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Editorial

THERE, WE DID IT!

To our readers who knew us as Hands-on Electronics, our front
cover now displays a new name at the top—Popular Electronics.
That's a big change! To our first time readers, you may fall into two
groups: those who read Popular Electronics several years ago and
haven't seen it since, and those who have just discovered Popular
Electronics for the first time. To all of you, it's good to have you as
readers of the newsstand’s leading hobbyist electronics magazine.

The previous readers of Hands-on Electronics will find cosmetic
changes—we've changed type styles, artistic layout somewhat, even
changed the titles of our regular columns. But the editorial slant has
remained the same. Read us from cover to cover. We're still the same
magazine that you purchased last year.

The previous readers of Popular Electronics will be amazed by
the likeness of our format to the old issues. Read us from cover to
cover—yes, you'll find us to be the old Popular Electronics reborn
and that the editors are doing an even better job than before.

Most important to our hearts are the new readers who never before
ventured to purchase a hobby-electronics magazine. What a treat you
are in store for! Read us from cover to cover. Try a few issues in a
row. If you are an electronics activist, then Popular Electronics will
become a regular habit with you. Give us a chance and we will prove
to you that we'll make you a regular reader. Now get on with the
reading. Start up front and work your way back, and I'll bet you will

say, “What do you know, they did it!”
m%o

Julian S. Martin, KA2GUN
Editor
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Letters

A HAPPY HOBBYIST

| am writing this letter to let you know how
much I've enjoyed building some of the pro-
jects that you have published. | am an elec-
tronics hobbyist who enjoys spending time
at my workbench and | must say that your
projects have been enjoyable. | hope you
continue to print such fine articles.

I've enclosed a picture of the latest project
that I've built—Charles D. Rakes’ “Solid-
State Tesla Coil” from the October 1988 is-
sue of Popular Electronics. It has brought
me many favorable comments, thanks to you.
And I'd like to say thank you for the many
hours of pleasure I've gotten from articles
like that one.

J.V
Tuscon, AZ

ATTENTION, ALUMN!

| enjoyed reading the editoriai in the Novem-
ber issue, and | found the excellent blend
of old and new in the same issue very fasci-
nating indeed. Noting the experienced con-
tributors like Marc Ellis (on vintage radio) and
Don Jensen (on DX'ing) prompted me to write
this letter.

My career in electronics started with a cor-
respondence course from the “Hollywood Ra-
dio and Television Institute,” which was lo-
cated in Hollywood, CA until about 1960. For

a long time now, |'ve wanted to contact past
students of the Institute. I've tried various
avenues, with no success so far. | am seek-
ing your help in finding the present name
of the Institute (if it is still in existence) or
establishing if it was closed. I'd also like to
find the names and addresses of any former
students, or other individuals, whom | can
contact for further information and correspon-
dence.
Thank you for any information you may
be abie to supply.
B. ALl
710B Highpoint Avenue
Waterloo, Ontario Canada N2V 1G9

Can anyone out there help out on this? If
so, contact Mr. Ali directly.—Editor

GOOD LUCK!

I wish you well in your new venture. Popular
Electronics was always my favorite maga-
zine; | was a subscriber for many, many
years—until they decided to go into the com-
puter bit. (There's a joke there somewhere,
maybe “byte”?) Computers | can take or
leave, but at my age I'll take the check.

I've beer. in electronics since the mid-
30’s. | served inthe U.S.A.A.F. during WWII
and in the U.S.A.F. until 1950. | worked for
D.O.D. from 1951 to 1960, then General Elec-
tric from 1961 through 1987. My kids (ages
33 through 41) say “Hey Dad, you've seen
it all.” | say, “l hope not!”

When | was flying the big ones the saying
was “Never say ‘Good Luck’.” But | said that
to myself every time | took off. So, good luck!

WEM.
Melbourne, FL

Thanks for your kind wishes. We hope the
new Popular Electronics becomes your
new all-time favorite. And you can be sure
that we’ll do everything we can to make that
happen.—Editor

LET THERE BE LIGHT BULBS

| read your article on Piezoelectric Genera-

tors (Popular Electronics, December 1988)

with great interest. | paid particular attention

to your question on whether large neon bulbs

were still being made. Well, they are; our

company sells G-40 type bulbs with various

internal patterns including orchids, sunflow-

ers, Christmas trees, and others. We also

have one called a burning sun that has a

wild, flickering effect that should look spec-

tacular with your device. The bulbs are avail-
able for $6 each, postpaid.

Cindy Chipps

Sales Manager

Loyal-T-Lites, Inc.

1144 Brooks Hill Rd.

Brooks, KY 40109

WRITE IT RIGHT!

| just heard that your publication is changing

its name to Popular Electronics. Way to
go! I've missed that name for quite some
time.

I've been involved in various aspects of
electronics for over two decades, my first love
being audio. For the past six years, how-
ever, I|ve been an operator and
troubleshooter for a 50-kW shortwave trans-
mitter that | helped design and build for a
small religious organization. | have other ideas
and designs, and was wondering if you'd be
interested in seeing some articles.

How would | go about submitting manu-
scripts? Do you have author’s guideiines avail-
able?

TAB.
Bethel, PA

Some of our best articles have come from

just plain readers with good ideas! It's not
necessary to be a professional author to get
published, but there are certain things that
the editors look for in any manuscript—
originality and clarity are at the top of the
list. If you'd like to try your hand at writing
for Popular Electronics, our guidelines will
let you know exactly what we like to see in
a story. Send an S.A.S.E. to Popular Elec-
tronics, Writer's Guide, 500-8 Bi-County Blvd.,
Farmingdale, NY 11735 for your free copy.—
Editor

WHERE'S THE CHIP?

| would like to build the “Low-Battery Alarm”
that was featured in the November 1988 is-
sue of Popular Electronics. However, | am
having troubie finding the 8211 chip. Can
you tell me where | can get one? Or is there
a substitute that | can use?
JWS.
Rivervale, NJ

Jameco Electronics (1355 Shoreway Road,
Belmont, CA 94002; Tel. 415-592-8097) car-
ries that chip. It costs $1.95, plus postage
and handling, although they do have a $20
minimum order.—Editor

CASINO MIXUP

it seems that | have committed the sin of
providing the wrong part numbers in one of
my recent articles, Casino Dice Game (Hands-
on Electronics, August 1988). In the Parts
List, U5, U6, and U18 should be CD4075's,
not CD4071’s; the schematic diagram has
the correct part designations. Also, the regu-
lator should be a 7812, not a 7805 as stated
in the article.
| am truly sorry for those errors and apolo-
gize for any difficulties they caused for your
readers.
Waiter W. Schopp

THANKS FOR THE MEMORIES

Thank you for your kind mention in the De-
cember editorial. | fondly remember all of the
articles | did for the old Popular Electronics
and am happy to see the old title revived.



It's true that | have been writing articles
for the electronics hobbyist for many years.
My first effort was a two-tube radio-broad-
cast receiver for the old Radio & Television.
It appeared in August of 1940. Yet, even
after all these years, the thrill 1 get when
building electronics projects is still there.

Homer L. Davidson

THERMOCOUPLE CLARIFICATIONS

Your publication is excellent; I've been a sub-
scriber since day one. Most of your articles
are also excellent, but | regret to say that
does not apply to your article on thermocou-
ples in the November 1988 issue. The article
completely fails to mention one of the most
important considerations in the design of ther-
mocouple-measuring circuits—namely, the
cold junction voltage. If anyone new to the
subject tries to use the article to do some-
thing practical, they'll become very confused.

To use a thermocouple in a simple circuit
one must note both the output voltage and
the cold junction temperature. Two courses
are then open. The first, less precise, course
is to look up the temperature equivalent of
the output voltage (in mV) in the tables and
then add to it the temperature at cold junc-
tion, less the reference-junction temperature.
On the other hand, if it is reasonable to as-
sume a constant cold-junction temperature,
then add in the equivalent with a bias volt-
age. Thatis how the old-fashioned defiection
galvo-type instruments worked.

The second, more precise, method is to
look up the output associated with the cold-
junction temperature, add that to the observed
(measured) output, and then look up the tem-
perature associated with that new value.

As an example, let’'s assume that we take
asimple (single thermocouple) measurement
and find that the output is 12.572 mV at a
cold-junction temgerature of 80°F. The ta-
bles for the particular thermocouple we are
using specify that that output is equivalent
to a temperature of 500°F. Those tables also
specify that the reference cold-junction tem-
perature is 32°F.

Using the first method, we add the cold-
junction temperature (80) minus the refer-
ence cold-junction temperature (32) to the
value from the table (500). The result is 500

(80 — 32) = 548°F.

Using the second method, we look up the
output for the cold-junction temperature of
80 (1.06 mV) and add that to the 12.572 to
get 13.632. Looking that up in the table, we
get 533.6°F. Obviously, there is a difference
of 14.4°F between the two methods. That
is because beteen 32 and 80°F the temp/mV
coefficient is 1.06/48 = 0.022 mV/°F. How-
ever, over the range between 500 and
533.5°F, the 1.06 mV represents only 33.6°F;
that's a coefficient of 1.06/33.6 = .032 mV/°F.
That also demonstrates the non-linearity of
the device (in this case, a copper/constantan
type-T thermocouple).

(Continued on page 8)
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« 30 DAY MONEY BACK GUARANTEE - 1 YEAR WARRANTY ON ALL PRODUCTS « TOLL-FREE TECHNICAL SUPPQRT
» COMPLETE CUSTOMER SATISFACTION - SUPERIOR SERVICE « FRIENDLY, KNOWLEDGEABLE SALES ST

STATIC RAMS DYNAMIC RAMS EPROMS LO-PROCESSORS

PART SIZE SPEED PART SIZE SPEED PRICE SIZE SPEED Vpp PRICE 8087 5 MHz 99.95
2112 256x4  450ns . 4116-200 16384x1  200ns 89 450ns 25V 4.95 8087-2 8 MHz 139.95
2114 1024x4  450ns d 4116-150 16384x1  150ns .99 450ns 25V 3.49 8087-1 10 MHz 194.95
2114L-2 1024x4  200ns E MK4332 32768x1 200ns 6.95 350ns 25V 395 80287 6 MHz 159.95
TC5516 2048x8 250ns . 4164-150 65536x1 150ns 2.89 450ns 25V 3.95 80287-8 8 MHz 229.95
TMM2016-200  2048x8 200ns . 4164-120 65536x1 120ns 3.19 250ns 21V 395 80287-10 10 MHz 289.95
TMM2016-150  2048x8  150ns i 4164-100 65536x1  100ns 3.95 8192x8  250ns 12.5V 4.95 80387-16 16 MHz 449.95
TMM2016-100  2048x8 100ns . TMS4164 65536x1  150ns I 8192x8  450ns 125V  3.49 80387-20 20 MHz 599.95
HM6116-4 2048x8  200ns TMS4416 16384x4  150ns I 8192x8  250ns 125V  3.69 80387-25 25 MHz 699.95
HM6116-3 2048x8  150ns . 41128-150 131072x1  150ns I 8192x8  200ns 125V 4.25

HME116-2 2048x8  120ns . TMS4464-15 65536x4  150ns  10.95 B192x8  350ns 21V 1595 In
HMB116LP-4 2048x8  200ns . TMS4464-12 65536x4  120ns  11.95 16384x8  250ns 12.5V  4.95

HMB116LP-3 2048x8 150ns ! 41256-150 262144x1  150ns 1245 16384x8  200ns 12.5V  5.95

HM6116LP-2 2048x8  120ns . 41256-120 262144x1  120ns  12.95 32768x8  250ns 12.5V  7.95 5
HME264LP-15  8192x8  150ns ! 41256-100 262144x1 100ns  13.45 32768x8  250ns 12.5V  5.95 J

HMG264LP-12  8192x8  120ns . 41256-80 262144x1  80ns 13.95 32768x8  200ns 12.5V  7.95 YEAR
HM43256LP-15 32768x8 150ns HM51258-100  262144x1 100ns  13.95 65536x8  250ns 125V 11.95

HM43256LP-12 32768x8 120ns 1 MB-120 1048576x1 120ns 34.95 65536x8  250ns 12.5V 12.95 WARRANTY
HM43256LP-10 32768x8 100ns 1 MB-100 1048576x1  100ns  37.95 27C101-20 131072X8  200ns 12.5V 34.95

W CALL TO CONFIRM CURRENT PRICES B CALL TO CONFIRM CURRENT PRICES & & CALL TO CONFIRM CURRENT PRICES & INCLUDES MANUAL & SOFTWARE GUIDE

CALL OUR WHOLESALE DEPT. EiCH-TECN 30DAY MONEY-BACK GUARANTEE
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\ i 74 [
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OS024 299 8035 lca0, o253 2 74504 ! 7415125 7415245

65028 4.25 8039 1.95 8255 1.49
4 : 4 !

65C02" 7.95 8052AH 8255-5 1.59 Z.t3§ ] 3.t§1§§ | Zitiiié
gg’;’g ; .gg BASIC 3;-23 g;gg 'f-gg V=20 SERIES 74L509 I 7415133 E 7415257
r : : 74L510 I 74LS136 . 7415258
gggg‘\ 13-32 8085 ! -gg g;;;” i-gg SPEED UP YOUR PC BY 10 TO 40%! 74LS11 I 74L5138 . 7405259
e o 5 8274 495 HIGH SPEEL ADDRESS CALCULATION IN HARDWARE 74L512 . 74LS139 1 74L5260
£5320 5.95 25 mans s PIN COMPATIBLE WITH 8088 74LS13 ] 74L5145 I 7415266
533? g-gg T 8270 o SUPERSET OF 8088 INSTRUCTION SET 74L514 . 74LS147 74L8273
o | Lo e a2r 239 B LOW POWER CMOS 74L815 I 74L5148 . 74L5279
eMos ; Prs 8282 o5 v20* 5MHz 8.5 V20" B MHz 10.95 74L520 . 7415151 B 74LS280
: - V2o 10MHz 1295 V30 8MHz 1395 741821 ! 74L8153 . 7415283
ggg g;gg ggg 741522 | 74LS154 . 7415290
y ’ : . 741527 ] 74L5155 ] 7415293
9.95 szgs 3.95 VOLTAGE ¥ i W 741528 I 74L5156 . 74L5299
29.95 8287 3.95 REGULATORS ooy 741530 ! 74L8157 | 7415322

795 8288 4.95 49

212K . L = Wl 7aLs32 1 7405158 . 7418323
6800 9.95 T 15 740533 I 7415160 . 7415365

1.85 ;;:gg | 7912K : ks com Ml 74LS37 ! 74L8161 . 7415367

295 i 78L05 ; 741538 i 7als162 . 7415368
293 802868  249.95 Z-80 ; s i 74842 I 74L5163 . 7415373

2.95 . K K 74L547 3 7415164 . 7405374
5.99 8200 %ﬁ_;‘;u }§§ y gtgg o AY5-1013  3.95 741548 ] 74L5165 I 7415375
2.95 Z80B-CPU 2.75 y LM323K } AY31015 495 74LS51 R 74L5166 E 7415377
549 8205 3.29 ZB0ACTC 169 : LM338K J TR1602  3.95 74LS73 ! 7405169 ! 7418390
1.95 8212 1.49 280B.CTC  4.25 2651 4.95 741574 24 74L5173 . 7418393
2.95 8216 1.49 Z80A-DART 5.95 IM6402 3.95 74LS75 1 74LS174 g 74LS541
1.25 8224 2.25 Z80B-DART 6.95 MISCELIL ANEOUS IM6403 9.95 74LS76 I 74L5175 ) 7415624
1.85 8220 2.25 ZB0A-DMA  5.95 ADCO804 299 9334 1.75 INSB250  6.95 741583 . 7415191 . 7415640
3.95 8237 3.95 Z80A-PIO  1.89 ADC0809 3. 9368 2.85 NS16450 10.95 741585 . 7415192 . 7415645
2.75 8237-5 4.75 Z80B-P10  4.25 DACDB00 3. 9602 69 740586 d 7415193 . 74LS670
495 8238 4.49 Z80A-SI0/0 5.95 DAC0808 1. ULN2003 .79 INTERSIL 74L590 . 74L5194 . 7415682
4.75 8243 1.95 280B-SI0/0 12.95 DAC1022 5. MAX232  7.95 C7 107 oloE 741592 ] 7418195 | 7415688
1.95 8250 6.95 Z80A-SIO/ 5.95 MC1408L8 1. MC3470  1.95 ictzecoIEiIos 741593 ] 7415196 . 74L5783
1.75 8251 1.29 280A-SI0/2 5.95 8728 . MC3487 295 iclsoss iR ase 74LS95 ] 7415197 . 25152521
82514 1.69 280B-510/2 12.95 8797 ] AY5-3600 iCMr20 210 74LS107 . 74L5221 d 261531
8253 1.59 Z8671BASIC 9.95 DP8304 . PRO  11.95 A 20amP Toe 74L5109 d 7415240 I 26LS32 195

LINEAR COMPONENTS v HIGH SPEED CMOS LOGIC SERIES LOGIC

LM380 .89 XR2206 74HCO0 21 74HC244 . 74HCT138 g 74121 o 74F240
LM383 1.95 XR2211 I 74HC04 d 74HC245 E 74HCT139 . K 74123 y 74500

LM386 89 LM2917 K 74HCO08 d 74HC273 . 74HCT157 . ) 74125 d 74502

LM383 45 CA3046 J 74HC14 E 74HC367 K 74HCT161 .79 " 74150 k 74504

LM3%94H 595 CA3146 . 74HC32 E 74HC373 . 74HCT240 . . 74151 i 74508

LM399H 595 MC3373 . 74HC74 : 74HC390 o 74HCT244 X 74153 Y 74510

TLASS 4.20 MC3470 K 74HC138 . 74HC374 K 74HCT245 d . 74154 4 74532

TLA97 3.25 MC3480 X 74HC139 . 74HC4040 . 74HCT273 . i 74157 d 74574

NE555 .29 MC3487 X 74HC154 | 74HCT00 ; 74HCT373 . x 74159 d 74586

NE556 49 LM3900 d 74HC157 d 74HCTO04 27 74HCT374 . J 74161 K 745112
NE558 79 LM3909 r 74HC161 k 74HCTO8 f 74HCT393 . i 74164 I 745124
NE564 1.95 LM3911 . 74HC164 K 74HCT32 3 74HCT4040 . . 74166 X 745138
LM565 95 LM3914 d 74HC175 d 74HCT74 E 74HCTA060 1. . 74175 d 745153
LM566 1.49 LM3815 d K 74367 .65 745157
LM567 .79 MC4024 K : 745158
NE570 2.95 MC4044 i ; 73F/73 S 745163
NE590 2.50 RC4136 . X K 4069 ! ’ 74F00 .35 745175
NE592 98 RCA4558 . K 4070 K k 74F02 .35 745195
LM723 .49 LM1360 ’ E i . d 74F04 .35 745240
LM733 .98 75107 . ! k 4093 d k 74F08 . 745241
LM741 29 75108 . p K 14411 . I 74F10 ] 745244
LM747 69 75110 E E ! 14433 ! ’ 74F32 . 745280
MC1330 2 75150 d k : 14497 . I 74F64 d 745287
MC1350 . 75154 d d : 4503 . E 74F74 . 745288
LM1458 . 75188 k K ! 4511 f A 74F86 d 745299
LM1488 k 75189 . X K 4518 I E 74F138 . 745373
LM1489 d 75451 . y i 4528 N I 74F139 k 745374
LM1496 g 75452 ] . K 4538 k . 74F253 d 745471
ULN2003 . 75477 ; L ! 4702 . f 74F157 d 745571

JOR MICRDDEVICES AND THE JOR MICRDDEVICES LOGD ARE REGISTERED TRADEMARKS OF JOR MICRDDEVICES. IBM. AT. PS/2 ARE TRADEMARKS OF INTERNATIONAL BUSINESS MACHINES.
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CRYSTALS
32.768 KHz .95
10MHz 295
2.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
195

1N751
IN5402
IN4004
IN4148
KBP02
PN2222
2N2222
2N2907
2N3055
2N3904
2N3906
2N4401

TANTALUM

1.95 1.0uf 15V .

1.95 68 15V .42

1.95 15V 45
OSCILLATORS 15V .99
1.0MHz 5.95 . 35V .45

5.95 I 38V .19

5.95 g 3V .

5.95

5.95

495

4.95

4.95

DISCRETE

CAPACITORS

SOLDER STATION
UL APPROVED
ADJUSTABLE HEAT SETTING
TIP TEMPERATURE READOUT

REPLACEMENT TIPS
AVAILABLE $2.95

168-2C
*39°>

2N4403
2NB045
MPS-A13
TIP31
4N26
4N27
4N28
4N33
4N37
MCT-2
MCT-6
TIL-111

ELECTROLYTIC
RADIAL
50

POWER SUPPLIES

APPLE TYPE SUPPLY

4.95
495

& AP2LE CONNECTOR
B +SV@BA +12V @ 3A,

4.95
4.95
485
1.95
1.95
495
495
495
495

BIT RATE
GENERATORS

MC14411 9.95
BR1941 4.95
4702 9.95
COMS016  16.95
COMB116  B.95

MM5307 495 MC146818

MM58167

LLOCK CIRCUITS
595 MM58174
995 MSM5832

SV @ A, 12V @ 1A
PS-A $49.95

FLOPPY DRIVE SUPPLY

& 5/@25A +12V@2A
AN @ 1A

& 57 @5A. IF +12NOT
USED

PS-ASTEC

16 70

16V 1.25 $24.95

BYPASS CAPALITORS
CERAMIC DISC
MONOLITHIC
CERAMIC DISC
MONOLITHIC

100/5.00
100/10.00
100/6.50
100/12.50

2797

8272

UPD765
MB8876 12.95
MB8877 12.95
1691 6.95
2143 6.95

1T
179
1793
1795
1797
279
2793

495
9.95
9.95
12.95
12.95
19.95

9.95
19.95

295

nc CONNECTORS/RIBBON CABLE

‘ DESCRIPTION ‘

F e DER L iDHXxS

__ SOLDFR HEADER
_RIGHT ANGLE SOLDER HEADER |
_WIREWRAP HEADER
RIGHT ANGLE WIREWRAP HEADER |
'RIBRON HEADER SOCKET
 RIBBON HEADER

RIBBON EDGE CARD
10° PLASTIC RIBBOM CABLE

1 IDExx

CONTACTS

| 1| 20/26 34 |40 |50
82129168220 258/3.24 |

| B5/135 176|231/272|
ADHxxW 4.50 | 5.28| 663
IDHxxWR 2.05(3.28 |4.22/4.45|4.80| 7.30 |
_ IDSxx 63] 89| 95 1.29/1.49)1.69 ]
IDMxx - |5.50/6.25| 7.00| 7.50!8.50 |
.85(1.25(1.35/1.752.05 2.45

| 1.60(3.20 4.10{5.40] 6.40 | 7.50

ORDER BY

__IDHxxSR

RCxx

FOR ORDERING INSTRUCTIONS, SEE D-SUBMINIATURE CONNECTORS BELOW

D-SUBMINIATURE CONNECTORS

DESCRIPTIOH

ORDER BY CONTACTS

SOLDER CuP

 RIGHT

ANGLE

MALE
FEMALE
MALE

OBxxP
DBxxS
DBxxPR

PC SOLDER I

_FEMALE

MALE
WIREWRAP MALE

FEMALE
MALE
FEMALE

METAL
HOODS £
00 | PLASTIC

ORDERING INSTRUCTIONS:
INSERT THE NUMBER OF CONTACTS IN THE POSITION MARKED “rx" OF THE "ORDER BY"
PART NUMBER LISTED EXAMPLE : A 15 PIN RIGHT ANGLE MALE FC SOLDER WOULD BE

(LRI MOUNTING HARDWARE 59¢

| DBxxSR

| DBxxPWW
DBXXSWW

| IDBxxP
IDBxxS
MHOODxx
HOODxx

IDC RIBBON CAEE l

IC SOCKETS/DIP CONNECTORS
= 2280, ==

DESCRIPTION

_SOLDERTAIL SOCKETS |
WIREWRAP SOCKETS

" ZIFSOCKETS
"TOOLED SOCKETS

[ "TOOLED WW SOCKETS
COMPONENT CARRIERS|
DIP PLUGS (IDC)

ICCxx
1DPxx

ORDER BY

CONTACTS

AUGATxxST
AUGATxxWW

“FOR ORDERING INSTRUCTIONS SEE D-SUBMINIATURE

JDR MICRODEVICES, 11
LOCAL (408) 866-6200

MasterCard

MEMBER

HOURS: MON.-FRI. 9-7

0 KNOWLES DRIVE, LOS GATOS, CA 95030
FAX (408) 378-8927 TELEX 171-110

RETAIL STORE: 1256 SOUTH BASCOM AVE., SAN JOSE, CA

, SAT. 9-5, SUN. 12-4 (408) 947-8881

FULL1YEAR
WARRANTY ON
EVERY PRODUCT!

WIREWRAP
PROTOQTYPE CARDS

FR-4 EPOXY GLASS LMMIMATE WITH GOLD PLATED EDGE-
CARD FINGERS A~D 3ILK SCREENED LEGENDS.

o Rl —
e b Y P
= e

=OR PS/2
JDR-PR32 32 BIT PROTATYPE CARD
JDR-PR16 16 BIT WI'H 17D DECCDING LAYOUT
JDR-PR16PK PARTS KI~ FC:R JDR-PR16 ABOVE
JOR-PR16V 16 BIT FOR VIDEO APPLICATIONS

FOR AT
JDR-PR10  16BIT WIT 4 /O DECOOING LAYOUT
JDR-PR10PK PARTS KI” FOR JDR-PR10 ABOVE
FOR XT

WITH +5V AND GROUND PLANE
AS ABOVE WTH 1/0 DECODING LAYOUT 29.95

(BM-PR1
1BM-PR2

GENDER CHANGERS
75 WATT SUPPLY

& UL APPROVED
B SV@TA +12V@ 3A,
-5V @ 300MA, -12V @ 250MA

GENJER-FF FEMALE-FEMALE 7
GENDJER-MM MALE-MALE
GENDER-MF MALE-FEMALE

5

PS-1558 $34.95

MICRO SUPPLY
& UL APPROVED, 144 WATTS
B 5V @ 18A +12V @ 4A,

12V @ 500MA
PS-1554

GENDER-JB JUMPER BOX
GENDER-MT MINITESTER

e |

RS§-232
BREAKDUT BOX

FOR TROUBLESHOOTING
SERIAL COMMUNICATIONS

7.9
7.95
GENDER-NM NULL MODEM  8.95
8.95
14.95

$29.95

‘““‘SNAPABLE’’
HEADERS
CAN BE SNAPPED APART

TO MAKE ANY SIZE HEADER,

ALL WITH .1" CENTERS
99 & OPEN/CLOSE INDIVIDUAL CIRCUITS
# 20 JUMPERS CROSS-CONNECT ANY

TWO CIRCUITS
& 10 LEDS SHOW CIRCUIT ACTIVITY
GENDER-EO $34.95

a1
ILI I
i

« 30 DAY MONEY BACK
GUARANTEE

STRAIGHT LEAD
RIGHT ANGLE LEAD .49
2 STRAIGHT LEADS 249
2 RIGHT ANGLE LEADS 299

Wt i

EPRDM ERASERS
SPECTRONILS CORPORATION

i i ”
Model | Th #of | lintensity | Unit
- M| Chips | (uW/C) | Cost
'$89
$139 |
$169

/PE-140 [NO | 9
‘ps-uo*r YES | 9 | 8000
PE-240T| YES | 12 | 9,600

8,000

= 1 YEAR WARRANTY
ON ALL PRODUCTS

+ TOLL-FREE TECHNICAL

DATARASE

B ERASES 2 EPROMS IN 10 MINUTES
& VERY COMPACT, NO DRAWER
# METAL SHUTTER PREVENTS

UV LIGHT FROM ESCAPING

$34.95

SUPPORT

=COMPLETE CUSTOMER
SATISFACTION

» KNOWLEDGEABLE
SALES STAFF

SHORTING LITWILUM BATTERIES

BLOCKS
5/%1.00

& 68V FOR 286/38¢ CCMPUTE3S
& MOTHERBOARD “ONNECTCR
& ADHESIVE VELCRO STRIP FOR
EASY MOUNTINC
= LITHIUM 6.8V $11.95 ‘
‘ I
LJ LITHIUM-3V 3V cO/W TYPE LITHIUM BATTERY $1.95
3V-MHW BATTERY HOLDER 1.49
TERMS: MINIMUM ORDER $10.00 FOR SHIPPING.AND HANDLING INCLUDE $2.50 FOR UPS
GROUND AND $3.50 UPS AIR. ORDERS OVER 1 @B. AND FOREIGN ORDERS MAY REQUIRE
ADDITIONAL SHIPPING CHARGES—PLEASE CONTACT THE SALES DEPARTMENT FOR THE
AMOUNT. CA RESIDENTS MUST {NCLUDE APPLICABLE SALES TAX. PRICES ARE SUBJECT
TO CHANGE WITHOUT NOTICE. WE ARE NOT RESPONSIBLE FOR TYPOGRAPHICAL
ERRORS. WE RESERVE THE RIGHT TOLIMIT QLANTITIES AND TO SUBSTITUTE
MANUFACTURER. ALL MERCHANDISE SUBJEC™ TC PRIOR SALE. A FULL COPY OF OUR
TERMS IS AVAILABLE UPON REQUEST. ITEMS PPCTJRED MAY ONLY BE REPRESENTATIVE.

. ORDER TOLL FREE 800-538-5000

COPYRIGHT 1988 JDR MICRODEVICES

CONTIFEMTAL U.S. AND CANADA

CIRCLE 48 ON FREE INFORMATION CARD
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POPULAR ELECTRONICS/HANDS-ON ELECTRONICS

[] RATCHET — ELEVEN-
PIECE RACHET TOOL
KIT.....$10.00. includes re-
versible ratchet handle, ex-
tension bar, six bits, two
precision screwdrivers, and
a cutter. Comes in fitted
case. Get one for your shop,
another for your car an-
other for your tool kit.

[ TOOL KIT—NINE-
PIECE TOOL KIT.....
$9.50. Includes saw, bub-
ble level, three screw-
drivers, torque multipier,
calipers for inside and out-
side measurements, nip-
pers, and a tape measure.

[1 BP233—ELECTRONIC
HOBBYISTS HANDBOOK
.... $9.95. Provides an inex-
pensive single source of
easily located data that the
electronics enthusiast is
likely to need in his day-to-
day hobby activiites. 8 x 10
inches.

A Concisw
tntrnduction
10 ME.DUS

1 BP232—CONCISE IN-
TRODUCTION TO MS-
DOS....$5.95. If you are a
PC user and want to get the
most out of your computer,
you must learn its MS/PC-
DOS operating system.
That's what this book shows
you.

Rodern BRpis
B

I

I

|

I

|

|

|

|

I

BP194 —MODERN }
OPTO DEVICE PROJ-

ECTS....$6.25. Provides a |
number of practical designs

that use opto-electronic de- I

vice§ such as fiper optics, I

LEDS, and passive IR de- I

I

|

|

|

|I

I

I

I

|

I

I

I

I

tectors.

[ BP234—TRANSISTOR
SELECTOR GUIDE....
$10.00. Prepared from a
vast database of specifica-
tions. Unigue guide offers a
wide range of selection ta-
bles. More than 1400 de-
vices are listed along with
specs.

b

|

l MAIL TO: Electronic Technology Today Inc.
| P.0. Box 240

l Massapequa Park, NY 11762-0240

SHIPPING CHARGES IN USA AND CANADA

$0.01t0 $5.00 ...$1.25 $30.01 to $40.00 $5.00|
|$5.01 t0 10.00 ...$2.00 $40.01 to $50.00 $6.00|
$10.01 to $20.00 $3.00 $50.01 and above $7.50
|$20.01 to $30.00 $4.00
| SORRY, No orders accepted outside of USA and |
Canada
Total price of merchandise. $
| Shipping (see chart) $
Subtotal..... ... .. ... §
Sales Tax (NYS only) . . . $
$

| Total Enclosed . .

| Name
I Address
| City State Zip

Letters
(Continued from page 5)

Another error—less significant, but still con-
fusing to the uninitiated—s the way that you
refer to the thermocouple materials. For ex-
ample, the material is not “copper constan-
tan;” it is copper and constantan. Constan-
tan is an alloy of 60% copper/40% nickel.
And the combination of metals for an iron
constantan thermocouple is not iron and iron
constantan as stated. It is, in fact, iron and
constantan: one leg of iron and one leg of
60% copper/40% nickel.

It is also a little confusing to say that the
copper/con thermocouple will produce about
1.5 mV at 100°F. It will do that only if the
cold junction is at 32°F; it won't be at  that
temperature unless you specifically arrange
it so. (In the old days that was done by im-
mersing the cold junction in ice.) If you tried
to measure a 100°F air temperature with the
cold junction at 80°F you would you would
get an output of only 0.46 mV—that might
confuse you if you were looking for 1.5 mV.

It is normal practice 10 use cable made
of the same materials (aithough usually less
pure and, therefore, less expensive) as the
thermocouple to make the connections be-
tween the measuring site and the measur-
ing instrument. in modern instruments, the
temperature is measured at the instrument
terminals. Brass terminais represent two junc-
tions—copper/brass and brass/constantan,
which, by the law of intermediate metals,
is the same as a copper/con junction if both
terminals are at the same temperature.

WaB.
Katy, TX

OUR READERS COME THROUGH

Last May | wrote to Hands-on Electronics
Letter Box” asking for help in finding a mel-
ody synthesizer, type AY-3-1350. When my
letter appeared in the September issue, |
started to receive letters, and even chips,
from many generous readers.
| am really very grateful to you for printing
my letter, and for the kindness of the readers
who helped me a lot.
Elias M. Raffoul
Dearborn, Mi

HAVES AND NEEDS

Ten years ago | purchased a radio that has
the following information on various ID tags
located inside the tube area: “Wm. O.
Gurnow, Superheterodyne;” “Chassis Type
No 5E;" “Model 560;" “Mfg. by General House-
hold Utilities, Chicago, Ill.;" and “115 volts
AC, 50/60 cycles, 60 watts.” The tubes are
6A7,42,80,6D6. There is also a 7-digit num-
ber stamped in the metal frame: 1827704.
I've been reading your Antique Radio col-
umn and it made me wonder if any of your
readers have a schematic for the radio. The

radio plays fine, and I've refinished the cabi-

net. There is one switch that allows short-
wave, | think.

Lawrence R. Fay

3595 Santa Fe Ave., SP70

Long Beach, CA 90810

I am trying to locate an SN76495 Sound-
Effects Synthesizer IC. That chip was car-
ried by Radio Shack in 1985, but it is now
discontinued. Can you or any of your read-
ers tell me where | can obtain that device?
Thank you.

Lowell Picklyk
R.R.#4, S.22, C.45
Kelowna, B.C.
Canada, V1Y 7R3

I have on old Tennelec Memoryscan scan-
ner and am having problems programming
it. Tennelec hasn't built these in years and
no longer has any code books or program-
ming information. They did send me a serv-
ice manual.
| am looking for anyone who has informa-
tion on how to convert frequencies into bi-
nary codes for entry into the scanner. | have
gone through all of the formulas in computer
math books and have come close a couple
of times, but nothing has quite worked.
Scott Mackintosh
Box 25
Fort Lauderdale, FL 33302

TI-99/4A TRADE-IN

Readers who own TI-99/4As might be inter-
ested in a discovery | recentntntly made. If
you have a problem with your unit, you can
exchange it simply by returning the unit, along
with $30.50 plus postage, to Texas Instru-
ments, ATTN: Parts Department, 2305 North
University, Lubbock, TX 79415. The phone
number there is (806)741-2265 or 2268.
R.P.
Bisbee, AZ

We checked this outand its true. For those
with dead or dying TI-99/4A's (once a rather
popular machine), it's an inexpensive way
to get back to computing. |

“Bill. come quick!”’




EXPAND YOUR CAREER HORIZONS...

ELECTRONICS
EDUCATION
OF
TOMORROW

The CIE Microprocessor Trainer helps you to learn how circuits with
microprocessors function in compu-ers.

& the handy reply coupon or card below to:
Cleveland Institute of Electronics,
Microprocessor Technology. Satellite Communications. 1776 East 17th Street, Cleveland, Ohio 44114,
Robotics. Wherever you want te go in electronics...
start first with CIE. M AHO-107

Why CIE? Because we're the leader in teaching
electronics through independent study. Consider this.
We teach over 25000 students from all over the
United States and in over 70 foreign countries. And
we've been doing it for over 50 years, helping
thousands of men and women get started in
electronics careers.

We offer flexible training to meet your needs.

|[ - World Headquarters
I
I
I
|
I
You can start at the beginner level or, if you already | Address
I
}
|
I
I
|
|
I

Cleveland Institute of Electroriics, Inc.

1776 East 17th Street ¢ Cleveland, Ohio 44114

(] Please send your independent study catalog.

For your convenience, CIE will try to have a representative
contact you — there is no obligaticn.

Print Name _ — -

__Apt.
know something atout 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 toll-free
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in

CIRCLE 7 ON FREE INFORMATION CARD

City - State Zp
Age Area Code/Phone No.

Check box for G.I. Bill bulletin on Educational Benefits
[] Veteran 1 Active Duty MAIL TODAY!

Just call toll-free 1-800-321-2155 (in Ohio, 1-800-362-2105)

6861 AHYNHE3S
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Electronics Library

1o obrain additional information on the books
and publications covered in this section from
the publisher. please circle the itent’s code nuni-
ber on the Free Information Card

POPULAR ELECTRONICS/HANDS-ON ELECTRONICS

DIGITAL COMMUNICATIONS
by Simon Haykin

This comprehensive and timely discussion
of the principles of digital communications
focuses on basic issues. Wherever possi-
ble, theory is related to practical examples.

Aimed at electrical engineers and stu-
dents, the book assumes that readers have
a working knowledge of Fourier techniques
and probability. However, for those without
such a background, the author provides
extensive indexes that review those topics,
a full reference list, and suggestions for
further reading.

The 597-page book includes cornplete
coverage of such topics as error-control cod-
ing, sampling process, information-theory
concepts, digital-modulation technigues, ro-
bust quantization for pulse-code moduta-
tion, coding speech at low-bit rates, and
computer communications. Most chapters
contain summaries and discussions of the
salient points, and a set of problems that
reinforce the material. Theoretical ideas are
illustrated by numerous examples, worked
out in detail to aid comprehension.

Digital Communications costs $59.30 in
hardcover. It is available from John Wiley
& Sons, Inc., 605 Third Avenue, New York,
NY 10158-0012.

CIRCLE 71 ON FREE INFORMATION CARD

a tool for intelligence-gathering and law-
enforcement agencies, and for private
investigators.

This book is an all-purpose manual and
frequency guide to that new area of com-
munications monitoring. It discusses the
many radio services in the U.S. and Can-
ada where such calls take place, including
cellular, cordless, ship-to-shore, and high-
seas transmissions, and the laws regard-
ing those services. Written in an easy-to-
understand style, the book discusses moni-
toring techniques, receiving equipment, and

antennas.

The book contains thousands of listings
of station locations. It also contains the ac-
tual operating frequencies within all short-
wave and scanner bands for locating tele

ilinelinMOn
velephone Callis |

Scanner & Shontwave Frequency Directory

By Tara Kocktel, KIAES

phone conversations and one-way radio-
pager messages. Readers will learn how
to hear those—and even calls from Air
Force 1—on base, handheld, and mobile
receivers and scanners. No technical ex-
pertise or expensive equipment is required.

Tune in on Telephone Calls: Scanner &
Shortwave Frequency Directory is avail-
able for $12.95 plus $2.00 shipping (N.Y.
residents add sales tax) from CRB Re-
search Books, Inc., P.O. Box 56, Com-
mack, NY 11725.

CIRCLE 70 ON FREE INFORMATION CARD

ple preventative- and corrective-mainte-
nance techniques that require no special
tools or equipment. It describes how to cor-
rect picture instability, improper contrast or
brightness, loss of vertical hold, and loss
of sound and/or picture.

Color and black-and-white units, older
tube sets, and today's solid-state TV sets,
are all covered. The information is presented
in clear, non-technical language. Dozens
of detailed schematics, matched to illustra-
tions of corresponding circuit boards, help
familiarize readers with the inner workings
of their sets.

Beginner’'s Guide To TV Repair (3rd Edi-
tion) costs $13.95. It is available from Tab
Books Inc., Blue Ridge Summit, PA 17294-
0850; Tel. 1-800-233-1128.

CIRCLE 98 ON FREE INFORMATION CARD

TUNE IN ON TELEPHONE CALLS:
Scanner & Shortwave Frequency Directory

by Tom Kneitel, K2AES

Not many people are aware that their “pri-
vate” conversations on cellular and cord-
less phones, and on many other modern
communications devices, are being broad-
cast over the airwaves on HF, VHF. and
UHF frequencies, where they can be over-
heard by anyone with a shortwave re-
ceiver or a police scanner. Despite (or,
perhaps, because of) virtually unenforce-
able anti-eavesdropping laws, listening in
has become a hot “insider” pastime—and

BEGINNER’S GUIDE TO TV REPAIR
(3rd Edition)

by George Zwick and Homer L. Davidson

Anyone who can get the back off a TV
set will be able to fix a variety of TV prob-
lems by following the step-by-step instruc-
tions In this book. Even those who have
no desire to tinker can gain a general un-
derstanding of how a TV receiver works-—
and why it sometimes fails.

The book sticks with those repairs that
beginners can handle safely; it identifies
those tasks that, for reasons of complexity
or safety, should be left to the professional
serviceman. Instead, the focus is on sim-

HOW TO START AND OPERATE
AN ELECTRICAL CONTRACTING BUSINESS

by C.L. Ray, Jr.

The author has put his 25 years of experi-
ence in owning and running his own busi-
ness to practical use in this book. In it, he
details the approaches that lead to effec-
tive, profitable decisions and shows how
to avoid costly mistakes. It is aimed at elec-
tricians who want to open their own com-
panies, and for those who want to make
existing electrical-contracting businesses op-
erate more efficiently.

The book gives sound advice on how
to start a business, and on how to keep it

LN Lt R
NN & 1
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going, and growing. The reader's profes-
sional capability is assumed; instead, the
book focuses on the other factors needed
for success—namely, dealing with people,
finances, and marketing. Tips are given on
how to hire and manage employees, and
how to interact with customers and general
contractors. The line of responsibility within
the company is examined. Various meth-
ods of marketing the firm’s services are
explored, and ways to estimate job costs
with pinpoint accuracy are detailed.

This practical guide uses easy to-under-

-
N




stand language to explain the intricacies
of financial planning. It discusses account-
ing procedures, profit-and-loss control, in-
surance requirements, tax planning, and
how to set and achieve financial goals. Com-
mon causes for business fallures are ex-
plained, with tips on how to avoid them.
How to Start and Operate an Electrical
Contracting Business is available in
hardcover for $29.95 from McGraw-Hill
Book Company, 11 West 19th Street, New
York, NY 10011; Tel. 1-800-2-MCGRAW.

CIRCLE 96 ON FREE INFORMATION CARD

THE BOOK OF FAX: An
Impartial Guide to Buying and
Using Facsimile Equipment

by Daniel Fishman
and Elliot King

The facsimile machine is one of the hottest
items in today’s consumer-electronics mar-
ket. If you're considering the purchase of
a fax machine, or if you've just bought one,
this book is for you. Written in plain Eng-
lish, it teaches the basics of fax equipment,
and its use and management.

The guide begins with an introduction
fo fax technology. It presents a step-by-

L

TEE NOOK o€

Ataparnial
Zuide s
Boging & thing

step analysis to help you determine if you
actually need a fax machine, and, if so,
how to choose a machine that will meet
your communications needs and your
budget. There is a comprehensive review
of the features offered on facsimile ma-
chines, from the most basic to the most
sophisticated. Each chapter contains charts,
worksheets, and checklists to help you clar-
ify needs and alternatives.

Tips on how to use fax equipment effec-
tively and professionally are included, along
with some cautions about practices to be
avoided. There is a thcrough overview of
the pros and cons of PC fax, an important

new alternative. The book also tells how
to stop fax “junk mail” and how to take
advantage of such features as polling and
broadcasting.

The Book of Fax: An Impartial Guide
to Buying & Using Facsimile Machines is
available for $12.95 from Ventana Press,
P.O. Box 2468, Chapel Hill, NC 27515.

CIRCLE 73 ON FREE INFORMATION CARD

WORDPERFECT: THE COMPLETE
REFERENCE
(Series 5 Edition)

by Karcn L. Acerson

Every feature, key, menu, prompt_and er-
ror message of WordPerfect version 5 is
explained in this 1200-page volume. The
explanations are simple enough for begin-
ners to understand, and detailed enough
for pros to find valuable. The book is organ-
ized for quick reference, so that readers
can easily find the information they need.

This comprehensive bcok is divided into
four sections. The introduction includes the
basics of installing, setting up, and begin-
ning to use WordPerfect. It leads the reader,
step-by-step, through creating, editing, for-
matting, printing, and filing a document; and

4
T+t E BTl The answers to all those
. y = puzzling questions
.
>3l 5 on electronic parts —
1_ -
clxlels] Tl s INE are at MCM Electronics!
T 0 i R & ACROSS
1. Diodes, transistors and ICs 10. Cable TV accessories
E ] A T L 5. Cleaners, lubricants 11. 7 am. to 8 p.m. Mon-Fri. and
and more 89 a.m. to 5 p.m. Saturday
] P L 8 (] 7. Your source for quality (EST)
= electronic parts! 12. Knowledgeable sales people
wl ¢ Ell L] E cltirlolw [ fe 8. EV, Pyle, Ploneer 14. Tenma, B&K, Leader, Hameg
A T C ‘Q E
i [ 3 DOWN
} P J 8 2. ESD protection
T < 3. Video Cassette Recorder
7 SPPlEJALKJERR]S U sub-assemblies
4. Technician tools for making
! 0 Cc connections
0 5. Another reason to buy from
I MCM!
CRALTLY 2] A} AETLS 2 . 6. High quality test equipment
at competitive prices
E < 9 - 9. 90% of all orders shipped in
e 24 hours
P J E 13. High fidefity needles
R . o
Fh ol el xj] 1| 8] ] E} H] o] u] R] S
CALL TOLL FREE 1-800-543-4330
c s IN ALASKA AND HAWAII, 1-800-858-1849
el ol ol el sl o] ol «1sh el sl » £ IN OHIO, 1-800-762-4315
S T R
MCM ELECTRONICS
V' Y 858 E. CONGRESS PARK DR.
CENTERVILLE. OH 45459-4072
L A PREMIER Company
TREl sE Tl EfJQJ Ul T PIEMEEQNR T SOURCE NO. HO-23
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explains macros and how to customize the
program.

The bulk of the book is in the second
section: "Commands and Features.” That
encyclopedic reference section details vir-
tually everything about WordPerfect. It is
arranged alphabetically, and filled with ex-
amples, hints, suggested applications, and
related entries for each feature.

The book goes on to discuss printing
and desktop publishing with version 5.0.
The final section, on software integration,
introduces the reader to programs that are
compatible with WordPerfect, and how to
share data between them. Appendixes in-
clude a table of ASCII characters, explana-
tions of macros, a summary of the differ-
ences between versions 4.2 and 5.0, a print-
out of the art-graphics images included on
the Font/Graphics disk, and a terminology
reference that compares terms used in
WordPerfect with those used in other popu-
lar word-processing programs.

WordPerfect. The Complete Reference, Se-
ries 5 Edition is available for $24.95 from
Osborne McGraw-Hill, 2600 Tenth Street,
Berkeley, CA 94710.
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trol system, there are directions for build-
ing a basic remote unit, for adding extra
functions, and for using a telephone re-
mote unit. The book includes fire- and
smoke-alarm systems and an assortment
of miscellaneous alarm circuits ranging from
temperature and moisture alarms to radia-
tion-level alarms.

Each alarm project is presented with
clear, concise text accompanied by work-in-
progress diagrams. Also included are
troubleshooting hints and construction tips,
and even advice on how to install the com-
pleted system in a home or automobile.

Alarms: 55 Electronic Projects and Cir-
cuits is available for $12.95 from TAB Books
Inc., Blue Ridge Summit, PA 17254-0850;
Tel. 1-800-233-1128.
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ALARMS: 55 ELECTRONIC
PROJECTS AND CIRCUITS

by Charles D. Rakes

This comprehensive look at home and prop-
erty security was written by a familiar
author—Charles Rakes of “Circuit Circus™
fame. In his usual easy-to-read style, he
shows readers how to build different types
of alarm circuits for a wide array of applica-
tions.

The book features alarm circuits for cars,
including indicators for high/low battery-
voltage, lamp burn-out, break-ins, brake-
fluid levels, and water overheating. Intru

ALARMS

ectranc P anc

Crones D, Rokes

sion alarms include sensors for lignt, prox-
imity, sound, glass-breakage, vibration, and
fence intrusion; and burglar-alarm control
systems include simple single-input, multi-
input, and multi-input timed entry/exit. For
the telephone-remote listening/alarm con-

COMPUTER DICTIONARY
(Fourth Edition)

by Charles J. Sipp!

This popular reference combines two books
in one; it's both a dictionary of basic com-
puter terminology, and a handbook of com-
puter-related topics. From “Abus” to “zone,”
the more than 12,000 entries are more than
simple definitions. They provide enough de-
tail to give the reader a clear understanding
of computer technology.

Explanations of micro-, mini-, and main-
frame-computer technology; robotics; arti-
ficial intelligence; optical-disk memory; com-
puter-aided design, engineering, and manu-
facturing; graphics; fiber optics; custom- and
semi-custom-chip technologies; and com-
puter-integrated manufacturing automation
are included. The book aiso contains many
photographs and illustrations for further clari-
fication of terms.

Computer Dictionary (Fourth Edition) is
available for $24.95 frorn Howard W. Sams
& Company, 4300 West 62nd St., Indian-
apolis, IN 46268; Tel. 800-428-SAMS.
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knowledge of how to use the ST and run
programs on it (basically, a solid grasp of
the information provided in the user's man-
ual) is necessary. For computer-enthusi-
asts, some simple hardware projects are
presented, along with information on how
to program the ST's sound chip and MIDI

A,

programming, including some useful MIDI-
processing routines.

Most of the material is easy for non-
technical types to understand. Topics in-
clude applications programs such as se-
quencing and score-writing; and simple but
useful add-on projects. MIDI is covered in
depth, with particular emphiasis on how it
applies to Atari ST's. Full details of MIDI
messages and coding are provided.

Musical Applications of the Atari ST's
(order #BP2486) is available for $11.95 (in-
cluding shipping) from Electronics Technol-
ogy Today, P.O. Box 240, Massapequa,
NY 11762
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MUSICAL APPLICATIONS OF
THE ATARI ST'S

by R.A. Penfold

The Atari ST is the proven leader in the
music-computer field, with its unrivaled and
rapidly expanding range of available soft-
ware and add-ons. Its built-in MIDI ports,
large memory, high processing power,
good graphics, and moderate cost have
made it the computer of choice for de-
manding musical applications such as MIDI
sequencing.

This book is aimed at musicians who
want to exploit the full potential of the Atari
ST in music applications. A fundamental

THE DIGITAL IC HANDBOOK
by Michael S. Morley

Integrated circuits from many major manu-
facturers are described in this book. Its for-
mat is designed to simplify the reader’s
search for the right digital IC, by providing
instant access to ‘exact information as
needed.

The handbook presents an overview of
all standard digital ICs. The differences in
digital ICs are examined; the devices are
compared not only by technology and key
specification, but also by package and price.
The data on current digital-IC technology
is combined with practical selection guides
in this text.

The basic operation, technological fami-
lies, and key specifications are explained,
and selection guides are included for a wide
assortment of logic ICs. Those include
gates, inverters, flip-flops, tatches, mul-
tivibrators, buffers, decoders and encod-
ers, counters, shift registers, transceivers,
and arithmetic circuits. Also covered are
such memory ICs as SRAMs, DRAMs,
PROMSs, and EPROMs. Microprocessor
ICs—basic microprocessor systems and op-




erations; addressing modes; and 8-, 16-,
and 32-bit microprocessors—are featured
as well.

The Digital IC Handbook costs $49.50
in hardcover. It is available from Tab Books
Inc., Blue Ridge Summit, PA 17294-0850;
Tel. 1-800-233-1128.

CIRCLE 98 ON FREE INFORMATION CARD

PARADOX MADE EASY
by Edward Jones

By the end of this book’s third chapter, its
readers will be able to produce reports us-
ing Paradox, the new relational database
from Borland International. Readers can
learn to use the program easily and effi-
ciently, simply by following the author's clear
instructions.

Starting with a complete overview of the
software's capabilities and of basic data-
base concepts, the book proceeds with
information on terms and phrases, creat-
ing a database, and manipulating data.
More-advanced techniques, including Para-
dox’s custom-form capability, macros,
“query by example” function, and the Per-
sonal Programmer—an automated appli-
cation-builder contained within the pro-
gram—areintroducedin later chapters. Read-
ers also fearn how to import their existing
files from other databases and spread-
sheets to Paradox. A tear-out reference
card, summarizing commands and key func-
tions, is also inciuded.

Paradox Made Easy is available for
$19.95 from Borland/Osborne McGraw-
Hill, 2600 Tenth Street, Berkeley, CA 94710.
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tions, reports, and newsletters, and how
to enhance page appearance by using spe-
cial formatting features, different fonts and
type styles, and multiple-text columns. The
book explains the use of macros to simplify
tasks that are performed often, and the
Spelier and Thesaurus to produce more-
accurate text. it describes how to generate
indexes automatically from the text, or from
itemized lists; how to add illustrations us-
ing WordPerfect's graphic files, or by im-
porting graphics from other programs, how

to control output to a variety of printers;
and how to use the “Styles” teature for easy, |
consistent formatting of all of the user’s docu-

ments. |

Mastering WordPerfect 5 costs $21.95.
It is available from SYBEX, Inc., 2021 Chal-
lenger Drive, #100, Alameda, CA 94501,
800-227-2346. ]
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MASTERING WORDPERFECT 5
by Susan Baake Kelly

All the information needed for new users
to start using WordPerfect, and for experi-
enced users to explore its more-sophisti-
cated features, can be found in this com-
prehensive, 709-page book. It has been
updated to include the new desktop-pub-
lishing capabilities of WordPerfect 5—
those are text formatting with several font
sizes, adding graphics to documents, and
laser printing.

“Fast Track” speed notes appear on
clearly marked pages at the front of each
chapter. Fast Tracks parallel the main text,
outlining the chapters, listing the steps
needed to complete certain tasks, and di-
recting the reader to the specific pages that
contain more detailed information. A con-
venient tear-out chart, that summarizes
WordPerfect commands and functions, is
also included.

The reader learns how to create high-
quality documents for business presenta-
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New Products

To obtain additional information on new
products covered in this section from the
manufacturer, please circle the item's code
number on the Free Information Card

POPULAR ELECTRONICS/HANDS-ON ELECTRONICS

PHOTOTOUCH TELEPHONE

Northwestern Bell's Photo Touch telephone
has a flat, big-key dialing display that dou-
bles as a photo display for up to nine pic-
tures or symbol cards. Users can insert pho-
tographs of friends and relatives into the
“window” memory keys, and then enter their
phone numbers in the nine-number, two-
step memory. Symbol cards can also be
used to represent emergency numbers such
as the police and fire departments.

Unlike other big-button phones, the Pho-
toTouch has a slim streamlined design that
is attractive when wall-mounted or on a
desk. Color cards and a template are in-
cluded so that the PhotoTouch can match
the decor of any room. With an easy-to-
hold handset, oversized keys, touch-sensi

tive keypad, and quality craftsmanship, it
is also highly functional.

The fully modular unit aiso features last-
number re-dial, adjustable-volume electronic
ringer, tone/pulse switching, 14-foot line
cord, and 10-foot spring-handset cord. A
sheet of symbol cards—including doctor,
post office, pizza, ambulance, babysitter,
and school—comes with the phone. The
PhotoTouch is hearing-aid compatible.

Backed by a two-year limited warranty,
the PhotoTouch telephone has a suggested
retail price of $69.99. For more informa-
tion, contact Northwestern Bell Phones,
9394 West Dodge Road, Suite 100, Omaha,
NE 68114.
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WEATHER-RESISTANT HEADSET RADIO

GE's model 7-1990 “Action” AM/FM stereo
headset radio was specifically designed for
use outdoors. The ultra-light receiver can
be used in rain, sleet, or snow. Sports en-
thusiasts can listen to music without being
hindered by the size, weight, or durability
of the unit.

The radio comes in a smalil “Action Pak”
carrying case, with an armband that keeps
the headphones out of the way. Because
the headphones are designed to rest se-
curely in the ear without a headband, the
listener can wear a hat or helmet at the
same time. Thumb-whee! tuning and vol-
ume control make the radio easy to use
while on the go, and vernier tuning ensures
exact station selection.

The blue and yellow receiver measures only
1.7 x 3.3 inches, and runs on one AAA
battery. The AM/FM-stereo reception offers
clear sound; built-in automatic frequency
control reduces station drift. There are no
external antennas to get in the way. The
FM antenna is built into the headphone cord
and the AM antenna is buiit into the re-
ceiver.

The Model 7-1990 “Action” headset ra-
dio has a suggested retalil price of $26.95.
For more information, contact GE Audio
Communications Products, Consumer Re-
lations Department 1-455, P.O. Box 1976,
Indianapolis, IN 46026.
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CW filter, computer interface, receiver
squelch in all modes, and “split” operation.
Twenty memories hold favorite frequencies,
and controls—including selectable AGC
action—are conveniently arrayed on the
front panel.

Available accessories include a 20-amp
power supply with built-in speaker, FM mod-
ule, handheld microphone, mobile bracket,

and a switching relay that might be required
for some linear amplifiers.

The SB-1400 all-mode transceiver, with
user's manual, has a suggested net price
of $799.95. For more information, contact
Heath Company, Department 350-036, Ben-
ton Harbor, M|l 49022; Tel. 1-800-44-
HEATH.
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ALL-MODE TRANSCEIVER

Heath’s SB-1400 transceiver provides all-
mode, all-band coverage with 100 watts
of transmit power on all nine HF amateur
bands. It is aimed at beginning and experi-
enced ham operators, as well as those who
are interested in mobile operations.

The SB-1400 has 25-watt maximum AM
output, and 0.25-pV (or better) sensitivity.
It offers dual VFQO's, RIT, a built-in 500-Hz

LAPTOP COMPUTER

NEC’s UltraLite computer has 90% of the |
originat IBM-AT’s power, yet it weighs only
4.4 pounds and measures just 8.3- x 11.75-

X 1.4-inches—half the size of the small-
est laptop currently available. Driven by an
NEC V-30 processor running at 9.38 MHz,
with 640K standard RAM and a built-in
Hayes-compatible modem, the unit features
all the storage, connectivity, and graphics
capabilities needed for a broad range of
applications.

The UltraLite is easy to read and to use.
Its 9'/2-inch diagonal, blue-on-white backlit
LCD screen supports both text and graph-
ics functions at CGA level. A full-sized, in-
dustry-standard keyboard is comfortable
and familiar for users, and built-in MS-
DOS Manager software offers implemen-
tation of any application from a simpie set
of menus. For working where no AC-power
source is available, the UltraLite features
over two hours of battery life.

The !aptop offers the power and storage
of a desktop computer. A new silicon hard-
disk technology provides high-speed ac-
cess to data several times faster than tra-
ditional-storage technology. The UltralLite
is available with either one- or two-mega-
byte silicon hard-disk storage; the disk is
easily upgraded and contains no moving
parts. (NEC plans silicon disks with up to
8 megabytes in the future.)

An advanced ROM card gives immedi-
ate, easy access to multiple applications,

-
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and eliminates the awkward swapping of
floppy disks. Each ROM card, which is
about the size of a credit card, will contain
a complete applications-software package,
such as Lotus 1-2-3, WordPerfect 5.0, or
XyWrite lIl. (ROM cards will be sold through
authorized NEC Home Electronics dealers.)
For added capability, an optional exter-
nal 3'/2-inch floppy-disk drive is available.
Data and programs can be read from in-
dustry-standard 1.44-megabyte and 720K-
capacity floppies. A printer port—standard
on the floppy drive—allows connection of
a parallel printer via a Centronix cable.
Easy connections permit the movement
of data and programs between computers

or databases and the Ultralite laptop. Built-
in “Laplink” software allows the unit to be
connected to other PC’s. A built-in 2400-
baud modem provides easy communica-
tion with electronic-mail systems.

The UitralLite portable computer has a
suggested retail price of $2,999.00 with 1-
megabyte silicon hard-disk drive, and
$3.,699.00 with 2-megabyte hard-disk drive.
For additional information, contact NEC
Home Electronics (U.S.A)) Inc., 1255 Mi-
chael Drive, Wood Dale, IL 60191.
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VOLTAGE-CALIBRATOR BOARD

MetraByte's PCIP-CAL is a +19.999-volt
voltage calibrator that provides all the fea-
tures of a bench-top/rack-mount instrument.
Efiminating the communication interface, dis-
play circuitry, cabling, and power supply
needed for dedicated IEEE-488/GPIB bench/
rack systems results in lower price and eas-
ier programming.

The PCIP-CAL provides 4'/2-digit reso-
lution in three scales—= 19.999-volts at
1-mV resolution, +1.9999-volts at 0.1-mV
resolution, +199.99-mV at 10-nV resolu-
tion. The short-circuit protected output will
provide up to 25 mA of output current and

is isolated from the host computer by 500-
volts DC minimum.

The PCIP-CAL has two operating
modes—bench emulation or programmed.
Those simulate IEEE-488 “local” and “re-
mote” operation respectively. For ease of
use, all programming is done in simple Eng-
lish commands and is language independ-
ent. Software comes in the form of a de

vice driver that is loaded into the machine
during the “system configuration” each time
the computer is turned on or rebooted. That
eliminates the complexity of primary/sec-
ondary addresses, listens/unlistens, high
byte/low byte, and the need to adhere to
protocalls associated with IEEE-488/GPIB-
inspired cluster programming.

(Continued on page 18)
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e o~
- " e
R=tg 12" 3-WAY, 100 WATT SYSTEM of HORN TWEETER
15" WOOFER Pioneer design engineers carefully & ) A
60 watts RMS, 90 watls max. 1% voice evaluated the parformance characteris- ‘-.M Exponential horn design. o
coit. 8 ohm, 25-2500 Hz response. 20 oz. tics of this speaker systems to ensure = - :"ggg'z%oo"(;gg'- x 3V
magnet, paper cone with poly foam the best full range frequency response. —— Eerer -RMSZSTSSDZ{I‘:Q
surround. 93 dB, TW/1M sensitivity. Net | system Includes. (1) #290-125 poly : S ma;v s , 50 wi
weight: 7 Ibs. woofer, (1) #280-045 heavy duty 5" .
midrange. (1) #270-035 4" soft dome o Em sl
#290-160 $2895 ‘ tweeter, (1) #260-210 3-way 100 watt it % #270-050 sgso  $590
Any Qty. crossover, (2) #260-255 50 watt L-pads, . L (1-9) (10-up)
— (1) #260-300 terminal. and (1) #260 340 = .
" WOODGRAIN | woodgrain grill cloth. Recommended cabinet volume: 3.1 3-WAY 100 WATT L4
GRILL CLOTH cu ft. Cabinet Kit Available #260-330 $19.95 each CROSSOVER ’
i Authentic woodgrain print NNV V'/Z/ 12 dB/octave rolloff. 800 =
i design cloth. 36" x 60" W 77~ Hz, 5000 Hz. 8 ohm. 100 e
pA £ watts RMS.
~ Save Over _~
!:'_ #260-340 $595 ‘ #12-100. = p— - ‘ #260-210  $1250 $995
Per Yard ‘; $ 1 000 S {1-9) (10-up)

* 15 day money back guarantee. * $10.00 minimum
order. * We accept Mastercard, Visa, Discover, and
.0.D. orders. * 24 hour shipping. * Shipping charge
UPS chart rate ($2.50 minimum charge). * Hours:
:30 am - 6:00 pm EST, Monday - Friday. * Mail order
customers, piease call for shipping estimate on
orders exceeding 5 Ibs.

CALL
TOLL FREE
1-800-338-0531

Expréss

international {n

340 E. First St., Dayton, OH 45402
Local 1-513-222-0173
FAX: 513/222-4644

CATALOG
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New Products

All instrument displays appear on the com-
puter screen when activated by a user-
defined “hot key” sequence. When acti-
vated, each display occupies one-third of
the screen, allowing three instruments to
be displayed at one time. Either the key-
board or a mouse can be used for func-
tional control.

PCIP-CAL has a suggested list price of
$895.00. For more information, contact
MetraByte Corporation, 440 Myles Stan-
dish Blvd., Taunton, MA 02780.
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ANTENNA TUNER

MFJ Enterprises’ 3-kilowatt Mode! MFJ-
986 is a T-network tuner that uses a single
differential capacitor in place of two vari-
able capacitors. That makes tuning easier
and more accurate due to minimum SWR
at only one setting, with only two controls
to adjust. It also gives users a broadband
response that eliminates constant retuning.

The antenna tuner covers 1.8 to 30 MHz
continuously, including all MARS and
WARC bands. lts roller inductor allows the
user to keep the SWR down to absolute
minimum. A 3-digit turns counter and spin-
ner knob offer the precise inductance
control necessary to instantly return to a
favorite frequency. A lighted, two-color, peak-
and-average reading, cross-needle SWR/
wattmeter lets the user read forward and
reflected power and SWR at a glance. It
also has a directional coupler for more

accurate SWR and power readings over
a wider frequency range.

A 6-position antenna switch offers se-
lection between two coaxial lines and/or ran-
dom wires (direct or through the tuner), bal-
anced line, and external dummy load. A
current balun for balanced lines reduces
feedline radiation that causes RF, field-
pattern distortion, and TVI.

The MFJ-986 antenna tuner, complete
with a one-year unconditional guarantee,
costs $239.95. For further information,
contact MFJ Enterprises, Inc., P.O. Box 494,
Mississippi State, MS 39762; Tel. 800-647-
1800.
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HANDHELD DIGITAL MULTIMETER

Triplett’'s Model 2200 handheld digital mul-
timeter features overload protection of up
to 450 volts on all ohmmeter circuitry for
safety, and a ruggedized case for durabil-
ity. The DMM also offers a large, high-
contrast 3'/2-digit LCD readout, a single
rotary switch, low-battery indicator, and
auto-zero and auto-polarity functions. It

TRIFLETT
CORPORATION

2200

SDEVRIAX. 3

measures from 200-millivolts to 1000-
volts DC in 5 ranges; from 200 volts to
750 volts AC in two ranges; 200-mi-
croamps to 2-amps DC in 5 ranges; 200
ohms to 2 megohms in two ranges; and
diode-test and FE measurements.

The Model 2200 handheld digital mul-
timeter—including a standard 9-volt battery,
a pair of test leads, a spare 2-amp fuse,
and an instruction manual—costs $45.00.
For further information, contact Triplett Cor-
poration, One Triplett Drive, Biuffton, OH
45817; Tel. 1-800-TRIPLET.
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COMPUTER FURNITURE

Bush Industries’ new line of computer
furniture, designed for budget-conscious
consumers, includes a computer desk with
vertical hutch, a matching printer stand,
and a corner unit to connect them. All are
fully finished in a light-oak laminate, and
the desktop is covered with a durable
acrylic coating.

The desk, Model CT222, has two large
drawers, a height-adjustable monitor shelf,
and a roomy supply cabinet with sliding
doors to hide the clutter of disks and ac-
cessories. Another shelf spans the top to
hold books and manuals.

The Mode! CT225 printer stand has an
adjustable interior sheif and two paper
slots in the back to handle the flow of
computer printouts. The printer stand can

-
-]

—

be connected to the desk with Mode/
CT223, the corner unit. It increases the us-
able work area while preventing papers from
falling into the space between desk and
printer stand.

All  three pieces feature Bush's
“Quik'n’Easy” assembly system. Designed
with much of the hardware already in place,
furniture assembly is easier and faster than
with traditional ready-to-assemble pieces.
Adjustable leveling glides on the desk and
printer stand assure level work surfaces.

The Model CT222 desk with hutch costs
$199.95. The Model CT225 printer stand
and the Model CT223 corner connector cost
$69.95 and $29.95, respectively. For more
information, contact Bush Industries, One
Mason Drive, P.O. Box 460, Jamestown,
NY 14702-0460; Tel. 1-800-228-BUSH (in
NY, 1-800-248-BUSH).
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RECHARGEABLE COMPUTER BATTERY

Accumation's LAST.BAT provides protec-
tion from lost data due to battery failure
in IBM-PC/AT computers and clones. A com-
puter’s lithium battery typically lasts for 12
to 18 months, and when it fails, setup data
(time, date, peripheral connections) is lost.

(Continued on page 22)

CAfter developing the X13, we went

to work on the desk-top model.””
i !




Learn to troubleshoot and service today’s

computer systems as you build
a fully XT-compatible micro,

complete with 512K RAM ang
powerful 20 meg hard drive

Your NRI computer training includes all this: ¢ NRI’s unique Discovery Lab" for circuit design and diagnosis
« NRY's hand-held digital multimeter featuring “talk-you-threugh” instructions on audio cassette ¢ A digital
logic probe that lets you visually examine computer circuits ¢ The new Packard Bell VX88 computer with
‘:imelﬂgenl" keyboard, 360K double-sided, double-density disk drive, 512K RAM, 16K ROM « 20 megabyte

= hard disk drive * Bundled software
including MS-DOS, GW-BASIC, word

Aatak

Sp

Erograms » Packard Bell reference
Is with prog i ideli

schematics.

b

Train the NRI Way— peripheral—now included in your course to
and Earn Good Money Servicing dramatically increase the data storage
Any Brand of Computer capacity of your computer while giving you

lightning-quick data access. Plus you work
with exclusive word processing, database,
and spreadsheet software, yours to use for
your own professional and personal
applications.

As you build your computer,
performing key demonstrations and
experiments at each stage of assembly, you
get the confidence-building, real-world
experience you need to work with,
troubleshoot, and service today’s most
widely used computer systems.

No Experience Needed, NRI Builds It In

This is the kind of practical, hands-on
experience that makes you uniquely
prepared to take advantage of today's
opportunities in computer service. You learn
at your own convenience in your own home.

Jobs for computer service technicians will
almost double in the next 10 years according
to Department of Labor statistics, making
computer service one of the top 10 growth
fields in the nation.

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

NRI's practical combination of
“reason-why’’ theory and hands-on building
skills starts you with the fundamentals of
electronics, then guides you through more
sophisticated circuitry all the way up to the
latest advances in computer technoﬁ)gy.
You even learn to program in BASIC and
machine language, the essential language
for troubleshooting and repair.

Get Real-World Skills as You Train
With a Powerful XT-Compatible
Micro—Now With 20 Meg Hard Drive!

SEND COUPON
Ny o

e . L
McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW, Washington, DC 20016

To give you hands-on training with the
absolute in state-of-the-art computer
technology, NRI includes the powerful new
Packard Bell VX88 computer as the
centerpiece of your training. As you
assemble this fully IBM XT-compatible
micro from the keyboard up, you actually
see for yourself how every section of your

& CHECK ONE FREE CATALOG ONLY
] Computer Electronics

[J TV/Video/Audio Servicing

[J Robotics

[l Electronic Music Technology

Industrial Electronics

Basic Electronics

ODAY FOR FREE NRI CATALOG!

[ Electronic Design Technology
| Communications Electronics

[ Bookkeeping and Accounting

No classroom pressures, no night school, no
need to quit your present job until you're
ready to make your move. And all
throughout your training, you've got the full
support of your personal NRI instructor and
the NRI technical staff, always ready to
answer your questions and help you
whenever you need it.

FREE 100-Page Catalog Tells More

Send today for NRI's big, 100-page, full-
color catalog that describes every aspect of
NRI's innovative computer training, as well
as hands-on training in robotics, video/audio
servicing, electronic music technology,
security electronics, data communications,
and other growing high-tech career fields. If
the coupon is missing, write to: NRI School
of Electronics, McGraw-Hill Continuing
Education Center, 3939 Wisconsin Avenue,
Washington, DC 20016.

IBM is a registered trademark of International Business
Machines Corporation

For Career courses
approved under GI Bill

| check for details,

Air Conditioning, Heating & Refrigeration
Small Engine Repair
Electrician
Locksmithing & Electronic Security
[ Travel Careers

computer works. |

Telephone Servicing |

[] Security Electronics | Building Construction

You assemble and test your computer’ s ['] Digital Electronics Servicing "] Automotive Servicing Paralegal
“intelligent”” keyboard, install the power
supply and 5% disk drive, then interface the Wame (Please print) Age
high-resolution monitor. But that’s not all. ).

Your hands-on training continues as Stesy
you install a powerful 20 megabyte hard City/State/Zip 18-029
disk drive—today’s most-wanted computer We'll give you tomorrow. Accredited by the National Home Study Council 2
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[
—



HOT BOOKS FOR HOBBYISTS

REMDI¢ CONIROLLED

£2 HOME
REMOTE CONTROL
AUTGRATION PROITLIS

FOR UKDER $300

2735T—52 HOME REMOTE
CONTROL AND AUTOMATION
PROJECTS ..... $12.95. A fas-
cinating coltectron of projects
10 make your life safer, more
convenient, and more fun

2617Y—BUILD A REMDTE-
CONTROLLED ROBOT FOR
UNDER $300.....59.95. Fool-
proot instructions for putting
together your own full-size
robot.

BUILD A REMOTE-CONTROLLED
ROBOT.....FOR UNDER $300

[1 2617T—!t you're fascinated by the home robots in-
creasingly available on today's market .... but are
stopped by their price tags .. .. here’s your solution. Build
your own home robot—and a full size unit at that—for
less than $300. No advanced electronics or computer
skills are needed to put together “Questor”, a robot butler
especially designed to be both affordable and easy-to-
build. —Order your copy for $9.95 pius $2.00 shipping.

62 HOME REMOTE CONTROL AND
AUTOMATION PROJECTS

[0 2735T—A device that automatically dims the lights
when you turn on your stereo ... an automatic guest
greeter ... sensors that keep your air-conditioning at ideal
levels automatically ... voice-operated transmitters, door
and window controllers and more. Complete instruc-
tions, wiring diagrams, and show-how illustrations for
each device. $12.95 plus $3.00 shipping.

] Send 40-page catalog—FREE with order.
[ Pve included $2.00 Send catalog and coupon good
for $2.00 on first order.

Electronic Technology Today
P.0. Box 240
Massapequa Park, NY 11762

New Products
(Continued from page 18)

LAST.BAT (for “last battery”) is designed
to prevent such losses.

This patent-pending battery system auto-
matically recharges itself from the com-
puter’s power supply, and will provide the
current to maintain the computer's setup
memory perpetually. Because it uses sealed
nickel-cadmium rather than lead-acid or al-
kaline batteries, it will not damage the
computer. LAST.BAT comes with a lifetime
warranty for as jong as the original pur-
chaser uses it in the computer it was origi-
nally installed in, providing it was installed
and used correctly.

The maintenance-free unit is easy to in-

stall—proficient end users can install it in
less than 15 minutes, using only the tools
needed to open the computer's case. To
ensure proper connection, the socket con-
nection to the computer's power supply is
polarized. An additional plug is included
to replace the one LAST.BAT uses to re-
charge itself from the power supply. The
battery comes with a foam-tape backing
for permanent mounting virtually anywhere
inside the computer case.

LASTBAT rechargeable computer bat-
tery has a suggested list price of $74.95.
For more information, contact Accumation,
Inc., 8817 Southwest 129th Terrace, Mi-
ami, FL 33176.
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r‘ Great for the Experimenter!
o I

Pioneer Laser Disc Player
12 mw Helium-Neon Laser
° Laser Power Supply
_' 2Front Surtace Mirrors
Two 1/2" Voice Coil Actuated
Oscillating Mirrors

RS-232
BREAKOUT BOX

+ Gwitchable Lines
LED Indicators

: Patch Terminals & Jumpers =
- Compact Size /

RN
$29.95 8"

THIS MONTH ONLY!

: One Beam Splitter
N Two Optical Lenses
One Optical Detector

CANNOT BE MANUALLY CONTROLLED}

Asis”  $99.00

We stock THOUSANDS of parts!
IC's, TRANSISTORS, MORE...
-CALL!

PAGING

Crystal Gontr

Sz e ‘le;
* Pino
™o ¢17.95

FOR

“As-ia”

RECEIVER

« Dual Conversion Supe! et Module (Plug-iah)

b Alpha:
.{:;E‘IYI (E:ncodsdw , ANSI Char. Set)
+ RCACOP \80.2 Base‘ti
« Ppeizoelectric B?epe
« Vipeating “Sitent Aert o
© Used, Untested,  (or

Employers

7 Mini Gear Reduction Motor- AC L DEL TEC Willing workers available
¥ :lsvsczméogmg Electronics INE CONDITIONER now at as little as %

orted Switches, Fan, Sofenoig g 400 WATT our usual cost.
THESE UNITS AR O6M MODELS AND 2 gﬁnforyour PC or Any £q, i This is your chance
REQURE A Compy1ch SODELSAND o216S AC Ling Nojgg g P meNt to get help you've
(NOT AVAILABLE FROM HALTED) ThEy e 0 8 Constant 150 o

needed, but thought you
couldn't afford.

No business too large
or too small. Call your
private industry council
or write National
Alliance of Business,
PO. Box 7207,
Washington, D.C. 20044

A Public Senace of A .

That 450 MHZ
“Numenc LED Display

each

$9.95°F
$17.95

Call the
Halted Specialties
Electronic Forum
BSI
408-732-2814

$10 MINIMUM ORDER
QUANTITIES LIMITED.
CA RES. ADD SALES TAX.

POPULAR ELECTRONICS/HANDS-ON ELECTRONICS

N
N

HSC of Santa Clara
3500 Ryder Street
Santa Clara, CA 95051

Call 2z 800-4-HALTED
Now! 3 408.732.1575 #}
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HANDHELD MULTIMETERS

A.W. Sperry’s Models SP-10A and SP-
15A pocket-sized analog multimeters have
the capacity to read up to 5 functions on
up to 15 ranges. Although they are designed
for professional field-service or lab work,
they are simple enough for the hobbyist
to use.

Model SP-10A’s ranges are 10-/50-/250-
/500-volts DC, 10-/50-/250-/500-volts AC, 1K-
/10K-/100K-ohms resistance, 250-mA DC

current, and a battery check from 1.5 volts
to 9 volts. Model SP-15A’s ranges are 5-/25-
/250-volts DC, 5-/25-/250-/1000-volts AC, 0.5-
/5-/250-mA DC current, 1K-/10K-/1M-ohms
resistance, and a continuity check in which
a buzzer sounds at less than 200 ohms.
Each unit comes with test leads, a battery,
a fuse, and a one-year warranty.

Models SP-10A " (shown) and SP-15A
cost $25.95 and $29.95, respectively. For
further information, contact A.W. Sperry In-
struments Inc., 245 Marcus Boulevard,
Hauppauge, NY 11788. ]
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For SUCCESS in your Vocation or Profession
LEARNING is Where It’s At!

You'll need a “Learning Environment” in your home (or office)
to work on your degree with “the college that comes to you, g

GRANTHAM COLLEGE OF ENGINEERING

Grantham makes your understanding of electronics and compu-
ters its most important teaching objective. You are never rushed
or held back; you study at your own pace. Learn more by self-paced
home study, with Grantham instructors standing by to help you.

A ccredited Now in Our 39th Year

A.S. and B.S. Degrees ' e -

Grantham College of Engineering |
A Warded P.O. Box 539, Los Alamitos, CA 90720 |

Please mail me vour free catalog with gives I
details of vour home-study degree programs,

Phone or write for our Home Study Degree Catalog: | including enroliment information.

Phone 213-493-4421 (no collect calls)
or write

NAME

I
I
|
I
I
I ———— — -
I
|
]
I
I
|
I

Grantham College of Engineering
10570 Humbolt Street

Los Alamitos, California 90720

STATE and ZIP

|

l

|

|

ADDRESS _ |

| |
|

|

|

|

Grantham College of Engineering is accredited by the Accrediting Com-
mission of the National Home Study Council in Washington, D.C. l
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POPULAR ELECTRONICS/HANDS-ON ELECTRONICS
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By Byron G. Wels

IC’'S AND SMT—THE CONCEPT ISN'T NEW

hen | was a mere stripling, |

came up with what | thought
was a brilliant idea. | took a type 30
friode tube and a product called
"Copper Print,” which was a liquid
paint that dried as conductive as cop-
per wire. With ordinary household ce-
ment, | attached the other compo-
nents to the glass tube’s surface and
allowed that to dry.

Using the Copper Print, | connected
the various components into the circuit
and ran the necessary paint to the ap-
propriate tube pins. When | finished, |
simply connected the various power
sources (with wire) to the tube’s flush-
mounted socket and plugged the
tube in. Now don't get me wrong. The
thing looked foolish. | admit that. But it
did work, with that variable capacitor
and funing knob glued to the top of the
tube.

Where | needed a cross-over, | used
electrical tape under (or over) the con-
ductor. My infegrated circuit receiver
really worked...pseudo surface-
mounted technology and all. But as
the tube heated up, the glue gave
way, and | wound up with a “back-to-
the-drawing-board” feeling.

So this month, were going to be
looking at some IC circuits that you
readers have sent in, and we'e also
going o be handing out some new
FIPS books to the winners!

Touch Switch. This is the kind of proj-
ect | like—short, sweet and simple. |
hope your other readers like it too. It'sa
sensitive touch-operated switch, that
can also be used (if you like) as a rain
detector. It starts with a piece of the
striped perfboard, and you jumper the
even-numbered stripes and the odd-
numbered stripes. All you really need
are aboutthree of each, or atotal of six
stripes. I've wired mine in a small, flat
box with S (used as areset) and [ keep
it near the bed. Why? Well, my bed-
room is particularty dark at night, and
this allows me a safe trip to the facilities

without having to waken my wife as
putting the lights on might do. What's
more, she's forever rearranging the fur-
niture. The amount of light given offina
dark room is more-than adequate to
the purpose.

See Fig. 1. Pin 3 of the IC is held by
resistors R1 and R2. Inverting input (pin
2] is brought to the wiper of R3, which
lets you set the operation threshold.
When you touch the plate, bridging
the odd and even stripes, pin 2 moves
negative, and the effect is amplified,
causing pin 6 fo go positive.

The SCR doesnt conduct normailty,
leaving the lamp extinguished. Make
its gate go positive, it conducts and
will continue to conduct, lighting the
lamp, and keeping it lit until the power
circuit is broken by $1. | used a push-to-
make, push-to-break switch. Potenti-
ometer R4 is used as a sensitivity con-
trol. Power is provided by a 9-volt
transistor-radio battery.

To get things set-up, connect a high-
resistance voltmeter between pin 6 of
the IC and ground and set R3 so the
slider is near negative and slowly ro-
tate until the rise in voltage at pin 6
triggers the VCR.

I hope this gets me a copy of the Fips
book. I've heard a lot about the fa-
mous Mohammed Ulysses Fips, and
would sure like to read his stories!
—Fred Holland, Laredo, TX

The Fips Book is on the way to you
Fred, and | agree. This is exactly the
kind of thing our readers want o see.

Miniature BC Receiver. My son’s
school teacher called me to her class-
room one day and | wondered what
the kid had been up to now. She ex-
plained that during one of her lectures,
he seemed very nervous, his leg
bouncing rhythmically, and tapping
his pencil on the desk. She went overto
investigate. Opening her desk drawer
to remove this small device with a pair
of earphones that she'd confiscated,
she said “listen to the earphone.” [ held
it to my ear and heard the latest rock
n’ roll sounds coming out of it.

I thanked her, and took the thing
home. Later, after dinner, | confronted
my son with if, placing it on the dining
room table. "Oh-oh,” he said. “You've
been to my school.” | began with
“what’s the meaning of this,” worked
my way up to "Is this why were sending
you to school,” and finally got around
to “where did you get it?” He knocked
me over when he fold me he built it
himself.

I reacted the way you would when a
kid comes home with his first black
eye.

See Fig. 2. 11is a ferrite loopstick that
also serves asthe antenna. It's tuned by
variable capacitor C2. Together C1
and C2 serve as bypass capacitors,
Resistor R1 (100,000-ohm unit) provides
feedback from the output to the input,

TOI{?S
PLA +V
i PR S
s1
< R1
<&
$ 100K I
, 12v
3A
U1 6
Rs & 781 A
500K & 4 SCR1
c203Y
9 Re > 6| ik
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Fig. 1. The input from the touch-plate is fed to the inverting input of Ul, which delivers

a sufficient current to trigger SCRI.
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Fig. 2. In this circuit, LI (a ferrite
loopstick) serves as the antenna, which:
is tuned by variable capacitor C2.

and also takes care of AGC (automar-
ic gain control).

Inductor L1 is capable of tuning the
entire AM broadcast band. Use a ca-
pacitor salvaged from an old radio.
You need 300 to 365 pF. Capacitor C1
is 10 pF and C3 is 01 k.

The phone plug is connected by a
jack intothe B+ circuit, so all you have
fo do to shut the thing off is pull out the
plug. You'll get excellent results with a

used a single 9-volt transistor-radio
battery to power both sides. When you
buy the components, get two of every-
thing!

The nice thing about the circuit is
that very few external components are
required, and the whole thing fits nic-
ely into a handy experimenter’s box.
Where you have to run the input ca-
bles, just make sure you use shielded
wire. The amplifier is sensitive enough
to pick up all kinds of hum and noise if
you don't. The speaker (an 8-ohm unit)
can be whatever size you find comfort-

able. The larger diameters will provide
better reproduction, of course. Count
on a cabinet for the speaker, or you'll
lose volume and some of the low fre-
quencies.

This amplifier provides about a 2-
mW output, more than sufficient for
most applications.

There’s really nothing exotic here,
but it is a functional circuit and will
provide numerous satisfactory ap-
plications with a little experimenting.
and that’s what we're all about, isn't it?
| have already started checking the

V-425
List $995

List $560
Save $181

* DC to 40MHz
* Dual Channet
* CRT Readout
* Cursor Meas
* DC Oftset

« DC to 100MHz
¢ Dual Channel
« Delayed Swoep
* CRT Readout
* Sweep Time
* All Magnifier * Autoranging
* Compact Size | \f. 106 * Trigger Lock

Uﬂ 31595 51 285 * 2mV Sensitivity

V-221  20MH2
V-422  40MHz
V423 40MHz
V-86C B0MHZ
V-1065 100MHZ
V-1100A 100MHZz
V-1150 150MHz

| 20MHz Dual Trace Oscllloscope

l  All Ritachi scopes Inciude probes, schematics
and Hiachi's 3 year guaranty on parts and
labor. Many accessories avatlable for ail
scopes.

UST  PRICE SAVE

$770

$875

V sens, Delayed Sweep, DC Offset, Att Mag 5955
V sans, Delayed Sweep, CRT Readout $1,195
V sens, Delayed Sweep, CRT Readout, Cursor Meas  $1,895
mV sens, Dehyed Swosp, CRT Rasdout, DVM, Counler 32208
62 33100

$349
M0-1251

* 6" CAT impedance

SCOPE PROBES s
P165MHZ X, 108 $19.95| ot
P-2 100MHz,1x,10x  $23.95
with 5 ‘accessories
10 Meg ohm input

M0-1252

» High luminance 8" CAT
* 1mV Sensitivity

set of 500-ohm headphones, the bat-
tery supply can be 1.3 volts, and you
can select any small mercury cell with
anoutput anywhere from1.2 to1.6 volts.
As the battery decays, sensitivity will
fall off.

While I'm still keeping the kid
grounded as punishment, | can't help
but be proud of him, as I've been a
devoted electronics experimenter all
my life. If you send me a copy of the
Fips book, | may even let him read it!
—Harry Kabel, Flint, M!

* 6KV Acceleration Voltage
* 10na Rise Time

* X-Y Operation « Z Axis

* Delayed Triggering Sweep

Top quality scopes at a very reasonable price, Contains alt desired features. Two 1x, 10x probes, diagrams and manuai. Two year guarantee.

= True RMS 4% o Muttimeter mm I‘giul Capacitance Meter| Digital LCR Moter
l. . oo ¢ OIS0 | gy L0100
" M-7000 :

mm
SN $135 $55 CM-1500A | pm $58.95 - $138
w .05% DC Accuracy Reads Volts, Ohms, i
Current, Capacitors, "
with Freq. Counter |/g § v'qunsl:tors and f |

* Built in Fits ali scopes with
component tester | gyc mnﬁw

* TV Sync TL-3BNC to

Transistor Tulor

2 Functions
Memory and
Data hold

2% basic acc | §
3% diglt LCD

8 Ranges

.1pt-20,000u1d Mensures.
1% Resislance 5% basic accy

Zero control LX

Dlodes with case with casa

NEW!  AC Clamp-On 50MMHz Logle Probe Sclderless Breadboards

Cumm Adapter LP-700 | ee——
— $23 31700 pina $18,
ST 285 :.,7. —— .
. ’\_/ e

0-1000A AC | M-3500 M-4500 I 2,880 pins $35,
Works with | 3 aigit $125 4w ﬂln“ 3175
most DMM | .1% accy 05%

and deluxe case

DMMS

i d 10A Scale
ei—— ave color =SS Ayto zero
Loglc Pulser LP-800 $23 | 9426 syown <%0 PO e {polarity

3% Digit Probs Type DMM GF 8016 Functlon Generator

M-1900 s with Frlqszcsr;mm
& Sm———— 4
L M $45 Sine, Square, Triangle
5 Pulse, Ramp, .2 to 2MHz
Canvanient one hand operation with ballerias | Freq Counter .1 - 10MHZ

Measures OCV, ACY, Ohms
odinte contintity chack, Data hold =70 ©2% GF-8015 without Fraq. Mater $179
Four-Function Freq Countars

F-1000 1.2GH
$259
-20V at 2A |
S F-100 120MH
Fully reguiated and 5V at 3a ~ $179
short circuit protected 5V at 5A Frequency, Perlod, Totgilze.

Seif Check with High Stabliized Crystal Oven
XP-575 without meters $44.95| Oasciliator, 8 digit LED display

*‘GREAT IDEA’’ FUNCTION BLOX FOR EASY BREADBOARDING

All blox interlock to make your design work & snap. You can change the configuration

“eu\ Wide Band Signal Generators

$6-9000 $119
AF Freq 100K-450MHz
AM Moduiation of TKHz

Harry, nobody ever fold you that par-
enting was easy. When my own son
came home with his first shiner, | com- S0.6500 wih Digial Display
mented, “Got into a fight, huh?” “Oh Digal Triple Power Supply  XP755
yeah?” he said, "Wait 'fil you see what | $249
did 1o her” Your Fips book is on the -
way.

Variabie RF output
SG-5500 with Digitat Display

XP-580
$59.95

Quad Powsr Supply

0-20V at 1A
0-20V at 1A
5V at 5A

Fuily Reguiated. Short circuit protecied with

2 Limit Cont., 3 Separate supplies

XP-660 with Analog Meters $175

Speaker Amplifier. Wherever you've
got earphone operation and prefer a - :
loudspeaker, such as with a portable - , s % : ) = i
Walkman-type set-up, the circuit in Fig. R £ .

3 will do you nicely. Of course, for ster-
eo operation, you're going to need
two of them, so consider this when you
etch your circuit board. | simply set up
two circuits on one board and there
doesnt seem to be any problems. |

9550 7.50
550 to pta

9a0q 18.95 0620 18.95 9630 21 95 9640 22.95 POWER BLOX
FUNGTION GENERATOR RESISTOR DECADE BLOX CAPACITOR DECADE BLOX DIGITAL CLOCK BLOX LOGIC PROBE BLOX 5v at 1A -5 a1 4A
1 to 1MHZ sine, sq wave 20 resiators 47-1M obm 20 capacttors 47pf-10mfd _ pulses from 1Hz 1o 50MHz 4 fogic tave) Ind. V at 3A

WE WILL NOT BE UNDERSOLD! C & S SALES INC 156 Day Money Back Guarantee

UPS Shipping: US 5% e 1235 Rosewood, Deerfieid, IL 60015 2 Year Warranty
(510 Max) IL Res., 7% Tax M) 140 B 11 012) S41-0710  WRITE FOR FREE CATALOG
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THINK TANK

mail for my Fips book. Or am | being
presumptuous?
—Fred Cardwell, Omaha, NB

No Fred, not at all. Keep checking,
the book is on the way!

R1 <«
10K 3
INPUT <
l 852
O— < .

~

Fig. 3. The Speaker Amplifier is designed

to plug into the earphone jack of Walkman-

type receivers and provide enough power
to drive external speakers.

Solar-Powered Radio. Getting
something for nothing is usually as
much of a dream as perpetual motion.
It just doesnt happen. But getting
power from the sun is prefty close, isn‘t
it? You'll notice that this circuit (see Fig.
4) doesn't even have an on-off switch,
Why bother? The unit will work in ordi-
nary daylight, or under the light of a
bright lamp.

Integrated circuit U is a ZN414 with
the audio output available at lead 1.

Since powerful signals may swamp the
fransistor, @1, and potfentiometer R2
are used as an audio-gain control. This
might be a 500-ohm unit.

Since a ferrite loop is used for L4,
some additional gain (or the reduction
of additional gain) can be obtained
by re-orienting the radio. The output
from &1 (any good audio NPN tran-
sistor) is meant for medium- or high-
impedance headphones. They'll pro-
vide better volume than those dinky
little mini-earphones.

Now here comes the best part. The
power comes from three series-con-
nected solar cells, Number 276-124
from Radio Shack will do just fine. Ca-
pacitor C4 is used to remove hum that
might be picked up from the very
lamp that's powering your unit,

The solar-powered radio makes for
an interesting one-evening project
and while | did have fo buy the parts
that | didnt have on hand, people do
get a kick out of the fact that I'm get-
ting “something for nothing.” I'd like to
take it all a step further by getting a
Fips book for nothing too. Any
chance?

—Frank Esposito, Duluth, MN

Sure thing Frank! Two freebies for
one shot. Your book is on the way.

Enlarging Meter. If you do your own
photo processing, you know how im-
portant an enlarging meter can be.
Without one, your work is "oy guess
and by gosh.” Or you go the expensive
route, wasting photo paper to make
test strips or rushing through the de-

HEADPHONES
et
R3 i
5602 ‘ 1/
< Ri
2 100K
< 3
1
R2 ‘:<—|(—-1
<
T 50052 ¢ \}(f PC2
a1
FERRITE
LOOPSTICK _ LD @
Loca
60
c2
365pF
. = Nt pes
lm
TlﬂpF

Fig. 4. Powered by sunlight or a bright lamp, the receiver is built around a ZN4(4.

velopment when you think the print is
right. The fact is, that the paper needs
full development time to be perfect,
and that’s why the enlarging meter be-
comes an essential tool.

This unit (see Fig. 5) uses a light-de-
pendent resistor, mount it in a suitable
tube with a small hole at the top for the
light to enter. If, affer trying it, you de-
cide you need more light on the LDR,
you can always enlarge the hole.
When not illuminated, the intemal re-
sistance of the LDR is very high, With
any reasonably-strong light, its resis-
tance drops to a couple of hundred
ohms. When the LDR isn‘t illuminated, it
becomes a voltage divider along with
R2. Resistor R1 is the other arm of the
divider. Pin 3 of the IC takes on a given

'

AAA,

Yy

‘-ﬁ 2\ AAA —&-
v

Fig. 5. The Enlarging Meter uses a light-
dependent resistor mounted in a tube
with a small hole at the end to allow
light to enter,

voltage. The output (pin 6) depends on
this fact. The output transistors in the IC
form one arm of a bridge circuit, with
RS forming the other arm. Set the meter
using RS so you get a balance, and
the 1-mA meter shows zero current.

This will happen when the voltage at
pin 6 is the same as the wiper arm of
RS. When illumination hits the LDR, its
resistance falls so the voltage at pin 3
of the IC drops. Pin 6 follows this, pro-
ducing a reading on the meter. R4 is
there just as a current limiter.

You want to get full-scale deflection
of the meter at the brightest illumina-
tion of the LDR. We tested our unit by
putting it under the lens of the enlarger,
with no negative in place. Affer a few
sample tests, we worked out a calibra-
tion card in f-stops for the enlarger di-
aphragm, at 30 seconds exposure
time. Since we've put the unit into ser-
vice, we've produced better prints



and saved a lot of valuable enlarging
paper. Now does that rate a Fips
book? .

—_Brian Alexander, Port Washington,
NY

Sure does, Brian! And it'’s on the way
to you. Hope you enjoy it.

Dark Sensor. Let your imagination run
riot, and you'll come up with more ap-
plications for this circuit than there are
components (See Fig. 6). So far, it's
been used to automatically tumn on a
front door or porch light, automatically
turn on a night light in a child’s room,
the list is endless.

What happens, essentially, is that
when darkness hits the LDR (light-de-
pendent resistor), the relay operates. If
you want the relay to operate a low-
vollage device, select a relay with
low-voltage contacts. If you want it fo
operate something heavier, pick one
with contacts to handie the vollage
(and current) you're planning to use. it's
just that simple. Just make sure the re-
lay coil is rated at 150 ohmes.

With normal illumination, the LDR'S
resistance is low. The input at pin 3 of U1
is high, as is the outpuf at pin 6. Tran-
sistor @ is a PNP fransistor, and the col-
lector current is low while you hold the
base positive. So only a small amount
of current (if any) passes through the
relay’s coil.

When light to the LDR goes low, its
resistance goes up. Pin 3 moves in a
negative direction, and the output of
U ot pin 6, supplies base current for 1
through the 4700-ohm resistor, R4. Col-
lector current goes up, and the relay
pulls in. Using a nine-volt fransistor-ra-
dio battery, “light-sensing” current
through the relay is nearly at zero, and
it goes up to about 55 mA under dark

a 4y
a1

g

R0k 2N3906
A
RS 3N 47K
U1
R 2. aanldtL76 [_:_g
2'5K 'y
R3 4
87K tao
€ R2
o
$ 100K
K1

Fig. 6. The Dark Sensor is controlled by
an LDR (light-dependant resistor).

R7

22092
- & & A'AvAv — +V
4’ R1 +
< c4
< 100K
R5 C1 SN Tzzn 233
220K A7 Ul 6 4'
RS > <A 14 a1 7 3
IMEG & L e
56K
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220K
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Fig. 7. The Rock Mixer allows one mike to cut while boosting another.

conditions. Diode D1, a 1IN40G02 unit, is
used as a supressor for any back EMF.

You should be aware that the relay is
asingle-pole, double-throw type. That
means that you can actually reverse
the end effects. Wire it up so that light
falling on the LDR can close the slave
circuit, oropen it, depending on which
of the relay poles are used. Handy,
hub? Did | just buy a Fips book?

—Randolph Switzer, San Francisco,
CA

Yup Randy! The book is on the way.
Hope you enjoy it as much as we en-
joyed your circuit.

Rock Mixer. "Hey By,” writes a young
reader, "my friends and | have a rock
(Continued on page 103)

line of digital panel meters allows
you to build greater accuracy and
dependability into your systems.
Reference stability is three times
better than other meters
(35 PPM) because of
new high linearity
A/D converters.
Accuracy is +4
count (OO5%FS)
and linearity +%
count across the entire
range. Other features include
user programmable symbols

Modoel 125
Window Mount

DE
)

T

$39.50

2 (~, °C, °E u,m, A, V, MQ, KQ) reflective

DIGIYI11E]

The Panel Meter Source

Better Performance! DigiMeter's new

LCD displays. DigiMeter panel
meters are available in 200 mV, 2V
and 20 V. Power options include

9V battery or +5V DC.

Plus a Better Price! We are
new, young, quick on our
feet..and we want your
business. OQur prices
beat anything else
you can find.

FAX us your order
Through Fanel and we Mn smp
Bezel Mouni {f immediately:

(408) 946-9190. Call us
for more information at
(408) 946-9090, extension 463.

Model 150

ITEM UNIT PRICE QUANTITY TOTAL
0 Model 125 Voltage: 0 200mVolt O 2Volt. 0 20 Volt $39.50
Power Option. [ 9Volt Battery O +5Voit DC :

00 Model 150 Voltage: 0200 mvolt 02 Volt O 20 Volt $39.50

(w/ bezel) Power Option. [ 9 Voit Battery O +5Volt DC .
Name Phone ( ) Sub ot
Address Srngggg’ gr'zd
cty .~~~ State. _Zp. il
[0 Check/Money Order 0O VISA O MasterCard
Card No. . Exp Date !
Send to: DigiMeter, Inc., 512 Valley Way. Milpitas, CA 95035 5200 per unit
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Join
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BUCHSBAUM'S COMPLETE HAND-
BOOK OF PRACTICAL ELECTRONIC
REFERENCE DATA, Third Ed. 8y
W.H. Buchsbaum, revised by R.C.
Genn, Jr. 635 pp., 357 iflus. & tables.
This best-selling reference is invaluable
for engineers whose work involves
going outside their own area of exper-
tise. Coverage includes digital logic; op-
toelectronics; antennas and transmis-
sion lines; RF and microwave funda-
mentals; communications systems;
television systems; computers; radio;
recording; and more.

583880-X Pub. Pr, $34.95 Club Pr, $26.50

PRINTED CIRCUITS HANDBOOK,
Third Edition. By C.F Coombs, Jr.
960 pp., 556 illus. Here in one handy
volume is all the information you need
to design, manufacture, test, and re-
pair printed wiring boards and assem-
blies. This new edition features ten all-
new chapters, including three on SMT.
126/087  Pub. Pr, $59.50 Club Pr, $45.50

32-8IT MICROPROCESSORS. £dited
by H. J. Mitchell. 248 pp.,. 104 illus.
and tables. A complete survey of the
architecture, operation, and applica-
tions of today's most important new
devices from AT&T, Inmos, Intel, and
Motorola.

425/85X  Pub. Pr., $45.00 Club Pr, $35.00

MICROWAVE AMPLIFIERS AND OS-
CILLATORS. By C. Gentili. 150 pp., 79
illus. A thorough, practical introduction
to the theory and design of microwave
amplifiers and oscillators, with cover-
age of the scattering matrix, the gallium
arsenide field-effect transistor, and mi-
crostrip technology.

229/953  Pub. Pr, $34.95 Club Pr, $27.95

COMMUNICATIONS RECEIVERS:
Principles and Design. By Ulrich
L. Rohde and T.T.N. Bucher. 608 pp.,
402 illus. Everything you need to know
if you design or work with communica-
tions receivers, from theory to prac-
tical design approaches. Coverage in-
cludes all types of receivers:
shortwave, broadcast, radar, mifitary,
marine, aeronautical, and more.

535/701 Pub. Pr,$59.50 Club Pr. $44.50

HANDBOOK OF
ELECTRONICS
TABLES AND
FORMULAS
Sixth Edition

256 pages, illustrated. 583804-4
Up-to-date mathematical tables and

electronic formulas in a convenient
desk reference that you'll find indis-

constants, government/industry stan-
dards, symbols and codes, service
data, and more. The handbook also

your calculations on a computer, and
complete computer programs.

pensable. Included are basic formulas,

has new sections describing how to do
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* your one source for engineering books

from over 100 different publishers
* the latest and best information in your field
e discounts of up to 40% off
publishers’ list prices

New Members!

Take any one of these great

s289

as a premium with your

professional
books
for only

first selection!

Spectacular values up to $99-90

ENGINEERING FUNDAMENTALS
FOR THE PROFESSIONAL
ENGINEERS’' EXAM, Third Ed. By |
M. Polentz. 432 pp., 170 illus. Fea-
tures worked-out solutions and full ex-
planations for all sample problems so
you can learn how to solve them. Its a
dependable way to prepare for the exam
or a perfect on-the-job reference.

503/931 Pub. Pr., $36.50 Club Pr., $21.95

A $19.95
Value — Yours
ABSOLUTELY

FREE

when you join!

AUTOMATIC CONTROL SYSTEMS,
Fifth Ed. By B. C. Kuo. 736 pp., illus.
Provides an overview of automatic con-
trol systems, including in-depth cover-
age of classical control techniques, op-
timal control theory, and analog and
digital control system design. This up-
dated edition discusses the latest ideas
on the use of computers to design con-
trol systems and as components of such
systems.

583706-4 Pub. Pr, $51.00 Club Pr, $36.95

OP-AMP HANDBOOK, Second Ed.
By F. W. Hughes. 320 pp., 231 illus.
Organized for on-the-job reference, this
handbook covers all facets of op-amps,
from stability and protection to signal
processing using op-amps. Includes a
collection of over 60 practical circuits
for a variety of applications, proce-
dures, and experiments.

§83651-3 Pub. Pr, $39.00 Club Pr, $27.50

HANDBOOK FOR SOUND ENGI-
NEERS: The New Audlo
Cyclopedla. £dited by G. Ballou.
1,247 pp., over 1,200 iflus. This giant
handbook gives you truly compre-
hensive coverage of sound—and the
methods of producing, reproducing,
controlling, changing, reinforcing, and
measuring it.

583913-X Pub. Pr, $79.95 Club Pr, $55.95

ESSENTIAL CIRCUITS REFERENCE
GUIDE. By J. Markus & C. Weston. 528
pp., illus. Collects into one convenient
volume more than 1,000 ready-to-use
circuit diagrams for today’s electronics
applications. Now you can have the cir-
cuit you need in a matter of seconds—
without having to reinvent the wheel.

404/623 Pub. Pr, $59.50 Club Pr, $47.50

CIRCUIT DESIGN FOR ELECTRONIC
INSTRUMENTATION: Analog and
Digital Devices from Sensor to
Display, Second Ed. By D.
Wobschall. 400 pp., 365 iilus. Brings
you the entire process of circuit design
in a comprehensive, easy-to-follow for-
mat. This new edition reflects the latest
in IC technology, including CMOS and
ECL devices.

na/3 Pub. Pr., $49.50 Club Pr., $36.95

AMERICAN ELECTRICIANS' HAND-
BOOK, Eleventh Ed. By T. Croft and
W. Summers. 1,824 pp., 1,560 ilius.
This newly updated handbook shows you
how to select, install, maintain, and op-
erate all the latest electrical equipment
and wiring. It includes the most recent
code requirements, basic formulas, and
a wealth of circuit diagrams and illus-
trations.

139/326  Pub. Pr., $64.50 Club Pr., $49.50

MICROELECTRONICS, Second Ed.
By J. Millman and A. Grabel. 1,001 pp.,
646 illus. Takes you from the basics of
semiconductor properties to an under-
standing of the operation of solid-state
devices, and then to more advanced
topics. Its up-to-date coverage, real-life
examples, and practical data make this
an ideal reference for the working
engineer.

423/30X  Pub. Pr, $51.95  Club Pr, $41.50

ENGINEERING MATHEMATICS
HANDBOOK, Third Ed. By J. J. Tuma.
512 pp., illus. This best-selling hand-
book gives you the essential mathe-
matical tools-formulas, definitions,
theorems, tabies, and models for com-
puter programming — that you need for
your day-to-day engineering
calculations.

654/433 Pub. Pr, $46.50 Club Pr, $34.50



BASIC TELEVISION AND VIDEO
SYSTEMS, Fifth Ed. By B. Grob 592
pp., illus. Provides the clearest picture
of how television and video systems
work, and what to do when they don'’t.
Covers television receivers, VCR's,
video cameras, and cable systems—all
in reacable, practical detail.

249/334 Pub. Pr, $34.95 Club Pr, $24.95

ANALOG ELECTRONIC CIRCUITS.
By G. M. Glasford. 480 pp., 350 illus.
Gives you the detailed information and
equations you need to create and ana-
lyze top quality circuit designs or effec-
tively utilize the designs of others.

583768-4 Pub. Pr, $55.00 Ciub Pr, $39.50
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Here’s how the Club works to

serve YOU:

HANDBOOK OF ELECTRONIC
NOISE MEASUREMENT AND TECH-
NOLOGY, Second Ed. By C. A. Ver-
gers. 440 pp., 213 illus. Provides an-
swers to all your questions about noise
origins, causes. effects. Also shows you
how to predict and measure noise, and
how to design low-noise circuits.

583947-4  Pub. Pr, $39.95  ClubPr.$29.95

SWITCHGEAR AND CONTROL
HANDBOOK, Second Ed. fdited by
R. W. Smeaton. 1,056 pp., 789 illus.
The only handbook that treats ail as-
pects of switchgear control, including
design, applications, safety, and main-
tenance. Updated to reflect the
changes brought about by the use of
computers, solid state devices, and
programmable cortrols.

584/494 Pub. Pr., $75.00 Club Pr., $56.95
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ANTENNA APPLICATIONS REFER-
ENCE GUIDE. £dited by R. C. Johnson
and H. Jasik. 496 pp., 368 illus. and
tables. Covers the major applications of
antenna technology in all areas of com-
munications and their design methods.
Emphasizes important new applica
tions such as earth station, satellite,
seeker, aircraft, and microwave-relay
antennas.

322/848 Pub. Pr, $53.95 Club Pr, $42.50

MICROCOMPUTER DESIGN. 8y M.
Hordeski. 406 pp., illus. Emphasizes
the most current, cost effective meth-
ods for developing, debugging and test-
ing all types of microprocessor prod-
ucts, including software and hardware.
583683-1 Pub. Pr, $43.00 Club Pr, $29.95

BOB MIDDLETON'S HANDBOOK
OF ELECTRONIC TIME-SAVERS
AND SHORTCUTS. By R.G. Mid-
dleton. 378 pp., ilus., softbound.
Packed with little-known tricks of the
trade and brand-new techniques, this
popular handbook makes it easier than
ever to troubleshoot radio, TV, audio
equipment, CCTV, and more.

583865-6 Pub. Pr, $29.95 Club Pr, $22.50
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Be sure to
consider these
important
tities as well!

INTRODUCTION TO RADAR SYS-
TEMS, Second Ed. By M. |. Skolnik.
579/091 Pub. Pr., $52.95 Chub Pr, $42.50

ELECTRONIC TEST EQUIPMENT:
Principles and Applications. By TJ

Byers
095/221  Pub. Pr, $39.85  Club Pr, $29.85

OPERATIONAL AMPLIFIERS AND
LINEAR INTEGRATED CIRCUITS,
Third Ed. By R. £ Coughlin and F £
Driscotl.

583754-4  Pub. Pr, $40.00  Club Pr, $25.95

MCGRAW-HILL'S NATIONAL ELEC-
TRICAL CODE HANDBOOK, 19th Ed.
By J. F McPartland.

451011 Pub. Pr. $42.30 Club Pr. $31.95

HANDBOOK OF ELECTRONICS CAL-
CULATIONS FOR ENGINEERS AND
TECHNICIANS, Second Ed. Edited by
M. Kaufman & A. H. Seidman.

335/281  Pub. Pr, $49.50  Club Pr, $37.50

PROBABILITY, SIGNALS, NOISE. By
J Dupraz.
183/309 Pub. Pr.. $43.95 Ciub Pr.. §34.95

POWER GENERATION CALCULA-
TIONS REFERENCE GUIDE. By 1. G
Hicks
288/003 Pub. Pr., $36.50 Club Pr. $27.50
HUMAN FACTORS REFERENCE
GUIDE FOR ELECTRONICS AND
COMPUTER PROFESSIONALS. By W
E. Woodson.

N1/664 Pub. Pr., $35.95 Club Pr., $28.50

REFERENCE DATA FOR ENGINEERS:
Radlo, Electronics, Computer,
and communications, Seventh
Ed. £dited by E.C. Jordan.

583619-X  Pub. Pr, $69.85 Club Pr, $49.85

THE LASER GUIDEBOOK. By J. Hecht
211/338 Pub. Pr., $52.95 Club Pr. $41.50

FOR FASTER SERVICE IN ENROLLING
cALL ToLL-FReE 1-800-2-MCGRAW

~ r——— MAIL THIS COUPON TODAY ———-1

Book Club®

B IMPORTANT INFORMATION... WE MAKE IT EASY TO GET!

In our rapidly changing world, those who pertorm best are those who are best
informed. Designed exclusively for the practicing engineer, the Electronics and
Caontrol Engineers’ Book Club provides vou with information that is relevant,
reliable, and specitic enough to meet vour needs. Each Club bulletin comes your
way 14-16 times a vear and ofters vou more than 30 books to choose from — the best

and neweslt books trom all publishers!
B DEPENDABLE SERVICE ... WE'RE HERE TO HELP!

simplv tell us your choice on the Reply Card and return it 1o us by the specified l
date. It you want the Main Selection, do nothing — it will be sent to you
automatically. (A small shipping and handling charge is added 10 each shipment.)

B CLUB CONVENIENCE...WE DO THE WORK!

Bevond the benefit ol timely information, Club membership ofters many other
benefits. For exanple, vou get a wide choice of books that cannot be matched by
any bookstore — anvwhere. And all your books are conveniently delivered right to
your door: You also get the luxury ot 10 full davs 1o decide whether you want the
Main Selection. if vou should ever receive a Main Selection vou don't want because

the Club bulletin came late, just return it for credit at our expense.
i SUBSTANTIAL SAVINGS...AND A BONUS PROGRAM TOO!

In keeping with our goal to provide vou with the best information at the greatest
possible savings, vou will enjov substantial discounts — up to 40% ! — on every book
vou buy. Plus, vou're automatically eligible for our Bonus Book Plan which allows

you savings up to 70% on a wide selection of books.

® EASY MEMBERSHIP TERMS . . . IT'S WORTHWHILE TO BELONG!

Your only obligation is to purchase one more bnok—at a handsome discount—
during the next 12 months, after which you enjoy the benefits of membership witlh
no further obligation. Either you or the Club mayv cancel membership anyvtime

thereafter.

PO. Box 582, Hightstown. NJ 08520-9959 I

Please enroll me as a member and send me the two
books indicated, plus the HANDBOOK OF ELEC-
TRONIC TABLES AND FORMULAS. | am lo receive one
book for just $2.89, the other at the discounted mem-
ber's price, plus local tax, shipping and handling
charges. | agree to purchase a minimum of one addi-
tional book during my first vear of membership as
outlined under the Club plan described in this ad. !
understand that a shipping and handling charge is
added to all shipments.

McGraw-Hill Book Clubs I
| Electronics and Control Engineers’

Your FREF Handhook

11

o - p o 583804-4
Whether you want information about a book or have a question about your ‘—;&(_——J
niembership, our qualified staft is here 10 help. Just call us toll-free orwrite 1o our

Customer Service. \We also make sure vou get only the books you want. Allyou do is

Write Code No.of the
8289 selection herc

write Code No. for the
First selection here

—

| ]

Signature

Name.

Address/Apt. #

City

State

This order subject to acceptance by MoeGrasv-Hill. All
prices subject to change without notice. Offer good
onlv 1o new members. Foreign member acceptance
subject to special conditions.

Zip l

E34005

——J
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‘ ‘ There is a way to get help when you
ere {/&Il I need it. The American Home Satellite
Association. An organization created
exclusively to protect and enhance your
for b 1 ‘? , , enjoviment of your satellite T\ system.
e p Take our toll free “Helpline! for example.

From locating satellite signals to locating
a reputable dealer, help is just a phone
call away. AHSA provides educational
videotapes and informative books, too. At
very special member prices.

Plus, 10 times a year, AHSA' official
newsletter, Sky Report, will bring you the
latest word on products, legislation,
programming, and more. Not to mention
reviews of new products and services. And
that’s not all AHSA has in store for you.

Programming shouldn't cost a fortune.
With AHSA’s group buying power,

you can save on premium services,

superstations and basic programming

services. Enjoy savings on accessories,

equipment, and programming guides, too.

You're not alone anymore!

With your voice behind us, AHSA is
promoting legislation to guarantee fair
access al reasonable prices. Addressing
zoning and piracy issues. I'ven sending
expert witnesses to Congression:i
hearings. Join other dish owners around
the nation, and becone a force to be
reckoned with.

LJ Rush my free information kit.

Name. L.

Address

City State Zip

U Sign me up right away and send
my complete membership kit.
[ Check enclosed for $36 (made out to AHSA)
Billmy OVISA 0O MasterCard

Card?” —
2xp. Date .
Authorized Signature
X ——
30-day Money Back Guarantee
% Return completed coupon to:
American Home
Satellite Association, Inc.
™ Suite 800, 500 108th Ave. NE,
. Bellevue, WA 98004-5560
American Home Or call Toll Free

Satellite Association  1-800-321-AHSA (2472).
CA




Since the dawn of civilization,
mankihc hcs been fascinated by
lightnirg. A~d it was that fascinaticn
with ligh-ing and electricity that has
brought cbout many of the high-tech
noveltv items—Ilike the Tesla Coil, Eye
of the Sto:r Jacob’s Ladder, and
the Van DeSraph Generator, for
example—that are showing up in the
market claze.

Similar =fiects can be produced
by the Lichting Bulb, which creates
a stunning cisplay, yet consiste of
little more t~an a modified clear

incandeszent lamp and a high-
(Continued cn next page)
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voltage power supply. The lamp is
modified by taping a piece of alumi-
num foil to the back half of its glass
envelope, forming a sort of make-shift
capacitor. The electrode inside the
lamp forms one plate of the capacitor,
the glass envelope of the lamp serves
as the dielectric, and the aluminum foil
is used as the second plate.

The aluminum foil, like the negative
plate of a polarized electrolytic ca-
pacitor, is grounded. A high voltage is
discharged into the lamp through its
inner electrode, ionizing the thin gas
that remains in the envelope, creating
a visual effect similar to an electrical
storm.

Circuit Description. The Lightning
Bulb circuit uses a quadrac (see Fig.
1)-—a device that combines a triac
and a diac trigger in a single pack-
age—to control the supplied current.
Figure 1A shows the schematic symbol
forthe quadrac, while Fig. 1B shows the
pinout for the unit used in our circuit.
Note that quadracs are becoming in-

MT2 Q4004LT

MT MT1 T
MT2

A B
Fig. 1. The Lightning Bulb circuit uses
a quadrac—a device that combines a
triac and a diac trigger in a single pack-
age—to control the input power source.
Shown in A is its schematic symbol for
the quadrac, while B is the pinout for
the unit used in our circuit.

creasingly more difficult to come by:; if
one can not be located, a discrete
diac/triac combination of equal or
higher rating can be used in its place.

Figure 2 shows a schematic di-
agram of the Lightning Buib circuit. The
heart of the circuit is a 12-volt auto-
motive ignition coil, T1, which is used to
deliver a high-voltage charge of suffi-
cient magnitude fo ionize the gases
within the glass envelope of lamp 1.

Power for the circuit is taken directly
from the AC line and applied through
a phase-shift network (consisting of
capacitor C1 and resistor R1) to the trig-
ger input (T) of quadrac TRI, causing it
to conduct.

With TR conducting, a short burst of
energy is applied via C2 to the primary
winding of T1. (Recall that when power
is first applied to a capacitor, the ca-
pacitor acts as a short, and then the
capacitor begins fo charge to the ap-
plied voltage.) That burst of energy
creates a magnetic field around the
primary winding of T, causing a high
voltage fo be induced inifs secondary.

When capacitor C2 begins to
charge to its highest level, the AC sig-
nal begins fo collapse. As the signal
collapses, the current needed to
maintain triac conduction dips below
the holding level (). the friac tums off,
and the second half of the AC signall
begins.

As the AC signal becomes more
negative, asignal is again applied to
the triac’s tfrigger input, causing it to
conduct. Triacs conduct during both
the positive and negative half cycles
of an AC waveform, and can be acti-
vated by either a positive or negative
trigger source. (For a better under-
standing of the operation of triacs and
other thyristor devices, see All About

. Tt /T O\ MT2

LI o
] 51 F1
3 TR1
02 gagoat 7
AC
IN 9
< R1 gz -~
2 390K
L2
10uH
| QlEUTRAL ey N
GROUND LEAD
FOIL I I
GLOBE G-40
NC T
12-VOLT
IGNITION
CoIL
Fig. 2. Here's the schematic diagram of the LightningBulb circuit.  VOLTAGE

Thyristors, which appeared in the
March and April 1988 issues of Hands-
on Electronics.)

With TR1 now conducting in the op-
posite direction, the charge on C2 is
bled off, via TR1, and a burst of energy
{of opposite polarity) is applied to the
primary winding of T, causing a volt-
age fo be induced in its secondary
winding. The high-voltage output
(about 20,000 volts) at the secondary
of T is applied to the lamp, 1, creating
an electrical storm-like effect,

The value of C2 must be limited to
between 2-2.5 pF to prevent damage
to ignition coil T. On the other hand, if
the value of C2 is too smalll, the display
will be somewhat insufficiently pro-
nounced. Inductors L1 and L2 were
added fo block any switching tran-
sients from entering the AC line.

Safety First. As shown in the sche-
matic diagram (Fig. 2), you'll be deal-
ing with a high-voltage transformerless
power source, Because of the possible
safety hazard associated with projects
of thistype, itis strongly recommended

PARTS LIST FOR THE
LIGHTNING BULB

U1—Q4004 4-amp. 400-volt quadrac, or
triac/diac combination (see text)

C1—0.02-pF metal-film capacitor

C2—2-pF 400-WVDC metallized
polyester or polycarbonate capacitor

Fl—3-amp 3AG fuse

11—G-400 clear incandescent lamp with
5-inch envelope

L1, L2—I0-pH hash choke

R1—390,000-ohm Y2-watt resistor

Sl—single-pole. single-throw toggle
switch

Tl—]2-volt automotive ignition coil

Pertboard materials or printed-circuit
board, plastic enclosure, 6-inch OD
plexiglass tube, 1%2-inch OD
plexiglass tube, high-voltage cable.
fuse holder, aluminum foil, electrical
tape, wire, solder, hardware, etc.

Note: The following components are
available from Edutronics. Inc., PO
Box 2904 Grand Central Station, New
York, NY 10163: A kit of parts.
containing the lamp, lamp socket,
etched and drilled printed-circuit
board, and all the necessary
components cxcept T1 (the ignition
coil) is available for $39.95, plus
$3.50 for shipping and handling;
high-output ignition coil for $12.00,
plus $2.50 S/H; black phenolic plastic
project box for $14.00, plus $2.50

S/H. New York State residents, add
8.25% sales tax. Please allow 6-8
weeks for delivery.



that you use an isolation transformer
when festing and troubleshooting the
circuit, For an extra margin of safety,
always be sure to discharge the ca-
pacitors before performing any work
on the circuit. A capacitor can store a
charge large enough fo melt a cop-
per penny.

Caution: In assembling the Lightning
Bulb, do not omit the protective plex-
iglass tube that covers the lamp. The
clear ¥%-inch thick plexigiass tube
helps to prevent an accidental shock.
The high voltage can penetrate the
glass and you could get a shock or
worse. The safety cover is an absolute
must.

Construction. Because of the
simplicity of the circuit, the author’s
profotype was built on a piece of pertf-
board (measuring about 3 x 4
inches), and the connection between
the components were made using
point-to-point wiring. Note that for
those who wish to use a printed-circuit
board, one is offered by the supplier
giveninthe Parts List. However, printed-
circuit board construction will not be
discussed in this article.

Assemble the circuit board using
Fig. 2 as a wiring guide, making the
inferconnections between the compo-
nents as the components are installed
on the board. Just about any 12-volt
automotive ignition coil should do for
M. The .02-pF capacitor specified for
Cican be replaced by two .01-pF units
connected in parallel, which is what
the author used in his prototype.

When the circuit-poard assembly is
complete, set it aside for a while and
begin modifying the lamp. The lamp
used in the author’s prototype is a 25-
watt designer’s bulb with a 5-inch
clear-glass envelope. Contrary to
common belief, the area within the en-
velope—particularly where larger en-
velopes are concerned—is not a tofal
vacuum. Some gas still remains within
the envelope even after the evacua-
tion process. Lamps having large en-
velopes produce a more impressive
display because of the higher con-
centration of gas (in comparison to
standard household lamps) within the
envelope.

Start the modification process by
placing black electrical tape on what
will be the back half of the lamp. Place
a layer of aluminum foil over the tape
and then add a second layer of tape
over the aluminum foil to hold it in
place. Starting from the outer edges of

FOIL

IGNITION

HV
caIL WIRE

LAMP

Fig. 3. A wire is connected from the ground

lead of Tl to the aluminum foil thar's been
placed on the glass envelope of the lamp.

lamp-and-socket assembly through
the tube, secure the lamp-and-socket
assembly to the tube with glue or ep-
oxy. (See Fig. 4.) Once the glue has
dried, re-enforce the assembly where
the lamp-and-socket assembly meets
the support column with one or two
wraps of tape .

The support-column assembly is
then secured to the project box with
glue, or is held in place with screws
and "L” brackets. The two leads from

LAMP

| _—— LAMP SOCKET EPOXIED TO PLASTIC TUBE
PLASTIC TUBE \

GLUE OR EPOXY PLASTIC TUBE
TO ENCLOSURE

~

™~ SOLDER TWO LUGS FROM SOCKET TO HV WIRE

[T—HIGH VOLTAGE WIRE

fan

[e—___ PLASTIC
ENCLOSURE

IGNITION COIL

Fig. 4. Mount the lamp-and-socket assembly 1o its support column, and then mount the entire

assembly on the project’s plastic enclosure.

the foil, apply the tape, working your
way inward toward the center. Leave a
smalll portion of the foil exposed so that
a wire can be aftached. The author
used aluminum solder fo the attach a
lead to the aluminum foil, but gluing or
taping should work. Once the wire is
attached, it should be connectedtothe
ground terminal of T as shown in Fig. 3.
Then cover the exposed aluminum and
the wire with tape.

The author used a regutar plug-in
lamp socket to connect the lamp to
the high-voltage output of TI. A high-
voltage cable is connected across the
two contacts of the lamp socket. The
type of lead wire used in TV sets to
bridge the high-voltage output of the
flyback transformerto the anode of the
CRT is ideal. Once the wires fo the
lamp are in place, mount the lamp
and socket fo their support column. It's
a good idea to devise some sort of
identification method for the leads;
that will cut down onthe confusion that
may arise during the final electrical-
assembly process.

The lamp-support column is a 5- to
o-inch length of plastic tubing with an
outside diameter (OD) of 12 inches.
After threading the wires. from the

1/4 INCH

6 tNCHES

Fig. 5. A 6-inch diameter lid is fashioned
from a piece of clear plexiglass. Quarter-
inch holes are then drilled into the lid

to help ventilate the lamp.

the lamp are then connected to the
circuit-board mounted components.
The “hot” side of Ti's secondary is
connected to the bridged lamp-sock-
et terminals (as shown in Fig. 4), and
the negative side is connected to the
lead coming from the aluminum plate
on the lamp. Feed a line cord through
the enclosure wall to the circuit board.
Connect one lead from the line cord
directly to the circuit board. The other
lead is then connected through St to
the circuit board.
(Continued on page 101)
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f E BY JOHN CLARKE

’il‘ M ost digital multimeters can
1 accurately measure resis-
! tance values down to only
——— T — : about five ohms. Below that value, you
1 quickly run into DMM- (digital multi-
et T meter) resolution problems and read-

, Hi & Lo H ings that are nonsense.

Let’s see what we mean by non-
sense. Normally, when measuring 0.1-
ohm on a 3%-digit multimeter, you
would have to switch fo the meters
lowest range (typically the 200-ohm
range). For most conventional DMMs,
the resolution specification is given as
+1 digit. In other words, if the display
reads 0.1 ohm, the actual value can
range from O to 0.3 ohm. That trans-
lates to an accuracy of +100%, which
is not too useful for most applications.

Similarly, if you measure a1-ohm re-
sistor on the 200-ohm range of a DMM,
the best you can expect is areading of
10 =1 digit; in other words, the best
accuracy is =10%. So meter resolution
drastically reduces the accuracy of
the measurement, even though most
DMM’s are accurate to within +1%
when measuring vaiues at the top of
their respective ranges.

But there are many situations where
accurate low-ohm resistance mea-
surements are necessary. Those in-
clude checking meter shunts, design-
ing loudspeaker crossover networks
and amplifier output stages, and ser-
vicing power supplies or any other cir-
cuitry where low-value resistors are
used.

The Low-Ohms Adapter* over-
comes the resolution limitations of con-
ventional digital multimeters. It plugs
straight into the terminals of your DMM
and can accurately measure resis-
tance values from 1000 ohms down to

) 0.01 ohm. The Low-Ohms Adapter has
o W [ ] - m S its limitations, however. Below 0.01
. ohm, errors due to contact resistance

in the test terminals and the ohmic re-

sistance of connecting wires start to
become significant. At the other end
of the scale, readings above 1000
ohms are inaccurate due to limitations
in the unit's constant-current source. In
any case, digital multimeters by them-
selves are more than adequate to

e ST 0.0/ oh ith this accurately measure resistance values
Accurately measire resistances down to 0.01 ohm with this — 555ve 100 ohms

0M

1008VD
75cvac 2009sF 2000k |

DISCHARGE - .
remariing fes _‘“ ’ 4 !‘ tn::’l‘:“l‘}hﬁ

T ~ - x10 x100
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low-cost plug-in adapter. “This story first appeared in Silicon Chip,
. . Australia (February 1988); reprinted with
You can use it with any common DMM . permission.
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All the circuitry for the Low-Ohms
Adapter is housed in a smail plastic
case. On the case’s front panel are two
multi-way binding-post terminals to
which the resistor to be measured (Ry)
is connected. There is also a rotary
four-position range switch (x1, x10, x100,
and x1000) and a pushbutton TEsT
switch,

Two banana plugs profrude per-
pendicularly from the rear of the case:
they are spaced to allow the Low-
Chms Adapter to plug into virtually
any service or lab-type digital muiti-
meter made. That spacing, by the
way, is precisely ¥a-inch between ba-
nana-plug centers.

The output from the Low-Ohms
Adapter is a voltage that is directly
proportional to the resistance being
measured. In practice, the unit is cali-
brated so that1 ohm gives an output of
1 millivolt times the range-switch set-
ting. For example, on the x1000
range, 1 ohm is equivalent to 1 mV X
1000 = 1volt. Onthe x10range,1ohm
is equivalent o 10'mV, and so on.

Inside the Circuit. The Low-Ohms
Adapter circuit (see Fig. 1) consists of a
5-volt regulator, a constant-current
source (D1, D2, and &), and on op-
amp gain stage (U).

Power for the circuit is provided by a
9-volt transistor-radio battery whose
output is regulated to +5 volis (DC) by
the 3-terminal regulator. That circuit
provides a stable power supply for the
constant current source and the op-
amp. The battery is connected 1o the
balance of the circuit only when test-
switch St is closed, so current is drawn
from the battery only while a measure-
ment is being made, prolonging bat-
tery life.

Diodes D1 and D2, transistor @1, and
1000-ohm resistor R1 make up the con-
stant-current source. Transistor Q1 is
connected in an emitter-follower con-
figuration. It reproduces the voltage
fed fo its base at its emitter, minus the
0.6-volt base-emitter voltage drop. Se-
ries diodes D1 and D2 keep the base of
& at aconstant1.2 volts below the + &-
volt DC supply line. That means that
the emitter of & is always 0.6 volt be-
low the +5-volt line. Resistor R1 sets the
current through both diodes D1 and D2
to 5 mA.

The resulting 0.6-volt DC across one
of the multi-tum frimmer potentiome-
fers, R2 or R3, as selected by switch
section S2-a, sets the current through
@ and the resistor undertest, Ry, When

< =

220pF 100K

= R4 R5 1:X1
:: 0092 10K 2:x10
$!
1% 1% 3:x 100
L 4% 1000

Fig. I. The circuit consists of a 5-volt DC regulator (U2). a constant-current source
(DI, D2, and Q1), and an op-amp voltage-gain stuge (Ul).

R2 is selected., the test current is1 mA:
when R3 is selected, the test current is
10 mA.

On the lower two ranges (x1 and
*10), the voltage across the resis-
tance undertest, Ry, is applied directly
to the DMM terminals via the banana
plugs. On the upper two ranges. the
cp-amp gain stage (W) is switched
info the circuit and the DMM measures
the voltage between the op-amp out-
put (pin 6) and the test resistor, Ry.

The chip, U, is connected as anon-
inverting op-amp stage with a fixed
gain of 1 + 10,000/100 = 101. Because
we want a gain of precisely 100, we
measure the voltage between the out-
put of the op-amp and the voltage
across Ry.

Therefore, when switch 52 is in posi-
tion 3 (x100), the current set by the
constant-current source is 1 mA: the
multiplying factor for Ry is x100. When
S2is in position 4 ( x 1000), the current is
10 mA and the multiplying factor is 100
x 10 = 1000.

Mulfi-fum trimmer-potentiometer R6
adjusts the offset of the op-amp so
that, withno voltage across Ry (ie, with
the measurement terminais short cir-
cuited), the output is zero.

Construction Considerations. As-
sembly of the Low-Ohms Adapter is
fairly simple. Most of the parts, includ-
ing rotary-switch 52, are mounted on a
small (23%- x 3¥%-inch) prinfed-circuit

board. The board is small enough to fit
into a plastic project box, preferably
one with aplastic lid. A little of epoxy or
RTV cement can be usedto secure the
board inside the box.

Of course, printed-circuit con-
struction is not absolutely necessary.
You could place the circuit parts on a
perfboard and use point-to-point wir-
ing. for instance. However, for the pur-
poses of the discussion that follows, we
will assume that you will go the printed-
circuit route.

The printed-circuit board can be
made in an evening. Copy the foil pat-
tern from the same-size diagramin Fig.
2. A word of caution: The rotary range
switch, S2, that you obtain may differ
slightly from that used in the prototype.
If so you will need to modify that part of
the pattem. That can be done using
etch-resist ink or rub-on pattems.
Check the switch and foil-pattern
layout and make cny required modi-
fications before you proceed.

Heat up the Iron. Begin construction
by installing all the parts on the
printed-circuit board, using Fig. 3 as a
guide. Make sure that you don‘t con-
fuse the fransistor and the low-power 3-
terminal regulator as they are housed
in similar-type dark-plastic packages.
Check the orienfation of U before sol-
dering it to the board. The notched
end, adjacent to pin 1, goes towards
the center of the board.

6861 AHvNHE3d

w
~



POPULAR ELECTRONICS/HANDS-ON ELECTRONICS

w
©

PARTS LIST
FOR LOW-OHMS ADAPTER

SEMICONDUCTORS
D1, D2—IN4148 or IN914 silicon diode
Q1—2N5401, ECG-158, TCG-159,
SK3118, or equivalent PNP transistor
UIl—CA3130 op-amp. integrated circuit
U2—78LOS low-power 5-volt regulator

RESISTORS

R1—I1000-ohm, Ys-watt. 5%

R2—1000-ohm, multi-turn, trimmer
potentiometer

R3—100-ohm, multi-turn, trimmer
potentiometer

R4—100-ohm, Ya-watt, 1%

R5—10,000-ohm, Ys-watt, 1%

R6—100,000-ohm, multi-turn, trimmer
potentiometer

CAPACITORS
- C1—220-pF, 16-WVDC, polystyrene-
'8
|
dn
5

Fig. 2. If you are going to use a printed-circuit hourd for the Low-Ohms Adapter. as
recommended, here is an appropriate full-size foil pattern.

1 capacitor
C2—1-pFE 16-WVDC electrolytic, PC
L mount
C3—4.7-pE 16-WVDC, electrolytic.
1 PC mount

ADDITIONAL PARTS AND MATERIALS
B1—9-volt DC transistor-radio battery

l
c
P 8
’ \ oy F«% # (Eveready 215 or equivalent)
ol ¢ N S1—Moment ushbutton switch,
8% ?‘ £ | 2 | Ve o2l o1 normally oz;znp
i i ‘ X i $2-—3-pole. 4-position rotary switch
-_— @ Printed-circuit board materials; 5%- X
0 i 2%- X 1¥%-in. or larger plastic case
B3 + and cover; (2) multi-way binding
| I = posts; (2) bannana plugs: 9-volt
5 battery clip; knob for S2; hookup
’ wire; solder; tinned copper wire (for
&vnc com Jjumpers); hardware; plastic foam;
ey cement; efc.
10
DMM

Carefully check the orientation of
the diodes, electrolytic capacitors,
transistor, and 3-terminal regulator be-
fore soldering them to the printed-cir-
cuit board. Trim the switch shaft to @
length of ¥-inch before soldering ro-
tary-switch S2 directly fo the printed-
100 circuit board. Don't forget to mount
x10 X10 and solder the two wire jumpers on the

- X1 \ / X 1000 board.
I \ / Next, make the case for the project.

Figure 4 shows a suggested layout for
Rx o) (o) the front panel and can be used as a
L full-size template. Begin by applying
(o] _ the identifying labels for the range (52)
1£2=1mV X RANGE TEST |  and test (1) switches, and for fhe ro-
sistor-under-test (R, ) binding posts; use
dry-transfer (rub-on) lettering for that.
Drill the mounting holes for those com-
ponents and ream them to size. Finish
up the front panel by mounting the

Fig. 3. Mount the components on the printed-circuit board using this parts-placement
guide. Trim the shaft of switch S2 10 a length of 3/8-in. betore soldering it to the
board, and don’t forget the two wire jumpers on the board.

LOW OHMS ADAPTER

Fig. 4. This front-panel artwork can be used as « drilling template for the fronr panel switches and binding posts and wiring
provided the printed-circuit bourd and cabinet are of the sizes specified. If not, a them to the circuit board.
little more lavour designing will be required on your part. (Continued on page 98)



Here are

your free
FactCards!

Introducing Popular Elec-
tronics® FactCards.

g7 MWl . FactCard 4042: Quad Clocked D Latch

GENERAL DESCRIPTION

The CD4042BM/CD4042BC quad clocked “D" latch is a
monolithic complementary MOS (CMOS) integrated circuit
constructed with P- and N-channel enhancement mode
transistors. The outputs Q and Q either latch or follow the
data input depending on the clock level which is pro-
grammed by the polarity input. For polarity =0; the informa-
tion present at the data input is transferred to Q and Qduring
0 clock level; and for polarity =1, the transfer occurs
(positive for polarity =0 and negtive for polarity =1), the
information present at the input during the clock transition is
retained at the outputs until an opposite clock transition
oceurs.

ABSOLUTE MAXIMUM RATINGS
Voo Supply Voltage

VN Input Voitage

T Storage Temperature Range

—0.5V 1o +18V
~0.5V 10 Vpp +0.5V
~65°C to +150°C

: PoriPackage Dissipation 500 mW
Each issue, Popular T, Lead Temperature (Soldering, 10 seconds) 260°C
® .
Electronics® will present 3 RECOMMENDED OPERATING CONDITIONS
new FactCards, each deal- M S e N 16 Vo
i q . V]
ing with one of a variety of TIA::ODpperatig Tomperature Range o DCD
. . 4042 -65°C to +125°
electronics topics. Some CD4042BC —40°C to +85°C

will deal with electronics
basics, some will deal with
discrete components, some
will deal with IC's, and
some will deal with circuits

f———————————-—-_—_—_——_.__-_—_._._..'_..-—_-ﬂ—a——-.-w

a8 Egpf'l”-mm FactCard Application Circuits

1
3
[}
1
[}
!
and applications. 1 ECI
L . PROGRAMMABLE-FREQUENCY ASTABLE CIRCUIT BASIC SQUARE-WAVE ASTABLE CIRCUIT
_ Al will contain the type of ; 1
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| - 64-Stage Static
4031. Shift Register

GENERAL DESCRIPTION

The CD4031BM/CD4031BC is an integrated, complemen-
tary MOS (CMOS), 64-stage, fully static shift register. Two
data inputs, DATA IN and RECIRCULATE IN, and a MODE
CONTROL input are provided. Data atthe DATAin'gut (when
MODE CONTROL is low) or data at the RECIRCULATE
input (when MODE CONTROL is high), whichmeets the
setup and hold time requirements, is entered into the first
stage of the register and is shifted one stage at each positive
transistion of the CLOCK.

FEATURES

ABSOLUTE MAXIMUM RATINGS

3.0V to 15V

| 0.45Vp (typ.)
fan out of 2 drivng 74L
or 1 driving 72LS

| Wide supply voltage range

& High noise immunity

= Low power TTL
compatibility

-0.5Vto +18V
—0.5V to Vpp +0.5V
—-65°C to +150°C

Voo Supply Voltage
VN Input VOItage
Tg Storage Temperature Range

Pp Package Dissipation 500 mW f ;

T. Lead Temperature (Soldering, 10 seconds) 260°C ® Fully static operation " 0_0133\/8’:’%2)
. DD — -

RECOMMENDED OPERATING CONDITIONS ® Fuily buffered clock input 5pF (typ.)

Input capacitance
Voo Supp\l}/ Voltage +3Vto +15V @ Single phase clockin? requirements ) )
Vin Input oltz%ge 0V to Vpp m Delayed clock output for reduced clock drive requirements
o T Operating Temperature Range u Fully buffered outputs
CD4031 B?A —55°Cto +125°C m High current sinking capability 1.6mA
CD45031BC —40°C to +85°C Q output @Vpp =5V and 25°C
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STATIC ELECTRICAL CHARACTERISTICS
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BY SAM ALLEN

field phone is a handy way to
Acommunico're between tents

at a scout camp, on a con-
struction site, or anywhere else where a
portable communications system' is
needed. Military field phones have
been used in such applications for
years, but standard field phones—
which use a magneto ringing system—
are getting hard to find.

Furthermore, a standard field-
phone set up requires that a crank be
tumed fo generate a voltage, which
then causes all phones that are con-
nected in the line to ring. That means
that a field phone is unsuitable for any
application where selective signaling
is required. An intercom would allow
selective signaling, but intercoms are
unsuitable where long wire runs are re-
qQuired.

However, by combining a standard
tone phone with a DTMF (dual-fone
multi-frequency) decoder, the DIMF
Field Phone described in this article
overcomes both of those problems.
Each station consists of a standard
fone phone, which generates the en-
coded signal that’s decoded by the
other stations, and a DTMF decoder
that's wired to respond to a particular
number from 0-9, plus asterisk {*) and
pound (#). The system also has one
master station that contains the power
source.

The system can have up to 10 sta-
tions, each responding only to its own
call number. If more stations are
needed, some call numbers can be
duplicated; in which case, all stations
with like numbers would ring simutta-
neously.

For special situations, emergencies
for example, all decoders in the sys-
tem can be wired to respond to the
asterisk key (*). Or the pound key {#)
can be used to signal a selected
group of stations, Call-only stations—
phones with no decoder—can also be
added.

System Configuration. Figure 1
shows a block diagram of the DTMF
Field Phone system. The system is
powered by a 6-volt battery (located

Build a DT WP
Field
Telephone

This svstem provides

communications where
telephone lines don’t go
and intercoms are
impractical.
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Fig. 1. Here is a block diagram of the field phone svstem, which is powered by a single

batterv that is located at the master station.

in the master station). in operation, the
baftery appears as a dead short to
audio frequencies. Because of that, a
choke is used to isolate the power
source from the audio signal. Without
the choke, the audio signal would not
be audible at any of the other stations.
In this project, an easy-to-find 24-volt
fransformer is used for the choke (L2).

The DTMF Field Phone takes advan-
tage of the encoding circuits within the
standard tone phone. For each key
pressed on the tone phone, atone pair
is generated (see Fig. 2). A tone pair
consists of atone from alow frequency
group and another from a high fre-
quency group. The low frequencies
represent the rows while the high fre-
quencies represent the columns.

The fone pair generated by the tone
ohone is fed down the line and picked
up by the other stations. Each stationin
the system is assigned one of the stan-
dard fone pairs. The DTMF decoder
located at each station decodes the
signal and activates a buzzer when its
assigned fone pair is detected. While
all other tone pairs are not exactly ig-
nored (all tone pairs are decoded),

1336 Hz

only the outputs that are connected to
the buzzer produce an audio signal.
The advantage of using a separate
decoder for each station is that the
station can be located anywhere on
the line and still respond only to its as-
signed number.

Figure 3 shows a functional block
diagram of the SSI-202 tone de-
coder—the heart of the DTMF Field
Phone. The SSI-202 contains a pre-
processor (consisting of a 60-Hz reject
circuit and a preamp), band-split fil-
fers, zero-crossing detectors, band-
pass filters, amplitude detectors, atim-
ing circuit, a flip-flop, a clock gener-
ator, a power regulator, a voltage
reference, an output decoder, and an
output register.

Circuit Operation. Figure 4 shows the
schematic diagram of the DTMF Field
Phone's decoder circuit. Power for the
circuit is taken from the line. A metal-
oxide varistor, MOV1, provides transient
suppression fo prevent damage fo the
IC’s. (Long wire runs are prone to induc-
ed voltage spikes during electrical
storms.)

DTMF DIALING MATRIX

coL2 COL3
1633 Hz

1477 Hz

(C1+ R2)

COLO coL1
1209 Hz
ROWO
697 Hz
- BHE
ROW1 ; '
770 Hz " 4 .,
| (80~ 2y
ROW 2 k-~ S ¥
852 Hz 3 7
{CO+R2) |
ROW 3 *
941 Hz
LED&RG)

 {C1+RY)

Fig. 2. This is the standard kevpad lavout for a DTMIE phone. Low frequencies are assigned

1o rows and high frequencies are assigned 1o columns.

The input of W is coupled through C1
to the line (which also carries power for
the circuit). Diode D1 provides some
measure of protectionto the IC’s in the
event that the circuit is wired inta the
line with its polarity reversed.

Choke U1 and capacitor C3 isolate
the integrated circuits from the audio
signal, while passing the DC compo-
nent of the available signal to power
the IC’s. The color-burst crystal (XTALY),
connected across pins 11 and 12 of U,
provides a frequency reference for H's
infernal clock generator.

~

~

This is the completed circuit board show-
ing the parts luyout.

Signals input to decoder W are first
routed to the preprocessor, which re-
moves extraneous noise, and are then
fed to the band-split filters, where they
are separated into two distinct tones.
The tones are then identified by a
band-pass filter.

From there, the two signals are input
to both the timing and decoding cir-
cuifs. The decoder circuits, in tum, out-
put the 4-bitrepresentation of that fone
pair. Affer processing by W, the 4-bit
tone-pair information is input fo U2 (a
4- to 16-line decoder). Transistor &1,
acting as aninverter, enables U2 when
a valid tone pair is detected. When a
number is decoded, one of the 16 out-
puts of U2 goes high.

A piezo buzzer, BZ1, (see Fig. 5A) is
connected to the assigned number
output of U2 and the other end of the
buzzer is connected to the circuit
ground. (The buzzer can also be con-
nected to the * output on all stations so
that pressing * key signals all stations
at once. Selected stations can be
wired 1o respond to the # key.)

s B e o =
The DTMF Field Phone can provide reliable
conununication in remote locations.
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Fig. 3. This is a functional block diagram of the SS1-202 DTMF (dual-tone mudti-freqiency)

decoder, which is the heart of the DTMF Field Phone circuit.
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Fig. 4. The DTMF tone decoder (Ul), which feeds a 4-bit signal to U2 (a 4- 10 16-line decoder).

When multiple outputs (the assigned
number, *, and #, for example) are
connected to the buzzer, diodes (D2,
D3, and D4 in Fig. 5A) are used to
isolate the outputs from each other.
When only one output is used, no di-
ode is necessary. All unused outputs
are routed to ground through R4 or RS
(seeFig. 5B), depending on which side
of U2 that output is located.

OO0 @ P H o+ O WOo ~ O S WA —
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Construction. Begin construction by
making as many decoder circuits as
needed for the system. Here’s where
printed-circuit construction really pays
off. Since you will be building several
decoders, you can mass produce the
boards using one of the many photo-
etching techniques. Figure 6 is the
printed-circuit artwork used by the au-
thor to produce his prototype.

The- circuit board is designed to be
easily adaptable to any available
output: Simply cut the appropriate
trace on the printed-circuit board.

Notz that in Fig. 7, the parts place-
ment diagram, diodes D2, D3, and D4
are shown installed, although they are
only necessary for multiple output con-
figurations. To configure the decoder
circuit for a particular output, cut the
trace so that it is separated from R4 or
R5, while making sure that the diode is
not cut off from the rest of the circuit.

For instance, Fig. 7 shows a multiple
output configuration, using outputs *,
#, and 8. To configure a station to re-
spond to those signals, cut the traces
at a point below the lower diode/
jumpsar mounting holes (where the
heavy bus meets the traces coming off
U2) for those outputs.

The desired output can be set by
severing the trace once the pattem is
transferred to the board but prior to
being dipped into the etching solution
or by simply scraping away the cop-
per trace after the board has been
etched.

Also note that if your decoder board
is to respond to outputs 1, 2, 3. 4, 5, 6,
and 7 at pins 9,10, 8, 7, 6. 5, and 4
(respectively) of U2, it will be neces-
sary to connect a diode or a jumper
wire from the chosen output to the
buzzer connection pads near the

6861 AHVNHE34
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An a;Ilémlkl-di.;'t"hurg4 it h;’lp.\' 10 protect
against equipment damage caused by induced
voltage during lighining storms. Bur don’t
rely on it to protect against a direct
lighming strike. And never ever use
the system during electrical storms.

02*
T0 1N40D1
STATION O—Pt——
NUMBER
03* BZ1
1N4001
0 * O—-H—d
PIEZO =
04* BUZZER
1N4001
T0# o—pp—
*0PTIONAL
(SEE TEXT)
A
oW~
T0 UNUSED ?gK
OUTPUTS
e, AV‘VAV
RS 1L
10K =

B
Fig. 5. If more than one output is to be
used. diodes (as shown in A) should be
connected between the chosen outputs and
the buzzer. Unused owputs are routed 10
eround (us shown in B) through resistors
R4 und RS.

lower lefthand corner of the board,
where the cathodes of diodes D2-D5S
are shown connected.

After you have etched, drilled, and
configured the boards, mount the
components as shown in Fig. 7. Begin
with the IC sockets—but do not install
the IC’s at this point. The IC sockets can
serve as a reference from which the
locations of the support components
can easily be found. When installing
the components watch the polarity of
the diodes and of the polarized ca-
pacitors.

Install a jumper between pin 24 of U2
and the positive-supply bus. Then in-
stall L1, which is really the 1000-ohm

winding of an audio-output or imped-
ance-matching fransformer; the other
winding is not used. Dirill holes in the
board to accommodate the trans-
former's metal tabs. Mount L1 on the
board and solder the tabs of that frans-
former in place.

If the unit is to respond to a single
tone pair, install a jumper between the
desired output and the positive (+)
ferminal of the piezo buzzer. When
more than one output is used, isolate
the outputs from each other with di-
odes. That's the function of diodes D2,
D3, and D4 in the layout diagram., If
other outputs are chosen—1 (pin 9), 2
(pin 10), and 3 (pin 8), for example—it
will be necessary to connect diodes
between their respective pins to the
pads where the cathodes of diodes
D2, D3, and D4 are connected in the
layout. )
PARTS LIST FOR THE
DTMF FIELD PHONE

SEMICONDUCTORS

U1—S8S1-202 DTMF decoder (Radio
Shack 276-1303 or similar). integrated
circuit

U2—4514B 4-to-16 line decoder.
integrated circuit

QI—2N3904 general-purpose NPN
silicon transistor

D1-D4—IN4001 I-amp, 50-PIV rectifier
diode (D2-D3 optional. see text)

RESISTORS

(All resistors are Ya-watt. 5% units
unless otherwise noted.)

R1—I0-megohm

R2—2200-ohm

R3--56.000-ohm

R4. R5—10,000-0hm

CAPACITORS

Cl—0.01-uF, ceramic disc
C2—0.1-pF. ceramic disc
C3—15-uF 16-WVDC. electrolytic

ADDITIONAL PARTS AND MATERIALS
LI—1000-ohm audio output transformer
(Radio Shack 273-1380 or similar)

L2—24-volt step-down power
transformer

XTAL1-3.579545-MHz TV color-burst
crystal

MOVI—ERZCI14DK201U metal-oxide
varistor (Radio Shack 276-570 or
similar)

BZ1—3-20-volt DC, PC-mount. piezo
clectric buzzer

Printed-circuit or pertboard materials.
DTMEF tone phone (IC type). modular
Jack, power supply or batteries and
battery holder. IC sockets. plastic
project box (4 X 2%e X Yis inches).
canvas pouch or plastic tool box,
binding posts. enclosure, hook-up
wire, solder. hardware, ctc.

Once the decoder board is as-
sembled, mount the board in @
weatherproof plastic box. The printed-
circuit board is sized fo fit the box
specified in the Parts List. Grind down
the standoffs inside the box to a level
that allows for the board and the
mounted components. In that way, the
board can be placed on the standoffs
and the original lid will still fit. Drill a
hole in line with the hole in the buzzer to
let the sound out.

Mount two binding post (red for the
positive lead and black for the nega-
five one) to the outside of the de-
coder’s housing. Connect leads from
the decoder board to the binding post
using the solder lugs provided. Clip the
modular plug from the tone phone's
line cord and strip the outer insulation
to expose about two to three inches of
the color-coded inner wires. Strip
about an inch of the color-coded in-
sulation from the red and green leads.
Connect the green wire coming from
the tone phone to the positive binding
post, and the red to the negative bind-
ing post. Whenthe circuit board is con-
nected to the binding posts, you can
bufton up the case.

The tone phone selected for use in
this project should be of the more
modern variety, which contain inte-
grated circuitry. The older (early] mod-
els are not suitable for this project
because of their heavy power require-
ments. In fact, you might consider pur-
chasing one of the inexpensive tone
phones (selling for from $10-20) that
now flood the market. Those are ideal
for this project.

Carrying Case. To make the DTMF
Field Phone easy to carry, some type of
case is needed. One type of carrying
case isacanvas pouch like those used
for the traditional Gl-type field phone.
The other is a plastic ool box, which
makes a very weather-resistant en-
closure. If you prefer the canvas
pouch, check your area sporting-
goods stores; you may be able to find
a ready-made pouch that will work
very well.

To accommodate the batteries, the
master station requires a somewhat
larger case than do the other stations.
Usually you will only need one battery
station unless youhave avery long line.
The exact size of the case will depend
on the size of the fone phone selected
for the project.

If a canvas pouch is used to house
the Field Phone, make a plywood box
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Fig. 6. Here is a full-scale template of the DIMF Field Phone’s printed circuit board.

(SEE TEXT)
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Fig. 7. Here is the parts-placement diagram for the DTMF Field Phone’s decoder circuit.
Cut the appropriate traces for the number to which the station is 10 respond. As for the
unused outputs. the traces should be left as they are.
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This inexpensive plastic tool box mukes
an ideal enclosure for the Field Phone.

of appropriate size to fit snugly inside
the canvas pouch and mount the
phone, the decoder, the battery, and
the trarsformer in the box.

If a prastic tool box is used to house
the unit, no modification to the box is
needed. All that you need to do is to
mount the battery, tfransformer, de-

coder, and phone in the box as shown
in the photos.

Using the System. Practically any
type of two-conductor wire can be
used to connect the stations. Look for
some large spools of surplus wire. Just
run the system wire along the ground
from one station location o the other,
and connect the system wires o the
binding posts. When connecting the
Field Phone fo the line, run wires from
the binding post mounted on the de-
coder’s case to the system line.

Diode Dt will make the decoder in-
operative if the circuit is connected to
the line with ifs polarity reversed. So if
the Field Phone doesn't work, simply
reverse the wires that connect the cir-
cuit to the line. At the master station,
connect the negative lead from the
battery fo the negative binding post.

Connect the positive lead from the
battery to one end of the 24-volt wind-
ing of L2. The other end of L2 should be
connected to the positive binding
post. Use tape to insulate the remain-
ing leads of the transformer; they are
not used.

When the wire run is very long, installl
an antenna-discharge unit near each
station. (Such units are available from
Radio Shack and other electronics
component suppliers.) The discharge
units—which are normally used with
300-ohm antenna wire-—help to pro-
tect the circuit against induced voli-
age spikes that may occur during
electrical storms.

Connect the discharge unit to a
good ground; usually that means driv-
ing a grounding rod into the earth.
Even with the discharge units installed,
a direct lightning strike would be haz-
ardous; so under no circumstance
should the Field Phone be used during
an electrical storm.

Once you've wired up all the sta-
fions, you can test the system. You
should be able to call any station by
lifting the receiver and pressing the
appropriate button. The buzzer at the
selected station should sound for as
long as you hold the button. When
someone lifts the receiver af the called
station, you can talk as you would over
a normal telephone system.

Battery life depends on the number
of stations in the system, since the de-
coders stay on all of the time. The cur-
rent draw of each one is small, but they
add up. You can increase the life by
using a 6-volt lantern battery. You can
also strefch the battery life by discon-
necting the baftery when the system is
not expected to be in use for a long
period.

If each station is equipped with a
battery- and a coil, you can install an
on/off switch between the battery and
the line. To call, switch on the battery at
the calling station. Doing that powers
up all of the decoders connected to
the line. When the call is finished,
switch off the battery. Using such an
arrangement, the batteries are only
under load during a calt, so they'll last
longer.

Battery operation makes the system
useful in remote areas; but if there is
117-volt power available near one of
the stations, you could build a 6-volt
power supply to eliminate the bat-
teries. The supply would need fo be
well filtered to eliminate any AC line
hum. |

6861 AHYNH934

E=Y
[4;]



OPULAR ELECTRONICS/HANDS-ON ELECTRONICS

& p

o

Extend the upper frequency range of the human
ear with this high frequency superheterodyne receiver

cientific advancements can be
Sgreoﬂy enhanced when man’s

senses are extended beyond
their normal range. Modern tech-
nology has provided us with the star-
light scope, allowing us to see in
almost total darkness; telescopes and
microscopes with titanic magnifica-
fion capabilities to view the near invisi-
ble; audio amplifiers of every descrip-
tion to tweak the ear’s sensitivity fo
minuscule sound levels; and numerous
other high-tech aids to extend the
scope and sensitivity of our two major
senses.

But if you want to explore the fas-
cinating world of ultrasonic sound,
you're going fo find very little, if any-
thing, on the proverbial "goodie shelf”
to use. Motion detectors, range finders,
remote-control units, and cleaners
make up the majority of equipment
that's available in today’s market. So if
you want to explore new frontiers, you'll
have to do what the electronic hob-
byist does best—build the equipment
yourself,

To listen to sound that's above our
normal hearing range requires a spe-
cial type of audio-frequency convert-
er, like the one found in the Ulfrasonic
Receiver. If the time-proven super-
heterodyne design is applied fo the
ultrasonic-detection problem, a highly
successful receiver is possible.

Generally, the most difficult problem
in building a good Uttrasonic Receiver

BY CHARLES D. RAKES

is not in the circuit design itself, but
hinges on the limited bandwidth of
most available pickup transducers.
But thanks 1o the number of piezo
tweeters that are now available, se-
lecting a suitable broadband pickup
fransducer is a breeze. in fact, after
testing a number of the piezo speak-
ers, the majority proved to be very
broadband and super sensitive to low
sound levels.

How it Works. Refer to the schematic
diagram shown in Fig. 1. The piezo
speaker, MIC1, picks up the incoming
ultrasonic signal and feeds it 1o the
base of Q. The two-transistor booster
amplifier (consisting of A and Q2)
raises the signal to a level that’s suffi-
cient to drive one input of a most-un-
usual mixer circuit.

Integrated circuit U2 (a quad bilat-
eral switch) functions as an extremely
clean balanced-mixer circuit for the
superheterodyne receiver. Integrated
circuit W-a (2 of a dual <p-amp] is
connected in a variable-frequency
squarewave-oscillator circuit. Resistors
R5, R6, and capacitor C4 determine
the frequency and tuning range of the
oscillator.

The oscillator’s squarewave oufput is

fed along two paths. In one path, the

output of W-a is input to pins 12 and 13

of U2. Inthe other path, the signal is fed
to the base of Q3, which is configured
as an inverter. The inverter outputs a
signal that's 180° out of phase with the
input signal. The inverted output of Q3
is then fed to U2 at pins 5 and 6. There
the two input signals (the ulfrasonic in-
put from MIC1 and the oscillator out-
put) are mixed.

The mixing of the ultrasonic input
and the squarewave signal produces
an audible product that’s fed to the
input of a differential amplifier, U1-b
(the second half of the dual op-amp).
which has a voltage gain of 2. The
output of W-b at pin 7 is filtered by R19
and C9 to remove the high frequency
content of the mixed signal.

Since only the difference frequency
is important, the sum frequency (the
incoming ultrasonic signal added to
the oscillator frequency), which is too
high for the human ear to hear, is re-
moved by R19 and C? to give a clean
output signal to feed power-amplifier
U3. Resistor R21 functions as the circuit’s
volume control.

Putting it Together. Aslong as aneat
wiring approach is taken just about
any construction scheme will suffice,
but for a compact and portable re-
ceiver, a PC board would be the best
way to go. A full-scale template of the
Ultrasonic Receiver’s printed-circuit
board is shown in Fig. 2.

The receiver is housed in a 4-inch
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Fig. 1. Here's the schematic diagram of the Ultrasonic Receiver.
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The Ultrasonic Receiver’s printed-circuit hoard is mounted 1o an L™ bracker, and the
bracket is then mounted on the shaft of R21 which, when mounted to the end-cap that

serves as the front panel of the project, holds the printed-circuit board in place.

diameter 6-inch length of PVC sewer
tubing, with two PVC end caps to
complete the enclosure, The 3%-inch
piezo tweeter (MIC1) is mounted in the
center of one end with phone jack (1),

100K

AAA

Yvy

tuning potentiometer (R6), and the vol-
ume control (R21) with off/on switch on
the cpposite end.

If you've opted fo go the printed-
circuit route, install the parts on the

board using Fig. 3 as a guide. Take
care in placing all of the components
and wire jumpers in their correct loca-
tion, and check the polarity of the
electrolytic capacitors. Double check
all transistor and IC positions before
soldering them in place. if a per-
fooard, or other non printed-circuit
method is taken, use IC sockets and
keep all of the interconnecting leads
as short as possible.

Mounting the 3%-inch piezo tweeter
in the center of the PVC end cap is
easily accomplished by locating the
center of the end cap and scribing a
2%-inch circle around the center
mark.

Drill as many Ys-inch holes around
the 2%-inch circle as you can without
overlapping, and use a small saw or
knife to finishing cutting out the inner
circle of material. Locate the tweeter
on the end cap, mark and drill the four
hcles, and mount the speaker in place
using 6-32 hardware.

The circuit board is mounted to the
front cap with a small metal "L

Py
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Fig. 2. For those who've opted 10 go the printed-circuit route, here is a full-scale tem-
plate for the Ultrasonic Receiver's printed-circuit board.
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Fig. 3. Use this printed-circuit layout as a guide when installing the components

on the printed-circuit board.
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Fig. 4. Shown here are the construction
detuils of the small metal "L bracket
that'’s used to hold the Receiver's c¢ir-
cuit board in place.

bracket that's held in place by way of
R6, the tuning potentiometer. Figure 4
shows how to fabricate the "L” bracket.
The battery holder is mounted fo the
back side of the circuit board’s mount-
ing screw with a Ya-inch spacer be-
tween the board and holder.

Check Out and Use. Power up the
circuit, set the volume and tuning con-
frols to a center position and, with
headphones in place, rub your fingers
together in front of the piezo pickup. If
all is working, you should hear a sand-
paper-like sound. Fill your hand with a
few small metal screws, nuts, and
washers and shake them around in
front of the pickup. It should sound
something like a Chinese New Year
celebration. While running those tests
rotate the tuning potentiometer and
you should get an ear full of unusual
sound effects.

The oscillator’s tuning range should
fall between 15 kHz and 35 kHz. That
allows sound to be heard within a
range of less than 15 kHz to near 40 kHz.
The low-frequency end may seem too
low, but a number of people, for one
reason or another, cannot hear sounds
much higher than 10to 12 kHz. Also that
extended low-end feature can be

PARTS LIST FOR THE
ULTRASONIC RECEIVER

SEMICONDUCTORS

U1—TLO82CP or MC34002P dual
JFET-input op-amp

U2—4066 Quad bilateral switch
intcgrated circuit

U3—LM386 Audio power amp
integrated circuit

Q1-Q3—2N3904 NPN general-purpose
transistor or similar device

RESISTORS

(All resistors are Ya-watt. 5% units
unless otherwise noted.)

RI. R2. R9. R!1, R13—2200-ohm

R3. R4, R7, R8, R14, R20—10.000-
ohm

R5—15.000-ohm

R6—25,000-ohm potentiometer

R10, R12—220,000-0ohm

R1S. R18—100,000-0hm

R16, R17—47,000-ohm

R19—1000-chm

R21—5000-ohm potentiometer with
on/off switch

R22—10-0hm

CAPACITORS

Cl, C3—47-uF, 16-WVDC electrolytic
C2—220-p.F. 16-WVDC electrolytic
C4—680-pF ceramic disc

C5, C10, C11—0.1-wF ceramic disc
C6, C7—.018-wF mylar or similar
C8, C9-—.068-w.F mylar or similar

ADDITIONAL PARTS AND MATERIALS

B1—9-volt transistor radio battery.

J1—Vs-inch phone jack

MIC1—3%-inch piezo tweeter (Radio
Shack 40-1382, or similar piczo
transducer)

Si—See text (part of R2I)

Printed circuit or perfboard materials,
enclosure (see text), IC sockets,
knobs, battery and battery holder,
wire, solder, “L” bracket (see text),
hardware. etc.

Note: A complete kit of parts (excluding
the piezo speaker and small L.
bracket) is available for $34.95
postage paid from Krystal Kits, PO
Box 445, Bentonville, AK 72712.
Please allow 6 to 8 weeks for delivery.

useful in medium-frequency, low-level
sound experiments.

Exploring the Ultrasonic World. If
you're an outdoor person, there's plen-
ty of tiny crawling creatures out there
that produce a wide range of ulira-
sonic sounds. Also many mechanical
moving objects, such as engines, of-
fice equipment, etc., emit a wide
range of sound and noise that can fall
within the funing range of the receiver.
Take adog whistle andtuneinto see
{(Continued on page 103)
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Full Deck

YAMAHA STEREO TWIN CAS-
SETTE DECK (KX-W900U). Man-
ufactured by: Yamaha Electronics
Corp., U.S.A., 6660 Orangethorpe
Ave., Buena Park, CA 90620. Price:
$699.

Five years into the compact-disc era,
and a few decades down the micro-groove
long-play record road, what’s the domi-
nant medium for recorded music? Con-
sumers have placed the audio-cassette tape
at the top of that particular heap. The ex-
plosion in the use of personal stereos and
boom boxes is just one indication of the
1ape cassette’s reign. About a year ago,
pre-recorded tapes moved past LP’s as the
consumer medium of choice.

As a colleague who covers the music
industry points out, it seems odd that the
least durable of the readily available re-
cording mediums is the one that consum-
ers depend on most for music. But, as our
use of the Yamaha Stereo Twin Cassette
Deck demonstrated, there are advantages
to audio casscttes, cspecially when they’re
used with a sophisticated, versatile deck
like the KX-W900U . With its twin cassette
compartments and multi-faceted playback
and recording capabilities, this Yamaha
might well displace both turntable and CD
player as the central component in a home-
audio system.

Finished in the black matie that seems
the current rage in home audio-component
appearance, the KX-W900U at first
glance is an intimidating collection of con-

tro's and adjustments. On its {ront panel.
we counted no fewer than 35 separate but-
tons, switches, and sliders, along with
headphone jack and infrared-reception
window. Admittedly, the system incorpo-
ratzs two complete decks—but for the
technologically wary, that array can be
slightly disconcerting. Especially as the
twin deck is outfitted with an infrared re-
mate controller (Yamaha RS-KW9) that
replicates the front panel controls (for the
most part) and adds a thirteen-button pro-
gramming function.

Looking at the remote. we got the no-
tion that if we could master it we could
probably go on to a career as an air-traffic
controller. There’s an abstract aspect to
us'ng a button-laden wand to control a
component that we have yet to come to
terms with completely. (Besides which,
the size of the GIZMO audio testing room
makes a remote control shightly super-
fluous. ) Using it, we found ourselves most
often planted directly in front of the
Yamaha, checking the deck’s excellent in-
dicator displays to make sure that we’d

pushed the right button or combination of

controls.

In actual use, the KX-W900U proved to
be, if not altogether user friendly, as least
cooperative. Unlike some lower-priced
decks and many portable dual systems,
both of the cassctte decks in this unit are
fully operational; each not only plays back
but records, too. Further, the Yamuha can
link the two for both relay play and record-
ing.

Slipping a cassette into a deck gives the
first indication of how sophisticated this

GIZMO/Page 1
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home system is. An indicator light on the
cassette compartment door immediately
displays cassette type: ‘‘I/Norm,” *“‘II/
Cr02,” or “IV/Metal.”” The instruction
manual notes, *‘automatic tape selection
does not function for the old-type metal
tapes.” Nor is the deck *suited for use
with Ferrichrome tapes.” Besides activat-
ing the proper indicator light, the unit’s
circuitry automatically adjusts for “proper
bias, level and equalization.”

It took us a while to get used to the unit’s
record-control sequence. Instead of push-
ing “play” and “record” to activate re-
cording, the KX-W900U uses a *“‘record/
pause’’ button, marked in red, in conjunc-
tion with the “play” control. To record,
the home audio engineer selects Dolby
noise-reduction setting (“B” type, “C”
type or ‘‘off”’), sets tape direction (by
punching a bar that is mounted on the
cassette-compartment door and marked
with green-light arrow indicators at each
end), and selects a tape-reverse mode.

The deck can be set to record one side of
a cassette and stop, or it can automatically
reverse and continue recording on the sec-
ond side. In the playback mode, a third
option sets the cassette up to play con-
tinually, shuttling from one side to the
other in an endless loop.

When the ‘“‘rec/pause” control is en-
gaged, the deck’s level meters kick in.
That allows the user to set optimum levels
using a pair of slide controls designated
“rec level.” A push of the play button
begins actual recording. Each system se-
lection described here is indicated on the
display. ““‘Rec” glows when the pause is
engaged and deepens to a bright red when
recording is actually under way. Symbols
indicate Dolby and tape-reverse modes
while the level meter offers right- and left-
track information. Above that, a tape
counter rolls during recording and rewind.
Essential, of course, but a look at the man-
ual’s description of that function left us a
little light-headed.

Described as a ‘“‘linear counter/tape
length/remaining time display,” the man-
ual says the counter ‘‘displays the elapsed
time of the tape’s running,” but that “the
linear counter is not an actual watch and its
accuracy . . . depends on the kind of tape
used.” That, besides being a little vague,
raised the question of just what the counter
is counting. Nbnetheless, it does allow the
user to keep track of segments and begin-
nings and ends’of recorded sections on a
cassette. It is especially useful during se-
lective recording or in dubbing retakes of
material previously taped. The counter is
not replicated on the remote, which is an-
other reason that we stayed close to the
deck during recording and dubbing ses-
sions.

Underneath each display panel are con-
trols that bring up additional information.
“Reset” rolls the counter back to zero,

while *‘remain”’ will translate the elapsed
tape figure into tape-remaining informa-
tion. Another display control, “tape,” ac-
tivates the display to show cassette length
(C-30, C-60 or C-90) for a few seconds.
Oddly, our test unit inevitably displayed
C-60, even when the cassette was a C-90.

Linking decks one and two for continu-
ous recording on two cassettes is done
with a “relay” button that engages a “'re-
lay” indicator light. Deck one rolls first.
When its cassette is full (in relay mode, the
user can still select tape-reverse mode for
double- or single-side recording) deck two
starts up. The KX-W900U also offers the
options of simultaneous recording by both
decks from a single source—creating two
“first-generation” tapes in a single opera-
tion—or simultaneously recording from
two sources.

The deck’s dubbing functions are con-
trolled with a trio of dubbing buttons. In
duplicating tapes, deck two acts as the
source. ‘‘Dubbing mode” selects auto-
matic-, manual-, or skip-dub mode. Auto-
matic-dub mode is described as being
“‘convenient for creating an identical
tape,” while the skip-dub mode is es-
pecially useful for “‘effecting dubbing be-
tween cassettes of different length.”
Manual offers the most hands-on control
of what 1s re-recorded in the dubbing pro-
cess.

*“Speed” offers the options of normal or
“high speed” play. The high-speed mode
duplicates a cassette in just under half its
normal playing time. The instructions give
one reason normal-speed dubbing may be
preferred. “Normal speed dubbing per-
mits cross-Dolby NR dubbing [in which]
non Dolby NR encoded tape can be made
from a Dolby NR encoded tape or vice-
versa.” The third button activates the dub-
bing process, all very neatly indicated in a
lighted, boxed display directly over the
dub controls.

A final measure of recording versatility
comes with the addition of a separate au-
dio timer. Connected to the amp and twin
cassette deck, the timer allows audio re-
cording to take on some of the con-
venience of time-shift video recording. A
“timer”” control on the deck’s front panel
can be set to ‘‘dual record,” *‘rec-
ord,””off,” and “‘play.” In the absence of
a separate timer, “off”” becomes the con-
trol’s most important setting. A number of
functions go awry if the switch is left on.

After our crash course in hoine record-
ing, we had hopes that playback would be
a less learning-intensive experience, but
Yamaha’s insistence on user convenience
put us completely at sea. The problem was
a sophisticated search-and-selection sys-
tem, CD-like in its capabilities but de-
manding some programming obviously
not necessary with LP’s or CD’s.

Maybe it was the use of the term ‘‘pro-
gramming,” but we came away from the

KX-W900U thinking that we hadn’t quite
mastered the intricacies of *““mute search”
in either the record or playback mode—let
alone recording’s “auto rec mute” (cuts
off ‘“‘unwanted material during record-
ing...provides blank sections between se-
lections™), ‘‘blank skip,” *‘intro scan,”
*“single selection,” the higher powers of
“direct music search,” or “‘random pro-
grammed playback.” Call us old-fash-
ioned or call us irresponsible, but after
surveying the extensive documentation
aimed at preparing the listener for the add-
ed convenience of each of those selection
controls and capabilities, we just wanted
to hear some music.

The entire system depends (reasonably
enough) on unrecorded sections of the cas-
sette as its referencing device. Meaning,
for example, that if a user recorded a radio
program in which music and talk were
more or less continuous, without some
hands-on editing the tape wouldn’t pro-
vide the necessary referencing. How much
silence is necessary for music-search ca-
pability isn’t altogether clear from the in-
formational literature. In the music-search
mode during playback, three seconds is
the necessary interval between one selec-
tion and the next. To our uncomplicated
way of thinking, programming is not one
of the pleasures of a music system. Pre-
recorded tapes, of course, present none of
those problems.

Actually, dubbing tapes and recording
material from a variety of sources did turn
out to be one of the ways in which we
enjoyed the Yamaha Twin Cassette Deck,
so maybe with a little more exposure we’d
warm to the task of creating selectable
audio cassettes. The capability is certainly
there.

We were disappointed in part with the
configuration of the front-panel controls.
Besides being mirror imaged for decks one
and two, the main set of record and play-
back controls are all more or less identical
rectangles. The black-matte finish and the
stacked deck controls made it easy to mis-
place a finger and flub a dub. The informa-
tion is all there, but its organization needs
to be more self-evident and differentiated.

On the other hand, the design depart-
ment may have decided that the remote
control’s panel was where the action is, or
should be. The remote’s small scale and
extensive programming and search func-
tions makes its operation no less a chore,
requiring attention visual and otherwise.
The deck itself at least has the advantage of
an easy-to-read, extensive display.

As a central music-shipping and -re-
ceiving station, the KX-W900U was a so-
phisticated pleasure to use and listen to. Its
virtues seemingly included boosting the
fidelity of our well-worn speaker and amp,
although that isn’t anything we’d submit
to laboratory confirmation. Pre-recorded
audio cassettes and home-transferred tapes
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alike were clear and detailed. Listening to
a tape of a well-worn, live-recorded LP
side made with the KX-W900U via a so-
phisticated “personal-stereo system, we
heard background voices and even instru-
ments we'd never picked up on in years of
listening to the record. Yamaha's moniker
for this deck is “*natural sound stereo twin
cassette deck’ and, based on our experi-
ence with the unit, that doesn’t seem to be
hyperbole.

Deficiencies in the design and designa-
tion of audio-component controls is some-
thing approaching an industry-wide
problem. Convenience, for many consum-
ers, is a machine that doesn’t demand new
learning in order to use it. That’s not al-
ways technologically possible. But in
something as entertainment-oriented as
home music equipment, there are some
design breakthroughs waiting to be made
in the interface between human and com-
ponent. We don’t think it too much to ask
that. at the minimum, controls should as-
sist in allowing the user to easily manipu-
late a system as splendidly multi-
dimensional as this twin-cassette deck. B
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Hybrid Tech

IBM PRINTER OPTION FOR
WHEELWRITER !lIl ELECTRONIC
TYPEWRITER. Manufactured by:
IBM Old Orchard Road, Armonk, NY
10504-1783. Price (with installation):
$220.

Owning an IBM Wheelwriter {11 Series |
Electronic Typewriter and being regular
home computer users, we were in a bit of a
quandary. The typewriter itself is a beauti-
ful instrument; it’s the logical extension of
the classic IBM Selectric, a monolith of a
machine with smooth action and IBM-per-
fection printing. Its added features—
character erase, automatic feeds, and spell
checker—help set the standard tfor other
electronic typewriters on the market.

Stilt, being attached to computer word
processing, we weren’t looking forward to
hammering on a typewriter, no matter how
good. For us, the computer is rendering
the typewriter obsolete. Most software al-
ready provides spell checkers, the-
sauruses. and even grammar and punctua-
tion guidance. That’s why it secems down-
right kind of the tolks at IBM to have
developed a printer attachment that turns a
regular IBM Wheelwriter I into a com-
puter printer, without losing its utility as a
typewriter.

Conversion is a simple procedure. Elec-
tronic do-it-yourselfers can probably
transtorm their own Wheelwriters by fol-
lowing the typewriter’s manual, which de-
votes an entire section o installation of the

IBM Printer Option. The relatively simple
directions are divided into two parts; dis-
assembly and assembly, each non-tech-
nically worded with clear line illustra-
tions. We decided to let the retailer who
sold us the printer option install it; that
added slightly to its price.

The transtormed IBM looks pretty
much like the non-altered Wheelwriter.
There’s a small integrated attachment,
consisting of microcircuitry and a plastic
shell, that is connected to the rear left of
the typewriter. The Wheelwriter is inter-
faced with the computer with a standard
printer cable (not included in the option
package) stretching from the port in the
back of the PC to the attachment unit. The
weight of the printer cable tends to yank
the unit away from the Wheelwriter, so
make sure the locking ring screws are
tight. Otherwise the attachment can fall
off.

The tractor feed is an optional bar (again
separate from the printer-option package)
that runs the length of the carriage, snap-
ping into place with cork-padded grips.
Rattling the tractor feed or accidentally
knocking it can cause it to slip out of place,
but it snaps back easily.

Once the Wheelwriter is converted into
a PC printer, don’t worry. The computer
illiterates in your household or office can
still use it for hunting-and-pecking. Hit-
ting the “code™ key and the number 5 on
the typewriter’s keyboard turns on the
printer option. “*Code’” and the numeral 6
moves it on and off line. Those codes—the
only ones users need to know—are labeled
with a template above the keys.

Don’t disconnect your old Epson when
you bring the Wheelwriter home after its
minor surgery. [t will still be handy to huve
a draft-quality back-up unit. In our cxperi-
ence, even with the tractor feed installed,
the Wheelwriter is just not made for trans-

porting continuous-form paper, and it can
be a bulky, balky machine. Particularly
when using continuous forms, the paper
jams and bunches up, even with careful
paper loading. For long documents it can
be frustrating, requiring constant adjust-
ment and tending. We’ve found it’s often
simpler to use an ordinary printer set to
letter-quality mode. Unless it absolutely
has to be perfect, a long document is just
too much of a hassle to print out on a
converted Wheelwriter.

The Wheelwriter's print quality, of
course, is tar superior to that of most PC
printers. Documents look as though
they’ve been typed by a secretary—even if
you don’t have a secretary. With some ap-
propriate stationery and a personalized
logo, the user can forgo professional-typ-
ing and -printing services. The only teli-
tale mark a recipient might detect are the
perforations on the form paper. As with
any |BM typewriter, switching typefaces is
only & matter of changing the machine’s
print element. A number of ASCII print-
wheels are available, including the popu-
lar courier and elite faces.

Getting a modified IBM Wheelwriter to
run with a personal-computer system
should be no problem. We're using ours
with a Tandy 1000 and have tested it suc-
cesslully with a Sharp PC-7000 and an
AT&T 6300. With a second, or cven a
third, printer we reccommend investing in a
data switch to eliminate cable changeovers
that can damage the pin heads.

Data switches are packaged in small
metal boxes that tit inconspicuously on
your computer table, and retail for prices
ranging from $30 for a simple two-port
switch to as much as $120 for a four-de-
vice, four-wire terminal-block switch.
Computer printers have memory too, so
protection is in order to prevent printer
boards from being blasted by surges.
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With a data switcher and two printers,
the change from one unit to the second is a
one-second operation. Drafts and informal
material can be whipped off in the high-
speed mode, but for important business
letters and the hike, a switch from “A™ to
"B engages the Wheelwriter. Depending
on software, the user may or may not have
to redefine the printer. IBM boasts that
input data and all interface-control signals
arc compatible with standard TTL-logic
levels. But. in common with more con-
ventional PC printers, the Wheelwriter
will print garbage if defined incorrectly.

The IBM Wheelwriter is not for all
printing chores. A possible drawback is
that special fonts and styles can’t be uti-
lized during printing. It can be frustrating
when using software like WordPerfect 5.0
to miss out on the program’s features like
line-drawing, graphics, and color print-
ing. Bold print, underlining, and right jus-
tification are about the fanciest tricks in the
Wheelwriter's repertoire. For multiple-
page documents, The Wheelwriter with
Printer Option can fall just a tad short. It
can’t do desktop publishing, but it can
bring a professional appearance to tradi-
tionally typed materials like letters or
Manuscripts.

Limitations to the Whetlwriter’s ver-
satility as a PC-linked printer do exist. The
machine can be slow, and some find it
noisy; but, like an aging slugger, when it
comes to the clutch situation, it’s the one
you want at the plate. | ]

More than
Ample

ONKYO QUARTZ SYNTHESIZED
TUNER AMPLIFER (TX-850). Man-
ufactured by: Onkyo U.S.A. Corp,,
200 Williams Dr., Ramsey, NJ 07446.
Price: $500.

Our major experience with amplifiers
basically took place in the pre-quartz, pre-
synthesized era when component stereo
systems made their first big impact. For
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the most part, thc experience has been
positive. Amplifiers have scldom mal-
functioned on us or burned out. That’s
why GIZMO’s look at the Onkyo Quartz
Synihesized Tuner Amplifier constituted
some kind of overdue updatc.

We always thought that the amps of the
recent past were pretty much okay (and
more than that in the longevity and du-
rability departments). We wondered how
much better the technology could have be-
come in the years since silver finish, big
volume, and station-selection dials were
the cutting edge in amplifier appearance
and features.

We came away from our test thinking
that rather than becoming better, ampli-
ficrs have become different, designed
along hines that suggest their function in
the home-stereo universe has changed to
an important degree. Remote controlled
and featuring at least onc proprietary sys-
tem (Onkyo’s “‘automatic precision recep-
tion’"), the TX-850 is the kind of
component the word ““sophisticated”
might have becn invented to describe.
Technically speaking, the unit features
“low impedance drive amplifiers,” 68-
watts-per-channel RMS, and a raft of spe-
cial processors that polish the signal to a
glossy, dimensional sound-—gloriously
resonant and with a stereo image (as in
*stereo imaging’’) that won’t stop.

Still, old-timers are going to find at least
a couple of its features and characteristics
slightly off-putting. When the power is
turned on, the amp comes up with an audi-
ble “thunk™ after warming up for a few
seconds.

While that may be a reflection of our
woefully outdated speaker system, we also
thought the volume control was pitched
rather high. With any of our system’s three
sourccs, the dial had to be set to 10 (on a
scale ending at 40) to put out any listena-
ble sound.

But the sound produced at that level was
certainly listenable and well-articulated,
even coming through our crummy speak-
ers. Traditional amplifier controls
(“*bass,” *‘treble,”” and “balance™) are
relegated to the lower-right corner. The
unit display and station pre-sct buttons are

center-stage, surrounded by small black
knobs. buttons, and slide switches.

In its radio-reception functions, the
TX-850 strikes out on its boldest path.
AM reception depends on an included
loop antenna. and we used the unit with
the Parsec LS-4 FM antenna. In conjunc-
tion with the tuner’s ““‘automatic precision
reception system”" (APR), that antenna fur-
nished reliable, clear FM reception even in
the highly urban setting of the GIZMO
office.

According to the instruction manual,
APR is “Onkyo’s unique computer-con-
trolled system’” that automatically sets the
“RF stage gain” (indicated on the display
as “‘distance/local”), and engages noise
reduction and *‘high blend™ functions
(both of which “‘reduce noise in weak ster-
eo signals™) and an automatic stereo/mono
reception mode. When the system had a
strong enough signal to work with, APR
functioned well. But fringe and low-power
broadcast signals, at least below a certain
threshold, seemed to confuse APR. Its
indicator lights would jump back and forth
frantically, with functions engaging and
disengaging to no discernible end. The
decidedly low-tech method of moving the
antenna around would usually allow the
TX-850tolock in, although drift and fade-
out were not unknown.

The TX-850 also allows the user to elec-
tronically alter the signal. A “stereo image
expander ™ is described in the instructions
as adding “an extra feeling of width and
depth to stereo sound.” (Meaning, we
guess, that nowadays amplifiers have
“feelings,” t00.) If the user is unfortunate
enough to be listening to a mono recording
or radio signal, “simulated stereo™ will
dress up the sound. *‘Selective Tone/
Loudness” requires both a switch and a
sliding ““level control” that will boost *‘a
sclective tone.”” Engaged but unadjusted,
the feature i1s described as “*creating a clear
reproduction quality of the ultra low fre-
quencies and the high frequencies.™ Sim-
ilarly, the ““dynamic bass expander”
switch and level control gives “an extra
feeling of power and realism to the low
range.” In case the user wonders, the in-
structions add, “its function is unlike that
of the conventional bass control.” “FM
muting,” controls ‘“‘interstation noise’”
and also suppresses weak FM signals,
which means that if the listener wants to
hear one of the weak signals, the mute
tunction can’t be engaged.

There are speaker-selection switches, as
the unit can drive two pairs of loud-
speakers and. on the unit’s back panel. a
full set of inputs for VCR audio. Source
selection is via a row of nine rectangular
buttons stretching below the display and
offering. from left to right: tape two
monitor, tapc one, VCR two. VCR one (or
video-disc player), AM, FM, phono. CD
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and CD direct. That final source button
allows the CD player to bypass the amp’s
bass/selection tone, treble, and balance
controls.

The ten-button station pre-set panel al-
lows the user to store two stations per key;
a “shift” key differentiates between the
pair of stations at each location. The bot-
tom row of the panel is made up of station-
up and -down controls and the “‘memory™
button, with which presets are placed in
memory.

The TX-850’s display panel is a neatly
organized information source. The main
display is devoted to either source or, for
radio reception, the station frequency. To
the left of that is a signal-strength indica-
tor, and below it are the four APR-indicator
lights: “bass™ and the indicators for ster-
eo-image expander, sclective-tone, and
bass-expander functions. An indicator
light labeled *‘stand-by/record” tells the
user. when lit, that the unit can be switch-
ed off with the remote control.

The supplied infrared remote control
(RC-1185) has a couple of ingenious fea-
tures. One is control of the unit’s “sleep
timer.”” which allows the user to sct the
amplifier to turn off 30, 60, or 90 minutes
from the control’s engagement. In the au-
dio industry’s beloved “bells and whis-
tles” category, the remote’s volume-up and
-down controls rotate the amplifier’s vol-
ume dial—surc to be hit with kids of a
certain age and adult gadgetry fans. The
remote does a reasonable job of control-
ling operations (adjustments are another
question) with a mere 33 buttons.

We were impressed, and somewhat in-
timidated, by the sophistication of the
TX-850. 1t seemed clear that this tuner-
amp surpassed the capabilities of our sys-
tem to deliver fully on the promise of
Onkyo’s technology. Put more simply, the
TX-850 is not an ideal first upgrade for a
stereo system showing some wear and tear.
As the base unit in a new system, however,
this tuner amplifier will easily keep pace
with whatever upgrades and cxpansions its
owner might want to add. Flashy and for-
midablc, the TX-850 Quartz Synthesized
Tuner Amplifier is an unusual combina-
tion of basics and embellishments. For the
right consumer, it undoubtedly would rep-
resent the happiest of mediums. [ |

z —

Memory Mate

DIRECTORY MATE. Distributed by:
Executive Communications Sys-
tems 2622 Quaker Ridge PI., On-
tario, CA 91761-6347. Price: $29.95.

To walk free, arms swinging and head
held high, unencumbered by the usual ac-
cessories ol everyday life—that seems to

be a pleasure reserved for joggers and pre-
schoolers. For the rest of us, wallets stulf-
ed to their scams form an ungainly lump in
the hip pocket or handbags hang heavy on
shoulders like some kind of modern-day
ball-and-chain. And, for those with sched-
ules to keep and people to seck, appoint-
ment books and calendar planners
bursting with information are just one
more impediment en route. The Directory
Mate is onc electronic tool that can at least
lighten the load.

Manufactured in Hong Kong, the Dircc-
tory Mate is about the size and weight of a
charge card, so slipping it into a wallet or
pocket adds about as much bulk as...a
charge card. As most wallet users under-
stand, charge cards are like Jello—there's
always room for more. If the Directory
Mate can reduce on-board bulk and in-
crease organization, it’s a small item doing
a big job.

Harricd executives puiling similar units
out of their pockets are a common sight in
cities nowadays. Directory Mate may not
be unique but, for those with a predisposi-
tion for punching data onto a tiny screcn
(or at least a tolerance for the task), it will
do the electronic data-storage job.

This unitis as simple to use as any palm-
size calculator (and in fact is a five-func-
tion calculator), with the added capability

of creating and storing a file system of

names, addresses. and phone numbers, or
whatever type of alpha-numeric informa-
tion a user may want to enter into its 4,096
digit memory. The unit’s “special memo-
ry” sets aside a separate file of 20 alarm
settings that can be preset to remind the
user of an upcoming date or appointment.

To turn the Directory Mate on. the user
depresses the key marked “clock™ next to
the unit’s display. which brings up the time
and date. Although the display is dimin-
utive (1%2-inches long and Y2-inch high),
it’s easy to rcad. The key marked “'store™

prepares the Directory Mate to receive in-
formation; a second push on the same key
enters the data into memory. Each screen-
size entry can contain up to 20 digits dis-
played on two lines. The “search™ key
brings each of the entries up on the screen,
first in alphabetical order and then in num-
bered sequence. To bring up a particular
file, the user enters the first digitor letter of
the entry. If more than the 20 digits allotted
per screen is needed for a file, the user can
continue onto a second screen before
pressing “‘store.” When that file is on
screen, pushing the “read™ key will bring
up the second screen of data.

In general, the Directory Mate was per-
fectly simple and easy to get the hang of.
The key sequence used for data entry
(*'store;” enter; “‘store’’) is replicated in
other functions perforr-ed by the unit, so
the rhythm becomes nearly second nature
once you've grown accustomed to it. Be-
sides data storage and calculator func-
tions. the unit can perform metric
conversions and its message-alarm func-
tion can be programmed for up to a year’s
duration.

Onc featurc we had trouble with is a
security function activated with a key la-
beled “‘lock.” That allows the user to
create a file accessible only by those who
know the three-digit programmable entry
code. The security code is entered, the
“lock ™ key is pushed, and secrets arc safe.
As we found out, if the code’s forgotten,
the secrets will be safe even from the user.

The only way to unlock the file without
the triple-digit combination is to remove
the tiny lithium battery from the Dircctory
Mate’s back panel and leave it out for an
hour. When the battery is reinstalled, the
code will be deactivated—and all the 1n-
formation painstakingly punched in will
also be gone.

That gave us pause, and made us won-
der if the “lock’ mode is really that impor-
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tant for a data bank usually carried on your
person. People in the espionage industry
might want it, but it's unlikely that they
depend on readily available consumer
goods in their clandestine operations.

We really developed doubts about the
uscfulness of the security code when we
accidentally pressed the “‘lock” key in-
stead of the “‘clock™ key located directly
above it. A high-pitched whine began its
pulsating alarm and the Directory Mate
closed shop on us. We had not entered a
three-digit code, but the security lock im-
mediately engaged and there seemed to no
way of stopping the unit’s beeping racket
short of removing the battery. After we
pushed various keys in an effort to release
ourselves from this mess, the Directory
Mate began clicking its tongue at us like a
scolding parent.

What the instructions do not mention is
that a user can start all over without losing
either the Directory Mate’s memory, or his
or her own sanity, by pushing a gold inden-
tation on the back of the unit with a sharp
point. That was discovered by old-fash-
ioned trial and error.

The reviews from those who used, or at
least played with, the Directory Mate were
mixed. The traditional objection to elec-
tronic data storage (it’s more bother than
just writing the stuff down) was raised.
But others, more electronically adept or at
least more experienced, described it as a
“handy little organizer.”” We found that
the Directory Mate does just what its in-
struction booklet promises. It files and it
organizes, and within those confines, it
works very well. |

Just the Fax

COBRA PRINT PHONE PORTABLE
(PP-110). Manufactured by: Cobra
Consumer Electronics Group/Dy-
nascan Corp., 6500 W. Cortiand St.,
Chicago, IL 60635. Price: $1,339.95.

A recent edition of the monthly humor
magazine Spy, in a celebration of fictional
spy James Bond (**how the real world has
become an 007 world”’) listed fax ma-
chines as a primary example of “*incredi-
bly cool Bond-like stuff.” That might be
the missing dimension to the explosion of
facsimile use. Besides speed and
simplicity of transmission at unit prices
businesses and even individuals can af-
ford, the fact that many of the people buy-
ing and using fax machines were raised on
James Bond movies and novels is not to be
discounted.

The case for that hidden motivating fac-
tor is furthered by the popularity of the
Cobra Print Phone Portable, a compact

briefcase of a fax machine that the fictional
British secret agent could easily have stow-
ed in the boot of his Astin-Martin coupe.
Designed for truly portable use, an op-
tional fabric carry case ($39.95) and
acoustic coupler (PA-20/, $49.95) mean
that the PP-1/0 owner need never be fax-
less.

Weighing 7% pounds, the unit measures
a compact 12%-inches long, 9-inches
wide, and 3-inches deep. Jacks for tele-
phone and line connection, along with au-
tomatic-/manual-receive selection and a
volume control for use with the acoustic
coupler (its jack is concealed behind a
pop-out shield on the same panel) are on
the machine’s left side. Stop/start and fine-
adjustment (for sending or receiving mate-
rial with fine or small detail) controls are
located on the right support of the unit’s
built-in handle. LCD’s indicate *‘power,”
“‘cover open,” ‘‘paper empty,” or trans-
mission/reception “error.”

We used the PP-110 in two different lo-
cations with mixed results—due, we’re in-
clined to believe, to our own novice status
as fax senders and receivers and to certain
oddities of the New York telephone sys-
tem. As with our previous use of the
Toshiba 3300 facsimile device (GIZMO,
January 1989), we never developed a
foolproof relationship with the PP-110.

Most of our problems arose when we
connected our touch-tone phone directly
through the PP-110. Using the optional
acoustic coupler (which Cobra explains is
for use with “*non modular” phones)
brought the most uniform results, but at
the price of some loss of flexibility and
convenience.

Despite its portability (our tester called
it the “transistor radio of fax machines™),
the PP-110 performed its transmission, re-
ception, and copying functions at the same
level of sophistication as other, more ex-

pensive (and handset-equipped) machines
we’ve examined. Whatever the price of
portability, it isn’t paid in the quality of
document output. As for quantity of docu-
ment output, the unit’s rolls of thermal
paper are each good for 60 full-size
pages,” meaning standard 8Y5-inch by 11-
inch paper. Cobra paper is supplied in
boxes of 6 rolls for $39.95 per package.

The manufacturer credits Cobra’s
“clear print circuitry” for the machine’s
excellent graphic resolution. According to
a product release, the PP-110 scanner uti-
lizes contact-image sensor technology™
for “rugged durability and high quality
resolution.”

Loading paper, connections, and opera-
tion are simple, making it ditticult to fig-
ure out where a user might be making a
mistake. Everything seems so straightfor-
ward that problems aren’t easily traced.
The instruction manual’s two-page ““trou-
ble-shooting” section is some help. In first
using the Print Phone, it was embar-
rassingly easy to get mixed up about when
to hit the start button to begin transmis-
sion. For other novices, it should be noted
that, after establishing contact with the
second fax machine, the telephone is hung
up before hitting the start control.

The acoustic coupler fits directly onto a
telephone handset, bypassing the necessi-
ty of plugging a phone directly into the
PP-110. In this mode, the desired fax
number is dialed, the answering tone is
heard and the coupler is fastened over the
handset’s mouth and earpiece, making
sure the handset is at least 2 feet away from
the fax within 30 seconds of coupler con-
nection. *“This will prevent machine noise
from interfering with coupler operation”
according to Cobra. Either directly con-
nected or via the coupler, transmission
takes about 40 seconds per standard page.

Simple to use. compact, and stream-
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lined, our only complaint about the PP-110
is that we didn’t get to know it better.
Selectéd as onc of the “‘most innovative
consumer electronics products of 1988 at
last year’s summer Consumer Electronics
Show, the Cobra Printphone Portable is as
simple to use as a telephone and, with
practice, as flawless in operation. James
Bond may never have had a PP-110, but he
should have. =

Time Travel

WORLD TIME ALARM CLOCK
(TT-24). Manufactured by: Ronde Di-
vision, Advanced Products & Tech-
nologies, P.O. Box 2014, Redmond,
WA 98073. Price: $26.

The conquest of time and space might
seem a heroic undertaking but, thanks to
micro-chip technology, it comes down to a
piece of clever consumer design. If the
Ronde TT-24 World Time Alarm Clock
doesn’t exactly conquer those two dimen-
sions, it at least helps clock-bound trav-
elers stay abrcast of one while passing
through the other.

A slim rectangle of information, the
World Clock proved its mettle on areal-lite
trek to Greece. where it was tossed into
duffel bags, shoved into pants pockets,
and dropped on floors throughout a three-
week sojourn. It survived, and more im-
portantly proved to be a useful article, well
worth the small space it occupies in the
traveler’s tote bag.

Weighing only 1%2 ounces, the clock is a
mere Y-inch thick. Its 3%4- by 2-inch tace
incorporates an LCD display, alarm on/off,
and combined snooze/calendar controls.
At the right is a distinctly pre-electronic
rotary dial surrounded by the names of 23
cities and the legend “"G.M.T.,” for

CALENDAR/SWOOZE

LONDON
G.M.T.

R0 DE
JANEIRO

N

CARACAS
NEW v
YORK

CHICAGO' ®

VER »
el ®  HONG
CALGARY KONG

.
L08 BEWING
ANGELES .
VANCOUVER TOKYOl

SYONEY
NOUMEA]
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WELLINGTON

“Greenwich Mean Time.”

On the back are the three controls neces-
sary to set the instrument’s four func-
tions—time, calendar, ten-second timer,
and alarm. Setting those is the usual elec-
tronic-clock chore of mode selection and
sequencing. The back also contains a reset
button and the battery compartment for a
watch-style power supply. There’s also a
fold-out brace that allows the TT-24 to be
used as a bedside clock.

The time-selecting rotary dial is lined
up with the desired location and the LCD
shows the proper time for the indicated city
as well as, on a second line. “'local time. ™
that is the time in the user’s location. Next
to the world time a discreet "*wt”’ blinks to
assure that the user won't mix up world
with local time. A small “p” indicates
p.m., leaving a.m. undesignated. When
the alarm 1s set, a small bell symbol indi-
cates it's engaged. A **World Time Table™
printed in the directions provides further

cities sharing the time zones of the cities
listed on the clock.

GIZMO’s testers praised the clock for
its compact size and easy-to-read display,
but thought the rotary route to correct time
was a surprisingly archaic method of en-
gaging the TT-24’s electronic time-telling
function. The alarm’s electronic buzz
fulfilled its alarm function without shock-
ing users into wakefulness. As casual trav-
clers they appreciated its sturdy con-
struction. Especially considering that the
supplied fabric carry case wasn’t used, the
Ronde World Time Alarm Clock came
through unscathed, and provided a prac-
tical alternative to both wristwatches and
more elaborate travel clocks. Its dual-in-
dication display proved useful in timing
overseas phone calls and figuring times of
arrival in other zones. The clock’s utility
doesn’t necessarily fade at the end of the
vacation. It can fulfill its time-keeping and
alarm functions even in the home. &

Lightweight Camcorder

For the video-camera user who records a lot of footage and wants to keep
careful track of what’s on each cassette, the Canovision 8mm Lightweight Cam-
corder (E-77), from Canon U.S.A. Inc. (One Canon Plaza, Lake Success, NY
11042), offers a built-in clock that records time and date. The camcorder weighs
2.4 pounds (without battery pack) and is equipped with a 270,000-pixel CCD-
image sensor, a power-zoom lens, a Yiow-second high-speed shutter, and a center-
weighted exposure system. Among other features are active infrared auto-focus, a
sell~timer, interval timer, full-automatic white balance and white-balance lock,
electronic viewtinder, both audio- and video-fade capability, and flying erase
head. The 6 X power zoom features a wireless remote control that includes start/
stop. fast-torward/search, rewind/review, and still capabilities. The machine is
described as being as casy to use in playback as a tabletop VCR. Price: $1,699.
CIRCLE 34 ON FREE INFORMATION CARD
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Camcorder with Telephoto Adapter
Camcorder sophistication takes another step forward with the announcement
trom the Hitachi Sales Corp. of America (401 W. Artesia Blvd., Compton, CA
90220) of a new full-size Cumcorder (VM3150A) cquipped with a telephoto lens
adapter. Other features of the recently introduced VHS unit include a variable
high-speed shutter, wind switch, and self-timer. The VM3150 also offers a 6-to-1
power macro zoom, and auto/manual white balance. Price: $1199.
CIRCLE 39 ON FREE INFORMATION CARD

Stereophones
Stereo headphones are everywhere these days—on the streets of big cities and in
small town shopping centers across the country—and for consumers unsatistied
with the sound of mini-style or “bud” earphones, Signer (4701 Hudson Dr., Stow,
OH 44224) has developed the Open-back Dyiamic Studiophones (EP700). A
dynamic audiophile model,” the EP700 features full-sized. open-back earpieces
and is outfitted with over-sized earpads. The studiophones are said to be comtort
able and durable because of their special “double headband system.” The cord
features a gold-plated stereophone plug. Signet promises full-bodied sound even
as you move through the streets of your town. Price: $149.95.
CIRCLE 36 ON FREE INFORMATION CARD

Avanti Plus Telephone
With the proliferation of speciul-feature telephones. combination answering
machine/telephones, wireless instruments. and one-piece units, there must be
some consumers still interested in basic home communications via a phone that
looks like a phone. Introduced in August, the Avanti Plus Telephone from
TeleQuest (7740 Kenamar Ct., San Diego. CA 92121) is a “new designer tele-
phone™ that looks reassuringly basic to us. Available in a range of colors, it
teatures a memory that can store ten phone numbers of up to 16 digits, a hold
button with LED indicator, and a tone/pulse switch. It can either be wall mounted
or used on a horizontal surface. Its price is pretty basic, too. Price: $34 .95
CIRCLE 38 ON FREE INFORMATION CARD

Compact Zoom Camera
For photographers who are unsatisfied with 35mm compact cameras that
provide less-than-creative options, the Samurai 3x Compact Zoom Camera from
Yashica (100 Randolph Rd., CN 6700. Somerset, NJ 08873) promises to deliver
quality work in an easy-to-handle package. The multi-coated, large-aperture lens
allows three zoom capabilitics that can be rapidly tocused by the camera’s “TTL
phase detection system. ™ The camera features a unique vertical configuration that
allows easy handling and quick movement from one shot to another. The Samurai
3x includes a slow-shutter synchro flash for night photography. Price: $535.
CIRCLE 46 ON FREE INFORMATION CARD

Portable Air Conditioner
It next summer is anything like this past one, the air-conditioner industry is in
for some real growth. One unusual entry in the home air-conditioning field comes
tfrom Italy. The Pinguino Portable Air Conditioner, distributed in the United
States by DeLonghi America, Inc. (350 5th Ave., Suite 7712, New York, NY
10118), combines water and air cooling, and discharges warm air and high
humidity through an exhaust hose. Mounted on casters. the unit comes with three
different mounts for the three-inch exhaust hosing and a removable three-gallon
plastic water tank. Controls include an adjustable thermostat. 24-hour program-
mable timer. two-speed ventilation and cooling and a warning light signaling the
need for compressor servicing. The entire rig weighs in at 88 pounds. Price: $999.
CIRCLE 41 ON FREE INFORMATION CARD

Winter Sports Watch
Winter sporting enthusiasts are a hardy group who demand a tough, durable
watch, like the Winter Sports Waich (XC30) from Casio, Inc. (570 Mt. Pleasant
Ave.., P.O. Box 7000. Dover, NJ 07801). The instrument is designed to withstand
temperatures from as high as 122° to as low as 22° below zero. The easy-to-detach
band can fit around ski gloves, while the watch itself includes calendar. alarm, and
split-time functions with a thirty-lap memory. The digital face has a backlight for
viewing in the dark and the XC30 is water resistant up to 50 meters below the
water’s surface. Price: $49.95.
CIRCLE 45 ON FREE INFORMATION CARD
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Audi 200 Car Music System

If you ve been searching for a new stereo system tor your 1989 Audi 200, look
no further. For the first time, a stereo system has been acoustically customized for
an individual automobile. The Audi 200 Car Music System developed by the Bose
Corp. (The Mountain, Framingham., MA 01701) is standard equipment on the
1989 Audi 200 Series, and will be offered as an option on the Audi 100 Series. The
system includes a Blaupunkt cassette deck and AM/FM receiver modified by a trio
of Bose circuits; two front door enclosures that contain 4.5-inch full-range drivers
and separate amplifier/equalizer modules in cach enclosure; and two 6- by 9-inch
full-range loudspeakers, each with its own amplifier/equalizer module. The
system is designed to work with the acoustics of the vehicle’s interior and produce
sound in keeping with the Audi’s swank reputation. Price: Not Announced.
CIRCLE 50 ON FREE INFORMATION CARD

Cord Free Telephone

The wireless-telephone market continues to grow, but some manufacturers, like
GTE (1 Stamford Forum, Stamford CT 06904), say that too often consumers are
expected to give up quality for convenience. The company’s new Walkmate Cord
Free Telephone is said to retain “the sound and feel of corded phones” while
featuring the handy mobility of cordless instruments. The GTE Walkmate features
a 21-number one-touch memory feature, along with pause, last-number redial,
and hold features. The handset fits comtortably on the user’s shoulder for total,
hands-free freedom. Price: $139.95.
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Home Video Audio Mixer

If you don’t like the way your home videos sound you can unleash your creative
abilities with the Video Soundmixer from Sima Products (4001 W. Devon Ave.,
Chicago IL 60646). The system can be used to jazz up the soundtrack of your
home productions with functions that allow the aser o change or add narration,
background music, and whatever else ended up on the original soundtrack.
During video copying, the SoundMixer is connected between the play and record
VCR’s; as the audio signal is transferred, narration, sound effects. and music can
be added to the duplicated tape without changing the original. And, if the final
mix doesn’t work out to your liking, you can repeat the process. Sima says “‘the
final soundtrack is only limited by the creativity of the video maker.” Price:
$79.95.
CIRCLE 44 ON FREE INFORMATION CARD

Hand-Held Calculator

The search for an inexpensive. hand-held calculator is neverending in a market
flooded with such products. One of the newest is the TS-82 Hand-Held Calculator
from Canon U.S.A., Inc. (One Canon Plaza, Lake Success, NY 11042). The
calculator runs off both batteries and solar power, so it can be used day and night
cven in the absence of conventional electrical outlets. It also features large keys
and an easily adjusted tilt-display screen. The eight-digit, single-memory TS-82
includes the usual calculator features, plus percentage add-on/discount and a
mark-up calculation key. Price: $9.95.
CIRCLE 42 ON FREE INFORMATION CARD

Digital Ensemble System

We didn’t know what a digital-ensemble system was. but we’re not musicians.
Itis, of course, one of the new electronic instruments that are rapidly changing the
production and sound of popular music. The recently introduced Digital Enscm-
ble System (SX-PRI100) features a new key design with a weight device similar to
that of the traditional, acoustic piano. From Technics (One Panasonic Way,
Secaucus, NJ 07094), the SX-PR100’s 76 keys are weighted in the rear to speed up
key return, providing what Technics calls a ““concert touch.”” The ensemble uses a
high-performance LSI (large-scale integrated circuit) to record and encode pure
instrumental sounds into its digital PCM (pulse code modulation) format, result-
ing 1n “‘rich tones and sparkling overall sound performance.” The unit offers
keyboard percussion, full drum kit. and 35 tones including background sound
effects like thunder. shattering glass. race-car noises, and bird songs. Balance
adjustment is via a five-channel control. Player pianos were never like this. Price:
$3.995.
CIRCLE 53 ON FREE INFORMATION CARD
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Styling Iron

Compact 35mm Camera
A newly introduced, fully automatic, motorized 35mm camera from Konica
U.S.A., Inc. (440 Sylvan Ave., Englewood Clifts, NJ 07632) is described as
“setting a new price point” for cameras in its class. Translated from marketing
jargon, this means the new Pop-Super Compact 35mm Camera is exceptionally
low priced for a unit featuring built-in automatic electronic flash; automatic film
loading, advance, and rewind: and a fixed-focus 35mm f/4.5 lens. Powered by a
lithium battery, the Pop-Super’s flash is rechargeable in 3 seconds. This new
pocket camera is available in red. blue, and black. Price: $128.
CIRCLE 55 ON FREE INFORMATION CARD

Golf Training Ciub
Without ever hitting a single golf ball or even leaving your home. you can
improve your golf game with the Graphite Shaft Power Trainer. Available from
The Sharper Image (650 Davis St., San Francisco, CA 94111), the club features a
series of spring-resistance levers that monitor the critical timing ot a golfer’s
swing release, and shows how far the ball would travel on an electronic display
panel built into what would normally be the business end of the club. It the duffer
releases too soon, the club clicks far behind the tee for a big slice into the woods.
Swing too late and the ball hooks into the pond. But with the Power Trainer, the
novice golfer camrlearn to click the club at the precise moment and get the positive
reinforcement represented by a 250-yard drive as registered on the display panel.
Price: $129.
CIRCLE 51 ON FREE INFORMATION CARD

Sports Wallet/Digital Watch
Everyone knows that time is money and here’s a product that combines those
two essentials into one convenient, budget-priced package. The Sports Wallet/
Digital Waich (MWSS5), available through NDQ Marketing (989 Sixth Ave.. New
York. NY 10018) is designed for joggers, runners, walkers. and other exercise
enthusiasts who are tired of lugging around bulky bags or wallets. A digital quartz
watch is built into the wallet, equipped with a handy Velcro snap that closes
securely around the wearer’s wrist without binding. An included wrist band is
made of terry cloth to absorb perspiration during work-outs. The accessory can be
used for identification and cash, or whatever else the jogging, running. or walking
user might need during an exercise session. The watch itself offers hour, minute,
day, date, and month. The Wallet/Watch is available in red, white, or blue. Price:
$7.95.
CIRCLE 54 ON FREE INFORMATION CARD

Integrated Amplifier
The Swiss have long been known for elegant electronic products. A new
amplifier exemplifying that consumer tradition has been introduced to the North
American market. From Revox Division, Studer Revox America, Inc. (1425 Elm
Hill Pike, Nashville, TN 37210), this /nregrated Amplifier (B250-S) features
European design in both its cosmetic and electronic aspects. The amp offers six
inputs with independently adjustable levels, optional video-switching capability.
and simultaneous preamp and power-amplifier outputs for enhanced multi-room
installations. A non-volatile memory assures that none of the programming will
be lost because of accidental disconnection or a power failure. Programming
controls are behind a glass door for further security from inadvertent resetting. The
system’s specifications match or exceed the wide dynamic range of digital-tape
recordings and compact discs. Remote control is via the Revox hand-held B208
unit and it can easily interface with the company’s B209 Easyline infrared multi-
room remote system. The unit’s sophisticated systems are housed in a case
featuring a black-and-gold color scheme accented by high-gloss lacquer side
panels, for what sounds like a fairly high-gloss amp. Price: $2,500.
CIRCLE 52 ON FREE INFORMATION CARD

Styling Iron
Perhaps the biggest problem with hair-curling irons is the danger of accident
from a hot unit left in harm’s way of unsuspecting children (or adults) who may
burn themselves on an untended heating element. The Auwromatic Shut-Off Insta-
Heat Styling Iron (VS-181) from Vidul Sassoon Appliances (6827 Market Ave _, El
Paso, TX 79915) is the answer to that potential household accident waiting to
happen. The unit features a light that flashes every 30 seconds to indicate that the
iron is hot, and has a switch that automatically turns the iron off when it is left
unused. The model also comes with a safety stand and a spring grip. Price: $19.99.
CIRCLE 57 ON FREE INFORMATION CARD
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Video Camera/Recorder

Any problems users have in properly focusing video cameras are reportedly
solved by the new Master Series Advanced VHS-C Video Camera-Recorder
(C-50) from Minolta Corp. (101 Williams Dr., Ramsey, NJ 07446). The company
calls the unit its *most advanced,” incorporating the *latest video technology.”
What this comes down to is an auto-focus system offering increased versatility and
ease of operation. Other advanced features for that compact-VHS camera/record-
er include high-speed shutter and a high-resolution CCD sensor with 300,000
pixels that requires no warm-up time. A *“‘multi-dimensional auto-focus system”
will keep a moving subject in focus, and can be switched off to keep focus on a
fixed object. A “dual-area auto-exposure” measures the light of two areas, the
entire image .and the central portion of the image. Exposure is continuously
calculated and adjusted, providing good exposure while over-exposing the image
background as little as possible. Other advanced systems include white-balance
and a full-information electronic viewfinder. Minolta says its multi-dimensional
auto-focus system is “‘the world’s only.” Price: To be announced.
CIRCLE 60 ON FREE INFORMATION CARD

Multi-Media Storage File

It seems as though everyone is going multi-media these days, with compact
discs, audio and video cassettes, and floppy disks—and each requires storage
when not in use. A new system from Centron Corp. (1651 S. College Blvd.,
Anaheim CA 92806) promises to consolidate electronic-media storage. The
Amalifi Smartbox Multi-Media Storage File features interchangeable inserts that
allow it to be adapted to the needs of CD’s, cassettes, or disks. As the user’s needs
change, the inserts can be reconfigured for maximum utility. The unit’s two sliding
drawers have a combined single-media capacity of 34 CD's and four double discs,
48 audio cassettes, and 24 VHS or Beta video cassettes. The box can easily hold
42 computer diskettes of the 5%-inch variety. The box is made of high-impact
polystyrene and engineering-grade ABS plastic with a steel-reinforced frame that
allows it to be used as a base for a CD player, VCR, or even a TV. In addition, the
boxes can be stacked. Price: $69.95.
CIRCLE 56 ON FREE INFORMATION CARD

Ultrasonic Humidifier

In dry apartments or houses, or in dry climates, a humidifier has become a near
necessity for many. The purpose is simple—to keep air moist and comfortable. A
new Ultrasonic Humidifier (1822) from Soundesign Corp. (Harborside Financial
Center, 400 Plaza Two, Jersey City, NJ 07311) is described as doing that efficiently
and easily. The unit produces a cool, vapor mist that helps alleviate dry skin,
upper-respiratory ailments, and even dryness-related damage to furnishings. At
full intensity, the unit can vaporize its |.5-gallorn tank of water in 15 hours. With
mist intensity set to 70 percent, it takes as long as 36 hours to empty the tank. The
mist nozzle can be rotated for pinpoint flow and the tank can be easily removed and
refilled. The humidifier is 157%-inches wide by 6¥4-inches deep by 10%-inches
high. Price: $69.95.
CIRCLE 62 ON FREE INFORMATION CARD

Three-Way Acoustic Suspension Loudspeaker

Stereo consoles used to be belittled by stereo buffs for being just so much
furniture. But today, some of the most sophisticated audio components also
happen to be beautiful examples of the art of cabinet making. The new Series II
Three-Way Acoustic Suspension Loudspeaker (T1000) from Boston Acoustics
(247 Lynnfield St., Peabody, MA 01960) is an impressive tower of audio sophis-
tication, handsomely encased in walnut, oak, or black-ash vinyl finish. Inside,
twin copolymer 8-inch woofers in individually sealed compartments, 6%-inch
copolymer midrange. and a CFT 1-inch dome driver offer *‘greater power han-
dling capacity and deep bass than™ the T1000’s predecessor model. The speaker
stands 41%-inches tall. Price (per pair): $1,000-$1,200.
CIRCLE 59 ON FREE INFORMATION CARD

CD Disc Adapter
The 3-inch compact disc may not have set the CD market on fire, but that hasn’t
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stopped Discwasher (4310 Transworld Rd., Schiller Park, IL 60176) from intro- @
ducing its version of a CD Disc Adapter. Made of plastic, the gadget will allow g
players to handle the new, smaller CD. The adapter snaps into a CD single and can >
be left in place more or iess permanently. Price (for two adapters): $3.99. 3 : = 2
CIRCLE 58 ON FREE INFORMATION CARD CD Disc Adapter 3
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VHS Camcorder
Five speeds, available through high-speed shutter controls, allow blur-free slow
motion and still playback from the VHS Camcorder (PV-C67A) from Pentax (35
Inverness Dr. E., Englewood, CO 80112). The PV-C67A employs a solid-state
MOS image sensor incorporating 300,000 picture elements to help guarantee
sharp images. The camcorder also features wind-noise cut and a macro feature
that allows the user to shoot just an inch from the surface of the lens. The
camcorder weighs just over 5 pounds and features an electronic viewfinder that
displays information on battery condition, a tape counter, and a warning that
indicates when only 5 minutes remain on the cassette. Price: $1,899.
CIRCLE 61 ON FREE INFORMATION CARD

Convector Heater
With heating costs a concern for many consumers, an additional heater is often
useful for warming smaller areas in the home. The Dual Flow Convector Heater
(DF 15) distributed by DelLonghi America, Inc. (625 Washington Ave., Carlstadt,
NJ 07072) features top-panel louvered blades that, in combination with the
heater’s fan, quickly move heat through the unit and out into the room. Controls
feature 750- and 1500-watt settings and a thermostat that maintains the desired
temperature by automatically turning the heater on and off. In the summer, the
same unit functions as a fan, controlled by a separate fan switch. Price: $69.99.
CIRCLE 66 ON FREE INFORMATION CARD

Automotive Music System
A problem that often crops up with car stereo is the need to fiddle with the dials
and controls while driving, an action that can be as dangerous as it is irritating. In
its new Car Audio Head Unit (CQ-R9550), Technics has developed an answer to
that vexing problem. The unit features a “touch-sensitive face™ that changes to
match the system’s full-logic cassette player, tuner, and an optional CD changer.
Each source has its own illuminated function legends and when one of them is
activated, the system produces a confirmation beep. In addition, a marker light
corresponds to the source being accessed. With a supplied palm-size remote
control, the driver can also control the unit without even looking at the display and
control panel. The CQ-R9550 includes a mute switch, an illuminated power
switch, and an automatic antenna lead. The system tuner, Technics’ “‘Alpha-
tuner,” features 24 station presets and a preset scan. The user can tune manually
by touching the face of the unit or by using the wireless control, making it simple
to keep one’s eyes on the road and one’s ears on the music. Price: $750.
CIRCLE 64 ON FREE INFORMATION CARD

Portable CD Player
Music-to-go seems to be the dominant trend in audio tastes today, so it’s not
surprising:that Aiwa (35 Oxford Dr., Moonachie, NJ 07074) is in the running (and
walking and driving) with a new ultra-compact Portable CD Player (DX-PI).
Incorporating a three-beam laser pickup that prevents ‘‘the music from bouncing
around under more strenuous portable conditions,”” the unit also includes a double
over-sampling digital filter, two-way repeat, cue and review, and LCD back
lighting for track number and elapsed playing time. Power is AC/DC (the player
uses “AA"™ alkaline batteries, good for about 4% hours of play) and is sold with
battery case, carry strap, *'Y" output cord. and a CD-single adapter. Price: $250.
CIRCLE 65 ON FREE INFORMATION CARD

Pocket Terminator
For the surprise of someone’s life, why not use the sound of a death ray to startle
that special friend? With the Pocker Terminator from Hyman Products (2392
Grissom Dr., St. Louis, MO 63146) you can produce an audio jolt anywhere you
go. The Terminator uses two “AAA” batteries for complete portability and
simulates the sound of a missile launcher, tommy gun, or death ray, modeled on
the effects used in popular video games. The unitis finished in high-tech flat black
and can be worn on a belt or attached to a car dashboard (or elsewhere) with a
Velcro fastener. Price: $7.99.
CIRCLE 63 ON FREE INFORMATION CARD
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CIRCLE 86 ON FREE INFORMATION CARD

Have your computer perform

the same diagnostic process as your pediatrician

here is. no replacement for a
frained and experienced doctor

in the field of pediatric medicine.
When your child needs a doctor, you
go to the best physician you can. Nev-
ertheless, the parents are the ones who
make almost all the decisions with re-
gard to the health care of their child. A
parent knows what the child is like
when healthy, so a parent is usually the
first to notice the symptoms of iliness
and decides whether or not help from
a professional practitioner is required.
Pity the poor parents, for their experi-
ence in childhood-iliness diagnosis is
nil, especidally if it is their first chiid.
Strangely, all oo often they rely on the
experience dnd advice of other par-
ents. Very few parents have doctors in
their families to call and assist them in
minor health emergencies. Well,

e Reuded ME—

1 Aeciteats

1A] showt Tasiinare
121 Gomeral

161 Costigere Ipsiem
B it Log o8 o)

13 Bis Pablaas
ety
(8 i Faiigare 1 fesdarnn

o Selectin © |

e ——————ee o0 -

Flease wlect o Seifiere

Fig. 1. The main menu is divided in two.
The left hand portion is for first-time
users and those who need orientation. The
right side indicates the first step in the
diagnostic process. To review accidents,
simply type the number I and hit the
<ENTER> key.

FamilyCare Software, a computer pro-
gram, can help! It is a model of the
diagnostic process that doctors use. It
asks clear, easily understood questions
about the child’s medical condition
which can be answered with a “yes” or
a "no.” Then it provides easy-to-follow
directions and recommendations for
non-emergency medical conditions.
At times, it suggests over-the-counter
medications to alleviate symptoms.
Most importantty, it identifies the symp-
toms of serious problems so you can
call for immediate assistance.

Starting Up. To run FamilyCare Soft-
ware you will require an IBM PC, XT, AT,
or other 100% compatible computer
with at least 256K of RAM using DOS
2.0 or higher.

Macintosh users, do not despair.
FamilyCare Software will run on your
computer provided you have 512K of
RAM and one 800K disk drive or two
400K disk drives. FamilyCare Software
can be loaded onto a hard disk and it
requires 720K of empty disk space.

The software has a configuration
guide that will assist you in configuring
the program toyour system. Follow the
configuration menu offered, and you'll
be as smart and successful as the re-
viewer in gefting started. Don't rush info
copying of the software directly to your
hard disk. The program must be con-
figured for the hard disk before it is
copied to it. A word of caution: make
your back-up disks first!
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Fig. 2. The sub-menu in the accidents
category contains seven choices, each
of which is discussed in detail.
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Fig. 3. The instructions make the first
step clear. The following diagnostic
questions move quickly and guide the
parent to the proper emergency treatment.

‘Seeking Advice. Once loaded, you

can call up FamilyCare Software by
typing FAMCARE and pressing <ENTER>.
The Main Menu (shown in Fig. 1} pops
up on the screen and the health-topic
choices are on the right. | selected
“Accidents” and a different menu
came up, see Fig. 2. So | selected
“Choking. Resuscitation—-CPR" be-

(Continued on page 105)
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BY JOSEPH J, CARR

B f you ask the best electronics pro-
i fessionals what instrument they
N would select if they were allowed
only one, then you would see the ex-
tent to which the “pros” esteem the
cathode-ray tube oscilloscope. The
CRO is arguably the single-most valu-
able electronic instrument on the
bench.

Briefly stated, an oscilloscope is an
instrument that uses a cathode-ray
tube (CRT)}—a device similar to atele-
vision picture tube—to display a voit-
age waveform: The display may be a
graph of voltage vs. time, or one volt-
age vs. another. In a CRT, a beam of
electrons from an “electron gun” strikes
a phosphor-coated viewing screen,
creating a spot of light where the
beam strikes. The beam can be de-
flected either magnetically or elec-
trostatically to draw waveforms of light
in the phosphor. Service-, workbench-,
and laboratory-type oscilloscopes
used in electronics use electrostatic
deflection. Television receivers (and
some medical patient-monitor os-
cilloscopes) use a magnetic deflec-
fion CRT in which an electromagnet
(called a “yoke”) around the neck of
the CRT generates the controlling
magnetic field. The poor frequency re-
sponse and nonlinearity of magnetic

SCILLOSGCO

Get all the fucts on the most useful
device to hobbyists since fingers

deflection systems makes them un-
suitable for use at frequencies above
afew hundred hertz, but that’s okay for
medical use.

Deflection. Electrostatic-deflection
CRT’s use a pair of deflection plates
(Fig.1). to deflect the electron beam in
the vertical and horizontal directions.
When a the beam is centfered, it indi-
cates that the voltage across the hori-
zontal plates and the voltage across
the vertical plates are both zero. The
beam is travelling straight down the
neck of the CRT and striking the screen
in the center without deflection. If the

ELECTRON BEAM

ELECTRON

VERTICAL-
DEFLECTION
PLATES

HORIZONTAL-
DEFLECTION
PLATES

PHOSPHOR

SCREEN
Fig. 1. Once a beam of electrons is
generated by the electron gun, the
deflection plates deflect the beam in the
vertical and horizontal directions to
trace patterns on the screen.

vertical plates remain balanced,
while the horizontal plates are unbal-
anced so that the left side is now more
positive (orless negative) than the right
side, the beam (and light spot) is
yanked to the left. Similarly, when the
horizontal plates are balanced or
zero, and the vertical plates are un-
balanced (let’s say the fop verical-
deflection plate is more positive, or
less negative, than the bottom plate)
then the beam moves up the screen.
You can use both sets of plates in uni-
son to move the beam to any location
on the tube face, as you can see from
the photos.

If a sawtooth waveform is applied
between the horizontal deflection
plates, then the beam will sweep from
left to right, jumping back to the left
suddenly. The time ittakes the beam to
sweep across the scope is called the
timebase. If atime-varying input signal
is applied across the vertical plates
(see Fig. 2) while the sawtooth controls
the horizontal deflection, then the
electron beam will frace the signal on
the CRT screen.

Similarly, instruments called “X-Y os-
cilloscopes” allow the user to apply
input signals to both horizontal and
vertical deflection plates to form a
pattern that allows us to see the rela-



tionship between two signals. Such di-
agrams are called “Lissajous pat-
terns.”

You can measure audio frequencies
using the Lissgjous pattem. The ratio of
the numberof loops along the vertical
and horizontal sides of the pattern tell
you the relationship between frequen-
cies applied to vertical and horizontal
inputs (see Fig. 3A). In the case shown
in Fig. 3A, the horizontal waveform is
half the frequency of the vertical
waveform, which is shown with various
phase shifts. Notice there are two ver-
tical peaks and only one horizontal
peak no matter what phase shift is
being examined. In the case shown in
the photo, the two signal sources were
a 6.3-VAC filament transformer (at 60-
Hz) and a 180-Hz audio-signal gener-
ator. The signal generator was ad-
justed until the pattern became stable
and “locked-in” on the CRT screen.
The picture was taken when the fre-
quency ratio 3:1 (i.e. 180:60) was
reached. If you own an oscilloscope
like that and a signal generator, you
can determine the frequency of anun-
known signal.

If the two input signals have the
same frequency, then the pattem they
make (an ellipse) can be used to de-
termine the phase shift (8) between
them (see Fig. 3B).

Triggered Sweep. At one time only
rich hobbyists and fechnicians could
afford a decent oscilloscope. Al-
though clever hobbyists always
seemed to find a way to buy a military-
or industrial-surplus oscilloscope,
others had to confent themselves with
kit-built, low-frequency models. Today,
however, the electronic hobbyist and

INCOMING SIGNAL

HORIZONTAL-
DEFLECTION
PULSE

Fig. 2. If an input signal is applied across
the vertical plates while a synchronized
sawtooth controls the horizontal
deflection, then the electron beam will
trace the input signal on the CRT screen
while it is swept by the sawtooth.

Starting from the upper-left and moving clockwise, you can see the beam in the middle
of the screen when there is no potential across the plates, it shifts left for a positive
potential on the left plate, it points up when the upper plate is positive, and the beam
can be shifted anywhere on the screen by any combination of potentials.

When two waves control the beam position,
a Lissajous pattern is formed from them.

amateur-radio enthusiasts can have
their choice of good, high frequency,
models that vary from cheap to back-
breaking in cost. But, even top-name
oscilloscopes are no longer that far out
of reach if you compare their cost to
the cost of other hobby equipment
such as ham setfs, cameras, or fishing
boats,

No matter how much an os-
cilloscope costs they all have some
features in common. Like all modern
oscilloscopes, the ones shown in the
photos have triggered-sweep ca-
pability. That means that the beam
does not start to sweep left-to-right
across the CRT screen until it receives a
signal (called a trigger pulse) to tell it
fo. By controlling when the sweep is
friggered, we can make the os-
cilloscope display a portfion of a

waveform beginning at a point we
specify. Note that the CRT’s shown
have a screen with a graticule grid
inscribed on the face. The divisions
(usually 1-cm each) are used to mea-
sure voltage and time: we will discuss
those in more depth lafer.

Older model oscilloscopes were not
frigger swept. Inthose modeils, the hori-
zontal deflection of the beam was
asynchronous with respect to the input
signal. The horizontal-sweep controls
were calibrated roughly in units of fre-
quency, i.e. the number of times per
second the beam swept left to right.
Such instruments are of limited
usefulness today. Most of them have a
low frequency vertical-amplifier
bandwidth, and so cannot display
many of the signals that are of interest
fo the modern electronics enthusiast.

Dual-Trace Features. Another boon
fo the hobbyist is the dual-trace os-
cilloscope. Those instruments were
ohce rare and expensive. But today
manufacturers can offer dual-trace
capability in their most modest units,
so the instruments are now quite com-
mon.

There are two separate vertical in-
puts on the CRO’%, so two separate
signals can be viewed simultaneously
against the same timebase. Two ver-
tical-position controls (one for each
channel) can be adjusted to either su-
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Fig. 3. The waveform used for horizontal control in A, is half the frequency of the input
vertical waveform. That means that no matter what the phase difference is there are
always nwo vertical peaks and only one horizontal. If the two input signals have the
same frequency. then the ellipse they make can be used 10 determine the phase shift.
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perimpose or vertically separate the
input signals (more on that Iater).

Dual-trace capability is extremely
useful for examining the time rela-
tionship between two signals, or com-
paring them closely. It's greatest
application is in troubleshooting. For
example, dual-trace CRO's can be
used to simultaneously examine the in-
put and output of one stage of a circuit
to determine which stage is malfunc-
fioning.

Bandwidth Importance. Verical
bandwidth is a specification of much
interest in selecting an oscilloscope. At
one time, high frequency vertical am-

plifiers were available only in the most
expensive laboratory-grade instru-
ments. For example, in the mid-1960's
one expected to pay $4000 for a 35-
MHz, two-channel oscilloscope (and
those were 4000 “then-current dol-
lars”). But today, we can buy 35-MHz
oscilloscopes for less than 1000 current
dollars, and 100-MHz models are only
about $2300. As a general rule of
thumb that is vaiid in most cases, se-
lect a model with as high a vertical
bandwidth as you can afford. It is diffi-
cultto go wrong with ftoo much vertical
bandwidth, but too little can cost you
capability.

Of course, even though domestic

and imported models are inexpensive
enough to allow you to obtain good
performance at low cost, it is still possi-
ble to spend big bucks for aredlly fine
laboratory-grade oscilloscope. Such
atop-of-the-line model is a bit beyond
the needs and price-class of hob-
byists, but discussing them will help
you to know what’s out there. The
Tektronix Model 7104, shown in one of
the photos, works at frequencies up to
1000-MHz, and uses vertical and hori-
zontal plug-in modules that allow the
user to custom-configure the os-
cilloscope to specific tasks.

Now let’s briefly discuss typical con-
trols found on modem oscilloscopes to



A 10-Mhz dual-trace oscilloscope, such as
this B+ K, is perhaps the most commonly
used oscilloscope for hobbyist work.

give you some insight as to their fea-
tures. Keep in mind that not all of the
controls mentioned are on all os-
cilloscopes, especially some of the
specialized friggered-sweep opfions
that some models offer. Also, on some
models the same controls may carry
slightly different names on the labels,
but function pretty much the same. We
will divide the controls info the follow-
ing groups: control, vertical, horizon-
tal, anc tfriggering. Occasionally we
include a perinent connector among
the controls of a group 1o reveal its
relevance fo that group.

Control Group. The control group
(some of which may appear on the
rear of the oscilloscope), includes the
ON-OFF [POWER), INTENSITY, FOCUS,

The vertical position controls can
superimpose two signals for amplitude
and phase comparison, {upper photo) or
separate them for easy viewing.

ASTIGMATISM, ILLUMINATION, TRACE ROTATION,
and BEAM FINDER confrols, and the
CALIBRATION-SIGNAL output. Let’s discuss
the most important one first.

on/orF—The control that furns the in-
strument on and off it is the AC main
power switch (or battery switch in por-
table models). On some 0s-
cilloscopes, the on/oFF switch is part of
another confrol (usualty INTENSITY), Sim-
ilar to the on/oFfF switch on a radio
being ganged to the volume control.
On other oscilloscopes the ON/OFF
switch is a separate entity. When that is
the case, on most modern 0s-
cilloscopes it is a pushbutton switch,
while older models contained either a
foggle or rotary switch.

Intensity—The INTENSITY adjustment
controls the brightness of the CRT
beam. As a general rule, the INTENSITY
control should be kept just high
enough to see the entire waveform
comfortably. If the same waveform is
expected to remain on the CRT screen
for a long time (or there is no wave-
form), then the intensity should be kept
low in order to prevent buming the CRT
phosphor.

Focus—The Focus control adjusts the

size of the electron beam spot on the

CRT screen. It often interacts with the
ASTIGMATISM control (description follow-
ing).

Astigmatism—The ASTIGMATISM
control adjusts the “roundness” of the
CRT spot, and often affects the rFocus
confrol. A good way to adjust the
ASTISMATISM control is to set it for a uni-
form line thickness when the CRT is
swept horizontally (with no signal pres-
ent in the vertical channel). On many
oscilloscopes, the astigmanism control is
ascrewdriver adjustment available on
either the front or rear panel, while the
Focus control is knob-adjustable from
the front panel.

lllumination—The ILLUMINATION control
adjusts a lamp that lights up the grafi-
cule lines inscribed on the CRT screen.
At the lowest setting, no light appears
on the graticule. Care must be taken
with the control when photographing
the CRT screen, as the graticule light-
ing can overexpose the ASA 3000 film
typically used in oscilloscope pho-
fography.

frace Rotation—The TRACE ROTATION
(also called TRACE ALIGN On some mod-
els) is a screw adjust that compensates
for the effects of local magnetic fields
on the CRT trace. The confrol is ad-
justed so that the CRT beam is horizon-
tal with respect o the graticule.

The main control group is shown here. The
power switch on many scopes is ganged 10
the intensitv control, but on this Kikusui,

it is off 10 the left of the intensity

adjust and is not shown here.

Beam Finder—This control discon-
nects the horizontal and verical in-
puts, so that the beam collapses 1o a
spot with higher intensity than the
tfrace. It helps the operator locate the
beam if it is off the screen or if the
intensity is set 100 low.

Calibration—The CAUBRATION control
provides a standard signal to cali-
brate the verical-amplifier controls.
Typicailly, such signals are 400 or 1000
Hz, ateither!or 2 volts peak-to-peak. In
some cases itis a sinewave, inothersa
squarewave. Inthe closeup shown, the
1000-Hz sguarewave has both 2-volt
and 200-millivolt amplitudes.

The Vertical Group. The verical
group of confrols adjust the vertical
position of the beam, amplification
factor, and input selection of the os-
cilloscope. Items in the group include:
INPUT, INPUT SELECTOR, VERTICAL POSITION,
STEP ATTENUATOR, VERNIER (VARIABLE)
ATTENUATOR, GROUND, 5x MAGNIFICATION,
CHANNEL-2 POLARITY, aNd VERTICAL MODE.

Shown in a photo with them is an
INTERNAL TRIGGER selector (INT TRIG),
which is technically part of the trigger-
control group (its purpose is 1o select
the channel that supplies the trigger-
ing signal).

Super-colossal units, like this Tektronix,
have plug-in modules (on the right) for
specific applications.
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Input Connectfor—The input con-
nector is the point at which signal is
applied from the external world to the
oscilloscope’s vertical amplifier. Today
the input connector is often a coaxial
BNC-style chassis-mounted con-
nector, but on older oscilloscopes, the
input connector might be an SO-239
female UHF coaxial connector, or
even a pair of 5-way binding posts
spaced on 0.75-inch centers. Because
most modem probes and oscilloscope
accessories are now BNC-equipped,
owners of older models usually opt to
buy either an SO239-10-BNC or Post-to-
BNC adapter (as appropriate).

Input Selector—The selector switchis
usually marked ac-eNp-Dc and is used
to select the coupling mode of the in-
put fo the input of the vertical amplifier.
The pc mode means that the con-
nector is DC-coupled to the amplifier
input; The ac setting means that a
blocking capacitor is in series with the
connector center conductor (so only
AC signals will pass—DC is biocked):
In the eND mode the input of the ver-
tical amplifier is shorted fo ground and
the input-connector center conductor
is open-circuited (the GND mode does
not ground the input connector, which
would short-circuit the signal source!).

Portable scopes, such as this O.K.
Industries model. are great for jobs on
the go or for reallv tight spaces.

Stereo oscilloscopes (cousins of the
dual-trace models) like this Leader
model, allow viewing of two waveforms
side-by-side sinultaneously.

An interesting feature in this oscilloscope from JDR is Z-axis intensity modulation,
which gives complex graphs a 3D feeling by altering the beant intensity.

Vertical Position—The VERTICAL-POSI-
TiIoN control moves the electron beam
up and down on the CRT face. On a
dual-trace oscilloscope the two
VERTICAL-POSITION conirols are normally
used to prevent overlapping of the two
traces (and the confusion that would
result). Otherwise, the control can be
used 1o precisely position the trace
over the horizontal graticule markings
for accurate amplitude measure-
ments. It is common practice, for ex-
ample, to sef the ac-eND-DC input
selecfor 10 "GND” and then use the
position control to set the siraight-line
frace over either the bottom-most or
center graticule line, making it the
zero-volts reference point.

Step Attenuator—The sensitivity of
the oscilloscope amplifier is a mea-
sure of its gain, and is expressed in
terms of the voltage required to de-
flect the CRT beam a specified
amount, i.e. volts/division (or volis/cm).
The step aftenuator is aresistor/capac-
itor voltage divider that allows the in-
sfrument fo accommodate higher
potentials that would otherwise over-
deflect the CRT beam. Each position
of the step attenuator is calibrated in
volts- or millivolis-per-division (V/div or
mV/div). The actual peak-to-peak
voltage measure of the input signal is
made by noting how many CRT screen
divisions the signal occupies, and then
multiplying that figure by the sensitivity
factor in volts/div. For example, sup-
pose a sinewave signal occupies 5.6
divisions peak-to-peak and the step
attenuator is set to 0.2 V/div. The peak-
fo-peak voliage is:

56x02=112 volts

INT TRIG ‘
CHI  CH2 NORM

25 -
POSITION

+ e

The vertical-conirol group (along with a
trigger control). Notice the
variety of modes available on the right.

Vernier Attenuator—This variable
control is concentric with (in the center
of) the step aftenuator, and allows
contfinuously variable adjustment of
the signal attenuation, and so the
frace vertical size as well. The cdlibra-
tion of the step attenuator is valid only
when the vemier attenuator is in the
“CAL" (calibrated) position, which on
most oscilloscopes is defented for
easy location. Whenthe vernier control
is notf in the CAL posifion, a red uncal
lamp on the front panel lights.

That's all we have room for this
month. When we continue, we'll finish
up our discussion of oscilloscope con-
trols and how they are used. We'll then
move on fo show you how 1o get the
most from this valuable instrument. 1B



ack in the thirties, the re-
B generative shortwave receiver

was the king of the road.
Grandpa’s regenerative receiver
probably consisted of one or two
tubes, a 140C-pF capacitor, and plug-
in coils to tune in the 160-, 80-, 40- and
20-meter bands. Today, those parts
are hard to get—in fact, they are
nownere in sight unless you are an an-
tique-radio collector.

So how can you build Grandpa’s
Radio yourself without having to ob-
tain all the hard-to-find parts? By build-
ing those components yourself and
making some compromises on au-
thenticity. Our version of grandpa’s ra-
dio has homemade coils (including
the choke). It even has a tickler cail
that is used for ali the bands. Since
tube sockets and bases are hard to
get for the plug-in coils, a multi-posi-
tion switch is used to select the operat-
ing band.

Because it's impossible to find 140-
pF and 10-pF variable capaciiors fo
use as the tuning and bandspread ca-
pacitors, varactor diodes are used in-
stead.

Circuit Overview. The untuned RF
stage (see Fig. 1) amplifies a wide
band of frequencies, and prevents
critical anienna-trimmer adjustments
andurwanted regeneration noise that
might be fed into the antenna system.
The heart of *he stage is built around
an MFP102 FET, Q1. The extemal-anten-
na jack (J2) provides an AC-coupled
antenna input to @1. Resistors Rl and R2
act like a cathode-bias tube circuit for
the =ET. The amplified RF signal is in-
ductively coupled to the main tuning
coil through a coil selected by $1-a
(the sanp switch).

Transistor Q2 is another MFP102, but it
is used for regeneration. It receives its
input frormn the tank circuit composed

Grandpa’s

ShOft.lU ave
Recelver

receiver and eitjov
shortwave ds
Grandpa did.

of the coil selected by S1-b and varac-
for diodes D1 and D2.

Varactor diodes are funed by a
biasing current applied to their cath-
ode terminal. The varactors used here
are tuned by adjusting two potentio-
meters R11 (the main turwng control)
and R12 (the bandspread-fining con-
trol). One of the great advantages of
that type of tuning is that you do not
have to worry about band capacity—
if you do not want bandspread tuning.
use only the main tuning control.

Since fransistors make tuning more
critical when used in regeneration cir-
cuits, atickler circuit is used to provide
positive feedback to help separate
difficult stations. A tickler coil is oper-
ated by oushing it in and out of the
band coll selected by the band
switch. That fine tunes the band coil
with feedback. Normally there would
be atickler coil for each band coil, but
this tickler-coil assembly was de-

BY HOMER _ DAVIDSON
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Fig. 1. Distant shormwave stations can be pulled in with two RF transistors (Qf
and Q2), and the often used audio IC (LM386). Here is the main schematic.

signedto allow the ticklerto be moved
deep enough into the main-coil as-
sembly fo interact with any of the wind-
ings.

Regeneration is controlled by posi-
fioning the tickler coil (L9) and adjust-
ing a 10K potentiometer (R8). The
potentiometer controls the voltage fo
the drain terminal of Q2, which is the
regeneration feedback voltage. The
control is quite critical in operation, so
you must have a lot of patience when
adjusting the point of oscillation,

Inductor L10 (2.5 mH), and capaci-
tors C7 and C9 strip RF from the signal
leaving the audio alone. Capacitor
C9 can be made out of two 001 ca-
pacitors in pardllel if necessary, but
dont leave that capacitor out; it is a
critical component!

Capacitor C10 couples the audio
signal to the volume control, RY, which
sends it to pin 3 of the audio amp, W.
Pin 5 of W couples the amplified audio
signal to the earphone jack (M)
through capacitor C12. Resistor R10,
and capacitors C11 and C13 provide
feedback for U1.

You may be able to use an 8-ohm
speaker for some stations, but head-
phones are recommended for best re-
sults. You can use a stereo jack for A
with the left- and right-channel output
terminals wired in paraliel so a low-
priced pair of stereo headphones can
be used.

Choke it. The choke coil, L10, can be
a store-bought 2.5-mH coil or a roll-
your-own type. To make yourown, start
by selecting a 2-watt resistor of about
10K to use as the body and terminals of
the choke coil. The wire shouid be No.
30 fo 36 enameled wire that can be
taken from an old transformer, an elec-
tfromechanical bell, a DC-motor ar-
mature, or may be purchased at an
electronics store.

Wind at least 250 turmns of wire in a
helter-skelter fashion (scramble wind)
onto the body of the resistor. Solder
each end of the coil to the resistor-wire
terminals close to the body of the re-
sistor. Winding the choke coil canbe a
nuisance, but it is often less trou-
blesome than locating or ordering it.

Wiring Up the RF Board. The RF and
audio parts are mounted on two 1-%
x 2-¥s-inch multi-purpose boards;
those can be cut from a larger perf-
board. The RF and AF circuits were
placed on separate boards for more-
stable regeneration feedback control.
Prepare the RF board by using 5
pieces of stripped, No. 22 hookup wire
fo form tie points along one edge of
the board. They will be used for solder-
ing convenience. One piece is to be
used as the B+ line for the project, so
connectthe positive side of the battery
clip to the one you wish to use. Make a
ground line using a long piece of wire
along the opposing edge.

Mount and solder each of the on-
board components that require con-
nection to ground first. Interconnect
those components as necessary, mak-
ing use of the tie points you've made.
Mount and solder the remaining com-
ponents connecting them to those on
the board already. Use a pair of long-
nose pliers or a heat sink to prevent
heat damage when soldering the
fransistors and tuning diodes.

Connect a hookup wire to the
ground line for the amplifier board,
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All audio components are mounted on the audio perfboard cxcept the controls and
carphone jack. Connections between the boards and outside components are made

dafter thev are mounted on the wood chassis.

one for the coil assembly, and a third
for the potentiometers. Connect wires
for the off-board components (St-a, S1-
b, J2, the wipers of R8, R11, R12, one
side of R? and both sides of L?) to the
mounted components. Label all wires
for easy identification. Lastly, connect
three wires to the B+ line—one 1o run
o the coil assembiy, another to run fo
some of the potentiometers, and a
third for the amplifier board. Check the
board’s accuracy before you pro-
ceed.

Amplifier-Board Construction.
Mount an 8-pin IC socket in the center
of the board. Make a ground line as
you did for the previous board and
ground the appropriate socket pins.
Interconnect pins as necessary with
hookup wire. Solder capacitors
C11-C14 1o the IC socket and connect
C14 1o the ground line. Run R10 be-
tween C13 and ground and connect a
hookup wire to the unconnecied side
of C12 for M. It will be used for the audio
signal. Connect one jumper to pin 3 for
R9 and a hookup wire to the ground
line for A. Twist the ground and audio
wires together. Check out the board for

correct wiring. Once you're sure every-
thing is okay, it's time to start winding
the coils.

Tuning-Coil Winding. All coils except
the fickler and choke coils are to be
wound on a 6-% inch piece of PVC
pice. The prototype’s pipe was pur-
chased from a local hardware sfore.
Just search the plumbing department
of a hardware store for yours. You must
wind all coils in the same direction with
No. 24 or 26 enameled wire. The wire
can be purchased at most electronic
parts stores.

Keep in mind that all primary coils
(L2, L4, L6, and L8) are 1o be close-
wound and the main fuming coils (L1,
L3, L5, and L7) are space-wound (see
Fig. 2 for the dimensions).

First cut the PVC tube to size. Do not
drill holes in the pipe to tuck in the coil
ends since the fickler coil must be
pushed back and forth inside it for re-
generative feedback. As you wind
each coil, you will secure it fo the form
with cellophane tape at each end in-
stead.

Start coil 11 about1-¥2 inches from the
end of the coll form, leaving a 6-inch

PARTS LIST FOR GRANDPA’S
SHORTWAVE RADIO

SEMICONDUCTORS

DI—MV2115. 100-pF varactor diode

D2—MVI09. 35-pF varactor diode

Q1. Q2—MFPI02 FET transistor

UI—LM386 audio-amplifier. integrated
circuit

RESISTORS

(All fixed resistors are Ya-watt, 5% units
unless otherwise noted.)

R1. R7—4700-ohm

R2-—-—470-ohm

R3--220.000-ohm

R4—2200-ohm

RS, R6—100.000-0hm

R8—10.000-ohm, linear potentiometer

R9-—10,0(X)-ohm. linear potentiometer
with a SPST switch

R10—10-ohm

R1t. RI2—100.000-0hm. potentiometer

CAPACITORS

(All capacitors are 50-WVDC units
unless otherwise noted.)

Cl. C3, C7—I100-pF. ceramic disc

C2, C5. C6—.01-uF, ceramic disc

C4—0.[-wF, ceramic disc

C8—15-pF, electrolytic.

C9—-.002-uF, ceramic disc

C10, C13—.047-uF. ceramic disc

Cll. C12—10-u.F. electrolytic

Cl14—220-pF. electrolytic

INDUCTORS

LI-L9—See text

L10-250-300 turns of No. 30-38
enameled wire (sec text)

ADDITIONAL PARTS AND MATERIALS

B1—9-volt battery

J1—DMiniature earphone jack

12, J3—Binding post

Si—2-pole, 4-position (or 5-position)
rotary-switch (sec text)

S2—SPST switch (Sec R8)

Two small perfbouards: No. 24 enameled
wire; solid hookup wire: Boards for
rear- and front-panel chassis; 8-pin IC
socket: small speaker or earphone;
solder. etc.

The varactor diodes D and D2 are
available for $1.30 cach from: Circuit
Specialists Inc.. PO Box 3047,
Scottsdale. AZ 85257 (minimum
order $2).

length at the start for hookup. Place a
piece of cellophane fape over the
starting tumn to hold it down. Only the
ends of the space-wound coils should
be taped down so that the coils may
be spread apart or pushed together
when you calibrate the reciever later
on. Wind 2-% turns for L1 over a %e-inch
wide area, and leave about another 6
inches of wire at the end for hookup.
The wire will be frimmed later. Use an-
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Fio. 2. Here are the coils- with wurn, size. and spacing information. All coils
P gin

are wound with number 24 enameled wire.

other piece of tape to hold down this
end of the coil.

Start coll L2 Ye-inch away from coil U
leaving a length of wire for hookup
and using the cellophane tape as be-
fore. Close-wind 6 turns in the same
direction as L1's turns. Terminate the coll
as before, and begin L3 %-inch from
L2's end, using 4 turns over a ¥-inch
span. Close-wind L4 with 8 turns ¥s-inch
away, faping the ends and leaving
leads.

Now skip down Y2-inch and wind coil
L5. Space wind the 9-turn coil over aVa-
inch length. Wind coil L6 ¥s-inch down
from L5. Likewise, finish up the remain-
ing coils using Fig. 2 as a guide and
using the same termination method.

You may wire up a coil for 160-
meters and a portion of the broadcast
band on the remaining end of the PVC
pipe, if so desired. Wind a 45-turn
(close wound) secondary and make a
primary winding of 20 turns with a ¥a-
inch separation between the two coils.
You'll need a rotary band switch with

two poles and 5 positions instead of
the one shown.

Bumn off the enamel from the lead
wires with a soldering iron, or scrape
them bare with a pocket knife, and tin
the ends. Using Fig. 2 as a guide for
correct polarity, solder one end of
each RF coil (L2, L4, L6, and L8) fo-
gether and connect them to some
hookup wire for connectionto B +. Trim
excess wire as you go. The ground
ends of all main tuning coils are to be
tied together and terminated in the
same fashion paying attention to po-
larity.

Ticked Off. The tickler coil was wound
with @ turns of No. 26 enameled wire
close-wound on a plastic 35-mm film
container. Any plastic form that is af
least one inch in diameter will do. Just
make sure it will slide inside the main
coil form. Connect two 10-inch flexible
wire leads to the tickler coil ends.
Make holes in the form near each ¢oil
end to run the wires intfo and a third

35MM
SILICONE FILM

RUBBER HOLDER COIL  DOWEL
END
SUPPORTS KNOB

The tickler coil is wound with 9 turns of
number 24 enameled wire over a 35-mm film
container. Any I-inch form will do. The
container is cemented to a Vs inch

dowel rod for feedback operation.

hole out of the back of the coil form to
run them out again.

Cut a long ¥-inch wood dowel. The
rod should be long enough to push the
coil dll the way inside the large coil
assembly. Epoxy the rod to the coil
form, but do not aftach a knob.

| 9-1/2 =
k 1-1/2 t 1-1/2
1172 A 3/8  13/4
e—"—4-3/4 ! 1172
: 3/8
§-1/2 3/8
3/8 3/8
1172 :r’ 1-1/2
=
S o ° o V4
A
FRONT PANEL
i |
[ 9 |
BRACKET
SUPPORT
HOLES

REAR WUC?U CHASSIS
Fig. 3. Cut the front panel out of scrap
Masonite and the back chassis from soft
pinewood. Drill all holes in the front
panel before spraving both sides with
black enamel paint.

Chassis Construction. Cut the front
panel out of a piece of Masonite and
the main chassis out of pinewood. Drill
all holes in the front panel as shown in
Fig. 3. Do not forget to drill stop holes
for the variable-resistor controls so the

(Continued on page 102)



Bring those misbehaving op-amps in line by following the

practices and suggestions outlined in this article.

lthough most of the time opera-
Ationol amplifiers and other

linear IC's are well-behaved
devices, they are sometimes subject to
spurious and unexpected oscillation.
When that occurs, it can render a cir-
cuit wildly unstable, and therefore un-
usable. In this article we will examine
the mechanisms that cause those trou-
blesome oscillations, learn how to di-
agnose them in your designs, and see
some common circuit “fixes” that can
be used to tame a wildly unstable cir-
cuit.

In general, oscillations can be cate-
gorized as one of two types: 1) those
related to the feedback network, and
2) those caused by everything else.
First, let's take a look at the feedback
category.

Feedback Spasms. The graph in Fig.1
shows the plot of the open-loop phase
shift in degrees versus frequency in
Hertz fora commonplace, uncompen-
sated. open-loop op-amp. From DC to
a certain frequency (about 100 kHz in
the graph) there is essentially zero
phase-shift error; but beyond that fre-
quency. the phase shift changes
rapidly. That change is due both to the
interal resistances and capacitances
of the amplifier, and RLC elements in
the intemal feedback network; above
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Fig. 1. This graph tells the story of how
an innocent op-amp operating at low
[reqicencies can produce parasitic
oscillations bevond its frequency range.

BY JOSEPH J. CARR

100 kHz, both of those act as phase-
shift networks. The phase-shift change
that is produced is what is seen in Fig. 1
itis called the propagation phase shift.

At some high frequency (about 12
MHz), the overall propagation phase
shift reaches 180-degrees. When that is
added to the 180-degree inversion
phase shift that is normal in inverting-
follower amplifier circuits, it adds up to
the 360-degree phase shift that meets
the “in-phase” feedback criteria nec-
essary for oscillation. If the closed-loop
circuit gain at that frequency is unity or
more, then the amplifier will become
an oscillator.

To prevent that from happening, you
need to reduce the gain at the fre-
quencies where oscillation may occur.
That can be done by using one of the
techniques shown in Figs. 2 and 3, or a
variant of those techniques,

]
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(« = — =11
————0
o—— 1,
B

Fig. 2. In lead compensation, a small-
value capacitor can be used to reduce the
op-amp gain at frequencies where unwanted
oscillations occur, Two different methods

of lead compensation are shown here.

In Fig. 2 we see a method used
calied lead compensation. If the oper-
ational amplifier is equipped with
compensationterminals (usually either
pins1and 8, or1and 5, on standard DIP
packages), then connect a low-value
capacitor (20 to 100 pF) as shown in

Fig. 2A. An alternate scheme is to con-
nect the capacitor from a compensa-
tion terminal to the output terminal as
shown in Fig. 2B.

The recommended capacitance in
manufacturer's specification sheets is
specifically for the unity-gain non-in-

) —

,__O
A
A
+
B
Fig 3. Another method of reducing oscillation
is called lag compensation. In that
technique, one of the op-amp's compensation

terminals is connected 1o ground
using a capacitor (A) or an RC network (B).

verting follower configuration. For a
gain follower the capacitance is re-
duced by the feedback factor, B:

C=C,8

where C is the required capacitance
to be added, C,, is the recommended
unity-gain capacitance, and B is the
feedback factor Ry/(Rny + Re). Resis-
tance Ry is the series input resistance
in ohms at the op-amp input, and resis-
tance R is the resistance in ohms of the
feedback network.

The technique shown in Fig. 3 is
called lag compensation. In that tech-
nique we connect either a single ca-
pacitor (Fig. 3A) or a resistor-capacitor
network (Fig. 3B) from the compensa-
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tion terminal to ground. A related
method places the resistor-capacitor
series network between the inverting
and non-inverting input terminals.

The object of the methods illustrated
in Figs. 2 and 3 is to reduce the high-
frequency gain of the circuit to less
than unity at the frequency where the
180-degree propagation phase shift
occurs. The amount of compensation
required to accomplish that goal de-
termines the maximum amount of
feedback that can be used without
violating the stability requirement.

There are several other factors that
can conspire to cause an operational
amplifier fo break into unexpected os-
cillation. Quite often, those oscillations
occur at frequencies that are farin ex-
cess of the band pass of the associ-
ated circuit.

One of those factors is positive feed-
back via the DC power supply. If the
DC power supply presents a high AC
impedance to ground at any frequen-
cy where the overall circuit gain ex-
ceeds unity, then positive feedback
that is sufficient to cause oscillation
may exist. The obvious solution to that
problem is to make the output imped-
ance of the power supply lower. The
quickest and cheapest (vet very effec-
five) method for accomplishing that
job is to use decoupling capacitors on
all power-supply lines.

The input and output waveforms
from a unity-gain inverting-follower
amplifier (R, = Rg) that lacked
power-supply line decoupling capac-
itors are shown in the photograph of
Fig. 4. Note the oscillationthat is clearly
visible on the output waveform (V).
Since adding the capacitors to the
V+ and V — teminals would clear up
the problem, it is considered poor
practice to use an uncompensated
op-amp without such decoupling ca-
pacitors.

Fig. 4. Note the instability in the output

signal of this op-amp circuit. The problem
was remedied by adding decoupling capacitors
to the circuit’s DC power supply.

Finding and Fixing Instability. The
process of finding and fixing sources of
instability in linear IC op-amp circuits is
sometimes believed to be partly mag-
ic, butinreality, the processis relatively
straightforward. There may be, how-
ever, a certain amount of trial-and-er-
ror involved.

Be sure that the problem that you are
trying to solve is indeed an instability in
the circuit and not an extermal prob-
lem. Three kinds of extemnal problems
can mimic op-amp instability. One is a
defective source signal. For example,
a low-frequency "motorboating” os-
cillation may be due to a high AC im-
pedance to ground in the amplifier’s
DC power supply (especially in multi-
stage circuits), but it may also be due
to an oscillation in the signal source.
Another problem of that sort is 60-Hz
AC hum caused by a broken shield or
ground wire on the input line. In fact,
dont lock for any other. cause if the
“oscillation” is exactly 60-Hz (the AC
power-line frequency) until that pos-
sibility is checked.

l €2
CERAMIC =

2V DISK

Fig. 5. Ceramic-disc capacitors can be vour
undoing when they are used to decouple the

power supply from the circuit. The equivalent

circuit for that capacitor is in the inset.

The second external problem is
noisy or defective power-supply lines.
Examine the V— and V + lines using
an oscilloscope to be sure that the
power is clean. A 120-Hz oscillation
could indicate an excessive ripple
condition in a DC power supply.
Adding ripple filtering or a voltage
regulator in each DC line (V- and
V + ) will usually solve the problem.

Finally, we sometimes see inter-
ference problems in IC amplifiers.
Strong local fields, such as RF inter-

FERRITE BEAD

Fig. 6. To eliminate the unfortunate effect
that ceramic-disc capacitors have at high fre-
quencies, snubber resistors (R, in A)
and ferrite beads (B) are used.

ference from a local broadcasting
station, may get into the circuit where
they may be mistaken for high-fre-
quency oscillations. Such interference
may get into the circuit via direct radi-
ation, or may be carried into the circuit
on an input line, output line, or a DC
power-supply line.

Getting rid of such interference can
present quite a problem. One tech-
nique is to add RF filtering to the inputs,
in the feedback loop, and in the
positive and negative power-supply
connections.

Zeroing In. Once external problems
have been eliminated, it is time to
zero-in on intemnal causes. First, exam-
ine the circuit for any unintended com-
mon impedances between input and
output circuits, or between stages in a
cascaded chain of amplifiers. Two
areas of the circuit should receive spe-
cial attention: the DC power-supply
lines and the ground connections.
Problems related fo the power-supply
connections can be handled using
capacitors as discussed previously, so
we won't dwell on that topic again.
Common impedances in the
ground system, usually called ground
loops, are suppressed by using large
conductive ground planes (usually on
the component side of the printed cir-
cuit board) in place of thin point-to-
point traces. There are a few design
guidlines to foliow when trying to elimi-
nate ground loops from your design.
Those are:
e 1) Use large ground-plane surfaces
where possible.
® 2) Use a single ground point, cailed
a star point.
e 3) Keep the DC power-supply and
AC-signal ground lines separate ex-
cept at the single star point.
(Continued on page 104)



duced you tc Boolean algebra

and showed you how binary logic
signals could be represented with
mathematical expressions. We then
showed you how fo derive a Boolean
expression from any logic circuit. You
also saw how to draw the logic circuit
corresponding fo a given Boolean ex-
pression. Finally, we explained the val-
ue and use of fruth tables. We showed
you how to write a fruth table for
logic circuit or derive the Boolean ex-
pression from a fruth table. This month,
we will provide you with more ad-
vanced information on Boolean al-
gebra. Specifically, we will introduce
you to the basic rules (laws) that will
allow you to apply Boolean algebra ta
the design of logic circuits.

Boolean algebra is a system of
mathematics that is used to express
how digital-logic circuits operate. It is
very much like conventional algebra
and most of the standard algebra
rules and procedures work with
Boolean expressions. You just have to
remember that the only numeric val-
ues in Boolean algebra are 0 and 1.
When those rules are combined with
the Boolean laws you will learn in thig
article, you will be able fo analyze and
minimize the most complex digital-
logic circuits.

ln last month's column we infro-

Why Use Boolean? The two main
benefits of using Boolean algebra
come from its ability to represent and
simplify digital-logic circuits for the
purpose of reducing the amount of cir-
cuitry required to implement a func-
fion. Expressing digital logic in mathe-
matical terms provides us with @

BOOLEAN
LAWS and

REDUCTION

BY LOUIS E. FRENZEL, JR.

If you know a few Boolean laws, you

can greatly simplify any logic circuit.

compact and convenient way of de-
signing and analyzing digital circuits.
The complete operation of a comput-
er or any other digital circuit can be
fully expressed with Boolean equations
rather than large complex logic di-
agrams. While logic diagrams, of
course, have their place, most original
design and analysis is done mathe-
matically.

Using Boolean algebra to alter
Boolean expressions (and so the corre-
sponding circuits) to reduce the
number of gates and other compo-
nents required to implement them, is its
best application. Many times in de-
signing a digital circuit, the tfruth table
will first be developec based on the
desired inputs and outputs. The
Boolean equation is then derived from
the fruth table. At that point, the equa-
fion can be represented by logic
gates. However, if the equation de-
rived from the fruth tcble is manipu-
lated using Boolean expressions, it can
be simplified (minimized). That sim-
plification generally results in a smaller
circuit with fewer parts. Any time that
you can reduce the number of com-
ponents or logic gates, considerable
savings can be realized. That is par-
ticularly true of a complex digital sys-
tem such as a computer. Reducing the
number of logic gates reduces the
production cost, size, and power con-
sumption. The reliability is increased,
anc operating speed is usually im-
proved. Keep those benefits inmind as
you are learning the Boolean rules.

The rules of Boolean algebra are
stated in terms of laws that were origi-
nally layed down by mathematician
George Boole in his bcok “The Laws of

Thought,” published in 1847. Let’s ex-
plain each law in detail.

Laws of Intersection. The laws of
intersection relate fo the use of anp
gates. Remember the basic Boolean
expression for an anp gate is:

C=AB

where A and B are the inputs and C is
the output. A or B may be eitherQor1. In
an AND gate, the output is only 1 if both
inputs are binary 1. The laws of infersec-
tion simgly state what the oufput of an
AND gate will be if one input is binary 0
while the other is A or if one input is
binary 1 and the otner is A.
The basic laws of intersection are:

A(0)=0
Al]=A
AO—m - f
D
fto——— A(0)=0
A
AO— —4 A
10-——: )A(1)=1
B
XO——
Yooou-uoo 3
}—0 0
lo—— XYZ(0)=0
bo—
c
Do~
\
Eo- -ODE
o

Fig. 1. Here we demeonsirate the laws of
intersection. In A, onre input of the

AND gate is 0. making the outpur 0.

In B, a binary I s epplied 10 an input,
making the owtput simply A. Figures C and
D demonstrate the same principle for
multiple inputs.
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We can illustrate those laws with
AND-gate symbols as shown in Fig. 1. In
Fig. 1A, one input of the anD gate is O.
The other input A can be either 0 or 1.
Just remember that any time one input
to an anp gate is 0, the output will al-
ways be 0 regardless of the state of A.

In Fig. 1B, a logic signal A is applied
to one input of the AND gate while a
binary 1 is applied to the other. Of
course, A may be either 0 or 1. Under
those conditions, the output is simply
equal to the A input. If A'is O, the AnD
gate output will be 0. If A is 1, both
inputs are 1, making the output 1. Use a
truth table for the anD gate to verify
both laws yourself.

What the laws of intersection are
really stating are some special cases
in the application of Anp gates. If you
know how an AnD gate operates,
those rules are pretty obvious. By re-
membering those special mathe-
matical conditions, often a circuit can
be simplified by applying them. Keep
in mind that the rules also apply to AND
gates with more than two inputs. Fig-
ures 1C and 1D are examples of that.

Laws of Union. The laws of union re-
late to the application of or gates. Re-
call that the Boolean expression of an
OR gate is:

C=A+B

Again, A and B are inputs that can be
either 0 or 1. The laws of union simply
state what the output will be if one
input to an or gate is either binary 0 or
binary 1. The truth table in Fig. 2A illus-
frates this.

The laws of union are:

A+1=1
A+0=A

In the circuit at Fig. 2A. one input to
the or gate is fixed at binary 1. The
other input is A.

From your understanding of the op-
eration of an or gate, you can see that
the output will always be binary 1 re-
gardless of the state of A. The output of
an or gate is binary 1if any one or all
inputs to the or gate are 1.

In Fig. 2B. one input to the or gate is
fixed at binary 0. As aresult, the output
will simply be a function of the input. If
input A is1, the output is1. If input Ais O,
the output will be 0. The laws of union
are extremely easy to understand, par-
ticularly if you remember how an or
gate works. Again these basic expres-
sions can often be applied to a
Boolean expression for the purpose of

A
A
) A
A+0=A
8
0
Fo——
F 1
1 D+E+F+1=1
c
X
Yo o X+Y
0 X+Y+0=X+Y
D

Fig. 2. In A, one input 10 the OR

gate is fixed at binarv 1. the other

input is A, forcing the output 10 be
binarv . In B, one input is fixed at
binary 0. As a result, the output will

be a function of the inpui. The

rule also applies 1o gates with more than
two inputs, as in C and D.

changing its form or reducing its com-
plexity. Dont forget that the rule also
applies to or gates with more than two
inputs. Figures 2C and 2D are exam-
ples of that.

Laws of Tautology. The laws of taut-
ology indicate the effect of redundant
inputs on logic gates. There are two
forms of the law, one for aND gates and
one for or gates. They are:

AA=A
A+A=A
The circuits for those expressions are
given in Figs. 3A and 3C. The laws of

L
) A
AO———

Fig. 3. The laws of tautology state that
when all of the same inpuis are applied

‘to « non-inverting logic gate. the output

will be the same as the input. The
circuits for such expressions are given

in A and C. For multiple-input gates,
such as in B and D, the same holds trie.

tautology state that when all of the
same inputs are applied to a non-in-
verting logic gate, the output will sim-
ply be the same as the input. You can
assume values of 0 and 1 for A on either
circuit and determine that in every
case the output will be A.

Suppose you had the Boolean ex-
pression:

Z=XXJ

you can generate that logic with the
gate in Fig. 4A. By the laws of taut-
ology, you can replace XX with X so
the new expression is Z=XJ. Now you
can implement the circuit with a 2-
input AND gate as they are equivalent
(see Fig. 4B).

Another example is shown in Fig. 4C
for the relation:

M=D+D+R

Since D+ D=D, the expression be-
comes M=D+R. So a 2-input gate
can be used as Fig. 4D shows.

X o rf 1 0 Z=XXJ
J
& XX = X
X
Z=xJ
J
B
0
R
c
0+D=0
D
M=D+R
R
D

Fig. 4. By the laws of tautology, vou can
replace the XX in A with just X, so the

new expression can be implemented with
a 2-input gare as in B. The same is irue

for the or gate in C, which is transformed

10 the one in D.

The Law of Complements. The law
of complements tells what the output
of a logic circuit is when both a logic
signal and its complement are ap-
plied to a gate. There are two versions
of the rule, one for AND gates and one
for or gates. Those are:

AA=0

A+A=1

Figure 5 illustrates those rules with
gates. InFig. 5A, you can see that if you
apply a signal and its complement to
the AND gate, one of those signals will
always be a binary 0. Therefore, the
output will always be 0.



The opposite condition occurs in an
or gate (see Fig. 5B). If a signal and its
complement both are applied simul-
taneously, one input will always be a
binary 1. That, of course, will cause the
output fo be binary 1. Again, those laws
apply evenif the gate has more inputs.
See Figs. 5C and 5D for examples.

The Law of the Double Negative.
The law of the double negative states
that if a binary signal is inverted twice,
its value will not be changed, as fol-
lows:
(A)=A

If we invert or complement a logic sig-
nal, we reverse its value. A 0 will be-
come aland alwillbecome a0 (see
Figs. 6A and 6B. If we complement (in-
vert) again, the first inversion is undone
and we end up with a signal at the
output that is the same as the input.
That is illustrated in Figures 6C and 6D.
One complement simply cancels the
other.

The Laws of Commutation. The laws
of commutation state that you can
write the variables in a Boolean ex-
pression in any order and the meaning
or effect will be the same. The two
basic variations of the law are:

AB=BA
D+E=E+D
You can see that it doesnt matter

what order the variables are in. What
that means is that it does not matter

X+Y+Z+2=1

oD

Fig. 5. In A vou can see that if vou

apply a signal and its complement 10 the
AND gate, one of those signals

will be a binarv 0, alwavs mnaking

the output 0. The opposite occurs in an
ok gate (). Those laws applv even

if the gate has more inputs as in C and D.

INVERTERB = A

Fig. 6. If we tnvert or complement a
logic signal as in A and B, we reverse ils
value. If we do it twice, the first
inversion is undone and the ouiput is the
same as the input (see C and D).

which input of an AND gate or or gate
you send a variable’s value to. The log-
ical function is the same. As we have
indicated before, that rule also ap-
plies to expressions containing three or
mcre input variables. More typical ex-
amples are:

ABC =ACB=BAC=BCA=CAB=CBA
D+E+F=D+F+E=E+D+F=
E+F+D=F+D+E=F+E+D

The Laws of Distribution. The two
forms of the law of distribution are:
AB+C)=AB+AC
(A+B)A+C)=A+BC

Those rules are similar to the stan-.

dard algebra rules of factoring and
expanding algebraic expressions. In
the first version of the law of distribution,
A is multiplied by the expression B+ C.
(n ordinary algebra, we would multiply
ecich ferm inside the parenthesis by A
and add them together. The result
being:

AB+C)=AB+AC

You cagn also work the expression in
the opposite direction. For example,
starting with the expression:

AB+ AC

ycou can'see that A is common to both
terms. Therefore, you could factor it out

and simplify the expression. The result,
of course, is simply:

AB+C)

As you work with various Boolean ex-
pressions to simplify them or to change
their form, you will regularly be either
factoring or expanding them. Those
two techniques will greatly speed up
and simplify the process.

The other form of the laws of distribu-
tion is somewhat more complex. Take
alook at this expression again:

(A+B)(A + C) Product-of-Sums =
A+ BC Sum-of-Products

ft says that a product-of-sums can
be simplified into a sum-of-products.
Fig. 7 shows those two expressions im-
plemented with logic gates. You can
see that the sum of products version is
simpler as it uses one less gate.

To see how we arrived at that ex-
pression, let's use some standard al-

Ao

Bl | (A+B) (A +C)

Fig. 7. A product-of-sums (A) can be
simplified into u sum-of-products (B).
You can see that the sum of procucts
version (B) is much simpler.

gebra procedures. First, let's expand
the expression on the left-hand side of
the equation as we would a normal
algebraic expression. We do that by
multiplying each term inside the left-
hand parentheses by each term in the
right-hand parentheses, and adding
all the terms together. The result of is:

(A+B)JA+C)=AA+AC+BA+BC

The expression to the right of the
equals sign is correct algebraically
and could be implemented directly
with logic gates. However, it can be
significantly reduced. We can use
some of the previously described
Boolean laws to reduce it.

First, fake a look at the term AA on
the right-hand side of the equation.
Looking back, you should remember
that AA = A as one of the laws of taut-
ology. As aresult, you can replace AA
by A,

Next, notice that three of the terms
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