always an
equal amount of north and south
magnetic "ch a rge." Experiments
have shown that there's no such
thing as an isolated single mag­
netic charge, or a magnetic mo­
nopole, onlymagnettc dipoles.

Hans Christian Oersted con­
ducted experiments which
showed that a permanent mag­
net near a conductor carrying a
constant electric current II expe­
rienced a similar force as shown
in Fig . I-a. Experiments by
French physicist Andre Marie
Ampere showed that when a con­
ductor carries a constant current
I along an infinitesimal length dl
and another conductor caries a
constant current II along an infi­
nitesimal length dl.. the length
dl experiences an infinitesimal
force in newtons

- Idl x (11 dI1 x r1)
dFm = km 2

r1

as shown tnFtg. I-b. r 1 is a unit
vector directed from dl. to dl and
r 1 is the s eparation distance. In
the mks units, km is equal to

km = jJ.o'4" (webers(ampere x meter).

Idl an d II dl 1• in u nits of m -Cz
s =A' m , are m fin ites imal len gth s
of posi tive curren t in the direc­
tion of dl and dl. . In conductors,
there are equal distributions of
positive and negative electric
charges even th ough the nega­
tive charges are moving. The E
fields from the charges must sum
to zero, so the dFm must be dis­
tinct from the Coulomb force Fc '

The infinitesimal force equa­
tion mentioned above is more
complicated than for the static
electric force since the direction
of charge motion must be taken
into account by vector multi­
plication, also known as the
cross product x . The direction of
II dl, x r 1 is defined by the right
hand rule : curl the fingers of the
right hand through the smallest 0
angle from the vector II dl. to the ~
vector r 1 ; the extended thumb CD

points in the direction of II gJ
dl , x r l . The magnitude of II so

.dl, x r 1 is the area of a paral- ~
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FIG. 1-A MAGNETIC FORCE Fm is produced by a constant electric current 11 in a
conductor. A permanent magnet experiences a torque due to the force on each pole (a). In
(b) a small current segment I dl of another conductor experiences a force due to the
segment 11 d11• 11 dl1 experiences an equal and opposite force.

OERSTAD'S EXPERIMENT

a

AMPERE'S EXPERIMENT

r
dFM

[,

t l,dL,JdL
I

I
t
I

b I,

B =~JI1 dl1x r1 .
4p 'j' r2

1

Any curre n t loop is called a
magnetic dipole because it re­
s u lts in a B field .

The m agne ti c-field test in­
strument mus t be a very s mall
magnetic dipole , just as a very
small positive charge + q is the
elec tr ic- fie ld test instrument.
The distinction is that! I dl is a
sum of all the vectors for which
magnitudes and directions
must b e taken into a ccount,
whereas +q has only a magni­
tude.

If a current I is considered as
just an individual electri c
charge q , moving with constant
velocity through a point, the
m agnetic force it wou ld exper i­
ence in the B field at that point
is

FIG. 2-A SMALL MAGNETIC DIPOLE,
composed of current segments I dl, near a
current-carrying conductor experiences a
torque due to opposite forces dFm on op­
posite sides. Since nothing material is
pushing the dipole, the concept of the B
field is used to account for the forces.

Fm=qv xB.

If an electric field is also present.
q would expe rien ce an additional
elect r ic force Fc' a n d the total
force would be

F =Fc+ Fm=qE +qv x B =q[E + (v x Bll.

This equa tion is kn own as th e
Lorentz force law.

dB--' ,
11, dL, " )

/

/
/

-~
dB

\
I \- \

dB "
JdL _ ~,,_

dB dii~ - --

MAGNETIC
DIPOLE dB

B field characteristics
The apparent flow of the B field

from an infinitesimal volu me
abo ut a point can be fou nd by the
same m ethod u sed to fin d the
electr ic flux. Imagine a Gaussi an
su rface a ro u n d a cu r re nt loop
composed of an in fin ite number
of cu rrent segmen ts I dl each pro­
ducing a dB field as s hown in Fig.
3-a. Divide the su rface into an

This is ca lle d the Biot-Sava rt
law. The force on each I dl is
dFm- which eq u als I dl x B. Op­
pos ite s ides of the loop will ex ­
perience forces in the opposite
direc tion s ince the dl's are in
opposite directions . The loop
will, therefore, exper ience a tor­
que. Since II dl, ex is ts only as a
part of a closed loop, the total B
a t a ny point in spa ce is

The magnetic field B
Figure 2 shows that the space

around a constant current seg­
ment II dl, can be explored using
a very small cons tant current
loop obtained by adding all its I dl
contributions and symbolized by
f I dl. Since each I dl will experi­
ence a force due to the presence
of II dl, even though nothing
material connects t h em, one
has the impression that the
condition of space itself is af­
fected by the presence of the II
dl.. We can say that a constant
current gives space the propen­
sity to exert a force on another
constant cu r ren t , if it were
present, according to Ampere's
force law.

To find that propensity, we re ­
move I dl from the force law to
obtain the definition of the
magnetic field (also called mag­
netic flux density) in units of
webers/meterz. which equals
the tesla

lelogram with s ides II dl. and r I'
That is similar to scalar multi­
plication where A times B gives
the area of the rectangle with
sides A and B. The direction of
dFm is that of th e extended right
h and t h u m b with the fingers
wrapped through the smallest
angle from I dl to II dl, x r. .

In Fig. I-b, the current seg­
ment I dl exp eriences a force to­
wards II dl. . II dl, exp eriences an
equal and opposite forc e towards
I dl. For other cu rren t segments,
the force on an I dl is not equal
an d opposite to that on an II dl..
That may appear to be a violation
of Newton's third law, however
the ac tual constan t cu rren ts ex­
ist only in clos ed loop s or circu its
a s di c ta t ed b y charge c o n ­
se rvation . The I dl and II dl l a re
only a part of eac h loop. The total
force is found by su m m ing up all
the infinitesimal contributions
around each closed loop. Wemust
sum twice by integration, first to
find the forc es of all the II dl l's on
an I dl , and then to s u m the
forces on each I dl

F
m
=~L! I D l x( 11 dl1x r1l .

4p 'j''j' r2
1

The force on the en tire loop com­
(/)
o posed of I dl is always equal and
~ opposite to that on the entire loop
g: composed of II dl l·
frl Ampere wen t on to s uggest
ul that in a permanent magnet, the
6 force F m is produced by some sort
o of closed curren t loops that exist
~ in the material.

54



CURRENT
LOOP

b

AMPEREAN
LOOP

ing in one direction around the
loop. The contributions are pro­
portional to the current I
through the loop since B = f dB
is proportional to that current.
The proportionality constant is
fLo, so

fB·dL= fLoI (T·m).
If the amperean loop is shrunk

so the area enclosed approaches
zero, the ratio of the change in
circulation to the change in area
reaches a limiting value. That is
the curl of B, which must be pro­
portional to the current per unit
area J through the loop, therefore

'Vx B = fLoJ (T/m3 ).

That relationship is called Am­
pere's law for constant currents.
It simply says that the total ap­
paren t rotation , or curl of B,
around any point is proportional
to the constant current density
at that point. The right hand rule
gives the direction of apparent
rotation. If a number of the B­
field instruments were scattered
about a point, they would rotate.

Next time, we 'll discuss some
magnetic phenomena and how in­
ductance is related to the magnetic
field. The concept of a magnetic
circuit will be developed based on
an analogy to the electric circuit. 0
Well see that in matter, the mag- o
netic field can be considered as the d

OJ
linear superposition of two fields, m
similar to what was shown with ::
the electr ic field. R-E ~
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CURRENT
LOOP

a

GAUSSIAN
SURFACE

APPARENT MAGNETICFLOW APPARENT MAGNETICCIRCULATION
THROUGH A GAUSSIANSURFACE AROUND AN AMPFREAN LOOP

point, they would not spread out.
The apparent rotation of the B

field around an infinitesimal area
containing a point can be found
by imagining an amperean loop
abou t some cu r ren t loop as
shown in Fig. 3-b. Divide the am­
perean loop in to an infini te
number of infinitesimal lengths
dL. The B field at each dL is again
just the sum of each of the infi­
nitesimal dB contributions from
each I dl, where B = JdB. The
magnetic circulation around the
loop is proportional to the cur­
rent encircled.

If you take B·dL you get the
magnitude ofB times the magni­
tu de of the effective length paral­
lel to B, which is the apparent
flow along dL . The direction of dL
is taken as the direction of the
curled fingers of the right hand
with the extended thumb point­
ing in the direction of I dl. The
total apparent rotation, also
called the magnetic circulation,
a rou n d the amperean loop is
found by adding those parts by
integration over the entire closed
100pfB·dL.

Imagine moving along t h e
loop, in the direction of dL,
add ing up th e dB·dL's . r points
from I dl to dL. When we move
at right angl es to dB, that is
along r or I dl, where dB·dL is
zero. At all other places there
will b e a non-negative contribu­
tion since we are always travel-

FIG. 3-CHARACTERISTICS OF A B FIELD. In (8), a Gaussian surface composed of an
infinite number of infinitesimal ds areas surrounding part of a current loop. The total
apparent flow of B, the magnetic flux f B'ds, through the surface is zero. Flux from
currents outside the surface does not contribute since whatever flux " floWS" In through
the surface also flows back out. In (b), an amperean loop composed of an infinite number
of infinitesimal dL lengths encircles a current segment. The magnetic circulation around
the loop jB'dL is proportional to the current encircled. For currents not enclrcled,fB·dL
is zero.

in fini te number of infini tesimal
ds a reas . Through each ds there
a re an infinite number of dB 's.
The total B fie ld at each ds is
B = JdB by linear superpos ition .
Taking B ids gives the magnitude
of B times th e magnitude of the
effective area parallel to B. That is
the apparent flow of B through
ds. Summing those factors by in­
tegration over the entire surface
gives the total appa rent flow, or
magnetic flux

<1> = f B' ds (webers).

Imagine moving over the su r­
fa c e , adding up th e dB·ds
contributions from each I dl. At
each ds, r points from I dl to­
wards ds. Since dB is perpen­
dicular to r , the only place dB·ds
is non-zero is where ds is not di­
rected along r. That is where ds
moves away from or toward I dl.
Since the surface is clos ed, for
eac h place we move away from I dl
by a certain amount and direc­
tion, there must be another place
that we move back in towards I dl
by the same amou n t and in op­
posite direction. Whatever B·ds
contribution is found over some
of the surface is canceled by a
- B ids contribution over another
part of the surface, therefore we
can say that

<1> = 0.
As in ele ctric flux, any B pro­
duced by cu r ren ts outside the
surface will not contribute to the
total.

If the original Gaussian sur­
face is shrunk so the volume en­
closed approaches zero, the ratio
of the change in flux to the
change in volume would reach a
limiting va lue even if the flux
were not zero. That is th e diver­
gen ce of B, and since <I> =0 for
any Gaussian su rface

'V·B = 0 (T/m3 ).

That is th e u n n a med Maxwell
equ ati on . It s im ply says th at the
tot a l spreading out, or diver­
gen ce, of the B field through an
infinitesimal closed s u r fa c e
abou t any point is zero. Whatever
B field appears to leave from a
particular point must return to
that same point. Magnetic mo­
nopoles , there fore, cannot exist.
That relationship allows magnet­
ic dipoles , which produce equ al
amou n ts of ou tward an d inward
magnetic flux from a point. If a
number of our B-field instru­
ments were scattered abo u t the
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As shown in the decoder block
diagram in Fig. 1, the input from
the receiver takes two paths. The
lower path goes straight to an au­
dio amplifier (lC?) through vol­
ume-control R25. The amplifier
is held inoperative by flip -flop
IC6-b until the upper logic path
is satisfied. The audio stage can

IC1-d >--+-----1

lEVEL AMP -=-

INPUT FROM
TRANSCEIVER

~ DATA
VALID

R25

INPUT BUFFER

Eliminate the constant chatter
on your favorite channel or

repeater with the Call Alert.

FIG. 1-DECODER BLOCK DIAGRAM. The lower input path goes straight to an audio
amplifier (IC7), which is held inoperative until the upper logic path is satisfied.

acts as a switch between the re­
ceiver output and the listener.
The system contains an indicator
light to let you know that a call
has been received, a switch to by­
pass the device when originating
a transmission, a reset switch,
and a built-in speaker and vol­
ume control.

RODNEY A. KREUTER
and DAVID PLANT

MOST PEOPLE DONT SEE MANY PAR­

allels between the amateur radio
service and the citizen's band,
but there are similarities . CB
channel 9 has helped thousands
of stranded motorists, and Hams
have provided communication
when all else has failed during a
disaster such as an earthquake.

However, because of all the ac­
tivi ty that may be on your favori te
CB channel or two-meter re­
peater, it is often tempting to
turn off the rig or advance the
squelch to the point where only
the next-door neighbor can get
through. In the case of CB, this
greatly reduces your range, and
with amateur radio it works only
with simplex operation. The end
result of all this is that you may
miss a call from a friend or an
emergency call from someone in
trouble. The solution to this
problem is a selective call system
whereby your receiver or trans­
ceiver is always on, but does not
pass audio until the correct
Touch-Tone sequence is detected.
Then you (and your entire team,
if the system is used for club or
emergency use) hear the call.

The Call-Alert
Call-Alert consists of two com­

ponents, an encoder and a de­
coder. The encoder is a pocket­
sized battery-powered device that
produces the Touch Tones; it is
held next to the transmitting mi­
crophone to provide acoustic
coupling. The decoder, or
monitor, is coupled to the re-

(fJ
o ceiver by plugging it into the ex-
~ ternal speaker jack. It can be
~ powered from either an AC or DC
&l source, for home or mobile use.
ill Note that no modifications to
6 your existing station are required
(5 to use ei ther the encoder or the
<l:
a: decoder. The Call-Alert simply
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also be turned on manually via
switch 52.

In the upper path, ICl-d is an
input buffer for the tone decoder,
IC2 . Buffering is necessary be­
cause the tone decoder can be
damaged by high input-signal
levels; the buffer limits levels to
under 5 volts. The buffer is bi­
ased by ICl-b, which also biases
ICl-a, the level-indicator ampli­
fier. Driven by its buffer, the tone
decoder provides two outputs .
The first output indicates which
DTMF tone is received. The data
is sent to the two comparators
that compare the decoder's out­
put with the user-selected switch
settings. More about the switch­
es later. The decoder also puts out
a DATA VALID signal (DV) that goes
high when any valid tone is re­
ceived, which keys timing logic
later in the circuit.

The first tone comparator, IC3,
triggers IC5 when the tone and
switch inputs coincide and the
timer runs for 4 seconds . The
timer resets everything after that
time period to prevent "hacking"
a system entry, and it also pro­
vides the signaling to set and re­
set flip-flop IC6-a. The flip flop
enables the second comparator
to listen for the second tone .
When IC4 validates the second
tone, it triggers a latch, IC6-b,
which enables the audio stage
and turns on the call-alert light.
Reset switch 55 unlocks IC6-b,
thus preparing the monitor for
the next call.

Circuitry
The schematic for the decoder

section is shown in Fig. 2. The

whole system runs on 5 volts
(With the exception of the audio
stage) , so the output of ICl-d will
swing up to just under V ee'
thereby protecting the tone de­
coder's input (lC2). At high audio
input levels, however, ICI-d's out­
put will clip, preventing the de­
coder from functioning. Other­
wise, at normal receiver output,
levels, the decoder works fine .
There are LEVEL-SET and DATA-VAL­
ID indicators (LEDI and LED2,
respectively) on the board that
we'll discuss in detail later on.
Pin 5 of ICl-b is set to Yz V ee so
the outputs of all three op-amps
idle at 2.5 volts. The level amp
(lCl-a) is set up to drive LEDI at
proper audio input.

The?4HC85s (lC3 and IC4) are
4-bit magnitude comparators
that compare two 4-bit "words,"
and indicate whether one word is
larger, smaller, or equal to the
other. Inputs AO-A3 are tied to the
4-position DIP switches 53 and
54, and the decoder outputs are
tied to comparator inputs 80-83.
When both words match (the
words can be binary, BCD, or
hexadecimal, which is the case
with the decoder as there are 16
DTMF tones) the comparator
output at pin 6 will go logic high.

Because the comparator's en­
able line (pin 3) has to be high to
operate, IC3 will respond first, as
its enable is brought high by the
DV (data valid) output at pin 12 of
the decoder. When that happens,
flip-flop IC6-a is toggled by a 4­
second input from the 555 timer
(lC5) and the second tone DV

signal. That allows IC4 to listen
for the second valid tone . The
timer resets the flip-flop and the
device waits for the next input. If
the second valid tone arrives
within 4 seconds, IC6-b latches
on, which turns on audio ampli­
fier IC? and lights LED4. Reset
switch 55 will clear IC6-b.

The audio amplifier, IC?, is a
Motorola MC34119. That part
was chosen because it can be
powered from up to 18 volts and,
at rest, it draws Virtually no cur­
rent which makes it totally silent.
Keep in mind, though, that nei­
ther speaker lead can be
grounded, so if you plan to add
an external speaker jack, isolate
it if you are using a metal case.

The decoder will work from 6 to
12 volts AC, or 9 to 15 volts DC.
Although the bridge rectifier will
work with either input polarity, it
is a good idea to ground the nega­
tive with a DC input in case you
share a power supply with other
equipment-in a mobile environ­
ment, for example. For home or
office use, a 9-volt DC adapter
works perfectly.

The encoder
The encoder schematic is

shown in Fig. 3. The circuit con­
sists of a tone encoder, a switch
to go from the first tone to the 0
second, and an amplifier to drive 0

the speaker. The heart of the unit g
is the TCM5089 tone encoder, gJ
manufactured by Texas Instru- ~

<0
ments, that will generate all 16 ~
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FIG. 2-SCHEMATIC FOR THE DECODER. Everything but the audio stage runs at 5 volts
so the output of IC1-d will swing up to just under Vee.
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Thuch Tones by returning a row
pin and a column pin to V55 or, in
our case, ground. (Although
most Touch-Tone keypads have

only 3 columns and 4 rows, there
is a fourth column available for
use, or four additional tones
called A-D, for a total of 16 tones.)

The encoder uses two 8-p05i­
tion DIP switches, one for each
tone. As there are four columns
and four rows, and one of each is

en
ozo
a:
f-­o
ill
...J
ill

o
o
<t:
a:

All resistors are Y4-watt, 5%
Rl , R5, Rl6-R19, R29, R31-27,OOO
ohms
R2, R14--100 ,OOO ohms
R3, R8-R12, R20-R24, R26 , R30­
10,000 ohms
R4-l00 ohms
R6-l megohm
R7, R32, R33-330 ohms
Rl3-2200 ohms
R15, R2B-l0 ohms
R25-l0,OOO ohms, audio taper potenti­
ometer with SPST switch (Sl)
R27-330,000 ohms
Capacitors
ct. C2, C4-C6, C8, C9, cu-cis-o.i
fJoF, ceramic disk
C3-47 fJoF, ts-volt electrolytic

PARTSLIST-DECODER

C7-100 fJoF, l6-volt electrolytic
Clo-1000 fJoF, l6-volt electrolytic
Cl6-10 fJoF, 16-volt electrolytic
C17-4.7 fJoF, 16-volt electrolytic
C1B-l fJoF, l6-volt electrolytic
Semiconductors
IC1-LM324 quad op-amp
IC2-SS1204 Touch Tone decoder
IC3, 1C4-74HC85 4-bit magnitude
comparator
IC5-NE555 timer
IC6-dual D-type flip-flop
IC7-MC34119 power amp with enable
ICB-7805 5-volt regulator
01, D2-1N914 switching diode
Ql-Q3-2N3904 NPN transistor
SRl -50-volt bridge rectifier

LED1,LED2-miniature red light-emitting
diode
LED3-green panel-mount light-emitting
diode
LED4--red panel-mount light-emitting
diode
Other components
XTALl-3.58-MHz crystal
Sl-SPST switch (mounted on R25)
S2-SPST toggle switch
S3, S4-4-position DIP switch
S5-momentary pushbutton switch
Jl , J2-audio and power input jacks (use
whatever best suits your needs)
Miscellaneous: PC board, project case,
speaker,control knob, labeling, hardware,
wire, solder, etc.
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FIG. 3-ENCODER SCHEMATIC. The heart of the unit is the TCM5089 tone encoder that
will generate all 16 Touch Tones.

requ ir ed to dete rmine a par­
ticular DTMF ton e , two on posi­
tio ns are requ ired per DIP. This is
also the de rivation of the expres­
s ion "2 of 8" coding. Th e two DIP
switches, 52 and 53 , are con­
tro lled sequentially by ICI. a 555
t imer run n ing in its astab le
mode to generate a square wave .
When first turned on by pushbut­
ton switch 5 1, the output at p in 3
goes h igh and is inverted by Q1
which triggers 52 to key in the
first tone . After a half second,
IC1's p in 3 goes low to enable 53,
generating the second tone. The

All res isto rs are V4-watt , 5%
R1-1000 ohms
R2, RS-l0,OOOohms
R3, R7-33,OOO ohms
R4-2200 ohms
R6-1000 ohms, miniature PC-mount
potentiometer
R8--330,OOO ohms
R9-10 ohms
Capacitors
C1, C2, C7---Q.1 fJ.F, ceramic disk
C3, C4, C8-47 fJ.F, 16-volt electrolytic
C5-4.7 fJ.F, 16-volt electrolytic
C6-1 fJ.F, 16-volt electrolytic
Semiconductors
IC1-NE555 timer

RC network of C3 -R3 at the bas e
of Q1 creates a delay between the
two to nes; otherwise a combina­
ti on of two of the s a me tones
wou ld be read as a s ingle tone.
The di od es in series with the
switches isolate the row and col­
u m n programming for each tone.
The 300 m illiwatt output from
IC2 is attenuated an d fed to IC3.

Decoder construction
With the exception of the con­

trols and indicators, all par ts for
the decoder mou nt on the PC
board . A pre-made PC board is

PARTS LIST-ENCODER

IC2-TCM5089N Touch Tone encoder
IC3-MC34119 audio amplifier
D1-Dl6-1 N914 switching diode
Ql -2N3904 NPN transistor
Othe r components
XTAL1-3.58 MHz crystal
Sl-momentary pushbutton switch
S2, 83--8 position DIP switch

Miscellaneous: l-inch speaker, PC
board , project case , 9-volt battery clip,
foam rubber, wire, solder, etc.
Note: The foll owing items are available
fro m Project-Mate , Ste. 207, 2727 W.
Man or PI., Seattle, WA 98199 (206)
283-4700:

available as par t of a kit (see the
parts list), and a foil pattern for
the board is provided here if you
want to make you r own. Perfo­
rated con s t ruction board a n d
po int-to-point wir ing can also be
us ed. If you 're using a PC board,
follow the pa r ts layout sh own in
Fig. 4 .

The auth ors used jacks for J1
and J2 (for power and au dio in­
puts , respectively) that m ounted
directly on the PC board. How­
ever, the jacks a re not provided
with the kit becau se each builder
will h ave his own idea regarding

• A decoder kit co ntaining a PC board
and all PC-mounted components (ex­
cept J1 and J2)-$48.50 +$2.50 S&H

• An encoder ki t co ntain ing a PC
board , battery c l ip, and all PC­
mounted components - S22.50+$2.50
S&H
(Orders may be comb ined for the same
$2.50 S&H fee)

• A 1-inch speaker- $4.50 post paid
There is a 10% discount on a seco nd
ki t, and a 15% discount on 5 or more by
radio clubs.

o
o
d
OJ
m
JJ
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FIG. 4-DECODER PARTS-PLACEMENT DIAGRAM. With the exception of the controls
and ind icato rs, all parts for the decoder mount on the PC board.

ALL CATHODES
SOLDEREDTOGETHER

~ --,A ,- _

.....- ---2INCHES----

'------~v~-------'

O.1-INCH
SPACING

FOIL PATTERN FOR THE ENCODER.

sembled. Each array con s is ts of
eight IN9 14 d iodes s paced 0 .1
inch apart wit h the cathodes all
solde red to a common bus. Fig­
u re 7 shows how you sh ou ld as­
semble the arrays, an d a spare
piece of perforated construction
board ca n be used as a 0 .1-inch
spacing gu ide.

Position DIP switches 52 an d
53 with the riu mb er-I pos ition
on the outer edge of the boa rd.
(Th e prototype has the switches
backward , although it doesn't a f-

FIG.7-THETWO DIODEARRAYSconsist
of eight 1N914 diodes spaced O.1-inch
apart with the cathodes all soldered to a
common bus. A spare piece of perforated
construction board can be used as a 0.1­
inch spacing guide.

FIG. 6-ENCODER PARTS-PLACEMENT
diagram. See Fig. 7 before stuffing this
board.

EncoderconsUuction
The encoder is assembled on

its own PC board, which is also
available from th e source men­
tioned in the parts list or can be
made from the foil pattern we've
provided . Fi gure 6 shows the
parts-placement diagram for th e
encoder.

Before yo u can b u ild the en­
coder board, the two di od e a rrays
(DI-D8 and D9-DI6) must be as-

jack selection. By h ardwir ing the
input connections, the jacks can
be eliminated entirely.

The finished decoder b oard,
sh own in Fig . 5 , measures 4 x 4
in ches , with a loaded height of 1
inch. It can easily be ins talled in ­
s ide any su itable enclosure. The
p rototype h a s t he s peaker
mounted on the top si de of the
case; for mounting the u nit u n ­
der an automobile dashboa rd ,
yo u m ay want to mount the
speaker on the bottom of the case
for better so u n d quality. Keep in
mind that all front-panel controls
return to grou nd, so a single wi re
can co n nect a ll of them to the
board.

(/)

U
Z
o
c:
I­
U
~ FIG. 5-THE FINISHED DECODER board
UJ can easily be installed inside any suitable
o enclosure. All front-panel controls return
o to ground, so a single wire can connect all
~ of them to the board.
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FIG. B-THE POCKET-SIZED ENCODER CASE used for the prototype has a built-in
compartment for a 9-volt battery, although you should secure a piece of foam rubber in
the bottom of the battery compartment to hold the battery in place.

fect the operation.)The authors
drilled a hole in the PC board un­
derneath potentiometer R6 and a
matchinghole in the back of the
case so that the level adjustment
could be set with the case closed:
this , however, is not necessary.

The pocket-sized case used for
the prototype has a built-in com­
partment for a 9-volt battery, al­
though you can u se any case you
like. The PC board is held inside
the cas e with double-sided foam
tape. Pushbutton switch 81, the
battery-clip leads, and a l-Inch
Mylar speaker are wired to the cir­
cuit board, and the switch and
speaker are mounted on the front
and top panels of the case, re­
spectivel y. A %- in ch hol e is
drilled on the top of the en closu re
for th e speaker, which was se­
cured to the case with some in­
stant glue . We s u gges t that a
bead of glue b e placed completely
around the speaker for a good
acoustic seal . When you po si tion
the holes for the speaker and 81 ,
make sure they do not interfere
with the circu it board. When the
cas e is assembled, the final s tep
is to s ecu re a pi ece of foam rub­
ber in the bottom of the battery
com partmen t to hold the battery
in place. Figure 8 s hows the com­
pleted encoder.

Preliminary setup
The firs t step is to pi ck an a rb i­

trary two-b it code (two to nes)an d
set both units to the same code.
Legal codes are from 0-0 to D-D

(0-0 ,0-1,0-2, etc.), including the
"# ," " ". " and A-D tones . The pro­
totype units were set to code 3-6 ,
so we 'll use that combination to
demonstrate s etting the DIP
switches.

The decoder is hexadecimal, s o
two 4-position DIP switches are
used to set t he code- one DIP
switch per tone. Because the 10K
pull-up resistors in the decoder
are connected to ground when a
DIP switch is closed, an "on"
switch position provides a low
and an "off' switch po si tion pro­
vides a high. Figure 9 sh ows the
DIP-switch settings for 83 and 8 4
depending on which digit, o r
code, you have selected. For the
3-6 code , DIP-swi tch 8 3 mus t
have switches 1 an d 2 in the "on"
position and 3 and 4 "off," an d 8 4
must have switches 1 and 4 "on"
and 2 and 3 "off."

The en code r requires the set­
ting of two 8-pos ition DIP switch ­
es, 82 and 8 3 (one DIP switch per
tone ), to ge nerate the two-tone
code . Figure 10 s hows the DIP­
switc h settings for 82 an d 83.
From Fig. 10 we can see that. to
ge nerate the firs t to ne (3 in th is
exa m p le), t hat DIP- s witch 82
s h ou ld have switches 3 an d 7
closed. For the secon d tone (6 in
this ex a m ple ), 8 3 s h ou ld h ave
switches 3 an d 6 closed. At th is
point , when pressing 8 1 (with a
good b attery install ed ), the en ­
code r s hou ld produce a two to ne
warble, and potentiometer R6
sets the volume.

ON~
1 2 3 4

2 ON~

1 23 4

3 ON~X X
1 2 3 4

4 ON~
1 2 3 4

5 ON~
X X

1 2 3 4

6 ON~
X X

1 2 3 4

7 ONEIm
X X X

1 2 3 4

8 ON~
1 2 3 4

9 ON~
X X
1 2 3 4

* ON~X X
1 2 3 4

0 ON~X X X
123 4

# ON~
X X
1 2 3 4

A ON~X X X
123 4

B ON~
X X X
1 2 3 4

C ON~X X X X
1 2 3 4

D ON~
0o

1 2 3 4 d
OJ

FIG. 9-THE DECODER has two 4-posi-
m
JJ

tion DIP switches used to set the code. ~

(0

Here they're set for the 3-6 code. (0
~
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decoder. Note that if the encoder
is held directly against the mike,
the audio may become distorted.
1Iy holding the encoder a quarter
of an inch from the mike ele­
ment. Get it to the point where
the receiving station hears clean
Touch TImes at approximately the
same level as voice. You will find
that it takes very little audio from
the encoder when it's placed close
to the microphone.

For CB you can use a rig with a
50-ohm dummy load for the
transmitter and a n other trans­
ceiver (a walkie-talkie) as the re­
ceive source. Set the encoder
output level to work best with the
transmitter, then set receiver au­
dio. For an on-the-air test, set the
levels and drive around with the
en coder m aking var ious calls
throughout the day. The system
should work well and it will be a
pleasure to have the rig quiet be­
tween ca lls . Another test pro­
cedure is to attach the encode r
speaker to t h e d ecoder inpu t
with clip leads and fire up the
system. The proper encode r out­
put shou ld be close to that for on­
the-air use.

You can probably th in k of other
a pplicat ions. For exam ple , the
output of the ALERT lamp (LED4)
can be used to control other de­
vices in you r shack. R-E

I. 3'6/16INCHES-------'-------.

FOIL PATTERN FOR THE DECODER.

System test
The first test of the decoder is

to apply power and see if LED2
(DATA VALID) flashes briefly. This
indicates that the decoder, lC2, is
functioning. Now, with a receiver
supplying audio, adjust its vol­
ume using LED1 to set the level.
With an FM receiver, and the
squelch off on a quiet channel,
the LED should show about Y3
brightness. On a busy channel it
should flicker following voice
peaks. CB is somewhat different
because the background noise is
quieter, and here we adjust to an
active channel. A weak glow fol­
lowing voice peaks is the correct
setting. At this point the LED2
should remain off until a valid
code ID received.

For two-meter testing, a scan­
ner, set to the exper im en t a l
portion of the band, can be used
as the receiver and a hand-held
used as the transmitter. Using
the built-in Tou ch -Tone pad,
pressing any Touch -Tone di gi t
sh ou ld cause LED2 to light, and
code 3-6 will t r igge r the decoder
on and you will h ear your trans­
m itter. The A LERT lamp, LED4,
will s tay li t after transm itt ing,
and the R E S E T button will turn it
off.

The n ext step is to s et the en­
coder level by u sing it to key the

A ON~
~

1 2 3 4 5 67 8

ON rxrTTT1'XIf1
B~

1 23456 7 8

ON ITillITIIIJ
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1 234 5 678
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1 2345678
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o~

123456 78
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1 2 3 4 5 67 8
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2~

1 2345678
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3~
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ON rTTlXTTT1Xl
7~

1 2 345 678
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1 2345 6 7 8

eno
Z
o
CC
~o
W
-I
W
o FIG. 1D-THE ENCODER has two 8-posi­
is tion DIP switches, 52 and 53, that must be
~ set to generate the two-tone code.
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DEVE LOPM ENT AND DEBUG GIN G

tools have improved tremen­
dously since the introduction of
the microprocessor. Logic ana­
lyzers and development systems,
widely used by hardware and
software developers alike, make
child's play of otherwise tough
debugging chores. There are sev­
eral problems with these tools,
however: They're processor-de­
pendent, hard to use, and costly
to purchase.

It doesn't have to be like that.
however. We've designed a univer­
sal. easy-to-use, low-cost, yet pro­
fesstonal-qualt ty logic analyzer
with separate LED displays for
sixteen address lines and sixteen
data lines. single- and auto-step­
ping operation, the ability to
work with both 8- and l6-bit sys ­
tems, and more. A complete kit of
parts w i th attractive silk­
screened panel is available for
well under $200-a fraction of
the cost of comparable commer­
cial units. Partial kits as well as a
PC board all by itself are also
available.

MICRO-MON features
MICRO-MaN attaches to any

Ease
microprocessor
design chores
with our
under-$200
logic-analyzer kit.

standard ROM or EPROM on the
target system via an IC clip.
MICRO-MaN works with both 8­
bit and 16-bit parts with capaci­
ties ranging from 2K x 8 to
64K x 16, in 24-, 28-,32-, and 40­
pin packages. Two conveniently
located connectors accept the in­
terface cables. Connector pinout
was designed to use standard
ribbon cables and standard IC
clips.

Each address and data line has
its own dedicated LED, so it's
easy to tdenttfy shorted lines. In
addition, MICRO-MaN will blink
the corresponding LED of any
floating or open address or data
line.

By attaching a Single lead to
the target's WAIT or READY line,
you can single step or continu­
ously step through micro­
processor instructions with the
press of a switch. For the step­
ping function to work, the target
system must be static-that
means that the WAIT or READY line
must be able to stall the micro­
processor without adversely af­
fecting system operation.

Continuous stepping works
like auto-repeat on a keyboard:

MICRO MONITOR
JIM COOKE

ooo
OJ
m
::0
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MICRO-MaN steps the target sys­
tem twice per second as long as
t h e Step switch remains de­
pres sed. This powerful feature al­
lows you t o obs e r ve all bus
activity, thereby enabling you to
easily debug both hardware and

.firmware.
Another feature allows you to

stop the target system on a spe­
cific address pattern , data pat­
tern , or combination thereof.
MICRO -MaN has a three-posi­
tion switch for each address and
data bit, s o each bit can be pro­
gram m ed to match on a high,
low, or don't ca re . An ex tern a l
con n ect or ca r r ies the MATCH
si gnal, which can be used to trig­
ger a scope or other d evice.
MICRO-MaN has its own power
supply, so it does not consume
power from the target sys tem .
Also, to reduce cos t, or if the
match capab ility is not required,
the unit can be depopulated for 8­
bit-only operation.

Theory of operation
MICRO-MaN consists of three

major circuits that we 'll discuss
separately: Display, Single-step,
and Match.

Display Circuit. The di splay
circu it , shown in Fig. I , consists
of inverting buffers IC1-IC4. Ad­
dress and data lines from the tar­
get system feed the buffers via
th e IC clip. The buffers feed ad­
dress and data buses used by the
rest of the system . In addition,
the output of each buffer drives
the cathodes of the display LED's
via 470-ohm cu rren t-lim iting re­
s is tors (those resistors are con­
t ained in r esistor n etworks
RN1-RN4).

A unique feature of the display
circu it is the Floating Line In­
dicator, which iden tifies open
and floating lines by blinking the
associated LED. Blinking is ac­
complis hed by con necting the in­
put side of each buffer to a 2-Hz
oscillator via a 47K resistor (con­
tained in r esi s t or n etworks
RN5-RN8). The inputs of HCT
buffer s IC1-IC4 are high-imped­
ance types, s o op en or floating
inputs will eas ily allow the 4 7K
resistors to cou p le the 2-Hz sig­
n al into the circu it . On the other
h and, if an input is not floating
or open, but is high or low, the
logic level will overr ide the 2-Hz
s ignal, clamp the buffer either
high or low, an d di splay the corre-

PARTS LIST
All resistors are V4-watt, 5%, un-

less otherwise noted
R1-150,OOO ohms
R2-100,OOO ohms
R3--200,OOO-ohm PC-mount

potentiometer
R4-1000 ohms
R5, R1Q-10,OOO ohms
R6-10 ohms
R7-2.2 megohms
R8, R9-47,OOO ohms
RN1-RN4-470 ohms x 9 resistor

network, pin 1 common
RN5-RN12-47,OOO ohms x 9 re-

sistor network, pin 1 common
Capacitors
C1-2.2 fl-F, 25 volts, tantalum
C2-D.1 fl-F, 25 volts, tantalum
C3--1 fl-F, 25 volts, tantalum
C4-33 pF, ceramic disc, with socket

(see text)
C6-C15-D.1 fl-F,ceramic
semiconductors
IC1-IC4-74HCT240, octal three-

state inverting buffer
IC5-74HCT221, dual monostable

multivibrator
IC6-74HCT14, hex Schmitt trigger
IC7-74HCTOO, quad NAND gate
IC8-74HCT32, quad OR gate
IC9-IC12-74HCT688, eight-bit

magnitude comparator
IC13--7805 +5-volt regulator
Q1-2N2222 NPN transistor
D1-1N914 diode
LED1-LED32--':"red LED (T1-3/4

packaqe)
Other components
J1-a-16 x 20.1" header
J1-t:r-20 x 20.1" header
J2-3.5mm coaxial jack
J3-J4-RCA PC-mount phono jack
JU1 , JU2, JU4-3-pin 0.1 '/ header
JU3, JU5-2-pin 0.1 " header
S1-SPDTtoggle, center off, one side

momentary (Alcoswitch
MTA-106H-PC or equiv.)

SW2-SW33-SPDT slide , middle
NC

SW34-SPST slide
Miscellaneous: 6-volt, 300-mA DC

adaptor, fron t panel, enclosure
(Hammond PIN A9086265), ca­
bles for 28-,32- and 40-pin ROM's,
cable for WAIT line, assembly hard­
ware.

Note: The following items are
available from Jim Cooke, P.O.
BOX 834 , Pelham, NH 03076
(603) 882-4460: Complete kit,
$189; PC board only, $29; PC
board kit and all components,
$99 ; enclosure with
silkscreened front panel, $49;
cable assembly with 28-pin chip
clip, $49. New Hampshire resi­
dents add appropriate sales tax;
all orders add 5% for shipping.
MC and Visa accepted.

spond ing s tate in the appropriate
LED.

Single-step Circuit. This cir­
cu it consis ts of the logic sh own
in Fig. 2. Switch Sl selects one of
fou r stepp ing functions (Run,
Stop , Step, Autostep), a ll of
which are execu te d by con t rol­
ling the WAIT or READYline of the
target microprocessor. Switch Sl
is special: It is an SPOT typ e with
a center " off" position, an d a
spring return on only one side
(Step).

Here are the four s te p p ing
functions : Run-With Sl in the
"run" position, the WAIT line is
unaffected by MICRO-MaN, so
the target microprocessor runs
at full speed. Stop-With Sl in
the center "off ' position, the WAIT
line is asserted, so the target mi­
crop rocessor halts. In this state,
MICRO-MaN displays current
address and data lines. Step-By
moving Sl into the "s tep" posi­
tion a n d rele asing it , one-shot
IC5-a fires once , th us a llowing
the mi croprocessor to execu te a
single operation. The time con­
s tan t of the one-shot is adjusta­
ble and must be se t for the
particular microprocessor and
clock rate. The combination of
IC6-a, R2 , and C2 form a filter
that prevents switch bounce
from falsely triggering IC5-a.
Autostep-If Sl remains de­
pressed, the delay generated by
R7 and C3 expires , which in tum
allows the 2-Hz oscillator signal
(generated by IC6-d, R1, and C1)
to feed into the one-shot via IC7-c
an d IC6-e. Thus the one-shot will
be retriggered twice per second
as long as s tep-switch Sl remains
depressed.

Match circuit. As s h own in
Fig. 3, four cascade d octal com­
parators (IC9-IC12 ) generate the
MATCH signal, wh ich is enabled or
disabled by S34, MATCH ENABLE.
Each address and data line h as a
cor resp on d ing three -position
switch (S2-S33) that is u sed to
specify a match on 0, I , or X
(don't care ).

Let's see how the comparators
work. Each address or data line is
always con nected to one leg of a
comparator; a switch determines
the con nection to the other leg of
the comparator. For the "don 't
care " position (down), the two
comparator inputs a re shorted
together, for cing a match. For a
match on I , the switch grou n ds



FIG. 1-THE DISPLAY CIRCUIT consists of several octal inverting buffers that drive
discrete LED's to display 16 address lines and 16 data lines.
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the correspo nd ing input. For a
m atch on 0 , the switch is not
con nected at all, so (he in put is
pulled up th rough a 47K resi s tor
(contained in RN9-RN 12). (Re­
member, the buffered data is in ­
ver ted , which explains the nega­
tive logtc.)

The output o f the cascaded
match logic feeds in to the single­
step circu it (shown back in Fig.
1) an d , when enabled by S34, ca n
b e u s ed to stop t he m ic r o­
processor on a spec ific pattern .
Note also that the MATCH s ignal is
buffered by IC8-c and delivered to
J 3 for use as a sync or trigge r
s ignal.

That completes the des crip tion

11

Vr;c
R5

2 10K
6 3 R4

l K
JUl

-e-

3

3

SUP
Sl RUN

9

Rl
150K

IC6·d
1/. 74HCT14

ct
I 2.21lF
'::' 25V

FIG. 2- THE SINGLE-STEP CIRCUIT provides four modes: Run, Stop, Step, and Autostep.
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FIG. 4-CABLE AND CONNECTOR WIRING diagram; J1-a accepts 8-bit devices, J1-b
accepts 16-bit devices.
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FIG. 5-THE FINISHED BOARD wi ll look
something like thi s. We'll start building
the Micro Monitor next month.

of the logic portion of the circuit .
Figure 4 shows wiring det ail s for
the power supply a n d the test
con n ectors . The power s u p ply
consists of a 6-volt DC wall trans­
former feeding a 7805 regulator.
Header Jl-a is a dual-row 32-pin
con nector for 28- and 32-p in IC's .
and Jl-b is a 40-pin uni t for 40­
pin IC's.

Next month
Unfortunately we've run ou t of

space. Therefore the res t of this
s tory is going to have to wait until
n ext month. We h ave fin ished
ou r discussion on h ow the cir­
cuttry works, so next month we 'll
start right in wi th building the
Micro Monitor. (By the way, a
photo of what the fin is hed board
looks like is shown in Fig. 5 .) In
the meantime, we've given you
the pa r ts lis t and a so u rce for the
parts an d PC boards. So if you 're
a nxious to b eing b u ild ing the
Micro Monitor, we recommend 0
that you start gathering together o
all of the par ts and a PC board . ~
We'll provide foil patterns for the m
double-sided board n ext mon th if JJ

you want to make you r own. R-E ~
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HARDWARE HACKER
Curve fitting fuzzy data, meeting FCC regulations,

Tesla Coils and high-energy resources, flashlight-battery
supplies, and some thoughts on E-field machines.

DON LANCASTER

Here are several updates to our
previous columns: One his­
toric key " horses mouth" pa­

per for doing your own inducti on­
motor speed contro ls is Pulse Width
Modulated Invert ers for AC Motor
Drives, by B. Mokrytzki. IEEE Trans­
actions IGA-3, number 6. Nov-Dec
67, pages 493-503.

Another pair of power electronics
reso urces are the n ew
Motortechnics and Powertechnics
trade journals .

Meeting FCC specs
I sure do get a lot of helpline calls

asking about meet ing those Federal
Communications Commission rules
and regulations . Contrary to com mon
be lief, these regulations are very
easy to find and are not really all that
expens ive. Most federal regulat ions
appear in a humongous set of paper­
back volumes known as the CFR, and
short for their Code of Federal Reg­
ulations . Each government bu­
reaucracy has their own title in the
CFR series.

For instance, their title 14 is for
Aeronaut ics and Space and tit le 37 is
the Patent and Trademark office. Of
our interest here, title 47 is the FCC
regulations that govern any use of
radio spectrum space, intentional or
otherwise.

You can view most CFR volumes in
most any large library that has a gov­
ernment documents section. The vol­
umes are also now convenient ly
available from the US Government
Bookstore. Yes, VISA and MC are
accepted, with one week delivery.

The FCC regulations are organized
into a hundred separate parts. Figure
1 shows you the more popular parts

~ for topics of any hardware-hacking
z interest. For instance, computers and
~ peripherals have to follow part 15.
t; Telephone interconnection has to
~ obey part 68. Citizens band is part
6 95 , and amateur radio is part 97 . And
o those new direct-broadcasting satel­
C2 lites are now part 100.
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There are five volumes in the tit le
47 series, whose costs range from
$10 to $20 each. These are arranged
as par ts 0- 19, par ts 20-39, parts
40-69 , parts 70-79, and parts
80-102. Each volume is a tad over an
inch thick.

Typical charges for a registration,
certification, or a type approval are
usually in the $300 to $1500 range,
depending on whether any testing is
needed . More details on fees appear
in parts zero and one.

Meet ing FCC specs on your own
can be monumentally frustrating and
horrendously expensive. Bes ides
tak ing forever. There are specialists
who are willing to help you for a fee.
The foremost trade journal for this is
called Compliance Engineering, and
is free to qualified individuals on a
letterhead request.

High-energy resources
Nikola Tesla was certainly one of

the greatest hardware hackers of all
time . To this day, his developme nts in
the areas of polyp hase power distri­
bution and the AC induction motor
remain the cr ucia l center to tradi­
tional electrical engineering .

Despite these stunn ing achieve­
ments , Tesla is probably more fa­
mous today for his work with Tesla
Coils . Basically a higher frequency
transformer used to generate spec ­
tacularly high voltages . Voltages that
can literal ly stand peop le's hair on
end.

On the other hand, Tesla was a
lousy theoretician . and most of his

NEED HELP?

Phone or write your Hardware
Hacker questions directly to:

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

exp lanat ions of why his devices
worked often ended up as flat out
wrong . Particularly when it came to
recognizing the obvious differences
between resonant energy storage
and actual net power generation.

Sadly, there have bee n heaping
bunches of mythology and plenty of
outright hogwash that seems to have
built up around Tesla. After years of
careful reading, I have yet to find even
the slightest credible shred of evi­
dence that (A) Tesla was an extrater­
restr ial alien, (6) Tesla invente d a
unique free-energy perpetual-motion
machine, or that (C) All Tesla's real
inventions got suppressed by a para­
noid government conspiracy.

For our resource sidebar this
month, I've tr ied to gather together
some of the more useful sources of
accurate materials and information
on both Tesla and Tesla Coils.

Try the Tesla Book Company for a
well-done co llection on books and
publications on and by Tesla that
range the gamut from historical fact
on down through some utterly absurd
few-chips-shy-of-a-full-board fantasy
that isn' t even wrong.

Lindsay Publications also stocks
some of the better and more factua l
t itles, as does Industrial Mic ro. Occa­
siona l Tesla stories also appear in
Science Probe.

One leading supplier for museum­
quality Tesla systems is Resonance
Research. Their Modern Resonance
Transformer Design Theory book is a
classic, and they do offer interesting
design software and videos.

Good sources for Tesla Coi l parts
include Edmund Scientific, JerryCo
(now renamed American Science and
Surplus), and Surplus Traders. One
newsletter that has lots of hands-on
low-end Tesla info in it is Tee-Spec.
One interesting hacker club is that
Tesla Coil Builder's Association.

At one time before the personal­
computer revolution, building a Tesla
coil for a Science Fair was a required
rite of passage for any Hardware
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VISA& MASTERCARDACCEPTED
$20 MINIMUMORDER
MINIMUMFREIGHT$5

P r o...i e c I

BUZ ZER I3 - 9 Volt DC. 80 db

~~~5!t:a 680089 I
$1.39 ea i 10+ Qly

H 0 R N

~u~ ~n~r~ng Sound~
Sto ck No. 640001 •
$.75 ea 9 V DC

$ .69 ea / 10+ Qty

DCMOTOR~. .
for SOLAR/ROBOTIC _-:::
Stoc k No. 852211 . . . • .

$.50 ea 1.5 10 6VDC

s .45 ea / 20+ Qlyt1"'-
XE NO N STROBE / "\1 )
Stock No. TUBE •

~~~~~oea /

$2.50 ea 1 20 . QlyII
TRIGGER COIL
fo r XenonStrobe Tube
Stock No. 320037
$1. 25 ea
$ .89 ea 120+ Qly

~~~a~r~L~~Pnf~;1h~~transm itt er

50mm _1\ and receiver
~~ NO. i toCk No. 260061

$5 .95 .. 2.79 ea

$5 .45 .. 120. NEO N LAMP l
' NE2. Long leld l 1.

~
• Stock No. 260003 t /

• • .15 ea Ii?
IC CLIPS I $.12 ea 1100+ Qly •

SOLDER TYPE~ d~ PHOTO CELL
SPRING LOADED .".. CADMIUM SELENIDE~Sloe' No. COLOR COST 25. Qty Stock No. 260017
990104 BLACK : .65 ea : .50 ea s .99 ea 0 0

::1~5E~~ ~'~5 ea '&:.a ~u~~~1~26~0~~L
LEAD SET '. ~ s .99 ea

~8S1~1~~~i~ . PUSH·BUTTON S WIT C H
MINIATURE HOOK.ON '-~ PU SH - O N , PU SH-OFF .&
PROD AT BOTH ENDS ~ \ Stock No. 270021 .~

~~~~~~o. i3.~~~~ST ~8' .~IY ea $ .55 ea MIl
5 s .49 ea / 100. Qly

DOUBLE 1:11BANANA S UB-MINIATURE MOM ENTA RY

JACK SWIT CH ,
~~3~ ~~. 990002

~~~~~6NO . i~.~~~~ST ~2$1 ea s .28 ea / 100+ Qly
FEMALE MINIATURE TOGG LE S WITCH

BNC TO c:: Stock No. 270034 ~
DUAL . I $.90 ea Type- SPST . ~
BANANA ' s .79 ea 150+ Qly

PLUG ~

BB~~' i~'~:IP~~~ST ~2 .~~ ea _ °1
BANANA • ••
BINDING

POST TO _"0....
MALE BNC PLUG •••. . 0 •

Stock No. YOUR COST 3+ Oty • •• .. I

600058 $5. 95 ea $4 .95 ea
BNC TEST CABLES 3 FT_

~~
MALE TO MALE

;~~~~ lNO. ~~~~~~ST ~2 .~~ ea

LED CENTER

LED HOLDER eE
lor T1 3/4 SIZE. BLACK I
Stock No. 250019
$ .10 ea / l 00. Qly

s .06 ea 11000. Qly ,

0 .37"
7 SEGMENT .

;;?N~~~DO~~ 2O. 0ly·
260022 Anode $.95 .. $ .75 ..
260090 Cathode $1.25 .. $ .99 ..

0.6" 7 SEGMENTfij'
LED READOUT
STOCKNO. Anode Jumbo . ~
260021 cOST$1 .15.. 1

2O.0ly $ . 9~9"
~t'.

RED LED ~ .

~:~~~.~~ ~
STOCK NO. Colo r YOUR COST 10. a ty

260058 Red $ 1. 99 .. $1.79 ..
260088 Green $ 1 .99 .. $1.79 ..
260089 Yellow $ 1. 99 .. $1.7 9 ..
MOVING SIGN DISPLAY

TYPE - T 1 314, 5mm
STOCK NO. ...•..•...•... YOUR COST ...••.• 1000 . a ty

260020 Red $.06 eall DO. $.05 ea
260027 Green $.08 ea/t DO. $.07 ea
260026 Yellow $.08 ea/l 00. $.07 ea

SPECIAL SPECIAL SPECIAL Sol d e r i n 9

RED LE~~'~S~N~ BLUEAs Low As LONG LIFETIP

5lZ ..11000. Qly si4.500~:90098

JUMBO Pro j e c I
LED Sp e a k e r

2", 8 Ohm, .l Watt
steex No. 350009

59 ¢

TYPE ....••..••••••••••.•• YOUR COST

AAA $3.30 ea
AA $2 .85 ea
C $ 6 .00 ea
D $ 6 .00 ea
9V $8 .90 ea

STOCK NO.

220039
220025
220027
220037
220038

BATTERIES

BEST BUy NEW Series /I

FLUKE 70 Series II .. . $ 63

FLUKE 73 Series II .. $ 89

FLUKE 75 Series II .. $12 7

FLUKE 77 Series II . 0 $14 9

FLUKE 79 Series II . $16 9

FLUKE 83 $19 9

FLUKE 85 $2 29

FLUKE 87 $26 9 _

FLUKE 86 $3 6 7

FLUKE 88 $4 2 3

FLUKE 8062A $3 2 9

FLUKE 8060A $3 9 5

FLUKE 801 OA .. .. $3 29

FLUKE 8012A . .. . $3 5 9

FLUKE 8050A .... $4 3 9

FLUKE 37 $2 4 9

FLUKE 45 $5 7 9

SCOPES

Duracell l Everead y ~-
9V Alkaline Battery
$1.95 ea ' .

$ 1 .75ea/l 0+~ _~ .

9V Battery~ ..A
SNAP & HOLDER .p"
Snap $.15 ea $.10 eal1lio+
Holde r $.20 ea $.10 ea/l 00+
HEAVY DUTY NI-CAD
RECHARGEABLE BATTERIES

NI- C AD
BATTTERY
CHARGER
4 Cell Charger for AAA , AA, C, 0 or 9V .
STOCK NO. . YOUR COST

220 035 SPECIAL $9 .95 ea

SCOPE ~PROBES -,
60 MHz. Xl & Xl 0 '-,

SPECIAL
700072 $1 8 .9S
150 MHz. X10
700073 $3 9 .95

.. . .1 1

FREQUENCY COUNTER
TO 20MHZ IDEALFOR
TROUBLESHOOTING
ACIllCVOlTAGERANGES
ACIDCCURRENTRANGES
5FREOUENCYRANGES
5CAPACITANCERANGES
LOGICTEST
CONTINUITY TESTEROOZZER
DIODECHECK
TRANSISTORhFETEST
LED TE S T VERIFYGOODBAD
DISPLAY -31/2DIGrT LCD
ACCURACY- 0.5%
IMPEDANCE-10 """" C>vn
KEl.VIN - PRO 400

$69.9 5

Trainer Manual (100 Pgs)
gives detailed instructions.
An excellen t tra ining tool
cove r ing top ics for High
School (Beginner - Advanced).
Trade School (Beginner ­
Intermediate) & College.

A PERFECT FIT WITHIN
ANY DIGITAL CURRICULUM

& YOUR CLASSROOM
TEXTBOOK

680098
Stoc k No. Post
680093 0
680097 0
680098 2
680100 4 2390 .... . $2 2 .95

WiRE JUMPER KIT _
Pre-cut, Pre-Stripped . ,
330289 140 Piece Set $ 4.75

330290 350 Piece Set $ 7 .75

DC VOLTAGE
AC VOLTAGE
DC CURRENT
AC CURRENT
RESISTANCE
CAPACITANCE
CONTINUITY-
Test - Buzzer
DIODE TEST
TRANSISTOR hFE

E6~ ~~LECFfy
ACCURACY­
+I- OS% RDG

KELVIN
200 Advanced
$39.95

DCVOLTAGE
ACVOLTAGE
OC CURRENT
RESISTANCE
CONTINUITY-
teu - Buzzer
DIODE TEST
TRANSISTORhFE
BATTERY TEST
31/2 DigitLCD
LOW BATTERY
ACCURACY­
+I· OS% RDG
KELVIN
150 Basic-
$29 .95

600018

600026

630041
630383

II : :

DC VOLTAGE
ACVOLTAGE
DC CURRENT
RESISTANCE
CONTINU ITY-
re st - Buzzer
DIODE TEST
BATTERY TEST
3 1/2 Digit LCD
LOWBATTERY
ACCURACY-
+1- OS~. ROG

KELVIN
100 Basic
$19.95
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HARDWARE HACKER STUFF
Hardware Hacker Reprints II or III 24.50
Midnight Engineering Reprints 16.50
Incredible Secret Money Machine 15.50
CMOS Cookbook 24.50
TTL Cookbook 19.50
Active Filter Cookbook 19.50
Micro Cookbook vol I or II 19.50
Lancaster Class ics Library 119.50
Enhanc ing your Apple I or II 17.50
AppleWrlter Cookbook 19.50
Enhance I or II Companion Disk 19.50
AppleWrlter CB or Assy CB Disk 24.50
Bakerlzlng film (25 sheets) 14.50
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FIG.2-A SWITCHING MODEstep-up con­
verter. Briefly but repetitively closing the
switch causes the current in the inductor
to ramp up to a high value. On release, the
high current is transferred to the load re­
sistor, appearing as a voltage that is al­
ways higher than the input. The switching
duty cycle sets the amount of voltage
step-up you will get.

Figure 2 shows you a type of
SWitching-mode power supply called
a s tep -up converter. If you do not
close the switch, the output voltage
will equal the batt ery voltage, minus
the voltage drop across the diode . If
you briefly close the switch. the cur­
rent in the inductor will start increas­
ing at a linear rate .

When you open the switch . the
higher current in the inducto r will be
force d into the load and stored by the
ou tp ut capacita nce . By carefu lly
changing your on-off duty cycle, you
can provide any output voltage that is
higher than the input battery voltage .

There is one problem with this clas­
sic circuit when it comes to low input
voltages. A MOSFET switch likes to
have ten or more volts on its gate to
give you an acceptably low turn-on
resistance. To beat this. the MAX655

Structure and organ ization of the FCC.
Rules. fees. certificat ion, type approval.
Frequency spect rum allocations.
Experimental radio serv ices.
Commercial radio operations.
Radio frequency dev ices (includes computers , per ipherals).

Industrial and medical equipment.
Public serv ice fixed communications.
Public service mobile commun ications .
Shortwave broadcasting .
Satell ite communications.
Telephone termina l equ ipment.

AM and FM broadcasting.
Aux iliary AM and FM broadcasting links.
CATV cable telev ision .
Maritime and shipping commun icat ions .
Aviat ion communicat ions.
Private mobile serv ices .

Microwave relay .
Personal and CB cit izens bands.
Amateur radio.
Disaster and emergencies.
DBS Direct broa dcast satell ites.

Part 0
Part 1
Part 2
Part 5
Par t 13
Part 15

Part18
Part 21
Part 22
Part 23
Part 25
Part 68

Part 73
Part 74
Part 78
Part 80
Part 87
Part 90

Part 94
Part 95
Part 97
Part 99
Part 100

5 volts from a AA cell
Fortunately, a lot more genuine pro­

gress has been made by going the
other way. stepping up the voltage of
one or two AA cells into the +5 volts
needed by most of today 's digital log­
ic projects.

Maxim has a new MAX-655 chip
and a handy 655-EV evaluation kit
that goes for $25. The kit includes
the printed circuit board and all the
parts you 'll need to step a pair of AA
cells up to a regulated + 5-volts DC
at currents of 170 mA or less.

vious exceptions that prove the rule
are such nanopower niche items as
piezo fans.

Most previous hackers who have
explo red the E field have now found
elect ric field mach inery to be ex­
tremely large in size, besides having
unacceptably low power densit ies
and even lower eff iciencies . To this
day. creating the insulation materials,
the surface treatme nts , and the vac­
uum needed to support ultra strong E
fields remains a very diffic ult problem
to solve.

On the other hand, for free energy,
all you need is an insulated stationary
vertical antenna several miles high to
tap th e Earth 's 100-volts-per-meter
calm-day E field. Then you hack up
some sort of eff icient DC -DC down­
converter at the bottom.

Uh Huh. Sure.

FIG.1-FEDERAL COMMUNICATIONS COMMISSION regulations are presented in title 47
of the Code of Federal Regulations. Here are how the more useful and popular parts are
arranged.

VISA/MCFREE VOICE HELP LINE

POSTSCRIPT STUFF
Ask The Guru Reprints I, II or III 24.50
LaserWrlter Secrets (lie/Mac/PC) 29.50
PostScript Show & Tell 39.50
Intro to PostScript VHS Video 39.50
PostScript Beginner Stuff 39.50
PostScript Cookbook (Adobe) 16.50
PostScript Ref. Manual II (Adobe) 28.50
PostSCript Program Design (Adobe) 22.50
Type I Font Format (Adobe) 15.50
LaserWrlter Reference (Apple) 19.50
Real World Postscript (Roth) 22.50
PostScr ipt Visual Approach (Smith) 22.50
Thinking In PostScript (Reid) 22.50
The Whole Works (all PostScr ipt) 299.50

Hacker. Al t hough these induction
coi ls can stil l be spectacular and lots
of fun, they are really nothing but an
oversize auto ignit ion coil or a TV
f1yback transformer.

For smaller demos, it makes far
more sense to hang a voltage multi­
plier on a co lor-TV flyback than it
does t o bui ld a Tes la coi l from
scratch.

Outside of the science museums .
inducti on coils just aren't that big a
deal any more. Not to mention the
incredible radio and televisio n inter­
ference that a sloppily done Tesla coil
generates. Or all of the very real X-ray
dangers. :

Is there any point in hacking ultra­
high voltages? Most electrical (or
"E") fields have a magnetic (or " H")
field associated with them. In theory,
you could build up your motors and
generators using only the electric
field, using only the magnetic field, or
using any combination of the two. But
look around you . and you 'll find just
about every common motor or gener­
ator is a magnetic one that uses the H
field nearly exclusively. The only ob-
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Plug a Friend into,.­
EI;;;;i,.nlJ,r;s®

this Christmas ...
and Save 819.431

., This Christmas give an electrifying gift ... plug a friend into
Radio-Electronics and brighten his whole new year! Whether
electronics is his livelihood or his hobby, your gift will
sharpen his focus and illuminate the whole spectrum of
electronics throughout the coming year.

Radio-Electronics will keep him informed and
up-to-date with new ideas and innovations in all
areas of electronic technology ... computers,
video, radio, stereo, solid state technology,
satellite TV, industrial and medical electronics,
communications, robotics, and much, much
more.

He'll get great plans and printed circuit patterns
for great electronic projects . In just the last year,
Radio-Electronics has presented voice
scramblers, video switchers, frequency
standards, wireless audio links, radiation
monitors, function generators, and much more.

In coming issues, Radio-Electronics will present
practical, educational, and money-saving
projects like : a helium-neon laser ... a lighting
controller ... a video timebase corrector ... a
video noise processor ... a light-beam
communicator ... an antenna amplifier ... and
many others!

PLUS ... equipment troubleshooting techniques
... circuit design ... reports on new technology
and new products ... equipment test reports ... in­
depth coverage on computers, video, audio,
shortwave radio ... and lots more exciting
features and articles.

"Basic sub rate - I yr/SI7 .97 2 yrs/$34.97

SAVE.$19.43* ... OR EVEN $38.86* ... For each
gift of Radio-Electronics you give this Christmas,
you save a full $19.43* off the newsstand price.
And as an R-E gift donor, you 're entitled to start
or extend your own subscription at the same
Special Holiday Gift Rate -you savean
additional $19.43*1

No need to send money ... if you prefer, we'll
hold the bill till January, 1992. But you must rush
the attached Gift Certificate to us to allow time to
process your order and send a handsome gift
announcement card, signed with your name, in
time for Christmas.

So do it now ... take just a moment to fill in the
names of a friend or two and mail the Gift
Certificate to us in its attached, postage-paid
reply envelope. That's all it takes to plug your
friends into a whole year of exciting projects and
new ideas in Radio-Electronics!



~-------------------,NOCOMPLICATED ELECTRONICS, NOEXPENSIVE INSTRUMENTS:

Home study course shows you how
to make good money in VCR repair.

FIG.3-THIS MAXIM POWER-SUPPLYKIT gives you a t ightly regulated +5 vo lts DC at 170
milliamps or less from a pair of ordinary alkaline AA cells. The secret is a second internal
switching regulator that gets used to raise the efficiency of the main one. Do not sub­
stitute the recommended inductors or the Schottky diode.

Smoothing fuzzy data
Every once in a while , I like to take

time out and play with pure math. I do
this by just shoving some numbers
into a computer or laser printer and
seeing where it can lead. In the past ,
this has gotten me into such useful
wonderments as the pseudorandom
sequences, equally tempered music,
Fouriersynthesis , fractal ferns, stock
market analysis, quadrature art, non­
linear transforms, Bezier secrets,
phase plane plots, wavelets, and, of
course, the avuncular sleezoids.

I overwhelmingly prefer to use the
PostScript language for this . Besides
the abso lutely unbeatable graphics,
PostScript is a totally general-pur­
pose computer language that can do
most anything that Basic or C can.
And often do so in a simpler and far
more obvious manner-besides
being lots of fun and very easy to
understand .

One fairly common hardware-hack­
ing problem is taking a bunch of slop­
PY' data points and drawing a smooth
curve through them. You might want
to do this for a lab report , to produce
an engineering data curve, or to try
and convert some' noisy bitmap,
scanned , or hand-coded input into
smooth outline typography.

Some samples of smoothed data
points are shown in Fig. 4, while the
hairy-looking equations appear in Fig.
5 . You can get the documented
PostScript code all ready to run as my
file #294 FUZZYFIT.PS on GEnie
PSRT. Typica l downloading costs

ommended substitutes, your circuit
can end up either inefficient or not
work at all. Random junkbox induc­
tors tend to have too high a DC resis­
tance and often saturate far too
easily to be useful.

Fortunately, all three of them are
cheap parts. In quantity. the entire
supply can cost well under $6.

Maxim also offers a MAX654 that
runs on a single AA cell and can start
at an incredibly low 1.15 volts.

By the way, AA flashlight cells pro­
vide considerably more energy at
lower costs in less volume than by
using a 9-volt battery. Except when
you need ultra-low currents for a very
long time . Which gives the 9-volt ap­
proach a slight edge . More on this in

,..the free Maxim Design News.
As the first of our two contests this

month. just tell me what you'd do with
an AA-cell-to-+ 5-VDC converter.

+5 VDC
OUTPUT

+r 220 p.F

go. Assembly time shou ld be around
nine minutes . I suggest adding your
own 14-pin IC socket, rather than ac­
tually soldering the regulator in place.
This is an ideal first hardware hacking
project.

One warning : The two inductors
and the Schottky diode are critical. If
you do not choose exactly the parts
suppl ied by Maxim or their exact rec-

r
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TWO ALKALINE
AA CELLS

-or-
3V LITHIUM
BATTERY

An amazing fact: you can
do more than four out of five
VCR repairs with ordinary
tools and basic fix-it proce­
dures. Our home study pro­
gram shows you how.

Learn all of the systems,
mechanisms, and parts of
almost all brands of VCRs.
With no expensive instru­
ments. No complicated elec­
tronics. No fancy workshop.
The step-by-step texts and
close personal attention from your instructor make learning easy.'51 Texts , course materials, and tool kit are sent to your

~ home. Graduate ready to make up to $50.00 or more
per hour in your own spare-time or full-time business.

Send today lor your Iree career
booklet. Or call 800·223·"5"2

4.7 mHy

has two step-up converters in it. The
first one generates a low current and
high voltage that gives the switch in
the main converter a low enough turn­
on resistance.

Take a look at the circuit in Fig. 3.
This is what a model hobby ist would
call a shake-the-box kit. Just drop the
parts in place, being careful to watch
the polarity. solder it up, and awayyou
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HITACHI COMPACT SERIES SCOPES
Th is series provides many new functions such as CRT
Readout Cursor measurements (V-l 085/10651S65), Fre­
que ncy Ctr (V-l065), Sweeptime Autoranging, Delayed
swee p and Tripper Lock using a S-inch CRT, You don't fee l
the compactness in terms of perform ance and operation.

V-SSO - SOMHz, Dual Tra ce $1,195
V-SS5 - SOMHz, DT, w/cu rsor 51,345
V- l0S0 - 100MHz, Dual Trace $1,425
V-l0S5 - 100MHz, DT, w/cursor 5105/mo'
V-lOS5 - 100MHz, QT, w/cursor - - - 5125/mo'
V-ll00A - 100MHz, Qu ad Trace- - - 5125/mo'
V-1150 - 150MHz, Quad Trace-==5115/mo'

SCOPE PROBES
P-l 65MHz, lx, lOx $19.95
P-2 lOOMHz, l x, lOx $26.95

LEASING AVAILABLE
For a ll Hitachi Scopes - C all for details

" Based on 24 months except V-1150, VC~04S. VC­
6145 (36 months)

Hitachi Portable SCopes
DC to 50MHz, 2-Channel, DC offset func-

fion , Alternate magnifier function

V-5 25 - CRT Readout, Cursor Meas . _ $1,025
V-5 23 - Delayed Sweep 5995
V-522 - Basic Mode l $895
V- 422 - 4 0M Hz 57 95
V-223 - 20Mh z del ay ed sweep 5S95
V-212 - 20MHz 54 25

• Dual Trace
Component Tester

• S' CRT
• X-V Operation

• TY Sync
• 2 P-l Probes

20MHz Elenco Oscilloscope
$375
MD-1251

Elenco 35MHz Dual Trace

G=~~ $495
MO-1252

• High luminance S' CRT
• 1mYSensitivity

• SKYAcceleration Yohage
• lOns Rise Time

• x-v Operation. Z Axis
• Delayed Triggering Sweep

• Includes 2 P-l Probes

All scopes include prob es , sche mafics , operators manual and 3 year (2 yrs for Elenco scope s) wor ld wide warranty on parts & labor . Many accessories available for all Hitachi
scope s. Call or write for complete specfficat ions on these and many other fine oscillo scopes.

Hitachi RSO Series
(Porta ble R eal- time Di gital Sto rage Osci lloscop es)
VC-G023 - 20Ml lz , r-OMG/9 SOO/mo"
VC-S0 24 - 50 MH z, 20 MS/s 5 120/mo'
VC-S0 25 - 50MHz, 20MS/s 5 1351mo'
VC- S045 - 100MHz , 40MS/s 5125/mo"
VC- S145 - 100 MHz, 100MS/s 5200/mo"

RSO's from Hitachi feature roll mode. averaging, save
memory. smoothing, interpolation. pretriggering, cursor
measurements. These scopes enable more accurate,
simplie r observation of complex waveforms, in addition to
such functions as hardcopy via a plotter interface and
waveform transfer via the RS-232C interface. Enjoy the
comfort at analog and the power to digital.

TrueRMS 41/2
DigitMultlmeter

M·7000

$135
.05% DC Accuracy

.1% Resistance
with Freq. Counter

and Deluxe Case

FLUKE
MULTIMETERS

All Models
Available

Call for special price

Mutllmeter w ith

Capacitance 8<
Transistor Tester

$55 CM·1500B
Reads Yo~s, Ohms

Current,Capacitors,
Transistorsand

DiodesI with case

,---....
Model AMlFM 108

"- $26.95
14 Transistors + 5 Diodes

Makes a great school project

Big 1" Disp lay

AM/FM Transistor
Radio Kit

with Training Course

Digital LCR Meter

lC·1801

$125
Measures:

Coils 1uH-200H
Caps .1pf·200uf

Res .01-20M

Triple Power Supply XP-620
Assembled $69

Kit $45
2 to 15Y@l A,

-2Jo -15Y @ l A
(or 4 to 30Y @ lA )

and 5Y @ 3A
All the desired features for doing experimenls.

Features short circuit protection, all supplies

Digital Capacitance Meter

CM·1550B

$58.95
9 Ranges

.l pf-20,OOOufd
.5% basic accy.

Zero control wi Case
Big l' Display

Fully regulated and short circuit protected

Quad Power Supply XP-580

$59.95
2-20Y @ 2A

12Y @ lA
5Y @ 3A

-5V @ .SA

Call for special price

Beckman
TEST EQUIPMENT
All Models Available

o
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m
m
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77

$29.95
$45.95

$29.95

$45.95
$29.95

$35.95

Medusa SoundSensor
LineTracker Infra·red

MantaSoundfTouch
Robotic Arm Robotic Control

GrandPianoElectronic Piano
Rou!ette Digital Wheei

MY-939

MY-963
MV-966

V-Ol
BT-802

BT-805

$45.95
$45.95

$25.95

$35.95
$45.95
$45.95

Avoider Infra-red

PipermouseSound Sensor

Peppy SoundTouch
Mr. Boatsman WireControl

Catrat Remote Control
S-CargoSoundSensor

MY-912

MY-915

MV·91S
MY-931
MV-932

MY-93S

The MOVIT line is a series of com­
puterized (and iogic controlled) battery
robot kits that can teach the basic prin­
ciples ot robotic sensing and locomo­
tion. Each of the kits features pre-as­
semb led PC boards, hardware and
mechanical-drive systems that can be
handled by almost anyone from ages
10 and up. Only basic hand tools are
required for assembly. These fascinat­
ing robots allow you to experience and
learn anyone of the following features:
sou nd se nsor, remote control , infra-red
se nsor, wired contro l and I or proqram­
mabie memory. The MOVIT line has
prov ided the future with an innovative
electronic educational kit. They are af­
fordable robots that can entertain as
well as educate. Now meet the family!

MOVIT EDUCATIONAL ELECTRONIC ROBOT KITS

Provides sine, triangle, square
wave from 1Hz to l MHz

AM or FM capability

Wide Band Signal
Generators

Function Generator
.-.:... ...._....: :.::. Blox.;... -~~...: I #9600
~: . .... '
:::::..:C::.:?': . $28.95

SG·9000 $129
RF Freq l 00K-450MHz AM Modula­

tion of 1KHz Yariable RF output
SG -95 00 wi Dig ital Dis play &
150MHz b uilt -in Coun ter $249

Learn to Build and Program
Computers with this Kit

Includes: All Parts, Assembly and Lesson Manual

Model
MM-8000

$129.00

GF-8016 Function Generator
withFreq.Counter

$249
Sine, Square, Triangle

Pulse, Ramp, .2 to 2MHz
Freq Counter .l - 10MHz

Starting fromscratchyoubuilda complete system.Our
Miao-Mas ter trainer teaches you to write into RAMs,
ROMs and run a 8085 mK:roprocessor, whtch uses
similar madline language as IBM PC.

Robotics Kit for above (MM80 10) 71.95

CIRCLE109 ON FREEINFORMATION CARD

WE~IL.LNOTBEUNDERSOLD ! C & S SALES INC~ 15 Day Money Back Guarantee
UPS Shipping: 48 States 5 % • • 2 Year Warranty Prices Subject to Change
($3 Min $10 Max) Sh ipping t:!~5 Rosewood, Deerfield, II. 61111f5
IL Res ., 7% Tax FAX: 708-520-0085 IXfllI12'J2·77f117nXI5~I-n711l WRITE FOR FREE CATALOG

GF-8015 without Freq. Meter $179



Here are the two linear equations in two unknowns that you need to
solve to get the best fit for your data...

HIGH-ENERGY RESOURCES

Lindsay Publications
PO Box 12
Bradley, IL 60915
(815) 935-5353
CIRC LE 304 ON FREE INFORMATION CARD

American Science & SurplUS
601 Linden Place
Evanston, IL 60202
(708) 475 -8440
CIRCLE 301 ON FREE INFORMATION CARD

Resonance Research
E11870 Shady lane Road
Baraboo, WI 53913
(608) 356-3647
CIRCLE 305 ON FREE INFORMATION CARD

Industrial Micro
Box 596
Logan, UT 84321
(800) 359-0466
CIRCL E 303 ON FREE INFORMATION CARD

Edmund Scientific
101 East Gloucester Pike
Barrington , NJ 08007
(609) 573-6250
CIRCLE 302 ON FREE INFORMATION CARD

CUB IC
(third order)

QUADRATIC
(second order)

LINEAR
(first order)

(sumx1)a1 + (#pts)ao = (sumy)

(sumx2) a, + (sumx' lao = (sumx1y)

(B) The QUADRATIC or SECOND ORDER fit uses an equation of...

y = a2x2 + a1x + ao

(A) The LINEAR or FIRST QRDER least squares fit uses an equation of...

y = a.x + ao

FIG.4-SMOOTH CURVES CANbequickly and drawn through fuzzy or noisy engineering
databy using the PostScript languageand the least squares fitting method. Hereare three
popular types of curves which can give good fits to many hardware hacking problems.

Here are the three linear equations in three unknowns that you need to
solve to get the best fit for your data...

(sumx2)a2 + (sumx1)a1 + (#pts)ao = (sumy)

(sumx3)a2 + (sumx2)a1 + (sumx')ao (surnx' y)

(sumx3)a2 + (sumx3) a, + (sumx2)ao = (surnx- y)

(C) The CUBIC or THIRD ORDER least squares fit uses an equation of. ..

y = a3x3 + a2x2 + a, x + ao

Science Probe
500-B Bi-County Blvd
Farrrunqdale, NY 11735
(516) 293-0467
CIRCLE 306 ON FREE INFORMATION CARD

Surplus Traders'
Winters Lane, Box 276
Alburg, VT05440
(514) 739-9328
CIRCLE 307 ON FREE INFORMATION CARD

Here are the four linear equations in four unknowns that you need to
solve to get the best fit for your data...

FIG.5-HERE ISTHE" MAGIC" MATH behind least squares curve fitt ing. My FUZZYFIT.PS
PostScript program on GEnie PSRT does it all for you quickly and painlessly. Just shove
in the raw fuzzy data and out pops a smooth curve.

(E) For least square fits to OTHER EQUATIONS, write out the least squares
error equation. Then take partial derivatives with respect to each coefficient
and set them to zero. This again leads to n linear equations in n unknowns.

(D) For QUARTIC or HIGHER ORDER least square polynomial fits, just
extend the math in the obvious direction for n linear equations in n
unknowns. Solve for the coefficients. Little is usually gained by going
beyond a third order polynomial. Especially in two dimensions.

Tesla Book Co
Box 121873
Chula Vista, CA 91912
(805) 646-3371
CIRCLE 309 ON FREE INFORMATION CARD

Tesla Coil Builder's Assoc
3 Amy Lane
Queensbury, NY 12804
(518) 792-1003
CIRCLE 310 ON FREE INFORMATION CARD

TecSpec
3 Mine Mountain Road
Cornwall Bridge, CT 06754
(203) 672-0123
CIRCLE 308 ON FREE INFORMATION CARD

below the cu rve you are fitting.
You have lots of choi ces of what

type of curve to fit to yo ur data .
One c lass of curves th at make

good f it s t o typ ic al e ngi neering
graphs and most ty pography are usu­
ally ca lled polyn omonia/s . Thes e
sometimes w ill also go by th e nam e
of a Power Series Approximation.

(sumy)

(surnx' y)

(sumx2y)

(sumx3y)

try to sp read the errors out as evenly
as yo u ca n. You r main reason for
sq ua ring is to make all th e errors
posit ive, even if the data poi nt lies

(sumx3) a3 + (sumx2)a2 + (sumx1)a, + (#pts)aa

(sumx4)a3 + (sumx3)a2 + (sumx2)a, + (sumx' )ao
(sumx5)a

3 + (sumx3)a2 + (sumx3)a, + (sumx2)ao
(sumx6)a3 + (sumx5)a

2 + (sumx4)a, + (sumx3)ao =

shou ld be aro und twenty cents.
The best curve for any no isy data

usu ally uses what is ca lled a least
squares fit. All th at means is that you
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THE MODEL WTT-20 IS ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to Y. mile range. Adjusta­
ble from 70-130 MHZ. Comp lete 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, N_Y 10gQ7. (914) 232-~8?8. _

CIRCLE 127 ON FREE INFORMATION CARD
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GET YOUR RECHARGE CATALOG
FREE ... EARN BIG $$ IN YOUR SPARE
TIME-All supplies and Do-It-Yourself kits
with comp lete instructions availab le. Sup­
plies cost from $9.95 in qty and you can sell
recharged toner cartridges for $40 .00 to
$55.00 each. Printers include HP LaserJet
and Series II, Apple LaserWriter, QMS, etc.
Canon PC-25 Copier also . CHENESKO
PRODUCTS, 2221 Fifth Ave., Suite #4,
Ronkonkoma, NY 11779, 516-467-3205.

CIRCLE 192 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $940.00 per each insertion .
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge .

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 ., Farmi ngdale, NY
11735.

FAX: 516-293-3315

-CABLE TV CONVERTERS AND DE -
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$79.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts . Call for pricing on
other products . Dealers wanted. FREE CATA­
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD­
UCTS. P.O. Box 582, Saco, ME 04072
1-(800) 234-072~ - - - - - - --

CIRCLE 75 ON FREE INFORMATION CARD

9850/9850UV PERSONAL EIEEPROM
PROGRAMMERS-Simple function key op­
erations. Programs 2716 to 27513 EPROMs
and 2804 to 28256 EEPROMs . Stand-alone
or PC remote operation . Programming al­
gorithms: Standard, Intelligent, Interactive
and Quick Pulse. Data file formats: INTEL
Hex, Binary, Motorola S, and Tektronix Hex.
Programming functions : Read, Program,
Auto, Blank Check and Verify. Model 9850UV
co nta ins bu il t- in UV Eraser. (9850UV).
9850($395); 9850UV($445). AMERICAN
RELIANCE INC.-9952 E. Baldwin Place,
EI Monte, CA 91731. (800) 654-9838.

CIRCLE 176 ON FREE INFORMATioN CARD

NEW XST500 SUPER-MINIATURE FM
transmitter uses Surface Mount Technology
(SMT)! Own the smallest high performance
FM transmitter available. Transmits whispers
to any FM receiver up to a mile away. Uses 9V
battery. Complete, easy to assemble kit, with
SMT components already assembled to cir­
cuit board. $39.95 Cash, VISA, MC. COD add
$5. XANDI ELECTRONICS, 201 E. South­
ern Ave., Suite 114, Tempe, AZ 85282.
1-602-829-8152, (1-800-336-7389 orders
on ly).

CIRCLE 183 ON FREE INFORMATION CARD

FREE CATALOG OF TEST INSTRUMENTS
& TOOLS is packed with thousands of prod­
ucts for testing , repairing, and assembling
electronic equipment. Featured are brand
name instruments such as Fluke, Tektronix,
Leader, Weller, 3M plus many more. Also in­
cluded are DMM's, hand tools, power sup­
plies, tool kits, test equipment, static supplies
plus many other new products. Orders placed
by 4 PM are shipped before we go home!
CONTACT EAST, 335 Willow St., No. An­
dover, MA 01845. (508) 682-2000, Fax:
(508) 688-7829 .

CIRCLE 55 ON FREE INFORMATION CARD
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5 MINUTE ASSEMB LY! MON EYBACK
GUARANTEE! Attach the VT-75 chip to any
3V-12V battery and you have the most power­
ful miniature transmitter you can buy
anywhere. Tiny Law Enforcement grade de­
vice allows you to hear every sound-seven
footsteps-over 1 mile away on any FM radio
or wideband scanner. 80-130MHZ. 100mW
outp ut! VT-75 mic rot ransmitter complete
$49.95+$1.50 S & H. Visa, MC, MO. COD's
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hills, NY 10507. 1-800-759-5 553.

CIRCLE 127 ON FREE INFORMATION CARD

CREATE INTELLIGENT PROJECTS WITH
THE VERSATILE Z8 PROGRAMMABLE
MICROCOMPUTER. This powerful comput­
er was designed for flexibility and can be used
for various electronic projects. 1/0 Intensive.
Up to 20MHz operation. Download programs
or run EPROM code. Special hardware fea­
tures included. Prices from $125.00. Battery­
backed RAM, X-assembler, and other options
available. CALL FOR FREE BROCHURE.
MJS DESIGNS, INC., 1438 W. Broadway
Rd., Suite B185. Tempe, AZ 85282. (602)
966-8618.

CIRCLE 196 ON FREE INFORMATION CARD
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NAMES AND NUMBERS

GEnie Printed Circuit Design
401 North Washington Street 2000 Powers Ferry Center, S450
Rockville, MD 20850 Marietta, GA 30067

_ (800) 638-9636 - (404) 952-1303
CIRCLE 314 ON FREE INFORMATION CARD CIRCLE 323 ON FREE INFORMATION CARD

Compliance Engineering
629 Massachusetts Avenue
Boxborough, MA 01719
(508) 264-4208
CIRCLE 311 ON FREE INFORMATION CARD

Cypress Semiconductor
3901 North First Street
San Jose, CA 95134
(408) 943-2600
CIRCLE 312 ON FREE INFORMATION CARD

Fisher-Klosterman
PO Box 11190
Louisville, KY 40251
(502) 776-1505
CIRCLE 313 ON FREE INFORMATION CARD

IC Sensors
1701 McCarthy Blvd
Milpitas, CA 95035
(408) 432-1800
CIRCLE 315 ON FREE INFORMATION CARD

Maxim
120 San Gabriel Drive
Sunnyvale, CA 94086
(408) 737-7600
CIRCLE 316 ON FREE INFORMATION CARD

Motortechnics
120 South Chaparral, Court #200
Anaheim, CA 92808
(714) 283-1123
CIRCLE 317 ON FREE INFORMATION CARD

Motorola
5005 East McDowell Road
Phoenix, AZ85008
(800) 521-6274
CIRCLE 318 ON FREE INFORMATION CARD

Nova Sensor
1055 Mission Court
Fremont, CA 94539
(415) 490-9100
CIRCLE 319 ON FREE INFORMATION CARD

Here is a typical polynomial :

y = ao+a1x+ a2x
2 + a3x

3 + ...

You pick as many terms for your
polynomial as you think you need . For

(J) instance, a single ao term would give
~ you a horizontal line with half the
a? points above and half below. Dualo ao + a.x terms give you a slanted line,
~ again splitting the points half above
wand half below.oo Three terms gives you a quadratic
ii or parabolic approximation . And four

80

NTE Electronics
44 Farrand Street
Bloomfield, NJ 07003
(201) 748-5089
CIRCLE 320 ON FREE INFORMATION CARD

PMI
1500 Space Park Drive
Santa Clara, CA 95052
(800) 843-1515
CIRCLE 321 ON FREE INFORMATION CARD

Powertechnics
120 South Chaparral Court # 200
Anaheim, CA 92808
(714) 283-1123
CIRCLE 322 ON FREE INFORMATION CARD

SenSym
1255 Reamwood Avenue
Sunnyvale, CA 94089
(408) 744-1500
CIRCLE 324 ON FREE INFORMATION CARD

Signetics/Phillips
811 East Arques Avenue
Sunnyvale, CA 94088
(408) 991 -2000
CIRCLE 325 ON FREE INFORMATION CARD

Synergetics
Box 809-RE
Thatcher, AZ 85552
(602) 428-4073
CIRCLE 326 ON FREE INFORMATION CARD

US Government Bookstore
720 North Main Street
Pueblo CO 81003
(719) 544-3142
CIRCLE 327 ON FREE INFORMATION CARD

Zilog
210 East Hacienda Avenue
Campbell, CA 95008
(408) 370-8000
CIRCLE 328 ON FREE INFORMATION CARD

terms for a cubic. While you can go
beyond a cubic, you'll usually gain sur­
prisingly little extra in doing so .

One way to derive a least squares
algorithm is to write out an equation
for the total erro r for a given number
of te rms . Then you try to minimize the
error by finding out how to separately
minimize the error created by each
individual term.

To find a minimum in an equation or
on a curve, you find the slope of your
curve and set it to zero. Math freaks

will immediately recognize this mini­
mization process as taking the partial
derivatives with respect to each co­
efficient and setting them to zero.
Which results in a humongous mess
known as n linear equations in n un­
knowns . You then solve the mess as
best you can and out pops your co­
efficients needed to plot your best
fitting curve.

I personally use an old method in­
volving determinants . The needed
tools appear in FUZZYFIT.PS , while
the tools and a detailed background
tutorial is separately available as
GEnie PSRT file #289 LIN ­
EAREQ.PS. Incredibly, only one sin­
gle pass is needed to find the best
possible curve, no matter how many
terms in your polynomial or the
number of points involved!

Figure 5 shows you the equations
to use for a linear slope, a quadratic,
and a cubic fit. These are the ones
you would be most likely to use. I'm
sure I've just horrified all the genuine
math freaks in our audience with my
really weird notation here. But all
(surnx-) means is to take your first x
data value and cube it. Then take the
second data value and cube it and
add it to the first one, and so on for all
the data. By (sumx'') . I simply mean
the sum of the cubes of each individu ­
al noisy x data value .

#pts is simply equal to your total
number of noisy x,y data point pairs
that you are trying to put your smooth
curve through. The (surnxy) expres­
sion means to multiply the first x val­
ue by the first y value . Then you
multiply the second x value by your
second y value and sum them . And
so on.

Fortunately, PostScript does all of
your grunge work for you-quickly,
invisibly, and automatically. It takes
around half a second to do the whole
job.

Say you have five noisy data points
and want to put the smoothest and
most accurate possible cubic curve
through them. All you do is...

[2 4 4 11 6 14 12 16 16 12]
findcubicfit

That's all there is to it ! In this specif­
ic instance , your first data point is at x
= 2 and y = 4. Your second data
point is at x = 4 and y = 11, and so
on. The tindcuoiciit operator then will
automatically generate your needed
magic ao, a., a2 , and a3 best-fit coeffi ­
cients for you.



Among the other handy PostS cript
rout ines in my new FUZZYFIT.PS are
plo txyva lu es, which automat ically
draws the actual data points on the
graph , and ploteqn , which sketches
the smoothest pos sible curve
through you r po ints.

.[ here's no sane limit to the number
of data po ints allowed. Much of your
typical engineering data gives a good
fit to a cubic polynomial. Especially
stuff that is on ly slight ly nonlinear.
Note that, roughly spea king , your ao
coefficient is strongest at the low val­
ued end of all the data . Your a, coeffi­
c ient sets the initial slope of your
data . Your a2 coefficient works best
in the middle, while your a3 coeffi ­
cient has by far the strongest influ­
ence at the high value end .

You can easily go beyond a simple
cub ic fit. If you know the underlying
physical laws to your lab data , you
can try and make your least squares
fit the expected math . Other fuzzyfit
curves of engineering interest include
exponentials , sine waves, statistical
distributions, hyperbolas, circles, and
ellipses . Your same " set the partial
slopes of the error equation to zero"
idea works well with these.

For graphics and typography, you
can step up to a fancier method of
curve fitting that permits loops and
cusps . Th is goes by the name of
cubic splines , or Bezier Curves .
PSRT has lots more on this excit ing
topic.

I'd sure like to have some good
hardware hacking examples involving
curve fitting for fuzzy data. For the
second contest for this month, just
send me an example of fuzzy data
smooth ing or else so me data tha t
needs to be smoothed . Preferably
using PostScript. There 'll be a dozen
or so of our brand new second edition
Incredible Secret Money Mach ine
books, w ith an all-expense-paid (FOB
Thatcher, AD tinaja quest for two go­
ing to the best of all. As usual, be sure
to send your written entries directly
to me here at Syne rgetics and not to
Radio-Electronics editorial.

New tech lit
From PMI, a new Audio Handbook,

volu me one, that covers the older
SSM anal og el ectroni c mu si cian
products . Included are nineteen ex­
cellent application notes on syn ­
thesizer ideas. From Cypress Semi­
conductor, a new MOS Databook on
thei r memory and programmable log-

ic produ cts. And from Signetics/Phi­
llips, a new Master Product Catalog
on all of their analog and digita l inte­
grated circuits. Included are suc h od­
dball goodies as cellular radio chip
sets .

Motorola has a new free booklet on
Press ute Sf!1I6U/6 available, i:l kJIIg
wi th a literature packet on severa l of
their transducers. But by far yo ur
best sources for very low cos t pres­
s ure tra nsdu cers s til l rema in
SenSym , IC S en s o r s , a n d
Novasensor.

Zilog has the new Shortform 9 1
catalog on microcontrollers , micro ­
per ipherals, and te leco mm stu ff. A
new Technical Guide and Cross Ref­
erence on replacement semiconduc­
to rs is available from NTE. The cost is
$3 .25.

Printed Circui t Design is a new
trade journal th at is heavy on PC
layout tools and software. And an in­
terest ing Gas Density Calcula tor
slide rule is available from the fo lks at
Fisher-Klosterman .

Let's see . I' ve just reprinted my
Incredible Secret M oney Machine,
along with a new intro and update
section. And for more on PostScript , I
stock the best boo ks and software by
the best authors in my bargain-priced
The Whole Works package.

The usual reminder about my new
BBS up as GEnie PSRT. Besides all
of the PostScript and desktop pub­
lishing stuff, you 'll find all sorts of
ongoing Hardware Hacker and our
M idn igh t, Engineering re sources
here. Finally, I do have a pair of new
and free mailers for you . One now
includes dozens of insider hardware
hack ing secret resources, while the
second covers PostScript and Desk­
top Publishing. Write or call for info.

As usual , most of the items men­
tioned here appear in the Names and
Numbers or the Tesla Coils & High
Energy Resources sideb ars. R-E

Earn Your B.S. Degree
in

ELECTRONICS
or

COMPUTERS

By Studying at Home
Grantham College of Engineering,

now in our 41st year, is highly ex­
per ienced in "distance education"­
teaching by correspondence-thro ugh
printed materials, computer materials,
fax , and phone.

No commuting to class. Study at
your own pace, while continuing on
your present job. Learn from easy-to­
understand but comp lete and thorough
lesson materials, with additional help
from our instructors.

Our Computer B.S. Degree Pro­
gram includes co urses in BASI C,
P ASCAL and C langua ges - as well as
Assembly Language, MS DOS, CADD,
Robo tics, and much more.

Our Electronics B.S. Degree Pro­
gra m includes courses in Solid-State
Circuit Ana lysis and Design, Control
Systems, Analogi Digital Comm unica­
tions; Microwave Engr, and much more.

An important part of being pre­
pared to move up is holding the right
college degree, and the absolutely neces­
sary part is knowing your fie ld .
Grantham can help you both ways­
to learn more and to earn your degree
in the proc ess.

Write or phone for our free
catalog. To ll free, 1-800-955-2527, or
see mailing address below.

•
Accredited by

the Accrediting Commission of the
National Home Study Council

•
GRANTHAM

College of Engineering
Grantham College Road

Slidell, LA 70460
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AUDIO UPDATE
Reader letters: some bouquets and brickbats

LARRY KLEIN

I 'rn sure sure that I'm not the only
writer who identi fies with the littl e
boy who "shot an arrow into the

air-it fe ll to ea rth he knew not
where ." Each month I shoot off my
arrow Cor my mo uth) and wonder
what. if any, response it's going to
provoke.

Some readers apparently see me
as a universal hi-f maven, with an
encycloped ic knowledge of all things
audio , whose data can be tapped for
the price of a postage stamp. CSpeak­
ing of stamps, a letter with a stamp ed
retu rn enve lope enclosed is a lot
more like ly to get a response than
one without. but there 's no guarantee
either way) I am always pleased to
receive mail from my readers, but,
unfortunately, I have neither the re­
sources nor time to research and an­
swer co mplicated or lengthy ques­
tions.

Controversies
As a co lumnist , rather than a re­

porter, I get to express my views­
pro and con-on the goings on in the
audio world . Because I believe that
controversy is frequently enlighten­
ing, I some times delibera te ly ratt le
cages to provoke responses. As
ste ady readers of this col umn know,
I've been regularly sniping at the be­
lief systems of the audio -astrology
crowd who believe that all amplifiers,
wires , capacitors , etc .. sound dif­
ferent from each oth er in subtle and
myster ious ways.

I anticipated outraged reactions
from the de dicated aud iophiles
amo ng Radio-Electronics' read­
ers, but I've bee n disappointed. Wi th
one or two exceptions, the lett ers
that I have received so far have
cheered on my efforts to keep audio
rationa l.

My fi rst thought was that the
strong eng ineering background of
Radio-Electronics' readers hip
kept them from buying into the hype .
But then I remembered that engineer­
ing competence does n' t necessarily
inhibit audio craziness. For example, I
know that many of the Japanese
manufacturers suffer from advanced
audiop hilia, but the effects are signifi­
cantly tempered by their rat ional mar­
keting analysis . They may put shock­
absorbing feet on the ir amplifiers , but
they are not about to try to push tube
eq uipment on their overseas mar­
kets .

In the mainstream press, Audio
CU .S) and Hi-FiCU .K) are two publica­
tions that print equipme nt reviews by
qualified engineers who nevertheless
regularly report hearing a variety of
son ic artifacts not audible to ordinary
mortal ears . Need I say once again

Train at HOME to be an
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As the demand for computersand microprocessors
in business, manufacturin g and com munications
continues to grow, so does the need for qualified
techni cians. It's not unusual for experienced
technicians to earn from $30,000 to more than
$40,000 a year. ' Now through Peoples College
of Independent Studies you can train for this
exciting field w ithout interrupt ing your job or
home life.

Choose From Five Programs of Study

• Electron ics & M icroprocessor Technology

• Industrial Electroni cs & M icroprocessor
Technol ogy

• Communications Electroni cs w ith M icro­
processor Techno logy

• Computer Servicing & Electroni cs Technology

• Special ized Associate Degree In Electronics
Techno logy

Professional Equipment Is Included

Dependi ng on the prog ram you select, you' l l
perfect yo ur ski lls using this advanced equipment,
incl uded in the price of tu it ion :

• IBM-Compatib le Personal Comp uter

• Digital M ulti meter

• Digital Logic Probe

• Elenco O scil loscope

• Portable Cellu lar Telephone
{" Source. u.s. Bureau of Labor St.lti\tl«,)

Exclusive Extras
That Enhance Your Training

Peop les College introduces some trainin g firsts to
make your learning experience more complete:

• Accelerated Learnin g System - a scientifically
proven study system that helps you learn faster
and easier than ever before.

• Video Tutor Traini ng Tapes - give you a
permanent, visual record of informative lectures
and close-up demonstrations.

• Experience Labs - professionally designed
experiments that give you hands-on " bench"
experience.

• Industry Certification Training Gu ide - provided
w ith four of our programs. Prepares you for
examinations you may take for your professional
license or certification.

CIRCLE 198 ON FREE INFORMATION CARD

Easy Paym ent Plans - No Finance Charge

To help you get started on your education, Peoples
College has reduced tuition rates and offers low
monthly payment plans w ith no finance fees. So
don 't delay, call or w rite for more information
today!

For CO LO R CA TALOG Mail Coupon or
Call TOLL FREE 1-800-765-7247

Progr<1m~ o""t>(t'c/ oniv in Umtpc/S ta t('~. Canada, Puerto Rico
ami \Jlfgm {..',mcl:.. S o O bligation. t-so -ele» person wifl call.

Our programs are accredited by the Accrediting
Commission of the National Home Study Council

x - - - - - - - - - - - - - - - - i
YES! I would lik e to know more about your I
training programs. Send a catalog to: I

I
Name ---- - - - - --- - I

Address I
I

Cit y - -- I

State Zip t
t



that their ability to hear suc h phe­
nomena vanishes where subjected to
controlled situations?

Reader Q ' s and A 's
The mail com ing to me at my pre­

v io us pub licat io ns w as heav il y
weig hted toward requests for equip­
ment-buy ing advice. Our standard re­
sponse was that if we hadn 't done a
test report on the productts) in ques ­
tion , we had no opinion to offer. To­
day, the best advice I can offer is to
check the test repo rts in the back
issues of Cons um er Rep or ts . I
haven't always agree d with
Co nsumer Reports' judgments, but I
think that their reports are about as
good as you are going to find for un­
biased evaluations. If you are looking
specifically for car audio evaluations,
try Car Audio &Elect ronics. Their test
lab , run by my fr iend Joel Cohen
(note the personal-involvement dis­
closure) , does a first-rate jo b.

My two-part piec e on distortion
(Radio-Electron ics , J une and
Jul y 1991) provoked some interest ing
mail. A mathematics professor from
an East Coast Unive rsity w rote to ex­
tend and elaborate on some of my
po ints-and rapi dly lost me in his
equations. He obviously knew more
about the subject than I did!

Another reader thought my distor­
tion discussion was just dandy-and
the n asked a few questions that
showed that he hadn' t a clue as to
wh at I was tryi ng to say. Yet another
letter-writer took issue with the term
" tra ns ient inte rmodulat io n distor­
t ion " because he fe lt that it reflected
" an epide mic of sub literacy." He ap­
parently missed my point that TIM
wasn't imaginary: it was just not rele­
vant to the performance of today's
equ ipment.

Tube defenders
A long letter from a Mr. Richard

Carysforth from Lenexa, KS, which
appeared in the Augu st Radio­
Electronics Letters co lumn, at­
tacked my views on tube equipment
and the audible differences among
amplifiers . He stated that he 's "a
working audio professional " and that,
from his perspective , " Larry Kle in
(and other scientific audio au ­
thorities') simply doesn 't know what
he's talking about." Mr. Carysforth
goes on to write that he works mainly
w it h midwest ern pop, country, and
jazz record ing artists . They, and the

recording studio owners, mostly pre­
fer older, simpler gear, frequently
using tubes, over modern stuff sport­
ing superior measurements. And so
forth .

Mr. Carysforth raises severa l
points worth discuss ing . Several
years ago I d id a one-day tour
(courtesy of Hevox) of severa l popu ­
lar Nashville recording stud ios of the
sort that he is referring to. Although I
had expected otherwise, I was left
w ith the strong impression that no
two studios agreed on the best ampli­
fiers, microphones, mon itors , etc .
And, in any case, none tr ied to sup­
port their cho ices with objective test
data . In short, I found what seemed to
be the pro-studio equivalent of au­
diophile subjectivism!

It may seem strange for me to say
so , but there is some justification for
audio subjectivism among studio en­
gineers and music ians , alth ough
most, like Mr. Carysforth , are too
philosophically confused to argue the
issue coherently. In a nutshel l: It is the
job of the musician (and to some de­
gree, t he en g in ee r) to produce
sound. The home music listener uses
his eq uipment to reproduce the
sound captured on the disc ortape by
the eng ineers. If the studio musician
gets the sounds he wants from a
highly distorted amplifier, or if the re­
cording engineer prefers the subtle
harmon ic structures or overload
characteristic of certain tube ampli­
fiers , that's thei r privilege, assum ing
the resu lt is sat isfactory to other par­
ties involved in the process .
. But unlike the situation with studio

electronics, where tastes can legit­
imately vary, all studio monitor speak­
ers should be wide-range and provide
a reasonably flat frequency response
in the control room . The reason is
easy to understand, although it took
the recording industry and the de­
signers of studio monitors years to
clean up the ir act in that regard.

Let's say that a pa ir of studio
monitor loudspeakers has a 4-5-dB
peak at, say, 8 kHz. Flat master tapes
played through that set of speakers
are likely to sound overly sizzly on
tamborines and top hats. Their solu­
tion : Equalize the master tape unti l it
sounds right on the monitors. Unfor­
tunately, if that's the way the tape
goes to the disc-cutting lab, the con­
sumer with a reasonably flat audio
system will end up wit h a rather dull
sound ing performance . The reverse
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is just as likely to happen when
monitors with droopy high-frequency
response are used. Many years ago, I
remember reading about a technica l
survey of the speakers used in sound
studios and how appal ling their fre­
quency performance was .

Frankly, experience has shown that
there's no reason to trust the hearing
acuity or good judgement of those
responsible for the sound of our mu­
sica l software. True, things are a lot
better than in the early 1960 's, when I
first started looking into the problem

of why some records sounded so bad.
But we need look back no ' further
than the hundreds of shrill-sounding
CD 's released when the format was
new to realize that incompetent engi ­
neering is not a rare phenomena in
the record bus iness . R-E

BINAURAL BASICS

contin ued from page 52

towers a n d other aircraft, and as­
sign them places in a 360-degree
sphere so that pilots wearing
stereo h eadphones can "s tee r "
their binaural hearing to the
voice they n eed to hear an d ig­
n ore the res t. A demo tape mixed
those a r tific ia l binaural voices
into a loud background of heli­
copter noise and con tras ted the
very intelligible result with the
same s ignals in both mono and
stere o .

Much res earch is currently
being done on the human hear­
ing m echanism and the broad
field known as psychoacoustics.
Product ap p ro aches being pro­
moted, such as Hughes SRS and
Q S ound, a re a n outgrowth of
that work . T hose s ystems at­
tempt to offer a b inaural-like sur­
round localization w ith loud­
speakers ra t he r t h a n s t e r e o
h eadphones, and only a pair of
them at that. With proper sou rce
mater ial, mixing , and proper

contin ued on page 86
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T here 's no such thing as too
much test equipment. If you
spend enough time at the

bench, sooner or later you're going to
wind up using not only everything you
own , but other stuff as wel l. If you
design for a living, you want the best
test gear you can get- clients don 't
want to hear that yo u couldn't try
something because you had no way
to do it at the bench.

You can divide up all test equip­
ment into stuff you absolutely have to
have and stuff that's just nice to have.
The most important piece of gear­
an essential " must have"-is an os­
c illoscope . These used to be real
bank breakers but, as things stand
now, you can get a good 30 -MHz
scope for wel l under four hundred
dollars. There's nothing stopping you
from building one, but to come up
with a serious, as well as reliable,
des ign you need an oscilloscope. A
kind of chicken and egg problem , de­
pending on how you look at it.

We're going to look into building a
scope, but before we get started it's
important to understand what we can
do and what we can't do. The con­
trols on a modern sco pe-even an
inexpensive one-give yo u a wide
range of operati ng parameters and

. there's just no way we can duplicate
al l of them in a home-built os-

Let's build an oscilloscope!

cilloscope given the limited amount of
space there is in this column and the
available time.

What we can do is go through the
fundamentals of scope design, exam­
ine the basic circu itry, and come up
with a working demonstration circuit.
This isn't as limited as it sounds
since, by the time we finish , you' ll
have a good idea of how the unit
works and what you have to do to
refine it. That means adding some of
the features found on commercial
units , upping the bandwidth, and so
on.

Enough talk.
The basic layout of a typical os­

cilloscope is shown in Fig. 1. You can
see that , if you don 't get into the bells
and whist les found on commercial
units , a scope is a pretty simple and
straightforward unit-in principle any­
way. An osc illoscope is like a vee­
torscope that has to deal with an
input signal that varies over a period
of time .

A lot of what the scope circuits
have to do depends on what kind of
disp lay is being used. For our pur­
poses, let's assume that the display
we 're go ing to use is a matrix of
LED's, LCD's, or anything made up of
a series of discreet points that can be
addressed by specifying a pair of x
and y coordinates . Since the scope

we 're building is going to use a row­
and-column display system , it's easi­
er to understand what each of the
elements in the block diagram has to
do.

The horizontal circuit is going to
control the enabling of the row driv­
ers. That means we're going to be
scanning across the rows in the ma­
tr ix and enabling one row at a time .
That also means we need a clock
capable of driving the horizontal cir­
cuit at a bunch of accurate frequen­
cies . How fast those frequenc ies
have to be depends on how fast a
signal we 're going to want the scope
to handle. This isn 't a trivial decis ion
since the maximum signal frequency
wil l also dete rmine how we have to go
about design ing the circuitry that's
going to be used in the rest of the
scope as well.

There's no point in having a hori­
zontal circuit that can scan or, to use
the officially correct phrase, sweep at
a rate of 10 MHz if the rest of the
circuitry takes a nose dive when the
incoming signal gets above 1 MHz .
Scope design, just like any other proj­
ect, has to be planned carefully from
the beginning. All of the details have
to be worked out before you get to
the bench or a lot of time wi ll be
wasted at the bench.

The other major section of a stan-

INPUT
SIGNA/...

FIG. 1-BASIC OSCILLOSCOPE LAYOUT. Without a lot of bells and whistles, a scope is a
pretty simple and straightforward device .
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dard oscilloscope is the vert ical cir­
cuit ry. Al though there are special
considerations , this is really nothing
more than an amplifier designed to
have a response that's as flat as pos­
sible over the rated bandwidth of the
scope . Remember that we' re using
the output of the amp to display
changes in the input signal. and we
don 't want the amplifier to add its
own two cents to either the shape or
level of the input signal. The point of
using a scope, after all. is to display
unknowns in a signa l. not add to
them.

Just as the horizonta l section
should have several accurate sweep
speeds , the vertical section should
have several accurate settings for the
gain. When you look at the display
matrix, going one element to the right
should represent a definite amount of
time and going up one ele ment
should represent a defin ite amount of
voltage increase . Even if you 've never
used a scope, you've probably heard
people talking about the number of
volts per division when they're refer­
ring to scope measurements. In the
scope we're going to build, the equiv­
alent would be to refer to volts per
display element.

These three sections-horizontal.
vertical, and display-together form
the basis of every osc illoscope there
is. Before we can even think about
including some of the features found
on commercial scopes-or even
clearly understand what they do-we
have to get the basics out of the way.
The best way to handle this is to de­
sign a basic scope and then , once we
have that stuff under control. we 'll be
in able to think about things like trig ­
gered sweep and other bell s and
wh istles found on comme rcial
scopes .

By this t ime you should know that
the first step in any design job is to
draw up a list of design criteria to
formalize th e' project you have in
mind. In this case the list isn't too
long because the scope will be pretty
simple- at least in the beg inning.
Here's our list:
1. The scope will have a maximum
bandwidth of 1 MHz.
2. The re w ill be eight selectable
sweep speeds.
3. There wi ll be eight selectable gain
levels.
4.There will be a variable gain control.
5. The display will be in a twenty-by­
twenty matrix.

You can change any of the criteria
you want but, for the moment, it's a
good idea to leave them all as they
are. Once we get into the specifics of
the design, you'll find it relatively easy
to modify some of the features to
adapt to any particular requirements
you might have.

Before we start the actual design,
we have to talk a bit about the display.
Elementary arithmetic tells you that a
twenty-by-twenty matrix calls for four
hundred LED's and, even though you
can get LED's in bulk quantities from
mail-order houses at extremely low
prices , you still have to do a lot of
wiring to get them set together in the
kind of matrix we need. Let's face it,
it's a real pain in the neck to wire four
hundred LED's.

When we get the scope designed,
we 'll investiga te some alternatives to
us ing LED 's fo r the di splay ele­
ments-LCD screens are a perfect
choice . I've seen pre-made LED ma­
tri x .displays that come in various
sizes and I'm current ly going through
my parts books and mail-order house
catalogs to see what's available and
who has them for sale at reasonable
prices . If any of you know where
these can be gotten, drop me a line
and I'll put it, along with appropriate
thanks , in the magazine.

I have a wo rk ing version of the
scope on my -bench at the moment
and I used four hundred LED's wired
into a twenty-by-twenty matrix. It took
a bit of time to get it wi red but, from
personal experience, I can tell you
that it's not too bad and certa inly not
the worst thing I've ever had to do. It
was, however, pretty high on my list of
unpleasant exper iences .

As we develop the circuitry for the
scope , I' ll base the display on the
same sort of LED matrix I wired up on
my bench but , between all of us, we
should be able to com e up with a
more attractive alternative that still
uses LED's. It's a mechanical prob­
lem, not an electronic one.

Once everything is done and we
have the circuit working, we'll take a
look at LCD panels . These have be­
com e readily available and you can
find them at reasonable prices. We
won't be doing this right at the begin­
ning because the circuitry needed to
drive them and the memory needed
to hold the display is a separate topic
in itself. First things firs t.

Next time we 'll move into hardware
design . R-E
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placement of the lis tener in the
"sweet spo t." those a pproaches
can be quite convin cing. When
optim u m cr i terta a re n ot met,
they can also sou nd worse than
poor mono , an d eve n at their
bes t. they don't equal a goo d true
binaural recording on good head­
phones.

There is one highly successful
speake r approach that can be
u sed with any binaural record­
ing. It is the Binaural Panorama
circuit included with the n or mal
ambience, reverb, and Dolby Su r­
round features of th e Lexicon
CP-l an d CP-3 Digital Audio En­
viron men t Processors . Correc­
tion of the "trans-au ral" signals
of the left speake r so u n ds reach­
ing the right ear an d the r ight
speake r sou n ds reaching the left
ear a re at the heart of this speak-

THE BINAURAL SOURCE

For a free binaural catalog, write to The
Binaural Source, Box 1727RE, Ross, CA
94957 (415) 457-9052 PST.

For a schedule, program listings, and
stat io n netwo r k i n fo rm ati o n on
AUDIOPHILE AUDITION write to Box
1621, Ross, CA 94957. Enclose a
number-10self-addressed stamped enve­
lope plus $1 or four 20-cent stamps for
postage and handling.

If you would like to know more about
local radio stations carrying AUDIOPHILE
AUDITION, call John Sun ier at (415)
457-2741 PST.

er sys te m . An adjustab le de lay
line sen ds the properly correlated
cancellat ion s ignals to each ear,
s omet h ing li ke Carver 's Son ic
Holography or Polk's SDS , but is
more sophisticated an d freer of
the "p h aseyness" of those ap­
proaches. One does h ave to sit in
quite an exact swe et s po t. Al­
though it works well wit h only a
pair of speakers, the addit ion of
ano ther m atching pa ir in the
rear, being fed a simple L- R sig­
nal imp roves the effect even fur­
ther. With practice (some of this
is a learned response too) the lis­
tener ca n eve n clea r ly image
sou nds to the rear and far sides,
as well as vertically.

The crux of the matter is that
just as some people h ave trouble
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FIG. 2-THIS BINAURAL DUMMY HEAD shows the various human anatomical features
that affect sound perception. The mikes are fitted into the auditory canal. All parts shown,
including the cranial cavities, ocular structures, nose, skin, and teeth are constructed
simulate the human head as closely as possible.

SINE-WAVE GENERATOR
I do a lot of audio work and

build 8 good deal of the gear my­
self. I frequently have to send sig­
nals to tape machines and other
devices and have been using a
small square-wave generator. I
would prefer to be able to send
something a bit smoother so I'd
like a simple circuit for generat­
ing a sine wave. It doesn't have to
be perfect and size is more impor­
tant than a classic waveshape.
Can you help?-G. Fischer, Ben­
jamin, NY

There are several different ways to
do sine-wave generation, but all of
them really produce " si ne- li ke "
waves.

If all you 're interested in is some­
thing to produce signals that are a bit
easier on the ears than the hard
edges of a square wave, you can use
the circuit shown in Fig. 2. Any op­
amp can be used since the work is
being done by the Twin-T netwo rk in
the feedbac k lo op. Use closely
matched components in the Twin-T
netwo rk, and feed the output of the
op-amp to a high-impedance input.

The frequency of the signal can be
gotten by plugging the component
values into the formula f= 1/C2JtRC).

continued from page 12

FIG. 2-YOU CAN PRODUCESINEWAVES
with this simple circuit.

Keep the resistor values between 1K
and 10K, and use 0.01 IJ,J-1 fLF as the 0
capacitor limits . It's also a good idea o
to build the circuit wit h a dual op-amp ~
chip and use the second half as a !:lJ
buffer to avoid overloading the output cD
of the generator. R-E ~
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back .
One binaural developer, Ron

Cole, improved the weak frontal
location often exper ienced wi th
binaural by designing his "Bio­
phonic" dummy heads wit h ex­
aggerated fea tures on the front of
their faces . He also expe r imented
with using real human sk u lls
(obtained from a medical su pply
hous e). However, h e found that
great va r ia tions in the shape of
real sku lls were a probl em an d
switched to plastic an d plas ter
material s. Figure 2 s h ows one
s uch dummy h ead , revealing
physical characteristics that a f­
fect s ou n d reproduction.

Ther e are two professional
stan dard dummy h eads us ed for
m os t com merc ial b inaural re­
co rdings availab le to day, a n d
others u s ed p rimarily in re­
search . The bes t known is the
Neumann KU-81i, which is made
of h a rd dark gray rubber an d has
condenser mikes sunk into the
h ead. The other is the more com­
p lex and even more expensive
Aachen Head, also like the Neu­
man n develop ed in Germany. It
comes in two models ; one wit h
more detail ed features than the

~
FINISHED
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INTO PLASTER CAST.

OUTER FLESH MASK COVER
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Binaural dummies
Wh e n d esi g ni n g b in aural

h eads for recording, the problem
of di ffer ing widths between peo­
p le's ears mus t be considered .
Women 's ears, for examp le, are
generally closer together t han
men's. Therefore, a median dis ­
ta nce for t he mi k e s on t he
dum my h ead mus t be chosen
a n d it is not totally accurate for
many people . If the m ikes are too
close together, there will be a re­
duced binaural real ism ; if they
a re too far apart it will be exagger­
ated or more likely to in creas e the
normal di ffi culty of im a ging
sounds directly in front and in

seeing depth when looking at 3D
images, some also have trou ble
exp er ie nc ing t he fu ll binaural
effect of b eing trans ported to
w here the sou n ds originated,
rather than attempting to have
them brought into your lis tening
roo m . The pinn a, or outer ears,
a re a vitally important pa r t of the
h earing mechanism. A number
of resea rchers h ave shown how
the shapes, bumps , and grooves
in the ears control h uman loca­
tion of so u nds in space.
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wearer's own ea rs , similar to air­
line ea rphones , and achieves ex­
cellent results . There are no
headphones, an d thus no com­
promising the bass en d to avoid
feedback, but a lso there is no
monitoring. One must also be
care fu l not to move on e's h ead
when recording a concert, or in
playback at that point or the en­
tire orchestra will seem to shuffle
off the s tage in the opposite direc­
tion from the listener!

S ennheiser also though tfully
provides a simple dummy head
for mike stand mounting, on
which to clip the mikes for pro­
longed recording. With a portable
DAT or Sony Pro-Walkman and
metal tape, the results can be lit­
tle short of astounding! Others
construct their own b inaural
mikes to fit into their outer ears,
using inexpensive mini-electret
capsules with a foam and fabric
jacket, powered either from the
portable recorder or by a separate
9-volt battery. Another option is
attaching the mikes to the head­
band of a pair of earmuffs. There
are also two commercially avail­
able mike sets that clip to the
temples of one 's glasses . You
should be aware, however, that
although these approaches make
use of the baffle effect of both the
h ead and even the shoulders,
neither includes the effect of the
pinna of your ears, so the final
results will not have the full bin­
aural realism.

To the problems of individual
hearing differences must be add­
ed the tremendous variety in
specifications of stereo head­
phones. Headphones that sound
fine for stereo will not necessarily
achieve the best binaural effect.
No h eadphones on the market at
the moment are equalized to per­
fectly match the average listener's
hearing, or for that matter, the
equalization of the particular
dummy head used for recording
or broadcasting. The Stax Lamb­
da Pro and Signature el ec­
trostatic headphones have been
used by many re searchers be­
cau se their frequency response
and phase accuracy is the closest
to the id eal available. In fact, an
addit ion al op tional equalizer box
(priced at $ 800) is offered by
Stax, to match even more closely
the parameters of the specific
h eadphones to binaural record­
ing reproduction. Stax calls their

stereo. Sometimes they are used
in conjunction with other non­
b inaural mikes in multi-mike
pickups. Of course the speaker
playback of compatible binaural
recordings will not have the bin­
aural effect (except for the Lex­
icon c ir cu it mentioned above),
but some recording engin ee rs
feel that even for stereo playback
the Neumann or Aachen heads
produce a more natural pickup
than any other type of purist
mike approach.

Although Sony, JVC, and some
other manufa cturers h av e had
in expensive binaural h ead­
phone/mike co m b inatio n units
for home recording, those a re no
longer a vailable . S ennhe iser,
however, still manufacturers
their MKE 2002 binaural mike
set, shown in Fig. 3, which sells
for about $500. It clips onto the

FIG. 3-PHOTO OF THE SENNHEISER
MKE 2002 stereo head mic rophone.

BINAURAL BASICS

con tin ued from page 8 7

other- in fact patterned closely
on the actual ears of its inventor,
and the head of an other person.
Complex equalization circuits at­
tempt to achieve the most exact
binaural localization with head­
phones while retaining com­
patibility for loudspeaker play­
back.

The "I " upgrade of the Neu­
mann dummy h ead also was de­
signed for speaker compatibility.
Both of those mikes are often
used in a manner similar to coin­
cident normal mikes for record­
ings to be released as ordinary
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mum (counter clo ckwis e) posi­
tion. Make su re the volu me level
ofyour s te reo is at its minimum,
then turn it on and switch the
selector to a source other than
the tuner so that you can adjust
the mike controls without hear­
ing any music. Now turn up the
s tereo volume so that you r voice
can be heard and adjust the B ASS

and TRE B L E con t rols (R2 8 and
R30) for the desired coloration.

Next, adjust the E FFE CTS LEVEL

an d FEEDBA C K controls for the
amount of echo desired. The vol­
ume of the initial echo is ad­
justed with the EFFECTS-LEVEL

potent iome ter (R15), while the
amount that each succeeding
echo is attenuated is con trolled
by the FEEDBACK potentiometer
(R9).

Now tun e in an FM broadcast
or put on a record or CD and ad­
just the mike volume (R4l) to
match the level of your voice with
that of the music. Have fun! R-E
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tance worldwide as certified prof essionals.
Let your ticket start opening doors for you.
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Consumer Elect ro n ics, Indu strial , Medica l,
Communications, Radar, Computer and
Video. Fo r mo re info rmat ion, contact th e
Int ernat io nal Society of Certified Electro­
nics Technicians, 2708 West Berry Street.
Fort Worth, TX 76109; (817) 921 -9101 .
Name _

en Address _
oZ CiW _

a? State Zip _

I- Send material about ISCET and
~ --beco ming certified.
...J
UJ Send one "Study Guid e fo r the
o - -Associate Level CET Test ." En-
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FIG. 4-REPRODUCED SOUND PRESSURE at the ears of various test persons; the MKE
2002 is shown in the free-sound field (a), with the open headset HD 424, measured at a

reference point with a probe microphone Bruel & Kjaer 4138. Continuous lines indicate a
D-degree reference, dashed lines represent a 90-degree reference.
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WARNING:
SCO
Electronics and
RXII dealers do
not encourage
people to use
the Digital
Video Stabilizer
to durlicate
renta movies
or copyrighted
video tapes.
RXII is in­
tended to stabi­
lize and restore
crystal clear
picture quality
for private
home use only.

( Dealers Welcome)

Wh il e watch ing rent al
mov ies, you will notice an­
noying period ic co lo r
darkeninll . color shift. un­
wanted · lines, Ilashing or
jagg ed edges. Thi s is
caused by the copy protec­
tion Jamming si\:lnals em­
bedded in the VIdeo tape.
such as Macrovision copy
protection . Dig ital Video
Slabilizer. RXiI completely
eliminates all copy protec­
tions and jamming signals
and brings you crystal clear
pictures.

FEATURES:
• Easy to use and a snap

to install
• Slate-ol-the-art in­

tegrated circuit technol-

•~ autom atic - no
need lor any
tro ub lesome adjust­
ments

• Compatible to all types
01 VCRsand TVs

• The best and most excit­
ing Video Slabilizer in
the market

• Ught weight (8 ounces)
and Compact (1x3.5x51

: ~.:~:~~~;~':,~ ~iC~X
battery which will last 1­
2 years.

f!! 0 0 -~.

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY
PROTECTIONS
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For Our Record 0
I, the undersigned,do herebydedareunder penalty or perjury 0
that all prod ucts purchased, nowand in the future,will only be 0
usedon Cable1V systemswith properauthorization from OJ
localofficialsor cable company officials in accordancewith all m
applicable federaland state laws. FEDERALAND VARIOUS JJ
STATELAWSPROVIDE FOR SUBSTANTIAL CRIMINAL
AND CIVILPENALTIES FORUNAUTHORIZED USE.

89No Florida Sales!

Date: _
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ToOrder: $59.95 ea + $4 for FAST UPS SHIPPING

1-800-445-9285 or 516-568-9850
Visa, MIC, CCD M-F: 9-6 (battery not Included)

sec ELECTRONICS INC.
DeptCREI01581 W. Merrick Rd. Valley Stream NY 11580

Unconditional 30 days Money Back Guarantee
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1 Unit 5+
BESISuperTri-Bi Autnl
Var. Gain Adjustment S119.95..$85
Jerrold SuperTri -Bi ... Sl()9.95..S79
Scientific Atlanta S109 S79
Pioneer S109 S79
PanasonicTZPC145 S99.95••••S79
StargateConverter S95 $69
DigitalVideo Stabilizer. S59.95 S29
WirelessVideoSender•.S59.95 S49.95

30 Day Money Back Guarantee
FREE 20 page Catalog

Visa, M/C, COD or send money order to:
U.S. Cable 1V Inc. Dept. KRE10 l

4100 N. Powerline Rd., Bldg. F-4
Pompano Beach, FL 33073

1-800-772-6244

They pos it ion s mall earspeake rs
on yo u r h ead with out eve n
touch ing you r ears, and th us
make us e of the natural pinna so
that your own uniqu e direction­
locating system can function to
its fu llest, working on the s ign als
that come in fro m the h ead­
phones .

The J ecklin s a re av a ilab le in
both elec trostat ic an d dynamic
versions . Those two manufac­
turers conside red binaural repro­
duction seriously in the design of
their phones. (Most of the Ger­
man manufacturers do .) In the
author 's personal expe r ience, the
K 1000's are the most n a tural­
sou n ding ph on es for binaural re­
production.

A wonderful s ide benefit of th is
is that ordi nary stereo's h ole-in­
the-mi ddle when h eard on head­
phones is seamlessly fille d in.
J ust as with large loudspeakers,
so me of the delayed left channel
s ignal comes arou nd one's h ead
to the right ear, an d vice versa
with the left ear receiving the de­
layed right channel s ignal. More
mus cle than a h eadphone jack
provides is needed to power the
elements of those phones ; a sepa­
rate power amp shou ld be used
an d AKG even u rges it be a Class
A circuit ; a bi t extre me . The
other drawb a cks o f b oth t he
AKG's an d J ecklins' is that any-

phones Semi-Panoramic Sound
Electrostatic Earspeakers . The
idea is to take the sound field out
of confinement to the inside of
the listener's h ead and make the
sounds appear real is t ically out in
space . Some peoples' ear-b rain
interface does a better job of th is
th an others , but th e h eadphone
d esign is defini tely a factor. Fig­
ure 4-a sh ows the frequency re­
sponse of the Sen n heiser MKE
2002 microphone com pared to
th e respons e of a Bruel & Kjaer
4138 (Fig. 4-b). As you can see,
the latter mi crophone produces
higher sensttivities in the ea rs of
test persons in the range of 5 Hz
to 15 kHz.

Don ' t t h in k th a t t he elec­
t r osta t ic principl e in h ead ­
phones is inherently superior for
binaural listening. Some expen ­
sive h eadphones-both elec­
trostatic and dynamie-compro­
mise the effec t. One of the worst
is the Consumer Reports -recom­
mended Sony MDR-V6 dynamic.
Yet a number of other Sony
phones (they a re frequ e ntly
changing mode ls ) in the $ 100
a rea are excellent for bin au ral. If
you can find a u sed MDR-M77
you will h ave a ter r ific dynamic
phone for b inaural for about $40.

The earspeaker id ea is take n all
the way by the h eadphones from
J ecklin an d AKG's new K 1000.

CIRCLE 200 ON FREE INFORMATION CARD



one else in you r vicinity can s t ill
hear the s ou n ds .

In -more conven tional dynamic
headphones , the top-of-the-line
Sennheiser models HD 560 and
540 are excellen t for binaural, as
are the top-of-the-line Beyer
phones. Joseph Grado has a new
handmade high-end Signature
headphone, which is also highly
successful in preserving accurate
binaural localization.

The easiest and least expensive
way to get your own startling bin­
aural demo tape is to walk into
most any chain bookstore and
head for the "talking books" sec­
tion. Stephen King's The Mist,
provides one of the most as­
tonishing introductions to bin­
aural that is available anywhere.
It features 35 actors and is one of
the most detailed radio dramas
ever produced. Monsters were
created by putting various live
animal sounds into a sampling
synthesizer and playing them on
the keyboard . When heard on
headphones in a comfortable
chair in the proper setting, such
as at night with the lights out,
the results can be even scarier

than a Stephen King movi e. The
production is from ZBS Founda­
tion, who formerly distributed a
public radio binaural drama se­
ri es . The 8 0 -m in u te binaural
cassette is available as a Simon &
Schuster audio book for under
$ 10.

An even more accessible source
of true binaural sound (except for
those areas where local stations
do not yet carry it) is the syndi­
cated radio program, AUDIO­
PHILEAUDITION, for audio buffs
hosted by the author. He began
regular all-binaural broadcasts
in the San Francisco area almost
ten years ago and continues
them on a twice-annual basis na­
tionally. An hour-long weekly pro­
gram is carried on 185 stations,
both public radio and eight com­
mercial classical stations. The
majority of stations carry its mix
of classical, jazz, and interviews
with personalities in the audio
field "live" directly off the Nation­
al Public Radio satellite Sundays
at 2 PM Eastern Standard Time.
(See box on page 86 for details on
obtaining more informatton.l

The author's binaural specials

feature a variety of music a n d
sound environments recorded in
binaural. Even the interview
portion of the most recent broad­
cast was in binaural, though the
interview guest was on the op­
posite coast and for an interest­
ing comparison, each of us was
using a different type of dummy
head, the guest wore the Aachen
and the author wore the Senn­
heiser.

The good response led to the
au thor's assembling all the
worthwhile hard-to-find binaural
recordings available in the U.S.
and Germany that is aired on the
program, and offering them in an
exclusive mail order service that
is called THE BINA URAL
SOURCE. Nearly 50 albums in all
three formats (CD, cassette, and
LP) are available and more are in
production from several different
record labels . Radio dramas ,
sound environment recordings,
and a variety of music are fea­
tured, including the author's
own Binaural Audition one-hour
sampler cassette, which provides
a useful introduction to this
whole new sonic universe. R-E

3 for $75 - 10 for $200 - Mix or Match
30 DAYMONEYBACKGUARANTEE (3 FILTER LIMIT)

·FASTDELIVERY
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1-800-433-6319
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BEFORE BLOOD PRESSURE
MEDICATION CAN WORK,

IT HAS TO GET PAST
AMAJOR OBSTACLE.

Next tim e you forget to take your blood pressu re pills, remem­
ber this: hear t attack an d stroke are much harder pill s to swallow.
1b learn more , contact the American Hear t Association, 7320
Greenvill e Ave.,Box 21, Dallas, TX 7523l.

You can help prevent heart di sease. We can tell you how.

•American Heart ASSOciation "
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~ Send today
for your FREE catalog

Now you can have the professional
and financial rewards of a career in
computer programming . See how NRI at­
home training gives you the experience, the
know-how, the computer, and the software
you need to get started in this top-paying
field. Send today for your FREE catalog.

If the coupon is missing, write to us at
the NRI School of Computer Programming,
McGraw-Hill Continuing Education Center,
4401 Connecticut Avenue, NW, Washing­
ton , DC 20008 .

tant fundamentals to real-world methods
and techniques. With the help of your NRI
instructor-offering one-on-one, personal
guidance throughout your course-you
quickly gain the skills you need to handle
with confidence a wide variety of program­
ming applications. You even use your
modem to "talk" to your instructor, meet
other NRI students, and download
programs through NRl's exclusive program­
mers network, PRONET.

(please print )

Address _

Name .....,-,,...-_---, Age _

Plus you explore the
extraordinary capabili­

ties of not one or two but
four in-demand computer

languages. You learn to design, code,
run , debug, and docume nt programs in
BASIC, Pascal, C, and COBOL. In the
process you become uniquely prepared for
the wide variety of programming opportuni­
ties available today.

~ No previous
experience necessary

Immediately, you start getting the
money-making job skills you need to secure
a future in computer programming-no
matter what your background. With NRI
training you move easily from computer
novice to computer professional with step­
by-step lessons covering program design
techniques used every day by successful
micro and mainframe programmers .

You'll find no heavy textbooks to plow
throu gh. No night classes to attend. Instead,
NRl's at-home, step-by-step training covers
all the bases, guiding you from the impor-

~------------------ - - -- -I

If'Rlschools I
McGraw-Hill Continuing Education Center ~I'!~ I
4401 Connecticut Avenue, NW, Washington, DC 20008 I~nllr I
~ Check one free catalog only I
D Computer Programming D Microcomputer Servicing I
D PC Systems Analysis D Desktop Publishing and Design
D PC Software Engineering Using C D Word ProcessingHome Business I
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I

I City State Zip I
Accredited Member, National Home Study Council 5415- 101L ~

A top-paying career in computer
programming is no longer out of your
reach. Now you can get the practical
training and experience you need to
succeed in this top-growth field.

It's training that gives you real ­
worl d programming skills in four of
today's hottest computer languages:
BASIC, Pascal, C, and COBOL.
Hands-on training that includes
a powerfullBM AT-compatible
computer , modem, and program­
ming softwa re you train with and keep.
Comprehensive, at-home training that
gives you th e compe titive edge to
succeed in one of today's leading
industries. The kind of experience-base d
training only NRI can provide.

As a trained computer programme r of
the '90's, you can enjoy long-term career
success. In fact, the Bureau of Labor
Statistics forecasts that during the next 10
years job opportunities will increase by 71.7
percent for the skilled computer program­
mer. With NRI training you can be one of
the increasing number of computer
programmers using their skills to build a
top- paying career-s-even a business of their
own- in this professionally and financially
rewarding high-tech field.

T The only programming
course that includes a powerful
AT-compatible computer system
and programming
software you keep

Right from the start, NRI
training gets you actively involved
in the challenge of real-world
com puter programming. You
learn how to create the kinds of
full-featured, powerful pro­
grams today's employers and
clients demand . And , unlike
any other school, NRI lets
you experience first-hand
the power of an IBM PC!
AT-compatible computer
system with modem, a full
megabyte of RAM, disk drive, and moni­
tor-all yours to train with and keep.

Now with NRIs
new training
xou can e1110y
the rewards of

•acareerm
computer.
programmmg



. COMPUTER CONNECTIONS

History in the making

JEFF HOLTZMAN

IBM and Apple recent ly signed an
accord that may be the most elab­
orate smoke screen ever perpe­

trated on the PC industry. On the
other hand, it may mark the beginning
of the end of Microsoft's domination
in operat ing system so ftware for
PC 's.

Detai ls are st ill to be worked out,
but highl ights of the agreement in-

c lua8l:nefollowing:
• The two companies wil l set up an
independent com pany, fu nded by
both parents, that wi ll develop a new
object-oriented , platform-indepen­
de nt system-softwa re foun dat ion
that will r un on Int el (8 0X8 6),
Motorola (680Xm , and IBM 's own
proprietary RS/6000 CPU's, and that
will be backward compatible with AIX
(IBM 's version of UNIX), OS/2, and
the Mac intosh operating syst em. Of
course, compatibility with OS/ 2 im­
plies compatibility with DOS and
Windows as well. There is also talk
that IBM will develop a version of AIX
that will offer both Macintosh and
OSF/Motif interfaces .
• IBM wi ll license RS/600 0 C PU
manufactur ing rights to Motorola;
providing a second source will help
legitimize the chip as a platfo rm other
vendors (Apple, for instance) might
want to support.
• The two companies wil l deve lop
networking products that will allow
easy integration of Macs into IBM­
based corporate networks.
• The two compan ies w ill try to de­
ve lop platform- independent stan ­
dards for multimedia data .

Given the recent sparring between
IBM and Microsoft, it seems clear
that the operating system issue is
most important. But what does it

(j) mean?oz To answer that question, it's nee-
@ essary to first examine several sub­
t) sidiary questions. What does Apple
~ have that IBM wants? Assuming IBM
6 could get its hands on it , what could it
o do with it, and wo uld that be suffic ient
r!2 to have any market impact, given the

94

assured fact that Microsoft is not go­
ing to roll over and play dead?

Look and feel
What Apple has is that Macintosh

look and fee l. And right ly or wrongly,
the courts so far seem content to
allow Appl e to maintain intellectual
ownership of the Mac interface.

IBM on the ot her hand has de­
veloped an operat ing system kernel
for OS/2 2.0 that by all accounts is a
robust and sta ble environment for
building advanced applicat ions soft­
ware. Problem is that it's miss ing a
shell-a user interface--not to men­
tion significant applications-not to
mention credibility. A Macintosh-like
look and feel would solve the first of
those problems. Near-perfect com­
pat ibility w ith present-day applica­
tio ns would so lve the second. The
third, though least tech nical, may be
most difficu lt to overcome.

IBM has several other OS cards up
its sleeve. There's AIX, which powers
the RS/6000 line . There 's also
OSF/l, the Esperanto of UNIX-like
dialects, whic h is being developed by
the Open Sof tware Foundation, and
to which IBM has made major contri­
butio ns. Could one of those serve as
the underlying foundation for a new
world order in operating systems?

Perhaps . But keep in mind that IBM
also be longs to several other key
consortia , in addition to OSF First is
Patr iot Partners, which IBM and Met­
aphor systems co -founded about a
year ago to develop ... an operating
system- independent, object -ori­
ented software layer that would allow
the same application to run on multi­
ple platforms, regardless of underly­
ing file and graphics systems.

Then there 's the Object Manage­
ment Group (OMG), whose focus is
the development of a set of API's for
managing objects in a distributed
computing (network) environment.

Confused? Excellent! (And we
haven't even ment ioned mainframe
opera ting systemsD

A little help from your friends
Suppose there is a method to the

madness . Suppose you're a huge
company, with products ranging from
PC's to mainframes, segregated into
four distinct and totally incompatible
product lines (PS/2, RS/6000 ,
AS/400, mainframe) , which for sev­
eral years you've been trying to inte­
grate through an ambitious undertak- _
ing called Systems Application
Architecture (SM).

Suppose that even though you
have trouble adapt ing to rap id ly
changing market cond itions , you
have a great deal of influence and a
clear vision of how you think your
industry's technology should and will
evolve over the next ten to twenty
years . How can you make your vision
reality, knowing you can't do it all by
yourself? One way is to make some
friends and try to get by with a little
help from them-and in the mean­
time, reduce your dependence on
proprietary (expensive) underlying
technologies .

For example, join an operati ng sys ­
tem consortium (OS F), make enough
contributions to make the other
members feel secure enough to
make contributions of their own, take
the results back to your labs, en­
hance the technology for your cus­
tomers , begin weaving it into the half
dozen or so operating systems you
presently support , and gradua lly
phase them out. Eventually what you
get is a single, unified OS that runs on
mult iple platforms and that supports
a high degree of applications
portability across all of them .

The world is chang ing to a dis ­
tributed (networked) computing
model. OK, fine . Develop some stuff
internally (Distributed App licat ion En­
vironment or DAE) in the meantime,
and join another consortium (OMG)
just in case they come up with any­
thing interesting.

Oh, yeah-graphics environments
are inevitab ly slow, so buy some third­
party technology (Mlcrcqrafx) to
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speed thi ngs up. Wh ile you 're at it,
get the pre mier networking company
(N ovell) to port its wares to your pro­
prietary systems (e.q., AS/ 400) and
res ell it under your own label.

One important thing -don 't forget
the developers who w ill be building
the great new things yo ur users w ill
use . Pamper those developers , get
the m slic k tools , an integrated de­
ve lopment e nvironme nt. Team up
w ith a class act (Borland) , and sel l
your tools for 10% of what the com­
petition charges .

All of the above have happened.
Now last but certain ly not least, don 't
forget your use rs th is time . They want
s om eth ing sexy, something fu n ,
something productive . License some
of the flowery stuff from the artsy
guys out on the west coast (Apple,
NeXn Build in a set of basic applica­
tions that will wet users' w hist les .
Make it compatible w ith their old so ft­
ware. Make it easy to install and up­
grade. Sell it inexpensively. Make it
reliable, re liable, reliable and you 'l l
have it all. (There are more pieces to
the puzz le, but you get the tdea.i

The problem is that, when you start
thinking about it, the pieces don't ex­
actly f it. One seems too big, anot her
too sma ll. another da ng les out in
space . .. True, but so what? Don't
worry about it. If you get enough
chunks out on the tab le, you know
that eventually you'll f ind a way of
fitt ing enough of them together that
ove rall you 'll have a coherent system.
Sure, you 'll throwaway a few bucks

on R&D, but you 're a big company; in
the long term it' ll be worth it. In the
mea n ti me, keep pushing on all
fronts , knowing that some pieces are
already starting to fit, and believing
that others will come on-line soon .

Next thing you know you've got
so mething that sticks together when
you throw it against the wal l.

But w hat do you call it? Be careful
of the stigma attached to s imilar
efforts in the past.

So what?
IBM makes yet another strategic

alliance . Ho hum . To produce an oper­
at ing system? Yuk, yuk, yuk. Takes
three, four, maybe five years to do
that type of job right, and the compa­
ny's track record in that field isn't
good.

Yeah, but they're not starting from
scratch ; many of the pieces are in
place already.

Look at the basic facts. IBM
• Doesn't want to depend on Micro­
soft.
• Wants to integrate its vast product
line .
• Has a big stake in object -oriented
technology.
• Has done lots of deve lopment on
core OS technology.
• Needs help wi th look and fee l in
the PC market, includ ing product op ­
eration , packaging, and marketi ng.

The latest alliance may give B ig
Blue the shove it need s to crest the
operating system hill currently domi­
nated by Microsoft in the PC arena,

and by various vendors in others .
I think we 're going to see a new

king of the OS hill-and a lot sooner
than mos t people expect.

OS/2 and yo u
A coherent picture of OS/2 2.0

has started to emerge:
• Mu lt iboot allows booting DOS ,
OS/2, or other operat ing system
without runn ing FDISK.
• A high-performance 32 -bit version
of the tradit ional DOS file system .
• A Mac-like desktop for launching
prog rams and managing files .
• Bundled applications inc luding a
usefu l graphics/charting package
from Micrografx.
• Reduced prices ($100-$150).
• Friendly insta llation .
• The abili ty to run mult iple DOS
sessions simultaneously with as
muc h space as provided by DOS 5.0 .
• The abil ity to run Windows 3 .0,
DOS, 16-bit OS/2, and 32 -bit OS/2
applications simultaneous ly. Rumor
has it that W indows compatibility is
still shaky and may not be fully de­
veloped in time for the year-end re­
lease . I hope IBM can work out the
technical details ; I'm gett ing awfu lly
tired of UAE 's (Unrecoverable Ap­
plication Errors) under W in3 .

N ew s bits 0

wh~c~t ~~~r~~~es~s~~~ :~;Z ~~~~~ ~
to run, but also about wh ich CPU it g:J
wi ll run on . Intel rec ent ly ·re leased cD
sketchy detai ls on the arch itecture , ~
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FIG. 1-INTEL'S UPCOMING P5 (AKA 80586) uses three million transistors to power three
separate execution units, separate data and instruction caches, and a sophisticated
multiprocessing bus interface unit.

. DATA CACHE

FLOATING-POINT UNIT

vices, first implemented in the 487SX
math coprocessor, which is really a
ful l-blown 486DX with support logic
to disable the "main" 486SX and
take control of the system.

In addition, after months of rumors,
Intel finally announced plans to re­
lease double-speed CPU's that exter­
nal ly appear to run at standard
speeds, but that internally run at
twice the bus rate. Imagine dropping
a 50-MHz 486 into that "old" 33­
MHz 386 .

Claris is a subsidiary of Apple . A
couple of years ago , Apple relin­
quished control of C lans. but about a
year ago, regained control. Recent ly,
the Claris has been going through
organizational upheaval, and has ad­
vertised in national trade journals for
programmers experienced in OS/2
and Windows deve lopment. There
are some speculators out there who
think that, like Novell, Apple wants to
get out of the hardware business al­
together.

On the semiconductor side of the
house, IBM and Siemens havean­
nounced plans to poo l resources in
manufacturing the next generation of
DRAM's-16 megabits . Think about
it: Nine of those would provide almost
as much memory as hard disks of
only five years ago. The companies
are also expected to jointly develop
the follow-up, 64-megabit chips, due
around 1995. R·E

CACHE
MANAGER

386
UNIT

INSTRUCTION
CACHE

shown in Fig . 1, of the 586 (aka
"PS"), a simu lation of wh ich is al­
ready said to be running in Intel's de­
sign labs. Samples are due in about a
year, with systems scheduled for de­
livery in late 1992 .

The PSconsists of more than three
million transistors powering three ex­
ecution units, including a 386 com­
pat ibility unit, a floating-point unit,
and the newstar of the show, a 100
MIPS RISC-based execution unit
that will handle basic x86 instructions
at a rate of two per clock cycle . (The
386 unit wi ll execute more comp lex
386 instructions at a slower rate)

Meanwhile, in response to com ­
petitive threats by AMD and others,
Intel has been barraging the market
with more variations on the 486 than
you can count on one hand. There are
25-, 33 -, and the recently introduced
50-MHz 486DX, along with a 66-MHz
version promised for sometime in
1992. In addition, there is the 20-MHz
486SX, with a 2S-MHz version also
promised for '92.

Nearly all PC's come with a socket
for a math coprocessor. That socket
has all the address, data, and control
lines necessary to take complete
control of the computer. Who says
that socket is only good for a math
coprocessor? Suppose you installed
some other type of device-for ex­
ample, a next generation CPU? Intel
has publicly stated plans for such de-

for
you to
open

the door
to yours.

She's
waiting
at her

home...

Hundreds of foreign exchange students
will be unable to study in America unless
you become an OPEN DOORhost family.
Without you they can't enrich their own
and our understanding of other cultures.
Our local high schools won't benefit from
their fresh, global perspective. Give your
family a unique opportunity to learn per­
sonally about and make life-long frie nd­
ships with visiting students from around

the world. Only you can open
the door. Help us make the
connection.

For a free Host Family l.rochure,
call: }·800·366·0PEN (6736),
or write:

Xarnv: _

Cit v: State :__ Zip:__

PhCl lh-': '--' _-'----- _

,\ dJ rl·s.": _
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MARI{ET CENTER
FOR SALE

OSCILLOSCOPE 50 MHz, dual channel, solid state
cal ibrated, manual $250 1 (800) 835-8335 .

TOCOM and Zenith " test" ch ip s. Fully activates
un it. $50.00. Cable descramblers from $40.00.
Orders 1 (800) 452 -7090. Inform ation (213)
867-0081.

COMPUTERS AT/XT com pati ble systems and
components at discount prices. Catalog $2.00, re­
fund with fir st order. MPS ENTERPRISES , Box
1048, Lemon Grove, CA 91946.

CLASSIFIED AD ORDER FORM

To run your own class ified ad, put one word on each of the lines below and send this form along with your check to:

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, the re is a surcharge of $25.00.
( ) Plan s/Kits () Business Opportunities () For Sale
( ) Education/Instruction () Wanted () Satellite Televis ion
( ) - - - - - - - - - - - - - - - - - - - - - -

Special Category: $2 5 .00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(N o ref unds or c red its for typesetti ng error s can be m ade unless you c learly p rint or- type your
copy.) Rates indi cated are fo r st andard style classified ad s only. See below for additional
charges for special ads. Minimum: 15 words.

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($46.50)

16 ($49 .60) 17 ($ 52 .70) 18 ($ 55.80) 19 ($ 58 .90) 20 ($62 .00)

21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77.50)

26 ($80 .60) 27 ($ 83 .70) 28 ($ 86 .80) 29 ($ 89.90) 30 ($ 93 .00)

31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

WANTED; old, Western Electric, Mcintosh, Allee,
Marantz, Jensen, JBL, EMT, Electrovoice, RCA,
Telefunke n, Westrex, Fairchild, Fisher, Dynaco;
tubes, speake rs, amplifiers, (713) 728-4343 . MA­
URY CORB , 12325 Ashcroft, Houston, TX 77035.

TEST EQUIPMENT pre-owned now at affordable
pri ces . Signal gen er ators from $50.00, os­
cilloscopes from $50.00, other equipment, includlnq
manuals available. Send $2.00 U.S. for catalog,
refunded on 1st order. J.B . ELECTRONICS, 3446
Dempster, Skokie, IL 60076 . (708) 982-1973.

OUR monthly picture flyer lists quality surplus parts
at low prices. You'll like it. STAR-TRONICS, Box
683, McMinnvill e, OR 97128.

CRIBSHEET laminated, of commonly used elec­
tronic formulas and symbols. $3.00 to HUMEX,
16365 Rhyolite Circlet, Reno, NV 89511 .

TUBES: "oldest," "latest." Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood Ave.,
RE, Hammond, IN 46324 .

WIRELESS CABLE RECEIVERS 1.9 TO 2.7 GHz
30 CH PARABOLICOISHSYSTEM $173.90
30CH ROD ANTENNA SYSTEM $193.90
30CHCRYSTALCONTROLLEDSYSTEM$294.95

SUN MICROWAVE INT'L. INC. SEND $1.00 FOR
P.O. BOX #34522 CATALOG ON THESE
PHOENIX. AI. B5067 AND OTHERFINE
(602) 230·1245 VIDEO PRODUCTS
OUANTITY DISCOUNTS
ORDERSOILY' ·100-414-4190CODE 9153

CABLE TV descramblers. Absolutely the lowest
prices! All major brands. Money Back guarantee.
Call us last! ADVANCE ELECTRONICS, 2140
Shattuck #2082, Berkele y, CA 94704. 1 (800)
659-3018.

Card Number

Ple ase Print Name

Expiration Date "C.B. radio repair specialist. " All makes and
mod els. Mod if ications, sal es , etc. LOU'S C.B .
SHOP, (508) 866-3226 .

GOV 'T seized surplus veh icles availabl e from
$100.00! Call for imme diate info rmation. (504)
649-5745 ext. S-5192.

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individu als offering commercial products or services)
$3 .10 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year ; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a perso nal item) $2.50 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge . Additional bold face (not available as all caps) 55¢
per word additional. Entire ad in boldface, $3.70 per word .TINT SCREEN BEHIND ENTIRE AD: $3.85 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD : $4.50 per word. EXPANDED
TYPE AD : $4.70 per word prepaid. Entire ad in boldface, $5.60 per word.TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5 .90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.80 per word . DISPLAY ADS: 1" x 2W'-$410.00; 2" x 2V4'-$820.00; 3" x
2V4'-$1230.00 . General Information: Frequency rates and prepayment discounts are available. ALL
COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O.BOX ADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 5th of the third month preceding the date of the
issue. (i.e., Aug. issue copy must be received by May 5th). When normal closing date falls on Saturday,
Sunday or Holiday, issue closes on preceding work ing day:Send for the classified brochure. Circle Number
49 on the Free Information Card.

PEANUT Butter oatmeal cookie recipe $2.00 +
SASE 1042 E. Fort Union # 374, Midvale, UT 84047 .

DESCRAMBLERS: Oak Sigma, Varisync, Hamlin,
Scientific Atlanta, Jerrold, Pioneer, Sylvania. Cata­
log $5.00 moneyorder (credited first orrde r), service
manuals, schematics, SURPLUS ELECTRONICS,
PO Box 10009, Colorado Springs, CO 80932.
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PLANS AND KITS

==•..•=

REMOVE VCR copy protection , PCB PAL instruc­
tions $16.50 w/P&H, LOGICAL CHOICE, Box 1256,
Lomita, CA 90717.

HOBBY/broadcasting /HAM/CB/surveillance trans­
mitters , amplifiers, cable TV, science, bugs, other _
great projects! Catalog $1.00. PANAXIS, Box 130­
FlO, Paradise, CA 95967 .

SURVEILLANCE transmitter k its tune from 65 to
305 MHz. Mains powered duplex, telephone, room,
combination telephone/room . Catalog with Popular
Communications, Popular Electronics and Ra­
dio-Electronics boo k revi ews of " Elect ro n ic
Eavesdropping Equipment Design," $2 .00.
SHEFFIELD ELECTRONICS, 7223 Stony Island
Ave., Chicago , IL 60649-2806 .

DIGITAL recorder. Digi tally record any aud io
source with special effects. Microprocessor con­
trolled device. Detailed plans, $9.75: T. ZURAW,
Box 341, Dearborn Hts, M1 48127.

PCB and schemat ic CAD. $195.00 IBM EGA CGA
Multilayer, rubberband , autovia, NC drill, laser, dot
matrix, plotter, library, Gerber, AUTOSCENE, 10565
Bluebird St. , Minneapolis, MN 55433. (612)
757-8584 free demo disk .

FREE cable and satellite descrambler plans. Send
self addressed stamped envelope . MJM INDUS­
TRY, Box 531, Bronx, NY 10461-0208.

POWER: 900 watt amplifier for less than $100.00!
SASE for information. Plans $10.00 E.D.S., N90
W20 756 Scenic Dr ive, Menomonee Falls , WI
53051.

VIDEOCIPHER II/scann er/cable /satellite modifica­
tions books. Catalog $3.00. TELECODE, PO Box
6426-RE, Yuma, AZ 85366-6426.

SCANNER antenna plans multi frequency indoor
outdoor easy designs $5.00. SCANTENNA, 729-B
North Golden State Blvd., Turlock, CA 95380 .

ANTIQUE RADIO CLASSIFIED
Free Sample!

Antique Radio's
Largest Circulat ion Monthly.
Articles, Ads & Classifieds. '-'--L.::1~~!j

6-Month Trial: $15. 1-Yr: $27 ($40-1st Class).
A.R.C ., P.O. Box 802-L9, Carlisle, MA 01741

INVESTIGATORS, experimenters - Quality new
plans. Micro and restricted devices. Free catalog.
Self addressed stamp ed envelope required. KEL­
LEY SECURITY, INC . Suite 90 , 2531 Sawtelle
Blvd., Los Angeles , CA 90064 .

BUILD from simple materials, over 100 miles per
gallon carburetor. Deta iled plan s, five vers ions .
Good science project. $20.00 Visa welcome. (902)
467-3577 VALLEY MICROWAVE, Station C, Bear
River, N.S., Canada BOS lBO.

HYPNOTiZE or Relax electronically! Alpha/medita­
tion goggles. Complete kit $53.00. Free information.
MARK WORLEY, Box 261113, San Diego, CA
92196.

CABLE
OAK M35

Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer
& MORE! OUR PRICES ARE BELOW WHOLESALE!

CABLE-+- PILUS
14417 Chase St. #481-A PanoramaCity, CA 91402

1-800-822-9955 • Other Info. 1-818-785-4500
NO CAliF. SALES - DEALERS WANTED

Build this kit for under $60 'Nhich~
remOYM leadvocals from standard
stereo records, CD's, tapes Of FhA
bl'oo.dcasts. Easily connects to any
heme componen t stereo. Perform
live with the backgrounds, You can
be tie lend singer 01you tavaite
band. Detailed Pt IVl S. $4.95

Weeder Technologies
14773lindsey Rd.

M!. <>rob, Ohio 45154 ~'" From Records & CD's

rREMOVE
LEAD
VOCALS

f ELECTECH f
CABLE T.V. DESCRAMBLERS

• All quality brand names •
• All fully guaranteed • All the time •
Knowledgeable Sales Service Department

FOR FREE CATALOG 800-253-0099

EXOTIC mini ature elec tronic devices, catalog
$5.00, refundable. F & P-ENTERPRISES, Box
51272, Palo Alto , CA 94303-L.

TELEPHONE caller identifiers. Displays incoming
calle r's telephone numb er, kit $49.95 postpa id.
SURVEILLANCE catalog $5.00, EDE, POB 337,
Buffalo, NY 14226.

PREVENT descrambler detection ! Order Tech­
Block today! Simple in-line connection. Only $19.95
P.P.D. THE STAGE DOOR VIDEO, PO Box 518,
Belleview, FL 32620. ForC.O.D.'s1(800) 395-4557.

CABLE CONVERTERS all major brands info +
orders 1 (800) 782-0552 FREEWAY INC. s.rn.p. ,
PO 5036, Burnsville, MN 55337 .

DAZER personal prote ctors! Lasers! AM/FM /ln­
frare d transmitters! Detectors! More! Kits/as­
sembled. Catalog $2.00. QUANTUM RESEARCH,
16645-113 Avenue , Edmonton , Alberta T5M 2X2.

SURVEILLANCE - Audiolvideo/infra-red/laser
equipment. Industrial or private. 500 item catalog
$7.00. SECURITY SYSTEMS, 3017G Hudson PI.,
New Orleans , LA 70131.

CIRCUIT Center - Complete circuit fabr icat ion
from single piece single sided to production multi­
layer. Also - Laminate $5.50/sq. ft., etch $3.50/qt.
Thru hole plating available too. CIRCUIT CENTER,
Dept. 001, PO Box 128, Addison, IL 60101. (708)
543-0671.

DESCRAMBLER kits. Complete cable kit $44.95.
Complet e satellite kit $49.95. Add $5.00 shippin g.
Free brochure. No New York sales. SUMMIT RE,
Box 489, Bronx, NY 10465.

DESCRAMBLlNG, new secret manual. Build your
own descramblers for cable and SUbscription TV.
Instru ction s. schemat ics for SSAVI , gated sync ,
sinewave, (HBO, Cinemax, Showtime, UHF, adult)
$12.95, $2.00 postage. CABLETRONICS, Box
30502R, Bethesda, MD 20824.

CABLE TV
DESCRAMBLER LIQUIDATION!

FREE CATALOGI
Hamlin Combos $44, Oak M35B $60 (min . 5), etc.

WEST COAST ELECTRONICS
For Information: 818-709-1758

Catalogs & Orders: 800-628-9656

TOCOM-Jerrold impulse-Scientific Atlanta 8580
& 8590 converters with two yr. warrant ies, also test
modules for Star Comm 6 & 7s, all Tocoms, and
Scientific Atlanta. Full details. (219) 935-4128.

DESCRAMBLERS cabl e TV converter s, lowest
prices, guaran teed, best quality, special Sacramen­
to units, CNC CONCEPTS, INC., Box 34503 , Min­
neapolis, MN 55434. 1 (800) 535-1843.

PHOTOFACT folders under # 1400 $5.00. Others
$7.00. Postpaid . LOEB , 414 Chestnut Lane, East
Meadow, NY 11554. (516) 481-4380 .WIRELESS GABLE - IFTS - MMDS - Amateur TV

Ultra High Gain 50db(+) • Tun. abl. 1.9 to 2.7 Ghz.
• 36-ChannelSystem Complete5149.95
• 12-GhannelSystem Complete 5114.95
• Canor write (SASE) tor "FREE" CatalOli

PHILLIPS·TECH ELECTRONICS
P.O. BOI 8533 • Scottsdale,Al 85252
(602) 947·7700 153.00 Cr. dl1anphone orden)
MasterCard. Vin. COD',. QuantityPricing

RESTRICTED technical information : Electronic sur­
veillance, schematics, locksmithing, covert sc i­
enc es, hacking , etc . Huge selection. Free
brochures. MENTOR-Z, Draw er 1549, Asbury
Park, NJ 07712.

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

CABLE TV converters and descramblers.
We sell only the best. Low prices. SB·3
$79.00. We ship C.O.D. Free catalog. ACE
PRODUCTS, PO Box 582, Dept. E, Saco, ME
04072.1(800)234-0726.
T.V. notch filters, phone recording equipment, bro­
chure $1.00. MICRO THine. Box 63/6025 , Margate,
FL 33063 . (305) 752-920 2.

CABLE TV converte rs: Jerrold , Oak, Scientifi c At­
lantic, Zenith & many others. "New MTS" stereo
add-on : mute & volume. Ideal for 400 and 450
owners! 1 (800) 826-7623, Amex, Visa, M/C accept­
ed. B & B INC., 4030 Beau-D-Rue Drive, Eagan,
MN 55122.

ENGINEERING software, PC/MSDOS. Circuit
design and drawing , PCB layout, Logic sim­
ulation, FFT analysis, Mathematics, Circuit
analysis. Call or write for free catalog . 1
(800) 728-3805, BSOFT SOFTWARE, INC. ,
444 Colton Rd. , Columbus , OH 43207.

• BASE BAND • JERROLD
• PIONEER • TOCOM
• HAMLIN • ZENITH
• SCIENTIFIC ATLANTA • OAK

For out of this world prices call
WORLDWIDE CABLE

1800·772·3233
FREE CATALOG AVAILABLE

7 491 C-5 N. FECERAL H'WY., SUITE 142
BOCA RAlDN. FL 33487

1= 1/ eXJD/~ NO R.lJR[)A SALES

WE HAVE THE MOST ADVANCED
TECHNOLOGY IN CABLE EQUIPMENT:

98 CIRCLE 202 ON FREE INFORMATION CARD
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EXCELLERATOR:~s
CABLE CONVE RTERS

WHEN QUALITY COUNTS

B75 so. 72nd St.
Omaha. HE 68114

For Inform ation Call

New DynatrackT>l fine tuning'provides unmatched picture quality
SSGMhz tuner provides 83 channel capacity
Sleep timer for automatic shut off within 15-90 minutes
2/3 switchable HR C / mc / Sta ndard Switchable
2 Yea r wa rranty, Last channel recall, Favorite channel select, Scan
Double vented high efficiency transformer for cool perfo rma nce

Stargate-2001 $99.00
Stargate-550XL $119.00 With Volume Control

Don't settle for anything less.

Md~iIfl!_mNIGST" ~ [0 »1~ C.O.D.

402-554-0417
To order or reques t a free catalog

1-800-624-1150
~t)t'U)iIt~
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New Auto Trl-Bl guaranteed no flashing $165.00
SB-3................ S99.oo ZENlTII SUPER
TRIMOD E SI09.oo SAAVI.. S199.oo
HAMLIN S99.oo TOCOM S319.OO
SCIENTIFIC - EAGLE S119.OO
ATI..ANfA...... S119.OO COPY GUARD S59.95
OAK M35B.... S99.OO STARGATE 2000 S88.OO
ZENITH S175.oo

M.D. Electro nics will match or beat any
advertised wholesale or retail price.

SATELLITE TV

VIDEOCYPHER II descrambling manual. Sche­
matics, video and aud io . Explains DES, Eprom ,
Clonemaster, 3Mu sketeer, Pay-per-view (HBO , Cin­
em ax, Show1ime, adult , etc .)$16.95, $2.00 pos tage .
Sch ematics for Videocypher Plus , $20.00. Sche­
matics for Videocypher 032, $15.00. Collect ion of
software to copy and alter Eprom codes, $25 .00.
CABLETRONICS, Box 30502R, Bethesda, MD
20824.

CABLE TV Secrets - the outlaw publication the
cab le companies tried to ban. HBO , Movie Channel,
Show1ime, descramblers , co nvert ers , etc. Sup ­
pliers list included . $9.95. CABLE FACTS, Box 711­
R, Pataskala, OH 43062.

FINANCIAL

BEST BY MAIL
Rates: Write National Box 5 Sarasota FL 34230

FREE catalog - Lowest prices wor ldw ide. Save 40
- 60"70 . systems,upgrades, parts, all major brands
factory fresh and warrant ied . SKYVISION, 2009
Co ll egeway, Fergus Fall s , MN 56537. 1 (800)
334-6455.

ROBOTICS- powerful, compact, inexpensive, mi­
crocompute r, pe rfect for robot ic/mic roprocessor
control applications. Plans/application notes $5.50,
ACS, 6220 Shallowford Rd. # 152, Chattan ooga , TN
374 21. .

HEALTH & BEAUTY

PROTECT your home for pennies. Alarm kit. As­
sembl es in one nigh t. Thous ands already insta lled .
Also receive bookl et "How to Install an Alarm Sys­
tem in Your Hom e." $ 24 .9 5 : NOBLE ELEC­
TRONICS, 17 Farmington Avenu e, Suit e 169,
Plainvill e, CT 06062-1726.

LOSE WEIGHT WHILE Sleeping! Revolutionary! No
~~Jb~~~~~aw~~~!2f.ree HawaIIan Vacation For Trying.

1% INTEREST LOANS; No Limit ! No Refusal
Guarant ee! Write: JEF, Box 2342-(RE), Ada, OK 74820.
LOANS AVAILABLEI Bualne ss - Personal. No front fees.
Easy qualify. (619)693.Q498.

SATELLITE TV descrambl er. Build your own. Easy
to follow instructio ns, part s list. Circuit board , wirin g
diall ram . $9 .95 ABG ENTERPRISES, 27 081A,
Ha lifax, NS B3H-4M8 .

EDUCATION & INSTRUCTION
F.C.C. Commercial General Radiotelephone li­
cense. Electronics horne study, Fast , inexpensive!
"Free" deta ils. COMMAND, 0 -176, Box 2824, San
Francisco, CA 94126.

LEARN color television in 2hrs VHS·tape work­
book NTSC $37.00 + $ 3 .5 0 guara nteed .
WILLIAMSON LABS, 6613 Lynndale Dr., Raleigh ,
NC 27612. (919) 848 -8955.

MONEYMAKERS! Easy! One man CRT rebuilding
machinery. $6 ,900.00 rebuilt. $15,900.00 new. CRT,
1909 Louise, Crystalake, IL 60014. (815) 459-0 666 .
Fax (815) 477-7013.

Be a TV/VCR
Repair Specialist.Now you can train at home in sparetimefor amoney-making

career as a TVNCR Repair Specialist. Noprevious experi­
ence necessary. No need to quityour job or school.Everything
is explai ned in easy'to-u nderstand languagewith plenty ofdraw­
ings. diagrams and photos. We show you how to troubleshoot
andrepair video-cassette recorders andTVsets. how to handle
housecalis andshoprepairs for almost anymake of televisionor
VCR. Tools are included with your course so you can get
" hands-on" practice asyou followyour iessons step by step,
Send for Iree facts about the exciting opportunities in TVNCR
Repair and find out how you can start making money in this
greatcareer. MAIL COUPON TODAY K03C

r 1GB SCHOOCOF TVNCR REPAiR;-DePUDE091SI 51' C' ".. 925 Oak Street, Scranton, PA18515 I
I

Pleasesend mefull informationand color brochureonhowI canI g
learn TVNCR Repair at home in my spare time. I understand --lI there isnoobligation and nosalesmanwill visit me. I g
Name Age_ _ 1 m

I Address Apt.# _ _ :0
ICity/State zip 1 cD
L!.h~L_) __ ;;;,J ~

ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

LET the governm ent finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449-8600. (KS1).

YOUR own radio stat ion! Licensed/unl icensed AM,
FM, TV, cable. Information $1.00. BROADCAST­
ING , Box 130-Fl0, Paradise, CA 9596 7.

Start home. spare time. Investment knowledge or
experience unnecessary. BIG DEMAND assem­
bling electronic devices. Sales handled by profes­
sionals. Unusual business opportunity.

FREE: Complete illustrated literature
BARTA '1E-OO Bux 248

Walnut Creek. Calif. 94597

BUSINESS OPPORTUNITIES
MAKE $50/hr working evenings or weekends in
your own electronics business . Send for free facts .
MJME INDUSTRY, Box 5 3 1, Bro nx , N Y
10461-0208.

HOME asse mbly work available! Guaranteed easy
mon ey ! Free details ! HOMEWORK-R, Box 520 ,
Danville, NH 03819.

EASY wor k! Excellent pax! Assembl e products at
hom e. Ca ll for information (504) 641-8003 Ext. 5192.

MAKE SSS! Become an American electronics deal ­
er! Prof it opportuni ties since 1965 . Ca ll SCOTT
PRUETT,l (800) 872-1373 .

MAKE $75,000 to $250, 000 year ly or more fixing
IBM color monitors (and most brands) . No invest ­
ment. Start doing it from your home . (A telepho ne
requi red.) Information , USA , Canada $1.00 cash.
US funds. other cou ntries $8 .00 RANDALL DIS­
PLAY, Box 2168-R, Van Nuys, CA 91404 USA. Fax
(818) 990-7803.

....... ........PRESENTING ................

CABLE TV
DESCRAMBLERS

................ STARRING ...................
JERROLD, HAMUN, OAK

AND OTHER FAMOUS MANUFACTURERS

• FINEST WARRANTYPROGRAM AVAILABLE
• LO>.VESTRETAILIWH OLESALEPRICES IN u.s.
• ORDERSSHIPPED FROM sroo; W ITHIN 24 HRS.
• All MAJ OR CREDIT CM OS ACCEPTED

FOR FREE CATALOG ONLY 1-800-345-8927
FOR AU. INFORMATION 1-818-709-9937

SATELLITE TV- Do It yourself - Systems. Up­
grad es. Parts. Major brand s discount ed 40% ­
60%. We'll beat everyone's price. L.J.H. lnc., call
LARRY (609) 596-065 6.

SATELLITE TV and cable descrambling secrets.
Su rveillan ce transmitter plans. Send stam p for free
catalog. COMMUNICATIONS ENGINEERING, 76
Boulevard , Hudson Falls, NY 12839.

FREE catalog - Co mpa re our prices for new sys­
tem s and upgr ades. Latest receive rs and dishes ­
all top brands. ALPHA SATELLITE DIST., PO Box
197A, Haw1horne, NJ 07507 -0197. 1 (800) 535-AL­
PHA.

99



BIOMEDICAL letter covers medical electronics,
anatomy, equlpmentfunctlons, electrical safetv,
troubleshooting. PNP PUBLISHING, Box 33~,
Brooklyn, NY11204. (718) 837-934gextentlon 55.

CONVENTIONS
THE Greater Louisville Hamfest and Comput­
erConvention . Saturday, September 28, and
Sunday September 29, 1991 . New and used
equipment, forums and testing. For addi­
tional information write Post Office Box
34444-R, Louisville, KY 40232-4444 or call
(502) 964-1132.

BIOMEDICAL ELECTRONICS

Call
1-800-808-RADON

to get your Radon
test information.

&EPAm

INVENTORS

ALARM SECURITY

UDON.
THE HEALTH
HAZARD IN

YOUR HOME
THAT HAS A

SIMPLE
SOLUTION.

LOW cost burglar alarm systems for your home,
business, auto, computer, and personal. We carry
all lines of security and electronics supplies. Full
information package send $5.00: APS, Box 1074,
Moorhead , MN 56561 -1074 . Inqu iry (2 18)
236-6426.

INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORSCORP. for free
information. Serving inventors since 1975. 1 (800)
338-5656.

THIS ISA BOLDFACE EXPANDED AD witha
tint background.. If you like this format,
request it. Your cost is $6.80perword,

CABLE TV DESCRAMBLERS
*CONVERTERS*

and ACCESSORIES.

BUY BONDS

PANASONIC,JERROLD, OAK,
PIONEER, SCIENTIFICATLANTA

AND MORE. LOWEST PRICES. FREECATALOG.

CABLE READY (800) 234 1006
COMPANY •

Save power, board space, and fabrication
time. The PAL Complier program lets you
oombine the functions of several ICs into a
single PAL , GAL, or PEEL device. Use either
truth-table or logic equations as input. Stan­
dard JEDEC file is output. Quick logic term
minimization is includod.

$69.95 + shippingihandlingJ1ax
Call to order, or for free information.

(916)674-1626
TIMELY SOFTWARE, INC.

1747 Uve Oak Blvd.#J-210, YubaChy,CA 95991

INVENTORS! Your first step islrnportant. For free
advice, call ADVANCED PATENT SERVICES,
Washington, DC, 1 (800) 458-0352.

INVENTORS: We submit ideas to industry. Find out
what we can do for you. 1 (800) 288-IDEA.

PRACTICE troubleshooting on your IBM PC. 32
circuits including diodes, transistors, FETs and op
amps. Hundreds of troubles. Visa, MC $49.95. 3.5"
or 5.25." Demo $5.00. MALVINO INC., 229 Polaris
Ave., Mt. View, CA 9404 3.

WANTED

TRAVEL! High income! Radio officers wanted for
shipboa rd employment. Must have FCC second
telegraph license. Rae Echols, AMERICAN RADIO
ASSOCIATION, 5700 Hammonds Ferry, Linthicum,
MD 21090.

INVENTIONS/ new products/ideas wanted: call
TLCI for free information1 (800) 468-7200 24 hours/
day - USA/Canada.

TINY
RECTANGULAR

SPEAKER

n;,,,,,~sPNk;. r •
fUlurn
«Xl"""
~and higl
QJalty ITl8UoI case . GI'6:ll.
tor mniatu re appicalon S.
sa e: l IZ x 11/16' x 3M

G989 $U D 100I$0O

ULTRAVIOLET SENSOR
SUN EXPOSURE METER

MICRO MINI INVERTER
IUGH VOLTAGE TRANSFORMER
POWER SUPPLY

~! II!m ttl ~~~i: ~
;J 12VDCk>2f:J:N Jctstn:ll:*

Mniaur. power supp~ l'u :nsc«c u blll witl
puts OUI. lCtXW wilh ally ldlamal ic:.
6VOCh Or"....... r:rly 65
~ l .Ji'" x 13116 N1703 $2.00 EACH

G991 $6.00 10 FOIl $18.00

LASERS AND SCIENTIFIC DEVICES
VRL2K 3mwVis Red Laser DiodeSystem Kil .•.....•.••.•.•.••.$159.50
LLlS1K Laser Beam "Bounce" Lislener Kil $199.50
LHC2K Visible Simulated3 ColorLaserKil $44.50
LC7 40 W,II Burnin9 CullingLam Plane 520.00
RUB4 Hi Powered Pulsed Drilli ng LaserPlans $20.00
LGU40 1 102mwHeNe Vis RedLaser Gun Assembled $199.00
LLSl LaserLite Show - 3 MethodsPlans $20.00
SD5K Seein theDark Kil $299.50
EMUK Eleclromagnetic Coil Gun Kit.. $69.50
MCPl Hi Velocity Coil GunPlans $15.00
LEVl Levilating Device Plans $10.00
EHl Eleclronic HypnotismTechniques Plans $10.00

HIGHVDLTAGE ANDPLASMA DISPLAY DEVICES
HVM7K 75.000Vall DC Variable DutpulLabSourceKil.. $149.50
IDG3K Ion Ray GunKil, proiectenergy without wires $69.50
NIG9K 12V/115VAC Hi Dut NegIonGeneratorKil. $34.50
EMA1 K Telekinelic Enhancer/Electric ManAssembled $99.50
LG5K Lightnin9Display Globe Kil $54.50
BTClK Worlds Smallest Tesia Coil Kil $49.50
BTC3K 250KVTable Top Tesla Coil Kil $249.50
BTC5 1.5 Million Valls Tesla CoilPlans $20.00
JL3 Jacobs Ladder- 3 Models Plans $15.00
GRAl Anti Gravity Generator Plans $10.00
PFS20 PlasmaFire SaberAssembled $69.50
DPL20 DancingPlasma to Music and Sounds Assembled $79.50

SECURITY AND PRDTECTlDN DEVICES
ITM10 100,000Vall Intimidator upto 20' Assembled $129.50
IPG70 Invisible Pain Field Blast Wave Gen Assembled $74.50
PSP4K Phasor Sonic Biasi Wave Pistol KiL $59.50
L1sn o Intinity Xmtr, Listen in ViaPhoneAssembled $199.50
TAT30 Automatic Tel Recordin9 Device Assembled $24.50
VWPM7K 3 Mi . FM Auto Tel Transmill er Kil $49.50
FMV1 K 3 Mi . FM VoiceTransmiller Kil $39.50
HDDl K Homing/TrackingBeeper Transmitter Kit $49.50

EASY ORDERING PROCEDURE TOLLFREE1-800·221·1705
or24HRSON10603-673-4730orFAXITTO 1·603·672·5406

VISA, MC. CHECK, MOINUSFUNDS. INCLUDE1 0~. SHIPPING . ORDERS
$100.00& UPON LY ADO$1 0.00. CATALOG $1.00ORFR EE WITH ORDER.
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CANNOUNCING:
AN END

TO

HIGH MONTHLY

CABLE FEES!

PAYTV AND SATELLITEDESCRAMBLING
ALL NEW 1991 EDITION

1304 E. Algonqu in Road Suite 501
Algonq uin, Illinois 60102

Scrambling News, 1552A Heriel Ave..
Bullalo. NY. 14216. For COD'S (716) 874·2088

VOlce!Fax

1-800-232-5017
[ V/S4 I C.O.D. ORDERS !'i i]

ACCEPTED

CABLE-TRONICS, INC.

" .."'.1fill!~il,oi;jj~

AIIJerrold, Oak~Haml in . Zenith. Scientific At­
lanta, Magnavox and all specialized cable equip­
ment available for shipment within 24 hours. For
fast serv ice MCIVIS A or C.O.D. telephone or­
ders accepted. 60 Day Guarantee (Quantity Dis­
counts). Send self-addressed Stamped enve­
lope.

MATCHING PRICE
IA-800MK2.TA·802. TA·820A. IA·I OOOA. TA·1500 S27.00
TR-503. TA·323A. TA·400. TA·300. TA·377A 22.00
TA-477 . 28.00
TA-120MK2 ... . 22.00
TR-355B 16.00
TR-355A ... . 15.50
TA-3600 .. . 43.00

Our best yet.Theverylatest indescramblingcircuits. bypasses, turn-ensfor
cable. wirelessandsatellite.Only$14.95. Other pay TV editions,Vol. 1 (Basics
of All Systems)S14.95.1989 EditionS1 4.95. Buildsatellitesystemsunder $600
$12.95. Wireless CableHandbook $9.95.Any 31$29.95or51$44.95.Scrambling
NewsMonthly hasall info onthenew ftPlainVanilla" descramblerswhich em­
ulateB-Mac,VCII. Plus. Orion.$19.951yr. New catalog$1. Specialthis month.
Everything includingvideoandsubscriptionfor S84.95.

DESCRIPTION
28V,2 6A to30V, 2 6A
36V,23A
40V, 26A
24V,26A
26V,23A
18V,25A
53V,28A

POWeRTRANSFORMERS

0-15V5A RegulatedDCPowerSupply(nocase s xtormen S15.65 s 21.76
0-30V3AReg ulated DC Power Supply(no case & x'forrner) 15.65 21.76
0-50V3ARegulated DC Power Supply (no case &:xto rrner) .... 16.75 23.65

REGULATORS KIT ASSEMB.

DESCRIPTION
3 Channel Color Light Controller * $ $ 65.00
StereoLoudspeaker Protector 14.85 20.85
FMWireless Mcrcphonea . . 11.25
AC/DCQuartzDlgltat Clock ... . 19.00 26.20
Sound I Touch Control Switch 12.00
Infrared Remote Control Unit (w/Case) . 22.00 35.00
Rar / Dot l evel Meter ...... .. . :'4.1:'1 ~~ .81

311'1 Digital Panel Meter ...... .. 29.00 38.00
20Steps Bar l Oot AudioLevel Display........ . 38.45 46.14
SuperiorElectronic Rou lette , 19.46 27.24
80VCapacito r (Suggested lorTA-3600, TA-477, TA-1OOOA & TA-802) 23.00

METALCABINETS WITHALUMINUM PANEL
H' , W' x D' MATCHING PRICE
3' 12· 7' TA-2800. TA-377A. TA-2200 . S22.85
4' 16' 8' TA-323A. TA-377A. TA-2200 27.50
4' 19' 11',0, TA-802. TA-1500JA120MK 2, TA-800MK2.TA-1000A .32.80
5' 19' 1I ',0, TA-477. TA-800. MK2. TA-1500. TA-1000A. TA-3600 35.80
2' , ' 19' 8' TA-377A., TA-2800. TA-2200. TA-120MK 2 .................................... . 2925

TR-355A
TR-355B
TR-503

MODEL
LG-1273
LG-1684
LG-1924
LG-1925
LG·1983

MODEL
TY·23B
TY·25
TY·35
TY·36
TY-38
TY-41MKV
TY-4?
TY-43
TY-45
TY-47
10.000u/l

MODEL
001
002
003
004
005
006
007

II
· : 11

II
I

umn
'11

1720
18.71
42.80
2900
78.00
42.80
75.00
34.93
8500

59.72
'80.58
9581
5824
9600
68.80
63.57
3850

110 00
38.80

145.00
75.00
34.00

225.00

. ....... ...48.90

. ......... .. 27.00
...... .. 85.00

.... ......... 26.80

KIT ASSEMB,

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

....S34.50
. 38.00
. 41.20

. 36.00
. .... .. 7900

THIS ISABOLDFACE EXPANDED AD. If you
like this format thecost is $5.65 perword ..

CAll. TO FREE
1-800-228-7404

~1ht~
~fl 'lWDr lIDJMt IWII1 CUI NANIB
.;( WE CNRf AU. MAJOR IRANDS

BEST PRICE BEST
tHE CDIIIIECnOIi.. : .:;::.

FOR MORE N'ORMA1ION
CAlJ. OR WRITE .

1512 250-5031
NU-lBC .::;;~:'""

_ _ .,W IIOLCCII8 WOOD DR. o:

#WI CEP, 2M AlJIlIN 1EXAI 7I71lt

, AMPliFIERS
DESCRIPTION
Digital Voice Memo A It. .. . S30.00
Multi-Purpose MelodyGenerator 12.84
Multi-Purpose Melody(Happy Birthday, WeddingMarch, etc.) Generator A 13.65
35WClass"A" Main Power MonoAmp 31.50
30WMulti-Purpose Single ChannelAmp 20.00
SOW +60WStereoPower Amplifier{with Mic. input) 67.00
30WX2 Stereo Pre-main Amp. . . . 31.50
State of theArtFUlly ComplementarySymmetrical FETPre-Amp. AA'" 59,95
40WSolidStateMono Amp. .. . 28.00
120WMosfel Power Mono Amp. .... ..... . 68 00
120W + 120WLowTimPre-MainStereoPower Amp 63.92
80W+80WPure DCStereoMainPower Amp 45.94
100W Dynamic Class"A" Main PowerMonoAmp...... . 59.69
100WX2 Class"A"DCStereoPre-Main Amp....... ..... ... 73.70
DCFet Super Class"A" DCPre-Amp. . 47.70
Electronic Echo&:ReverberationAmp. * .
HQPre-Ampw/10 band graphicequalizer* .
BI-FET ICPre-Amp w/3waytonecontrol .
StereoSimulator (For MonoTV orAny Mono Source).... .. .
300WHQHi-Fi Power Mono Amp .
7 Band HI-FI GraphicEqualizer A ..
4 ChannelProfessional Color Light Controller* ..
AudioNldeoSurround SoundProcessor ............ * . . 65,00
Dynamic Nalse Reduction .... . 26.00
Universal AudioNideo KARAOKE Mixer, Pre-Amp. * " .

DIGITAl METERS AND COUNTER

3* Multi-Functional LedD.P.M. (w/ABS plastic case) .
4lh HI-Precision D.P.M ..
41h Hi-Precision D.P.M. (w/ABS plastic case) .
3lh Multi-Functional LCDD.M.P. (wlHOld Function) .
150MCDigital Frequency Counter .
16Hz FrequencyCounter *

CABLE TV
"BOXES"

John Denver for

~TheNational
~ArborQ!!yFoundation

MODEL
TA·28MK2
TA·50A/8
TA·50C
TA·120MK2
TA·300
SM·302
TA·323A
TA·377A
TA·400
TA·477
TA·800MK2
TA·802
TA-1000A
TA-1500
TA-2200
TA-2400A
TA-2500
TA-2800
TA-3000
TA-3600
SM-222
SM-328
SM-333
SM-666
SM-888

II

""

Converters-Descramblers
Remote Controls-Accessories

* Guaranteed Best Prices *
* 1 Year Warranty - C .O.D.'s *

Ie Immediate Shipping Ie

* FREE CATALOG *
Call arWrite

NASITRANS-WORLO CABLE CO.
3958 North Lake Blvd.• Su ite 255

Lake Park . Florida 33403
1-800-442-9333
1-800-848-3997

• Due to this special oHer & low price, we can only exchange or repair any of these units (TA·3600, TA·477 , TA-B02
& TA-1000A) within 15 days of your receipt.

• The above prices are for the complete sets. For separate unit price. please see below.

"Plant a tree today
for all the world to share"
You can make life better for

your children and for the future.
Join me and plant a tree today for
all.t he.world. to share,- - ----:-- - -t- ----== = = = = = = = = = = = = = =--- - - - - - - - - - - - - -

For your free brochure, writ e:
Trees for America,The
Nat ional Arbor Day
Foundation, Nebraska
City, NE 68410.

We accept major CIt..'d lt ca -es Money Oroees Cnec xs and CO D Orde rs CO D lee .s $5 00 . Mmlm um oroer 1$520 00 • We Ship by UPS ground Ins ide US (min 53 00 1and ship by US ma,1 Business & Showroo m hours: (Pacific T im e )
ou tSide US Plea se call our sate s Ot.'parl ment 101o rder s ever 2 ms or fOreign oroe lS • AII.1SSembled un,ts have a 30d,ly5 w.l rril nty • Qualify or v orcme c.sccum available upon req uest • Residents Mon . thru Fri. 9:30 am to 5:00 pm
01C A crea se .-Idd sail 's I;H 6 750

0 "All meleh,lnO,se chec ks arc Subject 10pl 'Of 5.11e Pnces are subjt'cl fa change WithOut pUOf r-enee We are not resccosere tor ly pog fatl "a1el fOfS Sat. 10:00 a m to 5:00 pm

MARK V ELECTRONICS, INC. - 8019 E. Slauson Ave, Montebello, CA 90640~E3 1ii1
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EQUIPMENT REPORTS

continued from page 22

other units into a dissected com­
pound unit. You could dissect " mile"
from 60 miles/hour, and replace
" mile " with "fathom ." You would
then be able to determine that 60
miles per hour was equivalent to 13
fathoms per hour.

A library of constants, from "Accel­
eration due to Gravity" to " Stefan­
Boltzman Constant" is available. You
can place a constant in the "Original "
window with the click of the mouse
button . You can then manipulate the
number just as you would a number
you had input yourself.

The "Dimensions" window shows
how given units are related to the
seven base quantities of the Sl (Sys­
teme International) of length, mass,
time, electric current, ther­
modynamic temperature , amount of
substance, luminous intensity, and
the two supplementary quantities ,
plane angle and solid angle . A unit of
time, which is itself a base quantity,
would have the base unit time to the
first power, with the rest occurring to

the zeroth power. A unit otspeed
(miles/hour, for example) would show
the base quantity length to the first
power, and time to the - 1 power.

Units and Conversion Factors is
not a complicated program to use ,
but it's not as easy as it could be. For
example , when scrolling through the
windows, you have to click on the up
arrow to scroll down alphabetically
through a list. A graphical user inter­
face is supposed to make a pro­
gram's operation intuitive. But we had
to refer to the manual often.

Partof the problem is our familiarity
with Windows and other look-alike
programs. They weren 't all too intu­
itive the first time they were used,
either. But now that their conventions
are firmly established, why fight them
by designing a new user interface
that will just confuse people? Ease of
use mustn't have been very high on
the list of design priorities for Units.
which can be seen from the fact that
the software is copy protected­
something we abhor. Nonetheless,
Units will find itself a "must-have"
tool for anyone who regularly must
make sense out of jumbles of incom­
patible specifications. R-E

Try the

Elii;;;mn'ES®
bulletin board

system

(RE-BBS)
516-293-2283

The more you use iI the more
useful it becomes.

We support 1200 and 2400 baud
operation.

Parameters: 8N1 (8 data bits, no
parity, 1 stop bit) or 7E1 (7 data
bils, even parity, 1 stop bit).

Add yourself to our user files to
increase your access.

Communicate with other R-E
readers.

Leave your comments on R-E with
the SYSOP.

RE-BBS
516-293-2283

FREE
CATALOG

$350

(10-up)

$395

(1-9)

#RM-260-308

#RM-265-275

Famous Maker 3-1/2" Speaker Pair

This recessed terminal
panel has inputs for right
and left channeis as well
as outputs for right and
left channels to route to
your satellltespeakers .
Greatlystrnplifies
subwoofer hook-up.
Outside dimensions:
3-7/8" x 5-318".

Subwoofer Input/Output Terminal

Dual cone 3·112" speaker
pair for upgrading stock
dash speakers . Graphite
fiber ccrnposite woofer cone
provides a smooth extended
response at ali power levels .
The high frequency radiator
(whizzer) takes over from the woofer at 6,000 Hz and
greatly extends the response past 20 KHz. Strontium
ferrtte magnet. 314" high temperature voice coil.
impedance: 4 ohm. Power handling capability : Z5 watts
continuous, 70 watts peak. Frequency response : 120­
21,000 Hz. Equipped with dust screen. Made in the U.S.
by a company with over 40 years experience in the auto
sound market.

.95
1.20
1.30

.95
1.50
1.30
1.50
1.60

CALL TOLL FREE

(10-Up)Part # Length Oia. (1·9)

Theseattractive, preformed tuned
ports allow the back pressure ra­
diated from the rear of the woofer
to reinforce the sound level in
front. Made of black plastic .

12 Gauge Neon Wire
The competition in today's
autosoundcontests is so
fierce that good sound ~
alone is not enough to .. . ~~
win . More and more . . :
installers are striving to . _ ...

make their installation
more pleasing to the eye.

, Parts Express now stocks
12 gauge speaker wire in vibrant neon colors. This wire is
the same high quality , made in the U.S. wire you have
used before, but now tt has flashy, neon colored insulating
jackets . Available in neon pink, neon green, and neon
orange. Sold by the foot on or 50 ft. spoois .

#RM-100-162 (Neon pink) 49¢
#RM-100-166 (Neon orange) 1Ft.
#RM-100-170 (Neon green)

Tuned Port Tubes

#RM-260·320 2" 1-7/8" 1.40
#RM-260-321 4" 1·7/8" 1.60
#RM-260-322 5" 2" 1.65
#RM-260-323 1" 2-7/8" 1.40
#RM-260·324 5" 2·7/8" 1.85
#RM-260-326 3" 2·7/8" 1.65

$4550 #RM-260-327 2·112" 3-7/8" 1.85
#RM-260-328 5" 3-7/8" 1.95

(2-up) No mixing for quantity pricing.

"15 day money back guarantee· $15.00 minimum order"
We accept Mastercard , Visa, Discover, and C.O.D. orders . "
24 hour shipping • Shipping charge - UPS chart rate + $1.00
($3.00 minimum charge)" Hours 8:30 am - 7:00 pm EST,
Monday - Friday" 9:00 am - 2:00 pm Saturd ay. Mail order customers ,
please call for shipping estimate on orders exceeding Sibs . Foreign 1-800-338-0531
destination customers please send $5.00 U.S. funds for catalog postage.

340 E. First St.. Dayton, Ohio 45402
Local : 1-513-222-0173
FAX: 513-222-4644

#RM-262-100

Ferro Fluid

Light Oak Speaker Cabinet
Premium ported speaker cabi­
net made of acoustical grade
particle board and covered with
a light oak vinyl laminate . Pre­
cutwith an 11-1/4" hole for use
with most 12" woofers. The
baffle board has no tweeter or
midrange holes fordesign flex­
ibility. The 314" thick particle
board ensures low panel reso­
nance . Dimensions: 11"x 15"x
27". Volume: 2.5 cu ft. Grill
and terminal included . Sold
individually .

#RM-340-430

Pro-Tech ferro fluid is commonly
used on voice coils to substantially
Improve frequency response,
increasetransientand continuous
power handling capabilit ies and
reduce second and third order
harmonic distortion. it reduces the
Q and lowers the impedance peak
at resonancewithouta significant
reduction in SPL. Ferro fluid can
effect ively increase power
handling capability of a driver by 200-300%. General
purpose fluid for tweeters and midranges only. 10Cc
bottle (enough for 75-100 tweeters) .

$19~~Ch
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We Have QUALITY PARTS • We Have DISCOUNT PRICES • We SHIP FAST

Highest Quality Metal Cassettes (Erased) . ~. ,
Premium quality metal tape in C-SOand C-90 cassette s (30 or ~
45 min. per side). One of the l inest 'brand-name" tapes on the
market, in durable, clear plastic transport mechanisms. Recorded o[[] 0
and bulk ...ased, the record-protect tabs have boon removed and
therefore, need to be taped over to re- record. Audiophiles will 0

appreciate the wide dynamic range of this tape. II your cassette
deck has a "metal" setting you will hear the difference. A real bargainI
SOmin.tape-CAnCoOOM 51.25 each ' 10 10r510.00 ~
90 min. tape - CAn C-90M 51.65 each, 10 lor 515.00

t3 a
CASSETIE STORAGE CASE
Black, unbreakable plastic audio cassette storage case.
CAnCBOX 5 for 51.00 ' 100for515.00

Electr iko II SIL-101 - Experiment with infrared sensors w~h
these outdoor s9CUr~y lights. Contain lots 01 interesting
corroonents. an IR detector, photoresistor, relay,
transformer, lC's, vo~age regulator, capacitors, trimpots
and other goodies. Returned to the distributor for variety
of reasons, we've found that most 01 them work to some
extent. We don't want to test them and would pre!e< to
sell them "as-Is" at a greatly reduced price. Mounts to any
standard electrical junction box. Infrared sensor delects
movement up to 65 foot and turns on lights. Sensor can be
adjusted lor sensitiv~y and duration of lighting. The poshloo
of the sockets and the Infrared sensor can be easily adjusted.
Will handle two 150 watt PAR 38 lamps. Suitable for wet locations.
Bulbs not included.CATtIL-l01 57.50 each

ooo
CD
m
::IJ
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This sifT1)le device can be set to click
from 20 to 1,000 beats per rnnute .
Easy to build, includes circuit board, all
corroonents and instructions. Oper­
ates on a 9 volt battery (not inclUded).
CATII METRO 53.75 each

Build this variable ..
speed led chaser. ' i.dtLd-~
10 ledsflash ~Q.....
sequentially at - ~
whatever speed
you set them for.
Easy to build kit includes pc board,
parts and instructions. Ideal for special
lighting effects, costumes, etc. Opec­
ates on 3 to 9 volts, PC board is 5" X
2.25". A great one hour project.
CATIf AEC $6.50 each

STEPPING MOTOR
CONTROLLER KIT

KITS
L.E.D, FLASHER KIT

Learn about ~
stepping \'~~:;.t~
motors while~ .
bui iding this
simple circuit.
Includes circuit board, stepping motor
and all parts except 12 Vdc power
supply. CATII SMKlT 518.00 each

METRONOME KIT

Two L.E.D.'s flash in ,\ II, \ I ,

unlson when a s voh~/:t-. . , .'
battery is attached.
This kit includes a •
p.c, board, all the parts
and instructions to make a simple flash­
er circuit. A quick and easy project for
anyone with basic soldering skills.
CATIf LEDKlT 51.75 per k~

L.E.D, CHASER KIT

PHOTOFLASH
CAPACITOR

RtbiconCE ~
210 Mfd 330Voit ~O­
photoflash
capacitor.
0.7!l' dia. X 1.1' high. These
are new capacitors that have
boon prepped w~h 1.4" black
and red wire leads soldered

to the terminals.
CATIl PPC·210

51.25 each" 10 lo r 511.00
100 for 5100.00

Large quantities available.
Call for pricing.

..........1IIll

SWITCHES

Pushbutton Switch
SMK
Manulacturing
0.47" square ~
black pushbutton .~
SPST normally
open. 4 p.c. pins
for mounting. Ideal for low
current sw~ching applica­
tions. CATIf PB-29

5 lor $1.00" 100 for 515.00

Min/ature Toggles
Rated: 3 amps @ 120 Vac

D.P.D. T. (ON-ON)

soider lugs ~CATIf MTS-8 51.75 ea.
10 lor 515.00

D.P.D. T. (ON-ON)
P.C. mount
CATIf MTS-8PC 52.00 ea.
10 for 517.50

S.P.D.T. (ON-ON)
P.C. mount
CATIf MTS-4PC 51.00 each
10 for 59.00 - 100 for 580.00

S.P.D. T. (ON-ONJ _
solder lugs

CATIf MTS-4 451.35 each
10 for 512.50 , '
100 for 5110.00

INFORMATION (818) 904-0524•

FLASH ASSEMBL Y

- ~----.::::x' 1c:L

• ~ ..s $Ss~

Microsw~ch IISS41
Tiny, solid state switch CJ====:
reacts instantly to
proximity of magnetic field.
Operates at extremely high speeds, up to
100 khz. Case size: 0.12" XO.17" X 0.06"
thick. 4.5 Vdc to 24 Vdc supply voltage.
10 rna. sink type digital output. Operating
gauss - 15 to 40. P.C. leads.

CATII HESW-2 7Se each , 10 for $6.50
100 for $60.00 " 1000 for 5500.00

Sprague II UGN3075LT [J:::::::=:
Operates on 4.5 - 24 Vo~s

Can sink 10 mao With suhable output pull
up, can be used dir9C11y w~h bipolar or
CMOS logic circuits. Especially suhed for
electronic commutation in brushless D.C.
motors using mu~iple ring magnets. Very
tiny surface mount package 0.175" X
O.09"X 0.06" thick.

CAT If HESW-5 2 for 51.00
100 for $45.00 Large quantities available

New compact flash
assemby from a
U.S. manufacturer 01
cameras. Operates
on 3 Vdc and measures
2 112" x 1 114". Ideal for
use as a strobe, warning light or attention
getter. Includes hook-up diagram

CAn FSH·1 53.75 each
10 for 535.00 ' 100 for 5325.00

24 PIN ZERO INSERTION
FORCE SOCKET

Textool ll 224-3344. Prot9CI24 pin dip IC's
Irom damage during test, burn-in or pro­
gramming. Lever-operated mechanism
locks part securely in place and releases it
with no damage to component leads.

CAn Z1F-24 $4.50 each

Minimum Order $10.00· All Orders Can Be Charged To Visa, Mastercard
Or Discovercard· Checks and Money Orders Accepted By Mail· California, Add
Sales Tax · Shipping And Handling $3.50 for the 48 Continental United States
All Others Including Alaska, Hawaii, P.R. And Canada Must Pay Full Shipping

Quantities Limited· No C.O.D. • Prices Subject to change without notice.

AAA SIZE 51.50 each
1.2 volts 180 mAh
CATII NCB·AAA

M SIZE 52.00 each
1.25 volts 500 mAh

CATt NCB-AA

M SIZE 52.20 each
WITH SOLDER TABS

CATII NCB-SAA

C SIZE $4.25 each
1.2 volts 1200 mAh

CATt NCB-C

o SIZE $4.50 each
1.2 volts 1200 mAh

CATt NCB-D

FLASHING LED
WI built in flashing circuit
5 volt operation. T 1-314

(5mm) ~-=

RED 51.00 each
CAn LED-4 10 for 59.50

GREEN 51.00 each
CAn LED-4G 10 for 59.50

YELLOW 51.00 each
CATt LED-4Y 10 for $9.50

LED HOLDER

Two piece holdee, ee
10 for 6Se

RED CAn LED·1
10 for 51.50 " 100 for 513.00

GREEN CATt LED-2
10 for 52.00 ' 100 lo r 517.00

YELLOW CAn LED-3
10 lor 52.00 ' 100 for 517.00

QIilB'l
fiHil
ffiffi

.~[!]

FAX (818) 781-2653
Call Or Write For Our
Free 64 Page Catalog

Outside the U.S.A. send $2.00
postage for a catalog.

Dual 1K audio.
3 112"long, 2 112" slide ~
CATlfASP-1KD ,-, - - p
Reduced to 50<> each! , ~

100 for $40.00
..................liliiii

AUDIO SLIDE POT

12 button telephone
keypad. Ivory finish.
2.83" x 2.2" x 0.58" thick.
Matrix encoded.
Ideal for telephone or
security keypad.
CAT If KPT-1 51.00 each • 10 lor 59.00

Panasonic (Matsushita)
II EFR RCBK40K54 ~
An ultrasonic microphone
consisting of a bimorph
type piezoelectric ceramc
vibrator . Ideal for burglar alarms, auto
door openers, flow rate detectors and re­
mote control systems. Nom. Freq. 40kHz.
Max Input volts: 20 Volts. 15116" dia X

318" high . 5/8" long leads.
CAn UST-l 51.00 each

CIRCLE 107 ON FREE INFORMATION CARD

TELEPHONE KEYPAD

The "brain"
part of the
'LITE
TOUCH"
touch dimmer,
when connected to any lamp, wi ll turn ~

on and off and change the brightness
level when any metal part is touched. We
don' have the wiring harness that origi­
nally conn ected this to the lamp, but we
can prov ide a simple hook-up diagram
and instruct ion sheet. The solid-state cir­
cuitry is contained in a thermo-
plastic box 1.91" X 3.11" X 0.835".

CAn DMR-1 53.50 each

MAIL ORDERS TO: ALL ELECTRONICS CORP· P.O. BOX 567· VAN NUYS, CA 91408



STOCK # 1-24 25-99 100+ STOCK # SPEED 1-24 25-99 100+

41256-60 60 ns 2.59 2.46 2.21 2716 450 ns 3.29 3.13 2.82

41256-80 80 ns 2.19 2.08 1.87 2732 450 ns 4.19 3.98 3.58

41256-100 100 ns 1.99 1.89 1.70 2732A 250 ns 3.29 3.13 2.82

41256-120 120 ns 1.89 1.80 1.62 2764 250 ns 3.49 3.32 2.99

41256-150 150 ns 1.79 1.70 1.53 2764A 250 ns 3.09 2.94 2.65

511000-70 1 meg x 1 70 ns 5.49 5.22 4.70 27128 250 ns 4.79 4.55 4.10

511000-80 1 meg x 1 80 ns 5.29 5.03 4.53 27C128 250 ns 4.79 4.55 4.10

511000-10 1 meg x 1 100 ns 5.09 4.84 4.36 27256 250 ns 4.59 4.36 3.92

514256-70 256K x 4 70 ns 6.49 6.17 5.55 27C256 250 ns 4.29 4.08 3.67

514256-80 256K x 4 80 ns 6.09 5.79 5.21 27512 250 ns 5.49 5.22 4.70

514256-10 256K x 4 100 ns 5.69 5.41 4.87 27C512 250 ns 5.49 5.22 4.70

541000-80 4 meg x 1 80 ns 26.99 25.64 23.08 27C1024 200 ns 10.99 10.44 9.40

544256-80 1 me x4 80 ns 31.99 30.39 27.35 27C2048 200 ns 21.99 20.89 18.80

SINCE 1983 - YOUR I.C. SOURCE - AND MUCH MORE!!
NO SHIPPING CHARGES ON PRE-PAID ORDERS!*

NO CREDIT CARD SURCHARGE!
SCHOOL P.O.'s WELCOME!

TUBES

STOCK # MFG. WAVE- OUTPUT OPER. OPER. PRICE
LENGTH POWER CURR o VOLT.

LS9220 TOSHIBA 660 nm 3 mW 85mA 2.5. 129.99

LS9200 TOSHIBA 670nm 3mW 85 mA 2.3. 49.99

LS9201 TOSHIBA 670 nm 5mW 80 mA 2.4. 59.99

LS9211 TOSHIBA 670 nm 5 mW SOmA 2.3. 69.99

LS9215 TOSHIBA 670 nm 10mW 45 mA 2.4. 109.99

LS3200 NEC 670 nm 3mW 85 mA 2.2. 79.99

LS022 SHARP 780 nm 5mW 65 mA 1.75. 19.99

STOCK # WAVELENGTH OUTPUT OUTPUT BEAM BEAM POLAR I- OPERATING OPER. FIRING MIN . SIZE WT. BRH PRICE
POWER POWER DIAM. DIVERG. ZATION VOLTAGE CURR o VOLT. SERIES D XL (GM .) CL. 1-9 10+
(MIN.) (MAX.) RES. (INMM)

LT7770 543nm (Green) 0.5mW 1.0mW 0.71mm ~ 1.2 mrad random 1750.! 110. 6.5mA :S 8 kV 81k 0 37 x 350 200 II 799.99 749.99
LT7650 632.8nm (Red) 0.5mW 2.0mW 0.49mm :S 1.7 mrad > 100:1 1000. ! 100. 3.5 mA < 7 kV 68k 0 25 x 146 70 Ili a 529.99 479.99
LT7656 632.8nm (Red) 0.5mW 2.0mW 0.34mm :S 2.4 mrad random 1050. ! 100. 2.8 mA :S 8 kV 82k 0 22.5 x 118 60 Ili a 134.99 124.99
LT7655 632.8nm (Red) 0.5mW 2.0mW 0.49mm :S 1.7mrad random 1000. ! 100. 3.5 mA :S 7 kV 68k 0 25 x 150 70 Ili a 144.99 134.99
LT7655S 632.8nm (Red) 1.0mW 2.0mW 0.49mm ~ 1.7 mrad random 1000. ! 100. 3.5 mA :S 7 kV 68k 0 25 x 150 70 li la 159.99 144.99
LT7632 632.8nm (Red) 1.2mW 3.0mW 0.61mm :S 3.0 mrad random 13oo. ! 100. 3.5 mA :S 7 kV 81k 0 20 x 210 70 lila 249.99 229.99
LT7621S 632.8nm (Red) 2.0mW 5.0mW 0.75mm ~ 1.2 mrad rand om 13oo. ! 100. 5.0mA :S 7 kV 68k 0 30 x 255 140 lila 204.99 191.99
LT7634 632.8nm (Red) 2.0mW 5.0mW 0.75mm :S 1.2 mrad > 500:1 13oo. ! 100. 5.0mA :S 7 kV 68k 0 30 x 255 140 lila 209.99 194.99
LT7621MM 632.8nm (Red) 5.0mW 15mW 1.0mm :S 2.5 mrad rando m 1250. ! 100v 6.5 mA :S 7 kV 68k O 30 x 255 140 IIlb 359.99 334.99
LT7627 632.8nm (Red) 5.0mW 15mW 0.80mm :S 1.1 mrad rand om 19oo. ! 100. 6.5 mA :S 8 kV 81k 0 37 x 350 200 IIl b 369.99 344.99
LT7628 632.8nm (Red) 5.0mW 15mW 0.80mm :S 1.1 mrad > 500:1 1900.! 100. 6.5mA :S 8 kV 81k 0 37 x 350 200 IIlb 389.99 364.99
LT7627MM 632.8nm (Red) 10mW 30mW 1.2mm :S 4.0 mrad random 1750.! 100. 6.5 mA :S 8 kV 81k 0 37 x 350 200 Ili b 479.99 444.99

Power Supply

Not just a drive cleaner-but a complete
computer cleaning kit. Includes swabs,
head cleani ng fluid, ant i-static cleaner,
screen wipes and c leaning diskette.

Disc Drive & Computer
Cleaning Kit

STOCK # PRICE
S81099 3%" Kit $6.99
S81100 511..' Kit $6.99

STOCK # PRICE
S81052 $39.99

• Output: 2.5 mW (max.)
• Current: 90-150 mA
• Op . Volt. : 2.2-2.5V
• Wavelength: 820NM
• Data Sheet inc.

Collimator Pen

PRICE
$19.99

STOCK #
PS1003

• Input: 115/230 V
• Output: +5v@ 3.75A

+12v@ 1.5A
-1 2v @ AA

• Size: 7" L x 5'/,' W x 2\12' H

• Outp ut: 3.5 mW
• Wavelength : 670N M
• Power Supply: 2xAAA Batteries

(inc luded)
• Beam: App rox. 3" @ 100 yards

Quant ity Discount s Available

STOCK # PRICE
LSPOINT $199.99

Laser Pointer
- ~~
~~~

Includes cleaning flu id and
head-cleaning diske tte

PRICE
$49.99

STOCK #
MV912

An intellig ent robot that knows how
to avoid hilli ng walls . This robot
emits an infra-red beam wh ich
detec ts an obstacle in front and
the n automatically tu rns left and
continues on.

Avoider Robot Kit

PRICE
$49.99

STOCK #
Y01

Robots were once co nfined 10 scien ce fic tio n
mov ies. Today, wh ether they're perform ing
dangerous tasks or putt ing together complex
products, robo tics are fi nding their way into
more and more industries. The Robotic Arm
Ki t IS an educat iona l ki t that leaches baSIC
robot ic arm fund amentals as well as testing
your own motor skuts. Command It 10 perform
Simple tasks.

Robotic Arm KitAnti-Static
Screen Wipes

For static-sensit ive appli catio ns.
Dispenser pack s, ind ividually wrapped .

STOCK # PRICE
SB1104 Dispenserpack $1.99

of 25wipes
SB1107 Dispenser pack $4.99

of 100wipes

PRICE
$1.99
$1.99

Disc Drive Head­
Cleaning Kit

STOCK #
S81105 3W' Drive Kit
S81106 51/4' Drive Kit
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ORDER LINE - (800) 824-3432 ~

INTERNATIONAL ORDERS - (818) 341-8833

FAX ORDERS - (818) 998-7975

TECHNICAL SUPPORT - (818) 341-8833

CIRCLE 201 ON FREE INFORMATIO N CARD

• 15.00 MI NIMUM ORDER •
• UPS BLUE , RED & FEDERAL EXPRESS ••

SHIPPING AVAILABLE
• OPEN MON-FRI 9:00 AM - 6:00 PM,

SAT 10:00 AM - 3:00 PM PDT
• CA RESIDE NTS ADD 7% SALES TAX
• CALL FOR QUANTITY DISCOUNTS
• CALL FOR FREE CATALOG

(FOR 1ST CLA SS DELIVERY OR CATALOGS
DELIV ERED OUTSIDE THE U.S. - SEND 52.00)

• WE CARRY A COMPLETE LINE OF ELECTRONIC
COMPONENTS

' NO SHIPPING CHARGES ON PRE-PAID
ORDERS DELIV ERED IN THE CONTINENTAL U.S.
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FAX DIRECT
1-800-582-1255

ORDER DIRECT
1-800-582-4044

o
o
d
ell
m
::0

4x1
16x1
16x4
64x1
64x1
64x1
64x4

256x1
256x1
256x4
1Mx1
1Mx1

25V
25V
25V
21V

12.5V
21V

12.5V
12.5V
12.5V
12.5V
12.5V

Desc.

Prog .

DRAMS
Order # Price

2708 ..4.75
2716 3.45
2732 3.95
2732A25 3.45
2732845 4.25
2764-25 3.75
2764A25 3.25
27128A25 3.95
27256-25 4.75
27256-30 3.45
27C512-15 6.95

MK4027N2 75
4116-20 85
4416-12 2.25
4164-10 1.95
4164-15 1.55
4164-20 1.25
41464-12 2.75
41256-80 2.15
41256-12 1.85
514256-10 6.95
511000-80 7.25
511000-10 6.95

EPROMS
Order # Price

- - --- - -~ -
,T/ I,"

I ,- , •
I IJ ~ ,-;:1 _ \ _, j _ • '

~~~----- -- -~--------- - - .

MICROS
Order # Price
6821 1.75
6845 2.45
8080A 2.75
808SA 2.95
8086 4.45
8088 4.25
8237A5 4.15
8250 5.75
8251A 2.25
8253-5 2.25
8255A5 2.75
8275 18.95

STATIC RAMS
Order # Price
2101 1.65
2114L25 1.15
2147-3 3.75
6116LP3 2.75
6116-3 2.25
6264LP10 .4.95
6264LP15 3.95
6264-10 4.75
6264-15 3.75
62256LP10 6.75
62256LP15 6.25

. .... ~

VIS4 2917 Bayview Drive
Fremont, CA 94538

Order Direct: 1-800-582-4044
Fox Direct: 1-800-582-1255

Customer Service: 1-415-770-2345
Mondoy-Fridoy, 10m - Spm (PST)/1 00m-8pm (EST)rn COD-No personal checks, US funds ($5.00 Surcharge)

rn USPS rn UPS rn Federal Express rn Airborne
Add S%oftotol forshipping UPS Ground ($3.00 min.).

Actual shipping charges based onweight.
Call orwrite today for your free copy ofour 1991 catalog.

California residents, add arpropriate sales tax.
12 month warranty onal EasyTech products.

30daymoney back ~uarantee.
We reserve theright to subslltute manufacturers.

Prices subjectta change without notice.

National Programmable Logic Devices Databook
Ov e r 400 pages inclu ding dat a she ets , designing with PLD s, metho dol ogy and
developmental tools. Also included is an introductory tutorial section. Weight: 1.0 lb.

Order # 400082 12.95

CIRCLE 178 ON FREE INFORMATION CARD

Motorola RF Device Data - Volumes 1 & 2
This two volume set contains over 2200 pages of data on RF Power TMOS FETs, RF Power
Bipolar Transistors, RF Small Signal Transistors, Tuning and Switching Diodes, and RF
Amplifiers. Also included are drawings, diagrams. dimensions and pin-outs on all packages.
Weight: 4.25 Ibs.

Order # DL110 14.95

Motorola Memory Data
Over 500 pages on Dynamic RAMS, Generai and Fast Static RAMS, MaS EEPROM. MECL
Memories, etc. Weight: 1.25 Ibs.

Order # DL113 8.95

Motorola MPUlMCUlPeripheral Data - Volumes 1 & 2
Over 2800 pages on Motorola's Microcontroller and Microprocessor families such as the
MC6800, MC6802, MC6821, MC6845, MC146818, MC68701, MC68705, etc.
Weight: 4.0Ibs.
Order # DL139 16.95

National General Purpose Devices Linear Databook
Over 1600 pages on voltage regulators, operational amplifiers, buffers, voltage comparators
and instrumentation ampiifiers. Weight: 3 lbs.

Order # 400026 19.95

Order # Price Organization Speed
Features 256x9-80 19.95 262,144x9 .................80ns
·Color coordinates for easy recognition 1x9-80 64.95 1,048,576x9 ..............80ns
' Insertion wire: 20-29 AWG (0.3 - 0.8 mm) , " ,...

_ l.J.v.'Over 10,000 insertion cycles
·Accepts all standard components S81660 S82390 S83220

Price Price Dimensions (in.) Dis!. Dis!. Terminal Terminal 8inding Order # Price Description Pins

Order # 1-9 10+ Lx Wx H Stri s Points Stri s Points Posts
27C64FP25 3.95 64K PROM .........PLCC 32

S8200 2.99 2.49 6.5 x 0.37 x 0.4 2 100 x 2 0 0 0
27C256FP25 4.95 256K PROM.......PLCC 32
41256-12FL 2.45 256x1 DRAM......PLCC 18

S8400 4.89 4.39 3.3 x 2.2 x 0.4 2 100 1 300 0 41464FP15 3.45 64x4 DRAM........PLCC 18
S8630 5.45 4.95 6.5 x 1.4 x 0.4 0 0 1 630 0 6116FP12 2.45 2Kx8 SRAM .........SOP 24
S8830 6.49 5.99 6.5 x 2.2 x 0.4 2 200 1 630 0 6264LFP10 4.25 8Kx8 SRAM .........SOP 28
S81360 12.49 11.99 8.5 x 3.9 x 1.2 1 100 2 1,260 2 62256LFP10 6.95 32Kx8 SRAM .......SOP 28
S81660 17.45 16.95 8.5 x 5.1 x 1.2 4 400 2 1,260 3 74ALS32FP .55 Gate .....................SOP 14
S82390 22.49 21.49 9.1 x 6.9 x 1.2 5 500 3 1,890 4 74F240FP 1.15 Octal Driver ..........SOP 20
S83220 31.49 30.49 9.5 x 8.3 x 1.2 7 700 4 2,520 4 74LS374FP 1.05 Octal Flip Flop ......SOP 20

PR4.5 32.95 Internal
PR7 44.95 Chassis Mount
PR10 64.95 Chassis Mount
PR15 89.95 Chassis Mount
PR25 126.95 Chassis Mount
PR40 179.95 Chassis Mount
PR60 249.95 Chassis Mount

-- -- ----------

*Intermittant Communications Duty (50% Duty Cycle)

Order # Price Fusin

Comp lete Line of DC Power Supplies to Convert 120VAC to 13.8VDC ±O.5VDC.

Standard Features Include:
'Solid state integrated circuit provides excellent regulation
'Output voltage maintained up to 95% of no load value
' High quality filtering for low noise operation
'Heavy duty power transformer for complete line isolation
' On/off indicator light and rugged on/off switch on faceplate
' 3 conductor grounded cord on 10 Amp and larger models
·Current limiting electronic foldback for auto overcurrent protection
•2 yea r warranty

: - .
---~- --- - ---
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• 50 Watt TemperatureControlled Desoldering Station
• Desoldering head is temperaturecontrolled to800°F
• Lowmaintenancevacuumsystem

•Temperature adjustablefrom350° to850°F
• Zerovoltagecircuit protectssensitivecomponentsfromdamage
• Lighted on/offswitch

WCC100 Soldering Station $89.95

Features:
• Ideal for analog, digital and microprocessor • Two debounced push-button switches
circuits • Two SPOT slide switches, all leads

• Triple DC regulated power supplies, +5V, available and uncommited
+15V, -15V • A total of 2520 uncommited tie-points

• 8 logic indicators • Potentiometers: one 1Kn and one 10f
• Function generator with sine, square, • Includes power supply, instrumentatio
triangle and TIL waveforms and breadboarding

PB503 $299

Weller Soldering and Desoldering StationsJameco Logic Probe

~.
• Max Frequency 80MHz • Minimum detectable
pulse: 10ns • 120KU input impeda nce • Max.
supplyvoltage: ' 25V. TTLthreshold: (Lo).0.8V
,O. IV (Hi) .2.3V ,0.2V . CMOS threshold:
(l.o) 30% VCC , ' 0% (Hi) 70%VCC " 0%

Jameco Logic Pulser

Test/Measurement and Prototype Equipment
51-Piece Electronic Tool Kit Global Specialties Protoboard" Desig
Tools Included in Kit:

10' measuring tape
5.25" needlenose pliers
Electric tape
Utilitycomponentsbox
6piece precision
screwdriverset
6' long tweezers

• 8piece hex key wrench set
• 7"brushand scraper
• DigitalMultimeter

Brush
• 7"fine point probe
• Round needlefile 6"adjustablewrench • 5.25' Flat nose pliers
• 10piece screwdriverset: 30Wattsolderingiron • Utilityknifewithextrablade

6Slotted &4 Phillips 5.5" Stainless steel • Desolderingpump
• 7"slotted probe scissors • 5.25" Bent needle nose pliers
• Flat needlefile • Solderingstand • Carryingcase:
• 4.5" diagonal cuttingpliers • Rosin coresolder 17.63"Wx 12.5"0 x3.5·H

MS305 $119.95

• Compatible with TIL, DTL. RTL, HTL.
HNIL, MOS and CMOS ICs. • l Mn Sync

I ir.put impedance • Pulser mode output
' .,..:rrent: 10mA • Square wave current
output: SmA · Audible tone

LP540 $16.95 MS104 $24.95 05600 Desoldering Station $549.95
WCC100

UVP EPROM Eraser

~"., .\. )

. : • .* -

• Erases all EPROM's • Erases 1 chip i
15 minutes and 8 chips in 21 min

• UV intensity: 6800 UW/CM2

DE4 $89.!

A.R.T. EPROM Programmer

• Programs all current EPROMs in the 2716to
27512 range plus the X2864 EEPROM

• RS232 port · Software inc luded

EPP $199.95

M3650 & M4650only:
• Also measure frequency and capacitance

M4650 only: • Dataholdswitch , 4.5digit

GeneralSpecs:
· Handheld. high

accuracy - AC/DC
voltage. AC/DC
current, resistance,
diodes, continuity,
transistor hFE

• Manual ranging w/
overload protection

Contact Binding
Points Posts Price

Dim.
L" x W"

Part
No.

Prototype Products Metex Digital Multimeters
Jameco Solderless Breadboards

Pr
$3

5
4
4
5
4
4
4
6
5
6
6
5
9
9

272 560TP
27256-15
27256-20
27256 -25
27C256· 15
27C 256-20
27 C256·25
2751 20T P
275 12 -20
2751 2-25
27C512-15
27C512-20
27C512-25
27C010·15
68766-35

Part No,

EPROMs - for your programming needs

~: .. .

3.5 DigitMuijimeter $59.95
3.5 Digit MullimeterwlFrequency &

Capacitance """""" "" """.".".$74.95
4.5Digit wiFrequency. Capacitance

and DataHoldSwitch ".".."" ,$99,95

Handheld Multimeter

• 3.5 digit LCD with automatic polarity indication
• Ac m c voltage measureme nt up to 500 volts
• AC/DC current measurement up to 200mA
• Resistance measurement up to 20MO: • Con­
tinuity checker with audible tone • Diode and
logic tester · Auto/manual range and data hold
functions · All range protecti on and function in­
dications

M4650

M3610
M3650$4.95

$6.95
$12.95
$17.95
$22.95
$32.95

Please
referto

Mail Key2
when

ordering

Part No. Price Part No, Price
TM52516 $4.25 2764-20 $3,95
TM52532-35 8.95 2764-25 3.75
TM52532A 6.95 2764-45 3.49
TM52564 5.95 2764A-20 3.75
TM52716 5.95 2764A-25 3.19
1702A 3.95 27C64-15 3.95
270 8 4.75 27C64-25 3.25
2716 3.39 271280TP 3.49
2716-1 3.75 27 128·20 7.95
27C16 4.25 27128-25 7.75
2732 4.95 27128A-15 4.95
2732A-20 4.49 27128A-20 4.4 9
2732A-25 3.49 27128A-25 3.75
2732A-45 2.95 27C128-15 5.75

OMM905 $39.95 27C32 4.75 27C128-25 7.95

• Partial Listing • Over 4000 Electronic and Computer Components in Stock!

400
830

1,360
1,660
2,390
3,220

3.25X2.125
6.5x2.125
6.5X3.125
6.5 X4.25

6.875 X5.75
7.25 X7.5

JAMECO®
24 Hour Order Hotline

(415) 592-8097

JE21
JE23
JE24
JE25
JE26
JE27

CIRCLE 114 ON FREE INFORMATION CARD



~om etitive •
nces

• Tools
• Cables
• Connectors
• Data Books
• Motherboards
• Memory
• Math Coprocessors
• Computer Accessories
• Power Protection Equipment
• Much, much more!

Conner (16·bit IDE)
CP3044 40MB3.S· LowProfile $399.95
CP3184 80MB 3.S·HH $599 .95
CP3104 100MB 3.S·HH $649.95

Call for latest pricing!

ADP20 Host Adapter $29.95

Hard
Drives

• Wide selection of integrated
circuits and components

• Quality prototype and test
equipment

• Computer kits and accessories

Additional items that Jameco offers:

Look to Jameco.....

JE1058S $229.95

• Emulates VGA, EGA. CGA, MDA and
Hercules modes • Comes with 512KB
video RAM upgradable to 1MB (Four
514256-80) • Capable of 1024 x 768 with
256 colors (1MB video RAM required)

Relisys 14" VGA
. Color Monitor

COMPUTER PRODUCTS

24 Hour Order Hotline (415) 592-8097

Call for latest pricing!

• Max resolution: 720x480
•Bandwidth:30MHz
• Input: DB1 5-pin (analog)

RE9513 $399.95

Jameco 16-bit Super
VGA Card

Call for latest pricing!

Jameco 16MHz 80386SX
Desktop Computer Kit

Include s:
• 80386SX Motherboard with

2MB RAM (expandable to 8MB)
• 101-key enhanced keyboard
• Multi 1/0 Card
• Toshiba 1.44MB, 3.5" DSHD

floppy disk drive
• Baby sized desktop case
• 200 Watt power supply
• DR DOS 5.0 by Digital

Resear ch and AMI
diagno stic software

iomputer Products and Electronic Components
Assemble Your own Computer Kit!

Jameco 16MHz 80386SX Desktop Computer Kit
• Building your own computer provides you with a better understanding of

components and their functions
• In-depth assembly instructions included
• Have your new computer assembled and running in an evening,

using common tools
• Software included
• Purchase computer kits configured by Jameco or design your own

Let usshow youwhat wehave tooffer;
callorwriteforthe latestJamecocatalog!

© 1991 Jameco Electronics 10/91

CA Residents Add
7.25%,7.75% or 8.25% Sales Tax

Shipping, handling and insurance are additional.
{Costs mayvary according to weight and shipping method )

Terms : Prices subject to change without notice.
Items subject to availability and prior sale.
Comp lete list of terms.w arranues is available upon request.

4164-100
4164-120
4164-150
41256-60
41256-80

COMPUTER PRODUCTS
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US Cable · 89

Radi o Sh ack 32

SC Q Electronics 89

Sencore CV4

SMPTEC 84

Sta r Circuits 90

T he School of VCR Repair 76

TECI 84

The SPEC-C OM Journal 26

ADVERTISING SALES OFFICE
Gernsback Publications. Inc.
500-B Bi-County Blvd.
Farmingdale. NY 11735
1·(516) 293-3000
President: Larry Steckler

For Advertising ONLY
5 16-293-3000
Fax 1-516-293-3115
Larry Steckler

publisher
Christina Estrada

assistant to the President
Arline Fishman

advertising director
Denise Haven

advertising assistant
Kelly McQuade

credit manager

Subscriber Customer Service
1-800-288-0652
Order Entry for New Subscribers
1-800·999-7139
7:00 AM - 6:00 PM M-F MST

SALES OFFICES
EAST/SOUTHEAST
Stanley Levitan. Eastern Sales Manager
Radio-Electronics
1 Overlook Ave.
Great Neck, NY 11021
1·516-487-9357, 1-516-293-3000
Fax 1-516-487-8402

MIDWESTlTexas/Arkansas/Okla.
Ralph Bergen. Midwest Sales Manager
Radio-Electronics
One Northfield Plaza, Suite 300
Northfield, IL 60093-1214
1-708-446 -1444
Fax 1-708 ·559 -0562

PACIFIC COAST/Mountain States
Marvin Green. Pacific Sales Manager
Radio -Electron ics
5430 Van Nuys Blvd . Suite 316
Van Nuys , CA 91401
1-818-986-2001
Fax 1-818-986-2009

RE Shopper
Joe Shere. National Representat ive
P.O. Box 169
Idyllwild, CA 92549
1-714-659-97 43
Fax 1-714-659-2469
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ISCET 88

HighTe xt Publications, Inc 16
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Optoelectronics 5

Parts Ex press 102

Deco Industries 79
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Grantham College 81

Heathkit 12

Mark V. Elect ronics 101
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Fluke Manufacturing CV2

Fordham 3

MJS Design 79

Electronics Engineers B. C 28

Kelvin 73

People's College of Indep. Study . 82
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Electronic Technology Today 108

Electronics Book Club 17

EasyTech 105

Electronic Goldmine 100

M D Electronics 99

Datak Corporation 25

NTE Elect ronics CV3

Numbe r On e Systems Ltd 95

Cook's Institute 26

Command Productions 16
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Amazing Concepts 100
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C & S Sales 77
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RADIO-ELECTRONICS does not assume any responsib ility for errors that may appear in
the index below.

•I
I

... 0 160-COIL DESIGN &
CONSTRUCTION MANUAL
.... $~.9~. How to make fiF. IF.
audio and power coils; chokes
and transformers. Practically
every possible type is dis ­
cussed.

... 0 BP 302-A CONCISE
USER'S GUIDE TO LOTUS
1-2-3 RELEASE 3.1 .... $6.25.
If you are a PC user and want
to upgrade to Lotus 1-2-3 re­
lease 3.1, this book can teach
you how to do that in the short­
est and most effective way.

FUN WITH
ELECTRONICS

][
Coi l Dosign lind
Construc tion
Mn"""

o BP298-A CONCISE IN- ~

TRODUCTION TOTHE MAC­
INTOS H SYSTEM AND
FINDER .... $6.25. This intro­
duction for those new to the
Mac, this book also serves as
a quick refresher for experi­
enced owners that have not
used the machine in som e
time.

o BP277-HIGH POWER ~

AUDIO AMPLIFIER CON ­
STRUCTION .... $6.25. Here's
background and practical de-
sign information on high power
audio amplifiers capable of
300 ± 400 watts r.rn.s. You'll
find MOSFET and bipolar out-
put transistors in inverting and
non-inverting circuits.

Name _
Address _
City State Zi p _

----------------

MAIL TO: Electronic Technology Today. Inc.
I'D. Box 240
Massapequa Park, NY11762-0240

SHIPPING CHARGES IN USA AND CANADA

$0.01 to $5.00 ... $1.50 $30.01 to $40.00 . $5.50
I $5.01 to $10.00 .. $2.50 $40.01 to $50.00 . $6.50

$10.01 to $20.00 . $3.50 $50.01 and above . $8.00
$20.01 to $30.00 . $4.50
SORRY. No orders accepted outside 01 USA and
Canada
Total price of merchandise . $ _
Shipping (see chart) $ _

Subtotal . . . . . $ _
SalesTax (NYS only) $ _
Total Enclosed $ _

r---------------·I
I
I

I

o PCP113-THE PC MUSIC ~

HANDBOOK .. .. $13 .9 5.
Learn the basics of computer
music systems. For the pro­
fessional musician, gifted am­
ateur or just plain curious.

(j)
g
z
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I­
U
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....J
LU

6
o
-ca:
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For the name ofyour nearest NTE distributor, call NTE: Toll Free: 1·800·631·1250 (incl. Canada)
Tel: (201) 748·5089 • FAX: (201) 748·6224

CIRCLE 71 ON FREE INFORMATION CARD

Company _

Address -j

Please rush me__ copies of the
NTE Technical Guide and Cross Reference
manua l at $3.25 each. I have enclosed
my check or money order for a
total of $ _

Name _

City _

State Zip _

Mail to: NTE. 44·T Farrand St., Bloomfield. NJ 07003
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