allln—nuun A COMMERCIAI. ZAPPER

$2.25 APR. 87

IN CANACA §2.75

TECHNOLOGY - VIDEO - STEREO - COMPUTERS - SERVICE

BUILD THIS
ROBOT BRAIN

Construction details for a -
robotics-control compuiter |3 ", :
. M B 5

' LOGIC-GATE PRIMER | S T § ‘“ e’ "W-,.,?'m
Fundamentals of e S N RS
 buffers and gates 1l e

COMMUNICATIONS || = e
TECHNOLOGY Fomers s tom el B

Spread-spectrum systems | D00 gl i

BUILD AN _
ACID-RAIN MONITOR

'Measure the danger yourself

' THE EARLY DAYS OF RADIO

Radioe pioneers and their contributions

[
[

“i%m] o gg:_?g

TRERT

,.
!
&5 o beSeraEaag

kEEEARRRRR|

[ S
5

é LXE
© T s L

PLUS: * CompurerDicess
wa * Video News THE R-E ROBOT
“ l * Ask R-E

S6lh57as * Designer’s Notebook M




New GPS Series: Tek sets
the pace with SmartCursors
and push-button ease.

Work faster, smarter, with two new
general purpose scopes from
Tektronix. The four-channel, 100 MHz
2246 and 2245 set the new, fast pace for
measurements at the bench or in the
field. They're easy to use and afford, by
design.

On top: the 2246 with exclusive
integrated push-button measure-
ments. Measurements are accessed
through easy, pop-up menus and imple-
mented at the touch of a button. Mea-
sure peak volts, peak-to-peak, = peak
dc volts and gated volts with new hands-
off convenience and on-screen readout
of values.

SmartCursors™ track voltmeter mea-
surements in the 2246 and visually indi-
cate where ground and trigger levels are
located. Or use cursors in the manual
mode for immediate, effortiess measure-
ment of waveform parameters.

Both scopes build on performance
you haven’t seen at the bandwidth or
prices. Lab grade features include
sweep speeds to 2 ns/div. Vertical sen-
sitivity of 2 mV/div at full bandwidth for
low-level signal capture. Plus trigger

Copyright 19886, Tektronix, Inc. All rights reserved. TTA-469

Features

Bandwidth

No. of Channels
Scale Factor Readout
SmartCursors™ '
Volis‘Cursors )
Time Cursors
Voltmeter
Vertical _S_ensM
Max. Sweep Speed
Ve—rt"/H_orfAcc@y
Trigger Modes )
Trigger LeveTﬁ@out
Weight -
Wa?aﬁt?

Price

sensitivity to 0.25 div at 50 MHz, t0 0.5
div at 150 MHz.

Accuracy is excellent: 2% at vertical,

2% at horizontal. And four-channel
capability includes two channels
optimized for logic signals.

Best of all, high performance

comes with unmatched

convenience. You can
see it and feel it
in the

2246 - 2245
100 MHz 100 MHz
4 4
_ Yes Yes
Yes No
Yes ~ No
Yes No
e o
2mV/div  2mVidiv
*2 ns/(—ji_v— 2 ns/div
2% 2%
Auto Level, Auto, Norm, TV Field, TV Line, Single Sweep
A T Yes o ~ No
61kg 6.1 kg

vae_;_x_r m_})art_s_ind_lgbor_includin_g CR[ 3

$2400 31875

responsive controls and simple front-
panel design, in extensive on-screen
scale factor readouts, and in
simplified trigger operation that includes
Tek's Auto Level mode for automatic trig-
gering on any signal. Start to finish, the
GPS Series saves steps and simplifies
tasks.

Get out in front! Call toll-free today
to order, to get more details or a vid-
eotape demonstration.

1-800-433-2323

In Oregon, call collect 1-627-9000

Featuring four chan-
nels, flexible triggering,
extensive CRT readouts
and push-button ease
of use, the new Tek
2246 (left) and 2245
(above) bring high-qual-
ity, low-cost analysis to
diverse applications in
digital design, field ser-
vice and manufacturing.

wWwWw americanradiohistorv com

Tektronix

COMMITTED TO EXCELLENCE
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The past few months we've described a s s s o smmnassens L
versatile robot that you can build. Up to )
now, much of the discussion has been de- ml Ii -
voted to the logic behind the design, and '
some of the goals we'd like the robot to achieve. What construction
details we did present were pretty much confined to the mechanical
systems.

Now it's time to get to the heart of the matter. Or, to be a bit more
precise, the brain. If our robot is to be a useful servant, an on-board
computer is a necessity. The one we've designed for our robot offers
great power and flexibility; it is built around an upgraded version of

the microprocessor used in the IBM PC. To find out more about the
computer, turn to page 39.

NEXT MONTH

THE MAY ISSUE IS ON SALE APRIL 2
A SPECIAL DOUBLE ISSUE
FEATURING A LOOK
AT ELECTRONICS IN

LTt

[ Radio- AR
THE YEAR 2001. Eleclronics

Leading writers and authorities in their e Vo =l

fields give Radio-Electronics readers a  ared R

sneak preview of expected develop- [

ments in robotics, artificial intelligence, THE 8 XT GENTURY

medical electronics, automotive elec- omies b TR

tronics, communications, energy tech- 3 o

nology, and other fields, and show how

they will impact our lives. Among the fea-

tured writers are:

Arthur C. Clarke

Issac Asimov G

Donald E. Petersen (Chairman of the Board and Chief Executive
Officer, Ford Motor Company)

George Heilmeier (Senior Vice President and Chief Technical
Officer, Texas Instruments)

And many others!

COMMUNIC ATIONS (N 2001

~THE THIRD AGE OF VIOE0
THE HOME OF  THE 218t CENTURY
THE FUTURE AUTOMOBH.E

ELECTRONICS AND HEDIC:
N TRED5t CENTURY.

ENERGY SO STATE

TECHNOLOGY  TECHNOLOGY
Ml o5 THe NEXY R 2001
CENTURY

We'll also have the full line of articles and columns you've
come to expect every month in Radio-Electronics. Don’t miss
this very important issue!

As a service to readers. RADIO-ELECTRONICS publishes available plans or information relating to newsworthy products,
techniques and scientific and technological developments. Because of possible variances in the quality and condition of
materials and workmanship used by readers, RADIO-ELECTRONICS disclaims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may reiate to or be covered by U.S. patents,

RADIO-ELECTRONICS disclaims any fiability for the infringement of such patents by the making, using. or selling of any such
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney.
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ST EQUIPMENT THAT MEASURES UP TO YOUR
SPEGIFIGATIONS
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DMM-300 $79.95
35 DIGIT DMM / MULTITESTER

Our best model. A highly accurate, full furc-
tion DMM loaded with many extra features.
Audibe continuity, capacitance, transistar,
temperature and conductance al in one hard-
held ireter. Tamperature probe, test leads and
battery included.

+ Basic DC accuracy: plus or minus 0.25%
+* DC soltage: 200mv — 1000w, 5 ranges
» AC voltage: 200mv — 750v, 5 ranges
+ Ressstance: 200 ohms — 2084 ohms,

6 ranges
» AC/DC current: 200uA — 10A, 6 ranges
#+ Capacitance: 2000pf — 20uf. 3 ranges
+ Transistor tester: hFE test. NPN, PNP
+ Temperature tester: 0° — 2000° F
+ Conductance: 200ns
» Fully over-load protected
# Input impedance: 10M ohm

woewng
TB0AC

2000ma

20ama 200W

200uA 2000V

)

DMM-200 $49.95
3£ DIGITFULL FUNCTION DMM

High accuracy, 20 amp current capability and
may range sattings make thes model ideal for
sarous bencn or field wor. Tilt stand for
hards-free operation. 2000 hour battery life
with standaed Sv cell. Prooes and battery
included.

+ Basic DC ascuracy: plus 0 minus 0.25%
« OXC vohage 200mv — 1000V, 5 ranges
* AC voltage 200mv — 750v, 5 ranges
+ Resistance 200 ohms — 20M ohms,
@ ranges
* AC/DC cuvent: 200uA — 20A, 6 ranges
» Fally over-12ad protected
* bput impedance: 10M obm
« 130 x 86 x 37mm, weighs 320 grams

MODEL 2000

£,
s

349.95 —<J "=
$ .

1GA COM i v

| ‘;*.
.f L..k/w'x”'.‘ ’

DMM-700 $49.95
35 LIGIT AUTORANGING DMM

Autorange convenience or fully manual oper-
ation. Seeectable LO OHM mode permits
accurate in-circutt resistance measurements
involving semi-conductor junctions. MEM
mode “or measurements relative to a specific
reading Probes ad baery included.

# Basic D2 accuracy: glus or minus 0.5%

* DC woltage: 200mv — 1000v, autoranging
or 3 manual ranges

* AC wltage: 2v — 75Jv, autoranging
or 4 marual ranges

* Resiztar ce: 200 ohms — 20M ohms,

autoranging

» AC/DC current: 20mA — 10A, 2 ranges

» Fully over-load protected

* Audidle continusty tester

* Inpur irpedance: 10M ohm

# 150 x 75 x 34mm. weighs 230 grams

‘:ﬁzm WNETRUMENTS orana 700 |

I" 8 wf\@
A en . g

b@,,[,_ﬁ'@

5 = tQj-lg

20 MHz DUAL TRACE OSCILLOSCGCPE

Model 2000 combines useful features and exacting
quality Frequency calculahon and phase measure-
ment are quick and easy in the X-Y Mode. Service
technicians will appreciate the TV Sync circuitry for
viewing TV-V and TV-H as well as accurate synchroni-
zation of the Video Signal, Blanking Pedestals, VITS
and Verticle/Horizontal sync pulses.

« Lab quality compensated 10X probes included
* Buit in component tester
* 1104220 Volt operation

* X-Y wperation « Bright 5 CRT + TV Sync filter

MODEL 3500 $499.95
35 MHz DUAL TRACE OSCILLOSCOPE

Wide bandwidth and exceptional 1mV/DIV sensitivity
make the Model 3500 a powertul diagnostic tool for
engineers or technicians. Delayed triggering allows any
portion of a waveform to be isolated and expanded for
closer lnspectlon Variable Holdoff makes possibie the
stable viewing of complex waveforms.

» Lab quality compensated 10X probes included
+ Delayed and single sweep modes
+ Z Axis intensity modulation

#« X-Y operation * Bright 5" CRT « TV Sync filtes

JDR INSTRUMENTS

110 Knowles Drive, Los Gatos, CA 9503C
(408) 866-6200 ® FAX (408) 378-8927 ¢ Telex 171-110

COPYRIGHT 1946 JOR MICRODEVICES
THE JDR INSTRUMENTS LOGG IS A REGISTERED TRADEMARK OF JOR MICRODEVICES.
JOR INSTRUMENTS IS A TRADEMARK OF JOR MICRODEVICES.

www americanradiohistorv com

DPM-1000

F

ra:gr IS TRUMETS CrM-“00

DMM-100 $29.95
35 LIEIT EOCHET S'ZE DMM

Shrt-pccxet porwaility with no conmyromse
in "eanres or ac:Lray. Large, easy -0 reed
57 LCT disphv. 250 hour battery life wety
standard v ael d-ovides Dver two y2ars of
averace use. Pobes zad battery includec.

« Basic DC aecusazy: Jus or mincts 0.5%

« DC ~citage: v — 1800, 4 ranges

* AC rdtagez a00v — 750v, 2 ranges

» Fesi:Bace” 2« ol ms — 2 M ohms, 4 rarges.
* OC cereent=Imf — 2A, 4 ranges

* Fully ovar-lcad pot=tec

* lipuc npecawe 10M chm

* 130x 75 x 23rm, weiths 155 grams

$54.95

3.5 DIGIT PROBE TYPE DM

Autoranging, pen style design for the ultimate in portability and
ease of use. Custom 8C pin LS| chip increases -eliability. Audibie
continuity tester and data hoid feature for added convenience.
Case, test leads and barteri2s inclurded.

2 YEAR

WARRANTY
ON ALL
MODELS

» 3asc DT accuracy: plus or minus 1%

» DC voltage: 2v — 500v, autoranging

* AC voltaqe: 2v — 500v, autoranging

* Resstance: 7k ohms — 2M ohms,
autoranging

* Fully ovsi-lnad grotected

* nput impedance 11M ohm

* 162 x 28 x 17mm, weighs 75 grams

==

ORDER TOLL FREE

800-538-5000

OR VISIT OUR RETAIL STCRE

1256 SOUTH BASCOM AVE.
SAN JOSE, CA. {408) 947-8881
CIRCLE 59 ON FREE INFORNATICN CARD
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WHAT’S NEWS

New broadcast stations coming

In 1979, WARC (the World
Administrative Radio Conference)
allocated or reallocated the
1605-1705-kHz band to radio Re-
gion 2 (the Western Hemisphere ).
An Expanded-Band Conference

was scheduled to plan the broad-
cast use of that band. The FCC
made two proposals to that Con-
ference: One was that allotment
planning be used; the other was
that station power be limited to 10
kW.

“Unmanned” warfare due in the future?

General Electric researchers are
engaged in a project to improve
the image-understanding abilities
of machine-vision systems. The
purpose is to permitan unmanned
vehicle to recognize objects in its
range of “vision” and to take ap-
propriate action—steer around an
obstacle, stop atabody of water, or
turn and flee from a hostile tank.

To do that, it is necessary to
teach the vehicle’s computer “geo-
metric reasoning;” that is, to train
it to recognize objects by match-
ing their geometric features (lines
and corners) with those of images
stored in memory. Hundreds of
images will have to be remem-
bered, including those of land-
marks, vehicles, and other objects
the vehicle may encounter.

To store the images, the com-
puter is “shown” photos, draw-
ings, or mockups of objects from
several viewpoints, including
front views, side views, three-
quarter views, etc. That is done
with a TV camera that converts the
images into digital data that the
computer can deal with. The com-
puter then manipulates the data to
create a model of the object,
which is filed away in memory.

When the vehicle’s camera spots
an unidentified object in its path,
the computer starts processing
the image to extract rough geo-
metric data, looking for lines and
vertices where there are sharp
changes. That produces a two-di-
mensional representation (resem-
bling a crude line drawing)
showing the boundaries of the ob-

8
MODEL MAKING. General Electric scientist
Daniel Thompson is preparing one of the
many images required to make the three-di-
mensional model from which the jeep could
be identified.

ject. That is compared with all the
possible two-dimensional orienta-
tions of the three-dimensional
models in the computer’s memo-
ry. If several features of any rota-
tion of the 3-D model agree with
the computer’s 2-D image, the
computer assumes a tentative
identification. It then examines
finer details to confirm or reject
the identification.

The project is supported by a $1
million contract from DARPA (the
U.S. Defense Advanced Research
Projects Agency), and is aimed at
evaluating the potential of unman-
ned vehicles for military opera-
tions, such as surveillance and
reconnaissance missions, or shut-
tling supplies to front lines.

www americanradiohietory com

Allotment planning has several
advantages over assignment plan-
ning, the alternative. In assign-
ment planning, each signatory
country must submit its complete
and detailed requirements, pin-
pointing each prospective station
and stating power, antenna sys-
tems, and other characteristics for
each.

Under allotment planning, des-
ignated frequencies are made
available for designated areas. Al-
though the allotment of frequen-
cies is based on the presumption
of stations with defined charac-
teristics within defined areas, the
signatories are not bound to fol-
low the exact details of the plan
and may depart from the plan
provided that the radiation toward
other signatories does not exceed
what would have resulted from op-
erating stations with the presumed
characteristics.

As to the proposed 10kW power
limit, the FCC believes that such a
maximum power provides for ade-
quate service range for each sta-
tion, while making it possible to
have enough stations to meet the
requirements of the area.

The first session of the Con-
ference, held in the spring of 1986,
approved both the allotment sys-
tem and the 10-kW power limit.
Unless unexpected difficulties
crop up at the second and final
session, to be held near the end of
1988, it is expected that the portion
of the band between 1665 and 1705
kHz will be opened July 1, 1990.
Some stations in the 1605 to 1665
portion of the band may be actu-
ally on the air well before that
date.

Under present allocations, a
small part of the 1605-1705 kHz
band is in use for broadcasting.
The rest of that band is divided
between fixed and mobile sta-
tions; those stations chiefly are
used for navigational aids. R-E



Your Best Source
for Banana Plugs and Adapters is

POMONA ELECTRONICS

STANDARD DOUBLE BANANA
PLUG: MODEL MDP

BNC FEMALE TO STANDARD
DCUBLE BANANA PLUG:
MODEL 1269

]

1_
g !
[

STANDARD C OUBLE BINDING
POSTS TD BNC MALE:
MODEL 1296

l '_
(')I F
[ |

DOUBLE BANANA JACK:
MODEL 2269

FRZE 1987 GENERAL CATALOG

TEST \CCESSORITS
1987

ITT Pomona Electronics
1500 E. Ninth St., Pomona, CA 91766
Tel: (714) 623-3463

SING _E BINDING POST TO BNC
MALE: MODEL 3430

STANDARD BINDING POST:
MODEL 3760

CONNECTOR TEST ADAPTERS:
SOCKET TYPE (LEFT) MODEL
46€0; PIN TYPE (RICFT)
MODEL 4691

BWC FEMALE TO PHONO PLUG:
M:ODEL 2957

jln-mwv r
J‘ﬁ

L
—

Our Products are available through your favorite electronics parts distributor.

CIRCLE 101 ON FREE INFORMATION CARD
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Make your home
into something special!

That’s exactly what your home will 7. Transform you warns you when the inside temperature of
be when you fill it with Heathkit elec- rec room into a your freezer rises too high. Prevent water
tronic products — products that make haven for hobby damage with our Food Alarm that warns
your life easier and more enjoyable. fun. Put our Deluxe you of water that's where it shouldn't be.
Within our diverse line are kit and QRP CW Transceiver in this room and en- 10
assembled products sure to enhance joy superb HAM radio operation that ex- . Make our
each room in your home. cells in performance and Ieatures. It offers coming and going
expandable transmission and reception easier than ever.

1. Make your entryway
more secure and easy to use
with the Keyless Doorlock.

Your garage door will
: open with incredible
8. Give your workbench | ease and dependability with our Deluxe

capabilities.

You'll never again be locked out 4 a touch eof profession- Garage Door Opener. Easy to install, this
because of lost or for, gotten keys. : alism with this oscillo- opener is durable and includes a handy
All it takes is a simple fingerti = =1 scope. Whether you're a security light.
entry of a four-digit code, an service technician or a hobbyist, you'll love L . .

the Keyless Doorlock unlocks your door. the 'wice range of measur=ment capability You’ll find fun and excitement with

= : M every Heathkit product. Whe-het
%;jﬁﬁ?crgggifg ;,i;? ey OVt the;;y re in kit form cr already as-

sembled, our products will hels »ou
9. add gracticality 5 ~ enjoy your home more than you
i |

2. Add anew
dimension to your
living room with

your own Comput- to the utility room a ever dreamed possible.
erized Weather . and save money, too. , , S
Station. This Digital Weather Station Avoid expensive food  / / )

= i

displays up-to-the-minute temperature, spoi ase with our Freezer / 2

wind, and%aromem'c pressure readings, A‘;arng?hat | \\ 'x_—‘\
along with time and date. o - i : s e
3. Give your kitchen a g - A
unique blend of style \'4
and efficiency with our
Digital Wall Clock. This £
2asy-to-build kit keeps time
with quartz-crystal accuracy. And

with its simulated oak woocg-grain finish
cabinet, you'll have a timepiece that fits into
almost any decor.

4. Putyou-dento
greater use with this

{_ﬁ IBM PC AT Compatible
e [
\-_ ’

“‘5.

Computer. Do word
processir g, persor.al i
accounting and more
when you run exciting
IBM-compatiblz software on
your fast and powerful HS-241. And you
can build it yourself in just a few hours.

5. Bring the latest .

in digital tech-
nology to your
bathroom. This Dig-

ital Scale lets you Closely ———<

monior your weight with electronic

precision. And, it's batler{ operated so
the shower.

it's safe to use right out o

6. Add avideo
entertainment cen-
ter to your bedroom.
Our 19”-diagonal
stereo TV kit gives you
an extra-sharp color-
corrected picture with full stereo sound,
and convenient viewing that you can zon-
trol from your bed. Comes in a simulated
walr.ut cabinet that complements your

L ¢ % _§F _Ff W _§ § B J ¥ |
3 \ Send NOW for your FR=E Heathkit Catalog.

A\ Send to: Heath Company, Dept. 02 )-524
% \ Benton Harbor Michigan 249022

]

Address

City __~ State_ _Zip
A subsidiary of Zenith Electronics Carporatior ~ ¢_L-789A

|
:
Name I
|
i
|
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VIDEO
NEWS

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

® EDTV. A new program in Japan has as its
goal a major change in television transmission
standards by 1988. The new standard will
produce a sharply-improved picture, but will
maintain compatibility with existing standards
and TV sets.

The Broadcasting Technology Association, a
Japanese government-industry association, has
announced that it established the following
guidelines for its proposed new Extended
Definition TV (EDTV) system:

e Complete compatibility with existing receiving
equipment and standards.

® Picture quality that is sufficient for viewing at
a distance of four times tube height (rather than
the existing optimum of 10 times the tube
height). Therefore, under the standard, a 30-inch
tube (tubes of that size are expected to be
common in the near future) would be ideally
viewable from eight feet away.

® Horizontal resolution of 450 lines (compared
with today’s approximately 330 lines) and
vertical resolution of 450 lines compared with
today’s 300 lines) by using a progressive non-
interlaced scanning system.

® Reduction of cross-color and cross-luminance
to unnoticeable levels.

® Ghost cancellation, possibly by means of a
reference signal transmitted along with the TV
program.

The details of the proposed specifications are
scheduled to be released this summer, after
vrhich it will be the responsibility of Japan’s
M:nistry of Posts and Telecommunications to
implement the new standards.

The Broadcasting Technology Association
currently has 38 member companies, 19 of which
are manufacturers, including the Japanese
subsidiaries of Philips and RCA. The association
is maintaining liaison with the U.S.’s Advanced
Television Systems Committee, which is working
on similar proposals, but with less well-defined
deadlines.

e HDTV. Another study in Japan, this one by
an affiliate of NHK (Japan Broadcasting
Company), is developing specifications for a

reasonably priced VCR system for Japan’s High
Definition TV (HDTV) system, which uses an
1,125-line widescreen picture. Existing videotape
recorders for the system cost between
$250,000—$300,000 and use open-reel one-inch
videotape.

The proposed new system would use half-inch
tape, probably metal coated, in a cassette similar
to that used by the VHS format. Nine Japanese
electronics manufacturers have agreed to use the
new standard that is developed as the result of
the study. The HDTV VCR's could be used for
projection in motion picture theaters, closed-
circuit performances of various kinds, and high-
quality electronic publishing. Japan is preparing
for the direct satellite broadcasting of high-
definition TV to theaters and to specially
equipped homes.

® Electronic still camera. The first
electronic still camera to be introduced for the
consumer market has been announced by Casio.
It will go on sale in the United States and Japan
around the middle of 1987. The camera uses the
standard two-inch “video floppy” developed for
electronic still photography; the video floppy can
hold up to 25 full frames or as many as 50 fields
of color pictures.

The camera has an MOS image sensor capable
of 280,000-pixel resolution. Shutter speeds range
from Y8 to Yiooo of a second. It differs from other
such cameras shown to date in that it includes
playback capability; a recorded image can be
played back on any television set without the
need for a separate player. Other features include
erase capability and the ability to shoot five fields
continuously in one second.

Furthermore, the price announced for the two-
pound camera in Japan is by far the lowest
reported for any proposed such camera to date:
$650, although it may be somewhat higher in the
U.S. Although electronic still cameras have been
developed and tested by many manufacturers, the
only other one currently on the market is a
professional model by Canon, which sells at
$2,400. Casio says it also will offer a color printer
for about $1,250. R-E
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INTERFERENCE FROM LIGHT
DIMMERS

How can [ prevent electronic light
dimmers from interfering with re-
ception on my AM radios? When-
ever | use a dimmer-controlled light,
a loud buzz makes reception impos-
sible.—-P.B., Gustavus, AK

Literally thousands of the early
electronic light dimmers were
marketed before the manufac-
turers realized that there was a
problem. Those dimmers used a
Triac or an SCR as the control de-
vice. What they failed to account
for was that Triacs and SCR’s pro-
duce harmonic-rich squarewaves
that cause RFI (Radio-Frequency
Interference) unless steps are
taken to prevent it. Later dimmers
have built-in filters and shielding
to prevent the harmonic inter-
ference from feeding back into the
power line, or use zero-crossing
control switching to eliminate the
noise. Figure 1 shows the sche-
matic of one of the newer ver-
sions; it was developed by
General Electric. The RFI filter in
that circuit is enclosed in the
dashed box.

As for do-it-yourself remedies,
you could connect a 0.0047-pF ca-

pacitor across the dimmer to re-
duce the interference. But if not
done carefully, making such a
modification could produce a
shock or fire hazard. In the inter-
est of safety, the best approach
would be to simply replace the
noisy dimmers with models that
incorporate an RFI filter.

MORE ON MOTOR-SPEED
CONTROL

In a recent column, | replied to
queries from C.S., TXand ].C., TN.
One reader wanted to reverse a
small universal fan motor and the
other wanted tovary the speed of a
drill-press motor. | was not able to
give specific advice to either read-
er. Well, if you guys are still “listen-
ing” both problems were solved
over twenty years ago in a Popular
Mechanics article entitled “Elec-
tronic Drill-Press Drive.”

In the article, the author de-
scribes how he replaced his drill-
press motor with a 1-horsepower
universal motor salvaged from a
Hoover canister-type vacuum
cleaner. He shows how to reverse
that motor by shifting the pole and
field coil assemblies to the op-
posite side of the brush-holder

www americanradiohistory com

WRITE TO:

ASK R-E
Radio-Electronics
500-B Bi-County Blvd.
Farmingdale, NY 11735

centerline. Further, he used an
SCR in a conventional circuit to
vary the speed of a drill-press from
below 1000 rpm to 10,000 rpm. If
you want more information, the
article appeared on pages 188
through 193 of the February 1964
issue of Popular Mechanics. Back
issues are often available at larger
public or university libraries.

WHAT IS THIS IC?

I have a Fairchild 40-pin IC
marked “3805.” I'm not sure if itis a
UART or a microprocessor. Can you
tell me what it is compatible with
and where I can get a data sheet?--
T.A., Logansport, IN

The type number is unknown to
anyone l've been able to contact at
Fairchild. One person suggested
that the device was probably made
for an equipment manufacturer
who specified that his own part
number be used. Another won-
dered if you had transposed the
last two figures while copying the
numbers off of the device. In that
case, possibly the device is a 3850
CPU (Central Processing Unit) for
the Fairchild F8 microprocessor
system. For information on the
3850 and its applications, refer to
the F8 User’s Guide and/or write to
Fairchild, Microcomputer Divi-
sion, 464 Ellis St., Mountain View,
Ca 94042

SOLID-STATE TUBE
SUBSTITUTES

In my job I service U.S. Army elec-
tronic equipment that uses vacuum
tubes. I've heard that there are solid-
state replacements for vacuum tubes
such as the 12AT7, 12AU7, 6ALS5,
6AK5 and 6SN?7. Is that true? If so,
where can I find them?--R. L., Ana-
heim, CA

Back in the mid-1960's, several
manufacturers attempted to de-
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velop lines of universal semicon-
ductor replacements for vacuum-
tube diodes and tridoes. Their
efforts were short-lived because
substituting a semiconductor de-
vice for a tube usually meant that
the adjacent circuitry had to be ex-
tensively modified.

One approach was using two
transistors connected in a cascode
arrangement as a plug-in replace-

ment for a triode voltage-amplifier
tube. Similarly, semiconductor di-
odes were offered replacements
for vacuum-tube diodes. To my
knowledge, none of the solid-state
replacements for tubes included a
resistor as the equivalent of the
tube’s heater. A resistor would
have to be hard-wired into the cir-
cuit to take the place of the heater
in series heater-string sets.

Of all the plug-in solid-state re-
placements tried, the most prac-
tical and successful were those for
power rectifiers. Forashort period
in the 1960’s, five IN-type silicon
rectifier assemblies were offered
as replacements for some popular
vacuum-tube rectifiers. Those
were the IN1237 for the 074, the
IN1238 for the 5U4-GB, the IN1239
for the 5R4, the IN1262 for the
6AU4-GTA, and the IN2637 for the
866-A.

If you are permitted to make
permanent modifications in the
equipment you are servicing, then
you might consider hard-wiring
N34 semiconductor diodes as re-
placements for small-signal detec-
tor tubes.

Figure 2 shows how to do that
for 5 popular tubes. The scheme
for replacing a 6H6 or 12H6 is
shown in Fig. 2-a, the scheme for
replacing a 6AL5 or 12AL5 is shown
in Fig. 2-b, and the scheme for re-
placing a 7A6 is shown in Fig. 2-c.
The resistors shown need only be
installed in circuits where the tube
heaters are wired in series. ~ R-E
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Fluke breaks the old mold.

Dollar for dollar the Fluke 37 breaks into the market
with more features for the money than any other bench
DMM. It's bold new design includes built-in handle and
storage compartment, and it has alt the high performance
features of the world's best, most reliable 3Y2-digit DMMs.

Autoranging, to eliminate guesswork. Audible Con-
tinuity, so you don't have to look at the display. An exclu-
sive analog and digital display. Superior EMI shielding.
Plus a two-year warranty.

And, how many other bench/portable meters give
you these features? Min-Max recording, for monitoring
signals. 38 components dedicated exclusively to input
protection. Relative mode, to help you calculate changes
in readings. And Fluke's patented Touch Hold, to give
you an extra set of hands when you're taking critical
measurements.

None. Only the Fluke 37

For more information call 1-800-426-0361.

FLUKE

(© 1986, Fiuke
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Yag-4-Dig 14 & 16 Pin Tes? Connectors

SIGNAL ACCURACY.

12,000 Reasons Why Industry Relies on E-Z HOOK.

Choose from over 12,000 standard test accessory products for an
immediate solution to your application. They’re engineered tc assure
a reliable contact or connection for any testing, hook-up or assembly
task. And E-Z HOOK can ship what you reed in 48 hours or less.

For a quick, economical answer to your testing needs, ask fcr our /
112-page catalog of Electronic Test Accessories. It's free. And reliable.

==Z~HO0OK

E-Z HOOK, A Division of Tektest, Inc., 225 North Second Ave., Arcadia, CA 91006
P.O. Box 450. (818) 446-6175. TWX 910-582-1614.
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LETTERS

RAZOR-BLADE DETECTOR
| enjoyed, and have just finished

reading, the “Letters” department
in the December 1986 issue of Ra-
dio-Electronics. Matthew Klein-
mann of Binghampton, NY, men-
tioned the “razor-blade detector,”
which was used in the first radio
that | constructed.

The razor blade must be a blue
blade (quench-type, not lac-
quered—Editor). It is the bluing
process which, in conjunction
with the lead, allows the detection
of radio waves.

Mount the blade flat. Take a me-
dium-size safety pin and bend the

latch so that it may be mounted flat
to the board, with the point of the
pin facing the center of the razor
blade. Sharpen aNo. 2 pencil, and
carefully cut away enough wood
so that you can break off about an
inch of lead. Then affix the lead so
that it extends past the point of the
pin.

| fastened mine together by
wrapping some fine wire tightly
around the pin and the lead. (That
operation may require a helper.
The end of the pin where it fastens
to the board, and the end of the
blade are the connecting points of
the detector.) The pin must be

LETTERS

RADLIO-ELECTRONI/ICS
500-8 B/-COUNTY BOULE VARD
FARMINGOALE, N Y 1/735

bent to where the lead makes
good contact with the blade. It is
then moved around like the “cat
whisker” until a spot is found
where it will detect radio waves.
Have fun.

DON SMITH

Perrysburg, OH

CASSETTE FIDELITY
I am an old-time audio research
and development engineer, and
an audio buff dating back to the

‘30’s and ‘40’s, now retired.
I have been highly skeptical of
the flowery advertising claims
made about the fidelity that can be

Introducing lower pricing
on 3M’s A P Products™ line

of quality breadboards.

A P Products invented solderless bread-
boarding. We understand the finest details
of the design. We build our AeCeE Board™
200 Series with absolute reliability in mind

-and we stand behind every breadboard
we make. Every AeCeE Board we make is
consistently refiable time after time, design
after design, contact to contact. No import
can make this claim.

Now we're giving you the
opportunity to purchase the
finest solderless breadboards made
for approximately the same as you
would have to pay for second best.

Compare, and you'll agree. After all, you
wouldn’t submit a design that's only second
best. If you haven't got A P Products brand
AeCeE Boards, now's your chance to

xperience our quality
and reliability at a really afford-
able price.

Call your A P Products Prototype & Test
Devices dealer today. For immediate
response telephone 800-321-9668, or
(216) 354-2101 in Ohio.

We Solve Problems

Associated Electronics/3M

A P Products Prototype & Test Devices
9325 Progress Parkway

PO. Box 540

Mentor, Ohio 44060

CIRCLE 76 ON FREE INFORMATION CARD
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had nowadays on prerecorded au-
dio cassettes. As a consequence, |
resisted getting any such equip-
ment until recently.

Unfortunately, the cassettes |
have obtained left a great deal to
be desired. | found that the high-
end response depended on which
deck it was played back on. Fur-
ther, that response seemed to vary
from one playing to another, and
often it changed in the middle of a
program. On decks in which the
high frequency response seemed
deficient, | could lift or twist the
cartridge slightly and have the
highs fade in and out. That discov-
ery put me on a two-week person-
al fact-finding project, in the inter-
est of my own education. My
discoveries have convinced me,
positively, that my skepticism was
well founded.

Applying my old R and D experi-
ence, | recorded a full-track-width
cassette with a 5-kHz audio tone
for a head-alignment test. (I first
tried to buy such a cassette, but
was unable to find one for sale
anywhere. [ suspect that the deck
manufacturers do not want such
cassettes available, because such a
test is too severe for the playback
equipment available on the con-
sumer market.)

On twenty decks | plugged my
tape into, barely four of them had

the heads aligned properly. Most

of the rest were well down at 5
kHz, one of them to almost zero. |
could put a very slight pressure,
one way or the other, on any of
them and bring my test signal up
to full output.

Another problem: The guides
on most decks are welded directly
to the heads. When the head is
tilted when aligning, the tape is
also forced to track higher or
lower on the head. That causes the
output level to vary at the same
time that the high-end response is
maximized. Furthermore, the
tape-tracking within the cartridges
is so loose and sloppy that the tape
tends to walk up and down on the
head, depending on a slight tip-
ping up or down of the cartridge.
Also, the springs behind the pres-
sure pads are often not perfectly
flat, or the pad itself is tipped or
twisted slightly, causing an unbal-
anced pressure against the face of
the head. That causes the tape to

with the HEATHKIT
ONLINE CATALOG

you can order
over 400 kit
and assembled
computer and
electronic
products — with
the press of
a button.

As a CompuServe®user,
you want the full advan-
tages this system can
offer. And what better
way to make
CompuServe work for
you than to let it bring
you the Heathkit Online
Catalog. Menu-Driven,
our catalog lets you browse over 400 kit and assem-
bled products from 17 major product categories. You
can even order a free hardcopy version of our catalog.
Among the many high-quality products you'll find are:
« |BM AT-compatible advanced personal computers
« |BM PC-compatible compact personal computers ¢ IBM
PC-compatible expandable personal computers
« Portable and desktop PCs « Laptop computers with built-in
software « Microcomputer-Aided Drafting and Design
programs « the HERO® 2000 Robot « Test Instruments
* Home Security Systems ¢ TV's and video recorders
« Amateur Radio gear and more

All of our products are meticulously engineered and
backed by excellent service and support. And as an
added plus, our kits offer you the satisfaction of building
a high-tech quality product yourseif.

You'll also find complete hands-on training courses in

areas ranging from basic electricity and programming lan-
guages to microprocessors and robotics. All courses are de-
signed by educators knowledgeable in their respective fields.

And for added convenience, you can place your order
through your computer using your Visa, MasterCard or
Heath Revolving Charge —it’s that easy.

To benefit from this
unique opportunity, type

GO HTH

at any “!” or “OK” prompt on
the system

Heathkitm

The Heathkit Online Catalog —
your direct line to quality high tech products

Company
CL-785R1

CompuServe is a registered trademark of CompuServe Inc. An H&R Block Company.
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© Reliable
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RCAs new SK Guide
gives you fast,
accurate solid state
replacements.

In the world of semiconductor
replacements, no one outper-
forms RCA’s engineering excel-
lence. We're in the business ol
manufacturing semiconductors,
s0 you can depend on our
reliability.

Our new, expanded RCA SK
Guide to Reliable Replacement
Semiconductors lists more than
2,900 SK and KH types that
replace over 214,000 industry
types. And, for the first time,
QMOS logic devices and an
extensive line of RF types are
included.

The new RCA SK Replace-
ment Guide (SKG202E). It's the
only solid state replacement
source you need. For a copy, see
your RCA SK Distributor. Or mail
a check or money order for
$3.25 to RCA Distributor and
Special Products Division, Box
597, Woodbury, New Jersey
08096-2088.

RGAGEE™



wander up or down, or twist ever
so slightly, but more than enough
to wipe out the high-end re-
sponse.

In addition to the above, the
pressure rollers were frequently
not square with the capstan. That
also tended to make the tape walk
up or down with the capstan, forc-
ing the tape to twist out of align-
ment.

| suspect that the only way that
you can realize frequency re-
sponse at 5 kHz or higher is when
you record and play back on the
same machine. | did that, however,
and ! still had a problem some of
the time, due to the internal car-
tridge slop, which caused the tape
to screw up or down, depending
on room temperature, whether
the tape had just been fast-for-
ward or reverse wound, and other
impossible-to-control variables.

[ challenge anyone to record 5
kHz on his or her best machine,
using the highest quality car-
tridge, and then see what it looks
like when played back and viewed
on one’s own scope. The drop-
outs, semi-dropouts, and volume
fluctuations are quite unbelieva-
ble. After that, try your recording
on a few other machines and see
what happens.

My conclusion? Fortunately, the
average listener does not have a
“golden ear.” And the dropout
problem is hard to detect by earon
music, rather than on a sustained
pitch. The average listener, on
hearing 3- or 4-kHz tones inter-
prets them as “super” high-fre-
quency response. If all recorded
music on cassettes were to be
given a boost at 3 or 4 kHz, and
then chopped off above 5 kHz, 1
suspect that everyone would be
pleased, and fully convinced of his
or her listening quality. | sort of
suspect that the cassettes being
sold now are so recorded, and that
very few listeners out in the real
world know the difference.
JACOB ANTHES
Glidden, WI

You have either purchased
some really low-priced junk, or
have managed to acquire man-
ufacturing rejects. All high-fidelity
type machines and tapes that we
have tested here over a period of
many years can easily record to 15
kHz (not 5 kHz) and will hold its

alignment within tolerable limits
from 12 kHz and higher. In fact, the
cassette system is so good, includ-
ing its resistance to dropouts, that
even rock-bottom priced ma-
chines and tapes are popular as
low-cost data storage systems for
personal computers.—Editor

ATTENTION: MR. MICHAEL
HARDY
First, let me compliment Radio-
Electronics for an excellent maga-
zine. | have been an avid cover-to-

cover reader for several years. |
have never found another publica-
tion that covers all conceivable in-
terests and subject matters within
its range. Please keep up the good
work; don’t change a thing.
Second, an open reply to Mr.
Michael Hardy, of Massillon, OH,
and other interested job-candi-
dates in the electronics field.
| suggest that you pick up a copy
of the Sunday Atlanta Journal-
Constitution at your local library.
continued on page 20

SALE PRICES ON FLUKE DMM'S!

JOSEPH ELECTRONICS HAS THE LOWEST PRICES
PLUS FREE SHIPPING*

[ELUKE] 314 DIGIT 3200 COUNT
— ANALOG/DIGITAL MULTIMETERS

Volue Leader—World's Most Popular DMM-

Autoranging

Autoranging + Range Hold
Audible Continuity Function

Reg.
$ 79

$109

Touch-Hold Feature + Features of

Model 75

Bench/Portable, 0.1 VDC Accuracy
10 A. Range, 2 yr. Warranty

3 YEAR WARRANTY

$145
$229

- [ELUKE] 3'% DIGIT HIGH-ACCURACY HAND HELD

8021B
Function

8020B

{%ﬂ?
Wy, el
‘7; (ﬂw
2 YEAR WARRANTY

\25‘*5

P

80248

8026B
‘Volts & Current

8060A

8062A

1YEAR
WARRANTY

e T FL 010801

8012A

i 8012A-01

*True RMS ac to 50kHz 8050A

*Conductance Function
Checks High Resistance

1 YEAR WARRANTY

HURRY! QUANTITIES LIMITED AT ABOVE SALE PRICES!

ORDER TOLL-FREE: 4-800-323-5925

INILLNOIS: 312-297-4200 ‘
CHECK » MONEY ORDER + VISA « MASTERCARD « DISCOVER

Open Account o Rated Companies. lllinois Residents Add 7% Tax.
*FREE'SHIPPING ON FLUKE TO UPS SHIPPABLE DESTINATIONS.
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0.25% DC Accuracy, Audible Continuity

0.1% DC Accuracy, Audible Continuity &
Conductance Function

0.1% DC Accuracy, 11 Functions
Peak Hold, Temperature

0.1% DC Accuracy True RMS AC

32 Digit 10 AMP Range
With Rechargeable Battery
34 Digit Two Low () Ranges
With Rechargeable Battery

44 Digit Relative Ref. Function
0.03% DC Accuracy

8050A-01 With Rechargeable Battery

Reg. Sale
$169
35199
$249
$219

$149
$175
$219
$195

4'/2 DIGIT TRUE RMS HAND HELD

Reg.

Measures True RMS AC Volts & AMPS,
dB + Frequency From 12 Hz to 200 kHz,
Resistance 1o 300 M O

Same as 8060A, but Less Frequency

$359
$295

[ELUKE] TRUE RMS BENCH DMMS

PP 8010A

Reg.
$289
$329
$359
$399

$399
$439

~ SINCE 1947
nseph
alzctionios

8830 N. Milwaukee
Niles, IL 60648
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Sanyo 880
T"g';'"' o “.fn's h,mv

ible and runs almost
! twice ::tf.“' as the IBM PC!

Get started now
by building this
fully IBMPC
compatible
computer

Now you get it all. . .training
for America’s fastest growing
career opportunity . . . train-
ing to service all computers

. .training on the newest
total computer system, the

Sanyo 880. Only NRI can give

you the well-rounded training
you need, because only NRI
gives you a complete com-
puter system. . .computer,
monitor, disk drive, software,
even test instruments like a
digital multimeter and logic
probe to work with and keep.
It all adds up to training

that builds the knowledge,
competence, and ability you
need to succeed as a computer
service specialist.

Get inside the newest,
fully IBM PC compatible
Sanyo Microcomputer

As an NRI student, you’ll
get total hands-on training

Train with NRl for a
serwcmg

!:omxum(-soss cPU

o
e
~ doublesided disk drive, 256K RAM,

) - J=re |
" DIGITAL MULTIMETER—

- Professional test instrument for
quick and easy measurements.

LESSONS—Clear, well illustrated
texts build vour understanding
of computers step-by-step.

DISK SOFTWARE—
including MS-DOS,
GW BASIC,
WordStar, and
CalcStar,

as you actually build your
own latest model Sanyo 880
Series computer from the
keyboard up. It’s fully IBM
PC-compatible and, best of
all, it runs programs almost
twice as fast as an IBM PC.
As you assemble the Sanyo
880, you'll perform

wWWw americanradiohistorv com

4.77 MHz and 8 MHz turbospced

Your NRI total systems training

includes: ¢ NRI Discovery Lab® to design and
modify circuits ¢ Your four-function digital multimeter
with walk-you-through instructions on audio tape ¢ Digital logic probe
for visual examination of keyboard circuits ¢ The newest Sanyo 880 Series Computer with
“intelligent” keyboard and 360K double-density, double-sided disk drive ¢ High resolution monochrome
monitor ¢ 8K ROM, 256K RAM ¢ Bundled software including GW BASIC, MS-DOS, WordStar, CalcStar
* Reference manuals, schematics, and bite-size lessons.

demonstrations and
experiments that will give
you a total mastery of
computer operation and
servicing techniques. You'll
do programming in BASIC
language—even run and
interpret essential diagnostic
software.



high paying career

‘ E!NT OR—High. resolution,

3’%%&'—#& e

@reen screen displays, crisp
text and graphics.

Understanding you get

only through experlence
You need 1.0 previous

knowledge to succeed with

NRI. You start with the basics,

rapidly building on the
fundamentals of electronics
with bite-size lessons. You
perform hands-on experiments

TECHNICAL MANUALS-—with
complete specs on Sanyo computer
and professional programs.

/DISCOVERY LAB—Using it.
you construct and test circuits

{ I / like those used with computers.

DIGITAL LOGIC
PROBE—Simplifies
analyzing digital
circuit operation.

with your NRI Discovery Lab
and then move on to master
advanced concepts like digital
logic, microprocessors, and
computer memories.

Learn at home in your
spare time

You train in your own home

www americanradiohistorvy com

at your own convenience,
backed at all times by your
own NRI instructor and the
entire NRI staff of educators
and student service support
people. They re always ready
to give you guidance, follow
your progress, and help you
over the rough spots to keep
you moving toward your goal.

100 page free catalog
tells more. . . send today
Send the postage-paid reply
card today for NRI's 100 page
catalog that gives all the facts
about computer training, plus
career training in robotics,
data communications, TV/
audio/video servicing, and
many other fields. If the card
is missing, write to NRI at
the address
below.

” ' l SCHOOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue
Washington, DC 20016 c-‘ ‘m

We'll give you tomorrow | .H

4861 lddvY
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The North-Atlanta area is covered
with high-tech industry. In fact,
the entire NQ%h;Georgia area is
booming. Weghave the factories;
all we need g’pf)?é technicians. |
am sure thatymos{*manufacturers
in this area wilt'tell you that they
can’t find enough techs. If you
don’t want to go to Georgia, try
Florida. With firms like Harris
Semiconductor (Gates Radio)
there | am sure that you'll be satis-
fied.

The point, Mr. Hardy, is that jobs
are available. They might not be
down the street from your house,
but if you are serious about your
profession, there is work to be
had. Right in your home state, the
Cleveland Institute of Electronics
publishes a newspaper called the
Electron. Many, many jobs are
listed there, and not just open to
CIE graduates.

I wish you the best of luck. It
took me three months to find the
right position, but | have never
gone hungry since.

MICHAEL MALLORY
Carroliton, GA

PATENT COSTS

| enjoyed reading Dave Sween-
ey's article, “How to Apply for a
Patent,” in the January 1987 issue of
Radio-Electronics. The information
is very good, with the exception of
the cost of obtaining copies of al-
ready issued patents. Like the 5-
cent cigar, 28-cents-per-gallon gas-
oline, and 10-cent Coca-Cola, the
day of the 50-cent patent copy is
long gone. The current price is
$1.50 per copy from the Commis-
sioner of Patents and Trademarks,
Washington, DC 20231. Provide
the patent number with your fee
and, in 6-8 weeks time you’ll get
your copies. If you need faster ser-
vice, many large cities have patent
depositories where you can even
make copies yourself.

Being an inventor with three re-
cent patents, | have used the
Boston Public Library for obtain-
ing copies of relevant patents. If
any reader writes to me and en-
closes a self-addressed, stamped
envelope (SASE), I'll provide the
location of the nearest patent de-
pository in his or her area. Also, if

requested, I'll include information
about using expired patents that
saved me time and money in con-
ducting my own patent search.

I am confident that the informa-
tion | provide regarding the cost
and process for obtaining patent
copies will expedite ordering.
JOSEPH R. BIRKNER, President
Star Research Co.

P.O. Box 2121,
West Peabody, MA 01960.

ON SAMS PHOTOFACTS

| should like to comment on
your answer to D.D., in the “Ask
R-E” section of the December 1986
Radio-Electronics.

You were unquestionably cor-
rect when you told the reader that
the Philco service data that he
needed could be found in Sams
Photofact #794-8, and then you
gave him the telephone number of
the company.

But you failed to mention that
most of the old “Photofacts” are
out of print, and that those that are
available cost $9.95 per set.

And you failed to tell him that

SCOPE PRICE BREAKTHROUGH!

New B&K-PRECISION
Dual-Trace 20MHz Scope...

5440!!

Now you can own a professional quality 20MHz,

dual-trace scope for under $450. Best of all, it's a full

featured instrument, from B&K-PRECISION~—famous
for quality, dependable products.

Compare these outstanding features, then compare price!
* Dual or single trace operation ® tmV/div sensitivity

® 20MHz response at a true —3dB ¢ AUTO/NORM triggered
sweep operation with AC, TVH, TVV and Line coupling

* Calibrated 18 step timebase with x10 magnifier ® X-Y oper-
ation ¢ Bright, sharp rectangular CRT with P31 phosphor

¢ Front-panel trace rotation control e Tilt stand and soft
handle ¢ Selectable +/— slope ¢ Built-in calibration source
* Compact low-profile design.

For immediate delivery,contact your local B&K-PRECISION
distributor or call B&K-PRECISION today.

DYNASCAN
:*I(PREL‘ISIOIV CORPORATION

6460 West Cortland Street ® Chicago, lllinois 60635 e 312/889-9087

InternationalSales,6460W.Cortland St. Chicago,itiinois60635 e C Ontario
South and Central Amerlcan Sales, Empire Exporters, Ploinview, NY 11803
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Regency “Scanner Answer” Giveaway

Here’s your chance to win a complete monitorng
package from Regency Electronics and Lunar Antennas.
18 scanners in all will be awarded, including a grand
prize of the set-up you see above: the Regency HX1500
handheld, the Z60 base station scanner, the R806 mobile
unit, and a Lunar GDX-4 Broadband monitoring/
reference antenna.

55 Channels to go!

When you're on the go, and you need to stay tuned into
the action, take along the Regency HX1500. It’s got 55
channels, 4 independent scan banks, a top mounted
auxilliary scan control, liquid crystal display, rugged die-
cast aluminum chassis, covers ten public service bands
including aircraft, and, it’s keyboard programmable.

Compact Mobile

With today’s smaller cars and limited installation space
in mind, Regency has developed a new compact mobile
scanner, the R806. It’s the world’s first microprocessor
controlled crystal scanner. In addition, the R806 features
8 channels, programmable priority, dual scan speed, and
bright LED channel indicators.

Base Station Plus!

Besides covering all the standard public service bands,
the Regency Z60 scanner receives FM broadcast,
aircraft transmissions, and has a built-in digital quartz
clock with an alarm. Other Z60 features include 60

\ Send in a photo (like
. this one of Mike
Nikolich and his
~ §| Regency monitoring
. station) and receive
\  afree gift from
Regency. Be sure

name, address and
i phone number.

channels, keyboard programming, priority control, digital
display and permanent memory.

Lunar Antenna

Also included in the grand prize is a broadband
monitoring/reference antenna from Lunar Electronics.
The GDX-4 covers 25 to 1300 MHz, and includes

a 6 foot tower.

?@
ecl'ev\c&‘_ ELECTRONICS INC.

® 7707 Records Street
Indianapolis, IN 46226

—— e e e ———

I (1 awarded)

1—Regency Z60 Base station scanner
1—Regency HX1500 Handheld scanner
1—Regency R806 Mobile scanner

1— Lunar GDX-4 Antenna

(5 awarded)

1—Regency Z60 Base station scanner
1—Regency R806 Mobile scanner

(5 awarded)

1—Regency HX1500 scanner

Contest rules: Just answer the questions on the coupon, (all answers are
in the ad copy) fill in your name and address and send the coupon to
Regency Electronics, Inc., 7707 Records Street, Indianapolis, IN 46226,
Winners will be selected from all correct entries. One entry per person. No
purchase necessary. Void where prohibited by law. Contest ends June
30, 1987.

1. The Regency Z60 is
[ a digital alarm clock O an FM radio
[J a scanner [ all of the above

2. The Regency R806 is the world’s first
controlled crystal scanner.
3. The Regency HX1500 features
[ 55 channels [] Bank scanning
(O Liquid crystal display ] all of the above

4. The Lunar GDX-4 antenna covers ____ to ____ MHz.

Name:

Address:

City: State: Zipcode:
I currently own scanners.

Brands owned:

L——————————————————_J
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Radio-Electronics has a constant
advertiser (me) who sells pre-
viously-owned individual folders
for $3.00 or $5.00 each, and has a
stock that is more than 99% com-
plete up to set #1600, plus many
later numbers.

They are genuine Sams folders
(not copies). Many of them are un-
used, and all are complete and
clean. There is also an equally
complete stock of Sams spe-
cialized books on auto radios,
tape recorders, CB sets, modular
hi-fi, etc.

ALLEN ). LOEB
414 Chestnut Lane,
East Meadow, NY 11554.

FILAMENT CHECKER

The filament checker in the “An-
tique Radio” section of Radio-
Electronics, December 1986,
should use a 1.5-volt battery and a
#49 lamp. Using the #14 bulb and
a 3-volt source could blow out old
battery tubes with 1.4-volt, 50-mA
filaments. Ignoring the inrush re-
sistance of a #14 lamp, 2.3 volts
would be applied to a 1.4-volt fila-

ment. A fresh, new tube might
stand that, but not a 40-year-old
relic. (Of course, your local dis-
tributor probably has a shelf full of
1A7’s worth $1.25 each.)

STEVE DOW

Powell River, BC, Canada

POWER-SUPPLY OVERLOAD

Your “Service Clinic” and “Ser-
vice Questions” are my favorite
parts of Radio-Electronics, and | am
very disappointed when either or
both do not appear, as happens
occasionally.

This letter is occasioned by the
letter from A.H., Eureka, CA, en-
titted “Power-Supply Overload.”
Your reply is fine, but | want to call
to your attention another possible
explanation, because | have en-
countered similar problems at
least a couple of times in the past.

The most recent was a TV set in
which the TV filament was sup-
plied from the horizontal-output
transformer, but rectified by a sin-
gle diode. There was no picture,
and | found that there was no volt-
age at the socket’s filament termi-

nals. However, | checked with the
socket removed from the tube and
found that the full voltage was
present.

After some searching and test-
ing, | discovered that one of the
diode (rectifier) connections had
resistance that did not affect the
reading without the tube, but was
high enough to drop the voltage
with the load of the tube filament.
Present-day meters use so little
current that that can easily happen
with a poor solder joint.
CHARLES W. MARTEL
Belmont, MA.

MEMORIES
I read with interest the query

concerning razor-blade radio de-
tectors in the December 1986 sec-
tion of “Letters” in Radio-Elec-
tronics. It brought back memories
of the sets built when | was just a
teenager, using scraps and junk
scrounged from the junkbox of a
local radio repairman.
RON E. CASH
Pierre, SD

continued on page 29

HITACHI V-680 OSCILLOSCOPE
60MHz, CRT readout, 3 channels, 6 traces, Delayed
sweep, cursor measured valve readout and scale factor,
Display function, Frequenc?' readout, Ref/A, Ch 1 rarge,

© HITACHI

HITACHI V-212

OSCILLOSCOPE |
20MHz, Extremely portable,
IMV/Div. sensitivity, £3%

Accur_?v Dual channels,

XY mode
USER ]gET $615.00

rrice:$42 8.

H TACHI V-209
OSCILLOSCOPE
ted, Super mini-portable
IMV/Div. sensitivity, ‘auto focus, 3 power
sources (AC, DC and xtemal) self-ch mg
TV sync, XY mode, WITH FRONT CO
USER NET $1013. 00
OUR PRICE:

$815.

8l Ch 2 range-and much more!
W8 USER NET $1490.00

HITACHI V-222

¥i OSCILLOSCOPE
f‘* &6 ul:&‘ §  20MHz,IMV/Div.sensitivity, D.C.

L o B X1 X10mag., TV sync, XY mod

3 ‘L' X n'ussn NET $718.00
[_’wio’buﬁ 0URPRICE$509
e
r

OUR PRICE:$ 1 3 6 9
[ 4
offset for DMM output,CH output

20MH:, Battery o

New Orleans

g WM. B. ALLEN SUPPLY COMPANY INC.

S Allen Square « The 300 Block ¢ North Rampart Street

5 ALL MAJOR New Orleans ¢ Louisiana 70112-3106 ALL MAJOR
5 CREDIT CARDS WM. B. ALLEN CARRIES 18 LINES OF TEST & MEASUREMENT EQUIPMENT-CALL FOR PRICING CREDIT CARDS
L | HONORED Call TOLL-FREE 800 535.9593 HONORED
= Louisiana 800-462:9520 Local (504) 525-8222
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Where's Your ELECTRONICS Career Headed?

-

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

B. S. DEGREE

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

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

INDEPENDENT STUDY, AT HOME

Free Details Available from:

Grantham College of Engineering
10570 Humbolt Street
Los Alamitos, California 90720

The Move You Make Today

A
o

Can Shape Your Future

Independent Home Study Can Prepare You

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

Recognition and Quality Assurance

Grantham College of Engineering is accredited
by the Accrediting Commission of the National

Home Study Council.
-

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However, we have students in many
foreign countries; about 80% of our students live in the
United States of America.

Grantham College of Engineering
10570 Humbolt Street, Los Alamitos, CA 90720

Please mail me your free catalog which explains your
B.S. Degree independent-study program.

|

[

[

|

|

|

|

|

{ Address
|
L

Name - Age
City State Zip

www americanradiohietory com
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COAX
ADAPTER
CABLE KIT

HEL 125"

20 cables &
2 wall racks

WORTH OVER 525000

20 combinations of 8 different con-
nectors to interface BNC TNC N UHF
MINI-UHF E-Z Hook "' HIGH VISIBIL-
ITY “MINE SAFETY" YELLOW CABLES
Soft, pliable, easy to handle, durable

Many hard to find adapters includ-
ing MINI-UHF Brass, nickel plated
connectors Silver plated contacts

CONVENIENT--Easy to spot, close
athand, use one cable instead of adapt-
er plus cable © Add individual cables
of the same or different combinations

Includes 2 wall racks | Designed to
applicable MIL-SPECS.

SATISFACTION GUARANTEED
or complete refund if returned
within 10 days after receipt

[J Please RUSH _____ Model TPI-
5000 COAX ADAPTER CABLE
KIT(s) at $125.00 each Enclosed
is my check or money order for

where credit approval previ-
ously received. Postage and
handling included in price.
Add 6% sales tax for California
delivery

| I
! |
! |
! 1
! 1
! 1
! 1
1 $ )
I NOTE. Check or money order must |
{ accompany each order excepl :
! l
! 1
! 1
! |
! 1
! 1

800-368-5/19

800-643-8382
in Calif.

TEST |

PROBES, INC. TFI

P.O. Box 2113
La Jolla, California 32038
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Sencore LC75
“Z Meter Il”

Measure inductance and
capacitance at the touch of
a button!

CIRCLE 9 ON FREE INFORMATION CARD

BECAUSE THE MODERN |C-BASED CIR-
cuit usually has tighter parameters
than the older vacuum-tube and
transistor designs, the inductors
and capacitors used in the circuit
must likewise have tighter param-
eters, or at the very least, be tested
within a narrower range of toler-
ances. Much, if not all of the older
service-grade LCR test equipment
has neither the precision nor the
testing capabilities needed to en-
sure proper performance from the
capacitors and inductors used in
modern circuits.

Critical parameter tests of ca-
pacitors and inductors require
new techniques of measurement,
and that is precisely what's to be
found in Sencore’s “Z meter 11.”

The Z Meter Il uses an autorang-
ing 3%2 x 0.5-inch LED display to
indicate: capacitor and inductor
values; capacitor leakage, inter-el-
ement capacitor leakage, capaci-
tor effective series resistance,
capacitor “memory,” and air-core
coil shorted turns and opens.

No bridges

Unlike conventional C and L
meters that employ some kind of
bridge configuration to determine
reactance (which is then interpo-
lated to capacitance and induc-
tance values), the Z-meter mea-

www americanradiohietory com

REPORTS

sures both directly. Capacitance is
determined by measuring how
long it takes to charge an un-
known capacitor to +5 volts
through a precision resistor. (Re-
member: t=RC.) Inductance is
determined by measuring the emf
caused by a constantly-varying cur-
rent in the coil being tested.

The capacitance test range is 1pF
to 200,000 wF in 10 automatically-
selected ranges. Accuracy is * 1%
of reading + resolution error = 1
pF to 1000 wF, with the reading er-
ror increasing to + 5% above 1000
wF

The inductance test range is 10
uH to 2 H in 6 automatic ranges.
Accuracy is = 2% of reading +
resolution error.

in addition to capacitance value,
a stepped variable output voltage
range of 3- to 600-VDC permits ca-
pacitors to be tested for leakage at
their operating voltage (not neces-
sarily their rated voltage); charts
are provided showing the leakage
limits for various capacitor types
and test voltages. The stepped
variable output voltage can also be
used to “reform” electrolytic ca-
pacitors.

Unusual tests
Two other unusual Z-meter ca-
pacitor tests are those for



dielectric absorption and ESK (E
quivalent Series Resistance). Di-
electric absorption is the inability
of a capacitor to completely dis-
charge. It is often referred to as
“memory,’” or “battery action,”
and all capacitors have some
amount of dielectric absorption.
Until the age of critical solid-state
circuits, high values of dielectric
absorption passed unnoticed. Un-
fortunately, modern circuits can
be disabled by unusually high di-
electric absorption, which usually
goes undetected by conventional
service-grade capacitor tests. (It's
the unseen force that can “blow”
computer components if you fool
with the circuit even after the
powerline has been discon-
nected.) The Z-meter, on the other
hand, will uncover excessive ca-
pacitor “memory.”

All electrolytic capacitors have
ESR—equivalent series resis-
tance—which is not usually a
problem in non-critical circuits.
When it is a problem, it usually
can’t be determined by con-
ventional test equipment. The Z-

Sencore LC75 “Z Meter”

OVERALL
PRICE |

EASE
OF USE

INSTRUCTION
MANUAL

PRIC[V :
VALUE

% 3 06
@o° M
<L

meler has a one-button test for
ESR.

Two inductor tests

The Z-meter actually has two
kinds of inductor tests. The con-
ventional kind determines the val-
ue of an unknown inductor. The
second test is a “ringing current”
test used to determine the con-
dition of non-iron-core coils, such
as TVyokes and flybacks. Basically,
the ringing test measures the coil’s
“Q,”

It works this way. The Z-meter
applies a single pulse to a coil and
then digitally counts the number

of ringing cycles produced by the
pulse until the signal is damped to
the reference level. For most non-
iron-core coils, 10 ringing cycles is
considered “normal,” or “good.”
A shorted coil will lower the QQ and
produce less than 10 ringing cy-
cles, while an open coil will pro-
duce no ringing. So, less than 10
rings, or no rings, means a bad
yoke or flyback.

Actually, any air-wound coil can
be ring-tested; however, because
of their low impedance, coils of
less than 10 puH usually display only
2 to 4 rings.

Tracing defective cables

Both the capacitance and induc-
tance functions can be used to
determine cable lengths, or the
distance to either a short-circuit or
an open inalength of cable. Open
coaxial cable is capacitive. To de-
termine the length of acable or the
distance to an open you simply
measure the capacitance of one
foot of cable, then measure the
input capacitance ot the open ca-
ble. Divide the open-cable read-

/(/e(/// MINI-METERS w/MAXI-SPECS

SCOPE 32 Digit LCD
with 8 Full Functions

Model

DVM-632

Deluxe test teads included

* 0.5% accuracy ¢ Transistor
v gain test * Audible continuity
checking & diode test

* 10 Amp measurement

SCOPE 3% Digit LCD

| Multimeter

* Model

-, DVM-630

Test leads included ¢ 0.5%
accuracy * 6 functions,

19 ranges * Automatic zero

| adjust * Low battery indication
o Measures 5" x 23" x 74" "

B &K 20 MHz Dual Trace

.$4.50

Zippered Carrying Case CC-30. . .

N R
! *4" &y ® Model

Poemefice ez 2120

/ Probes included * 20 and 26
Mo ~ MHz band widths * TVV and

TVH ¢ X-Y operation ¢ Trace rotation: adjustable
front panel « Channel 1 output

= ; 5’| Phone orders accepted.

260 Motor Parkway, Hauppauge, NY 11788

YT visual continuity * capacitance and

« 7 function, 32 ranges
* Transistor measurement

| o | SCOPE Pocket Sized Audio
5 = | Signal Generator

Model

RC-555

SCOPE 3'; Digit Capacitance

Model

DCM-602

Test leads included ¢ 8 ranges with full
scale values to 2000 uF ¢ LS| circuit

* Crystal time base ¢ Frequency range
800 Hz to 8 Hz

0 i SCOPE 32 Digital Multimeters
Model g
DVM-638 r

Test leads included ¢ 11 function, 38
ranges ¢ Logic level detector » Audible;

conductance measurement.

Model
DVM-€34

Model
DVM-636

« 8 function, 37 ranges
» Capacitance measurement

Test leads & 9V battery included ¢ Low
distortion sine-wave signal 46 step

selected frequency ® x1 range 20 Hz to
*§ 1.5 KHz/x100 range 2KHz to 150 KHz

7‘M for oun FREE Catitog

e 800-645-9518

In New York State 800-832-1446

www americanradiohistorv com

High Quality
Lowest Prices
Off-The-Shelf

HITACHI 35 MHz Dual Trace Oscilloscope

- Model V-355

(Reg. $899.95)
.88 Probes included ¢ Thin, lightweight,
compact * Large 6” rectangular,
internal graticule CRT s Autofocus

FORDHAM Sweep Function Generator

Model FG-801 =
(Reg. $289.95)

Test leads included ¢ 7 frequency
ranges, 0.2 Hz to 2 MHz ¢ Accuracy
to +5%

FORDHAM 550 MHz Frequency Counter

. Model FM-8

s (Reg. $249.95)

% Completely assembled, pre-tested,
# precalibrated ¢ High intensity 8-digit

LED display

8 SCOPE 41 Digit LCD

7 Bench Digital Multimeter

Model
DVM-6005

Testlead set &6 "D” size batteries included ¢ 0.4” high
characters * Conversion period: 500 milliseconds
¢ Automatic, negative polarity

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

FOR ORDERS ADD FOR ORDERS ADD
$25-100 $4.50 $751-1,000 $12.50
$101-250 $6.00 $1,001-1500 $16.50
$251-500 $8.00 $1,501-2,000 $20.00
$501-750 $10.50 $2,001 and up. .$25.00
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ing by the 1-foot value and you'll
be very close to the distance to the
end of the cable, or the distance to
the open.

The same technique is used for
shorted cable. However, a shorted
cable appears inductive rather
than capacitive. Measure the in-
ductance of a one-foot length of
cable that is shorted at the far end
and use the indicated value as a
reference. Then measure the in-
ductance of a length of cable that
you believe has an internal short-
circuit. Divide the total cable-read-
ing by the 1-foot value and you are
within inches of the short-circuit’s
location.

How do we get within inches of
an open or a short? It works this
way. Assume the problem is an
open length of RG-59. You mea-
sure an exact one-foot length and
find it has a capacitance of 27 pF.
You measure the defective cable
and find its capacitance is 859 pF.
Dividing 859 by 27 give you 31.8. In
other words, the open is 31.8 feet
from the input to the cable. Since
0.8 foot equals almost 10 inches

(actually 9.6), the open is 31feet, 10
inches from the input to the cable.
Allowing for assorted measure-
ment errors, the open will be near,
but probably not precisely, 31.8
feet.

Measuring very small values

A logical question is “What hap-
pens when capacitor and inductor
values get so small they are actu-
ally less than those of the test leads
and wires.” Good question, but
the Z-meter has a good answer. A
front panel control that is normally
used to balance out the test lead
inductance or capacitance can be
used as an offset for small values.
For example, it is no problem to
balance out the inherent capaci-
tance of the test leads by using the
front panel LEAD ZERO control.
However, that doesn’t solve the
“window” problem of digital mea-
surement—a small area that must
be overcome before the instru-
ment reads. For example, a 2-pF
capacitor won’t push the reading
off zero because of the window’s
inertia; but the basic reading can

be offset to perhaps 10 pF by the
LEAD ZERO control. Connecting a
1-pF capacitor will result in a read-
ing of 11-pF. Since you know that 10
pF is an offset value, the true value
must be 11 pF less 10 pF, or 1 pF. The
offset measurement procedure is
used the same way when measur-
ing very small inductor values

While the intricacies of the mea-
surement systems give an ap-
pearance of complexity, the Z-
meter is notably easy to use be-
cause the readings themselves are
autoranging, thereby restricting
function selectors to only a few
switches and controls. Stepped
selectors are provided for the DC
leakage/capacitor retorm output
voltages and the inductance ring-
ing tests. Rocker switches are
provided for leakage range
(aluminum electrolytics or all
other types) and power. A con-
ventional potentiometer is used
for the test-lead zeroing. Five
push-buttons are used for: capaci-
tor leakage, value, and ESR: and
inductor value and the ringing
tests.

- Volume control
- 68 channels
+ Mute control
- Automatic fine tuning -

TV CON

20"

- Instant channet recall
- Programmable to go on at
a particular channel and oft
automatically

Compatible with descramblers

'

CONVERTER
MopEL DRX3-105/400

%69°s

+ 58 channeis
« Remote channel changing
» Remote on/oft switch:

« Remote fine tuning

JERROLD CORDED

l CABLE TV CONVERTER

- 36 channeis
- push butt

L

MODEL JRX3-105 TR-7000
95 /.7y $59.95/6-11
$49 95 $51 L ) $69.96/1-5
67 g 12 up

IT'S LI-KEIAVING A
v v

B MASTER CARD H VISA
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“THE RABBIT” I

VIDEO MULTIPLYING SYSTEM

www americanradiohietory com

e B ¥ D 5T I B
JERROLD CORDLESS CABLE

*ADD $5.00 FOR VISA OR MASTER CARD

JERROLD CORDLESS CABLEI l
TV CONVERTER s

MODEL DRZ/450

- 66 channels
- Automatic fine tuning
+ A/B switch option

$69.95/. L

LS79 .95 ea.

ELECTRONICS
770 Amsterdom Ave. New York, NY 10025

SHIPPING CHARGES

For Ordets Add
$25-100 $6 50
$100-500 $8.50
$500-750 $10 50
$750 and up $20.00



For the infrequent times when
you must hold down a button—
such as when using the leakage
test to reform an electrolytic ca-
pacitor—a small spring-loaded de-
vice is provided that slips between
the handle and the button, which
keeps the function button de-
pressed as long as needed.

User calibration

Non-laboratory (user) calibra-
tion of the digital reading is made
possible by three screwdriver ad-
justments (located on the rear
apron) for Zero Meter Reading,
Capacitor Zero (with test leads
open), and ESR zero.

The Z-meter has a fused BNC
input connector. It is supplied
with a test cable terminated in
miniature-hook test clips: Adapt-
ers are provided for making con-
nection to capacitors having screw
terminals.

The Z-meter is list-priced at
$995. For additional information
on the instrument, write to Sen-
core, 3200 Sencore Drive, Sioux
Falls, SD 57107. R-E

NEW
LIT

INFORMATION BOOKLET, the
Surface Mount Technology Hand-
book, is 24 pages, letter size, on
coated stock, and is fully illus-
trated with photos, tables, and di-
agrams.

Among the points covered are:
board retention, strain relief,
housing insulators, thermal mis-
match, materials, lead design, au-
tomated PC-board assembly, and
solder-reflow methods.

The handbook includes a glos-
sary of SMT terms, and a descrip-
tion of the surface-mounting
process. Last but not least, the
handbook contains a catalog of
Molex's surface-mount con-
nectors. Available free on request
from Molex Incorporated, 2222
Wellington Ct., Lisle, IL 60532.

Now test and restore every CRT on the
market . .. without ever buying
another adaptor socket or coming up
embarrassingly short in front of your
customer ... or your money back

>
. ¥

R S pn
R T —

with the new improved CR70 “BEAM BUILDER”™
Universal CRT Tester and Restorer
Patented $995

Have you ever?

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

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

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

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

Had a real need to test a CRT on the job, but didn’t have the right
adaptor socket or setup information in your setup book?

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

“BEAM BUILDER" is a trademark of Sencore. Inc.

Call Today Wats Free 1-800-843-3338

SENCORE

3200 Sencore Drive

Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.

CIRCLE 182 ON FREE INFORMATION CARD
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PREVENTION.

¥ FLAMEBHOOF |
RESISTOR

' 7

The complete line of
Flameproof Resistors from NTE Electronics.

NTE Flameproof Resistors are designed

to provide you with a premium quality
replacement device... that won't flameout or
short even under the most severe overloads.

Our resistors range in capability from /s
Watts to 25 Watts with resistance values
from 10 to 2.2 Megohms.

They're totally noncombustible with a
metallic resistance material between a
nonresistant core and a special ceramic
outer cover.

NTE Flameproof Resistors are the ideal
replacernent components for electronic
games, telecommunications, medical, data
processing, military, broadcast and home
entertainment equipment.

Don’t take chances with your expensive
equipment. Use NTE Flameproof Resistors
... they handle the current.

+ Transistors

» Thyristors

* Integrated Circuits

» Rectifiers and Diodes

* High Voitage Multipliers and

» Optoelectronic Devices
« Zeners
- Microprocessors and Support

- Memory ICs

» Thermal Cut-Offs

» Bridge Rectifiers

* Unijunctions

* RF Transistors

» Microwave Oven Rectifiers
- Selenium Rectifiers

» Flameproof Resistors

» Wire Ties

» Electrolytic Capacitors
» Static Control Products

LOOK FOR THE FULL LINE OF QUALITY NTE
REPLACEMENT PARTS AND PRODUCTS:

Dividers

Chips

For more information or the name of your local distributor,
call or write NTE.

NTE ELECTRONICS, INC.

44 Farrand Street, Bloomfield, New Jersey 07003
(Outside N.J.) 1-800-631-1250 « (N.J. only) 1-800-624-2624
CIRCLE 71 ON FREE INFORMATION CARD
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LETTERS

continued from page 22

GATED SYNC DESCRAMBLER

We’ve made a number of modi-
fications to the gated-sync de-
scrambler that was featured in the
February 1987 issue of Radio-Elec-
tronics. In addition, several errors
crept in.

Starting with the modifications,
resistor R1 has been deleted. Re-
sistor R3 is now connected be-
tween R2 and the cathode of D1.
C15 has been replaced by a 3-40-pF
trimmer connected in parallel with
a 47-pF fixed unit. 12 is now 18 nH
fixed unit.

Also, if you require AM detec-
tion of the sound subcarrier, the
following modifications can be
performed: Connect C27 to pin 4
of IC2 (rather than pin 12 of 1C4).
Increase C11 to 100 pF. Remove
three turns from L1; it will now be
5% turns on an 8-32 screw. When
tuning L2, it should be adjusted for
the appropriate sound subcarrier
(65.75 MHz for Channel 3 or 71.25
MHz for Channel 4) as you now
want to pass sound and reject vid-
eo. If you have trouble rejecting
the video, you can also try adding
a trap to 1C2. That trap should con-
sist of a 100-pF NPO capacitor and
5% turns of No. 22 enamelled wire
on an 8-32 screw. Connect the trap
in series between pin 7 of the
MC1330 and ground. For more in-
formation see Video Scrambling
and Descrambling for Satellite and
Cable TV (H.W. Sams), by the au-
thors.

Turning to the errors. There are
several mis-identified compo-
nents on the PC board (Fig. 2).
There are two C5’s; the one lo-
cated between C18 and L2 is actu-
ally C15. There are two R20’s; the
potentiometer located below
switch S1is actually R30. There are
two R21s; the one located above
C3is R29. There are two C14’s; the
one located between R14 and R15 is
actually C19. There are two C20’s;
the one located below IC5 is actu-
ally C30.

Finally, C13 and C22 should both
be 0.1-pwF units and C24 should be
a 39-pF unit; a 47-pF unit can also
be used for C24.

RUDOLF F. GRAF and WILLIAM
SHEETS R-E

Walk “tough dog” troubles out of

any TV & VCR in half the
time . .. or your money back

AAAAA

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

Would you like to?

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

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

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

Protect your future by servicing VCRs for your customers before they
go to your competition? Walk out “tough dog” troubles in any VCR chromi-
nance or luminance circuit — stage-by-stage — to isolate problems in
minutes? Have proof positive test of the video record/play heads before you
replace the entire mechanism?

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

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

Call Today Wats Free 1-800-843-3338

SENCORE

3200 Sencore Drive

Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.

CIRCLE 183 ON FREE INFORMATION CARD
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Fantastic Kits To Build

From Constructors Feature Projects in Radio
Electronics and Hobby Electronics Magazines.

Bench Top Power Supply
(See Radlo Electronics June '86)

Features: ® Output Variable between 3-30V e Full 1 amp
output over entire voltage range ¢ Short circuit
protection e Fully variable current limiting.

K 3210 $59.95

Zener Diode Tester
"Simply plugs into Your Multimeter”
By simply plugging this handy little
tester into your multimeter. it allows
you to read out the actual Zener
voltage of any Zener Diode up to 60
volts and will also test LEDS! as well as
give you a reading of its forward
voltage drop. K 2620

$12.50

Electronic Fluro Starter
(See Hobby Electronics June '87) -,
¢ Extend fluro Tube life by 1000’'s of !
hours ¢ Mounts on single PCB - fits
into original starter capsule ® Smooth
rapid start - no more flicker ® No light
wiring mods needed. K 6300

$9.50

e

Voice Operated Relay
(See Hobby Electronics March '87)
Great for Voice Control of PA systems, Transmitters.
Tape Recorder, Slide Projector, Intercom etc.

K 5540 . . 358t -« - o o oot - e $15.00

Touch Lamp
Dimmer
(See Hobby

. Electronics March'87)
Controlled by the latest
Siemens Light Dimmer
* IC, The S 576A
Instantly turn lamps on and off with just a hght touch on
a wall panel. Alternatively you can dim or brighten the
lamps to any desired level by merely touching the panel
for two or three seconds - very classy!

v Supplied with Gold Touch Plate

K6319......... $35.00
nfra Red Remote Control

(See Hobby Electronics
May '87)

i K6322 .......... $25.00

FM Radlo
Microphone

(See Hobby
Electronics April '87)
This simple FM
Microphone kit only
requires an ordinary FM
Radio for reception
e runs from single 8V battery
e High Sensitivity ® Long
USES: range approximately 100 ft.

e Wireless Microphone ® Professional Eavesdropping
e Listen to the TV in the kitchen ¢ Makes an excellent

child mindér K 1106 $9.50 f*

K 6005 $24.50
Drill Speed Controller

For Brush Motors upto3 Amps Varies motor speed from
a few RPM to full speed while maintaining good torque.
Suitable for - Drills and Drill Presses - Circular Saws - Jig
Saws - food Mixers - Movie Projectors.

Pack & Shipping Charges (USA Mainland)
$2 K 5540, K 1106, K 6322, K 6300, K 1724, K 2620,
K 6005, K 6319, $4 K 2522 $5 K 3210
Please note COD charges slightly extra

Foreign Orders Please Add 10% To Order Total

Imtronics Industries Ltd.
11930 31st Court, St. Petersburg

FLORIDA U.S.A. 33702
Phone: 813 5779010

NEW

PRODUCTS

CIRCLE 30 ON FREE INFORMATION CARD

SOUND SENDER, is a device that
makes it possible to play a porta-
ble cassette player, Walkman, or
CD player through an FM auto-
sound system by merely plugging
itin to the cigarette lighter of a car,
truck, van, RV, or boat. There is no
extra wiring needed.

The device elimiates the need
for earphones while driving,
which are prohibited by law in
many states. It also reduces the
possibility of theft, because the

cassette radio in the dashboard is
usually the target of thieves.

The Sound Sender weighs 2
ounces and consists of a small
plastic housing (472" X 134" X 138")
and a wire with a cigarette-lighter
plug at one end and a jack for a
cassette player at the other. The
suggested retail price is under
$30.—Dynasound Organizer, a Divi-
sion of Hartzell Manufacturing,
Inc., 2516 Wabash Ave., St. Paul
MN.

SCANNER, the Regency model
R1070, has ten channels, and can
receive more than 15,000 frequen-
cies over six of the most popular
public-service bands, including

CIRCLE 31 ON FREE INFORMATION CARD
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VHF-low (30-50 MHz), VHF-ama-
teur (144-148 MHz), VHF-high
(148-174 MHz), UHF-amateur
(440-450 MHz), UHF (450-470
MHz), and UHF-T (470-512 MHz).
No crystals are required, and the
scanner is pre-programmed with
10 of the most-popular frequen-
cies.

Programmed frequencies can be
changed or added by touching the
fingertip controls. A dual-level
vacuum-fluorescent digital display
flashes messages to aid in pro-
gramming; and once a frequency
is entered into a channel, a special
test key automatically verifies the




frequency, while checking all mi-
croprocessor functions.

In addition to scanning as many
as 10 channels, the scanner can
search an entire frequency range
to find active frequencies. Other
features include a channel lockout
for skipping channels that are not
of current interest, manual search
and scan controls, and sliding vol-
ume and squelch controls. During
a power failure, a built-in capacitor
will save the frequencies in memo-
ry for several hours, without the
need for batteries.

The Regency model R7070
comes complete with an AC
power-supply cord, telescopic an-
tenna, and an easy-to-follow in-
struction manual. The suggested
retail price is $159.95.—Regency
Electronics, Inc., 7707 Records
Street, Indianapolis, IN 46226.

MINIATURE HANDHELD DMM,
the Circuitmate model DM78, is
designed for the electronics hob-
byist, but is also convenient for
computer and field technicians to
carryas asupplement or backup to
their larger DMM.

CIRCLE 32 ON FREE INFORMATION CARD

The model DM78 has 0.7% ac-
curacy: Itincludes diode test, con-
tinuity test, and autoranging
capabilities. The meter weighs 3%
ounces, including the supplied
carrying case. It can measure AC or
DC voltages over the four ranges
of 2-, 20-, 200-, and 450-volts, full
scale. Resistance ranges on the
model DM78 are 2K, 20K, 200K,
and 2000K, full scale. Bandwidth is
specified as 40-500 Hz. There is
overload protection to 650-volts
DCorpeak AC, and the battery life
is 70 hours. Test leads are in-
cluded.

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

or your money back

with the all new LC75 “Z METER 2”
Capacitor Inductor Analyzer

Patented $995

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

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

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

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

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

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

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

Call Today Wats Free 1-800-843-3338

SENCORE

3200 Sencore Drive

Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.

CIRCLE 180 ON FREE INFORMATION CARD
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The model DM78 is priced at
$29.95.—Beckman Industrial Cor-
poration, 630 Puente Street, Brea,
CA 92621.

CD-PLAYER ADAPTOR, the Spar-
komatic model CDA50, will allow
portable compact-disc players to
be played through a car-stereo sys-
tem. [t operates by inputting a
standard FM-stereo signal having a
carrier frequency of 90.1 MHz into
the antenna input of the car radio.
A switch is incorporated into the
adaptor that turns on the unit;
power-on status is indicated by an
LED. The switch also disconnects
the external antenna so that the
only signal reaching the car radio
will be that of the model CDA50.

CIRCLE 33 ON FREE INFORMATION CARD

In addition to compact-disc
players, the unit can be used for
playing portable cassette players
that have a line out or headphone
jack. The unitalso provides a 9-volt
output that is suitable for power-
ing audio equipment requiring
that voltage. The unit is intended
for under-dash mounting, and ap-
propriate mounting brackets are
supplied. The model CDA50 has a
suggested retail price of $19.95.—
Sparkomatic Corporation, Milford,
PA 18337.

REPAIR STATIONS, the OK Indus-
tries model BTR-55, (shown), the
model BTR-35, and the model
BTR-25, are self-contained repair
stations specifically developed to
meet the requirements of delicate
multilayer PC-board rework.

The desolder section of the
model BTR-55 features a 100-watt
desoldering tool; spike-free oper-
ation; pistol-grip handpiece;
accurate temperature indication
via thermocouple tip-temperature
sensing; temperature adjustable
280°C —470°C (535°F — 800°F); heavy

o
Ll
CIRCLE 34 ON FREE INFORMATION CARD

duty, quick-rise diaphragm pump;
adjustable hot-air blower; 24-volt
handpiece; long-life desolder
nozzles.

The solder section features:
spike-free operation; 48-watt,
heavy-duty soldering iron with
thermocouple tip-temperature
sensing; and temperature control
adjustable from 280°C —470°C
(535°F — 880°F).

The hand-tool section features:
12-volt DC drill and grinder; varia-
ble power output, continuously
adjustable up to 16,500 rpm, and 3-
volt AC output.

The model BTR-35 combines the
same performance features as the

The Super Converter 8001 Features:

EASY LISTENING

e FOR 810 TO 912 MHz BAND
SUPER CONVERTER 8001

e FOR YOUR UHF SCANNING
RECEIVER AND OTHERS

A super-converter 8001 has been certified by
FCC part 15 regulation.

——= External Power Jack

Warranty

Unit Cost

|——— Listening to 810-912 MHz Band on a UHF
Scanner and /or Other Monitor Receivers
————= Easy Connections to Your Receiver
———— 9 \0lts Battery Operation Power Source
and Power On Indicator by LED Display

————— 180 Days From Date of Purchase

Qty
PAYMENT METHOD  TOTAL » [ :
7 Check Money Order
Size: 79(w) x 30(H) x 100(D)mm ) Mastercard Visa )
Card No. -

ExpiratonDate . —

}———= $59.94 plus $4.00 Shipping and Handling Charge L

IF HOW TO ORDER

| Name:

| Address: R
| City: _ State:

| Zip: Phone ( )

|

Make Check or Money Order payable to

GRE AMERICA, INC.

' Mail to: GRE AMERICA, INC. !
425 Harbor Bivd., Belmont, CA 94002 |
Unit Cost (v $59.94 x

Qty.
CA. Residents Add 6.5% Tax

Shipping & Handling @ $4.00/
Unit x

Signature

Ny — |
PHONE ORDER: 800-233-5973

Total |

or 415-591-1400

wWWw americanradiohistorv com



Analyze defective waveforms

model BTR-55 but without the faster',- more accurately’ and

hand-tool section. The model

BTR-25 contains the multi-layer more confidently — every time
desolder seclion of the model
BTR-55. or your money back

The BTR series systems start at
$565.00.—OK Industries, 3455 Con-
ner Street, Bronx, NY 10475.

DMM, the AW Sperry Instrum-
ments model DM-7"Pocket Pro” is
a miniature, 3% digit, ultra slim
digital multimeter that provides
the measurement capabilities of a
14-range digital instrument in a
pocket-calculator size.

u .
. A DELTAMEASUREMENTS
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WAVEFORM ANALYZER

T
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MODEL SCH1

with the SC61 Waveform Analyier
Patented $2,995

If you value your precious time, you will really want to check
out what the exclusively patented SC61 Waveform Analyzer can
CIRCLE 35 ON FREE INFORMATION CARD do for you. 10 times faster, 10 times more accurate, with zero
chance of error.

The model DM-1 measures a
mere 4.2" in height, is 2.0" wide,
0.4" deep, and weighs 3.5 ounces.
[t features autoranging, manual
ranging, electronic overload pro-
tection on all ranges, auto-polar-

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

Accurately and confidently measure waveforms from a tiny 5 mV
ity, and audible-continuity indica- all the way to a whopping 3,000 V without hesitation with patented
tion. 3,000 VPP input protection — eliminates expensive “front end” repairs

The model DM-7 comes with and costly equipment downtime.

two 1.5-volt LR-44 button-type bat- | Make only one circuit connection and push one button for each
teries, a carrying case, built-in test circuit parameter test: You can instantly read out DC volts, peak-to-peak
leads, and one-year warranty; it is volts and frequency 100% automatically with digital speed and accuracy.
priced at $29.95.—A. W. Sperry In- It’s a real troubleshooting confidence builder.

struments, Inc., 245 Marcus Boule-

vard, Haubpage, NY 11788, Confidently analyze complex waveforms fast and easily. Exclusive

Delta measurements let you intensify any waveform portion. Analyze
glitches, interference signals, rise or fall times or voltage equivalents be-

SCREWDRIVER, the model 7-15 tween levels; direct in frequency or microseconds.

Torx driver, features an extra-long : N ) -
9%" blade. It makes servicing diffi- Speed your digital logic circuit testing. Analyzing troublesome divide

cult-to-reach areas of Maclntosh | and multiply stages is quicker and error free —no time-consuming
and other personal computers a graticule counting or calculations. Simply connect one test lead to any test
point, push a button, for test of your choice, for ERROR FREE results.

rﬁ e To see what the SC61 can do for your troubleshooting personal productivity
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338,
CIRCLE 36 ON FREE INFORMATION CARD for a FREE 15 day Self Demo.
far-easier task. The overall length Call Today Wats Free 1-800-843-3338
is 13%", with a break-resistant plas- SENCORE

tic handle. The model T-75 is
priced at $6.95.—Jensen Tools, Inc.,
7815 South 46th Street, Phoenix,
AZ 85044, R-E

3200 Sencore Drive
Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.
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CIE MAKES THE

ELECTRONICS

To be part of it, you need the right kind of
training, the kind you get from Cleveland
Institute of Electronics, the kind that can take you
to a fast growing career in business, aerospace,
medicine, science, government, commurnica-
tions, and more.

T oday’s world is the world of electronics.

Specialized training.

You learn best from a specialist, and that’s CIE.
We're the leader in teaching electronics through
independent study, we teach only electronics and
we’ve been doing it for over 50 years. You can put
that experience to work for you just like more than
25,000 CIE students are currently doing all
around the world.

Practical training.

You learn best with practical training, so CIE’s
Auto-Programmed® lessons are designed to take
you step-by-step, principle-by-principle. You also
get valuable hands-on experience at every stage
with sophisticated electronics tools CIE-designed
for teaching. Our 4K RAM Microprocessor
Training Laboratory, for example, trains you

to work with a broad range of computersina

way that working with a single, stock computer
simply can’t.

Personalized training.
You learn best with flexible training, so we let you
choose from a broad range of courses. You start

YOURS.

with what you know, a little or a lot, and you go
wherever you want, as far as you want. With CIE,
you can even earn your Associate in Applied
Science Degree in Electronics Engineering
Technology. Of course, you set your own pace,
and, if you ever have questions or problems, our
instructors are only a toll-free phone call away.

The first step is yours.

To find out more, mail in the coupon below. Or, if
you prefer, call toll-free 1-800-321-215S5 (in Ohio,
1-800-523-9109). We'll send a copy of CIE’s
school catalog and a complete package of enroll-
ment information. For your convenience, we’ll
try to have a representative contact you to answer
your questions.

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

CIi

YES! I want to getstarted. Send me my CIE school catalog including
details about the Associate Degree Program. Iam most interested in:
computer repair television/high fidelity service

telecommunications medical clectronics
robotics/automation broadcast engineering

[Jother _u =
Print Name - - — — — "
Address - - Apt.
City Stawe . __ Zip_
Age Area Code/Phone No. 1
Check box for G.1. Bulletin on Educational Benefits ARE-58
Veteran | Active Duty MAIL TODAY!

CIRCLE 60 ON FREE INFORMATION CARD
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Turbo Scan”
Scanners

Communications Electronics;
theworld's largest distributor of radio
scanners, introduces new lower prices
to celebrate our 16th anniversary.

NEW! Regency? TS2-LA

Allow 30-120 days for delivery after receipt of
order due to the high demand for this product.
List price $499.95/CE price $319.95

12-Band, 75 Channel ® Crystalless ® AC/DC
Frequency range: 29-54,118-175,406-512,806-950 MHz.
The Regency TS2 scanner lets you monitor
Military, Space Sateliites, Government, Railroad,
Justice Department, State Department, Fish &
Game, Immigration, Marine, Police and Fire Depart-
ments, Aeronautical AM band, Paramedics, Am-
ateur Radio, plus thousands of other radio fre-
quencies most scanners can't pick up. The Regency
TS2 features new 40 channel per second Turbo
Scan™ so you wont miss any of the action. Model
TS1-LAisa35 channelversion of this radio without
the 800 MHz. band and costs only $239.95.

Regency® Z60-LA

List price $299.95/CE price $184.95/SPECIAL
8-Band, 60 Channel ® No-crystal scanner
Bands: 30-50,88-108. 118-136, 144-174, 440-512 MHz.
The Regency Z60 covers all the public service
bands plus aircraft and FM music for a total of
eight bands. The Z60 also features an alarm
clock and priority control as well as AC/DC
operation. Order today.

Regency® Z45-LA

List price $259.95/CE price $159.95/SPECIAL
7-Band, 45 Channel ® No-crystal scanner
Bands: 30-50, 118-136. 144-174, 440-512 MHz

The Regency Z45 is very similar to the Z60 model
listed above however it does not have the commer-
cial FM broadcast band. The Z45, now at a
special price from Communications Electronics.

Regency® RH250B-LA

List price $699.95/CE price $329.95/SPECIAL
10 Channel o 25 Watt Transceiver ® Priority
The Regency RH250B is a ten-channel VHF land
mobile transceiver designed to cover any frequency
between 150 to 162 MHz. Since this radio is
synthesized, no expensive crystals are needed to
store up toten frequencies without battery backup.
All radios come with CTCSS tone and scanning
capabilities. A monitor and night/day switch is also
standard. This transceiver even has a priority func-
tion. The RH250 makes anideal radiofor any police
or fire department volunteer because of its low cost
and high performance. A 60 Watt VHF 150-162
MHz. version called the RH600B-LA is available
for $439.95. A UHF 15 watt version of this radio
called the RU150B-LA is also available and covers
450-482 MHz. but the cost is $439.95.

Bearcat® 50XL-LA

List price $199.95/CE price $114.95/SPECIAL
10-Band, 10 Channel ® Handheld scanner
Bands: 29.7-54, 136-174. 406-512 MHz.

The Uniden Bearcat 50XL is an economical, hand-
held scanner with 10 channels covering ten fre-
quency bands. It features a keyboard lock switchto
prevent accidental entry and more. Also order part
# BP50 which is a rechargeable battery pack for
$14.95 or the new double-long life battery pack
part # BP55 for $29.95, a plug-in wall charger, part
# AD100 for $14.95, acarrying case part # VC0OO1
for $14.95 and also order optional cigarette lighter
cable part # PSOO1 for $14.95.

Regency
RH250

MODEL TS-2

NEW! Scanner Frequency Listings
The new Fox scanner frequency directories wiil helpyou find
all the action your scanner can listen to. These new listings
include police, fire. ambulances & rescue squads, local
government. private police agencies, hospitals, emergency
medical channels, news media, forestry radio service, rail-
roads, weather stations, radio common carriers, AT& T mobile
telephone, utility companies, general mobile radio service.
marine radio service, taxi cab companies, tow truck com-
panies, trucking companies, business repeaters, business
radio (simpiex) federal government, funeral directors. vet-
erinarians, buses, aircraft, space satellites, amateur radio.
broadcasters and more. Fox frequency listings feature call
letter cross reference as well as alphabetical listing by
licensee name, police codes and signais. These Fox direc
tories are $14.95 each plus $3.00 shipping. State of Alaska-
RLO19-1; State of Arizona-RL0O25-1; Baitimore, MD/Wash-
ington, DC-RL0O24-1; Buffalo, NY/ Erie, PA-RLO08-2; Chica-
go, IL-RLO14-1; Cincinnati/ Dayton, OH-RLO06-2; Cleve-
land, OH-RLO17-1; Columbus, OH-RLO03-2; Dallas/Ft.
Worth, TX-RLO13-1; Denver/Colorado Springs, CO-RL0O27-
1; Detroit. Ml/ Windsor, ON-RLOO8-3: Fort Wayne, IN/Lima,
OH- RLOO1-1; Hawaii/Guam-~RLO15-1; Houston, TX-
RLO23-1; Indianapolis. IN-RLO22-1; Kansas City, MO/ KS-
RLO11-2; Long Island, NY-RL0O26-1, Los Angeles, CA-
RLO16-1; Louisville/Lexington, KY-RLOO7-1; Milwaukee,
Wl/Waukegan, (L-RLO21-1; Minneapolis/St. Paul, MN-
RLO10-2; Nevada/E. Central CA-RLO28-1; Oklahoma City/
Lawton, OK-RLO05-2; Orlando/Daytona Beach, FL-
RLO12-1; Pittsburgh, PA/Wheeling, WV-RLO28-1; Roches-
ter/Syracuse, NY-RL0O20-1, San Diego, CA-RLO18-1;
Tampa/St. Petersburg, FL- RLO04-2; Toledo, OH-RL0O02-3.
Regional directories which cover police, fire ambulance &
rescue squads. local government, forestry, marine radio.
mobile phone, aircratt and NOAA weather are available for
$19.95 each. RDOO1-1 covers AL, AR, FL, GA, LA, MS, NC,
PR, SC.TN& VI.RDO02-1 covers L, IN, KY. M|, OH& W!. New
editions are being added monthly. For an area not shown
above call Fox at 800-543-7892 or in Ohio 800-621-2513.

Regency® HX1500-LA

List price $369.95/CE price $224.95

11-Band, 55 Channel ® Handheld/Portable
Search ® Lockout ® Priority ® Bank Select
Sidelitliquid crystal display ® EAROM Memory
Direct Channel Access Feature ® Scandelay
Bands: 29-54. 118-136. 144-174, 406-420, 440-512 MHz
The new handheld Regency HX1500 scanner is
fully keyboard programmable for the ultimate in
versatility. You can scan up to 55 channels at the
same time including the AM aircraft band. The LCD
display is even sidelit for night use. Includes belt
clip, flexible antenna and earphone. Operateson 8
1.2 Volt rechargeable Ni-cad batteries (notincluded).
Be sure to order batteries and battery charger from
the accessory list in this ad.

Bearcat® 100XL-LA

List price $349.95/CE price $194.95/SPECIAL
9-Band, 16 Channel ® Priority ® Scan Delay
Search ® Limit ® Hold ® Lockout ® AC/DC
Frequency range: 30-50, 118-174, 406-512 MHz.
The world's first no-crystal handheld scanner now has
a LCD channel display with backlight for low light use
andaircraft band coverage at the samelow price. Size is
13" x 7V2" x 276!

Included in our low CE price is asturdy carrying case,
earphone, battery charger/AC adapler, six AA ni-cad
batteries and Hiexible antenna. Order yourscanner now.

* %k SPECIAL SAVINGS COUPON * % %
Save even more with this special coupon. As long as
yourorderis prepaid with a money order, you'll getextra
special pricing on items listed in this coupon. This
coupon must be included with your prepaid order.
Credit cards and quantity discounts are excluded from
this offer. Offer valid only on prepaid orders mailed
directly to Communications Electronics Inc., P.O. Box
1045 - Dept. Rt, Ann Arbor. Michigan 48106-1045
U.S.A. Coupon expires June 15, 1987. Coupon may
not be used in conjunction with any other offer from
Communications Electronics Inc. Be sure to add ship-
ping & handling fees listed in this ad.

RH250B-R1 Regency 25 W. VHF Transceiver .. .$299.95
RH600B-R1 Regency 60 W. VHF Transceiver ... .$388.95
RU150B-R1 Regency 15 W. UHF Transceiver....$399.95
UC102-R1 Regency 1 W VHF 2 channe! trans....$119.95

HX1500-R1 Regency 55 channel scanner. $219.95
Z60-R1 Regency 60 channel scanner ... ...$164.95
Z45-R1 Regency 45 channel scanner....... . .$149.95
BC100XL-R1 Bearcat 16 channel scanner. .$179.95
BC80OXLT-RY Bearcat 40 channel scanner. .. .. $269.95
BC80OXLT-R1 Super Special...6 or more . $264.95
BC210XW-R1 Bearcat 20 channel scanner $169.95
BC50XL-R1 Bearcat 10 channel scanner .$108.95
RD55-R1 Uniden Radar Detector. .$97.95

* % % SPECIALSAVINGS COUPON % % %

il
3
>

MODEL HX 1500
CIRCLE 79 ON FREE INFORMATION CARD
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Bearcat® 800XLT-LA

List price $499.95/CE price $299.95/SPECIAL
12-Band, 40 Channel ® No-crystal scanner
Priority control ® Search/Scan e AC/DC
Bands: 29-54. 118-174, 406-512. 806-912 MHz
The Uniden 800XLTreceives 40 channelsin two banks.
Scans 15 channels persecond. Size 9% x 42" x 12%

OTHER RADIOS AND ACCESSORIES

Panasonic RF-2600-LA Shortwave receiver . . $179.95
RD55-LA Uniden Visor mount Radar Detector .$98.95
NEW!BC70XLT-LA Bearcat 20channel scanner. .. $169.95
BC 145XL Bearcat 16 channel scanner ..$102.95
BC 140 Bearcat 10 channel scanner $92.95
BC-WA-LA Bearcat Weather Alert” $49.95
PC22-LA Uniden remote mount CB transceiver. ... $99.95
PC55-LA Uniden mobile mount CB transceiver ... $59.95
NEW!R1080-LA Regency30channelscanner.. .$129.95
NEW!R1090-LA Regencyd5 channelscanner. . . $149.95
NEW! INF1-LA Regency Informant scanner .$249.95
UC102-LA Regency VHF 2 ch. 1 Watt transceiver $124.95
P1405-LA Regency 5 ampregulated power supply ... $69.95
P1412-LA Regency 12 amp reg. power supply ... $164 95
MAS5489-LA Drop-inchargerfor HX12004 HX1500 . $84.95
MAS518-LA Wall charger for HX1500 scanner. $14.95
MAS553-LA Carrying case for HX1500 scanner .$14.95
MA257-LACigarettelightercordforHX12/1500. .. $19.95
MAS817-LA Ni-Cad battery pack for HX1200 $34.95
SMMX7000-LA Svc. man. for MX7000 & MX5000 .. $1995
B-4-LA 1.2 V AAA Ni-Cad batteries (set of four) $9.95
B-8-LA 1.2 V AA Ni-Cad batteries (set of eight) $17.95
FB-E-LA Frequency Directory for Eastern US A. .$14.95
FB-W-LAFrequency Directory forWestern U.S.A. $14.95
ASD-LA Air Scan Directory $14.95
SRF-LA Survival Radio Frequency Directory 31495
TSG-LA"Top Secret” Registryof U.S. Govt Freq.....$14.95
TIC-LA Techniques for Intercepting Comm $1495
RRF-LA Railroad frequency directory .$14.95
EEC-LA Embassy& Espionage Communications. ... $14.95
CIE-LACovertintelligenct, Elect. Eavesdropping ...$14.95
A60-LA Magnet mount mobile scanner antenna ... $35.95
A70-LA Base station scanner antenna. .$35.95
USAMM-LA Mag mount VHF/UHF ant. w/ 12'cable ... $39.95
USAK-LA %" hole mount VHF/UHF ant. w/ 17 cable. . .. $35.95
USATLM:-LA Trunk lip mount VHF/UHF antenna. . $35.95

Add $3.00 shipping for all accessories ordered at the same time.
Add $12.00 shipping per shortwave receiver.
Add $7.00 shipping per scanner and $3.00 per antenna.

BUY WITH CONFIDENCE

To get the fastest delivery from CE of any scanner.
send or phone your order directly to our Scanner
Distribution Center.” Michigan residents piease add 4%
sales tax or suppty your tax |.D. number Written pur-
chase orders are accepted from approved government
agencies and most well rated firms at a 10% surcharge
for net 10 billing. All saies are subject to availability.
acceptance and verification. All saies on accessories
aretinal. Prices, terms and specifications are subject to
change without notice. All prices are in U.S. dollars. Qut
of stock items will be placed on backorder automatically
unless CE is instructed differently. A $5.00 additional
handling fee will be charged for all orders with a
merchandise total under $50.00. Shipments are F.O.B.
Ann Arbor, Michigan. No COD's. Most products that we
sell have a manufacturer's warranty. Free copies of
warranties on these products are available prior to
purchase by writing to CE. Non-certified checks require
bank clearance. Not responsible for typographical errors.

Mail orders to: Communications Electron-
ics;” Box 1045, Ann Arbor, Michigan 48106
U.S.A. Add $7.00 per scanner for R.P.S./U.P.S.
ground shipping and handlinginthe continental
U.S.A For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPO delivery, shipping charges are
three times continental U.S. rates. If you have a
Discover, Visaor Master Card, you may call and
place a credit card order. Order toll-free in the
U.S. Dial 800-USA-SCAN. In Canada, order toli-
free by calling800-221-3475. FTCC Telex any-
time, dial 825333. If you are outside the U.S.
orin Michigan dial 313-973-8888. Ordertoday.
Scanner Distribution Center™ and CE logos are trade-
marks of Communications Electronics Inc.
t Bearcat is a registered trademark of Uniden Corporation.
t Regency and Turbo Scan are registered trademarks of
Regency Electronics inc AD #010487-LA/R1
Copyright© 1987 Communications ElectronicsInc.

Forcreditcard orders call

1-800-USA-SCAN

M COMMUNICATIONS
ELECTRONICS INC.
Consumer Products Division

P.0O. Box 1045 [J Ann Arbor, Michigan48106-1045 U.S.A.
Call800-USA-SCAN oroutside U.S.A. 313-973-8888
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Here are the hardware details of the 80188-based

computer board. We also discuss the principles of

bringing up a microprocessor system for the first time.

THE ROBOTIC PERSONAL COMPUTER (RPC)
was introduced in the January 1987 issue.
To gain an overall understanding of how
the board works, see the block diagram
(Fig. 1), and the memory (Fig. 3) and I/O
maps (Fig. 4) presented in that issue. Now
we’ll discuss the basics of how the sepa-
rate sub-sections function, and then go on
to discuss construction and debugging.

Data buses

To begin, note that three functionally
equivalent but electrically isolated data
buses exist on the RPC. The data-bus out-
puts of the 80188 feed IC14, which feeds
the three buses: the expansion bus (see
Fig. 1), the memory bus (through ICI6,
shown in Fig. 2), and the auxiliary bus
(through IC17, shown in Fig. 3).

The microprocessor’s address bus is
buffered by ICI15, IC22, and IC2I; the
outputs of those octal latches feed the
expansion connector and all on-board
IC’s that need access to the address bus.

The 80188’s major control signals are
buffered by 1C13, which also buffers the
microprocessor’s timer output, which in
turn feeds the resulting signal through C18
to speaker SPKRI. The 8259 interrupt

controller connects to the auxiliary data
bus through IC17. Three-to-eight line de-
coder 1C41 decodes the microprocessor
states for the expansion bus.

Memory interface

The RPC provides decoding for sixteen
RAM/ROM sockets in two 64K banks (90
(00000 to 0000:FFFF and 1000:0000 to 10
00:FFFF). However, due to PC-board
space limitations, the upper bank
(IC44-1CS51), if used, must be mounted
physically above the lower bank
(ICI-IC8). Only the chip-enable (TE) pins
(pin 20 of each IC) are routed to separate
pads. The parts-placement diagram,
which appears along with the PC pattern
in PC service, indicates how those pins
are connected.

Otherwise, the memory interface is
fairly straightforward. Octal transceiver
IC16 provides an isolated bus for the
low-memory RAM (ICI-IC8, and
IC44-1C51). The two three-to-eight line
decoders (IC11 and IC12) provide the TE
signals for the low-memory IC’s. In a
similar manner, half of two-to-four line
decoder IC39 provides the TE for the
BIOS and language ROM’s (1C23, 1C24,
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IC30, IC31).

Several jumpers (JUI, JU2,
JU10-JUI13) allow you to provide a dif-
ferent decoding scheme, or to accommo-
date RAM IC’s of other sizes. Jumpers
JU3-JU9, when connected as shown, al-
low you to provide battery backup for se-
lected (or all) low-memory RAM IC’s.
Note that the jumpers enable and disable
battery backup in pairs (ICl and 1C44,
IC2 and IC45, etc.). If battery backup is
not desired (for example, if EPROM’s are
used in low-memory sockets), the appro-
priate jumper(s) should be grounded.

Clock and disk controller

As shown in Fig. 3, gates 1C28-
a-1C28-c, IC27-a, and IC26-d decode the
80188’s peripheral select, read, and write
lines, to enable the WD1770 disk control-
ler (IC34) when appropriate. Data-bus
buffering is provided by IC17 (which also
feeds most of the RPC’s peripheral cir-
cuits); IC37 provides outputs for selecting
one of four drives. One bit (Q4, pin 12) of
IC37 drives an LED that indicates disk
drive activity; another bit (Q3, pin 9)
provides the STROBE signal for the parallel
printer interface (shown in Fig. 4).
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FIG. 1—THREE OCTAL LATCHES, IC15,1C21 and IC22 buffer the microprocessor's address line.
The output of those latches feed the expansion bus and any on-board IC’s that need access to the address line.
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FIG. 2—DECODING FOR 16 RAM/ROM SOCKETS, in two 64K banks, is provided by the Robotic

Personal Computer.
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FIG. 3—SIX GATES are used to decode the microprocessor’s peripheral select, read, and write linesto

enable the disk controller when appropriate.

The clock IC is a National MM58274;
it can be programmed to provide one inter-
rupt or continuous interrupts at one of
seven selected intervals, ranging from 0.1
second to 60 seconds. Jumper JUI4
provides hardware defeat of the interrupt
output.

Serial and parallel interfaces

A dual UART, the 28-pin version of
Signetics’ 2681, is used for serial commu-
nications; the IC has a built-in software-

programmable baud-rate generator. As
shown in Fig. 4, Channel A of the DU-
ART, accessed through Pl, is dedicated
for use by a standard ASCII terminal.
Channe! B, accessed through P2 (for
RS-232 signal levels) or P4 (for TTL lev-
els), is an auxilliary port for use with a
serial printer, modem, etc. Level trans-

lator IC18 converts the + 5-volt outputs of

the DUART to RS-232 levels. Jumper
JUI16 allows you to deteat the “busy” in-
put of DUART channel B; JU17 allows
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you to select TTL or RS-232 input to
Channel B.

The data lines of the parallel printer
port (P6) are driven by IC33, an eight-bit
latch. As mentioned above, the STROBE
signal for latching data in the printer is
provided by IC37 (shown in Fig. 3). The
printer’s susy and ERROR outputs are
buffered by IC32, as are the separate posi-
tions of DIP switch S1. Table 1 shows the
meanings of the various settings of SI.

Power supply
The RPC requires only +35 volts at
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All resistors are Ya-watt, 5% unless oth-
erwise noted.

R1, R8, R10, R15, R18, R21—10,000
ohms

R2, R3, R9, R11, R13, R14, R17—1000
ohms

R4, R6, R7—100,000 ohms

R5, R20—unused

R12—1 megohm

R16—10,000 ohms, trimmer potentiome-
ter

R19—15 megohms

RN1—1K x 7 SIP resistor pack

RN2—1K x 5 SIP resistor pack

Capacitors

C1, C34—unused

C2-C9, C12, C19-C32, C35-C38, C40,
Ca42-C50, C52, C53—0.1 pF, bypass

C10, C15, C33—27 pF, disk

C11—6-36 pF variable trimmer capacitor

C13, C18-—10 pF, 16 volts, electrolytic

C14—20 pF, disk

C17, C39—100 pF, disk

C41—4.7 uF, 16 volts, electrolytic

C51—1 wF, 35 volts, tantalum

Semiconductors

IC1-IC8, IC44-1C51—6264 RAM or 2764
EPROM

LINE 6
==

INPUT/ 7

ouTPUT

3>

o—|B

RE—————OTTL OUTPUT

PARTS LIST
IC9—MM58274, clock
IC10—LM393, op-amp
1IC11, 1C12, 1C41—74LS5138, 3-t0-8 line
decoder
IC13, IC32—74LS541, octal buffer
1C1<¢, 1C16, IC17—74LS645, octal trans-
ceiver
IC15, 1C21, 1C22—74LS373, octal latch
IC16—MC145406, RS-232 line driver/re-
ceiver
IC19, IC38—74LS367, hex buffer
1C20—80188, microprocessor
1C23. IC24, IC30, IC31—BIOS and lan-
guage EPROM’s (see text)
IC25—SCN2681AC1IN28—Dual UART
(Signetics)
IC26—74L.S08, quad two-input AND gate
IC27—74LS32, quad two-input OR gate
IC:28—74LS11, triple three-input AND
gate
1C29—TL497, switching regulator
1C33, IC37—74LS377. octal latch
IC34—WD1770, floppy disk controller
IC35—LM336-2.5, precision voltage ref-
erence (2.5 volt)
1IC36—74L.5540, octal buffer
IC39—74LS139, dual 2-to-4 line decoder
IC40—8259A, interrupt controller
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FIG. 4—A DUAL UART is used for serial communications. The IC used, a 28-pin Signetics 2681, has a
built-in programmable baud-rate generator.

IC42—SN75176B, RS-422 controller (op-
tional)

1C43—7555, CMOS 555 timer

D1-D3—1N4148 switching diode

D4—1N759 6.8-volt Zener diode

LED1—standard

1, Q2, Q4—2N3906, PNP transistor

Q3—2N3904, NPN transistor

Other components

L1, L2—56 pH coil

P1, P3—3-pin 0.025" post connector

P2—7-pin 0.025" post connector

P4—5-pin 0.025" post connector

P5—60-pin dual-row 0.025" post con-
nector

P6, P7—34-pin dual-row 0.025" post con-
nector

P8—4-pin 0.025" post connector

S1—four position DIP switch

S2—normally-open pushbutton switch

XTAL1—32.768 kHz crystal

XTAL2—16.000 MHz crystal

XTAL3—3.6864 MHz crystal

Note: The RPC is available from Vesta
Technology, 7100 W. 44th Ave., Suite
101, Wheatridge, CO 80033,
303-422-8088
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FIG. 5—THE COMPUTER CAN BE RESET using switch S 2. Further, when jumper JU15 is installed,
1C43 can provide reset pulses at fairly long intervals—30 seconds with the component values shown.

TABLE 1—S1 COMMUNICATIONS PARAMETERS

Positions
a b c d
0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

about 850 mA. The power connector (I’1)
also routes + 12 volts to the disk-drive
connector (P7) and the expansion con-

Double-stacked

Baud rate memory socket
150 Yes
300 Yes
600 Yes

1200 Yes
2400 Yes
4800 Yes
9600 Yes
19200 Yes
150 No
300 No
600 No
1200 No
2400 No
4800 No
9600 No
19200 No

nector (I’5). The RPC does not itself use
+ 12 volts; other necessary voltages are
generated on-board. As shown in Fig. 5,

wWwWw americanradiohistorv com

IC29 is a switching regulator that
provides the EPROM programming volt-
age (Vpp). Both 12-and 21-volt EPROM’s
can be accommodated by adjusting R16.

Op-amp [Cl0-a functions as an os-
cillator that generates the — 6-volt supply
for the RS-232 output: IC10-b provides a
low-power detection circuit that applies
power from battery Bl to the RAM IC’s
shown in Fig. 2.

The computer’s reset function is han-
dled by S2; in addition, IC43, a CMOS
555 timer, can provide reset pulses at fair-
ly long intervals—30 scconds with the
component vitlues shown. Jumper JUIS
must be installed for those pulses to have
effect. As we’ll see, resetting the pro-
cessor periodically can be useful in de-
bugging the hardware.

Construction

Due to the complexity of this project,
we recommend that you use a PC board.
A double-sided board with plated-
through holes is available from the source
mentioned in the Parts List; foil patterns
for that board are presented in PC Service.
I you etch your own board, allow some
method of soldering each and every pad
on both sides ot the board. You should
pass a thin jumper wire through all pads in
which components are nor mounted, and
solder the jumper on both sides of the
board.

Mount and solder all components as

shown in the diagram in PC service. Use
sockets for all IC’s, but don’t insert the
IC’s yet. We recomnmend that thie PC
board be wave soldered for several rea-
sons:
® Solder will fill the plated-through
holes, thereby increasing their reliability.
® The solder wave will cause the traces
under the solder mask to reflow, thereby
forming a better circuit.
® Wave-soldered joints are more relia-
ble.
A local electronics assembly shop may be
able to wave solder the board for vou.
After soldering, remove all solder flux
and check all work carefully.

Testing and debugging

The next step is the most exciting—and
the trickiest. Bringing up an untested mi-
croprocessor system is a difficult task,
especially without the aid of sophisticated
test equipment. However, the tollowing
has served us many times, using only a
50-MHz dual-channel oscilloscope.

The first task is to check power distribu-
tion. Use an ohmmeter to confirm that the
+ 5-volt line is not shorted to ground.
Next, apply power. and check all sockets
for power at the correct pins.

The next step is to try to execute code.
Install the microprocessor and all of the
support circuits required to read from
ROM (ICH-IC17,1C21, 1C22, IC39). In-

continued on page 102
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Bothered by commercial interruptions on FM? Kill ‘em with this zapper.

MANY SMALL OIFICES USE FM EASY-LIS-
tening stations to supply background mu-
sic. Often, the commercials broadcast by
those stations are unobjectionably loud. If
you’d like to restore peace and quiet to
your oftice, just connect our commercial
killer in your receiver’s tape-monitor
loop. The circuit automatically senses
large changes in volume and reduces out-
put accordingly. In addition, it’s easy to
build, and inexpensive.

How it works

The commercial killer monitors the in-
coming signal and reduces output accord-
ing to how much the input resembles a
commercial (we’ll discuss how it makes
its decision in a moment). In reducing
output, the commercial killer takes ac-
count of the past few seconds of signal in
determining how much to reduce output.
Doing so reduces the number of errors and
creates a smoother overall effect as it fades
out of commercials and fades into music.
It is less objectionable to miss the first few
seconds of music than to hear the first few
seconds of a commercial, so the commer-
cial killer has different attack and decay
times.

Whether a signal is ““commercial-like™
is determined by the rate of large volume
transitions. Because music (especially
that on ““light” stations) is typically com-
posed of a number of instruments playing
more or less continuously, the volume (or
envelope) stays fairly constant over a short
period of time. In a typical commercial,
however, the instantaneous volume
changes rapidly over time uas the an-
nouncer pauscs between words, and as
various additional sound sources are
mixed in and out.

Music with much dynamic range (rock
and roll, for example) has a high rate of
large volume transitions, so the commer-
cial killer probably will trigger er-
roneously with that type of music.

Figure | shows a block diagram of the
commercial killer. A summing amplifier
adds the left- and right-channel inputs.
The summing amp has adjustable gain so
that you can find the optimum signal level
for the station you use the commercial
killer with.

Next comes an envelope detector,
which produces a waveform that repre-
sents the instantaneous volume of the sig-
nal. A comparator (with hysteresis)
produces u transition whenever the output
of the envelope detector goes cither above
or below pre-set thresholds. The output of
the comparator is conditioned via the
transition converter, which produces a
pulse of fixed width and amplitude for
each transition of the comparator. Those
pulses feed a “leaky integrator,” whose
output determines the gain of the left and
right VCA’s (Voltage Controlled Ampli-
fiers). The output of the leaky integrator is
a DC voltage whose value depends on the

pulse rate from the transition converter.

The VCA’s are what actually reducc the
output signals during commercials. An
LED connected to the VCA's provides u
visible indication of the amount of vol-
ume reduction taking place.

Figure 2 shows the schematic of the
circuit. Diodes D5-D8 form a bridge rec-
tificr that feeds Zener diode D9. which
provides a regulated single-ended 16-volt
supply for the circuit. Because a single-
ended supply is used, a reference voltage
(Vi) 1s generated via the voltage divid-
er composed of R36 and R37 and tran-
sistor Q3. That reference voltage is used
to bias the op-amps precisely.

Op-amps ICl-a and ICI1-b function as
buffers that drive both the summing amp
(1C2-a) and the VCA''s (IC1-c and IC1-d).
The outputs of ICl-a and ICI1-b are, of
course, biased to the reference voltage. To
achieve maximum dynamic range, a
positive envelope detector follows the

AR,
vy
R8
GAIN
RIGHT
o SUMMING
INPUT SRR ENVELOPE »| COMPARATOR
LEFT o {Ic2- DETECTOR {1C2-b)
INPUT a)
TRANSITION
RIGHT
CONVERTER
{IC2-c) LEAKY DUAL "OOUE::;JT
—»| INTEGRATOR | VCA'S Lo L
— {Ic2-d) {ICi-c, IC1-d)  |__OUTPUT
i LED 1
FADE

FIG. 1—BLOCK DIAGRAM OF THE COMMERCIAL KILLER: The envelope of the signal is used to vary
the pu se rate from IC2-c. The pulses are integrated; the resulting signal controls the gains of a pair of

VCA's.
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FIG. 2—THE COMMERCIAL KILLER’S SCHEMATIC: Q3 provides a reference voltage for the op-amps;

Q1 and Q2 control the gain of IC1-¢c and IC1-d.

u

FIG. 3—THE SPIKES represent L+ R audio, and
the smooth trace, the output of the envelope
detector.

summing amp (IC2-a); that allows the
summer to be referenced to ground (not
Vi) The envelope detector has a sec-

ond-order network optimized for normal
audio material.

Figure 3 shows typical waveforms at the
output of the summing amplifier (TP1),
and the corresponding waveform at the
output of the envelope dectector (TP2).
The spiked traces represent the audio sig-
nal, and the smooth trace riding above
them, the ¢cnvelope. The summer’s chan-
nel is set for { volt/division, and the enve-
lope detector for 0.5 volt/division. The
timebase is 20 ms/division.

Referring back to the schematic (Fig.
2), IC2-b is used as a comparator. As
mentioned earlier, the comparator has two
thresholds; the signal must cross both be-
fore the output changes from positive to
negative (or vice-versa). The equations
describing the lower and upper threshold
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voltages (V| o and V,,,, respectively) as
functions of the supply voltage and bias
resistors are as {ollows:

A = (R12 x R13)/ (R12 + R13)
Vio = (A-Vee) /(A + R11)
B = (R11 x R12)/(R11 + R12)
Vi = (R13 - Vo) / (R13 + B)

In this case, V| 5= 0.5
2.48 volts.

Figure 4 shows the envelope-detector’s
output (TP2) at 0.5 volts/division and the
comparator’s output (TP3) at 2 volts/divi-
sion (both at 20 ms/division). The square
waveform in the center of the photo is the
comparator’s output; the other waveform
is the envelope detector’s output. Notice
that the comparator does not respond to

volts and V,,



FIG. 4—THE SQUARE WAVEFORM represents
the output of the comparator; the other wave-
form is the output of the envelope detector.

FIG. 5—THE COMPARATOR'S OUTPUT is
shown in the upper trace; the output of the tran-
sition converter is shown in the lower trace.
Every time the comparator changes state, an-
other pulse is generated.

the minor transitions in the early part of
the waveform; the comparator’s output
changes state only after both thresholds
have been crossed.

Because the inverting input of the com-
parator is used for threshold detection, the
output is inverted with respect to the in-
put. The comparator responds to specifi-
cally designed threshold levels, so it is
important that the output of the summing
amp provide that level. We’ll show how to
make the adjustment later.

FI¥3. 6—THE AUTHOR'S PROTOTYPE was built on a piece of perfboard using point-to-point wiring.

Figure 5 shows a typical output of the
transition converter (TP4) along with the
corresponding input from the hysteresis
comparator, in the upper and lower traces,
respectively. The transition-converter
waveform is shown at 5 volts/division,
with the bottom graticule at O volts; the
timebase is 100 ms/division. Notice that
the baseline is approximately eight volts
(V¢/2); that is due to the bias at the non-
inverting input of IC2-c.

The leaky integrator (IC2-d) produces a
DC voltage that depends on the pulse rate
from the transition converter. When no
pulses are present, diode D4 is reverse-
biased, and the output of IC2-d will be
equal to the voltage present at its non-
inverting input, Ve When pulses ar-
rive, diode D4 is forward-biased, so the
voltage across capacitor C8 increases.
The output of IC2-d then decreases by a
factor of about 60 (R21/R20). When the
pulse rate is high, the output voltage will
be between six and nine volts, thereby
providing minimum gain from the
VCA’s. But when the pulse rate is low,
capacitor C8 will discharge through re-
sistor R20 to V" thereby restoring the
gain op-amp to maximum.

The trick about the VCA circuits is that
a matched pair of N-channel JFET’s act as
voltage-controlled input resistors. When
gate-to-source voltage (Vgg) is near 0
volts, the FET acts as a small resistor, and
gain is maximum—about 5 dB with re-
spect to the output of the buffer stages
(ICl-a and IC1-b).

However, when Vg is less than —3
volts, the FET acts as a large resistor, so
the gain of the op-amp is minimized—it
provides about 20 dB of attenuation. In
order to provide good left/right matching,
the two FET’s should have similar voltage
and current characteristics, especially at
drain-to-source voltages of 0.6 volts.

Keep your lead lengths short, and be careful with the 117-volt primary circuit.
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PARTS LIST

All resistors are Ya-watt, 5% unless oth-
erwise noted.

R1-R6, R31, R32—47,000 ohms

R7, R9, R14-R17, R22—100,000 ohms

R8, R10—1 megohm

R11—270,000 ohms

R12-—68,000 ohms

R13, R27-R30, R37—10,000 ohms

R18, R19—22,000 ohms

R20—33,000 ohms

R21—2 megohms

R23, R24—5600 ohms

R25, R26—560 ohms

R33, R34, R38—1000 ohms

R35—470 ohms

R36, R40—2400 ohms

R39—100 ohms

R41—250,000 ochms, trimmer potentio-
meter

Capacitors

C1-C5, C7, C10, C11—0.1 pF, ceramic
disc

C6, C8—0.047 wF, ceramic disc

C8—470 pF, 25 volts, electrolytic

C12—15 pF, 25 volts, electrolytic

C13—220 pF, 25 volts, electrolytic

C14—100 w.F, 25 volts, electroiytic

C15, C16—1 uF, 25 volts, tantalum

Semiconductors

iC1, iIC2—LM324 quad op-amp

D1-D4—1N4148 signal diode

D5-D8-—1N4001 rectifier diode

D9—Zener diode, 16 volt, 1 watt (IN4745
or similar)

LED1, LED2—standard

Q1, Q2—2N3819 N-channel JFET

Q3—2N3906 (or similar)

Other components

J1-J4--Chassis-mount RCA connectors

F1—Fuse, 0.5 amp, 125 volts AC

S1—SPST, 1 amp, 125 volts AC

Ti—Transformer, 12.6 volts, 300 mA (Ra-
dio Shack 273-1385 or similar)

NOTE: The following are available from

MFR Engineering, 5333 N. Guilford, In-

dianapolis, IN 46220: Etched and

drilled circuit board, $11; matched set

(Q1 and Q2)82.50 All prices postpaid.

Indiana residents must add applicable

sales tax.

Construction hints

Figure 6 shows the author’s prototype,
which was built on a piece of prototype
board. The author used two LM324 quad
op-amps, because they're inexpensive
and easy to obtain. However, slightly bet-
ter frequency response and signal-to-
noise ratio may be obtained by replacing
the op-amps with low-noise JFET op-
amps (TLO74’s, for example). Whichever
op-amps you use, make sure that the buff-
er amps (IC1-a—ICl-d) are not in the same
physical package as the processing amps
(IC2-a-IC2-d). Also, be sure to connect a
good decoupling capacitor, near the IC,
from the V¢ pin to ground.

Alignment and troubleshooting
To align the commercial killer, adjust
the detector-gain potentiometer (R41) to
continued on page 75
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| Concerned about acid rain?
| This inexpensive monitor

will keep you informed.

RADIO-ELECTRONICS

Y
[-]

WALTER D. SCOTT

ACID RAIN MONITOR

THE EFFECTS OF ACID RAIN HAVE BEEN
widely debated, often with little hard evi-
dence to back up either side’s point of
view. Actually, it’s not difficult to provide
hard evidence. A simple one-transistor
circuit can be used to sense the acidity of
local rainfall (and other liquids). Ac-
curacy is as good as the source used to
calibrate the meter. The project can be
built for about $30 using all new parts;
many of the parts are of the junkbox vari-
cty. so with just a little bit of luck the cost
could be even less.

The sensor can be mounted in a remote
location; it has a built-in solenoid-oper-
ated drain valve. The meter indicates acid-
ity in terms of pH, which refers to the
concentration of hydrogen ions in a solu-
tion. The meter’s range is from 7 (neutral)
to 2.5 (highly acidic).

How it works

The schematic diagram of the circuit is
shown in Fig. I. A simple bridge rectifier
and 12-volt regulator powers the
MOSFET sensing circuit. The unregu-
lated output of the bridge rectifier oper-
ates the drain solenoid via switch S1. The
sensor itself is built from two electrodes,
one made of copper, the other of lead. In
combination with the liquid trapped by
the sensor, they form a miniature lead-
acid cell whose output is amplified by
MOSFET QIl. The maximum output pro-
duced by our prototype cell was about 50
KA.
MOSFET QI serves as the fourth leg of
a Wheatstone bridge. When sensed acid-
ity causes the sensor to generate a voltage,
QI turns on slightly, so its drain-to-source
resistunce decreases. That resistance vari-
ation causes an imbalance in the bridge,
and that imbalance is indicated by meter
MI.

Construction

The circuit is simple, but the sensor
must be built exactly as shown for calibra-
tion to be accurate. As shown in Fig. 2 and
Fig. 3, the electrodes must have a diame-
ter of ¥4 inch, and they must be spaced %
inch apart in a plastic funnel with a handle
to ensure accurate calibration. The
positive electrode is a 1%2” length of Y4"
copper tubing. The negative electrode is a
strip of lead that is formed to the same size
and shape as the copper electrode. You
should be able to get lead strip from a
sporting-goods store; it’s used to make
fishing sinkers. Otherwise, try a
junkyard.

Use flux-less solid-core solder to make
connections to the electrodes, and water-
proof all exposed joints and wiring. Seal
the electrodes in the bottom of the funnel
by melting the plastic with a soldering

iron, or plug the funnel with epoxy putty.
Use a good-quality waterproof cable to
connect the electrodes and solenoid to the
control box.

The solenoid assembly must be water-
proot, otherwise, water may leak into the
solenoid housing and cause a short. But
first, remove the valve and coat the plun-
ger with grease, preferably silicone. for
temperature resistance. Also, coat all
metal solenoid parts with acrylic spray or
clear lacquer. Then epoxy the solenoid’s
valve to the funnel stem through a 1” wash-
er with a drain hole. Mount the solenoid
in a 35mm film canister or other water-
proof container. It may be necessary to
trim off some of the valve’s exit tube in
order to fit it inside the 35mm film can-
ister.

The method of fitting the solenoid to
the cap of the film canister and the mount-
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FIG. 1—THE DRAIN-TO-SOURCE RESISTANCE of Q1 varies depending on the acidity of the sample
presented to Q1’s gate circuit. That variable resistance varies the current flowing through the bridge;

that current is proportional to pH.
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FIG. 4—A 35mm FILM CANISTER provides a
water-tight enclosure for the solenoid valve.

also coat the filter with lacquer to prevent
aluminum-oxide contamination. Plastic
screening is also available and may be

used.

All parts were mounted and wired
point-to-point on a piece of perfboard; the
pertboard was then mounted in a case, as
shown in Fig. 5.

FIG. 2—TWO %-INCH ELECTRODES, made of copper and lead, are mounted inside the funnel, spaced
%-inch apart. A solenoid valve attached to the mouth of the funnel is used to drain it as necessary.

prevents false pH readings that might be
caused by pine needles, oak leaves, or
other acidic contaminants. You should

FIG. 3—CLOSE-UP OF THE FUNNEL assembly:
the screen keeps foreign matter, which could
affect pH, out of the funnel.

ing bracket will depend on the type of
solenoid you have. Use epoxy, screws, or
both.

As shown in Fig. 4, a swing-away filter
cut from pertorated sheet aluminum is
bolted to the funnel’s handle. In addition
to preventing drain-clogging or electrode-
shorting by air-borne particles, the screen

PARTS LIST

All resistors are Ya-watt, 5% unless oth-
erwise noted.

R1—50,000 ohms, pc-mount, linear po-
tentiometer

R2. R3—470 ohms

R4—5000 ohms, PC-mount, linear poten-
tiometer

R5—220,000 ohms

Capacitors

C1—470 uF, 35 volts, electrolytic

Semiconductors

IC1—7812, 12-volt regulator

Q1—3N187 MOSFET transistor

BR1—50-volt 1-amp bridge rectifier

Other components

M1—100-p.A panel meter

NE1—Neon lamp

S1—DPDT, 117-volt, toggle, center off

SOL1—12-volt DC solenoid valve

T1—12-volt 450-mA power transformer

www americanradiohictory com

Calibration

Our prototype was calibrated against a
protessional pH meter using precisely-di-
luted sulphuric acid (which is, by the way,
a major ingredient of industrial pollu-
tion.) After setting the zero and full-scale
points, you can calibrate the meter using
Table 1. Otherwise, you can, as we did,
measure known solutions with your meter
and a professional meter, and mark your
meter’s scale accordingly.

The first step is to null the meter, 0 pA
represents neutrality, a pH of 7. With the
sensor connected through the same cable
that will be used for the final installation,
set RI tor lowest resistance and fill the
receptor funnel with distilled water. Ad-

just R4 until the meter reads exactly zero.

You'll need to connect a 1.5-volt bat-
tery in series with a §,000-ohm linear
potentiometer to calibrate the remaining

continued on page 73
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LOGIC-GATE
FUNDAMENTALS

ouTPUT

INPUT INPUT

a

+V
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QUTPUT

INPUT | OUTPUT
0 1
1 0
3

FIG. 1—SHOWN HERE ARE THE INVERTER (a), a resistor-transistor implementation of it (b), and its

truth table (c).

AND, NAND, OR, NOR, XOR, XNOR—ARE
those the words to some children’s song?
No, they're the basic building blocks of
digital electronics. And you have to un-
derstand how they work before you can
tackle the microprocessor that controls
your car, your stereo receiver, your VCR,
even your dishwasher.

Logic elements come in many different
forms, and they’re built from both inte-
grated circuits and discrete components.
Many logic circuits may be designed in
more than one way; a detailed understand-
ing of the basic logic elements can help
you optimize your design based on the
materials at hand. We’ll give specific ex-
amples of how that’s done later; for now
let’s get our feet wet.

The inverter

Shown in Fig. 1 is the most basic ele-
ment of digital electronics: the inverter.
The symbol for an IC inverter is shown in
Fig. I-¢; an inverter may also be built from
discrete components, as shown in Fig.
1-b. However it’s buiit, it functions ac-
cording to the truth table shown in Fig.
l-c.

In any digital circuit, all input and out-
put signals can be at only one of two
levels, high or low. A logic high is usually
represented by a ““1,” and a logic low by a
“@.” When the inverter’s input is low (@),
its output is high (1), and when its input is
high (1), its output is low (9).

In the resistor-transistor circuit (Fig.
1-b), when the input is low, the transistor
is cut off, so the output floats high. When
the input is high. the transistor goes into

saturation, so the output is pulled low.

In a sense, the inverter is the most ver-
satile of all logic elements. As we’ll see. it
can be used to convert one type of logic
gate to another (an or gate, for example,
to a NOR gate). A pair of inverters can be
used to make a bistable latch. a monosta-
ble or astable multivibrator, etc. Also, the
real-world inverter usually has a high in-
put impedance and a low output imped-
ance, so it can be used as an impedance
buffer.

However, not all buffers are of the in-
verting type. Figure 2-a shows the stan-
dard circuit symbol of a non-inverting
buffer, which can be made by cascading
two inverters, as shown in Fig 2-b. The
truth table in Fig. 2-c shows how the non-
inverting buffer works: When the input is
low, the output is low, and when the input
is high, the output is high.

Of course, both inverters and buffers
are available in IC form. For example, the
4049 and the 4069 are hex inverters, and
the 4050 is a hex (non-inverting) buffer.
The 4069 is especially useful, because it
has high output-drive capacity, so it can

OUTPUT

A small group of simple

logic elements is at the heart
of all digital circuitry.

We discuss how each
element works in detail.

RAY MARSTON

drive TTL loads. In addition, its inputs
can accept signals far greater than the sup-
ply voltage, so the gates can be used to
translate signals between circuits operat-
ing at different voltages (a ten-volt CMOS
circuit to a five-volt TTL circuit, for ex-
ample).

The 4041 also has high output-drive
capacity and can be used to drive TTL
circuits. However, the 4041 cannot accept
input signals greater than the supply volt-
age. The device is a quad inverting/non-
inverting buffer, in which each input has
both a true and an inverted output.

The 5402 is a hex inverting buffer capa-
ble of driving TTL loads. It has a control-
lable three-state output and an INHIBIT
control (pin 12), which is normally held
low, but which grounds all outputs when
pin 12 is forced high.

OR and NOR gates

Figure 3-a shows the standard symbol
of a two-input or gate, and Fig. 3-b shows
its truth table. As indicated by its name,
the output of the or gate goes high if any
of its inputs goes high.

The simplest way to make an or gate is
with several diodes and a single load re-
sistor, as shown in Fig. 4. The diode-
based or gate is reasonably fast, very cost
effective, and can readily be expanded to
accept any number of inputs by adding a
diode to the circuit for each new input.

Closely related to the or gate is the NOR
gate. Figure 5-a shows the standard sym-
bol of a two-input NOR gate, and Fig. 5-b
shows its truth table. Note that the output
is high only when both inputs are low.

OUTPUT

PUT

- _— INPUT | OUTPU
0 0
1|

a

b [

FIG. 2—SHOWN HERE ARE THE NON-INVERTING BUFFER (a), a dual-inverter implementation of it (b),

and its truth table (c).
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IU's casy to convert an ORr gate to @ NOR
gate; Fig. 6 shows several methods. As
shown in Fig. 6-a¢, the diode-based or
gate can be followed by a transistor inver-
ter to produce a NOR gate. Or, as shown in
Fig. 6-h, a digital inverter can produce the
same effect.

In fact, or and NOR gates can tunction
in a varicty of other ways. As shown in
Fig. 7-a, following an or gate with an

OUTPUT

A
INPUTS{ 8 .

a

FIG. 3—THE TWO-INPUT OR GATE (a) and its
truth table (b).

D1
(o—»———
D2
INPUTS < Oo—pp——<————0 OUTPUT
D3
O_*—__A.
INd148 > R1
<
3) T 0K
= o

FIG. 4—A THREE-INPUT OR GATE may be built
from several diodes and a resistor.

OUTPUT

A c
INPUTS< g

a b

FIG. 5—THE TWO-INPUT NOR GATE (a) and its
truth table (b).

INPUTS {:D4{>o—o DUTPUT
a

INPUT v
Oq_/\o-—o QUTPUY
L— -
o] c

INPUT
L}:D—o QUTPUT
18

e

INPUTS {W ouUTPUT
b
INPUT
0TDo—o QuUTPUT

d

INPUT
ouTPUT

f

FIG. 7—BY COMBINING A NOR OR AN OR GATE WITH AN INVERTER, you can convertanorgateto a
NOR gate (a), or a NOR gate to an OR gate (b). To use a NOR gate as an inverter, ground the unused input(s)
(c) or connect the inputs together (d). To use an or gate as a buffer, ground (e) or short (f) the unused

inputs.
OUTPUT OUTPUT
'NPUTS{EDJ OUTPUT
= INPUTS INPUTS 0 o
o 10K
D3
IN4148 (3)
a b ¢

FIG. 8—GROUND UNUSED OR-GATE INPUTS (a); to increase the number of inputs, cascade gates (b),

or use diode-resistor logic ().

inverter produces a NOR gate. Similarly,
following a NOR gate with an inverter pro-
duces an or gate (Fig. 7-b). The Nor gate
can also function as a simple inverter.
Figure 7-¢ and Fig. 7-d show several ways
of configuring a NOR gate as an inverter.
Likewise, the oxr gate can function as a
simple buffer, as shown in Fig. 7-¢ and
Fig. 7-f.

Sometimes a circuit requires more or
tewer inputs than the available gates

R3 iN4148 (3)
INPUTS  O———Pt———¢ 53¢ 01
D2 ouTPUT PSS E—
o—pt——
D2
03 R1 < INPUTS o—»—-———Do——o OUTPUT
INaj48 10K
3 03
:: R2
210K 2 A1
< 100K
a b

FIG. 6—SEVERAL IMPLEMENTATIONS OF A THREE-INPUT NOR GATE: a diode-transistor version is

shown at (a), and a diode-inverter version at (b).

www americanradiohistorv com

provide. For example, as shown in Fig.
8-¢, you could ground an unused input of
a multi-input or gate. To expand the
nuaber of inputs, you can cascade gates,
as shown in Fig. 8-b. or you can add
resistor-diode logic to one inpat, as shown
in Fig. 8-c.

You might think it’s wasteful to use a
multiple-input gate as a simple butter or
inverter. In general, that’s true, but there
are occasions when doing something of
that nature is desirable. For example, as-
sume that a design requires an inverter for
some function but that no inverters are
available. !f there is a spare NOR gate
available in another IC it could be used
instead.

A practical example

Suppose you want to build a low-power
tone generator that can be activated by
any onc of four inputs. A non-optimal
version of such a circuit is shown in Fig.
9-a. For the oscillator composed of 1C3-a
and 1C2-b to work, the pin-2 input of
1C3-a must be low. Therefore, the output
of the input or gate must be inverted, so
IC2-a is used.

To simplify the circuit, it quickly be-
comes apparent that IC1-a and [C2-a sim-
ply form a Nor gate, so they can be
replaced by a single four-input NOR gate,

4861 lddV
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FIG. 9—A GATED TONE OSCILLATOR can be built in several ways, depending on the materials athand.
At (a) is an un-optimized version; at (b) is a partially optimized version; and at (c), the final circuit,

which is based on just one IC.

OUTPUT

A

s

a b

FIG. 10—THE AND GATE schematic symbol (a)
and its truth table (b).

+V
S A1

D1 < 100K
——0 OUTPUT

INPUTS

03
Os i
IN4148 (3)

FIG. 11—BUILD AN AND GATE from diodes and a
resistor.

as shown in Fig. 9-h. Further, one of the
extra two-input Nor gates in IC2 can be
used instead of 1C2-b, further simplifving
the circuit.

However, a little work can reduce the
entire circuit to a single IC, as shown in
Fig. 9-c. In that circuit three three-input
Nok gates are used. The first, ICl-a, is ex-
panded to a four-input gate with resistor-
diode logic. The second, IC1-b, functions
as a two-input gate. And the third, ICl-c,
functions simply as an inverter.

AND and NAND gates

Figure 10-a shows the standard symbol,
and Fig. 10-, the truth table, of a two-
input AND gate. As indicated by its name,
the output of the aND gate is high only
when both of its inputs are high. As shown

DUTPUT
AlB |c
A c 0101
INPUTS S g 011
{0“ 1 0!1
110
a b

FIG. 12—THE NAND GATE schematic symbol (a)
and its truth table (b).

INPUTc%——*:::::)}———[::x}———*aOUTPUT

a

+V
}———-OOUTPUT
INPUT O——1

c

+V

’————————-—00 TPUT
INPUT 0—— 4

e

in Fg. 11, the simplest way 10 make an
AND gate is with several diodes and a
resistor. Like the ok gate. additional in-
puts may be obtained by adding an extra
diode for cach new input.

Figure 12-a shows the standard symbol
of a two-input NAND gate; its truth table is
shown in Fig. 12-h. As you can sce. the
output of the NAND gate is low only when
both inputs are high.

You can convert a NAND gate to an AND
gale or an AND gate to a4 NAND gate using
an inverter. as shown in Fig. 13-« and Fig.
[3-h, respectively. To use 4 NAND gate as
an inverter, connect the unused input(s) to
the positive voltage source (as shown in
Fig. 13-¢), or to each other (as shown in
Fig. 13-/). Likewise, to use an AND gate as
a butter, connect the unused input(s) to
the positive voltage source (as shown in
Fig. 13-¢) or to cach other (as shown in

To reduce the number of inputs to a
NAND gate. connect the unneeded input(s)
to the positive voltage source, as shown in
Fig. 14-a: to expand the number of inputs,
use a second gate, as shown in Fig. 14-h.

XOR and XNOR gates

Figure 15-a shows the standard symbol
of a two-input xor (for eXclusive OR)
gate, and Fig 15-b shows its truth table. As
you can see, the XOr gate has the unusual
property that its output goes high only
when its inputs are difterent. That proper-
ty gives the xor gate unusual tlexibility;
by connecting its unused input to ground
or to the positive supply voltage, it can
function as an inverter (as shown in Fig.
16-u) or as a butfer (as shown in Fig. 16-h).
respectively.

Figure 17-a shows the symbol and Fig.
17-b shows the truth table of a two-input
XNOR (for eXclusive NOR) gate. The
XNOR gate is equivalent to an Xor gate
with an inverted output. The xNOR gate
gives a high output only when both inputs
are identical; it’s very useful in logic-com-
parator applications.

INNTG——C::>——4:>0—0 OUTPUT

OUTPUT

INPUT O—E

OUTPUT

INPUTO—[

- ’
»

FIG.13—BY COMBINING A NAND OR AN AND GATE WITH AN INVERTER, you can converta NAND gate
to an aND gate (a), or an anD gate to a NaND gate (b). To use a NaND gate as an inverter, tie the unused
input(s) high (c) or connect the inputs together (d). To use an anp gate as a buffer, tie the unused
input(s) high (e} or short (f) the inputs.
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FIG. 14—TIE UNUSED AND-GATE INPUTS high (a); to increase the number of inputs, cascade gates (b)

or use diode-resistor logic (c).
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FIG. 15—THE XOR GATE schematic symbol (a)
and its truth table (b).

OUTPUT INPUT  OUTPUT

RIS
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FIG. 16—USE THE XOR GATE AS AN INVERTER
(a) or as a buffer (b).
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FIG. 17—THE XNOR GATE schematic symbol (a)
and its truth table (b).
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FIG. 18—AN INVERTING SCHMITT TRIGGER (a)
and a nanD-gate Schmitt trigger. Use a Schmitt
trigger to square up slowly changing input sig-
nals.

The Schmitt trigger

CMOS inverters and gates are gener-
ally intended to be driven by logic signals,
signals that are either fully high (Jogic 1)
or fully-low (logic 8). If inputs linger be-
tween those two states for more than a few
microseconds, there is a danger that the
inverter/gate will become unstable and act
as a high-frequency oscillator, thereby
generating false output signals. So if slow
signals are present at one or more of
CMOS inputs, those signals should be

“conditioned” (given fast risc and fall
times) before being applied to the actual
logic circuitry.

The most usetul conditioning element
is the Schmitt trigger. Schmitt triggers
come in many torms; Fig. 18-a and Fig.
18-b tllustrate one section of a hex Schmitt
inverter (the 40106) and one section of a
quad NAND gate (the 4093), respectively.
Schmitt-type gates logically function the
same as regular CMOS and TTL. gates;
only the electrical switching and current-
drive characteristics vary.

Programmable logic.
Maost logic IC’s are dedicated devices.

1 ] 1%

{1yout Vec(16)
; EXPAND
(Jz:)KD inpuT L8
(3H Af14)
T NG
{416 B (13)
T INPUTS INPUTS

{5)F c{12)
I T
{61E D11
I 4048

(7Kg K,(10)
1 8)GND Kol 9)

FIG. 19—THE 4048 EXPANDABLE, PROGRAM-
MABLE eight-input logic gate. Eight logic func-
tions are possible (see Table 1).

TABLE 1—4048 FUNCTIONS

Output Control inputs Lllnused
Function | K, | Kg | K¢ puLs
NOR (9} 6] %) 4]
OR 4] 9] 1 0

OR/AND | © 1 14 (%]
OR‘NAND| © 1 1 6]
AND 1 14 14 1
NAND 1 0 1 1
AND/NOR} 1 1 14/ 1
~ AND/OR | 1 1 1 1
Kp = 1 FOR NORMAL ACTION
Ko = 0 FOR HIGH-Z OQUTPUTS
EXPAND INPUT = O

www americanradiohistory com

Without external components, a NAND
gate, for example, can’t function as any-
thing else. There are, however, special
logic elements that can be programmed to
function as any one of a variety of gates, in
various configurations.

One such gate is the 4048, a multifunc-

®™ >

INPUTS

;}DUTPUT

FIG. 20—THE 4048 MAY BE CONFIGURED as a
dual four-input or/aND gate.

ToTMMOO

ﬁ
|
q

(1A Ve (161
T I
(28 —[ Do— 151}
I T
{3HC —{14)
I I
{4 +{D ApP—13)
T T
{5 1€ B——1)
I I
(6 C————11)
I T
(7)——L.—o—l 8] —10)
i I
{8IGND EF——39)
I 4530 T

FIG. 21—THE 4530 MAJORITY LOGICIC. Its out-
put becomes active when more inputs are high
than low.

tion programmable eight-input gate. Its
pin-out is shown in Fig. 19. The IC has
two groups of four logic inputs (A-H), an
expansion input, and four control inputs
(KA—K},) that allow you to sclect the
mode of operation.

Control input K|, allows you to select
operation of the outputs: either normal or
three-state. The remaining control inputs
(Ka, Kg. and K}3) enuble one of cight
different logic functions to be selected, as
shown in Table 1.

Operation in the AND, OR, NAND. and
or NOr modes is conventional, but opera-
tion in the other modes (OrR/AND, ORr
/NAND, AND/OR and AND/NOR) is slightly
more complex. In the latter cases. the
mputs are broken into two groups of four,
which provides the first logic function.
Those outputs are then combined accord-
ing to the second function. So. for exam-
ple, to use the 448 as an eight-input or
/AND gate (as shown in Fig. 20), K, and
K would be connected to ground, and
Kg would be connected to the positive
supply voltage.

The Exranp input of the 4048B allows
IC’s to be cascaded, so that, for example,

/861 lddY
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FIG. 22—UNUSED INPUTS must be tied high
and grouded in pairs (a). To expand the number
of inputs, connect the output of one element to
one input of another (b).
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RS
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FIG. 23—BUILD A MAJORITY-LOGIC function
from discrete components as shown here. The
output swings from ground to several volts be-
low the positive supply voltage.

two I1C’s could function as a single 16-
input gate by fecding the output ot one IC
into the Exeanbp input of the other. Note
that, when using expanded logic, the over-
all logic functions of the two IC’s may
ditter; Table 2 summarizes the configura-
tions and their output expressions.

Majority logic

Less well known than the logic familics
we've already discussed is majority logic,
which, as the name implics, gives an out-
put when the majority of un odd number
of inputs are high, irrespective of which
inputs are active.

TABLE 2—4048 EXPAND LOGIC

Function
Combined |needed at
Output EXPAND
Function input ' Ouput expression
NOR OR J A+B+C+D+E+F+G+ H) + (EXP)
OR OR J—(A+B+C+D+E+F+G+H)+(EXP)
AND NAND J = (ABCDEFGH) - (EXP)
NAND NAND J = (ABCDEFGH) - (EXP)
OR/AND NOR J=(A+B+C+D)-(E+F +G + H)-[EXP)
OR/NAND |NOR J = (A+B+C+D)(E+F+ G+ H)(EXP)
AND/NOR |AND J = (ABCD) + (EFGH) + (EXP)
AND/OR AND J = (ABCD) + (EFGH) + (EXP)
R1
IMEG
(O—— AMA——
R2 Ay R9
1MEG 47K
o——AWWA———% OUTPUT
A3 $R6
J 1MEG € 100K
INPUTS < © A
R4
N 2N3904
s e m— >3l
>
a5 < 100K
1MEG
o——MA—— ]

~

FIG. 24—THE OUTPUT OF THIS MAJORITY- LOGIC circuit swings from ground to within 50

mV of the positive supply voltage.

The best known CMOS majority-logic
IC is the 4530, a dual 5-bit unit shown in
Fig. 21. The output of cach clement feeds
one input of an XNOR gate; the other xNOR
input is externally available, enabling it to
be wired as either an inverting or a non-
inverting stage.

As shown in Fig. 22-a, the effective
number of inputs of a 4530 can be reduced
by wiring half of the unwanted inputs high
and the other half low. On the other hand,
the cffective number of inputs can be in-
creased by cascading elements, as shown
in Fig. 22-b.

Majority-logic 1C’s can be difficult to
find, but it’s casy to simulate majority
logic with an op-amp, as shown in Fig. 23.
In that circuit the op-amp functions as a
voltage comparator; voltage-divider
R6-R7 applies one-half the supply volt-
age to the inverting input (pin 2) of the op-
amp, and the five input resistors (R1I-RS,
cuch of which must be connected either to
ground or to the positive supply voltage)
form a voltage divider that supplies a frac-
tion of the supply voltage to the op-amp’s
non-inverting input (pin 3).

To understand how it works, suppose
that two input resistors are connected to
ground and that three resistors are con-
nected to the positive supply voltage. The

www americanradiohistory com

three logic-1 resistors have a combined
(parallel) impedance of 333K, and the
two logic-0 resistors have a combined im-
pedance of SO0K. Therefore the resulting
voltage on pin 3 is greater than one-half
the supply voltage, so the output goes
high.

If, on the other hand. only two of the
five inputs go high, the resulting pin-3
voltage at the non-inverting input is below
one-half the supply voltage, so the output
of the op-amp goes low.

1 5% resistors are used. that circuit can
have as many as cleven inputs, simply by
adding additional one-megohm input re-
sistors. The output of the circuit goes all
the way to ground, but it only rises to
within several volts of the value of the
supply voltage when the output is high. In
many applications that’s of’ little impor-
tance; it does, however, mean that ele-
ments cannot be cascaded to increase the
total effective number of inputs.

That defect can be overcome by using
the “compound” circuit shown in Fig. 24.
In that circuit, the output is inveited und
level-shifted by QI, and the op-amp in-
puts are transposed. The output of that
circuit swings to within 50 mV of either
supply rail, enabling circuits to be cas-
caded without limit. R-E
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A NOCTURNAL BAT EMITS WEAK UITRA-
sonic chirps as it bobs and weaves through
a maze of obstacles; a deep-space probe
accurately broadcasts its position to an
earth-based tracking station; and a mili-
tary radio link is maintained despite
powerful enemy jamming signals. In all
of thosc situations, a modulation tech-
nique known as spread spectrion is used.

As its name implics, in spread spec-
trum a communications signal is spread
over a wide frequency range. Among the
potential advantages offered by spread-
spectrum communications are message
privacy, signal invisibility, noise rejec-
tion. and accurate signal timing.

In this article we will look at some of

the various spread-spectrum techniques in
use today. Among them are frequency
hopping, time hopping, chirping, and di-
rect sequence. But before we can fully
understand those techniques and their ap-
plications in space. military, and commer-
cial communications, some necessary
groundwork must be laid.

Time vs. frequency

A signal can be represented in one ol

two ways. Most often, a signal is repre-
sented as a function of time (change in
amplitude vs. change in time). That is also
called a rime-domain representation. But
signals can also be represented as a func-
tion of frequency (change in amplitude vs.
change in frequency). That is called a fre-
quency-domain representation.

In Fig. 1 are two common signals: both
are shown in the time and the frequency
domain. In Fig. 1-a is the time-domain
representation of a wide data pulse; the
frequency-domain representation of that
signal is shown in Fig. lI-b. A narrow
pulse or spike is shown in the time domain
in Fig. 1-c; the frequency-domain version
of that signal is shown in Fig. 1-d.

Any signal can be shown in either the
time or the frequency domain. It is also
possible to convert a time-domuin repre-
sentation to a frequency-domain represen-
tation, and vice versa., using a
mathematical operator called a trans-
Sform. The most tamiliar of those, at least
to advanced students of electronics, are
the Fourier and the Laplace transforms.
As a meaningtul discussion of transforms
requires & working knowledge ot cal-
culus, we will not go into further depth on
that subject here. Consult your local li-
brary for more intformation on the subject.

Bandwidth

The most tamiliar type of (requency-
domain representation shows us the hand-
width or spectrum of a signal at an instant
of time. Such a representation is called an
instantaneous bandwidth and can be
thought of as a snapshot view of a signal’s

ALL ABOUT

Ny

SPREAD SPECTRUM

COMMUNICATIONS

Learn about the methods used by the government

and others to achieve reliable

communications under the most difficult conditions.

frequency spectrum. Instantaneous band-
width is most useful when discussing
pulsed signals.

In some spread-spectrum techniques.
the bandwidth ol a signal changes signifi-
cantly over time. For instance, in a fre-
quency-hopping system (such systems
will be discussed later on 1n this article)
the instantaneous bandwidth may be nar-
row; but over time, signal components
may be present over a wide frequency
range. For such signals, the concept of
hopped bandwidth is uscful. Hopped
bandwidth is analogous to time-lapse
photography and describes the full extent
of the trequency spectrum covered by the
signal.

A spread-spectrum signal, by delini-
tion, occupies a larger bandwidth than
necessary to convey information. The
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minimum bandwidth required to convey
the information contained in the signal is
called the information bandwidih. For ex-
ample a voice signal requires approx-
imately 2000 Hz of bandwidth to be
taithfully reconstructed; a television sig-
nal may require 6 MHz. A typical spread-
spectrum signal carrying a single voice
message may occupy a hopped bandwidth
of 100 MHz. or an instantaneous band-
width of 10 MHz or more.

For a signal-processing technique to be
useful it must offer some gain over an
unprocessed signal. That gain is called
process gain. In spread-spectrum sys-
tems, the process gain is the ratio of the
spread-spectrum bandwidth to the infor-
mation bandwidth; it can be expressed in
decibels by the formula:

Gp =10 LOG (BWge/BW))
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FIG.1—FREQUENCY DOMAIN VS. TIME DOMAIN. A wide pulse is shown inthe time domaininaandin
the frequency domain in b. A narrow pulse is shown in the time domain in ¢ and in the frequency

domain in d.

where BW ¢ is the spread-spectrum
bandwidth and BW, is the information
bandwidth.

Noise

Noise can be considered as all RF ener-
gy other than the signal of interest; it is the
most significant limiting factor for all
communications systems. For a signal to
be received, its level must be greater than
the noise level. A useful quantity in deter-
mining whether a signal will be received,
and how well. is the Signal-to-Noise Ratio
(SNR). The SNR can be expressed in dB’s
using the following formula:

SNR = 10 LOG (signal-power/noise-power)

In designing a communications system,
the goal is to maximize the eftective SNR.
When increasing the signal strength is ei-
ther impractical or illegal, the only re-
course is to minimize the effects of the
noise degrading the signal. Depending on
the nature of the signal and the noise.
there are various techniques that can be
used to achieve that goal.

When taced with white or flat noise,
narrowband signals are transmitted so that
effective filtering can be done at the re-
ceiver. A bonus is that the use of narrow
bandwidths allows for greater use of the
crowded communications bands.

Willful interference. especially from
narrowband. high-power jammers, is
quite another story. however. Spread spec-
trum is a powertul weapon in combating
that type of interference.

Some history

As carly as the 1920’s. engincers pro-
poscd using broadband signals, primarily
to counteract the eftects of fading on com-
munications links. The idea was to spread

the signal energy over a wide range of

frequencies, then to reconstruct the signal

by gathering all the frequency compo-
nents at the receiver. Then when one part
of the band suttered from fading, the com-
bined signal in the receiver would only be
diminished slightly. Unfortunately, tech-
nology was far behind insight, so those
proposed systems remained largely the-
oretical .

World War 11 brought an urgent need
for secure communications as engineers
confronted man-made problems in the
form of high-power jammers. Engineers
tackled the problem using that era’s more-
advanced technology. Before the war’s
end both sides were using sophisticated
communications systems, many of which
used bandspreading techniques.

By occupying large bandwidths,
spread-spectrum signals increase their
ability to withstand interfe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>