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TEK

2213A/2215A/2235
DUAL TRACE OSCILLOSCOPES

Now! Tek quality

THE ANSWER

BY ANY MEASURE

and expert advice

are just a free phone call away!

The indusiry
standard in CRT Display comirols
performance. are flexible and
Crisp. easy-lo- easy to use. Sep-
read, bnght CRT arate inlensity
14kV acceleraung | controls reduce
Eotenlnal provides | blooming in aiter-
igh wrling rate nate sweep mode.
and small spot Focus tracking
size. Full size 8x10 | mmimizes control
cm display for adjusiment and
measurement BEAM FIND elirmi-
accuracy. nales confusion

Vertical sys-

lem provides
measurement
assurance. Flal
transient response
and high acCuracy
ensures Irug
reproduction of
your signals. Fast
riselime and high
bandwicthis well
suited far a variety
of measurement

Pertorm delayed
sweep measure-
menis accurately
and easily. Eclh
sweeps can be
displayed alter-
nalely making di-
lerential meastira-

ments easy and
accurate (1%).
An interlacking
SEC/Dtv control
simplifies set-up.

Stable hands-oft
lrig1gering P-P
O detects s1G-
nal peaks, then
sets the trigger
level lor you. Dis-
play asynchronous
signais usin E
VERT MODE trig-
gen Indepen-
dent TV fietd and
liné selection.

Front panel laid
out by tunction
tor ease of yse.
Color coding aids
the user in cpera-
bon. Funclions
and modes are
praced logically,
All nomenclature
15 clearly labeled,
and prolecied
behind a scratch-
ess Lexan surface.

Cur direct order line gets
you the industry’s leading
price/performance portables...
and fast answers from expens!
The 60 MHz single time base delay
2213A, the 60 MHz dual time base
2215A and the 100 MHz dual lime
base 2235 ofter unprecedented
reliability and affordability. plus the
industry’s first 3-year warranty*
on labor and pans. CRT included.

The cost: just $1275 for the
2213A, $1525 for the 2215A,
$1750 for the 2235.1 Even at
these low prices, there's no
scrimping on performance. You

have the bandwidth for digial

and analog circuits. The sensilivity
for low signal measurements. The
sweep speeds for fast logic fami-
lies. And delayed sweep tor fast,
accurate liming measurements,
All scopes are UL Listed and CSA
approved.

You can order, or obtain
literature, through the Tek
National Marketing Center. Tech-
nical personnel, expert in scope
applications, will answer your
questions and expedite delivery.
Direct orders include comprehen-
sive 3-year warranty”, operator's

Hll\
SNe
. E

1-800-426-2200

manual, two 10X probes, 15-day
retum policy and worldwide ser-
vice backup.

Order toll free:
1-800-426-2200,
Ask for Rick.

in Cregon, call collect:
(503) 627-9000

Or write Tektronix, Inc.
P.O.Box 1700
Beaverton, OR 97075

Tektronix

COMAMET TED TO € ari1 1 FNCE

Coprytighy ® 1985, Texirona, 0. Ad nghts reserved  #TTA-4389-1 TPnce F.OB. Beaverion OR "J-year watranty incuoes CRT.

CIRCLE 260 ON FREE INFCAMATICN CARD
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Teletext is here mow, and here's your
chance to get in on all the excitement. You
can build a teletext decoder for under
$200, as long as you have some source of
composite video available—a VCR, for example. Of course, a de-
coder is not much good if no one is broadcasting in your area, But if
you have cable TV or a satellite dish, then the chances are that you can
get Superstation WTBS, which broadcasts the Flecira teletext maga-
zine.

The decoder is €asy to build, and is available as a complete kit from
Dick Smith Electronics. The hard-to-get parts are available separately.
What can you do when you finish building the decoder? The screen
shots shown should give you a good idea. Turn to page 45.
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THE MAY ISSUE IS

ON SALE APRIL 3

CLICK AND POP SURPRESSOR

Not ready for a compact disk player? Next month
we'll show you a project to help you get the cleanest
possible sound from your analog records.

TAKING KRILLIAN PHOTOGRAPHS
Learn all about Krillian photographs and see how you
can make your own,

ALL ABOUT FREQUENCY COUNTERS
Learn more about that valuable test instrument in the
concfuding installment of this article.

TELETEXT DECODER
Next month we’ll present the construction details.

CAPACITOR LEAKAGE TESTER
A handy instrument to have on your workbench.

SURFACE-MOUNT TECHNOLOGY
All about that revolution in package design.
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NEW!

Lower Price

Scanners

Communications Electronics,
the world's largest distributor of radio
scanners, introduces new lower prices
to celebrate our 15th anniversary.

Regency? MX7000-DA

{151 price $699.95/CE price $394.95/SPECIAL
10-Band. 20 Channel ® Crystaliess o AG/DC
Frequency range 25-550 MHz. continuous coverage
and 800 MHz. to 1.3 GHz. conlinuous coverage
The Regency MXT000 scanner lets you monitor
military. F.B. Space Satelltes. Poiice and Fire
Departments, Drug Enforcement Agencurs. Delense
Departrient Asronautical AM band. Aero Navigation
Band, Fah & Game, Immigrahon. Paramedics,
Amateur Radio, Justice Deporiment. State Depart-
ment, plus thousands of ather radio frequencies
most scanners can't pick up The Regency MXNT000
i the periact scanner for ntelbigence agencies that
need to monitor the rew 800 MHL cellular telephone
band The MX7000, now at a spacial price from CE.

Regency® Z60-DA

List pnce $379.95/CE price $179.95/SPECIAL
B-Band, 60 Channel 8 No-crystol sconner

Bandy 30.50. R2.J08, 115136, 144174, 440.512 MH2
Hear Police. Aircraft and the FM Broadcost Bands
The Regency Z60 covers all the public service bands
plus alrcraft and FM music for a total of sight bands
The 260 also features an alanm cloch and priority
control a3 well as AC/DC operation. Order today

Regency® Z45-DA

List price $329.95/CE price $159.95/SPECIAL
7.Bond. 45 Channel ® No-crysial scanner

Bonds, J0-50. 118-136. 144. 074 440.512 MHx

The Regency 245 i very similar to the 260 model
listed above however it does not have the commercial
FM broadcast band. The Z45, now at a special price
from Communications Electranies Inc

Regency® RH250B-DA

List price $613.00/CE price $329.95/SPECIAL
10 Channel ® Wart Transceiver 8 Priority
The Regency RH250B b a ten-channel VHF land
moblle transceiver designed to cover any fre.
quency berveen 150 to 162 MHz. Since this
radlo is synthesired, no expensive ciysials are
needed to store up 10 1en irequencies without
battery backup, All radwos come with CTCSS
tone and #canning capabilities. A monltor and
night/day switeh s also standerd This trans-
celver even has a pnority function The

makes an ideal radio for any police ot fire
department volunieer because of is low cost
and high perfermance. A UHF version of the
sarme radic called the RULS0B covers 450-482
MHz. but the cost is $449.00. To get technician
programming instructions. order a service man-
val from CE with your radic system

NEW! Bearcat® 50XL-DA

List price $199 95/CE price $114.95/SPECIAL
10-Band, 10 Channel * Handheld scanner
Banls: 26.7-54, 136174, 406-5) 2 MH:.

The Unlden Bearcat S0XL # an economical,
hand-held scanner with 10 channels covering
ten frequency bands. It features a keyboard lock
switch to prevent accidental entry and more.
Also order part ® BP50 which Is a rechargeable
battery pack for $14.95, a plugin wall charger. pan
# AD100 for $14.95 and also order optional
cigarete lighter cable part # PS001 for $14.95,

Reg#ncy
AMZ50

NEW! JIL SX-400-DA

List prics $799 95/CE price $399.95/SPECIAL
Multl-Hond, 20 Chonne! ® No-crystal Scanner
Search 8 Lockoul 8 Priority # AG/DC

Fraguency renge 26-520 MMz conlimeous coverage

Witk apnevaly sguipped BF converiers 150KMHx-3 7 GHe

To coiebrale ouwr [ 5th 4 y, when you order Lhe JIL SX-
400 wrihesred scanner before March 31, 1986. irom CE,
your Tl gt your (Ormlrl of lhcf RF-8014-DA o; R;.F.‘)OS{).DA
convertet frow e, can gut the RF-1030-DA
converter for only $m.moumh your SX.400 arder The
JIL SN0 I designed for commernal and professions)
monitor users thal demand lestures nor found in ordinary
scannars. The SX-400 will cover lrom 150 KHi 1o 3.7 GHz
with RF convertars. You may ako order the foliowing RF
converters [or your SX-400 scanners separstely al these prices
RF-1030-DA a1 $234.95 each lor Irequency range 150 KHe.
30 MHz USB. LSB, CW and AM {CW filer required for CW
sgnal reception), RF-5080-DA a1 $194.95 each lor S00-800
MHz; 14-DA 21319495 each lor BOO MHz2-1.4 GHz.
Bre sure te albo order AC B-300-DA 2t 599 95 eachwhich nan
anlenna control box for cormection of Lhe RF converterns The
RC-4000-DA data maeriace at 525995 each gued you
control of the SX-400 scanner and RF converters throudh a
computer. Add $3 00 shipping Jor each RF converter. data
interlace or antenna contral bow Add $10.00 for shippingboth
the scanner pnd Iree converters, I you need further Inkormation
o the JIL scanners. contact JIL dizectly at 213-926-6727 or
write JIL at 17120 Edwards Road, Cemtos. Catifomia 90701

SPECIAL! JIL $X-200-DA

List price $499.95/CE price $1 5?.95'/SPECIAI.
Multl.Band - 1§ nnel ® No-Cnyetal Scanner
Frequency range 26-55, 108.180, 380.5 14 MH:

The JIL SX.200 has selectable AM/FM receiver circuits,
tri-pwitch squedch seftings -signal audio and ugnal &
audio, cutbosrd NG power supply - DC at 12 vols built.
in, quart: choch - brght vacuum fluorescent blue read-
ouls and dammar, dual level search speeds. tr-level &an
delay meiches 16 memony channals i two channels
banks, recewa fine tune (RIT) £ 2KHz, dual level RF gain
seitings = 20 db pad. AGC test poin for aptional signal
strength meters all tor thu special price

NEW! Regency® HX1200-DA

List price $369.95/CE price $219.95/SPECIAL
B-Band, 45 Channel ® No Crystal scanner

Search ® Lockout ® Priority ® Scan delay
Sidelt ltquid crystal dispioy ®* EAROM Memory
New Direct Channel Access Feature

Bands. 30-50, 118-136, 149-1 74, 406-420. 440-512 MHz
The new handheld Aegency HX1200 wcanner @ hully
heyboard programmable for the ultimate In versasi-

#y You cen scan up 1045 channels at the same time including
the AM sircralt band The (O display o evn sl for night
use Crder MA-258- DA repud charge drop-in battery charger
fon $68 95 plus $3 00 shupping/handiing Inciude wal charge
carying case, bell clip, flexible sntenna and nicad batteng

NEW! Bearcat® 100XL-DA

List price $34995/CE price $209.95/SPECIAL

$%-Band, 16 Channel ® Priordiy ® 5can Delay

Search @ Limii ® Hold # Lockout # AC/DC

Frequency range 30-50. 118.174, 406-512 MHz

The world s it no-cryttal handheld wanner now has

8 LCD channet ciuplay with backlight for low light use

and aizcraft band cowerage W the same low prica Size b

1W" x 7W" 8 2" The Beorco! 100XL has wide frequency

coverage that includes all public service bands {Low,

High, UHF and™TF" bands, the AM aacraft banwd, the 2.

meler and 70 cm amabeur bands, plus eilitary snd

{ederal government frequencies Wou what 8 scanner!
Included In our low CE price is @ sturdy camang case,

earphone. batiery charger/ AC adapter six AA nicad

batteries and flentle snlenna Order YOur scanner now

Bearcat® 210XW-DA

List price $339.95/CE price $209.95/5PECIAL
8.Band. 20 Chonnel ® No-crystal scanner
Automatic Weather ® Search/Scan » AC/DC
Frequeney range: 30-50. 136-174, 406-812 MHz.
The new Bearcat 210XW @ an advanced third generation
scanner with great parlormance 2t a low CE price

NEW! Bearcat® 145XL-DA

List price $179 95/CE price $102.95/SPECIAL

10 Rand, 16 channet ® AC/DC # Instant Weather
Frequency range 29-54, J36-174, 420-512 MHz.

Thae Becrcat 145%L makes a great first scanner. [is [ow
cost and bigh performance lets you hear all the aclion with
the touch ol a key. Order your scanner trom CE today,

CIRCLE 79 ON FREE INFORMATION CARD
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NEW! Bearcat® 800XLT-DA
Li.sl&ﬂce $499 95/CE price $317.95

i12.Band, 40 Channel ® No-cryvsial scanner
Priorlty control 8 Search/Scon ® AC/DC
Bands 29-54, 11817, 406-512 B06-912 MH1

The Uniden S00MLT recenwes 40 channels in two banks
Scarw 15 channels per second Size JW” x 43 5 124"

OTHER RADIOS AND ACCESSORIES

Panasontc RF-2600-DA Shortwave recriver $179.95
Panasonic RF-BY00-DA Shorfwasve recemer . $19595
RD9Y.DA Unider Remote mount Reds Deector . 312895
RDS5-DA Llniden Vwor mounr Radar Dtector. .$9495
RD9-DA Lintden “Pasport wre Redar Datector, . 323995
BC 210XW-DA Bearcal 20 chennel scanne: $209.95
BC-WA-DA Bearcal Weathar Alent™ .. ., L B9
DXt 000-DA, Brarcat shortweve Tecerar SALE | $349.95
PC22-DA Liniden temote mount CB transcenver. $99 95
PC5S-DA Uniden mobile mount CB tranicetver . 9.95
R1060.DA Ragency 10 channel scanner . 95
MX3000-DA Regency 3 chennad tcanner., . . $19895
XL15&-DA Regancy 10 channel scannar SALE .. $129.95
UC102-DA Regency VHF 2chan. | Wiltrrpnicener ... $124 95
RH2508-DA Ragency 10 ch 25 Wit VHF tranaceiver . 2995
RHGOOB-DA Regenoy L ch 60 Wan VHF parscivgr ... 3454 95
AU SCR-0A Regency 10 channel UHF manscenqer . $149 595
RPHA10-DA 10 ch handheid no-crptal transceesT | £399.95
PL405. DA Regency 5 amp regulaled postr pply. ... $69.9'
P1412.DA Regency §2 emp requlated power suppdy . $11995%
BCID-DA Batrery chiwgar for fegency RPH10. $7995
MAZSE-DA Drop-in charger lor HX1000 & HX1200 . 36895
MAZ57-Da Clgurerte bghrer covd lor HX1 200 . 31995
MAS17-DA N-Cad bartery pack foe HX1 200 9
EC I19-Da, Prograenming 1ol lor Regency RPHA10. $24.95
SMRH250-DA Service man lor Regency RH250. $24 95
SMAU1Y0-CA Service man for Hegeroy RULS). $24.95
SMRPHA 10-DA Service man lor Regency RPHA IO $24 95
SMMXT000-DIA Sve man lor MXTOO0 & MXS000, .. $19.95
SMMXI000- DA Savvice man ber ME3000 . . $19.95
B4-DA 1.2 V ARA Ni-Cad batierss (st of lour) . 39
A-135C-Da Crtal cortificare $3.00
FB-E.DA Frequency Direciocy ber Easiemn UL SA. $1255
FB-W-DA Freq y D b Western U A $129%
TSG-DA “Top Secrat” Rugutry ol US Gomt Frg ... . §1495
TIC-DA Techniues loc Intertepteng Comm . 1455
RRF.DA Aaircad requancy dirsctory. . $1095
CIE.DA Coneart Indeibgencl Elact Eyvindropping -$14.95
AGD- DA Magnet mount mobile scanner anlenna . $35 00
ATO-DA Base station SCMIner Aftefing . A5 00
USAMM-DA Mag mount VHF/UHF ant wf 12 csbie 195
USAK.DA M™ hoie mount VHFUHF ant wy/ 1T cable | 11}

USATLM-DA Trunk lip moun! VHFfUHF #ntenna .
Add $300 shippang for all accemsones ordered M the wame Sma
Add 31200 shipping per 3h "

Add $7.00 shipping per scanner and $3.00 per antenna.

BUY WITH CONFIDENCE
To get Ihe fastest delivery from CE of arw scanner,
send or phone yowr order dissctly fo owr Scanner
Digiribunon Cender. Mxchugen rvsdenty plesse add 4%
salev tan o supply your tax LIL numbar  Witten pur-
thate order mra sccepled brom appeoved government
agencies and mou well rated frmy &t 8 10% surcharge
ot net 10 bilng Al sder are subpd o svadability.
accoptancs  and wendkation Al e on sccronies
are Bnal Prom, lerm and specicstom are subjedd to
change withou! nofice All prces are 0 US dollans Out
of stock neme will be placed on bachorder automaically
unless CE B Warucled differantly A 3500 additional
handiing iee wall be ¢ for ail ovders with &
merchandiss totel under 00, Shipments oy FOB
Ann Asbor. Michgen No C00's Mow products thal we
Wil tuve a8 manylsciuters warrenty Free coples of
warrenes on  Thewt products s vailable prior o
cornfind

purchase by writing o CE Non- checks taquire
bank clearance

Mail orders to: Communications Electrone
ics; Box 1045, Ann Arbor, M 48106

USA Add $7.00 per scannar for UPS ground
shipping and handling s the continental U.S.A
For Canada. Puerto Rico, Hawail Alaska of
APO/FPO  delvery, shipping charges ase three
times continental U.S. raten If you have a Visa
or Master Cand, you may call and place o credit
card order. Order tolkfree in the U.S Dial
800-USA-SCAN. In Canada order tolkires by
calling 800-221-3475. Telex CE smytime. dial
810.223.2422 1t are outside the ()& or in
Michigan dial 313-973-8888 Orxder today
Scanner Distribytion Centers” snd CE logos are tradermarks
of Communications Electronics Inc
$ Beorcar b & regitered trademark of Urnuden Corporstion
| Regemicy e d trad b ol R Flactremica bnc.
AD «0215856-DA
Capyright © 1986 Communicattons Electronics Inc

For credit card orders call

1-800-USA-SCAN

B COMMUNICATIONS
ELECTRONICS INC.

Consumer Products Division

£.0. Box 1045 O AnnArber. Michigan 48106-1045 US A
CallBOO-USA-SCAN of gutside U 8. A, 31 3-073-88088
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WHAT’S NEWS

Solid-state power switch can be built into HVIC's

General Electric scientists re-
ported to the recent 31st Interna-
tional Electronic Devices Meeting
in Washington on work with a new
type of solid-state power switch
that could be built right into high-
voltage integrated circuits (HVI
C’s). That would make it possible
to boost the current rating of such
IC's to an ampere or more.

The new device—the lateral

Insulated Gate Transistor (IGT)—
has much in common wilh the ver-
tical IGT, a revolutionary power
device pioneered in the early
1980’s. Like the earlier develop-
ment, the new experimental de-
vice merges power MOSFET and
bipolar technologies to achieve
the best features of each—high
current density and low drive cur-
rent requirements.

A WAFER OF INSULATED gate Iransislor power swilches aboui o be tesied by G.E. scienlist Dr.
Eric Wildi. The new devices are so designed that Tt may be possible to build 1Them right inlo high-
vollage inlegraied Circuits, making it possible for such high-voltage 1C’s 1o handle ten fimes as
much power as they do now.

International standard on
subjective speaker tests

The International Electrolech-
nical Commission (Geneva, Swit-
zerland), has announced that it has

issued Part 13 of its Publication
263: “Sound System Equipment.”
Part 13 deals with a difficult sub-
ject: listening tests on loud-
speakers.

WwWwWw americanradiohistorv comm

The standard includes recom-
mendations for the dimensions
and acoustic characteristics of the
listening room, descriptions of
test procedures that have proved
satisfactory, and considerable in-
formation on statistical methods
for analysis of results. Particularly
important are the statistical tests
that show whether the results are
reliable, and the confidence level
at which they are significant.

Objective measurements—
dealt with in Part 5 of the same
publication—are important, but
often do not predict actual perfor-
mance. While subjective tests are
difficult, the new standard indi-
cates how all significant variables
can be controlled, leading to relia-
ble and reproducible results.

NEMA opposes protectionism,
urges deficit recduction

The National HAectrical Manufac-
turers Association (NEMA) has is-
sued a 12-point Declaration of
Trade Principles. Important points
in a national trade policy, il states,
are reduction of the budget deficit
and opposition to protectionism.

NEMA believes that protec-
tionist actions not aimed at achiev-
ing market access "could have
serious negative consequences on
Amerlcan economic growth and
the international trading system.”
(Resistance to protectionism is not
1o apply when such actions are in-
tended to force open foreign mar-
kets.)

Other important points are “bal-
anced administration of export
controls,” improvement of export
credit facilities, and the use of gov-
ernment executive and legislative
measures to assist in bringing
about equivalent access to world
markets. R-E
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New and Used Electronic Test Equipment
S Sales ® Setvice ® Rontal ® Leasing

wiract! 3.5 Digit DMM 4+ With Scope Purchase

FEATURES: e AC DC voltage & Dala hold
® AC DC current ® Manual or autdéranging
¢ Resistance o Overload protection
® Diode test o LCD display
® Audible o Built-in stand
Continuity check e Battery included
s Temperature ® Test leads included
{Type K 3510 & 3525)
[ 4
Special!
BASIC One With Any
DC VOLTAGE QTY 1 QTY 3+ Scope Purchased
MODEL ACCURACY PRICE PRICE From RAG
3550 +.5% +2 digits $49.00 $42.00 FREE
as25 +.25% +2 digits $64.00 $54.00 $19.85
3510 +.19% +2 diglts $79.00 $67.00 $29.95

2 year warranty plus carrying case included!

MODEL V-222 $536.00
DC to 20 MHz, 1 mV/div, Dual Trace, D.C. offset for
DMM Output, Verticle Mode Trigger. 6 CRT

{w/two X1/X10 probes).

MODEL V-422 $694.00

DC to 40 MHz. other features same as V-222
{w/two X1/X10 probel.

MODEL V-1050F $1,276.00
Mocse! V-422 shown DC to 100 MHz. 5 mV/div, Quad Trace. Delayed Sweep.
Fuil T.v. Triggering. alternale time base

{w/two X1/X10 probes).

MODEL V-212 $461.00 MODEL V-650 $956.00
DC to 20 MHz, 1 mV/div. Dual Trace. Features 6" DC to 60 MHz. 1 mV/dlv, Triple TraCe, Delayed Sweep.
Ractangular CRT (w/two X10 probes). Full T.v. Triggering. variable trigger hald-off

{w/two X1/X10 probes).

NEW! 3 year warranty parts and labor on above scopes!

RAG Electronics Is & factory authorized Hitachi repair center. CIRCLE 126 ON FREE INFORMATION CARD

CALL US TOLL FREE ::;l;c.rgzléﬂc ‘ :g?orsn;;eppmsmomsusluagz
1 -800-732-3457 B Monay Order [} $251.00 10 $600 00 | . 880
SCnwck == $501 00 10 $780.00 . $6.40
IN CALIFORNIA TOLL FREE $751.00 10 $1000. - _$12.80 ;
1-800-272-4225 S ded ot

Pricas subject to change without notice.
RAG ELECTRONICS, INC. /21418 Parthenia Street/ Canoga Park, CA91304 /1-818-998-6500

M =polaroid  TSE]

DESIGNS
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ASK R-

PC-BOARD GROUND P1ANE
m familiar with the term ground
plane as applied to antennas, but not
to PC bhoards. What is the signifi-
cance and importance of ground
planes on PC boards? Can you sug-
gest additional reading on the sub-
ject?—A. M. W., Nalhrop, CO.

FiG. 1

A ground plane, as shown in Fig.
1, is a continuous, un-etched area
of copper that is connected to cir-
cuit ground. Ground planes are
used to minimize stray inductive
and capacitive coupling and to
eliminate ground loops in low-
level, low-noise audio Circuits, in
HF and VHF CirCuits, and in digital
circuits.

The ground plane may be on the
wiring side of a PC board, the com-
ponentside, or both. Whenitison
the component side of the board,
the ground plane is generally un-
broken, excepi for clearance
around the Component-terminal
holes. When the ground plane is
on the plated wiring side of the
board, sensitive circuit lines are
run Close by, and parallel to the
ground plane; alternatively, signal
lines may be routed through the
ground plane.

Our illustration shows the PC
board pattern for a filter used in a
2-meter transmitter. The ground
plane is on the wiring side of the
board.

For more information on using
and designing ground planes, re-
fer to The Design & Drafting of
Printed Circuits by Darryl Lindsey,
published by Bishop Graphics,

Inc., West Lake Village, CA. Also
see Generation of Precision Art-
wark for Printed Circuit Boards by
Preben Lund, published by john
Wiley and Sons, New York, NY.

SPEAKERPHONE INFORMATION

| saw the article, “New All-In-One
Speakerphone,” in the November,
1978 issue of Radio-Electronics, but
¥’ve been unable to contact either
the author, Mr. Camenzind, or Tridar
Corporation, the maker of the
phone. I’d like to get a complete di-
agram and parts list, if they’re avail-
able. The Tridar phone appears to
include circuits that overcome the
switching prohlem that develops
when both parties on the phone line
speak at the same time.—M. L. A.,
Philadelphia, PA.

Telephone technology has ad-
vanced quite a bit in the eight or so
years since the Tridar speak-
erphone was developed. I’'m sure
that you can find a satisfactory
speakerphone in a well-stocked
telephone-supply store.

By the way, Motorola recently
announced a new IC: the MC34018
Voiceswitch Speakerphone. That
IC incorporates all necessary am-
plifiers, attenuators, and control
functions to produce a hands-free
speakerphone system. For a data
sheet and circuit application di-
agrams, contact Mr. Ron Hlavinka,
Motorola Semiconductor Prod-
ucts, P.O. Box 20912, Phoenix, AZ.

MEASURING SPEAKER
IMPEDANCE

I am in auto-sound servicing and in-
stallation, and | have accumulated
quite a few speakers. | don’t know
the impedance of many of those
speakers. | know that | can’t measure
impedance with just a multimeter,
but | don’t know which instruments

WwWwWw americanradiohistorv comm

WRITE TO:

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

to use. | have most of the usual audio
service instruments. Can you help
me?—R.H., Hartsville, SC.

*
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The impedance of a loud-
speaker varies with frequency
along a curve like that shown in
Fig. 2-a. The speaker’s impedance
can be measured with an audio
generator, a variable resistor, and a
high-impedance AC voltmeter.
Wire the equipment as shown in
Fig. 2-b, and set the generator’s
output for 400 Hz. With 51 in the
CALIBRATE position, adjust the gen-
erator’s output attenuator to give a
full-scale reading on the meter.
Then throw the switch to rReap and
adjust R1 until the meter reads the
same in that position. The speak-
er’s impedance then equals R1.

continued on page 12
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How to beat the high cost
of cheap meters.

You get what you pay for.

So get the Fluke 70 Series.

You'll get more meter for your money,
whether you choose the affordable 73,
the leature-packed 75 or the deluxe 77.

All of them will give you years of
performance, long after cheaper melers
have pegged their fishhook needles for
the last time.

That's because theyve built to last, in-
side and out. So they'e tough to break. They
don't blow fuses all the time. You don't
even have to replace battenies as often.

And theye backed by a 3-year wamanly.
Not the usual 1-year.

Of course. you may only care thal the
world-champion 70 Series combines digital
and analog displays with more automatic
features, greater accuracy and easier cpera-
tion than any other meters in their ¢lass.

You may not care that they have a lower
overall cost of ownership than all the other
“bargain” meters out there.

But just in case, now you know.

For a free brochure or your nearest dis-
tributor, call toll-free 1-800-227-3800,
ext. 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKETS  FLUKETS  FLUKET?
" -

Eaox® 77 wamwere

&= T S
Al g iy Ay Ol G
Vols, g YOA dode WOl ohma 0A mA. ol ohvm L]
=] iorde et Seon e

Adorarge Axiie conbrusly Rt corfondy
L% bve & acorcy a.ugr_wmgg “enach Hokd” furction
200+ hous batiry Me  05% bas Taeay | A/ ange hold
3y warrarey 2000 + howt biem 034 tavc o sy

3y warranty 2000+ hour tafiery e

Iy THE g, AND NON EURDPEAN COUNTRITS Join Fighe WG e PO im CAOR0 M5 JSOC. Fawn, Wi SE206. S 354 5000 Owwr® (G M241W0 ®
EUROPEAN HEADOUANTERS P (viotant; B PO Bam 7704 5500 0O Ivaamen Tg Malwviaedy (044 LEET
@ Covvrgr I Il Fuim Wy g i M ]

CIRCLE 261 ON FREE INFORMATION CARD
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Move into commercial satellite communications and home
satellite TV with NRI’s latest training breakthrough!

Explore Every Aspect of Satellite Trans-
mission and Reception As You Assemble,
Install, and Train With the Complete TVRO
System Included in Your Course

Back in 1964, great excitement surrounded the launching
of Syncom 2, the true forerunner of today’s satellites. But
not even the most hopetul of scientists believed that in
less than 25 years, communications satellites would have
such a tremendous impact on the professional and per-
sonal lives of millions of people around the globe.

Today, thanks to the rapid development of satellite
technology. a call to Paris is as clear and as easy to make
as a call to your next door neighbor . . .executives from
multi-national corporations and even small businesses
use video conferencing to “meet” without leaving their
offices . . .simultaneously a billion people witness a single
event (a soccer game, an inauguration, a benefit rock
concert} . . . global weather maps transmitted from satel-
lites allow meteorologists to forecast weather trends weeks

in advance. . . and scientists now explore and investigate
the mysteries of outer space without leaving their labs.
And. not surprisingly. these amazing applications of
satellite technology have opened up exciting new opportu-
nities for the technician trained to install, maintain, trouble-
shoot and repair satellite communications equipment.

Home Satellite TV Is Just at the Start of
Its Explosive Future

You've seen them in suburban backyards and alongside
country farmhouses. Home satellite TV systems are
springing up all across the country.

Already there are over a million TVRO (Television
Receive-Only) systems in place in the U.S, alone, and
experts predict that by 1990, a remarkable 60% of U S.
homes will have a satellite dish. Contributing to the field's
phenomenal growth are the support of the FCC and
Congress, steady improvement in product quality, the
development of smaller dishes, and a growing consumer
enthusiasm for satellite TV,

WwWwWw americanradiohistorv comm
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New Jobs, New Careers for the
Trained Technician

Now you can take advantage of the
exciting opportunities opening up in
this service- and support-intensive
industry. NRI's new break-
through training prepares you
to fill the increasing need for
" technicians to install, adjust,

and repair earth station

equipment, such as dishes,

antennas, recejvers, and

amplifiers.

As an NRl-rained technician, you can concentrate
your efforts on consumer-oriented TVRO equipment. Or
you can use your NRI training to build a career servicing
larger commercial or military equipment used both to
transmit and receive voice, data, and video signals. You'll
also find opportunities in sales and system consulting, a
role some expect to increase tenfold within the next five
years on both the corporate and consumer levels.

NRI Brings Satellite Technology
Down to Earth

Only NRI has the resources and the skills necessary to
transform today’s most sophisticated technology into
understandable, step-by-step training.

NRI's new course in Satellite Communications
gets you in on the ground floor of
this booming technology. You are
thoroughly trained in the necessary
basic electronics, fundamental
communications principles, and
television transmission and
operation.

Using the remarkable NRI
Discovery Lab®, you demon- -
strate first-hand many important %,
points covered in your lessons.
You perform critical tests and
measurements with your digital
multimeter. And, using your
NRI Antenna Applications and
Design Lab, you assemble and test
various types of antennas and matching sections.

Then you concentrate on both commercial and con-
sumer satellite earth station equipment, putting theory to
practice as you assemble and install the 5" parabolic dish
antenna system included in your course,

Your Home Satellite TV System
Brings Theory to Life!

The Wilson TVRO system included in your course comes
complete with 5’ parabolic dish antenna system. low-
noise amplifier (LNA), down converter, receiver, low-loss
coaxial cable, and even a permanent polar mount.

By training with an actual TVRO system, you'll come
to understand the function and operation of a satellite
earth station—knowledge that you can apply to both con-
sumer and commercial equipment. And once you have
completed your TVRO system, you'll have access to the
best television entertainment available—direct from the
satellite to your home.

At-Home Training the Uniquely
Successful
NRI Way

[t's hands-on train-
ing, at home. . .
designed around the
latest state-of-the-art
electronic equip-
ment you work
with as part of your
training. You start
from scratch and
“discover by
doing” all the
way up to the
level of a fully C\' .
qualified profes™
sional, You conduct™ - o o
key experiments. . . perform vital tests . . install your

own system. , .and you do it at the pace that suits \

you best.

But, most important to your success, you don't do
it alone. Built into your NRI training is the enormous
experience of our development specialists and
instructors, whose long-proven training skills and
personal guidance come to you on a one-to-one basis.
They are always available for consultation and heip.

Make Your Move Into the
Future Today! Send for Your
FREE NRI Catalog

Only NRI can train you at home for an
exciting and rewarding career as a satellite
communications technician. The knowledge
and know-how you gain from your NRI
training provide you with the soundest
possible foundation for further growth with
the industry. But now is the time to act.
Return the post-paid card to us today. You
will receive your 100-page catalog free. It's
filled with all the details you'll want to know
about our training methods and materials
and our more than 70 years of successhul
innovation in at-home. hands-on
career training—the kind of
experience that enables NRI
to provide the most effective
training possible to prepare
you for today's, and tomor-
row's, high-tech opportun-
ities. (If the card is missing,
write to us at the address
below.)

”ﬁ lSCHOOL Of ELECTRONKCS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW

Washington, DC 20016 5

we’ll glve you tomorrow. 031l
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ASK R-E
continued from page 6

NEEDS TUNING CAPACITOR
| want to build the antenna tuner
described in “Hobby Corner” in the
April, 1985 issue of Radio-Elec-
tronics. | also have a couple of other
projects that Id like to build, but |
am unable to find a component that
prevents me from completing any of
them. In all cases, that component is
a 365-pF variable capacitor Where
can | oblain onet 've tried several
local parts distributors, but none
have been able to help me.—H. M.
H., San Antonio, TX.

A 365-pF single-gang “broadcast
receiver type” variable capacilor is
carried by Mouser Electronics. The
stock number is 524-A1-227, and
the price is $10.95. Mouser has a
$20.00 minimum order, otherwise
add $5.00 for handling. The
Mouser distribution center in
areas east of the Montana-Wyo-
ming-Colorado-New Mexico bor-
ders is 2401 Gughway, 287-North,
Mansfield, TX 76063.

A cheaper way to go would be to
use a capacitor from an old radio.
If you have an old table-model AC-
DC radio in the attic or basement,
take a look at the tuning capacitor.
Most likely, you'll see two separate
sections or “gangs.” One gang has
larger plates or a greater number
of plates than the other. The larger
section has a nominal rage of 10 to
365 pF. The smaller section has a
range of about 0 to 110 pF, and it
could be used in place of a 100-pF
variable capacitor in a “classic” re-
generative-type shortwave radio.

PARTS FOR CRYSTAL RADIO
| teach high-school physics and i'd
like to develop a laboratory experi-
ment on LC circuits that uses a crys-

GOT A QUESTIONT
ASK R-E!
We welcome your questions In any
area of etectronics. Send them to
Ask R-E, Radio-Electronics, 500-8 Bi-
County Boulevard, Farmingdale,
NY 11735. We regret that we Cannot
answer your questions individually,
but those of widest interest to our

readers will be published.

tal radio. While present-day semi-
conductor diodes can work won-
ders, I'd like my sludents to see a
radio as it was in the “old days.” Do
you know where | can purchase the
galena-and-catswhisker detector as-
semblies? |’d also like a source for
the old-fashion phone tips.—D. E.
W., Columbus, OH.

The parts you want are listed in
catalog No. 823 from Philmore
Manufacturing Co., 40 Inip Drive,
Inwood, NY 11696. The phone tips,
part No. 2181 are on page 36. A
complete crystal-and-catswhisker
assembly is part No. 7003, and a
galena crystal alone is part No.
7005. Both of those are listed on
page 60. Write Philmore or call
them at (516} 239-6161 for informa-
tion on price and availability. Also,
Calectro lists phone tips (part No.
F2-872) in a recent catalog. For
more information, call Calectro at
(815) 968-9661.

In the early 1930's many of us
couldn’t afford to purchase crystal
detectors, so we made our own.
As | recall, we melted a pea-sized
lump of pure lead in a spoon over

RADIC-ELECTRACNICS
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Cordless Cable TV Converter
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<
. - ey L i

il
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ELECTRONICS
770 Amsterdam Ave . Mew York. NY 10028

@ write for FREE 136 page Calalog @

Send Purchase Order. Chech.
Money Order or C.0.D.

or Call Toll Free

In N.Y. State (212) 865-5580
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260 Motor Parkway, Hauppauge, NY 11788 In NY State 800-832-1446
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an alcohol lamp.

After the lead melted we sprin-
kled it with powdered sulphur.
The sulphur flamed and combined
with the lead to form lead suifide
{PbS), a hard crystalline mass. You
and your class could experiment
with different mixes until you got a
“hot” crystal. We used to mount
the crystal in Wood's metal that
was salvaged from a blown fuse
cartridge or plug. Don’t forget that
the crystal set works best when its
coil is wound around a genuine
Quaker Oats oatmeal box.

SIMPLE RF FIELD MONITOR
) enjoy flying radio-controlled

c3
¥ F
'

as
NI

3 —
cx

han'|ICE W
. 03| |
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FIG. 3

model airplanes. | use AM digital/
proportional control on Channel 44
(72.670 MHz). | need lo know if
someone 5 using that channel be-
iore | put my plane in the air. Can
you give me the circuit of a simple
monitor for that frequency?—B8. G.,
Evergreen Park, IL.

A simple crystal receiver should
do the trick. The circuit in Fig. 3
shows a suitable circuit. Coil L1
should be wound from eight turns
of 18-gauge enameled wire spaced
two inches apart on a %-inch form.
Use high-impedance phones (2000
ohms or more) for best sensitivity.

FM NOTCH FILTER

| want to notch-out a local FM sta-
tion at 103.9 MHz so that ) can pick
up a distant station at 103.7 MHz. |
feel that the solution lies in using
using op-amp active filters. Can you
help me?—N. F., Clifton Heights, PA.

| don’t feel that using op-amp
active filters is the most practical
way to go.

As an alternative, an inexpensive
and highly effective notch filter
can be built merely from a section

of coaxial transmission line that is
connected across the lead-in at, or

COAX AL }"'_ e "'|
f__

—Frrrr—
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|I ! ] 7o
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DINS FOR TEMPORARY
TLUN/NG SNORTS

close to, the receiver’s antenna in-
put. With careful measurement
continued on page 99

to 2.1 MHz frequency r
the world. With internal NiCad bat-
temes. you can teke Model 20

contnuous waveforms-—snes,
s, and
peak to pesk. It s from wall
r.ransfomwer{ncwed or external
source from 12 to 25 VDC or 10 to
18 VAC. Mode! 2D also has many of
the features you would expect from
the industry ade gener-
ators, inchuding
for ext.ernal sweep
attenustor to - 80dB, anda 1TL

For a data sheet or to order, call or
write Wavetek San Diege, P.D. Box
85265 9045 Babos Ave., San

Iego CA 92138. Phome [B19
274-22

TWX [910) 335
Bettenesmtncu!u! )

T

Madel 20 not only covers the .002 Hz
g, it covers

anywhere and get triggered, gated or
up to 20 volts

l'm CONnNector

puise putput. The price 15 just $39%.

—5007.

Our 2 MHz Function Generator
has an unlimited range.

CIRCLE 262 ON FREE INFORMATION CARD
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PERFORMANGE

THAT IS OUT OF THIS WORLD...

| : $549%
MODEL 2000 20MHz MODEL 3500 35MHz
DUAL TRACE DUAL TRACE DELAYED SWEEP

...AT A DOWN TO EARTH PRICE

At last! Truly affordable test equipment with no compromise in design, and features
you would expect to find only on oscilloscopes costing hundreds of dollars more! JDR
Instruments presents two, new, high-performance models backed by a two year
warranty and technical support which is only a phone call away. Perfect for the
technician or advanced hobbyist, both models feature Dual Trace capabllity and a
variety of operating and triggering modes, including CH-B Subtract and X-Y operation.

MODEL 2000 has a 20 MHz MODEL 3500 features a 35
bandwidth and 20 calibrated MHz bandwidth and exceptional
sweeps ranging from .2s to .2us. S 1mV/DIV sensitivity. Delayed
A convenient built-in component ‘) sweep and variable holdoff allow
tester provides additional IR Stable viewing of complex

diagnostic power. ST waveforms.
CIRCLE 59 ON FREE INFORMATION CARD

ORDER TOLL FREE INSTRUM
800-538-5000 JDBm SouSth Bascgn AveEnIl,:zITS

800-662-6279 (ca) San Jose, California 95128 (408) 995-5430

COFYIIGHT 1805 JOR WS TRUMEN TS EARTH PHDTO COURTESY OF NASA
THE JOR NS TRAUMENTS LOGO 15 A AEGHS TERED TRADEMAAR OF JOH MICRODEWVICES JOR INSTRUMENTS 15 A TRADEMARK OF )R WMCRODEVICES
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VYIDEO NEWS

DAVID LACHENBRUCH

CONTRIBUTING EDITOR

#® Polaroid drops VCR's. After a lengthy
market test, Polarcid, the originator of instant
photography, has decided agalnst entering the
field of instant video plictography, at least for the
time being. Polarcid, one of the first companies to
announce an interest in 8mmn video camcorders,
in 1984 demonstrated a madel made for it by
Tosghiba with great fanfare. But instead of putiing
it on the nationwide market, the company decided
on a test in the Tampa-3t. Petersburg-8arasota
area. After a long test, Polaroid said: “We will not
pursue expansion nationally with that model.” A
spokesman sald there were no plans to market
any VCR'e now, but that decision was subject to
change in the future. Polaroid remainsg active in
video, however, by continuing to market a line of
videocassettes.

¢ TV ‘blue hoxes.” The coming generation of
digital TV-zets i8 designed for easy servicing by
reprogramming them. Access for ssrvicing, in the
case of sets using ITT digital IC's, is provided via a
rear-panel connector or by dialing up a special
code on the wireless remcte-control unit. In both
cases, that gives the repair technician access to
the set's control bus. From there, 1t would be an
easy matter to defeat the sync-suppression
decoding used by most cabls-TV systems for their
premium channels, according to engineers of the
National Cable TV Association. The NCTA fears
that the introduction of digital TV gets will lead to
a flood of “blue boxes™ to let cable subscribers
decode pay-TV programs without paying for them.
The NCTA hasg written to all major TV-set
manufacturers urging them to “take the
necessary steps to make it impossible to
externally force” one of ITT"s VL3I chips to defeat

pay-TV encoding.

¢ Home word-processing. Several
manufacturers are betting that the next major
consumer-videc product will be the home word-
processor. They shrug off the 1985 slowdown In
home-computer sales, arguing that word
processing is the most significant true home use
for a computer and that a dedicated word-
processor can make inroads in virtually any

home where a lot of typing is done, as well a8
among college students. Two such dedicated home
machines have now been introduced.

North American Philips Co., in a joint venture
with parent NV, Philips of the Netherlands, has
introduced the Magnavox Videowriter (it will be
called the Philips Videowriter in other countries),
an easy-to-use replacement for the typewriter,
consgisting of a console with a 4-by-9-inch amber
CRT, a single 3.5-inch disk drive with a built-in
dot-matrix thermal printer on top. It hasg a
separate keyboard with standard typewriter-key
layout and 17 special-function keys, plus a cluster
of four keys for cursor control. Nationwide
marketing is planned this year at a suggested list
price of $800.

SCM, the typewriter company, has introduced
its own Personal Word Processor consisting of a
12-inch monitor acreen with a wafer-tape
memory system and keypad to control special
functions. A compatible SCM electronic
typewriter must be used by the system; that
typewriter provides the keybeard and printer
functions. The Personal Word Processor is priced
at 8500, compatible 8CM electronic typewriters at
about $300 to $500.

¢ Another VHS victory. The ranks of
companies putiing their brand names exclusively
on Beta VCRe in the half-inc¢h flield now have
thinned to two—Sony and its affiliate, Aiwa.
Sanyo, which recently has claimed to se}ll more
Beta VCR'e than any other brand, has now
decided to fleld VHS a8 well as Beta recorders
under its own brand name. The recorders will be
made by a subsidiary, Tokyo Sanyo, which has
been manufacturing VHS recorders for sale under
the Fisher brand, owned by Sanyo. Sony’s recent
repositioning of Beta t0 a high-priced enthusiasts’
line with the SuperBeta syatem and Beta Hi-Fi
made it necessary for Banyo to add VHS to keep
1t8 price-conscious mass-market status. Among
brands originally in the Beta camp, four have
added VHS (NEC, Toshiba, Radio S8hack, and Sears
Roebuck ), and four others have switched from
Beta to VHS (Fisher, Marantz, Teknika, and
Zenith), R-E
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Your gulde to every- =

thing that’s new in elec-

tronics, computers and technicai

education. Over 400 items. Discover
tascinating kits to bultd, enjoy and learn

with, as well ag aasembled high tech products
for home, business and hobby.

Get our —
fumous High Tech Catalog

r——————————---ﬂ————ﬂ

Heath Company
Dept. 020-406
Benion Harbor, Michigan 49022

MAIL COUPON TODAY and receive the latest
issue of the Heathkit Cataiog free of charge

Heathkit Bl o

Heath (Ll e e e State

Com pony CL-7830R2

L———————————————————
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CIE MAKES THE
WORLD OF
ELECTRONICS
YOURS.

aday’s world is the world of electronics. with what you know, a little or a lot, and you go
TTo be part of it, you need the right kind of wherever you want, as far as you want. With CIE,

training, the kind you get from Cleveland you can éven earn your Associate in Applied
Institute of Electronics, the kind that cantake you  Science Degree in Electronics Engineering
to a fast growing career in business, acrospace, Technology. Of course, you set your own pace,
medicine, science, government, commtnica- and, if you ever have questions or problems, our
tions, and more. instructors are only atoll-free phone call away.
Specialized training. The first step is yours.

You learn best from a specialist, and that’s CIE. To find out more, mail in the coupon below. Or, if
We're the leader in teaching electronics through you prefer, call toll-free 1-800-321-2155 (in Ohio,
independent study, we teach only electronicsand  1-800-523-9109). We'll send a copy of CIE’s
we've been doing it for over 50 years. Youcanput  school catalog and a complete package of enroll-
that experience to work for you just like morethan  ment information. For your convenience, we'll
25,000 CIE students are currently doing all try to have a representative contact you to answer
around the world. your questions.

Practical training.
You learn best with practical training, so CIE’s ' : I Cleveland Institute of Electronics

=9 177 East 17th $t . Cleveland. Ohio 44114
Auto-Programmed® lessons are designed to take YES! [ want 10 get started. Send me my CIE school catalog including
you Slcp-by—step, princ |ple-by—prmc1ple_ You also details about the Associute Degree Program. | am most interested in:

get valuable hands-on experience at every stage B s Tl B gy S
with sophisticated electronics tools CIE-designed robotics/automation broadcast engincering
for teaching. Our 4K RAM Microprocessor L other
Training Laboratory, for example, trains you Pront Nume
to work with a broad range of computersina Addrss AP
way that working with a single, stock computer iy Sute
simply can't. At P PN -

. g Check box for G 1. Bulletin on Educational Benefi
Personalized training. it ClAce Dy g M AT TODAY!
You learn best with flexible training, so we let you OR CALL TOLL FREE

choose from a broad range of courses. You start '..8 00-32 '-2 ,55

i {in Ohio, 1-800-523-9109)

RE-34 |

WwWWwW americanradiohistorv comm


www.americanradiohistory.com

It’s about
JOBS

It’s about

MONEY

The U.S. Labor Department, in

tions and Training Datareport,
predicts lhat 589,000 positions
will need to be filled by 1995.

Isn’tit about

TIME

To prepare toran interesling
and rewarding career
in
COMPUTER TECHNOLOGY
TELECOMMUNICATIONS
OR ROBOTICS?

Isn’tit about
time toinvestin

YOU?

We Offer:

[ ° Training that keeps pace wilh
each new advancement

* Facilities that are modern,
attractive and comfortable

» Amenilies and services to
promoie your success

» Financial assistance is
avaitable

= And once you graduate,
placement assistance is also
avaitable

\heir 1984 Occupational Projec-

LETTERS -

BAD IDLA?

I must lake exception to the
“New |dea” presented in the Oc-
tober, 1985 issue of Radio-Elec-
tronics (page 46). The article spec-
ifted a 74L04 inverter. A TTL
Databook gives the following data
for that inverter:
¢ High-level output current: 200

® low-level output current: 3.6
mA

# High-level output vollage: 24 V
{min}

For a best-case situation when
the output of the 74L04 is high (2.4
volts) the current flowing through
LED is given by (2.4 - 0.7 volts}270
ohms=6.3 mA. (0.7 volis assumed
for the LED). According to the data
sheet, the 74L04 can not supply
that current.

One should never drive current
into an LED directly from a TTL out-

rSV

LEb ”
Ya 14 o9

-5y

put. A better solution is 10 use the
TTL output to sink current as
shown in Fig. I-a.

A little math shows that if the
74104's output is at zero volts, the
current it must supply is (5—0.7
volts)/270 ohms =16 mA—still an
unacceptable value for the 74L04¢

The solution is to use a 7404 in-
verter. It can sink 16 mA, although
sinking that much current would
leave nothing with which to drive
another gate. The preferred solu-
tion would be (0 use a 7404 inver-
ter with a 510-ohm resistor in
series with each LED. To be con-
sistent, the 555 should also sink
current to light the LED. A correct
circuit is shown in Fig. 1-b.

MIKE PETROSK!
West Palm Beach, FL

OOPS!

| don't know if any other readers
caught it, but | would like to point
out a rather dramatic error in the
November, 1985 issue of Radio-
Electronics.

On page 72, in the article “Medi-
cal Uses of Electric Shock,” by Dr.
Ray Fish, concerning the use of
electric shock for patient care, you

Phoenix Institute
of Technology n

:

show an ECG of a patient with ven-

2555 E. University Drive tricular fibrillation. The strip is
Phoenix, Arizona 85034 mounted backward as compared
{602)244-8111 to the text definition. The area la-
& belled “D” is the heart in fibrilla-
T ;J;;;;Jf‘;ﬂ;;;‘;b; 1; ] tion, and jusl to the left of “D" is a
careers in Electronics rather large square wave. That
Technology, address inquiries wave regresenti the defibrillator
«» | toAdmissions Department discharging. "C” shows the heart
o ICra  i-s in a post-shock recovery phase,
g Name B IYOY VB IWow and "A” shows the heart starting to
= { Address ol pump again. | have no idea what
) . :of'.fr"[‘ "of,T “B” is supposed to represent as
o ¥ oy the arrow points to the heart in a
o State _Zip._ : resting “repolarization” phase.
g Phone ( 1 & Also, you point out that the de-

HG.1 fibrillator is charged to 1,000 volis.
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It is more importan! to point out
that the current delivered will be
about 62 amps into a non-induc-
tive load of approximately 52
ohms. It is the current that causes
the heart to contract firmly and
then relax, and wail for the %i-
noatrial node to starl firing again.
Unfortunately, many of those pop-
ular medical 1elevision programs
have fed us the myth that the hearl
will spring back into a normal
rhythm after defibrillation. That is
not the case. It usually takes a lot
of CPR and medical treatment to
bring the heart back into a life-
sustaining rhythm.

STEVE HOPF

Olympic Memorial Hospital

fort Angeles, WA

PRINTER BUFFER ROM LISTING

Concerning the recen! contro-
versy aboul the Printer Buffer and
the ROM listing, | can well appre-
ciate the author’s not wanting to
divulge the ROM listing so that
anyone could steal the fruits of his
labor. On the olher hand, as a pur-
chaser of the ROM, | would like to
know if a replacement is available
for the one | bought should it fail
in the future. Even the best busi-
nesses have been known to fail. If
the maker of my ROM should fail,
where would | be?

Whai | propose is that the author
make available to Radio-Electronics
a copy of the ROM listings. The
magazine would agree to keep
them confidential as long as the
replacements were available from
the author or his distributor. if for
any reason ROM'’s were no longer
available from those sources, Ra-
dio-Electronics would be free to
distribute the listings publicly.
That would serve to protect the in-
terests of both the author and con-
sumer,

CLARENCE VRANISH
tvanston, WY

NEEDS EICO MANUAL

I have been a newsstand buyer
of Radio-Electronics for a number
of years. However, space limila-
tions have prevented me from re-
taining back issues except for
articles of special interest.

Recently a friend of mine retired
to Florida and gave me an EICQ 427

scope. However, the instruction
manual had been lost. | do re-
member ads with EICO products,
but | haven't seen any in recent
issues.

Is EICO still in business? If not,
where can [ purchase a manual for
the scope?

WESLEY E. JOHNSON

Vandalia, OH

We are pleased to report that EI{CO
is still in business and is focated at
108 New South Road, Hicksville,
NY 11801.

WAYS TO PROTECT AGAINST EMI

In Mr. Violette's article, “Elec-
tromagnetic Interference,” (Radio-
Electronics, November 1985) there
was no mention of a new option
that is now available to the hob-
byist. | refer to my own invention,
which is described in U.S. Patent
#4326179. | call it a Lossy Line Fil-
ter, 1t consists of one step-up
transformer (to about t0,000-volts
AC) and one step-down trans-
former (to 15-volts AC). The trans-
formers are connected by two
lengths of distribuled resistance.

STUNGUN

Free
holster
with

purchase.

E(IIIA[IZEII

* The ultimate non-lethal defense
weapon.

« In five seconds can immabilize your
attacker. even through heavy clothing.

« Discharges over forty thousand volts
of eleciricity from a nine volt nickel-
cadgmium batiery.

« $49.95, Mass 5% sales tax, $3.00
shipping and handling.

1-800-522-2636

FOR ORDERS DMLY
617-871-5611
FOR INFORMATION

Cameo Enterprises, Inc.
P.O. Box 63, Accord, MA 02018
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OK TCSt Equipment l‘l(-( (I::;m( s@

Division %)

Function Generators

& {0SH1 %0 SMH: » Sine Square,
» Varable sartstop phase 230° ¢ G

MODEL 34 MINCTION GENTRATO
Haveruna. Pnhl

lldl.uw‘l’auioﬂlu A M‘.mwu GlhiOmShotModm

Yol e ¥ DC offsm, and

* 20¥ p-p and TTL cutputs 5 Extemal Sweep

MOBEL ol

GENERATOR

OMMmelzcﬂhmh * Linear and Log Sweep o 10,0083 1 both internal and soemal @ Marier with vanable dusaoen phus

hold * Continucus and gl reeep plis bold @ Dul and ancer sweep bmus @ Addiona] 6000

| ey o

MODEL 20T PVLSETUNCTION GLNERATOR

« All Model 208 fedturel

# Yanable pulse and dela¥ 5ns 1 50ma »

# Vatable Pubse Frequency O08Hz w SMHr & Normal
Corphe

Square, Doubie. and debayed jrlse modes
. bow clamped. and Mok clamped wave forms

ATFORDABLE EXCELLENCE

3455 Conned Svaat, Mons,

New Yor 10475 US A
oo 12509 OF NYE lnl-en 232395 O HY UR
Phone

sa.lmlwurss

¥4-6400
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$ 339.00
LOGIC
ANALYZER

Add- on for your
Oscilloscope

8 Channel Logic
Analyzer To Be Used
With Your Scope As

The Display Media

- Featuring -

Presettable Triggering
Sample Rate
200 Nano Seconds
2K Memory Per Channel
Displaying 1K
Before Trigger And
1 K After Trigger
Trigger Centered On

Orders

The transformers can be neon-
sign transformers or even oil-
burner transformers. The resistors
can be made by coating vul-
canized fiber strips (fish paper)
with conducting latex paint.

A simple calculaiion shows (hat
the resistors can be as high as sev-
eral thousand ohms without se-
riously limiting the amount of 60-
Hz power that can be supplied.
Damaging line spikes don’t get
through at all.

In my opinion, most, if not all, of
the devices currently sold to sup-
press voltage spikes are based
upon fallacious premises. EMI is,
in any particular case, an exceed-
ingly complicated problem, in-
volving Maxwell's equations in a
three-dimensional, time-varying
way; they involve reflections and
all the other complications that
electromagnetic theory presents.
To an EMI spike all capacitors, in-
ductors, shields, and grounds
look like metallic surfaces along
which they travel on the way to
your gates. The only thing guaran-
teed to blunt the killing power of a
spike is a long, exhausting trip
through a distributed resistor.

Make the “hand-drill test” with a
Lossy Line Filter and any other you
can build or buy. You will find that
there is no contest.

THEODORE LASAR
New York, NY

ELECTRONIC WALL GAME

I have a commercial arcade-type
(coin-operated) electronic wall-
game called SUPER BOWLER
MODEL 100A that is in need of
some troubleshooting. The game
is approximately 10 years old and
was manufactured by the now de-
funct Sunbird Electronics Corpo-
ration of Minneapolis, MN.

| need a schematic and circuit
description or any other informa-
tion on the Sunbird Corporation’s
new name and owner.

| am willing to pay any reason-
able fee for reproduction and
postage costs.

CARL CICIORA

wards Electronics,” Radio-Elec-
tronics, September 1979. You
described hydrothermia, an ex-
perimental medical electronic
treatment using RF energy to heat
and selectively destroy cancerous
tissue. | was inspired by your pride
at realizing the extent to which
medical research is turning toward
electromics.

Well, recently | again found and
read your editorial. Again | was in-
spired and this time enough to
write and tell you about recent en-
lightening developments in the
field.

As you earlier described, hydro-
thermia consists of RF energy
ranging in frequency from several
megaheriz to the microwave area
that causes a heating effect upon
the exposed cells. But the effects
are observed to be quite different
when the RF field is in broadcast
resonance with the frequency of
the living cell’'s own electrical sys-
tem.

Pulsed RF signals that cause
broken bones to mend effectively,
that stimulate the re-growth of lost
limbs, and that also arrest cancer
growth have led scientists to dis-
cover a biological waveband with-
in the 0- to 0.003- MHz range of the
electromagnetic spectrum. That
waveband makes possible cellular
communications in a language
that cells understand. It is a way of
altering the behavior of cells by
delicately direciing cell growth
and repair.

That practical method holds
great promise toward revolutioniz-
ing all of medicine. But despile
early advances, important ques-
tions remain. Investligators now
seek to understand the bio-
electrochemical interface mecha-
nism—or, chiefly, to find out what
is the sequence of events that are
involved with the coupling of the
electromagnetic field with the
various biological processes.
Knowledge of that fundamental in-
teraction will serve in part as the
theoretical framework of the sci-

RADIO-ELECTRONICS

L ]
i

ence of electrophysiology.

The sweeping turn toward elec-
tronics to solve biological prob-
lems is appropriate because most
of the forces that concern humans
in this world are electromagnetic.
All of the ordinary chemical and
biological effects are due to the

1-800-592-4141

For Information:
1-307-856-0771

Beckiron

P.O. Box 528

Riverton, Wyo. 82501
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3815 Fee Fee
Bridgeton, MO 63044.

FIGHT AGAINST CANCER
Back in 1979 | was fortupate to
find and read your editorial “The
Fight Against Cancer—A Turn To-
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interaction of electric charges and
the fields they produce. Elec-
trophysiology represents our mosl
nearly perfect understanding of
the hierarchy of electrical activity
that we call life.

GLENN M. ALEXANDER

New York, NY.

DEFECTIVE RESIST

Qur records indicate that many
readers of R-E have purchased bot-
tles of ER-71 etch resist spray. We
have found that some ER-71 etch
resist spray, lot #900 (may appear
to be 006 if read upside down)
does not flow properly; it has a
tendency to “crawl” even though
the circuit board has been prop-
erly cleaned.

If you have one of these defec-
tive bottles, please do the follow-
ing:

1. Empty the bottie.

2. Replace the original black
plastic cap

3. Return to The Datak Corpora-
tion, 65 71st Street, Guttenberg,
New lersey, 07093. A no-charge re-
placement will be shipped to you
within the next five weeks.

We are sorry for any problems
you may have had.

CATHERN PFLUEGER
The Datak Corporation

PC SERVICE

1 cannot respond directly to your
request for comments on using
your new PC Service since |
haven't tried it, though | think itis
a great idea with much merit and
promise. However, | think my ex-
perience making PC boards In the
fast couple of years bears directly
on what you are attempting to do.

Robert Grossblatt's fine, three
part article “Etch Your Own PC
Boards” beginning in December
1982 Radio-Electronics came at ex-
actly the right time for me, and |
immediately set out to make
boards. Having a photographic
darkroom and years of pho-
tographic experience gave me a
head start, and | was immediately
able to produce very good
Kodalith masks.

The “fun” started when | sallied
forth to acquire sensitizer and de-
veloper for the boards.
Grossblatt's article talked of “sev-
eral companies” making sen-

continued on page 90

ELECTRONIC
COMPONENTS

Manufacturers of Quality
Electromic Componenis

“BATTERY HOLDERS A CLIPS = COILS
sCAPACITORS « CONNECTORS « FLISES
e JACKS » KNOBS « LAMPS = PLUGS
« MICROPHONES » POTENTIOMETERS
= RELAYS =« RESISTORS « SWITCHES
s TRANSFORMERS « SPEAKERS. LEDS
= SEMICONDUCTORS « RF COILS
OVER |5.000 OIFFERENT ITEMS IN STOCXE

MOUSER ELECTRONICS
11413 wOODSIOL AvE . SANTEE. CA 97071
pHONE-(619) 4492222 Fwe 910-311-117%
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Learn micro-processing with the new ‘

 MICRO-PROFESSOR 1P

Students, engineers or technicians—
upgrade your micro-processing skills |
with the new Micro-Professor tP.

The MPE-1P features:

* extensive software support

* more built-in memory

* improved keyboard

® larger display
Three tutorial guides help cover all
capabilities. The ideal training tooll
MPEF-1P will deliver you into the growing f
world of micro-processing. Invest nowl |

Plus—FREE GIFT  ©nlv $199.95

[ Check this boa (v FREE

| Z-80 Microprodessor

| Pregramming sed
Fnterfncing v nibook =hen

order within T dan
12.95 value. (laclude

$5.00 postage &

| Randiing)

Dept REG486
5326 Th Ave. NLE.
Seaitle. WA 98105.3617

1—‘0 Iimmediare acrion <all TOLL FREE: |

1-800-426-1044

Full meney back guarantee.
e

LI
W.—-—o

I g
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OK Test Equipment Blecironicy @8

Division

N>

'I'he_Bench Rack

MODEL 2324-R
» Model 203 - 2MHz Funcuon Generator # Mode] 510 - 200MHz Muln-Functon Counter

® Model 1010 - 10MHz Mirsarure

& Model 601 - 3-1/2 Dwnt DMM

® Model 58150 - Bench rack mountng systern
ATFORDABLE EXCELLENCE

355 Conner Srest onc Mew York 1
Tenex | TS0 0N NTK Telgd 232.)0

2] o9 4-0a00
'ﬂtl?‘? GoA-4753

0475, U
1“ MY I.llt
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Check
Digital IC's
in-circuit

Fast!

In the field or
on the bench.

B&K-PRECISION

gives you the
answers for
TTL or CMOS

Model 550 {tar TTL) $395
Model 552 {for CMOS) $38§

with a loQic probe

protection

under lest

and intermmlent events
IC sockat

where fault exists

« Compact hand-held size

New B&K-PRECISION IC Comparaior
Tesiers/Logic Monitors pul you on the fast
track o digital Ircubleshooting. IC § are
tested by comparison 10 a known good
device. allowing you to lest hundreds

of types with one simpieé aperation.

As logic monitors, they simuitaneou
indicale 1he logwe states ol up 10 20|
pins. No need to check pins singly

Tesis most 14 to 20 pin, 54 and 74
Series TTL {Model 550) or 4000 and 7aC
Sernes CMOS (Model 552} devices

= Convenient one bution testing
* Reverse polarily and overvollage

* Uses power {rom equipment

» Memory siores short duration pulses
» Zero insertion lorce relerence

* LED at each IC pin identifies

¢ Includes 16 and 20 pin DIP chps

Available Irom stock al your local
B&K-PRECISION distnbutor. For more
information comac! your distnpuior or:

oS PRECISION

DYNASCAN
CORPORATION

6480 Wesl Cortland Strest
Chicago, lllinois 60635 « 312/889-9087

o i haion S W Cortiind 1., Chicase. I ST
uilihn Badan. Alas Eractrame . Devtira

BN Bl CHAIral A RS R b

Emirl Latabrier 1. Mgumropa MY 1140)
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REPORTS

Huntron Instruments
Tracker 2000

Troubleshoot those
defective circuits at a
“glance.”

TRACING THE SOURCE OF A FAILURE
back to a particular section or
stage of a system will usually pres-
ent few problems to a technician
with decent troubleshooting
skills. Finding which component
in that stage caused that failureis a
different matter. Often, even the
best technician is reduced to trial-
and-error substitutions to restore
proper operation.

Now there's an easier way. The
Huntron instruments (15123 High-
way 99 North, Lynnwood, WA
98037} Tracker 2000 allows you to
test almost any component (ana-
log or digital semiconductors, re-
sistors, capacitors, inductors, etc.)
for shorts, opens, leakage, or
noise. And it can do all of that even
for components that are still in cir-
cuit.

How it works

To test a component, the unit
applies a sinewave test signal
across two terminals of the sus-
pecied defective device. The re-
suitant current flow, voltage drop,
and the phase difference belween
the two are used to generate a
“signature,” which is displayed on
the Tracker 2000’ CRT. Each type of
component has a distinct sig-
nature when it is working nor-
mally, and a very different sig-
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nature when it is not. Knowing
those signatures is the key to using
this instrument. We’ll talk more
aboult that in a moment.

At first glance, the Tracker 2000
looks like an ordinary os-
cilloscope. Its most prominent
featureis a2.8-inch (diagonal mea-
sure) CRT. Rather than having the
crosshatCh graticule that is com-
monly found on modern os-
cilloscopes, it has a simple
crosshair; that crosshair is marked
at regular intervals along the X
(horizontal) axis. If this were an
oscilloscope, such a graticule
would render it unsalisfactory for a
number of applications. However,
in using the Tracker 2000 we are
primarily interested in qualitative
measurement, not quantitative.
The graticule is quite satisfactory
for such use.

Otherwise, the unit is laid out in
an attractive and functional man-
ner. Most controls are situated on
the front panel and are grouped by
function. All pushbutton controls
are momentary and have an LED
indicator so that the operator can
tell at a glance which functions
have been selected. Two seldom-
used slide switches, as well as
screwdriver adjustments used to
control the quality of the display,
are located on Lhe back panel.
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United States
Instrument Rentals, Inc.

N AUS Leasing Company
2988 Campun Drive
San Maca, CA Y4403

@ Hitachi Denshi America.Ltd.

e, [ELUKE]

Bocrkman [ndisctrial -

W SRS . L~y

®

\ 2 Hitachi
SCOPES » All 20 models in stock S{LE $535
Iwatsu i %g D el i _ bioy V2T~ List 8715
* All 14 modcls in :f.[OCk Mode! 1050—$ 1299 o Hitachi v-222
* 2.3 year warrantics 509—8$1199 Portable Dual Trace Scope
* 20-250 MHz VC 6041 —55499 * DC-20 Mitz
Model $702—$ 535 422—3 690 * 3Way Power Supply
$705—$ 899 110081999 » Lightweight '
5710—$ 1245 650—3$ 930 » High Sensitivity and
V200—8 725 B e
£711—$1695 1070—81595 Fast Sweep Timer
7506—$ 749 i say, Hitachi v-222
DIGITAL MULTIMETERS
Beckman Fluke
* All 300, HD, and circuitmare scries * Auwtorange * Analug display
* All accessories in stock * Touchhold function
HDI100—$169  320—s$179 * 0.3% accuracy *Heavy duty
HD110—$189  330—$219 Modcl 73—8 79 8010A—$279 / $ 114
HD130—$239  350—$229 75—8 99 8012a—$359 PA‘E
HD140—$259  360—$289 21—$ 99 8020B—$199 S List $139
300—5120  4410—s239 23—$14% 8022B—s154
310—35145% 25--$229 8024B—3249 Fluke 77
27—$259 B8050A—$389 Analog/Digital Multimeter

POWER SOURCES

2020B—$750 TWS005W—$59%

BOMIERIDERICES 2K20—$69% TWO60%0A—$8B0
* Low and high voltage power sources 4050—3$660 TW347—$695%
* 1.% year warranties 6150—$725% TP340—$750
TP3435—$7198

Used Test Equipment, too!—Over 3,000 Models Available at

Huge Discounts with Warranties!

—Quantity Discounts Available
—Dealers Welcome Call

—Freight and Tax exira

—Immediate Availability of Equipment 800'82 4'2 873
Include work address and phone #
for Free Catalog.

CIRCLE 286 ON FREE INFORMATION CARD
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IF YOU WANT TO GE1
YOUHAVE TO GET INTC

Learn PC Servicing By Building Your Own NTS/HEATH HS-1¢£
Desk-Top Computer, Circuit-By-Circuit

AADIO-ELECTRONICS

n
o

NTS Intronic Home Training |
Takes You Below The Surface |
NTS gets you right down Into the
heart of computer circuitry. You leamn

how microprocessors tunction, how
they are designed, how they operate
and are used to solve problems. Your
program includes a wide vanety of '
tests and projects, as you assemble
your PC. You experience the ax-
citernent of seeing your own skills
grow, the security of knowing you
reaily understand what makes a
computer tick,

A Career in
PC Servicing

The world of computers is
constantly expanding. Applications
have spread from business lo manu-
facturing, from industry to medical
and scientific fields. Computer-aided
dasign, engineering, and production
have revolutionized dratfting,
graphics, and prototyping. Computer
sales figures poinl to a continuing
need for service technicians as well
as installation and maintenance
specialists. The type of training you
receive will largely deterrnine your
ability to take advantage of these
opportunities .... and nothing beats
the praclical, down-to-earth training
you get from NTS.

. IBM
A Compatible

The NTS/HEATH 16-Bit HS-151
This desk-top PC is the most powerful and

versatile ever otfered in any home training

program. Check the advanced features

listed below:

1, 128 KB RAM user memory on board,

expandable to 640 KB

2. 16-bit 8088 Microprocessor accepls
advanced soflware, speeds word pro-
€essing; also allows selection from the huge
library of IBM software.

3. 5.25-inch floppy disk drive, double

density, 1BM formatted, stores up to 360 KB.
{Expandable to dual disk drive, and optional
10.5 MB hard-disk drive.}

4, MS-DOS operating system, IBM compati- |
bility, make a wide choice of software
programs available.

5. Four open IBM-compatible slots provide |
for future expansion, printer, modem, etc.
Will accept most penpheral boards designed
for IBM-PC.

6. Two video outputs tor color or mono-
chrome display monitor. Your NTS course
includes a high resolution monitar displaying
80 characters by 25 lines, or graphics.

7. Ediing capabilities heip you insert or
delete characters and lines, erase. jump or
smooth scroll, etc.

Your NTS training course wili teach you (0
program on this outstanding PC, using
lessons, texts, and diagrams to make full use
of its capabilities. Catalog contains complete

| details.

Lawming circuliry through the construction of this
equipment offers practicsl training for which there
is no substitute. Test equipment is included.

Fiaid servicing is interesting and rewsrding.
Tachnicians may work for 8 service company,
mAanufRCIUrer, Or Major Users.

The NTSHEATH H5-151 PC completed, inch
monitor and tull-function keyboard with calk
Style kaypad, grd typewriter format.

WwWwWw americanradiohistorv comm
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NTO PC SERVICING
\ MICROCOMPUTER

digital probe s 8 digital multimates (o check
and mesiire vi Lessons and current teris
round put the sntire frog eaiphasizing precticel

sppiications of theories 8nd prind

-:(1-;;'...\

inatalling the disk-drive in the PC (s one of the final atages in the assembly of the
microcomputer. Learning ihe use of tegt dQuipimwitt (o check circuits is an integral pert
of the training which. with tisid axpevience, dévelops invaiuabie cereer gkifla.

.. #
The sivdent i ® 10 use st oqu:'pmenlm.{ s

1

NTS COURSES COVER MANY
AREAS OF SPECIALIZATION
IN ELECTRONICS:

Robotics: Buiid the NTS/HEATH Hero 1
Robat as you learn robotic programming.
Robot is complete with arm and gripper,
voice synthesizer. Robotics is becoming
Increasingly important In industry as almost
daily news features attest.

Video Technology: Build one of the most
advanced Color TV sets in America as rou
leam circuit chagnostics. and the use o
digital test instruments. Course covers coior
TV, video tape recorders, computer
fundamentals, solid-state devices.

Industrial and Microprocessor
Technology covers circuit analysis, micro-
rocessors and autormation applications.

asers, and basic industrial robolics.

TV & Radio Servicing is a speciaiized
course offering an excellent foundation in the
use and application of both anatog and
digital tesl equipment as applied o the TV
servicing field. Learn circuits, adjustments,
trouble- shooting. and servicing of Color and
monochrome monitors

Cigital Electronlcs offers the student the
opportunity to get involved with computer
concepts. computer teChnology
fundamentals, and digital equipment by
training on the NTS Compu-Trainer.

Baslc Electronics is a course designed
for those wishing to have an over-view of
electronics in many of its aspects including
radio receivers, solid slate devices. and
glecironic components.

NTS Intronic training programs include a
vanety of superb equipment. most of which is
classified as field-type. makin%_the training

ractical and career orienled. Texts and
essons have been tested in our Resident
School in Los Angetes to assure home study
students their courses of training are easy to
understand NTS. now in its 80th, year,
continues to be al the leading edge in
Electronics home training.

“ G0 I B FROSMAR Of INfETAONE; Busess Mactunas COmp.
" MS i 8 racermark of Microsolt Corp

N carc ) meagang, samply s 10 the BOOTRSS Shown Deiow statng
e Course YOu 2re vievasiod in A FREE color cataiog with ai
catasly mill B 500! 10 YOU by refum mad

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905
Resident and Homa. Siudy Schools

4000 So Figueroa S1.. Los Angeles, C4 90037

WwWwWw americanradiohistorv comm
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RADIQ-ELECTRONICS

£
L]

o

® Indyustry

® Marine VHF

» Scanners

= Amateur Bands

» CB Stanoard

« CB Special

® Microprocessor
Call or write

JAN CRYSTALS
P.O. Box 06017

Fort Myers

FL 33906-6017

CRYSTRLS

Since 1958

e

-

CIRCLE 104 ON FREE INFORMATION CARD

® Gereral Communication

ey wtpes (813)936-2397 )

Huntron Tracker 2000

OVERALL
PRICE

INSTRUCTION
MANUAL

The unit has four impedance
ranges. Those are HIGH (open-cir-
cuit voltage 120 volis p-p, max-
imum short-circuit current 0.6
mA), meoium 2 (40 volts, 0.6 mA),
Meoium 1 (30 volts, 9 mA), and Low
(20 volts, 135 mA). Those ranges
can be selected manually, or can
be stepped through sequentially
using an auto mode. That mode
allows the user to see the sig-
nature at the various impedances
while leaving his hands free to
hold probes. A ricH LOCKOUT swi-
tch can be pressed to prevent the
HIGH impedance range from being
entered.

FROM THE BEST SOURCE FOR OSCILLOSCOPE
PROBES AND DMM/VOM TEST LEAD SETS.

® Low Cost

& High Quality

& Excellent
Performance

& Slender,
Flexible Cable

& Wide Range of
Choice

MODEL SP100

*43

& Switchable X1 and X10
Attenuation Factor
& 100 MHz Bandwidth

TEST

el |

COURWE LS SALES & STOCsaNG SOURCE

Your Probe
Specialists

P.O. BOX 2113, LA JOLLA CALIFORNIA 52038 {T14) 450-4197

CIACLE 123 ON FREE INFORMATION CARD
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The unit has two display chan-
nels. Elther channel can be used,
or the unit can be made lo alter-
nate between the two. Among
other things, thai is useful for
comparing the signatures at iden-
tical points on identical PC boards.
If one of those boards is known to
be good, and the other is of un-
known quality, that gives you a
quick way to ascertain whether or
not the board of unknown quality
is good. 9

The unit has three test-signal fre-
quencies: 50/60, 400, and 2000 Hz.
Generally, most measuremenls
are made using the 50/60-Hz fre-
quency. The others are used for
viewing small amounts of capaci-
tance or large amounts of induc-
tance.

Normally, circuits are tested ei-
ther in or out of circuit while they
are in an inactive (power off) state.
The Tracker 2000 does have a built-
in pulse generator to allow in-cir-
cuit, active-state (power-on) test-
ing of certain components. Thal
generator can output pulses from
0 to 5 volis, with duty cycles from
near 0% to 100%. Among the com-
ponents that can be tested in that
manner are oplocouplers, thy-
ristors, and transistors,

One reservation about using the
instrument is the fear that its out-
put signal might damage sensitive
components, particularly CMOS
IC's. To soothe those fears, the
manufacturer had the unit tested
by two separate laboratories.
Those tests are summarized in the
manual. In short, those tests, per-
formed by Component Concepts
(Everett, WA 98201 and MTL Mi-
crotesting Limited (Alton,
Hampshire, England), found that
the Yracker 2000 in no way adver-
sely affected the normal operation
of CMOS devices.

The most difficull part of using
the Tracker 2000 is learning all of
the various signatures and what
they mean. Most of the copious
operating manual is devoted to
that subject. It includes page after
page of devices and their sig-
natures when working properly as
well as when they've failed. Until
you become very familiar with the
Tracker 2000, that manual must be
consiantly at your side if you are to
have any hope of correctly using
the unit. With enough use
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£, PHILPS WESTON @mum,s,mm @ LEADER

FLUKE’?{} BECKMAN'’S

SERIES CIRCUITMATE *
wmme_ms@ ALL UNDER $100

AVAILABLE NOW. . ..

77 * 0.3% Accuracy

* Manual or 569 95
Autorange 864 95 Circuitmate DM40 —
i 10A + mA Range Clreuitmate D 20— 3{;»‘18-‘!1;%!0?:2:;323;,
L] Beeper 3%e-digil. pockel:size diode tes!. sutc-
» “Touch-Hold” e R e

hFE 1esl, conduclance.
10 amps AC and DC
rangas, aulo-polarity
aufc-zero, pulc-
decimal

57995

Clrcultmate DM-25—
I 3% digit. pockat-size
multimeder, 0.5% vac

1 accuracy. diode test,
capacitance, continully
beaper. conductance,
10 amps AC and DC
ranges. autc-polarnity,
aulc-zero. autc-

declmal :.’(,.,m Ik

Function

389 95

Circulimate DM 45 —
3% -¢igil multimeter,
0.5% Vdc accuracy.
diode teat.continult
beepar, 10 ampa A
and ranges, puic-
zer0. autc-polsrity,
autc-decimal

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

gl OORNOR 100 MHz Dual Time Base
SALE ENDS April 30 SCOPE MggEL

54 peecision JEAMNESISN e
BHEAKS THE PRICE BARRIER $21995 513 50
WITH THESE HIGH PERFORMANCE (I _...——-'

OSCILLOSCOPES e MOt picpcoes el
100 MHZ Dual Trace/ ® Now with HI'LO Drive = ImYidivision sensitivity 1o Y0

MMz
q ® Worka In-Circuit when = 500 u Vidivision cascade
Ru %!diTlmfw?a se 9 9 5 others won't sensitivily
m ¥ sens ¥ ¢ Four-lnput cperation provides
® 23 catibrated aweeps ® Identities all three iran- trigger view on 4 separate inpuls

¢ Rectangular CRT with internal sistor leads * Allernate time base opération

FQE'F"

oo PRECISI
-5y
|

] gll'l:::.ll;'and:jclle lllumination Does not Inchude prodes ® Random |lead conneclion *+ Swilching power supply delivers
9 lay Line ($60.00 § parr wfmnwrchamm wops] @ audibly and viauelly In- :’-‘::L:t":ﬂroﬂh(iv and regulation at

— dicates GOOD transistor

¢ @ TOLL-FREE HO-'I' LINE

B | °00-22°0%70
we o ol ADVANC
ELECTRONIC

26 WEST 46th STREET. NEw YORK. N.Y. 10036

QUANTITIES ARE LIMITED

WwWwWw americanradiohistorv comm
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L7} ]
F-

BeanFCC
LICENSED

ELECTRONIC TECHNICIAN!

Earn up 10
$30 an hour
and mora!

M Leatn at home in wPary b,
No privious axperiesds needed
: I
No costly school. No commuting to elass.
The Original Home-Study course pre-
pares you for the "FCC Commercial Radio-
telephone License”. This valuable license
is your "ticket” to thousands of exciting
jabs In Communications. Radio-TV, Micro-
wave, Computers. Radar. Avonics and
more! You don’t need a college degree o
qualify. but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven course is casy, fast and low
cost! GUARANTEED PASS - You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAYL

1
commanpD PRODUCTIONS
FCC LICENSE TRAINING, Dept 90 ¥
P.0. Box 2223, San Francisco, CA 94126 :

P T R ]

Please rush FREE daeteils immediatelyl
NAME _ :
ADDRESS 5
ciry _STATE____ 2P

CIRCLE 108 ON FREE INFORMATION CARD

however, eventually you will be
able to tell the state of a compo-
nent at a glance, greatly increasing
the speed and efficiency of your
troubleshooling.

Cur unit was supplied with two
manuals. The previously men-
lioned operating manual contains
detailed information on the
Tracker 2000 use, and some de-
tails of the unit’s theory of opera-
tion, but little on maintenance or
the circuit itself. That information
was conlained in a second man-
ual. There, complele schematics,
parts lists, and parts-placement di-
agrams, as well as troubleshooting
and maintenance informalion on
the unit could be found. What was
curious, however, was that most of
that manual was devoted to a far
less detailed rehash of some of the
material contained in the larger
operating manual.

To speed up the necessary
period of acclimation, Huntron of-
fers a demonstration board that
features both good and bad ver-
sions of a number of common
components. By seeing whait the
signatures of those components
actually look like, it is much easier
to master the basic workings of the
unit,

The Huntron Tracker 2000 is cov-
ered by a one-year warranty. |t sells
for $1895.00. Pricing for the dem-
onstralion board was unavailable
at press time; for more informa-
tfon, contact the manufacturer. R-E

Melville Technologies
Phot-On-Off Compact
Disc Cleaner
Rid your compact disk of
those bothersome excess
photons forever.

CIRLE 3.14159 ON YOUR
FREE INFORMATION CARD

ONE OF THE ADVANTAGES CLAIMED OF
compact discs over standard LP
records is their quietness. Because
they are insensitive to the effects
of dirt and dust, they will play with-
out pops or crackles time after
time. Their proponents don’t tell
you, however, that CD's do suffer
from a form of contamination
known as photon pollution.

WwWww americanradiohistorv comm

Photon pollulion comes about
because nol all the photons from a
CD player’s laser beam are re-
flected back to its photodiode
“pickup.” Some become trapped
beneath the CD's clear plastic sur-
face so they accumulate in the mi-
croscopic pits thal carry the digital
information. At first those “dead”
photons do not affect playback
quality, but after repeated playings
of a disc the read errors they cause
become noticeable as a deteriora-
tion in sound quality.

Melville Technologies’ Phot-On-
Off CD cleaner claims to eliminate
the effects of photon pollution by
providing a way to remove un-
wanted photons from CD's.

How it works

The device conslsts of an open-
ended lead box that is connected
to a user-supplied source of high-
energy gamma rays. In use, acon-
taminated disc is placed face down
in a bracket mounted inside the
box, which itself is positioned wilh
its open end down over a square of
black velvet. According to the
manufacturer, impacts from the
high-energy gamma rays cause the
disc substrate containing the con-
taminated pits to vibrate violently
at the molecular level. That
loosens the photons and dis-
lodges them from the pits where
they have stuck. The liberated
photons fall into the black velvet,
which can be taken outside and
shaken clean.

Meiville Tech  Phot-On-0Off

OVERALL
PRICE

EASE B
OF USE

INSTRUCTION
MANUAL

PRICE
AM.LUE
12 f8]4[8]e]7 2 |8]i0

Performance

After some initial set-up diffi-
culties, which were settled with
the assistance of the Atomic Ener-
gy Commission, we subjected a
test disc, which had begun to
show signs of audio distortion
(due, no doubt, to photon pollu-
tion) to a thorough Phot-On-Off
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YOUR SINGLE SOURCE
FOR PROBES
AND ACCESSORIES

HIGH PERFORMANCE
MINIATURE SCOPE PROBES

60 MHz 10 250 MHz
REPLACEMENT PROBES & TEST LEADS

FOR FLUKE, TEKTRONIX, H.P. & OTHERS $30 10 $55

OTHER PRODUCTS I}EADUUT ACTUATOR (RA) OPTION
e TEST LEADS o
e TERMINATIONS @-l

SWITCHES READOUT ON TEKTRONIX
o ATTENUATORS ccctls ‘o, basss Sones
o BNC CABLES
o BNC ADAPTERS ——p
¢ RUGGED AND RELIABLE
s REPLACEABLE TIP & GROUND LEAD ﬂ
\N '

e ADJUSTABLE LF & HF RESPONSE
o COMPENSATION FOR MOST SCOPES

STANDARD
BNC

REPLACEABLE TIP

The Probe Master 2900 series oscllioscope probes CHARACTERISTICS
combine the characteristics of high pertormance. and CABLE | BAND | RISE LOADRING
fast rise 1ime pulse reaponss. wilh a alander design to ATTENUA. | TEAMI- | WIDTH| TIME | AP | "RES 0C
meel the needs ol today's micro eiectionica. The MOOEL TION NATION | (MHz}| (NS) | (PF} |(M-OHM)| MAX | PRICE
miniature tlp is ideal lof accessing high density
boards and hard 1O reach 1est palnts. By locating ihe FIXED ATTENUATION
high and low frequency compensalicn circuits In the 2903 1X sTD &N 40 1 s00v | $25.00
BNC end of tho cable. the design of the probe has 2960 10% $TD 60 58| 16 10 | s00v | $30.00
become light weight and slender fof easy handling. 2960 AA 10% RA 60 58 16 10 ooV | $40.00
Other features of 1he 2900 series probes Include a 2004 10% sTp i 15 17 10 soov | $35.00
replaceable probe 11p. réplaceable ground [ead and & i
Readoul Actusior oplion (RA). 2904 RA 10% RA 500 35 | 17 1 600V | $45.00
The Resdout Acivator option (permanéntly 2905 10X 81D 250 5 17 10 GO0V | $45.00
atlached) is available on the 10x lixed atienuaion 2905 RA 10X RA 250 15| 17 10 SO0V | $55.00
probes only. This oplion provides the necessary 2906 100X STD 0} 50 8 | 100 | 1.2Kv{ $55.00
rasistof gircuit to change the range facior on the
model 465, 475, 485 and 7000 series Takironix scopas. SWITCHED
The Standerd Accessories InCiuded wilh %acg 1w1ﬂ1uxnx 10%1%] toxsix
probe are the Sprung hook, trimmer tool, BN
adapiar, tip insulator. |C tip cover, spare probe tip, 6° % :g :; g:g gg ;gjg Em :;::;g :g: g mg
ground lead, and a handy storage pouch. The Engl X S/T0 :
neers Accessory Kit ($12.00 option} Includes a wire t084 | Enpineers Accessory Kil $12.00

wrap adapter tip. wire wrap acdapter grc:und lead, allk + FA = Readout Actuator, STO w Standard BNG » Cable length % 1t
gator tip, micro Sprung hook, and & 12° ground lead + On wwitched probus, probe Hip iaxgroundod thru = 9 Meg OHM resisior, when
' ] P i

IMM EDIATE DELIVERY % s:ilch Is N ihe GND " pnoB[rlnon. 15 o 30 PF
CALL FOR NEAREST DISTRIBUTOR G = Plim MASTER sonio s,

CIRCLE 264 ON FREE INFORMATION CARD
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&

treatment. We [eft it in the device I‘ 5 |

for the full two hours specified in
the instructions. And indeed,
when we pried up the lead box,
removed the velvet cloth, and then sa
shook it out outside we did notice v u
that something was released into
the air. (Reviewer’s wife’s note:
That may have been dust; I'd re- When you lose your vision, you iose thé
cently used that rag to clean off his You lose the sunsets. The seashells. T
collection of antique transistors.} moonlight and snowfiakes.
We have not yet been able to This year 50,000 A
determine exactly how well the
device worked; the disc is still
glowing from the gamma ray treat-
ment and we have been advised by
the AEC that it would be unwise to
handle it for a period of several
years. We will present the results pus save the clouds.
of our listening tests in a followup Give to Prevent Blindness.

: - = il
report early in 1989. ; Mz National Society to Prevent Blindness

The Phot-On-Off comes with = 1 ;
" A . 2 ] Box 2020, Madiso uare Station New York, NLY, 10159
detailed instructions, including ny 28

plans for pouring the required
cast-concrete base and a pamphlet
full of hints for lifting heavy ob-
jects. Price is $9495.00. For more
information contact Melville Tech-
noiogies, 79 "O” 5t., Oh, OH,
00000. R-E

[ Call us FREE 1-f8 290;&?6'6343 1 Put Your Electronic Skills
or write for yer.
copPER ELECTRONICS || IRt SU LK

4200 PRODUCE ROAD - LOUISVILLE. KENTUCKY 40218 BECOME A
B sV ROBOT VEHIGLE
i S I (=awsag ]| PILOT/TECHNICIAN -

w7 ;'--'
/") -/ f«--lhmm
\

ol .-..-v-- L] —d" it
FAFT bt Bomr s Welst L B UL e o el

Aot 79 95 B AT

f/

His0s Relali$80.95 29.95
AV-261 | BEARCAT 2020
Pnf‘m!nnnt Mount Retell $299.95 .
2 %" hole mount i ; -
26.95 @‘199 i
e RS esal B HIGH PAY—WORLDWIDE TRAVEL

uniden

29.95

Call or Write Today for FREE BROCHURE

CALL (212) 885-0600

26.95 Rewtisanes 289.95
Limited Quantities P UNDERWATER VEHICLE TRAINING CENTER
THE LOWEST PRICES IN THE COUNTRY 10046 CHICKASAW, HOUSTON, TX 77041
vr::nr;?:ea i S"ﬂ%":'e fsaecri?cné mggnt msaetr:lljcr:eagg IN TEXAS CALL: 713-690-0405, TELEX 4620684
L Commercial 'Equlpmenl. K ' & CIRCLE 283 ON FREE INFORMATION CARD

AV.261T No-Hole e
Trunk Mount A e

CIRCLE 280 ON FREE INFORMATION CARD
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Electricity and water dont mix. At
teast not inour Heavy Duty Digital
Multiineters. Because these Qops
Proof™ instruments are protecled
by a system of seals to ensure
conlamination-free dependability
in even the cruddiest condilions.
Other abnse-proof features
include the best mechanical pro-
tection ever built into a precision
Digital Multimeter. In facl. every
one of our Oops Proof inulti-
meters will survive a drop from
ten feel onto a concrete surface!

All the Heavy Duty series
melers measure up to 104 volts
AC and 1500 voits DC, with full
overload protection to those
maximum vollages even on the
lwest range sellings. Overload
crcuilry also provides transienl
protection to 6KV on all voltage
ranges and up to 600) volis on all
resislance ranges.

We aiso invented a unique.
long-life rotary switch for our
Digital Multimeters. You can actu-
ally feet the difference just by

rolating Ihe function selector knob.
You'll find 1hese featiures in

a full line of Heavy Duty DMMs

that offer a 4% digit readout,

0.05% VIX accuracy, a 10-amp

current range, a 2000-hour battery

life, diode test, true RMS and tem-

perature measurernent. Al Ihis and

a no-questions. one-year warranty.
Yo 'll want to try one out.

of course. so drop inlo

your nearest elec-

tronics distributor #*

and drop one.

1985 Beckman Industrial Corporation, A Subsidiary of Emerson Electric Cmnmrﬁ Bn,-‘, FER=m ’."!.’.':.'5.'..".".—'—'.‘." v

630 Puente Street. Brea, CA 92621 {71) 671-

e e W ..

CIRCLE 98 ON FREE INFORMATION CARD
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LOWEST EVER

from

MEGURO

(JAPAN])

MHz Dual Trace

20 Oscilloscope
W e “3\7‘

Y 1

W

3339 00

2-FREE
Probes Included
» Bulit-in Component Tester
s §” Square internal Graticule CRT
s Sengitivity: 5mV ~ 10V/dIv23%
o Rise Time: 1708 or less
o Sweep Time: 0.2u% - 0.58/divid%
s X-Y and Z Axis Operation
+ 110/220 Volt Operatibn
» One Year Pans & Labor Warranty

35 MHZ Scope/Delay Trigger S499.°°
Add 12.® per Unit tor UPS & C.0.D. Charges
TO OROER CALL COLLECT:

1213} 624-3757
Dipiomat International, 453 South Spring St
Suite 1224  Los Angeles, CA 50013

_CIRCLE 285 ON FREE iINFORMATION CARD
SEE YOUR DEALER TODAY

FROM

Firesti
-ANTENKAL -
-ACCEBSORIES-

HERE'S A TIP
THAT'S PERFECT!

AMFM AUTO RADIO
AND CB

‘Firestik’Il
GOLDEN SERIES

BARE-HANDS TUNABLE
“NO TOOLS NEEDED"
.| HIGH PERFORMANCE ANTENNAS

ALSO ANTENNAS FOR
CORDLESS TELEPHONES
MONITOR SCANNERS

‘{’l7l1

Dealer § Dustnbutor InQuines Invied
SEND FOR FREE CATALOG

-___rn_m'_u:u_cu_-:____ll
I
I
[
|

2814 East Adams Prosnx, AZ 85034

$¢5

Stete

— .---—-——l

Zip
Sérving tha T8 and
Communications Market Since 1962,

5-YEAR REPLACEMENT WARRANTY
CIRCLE 100 ON FREE INFORMATION CARD

NEW

PRODUCTS

FrareParvaaiguiia

BLOCK RECEIVER, for satellite TV,
the ProStar model XR-1, features
quartz-lock frequency syn-
thesized tuning, with micro-
processor-controlled video fine
tune circuitry—specifically de-
signed to trap out terrestrial in-
terference; weatherproof DRO
{Dielectric Resonator Oscillator)
block downconverter; matrix ster-
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eo audio; dual-polarity capability
with electronic switching; full-
function infrared remote control
with random channel access; elec-
tronfc TV antenna changeover, and
high video quality.

The ProStar model XR-J has a
suggested retail price of $600.00.—
Ramsey Electronics, 2575 Baird
Road, Penfield, NY 14526,

RADAR MOUNT, the Radar Ready,
attaches to any windshield with
strong suction cups, which absorb
many road jolts and vibrations.
Special release tabs allow the
Radar Ready to quickly detach
from the windshieid. 1t is com-
pletely portable and easily trans-
ferred from vehicle to vehicle.
The Radar Ready is available in
two styles: Al, for automobiles,
mini-trucks, angd mini-vans, and
T1, for RV's, full-sized trucks, and

WwWww americanradiohistorv comm

full-sized vans. Both are priced at
$19.95, plus $2.00 P&H when or-
dered from the manufacturer.—
Nob Industries, PO Box 43444, Tuc-
son, AZ 85733.

LINE-DISTURBANCE ANALYZER,
model 646-3, is designed for both
single- and three-phase circuits. It
provides four AC channels for
monitoring and recording fm-
pulses, sags, surges, under-
voltages, overvoltages, and fre-
quency variations. A separate
channel monitors neutral-to-
ground voltage disturbances,
while another channel provides
time-related measurements of DC-
voltage disturbances.

The model 646-3 is designed for
pre-installation site surveys and
maintenance of Computers and re-
lated peripherals, as well as power
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MASTER THE NEW ELECTRONICS WITH McGRAW-HILL'S

nemporary

Electroni

D

CI1ES

The fasi, easy and low cost way to
meel the challenges of today's
electronic innovations. A unique
learning series that’s as innovaltive as
the circuitry it explains, as
fascinating as the experiments you
build and cxplore.

From digital logic to the latest
32-bit microprocessor, the McGraw-

Hill Contemporary Electronics Series

puts you into the electronic picture
one easy step at a time. Fifteen

S .

-

unique Concept Modules, sent to you 258 :

one every 4-6 weeks, give you a
handle on subjects like optoelec-
tronics, robotics, integrated circuits.
lasers, fiber optics and more.

Each Concept Module goes
right to the heart of the matter.
You waste o time on extraneous
material or outdated history. It'sa
fast, efficient, and lively learning
experience. ..a non-traditional
approach to the most modern of
subject matter.

Unique Interactive Instruction

With each module, you receive
a McGraw-Hill Action Audio
Cassette. Each tape is a dynamic
discussion that drives home the key
facts about the subject. Your learning

With your first

module, you N
et thes
sokderiens
bresdboarding
1yslem. You'll b
use il through-
oul the e 10
build cec-
roTue ity
and bring
]

coneept
19 hie.

experience is reinforced through
interaction with vividly illustrated
text, audio cassettes, and actual
electronic experiments. Indexed
binders preserve backup material,
notes, and tapes for convenient
referral.

ey

Perform
Experiments
in Contemporary Electronics
Throughout your series, lab-
oratory experiments reinforce every
significant point. This
essential experience

...dynamic, hands-on

demonstrations of

theory in practice. . . g @‘_
will help you master ¥ e
principles that appty all " e

the way up to tomorrow’s ﬂ| .

latest VLSI (Very Large
Scale Integrated) circuitry.

In your very first module, you'll
use integrated circuits to build a digital
oscillator, verifying its operation with
a light emitting diode (LED). You'll
learn to identify passive and active
components, understand concepts
common Lo all electronic circuits.

For Anvone Interested in Electronics

The Contemporary Electronics
Series is designed for anyone from
hobbyist to professional. It’s for you
if you're looking for new fields of
interest...if you’re a teacher who

temporary circuits. ..a
manager or supervisor in an electronics
plant...a doctor, an engineer, a chernist
who finds electronics playing an
increasingly important role in your
work. 1t's even for electronics engineers
or technicians who feel their training
needs freshening up. 11*s the quickest,

. most convenient,

probably least
E . expensive way to

. (é‘f"ﬂ doit. And the
-.,.‘?j g only one that gives

4 .\‘\’ } you hands-on
_"é j " experience.
15-Day No-Risk Trial
To order your first module with-
out risk, send the postage-paid card
today. Examine it for 15 days under
the terms of the order form and see
how the Contemporary Electronics
Series gets you into today’s electronics.
If card has been used, write us for
ordering information.

] ‘ % McGraw-Hill

e}} Continuing Education Cenier

®
. n . 3939 Wisconsin Ave.
[ | Washington, D.C. 20016
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surveys and troubleshooting of
sensitive industrial or commercial
equipment. Disturbances that fall
outside user-selected thresholds
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are recorded with full description
of all events, their magnitude, and
the exact times of occurrence. A
convenient, statistical and worst-
case summary report is also avail-
able.

The model 646-3 is priced at
$3690.00.—Dranetz Technologies,
Inc., PO Box 4019, Edison, NJ
08818-4019.

TELEPHONE-LINE TEST SET, model
96, is a lightweight, battery-oper-
ated, hand-held comprehensive
analog test set that conforms to
Bell Specifications. It is capable of
transmitting and receiving signals
to test dial-up, dedicated, or
leased 2- or 4-wire lines. The
model 96 can measure noise,
background noise, and round-trip
loss, determine AC continuity, and
test channel loss. Data can be re-
ceived with or without filters for
use In a variety of testing applica-
tions. Dial-up capability is
provided by an RJ45 jack and butt-
in studs. Connection to the line
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under test is provided by a second
RJ45 jack or two 310 jacks. Received
signal levels are displayed on a 4-
digit LCD; they are audibly
monitored on a speaker with vol-
ume control.

The model 96 is housed in a plas-
tic case and comes with a leath-
erette Carrying case. It is priced at
$1295.00.—International Data Sci-
ences, Inc., 7 Wellington Road, Lin-
coln, Rl 02865,

TUNER, the Deluxe Versa Tuner II,
model MF/-949C, has a cross-nee-
dle meter that reads forward
power, reflected power, and SWR
simultaneously In ranges of 30 and
300 watts. For quick operation, no
SWR sensitivity adjustment is
needed. The model MF/-949C
provides maximum power transfer
from your transmitter to nearly any
antenna, and can handle up to 300
watts RF output from the transmit-
ter on bands ranging from 160
through 10 meters.

The 6-position antenna switch
allows the user to feed his signal to
the antenna directly, or through

RADIO-ELECTRONICS

SEM)-
CONDUCTORS

FLAMEPROOF
RESISTORS

ANTI-STATIC
FOAM

r-
L]
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the tuner via two different coax
lines, a random wire, a balanced
line; or the signal may be fed to a
dummy load. For connection to
balanced lines, a 1:4 balun is built
into the unit. It also includes a 50-
ohm dummy load for easy trans-
mitter tuning, 1000-volt capacitors,
and 5$0-239 conneciors and bind-
ing posts for the balanced line,
random wire, and ground.

The modei A1F}-949C is available
from the manufacturer for $149.95
{plus $5.00 S&H).—MF) Enterprises,
Incorporated, PO Box 494, Mis-
sissippi State, MS 39762.

DMM, model DMS50, has 28 ranges
and features peak hold, the ability
to detect, store, and display tran-
sient voltage or current peaks

{(with a minimum duration of 6
ms.) That differs from typical data-
hold functions that merely freeze
the current reading.

Ease-of-use is a key feature of
the model DMS50. A single range/
function switch allows measure-
ments to be made quickly and effi-
ciently. A 3%-digit liquid-crystal
display provides high-contrast
viewing, even in bright sunlight.
Other features include 0.5% DC-
volt accuracy, 10-megohm input
impedance, diode test function,
continuity beeper, 10-amp current
range, a tilt bail, and safety-de-
signed test leads.
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The model DA150 is priced at
$99.95 —Beckman Industrial Cor-
poration, 630 Puente Street, Brea,
CA 92621.

LASER PUMP, FEN marketing’s
lase-O-Whoosh is a manually op-
erated laser pump for use in areas
where electricity is scarce or the
supply is erratic. The pump con-
sists of a heavy walled hollow glass
tube with a plunger assembly
within. At the exterior end of the
plunger rod is awooden handle by
means of which it can be moved
up and down inside the tube. A
flexible hose at the bottom of the
tube connects the device to the
laser to be pumped.

In use, the pump is taken out-
doars, preferably into bright sun-
light, and the plunger moved
vigorously up and down. This ex-
cites, or at least arouses a mild in-
terest among, the photons that
enter the tube through its trans-
parént walls and those stimulated
photons are pumped into the laser
rod through the flexible tube,

continued on page 108

ONCE AGAIN,
WE'RE EXTENDING
OUR PRODUCT LINE.

STATIC ] ELECTROLYTIC

FIELD SERVICE

KT e CAPACITORS

introducing the newest addition to NTE's expanding
replacement line — Aluminum Electrolytic Capacitors.
These NEV and NEH series subminialure capacilors are
designed for demanding applications requiring high
capacilance and small size, such as precision medical
electronics, automobiles and the newes! personal
computers and disk drives. NTE's quality electrolytic
capacitors operate over a broad temperature range

and are available in blister pack or

bulk at your local NTE
distrbutor. -
L

NTE ELECTRONICS, INC.
44 Farrand Street, Bloomfield, New Jersey 07003
{Qutside N..J.) 1-800-631-1250 - (In N.J.) 1-800-624-2624
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'Oosow“ Regency Scanners
- Bring you the Excitement of Police,
Fire, Emergency Radio, and more.

£ RADIO-ELECTRONICS

¥

MXS000

Our radios deliver the local news.
From bank held-ups to three
alarm fires. It's on-the-scene
action. While it's happening from
where it's happening . . . in your
neighborhood.

You can also listen to weather,
business and marine radio

calls. Plus radio telephone
conversations that effer more real
life intrigue than most soap
operas. And with our new models,
there's even more,

Unique Capabilities

Introducing two all new Regency
scanners. First, there’s the
MX7000, a 20 channel, no-crystal
unit that receives continuously
from 25 to 550 MHz and 800 MHz
to 1.2 GHz. That's right!
Continuous coverage that includes
VHF and UHF television aundio,
FM Broadcast, civil and military
aircraft bands and 800 MHz
communications. Next in line is
the new MX4000. It's eight band
coverage includes standard VHF
and UHF ranges with the
important addition of 800 MHz
and aireraft bands. Both units
feature keyboard entry, a

multifunction liquid crystal
display and selectable search
frequency increments.

Practical Performance

If you don't need the 800 MHz
range coverage, Regency offers
two exciting new units. The
MX5000 is a 20 channel,
no-crystal scanner that receives
continuously from 25 to 550 MHz
with all the same features as the
MX7000. Then there's the 30
channel MX3000. It's digitally
synthesized so no crystals are
necessary, and the pressure
sensitive keyboard makes
programming simple. What's

CIRCLE 273 ON FREE INFORMATION CARD
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more, it has a full function digital
readeut, prierity, search and scan
delay, dual scan speed, and a
brightness switch for day or night
cperation.

At Home Or Or The Road

With compact design, easy access
front panel and mounting bracket
these Regency scanners are ideal
for mobile® use. But we also
supply each radio with a plug-in
transformer and a telescoping
antenna s0 you can stay in touch
at home. The MX4000 even has a
rechargeable battery pack so it's
fully portable.

See your Regency Scanner
Authorized Dealer for a free
demonstration on these and other
new Regency Scanners. Or, write
Regency Electronics, 7707
Records Street, Indianapolis,

IN 46226.

ELECTRONICS INC
7707 Records Street

*Mobile use subject to restriction
in certain localities.
-

Indianapolis, IN 46226-9989
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Teletext Deca

Get all that you can from TV!

Decode those “hidden signals”
with this World System Teletext decoder

J. DANIEL GIFFORD

ARE YOU GETTING ENOQUGH FROM TELEVI-
sion? If you're not getting teletext, then
you're not gelting it allt But we'll show
you how casy il is 1o build a World Syslem
Teictext decoder that will let you tune inlo
a new world of information

With this decoder, you can get—at the
touch of a button—news, spurts scores,
weather forecasts, stock-market prices,
and more. Teletext is expected 10 becomne
very popular during the next few years.
But you can get in on the action now by
building your own decoder.

What is teletext?

Teletext is no longer just an cxperiment
in the U.8 —the FCC authorized the use
of lines 10-18 for teletext transmission in
1983. But cven so, teletext has been slow
to catch on, mainly because the necessary
decoders have been very expensive Bul.
of course, that’s no longer a problem. This
decoder is avaitabie in kit form for under
3200.

Unlike vidcotext (which is an interac-
tive system requiring phone lines or a two-
way cable-TV net for operation), teletext
is 2 one-way data transmission system that
is sent oul as parl of a TV signal, whether
that signal is sent out via satellite. cable,
or regular broadeast TV. And best of all.
it's available free of charge o viewers—
advertisers will eventually pick up the tab
for this service.

Teletext services

Although teletext services are in their
infancy in the U.S. . there are a number of
systems operaling righl now, and one or
more should be available to you no matter
where you live. As we’ll soon see,
however. if you have cable TV or a TVRO
dish, your chances of having a service
available increases dramaticaily.

If you don 't have cable or a TVRO, you
may not be out of luck. One of the largest
broadcast-TV services is the agri
culturally-oriented fnforext scrvice. pro-
duced by the University of Wisconsin and
available on television stations throughou
that siate. Close behind is the general-
interest Electra scrvice produced by Taft
Broadcasting of Cincinnati. available
there on WKRC. Channel 12; the similar
Keyfax service on WFLF, Channcl 32 in
Chicago; and the Afetrorext service on
KTTV, Channel 11, in Los Angeles,

Electra is the current giant of the tele-
text world in the U.S. because, in addition
to being broadcast in the cincinnati area, it
is also linked by Satellite Syndicaled Sys-
tems to Superstalion WTBS-Atlanta and
SPN. That makes Electra (a 100-page
magazine that contains fast-breaking
news, spons scores, headlines. and statis-
tics, financial information, and features
such as weather, a trivia page. and a sports
quiz) available to over 9,000 cable-TV
systems serving some 32 miltion homes.
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plus an unknown number of TVRO
OWRCTS,

In addition to simply connecting Efec-
tra 10 WTBS and SPN. Saellitle Syndi-
catcd Systerns also produces a teletext
magazine of their own called Cableten:.
Cableteat 1s a business-oriented service
with 1] pages of NYSE. AMEX, and OTC
stock prices, delayed by as linke as 15
minutes, plus & long “rolling page™ of
other stock information and business
headlines. Both Cablerext and Electra are
available on WTBS and SPN simula-
neously, Electra on pages 10010 199, and
Cabletext on pages 201-212,

In addition to the services we have
menlioned, a number of others services
and test programs have been or are avail-
able from the nctworks and some local
broadcasters. CBS. for exaniple. has had
a service called Extravision for some
time. and the public TV station WGBIi-
Boslon had a service for a while. but nei-
ther used the World System Teletext slan-
dard. Instcad, both used the NABTS
(Morth American Basic Teletext Specifica-
tion) system, which requires an expensive
decoder. While the capabilities of
NABTS Icictext are more powerful than
those of World System Teletext. the ex-
pense of the decoders has kept it from
hecoming popular. NBC. which had been
broadeasting 8 NABTS service for almost
2 years, discantinued its participation in
telctext service in early 1985. The reason
given was that ieletext technology for the
consumer—namely the availability of al
fordable decoder—had not progressed as
quickly as had been anticipated, and that
there was little chance of affordable
NABTS decoders becoming available in
the foreseeable future.

How teletext works

Teletext text and graphics are Iransmit-
ted as digital data squeezed into a broad-
casl Lelevision signal in the VBI. or
Vertical Blanking /nterval (which is the
time at the end of each elevision field
when the cathode-ray beam is cut off
while it retums 10 start the next field.)

You can sce the VBI as & black bar
when the picwure rells venically. And by
fooking at the VBI, you can sce if a par-
ticular TV signal is carmying ieletext data.
Of course, you won't be able Lo sce Lthe
actual teletext dala in a readable form. but
you can see the presence of icletext by
relling the TV picture until you can sce
the VBI. Ifit’'s smooth and stcady, there's
no leletext. Butif weletext data are present,
you will sce—as you can in Fig, |-—sever-
al lines of dancing white dats inthe VBI.

Teietext isn 't the only information that
the VBI is used 1o transmil. Other uses for
the VBI include closed-caplion informa-
tien {which is another form of teletext),
VIR (Vertical fnterval Reference) aulo-
matic color-batance information, and
VITS (Vertical /nterval Test Signal)

TELETEXT
-~ DAIA

T VERTICAL
» BLANKING
J INTERWL

FIG. 1—YOU NEEO A DECODER 1o view teletext.
bust ol 10 delect Iha presence of teletext, which
can be clearly seen in & TV signal’s VAI.

broadeasl lest data.

Teletext is sent as an endless loop of
“pages.”” The duta for the pages are wrans-
mitied serially at the raie of 13.500 bits
per second per VBI line used. The total
rate uf transmission, therefore, is depen-
dent on Lthe number of lines (up to 8) used
10 transmit the data.

Al the user end, a decoder is used 1o
convert the teletext data to a regular video
signal that can be displayed on a TV
screen. Any of the pages in the loop can
be accessed al random. However. because
of the endless-loop format, it takes time
for each page to come around in the loop.
The rate averages about 1.75 pages per
second per VBI line used. So there is a
slight delay between the time the page
number is entered and the time that page
appears on the screen. That imposes a
practicy] limit to the number of pages a
leletex1 service {or magazine) can offer,
Most teletext services offer from 100 to
200 pages. which translates to an average
delay of about 4 seconds. Some pages.
such as indexes, are transmitied more than
once within the loop so that they will
come up faster.

Set-lop decoders—whether NABTS or
World Systemi Teletext—have been ex-
pensive because the market for them has
so far been small. Also. a decoder must
incorporate a compleie VHF/ULIF wner
circuil. So if you wanted to reccive tele-
text without going broke. you ve been out
of luck-——until now.

The only compromise this $200 de-
coder makes is that it does not have a
built-in tuner. As you can see from the
block diagram of the decoder in Fig. 2,
you'll need an oulboard source of com-
posite video. Some likely sources are a
VCR, a component-TV wner, or a satel-
lite TV receiver. (Many newer TV's cven
have composite outputs frem the tuncr, as
well as direet video and audio inpuls.
With such a TV, no separate tuncr would
be necessary. ) If you don’t have 4 source
of composile signals. you could use this
decoder by lapping the appropriate poinls
inside your TV. We will not discuss how
todothat here. except to say that if you are
nol sure of what you're doing. don’t even
altempt it—it could be dangerous.

The decoder has two sels of oulputs:
composite video and audio jacks for con-
nection 10 4 monitor of & direcl-input TV,
and a Channel 3 or 4 RF output for con-
nection 1o a TV's regular antenna input.

The heart of the decoder is a VM6780-2
teletext decoder module manufaciured by
Mullard Limited of Britain, one of the
oldest and foremost manufacturers of Icle-
text 1C's and equipment. A block diagram
of the module is shown in Fig. 3. The
module contains 3 special-purpose [C's
developed by Mullard, along with two
2114 RAM IC’s that store the data for the
current page. Although the module comes
preassembled and is, for all practical pur-
poses. an oversized 29-pin IC, a bricf
discussion of its eperation is in order.

The module is connecled 10 its input.

AaE N o ’ REMO‘[E
sman s CONTROL
saas RECEIVER
REMDTE
CONTROL __PON
TRANSMITTER I
POWER | PON
SuppLy _l i I 1 #
117 VAC 1 ! Qut
- A Y
7 PL3 I EE @
MULLARD RoB.76 FBL,l SiGNaL o=
a VMETE02 K ™ swicHinG | u3
VIDED TELETEXT NTSC |TVIDl * " ano | viDEo
i DECODER CONVERTER [===84 ) onutator| oot
= viDen || MOOULE oy
?‘ 1 BUFFER PLI = J” _?
hia [ TWiD 44
o1
o e
4 a0
BUFFER

+OF

FIG. 2—THE TELETEXT DECOUER BLOCK DIAGAAM. T8'mii® ihe mullard decoder module & com-
plete sei-lop decoder, you need to add 8 power supply, video 8nd audio bulters, and an AGB-lo NTSC
converter so thal it can be used with U.S. TV's. A signal switcher 8nd modulator are needed 30 that
both TV pictures and teletext data can be displayed a1 the same lime.
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SAASNDAZ

avent |[F 2| CREMOTE o
LY RECEVER | |
REMOTE |
CONTROL
COMRIS TERN A S Ll omie bt S |_ _______ o
‘Sgﬁg_m ! DATA VMETS02 |
A _} | saasea0 | DATA | saasoes [ saAse® I
. . [k GALA o] TAC CONTAOL |
ADDR )
! f ' | | PR L iR
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— 4 — — l?'.
]
. ADDR: DATA .
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FIG. 3—THE DECODER MODULE contains all the actual telelex! Secoding tircuitry. This simplified
block diagram does not show many of the specialized conlrod oulputs of the module.

FIG. 4—THE TELETEXT CECODER MODULE
tomes pre-assembled from Mullard Limited of
Britain.

output. and control circuitry by 29 pins
that are arranged as four connectors,
which can be scen in the photo of the
module in Fig. 4. A 2.8 wlt p-p com-
posite-video signal is sent first to the
SAAS5030 Video fnput Processor (VIP)
IC. which locks onto the timing signals of
the video signal and extracts the teletext
duta from the VBI. The data are sent to the
module’s master contrel IC. the
SAAS040B Telctext Acquisition and
Centrol (TAC) IC. The TAC separates the
character data from the address daia and
stores each character in its correct place in
RAM. Almost all functions of the module
are controlled by the TAC, which, in wen.
is contrelled by un exiernal remote-con-
trol input.

Because the teletext chip set was ofigi-
nally developed for 625-linc. PAL-stan-
dard TV. the datz from the VIP must be
modified slightly before they are sent to
the TAC. That’s done by thc SAAS045
Gearing and Address Logic Array
(GALA) IC.

Once the data are stored in the two

RAM IC's. they are read out by the
SAAS050 Teletext Read-Only Memory
(TROM) IC, which produces an RGB
video signal from the daa. All timing
information and signals for the module
are produced by the fifth IC. the
SAAS025D Timing Chain (TIC).

In addition to the RGB outputs, the
Mullard module has several specialized
outputs that are used to simplify its inter-
face to a TV or other oullying circuitry.
Only two of those. After Hours Sync
{AHS) und Piclure ON (PON) arc used in
this decoder.

The decoder circuit

The Mullard module was developed
primarily to be used in “teletext-ready ™
TV sets. But as we saw in the block di-
agramin Fig. 2, it can be used as the heart
of an excellent set-lop decoder. All we

-————

nced o do is add a power supply. video
and audio input bufiers. a remote-control
circuit, an RGB-composite video en-
coder. and a video switching and oulput
circuit. We'll look at each of those circuits
separately.

The schematie for the power supply is
shown in Fig. 5. The supply has a con-
ventional design that uses LM7805T and
LM7812T regulators 10 produce the +5
and + |12 outpuls that are required by the
rest of 1the decoder gircuit. Since those
regulators must be able to supply about
250 milliamps cach. you must use heat-
sinks with them.

The audio buffer (Fig. 6) and video
buffer {Fig. 7) are also comventional in
design. Their primary purpese is (o
provide signals of the proper level and
polarity to the module and output eircuit-
ry. They also protect the decoder against
excessive input voltages. Note that the
AUDIO IN and AUDIO OUT jachs are simply
connected together to form a built-in Y™
conn¢ctor; that simplifies hookup 10 some
uner/monitor combinations. The audio
signal plays no part in the decoder’s oper-
ation. {(Remember—ihe teletest informa-
tion is rransmitted in the vertical-blanking
interval.) However, an audio input is
provided so that it can be modulated on
the RF output. If the decoder’s composite
video output is used instead. the audio
connection can be made dicectly from the
tuner to the monitor.

One very convenient feature of the de-
coder is that it offers wireless {infrared)
remole control. The schematics for the
remote-control transmitter and reeciver
are shown in Fig. 8.

The transmitter circuit is based around
the Signetics SAAS000 transmitter-en»
coder IC. The SAA 5000 requires very few
external components—all that's needed
for the keyboard are normally open push-
button switches ynd pull-down resistors.

|
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FIG. 5—THE POWER SUPPLY for the decoder uses & conventional design. Note 1hat heat sinks are
needed for Lhe reguiators, which must $upply about 250 milllamps each. The power switch used in the

prototype had & built-in pilot 1amp.

WwWwWw americanradiohistorv comm

9861 NHJY

b
=]


www.americanradiohistory.com

RADIO-ELECTRONICS

&

Al the decoding is handled inside the IC.
The outpul circuit is also simple. The R-C
network (R39 and C37) that is connected
1o pins 2 and 3 determines the output bit
nille.

The output at pin 16 is a 24-bit serial

FIG. 6—THE AUDIO BUFFER. Nole thal decoder
has no need for audio, 30 he input goes straight
through 10 the output. However the sound I3
modulated tor the RF output of the decoder. The
on signel is used to biank the sound when the
decoder il In 118 1eletext mode.

All resis\ors Vs wall, 5%, unless other-
wise noted.

R1—4.7 ohms. ¥ watl

R2-R4. R6. R10, Rt4=R16, R37, R38,
R60. R62—10,000 ohms

RS, R34—100 ohms

R7, RB—470 chms

R9—27.000 ohms

R11—1 megohm

R12, R32. R40—1500 ohms

R13, R24, R48, R49—4700 ohms

R17. R26, R28—2200 ohms

R18—3300 ohms

R13—R23, R66, R71—1000 ohms

R25—10 megohms

R27—56,000 ohms

R29-—120 ohms

A30—82 ohms

R31—15_000 ohms

R33—220 ohms

R35, R46—2700 ohms

A36, R43—68 ohms

R39—180 ohms. ¥z watt

R41.R42—2400 ohms

R44, R53-A58—33,000 ohms

Ra5—1800 ohms

Ra47—47 000 ohms

R50—270.000 chms

R51—1000 ohms. timmer potentiomeler

R52—50,000 ohms trimmer potentiome-
ter

R59—220.000 chms

R61—560 ohms

R63—47 ohms

RE64—27 ohms

R65—2 2 ohms, Y% watl

A67—22 ohms

R&68—150.000 ohms

R&9—100,000 ohms

R70—6800 ohms

Capacitors

C1—100 uF, 16V electrolytic

C2-C4, C7. C8, Ct6, C17, C24, C26.
C29—0.1 uwF. ceramic disc

code. The outpui pulses are differentiated
by R&1. Ré2. and C40. The negalive-
going spikes are inverted by Q12 and ap-
plied 1o the base of QI3 through R&3. In
turn. Q2 wrns on the two infrared LEDs.
Capacitor C39 is included in the cireuil to
store the cnergy needed for the high-cur-
rent puises.

The transmutter is handheld. and can be
powered directly by a 9-volt battery. Zener
diode D6 reduces the battery voliage to

F1G. 7—THE VIDEC BUFFER. The buffered aignal is sent to the video swilch for TV disPlay and (o The

module for leletexl decoding of the VB data,

PARTS LIST
5--33 pF, ceramic disc
C6. C38, C41, C43. C45—10 puF. 16 voits,
tamalam
€%, C20—100 pF. ceram disc
C10-C12—15 uF. 16 volis. 1antalum
Ct3—47 pF. ceramic disc
Ct4, C23, C40 —0.001 uF, ceramic disc
C15, C16—0.01 pF, ceramic disc
C19—10 pF, ceramic disc
£21—5-70 pF, tnmmer capacitor
Cz22—not used
€25, C28—2200 wF, 25 wolts. electrolytic
€27, C30, C31—22 wF, 16 voits, tantalum
C32, C33—33 uF. 10 votts, tantalum
C34—0.027 pF, dipped mylat
C35—1 pf, 16 volts, tantatum
C36—0.47 wF, 16 volts, tantaium
C37—270 pF, ceramic disc
C39—330 uF, 16 wolis, alectrolytic
C42—0.0033 uF, ceramic disc
C44—0.047 pF, ceramic disc
C46. CA7T—47uF. 16 volts. electrolytic
Semleonductors
1C1—SAAS010 remole-control receiver
HC2—CD4M3B dual D-ype fhp-llop
1IC3—74HCOO high-speed CMOS quad
MNAND
1IC4=—MC1377 RGB-NTSC/PAL Video
Encoder
1C5—CD40668 quad analog swilch
IC6—LM7812T regulator. 12 wolts
IC7—LM7805T regulator, 5 vohs
C1-03, Q7-Q9, O11—BC548 (2N2222A)
Q4-06, Q10. G12—BC55%8 (2N3906)
N3—2N2094
D1-Da4—1N4001, 50 PIV. 1 amp rectifier
D5—1N4735 6 2 wolts, 1 watt, Zener
D6—3.3 volts, Zener
D7—1N4148
DB—BPWSQ infrared phatodiode
LED1, LED2—LD271 Infrared LED
LED3—standard, red
Other components
L1—chroma coil (TOKO1BNNFH0624AG)

WWWW americanradiohietory comm

about 6 volis. which the SAAS00Q rc-
quires.

The front end of the remote control re-
ceiver is also shown in Fig. 8. Thul circuit
1s not contained on the main board of the
teletext decoder. and it does not decode
any of the signals it receives. It mcrely
amplifics them to a level that is required
by the decoder IC on the Mullard decoder
module.

Photodiode D& is biased by 1CY. The

L2—a00 nS delay line

L3—5 mH

S1—SPST push-on/push-oH, illuminated

S2—SPST miniature slide

53-523—5pPST normally open pushbut-
ton

T1—117 volts ta 15 volts, centar lapped.
1A ransformer

XTAL1—3.579545 MHz

RF modulalor—Astec UM1285-8 RF wid-
e0 modulator

Module— Muliasrd VMET80-2 teletext de-
coder modute

Miscellaneous: Case, power cord, strain

retied. ribbon cabie and connector plugs

{4.6. 9. and 10-pin), Mullard module. RCA

ack, 5-pin DIN socket, clip-on heatsinks,

IC sockets. hardware, heatshrink tubing,

el

A complete kit of parts {Mo. K-6315),
including PC board, case, and all
parts—except those for the wireless
remote control circuit in Fig. 8 {a wired
remote Control unit is substituted—is
avaitable for $199.00 plus $10.00 ship-
ping from Dick Smith Electronics. Inc..
P.0. Box 8021, Redwood Cily, CA
94063; 800-332-5373 {(orders)
415-358-8844 (Inquiries). The following
paris are also avallable Separately:
Case {Mo. H-2507), $12.95; Transtormer
T1 (NO. M2155), $5.95; PC board
(H-7001) $28.95; IC1 {No. Z-6900),
$12.95; IC4 (No. Z-2500), $1.90; XTAL1
(K-6031), $1.19; L1 (No. L-0521), $1.50;
L2 (No. L-0520), 54.95,

A complete kit of paris for the infrared
remote conltrol (No. K-3425) is avallabie
tar $34.95 plus $2.75 shipping.

California residents musl add 6.5%
sales tax. Orders cutside U.S. must In-
Clude L).S. funds and add 15% of mes-
chandise total tor shipplng.


www.americanradiohistory.com

o) K9
Ly wPCI373H

FIG. B—THE WIHELESS REMOTE CIRCULT contrais all the tunctlons of the decoder except power, |C8
handies all the keyboard-decoding and code genaratlon functlons tor the transmitter. The from end of

is shown inside the dashed box. . ' ) .
GGl S e i - 3 gain of the IC is determined by 1he ratio of

the impedange at pin 3 to that at pin 6. The
tuned circuit connected o pin 3 is reso-
nant at the transmitter’s frequency.

The preamplifier IC also limits and
levet«shifts the output of the preamplitier
stage 10 reduce the effects of noise and
poor transmission conditions. The IC also
contains a peak detector that extracts the
data from (he bit stream and sends it oul
on pin 1. Note that LED3, which lights to
acknowledge the receipt of a message, is
not part of the preamplifier circuit.
However. it's shown with the preamp be-
cause it is also mounted off the main
board.

Other than power and grourd, there are
two connections from the preamp o the
miin board. One i5 the message-received
signal from the Mullard module, and the
other is the serial control data that are sent
to the module’s remotc-control decoder
circuit, which is shown in Fig. 9.

The heart of the decoeder is [Cl. 1he
SAAS5010/5012 remote control recciver.
We won't discuss the control format here
except 1o say (hat the system uses a dou-
bly-redundant 24-bit data stream for cach
command, making il viriually ermor-proof.
We will cover the various commands in
detail next time.

One of the ICI's control frequencies is
divided down by 1C2, a 4013 dual flip-
{iop. and the resulting 2400 Hz tone can
It:e sentltoa tmnsducfir to provide an audi-

. le message-received signal.
DL N agecodes signals sent o . - e . o
receiver front-end to pin 22, H serlgs bg:?tlaﬁrr?;‘:fa‘g:—rlecc‘leiued“ Sig:'lhﬂT ongpin 16!{1%;:;0““;::?‘:23 Next time. we'll finish up with the cir-

Hz signal that can ba used to drive a piezoeleclric lransducer for an audible signal that s message has  Cuil and show you how to bufid the uvnit.
been received, R-E
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Telephone Line

HERB FRIEDMAN

Tester

Beat the telephone service guessing game with this simple

EVER SINCE THE BREAKUY OF AT&T, THE
odds of getting a telephone circuit re-
paired on the first attempt are only 50-50.
The prablem is that now the telephone
lines are the responsibility of your local
telephone company, while the receiver it-
self is the responsibility of its supplier,
most often AT&T. If you contact the sup-
plier. and the problem is not in the tele-
phene, they won’t help you. Similarly, if
you call the local welephone company, and
the problem is in the telephone, you ure
also out of luck. But this time there's a
kicker—you can be billed $50.00 or more
for a “"service™ call. And you still won’t
have a working phone.

One of the ways to avoid playing the
telephone-service guessing game. and
thus any unnecessary and unconscionable
service charges, is to first, conduet your
own line tests. using the telephone-line
tester shown in Fig. 1. Ifthe telephone line
passes its tests, any problems must be the
fault of the receiver ftself. If the line
doesn’t pass its tests, you can call in the
local telephone company secure in the
knowledge they won’t—or can’t—stick
you for a service charge.

The telephone-line tester is intended for
the commonly used modular connector
system. To use the device you simply un~
plug the telephone from its modular con-
nector and substitute the tester’s con-
nector. It for some reason you want both
the tester and telephone to be simulta-

yet effective telephone-line tester.

neously connected, you can use a Y-
adapter at the modular jack. If the tele-
phone uses the older 4-pin "block ™ con-
nector, you can us¢ a modular-to-4 pin
block adapter; those are available in both
single and Y versions.

What it tests

The telephone-line tester checks the
operating parameters of the tclephone
company’s wiring at thc modular con-
nector. That includes the open circuit or
“on-hook™ line voltage: the **loop” voli-
age. which is the line voltage when the
telephone is off hook (when the handset is
lifted from its cradle); the ringer voltage,
and the polarity of the line. The telephone
line’s voltage conditions arce indicated by
a meter, and the polarity of the line eon-
nections is indicated by an LED.

Normally, polarity is not a problem be-
cause most standard telephones will work
regardless of the polarity of the DC voli-
age on the telephone line. (The purchase
of any telephone that is polarity sensitive
should be seriously questioned.)
However. reversed line polarity can inter-
fere with certain kinds of switching equip-
ment, in particular, some of the low-cost
conference and multi-use switchers. so
we've provided for that test,

The wltage-lcvel on telephone eircuits
15 48-volts DC. The wires in the telephane
cables are color-coded, with the green
wire being the posttive side, and the red

WWwWw americanradiohistorv comm

wire being the negative side. When there
is no load on the line, that is, when all
telephones in your home or office are on
hook, the measured voltage at your iele-
phone’s modular connector should be
greater than 40-wolts DC, give or take a
smidgen,

Depending on your particular iele-
phone’s repeat €oil, your ielephone will
represent a DC load resistance of approx-
imately 190 to 250 chms when it goes off
hook, meaning the handset is lifted from
the cradle. Since there is resistance in the
wiring between the central office and your
telephone, there will be a substantial drop
in voltage when your telephone goes off
hook. Al that time, the voitage at the mod-
ular jack might be as low as 5-volis DC.
(A Bell System instrument, such as one of
the 500 series of telephones, will work
even if the line voltage approaches zero
volts.) For conventional service a loop
voitage of 5 or higher is considered ac-
ceptable.

A telephone is made to ring by super-
imposing a 90-voit, 20-Hz signal on the
line. Since a telephone ringer is always
connected across the line it represents a
continuous AC lpad on the line. Thus,
once again there will be a drop caused by
the resistance in the wires between the
central office and your phone. A 45-volt
RMS equivalent voltage al your telephone
is considered acceptable, although 40
volts is sufficient to ring the phone.
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FIG. 1—BY PREVENTING UNNECESSARY SERVICE CALLS, thiis simple yet effective circull can save

you quite a bit of money.

F
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FiG. 2—THE SMALL PC BOARD can be secured
10 the fronl pane! of the cabinst vis $1% mount-
ing nut. The board shown here la the aulhors
profoiype.

How It works

The telephone-line tester shown in Fig.
1 is connected to the telephone jine
through modular connector Pt. Although
a conventional elephone modular-plug
has four connectors, the tester uses only
the two inside oncs—the red and the
green. The yellow and black connectors
are not used for normal, single-instru-

ment, (wo-wire service. Since the tester’s
LED polarity indicator is always con-
nected when the tester is plugged in, the
instant the unit is connected you will have
an indication of the polarity. If it is cor
rect—that is, if thc green wire is the
positive side—and the red wire is the
negative side, nething will happen. If the
sitwation is reversed, the LED will light.

With switch S set for LINE/RING, both
Sl-a and Si-b are open and the meter
indicates the condition of the line-voltage.
Any line voltage reading in the LN OK
range {more on the meter in @ moment)
indicates a line voltage higher than 40-
volts DC. If the 1elephone is ¢aused 1o
ring, either by using a ringback number or
by dialing from another phone, the meter
will indicate RING oK, and the LED will
pulse (indicating AC). if the ringing volit-
age/curment is comect. The actual position

\ o0

o
°L°
!
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FIG. 3-BECAUSE OF IT'S SMALL SIZE and relative simpliciy, the foil pattern {or Ihe telephone-line

tester is shown here.
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of the meter’s pointer depends on how
many ringers are connected across the
line. (Three or more of the old-fashioned
ringers can excessively load the ringing
voltage if the local telephone company
has not comrected for your ringer Joad.)
When Sl is closed the voltage range of
the meter is changed and a nominal load
resistance of 230 ohms (RS amd RG) is
connected across the line to emulate the
off hook load of the telephone. If the

meter indicates LOOP OK. you can be cer-

tain that you have sufficient loop vollage
for satisfactory telephone operation. 1f
you place another load on the linc, per-
haps by taking an extension telephone off
hook, the meter reading will almost invar
iably drop below the Loor ok range. That
is perfectly normal; the line is operating
properly when asingle loop load results in
a LOOP OK meter reading. That, by the
way, is how 1o test telephones for proper
connection. If lifting the handset causes
the meter reading to drop. you can at least
be certain that the telephone™s hook
switch is working and that the repeat coil
is connected to the line,

Building the unit

The unmit is assembled on the metal front
pancl of a 1% X 2% X SW-inch plastic
utility box. Except for the meter, all com-
ponents are installed on 8 2 X 2Vi-inch
printed circuit board that is self-mounting
to the panel through SI's mounting nut
(sce Fig. 2). An appropriate foil pattern for
this project is shown in Fig. 3; the parts-
placement diagram for that board is
shown in Fig. 4. Note that the size of the
PC board and its layout aren’t really crit-
ical as long as the board fits inside the
cabinet without interferning with the in-
stallation of the meter or the cabinct’s
internal panel-support posts.

While it is usually best to make circuit
boards using the photographic method,
becausc of its small size, this board is an
exception. It is probably best to do this
layout by hand,, using resist tape and resist
donuts. That's because the board’s small
size and relative simplicity make the pho-
tographic method too expensive to justify.
That's why we’ve shown the layout here,
rather than in our PC service section as
usual,

There’s just one cateh to that—very
thin resist tape is getting harder to find in
stores all the time. If you can't find the
proper ape, we suggest you replace the
trace that sweeps around the S contacts
with a lengih of No. 24 or No. 26 solid
insulated wire. That substitution has been
made in the auther’s prototype to show
you the proper routing of the wire. See
Fig. 2.

Potentiometers R2 and R3 are instalted
on the foil side of the board so that they

9864 udy

o
=


www.americanradiohistory.com

RADIQ-ELECTRONICS

o
&)

2% Re
LES@I 7 [EE i

GREEN RED

Pl

FIG. 4 —PARTS-PLACEMENT DIiAGRAM for the
telaphone-ling laster. The foll pattern can be
found M our PC service secllon. slsewhere In
this Issue.

.

F1G. 5~IF YOU WANT lo dress-up the meler. 8
new $Cale, gimilar to 1he one shown here, cen be
made. If You choose to do thal, be sure (hat (he
LINE O% and Lo OK reterence lines (all ot tha 0.3
mA mark; (he mma Ox 1ange beging at 0.4 mA.

can be accessed without dismantling the
project. All other components are
mounted conventionally on the *compo-
nent’* side of the PC-board. To ensure that
the LED passes through the panel when
the printed-circuil assembly is installed,
position the LED so thai there is %4-inch
between the printed circuit board and the
bottom of the LED before you solder its
leads. When the assembly is secured with
S1's mounting nut, Y210 ¥ of the LED will
protrude through the front panel.

You might be tempted 10 substitute a
single 230-ohm resistor for RS and R6.
Don 't do that! The loop load must be rated
for | waut. and that is mosl easily accom-
plished by using two parallel-connected
half-watt standard-valuc resistors.

Meter M1 in our project is a O-1-mA
DC metcr; those are available from almost
any ciectronics supplicr. If you want to
dress up your project, you can create a
meter scale similar to the one shown in
Fig. 5. If you do that, the LINE OK and
LoOP @K ranges should begin at 0.3 mA.
The RING OK range should begin at 0.4
mA. Once you've drawn the scale, re-
mave the meter’s plastic cover. Then, lak-
ing care not to bend or otherwise damage
the micler’s necdle, glue the new seale in
place.

The modular connecting cord can be
salvaged from some old telephone gear. or
you can gel a replacement cord al your
local iclephone store. With rare excep-
tions. the cord will have four wires; you
will use only the green and red ones, as

previously mentioned. Cut the cord 10 the
length you want and then carefully trim
the insulation from the free end of the
green and red wires. Those of you who
haven’t worked with old headsets or tele-
phone equipment are in for a surprise,
because the wires will appear to be a
strand of copper wound arsund a cotton,
polyester or silk thread. That's exactly

FiG. 6—THE COMPLETED PC board is shown
hare.

what it is. That type of wire is called
“Litz™" wire; it is very flexible, but it is
almost impossible to solder because the
fibers actually bum up before the connec-
tion is made. To install the Litz wires on
the printedcircuit board, lightly tin the
wire using a low-wattage (aboul 25 watts)
soidering iron. Then clip off the very end
of the wire so there’s no loose strand and
pass the wire(s} through its hole in the
printed-circuit beard. Fold the wire fal
against the foil and then quickly solder it
in ptace. If you use too large an iron, or
too much heat (you keep the iron on the
conneclion loo long), the wire will bum
up (turm black} and you'll have to repeat
the whole thing until the Litz wires are
properly soldered to the primed-circuit
foils.

Once you've assembled the board (see
Fig. 6), install the meter in the pancl,
solder the lwo pieces of wire that will be
used to connect the circuit and the meter
1o the PC bhoard, and then secure the
printed-circuil board to the panel, using
SI's mounting nut. Finally, connect the
free ends of the wire you previously in-
slalled to the meter; be sure to observe the
proper meter polarity. To prevent the mod-
ular cord from eventually breaking at the
soldered Litz-wire connections. secure
the cord with a plastic cable clarmnp at onc
of the meler's mounting screws.

Calibration

Set R2 and R3 to aboul mid-range, sel
S tothe LINE/RING position and then con-
nect a small varable DC power source
across the telephone line input. Adjust the
power supply for aboul 40-voits DC and
see if thc LED turns on. If it does the
power supply connections are reversed. If
il does not turm on, check its operation by
reversing the power connections. [f the

Wwww americanradiohictory comm

PARTS LIST

R1—4700 ohms. ¥ watt. 5%

R2—10,00C ohms, trimmer potentiome-
ter.

R3—50,000 ohms, inmmer polentiome-
ier

R4—100.000 ohms. Y watt, 5%

R5. R6—470 chms, ¥ watt, 5%

D1-D5—1N4D03 silicon diode

LED1—umbo red LED

M1—0-1-mA DC panel meter

S1—DPST, miniature, PC mount

P1—Modular telephone connestor.

Mlscetlaneous—Cablnet, PC board,

wire, solder, elc.

LED still doesn’t tum on you have proba-
bly made a wiring error. Once you've de-
lermined that the polarity indicator is
working normally. retum the power-sup-
ply connections to normal (LED off).
Next, set the power supply to 5-volis
DC, flip S| to the Loop position, and
adjust R2 until the meter's needle moves
10 the Loor OK reference Jine {reads 0.3
mA). Next, flip §1 back to the LINE/RING
position, adjust the power supply for 40-
wvolis DC, and adjust R3 until the meter
pointer is on the LINE ok reference linc,

Testing the line

To test a telephone line simply set Sl to
the LINE/RING position and connect the
tester to the telephane line. If the LED
lights, the telephone company's wiring to
the connector is reversed (it does happen).
Note the meter reading—the pownter
should rest anywhere in the ok range {read
0.3 mA or greater). Next, flip Sl to the
LooP posilion. again, the meter should
read in the ok area. Finaily, once again set
S1 to the LINB/RING position and cause the
line 1o ring (perhaps by dialing from an-
other phone). The meter should read inthe
RING OK range (greater than 0.4 mA) and
the LED should blink because the voliage
applied to the polarity-tester circuit is AC,
1f any of the lests produces anything but
the expecled results. the problem most
likely lies in the telephone lines rather
than in the phone itself.

If you want to check oul extension t¢le-
phones, set S for a Loor test and then lift
the handset of any phone; the meler
should indicate less than the ok reading
when the telephone goes off hook. As we
said carlier, that is normal and shows that
the telephone is at feast connecled to the
line,

The telephone-line tester we've de-
scribed is limited; 1t can not tell you pre-
cisely whnt's wrong with your elephone
service. Bul it can at least tell you roughly
where the trouble lies. and hence who to
call te have repairs done. Considering the
high cost of an unnecessary service call,
that puis you way ahead in the game. R-E
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Are gravitational waves the source of noise in electronic devices?
The author believes so0, and describes a simple circuit to detect the waves.

EINSTEIN PREDICTED THE EXISTENCE OF
gravity waves—the counterpart of light
and radio waves—many years ago.
However, he predicted the existence of
quadrature-type gravity waves, Unfor-
tunately, no one has been able to detect
Quadrature-rype gravity waves.

Consequently, the author developed,
over the years, a new cosmology, or theo-
ry of the universe, in which monopole
gravity waves are predicted. The author's
theory does not preclude the existence of
Einsteinian gravity waves, bul they are
viewed as being extremely weak, very
long in wavelength, and therefore very
difficult 1o detect unequivocally. Monop-
ole signals, however, are relatively strong.
so they are much more casily detected.

Monopole gravity waves have been de-
tected for many years: it's just that we're
used to calling them 1/f “noise ™ signals or
flicker noisc. Those noise signals can be
seen in low-frequency electronic circuits,
More recently. such signals have been
called Microwave Background Radiation
signals (MBR): most scientists believe
that to be a relic of the so-called “big-
bang’ that created the universe.

GREGORY HODOWANEC

In the author’s cosmology, the universe
is considered to be a finite. spherical,
¢losed system: in other words, it is a black
body. Monopole gravity waves *‘propa-
gate ” any distance in Planck time, which
is about 104 seconds: hence, their
effects appear everywhere almost in-
stantaneously. The sum total of back-
ground Aux in the universe gives rise Lo
the observed microwave background tem-
perature, in our universe, of about 3°K.

Sources of monopole gravity waves in-
¢lude commmon astrophysical phe-
nomena like supernovas, novas, star-
Quakes, ecic., as well as carthly
phenomena like earthguakes, core move-
ments, etc. Those somts of cosmic and
earthly events cause detectable temporary
variations in the amount of gravitational-

The author has developed & new COS-
mology that predicis the existance of a
new type of gravitational signal We am
pubhshing the results of some of his ex-
penments thal back up his theores in the
hope that it will 1oster expenmentation as
well as alternate explanatons for ns fe-
sults.
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impulsé radiation present in the universe.

Novas. especially supernovas (which
are large exploding stars), are very effec-
tive generators of osciliatory monopole
gravity waves. Those signals have a Gaus-
sian waveshape and a lifetime of only a
few tens of milliseconds. They can readily
impart a portion of their energy to free
particles like molecules. atoms. and elec-
trons.

The background Aux, in general. is fair-
ly constant. Variations in the background
flux are caused by the movements of large
mass concentrations like galaxies. super-
galaxies, and black holes. Those move-
ments create gravitational “shadows,™
analogous to optical shadows. When the
Earth-moon-sun alignment is just night,
the gravitational shadow of a small, high-
ly concentrated mass—a black hole, for
example—can be detected and tracked
from the Earth. So, keeping those facts in
mind, let’s look at several practical meth-
ods of detecting gravilalional energy.

Electrons and capacitors

As stated above, gravity-wave energy
can be imparted 1o ordinary objects. Of
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special interest to us are the loosely-bound
electrons in ordinary capacitors. Perhaps
you have wondered how a discharged
high-valued electrolytic capacitor (say
1000 pF at 35 wolis) can develop a charge
even though it is disconnected from an
electrical circuil.

While some of that charging could be
attributed to a chemical reaction in the
capuacitor, | believe that much of it is
caused by gravigy-wave impulses bathing
the capacitor at all times. And 1the means
by which gravity waves transfer energy is
similar lo another means of energy trans-
fer that is well known 10 readers of Radio-
Electronics: the electric field.

As shown in Fig. 1-a. the presence of a
large mass near the plates of a capacitor
causes a polarized alignment of the mole-
cules in the capacitor. as though an exter
nal DC voltage had been applicd to the
capacitor, as shown in Fig. I-5.

You can verify that yourself: Drop a
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FIG. 1—A CAPACITOR CAN BE CHARGED by
# gravitational impulse {#), just a8 it may by
2 DC veitage (b).

Fid. 2—a BASIC GRAVITY-WAVE DETECTOR Is
very Simple. Tha charge bulld-Up on capacitor
C1 due Lo gravity-wave Impulses |s amplified by
IC1 Lor output.
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FIG. 3—0DISPLAY OF GRAVITY.WAVYE SIGNALS irom the circult In Fig. 2 reveals 1/ signals (#) and

amplitude-modulated astrophysical events {(#).
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FIG. 4—A BUFFERED QUTPUT STAGE makes
the gravily-wave delector easier to use.

fully-dischaged 1000-pF, 35-volt clec-
trolytic capacitor broadside on a hard sur-
face from a height of two or three feet.
Then measure the voltage across the ca-
pacitor with a high-impedance voltmeter.
You will find a voltage of about 10 to 50
mV. Drop the capacitor several times on
opposite sides, don't let it bounce, and
note how charge builds up to a saturation
level that may be as high as one volt.

In that experiment, the energy of free-
fall is converted to polarization energy in
the capacitor. The loosely-bound elec-
trons are literally *jarmed” into new polar-
izalion positions. In a similar manner,
graviational impulses from spacc “jar”
electrons inte new polarization positions.

Here's another experiment: Monitor a
group of similar capacitdrs that have
reached equilibrium conditions while
being bathed by normal background grav-
itational impulses. You'll observe that,
over a period of time. the voliage ucross
all those open-circuiled capacitors will be
equal, and that it will depend only on the
average background flux at the time, Tem-
perature should be kepi constant for that
experiment.

| interpret those facts to mean that a
capacitor devclops a charge thar reflects
the monopole gravity-wave signals exist-
ing al that particular location in the uni-
verse. So, although another device could
be used, we will use a capacitor as the
sensing element in the gravity-wave detec-
1ors described next.

The simplest detector

Monople gravity waves gencrate small
impulse currents that may be coupled to
an op-amp configured as a current-to-volt-
age converter, as shown in Fig. 2. The

WWWW americanradiohietory comm

currenl-to-voltage converter is a nearly
lossless current.measuring device. It
gives an culput voltage that is propor-
tional to the product of the input current
{which can be in the picoampere range)
and input resistor R1. Linearity is assured
because the non-DC-connecied capacitor
maintains the op-amp’s input terminals at
virtual ground.

The detector’s output may be coupled
to a high-impedance digital or analog
voltmeier, an audio amplifiet, or an os-
cilloscope. In addition, a chant recorder
could be useful to record the DC output
over a peried of time, thus providing a
record of long-term “"shadow-drift”
effects. Resistor R2 and capacitor C2 pro-
tect the output of the circuit; their values
will depend on what you're driving. To
experiment, try a IK resisior and 0.1 pF
capacitor.

The output of the detector (Eg) may
appear in (wo forms, depending on
whicther or not stabilizing capacitor Cy is
connected. When it is. the output will be
highly amplified l/f noise signals, as
shown in Fig. 3-a. Without Cy. the circuit
becomes a *'ringing™ circuil with a slow-
ly-decaying output that has a resonant Ire-
quency of 500600 Hz for the component
values shown. In that configuration. the
circuil is a2 Quantum Non-Demolition
(QND) circuit, as astrophysicists call it: il
will now actually display the amplitude
variations (waveshapes) of the passing
gravitational-impulse bursts. as shown in
Fig. 3-b.

An interesting variation on the detector
may be built by increasing the value of
sensing capacitor Cl to about 1000-1600
wF. After circuit stability is achieved, the
circuit will respond 1o almost all gravity-
wave signals in the universe. By listening
carefully to the audio ouwiput of the detec-
tor you can hear not only normal Lf noise,
but also many “"musical’” sounds of
space, as well as other effects thal will not
be disclosed here.

An improved detector

Adding a buffer stage 1o the basic cir-
cuit, as shown in Fig. 4, makes the detec-
1or casier to work with. The IC used is a
common 1458 (which is a dual 741). One
op-amp is used as the detector, and the
other op-amp multiplies the detector’s
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FIG. 5—THE SAME GRAVITATIONAL “SHADOW" passed the author’s manitoe [0Cation on two con-

setutive days et apProximately the same time.
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FIG. 5—THE EXPLOSION OF ASUPERNOVA just after B:30 prm produced the sharp slops In this curve.

output by a factor of 20. Potentiometer R3
is used 1o adjust the output to the desired
level.

When used unshielded, the circuits pre-
sented here are not only sensitive detec-
tors of gravitational impulses, but alsg of
eleciromagneiic signals ranging from
50-500 GHz! Hence, these circuits could
be used 1o detect many types of signals,
including radar signals.

To detect only gravity waves, and not
EMI, the circuit shouid be shielded
against all electromagneli¢ radiation.
Both circuils are low in cost and easy to
build. Assembly is non-critical, although
proper wiring practices should be fol-
lowed. Initially, you should use the op-
amps specified; don’t experiment with
other devices unli] you altain satisfactory
results with the devices called for. Later
you ¢an experimenl with other compo-

nents, like low-power op-amps, es-
pecially CMOS types, which have diodes
across their inputs o protect theyn against
high input voltages. Those diodes make
them much less sensitive 1o electromag-
netic radiation, o circuits that use those
devices may be used to detect gravity-
waves without shielding.

The circuit in Fg. 4 is the QND or
ringing type, but the feedback resistance
is variable from 0.5 to 2 megohms. That
allows you to tune the circuit to the natural
oscillating frequency of different astro-
physical events. Huge supermova bursts,
for example, have much larger amplii-
tudes, and lower frequencies of oscilla-
tion than normal supernovas and novas.
Hence you can tune the detector for the
supemova burst rate that interests you.
With the component values given in Fig.
4, the resonant frequency of the eircuit

WwWww americanradiohistorv comm

RHYSMONIC COSMOLOGY

Ancient and Renaissance physicists
postulated the existénce ol an all-per-
vasive medium they called the ether,
Since the advent of sub-atomic physics
and relativity, theones of the ether have
lallen into disuse. RhySMonc Cosmalogy
postulates the existence of rhysmons,
which are the lundamenial particies of
nature. and which pervade the universe,
as doas the ether

Each rhysmon has the attributes of
size, shape, positlon. and veloclty:
rhysmons are arranged in space in a ma-
tnx structure, the density of which varies
according to poston in the universe. The
matnx structure of rhysmans in free space
glves nise to the lundamental units of
length, fime, veloCity, mass, volume, den-
sity. and energy discovered by physicist
Max Planck.

Fundamental postulates of the
FAhysmonic Universe can be summanzed
as follows:

@ The umiverse s tinite and sphencal.

& Euchidean geometry is sufficient to de-
scnbe Rhysmonic Space.

# The edge of the universe Is a perfect
reflector of energy.

& Matier iorms only in the cenfral portion
of the universe.

The matrix structure of thysmons al-
lows the instamangeous transmission of
energy along a siraight ine. calied an en-
ergy vecior, from the poiri of ongin to the
edge of the universe. where i would be
reflected according to laws simikar {0
those governming sphencal oplics.

In Ahysmon; Cosmology, mass, iner-
tia, and energy are teated as they ane in
classical mecharnics. Mass anses, ac-
cording 10 the author, because “particles
in rhysmonic cosmology must be the re-
sult of changes In the 'density’ of the
rhysmonc Structure, since the universe 1s
nathing more than rhysmons and the
void.”

In a "dense” area of ihe universe, such
as the core ol a particle. a number of
rhySmons are squeezed together. This
means that every particle has o ©oomo
sponding anti-parbicie. or an area of corre-
spondingly low density. In addition, a
particle has an excess ol outward-di-
rected energy vectors, and an anti-parti-
cle has an excess of inward-directed
energy vectors. Thosa vectors are what
we usually call eiectric charge

Gravity 15 nol a force of atirachon be-
tween abjects: rather, two objects are im-
pelled towards each other by energy
voctors Impinging on the surtaces ol those
objects that do nol face each olher New-
ton's laws of gravitation hold, atihough
therr denvation 1s diferenl than In New-
ton's System.

Gravitational waves anse in various
ways. but, in general, a large astronomical
disturbance. such as the explosion of a
supernova, [nstanlaneousty modulaies
the rhysmonic energy vectors. That mod-
ulation might then appear, for example,
superimposed on the Earth's gravila-
tional-held fiux—and it would be delecia-
ble by circuits liké those described here.
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FiG. 7—THE SHADOW OF A BLACK HOLE paased the Earth and produced the dip In the curve just
after B:20 pm. That occurred four days after the #xplosion of 8 supernova that was detected on July 1,

1983.
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FIG. B—ECLIPSE ON MAY 30, 1984 produted 8 gravitational shadow that preceded the oplical shadow

by about gight minutes.

can be varied between 300-900 Hz. The
circuit of Fg. 4, or a variant thereof, was
used to obtain all the experimental data
discussed below.

In addition, the circuits that we've de-
seribed in this article were built in an
aluminum chassis and then located within
an additional steel box to reduce pickup of
stray EMI. Power and output connections
were made through filter—type
feedthrough capacitors.

in the QND mode, coupling the detec-
tor's outpul to an audio amplifier and an
oscilloscope gives impressive sound and
sight effects. Fluctuations generally re-
flect passing gravitational shadows. The
author has taken much data of the son to
be discussed; let's examine a few samples
of that data to indicate the kind of results
you can expect, and ways of interpreting
those results.

Sample scans
Shown in Fig. 5 is an unusual structure

that was repeated exactly the next day. but
four minutes earlier. The pattern was fol-
lowed for several weeks, moving four
minutes earlier per day. Thal confirms the
observation that the burst response of the
detector was related © our location on
carth with respect to the rest of the uni-
verse. The change of four minutes per day
comesponds with the relative movements
of the earth and the body that was casting
the “shadow.™

The plot of Fig. 6 appears to be a super-
nova, probably in cur own Galaxy, caught
in the act of exploding. The plot of Fig. 7
was made four days after another super-
nova exploston: that plot reveals that that
supernova left a well-developed black
hole and **ring"" structure. You may find it
interesting to consider that visual indica-
tions of those supermovas will not be seen
for several thousand ycars! As such, it
might be “quite a while™ before we geta
visual confirmation of our suspected su-
pemoval

WwWww americanradiohistorv comm

PARTS LIST—SIMPLE DETECTOR
All resislors Ve-watl, 5%.
R1—1.3 megohm
A2—see text
Capacltors
C1—0.22 uF
C2—see tex

Cy—see texi
Semiconductors
1IC1—741 op-amp

PARTS LIST—BUFFERED DETECTDR
All flxed resislors Vewatt, 5%.
R1—500,000 ohms

R2—1.5 megohms, potenticmeaier
R3—10,000 ohms, potentiometer
R4—5000 ohms

R5—100,000 ohms

Capacitors

C1—0.22 uF

Semiconductors

1IC1—1458 dual op-amp

Last, Fig. 8 shows a plot of the moon’'s
gravitational shadow during the eclipse of
May 30, 1984. Note thal the gravitational
shadow preceded the optical shadow by
about eight minutes! That gives credence
to our claim thal gravilational effects
propagale instanlaneously. Relatedly, but
not shown here, a deep shadow is con-
sistently detected whenever the center of
the galaxy appears on the meridian (180°),
hinting of the existence of 2 “black hole™
in that region,

Concluslons

In this article we discussed the high-
lights of a new theory of the universe that
predicts the existence of monopole gravity
waves. We then presented details of a cir-
cuit that can be used to detect monopole
gravity waves. The author has monitored
those signals for ten years with many dif-
ferent circuits, so is confident that you
will be able to duplicate those resuits.
Needless to say, the subject of gravity
waves is a largely unexplored one. and
there is much yet to be leammed. Perhaps
this article will inspire you to contribute to
that knowledge. In your experiments, you
might consider trying the following: Op-
erate several detector circuits at the same
time and record the results. Separate the
detectors—even by many miles—and rec-
ord their outputs. [n such experiments,
the author found that the circuits’ outputs
were very similar. Those resulis would
seem to count out local EMI or pure ran-
dom noise as the cause of the circuit re-
sponse.

For more information on the subject of
gravity you might consult Graviranon, by
C. Misper, K. Thome. and J. Wheeler,
published by W. H. Freeman and Co.,
1973. Also. the article, " Quantum Non-
Demolition Measuremenis” in Science.
Volume 209, August 1, 1980 contains
useful information on the QND type of
measurement used here. R-E
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the fourth law of robotics

A robot shallmake
learning fun for man
and thereby improve
the quality of life

for mankind.

HERO 2000 is much more than Q
robot. It's a walking. talking 16-bit
omputer. With 64K ROM and 24K
RAM expandable to more than half
a megabyte. And a fully arficulated arm with five
axes of motion. Yours to program. Command. Modify
and expand, fotal system access and solderless
experimenter boards provide aimost limitless pos-
sibilities. Its remote RF console with ASCIil keyboard
gives total control. Available with three self-study
courses. Backed by Heath Company, world leader
in electronic kits.
Build your own
HERO 2000. Or buy
it assembled. Have
fun learning skills
that translate ’ I"!,:

directly tothe 1l
world of work. r_,é Lk
% -

HERDO

Mail coupon today to receive a FREE
Heathkit Catalog featuring HERQ 2000.

Mall to: Heath Company
Dept. 020-404
Benton Harbor, Michigan 49022

Heathkit
Hegth
Company
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FOR OBECADES, MANEKIND HAS BEEN BOFTH-
ered by the question: " What happens to
the light in my refrigerator when | close
the door? 1Joes it go out, or does itstay on
all the time?" These claiming (o be in the
know will tcll you that. " You know. il
goes the same place your lap does when
you stand up,” or that it's controlled by
the-little- man-who-wasat-there.

Don’t you believe them! After all, how
did rhey find out? Well, pow you can leam
once and for all just what does happen to
your refrigerator light when you close the
door by building the Frid-O-Mate {pro-
nounced “'fridgeomatic™). This simple-
Lo-use device, casily built from widgets,
thingamabobs, and whatchamacallits
found around the house, will give you the
definitive answer and make you the talk of
the ncighborhood.

The Frid-O-Matic works on the princi-
ple that " what you see is what you get.”
which can also be stated as "never give a
sucker an even break.”™ As shown in Fig.
I, a DASCR (Dark Activated Silicon Con-
trolled Rectifer). aimed at the re-
frigerator’s interior light, monitors that
device's state at all times. As long as that
light is on the Frid-O-Matic remains inac-
tive, but when {and if) the intetior light
goes off the DASCR latches. conducting
vollage 1o normally closed relay RYI.
which 15 wired in series with the interior
light's power source. If the light goes on,
the relay is encrgized, causing it to go of L

The Frid-O-Matic can be built using
poini-to-point, perforated construction
board, or PC board tcchniques. A five- or
twelve-volt power supply can be used, de-
pending on the coil voliage of RY1. The
entire device can be housed in an empty
milk or orange juice conlainer s as to
blend inconspicuously with the usual con-
lents of your refrigerator {see Fig. 2).

Using your Frid-O-Matic is casy. With
the side of the juice or milk container
containing the DASCR facing the re-
frigerator’s interior light, carcfully close
the refrigerator door. The next time you
open il, if the interior light goes on, that is
an indication il was never off. If, however,
it does not light, that is an indication that
it did go off when the door was closed

{aha'). or when you weren't [ooking. Or

F1G. 1—BLOCK DIAGRAM of the Frid-O-Matic.
Schemalic is behind blocks.

FIG. 2—WHICH ONE I$ the Frid-O-Mstic? Only
your wite knows lor sure.

maybe it just picked that time to bum out.
The Frid-Q-Matic can be disconnected
by ripping oul the wires to RY|.

Build the CheapModem

Compultcr-lo-computer communica-
tion can be an cxpensive proposition, and
sometimes it isn’t worth the investment in
equipment. Here's a shori-haul modem
vou ¢an build. It's almost free!

FIG. 3—AFTER MUCH TRIAL-AND-EAROR ex-
perimeniation. It was found that the best reso-
nator s usually determingd by what happensd
to be on sale at the supermarke! this week. Sev-
eral good resonators can be found bn this pho-
tograph.

WWwWw americanradiohistorv comm

NIFTY PROJECTS

Here are two nifly profects that are just perfect for this time of year!

LAPRI OOLF

The operation of the Cheaphlodem is
quite straightforward. The output from the
compuicr’s serial port is fed to two ampli-
hers—a straight-through one and an in-
verting one, and coupled from cach to a
small buzzer. The buzzers have different
pitches and correspond to the logic highs
amd logic lows that are gutpul by the serial
port.
Both buzzers are mounted inside a res-
onating chamber. which is connected by a
flexible conductor to a similar resonator al
the receiving computer. A phono car-
iridge or viher suilable pickup is muunted
in that resonator and connected through a
pair of 567 1onc decoders to that comput-
¢r’s serial port.

The clectronic part of this project is
clementary, and the circuits can be found
in almost any project book. The real se-
cret of the CheapModem is 0 the reso-
nators and in the selection of the conrect
flexibie conductor. Both rigid and semi-
rigid resonators have heen tried. and each
type has its own advantages. Semirigid
resonators, in the form of waxed or plas-
licised cardboard containers are more
efficient than the rigid, or tincan. sof,
but are not as durable. They are. however,
easier 10 open and empty, and for that
reason may be preferred. The final choice
is up to you. and may well be based on
your cating habits or just on what's on sale
al the supermarket. Several suilable reso-
nators are shown in lig. 3.

The Mexible conductor is perhaps the
most important part of this project. A
number of materials were cvaluated,
among them wirewrap wire, UHF hard
line, and a slinky. The last worked well.
but was found to be prone to interference
from ambient noise, which led 1o trans-
mission errors. In the end. the most effec-
tive in terms of its price/performance ratio
was found to be dental floss. Dental Hoss
is alsg easy to knot, and a good knot is
vital (0 the proper performance of the
CheapModem.

A maximum reliabic transmission rate
of 1.25 baud was achieved in the authar’s
prototype. While a higher speed would
have been more useful, for the price you
can’t argue. And you ger to eat what was
in the cans or containers. R-E
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A Decade
of Change:

Today, microprocessors are used in everything from microwave ovens to automobiles to home
computers. They've come a long way in a few short years.

NAMES LIKE UNIVAC AND ENIAC HAVE MY-
stical connolations for some of us. Vi-
sions of huge rooms filled with glowing
tubes and punched cards dunce before our
eyes, and our ears fill with the all-pervad-
ing murmur of massive air-conditioning
systems. We remember siaring awe-
struck as those giant computers flexed
their electronic muscles o produce
printed portraits of George Washington.
{Wow'—Ediior)

Those machines aren’t really pant of
microcomputer history—they’re parn of
its pre-history. Microcomputer history
really began one day in the early [960's
when Jack Kilby of Texas Instruments
made the first integrated circuil. After it
was showm that an entire circuit could be
fabricated from a single solid chunk of
semi-conductor malterial, the stage was
set for the devclopment of the micro-
processor. Butthings didn't really 1ake off
until the early 1970s.

ROBERT GROSSBLATT, CIRCUITS EDITOR

Several important evenls occurred in
1970:
® The development of Large Scale /ntc-
gration (LSI) techniques made it possible
to fabricate a complete circuit on a single
piece of silicon,
® Memory technology matured to the
point that standard products became
widely available.
® A huge market opened up for hand-
held calculators.

A year later Intel introduced a general-
purpose 1C that did just about everything
necessary needed to support calculator
type operations. Inte) called that IC the
4004; it had a four-bit data path, and it was
the first microprocessor.

First gencration microprocessors were
designed for specific applications. The
4004 was designed to handle caleuiator
logic, and the eight-bit 3008, introduced a
year later, was designed to eontrol an in-
telligent tcrminal.

WWww americanradiohistorv comm

intel’'s IC’s were designed at a time
when memory was very expensive. Con-
sequently, from the beginning. their mi-
croprocessors relied heavily on internal
registers lo store and transfer data. As
shown in Fg. |, the 8008's six storage
registers are eight bits wide, and the pro-
gram counter is fourteen bits wide. That
limited the 8008 to 16K of directly ad-
dressable memory. Further, the intcmal
stack is only seven words deep. That’s fine
for a controller. but it really limits use of
the 8008 as a comnputer.

The microcomputer indusiry really
came into its own with the second genera-
tion of microprocessors: Intel’s 8080 and
Motorola’s 6800. Although both arc mi-
croprocessors, their design philosophies
are radically different

Inte] increased power in the 8080 by
moving the stack itself to extemal memo-
1y, and by giving it a sixteen-bit stack
pointer. As shown in Fig. 2, the 8080 also
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ACCUMULATOR

STACK 1

STACK 2

STACK 3

STACK 4

STACK 5

STACK 6

mlE|m|Oo|0

STACK 7

ARITHMETIC LOGIC UNIT |

PROGAAM COUNTER ]

STATUS FLAGS >
INSTRUCTIONS

FIG. {—THE FIRST 8-BIT MICROPAOCESSOR, Intel's 800, had an infernal seven-byte stack, and il was

limiled to 16K bytes of memory.

[ ACCUMULATOR ] B C
] £
|  ARITHMETIC LOGGIC ] H
[ STATUS FLAGS ] [ PROGRAM COUNTER 1
| INSTRUCTIONS ] 1 STACK POINTER |

&-8IT REGISTERS

16-BIT REGISTERS

FIG. 2—THE FIRST GENERAL-PURPCSE MICROPRCCESSOR, Intel's 8080, leaturesian eight-bil
accumuislor and three gonaral-purpose sixteen-bil registers.

ACCUMULATOR A |

PROGRAM COUNTER |

ACCUMULATOR B

STACK POINTER |

|  ammumeTiC LOGIC |

ADORESS INOEX ]
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FIG. 3—MOTORDLA'S 6300 emphasizes quItk memory access at the expense of few Inférnal regie e,

has three sixteen-bit registers in addition
to the program counter, which was itself
increased to sixteen bits. That gave the
8080 the capability of addressing the now-
familiar 64K of external memory.

Motorola's 6800 was designed along
different lines altogether. Instead of em-
phasizing internal regisiers, emporary
data storage occurs in external memory,
and the microprocessor has only enough
registers to keep track of where things are.
Other than the primary and secondary ac-
cumulators, the only “data’ register in
the 6800 is an index register that is used as
a countet, and o do indexed memory ad-
dressing. The 6800's internal structure is
shown in Fig. 3.

There are advantages and disadvan-
tages to both design philosophies. For ex-
ampie, the 6800 must access memory
much more often than the 8080, but it can
do that much more rapidly than the 8080
can. But by far the most important con-
sequence of the difference im those IC's is
in overall memory organization.

To the 8080, all addresses are the
same—it takes the same amount of time
lo access any location in its 64K range.

Also, the processor goes o location {300
for its first instruction after power up and
after reset.

The 6800, on the other hand, has a
special set of two-byte “zero page” ad-
dressing instructions that allow page
zero—the first 256 bytes of memory—to
be accessed rapidly. All other address in-
structions are three bytes long. That
makes zero-page real estate valuable—
the mieroprocessor can address page zero
locations in two-thirds the time it can ad-
dress locations in other pages. Since zero-
page addresses are, in a semse, the 6800'
substitule for registers, the operating 5ys-
tem is put at the top of memory. When a
6800 is first powered up, it goes to address
FFFE for its first instruction.

The Motorola and Intel design philoso-
phies have shaped the architectures of just
about all microprocessors that have fol-
lowed, down to the latest sixicen- and
thirty-two bit microprocessors,

CP/M

In t973 the microcomputer industry
was rather limited. Firsi-gencration mi-
eros like the Altair and the Imsai stored
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duia on paper tape or casseties. Floppy
disk drives had just begun to appear when
Gary Kildall. a consultant working for
Intel, developed CP/M. a Disk Operating
System (DOS) for Intel s 8080. When [m-
sai licensed CP/M and began distributing
it. the home eomputer market exploded.
Since CP/M was just about the only DOS
available, the 3080 became the micro-
processor of choice for most home com-
puters.

Because of the popularity of CP/M, any
heir to the 8080's throne would have to
have an instruciion sel compatible with
that microprocessor. Since most of the
sofiware availuble for home computers
was coded in the 8080's native tongue,
microprocessor manufacturers realized
that it was a matter of simple economic
survival to make sure that such software
would run on any new miCroprocessor.

By the time that the second gencration
of microprocessors began winding down,
the home-computer market was an eco-
nomic reality. CP/M gave birth to a variety
of sophisticated systems-programming
languages. and user-oriented application
programs began to All the market. That
caused more CP/M computers to be sold
and more programs to be wrilen for them.
Then. when major manufacturers like
IBM and Xerox began adopting CP/M for
use in their products, the stage was set for
the birth of the third generation of micro-
processors.

Intel introduced the 8085, an improved
version of its 8080, and then upgraded
that with the 8085A_ The old 8080 re-
quired rhree vohages to operaw: +12,
+5 and — 5, The 8085A required only
+ 5 volts, and & much simpler clock cir-
cuit now sufficed. In addition. a series of
new interrupt and /O signals were tied to
variots pins on the IC—in an attempt,
perhaps, to simplify the complex [/O set-
up of the 8080.

Unfortunately, Intel paid a high price
for that increased flexibility. Because they
dedicated so many pins to VO, and be-
cause they remained locked 1o 8 standard
forty-pin package., (he data bus had to be
multiplexed with 1he lower eight bits of
the address bus. And that meant that the
B085 would always nced external lutch-
ing. A big gripe with the 8080 was ihat it
nceded extra support IC’s (an 8224 Clock
Generator and an 8228 System Control-
ler); and since the 8085 also needed at
least an eight-bit laich and some decod-
ing, the 8085 never became as popular as
Inte! had hoped. However, a CMOS ver-
sion became available relatively early;
Tandy used it in their portable computers.
and that prevented it from becoming total-
ly obscure. But perhaps the real reason for
its lukewarm reception was that it was
introduced three years after the Z30.

Zilog's 280
From the moment it appeared. the Z80
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spite of ita having some really powertul leatures.

was a winner, It incorporated all the 8080
instructions as a subset of its own greaily-
expanded instruction se¢t. And that al-
lowed it to run all the existing 8080-based
software. In tcrms of hardware, the Z80
was designed according to the Intel phi-
losophy. Zilog maimtained the register
structure of the 8080, but also added a set
of aliemate registers that duplicated the
main set, as shownin Fg. 4. The aliernate
registers allow an increase in processing
speed because, during an interrupt. the
main registers can be swapped with the
altemnates by using a fast one-byte instruc-
tan.

Combined with the other advantages it
had over the 8080—a single supply-volt-
age and a simpic clock—the Z80 became
the upgrade for the 8080. It had buili-in
features that required extra 1C's in an
8080-based system. The Z80, for exam-

ple, can refresh dynamic RAM IC’s auto-
matically.

One interesting point about the Z80 is
that, when it was first introduced. Zilog
believed that the huge new instruction set
would be responsible for most sales of the
IC. As it turned out, 8080 code had be-
come the standard, and the Z80's extra
instructions were, for the most part, ig-
nored. Intel, on the other hand, showed
awareness of that nced for compatibility,
because the BOBS5 added only two instruc-
tions to the 8080°s repertoire,

The 6502

In 1975 MOS Technology introduced
the 6502. Just as the Z80 is a high-perfor-
mance version of the 8080, the 6502 is a
souped up 6800—but with differences.
You can run 8080 code on a Z80, but 6800
code is gibbenish to a 6502, What the
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Microprocessor Speed

How fast a prograrm runs on your ¢om-
puter depends on more than just ds clock
speed. The clock frequency delermings
microprocessor speed, but the instruction
set, as well a5 the way a progeam 15 writ-
ten,determine how last a program runs.

Most of @ microprocessor’s ime s spent
accessing localions In your computer’s
memory, and the insiruchon that iells the
microprocessor to do that can be two, four
or even more bytes long. The overall
speed of your computer I8 3 tunction of
how many cycles ol the system clock it
lakes to complete a parbcutar instruchon.

A computer runming at § Mhz will com-
plete a four-byte instruction in exactly the
same length of ime that W 1akes a 2-MHZ
computer 10 complete a one-byte INStruc-
lion, Overall program execution speed,
tharefore, depends on how much the mi-
croprocessor has 10 do and how quickly ft
can do iL The same program running on
w0 compuiers with different micro-
processors will undoubledly run at two
differant speeds. Which runs faster de-
pands on what the program is asking the
microprocessor to do.

Some microprocessors have instruc-
tion sets that am quick at number crunch-
ng, whileé others are better al memory
access. In general, microprocessors with
intemal registers, like the 280, are better
at number cUNching because they have
one-byté commands to manlpulale regis-
ter data, Microprocessors like the 5502,
on the other hand, which do most things in
memory, access that memory quicker
than the register-oriented type of micro-
processor. R-€

6502 got from the 6800 was its design
philosophy. The 6502 is a top-down pro-
cessor: its strength is im powerful address-
ing modes, rather than a lot of intemnal
registers. Amoné its advaniages over the
6800 were: on-IC clock generator, an im-
proved instruction set, new addressing
modes. faster access (o the stack, and
buili-in BCD arithmetic.

AL first glance, the 6502's architecture
might look like a step backward. As
shown in ig. 5, the sixteen-bit index regi-
ster of the 6800 was split into two eight-bit
registers, and the stack pointer is only
eight bits wide. Thal limits the stack 10
256 bytes, but the designers of the 6502
decided that a 256-byte stack is more than
adequate for most applications. By limit-
ing its length, it could be placed in a
dedicated arca of memory (100 to 1FF).
And that allowed the stack to be accessed
very quickly, which increased overall ex-
ccution speed. Splitting the index register
allows both halves to be used indepen-
dently for some very powerful indexed
addressing modes.

What saved the 6502 from obscurity
was being chosen as the microprocessor
for the Apple, Atari, and Pet computers.
The huge successes enjoyed by those ma-
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chines transfortned the 6502 into one of
the few silicon superstars.

The fourth generation of micro-
processors began to emerge around 1980.
The home-computer market was a mam-
moth economic reality by that time, and
IC manufacturers were selling microe
processors as fast as they could make
them. The third generation’s last gasp was
Motorola’s 6809. It included advanced
addressing and & multiply instruction.
That instruction was innovative, unique,
and it allowed a substantial increase in
program execution speed. The 6809's
structure is shown in Fig. 6.

Unfortunately for Motorola, the 6809
came late tn the histery of microcomput-
ing, so few machines were designed
around that IC. (Radio Shack’s Color
Compurer is a notable exception. —Edi-
tor) One nteresting footnote to computer
history is that Apple was so itnpressed

with the 6809 that they used it in early
Maclrtosh designs.

Fourth-generation microprocessors
came about through refinements in IC
lechnology. The advent of Very Large
Scale /ntegration (VLS!) vasily increased
on-IC component density. Resulis include
sixteen-bit microprocessors, 64K (and
larger)dynamic RAM's, as well as perfor-
mance upgrades for the previous gencra-
tion of microprocessors,

Sixteen bit microprocessors weren't
really new. For example, Tl's TMS9900,
was a second-generation, top-down, six-
teen-bit microprocessor with two sixteen-
bit registers: a stack pointer and a program
counter. All other data storage occurred in
external memory. The TMS9900 has sep-
arate address and data buses because it
comes in a 64-pin package. The
TMS9900 is a powerful microprocessor,
and the way it was marketed is a perfect
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example of how nottodo it. Ti used the IC
in its home computer, the TI99, but T1 did
nothing to support ouwside developers.
When the computer failed to catch on,
Texas Instruments let it die. and the
TMS9900, essentially an IC ahead of its
time, died with it.

The secend-generation design philoso-
phies of the 80BO family and the 6800
family showed up in thitd generation six-
teen-bit IC's. Intel rejeased the 3086 and
8088: they're direct descendents of the
original 8080, so they emphasize the use
of intermal re gisters for storing and manip-
ulating dala. Zilog’s Z8000 is a more-
powerful, sixteen-bit version of the well-
established ZB0. Motorola’s 68000, a
muscular, sixteen-bit version of the ne-
glected 6809, is more powerful than either
Intel’s or Zilog's microprocessors. We'll
look at each in turn.

The 8086 family

As we mentioned earlier, it 1akes mone
than good design to make a silicon super-
star. Intel struck it rich when IBM jumped
into the home-computer market with a
machine based on the 8088. [ntel was a bit
surprised, as well. The 8088 is & watered.
down version of Intel's more powerful
8086. As shown in Fig. 7, the 8086 has a
number of 16-bit registers. but the 8088
has an eight-bit-wide daia bus, and that
means that sixteen-bit data must be load-
ed into the mieroprocessor eight bits at a
time. That's why it’s called an 8/16 bit IC.
The 8086, on the other hand, is a true
sixteen-bit microprocessor.

[BM s choice of the 8088 was a serious
miscalculation of both their marketing
ability, and the viability of the market.
One of the forgotten oddities of the IBM
PC is that it originally showed up in the
market with only 16K of RAM. The in-
credible popularity of the PC led 10 the
development of huge amounts of applica-
tions software, and much mainsiream
cight-bit sofiware was rewrilien to operale
on the 8088, Once again, Intel had pro-
duced the microprocessor thal became the
industry standard.

Several new fealures showed up in the
new sixteen-bil series that had no counter-
part in their eight-bit predecessors. A
multiply instruction was added (as
Motorola had done with the 6809), but it
could be used effectively only in the
8086. The 8088 had atoughtime handling
thiry-two bit results, s most |BM-PC
programmers do multiplication with the
traditional shift and add approach, and
that slows the PC down drastically.

Although the 8086 and 8088 are stand-
alone microprocessors, Imel has some
support IC’s that ean speed things up. The
8087 Math Co-Processor, for example,
does high-speed number crunching, and it
substantially increases the computing
speed of the 8086. Note that the eight-bit
data bus of the IBM PC restricts the
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cated here, Whal will be neat? Stay tuned . . .

usefulness of the 8087 in thalt computer.

The 80186 and 80188 were introduced
by Intel in 1983 as upgrades of the 8086
and the 8088, respectively. Those 1wo
IC's 100k advantage of new VLSI tech-
niques. but didn't really fepresent any ad-
vance in performance. However, they
include a lot of the support circuitry for
timing and bus control that had 10 be done
externally with the earlier IC's.

Intel’s 80286, which IBM uses in its
PC/AT, is a major enhancement of the
8086. Besides having an on-1C memory-
managemenl sysiem, it has a “'virtual
memory” mode in which the intemal reg-
isters can generale 24-bit addresses. [n
practical tcrms, this means that the 80286
can direclly address as much as sixteen
megabyles of memory. By contrasi, the
8086 can generate only 20-bit addresses,
and that allows it 10 address "only™ one
megabyte of memory directly.

The 68000

Motorola’s 63000 is probably the most-
powerful sixtecn-bit microprocessor o
show up on the market. Apple chose to
use it for the ill-fated Lisa and for the

Maclnlosh. Because its design is similar
to that of the 6800, it has a variety of
powerful addressing modes. Motorola
leamed a few things from Intel, appar
ently, because they added sixtecn thirty-
two-bit registers, as well as two stack
pointers—one for the user and one for
internal housekeeping. Untike most other
microprocessors. the 68000 doesn’t have
a dedicated accumulator. Rather, any of
the data registers can be used as an ac-
cumulator. The 68000's organization is
shown in Fig. 8.

Matorola designed the instruction set
50 that these could be as many as 64,000
instructions. The Intel IC's, by way of
companson, continued the 8080's prac-
lice of limiting the IC to a maximum of
256 instructions. I[n fact, the 68000 has
only 56 basic instructions, but the IC’s
addressing flexibility makes it easy for
programmers 10 access the full power of
the [C without having to remember sepa-
rate instructions for each special case.

One strength of the 68000 is the width
of its registers. If the 8088 is an 8/16 bit
microprocessor, then the 68000 should be
called a 16/32 bit microprocessor. [t has,
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fike the 80286, a *‘virtual memory™
scheme, buk its wider registers allow
some versions of lhe 68000 to manage
more than 4 gigabytes of memory.

The Z8000

The Z3000 from Zilog is a sixteen-bit
version of the Z80. It is a well-designed,
true sixtecn-bit microprocessor with thir-
teen general-purpose sixteen-bit regis-
ters, several stack pointers, and the ability
to address as much as sixicen megabytes
of memory. The Z8000's organization is
shown in Fig. 9.

In spite of its potential, however, the
ZB000 has not enjoyed the popularity of
its eight-bit predecessor. When the Z80
hit the market, it was successful because jt
was compatible with the 8080. Unfor
tunately, the 8086 and the Z8000 are total-
ly incompatible.

Cther improvemenis

The last major advance of the fourth
generation had te do with IC technology.
Faster versions of popular eight- and six-
teen-bit microprocessors began 1o appear,
The Z80. whose original operating speed
was a mcre 2.5 MHz, became available in
4- and 6-MI{z versions (the Z80A, and
2808, respeclively). The original 6502
ran at | Miiz: its upgrade, the 6502C,
runs at 4 Mtiz. Rock well. NCR, and GTE
each came out with CMOS versions of the
6502, the 65C02, that uses less power,
Tuns faster, and has a larger instruction set
than the original.

The 65816

New microprocessors like Western De-
sign Center's 65816 aim at higher speeds.
better memory handling, and increased
compatibility. The 65816 has a software-
selectable mode in which it can emulate a
6502. und il's the first sixteen-bit micro-
processor to use the mainframe technique
of “cache memory,” which is similar to
the virtual memory modes we've already
mentioned. In a cache sysiem, intermedi-
ate data and program infnrmation are
stored in high-speed memory. and less-
important data is stored in a slower memo-
ry system such as a Jisk.

Conclusions

The overall gencalogy of the important
microprocessor families is outlined in
Fig. 10. As you can se¢, the (rend in new
products is toward wider buses, higher
speeds, and more Aexibility. True 32-bit
microprocessors are now showing up.

When the 8080 first appeared. it cosl
over $250. Today you can buy one for less
than three dollars. And when you hold
one of those twelve-year-old [Cs in your
hand, keep in mind that you're looking at
more compuling power and speed than
was ever dreamed of in the pre-histonc
days of the Univac—all of twenty-five
years ago. R-E
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The time to eliminate EMI in your PC boards is during their design.
These guidelines can help you do just that.

P 4 HAVE YOU EVER DI-
art signed and bread-
boarded a project. only to find that the
circuit doesn’t work properly ence trans-
ferred to a PC board? The cause might be a
faulty component or poor soldering. or it
might be electromagnetic interference,

Often board layouts arc done without
any thought of the possible consequences
of EM]. When the circuitry involved is
either high-speed or high-frequency. at
least some EMI problems are likely

In this article we')l look at ways to
reduce the chances that EMI will plague
your PC-board designs. We'll also look at
how to solve EM! problems after the fact:
that is. interference to or from boards that
are already in exisience.

MICHAEL F. VIOLETTE

Note that we will not talk about actual
circuit-board design. That topic is beyond
the scope of this article. but has been
presented in this magazine in the past; for
instance, sec Designing Double-Sided
PC Boards” in the September and Oc-
tober 1985 issues of Radio-Electronics.
What we will show you are things to con-
sider when doing Your own design.

Component selection

Many EMI problems can be avoided if
the consequences of selecting a particular
component for an application are consid-
ered. For instance, when designing digi-
tal-logic circuits. most of us would first
consider the fastest possible logic family
for the job. But increased speed can fead
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o increased EMI problems. Let's sec
why.

For one thing. increased speed means
increased frequency, and faster rise limes.
Conslder Fig. 1-a, which shows onc half-
cycle of a squarewave. Tukc panicular
note of the fact that the " square™-wave is
not square at all: rather, is shaped like a
trapezoid—the Icading and trailing edges
of the pulse arc not perpendicular o the
baseline. That's because no high-low tran-
sition is instantancous; there is always
some rise time. If you were to examine
any squarew:ve on an oscilloscope with a
sufficient bandwidth, vau would see that
that waveform also is trapezoidal.

The amplitude of the squarewave is A.
The rise time. t, is defined as the transi-
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FIG. 1—THE FASTEA THE RISE TIME of & squarewave. one hatt of which is shown in 8. the wider the
bandwidth, The frequency spectrum of the half-cycle is shown in b.

tion time between 0.1A and 0.9A (or be-
tween 10% and 90% of the peak
amplitude). The pulse duration, t,. is the
interval between 0.5A on the leading edge
and 0.5A on the trailing edge.

The frequency spectrum of the half
cycle of the squarewave is shown in Fig.
l-b. Note that any periodic waveform.
such as & squarcwave. ramip, triangular
wave . ctc.. can be represcnted as 3 serics
of sinewaves. In that way, a time-domain
signal. such as a squarcwave, can be rep-
resented as a frequency-domain signal, as
we have done,

Aclually, the waveform in Fig. |-bisthe
envelope of the frequency spectrum it is
the upper limit on all the Trequency com-
ponents contained in the half-cycle of ihe
squarewave. Nole that there are two fre-
quency “breakpoints™ where the ampli-
tude of the frequency components
change. Those breakpoinis ame deter-
mined by the speed of the logic and are
found from:

f = Vnly
fz 1=,

At f, the amplitude of the spectrum
“rolls off” at {or. has a negative slope of)
20-dB-per-decade (3-dB-per-octave). and
at £ the amplitude rolls off a1 40-dB-per
decade (6 dB-per-octave). The £, frequen-
cy is of particular importance because it
determines the bandwidth of the logic: f,
is the upper frequency limit of that band.
That is important because EMI can be
gencrated 8t any frequency up te that lim-
it. Al low frequencies EMI is sclatively
harmless. but at higher frequencices. radi-
ation can be more of a problem. For in-
stance, a rise time of 2 panoscconds
results in a bandwidth of lixT, = 1/(3.14

10 x 10-9) = 32 MHz. That is defi-
nitely RF. and at that frequency it doesn’t
take a very long wise to create an efficient
radiator. Table | lists some common logic
families. their rise and full times. and the
bandwidih {in MH2) that results.

By the same token. high-speed logic is
very susceptible 10 nterference from ex-
ternal sources. The rcason. of course. is
that the same wide bandwidth allows for
interference from a wide variety of
sources. In the case of ECL logic. consid-
er how many sources emit radiation that

falls within the range of 0 to 160 Mz

Of course, the seleclion of a logic fam-
ily might be dictated by an existing de-
sign. or, perhaps the operation of the
circuit requires high-speed clocking. But
if you can get by with clock speeds of a
few MHz or less, why use high-speed
logic and increase the chances of EMI
probiems occurting?

Clreult tayout

After the logic family is chosen and the
schematic drawn. usually the next siep is
to work up a prototype of the circuit. After
the prototype stage. a PC-board layout is
created. [n the discussion that follows. the
tecation and layout procedures apply to
both breadboarding and the final design.
Alsc. while we are discussing PC-board
layout here, wirewrapped projecis should
also be built following these guidelines.

Digital signals can wreak havoc if they
get into an analog circuit. Always keep
analog and digilal circuits and signals
separate and elecwically isolated. As a
rule, analog circuits are much mome sen-
sitive than digital circuits. Consider. for
example. a TTL gate where the swing
between a logic high and a logic low is
approximately 3.5 volls. However, many
analog circuits have sensitivities in the
millivolt or or even microvoll range. 1f a
TTL circuit that is adjacent 1o an analog
circuit is happily switching away. and
cven mild coupling exists between the cir-
cuits. the digital signals could very easily
swamp the analog circuit.

One of the most likely routes for such
coupling is via the seturns. The retumn
traces in digital signals can be very noisy:
and if analog circuits make use of the
sarné returns, thal noise can be coupled
into them easily. There are two ways o
reduce that coupling. One is o use sepa-
raie analog and digitai returns. The only
common point should be the ground ter-
minal of the circuit’s power supply.

The other way to reduce coupling
would be to use very thick traces. or
ground planes. for the commons.

When laying out digiial circuitry, if the
faslest logic is slower than 10 ns (TTL),
ithe layout of the board is unimportamt
from an EMI standpoint. Otherwise, fol-
low the general scheme shown in Fig. 2,

Group the circuitry by function, then lo-
cate the fastest logic as ncar the KO con-
nector as possiblc. Slower cirCuitty is
located progressively farther from the
connector. It is also good common sense
lo locate any IO circuitty as physically
close to the connector as possible.

LOw SPEED LOGIC

AND MEMDRY

o e e e e e,

MEDIUM SPEED LOGIC

Ny (e g deiaid |
HIGH

1 SPEED LOGIC |

EDGE CONNECTCA

F15. 2—Di1GITAL PC BOARDS should be Iaid oul
53 that the lastest logic is localed nearest the | D
connector. Progresaively alower logicis located
progressively farther sway from that connector.

14

IC2
Nl

FIG. 3—~WHEN THE LOGIC GATE {IC2) switches
states. the Increased currenl-draw will cause &
noise voltage 10 disrupt ihe operation of the op-
amp {IC1).

Power-distributlon design

The key to a successful EMI-proof
power-distribution System is to keep the
impedance of the system as low as possi-
ble. A low-impedance supply provides
enough currenl without an intolerable
drop in the voltage of the supply system.
A low-impedance supply is especially im-
portant when supplying the ransient cur-
rent to a component. That is the current
that a single gate draws from the power
supply when switching from low to high.

The imponance of low power-distribu-
tion impedance is illustrated in Fig. 3.
These. an analog op-amp, such as a 3140,
is sharing the same power-supply rail with
a digital gate, such as a 4011. There is an
impedance, Z  associated with the
power-supply rail {duc to trace inductance
and resistance). During a switching oper
ation, the gate. 1C2. draws a transition
current from the supply and a noise voli-
age develops across the power-distribu-
tion impedance. That voltage will appear
at the input of the analog amp. ICl, and. if
large enough. can disrupt its operation.

Another problem exists in the circuit of
Fig. 3: There is a large loop between 1C2

WwWww americanradiohistorv comm
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amnd the power supply. That loop can and
will act like a radiating and/or pickup
loop.

FIG. 4—ADDING A DECOUPLING CAPACITOR
to the circult of Fig. 3 will eliminate the noise
problem and alsc reduce the size of the lOop
between IC2 and il supply.

SUPPLY TRACE

PC B0ARD (DIELECTRIC

!
RETURN TRACE

FIG. 5—BY RUNNING THE SUPPLY AAIL on one
side of the board. and tha return on the other, the
PC bosard itsell can be used sz a decoupling
capacitor.

A remedy for both of those problems is
shown in Fig. 4. There. a decoupling ca-
pacitor has been installed across the power
and return rails 10 1C2. The purpose of
that capacitor is to supply current during
the low to high transitions of the gate. As
shown in Fig. 4, thar capacitor ulso re-
duces the size of the loop between the
“supply* and the gate.

It is important that the Icads of decoup-
ling capacitors are kept as short as possi-
bie. Othcrwise, Icad inductance could
cause the capacitor 1o sclf-resonatc and
behave as an inductor.

Looking at the arrangement of power
and ground pins on most digital IC’s, it
becomes obvious that EMI was not con-
sidered when pin 7 was established as
ground and pin 14 as V. That places the
ground and power inputs al opposite cor-
ners of a 14-pin DIP, which is just about
the farthest apart they can be. As a result,
the job of keeping capacitor leads short is
madc just thal much harder. For situations
where Icad inductance is particularly trou-
blesome, it may be possible to use de-
coupling capacitors that have bcen
designed to fit under the IC itself,

When designing digital circuits, the in-
clusion of decoupling capacilors is almost
mandatory. But there is an alicrnative 10
using discretc capacilors. That is to use
the board itself as the capacitor. That is
don¢ by running the positive rail on one
side of the dielectric board and the nega-
tive or return tall on the other side as is
shown in Fig. §.

When that scheme is used, the supply

and return traces it like the electrodes of
a capacitor that arc scparated by a di-
electric (the board material). The total ¢a-
pacitance is the sum of the distributed
capacitance along the length of the irece.
That capacitance can be increased by de-
creasing the separation between the sup-
ply and return (usually that is determined
by the thickness of the PC board) and
making the traces as wide as possible
{wide traces also reduce the amount of
trace inductance and resistance). One
technique that is sometimes used, es-
pecially in crowded designs, 15 1o [eave as
much copper as possible on one side of
the board. That copper ground plane is
used as the return trace. Of course, pul-
1ing traces on both sides of the board
means, by definition, that you will be
making a double-sided hoard. Such
boards can be more difficult and costly 10
produce than single-sided ones. On the
positive side, doublc-sided boards allow
you 1o reduce the physical size of the
layout.

H the circuit is laid out on a single-
sided board, then the power-supply rails
should be routed as close o each other as
possible. and decoupling capacitors
should be used where required. Fgure 6
shows two ways that the power and retum
rails could be routed. In Rg. 6-a we see
one common layout. From our discussion
thus far. you should now be able 10 scc
why (hat is & poor scheme from an EMI
perspective. The relatively long distance
betwecn the rails can give rise toexcessive
lcad inductance in the decoupling capaci-
tor, as well as larger than necessary loops.
The layoul shown in Fig. 6-b is far better
as it minimizes both problems.

Selecting decoupling capacitors

As o gencral rule, a good design will
provide for one decoupling capacitor for

15Y

1
re

:

e
r
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4~ £

I LEAD g
= INDUCTANCES

FQE-—-%
z,r!!q'

FIG. 8—THE RELATIVELY LONG distances be-
tween the supplY ralls In 8 C3n csuse eacessive
EMI. Routing 1he rails as shown In b is much
more satistactory from an EMI perspective.
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every two [C's. That capacitor should be
capable of supplying the maximum ex-
pected iransition current of the logic being
used. As a general rule of thumb, capaci-
tance values between 0,01 and 0.001
should be adequate for most applications.
Because of their excellent high-Trequency
characieristics, ceramic disc types should
be used in most instances. In addition, a 1-
to 10-pF tantalum capacitor should be
installed a1 the point where power comes
onto the board. Because of the poor high-
frequency characteristics of a tantalum
capacitor, it should be installed in parallet
with a 0.0)-F ceramic disc.

Routing signal traces )
The final step is the routing of signal
traces. [nput/output lines should be rouied

first to minimize their length.

Clock circuits are onc of the prime
sources of EMI on digital boards. In many
cases, as the clock signals are routed to
the various componenis that requive them.
long traces and one or more loops resull.
Such traccs make good radiators and can
give rise to crosstalk problems.

One way 10 minimize thai problem is to
lay out the board in such a way that com-
ponents are grouped topether by function.
Aucntion should also be paid to the loca-
tion of the escillator. Place it as near the
circuitry thal requires clock pulses as pos-
sible. but away from wny sensitive analog
circuitry. Finally, use ground planes 10
minimize any radiation from those traces.

Trace routing should also be designed
to prevent common impedance coupling.
That coupling occurs when two circuils
share a common winz or bus, and the
current from one circuit induces 4 voltage
across the common impedance of the
wire. To prevent common impedance cou-
pling, ground returns should be isolated.

Wirewrap boards

As you can well imagine, all those indi-
vidual wires used on wirewrap boards can
creatc a great deal of EMI. To climinate
EMI, a wircewrap board should be de-
signed to reduce wire bundling, with ev-
erything connected point-to-point.

The hirst slep in laying out the signal
and power runs is to create an X-Y grid of
ground lines. Those lines should be
placed about 10 pins apart. Doing thal
creates 4 ground plane for the board.

Over those, you should connect all runs
of wire that arc grealer than J/2 long,
where d is the diagonal measure of the
buoard. If the circuit uses high-speed com-
ponents, the next step is to lay oul a sec-
ond X-Y grid of ground wires: that stcp is
most likcly unnccessary for home proj-
ects. Finally, connect all remaining lines.

With that procedure, and by following
the layout recommendations we presented
carlicr. and with 1he proper use of decoup-
ling capacitors, it is possible to build an
EMI-immunc wirewrap board. R-E
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All About FREQUENCY COUNTERS

IF YOU'VE CONSIDERED ADLMNG A FRE-
quency counter to your fest bench, but
weren't sure whether the cost would be
justified, you may be in for a pleasant
surprise. Modern frequency counters do
much more than merely measure frequen-
cy. In this anticle we’ll tath aboul what
they do. how they work. the circuits that
compose them. and sources of measure-
ment error. We'll also discuss several un-
usual applications of frequency counters.
and how special instruments like re-
ciprocal and microwave frequency conn-
ters work.

The frequency counter

In addition to frequency {f). mosi fee-
quency counters these days can measure
period {T) the frequency ratio of (wo sig-
nals, and the clapsed 1ime berween two
events. Sonie frequency counters can
count the number of pulses in & period of
time defined by the user or the system
under test. As we’ll sce. the circuitry used
for cach of those measurenicnts is quite
similar.

A simplified hlock diagram of a fre-
quency counter is shown in Fig. |. An
input signat is first conditioned so that the
Jigital processing circuitry can handle
that signal. We’'ll have quite a bil to say

about that input circuitry a listle fater, but
for now let’s just concentrate on the major
functions.

The timebase oscillator is usually a
very accurate crysial oscillator. The time-
base divider scales the output of the ime-
base oscillator and provides a pulse rain
whose frequency 15 switch-selectable.
usually in stcps of a factor of ten {10. 100,
1000, etc.). The main gate opens for &
period of time that is determined by the
timebase divider. While the gaie is open.
pulses are counted and then scaled for

Modern frequency counters do much more A

than just measure frequency! Find out what they
do—and how they do it.

VAUGHN D. MARTIN

output by the display circuitry. For exam-
ple. if 45.500 counts accumulatwe in the
counting register, and if the gae time is
on¢ second, then the frequency is 45.5
kHz. The samic number of pulses in 0.1
sccond would comrespond to a frequency
of 455 kHz.

Period measurements are made by de-
tennining the anount of time a signal
tukes (o complete onc €¥Cle of oscillation.
In this mode. as shown in Fip. 2. the
counting register counts pulses from the
timebase oscillator, and the input signat

1NPUT
SIGNAL
o
FREQUENCY o
=l INECT ELEAL e COUNTING
CONDITIONING :)__.- REGISTER ] DISPLAY
L | MAINGATE
FLIP-FLOP
&
|
TIMEBASE TIMEBASE
DSCILLATOR OIVIDERS

FIG, s—FREQUENCY MEASUREMENTS are made by countifng (he iUmDer of puises 1hat occur in a
peniod of time 1hat is delermined by the Hmabase divider. -
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DISPLAY
WalN T
GATE
— = _ .{ COUNTING
L. -7 REGISTER
 FREQUENCY
COUNTED
I TIMEBASE
DIVIDERS

3

gl

INPUT
SIGNAL
INPUT = MAIN-GATE
CONDITIONING FLIP-FLOP
TIMEBASE
OSCILLATOR

FIG. 2—PERIOTH MEASUREMENTS are made by counling the number of pulses from the timebase

oscillator thal occur while the inpul pulse |» atllve,

HIGHER
FREQUENCY
INPUT
SIGNAL
MAIN
e — COUNTING
CONDITIONING L
:)— il = DISPLAY
LOWER
FREQUENCY
INPUT MAIN GATE
SIGNAL FLIP.FLOP
INPUT TIMESASE
CONDITIONING DIVIDERS

FIG. 3—RATIO MEASUREMENTS are made by disconnecting the timebase oscllator from the main
gate. Ore Signal Is applied Ic the regular Input. and 1he the second is led through the timebase signal
path.

START DISPLAY
o
BPEN
INPUT =+ MAIN-GATE COUNTING
CONDITIONING FLIP.FLOP CLOSE REGISTER
r———
sTQP
o
INPUT
CONDITIONING

TIMEBASE

DSCILLATOR @ 1

TIMEBASE
DiVIDERS

FIG. 4—TIME INTERVAL Is measured by tounling pulses from the dmebase oscillalor duflng sn
interval that is deflned by externally-spplied slart and stop pulses.

enables that counting through the main-
gate flip-flop. The numbcr of pulses
counted is direcily proportional o the
period of the input signal.

Clock ratc and number of measure-
ments affect the resolution and accuracy
with which an input signal is measured. A
higher ¢lock ratc provides greater resolu-
tion. For exampic, with a I-MHz ¢lock,
one million pulses would be counted in
one second. but with a 10-MHz clock. ten

times that number would be counted.
With very-low-Trequency signals. it 1§
often more accuraic 0 measure several
complete cycles and then display the aver-
age value of those measurements.
Frequency ratio may be measured, as
shown in Fig. 3, by disconnecting the
timebase oscillator from the gating cir
cuitry. The lower-frequency signal then
controls the gate, and the higher frequen-
cy signal is counted by the counting regis-
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ter. Accuracy can be improved by using
the averaging technigue we mentioned
above,

Tirre rverval is measurcd by using (wo
control signals. START and sToP, 10 con-
trol the main gate. as shown in Fig. 4. The
counting register then counts pulses from
the timebase oscillator. Counting com-
mences upon receipt of a START pulse., and
counting ceases upon receipt of a sToP
pulsc.

Puise coitnting is similar to measuring
frequency. except that an external signal.
such as an SPST togglc switch. deter-
mines the gate’s time interval—hat is, the
length of time the gate is sbie to accept
input pulses. The basi¢ idca is shown in
kg 5.

Other features

Frequency counters often include fea-
res like normailizing, presetting. and
prescaling. A normalizing frequency
counter multiplies the input signal by a
preset constant. Normalization is often
used 10 measure RPM and flow rae.
where inpul transducers commonly
provide more (or less) than one puise per
unit of rotation or flow. A preseiable fre-
quency counter provides an indication
only when a preset number has been ex-
ceedod. Presettable counters are used in
batch counting. RPM monitoring. and
cardiac and respiratory monitoring.

Prescaling is useful for increasing the
maximum frequency at which a counter
can operate reliably. The prescater divides
the input signal by a {actor of n before
applying it to the main gate. as shown in
Fig. 6. The iradeoff s that, 1o keep resolu-
tion from decreasing by #, the main gate
must remain open for a period of ume
equal to #. However, thal allows a slower,
less expensive gate and counting registcr
to be used.

That should give you some of idea of
whal frequency counters can do. Now
let's look at how they do it, We'll begin at
the beginning—the input-conditioning
circuilry.

Input processing

The major components of the signal-
processing block we have referred to in
previous diagrams as “'inputl con-
ditioning”™ arc shown in Rg. 7. Rrst we
notice a switch to select AC- or DC-coup-
ling. Then we see an attcnuator that is
used 1o reduce the amplitude of the input
signal if it is too great. Next there is a
limiting circuit composed of a fuse and
diodes D) and D2. Then we see an imped-
ance-matching network that is followed
by a wide-band amplifier.

An optional AGC (Automatic Gain
Control) circuit provides feedback from
the amplifier to the input attenuator, and
then the Schmiu trigger conditions any
signal with a slow rise-1ime, a slow fall-
time, or both (like a sinewave), to provide
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INPUT MAIN
SIGNAL GATE
CON[l'.l'I‘TPil:JTNING COUNTING BEPLAY
REGISTER e

S1 &

FIG. 5—PULSES ARE COUNTED by using & manusl sTanv/sTo# AWitch (o control the main gate. The

input signal |s applied Lo the regulsr input.

INPUT
SIGNAL
[
QISPLAY
MAIN 1
| INPUT - BATY i
BN conomoning [l © N PRESCALER [_: f— [;%TSTT‘?E
|
L] wanGaTe
FLIP.FLOP
| 3
= |
, :
. ! TIMEBASE |
Or+———+4  Niens
TIMEBASE
DSCILLATOR

FIG, A PRESCALER may be used to messure frequency higher then ualal. For proper display. the.
oulpul of the timebass oscillator may also be divided,

r—————- 4 AGL p=-==— —

| ST |

]
L
’\/ urﬂv ; LIMITER
SIGNAL ) a
INPUT
ATTENUATOR IMPEDANCE

! 8/
't\’ Jur AN

t ~GATE
SCHMITT TRIGGER |
TRIGGER SLDPE
cl FUSE b
TRIGGER TRIBGER
i LEVEL INBICATOR
ésifpimﬁ CONTROL Ll

FIG. 7—THE INFURCONDITIONING CIRCUIT of atypical frequency counter s shown here. The circult
shapes signals 10 & digital form 1hai la acceptable to the main gate.

UPPER

HYSTERESIS LEVEL
FEAK-PEAK
SENSITIVITY

LOWER
HYSTERESIS LEVEL

INPUT SIGNALS
TOCOUNTER

OUTPUT FROM
SCHIITY TRIGBER

FIG. 8—NDISE AIDING AN INPUT SHGNAL can caiaa alse triiggering ofll'lw-ncy cBunler's counting

clreult.

a maore rectangular output with fast
risetimes and fast falltimes. Next we finda
trigger-slope selector, and then the prop-
erly-conditioned input signal is fed to the
digital counting and display circuitty.
While keeping those input components
in mind, let's falk a bir about the sort of

input signal that is required, and then look
at each stage of that signal-processing cir-
cuit in more detail.

Sensitivity may be defined as the small-
est input Signal that can be counted reli-
ably. Sensitivity is usually specified in
terms of the rms value of a sinewave input.

WwWww americanradiohistorv comm

In general, pulses must have an amplitude
excecding 252 (2.82) times the rms value
of the specified trigger voltage.

It may appear that a more sensilive fre-
quency counter is & belter frequency
counter. However, frequency counters
usually have broadband input amplificrs,
so hlgh scnsitivity can cause false trigger-
ing to occur. That is why a Schmiu tngger
is used. As shown in Fig. 8. the peak-to-
peak sensitivity, or hysieresis. of the fre-
quency counter should prevent notse rid-
ing the input signal from triggering the
counling circuit. Now let’s look at the
input circuitry.

Input-signal tonditioning

Input coupling may be either DC or
AC. As shown in Fig. 9-a, an AC signal
with a large DC component can shift the
level of the signal outside the usable range
of hysteresis. By coupling the input signal
through a capaciter, the DC is blocked,
and the signal falls within the usablc range
of hysteresis.

UPPER U ;
HYSTERESIS [-----r=--~ 5 2 -

LEVEL
LDw
Hvs*reges|5 I:ll: COoUPLING AC CUUPUNG

nv
LEVEL | R

FIG. 9—A DC-COUPLED SIGNAL, aa shown at a,
can shifl a tignal completely out of the hys-
leresis range. AC-coupling. as shown at b,
brings the %ignat In range.

AC Oy ST COUPLING
oc '

INPUT o—I H—+——+———onurrur

C1
0.033,F o

FIG, 10—THIS RC NETWORK Is used with dif-
leren! values of R1 to generate Ihe wavetorma
shown in Flg. 1L,

AC coupling is of little value if the duty
cycle—the ratio of the on time to the
period of a waveform—is low, because the
time constant of the input network may
exceed the width of the input pulse. For
the same reason, AC-coupling should not
be used on varjable duty-cycle signals.

Let's see what effect the input network
can have on narrow pulses. The effects of
the RC newwork (shown in Fig. 10) that we
used are shown in Fig. |1, Trace a in Fig.
11 shows the input signal; trace b shows
the output signal when Sl is ¢closed—i.c..
when the input is DC-coupled 10 the out-
put. The remaining traces (e—f) show how
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INPUT SIGNAL

DC-COUPLED SIGNAL

TH

AC-COUPLED SIGNAL R1 = TMEGOHM:

AC-COUPLED SIGNAL R14247K

ACCOUPLED SiGNAL Rt = 10K

AC-COUPLED SIGNAL R1x 27K

ov

o -4

f

FIG. 1i—THE INPUT SIGNAL to Ihe network In Flg. 10 is shown 1 a. Al & |s shown the DC-coupied
cutpul. and at o—f are shown AC-coupled oulputa wilh Ihe value of R1 varying as indicated. The signal

al f would cause drastic counting &rrors.

H'_H_"_ "' h Yy
.--.--..-._\" -VL- -11- -VL

[]
FIGTTZ—TRIGGER LEVEL. if sel Improperly (a),
can cauas a pulse-irain 10 pass undelected.
Trigger 1evel 8 sel Property al b, i posilive-going
wave-traln, and al ¢, a negative-golng wave-
train.

decreasing values of R affect the output
signal. In trace ¢ (where R1 has a value of
one megohm), the voltage level of the
signal has been shified. bul it retains its
overall shape. As the value of Rl de-
creases, the signal becomes more and
more dislorted, until, as shown in lrace f,
(where RI has a value of 2.2K), the circuit
becomes a differentiating network, so er-
ratic counting would result.

The attenuator is a voltage-dividing
RC network that typically provides
swilch-selectable division by 1, 10, or
100. Vanable aticnuators are also com-
monly uscd. The attenuatoe is ofien fol-
lowed by a limiting network which
cnsures that sensitive amplifier inputs are
noi overloaded. That could easily happen
with a low-impedance, high-speed input
signal like a glitch.

The input to the amplifier is generally
high impedance (onc megohmy), but some
frequency counters allow you to choose
either high (one¢ megohm) or low (50
chms) input impedance. You ¢an often get

a sensitivity of 2010 25 mV with a 50-chm
inpul. A sensitivity of one mV is possible,
but noise may cause false triggering and
emoneous counting.

Trigger level refers 10 the voliage al
which the frequency counter will trig-
ger—Ilhat is, deliver a pulse 1o the count-
ing circuitry. If the trigger level is set top
high. as shown in Fig. 12-q. the input
signal well never full below the lower hys-
tcresis voliage, Vy , so no pulses will be
counted. By lowering 1he trigger thresh-
old, as shown in Fig. 12-b. the input signal
traverses the complete hysleresis range,
so each input pulse will be counted. The
trigger level must be set correctly for
negative inpul voltages too, as shown in
Fig. 12-c.

The AGC circuit adjusts the sensitivity
of the amplifier 10 accommodate inputs of
different magnitudes. A wradeoff exists
between the responsc of the AGC and the
minimum frequency signal that can be
counted, which is usually about 50 Hz
with common AGC circuits. In addition,
common AGC circuits are also fimited in
their ability to respond to high-frequency
AM {Amplitude Modulated) signals. The
reason is that the AGC circuit 1ends to
respond to the peak voltage levels and
ignore the valleys. and that can cause er-
roncous counting.

Now [et's look at how circuits like those
described have been implemcnted in a
real-world frequency counter. The fre-
quency-compensated input attenuator

WwWwWw americanradiohistorv comm

shown in Fig. I3 can reduce an input sig-
nzl as high as 100 volts by a factor of wen,
depending on the setting of switch §1. The
nclwork composed of R6. R7, C4, and C5
does the aticnuating. The block labeled
MARRER GENERATOR will be discussed
later. But for now. let's find out how count-
ing emmors can arise in frequency counters,
and how those emors can be reduced.

Error in frequency counters

The major sources of error in a frequen-
cy countcr may be classified in four caie-
gorics:

& The *| count ermor
¢ The trigger error

¢ The systematic error
® The timebase emor

The effects of those errors on various
types of measurenicnts are summarized in
Table |

When a frequency counter makes a
measuremcnt, a * J count ambiguity ex-
ists in the LSD (Least Significant Digit).
As with A/D converters. Lhat ervor is
called a quantizizing error. As shown in
Fig. |4, depending on the precise instant
the main gale opens and altows input sig-
nals lo pass through 10 the counling cir-
cuits, a pulse may be missed. In the
middle trace, the gate opens for time Ty,
and one pulse passes. In the bottom trace,
the gale also opens for ume Ty, but it
opens a little later. so a second pulse pass-
es through.

The trigger error is caused by the ran-
dom noise that accompanies an inpul sig-
nal. When measuring period, the input
signals themselves control the opening
and ¢losing of the main inpul gate. There-
fore noise can cause the hysicresis " win-
dow "™ 1o be crussed too soon (or 0o late),
and that means the gale will stay open for
an incormect period of time,

The systemaiic error is caused by even
the slightest mismatch between Lhe
riselimes or propagation delays of the start
and stop channels. Mismaiched probes
and cable lengths can cause that type of
€ror.

The timebase error is the grealest
source of ermor in most frequency coun-
ters. The timebase is usually a quanz-
crystal oscillator. Since the timebase os-
cillator controls the period of ime the
main gate is open, its imporance in deter-
mining accuracy cannot be overstated.
There are basically three types of crystal
oscillator:

I. Room-temperature (RTXO)

2. Temperature-compensated {TCXO)

3. Oven-controtled {both switched- and
proportional-oven types).

Oscillator type | simply ignores the
effect of temperature; oscillator type 2
UCMpts 10 compensate for ICmperature
drift by using compeonents that drift in the
direction opposite that of the crystal. The
net effect is, hopefully, no drift with tem-
perature.
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FIG. 13— INPUT-CONDITIONING CIRCUITRY serves to produoe_l clean digital output for the counting

tircuitry (hat tollows.

TABLE 1—ERROR SUMMARY

Souceof | Frequency Period Time interval
errors | measurement | measurement | measurement Remarks
+ 1 Count Yes Yes Yes A Random error
+ Time Base Yes Yes Yes
+ Tngger No Yes Yas A Random ermror
+ Systematic No No Yas
TABLE 2—CRYSTAL OSCILLATOR ERROR
Room Temperature Simple
temperature | compensated switching Proportional
crystal crystal oven oven
_ osclllators oscillators osclliators oscillators

Temperature <25x10-8 <8x 107 <1x10-7 <7x10-%

(0°C — 50°C)
Line Voitage <1x10-7 <5x10-8 <1x10® <1x10-1¢

(10% change)
Aging <3Ax10-7mo  |<I1X10-7mo  |<1x10-7me | <1.5%10-%mo

or
<5x10-%day

Short Term <2x10%ms  |<1x10-®rms |[<5x1079ms |<1x10-1'rms

{1 sec. avg.)

Oscillator type 3 doesn’l attempt to
compensate for variations in lemperature;
il attempts (0 control that temperature
compictely. It usually takes 24 hours after
turm-on for an oven to atiain its maximum
specified accuracy. bul an oven can usu-
ally artain an accuracy of 7 parts in 10-° in
20 minutes. Precision frequency counters
usually keep their ovens mmed on con-
stantly, whatever the staic of the oN/ory
switch. so that maximum accuracy is-al-
ways attainable at the instant that the in-
strument i$ turmed on.

Besides temperature, there are three
additional sources of error in a crystal
oscillator: line-vollage vanations. aging
rate or long-term stability. and short-term
stability.

The effect of line-voltage variation on
crystal frequency is usually specified in
terms of a 10% change in voltage. The
cffects of line-vollage vanation can be
minimized by careful power-supply de-

sign.
INPUT ﬂ ﬂ | L—'
SIGNAL : ; ;
q—-—--Tu e
GATE OPENS——— ——
; Ry
GATE OPENS —1——— —

FIG. 14—A ONE-COUNT ERROR can occur if 8
frequenty counter's maln gate opens at the
wrong lime.

The physical propenties of the crystal
gradually change with time. That shift
results in a cumulative frequency drift
cailed aging. Aging is usually specified in
terms of frcquency change per month,
since a [actor like temperature would
mask the small amount of aging that
would occur in such a short period of
time.

Short-term stability, aiso referred 10 as
time-domain stability and fractional fre-
quency deviation, results from noise (ran-
dom frequency and phase fluctuations)
generated i the crystal itself. The effect
of eaeh type of crystal-oscillater error is
summarized in Table 2.

Now that we’ve discussed the basic
theory of frequency counters, and sources
of eror therein, let's look at several inter-
esting and unusual real-world applica-
tions for a frequency counter. 1 addition
to basic frequency. time and Counting
measurements. you can use any frequen-
¢y counter with adjustable starr and
STOP trigger-level controls 10 measure
phase and risetime.

Unfortunately, thal discussion will have
to wait until next time as we*ve run out of
space for this issue. At that time, we’ll
also look at some rather sophisticated
counters and accessories, and how they
are used R-E
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Healing with Electronics

Although the concept is over a hundred years old, electrical stimulation of the body to promote
healing has only recently been accepted. Here, we 100k at the techniques that are currently
used, and some of the problems that had to be overcome to develop those techniques.

EACH YEAR, ABOUT THREE PERCENT OF
the population of the United States suffers
some type of bone break. [n fact. that type
of injury is the third leading cause of hos-
pitalization in this country.

Normaily, a broken bone heals. But in
about 5% of the cases thc bone cither
doesn’t heal at all, or the healing process
takes an abnormatly long time. In recent
years. those problem cases have been
reated with electronics.

The idea of using electronics to pro-
mote healing is not new. In the 18407, it
was discovered that electric currents could
somelimes cause healing in fractures that
were not healing on their own. In more
modem times lhe phenomenon came un-
der closer scrutiny, and in 1979. the U.S.
Food and Drug Administration (FDA) ap-
proved Lhe use of weak-pulsed magnetic
fields to promote healing.

Since then. weak-pulsed electromag-
netic fields have been used w© treat over
15,000 patients in this country alone. Al-
though the patients selected for such wreat-
ment generally had fractures that failed to
heal normally over a period of months or
years, a success rate of 80% has been
achieved with electronically stimulated
healing.

In addition to causing a fractured bone,
such as that shown in Fig. 1, to heal,
eiectromagnetic fields may be helpful in
stimulating the healing of skin ulcers and
other defecis in soft tissues. It is even felt
by some people thal electromagnetic
fields may also prove to be useful in reduc-
ing the growth of cancers.

Electrlc flelds and healing

Electric fields can imeract with body
tissues in a number of ways. One of those
ways is heating. When the energy put into
a tissue is greater than one-watt-per-kilo-
gram of 1issue, significant heating occurs.

There are several possible ways, that
heat-producing electric currents can pro-
mote healing. Thermal stimulation of
blood vessels causes blood flow lo in-
crease because such stimulation dilates
thase vessels. It also makes it easier for
nutrients in the blood to pass through
blood-vesse]l walls to the tissues. Finally,
it increases the metabolic raie of tissues.

Heating can also relax muscles, reduc-
ing muscle spasms and pain. Connective
tissues may be softened by heai. allowing

Dr. RAY FISH, PhD, MD
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for less painful movement. For those rea-
sons. deep heating usually plays an im-
portant part in the treatment of orthopedic
injuries, such as injuries to joints. ten-
dons, and muscles.

Heat can damage tumors because they
sometimes have a marginal blood supply.
which is overloaded when the metabolism
is increased by local heating. Also, the
uptake of oxins (chemotherapy drugs)
can be increased by heating.

Healing fractures

Weak eleciric fields are sometimes
used to stimulate bone healing. The ap-
plied fields try to imitate the disiribution
and magnitude of the clectric fields that
are nawurally generated within bones.
Bene is a piezoelectric material; voltages
are produced when bone is stressed or
bent. The growth and shaping of bones is
controlled by the voliages caused when
the bones arc loaded. With exercise,
bones generate clectric fields: the strengih
of those fields is usually a few millivolts-
per-Centimeter.

The fields arc part of a natural feedback
system that changes the shape of bones as
they grow and repair themselves after in-
jury. Naturatly. bone grows in such a way
as to reduce mechanical stress on the
bone. When compressive forces are ap-
plied to bone, a negalive polential results,
leading to bone growth; when tension is
applied to bone. a positive potential re-
sults. leading to absorption of bone. Also,
bone grows in such a way that the shape is
one that can handle the load placed upon it
with the least strain.

Although many other factors contribute
to bone growth and shaping, there is no
doubt that weight bearing strengthens
bones. Decreased weight bearing causes
loss of bone mass. In extreme cases, such
as when astronauts do noi exercise in
space, he loss of calcium from bones can
be significant.

A bone injury allers the natural elec-
trical fields. That is, the field strength at
such sites increases markedly. Although
researchers are not centain of the mecha-
nisms involved. one theory is that the in-
creased field strength attracts certain types
of “healing™ cells.

If healing is not proceceding satisfac-
torily, or has stopped, it is possible to
assist the natural process by applying an
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FIG. 1—THE BONE THAT most often alis 1o heal
i the libia, \he iarge bone between the knee and
arikle Here are two z-rays of the same leg taken
al ditterent mngles to show more delail. The
smaller bone next lo the libis. 1he Hbuld, is also
breken, The knee and dnkle [OInts are just cut of
the picture.

FiG. 2—HERE, THE NEGATIVE ELECTRODES
are Implanted directly on the bone, The positive
electrodes are located on pads on the surface of
the skin.

clcctrical field to the injury. Such non-
healing can be caused by several factors.
A fracture may not heal if its ends are too
far apart (half the diameter of the bone) or
if certain types of tissues have grown be-
twecn the fracture fragmenis. The latter
causes 3 “false joint™ (in medical terms, a

synovial pseudarthrosis) to form.

A ficld can be applied to the injury site
in several ways. One of lhose is direct
application. In that method. shown in Fig.
2, clectrodes are implanted directly in the
bone. With implanted elecirodes. bone
formation (osleogenesis) is stimulated at
the negative elcctrode (cathode). Bone-
cell death (necrosis) often occurs at an
implanted anode. Thus. the cathode is
implanted in the bone while the anode is
placed on or implanted in the skin.

A variety of different electrode mate-
rtals have been tried. The most common
are stainless steel and titanium. but plati-
num alloys and silver/silver-chloride elec-
trodes also have been used. The voltage
used to dnve the electrodes can be DC,
puised DC, symmetric AC. or asym-
metric AC (usually under 3 kHz).

In the case of large, weight-bearing
bones. it is pot uncommon to use four
electrodes. cach carrying up to 20 micro-
amperes ta the fracture site.

One thing that must be guarded against
is the possibility of wires coming loose.
To prevent that from happening. the frac-
ture site is covered by a cast. To aid in
mobility, the power supply may be made
part of that cast.

It is of course possible to deliver a cur-
rent to the fracture site without physically
locating electrodes there. One such meth-
od is induction. In the method shown in
Fig. 3, pulsed magnetic fields are gencr-
ated by a pair of coils that are placed so
that they share a common axis. which
passes through the fracture site. An AC
voltage of 10 to 100 is applied to the coils,
which in tum sets up a time-varying mag-
netic field at the fracture site. The magni-
tude of the magnetic field is between 0.1
and 20 gauss. Experiments have shown
that such magnetic fields induce current
densities of |1 to 20 microamperes-per
centimeter. The corresponding peak volt-
age density is about one millivolt-per-cen-
timeter. To aid healing, the magnetic field
is applied continuously for 10 or more
hours a day, over a period of several
months.

Finally. a current can be induced via
capacitive coupling. As shown in Fig. 4,
the electrodes are placed on the skin on
opposite sides of the fracture site. Poten-
tials of 1 to 10 volts at 20 to 200 kHlz are
then applied to the electrodes.

Another application of electric fields in
healing is in the (reatment of skin ulcers,
‘Those ulcers are caused by poor circula-
tion, lcading to the loss of skin and most
commonly occur on the leg. To treat such
uleers, currents of 200 to 1,000 microam-
peres have been used. In one study. a
negative clecirode made of acopper mcsh
embedded in saling-soaked pauze was
first placed on the wound for about a week
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FIG. 3 —CURRENT CAN BE DELIVERED 0 Ih&
fraciure site vis Induction. Here, the two coils
share & common sxls, and that sxis passes
through the fraciure site.

to inhibit infection. Then a positive elec-
trode was applied to stimulate growth.

Although the use of electrical stimula-
tion o promoie healing seems promising.
there are a pumber of complications that
can arise when such stimulation is carried
out for prolonged periods of time.

Medical-electroniCs research

The elinical success of bringing frac-
ture healing to thousands of people with
otherwise hopeless cases Icaves no doubt
that electronically-assisied bone healing
works. However, finding 1he right current
levels. electrode placements, and other
parameters was not easy.

Proving the value of a treatment method
does not usually come casily because one
does not try unproven methods on large
numbers of subjects. If tried on small
numbers of subjects at first, something
often goes wrong. making the method
look worthless. In general. years of initial
rescarch are done on animals to define the
types of conditions (e.g. fracture types)
that might respond 10 ireatment, the treat-
ment methods that might work. and the
satety of the methods. lt did take well over
100 years for electrically stimulated frac-

coneinued on page 86
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20 MHz DUAL TRACE OSCILLOSCOPE 35 MHz DUAL TRACE OSCILLOSCOPE

$329 MO-1251 $545 MO-1252

Top quality scopes at a very reasonable price. Contains all the desirable features. Elenco’s 2 year guarantee
assures you of continuous service. Two 1x, 10x probes, diagrams and manual included. Write for specifications

‘ TRUE RMS 4V2
- DIGIT MULTIMETER

S del
a h .05% DC Accuracy
.1 % Resistance

with Freq. Counter
& Deluxe Case

e

MULTI METER with
CAPACITANCE and
transistor tester

Model
$65 CM-1500
Reads Volts, Ohms,

Current, Capacitors
Transistors & Diodes

3v: DIGIT
MULTIMETE

25 &

1% DC Accuracy
1% Resistance

Y Reads 10A DC
POWER BLO

The Power Supply For Breadboar¢

ol

@050

GF-8016 Function Generator
with Freq. Counter

219

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

GF 8015 without Freq. Meter *169

Triple Power Supply XP-660

A
34 495 3995
’ $1 4950 Now a Power Supplrl for your Bread Blocks. Snaps i

b, 200 . to existing units. Fully regulated and short circuit pr
| o L

0-20V @ 1A tected.
0-20V @ 1A 12V @ .3A,. 5V @ 1A, -5V @ .5A

5V @ 5A
'22.95 for Both, Power Blox & Breadboai

Fully Regulated, Short Eircuit Protected with 2
e -~

Limit Cont. 3 Separate Supplies.
3 Amp Power Supply XP-650 DIGITAL LCR METER
Model LC-1800

_;. = E:'_:] é_ ’I‘I $1 1 950 Measures: Inductors $1 4

Capacitors, Resistors

1830

SV = 0-40V @ 1.5A
g T | 0-20V % 3A Inductors .1uH to 200 H
- Capacitor.1Pf to 2034}“
Fully regulated, short circut protected, current Resistor .01Q1020M Q
timit control Ranges 6Ind, 7 cap, 7 res
C&S SALES, 8744 W. North Ter. Niles, IL 60648 w 15 DAY MONEY
800-292-7711 (312) 459-9040 amm  BACK GUARANTEE  ASK FOR CATALOG

2 Year Limited Guaranteel Add 5% for Postage (310 max.), IL Res., 7% Tax
CIRCLE 279 ON FREE INFORMATION CARD
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OBOTICS

Mystery computer revealed

LAST MONTH WE DISCUSSED SOME OF
the requirements of a portable
robot controller. We found that a
CMOS microprocessor, plenty of
RAM, and a flexible 10 structure
were among the most important of
those requirements. 1 also
dropped a few hints about a super
controller that meets those re-
quirements and that needs only
four AA cells to operate. This
month I'll let the cat out of the
bag—it’s Radio Shack’s Mode! 100.
Before 1 talk more about it, let's
examine some alternatives.

The portable-computer market
is filled with battery-operated ma-
chines. Some are IBM-compatible,
and some aren't. Prices for today’s
portables split into two corre-
sponding ranges. The IBM-com-
patibles generally go for about
$2000, while the non-compatibles
go for about $1000, or less, and
sometimes much less. A robot
needs a good processor, good /O
{input/Output), and ailexible con-
trol Ianguage that's easy to learn
and apply; but that doesn’t neces-
sarily mean it needs to be IBM-
compatible.

So, in my cpinion, Radio Shacks
Model 100 is the computer to use
for robot control, especially since
prices for both models (8K and 24K
RAM) have been dropping almost
monthly.

The Model 100 was the first lap-
top computer to hit the scene, and
itwas truly revolutionary. NEC and
Olivetti followed with machines
that were based on the same de-
sign; and, if you shop around, you
can pick up either an NEC or an
Olivetti for about $200.

The Model 100 has an 80C85 mi-
croprocessor, parallel and serial

¥

MARK J. ROBILLARD,
ROBCTICS EDITOR

Veo
}UATA BITS
PARITY

CTAL REG,
jAX DATA

TX DATA

X CLK
AXCLK

1C4
4 ICmBd02

{ RESET

STOPBITS
FLAGS
GND

OATA RX

interfaces, provision for a bar-
code reader, and RAM that can be
expanded on-board to as much as
32K. Third-party vendors even sell
add-ons that allow as much as ¥%-
megabyte of (bubble) memory! If
those features sound familiar, it’s
because they perfectly match the
requirements we've been discuss-
ing the past couple of months.
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A serial connection

How do you interface a comput-
er to a robot? You can use the
parallel Interface, the R$-232 inter-
face—or both, if necessary. What
do you do if you have no serial
interface? The circuit shown int Fig.
1could be used with just about any
computer with an 8-bit data bus.

continued on page 104
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SATELLITETY

The “Kate” test

LAST MONTH WE TALKED ABOUT WHAT
can happen when a storm like last
fall’s Hurricane Kate strikes a satel-
lite-TV antenna. | have experience
with such disasters because | oper-
ate an extensive antenna-testing
range on the Turks and Caicos |s-
lands, located some 650 miles east
southeast of Miami in the extreme
northern Caribbean.

Before Kate passed by our test
range, we had 25 operational and
15 non-operational antennas. After
Kate passed by, only two antennas
from the former group were still
standing and operational. Some
required minor repairs, but more
than half were totally destroyed,
including several 20-footers.

In our consumer-antenna
range, we had antennas as small as
eight feet, and as large as sixteen
feet in diameter. Not one solid-
metal dish antenna survived the
storm totally unscathed, and only
one could be repaired. Mesh-type
designs fared slightly better. Most
antennas suffered mount failure,
whether the mount was the single-
post or the three-legged (tripod}
type. The mounts simply couldn’t
support the loads the antennas
presented the 100 + mile-per-hour
winds. Typfically, the wind
damaged or destroyed the mount,
the antenna broke free, and the
wind slammed the antenna into
the ground and other nearby ob-
jects.

No solid fiberglass antenna sur-
vived, either. Again, the mounts
bent and collapsed because they
simply couldn’t handle the winds.
Five-inch steel pipes that sup-
ported twelve-foot fiberglass dish-
es simply bent under the stress.
Smaller pfpes split open and shat-

FIG. 1

tered into strips. Concrete-filled
pipes fared slightly better, but they
still split open as the antennas
twisted back and forth and ripped

TVRO dealer "Starter KIt"*
avallable

Bob Cocpers CSD Magazmne has ar-
ranged with a number of TYRO equip-
ment suppliers to provide a single-
package of matenal that will help intro-
duce you to the world of TWRO dealership,
A short booklet written by Bob Cooper
descnbes the start-up pitfalls to be avoid-
ed by any would-be TVRO dealer. In addi-
lion, product data and pricing sheets from
promin@nt suppliers in the field are in-
ciuded. That package of material is fres of
charge and 18 supphed to firms or individu-
als in the electroncs service business as
an introduction 10 the 1984/85 veorld of
selling TYRO systems rotail.

You may obtain your TVRO Dealer
Starter Kit 'ee of charge by writing on
company letterhead, or by enciosing a
Husinass card with your request. Address |
your inquiries to: TVAO STARTER KIT,
PO Box 100858, Fort Lauderdale, FL
33310. That kit nof avallable to individuals
not invohved N some lorm of eleclronics

not nvotved i some form of alectronics
sales and service.
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BOB COOPER, JR.
SATELLITE-TV EDITOR

the pipes into bent-spaghetti
shapes.

Of the 40 antennas under our
direct care, those that survived
with either minor damage or no
damage at all were of special inter-
est. As we reported last month, the
two that survived unscathed were
both Paraclipse horizon-to-hori-
zon driven antennas. Eight other
antennas survived with relatively
minor damage: broken ribs,
broken drives, feed supports that
snapped loose. One of those was
an eleven-foot Harris Delta Gain
antenna, known for its very-heavy-
duty construction. The other
seven were all mesh antennas.
What follows is a breakdown of
what happened, by manufacturer.

1. Conifer’s twelve-foot screen-
mesh is supplied by the manufac-
turer with the mesh already at-
tached to the panel sections.
Three antennas were involved in
the Kate Test and all had relatively
minor damage. The damage sus-
tained was typically related to the
motor-drive units (which are sepa-
rate from the antennas proper), al-
though one antenna was signifi-
cantly damaged when a chunk of a
nearby house plowed into (and
through) about one third of the
screen mesh surface. Obviously,
we can’t blame Conifer for that.

2. Ranger’s eleven-foot screen-
mesh dish (of relatively light-
weight construction, by the way)
broke loose from its pipe mount
and free-wheeled in the winds.
Damage was confined to the sup-
port structure and amounted to
about 25% of the antenna's origi-
nal cost.

3. Uniden’s 10.5-foot screen-
mesh antenna with slide-in pan-
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Super Disk
Diskettes

Now...Diskettes you can
swear by, not swear at.

Lucky for you, the diskette buyer, there are many diskette
brands to choose from. Some brands are good, some not
as good, andsome youwouldn't think of trusting with even
one byte of your valuable data. Sadly, some manufacturers
have put their profil motive ahead of creating quality
products. This has resuited in an abundance of iow quality
but rather expensive diskettes In the marketplace.

A NEW COMPANY WAS NEEDED AND STARTED
Fortunately, other peopie In the diskette Industry recognized
that making ultra-high quality diskettes required the best and
newest manufacturing equipment as well as the best people
to operate this equipment. Since most manufacturers seemed
satistied to glvé you only the éveryday quality now avallable.
an assemblage of quality consclous individuals decided to
start a new company to give you a new and better diskette.
They called this product the Super Disk diskette, and you're
going te love them. Now you have a product you can swear by,
not Swear at.

HOW THEY MADE THE BESTDISKETTESEVEN BETTER
The management of Super Disk diskettes then hired ail the
top brains in the diskette industry to make the Super DiSk
product. Then these top bananas (sometimes called floppy
freaks) created a new Standard of diskette quality and
reliability. To learn the “manufacturing secrets” of the top
diskette makers, they've also hired the remalning “magnetic
media moguls” from competitors around the world. Then all
these worid class, top-dollar engineers, physiCists, research
scientists and production experts{if they've missed you. send
in your resume to Super Disk) were given one direCtive...to
pool all their manufacturing know-how and create a new,
better diskette.

HOwW SUPER DISK DISKETTES ARE MANUFACTURED
The Super Disk crew then assembled the newest, totally
quality monftored, automated production line in the industry
Since the manufacturing equipment at Super Disk is new, it's
easy for Super Disk to consistently make better diskettes.
You can always be assured of ultra-tight tolerances and
superb dependability when you use Super Disk diskettes. If
all this manufacturing mumbo-jumbo doesn’t impress you,
we're sure that at least one of these other benefits from using
Super Disk diskeites wlil:

1, YOTAL SURFACE TESTING - For maumum relisbidity, and (¢ lasaan IR Hkglihood of
ek errors, 8 diskettes must Da tOLRIlY aurtace tesiid Al Super WSk, each diskelis la
TOO% surtaca 1e3ted Super Dink I 30 PICKY In 1hed teshing they Bven teal (R INeCks that
are i betweaen the réJular fracke
2. COMPLETE LINE OF PHDDUCTS For & dikketta 10 e ussiul 10 yOu 8nd your
ar. It muai be y. Super Dish naa an goure line of Bw-inch
and I¥%-inch diskeflas for your comoutor
3. SPECIALLY LUSRICATED DISK - Suger Dk uney a apecis! oxige lubnican whch i
added 10 the base media 0 1he Mfoducion of thelr disketies. This Qe YOU B betler dish
iva nead to meda conlacl and 19nger hesd and disk lite
4, HIGH TEMPERATURE/LOW-MARRING JACKET - & unigua high templrature and
Iow-miering vinYl IMCket 1 0ws use of thaw Product wher e olher disketies wan't work This
special ackel g more nQid than olher dakertes ang haDd sbminata dus) on 1ha jeckel
5. REINFORCED HUB RINGS - Stands:d on all 48 TP Super Disk mint-diaks, 10
airengtien the Cenier hub hole. This increaso s the ide OF the disk to BEve YOu monaY and
nCreabE overlll dishelre relabdity.
8. D1SK DURASILITY - Supe Diak dipkatios will beal alb indulitry standards LOF reliaiiity
since iney will grve you more 1han T5% of the onginal ssgnal amplitude #maining even
aiter &n Avkrage (Waibu! B-501 of 30 mation Daskes. Thay Bra comPatible with sl induslfy
specifications as established by ANSIL ECMA. 150, IBM and 15
7. CUSTOMER OAIENTED PACKAGING - AR Super i3k dishks are packadnd 10 dighg 10
B carton and 10 cartona to & case Tha economy bulk pack N PECkeDed 100 disks 10 4 Case
withoul enveinpes of iabade
8. LIFETIME WARRANTY - It ali ¢3¢ ails, 1o membes, a1l didhs mbce Iy Seper Dish Inc.,
have 8 [Hehme watraaty H Sny Super Dish diskette fally to meel factory specifications.
Super Digh InC. will rapiace 1hem under the lerme of the Super (il warranly
9, SUPERB VALVE - With Sup#r Duk's automaled production Me. high-quality. erfor-
free Jigks a1e yours wilhoul 1he high cost.

Order toll free 800-USA-DISK

NOW...NAME BRAND QUALITY AT SUPERCE PRICES

Now, you can buy Super Disk brand diskettes diractly from Communi
cations Electronics at prices less than *unbranded” génenc diskattes
Your dalais valuabl®, so why take chBnces using a diskett® that could
be s0 unralisble that the manutecturer refuses 1o put their name onit,
To save you sven mora, we 8130 oHer Super Disk bulk product where
100 diskettes are packed In the same box without envelopes or labels
Since we save Packaging costs, these 5avings are passed on to you.
5%" diskette envelopes are a150 avallable from us These super sirang
and tesr resistant envelopes are only $10.00 per pack of 100. Use
order # CV-5 {or a 100 pack of 5% diskette envelopes.

39¢ per disk
Quantity One

Ourdiskettesarepacked 10 diskstoacartonand 10 cartons (O acase.
The economy bulk pack Is packaged 100 disks to & case without
envelopes or labels. For best value, you should orderin Increments ot
100 diskettes. Almost all diskettes are Immadiately avallable from
Super Disk, With our ellicient warehouse facilities. Your order is
normally shipped in leas than a day.

Super Dish
SAVE OMN SUPER DISK™ DISKETTES Prics
Product Description Pan & per disc (8)

5%" $S50 Soit Sectar w/Hub Ring 8431-FA 0.64
5%" Same as sbove. but bulk pack w/0 envelope 6437-FA 0.39
5%" 3500 Soh Sector w/Hub Ring 8481-FA 0.68
6%" Same as above, but bulk pack w/o envelope 6487-FA 0.43
5%" DSDD Soft Sector w/Hub Ring 8491-FA O.7a
5%" Same as above, but bulk pack w/0 envelope 8497-FA 0.49
5%" 0SQ0 Soh Sector (96 TPH B501-FA 1.09
Sv." Same as above, but Butk pack w/0 envelope &507-FA 0.84
5% OSHO tor iBM PC/AT - pulk pack 6687-FA 207
3% SS00 1135 TP - bulk pack BI1T-FA 1.67
3% DSDOD {135 TPI} - bulk pack B327-FA 1.99

555D = Single Sined Single Dens:ty; SSDD = Singie Sided Double Density;
DSDD = Doubte Stded Double Density; DSQD = Doubie Sided Quad Dansity;
DSHD = Doubie Sided High Density, TPI = Tracks par inch.

BUYYOURDISKETTES FROMCEWITHCONFIDENCE

Toget the fastesi delivery of your diskettes, phone your order dirgcily to our
order desk and charge i 19 Your credit card Written PUrchase orders are
accepted from approved government agencies 8nd most well rated firms at
8 10% surChrga tor net 10 billing. For maximum savinQs, Your order should
b prepaid. All saies are subjecl Lo availability, acceptancs and varification.
All sales are final. All Orices are in U.S. goliars. Prices, terms and speck
lications are sublect to change without nolice. Out of stock itams may be
placed on backorder or substituied for equivalent Proguct unless we are
instructed differantly. A $5.00 additional handling fee will be changed for all
orders with 8 merchandise 10tal under 550.00. All shipments are F.0.8. CE
warghouse In Ann Arbor, Michigan COD terms are availabig, In U.S, UPS
areas for §5.00 extra, and are payable with cash or certified Check MiChigan
redidents add 4% sales tax or supply tax |0 number.

For shipping Charges add $6.00 per 10¢ diskettes and/or any fraction of
100 5¥%-inch or 3¥-inch disketies for U.P.S. ground shipping and handiingin
the continental U.S. For 1,000 or more disks shipped iothe Continental U, 5.,
Bhipping ¢harges are $4,00 per hundred diskettes UPS 2nd day 8ir rates
are three times continenial U.S rates. For Canada. Puerto Rico, Mawail,
Alaska, or APO/F PO delvery, shipping 18 three limes the continental U 5. rate.

Mall orders to: Communications Electronics Inc., Box
1045, Ann Arbor, Michigan 48106-1045 U.S. A, If you have a
Visa or Master Card, you may call and place a credit card
order. Order tolkfree in the U.S. Dial 800-USA-DISK. In
Canada, order tolkfree by calling 800-CA1-DISK. If you are
outside the U.S. of in Michigan dlal 313-973-88E88. Telex
anytime810-223-2422. OrderyourSuper Disk diskettes now.
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els: We had three of those anien-
nas, and, (o our surpriseé, none
lost their panels. Before the Kate
Test, we suspected that, when
slide-in panels were beaten by
strong winds, the panels would
pop out, and that, though the user
might lose panels, the dish’s
super-structure would remain in-
tact. The feeds on those antennas
were damaged where the feed in-
serts into a sieeve al the hub of the
dish. Damage amounted to about
20% of the original cost.

4. Hero's thirteen-foot screen-
mesh antennas bent their five-
inch steel pipe mounts, but only
after the mesh had been stripped
from the surface of the dish by the
wind. The screen mesh is fastened
to the ribs of the those older-style
antennas with metal screws. The
wind simply yanked the screen
mesh off the ribs by decapitating
the screws. Both antennas were
un-salvageable, so we cannot rec-
ommend any antenna whose
mesh is fastened with screws.

SATELLITE TV/

The First
Five Years!

THE m0ST COMPLETE report on the mushrooming
home “TVRO industry ever compiled, wriiten as Only the
Yather of TVRO' could have prépared. More than 1000
pages (f) iracing 1he complete story ol home TVRO,
lavishly illusirated with equipment pholos. schemabc
diagrams., equipment anaiysis repors. Bob Cooper,
the first private individual 1o own and operate a, TVRO
{1976} has collected and polished hundreds of indi-
vidual reporis Into a unique ‘Collecior's edition’ which
clearly explains the TVRO phenominon in North Amer-
ica. From Coop's first 20 foot ‘monstar’ dish to the
present day 5 lool 'C-band TVROs, the fascinaling
growth of TVRO £quipment and iis 1egal slatus unfolds
for you,

THIS TWO YOLUME SET tolaling more than 1,000 pages is available tor the first time
to readers of Radio-Elecironics af special discount pricing. Originally sold at $100
per two-volume sel. a limited supply 1s now available ONLY through this advertise-
ment. PLUS, you will also receive a special extraordinary bonus; the 200 page {+)
October 1984 edition of CSD/Coop's Satellite Digest. This very special edition of
CSDis a best-seller in the TVRO mdusiry. with the mosi comprehensive collection of
TVRO facts and figures ever compiled. Combined with the 1,000 page 'CSD
ANTHOLOGY' report. you have instant réterance to everything you will ever need lo
know about ihe state of the home TVRO Industry. 1 is MUST reading 10r every person
i, of thinking about ‘gatiing into.’ any segment of the home TVRO world.

____SEND CSD ANTHOLOGY/2 vols. + CSD Bonus
___ SEND CSD October ‘84 Special Issue ONLY,

NAME ___ COMPANY ____
AL ADORESS
(G ]y — STATE Z2IP L

Payment: $60 US tunds (Anthology + Bonus}. $15 US tunds
CSD Oct. ONLY; payable "CSD ANTHOLOGY.”

Shipping charges prepaid. Enter order to: CSD Anthology,
Radio-Electronics Magazine, 200 Park Av. S., New York, NY
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5. ECl's eleven-foot screen-
mesh antenna with slide-in pan-
els: The surface made it through
the storm but the mount bent over
and pointed the antenna toward
the ground. Steel plates attaching
the dish-mount to the pipe-sup-
port bent badly and allowed the
antenna to flip over and yank the
motor drive out of its socket. The
repairs were all mechanical, and
the antenna probably would have
survived had the steel in the
mount been stronger and the pipe
support larger—a 6-inch-thick
wall, for instance.

6. AMD's eleven- and thirteen-
foot all-aluminum solid-surface
antennas: The mounts gave away,
so the antennas free-wheeled and
beat themselves into crumpled
piles of useless junk.

7. We had ten of Paraclipse’s
nine- and twelve-foot screen-
mesh antennas, only one of which
was a total loss. That one was avery
early design without something
called a “hurricane strap,” a safety
cable designed to keep the anten-
na from whipping in the wind
should the motor-drive breaking
system fafl. In our case, the motor-
drive failed, and, since there was
no hurricane strap, the anlenna
free-wheeled and beat itself to
death, spraying parts over an area
several hundred yards wide. The
other nine Paraclipse antennas
suffered minor panel or support-
strut damage, and repairs typically
amounted to about 10-15% of the
original cost.

8. Three screen-mesh Aristocom
antennas suffered rib and mesh-
surface failures, but their mounts
held. Repairs amounted to about
20% of original cost.

Failure trends

There were trends in the way
those antennas failed that may es-
cape casual reading. Virtually all
mesh-antenna failures resulted
from mount' failures. When a
mount fails, the antenna’s dish
area acts as a sail. and the wind
drives that sail until something
stops its forward motion. When
that happens, the antenna disinte-
grates. But when the mounts do
not give way, the antenna usually
survives with minor damage.

The solid surface {metal or fi-
berglass) antennas had similar
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Punch up a new program.
Profits by remote control.

This program appeals to
a vast audience. Millions of
Li ied-to-the-recliner remote
control transmutter addicts. When
‘their RCT conks out, they get
very impatient. They want it fixed
or replaced night now. Waiting weeks for a
new unit from Lhe original manufacturer doesn’t
please them.

k n-rz?4

You've QOt them coming

and going.

Philips ECG has replacements for RCTs that
cover most TV/VCR manufacturers from Ato Z.
(AOC to Zenith). For example, five models replace
18 RCA models. In fact, over 170 OEM remote
control transmitters can be covered by just 71
reptacement RCTs. And like all Philips ECG products,
they fit and they work.

Philips ECC has an express delivery
plan that makes you a hero.

You don't commit to anything but ordering from your
Philips ECG distributor. If it’s a replacement for a
popular OEM brand he might have it in stock. If not,
Philips ECG guarantees express delivery. This

)

means you beat an OEM
repair or replacement schedule
by days or weeks. In fact, in
a matter of days your customer
is back on the recliner, pushing but-
tons and smiling contentedly. And
you're a hero.

Contact your local Philips ECG
distributor today for a free Cross
Reference RCT catalog. Start making
profit by remote control right away.

Time-Saving Money Makert
Philips Remote Control Transmitter Tester
On site or in shop, this tester quickly and posi-
tively verifies all remote control transmitting func-
tions, including those for TV receivers. VCRs and
cable converters . . . both infrared and ultrasonic
types. [t's a first from Philips ECG for the television
industry. Put it to work saving time and making money for you.
Battery-operated, weighs just four ounces.

Ifit's ECG, it fits. And it works.

PhilipseCG

A North American Philips Company
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causes of failure: The mounts
failed to hold the antenna upright,
and once the mount bent or gave
way, the antenna self-destructed.
Very large antennas (sixteen feet
and greater) suffered extreme
siructural damage when their cir-
cumference rings collapsed and
the dishes folded up like clams—
see Fig. 1 for an example. Smaller
dishes didn’t “clam-shell” but
their mounts did give way. Very
small dishes (for our pari of the
world), in the eight- to nine-foot
range, generally survived because
their mounts were designed for
eleven- and twelve-foot units.
The place where the linear-actu-
ator drive attaches to the dish was
the most common point of failure.
Typically, a rotating ball-joint at-
lachment connects the anienna
end of the actuator arm to the
dish’s surface through a bracket at-
tached to a strut. Those brackets
failed on perhaps one-third of our
antennas, and left them unsup-
ported and at the mercy of the hur-
ricane-force winds. R-E

MEDICAL ELECTRONICS
continued from page 79

ture healing 10 come into use after it was
discovered.

Many types of electronic devices will
be implanted in people in future years.
There are atrcady pacemakers. drug and
hormone infusion pumps, arm and leg
muscle stimulators. artificial hearts,
hean-assist devices, defibrillitors, brain-
stimulation devices, and artificial ears.
And more devices will be developed in the
future. but electronics engineers will en-
counter many challenging problems be-
fore those new devices become successful
and accepted.

One problem is that electronic devices
must be shown 10 be safc and effective
before being tried on people. Thus. al-
most all medical-electronics devices are
tested on animals first. For instance. uni-
mal testing of arnificial hearts was con-
ducted for over a decade before approval
was gained for a 1est on a human subject.

Another problem is thal the course of a
diseasc or injury can be greatly different
in different people. One reasen is that
each paticnt is different. Each differs in
his physical conditioning. ability to toler-
ate pain. adaptability 1o change. and
motivation. Further, each injury of illness
is unmique. Each fraciure is ut least a little
different from any other: each heart is

conrinued on page 94

THE WIRELESS TELEPHONE TRANSMIT-
TER model WTT-20 is oniy the size of a dime.
yet transmits both sides of a 1elephone con-
versation with crystal clanty. Completely au-
lomatic Uses power trom Ihe telephone (ine
itsell. Never needs a battery! Up 1o % mile
range. Use with any FM radio. Complete kit
only §29.95. Tax included. VISA and Master-
Card accepted. FREE SHIPPING. DECO IN-
DUSTRIES, Box 607, Bedford Hills. NY

| 10507. (914) 241-2827.

CIACLE 127 ON FREE INFORMATION CARD

SINGLE AND DUAL TRACE Scopes. Ana-
'og and Digltal Multimeiers, Power Supplies.
High Voilage and Low Cap. Probes

RF and Sine Square Wave Generators. Digl-
1ai Capacity Meters. Available at your local
distnbutor. EMCO ELECTRONICS, P.O. Box
327, Plainview, NY 11803. Send far your free
catalog.

CIRCLE 284 ON FREE INFORMATION CARD

THERMOPROBE—QUICKLY IDENTIFIES
DEAD PC BOARD COMPONENTS. Locates
dead resistors. transistors. IC'S, diodes. and
ranstormers without direct conlact, 1n sec-
onds. Operating actve components radiaie
heal. dead components don't. Thermoprobe
is sensitive 10 ¥a*F change in tempearature. A
mus! tor your workbench or figld service
Order #209TM. ONLY $21.95 + $3.00 ship-
ping. NY Res. add tax. BUYUS. INC., Dept.
RE486 10 White Birch Dr.. Ossining. NY
10562. VISA or MASTERCARD (914)
762-4799.
CIRCLE 53 ON FREE INFORMATION CARD

ippIpIZADS

NEED A STORAGE SCOFE? The Scope
Memory atiaches 10 your analog osciloscope
and converts i into a CWgial storage scope
capable of slonng and dispiaying Iransient
signals and pulses. Features include selecta-
ble sampling rates. 2K memory. pre and post
trigger capability. Single and Dual Channel

models available irom $575.00. SIBEX. INC.

3320 U.S. 19N. Suitle 410, Clearwater, FL |
33519, (813) 7686-3001.

CIRCLE 289 ON FREE INFORMATION CARD |

AND

RESERVE
YOUR SPACE

* B x rate $745.00 per each insertion.

® Reaches 229,044 readers.

& Fast reader service cycle.

# Shorl lead time for the placement of
ads.

& We typeset and layout the ad at no
additional charge

Call 516-293-3000 to reserve space. Ask
for Arling Fishman. Limited number of
pages availabie. Mail matenals to:
mini-ADS, RADIO-ELECTRONICS, 500-
B Bl-County Bivd., Farmingdale, NY
11735,
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ETCHHIGH QUALITY PC BOARDS IN MIN-
UTES with the Proto-Eich system. Replace
time consuming manual elching with faster.
Controlled Processing. Produces quality
boards to 8 X Ginches. The only self agitaling,
temnp controlled tank i this price range. An
incredible valua at $74.95 (kit), or assembled
{or $104.95. CA orders add §4.87 sales lax,
Ordsr today, QUINTEC ELECTRONICS, 444
Lincoln Blvd., Dept 225C, Venice, CA
90291, Ph(213) 306-5354.

CIRCLE 282 ON FREE INFORMATION CARD

5 OREAT WAYS
TO UHE THE SSAVI

NEW PUBLICATION, "5 Greai Ways to Use
the SSAVI™ a complele quide for all uses.
ncluding conversion to a stereo TV decoder
$6.50 ppd. ZENITH SSAVI Descramblers
only $169. Gated pulse $199. Reconditioned
original equipment for UHF chs.
48,50,51,54.60, glc. Quantity discounts. Sur-
plus TV equipment; Oak N-12, Hamlin
MLD-1200, eic Warranty. Catalog $1. AIS
SATELLITE, P.O. Box 1226-A. Dublin, PA,
18917, 215-245-9411,
CIRCLE 288 ON FREE INFORMATION CARD

DELTAX DUAL TRACE OSCILLOSCOPES
WITH PROBES. DX5020 20MHZ $355.00.
Built in component tester SMV 10 20V Div 0.2
microsec. to 0.58/DIV. Risetime less than
17ns. One year limited warranty, DX5035
3I5MHZ §525.00. DX5045 45MHZ $669.00.
DX50155 15MHZ A/C D/C $460.00. DX1200
DMM $27.50; DX1300 DMM 168 measure-
menl Ranges $49.00. CA add 6.5% tax plus
shipping. DELTAX DYNAMIC INC., 20955 E.
Lycoming St., Walnut, CALIF. 91789, Tal.
{714) 534-7131 Telex: 503749 DELTAX.

CIRCLE 251 ON FREE INFORMATION CARD

CORDLESS TV TRANSMITTER. This unit. a
mivialure video transmitter, conveniently
transmits UHF signals to remoté télevision
locations within a 200" range. Signal inputs
from VCR, Video Game. Sateliite Recever.
Video Camera, or Micra Computer. When or-
denng select an open UHF channel for your
area, CH 14, 19, 25, or 27, $89.95 plus $4.00
S&H visaMasterCard call 1-800-522-2636
orders only, 617-871-5611 for Intormation.
CAMEO ENTERPRISES, INC., P.O. BOX 63,
Accord, MA 02018.

CIRCLE 266 ON FREE INFORMATION CARD

TV STEREO-SAP-ADAPTER: only $79.00
to modity your existing TV sel as a Stereo-
Second Audic Program-Function TV. It re-
quires single line from TV and sterao ampli-
fier. Detail instruction manual ior modifcation
i8 included. Alkow 4-6 weeks delivery. INTEK
ELECTRONICS, P.O. BOX 76417, Los An-

| geles, CA 90076, {213) 739-1664.

CIRCLE 265 ON FREE INFORMATION CARD

SATELLITE TELEVISION RECEIVER
SEMIKIT with dual conversion downcon-
verter. Features infrared remote controf tun-
ing, AFC, SAW lilter, RF or video oulput,
stereo cutput. Polorator controls, LED chan-
nel & tuning indicators. Install six factory as-
sembled circuit boards o complete. Semiklt
$250.00. Completed downconverter add
$75. Completed receiver and downconverter
add $100. JAMES WALTER SATELLITE RE-
CEIVER, 2697 Nickel, San Pablo, CA
94406. Tel. 415-724-0587.
CIRCLE 124 ON FREE INFORMATION CARD

R&D SHEET METAL WORKER—New multi-
purpose Shear, Brake and Roll now with 6
malée dies. removable and removabie lemale
dies. A complete in-house shop at 1/3ed the
cost. Over 20 years development/sales
worldwide in industry. government and edu-
calion. Free literature or $2.00 for “Guide to
Sheet Metal Working.” PACIFIC ONE COR-
PORATION, 513 Superlor Ave., St. 53, New-
port Beach, CA 92663 (714) 645-5962 Telex
4996164,
CIRCLE 118 ON FREE INFORMATION CARD

THE MOST EXCITING KIT YOUWILLEVER
BUILD The model WAT-50 miniature FM
transmitter uses a 4-stage circuil NOT to be
confused with & simple wirelsss microphone.
Up 1o 1 mile range. So sensitive, it will pick-up
a whisper 50 feet awayl Use with any FM
radio. Complete kit only $29.9% tax incl. VISA
and MasterCard accepted. FREE SHiP-
PING. DECO INDUSTRIES, Box 607, Bed-
ford Hills, NY 10507. (914) 241-2827.
CIRCLE 127 ON FREE INFORMATION CARD

SUBSCRIPTION TV MANUAL. This infor-
mation packed book details Ihe methods
used by subscriplion TV companies 10
scramble and descramble video slgnais.
Covers the Sinewave. Gated Puise, SSAVI
system, and the methods used by most cable
companies. Includes circuil schematics, the-
ory, and troubie shooting hints. Only $12.95
plus $2.00 flirst class P&H. ELEPHANT
ELECTRONICS INC,, {formally Random
Access) Box 41770-R, Phoenlix, AZ 85080

CIRCLE 120 ON FREE INFORMATION CARD
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Hot resistors and. shorted capacitors

OFTEN YOU RUN ACROSS A TV SET WITH
one or more high-wattage bleeder
resistors. We're not talking about
the resistors that are used to dis-
charge electrolytic capacitors
when power is removed fromaset,
but those that are used to stabilize
the power supply. They turn up
mostly in tube-type TV sets, and
their basic function is to “bleed
off” a small amount of current, and
thereby make the power supply
less susceptible to variations in
load current. Bleeder resistors
usually run pretty hot—and some-
times they even do what they're
supposed to do!

If you find a set with incorrect—
or no—B <+, the first thing you
should check is the bleeder string,
as shown in Fig. 1. One lool that is
useful in checking high-wattage
resistors is the WCFT (the Well-
Calibrated fingerTip). Just be care-
ful; some resistors are supposed
to run hot, and one could easily
blister your WCFT! So bring it
close, bul don’l louch. If you can
feel some heat, but not too much,
the resistor is probably OK. if the
resistor is cold, it—or another in
the bleeder string—may be open.

If it's too hot, you've got a short
somewhere that's allowing too
much current to flow through the
bleeder string. That sort of short is
often, but not always, caused by a
bypass capacitor. Bypass Capaci-
tors in older sets are often made of
paper, and they usually have val-
ues of about 0.25 or 0.5 pF. They‘re
much more likely than today’s
plastic capacitors to become leaky,
shorted, or open. You may have
several bypass capacitors to
check, because every resistor in a
bleeder string may be bypassed in-
dividually.

i§ MY
100K
W] C2 RZ«:
1000pF 1000pF 1 MEG P
4
= A3 4
1 MEG 3
/4 E
45 MEG
RS
2 MEG $
FOCUS
R5 &
33m6$ I
“-

FIG. 1

When you find a leaky capacitor,
replace it, and then check the rest
of the capacitors in your circuit.
You may find a marginally-func-
tional capacitor that will fail
soon—according to Murphy, as
soon as you return the set to the
customer! In general, a good pa-
per capacitor will have resistance
well over 50K; if you find one with
aresistance of 50K or so, replace it
on general principles.

Particularly watch out for the
type of paper capacitor that has
been rolled from a thick sheaf of
paper, and that has the case folded
over on the ends. That type is es-
pecially prone to leakage, and you
can usually rely on one to fail once
the set has been taken home! If,
while servicing an older set, you
see any rolled-paper capacitors,
it's a good idea to replace them
with modern capacitors. (As we
used to say In the Air Force, CYA.)

We seldom have trouble with
early “molded” capacitors or mica
capacitors {of the original “sand-
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JACK DARR,
SERVICE EDITOR

wich” type). They seldom, if ever,
develop opens, because of their
construction.

Oscillator problems

If a capacitor in an oscillator cir-
cuit develops an open, you'll get
no feedback, and the oscillator
won’t work. So, If you find a set
with a dead horizontal or vertical
oscillator, look for an open capaci-
tor.

A TV set that uses a switching
power supply may appear to be
totally dead because of a bad ca-
pacitor. If the switching circuit
doesn’t oscillate, there will be no
output voltage at all.

A TV set with bad convergence
may also be suffering from an
open capacitor; that will prevent
the convergence pulses from get-
ting to the proper places, so the
plcture won't converge. To find
the source of the trouble, just
trace the pulses through the cir-
cuit until you find where they stop.

In short {no pun intended), start
by troubleshooting the most log-
ical component. If you find a re-
sistor that looks burnt, or that runs
very hot, that’s an almost-sure sign
that somewhere on its “|oad” side
there is a shorted or leaky capaci-
tor. Usually the fastest way of find-
ing the problem is by making
resistance checks with an ohm-
meter. And remember to dis-
charge any capacitor with a value
greater than about 0.1 pF before
trying to measure its resistance.
Otherwise you may have to trou-
bleshoot your cghmmeter!

If you find an open capacitor
don’t just replace it and turn the
set on; measure the resistance of
the circuit to ground. That resis-
tance should always be high (50K
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OPEN SATUROAYS 8 AM, TO 1 P.M. WITH 24 HOUR ANSWERING TO TAKE YOUR ORDER ANYTIME

WM. B. ALLEN SUPPLY COMPANY
TEST EQUIPMENT SPECIALS

COMPLETE INVENTORY OF MULTIMETERS
AND SCOPES FROM 18 MANUFACTURERS

V.222 V-212
20MHz * Dual Trace DC-20MHz » Dual Trace

HITACHI

6" CRT

".Ao |-i.1
Joitvim
OSCILLOSCOPES D |

Reg $718 Rep. 3615 F
V.-422 V1100 V1070 V-650F
DC-40MHZ » Dual Trace 100MHZ » Quad Trace 100MM;z » Quad Traca 80MMz » Dual Trace
CRT Readout « 1my CRAT Readout Delayead Sweep

§" PDA-CRT 8" PDA-CAT

1upeg- T
.8

“ha
o

Rag, 3925 Reg $2490 Reg $2295 Reg $11958
$624 $2190 $1249 $870
V8041 V1050
A0MMH 22 Channals « 4000 100MHZz » Quad Trace
Words Per Channel Delayad Swasp

ELECTRONICS
CATALOG

FREE

\ WITH EVERY
\\ PURCHASE

$15.00
VALUE

800 535-9593

LOUISIANA TOLL FREE 800 462 9520

..............................................

WM. B. ALLEN
SUPPLY COMPANY

ALLEN SQUARE

300 BLOCK NDRTH RAMPART, NEW ORLEANS, LA TO112

CIRCLE 103 ON FREE INFORMATION CARD
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or more) if the circuit has no
shorts. If you measure less than
that, find out why before turning
the TV set on. Just follow logic and
common sense; you’'ll find the
problem! R-E

SERVICE
QUESTIONS

SONY STATIC CONVERGENCE

{ had trouble with a Sony KX-2501
monitor. | fixed some intermittent
“flagging” at the top of the screerr hy
selting the horizontal hold.
However, the horizonial static-con-
vergence drifted badly. | checked
DC voltages; they looked OK. Inci-
denlally, the emitters of Q1502 and
Q1503 should be at 147.7 volls, not
48.7 volis, as shown on some copies
of the schematic.

So I finally gave up and ordered a
new horizontal-voltage regulator
control (for $45!). When it came
about three weeks later, I installed i,
and lo and behold: perfect con-
vergence. The adjustments were
easy to make. My dealer told me that
he had ordered several of those con-
trols lately. | wonder why they fail
like that—moisture? 5o, just for
luck, I ran a bead of silicone around
the shaft, hopefully sealing out dust
and moisture. If future adjustments
are needed, the silicone can be
peeled off easily.—M. D. Chepho,
M.D., Raleigh, NC.

Thanks for the useful hint, doc!

WHAT KIND OF SCOPE FOR TV?

i want to buy an oscilloscope for
TV servicing. What's the best kind to
get for that purpose?—M. R., Luther
ville, MD.

I've always said that it’s easy to
pick out a wife, a suit of clothes,
etc., but you've got to be careful in
choosing test equipment. Se-
riously, there are a lot of good
scopes available. Heathkit, B & K,
Hickok, Tektronix, and many
others all make scopes, and you
can’t go too far wrong with any of
them. I've got six of various makes,
and they're all good. My sugges-
tion would be to try the Old Pro-
fessor's Famous Test for Whisky:
Pour some in a glass and drink it!
In other words, arrange for a dem-
onstration in your shop and try dif-
ferent several models. R-E

LETTERS
continued from page 25

sitizers of positive and negative
types, some with dyes to aid the
user. However plentiful all those
goodies are in New York, here in
the hick city of Tulsa | found one
spray can of GC positive sensitizer
at the oldest electronics supply
house in town and one botile of
developer for it at another supply
house. | couldn’t make them
work, though 1 could get a faint
image. | think one or both items
had spent too many years on a
shelf. | wrote to GC and they sent
me a very nice handbook, but |
had no idea where to order the
materials then or now. Electronics
supply houses are somewhat less
than eager to special order $10
items—especially if you don’t
know for sure what you want.

So | followed the advice you
magazine people like to give—
write to your advertisers—and
came up with Datak ER-71 negative
photo resist and ER-8 developer.
Those products are very easy to
use and appear to be a quality sys-
tem, but my results have been
spotty. | do single-side boards
quite well, but have trouble with
the resist standing up long enough
on double-sided boards. | would
like to try some of those potions
that Grossblatt described, but still
don’t know where to get them.
Some advertlsers occasionally
show materials, kits, and sen-
sitized boards, but describe them
so poorly, incompletely, and often
erron¢ously that one must essen-
tially buy blind. what | am getting
at is that, although you obviously
avoid mentioning brand names
and such, you would be doing the
neophyte board maker a beautiful
service if you would list what’s
available, how it works, and where
to get it

As for my trying your method, |
cannot try it with my Datak ER-71
because the ER-71 requires a nega-
tive mask.

While not precisely on the sub-
ject of exposing boards through a
sheet of paper, | would like to
briefly describe a method of board
layout which way be of interest to

u.

Ferric chloride is a convenient

WwWww americanradiohistorv comm

etchant to use because it can be
purchased at Radio Shack stores,
where it presently costs $2.50 a
pint. | discovered the hard way
that when it gets tired it suddenly
stops etching, obviously due to
absorbing all the copper it can ac-
commodate. Just as obviously,
boards with a few copper traces
and large bare areas not only de-
plete the etchant rapidly, but tend
to over-etch delicate areas while
the etchant works on the large
spaces. So, to make the eiching
quicker and more uniform, and to
save etchant, | changed my board
design to where, instead of run-
ning narrow copper connecting
lines, | reversed the system and
run etched lines to separate con-
nected areas. The result is exactly
as desired: boards etch quickly
and uniformly and a minimum
amount of copper is removed. |
don’t consider board layout any
more difficult than the con-
ventional way, though it does re-
quire getting one’s mind working
in the right direction.

H.C. DOENNECKE

Tuisa, OK

SERVICING B.1.C TURNTABLES

1 have gotten many inquiries
from owners of B.1.C. turntables,
and other B.1.C. audio equipment
going back as far as the Garrard
days. Those owners say that they
are having a difficult time locating
service and parts, and they have
heard that B.1.C. has gone out of
business. That distresses me be-
cause B.1.C. always supported its
products with a strong service or-
ganization.

The good news is that a compa-
ny called “South Street Service”
has taken over all the service and
parts for B.1.C. equipment. | have
spoken to the owner, Alan
Ruthkowksi {former national ser-
vice manager at B.1.C.), and he
confirms that virtually all parts are
still available through his compa-
ny. In fact, they have re-manufac-
tured many paris that previously
were not available, such as grilles
for speakers, turntable motors,
head swells, etc.

The address of the South Street
Service Company is 202 South
Street, Oyster Bay, NY 11771,
ARTHUR M. GASMAN
Fort Washington, NY R-E
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AP's newest series of A-C-E Boards 15 easy to spot.
Just look for the boards with the bright blue back-
plates. Hobbyists and professionals alike will find

these new A-C-E Boards offer mare quality for tess

money than any other solderless

breadboard on the market
What makes the A-C-E Board ' 100

series so0 special?

The economical All-Circuit Evatuators:
ACE 109 and ACE 118.
The 100 series is starting off with two A-C-E Boards in
the most popular size configurations. And look for an-
nouncements of other A-C-E 100
boards in the future.

Qur ACE 109 gives you a

total of 840 tie

First, they cost less. points with 8 buses
And that's always and three binding
important. posts. The ACE 118
Second, the backplate is gives you even more
biue to show that it’s THAT W|LL SAVE capacity with 1824 total
made of a heavier metal tie points, 16 buses and

alloy than our A-C-E Board 200

series. That extra weight makes YOU SOM E
it a little more stable on a

tabte . And that means

It's a little faster and
easier for a beginner to

work with.
But most important of all, the A-C-E 100 series
hoards are made with the same high standards of
quality that have been a part of AP PRODUCTS
since our beginning in 1967. From our largest A-C'E
Board with over 5000 tie points to a single tie point
block, our spring clip terminals give you nothing but
good solid contact on every connection. The 100
series has the same double-sided adhesive foam
found in our 200 series. It insulates to prevent shorts
and seals the bottom of the individual spring Clip
cells. And our A-C-E Board 100 series comes with our
quarantee that If your A-C-E Board doesn’t work
perfectly, retumn it to your A P PRODUCTS distributor.
He'll replace it, no hassles.

4 binding posts.
Now you don't have to settle for

second rate boards to save money.
Now there’s an A-C-E
Board that's right for any

a application. Just look for
the bright blue back-

piates on our A-C-E Board 100 series boards. And for

all your cirguit building needs, for any size project,

ook for the A P PRODUCTS name.

Suggested retail price:
ACE 109 520.95 ACE 118 §39.95

For the name of the distnbuier nearesl you, call TOLL FREE
{BO0) 321-9668. {In Onio, call caliect: (216) 354-2101).

® A P PRODUCTS INCORPORATED
9325 Progress Parkway
Box 540, Mentor, Ohip 44060
[216] 394-21(1. TWX: B10-425-2250
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ANTIQUE
RADIOS

Back to the present

WE'VE SPENT THE LAST COUPLE OF
months looking at the overall his-
tory of the radio arts and sciences.
Let’s return now to the present—
the 20th century. First we'll look at
the Antique of the Month, then
we'll go on to discuss the WwWi1 era
and the 1920%.

A classic collectable

The Stewart Warner radio
shown in Fig. 1 (serial number
A399897}) is interesting in that it has
amolded, simulated wood-veneer
cabinet. It also has seven pushbut-
tons, one of which can be used to
tune in a police-band station. Al-
though the radio doesn’t really
qualify as an antique, its classic ap-
pearance would make it a valuable
member of any collection. The
Stewart Warner belongs to Kerry
Swanson of Ellensburg, Wash-
ington. I'd like to thank him for the
fine photo.

WW1 and beyond

World War One was no excep-
tion to the rule that, during every
national conflict, there is a surge
of technical and economic pro-
gress. The slow but steady ad-
vancement of radio came to a
standstill around 1915, at least as
far as the civilian was concerned.
For the next three years all re-
search was directed toward the
war effort. | hope to discuss, In a
future column, some WW1 com-
munications equipment for those
of you who collect it. But for now,
let's stick to civilian gear.

By the end of WwW1, develop-
ment of civilian gear again began
to roll. In fact, it began to develop
so fast that it was running over it-
self. By that time numerous broad-
casts could be picked up by

FIG. 1

anyone with a working receiver.
There were many receivers
around, and most of them were
home-made. The time was ripe for
the appearance of regularly sched-
uled broadcasts.

All antique-radio buffs are famil-
iar with the Westinghouse Station
in Pittsburgh, KDKA. That station
actually made the first pre-sched-
uled radio broadcast: the results
of the Harding/Cox presidential
election of November 1920. Al-
though there were probably fewer
than 1000 listeners, regularly
scheduled broadcasting had got-
ten its start.

The apparatus used to receive
radio waves in the early 1920's was
usually housed in a square box
with a hinged lid on top. Or it
might simply have been mounted
on a breadboard—and | don't
mean one of those plastic jobs
with a matrix of socket holes, but a
real chunk of wood that bread was
cut on! Receivers in that era were
mostly powered by bartteries, and
we listened to those radios with
earphones. Later those battery-
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powered receivers were often
adapted to operate from the AC
lines and with a loudspeaker.

Receivers, radios, sets

For the many readers who are
sexagenarians (those who are sixty
years old, or older), the use of the
terms receiver, radio, and set
should be familiar. In that era, the
receiving unit itself was never re-
ferred to as a radio. If the word
radio was used at all it encom-
passed the entire wireless opera-
tion—transmitter, receiver, and
everything in between.

A popular dictionary from 1924
doesn’t even mention the word ra-
dio. Reference books as far back as
1910 also make no mention of the
word radio. | don't know just
when the ornate cabinet in the
parlor became a radio; maybe one
of you oldtimers can enlighten us
about the origin of the term.

Portables

Radio had become so popular
that people wanted to hear broad-
cast radio everywhere: at home, at
camp, in boats, in automobiles,
and even on vacation. The sets
were still most often battery-
powered, so both manufactured
and homemade portables were in
great demand.

Some manufacturers recog-
nized the need for true portable
receivers. Radiola offered a com-
pletely self-contained portable in
a long, skinny box that resembled
a suitcase. There were compart-
ments in the ends for batteries and
phones. That Radiola “portable”
weighed a ton, and it had a totally
inadequate handle on top for car-
rying it about. In spite of its Itmita-
tions, though, the Radiola was
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Sitting atop that beautiful Heath computer termiral, is their brand- SO0 RAIO
new HD-4040 Packet Raclio Adapter. For more detailed information, o T
tum to page 10.

COMING NEXT MONTH

We're going to show you how to use a TI-99/4A keyboard with
your Sinclair ZX-81, and we'll have an excellent program that lets
YOU USe your COMpPUter to select power supply components. To
round things off, look for an article on power control with your
Commodore-64 that lets you "automate™ your home!
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EDITORIAL

Wonderful idea #1275

®m've had another wonderful idea that | want to share with you, in the hope
that it will be brought o the attention of some of the manufacturers in the
computer business. I'm in the process of setting up a new computer
system. It isn't an especially large or Complex system, and should ordinanty
pose no problems.

But this computer comes with—not one, but two large loose-leaf tomes.
In order to get up-and-running, you've got to read both of these books
which seem to have been written by engineers. Now engineers, as we all
know, write to impress, not to express. The writing is confused and
corvoluted, hard to follow;, full of digressions and fishbacks, and the books
are laden with charts and diagrams, rife with “IF.,“ “However..” “Refer to..”

The result is total frustration, utter confusion and complete disgust.

Ch, you can fight your way through the books if you have sufficient
patience and a friend who knows a little more than you do. But Wonderful
idea #1275 is going to solve the probiem once and for all.

Each manufacturer should hire a writer tO write his instruction books. |
realize that this is an unheard-of concept, and one that no Manufacturer
thinks is viabie. After all, a writer is liable to make sense out of the
Instructions. With an easy-to-understand book, the user might even wind up
knowing what in heck he’s doing. Surely, we wouldn't want that to happen!

Of course, this might lead to fewer service Calls, 5aving the manufacturer
a lot of meney, but that is not important in the overall scheme of things.
Then too, the engineers who now write these semi-literate instructions
might get their noses out of joint.

So what is really needed, is an additional instruction book which will
serve to translate the existing instruction books into more-readable (and
understandabie) prose.

Now take the books I'm Currently fighting my way through. One votume
deals with the harciware, the other with operating instructions. You ¢an get
just so far with the operations, when you learn that you've got a DIP switch
set incorrectiy. To jocate that switch, you've gol to put this manual down
and pick up the other. The instructions for setting that switCh are no easier
to understand than the rest of the manual, with diagrams that just don't
help. Now I'm not stupid, And I'm supposed to be computer-literate But |
keep thinking of the poor boob that has less knowledge than | do, and
wonder how he's 30ing to make out!

C'mon Wonderful idea #1275!
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LETTERS

Help!

I'd be happy to pay any Costs
for a service of theory manual for
the Timex-Sinclair ZX81. I'm a
beginner in the electronics field
and any help would be
appreciated. Wnte to Juan Bonilla,
49 Baldorioty St., Sabena Grande,
PR 00747.

We don't usuaily print addresses
Juan, but this seemed o be the
best and fastest way to get aid to
YOU.

Penance!

Yours is the only large-Circulation
magazine that has ever carned
serious coverage of the Timex/
Sinclair 1000. In a recent issue you
told a reader that support for this
wonderful machine had died.
Tain't true! There are a ot of firms
providing support to these units,
and & lot of people still using
themn. Thanks for the best
elzctronics magazine around. Keep

up the (almost always) good
workl—B. C. T, Tucson, AZ

Thank you sir Humble pie can
be delicious. We got fots of letters
just like youwrs, so heres what we're
gong to do: Any firms out there
that provide service, parts,
literature, software, whatever for
the TS/1000 and ZX-81, please
write (o the Editor We'll compile a
complete fisting (on our own time,
boss) and make the list available
to all our readers at no charge. Amre
we friends again?

Noisy Printer

How can | reduce the noise
level from my printer? It's working
properly, but it does seem awfuily
loud —S. K, Abilene, TX.

Start by placing 8 sound-
absorbing pad under it. Often, the
surface on which a printer is
placed acts like a reverberator and
amplifies the sound If that doesn't
help sufficiently try using 8

soundproof housing over the
printer for irtransmitted noise.

Computer Chess?

Has anytody worked out a
program that will enable me to
play chess using a computer and a
modem? I'm certain that a ot of
people who are i'rvolved in both
chess and computers would be
interested—R C., Denver, CO.

Souncts fascinating. Can
anybody help?

New Software

I've developed an interesting
new software package that just
about every computer user will
want. What's the best way to
market such a product?—L. W. St
Louis, MO,

Begin by writing to ouwr
acvertising sales department who
will be happy to send you a
media fite and rate card' 4D

COMPUTER PRODUCTS

For more details use the free information card inside the back cover

SPEECH SYNTHESIZER, the Voice
Master a harchware/softwear system for
MIrCOCOMPULErs that PraMmdes speech
and music synthesis as wel as voice-
recognition capabilines, can use
Amost any spoken lanquage for its
operation. Unlike other speech
devices for microcomputers, the Voice
Master does not depend on 8 speech
chip to create its vocabulary The user
digitally records his Qr her own woice
to provide the vocabulanes of up to
64 words or phrases for the unit.
Those recorded vocabulanes are then
played back to reproduce the words
or phrases as directed by the user in
high-quatity sound that Closely
resembles a tape recording of the
user’s voice and can recond in any
lanquage

The Vice Master is also capable of
highly-accurate voice recognition and
can recognize and store vocabularies
of up to 32 words or phrases each on
floppy disk Vocabulanes for both

4 ComputerDigest — APRIL 1986

CIRCLE 11 ON FREE |NFORMATION CARD

speech and recogrition may De
instantly called and {paded from disk.

The Vbice Master is available in
models for the Commodore 64/128,
Apple i senes, and Alari Computers
for a suggested retail pnce of $89.95,
which includes the Vbice Master
module, program disk, headset/
mi¢rophone, connecting cables, and a
comprehensive docurmentation
booklet —Covox, In¢., §75-0 Conger
Street, Eugene, OR G7409.
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ADD-ON MEMORY BOARD, the
Cheetah Card ™, 1s designed for the
IBM PC-AT and compatibles. [t not
only adds 2.5 megabytes of memory
per card, but also allows the AT to run

CMCLE 17 ON FREE INFORMATION CARD

up to 30% faster with its no-wait state.

TheCheetah Card™ comes with a
full 3-year limited warranty and is
pnced at$945.00 —Cheetah Intema-
tional, In¢., 107 Community
Boulevard, Suite 5, Longview, TX
75606 D
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SOFTWARE
REVIEW

Best Friend...$84.95.

®¥/hen our company swaitched over from a CPIM
system to MS-DOS, the fast thing anybody wanted was
to have to put down the instruction manuals and do a
software review. After offering the package around to
several of my co-workers, | found it back on my desk.

Let me tell you something. I'm glad it worked out |like
that. Best Friend, as the program is Called, is precisely
that and is worth all of the gibberish instruction
manuals that ever came with any computer, | Casually
glanced through the brochure, flipped through the
book, and then inserted the disk in my A: drive. Tvped
in A: and retum, then (as the book toid me to, | typed
"BF" and enter. A menu appeadred,

Using the function keys, you select any of the ten
items on the menu or ESC to g0 back to your regular
applications. Arbitrarily, we selected the calculator
function and pressed that. The screen informed us that
it was “being loaded,” and then the calculator
appeared. Knocked our socks off. This isn't a calculator
any more than 8 Rolls Royce can be described simply
s a “car” It's a full-function sCientific printing calculator
that will do amything you can expect any calculator to
do.

The system provides six basic functions: File Services
{copying, deleting, and renaming files), Disk Services
(formatting, copying and comparing disks), /Q options
(lets you specify printers to ports and set serial port
parameters), Typewriter Emulation (gves you the
equivalent of a full-featured electronic typewnriter),
Scientific/Business Calculator {many easy to use
functions including “tape,” printer control, ability to
retum results to a program), and finally, Qutput

gt e
gigs e

BEST FRIEND

1

I

Makes PC.00O5-
Easy to Usef

ELM,-.'Q

Redirection (gets reports on disk that until now could
only be output to the printer). And Best Friend can be
run as a “stay resident” program so all its features can
“pop-up” behind whatever else you are doing!

Suddenly, the sub-title on the instruction book,
“Makes PC-DOS easy to use” had new meaning. We
started playing with the other available files. | want to
tell you something: 1 could sit here and fill up space
talking about the different availabie functions, about
how well thought-out this program is, and how it's
probably the best thing to come down the pike since
sliced bread. But you didn’t just fall off the tumip truck
either. Best Friend is available in 3 demo package for a
mere $14.95 or the full package for $84.95. Since they
have tallored systems to exactly syit the computer you
have (Yes, even CP/M) it would be a good idea to send
for their descriptive brochure first which contains an
ordering coupon. There’s no charge for that brochcure.

Of equal importance in this day and age, is the fact
that it is not copy protected.

The bottom line is that Best Friend has and continues
to perform a valuable service here [t has made our
new computer easier for me to use, thereby making me
a more-valuable asset to my company It has eased the
transition into the new computer as well. But the fact is
that even if | were an old hand at the new computer,
I'd still value Best Friend, for it has been able to show
me some features | didnt know existed. To order or
send for a8 brochure (you shouldl) write to Elite
Software, P O, Drawer 1194, Bryan, TX 77806_ If you're
out that way, you can telephone. (409)

846-2340. D
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COMPUTER CARE

It doesn't take much, and it pays off,

HERB FRIEDMAN

®The way it appears in the mail order catalogs of data
processing supplies, at least 26 hours of each workday
should be spent cleaning, checking or adjusting your
personal computer. In fact, we are fast approaching the
point when the different kinds of “computer care”
products will cutnumber the the books on personal
computing.

The desktop personal computer and its peripherals
are among the most refiable of consumer products,
requiring a minimum of attention to keep them going. A
quick pass with a brush now and then, a wipe with a
cleaning pad, a check of frequently moved cables and
connectors is all that's needed to insure years of
trouble-free operation, assuming @ “chip” doesn’t break
down. While a failure at the “chip level” generally is
catastrophic, short of using common sense when you
imtially install and service the computer there is little
you can do to avoid it.

Fresh air first

Assuming the power supply doesn'’t blow up and
take a handful of components with it, it is primarily heat
that destroys chip-level components, s¢ the first step
in computer care is to install the equipment in such a
way that there is an air flow through the enclosure(s).
Even when 8 computer (or a peripheral) is equipped
with a cooling fan or blower it is assumed there will be

4-
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.’ ?0
e, LY
G
G
\\

FIG. 1—IF YOU HAVE LOADED your computer with internal
accessories beyond whal the mapufacturer originally sup-
plied. or age {s causing intermitient glitches atter hours of
operation, an accessory lan might be the cure tfor heat.
caused gliches. A fan such as this for the Osborne computer
is enciosed In a housing that either slides into place or is
easily secured with sticky-lape or a tew screws.
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a knowm minimum rate of air exchange within the
enclosure when the dewvice is located on top of a
table. Hiding the computer from view inside a cabinet
or a desk restricts air flow, sharply elevating the
operating temperature in the cabinet. Even if you
employ an accessory fan or blower fan for a computer
instalied within a decorative cabinet it usually ends up
recycling warm air {which gets even warmer) (Fig. 1).

An auxiliary fan is rarely required for computers as
initially supplied by the manufacturer, But if you load
the computer with several intemal accessories the
buiid-up of ambient heat can easily exceed the original
design limits, and a cooling fan might be required to
avoid shortening the life of the internal components,
and reduce or eliminate intermittent glitches caused by
heat overioad. It is not uncommon for socketed
integrated circuits to develop intermittent contacts
after a few years of cooking in the heat. The problem is
usually due to the heat-sensitive metals used for
contacts in cheap sockets.) Both the Apple and Radio
Shack Cotor Computers are good illustrations of how
accessory harchware raises intemal ambient heat above
safe limits. As initially equipped by the manufacturer
neither cemputer needs a fan when located on a table,
but both are known to "glitch out” when loaded with
accessories if the “extra” heat isn’t vented by an
accessory fan,

FIG. 2—AN UNSHARP. FUZZY SCREEN display is usually the
result of dust on the lace of the CRT rather than an electrical
breakdown. You can save an expensive “overhaul” service
charge it you simply clean the CRT wilh & common household
glass cleaner. (Special CRT cleaning products don'l justity
their exlra cost.)

WwWww americanradiohistorv comm
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Except for esthetic reasons, dust covers are rarely
needed for modem personal computers. They might
be needed to keep coffee and paper clips from falling
into @ printer, but that's about it. The modem keyboard
uses sealed keyswitches so dust can't affect the keys,
and no commonly-used personal computer puts a
foam fifter in front of a fan to catch dust, and thereby
restrict the air flow as the fiter gets clogged (one of
life’s dumber ideas). In fact, most intemal computer
fans and blowers simply pass the dust inside the
cabinet where it settles out on the components—and
causes No problems.

Dust creates problems only when it settles on the
CRT or a disk, or gets picked up on a disk when the
disk falls on the floor, or it takes the form of oxide fiake-
off from magnetic media and collects on the readAarite
head of & cassette recorder or a disk drive.

Dust on & CRT 1s insidious because it clestroys the
sharpness of the image: it's the reason why many
terminal operators start to complain about tired eyes or
biurred vision. The static charge on the face of a CRT
atracts dust, and within days a relatively thick film can
bulld across the face of the CRT. The dust in tum
diffuses the screen display, causing the image to
bloom, The heavier the film of dust the greater the
bloom, and, therefore, the fuzzier the image. Blooming
produces the same kind of tired eves as looking
through eyegiasses having the wrong prescription. As a
general rule, the problem is avoided by cleaning the
CRT every few days with a window cleaner such as
Windex. (Fig. 2) Dust that settles out on a disk, or which
adheres to a disk when the disk falls to the floor, is a
probiem not because it can min the mechanism, but
because a “solid particle™ can scratch the disk itself
and destroy data bits. The way to get rid of the dust is
to blow it off with either air or a neutral gas. White
there are several pressurized products in the
marketplace, some empioy freon, which is a refrigerant.
It not only chills the disk, possibly deforming the
substrate {the dlisk itself), the change in temperature
¢an cause moisture on the disk The safest progucts are
those used by photographers to Clean negatives
because they usually come out at room temperature.
Two such products are OMIT, which is a neutral "gas,
and Falcon, which is filtered air. Neither will chill a disk
nor cause moisture. (Fig. 3)

The only dust that normally causes a problem in
computers is the oxide flake-off from magnetic media:
cassette tape and disks. Much of the low Cost Cassette
tape is cheaply made and has excessive flake-Off,
which €an cause an oxide build-up on the head that
actually lifts the tape off the head. While “tape lift"
generally interferes primarily with reads, if the lift is
severe it can drop bits on a write.

There are many “head cleaning” chemicails which, as
far as we know consist of denatured aicohol and some
"magic” additive. The best head Cleaner is a cotton Q-
tip dipped in ordinary denatured atcchol. If you want
to clean the entire tape path—which inClucies the tape
guides and the capstan pinch roller—use a “Cleaning
cassette,” a conventional cassette having a mildly
abrasive Cloth tape instead of magnetic recording tape.

FIG, 3—IF YOU DROP A DISK on the floor, or dust has settled
out, don’l try to blow it away with your breath or a Freon-
based aerosol product—either way you can cause moisture
on the disk ftsell. Instead, hiow the dust away with one of the
"neutral™ products photographers use to biow the dust off
negatives.

You squirt a few drops of head cleaning fuid on the
cloth tape and mun the machine for a few seconds. The
fluid loosens the accumulated oxide crud and the
cleaning tape lifts it off and traps the particles. {The
saturated cloth beats just albout anything, no matter
how expensive, when it comes to cleaning a cassette
recorder)

Disk drive readiwrite heads are something else.
Regardless how it's packaged, the actual Cleaning
device comes down to a mildly abrasive disc (usually
fiberglass) packaged in a sleeve that Closely resembles
a conventional disk. (Fig. 4) Generally, a ¢leaning
chemical fs squirted on the disk to loosen whatever
has supposedly accumulated on the head(s). Running
the drive causes the cleaning disk to scrub the head(s)
clean. Since a cleaning disk is abrasive (otherwise it
wouldn’t clean the head), there is considerable debate
whether the cleaning disk can do more damage than it
cures. {The service department of at least one major
disk drive manufacturer will tell you not to clean the
head at arty time.) In fact, it's Questionable whether disk
drives ever need cleaning because data disks do not
usudlly shed excessive oxide; if there should be some
flake-off it is usually trapped in the MICrOSCOPIC
pockets of the liner inside the disk sleeve: That's why
the liner is there in the first place. Cleaning of disk drive
heads should only be done when you are certain there

FIG. &—A CLEANING DISK contains a miidiy abrasive pad
that contacts a disk drive's read;write head through a window
in the sleeve. The pad I8 usually soaked with a “cleaning
fluilg.”
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15 a problem that might e caused by an oxide build-
up on the head—a reéadlly rare occurrence. How do you
know when it happens? lif you start to get frequent
read errors cleaning the head 1S worth a try: But make
certdin the cleaning disk has the correct number of
open “wWINoOoWws.

A cleaning disk has two windows corresponding to
the two windows in the sleeve of a conventional
floppy disk through which the reaciiwrite head contacts
the magnetic disk itself. Unlike the floppy disk, which
has two open windows, as a general ruie only one
window of the ¢leaning disk is open, the other is
covered by a peel-off tab. If you have dual-sided
drives you peel off the tab so both heads get ¢leaned.
If you have a single-sided drive you must leave the
tape in place, else you end up scrubbing the small
pressure pad that squeezes the disk against the read/
write head, and this ¢an cause trouble because it
allows the ¢leaning disk to grind grime and dust into
the pad; and the dust ground into the pad can cause
the pad to drag and possibly slow the disk speed
outside the normal tolerance range. (Fig. 5)

Don't ¢lean the heads for too long. Entering DIR (for
directory) will cause the drive to work for a few
seconds, and that's all the ¢leaning that’s needed. If that
doesn't correct the read problem the trouble is
probably in the harchware, and the most commaon
problem is incorrect drive speed, which is usually
checked with an "analyzer™ disk that tells you the actual
disk speed in rpm., If you don't have an analyzer disk
you can check the speed by aiming a neon or
flourescent lamp at the small strobe pattem on the disk
drive’s motor, If the pattem doesn’t appear rock steady
the speed is off. Adjust the disk drive’s motor speed
trimmer sCrew until the pattem “freezes.” If the pattem
is steadly and you still get read errors it's time for an
overhaul by a shop specializing in disk drives. (Fig. 6)

if a drive drops out suddenly; if you get messages
such as "1/O ERROR " or "DRIVE NOT AVAILABLE,” check
the small drive select programming plug; it might have
come loose or fallen out. Possibly, vibration worked it
loose. {This is not an uncommon probilem when an
independent dealer starts pinching pennies.Some of

FIG. 5—THE WINDOW on the flip side of a cleaning disk is
usually covered by a label. The label mus! not be removed if
the drive is single-sided {on® head). If the drive is double-
sided {two heads} the iabel must be removed s¢ both heads
are cleaned af the same lime.
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FIG. 6—IF A DISK DRIVE PROCDUCES 'O errors after cleaning
check its speed by holding a small neon or flourescent tesl
iamp near the sirobe patiern “painled” on the drive's flywheel.
If the speed is on-the-mark the strobe pattern will freeze. If the
pattern's “bars” dritt adjust the drive's speed conirol until the
patiern freezes.

the dealers who put together their own “IBM
computers” from conventional parts save .001 cent by
using anything other than the proper programming
plug. In the illustration shown, the jumper was ong
section cut from a conventional 4-section plug.) (fig. 7.)
Marry intermittent computer problems can e traced
to card edae “fingers” and their connectors which
aren't gold plated. Many card edge fingers are Simpiy
tinned with [€ad and they eventually develop an
insulating oxide. All that’s usually needed to get rid of
the oxide is to simply remaove and reapply the
connector, whose contacts wipe the oxide from the
card edge fingers. Unfortunately, the cheap sockets
usually used for the unplated fingers aren't all that good
either, and over a period of time will lose sufficient
tensicn to clean the fingers. If just removing and
restoring the connector doesn't provide a reliable
contact wipe the oxide off the fingers with a "game
cartridge "cleaning stick: A smail stick with a mildly
abrasive plastic pad at one end that is saturated with
alcohol. The cleaning stick was originally intended for

. 2 by T
FIG. 7—SOME DISTRIBUTORS save a penny of lwo by ship-
ping an "IBM type' drive with & "“drive select jumper” cut from
a larger DIP shunt. It's been known lo work loose. 5¢ check
thal lt's seated if the computer doesn't recognize a drive
exisis.
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FiG. 8—SOME COMPUTERS and peripherals don™l use gold
plated edge connectors. If the fingers are simply tinned with
solder or even tin plaled they can develop inlermittent con-
tacts. If you suspect the fingers, Just scrub them clean wilh
the same kind of cleaning wand or siick used to clean game
cartridges {game cartridges use similar edge connector).

Cleaning the contacts on game canndges, many of
which use the same cheap construction as “teaded"”
computer card edge connections. The stick usually
works even better than scrubbing the contacts with a
pencil eraser (Fig. 8)

Use the same procedure with intermittent cassette
recorder connections. Usually the recorder goes
untcuched for months, and plugs and jacks can
develop the same kind of insulating oxide as finger
contacts. As a general rule, moving a piug in and out of
its jack a few times will wipe the oxide free. (f it
doesn't, dip the plug in alcohol and mn it in and out of
the jack a few times—that will usually get rict of the
most stubbom dirt. (Fig. 9 If you still have an
intermittent connection when you wiggle the plug it’s
more than likely the jack’s “tip™ connection has lost its
tension (it happens tO cheap jacks after a few years),
which means the jack itself will have to be replaced
because even If you bend the tip connection it will
simply deform the next time the plug is inserted: You
cannot restore tension to the cheap jacks used on
cassette recorders. (Fig. 10)

The modern desktop printer can run for years with

FiG. 5—FREQUENT REMOVAL of large insulation-displace-
ment connectors, such as those used for Centronics-type
printer connections, often cause the wire to pull loose inside
the connector. If your cable develops intermittent connec-
tlons repface the insulation displacement connector with a
conventional soldes-type conneclor. The ribbon will be firmly
locked in place #f you fold il on itself and wrap a heavy layer of
tape where the wire passes through the connector's cable
clamp.

FiG. 10—THE WEIGHT ol the relalively heavy shielded hoods
commonly used on monitor cables often works them free
afier several months. Simply tightening the hood's locking
screws (il you didn't use them—which is not unusual) is often
Ihe cure for an intermittent monitor.

no maintenance other than cleaning a daisy wheel print
element that's used with a fabric rather than a "one
time" (polyethylene) ribbon. About the only required
maintenance is an infrequent cleaning of the rubber
platen of a letter quality printer. Over a long penod of
time just normal grime can cause a hard film to
accummulate on the rubber, which ¢an interfere with
the character Impression. Most stationary stores sell
platten cleaners, which are small pads containing a
crush-tube that releases a prermeasured quantity of
alcohol Into the pad when squeezed. A few passes of
the pad over the platen and the hard coating is
removed. (Fig. 11)

FIG. 11—ACCESSORY BOARDS powered by Marcury of
Lithium batteries often develop intermittents not because the
battery is dying but because il is leaking electroiyte: actually
a microscopic film that gets between the battery and the
socket's contact. Usually, a wipe with a cloth will restore
operation, but the battery should be replaced immediately.
betfore Ihe electrolyte permanenily damages some compo-
nents.

In general, computer care is more Common sense
than anything else. If the system was installed properly,
if all cables are secured and someone doesn't drop a
Jetly sandwich into the printer, it will probably keep
going for years with the least amount of service and
attention. Just remember the golden rule of personal
computers: 7If it ain't broke, don't fix it." <D
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PACKET RADIO

What celtular did for the telephone...

Marc Stern

®One of the most exciting phenomena to hit Amateur
Racdio in the last 15 years is packet radio. It represents
the marnage of the personal computer and
communications technology:

The growing interest in packet racho Is an outgrowth
of the availability of small-computer systems as the
Commaodore VIC-20 or C-64; the desire to use the
computer for communications, and the availability of
interface software and hardware. It a case of the right
pieces being in place at the right time.

Over-the-air links

The result has been a rapidly spreading over-the-air
computer network that is inking cities all over, When
you think about this network, you begin to realize it has
a great deal in common with packet-switched, local
area networks (LAN). The difference is, that this network
is linked via ractio. (See Fig. 1)

Like a LAN, each outlet is called a node and special
hardware is needed to enable the interface between
the Amateur Radio station’s computer, transceiver and
the network.

In @ LAN, special software is ngeded tO enable the
interface. Each piece of data entered into the network
is preceded by special address coding—Amateur
Radio callsigns, among other data—which tells the
system where to send the data.

The packet ractio network functions like a giant LAN.
So it's easy to underestimate the importance of packet
radio technology, but it represents an important step in
the transmission of data.

it frees you of the constraints imposed by the
wireline telephone system. Because of bancdwidth
limitations, the top speed that can be accommaodated
now 1s 9,600-tits per second (baud) of data
transmission. Experiments going on in the Amateur
realm are pushing speeds toward the 56K-baud barrier,
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or about a 600 percent increase in speed and a
manifold increase in data density

And this information is delivered free of errors thanks
to the error-recovery nature of the packet radio
network. Because of the unique packet data encoding,
if the transceiver for which the information is destined
doesn't receive the entire message or the checksum
error-checking code is incorrect, the network will keep
frying to get that information through until it receives an
acknowledgement that it has been sent correctly, even
if the error occurs mid-word or mid-sentence.

Finally, this system 1s secure and spectrum efficient.
Because it depends on unigue addmressing, messages
that aren't intended for your node go unread by your
terminal program. You may see a record of activity on a
frequency, but, unless a message is broadcast as a
bulletin to mary Amateur stations Or nodes, you won't
see its contents because the System will prevent it.
Spectrum efficiency is ensured because it uses
frequency modulation and digital packets.

One of the functions of Fm radio is the capture
effect. When a signal has captured or saturated the
discrimator circuitry of an Fm transceiver, that ractio
hears no other signal. With the distances involved
between packet radio system nodes, it is unlikely that
any transceiver will “capture” the System for more than
a transmission or 50 and this will allow several stations
to be on frequency at once, each using the system in
tum. (Local stations working in packet, likewise, won't
bother the overail nehwork because they are unlikely to
be transmitting with the amount of power needed to
do it. Therefore, the overall nerwork won't hear them
and will continue to move data. Again, the capture
effect is at work.)
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FIG. 1—PACKETY RADIOQ is like an over-the-air computerized
Local Area Network, each node communicating with only
those It is seeking. Its attraction is high speed, secure com-
munications.
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FIG, 2—0%5I PROTOCOL is seven layers deep and was de-
veloped to promote compatible communications among de-
vices. Solld lines are interfaces between layers. arrows
indlcate how ke layers attract.
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When two stations transmit simultanecusly, part of
the protocol which drives the packet network checks
periodically to see if the network 1s busy or free. If it 15
busy, the node refrains from activity until it is free.
When it is free, that station can slip its packets into the
data stream and they will move along it until they arrive
at their destination.

Seven layers

One of the plans which packet networks adopted
earty on was the Open Systems Interconnection (OSI)
model on which to base network interaction. OS5I,
developed by the Intemational Organization for
Standardization {ISO), was developed to ensure
compatibility between communications devices.

The OSI model specifies a seven-layer structure,
each with its own protocol. Within each layer the
structure is modular, allowing differences in design and
in the validation of protocols. (See Fig. 9.) Level 1is the
Physical laver which is concemed with bit-level data.
The RS-232 and CCITT standards apply here. Harciware
is impacted by this layer. Level 2 is the Link layer which
arranges the bits into frames. At this 1evel, the most
common packet protocol is the ISO High-Level Data
Link Control. This layer establishes a link {circuit)
through supervisory frames and performs error
checking and recovery: Level 3 is the Network layer
which handles the addressing; routing; multiplexing, as
well as Aow control. At this layer packet descntes the
message structure.

Level 3 can establish two types of network, virtual
and datagram. The virtual Circuit establishes a logical
connection between the end points and then uses an
abbreviated packet header The datagram uses
complete header information

This layer can e further subdivided into intemet or
Sublayers A and B.

Level 4 is the Transport layer. |t arranges the
information in the correct order in the event that
packets arrive out of order after traveling through a
network It also reassembles any packets scrambled as
they move through the network.

Levels 5—Session iayer, which handles [0g-on, logoff
and authentification; 6—Presentation Level, which
performs code conversion, control data structure and
display formats and manages data interchange with
peripheral storage devices, and 7 the Applications
layer, which is user software and interface, handle
various housekeeping and interface chores.

For our purposes, the important levels are 1, 2, 3, 4
and 7. They define the packet system.

Packet hardware, software

Although packeteers could have used the ELA
RS-239 standard, they chose the CCITT V24 and V.28,
which specified the pinouts in the network connector.
They also used the Bell 202, as opposed to the newer
NPA modem standard, because there were some 209
models available on the surplus market These modems
use 8 1200 Hz mark and 2200 Hz space.

Encoding in a packet radio system is predominantly
3 baseband technigue. Called nonreturn to Zero,

inverted, a 0 causes a change in signal level at the
beginning of a bit interval, while a 1 causes no change.

This type of encoding is supported by such
controlier chips as the Intel 8273; Zilog 8530, and
Westem Digital 1933. All of this is housed and
implemented by a device which is called a terminal
node controller {TNC). A combination modem-
computer, the TNC and its protocol senses when a
network is free; tums digital information into analog
data so it ¢an be sent across the network, and takes
analog information and tums it info digital information
$0 it can be used at a node.

The Amateur packet network uses a version of CCITT
stanclard X.95 called A{mateur)X.25 and it defines how
digital information is framed into a packet. The frame
consists of the beginning flag, address field, control
field, information field, frame-check segment and
ending flag. (This data are sent with 16 inversions so it
can be synchronized with the network.)

The flags are always represented by 0111110, while
the address field consists of two or three specially
encoded ham call signs, the destination, source and,
optionally, the repeating stations used to get the
information from A to 8. The last octet of each address
element is reserved for a secondary station identifier
The control field is used to identify a frame's type and
also signals a connection request, ready-not ready
conditions, frame numbers and modes of operation.
As you'd expect, the information field is used to
convey the message and the frame-check sequence IS
the checksum.

As these frames and others move through a radio
packet system they head for ther designation nodes. It
is up to each node o assemble or disassemble the
information. The TNC not only acts, therefore, as the
modem, but also as a special-purpose microcomputer,
Software to handle the assembly or disassembly is
stored in Programmable Read-Only Mermory: It
implements the HDLC.

Importance of system

Such 1s the reliability and security of the Amateur
packet system that commercial manufacturers and the
military are studying it closely Amateurs have proved
that it is possible to use radio to enable a high-speed,
dense information Aow: It also opens some interesting
commercial possibilities.

Imagine using an FM station's SCA for data
communication. Or using a busmess band frequency
for secure, high-speed, ciose-of-business data
transmIission. in minutes an entire day’s transactions can
be reliably sent from point A to B, securely and without
error. It's an interesting concept, especially as Amateurs
work for higher speed levels, such as 19.2K-baud and
56K-baud. Further, it pravides a cost-effective
altemative to satellite or terrestrial links. In fact, it looks
s0 auractive that commercial providers are alreadly
brnging their own TNCS to market.

So, once again, the Amateur Radio community is at
the cutting edge of communications technoiogy,
making the inevitabie marnage of computers, radio and
communications work and work well, too. <y
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BUILD THE GRAFEX-32

PART 3

High-Resolution Graphics for your Apple Ii.

RAY DAHLBY

This article was begun two issues ago, continued in
the last 1ssue, and ts concluded here We'd
recommend that you go back to the February, 1986
issue and re-read the entire story from beginning to
end, and if you elect to build this unit, do so, knowing
that you now have all of the required information.

A word about monitors

Before | set out to design this project, | went looking
for a video monitor with two essential charactenstics; a
high video bancwidth and a long persistence
phosphor screen. The Sanyo 9-inch B&W monitor | had
been wsing with my Appie did a satisfactory job
displaying the Appile’s 40 column text and 280 by 192
graphics screens but blurred noticeably when
displaying 80 column text, an indication of its rather
poor video bandwidth of SMhz or s0. In order to
display 640 dots in a 40 s line, the required video
bandwidth shculd be abouwt equal to the dot clock
frequency of 16 Mhz. Another characteristic of the
Sanyo, which is common to all video monitors using a
standard short persistence phosphor screen, is a flicker
effect when displaying interlaced computer graphics
images. This flicker is the result of the non-spatially
limited bandwidth nature of computer generated
images as compared to images from a video camera.
Since Interlace is necessary to get a vertical resolution
above about 200 lines and still stay within NTSC
television timing, (and thus retain monitorcompatibility
with the Apple [1}, | had to find a screen with a longer
persistence. Fortuitousty, Apple Computer Inc. came to
my rescue when they introduced the Monitor Ill. This
screen has the necessary combination of high
bangwidth, long persistence, and modest price. |
wondered if they anticipated my needs since the
Apple [ does not normally require these,

A peculiarity of the 7920 when generating interlaced
video is a timing skew between sync pulses
responsible for even and odd video fields. The effect
on some monitors, is ine-pairing which shows up as an
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uneven spacing between horizontal lines. This effect
can be eliminated on the monitor Il as well as other
monitors by a slight adjustment of the vertical hold
control.

The Grafex sub-interpreter scftware includes a
command to switch the display from 640 by 400
interlaced video to 640 by 200 non-inteflaced. This
command can be useful for those users who do not
have a long persistence screen. The 400 line vertical
sesolution can still be used by programs to address to
complete bit-map and the display scrolied vertically to
view it. In effect, the screen shows a window of 640
by 200 on a 640 by 400 “world.” If 64K by 4 bit RAM
chips are substituted for the 16K by 4 bit 44165, this
“world” will be 640 by 1600. The sub-interoreter has a
command calied "SCROLL™ which accepts a parameter
in the range of 0 to 1599 for this purpose.

Conclusion

The 7220 is the first graphics Co-processor Chip to
become widely available in the microcomputer
marketplace. Now in volume production, it has
dropped in price to about $40.00 in single units from
over $100.00 a year ago. The Grafex board serves as an
evaluation and development tool for this chip, in
addition to its main use as a graphics expander for the
Apple ll. As more sophisticated graphics co-
processors and larger memories become available, the
open-architecture of the Appie Il will likety play host to
these products as well, allowing Apple users the
opportunity to stay abreast of the latest technology
while expanding and enhancing the utility of their
machines.
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It was not the intention of this article 1o provide a
complete tutorial on programming the 7220. Such a
tutorial alone would take several times the size of this
article. A software package has been written to
facilitate the use of the Grafex Circuit board from BASIC
programs. This package is in the form of & sub-
interpreter to Applesoft and adds about thirty
commands relating to drawing points, ines, rectangles,
arcs and ciscles as well as text, from within Applesoft
BASIC programs. Please check the end of this article for

PARTS LIST

SEMICONDUCTORS

D1, D2—1N914 or 1N4148 diode

IC1—PD7220D graphic display controllar

1C2, 1C3—74LS00—CQuad NAND gate

IC4—74L502—CQuad NOR gate

IC5—74LSB6—Quad exclusive OR gate

IC6—74504—Hex inverting amplifier/buftar

IC7-1C9—73LS74—duel-D flip-tlop

IC10, 1IC19—74LS174—Hex-D flip-flop IC11—
74L5245—0ctal lranscaiver

IC12—74LS374—Octal D-type flip-tiop

IC13-IC18—TMS4416-20NL Dynamic RAM

IC17, IC18—T74L 5166 Paralle-to-serial shift registar

IC20—74LS163PNP Binary Counter

Q1—2N3906 PNP Silicon Transistor

(2—2N3904 NPN Silicon Transistor

XTAL—16MHz quartz crysial

CAPACITORS
C1-C5—0.1+ microF, 50-volt ceramic disc

RESISTORS

(All rersistors Ya-watt 5%}
R1, R2, R%—100-0bm
R3, R10—1000-chm
R4—1500-ohm
R5—3300-ohm
R6—2200-0hm
R7—5100-0hm
R8—200-0hm
R11—75-0hm

MISCELLANEOUS
J1, J2—PC-mount phono jac
RY1, RY2—SPST N.O. 5-volt reed relay

KITS AND SOFTWARE AVAILABILITY

The follewing kits and software packages ane available
for the Gratex-32: a) Printed circuit board (profession-
ally made with piated-through holes, solder-mask and
gold-plated edge connector) $45.00. b) Kit of all parts
for above $125.00. ¢) Assembled and tested board
$195.00. d} Sub-interpreter software and demos on
514" disketta, Apple DOS 3.3 545.00. 8) Color sohware
package on 5% diskette. Apple DOS 3.3 {requires three
Grafex-32 boards and RGB monitor) $95.00. Please
add $4.00 per order for Air-mail postage and handling.
Payment accepted by check or money order in U.S.
funds to: Ray Dahlby Electronics, Dept. #255, Box C
34069, Seattle, Washington 98124-1069, or: Ray
Dahiby Electronics, Dept. 255-810 West Broadway, Van-
couver, B.C. v5Z 4C83, For technical inquiries, phone
604) 732-1080 (no phone orders please).

prices and ordering information. Those readers
interested in writing their own drivers for the 7220 are
urged to buy, borrow, or steal a copy of the “7220
DESIGN MANUAL " This 138 page book is an excellent
source of information on both the hardware and
software aspects of this chip It s available for $10.00
from NEC Electronics U.SA., One Natick Executive Park,
Natick, Massachusetts 01760.

The screen photos

The screen photos reproduced here were taken from
an Apple Monitor and show text and graphics at 640
by 400 resoiution. The displays were generated with a
Grafex board instalted in an Apple lle running under
Applesoft Basic with the Grafex sub-interpreter
software. The text displayed in these examples comes
from a software character set Joaded into system RAM
by the sub-interpreter All Grafex displays are bit-
mapped; there is no hardware character generator on
the board. The character font stored in system RAM can
be read into the 7220 GDC which then writes it into the
screen bit-map in any of eight directions and 16 slzes.
In addition, derived character sets can be displayed by

THE AVAILABLE DETAIL at 640 by 400 resolution . These are
common examples of computer graphics. Start with a figure,
and repeat at different rotations and sizes.
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shifting the position of characters and writing them on
top of themselves using the set, Clear, and complement
modes of the GDC.

Prhotograph #2 shows a barberpole effect of 80
columns by 50 rows of text. The character set used in
this and the other examples, is made from a 5 by 7 dot
matrix in an 8 by 8 box This character set includes the
complete 198 character ASCH set. The Monitor /7
screen displays highly readable text in this 80 by 50
format and, in fact, | find it to be preferabile to the
Apple 80 column display

The 8 drawing directions are shown in photograph
#3.The ttle for this display was produced by writing
the string "DIFFERENT DIRECTIONS® at a magnification
factor of €, and then wiiting it 33ain but with the x and
y starting positon shifted by 1 pixel and the mode set
to complement.

Photographs 4, 5 and 6 show off the detail availatle
at 640 by 400 resolution and are Quite common
examples used in Computer graphics. Photos 4 and 5,
for example, are simply the result of repeatedly
drawing a triangle and a rectangle, at different rotations
and sizes,

Photograph #7 is a good illustration of the detall
available when graphing mathematical functions. The 3-
D effect of the tithing is again produced by wnting a
shifted text string on top of msetf Photograph #8 15 the

GOOD ILLUSTRATION OF THE DETAIL available when graph-
ing mathematical tfunctions. The 3-D effecl of the lilling re-
sults fram a text string written on lop of itself.

THE SAME SCREEN IMAGE COMPLIMENTED. The GOC can
perform an exclusive-OR of this type on 32K-bytes of memory
in under 16 ms.
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same screen image compiemented. The GBC can
perform an exclusive-or of this type on 32K bytes of
memory in under 16ms, obviating the need for
hardware reverse video capability

The last two pictures, #8 and #9, show a fancifull
“video art” example t wrote by accident. This effect is
produced by writing the letter A" at different
magnifications, rotations, and modes (set, clear, and
complement). The program, written in Applesoft Basic,
is just & few lines in length yet produces videotape-tike
animation,

- =

SOME VIDEO ART produced accidentaly by writing the letier
"A" at difterent magnifications. rolations and modes. The
program, written in Applesoft BASIC, is just a lew lines In
length yet produces a videotape-like animation.

References
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Systemns Equipment Design magazine, January,
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quite advanced for its day, so it was
very popular.

Home-built poriables

Portable receivers could be built
from instructions that appeared in
radio papers and magazines. For
example, my friend Daniel
Hoffman I, who is quite a radio
historian, sent information on the
cne-tube (UV199) Goodreau spi-
derweb portable. Instructions for
building one appeared in a tabloid
called Radio In The Home that was
published by one Henry Neely.
The Goodreau receiver appeared
in the April 1924 issue, and com-
plete instructions, a parts list, a
schematic, and pictorial diagrams
were included. Even a pattern for
the coil form was provided.

The Goodreau receiver was typ-
ical of many homemade receivers
that appeared in early radio pub-
lications. With the information
provided, and the usual hobbyist's
ground-floor knowledge of radio,
there was little problem building
one's own receiver.

Publications like Radio In The
Home, as well as various early
Gernsback publications, contrib-
uted much to the development of
radio. And those early papers and
magazines are as collectable as the
equipment itself is.

Popular early receivers

Of course, station KDKA was not
Westinghouse’s only venture in
the radio business; they were an
early producer of quality re-
ceivers. For example, one early set
uses three 01A tubes. The operat-
ing controls and output jacks are
on the front panel, and binding
posts for antenna, ground, and
battery protrude from the back of
the cabinet.

A good-looking receiver, the
Melody 5 Receiving Set, was made
by Better Radio Products of Mun-
cie, Indiana. That receiver also
uses 01A tubes—five of them. 1t
could also use 201A’s or 301A's.
Like the Westinghouse, the con-
trols and output jacks are on the
front panel, but the seven binding
posts for antenna, battery, etc., are
concealed inside the box. For an
antenna, the manufacturer recom-
mended using 75 feet of insulated
wire mounted as high as is conve-
nient.
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RAGIO-ELECTRONICS

L'~
u

An old friend gave me one of the
ever-popular Crosley 575. He be-
lieves that that set was on the mar-
ket before the 1920 KDKA broad-
cast. That Crosley may have
received some of the phonograph
musiC broadcasts that were sent
out two months before the presi-
dential returns. Dr. Frank Conrad
also made his experimental trans-
missions at that time. Those who
wanted to listen could purchase a
receiver at a department store in
Pittsburgh.

The pioneering activities of Dr.
Conrad are well documented. He
broadcast from his own Station,
8XK, located in his two-story two-
bay heated garage located in the
Pittsburgh suburb of Wilkinsburg,
as well as from station KDKA. [n his
home lab Dr. Conrad and others
laid much of the foundation of
broadcast radio.

Store-bought receivers
Home-made receivers con-
tinued to plague the budding
radio industry for some years. The
early hobbyists didn’t need store-

bought receivers that they knew
nothing about when their own re-
ceivers worked perfectly well. |f
maintenance was necessary, that
was no problem for people who
had bullt their set from the ground
{no pun intended) up.

But, as the years passed, the old-
timers began to fade away. Their
faithful home-made sets were
stored in attics or basements, or
perhaps they were simply dis-
carded. By the late 1920's broadcast
receivers were being manufac-
tured by the thousands. | guess
that was when it became possible
to go into a store and buy a radio.

Thanks

Let me say a few words to every-
body who took time to write. |
appreciate all those letters, and |
will answer each one personally. |
enjoyed hearing from everyone
who relished the photos we've
printed here. The Majestic model
70, the Crosley 57, and the Arvin
444 are very popular among collec-
tors. My family-heirloom Silver-
tone must have been one of the

most popular radios ever made.
And thanks for the photos you've
sent; I'll try to work them in as
space permits.

Some of you “antiquers” had
really difficult technical questions
about restoring your antique ap-
paratus. Those questions require
considerable research. So, if you
don’t receive an answer from me
right away, please have patience.
And don't forget those stamped,
self-addressed envelopes!

Haves and needs

This section is a service for read-
ers who have or need antique
equipment, parts, or other infor-
mation to share. Readers are asked
to contact each other directly, as |
have no way of evaluating items
that are offered.

Schematics—3000 of them. In-
quire with an SASE to Scaramella,
37 Earl Street, P. O. Box 1, Woon-
socket, R1 02895-0001. Books, Mag-
azines & Schematics—Send SASE
with $0.44 in stamps for list to Alvin
Sydnor, 806 Meetinghouse Rd.,
Boothwyn, PA 15061. R-E

MEDICAL ELECTRONICS
coniinued from page 86

FiG. 4—CAPACITIVE COUPLING can 8ls0 be
used 10 dellver current 1@ the fraciure site.

weak in a different anatomical area, and
each tumor grows and spreads differently.
There are a wide varicty of problems

that have to do with technique and tech-
nology. Although some may appear sim-
ple or obvious at first, failure to properly
deal with them can doom an othcrwisc
promising reatment to failure.

Problems may arise during the implan-
tation of the device itself. For instance. if
certain ear structures are damaged during
the implantation of a device to stimulate
the inner ear, that device would appear to
be uscless. Thus, the surgical tcchniques
required to properly insen a device or
probe must be perfected and undersiood
by all involved in the procedure.

Even if implantation is carried out cor-
rectly. later body movements may cause
problems. For instance. an electrode im-
planted to stimulate bone growth may be
pulled away from the bone.

Also, any implanted object is subject to
“rejection” by the body’s immunc sys-
tem. If that occurs, the result is an infec-
tious or inflammatory reaciion.

There are also problems in cvaluating
the cffectiveness of a technique. Due to
human nature, feedback from the patient
himself is usually not reliable. Peoplc
often want to please others who are (rying
10 help them. It is common for people
say that a device is of assistance to avoid
hurting the feelings of the investigator,
even when the device developed is of no
use. Funher. the placebo effect must be
considered. Current applied to the head
may lessen depression or bring sleep be-
cause the impressive-looking equipment

WwWww americanradiohistorv comm

convinces the person that a cure is at
hand. The tissues with implanied elec-
trodes may heal more quickly because the
person is more careful about protecting
the area from further injury.

When investigating the benefits of elec-
trical stimulation, the researcher must
deal with the number of differcnt types of
stimulation that might be effective. Thou-
sands of different combinations of stim-
ulation parameters may seem reasonable,
yet only a certain combination of param-
eters may work. Finding that combination
is made even more difficult by the re-
sponse times involved. For instance, the
healing of bone takes place over months.
Among the parameters that can be varied
are current level, waveform, polarity, cou-
pling method. electrode material., and du-
ration of the application.

Finally. there are problems that have
linle or nothing to do with medicine or
technology at all, It is complicated. cost-
ly. lime-consuming. and expensive (o gel
any medical product approved for sale, or
even human testing. And even if approval
is received, and many lives are saved. il
just a single person is harmed by a device
a costly lawsuil is very probable. Compa-
nies have lost millions in such suils, even
in cases where they’ve won,

Despite all of that, the area of elec-
tronic Stimulation is most promising. lu
the years 1o come. researchers are sure o
come up with even more applications for
that technology. R-E
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high quality at low cost
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lealtime:
2 channels DC — 20 MHz
max. sensitivity 2mV/ div.
Timebase 0.2s — 20ns/div.
Trigger: DC — 35 MHz (0.5 div.)
Built-in Component Tester
1kHz/1 MHz calibrator {3ns)
TV sync. separator

Jigital Storage:
max. sampling rate 100kHz
Refresh-, Single-Mode
Storage: 8 bitx 2048 points
Timebase: 5s—0.1ms/div.

-RT 8x10cm, int. graticule, 2kV

$ 74000 incl. 2 probes

HM 208 the high tech Digital Storage Scope
with 20 MHz sampling rate

Realtime:
2 channels DC —~ 20 MHz
max. sensitivity TmV/div.
Timebase 0.1s— 20ns/div.
Trigger: DC - 40MHz (0.5 div.)

Digital Storage:
max. sampling rate 20 MHz
~ Roll-, Refresh-, Single-, XY-Mode

[ -

18-90 Harbor Road - Port Washington, N.Y. 11050 - 2 (516) 883.3837 - TWX (510) 223.0889

CIRCLE 269 DN FREE INFORMATION CARD
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