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OPTOelectronics inc

NFI;:)“'CKET e FREQUENCY
COUNTERS

SIZE:4"Hx3.5"Wx1"D
TO 1.3 GHZ

MADE IN USA
99150 8 LED DIGITS - 2 GATE TIMES

ANODIZED ALUMINUM CABINET
INTERNAL NI-CAD BATTERIES INCLUDED

AC ADAPTER/CHARGER INCLUDED

#TA-1008

va awz counves EXCELLENT SENSITIVITY
i & ACCURACY
12000286 AC-DC-PORTABLE

OPERATION

#P-100 AL 1-T-1 ]

#AC-1200
AC ADAPTER
CHARGER

zoon 1.2 GHZ

Small enough to fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz, 8 digit frequency counters are not toys!
They can actually out perform units many times their size and pricel included are rechargeable Ni-Cad batteries
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC
adapter/charger supplied with the unit.

The excellent sensitivity of the 1200H makes it ideal for use with the telescoping RF pick-up antenna,
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police,
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden
“bug” transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit-
ters, signal generators and other devices to accurately monitor frequency.

The size, price and performance of these new instruments make them indispensible for technicians, engineers,
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others.

STOCK NO: ‘
#1200HKC  Model 1200H in kit form, 1-1200 MHz counter complete inciuding ]3 GHZ

all parts, cabinet, Ni-Cad batteries, AC adapter-battery charger and #13

instructions $ 99.95 00H

#1200HC Model 1200H factory assembied 1-1200 MHz counter, tested and
calibrated, complete Including Ni-Cad batteries and AC adapter/battery
charger $137.50

#1300HC Model 1300H factory assembled 1-1300 MHz counter, tested and
calibrated, complete including Ni-Cad batteries and AC adapter/battery
$1

charger .$150.00

ACCESSORIES: B

#TA-100S TelesZoping RFpick-uatenna with BNC connector . 512.00

#P-100 Probe, direct connection 50 ohm, BNC connector $18.00

#CC-70 Carrying case, black vinyl with zipper opening. Will hold a counter and
accessories $10.00

ORDER FACTORY DIRECT

FLA(305) 771-2050 1_800_327_5912

OPTOelectronics inc AVAILABLE NOWI

5821 N.E. 14th Avenue Orders to US and Canada add 5% of total {$2 min., $10 max)
Ft. Lauderdale, Florida 33334 Florida residents add 5% sales tax. COD fee $2.

CIRCLE 8ON READER SERVICE CARD



Radie fhaek Parts Plaee

PARTS FOR PROJECTS IN YOUR NEIGHBORHOOD

RS-232 Tester and
Transient Suppressor

2

(1) RS-232Inline Tester. Dual-color
LEDs indicate status of TD, RTS,
DSR, CD, RD, CTS and DTR lines.
#276-1401 . .. TLL) 14.95
(2) RS-232 Splke Protector. Stops
transients from reaching CPU/
peripherals. #276-1402 16.95

M

"Black-Box" Bargains

&l

3

(3) Panel-Mount Fuse Holder.
For 5x20 mm fuses. UL recog-
nized. #270-362 ... 129
(4) Mini SPDT Relay. 1amp at 125
VAC. Coil: 6-9 VDC, 500 ohm.
#275-004 ¢ At s bk ¢ e 2099
(5) Fuse Adapt. #270-1219 . . 99¢

(5)

Precision Benchtop Digital Multimeter

9995

Low As $15
Per Month»

a Memory With
Min/Max Hold

a Diode Checker

Our best! The 31-segment analog bar
graph display makes input peaks and
trends much easier to follow. Transis-
tor checker measures transistor hgg
(gain). Autoranging with manual
override. Full autopolarity, pushbut-

ton function selector, buzzer continu-
ity checker. Measures AC/DC
voltage/current and resistance. Input
Impedance: 10 megohms on DCV/
ACV voltages. Fused and overload
protected. Batteries extra. #22-195

Builders' Treasure

: 7
) Q) l \

(6) Two-Section Variable Cap, 335
pF. PC-mount. #272-1337 ....4.95
(7) Inductor Assortment. 30-piece
set. Includes small colls, chokes and
transformers. #273-1601 1.98
(8) Magnet Wire. 22, 26 and 30-
gauge spools. #278-1345 4.49

Experimenters’ ICs

(10)

(9) TDA7000, FM Receiver on a
Chip. 70 KHz IF means easy-to-
build receiver projects. With data.
H2T61308 uyw e uiisisscunnelD:9

(10) UMC 3482, Melody Synthe-
sizer IC. With 12 tunes. For 1.5
VDC, 16-pin DIP. #276-1797 . . 2,99

Hookups for Computers and Peripherais

(1)

o |
=

(15)

Solder-Type D" Submini Connectors

Fig.| Type lPosmons Cat. No. |Each
11| Male | 9 |276-1587|1.49
12 |Female 9 276-1538 | 2.49
13 | Hood 9 276-1539 | 1.99

(14)
First Quality
Data Connectors

Cat. No IEach:

Tﬁ ! Posmons_
2761547 | 199 |

Male 25
Female 25 276-1548 | 2.99
Hood | 25 276-1549 | 199

(14) RS-232 Modular Jack Adapter Kit.
Lets you use phone cable and plugs to con-
nect computers and peripherals.

#276-1405 2.99

instrument Cases

(16)

(15) Black Plastic With PC Board.
Board Is 2x 3's" accepts DIP ICs.
Box is 3716 x 25/16 x 1¥16" With feet,
labels, hardware. #270-291 . . . 3.99
(16) Deluxe Black Plastic Case.
with slots for PC boards. 27/s x
55/s x 58" #270-250 4.99

PC and Perfboards
an

(18)

..

il il (20)

(17) Plug-In Board With Ground
Plane. #276-188 4.99
(18) Multipurpose Plug-In Board.
4'f2x 4% 'he" grids. #276-154 2.99
(19) PCB Standoffs With Screws.
#276-195 Set of 4/99¢
(20) 44-Position Card-Edge Socket.
#276-1551 2.99

Basic Electronics
Book -

249

Used in

Classrooms

Across the [WeRTITRsETRRERT
Nation in.Elezcgm:.a 1

Getting Started in Electronics. By
Forrest Mims III. An exciting and
practical "hands-on’ introduction to
the world of electronics. Features 128
pages of large schematic diagrams
and easy-to-understand text. Learn
as you build! #276-5003

Novice Exam Package

Prepares You for the
New Voice Class FCC Exam

Learn how to become a Ham with the
new Novice voice privileges on Ama-
teur radio. You get two cassette re-
cordings for self-paced Morse code
learning plus practice exam ques-
tions and answers to help you pre-
pare for the test. #62-2402 .. 19.95

Jazzy Sight 'n Sound

Qpﬁe 3

(23)

(21) Super-Bright Panel-Mount
LED. Brilliant 500 mcd ruby light.
Draws only 20 mA. #276-088 . . 1.79
(22) Jumbo 20-mm Red LED. Six
elements. #276-064 . 3.49
(23) Loud PC-Mount Buzzer. 2800
Hz. 78 dB. Requires 3-20 VDC.
W273-065 vuriiiin o imnw 2:49

Resistor Assortments

(24) 'Ys-Watt Carbon Film. 500 pieces
in 54 popular values. From 10 ohms 1o 10
megohms. #271-312 7.95
(25) Ya-Watt Precision Metal Film. 1%
tolerance. 50 pieces in 12 values from 10
ohms—1 meg ohm. #271-309 2.79
(26) ‘/e-Watt Carbon Film. 100 pieces in
13 values, 10 ohms—1 megohm.

#271-311 1.98

Hi-Q Ceramic Caps

g
I
Low 39¢ o3

Rated at 50 WVDC except
272-126/130 rated 500 WVDC.

pfF JCat No. |2-Pk uf |Cat. No |2-Pk
472721120 | .39 001 |272:126 | 49
47 |272121| 39 0047 |272-130 | .49
100 |272123| 39 0 272131 | 49
220 |272-124 | 39 047 |272134 | 49
470 |272125| 39 1 272-1.’!5_1 59

Special Order Hotline

&

Over 200,000
Substitutions

Your Radio Shack store manager
can special-order a wide variety of
parts and accessorles not in our reg-
ular catalog—tubes, ICs, transistors,
crystals and more. No minimum of-
der, no postage. We'll call you when it
comes in, In about a week.

Over 1000 items in stock: Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips,
Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, Plugs,
Rectifiers, Resistors, Switches, Tools, Transtormers, Wire, Zeners, More!

*Revolving credit from Radio Shack. Actual payment may vary depending on purchases.

Radie fhaek

A DIVISION OF TANDY CORPORATION
Prices apply at participating Radio Shack stores and dealers

CIRCLE 1 ON FREE INFORMATION CARD
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A guide to the cellular connection in vehicles.
By Ari Salsberg & Ron Cogan

22 Electronic Heat Control
How electronics provides more efficient utilization
of available energy resources and some simple
controller circuits. By Fernando Garcia Viesca

30 Computer-Aided Troubleshooting

Using a personal computer to assist in and speed up
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GABLE EQUIPMENT

> PRIGES
Y SLASHED

WHILE YOU WAIT!

all Aunt Matilda at Pacific cadle Co.. Inc.. and
geta pleasant surprise: Instant price cuts even
on our own cut-to-the-bone prices!

Here's how: Just supply her (or one of our other
operators) with anybody else's published prices
(even wholesale, if you're a dealer) for
the unit you want; and if their price
V beats our published price, w2'll match

@@O it—or even beat it! Simple as that.
@ Of course, you'll have to look far and
wide to beat our prices (see below) and
we re betting that Aunt Matilda will seldom
need her "little hatchet” and can partake of her
cherished afternoon nap. Which is fine with
us—she makes us nervous with that thing!

g N AT / (Not to mention our competition!)
check our prices on Scientific Atianta Units!
1 10 OR 1 10 OR
iwem UNIT MORE {vEW UNIT MORE
RCA 36 Channel Converter (Ch.3 output onty) 28.00 18.00 *Minicode {N-12)} 839.00 58,00
Panasonic Wireless Converter (our bes! buy) 88.00 69.00 *Minicode (N-12) with Vari Sync 99.00 62.00
400 or 450 Converter {(manuai fine tune) 88.00 69.00  *Minicode VariSync with Auto On-Off 145,00 105.00
*Jerroid 400 Combo . 169.00 118.00 Econocode (minicode substitute) 69.00 42.00
Jerrold 400 Hand Remote Control 29.00 18.00 Econocode with VanSync 79.00 46.00
*Jerrold 450 Combo . 199.00 138.00 *MLD-1200-3 (Ch.3 output) 99.00 58.00
*Jerrold 450 Hand Remote Control 28.00 18.00 *MLD-1200-2 {Ch.2 output) 99.00 58.00
Jerroid SB-Add-On 89.00 58.00  *Zenith SSAVI Cable Ready 175.00 125.00
*Jerroid SB-Add-On with Trimode . 99.00 70.00 Interterence Filters (Ch.3 only) 24.00 14.00
*M-35 B Combo unit (Ch.3 output onty) 99.00 70.00 *Eagle PD-3 Descrambier (Ch.3 output only) 119.00 65.00
*M-35 B Combo unit with VariSync 109.00 75.00 *Scientific Atlanta Add-on Replacement Descrambier 119.00 75.00 |
T T T -
]
4 ! Output Price TOTAL
CHECK US OUT—WE'LL ] ftem Shipa e Wiy .
5 {
MEET OR BEAT THE OTHER'S I
]
ADVERTISED WHOLESALE !
OR RETAIL PRICES! :
. )
e & : SUBTOTAL
. 1 California Penal Code #593-D forbids us from Shipping Add
1 shipping any cable descrambling unit to anyone $3.00 per unit
) b ; h
H residing in the state of California. COD & Crednt )
1 Prices subject to change without notice Cards—Add 5% g
Pacific Gable Go., InC. : -osce~ g
ey (] " 8 |
N;
7325% Reseda Blvd., Dept. 1-20 s ul
Addres: _Ci
Reseda, CA 91335 : s =N 2
Stal Phone Number [4]
(818) 716-5914 « (818) 716-5140 I = el e o
: (] Cashier's Check Money Order 0c.oD O visa ] Mastercard &
¢ NO COLLECT CALLS! e 1 o
1 Acct # Exp. Date :
IMPORTANT o When ordering, please have I Ssignature. ~
the make and model number of the equipment : YOU MUST SIGN AND RETURN FOR OUR RECORDS: a
used in your area—Thank you! 1 DECLARATION OF AUTHORIZED USE — i, the undersigned, do hereby declare under penalty of perjury :
o8 . . ] that all products purchased, now and in the tuture, wilt only be used on cable TV systems with proper &£
Call for availability : authorization from local officials or cable company officials in accordance with all applicabie federat and 2 |
. : : E state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL >
Prices subject to change without notice : PENALTIES FOR UNAUTHORIZED USE. 2
Jerrold 1s a registered trademark of General instruments Corp. | Dated: Signed: - 8 |
1

-




- HAM RADIO
IS FUN!

It's even more fun for begin-
ners now that they can oper-
ate voice and link computers
just as soon as they obtain
their Novice class license. You
can talk to hams all over the
world when conditions per-
mit, then switch to a repeater
for local coverage, perhaps
using atransceiverinyour car
or handheld unit.

SPECIAL NOVICE ENHANGEMENT UPDATE

e
s TTEETES

Your passport to ham radio adventure is
TUNE-IN THE WORLD WITH HAM
RADIO. The book tells what you need to
know in order to pass your Novice exam.
Two cassettes teach the code quickly
and easily.

Enclosed is my check or money order for
$15.00 or charge my

( ) VISA ( ) Mastercard ( ) Am. Express
Signature
Acct. No.
Good from _
Name
Address

Expires

City State Zip

THE AMERICAN RADIO RELAY LEAGUE

225 MAIN ST.
NEWINGTON, CT 06111

CIRCLE 35 ON FREE INFORMATION CARD
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D Day

Near the end of last year, I extolled the
virtues of analog recordings and high-
end audio equipment—and reaped a
bevy of letters that mostly praised digital
discs and players and maligned analog
counterparts. One of our erudite au-
thors, J. Daniel Gifford, in fact, kindly
sent me a two-page letter concerning this
earlier Editorial piece.

The tack he took was that he seriously
doubted that the pickiest high-ender
could detect a difference between a very
costly music system (325,000 to $30,000)
and a good standard system ($2,000)
even 80% of the time. Moreover, he
doubted that the high-end system, which
costs more than ten times as much,
sounds even twice as good.

I agree with the latter. But the value is
in the ears of the listener who’s willing to
pay more to squeeze out small improve-
ments in quality. I don’t agree with the
former, though; at least for serious, ex-
perienced music-reproduction listeners.

Mr. Gifford conceded that audiophile
pressings on an excellent sound system
will beat out CD in warmth and presence.
He observes, however, that LP technol-
ogy is at its dead end while CD technol-
ogy has barely begun, and that the im-
proved circuitry of some costlier CD
players is drifting down to under-$400
CD players. Further, he emphasizes the
durability of CD pressings for repeated
playings, fingerprints and dust, etc.

There’s no doubt that digital compact
discs have the foregoing attributes going
for them. Nonetheless, many people are
reluctant to dump a large, irreplaceable
library of LP records. The way to gois to
add a CD player so that the old and new
can coexist. There’s also no doubt that
CD’s fidelity potential and convenient
size make it the way to go now.

Everyone should keep in mind, though,
that to realize the full benefits of CD of-
ten requires upgrading other links in the
audio chain. If you play an LP at an aver-
age of 1 watt output, for example, you
need at least a clean 10 watts of output
power to handle just a 10-dB music peak.
Since CD provides substantially greater

6 / MODERN ELECTRONICS / February 1988

dynamic range, you’d need 100 watts/
channel to cleanly reproduce a 10-d B mu-
sic peak . . . and CD’s dynamic range is
typically much more than 10 dB greater
than an LP’s! A speaker’s power-handl-
ing capacity is strained, too, when a
switch to CD is made, as is its handling of
the extended frequency range generated
by the new source (20 kHz vs. 17 kHz
bandwidth).

As far as availability of source materi-
al, CD has a long way to go to match the
LP archives. This is especially true if one
wants the best audio quality (all digital,
from recording format to finished prod-
uct). You’ll find that many CDs now
have a code that indicates how digital the
digital disc is. Three letters are used to
represent recording, editing and final
product. An A indicates it was done ana-
log, while a D represents digital. Best au-
dio fidelity quality is DDD, assuming
that the recording engineers did it all
right (which they often do not).

Also, the artistic quality of the pro-
gram must be considered. And recording
artists who passed away many years ago
cannot ever have a compact disc with
three Ds. Many of these recordings will
never be transferred to CD, naturally,
for economic reasons. So analog players
will hang on for a long time for fewer and
fewer people. Keep in mind that there is
still a very small, hard core of audio-
philes that play 78-rpm records with
phono cartridges that use cactus stylus.
Now that’s flaky.

“D (for Digital) Day” is swiftly ap-
proaching. From improvements to audio
CD recordings and players to interactive
audio/video CDs (called CD-I) to CD-
ROM s that hold a few hundred thousand
pages of informational text that can be
quickly searched and displayed, every-
thing’s coming up digital . . . until neuron
technology bursts upon the scene, that is.

i dettey
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Information
radio is on
the air.

efore you hear about
it on your old
radio, hear it
live on your
new Inform-
ant Information Radio.
Whether its an all-points-
bulletin from the State Police,
the dispatcher for the city’s Fire
Department, an ambulance racing
to the hospital or a National Weath-
er Service report, the new Inform-
ant from Regency makes you a
part of all the action... instantly.

Breakthrough Technology.
Instant Information.

Informant Information Radio
uses a revolutionary new technol-
ogy that allows you to constantly
monitor your police, fire and

SIATE
POLICE

as well as NOAA weather in-
formation channels in all 50
states. All pre-programmed. This
new information radio utilizes a
principle similar to the seek
and scan feature found on
expensive AM/FM radios.
Your information radio
scans all the public service
channels in the area, locates
the active signals, locks in and
broadcasts all the information

TURBO-SCAN speed!

CIRCLE 47 ON FREE INFORMATION CARD

LOCAL
oLt

emergency frequencies,

¥
0“‘?“.

Hear Your Hometown Like
You've Never Heard it Before.

Just turn it on. As easy to use
as your AM/FM radio. Instantly,
youTe tuned into real life adven-
tures. One touch control lets you
select and hold police, fire and
emergency broadcasts so you don't
miss a single minute of the action.

Hear the amazing information
radio today. Take it home and be

a part of the action tonight!!

INTORMANT

BY REGENCY

Information Radio
right to you. With revolutionary for Real Llfe : =l

venture



W NEW

For more information on products
described, please circle the appropri-
ate number on the Free Information
Card bound into this issue or write to
the manufacturer.

Add Picture-Within-Picture
On Any TV Screen

Double-Play from Rabbit Systems,
Inc. (Santa Monica, CA) is a new
electronic device that allows users to
view two pictures on the same TV
screen. The unit generates a picture
within a picture. The second picture,
which can be positioned in any cor-
ner of the TV screen, is one-eighth
the size of the main picture.
Double-Play comes with its own
wireless  remote-control  system.
With the remote transmitter, you can
auto-scan through TV channels on

the mini-screen to make selections
without interrupting viewing the
channel on the main screen; freeze
the image on the mini-screen so that
you can jot down a fleeting tele-
phone number or address; switch
programs back and forth between
the primary and mini-screen; moni-
tor a video tape while viewing a live
broadcast on either the primary or
mini-screen; move the mini-screen to
any desired corner; and display sta-
tion identification in the mini-screen.

Housed in a metallic black cabi-
net, Double-Play measures 11.75 "W
X 8.25"D x2.5"H. $249.

CIRCLE 15 ON FREE INFORMATION CARD

Digital Desoldering Tool

Claimed to be the most advanced
too! of its kind, Pace Inc.’s (Laurel,
MD) Model MBT-120 vacuum desol-
dering tool utilizes an electronic
load-sensitive turbo-heat boost that
responds on demand. For multiple-
lead/pin components, especially

when mounted on multi-layer
boards, solder is said to be reflowed
instantaneously, with the heat-boost
circuit compensating for any temper-
ature drop resulting from heat sink-
ing. A digital display indicates both
temperature selection and actual tip
temperature in either °C or °F. Tip
temperature is settable to within 1 °F.
In addition, all tip temperature con-
trols can easily be calibrated.

A new ‘‘Snap-Vac” vacuum sys-
tem is built into the MBT-210. Va-
cuum rise time is said to be 300 per-
cent faster than with previous elec-
trically operated systems. With
Snap-Vac’s consistent high flow,
lead resweat problems are virtually
eliminated. The tool also has a static-
dissipative desoldering handpiece.
$875.

CIRCLE 16 ON FREE INFORMATION CARD

SMT Artwork System

New from Bishop Graphics, Inc.
(Westlake Village, CA) is a surface-
mount technology (SMT) artwork
system designed to help circuit de-
signers lay out and create highly ac-
curate artwork. The new artwork
system consists of a special 30-line/
inch resolution layout grid, compo-
nent land patterns that conform to
IPC-SM-72 design guidelines, cor-
responding silkscreen symbols that
also serve as component placement
aids, special-size artwork tapes and

RODUCTS |/

an SMT design layout template in
both 2 x and 4 x scales.

New surface-mount component
land patterns have via pads con-
nected to each land area to simplify
integrating designs into a through-
hole environment. Patterns are de-
signed to fit on a0.050 " grid to facih-
tate bare board testing and permit
maximum component density and
trace routing. Traces can be routed
between 0.025” pads on 0.050” cen-
ters. The grid permits accurate place-
ment of tape traces when using the
standard 4 x scale of high-density
DIP designs.

Component centers on the land
patterns are marked so that the pat-
terns can be accurately positioned on
the grid, even when land pattern
edges do not fall on the layout grid.

Silkscreen component marking
symbols are designed to functionasa
design rule to placement aid. Since
the silkscreen symbol represents
the minimum spacing required be-
tween components, the symbols can
be used to establish proper minimum
spacing layout.

CIRCLE 17 ON FREE INFORMATION CARD

Digital Effects
VHS Camcorder

Panasonic’s Model PV-330 VHS
camcorder features digital special-
effects circuitry and a unique light
sensitivity capability that approaches
1 lux. Combination effects make it
possible to place a still image in a
choice of locations on the playback
screen. Three digital modes remove
the still frame picture from the
screen. Wipe mode scans from right
to left across the screen, replacing
the freeze frame image with a live im-
age; box wipe mode expands the live
picture outward from the center of
the screen; and overlap allows the
moving image to automatically over-
lap the still frame.

CCD imaging and digital circuitry
that provide a light sensitivity that
approaches 1 lux give the camcorder
the ability to record under extremely
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low light conditions. A flying erase
head mounted on the rotating video
head cylinder, provides exceptional-
ly clean cuts between scenes. A high-
speed shutter mode is included for
excellent fast-action recordings that,
when played back on Panasonic
three- and four-head VCRs, are de-
signed to provide outstanding field-
slow clarity.

An Index/Address Search system
permits quick location of any seg-
ment on a video tape. Index Search
places a signal on the control track of
the tape at the beginning of every
recorded segment, while Address
Search places a signal on the control
track at l-minute intervals. During
playback on compatible Panasonic
VCRs, these signals can be used to
quickly locate specific scenes.

Other features include: a power-
driven 8:1 zoom lens; audio/video
dubbing; full automatic white bal-
ance; automatic iris; instant play-
back; and an edit switch. $2,000.

CIRCLE 18 ON FREF INF ORMATION CARD

tery utilizing a unique microproces-
sor to detect the exact full-charge
point. It then reads and stores the
full-charge data. Then the analyzer
fully discharges the battery, at which
point the microprocessor calculates
the difference in capacity (in mAh)
and displays this number. The ana-
lyzer then returns the battery to the
full-charge point.

mAh, rate of discharge at a regulated
429-mAh, both of which will accom-
modate most radio batteries current-
ly on the market. (Charge and dis-
charge rates can be changed at the
factory to accommodate other larger
batteries.) This charge/discharge cy-
cle occurs with each of the six batte-
ries simultaneously. A battery with a
500-mAh capacity can be completely

Rate of charge is regulated at 600 cycled in approximately 3 hours.

Battery Analyzer

A new six-unit battery analyzer has
been introduced by Alexander Bat-
teries (Mason City, 1A). During op-
eration, the Model TA6500-11 Tri-
Analyzer first fully charges the bat-

Dr. Frankenstein
couldn’t find the
parts he needed
either!

\Martatatils /

You won’t have that problem
with MCM ELECTRONICS!

Whether you're working on small jobs or real
“monsters,” chances are you've had to make do from
time to time with parts or components that were almost
right! Often, tinding a substitute that works takes extra
time...and renders disappointing results. So stop
turning your customers’ beauties into ghouls.

Order your FREE copy of MCM's 160-page catalog
today. You'll find a huge inventory of nearly 10,000 in-
stock items that can be shipped to you in record time
under some of the most flexible payment terms in the
industry.

If Dr. Frankenstein could have
ordered from MCM, “Frankie”
might have looked — and acted —
a whole lot different!

For your FREE copy,
call TOLL-FREE!
1-800-543-4330

In Ohio, call 1-800-762-4315
In Alaska or Hawaii, call 1-800-858-1849

MCM ELECTRONICS
858 E. CONGRESS PARK DR
CENTERVILLE. OH 45459

A PREMIER Company

SOURCE NO. ME-32
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RAM-Based ‘‘Disk’’ Drive

Novo Drive 2000 for IBM PC, XT,
AT and compatible computers from
Kapak Design (Saratoga, CA) is a
RAM-based ‘‘disk’’ drive imple-
mented with semiconductor memory
on a single bus card. Capacity of a
single drive is 2 megabytes, and mul-
tiple units, used with installable de-
vice driver, provide 4-, 6- and 8-meg-
abyte configurations. Because data
is transferred via DMA (direct mem-
ory access), every memory cycle,
Novo Drive 2000 is claimed to be
many times faster than mechanical
drives and twice as fast as a virtual
drive implemented in main memory.

Formatting itself during initial
power-up, Novo Drive 2000 is easy
to install and is immediately ready to
use, without requiring special drivers
or software. Separate from main

memory, it is claimed to be compati-
ble with all types of add-on memory,
and all of memory address space is
available for programs and data.

Boot firmware is built in, making
it possible to boot directly from
Novo Drive 2000 instead of first go-
ing to the floppy-disk drive. System
boot files, part of DOS, can be in-
stalled with standard SYS and COPY
commands.

Data is nonvolatile, supported in
two levels. An ac power adapter, sep-
arate from the computer, maintains
data when the computer is powered
down. If ac power should fail, an on-
board battery supplies power for at
least 90 minutes, allowing Novo
Drive 2000 to be physically trans-
ferred to another system without loss
of data. $570, including 2M of
RAM, battery and accessories.

CIRCLE 19 ON FREE INFORMATION CAPD

Stereo Phono Cartridges

Shure Brothers Inc. has unveiled a
new line of stereo phono cartridges,
the VST Special Edition Series, that
incorporate design features from the
company’s V15 cartridges. Topping
the series is the VST V, which is de-
signed to provide performance the
equivalent of the V15 Type V-MR. It
features a Micro-Ridge tip geometry
for exceptional high-frequency re-
production and an exclusive Dynam-
ic Stabilizer that acts as a shock ab-
sorber to help make warped records
playable by reducing arm/cartridge
resonance and eliminating static.

A pair of sister cartridges, the VST
II1 and VST I1I-P, feature distor-
tion-reducing hyperelliptical stylus
tips. The VST IIl is designed for
standard 0.5-inch headshell mount-
ing and shares the Dynamic Stabiliz-
er design of the VST V, while the

VST I11-P is optimized for P-mount
applications.

All three VST cartridges have a
Microwall/Be™ stylus shank, a tele-
scoped beryllium tube whose ultra-
thin walls combine rigidity with ex-
tremely low mass. Dura-Body encap-
sulated construction permanently
locks all internal cartridge compo-
nents securely in place to eliminate
spurious resonances and loss of
channel separation. Also included is
Shure’s Side-Glide stylus protection
system that prevents collapse of the
shank tube in case of accidental side
thrusts imposed by the user. About
$200 for VST V, $100 for VST I11I/
I11-P.

CIRCLE 20 ON FREE INFORMATION CARD

16-MH?z 286-Based
Computer Card

An AT-compatible computer-on-a-
card system that operates at both 8
MHz and the buyer’s choice of 10,
12, 14, 15 or 16 MHz has been an-
nounced by Professional Computer
Systems (Sunnyvale, CA). Opera-
tion is with 0 wait state at 8 MHz and
1 wait state at the optionally selected
higher speed. The PCS-2800 system
consists of a computer board and a
backplane. The computer board is
the size of a conventional full-slot
IBM-AT-style 1/0 board and con-
tains the 80286 microprocessor, sys-
tem RAM, a socket for an optional
80287 math coprocessor, Award
BIOS ROM, Zymos AT chip set,
clock/calendar and keyboard chip.
The amount of user RAM on-board
depends on the configuration select-
ed. Minimum is 512K and maximum
is IM bytes. RAM speed is matched
to that of the processor and math co-
processor specified when the system
is ordered.

Speed selection can be either by
setting a hardware jumper clip or
through a keyboard entry. A socket
is provided for an 80287 coproces-
sor, whose speed is matched to that
of the 80286 processor ordered. Bat-
tery backup is provided for the real-
time clock/calendar. A power-on
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Soldering Iron Tip
Tinner/Cleaner

Multicore (Westbury, NY) has a new
soldering iron tip tinner/cleaner.
The TTC1 tinner/cleaner consists of
a small block of electronics-grade
solder powder and chemicals com-

LED and a jumper for an external re-
set switch are also provided on the
computer board. Power require-
ments for the computer board are
+ 5 volts at 2 amperes maximum.

A 12-pin male connector on the
backplane mates with standard AT/
XT-style power-supply cables for
power distribution. Included on the
backplane board are the keyboard
connector, a 5-pin female connector
that mates with standard AT/XT-
style keyboard cable connectors. Op-
tionally available is a keyboard con-
nector for the computer board. $395
for 8/10 MHz with 512K RAM to
$995 for 8/16 MHz with IM RAM.

CIRCLE 21 ON FREE INFORMATION CARD
Low-Cost 20-MHz Scope

New from Leader Instruments Corp.
is the Model 1020 20-MHz dual-trace
oscilloscope priced at $595. Its ergo-
nomic front panel is said to simplify
operation. The scope offers a com-
prehensive line-up of triggering con-
trols that include alternate-channel
triggering, variable trigger hold-off,
TV sync separators and line trigger-
ing.

®
o o ¥
- - ’

Sensitivity is rated at 0.5 mV so
that very-low-level signals can be ob-
served on thelarge 8 x 10-cmrectan-
gular CRT screen. An internal grati-
cule, automatic focus and scale il-
lumination are among the instru-
ment’s standard features.

CIRCLE 22 ON FREF INFORMATION CARD
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pacted into the shape of a disc. The
disc is packaged in a metal container
that has a self-adhering pad on its
bottom for easy attachment to a
workbench top.

A single wipe of a hot soldering

iron tip across the TTC1 block
cleans, ““wets’’ and tins the tip. It is
claimed that the block will remove
even the stubborn tin/iron interme-
tallic layer that forms on plated iron
tips and resist rosin-based fluxes.
The chemicals it contains are non-
corrosive and have a low evapora-
tion point to assure that nothing re-
mains on the soldering tip after tin-
ning. $3.95.

CIRCLE 23 ON FREF INFORMATION CARD

Low-Profile
MobileTV Antenna_

A new low-profile ‘““‘Boomrang’ TV
antenna for motor vehicles and pow-
ered boats has been announced by
Wintenna, Inc. (Anderson, SC). It is
less than 2” high and is designed to
give the same performance as the
company’s Classic Boomerang an-
tenna. Constructed of high-impact
ABS plastic, the new antenna is
claimed to have a long range and

Model 900
Trunk Mount

© 1987 by The Antenna Specialists Co.

CB Thoroughbreds with wmnmg credentmls
the

Sleek and spmted. the new A/S Black Stallion™
CB antennas have an unfair advantage over all
other brands—the long, proud heritage of the most
respected name in professional communication
antennas. With the finest 17-7PH stainless steel
whips, high-tech protective black DURA-COAT™
finish, and contemporary styling, these exceptional
i antennas have no peers for strength and beauty.

Now’s the time to catch a Black Stallion for
yourself. Send for your free 16-page “CB/Monitor
Antennas” booklet today.

Model 902
Trunk Mount

the antenna speclallsts Cco.
A member of The Allen Group Inc.
30500 Bruce Irdustrial Parkway « Cleveland. OH 44139-3996 - 216/349-8400

Model 904
Magnet Mount

Model 906
On-Glass®
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provide improved picture perform-
ance without roll or flutter even
while the vehicle on which it is in-
stalled is in motion.

The Boomerang antenna can be
mounted on the roof or trunk of a
car, truck, van, RV or boat. It does
not cause problems in car washes.
Four versions of the new antenna are
available: Model 790 standard/per-
manent mount; Model 790A stand-
ard/trunk mount; Model 791 ampli-
fied/permanent mount; and Model
791A amplified/trunk mount.

CIRCLE 24 ON FREE INFORMATION CARD

Remote-Control Dimmer
Uses VCR/TV IR Controller

Honeywell has a new remote-con-
trolled tabletop lamp dimmer that
can control any incandescent lamp
with up to a 150-watt load. In addi-
tion to turning the lamp on and off,
the device can be used to dim the
lighting from high to low, providing
a means for full lighting control.
Because the dimmer works with
infrared remote-control transmitters
for any TV receiver, VCR or audio/
video equipment, there is no need for

its own remote transmitter. The dim-
mer contains a tabletop IR receiver
that measures 4.5” x 2.5 x 17,
which is small enough to locate
where it will be inconspicuous. The
receiver has a 6-ft. power cord with
an ac adapter ontheend. Yo simply
plug the lamp into the adapter and
the adapter into any convenient ac
receptacle.

In addition to IR remote control,
the lamp can be turned on an off
manually from the receiver. You
simply touch a metal band that
wraps around two sides and the top
of the receiver’s housing to turn on
and off the lamp being controlled.
To use the remote control transmit-
ter for dimming action, you hold
down any button with a steady pres-
sure until the lamp gradually dims to
the level you want. $39.95.

CIRCLE 25 ON FREE INFORMATION CARD

Automatic Printer Switch

Print Manager™ from BP Micro-
systems (Houston, TX) allows two
computers to share one printer with
fully automatic switching. The de-
vice is designed to work with any
standard Centronics parallel printer
interface and is compatible with
IBM PC, XT, AT and PS/2 comput-

mum cable length is 30 feet. Two red
LEDs indicate which computer is
sending print data to the printer, and
a green LED signifies when switch
power i1s on. On the rear panel are
two male DB-25 connectors for the
computers and one female DB-25
connector for the printer. Power is
supplied by a plug-in ac adapter.
Two or more Print Managers can be
connected together to allow up to
eight users to share one printer. The
printer switch measures 8"W X
5.75"D x 1.75"H and weighs 3.5
Ibs. $179.

CIRCLE 26 ON FREE INFORMATION CARD

Chip-Resistor Kits

A variety of hybrid chip-resistor en-
gineering kits with values ranging
from 10 ohms to 24 megohms and
varying in tolerance spreads have
been introduced by International

ers, peripherals and compatibles. It
does not require software, switching
ports by sensing a print request from
either computer. If the second com-
puter attempts to print while the print-
er is running, it putsit on *‘hold’’ un-
til the current print operation is
completed.

Maximum data transfer rate is
100K bytes per second, and maxi-

Manufacturing Services, Inc. (Ports-
mouth, RI). The IMS 0-1 Engineer-
ing Kits feature gold terminations
and come in nine different configu-
rations with 40 values that overlap at
+20 percent and up to 587 values
overlapping at + | percent. Kits with
ohm, kilohm and megohm ranges
and one kit that contains all ranges
can be specified.

Supplied in three-ring binders, the
Engineering Kits are claimed to pro-
vide every possible value resistor in a
given range. Kits with solder-coated
terminations and special values and/
or tolerances are also available.

CIRCLE 27 ON FREE INFORMATION CARD
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Now from NRI comes the first course of its kind . . . anywhere!

Learn to use, program, and service today’s
digital electronic music equipment as you

/A

Now NRI puts
you at the heart of
the most exciting application
of digital technology to date! With
NRI’s new at-home training in Electronic
Music Technology, you get hands-on
experience with the equipment that’s
revolutionizing the music industry—Atari
ST Series computer with built-in MIDI
ports, Casio CZ101 digital synthesizer with
advanced MIDI capabilities, and ingenious
MIDI software that links computer key-
board to synthesizer keyboard—all yours
to train with and keep.

This year, over $1.5 billion worth of digital elec-
tronic music instruments—keyboards, guitars,
drum machines, and related equipment—will be
sold in the U.S. alone. Who's buying this new-tech
equipment? Not just progressive musicians and pro-
fessional recording technicians, but also thousands
of people who have never touched a musical instru-
ment before. And there’s good reason why.

Something called MIDI (Musical Instrument
Digital Interface) has suddenly transformed musical
instruments into the ultimate computer peripherals

.and opened up a whole new world of opportunity
for the person who knows how to use, program, and
service this extraordinary new digital equipment.

Now NRI's breakthrough Electronic Music
Technology course puts you at the forefront of this
booming new technology with exclusive hands-on
training built around a MIDI-equipped computer,
MIDI synthesizer, and MIDI software you keep.

Dynamic New Technology Opens Up New
Career Opportunities for You

The opportunities are unlimited for the person
who's trained to take advantage of today's elec-
tronic music phenomenon. Now you can prepare
for a high-paying career as a studio technician,

Say You Saw It In Modern Electronics

sound engineer. recording engineer, or road
technician . . .even start your own new-age
business providing one-stop sales and service for
musicians, technicians, and general consumers
alike. Or simply unleash your own musical
creativity with the breakthrough training and
equipment only NRI gives you.

Only NRI Gives You an Atari ST Computer,
Casio Synthesizer, and Innovative MIDI
Software You Train With and Keep

The Atari ST Series computer included in your
course becomes the heart of your own computer-
controlled music center. With its tremendous
power, superior graphics capabilities, and built-in
MIDJ interface, the 16/32-bit Atari ST has almost
overight become the computer of choice for
today’s most knowledgeable electronic musicians.

The Casio CZ101 digital synthesizer, also included
in your training, is the perfect complement to your
Atari ST. The polyphonic, multitimbral CZ101—
which stores up to 32 voices internally—“commu-
nicates” with your ST computer through MIDI,
bringing life to virtually any sound you can imagine.

Plus, you get ingeniously designed MIDI software
that opens up amazing new creatj\'e
and technical possibilities . .
actually build your own 4- mput

bwld your owh computer-controlled

music center

to take advantage of today’s opportunities
in electronic music technology.

With your experienced NRI instructor always
available to help, you master the basics of electronic
theory step by step, gaining the full understanding
of electronics that’s now so essential for technicians
and musicians alike. You move on to analyze sound
generation techniques, digital logic, microprocessor
fundamentals. and sampling and recording tech-
niques. . . ultimately getting first-hand experience
with today’s explosive new technology as you
explore MIDI1, waveshaping. patching, sequencing,
mixing, special effects, and much more.

Plus, even if you've never been involved with
music before, NRI gives you enough basic training
in music theory and musical notation to appreciate
the creative potential and far-reaching applications
of today’s electronic music equipment.

Send Today for Your FREE Catalog

For all the details about NRF's innovative new train-
ing, send the coupon today. You'll receive a com-
plete catalog describing NRI's Electronic Music
Technology course plus NRI courses in other high-
tech. in<demand electronics fields.

If the coupon is missing, write to NR1 School of
Electronics, McGraw-Hill Continuing Education
Center, 3939 Wisconsin Avenue, Washington, DC
20016.

rﬂﬂl School of Electronics

audio mixer/ampilifier. . .and you McGraw-Hil! Continuing Education Center " I
test the electronic circuits at the 3939 Wisconsin Avenue
core of today’s new-tech equipment I Washington, DC 20016 4 028
with the hand-held digital multi- [¥ CHECK ONE FREE CATALOG ONLY
meter included in your course. Electronic Music Technology [ Computers and Microprocessors

I TVIVideo/Audio Servicing Basic Electronics l
No previous experience ~ - _ S
necessary—in electronics I Name (Please Priny Age I
or music! Street R . B I
No matter what your background, City — St Zip
NRigcs o the sl youneed LNty ey st o o 00 |
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Communications

Installing Cellular
Mobile Phones

A guide to the cellular connection in vehicles

ellular telephone technology has made on-
‘ the-road communication in many areas of

the U.S. and Canada convenient and afford-
able. As a result, many people make their vehicles an
extension of their office with the aid of this modern
communications system, as well as use it to make per-
sonal phone calls while ‘“on the road.”’

Almost one-million people are said to now avail
themselves of this service, with growth to three-mil-
lion anticipated by 1990.

Cellular telephone service is still very young. It
started only in 1984, in Washington, DC, and spread
quickly to metropolitan areas across the country . . .
and is still expanding. Other mobile telephone sys-
tems existed before cellular systems were introduced,
of course, and still serve well (and more expensively)
in the many areas still not set up for cellular service.
Aside from lower cost, you might ask what’s so spe-
cial about cellular systems? There are many things.

With previously developed mobile phone systems,
there is a severely limited number of call channels.
Consequently, there’s often a waiting list just to get
one of these mobile phones. They’re usually support-
ed by a single, powerful transmitting/receiving cen-
tral station that extend one’s communications range
to, perhaps, 25 miles. The farther you get from the
strong signal area, however, the weaker and noisier
the signal gets. These mobile units are larger in size
than cellular types, too. In contrast, cellular phones
are supported by a large number of smaller transmit-
ter/receiver centers, called ‘‘cells.”’ Actually, they
can be likened to a bevy of switching repeaters that
are tied into a central station.

As one leaves a cell reception area, moving into an
area where reception/transmission is weaker, an ad-
joining cell picks up the service in about 2/100ths of a

T e e e R W Ry N T A S R

18 / MODERN ELECTRONICS / February 1988

second, thereby maintaining full signal strength.
Though depicted graphically as hexagonal, so that
one can see where a cellular area ends and another be-
gins, the reception/transmission area is actually cir-
cular, with some overlap, of course. The beauty of a
cellular system is that phone communications can
continue when driving into another cellular system
area that’s serviced by a different central transmit-
ter/receiver company. This is called ‘‘roaming.”
Many companies have shared agreements to service
subscribers in one area when they drive into another;
with others, you may have to make arrangements to
be serviced. How do you know when you’ve left your
home area? A ‘‘roam’’ indicator on your cellular
phone lights up, thereby alerting you.

Cellular phone systems aren’t the perfect answer to
mobile communications, naturally. Firstly, they
don’t come cheap, costing at least a thousand dollars
with installation in most instances. You can save
$100 or so, though, by installing the phone by your-
self; maybe more, depending on the area you live in
and the dealer you buy your phone from. Also, there
are some areas with hills and dales that might cause
pockets of reception fade-out. Further, you pay for
incoming calls for the service between your phone
and the cells used as well as for outgoing calls. And
lastly, you incur an additional phone bill in the sense
of paying a base access charge as well as connect
time, which is the time you start accessing the central
switching equipment, not the time you actually make
a connection with the party you wish to talk to.

Nevertheless, the cellular phone system is a great
convenience. Brightening the cellular mobile phone
system’s horizons further is the fact that each cellular
service area must be set up with two systems that one
can choose from. One is a local telephone company
or wireline carrier, while the other competitor is a
non-wireline operator which won the territory bid,
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thus ensuring users that connection and use prices
won’t get out of line.

When you buy a cellular phone, you must get a
cellular phone number that’s burned into a program-
mable ROM that’s inserted into the phone. It’s called
a NAM, which stands for ‘‘numeric assignment num-
ber.’”’ This number, which includes your unit’s serial
number, identifies you to the cell site when you make
or receive a phone call. It also serves as a theft deter-
rent if the thief knows about cellular phones.

It’s clear that cellular mobile phones (there are bat-
tery-powered portable models, too) are highly desir-
able devices—if you can afford them. You can push
the initial outlay down by installing a phone yourself,
making it possible to search out the best deal from
sellers who don’t necessarily do installation.

In typical installations, the cellular phone trans-
ceiver is installed in a car’s trunk, with cable running
to the control head that’s located near the driver on
the console or dashboard. Power is derived from the
car battery and an antenna, usually mounted on the
rear fender or the trunk completes the setup. Win-
dow-mounted antennas are available, too.

You can usually identify a vehicle that has a cellu-
lar phone by the shape of the antenna, which is short
and has a helix winding about two-thirds down the
antenna rod. The photographs and captions that fol-
low show you how to install a system yourself. A Dia-
mond-Tel cellular phone from Mitsubishi Electric
Sales America was used as an example for installa-
tion in a GMC Safari van.

(Photographs by Ron Cogan.)

Do-It-Yourself Installation

Antenna -
Coaxial Power Cable N\
Cable \\ \

Transceiver -

Dashboard Mount
Control Unit

/ Vs ignition Switch
[/ Batter
's y

/ Horn Relay

Interconnecting
Cable

Flush Mount /
Control Unit

/ - Battery Cable

Pedestal Mount
Control Unit

1. This particular Diamond-Tel phone can either be mounted as a single unit with both transceiver and hand-
set located near the driver's seat or with the transceiver mounted remotely in a vehicle’s trunk. A typical remote-

mounted installation is illustrated here.
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2. The first step in planning a cellular telephone installa-
tion is 1o find a suitable mounting site for the phone. The
floor area between the seats in this GMC Safari van was
chosen for this Mitsubishi Diamond-Tel unit. Popular
phone locations in automobiles are on the transmission
hump, on the floor or under the dashboard.

4. The system’s brown lead is routed to the vehicle’s fuse
block, where it is attached to a power source that is hot
only when the ignition key is turned to “on” or ‘“acces-
sory.” This wire utilizes an in-line 4-ampere fuse.

Since several wires are routed from the interior to the
engine compartment, they must pass through the metal
firewall. Be sure to route these through a rubber grommet
to prevent the possibility of insulation fraying on sharp
metal edges; this could save you from a short circuit later.

Pull the red and black leads toward the vehicle’s battery
and cut them to appropriate length. Secure these wires to
other wires or cables with plastic wire ties; this will keep
them securely in place as they route from the firewall to
the battery area.

3. Like many of the new breed of transportable phones,
Mitsubishi’s Mesa-55 model uses a separate mounting
base that bolts to the floor. Cabling containing power wir-
ing, as well as the system’s antenna coax, is routed here
beneath the vehicle’s carpeting from this site to other
areas where the wires will be connected. It could also be
brought to adoor side and routed under the trim strip that
covers the carpeting there.

5. The red lead, with its 10-ampere in-line fuse, joins to
the positive battery terminal; the black lead secures to the
ground terminal. Special battery-post extenders like those
used here are available from many auto parts suppliers
and some electronics stores. These allow auxiliary wires
to be joined to both top- and side-post style of batteries.
Jointhe yellow lead to your horn relay so you can set the
phoneto signal anincoming call when you’re out of the ve-
hicle. Be sure to use a diode to suppress potential arcing
that could occurin the relay. All connections can be made
by soldering or using crimp-on connectors. If you choose
to solder, we recommend the use of heat-shrinkable tub-
ing to protect the exposed wire.
(Continued on page 90) ’
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NEW!
CB Radios &

Scanners

Communications Electronics;
the world’s largest distributor of radio”
scanners, introduces new models of
CB & marine radios and scanners.

NEW! Regency? TS2-RA

Allow 30-90 days for delivery after receipt of order
due to the high demand for this product.

List price $499.95/CE price $339.95

12-Band, 75 Channel ® Crystalless ® AC/DC
Frequencyrange: 29-54,118-175, 406-512,806-950 MHZ
The Regency TS2 scanner lets you monitor
Military, Space Satellites, 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-RAis a 35 channel version of this radio without
the 800 MHz. band and costs only $239.95.

Regency® Z60-RA

List price $299.95/CE price $148.95/SPECIAL
8-Band, 80 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 aircratt 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-RA

List price $259.95/CE price $139.95/SPECIAL
7-Band, 45 Channel ® No-crystal scanner
Bands: 30-50, 118-136, 144-174, 440-512 MHz.

The Regency 245 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® RH256B-RA

List price $799.95/CE price $329.95/SPECIAL
16 Channel ® 25 Watt Transceiver ® Prlority
The Regency RH256B is asixteen-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 to 16 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 RH256 makes anideal radlo for any police
or fire department volunteer because of its low cost
and high performance. A 60 Watt VHF 150-162
MHz. version called the RH606 B-RA is available
for $459.95. A UHF 15 watt, 10 channel version of
this radio called the RU150B-RA is also available
and covers 450-482 MHz. but the cost is $439.95.

Bearcat® 50XL-RA

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 keyboardlock switch to
prevent accidental entry and more. Also order the
new double-long life rechargeable battery pack
part # BP55 for $29.95, a plug-in wall charger, part
# AD100 for $14.95, a carrying case part # VCOO1
for $14.95 and also order optional c.garette lighter
cable part # PS001 for $14.95.

| uniden |

Remote CB Yansceiver

e e

NEW! Scanner Frequency Listings
The new Fox scanner frequency directories will help
you 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,
torestry radio service, railroads. weather stations, radio
common carriers, AT&T mobile telephone, utllity com-
panies, general mobue radio service, marine radio
service, taxi cab companies, tow truck companies,
trucking companies, business repeaters, businessradio
(simplex) tederal government, funeral directors, vet-
erinarians, buses, aircraft, space satellites, amateur
radio, broadcasters and more. Fox frequency listings
feature call letter cross reference as wellas alphabeticat
listing by licensee name, police codes and signals. All
Fox directories are $14.95 each plus $3.00 shipping.
State of Alaska-RLO19-1; Baltimore, MD/Washington,
DC-RLO24-1; Chicago, IL-RLO14-1; Cleveland, OH-
RLO17-1; Columbus, OH-RLO03-2; Dalias/Ft. Worth,
TX-RLO13-1; Denver/Colorado Springs, CO-RLO27-1
Detroit, MI/ Windsor, ON-RLO08-2; Fort Wayne, IN
/Lima, OH- RLOO1-1; Houston, TX-RLO23-1; Indian-
apolis. IN-RLO22-1; Kansas City, MO/ KS-RLO11-2;
Los Angeles, CA-RLO16-1; Louisville/Lexington, KY-
RLOOT7-1; Milwaukee, wi/waukegan, IL-RLO21-1
Minneapolis/St. Paul, MN-RLO10-2; Nevada/E. Central
CA-RLO28-1; Oklahoma City/Lawton, OK-RLOOS-2;
Pittsburgh, PA/Wheeling, WV-RL029-1; Rochester/
Syracuse, NY-RL0O20-1: Tampa/St. Petersburq. FL-
RLOO4-2; Toledo, OH-RLOO2-3. A regionai directory
which covers police, fire ambulance & rescue squads,
local government, forestry, marine radio, mobile phone,
aircratt and NOAA weather Is avaliable for $19.95 each.
RDOO1-1 coversAL, AR, FL, GA. LA, MS,NC,PR,SC, TN
& VI. For an area not shown above call FOx at 800-543-
7892 or in Ohio 800-621-2513.

e
Regency® Informant™ Scanners
Frequencycoverage: 35-54,136-174406-512 MHz.
The new Regency Iinformant scanners cover virtu-
ally all the standard police, fire, emergency and
weather frequencies. These special scanners are
preprogrammed by state in the units memory. Just
pick a state and acategory. The Informant does the
rest. All Informant radios have a feature called
Turbo Scan™ toscan up to 40 channels per second.
The INF1-RA is ideal for truCkers and is only
$249.95. The new INF2-RA is a deluxe model and
has ham radio, a weather alert and other exciting
features built in for only $324.95. For base station
use, the INF5-RA is only $199.95 and for those
who can affordthe best, the INF3-RA at$249.95, is
a state-of-the-art, receiver that spells out what
service you're listining to such as Military, Airphone,
Paging, State Police, Coast Guard or Press.

Regency® HX1500-RA

List price $369.95/CE price $218.95

11-Band, 55 Channel ® Handheld/Portable
Search ® Lockout ® Priority ® Bank Select
Sidelit liquid 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
versatliity. 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. Operates on 8
1.2 Volt rechargeable Ni-cad batteries (not included).
Be sure to order batteries and battery charger from
the accessory list in this ad.

Bearcat® 100XL-RA
List price $349.95/CE price $178.95/SPECIAL
9-Band, 16 Channel ® Priority ® Scan Delay
Search ® Limit ® Hold ® Lockout ® AC/DC
Frequency range: 30-50, 118-174, 406-512 MHZ
Included in our low CE price is a sturdy carrying case,
earphone, battery charger/AC adapter, six AA ni-cad
batteries andflexible antenna. Order ycur scanner now

* % % Uniden CB Radios %%

The Uniden line of Citizens Band Radio transceivers is
styled to compliment other mobile audio equipment.
Uniden CB radios are so reliable that they have a two
year limited warranty. From the feature packed PRO
540e to the 310e handheld, there is no better Citizens
Band radio of the market today.

PRO310E-RA Uniden 40 Ch. Portable/MobileCB ... $85.85
NINJA-RA PRO3J10E with rechargeable battery pack.$99.95

B-10-RA 1.2V AA Ni-cadbatt. for Ninja(setof 10) $20.95
PRO520E-RA Uniden 40 channel CB Mobile $59.95
PROS540E-RA Uniden 40 channel CB Mobile $119.95
PRO710E-RA Unidend0 channel CB Base $119.95
PC22-RA Uniden remOte mount CB Mobile $99.95
PC55-RA Unidenmoblle mount CB transceiver. $59.95

* % xUniden Marine Radios % % %
Now the finest marine electronics are available through
CEl. The Unimetrics SH66-RA has 50 transmit and 60
receive frequencies with 25 or 1 watt power output.
Only $169.95. The Unimetrics SH 88-RA s adeluxe full
function marine radiotelephone featuring 55 transmit
and 90 receive channels and scanning capability for
only $259.95. The Unimetrics SH3000-RA is an excel-
lent digital depth sounder, good for 300 feet. It has an
LCD continuously backlit with red light display anda §
ft. or 10 ft. alarm. Only $189.95. Order today.

CIRCLE NO. 151 ON FREE INFORMATION CARD

Bearcat® 800XLT-RA

Listprice $499.95/CE price $289,95/SPECIAL
12-Band, 40 Channel ® No-crystal scanner
Priority control ® Search/Scan ® AC/DC
Bands: 29-54, 118-174, 406-512, 806-912 MHa
The Uniden 800 XL T receives 40 channels In two banks.
Scans 15 channels per second. Size 9% x 4% x12%.

OTHER RADIOS AND ACCESSORIES

Panasonic RF-2600-RA Shortwave receiver $179.95
RD55-RA Uniden Visor mount Radar Detector $98.95
RD9-RA Uniden~Passport” size Radar Detector ... $169.95
NEW!BC 7TOXLT-RA Bearcat 20 channelscanner. .. $168.95
BC 140-RA Bearcat 10 channel scanner $92.95
BC 145XL-RA Bearcat 16 channel scanner $98.95
BC 175XL-RA Bearcat 16 channel scanner $156.95
BC 210XLT-RA Bearcat 40 channel scanner $196.95
BC-WA-RA Bearcat Weather Alert” $35.95
R1080-RA Regency 30 channel scanner $118.95
R1090-RA Regency 45 channel scanner $148.95
UC102-RA Regency VHF 2 ch. 1 Watttransceiver ... $117.95
P1412-RA Regency 12 amp reg. power supply ... $189.95
MAS549-RA Drop-incharger for HX1200 & HX1500 .. $84.95
MAS518-RA Wall charger for HX1500 scanner $14.95
MAS553-RA Carrying case for HX1500 scanner $19.95
MA257-RA Cigarette lighter cordfor HX12/1500 $19.95
MA917-RA Ni-Cadbattery pack for HX1000/1200 $34.95
SMMX7000-RA Svc. man. for MX7000 8 MX5000 ... $19.95
B-4-RA 1.2 V AAA Ni-Cad batteries (set of four) $9.85
B-8-RA 1.2 V AA Ni-Cad batteries (set of eight) $17.95
FB-E-RA Frequency Directoryfor EasternU.S.A $14.85
FB-W-RA Freauency Directory for Western U.S.A. $14.85
ASD-RA Air Scan Directory $14.95
SRF-RA Survival Radio Frequency Directory $14.95
TSG-RA*“Top Secret” Registry of U.S. Govt. Freq $14.85
TIC-RA Techniques for intercepting Comm $14.95
RRF-RA Railroad frequency directory $1485
EEC-RA Embassy& Espionage Communications $14.85
CIE-RA Covert Intelligenct, Elect. Eavesdropping $14.85
MFF-RA Midwest Federal Frequency directory $14.85
AB0O-RA Magnet mount mobile scanner antenna... $35.85
ATO-RA Base station scanner antenna. $35.95
MA548-RA Mirror mount Informant antenna $39.95
USAMM-RA Mag mount VHF ant. w/ 12° cable. $39.95
USAK-RA %" hole mount VHF ant. w/ 17’ cablte... $3585

Add $3.00 shippingfor all accessones ordered at the same time.
Add $12.00 shipping per shortwave receiver.
Add $7.00 shlpping per radio 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 please add 4%
sales tax or supply your tax I.D. number. Written pur-
chase orders are accepted trom approved government
agencies and most well rated firms ata 10% surcharge
for net 10 billing. All sales are subject to availability.
acceptance and veritication. All sales on accessories
are final. Prices, terms and specitications are subject to
change without notice. All prices are in U.S. dollars. Out
of stock items will be placed on backorderautomatically
unless CE is instructed difterently. A $5.00 additional
handling tee 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 manufacturers warranty. Free copies of
warranties on these products are avallable prior to
purchase by writing to CE. Non-certitied checks require
bank clearance. Not responsible for typographical errors.

Mait orders to: Communications Electron-
ics” Box 1045, Ann Arbor, Michigan 48106
U.S.A. Add $7.00 per scannerfor R.P.S./U.P.S.
ground shipping and handling inthe continental
U.S.A For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPO delivery, shipping charges are
three times continental U.S. rates. If youhave a
Discover, Visa or Master Card, you may caltand
place a credit card order. Order toll-free in the
U.S. DiatB00-USA-SCAN. In Canada, order toil-
free by calling800-221-3475. FTCC Telex any-
time, diat 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 #080187-RA
Copyrighte 1987 Communications Electronics inc.

Forcreditcard orders call

1-800-USA-SCAN

8 COMMUNICATIONS
ELECTRONICS INC.
Consumer Products Division

P.0O. Box 1045 (0 Ann Arbor, Michigan 48106-1045 U.S.A.
CallBOO-USA-SCAN oroutside U.S.A. 313-973-8888



Project

Electronic Heat Control

How electronics provides more efficient utilization of available
energy resources and some controller circuit examples

_ By Fernando Garcia Viesca

lectronic “‘intelligence’” is
E frequently used to manage

energy resources. With elec-
tronic management, control of all
types of heating, particularly elec-
trically generated, can maximize ef-
ficiency. Electronic energy manage-
ment can be put to effective use in
business/commercial and residential
heating, maintaining a specific water
temperature range in tropical fish
aquariums, even fractionating crude
oil into gasoline and other petroleum
products.

Our discussion will be limited to
electronic management of electrical

heating systems in which tempera-
ture control up to 150° C (302°F) is
required. This range is easily handled
with low-cost thermistors, which
provide a large ‘‘gain’> without the
need for amplification. Coupled
with the thermistor’s small heating
constant, an accurate controlling
system can be built with only simple
circuitry.

Accompanying our discussion will
be schematic diagrams for three dif-
ferent types of electronic controllers
you can build and experiment with or
use in specific applications. Before
we begin, however, a word of cau-
tion is in order: When working with
these circuits, exercise extreme care,

since you will be dealing with poten-
tially lethal 117 or 220 volts ac.

Basic Controllers

In a typical electromechanical ther-
mostat arrangement, the heating
load is energized through a power re-
lay or “‘contactor.’’ The main disad-
vantage of this setup is that arcing
between the contacts of the relay or
contactor eventually leads to system
failure, due to erosion of the metal
that makes up the contacts. To mini-
mize on/off cycles, thermostats have
built-in hysteresis, meaning that the
temperature must drop two degrees
or so below the setpoint before the
relay energizes.
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Fig. 1. This simple high-performance on/off electronic controller can be matched to the ac input voltage by

selecting an appropriate value for R1.
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A couple of degrees by itself would
be of little consequence if it were not
for the fact that objects, including
ambient air, do not cool or heat in-
stantaneously. (Each type of mater-
ial has its own thermal constant.)
Hence, large temperature excursions
above and below the setpoint are a
common phenomenon. So the first
use of electronic controllers was as
electronic thermostats or on/off
controllers.

By replacing the bulky power relay
with a thyristor and the thermostat
with a solid-state sensor, hysteresis
can be set to a minimum, while at the
same time eliminating contact arcing
and its contribution to system fail-
ure. With this type of arrangement,
heating elements can be switched

faster.
Shown in Fig. 1 is a typical elec-
tronic thermostat circuit built

around a CA3059 zero-voltage inte-
grated-circuit switch. The CA3059
has an internal rectifier and voltage
regulator that are supplied from the
ac power line, a circuit that detects
the zero crossing of the ac waveform,
a current-limiting triac driving cir-
cuit, and a protection network that
monitors the sensor for an open or
shorted condition.

A basic controller circuit is very
simple in terms of both component

SET

.............. ,Z.'__\_-./—.E\ S _/.k
FOIMT / \/

TIME

Fig. 2. The electronic on/off controller suffers from large temperature fluctua-
tions above and below the setpoint.

count and complexity. Though it can
be built with only a few discrete com-
ponents and a single integrated cir-
cuit, this type of circuit provides a
high-performance on/off control-
ling device.

By firing the triac inside the IC at
the zero crossing point of the ac
waveform, noise pulses produced by
random turn-on are avoided and triac
stresses that become more meaning-
ful with larger loads are decreased.

Operation of the Fig. 1 circuit is as
follows. Ac line voltage is dropped
by R/, which feeds the IC’s internal
limiting circuit. By selecting the pro-
per resistor value, any ac supply po-
tential from 24 to 250 volts can be
used to power the circuit. This limit-

ing circuit feeds the internal supply
and zero-crossing networks.

A regulated 6.5 volts is available at
pin 2 of the CA3059, which is filtered
by CI. An internal comparator is
driven at its noninverting input by
the voltage from the divider network
made up of potentiometer P/ and
temperature-sensing thermistor R2.
The pin 9 inverting input is fed by the
internal biasing resistors and is avail-
able at pins 10and 11.

Because a negative temperature
coefficient (NTC) resistor is used in
the Fig. | circuit, a rise in tempera-
ture will decrease the voltage applied
to pin 13 of the CA3059. This turns
off the internal comparator that sup-
plies a signal to an internal AND

PARTS LIST

Semiconductors

A1—CA3059 zero-voltage switch

Q1—MAC2236 or similar 400-volt, 20-
ampere triac specified for four-quad-
rant triggering (see text)

Capacitors

C1—100-uF, 10-volt aluminum electro-
lytic

C2—0.05-uF, 200-volt Mylar

Resistors

R1—See text

R3—1,800 ohms, 2 watt, 5% toler-
ance

R2—5,000-ohm NTC thermistor

P1—10,000-ohm, linear-taper potenti-

120 ¥
g

TIME

ometer

Fig. 3. Tighter control is achieved in the proportional band, between the 0 and
100-percent power levels, when power is gradually decreased.
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gate. The AND gate delivers a pulse
to the triac driving circuit only if all
its signals are enabled: that the tem-
perature is lower than setpoint, in-
hibiting input pin 1 of the IC is open,
the ac voltage waveform is near its
zero-crossing point, and the thermis-
tor has not failed (as sensed by the
protection network).

The last attribute is extremely val-
uable in preventing an overheating
condition in case of thermistor
failure. Without it, an open device
would appear to the circuit as a

“‘low-temperature’’ condition, caus-
ing the system to generate continu-
ous out-of-control heating, with
probable harmful effects.

Take note that since the triac is
supplied with only positive gating
current, it must be selected with this
parameter in mind. (Many triacs are
triggered with negative gating cur-
rent or with the gating current in-
phase with the supply voltage.)
Available drive is typically 84 milli-
amperes, but the CA3059 has provi-
sions to increase the current to about

124 milliamperes by shorting togeth-
er pins 2 and 3. Also, the width of the
output pulse can be lengthened by in-
cluding C2 in the circuit, which may
be necessary if the triac fails to latch
with light loads.

For the protection circuit to func-
tion properly, the ratio of the ther-
mistor and potentiometer resistances
should be greater than 0.33 and less
than 3. Select a thermistor whose re-
sistance is between 2,000 and 100,000
ohms at 25 degrees C (77 degrees F).
If desired, protection can be disabled

Fuse Fig. 4. Only discrete components are used in this increased-accuracy propor-
Wi 0 tional controller circuit.
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PARTS LIST
Semiconductors Capacitors R4—5,000-ohm NTC thermistor
D1 thru D4—1N4004 rectifier diode C1—0.1-4F, 200-volt Mylar P1—10,000-ohm, linear-taper potenti-
D5—20-volt, 1-watt zener diode ometer
D6— 1N4001 rectifier diode Resistors (/2-watt, 10% tolerance) P2—5-megohm, linear-taper potenti-
Q1—2N2646 or equivalent unijunction R1,R2—2,200 ohms ometer
transistor R3—2,200 ohms
Q2—MAC223-6 or similar 400-volt, R5—100,000 ohms Miscellaneous
20-ampere triac R6—1,000 chms T1—1:1 pulse transformer (see text)
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Fig. 5. Adding phase control allows the conventional proportional controller to
behave like a lamp dimmer, chopping the sine wave of the power line to control
power delivery.

by disconnecting pin 1 of the CA-
3059 from the circuit.

Up to 4 kilowatts of power can be
controlled with the specified triac at
220 volts, provided the triac is ade-
quately heat sinked. Use sufficiently
heavy gauge wire when wiring this
circuit, and practice extreme caution
working around ac line potentials. If
a lower power level is needed, you
can substitute a smaller (and less ex-
pensive) triac, but make sure that the
one you select is rated to handle at
least 20 percent more current than it
will normally encounter in your par-
ticular application.

Proportional Controller

So far, we have discussed heat con-
trol in terms of simple on/off condi-
tions, for replacement of a conven-
tional electromechanical thermostat.
The on/off controller has a major

disadvantage in that, as shown in
Fig. 2, it suffers from large tempera-
ture fluctuations above and below
the setpoint. This effect is lessened if
the power is gradually decreased to
zero as temperature approaches the
setpoint, instead of abruptly turning
off upon crossing the setpoint tem-
perature threshold. Likewise, the
temperature is gradually increased
from zero to full power as the tem-
perature drops. This gives tighter
temperature control.

The temperature range over which
the proportional controller adjusts
power from 0 to 100 percent is called
the “‘proportional band.”’ As shown
in Fig. 3, temperature fluctuations
are decreased and the heating slope is
smoother.

A proportional controller circuit
developed by General Electric em-
ploying discrete devices only is an el-

Fig. 6. In an improved proportional controller, full integral cycles are conduct-
ed. With this arrangement, power is controlled by the ratio of “‘on’’ cycles
(shaded area) to *‘off”’ cycles.

Say You Saw It In Modern Electronics

egant example of how a very simple
circuit can be made to perform
amazingly well. The circuit is shown

schematically in Fig. 4. It operates as
follows. The incoming ac voltage is
current limited by R/, rectified by
the diode bridge made up of DI/
through D4 and clamped to 20 volts
by zener diode D5.

Note in this circuit that there is no
filter capacitor. Thus, the supply
voltage drops to zero twice in each
60-Hz cycle, providing a means for
resetting unijunction transistor Q/
and synchronizing it to the line volt-
age frequency. The clamped voltage
also feeds a voltage divider made up
of resistor R3, potentiometer P/ and
thermistor R4.

Whenever the thermistor heats up,
its resistance decreases and a lower
voltage, delivered via D6, is fed to
Cl. A longer time is developed to
trigger UJT Q/. Upon triggering, Q/
turns on triac Q2 via pulse trans-
former T/. A heat increase delays the
conduction angle of the triac and,
therefore, the system delivers lower
average power.

An unclamped sinusoidal voltage
is used to precharge C/, which is the
key to the circuit’s extraordinary
gain. Precharging is through P2 and
R5 so that the UJT’s triggering volt-
age ‘‘ramps’’ faster. Potentiometer
P2 can be replaced with a fixed 3.3-
megohm resistor.

You can easily make a pulse trans-
former yourself from readily avail-
able parts. All you need are a 2-inch
length of 3%-inch-diameter ferrite
rod, which can be from an old AM
ferrite loopstick antenna or other
similar pressed ferrite material and
some No. 28 enameled (so-called
““magnet’’) wire. Using a bifilar
technique, wind 120 turns of the wire
onto the rod. (‘‘Bifilar’’ means that
the primary and secondary of the
transformer are wound simultane-
ously.)

Liberally coat the transformer
with contact cement to keep it from
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unwinding. Identify the two starting
wires with a dot of nail enamel or
modeler’s enamel paint. The dot cor-
responds to the dots shown near T/
in Fig. 4. If you already have a com-
mercial pulse transformer, so much
the better.

With proportional controller cir-
cuits, an order of magnitude better
heat control can be achieved than is
possible with simple on/off control-
lers. The disadvantage of a phase
control circuit, however, is that, like
a lamp dimmer or the circuit just de-
scribed, large amounts of r-f noise
are normally generated. This noise
can disturb communications and
even disrupt the operation of some
computers. It is a byproduct of the
waveform chopping action, as illus-
trated in Fig. 5. R-f filters can be
used to lower the level of noise, but
when kilowatt loads are involved,
the filter becomes too large and ex-
pensive to be practical.

Zero-Voltage-Switching
Proportional Controller

Zero voltage switching, or ZVS, is a
technique used to control the
amount of power delivered to the
load by conducting integral ac cycles
within a timebase. By controlling the
ratio of fully ‘“‘on’’ cycles to fully
“off”” cycles, the amount of power
can be adjusted, as shown in Fig. 6.

While phase control generates
noise as a result of waveform chop-
ping, ZVS conducts full cycles that
are triggered at zero voltage, which
results in negligible generation of rfi
(radio-frequency interference). There-
fore, this method of control is rec-
ommended for high-power loads and
sensitive environments.

The sample waveform shown in
Fig. 6 has a timebase of only three cy-
cles. Best resolution available is in in-
crements of 33 percent of rated pow-
er. Actual circuits have timebases of
hundreds of cycles, with resolutions
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Fig. 7. Telefunken’s U217B controller IC has many functions normally supplied
by several ICs and discrete components.

Traditionally, ZVS circuits have
been difficult to implement. Now,
however, a new breed of integrated
circuits from Telefunken offers a so-
lution. These ICs have all the fea-
tures of the CA3059 plus line-syn-
chronized ramp generation, dc offset
correction, an accurate reference
voltage and much more. These chips
represent a prime example of how
semiconductor manufacturers can
incorporate into a single 1C complete
functional blocks that heretofore re-
quired a board filled with discrete
components and ICs.

Simplest of the Telefunken family
of controller ICs, the U217B inte-

powerful enough to handle almost
any task put to it. A block diagram
with pinouts of this integrated cirucit
is shown in Fig. 7.

In this IC, the ramp generator is
the key to the proportional control-
ler’s characteristics. By superimpos-
ing a zero voltage on bias pin 3, the
comparator modifies its pulse width
as shown in Fig. 8. A high tempera-
ture condition is shown in (A), where
the ““on’’ periods are shorter than in
a low-temperature condition, which
is illustrated in (B).

Triac gating pulses are generated
only if pin 3 is positive with respect to
pin 4 of the IC. The ramp’s period is

gral-cycle zero-voltage switch is long compared to the 60-Hz power
| (a) (b)
I"*‘]'""T""r o y 1! ]|
VUV B 7 Ve VA
|

that can exceed 1 percent. For all
practical purposes, this is considered
to be continuous.

Fig. 8. Inintegral control generation witha U217B, the thermistor voltage at pin
4 (dashed lines) is compared with a dc-shifted ramp at pin 3. This modifies the
power delivered to the load, as illustrated by the blocks at the bottom.
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PARTS LIST
Semiconductors C4—4.7-uF, 25-volt aluminum electro-
A1—U217B zero-voltage proportional lytic
controller (Telefunken; see text) Resistors (2-watt, 10% tolerance)
D1—1N4004 rectifier diode R1—470,000 ohms
Q1 —MAC223-6 or similar 400-volt, R3—68 ohms, 2 watt
20-ampere triac R4—3,900 ohms, 2 watt
Capacitors R5—12,000 ohms, V2 watt
C1—100-uF. 12-volt aluminum electro- R7—56,000 ohms, 2 watt
lytic R8—1.5 megohms, 2 watt
C2—10-uF, 25-volt aluminum electro- R2—12,000 ohms, 2 watts
lytic R6—25,000-ohm NTC thermistor
C3—0.01-4F. 200-volt Mylar

Fig. 9. This complete zero-voltage-switching system employs a positive ground.

line’s period, with typical values
ranging from 0.5 to 3 seconds. The
period is adjusted with C4 in the
complete ZVS circuit shown in Fig.
9. You can see that very few compo-
nents are needed in this basic circuit.

Inthe Fig. 9circuit, D/, Cl/and R2
provide the 9-volt regulated supply
at pin 5 of integrated circuit A/, R5
provides line synchronization and
C4 provides the timebase for the
ramp generator and triac Q/. A few
more components are needed for
temperature sensing and setpoint ad-
justment. Hence, R4, Pl and R6
form a voltage-dividing network
whose output voltage is modified by
the temperature determined by the
setting of P/J.
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The ramp is superimposed by R8
on the bias furnished by RS and R7 at
the noninverting input to provide the
proportional function. Though pin 1
of A/ is current limited to about 100
milliamperes, power dissipation
within the IC can be lowered by in-
cluding R3 in the circuit. Capacitor
C! filters the rectified supply volt-
age, while capacitors C2 and C3 pro-
vide decoupling.

You may notice that this circuit
operates with a positive ground,
which allows negative gating pulses
to be supplied to the triac, thus
avoiding the need to select a special
version of the latter. Values for R/
and R2 are for 220 volts ac. If you
build a controller for a 117-volt sys-

tem, simply halve the values of these
resistors.

Parts Availability

Though most of the components
specified in the circuits we have cov-
ered are commonly available, there
are a couple you might have difficul-
ty finding. A source for the 25,000-
and 5,000-ohm NTC thermistors is
Digi-Key Corp., P.O. Box 677, Thief
River Falls, MN 56701. When order-
ing, specify Cat. No. KCOO7N-ND
for the 25K thermistor or KCOOSN-
ND for the SK thermistor; both sell
for $1.95 each.

You will not find the Telefunken
chip specified in Fig. 9 in most tradi-
tional electronics parts outlets. For
this item, you must find an AEG-
Telefunken distributor in your area
(check the telephone book) or pur-
chase it directly from AEG-Tele-
funken Corp., Rte. 22, Orr Dr., PO.
Box 3800, Somerville, NJ 08876. ME

State of the Art Kits by Hal-Tronix, inc.
TOUCH TONE DECODER AND ENCODER KITS
$3995

TOUCH TONE DECODER. SINGLE LINE IN 12 LINES
OUT. COMES COMPLETE WITH P.C. BOARD AND ALL
PARTS NO SOCKETS. CASE OR POWER SUPPLY
HAL-£67-16 . $69
TOUCH-TONE DECODER. SINGLE LINE IN 16 LINES
OUT_COMES COMPLETE WITH P.C. BOARD AND ALL
PARTS PLUS SOCKETS. NO CASE OR POWER SUPPLV
HAL-ECD-12. 29.95
TOLCH TONE ENCODER. 3 x 4 12 LHARACTER USE
FOR DIALING. COMPLETE WITH ALL ELECTRONIC
PARTS INCLUDES SPEAKERS FOR AUDIO COUPLING
AND L E.D FOR VISUAL INDICATION. CRYSTAL CON-
TROLLED SINGLE IC CHIP & ALUM CASE.
HAL-ECD-16 $39.95
TOUCH-TONE ENCODER. 4x4 16 CHARACTER. USE
FOR DIALING. COMPLETE WITH ALL ELECTRONIC
PARTS. INCLUDES SPEAKER FOR AUDIO COUPLING
AND L.E.D. FOR VISUAL INDICATION. CRYSTAL CON-

TROLLED. SINGLE IC CHIP. & ALUM CASE

PRE-AMPLIFIERS

HAL PA 19 $9.95
WIDE BAND - 2-200 MHZ - 19 DB - BUILT AND TESTED

KEVERSANDOPHONALMEMORVKWS
ACCUKEYE]|
THIS ACCUKEVER KIT IS A REVISED VERSION OF THE
FAMOUS WB4VVF ACCUKEYER. BUT WITH SIDE TONE
ONEOARD. COMES COMPLETE WITHALL ELECTRONIC
PARTS, LESS SOCKETS, POWER SUPPLY AND CASE
ACCU-MEMORY 1101 $16.95
LOW COST METHOD OF ADDING MEMORY TO THE
ACCUKEYER COMES WITH TWO 1101 MEMORIES. GIV-
ING YOU CHANNELS CAPABLE OF 30 CHARACTERS
PER CHANNEL. COMES COMPLETE WITH ALL ELEC-
TRONIC PARTS INCLUDING SOCKETS. LESS CASE
AND POWER SUPPLY
ACCU-MEMORY 2102 52195
LOW COST METHOD OF ADDING LARGER MEMORY
TO THE ACCUKEYER PROVISIONS FOR 42102'S (ONLY
12102 COMES WITH THE KIT) HAS THE CAPABILITY OF
4 CHANNELS WITH 120 CHARACTERS EACH COMES
COMPLETE WITH SOCKETS. LESS 3 OF THE 2102'S.
LESS POWER SUPPLY AND CASE.

SPECIAL OFFER

21BUY THEACCUKEYER AND 1101 OPTION TOGETHER
{ONLY) $32.00
#2 3UY THE ACCUKEYER AND 2102 OPTION TOGETHER
(ONLY) $37.00
23 BUY THE ACCUKEYER AND 2102 OPTION ALONG
WITH THREE EXTRA 2102'S AND SOCKETS
(ONLY) saom
PROXIMITY KEYER
KEYER PADOLE ENABLES ONE TO GENERATE DOTS
AND DASHES WITH THE TOUCH OF A FINGER (NO
MOVING PARTS) COME COMPLETE WITH ALL ELEC-
TRONIC PARTS LESS CASE AND POWER SUPPLY

“HAL" HAROLD C. NOWLAND WaZXH

HAL-TRONIX, INC. (_a/
12671 Dix-Toledo Hwy.
P.O. Box 1101, Dept C. 2\

Southgate, M1 48195 | .
(313) 281-7773
Hours: 12:00 - 6:00 EST Mon.-Sal
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Computers

Computer-Aided
Troubleshooting

Using a personal computer to assist in and speed up
troubleshooting electronic circuits

By Robert G. Middleton

y using a personal computer
B and an appropriate applica-

tions program to assist you
to troubleshoot electronic circuits,
you can speed up the time you spend
at your testbench.

Why use computer-aided trouble-
shooting? Among the reasons are:
Computer-aided troubleshooting, or
CAT, tests circuits under normal op-
erating conditions, based on infor-
mation you feed into the computer
when prompted for it. The program
then calculates off-tolerance circuit
characteristics and points a ‘‘finger”’
at any circuit parameter that is off-
tolerance by a given percentage.

Given these quick clues, you can
proceed to evaluate voltage measure-
ments or scope displays with great ef-
ficiency. If you troubleshoot elec-
tronic equipment for a living, work-
ing with a CAT program/computer
can enhance profitability. Besides, it
is also the wave of the future.

A Practical Example

Consider a dc voltage network con-
sisting of a widely used voltage bias
configuration for a transistor stage,
as shown in the schematic diagram.
Key into your computer the BASIC
program shown in this article and
save it on-disk. Having done this, re-
call and RUN the program.

This program provides a means
for analyzing optional emitter by-

V&V,
+30V
R1 3
20K
R2 iF USED
10K § =T
R, 1 <lLeakage
10K T {resistance
eed-d

The traditional common-emitter am-
plifier biasing arrangement, with
emitter bypassing shown phantomed.

passing, with possible capacitor
leakage. Observe that the resistive
values, V.. and Vi, dc beta for the
transistor, and a given tolerance per-
centage are keyed in as requested
while the program is running.

Once supplied with the requested
data, the program will direct the
computer to print out the normal
emitter voltage that would be mea-
sured, then emitter voltages that
would be measured with any given
circuit parameter at the given high
or low tolerance value. Depending
upon the order of error magnitude,
you might wish to select a higher
or lower tolerance percentage and
reRUN the program.

If the bias circuit includes an emit-
ter bypass capacitor (shown in phan-
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tom in the schematic diagram), which
is often the case, the latter portion of
the program RUN prints out the
emitter voltages that would be mea-
sured with various stepped values of
capacitor leakage resistance. If the
bias circuit does not include a bypass
capacitor, you merely ignore this
portion of the program RUN.

If you are familiar with Ohm’s
Law, the principles of circuit opera-
tion and computer programming,
you can write programs for just
about any troubleshooting situation
you are likely to encounter. Properly
written CAT programs will not only
serve as an aid to a dc voltmeter, as is
the case with the one given here, they
can also serve as aids to oscilloscopes,
signal generators and square-wave or
pulse generators.

Just one word of caution. Not all
personal computers have adequate
processing capability to ‘‘crunch”
various troubleshooting programs.
An inadequate computer may RUN
the program but provide incorrect
results. In this instance, if you check
back, you will find that the com-
puter simply did not ‘‘remember”’
the originally assigned values of
the variables.

Most personal computer models
today do have adequate processing
capability to easily handle the CAT
program and other more extensive
troubleshooting programs. The pro-
gram listed here was written for the
IBM PC (and compatibles), which is
more than up to the task. ME
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BASIC CAT Program for Common-Emitter Amplifier Biasing Networks

Printout of a Sample Run

of BASIC CAT Program

S LPRINT "CE AMPLIFIER BIAS NETWORK;: VOLTAGE-DIVIDER BASE RESISTORS, EMITTER RES
ISTOR, COLLECTOR RESISTOR":LPRINT:PRINT "CE AMPLIFIER BIAS NETWORK; VOLTAGE-DIVI
DER BASE RESISTOR, EMITTER RESISTOR, COLLECTOR RESISTOR":PRINT

10 LPRINT “3rd Echelon Troubleshooting Program No. 3C":LPRINT:PRINY "“3rd Echelon

Troubl eshooting Program No. 3C”:PRINY:A5=%“~““.““":LPRINY "Computes Normal Emit CE AMPLIFIER BIAS NETWORK;
ter Voltage":LPRINT VOLTAGE-DIVIDER BASE RESISTORS, EMITTER
15 PRINT “Computes Normal Emitter Voltage":PRINT:LPRINT "“Computes Emitter Voltag RESISTOR, COLLECTOR RESISTOR
e for Individual Parameters Off-Tolerance by Given Percentage”:LPRINT:PRINT “Com 3rd Echelon Troubleshooting
putes Emitter Voltage for Individual Parameters Off-Tolerance by Given Fercentag
e”:PRINT
20 INPUT "Re (Ohms)
25 LPRINT "Re (Ohms REE: INPUT"Rb1 (Ohms)=";RBO
30 LPRINT "Rb! (Ohms ;RBO: INPUT “Rb2 (Ohms) RBT
35 LPRINT "Rb2 (Ohms)=";RBT: INPUT “Rc {(ohms)=";RC
40 LFRINT "Rc (Ohms)=";RC: INPUT "Vbb (Volts)=";VBB
45 LPRINT "Vvbb (Volts) “veec (Volts)=":vCC
S50 LPRINT "Vec (Volts)=";VCC: INPUT "DC Beta=";

Program No. 3C
Computes Normal Emitter voltage

Computes Emitter Voltage for Individual
Parameters Off-Tolerance by Given Perce
tage

Re (Ohms)= 10000

55 LPRINT "DC Beta=";B: INPUT "Given % Tolerance=":T RBL (Ohmsi= 20000

60 LPRINT “Given % Tolerance=";T:LPRINT:PRINT:RE=REE Rb2 (Ohms) = 10000

65 RTH=RBO#*RBT/ (RBO+RET) : VTH=VBB#RBT/ (RBO+RBT) ; IE= (VTH-. 7) / (RE+RTH/B) : VE=1E*RE Rc (Ohms) = 10000

70 LPRINT:PRINT:LPRINT “"+# NORMAL EMITTER VOLTAGE #+"tLPRINT:PRINT "#* NORMAL EM VBBl (Valith =x S0

ITTER VOLTAGE ##":PRINT vee (Volts)= 30

75 LPRINT "Emitter Voltage="tUSING A$:VE:LPRINT:PRINT "Emitter Voltage=";USING A DC Beta= 200

$3VE: PRINT Given % Yolerance= 50
80 LPRINT "## EMITTER VOLTAGE WITH INDIVIDUAL PARAMETERS OFF-TOLERANCE BY GIVEN

FERCENTAGE ##":LPRINT:PRINT "## EMITTER VOLTAGE WITH INDIVIDUAL PARAMETERS OFF-T #% NORMAL EMITTER VOLTAGE e
OLERANCE BY GIVEN PERCENTAGE ##":PRINT

R R oL I RE Emitter voltage= 9.27

90 RTH=RBO#RBET/ (RBO+RBT): VTH=VEB*RBT/ (RBO+RBT): IE=(VTH-.7) /(RE+RTH/B) : VE=IE+*RE

95 LPRINT =" A$; VE:LPRINT:PRINT "Emitt vol
S N Emitter Voltage, Re High Tol ,=";USING H R mitter Vo #% EMITTER VOLTAGE WITH INDIVIDUAL

tage, Re High Tol,=";USING A%;VE:PRINT

100 RE=RE/(1+.01#T):RE=RE-.O01+*T*RE PARAMETERS OFF-TOLERANCE BY GIVEN

105 RTH=RBO#RBT/ (RBO+RBT) : VTH=VBB#RBT/ (RBO+RBT) : IE=(VTH-. 7}/ (RE+RTH/B) : VE=IE*RE PERCENTAGE

106 LPRINT "Emitter Voltage, Re Low Tol,=";USING A$:VE:LPRINT:PRINT "Emitter vol =y

tage, Re Low Tol,=";USING A$;VE:PRINT

110 RE=RE/(1-.01#T):RBO=RBO+.01+T#*RBO Emitter voltage, Re High Tol,= 9.28
115 RTH=RBO#RBT/ (RBO+RBT) : VTH=VBB#RBT/ (RBO+RBT) : IE=(VTH-. 7) / (RE+RTH/B) : VE= IE*RE

120 LPRINT “Emitter Voltage, Rb1l High Tol ,=":USING A$;VE:LPRINT:PRINT "Emitter V Emitter Voltage, Re Low Tol,= ©_ 24
oltage, Rbl High Tol,=";USING AS$;VE:PRINT

125 RBO=RBO/ (1+.01#7):RBO=RBO-.01 #T#RBO Emitter voltage, Rbl High Tol,= 6.77
130 RTH=RBO#RBT/ (RBO+RBT) : VTH=VBB#RBT/ (RBO+RBT) ;: IE=(VTH-.7) / (RE+RTH/B) : VE= IE*RE

135 LPRINT "Emitter Voltage, Rbl Low Tol,=";USING A$;VE:LPRINT:PRINT "Emitter Vo Emitter voltage, Rbl Low Tol, 14.26
l1tage, Rbl Low Tol ,=";USING A$;VE:PRINT

140 RBO=RBO/(1-.01#T):RBT=RET+,01#TeRET =

145 RTH=RBO#RBT/ (RBO+RET) : VTH=VBB#RBT/ (RBO+RBT) : IE=(VTH-.7) / (RE+RTH/B) : VE=IE*RE AELEES Villtwen, RER mimh Tl 42408
150 LPRINT "Emitter Voltage, Rb2 High Tol,=";USING A$;VE:LPRINT:PRINT "Emitter V Emitter Voltage, Rb2 Low Tol, Shor

oltage, Rb2 High Tol ,=":USING A$jVE:PRINT Emitter Volt
155 RET=RBT/(1+.01#T) :RBT=RBT—.01#T#RBT 2litagen ibatia HilGHITElg 2dcls

160 RTH=RBOsRET/ (RBO+RBT) : VTH=VBB#RBT/ (RBO+RBT) : IE= (VTH-.7) / (RE+RTH/B) : VE= IE#RE TR o
165 LPRINT "Emitter Voltage, Rb2 Low Tol,=";USING A$;VE:PRINT "Emitter Voltage, mitter Voltage, Beta Low Tol, ?.24
Rb2 Low Tol ,=";USING A$;VE:PRINT Emitter Voltage, Vvbb High Tol,= 14.25

170 RBT=RBT/(1-.01#T):B=B+.01#T+B

175 RTH=RBO#*RBT/ (REO+REBT) : VTH=VBB#RBT/ (RBO+RBT) : IE= (VTH—-. 7))/ (RE+RTH/B) : VE=IE#RE

180 LPRINT "Emitter Voltage, Beta High Tol ,=";USING A$;VE:LPRINT:PRINT "Emitter

Voltage, Beta High Tol ,=";USING A$;VE:PRINT

185 B=B/(1+.01#7):B=B-.01+T«+B

190 RTH=RBO#RBT/ (RBO+RBT) : VTHsVBB#RET/ (RBO+RBT) : IE=(VTH-.7) / (RE+RTH/B) : VE=IE*RE

195 LPRINT "Emitter Voltage, Beta Low TOl ,=";USING A$;VE:LPRINT:PRINT "Emitter V
oltage, Beta Low Tol ,=";USING A$; VE:PRINT

Emitter voltage, Vbb Low Tol,= 4,29

+ EMITTER VOLTAGE WITH EMITTER CAPACITOR
LEAKAGE +

Emitter Capacitor Leakage (Ohms)=9000.0d

200 B=B/ (1-.01+T):VBB=VBB+.01#T+VBE Emitter voltage (volts)= 9.2a

205 RTH=RBO+RBT/ (RBO+RBT) : VTH=VBB#RBT/ (RBO+RBT) : IE=(VTH-.7)/ (RE+RTH/B) : VE-IE+RE

210 LPRINT "Emitter Voltage, Vbb High Tol,=";USING AS$;VE:LPRINT:PRINT “Emitter V Emitter Capacitor Leakage (Ohms)=8000.0(

oltage, Vvbb High Tol ,=";USING A$;VE:PRINT Emitter voltage (volts)= 9,23

215 VBB=VBB/ (1+.014T):VBB=VBB-.01+T«+VBB

220 RTH=RBO®RBT/ (RBO+RBT) : VTH=VBB#RBET/ (RBO+RBT) : IE=(VTH-.7) / (RE+RTH/B) : VE= IE+RE Emitter Capacitor Leakage (Ohms)=7000.0

225 LPRINT "Emitter Voltage, Vbb Low Tol =";USING A%;VE:LPRINT:PRINT "Emitter Vo Emitter voltage (Volts)= 9.23

ltage, Vbb Low Tol,=";USING A%;VE:PRINT

230 VBBE=VBB/(1-.01#T) Emitter Capacitor Leakage (Ohms)=6000.0

235 LPRINT “» EMITTER VOLTAGE WITH EMITTER CAPACITOR LEAKAGE #":LPRINT:PRINT "+ Emitter Voltage (Volts)s= 9.22

EMITTER VOLTAGE WITH EMITTER CAPACITOR LEAKAGE #":PRINT

240 ER=.1#RE Emitter Capacitor Leakage (Ohms)=S000. 00

245 RE=RE-ER:RX=RE#REE/(RE+REE) :RTH=RBO#RET/ (RBO+RBT) : VTH=VBB#RET/ (RBO+RBT) : IE=( Emitter Voltage (Volts)= SN

VTH~-.7)/ (RX+RTH/B) : VE=IE#RX

250 LPRINT "Emitter Capacitor Leakage (Ohms)=";USING A$:RE:PRINT "Emitter Capaci Emitter Capacitor Leakage (Ohms)=4000.00

tor Leakage (Dhms)=";USING A$;RE Emitter Voltage (volts)= 9.19

255 LPRINT "Emitter Voltage (Volts)=";USING A$;VE:PRINT “Emitter Voltage (\Volts)

2;8U?éNiEAzi¥§éhP;ng:PRXNT Emitter Capacitor Leakage (Ohms)=3000.00

el G Ao ThER 75 Emitter voltage (volts) .17

267 LPRINT “# EMITTER VOLTAGES FOR S00, 100, AND 1 OHMS LEAKAGE RESISTANCE #":PR -

i:; “# EMITTER VOLTAGES FOR 500, 100, AND 1 OHMS LEAKAGE RESISTANCE #":LPRINT:PR Ez::::: SzTizgiozv:f::jge (g?T;)-zooo'oo

3ng§;;333;?sgéizgg;REE).RTH—RBD“RBT/(RBD#RBT).VTH—VBB'RBT/(RBD*RBT)-IE—(VTH .7 Emitter Capacitor Leakage (Ohms)m=1000.00
H Emitter Voltage (Volts)= 8.97

275 LPRINT “Emitter Capacitor Leakage (Ohms)=";USING A$;S00:PRINT"Emitter Capaci
tor Leakage (Ohms)=";USING AS$;S00

280 LPRINT “Emitter Voltage (Volts)=";USING A$;VE:PRINT “Emitter Voltage (Volts) Emitter Capacitor Leakage (Ohms)=  0.00

=";USING AS$;VE:LPRINT:PRINT Emftter Voltage (volts)=  0.00

285 RX=100#REE/ (100+REE) : RTH=RBO#RBT/ (RBO+RBT) : VTH=VBB#*RBT/ (RBO+RBT) : IE= (VTH-.7)

/ (RX+RTH/B) : VE=IE#RX * EMITTER VOLTAGES FOR 500, 100,

290 LPRINT "“Emitter Capacitor Leakage (Ohms)="j;USING A$; 100: PRINT"Emitter Capaci AND 1| OHMS LEAKAGE RESISTANCE #

tor Leakage (Dhms)=";USING A$;100

300 LPRINT "Emitter Voltage (Volts)=";USING A$;VE:PRINT "Emitter Voltage (Volts) E€mi tEEr (Capacilton UEIKEGE (Ghms) SO0HO
="jUSING AS$;VE: LPRINT:PRINT Enf ttar Wol'tagl (Voltene  B.&5

305 RX=REE/ (1+REE) : RTH=RBO*RBT/ (RBO+RBT) : VTH=VBE#*RBT/ (RBO+RBT) : IE=(VTH-.7) / (RX+R

TH/B) : VE=IE*RX Emitter Capacitor Leakage (Ohms)= 100. 00

310 LPRINT “"Emitter Capacitor Leakage (Ohms)="j3USING As$31: PRINT "Emitter Capaci
tor Leakage (Ohms)=";USING As$; 1

315 LPRINT “Emitter Voltage (Volts)=";USING As$;VE:PRINT “Emitter Voltage (Volts)
=";USING A$; VE:LPRINT:PRINT

320 END

Emitter Voltage (volts)= 6.96

Emitter Capacitor Leakage (QOhms)= 1.00
Emitter Voltage (Volts)= 0.27
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Project

The Digi-Ohm Add-On Module

A low-cost add-on module that gives the Digital Measuring
System display module a resistance-measuring capability

By C.R. Ball Jr.

easuring resistance is a
basic requirement in elec-
tronics. This ability lets

you troubleshoot any unpowered cir-
cuit to determine if resistances meet
specifications, quickly sort through
a pile of unknown resistors to deter-
mine their values, match resistors
pairs, etc. The Digi-Ohm module to
be described provides this needed
function for readers who built the
““Digital Measuring System’’ digital
display module featured in the Au-
gust 1986 Modern Electronics.
Digi-Ohm is a locally or remotely
programmable plug-on ohmmeter
support module designed specifically
to work with the previously present-
ed DMS module. Connectors on the
Digi-Ohm module mate directly with
those on the DMS module to permit
connection without wire runs. You
can locally program a DIP switch for

e TN AT N PSR e e s e P RS ee e e E  Eaa e e e o Nl B

a desired dedicated range or use a
socket, header, cable and rotary
switch to add flexibility and versatili-
ty in mounting the project and select-
ing ranges. Digi-Ohm can also be
made into a portable ac/dc-operated
instrument by using the power-sup-
ply module featured in the August
1986 DMS article.

Digi-Ohm is capable of displaying
five full-scale resistance ranges from
99.9 ohms to 999K ohms. Calibrated
accuracy is better than 1.0 percent
+ 1 count. If a 10- or 12-volt source
is used with the project to supply the
current source around which the
ohmmeter module is built and a pre-
cision current meter is used for cali-
bration, greater accuracy can be
achieved. You can build the Digi-
Ohm module for less than $35.

About the Circuit

Digi-Ohm provides a selectable con-
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stant current from a fixed-voltage
source. When passing through an
unknown value of resistance (Ry),
this known current produces a volt-
age that is proportional to the resis-
tance. Consequently, the DMS
equipped with Digi-Ohm does not
display resistance but, rather, a volt-
age that represents the resistance.
The value of the display, though, is
read directly in ohms.

A basic constant-current source is
shown in Fig. 1(A). In the past, con-
stant-current sources have been com-
plex and expensive devices in appli-
cations where a wide range of current
was required. Fortunately, the
LM134/234/334 series of three-ter-
minal current sources, as illustrated
by Fig. 1(B), reduces both the com-
plexity and cost of building a con-
stant-current device.

A drawback of the LM series of
current sources is that their current is
temperature-dependent (a feature
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that makes these devices good tem-
perature sensors). To overcome vari-
ations with changing temperatures,
thermally attached germanium diode
CR! and compensating resistor Rt
are inserted in the circuit, as shown
in Fig. 1(C). The diode has a temper-
ature coefficient that is opposite that
of the LM current sources, which
nulls out effects due to temperature
variations.

Since the LM series of current
sources are adjustable over a
10,000:1 range, these devices make
ideal inexpensive current sources for
the Digi-Ohm. Though all three de-
vices in the LM series provide the
same function, for best accuracy and
stability, the LM134 is preferred.

The LM134-3’s initial accuracy is
3 percent, while that of the LM134-6

is 6 percent. Trimmer potentiome-
ters included for all ranges in the
Digi-Ohm permit easy fine tuning
during calibration so that initial ac-
curacy is not a critical factor.

Ranges in this project are selected
with either two on-board DIP
switches or from a remote rotary
switch on its own separate panel.
One DIP switch is used to select Rset
to determine the current range, the
other to select the value of the tem-
perature-compensating resistor.

As shown in the basic schematic
diagram in Fig. 2, voltage regulator
U2 provides regulated + 5 volts for
current source Ul. A +12- or
+ 15-volt regulator could be used in-
stead of the 7805 specified (with mi-
nor circuit-board modifications) to
provide better linearity on the high-

est ranges. However, the tradeoff is
likely to be temperature drift in the
U1 LM device on the lowest range as
a resulit of increased dissipation.

Digi-Ohm is connected to the V +
and V — inputs of the DMS module
as shown in Fig. 2. Since input impe-
dance of the DMS module is greater
than 80 megohms, if no resistor is
connected between TP1-1 and TP1-4,
the DMS module will display
“EEE,’” indicating an overrange (in-
finite-resistance) condition.

Once a resistor is connected across
TP1-1 and TP1-4, the current from
the programmed constant-current
source flows through it, producing a
voltage across the unknown resistor
that is proportional to the value of
the resistor. This voltage is then dis-
played by the DMS module. Back-

VR Rx |

(A)
BASIC
CONSTANT
CURRENT
SOURCE

Rser

+

Vg & Rx |

(8)

BASIC
THREE-TERMINAL
CONSTANT
CURRENT
SOURCE

V+

Thermal §
Link

(a)
TEMPERATURE
COMPENSATED

THREE-TERMINAL
CONSTANT
CURRENT SOURCE

Fig. 1. Constant-current resistance-measuring circuits.
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PARTS LIST
Semiconductors R10,R11,R12—56 ohms binding posts (see text); clear Lexan or
CR1—1N457A diode R13—68 ohms Plexiglass for front panel(s), %. " thick;
CR2,CR3—1N4735 zener diode R14—680 ohms 16-pin header plugs optional; see text);
LEDI],LED2—Red T-1% light-emit- R15—6,800 ohms pointer-type control knob for S3 (op-
ting diode R16—68,000 ohms tional) suitable enclosure; ribbon ca-
Ul—LMI134,LM234 or LM334 current R17—680,000 ohms ble; 6-32 machine hardware; solder;
source (see text) R18—10 ohms etc.
U2.—7805 fixed + 5-volt regulator (op- Cermet Trimmer Potentiometers Nole: Thie following dletas-are-avallabigfrom
tional, see text) R2,R3,R5—100 ohms BALLco, Inc., 148 S. Clayton St., Suite
Capacitors R7—1,000 ohms 131, Lawrenceville, GA 30245: Etched,
C1—0.01-uF, 100 volt ceramic disc R9—10,000 ohms drilled, plated and silk-screened Digi-Ohm
C2—2.2-yF, 16-volt tantalum Miscellaneous pc board No. 860-810, $10.95 PPD; com-
C3—0.1-F. 25-volt ceramic S1,S2—8-position DIP switch (see text) plete No. DMS-OHM kit of parts, includ-
C4—220-uF. 25-volt electrolytic S3—4-pole, S-position nonshorting ro- ing LM334, all headers, terminal boards,
Resistors tary switch (optional; see text) PIPSY‘;V“Ch;? and pc bo;r;‘ l;l;l n:n m;:;u;](-)
Metal-Film (% -watt, 1% tolerance) Printed-circuit boards for Digi-Ohm I, 2B, Suticl, Gk, N SyE SR S
R1—100 oh d LED dules: DIP for S P&H; LED pc board kit No. 651-032, in-
- olims an MIOCUTCSS sockets for S1 cluding two pc boards, four LEDs and rib-
R4—619 ohms and $2; AP Part No. ?29834-04 36- or bon cable, $7.95 PPD; front-panel kit No.
R6—6,190 ohms 40-pin male header strip; OK Part No. 651-001, including Lexan sheet, inlay and 1
R8—61,900 ohms K180 4-pin terminal board; red and machine hardware, $8.85 PPD. Georgia
Carbon (% -watt, 5% tolerance) black banana or pin jacks or S-way residents, please add state sales tax.

Fig. 2. Schematic diagram of Digi-Ohm module.
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Table 1. Ranges and Currents for Digi-Ohm Module

RANGE DISPLAY CURRENT
1. 100QF.S. 0-99.9 Ohms 10 mA
2. 1KQF.S. 0-999 Ohms 1 mA
3. 10KQF.S. 0-9.99K Ohms 100 pA
4. 100KQF.S. 0-99.9KOhms 10 pA
5. 1MQEF.S. 0 - 999K Ohms 1 pA

to-back zener diodes CR2 and CR3
in Fig. 2 provide static and overvolt-
age protection for the A/D converter
in the DMS module.

Full-scale indications that are pos-
sible with the Digi-Ohm/DMS com-
bination are listed in Table 1, along
with the display range and test cur-
rent for each.

Shown in Fig. 3 is the schematic di-
agram of the optional remote range-
select switch that can be used with
Digi-Ohm.

Construction

Assembly of Digi-Ohm is essentially
straightforward. However, as with
the other modules in this series,
printed-circuit wiring is a must, this
time because the pc copper conduc-
tor pattern is required for tempera-
ture tracking between the tempera-
ture-compensating diode and cur-
rent source. Hence, if you attempt to
build this resistance module on per-
forated board, you may discover
that the project does not operate as it
should.

You can fabricate your own print-
ed-circuit board for the project using
the actual-size etching-and-drilling
guide shown in Fig. 4(A). Alterna-
tively, you can purchase a ready-to-
wire, silk-screened board from the
source given in the Note at the end of
the Parts List. If you make your own
boards, you can apply to the compo-
nent sides self adhering clear plastic
sheets on which the component loca-

tions are identified using the tech-
nique described in “‘Dress Up Your
Projects’’ in the September 1985 is-
sue of Modern Electronics.

When you are ready to wire your
boards, refer to Fig. 4(B). Wire first
the main board, starting with the
sockets for S/ and S2, assuming you
have decided to use sockets for the
DIP switches. Sockets are optional
for the DIP switches, which can be
soldered directly into place on he pc

board. Including them in your proj-
ect, however, will give you an oppor-
tunity to substitute the optional ro-
tary-switch later if you desire. If you
are building Digi-Ohm with the re-
mote switching arrangement from
the start, you must include the sock-
ets to provide a means by which to in-
terconnect it to the module.

Once the sockets are in place, in-
stall and solder into place the fixed
resistors, capacitors and zener di-
odes but not CR1, as indicated. Take
care to observe polarity for the po-
larized capacitors and diodes. For
the fixed precision resistors, you
must use metal-film types to ensure
good temperature stability. Color-
coded precision resistors have five
color bands and are easy to confuse
with some military-style carbon re-
sistors that also have five bands. So
exercise care when reading resistor
value codes.

Install the trimmer potentiometers
as shown. The pc pattern on the

< o*
ToTB1 14
N O -
GND &
NCBH
K &
6
P1 Q¢
(16 pin DIP ME
plugto S1} 19o0m ‘4’
socket) 10K 3
1K % l
1000 & S1A © s1c
L rAL » Lo+—9 O
5
— —o0— O o
M S1B S1D
DA I | T el
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DP &2
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Fig. 3. Schematic/wiring diagram for optional range-selection switch-
ing arrangement.
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contact with the copper pattern to
ensure proper temperature tracking
with Ul. Hold the diode tight against
the copper pattern as you solder each
lead into place and until the liquid
solder sets.

Install U! on the foil side of the
board as follows. First position it so
that its leads are as shown in Fig.
5(B). Then before soldering it into
place, bend its leads so that the flat
side of the device’s case is against the
foil pattern near CR/. Hold the di-
ode tight against the board while sol-
dering its leads to the copper pads
and until the liquid solder has set.
Later, after calibration has been per-

-

ND +

Fig. 4. Actual-size etching-and-drilling guide (A) and wiring diagram (B) for

Digi-Ohm pc board.

board has been designed to accom-
modate either vertical- or horizontal-
mount trimmers. Use only cermet or
wire-wound trimmers, again to en-
sure temperature stability.

Next, cut the header strip into four
strips of eight and one strip of four
pins. From the component side of
the main board, push the longer-pin
end of the eight-pin headers through
the board’s holes at locations J1, J3,
J4 and Js. Seat the headers so that
their plastic separators sit solidly
against the surface of the board. Do
the same with the four-pin strip in
the J2 location.

Plug the header pins into the mat-
ing header sockets on the DMS mod-
ule to assure proper header align-

ment. Solder each pin to its associat-
ed copper pad on the Digi-Ohm
board. Take care to avoid creating
solder bridges between the pads on
the bottom of the board.

After soldering all pins to the Digi-
Ohm board, unplug the DMS mod-
ule and set it aside. Then install and
solder into place the four-contact
terminal block at TB-1 on the Digi-
Ohm board. Make sure that the holes
in the terminal block face the edge of
the board, as shown in Fig. 5(A).

Turn over the board and mount
CR/! in place, again making sure that
it is properly oriented before solder-
ing its leads to the copper pads. This
diode must mount on the foi/ side of
the board and must be in intimate

= 'e) formed, you will epoxy both CR/
i GN(D)O and U/ to the board to ensure maxi-
, = mum temperature stability.

The circuit board has provisions

" 8z f £ [_‘;Tl [_L] for an on-board + 5-volt regulator at

o ' ! @ U2. If you do not need this regulator,

gmag 8%8 81 install a jumper wire in the two out-

o &l o oo +12 ;

o a0 ofslo g%g side regulator holes to connect 7B/
o 3o o %g C"’o om to header J4.

; 8mzlo oDDé Loosely twist together two 3%-

R [_—__] ) ,[: p e inch lquths.of No. ?4 hoo.kup wire

G and strip % inch of insulation from

both ends of both wires. Plug one
wire into the hole labeled J nearest
the edge of the board to the left of
CR3 and solder into place. Plug the
other end of this wire into the hole la-
beled J at pin 4 of J2 and solder into
place. If both wires have the same
color insulation, use an ohmmeter or
continuity tester to identify the other
end of this wire. Then plug the ends
of the other wire in the twisted pair
into the remaining holes labeled J
and solder into place.

As vou approach final assembly,
decide how you are going to use the
Digi-Ohm—as a single, fixed-range
device; as a DIP-switch selectable
multiple-range device; or as a re-
motely selected multiple-range de-
vice. How you plan on using this
project determines how to proceed
with final assembly.

If you have decided to use Digi-
Ohm as a single, fixed-range device,
simply solder a jumper wire in the
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Fig. 5. Top view of wired Digi-ohm module (A) and bottom view (B) showing
mounting details for CRI and Ul.

appropriate positions that corres-
pond to the desired range where S/
and S2 would normally complete the
circuit. To determine where to install
this jumper for any given range, re-
fer to Table 2.

Using the DIP-switch-selection
option, simply plug into IC sockets a
pair of eight-position DIP switches.

For remote selection, you must
wire a four-pole, five-position non-
shorting rotary switch to ribbon ca-
ble and plugs according to Fig. 3. La-
bel the plugs S1 and S2 to avoid con-
fusion when plugging them into the
IC sockets on the circuit-board as-
sembly.

Once the Digi-Ohm board has
been fully wired, clean away all sol-

#

der flux with a spray solvent. Bear in
mind that solder flux is conductive,
especially in high humidity, and can
be the cause of parallel-resistance
circuits that can result in measuring
errors.

LED boards for the DMS are used
to indicate range, function or other
information not given in the numeric
display and to provide enough space
for mounting the front panel. Only
one LED board is required for the
Digi-Ohm module, to indicate range
in ohms or kilohms). The other is
used merely as a spacer. If you wish,
you can eliminate this second board
by replacing it with a !s-inch-thick
washer.

Prepare two LED boards, using
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the actual-size etching-and-drilling
guide shown in Fig. 6(A). When this
is done, mount two light-emitting di-
odes on the LED board as shown in
Fig. 6(B). Note that the leads of the
LEDs plug into the holes from the
foil side of the board(s). Plug the
leads of the LEDs into the appropri-
ate holes in the board. Bend the leads
so that the bottoms of the plastic
cases of the LEDs sit flush against
the top of the board(s), with the leads
wrapping around the edges of the
board(s).

Separate the conductors at both
ends of a 3-inch-long, three-conduc-
tor ribbon cable by about %2 inch.
Strip % inch of insulation from both
ends of all three conductors. Tightly
twist together the fine wires in each
case and sparingly tin with solder.
Then plug the conductors at one end
of the cable into the holes labeled
LED1, LED2 and COM on the LED
board.

Connect and solder the wire from
LEDI1 to pin 8 of J3, the wire from
LED2 to pin 7 of J3 and the wire from
COM to pin 4 of J4. Leave the LED
board dangling by the short cable un-
til you finish calibrating Digi-Ohm.

Test & Calibration

To test and calibrate Digi-Ohm, you
need a tested and calibrated DMS
module. The DMS module should
not have resistors installed in loca-
tions R, and Ry. It should have a
jumper wire installed in the R, loca-
tion and a 0.1-microfarad capacitor
in the C, location.

If you are using a + 5-volt regula-
tor for U2, before connecting Digi-
Ohm to the DMS module, connect a
12- to 20-volt dc power supply to
TBI-1 + and GND terminals and then
check for 5 volts between pins 4 (+)
and 1 (=) of J4. If you do not get a
reading of 5 volts between these two
points, recheck your wiring and re-
place U2 if necessary.

If you are not using a regulator, or
have finished the above check, plug
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Table 2. DIP Switch Positions to Use for Different Ranges

LED2 (Lower)

—f

'\T.ODMS J3
Pin6
I
'/- Pin 8

LED1 (Upper)

—{— K
o'\..
'/:4_ K

SWi
Range/ 999 999 9.99K | 999K | 999K
Position ohms | ohms | ohms | ohms | ohms
1 ON OFF OFF OFF OFF
2 OFF | ON OFF | OFF | OFF
3 OFF OFF ON OFF OFF
4 OFF OFF OFF ON OFF
5 OFF | OFf | ofFf | ofFf | ON
6 ON ON OFF OFF OFF
7 OFF | OFF | ON ON ON
8 OFF OFF OFF OFF OFF
SW2
Range/ 99 9 999 999K | 999K | 999K

Position ohms ohms ohms ohms ohms
1 ON OFF OFF OFF OFF

2 OfFf | ON off | oFf | oOFF
3 off | off | ON OFF | OFF
4 off | ofFf | ofFf | ON OFF
5 ofFf | off | oFf | ofFf | oN
6 OFF | off | ON OFF | OFF
7 ON OFF | OFF | ON OFF
8 OFF | ON ofFf | oFf | oN

the Digi-Ohm module onto the rear
of the DMS as shown in Fig. 7.

Connect test leads to 7B/ at TP+
and TP-. Connect an appropriate
power source to TP+ and GND and
turn on the power supply. At this
point, your DMS module should be
displaying ‘‘EEE,”’ indicating an
overrange (infinite-resistance) con-
dition. Shorting TP+ to TP - should
cause the displayed reading to drop
to *‘000,”’” indicating a 0-ohm (short-
circuit) condition.

If you encounter any problems at

Say You Saw It In Modern Electronics

this stage, Ul, CRI or the headers
are the probable cause.

There are two ways to calibrate the
Digi-Ohm module. The first is to use
several precision resistors of differ-
ent values, one per range. The sec-
ond, more accurate, method is to use
a precision current meter.

If you use precision resistors for
calibration, select resistors of known
value in the middle of each range to
be calibrated. If possible, the resis-
tors should be 0.1-percent tolerance.
For the second method, the current

Fig. 6. Actual-size etching-and-
drilling guide (A) and wiring diaram
(B) for LED boards.

meter used should have a rated ac-
curacy of 0.1 percent.

If you are using the DIP-switch
method of range selection, refer to
Table 2 and position S/ and S2 for
the lowest range (99.9 ohms full-
scale). If you are using the remote
switch panel, connect the cables at S/
and S2 and set the selector switch to
the 100-ohm range. When using the
fixed-range arrangement, substitute
the appropriate values (see Tables 1
and 2) for the specific fixed range
you have selected.

For calibration with precision re-
sistors, connect a 50-ohm test resis-
tor between TP+ and TP - and adjust
the setting of R2 until the DMS dis-
plays ‘‘050.”" For calibration with a
current meter, set the milliammeter
to a range that will measure 10 mA.
Adjust the setting of R2 for a reading
of 10.00 mA on the milliammeter.
Repeat the procedure for each range,
using the proper middle-of-the-range
resistor (first method) or adjusting
for the current indicated in Table 1.
The appropriate decimal point and
panel LED (Q or K) should light as
each range is selected.

If you encounter any difficulties,
check to see if the proper value of
trimmer potentiometer has been in-
stalled for each range. If no current
is present, check U/, CR/] and the
range-selection arrangement. Make
any necessary repairs and then repeat
the calibration procedure.

After calibrating all ranges, apply
a small amount of fingernail enamel
to the trimmer screws to prevent
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Fig. 7. Assembly details for putting together
g front panel, LED boards, DMS module and
O Digi-Ohm module. Detail at upper-left shows

how front-panel assemly goes together.
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Fig. 8. Actual-size front-panel inlay artwork to use when Digi-Ohm module is
attached to DMS module.
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them from being accidentally rotat-
ed. Press Ul and CRI together
against the circuit board and secure
them into place with a fast-set epoxy
cement to ensure good thermal
tracking between the two.

Final Assembly

Unplug the Digi-Ohm module from
the DMS module. Prepare the front
panel inlay (shown actual-size in Fig.
8) for the numeric display and LEDs.
You can use the Fig. 8 artwork di-
rectly, backing it up with a sheet of
matte black paper (to prevent the
print on the opposite side of the page
from ‘‘phantoming’’ through to the
front) with appropriate cutouts for
the display window area, LEDs and
mounting hardware, or a same-size
photocopy of it without the black pa-
per backing. Sandwich the inlay and
a red filter (red cellophane works
well, or you can use piece of Ruby-
lith, purchased from an art-supply
store) between two thin, preferably
Y%.-inch, pieces of Lexan or Plexi-
glass, as shown in the detail at the up-
per-left in Fig. 7.

Feed two 6-32 X 1-inch machine
screws through the front-panel as-
sembly as shown and slide onto each
a Y4-inch spacer. Follow with a LED
circuit-board assembly (or Y ¢-inch-
thick washer) on each screw end (the
right screw rmust have a real LED
board) and another Ya-inch spacer.
Slide onto the screw ends the DMS
circuit-board assembly and finish up
with a threaded Y-inch spacer on
both screws. Make the spacers only
finger tight. The ends of the screws
should not protrude through the
ends of the threaded spacers.

Plug the Digi-Ohm circuit-board
assembly onto the rear of the DMS
module and secure it in place with
6-32 X Va-inch machine screws,
driven into the open ends of the
threaded spacers. Unless you have
decided to use the remote range-se-
lect option, this completes assembly
of the DMS with its ohmmeter func-
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HITACHI SCOPES

tion. The front-panel, LED-board,
DMS-module and Digi-Ohm-mod-
ule “*sandwich’’ arrangement is illus-
trated in Fig. 9.

If you have decided to incorporate
the remote range-select option into
your project, you must assemble it in
much the same way as you did the
DMS, Digi-Ohm and front panel.
Shown in Fig. 10 is the actual-size in-
lay to use for the switch panel. You
can cut this out and cement it to a
sheet of matte black paper or make
an actual-size photocopy of it and
use it directly without the black pa-
per. Sandwich this between two thin
layers of Lexan or Plexiglass, as you
did for the instrument front panel.
Then mount the rotary switch and in-
put jacks in place.

Make the hex nut on the rotary
switch only finger tight to start. Slide
the pointer-type control knob onto
the switch’s shaft and, while holding
the switch in place, rotate the knob
fully counterclockwise and note if
the pointer lines up with the 100Q in-
dex on the panel. If it does not, re-
move the knob, loosen the hex nut
and reposition the switch as needed.
Then securely tighten the nut (do not
make it so tight that it cracks the
plastic of the panel) and replace the
knob on the switch shaft. Now as
you rotate the knob clockwise, its
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15-25% Discount

V660 60MHz Dual Trace $990
V422 40MHz Dual Trace $699
V212 20MHz Dual Trace $475

ELENCO PRODUCTS
AT DISCOUNT PRICES!

Fig. 9. Finished project consists of

“sandwich’’ of front-panel assembly

(1), LED boards (2), DMS module
(3) and Digi-Ohm module (4).

pointer should stop at each panel leg-
end index in turn.

Install a red and a black banana or
pin jack or five-way binding post in
the ““+’ and ‘‘—’" INPUT jack
holes, respectively, in the panel. The
only thing left to do now is plug in
the ribbon cables that connect the re-
mote switch panel to the Digi-Ohm
module into the appropriate S/ and
S2 sockets.

If you wish, you can house the
project in any small plastic project
box that will accommodate it. If you
built the remote switch option, this
should be housed inside the same
box, perhaps with the two modules’
panels stacked one above the other
or side by side. ME
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Scopes

MO-1253 40MHz Dual Trace $550
Delayed Sweep 12KV HV, More
MO-1252 35MHz Dual Trace $498
MO-1251 20MHz Dual Trace $349

w/ Two 1x, 10x 100MHz probes, manual
S$-3000 10MHz fully calibrated $239

GF-8016 Function Generator
with Freq. Counter

$239.95

Sine, Square, Triangle
Pulse, Ramp, .2 to 2MHz
Frequency .1 thru 10MHz

GF-8015 without Freq. Meter $179

Digital Triple Power Supply

Model XP-765 $239.95

0-20V @ 1A
0-20V @ 1A
- 5V @ 5A
Fully Regulated, Short Circuit Protected
with 2 Limit Cont. 3 Separate Supplies
XP-660 w/ Analog Meters $169.95
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Multi-Function Counters F-1000

| 1.2GHz
$259.95

! F-100
120MHz
$179.95

Frequency, Period, Totalize, Self Check with High-
Stabillzed Crystal Oven Oscillator, 8 Diglt LED Dis

Digital Multimeter with
LCR _ Cap. and Trans.
Meter Tester =3
$138.00 $59.95 =
Measures CM-1500A
Igduct.ors 8 Functions 3
apacitors, g -
Resistors  -TE——— =

Fig. 10. Actual-size panel inlay artwork for optional remote range switch.
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Project

The Telephone Minder

This handy accessory tells you if someone tried to call
you when you were not at home

By Anthony J. Caristi

ave you ever left your home
and upon returning won-
dered if you missed a tele-

phone call? If you have a telephone
answering machine, your caller prob-
ably left a message that you can play
back. Without it, all you can do is
wonder.

Our Telephone Minder may be the
answer to this dilemma. It monitors
your telephone line for incoming
calls and turns on a light-emitting di-
ode when it detects a ring signal as
someone tries to get through to you.
You simply press a button to see if
the LED is lit. If it is on, you know
someone tried to reach you; if it is
off, no one called while you were out.

Of course, the Telephone Minder
has one major disadvantage: it may
tell you that someone tried to contact
you by phone, but you have to figure
out who it was. On the plus side,
since it never answers an incoming
call, your caller will not be billed for
a completed call, nor will you have
the obligation to call back.

A very easy project to install in
your telephone system, either in-
side an existing instrument or as a
stand-alone device, the Telephone
Minder gets its power from the tele-
phone line itself. It does not interfere
with normal telephone service, nor
does it load down the telephone line.
Its two-button operation makes it
easy to use as well.

About the Circuit
As shown in Fig. 1, the Telephone

h—

Minder consists of three integrated
circuits, each of which has a specific
task to perform. Telephone ring de-
tector IC/ contains all the circuitry
needed to detect the 20-Hz, 90-volt
ring signal that appears across the
telephone line to announce an in-
coming call. On-chip are a bridge
rectifier, current sensor, S-volt regu-
lator and transient suppression cir-
cuitry to prevent damage and false
operation in the event of a lightning
strike or other transient voltage that
might appear on the telephone line.
On standby, IC! presents a very
high impedance across the telephone
line. This obviates any interference
with normal telephone operation of
incoming and outgoing calls. When a
ring signal appears across the tele-
phone line, external capacitor C2
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stores the energy of the signal. This
energy ultimately appears at output
pin S as regulated 5 volts dc, which is
used to turn on a light-emitting diode
inside optical isolator IC2.

Also contained inside /C2is a pho-
tosensitive transistor ‘‘switch’’ that
is turned on whenever light from the
on-chip LED strikes it. During stand-
by, this transistor is held in cutoff,
with its collector potential held at 15
volts, as supplied by the telephone
line and zener diode D/. When a call
comes in, LED] lights and the col-
lector potential of the transistor in-
side IC2 (at pin 5) drops to zero. This
transition to a logic-0 level is passed
on to the pin 1 input of IC3.

Two of the four NAND gates in-
side IC3 are wired in a flip-flop con-
figuration and operate in a mono-
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' IC3 = CD4011 IC3C IC3D
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PARTS LIST

Semiconductors

D1—1N5245 or similar 15-volt zener
diode

C1—TCMI1520AP ring detector (Texas
Instruments)

IC2—TIL117 optical isolator (Texas
Instruments)

1IC3—CD4011BE quad 2-input NAND
gate

LED|—Red T-1% light-emitting diode
(2 volts at 20 mA)

Q1—2N6660 or equivalent 60-volt
breakdown enhancement-mode
n-channel field-effect transistor
(see text)

Capacitors

C1—47-uF, 25-volt electrolytic

C2—10-uF, 35-volt electrolytic

C3—0.33-uF, 250-volt Mylar or paper

Resistors (/-watt, 10% tolerance)

R1—220,000 ohms

R2—2,200 ohms

R3,R4—100,000 ohms

R5—4,700 ohms

R6—220 ohms

Miscellaneous

S1,S2—Spst momentary-action push-
button switch (preferably calculator-
key type)
Printed-circuit board or perforated
board with holes on 0.1-inch centers
and suitable soldering or Wire Wrap
hardware; DIP sockets for ICs (see
text regarding 1C2 socket); suitable

enclosure for stand-alone unit (see
text); telephone cable with modular
coennector at one end (see text);
small-diameter heat-shrinkable tub-
ing; at least %-inch thick double-
sided foam tape; hookup wire; sol-
der; etc.

Note: The following items are available
from A. Caristi, 69 White Pond Rd.,
Waldwick, NJ 07463: Printed-circuit
board, $9.95; TCMI1520AP ring detector
IC, $5.75; TIL117 optical isolator, $2.75;
CD4011BE NAND gate IC, $1.95; 0.33-
uF, 250-volt Mylar or paper capacitor,
$1.00. Add $1.00 P&H per order. New
Jersey residents, please add state sales tax.

Fig. 1. Complete schematic diagram of Telephone Minder. Circuit gets its power directly from telephone line with

stable mode. That is, the flip-flop
has two stable states. Each state de-
pends on the logic level fed to the cir-
cuit’s input terminals at pins 1 and 6.
When the flip-tlop circuit is first en-
ergized, you set the logic state to 0 by
pressing RESET switch S/. Ground-
ing the pin 6 input of /C3 by closing
S1 pulls the output of the flip-flop to
logic 0, placing the circuit in the
standby mode. The circuit will remain
in this state until it is toggled by a 0-
logic level felt at pin 1 of /C3 from
the preceding circuitry.
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minimal loading.

The ring signal detected by /CI
and the resulting current through the
transistor inside /C2 provide the
required logic-0 signal level to cause
the flip-flop to assume its opposite
state (logic 1 at the pin 3 output of
1C3). When the flip-flop’s output
pulse does toggle to logic 1, it remains
at this level (about 15 volts) until it is
manually reset to logic 0 by closing
SI1. This being the case, IC3 ‘‘re-
members’’ if a call has been received.

No conduction occurs between the
drain (D) and source (S) of n-channel

enhancement-mode field-effect tran-
sistor Q/ unless a positive bias is ap-
plied to the gate G terminal. Unless a
call (ring signal) has been detected,
Q! remains in cutoff and LEDI re-
mains off when STATUS switch S2
is pressed.

If a call was detected in your ab-
sence, the resulting positive output at
pin 3 of /C3 sends Q! into conduc-
tion when 82 is pressed. Since con-
duction is through LEDI, the light-
emitting diode will turn on to indi-
cate that there was a call.
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Since power for the circuit is de-
rived from the telephone line, cur-
rent drain is kept at an absolute mini-
mum (about 0.15 milliamperes, or
150 microamperes). When the Tele-
phone Minder is installed you must
press S2toseeif LED] is off or on. If
the LED is off, no one attempted to
call you; if it is on, someone did at-
tempt to call. In the former condi-
tion, LEDI and Q/ would be off.

If someone had attempted to call
you, Q! would conduct and LED/
would be on, placing at least 20 milli-
amperes more load on the telephone
line constantly if limiting resistor RS
had been wired directly to the + side
of the telephone line and S2 had been
eliminated. With the circuit wired as
shown, the current drain when Q/ is
conducting and LED/ is on would be
for a very brief period of time, just
long enough for you to see the status
of the circuit.

If the telephone line had been
tripped, indicated by LED] being on
when you press S2, you would know
that someone had attempted to call
you. To restore the circuit to its
standby mode, you simply press and
release S/.

Bear in mind that the Telephone
Minder does nor answer an incoming
call. It simply detects when a ring sig-
nal that announces an attempt to
reach your number has come over
the line. Since it does not initiate an
off-hook condition, which signals

er has completed the connection, the
caller will not be charged for a call.

Construction

As you can see in Fig. 1, this proj-
ect’s circuit is very simple. You can
assemble the circuit on a small
printed-circuit board. Since there
is nothing critical about circuit lay-
out and wire routing, you also have
the option of using a small perfor-
ated board with holes on 0.1-inch
centers and soldering or Wire Wrap
hardware. Whichever technique you
choose, be sure to use sockets for
the ICs.

If you plan on fabricating your
own printed-circuit board, use the ac
tual-size etching-and-drilling guide
shown in Fig. 2. Alternatively, if you
wish pc wiring but do not care to etch
and drill your own board, you can
purchase a ready-to-wire board from
the source given in the Note at the
end of the Parts List.

Wire the board exactly as shown in
Fig. 3. (Use this illustration as a
rough guide to component layout on
perforated board if you do not use a
printed-circuit board.) Start by in-
stalling and soldering into place the
three DIP IC sockets. You may have
difficulty finding a six-pin DIP sock-
et to use for /C2. If you do, use either
Molex Soldercon® socket connectors,
three to each socket side, leaving va-
cant the left-most /C2 holes in the

viewed as shown in Fig. 3), or install
an eight-pin socket in this location.
Do nor install the ICs themselves at
this time.

Next, install the resistors, zener di-
ode, capacitors and transistor. Make
sure Cl, C2 and D] are properly
oriented and that QJ is properly
based before soldering their leads to
the copper pads on the bottom of
the board.

It is very important that you use
the proper type of transistor for Q/.
This must be an n-channel enhance-
ment-mode field-effect transistor.
Ordinary FETs are depletion-mode
types that will not work with this cir-
cuit. If you substitute a transistor
with a different part number from
that specified in the Parts List, be
sure to use a FET that is electrically
equivalent to it.

At this point, you can exercise
either of two options, depending on
the type of telephone instrument
with which you plan to use the Tele-
phone Minder. You can build the
project into an existing telephone in-
strument, assuming it has sufficient
room inside it to accommodate the
circuit-board assembly and has
enough panel space on which to
mount the switches and light-emit-
ting diode. Alternatively, you can
build the project as a stand-alone
unit. For the latter, which requires
its own separate enclosure, proceed
as follows.

the telephone company that the call- upper and lower rows (with the board Prepare six 4-inch lengths of
S1
——C2 - -
a3 l s2
:- W
Cc3 IC1 v )IC2 IC3 |
» o fo . IL :
s~ RS
—RE—— I
—R2— —R1— c _Go
+| -—52 . Kl
L Telephone Line LEDJ1

Fig. 2. This is the actual-size etching-and-drilling guide to use
for home fabricating your own printed-circuit board.
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Fig. 3. Wiring guide for pc board and rough component-
placement guide when using perforated board.
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hookup wire by removing /% inch of
insulation from both ends. If possi-
ble, use a wire with a different color
of insulation from the other five for
the connection to the cathode pad
for LEDIonthe board. Plugoneend
of the wire that has a different color
of insulation into the LEDI1 hole iden-
tified with a K and solder it into
place. Then plug one end of each of
the other wires into the S1, S2 and re-
maining LED1 holes. When you are
finished, there should be only two
holes in the circuit board that are not
occupied, identified as TELEPHONE
LINE + and

Prepare a suitably sized plastic
box by drilling the holes in which to
mount the light-emitting diode and
switches and to provide entry for the
cable that will connect the project to
the telephone line. Mount the switches
in their respective holes. Slip a 1-inch
length of small-diameter heat-shrink-
able tubing over the ends of the LED1
wires on the board. Trim the LED’s
cathode lead to ¥ inch long and sol-
der it to the cathode wire (with dif-
ferent-color insulation). Do the same
for the other wire and the anode
lead. Then push the heat-shrinkable
tubing up over the connections until
both are resting against the bottom
of the LED’s case and shrink in-
to place.

To connect the Telephone Minder
to the telephone line, you need an ap-
propriate length of cable terminated
at one end in a standard plug. (Note
that FCC Regulations require this ar-
rangement so that the device can be
quickly disconnected from the tele-
phone line.) The length of cable
needed will depend on where the pro-
ject will be located with respect to the
wall jack. If you purchase a tele-
phone cable that is terminated on
both ends in a plug, cut off and dis-
card one plug. Trim off | inch of out-
er plastic jacket from this end of
the cable.

Since you need only the red and
green cable conductors, you can clip
off the yellow and black ones. Then
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strip % inch of insulation from the
red and green conductors. Tightly
twist together the fine wires in each
conductor and sparingly tin with sol-
der. Pass the free end of the cable
through the entry hole into the box in
which the project will be housed. Tie
a knot about 4 inches from the end
inside the box to serve as a strain re-
lief for the cable.

If you prefer, you can use a chas-
sis-mount telephone jack instead of
having to hard-wire the telephone
cord directly to the circuit-board as-
sembly. In this case, connect and sol-
der appropriately color-coded hook-
up wire between the jack and board
and use a cord terminated at both
ends in quick-disconnect plugs.

Before attempting to solder the
telephone cable’s conductors to the
circuit-board assembly, you must de-
termine the polarity of your tele-
phone line. To do this, connect the
“hot’’ probe of a voltmeter to the
red conductor and the meter’s com-
mon probe to the green wire. Set the
meter to indicate at least 20 volts dc.
Before turning on your meter, make
sure that neither conductor or probe
touches each other.

If there is only one jack available
at the wall box, temporarily unplug
the telephone instrument plugged in-
to it and use it for this test. If there is
only one telephone instrument and
one wall jack in your installation,
you will need a one-to-two jack
adapter to accommodate both in-
strument and Telephone Minder for
final installation.

If you obtain a positive (+ ) read-
ing on your meter during checkout,
tag the red cable conductor with a +
label. On the other hand, if the read-
ing is a negative voltage, tag the
green conductor with a + label. Un-
plug the cable from the wall jack and

disconnect the meter.
Plug the + labeled conductor into

the board labeled TELEPHONE LINE
+ and solder it into place. Similarly,
plug the unlabeled conductor into
the — hole in the board and solder it

into place. Referring to Figs. 1 and 3,
connect and solder the free ends of
the remaining wires to the lugs on the
switches. Turn over the board and
clip all leads as close as possible to
the board.

Cut one or more pieces of double-
sided foarm tape that is at least 4 inch
thick to a length of 3 inches. If the
tape is less than 1 inch wide, cut two
strips and trim them so that their
combined width does not exceed 1%
inches. Lift off the protective paper
backing from only one side of the
tape and press the tape firmly into
place in the plastic box in the exact
location where the circuit-board as-
sembly is to be mounted. Do not re-
move the protective paper from the
other side of the tape until after you
have performed initial checkout and
have installed the ICs in their respec-
tive sockets.

Building the Telephone Minder in-
to an existing telephone instrument
simplifies matters a bit, since the
housing for the project it the tele-
phone instrument itself. Just make
sure that there is sufficient room in-
side the telephone instrument’s
housing to accommodate the project
and that sufficient panel space is
available for mounting the LED and
switches. Use the same double-sided
foam tape arrangement described
above for mounting the circuit-
board assembly inside the telephone
instrument in a location where it will
not interfere with operation of the
telephone instrument or touch any of
its circuitry.

Checkout

Before attempting to operate the
Telephone Minder, and before in-
stalling the ICs in their sockets, make
a preliminary check of the power
supply as follows. Plug the modular
connector on the project into a tele-
phone line receptacle and measure
the potential across C/ with a volt-
meter that has at least a 1-megohm
input resistance. Set the meter to

(Continued on page 98)
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Project

A Vocal Warning
Burglar/Car-Theft Alarm

When tripped, this alarm vocalizes a warning message
to intruders and thieves and then sounds a piercing
attention-getting buzzer

BLRi_caﬂo Jiminez

ost stand-alone intruder
alarms simply sound a
beeper, bell, siren or

other attention-getting device a cer-
tain number of seconds after they
have been tripped. Anti-theft vehicle
alarms do basically the same. The
vocal warning alarm to be described
takes advantage of modern electron-
ic speech-synthesizer electronics to
warn the trespasser of his intrusion.
1t does so with a message vocalized in
a human-sounding voice.

In its most basic form, the vocal
warning alarm is nothing more than
a common hard-wired perimeter
alarm system, though it can be used
to work with wireless and radio mod-
ules that either open or close a pair of
contacts. Its appeal is in the vocaliz-
ing package that sets the alarm apart
from others of its type.

You can build this alarm at only
moderate cost, from readily avail-
able components, using traditional
wiring techniques. You program the
message you want your alarm to vo-
calize by programming the appropri-
ate data into an erasable program-
mable read-only memory (EPROM).
The EPROM?’s data then “‘tells’”” a
speech synthesizer chip what mess-
age to vocalize.

The speech synthesizer chip used
in this project generates phonemes.
Hence, you can program an unlimited
vocabulary, since it is not simply

#‘

READY On

c ®

word based. With a little ingenuity
and the instructions provided with
the speech- synthesizer chip, you can
program into your alarm any mess-
age you like.

About the Circuit

The complete schematic diagram
(minus a few voltage-stabilizing and
bypass capacitors that are listed in
the Parts List) of the vocal warning
alarm is shown schematically here in
two parts. Figure 1 shows the basic
timing and logic/synthesizer sec-
tions, while Fig. 2 shows the audio
amplification stage and the power
supply for the complete project. This
arrangement makes it possible for
the alarm to vocalize two different
messages, each depending on the
condition of the alarm.

50 / MODERN ELECTRONICS / February 1988

Action begins when S/ in Fig. 2 is
set to the ARM, or closed, position.
Closing this switch turns on dc power
to all circuits and causes POWER
light-emitting diode LED] to turn on.

Once power has been applied to
the circuit, capacitor C/ in Fig. 1 be-
gins to charge exponentially at a rate
determined by the formula T; =
0.41R2C1. From this formula, it
would take approximately 30 sec-
onds to reach a threshold level of 6.2
volts with the component values spe-
cified. When the threshold level is
reached, the output at pin 4 of IC/
goes high and enables the resets at
pin 4 of timers IC2 and /C3. Conse-
quently, you have approximately 30
seconds to vacate your premises or
vehicle before the alarm sounds.

When the alarm is armed and in

Say You Saw It In Modern Electronics




Fig. 1. Schematic diagram of timer,
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The SP0O256-AL2 speech proces-
sor integrated circuit specified for
IC10is a single-chip n-channel MOS
LSI device whose internal circuitry is
capable of synthesizing speech and
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Semiconductors

D1—1N4001 rectifier diode

D2—1N914A switching diode

IC1,IC5—CD4093 CMOS quad 2-input
NAND gate

IC2,IC3—5S5S timer

IC4—7805 + S-volt regulator

[C6—CD4013 dual D-type flip-flop

IC7T—CD4049 CMOS hex inverter

1C8—CD4520 CMOS dual binary
up counter

1C9—2716 EPROM

1C10—SP0256-AL2 speech processor
(Radio Shack Cat. No. 276-1784)

IC11—LM386 audio amplifier (Radio
Shack Cat. No. 276-1731 or similar)

1C12—7812 + 12-volt regulator

LED1—Green or yellow T-1% light-
emitting diode

LED2—Red T-1% light-emitting diode

QI1—TIP120or similar npn silicon power
transistor

RECT1—50-volt, 1-ampere bridge
rectifier

Capacitors

C1,C6,C14,C20,C24—10-4F, 15-volt
tantalum

C2,C32,C33—4.7-uF, 15-volt tantalum

C3,C4,C5,C7,C9,C12,C13,C18,C19,
C29,C31—0.01-uF Mylar

C7,C11,C15,C21,C22,C24,C27,
C28,C30—0.1-uF Mylar

C8—10-uF, 25-volt electrolytic

C10—470-uF, 25-volt electrolytic

C16,C17—22-pF ceramic disc or Mylar

C25—100-uF, 35-volt tantalum

C26—2,200-uF, 25-volt electrolytic

PARTS LIST

Resistors (-watt, 5% tolerance)

R1,R23—1,000 ohms

R2-—6.8 megohms

R3,R11,R12—2,200 ohms

R4,R5,R8—27,000 ohms

R6—100 ohins

R7,R9—1 megohm

R10,R16—4,700 ohms

R13,R18—10,000 ohms

R14,R19—100,000 ohms

R15—150,000 ohms

R17—Not assigned

R20,R21—33,000 ohms

R23—10 ohms

R22—50,000-ohm audio-taper pc-type
trimmer potentiometer

Miscellaneous

PB1—Piezoelectric buzzer

S1—Spst switch (see text)

XTAL—3.12-MHz crystal (available
from Radio Shack and Digi-Key)
Printed circuit boards (see text); small
8-ohm speaker; magnetic sensors (see
text); 9- to 12-volt ac, 1-ampere power
transformer; 6-ft. ac line cord with
plug; DIP sockets for all 1Cs except
1C4 and 1C12; two small rubber small
rubber grommets or panel clips for
LEDs (see text); phono jack and plug
for speaker (see text for alternative);
three-lug terminal strip; small-diame-
ter heat-shrinkable tubing; barrier
block or screw-type terminal strip for
connection of sensors (see text for al-
ternative); suitable enclosure; lettering
kit; machine hardware; speaker cable;
hookup wire; solder; etc.

complex sounds. Each sound or pho-
neme is vocalized differently, de-
pending on its position within a
word. The SPO256-AL2 contains 59
allophones plus five pauses. Using
these, you can synthesize an un-
limited vocabulary by addressing
specific allophones in the appro-
priate sequence.

When you use the allophones, you
must think in terms of sounds rather
than words or letters. In this project,
we will program the speech processor
chip to vocalize two different mess-
ages. To do this, we will use the

T X e T T T T —

EPROM identified in Fig. 1 as IC9.

One of the NAND gates in ICS op-
erates as a logic oscillator. The out-
put of this oscillator, at pin 3, is fed
to the input at pin | of dual binary
counter /C8. For each pulse detected
at pin 1 of IC8, count-up fromOton
occurs, where n is controlled by the
output at pin 16 of IC9, which resets
IC8 via IC6 every time the ICI0
speech processor chip’s output at pin
24 ceases sending its message to be
vocalized to the audio amplifying
section of the circuit.

In this project, we use addresses
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128 through 202 in EPROM IC9 1o
store the data for the first message to
be vocalized and addresses 256
through 306 to store the data for the
second message to be vocalized. By
connecting the outputs at pins 3
through 6 and 11 through 13 of IC9
to the binary address inputs of IC9 as
shown, the desired sequential data
programmed into the EPROM can
be sent via the outputs lines at pins 9,
10, 11, 13, 14and 15 of /C9to the ad-
dress inputs at pins 18, 17, 16, 15, 14
and 13 of speech processor IC/0.

Shown in Listing 1 is an example
of the data program that can be fed
into the EPROM to have the synthe-
sizer section of the project vocalize
the first message. This data program
was taken from the ‘‘dictionary”
supplied with the SPO256-AL2,
which is written in decimal code. The
addresses were calculated according
to the binary weight of the two line
A7 and A8 address inputs of /C9 at
pins 1 and 23. For example, when pin
1 of IC9 is at a logic 1, the binary ad-
dress is 128.

You program the first message so
that it is stored in address locations
128 through 201 (see Listing 1),
where the numbers 1 through 4 and
40 reset the speech processor chip
and the binary counter, respectively.
If pin 23 of IC9 is at a logic 1, you
will hear the second message (see
Listing 2), starting at address 256.

When the NAND gate output at
pin 3 of ICS is at a logic 1, the IC8
counter advances one count. There-
fore, EPROM /C9 sends the respec-
tive data to speech processor chip
ICI10. Now, when the output at pin 3
of IC5 goes to logic 0, a negative
pulse of variable duration is sent to
address load input pin 20 of ICI0,
which causes the speech processor
chip to generate the desired allophone.

Referring to the upper circuit in
Fig. 2, when IC!] is amplifying and
delivering the allophone signal to the
speaker, the standby output at pin 8
of IC10goesto alogic0. In turn, this
resets the T3 period of the timer cir-
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Fig. 2. Audio amplifier portion of circuit is shown art top, basic dc power supply at bottom.

cuit in Fig. 1. When IC10 is finished
generating the desired allophone, its
output at pin 8 goes to a logic 1. This
output, therefore, indicates to a
NAND gate in IC5 that /C10is ready
to be triggered again. This process
continues until data output from /C9
has reached its end.

When the vocal warning alarm is
first turned on, the R1/C2 network
sends a positive transient pulse,
which finds its way to the set input at
pin 6 of the first flip-flop in IC6.
When the pulse arrives, the output of
this flip-flop, at pin 1, goes high. Be-
cause this high is fed to an OR-gate
configuration made up of NAND
gates inside ICS, the gate’s output
enables the final NAND gate in the
IC to send the pulses that appear at
pin 3 of /C5 to the inputs at pin 1 of
IC8 and pin 20 of ICI0.

Since the pin 1 output of /C6is at a
logic 1, the same high logic level is
delivered to address input A7 at pin |
of IC9. So the EPROM sends the da-
ta stored in it starting at address 128
to IC10. At this point, you will hear
the first message: ‘‘I am a talking
alarm. You have thirty seconds to
leave the car. Please hurry.”” When

this message ends, /C9 sends a logic |
via its pin 16 output back to /C6
which resets both flip-flops and
causes a logic 0 to appear at the pin |
output of the first flip-flop.

Now let us suppose that someone
attempts to open the door of the pro-
tected premises (or move your pro-
tected car, if that is where you in-
stalled the alarm). The normally
open (NO) sensor would now trigger
timer /C2, whose pin 3 output then
sends, through a pair of inverters in-
side /C7, a positive transient pulse to
the pin 8 set input of the second flip-
flop inside /C6. This causes the out-
put at pin 13 of IC6 to go to logic 1,
enabling the final gate inside /CS.

Because the standby output is nor-
mally at logic 1, pin 3 of ICS5 goes
high and sends pin 1 of /C8 and pin
20 of IC10 high as well. This causes a
logic 1 to appear at input pin 23 of
IC9. When this occurs, the EPROM
sends the data programmed into it to
IC10, starting at address 256. Hence,
you will now hear the second mess-
age: ‘‘nine, eight, seven, six, five,
four, three, two, one, zero.”’

From the time this second (count-
down) message starts, you have 10 sec-

onds to disarm the alarm by setting S/
to DISARM (open the switch). Other-
wise, the piezobuzzer will sound.

You may have noticed that only two
of the six inverters in /C7 are being
used in this circuit. The sole purpose
of these two inverters is to transform
the 12-volt pulses generated by the
timing circuit into the 5-volt pulses re-
quired by the rest of the circuitry.

As you can see in Fig. 1, this project
can accommodate both normally
open (NO) and normally closed (NC)
switch-type alarm trip sensors. If you
plan on installing the alarm inside
your home or office, you can use
either or both types of sensors, as the
need arises. Door and window sensors
should be ordinary magnetic-type
devices. Use glass breakage sensors for
window panes as well.

If you plan on installing the alarm
in your car, van or other vehicle, use
a normally open sensor to detect mo-
tion should someone attempt to push
or tow your vehicle.

Asshown in the lower schematic in
Fig. 2, this project uses a convention-
al ac-line-operated power supply.
The power transformer’s secondary
should be rated to deliver at least 9

_.m
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Listing 1. EPROM Program for First Message

DECIMAL DECIMAL HEX HEX DECIMAL DECIMAL HEX HE X

ADDRESS DATA ADDRESS DATA ADDRESS DATA ADDRESS DATA

128 4 80 4 166 1 A6 1

129 24 81 18 1 167 3 A7 3

130 6 82 6 168 55 A8 37

131 1 83 1 169 55 A9 37 "seconds"
132 7 84 7 170 7 AA 7

133 7 85 7 am’ 171 2 AB 2

134 16 86 19 172 42 AC 2A

135 2 87 2 173 12 AD (o]

136 24 88 18 "a' 174 11 AE 8

137 2 89 2 175 | AF 1

138 13 8A D 176 55 BO 37

139 23 88 17 177 3 B1 3

140 23 8C 17 “talking" 178 13 B2 D

141 2 8D 2 179 22 B3 16 to

142 a2 8E 2A 180 3 B4 3

143 12 9F C 181 62 BS 3E

144 44 90 2C 182 19 Bé 13 leave"
145 1 91 1 183 35 B7 23

146 23 92 17 184 4 B8 4

147 62 93 3E 185 18 B9 12 the'
148 24 94 18 alarm* 186 17 BA 1A

149 51 95 33 187 3 BB 3

150 16 96 10 188 8 BC 8

151 1 97 1 189 59 8D 3B "car
152 4 98 4 190 BE BE 4

153 4 99 4 191 4 BF 4

154 49 9A 31 192 9 co 9

155 31 9B 1F you' 193 a5 Cl 20 "please”
156 2 aC 2 194 19 c2 13

157 57 D 39 195 55! Cc3 37

158 7 9E 7 “have" 196 2 Cca 2

159 35 9F 23 197 27 CcS 18

160 3 AQ 3 198 24 ce 18 “hurry. "
161 29 Al 1D 199 59 c7 3B

162 52 A2 34 200 19 c8 13

163 2 A3 2 "thirty" 201 4 c9 a4 (resets IC3)
164 13 A4 o] 202 64 CA 40 (resets ICl)
165 19 AS 13

volts ac at I ampere. You can use a
transformer whose secondary deliv-
ers up to 12 volts ac.

ARM/DISARM switch S/ applies
power to and removes power from
the circuit as desired. The ac from
the power transformer is coupled in-
to bridge rectifier RECTI, where it
is converted to pulsating dc and is
filtered to a more pure dc by capaci-
tor C25. This dc is then regulated
down to +12 volts to power the
timer and piezoelectric buzzer por-
tions of the circuit.

The +5 volts dc required by the
logic, speech synthesizer and audio
amplifier sections is taken care of
by + 5-volt regulator /C4 shown
in Fig. 1.

Construction

You can fabricate your own printed-

circuit boards for this project from
the actual-size etching-and-drilling
guides shown in Figs. 3 and 4. Note
that there are two pc boards for this
project. One contains all the circuit-
ry that is powered by the 12-volt dc
source, the other all the circuitry that
is powered by the 5-volt dc source.

You might wish to wire your proj-
ect on perforated board instead of
having to fabricate pc boards. If you
do, use boards that have holes on
0.1-inch centers and appropriate sol-
dering or Wire Wrap hardware. Al-
so, use the wiring guides shown in
Figs. 5 and 6 as guides to component
layout and wiring runs. Though this
is not a particularly difficult project
to lay out, you must keep in mind
that stray capacitances must be held
to a minimum.

Start wiring the project with the
large logic/speech synthesizer/audio
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amplifier board, shown in Fig. 5. Be-
gin by installing and soldering into
place the sockets for all ICs except
IC4. (Do not install the ICs in their
sockets until after initial voltage
checks have been performed.) Fol-
low with the resistors and diode,
making sure you properly orient the
latter before soldering its leads to the
pads on the bottom of the board.

Next, install and solder into place
the nonpolarized capacitors. Foliow
up with the polarized capacitors,
again making sure they are properly
polarized before soldering them into
place. Four capacitors (C30 through
C33) do not appear on either sche-
matic diagram to avoid confusion.
To determine their values, refer to
the Parts List.

Plug the leads of the crystal into
the board, solder them to the copper
pads and clip them as short as possi-
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Listing 2. EPROM Program for Second Message

DECIMAL DECIMAL HEXADECIMAL HEXADECIMAL DECIMAL DECIMAL HEXADECIMAL HEXADECIMAL

ADDRESS DATA ADDRESS DATA ADDRESS DATA ADDRESS DATA

256 S6 100 38 281 40 119 28 five"

257 24 101 18 nine 282 6 11A 6

258 € 1902 6 283 35 118 23

259 11 103 B 284 3 11C 3

260 2 104 2 285 49 11D 28

261 20 105 14 286 40 11E 28 four”

262 2 106 2 eight 287 58 11F 3A

263 13 107 D 288 3 120 3

264 2 108 2 289 29 121 10

265 S5 109 37 290 14 122 E three

266 3 10A 37 "seven 291 19 123 13

267 7 108 7 292 4 124 4

268 7 1ecC 7 293 13 125 D

269 35 10D 23 294 31 126 D two

270 12 10E (o] 295 4 127 4

271 11 10F B 296 57 128 39

272 2 110 2 297 15 129 F one

273 55 111 37 298 15 12A F

274 55 112 37 six’ 299 11 128 B

275 12 113 (o] 300 4 12C 4

276 2 114 2 301 43 12D 2B

277 41 115 29 302 60 12E 3c zero

278 55 116 37 303 53 12F 35

279 3 117 3 304 4 130 4

2890 49 118 28 305 1 131 ) (resets IC3)
306 64 132 49 (resets ICl1)

ble. Do the same with trimmer po-
tentiometer R22 and S-volt regulator
IC4. Make sure the last is properly
oriented before soldering it into place.

Nine jumper wires must now be in-
stalled. These are identified simply
by solid lines and the letter J. You
can use short lengths of bare hookup
wire (or cut-off resistor leads) for the
four short jumper wires, but the re-
maining long jumpers should be in-
sulated solid hookup wires.

Strip % inch of insulation from
both ends of five 8-inch lengths of
stranded hookup wire, three with
one color insulation and two with an-
other color. Twist together the fine
conductors at both ends of all wires
and sparingly tin with solder.

Plug one end of the two wires that
have the same color insulation into
the holes labeled +12v and SPKR+
and solder into place. Then plug one
end of the remaining wires into the
holes labeled SPKR -, GND and 1C2
PIN 3. The other ends of these wires
will be connected later.

When you are finished wiring this
circuit-board assembly, the only IC
that should be on it is + 5-volt regu-

lator /C4. Temporarily set aside this
circuit-board assembly.

Now proceed to wire the power
supply/timer board as shown in the
Fig. 6 wiring guide. Do this in the
same sequence as you did for the
large board. Once again, install only
the sockets—not the 1Cs themselves.
The only IC that should be installed
on this board when you are finished
wiring it is + 12-volt regulator /C/2.

Before you solder any polarized
capacitor or diode leads to the cop-
per pads on the bottom of the board,
make sure these devices are properly
oriented. Similarly, make sure the
basings of /C12, QI and RECT] are
correct before soldering the pins of
these components to the pads.

On this board you need only two
jumper wires, one linking the base
(B) of QI to pin 3 of /C3 and the
other below IC!I. The first can be a
short piece of bare wire, but the
other must be insulated wire. You al-
so need 12 8-inch lengths of stranded
hookup wire, each with ¥ inch of in-
sulation stripped from both ends. Six
of these wires should have red insula-
tion, the remainder black insulation.

As before, twist together the fine
conductors at both ends of all wires
and sparingly tin with solder.

Plug one end of the red-insulated
wires into the holes labeled BUZZER

, LEDI ANODE, LED2 ANODE, NO
SENSORS, NC SENSORS and +12V TO
IC4IN and solder into place. Then in-
stall the black-insulated wires into
the holes labeled LED CATHODES,
SENSORS, BUZZER -, and SiI and sol-
der into place.

How you machine the project’s
enclosure will depend on your choice
of components and whether or not
you plan on installing the speaker
or/and piezobuzzer inside the enclo-
sure. If you use a key-lockable steel
enclosure and solidly mount it to a
wall, the system should be quite se-
cure, especially if all incoming wir-
ing, including the ac power cord, en-
ters the enclosure through a large
hole cut through the panel that
mounts against the wall.

If the project is to be out in plain
sight, the enclosure should be steel
and be solidly secured to the wall.
Then a key-operated ARM/ DISARM
switch can mount on the enclosure’s
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Fig. 3. Actual-size etching-and-drilling guide for logic, synthesizer and audio-amplifier sections of project.

front panel along with the LEDs. If
you prefer to use an ordinary slide or
toggle switch, it can be mounted on a
metal subpanel, made from sheet
aluminum or steel bent into an L
shape, inside the enclosure. The
switch will be reachable only by un-
locking the enclosure. If you make
the subpanel large enough, you can
mount on it a barrier block at which
the speaker and sensors connect into
the circuit.

Drill mounting holes in the enclo-
sure for the circuit-board assemblies,
power transformer, speaker jack,
LEDs piezobuzzer and ARM/DISARM

switch. Make the holes for the LEDs
large enough to accommodate panel
mounting clips or small rubber grom-
mets or just large enough to provide
press fitting of the plastic cases of the
LEDs, and drill a dozen or so holes
for the sound from the buzzer and
speaker to escape if you mount these
items internally.

You also need holes for mounting
a three-contact barrier block or
three-position screw-type terminal
strip for connection of the normally
open and normally closed trip sen-
sors. Alternatively, you can replace
the speaker jack and separate barrier
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blocks or terminal strips for the
speaker and sensors with a single six-
position barrier block to which all
external-device connections, except
those for the ac power cord, can be
conveniently made. Also drill the en-
try hole for the ac line cord and the
holes for mounting the enclosure
to a wall.

Mount the power transformer in
the enclosure, sandwiching a three-
lug terminal strip (70 lugs connected
to the mounting tab) and toothed
lockwasher between the head of one
of the screws and mounting tab.
Place a rubber grommet in the ac line

T e e
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Fig. 4. Actual-size printed-circuit guide for timer and power supply sections.

cord hole. Strip % inch of insulation
from both line cord conductors,
tightly twist together the fine wires in
each conductor and lightly tin with
solder. Pass the line cord through the
rubber grommet into the enclosure
and tie a knot in it about 5 inches
from the prepared end inside the en-
closure to serve as a strain relief.
Crimp and solder one power trans-
former lead and one line cord con-
ductor to each of two adjacent termi-
nal strip lugs. Strip % inch of insula-
tion from both ends of a hookup
wire long enough to reach from S/ to
the terminal strip. Connect and sol-
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der one end of this wire to one lug on
the switch and the other end of this
wire and one secondary lead of the
power transformer to the unused lug
on the terminal strip. Plug the other
transformer secondary lead into the
hole labeled 9vAC and solder into
place. Then mount the circuit-board
assembly into place with -inch
spacers and machine hardware.
Locate the free end of the wires
that are connected to the LED holes
in both circuit-board assemblies and
slip over each a l-inch length of
small-diameter heat-shrinkable tub-
ing. Trim the cathode lead of the red

LED to % inch long and crimp and
solder it to the free end of one LED
CATHODE wire coming from the
large circuit-board assembly.

Do the same with the anode lead
and the free end of the LEDI ANODE
wire coming from the same board.
Repeat this procedure with the green
LED and the LED2 wires.

Push the heat-shrinkable tubing
up over the connections and flush
against the bottoms of the plastic
cases of the LEDs and shrink into
place. Mount the LEDs in their re-
spective locations on the front panel
of the enclosure.

‘-ﬂ
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Checkout & Final Assembly

With none of the DIP ICs installed in
their sockets in either circuit-board
assembly, plug the project’s line cord
into an ac outlet. Connect the com-
mon lead of a dc voltmeter, set to in-
dicate at least 20 volts full-scale, to
circuit ground at the negative (-)
side of C26. Set S! to ARM (red
POWER light-emitting diode LED?2
should now be on) and touch the me-
ter’s ‘“‘hot’’ probe to the following
pins of the IC sockets and compare
your readings:

IC/Pin Meter Reading
1/14 + 12 volts
2/8 + 12 volts
3/8 + 12 volts
4/IN + 12 volts
5/14 + 5 volts
6/14 + 5 volts
7/1 + 5 volts
8/2,16 + S volts
9/21,24 + § volts
10/1,9,23 + S volts
1176 + 5 volts
12/0UT + 12 volts

Once you know that your wiring is
correct and that the voltage regula-
tors are operating as they should, al-
low the charge to completely leak off
the electrolytic capacitors. Then in-
stall the ICs in their respective sock-
ets. Make sure you properly orient
each IC as you install it, referring to
Figs. 5 and 6. Most of these devices
are CMOS devices that are sensitive
to static electricity; so practice the
usual precautions for MOS devices
when handling them. Also, make
sure that no pins overhang the sock-
ets or fold under between the ICs and
the sockets as you push the ICs home.

Mount the speaker jack and indi-
vidual barrier blocks or screw-type
terminal strips (or the single barrier
block if you have decided to use it) in
their respective locations. Then re-
ferring to Figs. 5 and 6 connect and
solder the free ends of the wires com-
ing from each circuit-board assem-
bly to the appropriate lugs on these
components to complete assembly.

Fig. 5. Wiring guide for logic, syn thesizer and audio-amplifier board.
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Fig. 6. Wiring guide for timer/power-supply board.

With the project fully wired and
ready to go, plug an 8-ohm speaker
into its jack (or connect it to the bar-
rier block), set trimmer potentiome-
ter R22 to about the middle of its
range and short the normally closed
barrier block contacts together with
a jumper lead to simulate a not-
tripped condition. Plug the project’s
line cord into an ac outlet and set S/
to ARM. At this point, you should
hear the first message. If necessary,
adjust the setting of R22 for the de-
sired listening level. Do nothing until
the 30-second timing cycle has run its
course. Then opening the normally
closed connection should cause the
second message to be vocalized, fol-
lowed by the buzzer sounding.

The buzzer should continue to
sound for approximately three min-
utes, after which the alarm should re-

trigger if you have not restored the
normally closed condition to the bar-
rier-block contacts.

Reset the alarm by setting S/ to
DISARM and then back to ARM, with
the normally closed contacts shorted
together. Repeat the test procedure
with the normally open contacts,
shorting them together with a jump-
er lead.

When you are completely satisfied
that your alarm is operating as it
should, power it down and unplug it
from the acline. Label the LEDs, po-
sitions of S/, etc. Then install the
project box in a convenient location
in your home, office or car. Wire to
it any switch-type sensors you wish.
Keep in mind that normally open
sensors all wire in parallel with each
other, while normally closed sensors
wire in series with each other. ME
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Mathematical Variations
of Ohm’s Law

B\ C R. BaIIJr

erman physicist Georg Si-
mon Ohm discovered the
relationship between volt-
age, current and resistance, circa
1854. In honor of his discovery, the
relationship became known as
Ohm’s Law, and the ‘Ohm,’’ abbre-
viated as  (the Greek letter omega),
ultimately became the officially rec-
ognized MKS unit of resistance.
Several mathematical variations
and definitions of Ohm’s Law exist.
These are mathematically summar-
ized in the Ohm’s Wheel shown here.
With this Wheel, you can start at the
hub and derive any variation of the

TABLE 1

MATHMATICAL VARIATIONS
OF OHM'S LAW

Ohm's Wheel
WHERE E = Potential Difference in Volts
I = Currentin Amperes
R = Resistance in Ohms
W = Powerin Watts

Say You Saw It In Modern Electronics

Law by going to the appropriate
quadrant. Traditionally, electromo-
tive force, or voltage is represented
byan “E,’’ current by an ‘‘I’’ and re-
sistance by an ‘“‘R.”’ To these three
basic parameters have been added
power in watts, represented by a
“W"’

In essence, Ohm postulated that
when a potential of 1 volt is placed
across a 1-ohm resistance, the cur-
rent flowing through the resistance
would be 1 ampere.

To use Ohm’s Wheel to calculate
any given parameter, you start at the
hub and use the appropriate formula
of the three shown in that specific
quadrant. For example, if you know
the voltage applied to a known value
of resistance, you would start at the
hub of the unknown current (lower-
left) quadrant and discover that volt-
age (E) divided by resistance (R) will
provide the unknown current. If the
potential is 10 volts and the current is
1 ampere, you would solve the prob-
lem as follows:

I =E/R
I = 10 volts/1 ampere
I = 10 ohms

Now you can go a step further and
calculate the power dissipated by the
resistor. The easiest way to do this is
to use any of the formulas in the
power quadrant (lower-right) of the
Wheel. In the simplest of these for-
mulas, you just multiply voltage by
current:

W=1XxE
W = 1 ampere X 10 volts
W = 10 watts,

That’s all there is to it!

Newcomers to electronics, and
even old hands, will want to keep this
Ohm’s Wheel handy as a reference.

NOW buy that test equipment
you've wanted and save!

DIPMETER

1.5 To 250 MHz
AM Modulation

6 Plug-In Coils
Xtal-os¢c 1-15 MHz __~

9V battery ]
DM4061 / \
« .
AP

$109.95 Value

oNLy 799
+$4UPS

e Measure resonance of antennas and
tank circuits.

o Check for Harmonic radiation.

o Use as OSC for Rec. alignment.

e More uses detailed in the RSGB Hand-
book, pages 18.15 to 18.21

RF SIGNAL GENERATOR
SG4160 e 100 KHz - 150 MHz to
450 MHz on harmonics.
-~ e RF Output 100 mVs.
o Modulation: Int. - 1 KHz
Ext. - 50 Hz to 20 KHz
e Crystal OSC 1 - 15 MHz.

$219.95 vaiue oNLY 31499+ sa uPs

11‘ e e

RF POWER METER/LOAD
0‘ e 1.8 to 500 MHz.
- e 50 OHM -N-J Connector.
. ™ * 5W, 20W, 120 Watts.
e Accurate to +/- 10%

$109.95 Value ONLY ST9% + 34 uPs

FREQUENCY COUNTER
FC5250 e 10 Hz to 150 MHz.
¢ 7 Digit readout.
e Gate 1s & 6 sec.
e B e Accurate to +/- 1 count.
25 - 100 mV to 30 MHz:
SENSITIVITY. 100 - 300 mV to 150 MHz

$160.95 value ONLY 1299+ 54 Ups
AC Adapter is included with unit.

RF ATTENUATOR DC—500 MHz
RFA8000 e 0-81dBin

= 1 dB steps.

— e Accurate to +/- 3 dB
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Using LEDs as Detectors

By Forrest M. Mims 111

Light-emitting diodes can double as both
emitters and detectors of light. This dual
capability makes possible several unique
applications. In this column, I will de-
scribe several applications for LEDs op-
erated as detectors. First, however, let’s
review the background of devices that
both emit and detect light.

Detectors that Emit Light

A few months before graduating from
high school in the spring of 1962, it oc-
curred to me that semiconductors that
detect light might also emit light. I decid-
ed to test this hypothesis by passing a cur-
rent through a bulk semiconductor, a
thin layer of cadmium-sulfide that
formed the light-sensing region of a pho-
toresistor.

When the current from a flashlight cell
failed to stimulate the emission of pho-
tons, I decided more electromotive force
might do the trick. Since I had been ex-
perimenting with a spark coil, I connect-
ed the CdS cell to the output leads of the
spark coil and switched on the power.
This time, the entire zig-zag pattern of
CdS emitted a greenish glow. Of much
more significance were tiny but bright
spots of flickering green light.

Since CdS has a peak spectral response
in the green range, | was convinced that
the green emission was not merely a visu-
al by-product of the high-voltage spark
discharge but was what physicists call
‘“‘recombination radiation.”” In other
words, the green emission was the direct
result of electrons within the CdS being
stimulated to a higher-than-normal ener-
gy level by the high-voltage discharge.
When the electrons resumed their normal
levels (recombined), they emitted pho-
tons (radiation).

On November 6, 1966, I repeated this
experiment with single-crystal platelets
of cadmium-sulfide provided by the Uni-
versity of Colorado. The brittle, yellow-
ish platelets produced green flashes that
were significantly brighter than those
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Fig. 1. Conventional and simplified bidirectional fiber links.

produced in the earlier experiment,
which I also repeated.

Earlier, on March 14, 1966, 1 conduct-
ed an experiment that eventually led to a
confrontation with Bell Laboratories. In
this experiment, | connected a surplus sil-
icon solar cell to the output of a two-
transistor audio-frequency oscillator. An
identical cell was connected to the input
of an audio amplifier. The first cell pro-
duced pulses of near-infrared radiation
that were detected by the second cell.

This experiment demonstrated that
half-duplex optical communications
could be accomplished over a coaxial
path with a single semiconductor device
at either end of the link. When one solar
cell was transmitting, the other would
function as a receiver. Their roles would
then be reversed for communication in
the opposite direction.

Emitters that Detect Light

Most semiconductor pn junctions emit
photons when forward biased. This is the
principle that makes possible visible-light
and near-infrared emitting diodes. The
most efficient semiconductor light emit-
ters are made from single-crystal alloys
of gallium and arsenic (GaAs) and alumi-
num, gallium and arsenic (AlGaAs). But
even silicon solar cells, as noted above,
and both germanium and silicon diodes
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Fig. 2. Response of GaAs and GaAs:Si
LED:s in detector mode.

and transistors emit near-infrared radia-
tion when forward biased.

The efficiency at which silicon and ger-
manium pn junctions transform a cur-
rent into an electromagnetic wave is con-
siderably lower than that of diodes de-
signed specifically for this purpose.
Moreover, many diodes designed ex-
pressly as efficient photon generators
function well as photon detectors.

In 1972, I conducted a series of experi-
ments to determine if GaAs LEDs and
lasers and GaAs:Si LEDs could double as

T = s e e e ————— e
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detectors. The results of these experi-
ments were quite successful. I also found
that it is possible to transmit an informa-
tion-carrying optical wave in both direc-
tions through a single optical fiber by
placing a single LED at each end of the fi-
ber. Previously proposed optical fiber
communication links required an emitter
and a detector at each end of a link made
from either two fibers or a single fiber
equipped with a “*Y”’ splice at both ends.
Figure 1 shows both methods.

In 1973, 1 sent Bell Laboratories a for-
mal invention proposal that described
several applications for dual-purpose
emitter/detector devices. The proposal
was reviewed by two scientists at Bell
Labs, both of whom held the PhD. One
wrote that it is not possible to design a
practical device that functions as both an
emitter and a detector. His supervisor
concluded that, *‘I think it extremely un-
likely that systems considerations would
permit asingle device to operate as both a
source and detector. Certainly all of our
present thinking has been along the lines
of separate fibers for transmitting and re-
ceiving.”” My proposal was rejected.

I related some of the details of what
happened next in Siliconnections: Com-
ing of Age in the Electronic Era (Mc-
Graw-Hill, 1986). Briefly, after Bell Labs
rejected the proposal, | developed a mag-
azine construction project titled *‘Com-
municate Over Light Beams With the
First Single-LED Transceiver’’ (Popular
Electronics, March 1974). This article
concluded that the device’s ‘. . . fiber-
optic mode of operation is a precursor of
what telephone systems of the future are
likely to resemble.””

In the fall of 1979, Bell Labs an-
nounced that it had also developed a new
kind of single-LED transceiver, an opti-
cal telephone that Electronics claimed
would ¢. . . establish AT&T as the No. 1
provider of wideband services to home
and industry’’ (October 25, 1979). Busi-
ness Week described the new phone as
‘. ..soradically different it may eventu-
ally transform American Telephone and
Telegraph Co. and the entire telephone
industry with profound effects on data
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Fig. 3. Response times (nanoseconds) of LEDs in photodetector mode.

communications, cable television, and
every phone user . . . and dramatically
alter the basic nature of the phone net-
work’’ (December 4, 1978).

When | approached Bell Labs about its
apparent use of the invention I had sub-
mitted to them, they refused to honor our
1973 agreement that, should they desire
to make use of my proposal, they would
first **. . . discuss the matter . . . in an ef-
fort to arrive at an agreement that is mu-
tually satisfactory.”” Following six
months of unsuccessful negotiations, |
filed suit against Bell Labs. The matter
was settled out of court in my favor in
December 1980.

During this litigation, Bell Labs aban-
doned at least one U.S. patent applica-
tion that in part claimed precisely what I
had submitted to them in 1973. Further-
more, an extensive search of the prior art
by Bell Labs revealed that Jean Claude
Chaimowicz had applied for an English
patent (No. 1,101,223) in 1965 that pro-
posed a two-way free-space optical com-
munications system using a single dual-
function semiconductor at each end of

the link. Other early work was performed
at IBM from 1969 to 1972, including one-
way links using fiber optics.

Some Experimental Results

It’s important to realize that off-the-
shelf LEDs often function well as optical
transceivers. I made some measurements
of the performance of commercial LEDs
operated as detectors that will give you a
good idea of their sensitivity.

““External quantum efficiency’’ is an
important measure of a detector’s per-
formance. A detector generates a photo-
current when illuminated by a light
source. The external quantum efficiency
of the device is the ratio of the number of
photocurrent electrons to the number of
photons striking the detector during a
given period of time. Thus, if each pho-
ton generates an electron, the quantum
efficiency is 1 (or 100 percent). If two
photons are required to generate an elec-
tron, the efficiency falls to 0.5 (or 50 per-
cent), and so forth.

With the help of a calibrated silicon
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Fig. 4. A simple LED-LED demonstration circuit.

photodiode, I measured the external
quantum efficiency of several GaAs and
GaAs:Si LEDs. In each case, the LED
connected as a detector was illuminated
by radiation from an identical LED. This
is because an LED operated as a detector
responds best to the band of wavelengths
at or slightly below the band of wave-
lengths it emits when operated as an emit-
ter.

A General Electric SSL-54 GaAs LED
with a peak emission wavelength of 900
nm gave a quantum efficiency of 8.8 per-
cent when operated as a detector. A GE
SSL-55 GaAs:Si LED with a peak emis-
sion wavelength of 940 nm gave a quan-
tum efficiency of 26 percent in the detec-
tor mode. The external quantum effi-
ciency of commercial silicon photodi-
odes ranges from 50 to 70 percent.
Though the LEDs I measured are not
nearly this efficient, their performance is
more than adequate for many practical
applications.

I also measured the photocurrent gen-
erated by both LEDs in response to an in-
creasing level of illumination from simi-
lar LEDs. As can be seen in Fig. 2, both
diodes exhibited a linear response over
the range of applied radiant power.

Optical communications is an impor-
tant application for LEDs operated as
both detectors and emitters. Therefore, I
measured the response of the LEDs cited
above to fast-risetime (l-nanosecond)

pulses from a GaAs semiconductor laser
diode. Both LEDs were connected across
a 50-ohm load resistor. The current
through the resistor was monitored with
an oscilloscope. As shown in Fig. 3, both
LEDs exhibited rise and fall times of
around 25 nanoseconds (10- to 90-per-
cent points).

Note in Fig. 3 that the GaAs:Si LED
exhibited a considerably increased fall
time when the incoming radiation ex-
ceeded the device’s saturation point, at
which increasing radiation fails to gener-
ate a greater photocurrent. Well above
saturation, the 100-nanosecond-wide
pulse from the laser diode was stretched
to 450 nanoseconds. This effect is prob-
ably related to the fact that, when operat-
ed as emitters, GaAs:Si LEDs exhibit
much slower rise and fall times than do
GaAs LEDs. Of course, what this means
is that GaAs:Si LEDs are not as suitable
for wide-bandwidth links as are GaAs
LEDs.

During the past five years or so, highly
efficient red and near-infrared emitting
AlGaAs LEDs have become widely avail-
able. Though I have not quantified the
performance of AlGaAs LEDs in the de-
tector mode, I have had excellent results
using bothred and near-infrared AlGaAs
LEDs as detectors. AlGaAs LEDs used
as detectors should be paired with similar
AlGaAs LEDs. Thus a super-bright red
AlGaAs LED will detect the light emitted

by a similar LED much better than the ra-
diation emitted by a near-infrared AlGa-
As LED.

Simple LED-LED Test Circuits

There are several ways to determine if a
pair of similar LEDs will work in an opti-
cal transceiver application. The most
straightforward is to connect one LED to
acurrent meter and expose it to radiation
emitted by the second LED. This is essen-
tially how I made the quantum efficiency
measurements mentioned above.

When performing such tests, it’s help-
ful to compare the performance of LEDs
to that of conventional detectors. For ex-
ample, the receiving LED can be replaced
by asilicon photodiode or solar cell. For
a fair comparison, it is essential to com-
pensate for the sensitive surface area of
the detectors being compared. The
simplest way to do this is to form a small
hole in a sheet of aluminum foil and ex-
pose all the detectors under test through
this hole.

Since LEDs have a much smaller sensi-
tive region than a solar cell, this proce-
dure can be simplified by making a hole
in the foil so that it has the same dimen-
sions as the LED’s chip. The LEDs can
then be tested without the external aper-
ture, while large-area detectors, such as
solar cells, can be tested with the aperture.

Figure 4 shows a simple arrangement
that will allow you to quickly determine
if a particular pair of LEDs will work ina
bidirectional audio-frequency lightwave
link. In operation, the transmitter LED
sends a stream of pulses to the receiver
LED. The photocurrent from the receiv-
er LED is amplified, and the magnitude
of the audio tone provides a rough indi-
cation of whether or not the selected pair
of LEDs will function in a practical light-
wave link.

The Fig. 4 transmitter is a straightfor-
ward 555 pulse generator. Potentiometer
R controls the pulse repetition rate.
Though the simple receiver shown works
well, you can connect the receiver LED
directly to the input of a commercial au-
dio amplifier.
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Fig. 5. Lightwave voice communicator with LED source/detector.

Remember that the Fig. 4 arrangement
provides only a rough indication of an
LED’s performance as a detector. For
more precise information, it’s necessary
to make measurements as described
above.

A LED-LED Transceiver

Since 1973, 1 have built a number of
working lightwave transceivers that in-
corporate a single LED as a dual-func-
tion source and detector of optical radia-
tion. These transceivers have been oper-
ated through the atmosphere over ranges
of hundreds of feet and through optical
fibers over similar distances.

Figure § is the schematic diagram of
oneof these systems. You can use this cir-
cuit to demonstrate that the concept of a
lightwave transceiver in which a single
LED doubles as a source and a detector is
indeed a practical proposition. Or you
can adapt the circuit to a practical system.

Note in Fig. 5 that a standard 8-ohm
speaker functions as both a microphone
and a speaker. Setting S/ to position 1
connects the speaker to the 8-ohm side of

audio transformer 7/. Speech directed
into the cone of the speaker generates a
small current that is coupled into QI via
T! and CI. The amplified signal is then
coupled through C2 into the LM386 au-
dio power amplifier chip. The output
from the LM386 is then coupled into
LED driver Q2, which controls the cur-
rent flowing through the LED. Hence,
speech directed into the speaker’s cone is
transformed into an amplitude-modulat-
ed lightwave by the LED.

Setting S/ to position 2 connects the
speaker to function as a speaker instead
of as a microphone, and the LED is con-
nected to Q7 via CI. Lightwaves striking
the LED’s junction generate a photocur-
rent that is amplified by Q7 and passed
through C2 to the LM 386 power amplifi-
er. The output of the LM386 is then
passed to the speaker via C5.

A pair of the Fig. 5 circuits can be used
for half-duplex, bidirectional communi-
cation through the atmosphere or through
a single optical fiber. If you have built
and used lightwave communication sys-
tems designed to operate through the at-
mosphere, you can appreciate the advan-

tage of having a single lens rather than
two lenses at either end of the link. This
greatly simplifies alignment of a pair of
transceivers.

For best results, the LED should be an
AlGaAs near-infrared or super-bright
red device. Near-infrared LEDs will pro-
vide a covert communications link, but
alignment is more difficult than when
visible LEDs are used.

Various kinds of optical fiber termina-
tion devices are available for interfacing
fibers and LEDs. Alternatively, you can
attach a fiber directly to an LED. One
way to do thisisillustrated in Fig. 6. Here
a small hole is bored into the end of an
epoxy-encapsulated LED. You can form
the hole with a small drill or a hot needle.
In either case, it’s important to avoid
damaging the very small bonding wire
that connects one of the LED’s leads to
the top of the chip.

After forming the hole, dip the end of
the fiber into clear epoxy and insert it in
the hole. The epoxy secures the fiber in
place and provides refractive index
matching between the end of the fiber
and the roughened end of the bored hole.

You can use plastic optical fiber if the
LED is a visible red emitter. Plastic fiber
is easy to cut with a sharp safety knife or
razor blade.

Silica and glass fibers have much lower
characteristic attenuation than plastic fi-
bers do, and they can be used with both
red and near-infrared emitting LEDs.
These fibers must be cleaved to provide a
perfectly flat end. One way to cleave a
glass or silica fiber is to lightly score it
with a carbide blade. First, pull the fiber
across a curved surface, such as a plastic
33-mm film container. Then lightly pull
the carbide blade across the desired
cleavage point. The fiber should almost
immediately pop apart.

Examine the end of the fiber with a rec-
ord player stylus magnifier. When light is
shining through the opposite end of the
fiber, a properly cleaved end will be a
brightly glowing circle. A half-moon of
glowing light indicates an imperfect
cleave, in which case, you should try
again.
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Caution: You must wear protective
glasses when cleaving glass and silica fi-
bers since small slivers broken off during
cleaving might fly into your eye. Small
remnants of fiber are like invisible splint-
ers that can cause painful injuries. Col-
lect fiber scraps with the mastic side of a
piece of masking tape and discard them
in a safe place.

Going Further

The conclusions of the scientists at Bell
Labs in 1973 notwithstanding, LEDs can
indeed double as both emitters and detec-
tors in practical lightwave communica-
tion links. For example, I have used a
pair of circuits similar to that shown
schematically in Fig. 5 and equipped with
near-infrared LEDs to transmit voice in
both directions through a 200-meter sili-
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Fig. 6. How to mate an optical fiber to an encapsulated LED.

ca fiber. In February 1980, I demonstrat-
ed this system at the site in Washington,
D.C., where Alexander Graham Bell first
demonstrated voice communication over
a beam of reflected sunlight exactly 100
years earlier. Besides my wife and me,
present were representatives of the
Smithsonian Institution, the National
Geographic Society and, despite their on-
going legal battle, Bell Laboratories.
For additional information about

lightwave communications and LEDs
that function as both emitters and detec-
tors, see The Forrest Mims Circuit Scrap-
book (McGraw-Hill, 1983) and Forrest
Mims’ Circuit Scrapbook I (Howard W.
Sams, 1987). In A Practical Introduction
to Lightwave Communications (Howard
W. Sams, 1982), which is out of print but
still available from some libraries, I dis-
cuss lightwave communications in great
detail. ME
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+ 6 outlets
« Circun breaker

KEYTRONICS
RT-101 100 rear

ONLY 59995
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WARRANTY

8 10 EEEE) (U110 E210) sy
R
@R AmEDEane {
el o v A
Bh_ [EENt
LJ

We were able to get a few more RT-101 from an OEM who was
overstocked with them. but only a few so act fast. The linal ship-

ment will arrive about one week after you see this ad so act fast
10 get in the Queue

BEST QUALITY
1BM COMPATIBLE KEYBOARDS

AS LOW AS $54.95

AS you know the keyboad 15 one of the two mecharucat items in
your system, all eise is soild state and runs forever. We have
looked tugh and low for good Taiwan keyboards, and found themN
BTC. one of the world's finest keyboard makers, has them We
tested them thoroughly first. and tnen we bought We tound them
10 be of excellent quality. 100% IBM/Keylronics cOmpatidle and
Only a little more COStly than the real Cheaples.

$5495

5150 The std. 84 key type for XT. with large return key

5180 The new XT/AT autoswitch type that knows what it 1s
plugged into. Has LED status panel. large return key. and a very
nice feel $6495

5161 The enhanced AT/XT autoswitCh with 2 function keys, LED
status panel, numeric pad, large return key SRRIS

CALL TOLL FREE

1-800-431-9008

XT, AT FLIP TOP CASES

REGULAR

$12995

with 200 watt
full-size AT
power supply

$19995

N T

$12795

with 200 watt
tull-size AT
power supply

$19795
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XT FLIP-TOP CASES $5995

[ N> BOCA RAM/AT
\ TOPHAT

KEYBOARD é\\‘ SAMSUNG MONITORS
DRAWER W | AMAZING THING MODEMS

10EA MODEMS

For tight quarters. drawer allows SEA GATE HARD DRIVES
e A WA | 20,30 and s0 e
CALL FOR CURRENT PRICES

Terms and Conditions: Minimum order $10.00. For orders less than $50.00.
please add $5.00 for packing and freight. Over $60.00. please 20d 5% for pack.
ing and Ireight. Heavy ilems may need exlra Ireight All orders sent by UPS
qreund unless another way is requesied. In that case any exira lee we musl pay
Is charged UPS red. blue are available. C 0.0 by US mail or UPS. Piease add
$350 £.0.0 Iee 1o the above We accep! Visa. MasterCard, American Express.
certilied check. money arder. school. college. universily. o slate and lederal
insiftution purchase arders. Personal checks need 14 days lo ctear. Al goods
shipped as soon 33 possible Al ilems subject 1e prior sale. Prices are sublect
1 change wilhout nofice.
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W/ SOLID-STATE DEVICES |/

An intriguing programmable bit rate generator; digital/linear
high- and low-pass filters; late-breaking news

By Harry Helms -

Deep in the heart of Texas—Austin to be
precise—is Motorola’s MOS semicon-
ductor division. Over the past few years,
a number of innovative CMOS ICs have
been produced by the design teams in
Austin. Some are now starting to enter
the general semiconductor marketplace
and are worth closer looks.

One that seems particularly intriguing
to me is the MC14411 bit rate generator.
Everyone who works with digital devices
and circuits needs stable clock signal
sources. Most such clock signal genera-
tors are fixed frequency, with the output
frequency determined by a timing resis-
tor and capacitor. Changing output fre-
quencies, or obtaining more than one
output frequency at the same time, can
be a problem. The solution might well be
the MC14411, which can be thought of as
a logic-controlled clock oscillator. It of-
fers 16 different clock output frequencies
simultaneously, and all outputs can be
digitally switched between four frequen-
cy ranges by a 2-bit ‘‘address’’ input! The
output frequencies available from the
MCl14411 range from 1,843 kHz down to
approximately 75 Hz.

Figure 1 shows the package and pin
connections for this device. The outputs
are labeled F1 through Fi16. The output
range is selected by the Rate Select A (pin
23) and Rate Select B (pin 22) inputs. The
MC14411 requires an external 1.8432-
MHz crystal to control its output fre-
quencies, and this crystal must be con-
nected to the XTAL Input (pin 21) and
XTAL Output (pin 20) pins. There is also
a Reset Input at pin 10. For normal oper-
ation, the Reset Input must be held to a
high logic level (V). If pin 10 is low,
outputs F1 through Fi4 will be low, while
outputs Fi5 and Fi6 will be high.

Shown in Fig. 2 is an internal block
diagram of the MC14411. The first stage
is the 1.8432-MHz oscillator section,
whose frequency is controlled by the ex-
ternal crystal connected to pins 20 and
21. The output of the oscillator is applied
to output Fi6 and to the input of the first

divider stage. This means that the output
frequency at Flé will always be 1.8432
MHz, regardless of the signals at the Rate
Select inputs. The first divider ‘‘pre-
divides’’ the oscillator signal frequency.
The output at F15 is taken from the first
divider and will be a constant 921.6 kHz
regardless of the Rate Select inputs. The
first divider and the output dividers are
both connected to the Reset Input line
from pin 10.

Outputs Fi through Fi4 are from addi-
tional dividers controlled by a Rate Select
Logic section. The outputs from the first
divider are subjected to one of four possi-
ble “‘multiplication factors’’ according
to the Rate Select inputs. The available
multiplication factors are by 1 (x1), 8
(x8), 16 (x 16), and 64 (x64). For ex-
ample, the four possible output frequen-
cies at F1 are 9.6, 76.8, 153.6, and 614.4
kHz. High (H) and low (L) logic signals
at the Rate Select outputs determine the
multiplication factor as followings:

Rate Select Multiplication
A B Factor
L L x 1
L H x8
H L x 16
H H X 64

Motorola recommends that the oscilla-

Table I
MC14411 Bit Rate Generator

Supply voltages: + 5 volts dc (+ 5%)

Output drive current (sink): 0.78 mA
typicai

Dc current drain per pin: 10 mA

Quiescent power dissipation: 0.015 mW

Input capacitance: 5 pF

Duty cycle: 50%

Noise immunity: 45% of V44 typical

Prime vendor: Motorola

_\r
F1§» nlv
F3 {2 23| Rate select A
F5 {3 22 | Rate select B
F7 )4 21 | Crystal input
F8 s 20| Crystal output
Fiols MC14411 wlF16
Fo |z 18B|F15
F11{s 17 ]F2
F14 }s 16 |F4
Reset | 10 15)Fe6
Not used |1 14IF12
A 12 131F13

Fig. 1. MCl4411 pin connections and
packaging details.

tor crystal connected to pins 20 and 21
meet certain specifications. It should be
parallel mode and be within +0.05 per-
cent of 1.8432 MHz at a capacitance of
13 picofarads. Additionalstability can be
gained by connecting a 15-megohm resis-
tor in parallel with the crystal.

Table I gives a summary of the essen-
tial specifications of the MC14411, while
Table II shows the frequencies available
at the various inputs for different multi-
plication factors. Note that the supply
voltage for this device is +5 volts, the
same as for TTL, although it is a CMOS
IC. The + 5§ volts is becoming the de fac-
to ‘‘standard’’ logic supply voltage for
these CMOS devices, too, since TTL and
CMOS devices alike can be powered
from it. Qutputs of the MC14411 are
buffered and are compatible with low-
power Schottky (LS) versions of TTL.
All inputs are diode protected, although
the usual precautions against static dis-
charge when working with CMOS should
be followed.

A data sheet for the MC14411 is avail-
able from your local Motorola semicon-
ductor distributor or from Motorola
Semiconductor Products Inc., 3501 Ed
Bluestein Blvd., Austin, TX 78721.

Digitally Programmable Filters

The MC14411 is an example of a recent
push toward producing CMOS devices
containing standard analog or linear
functions that have previously been im-
plemented using operational amplifiers
and supporting discrete components.

e e e e ————— e _—_— e e ———————————ee,
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Rate select A » 2

22
Rate select B >

Crystal input >2—'——-
1.8432MHz
Oscillator

Crystal output >2—°-——

X1
X8 Rate
select

First

10

divider X16
X64

logic

V—— F1
17 oy F2
2 py F 3
16 ey F4

3 p— F5
Dividers 1sp—>F6
— F7
— 3

Reset

a

s

7 p— F9
63 F10
— F11
14 py F12
13 p—aF13
sp—aF14

@

C5F15

Z5F16

Fig. 2. Block diagram of MC14411's internal circuitry.

Two recent devices are equivalents of
popular active filters: the S3528 pro-
grammable low-pass and S3529 pro-
grammable high-pass filter devices from
AMI/Gould Semiconductors. Both are

linear and digital stages, so they are nei-
ther purely digital nor purely linear de-
vices. Do we need a new descriptive term
for such ICs, such as ‘‘digilinear’’?
Details on the S3528 and S3529, in-

cluding cutoff frequencies for various
control inputs and applications circuits,
are found in data sheets for each device
available from AMI1/Gould. You can get
these from your nearest AMI/Gould dis-

based on switched-capacitor techniques
and permit their cutoff frequencies to be

adjusted in 64 discrete steps by a 6-bit Table II—Output Frequency Multiplication Factors*
digital control input.

The S3528 has a frequency range of 40 | Output X 64 x 16 x8 x1
Hz to 20 kHz, and the cutoff frequency Fl 614.4K 153.6K 76.8K 9,600
can be set to a desired point in that range. F2 460.8K 115.2K 57.6K 7,200
The 64 steps to select from can be custom F3 307.2K 76.8K 38.4K 4,800
programmed from a universe of 2,048 F4 230.4K 57.6K 28.8K 3,600
possible points via an internal 64 X Fs 153.6K 38.4K 19.2K 2,400
11-bit ROM. An internal oscillator sec- Fé6 115.2K 28.8K 14.4K 1,800
tion uses an external 3.58-MHz ‘‘color- F7 76.8K 19.2K 9,600 1,200
burst’’ crystal, or it can use TTL/CMOS F8 38.4K 9,600 4,800 600
clock signals. Attenuation at the cutoff F9 19.2K 4,800 2,400 300
frequency and above is better than 51 dB. Fi0 12.8K 3,200 1,600 200
The S3529 has identical specifications Fl1 9,600 2,400 1,200 150
and performance, but it has a high-pass Fi12 8,613.2 2,153.3 1,076.6 134.5
filter function. F13 7,035.5 1,758.8 879.4 109.9

There is another interesting similarity Fl14 4,800 1,200 600 75
between these two devices. Bothrequirea F15 921.6K 921.6K 921.6K 921.6K
constant +5- and —5-volt dual-polarity Fl6 1.843M 1.843M 1.843M 1.843M
power source and both have digital and
analog ground pins. The internal circuit- *All output rates measured in Hertz (Hz).
ry of these devices is a combination of
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tributor or by writing to AMI/Gould,
3800 Homestead Rd., Santa Clara, CA
95051. A written request for data sheets
should be made on company or profes-
sional letterhead.

Short Takes

How low can an op amp go? (in terms of
voltage, that is). Linear Technology Inc.
(P.O. Box 489, Station A, Burlington,
ON, Canada L7R 3Y3) recently an-
nounced its LC810 op-amp device, which
can operate from single- or dual-polarity
supply voltages below 1 volt. Its output
swings virtually *“‘rail-to-rail’’ and it can
handle typical supply currents of 200 mi-
croamperes and drive loads as low as 180
ohms.

National Semiconductor Corp. (2900
Semiconductor Dr., P.O. Box 58090,
Santa Clara, CA 95052-8090) has an-
nounced publication of its ASIC Design
Manual and Semiconductor Master Se-
lection Guide. The ASIC Design Manual
covers National’s complete line of appli-
cations-specific ICs, including circuit
functions available in gate arrays -and
standard cell libraries. Data on designing
with ASICs is also included. The Sermi-
conductor Master Selection Guide pro-
vides basic features and specifications
for all of National’s standard and ASIC
devices. There is also a directory of
sources for more detailed information on
the various products. Copies of both of
these books are available from a Nation-
al sales office or its corporate literature
department.

Speaking of National Semiconductor,
they recently acquired Fairchild Semi-
conductor. Fairchild was one of the true
pioneers in the linear IC field, having in-
troduced the first monolithic IC opera-
tional amplifier (the 709) in 1965 and fol-
lowing up with what may be the world’s
most popular op amp, the 741, in 1976.
At the time this column was written, Na-
tional planned to keep many Fairchild
devices in continued production, al-
though the Fairchild name (and familiar
““uA’’ part number prefix) will gradually
be phased out.

See you next month!
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CAT Control of a Yaesu FRG-8800 with a
Commodore C-64 Computer

" By Kjell W. Strom, SM6CPI

The microcomputer brought many ad-
vantages to modern electronics. Commu-
nications is one area in which its benefits
can shine, especially if you have a com-
munications receiver already equipped to
‘‘communicate’’ with a computer. Such
areceiver is the popular Yaesu FRG-8800.

I’ll show you how the Yaesu FRG-8800
general-coverage receiver can be con-
trolled with a Commodore C-64 (or
C-128 operated in the C-64 mode) com-
puter. The problems associated with run-
ning the C-64 reliably at the undocu-
mented 4,800-baud rate have been solved
using a machine-language routine, which
is loaded from a BASIC program. A very
simple hardware solution for interfacing
between the computer and the shortwave
receiver is included here as well.

The RS-232 Mystery

Yaesu’s CAT (Computer Assisted Trans-
ceiver) accepts commands sent to it in a
standard RS-232C format. This format
does not cause any problems. Any ad-
vanced book on the C-64 will tell you
how to set up the Command and Control
registers for a word length of eight bytes
with two stop bits and no parity.

Though the CAT system operates at
4,800 baud, the computer’s baud rate
stops at 2,400 baud. Some available liter-
ature gives formulas for calculating non-
standard baud rates. If you try plugging
in numbers, you will arrive at the conclu-
sion that the maximum transfer rate is a
bit over 5,000 baud. In point of fact, you
can set up the C-64 for 4,800 baud with
the parameters calculated from these for-
mulas. However, the result is not relia-
ble; sometimes characters get lost on
their way to the User Port.

In the program listed here, such prob-
lems are avoided by using the aforemen-
tioned machine-language routine for
handling the RS-232C procedures. There
is also a routine for converting the fre-
quency bytes from hexadecimal to deci-
mal format. This is necessary because the
frequency bytes calculated in the pro-

+5V

2)—
© 330
8 [
- [o]
= L ] -—
& M) 1 " v &
3 ® [
[] L‘ g 13 1 S
(o] (3]
3(SI
g 7404 7 < |
£ s—>1 (GND) O
=)
8 TiL111 §
>
A>——— 11 NOTE:
Connect pins 3, 5,9, and 11 to pin 7 on the 7404.

Fig. 1. Schematic diagram of interface between a Commodore C-64 computer and Yaesu
FRG-8800 general-coverage shortwave receiver.

gram are in hex format, while the BASIC
interpreter treats all numbers as decimal
numbers. You then get an extra decimal-
to-hex conversion, which you must undo
by reconverting.

Reconversion is easily accomplished in
BASIC, but the machine-language rou-
tine occupies less memory space and is
several times faster than the BASIC pro-
gram. This can be important in, for ex-
ample, scanning procedures.

The machine-language part of the pro-
gram is loaded from the DATA in lines
4110 through 4114 by the command
GOSUB 4000. There are four SYS-call
entrances to the routines:

1.) SYS 52480 is the 4,800-baud im-
proved version of OPEN 1,2, . . .

2.) SYS 52512 takes the five bytes that
have been POKEd into temporary stor-
age at locations 52592 through 52596,
does the hex-to-decimal conversion on
52592 through 52596 and sends all five
bytes, like PRINT 1.

3.) SYS 52526 sends 52592 through
52596 without conversion, since you do
not want to reconvert the 2-byte com-
mands.

4.) SYS 52578 is functionally equiva-
lent to CLOSE 1.

Main Program

Key in and SAVE the program listed else-
where in this column. Then type RUN

10000, followed by a RETURN to check
that the machine-language routine’s
DATA have been entered in good order.
Otherwise, you may lose the program if
you try to RUN it without first saving it.
(Note: If you are having difficulty in in-
terpreting the reverse block characters in
the program, they are as follows: Line
200 contains an R after the first quota-
tion mark and QQ in quotes at the end of
the line; Line 1050 also contains an R
after the first quotation mark and
QQQQQQQ in quotes at its end; and
Line 1115 contains SQQQQQQ in quotes
after the first quotation mark and has a
wide cross graphics character in quotes
just before the final ‘““A”’ on the line.)

The program executes as follows:

Lines 100 through 500 initialize the
program, open the RS-232C file and set
up the first selection screen.

Lines 1120 through 1295 detect com-
mands from the keyboard and perform
them via subroutines.

Lines 1300 through 1320 check that the
entered frequency is in the proper format
and is within the range of the radio.

Lines 1700 through 1990 first deter-
mine the position of the decimal point
and then slice up the frequency into four
two-digit bytes, POKE them into tempo-
rary storage and send them to the micro-
processor inside the FRG-8800.

Lines 2000 through 2030 contain the
subroutine for exiting the program.

e e e — e ———— r——
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Program Listing With Machine-Language Routines

D F2=vAL(MID$(AE,3,2))

As=11]DSCAS,DP-6,6)+MIDS (AL, DP+1,3)
F1=vAL(MIDECASL, 1,2))

F3=VAL(MIDECAE,3,2))
FA=VALC(MIDECAS, 2, 1))

FE=YAL (1M1DS(AE,8,2>>

IF FB<2S THEM FC=1'AR=0:G0T019008

IF FBCS® THEH FC=2 AR=.025:GOTO 190a
IF FBC?S THEN FC=4 9R=,Q@% GOTO 1909
FC=8 HAk: . 875

F4=10%FA+FC

A=INT(A¥10)¥. 1+AR

POKE
POKE
POKE

52593.F1
52594, F2
$259S,F3

1060 PRINT“NEN FREQUENCY (M]

Cs=
1299 IF C$="0" GOTO 200
1295 GOT0 1120
1306 AR=IHT(A%1000+.5)¢.001
1303 IF A<150 THEH R=1S0
1306 IF A>29999.975 THEM A=239939.97%
1310 GOSUB 1700
1320 GOTO 1115
1760 REM OUTPUT
1710 A$=NM1DICSTRECA, 2D
1720 IF A=INTCA) THEH AS=AS+". "
1730 A$="000"+At+" 900"
1740 FOR 1=1 TO LEHCAY)
1756 DP$#=MIDSCAS.1,1)
1760 IF DP$="." THEHW DP=1:GOTO 1200
1779 NEXT

1670 PRINT :PRINT" FINE TUHING"

1875 PRINT" << = <KHZ> + >0

1020 PRINT"C(11100 1eoc-1"
1898 FRINT

1188 PRINT"1® 5 1 S 10
1118 PRINT"(2] (3] [4] E5] (61 7] EBJ 9] (0] (+]1"
1115 KHZ2" 'PRINT"T)"'A

1120 Ct“"" GOTO 1120

1130 A=A-.025:G0T0 1300

1140 A=A+.925 GOTO 1300

115 M A=R-.1:GOTO 1309

1160 A=A+.1:GOTO 1308

1170 A=A-1:GOTO 1300

1120 A=A+1 GOTO 1300

1190 A=A-5 GOTO 1300

1260 A=A+S:GOTO 1300

1219 A=A-10°530T0 1300

1220 RA=A+10:GOTO 1300

1230 A=A-100:60T0 1300

1249 A=A+100 GOTO 1300

1243 C=5'GOSUB 500:'60T0 1120

1250 C=6'GOSUB S00:G0TO 1120

1255 C=3 GOSUB S00:60T0 1120

1260 C=?:GOSUB 500:G0TO 1120

265 C=9:GOSUB 500:G0T0 1120

1270 C=10:G0SUB 500 'GOTO 1120

1275 C=11'G0SUB 500 GOTO 1120

1280 C=12:GUSUB 500 GOTO 1120

1235 PRINT"RI®" ' GOTO 1010

QTHER [0]1" PRINT :PRINT

19 RE!M ===== 1800
20 REM CAT CONTROL FOR VAESU FRG-3806 1810
39 REM AND COMMODORE 64 1526
40 REM  BY KJELL W. STROM, SHECPI 1330
50 REM IIFW 17 1987 1549
60 REM ==z=sssz=s=ssssassagsssss==s 1859
160 DIm M¢12,2> GOSUB3806 GOSUB400E SV952480 REM OPEN FILE #1 1860
200 PRINTCHR$(147)>"3 YAESU FRG-3800 CAT PROGRAM BY SHMECPI  “; "na” 1870
210 PRINT" [ 1] CAT ON [ 2] CAT OFF" PRINT 1680
226 PRINT" ( 3] POHER ON [ 4] POWER OFF" PRINT 1899
236 PRINT" [ 51 AM WIDE [ 61 AM NARRDW" ‘PRINT 1906
240 PRINT" [ 71 LSE { 81 USB" :PRINT 1910
250 PRINT" [ 91 Cu WIDE [10] CW NARROW" ‘PRINT o0
260 PRINT” [11] F11 HIDE [12] FM HARROW" ‘PR INT 1950
270 PRINT" (131 FREQUENCY [14] QUIT PROGRAM" :PRINT:PRINT 1960
300 INPUT" WHAT 1S 'YOUR CHOICE";C 1970
318 IF C<1 OR C>14 GOTO 300 1380
330 IF £=13 GOTO 1008 1390
349 IF C=14 GOTO 2000 2000
358 GOSUB 580 2010
260 GOTO 200 2020
SO0 POKESZ2S592,M(C, 1) POKES2592, M(C, 2> 'SYS 52526 'REM SET MODE 2030
S1@ RETURM 3000
1060 REM FREQUENCY CONTROL 3010
1018 PRINT 320
1026 INFUT"FREQUENCY KHZ".A 3032
1030 IF A<150 THEW A=150:00TO 1910 Ze40
1033 IF A>29999.975 THEN A=29999,975:GOTO 1219 2050
1840 GOSUB_ 1700 3050
1950 PRINTCHR$<147)"3 YRESU FT-757GX CAT PROGRAM BY SMECPI 3070

20%0
2100
3110

3130
3149

4000
4010
4220
4100
41a1
4102
4103
4104
4105
4106
4107
4108
4169
4110
4111
4112
4113
4114

10060
1ee10
1862
18030

RERDY'.

Q Hig=" CRT PROGRAMNM FOR"
H2g=" YRESU FRG-38809 0"
H3t=" BY KJELL W. STROM. SMECPI”
PRINTCHR$< 1477 ' PRINT :PRINT 'PRINT :PRINT

0 RETURN

POKE 52596,F4

POKE 52992, 1

SYS 52512 RETURN ‘REM SEMD SET FRE@ COMMAND BYTES

REM CLOSE1 AND QUIT

INPUT" ARE YOU SURE",C$

IF LEFT$(C$, 1> YY" GOTO 200

POKES2592,1M(2, 1) :POKES2592, M(2, 2) 'SYS52526 ' SYS 52578 END
REM TITLE SCREEN

FOR I=1 TO LEMCH1$)
PRINT MIDECHIS, 1,15,
NEXT

PRINT :PRINT

FOR I=1 TO LENCH2$)
PRINT MID$CH2%,1,1);
HEX

PRINT :PRINT PRINT
FOR I=1 TO LENCH3%)
PRINT MID$CH3$,1,1)

NEXT
MCL, 1D=01(1,2>=0 REM CAT ON
M<2, 10=01(2,2)=128 RE= CAT OFF

MC3, 1)=128:M(3,2)=254 'REM POWER ON
<4, 1>=123:1<4,2>=255 'REM POWER OFF
M¢S5,1>=1281¢(5,2>=0 REM AM WIDE
M(6,1)=128M(€,2)=8 REM AM NARROW
M(7,1>=128:M(?,2)>=1 REM LSE

M¢3, 1)=128:M(8, 2)=2 REM USE
M(2,1)=128:M(3,2)=3 REM CH WIDE
MC10,1)>=128"1MC1@,2)=11:REM Cl MARROW
MCLL, 1)=128:1MC11,2)=4 ‘REM FM WIDE
MC12,1)=128:1¢12,2)=12'REit FM NARROK

REM LOAD ML
FOR 1=52420 TO S52&36:READL POKEL, X MEXT
RETURN
DATA 169,1,162,2,163,3,32.136,255,162,4, 162, 194, 160, 203
DATA 32, 189.255,32,192, 255, 162, 3, 189, 102, 205, 149,247, 202
IATA 16,248, 96,162,3, 188, 113,205, 135, 117,205,157, 113,203
DATA 202, 16,244,162,1,32,201,255, 173, 14,220,41,254, 141
DATR 14,220.162,4,139,112.20%, 168,173, 1€1,2,41,1,209%,249
DATA 152.32,210,255,202,16,232,173,161,2,41,1,208,243
DATA 32,204,255.173.14,220,9,1,141,14.,220,96,169,1,32
DAJA 195,255,96,0,0,2,0,0,206,0,207.0,0,0,0,0,0,1,2,3
DRTA 4.%,6,7,2,9,16,17,18,19,20,21,22,23,24, 25,32, 33,34
DATR 25,36,37,38,39,408,41.48,49,58,51,52,53,%4,55.56, 57
DATA €4.65,6€,67,62,69,70,71,72,73,80,81,82,83,34,85,86
DATR 87.8%,89,96,37,98,33,101, 101, 102, 103, 104, 195, 112
DATA 113,114,115,116,117,118,113,129,121,12%8, 129,130,131
DATA 132,133,134,135,136, 137,144,145, 146,147,148, 149. 150
DATA 151,132,153

REM "RUH 10@02° FIRST TO CHECK ML DATAR LIMES
S$=0"'FORI=52480T052696 : READX : S=C4X  HERT

IF 5322004 THEN PRINT“CHECK ML DHTR*" END

PRIMT“ML DATA OK!'"

Lines 3000 to 3150 contain the subrou-

tin

e for the title screen.

Lines 3200 through 3310 consist of the

matrix that contains the decimal values

of

Lines 4000 through 4114 contain the
machine-language loader and data.

Lines 10000 through 10030 contain a
checksum program for the DATA lines.

the machine-language routines are being
loaded. After loading is complete, the se-
lection screen appears with all available

Using the Program

CAT commands.
Once CAT has been activated, the ra-

the 2-byte commands.

Using this program is quite straightfor-
ward. The title screen is displayed while

dio will not respond to the controls on its
front panel until you type in the CAT

S ACTEm—", e R T et e R P P ¢ TIET S T St e SN
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COMMUNICATIONS

Fig. 2. Interface circuit wired on perfor-
ated board, using soldering or Wire Wrap
hardware and a socket for the 7404.

OFF command at the computer. For ex-
ample, if you try to leave the program
with STOP/RESTORE, the FRG-8800
will remain locked up until you remove
and reinsert the memory back-up bat-
tery. The Quit Program command is the
safe way out, since it deactivates CAT be-
fore leaving the program.
FREQUENCY brings you to the main
operating screen, where you can tune the
frequency up and down in different-size
steps, using the upper row on the key-
board. For example, you may find it

comfortable to tune across the shortwave
bands in steps of 5 kHz, which is the stan-
dard channel separation.

From the main operating screen, you
can also switch mode using the following

A = AM wide Z = AM narrow
S = USB X = LSB

C = CW narrow D = CW wide
F FM wide V = FM narrow

The N key for New Frequency allows you
to move to any frequency, and the O key
brings you back to the selection screen.

The Hardware

If you do not like to solder, you may pre-
fer to use the Yaesu FIF-232C external
interface box for the hardware needed to
interface the receiver to your computer.
Just keep foremost in mind that the C-64
does not produce standard RS-232C sig-
nals, but an inverted TTL-level variant.
There is a switch (SO/) inside the FIF-
232C that takes care of this disparity.
You will have to change its position be-
fore using the interface with the C-64
computer, since it is supplied set for stan-
dard RS-232C.

A simple interface circuit is shown in
Fig. 1. To wire it you will need a 7404 hex

SUBSCRIBER SERVICE

CHANGE OF
ADDRESS

Planning to move? Please let us
know six weeks In advance so
you won't miss a single issue of

MODERN ELECTRONICS

ATTACH LABEL HERE

PLEASE PRINT

Attach old label and print new NEW ADDRESS HERE

address In space provided. Also

include your mailing label NAME

whenever you write concerning

your subscription to insure ADDRESS

prompt service on your inquiry

Modern Electronics cITY STATE

76 N. Broadway,

Hicksville, NY 11801 DATE A
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inverter, a TIL111 or equivalent optical
isolator, a 330-ohm (Va-watt, 10-percent
tolerance) resistor, a 6-pin DIN plug for
the CAT input and a small perforated
board with holes on 0. 1-inch centers and
an edge connector to mate with the
C-64’s User Port (or a solderless bread-
boarding socket and separate edge con-
nector to which you can run wires). You
will also need hookup wire and 3 to 5 feet
of shielded cable. Normal audio cable
works well for the latter and is easier to
handle than most r-f coaxes.

Build the interface circuit with as short
connecting wires to the edge connector as
possible. This will help in reducing noise
from the computer. Bear in mind that
Commodore’s convention is to skip the
letters G and | on the lower row of the
User Port (positions are denoted by the
letters A through N, minus these two ex-
ceptions).

The cable’s shield connects to pin 4 of
the optocoupler and to pin 1 of the DIN
plug but nor to any grounded point con-
nected to the computer. Thisis alsoa way
of keeping computer noise to a mini-
mum. A completed interface circuit I as-
sembled is shown in Fig. 2.

Before connecting the interface be-
tween your computer and receiver, dou-
ble check all wiring to make sure it con-
forms with Fig. 1. When connecting the
interface, make sure that power to both
the computer and receiver are turned off.
Also, since the C-64’s CIA chip is sensi-
tive to both overloading and static elec-
tricity, never do any soldering in the cir-
cuit while the interface is connected to
the computer.

Summing Up

Though the short program shown here
only serves as an illustration of what can
be done with the CAT system, it contains
all the basic tools needed for more elabo-
rate designs, such as scanning stations
kept in a database file, using the comput-
er as a clock timer, etc. More detailed in-
formation on the CAT system can be
found in the FRG-8800’s Operating
Manual. I

—
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They’re Here!

MODERN

ll

FUN PROJECT BOOKS g

You’ll want these two exciting proj-
ect books, packed with compiete
plans for buliding a wide varlety of
useful electronic devices. The First
and Second Books of Modern Elec-
tronics Fun Projects, both Howard
W. Sams publications, are now
avaliable.

You'll find all the how-it-works informa-
tion, schematics, photos, drawings,
printed-circuit guides and pars
sources to make it a snap to build al-
most 50 useful, unique electronic de-
vices at modest cost.

Discover how these circuits and mod-
ern electronic devices perform their
magic. Learn practical electronic tech-
nology the painless way and have fun
doing it!

All projects are based on material pub-
lished in Modern Electronics, with up-
dates and revisions. They've been built
and tested by the original authors.
Chapters are divided into Intro To Elec-
tronic Projects, Home Electronics,
Audio/Video Electronics, Security Elec-
tronics, Computers, Test Equipment,
and Electronic Designing. There's
something for everyone!

Look at what you can bulld & take pride in:
*Digital voltmeter accessories—high-
frequency ac probe, true-nms adapter,
temperature probe

*Car projects—anti-theft alarms, engine
tachometer

*Life-saving detectors—gases & micro-
wave leaks

MODERN ELECTRONICS
76 N. Broadway, Hicksville, NY 11801

Name__ — —

Address

city__

State Zip
( )Check( )MasterCard( )VISA

Card No.. e
Expires I —

Signature

(Signature required on all charge orders)

ELECTRONICS

*Computer system power controller

*Dual-pulse generator

* Surround-sound audlo enhancer

*Security—telephoned status reporter,
alarm control center

*Home convenience—selectable phone
ringer musical tunes, touch-sensitive
light controller.
... and so much more.

The Fun Projects are capped by introduc-
tory information on building projects and
kits (tools needed, parts sources, etc.)
and advanced design techniques that il-
lustrate how a designer thinks and plans
when putting together a practical end
product.

From beginning to end, MODERN ELEC-
TRONICS FUN PROJECT BOOKS are for
you! Order them today for a fast start in
the world of electronics.

A Career Start in
21st Century Electronics

o/

Since 1905, National Technical Schools
has helped over 300,000 people just like
you learn at their own pace and build
successful careers. Enter the boom in
electronics through home study courses
in Microcomputer Technology & Ser-
vicing, TV & Radio Servicing, Video
Technology, Industrial Controls (Micro-
processing), Robotics or Basic Electronics.

To begin a new career or to sharpen
your current skills, call 1-800-B-BETTER
or write us today for complete details:
NTS, Dept. ME-410, 456 West M.L.
King Jr. Blvd., Los Angeles CA 90037.

Accredited by National Home Study Council

CIRCLE 14 ON FREE INFORMATION CARD

Order Date:

Qry Title Price Total
First Book $12.95 oa.
of Modem
Electronics
Fun Projects
Second Book $12.95 oa.
of Modem
Electronics
Fun Projects

Total
*Shipping
Grand Total

signal
remover

50dB NOTCH FILTER

Any* signal coming in on your cable can be completely

“removed” with this powertul filter. Particularly useful

on “pay” channels. Also can be used to eliminate any*

over-the-air signal which prevents normal reception. The

filter's axternal adjustments allow precise tuning to any

frequency required.

*AVAILABLE FOR THE FOLLOWING CHANNELS:

MODEL 26 - For any channel between 2 and 6
(Tuning range 54 - 108 Mhz)

MODEL 713 - For any channet between 7 and 13
(Tuning range 174 - 216 Mhz)

MODEL 1422 -For any channet between 14(A) and 22(l)
(Tuning range 120 - 174 Mhz)

% % ONLY $30 EACH # v 30 DAY FREE TRIAL % &
To order, send $30 check or money order. Specify
Model. If not completely satisfied, simply return within
30 days for a full and speedy refund.

*Shipping charges $2 per order. Orders processed day
received, but pleass allow 30 days for delivery.

# All models in stock #« One year warranty

* Fast, free delivery # Quantity discounts to 50%
STAR CIRCUITS/DEPT.M

P.0.BOX 8332, PEMBROKE PINES, FL 33084
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W/ ELECTRONICS OMNIBUS |/

How to recover use of your TV/VCR remote controllers
in a cable setup and finding buys at electronics flea markets

By Curt Phillips

Welcome to ‘‘Electronics Omnibus.”’
This column will cover a broad spectrum
of electronics activities: audio, video,
computers, communications and other
general electronics topics. I’ll be review-
ing new equipment and developments in
these areas as well as covering topics of
general interest to electronics enthusiasts.

Cable Television

One of my pet peeves is the way that
many cable television companies negate
the utility of remote-control TV receivers
and programmable VCRs by requiring
that all channels come through their spe-
cial converter. One of the attractions of
cable TV is the premium channels and
special programming they offer. Because
they charge extra for these channels, al-
most all cable companies scramble them.
When the premium channels are de-
scrambled outside the subscriber’s
house, a cable-ready TV/VCR can be
used directly. But very often scrambled
channels require an in-the-home convert-
er/descrambler, which can make your re-
mote controls and programmable VCRs
useless.

However, if you are fortunate to be
served by one of the older-style cable sys-
tems, you can recover most of the usabili-
ty from your remote control and VCR.

Midband and superband cable channels
can be converted to uhf frequencies by
use of ‘‘block converters’’ available from
many sources. One use of a block con-
verter is to make any TV receiver or VCR
‘‘cable ready,’’ but for the purpose | am
describing they are useful with equip-
ment that already tunes cable channels.

Most of the converters supplied by the
cable companies output to Channel 3 or
4, and block (filter) out all other chan-
nels. Even if your TV/VCR is cable-
ready, you must use the cable company’s
converter to descramble the premium
services (HBO, Showtime, etc.) paid for;
filtering action of the cable converter
prevents the tuner from receiving any-
thing on the other channels. (Occasional-
ly, you may receive a weak picture on a
few of the other channels due to the cable
wire acting as an antenna.)

By using a block converter as shown in
Fig. 1, you can use the cable converter to
descramble the premium channels you
subscribe to, which are then tuned on the
output channel (Channel 3 or 4, typical-
ly). All other cable channels will then be
tuned on the uhf channels. Since a block
converter also converts vhf Channels 2
through 13 to uhf, the original occupant
of Channel 3 will be tunable on one of the
uhf channels. The exact uhf channel will
depend on the brand of converter you
have, but a conversion chart is often in-
cluded with it (otherwise, it can be found
by trial and error).

With your TV/VCR combination
wired this way, you can watch one chan-
nel and tape another, program your VCR
for multiple-event taping of different
channels and use your remote controls as
they were originally designed to be used!

If you have rwo scrambled premium
channels, it can get a little more difficult.
You can use the foregoing system and
choose one scrambled channel at a time
for programming or simultaneous tap-
ing/viewing with the other channels. If
you want maximum flexibility, however,
there is another wiring option.

In this case, you will need two convert-

er/descramblers, one tuned for output
on Channel 3 and the other tuned for out-
put on Channel 4 (it is not mandatory
that they use Channels 3 and 4, but they
will probably be your only choices). Us-
ually, a second converter/descrambler is
available for a nominal fee from the ca-
ble company. Be sure to specify that the
output of the second unit is on a different
channel than the first one. Connections
for the two descramblers are shown in
Fig. 2. A signal mixer, also known as a
channel combiner, is widely available
(MCM Electronics’ Part. No. 33-255,
for example).

Tune the first unit to premium channel
““A’’ and the second to premium channel
““B.”" Now you still have access to all the
other cable channels via the uhf tuner,
and the scrambled premium services are
on Channels 3 and 4. If you have more
than two scrambled premium services,
this setup will allow you to watch any
premium channel while simultaneously
taping another.

As mentioned earlier, these techniques
work with the older cable systems. Some
cable operators use a newer addressable
system that scrambles a// channels out-
side the original vhf Channels 2 through
13. If you are served by a company using
this type of system, the techniques de-
scribed here will be of only limited use.

Electronics Flea Markets

A great source for electronic parts and
other equipment that is under-utilized by
general electronics hobbyists is a radio/
electronics/computer show and flea mar-
ket known as ‘‘hamfest.”’

Hamfests began as get-togethers for
amateur radio operators (hams) to pro-

VHF OUT

Cable company

VHF VHF

Cable Block
in>—] converter

UHF OUT

converter/descrambler

v

VCR receiver

UHF UHF

Fig. 1. Using a block converter to tune a premium pay-TV channel and any other cable channel simultaneously.
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™v

VCR receiver
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L

Fig. 2. Using a block converter and two converter/descramblers to tune two premium pay channels and any other cable

vide a place for them to meet people they
have talked with over the air, sell and
swap their used radio equipment and
look at new equipment. Although they
still serve that purpose, their scope has
broadened considerably.

There is good support from many
manufacturers and dealers who set up
““booths’’ at these meets to sell their
wares. Many hamfests now are also com-
puterfests, and some actually bill them-
selves that way. The place of most inter-
est to the general-electronics enthusiast is
the flea market. Far from being limited
to ham radio gear, hamfest flea markets
offer bargains of all types.

Often, the flea market area contains
several ‘‘semi-professional”” dealers
(people running part-time businesses
who only sell at flea markets on week-
ends) who offer electronic parts and
computer chips at prices far below retail.
Among the offerings by private individ-
uals are the expected ham radios and
shortwave receivers, but also stereo gear,
telephones, oscilloscopes and other test
equipment, computers, and many items
that you might find at a yard sale (my
father purchased a %-hp motor and an
electric drill at a hamfest).

The flea market is also a trip into the
past. Ex-military technicians may come
across electronic equipment that they
worked with many years ago, and one
can trace advancements in electronics by
the age of the items offered for sale.
Much of the older equipment is best
suited for parts scavenging, nostalgia

channel simultaneously.

and other unconventional uses, of
course. Some are real operating bar-
gains, such as, say, a Hammarlund
HQ-180A tube-type general-coverage re-
ceiver that can still run rings around
some new solid-state units in certain
respects.

Hamfests take place all over the coun-
try, year round. Most are held on a Satur-
day or a Sunday for one day only. Some
of the larger ones run on both Saturday
and Sunday. The country’s largest ham-
fest is the Dayton (Ohio) Hamvention™
which is held every year the last weekend
in April on Friday, Saturday and Sun-
day. The flea market at Dayton is so
large that it can take over a full day to
make one browsing pass through it. The
adjacent arena contains displays by ham
radio manufacturers, who use Dayton
to introduce their major new pieces
of equipment.

To find out when a hamfest will be
held near you, check newspaper pub-
lic-service announcements and/or con-
tact a local amateur radio club. The
American Radio Relay League can sup-

teresting (offbeat) equipment can be
found at the ones held outdoors because
of the ease with which people can display
their wares. Most outdoor hamfests al-
low people to drive up in their car/truck/
van, find a suitable spot to park, open the
trunk and start selling (tailgating). This
spontaneity increases the number of peo-
ple exhibiting at the flea market and ex-
pands the variety of goods offered.

Because most hamfests are sponsored
by amateur radio clubs, which use them
for fund raising, there is often a nominal
entrance fee. Some hamfests make the
fee (typically $3 to $5) optional, and at
most the fee enters you in a drawing for
radio equipment, antennas, technical
books and the like. If you are in the
market for any electronics goods at all,
you will save enough on your purchases
to cover the ticket price.

Your comments and suggestions for
this column are welcome. You can con-
tact me at P.O. Box 678, Garner, NC
27529, or by computer on Delphi (CURT-
PHIL) or The Source (BDK887). BE

ply you with the names of clubs in your
area and a listing of some of the ham-
fests scheduled. CQ The Radio Ama-
teur’s Journal, a Modern Electronics sis-
ter publication, is also a fine source of
such information.

Some hamfests are held in arenas and
convention halls and some are held at
parks and fair grounds. The arenas are
nice and provide protection against incle-
ment weather, but some of the more in-

Names and Addresses
American Radio Relay League
225 Main Street

Newington, CT 06111

CQ Magazine
76 North Broadway
Hicksville, NY 11801

MCM Electronics
858 E. Congress Park Drive
Centerville, OH 45459
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W PC CAPERS |/

IQ Technologies simplifies RS-232 troubleshooting
and making letters with Bitstream’s ‘‘Fontware’’

By Ted Needleman

Last month, I went through some of my
trials in getting an E.I.T. pc-FAX board
and scanner working. This underscored
how complex it can sometimes be to
troubleshoot a problem. Sadly, the sys-
tem is still not working. It’s in a third
computer so far (this board has done
more traveling than I have!) and, while
the scanner now scans, the FAX refuses
totalk to anyone. Diagnostics that E.I.T.
includes with the package don’t indicate
anything wrong, but something obvious-
ly is. Furthermore, the scanner will only
work with E.I.T.’s software. Publisher’s
Paintbrush will likely drive the scanner,
too, but not without 2.5 megs of mem-
ory, a fact not mentioned in ZSOFT’s
documentation. In any case, I’ve spent
enough time on this one. It goes uponthe
shelf for now.

Troubleshooting Made Easier

There is at least one area where trouble-
shooting has gotten considerably easier
over the years—serial RS-232 connec-
tions. Some of this has come about be-
cause manufacturers of equipment are
actually starting to pay some attention to
the ‘“‘standard’’ instead of adding their
own ‘‘improvements.”” Another big
help, though, is the line of products from
asmall company called 1Q Technologies.
I’ve had one of its original SmartCables
{(Model SC817) for years. This is a “‘clev-
er”’ little device consisting of a cable with
male and female DB-25 connectors on
one end and a small box with two slide
switches, five LEDs, and another DB-25
on the other. You just plug the box into
the computer’s serial port, and the cable
into the peripheral. Slide the switches to
get the correct set of lighted LEDs and, if
the baud rate and other parameters are
correctly set, you should be in business.
It makes it easy to hook up printers, mo-
dems, and computer to computer trans-
fers. There are now three different mod-
els of this “‘low-end’’ SmartCable, priced
of $39.95 or $49.95.

My SC817 disappeared this year. I'd

IQ Technologies’ Mode! SC817 SmartCable (above) and Mode! SC817Plus SmartCable
Maker (below) let you breeze through RS-232C troubleshooting.

be a lot more upset if I didn’t have its big
brother, the SC821Plus Smart Cable-
Maker. This is a small box, about 3 by 5
inches, with three slide switches, a set of
DIP switches, and numerous LEDs.
There are two cables, one to the comput-
er, the other to a peripheral, and both
have male and female DB-25s. The Smart

CableMaker operates in a manner similar
to the Model SC817. You follow the
manual’s directions—flipping switches
to obtain specific results on the LEDs.
The difference is that when you are done,
not only is your peripheral connected,
but by looking up the positions of the
switches in the manual, you are presented
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with a wiring diagram for a custom ca-
ble! At $149.95, not everyone will rush
out to buy one, but if you are spending a
fair amount of time perusing manuals to
find pinouts so you can wire up a custom
cable, this gadget will save a considerable
amount of time and effort.

My only complaint with the Model
SC21Plus is that there should be a DB-9
adapter available for it (or supplied with
it). Ever since the IBM AT showed up
with this connector on its serial port,
every new 286 and 386 followed suit.
These adapters are available from other
sources, but it would make more sense
for 1Q Tech to ensure the overall applica-
bility of their product. The company also
supplies several Smart Switch Boxes
which let you share printers and/or mo-
dems between two systems (and contain
the same ‘‘smart’’ circuitry that the
Smart Cables do), and an interesting test-
er called the Smart Data Meter.

One of the real killers in serial interfac-
ing is determining not only that the serial
port is actually outputting data, but that
the parameters of this data (speed, pari-
ty, data length, and start/stop bits) actu-
ally match up with what the receiving ma-
chine expects. If any of these parameters
differ between the two systems, data
transfer will not take place, even though
a link is established.

Just as the Smart Cable series helps
solve cable mismatch problems, the
Smart Data Meter 931 can help you de-
termine whether there is a parameter mis-
match. The unit can be used in either of
two ways. You can hook it up to a serial
output port and, by pressing amembrane
switch to select various menu items from
its LCD “‘billboard”’ display, read out
data values being output from the port.
Or, if you’re not sure that the settings on
a printer or other serial peripheral are
correct, you can use the Model 931 as a
test pattern generator, again setting vari-
ous parameters with the membrane switch.

The SMD931 doesn’t have the almost
universal applicability of the other 1Q
Technologies products. And at $399,
you’d have to be pretty deep into trouble-
shooting to cost-justify it. But if you act

as a PC coordinator for a company, do
much consulting, or are a service tech for
a computer store, you really should take
a look at this device. Users groups might
also want to purchase a unit for the
use of its members. [ like the equipment
I've seen from 1Q Technologies, and 1
look forward to receiving its newest
product, a ‘‘smart”’ printer buffer/pro-
tocol converter.

Making Letters

In the last year or so, I’vereally gotten in-
to Desktop Publishing. This interest
came about as a result of a private-distri-
bution newsletter I publish. The first is-
sue was 20 pages and was done as two
separate documents on a Mac using
PageMaker 1.2 (which has a 16-page
length limitation). The second issue was
44 pages, and three separate documents.

Issue number three came after 1 up-
graded to PM Version 2.0. Though it was
only 36 pages (the new version of Page-

Maker allows 128-page documents) my
512K enhanced Mac ran out of steam at
page 27, giving me a ‘‘Memory Full”
message. Issue number four is going to be
done on my ITT XTRA, which has 1.5
megs of RAM and an 80-meg hard disk,
using the IBM version of PageMaker.

This should take care of some of the
problems. In the interim, however, 1’ve
also lost use of both an Apple LaserWrit-
er Plus and a QMS PS800 + I had been
using with the Mac. Both of these are
PostScript printers, and I’m going to
really miss them.

PostScript, in case you’ve somehow
missed it, is a page-description language.
Its main benefit, at least as tar as I'm
concerned, is that once it has a (mathe-
matical) description of a particular type-
face, it can generate that typeface in any
size and weight. For those of you who
have been playing with Hewlett-Packard
LaserJets or other laser printers, this
means that you don’t have to have 16 dif-
ferent sizes and weights of a typeface to

Roman
[talic
Black
Black [talic
Black
Roman

Bits Charter

Bitstream Cooper
Broadway

ITC Avant Garde Bock
Med iun
I1C Avant Gd II  Deni
Bold
Roman

University

Printer

Fontware Make Fonts |

14 18 24 28 32

printer.

Point to the typeface you want and press (Enterd> to select sizes for your
Be sure to select display fonts if you need them.
nade all your font selections, press <F18> -0 make fouts.

after you have

Selection menu from Bitstream’s Fontware font-generating software from which you can
select size and weight of a particular font for desktop publishing applications.

#
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SCIENTIFIC & ELECTRONIC
PRODUCTS

| PLANS -8uid Yourseti—All Parts Availabie In Stock |
« LC7—BURNING CUTTING CO, LASER $20.00 |
» RUBA—PORTABLE LASER RAY PISTOL 20.00

+ TCC1—3 SEPARATE TESLA COIL
PLANS T0 1.5 MEV 0.00
« 10G1—ION RAY GUN 10,00
« GRA1—-GRAVITY GENERATOR 10.00
» EML1—ELECTRO MAGNET COIL GUN/LAUNCHER 5.00
|
KITS
« MFT1K—FM VOICE TRANSMSTTER 3 MI RANGE .50 l
« VWPMSK—TELEPHONE TRANSMITTER 3 Mi RANGE 850
» BTC3K—250.00 VOLT 10-14* SPARK TESLA COIL 199.50
« LHC2K—SIMULATED MULTICOLOR LASER 0 |
« BLS1K—100.000 WATT BL ASTER DEFENSE DEVICE 69.50
|« TM1K—100.000 VOLT 20° AFFECTIVE
RANGE INTIMIDATOR 69.50
» PSP4K--TIME VARIANT SHOCK WAVE PISTOL 59.50 |
|« PTGIK—SPECTACULAR PLASMA
TORNADO GENERATOR 139.50
« MVPIK SEE IN DARK KIT 169.50
| ASSEMBLED |
|+ PG70H—MULTICOLORED VARIABLE [
MODE PLASMA GLOBE 42500
|+ BTC10-50.000 VOLT—WORLD'S SMALLEST
[ Tesacol us0
« LGU4O— TMW HeNe VISIBLE RED LASER GUN 2950
| -+ TAT20 AUTO TELEPHONE RECORDING DEVICE 250
« GPY10—SEE IN TOTAL DARKNESS IR VIEWER 23 |
« LIST10—SNOOPER PHONE INFINITY TRANSMITTER 169.50
« IPG70—INVISIBLE PAIN RELD GENERATOR |
MULTI MODE 69.50

« CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS
HUNDREDS MORE AVAILABLE FOR $1.00 OR INCLUDED FREE
WITH ALL ABOVE ORDERS

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRODUCTS
PLANS ARE POSTAGE PAID. SEND CHECK. MO, VISA. MCIN
| USFUNDS

INFORMATION UNLIMITED
P.0. BOX 716,DEPT.ME, AMHERST, NH 03031
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EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

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

COOK’S INSTITUTE
OF ELECTRONICS ENGINEERING

GXE r.0.BOxX 20345

JACKSON, MISSISSIPPI 39209
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PC CAPERS...

experiment with various size text in a
document. Not only is this approach ex-
pensive, but it also takes up a /o¢ of disk
space.

A better way is available, though, with
Fontware from Bitstream. Fontware,
available in versions which will run with
MS-Windows-based applications or
Xerox’s Ventura Publisher, is a font gen-
erator. In theory, it’s a lot like Post-
Script. You tell the software what size
and weight of a particular typeface you
want and it generates it from an outline
supplied on a font disk. In practice, how-
ever, the software operates differently
from Postscript.

PostScript fonts are generated at print
time in a PostScript processor contained,
in most instances, within the printer.
Fontware fonts, on the other hand, are
generated in a process completely outside
of the desktop publishing application.
Each separate font is saved to disk. Then
the page layout ptogram (or word pro
cessor) downloads them to the printer
when needed, just like any other softfont
you buy on disk. You can generate fonts
in any size that your printer will support.

When setting up the Fontware Installa-
tion Kit (399), you define both the printer
you will be using, and the display you
have. Fontware will not only generate a
printer font, but a matching screen font
as well. In addition to the installation kit,
which is actually the font generator, you
will need Typeface Packages, each of
which contains the “‘outline’’ of a parti-
cular typeface. At the moment, Bit-
stream has 20 of these disks ($195 each),
and supplies an attractive typeface called
Bitstream Charter along with the Instal-
lation Kit.

Fontware works as claimed, requiring
an IBM AT (or compatible) with at least
512K RAM, and MS-DOS 3.1 or higher.
Note that when Bitstream says SI2K,
they mean 512K. When 1 first tried the
package on my AT, it would not run (I re-
ceived an error message) until 1 made

more memory available by taking my Mi-
croSoft Mouse driver and control panel
out of memory.

The Kit displays the approximate
length of time to generate the fonts
you've requested before actually em-
barking on the task. | found this estimate
to be off by quite a bit. For example, af-
ter selecting several fonts, Fontware in-
formed me it would take 37 minutes to
generate my selections. Actually, it took
just about an hour.

Bitstream recommends several things
to speed up the process including addi-
tional memory to 640K and a numeric co-
processor. While bumping up memory to
640K is overdue on this machine, 1’d just
as soon run Fontware overnight than
spend an extra $300 or so for the 80287
chip. But others may feel differently.

1’m certainly impressed with Fontware
and the results it generates with PC Page-
Maker. One last plus when using it—
when the fonts are generated, they are
immediately usable by Windows applica-
tions, whereas the downloadable soft-
fonts may have to be converted before
they can be used. RE

Addresses:

IQ Technologies, Inc.

11811 N.E. First Street
Bellevue, WA 98005

(800) 227-2817, (206) 451-0232

Bitstream Inc.

Athenaeum House

215 First Street

Cambridge, MA 02142

(800) 522-3668, (617) 497-7512

#
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MASTER THE NEW ELECTRONICS WITH McGRAW-HILL’S

nemporary

D

DCTIES

Electroni

The fast, easy and low cost way to
meet the challenges of today’s
electronic innovations. A unique
learning series that’s as innovative as
the circuitry it explains, as
fascinating as the experiments you
build and explore.

From digital logic to the latest
32-bit microprocessor, the McGraw-

Hill Contemporary Electronics Series

puts you into the electronic picture
one easy step at a time. Fifteen

unique Concept Modules, sent to you 2

one every 4-6 weeks, give you a
handle on subjects like optoelec-
tronics, robotics, integrated circuits,
lasers, fiber optics and more.

Each Concept Module goes
right to the heart of the matter.
You waste no time on extraneous
material or outdated history. It’s a
fast, efficient, and lively learning
experience. ..a non-traditional
approach to the most modern of
subject matter.

Unigue Interactive Instruction

With each module, you receive
a McGraw-Hill Action Audio
Cassette. Each tape is a dynamic
discussion that drives home the key
facts about the subject. Your learning

With your first
module, you

get this ~\
solderless

breadboarding
system. You'll
usc it through-
out the series L0
build elec-
tronic circuits
and bring .
concepts
10 life.

experience is reinforced through
interaction with vividly illustrated
text, audio cassettes, and actual
electronic experiments. Indexed
binders preserve backup material,
notes, and tapes for convenient
referral.

Perform
Experiments
in Contemporary Electronics

Throughout vour series, lab-
oratory experiments reinforce every
significant point. This
essential experience
...dynamic, hands-on
demonstrations of

theory in practice. . . B Q S
will help you master ‘ - 3
principles that apply all Al 2

the way up to tomorrow’s Q +

latest VLSI (Very Large
Scale Integrated) circuitry.

In your very first module, you’ll
use integrated circuits to build a digital
oscillator, verifying its operation with
alight emitting diode (LED). You’ll
learn to identify passive and active
components, understand concepts
common to all electronic circuits.

For Anyone Interested in Electronics

The Contemporary Electronics
Series is designed for anyone from
hobbyist to professional. It’s for you
if you’re looking for new fields of
interest. ..if you’re a teacher who

e

Cad

\ P
|

%

wants
an update in con-
temporary circuits...a
manager or Supervisor in an electronics
plant...adoctor, an engineer, a chemist
who finds electronics playing an
increasingly important role in your
work. It’s even for electronics engineers
or technicians who feel their training
needs freshening up. It’s the quickest,
most convenient,
probably least

ﬂ . expensive way (o
] 2o doit. And the

\ l 4 only one that gives
you hands-on
experience.

15-Day No-Risk Trial
To order your first module

without risk, send the card today.
Examine it for 15 days under the
terms of the order form and see how
the Contemporary Electronics Series
gets you into today’s electronics.
If card has been used, write us for
ordering information.

N/
ch!
H

McGraw-Hill

Continuing Education Center
3939 Wisconsin Ave.
Washington, D.C. 20016
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The Logimouse C7

By Art Salsberg

The mouse input device gathered popu-
larity when Apple Computer’s Macin-
tosh debuted. IBM’ers were left in the
dust, it seemed. Quickly, however,
mouse cursor-pointing devices were in-
troduced for MS-DOS machines. ‘‘Point
and Click’’ was in, though compatible
software for it still hasn’t caught up to
that for the graphics-oriented Mac’s.

A mouse has a small rotating mechani-
cal ball or an optical sensor on the under-
part of its small case to keep track of the
user’s movement of it and the screen cur-
sor’s position. The Logimouse C7, exam-
ined here, uses the former, which, unlike
the optical type, does not require a spe-
cial surface for it to move on. (Internally,
Logimouse contains an optical sensor,
however, so it’s really an opto-mechani-

cal device.) Any clean, flat surface will
do. It has three control buttons on its top
surface that are used to place data, draw,
or work with text for editing, copying
and selecting. Though only two buttons
are generally used (and, in fact, the com-
petitive Microsoft Mouse has only two),
the third can be very useful for customiz-
ing keyboards.

In-Use Comments

Logimouse C7 comes with a nice, thick
(202 pages) User's Manual that packs a
lot of information. At first blush, it
might seem to have too much data, in
fact, as each function possibility is fully
described. The mouse package includes
the mouse itself, a driver disk, a Logi-

mouse Plus Disk, and the manual. One
should specify if the mouse is for an IBM
PC/XT or an AT type of computer since
connectors for each are different. The
mouse disk contains driver enhance-
ments such as menus, text cditor, etc.
Logimenu allows the user to write pro-
grams to simplify application operations.

Installing the driver and the utilities

Manufactured by Logitech (Redwood
City, CA), a major OEM supplier of
mice before it entered the retail arena,
Logimouse C7 is a proven, rugged de- aze:
vice. Moreover, its $99 retail price for a
high-quality product is appealing.

Logimouse plugs into a serial port
through a connecting cable onan IBM or
compatible, with a programmable baud
rate of up to 9600 that provides good

Avg Price Amount

. January i LA58. B $105,808. 88
curve-tracing accuracy. (A bus-type e waty ey Sa4s Be $138, 880 . 88
Logitech mouse, with a half-size board, March 458 SZ5H B 2112.588 —
: . : . fipril bR SETY. A 143, 488. |Retrieve
is also available.) Its driver makes it com- May £ c2an, g 180,886, |Graph File
patible with Microsoft applications, a June Hit S14%. B $139,308. I
; _ July ona S165. B $124,888. [Sum Colunn
standard that most ofthesoftwaremdus gt s ey a5 @68, Saer 1 Bice
try uses, as well as other serial mouse de- Septenber SEH S1799. B $65,888. |[Fast Quit
vices and many digitizing tablets. An au- petobes el S120. By Pz, 008 [ riilnd Benie
. . . ot s November A S118. Ba $77,0800. |Range Format
tomatic memory-resident file, **Click, December HA# 1M, B8 $6@, 888. |Uorksheet Fnt
detects and sets up Logimouse for the TrR-cIesoraes = e Gailunn Uideh
S - . Total 29358 $2,358.88 54,836,288. | Transpose
proper application configuration. Reso- g Eraph Type
lution is 200 dots per inch, the same as B6-Mar-86 18:88 AN |

Microsoft’s. A variety of pop-up menus
give you a speedy point-and-click choice.

This printout illustrates Logitech C7 software’s point-and-click shell pull-down menu
(right) for Lotus 1-2-3.

88 / MODERN ELECTRONICS / February 1988 Say You Saw It In Modern Electronics



went smoothly, even though a variety of
options are offered. Using a bevy of op-
tional, low-cost software packages un-
derscored how quickly one can learn to
use a mouse to improve productivity in
many areas. LogiPaint (actually, PC
Paintbrush packaged for use with Logi-
Mouse) is an exciting package to useona
color monitor, for example. Its icon
menus for graphics and text demon-
strates a mouse’s utility immediately.
Providing 16 colors and 11 type fonts
turns one into an amateur artist rather
quickly. LogiCADD (a version of Gener-
ic CADD 2.0) illustrates how a micro is
used for computer-aided design and
drafting purposes. (A minimum of 512K
of RAM is needed here.) Together with
the included DotPlot, your dot-matrix
printer can be made to perform like a
plotter. There’s a point-and-click shell
for the ever-popular Lotus 1-2-3, too,
which is surprising since the applications
software does not have mouse-use provi-
sions. Using only 5K of RAM, it can be
added to the program so that the inter-
face loads automatically together with
1-2-3. All three buttons are used: the left
points and selects from a menu that is
called up with the middle button, while
the right button serves as Escape. It’s a
nice enhancement for this omnipresent
application program.

The mouse’s movement on its rubber-
coated ball was always very quiet and
smooth, operating well in a very small
area. Clicks from the switches always let
you know when one was depressed.

We’re impressed by Logitech’s C7
mouse and the optional software offered
by the company. They add another di-
mension to computing in general, and
make it possible to work with graphics on
MS-DOS machines like no keyboard ef-
fort ever could. With both hardware and
software prices being modest, a wide se-
lection of compatible applications soft-
ware available, and the flawless opera-
tion of the system, Logimouse C7 is de-
servedly a very popular device that any-
one with an MS-DOS machine who has
never gone the mouse route should give
serious consideration. ME
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Buy five MOVIETIME CONVERTERS at the advertised price

and get OneFREE

V-7200 or V-7500

e

72 Channel Wireless Remote Cable Converter
with * *VOLUME 2and *MUTE controls — Fine Tuning — *AUDIO and
*VIDEO outputs — 2/3 or 3/4 switch — 90-minute Sleep Timer

No Vol. or A/V output
EVERYTHING

\V.7200

79.95
v-7500 109.95

COUPON

NAME

ADDRESS

V-7800
78 Ch Wireless Remote
Parental Control built.ir
10dB Amp Favorite Channel
Memory Fine Tuning 89.95

CALL
Tel.: 1-305-652-1981
1-800-843-9845

ciry STAT
TELEPHONE 1

coo amex 0 creck
Am Ex

Qry ITEM

Send to D
MOVIETIME LS

o Sales Tan

20203 NE 15 Ct

TOTAL

Miami. FL 33179
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SUBSCRIBE NOW
& SAVE!

POPULAR
COMMUNKATDNS 76 N Broadway. Hicksville. NY 11801

Yes' The NEW POPULAR COMMUNICATIONS 1s just the
magazine I've been looking for Start sending it to me now! |
understand that | may cancel at any time for any reason. and
receive a full refund on my unused subscription

1 year- 12 issues $16.00
2 years - 24 issues $31.00
3 years - 36 issues $46.00

Paldby: OCheck (OMoney Ovrder O MasterCard (OVisa

My account number 1s

I

|

Name Canada and Mexico - one year $20.00 US, two years $39.00
US, three years $58 00 US. Foreign - one year $22.00 US, two

Street years $43 00 US, three years $64.00 US

City State

. Zip
A Great Gift Idea
Send the following gift subscription to my friend at my expense

Please indicate your name above. A gift card will be sent

Paid by: (OCheck (OMoney Order (JMasterCard (Visa
My account number 15

| 1year-12 issues $16.00
2 years - 24 issues $31.00

L ‘[ I L I 3 years - 36 issues $46.00
Name Canada and Mexico - one year $20.00 US, two years $39.00
Sr US. three years $58.00 US. Foreign - one year $22.00 US, two

ee years $43.00 US, three years $64.00 US
City State __Zip.
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Mobile Phones (from page 20)

6. Full-duplex, hands-free operation is possible with the
aid of the clip-on microphone supplied with the phone. De-
termine a suitable location, such as on the windshield vis-
or, and clip into place. Wiring is routed behind the dash-
board, windshield pillar trim and windshield seal.

7. The end of the antenna coaxial cable is stripped and
the coax connectoris installed, as shown. Professional in-
stallers advise that the most common antenna problems
encountered by do-it-yourselfers are due to improper
crimping. Be sure to use crimpers specifically designed
for this purpose.

8. This model is a compact unit that can be installed as
shown with both handset and transceiver as a single unit.
If desired, the transceiver can also be remotely mounted

90 / MODERN ELECTRONICS / February 1988

in your trunk like most standard cellular setups, with the
handset secured by an optional cradle up front. If installed
inthis manner, cabling must be routed from the handset to
the transceiver location in the trunk.

The all-in-one installation is convenient because the
phone can be easily positioned on its mount, cinched
down with a thumbwheel, and locked into place. It is sim-
ple for a vehicle owner to unlock and remove the phone at
will, orto use it as atransportable with an optional battery
pack, shoulder strap, and plug-in antenna.

Antenna coax is routed beneath carpeting or behind in-
terior trim so that it can join phone to antenna. Since this
particular installation is in a van, the coaxial cable was
routed behind wall and ceiling upholstery to the van roof.

Some surface-mount antennas require a hole to be
drilled into the vehicle’s body, as is the case here. How-
ever, others can be simply clipped into position with read-
ily-available brackets. Trunk-mount antennas that clip to
the leading edge of a vehicle’s trunk are popular models,
as are windshield-mount types that need no drilling at all.

The antenna mount is fed through the hole from the un-
derside and held temporarily in position with needle-nose
pliers. The mount’s trim ring is installed and its setscrew
tightened to secure the assembly in place.

Say You Saw It In Modern Electronics
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9. This ORA Electronics antenna simply screws onto its
mount, as pictured. Many different types and styles of
cellular antennas are available to suit a variety of different
needs and tastes.

10. Before using any cellular telephone, it is necessary
to have its NAM (Number Assignment Module) removed
from the phone, programmed, and reinstalled. Many com-
munications companies offer this service for a nominal
fee, usually around $25, and can also process your appli-
cation for service with your local cellular phone company.

With the NAM programmed and your new cellular tele-
phone installed, you're ready to enjoy the convenience of
clear, two-way communications on the road. Contempo-
rary units like this Mesa-55 offer many of the same handy
features as home phones, such as repertory dialing from
memory, last-number recall, on-hook calling, and much
more. Since cellular phones can be used in conjunction
with items like mobile computer modems, their function-
ality for on-the-go professionals is almost limitless.

Say You Saw It In Modern Electronics
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11. Connections of the unit's power cabling is straight-
forward, as noted here. A nice touch is that you can wire
the unit so that your horn will beep intermittently when a
call comes and you're out of the car. Mitsubishi recom-
mends the use of a diode when wiring to the horn relay to
prevent damage to the phone. ("3

CALL FOR FREE CATALOG

TEXT TO SPEECH BOARD!

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL
INSTRUMENTS SPO256-AL2 SPEECH CHIP AND THE CTS256A-AL2 TEXT TO SPEECH
CONVERTER.

THIS BOARD USES ONE SLOT ON THE
MOTHERBOARD AND REQUIRES A COM
SERIAL PORT.BOARD MAY ALSO BE USED IN A
STAND ALONE ENVIRONMENT WITH ALMOST
ANY COMPUTER THAT HAS A RS232 SERIAL
PORT. FEATURES ON BOARD AUDIO AMP OR
MAY BE USED WITH EXTERNAL AMPS.
DEMONSTRATION SOFTWARE AND A LIBRARY
BUILDING PROGRAM ARE INCLUDED ON A 5%
INCH PC/XT DISKETTE. FULL DOCUMENTA-
TION AND SCHEMATICS ARE ALSO INCLUDED.

56995

ASSEMBLED
& TESTED

NEW! ‘,;\\C

NEW! IC TESTER! $149.00
SIMILAR TO BELOW EPROM PROGRAMMER. PLUGS IN TO YOUR PC OR XT. TESTS
ALMOST ALL 14, 16, AND 20 PIN 74XX SERIES, INCLUDES STANDARD POWER, S" AND
“LS” DEVICES. ALSO TESTS CD4000 SERIES CMOS. SOFTWARE INCLUDED CAN EVEN
DETERMINE PART NUMBERS CF MOST UNMARKED AND HOUSE NUMBERED DEVICES
WITH SIMPLE MOD. THIS UNIT CAN ALSO TEST 6.4K AND 256K DRAMS! WITH MANUAL

AND SOFTWARE: $§149. PERFECT FOR SCHOOLS.
[ ASK ABOUT
OUR NEW

J

PC/XT EPROM
PROGRAMMER
$169

« LATEST DESIGN « PROGRAMS UP TO 4 DEVICES AT ONE TIME * FEATURES EASY
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS. « USES AN
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (8X) EPROM
BURNING. * THIS PLUG-IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS
CONTAINING 4 TEXTOOL ZIF. SOCKETS. » NO PERSONALITY MODULES
REQUIRED » AUTOMATIC VPP SELECTION: 12,5V, 21V, OR 25V. « EPROM DATA CAN
ALSO BE LOADED FROM OS SAVED TO A DISKETTE. » PROGRAMMING SOFTWARE
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 2712BA, 27256, 27256A, 27512, AND
27512A. + ASSEMBLED AND TESTED, BURNED. IN WITH MANUAL. 5169 WITH

PAL
PROGRAMMER!

SOFTWARE.
JUST RECEIVED. SAME AS aBOVE PROGRAMMER. BUT PROGRAMS 6 UNITS AT ONE |
TIME - $299. =

Digital Research Computers

£.0. BOX 381450 « DUNCANVILLE, TX 75138 ¢ (214) 225-2309

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75¢ handling. Mo
C.0.D. We accept Visa and MaslerCard. Texas Res. add 6-1/4% Tax. Foreign Orders
{except Canada) add 20% P & H. Orders over $50 add 85¢ for Insurance.

ALL SALES SUBJECT TO THE TERMS OF QUR 90 DAY LIMITED WARRANTY.FREE COPY UPON REQUEST
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The Illustrated Handbook of Desktop
Publishing and Typesetting by Michael L.
Kleper. (TAB Professional and Reference
Books. Soft cover; 770 pages; $29.95.)

This is an ambitious encyclopedia of
desktop publishing and typesetting. In a
large 8.5” x 11” format, and weighing
almost five pounds, it’s a treatise on the
current state of the art in which the mi-
crocomputer has the starring role. It
combines an historical chronicle of the
field with software and hardware typical-
ly used today with healthy doses of how-
to information. Furthermore, material is
beautifully presented with crisp, clear
text and is tastefully illustrated with
many photographs and pleasantly rend-
ered artwork.

The handbook opens with a discussion
of type and typesetting, including mea-
surements (point size, em, styles, etc.),
then segues to the next chapter on word
processing. Here, both phototypesetting
and word processing on microcomputers
are discussed, followed by a chapter that
details popularly used microcomputer
word-processing packages by phototype-
setters, such as familiar WordStar and
Xywrite packages and the lesser-known
Gutenberg for Apple 11 computers, T-
Word for the portable Model 100, etc.
Chapter 4 digs into text creation, genera-
tion and reformatting. Included here are
synonym finders, macro programs, etc.

Next, logically, is a chapter devoted to
telecommunications to move data to ty-
pographic output devices and between
systems. Then a data manipulation and
conversion chapter discusses various
software and hardware for these pur-
poses, such as Compat to convert CP/M
to MS-DOS, MCS-Transfer to generate
IBM PC or Radio Shack Model 111 or IV
datato a form that can be used by a Com-
pugraphic phototypesetting machine (an
in-house system used for setting the type
you see here), ReadySetGo-MW to do
the same for an Apple Macintosh (both
text and graphics) and Cauzin Soft-
strip equipment.

Succeeding chapters present typeset-
ting hardware tools that enhance produc-
tivity, such as special-purpose keypads
and a hardware/software font-develop-
ment system; professional typesetting
software, such as Easy-K, which inte-
grates software and hardware being used
for publishing purposes, such as, say,
WordStar software and a Kaypro com-
puter. Others include PC-TS, which con-

verts an IBM PC or compatible to an
emulator of a Compugraphic MCS text-
input station, page layout software, and
a variety of others. Some descriptions
go into great depth, illustrating how
they work with accompanying video
screen displays.

A chapter on specialized typesetting
languages is particularly interesting. Mi-
croTEX, a technical text processing sys-
tem, for example, implements complex
math expressions; GenCode deals with
software to code a document according
to content, such as type face and size for
captions. Not surprisingly, a host of
chapters are devoted to desktop publish-
ing, which has become an important as-
pect of microcomputing. A great many
software packages for this purpose are
explored for the Apple LaserWriter sys-
tem and 1BM desktop publishing alterna-
tives. About 200 pages, in fact, detail the
workings of products used to implement
such publishing methods with the two
major personal computer systems, in-
cluding Postscript, Xerox Ventura, and
Pagemaker software. A follow-up chap-
ter covers output devices, such as the HP
laserjet, phototypesetting equipment such
as Allied Linotype, and accessory prod-
ucts such as interfaces.

Rounding out the handbook are chap-
ters on making typesetting decisions, busi-
ness information, such as costs and bill-
ing; desktop publishing and typesetting
applications, such as details on produc-
ing a newspaper, processing input for fi-
nancial printing, newsletters, user pro-
files, etc.; and, concluding, helpful
sources of information, such as vendors,
user groups, and trade organizations.

For anyone interested in desktop pub-
lishing or having material set by profes-
sional typesetting equipment through da-
ta generated by a personal computer, this
is a very valuable book. It’s also an inter-
esting book from an historical perspec-
tive. Like all books of this nature, the
very latest products cannot be included
since new products are continually de-
buting. Large books such as this one have
alonger than normal preparation period,
too, which puts them further behind.
Consequently, the book does not address
the most currently available products
such as the HP Series II laser printer,
Ventura Version 1.1, etc. But this hand-
book is not meant to be a buyer’s guide to
the latest equipment and software any-
way. What it is is a trip through the va-

ried developments that have been used to
set type and computerize operations right
up to and including text and graphic page
layout. Anyone who thought they knew
it all by reading special-interest computer
magazines is in for a big surprise because
people involved professionally in prepar-
ing copy and graphics for publication
often use a host of products that others
do not. Author Kleper, therefore, pro-
vides the reader with breadth and depth
in the desktop publishing and typesetting
field. Thus, this illustrated handbook is
more than a source of information. It’s
also educational and entertaining. In all,
the author and its publisher did a very
commendable job.

Guide to Satellite Television Installation
by John E. Traister. (Prentice-Hall.
Hard cover. 148 pages. $24.95.)

This book provides a comprehensive
first source on basic theory, installation
and servicing of TVRO systems. Its easy-
to-read and -understand text is fully sup-
ported by schematic diagrams, nicely
rendered two- and three-dimensional
drawings and photographs.

A brief introductory chapter contains
the basic elements needed to understand
satellite TV receiving systems. Written in
a basically non-technical format, this
chapter contains a satellite locator draw-
ing and a blow-by-blow guide to the 14
most useful TVRO satellites. After this,
the remainder of the book is devoted en-
tirely to installation, maintenance and re-
pair of the typical TVRO system. The
aim of the book is to show the reader how
to spot troubles and correct them with a
minimum of time and effort.

Chapters are arranged in logical order.
Antennas is followed by cable and con-
ductors, leading to low-noise amplifiers,
receivers and antenna drive systems, each
discussed in a chapter of its own. Under
system troubleshooting, the reader is
served a short course in theory, general
information and specifications and is in-
troduced to analysis of the various sub-
sections that make up a TVRO system.
The closing chapter, Blueprint Reading,
covers reading schematic diagrams, iden-
tifying components (and their functions)
and reading assembly drawings. This well-
rounded guide fulfills its stated purpose.

e —————————
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PICKS UP A WHISPER 50 FEET AWAY!

The model WAT-50 minlature FM tranmitter uses a
4-stage circuit NOT to be confused with a simple wire-
1ess microphone. Simply snap the unit on top of a 9V
battery and you can hear every sound in an entire house
up to 1 mile away! Use with any FM radio. Tunes to any
frequency from 70mhz - 130mhz. Easy to assembie kit
includes all parts and instructions. Only 29.98 tax Incl.

g

The WIRELESS TELEPHONE TRANSMITTER model
WTT-20 is only about the size of a dime, yet transmits
both sides of atelephone conversatlon to any FM radio
with crystal clarity. Completely automatic. Uses power
from the telephone line itself - never needs a battery!
Up to % mile range. Tunes from 70mhz - 130mhz. Easy
to assemble kit includes all parts and instructions. On-
ly $29.98 tax incl.

Calt or send MO, VISA, MC for immediate dellvery.
Single kit orders Include $1.50 S&H. FREE SHIPPING
on orders of 2 or more. All orders shipped by U.S. Mail.
COD add $4.00. Personal checks atlow 21 days.

DECO INDUSTRIES
BOX 607, BEDFORD HILLS, NY 10507
914.232-3878
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COMMODORE CHIPS, Distributor, Fac-
tory Fresh. Low prices. For eg., 6510/6526-
$9.95, 6581-$12.85, all 901 ROMS-$10.95 and
many others. Just released new C128 ROMS,
AN UPDATE MUST, $39.95 plus postage
...."“THE COMMODORE DIAGNOSTI-
CIAN”’, a new inexpensive way to diagnose
faulty chips. This aid is a double sided lami-
nated display diagnosing 88 variations and
what chip to look for. Over 4,000 sold. $6.95
plus $1.00 postage/handling . . . HD Power
Supply for C-64, $27.95 plus postage . .

COMMODORE COMPUTER REPAIR
AVAILABLE at low prices (eg. C64-339.95
parts/labor) . . . . Send for complete catalog
... VISA/MC. . .Kasara MicroInc., 31 Mur=
ray Hill Drive, Spring Valley, N.Y. 10977.
1-800-248-2983 (Nationwide) or 914-356-3131.

BASIC Computers, 10 lesson correspondence
course, $39.50. Certificate. Details free.
AMERICAN TECHNICAL INSTITUTE,
Box 201, Cedar Mountain, NC 28718.

SAVE MONEY on computer supplies!
Bargains galore. FREE Info. Write today!!
CREGS Enterprises, Dept. E, 318 Harper,
New Llano, LA 71461,

COMMUNICATIONS

“EXPLORE Ham Radio” *“VHS’’ 24.95 +
3.00 shipping. L.B. Video Productions Inc.,
2509 52nd Ave. Dr. W., Bradenton, FL 34207.

EASY to understand book on designing and
building your own antennas. Send $3.75 plus
$1.00 shipping to Infotec, P.O. Box 254-ME2,
Red Bud, IL 62278.

INVENTORS
INVENTORS! Have idea for product or in-
vention, don’t know what to do? Call AIM we

present ideas to manufacturers - Toll Free
1-800-225-5800.

INVENTORS
INVENTORS! Can you profit from your
idea? Call AMERICAN INVENTORS COR-
PORATION for free information. Over a de-
cade of service, 1-800-338-5656. In Massachu-
setts or Canada call (413) 568-3753.

CABLE EQUIPMENT

CABLE TV DECODERS AND CON-
VERTERS get your free catalog or order toll
free 1-800-624-1150. Information Call
(402)-554-0417. M.D. Electronics Inc., 5078
So. 108th Ste#115, Omaha, Nebraska 68137

AUDIO

| POLICE, Fire Scanning Radios. Bearcat Re-
gency Fanon. Harvey Park Radio, Box
19224ME, Denver, CO 80219.

DETECTIVES, Experimenters. Exciting New

Find out why we sell more high performance
speaker kits than anyone in the U.S. For free cat-
alog call: 1-800-346-9183 ext. 1122: AUDIO

REMOTE CONTROL KEYCHAIN
Complete w/mini-transmitter
and +5 vdc RF receiver

Futly assembled including plans
to build your own auto alarm

$1 9 95 Check,Visa or M/C

30 days return
VISITECT INC. (415) 872-0128

PO BOX 5442,S0,SAN FRAN.,CA 84080

= An interesting and worth-
_-—— while project. This EASY-
el TO-BUILD circuft lets you
" use any regular TV set as
a simple  OSCILLOSCOPE

DETAILED PLANS:  $4.95 Bufld for less than $10
Tv _SCOPE MO MOOIFICATIONS TO TV!
Single or dual trace

PENN RESEARCH, Box 3543 Send for FREE CATALOG of
Williamsport, PA 17701 other plans and kits.

The magazine tor Computerist & Amateur Radio
Your #1 source of Packet info.
received my moneys worth with just one
issue
—J. Trenbick

always stop tp read CTM, even though most
other magazines | receive (and write for) only get
cursory examination

—Fred Blechman, K6UGT

U.S.A. $18.00 for 1 year

$32.00
$43.00(land)- $68.00 (air)

Mexico, Canada
Foreign

(U.S. tunds only)
Permanent(U.S. Subscription)
Sample Copy

CHET LAMBERT, WAWDR
1704 Sam Drive * Birmingham, AL 35235
(205) 854.0271

$150.00
$3.50
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Plans. Hard to find MICRO and RESTRICT-

ED Devices. Large Catalog $5.00 Refundable
| on Ist Order. WILSON, P.O. BOX 5264, Au-
| gusta, Georgia 30906.

TRANSISTORS-TUBES: MRF421 $24.00,
MRF454 $15.00, MRF455-MRF477 $12.00,
MRF492 $16.95, SRF2072 $13.50, 3800
| $18.95, 2SC2879 $25.00, 6LF6-6LQ6-6JS6
$10.95, 8950 $15.95. New RANGER AR3500
All Mode 10 Meter Transceiver $319. Quanti-
ty Discounts! Best Prices on Hard-to-Find
Parts, Antennas, Mics, Power Supplies, &
Equipment! Catalog $1.00 (refundable), or
free with order. RFPC, Box 700, San Marcos,
CA 92069. For information or Same Day
| Shipment—Call (619) 744-0728. VISA/MC/
i C.0.D.

“BEARCAT—REGENCY’’ Ham Gear, CB
Radios, Shortwave Receivers, Antennas,
MORE!! BUY/SELL/TRADE!! 1988 Caia-
log $1.00. STAMP For Used List!! GAL-
AXY, Box 1202, Akron, Ohio 44309 (216)
376-2402.

COMMUNICATIONS PLANS, BOOKS,
KITS! AM/FM broadcasting (licensed/unli-
censed), 1750 Meter transceivers, ham/CB
amplifiers, surveillance bugs, more! FREE
catalog, PAN-COM, Box 130-ME|, Paradise,
CA 95967.

SECRET CB PUBLICATIONS (modifica-

| tions, schematics, etc.). KITS, FM, PARTS,
ACCESSORIES, BOOKS. Catalog $1.00 (re-

\ fundable). Selman Enterprises, P.O. Box

| 8189, Corpus Christi, Texas 78412. 512/853-
2935,

Order Back Issues of

W £ omes
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CONCEPTS INC., 1631 Caledonia, La Crosse,
WIi“)OI.

SUBSCRIBER NEEDS

Lafayette 200-in-1 electronic kit manual. E.
Rogers, 323 W. 23 St., Erie, PA 16502.

ELF computer article copy from Popular
Electronics, Aug. 1976. V. Netser, P.O. Box
572, Lake Hills, TX 78063.

BUSINESS OPPORTUNITIES

START your own HIGHLY PROFITABLE
video taping business; complete information
$4.00. DJ Ayers, 179 Hoffman Ave., Dept.
ME, Elmont, NY 11003.

DO IT YOURSELF

REPAIR YOUR OWN TV . . . ITS EASY.
Write Research, Rt. 3, Box 601B, Colville, WA
99114.

MISCELLANEOU.

ASIAN LADIES want correspondence for
friendship, marriage, SUNSHINE INTER-
NATIONAL, Dept. TW, Box 260, North
Hollywood, CA 91603.

SATELLITE and cable equipment schemat-
ics, service manuals, booklets, diagrams, in-
formation packages, construction material,
covers, coverters, receivers, decoders. Catalog
$3.00. Ponderosa Company, 3624 Citadel
Drive North #289M, Colorado Springs, Colo-
rado 80909.

USED Books: Electronics, Physics, Mathe-
matics, Mechanics, etc.; Big List: $1.00. Soft-
wave Communications, 1515 Sashabaw, Or-
tonville, MI'48462.

MANUALS for test equipment. 1000’s in
stock. Write for availability and price. JBM,
7061 Hayvenhurst #207A, Van Nuys, CA
91406.
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Competitive Computer Solutions, Inc. =i

5721 Bayside Road, Suite A i
Virginia Beach, VA 23455

i . 3 . 5 = SPECIALIZING IN IBM COMPATIBLE =
Voice: (804) 460-XTAT  Modem: (804) 363-BAUD [ ] |
Description Price Description Price
CTX CGA 147 .42mm dot pitch $306.45 AT base unit w/200 watt power supply, 10MHz 0 wait
CTX CGA 14" .39mm dot pitch $346.95 motherboard, 512K RAM. W.D. WA2 controller, 1.2 meg
CTX EGA 147 .39mm dot pitch $432.00 floppy, and AT style keyboard. $1092.00
CTX EGA 14" .31mm dot pitch $468.45
Tilt and swivel for above GTX monitors add: seop || 'Gematwall AT w/2sar., 1 p., clockedl D ¥t otwer
CTX Monochrome with tilt and swivel giarn || Buaniy, BR2 el rielastbosed ST BEmitaaTipéael $742.50
CTX 14” multisync .31 dot pitch tilt and swivel $621.00 diagnostic display, and front panel controller. .
Magnavox 14” CGA .42mm dot pitch $295.00 AT case $76.95
Magnavox 14~ EGA .39mm dot pitch $415.00 AT motherboard 10 MHz 0 walit $432.00
Samsung 12” monochrome tilt/swivel $103.95 AT 200 watt power supply $87.75
Samsung 14" CGA $310.50 AT WA2 Hard/floppy controller $175.50
Samsung 14" EGA $457.65 AT 2.5 meg RAM card w/OK $76.95
Generic 101 keyboard wikey click $76.95 AT EMS card $103.95
BTC KB101 Keyboard clone $72.23 AT /O $51.30
Keytronic 101 Keyboard $121.50 AT serial parallel card $45.90
Keytronic 5150 Keyboard $108.00 AT RA2 AT Hard RLL Disk Controller $185.00
Keytronic 5151 Keyboard $171.45
Keytronic 5153 Keyboard $297.00
D;scripliun Price
XT slide-out case $33.75
AT jr. style XT case w/ reset, turbo Descrlption Price
switch, keyboard lock, power LED. Toshiba 360K XT/AT Beige drive $93.15
hard drive indicator $41.85 Toshiba 360K XT drive $91.80
XT 10 MHz Bare hones box w/ ATjr. case Toshiba 1.2 Meg drive $122.85
‘5?hw?g 90:9(; :‘m:b ‘T?( Né:ls 30884 Toshiba 3% drive $128.25
motherboar ! Seagate ST225 w/W.D. Controller 20
BIOS, 8 expansion slots $236.25 meg $364.50
XT 8 MHz base unit w/ slide out case Seagate ST251 40 meg AT drive §553.50
150 power supply. 8 MHz 80882 Seagate ST4038 30 Meg AT drive $648.00
motherboard. OK‘ RAM, AT style Seagate ST238 w/ W.D. RLL controller 30
keyboard, Phoenix BIOS, 8 slots $249.75 Meg 438.75
Mono graphic half card w/ printer port $54.00 Citizen 120D 120736 cps $200.00
Color graphic card w/printer port $54.00 Seikosha SP1200A1 120/25 cps $250.00
i(# gflzph';s :":metf g;gg;g Seikosha SL80AI 135/54 cps $350.00
autoswitch adapter 2 Seikosha MP5300A1 136 column
Muiti 1/Q half card ser/par/game/ 2.300/50cps . $515.00
. :;';f:'é fioppy cont igggg Seikosha MPI 300AI 300/50 cps $540.00
[ 7 color option for MPI300AI $125.00
Printer card $16.20 Star LV1215 120/140 cps + NLO $235.00
170 Plusl ser/par/clk-cal/ game $49.95 Star LV1215 120/140 cps 136 column  $350.00
M-;':L'églggi 752%555/03”93'"/ —" Star LV1615 160/180 cps + NLO $425.00
: ! Star Lv2015 200/220 ¢ps + NLO $565.00
RAM Card 640K w/ OK $36.45 Star NX 1000 144 ¢ $
ps 225.00
XT speaker $1.36 Star NX 1000C 144 ¢ps color $245.00
::ODDY g°""°"e' ‘2 port gg? g5 Star NB24-10 24 pin 216/72 cps $594.00
Foppy Contratr - S80K/1.2 Mg ek P NSZIETSIZ0 phiZ 2R e
Combinztion fioppy/hard controller 6220 §114.75 P 1 SRR, - |
g:)fc"k[’c'::‘d°°m’°"e' 6210 gg; gg Brother MI709 240750 ¢ps 136 column  $525.00
44¢psD
RS-232 card 2 poris $32.40 Brzmz:nr:‘mo cps Daisy Wheel 136 —
RS-232 card 1 port $25.65 Brother MI724L 216/72 24 pin 136
Game 1/0 card $14.85 column $700.00
XT turbo motherboard 10 MH2 $118.80
RLL XT Hard Disk Controlier $135.00
Software XT SYSTEM
;aragon-lmlegtra‘;ed acco:nnng gg;g Includes: 10 MHz 8088-1 motherboard with 640K RAM, 2 Solutions are our business. Com-
ravo-integrated accountin & e .
c‘,m”,,m,,,gssocims Am%,m,,,g $77-3606 serial ports, 1 parallel port, game port, clock calendar, 2 petitive Computer Solutions, Inc.
MS-DOS 3.21-operating system $101 360K Toshiba 5% “ floppy drives, AT style enhanced does much more than mail order
e ?gs:a"a‘;‘;z’::"'a%:;::g“m & keyboard, CTX 14“ tilt and swivel amber monitor, CGA/ | sales of hardware and software.
dBase 11l + -programmable d/b mgt $593 MONO/HERCULES graphics, 8 slots w/ 7 available, 150 We offer custom programming,
:’f;fn‘:";;:'l'l"p':g‘;gg’;:/"sgr’é:gl’e":fg;j"m 2?;28 watt power supply, DTK/ERSO BIOS, Microsoft MS-DOS consulting, support, mailing list
MixC compiler, Mix Editor, C Trace $17ea 3.21 with GWBASIC. FCC Class B certified. Price: $1050.00 management and more. CCS, Inc.
TurboGhostwriter-Pascal apps gen $270 can supply youwith any IBM com-
g g Wi il AT SYSTEM patiblep?n);grocom puteyr need. If
Volkswriter 3-word processing $230 ; i R .
Lotus 123-spreadsheet. d/b mgt 5452 Includes 8 MHz 0 wait mot.herboard with 640K RAM (ex you need something not listed
SuperCaica-intg'td sprdsht, d/b mgt $380 pandable to 1 meg), 2 serial, 1 parallel, clock-calendar, here, give us acall orwrite, we will
BLAST-mini, micro and m/t connection $201 ; i ' !
Bookmark-saves interrupted work $81 WAgcombmed hard and floppy controller, 2Toshiba Sf_SOK be happy to solve your problems
Superkey-'‘Hot Key™". secures data $54 51" floppy drives, CGA/IMONO/HERCULES graphics, . i
EasyFlow-flow  charting o CTX 14 b o ‘th tilt and swivel. 200 tt quickly and at acompetitive cost.
J & W
Harvard Total Project Management $400 SRRSO FICINEST #2 it an DAtk yva All of our products are guaran-
o EHIER. i $52 power supply, AT style enhanced keyboard, 8 slots with 7 teed for one year including parts
HARVEV-comnuten;ed UPS’ing ggag available, Microsoft MS-DOS 3.21 with GW BASIC. FCC and labor. To order, just pick up
HowardSoft's Tax Preparer-updatable 7 e R X D
MIOIss[)(é‘[:'RE.mus‘z, Rortacs o fwar y 5643 Class A certified. Price: $1450.00 the phone and dial (804) 460-XTAT
MIDI Studio & Voice Editor 121ea . = - . . q
£CS Designer-CAD software 580 Call or write for option pricing. 386 machines also or yvnte us a Ietter'. All items pre-
Oratix, Orafix 30 & Design CAD $265€a. available, call or write for pricing. paid only, no COD’s.
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Free Product Information

Readers can obtain free information on
products advertised by the above com-
panies, as well as for some editorially
mentioned products. Simply circle the
appropriate number printed below an
advertisement onto the Modern Elec-
tronics ‘‘Free Information Service’’
card bound into this issue. After filling
in your name and address, just mail the
postpaid card. Your request will be for-
warded directly to the advertiser with a
mailing label prepared by our reader-
service department to ensure speedy re-

sponse.
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Telephone Minder (from page 49)

read at least 50 volts dc, with the
common probe of the meter con-
nected to the negative (—) side and
positive probe connected to the posi-
tive (+) side of CI. As you take a
reading, check for proper polarity.
Note that a// voltage readings are ref-
erenced to the — side of C/, which is
circuit ground.

Initially, the meter reading should
climb toward 14 to 16 volts as C/
charges. If you do not obtain this
reading, check the orientation of Cl,
D1 and the polarity of the telephone
line at the TELEPHONE LINE pads on
the circuit-board assembly. The po-
tential measured at the junction of
R1 and R2 should be + 50 volts with
the meter’s common probe con-
nected to the — side of C1.

If the power supply checks out as
described, disconnect the project
from the telephone line and give C/
time to discharge. Then carefully
plug only /C3 into its socket, making
certain that the IC is properly ori-
ented (see Fig. 3) and that no pins
overhang the socket or fold under

between socket and IC. Handle this
CMOS device with the same precau-

tions you would use for any other
MOS device. Plug the project back
into the telephone line and allow C/
to charge to 15 volts. Press and re-
lease RESET switch S/ and measure
the potential at pin 3 of IC3; it
should register 0 volt.

Now use a piece of hookup wire to
jumper from pin 1 of /C3 and circuit
ground. While measuring the poten-
tial at pin 1 of /C3, you should ob-
tain a reading of 15 volts. Pressing
and releasing the RESET switch
should cause the reading at pin 1 of
IC3 todrop to 0 volt.

If you do not obtain the above re-
sults, power down the project by un-
plugging it from the wall jack and
carefully check the wiring associated
with IC3 and SI. Check in particular
for accidental short circuits between
the closely spaced copper pads to
which the IC’s socket pins are sol-
dered. Make absolutely certain that
IC3 is not installed backwards in its

socket. If all still looks okay but the
circuit does not work, the CD4011
may be bad; try replacing it with an-
other known to be good.

When you are satisfied that the
IC3 circuit is performing as it
should, disconnect the project from
the telephone line and plug /C/ and
IC2into their respective sockets, tak-
ing the same precautions as you did
when you installed /C3.

If you used an eight-pin socket for
IC2, make sure you plug the optoiso-
lator into the appropriate slots in the
socket. To avoid confusion, bend a
%-inch solid bare hookup wire into a
U shape with equal-length legs and
0.3 inch bottom. Plug the legs of this
wire into /C2 socket pin slots 1 and 8.
Leave this wire permanently in place.

To ascertain that your Telephone
Minder is operating properly, plug
its cord into the telephone wall box
and press and release the RESET
switch. Then press and hold the
STATUS switch long enough only to
see if the LED is on or off. If the cir-
cuit is operating as it should, the

LED should be off.
Mount the circuit-board assembly

into place inside the telephone in-
strument with which you are using it
or in its own separate box. To do
this, remove the protective paper
from the double-sided foam tape
mentioned above and gently press
the circuit-board assembly into it.
Make sure the circuit-board assem-
bly will not interfere with the normal
functioning of the mechanical ele-
ments or short to any of the electron-
ics inside the telephone instrument.

Now ask a friend to call your tele-
phone number. When the ringing
ceases, press the STATUS switch with-
out lifting the handset off the hook.
The LED should be on and remain
on until you press and release the
RESET switch.

You can leave the Telephone
Minder permanently connected to
your telephone line at all times. Tele-
phone operation will not be affected
by the presence of the project on
your telephone line.
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EXPAND YOUR CAREER HORIZONS...

START WITH CIE.

Microprocessor Technology. Satellite Communications
Robotics. Wherever you want to go in electronics
start first with CIE

Why CIE? Because we're the leader in teaching
e liC 1IN y. C
We teach over 25,000 students from all over the
United States and in over 70 foreign countries. And
ve've been doing it for over 50 years, helping
housands of men and women get started in
electronics careers

We offer flexible training to meet your needs
You can start at the beginner level or, if you already
know something about electronics, you may want to
start at a higher level. But wherever you start, you
can go as far as you like. You can even earn your
Associate in Applied Science Degree in Electronics

Let us get you started today. Just call toll4ree
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail In

CIRCLE 98 ON FREE INFORMATION CARD
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the handy reply coupon or card below to
Cleveland Institute of Electronics,
1776 East 17th Street, Cleveland, Ohio 44114
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Check box for G.1. Bill bulletin on Educational Benefits
Veteran Active Duty ~ MAIL TODAY!

Just call toll-free 1-800-321-2155 (in Ohio, 1-800-362-2105)



The World at Your Fingertips

Only ICOM brings the world into
your living room...HF, VHF, UHF, and
low band receptions. ICOM is the pro-
fessional's choice to receive interna-
tlonal broadcasts, aircraft, marine,
business, emergency services, televi-
sion, and government bands. Tune in
with ICOM's IC-R7000 25-2000MHz*
and IC-R71A 0.1-30MHz commercial
quality scanning receivers for full spec-
trum coverage.

Incomparable Frequency Control.
Both the IC-R7IA and IC-R7000 feature
direct frequency access via their front
keypad, main tuning dial, optional infra-
red remote control and/or computer in-
terface adapter. Flexibility of this na-
ture can only be accomplished with an
ICOM!

Full Coverage, Maximum Perform-
ance. The superb IC-R71A is your front
row seat to worldwide SSB, CW, RTTY,
AM, and FM (optional) communications
and foreign broadcasts in the 100kHz to
30MHz range. It features passband, IF
Notch, low noise mixer circuits, and
100dB dynamic range. The pacesetting
IC-R7000 receives today's hot areas of

CIRCLE 71 ON FREE INFORMATION CARD

ICOM America, Inc., 2380-116th Ave. N.E., Bellevue, WA 98004 Customer Service Fofline T206) 454°7615
3150 Premier Drlve Suite 126, Irving, TX 75063 / 1777 Phoenix Parkway, Suite 201

interest, including alrcraft, marine, pub-
lic services, amateur, and satellite trans-
missions in the 25MHz to 2000MHz*
range. It includes all mode operation
low noise circuits plus outstanding sen-
sitivity and selectivity. The combined
IC-R71A/IC-R7000 pair creates a full ra-
dio window to the world!

The IC-R71A is a shortwave lis-
tener's delight. Its 32 tunable memo-
ries store frequency and mode informa-
tion, and they are single-button repro-
grammable independent of VFO A or
VFO B's operations! This HF reception
is further enhanced by a dual width and
level adjustable noise blanker, panel se-
lectable RF preamp, selectable AGC,
four scan modes, and all-mode squelch.

The IC-R7000 is a high band moni-
tor's masterpiece. Its 99 tunable mem-
ories are complemented by six scan-
ning modes. It even scans a band and
loads memories 80 to 99 with active fre-
quencies without operator assistance!
Additional features include selectable
scan speed and pause delays, wide/nar-
row FM reception, and high frequency
stability. Many professional services use
IC-R7000's as calibration references.

Options. IC-R7000: RC-12 remote
control, EX-310 voice synthesizer, CK-70
DC adapter, MB-12 mobile bracket.
IC-R7IA: RC-11 remote control, EX-310
voice synthesizer, FM module, CK-70
DC adapter, MB-12 mobile bracket,
FL-32A 500Hz, FL-63A 250Hz, and
FL-44A filters.

See the IC-R7000 and IC-R7IA at
your local authorized ICOM dealer.

* Specifications of IC-R7000 guaranteed from.

25-100MHz and 1260-1300MHz. No coverage from
1000-1025MHz
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ICOM CANADA, A Division of ICOM America, Inc., 3071 - #5 Road Unit 9, Richmond, B. C. V6X 2T4 Carada

All stated specifications are approximate and subject to change without notice or obligation.

All ICOM radios significantly exceed FCC regulations limiting spurious emissions. RCVRS587.




