


TEK 2213A!2215A!2235
DUAL TRACE OSC ILLOSCOP ES

THE ANSWER
BY ANY MEASURE

Now! Tek quality and expert advice
are just a free phone call away!

The industry
standard in CRT
performance.
Crisp, easy-to
read, bright CRT;
14kV accelerating
potential , provid es
high writing rate
and small spot
size. Full size 8x10
cm display for
measurement
accuracy.

Display contro ls
are flexible and
easy to use. Sep
arate intensity
controls reduce
blooming in alter
nate sweep mod e.
Focus tracking
minimizes control
adjustment and
BEAM FIND elimi
nates confusion.

Vertical sys-
tem provides
measurement
assurance. Flat
transient respo nse
and high acc uracy
ensures true
reproduction of
your signals. Fast
risetime and high
bandwidth is well
suited for a variety
of measurement.

Perform delayed
sweep measure
ments accurately
and easi ly. Both
sweeps can be
disp layed alter
nately making dif
ferential measure
ments easy and
acc urate (10/0).
An interlocking
SEC/DIV control
simplifies set-up.

Stable hands-off
triggering. pop
AUTO detects sig
nal peaks, then
sets the trigg er
level for you. Dis
play asynchronous
signals using
VERT MODE trig
gering . Indepen
dent TV field and
line selection.

Front panel laid
out by function
for ease of use.
Color coding aids
the user in opera
tion. Functions
and modes are
placed logically.
All nomenclature
is clearly labeled,
and protected
behind a scratch
less Lexan surface.

Ourdirectorderlinegets
youthe industry's leading
price/performance portables ...
and fast answersfromexperts!
The 60 MHz single time base delay
2213A, the 60 MHz dual time base
2215A and the 100 MHz dual time
base 2235 offer unprecedented
reliab ility and affordabi lity, p lus the
industry 's first 3-year warranty*
on labor and parts , CRT inc luded.

The cost: just$1275for the
2213A, $1525for the 2215A,
$1750for the 2235.t Even at
these low prices, there's no
scrimping on performance. You

have the band width for dig ital
and ana log circuits. The sensitivity
for low signal measurements. The
sweep speeds for fast logic fami
lies. And de layed sweep for fast,
accurate timing measurements.
All scopes are UL Listed and CSA
approved .

Youcanorder, or obtain
literature, through theTek
National Marketing Center. Tecn
nical person nel, expert in scope
applications, will answer your
questions and expedite de livery.
Direct orders include comprehen
sive 3-year warranty*, operator's

manual, two 1OXprobes, 15-day
return po licy and wor ldwide ser
vice backup.

Order toll free:
1-800-426-2200,
Ask for Rick.
In Oregon, ca ll co llect:
(503) 627-9000.
Or write Tektronix, Inc .
P.O. Box 1700
Beaverton, OR 97075

Tektronoo
COMM ITTED TO EXCELLENCE

COPYright <> 1985. Tektronix . Inc . All rights reserv ed . # TTA-439-3. tPrice F.O B Beaverton . OR °3-year warranty inclu des CRT.
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SPECIAL 39 POCKET TELEVISION RECEIVERS RADIO
FEATURE Part 2. Here's a round-up of th e pocket-TV 77 ANTIQUE RADIOS

mark et. We show yo u what's avai lab le, for how Ant ique radi o test ing
mu ch , and th e performance yo u can expect. equipme nt.
Fred Blechman Richard D. Fitch

BUILD THIS 47 RADAR SPEED-GUN CALIBRATOR
You can also use it to test radar detector! 81 COMMUNICATIONS
Anthony Stevens CORNER

43 REMOTE-CONTROLLED POWER SWITCH Power-line spikes and
Add hi-tech co nvenience to all your solut io ns
equipment ! Daniel B. Cooper Herb Friedman

57 HIGH-POWER FET STEREO AMP
Here's an exce lle nt way to up grade yo ur COMPUTERS
outdated system ! Following COMPUTER DIGEST

65 PC SERVICE page 68 Speech synthesis,
Use our excl usive d irect-etch fo il patt ern s to transistor sw itching
make circuit board s for your radar-gun ci rcuits, retrofitting and
calibrato r and remote power sw itch. prin ters, and mor e!

TECHNOLOGY 6 VIDEO NEWS 73 DRAWING BOARD

Inside the fast-chan gin g v ideo scene. Bank switching mem ory

David Lachenbruch syste ms.

62 COMPACT DISCS BIT-BY-BIT Robert Grossblatt

What's on a compact di sc? It's more than EQUIPMENT
-

mu sic! Josef Bernard REPORTS
69 SATELLITE TV

MNCom scramb ling hardware. Bob Cooper, Jr. 22 B+ K Dynascan TTL IC

71 ROBOTICS Tester
Tact il e senso rs fo r robots . Mark J. Robillard

27 Nady WTS-1 Wireless
CIRCUITS AND 29 NEW IDEAS Speaker System
COMPONENTS A simple cabl e tester

51 TV SIGNAL DESCRAMBLING DEPARTMENTS
Part 3. We cont inue our series wi th a look at
suppressed-sy nc scramb ling sch emes. 108 Advertising and Sales Offices
William Sheets and Rudolf F. Graf 108 Advertising Index

54 HOW TO DESIGN OSCILLATOR CIRCUITS
Part 2. A look at L-C fee dback osc illators. 10 Ask R-E

Joseph J. Carr 109 Free Information Card
75 SERVICE CLINIC

12Repl acin g t rans istors. Jack Darr Letters

76 SERVICE QUESTIONS 87 Market Center
Solut io ns to serv ici ng probl em s.

30 New Products79 STATE OF SOLID STATE
Cho pper-s tab ilized o p-arnps. Robert F. Scott 4 What's News

83 DESIGNER'S NOTEBOOK
A simp le aud io osci llator. Robert Grossblatt
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Here's an easy-to-build in strument for
calibrat ing radar speed guns. Simply set
th e calibrato r's output to 25, 35 or 55 miles
per hour, an d yo u r ra da r spee d -g u n
should show th e prop er read ing . A different reading indicates that
yo ur spee d gun is o ut of calibrat io n. The calib rato r works by ou tput
ti ng a pulsed carrie r on eit he r the X o r K radar band s. The signal
appears to the radar gun to be the refl ecti on of a speed ing object.

Even if yo u have no need for a calib rato r, this article is a good way to
learn abo ut Gunn di od es and radar tec hno logy.

NEXTMoNTH

THE SEPTEMBER ISSUE IS
ON SALE AUGUST

BUILD A PLANT-WATER MONITOR
Keep your plants th riving.

TV SIGNAL SCRAMBLING
O ur series co nt inues

BUILD A STUN GUN
Hi gh-voltage gene rato r

THE 4007
An indepth loo k at one of the most ver sati le CM O S lC's.

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

Since Someof the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIO·ELECTRONICS disclaims any liability for the infringement of such patents by the making, using, or sellingot any such
equipmentor circuitry, and suggests thatanyone interested in suchprojects consult a patent attorney.
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NEWl Scanner Frequency Listings
The new Fox scanner frequency directories will help
you find all the act ion your scanner can listen to. These
new list ings includ e poli ce, fir e, ambulances & rescue
squads, local governm ent, private police agencies,
hospital s, emergency medicai channeis, news media,
forest ry radio serv ice, railroads, weather stations, radio
common ca rriers, AT&T mobi le te lephone, utility corn
panies, general mobil e radio service , marine radio
serv ice, taxi cab companies, tow truc k companies,
trucking companies, business repeaters, business radio
(simplex) federal gove rnment, funeral directo rs, vet
erinarians, buses, aircraft, space sate llites, amateu r
radio, broadcaste rs and more. Fox frequency listing s
feature cail lette r cross reference aswell as alphabet ica l
listin g by iicensee name, police codes and signals. All
Fox d lrecto rtes are $14.95 eac h plus $3.00 shipping.
State of Alaska- RL02 1-1; State of Arizona-RL025-1;
Baltim ore, MD/W ashing ton, DG-RL024·1 ; Buffalo, NY/
Erie, PA-RL009-2 ; Chicago , IL-RL014-1; Cincinnati!
Dayton, OH- RLOO6·2; Cleveland, OH-RL017·1 ; Colum
bus, OH-RL003·2; Dallas/Ft. Worth, TX-RL013·1 ;
Denver/ Colorado Spring s, C0-RL027·1; Detroit , MI/
Windso r, ON- RL008' 3; Fort Wayne, IN/Lima, OH
RL001·1 ; Hawai i/Gu am-RL015·1 ; Houston, TX
RL023·1 ; Indianapolis, IN-RL022-1; Kansas City, MO/
K&- RL011- 2; Long Island, NY- RL02 6·1; Los Angeles,
CA- RL016-1; Loui sville/L exingt on, KY- RL007-1; Mil
waukee , WI/Waukegan, IL-RL021 -1; Minneapolis/ St.
Paul, MN-RL010'2; Nevada/E. Central CA- RL028·1;
Oklahoma City/ Lawton, OK- RlOO5'2; Orlando/D aytona
Beach, FL-RL012'1 ; Pitt sburgh , PNWheeling, WV
RL029-1 ; Roch ester/S yracuse, NY-RL020'1 ; San
Diego, CA- RL01 8' 1; Tampa/ St. Petersburg , FL
RLOO4·2; Toledo,OH-RL002·3. New editions are being
added monthl y. For an area not shown above call Fox at
800-543-7892. In Ohio call 800-62 1-25 13.

NEW! Regency@HX1200·EA
List price $369.95/CE price $214.95/SPECIAL
S-Band, 45 Channel • No Crystal scanner
Search • Lockout • Priority • Scan delay
Sidelit liquid crystaldisplay. EAROM Memory
New Direct Channel Access Feature
Bands: 30-50, 118-136,144 -174,406-420,440-512 MHz.
Th e new handheld Reg en cy HX1200 scanner is
full y keyboard programmable for th e ultimate in
ve rsat ility . You can scan up to 45 channe ls at the
sam e tim e including th e AM air cr aft band. Th e LCD
display is even sid elit for night use . Order
MA·256·EA rapid charge drop-in battery c harge r
for $8 4.95 plus $3 .00 shipping/ handling. Includes
wall charger, carry ing case, belt clip, fl exible
ante nna and nicad battery.

NEWl Bearcat® 100XL·EA
List price $3 49 .95/CE price $203 .95/SPECIAL
9-Sand, 16 Channel • Priority • Scan Delay
Search. Limit. Hold. Lockout. AC/DC
Frequenc y range: 30-50, 118- 174, 406-512 MH z.
The world's first no-crysta l handh eld scanner now has
a LCD channel disp lay with backli ght for low light use
and aircraft band coverag e at the same low price. Size is
1'!>" x 7 v," x 2'/.:' The Bearcat 1OOXL haswide frequ ency
coverage that includes all publi c service bands (Low,
High, UHF and "T' bands), the AM aircraft band, the 2
meter and 70 cm. amateur bands , plus mili tary and
federal government frequencies. Wow...what a scanner!

Inciuded in our low CE price is a sturdy carrying case,
earphone, battery charger/AC adapter, six AA ni-cad
batt eries and flexibl e antenna. Order yourscanner now.

Bearcat@21 OXW·EA
List pri ce $339.9 5/C E price $209 .95/SPECIAL
S-Sand, 20 Channel • No-crystal scanner
Automatic Weather. Search/Scan. AC/DC
Frequenc y range: 3 0-50,136- 174, 40 6-5 12 MHz.
The new Bearcat 21OXWisa nadvanced third generation
scanner wit h great performance at a low CE price.

NEW! Bearcat" 145XL·EA
List price $ 17 9.9 5/CE pr ice $1 02.95/SPECIAL
fO Sand, 16 channel . AC/DC. Instant Weather
Frequency ran ge: 29-54, 136 -1 74,420-512 MH z.
The Bearca/1 45 XL makes a great first scanner. Its low
cost and high performance lets you hearall the actionwith
the touch of a key. Order your scanner from CE toda y.

TEST ANY SCANNER
Test any sca nne r purchase d fro m Communications
Electronics- for 31 daysbefore you decide to keep it. If for
any reaso n you are not co mp letely sati sf ied , return it in
or ig ina l co nd it ion wit h all part s in 3 1 days, fo r a prompt
refund (less shippinq/handllnq charges and rebate credits).

NEWl
Lower Price
Scanners

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

Regenc~ MX7000·EA
List pri ce $699.95/C E price $399.95/SPECIAL
fo-Sand, 20 Channel. Crystalless • AC/DC
Frequen cy ran g e: 25-550 MHz. co ntin uo us co verage
and 800 MHz. to 1.3 GHz. co n ti nuo us covera g e.
The Regen cy MX7000 sc anne r let s you monitor
Miiitary, Space Sat ellites, Gov ernment, Railroad,
Justice Dep artment, State Department, Fish &
Game, Immigrat ion, Marine, Poli ce and Fire Depart
ments, Broadcast Studio Tr an smitter Links, Aero'
nautical AM band, Ae ro Na vigati on , Paramedics,
Amateur Radio, plus th ousands of other radi o
frequencies most scanners can't pic k up. The
Regen cy M X7000 is the perfect sca nne r to receive
the ex c it ing 1.3 GH z. amateur radio band.

Regency@Z60·EA
List pri ce $ 29 9. 95/C E price $179.95/SPECIAL
S-Sand, 60 Channel • No-crystal scanner
Bands: 30'50, 88-10 8, 118-1 36, 144-1 74, 440-5 12 MHz.
The Regency Z6 0 cove rs all the public service
bands plus aircraft and FM music for a total of
eight bands. The Z60 also features an alarm
clock a nd priority control as well as AC/DC
operation. Order today.

Regency@Z45·EA
List price $ 259 .95/CE price $159.95/SPECIAL
7-Sand, 45 Channel • No-crystal scanner
Bands: 30' 50,1 18- 136, 144 -1 74,440-5 12 MHz.
The Regency Z45 is ve ry similar to the Z60 model
listed ab ove however it does not have the commer
cial FM broadcast band. Th e Z45, now at a
special pri ce from Communications Electronics.

Regency@RH250B·EA
List price $ 674 .30/C E price $329.95/SPECIAL
fO Channel. 25 Watt Transceiver. Priority
The Regency RH250 B is a ten -channel VH F land
mobile transceiver designed to co ve r any fre·
quency between 150 to 162 MHz. Since this
rad io is synthesized, no expensive crystals are
needed to store up to ten frequencies without
battery backup. All radios come wi t h CTCSS tone
and scanning capabilities. A monitor and
night/day switch is also standard. This trans
ceiver even has a priority function. The RH250
makes an ideal radi o for any police o r fire
d epartment volunte er b ecau se o f its lo w cost
and high performance. A 60 Watt VHF 150-162
MHz. ve rs io n called the RH600B is avaiiable
for$454.95. A UHF 15 watt ve rs io n of th is radi o
called the RU150B is also available and c overs
450-482 MHz. but the cos t is $ 4 49 .9 5 .

NEW! Bearcat@50XL·EA
List price $ 199 .95/CE price $114.95/SPECIAL
fo-Sand, fO Channel . Handheld scanner
Bands: 29.7-54,136-174,4 06 -5 12 MHz.
The Uniden Bearcat 50XL is an eco no m ic a l,
hand-held scanner w ith 10 c ha n ne ls covering
ten fr equenc y bands. It features a keyboard lo ck
switch to prevent accidental en t ry and more.
Also o rde r part # BP50 w hich is a re chargeable
battery pack for $ 14 .9 5 , a plug-in wall c harg e r,
part # AD1 OOfor$14.95, a carrying case part #
VC001 for $ 14 .9 5 an d also ord er o pt io na l
c ig are tte lighte r cable part # PS001 for $14.95 .

Regency
RH250

Regen c y
MX7000 I

Regency
HXf200

NEW! Bearcat" 800XLT·EA
List price $ 4 9 9 .95/C E price $317.95
f2-Sand, 40 Channel. No-crystal scanner
Priority control. Search/Scan. AC/DC
Bands: 29-54 , 11 8-174,406-51 2, 80 6'91 2 MHz.
The Uniden 800XLT receives 40 channels in two banks.
Scans 15 channels per seco nd. Size 9'/, ' x4';''' x 12%."

OTHER RADIOS AND ACCESSORIES
Panasonic RF·2600·EA Shortwavereceiver $179.95
RD95·EAUniden Remote mount RadarDetector $128.95
R055·EA Uniden Visor mount Radar Detector $98.95
RD9·E,A Uniden"Passport"si zeRadarDetector $239.95
BC·WA-EA Bearcat Weather Alert" $49.95
OX1 OOO·EA Bearcat Shortwave receiver SALE $349.95
PC22-EA Uniden remote mount CB transceiver. $99.95
PC55·EA Uniden mobile mount CB transceiver $59.95
R1 060·EA Regency 10 channei scanner SALE $92.95
MX3000·EA Regency 30 channel scanner $198.95
XL156-EA Regency 10 channel scanner SALE $129.95
UC1 02·EARegencyVHF2 ch.1Watt transceiver $124.95
RH250B·EARegency 1Och.25WattVHFtrans $329.95
RH600B-EARegency l Och. 60Watt VHFtrans $454.95
RU150B-EA Regency10channel UHFtransceiver $449.95
P1405·EARegency5 ampregulatedpowersupply $69.95
P1 412·EA Regency 12 amp reg. power supply $164.95
MA256·EA Drop-inchargerforHX1 000& HXI200 $84.95
MA257-EA Cigarette lighter cord for HX1200 $19.95
MA917·EA Ni-Cad battery pack for HX1 200 $34.95
SMMX7000·EA Svc. man. for MX7000&MX5000 $19.95
SMMX300Q-EAServiceman. forRegency MX3000 $19.95
B-4·EA 1.2 V AAANi-Cad batteries (set of four) $9.95
FB-E·EA Frequency Directoryfor EasternU.S.A $12.95
FB-W·EAFrequency DirectoryforWesternU.S.A $12.95
ASD-EA Air Scan Directory . . $14.95
SRF-EA Survival Radio Frequency Directory $14.95'
TSG'EA"TopSecret" Registryof U.S.Govt. Freq $14.95
TIC-EA Techniques for Intercepting Comm $14.95
RRF·EA Railroad frequency directory $10.95
CIE·EA Cove rt Intelligenct, Eiect. Eavesdropping $14.95
A60·EA Magnet mount mobile scanner antenna.. . $35.00
A70·EA 8ase station scanner antenna .. $35.00
USAMM-EAMag mountVHF/ UHFanI.w/ 12·cable $39.95
USAK-EA'\\" holemountVHF/UHFant.wi ll' cable $35.00
USATLM·EATrunk lipmountVHF/ UHFantenna $35.00
Add $3.00 shipping for allaccessories ordered at the same time.
Add $ 12.00 shipp ing per sho rtw ave receiver.
Add$7.00 shipping per scanner and $3.00 per antenna.

BUY WITH CONFIDENCE
To get the fastest delivery from CE of any scanner,
send or phone your order directly to our Scann er
Distribution Center" Michig an residents please add 4%
sales tax or supply your tax I.D. number. Written pur
chase orders are accepted from approved government
agencies and most wel l rated firms at a 10% surcharg e
for net 10 billing . All sales are subject to availability,
accept ance and verificati on. All sales on acces sories
are final. Prices, terms and spec ifications are subj ect to
change without noti ce. All prices are in U.S. dollars. Out
of stoc k ite mswill be placed onbackorderautomatically
unless CE is instructed differentl y. A $5.00 additional
handling fee wi ll be charged for all orders with a
merchandi se total under $50.00. Shipments are F.O.B.
Ann Arbor, Mic higan. No COD's. Most products that we
sell have a manufactur er's warranty. Free copies of
warranties on these products are availabl e prior to
purchase by writ ing to CEo Non-certified checks require
bank clearance. Not responsible fort ypographical errors.

Mail orders to: Communications El ectron
ics" Box 1045, Ann Arbor, Mi chigan 48106
U.S.A. Add $ 7 .0 0 per sca n ne r for U.P.S. ground
shipping and handling in the continental U.S. A.
For Canada, Puerto Rico, Ha waii, Alaska, or
APO/FPO delivery, shi pping c harges ar e thre e
times co n t ine nta l U.S . rates. If yo u have a Visa
Master Card o r Discover Card, yo u may call and
place a credit card order. Order toll-free in the
U.S. DiaI800-USA-SCAN. In Canada, order toll
fr e e by c alli ng 8 0 0 -22 1-3 4 7 5. WUI Telex an y
time, diaI671 -0155. If yo u are outside the U.S .
o r in Michigan di aI 31 3-973·8888. Order today.
Scanner Distr ibuti on Center' and CE logos are trade
marks of Communications Elect ronics Inc.
1 Bearca t is a registered tra demark of Uniden Corpo rat io n.
t Regency is a reg iste red trade mark of Regency Electro ni cs
Inc. AD #05 1586-EN2
Copyright @) 1986 Communications Electronics Inc .

Forcreditcard orders call
1-800-USA-SeAN

"~OMMUNICATIONS
"ELECTRONICS INC.
Consumer Prod u c ts Division
p.b. Box 1045 0 Ann Arbor, Michigan48 106-1045 U.S.A.
Call800'USA-SCAN or outside U.S.A . 313·973·8888
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WHAT'S NEWS

Unique electronic device can curb perspiration

quested that-if the FCC conf irms
th e viol ations-Motorola's type ac
ceptance be revok ed. That would
require all stat io ns using M oto rol a
equipme nt to di scontinue ste reo
broadcastin g and would also re
qu ire M otorola to imm ediately
cease marketing the broadcastin g
equipme nt in qu estion.

Amateurs man superstation at
Vancouver World's Fair

A state -of -t he-art amateu r sta 
tion is one of th e features of Expo
86, th e World's Fair of Transporta
tion and Communication , held in
Vancouver, Briti sh Columbia, Can
ada from May 2 to October 13 thi s
year. The stat ion is in th e main hall
of th e Canad a Pavilion , whi ch is
dramatically located in a spec 
tacular harbor sett ing linked to th e
rest of Expo by a rapid-transit " Sky
Train ."

Th e st at io n o pe rates on all
band s, f rom 1800 kHz (160 mete rs)
thro ugh 1.2 GHz, and in all modes,
including SSB, CW, RTTY, AMTOR,
Packet, FM, ATV, and SSTV. The
stat ion's call sign is VE7EXPO. Op
erat ion is from 10am to 10pm local
time daily; it sho uld provide an
inte rest ing introducti on to am a
te ur radi o for many of th e more
t han 13 million visitors expec ted at
Expo 86. A computer syste m th at
perm its the public to ask qu es
tions about amateur radio is also
featured.

Stat io n VE1EXPO is mann ed en
t irely by vo luntee r amateu r oper
ato rs, providing not only a massive
publ ic-rel ati on s oppo rt unity fo r
ham radio, but an informat ion
cente r for many non-l ocal ama
te urs. Local repeaters on 146.94,
224.30, and 443 .525 MHz are
moni t ored . Vi si tin g ham s wh o
w ish to take part as a gro up or to
arrange co ntacts fo r specia l events
may reach th e VE7EXPO Amateu r
Radio Society at 202-13640 67 Ave.,
Surrey, BC, Canada V3W 6X5. R-E

ical Co. (1935 Armacost Ave. , Los
An geles, CA 90025).

Exce ss perspirat ion has long
been an aw kward soci al problem.
In electronics and othe r high-tech
nol ogy indust ries it can also cause
profession al pro bl em s-in so me
indu stri es peopl e w ho per spire
heavi ly are bei ng ban ned f ro m
many producti on p o siti on s be
cause t hey present a possibl e
sou rce of co ntaminat io n.

The device, calle d th e Orionic,
consists of two metal plates th at
are pl aced close togethe r but are
insulated from each ot her. A mild
elect ric current passes from on e
pl ate in to t he skin and from th e
skin into the ot he r pl ate. The cur
ren t te nds to inhibi t th e action of
the sweat glands in the ski n, es
sent ially plu ggin g them fo r peri
ods of up to six wee ks.

The Orionic is available by pr e
script ion only.

appe ared in a brochure bearing
th e Motorola logo . That passage in
qu est ion reads: " It is possible to
fo rce th e syste m to exceed th e
FCC bandwidth limits...by a few
dec ibe ls." FCC rul es state that the
t ransmitted signal mu st meet th e
occ up ie d bandwidth sp ecifica
tio ns "und er all possible condi
t io ns of program modu lati on ."

Moto ro la's ty pe acce pta nce,
says Kahn , was based on an ap
pli cati on that shows measu re
ments up to only 75% modulation ,
and at frequencies not exceeding
5,000 Hz. Whil e those measure
ments may account for th e accep
tance of th e M otorola appl ication ,
they cannot possibl y be con sid
ere d t o represent " al l po ssibl e
cond it io ns of modulation ; " broad
caste rs modulate up to at least
100% and to 15 kHz.

Kahn Communi cation s has re-

NO SW EAT with Drionics from Gene ral Med
ica l. That device is claim ed to stop per spira
tion for up to six wee ks.

A device t hat w ill keep people
with heavy sweat ing problem s of
the hands, feet , o r underarms dry
fo r peri od s of up to six wee ks has
been anno unced by General Med-

AM-stereo maker believes
Motorola violates FCC rules

Kahn Co mmunicatio ns, Inc. , a
Westb u ry, N Y manu facturer of
AM-stereo t rans m itte rs and re 
ceive rs, has fi led a co mplaint wi th
t he Fed er al Co m m u n ic at io ns
Co mmissio n, requ estin g an inves
t igati on of possib le vio latio ns of
FCC rul es by th e Motorola Co rpo 
rat io n.

Kahn Co mmunications is a com
pet itor of Moto ro la. A substant ial
number of AM -stereo broad cast
stations in th e Un ited States, Can
ada, and M exico make use of Kahn
equ ipme nt.

The co mpla int was based o n
meas u rem ents of t he Motoro la
equipme nt, w hich showed that it
exceede d t he prescr ib ed band
w idth, and also on a stateme nt that
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TEST EQUIPMENT BONANZA
POWER SUPPLIES LEADER SIMPSON HAMEG W/COMPONENT TESTER

LoG-831 150MHZ 188.00 470 .15% 3~ 123.00 203-6 2CH20MHZ 489.00
B&K GLOBAL 474 .03% 4~ 197.00 204-2 2CH20MHZoLYT.8. 629.00
1601 0-50V.2A $345.00 MAX-lo0A 100MHZ 99.00 KEITHLEY(TEGAM) 605 2CH60MHZoLYT.B. 899.00
1650 2.0-25V.5A,5V5A 350.00 6000 650MHZ 379.00 130A .25% 3~ 125.00 LEADER
TOPW ARD 132F .25%+TEMP. 3~ 235.00 LBO-524L 2CH40MHZoLYT.B. 789.00
2202 0-20. /2. 150.00 132C .25%+TEMP. 3~ 235.00 LBO-5 16 3CH 100MHZoLYT.B. 1.195.00
2203 0-20. /3. 165.00 COUNTERS/UNIVERSAL 135A .05% 4 ~ 245.00
2301 0-30. /ta 150.00 IWATS U
2302 0-30.12. 165.00 TOWARD

BENCH DIGITAL METERS
SS-5705 3CH4 0MHZOLYT.B. 849.00

2303 0-30. /3. 180.00 TFC-1211 100MHZ 270.00 SS-5710 4CH60MHZOLYT.B. 1.179.00
2306 0-30./6. 270.00 TFC-1214 650MHZ 395.00 FLUKE SS-5710O + oVM.COU NTER 1.895.00
2310 0-30./10. 450.00 TFC-1217 l GH Z 490.00 8010A .1% 3'h 249.00 SS·5711 4CH1 00MH ZOLYT.B. 1.599.00
2601 0-60./1. 165.00 VIZ 8012A .1% 3~ 329.00 SS-5711O +o VM,COUNTER 2.370.00
2603 0-60. /3. 280.00 WO·755 125MHZ 255.00 8050A .03% 4 ~ 359.00 SS-5712 4CH200MHZoLYT.B. 2.850.00
2606 0-60. /6. 490.00 WO-757 lGHZ 489.00 BAK DYNASCAN BAK
TOPWARD TRIPLES LEADER 2834 .04% 4 ~TRMS 440.00 1524 2CH20MHZ 649.00
4302 Z. 0-30./2a,5.3. 270.00 LoC-822 80MHZ 319.00 KEITHLEY(TEGAM) 1541 2CH40 MHZ 715.00
4303 2. 0·30./3a 5.3. 325.00 LoC·823S 250MHZ 424.00 169 .25% 3~ 179.00

1564 3CH60M HZoLYT.B. 1.075.00
TOWARD WITH DIGITAL MTR LoC-824S 520MHZ 520.00 179A .04% 4 ~TR MS 399.00 MINI PORTABLES
23020 0·30. /2. 195.00 LoC-825 lGHZ 1.197.00 DATA PRECISION HITACHI
23030 0-30./3. 215.00 BAK DYNASCAN 248R .03% 4~TR MS 339.00 V209 2CH20 MHZ 875.00
43020 2. 0·30. /2..5.3 . 340.00 1805 80MHZ 259.00 2590R .004% 5 ~TRMS 789.00 V509 2CH50MHZoLYT.B. 1,295.00
43030 2.0-30./3a 5.3. 395.00 1822 175MHZ 399.00 248 .05% 4 ~TR MS 379.00 LEADER
VIZ DIGITAL METERS 1851 520MHZ 509.00 SIMPSON LBO-323 2CH20MHZ 1.07900
WP-705A 0-50./2. 330.00 FLUKE 461-2 .1% 3 ~TRMS 220.00 LBO-325 2CH60 MHZoLYT.B. 1.359.00
WP-706A 0-25.12. 327.00 1900A 80MHZ 369.00 463 .1% 3 ~BAT. 189.00 IWATSU
WP-707A 2" 0-25./2. 419.00 1910A 125MHZ 513.00 SS-3510 2CH50 MHZ 1.600.00
WP-708A 2. 20./2a,5.4. 453.00 GLOBAL HITACHI CCTV BAK
WP-709 50r13. ,7.5. 32900 5001 10MHZ 359.00 1420 2CH 15M HZ 698.00WP-711A 0-40. /ta 254.00 VIDICON CAMERAS CRT READOUTWP-712A 0-20.12. 266.00

2. 0-20./1. 349.00 FUNCTION GENERATORS
HV-720/721 175.00 HITACHIWp·713A HV-730/731 225.00WP-714A 2. 0-20./ .75a 5.4. 372.00
NEWVICON CAMERAS

V680 3CH6 0MHZOLYT.B. 1,395.00
WP-715A 0-36. /3. 319.00 TOPWARD Vl070A 2CH100MHZO LYT.B. 1,695.00
WP-716A 2. 0-24./0.5. 369.00 TFG-8101 2MHZ 185.00 HV-725/726 510.00 Vl 100A 4CH1 00MHZOLYT.B. 2.250.00

5.4. 349.00 TFG-8104 2MHZ HV-735/736 599.00 V1150 4CH I50MHZO LYT.B. 2.750.00
WP-717A 0-20. /5. 349.00 AM/FMMOD. 240.00 SOLID STATE CAMERAS STORAGE ANALOG
GLOBAL TFG-8111 2MHZ KP-120 775.00

HITACHI+6 DIG100MHZ CO UNTER KP-130A HIGH RESOLUTI ON 1.249.001300 2.5-18.1.25a,5.1. 109.00 275.00 V134 2CH10MHZ 500lVlMS 1.495.00
1301 21>5-18'/.5a,5.1. 199.00 TFG-8114 5MHZ SWEEP KPC-l00 CO LO R 1.575.00

1302 2.30./1'.5.5. 299.00 +5 DIG100MHZ COU NTER 495.00 MONITORS BAW STOR AGE DIGITAL

POWER DESIGN 5YR WRNTY SIMPSON VM-900 9"/500LlNE 135.00 HAMEG

5015V 0-50./1.5. 450.00 420A lMHZ 189.00 VM-910 9"500Ll NE/RM 176.00 205 2CH20MHZ100KHZ 799.00
4050 0-40./5. 595.00 4200 l MHZ+BAT 219.00 VM-906A 9"/700LlNE 220.00 208 2CHMHZ20MHZ 2.380.00

B&KDYNASCAN VM-129 12"nOOLI NE 289.00 208-1 WITH I EEE 2,860.00
3010 lMHZ 175.00 VM-173 IT'/700LlNE 329.00 BAK

COUNTERS/FREQUENCY 3011 2MHZ+COUNTER 175.00 LENS COSMICAR C MOUNT 2520 2CH20MHZ2MS/S 1.600.00
ONLY 3020 2M HZ+SWEEP 349.00 B1 214oEX-2 121.4 1.4 225.00 LEADER

3025 5MHZ+SWEEP 420.00 C1614EX-2 161.41.4 189.00 LBo-5825 2CH35 MHZ5MS/S 2.690.00
GLOBAL C5018ES-3 501.4 1.4 135.00 IWATSU
2001 100KHZ 149.00 C7518ES-3 751.4 1.4 275.00 OS-6121 100MHZ40 Ms/S 5.550.00
2002 2MHZ 199.00 oS-6121A +GLlTCH CAPTURE 5.950.00
LEADER
LFG-1300S 2MHZ+SWE EP 439.00
LFG-1310 10MHZ+SWEEP 989.00

CAP METER
HANDHELD DIGITAL METERS

ESCORT 3'12 HANDHELD
FLUKE EOC-l 10A 0.5% .1PF-20M F 79.00
73 ,7% 3~ 71.00
75 .5% 3~ 89.00 LCR BRIDGES8060A .04% 4~TRMS 31900

TOPWARD 8062A .05% 4 ~TRMS 265.00 LEADER
TFC-1201 100MHZ 195.00 8026B .1% 3~TR MS 179.00 LCR-740 0.5% NU LLTYPE 339.00
TFC-1204 650MHZ 305.00 8020B .1% 3~ 179.00 LCR·745 0.35% DIGITAL 1.270.00
TFC-1207 1000MHZ 380.00 HITACHI STANDARD BENCH HITACHI WAYNE KERR
SIMPSON 3525 .25% 3~AUTO 64.00 V2 12 2CH20MHZ 489.00 4225 0.25% DIGITAL
710 80MHZ 199.00 DTY 3EA.+ SPECIAL 54.00 V222 2CH20 MHZ 579.00 PASS-H i·LOW 1.350.00
VIZ 3510 .1 3~AUTD 79.00 V223 2CH20MHZOLYT.B. 649.00 4220 025% DI GiTAL 895.00
4WO-754 100MH Z 219.00 DTY 3EA.+ SPEC IA L 67.00 V422 2CH40M HZ 759.00
WO-756 l GHZ 399.00 B&K DYNASCAN V4 23 2CH4 0MHZoLYT.B. 809.00 OK IND. SOLDER STATION
BAK DYNASCAN 2802 .7% 3~ PROBE 49.00 V650 3CH60MHZoLYT.B. 1.019.00
1803 100MHZ 149.00 2820 .4% 4 ~TR MS 297.00 Vl050 4CH100MHZoLYT.B. 1.359.00 SA'3-1 15 VARTEMP. 84.00

ADD FOR SHI PPINGAND INSURANCE
$0 to $2 50.00 $4.50
$2 51.00 to 500.00 S6.50
$50 1.00 to $750.00 $6.50
$751.00 to $1000 $12.50
over $1000.00 $15.00

• Master Cha rge
.VISA. CO D
• Money Ord er

• Check

CALL US TOLL FREE

1-800-732-3457
IN CALIFORNIA TOLL FREE

1-800-272-4225
CIRCLE 126 ON FREE INFORMATION CARD Prices subject to change wi tho ut no tice.

RAG ELECTRONICS, INC. / 21418 Parthenia Street/ Canoga Park, CA91304/ 1-818-998-6500
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• Upsurge for VHS-C. It now appears that
virtually th e entire VHS group will embrace VHS
C, the miniatur e version of th e the VHS standard,
as a weapon against the 8mm-video system
offered by Sony, Kodak, and others. To date,
Matsushita (Panasonic and Quasar), Hitachi,
Mitsubishi, Sharp, Toshiba, and Zenith, as well as
JVC, the developer of both VHS and VHS-C,are
backing the format. The action of that group of
Japanese m anufacturers came in response to
pressure from JVC , which warned that adoption
of th e 8mm format by videocassette recorder
manufacturers would deal a serious blow to the
dominant VHS system.

Sony insists 8mm is the format of the future ,
and that it will eventually replace both VHS and
Beta. The VHS group, on the other hand, sees
8mm as a threat only in the combination camera
recorder, or camcorder, field. The new, super
miniaturized VHS-C camcorder with the added
extended play mode (one hour per cassette) is
their answer.

It will be some tim e before we know which side
is correct. Indeed, the industry continues to
wonder just how big the camcorder market really
is. The VCR came to prominence as the result of
its time-shift and movie-showing capabilities. Its
viability as a home-photography medium is yet to
be proved in the marketplace.

• Movies for 8mm. If 8mm video is indeed
the all-purpose videocassette medium of the
future , as Sony insists, it will need pre-recorded
material. Sony and Eastman Kodak. have long
been wooing the movie people to put their
pr oducts on 8mm, and finally they have met with
some success . Sony has reached agreement with
Par amount Pictures and Kodak with Embassy
Home Entertainment to release some of their
more popular films on 8mm, to retail at about
$30.00.

Although init ial ly there will be relatively few
films available , both film makers have agreed to
r elease more movies in the future , and both Sony
and Kodak are using these new agreements as
pump-primers to lure more programmers into
the 8mm medium.

• Happy VCR owners. In the 10 short years
it's been on sale, the VCR has seemingly become a
household necessity. A new survey by the
Electronics Industry Association ( EIA) asked
2,749 VCR-owning families what they'd do if their
recorders should fail "beyond repair." About 95%
said they'd buy another.

Based on that response, and the responsibilities
to its other questions, the survey indicated that a
large replacement and second-VCRmarket is
developing. Some 37% of all households surveyed
said they planned to buy VCR's in 1986; that
included 41% of non-owners and 32% of those
who currently own VCR's. Some 17% of VCR
owners bought a second machine in 1985. In a
typical week the average household uses its VCR
for 6.1 hours of recording and 9.3 hours of
playback. (Th e playback of purchased or rental
prerecorded videotape accounted for the
discrepency between those two figures.)

About 7% of VCR's receive service in the first
year after purchase, 43% within the first 5
years-i-but 39% of all repairs were made without
charge to the owner, presumably because the
units were under warranty.

Of the VCR's requiring service, head cleaning
was the most common reason (cit ed by 32% of
VCR owners ), followed by repair of the rewind
mechanism (by 15%), head replacement (by 11%)
and audio repair (by 9%).

• Stereo-TV survey. Another survey, this one
by the National Association of Broadcasters,
queried 200 TV stations that are broadcasting
with multichannel TV sound. It found that 74%
were broadcasting network stereo programs,
averaging nine hours weekly; 63 .5% were
broadcasting syndicated stereo programming,
averaging 5.1 hours; and 47% were putting on
their own local stereo programming, averaging
5.6 hours.

On the other hand, the survey found that only
8.5% of stations were making use of the
Secondary Audio Program (SAP), although
another 16.5% said they planned to start using
SAP "in the near future." The most common
application of SAP was for bilingual programming.
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WRITE TO:

ASK R-E
Radio-Electronics
500-B Bi-County Blvd.
Farmingdale, NY11735

BALUN FOR TV RHOMBIC
I am using a rhombic antenna to re
ceive two TV stations. Reception is
good but I believe that it will im
prove if I improve the match be
tween the antenna and my 300-ohm
transmission line. How do you make
a balun that matches a 600-ohm an
tenna to a 300-ohm line?- T. P. l.,
Sturgis, Saskatchewan.

The balun will be a qua rter-wave

COMPOSITE VIDEO FROM RGB
INPUT

Is there a simple circuit for deriving
a composite-video signal from a
computer's RGB output? I'd like to
feed the composite signal into a
VCR.-R. W. l., Pittsburgh, PA.

Th e M C1377 co lo r- t e le v isio n
RGB to PALINTSC enco de r IC from
M ot orol a sho uld give you a good
start. It gene rates a compos ite TV
sig na l f ro m baseb and red , blu e,
gree n, and sync inputs. It is ideal
fo r encodi ng sig na ls f ro m co lo r
came ras and graphics gene rato rs.
It appears that all you mu st do is
provid e a so u rce of co mpos ite
sync signals th at will be combined
w ith th e encode d vi de o to p ro 
du ce the compos ite -video output.

I haven 't located an IC to gene r
ate th e compos ite sync; perh aps a
reader can help. In th e meantime,
yo u mi ght expe riment with using
an o ld TV set as a sync generato r.
Some of th e o lde r tube-type mod
els had exce llent sync separators.
Hor izon tal and vert ical sync sig
nals st r ippe d f ro m an off-th e-air
TV signal sho uld be more than sta
bl e eno ugh fo r yo ur VCR.

For a copy of the MC1377 data
sheet and in formation on th e avail 
abil ity of the IC, w rite to Moto ro la
Semico nductor Products, P.O. Box
20912, Phoen ix, AZ 85036.

FIG.1

stroboscopic markin gs around its
pe ri mete r, yo u' re all set. Other
w ise, cut out the di sc shown in Fig.
1 and mount it o n a piece of stiff
cardboard. O ur disc has markin gs
for RPM's of 33Y3, 45, and 78, and it
can be used in both the U. S. and
Europe, because it co nta ins sepa
rate sets of bands fo r both 50 and
60 Hz.

Ap ply power to you r turn tab le
and hold th e neon-tester near th e
band of in terest. The mar kings on
the disc sho uld appear to be sta
ti on ary, o r very nearly so. Use your
turn tabl e's spee d co ntrol to adjust
speed so that th e markings appear
per fectl y sti ll. That 's all there is to
it!

SIMPLE STROBOSCOPE
Please print the circui t details for a
simple hand-held strobe light that
can be used for checking the speed
of a turntable. Dealers in my area
don' t stock a useful strobe.- R. J. E.,
Delta,OH.

Here's a stroboscope yo u can
throw together in a few mi nutes .
You can use a co mmercial neon
lamp tester or you can assemb le

~ your ow n by wi ring a 220K resisto r
z in series w ith an NE-2 lamp and a
~ 117-volt li ne cord . For co nvenience
f-o and safety, assemb le the compo
w
u:J nents in a plastic tube; the barrel
6 of an o ld fe lt-t ip or ball-po int pe n
~ 'w i ll serve nicely.
a: I f yo ur t ur ntab le h a s
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What is the quickest, tnost
cost-efficient way to service TVs,

VCRs and Iiome cotnputers?
Sams PHOTOFACT and COMPUTERFACTS

The balu n sho u ld be o ne 
quarte r wave lengt h lon g at the de
sired freq uency. Allowi ng for a ve
locity factor of 0.90, th e quarter
wave sect io n w ill be 2656/f inches,
w here f is t he cente r frequency of
th e desired channe l (in mega
her tz). The sect io n w il l be approx 
im ately 41 inches fo r a low- band TV
rhombic , 14.25 inches for a hi gh
band rho mbic, and 4.25 inches fo r
a UHF rho mbic.

If yo u want to bui ld either a sin
gle- or a multi- chann el balun , Fig.
3-b and Fig. 3-c sho uld give yo u a
f ew id eas. Yo u' ll have to u se
spacers of some sort to hold the
conducto rs apart. The spacers can
be cut from any suitable insulatin g
material such as fi be rglass, pol y
styrene sheets, ro ds, or t ubi ng ,
bamboo rods, o r wooden dowels
that have been wate rproofed w it h
seve ral coats of she llac or pol y
ureth ane varnis h. The wires can be
passed th rou gh d r i lled hol es o r
laid in slots cut in the spacers.

The size, weight , and st rength of
the spacers, as we ll as the w ire di 
ameter are in terrelated . Spacer s
that are too heavy can stretc h th e
w ires or cause them to break in
bad we athe r. Simila rly, large diam
ete r co nd uctors w i ll soo n snap
spacers t hat are too ligh t. O ne
good combi natio n is to use 14
gauge w ire for t he cond uctors and
spacers made f rom %-inch dowels
or p last ic rods.

Fo r a sing le -freq ue ncy ba lun,
the d istance between space rs is
not critica l, bu t there sho uld be
enough spacers so that the wires
do not change po si ti o n as t he
t rans m iss ion li ne sways in t he
wind .

A mult i-f requency balun is more
d ifficu lt to bui ld. The space be 
tween the wi res w ill be difficult to
ho ld unless you pu t spacers abo ut
an inch or so apart. Even so, it may
be hard to hol d to an expo nent ial
curve .

So, you may do as one t ransmis
sio n-li ne maker d id in t he ear ly
days when TV statio ns we re few
and far between , and most TV
'viewers were DX'ers. Take a sheet
of acry lic p last ic or po lystyrene
that is abo ut % inch t hick , 6 inch es
wide and 55 inches long. Lay ou t
the expo nent ial curves and anchor
the w ires alo ng them w ith a heavy
application of p lastic ceme nt. R-E

Here's ju st a few of th e
brands covered:
PHOTOFACT
Cur tis-Mathes'P
Magnavo x<!l
PanasonicP
RCA<!l
Sears"
Sony<!l
Zenith"
COMPUTERFACTS
Amdek"
Apple'"
Commodore"
Epson<!l
IBM<!l
Okidata '"
Radio Shack"

ITID
Exp. Date

Zo = 276 log (b 7 a)

w he re b is the ce nter-to-ce nte r
spacing between the conducto rs
and a is the radius of th e conduc
to rs. Also , b and a must be mea
sured in the same uni ts.

To so lve th e eq uatio n , yo u ' l l
need a w ire tab le and a table of
common logari thm s. For your spe
cific case, yo u can use 14-gauge
w ires spaced 11;4 inch apart, or 12
gauge wires spaced 1h inch apart,
10-gau ge wire spaced 2 inches
apart, or Y4-inch tubing spaced 4Y2
inche s center-to -cente r.

Signature (required)

Chec k or mon ey order enclose d. Make chec ks payab le to Howard
\V. Sams & Co. Mail this form with pay me nt to Howard W. Sams &
Co., Dept. DM • 4300 West 62nd Street e Indi an apolis. IN 46268

DM~3 1

Prices subjec t to cha nge wit hout notice.

G~~~~~~~~~~~~~~~~-

I
local electronic distrib utor or computer sto re.

For a complete listin g of Sams PHOTO FACT andI COMPUTERFACTS coverage send $3.00 (produ cI 122505) and

I
you' ll receive a FREE book catalog listing Sams electronic and
computer book s.

I Name _

I Company _

I Add ress _ICily _

I State Zip _

I
I
I
I
I
I
I

section of transmi ssion lin e havin g
a characteri stic impedance equal
to the square root of th e product of
the two impedances it is to match .
In other words,

z, = Y ZAX ZL

where ZB is the impedance of th e
balu n, ZA is the impedance of th e
antenna, and ZL is th e impedan ce
of the line to the TV set . So :

Zs = Y 300 x 600 = 42sn
The character istic impedan ce

(Zo) of an ai r-insulated (open
wi re) parall el-conductor l ine is :

• CAD-G enerated Schematics - our computer
aided desi gn syst em gives you clear, rea da ble
data in Sams Standard Notation format.
Grid'Irace" - a "roadma p" grid in our circuit
board photos for easy pa rts locat ion and
identification .
Circul'Irace" - helps to pinpoint circuit
location sav ing tr ackin g time .'

• Troubleshooting Ti ps - solve probl em s
witho ut tri al and error.

• Easy-Read Wavefor m s - clear reprodu ctions
To order call of actual waveform photos show you exactly

800 428 SAMS wh at your test waveform shou ld look like .
- - • Repla cement Pa r ts Cross References - save

Ask for operator 831 costly and time- consuming trial and error.
In Indiana call 317-298-5566
At $9.95 for PH OTOFACT and $19 .95 or $39.95 for COMPUTERFACTS you receive
all the data needed to service your equipment .

For 40 years, Sams PHOTOFACT has been the preferred source for television
service data. Today, Sams is the preferred source for VCR, computer, and computer
peripheral service data . Wh y? Because Sams service da ta is accurate, re liab le ,
provided in a consi stent format, and available at a very reasonable price . With mo re
than 150,000 different mode ls, you can depend on Sams to have th e service data
you ne ed .
Sams wo rks from actua l production models, disassembling each uni t and testing
eac h boa rd . Every component locat ion , every circuit track, and ever y wave form is
checked and rec hecked . Sams exclus ive time-saving features let you do repairs
quick ly, wit ho ut guessing:
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INTERSTATE™BY FOX

RADAR DETECTOR LETTERS
; ,'rr :;,\; 'W' IU;;'7 \ '
J.;}it;} \'}-.~''';~.:'

.:n:/T!!?p,";r"-: :Y
;·7 : ; ' 7 S~J

Toll-Free: 1-800-328-0609

Credit card customers can order by phone,

24 hours a day, I001.
7 days a week . l!!!!! VISA' 1 Mo.~Card , ~e:::.RE5S

L£TT£R.S
iRA()IO-£I..eCrkONIC$
500-a tJ/-COtlNTY I!JO(/l..E.VAkO
rAkMINGDAl.e, NY 117.3$

scruti ny and fu rt her researc h has
led me to some very bas ic d is
agree me nts w it h the author.

If the cosmology described is in 
deed a t rue representation of real
ity, t hen several quest io ns arise :

1. If the edge of the uni ver se is a
perfect reflector, and if t he sum
to ta l of the background f lux in the
universe gives ri se to t he back
ground microwave temperature of
30 K, then, because of the multi
tude of f usion and fiss ion reac
tions in t he universe at all times,
t he backgrou nd t em p e r at u re
shou ld be increas ing . No ev i
dence of that rise in temperature
can be prove n at t his time.

2. Wh ich type of mo nopole does
the circuit described in the art icle
measure? There"are two k nown
types of monopoles: positive and
negative . Due to the ali gnment of
C1 in the input , the circuit detects
posit ive monopoles.

The basic flaw in Mr. Hodo
wanec's theory is that, because he
has chosen an inverti ng circu it,
the output is 180 degrees out of
phase with the input. He is, the re
fore , act ua lly measur ing " ant i 
rhysmons. "

After bui lding t he device and
performing rigid tests, t he data
was exami ned by severa l co l
leagues and me. The data was as
described in t he article . However,
when two such circuits were built
and placed som e distance apart,
and the two outputs were exam
ined on a dual-trace oscil loscope,
the modu latin g waveforms w er e
not the same. That indicates that
Hodowanec's measurements were
off, and t hat the monopole gravita
t ional waves are in a much smaller
grid pattern than he described .

Those f ind ings, along with the
work done in Roh nert Park and

GRAVITY WAVES

This letter is in response to the
article, "AII About Grav ity Waves,"
by Gregory Hodowanec, in the
Apri l 1986 Radio-Electronics. I read
that article with in terest. Careful

nSLA SYMPOSIUM

Th is is to , inform yo ur readers
that t he 1986 Intern at ion al Tesla
Sympos i u m wi l l co mme mo rate
the 100th an niversa ry of Niko la
Tesla's f irst U. S . pate nt; the patent
was for an electric arc lamp. The
symposium wi ll provide a forum
for t he review and exc hange of
ideas pertai ning to the many con
cepts that Tesla deve loped and
pate nted. Topics to be discussed
incl u d e : Tesla's l if e and times;
electromag netic theory; t he tes la
coi l and high -vol tage power-sup
ply design ; electric power genera
tion and transm issio n; radio and
telecom m unications; l igh tn in g,
weather and geop hys ical phe
nom en a; ball li ght n ing ; nucl eu r
fusion co ntai nment; Tesla turbine
tec hno logy; cur l-free magnet ic
vecto r potential (the abi lity to pen 
etrate Faraday-sh ield ed systems;

.see "Gravity Waves?" in the April
1986 issue of Radio-Electronics for
more in fo rmati on ); Ampere-Ne u
man n t heory of cond uct ion in
metals; aerospace and defense ap
p l ications; socia l impli cati ons of
Tesla technology.

The sympos ium wi ll be held
from July 30 to August 3, 1986 at
Co lorado College , Colorado
Springs, CO. For add it ional infor
mat ion contact The Internat ional
Tesla Society, 330-A West Uintah
Street, Su ite 215 , Co lorado
Springs, CO 80905-1095 .
TOBY GROTZ, CHAIRMAN
1986 Internationa l Tes la Sym
posium

~ Your chec k is welcome!
No delays in orders paid by check.

Sales outside the 48 co ntiguous states are subject to
_ '!p~a.!.:~d~~I!!se~al~ ~t!.!.o ~q~e.:- _ _

C.O.M.B. Direct Marketing Corp . Item H·1373
14605 28th Ave. N.lMinneapo lis, MN 55441-3397
Send _ Radar Detecto r(s) Item H-1373- 2999-001 at $119
each plus $3.75 each for shipping. handling. (Minnesota
residents add 6% sales tax. Sorry, no C.O.D. orders .)

o My check or money order is enc losed. (No delays in
processing orders paid by check, thanks to TeleCheck .)

Charge;0 VISA~ 0 MasterCard ,~: 0 America n Expresse

Acct. No. Exp.-L
PLEASE PRINT CLEARLY
Name _

Address _
City _

State ZIP _ _
Phone-'-__L- _

Sign Here _

Super sen sitive! Alerts you to
radar up to 5 miles away!
• SENSITIVE! Proven in lab tests to be as

good or better than Escort, Cobra and
Whistler models costing up to twice as
muc h!

• COMPACT! Just 31,4" X 1V2" x 31,4".
• HIGHLY SENSITIVE! Superheterodyne

circuitry.
• MORE RANGE! Detects fringe signals

and hand-held pulse radar.
• HIGHLY SELECTIVE! False alarms are

reduced by narrower band wid th, video
signal processing and built-in dielec
tric lens.

• DOUBLE ALARMS! When radar is
detected, it triggers a red LED light and
a buzzer.

• LOUD ALARM! Can be heard above
traffic noise.

.3-WAY SWITCH ! For off, city, long
range highway use.

• CONVENIENT! Plugs into your cigar
ette lighter.

One-Year Limited Factory Warranty.
(Offer void where prohib ited by law.)

Mfr. List: $239.95 $119
Liqu idation Price . .
Item H-1373 -2999-001 Ship, hand ling: $3.75
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3V2 Digital Multimeters
FEATURES • DC Voltage 100 uV - 1000 V • AC Voltage 100 uV - 750 V· ACIDC Current
200 uA - 10 Amps • Resistance20 Megohms • Capacitance (DVM 636/638) 1 pF - 20 uF
• Overload Protection • Auto-decimal LCD readout • Polarity indication. 300 hour
battery life with 9V transistor battery • Low battery indication

• 0.5% DC Accuracy
• Highest Quality
• Highest

Perform ance
• Lowest Prices

SCOPE
HAND-HELD DIGITAL

CAPACITANCE
and

MULTIMETERS

8 functions, 37 ranges.
Capacitance measurement
included.

Model DVM·636

$627511 functions, 38 ranges .
Includes logic level detector,
audible visual continuity,
capacitance and conductance
measu rement. '

Model DVM·638

$7995
7 functions, 32 ranges .
Transistor measurement
included.

Model DVM·634

$48 75
Model DCM·602

$6995
3V2 Digit Capacitance Meter
8 ranges with full scale values to 2000 uF
FEATURES • Broad test range - 1 pF to
2000 uF • LSI circuit provides high
reliability and durabi lity. Lower power
consumption • Crystal time base
• Protected from charged capacitors
• Frequency range - 800 Hz to 8 Hz

260 Motor Parkway, Hauppauge, NY 11788

ASK FOR FREE CATALOG.
Money orders, checks accepted . C.O.D,'s requIre 25% deposit. ..rz
~o.dharn Toll Freer' • I 800-645-9518

InNY State 800·832·1446

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

FOR ORDERS ADD
S25-S 100 _ S450
S101 -5250 .. .. S600
S251 -500 .. .... S8.00
S501-750 SlO.50
575 1-1.000 .. . .. S12 .50
51 .00 1-1500 516.50
51.50 1-2000 S20.00
52 .001 a nd up 52500
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Who Developed
NutrlWheat? Dr. Arnold
Spicer a world renowned

research scientist , educator ,
author, lecturer and one of

the most esteemed inven-
tors of our time . His cause

is to improve our way of
life with better nutr ition ,

solut ions for obesity , and
solutions for common

health threats .
His long list of

achievements include :
development of artificial blood plasma, artificial glycerine

and a quinine substitute . He was also a major contributor to
the NASA food for space program , and patented the impor

tant process of converting starch to protein in order to fight
malnutrition in the third world .

NutrlWheat represents the achievement of Dr. Spic er's
goal to return to basic, time-tested nutritional truths and

marry man's physiology to the finest food available today .

The NutriWheat™
Diet Program: A
Rational and Extremely Effective
Program for Weight Loss and
Management.
NutrlWheat is 100% Natural High Protein and Fiber Food developed by one of 4 Famous
Food Research Technologists chosen by NASA to develop Food for the Space Program.
The NutrlWheat Diet Program Succeeds For Several Reasons:
• It's easy not to cheat. Because it's made with expanded high-fiber whole wheat, it will fill you up without

filling you out. Hunger won't be a constant temptation. l

• You will not stop eating, but will -start eating in a smart, balanced way - a way that will help you arrive at
your perfect weight and stay there forever.

• The program will satisfy your basic nutritional, physical and appetite-related psychological needs, including
the need for variety, for biting and crunching - even for snacking . NutrlWheat has been called the
"ultimate munchy" - a crunchy, tasty snack food that's actually good for you!

• Not only is NutrlWheat wholesome - it's delicious! It's low in sodium, contains no sugar , and comes in
six flavors: apple cinnamon, sour cream and onion , original (malt), chocolate , peanut, and barbeque .

• The program is natural and safe - you can stay on it as long as it takes to meet your weight loss goals,
and then continue to eat NutrlWheat as a wholesome lifetime snack food.

• Spicer's MicroBalance Supplement was uniquely
formulated to contain an optimal balance of all
essential micro-nutrients makes this program
nutritionally complete .

• The Diet: The program was des igned for the dieter to
set a weight reductio n goal, then progress toward it at
a safe pace which is in tune with his or her size,
metabolism and nutritional requirements. When you're
ready to start, all you do is replace two of your three
meals with one 1 oz. pack of NutrlWheat. Your third
meal should be selected from the suggested meal plan
provided , all of which contains approximately 800
calories . Depending on your body size and metabolic
rate , it may be advisable to take more or even fewer
NutrlWheat packs than the daily suggested two. A
300 lb. ex-linebacker will obviously require more
NutrlWheat than a slightly overweight ballerina . By
all means , if you become hungry, have another pack.

(It is impo rtan t that anyon e wishing to start a diet program consult his or her ph ysician .)

SEND bp 260 Motor Pa rkwa y , Hauppauge , NY 11788ORDER TO:

o Please send me Case(s) of NutriWheat (2 week supply 34
packages) at $49.95 per case.

Add $4 .50 shipping charge for each case. Total

o Please send me Bottle(s) of MicroBalance Supplement
(1 month supply) at $19.95 ea.

Add $1.00 shipping charge for each bottle. Total

o My Check or Money Order Is Enclosed.

o Charge My Credit Card o Visa o MasterCard o Amex

Card #

Signature Exp. Date

Telephone: ( )

Name

Address

City State Zip

Phone Orde rs Ca llToll FREE out of state 800-645-9152
NYS Toll FREE 800-832-1446 ext. 42
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TPI
MODEL SP1000

SWITCHABLE X1-X10
100 MHz

TiE T
PROBES, INC.

CIRCLE 111 ON FREE INFORMATION CARD

1..800426..1044
Full money back guarantee . -=- I~I

Pictured with optional printer \.. - 'X..._./

Learn micro -processing with the new

Students, engineers or technicians
upgrade your micro-processing skills
with th e new Mic ro -Professor IP.
The MPF-IP features:

• extensive softwa re suppo rt
• more built-in memory
• improved keyboard
• larger display

Three tu tori al guides help cover all
capabiliti es. The ideal tr aining too l!
MPF-IP will deliver you int o the growing
world of micro -processing. Invest now!

Plus-FREE GIFT Only $199.95
o Check this box for fREE~
Z..8O Microproc esso r ~I
Pr ogramming and
Interfacing textboo k When_~

you orde r within 7 days. ~_ Dept. RE0886
$16.95 value. (Include 5326 9th Ave. N.E .
$7.50pn, tuge & Sea ttle. WA 98105-3617

hundllOP6r immediate action call TOLL FREE:

Your Probe Specialists
COLINE U.s . SALES & STOCK ING SOURCE

P.O. Box 2113, LA JOLLA, CALIFORNIA 92038 (619) 459-4197

FOR FAST RESPONSE CALL

800-368-5719
In Calif . 800-643-8382

TPI offers equivalents
to all makes of probes including
modulars, at savings up to fifty percent.
TPI probes compensate to all scopes.
Slender, flexible cables are easier to handle
yet more durable because of the ir unique center
conductor. Performance is guaranteed .

• The ultimate non-lethal defense
weapon.

• In five seconds can immobil ize your
attacker, even through heavy clothing.

• Dischar~es over forty thousand volts
of electricity from a nine volt nickel
cadmium battery.

• $39.95, Mass 5% sales tax, $3.00
shipping and handli ng.

1-800-522-2636
FOR ORDERS ONLY

617-871-5611
FOR INFORMATION

z•EQUALIZER

Santa Ro sa by Professors Fran k
Nance, Brian Ekias, Jay John son ,
and John Macri sup po rt t he hy
poth esis t hat, in o rde r to prove
Hodowanec's theori es, not only
must the logical complem ent be
proven , but th e ent i re co nce pt of
1/f noise must be disproven with
out any doubt.

Further thou ght leads to t he
idea that gravitational waves can
be t ransmitted and that they can
be modulated to produce intel
ligent sig nals in stantaneously at all
places in the universe at any time.
That would solve many of today's
communication s problem s and
would open up an area of inter
gala cti c monopole gravitat io nal
wave propagation th eory. Among
the questions to be di scussed are :
what would the antennas look
like ? What kind of attenuation
takes place at various d istances
from the antenna? The ante nna, of
course, would be called a " M o
nopolic Rhysmonic Gravitational
Wave Transducer."

I hope that my research has shed
some light on the wei ghty topi c of
gravity waves. Remember that th e
d ifference between brilliant and
crazy is often no more than the
Nobel Prize.
JIM STERN
Petaluma, CA

While rhysmonic cosmology
does not deny that the microwave
background temperature of the
universe could increase (or de
crease) in time, it should be re
membered that in term s of
rhysmonics that radiation pro
cesse s in the universe are 1) rever
s ib le to some extent, in that
radiation could create new parti
cles and thu s "freeze" some radi
ant energy back into mass, and 2)
electromagnetic energy " d e 
grades" to a cooler temperature in
the process of propagating in this
universe. Therefore the universe
could reach an equilibrium state
and rema in there for eons .

Simple audio stereo-type tests,
using two detectors (operating un
der sim ilar e lectrical co ndi tions )
will demonstrate a large m easure
of correlation between the detec
tors. Since the detectors have a
fine " p e n c il- w id th beam re
sponse , " they can detect other
effects when widely sp ace d. A

continued on page 20
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CIEMAKES THE
ORlDOf

ELECTRONICS
YOURS.

City State Z ip _

Pr intNamc --'---- _

>c
G>
c
~

19RE-42

Apt. _

Age _ _ AreaCode/P hone No . _

Check box for G.I . Bulletin on Educational Benefits
o Veteran 0 Active Duty MAILTODAY!

OR CAI.1 TOI.1 FREE

1-800-321-2155
(In Ohio, 1-800-523-9109)

Address _

with what youknow, a little or a lot, and yougo
whereveryouwant, as far as youwant. WithCIE,
youcan evenearn your AssociateinApplied
ScienceDegree in Electronics Engineering
Technology. Of course, youset yourownpace,
and, ifyoueverhavequestions or problems, our
instructorsare only a toll-freephone call away.

The first step is yours.
Tofind out more, mail in the coupon below. Or, if
youprefer, call toll-free1-800-321-2155 (in Ohio,
1-800-523-9109). We'll send a copyof CIE's
schoolcatalogand a completepackageofenroll
ment information. For your convenience, we'll
try to havea representative contactyou to answer
yourquestions.

C IE Cleveland Institute of Electronics
1776East 17thSt.. Cleveland . Ohio 44114

YES! I want to get started . Send me my CIE school catalog including
details about the Associate Degree Program . I am most interested in:
D computer repair D television/high fidelity service
[J telecommunications D medical electronics
[J robotics/automation D broadcast engineering

D other _

I oday's world is the world ofelectronics.
Tobe part of it, you need the right kind of

training, the kind youget from Cleveland
InstituteofElectronics, the kind that can takeyou
to a fastgrowingcareer in business, aerospace,
medicine, science, government, communica
tions, and more.

Specialized training.
You learn best from a specialist, and that's crn.
We'rethe leader in teachingelectronics through
independent study, we teach only electronics and
we'vebeen doing it for over50 years. You can put
that experience to work for youjust like more than
25,000CIE studentsare currently doing all
around the world.

Practical training.
You learn best with practical training, so CIE's
Auto-Programmed" lessons are designed to take
youstep-by-step, principle-by-principle. You also
get valuablehands-on experience at every stage
with sophisticatedelectronics toolsCIE-designed
for teaching. Our 4K RAM Microprocessor
TrainingLaboratory, for example, trains you
to workwith a broad rangeof computers in a
waythat working with a single, stockcomputer
simply can't.

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



• PLEASE ADD FOR SHIPPING AND
INSURANCE

-ONE YEAR WARRANTY

-QUANTITY LIMITED

more definiti ve co rrelation experi
men t can be performed with two
detectors, A and B and a CMOS
sw i tch . The switch is used such
tha t detector A is switche d on by a
p ulse fro m detector Band vice ver
sa. The outputs are fed to a dif
fe re nce amplifie r. Under such
conditions, f u ll co r re latio n b e
tween the 11f signals wo uld result
in no o utpu t fro m th e differen ce
detector. In p ractice, so mewha t
less than full co rrelat io n is seen
due to th e extreme resolution of
the detectors, and th e highly ran
dom nature of the gravity waves .

Gravitational sig nal com m un ica
tions are closer th an yo u think.
Feasi bility on a laboratory scale
has already been dem onstrated by
the author. -Gregory Hod owanec

EGO BUSTER

Th e Ap ri l 1986 issue of Radio
Electronics wa s an ego buste r. I
think I was had three tim es. A lways
likin g physics, I read t he ar t icl e
about gravity waves with great in
te rest , beca use t he id eas di s
cussed there seemed in lin e with
rumors abo ut t ransmitting signals
w ith curved t ransmissio n patte rns,
and ot he r rum ors abo ut high-volt
age capac itors (w it h electro n ic
b leeder circuits) that re-charge to
a hi gh vo ltage after b ein g di s
charged. Th e ex p lanat io n of th e
latter p he nome no n is d ie lect r ic
absorpt io n (DA), tru e cap leakage,
and the effect th at the sea of 60-Hz
'elect romagnet ic waves we live in
has on the plates of th e capacito r.

The art icle about co-photon ab
sorption at f irst had me un til I re
m ember ed my bl ow-up-th e-uni 
vers e theory, w hic h states that if
ligh t has in f ini te mass, the n if yo u
co uld stop li gh t dead in its tracks,
yo u co uld release in fin ite ene rgy.
O ne co uld poi nt to black hol es,
but to learn the hi sto ry of astrono
my you see that it has bee n been a
co medy of erro rs as fo rmulae we re
deve loped to d escribe th e mo
t ions of the stars and the planets.

O ur universe is amazing and I
bel ieve tha t the universe has a me
dium faste r than light .

Thin kin g abo ut gravity was inter
est ing. Force = M ass x Acce le ra
t io n. P = I x E, P = 12 R, E = MC2 .

It 's t ruly amazing .
W. WEST
M inneapolis, MN

MDM-1182

~
$5395

MEGURO
MADE IN JAPAN

MDM-1181

~
$659 5

3V2-DIGIT AUTORANGING
MULTIMETERS

FEATURES:
-Automatic and Manual Ranging Selectable
(except current measure .)

-Large and High Contrast LCD
-Custom and Power Saving ICs:
500 hours on just two AA-Batteries

-Accuracy (DC Volt) : MDM-1181 0.1%,
MDM-1182 0.25%, MDM-1180 0.7%

-Data Hold Function (MDM-1182 only)
-9 Measurement Functions
-2 AA-size Batteries, Safety
Measurement Leads and Fuse Included

HI-SHURE CORP.
TOLL FREE 1-800-222-7798

1050 E. DOMINGUEZ ST.
CARSON, CA 90746

(213) 637-1863 REB

MDM-1180
~4

$399 5

$39 .00-$250 .00: $4.50/$251 .00-$600.00: $6.50
$601.00-$750.00: $8.50/$751.00-$1,000.00: $12.50
$1,000 .00 and more: $15.00

• WE ACCEPT ONLY MONEY ORDERS OR
CHECKS TO SAVE YOUR COST.

• PLEASE ADD 6.5% FOR TAX (CA ONLY)
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103 PROJECTS FOR ELECTRONICS EX
PERIMENTERS . Soft cover; 308 pages of
practical, proven plans for the electronics
hobby ist...circuits , converters, amp lifiers,
synthes izers , optoe lectronics , power sup
plies and more. Written and designed by For
rest M. Mims, III. 12491 $11.50plus $1postage
in USA. ELECTRONIC TECHNOLOGY TO
DAY INC., PO Box 240, Massapequa Park,
NY 11762-0240.

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $745 .00 per each insertion.
• Reaches 229,044 readers.
• Fast reader service cycle .
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge .

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available . Mail materials to:
mini-ADS, RADIO-ELECTRON ICS, 500
B Bi-Co unty Blvd ., Farmingda le, NY
11735.

THE MODEL WTT-20 IS ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to Y4 mile range. Adjusta
ble from 70-130 MHZ. Complete kit $29.95
+ $1.50 S + H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 241-2827.

CIRCLE 127 ON FREE INFORMATION CARD

VlDS)

SCI'lAMBl.IG

TEQHOUES

SUBSCRIPTION TV MANUAL. This infor
mation packed book detai ls the methods
used by subscript ion TV companies to
scramble and descramble video signa ls.
Covers the Sinewave, Gated Pulse, SSAVI
system, and the methods used by most cable
compan ies. Includes circuit schematics, the
ory, and trouble shooting hints. Only $12.95
plus $2.00 first class P&H. ELEPHANT
ELECTRONICS, INC., Box 41865-R, Phoe
nix, AZ 85080

CIRCLE 120 ON FREE INFORMATION CARD
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, GATED PULSE DESCRAMBLERS, on ly
$169. ZENITH SSAVI $169 each. Recondi
tioned orig ina l equipment for UHF chs .
27,48,51,60,etc.Quantity discounts. Satellite
equipment. Surplus TV equipment: N-12,
SB-2, SB-3, Hamlin 1200, auto on/off, con
verters , amplifiers, etc. Catalog $1. SSAVI
modification/troub leshoot ing handbook
$6.50 ppd.Satisfaction guaranteed. AIS SAT
ELLITE, INC., P.O. BOX 1226-R, Dublin, PA,
18917. 215-249-9411 .
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NEW JERROLD CS 68 CHANNEL CABLE
TV CONVERTER with volume control & de
scrambler loop (Port). Programmable clock
turns TV on/off & changes channel. Audio
mute kills commercia ls. Programmable chan
nel scan. Instant channel recall. Automatic
fine tuning with manual override. Video & au
dio outputs . Friend ly to all descramblers.
Specify output. 1 year warranty. $139. (Intro
ductory offer) Free delivery. (Dealer Inquiries
Invited) 514-739-9328. CROSLEY ELEC
TRONICS, Box 840, Champlain, N.Y.12919.

CIRCLE 198 ON FREE INFORMATION CARD

MICROWAVE ANTENNAS $69.95. Now in
cluding shipping and Lifetime warranty. We
Repair all types of Downconverters. Cable
Converters and equipment available! Jerrold
400 wireless Convertor $72.95 plus shippng.
Coax cab le, T.v. parts, accessories, con
nectors, T.V. amplifiers. Write for free catalog I

or call for prices. BLUE STAR IND., Dept.
105-RE8-86, 4712 Ave. N, Brooklyn, N.Y.
11234 (718) 338-8318 Ext. 105.

CIRCLE 85 ON FREE INFORMATION CARD

SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 + '
$1.50 S + H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 241-2827.
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B +K Dynascan TTL Ie
Tester

Test TTL ic»in circuit.

CIRCLE9 ON FREE INFORMATION CARD

THANKS TO AN EXC IT ING NEW DEVI CE

fro m B+ K Dynascan (6460W. Cor
t land St., Ch icago, IL 60635), the
prayers of t ho se that regu larly

troub leshoot and service dig ital
equipment have just been an

.swered . That new device is the
model 550 TTL IC tester, a com -

pact , easy-to-use hand-he ld in 
strument that can also serve as a
20-p in logic mo nitor. It is capab le
of test ing, in ci rcuit, most 54- and
74-ser ies TTL devices includ ing
standard TTL, Schottky, low power
Schottky, advanced Schottky, ad
vanced low-power Schottky, hi gh
speed, and FAST fam i l ies . Th e
mode l 550 has a retail price of
$395.00.

When used as a logic mon itor,
the unit indicates the logic state of
each pin of a TTL IC with 20 or
fewer pins . A logic high is indi
cated by turn ing on an LED; a logic
low is indicated by turning off an
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InstrumentahonProducts DIVlS(ll'l. BecVNn InclllStNi I CorpOli bon . ASu~ry ofEmerson E~nc C~ny
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o BP125-2s SIMPLE AMATEUR BAND ANTENNAS.....$s.OO. All are inexpensive
to build, yet perform well. Diodes, beams, triangle and even a mini rhomb ic.

o BP33-ELECTRONIC CALCULATOR USERS HANDBOOK.....$s.OO. Invaluable
book for all calculator owners. Tells how to get the most out of your calculator.

o BP 128-20 PROGRAMS FOR THE ZX SPECTRUM & 16K ZX81.....$s.00. Pro
grams to run. Programs to have fun with. Even programs that will help you learn to
write program s.

o BP36-s0 CIRCUITS USING GER MAN IUM, SILICON & ZENER 01
ODES .....$3.7s . A collection of useful circuits you'll want in your library.

o 16ll-COIL DESIGN & CONSTRUCTION MANUAL.. ...$s.OO. How the hobbyist
can build RF, IF,audio and power coils, chokes and transformers. Covers AM, FM
and TV applications.

0. BP37-s0 PROJECTS USING RELAYS , SCR' S & TRIACS.....$s,OO. Build pri
orit y indicators, light modu lators, warning devices, light dimmers and more.

o 206-PRACTICAL STEREO & QUADROPHONY HANDBOOK.....$3.00 , A refer
ence book for all interested in stereo and multichanne l sound reproduction .

o BP39-s0 FET TRANSISTOR PROJE·CTS.....$4.s0. RF amplifiers, test equip
ment, tuners, receivers, tone controls, etc.

o 214-AUD10 ENTHUSIAST' S HANDBOOK.....$3.s0 . Explains record/playback
curves, sty lus compliance, how we evaluate loudness, how compatible is compati
ble, and more.

o BP42-SIMPLE LED CIRCUITS.....$4.2s. A large selection of simple applications
for this simple electronic compon ent.

I

o 219-S0LID-STATE NOVELTY PROJECTS.....$3.s0. Fun projects include the
Optomin , a musical instrum ent that is played by reflecting a light beam with your
hand, and many more.

o 222-S0LID STATE SHORT WAVE RECEIVERS FOR BEGIN NERS .....$4.s0.
Modern solid-state circuits that wiil deliver a fairly high level of performan ce.

o BP43-HOW TO MAKE WALK IE TALKIES.....$s.OO, Equipment for low-power
hand-held or portable operation .

o BP45-PROJECTS IN OPTOELECTRONICS.....$5.00 . Includes infra-red detec
tors, transmitters , modulated light transmission and photographic applications.

o BP126-BASIC & PASCAL IN PARALLEL.....$4.2s . Takes these two program
ming language s and develops programs in both languages simultaneously.

o BP46-ELECTRONIC PROJ ECTS FOR BEGINNERS.....$5.00. A wide range of
easily completed projects for the beginner. Includes some no-soldering projects.

I
o 224-50 CMOS IC PROJEC TS.....$4.s0 . Include s sections on multivibrators,

amplifi ers and osci llators , trigger devices, and special devices.

o 225-A PRACTICAL INTRODUCTION TO DIGITAL IC'S .....$4.2s. Mainly con
cerned with TTL devices. Includes several simple projects plus a logic circuit test
set and a digital counter timer.

o BP49-POPULAR ELECTRONIC PROJECTS.....$4,75. Radio, audio, household
and test equipment projects are all included.

o BPs1-ELECTRONIC MUSIC AND CREATIVE TAPE RECORDING.....$5.00.
Shows how you 'can make electronic music at home with the simplest and most
inexpensive equipment.

o 226-HOW TO BUILD ADVANCED SHORT WAVE RECEIVERS.....$s .OO, Full
practical construct ion details of a numb er of receivers are presented.

o BPs6-ELECTRONIC SECUR ITY DEVICES .....$s .OO. Includes both simple and
more sophisticated burgl ar alarm circuits using light , infra-red, and ultrasonics.

o 227-BEGINNERS GUIDE TO BUILDING ELECTRONIC PROJECTS..,..$s.OO.
How to tackle the practical side of electronics so you can successfully build
electronic projects.

o BP6-ENGINEERS AND MACHINISTS REFERENCE TAB LES .....$2.00 , Screw
thread data, drill sizes , circle division , angles, tapers and more.

o 123-FIRST BOOK OF PRACTICAL ELECTRONIC PROJECTS.....$3,75. Proj
ects include audio distortion meter, super FET receiver, guitar amplifier, metronome
and more.

o BP24-s2 PROJECTS USING IC 741.....$4.00. Lots of projects built around this
one available IC.

o BPs9-SECOND BOOK OF CMOS IC PROJECTS,..,.$4.2s. More circuits show
ing CMOS appl ications . Most are of a fairly simple design .

o BP72-A MICROPROCESSOR PRIMER .....$4,sO.We start by designing a small
computer and show how we can overcome its shortcomings.

o BP76-PRACTICAL COMPUTER EXPERI MENTS.....$4,sO. Construct typical
computer circuits using descret logic to form a basic understanding of how comput
ers function.

o BP91-AN INTRODUCTION TO RADIO DXING.....$s.OO.How you can tune in on
those amateur and commercial broadcasts from around the world in the comfort of
your home .

o BP32-HOW TO BUI LD YOUR OWN METAL & TREASURE L O
CATORS.....$s.OO. Electronic and practical details on the simple and inexpensive
construction of hetrodyne metal locators.

o BP94-ELECTRONIC PROJECTS FOR CARS AND BOATS.....$s.OO, Fifteen
simple projects that you can use with your car or boat. All are designed to operate
from 12-volt DC supplies.
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Number of boo ks ordered D
Total Price of Books , ,

Add ress _

Name _

ELECTRONIC TECHNOLOGY TODAY INC.
P.O. Box 240, Massapequa Park, NY 11762-0240

Sales Tax (N Y State Residents) " _,
* Sh ipp ing in U .S. onl y

City State Zip ($1 .00 1st two boo ks , 40 c ea addi tio nal) ,

1 *Canadlan Shipping ($1.50 1st two books 50c ea. additional) TOTAL ENCLOSED , . $, _
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AT LEADING ELECTRICAL/ELECTRONICS DISTRIBUTORS

FULL FUNCTION DMMs WITH THESE MOSTWANTED FEATURES ...

power from th e circuit in which
th e IC to be tested is located . Con
nections are made to +5 volts and
ground via perm anently attach ed
red and bl ack test cl ips, respec
tively. If th e power exceeds + 5
volts, o r the pol arity of th e con
nections is reversed , th e tester will
not turn o n.

The advantage of that power set
up IS, since there are no batt eries,
th ere are no dead-battery prob
lem s to deal with. However, th ere
is a down side . The tester's current
requirements are low, on th e order
of 125 mA , but th ere may be in
stances w he re th at draw exceeds
what th e circui t-under-test 's al
ready-loaded power supply can
provide. The only recourse th en is
to hook a second +5-volt supply
in parall el with th e first. On a
bench, th at should pre sent little
more than an inconvenience . In
th e field , it might turn out to be an
impossibility. Fortunately, unless
you are dealing with a poorly-de
signed ci rcu it o r system, situat ions
wh ere power supplies are taxed so
severl y do not come up often.

Using the tester
Assumin g th e IC follows the

convention of Vee at the last pin of
the second row (i.e. pin 14 in a 14
pin DIP, pin 18 in an 18-pin DIP,
etc.) and ground at the last pin of
th e fi rst row (i.e. pin 7 in a 14-pin
DIP, pin 9 in an 18-pin DIP, etc. ) set
up is asimple procedure. Just con
n ect th e t ester to power and
ground and attach th e appropriate
IC clip to th e IC to be tested.

Two suc h IC cl ips are provided .
One is fo r use with lC's of 20 pin s
o r less; th e oth er, whi ch is es
pecially des igned fo r use in close
quarters, is for lC's of 16 pin s or
less. I n eve n cl o ser qu arters ,
however, it is possibl e that neither
cl ip will serve. The manufacturer
h as p rovid ed in t h e manual
(w hich, in cid entally, was very well
done) a so u rce fo r compatibl e
clips for those in stances. Next , se
lect th e appropriate package type
(14, 16, 18, o r 20) usin g th e row of
pu shbu tt on s located at th e bottom
of th e fro nt panel. Then press the
TEST sw itc h. If th e GO O D LEDlights,
you can proceed wit h th e testing.

Note th at a GOOD indication at
that stage (before a reference IC
has been placed in th e tester)

4V2 Digit 474rM
.03% Basic DC Accuracy
$219

V' Large , Easy-to-Read LCD Display
V' High Impact ABS Case
V' 2-Way Tilt Stand
V' Extended Battery Life
V' UL Recognized Test Leads
V' Full Line of Optional Accessories
V' Full Simpson Warranty

indicato r li ghts. Otherwise, indi
vidual LED indicators light to show
th e user which pins do not match .

The advantages of being abl e to
test lC's in ci rcu it are obviou s.
First, th e risk of dam agin g th e IC or
board du rin g rem oval o r re-in
stallat io n of a device is eliminated .
Second, t roubleshooting is mad e
mu ch faster if the t im e required to
rem ov e and re-install each sus
pected IC is saved.

The unit does not use batteries
or an AC adapte r. Instead, it draws

SIMPSON ELECTRIC COMPANY

3V2 Digit 470rM
.15% Basic DC Accuracy
$139

ask for

V' Full Measurement Capability
V' 6 kV Tran sient Protection
V' Doubl e Fusing System
V' Audible Continuity Indication
V' Diode Test Function
V' User Engineered Range/Function

Selector Knobs

For Quality 3112 or 4112 Digit Hand-Held DMMs

853 Dundee Avenue , Elgin, Illinois 60120-3090
1984-oUR 50th ANNIVERSARY YEAR (312) 697-2260 • Telex 72-2416

• Cable SIMELCO
CIRCLE 183 ON FREE INFORMATION CARD

LED. The advantage of th e mod el
550 over a standard logic probe is
that th e fo rmer can monitor th e
states of all pins of a device simul
taneously and co nt inuo usly. That ,
of co urse makes fo r much faster
troubleshooting .

However, th e t rue power of th e
uni t is as an in-circu itTTL-I C tester.
The tests are made by comparing
th e logi c states of th e suspect de
vice wi th th ose of a kn own good
refer en ce lC. If all of t he logi c
states are th e same, a GOOD LED

24
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Grantham offers this program, complete but with
out laboratory, to electronics technicians whose
objectives are to upgrade their level of technical
employment.

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

Recognition and Quality Assurance
Grantham College of Engineering is accredited by
the Accrediting Commission ofthe National Home
Study Council, as a degree-granting institution.

in your

Electronics Career

through

HOME STUDY

Put Professional

KNOWLEDGE

and a

COLLEGE DEGREE

•Grantham College of Engineering
10570 Humbolt Street

Los Alamitos, California, 90720

Career decisions are so important that you need all the input
you can get before locking-in on one of them. Grantham Col
lege of Engineering offers you one source of input which may
help you in making that decision. It's our free catalog.

Ask for our free catalog and you may be surprised to learn how
it is easily possible to earn a B.S. degree in electronics without
attending traditional classes . Since you are already in electronics
(you are, aren't you?), you can complete your B.S . degree work
with Grantham while studying at home or at any convenient
place.

But don't expect to earn that degree without hard
work. Any degree that's worth your effort can't be
had without giving effort to the task. And of course
it is what you learn in the process, as much as the
degree itself, that makes you stand out above the
crowd - that places you in an enviable position,
prestige-wise and financially.

Which Way To YOUR Future?
Are you at a crossroads in your career?
Have you really thought about it? Are
you planning for your future, or perhaps
refusing to face the subject? Which way
will you go - down the same old road?
Or are you ready for something else?

In electronics you can't stand still. If you
are not moving ahead, then you're falling
behind. At the crossroads of your career,
various choices are available - and, yes,
decisions have to be made.

Which road will you take - one that
doesn't go where you want to be, or one
that leads to hard work but also to the
better life? Ah, decisions, decisions!

J>
Co
C

~

Age--_

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

.----------------------.
I Grantham College of Engineering R-08-86I 10570 Humbolt St reet, Los Alamitos, CA 90720

I
I
I Name _

I
I Address; _

I
I City State Zip_ _ ~L_______________________ m

for
, FREE

Booklet
CLIP
COUPON
andmail in
envelope or
paste on
postal
card.

This free booklet

explains the
Grantham B.S.

Degree Program,
offered by inde

pendent study to
those who work

in electronics.

This booklet
FREEl
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Our
guaranteed
savingsplan.

550

EASE
OF USE

OVERALL
PRICE

8 + K Dynascan

PRICE/
/VALUE

INSTRUCTION
MANUAL

parator techn iq ue .. w h ic h is the
techni que used by the 550, the de
vice un der test and the reference
device must be synchron ized and
co ntai n the same data.

Further, as out lined in the man
ual , there are many conditions that
co uld cause incorrect results. For
instance, the tests sho uld be per
fo r me d under dyn ami c co nd i 
t io ns . Th at i s, all in pu t s an d
o utputs sho u ld b e cha ng ing .
Othe r co ndi tions or factors that
co u ld affect testin g include op en- .
ci rc u it o ut puts, th e presen ce of
externa l t im ing compo nents, and
lo ad in g b eyond rat ed fa n-o ut.
Al so, the natu re of the devi ce it self
mu st be co nside red in doing the
tests . For instance, if a-co unter o r
f lip-flo p does not test good at f irst,
all that may need to be don e is to
reset th e devi ce. O ther types of
d evi ces present m ore se r io us
obstacles; pot ential t ro ub le spo ts
are ope n-co llecto r devi ces, three
state devices, edge -t rigge red de
vi ces, and sto rage devices.

O n t he w ho le, however, w e
li ked the uni t. It has some limi ta
t io ns, bu tthose are outwe ighed by
its useful ness, espec ially to th ose
invo lved w it h the troub leshooti ng
and repair of di gital circuits. O ur
only co mplaints, and they are rela
t ively m ino r, are t he potentia l
problems that co uld arise from the
powe r-supp ly sche me used and
the use of DIP switches fo r co nf ig
uring th e tester for non-standard
l C's; t h is reviewer f inds t hose
switc hes an incon ven ience.

Note that the 550 wi ll not test
CMOS devices. Fo r th ose, Dyn a
scan has another mod el , the 552
CMOS IC tester; that un it was not
review ed by us.

The mod el 550 is cove red by a
one-year warranty. R-E

Limitations
As yo u mi ght expect, t he 550 is

not w it ho ut it s limitation s. Those
are clearl y spe lled out in the exce l
len t in stru cti on manu al t hat ac
co mpanies th e teste r. First of all,
seq ue ntia l logic devi ces present
more of a probl em for th e tester
th an d o co mb inat iona l logi c c ir
cu i ts. That's b ecau se co mb ina 
t ion al cir cu i t s u su all y cha nge
o utp u ts sim u ltaneous ly (for all
practi cal pu rposes) w it h changes
in inputs. In seq ue nt ia l devices
th ere is usually a built-in de lay of
som e type. For a seque nt ial devi ce
to be tes te d usin g a lo gi c co m-

merel y indi cates th at so me co n
necti on between gro und and the
IC clip has been estab lished . It is
not a fai l-safe co nfirmation that all
co n nect io ns have b een m ad e
properl y. To be sure co nnections
are made co rrect ly, the clip sho uld
be attac hed caref u lly, bu t fi rml y.

To use th e unit as an IC tester, a
known-good reference IC mu st be
pl aced in th e Zero In serti on Force
(Z IF) socket located at the cente r
of th e front panel. Be sure to use
onl y an id enti cal l C . Do no t
choose a functio nally equivalent
IC from a different fami ly. For ex
ample, when test in g 7402, do not
use a 74LS02 as t he ref erence lC.

On ce t he ref er en ce IC is se
cured in th e ZIF socket , the test is
performed by pressin g t he TEST

button once again. If all logic lev
els at th e test and reference lC's
mat ch , th e IC is OK . That is indi
cate d by a lit GOOD LED. If th e logic
levels do n't match , the IC is defec
tive. In th at case the GOOD LED
rem ains dark, but ind ividual LED's
at each pin indicate wh ere the mi s
mat ch es have occurred .

If you are using an IC that does
not follow th e power/ground pin
co nve n t io n as prev i ou sly di s
cussed, o ne additional step needs
to be performed. That is to set th e
tester to accept non-st and ard
power and ground pin s. Th at is
done usin g a pai r of DIP switc hes
lo cated at the top of th e uni t 's front
pan el.

- Use as a logic monitor is even
easie r. Simply co nnec t the tester
to pow er, place th e clip o n t he IC
to be mon itored, and press the
LO GI CILED TEST sw itc h . No re fe r
ence IC should be used .

FROM THE WORLDLEADER
IN DIGITAL MULTIMETERS.

Fluke 70Series Analog/Digital multi
meters are like money in the bank. Buy
one, and you're guaranteed tosaveboth time
and money.

Money, becauseyouget longer battery life
and longer warranty coverage- 3years vs.
1year or less on others.

And time, because70 Seriesmeters are
easier tooperateand havemore automatic
measurement features.

So before buying any meter, lookbeyond the
sticker price. And takeacloser look at the new
low-priced $79Fluke 73, the$99 Fluke 75,and
the deluxe $139Fluke 77. In the long run, they' ll
cost less, and give higher performance, too.

And that, you can bank on.
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Here's a wireless speaker
system with versatility.

Nady WTS-l Wireless
Speaker System

Build Circuits Faster
and Easier With Our $20
Solderless Breadboard

fy ing 49-MHz signals; t hey can
also can be used as PA systems o r
musical-instrument amp l ifie rs.
They accept low-leve l sig nals
(from, for example a microp ho ne
or electric guitar) through its M IC

jack, and they also accept l ine
level inputs (from a tape deck)
through its LI N E IN jack . If signals
are appl ied to both input jacks,
they will be mixed automatically.

Each w ireless speaker featu res
volume, tone, and sque lch co n
tro ls. The squelch co nt ro l, if used

Hz to 15 kHz . Obviously, the sys
te m is des igned more as a PA sys
te m t han fo r hi-fi reproduct ion.
Howeve r, we don't really think
t hat's a pro bl em. We think that
t hese speakers wi ll probab ly be
used most at outdoor part ies, etc.,
w he re hi gh f idel ity is not of the
greatest importance. The speaker
sect io n co nsists of a 6Y2-i nch
woofer and a 1%-in ch co ne-type
tweeter.

The WS-2 wi reless speakers are
not limi ted .to receiving and ampli -

CIRCLE 10 ON FREE INFORMATION CARD

...and do even
more with our
$40 breadboard
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Don't wait. These low
prices won't last forever.
See your local AP Prod
ucts dealer toda y, or
send for a list of dealers
in your area. Free infor
mation on request.

modate most DIPs and discrete compo
nents [see diagram).

TheACE109 has two terminals for sepa
rate voltages plus a ground connection.
The larger ACE 118 offers the some three
terminals. plus on additional terminal
which can be used for clocking or
another voltage. The backplates are
heavy steel to keep the boards stationary.

Introducing the p lug-in world of AP
Product's versatile, low cost b read
boards.

Now you can design, build and test
prototype circuits just like the profession
als ...andmake changes in seconds. No
messysoldering or desoldering. No more
twisted leads or damaged devices.

With our ACE 109and 118 blue bread
boards, you simply plug in components
and interconnect them with I'T';~,"",",,'C'?~-':~::-?"~

ordinary hook-up wire. All
sizesof DIPs and other dis
crete components up to 22
gouge lead diameters
snap right into the 0.1"x 0.1"
matrix of the solderiess tie
points ... anywhere on the
layout, You don't need ex
pensive sockets or special tools. Buses of
spring clip terminals form a distribution
network for power, ground and clock
lines, A P PRODUCTS/3M

AP Products 100 series breadboards 9325 Progress Parkway
give you all the functions and flexibility of P.O. Box 540
more expensive circuit evaluators. The Mentor, Ohio 44060
spring terminals have mechanically in- 800-321-9668
dependent contact fingers to occom- (Ohio, 216/354-21011

CIRCLE 76 ON FREE INFORMATION CARD

IF YOU'VE BEEN LOOKING FOR A CONVE 

nient, po rtabl e PAsyste m, or away
to bring yo ur ste reo syste m out
doors, o r fo r a way to pl ay yo ur
electric guita r at t he beac h, yo u' l l
want to take a loo k at the WTS-1
w i rel e ss spea ke r syste m fro m
Nad y Syste ms, In c. (1145 65t h
Street , Oa kland, CA 94608).

The WTS-1 co nsists of two w ire
less amp l if ie r/spea ke rs, (w hi ch
we' ll ca ll w ire less spea ke rs) and a
stereo t ra nsm itte r wit h m icr o
ph on e . The syste m has a range of
abo ut 100 to 200 feet.

Wire less amplified speakers
The w i reless speakers , mode l

WS-2, are ho used in sturdy, vi nyl 
covered pa rti cle -board cab inets
t hat are obvious ly des igned to take
a beati ng. Each w i reless speaker
co nsists of t h ree sections: the re
ceiver, t he amp lif ier, and, of
cou rse, th e speakers. The rece iver
sect ion of the WS-2 has switch -se
lect abl e f requ e nc ies of 49.830
MHz or 49.875 M hz. As you mi ght
expect, those frequencies co rre
spond to t he tra nsmitter's outputs.

Th e amp l if ier section has a
power output of 15 watts in to 4
o hms with a THD rated at 1% (at
f ul l power). The rated sig na l- to
no ise ratio is greater than 60 dB,
-and the frequency response is 40



Unless ste reo ope ration is a mu st ,
o n ly a sing le o utput shou ld be
used. That 's because the tra nsmit
ter d raw s doubl e the cu rrent in the
ste reo mod e, and yo u wil l be
forced to use th e 9-volt DC wall 
mount adap ter in stead of a battery.

The t ransmitter is pocket-sized
(abo ut 2Y2 x 4% X 1Y4 inches) and
we ighs ju st over za po und. The belt
cl ip makes it co mfortab le to wear.
A lavalie r microphone is inclu ded.
(Laval i er mi croph o n es are in 
co nsp icuo us chest-mounted pick
ups. ) Th e t ransmitter, like the
w ire less speakers, accepts either
line-l evel o r low-level in pu ts. So
th e syste m can be used as a way to
free an electric-guitar player from
his amplifier cab le.

If signals are appl ied to both in-

properly, is very useful fo r eli m
in at ing th e background hash that's
inheren t in 49-MHz syste ms .

There are six LED's on th e fro nt
pane l: One LED i nd icates t hat
power is on. A TXON LED ind icates
that a sig nal is bei ng received fro m
t he t ransm itter and a ban k of 4
green LED 's indicate the amp lifie r's
output power. As yo u mi gh t ex
pect, th e speaker also in cl udes a
te lescop ic rod antenna.

Th e WS-2 can be pow er ed by
eight " 0" cells, 12 vo lts DC from ,
fo r example, a car's elect r ical sys
tem , o r by 12 vo lts AC from th e
sup pl ie d wa ll t ransforme r. Th at
transfo rm er can also be used to
cha rge internal Ni-Cd batteri es;
th e WS-2 in clud es ove rcharge
protecti on ci rcu itry.

FM stereo tran smitter
The WLT w ire less ste reo trans

mitter has an o utput power of 40
mW (o r a field stre ngth of 30,000
m icrovo lts /mete r at 3 m et e rs),
w hich is the maximu m o utput al
lowed by cur rent FCC regulati on s.
Two t ra nsm itter f requ en cies are
sw itc h se lecta b le : 49 .830 and
49.875 M Hz. A t hree-posit ion slide
swi tc h allows ope rat io n at eit he r
o r both-of t hose frequ en ci es.

Nady

OVERALL
PRICE

EASE
OF USE

INSTRUCTION
MANUAL

PRICE/
/ VALUE

WTS-1 puts , they can be mixed using the
transmitter's V OLUME contro l
(which affects on ly the low-level
inp ut). A small patch cord allows
you to input stereo signa ls from
line-level sources .

The Nady WTS-1wireless speak
er system lives up to the cla ims of
its man ufacturer. Because of it s
less-t han-H i-Pi performance, we
wou ldn't recommend it as a way to
add an extra set of speakers to
your stereo system. But we thi nk it
works great as a portable PA sys
tem . It 's also an exce llent way to
set up ste reo speakers for those
summer outdoor parties and bar
becues . The speakers' 15-watt out
puts hol d up very we ll o utdoors.

O ne drawbac k of the system is
that it cannot be AC-powered out
doors . (The adapters are UL ap
proved fo r indoor use on ly.) We
t hink that Nady sho uld have in
clu ded on -board power supplies
in the ir speakers. (We do n't par
tic ularly care for those cumber
some wa ll-mount transformers
anyway.) The system's 100- to 200
foot range sho uld be sufficient for
most app licatio ns. The WTS-1
system sells for $299.The indi vidu
al components are also availab le
separately. 'R-E
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NEWIDEAS
Simple cable tester
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NEW IDEAS
This column is devoted to new ideas, cir

cuits, device applications, construction tech
niques, helpful hints, etc.

All published entries, upon publication, will
earn $25. In addition, for U.S. residents only,
Panavise will donate their model 333-The
Rapid Assembly Circuit Board Holder, having
a retail price of $39.95. It features an eight
position rotating adjustment, indexing at 45
degree increments, and six positive lock posi
tions in the vertical plane, giving you a full ten
inch height adjustment for comfortable work
ing.

FIG. 1

Title of Idea

City State Zip
Mail your idea along with this coupon
to: New Ideas Radio-Electronics,

500-B Bi-County BlVd.,
Farmingdale, NY 11735

I agree to the above terms, and grant
Radio-Electron ics Maga zine the right to
publ ish my idea and to subsequentl y re
publish my idea in collections or compilations
of reprints of similar articles. I declare that the
attached idea is my own original material and
that its publication does not violate any other
copyright. I also declare that this material has
not been previously published.
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Date

Signature

Street

Print Name

Construction
You can build the tester in any

convenient enclosu reo If you r
jacks are the non-insulated type ,
be sure to insu late them from any
metallic chassis or cover p lates, or
the ground-fault test ci rcuit won't
work properly. It 's probably best
not to use slide switches, becau se
if more than one switch were on at
the same time, an erroneous read
ing cou ld result. But you could use
a rotary switch. Any common junk
box parts should suffi ce for the
other components .

To increase functionality of th e
tester, yo u could wire a number of
different jack s in parallel so that
you could test a number of dif
ferent cables with one tester. Just
label each connector and switch '
c1early.-Roger Doering.

The tester can also be used to
indicate w hether a cable is correct
ly wi red. If, fo r example, switch 51
is pres sed, but LED2 lights up, two
or more cond uctors have been
wired incorrectly.

W hen testing a cab le, it's usually
a good idea to f lex it near any con
necto rs and splices whi le watching
the LED's. If an LED blinks, that
cab le has an intermittent that
could cause trouble, and probab ly
will cause troub le at an inoppo r
tune moment.

AS A NY BROADCAST O R REC O RDI N G

engineer knows , microphone and
other cables have a tendency to
give out just when you need them
most. Of course you can field-test
a cab le before a recording sessio n
or concert is supposed to begi n,
but by then it may be too late. It
wou ld be better to test all cable s
before laying them out and hook
ing th em up. That's why I built the
si m p le cab le t ester de scribed
here. I use it primari ly for audio
applications, but it co uld be adapt
ed for use anywhere reliable cab
ling is a necessity-video circuits ,
computer circuits, etc.

As you can see in Fig. 1, the cir
cuit is a continuity tester. Two jacks
are provided that match the ends
of the cab le to be tested. An LED
and a separate momentary switch
are wired in series with each line.
A separate sw itch (54) is provided
to test for a ground-line fault. With
the cable to be tested plugged in ,
sw itches 51-53 are pressed one at a
time . If the corresponding LED
lights up, that conductor is good;
if the LED doesn't light up, that
conductor probab ly has an open
circuit. Switch 54 helps determine
if a conductor is sho rted to a con
nector's housing. When you pre ss
54 (with no other switch de
pressed), no LED should light; if
one does, there is a short.
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un to provide common-mode re
jection of electric field compo
nents . Calibration is accurate to
±2 dB in a 377-ohm fie ld imped
ance . The probe maneuvers easily
aro und enclosu res and cab ling, al
low ing emiss io n hot-spots to be
p inpo inted accurate ly. The radi -

changes in numerica l val ues as
f luctuatio ns in t he di splay. Also,
two o r more eq uatio ns can be si
mu lta neo us ly d isp laye d o n a
graph, and several eq uations can
be mixed together to formulate a
combined graph. Furt he r, overall
(and local) maximum and mi ni
mum points, intersection and ap
proach of different fu nctions, and
other features, can be seen by a
simple keyboard operation.

The model FX-7000C has a sug
gested retail price of $69.95.- Cas
io, Inc., 15 Gardner Road, Fairfi eld,
NJ 07006.

CLOSE-FiElD PROBE, the model
HP 11940A, is a calibrated magnet
ic -field sen sor that helps locate
sources of electromagnetic emis
sion and makes repeatable mea
surements from 30 MHz to 1 GHz.

The hand-h eld device uses a
dua l- loop configurat ion and a bal-

POCKET CALCULATOR, the model
FX-7000C, is capable of d isp laying
numerical equations as graphs at
the to uc h of a key. W it h the ability
to show character istics of a wide
range of mathematical functions ,
the calcu lator reduces the cal
culat ing time of many scient if ic
and engineering functions .

The calcu lator measures 3.3 x
6.6 x 0.5 (inches) and it weighs 5.5
ounces. Its LCD pane l measures
2.17" x 1.5", and has a reso lution of
96 x 64 dots. The calculator can
display the resu lts of a single-func
tion equation, and it can disp lay

NEW
PRODUCTS
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• General Commu nication
• Industry
• Marine VHF
• Scanners
• Amateur Bands
• CB Standard
• CB Special
• Microprocessor

Call or Write ,
JAN CRYSTALS
P.O. Box 06017
Fort Myers
FL 33906~017

(813) 936-2397
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saving you money for over 45 years

slashes
.

prices

89

on the new oscilloscopes from
@HITACHI

5 9 34

waves - - - - - ---- ---------

2

95

395
SAVE $225!

1 20MHziOuai Channels

10 MHziO uai TracelBi-Stable Storage

SAVE $200!

422

50MHziOuai Channels Mini PortaiblelDelayed Sweep

Digital Storage Soope/1MHz Dual ChanneV 20MHz Real Time!
GPIB Option/ 1K Words Memory per Channel

423
40MHzlD uai Channe ls!

SingleTime Base
Delayed SWeep

SAVE $ !A II: SAVE $
$250! ~ $250! .

$39
SAVE $200!

.,

100MHzlQuad Channels! 8-Trace/D elayed Sweepl
CRT ReadouVDigitai Measurement

Waveform Monitor/2Loop-through InputslAC -DC Input Co upling!
Video Output IRE Po~...i.EEE:_205IHaif-rack Widthl6"CRT

-- and still

100MHzIOuad Channels! . 60MHzlT ripie Chan nelsl
8-TraoelDe layed Sweep Delayed Sweep

SAVE~245 SAVE $ 9 45
$300'... . $250!

WM. B. ALLEN SUPPLY COMPANY
ALLEN SQUARE

300 BLOCK NORTH RAMPART, NEW ORLEANS, LA 70112

NEW ORLEANS504 525-8222 800 535.9593 LOUISIANA800 462-9520

24HOURANSWERINGTO EXPEDITEYOURORDER
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Model 1630 (3 amp) $225
Model 1610 (1 amp) $150
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Now you can have the power you need,
wherever you need it, at a surprisingly
low cost.

These new B&K-PRECISIO N power
sources each give you control up to
30 volts DC with fully adjustabl e current
limit ing. Other features inc lude:
• Excellent regulation and low-ripple

characteristics
• Dual meters monitor voltage and

current simulta neously
• Two curre nt ranges
• Fine and coarse voltage controls
• Isolated output
• Protected against reverse polarity

external voltages
• Two identical supplies can be

conn ected in series or parallel
• Can be used as a constant voltage or

constant current source

Compare prices, features and perfor
mance, and you'll agree that the 1610and
1630 power supplies are revolutionary.

Available for immediate delivery at your
local B&K-PRECISION distributor. For
additio nal information or the name of
your local distrib utor contact
B&K-PRECISION.

~
DYNAS C A N
CORPORATION

6460 West Cortland Street
Chicago, Illinois 6063 5 ' 312/889-9087

rnt ernauomt sales, 6460 W. Co rtla nd St., Ch icago, IL 6063S
Can;adian sa tes ; " t in El ect ron ic s. Ont uio

South .Jnd Cent ra l American Sal es.
Em pire Expo rt e rs . Plilinview . NY 11803

ated field of an emission is sensed
magnetic ally by t he prob e, w hich
is passive, so it does not require a
power supply.

The probe can also be used as a
localized magn eti c- fi eld so u rce
fo r inden t i f y in g susce pti bi li ty
probl em s. A voltage fed into th e
probe creates a sma ll magn eti c
fi eld at th e loops. For th at applica
ti on , th e maximum input power is
0.5 watts.

The mod el HP 11940A is pr iced at
$500.00.- Hewlett -Packard Compa
ny, Inquiries M anager, 1820 Embar
cade ro Road, Palo Alto , CA 94303.

SPEAKER E CLOSUR£, t he
Spea ke rMates I V, mad e of Aco us
t ifoam TM, is designed fo r 4" rou nd
speakers . A 5" passive radi ator is
opt ional. The passive radiato r ver
sio n offe rs abo ut 3 d B more low
frequency out put (a 50% im prove
ment) and abo ut YJ-octave dee p
base extension .

CIRClE 23 ON FREE INFORMATION CARD

Th e sta nd ard model li st s fo r
$29.95, and th e passive radi ator
mod el for $39.95.- SpeakerMates,
129 S. E. 9th Street #5, Bend , OR
97702.

DMM, the model 3430/ is a 4Y2-d ig
it , hand-held , multi- fu nct ion in
strument wi th 13 di fferent func
t io ns and three operating modes.
It is a 25,000-co unt instrument,
whi ch allows full 4Y2-d igit resolu
tion to th e seco nd decim al place
fo r readings such as 240.15 vo lts

AC. The unit measures t ru e rms for
both AC vo ltage and current.

Specia l features incl ude: a rela
tive mode that uses the input ap
plied w hen that mod e is selected
as a zero refe rence poi nt fo r sub 
seq ue nt measurem en t s; d igita l
dis play of dBM values referenced
to 600 oh ms (1 mW is 0 dBM ); auto
rang ing, manu al, and, for fast sur
vey m easu rem en t s , 31h-d ig it
mod es; data ho ld; peak hold;
te mperat u re measurem ent wi th
exte rna l probe; 100 kHz f requency
cou nter; d iode test; and audible
co nt in uity checker.

CIRClE 24 ON FREE INFORMATION CARD

Th e m odel 3430 is pri ced at
$339.00. The mod el 3450 is similar
except th at its AC measurements
are based on average, not rm s val
ues, and the meter has no peak
ho ld and te mperat ure meas u re
ment capab ilit ies. The mod el 3450
li sts for $299.00.- North Ameri can
Soar Corp. , 1126 Co rne ll Avenu e,
Che rry Hill , N) 08002.

OSCILLOSCOPE, the model 9020/
is a compact, du al- tr ace os 
ci lloscope w it h a maximum speed
of 50 nanosecon ds per di vi sion

CIRClE 25 ON FREE INFORMATION CARD
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and 1 millivo lt per divis io n sen 
sit ivity. The six-i nch CRT provides a
variety of disp lays: cha nne l 1 only
(normal or inverted), channel 2
only, alternate, chop, or channel 1
plus channel 2. An XY feature has
been inco rpor ated into th is model
as wel l as a " ho ld -off" feat u re,
wh ich ma inta ins a stab le, easy-to
read display. The model 9020 is
priced at $495.00 (suggested re
tai l), incl ud ing ope rat io ns manu al
and two x 1/ x 10 probes.-Beck
man Industrial Corporation, 630
Puente Street, Brea, CA 92621.

COMPACT DISC CLEANER , t he
model AT6030/ is des igned to keep
compact discs in im maculate play
ing condit io n w hile prevent in g ac
cidental surface damage. The di sc
to be cleaned is p laced label- side
down on the syste m's turntab le. A
hi nged , transparent dust cove r is
then closed, and a slide lever on
top is moved back and forth. Each
movement rotates the d isc abo ut
30°. As the.disc revo lves, it makes
gent le contact with a soft, spe 
c ial ly-constructed cleaning pad .

CIRCLE 26 O N FREE INFORMATION CARD

The moti on is repeated unti l th e
disc makes a co mplete revolut ion.

A f ine-brist led bru sh, incl uded ,
is used to rem ove du st and dir t
from the pad, and an extra pad is
includ ed , permitting replacement
w hen th e o rig inal becom es so iled.

Although the syste m is used dry,
a spec ial clea ni ng fluid and cle an
ing pape r are included tor careful
hand treatm ent of especially obsti
nate dirt and spots . Th e model
AT6030 is pri ced at $27.95.- Audio
Technica U.S., lnc., 1221 Co mme rce
Drive, Stow, O H 44224.

DUAL-TRACE SCOPE MEMORY, the
mod el 602/ is an add-on d ev ice
t ha t con ve rts an an alo g o s
ci lloscope into a du al-chann el di g
it al sto rage sco pe , Easily co n
nect ed to an y st anda rd dua l
channe l scope, the unit is an eco
nomi cal alte rnat ive to th e pur
chase of a co mp lete new scope .
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The model 602 stores both ana
log and digital signals in a single
sweep. It fe atures 18 selectable
sample t imes w ith a 1.4-MHz max
imum samp ling rate . Each inpu t is
selec tab le in 8 ranges and a 2K
memory for data storage.

Th e mod el 602 i s pr iced at
$895 .00 .-Sibex, Inc., 3320 U .S.
19N , Suite 410, Clearwater, FL
33519. R-E

LOWEST PRICES IN THE COUNTRY!
We have a national factory warranty service on
many brands, and we service All ee, Amateur, and
Commercial Equipment.

CIRCLE 125 ON FREE INFORMATIONCARD

Call us FREE 1-800-626-6343

5aOPPE~eil.~c;~eON~S
4200 PRODUCE ROAD - LOUISVILLE . KY . 40217

Yes! I would like to knowmore about UM IArticle Clearinghouse.
I am interested in electronic ordering through the following systerntsl:
o DIALOG/Dialorder 0 ITT Dialcom
o OnTyme 0 OCLeILLSubsystem
o Other (pleasespecify)__--'-,--- _
o I am interested in sending my order bymail.
o Pleasesend me your current catalog and user instructions for the

system(s) I checked above.

Name-,-' _

Title _

Institution/Company . _

Department; _

Address; _

City State Zip, _

Phone(__)__--'- _

Mail to: UniversityMicrofilms International
300 North ZeebRoad,Box91 Ann Arbor,MI 48106

••
Snake

Charmer
Retail 1199f)

59.95
QUANTITY' - _ .
PRICrNG~-i=_
AVAILAB LE

I. FORilAAD "IITTAGE AIID REflEC TED .ATT~b E

2. CAlllRATE FOIl SI'R (VSWII I STNlDIIiG IIAYE
l. POlIER ' RTTlSE RANGE S£T1 ING
4, sum".mIlOVERE,r

Q2500 Superhet Quadradyne

Radar Detector

unld~n
~

BOOXLT AIR /POLICE/BOO MHz
SCANNING RADIO

Reta il 449.95 289.95
»
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And you can start byactually building your
own 16·bit IBM·compatible computer!
You cancreate your own bright, high paying future as

an NRI trained computer service technician. Thegovern
ment now reports that computer service andrepair isthe
fastest growing careerfield. Thebiggest growth injobs
between now and 1995, according to Department ofLabor
estimates, will occur in the computer service andrepair
business, where demand for trained technicians will actually
double during the next10years! Thereisstill plenty of
room for you to get inon the action-ifyou get the proper
training now.

Total computer systems training,
only from NRI

If you really want to learn how towork on com
puters, you have togetinside one! And only NRI takes
you inside a computer, aspowerful andadvanced as
theSanyo MBC-550 series! N, partofyour training, you'll
build this Sanyo, which experts have hailed asthe"most
intriguing" ofall the new IBM-<:ompatibles. Computer
critics say, "The Sanyo even surpasses theIBM PCin
computing speed andgraphics quality."

This hands-on experience isbacked up with
training in programming, circuit design andperipherals.
Only NRI gives you such in-depth total systems training.

The kind of understanding built only
through experience

Even if you've never had any previous training inelec
tronics, you cansucceed with NRI training. You'll startwith
the basics, rapidly building on the fundamentals ofelec
tronics until you master such advanced concepts as digital

logic, microprocessor design, and
computer memory.

You'll build and test
advanced electronic

circuits using
the exclusive NRI
Discovery Lab®
and professional

Digital Multimeter,
bothofwhich are

yours to keep.
You'll assemble Sanyo's

intelligent keyboard, install the
power supply anddisk drive, and
interface the high resolution

monitor-all thewhile
performing hands-on

experiments and
demonstrations that



career servicing computers.
fine tuneyour computer skills. And you also get over $1,000
worth ofsoftware, includingWordStar andCalcStar.

Learn to service today's computers
A$ you train with your Sanyo, you'll gain the

knowledge you needto become a computer profes
sional. You'llieam to program in BASIC and machine
language. You'lluseutility programs to checkout the
operation ofthe Sanyo's 8088microprocessor (the
same chip used in the IBM PC). You'llieam how to
debug programs andwrite your own new software.

Most importantly, you'llunderstandthe prin
ciplescommon to all computers. Onlya person
who fullyunderstands all the fundamentals can
hope to be able to tackle all computers. NRI
makessure that you'llget the training you
need to maintain, troubleshoot and service
computers.

Learn at home in spare time
With NRI training, you'll learnat home on your own

time. That means your preparation for a newcareer or
part-time job doesn't have to interfere with yourcurrent
job. You'llieam at your own pace, in the comfort and
convenience ofyour own home. Noclassroompressures,
no rigid night schoolschedules. You're always backed up by
the NRI staff and especially your NRI instructor, who will

answer questions, give you guidance and be available for
special helpifyou needit.

Letothers worry aboutcomputers taking theirjobs.
With NRI training, you'llsoonhave computers making
good paying jobsforyou.

Send for free NRI catalog
Sendthe post-paid reply cardtoday for

NRI's 100-page catalog, that gives all
the facts about computer training plus

career training in Robotics, Data Com
munications, TVNideo Servicing and many

other fields. If some other ambitiousperson
beat you to the card, write to NRI at the

address below.

~~~SCHOOLS
McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW
Washington, DC 20016 • ,~

c-' !T':"
We'll Give You Tomorrow. •'!n,.

IBM is a Registered Trademark of International Business Machines
Corporation.
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ELENCO PRODUCTS AT DISCOUNT PRICES!

35 MHz DUAL TRACE OSCILLOSCOPE

$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 tx, 10x probes, diagrams and manual included. Write for specifications.

Model
M-1600

3V2 DIGIT
MULTIMETER

1% DC Accuracy
1% Resistance
Reads 10A DC

Model
M-7000

TRUE RMS 4V2
DIGIT MULTIMETER

.05% DC Accu racy
.1 % Resistance

with Freq. Counter
& Deluxe Case

-
Model

CM-1500

MULTI METER with
CAPACITANCE and

transistor tester

Reads Volts, Ohms,
Current, Capacitors
Transistors & Diodes

- ii-

C&S SALES, 8744 W. North Ter. Niles, IL 60648 ~ '=~ ~ 15 DAY MONEY
800-292-7711 (312) 459-9040 : . "~ BACK GUARANTEE ASK FOR CATALOG

2 Year Limited Guaranteel Add 5% for Postage ($10 max.), IL Res., 7% Tax
CIRCLE 109 ON FREE INFORMATION CARD

Model
XP-575

• I . . .. .. • ,R

DIGITAL LeR METER
Model Le-1800
Measures: Inductors $148
Capacitors, Resistors

Inductors .1I-1H to 200 H
Capacitor.1 Pf to 200fif
Resistor .01Q to 20M Q
Ranges 6lnd, icap, 7 res

Volts AMP Reg Max Ripple

2·20V 2A .10V .OO5V

12V 1A .05V .OO3V

5V 3A .10V .OO5V

·5V .4A .05V .OO5V

Quad Power Supply
Including 2-20V Variable Supply

$5995 '
Fully Regulated, Short Protect 3 @ $49 95

Specifications

0·40V @ 1.5A
0·20V @ 3A-

3 Amp Power Supply XP-650

$11950

Triple Power Supply XP-660

$14950

GF-8016 Function Generator
with Freq. Counter

$219
- Sine, Square , Triangle,
-Pulse, Ramp, .2 to 2 MHz
-Frequency .1 thru 10 MHz

GF 8015 without Freq. Meter $169

Fully regulated, short circut protected current
limit control

0·20V @ 1A
0·20V @ 1A

5V @5A
Fully Regulated, Short Circuit Protected with 2
Limit Cont. 3 Separate Supplies.
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RADAR SPEED-GUN
CONTROLLER

ANTHONY STEVENS

This false-target generator
is ideal for testing and calibrating radar speed guns.

SINCE T HE FCC HAS ALLOWED T HE COM

mercial and private use of some radar fre
quencies, interest in those frequencies has
greatly increase d. Ama teur-radio oper
ato rs are active ly experimenting with
radar for communica tions . On the com
mercial front, the burglar-alarm industry
has turned to radar for intrus ion-detection
alarms . Boaters are using radar to guide
their crafts through hazardous fog . Even
professional base ba ll teams are getting
into the act with rada r guns being used to
time the speed of their pitchers' deliv
eries . And of course everyone is familiar
w ith radar through its use by highway
police to enforce the speed limit.

As with all other electronics equip
me nt, radar guns need to be calibrated and
tested periodically for accuracy. Here is
an inex pensive po rtab le ca libra tor for

radar equipment. It works by generating a
false target.

Radar false-targe t genera tors are used
by the military as electronic camouflage
on our stealth aircraft to fool the enemy's
radar-tracking missiles. A similar tech
nique is used in this radar gun calibrator.
To better understand the technique, we
should first understand how radar speed
guns work .

How radar works
The police have been using radar to

measur e veh icle speed since the late
1940's. A block diagram ofa typical radar
speed -gun is shown in Fig. I.

A radar gun uses the Doppler effect to
determine the speed of a moving object.
Its output consists of a steady, unmodu
lated carrier. The signal travels in a tight

beam toward a target whose speed is being
monitored. That target can be any object ,
such as a speed ing baseball-s-or a speed
ing motorist. Because of the nature of
microwave transmissions, the signals are
reflected by the targe t back toward their
source .

Because of the Doppler effect, the fre
quency of the reflected signal is slightly
higher than the original transmitted sig
nal. For each mile per hour an objec t is
travelling toward the radar speed-gun, the
reflected signal received by the gun will
be shifted about 31Hz higher. Inthe radar
gun, the return signal is mixed with a
sample of the original transmitted wave to
produce a difference frequency. That dif
ference frequency is analyzed and con
verted to produce a di rect readout of
speed .
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GUNN
OSCILLATOR WARNING

MICROWAVE
OUTGOI NG

RETURN
REFL ECTION

>---<l.....-.~ MI XER

PHASE
DETECTOR

TRAC KI NG
FILTER

This radar calibrator may interfere with
police radar, CB units, radio receivers,
etc., up to 1000 feet away. Thus its use
should be restricted to laboratory use or
for educational, scientific, informational,
or calibration purposes. The illegal use of
a transmitter can subject the user to a
$10,000fine,ajail term, and the seizure of
transmitting equipment.

VOLTAGE
CO NTROLLED
OSCILLATOR

FIG. 1-SPEEDING FASTBALLS, or speeding motorists, can be timed using a radar speed-gun. A
block diagram of such a unit is shown here.

TUNING
SCREW

'\

~
17dB GAIN

HORN ANT ENNA

FIG. 2-THE HEART OF A RADAR SPEED-GUN
used by the police, and others, or a radar false
target generator is a microwave Gunn diode.
Here, the proper way to mount such a diode in a
microwave horn is shown.

As shown in Fig. 2 , the heart of a radar
speed-gun-and our radar ca librator- is
a Gunn diode oscillator. Typically those
osci llators can generate an output level of
about 100mW. With that output level, and
with a highly directional transmitting an
tenna, the range of a radar speed-gun is
about VJ of a mile .

Until recentl y, high-output Gunn di
odes were expensive ; most cost several
hundred dollars or more . Now, however, a
Gunn diode can be obtained for as little as
$60. That certainly makes it attractive to
hobbyi sts for experimentation.

How the calibrator works
Our circuit generates a false target that

can be used to calibrate radar speed-guns ,

such as those used to time the speed of a
baseb all player 's throw. Let's exa mine
Fig. 3 to see how the calibrator can be
made to force a speed gun to read a desir
ed speed. As is shown in Fig. 3-a, the
outgoing reference transmission and the
incomin g reflected transmission are both
present inside the antenna cavity. Be
cause , as described earlier, they are of
slightly different frequencies, they inter
fere with each other in such a way that a
difference signal (at a beat fr equency) is
created . That signal is detected by a mix
ing diode , and the low-frequency beat that
results is passed on to be analyzed.

To force a speed gun to read a particular
speed, all a false-target generator need do
is to produce a difference signal that simu
lates the one that would be created by an
object travelling at a certain speed . See
Fig . 3-b . Assuming the output-power
level is sufficient, it will " capture" the
receiver, preventing it from detectin g any
other signal that might be present , includ
ing the Doppler-shifted reflection.

LOW FREQUENCYBEAT DETECTED
BY OIOOE, OF 35 mph OBJECT

a

SIGNALL-----O
SEEN BYMIXING SIG NAL
INSIDE ANTEN NA CAVITY

REFERENCE (\. (\. (\. (\. (\. .
TRANSMISSION' V V V V V till

+ =RETU RN r. r\ r\ r\ r: r. r: r. .
REFLECTION . v v v v v v v v

LOW FREQUENCYBEAT
DETECTED BY DIOD E IS TH ESAM E.

RAOAR GUN
CAVITY

\
..

SIGNAL
SIMULATED BYRAOAR CONTROLLER- -(j)

o
Z
o
~ b
o
UJill FIG. 3-WHEN THE TRANSMITTED AND REFLECTED SIGNALS are mi xed in the horn 's cavity, the
6 resulting low- frequency beat can be used to determine the speed of the reflecting object, as shown in
(5 a. The calibrator works by generating a signal that simulates the one that would result if the
« transmitted signal were reflected by an object moving at a specified speed, as shown in b. As a result,
a: c the low frequency beat detected by the diode is the same as the one in a.

40



(0
CD
(])

»
c
o
c
CIJ
~

All resistors Y4-watt, 5%, carbon film
unless otherwise noted

R1--4700 ohms
R2, R24, R25--1 ohm
R3. R1~10,OOO ohms
R4. R21-2200 ohms
R5--2000 ohms, 1%
R6-6650 ohms. 1%
R7--4420 ohms. 1%
R8-2210 ohms, 1%
R9, R15, R22, R23-1000 ohms
R11-1 megohm, trimmer potentiometer
R12, R18, R19-100,000 ohms
R13-1 megohm
R14, R17--47,000 ohms
R16-5000 ohms. trimmer potentiometer
R2~2700hms

Capacitors
C1-C5--1 0 f.lF, 25 volts, electrolytic
C6, C7-Q.1 f.lF, ceramic disk
C8--470 pF, 5%. 100 volts.mylar
C9-Q.0047 f.lF, 100 volts, mylar
Sem iconductors
IC1-555 timer
IC2--4538B dual precision timer
IC3, IC4-4522B decimal divide-by-N

counter
IC5- 4518B dual synchronous divide-

by-10 counter
IC6-LM317 voltage regulator
01-2N3906 PNP transistor
02, 03-2N3904 NPNtransistor
04, 05--TIP120 NPN power transistor
D1-1N4004
D2, D3-1N4148
D4-MA49159. Gunn diode
LED1 , LED2-Red LED
Other Compo nents
S1-0POT, 3 amps , 110volts
S2-SPOT, momentary toggle
S3-0P4T, slide switch
J1, J2, J3-3.5 mm phone jack
J4-2.1 mm phone jack
Miscellaneous : PC board, hardware (7
each-4-40 screws, 3 each--4-40 nuts).
microwave horn, case, Wire. solder, etc.
The following are available from Micro
wave Control. 1701 Broadway, Suite 236,
Vancouver. WA 98663. (1-260-693-6843):
Complete kitinclUding tested Gunndiode,
microwave horn, PC board, case. and all
parts . $169.50; tested Gunn diode, micro
wave horn.$117.00;etched and drilled PC
board, $19.50. Please add $4.50 forship
pingand handling. Washingtonstate resi- .
dents add 7.4% for sales tax. Allow 4-6
weeks for delivery.

PARTS LIST

output of that timer, pin 9, is used to reset
the first timer via pin 3. Trimmer RII is
used to adju st the hold -off time of the
trigger circuit to prevent false retrigger
ing . False retriggering can occur when the
calibrator output-signal is detected by the
radar detector, which in turn retriggers the
calibrator. You will have to experiment
with RII to find the sett ing that will pre
vent false retriggering .

The output of the first half of the 4538,
pin 6, is used to enab le IC I, a 555 time r
that's configured as an astable mu lti 
vibra tor. The osci llating frequency of ICI
is determined by R6, R7, R8, and C8 . The

GU NN DIODE
MICROWAVE
OSCILLATOR

RADAR DETECTOR

About the circuit
The sc hematic diagram of the ca l

ibrator is shown in Fig. 6. Power is ap
plied through 14 . Power switch SI app lies
power to the internal circuit through IC6 ,
an LM317 voltage regulator; power is also
app lied to 13, the V OlJT jack, through R2 , a
l-ohm sens ing resistor. The voltage drop
across R2 is amp lified by QI, which is
slightly forward biased by R16, the TRIG

G ER SE NS ITIVITY co ntrol. Transistor Q2
amp lifies the trigger signal and applies it
to pin 5 (the trigger input) of one half of
IC2, a 4538 dual timer. That half of the
timer package is configured as a one-shot
with a period of about ten seconds .

The period of the other half of IC2 is
determ ined by C3, RI9, and RI I. The

A manu al TRANSMIT switch (S2) is in
cluded for those not wanting to use a radar
detector to trigger the Gunn osci llator.
The swi tch is a momentary type, and it
also triggers the one-s hot for ten seco nds .

The speed-contro l osci llator drives a
divider network that generates the appro
priate frequency and duty cycle for the
output driver, which supplies voltage to
the Gunn-diode osci llator. After ten sec
onds the transmitter time r locks itself off
for a co uple of seco nds to give the radar
detector time to settle down and reset.

OUTPUT
DRIVER

HOLD OFF
CIRCUIT

TRANSMIT
TIMER

DIVIDER AND
DUTY CYC LE
GENERATOR

S2
TRANSMIT

PULSE
DETECTOR

POWER
IN

TO RADAR
DETECTOR

POWER

SPEED
SELECT

25 35 55
SPEED SET

Jl

RADAR CONTROLLER

Creating a difference signal that causes
a speed gun to read a desired speed is not
difficult. It's do ne by pulsing a carr ier
whose frequency is in the passband of the
speed gun's recei ver. Speed is simulated
by vary ing the pulse rate . That is, the
pulse rate is set at 31.4 pulses- per-second
per mile-per-hour of desired readin g . For
a desired reading of 55 miles-per-hour the
pulse rate would be 31.4 x 55 = 1727
pulses-per-second .

The basic set-up for ca librati ng a radar
gun is shown in Fig. 4 . A block diagram
of the false-targe t genera tor is shown in
Fig. 5. Note that the false-target generator
is designed to work in conjunction with an
automotive radar detector. The radar de
tector is used to make the operation of the
calibrator almost automatic . When the
radar detector senses a transmissio n from
a speed gun, it sounds a buzzer or turns on
a light as a warning . In do ing that, the
detector draws more current than normal
from its 12-volt power source . The false
target ge nerator's pulse-detector circ uitry
detects that surge, amp lifies it , and, via
the trigger circuit, triggers the transmit
timer. The timer turns on the spee d-con
trol osci llator for approximately ten sec
onds . Using such a short transm ission
time is necessary to keep the Gunn diode
from overheati ng.

FIG. 4-USE THIS SET-UP to calibrate a radar-speed gun. The speed gun can be forced to read 25, 35,
or 55 miles-per-hour by altering the setting of a switch on the calibrator.

FIG. 5--THE RADAR CALIBRATOR is shown here in block diagram form.
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FIG. 6-0NE OUTPUT OF THE radar-calibrator circuit (J1 or J2) is fed to a Gunn diode mounted in a
microwave horn. Outputs are provided for each of the two most popular speed-gun frequencies.
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FIG.7-THE CIRCUIT SHOULD BE MOUNTED on a double-sided PC board. The patterns can be found
in the PC Service section, of th is magazine.
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output of the osc illator drives the divider
str ing consisting of IC4, IC3, and IC5.

The output from each divider is a square
wave with a 40% duty cycle.

There are two outputs taken from the
div ider string . One, taken from pin 13 of
IC5 , is emitter coupled to J2 , X-BAND

OUTPUT, via driver transistor Q I. The 1
ohm resistor, R24 , is included to ensure
stability. The other output, taken from pin
13 of IC3, is emitter coupled to Jl , K

BAND OUTPUT, via driver transistor Q2 . A
I-ohm resistor, R25 , is included to ensure
stabil ity. The Jl or J2 output, as appropri
ate, is app lied to the Gunn diode . Al
though optional, and not shown in the
illustra tions, for best results a sma ll,
0.47-pF mylar capaci tor, C9, should be
installed across the Gunn diode .

Diodes 0 2 and 0 3, in conjunction with
transistor Q3, help ensure that the driver •
transistors remain off when the unit is not
triggered . When switch SI is at its slow
speed settings , 25/35, the output if IC5 is
divided further and fed back through R3
and CI to modul ate ICI.

Building the unit
We recommend the use of a printed

circuit board . If you wish to etch your
own, an appropriate double-sided layout
is provided in our PC Service section.
Also, you can purchase a board from the
supplier mentioned in the Parts List.

continued 0 11page 85
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Remote-Controlled
Power Switch

DANIEL B. COOPER

Our infrared remote controller frees you
from the tyranny of mechanical switches!

FIG. I-THE TRANS MITTER IS BUILT AROUND TWO CMOS 555's that generate a modulated 35-kHz
signal ; th at sig nal is transmitted by th e tw o infrared LED's, LED2 and LED3.

»
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(j)
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(J)
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timer Ie's (TLC555's). The TL C555 is
quite similar to its bipolar cousin , but it
requires less than 100 f.L A of supply cur
rent, and that' s important when a circuit
must be powered from a very small bat
tery, as our transmitter is .

The transmitt er generates a modulat ed
35-kHz IR signal. The 35-kHz carrier fre
quenc y is generated by IC2, and the 1500
Hz modul atin g signal is generated by ICI .
The 1500-Hz output of ICI appears as in
Fig. 2-a; the modulated outp ut of IC2
appears as in Fig . 2-b. An expanded view
of each spike in that waveform is shown in
Fig. 2-c.

The output of IC2 drives LEOI throu gh
resistor R5; that LED provides visua l in
dication that the transmitter is working . In
addition, IC2 dri ves transistor Q I, which
in turn dr ives the two infrared LED's
(LE02 and LED3).

The transmitt er is powered by a min i
ature 12-volt battery, which is sometimes
ca lled a " lighter" batter y from its use in
elec tro nically- ignited c igare tte lighter s .
Although the battery supplies sufficient
voltage for the circuit and is small enough
to fit in a tiny case , it cannot directly
source the high curre nt needed to dr ive the
two IR LED 's . To provide that current, we
pre-charge capacitor C6 and then dump
all the charge it co ntains whe n S I is
pressed . Whe n S I is not pressed , power to
the fC 's is cut off. However, C6 is kept
c ha rge d via R8. The n , w he n S I is
pressed , the curren t stored in C6 can be
used to drive the LED's for as muc h as Y2
seco nd . Tha t's plen ty of time for the re
ceive r to pick up a signal.

When C6 's charge is exhausted , the

R8
3.3K

How it works
The schemat ic diagram of the transmit

ter is shown in Fig . !. As you can see , the
tran smitt er is built aro und two CMOS 555

scribed here can be bu ilt for under $40.
You ca n then ·control any device that
draws as much as 1500 watts of power. The
device can be 30 or more feet away.

Our cont roll er consists of a very small
(2 x IV2 by Y2 inches) battery-powered
transmitter and an AC-powere d receiver
that meas ures on ly 5Y2 X 3Y2 X IV2
inches, To use the controller, ju st plug the
rece iver into a wall outlet near the device
you want to control , and then plug that
device into the recei ver. Then use the
hand -he ld transmi tter to turn the device
on and off at your convenience . That 's all
there is to it!

C4 C5
.001 .01

R3
27K

R4
22K

4 8
RST Vee

r'II'l/\r+~7 OS
IC2

2 TlC555 3
TR DUTF----4-~~

C3
.01

R2
150K

01
IN4148

CI
IIl F
16V
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27~

XC880A
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SI
ON/OFF
....:I.. Bl

'----.......;:;..:..=.:.""'---~------4-----0 O---_-fl-~~-I
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IT SEEMS A CR IME THAT SLEEK, SEXY

stereos , VCR's and other electro nic ap
pliances must be operated by somet hing
so crude as a mech anical swi tch. There' s
really nothi ng wro ng w ith a swi tch , but
you must be within arm's reac h to operate
it. And when you're sitting comfortably in
an easy chai r and want to turn a TV, a
stereo, or a lamp across the room on or
off, it 's mighty incon veni ent to have to
stand up, walk over to the device, and flip
its swi tch.

Of course , if you' re fortunate eno ugh to
own a remote -co ntro lled TV or stereo ,
then you' re partly free of the tyran ny of
mechanical sw itches . But what about ra
d ios, lamps , and the myr iad of other de
vices that must be opera ted manu ally?

We've got the solution. The easy-to
build IR (Infra-Red) co ntro l sys tem de-
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OUTPUT
OF IC2
(PIN 3)

FIG. 2-THE 1500-Hz MODULATING SIGNAL is
shown in a; the modulated 35-kHz carrier signal
is shown in b ; and one cycle ofthe 35-kHz bursts
is shown in c.

output of the LED's drops to about one
third of their peak power. When S I is
released , C6 begins to recharge; it reaches
90 % of capacity in abo ut one second, and
full capacity in five to six seco nds.

At distances under ten feet , that charge
time will be of no co nseq uence because ,

lated signal; that signal is , in fact , an exact
repli ca of the signal produced by ICI in
the transmitter !

The preamp stage is very sensitive to
vari ous forms of noi se and R F int er
ference, so, for maximum acc uracy, the
entire preamp circ uit should be shielded
and bypassed . Our PC-board layout , dis
cussed below, has been optimized for low
noise perform ance.

The dem odul ated signal from the pre
amp stage is se nt to IC4-a , a 74CI4
Schmitt trigger. The squared-up 1500-Hz
signal is then sent to the clock input of
IC5- a, half of a 4013 dual " 0" flip-flop.
The flip-flop is configured as a binary di- .
vider, so the frequ ency of its output signal
is exactly half the frequency of its input
signal, but it has a duty cycle of exactly
50%.

That 750-H z signal is clipped to ap
proximately 0 .7 volts pop by diodes 0 3
and 04. The cl ipped signal is then fed to
IC6, a 567 tone decoder. The output of
that IC goes low whenever the frequency
of the signal fed to it is within its lock
range-the range of frequ encies within
which the IC will respond--of its intern al
YCO (Voltage -Controlled Osc illator).

The center of the YeO's lock range is
set by components R16, R17, and C17 .
The trimmer potentiometer (RI 6) allows

The receiver
It is relat ively easy to design an IR

remote-contro l sys tem, but most simple
designs are hamp ered by either low sen
sitivity or high susce ptibility to noise . The
outsta nding feature of our receiver is its
high -sen s it ivi ty, low-noi se inpu t pre
amp lifie r, which is built a ro und an
f.lPC 1373 IR remote-con trol preampli fier
(lCI in Fig . 3).

The IC is co ntained in an eight-pin SIP
(Single /nline Package), and it incorp o
rates circ uitry that not only co nditions a
signal from a photod iode , but also varies
the bias on the diode to acco mmodate
ch an gin g li ghtin g co nd it io ns . Th e
f.lPC1373 also has a sensitive 30-40 kHz
tuned detector, automat ic ga in contro l, a
peak detector, and an output waveshaping
buffer.

All that circuitry allows the the weak
signal pic ked up from photodi ode 0 2 to
be output as a clean , logic-l evel demodu-

at that distan ce , the receiver can pick up
the reduced signal. At greater distan ces ,
thoug h. it may be impossi ble for the re
ceiver to respond twice in a very short
period of time-less than about a seco nd.
But you should have no troubl e if you wait
for several seconds between each use of
the transmitter.
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FIG. 3-THE RECEIVER FEATURES A SHIELDED PREAMP, shown here inside the dashed lines. The
output of the preamp is squared up and fed to a PLL tone-decoder (IC6); the output of the PLL is fed
through a bi-stable latch IIC5-b) , wh ich provides the ON/O FF function.
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LED 3 IC2 C1 Sl
FIG. 5-THE COMPLETED TRANSMITTER appears as shown here . The legs of the electrolytic capaci
tors (C1 and C6) must be bent horizontally for those capacitors to fit in the case.

FIG. 4- COMPONENTS MOUNT ON THE TRANSMITTER BOARD as shown here .
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inse rt LEDI into its holes with the flat side
toward the posi tive battery cli p, but do not
solde r it in place yet. Lay the PC board in
the top half of the case, adj ust the position
of the LED to line up with its mounting
hole , and then so lde r the LED in place .

Now insert the two IR LED's (LED2
and LED3) into their holes with thei r fiat
sides toward the side of the board the
negative battery cl ip is mounted on. So l
der them in place about -Yx inch above the
surface of the PC board . Ca refully bend
thei r leads so that they are para llel with
the board and with each other, and so that
the ce nter of eac h LED is abou t -Yi6 inch
above the surface of the board .

Lay the board in the lower half of the
case and care fully mark where the center
of eac h LED touches the fro nt edge of the
case . Remove the board and use a small
ratta il file or a similar tool to cut out a
prec ise half-ci rc le for eac h LED . Chec k

IC1D1LED 2

performance of its preamp ca n be de
graded by imp roper layou t. You ca n etc h
your own board s using the foil pattern s
shown in PC Ser vice; pre-etched boards
are incl ude d with the kits so ld by the
source mentioned in the Parts List.

When your board s are etched, inspect
them for shorts and opens . Correct any
problems and clean the boards with stee l
woo l. Now build the transmitter. Install
all co mponents except the battery cl ips
and the three LED's acco rding to the di
agra m in Fig . 4 . Take ca re to orient the
capacitors, the Ie's , 0 1, and Q I correctly.
As you can see in Fig. 5 , the leads of C I
and C6 must be bent at a right ang le; the
ca pac itors are then mountedhorizon tally,
TIle fiat edge of S I should face Q I.

Next so lde r the ba tte ry clip s to the
board . The bu mp on the negative c lip
should face inward , and the hook on the
positive c lip should face outward . Now

Construction
We recom mend th at yo u use PC

boards, esp ec ially for the receiver, as the

you to vary the ce nter frequency to match
the output of your transmitter. The lock
range of the YCO is set by C IS. We use a
2.2 u.F ca pacitor here for a moderately
narrow lock range- about 11 0 Hz. That
provides an overa ll range of 750 Hz ± 55
Hz. The length of tim e a signa l of that
frequ ency must be present to obtain out
put is se t by cap acitor C19; the 22-f-lF
value sets that time at about 10 ms.

When IC6 detects a signal of the proper
freq uenc y, pin S goes low. Since that out
put is an open-co llector transistor, a pull
up resistor (R IS) is req uired for proper
ope rat io n . Th e outpu t s ig na l is fed
through another Sc hmitt trigger (IC4-b),
which dr ives another " 0 " flip-flop, IC5
b. That flip-flop is co nfigured as a bistable
latch ; each successive input ca uses the
output to change state .

Schmitt trigger IC4-b also drives IC4-
c. which in turn dr ives LED4, S IG N AL ,

which light s up whenever a signal is re
ceived. The Q output of IC5-b drives IC4
d , which in turn dri ves LED5, O N , which
lights up whenever the output is in the 0 11

state . The Q output of IC5-b drives two
paralle l-con nected inve rters, IC4-e and
IC4- f; they turn transistor Q2 on when
Q goes low. That transistor energ izes the
relay; its contac ts switch the device you' re
controlling on and off. Diode 06 is wired
across the co il of the relay to supp ress the
reverse spikes ge nerated by the co il when
ever it is de-energized. Without 0 6 , Q2
might be des troyed .

Co mpo nents C2 1 and R2 2 are co n
nected to the latch 's R inp ut; they provide a
power-an-reset function . In othe r words,
they ensure that the re lay will be off when
power is first applied to the receiver. At
power-up, C2 1 is effectively a short cir
cuit , so R is high . In that reset state , the Q

output of the flip-flop is low, the Q output
is high , so Q2 and the re lay are off. But , as
C21 charges through R22 , the voltage
across C2 1increases, and eventua lly the R

input drop s to gro und and allows the IC to
respond to input signals .

We have mad e provision for an optional
LOC AL O N/OFF sw itch, S2 . Since the 567
has an open-collector output , S2 ca n be
used to force the inverter 's inpu t low and
thus alterna te the state of the latch without
damaging the 567.

The recei ver is powered by a nine-volt ,
150-m A transfor mer that de live rs about
12-vo lts DC after rect ifica tion by diodes
07-010 and filtering by C22 . S ince most
of the receiver ci rcuit is voltage -indepe n
dent, no regul ator is used . Howeve r, the
567 requ ires a supply voltage less than
nine volts . There fo re , resistor R15, capac
itor C15 , and Ze ner diode 05 are used to
provide a regulated , filtered 6.S-vo lt DC
so urce .
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FIG. 6-COMPONENTS MOUNT ON THE RECEIVER BOARD as shown here. One shield must be
soldered to each side of the board after testing confirms that the preampl ifier works.

Note: The following kits and compo
nents are available from Dick Smith
Electronics, P. O. Box 8021 , Redwood
City, CA 94063: Complete receiver in
cluding all parts, case, and mounting
hardware, no . K-3428, $32.00; trans
mitter including all parts, case , but
less battery, no. K-3429, $7.95; trans
mitter battery, no. S-3335, $1 .19; re
ceiver case, no. H-2503, $5.95; trans
mitter case, no. H-2497, $1.95; $2.50;
BPW-50 IR photodiode, no. Z-1956,
$2.50; f.L PC1373 IR photod iode pre
ampli f ier, no. KZ-6174, $2.50; twelve
volt relay, no. S-7200, $4.95; nine-volt
transformer, no. M-2840, $2.50. All or
ders must add $1.50 plus 5% of total
price for shipping and handling. Cal
ifornia residents must add 6.5% sales
tax. Orders outside the U. S. must be in
U. S. funds and add 15% of total price.

IC5---401 3, dual "0" flip-flop
IC6-567, tone decoder
01,03,04, 06-1N4148, signal diode
02-BPW50, infrared photodiode
05-1N5526A, 6.8-volt, 400-mW, Zener

diode
07-01Q-1 N4002, rectifier diode
LE01- visible miniature red LED
LE02, LE03-XC880A, infrared LED
LE04-visible miniature orange LED
LE05-visible miniature red LED
Q1-BC640 (ECG383)
Q2-BC337 (ECG159)
Other components
B1-1 2-volt miniature "lighter" battery
RY1-relay, OPOT, 10-amps, 12-volts
L1-5 mH inductor
S1-miniature SPST momentary push

butto[1
S2-miniature SPST momentary push

button (optional)
T1-9-volt, 150-mA, PC-mount trans

former

the correct termi nals. You r receiver
should resemble the one shown in Fig . S.

Now insert the red plastic lR fi lter into
the front panel so that its legs are hori zon

continued all page 84

All resistors are Y.-watt, 5% unless other-
wise noted.

R1---47,OOO ohms
R2, R11-150,OOO ohms
R3-27,OOO ohms
R4-2200 ohms
R5-1 80 ohms
R6-270 ohms
R7-6.8 ohms, Y2-watt
R8-3300 ohms
R9-1000 ohms
R1Q-22 ohms
R12, R14-100,OOO ohms
R13-680 ohms
R15-390 ohms
R16-5000 ohms, trimmer potentiometer
R17-1 2,000 ohms
R18-470,OOO ohms
R19-1 megohm
R20, R21-1800 ohms
R22-10,OOO ohms
R23-820 ohms
Capacitors
C1- 1 f.LF, 16 volts, electrolytic
C2-D.0047 f.L F, mylar
C3, C5, C2O-D.01 f.LF, ceramic disc
C4-D.001 f.LF, ceramic disc
C6---470 f.LF, 16 volts, electrolytic
C7, C8, C11-10 f.L F, 16 volts, electrolytic
C9-0.0033 f.LF, mylar
C1Q-0.047 f.LF, ceramic disc
C12---47 f.LF, 16 volts, electrolytic
C13, C14-D.1 f.LF, ceramic disc
C15-100 f.L F, 16 volts, electroly1ic
C1 6-1 f.LF, 16 volts, tantalum
C17-D.1 f.LF, mylar
C18-2.2 f.LF, 10 volts, electrolytic
C19-22 f.LF, 10 volts, electrolytic
C21-1 f.LF, 16 volts, electrolytic
C22-1000 f.LF, 16 volts, electrolytic
Semiconductors
IC1, IC2-TLC555, CMOS 555 timer
IC3- f.LP C1373, IR pho todi ode pre-

amplifier
IC4-74C14, hex Schmitt trigger

SOl
117VAC
0"Ui'PiiT

strip, tw ist , and ti n !II inch ofeach conduc
tor. Pass the cord through the rear panel ,
insulate it wi th a grommet, and solder the
leads to the board. Then press SOl into
the rear panel and solder the three wires to

your progress often to avoid overcutti ng .
Snap both halves of the case together

w i tho ut th e board in pl ace and mark
where the edges of the holes meet the
upper hal f of the case. Take the case apart
and carefully fil e out the holes in the up
per hal f to match those in the lower hal f of
the case.

Now lay the board in the case. Then
insert B I and press SI; L ED I should re
main l i t for as long as SI is pressed. I f the
L ED doesn' t li ght , make sure the battery
is inserted correctly. If it is, use a freq uen
cy counter or an osci lloscope to verify that
both TLC555' s are osci llating . If they are,
make sure that L EDI is mounted correct
ly. I f you sti ll haven' t isolated the prob
l em , yo u m ay ha ve in st all ed Q I
incorrectly, or you may have install ed Q2
by mi stake.

Wh en the board is debugged , complete
assembly of the transmitter. Insert the
board into the lower half of the case and
then snap both halves together. I f desired,
the IR LED's can be pushed back int o the
case so that they do not protrude.

Building the receiver
Since the components are not so close

ly spaced, building the receiver is some
what easier. Referring to Fig. 6, solder all
el ectronic-not mech anical-compo
nents to the board, except for L ED4,
L ED5 , 02, and TI. Be careful to orient all
polarized devi ces correctl y; IC3 should be
mounted with the bevel oriented toward
the transformer. Don't forge t to solder the
jumpers in place.

Bolt TI to the board with it s secondary
wires toward C22 . Keepin g the leads as
short as possible, solder the primary and
the secondary w ires to the appropriate
pads. To prevent shorts, ensure that all
strands of each wire pass through it s hole.
Clip off and insul ate the transformer 's
center tap.

Solder three 3- inch pieces of IS-gauge
wire to the output pads near the relay.
Connect the opposi te ends of those wires
to the appropr iate terminals on SOl.

N ow solder 02 in pl ace with it s base
about Vx inch above the surface of the
board and with the beveled corner toward
the center of the board. Mount LED4 and
LED5 w ith their fiat sides facing each
other; the center of each LED should be
about !II inch above the board. The L ED's
wi ll be parall el to the board and to each
other i f they are mounted correc tly.

Now solder four th ick pieces of bus
wi re to the four holes where the shie ld wi ll
mount. The shield can be bent asshown in
Fig . 7 from a thin piece of tin . A lso, cut a
7/ X- x Ph -i nch piece of tin plate for the
bottom of the PC board. However, don' t
solder either shie ld in pl ace unti l you have
veri fied that the preamp circ uit works ex
actly as intended.

Strip the sheath of the AC cord so that
one inch of each conduc tor protru des;

en
o
Z
oa:
o
w
--I
W

6
C:i
<{
a:

46





soo
Zo
0::
Io
W
-I
W

o
o«
0::

48

forming set we tested . To opera te the unit ,
you flip up a panel that contains the LCD
display and a tran slucent back panel.
Light penetrating the back panel (together
with the setting of the brightness control)
determines image contra st. The screen
image is reflected by a mirror, giv ing the
effect of a screen tilted for easy viewing.

An opt iona l backlight clips onto the
back of the flip-up screen. Powered by the
se t's batterie s, it contai ns an ele c 
trolumin escent panel for use when the
ambient light is not sufficient.

To keep the size of the unit small , Casio
provides no speaker or retractable tele
scoping ante nna. Instead, an earp hone is
proved; its wire lead doubles as the set's
antenna . With that arrange ment, if you
move while watching , the earphone-lead/
antenna whips around and the picture be
comes unstable.

Another choice made in the interest of
user simplicity (and to eliminate a tuning
dial) is the incorporation of automatic sig
nal-seeking for channel selection. When
you tum on the set by selecting either
VHF or UHF, a small black cursor ap
pears at the top right side of the screen and
starts moving downward , seeking a sig
nal. Up-arrow and down-arrow buttons,
marked AUTOT U N IN G , let you change cur
sor direc tion. When a signal is found, the
cursor stops, and the picture and sound
(usually) lock in. The picture quality, at
best, is like a very bad newspaper photo.

The trouble with the automatic tuning
is that the set does not discrim inate well
enough between good and bad signals. It
will even lock in on scram bled subscrip
tion-TV signals, commonly found on the
UHF band. On weak channels , it some
times locks-in in such a way that video can
be seen but sound can not be heard. Since
the unit lacks a fine-tune control, there is
no way to tweak up reception. Further
more , the search for the next channel is
very slow. Worst of all, if you move the
earp hone wire and the signal level drops ,
the set unlocks and starts searching for
another channel!

That set, which appears to be identical
to Radio Shack's Pocketvision-Z; might
be adequate in a strong signal area, and
for watching at a desk where the antenna
lead will not be subject to much move
ment. It is probably great for watching
daytime soaps at the office during lunch or
break time.

The TV-60 , not tested , appears to be a
TV-21 with an AM/FM radio added .

The TV-lOOO is an LCD colo r set with
reasonab ly good performance . It has a
built-in fluoresce nt backlight for indoor
viewing. Outdoors you can drop down a
reflective back panel to collect sunlight
and we mean sunlight, not just daylight,
because that set requires quite a lot of
illumination .

Screen viewing angle is restricted with
that set. At anything other than the the

best viewing angle, the picture either gets
dark or washes out. You can partially
compensate for that by using the bright
ness control.

The color is fair, with a surprising de
gree of sharpness . Thum b-adjusted color
and tint controls let you set the degree and
shade of color to your liking.

The TV-lOOO also uses automatic tun
ing, but the tuner appears to be much
more sensitive , and a regular telescoping
whip antenna is used . The result is a stable
picture.

RADIO SHACK POCKETVISION-20

Video and audio inputs are provided,
allowing for improved performance when
used with a VCR . That also means that the
unit could be used as a computer monitor,
though because of the small screen size
such use is likely to be impractical.

That unit is apparently ident ical to the
Radio Shack Pocketvision-Ztl,

The TV-SOOO, not tested , appears to be
a TV-lOOO with an AM/FM-stereo radio
added .

Citizen
The 03TA was one of the first decent

LCD sets in the marketplace. Now dis
cont inued , that small, slim set with a
built -in AM radio remains available at
discount prices at many stores .

Despite poor contrast , a common prob
lem with LCD sets , that unit has much to
recommend it. The picture is relatively
large and surprisingly good, at least until
you compare it with that produced by a
CRT. The video input makes the set easy
to use as a monitor. Includ ed accessories
include an AC ada pter and a 3Y2-foot
plug-in wire antenna.

The flip-up panel and mirror provide a
comfortable viewing angle , the drum tun
ing dial is fast and easy to use , with clear
markings, and slide controls for volume
and brightness are well-marked and easy
to set.

The OSTA color set is another story. The
book-style carry ing case is beautiful , and
the set itself has a great look and feel. Its
performance , however, leaves something
to be desired . In fact, it was the poorest
performi ng color set we evaluated; in fair
ness, it was also the least expensive. In
door s , th e co lor pic ture is fa ir. But
outdoors the picture becomes completely
washed out; you almost have to use the

built-in backlight (which greatly shortens
battery life), since it takes a lot of external
light bouncing off a tilt-down back reflec
tor to produce an acceptable picture. on
the screen.

Reception is limited with the 2-foot
telescoping whip antenna, but improves
considera bly with the 3Y2-foo t clip -on
wire antenna that is provided . The video/
audio inputs allow you to monitor a VCR
or camera indoors .

The 06TA and the 08TA were not avail
able for testin g. In those sets, Citi zen
claims to be using a special " black ma
trix" process that produces a screen with a

CITIZEN 06TA

contrast ratio of 5:1 (compared with 2.5:1
for their earlier LCD sets, and 10:1 for a
typical CRT screen, according to Citizen).

The 06TA is replacing the 03TA ; it has a
list price of only $100. It is a little smaller
than the 03TA , and has no radio, but it
does have a higher pixel count and a
smaller screen, which provides better res
olution. With its combination of improved
contrast and low price, that set could fast
become an LCD favorite.

The 08TA, using a 3.5-inch screen with
even greater pixel density, improved con
trast , and an FM-stereo radio, also could
be a winner.

Epson America
The ELF ET-20 (and its Seiko equiv

alent, the LD V012 ) were, without ques
tion , the best LCD uni ts tested. The
resolution was remarkable for an LCD
screen, with a brightness and contrast ap
proaching that of a CRT.

EPSON ELF ET-20



The ET-20 uses reflective LCD TFf
(Thin-Film-Transistor) technology, so no
backlight is required. Furthermore, an ac
ceptable picture is produced with normal
room lighting, and the picture does not
fade outdoors. The unit is very small,
easily fitting in a typical shirt pocket.

However, several design compromises
were made that reduce the effective use of
that set. Although the sound quality is
good, the speaker is at the back, so all
sound projects rearward. Since the speak
er is so small to start with, the ET-20 only
has sufficient volume for viewing in a
quiet area . Making things worse, when an
earphone was used, at least on the model
tested, there was an annoying low hum .
Also, the wire stand provided allowed the
set to tilt too far back for convenient view
ing. Perhaps that's why the Seiko version
left the stand off altogether.

The color ELF ET-12 has had a lot of
favorable reviews-with good reason .
The picture offers surprisingly good color,
tint, contrast, and resolution . Brightness,
color, and tint are adjustable to your lik
ing . The relatively large front-mounted
speaker provides good sound . .

The picture is watchable outdoors, but
is better inside . A reflective panel tilts
down from the back for use in locations
where the lighting is sufficient. Other
wise, the built -in fluorescent backlight
provides sufficient illumination.

Magnavox
The BF3901BK is an exceptional set in

almost every way. It appears to be identi
cal to the Sony FD-30A (we'll get to the
Sony sets in a moment).

The specially-designed FD (Flat Dis
play) CRT's picture resolution and con
trast are excellent. For even better video
quality, a video input is provided
(however, there is no audio input); sur
prisingly, an SO-columncomputer display
was readable. The video input also will
allow the unit to be used as a video-cam
era or portable-VCR monitor. The front
mounted speaker and stereo headset
provide good sound.

Since the unit is a CRT set, no external
source of light is needed. The best view
ing conditions are indoors, with subdued
room lighting . Outdoors your eyes be
come adjusted to the ambient lighting and
the picture appears washed out. Direct
sunlight on the screen washes the picture
out altogether. That's why the carrying
case is designed with two flaps; those
flaps are held in position with Velcro tabs
to form a sunhood for outdoor viewing.
The set includes a swing-out stand.

The tuner is about as sensitive as those
of most of the other sets tested . There is no
provision for an external antenna.

The BF3900BK was not tested , but ap
pears to be the same as the BF3901BK
except for an AM/FM-stereo radio; we
assume that its performance is compara-

ble . It does not have a video input and is
not supplied with an earphone.

Panasonic
The TR-I030P, and its sister CT-lOl

(more on that in a moment), both use a
conventional-design CRT that has the
smallest screen size of any of the units in
this report. Despite that , the sets are
among the largest reviewed. To accom
modate the long neck of the CRT, the tube
was positioned so that the screen is viewed
at what would normally be one of the side
panels .

We're impressed with the TR-1030 . Al
though the screen is small, the display is
clear and bright. An included magnifier is
a worthwhile accessory. Although there is
no external antenna input , the tuner has
better sensitivity than most of the sets and
provides a clear picture even on the weak
er channels. The fact that it comes with
rechargeable batteries and an AC adapter/
charger is also a definite plus . (Note that
the charger uses a special plug; that makes
it impossible to plug the wrong charger/
adapter into the TV set.) In fact, all ac
cessories, including a cigarette-lighter
adapter (for car use) and earphones, are
included.

Our reaction to the CT-lOl color set was
similar. The color, brightness and contrast
of that CRT set were far superior to those
of any other color set reviewed.

All accessories are included. Among
those are a magnifier, an AC adapter/
charger, rechargeable batteries, head 
phones, an audio/video patchcord, and a
car cord. Panasonic even includes a
matching transformer to allow you to con
nect either 300-ohm twin-lead or 75-ohm
coaxial cable to the antenna input. At a list
price of $450 the CT-lOl is the most ex
pensive set in this report, but you get what
you pay for.

Radio Shack
The Pocketvision-Z is simi lar to the

Casio TV-21. It differs in that the case and
backlight are included; batteries are not
included .

CASIO TV-fOOD

The Pocketvision-S (not tested) at first
appears to be similar to the Citizen 03TA,
without the radio, AC adapter, or a video
input, but with a backlight. However, Cit
izen claims that the unit they build for
Radio Shack "uses a black screen rather

than a white screen, giving better con
trast, but a sepia-toned picture ."

The Pocketvision-20 (not tested) ap
pears to be the same as the Casio TV-lOOO ,
but it includes a wire antenna and doesn't
include batteries.

Seiko (Hattori)
The Seiko LDV012 differs from its sis

ter Epson ET-20 only in cosmetic de
tails-it has batteries but no stand, and is
turned on by pulling down a screen cover
(there is no conventional on/off switch).

SEIKO LDV-012

The LDV202 is a color LCD set with a
good picture and a built-in LCD alarm
clock module . -Th at module slips out of
the case and has its own battery. That set is
the smallest of the color sets tested, and
worked very well. The screen tilts up to
allow light to bounce off a silver reflector
to the back of the screen . Typical room
lighting appears to provide sufficient il
lumination . It works well outdoors in the
daytime, and for night (or dark room)
viewing, a backlight is included. The
backlight, which normally draws power
from its own batteries, simply snaps onto
the back of the screen. When using the AC
adapter or car cord, a small included
patchcord connects the external power
source to the backlight.

Sinclair
Sinclair's Flat Screen TV, available in

England for over a year, was recently in-

INSIDE THE Sinclair FTV2. That set uses a flat
screen CRT display.

troduced in the United States as the FTV2 .
Because the unit had to be redesigned for
use in this country (the British do not use
the U.S . VHF frequencies), its perfor
mance is markedly better on UHF chan
nels (although its VHF performance is
certainly adequate).

The flat-screen CRT produces a very
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good picture , though it is not as good as
the one prod uced by the Sony/Magnavox
T V sets . Further, it is the least expe nsive
miniature CRT-type TV set availab le.

We should note that this set does not
use alka line cells for power. Instead it
requi res a flat Polaroid Polapulse lithium
battery. Tha t P-500 version of that battery,
which is incl uded, can power the unit for
up to 15 hours . The P-lOO version of the
battery, whic h is available at many hobby
stores, will run the set for 2 hour s. Unfor
tunately, those batteries are not recharge a
ble and are not inexpensive ; sincla ir offers
a package of three of the P-500 's for just
under $ 10.

The only accessories provided with the
FTV2 are a thin vinyl slip-over case and an
earphone . No handstrap is provided or
available .

S inclai r does not sell an AC adapter in
the U.S . for the set, but you can use the
Radio-Shack Universal AC-ro-DC Adapt
er (Cat. No . 273- 1650). For car use ,
you' ll want the Radio-Shack Universal
DC Auto Adapter (Cat. No . 270-1560).

The set is genera lly a goo d value but
does suffer from some deficiencies , main
ly poor so und fro m the sma ll s ide 
mounted speaker,' and inacc urate di al
mark ings. It can also be difficult to obtain
locally. If you run into trouble , the set is
available from a few mail-order dealers .
One such dealer is Curry Computers ,
5344 West Ba nff, G le nda le , AZ
853 12-5607.

Sony
The Sony FD -2A and FD -30A use the

same 2-inch FD flat CRT as the Magnavox
units menti oned ear lier. Therefore , it's not
surpr ising that the pictu re quality of both
sets is j ust as good as that of the Mag navox
units .

The FD -2A is the only set tested that
allows the receptio n of TV sound without
picture , for grea tly extended battery life.
A rechargeable battery pack is not avail
able, but you can use indi vidu al re
chargeable cell s (penlight type).

The small front-mounted speake r pro
duced fair sound; no earp hone is supplied
with the unit. Contrast levels (low, medi
um, or high) are selected using a three
position switch. There is a separate rotary
brightn ess contro l. There is no video in
put but there is an exte rnal antenna input.
The carry ing case that comes with the unit
is simply an unpadded silver-co lor bag
with a drawstring at the top.

The FD-30A is esse ntially identical to
the Magnavox BF3901BK. The FD-30A,
however, comes with batteries and Sony
offers a num ber of optional accessories
not offered by Mag navox (note that those
will also work with the BF3901BK) .
Among those accessories are an externa l
battery case (which uses four C-size al
kaline cells for about ten hours of ope ra
tion), higher quality stereo headphones

than those supplied with the set, a speaker
system, a video -camera monitor cable,
and a screen magnifier.

The FD -40A uses a large 4-inch diago 
nal flat-display CRT. It is stretching a
point to call that set a " pocket TV," but is
included here for those whose interest is
in the ultimate in portable monit ors . For
such applicatio ns, that set (and its Zenith
clone, the BT044S, which we will get to
next) may be the most pract ical choice.

The FD -40A scree n see ms enormous
when compared with that of the other sets
tested for this report , and it was a pleasure
to watch . No stand is required; the base of
the unit is wide enough for the unit to
stand by itse lf. The screen is located near
the bottom of the uni t and is slanted for
comfo rtable viewing from about 2Y2 feet
away. The relatively large speaker pro
duces goo d quality sound; no earphone is
included.

On the down side, the image produced
did not see m as sharp as that produced by
the other Sony sets, although that may
have been due solely to the fact that the
screen is larger. Also, the video/audio'
puts are non-standard and require the
of a spec ial adapter cable that' s not in
cluded; it is available as an option. Finally,

SONY FD-30A

the set goes through batteries at a fairly
fast rate; no AC adap ter is supplied .

Optiona l accessorie s include a re
chargea ble battery pack , car cord, ear
phone , externa l antenna connector, gutter
mou nted car antenna, and roof-mounted
car antenna .

Zenith
The BT044S is functionally identica l to

the Sony FD-40A, altho ugh there are
some minor cosmetic differences. The
unit comes with an AC adap ter and an
earphone, but no batteries or carrying
case . Zenith does not offer many of the
access ories offered by Sony, such as the
rechargeable battery pack , but it appears

that those offered by Sony will work with
the BT044S.

ZENITH BT0445

What was a bit surprising, especially
considering the set's similarity to the
FD -40A, was the poor quality of the pic
ture-it was rather gray and fuzzy.

Summary
After testing all of the units, and exam

ining the specifications and brochures of
those not tested , we ' ve formed so me
opinions about the units .

If you are interes ted in just having a
pocket TV for occasional use, and want to
keep the cost low, consider the Citizen
06TA or Sincl air FTV2.

For a better picture , but also a higher
cost, consider the Magnavox BF3900BK
or Sony FD -2A. If you want to add stereo
FM, ge t the Ci tizen 08TA, the So ny
FD-30A, or the Magnavox BF3901BK.

For monitoring video from a camera or
VCR , th e So ny FD-4 0A or Ze nith
BT044S will give you the largest picture .
If you can get by with a smaller monitor,
consider the Sony FD-30A or Magnavox
BF3901BK.

If you can't get by without co lor, be
prepared to pay a lot more for a lot less in
picture quality. Of the color sets, the Pan
asonic CT-10l is tops, followed by the
Seiko LDV202 and Epson ET-12.

In this report we've tried to fairly point
out each TV set's strengths and weak
nesses . Ba lanci ng those agains t your
needs should lead you to the unit that 's
right for you. Also, the judgme nts pre
sented here are the author's . Just as you
would for any other type of electro nics
equipme nt, you should evaluate a set's
performance for yourself before making a
purchase. R-E
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FIG. 1-WHEN A VIDEO SIGNAL is fed through an AC-coupled network, the DC reference-level is lost.

This month we turn our attention to
several practical descrambling circuits.

WILLIAM SHEETS AND RUDOLF F. GRAF

FIG. 2- THE DC REFERENCE-LEVEL can be re
established using a clamping circuit.

:l>
C
o
C
(J)
--i

not V~DEO"t.BL:I. OUT

i~
: REFERENCE

..!..DC VOLTAGE

.,;.

o-----J( CI
VIDEO
IN

~

basic , fixed design . The circuits shown in
Figs. 3-b and 3-e feature continuously
variab le atte nua tio n. The tran sist or
switched circuit of Fig. 3-d has an "on/
off" attenuation characteristic. In that last
circuit, QI switches R2 in to and out of the
circuit. When the transistor is conducting,
the attenuation is equal to Rl/(RI + R2).
Of course, at other times it is less.

Note that , in all of the circ uits of Fig. 3,
RI and CI should be chose n so that the
time constant that results is 0 .1 second or
greater. That will allow the circ uit to pass
the lowest-frequency video components.
Typical values for R I range between 20
and 150 ohms. For video applications, CI
ranges from 1000 to 5000 j.LF; for RF it
should be between 100 pF and 0.01 j.LF.
The value for R2 should range from 5 to

Over the next few months, Radio
Electronics will be presenting a se
ries of articles describing the tech
niques used by pay-TV and ca ble
companies to scramble their signals.
While specific circuits for specific
sc rambling systems will be discussed,
they are presented for informational
and experimental purposes only .
Therefore, parts lists, parts suppliers ,
and additional technical support will
not be available for those circuits.

superimposes one waveform on another.
In a descrambl er, the modu lator is used to
re-inse rt components of the video wave
form that have been removed , or to restore
components that have been altered.

In the gated-sync sys tem, the effect of
the scra mbling is to reduce the amplitude
of the sync pulses. That could also be
looked at in another way: The video level
is increased so that it is much too high for
the sync pulse .

We could restore the proper signal ei
ther by reducing the video gain between
sync pulses, or by increasing the video
gain during the sync pulses. Ideally, we
need a circuit that has different gain (or
attenuation) for video and sync signa ls .

Two basic app roaches can be used to
restore the proper relationship between
video and sync signals . One is to use a
variable attenuator ; the other to use a vari
able-ga in amplifier. The choice of ap
proach is pret ty much up to the designer as
ei ther is practical and effec tive.

Variable attenuators
Figure 3 shows four different attenuator

networks. The one shown in Fig. 3-a is a

Pa rt 3 NOW T HAT WE'VE

looked at the theory
behind several possible scra mbling sys
tems and several systems now in common
use, it 's time to tum our attention to some
real-world circuits . For the most part , we
will confine our discussions to those sys
tems using fixed scrambling algorithms.
Those systems include gated-pulse , sine
wave, and Sync Suppress ion and Active
Video Inversion (SSAYI). Although those
systems are different , they do share some
common circuits. Let 's start off by look
ing at some of those common circuits.

Basic circuits
One simple circuit that crops up in a

variety of scramblingldescrambling sys
tems is the video clampin g circuit. That
circuit is used to establish a DC or base
reference for a video signal. .

Consider the situation shown in Fig. I.
There , the video signal shown in Fig. I-a
is fed to the "AC-coupled" network of Fig
I- b. Note that the output waveform shown
in Fig . I-e follows the inpu t, but that the
DC level has shifted down about two
volts. The result is that, for the portion of
the waveform shown, the grays would ap
pear white and the blacks 'would appear
gray. Also, because of the suppresse d
level of the sync tips, the picture might
roll.

The missing reference level can be re
es tablished by modifying the network as
shown in Fig . 2. A small portion of the
signal is rectified by the clamp diode , DI,
and appears as a DC bias that shifts the
DC level automatically as required . As
suming that the diode is ideal, the video
output can go no further negative than the
reference voltage; the video signal is be
said to be "clamped" to that reference
voltage.

Another circuit found in almost every
descrambler is the modulator. In the sim
plest of terms, a modulator is a circuit that
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FIG. 5-USE THIS SCHEME to derive the flyback
pu lse required by the ci rcuit in Fig. 4.

diode is determined by the amount of cur
rent flowing through it. The amo unt of
current , and thus the impedance of 0 I,
can be controlled by varying R5 .

Dur ing the retrace interval , however,
QI is biased on by the flyback pulse ,
which must be positi ve . That diverts the
current from the power supply to ground,
removing the bias from 01.

The amount of attenuation that that cir
cuit provides depend s on the impedance
of 0 I. During retrace , the diode is cut off
and there is littl e attenuation . Du ring
scanning , attenuatio n takes place because
D I acts as a low resistance that short s part
of the signal to gro und.

We ' ve recei ved reports that circ uits
similar to the one shown in Fig. 4 have
been used to decode VideoCypher II vid
eo; as we have had no direct experience
with that , we make no promi ses or guar
antees . Further, neith er that circuit , nor
any other that we've heard of is capable of
restorin g proper aud io to a VideoCypher
scrambled signal.

The circuit of Fig . 4 is not without its
problem s. It is difficu lt to adjust and noise
prone . Also , it requires diggin g into the
TV receiver to obtain the flyback pulse.
On the other hand, it is a good experimen
tal project because its part s are low cost
and can , for the most part , be reuse d later
in a more advanc ed descrambler.

Perh aps the most difficult aspect of ge t
ting the circuit working is obt ainin g the
flyback pulse . Unless you know what you
are doing , you could dam age the TV set or
expose yourse lf to dangerous high volt
ages . For those who would like to give it a
try, Fig. 5 shows a method for obtaining
the flyback pulse . Be sure to use heavily
insulated wire and , if possible , operate
the set from an iso lation transform er dur
ing your experiments. Once again , you
will be dealing with high voltages, so be
extremely careful.

Variable-gain amplifiers
The other approac h to restoring a video

waveform is to use a variable-ga in ampli
fier. In that approac h, the gain of the de
coding circuit is co ntrolled by a decodin g
signal in such a way that the output co n
sists of a proper video waveform . Two
circuits that are app ropr iate for that ap-

---------------OECllDING
(CONTROll

SIGNAL

reduced or removed so that the sync-sig
nallevel, blanking-pulse level , and co lor
burst sig nal are not affected . Biasing is
provided by a pulse or sinewave source as
ap pro pria te . (In so me cases, a pre
distorted sinewave is required; we' ll look
at that a littl e more deepl y later on in thi s
series .) The net result is that the normal
relation ship between the video and the
sync levels is restored .

We can now look at our first, basic
descrambl er. It is shown in Fig . 4 . That

FIG. 6-THIS DESCRAMBLER IS based on a variabl e-gain amplifi er. The decoding signal is used to
determine the amount of the gain.

circuit can be used to decode a gate d-sy nc
scrambled signa l. It will not work on
other types .

Let's see how that circu it wor ks . A
sma ll sample of the flybac k pulse is used
to control the operation of Q I. As a result ,
dur ing the sca n interval the transistor is
cut off, allo wing a current of about I rnA
to flow from the power supply. That cur
rent biases 01 on. The impedance of the

DETERMINED EXP.ERIMENTAlLY' --'
FIG. 4- THIS SIMPLE DESCRAMB LER is based
on a continuously variable attenuato r. Though
difficult to align, it can be made to work.

50 ohms, while the values for R3 and R4
can fall bet ween 1000 and 22,000 ohms .

Any of the variable attenuators could
be used to res tore the proper video wave
form for a ga ted-pulse, sync-su ppression,
or video- inversion type of scrambled sig
nal. However, beca use we need some de
gree of " linearity" to deal with sinewave
encoded signals, the switched circ uit of
Fig. 3-d would not be appropriate to de
co de such signals.

Descr arnbl ing co uld be done either at
the RF or video level , although it is per
haps simples t to do it at the RF level.
That's because RF descrambling , either at
broadc ast VHF/U HF frequ encies or the
T V set's IF frequency (typica lly 45 MHz),
allows the use of lower-valued , physically
smaller capaci tors (100 pF-O .Ol p.F vs.
100~5000 fl-F).

All of the variable attenuato rs require
that the active element be biased on (be
conducting) during the periods when the
video signal is presen t. The result, of
course, is that the level of the video signal
is reduced . During the interval when the
sync signals are present , the acti ve ele
ment s are biased off and attenuation is

FIG. 3-FOUR ATTENUATOR CIRCUITS. A basic
fixed attenuator is shown in a. The attenuators
shown in band c are continuously variable. The
atten uator in d has an on /off operating charac
teristic.
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FIG. 7-ANOTHER VARIABLE-GAIN descrambler, this circuit is built around an LM733 video ampli f ier.
Note that both positive and negallve outputs are available.

plicat ion are show n in Figs. 6 and 7.
In Fig . 6 a standard video RF-amplifier

circuit is used as a video IF-ampli fier at 44
MHZ (that's a standard TV IF frequency).
The input signal, which is taken from the
tuner or a following IF stage, is made up
of a video sig na l and a superimposed
scrambling signal. The gain of the ampli
fier is altered by changing the bias at gate I
(or gate 2) of Q I. That technique is nor
mally used in AGC circuits , but if the bias
is a DC voltage with a superimposed de
coding signal , we can vary the gain in
such a way that the encoding signal is
canceled. For proper operation, the DC
voltage and the decodin g signal level must
be carefully chose n. Ideally, the output of
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FIG. 9-IF NO DECODING SIGNAL IS AVAILABLE, this circuit can use the 3.58-MHz color-burst signal
to reconstruct all of the components of an NTSC sync signal.
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the circuit should be an amplified version
of the video sig nal, with all traces of the
encoding signa l removed .

The circuit in Fig. 7 is built around an
LM733 video amplifier. That two-stage,
different ial- input , wideband video-am
plifier is designed for use in a wide variety
of video applications . It has a bandwidth
of over 120 MH z and selectable gain.

A differential amplifier has the property
of producing an output signal that is the
product of the gain of the amplifier and the
difference between the two input signals.
By grounding one input of the LM733,
the amplifier can act as a conventional
amplifier. The output can be either bal
anced or sing le-ended with respect to
ground, and the device can be set up to
provide two identi cal output signals that
are 1800 out of phase , as has been done in
the circuit of Fig . 7.

Let 's see how the circuit of Fig. 7
continued all page 86

Cl + 5V C2
.01 IOfLF
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FIG. 8-FOR SYSTEMS WHERE a 15.75-kHz decoding signal is hidden in the audio channel, this circuit
can be used to reconstruct a missing sync signal. Note that while IC1 was designed for FM stereo
applications, when configured as shown it can be made to operate at 15.75 kHz.
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How to

FEEDBACK

Design OSCILLATOR Circuits
JOSEPH J. CARR

We continue our oscillator series with a discussion of LC feedback oscillators.

a
A

A

>--- ...--0 OUTPUT

FIG. 2-THE FEEDBACK NETWORK is often
composed of three impedances, Z1, Z2, and Z3,
as shown at a. For purposes of mathematical
analysis, Z2 and Z3 may be treated sim ila rly to a
resistive voltage divider (b).

b

right circ uit. In Fig. 2-a is shown a typica l
three-l eg feedback network . We ca ll the
reactance e lements Zl, Z2, and Z3, im
plying that they ca n be either capacitive or
inducti ve reac tances , depending on our
design needs . For convenience we have
shown the amplifying element as an op
amp, but other devices co uld be used .

Take a look at Fig . 2-b and you ' ll see
that the feedb ack factor, B, can be stated
in a form tha t resem bles the equation de
scribing a resistive voltage divider :

B

>--._---0 OUTPUT

FEEDBACK
NETWORK

B

Gain equations
The basic feedback osc illator is shown

in Fig . I. The triangular block represents
an amplifier that has an ope n- loop ga in of
- AV(OL)' where the minus sign impl ies a
180 0 difference in phase betwee n the cir
cuit 's inpu t and its output. The feedback
network has a ga in factor B; in most cases ,
that "gain" is reall y a loss . If the circ uit is
to osc illate , we must make the closed
loop ga in , Av, grea ter than or eq ual to
unity. As we discussed last time , the
closed-loop gai n of the circ uit is:

Av = Av (o L)/[(1+ AV(OL) x B]

Finding the value of B is easy, g iven the

FIG.1-A FEEDBACK OSCILLATOR may be con 
sidered theoretically as an amp lifier and a feed
back network.

eral of the more popular below. But first ,
we' ll finish up our theoretical discussion
of oscillator Circuit gai n, and then talk
about how osci llation gets started.

Pa r t 2 LAST TI M E WE

. learned that there
are two types of oscillator: re laxation and
feedback. A relaxa tion osci llator is built
from a neon lam p, a UJT, a tunn el diode ,
or anot her dev ice. The non-linear resis
tance charac teristics of those devices are
what cause osc illation to occur. Below a
certa in potent ial , a neon lamp, for exa m
ple , does not conduct; but , after that po
tentia l is exceeded, the device breaks
down and provides a discharge path for a
timin g capac itor. When that capacitor dis
charges below the lamp 's holding voltage,
it stops co nducting, and voltage starts to
build up across the lamp again. That
buil d -up co ntinues unt il the th reshold
voltage is exceeded once aga in. Oscilla
tion thu s co ntinues as long as voltage is
presen t.

A feedback oscillator, on the other
hand , is built from a transistor, a tube , an
op-arnp, or some other active (amplify
ing) device . Osci llation is brought about
by applying a portion of the amplifier's
output signal to its inpu t. That feedb ack
sig nal must be applied in phase with the
original input signal. The reaso n is that ,
because the amplifier is usually an inver
tcr that provides 1800 of phase shift by
itse lf, an additional 1800 of phase shift
must be provided thro ugh so me other
means.

Th ere are man y di fferent ways of
providin g that phase shift; we' ll show sev-
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FIG. 6-THE HARTLEY OSCILLATOR is com
posed of a two-inductor, one-capacitor feed-
back network. .

The Hartley oscill ator
The classic Hartley osc illator is shown

in Fig. 6. The principa l difference be
twee n the Hart ley and the Colpitts os
ci llators is the type of reactance elemen ts
used for ZI, Z2, and Z3 . In the Colpitts
osci llator, Z I and Z2 are capacitive, but in
the Hartley version they're induct ive. A
Hartley osc illator may use a tapped induc
tor, but it's still a Hartley osc illator. Fur
ther Z3 is inductive in the Colpitts, but
capaci tive in the Hart ley. The circui t in
Fig . 6 will osc illate at a frequency given
by:

1
f =

2n V (L1 + L2)C1

Like the Co lpitts osc illato r, nomina l
gain of the Hart ley osci llator is R2/R l,
and minimum gain is L2/LI.

Practical circuits
A discrete-transistor imp lementatio n

of the Colpitts osci llator is shown in Fig.
7-a . The spli t-capacitor voltage div ider
that provides feedback cons ists of C2 and
C3. In general, C3 has a larger value than
C2 ; typical values are 82 pF for C2 and
0 .00 1 f.LF for C3 . Resistor R3 biases the
transistor, and RI provides stability. The
output signal is developed across Rl. The
frequency of osci llation is determined by
resonant tank circ uit Z , which is con 
nected to the base of the transistor via C4
as shown.

The tank circuit is com posed of a coil
and a capacitor, wh ich may be connected
in series , as shown in Fig . T-b, or in para l
lel , as shown in Fig. T-c. The series circuit
is called a Clapp osci llator because it re
sembles the series-tuned Clapp osci llator
that was popu lar in the 1950 's .

A Hart ley osc illator may be built as
shown in Fig. 8. Again, a bipo lar tran
sistor is the gain -prod ucing element. Re
sistors RI and R2 bias Q I, and play no

C2 greater than the value of C I if that ga in
is to be less than unity. In practice, the CII
C2 ratio is a trade-off betwee n amplit ude
and stability.

c,

.>-- - -+--<J OUTPUT

11

FIG. 5-THE COLPITTS OSCILL ATOR is com
posed of a two-capacitor, on e-inductor fe ed
back network.

tV

P"A--~-= .~~t

FIG. 4-WHEN PULSED, AN LC tan k circu it pro
duces a damped ringing signal as shown here.

The Colpitts oscillator
The basi c Colpitts osci llator is shown in

Fig. 5. Referring to our mode l circuit in
Fig. 2-a, reactances Z I and Z2 correspond
to capacitors C I and C2, respectively, and
reactance Z3 corresponds to inductor LI .
The circuit's frequency of osc illat ion is
given by the standard resonance formu la
given above . Values are specified in hen
rys for coi ls, and farads for capacitors .
Also, the term C in the equation must be
ca lculated from the series combination of
CI and C2 in the standard manner:

C =(C1 x C2 ) / (C1 + C2)

The nominal gain of the co lpitts os
cillato r is expres sed as the ratio R2/RI ,
and minim um gain is expressed as the
ratio Cl/C2 . We must make the value of

reduced the amount of available energy,
so the field is weaker than before. TIle
field collapses , C I charges, and so on,
until all the energy of the circu it has been
spent. Tha t steadi ly-reducing, or damped ,
osci lla tion wo uld appear on an os
cilloscope as shown in Fig . 4 .

Each time the LC tank c ircuit is
" pulsed" by closing S I, the oscillations
will begin and have a frequency fthat is
given by the standard reso nance equatio n:

1
f = 2n vTI5

All LC osci llators function according to
the damped-osci llatio n mode l discussed
above; the frequency at which any given
LC circuit osci llates can be desc ribed by
the equa tion just give n. So, keep ing those
basic ideas in mind, let' s take a look at
severa l popul ar LC osci llato rs .

..::r..
.f---~oSlo---:::===~__....
r
I 81
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B = Z2/(Z2 + Z3)

Commonly Zl and Z2 are the same type
of reacta nce, and Z3 is of the " opposi te"
type . For exam ple, if Z l and Z2 were
capac itors, the n Z3 would be an inductor ;
if ZI and Z2 were induc to rs, then Z3
would be a capacitor. .

Whichever feedback technique we use,
however, there is still one unanswered
question: How does osc illat ion begin? If
oscillation depe nds on feeding the output
signal back to the input in phase, then how
can the process begi n when there is no
output signal to feed back? To use a me
chanical ana logy, consider a tuning fork .
It needs a mechan ical stimu lus-a sharp
rap--to start oscillating.·Is there an elec
trical equiva lent to that rap that will get an
osc illator running?

The answer, of course, is yes. First, no
circ uit is ever perfectly noise fI:ee. In fact ,
transis tors, tubes, and other active de
vices have an abundance of noise that
initially " rings" the circuit. Seco nd, there
is also a variable output voltage that is
caused by the varyi ng collector (or drain )
current as the device " comes alive." In
many cases that change in current is suffi
c ient to ring the circ uit into osci llation.
However, if the circuit were very quiet or
very slow to turn on, it is poss ible that the
circ uit would be unable to start osci llat
ing . But, assuming it does start, we usu
ally want osci llation to occur at a speci fic
frequency.

There are many methods of controlling
frequency ; we ' ll look now at several ways
of con trolling frequency using coils and
ca pac itors.

FIG. 3--AN LC TANK CIRCUIT determines the
frequency at whic h many circ uits oscillate.

LC oscillators
Let's digress a moment and talk about

how a basic LC circ uit works . In the cir
cuit shown in Fig. 3, after S I has been
closed for a period of time , current will
flow through LI, and that wi ll store ener
gy in the inductor. But when S I is opened ,
the mag netic field of the inductor co llaps
es . That collapse induces current into the
circuit, and that current charges CI .

After C I charges fully the process re
verses. The capac itor begins to discharge
and that builds up the magnetic field in the
ind uctor. But this time , circuit losses have
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The TITO oscillator
Our final LC oscillator has been called

by several different names in the past. In
older texts that illustrate the use of vac
uum-tube circuits, the circuit is called a
Tuned-G rid-Tune d-P late (T GT P) os
cillator. More recently it has been called a
Tuned- Base-Tuned-Collector (TBTC) os
cillator. Perhaps now that we have so
many types of amplifying devices, the cir
c u i t s h o u l d b e ca l le d a
Tuned-/nput-Tuned-Output (TITO) os
cillator.

Whatever we call it, it looks something
like the circuit shown in Fig. 10; the fre
quency of osc illation of the circuit is set
by both the LlfCI and the L2fC2 tank
circuits . Most textbooks recomm end that
the two tank circuits resonate at almost
equal, but slightly different , frequencies.

Feed back in the TI TO osc illa tor is
brought about through inter-element ca
pacitance in the transistor. In other words,
CB E (the capacitance between base and
emitter) and CCB (the capac itance be
tween collector and base) are not external
capac itors; they are part of the structure of
the transistor. That is why they have been
shown in dashed lined in the illustration .

The TITO osci llator is rarely used these
days, even though the local oscillators in
some TV and FM receiver s are , im
plicit ly, the TITO type. That sort of circuit
may appe ar to have no capacitors and only
inductors but don' t be fooled . The design
ers of the circuit intended for stray device
and circui t capacitance to be sufficient to
produce oscillation at the desired frequen
cy.

Conclusion
We've covered quite a bit of ground this

month , so let's take a moment to step back
and recap what we've done.

After der iving the gain equation of a
ge nera lized osci lla tor circ ui t , we dis
cussed how osci llation may be initiated by
start-up currents in the circuit , or even by
random circuit noise . Then we reviewed
the operation of LC tank circuits. With
that theoretical backgro und, we then went
on to look at Co lpitts and Hartley os
ci lla tor s . Aft er exa mining them the
oretica lly, we d iscussed several practical
circuit implementa tion. Finally we dis
cussed several historically interesting cir
cuits: the Armstrong oscillator and the
Tuned-I nput-Tuned-Output (TITO) os
cilla tor.

When we continue next time , we' ll dis
cuss RC osc illators that are built from op
amps . R-E

the coil to be varied with respect to Ll.
When coupling was maximum , so was
feedback . The frequency of oscillation of
the Armstrong osc illator may be calcu
lated by plugging the values of LI and CI
into the resonance equations that we cited
earlier in this article .

+V

Cl

Rl

r--"'~'Itr---_- + V

R2

FIG. 10-THE TITO OSCILLATOR us es an LC
tank at both the input and output of the circuit;
the two tanks are tuned near, but not precisely
at, the same frequency.

th in gs . A m od ern ve rs ion of th e
Armstro ng osci llator is shown in Fig. 9.
That circuit uses a FET as the amplifying
element; the orig inal Armstrong circuit
used a tube . Another popu lar name for the
Armstrong osc illator is the " tickler os
cillator;" we' ll see why in a moment.

The Armstrong circ uit's frequency of
osci llatio n is determined by the values of
the compone nts in the parallel-resonant
tank circuit composed of CI and Ll . A
feedback coil, or " tickler" coi l, L2, is
closely coupled with Ll , and the tickler
serves to feed part of the output signal
back to the input. Care must be taken to be
sure that the mutual inductance between
L2 and Ll is of the proper " polarity."
Otherwise feedback will occ ur, and the
circuit won' t oscillate .

The amount of feedb ack, or regenera
tion, is contro lled by variable resistor R3;
that resistor controls the amount of cur
rent flowing in the tickler coil. In older
circu its , the tickler coil was wound on a
mechani sm that permited the position of

FIG. 9-THE ARMSTRONG OSCILLATOR is the
basis of many circuits including the re 
generative radio receiver.

osc illators, but two are particularly inter
es t ing, h ist o ri c all y speaki ng . Th e
Armstrong oscillator is named after Major
Edwin Armstrong, who invented the re
generative detector, the superheterodyne
radio, frequency modulation , and other
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other role . Oscillating frequency is deter
mined by the resonant tank circut that is
made up of Ll and CI , and the output
signal can be taken either from the emitter
of the transistor via C5 , or from coil L2 ,
which is coupled to Ll . The position of
L ls tap is a trade-off between the stability
and the amplitude of the output signal.

As a final word before we move on,
both Hartley and Colpitts oscillators are
co mmon-collector circuit s , because the
co llector of the transistor is at AC ground
by virtue of the presence of a bypass ca
pacitor-that capac itor is C5 in Fig. 'I-a ,
and C4 in Fig. 8.

The Armstrong oscillator
There are many additional types of LC

b c
FIG. 7-A COLPITIS OSCILLA7::r::O:-::R:-c-a-n-:b-e-:b-U~iIt·
usi ng a transistor (a). The block marked Z
should be replaced by the network shown in b
(for a Clapp oscillator) or c (for a pure COlpitts
oscillator).

FIG. B-A HARTLEY OSCILLATOR can also be
built using a transistor; oscillating frequency is
set by L1 and C1.
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High-power
FEY STEREO AMP
After several months of theoretical discussion, it 's time to get our hands dirty and build this
audiophile's dream amplifier!

LEO SIMPSON AND JOHN CLARKE

Part 3 WE'VE SP ENT SEVERAL

months talking about
how the amplifier works and the philoso
phy behind its design . We've all had
enough theory-so let's start building an
amplifier!

Mechanical overview
First of all let's talk about PC boards .

Two are req uired : the co ntro l board ,
which contains most of the digi tal input
switching circuitry, and the main board,
which contains the vast majority of all
other components . If you want to etch
your own, we show the foil patterns for
both boards in this issue 's PC Service ;
alternati vely, you may purc hase boards
from the source mentioned in last month's
Parts List. In any event, we don' t recom
mend that you try to build the amplifier
without PC boards; succe ss using any
ot her construc tion techn ique is highly
doubtful.

As you can see in Fig. 10, the mechan
ical arrange ment of our amplifier is rather
unusual in that two large heatsinks serve
- Adapted from material published by Electronics
Australia

both as endpane ls and as supports for the
main PC board. That arrangeme nt allows
the output transistors to be bolted to the
heatsinks and their leads soldered directly
to the appropriate pads of the PC board . In
addition, the front and rear panels bolt
directly to the heatsinks, and so do the top
and bottom panels . Both the top and the
bottom panel also have flanges that help
secure the front and rear panels making
for a mechanica lly stable cabinet.

The terminals of the tape input/output
jacks , the main input jacks , and the
speaker connectors are soldered directly
to the rear of the PC board ; the jacks
themse lves protrude through cutouts in
the rear panel , to which they are bolted .
Similarly, on the front panel, the shafts of
the PC-board mounted BA SS, T REBL E ,

BAL A NC E . and VOLUM E control potenti
ometers protrude throu gh holes in the
front pane l, to which the potentiometers
are secured using nuts.

Unlike the other switches and the po
tentiometers , the POW ER , SPEA KE R SE

LECT, MO NO/ STEREO , and M UTE switches
are not soldered directly to the PC board .
The y are connected to it using short

lengths of hookup wire and they are se
cured to the front panel with the appropri
ate mounting hardware .

The control board attaches to the front
panel by means of three short threaded
bushings . The bushings are attached to
the component side of the PC board; the
board is then screwed to the front panel.
The lower screws pass through flanges on
the base plate .

As shown in Fig. 9 last time , the high
voltage power supply components (T l ,
BR I, C8-Cll) are mounted on the base
plate of the amplifier, below the main PC
board. Several screw-terminal strips are
also attached to the base plate to facilitate
interconnectio ns between C7, S I, the line
cord, and T I.

Electronic assembly
Constructio n is straightforward and

mostly involves installing parts on the two
PC boards . Before mounting any compo- »
nents, inspect both boards for shorted or §
open traces . Repair any faults before pro- 55
ceeding. A few minutes spent correc ting -i

faults on the PC board now could save CD

considerable frustra tio n-and cas h- ~
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FIG. 1D-MOST SWITCHES AND POTENTIOMETERS are soldered directly to the PC board; that
eliminates much tedious wiring by hand.

FIG. 11-MOUNT THE CONTROL-BOARD COMPONENTS as shown here. The switches and LED's
mount with their fl at si des down, and P1, if used, mounts to the back sid e of the board.

longer to build the main board than it took
to build the control board. The chances for
error are also co nsiderably greater. So
take your time , be careful, and check your
work often!

Refer to Fig. 13 and start install ing the
jumpers, resistors and diodes . Take par
ticular care with the diode s. Don' t con
fuse the 5.6- and 9-volt Zener diode s, and
make sure that you install the IN4002 and
the lN914 diodes in their designated posi
tions .

The IC 's and the transistors can be in
stalled now, but don' t mount the power
transistors yet. Man y differe nt types of
transistor are used in this circuit, so make
sure that the correct one is inserted at each
location . When mount ing the IC 's, make
sure that they are oriented correctly and
solder the power-supply pins first. Power
is applied to pins 4 and 7 of the op-arnps
(TL071. NE5534), and to pins 7, 8 , and 16
of the CMOS ana log switches (4052 ,
4053). Then go on and solder the signal
carry ing pins. After soldering , check for
solder bridges between every pin and its
neighbor. A little time spent doing that
now co uld save a lot of time and money
later.

Now install the capacitors. Since we
use several capacitors with the same ca
pac itance but different voltage ratings ,
take a few extra moments and be sure that
you install the correct unit at each loca
tion . And be sure that the polarized capac
itors are or iented correc tly; the prop er
orientations are shown in Fig. 13 .

The fuse clips, relays, trimmer potenti 
ometers, and all the other small board
mounted co mponents except the power
transistors can be installed next. For best
results , ob serve the reco mmendations
that follow.

Now cut the shafts of the potent iome
ters to a length of about Yz inch. Then
solder the potentiometers to the board .
The lugs of the potentiometers should be
inserted into the PC board all the way so
that the shafts will line up with the holes in
the front panel.

The strip of RCA jacks (11 00-1107 ,
1200-1207) supplied with the kit includes
a ground lug that must be removed . Then
cut the strip to an overall length of about
4% inches with a hacksaw. Last , drill a
hole directly above the last RCA jack at
the same height as the other mounting
holes in the strip. Once all of that has been
done, mount the strip on the PC board and
solder the lugs.

The loud speaker termin als can be in
stalled now. Make sure that the two plastic
locat ing lugs that are on those loud
speaker termi nals mate with the appropri
ate holes in the PC board .

We used PC stakes to terminate wiring
from the switches , the jumpers , and the
power supply. Since most of those con
nections terminate on the underside of the

is not doubl e-sided , it has no pads on the
comp onent side , so you' ll have to leave a
enough space between the bod y of the
connector and the PC board for the tip of
your soldering iron to fit in. To solder the
connector in place , tin pin I of PI and the
pad to which it will be soldered. Then
melt the solder on the pad, insert the plug,
and adjust it so that the body of the plug is
parallel to the.board. Remove your solder
ing iron. If the plug moves, re-heat the
jo int, and re-adju st the position of PI.
When it is in place proper ly, solder pin 9
to the board . Then solder the rema ining
pins.

Wire up a nine- cond uctor cab le with
nine-conductor SIP sockets on both end s.
Rather than use plugs and sockets , you
could ju st hard- wire a nine-c ond uctor ca
ble from the cont rol board to the main
board . In either case, make sure the cable
is long enough to reach both board s when
they are install ed in the chassis! Your
completed board sho uld appear as in Fig .
12. As you can see, for our prototyp e we
hard -wired the ca ble and didn't use a
plug-and- socket ; use whichever arrange
ment suits you best.

The main board
Obviously it wi ll take co nsiderably

later on .
First let's build the control board. Fol

low the component overlay shown in Fig.
II when installi ng the parts . Start with the
jumpers and the diodes, then insert the
resistors and the capacitors, the Ie's, and
the switches (S I- S9). Make sure that all
semiconductors and the electrolytic ca
pacitor (C22 ) are oriented correctly. The
proper orientations are shown in Fig . II.
The two 0.047-J.l.F capacitors (C2 and C3)
must be presse d flat against the board;
otherwise it will not mate with the front
panel correctl y. The switches should be
orie nted so that the flat side of each switch
faces the edge of the PC board that mou nts
closest to the main board .

Last , install the LED 's. The tops of the
LED's should be the same height above
the board as the tops of the switches.
Before moving on, make sure that the
LED's are orie nted correctly-the flat
side of each LED goes toward the bottom
of the board.

After all parts are mounted , check ev
eryth ing carefully. After you' re sure ev
erything has been install ed co rrec tly,
remove flux from the back of the board
and solder a nine-pi n SIP header plug in
the space allotted for PI-but on the sol
der side of the board . Since the PC board
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TO
TAPE
BUFFERS
(FIG 4)

C2

C3 S9

Ica IC7 IC5 S5 LED 5

S6 S7

IC3 S2 Sl LED 2

Inadvertently the resistors in the figure
shown here were not shown in Fig. 1 (in
the June 1986 issue). Inaddition, the Parts
Listinthat issue contained several errors .
The correct Parts List was publishedinthe
July issue.

LEFT{ I

J106

R165
TAPE 470n

INPUTS 2
J
(l
C
D»7P,Ytr-.--O

R167
4700

FIG. 12-THE COMPLETE CONTROL BOARD appea rs as shown here. Capacitors C2 and C3 must be
bent f lat against the board so that it won 't interfere with the front panel.

board , the stakes should be mounted on
the underside . The exceptions are the
stakes that the Ni-Cd batteries (B I and
B2), the headphone jack (11), and the 7815
regulator (lC9) are connected to--those
componen ts are wired to the top of the
board, so the stakes should be inserted
from the top of the board and then sol
dered from the bottom.

Winding the coils
A sma ll hand-wound coi l is wired in

series with the input of each phono pre
amplifier. Wind each coi l by feeding 5.5
turns of 28-gauge ena meled copper wire
through the center of the small ferrite
bead. When complete, about Y2 inch of
wire should exit from each end of the
bead . Remove about Y4 inch of insulation
from each end of the wire and then solder
the coil in place .

A larger 6.8 J.LH choke is connected in
ser ies with the output of each power am
plifier. Wind each coil with 24 .5 turns of
18-gauge ena meled copper wire around a
Y16-inch plastic coi l form . You'll have to
wind three layers; the ends of the wire
should exit from either side of the form
1800 apart . Remove about Y4 inch of in
sulation from both ends, bend the leads
down 900

, and solder the coil in place .

Power transistors
The MOSFET power transisto rs must

be isolated from the heatsink using mica
washers, silicone grease, and insulating

(j) bushings . Note that the heatsink which
~ supports the right side of the PC board
o must be notched slightly in order to
~ provide clea rance for the VOLUME control.
~ The power transistors are secured to the
cd heatsinks with no . 6 screws and nuts .
o After each transistor is mounted, use your
o multimeter to make sure that there is no«c: continuity between its case and the heat-
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sink. When you're sure there 's no con
tinuity, solder the leads of the transistors
to the PC board. You should also solder
the mounting nuts to the PC board to
ensure reliable long-term contact between
the case of each transistor and the copper
traces.

Finish build ing the main PC board now
by installing the three voltage regu lators
and the headphone jack. The 7915 and
7805 regulators are soldered directly to
the PC board . The 78 15 is bolted to the
left-hand heatsink and it must be elec
trically insul ated from it using a mica
washer, silicone grease, and an insulating
bushing. Once agai n, use your multimeter
to make sure that the metal tab of the
regulator is isolated from the heatsink.
The regulat or leads are soldered to three
PC stakes .

The headph one jack is mounted on a
sma ll L-shaped bracket that is bolted to
the left-hand heatsink above the 78 15. The
barrel of the headphone jack must not
make con tact with either the heatsink or
the front pane l.

Now wire the MONO/STEREO (S9) and
the MUTE (SII) switches to the appropriate
pads on the PC board as shown in Fig. 13.
Connect the beneath- board jumper from
the output of the right-channel power am
plifier to the appro priate pad near the re
lays . That wire should be at least 16
gauge .

Connect the other two beneath-board
jumpers now. Those jumpers connect two
pads at the front left of the board (shown
in Fig. 13) to two pads in the row of five
pads in front of the relays (shown in Fig.
14). Then connect wires to headphone
jack (11) and SPEAKERS switch S12.

Power supply assembly
Work can now proceed on the power

supply components. Follow the wiring di-

agram in Fig. 8 (shown in the July issue)
carefully since any errors here cou ld be
disastro us. Use insulating sleeves on the
0 .0 1 J.LF capac itor (C7), and insulate the
pins on the power switch with severa l
turns of plastic tape or heatshrink tubing .

Bolt the transformer to the case with a
bolt , a metal disc , and two large rubber
washer. One washer is sandwic hed be
tween the transformer and the base , and
another between the transformer and the
disc. The four 8000 J.LF filter capacitors
(C8-CII) are sec ured using aluminum
brackets. The bridge rectifier is smeared
on both surfaces with heatsink compound;
then it is bolted to the base plate . Com
plete the power-supply wiring with 16
gauge wire .

Secure a 3-screw terminal block to the
base plate and attach the 1l7-volt hot and
neutral leads to it. The ground lead is
soldered to a solder lug bolted to the base
plate. Make the ground wire longer than
the others so that this lead will be the last
to break if the power-cord is pulled out.

Final assembly
With the base pane l wiring comp leted,

connect the 9-conductor ribbo n cable
from Pion the contro l board to P2 on the
foil side of the main PC board . Then make
the connections between the high-voltage
power supply, the 15-0-15 tap on T l, and
the main PC board .

Use heavy duty cable- 16 gauge or
greater-for the ± 65-vo lt power-supply
connections. Run separate leads from the
termina ls of the 8000-J.LF capac itors to
each power amp lifier.

The chassis can now be assembled . The
first step is to secure the base panel to the
heatsi nks using six machine screws . Four
adhesive rubber feet can then be fitted in
the corners.

Secure the power cord in place using a
grommet, then fasten the rear panel to the
heatsinks and to the base panel.



FIG.14-THE LEFT REAR CORNER OF THE MAIN BOARD is shown here. The headphone jack (J1), the
speaker switch (512), and two jumpers are wired to the row of pads in front of the relays. The wires to J1
are routed above the PC board; the remainder are routed below the board.

Next secure all loose switches to the
front panel , and then attach it to the main
asse mbly.

Then mount the front panel and make
sure that the switches, the LED 's, the
potentiometers, and the headphone sock
et line up with the panel holes correctly. It
may be necessary to shift the control
board to one side or the other slightly to
ensure that the switches align with the
holes in the front panel . The front panel is
secured to the heatsinks using counter
sunk, painted , se lf-tapping sheet-metal
screws . Finally, nuts can be threaded onto
the shafts of the potentiometers, and the
knobs can be press-fitted .

Testing
STOP! Before going furthe r, carefully

che ck your work against the wiring and
parts-placement diagrams .

Assuming everything checks out , re
move the four five-amp fuses and apply
power, but do not connect any signal
sources or loudspeakers yet. One or more
LED 's on the front panel should light up
immediately after power is applied .

Using your mult imeter, check the out
puts of the power supply. You should be
able to measure ± 65 volts at the fuse
cli ps . Pins 7 and 4 of each op-amp should
have + 15 and - 15 volts, respectively,
and pins sixteen and seven of the CMOS
swi tches should have + 7.4 and - 7.5
volts, respect ively. The + 8-volt supply
can be checked by measuring the voltage
at the output of the 7805 (lCIO). That
voltage can be reduced if necessary by
reducing R29 from 130 to 120 ohms . If
any supply voltage differs by more than
10% from its nominal value, rem ove
power immediately and locate the fault.

When all power-supply voltages are
correct, measure the voltages at several
critic al points in the circuit. There should
be about 4 .8 volts across R120, the 2.7K
current-lim iting resistor conne cted to the
drain of Q I04, which is the FET constant-

ORDERING INFORMATION
Note: The following components are
available from Dick Smith Electronics,
Inc., P.O. Box 8021, Redwood City, CA
94063; 800-332-5373 (orders) 415-368
8844 (inquiries). Complete kit of all
parts (No . K-3516) including PC
boards, heatsinks, screened front and
rear panels , and transformer Tl, $299
plus $10 sh ipping. Separate compo
nents: set of two PC boards (No. KH
0106), $49.00; 2SC2545 transistor (No.
KZ-1683), SO.39 each; 2SK134 tran
sistor (No. Z-1815), S4.50; 2SJ49 tran
sistor (No. Z-1816), S4.50; transformer
Tl (No. KM-2000), S57.00; case includ
ing panels and heatsinks (No. KH
2700), $115. All component orders
must add $1.50for handling plus 5% of
total price. California residents must
add 6.5% sales tax. Orders outside
U.S. must include U.S. funds and add
15%of total price for shipping.

Jl
HEADPHONES

current source in the phono preampli fier.
Also, there should be about 4 .9 volts
across the collec tor of each transistor
(Q IO~103) in the input stage of the
ph on o pr eam plifi er. Th ose vo ltages
should also be present in the correspond
ing right-channel components (R220 and
R200-Q203).

In the power amplifier stages, there
should be 0.6 volt across R147, the 680n
emitter resistor of Q I07. You should also
measure about - 55 .5 volts at the collec
tors of QI05 and Q106. In addition, you
should measure about 0 .6 volts across
R154, the lOOn emitter resistor of Q108.
Those voltages should also be present in
the corres ponding right-channel compo
nents (R247, Q205 , Q206, and R254). If
any of the voltages you measure differ by
more than 10% from the values given,
track down the source of the problem be
fore continuing.

Setting quiescent current
When all voltages are correct, remove

power and monitor the + 65-volt supply at
F IOO. After the supply falls below + 5
volts, install a fuse there. Then connect a
I-amp ammeter FlOI's fuse clips . Rotate
RI56 fully counter-clockwise , and then
apply power. Adjust RI 56 so that the
meter indicates a current of 100 m.A .

Remove power, and then wait two min
utes for the voltage to drop. Remove the
meter and install a fuse there . Repeat the
procedu re for the right-channel.

Now check the operation of the control
switches. The LED associated with each

switch should illuminate as that switch is
pressed ; no other LED in that section of
the front panel should be lit. Also test the
MONITOR and DUBBING sw itches and
LED 's.

Next, the Ni-Cd battery pack can be
connected . Use a small rectangle of dou
ble-sided adhesive tape to secure the bat
tery pack to the PC board. With the
batteries in place , make sure that the
switch settings are stored when power is
removed. Note that the stored settings will
change if the switches are pressed while
power is off.

If the switches do not operate correctly,
check the power supply connections to the
IC's on the control board . If the correct
voltages appear, then the problem possi
bly lies with the digital control lines from
the control board to the main board.

Finally, connect a pair of loudspeakers,
apply power, and listen for hum or other
unpleasant sounds . If everything is work
ing correc tly, you should hear only a very
slight amount of hum when the PHO NO

input is selected and the VOLUME control
is fully advanced . Connect a tuner or a
turntable and verify that the VOLUM E,

BASS, TREBLE , and TONE controls work
correc tly. Similarly, verify that the SPEAK

ER , STEREO/MONO, and MUTE switches all
work correct ly. Make sure signals from
each of the four main inputs (PHONO, CD,

T UNER , and AUX) can be heard through the
speakers . Last, connect a pair of tape re
corders to the appropriate jacks and verify
that the MO NITO R and DUBBING switches
work correctly. R-E
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41.8%

MERGING
BITS

17.4%

Theres a lot more on

a compact disc than just

great-sounding music.

Here, we see what all of

that other "stuff" is,

and the role that it plays

in getting the music

from the disc to your ear.

PRRITY
2.7%
SUBCODES

1.4%

JOSEF BERNARD

COMPACT DISCS Bif-By-Bif

32
BITS

PARITYAUDIO

96 BITS

Error correction
Manufacturing compact discs is a deli-

• synchronization information
All of those are converted into an intri

cate and carefully woven string of ones
and zeroes.

Just as person al computers work with
bits in groups of 8 or 16, compact discs
use data groups called frames. Each frame
(Fig. I) contains 588 bits ; by examining
the use of those bits we can discover how
data is stored on a compact disc.

Before dissect ing a frame. though . let
us take some time to discuss the error
correc tion scheme used in CD's. That is
important. because it allows us to under
stand what happens to the " pure" audio
informat ion.

32
BITS

PARITY

96 BITS

AUDIO
SYNC

SUBCO OE

FIG. 1-MOST, BUT BY NO MEANS ALL, of the Information in a frame of CD data is dedica ted to the
audio program.

8 BITS

CD information
Whether it was originally recorded in

analog or in digital form , what you hear
from a CD goes onto that disc in digital
form . The music , or whatever else was
recorded , is transferred from its original
recording medium to a digital mas ter
tape .

In preparing the master tape , all the
informatio n that will appear on the
finished compact disc is put onto it. That
data consi sts of:
• audio information
• error-correction information
• index, track, and sector informat ion

we' re sure that you are curious about what
purpose all that data serves . Well, read
on.

EVERYONE KNOWS THAT C D 'S , COMPACT

Discs , contain a lot of information- may
be even millions and millions of bits. But
as we' ll soon see, " millions and millions"
is only a drop in the bucket for a CD .

In one seco nd , a CD player processes
1,460 ,000 bits of audio informat ion .
That 's just a hair under 6.5 billion bits
durin g a CD's maximum playing time of
74 minutes . But that is still only the tip of
the iceberg , because those 6.5 billion bits
represent just the audio information con
tained on a disc . There' s twice as many
more , most of which you are never aware
of. But without those bits, the music
would never find its way off a CD .

That extra informa tion is used for mod
ulation , synchronization, and error cor
rection, and for index, track, and sector
data that helps a CD player to reproduce
audio in the proper sequence and to locate
a requ e st ed se le c tion. Th e re are
2 ,86 1,800 bits of non-audio information
processed for every second of music you
hear-IO,302 ,500,000 bits for each hour
of music. In all, a compact disc can con
tain a total of just under 20 billion bits
19,918,878,200 to be precise . To say the
least , that' s impressive!

Now that we've whetted your appe tite,
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FIG. 3-DIGITAL INFORMATION IS ENCODED on a CD using a system of pits and lands. Every
transition between a pit and a land , or a land and a pit, is a logic one; the lands and pits themselves are
logic zeros.

FIG. 2-STEREO AUDIO INFORMATION is re
corded in alternating, right-/left-channel blocks.
That is one reason for the high level (90 dB) of
stereo separation.

What's in a frame
With most of the more exotic stuff out

of the way, we can now examine a single
CD data-frame. Note that a disc contains
nearly 34 million of them.

Let 's look once again at Fig . I. That
illustration shows the makeup of a frame
of data. The biggest part of it (192 bits
about 33%) is audio inform ation , stored
as two sets of 12 blocks of 8 bits each. As
shown in Fig . 2, blocks are arranged alter
nately as left channel. right channel, left
channel , and so forth . That helps to ex
plain why the channel separation on CD's
can be 90 dB or grea ter- the left- and
right-ch annel in form ation bl ocks arc
stored separately.

LEFT RIGHT LEFT RIGHT= -
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code bits make up only about 1.4% of a
frame's total.

Now let 's count up the bits in a frame .
Here 's what we have. based on what we
know so far : Audio , 192; Error correction,
64: Synchronization. 24; and Subcodes,
8. Add ing those up gives us a total of 288
bits .

But wait a minu te! There are supposed
to be 588 bits in each frame , and we' ve
only acco unted for 288 of them . What
about the other 300? Stand back; here they
come!

Eight-to-fourteen modulation
Contrary to what you may believe , the

pits' and lands (the flat areas between the
pits) on the surface of a CD do not , them
selves, represent ones and zeroes. Rather,
as shown in Fig. 3, each transition be
tween a land and a pit , or a pit and a land ,
rep resents a one . Any other part of the
disc , whether it be its shiny surface or the
bottom of a pit , is taken to be a zero. The

length of a pit (or the land between two
pits) determ ines the' number of zeroes in
the number. The method used on CD's to
create the numbers represented by those
strings of ones and zeroe s is called EFM,
for Eight-to-Fourteen Modu lation.

The data on a compact disc was orig i
nally organized as 8-bit bytes. Why con
vert those to 14- bit words? The reason is
that longer words allow for the greatest
numb er of zero-to-one and one-to-zero
transitions that can be obtained while op
timizing the lengths of the pits and the
lands for the best usage of the disc 's " real
estate." Despite its longer words , EFM is
actuall y about 25% more efficient than
recording done using an 8-bit format.

The missing bits
One of the characteri stics of eight-to

fourteen modulation is that each l4-bi t
(formerly 8-bit) word has 3 more bits,
called merging bits , added to it. Those
additiona l bits are necessary for EFM to
work prope rly. Disregarding for the mo
ment the 24-bit synchronization word, we
can see that we have a total of 33 8-bit
words perframe : 24 audio words , 8 parity
words, and I subcode word . Those require
a total of 99 merging bits . The 24-bit
sy nchronization wor d also requires 3
merging bits, bringing the tota l to 102

continued 011 page 85

PITLANDD's

PROTECTIVE --4-..
LAYER

REFLECTIVE
LAYER

SUBSTRATE

The parity bits make up the next largest
co lle c tio n of information; eac h fram e
contains 32 P and 32 Qbits . Those 64 bits
acco unt for, as was menti oned previously,
almost II% of the disc 's capacity.

The third largest part of a frame con
tain s the 24-bit synchronization code .
That code is used to indicate the begin
ning of a frame . When a CD player sees
the synchronization code. it knows that a
fram e will follow immed iately, and is able
to ass ign the bits that co me next to their
proper functions.

The last major bit-grou p contains the
subcodes. There are eight subcodes , P
through W, and every frame contains eight
subcode bits: one from each group. The P
and Q subcodes, which are the ones of
interest to us here , have no connection
with the P and Qpari ty bits; the similarity
in names is ju st coincide nce .

The subcodes are co llected durin g play
back 98 frame s at a time . The P bits indi
cate to the player which portions of the
disc are for lead-in and lead-out, and
which portions cont ain playable passages.
The Q bits contain information indicating
track and index numbers (which are used
by program mable CD players to locate the
selections you've programmed ) and tim
ing data for each selection, and for the
disc as a whole . That inform ation can be
displayed by some players . The eight sub-

cate process, requir ing extreme clean
liness and very tight tolerances . Because
of that , it is nearly imp ossible to make a
" perfect" disc. With just under 20 billion
bit s in vol ved in a len gth y recording ,
something is bound to go wrong some
where , whether it' s a piece of dust trapped
under the disc' s protecti ve transparent
plastic coating, or perhaps a scratch in the
coating itse lf.

To cope with the inevitable , the audio
informatio n on CD's is encoded using er
ror-correc tion techniques that allow a CD
player to recover from any error s that crop
up. Some times the player can reco nstruct
the lost or incorrect audio (which is usu
ally very short in duration); at other times
it mutes its output until the error passes.

The muting process , by the way, is in
teresting-the player can detect an unre
coverable error before it becomes audible ,
so it slowly (on its time scale) lowers the
output level before the error and slowly
raises it aga in after it. That fade-out/fade
in process makes the dropout less notice
able to the listener.

The system used to encode the error
correc tion informa tion is based on a
Cross -Interleave Reed-Solomon Code, or
CIRe. According to strict rules, informa
tion from any given section of the audio is
broken up and placed in several different
frames located at different places on the
disc . Durin g playback , the information is
reco nstructed in the prop er ord er. The
process used is rather involved , so in the
interest of space we will not detail it here.
In any event, what's important is that the
process ensures that an error will usually
not destroy a passage completely, since all
the inform ation pertaining to that passage
is not clu stered in one spot.

EITor detection , which is of cour se nec
essary before error correction can be per
formed , is m ade pos sibl e b y the
generation of two 32-bit sets of pari ty bits.
Those parity bits give an indication of the
numeric value of the data they are respon
sible for. If there is a discrepancy between
that value and the value indicated by the
parity bits, it is almost certain that an error
has occurred and that correc tive action has
to be taken.

The two sets of par ity bits are used for
different purposes. One set , called the P
bits , is used to detect and correct errors
due to dropouts. The other set, the Q bits,
allows a player to determine whether a
correc table error has occurred , and assists
in correcting it.

Using the C IRC , errors as long as 4000
bits can be fully cor rected. Errors up to
12.300 bits long ca n be compensated for
by the interpolation of data- a CD play
er's way of .. fak ing" the missing or er
roneous info rma tion by reconstructing it
from the info rmation that precedes or fol
lows the fault . O ut of a single frame's 588
bits, 64--01' approximately 10.9%-are
used for parity check ing .
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One of the most difficult
tasks in building any con
struction project featured in
Radio-Electronics is making
thePCboardusingjustthefoil
pattern provided withthe arti
cle. Well, we're doing some
thingaboutit.

We've moved allthefoilpat
terns to this new section
wherethey'reprinted bythem
selves, fullsized, withnothing
on the backsideof the page.
What that means for you is
that the printed page can be
used directly to produce PC
boards!

Note: The patterns
provided can be useddirectly
only for direct positive pho
toresist methods.

Inorderto produce a board
directly from the magazine
page, remove the page and
carefully inspect it under a
strong light and/or on a light
table. Look for breaks in the
traces, bridges between
traces, and in general, all the
kindsof things you lookfor in
the final etched board. You
can clean up the published
artwork the same way you
clean up you own artwork.
Drafting tapeandgraphic aids
can fix incomplete traces and
doughnuts, andjQU canusea
hobby knife to get rid of
bridges anddirt.

An optional step, once
you're satisfied that the art
work isclean, is to takea little
bit of mineral oil andcarefully
wipe it across the backof the
artwork. Thathelpsmakethe
papertransluscent. Don't get
any on the front side of the
paper (the side with the pat
tern) because you'll con
taminate the sensitized sur
faceofthecopper blank. After
the oil has "dried" a bit-pat
ting with a paper towel will
helpspeedup the process
place the pattern front side
down on the sensitized cop
per blank, and makethe ex
posure. You'll probably have
to usea longerexposure time
thanyouareprobably usedto.

We can't tell you exactly
how long an exposure time
youwillneedbut,asastarting
point, figure that there's a 50
percent increase in exposure
timeoverlithographic film. But
you'll have to experiment to
find the best method for you.
Andonceyoufindit,stickwith
it. Don'tforgetthe"threeCs' of
making PC boards-care,
cleanliness, andconsistency.
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~ BECAUSE OF ITS LARGE SIZE, the PC pattern forthe main board ofthe FETpower amp is shown here half sized. Also,
a: the board is shown as a direct (not X-ray) view. Thus, the pattern can not be used directly to etch a board.
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I.. 7-1/4 I NCHES _I
THE CON"'fROLLER BOARD for the FET power amplifier can be built us ing th is single-sided PC board. The pattern for the main board is shown on page 64.
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~ THE COMPONENT SIDE of the double-sided radar calibrator board is shown here. The solder sid e is
a: found on page 66.
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You can quickly and easily make your printer perform like the "big
guys," and this article tells you, step-by-step, how to go about it.
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ON THE COVER
While the innards of any computer product might look like a
confused maze, the article on retrofitting pr inters helps clear things
up suff iciently so that you w ill have no problem in completing this
work and having done so, you will have upgraded your pr inter. See
page 6.

COMING NEXT MONTH
We've got an excellent mix of articles that should appeal to almost
everybody Lead ing off the next issue is an article on how to use
your computer as a scanner for the CB bands that takes out all the
usual frustration of channel-hopping. And you 'll learn how to soup
up your computer so it performs as if it were supercharged . And
to wrap things up, a build-it -yourself power controller that turns
things on----<Jnd off-one at a time.
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EDITORIAL

RM5241...

-Don Stoner has been an electronics w riter all his life. As such, he's been
keep ing his finger on the pu lse of hobby electronics, and for my own part,
w hen Don says something, I listen.

Right nov-; Don is saying something, and it's important. It's important to
everybody that's interested in computers, so if you're reading these w ord s,
it's important to you . One of the newer areas of technology in computer
science, is Packet Radio. You've seen article s on this same subject in
ComputerDigest. And you probably realized that to take advantage of this,
you require an amateur radio operator's license. If you have such a license,
you probably were more than passingly interested in the article. If you
di dn 't have, you may have w onde red at the feasibility of gett ing such a
license, just to make better use of packet radio techniques w ith your
comp uter.

To oversimpl ify, packet radio permits you to transmit data from place to
p lace without the use of a modem or telephone line.

Don Stoner has pei t ioned the FCC to create a band for use by the general
publi c, for packet rad io. It w ill operate at 500 kilobytes instead of 1200
baud, and most impor tant, would make packet radio techno logy availab le
to any computer owner without his having to take an amateur radio
operating examination or posess such a license.

I haven't seen the details of Mr. Stoner's petition, but I'm certainly behind
the sp irit and general principl es of it. I urge you to w rite to the Federal
Communications Commission, Washington, D.C. 20554 and exp ress support
of RM5241. It's going to be good for us all.

,Dr 4 /dZ
Byron G. Wels

Editor
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LETTERS
Last call

As you may kno'N, SNAS publishes
Computerfacts1M technical service
data for the Timex-Sinclair 1000
ZX-81 computers as well as for
many other pe rsonal computers,
d isk d rives, printers and mon itors.
Our package for the Timex-Sinclair
units is p rod uct # 08969-6 w ith a
$19.95 retail price. We'd like to be
included in your listing.-Dw ayne
Gott , How ard W Sams & Co.,
Indianapolis, IN.

Mr. Gott, the list wouldn't be
complete w ithout offering the fine
Sams p ublications. For those who
need it the full address is 4300 W
62nd St., Indianapolis, IN 46268.
And for you others who may have
put off writing, move fast. We're
ready to start preparing it now

Which is best?
Our local computer club has been
arguing about w hich is best,

Word Star, PeachText or pfsWrite.
Which do you like best?--RW,
Bloomington, IL.

Never argue about politics,
religion or word-processing
p rograms. I use PeachText because
I'm most-familiar w ith it having
learned on that. But recently I used
a friend's new Tandy 1000 with
pfsWrite, and had no p rob lems. I
like that too. I never did get to try
WordStar

Home made?
Why is it that home-brew proj ects
alw ays seem to look home-brew?
Why can't they be "dolled up " to
look like co mmercial
eq uipment?-P.T., Yuma, N .

They can-s-end should! But
experimenters are usually satisfied
if something they build just works.
A littl e paint, some nice decals,
and a little thought and you can
put toge ther a project that looks as
if you bought it!

Getting older
How long has ComputerDigest
been around now ? I certainly
enjoy the concept of a "magazine
within a magazine" and hope it
continues.- S.B., Lyndhurst, NJ.

The first issue was published in
May,of 1984. We're now in our
third year, and still going strong.
Thanks for asking. It certainly
doesn 't seem that long!

A saver!
I've been using my computer for
qu ite a w hile now and store
everything to floppy d isk. Result?
A huge collect ion of disks, many
of which co ntain information I no
longer need . How can I save what
I do want, and re-use those
disks?-WP., Miami, FL.

Simply transfer the desired info
to a blank, formatted disk and then
format the old d isk for re-use. Just
save the files you want to keep.

COMPUTER PRODUCfi 5
For more details use the free information card inside the back cover

CIRCLE 11ON FREE INFORMATION CARD

PORTABLECOMPUTER PROTECTION,
is provided by the Modem/Power/
Static/Pac model MPS-1, which
combines broadband AC power
filtering, extended range spike
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suppression, modem RFfiltering,
modem spikesuppression, and a static
discharge plate.

Power is available from a
conventional three-prong outlet and a
CEE-22 universal portable computer
power connector. A 6' power cord is
provided. Modem connection is
through standard modular RJ-11
connectors. Static d ischarge is
integrally designed into the unit. The
model MPS-1 is priced at $199.95.
Electronic Specialists, Inc., 171
South Main Street, Natick, MA 01760.

DISPLAY ADAPTER, The Modular
Graphics CardR, achieves complete
compatability because it looks like an
IBM color graphics card to a PC system
and its software and supports PC
compatible monochrome, RGB color,
or composite monitors. Monochrome
monitors portray colors asshades. The
Modular Graphics Cardd isplays up to
16 colors(on color monitors; up to 16
shades on monochrome monitors),

CIRCLE 12 ON FREE INFORMATION CARD

full-screen graphics, high-resolution
test, and flicker-free scrolling.

Documentation includes tables of
jumper and DIP-switch settings for
optimum rersults from most popular
monitors; for monitors not listed, a
special software utility (also included)
determinessettingsbased upon on
screen displays. The card includes
connectors for a light pen and an RF
modulator. In addit ion, the card comes
with RAM disk and print spooler
software.

The ModularGraphics Card is
priced at $395.00.- Parad ise
Systems, Inc., 21 7 EastGrand
Avenue, South San Francisco, CA
94080.



CIRCLE 17 ON FREE INFORMATIONCARD

power supp ly, TTL monochrome
monitor with a Hercules-type graphics
card, eight slots for adding boards. a
parallel port board plug , and a Key
tronics-type keyboard .

The model XTcomes with a 120-day
warranty, which includes all parts and
labor, and the customer may use the
system up to 30 days in order to test its
co mpatibi lity w ith his or her software.
Should it prove incompatible, the cus
tomer is entitled to a complete refund,
inclu d ing return freight charges. The
model XTispriced at $999.00.- 1-800
FloPPYs, 22255 Gree nf ie ld Road,
Southfield, MI 40875.

CIRCLE 16 ON FREE INFORMATION CARD

PROFESSIONAL COMPUTER, the
1-800-Floppys, model XT, is designed
for the experienced computer user; it is
a dual disk drive, 640K,IBM-compatible
personal computer, and comes with ev
erything needed to run IBM-compatib le
software packages. There is a 135-watt

puter opponent. The game has mult iple
p layfields, scro lling p layscreens, hi-res
graphics, various d ifficulty levels, and a
"p ract ice" mode. It is available on d isk
w ith a price of $34.95.-Access Soft 
ware lnc., 2561 South 1560 West,
Woods Cross, UT 84047.

tions such as italic ize, enlarge, red uce,
or reverse image.The FontGenUtility has
a suggested retail pr ice of $250.00.

The Font Printer Utility allows the HP
user to p rint a hard copy o f the
character's b it map, aswell asa listing of
the components, such as the baseline
pos ition or le ft bo undary A single
characte r, or a range of, can be di s
played using the laser pr inter or a stan
dard printer. The Font Printer Utility has a
suggested retail price of $50.00.

The Landscape Utility rotates charac
ters, allowing a typeface to be used in
the landscape mode. The software also
revises the font header and character
header, providing the user with a land
scape version of any downloadable
font. The Landscape Utility has a sug
gested retail pr ice of $50.00.- VS Soft
ware, 2101 South Broadw ay, PO Box
61 58, Litt le Rock, AR72216.

ACTION/STRATEGY GAME , Beach
Head /I, is subtitled, "The Dictator Strikes
Back."

Beach-Head /I features true action for
two p layers or one p layeragainsta com-

CIRCLE 1S ON FREE INFORMATION CARD

LANDSCAPE PORMAT

FONT UTILITIES, for the Hewlett-Pack
ard LaserJet Plus includes the FontGen
Utility" the Font Printer Utility, and the
Landscape Utility (shown).

The FontGen Utility is a font ed itor/
generator that allow s HPusers to modi fy
exist ing donwloadabl e fonts and to
create new font designs. The user can
design special symbols, such as logos,
signatures, or technical symbols and
add them to a font. Characters from d if
ferent fonts can be combined . The user
can also alter exist ing fonts using func-

to all memory addresses, software
breakpoints, print points, both Hex and
ASCII d isp lays, assembly and di sassem
bly of memory, and the ab ility to modify
a memory location (or fill RAM w/con 
stant) and read and load Hex files.

In addition the INA In-Circuit Emu
lators provide the user with easy-to -use
commands that execute, de lay, and/or
repeat instructions for thorough system
testing. Models presently available are
the 8085, 8088, Z80, and the model
NSC800.- IAM, PO Box 2545, Fair Oaks,
CA 95628.

CIRCLE 13 ON FREE INFORMATION CARD

Mir ror-image backup w ith the model
WD60Ti takes only one minute per 5
megabytes. The unit also performs se
lective file backup, which saves tape
space and allows the user to select what
data to backup. The model WD60Ti's
built-in intelligence means that the user
does not have to remember the last file
modi fied to bac k, it up . The mod el
WD60Ti has a suggested retail price of
$1495.00.- West ern Digital, 2445 Mc
Cabe Way, Irvine, CA 92714.

CIRCLE14 ON FREE INFORMATION CARD

TAPE BACKUP SYSTEM, model
WD60Ti, is a 60-megabyte , W' internal,
tape-backup system that enables IBM,
PC,XT, AT, and certain compatible users
to backup data from a hard disk.

The model WD60Ti comes with
menu-driven, user-friendly software util
ities; it draws its power from the host
CPU 's power supply, and does not re
qui re any add itional power supply
when operating inside an IBM PC AT. It
uses a standard 0 1C-36 interface.

IN-CIRCUITEMULATORS, aredesigned
espec ially for Repair Technic ians and
Design Engineers. Small and co mpact
(3" x 3" x W'), these high-functio n
emulators d raw their pow er from the
target system. (Optional pow er sup 
p lies are availab le w ith some rnodels.)
Since they p lug right into the design
board, the user gets full-speed emula
tion- wi th none of the attendant target
d isturbance inherent in traditional emu
lator designs,

Desp ite the small size and low price
(mode ls start at $500.00) these emu
lators are pow erful. Their two-micro 
processor d esign offers the user access

AUGUST 1986 - ComputerDigest 5



PRINTERS

Making new printers even better.

Herb Friedman

- Unlike the printers that use typewriter-style elements
w ith fully-formed characte rs, such as a daisy w heel, a
matrix pr inter uses a pattern of dots to create
characters and graphic symbols. In the low -cost
printers used w ith personal computers the dots are
generated by 7 to 24 solenoid -activated w ires
contained in a print head. Regardless of how the
electromechanical system moves the printhead and
"fires" the wires to produce printed dots, the decision
as to how to move the print head and what wires to
"fire" to create a spec ific character or graphic is
generated by a microprocessor in the printer. The .
prog ramming for the actual character/graphic pattern is
stored in one or more ROMs; or in RAMw hen the
printer lets the user design his own character set (font).
In some mod ern printers the user can comb ine
characters stored in ROM w ith user-generated
characters stored in RAM.

O ften, the difference between printers and character
sets is the ROM, all else is the same. For example, the
Epson MX-80 printer orig inally provided the ASCI I
character set and the block graphics of the Rad io Shack
TRS-80 Model I co mputer. When the Model I w as
disp laced as the number 1 personal computer a new
generation of Epson MX-80, called the MX-80 +, and a
later model called the MX-80 Graftrax (or MX-80 III)
prov ided the ASCII character set and italic characters.

6 Co mputerDigest - AUGUST1986

The difference between models of the MX-80 w as the
ROM(s) p rogrammed for the characters, graphics and
functions. In later models the ROMs w ere programmed
to provide a backspace, then a conventional
underscore, super and subscripting, new graphics, and
new printing enhancements.

Later, the MX-80 became the IBM Graphics Printer,
and although the ROM provided the conventional ASCII
characters and control cod es, instead of the italic
characters and Epson-type graphics, the pr inter w as
programmed for the IBM foreign character set, the IBM
Greek and math symbol set, the special IBMcharacters,
and two d istinct character/symbol/graph ic sets. The
label on the panel now said IBM rather than Epson. The
printer w as still an MX-80, but by substituting an "IBM
ROM" the printer now generated a new set of
characters, symbols and graphics.

More than characters
The ROM generates more than charactersand

graphics; It determines the features that can be
accessed through softwa re-d riven printer codes and
depending .on the printer-the functions of the
operating controls, w hich are usually the three
pushbutto n switches for the ON LINE, FORM FEED and
LINE FEED functions. If you could program your ow n
ROMyou could force a printer to respond differently to



the three pushbuttons. You could, for example,
program the ROM so that pressing the ON LINEswitch
three times caused the pr inter to automatically shift to
doub le-width characters, wh ile pressing the button six
times might cause the printer to automatically skip over
the perforations of co ntinuous-form (p infeed ) paper.

Fingerprinting
If you coul d prog ram your own ROM it wouldn't be

worth the effort because for about $60. you can retrofit
most po pular printers w ith a custom ROM kit called a
"Fingerpr int" (Dresselhaus Computer Produ cts, 837 E.
A losta Ave., Glendora, CA 91740), which can make an
old workhorse emulate the character/graphics set of the
latest printers (really the IBMcharacter set), provide the
most-popul ar operating features, and allow you to
directly access the most popular printer functions
through what is normally the three operating
pushbuttons-rather than softwa re.

Beep for special functions
A fi ngerprint co nverts the pr inter's three operating

pushbuttons into a spec ial function selector. If you
touch the ON LINE button, it switches the printer on or
off line. Hold the button down for one second, and it
switches the prin ter to Fingerprint mod e and beeps.
You are now able to select many printer functions by
beeping the ON LINE button. The chosen function
depends on the number of beeps.

If you're using an FX-80 printer and want
proportional p rinting, from the chart supplied, you
know three beeps means proportional. Press the ON
LINE button for three beeps, then press the FORM FEED
button w hich p rograms the pr inter for the beeped
function, in this case, proport ional printing. Pressing the
LINE FEED button ends the beep programming mode
and restores the normal functions to the buttons. You
can stack several functions. For example, three beeps
for proportional pr inting, then four beeps for
emphasized printing, to p roduce emphasized
proportional printing.

Custom Fingerprint retrofits are available designed to

ON NEWER PRINTERS, three plug-in replacement ROMs form
the entire printer retrofit. Substitute them for the existing
ROMs and they provide up to 15 one-touch features including
NLQ printing quality.

use the particular capabilities of the most commonly
used matrix printers: The Epson MX, FX and RX, the IBM
Graphics Printer, The C. Itoh Prowriter I and II, the NEC
8023A, the Star Gemini 10 and 15, the Okidata
Microline Series, and the Apple Dot Matrix printers.

Many functions

The funct ions you can program through Fingerprint
depends on the printer. Because of improvements in
printers, Fingerprint provides more features in later
printers than in older models. For example, the MX-80
family of pr inters and IBM Graphics Printers provide:

BEEPS FUNCTION
1 Reset
2 Compressed
3 Doub le-wi de
4 Emphasized
5 Double-strike
6 Perforation Skipover
7 Left Indent
8 8 lines/inch
9 Italics
10 Fine print

A more-modern printer such asthe RX-80 and RX-80 +
series can provide :

BEEPS FUNCTION
1 LetterWriter(NLQ)
2 Condensed
3 Elite
4 Doub le-w ide
5 Emphasized
6 Double-strike
7 Perf-skip
8 Left indent
9 Italics
10 Underline
11 Fine print
12 8 lines/inch
13 Paper out disable
14 Slash zero
15 8 % inch paper

The LetterWriterfunction in the list is Near Letter Quality

WHEN THERE ARE SEVERAL VERSIONS of a printer the
Fingerprint ROM is pre-wired with a strapped resistor that is
either left in place or cut with diagonal cutters. This avoids
having to modify existing wiring in the printer.

AUGUST 1986 - ComputerDigest 7



THE IBM GRAPHICS PRINTER and other MX -80 based mod
els need a small printed circuit assembly that substitutes for
the existing printer ROM. The parallel rows of terminals on the .
board create a 24-pin socket to which the original ROM is
moved. The mini-clip provides a solder-free connection to
exisiting printer wiring.

(NLQ), a character set which does n't exist in this par
ticular pr inter as supplied. In some printers, Fingerprint
can synthesize both NLQ charactersaswell asthe special
IBM character set, graphics and symbols. If you have an
older pri nter and an IBM-compatibl e computer your old
printer w ill reproduce the IBM characters and graphics if
Fingerprinted .

Stacking functions
You aren 't limited to programm ing one Fingerp rint

function at a time.Any funct ions listed that aren't mutually
exclusive can be stacked. Sup pose you are printing the
listing of a BASIC program to be stored in a ring binder.
You could program emphasized characters for claritYt left
margin offset to c lear the rings and perforation skipover.
Or if you'd like to print a 132 co lumn spreadsheet with as
many linesas possible on standard paper. Use Fingerp rint
to program both compressed/con densed charactersand
8 l ine s/ inch spacing . But yo u could n't program
emphasized comp ressed characters because they are
usually mutually exclusive-the printer won} recog nize

THE PRINTED CIRCUIT ASSEMBLY fits on top of existing
hardware. Depending on the printer, the two empty sockets to
the right of the Fingerprint might be filled with ROMs: Just
ign ore them. They don't get in the way because the circuit
board sits above them.
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A LABEL AFFIXED TO THE FRONT of the printer tells what
functions can be programme d directly from the printer's con
trols. This label for the IBM Graphics Printer shows 10 beeped
functions.

the com mands and will default to standard size for 10
p itch characters.

1\Irn them off
Fingerprint functions are turned off by entering the

beep code a second time. If your Fingerprint retrofitted
printer provides the option of conventional zeroes or
slashed zeroes, w hen you w ant slashed zeroes, set the
pr inter OFFLINE to stop the printing, program the slahed
zeroesand resume printing. When you want to go back to
conventional zeroes, stop printing, program the co n
ventional zeroes and resume pr int ing. The second
slashed zero program turns the function off. This can be
repeated as often as you like.

Installing the retrofit
A Fingerp rint retrofit is a simple task because it only

involves opening the case and rep lacing or moving one
to three ROMs w hich are socketed- no desoldering is
involved . Sometimes the retrofit is a direct swap for the
existing ROM, in other cases it's a small pr inted circuit
assembly that substitutes for the existing ROM, w ith the
original factory-installed ROM moved to a socket on the
PCboard. In the new er printers, like the FXand RX-80syou
simply swap ROMs. In the MX-080 based printersand the
IBM Graphics Printer you remove the main ROM (therecan
be one to three), subst itute a small pr inted circuit assem
b ly, and install the original ROM in an empty socket on the
circuit board . Then you connect a lead w ith a mini-cli p to
another IC terminal. .

Of all the retrofits, the one w ith the printed circuit is the
most d ifficult. "Difficult" be ing a relative term. The photos
of a retrofit for an IBMGraphics Printer Fingerprint installa
tion show it's an easy and not troub lesome job if you
don't rush it.

Imagine the pr inted circuit board is a new ROM. Using
a large screwdriver, w ork the main ROM out of its socket, a
litt le at a time so you don't damage the leads. Then seat
the p rinted circu it in the now -empty socket, attach the
mini-cl ip, and install the ROM in the empty socket on the
board. If the printer had been one of the new er models,
you would simply have d iscarded the old ROM and
substituted the Fingerprint ROM.

Finally, install the case and apply a provided plastic
sticker-listing the Fingerprint functions and their beeps,
to the front of the printer......CD~



VolunteerAgainst Illiterac~
The onlydegree you need is a ~

degree ofcaring. 0 ~ •
lJ l.OUlCl

C~al ition for Literacy

Makecheckspayable to: COALITION FOR L1TERACY/MPA FUND

Pleasereturn to: Coalition for Literacy
MagazinePublishersAssociation Fund
50 East Huron Street
Chicago, Illinois60611

o MasterCard~ 0 Visa~ Credit Card # _

Expir. Date Signature _

Because 27 million American adults can't read a child's bedtime story, can't read
a street sign, can't read ...period.

Functional illiteracy is a problem that now affects1out of 5 American adults. It can
rob them of a decentliving; it can rob them of self-respect; it can rob them of the simplest
of human pleasures ...Iike reading a letterfrom a friend.

You can change that by supporting the fight against illiteracy. Your tax-deductible
contribution to the Coalitionfor Literacy will be used two ways. First, it will helpcontinue

r - - - - - - - - - - - - - - - - - - - - - - - - 1 the campaign to increase publicawareness of the
Enclosed ismy tax-deductiblecontribution for: problem. Second, it will help us generate new

o $10 0 $25 0 $50 0 $100 and above resources for literacy.
Name To send a contribution, fill out the
Address coupon. Or bill it directlyto yourcredit card by
City State Zip calling 1-800-228-8813. Helping takesso little.

Phone _
And illiteracy can rob people of somuch.



Ricardo Jiminez and Adrian Valle

How to add a voice to your Commodore 64.

FIG. 1-PINOUT DIAGRAM for the SP0256-AL2 . Refer to text
for a detailed explanation.

About th e SP0256-AL2
The speech processor (SP0 256-A L2) is a single chip

N-Channel Ma S LSI d evice that is ab le, using its stored
program, to synthesize speech or complex sounds.
Figure 1 shows the p in co nfiguration. We w ill look at the
most important functions of the SP0 256-A L2 w hich
permit us to interface w ith the C64 computer.

A1-A8: 8-bit address whi ch defines anyone of 256
speech entry points. A LD: A DDRESS LOAD. A negative
pu lse on this input loads the 8 address bits into the
input port and starts a speech command. This input is
contro lled by PC2 from the C64 co mputer.

SBY: STANDBY Stays high until an addrress is loaded,
then it goes low until the chip stops talking. This output
indi cates to the C64 co mp uter w hen the chip is ready

DIGITAL OUT: Pulse w id th modu lated digital speec h
output w hich, w hen filtered by a low-pass filter and
amplified , w ill drive a loudspeaker.

Let's start w ith some basic linguistic terms in order to
understand how this project works.

Phoneme. This Is the basic unit of distinctive sound .
It represents d ifferent sounds depending on its
position w ithin a word . Each of these pos itional
variants is an allophone of the same phoneme.

THE COMPLETED SYNTHESIZER pac kaged and ready for
use . As you can see, it's a compact unit that doesn 't occupy
much space considering the big job that it does.

How to use allophones
When you use allophones you have to think in terms

of sounds, not letters. And because each sound is
acoustica lly d ifferent depending upon its pos ition
w ithin a word, this method is called 'i\lIophone .
Speech Synthesis." With this technique you can
synthesize an unlimited vocabulary by addressing the
59 allophones plus 5 pauses in the appropriate
sequence. Figure 2 shows the 64 allophone address
tab le w hich are contained in the 16K ROM of the
SP0256-A L2. The first co lumn (decimal add ress) is the
respect ive b inary address for each particular sound .
Since there are 64 addresses only, you w ill need six

Finally, the 5-vo lt DC pow er sup ply is provided by
, theComm odore 64 (pin 2 of the user port), w hich

delivers a maximum current of 100 mAo Since the
circuit has a current co nsumption of 90 mA, such
power is suitab le for this project.

OSC2

OS C1

ROM CLOC K

SBY RESET

OIGITAL OUT

VO l

TEST

SER IN

ALO

SE

Al

A2

A3
A4

28
27

26

25

24

23
22

21

20
19

18

17

16
15

SP0256·AL2

Vss 1

RESET 2

RO M OISABLE 3
Cl 4

C2 5

C3 6
Voo 7

SBY 8

LRO 9
A8 10

A7 11

SEROUT 12
A6 13

A5 14

Construction
The construct ion of the circuit is not crit ical, since

only two chips are invo lved . You can assembl e a
working version on a solderless breadboard in less than
two hours. We assemble d the project in a small plastic
experimenter's box. The 3.12MHz crystal XTA L-1 can
be rep laced by a 3.14 MHz crystal, part number X004
for $1.35, distributed by Digi-Key Corp. (PO. Box 677,
Thief River Falls, MN, 56701 -9988).

Crystal XTA L-1 and capac itors C1 and C2 should be
p laced as clo se to IC1 as possible. A 12/24 p in card 
edge connector w as used to interface the electronic
circuit w ith the C64 co mputer.

About the aud io output; if you own the Commodore
video monitor model 1701 you don't have to use an
external speaker, j ust p lug the aud io output cables into
the aud io input of the monitor (located at the rear of
the screen) via a phono pl ug. In this case the volume is
controlled by the volume control of the monitor.

-I f yo u want to increase the potential of your
Commodore 64 w ith a speec h synthesizer this project
is for you. When your co mputer talks, you can have
many advantages; for examp le, if you are processing
information w ith numbers or letters, it w ill be a lot
easier, because you w ill hear the number pressed on
the keyboa rd w ithout looking at the screen. And your
children can learn to speak and spell by looking at the
letters and numbers while they are listening to the
correct pronunciation . Another advantage is that all the
components for this project are availab le at any Radio
Shack store.

SPEECH
SY~THESIZER
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FIG. 2-ALLOPHONE ADDRESS TABLE.This will prove ex
tremely handy when setting up your synthesizer.

DECIMAL ADDRESS ALLOPHONE

000 PAl

00 1 PA2

002 PA3

003 PA4

00 4 PAS

005 IDYl

006 IAYI

007 • IEHI
00 8 IKK31

009 IPPI

010 IJ HI
01 1 I NN11

012 * IIHI
01 3 ITT21

014 I RR11

015 * IAXI
016 IMMI

017 ITT11

018 I DH11

019 I IYI

020 IEYI
021 I DD11

022 IUW11

0 23 • IAOI

0 2 4 • IAA!
025 IYY21

026 • I AEI

027 IHH11

028 I BB11

02 9 • ITHI
0 30 * IUHI
031 IUW2 1

032 IAWI
033 IDD21

034 IGG31

035 IVVI

036 IGG11

037 I SHI
038 IZHI

039 IRR21

04 0 • IFFI
041 IKK21

042 IKK11

043 I ZZI

044 I NGI
045 I LLI

04 6 IWW I

047 I XRI

048 IWH I

04 9 IYY11

050 I CHI

051 IER11

05 2 IER21

053 10WI
054 I DH21

055 * ISSI
056 INN21

057 IHH21

058 lORI

05 9 IARI

060 IYRI

061 IGG2 1

062 I ELI

063 IBB21
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14 0MS
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7 0MS

14 0MS

1 70MS

7 0MS

1 80MS
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29 0MS

250 MS

280MS

7 0MS

l OOM S

l OOMS

l OOMS

18 0MS

1 20MS

13 0MS

80 MS

180MS

lOOMS

26 0MS

37 0MS
160MS

140MS

1 9 0MS

80MS

1 60MS

19 0MS

1 20MS

15 0MS

1 9 0MS

1 60MS

210MS

22 0MS

11 0MS

1 8 0MS

36 0MS

20 0MS

130MS

1 90 MS

16 0MS

30 0ll S

240ll S

2 40llS

90 llS

19 oxs
1 8 0ll S

33 0llS

29 0llS

35 0MS

40llS

19 oxs
SOil S

input address pins to make all these combinations. The
second column represents all the allophone sounds
(except pauses PA1 to PAS). The third column shows
how each allophone sounds in a sample word. The
fourth column is the duration in milliseconds for each.

Allophones marked w ith an asterisk can be doubled;
in the word "four" the 'T sound is long, therefore, this
word must be formed as follows: "FF, FF, OR, PAS." Note
that PAS is not a sound, is a pause necessary to make
the chip stop talking the last allophone.

Each allophone has its own address and sound. To
demonstrate this let's see how it happens. The initial K
sound (KK3, address 8), used in words like "comb"
sounds different from the K's in words like "can't."
These small variations are due to the vowel which
follow them, in this case, "0" and "a."

The computer controls the SP0256-AL2 w ith simple
software. Let's look at the important instructionsused in
the programs. First we need to access the user port as
follows. Pin ( , D, E, F, H, and J (PBO to PBS) in the
output mode. Pins Kand L(PB6 and PB7) in the input
mode. This is made w ith the statement.

POKE 56579,63
Where PBO to PB6 send the desired address to the

speech processor 1(1 (see Fig. 3). And PB6 receives the
logic status of the STANDBY output (pin 8 of 1(1 ).
Remember that the decimal number 63 is equal to
00111111 in binary code. Therefore, when we send an
address the ALD input is activated and the chip C1( 1)
starts talking. Then the computer reads the user port to
know the STANDBY status (PB6) which tells the
computer when the chip is ready to be triggered again.
The instruction PEEK(56577) reads the user port, but
we need to read PB6 only which represents the
decimal number 64. This is made by using the AND
function. If PB6 is a logic "1" then the computer sends a
new address.

Testing the speech synthesizer
As was mentioned before, the poke statement Cl ine

20) is used to access the user port. Let's begin with the
program shown in Fig. 4. With this program you can
listen the particular sounds of the 59 allophones. The
FOR-NEXT loop Cline 30) is used to increment the value

f:~:::r '"

"'I~~~~~--:~J
.,,'
", '",'... '
... ' f'L!:-1Ih

",'
"'1'-'-----=-------=----'-1
"' I'-'----"--l

".'....
....OIlO~------j
'lUG ~

FIG. 3-SCHEMATIC DIAGRAM is relatively simple, uses only
few components. Refer to the text for a full and complete
explanation.
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10 REM ALLOPHONES EVALUATION
12 REM BY R. JIMENEZ AND A. VALLE
20 POKE 56579,63
30 FORA=O TO 63:PRINTA
40 POKE 56577,A
50 POKE 56577,0
60 PB=PEEK(56577)
70 F=PBAND64
80 IF F<>64 THEN 60
90 NEXT A
100 POKE 56577,1
120 END

FIG. 4-THIS SIMPLE, BRIEF PROGRAM allows you to evalu
ate the 59 available allophones.

of A from D to 63. The purpose is to use the variab le A
in the PO KE statement Cline 40) in orde r to address
each allophone. The poke 56577,0 clears and prep ares
the user port for the next data. The PEEK statement Cline
60) reads the user port, storing its value in the variab le
PB. Then PB is co mpared w ith the number 64 on the IF
statement Cline 80). If F is not eq ual to 64, that means
that the speech synthesizer is not ready to receive new
data. And the computer goes back to line 60
automatically. Otherwise, new data is sent.

The PO KE Statement 56577,1 makes the chip (1(1)
stop saying the last allophone. If you wis h to listen to
the allophones slowly, just press the CCTRL) co ntrol key.

Using the speech synthesizer
Making words w ith the SP0 256-AL2 is easy, all you

have to do is to lookfor the sounds you need from the
Al lophone Address Table. Figure 5 shows a prog ram
w hich makes the speech synthesizer say the sentence
"I am a talking computer. " This program w orks like the
first one (fi g. 4), using the same instructions to write
and read by means of the user port. The on ly
d ifference is that the data Clines 103-110) are going to
be sent w ith the READ statement Cline 70). Note that
the data are w ritten in decimal numbers. The w ords
used in this sentence were taken from the di ctionary
included w ith the SP0256-AL2 package.

Figure 6 show s a routine that can be used for data
processing. This routine makes the speech synthesizer
say numbers from 0 to 9 when you press the respective
key number. Lines 65 to 100 are used exclusive ly to
assign the data found in lines 100 to 128 to the
dimensioned variables A (I) and B CI,J). Here you can

10 REM I'M A TALKI NG COMPUTER
60 POKE 565 79 , 63
65 FORJ=l TO 27

-70 READ A
80 POKE 565 77,A
85 POKE 56577 ,0
90 PB=PEEK ( 56 577)
94 F=PBAND64
96 IF F <>64 THEN 90
100 NEXT J
102 DATA 24,6, O:REM I
10 4 DATA 7,7 , l b ,2 'REM AM
106 DATA 24,2 'REM A
108 DATA 13, 23, 23, 2, 42, 12, 44 ,O'REM TALK I NG
1 10 DATA 42,1 5 , 16, 9 ,49 ,22 , 13 , 5 1 , l ,4 ' REM COMPUTER
160 RESTORE
170 FORT=l TO 500'NEXTT' GOTO 65
200 END

FIG. S-USE THIS PROGRAM, and you'll hear your computer
actually say the words "I am a talking computer."
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PARTS LIST

Resistors
All resistors Y4watt, 5% unless otherwise specified
R1-100,000 ohm
R2-10,000 ohm trimmer potentiometer
R3, R4-33,000 ohm
R5-10 ohm,

Capacitors
C1 , C2-22pF. , ceramic disc
C3, C4-o.022fLF. , ceramic disc
C5, C6-1OfLF. , 10 volts, electrolytic
C7, C8, C9, C11 , C12-0.1 fLF. , ceramic disc
C1G--100fLF., 10 volts, electrolytic

Semiconductors
IC1- SP0256-AL2 speech processor (Radio Shack

276-1 784)
IC2- LM386 audio amplifier (Radio Shack 276-1731)
D1-1N914 switching diode

Other components
XTAL-1-3.12 MHz crystal (see text)
SPKR-8-ohms (optional, see text)
12/24 pin card-edge socket (Jameco Electronics)
1.5 ft. - 14-conductor ribbon cable
Insulated phone plug (Radio Shack 274-321)
Experimenter box (Radio Shack 270-231)
Experimenter 's IC perfboard (Radio Shack 270-150)
28 pin IC socket
8 pin IC socket

12 REM DATA PROCESSING
15 REM BY R. JIMENEZ AND A. VALLE
50 PRINT" (SCl"
60 POKE 56579,63
65 FOR 1=0 TO 9
70 READ ACIl
75 FOR J=l TO ACIl
78 READ BCI,J)
100 NEXT J,I
110 DATA 4,43,60,53,4 IREM ZERO
112 DATA 5,57,15 ,15,11,4:REH ONE
114 DATA 3,13,31 ,4 .I REM TWO
116 DATA 4 ,29,14,19,4 IREM THREE
118 DATA 4,40,40,58,4 :REM FOUR
120 DATA 5,40,40,6,35 ,4IREM FIVE
122 DATA 8,55,55,1 2,12, 2,41,55,4IREM SIX
124 DATA 8,55,55,7,7,35, 12, 11,4IREMSEVEN
126 DATA 4, 20,2,13,4 : REM EIGHT
128 DATA 5,56,24,6,11,4 IREM NINE
150 V=V+l
160 IF V=10 THEN V=O I PRINT '{SCl"
170 PRINT" VALUE OF X(";V;")";
200 GET C$IIF C$="" THEN 200
205 C=ASCCC$)
210 IF C<48 OR C>57 THEN 200
215 C=C-48 I PRINTC
2 17 POKE 56577,0
220 FOR 1=1 TO ACC)
230 POKE 56577,B (C,ll
2 40 POKE 56577,0
250 PB=PEEK(56577)
260 F=PB AND 64
270 IF F<>64 THEN 250
280 NEXT 1 I POKE 56577,1
29 0 GOTO 150
300 END

FIG. 6-THIS PROGRAM will cause your computer to clearly
speak each number when the appropriate number key is
pressed.



CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $800.00 per each insertion.
• Reaches 229,044 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman . Limited number of
pages available. Mail materials to:
Comp ut er Admart , RADIO -E LE C
TRONICS, 500-B Bi-County Blvd., Farm
ingdale, NY 11735.

see how A (I) co ntains the data that the speech
synthesizer w ill use to p ronounce a part icular word. In
this case ten numbers can be p ronounced . For
examp le, A (I) holds the numb er 4 when the variable
"I" has a value of O. A nd the statement READ (line 70) is
executed by the comp uter. That means that the w ord
"zero" w ill be spoken by the speech synthesizer, by
just send ing the four data contained in the vector B ( I))
for values of "I" equal to zero wi th "J" varying 1 to 4.

The FOR-NEXT loops are used as an auxilliary to the
statement READ. Observe how A (I) holds the first data
to be used as a variab le of the statement FOR (line 75),
in order to read to exact quantity of data for each
spoken number. Data from lines 110 to 128 are the
d ecimal number values w hich we need to make the
speech synthesizer talk. Vector A (I) w ill store the first
data co ntained in such lines (4, 5, 3, 4, 4, 5, 8, 8, 4, 5),
which as we said before ind icates the data contained

in the vector B (I, J) respectively. We recommend that
you compare these numbers w ith the allophone
address table (fig. 2). For example, the data of line 110
forms the word "ZZ YROW PAS" wh ere the respect ive
data are 43, 60, 53, and 4.

Lines 150 to 215 give an examp le of how to make the
speech synthesizer more versatile. The screen w ill
di splay ''VA LUE OFX (V)?" w here V varies from 0 to 9.

The A (0 works as a variab le in line 220 of the
statement FOR, w hich means that "I" varies from 1 to
the A (0 value, w here C ind icates the number that w ill
be spoken. Line 21 7 POKEs a zero so that the new data
can be accepted without pro blems. Line 240 serves
the same p urpose. And lines 250 to 270 are used to
read the STANDBY cond ition as we exp lained before.

Finally, the capacity of the speech synthesizer
depends upon the imagination of the user. And w e
hope you enjoy this project as much as we did.~CD"
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SOFTWARE
REVIEW
TELEPATCH-

- It seems that just about everything, from business
documents to a student's homew ork, to family
announcements, is polished to perfection wi th a word
processor. By the time one adds up the cost of the
computer, d isk d rives and software needed for word
processing they're into big bucks- way beyond w hat
word processing is worth to a small service shop, or a
student, or the typical family of 3.85 persons.

Because word process ing isn't cheap, one of the
best -selling professional-qu ality word processing
systems has been the budget-p riced Radio Shack Color
Computer (known as the CoCo) and an inexpensive
word process ing program, Telewriter-64. Together, they
provided most of the modern w ord processing
features long before they were available for the IBMs,
Apples, and other "office co mp uters." Since
Telewriter-64 can intermix tape and di sk text files it far
outclasses anything for small business and home-and 
family use because the user can grow from a cassette
based word p rocessor into a d isk system w ithout
losing the cassette files.

The on ly problem with the CoCo system is that
compared to the most modern high-performance word
processors, such as WordStar 2000 and pfs:WRITE,
Telew riter-64 lacks a few co nveniences, such as a p ure
block move instead of a block copy and delete. Thanks
to an enhancement software known as TELEPATCH,
Telew riter-64's limitations are almost entirely eliminated ,
and in the process the CoCo has been made into a
hassle-free single d isk drive word processo r. (It is
difficult to do word processing with a single-drive
svstern.)

TELEPATCH (Spectrum Projects Inc., 93-15 86th Drive,
Woodhaven, NY 11421) is a self-installing patc h for the
disk version of Telewriter-64. If you have a single-drive
disk system it takes a numbe r of d isk swaps to install
the patch, b ut w hen you're finished you have an
upgraded version of Telew riter-64 (the source version
isn't destroyed or modified) having thirteen new
features, ten of which make the tight-budget CoCo/
Telewriter into a powerhouse. The big ten are: 1) A ll
d isk I/O in memory (which permits the program di sk to
be removed ); 2) A true b lock move; 3) Visibl e carriage
returns, which are just great when setting up tables and
charts; 4) Key repeat of all characters and the space; 5)
Locked-on justified print ing (doesn't turn off after a file
has been printed); 6) A true RESET wh ich permits a 64K
Color Computer to be reset if everything else goes
wrong w ithout leaving the editor (no losing your work);
7) Low ercase off on boot (useful when w riting BASIC
prog rams); 8) Fast cursor movement (for zipp ing across
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the screen); 9) Either overstrike or insert mode (original
prog ram prov ides only for insertion); 10) A type-ahead
b uffer for people w ho type faster than the computer
can handl e the data: if your typing gets ahead of the
computer the screen wi ll catch up.

The memory-resident disk I/O requires the most
exp lanation. The prob lem w ith most word processing
software used w ith co mputers having only one d isk
d rive is that the data d isk-the one that contains only
text files-must be swapped with the program disk
when using disk I/O disk routines, such as saving a file,
or read ing a file, or ap pending a file: Frequent reads
and appends can lead to cons iderab le disk swaps.
TELEPATCH eliminates the frustrations of d isk swapping
by moving all disk routines into memory along with the
ed iting program so that it is never necessary to swap
d isks for d isk I/O : The user can load the TELEPATCHed
Telew riter-64, subst itute the data d isk for the program
disk, and go through a complete editing session
w ithout having to remount the program disk.

One of the pow erful features of the new d isk I/O is
that the user can instantly determine whether a save
wi ll be in binary or ASCII, selecting the one that w ill be
most efficient at the time the document is saved to
d isk. For example, ASCII is generally preferred if the
document w ill be run through a spelling checker, or is
to be transmitted by modem; binary is recommended
when maximum speed is wanted for writes and reads.

In order to retain the instant-access of the orig inal
Telewriter-64 the user-contro lled TELEPATCH functions
are co mmand rather than menu d riven. For examp le, a
block move is instantaneous when CLEAR-T (''1'' for
transport) is pressed, similarly the insert/overstrike
togg les w hen CLEAR-O is depressed.

TELEPATCH co mes w ith a new loader that is w ritten
in BASIC so the user can co nveniently con figure the
boot so the program comes up with the most desired
features as the default. A complete list of pokes for the
new features are p rovided along w ith the appropriate
loader prog ram line numb er. Among the user-set
defa ults are black/white or b lack/green screen, insert or
overstrike mode, page numbering sequence, line
spac ing, lines per page, justified pr inting, "one page"
printing, characters per line, upp er, bottom, right and
lef t margins, pr inter baud rate (300 through 9600), key
repeat rate, repeat delay, fast cursor speed, number of
di sk drives in system (1-3), automatic case (upper or
low er), di sk verify, default d isk d rive, and ASCII di sk
menu.

TELEPATCH also permits the user to specify a d isk
stepping rate of 6 to 30 milliseconds. This means that
you can get the maximum d isk access speed if you
have spl urged for one of the latest model di sk d rives.
On the other hand, it also means that the program w ill
work with one of the original 30 mSec. "clunkers" you
might have p icked up surplus for something like $25.

The pr imary limitation of TELEPATCH is that installing
the d isk I/O in RAM reduces the text buffer size from
Telew riter's usual 24,889 characters to 20,793. If, for
some reason,you need the extra RAM, or have a two
drive system to beg in with, you can install TELEPATCH
w ithout the di sk I/O in RAM.....CD~



SINGLE
TRANSISTOR
SWITCHING
CIRCUIT
DESIGN
Jeff Holtzman

-Hobbyists dea ling w ith d igital circuits are terrified by
interfac ing. But for com puters to do useful th ings, they
must have a way of talking with outside circuits : relays,
motors, lightbulbs, lED's, etc. Things aren't so bad
when dealing w ith standard TTL outputs, but w hat do
you do w hen you have to connect a 5-horsepower
motor to a CMOS inverter? Doing that is simp le; w e'll
show you how to do the design calculat ions, and w e'll
present a short BASIC program that does the w ork. One
feature of that program is that after making the
calculat ions, it outputs the value of the closest standard
resistor.

To design a sw itch ing c ircuit, before doing any
calculations , make sure that a single transistor w ill do
the job. There are no calcu lations involved, just a little
common sense. If your driving device is a 6522 VIA, or
a Z80 PIO, or similar, and you w ant to control an NC
(Numerical Control) lathe w ith a 5-horsepow er motor,
you'll need a few transistors to build up enough drive
to co ntrol a relay large enough.

If you need to turn an lED on and off, you may be
able to use a transistorless driving circuit. You may get
by using just a current-limiting resisto r, although doing
that may not allow the lED to glow at full br ightness.

If a one -transistor circ uit will do the job for you,
choose a transisto r. Doubl e the vo ltage and current
requi rements of your load device, and then search your
databooks and catalogs for a transistor that meets those
specificat ions. Find several that w ill do, in case your
first choice is unavailable, or expensive.

Every transistor has a DC-gain factor, called HFE.
Unfortunately, HFE varies from device to device, even
between d evices of the same type. HFE also varies
w ith load and temperature . Since many appl icatio ns
aren't critica l, a few assumptions can be made to get

things off the ground . Those w ill allow you to arrive at
tentative values suitable for breadboard ing; remember
that slight adjustments may have to be made later.

With specifi cations handy, choose a value for HFE
halfway between the minimum and maximum values
given in the databook. If you don't have the specs; you
can assume a value of 100 for a small-signal transistor, or
10 for a pow er transistor. That lets you estimate the
value of the current-limi ting resistor in the base circuit
( R1 in Fig.1). As base current is defined as the collector
current over HFE,you can get the base current by
d ividing the collector current by 100, or by 10,
depending on the type of transistor. Before findi ng the
value of R1, we have to find the value of R2.

Making the calculations
To calculate the values of the resistors in the

sw itch ing c ircuit shown in Fig. 1, work backwa rds from
the load . You have to know how much current the load
w ill dravv, and its resistance, to calcu late the vol tage
drop, V(L), that wi ll appear across it. Accord ing to
Kirchoff's lavv,

V(CC) = veL) + V(R2) + V(CE)
V(CE) is the vo ltage dropped across the coll ector and
emitter leads of Q1; that voltage is often abou t 0.3 vo lt,
so it may be ignored . By making that simp lification and
rearranging our equation we find that V(R2) = V(CC) 
Vel). We need the resistance of R2, and by Ohm 's law
that is equal to the voltage across R2 divided by the
current flowing through it, or, R2 = (V(CC) - veL»~ / I(L).
If the load is an l ED, w e can assume that veL) is 1.5
vol t. If not, v eL) must be expressed as I(L) * R(L). In the
latter case, the value of R2 would be expressed as R2
= (V(CC) - [I(L) * R(L)]) / (I(L»

To calcu late the value of R1, we use the value of HFE
w e found above . Since HFE = I(C) / I(B), I(B) can be
expressed as I(B) = I(C) / HFE.

By Thevenin's law we know that I(C) must eq ual I(L),
so I(B) = I(L) / HFE. Again, by Kirchoff's law we know
that V( IN) = V(R1 ) + V(BE). w here V(BE) is the base
emitter vo ltage d rop. For the sake of simplicity, we can
assume that V(BE) is zero, so the voltage dropped
across R1 must equal the input voltage. Therefore, the
value of R1 can be simply expressed as R1 = V(IN) /
I(B). Since I(B) can be expressed in terms of collector
current, R1 = V(IN) / [I(C)/HFEJ.

The unknown quantities (R1 and R2) are expressed in
terms of the know n quantities, so it's time to plug the
values into the equations and solve them. Rather than
bang those values out your calcu lator, type the program
shown in Listing 1 into your computer and save it for
the next time you need to design a swi tching c ircuit.

The program provides features you may find
convenient. Forexample, that program can be used to
design a circu it w ith any driving vol tage, but if you
happen to be using TTL, the prog ram assumes a value
of 2.4 vo lts for V( IN). Likewise, if you w ill be driving an
l ED, the program assumes a load current of 15 mA, and
a 1.5 vo lt drop across the l ED.

The program was written in MBASIC-80, and it
should be simple to translate into other d ialects of
BA SIC. The main routin es have been w ritten as
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10 REM switching transiator circuit
20 REM design Jh 10-22-85 for RE
30 FIRST = -1
40 PRINT CHRS(27)~"-"~

50 GOSUB 1000
60 PRINT
70 INPUT "Another?" YESNOS
80 IF LEFTS(YESNOS,l) = "Y"

OR LEFTS(YESNOS,l) = "y"
THEN GOTO 50

90 END
1000 REM get and print data for

switching circuit
1010 PRINT
1020 INPUT "Enter supply voltage

(VCC) in -,olts: ", VCC
1030 INPUT "Enter HFE of

transistor: ", HFE
1040 INPUT "Is load an LED

(yIn) ? ", YESNOS
1050 YESNOS=LEFTS(YESNOS,l)
1060 IF YESNOS="Y"

OR YESNOS="y"
THHN VL=1.5: IL=15: GOTO 1100

1070 INPUT "Enter load
resistance (RL): .. , RL

1080 INPUT "Enter load
current (IL) in aA: ", IL

1090 VL=IL-.001-RL
1100 IL=IL-.OOl
1110 INPUT "Does TTL drive this

circuit (yIn) ? ", YESNOS
1120 YESNOS=LEFTS(YF.SNOS,l)
1130' IF YESNOS="Y"

OR YESNO$="y"
THEN VIN = 2.4: GOTO 1150

1140 INPUT "Enter driving
voltage (VIN): .. , VIN

1150 IB=IL/HFE
1160 Rl=VIN/IB
1170 RIN=Rl:GOSUB 10000:Rl=ROUT
1180 R2=(VCC-VL)/IL

1190 RIN=R2:GOSUB 10000:R2=ROUT
1200 PRINT:PRINT "Rl ="~Rl~

"oh.a, R2 ="~R2~

"ohas, I(B) ="~IB-l000~".a"

1210 RETURN
10000 REM get closest standard

resistor value
10010 REM input = rin
10020 REM output = rout
10030 REM sf = scale factor
10040 REM 25 atandard values follow
10050 DATA 1.0, 1.1, 1.2, 1.3,

1.5, 1.6, 1.8
10060 DATA 2.0, 2.2, 2.4, 2.7
10070 DATA 3.0, 3.3, 3.6, 3.9
10080 DATA 4.3, 4.7
10090 DATA 5.1, 5.6
10100 DATA 6.2, 6.8
10110 DATA 7.5, 8.2, 9.1, 10.0
10120 IF NOT FIRST THEN 10190
10130 FIRST = 0
10140 AMAX = 25 : REM .ust equal

no of entries in table above
10150 DIM A (AMAX)
10160 FOR I = 1 TO AMAX
10170 READ A(1)

10180 NEXT I
10190 X = RIN
10200 SF = 0
10210 WHILE X ) A(AMAX)
10220 X = X/l0
10230 SF = SF + 1
10240 WEND
10250 I = 1
10260 WHILE X ) A(I)
10270 I = I + 1
10280 WEND
10290 IF X-A(I-l) <= A(I)-X

THEN X = A(I-1) ELSE X = A(I>
10300 ROUT = X - 10 ASF

10310 RETURN
10320 END

FIG. 1-R1 IN DIAGRAM ABOVE is used for current limiting
and must be estimated. (See text.)

If your BASIC doesn't have the WHILE .. . WEND
statements, you can simulate them by using an IF...
THEN statement and a dummy loop. For example, the
code below could be substituted for the loop running
from line 10210 to line 10240: 10210/lF X < = A(MAX)
then 10250
10220 X = X/10
10230 SF = SF + 1
10240 IF X > A(AMAX) THEN 10210
That's about all there is to calculating the values of the
resistors in this simple switching circuit. Of course, you
should verify that the calculated values actually do the
job before building 10,000 duplicate circuits. Also,
note that the program prints the value of I(B) the circuit
will draw. That was done as a protective measure. If
your driving circuit is CMOS, and I(B) isgreater than a
milliamp or so,you'll have to do one of two things: use
a Darlington, or add another transistor that w ill provide
a bit of "preamplification." If you opt for a Darlington,
you can use our program as is. .....m~
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Rl

subroutines for easy integration into your programs.
Lines 1000-1210 get the data and calculate the resistor
values; lines 10000-10320 select the closest standard
resistor values. Lines 10-90drive the main routine
following line 1000. Line 30 sets a flag for the standard
value routine, so that it doesn't read the data contained
in lines 10050-10110 in every time a set of calculations
are made. Line 40 clears the screen of my CRT (an ADM
20); you'll probably have to use another method.
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SATELLITE TV

Scrambling and TVRO systems
BOB COOPER, JR.

SATELLITE-TV EDITOR

FIG. l

MIA- COM HARDWARE HAS BECOME TH E

d e facto standard in scramb ling
and descrambling. MIA-C om has
accomp lishe d that fe at by bein g
f irst to market a relat ively secure
scramb ling syste m and by de live r
ing both th e uplin k scramblers
and the downlin k descramblers in
qu antity. However, MIA-Co m has
suffered in th e home-TYRO mar
ket.

The reason is that, before scram
blin g and descr amblin g became
so important , MIA-C om was a ma
jor supp lie r of home-TYRO sys
te ms. Con sequentl y, home TVRO
owners had co me to depend on
MIA-Com , so t hey have bee n im
m en sel y d issati sfi ed w ith M/A
Co m's ro le in th e scramb ling wars .
But the scrambli ng furor has cost
MIA-Com a sig nificant amo unt of
bu sin ess not o n ly because co n
sumers refu se to buy, but because
dealers refu se to handl e MIA-Com
produ cts.

VIEWERS

~

~

Syste m overview
If yo u' ve ju st tuned in , here's a

brief summary of how MIA-Com's
syste m works. O ne of th e key fea
tures of Videociphe r descrambl er
is i t s ad d ressabi l ity. Each de
scramb ler, w hethe r located at a ca
ble -syste m supplier, a hotel MATV
system , or a TV in a private home,
has a uni que, one-of -a-k ind elec
tron ic address . Th at add ress al
low s eac h d esc rambl er to be
co ntrolled individ ually by remote
control f rom a cent ral uplink loca
t ion . Thi s m ean s th at a de
scramb le r can b e sent p r ivate
messages, o r turned on o r off.

As shown in Fig. 1, addressing is
do ne by a master co ntrol center
that is located near San Diego and
operated by MIA-Com. Each p ro
gram supplie r is lin ked to the com
mand center's co mputer via sate l
li te; each programm er injects hi s
command signals in hi s uplink sig
nal at his own site .

Th er e are two types of co m
m and s that ca n be sent to
Video cipher units in the fi eld .
O ne co mmand enable s all sub
scri be rs in a programmer's " uni
verse" t o receive descrambl ed
sig na ls ; th e oth er enab les o n ly
specifi c subscribers to do so.

The f i rst typ e of co mmand is
called open key; it refers to a mas
ter co de that is 'recognized by
every Videocipher un it. Program 
mers don 't no rm ally use th e op en
key, since it pr events th em from
using Videocipher as a gate count
ing or co llect ion too l.

The second typ e of command is
c all ed cl o s ed k e y. Wh en a
Videocipher unit receives it s own
particular closed key, it will begin
descrambling, and it w ill deli ver
viewa ble and li stenabl e signals to
th e subscribe r. The closed key is
compo sed of di gi tall y enco de d
numbers and letters . There are ac
tua lly two stages of decoding: the
first deciph ers th e address code ,
and the seco nd deciphers the au
dio and video signals.

To date, most programmers who
t ransmit scramb led signals began
operat ing in the open-key mode.
For example, supe r stat ion WOR
began full-t ime scrambl ing (in th e
op en-key mode) on M arch 17th of
thi s year. However, WOR sw itched
to th e closed-key mode in May,
and th at mad e th eir signal un
availab le to hom e TVRO viewers.

The reason w hy WOR began op
eratio n in open -key mod e is th at
additional ti me and eq ui pme nt are
requi red to broadcast sig na ls in
the closed- key mod e. So th e sta
ti on began broadcasting in open
key mod e and changed to c1 osed
key mode when the eq uipme nt
and programming was set up.
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from Bob Cooper '

SCRAMBLE-FAX by Bob Cooper

WESTAR Comm unica tions/Westco m. the Toronto area alleged
manufacturer of 'pirate decoders' for HBO/ Showtime and other
Vtdeocipher type scrambledservicesreportedlyhasbeen sold toa new
group of investors; all Canadian.The firm has been offering theirpirate
type decoderunit for $500 (US) for several weeks claiming it decodes
all Videocipher scrambled videoplus audio signals. Attempts to locate
the firmdher than through their 800 telephonenumber (1-800/265
5675) typically meet with failure and the firm is quick to explain that
it wouldbeinappropriate forthem to identify their actual street address
location(SCRAMBLE-FAXsuggests youtry 504IroquoisShore.Oakville.
Ontario; and416/842·2877 astheir 0011-800 telco).

Interested in TVRO?

For nearly two years Bob Cooper has
provided a no-charge kit of printed mate
rials that describes the challenges of and
opportunities in sell ing TVRO systems to
day. With the present intense interest in
scrambling systems, Coop 's CSD has
made available a new no-charge service.

The SCRAMBLE FAX hotline is a 24
hour-per-day telephone service that
provides accurate, detailed, and hard-to
find facts concern ing the changeover to
scrambling in the sate llite communica
tions industry. Information describing sat
ellite receivers tested for scrambling
compatibility, sources for authorized de
scramblers, wholesale rates of scram
bling equipment and services-all are
provided on the SCRAMBLE FAX hotline.
There is no charge for that service, other
than your long-distance telephone ex
penses. Simply dial (305) 771-0575 for a
concise and timely three-minute capsule
report that covers the latest in scrambling
news.

firm such as Eastern Microwave,
w ho uplin ks WOR's signal, says it
cannot sell WOR's signals to indi
vidual hom es because the law says
it cannot do so.

Eastern Microwave is showi ng
the cable-TV wo rld that it is "c able
-friend ly," that it is anx io us to court
the favo r of the cable ope rato rs by
preve nt ing home-TYRO owners
f rom watc hing the signals it t rans
mi ts. Of course th at has generated
conside rab le resen tm en t on th e
part of both owne rs and sellers of
TVRO eq uipment.

The TVRO industry's t rade asso
ciation, SPACE (t he Soc ie ty for
Private And Com me rcial Earth sta- .
t ions), is asking the fede ral courts
to forb id Eastern M icrowave from
scrambli ng its signals unl ess it also
offers them to home-TYRO view
ers. The case is complicated be
cause the root of Eastern Micro
wave's co ntention that it cannot
sell to individuals is a 1976 modi
ficat ion of the U. S. copyright law.
The law mak es a spec ial p rov isio n
for com mon carrie rs and estab
lis he s guide li nes t hat appea r to
sanction Eastern's actio ns to date.

SPACE and the TVRO industry
hope that, at the very least , the
co u rts wi l l sugges t to Co ng ress
that th e 1976 copyright law be re
vised and clarified . In the mean
time, TVRO owners wi l l be unabl e
to receive th e sports , movies, and
ot he r programs to w hich they had
become accusto med . R-E

ano th er bu sines s entity to pick up
a broadcast signal at a d istant poi nt
and then de liver it to t he custom
er's premises. A Los Ange les TV
station, for example, that is seen
on a cab le syste m in EI Paso is
tran smitted from Los An ge les to EI
Paso by a st ring of common-car
rier-operat ed microwave relay sta
t ions. Stations along the way may
also tap the signal.

By law th e commo n carrier is au
th orized to sell it s services only to
a spec ial class of users. Cab le-TV
di str ibutors and broadcast-TV sta
tion s belong to that class, but indi
vidu al homes do not. Therefore, a

EACH issue of SCRAMBLE-FAX is
sent to you via AIR-mail the very day
your order is entered. Simply call
305/771-0505 to order your copy
(have VISA or Mastercharge card
handy) or write for your copy enclos
ing payment for $10 (US funds) to
the address shown below. PLUS -
each issue is 'supported' by a
SCRAMBLE -FAX 'Hotline' te le
phone updating service.

DIAL 305/771·0575 anytime for a complete update on the status
of scrambling. 'Hotline' recorded reports are provided by Bob Cooper
as an 'instant update' to SCRAMBLE-FAX and carry fast-breaking
news items of interest to the scrambling scene. But have your
notebook and pen handy; each 'Hotline ' report contains many
telephone numbers and addresses you will want to retain!

REPORTS on M/A-Com efforts to shut down
pirate units, exporting of bootleg descramblers
outside of the USA, comp lete listings of all (37+)
channels now scrambling and those planning to
scramble. The activities of DESug, the DES Users
Group, and t heir progress on 'breaking' the
Videocipher 'code', modifying receivers to accept
Videocipher and much-much more.

SCRAMBLE-FAX
SCRAMBLE-FAX

305/771-0505 or for free 'Hotline' service, 305/771-0575 . To order
by mail, send check/money order or enclose VISA/Mastercharge
number and expiration date: CSD Magazine, P.O. Box 100858, Ft.
Lauderdale, FI. 33310

legality
Some po licies of the supe r sta

t io ns, including WOR (New York),
WTBS (At lanta), WPI X (New York),
WG N (C hica go ), a n d KTV T
(Dallas), have raised d ifficul t legal
questions. For example, by law, no
TV stat io n can itsel f di rect ly pur
chase satell ite transpon der t ime to
di stribute its signals nationwide.
The FCC co nside rs that an un
authorized expansion of a stat io n's
broadcast coverage area. So, an in
terme d iate co mpany, a co mmo n
carrier, mu st be used .

A common carr ie r is a firm that
co nt racts w it h a cable syste m or

IF satelli te scrambling is important to you, here is a single
source of timely, confidential information of great value;
SCRAMBLE·FAX. Bob Cooper is routinely gathering all of the
important scrambling information (who, what,when, where and how)
and compiling it in printed form in an important newsletter called
SCRAMBLE-FAX tm. Sourcesfor pirate decoders, reports on attempts
to 'beat the system', full lists of who is scrambling, how and when.
Each issue of SCRAMBLE·FAX is timely and new; but, each issue
is a detailed encyclopedia of scramb ling information and totally
complete.
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ROBOTICS

Tactile sensing

an object. If too much force is ap
pli ed , an ob ject may be crushed . It
too litt le force is applied , the gr ip
per may no t be abl e to maintain
contact wh en it t ries to lift th e ob
ject. In add iti on , bump sensors
around th e p e rim e t er o f th e
robot's base can be used to detect
'co l l isio ns. Th e underl y ing tech
nol ogy of bo t h kind s of tactil e
sensi ng can be th e same. Let 's see
how.

Limit sensing
The simplest to uch senso r is the

- co m mon mi cr o swi tch. A mi cro
switch is often activate d by eithe r a
lon g flat lever o r a lever w it h an
attach ed roller. Pressin g the lever
" makes" th e co nnectio n . Actua
t ion fo rce is relati vely small , so it
takes Iittle force fo r th e robot to
"feel" w hateve r th e switch is co n
tact ing.

A r o b o t gri p per mi ght be
equipped w it h two mi croswi tches,
on e in each jaw. W ith no objec t
between th e jaws, both sw itc hes

CD
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would be open, bu t when an ob
ject is gripped, on e or bot h switc h
es w ill close. A co mpute r inter face
co uld moni tor th e signals gene r
ated by th ose swi tc hes and it co uId
use the vario us vo ltage levels to
make deci sion s regarding th e next
act io n the rob ot sho u ld tak e.

Terence Th omas of Veni ce, FL
sent a schemat ic di agram of a cir
cuit th at uses three mi croswitches.
Two are used to detect obstacles
aro und th e per im eter of th e bo dy;
a thir d ind icates w hether co ntact
w it h the floor is being maintain ed.
A floo r senso r cou ld be impo rtant
to prevent a ro bot f ro m making a
per ilou s journey down a flight of
stairs. Of co urse, the locati on of
t he f loo r senso r o n t he robot 's
bod y is critical. Tw o side-mo unted
micro sw itch es provide directi on
co ntro l; wh en a sw itc h o n o ne
side is activated , the rob ot turns in
th e oppos ite direct ion .

Optical sensors
Some sensing functions accom

pli sh ed b y switc hes ca n be
acco m pl ishe d better by anoth er
type of senso r. For example , rathe r
th an try to mou nt bulky, massive
swi tches in the jaw s of a gripper,
yo u mi gh t use LED/ ph oto t ran
sistor pairs, as shown in Fig. 1-a.

If yo u 've ever be en bowli ng ,
th at set up should look fami l iar.
The fo ul line senso r wo rks on the
same principl e. It co nsists of a vis i
ble (or infrared ) beam of l ight and
a ph ot o-d etector. W hen yo ur body
breaks the beam, a ligh t or a buzz
er co mes o n.

Note that the senso rs illustr ated
in Fig. 1-a are used in two di fferent
ways . The senso r pair s mounted
betw een t he jaw s wo rk like t he
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M AN IS BLESSED W ITH FIVE SEN SES , AND

one reall y proves its worth on a
dark, co ld winter morning . You
ro ll out of bed and grope around
fo r your slipper s and bathrobe.
Then you stumble into th e kitc h
en, f e el around f or t he li ght
swi tc h, and only the n can yo u see
what yo u r hands and feet have
been telling yo u. O h th at sense of
touch !

Touch is impo rta nt in roboti cs
too. M o st robots mu st move
around to acco mp lish th ei r tasks.
Hence they need direct ion s abo ut
where to go under di ff eren t co ndi
t ions. So th ey need to be able to
acqui re informat ion about t he ir
surro und ings. That in formation is
obtained through a myriad of sen
so rs- l ig ht senso rs, so und sen
sors, and to uch sensors, amo ng
others.

Di ff erent kinds of tacti le in for
mati on are important for di fferent
purpo ses. For exam p le , ofte n a
robot mu st kn ow how mu ch fo rce
its grippe r sho uld app ly to grasp
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object. But that's not always the
case . And how does the robot
know wh en it has a good grip ?

A force sensor
There are several ways to build a

fo rce sensor. One simple way is to
use a spring and a microswitch .
The spring is attached to a cabl e
that winds around the shaft of a
drive gear as motion occurs. The
cable goes past the lever of a mi
croswitch. When ten sion in the ca
ble exceeds the actuation force of
the microswitch , the sw itch con
tacts close. The device controll ing
the robot must then act on that
signal. The spring in that sort of
sensor must be selected carefully,
according to the amount of fo rce
required to actuate the switch .

Other approaches use optical
feedback . For exarnp le .vthe pat
ented approach of Heath 's Hero
2000 uses two optical encoder
di sks. One is attached directly to
the gripper, and the other is fas
tened by a spring to the first. As
long as there is no resistance to the
motion of the gripper's jaws, both
di sks spin together. But when an
object is grasped , the di sk at
tached through the spring slows
down , while the directly-con
nected disk continues at its nor
mal rate . The sy stem's micro
processor can detect that speed
d ifference by counting the slots
etched in each disk; that informa
tion can be used to determine the
force applied as well as the size of
the object.

Other approache s use inte
grated circu it s that incorporate a
st rain gauge and special pre ssure
sensit ive resistive paint. In fact, a
sim p le pressure sen sor can be
built f ro m the conductive foam
that MOS lC's are packed in. That
foam has a f inite, measurable re
sistance ; when th e foam is com
pressed, resistance decreases. By
mounting a piece of foam between
two metallic plates, a simple strain
gauge could be built.

All those me thods of tactile
sensing comprise a field of inquiry
th at is as large as robotics itself.
The scie nce of tactile sen sin g is
one in w hich the home experi
menter mi ght achieve a break
through by d iscovering new ways
of me asuring real-world quan 
tities. So go to it! R-E

bow li ng all ey's f oul-line senso r :
an alarm condition is raised wh en
the beam is inte rrupted. The sen
so r pairs mounted o n t he fro nt
edges of the jaws work on th e op
posite prin cipl e: an alarm con
di t ion is raise d when th e beam
from th e LED makes co ntact with
th e ph ototransistor.

As show n in Fig. 1-b, each mem
ber of th e refl ective pair s should
be angled slight ly inward so that a
ne arby obj ect will reflect li ght
fr om th e LED back to th e pho
tot ran sist or. Th e phototrans istor
would be connecte d to a comput
er interface or other con troll er.

The refl ective pairs can provide
more than ju st an object-is-pres
ent/object - is-not-p resent sig nal.
The amo unt of li ght t hat is re
flected provides an indication of .
how clos e the object is to th e end
of th e grippe r. So the output of the
refle ctive senso rs could be pro
cessed by an N D converter and
fed to a con trolling device which
would then be able to locate ob
jects. A control sequence might go
as follows.
• Move th e grippe r to the approx
imate po sition of th e target object.
• Scan the gr ippe r f ro m left to
right until the object isdetected by
the reflective sensor at the tip of
the right jaw. The grippe r mu st be
open so far.
• Move the gripper right until the
object is detect ed at th e tip of the
left jaw.
• Move the gripper left again until
neither jaw detect s the object. The
obj ect is ce nte re d le ft-to-right
now.
• M ove th e arm fo rward until the
first inside-the-jaw sensor detects
th e object.
• Move the arm fo rward until th e
seco nd in side-the-jaw sensor de
tects the object.
• Ret ract th e arm until neith er
sensor detects th e object, or until

. both detect th e object if it is large.
The object is centered fron t- to
back now.
• Close th e gr ippe r.

There is one fla w in that se
qu ence of grippe r moti on s. As the
last ste p, th e ro bot is to close the
grippe r to capture the obje ct. But
how does the robot know wh en to
sto p closin g? In some cases, the
maximum grippi ng fo rce of a light
weight arm can be applied to the
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DRAWING
BOARD
Bank-switching

FIG.l

line (A0-A6) are high, la 's output
goes low. Then, depending on the
state of A7 and A8, a high will be
fed to one of the outputs of the
4051. That high will be clocked into
four-bit lat ch IC2 . That signal
provides an active-high memory
enab le signa l.

Active-high or active-low?
Each of the four banks of our

memory system is made up of fou r
5101's. The circu it was shown in
Fig. 1 of the April 1986 issue of Ra
dio-Electronics, and it contains one
subtle error that could be con
fusing in light of the bank switch
ing circuit presented here . The
pins marked CE1 in that figure
shou ld be marked CE1. The active
low V5. active-high issue wasn't im
portant there , but adding addi
tional banks as we 're doing now
requires careful attention to the
level of the enabling signal.

That aside , if you examine that
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WHEN WE LEFT OFF LAST TIME WE HAD

just finished designing a basic
memory-management circuit. If
you breadboarded the circuit , you
may have questions about how it
works or how to use it. Before we
d iscuss usage, let's discuss a few of
the nitty-gritty details of circuit op 
eration we couldn't get to last
time .

Except for the addition of re
sistors R1-R4, the circuit shown in
Fig. 1 here is quite similar to the
circuit shown in Fig. 3 last time.
We'll discuss why we need the re
sistors below; for now let's look at
the circuit just in terms of logic.

Since the CMOS data selector
we're using is a 4051, we can send
either a high or a low to the se
lected output (Q1-Q4), depending
on what the 4051 's DATA input (pin
3) is connected to. In this case, it is
connected to the positive supply
rail.

When the low-order address

c.£~

circuit, you'l l see that we're doing
memory banking there as well.
Each bank iscomposed of two lC's,
and the CE1 pin of each IC is used
for bank selection. Our circuit
uses a nine-bit add ress bus; the
high bit of that bus allows us to
switch 256-byte banks trans
parently, yielding a 512-byte sys
tem .

What we want to do now is add
three additional 512-byte banks to
the system. To do that, we'll have
to use the 5101's other enable pins.
If the IC had only one enable pin ,
we 'd be faced with a fairly complex
gating problem, but, fortunately
for us, the 5101 has three separate
enab le pins . We discussed how
they work in the April column .

We use pin 19 to select a 256
byte page in a bank, so we'll use
pin 17to select the bank asawhole
(512 bytes). If that sounds con
fusing, it may help you to think of
each 512-byte page as a separate
section.

If you bring pin 17of the 5101 low,
the IC "goes to sleep." Actually, it
goes into a low-power mode in
which all data are retained and
power requirements are reduced
to less than 10 microamps. So, by
using pin 17 as a bank selector, we
get reduced current drain asa free
bie! The point is that the banking
circuit must put a high on the en
able pin of the bank we want to
select and a low on all the others.
That's why we tie the DATA input
(pin 3) of the 4051 high .

The reason we need resi stors
R1-R4 is to ensure that the memo- E:
ry's enable pins are in a well -de- §
fined state. We wouldn 't want ~

those pins to float; data in the
RAM might be garbled if the IC
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can be used for other things as
we ll. And th ere are other ways of
generat ing ban kin g signa ls too .
Let's look at some of those .

For example, if you' re using only
seven bi ts of data, you co uld use
the eig hth bit as a select lin e. Set
the bit to talk to one ban k of mem 
o ry, and reset it to talk to th e othe r.
A more reason abl e alt ernative
would be to use an otherw ise-un
used l 80 co nt ro l sig nal-an un
used address lin e, perhaps, would
serve we ll.

An exte rnally generated signal
may be a good cho ice in some sys
tem s. For example, if you 're sens
in g and reco rding real-world data,
some pred et ermin ed co nd it io n
co uld be used to sw itch memory
bank s. For example, suppose yo u
connected the bank sw itchi ng sys
tem to a low-battery or power
failure alarm . A signal produced by .
a circui t of that kind could cause
data to be tran sferred from vo lat ile
d ynami c m em ory to batt ery
backed-up CMOS RAM. And yes,
it 's perfectl y reason abl e to mix two
diff eren t mem ory types in on e sys
tem.

Using that sort of scheme to cap
ture data is a common practice.
Commerci al airlines, for example,
use it in f l ig ht recorders, and a
similar setup is used by recorders
fo r un att end ed remot e d ata
gathering .

There are a few thi ngs to keep in
mind wh en you set up a banked
memory syste m. The [C's you use
in yo u r sw i tc h ci rc ui try mu st
match o r excee d your syste m's op
erati ng speed. The CMOS NAND

gate we used is slow-abo ut 150
nanosecond s. You co u ld use a
high-speed CMOS or TTL part to
in crease that speed by about a fac
tor of 10.

If you 're really interested in mi
croprocesso r system design , put
the ci rcuit togeth er and connect it
to the l 80 dem o syste m we'v e
been di scu ssing. Of course, th e
l 80 has a 16-bit addre ss bu s, so
sw itchi ng 512-byte ban ks of mem
ory is unnecessary, but you' ll learn
a great deal by makin g th e system
wo rk. And that knowledge co uld
be put to real-world use by design
ing a bankin g system that sw itches
between 64K ban ks-and a mem o
ry syste m of th at sort can be very
useful. R-E

Other uses
We men ti on ed last tim e th at

there are several ways to set up
alte rn ate banks of mem ory in a
syste m. Soft sw itc hes are a neat
way to organize memo ry, but they

we re acc ide ntal ly accesse d fo r
even a brief peri od of time. Since
we need act ive -high enab le sig 
nals, we need to use pul l-down
resisto rs.

To use the bank-switching ci r
cu it show n here w it h the memory
ci rcuit shown in th e Apri l co lumn
(Radio-Elect ronics, Ap ri l 1986), ti e
pin 17 from all 5101 's in each bank
toge ther and co nnect that lin e to
one of th e C E o utputs of th e circuit
shown here. Th at gives us fo u r
banks of memory, each of which is
selectable by fl ipping a soft switch
located at an add ress rangin g from
1FC to 1FF.

How can we select a memory
bank? And how can we initialize
th e system properly? Those qu es
ti on s are in terrelat ed , as we'll see.
It wo uld be di ffi cult to generate a
reset signal th at would ensure that
o n ly o ne bank wa s enab le d at
power up. However, if we use our
l 80 circuit as the syste m cont ro l
ler, th e so lut io n to th e problem is
simple.

W hen we designed th e l 80 sys
tem , we made sure th ere was an
RC-gen er ated reset pul se pro
du ced at power-up, Amon g·ot he r
things, that forces th e l80 to begin
exec ut io n at locati on 0000. That
bein g the case, to initialize th e sys
te m all we have to do is have th e
l 80 fli p one of th e soft sw itches
before it tri es to access any RAM.
To do th at, th e l80 can exec ute any
instru ction that causes the address
of th e soft switch to be put on the
address bu s. The system's hard
ware w ill take over the task from
that point.

Any of th e l 80's " load" instru c
tions is a good cho ice. For exam
pl e, if th e f irst in structi on in your
program is LD A,(01FF), the l 80 will
oblig ing ly pu t 01FF o n th e address
bu sand cause o ur circuit to enable
o ne of th e memory bank s. Beli eve
it or not , that's all you have to do to
fl ip a soft sw itc h. And it doesn't
matter whi ch in stru cti on is used as
lon g as it results in the appearance
of a soft sw itch's add ress on the
bus.
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In many applicat io ns you won 't
have any trouble w ith cutoff fre 
qu ency. M ost gene ral-purpose re
placem ent tra nsistors have cutoff
f requencies high eno ugh to pre
vent probl em s. However, to take
another example, in a video out
pu t stage, make sure that yo ur re
pl acem en t h as a peak vo ltage
ratin g we ll above the app lied B+ .

A high-power circuit might use a
power t ransisto r, such as Q1 in th e
aud io amplif ie r shown in Fig. 1, for
output. You probably wo n't have
any probl em with cutoff freq uency
there, bu t power dissipation could
be a prob lem . Th erefore yo u' l l
have to make sure that your re
placement can handle the vo ltage
and cur rent the circuit produces.
Don't try to use a five -watt tran
sistor in a fiftee n-watt audio out
put stage!

A commo n problem is an audio
o ut put tran sistor t hat b lows as
soo n as power is applied . The way
to locate t he prob lem is with a
Variac. Befo re yo u tu rn the TV on,
redu ce the Variac's output to zero .
Turn ' on t he TV, and grad ua lly
br in g th e vo ltage up as you ,
monit or t he current flowing
th rou gh the t ransistor. Many sche
mati cs indicate the amo unt of cu r
rent that sho uld be flowing .

M ost audio stages wo rk in either
c1ass-B or c1ass-C mode in which
qu iescent (no inpu t signal) current
drain is far less than full -load cur
rent drain . So, if you measure any
appreciab le current drain wi th the
Variac set fo r a low output vo ltage,
re move power and lo cat e t he
problem. Otherwise you may de
stroy severa l big, expe nsive power
t ransisto rs. It takes o nly a ski l l
ionth of a seco nd to blowout a

01
02

"=" -=SOUNDIF
DETECTOR

+22V

Rl
4.7K

wary of are vo ltage and curre nt rat
ings, and cutoff freq uency. A sync
ci rc uit, for exa mp le, requ i res a
t ransistor w ith a fairly high cutoff
freq uency in orde r to prevent t he
sync signals fro m bei ng rounded
off. Just to be sure, examine the
sync o n a scope, and make sure
t hat it loo ks clea n . If not, t ry a
higher-frequency t ransistor.
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SELECTING A SU ITAB LE REPLACEMENT

for an un know n transisto r is not as
difficult as yo u mi ght th ink . First
get a good tra nsistor substitution/
spec if icat ion handboo k. Then , for
example , if yo u' re deali ng with a
low- level signal-amp lifying stage,
fi nd a tra nsisto r that is classifi ed as
a general-p ur pose amp lif ie r. The
main paramete rs yo u' ll want to be
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new transistor, so play it safe. Run
it at reduced voltage until you're
sure it 's safe to run it at fu ll voltage .

After yo u know that quiescent
current is normal, try runnin g the
amp at about half volume. Current
drain wil l be quite a bit more than
with no signal , but check the value
against the valu e specified in the
schemat ic. Even if you have no ser
vi ce literature, one thing you can
be sure of is that the maximum
current rating of your replacement
transi stor can't be exceeded! Try
to run power transistors at half or
less of maximum . That should help
protect yo u from an unp leasant
surprise! ,

Identifying an unknown device
Replacing a transistor is usually

not too difficult a job to do-es
pecially if yo u have a schematic of
th e set you 're working on. Even if
yo u have a schemat ic, however,
you may not know much about a
transistor, including its type or pi
nout. Some foreign sets, for exam
ple , use parts that you can't cross
reference . So you may know
whether it 's an NPN or PNP (or FET,
etc.) tran sistor, but little else.

If you have a schematic, verify
each step outlined below as you
perform it. If you don't have a
schemat ic, and if you have no rea
son to suspect otherwise, start off
by assuming that yo u' re dealing
w ith an NPN transistor in a com
mon-emitter circuit.

First tu rn the power on ; the
t ransistor can be in circu it or out.
Now measure the vol tages where
each le ad connects to the PC
board or chassis. If our previous
assumption s were co r rect , the
lead with the hi ghest voltage is the
collector, so the two remainin g
pins mu st be the base and the
emitter. Using a scope you should
be able to see some sort of signal
where one lead connects; that's
th e base. The remainin g lead is the
emitte r, which is usuall y con
n ect ed t o g ro u n d, po ssibl y
th rou gh a bias resistor.

Now and th en you 'll run into a
set with an uncommon circui t. For
example, in a common-base am
pl ifier, the input signal is fed to the
emitte r. (I don 't know w hy they do
that; just to annoy servicemen, I
think. You've gotta watch those
engineers ; they'll play so me funny

tricks on you if you' re not careful. )
Be that as it may, in the absence of
any circuit information , by tracing
ou t the w iring of nearby compo
nents you can make a schematic
diagram th at will help yo u see
what's going on . Servicing should
be a snap after that. R-E

SERVICE
QUESTIONS

SLOW GUNS

We are having a problem with an
old Fleetwood color set that is defy
ing logic. The symptom is all green
on the left edge of the raster, caused
by a slow coming on of the red and
blue guns. Picture and color are oth
erwise perfect. We've checked every
part in the RGBcircuit, demodulator
and video output.-P.D., Waterloo,
Onto

Anything that mi ght be wrong in
th e signal circuits would be evi
dent over the entire screen , not
ju st o ne side. Your stat eme nt
about the slow emission of th e red
'and blue makes me think of a poor
kin e. Wh y not run a purity check
to see if yo u can cl ean up the
raste r? Anoth er thou ght : You
mi ght have defective blanking or
filter ing, show ing up as green sim
ply because that is th e st rongest
component.

TRIPPING BREAKER

The circuit-breaker keeps tripping
on this GE M772. After all the parts
in the power supply checked good, I
found that if Idisconnected C1702A,
one of the filters, the set worked,
although the picture was weaving
and was short on the right side.
R.A., Brampton, Ont., Canada

C1702A is th e input fil ter capaci
to r, and withou t it in th e ci rcuit,
B+ is redu ced. Co nse q ue nt ly,
total current drain is lowered, and
th e breaker is holding. You could
have nothing more than a faulty
breaker, here. Try repl acin g it wi th
a 2-amp fuse te mporari ly. If th at
does n't d o it, a variable trans
former would mak e the job of
t roubleshooting a little easier.

NO VERTICAL DEflECTION

I am having trouble with a Syl
vania, model CC4152l-v. There is no
vertical deflection. I have checked

waveforms up to the yoke, then I lose
it. Help!-L.B., Washington, D.C.

I can understand yo ur di smay. I
st udied the diagram for a lo ng
time before I fo und the yoke re
turn . One has to fo llow th e bottom
leg of the vert ical yoke wi ndi ng,
through th e convergance boa rd,
exi ti ng at Veo until he locates
C342 and R342. Check them!

TRACTOR-RADIO PROBLEMS

A Bendix tractor radio, 8BT, came
to the shop recently. The Sams sche
matic goes as far as 7BCX and then
jumps to 17K2. Can any readers
help?-Corwin Arndt, Box 178, Os
hkosh, NE 69154

HOT FlYBACK

The 6}E6 current in this set is nor
mal at 210 mil/amps. I have a good
picture with good brightness and no
picture shrinking. Yet, the flyback
transformer runs hot to touch after
30 minutes ofoperation. What could
cause this?-v'G. T., Phillippines

In every instance th at I can re
member, a hot f lyback meant a de
fective flyback, and that usuall y
also m eant sh ri nk ing pi ctu re ,
focus probl em s, and low hi gh
vol tage. Heat can be a re lat ive
thing. What yo u fee l is " hot to
touch " may be normal heat build
up after 30 minutes of play. M y ad
vice is to do nothing for now. Just
observe. If th e flyback is on th e
way out, you' ll know.

REPAIRING VCR's

With the proliferation of VCR~ in
the home, there seems to be a real
opportunity growing. In your opin
ion, what equipment is basic in VCR
servicing?-}.}., Haddon Heights, N}

The basic eq uipme nt is wh at
eve ry TV rep air sho p sho u ld al
ready have. A goo d meter is, of
co urse, essentia l, as is a w id e
band scope and co lo r generato r.
Then there is a matt er of quality :
An NTSC co lo r generator is more
useful than a keyed-rainbow gen
erato r and a t riggere d scope mo re
useful than a co nven tio nal one .
Fo r hi gh-ou tput and hi gh-gr ade
VCR servici ng, one would need to
go into a frequency counter and
sweep/marker generator for align
ment pu rposes. An analyst, o r sig
nal-in jector, wo uld make the high
tech wo rkbench complete .

continued on page 82
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TEST EQU IPMENT HAS BEEN NECESSARY

as lon g as the re have been radi os,
and advan ces in test equ ipm en t
have paralleled advances in radi o.
But in many respects, early test in
st ruments differ little from mu ch
of th e equipme nt we st i ll use every
day.

Of co urse, w he n antiqu e ser
vice equi pment is mention ed , the
fi rst thing that comes to mind is
t he tube teste r. However, many
other ty pes of serv ice equipme nt
we re used in t he early days, too.
Beca use we've di scu ssed tu be
tes te rs in previou s co lumns, we'l l
focus on ot he r types of test eq uip
ment and early service tec hniques
th is t ime.

Typical problems
Opens and shorts were proba

b ly the most co mmon prob lem
w ith ant ique radios, but weak bat 
te ries and inade q uate ante nnas
were also very troub leso me to the
radi oman of the 1920's and t he
1930's. But during th e 1930's battery
prob lem s w ere b ecom in g less

co mmon due to greate r di stribu
tion of AC powe r. And built- in an
te nnas h elped in c rea se sig na l
pickup w itho ut t he use of an out 
door ante nna.

There were th en , as th ere are
now, spec if ic procedures fo r t rou
b les hoot ing . Th o se p roced u res
could be learn ed in a technical o r
vocatio nal school, or even in a cor
res po n de nce sc hoo l. Some
schools p re-date the f irst co mmer
cial ly-scheduled broadcast.

Th ere we re two types of re
pa irmen in t he early days. Th e
t rained radi o repairm an o r " rad i
ot ric ian" (of w hich I am one) fo l
lowed spec if ic procedures for di
agnos ing var io us sympto ms. The
unt rained man was refe rred to as a
t ube changer. No matter w hat t he
probl em was, he would im me
d iately beg in changi ng tubes . The
radi oman of the 1920's needed to
carry abo ut a do zen tubes on a
service call. Those tubes too k up
abo ut as mu ch space as 100 of the
miniature t ubes t hat bec ame avail
able later.

M ost early radi om en had little in
the way of test equipme nt. And
even a well- equ ipped shop didn 't
always have a we ll -t rained service
man. Ofte n a radi om an sett led for
one " pet" in strumen t w hich he
mastered .

Amo ng the equi pme nt availab le
was a shi rt-pocket sized " i ll umina
ti on teste r." That inter estin g de
vice was very advan ced for its day.
It was handy for preliminary test
ing, anyone could affo rd it , and it
could even test th e spark plugs in
you r M odel A ! A built-in neon
lamp co uld be used to indicate a
sho rt, an open, or th e polari ty of a
DC vo ltage source .

Ano t her valuab le tes t in stru
ment was the hydrometer. Yes, in
the early days, when battery re
ceivers were popular, th e hydro
meter was an important pi ece of
test equipment . It is used to che ck
th e spe cif ic gravity of the el ec
t ro ly te (t he acid) in a batter y. A
weak "A" battery was the prim ary
suspect w hen a radi o appeared to
be dead. Often a battery could be
reju ven ated by ad di ng di still ed
wate r. More than half of th e prob
lems wi th battery sets orig inated
fro m th e batteries, so most servi ce
calls were relati vely routine .

And , in th e later 1920's, a fur
nitu re tou ch-up kit was nece ssary
to keep th e elaborate cabinets that
were be ing produced the n in good
shape.

Many early rad iomen preferred
working on battery-powered sets.
They we re used to them, and th ey »
fe lt safer working on a batt ery set c
t han o n an unfamili ar "e lectric" g
set . If a radio didn 't ope rate aft er ~
th e batteri es were serviced, th e ra- U;
di om an wo uld have to reso rt to ~

77



more soph isticated mean s of lo 
cat ing the problem .

To do t hat, he might use one of
several test meters, o r, more like ly,
a comb ination meter ca lled an
analyzer. The analyzer was the " in"
piece of eq uipment for the radi
oman in t he mid and late1920's. An
analyzer cou ld cost $10, which was
a great dea l of money at the time .

The analyzer, which is still popu
lar (and sti ll expensive) for TV and
other servicing, combined severa l
meters and a component tester.
Part of the reason that the analyzer
was popular in t he early days was
t hat few radio men had a car to lug
a complete kit of in strum ents and
pa rts on a service call. Some ana
lyzers we re so complicated to use
t hat many serv ice me n never got
the fu ll be nefit of them. Many ana
lyzers were transportable .

There were many styles of porta
ble analyzers. The tester shown in
Fig . 1, for exa mp le , m easu res
abo ut 8 in ch es across and it has a
leather top in w hich p robes and
test leads co uld be stored . The in
str ument co uld be carried in a coat
pocket . It al lows yo u to measure
voltage and cu rre nt in severa l
ranges; the two sockets are for
testing four- and f ive-prong tubes .

It's easy to see how such a light ,
compact u nit was su itab le for
m any of t he ear ly ra d ioman 's
needs on a ho use call. The power
supp ly vo ltage(s) cou ld be ver
ifi ed , tubes co uld be tested eit he r
out of circu it or in (by connecting a
cab le from the tube socket to the
analyzer) . And t he cont in uity test
(even today) is the easiest meth od
of locating shorts and opens.

After batte ries, tubes were the
most likely suspect in a non-func
tional radio . Tubes co u ld be
checked in-ci rcu it with an ana
lyzer, or cont inuity could be mea
sured betwee n suspected fi la
m ent s. O h m mete rs were n ot
usu all y a sepa rate in st ru m en t ;
often a small battery was wired in
series with a vo ltmeter to check
cont inuity.

B Often a weak tube cou ld be re
z juvenated. There's a real art to re
~ j uvenatin g tubes ; except for
o rejuvenating pictu re tubes , that art
~ has go ne by the wayside. Not all
6 types of t ubes were wo rt h re
o juvenating; nor co uld all tubes be
(f rej uve nated. Tube f i laments t hat
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were coated w ith o xid e would
emit electrons as long as some ox
ide remain ed . After th e oxi de
evap orated , th e remain in g ele 
ment required a great ly increased
temperature to emit e lectron s,
and that was impractical. That type
of tube wa s usually di sposed of
with no attempt at rejuvenation .

O n the other hand , tubes with
thorium -coated elements cou ld
be rejuvenated several t im es. Even
when the thorium coat in g was
spent , rejuvenation was possible,
because som e thorium that had
mixed with the metal in the fi la
ment co uld be brought to the sur
face to exte nd tube life . Th at
process co u ld be repeated unti l
there was no thori um left. Early
radiom en destroyed their share of
tubes by app lying an excessive
vo ltage to the fi lament (a process
known as flashing) trying to "wake
up " some electrons that simp ly
we ren't there.

Flashing (and a sim ilar, slower
p ro cess called agi ng) was done
w it h the B+ supply d isconnected .
That prevented t he " new" elec
tro ns from be ing emitted right
away rather than being sto red for
em issio n later. Tubes such as the
WD11 , the WX12, the UX1 71 , and
the UX227 have oxide-coated fil a
ments; those tubes cannot be re
juvenated .

Even after resto ring a set to mini
mal operation, the ear ly rad ioman
mi ght f ind that the customer had
tried to fix his own set by tamper
ing w ith the set's alignment. One
way of restor ing alignment was to
tune in a weak stat ion and then
slowly adjust trimmers for the best
signal. A meter cou ld be helpful in
judging signal st rength.

But for accurate alignment a test
osci llator is required. Test os
ci llators that de liver modu lated
signa ls have been availab le since
t he 1920's. Some mode ls then
co uld operate from commercially
distributed AC, DC, and batteries.

Much early test equipme nt was
wel l-bui lt and hou sed in a fine cab
inet. Much of it is st i l l around and
in perfect working cond it io n. And
it is as collectab le as th e antique
radios we' re used to talkin g about.
Just make sure that the in sulation
on the wi res is intact . Replace all
suspect w ires before attempting to
use any ant ique .

As tim e passed , anal yz er s be
came even more important. Most
radi o components and terminals
we re moved under th e chassis. In
sert ing test leads through ho les in
th e tube sock et became th e on ly
pract ical way to make measure
ments w ithout removing the chas
sis. By1930, a chassis migh t consist
of three or more bu lky sect io ns
th at wou ld require co nside rab le
eff o rt to remove .

Haves and needs
Again , thanks to everyone who

took time to writ e. Your sugges
tion s and corrections are we l
come. Please un derstand that I am
unab le to supp ly t ubes , parts,
schemat ics, et c. Try contacting
on e or mo re of the individ uals and
firms listed below fo r those.
• Maurer TV Sales (t ubes), 29 S.
4th St., Lebanon , PA17042.
• Byron Ladue (tubes and sche
mati c s ) , 13 Revere Driv e,
Roche ster, NY 14624.
• l o h n Grey (new and u sed
tubes), 3348 W i ld r idge Rd. N E,
Gra nd Rapids, M I 49505.
• E. G. Roundtree (parts and in for
mation), Box 269, Norris City, IL
62869.
.• Antique Radio Tube Co. (tubes,
parts, info rmation), 1725 W. Un i
versity, Temp le, AZ 85281.
• The Vestal Press (books and in
formation), Box 97, 320 N. Jenson
Rd., Vestal, NY 13850.
• Scarame lla (schematics), 37 Earl
St. P. O. Box 1, Woonsocket, RI
02895-0001 .
• Comtech Electron ics (pre-19 39
Rider manuals), P. O. Box 686, Wy
andotte , M I 48192.
• Richardson Electronics (ant ique
tubes), 3030 North River Rd., P. O.
Box 424, Frank lin Park, IL 60131 ,
Attn. Ian Stewart.
• Alvin Sydno r (informatio n), 806
M eetinghou se Rd., Boothwyn, PA
19061.
• Unity Electronics (tubes), P. O.
Box 213, 107 Trumbull St., Eliz
abeth, NJ 07026.
• Carlos Queitoz (exchange part s
and in formation ), P. O. Box 1064,
Belo Horizonte, MG Brazil.
• E. V. Schwartz (Firestone, Silver
ton e inform ati on ), 4277 Motor
Ave., Culver City, CA 90232.
• B. R. Pohue (information on an
tiques), Rte. 1, Box 786 No. 8,
Thatcher, AZ 85552. R-E
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amp s are di rect replacements for
sim ilar devices from Intersil.

Both o p-arnps fea t ure a max
imum offset voltage of f ive !-LV and
a maximum offset drift of 0.05
!-Lvr e. In addition , maximum in
pu t bias current is 30 pA. Othe r
spec ifications include: minimum
gain of 120 dB; minimum CMRR of
120 dB ; and minimum P5RR of 120
dB. Eithe r o p-a rnp can be ope rated
fro m a sing le-ende d power supply
(max imum of 18 vo lts); and both
are rated to ope rate over th e -40
to +85°C range .

Cho ppe r stab ilizatio n works like
this. As show n in Fig. 1, th e main
ampl ifi er is co nnected at al l t im es
between t he input and th e output
of a ci rc u it. A nullin g ampli fi er,
cont ro lled by a chopping-frequen
cy oscill ator and a clock ci rcu it , is
cross-connect ed to th e main 'am
plifi er ci rcu it-i nput to output and
output to input. The choppe r can
be th ou ght of as several ganged
sw itc hes (51-53), and th e amp li
fi er s as t ran scondu ctan ce am p li 
f i er s. Two exte rna l ca pac ito rs
(C1-C2) fu nc t io n as sam p le-and
hold circuits; th e valu e of each ca
pacitor normally ranges fro m 0.1 to
1.0 !-LF.

The null amp alte rnate ly null s it 
self and th e main amp lifie r. Du rin g
hal f of the clock cycle (the auto
zero ph ase), the null amplifie r in
pu ts are sho rted and a vol tage
equal to the amplifie rs'soffset vol t 
age is stored on capacitor C1. Dur
ing th e fo llowing half-cycle of th e
clock (t he samp li ng ph ase), t he
main am plif ie r's in ver t in g and
non-invertin g i n p uts ar e com 
pared and a voltage equal to th e
input-offset vol tage is sto red o n
capacito r C2. In othe r words, th e

LTC1052

CLOCK
CIRCUIT

C3

co mmon-mo de vo ltage: That erro r
correctio n, co up le d wit h i n p ut
curre nts in the picoam pere range,
gives those devices exe mplary per
formance and makes the m worthy
of use in many app licat io ns of co n
sideratio n.

The LTC1052 and t he LTC7652,
sometimes called "discrete -t ime"
o r "samp led-data" amplifie rs, are
ava i la b le in t he m etal ca n " H"
package, and in 8- and 14-pin her
meti c and plastic DIP 's. In vari ou s
packaging co nfig urations, the op-

MAIN
AMPLIFIER

NULLING
AMPLIFIER

-v

1
i--------------l( 1 r---< 8 )---{ 4 }----------'

~
-v

CHO PPER

51

+v

1 OUTPUT
__--------------~7 }-oJ------~(6

I
+v- - - - -

W HEN YOU NEED AN Or-AMP THAT HAS

low input-b ias curre nt, ext reme ly
low input-offset vo ltage, exce lle nt
lon g-term sta b i lity, and a good
temperature coefficient, two new
devices to be co nside red are th e
LTC1052 and t he LTC7652 chopper
sta bi l ized o p-am ps f ro m Lin ear
Techn ol o gy Corporat io n . Th e
chop pe r-sta b i l izat io n sc he me
co nstant ly m onitors and corrects
offset-vo ltage erro rs that develop
over time, along with erro rs du e to
va r iat io ns in te m pe rat u re and
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two capac ito rs sto re th e pot entials
needed to null th e offset vo ltage s
of both th e null and th e main am
plifiers. The null in g scheme oper
ates ove r th e fu ll co mmo n-mode
and su p p ly-vo ltage ran ge s, so
CMRR, PSRR, and large-signal volt
age gain are ext re me ly hi gh. A
constant DC vo ltage for nul lin g
the input offset is produ ced by
switching between th e sam p li ng
and th e nulling ph ases at a fr e
quency mu ch lower th an th e f re
quency of the input signal.

When th e null amplifi er inputs
are sho rte d togeth er during th e
auto-zero cycle , th ey are also con
nected to th e main op-amp's inver
tin g input. H en ce , nulling th e
input-offset voltage whil e co m
mon-mod e vo ltage is present re
sults in an ext remely hi gh CMRR.
Power supply variat io ns are nulled
in a similar manner, and that's wh at
giv es th e ex ce lle nt PSRR men
ti oned above.

During th e sampling cycl e, th e
ou tput of th e f irst stage of th e main
amplifi er is summed with the sam
pling ci rcui t signal and th en ap
pl ied to th e input of th e seco nd
stage of th e main amplifi er. As the
fr equency of th e input signal in
creases, error signals develop as
th e result of heterod yn ing (mixi ng
of th e input signal and the sam
pling signal). That produces erro r
signals at a frequen cy fE equal to
th e sum of o r th e di fference be
tween the samp ling frequ en cy, fs ,
and th e input frequency, fl'

fE = fs ± fl

The summed erro r signal is of
little co nce rn because it is a high
freque ncy tha t can be fi lte red out
easily. However, when th e input
fr equ ency approach es the sam
pl ing f reque ncy (typ ically 330 Hz )
th e differen c e f re q ue ncy ap 
proach es ze ro and that can cause
DC e rro rs- t he probl em that a
ch'opp er- st abil iz ed am p l if ie r i s
supposed to eliminate.

The solut io n is to filter th e input
to th e sampling loop so th at the
ci rcu it never sees any freq uency
th at is near the sampling freq uen
cy. At a frequen cy well below th e
sam p l i ng f re q ue ncy, th e circu i t
fo rces th e cu rrent out of th e first
stage of th e null amp lifie r to equal
th e curren t th rou gh C1. The di f
feren ce between th em is ze ro, so

the gain of th e sampling loop is
zero at t hat freq uency, and at hi gh
er on es. Hen ce we have a low-pass
fi lte r whose cutoff frequency is de
te rm ine d by co m pone nts in th e
output stage .

Each o p- am p has a se parate
high-frequency amplifier ; th e - 3
dB turnover frequenc ies fo r both
the DC and th e hi gh-fr equ en cy
path s ar e id enti cal and eq ual.
Ther efore ove rall f req ue ncy re
sponse is smooth and free from
sampling noise.

Practical considerations
Ci rc u i t -board layout and th e

cho ice of ext ernal compon ents
both require carefu l co nside rat io n
if low offse t drift and bia s current
are to be maintained . A 20-page
data application note has three
pages of detail ed applicat io ns in
fo rmation fo r the LTC1052/LTC7652.
Included is information that ex
plains how to avoid the harmful
effec ts o f th erm oel ectric junc
ti on s, temperatu re transients, cir
cuit -board leakage, and leakage in
th e holding capacito rs.

Al so included are eightee n prac
ti cal ci rcuit appl ications including
a precisi on in strumentation ampli
fi er, a t he rmoco u p le amplifi er
with co ld-junc t ion compe nsat io n,
a th erm ocoupl e-to- frequ en cy
converte r, a 16-bit A-D converter
and a voltage-to-frequ en cy con
verte r. A co py of th e data shee t can
be o bt ain ed from Linear Tech
nology Corp., 1630 McCarthy Blvd. ,
Milpitas, CA 95035-7487.

Precision op-amps
Four new hi gh-reliability preci

sio n op-amps, processed to MIL
STD -883 B spe c i f icat io ns , h ave
been announced by Solitron De
vices . Th ey feature hi gh speed,
low noi se, low offset vo ltage and
low dr ift. Th e OP-01 is a hi gh
spee d op-amp th at features an 18
vo lt/us slew rate , and a 0.7 u s
switc hing t ime . The OP-07 is an ul 
t ra-Iow-offset-vo ltage op-amp th at
features 10 uv offset vol tage, and
drift of on ly 0.2 fLvrc. The O P-01 is
availab le in a du al ver sion (t he
OP- 201), as is th e OP-07 (th e
O P-207). The O P-01 and O P-07 co n
fo rm to 741 pin-ou ts.

The op-amps are available in a
vari ety of pack ages, incl ud ing chip
carrie rs. Military version s are avail-

ab le in hermeti c metal cans as we ll
as cera mic mini-DiP's and chip car
ri ers. Co m me rc ial versi on are
pr iced fro m $1.39 in qu antit ies less
than 1000; military versio ns start at
$5.25 in th e same qu antit ies. Co m
pl et e informati on and spec ifica
ti on s from Solitron Device s, Sales
Dept. , 11 77 Blu e H eron Blvd . ,
Riviera Beach , FL33404.

Low on-resistance transistors
Th e 2 N7 010 and 2 N7 011

FETlington d evic es (rec entl y
JEDEC-registered by Sil iconix) of
fer great ly reduced on -resistance
and increased power dis sipation.
Th e newest m ember s of th e
FETlington family o f low-co st
MOSPOWER produ ct s ar e d e
signed to replace Darlington co n
figu ration s with one compact
DMOS device. Th e miniature
TO-237 package offers a low-cost
alt ernative to th e larg er TO- 220
package, without changing th e cir
cuit-board design.

On-resistance of the new de
vices is 0.35 ohm and they have
breakdown voltages of 60 and 40
vo lts, respectively. They can han
dl e continuous drain current of 1.3
amps. Ma ximum c o n t i n uo u s
power dis sipation is one watt in
fr ee air, but dissipati on doubles
when the device is solde red to a
co nv e n t i o n al printed- cir cuit
board.

The 2N7010 and 2N7011 are $1.00
and $0.92 each, respectively, in
1000-piece lots.-Siliconix, Inc.,
2201 Larelwood Rd., Santa Clara,
CA 95054.

Circuit design handbook
Circui t Ideas For Linear IC's is a

new 34-page handbook th at offe rs
102 practical circuits using linear
lC's and M O SFET's. Each ci rcu it
uses one o r more of each typ e of
device.

The handbook is divid ed into
nin e sec t io ns of indu stri al and
co ns u mer ap p l icat io ns . Among
them are sect ions on timin g, mea
su re me nt, m o dul ati on , power
co ntro l, data co nversio n, commu
ni cat ions, and ala rm/monitoring .
Several indexes are provided.

A full schemat ic of each ci rcuit
idea is show n alo ng w it h a brief
circuit descr iption . For a free co py
write to RCA Solid State, P.O. Box
2900, Some rvi lle, NJ 08876. R-E
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Spikes and cures

COMPUTER C IRCU ITS O FTEN ENHAN CE

co m m u n icat io n s system s, but
they also create new problems of
th eir ow n . Chief amon g those
probl em s is susceptibi lity to tran
sient voltage surges, or wh at we
generally call spikes.

Unli k e vac u um t ub es, so l id 
state devi ces are ext rem el y sen
sit ive to th e transient voltage sur
ges that appea r on power and
sig na l l in es. Unl ess it is directly
st ruck by lightning, communica
t io ns gear built fro m tubes is sel
d om d i sturb ed b y a su rg e,
w he t he r it's picked up by t he
powe r lines, the telephone lin es,
o r even an ante nna. A lightning
arrester usually prov id es tube gear
wi th suffic ie n t protect ion f rom
lightning st rikes.

But solid-state eq uipment is an
othe r sto ry. A TV set, a CB radio , a
ham rig, a commercial VHF trans
ceiver-everyone knows that ju st
o ne surge can wipe out data mem
o ry or stored programming; a par
t ic u la r ly bad su rg e co u ld eve n
dest roy the devic e as a wh ol e. For
example, a ligh tning st rike hun
dreds of feet away could cause a
su rge in t he power lin es strong
eno ugh to zap a so lid-state power
supply, or a li ghtning st rike in th e
next county, or the start-up of an
o il burner-which can generate a
spike of almost 2000 volts-could
cause a glitch in a computerized
receive r, t ransmitter, or co nt ro l
center.

W hether i t ap pea rs o n t he
power lines, the te lepho ne wires,
an ante nna, o r the elect rica l sys
te m of a motor veh icl e, a t ransien t
spike can be very dan gerous. Be
cause of it s shape , a spike co ntains
a great deal of high-frequency en-

ergy- w hich can flow through or
around filters from one circuit to
another-as well as a high-voltage
compo nent. The high-frequency
energy could di sturb data memory
or modify programming, and the
high voltage could destroy so lid
state components.

Figure 1 show s how transient

spikes on the AC power lin e mi ght
app ear. The voltage at any in stant
in time depends on which part of
th e AC cycle the sp ike is superim
posed on, as well as th e directi on
of the sp i ke . For exampl e , a
po siti ve-going spike th at occurs at
the po sitive crest of the wavefo rm
results in a tran sien tthat is the sum
of th e two signals. Since the spike
could range from several hundred
to several thousand volts, de pend
ing on what gene rated it , th e peak
in stantaneou s voltage co uld ex
ceed the peak voltage ratin g of a
solid state device easily.

What makes a spike so in sidi ou s
is that it lasts fo r a ver y sho rt
period of time and th at it is com
po sed of signals th at are often too
high to be by safe ly bypassed by a
ci rcuit 's normal "interference f il
ter." Al so , those hi gh-frequency

HERB FRIEDMAN,
COMMUNICATIONS EDITOR

signals can be capacit ively cou
pled from wire to wire and circuit
to circuit because, at high frequ en
cie s, a small amount of capaci
tan ce provides a low-impedan ce
path for what ever happen s t o
come along .

Spike remedies
A spike is usually best dealt wi th

by a device generically known as a
"surge suppressor." A surge sup
pressor may be built f rom a bi-di
rectional Zener di ode , or more
commonly, from o ne o r more
MOV's (Metal-Ox ide Varisto rs).

A bi-directi onal Zener simp ly
clips any spike th at exceeds a pre
determined value, usuall y 150 to
180 volts. Th ey 're effect ive, but
they can't dis sipate mu ch power,
so if the t ransient lasts for more
than a few mi cro seconds th e heat
that is generated can destroy the
diode.

An MOV, on the other hand , is a
resistor wh ose valu e decreases
sharply when th e applied voltage
exce ed s a pred etermined level.
MOV's used on AC power lines
commonly trip at 150 to 180 vo lts .
Although the MOV does not re
spo nd to spikes quite as fast as the
Zener diode, it can dissipate more
power th an a bi-directi on al Zener.
Since M OV's are reliab le and inex
pensive, they are used in a broad
range of suppression devices in
tended fo r bo th power and te le
ph one lin es. A MOV can b e
conn ect ed d i rectl y acro ss t he
power lin e, as shown in Fig. 2-a, or
from each side to g ro u nd , as ~

show n in Fig. 2-b. ~

Modern modem s and di gi tal ~

telephones usuall y have a MOV co
wired between gro und and the ~
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point wh ere the device co nnects
to the telephon e line; th at helps
prevent t ransi ent di sturbances
gene rated in the telephone net
work from ente ring th e sensit ive
equipment and w reak ing all sorts
of havoc. Generally, th e MOV is
connected to th e user 's side of the
rin g detector so that th e 90-vol t
rin ging sig na l doesn ' t affect the
MOV. That 's done b ecau se th e
MOV is gene rally rated at 25 to 50
vol ts in o rde r to protect the signal
circuit , which usuall y operates at a
loop vo ltage of 5- to 10-vo lts DC.

SERVICE QUESTIONS

continued from page 76

INTERMITTENT BRIGHTNESS
Recently the brightness on an RCA

CTC92C became erratic. Voltage
measurements indicated that the
trouble was in the red section of the
kine driver module. After replacing
Q4, the red bias transistor and C4 (a
4.7 J-L F electrolytic), the problem
cleared up. But, when the parts that
I'd removed were checked using an
ohmmeter, they tested good. Can
you shed a little light on what's hap
pening?-/.N., Dalton IL

I have a fee li ng that you have not
don e a thorough jo b in checking.
Com po nen t fai lure in the red-d riv
er ci rcuit shows up as changes in
th e red gun only, and not as a
brightness problem .

~ If th e troubl e ret u rns (and I
z do n't do ubt that it wi ll), look to the
~ lu minance sect ion. Somethi ng in
o that section mu st be malfunct ion
~ ing, causing a rise and fal l in the
w
6 vo ltage enteri ng pin 4 of the driver
~ modul e. That vol tage sets th e bias
a: of all three outpu ts, and is also

82

Power-line interference
Teleph on e equipme nt has prob

lems wi th spikes, bu t AC power
lin es have even more problem s
due to interference fro m sources
ot her than t ransient spikes . For ex
amp le, low -f requ en cy RF in te r
fe rence th at can not be suppressed
with a spike supp ressor is gene r
ated w he n t he e lect ric utili ty

TO USER
EQUIPMENT

FIG.3 .

sw itches a capaci tor on or off the
power line to maintain the power
facto r. Furth er, a ham or CB t rans
m itter can radiat e su b sta nt ial
amounts of RF into the power lin e.

As a gene ral rul e, wh en a pi ece
of equipme nt is subject to both
t ra ns ient spi kes an d RF in t e r-

resp on sibl e for th e b r ig htness
level.

SHUTDOWN PROBLEM
The Panasonic NMX-P3A chassis

that I've been working on has an
overload in the video section, which
causes the set to shut down at turn
on. I thought that IC102was bed. But
after changing that Ie, I had no pic
ture at all. When the original was
placed back in the set, the overload
condition returned. Could the re
placement have been bad?-P.S., f.
Northport, NY

Wel com e to th e club: You 've
just expe rienced one of the wo rst
thi ngs that can happen to a repa ir
man-ch an ging a part , o n ly to
wind up with a worse p ro b lem
t han yo u began with . Yes, it is
w it hin reason to suspect that the
rep lace me nt pa rt was defecti ve,
but the re is always the possibil ity
t hat yo u missed a solder joint.

Nevertheless, I agree with your
original diagnosis . I've seen IC102
cause the condition that you de
scribed. Bear in m ind, however,
t hat 10 01 co ntai ns all the AGC cir
cuits, so look to it as the next most

fe rence, we use a device that has
both tran sient surge suppression
and RF f i lte ring, like the " power
line filter " show n in Fig. 3. The
MOV's hand le the spikes w hi le the
RF chokes prevent RF from passing
eithe r in to o r ou t of th at piece of
equipment.

Although much modern co m
mun ications equipment contains
f i lt e r ing for the types of inter
ference we 've been di scu ssing,
much older gear was manu fac
tured before th e effects of t ran
sient s and RF hash.

There's no guarantee th at filter
in g of t hat so rt will so lve your
problems, however. The reason is
th at tran sient interference may not
be the cause ! Verifying the pre s
en ce of sp ikes and other inter
ference can be quite difficult be
cause signals li ke those are often
brief.

So, if you have no good ideas
ab o u t what mi ght be cau sing
seem ing ly random malfunctions
of digital equipment, or if you ju st
want to play it safe, add ing a surge/
RF suppressor to your equ ipment
may be a good idea. R-E

likely trouble spot. But , be fore
anyth ing else, check the AGC con 
trols w it h an ohmmeter.

CAN'T TUNE CHANNEL 13
I can't get Channel 13 to come in

on an Admiral TV (chassis number
28M55) with touch tuning. After
sending the tuner out for repairs, J
was able to get Channel 13 forabout
2 weeks and then it quit again. Can
you help me?-B. T./ Delta, IA

You are dealing wi th a varacto r
tune r, w hic h uses di fferent vo lt
ages to t une each ch ann el-the
one for 13 bein g 3 volts higher than
the Chann el 11 vo ltage . You stated
that you cannot get Channel 13 in
any positi on . Well that eliminates
t he se lecto r switch an d t he
number13 potenti om eter aspossi
ble trou ble spots .

If you can' t get 20.8 volts on the
po te nt io mete r wiper arm, the n
perh aps t he 33-vo lt sup ply t hat
feeds all the potentiometers is low.
If the vo ltage is correct , I wo uld
talk to my tuner repai rman to fi nd
out w hat vo ltage he's using to pull
in Channel 13 (w hich is obviously
not bein g supplied. R-E



DESIGNER'S
NOTEBOOK
An audio oscillator

AT YARIOUS TIMES I'YE PRESENTED YOU

with several handy-dandy os
cillator circuits of one kind or an
other. But if you're into building
your own equipment you know
the truth of Grossblatt's fifteenth
law: You can never have too many
oscillators.

An oscillator can be built from
just about anything ranging from a
handful of transistors to a rusty
door hinge, but one circuit usually
works better in a particular ap
plication than others . Some os
cillators produce nice clean logic
level pulses; others are better suit
ed for generating audio tones, etc.
While reviewing past installments
of this column, I realized that I've
never shown you an oscillator that
will drive an eight-ohm speaker.
This month's circuit will correct
that deficiency.

An audible tone generator is a
useful circuit to have in the back of
your drawer. It could be used as an
alarm, a microphone tester, or any
of a bunch of other things. For ex
ample, if you've ever done any re
cording that uses more than three
or four microphones, you know
how much trouble it is to keep the
cables straight and to set uniform
levels on the mixer. By attaching a
battery-operated beeper to a mi
crophone with a rubber band, the
task will be much easier.

The oscillator shown in Fig. 1 is
built around the popular and easi
ly-obtainable LM386 low-voltage
audio amplifier. Even Radio Shack
carries it as one of their ever-dwin
dling stock of lC's. As you can see,
the circuit requires only a handful
of parts. The LM386 is such an
even-tempered IC that it doesn't
really care how you put those parts
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FIG.1

together. You could design a PC
board to hold the parts, but the
circuit will work just as well with
wire-wrap construction.

The circuit's frequency of os
cillation can be calculated easily
from this formula: f =
2.8/[C1 x (R1 + R2)]. If you use the
values I've indicated, you'll be able
to vary the output from 60 Hz to 20
kHz by rotating potentiometer R2.
There will be some droop in out
put at either end of R2's rotation ,
but, for microphone testing, that's
not a problem.

How it works
A portion of IC1'soutput voltage

is fed to its non-inverting input
(pin 3). That voltage serves as a ref
erence for capacitor C1, which is
connected to the non-inverting in
put (pin 2) of the lC. That capacitor
continually charges and dis
charges around the reference volt
age, and the result is a squarewave
output. Capacitor C2 decouples
the output so you get a nice AC

signal to drive the speaker.
With GAIN control R5 at max

imum, the circuit will deliver a fair
ly loud signal-about 40 dB
according to my sound level
meter. The LM386 has a 13500 re
sistor connected internally be
tween pins 1 and 8. That resistor
limits the minimum gain of the IC
to about 20 dB. The 10-f-Lf capacitor,
C4, bypasses the resistor and al
lows you to vary the gain with an
external control. If you don't need
a gain control, just short pins 1 and
8 together.

Varying the size of output de
coupling capacitor C2 also affects
overall circuit gain. To change
gain, you could experiment with
its value, but you'll find that using
a potentiometer and a capacitor
across pin 8 is the easiest way to
alter gain.

As with all circuits presented in
this column, you can use them just
as they appear here, but chances
are that they'll be a lot more useful
to you if you experiment with
them to meet the needs of your
specific application. R-E
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Learn th e IBM PC's secrets with the

Sal Tl C22 IC4 PREAMP LE04
STAGE

FIG. 8-THE RECEIVER'S PC BOARD should appear as shown here after all components have
been mounted.

If the receiver responds, back up an
other five feet and try again . Remember to
let the transmitter recharge for a few sec
onds between transmissions, particularly
when you're stand ing back at distances of
ten feet or more .

Continue back ing up in five-foot seg
ments until you reach a point where the
receiver will not respond. At that point ,
adjus t R8 slightly and try again. An as
sistant to hand le the transmitter would be
helpful.

Even under worst-case conditions, the
receiver should be able to respond when
the transmitter is 20 feet away. If you can
adjust it to respond to signals only up to a
certain distance but no farther, your prob
lem is likely due to overly bright lighting ,
electric al or RF noise , or something else .
Don't blame the receiver !

Assemb le the case and plug the device
you want to control in. You're now free to
operate that device at your convenience,
free from the tyranny of its switc h! R-E

until you get some response from the cir
cuit. Don't worry about making an exact
adjustment. The adjus tment we' re doing
now is preliminary; the receiver must be
fine-tuned to obtain maximum range of
about 30 feet.

After you get a response , solder the
shields in place . The easiest way to do that
is to melt a small amount of solder in each
corner of the shield . Then set the shield in
place and heat each corner in turn to let
the solder flow onto the pin.

To fine-tune the receiver, set it up in a
posi tion where you can get a clear line of
sight to it for a distance of about 30 feet.
Position yourself about five feet from the
receiver, point the transmitter at the re
ceiver, and press the TRANSMIT button.

continued from page 46

POWER SWITCH

t
9/16"

t

Testing and alignment
Plug the receiver into an AC outlet. The

SIGNAL LED should light briefly and then
go out, and the ON LED should remain
off. Set trimmer potentiometer RI6 to the
center of its range .

Now aim the transmitter at the pho
todiode and press SI. With a little luck,
the center frequency of the 567 will be
close enough to the transmitter' s output
frequency that the SIGNAL LED will light
up temporarily. The ON LED should light
up and stay lit , and the relay should latch
on. A second press of the button will turn
the LED and the relay off-that is, of
course, only if you're lucky.

If the rece iver doesn't respo nd, adjust
Rl 6 slightly and try again. Repeat that

tal. Then fit the panel over the two LED's
so that the legs of the filter fit around the
photodiode . Insert the panel-board as
sembly into the bottom half of the receiver
case .

FIG. 7-CUT AND BEND THE UPPER SHIELD
from a thin piece of tin as shown here.

For immediate action call TOLL FREE:

1..800..426.. 1044
Full money bac k i VI!": 1_ -:-,
guarantee. '~__J L'!!!!!_~

CIRCLE 1n ON FREE INFORMATION CARD

MICROPROFESSOR 1/88

Students, engineers, or technicians
Now you can learn micro-processing and
understand the technology which made
the IBM PC famous.
The MPF-I188 features:
• extensive documentation
• 16-b it central proce ssor
• full -size keyboard
• specia l options

Three tu torial guides cove r all capabili tie s.
The ideal training tool! If the IBM PC or
micro-processing are in your futur e, you owe
yourself an MPF-I/88. Invest now!

PI~:: ...:":.~49.95 --J.
MPF 1-88 lutoriall"'lbook ~~RE0886
when you order w;lh;n 7 P 5326 9th Ave. NE
day•. $24.95 ... lue Seattle , WA 98105-3617

NOWit 's easy for you to
get into this mon ey

making business. Be the
person in demand by the

O\IS millions of families who
110¥I\E~~CE own videocassette record-
~J~I\'1 ers- the fastest-growing product in
.. the home entertai nm ent field .

Train at home in your spare tim e for an exciting
career as a TV /VCR Repair Specialist . Experts
show you how to start small at home with low
overhead. Later you can go aft er repair business
from hotels, offices, hospitals and other
companies who use TVs and VCRs in their
daily operations .

Experts show you what to do, how to
do it...guide you every step of the way !

Cash in on the Video-Cassette Boom!

STARTYOUR OWN TV/VCR
REPAIR BUSINESS

at Home in Spare Time

Learn how to handle house calls and shop re
pairs---everything you need to know to get start
ed fast . Tools are included with you r course so
you get "hands-on" prac t ice as you follow your
lessons step by step . Everything is explained in
easy-to-understand language , but if th ere is ever
anything in your lessons you don 't understand,
you can write or phone your instructor and you
can count on getting an authoritative answer .
Get free facts and color brochure that te ll abo ut
home business opportunities. No cost . No
obligat ion . No salesman will visit.

(J) MAIL COUPON TODAv:
o ---------~----z ICS SCHOOL OF TVNCR REPAIR, Depl DE076
~ I SItCCE1"1 Scranton, Pennsylvania 18515 I
f- I Please send me free facts on how I can learn I
&} I TV/VCR Repair at home in my spare time. I
u:J I Name Age__ I
Q I Address I
~ I City/State/ Zip I

~~~~-~----------~
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Warnings
While the radar calibrator can be a

useful diagnostic tool in aligning radar
speed-guns, if used for illegal purposes
and/or by unlicensed individuals, it can
be the cause of a great deal of trouble .
(Penalties of up to $10,000 and a year in
jail are some of the possible consequences
of such use.) Further, because of possible
interference to police radar, communica
tions services, etc ., the unit should only
be used in a laboratory, and only for edu
cational or calibration purposes.

It may be possible for certain individu
als, such as licensed amateur-radio oper
ators, to use the calibrator legally in the
workshop, the laboratory, or the field, but
it is left to 'the individual user to ascertain
the requirements for such use , and to meet
them.

In any event, any willful interference to
another service by an y indi vidual is
pun ishabl e wit h stiff penaltie s under
Federal law; other local, state, or Federal
penalties may also be applicable . We
strongly discourage use for such applica
tions. R-E

RADAR CONTROLLER

continued from page 42

Once you've etched or purchased the
board , mount the compone nts on the
board as shown in the parts-placement
diagram, Fig. 7. Be sure that all compo
nents are oriented as shown. Bolt the reg
ulator and power the transistor to the
circuit board for heat sinking.

The Gunn diode , which is mounted in a
microwave horn, draws up to I amp of
current, so use number 18 wire for the
connect ion between the circuit and the
horn, and keep the length to 10 feet or
less. Under /10 circumstances should you
connect DC voltage to the Gunn diode or
reverse the polarity of the connections to
the diode (power is fed to the anode side;
the cathode side is grounded). Doing ei
ther will almost certainly blowout that
$60.00 component.

When mounting the microwave horn,
be sure that metal objects are kept away
from the open ing (plas tic will do no
harm). The power supply for the unit
should be able to supply 12-volts DC at 2
amps; most automotive electrical systems
are capable of meeting that requirement.

After construction and hook-up, test
the unit by aiming it toward an automotive
radar detector and depressing the TRA N S

MIT switch. That should cause LED2 to
light. Also, the radar detector should react
as appropriate (a buzzer should sound or
an LED should flash) to the presence of a
radar signal. Verify the oscillating fre
quency of the 555 timer by connecting a
scope or frequency counter to pin 3 of that
Ie. With the S3 set to 55 , the frequency
measured should be 39,600 Hz.

SYNCHRONIZATION 4%

AUDIO 32.7%

SUBCODES 1.4%

Many CD players are already equipped
with a subcode output that could easily be
connected to a decoder to present such
things as the historical background of a
piece of music , or an analysis of the score,
while the music was playing.

That same subcode space on a compact
disc could also be used to store some 700
digitized still video images; a new one
could be displayed every five seconds. We
could have still-music-video CD's, or, on
a higher plane, show the actual score of
the piece being played , or scenes- not
graphics, but real video pictures-from
operas or Broadway musicals.

And that's how all those " millions and
millions" of bits on a CD are used. It may
be disappointing to find out that so little of
the available space actually stores audio,
but it' s reassuring to know that just about
all the rest of what's on the disc is there to
ensure that you hear music that is re
produced as faithfully as possible . R-E

~+I-~~- PARITY 2.7%

service (November and December 1985,
and the January through March 1986 is
sues). We have prepared a special reprint
of the series, called Repairing Compact
Disc Players . It's available from the Ra- .
die-Electronics Reprint Bookstore , 500
B Bi-County Blvd. , Farmingdale , NY
11735 for $5.00 plus $1.00 shipping.

Postscript
There are still a few bits we haven 't

looked at at all yet. They're the R through
W bits of the subcode, six bits that aren't
used for anything at all on an audio disc .
Why are they there?

When the standard used to record infor
mation on CD's was devised, some fore
thought was given to future needs. The
R-W subcode bits were included so that
the disc could be used for storing things
other than audio .

Those 200 million or so bits worth of
unused space can hold about 20 mega
bytes of data, as much as the standard
hard disc drive in an IBM PC/JIT. At 2000
characters per page, that's 10,000 pages
of text , or about 1250 articles as long as
this one- with music to read them by.

MERGINGBITS
17.4%

FIG. 4-THIS CHART shows the relative sizes of the SUbgroups that make up a frame of CD informa
tion. Note that the relationship between the "housekeeping" bits and the audio information Is roughly
2:1.

through to you as easily-and sounding as
good-as it can.

The 64 bits of parity informatio n make
up about 2.7 % of the total, and the syn
chron ization bits account for just over;4%.
The 102 merging bits take up I7 .4 % ofthe
space in a frame and, finally, the 8 sub
code bits occupy a little under 1.4%.

Of course, that only adds up to 58.2%!
What we are forgetting about again is
EFM. Expanding the 8-bit words to 14
bits accounts for the missing 41.8%. On
the surface that seems inefficient, but
overall it works out for the best.

In the end, it takes a total of 588 bits of
information to represent 192 bits of audio.
That's more than a ratio of 2:I for the
overhead , which may at first seem waste
ful. But once you 've listened to a compact
disc, you' ll agree that it's worth it.

For the theory behind CD player opera
tion, you may want to read the 5-part Ra
dio-Electronics series about CD player

EFM BITS 41.8%

merging bits per frame.
Using EFM, the 33 8-bit words become

33 14-bit words (462 bits) plus three bits
each for merging bits (99 bits), plus an
other 27 bits for the synchronizat ion word
and its merging bits. And there , finally, is
our total: 462 +99 + 27 = 588.

Dividing It Up
With the numbers now at hand, let 's

examine the percentages once again . We
can do that by comparing the number of
bits used for each purpose in a frame with
the total numbe r of bits- 588-in that
frame.

What we're most interested in is the
audio information on the disc. Not sur
prisingly, after all we've been through, we
find that all the bits used in a frame for
audio- l92 of them-account for only
32.7% of its information content. See Fig.
4 . That's all there is; everything else is
there to make sure that the music comes

continued fro m page 63

COMPACT DISCS
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Restoring the sync pulse
When the sync signal is suppressed (or

missing entirely) the sync pulses must be
generated at the receiver. Natura lly, those
pulses should be ident ical to the sync
pulses that were originally present in the
video signal. That means that the recre
ated sync signal must have the proper
phase and that the pulses must have the
proper amplitude and width.

In the simplest cases , the orig inal sync
signal is merely reduced in amplitude . For
those , all that needs to be done is to in
crease the amplitude of the sync pulses
with respect to the video information.

Other times, the sync has been com
pletely removed . If that has been done,
the receivi ng circuitry must reconstruct
the missing pulses using information that
is " hidden" elsewhere.

Let's look at two circuits that can be
used for reco nstruc ting missing sync
pulses. The circuit in Fig. 8 is for systems
that have a 15.75-kHz subcarrier encoded
within the audio channel.

The heart of the circuit is ICI , an
LMI 310 PLL FM-stereo demodu lator.
While that IC was designed for 19-kHz
FM-s tereo pilot-carr ier regeneration ,
when configured as shown it can be made
to operate at 15.75 kHz. (The opera ting
frequency is adjusted using R6.)

The output from the TV set's audio de
tector is fed to pin 2 of IC I via an emitter
follower and a filter circuit. A 15.75-kHz
squarewave output appears at the pilot
monitor output, pin 10. Note that if the
program audio has been strippe d away
from the main audio channel and placed
on a 31.5-kHz subcarr ier as discussed in
the first part of this series, the program
audio is available at pin 4 of the PLL.

The pilot-moni tor output is too wide to
be used direct ly as a gating pulse. Be
cause of that , it is next fed to IC2, a
CD4098BC du al mon ost abl e multi 
vibrator. One half of the IC is used to
delay the pulse so that the sync signal is
" in phase" with the encoded video sig
nal. The output of that half of the IC is
used to trigger the second half. The sec
ond half of the IC is used to set the proper
pulse width . The output of that half of the
IC is the reconstructed sync signal. Note
that both positive and negative going out
puts are available.

If the sync signal is missing, and there
is no encoded 15.75-kHz signal available
in the audio, a circuit like the one in Fig. 9
can be used . The heart of the circuit is an
MM5320/MM532 1 video -camera sync
generator. That device needs on ly a
2.0457-MHz clock signal to recreate all
the components of an NTSC sync signal.
The needed clock signal can be derived
from the video signal's 3.58-MHz color
burst signal as shown .

Next time we'll look more closely at
using PLL's to extract decoding subcar
riers from the video signal. R-E
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signals can come in handy, particularly
when a signal that inverts intermi ttently
must be decoded; such a signal occurs
when video is encoded using the SSAVI
system. The two outputs can be fed to an
electronic switch that is used to select the
signal with the proper polarity.

Either of the two variable-gain circuits
can be used as a video or RF modulator.
While such variabl e-gain circuits are ob
viously more complex than the attenuator
circuits previously discussed , they are
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That is particularly important when deal
ing with sinewave-encoded signals.
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TV SIGNAL DESCRAMBLINC

works. Encoded video is applied to pin 14
of the LM733, while a suitable decoding
signal is applied to pin I. Note that both of
those signals are capacitively coupled into
the LM733 so that they do not interfere
with the biasing of that device . The output
of the LM733, at pin 8, is a signal that is
proporti onal to the difference of the two
inputs . An inverted version of the signal at
pin 8 is available at pin 7. Having both
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( ) Education/Instruction () Wanted () Satellite Television
( )--------- -------------

SATELLITE TV
CABLE TV SECRETS-the outlaw publication the
cable companies tried to ban. HBO, Movie Channel,
Showtime , descr amblers , converte rs, etc. Sup
pliers list included . $8.95. CABLE FACTS, Box 711
R, Pataskala, Ohio 43062.

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($42.75)

16 ($45.60) 17 ($48.45) 18 ($51 .30) 19 ($54.15) 20 ($57.00)

21 ($ 59 .85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($ 7 1.25)

26 ($74.10) 27 ($76.95) 28 ($79.80) 29 ($82 .65) 30 ($ 85.5 0)

31 ($88.35) 32 ($91 .10) 33 ($94.05) 34 ($96.90) 35 ($99.75)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional inform ation (Sorry, no telephone orders can be accepted.):

To order Vol. II send post al money order only tor
$29.95 plu s $3.00 shippmq & handlong CALL
ORDER LINE (401) 333·8775. BELLRAE DISl . CO .
PO. Bo x 41. Warren, RI 02885.

SATELLITE systems $449.00, catalog $2.00. Also:
KU band; exports. STARLINK, INC., 2603-16R Ar
tie, Huntsville, AL 35805.

" TRIPLE-X Satellite TV Descrambler Informa
ti on. XXX - Adult Movies, ready to go - $225.00.
NAS-SAT, Box 5261, Long Beach, CA 90805 .
(213)631-3552.

DESCRAMBLERS. We have a new computerized
descrambler. Will unscramble Canadian channels
plus more. XXX available. For more information call
J.R. ELECTRONICS, (616)781-4623.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.
ATIENTION satellite dealers. See everything with
your video cypher 2000 demonstrator on all the
transponders. (Secret modification voids warranty.)
Send $24.00 for VC kit. TV SHOP, 127 E. Mission,
Fallbrook, CA 92028.

---------_/_---------

Card Number

Please Print Name Signature

Expiration Date

SATELLITE TV VIEWERS
Get the most complete w eekly list ings.

Send $1 for sample copy. (R

!!;:no 'mILl l

,'::0-
P.O. Box 308 E, Fort una, Californ ia 95540

lOO-UI -9997 (U.S.) . 100 -516 -1717 (c.llf.)
707-715-1476 (ell othvs)

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$2 .85 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.30 per word, prepaid....no minimum . ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Addit ional bold face (not available as all caps) 50¢
per word additional (20% premium). Entire ad in boldface, add 20% premium to total price. TINT
SCREEN BEHIND ENTIRE AD: add 25% prem ium to tota l price. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% premium to total price . EXPANDED TYPE AD : $4.30 per word
prepaid. All other items same as for STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIR E EXPANDED
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price. DISPLAY ADS : 1" x 2W'
$310.00;2" x 2W'- $620.00; 3" x 2W'-$930.00. General Information: Frequency rates and prepayment
discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 12th of the third
month preceding the date of the issue. (i.e., August issue copy must be received by May 12th). When normal
closing date falls on Saturday, Sunday or Holiday, issue closes on preced ing working day.

PATENTED optical process satellite sound system.
for information se nd $3 .00 to : BEDINI ELEC
TRONICS , PO Box 769, San Fernando, CA 91341.

59 degree brand name LNA's! LNB's! Ku-Band
LNB's! Discount pricing! Send stamped envelope:
LNA, 201 E Southern, Suite 100E , Tempe , AZ
85282.

FOR SALE
TUBE S new, unused. Send self-addressed, stamp
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee. WI 53201.

LINEAR parts, fubes, transistors - MRF454 $16,
MRF455 $12, MRF477 $11, MRF492 $18. Catalog.
RFPC, Box 700, San Marcos, CA 92069 (619)744
0728.

>
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RESTRICTED technical Information: Electronic
surveillance, schematics, locksmithing, covert sci
ences, hacking, etc. huge selection. Free bro
chure: MENTOR-Z, 135·53 No. Blvd., Flushing, NY
11354.

OLDTIME radio programs on high quality tapes.
Comedy ! Adventure! Music! Free catalogue. CARL
F. FROELICH, Heritage Farm, New Freedom, PA
17349.

CORDLESS phone interference? We've got the an
swer. Have a radar speeding ticket? We can help.
Home phone extension in your car? You can have it.
50-page color catalog airmailed $3.00. DBE, P.O.
Drawer G, Waikiki, HI 96830.

ELECTRON Tubes- radio, TV & industrial types
huge inventory. Call toll free (800-221-5802) or write
Box ESC TRANSLETERONIC, INC., 1365 39th St.,
Brooklyn, NY 11 218, (718) 633-2800.

WHOLESALE catalog of unusual money making
electronic items. Dealer s wanted. Rus h $1.
CROSLEY (A), Box 840, Champlain, NY 12919.

T.V. tunable notch filters, free brochure. O.K. VID
EO, Bo x 63 /6 025 , Margate , FL 3 30 63.
(305)752-9202.

Mulll-Chann ell .9 to 2.7 GHz
40dB Gain True Parabol ic 20 Inch Dish

Complete System 599.95 (p lus shipping)
DealershIps, Oly . Pr1clng, Replacement Parts

PhIlliPS-TeCh ElectroniCS
p.D. Box 8533 • SCottsdaIll, AI85252

LIFETIME [8021847-7700 1S3.OO Credit.1I phon....dor, l)
WARRANTY MaslorCard. Vi.. . COD''

ANTIQUE radio hobbyists - 20 page cataloq of
tubes, parts , and literature for rad io restoration.
Send $2.00 to ANTIQUE ELECTRONIC SUPPLY,
688 W. First St., Tempe, AZ. 85281.

CABLE-TV converters and equipment. Plans and
parts. Build or buy. FREE information. C&D ELEC
TRONICS, PO Box 1402, Dept. RE, Hope, AR
71801.

35 - 70% savings - bargain catalog for 39 cents
stamp. APEX ELECTRONICS MOD, 8909 San Fer
nando, Sun Valley, CA 91352.

TURBO circuit analysis generates matirix equa
tions for AC, DC and transient analysis. Source
code for worst case, plots. Requires MS-DOS and
turbo pascal or fortran. VISA/MC. $155. CLIFFORD
VANDER YACHT, COMPUTER CONSULTANT,
3778 Hitchin g Post Road, Jackson , MI 49201.
(517)782-2297.

TEST equipment, reconditioned. For sale. $1.25 for
catalog. WALTER'S, 2697 Nickel, San Pablo, CA
94806. (415)724·0587.

LASERS and nightvision surplus components. Free
catalog, M.J. NEAL COMPANY, 6672 Mallard Ct.,
Orient, OH 43146.

TI-99/4A software/hardware bargains. Hard to find
items. Huge selection. Fast service. Free catalog.
DYNA, Box 690 Hicksville, NY 11801.

CABLE-TV converters and descramblers. Low
prices, quality merchandise, we ship C.O.D. Send
$2.00 for catalog. CABLETRONICS UNLIMTED,
P.O. Box 266, South Weymouth, MA 02190. (617)
871-6500.

DESCRAMBLER plans for Jerrold. Theory, sche
matic, parts list, waveforms. For speedy delivery
send $10.00 cash or money order. BAY STATE
ELECTRONICS, P.O. Box 63, Accord, MA 02018.

FREE ADAPTER (Limited offer) with AS
SORTMENT #103-consisting of TOKO
Coils 144LY-12 OK, 520HN-3000023, BKAN
K555AXX (2); PCB; Transistors 2N3904 (2),
BFQ85 (Sub) ; .IC' S 7812,# 74123,
MG1330A1P; Diodes 1N914, 1N5231B. Only
$25.0010% Discount for5ormore Shipping
$3.00/order MC/Visa/COD . Toll Free
1-800-821-5226 Ext. 426 (orders). JIM RHO
DES, INC. 1025 Ransome Lane, Kingsport,
TN 37660,

TUBES, name brands, new, 80% off list, KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

INDIVIDUAL Photofact-folders # 1 to # 1400. $3.00
postpaid, LOEB, 414Chestnut Lane, East Meadow,
NY 11 554.

~ WRITE FOR

~ l?~i McGEE'S
SPEAKER & elECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
toll f ree 1·800·346· 2433 fo r ordering only.

1901 MCGEE STREET KANSAS CITY, MO. ~108

SB3 descrambler parts to const ruct project in
Feb/84 Radio·Electronics. $49.95 (Dealer inquires
invited). CROSLEY, Box 840, Champ lain, NY
12919.

WORLDS best channel 3 notch filter. $19.95. (Deal
er inquires invited). CROSLEY (A), Box 840, Cham
plain, NY 12919.

MICRO SIZE!

ADD $40 FOR A&T

$$
50 min 100 min

.44 .38

.33 .28

.33 .28

.54 .49

.15 .12

.16 .13

.42 .39

.69 .60

100 500
7¢ 6¢

18¢ 16¢
29¢ 24¢

lYPE 10 min
171... ... .49
184 .. .... .38
185. . .. . . .38
198 .. .. ...60
199 . ..... .18
234. . .. .. .19
375 . .. ....44
712.. .. .. .75

-
ADDITIONAL SAVINGS

1000V/2 .SA
1000V/SA
OAMPER/HI-VOLT- FAST RECOVERY

RECTIFIER DIODES
125
156
506

CIRCLE 57 ON FREE INFORMATION CARD

FORA COMPLETELISTCALL ORWRITE-C.O.D. oraenWelcome (Min. Order $25)
DIGITRON ELECTRONICS

110 HILLSIDE AVENUE,SPRINGFIELD,NEW JERSEY 07081
TOil Free 1-800-526-4928 In NJ 20NI79'9016 Telex 13 8441

PRICESSUBJECTTO CHANGEWITHOUT NOTICE. OFFER GOOD WHILE SUPPLYLASTS.
ECC is a Tra de Mar1tof Philips ECC, o lgl t ron n e, not associated with Philips ECC.

lYP E 10 min 50 min 100 min
102A.. . . . .35 .32 .29
123A. .... .18 .16 .14
123AP .. . .13 .11 .09
128 . .. .. . .38 .35 .29
129 .... .. .38 .35 .29
130 .. . .. . .59 .55 .49
159 ...... .16 .13 .11
162 2.25 1.95 1.49
163A 2.35 1.99 1.5 5

$$

HIOH VOLTAOE TRIPLERS/MULTIPLIERS

$9995
(Full Kit)

SOURCE DISKETTE:
PC/XT FORMAT

5'1. IN. $15

Digital Research Computers
(OF TEXAS)

P.O. BOX 381450 • DUNC ANVILLE TX 75138 • (214) 225-2309

C all or w r ite for a fr ee catalog on Z-80 or 6809 5ingle Board

Computers, 55-50 Boards, and other 5-100 products.

THE NEW 65/9028 VT
ANSI VIDEO TERMINAL BOARD!

* FROM LINGER ENTERPRISES *
A second generation , low cost, high performance, mini sized,
single board for making your own RS232 Video Terminal. Use
as a computer console or with a MODEM for hook up to any of
the telephone-line computer se rvices.
FEATURES:
* Uses the new SMC 9028 Video

Controller Chip coupled with a
6502A CPU.

* RS-232 at 16 Baud Rates from 50
to 19,200

* On board printer port!
* 24 X 80 format (50/60 Hz).
* For 15,750 Hz (Horiz.) monitors.
* 3 Terminal Modes: H·19 , ADM3A,

and ANSI X 3.64-1979
* Wide and th in- lin e graph ics.
* White characters on blac k back

ground or reversed.
* Character Att ri butes: De-In ten ,

Inve rse or Und erlin e.
* Low Power : 5VDC @ .7A, ± 12VDC

@20MA.
* Mini size: 6.5 X 5 inches.
* Compo site or spli t video.
* 5 X 8 Dot Matr ix ch aracters

(U/L case).
* Answer back capab il ity.
* Battery backed up status memory.
* For ASCII parallel keyboard.

T ERMS : Add 53.00 postag e. We pay bal an ce. Orders un der $15 add 75c: hand lin g. No
C.O.D . We accept V isa and Ma sterCard. Te xas Res. add 5· 118',., Ta x. Foreign o rders
(except Canada) add 20°-, P .\ H . Orders over $50 add 8se to r in surance.
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SELL blank video cassettes. Super high grade
Olympia VHS T-120. Fully guaranteed. Only $3.49
your cost. Add $5.00 shipping and handling for any
quantity. STRANDBERG, 1001 S. Elm Street,
Greensboro, NC 27406. Telephone (919)274-3775.
Check, M.O., VISA or Mastercard account number
& expiration date.

SCIENTIFIC Atlanta. Stand alone descrambler.
Priced under $100. Details $2. DIGITEK, Box 195,
Levittown, PA 19059.

PANASONIC, Quasar service manuals, 1200 most
products. $350 plus shipping . Sase for list. CYRIL
BRENNAN , 661 Horseshoe Curve, Pike Road, AL
36064 . (205)277-0139.

SCIENTIFIC Atlanta cable equipment. Complete
converters are now waiting for you! 8550,8500 se
ries. See it all with total channel capability! Quality
merc handise. Send $2.00 . ADVANCED TECH
NOLOGY SYSTEMS, Box 316, Auburn, MA 01501.
(617)832-2339.

SPECTACULAR strobe light chasers, stroboscopic
devices, Helium-Neon Laser Components, scien
tific items, more ! Free catalog. ALLEGRO ELEC
TRONIC SYSTEMS, #3R Mine Mountain, Cornwall
Bridge, CT 06754 .

CHIP Checke r tests/identifi es: 54/74 TTL , 4000
CMOS, 54/74 CMOS. Two 24 pin ZIF sockets han
dle .3" and .6" wide chips. For C128 and C64. $129
plus $3.50 s + h. DUNE SYSTEMS, 2603 Willa Dr.,
St. Joseph, MI 49085. (616}983-2352.

WANTED: Western Electric, RCA, Marantz, Mcin
tosh, Telefunken, Dynaco, Altec, EV, TUBES, Am
plifiers, Speakers (713}728-4343, MAURY, 11122
Atwell, Houston, TX 77096.

FREE transistors: Sample of PN2222 and 2N3904
with our catalog of budget priced Electronic
Components for hobby ists and industry. Send
$2.00 P&H (refundable) BUDGET ELECTRONICS,
Box 1477, Moreno Valley, CA 92388. (714)653-1663.

CATALOG: Cable conve rters and descramblers.
N12 Minicode $99, Jerrold 400 $99, more. Sync
restoration unit assembles in one half hour. Kit $79,
built $120.Satellite descrambler: kit $119, built $190.
Surplus components, hobby kits. Send $1. MJ IN
DUSTRY (formerly Minute Kits), Box 531,Bronx, NY
10461

ITEM S~~iE ~~.'0L~~
PRICE PRICE

RCA 36 CHANNEL CO NVERTER CH. 3 OUTPUT ONLY 29.95 18.00 ea.
PIONEER WIRELESS CONVERTER OUR BEST BU Y) 88.95 72.00 ea.

LCC -58 WIRELESS CONVERTER 92.95 76.00 ea.

JERROLD 450 WIRELESS CO NVERT ER CH.3 OUTPUT ONLY) 105.95 90.00 ea.

5B ADD-ON UNI T 109.95 58.00 ea.
BRAND NEW - UNIT FOR SCIE NTIFIC ATLANTA Call for specifics

MINICODE N-12 109.95 58.00 ea.

MINICODE N- 12 VARISYNC 119.95 62.00 ea.

MINICODE VARISYNC W /AUTO ON-OFF 179.95 115.00 ea.

M-35 B CH . 3 OUTPUT ONLY) 139.95 70.00 ea.

M-35 B W I AUTO ON-OFF CALL FO R AVAI LA BILITY 199.95 125.00 ea.

MLD-1200-3 CALL IF CH . 2 O UTPUT) 109.95 58.00 ea.

INTERFERENCE FILTERS - CH. 3 24.95 14.00 ea.

JERROLD 400 OR 45 0 REMOTE CONTRO LLER 29.95 18.00 ea.

ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON5 UNITS) 225.00 185.00 ea.
SPECIFY CHANNEL 2 or 3 OUTPUT Other products available - Please Call

BUGGED? Wiretapped? Find out fast. Counter
measures equip ment catalog $1. CAPRI ELEC
TRONICS, Route l R, Canon, GA 30520.

WHOLESALE car-radio computer telephone audio
video acessories antenna catalog (718)897-0509
D&WR , 68-12 11 0th St., Flushing, NY 11375.

Quantity Item Output
Channel

Price
Each

TOTAL
PRICE

THE BEST PLACE to BUY. SELL or
TRADE NEW and USED EQUIPMENT

NUTS & VOLTS MAGAZINE
BOX IIII -E • PLACENTIA. CA 92670

(7 1 ~ ) 632-772 1
Jo in Thousands of Readers Nationwide

Every Month
ONE YEAR U .S. SUBSCRIPTIONS

S I0.00 • Jrd Class • $15.00 • lit Class......'

$35.00 • U retl me - 3rd Clu s ...

H AM GIAIIl
COHI"UTEIlS
SOfTWAIlE

SCAN NERS. OPTICS
T EST EQ UII'HEHT

MICIlO WAVE
SATEWTE

A U DIO VISUAL
NEW P1tO DUCTS

COHJI'OPU NTS • KITS
ANTIQUE ELECT .
ItUaLiCATlONS

....... NS °SlItVICn

California Penal Code #593- 0 forbids us
from shipping any cab le descrambling unit
to anyone resid ing in the state of California.

Prices subject to change without notice .

PLEASE PRINT

_______ Zip _

o Money Order

SUBTOTAL
Shipping Add
$3.00 per unit

COD & Credit
Cards - Add 5%

TOTAL

o Visa o Mastercard

TUBES 59 cents year guarantee free catalog. Tube
tester $8.95. CORNELL , 4215 University, San Di
ego , CA 92105.

TUBES : "Oldies," Latest. Parts, components, sche
matics . SASE for l ist. STEINMETZ, 7519
Maplewood Ave., R.E., Hammond, IN 46324.

CHANNEL 213/4/ notch filter, $12.00. 36 channel
converter, $25.00. Television stereo kit, $24.00. Au
tomatic telephone recorder $12.00. Telephone bug
$15.00. NORTHLAND ELECTRONICS, 3950-12 N.
Cherry, Kansas City, MO 64116. (816)452-2325 .
VISA/Mastercard/COD.

CABLE and SUbscription TV secret manual. Build
your own DESCRAMBLERS, converters. Instruc
tion s, schematics for : sinewave, inband /outband
gated sync pulse, SSAVI - (HBO, Showtime, Cin
emax, UHF, etc.) Send $8.95 to CABLETRONICS,
Box 30502R, Bethesda, MD 208t4 .

MODEL PS-320 triple power supply. Measures 8" x
6" x 3". Detachable power cord with handle. RCB
ENGINEERING PRODUCTS, Box 143, Hanover,
MD 21076. (301}796-3099.

FOR OUR RECORDS:

DECLARATION OF AUTHORIZ ED USE - I, the undersigned, do hereby declare under
penalty of perjury that all products purchased, now and in the future, will only be used on cable
TV systems with proper authorization from local officia ls or cab le compa ny officia ls in
accordance with all applicable federal and state laws.



LEARN to be a te levisio n studio technician ! After
only 14 month s earn you r degree and a great career
in video . Financial aid and nationa l placem ent as
sistance. Dallas (214)263-2613 or Long Beach (213)
595- 1660. VIDEO TECHNICAL INSTITUTE.

WIN at cas ino blackjack! Disk includes game, play
analyze r, and powerful point count system. Proves
itself on your machin e. For IBM-PC (no graphi cs
card req), ATARI 800 (48K)/XU XE Speci fy. $19.95.
BISONSOFT, Box 2136, Bloomington, IN 474 02 .

COMPUTER SOFTWARE

COMPUTER repai r career training in 5 months by
aceredited Florida electronics school. Lifetime
placement. Financial assis tance if quali fied. Ca ll
SYSTEMS TE CH NO LOGY INSTITUTE. (3 05)
331-2840.

THIS IS AN EXPANDED TYPE AD. Notice
how it stands outonthis page. To getyour
ad setin thistype style mark your classified
ad order, "Expanded-type ad," and calcu
lateyour cost at $3.75 perword.

PRINTED CIRCUIT BOARDS

LASERS HE- Ne aud io modu lated with remote re
ceive r co m merc ia l s urp l us read y to u s e
$179.95PPD, SAS E for speci fications. LES ELEC
TRONICS CORP, P.O. Bo x 80 0276, Da llas, TX
75380. (214)867-3272.

DO IT YOURSELF TV REPAIR

LASERS

INVENTORS

NEW...rep ai r any TV...easy Anyon e can do it.
Write, RESEARCH, Rt3 Box 601BR Colville, WA
99114.

WANTED

AMPEX professional series open reel tape. 1800-or
2400-feet on 7-inch reels. Used once. Case of 40 .
$45 .00. 10~ x 3600 feet and cassette s available .
MasterC ard Visa . VALTECH ELECTRONICS, Box
6-RE, Richboro, PA 18954. (215) 322-4866.

INVENTIONS, ideas , new products wanted ! Indus
try pre sentat ion /nation al expos it ion. Call fr ee
1-800-528 -6060. Ca nada , 1(800)5 28-6060 . X831.

EPROM PROGRAMMING

INVENTORS! AIM wants-ideas, inventions , new
produ cts , improveme nts on existing products . We
pre se nt ideas to manuf actu rers. Confidentiality
guaranteed. Call toll free 1-800-225-5800 for infor
mation kit.

HOBBYISTS: Pretested eproms sold with your pro
gramm ing install ed. Progr am listing provided. Fast
se rv ic e . Write o r ca ll : ROMULUS MICRO
CONTROL, Bo x 8669, Rockvi lle , MD 20856 .
(301)540 -886 3.

REEL-TO-REEL TAPES

INVENTORS! Ca n you patent and profi t from your
idea? Call AMERICAN INVENTORS CORPORA
TION for free informati on . Over a decade of service.
1-800-338-5656. In Massachus etts or Canada call
(413) 568-3753.

PCB 15 cents sq- in. free drillin g. Quantity discounts.
Pro fessional wor k . INTERNATIONAL ENTER
PRISE, 645 2 Hazelcirc le, Simivalley, CA 93063.

GUARANTEED lowest quot es, fast service , aver
age $.12 per square inch (FR -4), prototype through
production quan tities..Call or send speci fications for
quotes . Electronic Components catalog- send
SASE. TORCCC ELECTRONICS, Box 47148, Chi
cago, IL 60647. (312)342-91 71.

ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

BUSINESS OPPORTUNITIES

MAKE mon ey in elec tronics! Send SA SE for free
star ter kit! LAFAYETIE PUBLISHING, Dept 1-E,
Box 336 , Lafayette, CA 94549.

YOUR own radio station! AM , FM, TV, Cable. li
censed /unlicensed. BROADCASTING, Box 130-F8
Paradise, CA 95969.

MECHANICALLY inc line d individuals des iring
own ership of small electronics manufacturing busi 
ness - without investm ent. Write: BUSINESSES,
92-R, Brigh ton 11th, Brooklyn, NY 11235 .

HUNDREDS weekly! Become c irc u la r mail er.
Home-operat ed! Sincerely interes ted, rush stamp
ed enve lope : NATIONAL MAILING, Box 197 59 
RA8, San Diego, CA 92119.

ELECTRONICS. $1.50 brings flyer, grab bag . LYNN
JOHNSON, 222 1 Th e Alam eda # 176, Sant a Clara ,
CA 95050.

Start home. spare time. Investment knowledge or
experience unnecessary. BIG D EMAND assem
bling electronic devices. Sales handled by profes
sionals. Unusual business opportunity.

FREE: Complete illustraied literature
BARTA. RE·O Box 248

Walnut Creek. Calit. 94597

F.C.C. Commercial General Radiotelephone li
cense. Elect ronics hom e study, Fast , inexpensive!
"Free" details. COMMAND, 0 -176 , Box 2223 , San
Francisco, CA 94126.

SOFTWARE, hardware, audio kits, solar cells,
surplus items, much more. Free catalog. GIL
ELECTRONICS, Box 1628-G, Soquel, CA 95073.

TESLA coil co nstruc t io n pla ns , Kirl ian elec
troph otography plans. Free informatio n/photo. SCI
ENTIFIC, Box 962 RE8, Norco, CA 91760 .

FCC Co mme rcia l Ge neral Radiotelephone License
Correspo ndence Cour se. 60 individual lessons for
$89.50. Paym ent plan. Rusu lts guaranteed! Details
free. AMERICAN TECHNICAL INSTITUTE, Box
201, Cedar Mountain , NC 28718.

EDUCATION & INSTRUCTION

BATIERIES NiCad , sealed lead acid, Alkaline and
more from national brands like Panasonic, Eagle
Picher, Duracell and others. Write or call for listing .
D.C. POWER INC., 1213 Old Co lony Rd., Wal
lingford, CT 06492. (203) 237-2292.

CUSTOM TRS-80 and Apple chara cte r ge nerators.
Send SASE for details. CPU INTERNATIONAL,
11604 Star light Ave., Wh ittier, CA 90604.

JERROLD gate d pulse theory. Twelve information
packed pages covering 01 & DIC converter ope ra
tion.lncludes introduct ion to trimode system. $6 .95.
ELEPHANT ELECTRONICS, Box 41865-J, Phoe
nix, AZ. 8508 0. (602)581-1973 .

CABLE TV converters-all major brands. Wireless
remotes with volume, wi red remotes. Ca ble and vid
eo acessories. Lowest prices. Ship COD. Catalogs
$3 .00 . SONE ASSOCIATES, 256 Broadway, Suite
201, Troy, NY 12180 . (518)274-060 8.

COMPLETE variabl e regul ated com pute r gr ade
powe r supply 1.5 to 25 volts 20,000 mic rofarads 5
am peres maximum output. DENNIS SPENNER PO
Box 165, Centralia, IL 62801. Send $94. 00.

NEW! telephone/intercom. Co ntrol $70.00. Phones
$45.00. Detailed information $1.00. (317)632-8377.
SAYLOR ENTERPRISES, PO Bo x 20 83, Indi 
anapo lis, IN 462 06-2083.

FAST A/D converters. Five bit 90 nsec AID con
verter module offers 5 MH z effec tive ban dwidth for
$25 (DA 0175) - build video frame grabber. Eight
bit 200 nsec sampling AID converte r for $40 (DA
0188) - add memory and trigger to make dig ita l
storage sco pe peripheral for PC for less than $100 .
Send SASE for product specifica tion. DIPAC AS
SOCIATES, 645 Execut ive Cen te r Dr. #204, West
Palm Beach , FL 33401 .

Being a certified electronics techni
ci an lets people know that you are
a professional in your field. It tells
t hem that you are ser io us about your
work and can perform up to CET
sta ndards,

No w you can o rder the "Study
Glide for the Associate-Level CET
Test" from the International Society
of Certified Electronics Technicians.
It 'includes rraterial covering the
nnst often rri ssed questions on the
Asso ciat e CE T Ex am Sf' x 11",
paperback, 60 pag es.

For More Information Contact:

ISCET 2708 W. Berry, Ft. Worth, TX
76109. (817) 921 - 9101

PLANS-All Parts Available in Stock
• LC5 BURNING CUTIlG C02 LASER $20.00
• RUB3 RUBY LASER RAY PISTOL 20.00
• BTC51.5 MILLION VOLT TESLA COIL 15.00
• PTG1 PLASMA TORNADO GENERATOR 10.00
• GRA1-GRAVITY GENERATOR 10.00
• MAGNETIC CANNON PROJECTOR 10.00

NAME _

ADDRESS _

CITY ST /\TE
ZIP _

___cop ies @ $5 (+ $ 1 postage.)

---SInd material about ISCET
and becoming certified.

INFORMATION UNLIMITED
p.o. BOX716, DEPT. N1 AMHERST, NH 03031

KITS-Includes Plansand Parts
• LHC2K SIMULATED RED/GRNiYEL LIGHT

LASER. . 34.50
• BTC3K 250,000 VOLT TESLA COIL 159.50
• 10G1 K ION RAY GUN. . . 109.50
• PSP3K PHASOR SHOCK WAVE PISTOL 49.50
• STG1K-STUN/PARALYZING GUN 39.50
• INF1K INFINITY TRANSMITTER 134.50
• MFT1K 2-3 MILE RANGE FM VOICE

XMTR PCBOARD 49.50

ASSEMBLED AND TESTED PRODUCTS
• LGU30 RED 1MW PORTABLE HENE

LASER. .. 349.50
• TCL30 SOLID STATE TESLA COIL 35KV 84.50
• IPG50 POCKETPAIN FIELD GENERATOR64.50
• BLS10BLASTER DEFENSE WEAPON ... 89.50
• ITM1D-100KV SHOCK AND STUN GUN 99.50
• PPF10 PHASOR PAINFIELD PORTABLE 249.50
• SNP20SECURITY PHONE LISTENER . . . 99.50

• CATALOG CONTAINING DESCRIPTIONS OF
ABOVE PLUSHUNDREDS MORE AVAILABLE FOR
$1.00 OR INCLUDED FREE WITH ALL ABOVE OR
DERS.

PLEASE INCLUDE $3.00 PH ON ALL KITS AND
PRODUCTS. PLANS ARE POSTAGE PAID. SEND
CHECK. MO, VISA, MC TO:
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UNECORDS

~~
TWO W IRE

6' 18/2 SPT· j ttat
6' 18/2 SPT 3 10' 51.00

·2 11at
6'16/2 SJT round 210'$1.00

THREE W IRE 51.25 eac h

6 18/3 11at

8'18 /3 round

~
MULTI'TURN POT• # J 6 ECTROL 6StvaOCr #S MB 06L

0 534·7161___ $5.00 EACH iJ~ocompatlble10' eac h

12 Vd '0, 59.00

DELTRON cor 24Vdc POWER S--~ •

fua l plus a~~~EL 0012 /1 5.1 7 UPPLY

;:~de power su p~~ sd2VdC
op; n

~15 v~~i2~g~P . I N~~~~ ~i~d as
~lIy regulated c ac er

7 x4~- x 2\6" omputer grade supply.

$ 12.50 each 10 for $110
PH -- .00
C OTO-FLASH ....,..--'I{..::.-------

, APACITORS
,70 mf 33075

c
ea v Thr ee sizes

RELAYS :~;~;:: ~availab l.~ _ .
10 AMP SO 800 mf 330v t ' .

CONTROL. LID STATE 1.35 eo. '
LOA D. 14 . 3 · 32 vdc r~ CAn PPC-800 '
SIZE: '2 Y2?xv~~ 10 amp \\k::~...-a- 31 $1.50 each

~ x¥o' \W..(."\.~ V2" SPss.so~ .k""-" EAKER sz.oe....
ULTR A MilO FOR$90. 00 ~~anc R71CBBOONNDUCCTOABLER

_ NIATU Full ,ang: '

5VDC RE spe k

F

FUBjitsu # RELAY 80 z

a

m";;g' net (i~.' ~'"'~- ", -"t~' "'" - _.= ~~&.~,..: , '1"-11 ...... "g,.:: ~
Mountsin1. ,:.,amp . SPRING LEVER
51.25 ea ch DIP socket Spect

M

10for510 00 TERMIN 28 ra-strip redINIATURE ' Two color ALS ga. stranded w'::: ' ke' st rip.

6~C -' -~~A RELAY terminal s on~" XENON roll';:::::':I
M

' """• • '. ~~ FLASH TU~ciD.T. relay ~=' ~~;ebakelit;. '@~ • ~ BE
Id coIball . G,eai for s • . / 3/4" Ioncf~~~t@aled ""7w5¢er sup~::e, enclosures or tube de~ig~~d/8f" dia. Flashm" M_.... ~ compact or use in

~ ~-"..:1.'1'"~. "~,, ~"~m.,, . hOperate I 20ohm MIN .00 CA'j./~tx~er ime~t~rsu n i ts .
COIL: 12Q';;;,4.3 - 6 voc AIALTURE "'OG T·! 2 for $1. 00

1'/"x "/".:';; . 51.SO each LAR I' GLES

13

,, 10 10, 513.50 S.P.D.T. ERATED5AMPS WITCHES

VDCRELAY ' ~on.on) ~ S .P.D.T. @ 125 VAC
CONTAClS' n;n.~:'>;le (on-on) 4S .P.D .T.
10 amp@ 12J'.PN.C. bustun eaded Solderlu (on- ~~nergiZecoiltovac 1705., .a~h ~~; ~~r.moo,na isg sOlde~~fg~On)
~~'~3Iact. .. or51 ea ch te. vde650 ohms .00 10lor 59 00 51r~,nals~_~.." S ROT ,~.".... ",~;f:,

4PDT .00each (~~-Ofi-on)~ S .P.D.T. . 100lor 580.00

14 . RELAY . ~;~SthtYrele (on-on) D.P.D.T. &
3 a~~~sIIYle .. . • • I aded PC I (USED acts 7b5u .Shing " . thre'audgesd on-on)
tested butfully ... • e - Sold

5 10 lo r~~hoo '''' 5blu sohoing. ~-'.-' termr~al ulsg
Specily00<1~.70 each " e 520_"- "'.;- ,,",,:-:. ",'''~'
LARGE aUAN~I~I~ vee STAN 0 100'0 ' 580.00 100~~m800~00 "J

SOCKETS S AVAILABLE A R
0

J75:~:c~HRELAY D IFFUSE UMBOR ,m ~.~.1·314 ,\'o'i:~TUGHTED

N.I_~~HDARGEABLE GREEN 10~0'or513:~g ~ ~~; Yae l ig ht~~o~WITCH.

~
. BATIERIES 1001'::S~~00 " ' ~ ;"\'x~~ls in er.@ •.• ..~". ",COW ·" ". ~. .

, .r- . ""'" ~ 1\ ,1:1:1''' _ ..1:.- "'" .
AAA S 1100 51.50

AA Sti~E 1.25V500mAH ~ FLASHER LED MINI ' '~,;;'" ",,;~.~m" l i::l ~~\"' ~ .~~~aurros'"~~ ,:mizoo... " .00 .m' " ".~,~. .·.::rr '--
o SIZE lZ2; Is;~~er lab n: ~~ CAT# ~;DE;; FLASHER ~Red.buttJ" ~g. eoch
UNIV • • u... ., ".00 ~.....

ERSAL CHARG -P O LAR jumbo Tl ~ size ~ NAP A

~
; . . w ER LEDHOLD , to r " ... S CTION~~ Two Pieee hold; RS S WITCHl'i{I~;"bO LED @ Cherryelect. # E-

Will cha = = -::::----J 65. 100 O.lAcontacts S 21.'1.0 . or N.C

",~.:r:it.\.'" _ CLEARCUP~·· ;::,~..,~~''::'",";l1U~'. m ,",~ " "'. LEDHOLDER .~:~. ""'pe, charger indiea~~D a lancy CH 10 FOR54.204 'o' 51 . 0~lea,. g 22';;O:-:"Vo:-..,;,,;;::.- 1COOLIN ac
Aom ON. G FAN

MX77A3 ~.Mullin XL I .
220 Vae \ \
4 118~ square • L )./..
melal frame fan. •

CA7# CF 2
j0 lor $60 00" 20 56.50 ca
aUANTrrlES 100 lor $50000

AVAILABLE

TOl
1.800 826 .54 DERS ONLY(ORDER 0 32 QUANTITI
liN CALIFO

NLY)
MINIMUM ~~LIMITED

:i~~~:,,:::;):.'.",."....."~~:~~:~' ,~::,~~ ..
(213) 380.~0~TION INClUD~~D~RS:o NO COD' SHIPPIN G UFFICIENT

. .. CALIF.R

$20.00 each

$27.50 eac h

TWIST-LOCK

CONNECTOR

~~
Same as Switch ~
5 conductor in_l ,craft #12CL5M
mount jack 1i .lne plugandcb . .st -lock style . assts

SO/SET

- Sf ECIAL PRICE
RANSISTOR
plast ic transistor

PN3569 TO·92 N.P N

l~g ~or $8 .00 . .

LARGEcrurO
.
OO

AVAILA:LT~TIES

ANGELES905 S Ver m . CA S TORE MAIL ORDERS
213 380. 800~nt Ave. . PO BOX 20406TO.
VAN NUYS Los Ang eles CA
62 2 8 S . CA STORE . 90006

8 epulveda 81 T18 99 7.1806 Yd. WX . 5 1010 10 163
ALL EL

EASYLINK M ECTRONIC
BX ·

EDGE

CONNECTORS

ALL ARE 1.56 " SPACING

22~~!;;::::;:;=i
EDGECONN ~so lder lug styleECTOR $1.25 •• r~-~~~~~;~~;r.~~~~~~~~~
22/44 EDGE CO 1010' 511.00

52.00 eo PC. st I NNECTOR22/44 EDGE Ye 10 lor S18 .00 _ .......L..- -

so lde r lug style CONNECTOR

28/58 EDGE C 52.50 eech
$2 .50 ea p.e.SI ~NNECTOR

38/72 EDG/; 1010,522 .00
PC. S1yle ONNECTOR

43/88 EDGE 53.00 ee ch
PC. style CONNECTOR

$4.50 each

TRANSISTORS t:::===~~J
2N706~N2222A 4 tor 51 00
2~~;~:A ~ :~; 51:00
2N2904 3 I 51.00
2N2905 31~;:1 ·go
~J2955 3 tor 51'og
N3055 51'50
;~~J~K40 51:00
TIP125 51.;g~75.

TRANSFORMERS

120 .0 11 a
primaries

5.6 volts @ 750
ISvotta @ 150 mma.

~23~~ e 500 :~ .
12 V.C.T: : :: ma .

~~ ~.C.T. @ 1 .m~··
12 v:~~: : : amp
18 volt amp
24 v.c.; e 650 ma .
24 Vc:. • @ 200 ma.
24 v:c.~· e 1 amp
24V · @2 amp

24 v'2~' @ 3 amp

36 V:C.T: : ~3~m:•.
TR WALL

ANSFORMERS

aIlPIU?direct'~y.
rn.t~f,~;ac os-

'@,• •o."

:~2g C70ma .8 VOCe 500 mo. 52.00
9 VDCC 750 mo. 53.5012 5 VA~ 500 ma $4.50 ,.----. .- .10VAC C 265';'a 55.00 c~;~~;.;:::::~~:...-~~~~f61

8.5 y:1; 18 YAand' $3 .00

24 VAC @ 1.28 VA.
MULTI C 250 ma 53.50
3,4"",6~i'~T~GE ' 500 m~3.00

~~~~~~~~E~~ 51.ooEACH r=~~~iI'
phenoli c project ~eaV~.duty black
screws. 2~" X 11/2- ';c~~_cov8 r and

FUSES I~
~AI<t,(AGC) SIZE
GMA·S~Z~\I · 3, 4, 5. 6 AM P

k;j 3, 4. 5 AMP ~
any ONE am perage 75 ¢
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PLANS AND KITS
CATALOG: Hobby/broadcasting/1750 Meters/Ham/
CB: transmitters, amplifiers, antennas, scramblers,
bugging devices, more! PANAXIS, Box 130-F8, Par
adise, CA 95969.

Hi-Fi speaker systems, kits, auto speaker systems
and speaker components from the world's finest
manufacturers. For beginners and audiophiles. Free
literature. A&S SPEAKERS , Box 7462R Denver,
CO 80207. (303)399-8609.

VOICE disg uisers ! Teleph one bugs! FM bugs !
Other kits! Send stamped envelope: XANDI, Box
25467, Dept. 60A, Tempe, AZ 85282.

SAVE money, energy! Circuit makes batteries last
longer! Use in your own invention! State of the art.
Almost anyone can build. Plans $10.00. WAYNE
KESSLER, Box 685, Plymouth Meeting, PA19462.

CABLE TV CONVERTERS: Jerrold products
include "New Jerrold TRI-MODE", SB-3,
Hamlin, Oak VN-12, M-35-B, Zenith, and
more. UHF deluxe II kits (quantity dis
counts) 60 day warranty. Service convert
ers sold here. For fastservice COD orders
accepted. Send S.A.S.E. (60 cents
postage) or call for Info. (312) 637-4408.
HIGGINS ELECTRONICS 5143-R W. Di
versey, Chicago, IL 60639. No Illinois or
ders accepted.

STEREO simulator. Plans, parts and PGB on ly $15
plus $2 shipping. DAVIS ELECTRONICS, Box
27552, West Allis, WI 53227.

Increase channels, range, privacy! We spec ialize
in frequency expande rs, speec h processors, FM
converters, PLL & slider tr icks, how-to books,
plans, kits . Expert mail - in repairs & conversions .
16-page catalog $2. Our 11th year!

CBC INTERNATIONAL, P.O. BOX 31500RE.
PHOENIX, AZ 85046

FREE catalog 99-cent kits-audio, video, TV com
puter parts. ALLKIT 434 W. 4th St. West Islip, NY
11795.

CRYSTAL radio sets, plans, parts, kits , catalog
$1.00 . MIDCO , 660 North Dixie Highway, Hol
lywood, FL 33020.

Pay TV and Satellite Descrambling
All New 6th Edition! ,

We stock the exact parts. PC board and AC adaptor lor Radio Electr oni cs
Febru ary 1984 article on building your own Cable TV Descrambler.

#701 PARTS PACKAGE $29.95
Includes all the original resistors, capacitors, diodes, transistors,
inteqrated circuits, coils, IF transformers (toko BKAN-K5552AXX).

Now over 100 pages of working schematics,
theory and "hard" information on all the major
cable and over the air scrambling systems.
Schematics and theory for all 4 satellite de
scrambling system s used currently. HBO,
Anik-D, Fantasy, Extasy etc. New sections on
digital audio coding and bypassing. Insider
information included. Still the most complete
source of descrambling info available $14.95.
Satellite Systems Under $600, $11.95. MDS
Handbook $10. Stun gun schematics $5. En
larged product catalog of PC's, kits and low
cost satellite equipment $2.

I

BUILD this five digit panel meter and square wave
generator including an ohms, capacitance and fre
quency meter. Detailed instructions $2.50 refunda
ble plus 50 cents. BAGNALL ELECTRONICS, 179
May, Fairfield, CT 06430.

DESCRAMBLER plans, new design decodes
gated sync suppressed signals-newest pilotless
method. Circuit boards, most parts from Radio
Shack. Detailed theory. drawings, schematics, in
structions $14.95 plus $2.00 shipping. DIRIJO
CORP., Box 212 Lowell, NC 28098.

PC BOARD $12.95
Original etched & drilled silk-screened PC board used in the article.

At; ADAPI'OR $12.95
Original (14 volts DC @ 285ma) ac adaptor used in the article.

NEW! Fiber optic voice link. Send your voice over a
beam of light via an optical fiber. Complete kit in
cludes microphone, speaker, fiber, PCB'S and all
parts. Easily assembled. Introductory offer - send
$34.95 to: FIBER SCIENCES, KIT-73A, PO Box
5355, Chatsworth, CA 91313-5355. CA residents
add 6.5%.

SopoE oC oI oAoL oS
BOTH #701 & #702 Now$39

ALL THREE #701, #702 & #704 Now$49
Add $2.50 shipp ing and han dling - $4.50 for Canadian orders

We also oHer quantity Discou nts on 5 or more un its

PROM zapper kit. Eproms, Eeproms, and more.
Stand alone, RS232, or parallel. For information
send to: ZAPPER, 6910 Patterson, Caledonia, MI
49316.

J ERROLD Tri-mod e add-on circuit. PC boar d
layout, artwork, parts list and instructions for inter
face in SB-3 or DIC type units - $12.00. ARUS
ELECTRONICS, PO Box 662 , Chappaqua, NY
10514.

FREE Reprint of Radio Electronics article (February 1984) on Building Your
Own CABLE TV DESCRAMBLER with any purchase of above.

THIS IS AREGULAR CLASSIFIED AD WITH A
TINT BACKGROUND. To have your ad appear
like this one, there isa 25% premium.

MASTERCARD AND VISA are now accepted
for payment of your advertising . Simp ly
comp lete the form on the first page of the
Market Center and we will bill.

THIS ISABOLDFACE EXPANDED AD. If you
like this format, request it. Your cost is
$3.75 per word, plus 45% for the boldface '
and tint background.

STEREO TV ADAPTER KIT Easily converts any
TVN CR to receive the new stereo TV sound. Con
tains all parts PCB and instructions to build a quality
stereo decoder. For additional information send
SASE to SOKOLOWKSI, Box 150, Elmont , NY
11 003.

ORDER
TOLL FREE

1-800-227-8529
in side MA 617-695-8699

VISA, MASTERCARD or C.O.D.

J&.bJ
ELECTRoniCS,Inc.
6 Wilkins Dr ., Suite 207
Plain vi ll e, MA ., 02762

Thousands of these conveners soldnatlonallvfor S11995
We otter you tt ns same type01converter lor only S6995
All converters are NEW. wIth Full manutacteer'sWARRANTY
FEATURES
o Full 60 Channel CapabIli ty
o Cordless Infrared remote control
o Ultra -Stab le Synthes ized lunmg
o Microp rocessor controll ed Pll
o Works on all TV mode ls, channel 3 output
o Slandar d /HR C SWItch for compatlb illly

w ith all Cable Systems
o Will work With all types of extern al cescrem e rers

Add 53.50 Shipping and Handl fnq
$4.50 on Canadian Orde rs

SC -60 R CONVERTER

60-eHANNEL %-~CABLE ~ ~ ~
CONVERTER ~ . :-
WITH INFRARED REMOTE CONTROL

$69.95
(J)
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Ih is will be
:oming to you
vhen you
.ubscribe to
~adio-Electronics

HELPFUL
CONSTRUCTION
ARTICLES...
Test Equipm ent
Hi-Fi Accessories
Telephone Accessories
Music Synthesizers
Computer Equ ipm ent
Auto motive Equipment
Intru der Alarms-

Home & Car
Video Accessories

NEWSONNEW
TECHNOLOGY
Computers
Mic roprocessors
Satellite 1V
Teletext
Automotive Electronics
Speech Synthesizers
IC Applications

FASCINATING
"HOW TO DO IT'
ARTICLES...

Build Your Own
Projects

Make Your Own PC
Boards

Wiri ng Techniques
Soldering and

Desoldering
Design and Prototypi ng

I

Radio-Electronics covers all
aspects of the fast moving

electronics field .. .featuring
COMPUTERS • VIDEO • STEREO

TECHNOLOGY . SERVICE
COMMUNICATIONS • PROJECTS

• HOW YOU AND THE COMPUTER
CAN BE FRIENDS...

Getting Started
Programs , Circuit

Design, Games
N D-D/A Interfacing
Peripheral Equipment

• NEW AUDIO DIMENSIONS
FOR YOUR PLEASURE...
Noise-Reduction Devices
How to Connect that

Extra Add-On
Hi-Fi Accessories
New Technology

• TV WONDERS FOR YOUR
FUTURE...
Latest Receivers and

Circuits
The Hom e Entertainm ent

Center
Projection 1V
Satellite 1V Receivers
Jack Darrs Monthly

Service Clinic
Service Problems and

Solutions

• REGULAR MONTHLY FEATURES
DESIGNERS NOTEBOOK

by Robert Grossblatt
HOBBY CORNER

by "Doc" Savage, K4SDS
STATE-OF-SOLID-STATE

by Bob Scott
WHAT'S NEWS, new

produ cts, stereo news
and NEW IDEAS, STEREO
PRODUCTS, NEW
COMPUTER PRODUCTS
FOR HOME/JOB and
MUCH MORE!

Get it all!
Subscribe today to Ra dio-Electronics! Don't miss a single
issue and... see subscription card in back of this issue for big savings.

When you select one of the subscription offers listed on the handy coupon-you'll be
assured of having your copy reserved, even if it sells out on the newsstand. Make sure
you get all the excitement in every issue of Radio-Electronics, every month, by filling in
and mailing your subscripton card today.

»
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Unit
Price

$83 .0 0
$ 119.00
$ 17 5.00

1450ns) 3.95
(450"01l5V) 3.49
(350"01l5VI 3 .95
(450"01l5V) 3.95
1450"01l5V) 3.89
125Ono1l5V1I21V PGM ) 3.95
12oo" 01l5VII21V PGM ) 4 .25
1250"sIl5VIICMOS ) 5.95
1450no1l5V) 3 .49
(250noIl5V ) 3 .95
(2oonoIl5V) 4 .25
1350noll5VH24 PIN) 17 .95
12 50 ns 1l5V) 4 .25
(2 50noIl5VIICMOS ) 12 .9 5
(2 50 noH5VI 7.49
21V PGM~ Progr.,.,. at 21 Vo lts

nSPECTRONICS EPROM ERASERS
~CORPORATION

2708 10 24 x8
2716 2048x8
27 16 -1 2048x8
TMS2532 409 6x8
2732 40 96 x8
2732A 409 6x 8
2732A-2 40 96 x8
27C64 8 192x 8
27 64 8 192x8
2764-250 81 92 x8
2764 -200 81 92 x8
MCM68766 8192x8
271 28 163 84 x8
27C25 6 32768xS
27 2 56 32768x8

5V::S ing le 5 Volt Su pply

\- 1»1_"-.
I

(450n51
(450noIlCMOSI
(450no1lLPI
1450nsl
(450n5)
1450,, 0IlLP)
(2oo"0IlLP )
1150" 01lLPI
(450nsl
(150ns)
(100ns)
12oonoIlCMOS)
1150no1lCMOS)
(2oono IlCMOS IILP)
115OnollCMOS IILP I
(120"0IlCMOSIILPI
(150"0IlCMOS)
(150 noIlCMOSIILP I
(12On oIlCMOSIILPI

(250n5)
1200"0)
(150nsl
1120 n s)
(200ns)
(200ns )(5v)
1150 no1l5v)
(120n sl(5vl
(2oo"01l5v)
(150n s)l 5v ) 1 .95
(150"01l5VIIREFRESH) 2 .95 '
1150"01l5v) 4 .95
1150"01l5v) 5 .95
(150 noIl5v) 6 .95
(2oo"01l5v ) 2 .95
1150"01l5vl 2 .95

REFRESH=Pin 1 Ref resh

2101 2 56 x4
510 1 256x4
2102L·4 1024x1
2112 256.4
2114 1024x4
2114L-4 1024x4
2114L-2 1024x4
2114L-15 1024x4
TMS4044·4 4096.1
TMM2016·150 2048.8
TMM2016·1oo 2048 . 8
HM6116-4 2048x8
HM6116·3 2 048.8
HM 6 1 16LP-4 2048x8
HM6116LP-3 2048x8
HM6116LP-2 2048x8
HM6264P-15 8192x8
HM6264Lp· 15 8192.8
HM6264LP-12 8192x8

LP:Low power

4116·250 16384.1
4116-200 16384x1
41 16-150 16384x1
4116· 120 16384.1
MK4332 32768.1
4164-200 65536x1
4164-150 65536x1
4164-120 65536x1
MCM6665 65536.1
TM S4 164 65536x1
4164·REFRESH 65536.1
TMS4416 16384x4
41128-1 50 131072x1
TMS4464-15 65 53 6x 4
41 256·200 2 62144.1
41256-150 262144x1

5v=Single 5 Volt Supply

DYNAMIC RAMS

8500
1.49 1.0MHz 32 .768 KHz. .9 5 74LSOO .16 7 4LS165 .6 5 A new fam ily of high speed CMO S logic featuring
1.95 1.0 MHz. 2 .95 7 4LSOl .18 74LS1 66 .9 5 the speed of low power Schottky IBns typical gate
2 .9 5 6502 2 .79 6845 4 .95 1.8432 2 .9 5 74L502 .17 74LS169 .9 5 propagation delay). combined with the advantages of
2. 4 9 65C02 (CMOSI12.95 68845 8 .95 2 .0 1 .95 74LS03 .18 74LS173 .4 9 CMO S: very low power consumptton. superior noise

16 9 .9 5 6507 9 .95 6847 11.9 5 2 .0971 52 1 .95 74LS04 .16 74LS174 .3 9 immunity. and improved output drive .
129.00 6520 1.95 HD46505SP 6 .95 2.4576 1.95 74L505 .18 74 LS175 .3 9 14HCOO6 .95 6522 4 .95 MC1 372 2 .95 3.2768 1.9 5 7 4 LS08 .18 74LS191 .4 99 .9 5 6526 26.95 8275 26 .95 3 .579545 1.95 7 4LS09 .18 74LS192 .6 9 74HC: Operate at CM OS log ic ktvels and are ideal

2.49 6532 6 .95 7220 19 .95 4 .0 1 .9 5 74LS10 .16 7 4LS1 93 .6 9 for new, all-CMOS designs.
3.95 6545 6.95 CRT5027 12 .95 4 .032 1.95 74LS11 .22 74LS194 .6 9 7 4HCOO .59 74HC148 1.197 .95 6551 5.95 CRT5037 9 .95 5.0 1 .95 74lS12 .2 2 74LS195 .6 9 74HC0 2 .59 74HC151 .8 919 .95 6561 19 .95 TMS9918A 19 .95 5.0688 1.95 74LS13 .26 74lS196 .59 74HC04 .59 74 HC154 2 .49129.95 6581 34.95 6 .0 1 .95 74LS14 .39 74LS1 97 .59 74HC08 .59 74HC157 .89199 .95 2.0MHz 6 .144 1.95 74LS15 .26 74LS221 .59 74 HC10 .59 74HC158 .9 5

DISK
6 .553 6 1 .95 74lS20 .17 74lS240 .6 9 74HC1 4 .7 9 74HC16 3 1.156502A 2 .9 5 8 .0 1 .95 74lS21 .22 74lS241 .6 9 74HC20 .59 74HC175 .996520A 2.95 CONTROLLERS 10 .0 1 .9 5 74LS22 .22 74LS242 .6 9 74HC27 .5 9 74HC240 1.898200 65 22A 5.95 10 .738635 1.95 7 4 l S 27 .23 74lS243 .6 9 74HC30 .5 9 74HC244 1.896532A 11.95 1771 4 .95 12 .0 1 .95 74l S2 8 .2 6 74lS244 .6 9 74HC32 .6 9 74HC245 1.898 203 29 .95 6545A 7 .95 1791 9 .95 14 .31818 1.95 741530 .17 74lS245 .7 9 74HC51 .59 74HC257 .8 58205 3 .29 6551A 6.95 1793 9.95 15 .0 1 .95 7 4 l S 32 .18 74lS251 .4 9 7 4HC74 .7 5 74HC259 1.398212 1.4 9 3.0MHz 1795 12 .95 16 .0 1 .95 7 4lS33 .28 74lS25 3 .4 9 74HC85 1.35 74HC273 1.898216 1.49

1797 12 .95 17 .430 1.95 74LS37 .26 7 4lS256 1.79 74HC86 .6 9 74HC299 4.998224 2. 2 5 65028 6.9 5 2791 19 .95 18 .0 1 .9 5 7 4 l S 38 .26 74lS257 .3 9 74HC9 3 1.1 9 74HC368 .9 98 237 4.95
2793 19 .95 18 .4 32 1.95 74lS42 .39 74lS258 .49 74HC107 .7 9 74HC37 3 2.298 237·5 5 .4 9
2797 29 .9 5 20 .0 1 .95 7 4 l S47 .59 74lS259 1.29 74 HC 109 .7 9 74HC374 2.298250 6 .95

8800 6843 19 .95 22 .1184 1 .95 7 4 l S4 8 .69 74lS260 .4 9 74HCl12 .79 74HC390 1.398 251 1 .69
8272 4 .95 24 .0 1 .95 74lS51 .17 74lS2 66 .39 . 74HC125 1.19 74HC393 1.398251A 1.89
UPD765 4 .95 32 .0 1 .95 74LS7 3 .29 74lS273 .79 74HC132 1.19 74HC4017 1. 998253 1.89 1.0MHz MB8876 12.95 CRYSTAL 74lS74 .24 74 lS2 79 .39 74HC133 .69 74HC4020 1.398253·5 1.95 6800 1.95 MB8877 1 2.95 74LS75 .29 7 4lS280 1.98 74HC138 .99 74HC4049 .8982 5 5 1.69 6802 4 .95 1691 6.95 OSCILLATORS 74l S76 .2 9 74LS2 83 .59 74HC139 .99 74HC4050 .898255·5 1.89 6803 9 .95 2143 6.95 7 4LS83 .4 9 74LS290 .898 2 59 1.95 6809 5.95 1.0MHz. 5 .9 5 7 4 l S8 5 .4 9 74lS293 .89 14HCTOO8259·5 2 .29 6809E 5.95 1.8432 5 .95 7 4 l S86 .22 7 4lS2 99 1.498272 4 .95 6810 1.95 2 .0 5.95 74lS90 .39 74lS322 3.95 74 H CT: Direct . dro p-in replacements for LS TTl8279 2 .49 6820 2.95 BIT RATE 2 .4576 5.95 7 4lS92 .49 74lS3 23 2 .49 and can be intermixed with 74LS in the same circuit .8279·5 2 .95 6821 1.95 2 .5 4 .95 74lS93 .39 74lS3 64 1.9 5 74HCTOO .6 9 74HCT166 3 .058282 3.95 6840 6.9 5 8ENERATORS 4 .0 4.95 74LS95 .4 9 7 4LS 3 65 .39 7 4HCT02 .6 9 74HCT174 1.098284 2 .95 5.0688 4 .9 5

8 2 86 3.95 6843 19 .95
MCl 4411 9.95 6.0 4 .9 5 7 4 lS107 .34 74 lS367 .39 74HCT04 .69 74HCT193 1.39

6844 12 .95 74lS109 .36 74lS368 .3 9 74HCT08 .6 9 74HCT194 1.198288 4 .9 5 6845 4 .95 8R1941 4.95 6 .144 4 .9 5 7 4lS11 2 .2 9 74lS373 .7 9 7 4HCT10 .6 9 74HCT240 2 .19
6847 11 .95 4702 9.95 8 .0 4 .95 74lS1 22 .4 5 74lS374 .7 9 74HCT11 .69 74HCT241 2 .19
6850 1.95 COM8116 8.95 10 .0 4.9 5 74LS1 23 .4 9 74lS37 5 .9 5 74HCT2 7 .69 74HCT244 2.19
6883 2 2.9 5 MM5307 4 .95 12 .0 4 .9 5 7 4lS1 24 2 .7 5 74LS377 .7 9 74HCTJO .69 74HCT245 2 .19Z-80 12.480 4 .95 7 4lS1 2 5 .39 7 4LS 378 1.18 74HCT3 2 .7 9 74HCT257 .9 92.0MHz 15 .0 4 .95

16 .0 4 .95 74 LS126 .39 7 4LS 3 90 1.19 74HCT74 .8 5 74HCT259 1.59
4 .95 UARTS 18 .4 32 4 .95 74lS1 32 .39 74LS393 .7 9 74HCT75 .9 5 74HCT273 2.094.0MHz 5.95 20 .0 4.95 74 LS133 .4 9 74LS541 1.49 7 4HCT1 38 1.15 74 HCT367 1.0 9

1.79 6 .95 3 .95 24.0 4.95 7 4LS136 .39 7 4 l S624 1.95 74HCT139 1.15 74HCTJ73 2.49
6.45 4 .95 74LS1 38 .39 7415640 .9 9 74HCT1 54 2 .99 74HCTJ74 2.491.89
3.50 3.95 74lS139 .39 74LS64 5 .9 9 74HCT157 .99 74HCTJ93 1.595 .95
6.75 4 .95 74lS145 .9 9 74lS669 1.29 74HCT158 .99 74HCT4017 2.195 .95
3.95 6.95 MISC. 74LS147 .9 9 7 4lS670 .8 9 74HCT161 1.29 7 4 HCT4 0 40 1.591.89
7 .95 9.95 74LS1 48 .9 9 74lS682 3.20 7 4HCT1 64 1.39 74HCT4060 1.495.95

6 .95 TMS99531 9 .95 74lS151 .39 7 4lS683 3.205 .95 TMS99532 19 .95 74LS153 .39 7 4lS684 3 .20Z80A·SIOI2 5 .95 ULN2oo3 .7 9 74lS154 1.49 74LS 688 2.4 0
8.0MHz 324 2 7 .9 5 74lS155 .59 74lS783 22.9 5 14FOOSOUND CHIPS 3341 4 .95 74lS156 .4 9 81LS95 1.49

MC3 470 1.95 7 4LS1 57 .36 81 LS9 6 1.49 7 4 F7 4
MC3480 8 .95 74LS158 .2 9 81LS97 1.49
MC3487 2 .95 74LS1 60 .2 9 81 LS9 8 1.4 9
llC90 13.95 74LS161 .39 2 5l S2521 2 .8 0
2513-001 UP 6 .95 7 4 LS 16 2 .4 9 25LS2 569 2 .8 0
AY5-2 376 11.95 7 4LS1 63 .3 9 26L S 31 1.95
AY5-36OO PRO11.95 74LSl64 .4 9 26LS32 1.95

(f)
0
Z
0a:
t-
O
W
....J
W

0
0
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<0
OJ
O'l

95

100-UP
.09
.1 2
.1 2
.09
.09

1-9 9
.10
.14
.14
.1 0
.10

4N26
4N27
4N28
4N33
4N37
MCT-2
MCT-6
TIL-111
2N3906
2N4401
2N4402
2 N4403
2N6045
Tl P31

7 POS ITION
8 POSITION
10 POS ITION

.8 5

.90

.90

I ' 10 '

.45 4 .0 0

.3 6 3.20

.4 6 4 .10

.72 6 .40

.6 1 5 .40

.18 1 .60

.2 8 2 .50

COM CATH ODE .362"
COM CAT HO DE .5"
COM AN ODE .5 "
COM A NO DE .3"
COM CAT HODE .3 "
COM CAT HO DE .8 "
COM CATHODE .3"
COM CATHOD E .4 3"

4x7 HEX W / LOG IC .27 0"
4x7 HEX W / LOG IC .29 0 "

S ING LE COLOR

DIP SWITCHES

RIBBON CABLE

LED DISPLAYS

.25

.25
25 / 1_00
10 / 1 .00

.25

.55

.95

.35

.25

.10

.50
_25
.79
.10

4 POS ITION
5 POSITION
6 POS ITION

SPOT MINI-TOGGLE ON-ON
DPD T MINI-TOGGLE ON-ON
DPD T MINI-TOGG LE ON·OFF -ON
SPST MINI-PUSHBU TTON N.D.
SPST MINI-PUSHBUTTON N.C.
SPST TOGGLE ON-OFF
BCD OUTPUT 10 POS ITION 6 PIN DIP

SWITCHES

FND-3 57 (35 91
FN D-500(5031
FND- 5 07{5101
MAN ·72
MAN -74
MAN-8940
TIL-313
HP5082-7760
TIL-311
H P5082-7340

DI FFUSED LEOS
JUMBO RED T1 JA
J UMBO GR EEN TP/.
J UMBO YELLOW T1 J/•
MO UNTING HOW TPA
M IN I RED T1

lN751
l N7 59
1N4148
lN4 0 04
l N 54 02
KBP04
KBU8A
MDA990-2
N2222
PN2222
2 N2905
2N2907
2 N3055
2 N3904

VOLTAGE

REGULATORS TL066 .99 LM7 33 .9 8

TO·220CAsE TL071 .69 LM74 1 .2 9
TL072 1.09 LM747 .6 97 805T .4 9 7905T .59 TL074 1.95 UM748 .5 97808T .4 9 7908T .59 TL08 1 .59 MC1330 1.697812T .4 9 7912T .59 TL082 .99 MC1350 1.197815T .49 7915T .5 9 T l O84 1.49 MC 1372 6 .95

TO·3CAsE LM30 1 .34 LM1414 1.59
7805K 1.39 7905K 1.49 LM309K 1.25 UM1458 .4 9
7812K 1.39 7912K 1.49 LM311 .59 UM1488 .4 9

TO-93 CASE lM311 H .8 9 UM1489 .4 9
LM317K 3.49 LM14 96 .8 5

78105 .4 9 79 105 .6 9 l M31 7T .95 UM1812 8 .2578L12 .4 9 7 9 L1 2 1.49 UM318 1.49 UM1889 1 _95
OTHER VO LTAGE REGS LM319 1.25 ULN2003 .7 9
LM323K 5V 3A TO-3 4 .79 LM 320 so07 9oo XR2206 3 .75
lM328K AdJ. 5A TO-3 3.95 LM32 2 1.65 XR2211 2 .95
78H05K 5V 5A TO·3 7 .95 LM32 3 K 4 .79 XR2240 1 .95
78H12K 12V 5A TO-3 8 .9 5 LM324 .4 9 M PQ2907 1. 95
78P05K 5V 10A TO-3 14 .95 LM33 1 3 .95 LM2917 1 .95

LM3 3 4 1.19 CA3 04 6 .89
LM335 1.4 0 CA3 08 1 .99
LM336 1.75 CA30 8 2 .99

IC SOCKETS LM33 7 K 3.95 CA3086 .80
1·99 1 00 ~ LM33 8 K 3 .95 CA3089 1.95

8 PIN ST .11 .10 LM339 .59 CA3130E .9 9
14 PIN ST .11 .09 l M 340 so 07 800 CA3 146 1.29
16 PIN ST .12 .10 LM350T 4 .60 CA3160 1. 19
18 PIN ST .15 .13 LF35 3 .59 MC3470 1.95
20 PIN ST .18 .15 LF35 6 .99 MC3480 8 .95
22 P IN ST .15 .1 2 LF357 .9 9 MC3487 2 .95
24 PIN ST .20 .15 lM358 .59 LM 3900 .49
28 PIN ST _22 .16 LM380 .89 LM390 9 .98
40 P IN ST .30 _22 LM38 3 1.9 5 LM3911 2 .25
64 PIN ST 1 .95 1.49 UM386 .8 9 LM 39 14 2 .39

ST:::SOLDERTAll LM39 3 .4 5 MC4024 3.49
8 PIN WW _59 _6 9 LM394H 4.60 MC4044 3.99

14 PIN WW .69 .5 2 TL49 4 4.20 RC4136 1.2 5
16 PIN WW .69 .5 8 TL497 3_25 RC4558 .69
18 PIN WW .99 .9 0 NE555 _29 LM13600 1.49
20 PIN WW 1.09 _9 8 NE556 .4 9 75 10 7 1.49
22 PIN WW 1 .39 1.2 8 NE558 1.29 75 110 1.95
24 P IN WW 1.49 1.35 N E564 1.95 75150 1 .95
28 P IN WW 1.69 1.49 UM565 _9 5 7 51 54 1.95
40 PI N WW 1 .99 1.8 0 UM566 1.49 75 188 1.2 5

WW :::WIREWRAP UM567 .79 75 189 1.2 5
16 PIN ZIF 4 .95 CALL NE570 2 .95 75451 .3 9
24 PIN ZIF 5 .95 CALL NE590 2.50 7 5452 .3 9
28 PIN ZIF 6 .95 CAL L NE592 .98 75453 .3 9
40 PIN ZIF 9 _95 CA LL LM 710 .7 5 75477 1.29

ZIFoTEXTOOl LM723 .4 9 75492 .7 9
(ZERO INSERT ION FORCE) H"TO-5 CAN, K"TO-3 . T"TO-220

ICC 16

INTERSIL

ICl 71 0 6 9 .95
ICl 7 107 12.95
ICL7 6 60 2 .95
ICL80 3 8 4 .95
ICM 7 2 07 A 5 .95
ICM7208 15 .95

~
~.. H~025

Ef;-~--- ----·--···-- ------- -r : - - ----0
OB37S e"""""""""""""""; e

mear s{::..::::;:}

36PIN C E NTRONICS
MILE

IDCEN3 6 RIBBON CABLE
CEN36 SO LDER CUP

fEMALE
IDCEN 36 / F RI BB ON CABLE
CE N36 PC RT AN GLE PC MOU NT

SHORTING

GOL~LOCQKS
C ONTACTS
SPACED
AT .l "
C ENT ERS ~

5/$1 .00

DI P CON N E C T O R S

D ·SUB M I N IATU R E

FOR ORDERING INSTRU CTIONS SEE D-SUBMINIA TURE BELOW

S·100
S·100
IBM PC
APPLE
S TD
STD

CAN BE SN A PPED APART TO
MAKE ANY S IZE HEAD E R,

ALL WITH .1" CENTERS

STRAIGHT LEAD
RIGHT AN GLE
STRAIG HT LEAD
RIG H T ANGLE

IDC CONNECTORS

HARD T O F I N D

"SNAP A B LE" H EAD ERS

ORDERING INSTRUCTIONS: INSERT THE NUMBER OF CONTACTS IN THE POSITION
MARKED ·xx" OF THE "OROER BY" PART NUMBER LiSTED
EXAMP LE: A 15 PIN RIGHT ANGLE MALE PC SOLDER WOULD BE OB15PR

MOUNTINGHARDWARE $1.00

100 P IN ST
100 PI N WW
62 P IN ST
50 PIN ST
44 P IN ST
44 P IN WW

CONTACTS
DESC RIPTI ON OR DER BY

10 20 26 34 40 50

SO LDER HEADER ID H xx $ .8 2 1 .29 1.68 2 .20 2.58 3 .24

RIGHT AN GLE SOLD ER HEADER IDHxxSR .85 1.3& 1.7 6 2.31 2 .72 3 .39

WWHEADER IO HxxW 1.86 2 _98 3 .84 4 .50 5.28 6. 6 3
RI GHT AN G LE WW HEADER IDHx xW R 2 .05 3 .28 422 4 .45 4 .80 7 .30

RIBB ON H EA DER SOCKET IDSxx .7 9 .9 9 1 .39 1 .59 1 .99 2 .25
RIBBON HEADE R I OMxx --- 5.50 6.25 7 .00 7 _50 8 .50

RIBBON EDG E CAR D ID Ex x 1 .75 2.25 2 .65 2 .75 3.80 3 .95

4001 .19 14419 4 .95 7400 .19 74147 2.49 74S00 .2 9 74S163 1.29
4011 .19 14433 14 .95 7402 .19 74148 1.20 74S02 .2 9 74S168 3 .95
4012 .25 4503 .4 9 7404 .19 74150 1.35 74S03 .2 9 7451 74 .7 9
4013 .35 4511 .6 9 7406 .2 9 74151 .55 74S04 .2 9 74S175 .7 9
4015 .29 4516 .79 7407 .2 9 74153 .5 5 7 4 5 0 5 .2 9 74S188 1.95
4016 .29 4518 .85 7408 .2 4 74154 1.49 74508 .3 5 7 4S189 1.95
4017 .4 9 4522 .7 9 7410 .19 74155 .75 7 4 S 10 .29 745195 1.49
4018 .69 4526 .7 9 7411 .2 5 7415 7 .55 -74S15 .3 5 74S1 96 1.4 9
4020 .59 4527 1.9 5 7414 .4 9 74159 1.65 74S30 .2 9 74S197 1 .4 9
4021 .69 4528 .7 9 7416 .2 5 74161 .69 74S32 .3 5 7 4S226 3 .99
4024 .4 9 4529 2 .95 7417 .2 5 74163 .69 74S37 .6 9 7 4 S24 0 1 .4 9
4025 .25 4532 1.95 7420 .19 74164 .85 74538 .6 9 745241 1.49
4027 .39 4538 .95 7423 .2 9 74 16 5 .8 5 74S74 .49 7 4S244 1.49
4028 .65 4541 1 .2 9 7430 .19 74166 1.00 7 4 S 8 5 .9 5 745257 .7 9
4035 .69 4553 5 .79 7432 .29 74 17 5 .89 7 4 S 8 6 .3 5 74S253 .7 9
4040 .69 4585 .7 5 7438 .29 74177 .7 5 7451 12 .50 74S258 .9 5 '
4041 .7 5 4 702 12 .95 7 4 4 2 .4 9 74 17 8 1.15 7 4 51 24 2. 7 5 745280 1 .95
4042 .59 74COO .29 7445 .6 9 741 8 1 2.25 74S138 .7 9 74S287 1.69
4043 .85 74C14 .59 7447 .8 9 74182 .7 5 74S140 .5 5 74S288 1.69
4 044 .69 74C74 .59 7470 .35 74184 2.00 745151 .7 9 74S299 2 .95
4045 1.98 74C83 1.95 7473 .34 74191 1.15 7 4 S 153 .79 74S373 1.69
4046 .69 74C85 1.49 7474 .3 3 74 192 .7 9 7 4 S1 57 .7 9 745374 1. 69
4047 .69 7 4C 9 5 .99 7475 .4 5 74194 .8 5 745158 .9 5 74S471 4 .95
4049 .2 9 74C150 5 .75 7476 .3 5 74196 .7 9 7 4S161 1.29 74S571 2.95
4050 .29 74C151 2 .25 7483 .50 74 197 .75
4 051 .69 74C161 .99 7485 .59 74199 1.35
4 052 .69 74C163 .99 7486 .3 5 74221 1.35
4053 .69 74C164 1 .39 7489 2 .15 74 24 6 1.35

DATA ACQ INTERFACE4 056 2 .19 74C192 1 .4 9 7490 .39 74 247 1.2 5
4060 .69 74C193 1 .49 7492 .50 74248 1.85 ADC08QO 15 .5 5 8T26 1.29
4066 .29 74C221 1.75 7 4 9 3 .3 5 74249 1.9 5 A DC0804 3 .49 8T28 1.2 9
4069 .19 74C240 1.89 7 4 9 5 .5 5 74251 .7 5 A DC0809 · 4 .49 8T95 .8 9
4 0 76 .59 74C244 1.89 7497 2 .75 74265 1.35 ADC081614.95 8T96 .8 9
4 0 77 .29 74C374 1.99 74100 2.29 74273 1.95 A DC0817 9 .95 8T97 .59
4081 .22 74 C905 10 .9 5 7 4 1 21 .2 9 74278 3.11 A DC0831 8 .95 8T98 .8 9
4085 .7 9 74C911 8 .95 7 41 2 3 .4 9 74367 .6 5 DAC0800 4.49 DM8 131 2 .95
4 086 .8 9 74C9 17 8 .95 74125 .4 5 74368 .6 5 DAC08 06 1 .9 5 DP8304 2.29
4 093 .4 9 74C922 4. 49 74141 .6 5 9368 3.95 DAC0808 2 .95 DS8 8 33 2.25
4094 2 .4 9 74C923 4 .95 7 4 1 4 3 5.95 9602 1.50 OA C1 0 20 8. 25 DS8 8 35 1.99
14411 9 .9 5 74C926 7 .95 74144 2 .95 9637 2.95 DAC10 22 5 .95 058836 .99
1 441 2 6.9 5 80 C9 7 .95 74145 .60 96 S02 1.9 5 MC 1408L8 2 .95 DS8 8 37 1.65

CONTACTS
DESCRIPTIO N ORDER BY

25 37 509 15 19
MA LE DBxx P .8 2 .90 1 .25 1.25 1 .80 3 .48

SOLDER CUP
FEMA LE DB xxS .9 5 1 .15 1 _50 1. 50 2 .35 4 .32

RIGHT AN GLE MA LE DB xx PR 1.20 1 .49 --- 1 .9 5 2 .65 ._-
P C SO LDER FEMA LE OBxxSR 1. 2 5 1 .55 --- 2.00 2 .79 ---

MALE DBxx PWW 1.69 2 .56 --- 3.89 5 .60 ---
W IRE WRAP

FEMA LE DBxxSVVVII 2 .76 4 .27 --- 6 .84 9 .95 ---
IDC MALE IDBxxP 2 .70 2 .95 --- 3 .98 5 .70 ---

RIBBO N CA BLE FEMA LE ID Bx xS 2 .92 3 .20 --- 4 .33 6 .76 ---
META L MHOODxx 1. 2 5 1 .2 5 1.30 1 .30 --- ---

HOOD S
GR EY HOOD x x .65 .6 5 --- .65 .7 5 .9 5

-- awCON TA CTS
DESCRIPTION ORDER BY · 8 14 16 18 20 22 24 28 40

~ELlABILITY TOO LED
A UGATxxST .62 .7 9 .89 1 .09 1.29 1.39 1.49 ' .6 9 2 .49ST IC SOCKETS

HIGH RELIABILITY TOOLE D !1Q~OA U GATxxV'tI\IV 1.30 1. 80 2 .10 2 .40 2. 5 0 2 .QO 3. 15 3.70 5 .40WW IC SOCKETS
COMPON ENT CA RRIES ICCxx .4 9 .59 .69 .99 .99 .9 9 .99 1 .09 1.49(DIP HEADERS)

(i)QCil~~
RIBBON CABLE IDPxx _.- .9 5 .95 _.- --- --- 1.75 --- 2 .95DIP PLUGS (IDC )

I TTl I
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NEW EDITION!
1986

Ie MASTER
THE INDUSTRY STANDARD

$129.95

IBM

APPLE
BARE -NOFOILPADS • • . . • • • • • . • 51S.15
HORIZONTAL BUS . • • . • • • • • . • • • • $22.7 5
SINGLE FOil PADS PER HO LE .. • • • • $2 1.8 0
FOR APPLE li e AUX SLOT • •• • • • •• • $30 .00

5-100
BARE · NO FOIL PADS • • • • • • • • • • • 515.15
HORI20NTAl BUS • • • • • • . . • • • ••• $2 1.80
VERTICAL BUS , •• • . • • • • • • • • • • • $2 1.8 0
SINGLE FOIL PADS PER HOLE • . ••• • $22. 7 5

IBM·PR 2

$49.95

$49.95

$99.95

$99.95

WIRE WRAP PROTOTYPE CARDS
FR-4 EPOXY GLASS LAMINATE

WITH GOLD-PLATED EDGE-CARD FINGERS

P100-1
P100·2
P100-3
P100·4

P500·1
P500·3
P500·4
7060 ·4 5

BOTH CARDS HAVE SILK SCREENEO LEGENDS
AND INCLUDES MOUNTING BRACKET

IBM·PR1 WITH +5V AND GROUND PLANE •••• 527 .95
IBM-PR 2 A S ABOVE WITH DECODING LAYOUT 529 .9 5

SWITCHING POWER SUPPLIES
$89.95

LITHIUM BATTERY
AS USED IN CLOCK CI RCUITSI@
3 VOLT BATTERY
BATTERY HOLDER

14 .95
14 .95
16.9 5

B1UlD YOUR OWN
Z80 COMPUTER

'* +5V@ 2SA . +12V@ 3.5A
-5V @ 1A,- 12 V @ 1A

* UL APPROVED
'*ALUMIN UM ENCLOSU RE

• USE TO POWER APPLE TYP E
SYSTEMS

'* +SV @ 4A. +12V @ 2. 5A
-5V @ .5A, ·1 2V @ .5A

• APPLE POWER CONNECTOR

• 130 WATTS
• SWITCH ON REAR
• FOR USE IN OTHER IBM

TYPE MACHINES
• 9 0 DA Y WARRANTY

PS-SPL200

PS-A

PS-130

PS-IBM-1 50

PS-IBM

ROTRON
ETR I

MASUSHITA

.69

.59
1.09
1.09.99 .. ...

.99

5.95
7 .95

10.95
7. 9 5

$34.95

•-

2 A M P
4 A M P
8 A M P
2 A M P

lC·2 2 CO ND UCTOR .39
lC·3 3 COND UCTOR .9 9
LC·HP 3 COND UCTOR WI STD

FEM ALE SOC KET 1.49

6 FOOT LINE CORDS

3.15 " sa
3.63" sa
3 .18 " sa

MUFFIN FANS

: I I---...........~
PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT
IN ASSORTED COLORS S2 7 .5 0

l 00ea : 5 .5 " , 6 .0", 6 .5" , 7 .0 "
2 50 ea: 2 .5" , 4 .5 " , 5 .0 "
SOOca : 3 .0 ", 3 .5" , 4 .0"

SPOOLS
100 feet $ 4 .30 2 5 0 fe e t $7 .2 5
500 fe ot $ 13 .2 5 1000 100t $21 .95

Please specify color:
Blue, Black, Yellow or Red

EMI FILTER $4.95
• MANUFACTUR ED @

BYCORCOM
• lOW COST
'* FITS LC·H P BELOW •
'* 6 AMP 120 / 2 40 VOLT

FRAME STYLE
TRANSFORMERS

12.6VAC CT
12 .6VAC CT
12 .6VAC CT
25 .2VAC CT

• FOR IBM PC-XT COM PA TIBLE
• 13 5 WATTS
• · SV @ 1SA . +12V @ 4.2 A PS·IBM

•
-5V @ .5A , · 12V@ .5A

• ONE YEA R WA RRA NTY

RESISTOR NETWORKS
10 PIN 9 RES ISTOR

8 PIN 7 RES ISTOR
16 PIN 8 RESISTOR
16 PIN 15 RESISTOR
14 PIN 7 RESISTOR
14 PIN 13 RESISTOR

~ .

-=.
"'."'."'....
".
~.

"'.
~.

~.

ID WR AP 24

SPECIALS ON BYPASS CAPACITORS
.01 JJf CERAMIC DISC 100/$5.00
.01 JJf MONOLITHIC 100/$10.00
.1 JJf CERAMIC DISC 100/$6.50
.1 JJf MONOLITHIC 100/$12.50

SIP
SIP
DIP
DIP
DIP
DIP_________.. BOOKSBySTEVEClARCIA

• ERASES 2 IN 10 MINUTES
...COMPACT·NO DRAWER
• THIN METAL SHUTTER

PREVENTS UV LIGHT
FROM ESCAPING

1/4WATT RESISTORS
5% CARBON FI LM ALL STANDARD VALUES

FROM 1 O HM TO 10 M EG . OHM
10 PCS samevalue .OS 100 PCS same value .02
50 PCS same value .02 5 1000 PCS same value .01S

25PIN D·SUB
GENDER

CHANGERS
$7.95

DATARASE EPROM ERASER

WISH SOLDERLESS BREADBOARDS

CAPACITORS
TANTALUM

15V .3 5 .47pf 35V .45
15V .7 0 1.0 35V .45
15V .80 2.2 35V .65
15V 1.35 4.7 35V .8 5
35V .4 0 10 3 5 V 1 .00

DISC
50V .0 5 68 0 50V .0 5
50V .05 .00 1pf 50V .05
50V .0 5 .0 0 22 50V .05
50V .0 5 .0 0 5 50V .0 5
50V .0 5 .01 50V .07
50V .0 5 .02 50V .0 7
50V .0 5 .0 5 50V .07
50V .0 5 .1 12V .10
50V .0 5 .1 50V .12

MONOLITHIC
50V .14 .1pf 50V .18
50V .15 .47pf 50V .2 5

CIRCLE 180 ON FREE INFORMATION CARD

ELECTROLYTIC
RADIAL A XIAL

25V .14 1pf 50V .14
35V .15 10 50V .16
SOV .15 22 16V .14
50V .15 47 50V .2 0
35V .18 100 3 5V .2 5
16V .18 220 2 5V .30
3 5V .2 0 470 50V .50
2 5V .3 0 1000 16V .60
16V .7 0 22 00 16V .7 0
25V 1.45 4700 16V 1.2S

SOCKET·WRAP I.D.rM
.. SLIPS OVER WIRE WRAP PINS • tV .~ ~ '-' .

.. IDENTIFIES PIN NUMBERS ON WRAP e= '1 A
SIDE OF BOARD e ZS :. ~

~~NASN WRIT:A~~:LAS~'g~~~~H A~~~~ :: u
8 IDWRAP 08 10 1.95 1_-
~ : ;g~=:;~: ~g ~ :~~ e o-
18 IDWRAP 18 5 1 .95 1· ~
20 IDWRAP 20 5 1.95 e -
22 IDWRAP 22 5 1.95 .....
24 IDWRAP 24 5 1.95 .......
28 lDWRAP 28 5 1.95 ' . _
40 IDWRA P 40 5 1.95 "'-_...... _ ::..:...

PLEASE ORDER BY NUMBER OF
PACKAGES IPCK . OF)
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MODEL 2000
MODEL 3500

MODEL
SP·1200

CAB·2SV8 VERTICAL $209.95
DUAL SLiM LINE 8" CAB INETW/PQ WER SUPPLY

CAB·2FH8 HORIZINTAL $219.95
DUAL FUll HT 8" CA BINET W / PQWER SUPPLY

51f4" FLOPPY DISK DRIVES
TEAC FD -55B \'I HTDS/OO IFOR IBM)
TEAC FD·55F \'I HTDS/ QUADIFORIBM) $124 .95
TEAC FD-55GFV \'I HTDS/HDIFORIBM An $154.95
TANDON TM1OO-2 DS/DO (FOR 18M) $99.95
TANDON TM50-2 \'I HT OS/DO (FORIBM) $89. 95
MPI-B52 DS/DO (FORIBM) $89.95
QUME QT·142 \'I HT OS/DO (FORIBM) $79.95

8" FLOPPY DISK DRIVES
FD 100-8 SS/DO (SAlBO, EOUIV)
FD 200-8 OS/DO (SAl85' R EOUIV)

CAe·2SV5 $49.95
DUAL SLlMLIN E 51J. " CABINET W / PQWER SUPPLY

* EPSON/ IBM COMPATIBLE
* 9 -WIRE PRINTHEAD

• 120 CPS-BIDIRECTIONAL.. 80 COL.
• FRICTION AND TRACTOR FEED
* PROPORTIONAL SPACING
• CENTRONICS PARALLEL INTERFACE

• 8 CHARACTER SETS AND GRAPHICS

6 FOOT IBM PRINTER CABLE

REPLACEMENT RIBB ON CARTRIDGE

DISK DRIVE ACCESSORIES
TEAC SPECIFICATION MANUAL
TEAC MA INT ENA NCE MANUAL
1fz HT MOUNTING HARDWARE
MOUNTING RA ILS FOR IBM AT
" Y" POWER CABLE FOR 51f. " FDD s
5 1;''' FOD POWER CONNECTORS

$9. 90
$34 .9 5
$49 .9 5

$27.95
$34.95

$139.95

$249.95

69Cea 59Cea
BULX OTY 50 BULK OTY 250

PARALLEL

PARALLEL

SS/DD SOFT
DS/DD SO FT

NASHUA 8"

DS /DD SO FT
DS / QUAD SOFT
DS/HD FOR AT

DISKETTES
NASHUA 51f4"

NASHUA 3.5"
3.5" SS/ DD FOR M AC $32.95

VERBATIM 51f4"

NASHUA DISKETTES DEALS
5'1..' SOFT SECTOR

DSIDD WITH HUB RINGS

$990
BOX OF 10

NASHUA DISKETTES WERE JUOGED
TO HAVE THE HIGHEST POLISH

A N D RECO RDED AMPLITUDE OF ANY
DISKETTES TESTED ACCORDING TO

"COMPARING FLOPPY DISKS" . BYTE 9 / 84

* 64 K UPGRADABLE TO 512K
* SPOOLS OUTPUT OF UP TO 3 COMPUTERS
• LED BARGRAPH DI SPLAYS AMOUNT OF

DATA IN BUFFER
* RESET FUNCTION CLEARS

DATA IN BUFFE R
* REPEAT FUNCTION CAN

PRODUCE MULTIPLE
COPIES OF A DOCUMENT

* 64K UPGRADABLE TO 256K
• LED IN DI CA TOR SHOWS VO LUME OF DATA

IN BUFFER

20MHz DUAL TRACE OSCILLOSCOPE
35MHz DUAL TRACE OSCILLOSCOPE

@fAt PRINTER BUFFERS
* FREES COMPUTER FOR OTHER TASKS

WHILE PRI NTING LONG DOCUMENTS
• STANO·ALONE DESIGN; WORKS WITH ANY

COMPUTER OR PRINTER
• AL L MOOELS FEATURE PRINT PAUSE

MEMORY CHECK. GRAPHICS CAPABILITY

SP120S RS232 SERIAL $159.95
• 64 K UPGRADABLE TO 256K
• 6 SELECTBALE BAUD RATES. FROM

600B-19.200B

SP110P

SP120P

SS/DD SOFT $23 .95
V-MD2D DS/ DD SOFT $2 9.95
V-MD110D SS /DD 10 SECTO R HA RD $23.9 5

TEST EQUIPMENT FROM .lOR INSTRUMENTS
DIGITAL MULTIMETER PEN DPM·1000 $54 95
AUTO RANGING, POLARITY AND DECIMAL! •
• LARGE 3 .5 DIGIT

DISPLAY
• DATA HOLD SWITCH

FREEZES READING
• FAST. AUDIBLE C ON

TINUITY TEST
• LOW BATTERY

INDICATOR
• OVERLOAD PROTEC·

TION

$39.95
"I

$99.95IC TEST CARD

'" DUPLICATE OR BURN ANY
STANDARD 27 xx SERIES EPROM

'" EAS Y TO USE MENU-DRIVEN
SOFTWARE IS INCLU DED

• ~7E3~~2~WJg!?~ ~9.lW7\6~8
'" HIGH SPEED WRITE ALGORITHM
'" LED INDICATORS FOR ACTIVITY
* NO EXTERNAL POWER SUPPLY

NEEDED
* ONE YEAR WARRANTY

* QUIC KLY TESTS MANY COMMON
IC.

* DISPLAYS PASS OR FAIL
* ONE YEAR WARRANTY
* TESTS: 400 0 SERIES CMOS.

74HC SERIES CMOS.
7400. 74LS. 74 L. 74H & 74S

* FULL TWO YEAR WARRANTY
* EXPAND YOUR 48K APPLE TO

64K
* USE IN PLACE OF APPLE

LANGUAGE CARD
BARE PC CARD W/ INSTRUCTIONS S9.95

300B MODEM $49.95
FOR APPLE OR IBM

INC LUDES ASC II PRO-EZ SOFTWARE

* FCC A PPROV ED
• BELL SYSTEMS 103 COMPATIBLE
* INCLUDES AC ADAPTOR
* AUTO-DIAL
• DIRECT CONNECT

CABLE FOR APPLE lie $1 4 _95

'16KRAMCARO
AP-135
$129.95

'" TEAC MECHAN ISM-DIRECT DRIVE
...100% APPLE COMPATIBLE
'" FULL ONE YEAR WARRANTY

'" 100% A PPLE lie COMPATIBLE,

~i~rll'l,,':}~1bNi~~I~IELDED
CONNECTOR

• b~~JERELIABLE SLIM LINE DIRECT

'~;S~O~~~;i~~tSORIES
FDD C O N T R O L LE R CARD S49.95
lie ADAPTOR CABLE S19.95

ADAPTS STANDARD APPLE DRIVES
FORUSE WITH APPLE lie

\)~~\\i
MAC535
$249.95

AB·3C I:i ~
$139.95 •

'" % HT. DIRECT DRIVE
...100% APPLE COMPATIBLE
'" SIX MONTH WARRANTY

'" 3 .5 " ADD-ON DISK DR IVE
'" 100% MACINTOSH COMPATABLE
• DOUBLE SIDED 800K BYTE STORAGE
'" HIGH RELIABILITY DRIVE

HAS AUTO-EJECT MECHANISM
,..FULL ONE YEAR WARRANTY

AP-150~. .
$99.95~

'" REPLACEMENT FOR APPLE II
KE YBOARD

,.,. CAPS LOCK K EY, AUTO-REPEAT
'" ONE KEY ENTRY OF BASIC

OR CP / M COMMANDS

KB-1000 $79.95
CASE WITH KEYBOA RD

FOR A PPLE TYPE MOTHERBOARD

EXTENDER CARDS
IBM-PC $45.00
IBM-AT $68.00
APPLE II , $45.00
APPLE lie $45.00
MULTIBUS $86.00

KEYBOARD-AP
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CENTER SYSTEMS
MONOCHROME
MODEL KLM·12/1

• IBM COM PATIBLE TTL INPUT
• 12· ' NON ·GLARE SCR EEN
.. P39 GREEN PHOSPHORUS
.. VERY HIGH RESOLUTION.

25 MH z BA NDWI DTH
'1 00 LINES (CENTER)

IM8EI WWIO. $10U5

$99.95
MONITOR STANDr=:::-=-__
~J

TILTS AND SWIVELS

ONLY $12.95

IBM PRINTER CABLE

.~
I ' r ' J
~.

• OB25 TO

• ~~~I~~~lg~BLE $9.95

DISK DRIVES
TANDON TM50-2

$88.85

• REPLACEMENT FOR KEYTRON ICS
KB·5151 '·

• SEPARATE CURSOR & NUMERIC
KEYPAD

• CAPS LOCK & NUMBER LOCK
INDICATORS

• IMPROVED KEYBOARD LA YOUT

• '12HT DS /DD
• IBM COMPATIBLE
• EXTREMELY QUIET!

mc FD·55B DS/DD
mc FD·55F DS/OUID
TUCFO-55G DS/HD
OUME OT-142 DS/OO
MOUNTING HIRDWlRE
IT/RIlLS

SAKATA
COMPOSITE COLD"

MODEL SC-/ OO
• TOP RATED FOR APPLE
• 13" CO M POSITE VID EO
• RESOLUTION : 280 H x 300V
• INTERNAL AUDIO AM P
• ONE YEAR WA RRANTY

IBM STYLE
COMPUTER CASE

NOW ONLY $89.95
• FOR IBM PC-XT COMPATIBLE
• 135 WATTS
• +5V @ 15A, +12V @ 4.2A

-5V @ .5A , - 12V @ .5A

• " 5 150" STYLE KEYBOARD
• FUllY IBM COMPATIBLE
• LED STATUS INDICATORS FOR CAPS &

NUMBER LOCK
.83 KEY - SAME LAYOUT AS

IBM PC/XT KEYBOARD

$49.95
IBM COMPATIBLE KEYBOARDS

DKM·2000 $79.95 IBM-5151 $99.95

AN ATTRACTIVE STEEL CASE rr.;·~!1•••••
WITH A HINGED LID FITS THE
POPULAR PC/XT COMPATIBLE

MOTHERBOARDS
• SWITCH ·CUT-OUT ON SIDE FOR PC /XT

STYLE POWER SUPPLY
• CUT ·OUT FOR 8 EXPANSION SLOTS
• ALL HARDWARE INCLUDED

LUXOR
HI-RES RGB MONITOR

MOOEL /00-95:'8
.. D IGITAL RGB ·IBM CO M PATIBLE
.. 14" SCREEN
.. 16 TRUE COLORS
.. 25 M Hz BANDWIDTH
• RESOLUTION > 64 0 x 26 2
• .31mm DOT PITCH
• CA BLE FOR IBM PC INCLUDED

$49.95

$99.95

• INTERFACES UP TO 4 STANDARD
FDD s TO IBM PC OR COMPATIBLES

• INCLUDES CABLE FOR lWO
INTERNAL DRIVES

• STANDARD DB 37 FOR EXTERNA L
DRIVES

• RUNS QUAD DENSITY DRIVES
WH EN USED WITH JFORM AT

EASYDATA 1200 BAUD MODEM FOR IBM
INCLUDES PC TALK III COMMUNICA TlONS SOFTWARE

• NEW 10 INCH CARD
• HA YES COMPATIBLE
• AUTO DIAL/ AUTO ANSWER
• A UTO RE·DIAL ON BUSY
• INCLUDES SERIAL PORT !

• ON$;WiR9~85

FLOPPY DISK DRIVE ADAPTOR

MONOCHROME ADAPTOR $49.95
ANOTHER FAN TASTIC VALUE FROM JDR!

• IBM COMPATIBLE ITL OUTPUT · 72 0 x 350 PIXEL D1PLAY
PLEASE NOTE: THIS CARD WILL NOT RUN LOTUS GRAPHICS A N D DOE S NOT INCLUDE A

PARALLEL PORT

MONOCHROME GRAPHICS CARD $119.95
FULL YCOMPA TlBLE WIIBM MON OCHROME ADAPTOR & HERCULES GRAPHI CS

_ • LOTUS COMPATIBLE
• TEXT MODE: 80 x 25
• GRAPHICS MODE: 720 x 348
• PARALLEL PRINTER INTERFACE
• OPTIONAL SERIAL PORT $ 19. 9 5

MULTIFUNCTION CARD $119.95
ALL THE FEA TURES OF ASr S 6 PACK PLUS AT HALF THE PRICE

.. CLOCK/CALENDAR
• 0·384 K RAM
• SERIAL PORT
.. PARALLEL PORT
.. GAME PORT
• SOFlWARE INCLUDED

PRINTER CABLE $9.95
64K RAM UPGRADE 9/$/ 0.71

IBM COMPATIBLE INTERFACE CARDS
ALL WITH A ONE YEAR WARRANTY

MULTI 110 FLOPPY CARD $129.95
PERFECT FOR THE 640K MOTHERBOARD

• 2 DRIVE FLOPPY DISK CONTROLLER
.. 1 RS232 SERIAL PORT ; OPTIQNAL 2nd

SERIAL PORT
.. PARAllEL PRINTER PORT
• GAME PORT
• CLOCK/CALENDAR
• SOFTWARE: CLOCK UTILITIES.

RAM DISK. SPOOLER
OPTIONAL SERIAL PORT $ /5.95

.. 4.77 MHz 8088 CPU. OPTIONAL
8087 CO· PROCESSOR

• 8 EXPANSION SLOTS
- .OK RAM INSTALLED. EXPANDABLE

TO 640K ON · BOARD MEMORY
...ALL Ie. SOCKETED·HIGHEST

QUALITY PC BOARD
.. ACCEPTS 2764 OR 27128 ROMS

$29.95

XT COMPATIBLE
MOTHERBOARD

$159.95

SEAGATE ST·225 20MB HARD DISK SYSTEM

449.00
INCLUDES HALF LENGTH HD
CONTROLLER, CABLES, MOUNT
ING HARDWARE AND INSTRUC
TIONS_ ALL DRIVES A RE PRE
TESTED AND COME WITH A ONE
YEAR WARRANTY_
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THE BUILDER'S STOREI OVER 1000 COMPONENTS IN STOCK

(5)(4)

NEW! REPLACE-A-CELLSTM
Rechargeable

Nickel-Cadmiums
The fast way to
repl ace defective
cell s in cordless
tools, appliances
and tel ephones

Now you don't have to pay sky-high prices and wait
for " exact replacement" battery packs! These new
Radio Shack ENERCELLS let you replace only the
bad cells and use the good ones. They're available
in two popular sizes and have solder tabs for easy
connection. Also great for making your own re
charg eable battery packs !

-of

(4) 12 VDC Electronic Chime. Melody
synthesizing IC and mini-speaker combo produce a
distinctive " ding-dong" output at 75 dB.
#273-071 6.95
(5) Puls inglContinuous Piezo Buzzer. Great for
alarms , vehicle backup alerts. Screwdriver terms .
90 dB output at 12 VDC, only 10 rnA. Operates 4 to
28 VDC. With panel-mount ing ring . #273-068 6.95

-

Electronics Books
(2)

(1)

(1) Sem iconductor Reference Guide. " Sub"
listing plus data on Radio Shack devices . Illus-
trated. 254 pages. #276-4009 3.99
(2) Getting Started in Electronics. By Forrest
Mims III. Easy-to-understand " hands on" intro!
Learn as you build! 128 pages . #276-5003, 2.49
(3) Timer IC Min i-Notebook. By Mims. Learn to
use 555/556 timer ICs. 32 pages . #276-5010, 99~
Op Amp Mini-Notebook. By Mims. Over 40
clever circu its using popu lar op amp ICs such as
741. #276-5011 1.49

CTS256-AL2 Text -to-Speech IC. 40-pin device
translates standard ASCII into control data for
synthesizer below . With data . #276-1786, 16.95
SP0256·AL2 Speech Synthesis IC. 28-pin
MaS LSI device uses a stored prog ram to
produ ce natural speech. With detailed data .
#276-1784 12.95

2.2 35 272-1435 .59
10 16 272-1436 .69
22 16 272-1437 .89

.001 500 272-126 .49

.005 500 272-130 .49

.01 500 272-131 .49

.05 50 272-134 .49

., 50 272-'35 .49

0.' 35 272-1432 .49
0.47 35 272-1433 .49
1.0 35 272-1434 .49

~F WVDC Cat. No. Each

220 50 272-124 .39
470 50 272-125 .39

4.7 50 272-120 .39
47 50 272-121 .39

100 50 272-123 .39

Top-Quality capacitors

4000-Series
CMOS ICS
With Pin -Out, Specs

~F WVDC Cat. No. Pkg. of 2

Description Type

Quad 2-lnput NOR Gate 4001 276-2401 .79
Quad 2-lnput NANDGale 401 1 276-2411 .79
Dual Type-D Flip Flop 4013 276-2413 1.19

DecadeCounter/Divider 4017 276-2417 1.49
Inverting Hex Buffer 4049 276-2449 .99
Quad Bilateral Switch 4066 276-2466 1.19

Tanta lums. IC pin spac in . 20% tolerance.

Hlgh-"Q " Ceramics. Moistureproof coating.
pF WVDC Cat. No. Pkg. of 2

Low 119As

Subminiature Switches

SPOT With 3/. " Lever Ac tuator. Requ ires 45
grams to operate . Rated 5 amps at 250 VAC. 3/. x
'/. x 3/a'~ #275-016 1.19

SPST PC-Mount Toggle. Rated 0.3 amp at 125
VAC. Body: 3/a x 3/a x ' /. '~ #275-645 1.49

Transient Protectors
(7)

(6)

(6) Gas Discharge Tube. Fast-response 120
VAC line-spike protector. For use when repetitive
surges are expected. #270-811 2.49
(7) Heavy-Duty MOV. Diverts AC-Iine voltage
" spikes" before they can damag e computers ,
othe r sensitive equipment. Easy to install.
#276-568 1.69

.B9

.99

1.29
1.69
1.19

EachCat. No.

276-1822
276-1805
276-1808

276-1801
276-1802

Description Type

7400-Series
TTLICs

All Include
Pin-Out, Specs

Quad 2-lnput ANDGate 7408
BCD to7-Seg. Decoder/Drive 7447
Div. by2/5BCD Counter 7490

Quad 2-lnput NANDGate 7400
Hex Inverter 7404

co
00
C1l

»
c
o
c
~

(14)

1/a-Watt

Mini printed Circuit Pots

Only 49¢

(14) "Jumbo" Illuminated
SPST. Versatile! Can be wired

g~~~"YRa~~~n5 ~t' 2g8r'V~&
Lamp requires 12volts. 5' 8" mtg.
hole. N275-678 5 .9 5

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

Sealed against noise-caus ing contaminants.

1k 271-333 .49
10k 271-335 .49
25k 271-336 .49

100k 271-338 .49

Panel Switch values
(13)

lIadl8/haeK

Each

Ohms Cat. No. Each

Resistor Kit Bargains!

~~

(1Q) Mini-Hook Clip Ad apters. Adapt probes for
testing on crowded boards . Spring-loaded for
positive conne ction . #270-334 Pair/1 .99
(11) IC Probe Adapter. Recessed design so you
of touch only one IC pin at a time . #270-335, 99~
(12) Insulated 'Gator Clips. Free hands. 2

'
/2"

long. One red, one black. #270-354, Pair /1.49

Handy Test Probe Adapters
Fit Over Test Probe Tip (12)

(10) (11)

(8) 1/.-Watt. 5% tolerance. 100-piece set in
cludes 13 popu lar standard values ranging from
10 ohms to one megohm. #271-308 . .... 2.79
(9) Precision Metal-Film. ' /. -watt , 10AJ toler
ance. 50 pieces with 12 popular stand ard values
ranging from 10 ohms to one megohm.
#271-309 2.49

.49

.59

.69

.79

Pkg. of 2

Cools Equipment
For Longer Life and
Better Performance

power Supply Diodes

This Whisper quiet fan deliv
ers up to 65 cubic feet per
minute . Features diecast
ventu ri, leads for easy
hookup. 11 watts . 4 , 1/,6 X
4"1'6 X 2' /2 '~ UL recog-
nized. #273-241 .... 14.95

120 VAC Cooling Fan

Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips,
Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multltesters, PC Boards, Plugs, Rect i
fiers, Relays , Resistors, Switches, Tools, Transformers , Transistors , Wire, Zener Diodes, more!
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11' 9,00
$) 9.95

HUS
SU U S.....,
saus
$.49.9$

$99.95

.$" ' 5
$7995

Xol00 1
X· 1000

X-1 \ 81

X· 10 12

x-l009
X· 1110

X·1 H O
)(.1506

X-1 1Ji
)(,·1122

Ford~lICIUtlr"il. 'I LEO, Mar
Inds 10 2·3 . 4 ·5 .6,20. & 15 ·
Acll udll ll .... " flerbytncloll""il d
bK k 10 trllnllT\ltung dwIce MIIeV
m.lleconnecl orco-mbonllllon

VOYAGER 1200

Loopback Tester (ClIt X-4C

Every comp uter produc t cem.
our 14 -d ay seus tsc uc

gUJfiJnt ee A'"
12-month werrtm

s1295 Interfac
EACH Test Se

Break-out Adapter IC.. t X·40

2~' • r t " • ~ . "",rln\llldlplfr. OfIe ma
ont fem llIeCC>nI'l&Clor P,nll ·2 '!>g

,ndly!dul l soc ket of lh, cenle r so

p.l n,~~'~c~=n101~:m"';;:

• . t l'oKt otf ' .. t>,t........... d ..~
t'H l wi 'I II·1Ic;l
• ;\If llW...e ",ppbed tot 8 Clld liOl
l! .p,I ,()tl ltfQr _nt"'ii lJO'lllll't tl.lCP~

• W.oglll~~'....!"'" 11~nd'

MODEM:

80 Column/64K RAI
• Doubllll memoly & d 'iplay $49C
• Fo. Apple 11• • WlIrrllnly
. 14 DlIyGUl rln l1!ll

Cat x-to:

XT Mol~'d

BIO'S- Fo' M OIn.'txt.fd

64" R..m
M OOOC'hIQme Gr~'" C-trtj
n~o..k CCltotm ll," ,

1 30 W ,llt P~t Su pp l.,.

18M ,Stytw( u Oit

» H" "ii!I\I Otsl Qn-. ..

IB'.l .cnm""ll!;lW Mono M utul Of

84 t(l"YbO-1,d

SPECIAL
DICK SMITH PACKAGE PRICE!

01111 $65917

....s

Save S t29 55 on
JndfVldv .J Paces

Double Your Di,k capoCity1(§Jl

Disk Notcher 0

Change a 55 Disk to a DS Disk

For App le S7 9com pat ible 5
sys t ems Cat X- 3 5 0 4

,...------------I DICK SMITH ELECmONICS
I ha s been selling computers SinCE

I
1977. Our experience & bUYIng
power assuresyou the best venues

I Wat ch our ads tor more gr eat
I computer c cce sson es:L.. _

Cot X·OOi O 8088 MOIhe,boll fd 1o, IBM XT $2' .' !
Co l X·OO12 Colo. gfllPh ,Cc¥d 8 0 Col x 25 'OWl $19.' !
Col X_0014 (H....culu) monoc h'ome g rlphlc & p" nte f card $ 1 '. '~

Co IX·00'2 0 5t2 I<' li m ClIfd $ 21 . '~
Co l X'OO26 Mull, lID coetrcue ClIrd $ 1 " . '~

M" nufllCt.. ,K! to' I~ IBM Xl. Solder mask ed. K re." legend lelll yO" whlr re 10 soldl
each component Comel ...nh go ld-plaled edogeclrd Ilng",r

High Quality Printed Circuit Board:

• l ow Sp....d 10·300 bp$1
F,eq ..enCYl h,h l(. Yflng

• Htgh S PHd (1 200 bp il
Phu.Sh,It K. Y"""iI

• Auto-..n$_f/Auto-d 'lIl
• Bd Syllem 10 3 ' 2 12 11. com P4'l.ble • FCC lIpprove<:l
• e.wle,n llIS lIl,, $lndOCllIOfl . HI ViI$ COrnp.llobil

CHALLENGER

Winchester Disk
Controller Card

• M,{",p">r".\.<,,b~ .<:'d
~ ,~hl"·...I,, ' " ""Ih OMA lr ~n ~I .. , C ~p" I" I , t ,

• nil t>r,..,,1r1 , ~ k BIOS ROM Wllh.",'ubot ,t
• Autum.l r't 'cl"", dU" "1l rJ.. ~ .ocC..n
• Sphl mude ~II'_$ " n" ph y. ",, 1d" . " tn

h.. ~p'" ""u l-:or hCJ ,,~ t dn ... .

Multi I/O Card
• n,...· RS2 3 1 C S.'''~I Pun

• h~,;~;,,;~:,~,:·~·~~I:::'I:.~;;:;: t\4111 29
• R,,:-,~~ ~~,:,;~~~ C~ lrr.d ~ ' 5 95

l 'lk ,um l ...t1l'fy b.Khp
• Wmt' Addpll" IW" 1 111C"''''''' ' Cal X-l 016

WIth IBM t om l""!oIJI.. ~ ,Y" I".•
• !i ' , d, ~kl'!t .. d ' ...... ~dlll"...

( ''' PI''>r I ~ t_, r1 ''W ~)

Cat X-7S 10

Cat X-1 0 l 4

1 'K
6 m $('c ,T rJ ck

10 0 m se <..
2 0 rnsec

10 0 m scc
3 00 rpm
48 TP I

40

s4495
Cat X-l 0 09

• C<> mpu. lte \/" lt'O
• ftCAJ....k lnpul

• l"?~,:~',e:':',~~,,r..,n
• 2D MHt l ·3dBJ

\/r<I""' ..mp' ..sPl"' ....

c..1 X·1130

S,m ,l.I' 10 the 84 ·key mod"I..ec-e b<;lenh.1r>cedlr~l'

the K£YTRONICS• !)1 '!> 1 100 ke-ys ",cludl! $l'?"'II l'
CUfKlf 7 numeroc kl'y pld Fe "H)fes l ED,nd,c~ro"

IOfpowi!f . cep lock & numbefloc~

• E,gon um ,c d U '9 "
Id l.. ~t"bl" h"19hl & l..cute IeI'I

. K" yboa ' d . n\lle adl....sf,om 7 t'!>dl!g f"n
• M"'ch.noc.lk.ysW1tch .....lh st "k e ..tl!

20 m,llron tc ses 80491
• l ED ,nd OC lllor Inow~ lock key SI.. llII
• Full.guaranleed
. 12 mon tk"".."anly

i00-Key Enhanced

Keyboards
84-Key

App le li e

21 6 8 BPI
1]5 I< BPS

X·750}

1 sec
6 ros ec T, ,lck

100 ms ec
20 rose c

10 0ml e..
300 rpm

48 TPI
40

S,ngle-s, de d
Do u bl.. denSllY

1 25 Ii; B...l" ~
3 125 K Byle s

• RAM &'X p.l n~">r' "'K. ~ '·1'
\rum 64 " t,, ",~ .. nlL,m
'!> 12 K b.,., "K.,,·m""1

• M.mo'.,. d oc"
64K DRAM

• N.I RAM
• S... ,tCh ....lh ' '\! 1 ",r{I",,~' .. 1),0,,..,

. ,yln 64K a..nk ~

512K RAM Card

s3795

Monochrome
Graphics Printer
Card 9
• ~eotc~~n x 25 rOW$ 511 95
• G"ptllC mode Cat X·1 0 12

720 x 348 plxel l
• PlI,lIllelp' lnte,porl
• RS 23:1CSe rloll l port lop toon. l)
• FuMy c orn p.l1lble ... .th IBM mOl'oc h,orn .

d"pl.y /prlnl. 'lind Herculugrllph ocl clfd

• s.. ~I<I , ~ t p(1 ~~lruh

. 9 ·pln D-type ,np ul
• I t OO hnes ,,,,.. ,zuuon

. lc ente ,
. 2 5 MH/ (·3d BI

\/,dl'<.l"mp ,e~I""'~"

C.-l1 X·11 3 2

IBM compatible Apple Compatible

12" Monochrome
Monitors

l ie c
6 m <,O"Cl"Tr,l,k

100 rnsec
20 mse c
100 -nse c
300 rpm
48 TPI

80
40,

X· 7506

IBM PC XT
e comp.lh l)l e ~

Donbte- sm ed
Doubre-densuv
500 I( Bvtes
625 I( 8 yll' ''

32 768 I< Byle s
4096 BVI" s
5876 BP I
250 I< BPS

Cat X-l00 S

MICROCLEAN Head Cleaning Kit
An,whndclnn"'g IYllfm lh-.lf$ 8 lrtnn mo f. s1395 RfPlllc'6.~..n I D,s ks
. f1ect.... th..n co mpel, t..... prod""ll Try lh.m
oncellnd yOuU ......." gobllC k to ...hllt yoU _ft
u.'ng Ca tX. 3 5 17 C..IX·35 tB

• '!>~ t>alfhe "ilhl ...""hUler d 'ik drive . l ow t 2 ... ..11i of powe f conlumptoon
• Stlll. of th, lIrt $Iepper motor dU"iIn • Accen um t 8S ml
• Ent>anctd I l'Iock " lIl1 l l1OC' fo r port .bl t com p..I., .. ppIOClll,on$
• On boIIfd m"roprocusor COnlr~ le<1 ope rl loon i
• S_""iI lIrm du,gned 10 Ulur. rnleg" ly oll"nlpott..bol,ty

10 Mega-Byte Hard Disk Drive

s389

MODEL

COMPATI BILITY

• Untcemaned Per MedIi!
PN Tr.1ck

• Fo rmlllt w Per Med,,)
Per Track

• Rec ord Ing oen$lly
• R.Jte of DOll;> Tr..ns ter
ACC ESS STORAGE TlM £
• Powe r-On to Re.1dyT,me
• S ,ngle Trllck Seek T,m e
• Ave rage Access T,m e
• S ett,ng Tim e
• Aver l!le LlIle nCy
ROTATIO NAL SP EED
TRACK DENS ITY
NUM BER OF TRACKS
NUMB ER OF CYLINDERS
NUM BER OF HEADS

STORAG E CAPACITY

s9995
EACH

High Quality half-heigh t dnv es for IBM compatib les & Apples.
DISK DRIVES

• 0 ",,,12 Irl re,n~I'!>'. h.,il! h.. ,qhldl. ·,1d m,,,, Ik't'lly ,I" ... .
• S uppo n . 2 "~ 1,,,"..1 lIoppy dhk <I"'f'" thfulIyh ,, 3 } . I' ''' D t l ~·".... lu' l" p h<." ,..11
• Ooubl", den~l1y "",m encud",1
. W rrle prec o-mpen,.,."on "",th ph.o\ .. kock k"'l ) d ..t ~ .. ,p .. , ." " ,

. P~ Con"01 ...,1I1"ilhledPt IIh-bu lll;lnlwIIChes
• EMl f,ltefmg • S l"~ lind s p,ke proutclIon S3995. Tllll t 2 5 d l'g r"",s
• SWI,.. ls 3 60 d"g,,,u
• M,,,,mlzu gflle lmprOWSloghlanglc Cat X - 1 1 2 8
• Con",en,enlfronl ..nd ,u,m"rkprl

Floppy Disk Drive Adapter

Till & Swivel
Power Command Center

Multi-function Card

sl1995• Fu lly IOCk",led memory
Wllh ~",ychKklKl

U p.lnd..bltlt03 841<
• On"'P lIf.11e1Pnn\lHPor1
• One RS·232C Sot" ..l lnterl~ce Pori
• On, Ru~T,me Clotk · Cll' .nd~r

Wlth8..lIe fy 8,1Ck..p

Color Graphics
Adapter Card
. Fo< ".. _M~'" s8995

TV 1' ll'Qupncy. &

~,~~~;eC=n~ ll't ~ C at X- l 0 0 7
• Supporl ~ co lo' ~nd BltW modO'S
• 40 /80 column l ~ 2'!>rQW~

• Grllph OClmodo:!
320 ~ 200 !T>IId,,,m·f'" t ulor
64 0 w200 hl·,n bllCk & ...h " ..

Joystick
for IBM

& Apple

s1995
Cat X-' 135

s3995
Cat X-10a O

ICl t X-3 5 1 1j $14 95

(ClIlX· 35131 $11 .' 5

(ClItX-3 515) $2'.95

• IBM f'CIXT comPlll,ble
• U' il' SII fN;ll bl. 1 15 /2 30VAJ:.duI I ,npu l
• O.... r1oad, l u.ga & shor1ClrC....I .. <ot ec lt OO
• Extr . low ou tput ripple & I\OIU
• Bu, It -,n EMI 1,lu" . 100 '1(,burn-In

Compatible
Motherboard

BIOS
for motherboard

(!'lOn-In f ring ing )

IBCo~.,,~C/AT $899
Mtll her~rd-

Cd (Ir w ntl forspocsl Cat X· l003

e I 6 -bl t m l( roprocn .a r 80 8 8 CPU il 4 77 MH z
• Optlon_taOS 7 soc kl t lorco-proceno '
• E~PlInd.bhtto 640 K
e S cN nni i onti rrupl 8 2 59 5149
. 8 I xPlI" " on slo15
. s. ..... powt!'con nlKtor

~,rs~lC~dXT~S~~,XT Cat X-' 001
• Onty 54 Wi lt powtt r

cons umpt Ion

• 5~' - SS/OO Soh S8cl or
48 TPI ·boxof10

• 511.' OS/DO Soft SKtor
48 TPI· So x 01 10

• 3 ~~ SS/DD Doubl e TrllCk
50001<Bylu - ee, of 10

Microsette Cassettes

Printer Cables
IBM Parallel Cable
For IBM. Apple nt, 1I1C.Full RFI & EMI I h.. ldl~

6 foot IClIt X· 3 S901 $'.95
to foot [ClItX· 35 9 1J $tt.95

IBM serial Cable
25p1nmale- male IClltX-3592) $9.' 5
25 pl n mll .. f. mlIIe IClIl X-3 5931 $9,'5

Apple MAC serial Cable
6 foo t IClIt X· 3 5 941 $7.95

Parallel Printer Interface Cable
6 fOOlIClIlX ·35 9 5j $'.95

MulU-lInk Programmable Cable
Sw' tch nloctlble lnterf.ceclIbleCO\lllr$
9 5" of R5- 2 3 2 IppllClIhOnl

12 fooc IClItX-3 5 961 $1'.95

FUJI Quality Diskettes

MlIkecompullngllluolllltrllln
Thllh"ilhqullhtymetilcopy hoklllr
>$supplied ~Ie Wllh lldtu$tIbIe
Y1ce·ltke de lkcllmp l<lrge piper
clop mllQnet l ndIWl,..llIrm.

Qu a lily 1000Sllck WIth Apple II" p l"'il1nd twO
fdd ltlOOiil c. bhts for IBM PC & App le II Move
..... nll 101ft & ng ht, top.nd bott om fH. bu ltons
and • ..,(Ollf.bUllo n ill lOP of the hand le T\/ItO
PlI'" of b utt o ns 0' iCComooll le left lind rlghl
t>and ~lIye rl

Desk Copy Holder

s1995
Cat X-3503

s89·95
Cat X-l 1 10

Why Pay Big Blue Prices~
Build your own IBM®pC/XT compatible Be SAVE



Reinatz 2
All-Band

Featu red In Hands-On .Elo<:tronJcs
Spnng 19B5 Issue

J>l'oblblyl .... most pap ule. I ,~ ol 'IfC" YIf ' bu ,11
by hobbY'll$s loe. In.'20$. Tl'Ifs c,rClJ,l wl$
de ....le'Clby J L R"Ol rl l ,n 1921 . Kll s upp l", d
_ Iii 4 co ,ls SooKHz-l ,S MHl. 1 S·3 15MHz.
3 45·8 MHl , 7.7- 19 MHz.

• l OOW RMS/ c" ;mnel 1010 a ohm, . Hum -100d B below ful[ outpu t
• F ,~ R"ponw a Hl ' 20KHl (3-d BI; 2 a Hl ' 6S KHl l-IdBl
• UI'ICond'hon lil :Ollbo hty mtc I'" lo;td • 0. 110" '00 < 0 0 1% ltyp j 0 0 03%
2 0 Hl ·20Kl-ll . Se",n,..' ty M M 2 mV la Od B $I nl M C 200uV 17SdB l
L,oe 300mV (90dBf CD 2V {94 d B)

We tbmk thrs IS the best buud-u you rself destqn av - ntebre!
Featu re for featu re, dollar for dollar, t he Ptavmes te r bk, ..•...s th e
" bIg names" (wit h the bIg price s) awa y. Electromc mput cnccnrv
handl es mov ing magnet , mov ing ccu. CD.h f-ff, VCR. cassette.
tuner, & more . So ft touch controls, de-thump. & torordal t rans
fo rmers are on ly a few of rts many features, and the step-by-step
mst rucnon manu al makes It easy to build C Sorry DICk, It doesn't
wo rk" reparr cou pon Includ ed; but If, afte r exa mmanon you
oet errmne the kn ISbeyond you r skill level, sim ply return It m-eet
fo r a full refun d).

Build Your Own
200W Mosfet
Stereo Ampl

»>

$9995
Ci t 1(;·9000

ANTIQUE RADIOS

Gel tlands- on c Kpe nence WIth 99
SPid er web COli ....,ndll'lg. $ 95
veremeter tunll'lg. e tc.
ThIS recewerrs a $u rp n' ,1'lg Ci t K.9 0 0 1
pertc rmer. Qv lH 300 h Oilve been
bu Ilt by .nltl usl lllS itou nd th e
wo rld

Unique, Handcrafted Kits Featuring
Authentic Components& Original Circuitry

Unidyne I Tube
Featured in Hands-On Electronics
Fall 1984 Issue

A $656 VALUE

$399-
Save $25 7

July & Augus t only

• wle "m(> ' ...... It h se lec tlbl e 0 . 1's. 1 $ , lOs
• Rn ol" llon (1011eC gI lI') OlHz O<l, QMHz,.lng"

l Hzon lOOW...h "w'lgll

•\~~ ;:~~6 ~19rO~Sr~010~~il~:~~~1 oK, 1 l. f'q )
• Q'IPl,;)y 9 d tgot. 0 5 · , 9 I l<jjment LEO
• P..-< ReoQ 12VDC '" 400 ....,

22011 10 VA C ltlnt fl)<~r ......th w ..11plu!jIu' N ,-Cld
C ce Us N,·ClId ' e<:h..lI rg....O un" " sll nd• •d

• S" . , 8 8 ' x 7 J ~ :3

Teletext
Decoder Kit

DSE .. D·6331 CT 11 51"""" R........'"
OS E .. DG J1S f r t'<ll,,,, n
[)SE .. D·6331 Down CU''''I'<t N
OSE" 0 ,63 21 L,_N,,, .,.. Aml~ ,f ...,
OSE .. D·6 ) 1 1 " ' , S" ' elM c ~h D ,.,l,
PSE .. W·10 16 10 l "." l I", OC l "lA

Variable
Power Supply Kit

DICK SMITH ELECTRONICS

FIRST CLASS
PRODUCTS & SERVICE

$299
Cat K-3 5t 6

from Playmaster® Hectranics Aus tretie
l"l Lll b DeSign

i:'jgu~~~\~I~~fo~:'I~~~~~~Se":;,~~
1,mml'lQ lro m O 10 1 I mp (w 'th LED 10 ",<hcl le
" cu.. . nt flrml mode··) Plus m"le""9 01 bo l"
vOhlll'.nd c urr. nl outpu l

You ' K IiI'V. I ce mp let . k,1 01 Pi n s "' elud lng US 117V AC
trllnsform • • (dlfS>gn.cl 1o. USAf plus mlt l.1 COiI seOilndI Uhl1'dwlf fl'
' og"l down \0 the lut nul &' boll A IPltClilly prt p"ed 1,lt
s.c,.."ed 1.onl Pi nm fS ,ne lud ltd lo' • • n01 opltil ioon plUI !!

C :i~k~e:;~~ OiI~1 ~:~~'::~~~~~,...
Dtd Smith Elec tron'cs pnc~ on ly 139 95 for 11 po w er
supply klr w o rt h mu ch mar c

• R.ngfl: sWltch u Ject.lble ,n 3 " ,n ll'"'S
• CouplIng AC
• Sen""",,¥"
Inpu t ....< 2!)mV , m s 10Hz " lO MH z

< 40 mV rms 10MH z · l 00 M Hz
Inp ut 8 <50 ohm .-T,," " I

e lnpu t tm!M'd.ll'lCll
Inpu t A· IM d ' 1I'l/6 0 1'l1
Input B · 50 ohm nom'n l'

• M ao,;In pu t ' 250V p-pdKh'"ng ""' 11'1
" -'lutmq

MAIL ORDERS
P.O. Box8021 Redwood City CA 94063
14 DAY MONEY-BACK GUARANTEE

Summer Stereo Satellite Special
s.a.... lIf" r\ " n. by' nSlllll.ng'l .,.o u ru tf' Th" ,s
pu"tOrMIQ! th ' SI.Ipt"'Yl lem l_ofl" ' - C<l1l
tod l y for ,nfo'

Buy you r, . bkob,the foot lW ·20 7.95c 'hl
or ,n H on ':'l'rooent 12 5 k,q W·20 7S $ 9 9 OO1

See RE MARCH

Monday - Frida y lam -6pm Pacific Tim e
In California call 1-415-368-1066

Orders only - Call Toll Free:

1-800-332-5373

T. lItl. d •• ,., lor ","",<iotI& ",," ptl il:Sl' 1'1'I1""II.o ,i14.g<f ,ll d,1t.
bel-.n Y06JIQI",.".~ (M t thlt '- In t _ kif<'. IKQt... Jl ll<t pt ot:.I .&
1"IQf1f 1t1 ""' 1I>vl:ilo h; b<lt,on lA lIl'C.",,,,..d,t;,I~· ,Il'Id

0U<'l"t;. t;UPltrb~rfoo'mltfpl":"<flg ""lt,,*<:0f'l'l\)II1I1'QftfO

ih ..... hi, lo-tM.>"d & . !IQ.......ng _ y "11~ lld{ul l>1WtlL ,f

~'~,,;~.~"tr«l-N}"~~=~4:1:';'odlH : ::: ..
• No u"" f.., . 21' butlOf'l_'''' '~~'' ...~:&~.;

Infra-Red Remo te Control Kit 34 '""'-~ s
Go_ ••",,,' Th,.,IHk llt""'Ollt'ldIfol'iit'llfdIUlliot $ 95
",63t S "-'<l " K lK' ... . 1'w~ l')IPf"I.....Jloto
~A!' t""IPt Unat ." tlCllC)l\.fI't; ."*".i.otv' Cat 1(-342 5

Cat 0- 13 15

$149

$32
Cat 1<:.3428

$7.95
Cat 1(;,3429

Transmitter
WITHCASE
1/"Ch.ldlfl pa,'11

NfW' 3 5 M Hl o sc ,l1o sc o pe o"l y S529 C,t Q.'24'

BaNery lor Iran.mlNer [not Incll $-3335$1.19

Th "''lIttll'l(t PllV' '\'OOl b.lt. ~ ...~ .... .._' 'tMl'''''"",lIlft f<f' '''I ,.,.v.t>booc-,,,.oUM _ lhi: l.p IO''bt'tt
O"j)OC ~lfllwhvn«~~I.alfQ< t"' I.""1,7} 1lH'nd'0'<I1U~N'loIhos;jtl.tw,g, ,nfl. ftdollght

:1':,~~'i'::t:.1~~=~:~:~Il~~~=~~';~=~'A~::~I~~~~r:d:~I:
1~"""' (lr Qf/~ INt IOQ""" " d<tl«t.d . T""OPi.~tonlllet'COftnoldI""' '''CO'nI''9m''''. hf>' IOI 3 .
!I"'-ou t-'t tQl;~fl ' ''''' con lact ..,."", '$ u~of:s-a."'lI.1 0"",sJlNd JO,t " $VO ,- bIItlot Il'IOlt
~ ..ppl..tll(;"Ot""" j;Qm. i'l..t. t.& ...t CQ"'(h l_'le"' boe' eOl\llolW 1'h" .W~'l lllG "Mu.l~
... ou .. (lf·t~W..,. If""(.,,,"O... 6Ingeor" 'I"' II'Ir~"~flt w.I.,('"'I....of~tblf~nTX
It'd"'x. eOtmQldoi. laneH 1,11\\0 4 0· ... po n 'biIIf:{£IfoeIItl;.I t1iloH.:SlfonghghtOi Rt "V "'I' f'tI'y"flKI ttl •
......t_l'Itg.ho-hl)nt·~ofltJ.IttK_. b<"t.....ltundtor __I. ~CIt'4.hO.,J. th • •nl.m....l~.11i·....~...·"·-I Receiver

WITH CASE
ltlel~'ltIH"f'Qftt
'H. ~l ,," lM rts.
-'\dlvtd_...

Remote
Control
at your
Fingertips!

Don't get out of bed to turn off the TV!
Don't stumble in the dark
looking for the lamp.
Build these Infra -Red Transmitter/Receiver
kits Instead!

MHz Single Trace

~~Kc?'~.~ !,?~,~,~,~.~ S169
Om BV/ d '.. ,11Qnhonlont fl nnlilUV'ty C.l o. 1 2 8 0
'1It,,, .l o r ltKle ' n.1l l yne
n blll "'pen.. 106 5 MHl
ol,d :Oll le ltlee:tron,cs lor ln l w" ""ulV lowdn ft

t: 1 ~1~1if--__-"
po-~~I Photo-Etch'" PCB Kit s3495

~
o-.yWt -PtQffl~~OICl>fI c.t H-5100
~I • 1M ~.t eonla.nto #II "'*'U n it.,.
d'lltm,UI~· U..~_.li Ol.,o.,. OYVtl

. 1 :tM1""Oo't;at'dlht' pll...,t~ 'M' N'O~ j).' Q«l'UO ""' kIf ,t pho1o- ~:~:-c.a~~:::=~~.~r~,d.~ &'

"tlt'Wes, S- ~ 6 · '1l~f,."",. !"oI.·k+Ii'lIlm. I."" p.-«."""iPKk. ....liloli\oHt... .4 0-1.
lO"l ..... KI>~ .kh . ..'.L 1601'''' S1d....~.btffll cQPN,bl:lI!.lh. dl'locoN.f>l'It~,tt..,
cl\ltll l : l . ...S1 P1ort"'"I & I.p"$.~Iii'n"r"""I-.1

Expolure Ught 111v BuI>"ltqutftdfOr'l>ghl ..n.,flve.~"" , 5·390 S $11.95

riSIT OUR RETAIL CENTERS!
Now Open in L.A.!

e als o carry a la rge range of resistor s, capacitors, semic onductors and hardware for the electron ics ent husiast & protessione t

BERKELEY: 2474 Shattuck Ave (415) 486-0755
' WOO D CITY: 390 Convention Way (4 15)368-8844

SAN JOSE: 4980 Stevens Creek Blvd . (408)241- 2266
.OS ANGelES: 1830 Westwood Blvd . (21 3)4 74-0626
HEAD OFFICE: 390 Convention Way, Redwood City, CA 94063

CIRCLE 95 ON FREE INFORMATION CARD

IIERYTHING FOR THE ELECTRONICS ENTHUSIAST

"-TTT
IA 10 ELECTRONICS Reader's Special

1.2 GHz Frequency Counter
Re g $ 19 9

· $75 Freight anywh ere in Co ntinenta l USA July a: Aug ust
~--I:IYjMII+- --------------.

~ITH
:LECTRONICS



J ·800·344·4539
RAT ION AK, Puerto Rico - 218-681-6674 Tel e x - 82827914 TWX - 9103508982 DIGI KEY CORP

l,~ ?~= :..j 'l!\I ' ;~f1 ' '"" I:: ..~~!~:: ;, ::;: "~~,~;,'::. ':~:~ J"~'~"~::' "". :,1 :~v l'~:" : ;;;'::,,<~:~<~,~ ..,,;,,~' '~~~,:'>~~~~ ':;;:l':':..: ~,,:,,~l~~;:::: ~,.;.:~;':"~I: : SERVICE CHARGES VOLUME DISCOUNT
"'" 1< /" , I" , .. , .' IJl j" ,1' .. ", • ""'~"" I'~ U ':) A (, olol.J.. "ll " ', . <I ......... ,h< • 0< ....QO~ . Uf,'< ... ,Uf' p,,, ,,,,"0"" 0 0<)0 lI. t)o t>Ol .1Jlo~ ....dc'<. ... ,n...,., 1r>e(."' ,1..... nl .. . US 4 1.n k. • 000-' 9.99 • • •• • • • •Ad d '2.00 • 0 00-. 99 99• • • • . • • • • • • NET

.... ...~ to.. "' . ...-" ,.l. . • 1000-' 2500 •• • • . • • •Add .O.15 • 1oo.00-. 249 99 •....• . L. ss10%
WHEN ORDERING BY PHONE CAll I BOO lU 4SJ9 lAM ull 21B6Bl 66141 BY MAll SEND YOURORDERTO DlCI KEY PO Bu 611. Hut t RlVer h il i . MN 56101 , 25 00"9.99 . • • •• • • •Add ' 0 50 • 250.00-$499 .99 • .•. . . •L. ss 15'1•

• ,": ,,~~ I:"; : '" " : • ":: "." ':'." , .j-. ~ '-'." , '- ~l Up::g::;~~~~~~~':~f4 ;cl/;~~~~;:,~~;;;,';;E"-.,,,j I,,,,,, 0 ..) ..~ ""'II"~" !01"'dttt'<I'.~ ...OOO<-,~pUCedO( '~und :l~O: ~~'~~. : : : : : : : N~d~h'aOr';: :1=~~~:~ ·..:·:. t::: ~g::

" .. 1_lI o!_~"'7Sl(Q .
(_ low1_.1

1I.. 3 -.tl ol _ l00Ch o 1 ()I(D . . .....•• __ 1

~T___ II_ -«l"C .. . 1II"C

c--.,."- 0 01..F .. lC\. F
T_ C--..ot 6cl co t 2 5'__c--.,.T_ ::1: 5..

~r-._.1:1 ~

...........~u..(a' lo:::lIlMO ..f
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. ... $55.00
.. . $23.90/ $19.88

. $65.00
.. . . . ...... . . .. .. . . .. $75.00

T his am p lif ier co ns ists of t h ree supe r low TIM d iff erenti al
sta ges , and Hit ach i 2SJ4 912SK 134 m atch pa ir " M OS FET" as
output comp on ent w hos e fre q uency respo nse and t rans ient
response is supe r ior to t he ot he r pow er t ra nsisto r. Th er efo re
t hi s am plifier h as high -fi del ity and su pe r io r an alytic po w er
ove r t he en t ire Audi o Spe ct ru m . It is sui tabl e fo r repr odu cing
cl assic and m o dern m usic. Heavy Duty He at Sink w it h 28
rad ial fin s is incl uded !
Ki t ..
M et al Cabinet/X'Former (Opti on al)

As a resu lt o f the advanced techno logy, this unit can control
va rio us colorfu l lig ht bu lbs. the visua l eff ect ot wh ich is most
su itab le in plac es lik e party , d isco , el ectr o nic g ame cent re and
also in ligh tin g s fo r advertis em ent . Total output power is
3000W (l OOOW Ch.1wh ich means t hat it can contro l 30 p iece s
of 100W o r 600 pieces of 5W co lo r l ig ht which is en o ugh fo r
most usag es.

Kit.
A ss. w it h t est ed

. -... ,..-)-

-"".. - - - - --- -
- -- --- -

TA-2400A ELECTRONIC ECHO AND
REVERBERATION AMPLIFIER

. -- ,--- ,-
- _. .. .

This u nit co m bi nes th e most adva nced V.L.S .1. techni q ue
with hi gh Qual ity Ja pa n m ade co m po nents . It has t he
f oll owing FEAT URES:
It can ge ne rate v ar iou s reflec t io n and reverberation eff ects as
t ho se oc cu rin g in v alleys and m usic halls. It has 3 speci al
effect co ntro ls wh ic h incl ud e reve rberat io n co nt rol, delay
co nt ro l and d ept h con t ro l. Sp eci al eff ect can be ma de in yo u r
recor d tape s by sui ng thi s m ode l. A ll kind s of inf ield so und
effect can be ob t aine d by ski lf u l use of t his co nt ro l. It has LED
d isp lay to show reflecti o n and reve rbe ratio n.
Ass. w it h t est ed $99.85

.. . . . $4 9.85
.. $23 .90/ $22 .00

Kit , . " , . , . , . . ..
M et al Cabinet / X 'Former (Optional)

TA-1 500 100W + 100W NEW CLASS 'A ' DC
STEREO PRE-MA IN AMPLIFIER

I
NOT A KIT!

NEW FOR 86'

• $25. 00

Mod el No. Descnpnon Kit /A ssemb led Uni t Pnce Mode l No. Descnp non Kit /A ssembled Unit Pri ce

TA - D01 1W Mi ni Am plif ier Krt $3 .90 TR - 355 A, B 3-5A R EGU LAT ED DC POWER SUPPLY K" $10.68
T A - 00 6 6W Mi ni A mpl ifi er K" $4 .9 2 T R- 503 0-50vr3A POWE R SU PPLY W ITH SHOR T CIRCU IT BREA "
TA- 00 7 12W St ereo Power Booster Krt $8.00 & OV ERLOA D PROT ECTO R K" $12.30
T A- 00 8 ACIO C SHOU LD ER AMP LI F IER Au $48 .00 TR -100 0-15V 2A REGULA TED DC POWER SUPPLY Au $69 .50
TA- 1O STER EO PRE-A MPLIF IER WITH MAGN ET IC M IC A MP K" $6.00 K" $59.50
TA - 50 A, B M U LT I-PURPOSE M ELOD Y GENERA TOR K" $10 .76 TY -1A M K4 BA TTE RY F LUOPESCEN'T LI GH T K,t $3 .99
TA-1 20 PUR E CLA SS "A" MA IN POWER AMP LI F IER Krt $25.00 T Y- 7 EL ECTRO NIC TOUCH SWITC H K" $5.50
TA - 202 20W AC /DC ST ER EO A MPLI FIE R Au $60 .00 TY - 11A MU LT I-FUNC TIO NA L CONT RO L R ELA Y K" $3 .99
TA-300 30W Mult i·Purp ose Smgle Channel Am p. K" $1 1.07 T Y- 12A DIG ITAL CLOCK WITH TWO T IM ER K,t $13 .86
TA - 302 60W St ereo Pow er Booster K,t $50 .00 T Y- 13 COLOR L ED V U M ET ER K,t $17.50

Au $60 .00 TY - 14 ELECTRO N IC SHOCK K,t $3 .00
TA - 323A HIgh Qualit y 30W+30W Stereo Am plif ier K,t $24 .60 T Y-1 8 HI GH PREC ISION SOUN D CONTRO L SWIT CH Krt $7.68
TA - 322i 60 W IC Stereo Pre·Amphf ller & Pow er Amp li fier Kit $29 .50 T Y- 2Q SUPER SENS IT IVE AU DIO LEVEL IN DICATOR K,t $19.50
TA - 400 40W TRAN Si STORI ZE D MONO-A MPLIF IER K,t $13 .84 TY -23 B COLOR LI GHT CONTRO L L ER K" $6 5.00
T A- 477 120W MOS FET POWER AM PLI FIER K,t $55.00 Au $75 .00
TA- BOO 160 W DC LOW TI M PRE·A MP LIFIER & POW ER AM P. K" $49.85 TY-25 SPEAK ER PROTECTOR K,t $9.50
TA- 802 160W PURE DC ST. POWER AM P. W ,SPK. PROTECTOR K" $39 .95 T Y - 35 FM WIR EL ESS M ICROPHON E K" $7 .68
TA-820A 120W OCL DC PR E-MA IN & STERE O AMPLI FIER Kn $43 ,00 TY -36 AC/OC QUA RTZ D IG ITA L CLOCK K" $16 .92
TA-1 000 A 100W DY NAMI C CLASS " A" MA IN POWER A MP (MO"NO) K" $45.50 T Y- 38 SOUN D OR T OUCH CONTROL SWIT CH K it $10 .00
TA-1500 20 0W NEW CLA SS"A " DC STEREO PRE·MAIN AM P K' t $67.00 T Y- 41 MK II I INFR A R ED R EMOT E CONTRO L UN IT Krt $25.00
TA - 2400A EL ECTRON IC ECHO A N D RE V ERB ERAT ION AM P Au $99 .85 Au $30 .00
TA - 2500 HIGH~UALITY MU LT I·PURPOSE PR E·AM PLI F IER Au $82 ,00 T Y- 42 BAR/O OT LEV EL M ETER Krr $21.00
TA - 2200 DC FET SUPER CLASS " A" PR E-AMP lI F I E ~ K,t $38.00 T Y - 45 BAR/DOT AU DIO L EVE L D ISPLA Y K,t $34 .95
TA-2800 N F·CR BI-FET PR E·AM P (WITH 3WAY TONE CONTRO Ll K,t $36 .80 TY-47 SUPER IOR EL ECTR ON IC ROULETTE K,t $16 .92
TA-3000 ST ER EO SIMU LA T OR Au $30 .00 YAMATO 400 1 3?hD IGIT A L MU LT IM ET ER @SET $33 .80

K,t $25 .00 T l LCD THE.RMOMETER CLOCI(W/IN &: OUT DOOR SENSOR @SET $20 .00
SM-43 3 112 M U LT I-FU NCTIO NA L L ED D.P.M . K,t $29.23 T2 LCD THERMOMETER CLOCKW/F- &: C· MEASURING @ISET $18.00

Au $3 5 .00 850' TA LKING CLOCK MYNAH (GOLDEN OR BLACK) @SET $25.00
$M-48 41 /2 HI -PR ECISI ON D.P.M . K,t $38.00 NO. 620 CORD LESS SOLD ERING IRON RECHARG EA BL E @SET $22.80

Au $43 .00
Au $99 .00
K,t $28 .00

TALKING CLOCK

~
1. Talk: push button for voice announcement of time.
2. Read out: tw elve hours system display for hour, minute. second lby colon

flash!. AM &.PM.
3, Display: three display modes of t ime, ..tarm t ime &:date
4, AI..rm : on off SWitch with thirty seconds voice alarm.
5. Snooze: reminder voice ala rmuf thirt v seconds lIftcr4 minutes of first voice

alarm .
6 . Volum e: IWOlevel of vcrce output.
7. Language available: Engli sh, Mandarin .

Mynah SS04 .
~ I e : lOMe

Output voltage is adjustab le fr om 0-15V DC. two curren t
l im it range are available fo r select ion : 200mA or 2A.
An elaborated protect ion system is specially des ig ned. a
'BB' sound and a sparkle light w il l appear w hen th e outp ut is
ove rlo ade d or sho rt -ci rcuit.
High stabili ty and reliable result ing fr om employing hi gh
qua lity vo ltag e regulat e IC.
Possessing king size meter makes the read ing 01v0 ltage and
current more clea rly and accuracy.
A ref ined case, meter and all accessor y are enclosed for bo th
kit and assemb ly for m. Mo st sui table for facto ry, protes 
slo nel-or even am ateur .

CALL OR WRITE FOR A FREE CATALOG - OVER 60 HOT & WELL-QUALIFIED ITEMS FOR YOUR SELECTION !

T he YAM ATO 400 1 is a 31;'2 DIGIT COM PACT DIGITAL
MU LTIM ETER , it emp loy s FE type LCD, with larg e figures. Its
ADVANTAGES: Hig h acc u racy in measu rin g . Hi g h im p edance
assures min. measuri ng erro r. One rotary sw itc h allo w s fa st &
con v en ien t o pe rati o n. 26 m easur em e nt nmge enable w id er
applicatio n. Ove r-i npu t ind ic at ion & low batt ery life appears o n
di splay , LSI-ci rcuit use pr ov ides hig h reli ab il ity and du ra bi lity .
Me asurement po ssi ble eve n under st ro ng magnet ic fie ld.
Not a KIT, as sem b led with t est ed , . • . . $33 .80

TR-l00 0-15V 2A REGU LATED DC POWER SUPPLY

T he most per fe ct h and y , lig htweight so ldering i ron fo r Wo rk
shop, Home, Hobby & Ou td o o r w o rk .
Inclu de s U L app roval cha rge r & cl ean in g sponge.
W ith bui ld-in so lde r po int i llu m ina tion.
Each set . , . ..•• , , . . . . . . . . . . . . . . . . . . . . . . . . . . $22.80

_~I~I OI C ~

Kit . . . . $59.50
Ass. wi t h test ed . $69.5 0
~1~ I O I~

CORDLESS SOLDERING IRON
RECHARGEABLE ~



74 Foo .... .. .. . .. . .59 74 F139 . . . . . . . 129
74 F04.. .. .65 74F157 129
74 FOB 59 74F193 4.95
74Fl0. .. .. . . . . . . . . . .59 74 F240 2.49
74 F32 .. .. .. .. .. .65 74F244 2.49
74F74.. .. .. .. .. .69 74F253 1.79
74 FB6.. . .89 74 F373. . ... . .. 2.95
74 F138 1.19 74F374 2.95

74ALSOO. . . .35 74ALS138 . .89
74A LS0 2 35 74A LS17 4 .89
74A LS04 39 74ALS 175.. .. .. .. . .89
74ALSOB 35 74ALS24O 1.79
74ALS10. . . . . .35 74ALS244 1.79
74ALS27 . .. . .. .. . . .39 74ALS245 2.49
74ALS30 .. .. .. .35 74ALS373 1.95
74ALS32. . . . . . . .39 74ALS374 1.95
74ALS74.. . . . . . . . .55 74ALS573 1.95

C0 4OO1 19 C04OB 1.. 25
C040".. .19 C04OB2 .. .. ... .. .. .25
C04013 .. .. .. .. . .35 C04093.. .. .. .. .. .39
C04016.. . .29 C04094 1.49
C04017.. .49 C040103 2.95
C04018.. .. .. .. .. . .69 C04503.. ...... .. ...49
C0402O.. .. . .. .. .. .59 C04510.. .. .. .. .69
C04024.. .. .. .. . .49 C04511 .. .. .. .. .69
C04027.. .39 C04515. . . 1.39
C04030 39 C0451 8. 79
C04040 .. .. . .. . . .65 C04520.. . . . . . . .. .. .79
C04049.. .. .. .. .. .. .29 C04522 .. .. .. .. .... .79
C0405O.. . . . .. .. 29 C04538 .. .. .. .. .. .89
C04051.. ... .. .65 C0454 1.. .. .. .. .89
C04052.. .. .. .. .. .65 C04543.. .. .. .. .99
C04053.. .. . .65 C04553 4.95
C04059.. .. ... .. .. 3.49 C04555.. .. .. .. .. .. .89
C04060.. .. .. .. .89 C04566 1.95
C04066 .. .. .. . 29 C045B3 1.19
C04069 .. .. .. .. .25 C045B4.. .. .. .. .59
C04070 .29 C04585 75
C04071 .. . . . .25 MCl441, 9.95
C04072.. . .. .. .. .25 MC14490P.. .. 4.49
C04076.. .89 MC14572.. . . . . .89

Part No. Price Part No. Price

SN74ooN 19 SN74B5N 55
SN7402N .. .19 SN74B6N.. .35
SN7 404 N.. .. .. . . .. . .25 SN7 489 N.. .. .. .. . 1.95
SN7405N.. .. .. .. .29 SN749ON.. .. ...... . .39
SN7 406N.. . .. .. . .. . .29 SN7493N.. . . . . . . .. .35
SN7407N .. . . . .29 SN74121 N 29
SN74OBN.. . 25 SN74123N.. .. .. .49
SN741ON 19 SN74125N 45
SN7414N.. . .45 SN74126N.. .. .. .49
SN7416N 35 SN74143N 3.95
SN7417N...... .. . .35 SN74 15ON 129
SN742ON 19 SN74154N 125
SN7430N 19 SN7415BN 1.39
SN7432N 29 SN74173N 75
SN743BN 29 SN741 74N .59
SN7442N .45 SN741 75N 59
SN7445N.. .. .. .. .. . .69 SN 741 76N .. .. . .. .89
SN7446N 79 SN74181N 1.95
SN7447N 79 SN74 189 N 1.95
SN7448N 79 SN74193N.. .. .69
SN7472N .39 SN7419BN 1.35
SN7473N 35 SN74221 N.. . . . .89
SN7474N. . .35 SN74 273N 1.95
SN7475N.. .. . .. 39 SN7 4365N 59
SN7476N 35 SN7 43 67N 59

I

I74C-CMOS

SATELLITE TV
DESCRAMBL E R

74COO. .29 74C 174 .
74C02 29 74C175 .
74C04 . . .25 74C221. . 1.
74 C08 . .35 740240 1.
74Cl 0 29 74C244 1.
74C1 4. .49 740373 1.
74032 35 740374.. .. . . .. 1.
74C74.. . .49 740912 7
74CB5 1.19 740915.. ... 1.
74CB6. .29 740920 9
74CB9.. . .. 3.95 740921...... .. 9
74C90. . .. .. .. . .B9 740922 3
740154 2.95 740923 3
74C173.. .... .. . .89 740925 4

~ LIN EAR I
DSOO26CN 1.69 LM399H. 3
TL074ON.. .. . . . . .79 TL497AC N 2
TLOB4CN 1.09 NE540H (C54OH) 2
LM307CN.. . .. .. .45 NE555V ..
lM309K 1.25 XR-L555 .
LM311CN...... .45 LM556N ..
LM317T.. .. .. .. .99 NE55BN 1
LM31BCN 1.19 LM565N. . ..
LM3 19N 1.19 LM 567V ..
LM320~5 1.35 NE592 N ..
LM320T-5.. .. .. .. . .59 LM 74 1CN ..
LM 323K 4.49 LM 747N .
LM 324N .. .. .. . .39 LM145BCN .. .. .
LM 33 8K 3.95 LM 1488N ..
LM 33 9N. . . . .49 LM1489N. . .
LM340~5 1.35 LM 1496N .
LM34OK-12 1.35 LM1871N 1
LM34OK-15. . 1.35 LM 1872N ..
LM34OT-5.. .. .. .. . .49 LM 1896N.. . .. 1
LM340T-12 .. .. .. . .49 ULN2003A. ..
LM34OT- 15.. .. .. .. .49 XR2206 :;
LF347N. . . . . . . . . . .99 XR2207 :;;
LM348N 69 XR22 11 :;;:
LF351 N . .. .. .. .. . .49 LM 2907N 1
LF353N.. .. .. .. .. .. .59 LM2917N (8 pin) 1
LF355N.. .. .. . . .89 LM3900N ..
LF356 N.. .. .. .. .. .89 LM390SCN.. . .. 1
LM 358N.. .. .. .. .. .49 LM3909N ..
LM36ON 2.19 LM 391 4N 1
lM361N. .. . 1.59 LM3916N ..
LM3BOCN 1.09 NE5532 ..
LM3B6N-3.. .. .. .. .89 NE5534 .
LM387N. . . . .99 75477..
LM393N. . . . .. .. .45 76477 ..

,7 4 H C HI-SPEED C MOS
74 HCOO 35 74 HC 175 .. .. .1
74H C0 2. . . . .39 74 HC221. . . . .. 1.!
74HC04 . . . .39 74HC240. . . . . . . . . 1.:
74 HCOB.. . . . . . .. . . .39 74HC244 1.•
74HC10.. . .. . . .39 74HC245. .. 1.'
74 HC 14.. . .. . .. . .59 74HC253 .
74H030.. .39 74HC259. .. .. .. .. 1.
74 H032. . . . . . . . . . .45 74 H0273. . . . 1.'
74HC74. . .45 74H0373. . 1.·
74HC75 69 74 H0374 1.·
74 HC76.. .. .. .. .. . .69 74 H0393.. . .. 1.
74HCB5 1.19 74HC595 1._
74 HCB6.. . . . . . . .59 74 HC6BB. 1.'
74 HC123 1.19 74HC4040.. . . t .
74HC125. . .99 74HC4049. . . .
74HC132 79 74HC405O ..
74 HC138. . . . .79 74HC4060. . . . .. . 1.
74HC139.. . . .. . .79 74HC4 511 1.'
74 HC l54 1.95 74HC4514 2:
74HCl 63 .. .. . .. .89 74HC4538 1:
74HC174.... .. .89 74 HC4543 2:

The MM5321 is a TV camera sync generator designed 1
supply the basic sync functions for either color or mone
chrome525 line/60 Hz interfacedandcameravideoreco rds
applications. COLORBURSTGATE& SYNC

ALLOW STABLE COLOR OI'E RATION

MM5321. $9.9!

I DIG.TALKER'" I
DT1050 - App/ k:otions: Teachin g oids, opp llance
ck>cks, automotive,t~mmuntcattons. lIInguage transl;
tiona, etc.The OTl050 isa standard DIGITALKER kitencode
with 137 separateand usefulwords, 2 tones. and 5 differel
silence durations.The words and tones have been aesiqne
discrete addresses, making it possible tooutputsingle wore
or wordsconcatenated intophrases or even sentences.Tt
"voice" output of the on 050 isa highlyintelligible malevole
The DTl0SOconsistsof. Speech Processor Chip, MM541(
(4o.pin) end two (2) Speech ROMs MM52164SSRl ar
MM52164SSR2 (24-pin) along with a Master Word list and
recommended schematic diagram on the applicaUon she4
PlIrt No. Description Pri<

DT1 050 Digitoll....~ $24.9!
MM54104 ProceslOrChip $12.9 !
DT1 057 " Expands the DT1 0SO vocabularyfrom1,
words to over 250 words. Includes two (2) ROMs and spec

DT1057. $11.9,
I INTERSIL I
PlIrt No. Price PlIrt No. Pril
FE02 020 12.95 7207 AEVIKit 8.'
FE02 03 0 .. .. .. 12.95 72111PL (ITL) 7£
7106CPL 8.95 72 11M IPL (Micro) 8.~

7106EV/ Kil . . .. 46.95 72 17 LJI 10.f
7107CPL 8.95 7217AlP! 8.~

7 107EV/Kit. . . . . . 46.95 7224IPL 10.£
720 7ArPa 5.95 7226A EVI Kit 99.~

I

Price
DYNAMIC RAMS

6500/6800 /68000 Cont.
PartNo. Price
6843 9.95
6845 4.95
6850.... .. . 1.95
68 52.. .. . .. 4.75
6BOOOLB 9.95
68661 8.95

8000 SERIES
8031 .. . .. .. 6.95
BOC31BH. 19.95
8035 1.95
B073N.. .. .. 29.95
BOBOA. 3.95
BOB5A. 2.75
8086 8.95
8086-2 10.95
BOB7(5M Hz) 129.95
BOB7-2 (8M Hz) 159 .95
8068 7.95
806B-2.. .. .. .. 9 .95
8116 8.95
8 155 2.75
8 155-2 .. 3.95
81 56 2.75
8202 9.95
8203 24 .95
82 12 1.95
822 4.. . .. 2.25
8228.. .. . .. .3.49

2048 x 8
1024 xl
1024 x 1
1024 x 4
1024 x 4
10 24 x 4
1024 x 4
1024 x 4
1024 x 4
256x4
2048x 8
2048xB
8 192 x B
8 192 x 8
8192 x 8
6192x8
1024 x 4

Function
16,384 x 1
131 ,072 x l
65,536 x 1
65.536 x 1
16,384 x 4
4096 x 1
16.384 x t
262,144 x t
65 .536 x 4

4116N-15
4 128
4 164N-150
4164N-200
TMS4416- 12
MM5280
8118
41256-150
50464-15

TMM2016-12
2102
2 102-2L
2 114N
2 114N-L
21 14N-2
21 14N-2L
21C 14
2149
5101
HM 61 16P-3
HM6 116LP-3
HM 6264 P-12
HM 6264 LP-12
HM6264 P-15
HM6264LP-l 5
65 14

Part No.

MICROPROCESSOR COMPONENTS
MICROPROCESSOR CHIPS
Part No. Price

D765AC 4.95
COPl 80 2CE 6.95
2661-3 6.95
180. 180A,1808. SERIES
ZBO. .. . .. .. . .. . 1.75
zeo-CTC.. .. . .. . 1.79
zeo-DART. . . . . 4.95
zeo-P10. . . . . . . 1.79
zeoA. 1.85
zeoA-CTC. .. . 1.89
zeoA-DA RT 525
zeoA-P10 1.95
zeoA-SIOI O. . . 525
zeoB 3.95
zeoB-CTC. . . . 4.95
zeoB-P10 4.95
6500/680D/68000 SER.
6502 2.75
6520.. .. .. . .. .. 2.95
6522.. .. .. . 4.95
6532.. .. .. .. . 6.49
6551 6.95
6600 1.95
6802 4.95
6810 1.95
682 1 1.95
6840 6.75

!fJ:.' MOTOROLA MC68701-Microcomputerwith EPROM
'CY The M C68701 is an 8-bit single chip m icrocomputer unit (MPlJ)

wh ich stgnificantty enhances the capabilities of the M C6800
fami lyof parts. O n-ch ip resources include 2048 bytes of EPRO M .
128 bytes of RAM,Serial Co m m unication s Interface (SCI), paral
le l va ,and a three func tion Programmable Timer.

MC68701. $24 .95

I CUSTOM COMMODORE CHIPS I
For VIC-20, C-64 and C-128 Personal Computers

Part No. Price Part No. Price Part No. Prtce

' 6510CPU *-* 9.95 ' 6560VIC·1 _ 14.95 825100PlA~ 19.95
' 6525TP1 _ 9.95 ' 6567VIC-II#.9S- 19.95 '8 701 ClockChip 19.95
' 6526CIA 4&.9 5- 14.95 ' 8721 9.95
·5pecs.Iwo;lablefi S1.SO.. . ' 65815 10 ~ 19.95 NOTE: 825100= U17 (C-64)

I

I

I

I

I

74F

74LS

7400

74ALS

CD-CMOS

74 LSoo. .. .19 74LS1 65. . . . . .79
74LS02.. .19 74LSl 66.. .. .. .. . .89
74LS04.. .. .. .25 74LS173. .49
74LS0 5 25 74 LS 174 . . . . .. .. .. .39
74LS06 99 74LS175 .39
74LS07 99 74LS189 3.95
74LSOB.. . .19 74LS191 .49
74LS10 19 74LSl93 69
74LS14 39 74LS221 59
74 LS27 25 74LS240 69
74LS30 19 74LS243 69
74LS32 25 74LS244 69
74LS42 39 74LS245. . . 79
74LS47 89 74LS259 1.19
74LS73 . . 35 74 LS273 79
74 LS74 . .. 25 74LS279 39
74LS75 29 74LS322 2.95
74LS76 . . . .. .29 74LS365. . ... . .... ..39
74L5B5. . .49 74LS3 66 . . . . . . . .39
74LSB6. . . . . . .25 74LS367. . . . . . . .39
74 LS90 . . . .39 74LS368 . . . . . . .39
74LS93. . . .39 74LS373... .79
74LS 123. . .. . . . .. .49 74L537 4. . ... .... . .79
74LS1 25.. . . . . . . . .39 74LS3 93.. .. .... .. .79
74 LS l38 39 74LS590.. . . .. 5.95
74LS 139.. .39 74LS624 1.95
74 LS l54 1.49 74LS629 2.49
74LS 157 . . . .. .. . .. .35 74LS640 99
74LS158 . .35 74 LS645 99
74 LS l63 .49 74 LS670. . . . . . . . . . .99
74 LSl64 .49 74LS6BB 1.95

t

I

PARTIAL LISTING· OVER 4000 COMPONENTS AND ACCESSORIES IN STOCKI • CALL FOR QUANTITY DISCOUNTS
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IBMJll COMPATIBLE
ACCESSORIES

FD558 'teec 5'" OS "' -He;ght• • .• • • . $119.95
SA455 Shugart5'" OS "' ·Height• •• .• $139.95
TM1 00-2 Tandon 5'1, ' OS Full-He;ght. . . . $139.95

JMR 5 1/4" DISK DRIVE ENCLOSURES
Com plete with power sup ply, swrtch,

power cord , tu sehold er and connectors.

ODE-1FH•.. . . . . .. . ..... .. , .. • $69.95
Hou ses 1 Full-H eight 5"- " Flopp y Drive.

ODE-2HH.. . . • .. .. ...• .. • . .. .. $79.95
Hou ses 2 Half-Height 5\. · Floppy Drives - Vertical

HOOE -1FH $199.95
Houses 1 Hard Disk Drive

• Identical layo ut as origi nal IBM PC Keybo ard • Highly
desi rable case with palm rest · Complete with cable and data
• JUST PLUGIN!

KB83.••••••••• • • • ••• •••. $49.95

Build an IBM PC/XT"' Compatible!
IBM-64K 64KRAM Ch;ps (18)... . . $ 24.98
KB-83 83-Key Keyboard. • ..... $ 49.95
IBM-FCC _ConiroUe..Cant.... $ 54.95
IBM-Case Case. • . • . • •. • • . . .. $ 49 .95
IBM-MCC MonochromeCard $ 89.95
IBM·PS -... Supply. . .• ..... $ 89.95
F0558 D;sk OrNe. . • . • . . . . • . $119.95
IBM-MON MonochromeMan"". . .. $109.95
IBM-MB Mothe<1>oant• . . . .. ••• $199.95

Regular List $789.58
IBM"'-Special ( I ncI.9~emsa_)•• $699.95

Additional Add-Ons Available!
18M·KB 83-Key Keyboard. • •.• •. $ 79.95
IBM-ENH EnhancedKeyboard. •. . . $ 99.95
IBM-IC8 Integrated Color Board . . • $109.95
IBM- E384 K Multifunclkon Card $169.95
18M-20MBK 20MBHant D;sk Drive $499.95

IBM is a registered trademark of '8M Computers

83-KEY KEYBOARD

The UBUFFERUniversal Printer Buffer is a hi- speed data
buffer that acc epts data at a high rate, and then outputs thi s
data to your printer. You save valuab le computer time. The
UBUFFERcan be co nnected to practi cally any computer or
printer. There are four possible combinations: 1) Seria l to
Seria l, 2) Seria l to Parallel , 3) Paralle l to Parallel, 4) Paralle l
to Serial. Manual included. Size : 9-1 /3 "L x 4~'W x 1~MH

UBUFFER-64K . . . $199.95
UBUFFER-256K .. $229.95

~'9 '~- ... . : ; ,' IBM- 7" ; Compatible!
; DISK DRIVES

Documentation
Inc/udN

NEVI! Universal /Vp.••,
64K1256K "'"'.

Printer Buffer
~ IOHN ATHON FREEMAS DESIGS S-

1MBYTE RAM CARD
for Apple II, 11+ and lie '

Serial to Parallel/
Parallel to Serial

Interface Converter

ADAPTA $74.95

CPS-10 $49.95

The ADAPTA"" Interface Converter performs either
RS-232 serial to Centronics parallel port conversion
or the reverse. An internal switch selects whether the
device ope rates as a serial to parallel or parallel to
serial converter. The basic module provides 2048
bytes of buffering. The buffer may be switched out
if unbuffered operation is desired.
• Uses DTRand ers 10co ntrol the ser ial po rtdala stream' Uses
ACK and BUSY10 co ntrol lhe parallel port data stream ' 8 switch
selec table baud rates: 110, 300 . 600 . 1200.2400.4600,9600.
19200 • Switc h selectio n allo ws 7 or 8 data bits , panty or non
pa nty. and 1 or 2 step bits • 9VAC adapter incl. • D8·255 seria l
and Centronics parall el co nnec tors ' Selectab le control Signal
polantv : Size: 5 ' ~ ·L x 5'2'W x 1 1 ~ 'H . wt : 2 Ibs. • Manu al inc l.

Clock/Calendar Option (only)• . • . . . . .. $ 39.95
Includes 256K RAM.• . • • . • •. ... . . • $ 99.95
Includes 512K RAM• . . • . .• • . • . • • . . $139.95

Performance
Interconnect

Inc.

••••••••BIG BOARO••••••••

1 Yr. Warranty!

C!)tc!)

NEW PRODUCTS!

TAN-Clock
TAN-EM256K
TAN-EM512K

Introducing a third generation memory card that gives you both great expand
ability and great versatilit y at an extraordina ry price. Versatility to users means
that BIG BOARD is compatible with software written tor the Syneti x SSD
(Flashcard) as well as for Jameco's JE868 128K RAM Card. Big Board makes
available 426K of works heet space, using the program THE Spreadsheet
Version 2.0. It is compatible with PLUSWORKS XM for running Appleworks
on the Apple II. Versatility aiso means that BIG BOARD comes complete with
RAMDISK software for DOS 3.3, ProDOS, Pascal 1.2, and CP/M for Microsoft's
Softcard. A separate driver is available for the AppliCard (StarCard).

BIG BOARD-256K 256K RAM• • • •••. . .•• .• $224.95
BIG BOARD-512K 512K RAM. • . .• •. • . • . . • $269.95

BIG BOARD-1M 1Meg RAM..... $299.95

External Power Supply
for the Commodore 64

· Input: 117VAC @ 60Hz ' Output: 5VDC @ 3 Amps,
10VAC@ 250mA . Short circuit protected and current
limited' Transient spike suppression on two auxiliary
110VAC sockets' Switch on front serves as power
switch for the computer and other peripherals ' RFI/
EMI filtered ' Adjustable linear regulator ' Has less
than 50mV ripple rmsat full load . 5 Ampprimary fuse
• Two co ndu ctor with ground line ' Color : brow n
• Size: 7'2"D x 5\2'W x 2\." H • Weight:5 ibs.

Expansion Memory
Half Card and

Clock/Calendar for
the Tandy 1000

The Zuckert>oard Expansion Memory Board
allows you to expand the memory of your
Tandy 1000 (128KModel) as much as 640K!
256K DRAMchips increaseyour computer's
memory by either 256K or 512K, bringing
your total system memory up to either 384K

or 640K. The memory board also includes a DMA controller chip. Optional
clock/calendar plugs directly onto the memory board. Manual included.

MUF60(SPN3·15-2462) . . . •59.95
Howard Indu str ies (4.68 M

SQ. , 60 cfm)

SU2C7 $9.95
EG&G Aot ron (3.125- squa re, 20 cfml

~~,-,--
National Linear Data Book (82)• •••• • $14.95
Intersif Data Book (85). . . • . • • . ... 5 9.95
Zi log DataBook (85) 514.95
Nar!.LogicData Book Set (84) 524.95
IntelMemory Handbool< (83/84) $19.95
IntelMicrosyslemHndbk. (83/84) $19.95

E-XoP-A-N-D TRS-80 MEMORY
All kits come complete with docume ntation

TRS-80 MODEL I, III
~S-16K3 200ns (Model III) $5.95
~S-16K4 250ns (Model II. . . . • . . . . .. . $5.49

TRS-80 COLOR AND COLOR II
~S-64K-2 $11.95

New models only -
~S-eoCo- lncl . 2-50464's (41464's). . .. 515.95

TRS-80 MODEL 4, 4P
lS -64K-2 511.95
pand s Model 4 from 16K -64K or Mode l4P fro m 64K - 128K

lS-64K-2PAL. 529.95
pand s Model 4 from 64K to 128K

ases all EPROM• . Erases up to 8 ch ips within 21 minutes
chip in 15 minutes). Maintains constant exposure distance
1-. Special conductive foam liner eliminates static bu ild-up.
lilt-in sa fety lock to prevent UV expo sure . Compac t - 9.ooi...
1.70W x 2.60"H. Complete with ho lding tray for 8 ch ips .

E-4 UV·EPROM Eraser•••• $74.95
VS-11EL Replacement Bulb•••• $17.95

DATA BOOKS

Now Compatible
With C-12B!
RS232 Adapter
for VIC-20, C-64

and C-128

TANDY 200
200R. . . . . .. . . . • . $89.95 ea. or 2 lor 5169.95
ndy Model 200 Expansion

RS-80 Model 100 • NEC • OLlivettl
10081<. . .• . ... .. . . 529.95 ea. or 3 lor 579.95
:S-80 Mod el 100 Expan sion

EC8KR. 529.95 ea. or 3 lor 579.95
::CMod el PC-8201A Expan sion

M1081<. $29.95 ea. or 3 lor 579.95
ivetti Mod el M10 Expansion

,e JE232CM allows con nection of standard serial RS232
i nters., modems, etc. to your VlC-20. e-64 (exclud ing th e
"4 Porta tM), and C·128. A 4-poJe switch a llows the in-
IfSton of the 4 control lines. Comp lete installation and
>eratio n instructions included.
:l!ugs into User Port· Provides Standard RS232 signal levels
Jses 6 signals (Transmit. Receive.Clear to Send,Request to
end. Data Terminal Ready, Data Set Ready).

E232CM•••••••• • •• •• ••• $39.95

Voice Synthesizer VIC-20 & C-64
Plug-In - Talking in Minutes!

E520CM• • ••••• •• .•..• •• $99.95

300 Baud Auto Modem
Iitey-Mo (For C-64)••• •• • ••••• $69.95

Parallel Printer Interface
FREE 10K Buffer Included!

IW350 (ForVIC-20,C-64&C-1 28)• • • • • $69.95

TRS-80 111 COMPATIBLE
ACCESSORIES

$20 Minimum Order - U.S. Funds Only California Residents: Add 6 % or 6 112% Sales Tax Spec. Sheets - 30¢ each

Shipping: Add 5 % plus $1.50 Insurance Prices Subject to Change

Send stamped, J ® 1_'Send $1.00 Postage to, a
self-addressed envelope ameco l''lrC'A@ 198tJA~ECO

to receive a Quarterly r j~

Sales Flyer - FREE! ~ :::::::::::::::::::::::::::::::::::::::::::::::::::: CATALOG
8/86 ~ :::::::::::::::::::::::::::::::::::::::::::::::::::: 0 1986 Jameco Electronics

1355 SHOREWAY ROAD, BELMONT, CA94002 • PHONE ORDERS WELCOME 415-592-8097 Telex: 176043
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THE NAME YOU CAN
TRUST IN ELECTRONIC
TEST EQUIPMENT

YEAR :

~! w~~~'h- _

Be Sure To
Call For Your
FREE
Catalog!
Over 6,000
Items!

• Measu res inductance, capacitance and
resista nce . L = 1pH-200H,
C =.lpF-200pF, R =.010hm-20Mohm
• Carry ing case included.
#72-370 W" i -'1i

$149~~

TEM'd.4P Analog Meter
. 3'h" mir rored scale . Transist or
goo d/bad and polarity checker
• Carry ing case includ ed~

We also have .. . a full line of test equip
ment , computer acce ssories, teleph on e
accesso ries, speakers , television part s,
flybacks, yokes, switches, fuses, lamps,
capac itors, resistors, cart ridges, sty li,
wi re, CATV equipment, the large st selec
tion of original Japanese semiconduc
tor s in the country and more.

2
YEAR

LIMITED
WARRANTY

Terms: •~~~~ i$~~um order. $1.00 cha rge for orders

• $20 minimum charge card order.

EB
.Orde rs shipped UPS C.O.D.

M<J$ leot'COtd • Most orders shipped with in 24 hours.
• Sales office open 8:30 am to 7:00 pm Saturdays

10:00 am to 3 pm EST.

~
• For prepaid orders add $2.75 for shippi ng and

hand ling.
VISA • Should shipping and handling charges exceed

$2.75, the balance due wi ll be sent C.O.D.

TEMK.4P
0-18V 3A
Power Supply

• Regulated outputs - co nstant vo lt or constant
current, both are co ntinuously variab le . Can be
co nnected in series or parallel for more vo ltage
or cu rrent output . Reverse pola rity and overload
protected • Isolated output

#72-420

TEM'd.4P 20MHz Dual Trace
Oscilloscope
• Two high quality 10:1 probes includ ed
• For additio nal speci f ication see MCM
Catalo g #12
#72-320

~ - -- ~-'r:-=cJ .... ".... ~ ,,1 -'•• . , '..j ~ I
• J \,rlrn I

- ~ - I
/

2
YEAR

lIMl TEO
WARRANTY

SOURCE NO, RE-23

TEM'd.4P Frequency Counter
. 8 d igit LED display . Measurement range:
1Hz-120M Hz . High input sens itivi ty of

20mV RMS $18995 "#72-375

~ (ea.)

eMCM ELEC TRONICS
...... B58 E. C ongres s P ark D r .

Cen tervil le . O h io 4 545 9 -4072
(5 1 3J 4 34- 0031

TEM'd.4P
30A
Power Supply

• Output vol tage: 1-15VDC • Lig hted cro ss
needle meter: Displ ays voltage, current and
power simu ltan eously . Output cu rrent: 30A, 22A
continuous . Fan coo led

CALL TOLL FREE 1-800-543-4330
In Ohio 1-800-762-4315 • In Alaska and Hawaii 1-800-858-1849

#72-035

$199~e~
TEM'd.4P Combination Function
Generator and Frequency Counter
. 6 digit d isplay . Output range: 2Hz-2MHz: seven
ranges . Counter rang e: .1Hz-10MH z . 5-15V TTL
and CMOS output • Wave fo rms: sine, tri angle,
square, pulse, and ramp.
#72-380

$21990 " L~~O '(ea.) • WARRAHTY .

~

TEM'd.4P 35MHz Dual Trace
Oscilloscope
• Two high qua lity 10:1 prob es inclu ded
• For add it ional specif icat ion see MCM
Catalog #12
#72-330

$569~~
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PS 10-B Prescaler .
wlr-el lnc ludn AC ad lpler

PS-1DB 1.5 GHz PRESCALER
Extends the range of your present counter to 15
GHz • 2 stage preamp _ diVide by 1000 cucurt 
ry • super senemv e (50 mV yptcal] • BNC con 
nectars . 1 GHz In. 1 MHz out . onve any counter

PA-2 kit . .

PR-2 COUNTER PREAMP
The PR·2 is idea l lor measuring weak signa ls
from 10 to 1,000 MHz - flat 25 db gain - BN C
con~ectors • grea t fo r shifti ng RF - ideal
receiver/TV prea mp$449 5 wi red Inc lude.

AC adapt er

BP-4 nic ad .

CT-90 9 DIGIT 600 MHz
COUNTER
The most versat ile for less than $300. Features 3
selectab le gate times . 9 digi ts . gate indica tor
• display ho ld . 25mV @ 150 MHz typ ical sen
stilvity • 10 MH z timebase for WWV calibrat ion
• 1 ppm acc uracy

$14 995 wi red Include.
AC adapter

CT-90 kit. _ $129.95
OV-1 0.1 PPM oven trmebase 59.95
BP-4 nicad pack 8.95

CT-1259 DIGIT 1.2GHz
COUNTER
$16995 wi red Includ e.

AC adapter

$39 .95

MINI-l00 FREQUENCY COUNTER
Features and capab ilities of cou nters cos ti ng twice as much .
compact . high sens iti vity . low current dra in . very accur ate .
leading zero blanking . field or shop use . 1 MHz to 500 MHz
renqe e diode protected . 7 dig it di splay

$999 5 BATTERY CHA RGER NI CAD BATTE RIE S
AND AC ADAPTER INCLUDeD

TERMS: • satisfaction guaranleed • examine lor 10days: il nOI pleased. return in
original lorm for relund • add 6' , for shipping and insurance 10 a maximum 01
SIO.OO • overseas add 15' , lor surfacemail • COO addS2.50 ICOOin USAonlYI
• orders underS15.00addS1.50 • NY residentsadd7' , saleslax . 90 day parts
warranty on all kils • 1 year parts & labor warranty onall wiredunits.

~ RAMSEY.ELECTRONICS,INC.

~~~~~i:I~I.r~.~.di4626
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ALL OSCILLOSCOPES INCLUDE 2 PROBES

PR· 2 kit .

DM-700DIGITAL MULTIMETER

PS-2AUDIO MULTIPLIER
The PS-2 IS handy for high resolution aud io
reso lut ion measurements, multiplies Up in lre w
quen cy • great fo r PL tone measurements .
mult ip les by 10 o r 100 • 0.01 Hz resol ution &.
buil t-in sig nal preamp/ cond iti oner

$4 9 9 5 wired

Professional quali ty at a hobb yis t price . Fea
tur es incl ude 26 di fferent rang es and 5 tunc 
tio na • 3% digit , 'h inch LEO display • auto 
matic deci mal placement . auto matic polarit y$1199 5 wi red Inc lude.

AC adaple r

OM-7oo kit .. .. .. .. ... $99.95
MP-1 probe set .. . 4.95

mEl 35 MHz DUAL TRACE OSCILLOSCOPE
A heavy duty and accu rate scope for servic e
as well as produ ction use. Features inc lude
• wide frequency bandwidth . opti mal sen
sit ivity • extremely brigh t display . delayed
tr iggering sweep . hold off • ALT trigger .
sing le sweep . TV sync . 5X magnification
• XY or XYZ operation . HF/ LF no ise
reductio n
3500 Dual Trace Oscilloscope

$4999 5 Inclu de. 2hlgh
qualit y pro bes

mm 15 MHz DUAL TRACE PORTABLE OSCILLOSCOPE
Ideal for field /ben ch appli cat ions, th is
scope can display up to 15 MHz signal s.
Interna l batte ry pack allows up to 2
hou rs ope ration on a sing le charge.
Features inc lude . bu ilt- in battery
charger . 5X horizontal magnifi cation

. ~_ I ' . high br ightness CRT · fron t panel
~ t;!! ' ';'" ~trace rotat or. Internal rechargea ble
'I'• • - ;liT~ -.. . battery pack.._ =--=- -,j _ _ 2500 Portable Oscilloscope

• 4499 5 onclude. 2hlgh
quality probes

Super Sleuth
A super sensitive ampli
fier which will pick up a
pm d rop at 15 feet!Great
fo r monitori ng baby's
room or as general pu r
pose amplifier. Full 2W
rms out put, runs on 6to
15 volts . uses 8-45 ohm
speaker.
Compl ete kit , BN-9

$5.95

RAMSEY 0-4100
COMPACT
DIGITAL
MULTITESTER

I~! r..~ - - '......... L:'!! _

PHONE ORDERS CALL
716-586-3950

TELEX 466735 RAMSEY CI

Siren Kit

~~~?UcC~:r~g~~r~tia:~fd~W;~f~~
siren. 5 W peak audio ou tput. runs
on 3-15 vo lts . uses 3-4 5 ohm
speaker.
Complete kit . SM-3 $2.95

60 Hz Time BaH
Runs on 5-15 VOC Low current (?5m.a) 1
min/m onth acc uracy TB·7 Kit $5.50
TB·7 Any $9.95

Tone Decoder
.A co mplete tone deco-
der on a sing le PC
bo ard . Featur es: 400
5000 Hz ad j u sta b le '
range via 20 turn pot. vol tage regu
latio n. 567 IC. Useful for touch 
to ne burst detecti on . FSK, etc .
Can also be used as a stab le tone
encoder. Runs on 5 to 12 volts.
Co mplete kit, TO-1 $5.95

Power Supply Kit
Complete tr iple regulated powe r
supp ly provides variab le 6 to 18 vo lts
at 200 ma and +5 at 1 Am p. Excellent
load regulat ion, good fil teri ng and
small size . Less transfo rme rs,

~~~~.s ~~~~~e:e~ i~ ,n~S_3LT$69 5

$4.95

Led Blin ky Kit
A great attent ion get
ter which altern ately
flashes 2 jumbo LEOs.
Use for name badges,
butt on s . warning
panel lights,anyth ing!
Runs on 3 to 15 vol ts.

Complete kit. BL- 1
$2.95

Video Modu! al(l( Kli
Converts any TV to Video moouor Super
stable. tunable over ch "·6 Runs on 5
15V accep ts std video Signal ~st unit on
the market! Complete kit VO-1 $7.95

CPO-l
Runs on 3-12 Vdc 1 wall out, 1 KHZ good for CPO,
Alarm. Audi o OSCillator. Compl ete kit $2.95

Com pact sized reliab ility and accu racy.
Th is LCD digita l mu lt itester easily fits in
your pocket, you can take it anyw here.
It featu res fu ll over load prot ecl ion • 31'.
d igi t LCD reado ut . recessed inp ut
jack s . safety prob es. diod e check
func tion . 2000 hours batte ry lif e

$229 5 test lead s end
ball ery inc lu ded

$229 5

6 9 5

MB· 1 KIt

Mad Blaster Kit

Produces LOUD ear shattering and
attention getti ng siren like sound.
Can supply up to 15 watts of
obnoxious audio.Runso n 6-15 VDC

Wh isper Light Kit
An interest ing kit. small mike
pic ks up sou nds and converts
them to li ght. The lou der the
sound. t he bri ghter the lig ht.
Inc lu de s mike, controls up 10
300 W, runs on 110 VAC.

Co mple te kit , WL-1
$6.95

Color Organ
See music come
alivei 3 di fferent
ligh ts flicker with
music . One light
each for, high,
mid-range and
lows. Each indi
vidually ad just
able and drives up
to 300 W. runs on
110VAC.

Complete kit ,
ML-1
$8.95

NEW RAMSEY
1200YOM
MULTITESTER

Check transislor s, diodes and LEOs
wi th thi s pro fessio nal quality meter.
Other featu res incl ude. decibel scale .
20K volt meterin g sys tem . 3'h" mir
ro red scale . polarity switc h . 20
measuring ranges. safe ty probes.
hig h impa ct p lastic case

$199 5 test leads and
batt ery inc lud ed

ACCESSORIES FOR RAMSEY COUNTERS
Telescopic Whip antenna-BNC plug . . S 8.95
High Impedance probe, li ght loading . . . 16.95
Low pass probe. aud io use . . . . . . . . . . . 16.95
Direct probe, general purpose use . . . . . 13.95
Tilt ball , for CT -70,90,125 . . . . . . . . . . . . 3.95

FM. Wireless Mike Kit .,
Tan smtts up to 300 ' to
any FM broadcast ra-
die . uses any type of
mike. Runs on 3 to 9V. Type FM-2
has added sensitive mike preamp
stage .

FM-1 Kit $3.95 FM-2 Kit $4.95

MINI KITS-EASY TO ASSEMBLE, FUN TO USE
BEGINNERS & PROS WILL HAVE A GREAT

TIME WITH THESE KITS

Universal Tim er Kit

Provides the basic parts and PC
board requ ired to provide a source
of p recisi on timi ng and pu lse
generation. Uses 555 timer Ie and
includes a range of parts for most
tim ing needs.

UT-5 Kit $5.95

~:~p~~~~gZi~e~~::~i~: ~Ms7ai~~;
signal up to 300 yards with excep
tional audio Quality by means of its
built in electre t mi ke. Kit includes
case. mike . on-off swi tch. antenna,
battery and superl nstructlons. This
is the finest unit availab le.
FM-3 Kit $14.95
FM-3 Wired and Tested 19.95

Save 530 on the
RAMSEY 20MHz
Dual Trace
Oscilloscope
Uns urpassed qua lit y at an
un beatabl e price, the
Ramsey oscill oscope com
pares to others cos ting

J hundreds more. Features

tJ!~~~--_..:-~==::::::::==- - inc lude a component test-
- - • ing ci rcuit for resistor,

capac itor. digital ci rcu it and diode testin g . TV video sync fi ller · wide band~
wi dt h & hi gh sensit ivi ty . in terna l gratlcule • front panel t r~lC~ rota~or • Z axis
• high sensitivity x-V mode . regulated powe r supp ly · built-in cal ibrator »

rock solid triggering $3699 5 high qualil y hook on
Was $399.95 NOW ONLY probe. Included

FM
MINI
MIKE

TR-1, RF sensed T· R relay kit

30 WaU 2 mtr PWR AMP
Simp le Class C pow er amp featu res 8 times power gain . 1 W
in for 8 out, 2 W in for 15 out , 4 W in fo r 30 out. Max ou tput
of 35 W, incredi ble value, co mplete wi th all par ts, less case
and T wArelay.
PA-1, 30 W pwr amp kit
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V-20 - 5 - Smh z NEC Speed up IBM by 30% . . $14.95
V·2 0 - B - Bmhz NEC : .. _•• _• __ . . • . . $19.95
V· 3D - Replaces 8DB6 In your system .• . . . . . .• . . . $24.95

,~

BaSIC Rom lor IBM Clone Mo ther Board .. ~;.': :? ; : ~< s 9.95

E-P ROM S
2708 - 450ns. •. • • ..... 69 2764- 45005 • • .. . .. 22 0
2716 - 450ns. _•• •• ... , ' 9 2764 - 250n5 • • . . . . .. 2 80
2716 - 35005. _•••• ... '59 27128- 200ns.. . . . .. . 395
27320rA - 45005 . . . . . . " 9 27256- 250ns .. .. . . . . 795
27320' 11. - 250n5 . . . . . . 2 20

RAMS
16K' Dynamrc - 200ns . 32 16K' Stauc- 200ns . . . . 125
16K' Dyoarmc - 15005. . 45 16K' Stauc- 300ns .... 95
64K' Dvnarmc - zoons, . . 1'; 641(' DynamiC- 15005. .. 1 25
256K• DynamiC - 15005• . 3 35 2114 Type- SIalic .. •. ... 55

ELECTRONIC PARTS OUTLET
2515 N. Scottsdale Road

Scottsdale, AZ 85257
(602) 941-9357

(602) 941·9377 (602) 941-9328, 9

(SEND FOR OUR FREE CATALOG)

M IN . ORDER $20 . 0 0
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,,,
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"'$, 2 2995

' Uwd 1Il IBMClone MOlhtl'tlo¥Os

U MIll zan SERIES SPECIALSCPU. CTC. PIO • . .. . 75
OM". DART. SIO .. . 1 9$

C'U. CT~~ ~~l.l~~ •• 1 $0 llOCTC• • • •• •• ••• • ••• • • • • . 2mhl....... • • • • • • • • • 45

DWA. DAU S10 . .. 3H i~G~ : : : : : : : : :: : : . : : : :2~ : : : : : : : : : . : : : : : : . :
., MItl II I llOACPU .. . . . . ... . . . . .. • •4mI'Il I It

CPU. CTC. PIO . 2 50
OW". OAIIT. SID •• 1 50

GREAT PRICESI GUARANTEED 100%
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EAST/SOUTHEAST
Stanley Levitan
Eastern Sales Manage r
Radio-Electro nics
259-23 57th Avenue
Little Neck, NY11362
718-428-6037, 516-293-3000

MIDWESTfTexas!Arkansas/Okla.
Ralph Bergen
Midwest Sales Manager
Radio -Elect ron ics
540 Front age Road- Suite 339
Northfield , IL60093
312-446-1444

PACIFIC COAST/ Mountain States
Marvin Green
Pacific Sales Manage r
Radio-Electronics
15335 Morr ison St.- Suite 227
She rman Oaks, CA 91403
818-986-2001
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We Accept Visa, MasterCard
and American Express.

Discover The Comfort Of The Back Chair
Delight in the comfort and mobility of the Adjustable Back Chair with
Casters.The Back Chair helps alleviate the discomfort of the
conventional chair by changing the stress points on the body. Instead of
forcing your lower back to support your weight by sitting at a 90 0

angle, the Back Chair balances your weight proportionally through your
lower body and legs. In this new position your spine straightens naturally;
you're able to relax and concentrate more efficiently. The Back Chair is
user friendly and a viable alternative for those long hours at the
computer, typewriter, desk or drawing board.
The seat can be raised or lowered to
accommodate each member of your
household or business. Its handsome oak
veneer finish allows it to blend with any
decor.

Model CH-97

$3995
SEND t+> 260 Motor Parkwa y, Hauppauge, NY 11788ORDER TO,

o Please send me Back Cha ir(s) at S39.95 ea .
Add S5.50 shipping c harge for each piece. Tota l

o Please send me Oa k File(s) at S89.95 ea .
Add S10.50 shipp ing c harge for each piece. Total

o My Check or Money Order is Enclosed.
o Charge MyCredit Card o Visa o MasterCard D Amex

Card #

Signature Exp.Date

Telephone: ( )

Name

Add ress

City State Zip

Phone OrdersCa ll Toll FREEout of state 800-645-9152
NYS Toll FREE 800-832-1446 ext. 42




