
ails- 

TV SCRAMBLING AND 
DESCRAMBLING TECHNIQUES 

=NI 

SpFC/q 

Gqi SFCl/ SFAS ON. 

,$1.95 JUNE 1986 

etitro 
IN CANADA $2.50 

r 

i 
ECHNOLOGY - VIDEO - STEREO - COMPUTERS - SERVICE 

UILD YOUR OWN LASER 
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TE K DUAL TRACE OSCILLOSCOPES BY ANY 
ANSWER 

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. provides 
high writing rate 
and small spot 
size Full size 8x10 
cm display for 
measurement 
accuracy 

Display controls 
are flexible and 
easy to use. Sep- 
arate intensity 
controls reduce 
blooming In alter- 
nate sweep mode 
Focus tracking 
minimizes control 
adjustment and 
BEAM FIND elimi- 
nates confusion 

Vertical sys- 
tem provides 
measurement 
assurance. Flat 
transient response 
and high accuracy 
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 easily. Botrt 
sweeps can be 
displayed alter- 
nately making dif- 
ferential measure- 
ments easy and 
accurate (1%) 
An interlocking 
SEC /DIV control 
simplifies set-up 

Stable hands -off 
triggering. 
AU TO detects sig- 
nal peaks, then 
sets the trigger 
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 

Our direct order line gets 
you the industry's leading 
price performance portables... 
and fast answers from experts! 
The 6u Mil.. r ogle time base delay 
2213A, the 60 MHz dual time base 
2215A and the 100 MHz dual time 
base 2235 offer unprecedented 
reliability and affordability, plus the 
industry's first 3 -year warranty' 
on labor and parts. CRT included. 

The cost: just S1275 for the 
2213A, S1525 for the 2215A, 
$1750 for the 2235.1 Even at 
these low prices, there's no 
scrimping on performance. You 

have the bandwidth for digital 
and analog circuits The sensitivity 
for low signal measurements The 
sweep speeds for fast logic fami- 
lies And delayed sweep for fast, 
accurate timing measurements 
All scopes are UL Listed and CSA 
approved 

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

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

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

Télàronbc 
CQMT TFD TO [xCFLLLCt 

CopyrpM 1985 Tektronix. Inc Af nçMf reign ed TTA -439.3 t Pnce F O 8 Beaverton OR '3 -ye:i' +. ,, CRT 

CIRCLE 92 ON FREE INFORMATION CARD 

TEK 2213A12215A12235
DUAL TRACE OSCILLOSCOPES

THE ANSWER
BY ANY MFASURE

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 acce lerating
potent ial, provides
high writing rate
and small spot
size. Full size 8x10
cm display for
measurement
acc uracy.

Display controls
are f lex ible and
easy to use. Sep
arate intensity
controls reduce
blooming in alter
nate sweep mode .
Focus tracking
minimizes control
adjustment and
BEAM FIND elimi
nates confusion.

Vertical sys-
tem provides
measurement
assurance. Flat
transient response
and high accuracy
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 easily. Both
sweeps can be
displayed alter
nately making dif
ferential measure
ments easy and
accurate (1%).
An interlocking
SEC/DIV control
simplifies set-up.

Stable hands-off
triggering. pop
AUTO detects sig
nal peaks , then
sets the trigge r
level for you. Dis
play asynchronous
signals using
VERTMODE 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.

Our direct order line gets
you the industry's leading
price/performance portables ...
and fast answers from experts!
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 afforda bility, plus the
industry's first 3-year warranty*
on labo r and part s, CRT included .

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

have the bandwidth for digital
and ana log ci rcuits. The sensitivity
for low signal measurements. The
sweep speeds for fast logic fami
lies. And de layed swee p for fast,
accu rate timing measurements.
All scopes are UL Listed and CSA
approved.

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

manual, two 10X probes, 15-day
return po licy and world wide ser
vice backup.

Ordertoll free:
1-800-426-2200,
Ask for Rick.
In Oregon, call collect:
(503) 627-9000 .
Or write Tektronix, Inc .
P.o. Box 1700
Beaverton, OR 97075

COMMITTED TO EXCELLENCE

Copyright " 1985, Tektronix, Inc . All rights reserved . # TIA-439-3. tPrice F.O B Beaverton, OR. '3 -year warranty inc ludes CRT.

CIRCL E 92 ON FREE INFORMATION CARD
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JUNE'86 
Radis 
Elecironics. 
Electronics publishers sing 1908 

Vol. 57 No. 6 

SPECIAL 
SECTION 

39 LOOKING AT LASERS 
A look at what lasers are and how they are put 
to use. Josef Bernard 

42 BUILD THIS HELIUM -NEON LASER 
Now you can experiment with one of the tools 
of high technology. Robert Grossblatt and 
Robert lannini 

BUILD THIS 51 VERSATILE BENCH TOP POWER SUPPLY 
This benchtop supply offers a 0-30 volt output 
at up to one amp! Greg Swain and Franco 
Ubaudi 

55 CLICK AND POP FILTER FOR YOUR STEREO 
Part 2. Give new life to your old LP's by 
eliminating scratches. Joe Gorin 

63 HIGH -POWER FET STEREO AMP 
Here's an excellent way to upgrade your 
outdated system! 

68 PC SERVICE 
Use our exclusive direct -etch foil patterns to 
make circuit boards for your helium -laser, 
click and pop filter, and power supply. 

TECHNOLOGY 6 VIDEO NEWS 
Inside the fast -changing video scene.David 
Lachenbruch 

47 TV SIGNAL DESCRAMBLING 
The first in a series of articles that takes a 

comprehensive look at the state of the art of 
signal scrambling and descrambling. William 
Sheets and Rudolf F. Graf 

74 ROBOTICS 
A robot as a pet? Mark J. Robillard 

75 SATELLITE TV 
The scrambling saga continues. Bob Cooper, Jr. 

CIRCUITS AND 32 NEW IDEAS 
COMPONENTS A telephone answering machine 

58 WORKING WITH VOLTAGE COMPARATORS 
Here are practical circuits you can put to work 
now! Ray Marston 

71 DESIGNER'S NOTEBOOK 
Precision voltage rectifiers. Robert Grossblatt 

72 STATE OF SOLID STATE 
A TV sync and sweep generator on a chip. 
Robert F. Scott 

RADIO 
80 ANTIQUE RADIOS 

Automatic tuning schemes 
Richard D. Fitch 

COMPUTERS 
Following COMPUTER DIGEST 

Page 84 LAN's, Lightning, GPIB, 
and more! 

EQUIPMENT 
REPORTS 

20 VIZ WD -757 Frequency 
Counter 

24 Mirage KLM 1V-2X VHF 
Antenna 

DEPARTMENTS 

102 Advertising and Sales Offices 

102 Advertising Index 

8 Ask R -E 

103 Free Information Card 

10 Letters 

82 Market Center 

28 New Products 

4 What's News 

ANNUAL INDEX 
JANUARY -DECEMBER 1985 

A 4 -page brochure containing the 1985 An- 
nual Index is available for those who need 
one. To get your free copy, send a stamped 
self- addressed envelope, (legal size) to: 

Radio -Electronics 
Annual Index 
500.8 Bi- County Boulevard 
Farmingdale, NY 11735 

Any requests postmarked on or before July 
31 are free. After that date there is a 50C fee. 
Questions and comments about anything 
other than the Index that are included with 
your request cannot be handled. Send them 
separately to our Editorial Offices. 
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COVER 1 

Lasers have gone from science fiction to 
reality in only 25 years. They are used in 
industry, medicine, science, communica- 
tions, entertainment, and more. In our 
special section, we'll take a look at what lasers are and how they're 
used. Then we'll show you how you can build a complete, portble 
helium -neon laser to experiment with. 

The portable laser has a 1- milliwatt output and it's battery powered. 
It's easy to build, and a complete kit as well as separate hard -to -get 
parts are available. The special section starts on page 39. 

NEXT MONTH 
THE JULY ISSUE IS 

ON SALE JUNE 3 

BUILD A LOW -COST L2 GHz FREQUENCY COUNTER 
The best way to add a new instrument to your test bench. 

A ROUNDUP OF SMALL -SCREEN TV's 
What's available, for how much, and what performance you 
can expect. 

BUILD AN FET STEREO AMPLIFIER 
Part 2. Upgrade your stereo system with 100 watts per channel 
of FET power. 

BUILD A GELL -CELL CHARGER 
Recharge your gell -cell batteries the right way! 

As a service to readers. RADIO-ELECTRONICS publishes metable pans or rrbrmabon relating to newsac y pic.: 
lechn,pues and saarwtic and technological Because d possible venantes n the daily and coronas, ut 
materials and *cda wWhp used by teWersCTRONICS declaims any responsibility for Me sels and proper 
fund,orwng of reader -bolt pic acts tweed upon or from plans or information pubYSMd in the magazine. 

Since some of tel epuiprrm and described in RADIO -ELECTRONICS may rate Io or be cored by U.S. patente, 
RADIO.ELECTRON S disdains any YebMy br Mae N d such patina Dy tie m mp using. or *sang d any such 
equipment a circuitry. and suggests that anyone n such woods consult a part Yiomsy. 
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Karen Tucker, advertising production 
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Radio -Electronics, Gernsback Publica- 
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County Blvd., Farmingdale, NY 11735, 

516. 293.3000 

Radio -Electronics is indexed in 
Applied Science d Technology Index 
and Readers Guide to Periodical Liter- 
ature. 
Microfilm & Microfiche editions are 
available. Contact circulation depart- 
ment for details. 
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COVERl

Lasers have go ne from science fiction to
reality in only 25 years. They are used in
industry, medicine, science, communica
tions, entertainment , and more. In o u r
special section, we'll take a look at what lasers are and how they're
used. Then we'll show you how you can build a complete, portble
helium-neon laser to experiment with .

The portable laser has a1-milliwatt output and it 's battery powered.
It 's easy to bu ild , and a complete kit as well as separate hard-to-get
parts are available. The special section starts on page 39.

NEXTMoNTH
THE JULY ISSUE IS
ON SALE JUNE 3

BUILD A LOW-COST 1.2 GHz FREQUENCY COUNTER
The best way to add a new instrument to your test bench .

A ROUNDUP OF SMALL-SCREEN TV's
What's availabl e, fo r how mu ch , and what performance yo u
can expect.

BUILD AN FET STEREO AMPLIFIER
Part 2. Upgrade your ste reo syste m with 100 watts per channel
of FET power.

BUILD A GELL-CELL CHARGER
Recharge you r gell-cell batteries th e right way!

(f)
ozo
II:
f-
O 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
UJ materials and workmanship used by readers, RADIO-ELECTRONICS disclaims any responsibility for the safe and proper6 functioning of reader-built projects based upon or from plans or information publishedin this magazine.

is Sincesomeof the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,« RADIO-ELECTRONICSdisclaims any liabilityfor the infringementof such patents by the making, using, or selling of anysuch
II: equipment or circuitry,and suggests thatanyone interested in such projects consult a patent attorney.
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NEW! 
Lower Price 
Scanners 

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

Regencyl MX7000 -EA 
List price 5699.95/CE price 5399.95 /SPECIAL 
10 -land, 20 Channel Crystallites AC/DC 
Frequency range. 25.550 MHz. Continuous coverage 
and 800 MHz to 1.3 GHz continuous coverage 
The Regency MX7000 scanner lets you monitor 
military, F B I Space Satellites. Police and Fire 
Departments. Drug Enforcement Agencies. Defense 
Department. Aeronautical AM band. Aero Navigation 
Band. Fish 8 Game. Immigration. Paramedics. 
Amateur Radio. Justice Department, State Depart 
ment, plus thousands of other radio frequencies 
most scanners cant pick up The Regency MX7000 
is the perfect scanner for intelligence agencies tha. 
need to monitor the new 800 MHz cellular telephone 
band. The MX7000. now at a special price from CE 

Regency® Z60 -EA 
List price $299.95/CE price 5179.95 /SPECIAL 
8 -land, BO Channel No-crystal scanner 
Bands 30- 50.88. 108, 718. 136, 144 -174, 440.5'2 MHz 
The Regency Z60 covers all the public service 
bands plus aircraft and FM music for a total of 
eight bands. The Z60 also features an alarm 
clock and priority control as well as AC/DC- 
operation Order today. 

Regency® Z45 -EA 
List price 5259.95/CE price 5159.95 /SPECIAL 
7 -Band, 45 Channel No-crystal scanner 
Bands 30-50. 118-136. 744.174, 440.5'? MHz 
The Regency Z45 is very similar to the Z60 model 
listed above however it does not have the commer- 
cial FM broadcast band The Z45, now at a 
special price from Communications Electronics 

Regency® RH250B -EA 
List price S613.00 /CE price 5329.95 SPECIAL 
10 Channel 25 Wad Transceiver Priority 
The Regency RH250B is a ten -channel VHF lane, 
mobile transceiver designed to cove) any fre- 
quency between 150 to 162 MHz. Since chit 
radio is synthesized, no expensive crystals are 
needed to store up to ten frequencies without 
battery backup. All radios come with 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 radio for any police or fire 
department volunteer because of its low cost 
and high performance. A UHF version of the 
same radio called the RU 1508 covers 450-482 
MHz. but the cost is $449.95. To get technician 
programming instructions, order a service mar 
ual from CE with your radio system. 

NEW! Bearcat® 50XL -EA 
List price 5199.95/CE price S1 94.95 /SPECIAL 
10- and, 10 Channel Handheld scanner 
Bands 29 7 -54, 136 -: 74. 406.572 MHz 
The Uniden Bearcat 50XL is an economical 
hand-held scanner with 10 channels covering 
ten frequency bands. It features a keyboard lock 
switch to prevent accidental entry and more. 
Also order part a BP50 which is a rechargeable 
battery pack for 514.95, a plug-in wall charger. 
part a AD100 for$ 14.95, a carrying case part a 
VC001 for $14.95 and also order optiona: 
cigarette lighter cable part a PS001 for S14 95 

RH260 

ef ., 

NEW! Regency° X1.156 EA 
as -.5, pee 5239.9 /CE price $129.95 /SPECIAL 

0-Band, 10 Channel No -crystal Scanner 
laarch Lookout Priority AC/DC 
Bards: 30-50. 14'74. 440-5 '2 14Hz. 
Cover your choice al ove 5.000 t'equencnes 
on 10 channels at the touch ji you finger. 
Display messages Externa, speaker jack. Tele 
scoping antenna. External antenno lack. AC /DC.. 

NEW! Regency R1060 -EA 
List price S 149.9 /CE pr ce$92.95 /SPECIAL 
&lent, 10 CJwrn/ CrysfMMa AC only 
Bands .10-50 '44.174 440.5'^ MHz 
Now yo-, car enjoy- Comcuterrzso scanne: ver- 
satility at n price that's less than Souri. crystal 
units. The Regency R1060 eta you it -.Jr all the 
action of police fire. weather. -rid emergency 
'alla 'you l' even hear mobile teteçhcnes 

Bearcat DX1 000- EA 
List price S649.95 /CE price S34b 95'SPECIAL 
Frequency enge '0 (Hz o 30 MHz 
The Bear :at DX1000 -shortwave radio makes t..ning 
London as easy as dialing a ohcne. I: features PLL 
synthesized accuracy. two rime ;one 24 -hou digits 
quartz clock enc. built-in timer to wake you to your 
favorite shortwave station. tt cal be programmed tc 
activate penpherai equipment like a tape records' ti. 
record up 'e five ditteren: broadcasts any frequent 

. 

any mode. while you arc asleep c at work It aril eceivn 
AM. LSB. USB. CW and FM broadcasts, 

There's never beer ar easier way to hear wha : :he' 
world has to say With the Bearca' DX1000 shortwave 
receiver yon' now have direct access to Inn world 

NEW! Regency HX1200 -EA 
_is? price $369 5-CE prict S2'4.95 /SPECIAI 
&land. 45 Channel 110 Crystal scanner 
search Lockout t Prior-if) Scan dols¡ 
Sldelif liquid urysfar display EAROM Memory 
New Direct Channel Access Feature 
8a -if íC50 "8 '36 '44.,4.406420 440.5' y!tr. 
ThE lev handheic Regency .iX' 20G scanner is 
fully keyboard programmable for the ultimate it 
versatility Yoe can scan up ti. 45 channels at the 
same time including the AM aircraft band. The LCC 
display .s ever sideli. fo- nigh' use Order 
MA- 256 -EA apid charge drop-ir battery charger 
for $84 95 plus 53.00 shipping'handlinç Includes 
wall charger carrying case belt ,lip flexible 
antenna ano licad battery 

NEW! Bearcate 100XL -EA 
List once 5349.95./CE price 5203.95 /SPECIAL 
Aland. II Channel Priority Scan Delay 
Search e Limit Noe Lockout AC/DC 
Frequency ...Inge 30-50 '18- '4. 406.5'2 MHz 
The world's fors' no-crystal handheld scanner' now nas 
a LCD Channel display with backlight for low kph. use 
and aircraft band coverage at the same low price. Size it 

41." ' x SIC The Bearcar 100XLhaswidefrequency 
Coverage that includes all public service bands (Low. 
High. UHF and T' Sands). the AM aircraft band. the '- 
mete- and 7C r:n. amateu bands. plus milder- and 
federal government frequencies Wow what a scanner 

Included in our low CE price is a sturdy carrying case. 
earphone. battery charger /AC adapter. six Al, nr -cad 
batteries and flexible antenn; Orde'you scanne nov. 

Bearcat 210XW- EA 
List price 5339.95/CE price i209.95, SPECIAL 
B-land, 20 Channe, No-crystar ¿canner 
Automatic Weather e' Search/ Sear: AC /DC 
Frequency 'ange: 30.50 136 74. 406.5 MHz. 
The nevi Bearcat 210XW rsanadvancedthirdgeneratior 
;carne- --,dh great performance a' o low CE once. 

NEW! Bearcat 145XL -EA 
st pact. à'9.95 /CE price 5102.95 SPECIAL 

10 Sand. la channel v AC/DC Instant Weather 
Freque''c 'ange 29.54. '36- -4, 120.5': UHZ. 
The Bearca: 45XL malus a great first scanner. Its low 
cos: and high performance lets you 'near a8 the action with 
the touch Of n ke' Order you scanne from CE today. 

TEST ANY SCANNER 
Test any scanner purchased 'ro,' Communications 
Electronics' ro: 3 . day' before 7a+ decide to keep it if for 
any 'casts, you art no completely satisfied. return n 
original condition with sr tarts -- 1- days. (o' a prompt 
etund (less snioomp/handling charges and ebate credits! 

Repency 
Regency 

000 
NX/200 

CIRt:Lé i9 eft* rktt .NFuNiw..i ruh t.NkL 

NEW! Bearcate 800XLT -EA 
List price $499.9 °iCE price 9317.95 
12 -land, 40 Channel No -crystal 
Priority control Search/Scan AC/DC 
Bands 2P -54 18 -. 74. 406.5'2 806.912 MHz. 
The. Linden 800 XL eceives 40 channels in two banks 
Scars 1r, channels per second Size9'-. -4'1 -'2', 

OTHER RADIOS AND ACCESSORIES 
Panasonic RF-2800-EA Shortwave ^cerve 5179 95 
RD95-EA i ^,den Remote mount Radar Detectci 
ROSS-EA ^ide'. Vise. mount Rada' Detecto- 
RD9 -EA "der - 'asspor- s rte RadaDetecto 
BC 2 r 05W-EA Be.xrcat2Ochannei scanne SALE 
BC-WA-EA Bearca' Weathe Alert' 
O 51000 -EA 8e,ca she :twave receive- SALE 
PC22 -EA ('.ideas remote mount CB transce,ve 
PC55 -EA rinder mobile mount CB ranscene- 
141060 -EA Regency '0 channe' scanne. SALE 
MX3000 -EA Regency 30 charnel scanrer 

515 EA Regen.:- 0 channel scanne SALE 
UC 102EA RegencyVHF2ce ' Watttranscerve 
RH2508EARgenc -10ch 25 Watt VHF trans 
RH6o08- EA Regoncy 10 ch 60 Watt VHF trans 
RÚ1508- EA Regency 10 cha nn)' UHr trar+scerve- 
RPH41O-EA '0 ch handheld no-crystal trans 
.CIC -Ei. Carrying case for RPHA10 transceiver 
MAt 8' EA N -cad battery pack for RP410 trans. 
Pl 405- EA Regenc r 5 amp regulated oowe- suppp 
P1412-EA 5penc, ' 2 amp reg power supply 
e C'o.EA Batter charge tar Rgncy RPH410 
MA2Se -EA Drop -n charger for HX10008 HX1200 
MA257EA Cigarette rphte corú'o HX120C 
MA9' ' EA N -Cart batter, pack for 'X' 200 
EC1O- EA Programming tool/Or Redline' RPH41C 
SMRH250 -EA Service mar. for Rprnc-' RH25C 
SNRU' 50 -EA Service mar. for Rpnc, RU- SC 
SM RPH410 EA Service mar. fcr Mgcncy RPH4 t 0 
SMMX7o00EASvc man. for MX70008 MX5000 
SM MX3000- EA Service mar or Regency MX300C 
1144-EA 2 V AAA No-Carl batteries 'set of lour 
FB-E- EA 'eouency Directoryfo Eastern U.S 
FB- WEA Frequency Directory fo Western U S. - 
TSGEA' Top Se Jet" Regsryo! U S Gov' rreo 
T1CEA 7echnrqueS Ion rnterCephng Comm.. 
RRF -EA Railroad frequency director- 
CiE-EA Covert .nteiiigcnct. Elect Eavesdroppnp 
A60-EA Magnet mount mobile scants antenna 
A70.EA Base station scanne antenne.... 
USAMM-EA Meg mount VHFrUMF an: w' 12 abk- 
USA I'-EAt. hole mpaM VHF/UHF ant w. /'- Cable 

572895 
S98 

S 2 39 95 
95 

S209 95 
S49 95 

$349 95 
S99 95 
S59 95 

$198 
$92 

95 
95 

$129 95 
S124 95 
$329 95 
$454 95 
$449 95 
$399 95 

S34 95 
$34 
$69 9 

$164 95 

95 
5 

$84 95 
$84 95 
$19 95 
$34 95 
$2< 95 
$24 95 
$24 95 
$24 95 
51995 
$1995 

$1295 
95 

$12 9 
$14$995 

5 

$14 95 
S$1140 

95 
9í 

$35 OC 
S35 00 
S39 95 
S35 OC 

USATLM -EA Trunk tip mount VHF /UMF enter na $35 OC 
Add 53 00 shppey for all &ccesaaiea ordMed at the same time 
idd $12.00 shipping P.S. shortwave receive. 
Add $ 1r . ̂ goo -no or canne are S3 OC se antenna 

BUY WITH CONFIDENCE 
re get the tastes' delivery hour CE o' ani, scanner. 
send o phone . ,; orde. directly 1c ou. Scanner 
Distribu Zion Cent, ' Michigan residents please acid 4Q, 
sales 'a- 9- suI5pll your tax I D. number Written pur- 
chase order: are accepted Iron. approved governmen. 
agencies ant; most well rated firms at a 10ró surcharge 
to' ^.et r' billing. Ali sales are sublet' :c availability. 
acceptance and 'enticatlon. Ai' sales or accessories 
are Tina. Prices, term: and specifications are subject to 
change without notice. All prices are in U.S. dollars Out 
of stock items will be placed or backorder automatically 
unless -JE is instructed differently A S5 00 additional 
handling fee wit' k charged for all orders with a 
merchandise :cut; Linde: 550.00. Shipments are r 013 
Ann Arbor, Michigan No COD'S Most products that we 
sell have a mariztacturer't warranty tree copies of 
warranties or These products are available ono: to 
Purchase by writing to CE. Norcertrbed checks require 
bank clearance 

Mai! order co: t.omniunications Electron- 
ics' Box 1045, Ann Arbor Michigan 48106 
U.S. A. kid $7.00 per scanner o- L?.P.S. ground 
shipping an )candling :r :de continental L'.S.A 
For Canada. Puertc Rico. Hawaii. Alaska, or 
APO /FPC delivery. shipping charge: are three 
times continental li.S, -ates. l' you have a Visa 
3- Maste- Card. you may call and place a credit 
card order. Order toll -tree it the J.S. Dial 
800- JSASCAN. 1r Canada. order loll -free by 
callitg 800.22' -34 -5. Telex CE anytime. dial 
810.223 -2422. 1! you are outside the U.S. or it 
Michigan dial 313.973.8888 Order today 
&Anne- Owns-Atir:. Center- and CE logos are trade- 
marks of Communications Elettronica Inc 
1 8ecrc11t rs n espsterert trademark of 'Jmden Corporation 
' Regenc n 'petered trademark or Regency Electronics 
'nc AP 040186 -EA 

Copyrights 1988 Communications Electronics Inc. 

For credit card orders call 
1 -800- USA- SCA N 

MCOMMUNICATIONS 
ELECTRONICS INC. 

Consumes Products Division 
' B 4' ;- `Aichgan s8 +18.1045 U S 

.:a1180C US. Se.AN outside U.S.C. 313.973.8888 
3 

NEWl
Lowe, P,ice
Scanners

Communications Electron ics;"
the world's largest distri butor of radio
scanners, introd uces new lower prices
to ce lebrate our 15th anniversary.

Regency<¥ MX7000-EA
List price $699.95 /CE price S399.95/SPECIAL
10-Band,:l0 Channel. Crystal/ess • AC/DC
Frequency rang e: 25-550 MHz. co ntinuous co verage
a nd 800 M Hz. to 1.3 GHz. continuous coverage.
The Regency MX7000 scanner lets you monitor
milita ry, F.B.I., Space Satell ites, Police and Fire
Depa rtments, Drug Enforcement Agenc ies, Defense
Department, Aeronautical AM band, Aero Navigation
Band, Fish & Game, Immigrat ion, Paramedics,
Amateur Radio, Justice Department, State Depart
ment, pius tho usands of other radio frequencies
most scanners can't pick up. The Regency MX7000
is the perfect scanner for intelli gence agenci es that
need to monitor the new 800 MHz. ce llular telep hone
band. The MX7000 , now at a speci al price from CEo

Regency® Z60-EA
List price $ 299 .95/CE price S179.95/SPECIAL
8-Band, 80 Channel • No-crystal scanner
Ba nds : 30-50, 88-10 8, 118-136, 144- 174,440-51 2 MHz.
The Re g enc y Z60 covers a ll t he publi c service
bands plus aircraft and FM m us ic for a tota l of
eig ht bands. T he Z60 a lso features an a larm
clock a nd p r io rity cont rol as well as AC /DC
operat io n. Order today.

Regency® Z45-EA
Li st price $ 25 9 .95/CE pr ice S159.95 /SPECIAL
7-Band, 45 Channel • No-crystal scanner
Bands: 30-50,11 8'136,144-174,440-5 12 MHz .
The Regency Z45 is very simila r to the Z60 model
listed above however it does not have th e com mer·
cial FM broadcast band. Th e Z45, now at a
special pr ice from Communications Elect ronics

Regency® RH250B-EA
List pr ice $6 13 .00/CE pr ice S329.95/SPECIAL
10 Channel. :15 Watt Transceiver. Priority
The Re g enc y RH250B is a ten-channel VH F la nd
mob ile transceiver designed to cove r an y f re 
quency betwee n 150 to 162 M Hz . Since t hi s.
rad io is synt hesized, no expensive crystals are
ne ed e d t o store up to ten freq uencies wi thou t
battery backup. All rad ios come wi t h CTCSS tone
a nd scan n ing capabili ties. A mon itor and
ni g ht/day switch is a lso standard. Th is trans
ceiver even has a priority function. The RH250
m a kes a n id e al rad io fo r any pol ice or f ire
department vo lu nteer because of it s lo w co st
and h igh performance. A U H F version of the
same rad io called t he R U150Bcovers450-482
M Hz . b ut t he cost is$449.95. To get te chnician
programming instructions, order a se rv ic e man
ua l from C E with your ra dio system.

NEWI Bearcat®50XL-EA
Li st pr ice $199.95/CE pr ice S1 ·/ 4 .95/SPECIAL
1O-Band, 10 Channel. Handheld scanner
Bands: 29.7-54, 136-174 , 406-5 12 MHz .
The U ni d en Bearcat 50XL is an economical ,
hand-held scan ner w ith 10 channels cove ring
te n frequency bands. ltfeatures a keyboard lock
switch to prevent acci dental entry and more.
Also order part # BP50 w hich is a rechargeab le
battery pack for $14.95, a p lug-in wall charger,
part # ADi 00 for$14.95, a carryin g casepart #
VCOOi for $ 14.95 and a lso order optional
cigare tte lig hte r cab le part # PSOOi for $ 14.95 .

Regency
RH250

NEW! Reaency® XL156"EA
Lis t pr ic e S23 9.95/CE price S129.95/SPECIAL
6-Band, 10 Channel • No-crystal Scanner
Search • Lockout " Priority. AC/DC
Ba r.d s: 30 -50,144-174. /.40 -5 ','2 MHz.
Cover you, choice of over J5.000 frequencies
on 10 c hannels at the to uc h 0 ' you ;' f ing er.
Display me ssage s, Exte rna: speaker jack. Tele 
scoping antenna. Exte rnal antenna lack, A.c mc.

NEW! Regency®R1060n EA
list price $1 4 9. 95/C E price $92.95/SP~CIAI.
6-Band, 10 Channel. Crystal/ess .. 4C onl)'
Band s: 30-50 144· 174 440- 5 12 MHz.
No w you ca n enjoy comput erize d scan ne r ve r
satility at a price t hat' s less t han some crystal
units . The Regency R1060 lets you in a n all th e
action of police, fire, we ather. and erneroencv
calls . You' ll eve n he ar mobile tel ephon es .

Bearcat®DX1000-EA
List price$649.95/CE prlce$349.95/SPE:CiAL
frequen cy ,an ge ' 0 '( Hz. to 30 MHz.
The Bea rca t DX100 0 shortwave radio makes tuning in
London as easy as diali ng a ohcne. Il features PLL
synthesized accu racy, two time' zone 24-hour digita l
quartz cloc k and a built-in time' to wake you to you,
favorite shortwav e station . It can be progr ammed to
acti vate perip hera l equipment Iiko a lape reco roc - to
record up to five different broadcasts, any freque ncy.
any mode, while you are asleep orat worr. It will receive
AM, LSB. USB. CIN and FM broadcasts.

There's never been an easier way to hear what the
world has 10 say. With the Beerce: DX1000 shortwave
receiver. YOL' now have di rect access to tho world.

NEW! Regency~ HXi 200-EA
List price $369.95/CE price $214.95/SPECIAI.
8-Band, 45 Channel • No Crystal scanner
Search • Lockout t , Priorit)· • Scan de/a)
Sidelit liquid crystai disp lay. EAROM Memor)
New Direct Channel Access Feature
Bands: 30-50, '1 8-136. 144- '74. 406-42 0. 440-51 < "AHz.
The new handheld Regen cy dX1200 scanner Is
fu lly keyboard programmable fo r the ult imate in
versatility. You ca n scan up to 45 channels at th e
same t ime inc iuding the A.Maircraft band, Th e LCe
display is even sideIi'; fo ' nig ht use . Order
MA-256-EA rap id charqe drop- in ba ttery c harger
to r $84.95 plus $3 .00 shipping/handling. includes
wa ll charger carrying case . be lt s lip. f lex ib le
anten na and n icao battery.

NEWl Bearcat" 100XL·EA
List orice $349.95/CE price $20 3 .95/SPECIAL
9"Sand. 16 Channel " Priority ~ Sea" Delay
Search '.' Limit ~ Hold • Lockoui • AC/DC
f req ue nc y range: 30 -50. ' 18' '174. 406-5 '2 MHz.
The wor ld's first no-crystal handheld scanner now has
a LCD channel disp lay with back light for low light US E'
and aircraft band coverage at the same low price. Size is
1'%" x 7 1(, ' x2 7/.:' The Bearcat 1OOXL has wide frequen cy
coverage that lnc ludes all public service bands (Low.
High, UHF and 'T' bands), the AM aircraf t band, the?
mete : and 70 ern, amate ur bands, plus rnillt ar -: and
federal government freq uencies. Wow...what a soanner:

Included in our low CE price is a sturdy carrying case,
earphone, batt ery cha rger/ AC adapter, six All -u-cac
batter ies and fl exibl e an tenn a. Order you r scan ne r no w.

Bearcat<f 2 i OXW·,EA
Lis t prtcc $33 9 .95 /CE price $209.95iSPECIAL
8-Band, :10 Channel" No ·crysta; s c a nn e r
Automatic Weather " Search/Scar. " AC/DC
Freq uen c y rang e: 30-50. 13 6 -' 74 , 406-5 ~2 MH z.
The new Beareat ?1OXWisanadvanced th ird generatio~

sca nne r -.'li t h gr ea t pe rfo rmance a.t a 1011/ C E ort c e,

NEW! BearcafS 145XL·EA
List price $ 1~9 .95/CE p rice $102 .95/SPECIAL
10 Sand. 16 c h a n nel" AC/DC '" Instant Weather
Frec uencv range: 29-5 4, 1 3 6 - '; ~4 , ·j 20 -5 ' 2 '>1/-/z.
The Bearc a t ~1 45 X L makes a great f irs t scann er. Its low
cost and high performan ce lets you hear atl theactionwith
the touch of " kev, Order you. scanner frorr CE today,

TEST ANY SCANNER
Test any sca nner pur ch ased frorTl Communications
Electro n ics'" to r 3' 1 day ::,: before you de ctde to kee p it. 1ffor
any reason yo u are not completel y sat isfied , return il .n
or ig inal con dl t lon 'Nith all pa rts in .3 ~1 days, fo r a pro mpt
refund (less shipping/ handling charge s and rebate credits).

Regency
MX7000

NEW! Bearcat~ 800XLT"EA
Li st pr ice $ 4 9 9 .95/C E price $31 7 .95
12-Band, 40 Channel. No·crystal scanner
Priority control " Search/Scan. AC/DC
Bands: 29-54. " 18- '174, 406-5 12. 806-912 MHz.
The Uniden 800XL" receives 40 channels in two banks .
Scan s 15 c han ne ls per second. S ize 9%" ;<4 '12" x 12%. "

O THER RADIOS AND ACCESSORIES
Panaso nic RF-2600-EA Shortwave rocetvc r . . . $ 179.95
RD95-EAUniden Remole mount RadarDetector. . . $128.95
RD55-EA Uniden v isor mount Radar Delector " , . . $98.95
RD9-EAUn ider: "Passport" sizeRadar Detector , . , $239.95
BC21OXW-EABe",cat20 channelscannerSALE $209,95
BC·WA·EA Bearcat Weather Alert" .. , " $49.95
DX1OOO·EA Beer ce : shortwave receive' SALE $349.95 •
PC22· EA Un ide n remo te moun t CB transceiver $ 99. 95
PC55-EA tln ider: mobile mou nt CB transceiver $59 .95
R1060 -EA Regency 10 channel scannerSALE $92.95
MX3000-EA Regency 30 channel scanner ., . $198,95
XL156·EA Regene!' 10 channel scan ner SALE.. . $129.95
UC102·EARegencyVHF2 ch.1Wattl ransceiver" . $124,95
RH250B·EA Regency 10 ch.25WattVHFtra ns.. , ,$3 29.95
RH600B·EA Regcncy lOc h.60WattV'i Ftrans... ,$454.95
RU150B-EARegencr 10 channel UHFlransceive' . . ,$449,95
RPH410-E~, 10 ch. handheld no-crystal trans.. . $399.95
LC1O-EA Carrying case for RPH"10 tra nsceiver. . , $34,95
MA181·EA Ni-cad batterypackfor RPH410trans. . . . $34.95
P1405·EA Regencv5 ampregulatedoower suppiy. , ,$ 69.95
P1 412·EA .~egencr I ? amp reg. powersupplv . . ,$164.95
BC1O·EA Batt e~ ' charger for Regency RPH41 0 . . . $84 95
MA256·EA Drop- in chargerfor 'i X1000&HX1 200 , .. $84.95
MA257·EA Cigarette iighler co rd 10 ' HX1 20C . . . . . $19.95
MA9 ~ 'l ·EA Ni-Cad batten, pack for ',X1200 . . $34,95
EC1O·EAProqrarnrnmq toolfor Regencr RPH41O . $24.95
SMRH250-EAService man. for Regenc" RH25C $24.95
SMRU150-EAService 'nan.for Regeocj 'RU 15C ,$24.95
SMRPH41O-EAServiceman. fer ,RegencyRPH4 10 $24.95
SMMX7000-EASvc. man.for MX7000&MX5000" . $19.95
SMMX3000-EAServiceman,forRegency MX3000 $19,95
B·4·EA 1.2 V AAANi-Cad batteries (set 01fou r) , , $9.95
FB·E-EA ~reQ u eilcy Dlre c to rv fo r East ern U.S.; $12 .9 5
FB·W-EA Frequ ency Dlrectoryforwestern U.S.A.. , . $12.95
TSG·EA"TopSecret" Req istry of U.S. Gov' . F,ea. , $14.95
TIC · EA '; echniques for Int ercepting Cornrr v. . . $14 .95
RRF-EA Railroad frequency di recto ry . . . . $10.95
CIE-EACovert lnte ll lqc nct. Eiect. Eavesd rop oinq $14.95
A60·EA Mag net moun t mobi le sca nne- anten na $ 35.00
A70·EA Base stat ion scanner antennc. . . $35.00
USAMM-EAMagmountVHF/UHFant w ' 12' cable . $39.95
USAK' EA~'" holemount VHF/UHFant,w/1 ~ ' cable .. $35.00
USATLM-EATrunklip mouoIVHF/UHFantenna, . . $35.00
Add $3. 00 shipping for all accessories ordere d at the same time.
Add $1 2.00 shipp ing pe r shortw ave receiver.
Add $ 7.00 3hipping per scan ner and $3 .00 De:' anten na.

BUY WITH CONFIDENCE
To get the fastest deli..ery from CE of any scanner.
send 0 ' phon e your order di rect ly to our Scanner
Dist ribution Center:' Michigan residents please add 4%
sales ta-; 'J' suppl y your tax 1.0. number. Writte n pur'
chase o rders are acc epte d from approved governmen ~

agencies and most wei I rated firms at " 10% surcharg e
tor net " C' biiling . All sales are subjec t to availability ,
ac ceptanc e and verif icat ion. All sa les on ac cessories
are final. Prices, terrne and spec ificati ons are subject to
change without notice. Ail prices are in U,S. doilars . Out
of stock items wi ll be placed on backorder automatically
unless GE is instructed diffe rent ly. A $5.00 additiona l
handling fee will be charg ed for all orders witr a
merchandise tota l unde r seo .oo. Shipments are F.O,B.
'Inn Arbor, Michigan. No C;OD'$. Most products that we
se l l ha ve a mar-utacturer's wa rranty . Free co p ies of
warranties on Ihese products are available prior to
purchase by writ ing to CEo Non-cert ified checks requi re
bank c lear ance .

Mai l orders co: Co m m u nicat ions El ec t ron
ics;" Bo x 1045, An n Arbo r. Michigan 48 106
U.S .... A.dd $ 7 .00 p er scanner/o r U.P.S. ground
shippin g an d handli ng in t ile co nt in e nta l L .S. A.
For Canada. Puerto Rico, Ha w aii , Alaska, or
APO/FPO delivery, shipping c har g e r, are three
t im es conti nental U.S. rates. It you ha ve a V isa
0 : Master C a rd , yo u may call and place a credi t
ca rd order. Orde r to ll-fre e in the U.S. Dial
800-USA-S CAN . In C a nada. o rd er to il-f re e by
call ing 800-2 2 1-3475 . Te lex CE anytime. d ia l
810-223 -2422 . If y o u a re outside t he U.S. or in
Mi ch igan d ial 3 'i 3 -9 73-8 8 88 Order today.
Scanner Distri buti on Center- and CE logos arc trade
marks o~ Co m m unications Elect ronics In c.
t e eorce: is n registererl tra de mark of Unid en Corpo rat ion.
t Reqonc; i;" n ~eg ist e re c1 t radema rk of Regency Elect roni cs
Inc. AD #040186-EA
Co pyrig ht © '1986 Communicati ons Electronics Inc .

For credit card orders call
1..800.. USA..,SCAN

4~OMMUNICATIONS
"ELECTRONICS INC.
Consume,' Products Division
P.C:. Be.:'. ~ 04 !5 0 'Ir.;l Alber, 'Aiehigan48106-1045 U.S.A.
l;a Il 800 - US~.·SCAN 0, outsid£lLJ .S.A. 313-9; 3' 8888
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WHAT'S NEWS 
Magnetic resonance analyzes 
body chemicals without 
penetrating skin 

Using magnetic fields 30,000 
times as strong as the Earth's, plus 
high- frequency radio signals, 
General Electric scientists have 
been able to perform a chemical 
analysis on the human heart by to- 
tally non -invasive means. That was 
made possible by a technique 
known as magnetic resonance. 

Magnetic- resonance tech- 
nology is based on the fact that, 
under the influence of high -power 
magnetic fields and high- frequen- 
cy radio signals, the atomic nuclei 
of certain chemicals in the body 
tissues resonate and produce 
characteristic patterns of radio 
spectra. Those spectra can be 
used to identify the presence of 
those chemicals. That is useful in 
medical diagnosis because the 
spectra from diseased human 
tissues may differ markedly from 
those produced by normal tissue. 

Magnetic- resonance spec- 
troscopy is a further development 
of magnetic resonance imaging, 
developed in 1984, which is used 
to produce images of internal 
body- structures. The techniques 
that made the present break- 
through possible include stronger 
magnetic fields -up to 1.5 tesla- 
and depth -resolved surface coil 
spectroscopy. The latter is a spe- 
cialized localization method that 
makes it possible to select reso- 
nance signals from the heart or 
other organ and isolate them from 
signals from surrounding tissues. 
That was done with the help of a 
specially developed surface coil 
placed directly over the heart. It 

MAGNETIC FIELDS OF 15 TESLA enable sci- 
entists to analyze chemicals deep in the 
human body by non -invasive means. Dr. Paul 
A. Bottomley, General Electric physicist, ex- 
amines a spectrogram made with the help of 
such fields, which are 30,000 times as strong 
as those of the earth's. Made with a surface 
coil placed against the body, those analyses 
may allow doctors to diagnose illnesses faster 
and more accurately than previously possible. 

both emits the signals that excite 
the heart's chemicals and picks up 
the faint resonance signals that re- 
sult. 

In a magnetic- resonance exam- 
ination, the patient is positioned 
within the circular bore of a power- 
ful magnet and probed with high - 
frequency radio signals. Under the 
influence of the magnetic field, 
the waves cause the nuclei of se- 
lected atoms to resonate and pro- 
duce faint radio signals. These are 
picked up by the coil and transmit- 
ted to a sophisticated image -pro- 
cessing computer for interpreta- 
tion. The computer then gener- 
ates a spectrum showing the 
relative amounts of the various 
chemicals in the organ being stud- 
ied. 

Radio stations receive digital - 
stereo broadcast 

The nation's first direct -to -local 
station live digital- stereo broad- 
cast was launched by Radio 
WGBH, Boston, early last 
November. The program, an all - 
Ravel concert by Switzerland's Or- 

chestre de la Suisse Romande, ori- 
ginated at the Kresge Auditorium 
of the Massachusetts Institute of 
Technology and was beamed live 
to public -radio stations across the 
country. 

The concert's analog right and 
left audio- outputs went into two 

dbx Model 700 digital audio -pro- 
cessors. The video -format digital - 
audio signals were then fed to a 

videocassette recorder and to a 

modulator on the M.I.T. cable - 
television system. It then went by 
microwave link to the Harvard In- 
formation Transmission System at 
Harvard University, which relayed 
it to WGBH. 

The digital -audio signals were 
then fed to two dbx 700's in 
WGBH -FM's control room. Their 
video output went, via WGBH 
master control and a 7 -GHz micro- 
wave link, to WGBH's satellite -up- 
link facilities in Needham, MA. 
The program was retransmitted on 
PBS's Westar IV satellite transpon- 
der 10 -D. 

Motorola joins campaign 
against drunk driving 

Drawing on earlier experience 
with citizen- driver radio organiza- 
tions, Motorola has announced a 

program to help fight drunk driv- 
ing. The program was announced 
at a statewide conference of con- 
cerned citizens and organizations, 
including the Illinois State Police, 
the Illinois Department of Trans- 
portation, and the National Com- 
mittee Against Drunk Driving. The 
conference was organized by 
AAIM, the Alliance Against 
Intoxicated Motorists. 

Called DADD (Drivers Against 
Drunk Drivers), the Motorola pro- 
gram will help to educate and en- 
courage drivers whose vehicles 
are equipped with cellular tele- 
phones to identify signs of drunk 
driving and to instruct them in re- 
porting the incidents to appropri- 
ate law enforcement agencies. 

The program will begin, says 
Motorola spokesman David 
Weischz, by packing information 
with each cellular telephone sold 
by the company. In addition, tips 
such as using the memory features 
on a cellular telephone to store 
key emergency numbers would be 
provided to get the cellular users 
started. R -E 
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Magnetic resonance analyzes
body chemicals without
penetrating skin

Using magnetic fields 30,000
times as strong as the Earth's, plus
high-frequency radio signals,
General Electric scientists have
been able to perform a chemical
analysis on the human heart by to
tally non-invasive means. That was
made possible by a technique
known as magnetic resonance .

Magnetic-resonance tech
nology is based on the fact that,
under the influence of high-power
magnetic fields and high-frequen
cy radio signals, the atomic nuclei
of certain chemicals in the body
tissues resonate and produce
characteristic patterns of radio
spectra. Those spectra can be
used to identify the presence of
those chemicals. That is useful in
medical diagnosis because the
spectra from diseased human
tissues may differ markedly from
those produced by normal tissue.

Magnetic-resonance spec
troscopy is a further development
of magnetic resonance imaging,
developed in 1984, which is used
to produce images of internal
body-structures. The techniques
that made the present break
through possible include stronger
magnetic fields-up to 1.5 tesla
and depth-resolved surface coil
spectroscopy. The latter is a spe
cialized localization method that
makes it possible to select reso
nance signals from the heart or
other organ and isolate them from
signals from surrounding tissues.
That was done with the help of a
specially developed surface coil
placed directly over the heart. It

Radio stations receive digital
stereo broadcast

The nation's first direct-to-Iocal
station live digital-stereo broad
cast was launched by Radio
WGBH, Boston, early last
November. The program, an all
Ravel concert by Switzerland's Or-

MAGNETIC FIELDS OF 1.5 TESLA enable sci
entists to analyze chemicals deep in the
human body by non-invasive means. Dr. Paul
A. Bottomley, General Electric physicist, ex
amines a spectrogram made with the help of
such fields, which are 30,000 times as strong
as those of the earth's. Made with a surface
coil placed against the body, those analyses
may allow doctors to diagnose illnesses faster
and more accurately than previously possible.

both emits the signals that excite
the heart's chemicals and picks up
the faint resonance signals that re
sult.

In a magnetic-resonance exam
ination, the patient is positioned
within the circular bore of a power
ful magnet and probed with high
frequency radio signals . Under the
influence of the magnetic field,
the waves cause the nuclei of se
lected atoms to resonate and pro
duce faint radio signals . These are
picked up by the coil and transmit
ted to a sophisticated image-pro
cessing computer for interpreta
tion. The computer then gener
ates a spectrum showing the
relative amounts of the various
chem icals in the organ being stud
ied.

chestre de la Suisse Romande, ori
ginated at the Kresge Auditorium
of the Massachusetts Institute of
Technology and was beamed live
to public-radio stations across the
country.

The concert's analog right and
left audio-outputs went into two

dbx Model 700 digital audio-pro
cessors. The video-format digital
audio signals were then fed to a
videocassette recorder and to a
modulator on the M.I.T. cable
television system. It then went by
microwave link to the Harvard In
formation Transmission System at
Harvard University, which relayed
it to WGBH.

The digital-audio signals were
then fed to two dbx 700 '5 in
WGBH-FM's control room . Their
video output went , via WGBH
master control and a 7-GHz micro
wave link, to WGBH's satellite-up
link facilities in Needham , MA.
The program was retransmitted on '
PBS's Westar IV satellite transpon
der 10-D.

Motorola joins campaign
against drunk driving

Drawing on earlier experience
with citizen-driver radio organiza
tions, Motorola has announced a
program to help fight drunk driv
ing. The program was announced
at a statewide conference of con
cerned citizens and organizations,
including the Illinois State Police,
the Illinois Department of Trans
portation, and the National Com
mittee Against Drunk Driving. The
conference was organized by
AAIM, the Alliance Against
Intoxicated Motorists.

Called DADD (Drivers Against
Drunk Drivers), the Motorola pro
gram will help to educate and en
courage drivers whose vehicles
are equipped with cellular tele
phones to identify signs of drunk
driving and to instruct them in r~

porting the incidents to appropri
ate law enforcement agencies.

The program will begin , says
Motorola spokesman David
Weischz, by packing information
with each cellular telephone sold
by the company. In addition, tips
such as using the memory features
on a cellular telephone to store
key emergency numbers would be
provided to get the cellular users
started. R-E
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rPRECISION 

ltdl cr+TnnwII e IIr1 CLGt. I nvIvi%..73 II'I.r 
New and Used Electronic Test Equipment 
Sales Service Rental Leasing 

HITACHI 3.5 Digit D M M qt0 With Scope Purchase 

FEATURES: AC DC voltage 
AC DC current 
Resistance 
Diode test 
Audible 
Continuity check 

Temperature 
(Type K, 3510 & 3525) 

s-141f 

Data hold 
Manual or autoranging 
Overload protection 
LCD display 
Built -in stand 
Battery included 
Test leads included 

BASIC One With Any 
DC VOLTAGE QTY 1 QTY 3+ Scope Purchased 

MODEL ACCURACY PRICE PRICE From RAG 
3550 t.5% ±2 digits $49.00 $42.00 FREE 

3525 ±.25% ±2 digits $64.00 $54.00 $19.95 
3510 ±.1% ±2 digits $79.00 $67.00 $29.95 

2 year carrying case included! 

Model V -422 Mown 

MODEL V212 $461 .00 
DC to 20 MHz, 1 mV /div, Dual Trace, Features 6" 
Rectangular CRT (w /two X10 probes). 

MODEL V -222 $536.00 
DC to 20 MHz. 1 mV /div, Dual Trace. D.C. offset for 
OMM Output, Verticle Mode Trigger, 6" CRT 
(w/two X1 /X10 probes). 

MODEL V -422 $694.00 
DC to 40 MHz, other features same as V -222 
(w /two X 1 /X 10 probe). 

MODEL V -1050F $1,276.00 
DC to 100 MHz, 5 mV/div. Quad Trace. Delayed Sweep, 
Full T.V. Triggering, alternate time base 
(w /two X1/X10 probes). 

MODEL V -650 $956.00 
DC to 60 MHz, 1 mV/div. Triple Trace, Delayed Sweep, 
Full T.V. Triggering. variable trigger hold -off 
(w /two X1/X10 probes). 

NEW! 3 year warranty parts and labor on above scopes! 
RAG Electronics is a factory authorized Hitachi repair center. CIRCLE 126 ON FREE INFORMATION CARO 

CALL US TOLL FREE 

1 -800- 732 -3457 
IN CALIFORNIA TOLL FREE 

1 -800- 272 -4225 

Mastei Charge is ADO FOR SHIPPING AND INSURANCE 
VISA COO SO to 5250.00 14. S0 
Money Order $251 00 to 1600.00 S6 SO 

Check 1=%1 1501 00 to 1750.00 16 50 
1751 00 to 11000 112. 50 
over 1100000 $1500 

Prices subject to change without notice. 
RAG ELECTRONICS, INC./ 21418 Parthenia Street / Canoga Park, CA91 304 / 1-818-998-6500 
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L~'" I nVI"I"'~, II""'.
New and Used Electronic Test Equipment
Sales • Service • Rental. Leasing

I@!;;tt!~~,IjJ 3.5 Oi.git 0MM1iij,l1 With Scope Purchase I

FEATURES: • AC DC voltage
• AC DC current
• Resistance
• Diode test
• Audible

Continuity check

• Temperature
(Type K, 3510 & 3525)

• Data hold
• Manual or autoranging
• Overload protect ion

• LCD display
• Built-in stand
• Battery included
• Test leads included

MODEL
3550
3525
3510

BASIC
DC VOLTAGE
ACCURACY

±.5% ±2 digits
± .25% ±2 digits
±.1 % ±2 dlqits

QTY 1
PRICE
$49.00
$64.00
$79.00

QTY3+
PRICE

$42.00
$54.00
$67.00

One With Any
Scope Purchased

From RAG
FREE

$19.95
$29.95

2 year warranty plus carrying case included!

Model V-422 shown

MODEL V·212 $461.00
DC to 20 MHz, 1 mV/div, Dual Trace, Features 6"
Rectangular CRT (w/two X10 probes).

MODEL V-222 $536.00
DC to 20 MHz, 1 rnv/d lv, Dual Trace, D.C. offset for
DMM Output, Verticle Mode Trigger, 6" CRT
(w/two X1/X1 0 probes).

MODEL V·422 $694.00
DC to 40 MHz, other features same as V-222
(w/two X1/ X10 probe). .

MODEL V·1050F $1,276.00
DC to 100 MHz, 5 mV/div, Quad Trace, Delayed Sweep,
Full T.V. Triggering, alternate time base
(w/two X1/ X10 probes).

MODEL V-650 $956.00
DC to 60 MHz, 1 mV/div, Triple Trace, Delayed Sweep,
Full T.V. Triggering, variable trigger hold -off
(w/two X1/ X10 probes).

NEW! 3 year warranty parts and labor on above scopes!
RAG Electronics is a factory authorized Hitachi repair center. CIRCLE 126 ON FREE INFORMATION CARD

CALL US TOLL FREE

1-800-732-3457
IN CALIFORNIA TOLL FREE

1-800-272-4225

• Master Charge
.VISA. CO D

• Money Order

• Che ck

ADD FOR SHIPPING AND INSURANCE
$0 to $250.00 . . . $4.50
$2 5 1.00 10 $6 00.0 0 . . . $6.5 0
$501.0010 $750.00 .. .. .. .. $8.50
$751.0010$1000 .. $ 12.50
ove r $ 10 00.00 $ 15.00

Prices subject to change without notice.

RAG ELECTRONICS, INC. / 21418 Parthenia Street/ Canoga Park, CA91304/ 1-818-998-6500
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VIDEO NEWS 

DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 

Philips' Plat Tube. Another flat video - 
display device has been announced. Developed by 
Philips, in that company's British laboratories, 
the new device is a cathode ray tube three inches 
thick with a picture display measuring 12 inches 
diagonally. 

The tube itself is in a metal can to which a 
glass faceplate is sealed. The electron beam 
travels from a single gun at the top rear of the 
tube and down the back of the tube to a reversing 
lens. which turns it 180 degrees, deflecting it to 
the front of the tube. Frame deflection plates 
create a field that turns the beam forward to an 
electron multiplier that amplifies the current 
several hundred times, accelerating the beam to 
the phosphor screen. Philips says resolution and 
gray scale are "appropriate for television 
applications," but adds that the first uses are 
likely to be in professional applications such as 
data display. The system has inherently high 
picture brightness and requires only low 
deflection voltages. Philips believes that the 
ultimate design will use a single gun and a 
sequential color display. 

1,000,000 projection TV's. This is a 
landmark year for the slow but steadily growing 
projection television market -the year the 
1,000,000th set will be sold. That's the forecast of 
U.S. Precision Lens, Inc., the main manufacturer 
of projection TV optics. Sales have been 
increasing gradually each year as quality 
improves, sets get more compact, and prices 
come down. USPL says 90 percent of an 
projection TV's sold last year were of the rear - 
projection variety ( in which the picture is 
thrown from within the set onto a translucent 
screen at the front of the cabinet). Of those, 62 
percent were in the "smaller " -screen category 
(36 to 41 inches diagonally), while 38 percent 
had pictures measuring 45 to 50 inches. 

Digital VTR's on sale. The first digital 
videotape recorders are now being offered for sale 
to television broadcasters. Sony started taking 
orders in April at the National Association of 

Broadcasters convention for the new world 
standard D -1 VTR. That system has been 
approved by world broadcasting bodies as the 
standard for broadcast recorders and is 
switchable between 525 - and 625 -line standards. 
It uses tape that is 19 -mm wide ( about '/a inch). 
Deliveries of the recorders will start early next 
year. The price wasn't available at press time. 

Also at the broadcaster's convention, Ampex 
offered a digital cartridge -type VTR, designed 
especially for automated playing of short 
segments, such as commercials. Although a 
digital recorder, Ampex's cart machine doesn't 
use the standardized world system. The 
introduction of digital video recorders is regarded 
as a quantum leap forward in recording quality, 
and a new bridge between different countries' TV 
standards, since it is the first time that a single 
machine can be used to record both 525- and 635 - 
line systems. 

Cable -ready OK. The federal district court 
in Pittsburgh has upheld the legality of cable - 
ready tuning devices by turning back a challenge 
by two Pennsylvania cable systems. Shenango 
Cable TV and an affiliate, Variety Cable TV, both of 
Sharon, PA, sued Tandy Corporation, parent of 
Radio Shack, charging that their Archer block 
converter illegally intercepts and pirates cable 
channels in violation of federal law. 

Block converters, like cable - ready TV sets, 
change cable channels to UHF frequencies for 
reception without the use of cable converter 
boxes. The two Sharon PA cable systems didn't 
encode or trap their premium programs but 
merely put them on special cable channels and 
supplied converter boxes to subscribers ordering 
them. In throwing out the challenge, Judge Paul 
Simmons ruled that the block converter wasn't 
intended as a piracy device, that it wasn't used to 
tap illegally into the cable systems, and noted 
that if the systems had trapped or scrambled 
their signals, those devices wouldn't have been 
able to violate their security. The case was the 
first known challenge of its kind, and the 
decision is regarded as a legal precedent. 8 -E 
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• Cable-ready OK. The federal district court
in Pittsburgh has upheld the legality of cable
ready tuning devices by turning back a challenge
by two Pennsytvama cable systems. Bhenango
Cable TV and an affiliate, Variety Cable TV; both of
Sharon, PA, sued Tandy Corporation, parent of
Radio Shack, charging that their Archer block
converter illegally intercepts and pirates cable
channels in violation of federal law.

Block converters, like cable-ready TV sets,
change cable channels to UHF frequencies for
reception Without the use of cable converter
boxes. The two Sharon PAcable systems didn't
encode or trap their premium programs but
merely put them on special cable channels and
supplied converter boxes to subscribers ordering
them. In throwing out the challenge, Judge Paul
Simmons ruled that the block converter wasn't
intended as a piracy device, that it wasn't used to
tap illegally into the cable systems, and noted
that if the systems had trapped or scrambled
their signals, those devices wouldn't have been
able to violate their security: The case was the
first known challenge of its kind, and the
decision is regarded as a legal precedent. B-E

Broadcasters convention for the new world
standard D-l VTR. That system has been
approved by world broadcasting bodies as the
standard for broadcast recorders and is
sWitehable between 525- and 625 -line standards.
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and a new bridge between different countries' TV
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improves, sets get more compact, and prices
come down. USPL says 90 percent of all
projection TV's sold last year were of the rear
projection variety (in which the picture is
thrown from Within the set onto a translucent
screen at the front of the cabinet). Ofthose, 62
percent were in the "smaller"-screen category
(36 to 41 inches diagonally), while 38 percent
had pictures measuring 45 to 50 inches.

• Philips' FIat Tube. Another flat video
display device has been announced. Developed by
Philips, in that company's British laboratories,
the new device is a cathode ray tube three inches
thick With a picture display measuring 12 inches
diagonally.

The tube itself is in a metal can to which a
glass faceplate is sealed. The electron beam
travels from a Single gun at the top rear of the
tube and down the back of the tube to a reversing
lens, which turns it 180 degrees, deflecting it to
the front of the tube. Frame deflection plates
create a field that turns the beam forward to an
electron multiplier that amplifies the current
several hundred times, accelerating the beam to
the phosphor screen. Philips says resolution and
gray scale are "appropriate for television
applications," but adds that the first uses are
likely to be in professional applications such as
data display. The system has inherently high
picture brightness and requires only low
deflection voltages. Philips believes that the
ultimate design will use a Single gun and a
sequential color display.
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FLUKE 

How to beat the high cost 
of cheap meters. 
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CIRCLE 121 ON FREE INFORMATION CARD 

You get what you pay for. 

So get the Fluke 70 Series. 
You'll get more meter for your money, 

whether you choose the affordable 73, 

the feature -packed 75 or the deluxe 77. 

All of them will give you years of 

performance, long after cheaper meters 

have pegged their fishhook needles for 

the last time. 
That's because they're built to last, in- 

side and out. So they're tough to break. They 

don't blow fuses all the time. You don't 
even have to replace batteries as often. 

And they're backed by a 3 -year warranty. 

Not the usual 1 -year. 

Of course, you may only care that the 

world- champion 70 Series combines digital 
and analog displays with more automatic 
features, greater accuracy and easier opera- 
tion than any other meters in their class. 

You may not care that they have a lower 

overall cost of ownership than all the other 

"bargain" meters out there. 

But just in case, now you know. 

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

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 73 $79 FLUKE 75 FLUKE 77 
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How tobeat the highcost
of cheap meters.

FLUKE 75

Autorange

$79'
Analog/digital display
\bIts, ohms,1lJA, diode
test

FLUKE 73

You get what you pay for.
So get the Fluke 70Series.

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

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

That'sbecause they're built to last, in
sideand out. So they're tough to break. They
don't blow fuses all the time. You don't
even have to replace batteries as often.

And they're backed by a3-year warranty.
Not the usuaI1-year.

Of course,you may only care that the
world-champion 70 Series combines digital
and analog displays with more automatic
features, greater accuracy and easier opera
tion than any other meters in thei r class.

You may not carethat they have alower
overall cost of ownersh ip than all the other
"bargain" meters out there.

But just incase, now you know.
For afree brochure or your nearest dis

tributor, call toll-free1-800-227-3800,
ext. 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

0.7%basicdeaccuracy
2000+ hour battery life
3-year warranty

IN THEU.S. ANDNON·EUROPEAN COU NTRIES: John fluke Mig Co. Inc. PO. Box C9090. MIS 150C. Everett. WA 98106. Sales (106) 356-5400. Other: (1061 347-6100
EUROPEAN HEADQUARTER S: Fluke (Holland) ev . PO. Box 2269. 5600 CG Eindhoven. The Netherlands. (O~O) 458045. TLX: 51846

© Copyrighl1985 John Fluke Mfg. Co" Inc All nghtsreserved. AdNo 4714-70
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AsK R -E 

WORLD TIME CONVERSION 
Some foreign shortwave broad- 
casters announce time in Greenwich 
Mean Time (GMT); WWV an- 
nounces time in Coordinated 
Universal Time (UTC); and I've 
heard some hams use Zulu Time. 
What is the relationship between 
these systems, and how can I convert 
each to local time ? -W. W., White 
Plains, NY 

The three systems are based on 
a 24 -hour clock and they're vir- 
tually identical. Greenwich Mean 
Time is a global standard based on 
local (standard, not daylight) time 
in Greenwich, England; GMT is 
the basis for the other time -keep- 
ing systems. In the GMT system, 
midnight is both 2400 and 0000 
hours. The former is associated 
with the day just ending, and the 
latter is associated with the day 
just beginning. 

GMT divides the earth into 
twenty -four time zones. Each zone 
covers 15 degrees of longitude. 
Each zone is assigned a number 
equivalent to the number of hours 
later ( + ) or earlier ( ) than GMT. 

So, moving west from the 
Greenwich meridian, local time 
lags one hour behind GMT for 
each 15 degrees of longitudinal 
change, until at 180 degrees -the 
international Date Line -time is 12 
hours behind GMT west of the 
Date Line, and 12 hours ahead of 
GMT east of the Date Line. Five 
zones west of Greenwich brings us 
to 75 degrees longitude, or the 
center of the Eastern Standard 
Time zone. The Central Standard, 
Mountain and Pacific Time zones 
are centered on 90 degrees, 105 
degrees, and 120 degrees, respec- 
tively. Those time zones are 5, 6, 7, 
and 8 hours, respectively, behind 
GMT. 

TABLE 1 -TIME ZONE 
CONVERSION 

EDT' CDT/ MDT/ PDT/ 
LITC AST EST CST MST PST 
0000'2000 1900 1800 1700 1600 
0100 2100 2000 1900 1800 1700 
0200 2200 2100 2000 1900 1800 
0300 2300 2200 2100 2000 1900 
0400 0000'2300 2200 2100 2000 
0500 0100 0000'2300 2200 2100 
0600 0200 0100 0000'2300 2200 
0700 0300 0200 0100 0000'2300 
0800 0400 0300 0200 0100 0000' 
0900 0500 0400 0300 0200 0100 
1000 0600 0500 0400 0300 0200 
1100 0700 0600 0500 0400 0300 
1200 0800 0700 0600 0500 0400 
1300 0900 0800 0700 0600 0500 
1400 1000 0900 0800 0700 0600 
1500 1100 1000 0900 0800 0700 
1600 1200 1100 1000 0900 0800 
1700 1300 1200 1100 1000 0900 
1800 1400 1300 1200 1100 1000 
1900 1500 1400 1300 1200 1100 
2000 1600 1500 1400 1300 1200 
2100 1700 1600 1500 1400 1300 
2200 1800 1700 1600 1500 1400 
2300 1900 1800 1700 1600 1500 
2400'2000 1900 1800 1700 1600 

'0000 and 2400 are interchangeable. 
(2400 is associated with the date of the 

day ending, 0000 with the day just 
starting.) 

So, to convert GMT to local 
North American time, subtract a 
number of hours from your local 
time equal to your zone number. 
For example, midnight (2400 
hours) in Greenwich is, on the east 
coast, 24 5 =19, or 1900 hours. Or 
you can use the time -conversion 
chart in Table 1 to convert local (U. 
S.) time to and from GMT. Readers 
in Europe or Asia who live east of 
the Greenwich meridian should 
add their zone number to GMT to 
get local time. 

If you're an SWL (Shortwave 
Listener), you have to be careful 
when you make your reception re- 
ports. For example, assume you 

WRITE TO: 

ASK R -E 

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

heard a BBC broadcast on Friday 
evening between 8:00 and 9:00 pm 
EST. EST is 5 hours behind GMT, so 
the program was actually broad- 
cast between 0100 and 0200 GMT 
on Saturday -the next day. Hence 
your reception report should list 
Saturday, not Friday, as the day you 
heard the broadcast. 

As to the relationship between 
GMT, UTC and "Zulu" time: UTC is 
a 24 -hour time system that is based 
on the GMT. It is coordinated by 
the International Time Bureau 
(BIH) through international agree- 
ments so that the standard time 
signals broadcast by WWV (in the 
U. S.), CHU (Ottawa, Canada), LOL 
(Buenos Aires, Argentina), and JJY 
(Tokyo, Japan) will closely agree. 

For convenience in specifying 
time at various places around the 
globe, the military assigned an 
identifying letter to each of the 
twenty -four time zones. The letter 
"Z" (phonetically, Zebra or Zulu) 
was assigned to the time zone 
around the prime meridian. So, in 
some circles, GMT came to be 
called Zebra or Zulu time. 

ZERO CROSSING 
What is meant by "zero- crossing" as 
applied to relays and opto -cou- 
plers?-S. S. K., Brooklyn, NY 

Zero -crossing (also called zero - 
voltage switching) refers to the 
practice of applying AC power to a 
load at the instant that the voltage 
crosses the "zero" point in the AC 
cycle. Doing that allows the oper- 
ating current to rise gradually with 
the applied voltage. When power 
is applied to the device at any volt- 
age other than zero, the load cur- 
rent abruptly surges from zero to a 
high value limited only by the im- 
pedance of the load. That current 

continued on page 79 
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WORLD TIME CONVERSION
Some foreign shortwave broad
casters announce time in Greenwich
Mean Time (GMT); WWV an
nounces time in Coordinated
Universal Time (UTC); and I've
heard some hams use Zulu Time.
What is the relationship between
these systems, and how can Iconvert
each to local time?-W. W., White
Plains, NY

The th ree syste ms are based on
a 24-ho u r cl ock and they're vi r
tually ident ical. Greenwich Mean
Tim e is a glo bal standard based on
local (standard, not dayli gh t) ti me
in Green w ich , England : GMT is
t he basis fo r the other time-keep
in g syste ms. In the GMT system,
m idni gh t is both 2400 and 0000
hou rs. Th e fo rme r is assoc iate d
w ith the day ju st end ing, and th e
latter is associated with th e day
ju st beginning.

GMT 'divid es the ea rth into
twenty- fou r time zones. Each zone
cove rs 15 degrees of lon gitude .
Each zo ne is assigned a number
equivalent to th e number of hours
later ( +) or earl ie r ( -) than GMT.

So , m ovin g w est f ro m th e
Green wi ch m erid ian , local time
lags o ne hour be hind GMT for
each 15 degrees of lon gitud in al
change , until at 180 degrees-th e
in ternational Date Line-time is 12
hours be h ind GMT west of the
D ate Lin e, and 12 hours ahead of
GMT east of the Date Line. Five
zo nes west of Greenwich brings us
to 75 degrees lon gi tude, o r t he
ce nter of t he East ern Sta nda rd
Time zo ne . The Centra l Standard,
Mountai n and Paci fi c Tim e zon es
are centered on 90 degrees, 105
degrees, and 120 degrees, respec
ti vely. Those ti me zones are 5, 6, 7,
and 8 hou rs, respectively, behind
GMT.

TABLE i-TIME ZONE
CONVERSION

EOT/ COT/ MOT/ POT/
UTe AST EST CST MST PST
0000*2000 1900 1800 1700 1600
0100 2100 2000 1900 1800 1700
0200 2200 2100 2000 1900 1800
0300 2300 2200 2100 2000 1900
0400 0000*2300 2200 2100 2000
0500 0100 0000*2300 2200 2100
0600 0200 0100 0000*2300 2200
0700 0300 0200 0100 0000*2300
0800 0400 0300 0200 0100 0000*
0900 0500 0400 0300 0200 0100
1000 0600 0500 0400 0300 0200
1100 0700 0600 0500 0400 0300
1200 0800 0700 0600 0500 0400
1300 0900 0800 0700 0600 0500
1400 1000 0900 0800 0700 0600
1500 1100 1000 0900 0800 0700
1600 1200 1100 1000 0900 0800
1700 1300 1200 1100 1000 0900
1800 1400 1300 1200 1100 1000
1900 1500 1400 1300 1200 1100
2000 1600 1500 1400 1300 1200
2100 1700 1600 1500 1400 1300
2200 1800 1700 1600 1500 1400
2300 1900 1800 1700 1600 1500
2400*2000 1900 1800 1700 1600

*0000 and 2400 are interchangeable.
(2400 isassociatedwiththe date ofthe
day ending, 0000 with the day just
starting.)

So, to con vert GMT to local
North American time, subt ract a
number of hours f rom yo ur local
t im e equal to your zone number.
For ex am p le , m idn ight (24 00
hours) in Gre enwi ch is, on the east
coast , 24 -5 = 19, or 1900hours. O r
you can use th e ti me-convers io n
chart in Table 1 to conve rt local (U.
5.) t ime to and f rom GMT. Readers
in Europe or Asia who live east of
th e Greenwi ch meridi an sho uld
add th eir zone number to GMT to
get local t ime.

If yo u' re an SW L (Short wave
Listener ), you have to be carefu l
wh en you make your reception re
ports. For exampl e, assum e you

heard a BBC broadcast on Friday
evening between 8: 00 and 9:00 pm
EST. EST is 5 hours behind GMT, so
the program was actually broad
cast between 0100 and 0200 GMT
on Saturday-the next day. Hence
your reception report sho uld li st
Saturd ay, not Friday, as the day you
heard th e broadcast.

As to th e relat io nship betw een
GMT, UTC and "Zul u" ti me: UTC is
a24-ho ur time system that is based
on th e GMT. It is coo rd inate d by
th e Internati on al Tim e Bureau
(BIH) th rou gh in ternation al agree
ments so that the standard ti me
signals broadcast by WWV (in the
U. S.), CHU (O ttawa , Canada), LOL
(Buenos Aires, Argentina), and JJY
(Tokyo, Japan) w ill closely agree.

For co nve nience in spec ifyi ng
time at vari ou s places around th e
glo be, t he mili tary assig ned an
identifyin g letter to each of t he
twenty-four t ime zon es. The letter
"Z" (ph on eti cally, Zebra or Zulu)
was assign ed to th e time zon e
around t he prime merid ian . So, in
some ci rcles, GMT came to be
cal led Zeb ra or Zulu t ime.

ZERO CROSSING
What is meant by "zero-crossing" as
applied to relays and opto-cou
plers?-S. S. K., Brooklyn, NY

Zero-crossing (also called zero
vol tage switch ing) refe rs to t he

.pract ice of app lying AC power to a
load at the instant that the voltage
crosses the "zero" po in t in th e AC
cycl e. Doing that allows th e oper
ating current to rise gradually with
th e applied vo ltage . When power
is app lied to the device at any vo lt
age ot her than zero, the load cur
rent abruptly surges from zero to a
high value limited only by the im
pedance of the load. That current

continued on page 79
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PERFO RMAI CE 
THAT IS OUT OF THIS WORLD... 

S38900 S54900 
MODEL 2000 20MHz 

DUAL TRACE 
MODEL 3500 35MHz 

DUAL TRACE DELAYED SWEEP 

...AT A DOWN TO EARTH PRICE 

At last! Truly affordable test equipment with no compromise in design, and features 

you would expect to find only on oscilloscopes costing hundreds of dollars more! JDR 
Instruments presents two, new, high -performance models backed by a two year 
warranty and technical support which is only a phone call away. Perfect for the 
technician or advanced hobbyist, both models feature Dual Trace capability and a 

variety of operating and triggering modes, including CH -B Subtract and X -Y operation. 

MODEL 2000 has a 20 MHz 
bandwidth and 20 calibrated 
sweeps ranging from .2s to .2ps. 

A convenient built -in component 
tester provides additional 
diagnostic power. 

ORDER TOLL FREE 
800 -538 -5000 
800 -662 -6279 (CA) 

INCLUDES TWO HIGH (DUALITY 
1; 1Q( TEST PROBES 

MODEL 3500 features a 35 
MHz bandwidth and exceptional 
1mV /DIV sensitivity. Delayed 
sweep and variable holdoff allow 
stable viewing of complex 
waveforms. 

CIRCLE 59 ON FREE INFORMATION CARD 

JDR INSTRUMENTS 
1224 South Bascom Avenue 

San Jose, California 95128 (408) 995 -5430 

COPYRIGHT I95, JDR INSTRUMENTS EARTH PHOTO COURTESY Of NASA 
THE JOR IN',1 , 1MEN I s LOGO IS A REGISTERED TRADEMARK Of JDR MICROOEVICES JOR INSTRUMENTS IS A TRADEMARK UI JUI+ MI(.RUUEVICES 
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LETTERS 

DON'T ENLARGE COMPUTER 
DIGEST 

In the March 1986 "Computer 
Digest" part of Radio -Electronics a 

reader asks for more pages in that 
section. I have a strong response 
to that request. 

Computer magazines come and 
go; few are cherished or missed. 
Radio -Electronics is the last of the 
oldtimers for the hardware hacker. 
One or two new ones exist, but 
Radio -Electronics is the granddad- 
dy of them all. 

If you want to read about com- 
puters, get the computer maga- 

zines (as I do). If you want the best 
in general electronics, then get Ra- 
dio- Electronics and don't push it 
into extinction. 

And you other Radio -Electronics 
fans: I urge you to speak up, be- 
cause I have a feeling that Radio - 
Electronics is on the endangered - 
species list. I've been an unfailing 
subscriber for too many years to 
let it go without a fight! 
RICK McGUIRE 
Trenton, NJ 
Don't worry, Rick. Radio -Elec- 
tronics is not on any endangered - 
species list. We'll be here covering 

3:'17! .'r: . . í1.isli'. 

LETTERS 
R.tO/O - EL EC TRON/cS 
500-041/- cowirr doUICEYARD 
FARM/NGMLE, NY //73S 

circuits, technology, video, and 
even computers for years to 
come. -Editor 

0000PS! 

It seems that we played an April 
Fool's joke on ourselves in the arti- 
cle "Build This Telephone Line 
Tester," which appeared in the 
April 1986 issue. First of all, the 
schematic that accompanied that 
article was incorrect; the correct 
schematic appears here as Fig. 1. 

Secondly, there are two resistors 
identified as R6. The resistor lo- 
cated at the anode of 05 is actually 

1!::FrOM 
' .T31111F7Es 

Weller 
WTCPR $77.50 
Safe for IC soldering. Closed loop, low-voltage circuit 
automatically controls output. 700 F 1/16" screwdriver tip 
provided. 600 F and 800 F tips available. Power unit has 
non-heat sinking iron holder. storage tray for extra tips 
and tip cleaning sponge with receptical. Send for free 
W.S. Jenks & Son electronics tool catalog for complete 
accessories. 

FREE CATALOG! 
Ovar 100 pagas. Wide inaction 
of tool eats, test equipment. 
soldering and desoldering 
quipment. telecommunlce. 
lions and spe caused else 
ironlci assembly loots 

I 

I 
I 
I 
I 
I 

111 31hT K JEW 

2024 West Virginia Ave, NE 

Washington, O.C. 20002 
TOLL -FREE ORDER LINE: 1- 800 -638 -6405 
Please send We indicated matersel 
_Weep WTCM1 Seldenny Stabsn íY S77 50 

_FREE W S Jenks & Son Catalog 
_Check /Haney Order 
_MestuCard _Visa 
Card Ne 

Signature 
Name 

Address 
Clly State Zip 

VA "indents add 4% tai DC resdents add 6% ,, 

Am Eir 
Eso 

1 

I 
I 
I 

I 
I 
I 

1 

I 
NO MI M IM I= 
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Put Your Electronic Skills 
to Work UNDERWATER! 
BECOME A 

ROBOT VEHICLE 

PIIAT /TEC' I I; I N 
Acc..aded e, NtnS 
Anp.o,ed 4 l.w.rq 

HIGH PAY -WORLDWIDE TRAVEL 
Call or Write Today for FREE BROCHURE 

CALL (212) 885-0600 
UNDERWATER VEHICLE TRAINING CENTER 

10046 CHICKASAW, HOUSTON, TX 17041 
IN TEXAS CALL: 713- 690 -0405. TELEX 4620684 
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LETTER.S
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DON'T ENLARGE COMPUTER
DIGEST

In th e M arch 1986 " Computer
Digest" part of Radio-Electronics a
reader asks for more pages in that
sect ion . I have a strong response
to that request.

Computer magaz ines come and
go; few are cherished or mi ssed.
Radio-Electronics is the last of the
oldtimers for the hardware hacker.
One or two new ones exist, but
Radio-Electronics is the granddad
dy of them all.

If you want to read about com
puters, get the computer maga-

zines (as I do). If you want th e best
in general elect ro nics, then get Ra
dio-Electronics and don't push it
into extinction.

And you other Radio-Electronics
fans: I urge you to speak up, be
cause I have a feeling that Radio
Electronics is on th e endangered
species list. I've been an unfailing
sub scriber for too many years to
let it go without a fight !
RICK McGUIRE
Trenton, N]
Don 't worry, Rick. Radio-Elec
tronics is not on any endangered
species list. We'll be here covering

ci rcuits, technology, video, and
eve n co m p ute rs fo r yea rs to
come .- Ed ito r

OOOOPSl

It seems that we played an April
Fool'sjoke on ourselves in the arti
cle " Bu i ld This Telephone Line
Tester, /I w h ich appeared in the
April 1986 issu e. Fi rst of all, th e
schematic that accompanied that
article was incorrect; the correct
schematic appears here as Fig. 1.

Secondly, there are two resistors
identified as R6. The resistor lo
cated at the anode of05 is actually

SEND
NOW!

I
I

FREE CATALOG! :

I
Over 100 page s. Wide selecti on
of tool sets, lesl equi pmenl ,
soldering and desolderlng
equipment, telecornrnuntca
lions and specialized elec·
Ironies assembly tools.

~
~ /,,- I

J·:E1W"~s . .......~~ .. ' I
2024 West Virginia Ave , NE I
Washington, D.C. 20002
TOLL·FREE ORDER LINE: 1-800-638-6405 I
Please send the indicated material:
_Weller WTCPR Soldering Station @ S77.50 I
_FREE W.S. Jenks & SonCatalog
_Check/Money Order I
_MasterCard _Visa _Am. Exp.
Card No. Exp. _ I
Signature _

Name I
Address --

I City State --Zip-- I
VAresidents add 4% tax; DC residents add 6% tax.

~------.L ~
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Weller®
WTCPR $77.50
Safe for IC soldering. Closed loop, low-voltaqe circuit
automatically controls output. 700 F 1/16" screwdriver tip
provided. 600 F and 800 F tips available. Power unit has
non-heat sinking iron holder, storage tray for extra tips
and tip cleaning sponge with receptical. Send for free
W.S. Jenks & Son electronics tool catalog for complete
accessories.
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FORDHAM BEAT 
D 

6 &K 
LUDER 
HITACHI 

AW 

13K 
OSCILLOSCOPE PRICE 

bY$2500 

NO ifs, ands or buts. 
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ASK FOR FREE CATALOG. 
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260 Motor Parkway, Hauppauge, NY 11788 111 NY State 800432.1446 

Service I Shipping Charge Schedule 
Continental U. S A. 

FON ORDERS 
S25S10C 
S,o1.S250 
5251.500 
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AWSPERRY
NON-LINEAR
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by$2500
No ifs, ands or buts.
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ADD
54.50
5600
58 00

5 1050
_ 512.50

51 65 0
. __ 52000
. 52500

Service& ShippingCharge Schedule
Continental U.S.A.

FOR ORDERS
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5101-5250
5251-500
5501-750 _
5751-1_000 _._ ..
5 1.001-1500 .. _
51.50 1-2000 __ .
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SEE YOUR DEALER TODAY 

F Fa tf.t 

fin W k' 
ANTENNAS- 
ACCesBORIES 

HERE'S A TIP 
THAT'S PERFECT! 

AM FM AUTO RADIO 
AND CB 

`Firestik' II 
GOLDEN SERIES 

BARE -HANDS TUNABLE 
NO TOOLS NEEDED' 

HIGH PERFORMANCE ANTENNAS 

ALSO ANTENNAS FOR 
CORDLESS TELEPHONES 

MONITOR SCANNERS 

Dealer 8 Distributor Inquiries Invited 
SEND FOR FREE CATALOG 

Name 

Street 

'Fresno Weans Lwow 
2614 East Adams Pnoeno AZ 85034 

City 

State 
Sevin, me ca am 

Communications Market Since 1962. 

7 

CIRCLE 100 ON FREE INFORMATION CARD 

R1 

4.7K 

M1 

0-1 MA 

02 
1N4663 

R3 
S0K 

MA 

7 01 
T 1114003 

D4 
1114003 

03 RS s R6 O LE01 

1N4063 47052 470S1 DS 
WATT WATT 

L00P, 

S1-b 

R2 
10K 

R4 
100K 

LINE /RING 

1112 

S1 -a 

R7 

\ LINE/RING 10K 

\ 

\ 

PI 

FIG. 1 

R7; it is a 10K unit as originally 
shown. 

Finally, in the parts -placement 
diagram, diodes D1, D3 and LED1 
were shown installed backward. - 
Editor. 

TELETEXT REMOTE SCHEMATIC 
It seems that April's gremlins also 
drew the remote -control circuit 

(Fig. 8) in the story "Build This Tele- 
text Decoder. " The front end of the 
receiver circuit, which is shown in- 
side the dashed box in the figure, 
has a few mis -labled components. 
For example, R70 should be 680 
ohms. The 0.047 -SF capacitor be- 
tween ground and chassis should 
have been labled C48, and the ca- 
pacitor directly above it should 

PRB ... HAS OVER 10,000 1 
ELECTRONIC COMPONENTS 

PROJECTOR RECORDER BELT 
has virtually every electronic corn 

ponent you'll ever need . . 

plus ... the world's most com- 
plete inventory of belts (in- 
cluding the hard to find ones) 

PRB OFFERS YOU: _ Everyday Low Pnces 

FREE Freight (PRB will pay the 1st Ile 

of UPS -ground only- charge) 

Orders Shipped within 24 Hours 

100% Guarantee on All Products Weekly Specials for Super Savings 

Service You Can Depend On FREE 98 Page Catalog (call for your copy) 

INDIVIDUAL S1:" 
RAINBOW MEMORIES 

DISKETTES (Bulk) 
Single Sided 1SBK 

Just 51.17 ea. (min 12) 

(1 -11 $1.30 Each) 
Double Sided #2SBK 

Just S1.26 ea. (me 12) 

(1.11 $1.40 Each) 

SPECIALS 
WASH PLUS 

Powerful spray 
degreasernuner E video 
tape head cleaner Sate 

for all plastics 
7404 24 of aeroso :a- 

Regularly S4 20 
SALE $3.75 

(12 8 UP $3.40 Each) 

VOLTAGE SPIKE 
PROTECTOR 

w1h rado noose titter 
9444SP 

Close -Out 
Special' 

Regularly Sb 15 

SALE $1.95 ire 121 

ORDER TOLL FREE 
National 1800. 558.9572 In Wisconsin 1- 800 -242 -9553 TLX 4994411 PRB USA 

R ti PROJECTOR 
RECORDER BELT 

200 Clay Street 
VISA J Whitewater, WI 53190 

CIRCLE 193 ON FREE INFORMATION CARD 

Call us FREE 1- 800 -626 -6343 
or write for FREE Flyer. 

COPPER ELECTRONICS 
4200 PRODUI;E ROAD - LOUISVILLE. KENTUCKY 40218 

40- Channel Mobile CB 

Retaits69.95 34.95 
AV -261 
Permanent Mount 

hole mount 

29.95 
AV -261M 
Magnet Mount 

39.95 
AV 261T No Hole 
Trunk Mount ' 29.95 

200 
WATTS 

Tenna 
5 -Way Speaker System 

7%.141i4v, 

RetalIS7995 27,95 Pair 

uniden 
aannrnt 

BC100XL 
Programmahle 

Handheld 
Scanner 
RstallS329.95 

199.95 
THE LOWEST PRICES IN THE COUNTRY! 

We have a national factory warranty service on 
many brands, and we service All CB, Amateur, and 
Commercial Equipment. 

CIRCLE 125 ON FREE INFORMATION CARD 
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. ANTENNAS· I
• ACCES SORIES·

GOLDEN SERIES

BARE-HANDS TUNABLE
"NO TOOLS NEEDED"

HIGH PERFORMANCE ANTENNAS

ALSO ANTENNAS FOR
CORDLESS TELEPHONES

MONITOR SCANNERS

HERE'S A TIP
THAT'S PERFECT!

AM/FM AUTO RADIO
AND CB

'FirestiK'n

State__-,-_-,---,

CIRCLE 100 ON FREE INFORMATION CARD

Streel _

(Fig. B) in the story "Build This Tele
tex t Decoder. II The front end of the
receiver circuit, which is shown in
side the dashed box in the figure,
has a few mis-Iabled components.
For exemple, R70 should be 6BO
ohms. The 0.047-p,F capacitor be
tween ground and chassis should
have been labled C4BI and the ca
pacitor dire ctly above it should

TELETEXT REMOTE SCHEMATIC
It seems that April's gremlins also
drew the rem ote-con trol circuit

R7; it is a 10K unit as originally
shown.

Finally, in the parts-placement
diegtem, diodes 011 0 3 and LE01
were shown installed backward.
Editor.

Dealer & Distributor Inquiries Invited
SEND FOR FREE CATALOG

- - ~lrtltl~n~n~omPI;----,
2614 East AdamS/Phoenix. AZ 85034 I

I
I
I
I

crty _

Name _

Call us FREE 1-800-626-6343
or write for FREE Flyer.

COPPER ELECTRONICS
4 200 PRODU CE ROAD - LOU ISVI LLE. KENTU CKY 40218

PROJECTOR RECORDER BELT
has virtually every electronic com

::-<iif::;~" ponent you'll ever need . ..
4.~~~~ plus . . . the world's most com

plete inventory of belts (in
cluding the hard to find ones).

40-Channel Mobile CB

Ret ail $69_95 34.95

-
--

. 200

~.WAm
Tenna

5-Way Speaker System
.,.,..4VzJl4'h

Retall$79.95 27.95 Pa ir

CIRCLE 193 ON FREE INFORMATION CARD

ORDER TOLL FREE
NationaI1-800-558-9572 In Wisconsin 1-800-242-9553 TLX: 4994411 PRB USA

Reta il $329_95

199.95

uniden
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BC100XL
~~~ Programmable

Handheld

Scann er

AV-261
Perma nent Moun t

• }S" ho le m ount

29.95
A V-2 6 1M
Magnet Mount

39.95

CIRCLE 125 ON FREE INFORMATION CARD

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

AV-26 1T N o-Ho le

~:±:tI::,J' Trunk Mount

29.95

VOLT AGE SPIKE
PROTECTOR '

... with radio noise filter
#444SP

Close-Out
Specia l!

Regularly $6.15
SALE $1.95 (min. 12)

SPECIALS
• WASH PLUS •
• Powerful spray •
• degreaserltun er & video.

•
tape head cleaner. Safe

for all plastics. •
• #2404 24 oz. aerosol can •
• Regularly $4.20 •

SALE $3.75
• (12 & UP $3.40 Each) •

~ UlU~IiiilIIlIIIllIllIUU PRD PROJECTOR
~~II~ RE~~~?a;~tr~e~LT
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;
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RAINBOW MEMORIES

DISKETTES (Bulk)
Single Sided #1SBK

Just $1.17 ea. (min. 12)
(1-11 $1.30 Each)

Double Sided #2SBK
Just $1.26 ea. (min. 12)

(1-11 $1.40 Each)
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Learn micro -processing with the new 

MICRO -PROFESSOR 1P 

Students, engineers or technicians- 
upgrade your micro- processing skills 
with the new Micro -Professor IP. 
The MPF -1P features: 

extensive software support 
more built -in memory 
improved keyboard 
larger display 

Three tutorial guides help cover all 
capabilities. The ideal training tool! 
MPF -1P will deliver you into the growing 
world of micro -processing. Invest now! 

Only $199.95 Plus -FREE GIFT 
: Check this boa for FREE 

LSO 
mains and 

'artificial textbook when 

$12.95 .you 

order within 7 days. 0 53269th Ave. N.E 
Dept RE0686 

due. (Include 

$s.00 
rune & Seattle. WA 98IO5.3617 

liandhniV 
For immediate action call TOLL FREE; 

1- 800 -426 -1044 
Full money back guarantee. 91111. 

CIRCLE 111 ON FREE INFORMATION CARD 

have been labled C47, 47µF. Un- 
fortunately, that's not all. The 
anode of LED3 should, of course, 
go to +12 volts, and the 1K resistor 
in series with it should be labled 
R71.- Editor 

CHANGES IN THE SAM MODEL 
3001 

The review in December 1985's 
"Computer Digest" of HiTech's 
SAM 3001 was very well done. We 
at HiTech would like to take this 
opportunity to thank you for your 
comments 

The system reviewed was actu- 
ally delivered this past August 
(1985) when it was still relatively 
new. Since then, there have been a 
few changes. Our motherboards 
feature a clock speed of 8MHz. In- 
stead of 640K we now offer 1MB 
RAM; and a 30MB voice -coil hard - 
disk drive has replaced the 20MB 
hard disk. Despite all of those en- 
hancements, the $4395.00 list 
price remains the same. 

The power -on -reset problem 
was attributed to lack of proper 
documentation. That was over- 

looked in our attempt to meet the 
initial market demand for out AT 
compatibles. Since its revision, 
the manual that accompanies the 
unit now fully illustrates the 
change in the reset circuits. 

As for the floppy -disk drive, we 
have indeed switched over to Mit- 
subishi Electronics as our supplier 
of drives. As of now, all SAM 3001's 
come equipped with the Mit- 
subishi MI48 1.2MB floppy. 

Again we thank Radio -Elec- 
tronics' staff for the review of our 
product. 
KENNETH KIM, 
President, HiTech International, 
Inc. 

SCHEMATIC NEEDED 

I recently acquired a Motorola 
TV, no. VT71M -A that was manufac- 
tured in 1949. I would like to re- 
build the chassis, but cannot find a 

schematic. I've tried Sams and 
Motorola. Can you or your readers 
help me? 
JOHN PANISTER 
2 Signal Hill Rd., 
Cherry Hill, N/ 08003 R -E 
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V.212-.439.5 Proem , s6995 V-222-'489" Inewow 
V-223a539" DELAYED SWEEP _IIIR 
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ay $6995 
N° 

SANYO 
2SC1308K 

ORIGINAL 

too up11e49 
10.29 '199 30.99 '1 69 

TOSHIBA 
2SC1172B 

ORIGINAL 

WELLER 
WTCPR CONTROLLED OUTPUT 
SOLDERING STATION 

JERROLD CORDLESS 
CABLE T.V. CONVERTER 
Yod.( DRX3.105/400 (Sa CHANNELS) 

RCA 
TFiplers 
SK3308/Equrvalent to ECG-523 

ECG -526 
SK3304/Epurvwnt to ECG -500A 

HITACHI 20 Mhz Dual 
Trace Scopes 

141 

2 WAY - 75 ohm u/v 
Splitter _ 
49(0,00v 
995 (aCh 

MT.2 

21 C /1«Z 
MATCHING UT1 

TRANSFORMER 

RG 59ru 
Foam 

I 
I 
I 
Il $4450 /Ì%01 ogler,rriC 

. ' 
Add$$ 69" <« 

IAdd $s.0o par Roll for st+iPPiag 

"F" - FITTINGS ' 
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'h- ring for cable 
,2C,tx1 9Cd,OOC - I ni 

F -58ALM with attached I Ya- ring for RG $/u cable 
15(/100 10v1000 at : . , 

I 
I 

ELECTRONICS 
770 Amsterdam Ave., New York, NY 10025 

SHIPPING CHARGES 
For Orders Adc 
$25.100 Sc 

100 500 
750 ° S750 oral up $: 
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"F" - FITTINGS
F·59ALM with attached
'12" ring for R~/u cable
12¢/100 9¢/1000 I rio

_ 15000

F-56ALM with attached
'12" ring for RG-ll/u cable
15¢/100 10¢/1000 Bet /5000

RG-6/u 6 9 ' $'1000

Add $5.00 per Roll for Shipping

RG 59/u

$44
5 ° / 1000' ~~~~thylene

dielectric- - - -

CO-AXIAL CABLE

looked in our atte mpt to meet th e
initial mark et demand for out AT
co mpat ib les. Since it s revi sion ,
th e manu al th at accompanies the
un it now f u l ly illu strates th e
chan ge in th e reset circuits.

As fo r the flo ppy-disk drive, we
have indee d sw itched over to Mit
subi shi Electronics as our supplie r
of drives. As of now, all SAM 3001's
com e eq u ip ped w ith th e M it
subi shi M1481.2MB floppy.

Again w e thank Radio-Elec
tronics' staff fo r the review of our
product.
KENNETH KIM ,
President, HiTe ch International,
Inc.

SCHEMATIC NEEDED

I recently acqu ired a Motorola
TV, no. VT71M-A that was manufac
tured in 1949. I would like to re
build th e chassis, but cannot f ind a
sche mat ic . I've tri ed Sams and
Motorola. Can you or yo ur readers
help me ?
JOHN PANISTER
2 Signal Hill Rd.,
Cherry Hill, Nj 08003 R-E

2 WAY - 75 ohm u/v

Splitter .C..~.....~..; .'
49¢/ 100 lot ' ,

99¢ each ~.__~.
~''e - MH

21¢ / 100 lot ~;Z~

MATCHING MT-1

TRANSFORMER

....-_..........•
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CHANGES IN THE SAM MODEL
3001

The review in December 1985's
" Co m put er D igest " of HiTech 's
SAM 3001 was very well done. We
at HiTech would like to take thi s
opportuni ty to thank you fo r yo ur
co mments

The system revi ewed was actu
ally delivered this past August
(1985) when it was st ill relatively
new. Since th en , there have been a
few changes. Our motherboards
feature a clock spee d of 8M Hz. In
stead of 640K we now offe r 1MB
RAM ; and a 30M B vo ice-co il hard
di sk drive has repl aced th e 20M B
hard disk. Despite all of those en
han cements , th e $4395. 00 li st
price remains th e same .

Th e pow er- on-reset probl em
was attributed to lac k of proper
documentation. Th at wa s ove r-

have been labled C47, 47 J.LF. Un 
fo r tuna te ly, th at 's not all. The
anode of LE03 should, of co urse,
go to +12volts, and the 1Kresistor
in series with it should be labled
R71.-Editor

HITACHI 2 0 Mhz Dual

Tr~ac~Dscope~ ~:.' , I . ,
. ..... ... .

• • ~. , ~ . , • I . , \

I~ a \

$10
9 9aeach . ' -

RCA y

Triplers ". :. '
SK3306/Equivaient to ECG-523

ECG-526
SK3304/ Equivaient to E8 G-500A

.• ..I .. \S\
· s V
~e~~

06~ $6995 JERROLD CORDLESS
~ CABLE T.V. CONVERTER..\0 Model DRX3-105/400 (58 CHANNELS)

\' ALSO AVAILABLE TEKNICA - Model 6510With volume control ' 13995

1..800-426..1044
Full mon ey back guara nt~e . ~m
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Learn micro-processing with th e ne w

MICRO..PROFESSOR IP

Students, engineers or technicians
upgrade you r micro-processing sk ills
with the new Micro-Professor IP.

The MPF-IP features:
• extensive software sup po rt
• more bu ilt-in memory
• improved keyboard
• larger display

Three tut or ial guides help cove r all
capa bilities . The ideal tr aini ng too l!
MPF-IP will deliver you into th e 'growing
world of micro -processing. Invest now !

Plus-FREE GIFT Only $199.95
o Check ,hi s box fo r FREE~
z.soMic roprocessor ~I
Pr ogramming and
Int er facin g textboo k When_~
yo u orde r wi thin 7 days. --, Dept.R E0 68 6
$12.95 value . (In cl ude 5326 9th Ave. N.E.
$5 .00 postage &: Seattle. WA 98105-3617

handhnFbr immediate act ion call TOLL FREE:

14
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YOUR SINGLE SOURCE 
FOR PROBES 

AND ACCESSORIES 

MODULAR SCOPE PROBES $36 & UP 

SWITCHABLE 
1X/10X S49 

BNC ADAPTER KIT $59 
10 PIECE KIT 

OPTIONAL 
READOUT 

ACTUATOR 

DESIGNER TEST LEAD KIT $15 
(LEADS ONLY S6.90) 

TERMINATIONS & 
ATTENUATORS $19 & UP 9-- M 

/ 00 

SWITCHABLE 
1X/10X 

S38 

IMMEDIATE DELIVERY 

CALL FOR NEAREST DISTRIBUTOR CO 

STANDARD SCOPE PROBES 

$25 & UP 

API 
L ru 
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IPROBE 4898 RONSON CT. 

MASTER SAN DIEGO, CA 92111 

15 

IMMEDIATE DELIVERY
CALL FOR NEAREST DISTRIBUTOR . JI V/S4"

BNC ADAPTER KIT $59
10 PIECE KIT

'~~""-~ . .

TERMINATIONS &
ATTENUATORS $19 & UP,

MODULAR SCOPE PROBES $36 & UP

OPTIONAL
READOUT

ACTUATOR

DESIGNER TEST LEAD KIT $15
(LEADS ONLY $6.90)

STANDARD SCOPE PROBES
$25 & UP

_ PliO81 4898 RONSON CT.r-. MAITIII SAN DIEGO, CA 92111

'c
z
m
.....
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CIE MAKES THE 
WORLD OF 

ELECTRONICS 
YOURS. 

oday's world is the world of electronics. 
To be part of it, you need the right kind of 

training, the kind you get from Cleveland 
Institute of Electronics, the kind that can take you 
to a fast growing career in business, aerospace, 
medicine, science, government, communica- 
tions, and more. 

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

Practical training. 
You learn best with practical training, so CIE's 
Auto -Programmed® lessons are designed to take 
you step -by -step, principle -by- principle. You also 
get valuable hands -on experience at every stage 
with sophisticated electronics tools CIE -designed 
for teaching. Our 4K RAM Microprocessor 
Training Laboratory, for example, trains you 
to work with a broad range of computers in a 
way that working with a single, stock computer 
simply can't. 

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

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

The first step is yours. 
To find out more, mail in the coupon below. Or, if 
you prefer, call toll -free 1- 800 -321 -2155 (in Ohio, 
1- 800 -523- 9109). We'll send a copy of CIE's 
school catalog and a complete package of enroll- 
ment information. For your convenience, we'll 
try to have a representative contact you to answer 
your questions. 

CIE Cleveland Institute of Electronics 
1776 F.ao 117th St . Cleveland. Oha34114 

YES! I want to get started. Send me my CIE school catalog including 
details about the Associate Degree Program. I am most interested in: 

computer repair :: television/high fidelity service 
í : telecommunications I medical electronics 

robotics/automation L : broadcast engineering 
other 

Prow Name 

Address Apt. 

Co) stat 'IP 

Age Area Code /Phone No 

Check box for G.I. Bulletin on Educational Benefits 
Veteran E Active Duty MAIL TODAY! 

OR CALL TOLL FREE 

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

RE-38 

CIEMAKES THE
ORlDOf

ELECTRONICS
YOURS.

RE-38 19

Cit) State Zip _

Pr int Name _

c;
Cz
m

Apt. _Addre ss _

Age _ _ A rea Code/Phone No.~. _

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

OR CALL TOLL FREE

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

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

YES! I want to get started . Send me my CIE school cata log includin g
details about the Associate Degree Program . I am most interested in:
o computer repa ir 0 television /high fidelity serv ice
o telecommunications 0 medical electronics
o robotics/automation 0 broadcast eng ineering

o other _

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

The first step is yours.
To findout 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 contact you to answer
yourquestions.

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 CIE.
We're the leader in teachingelectronics through
independent study, weteach only electronics and
we'vebeen doing it for over50 years. You can put
that experience to work foryoujust like more than
25,000CIE students are currently doing all
around the world.

Practical training.
You learn best with practical training, so CIE's
Auto-Programmed" lessons are designed to take
you step-by-step, principle-by-principle. You also
get valuablehands-on experienceat every stage
with sophisticatedelectronics toolsClfi-designed.
for teaching. Our 4K RAM Microprocessor
TrainingLaboratory, for example, trains you
to work with a broad range ofcomputers in a
waythatworking with a single, stock computer
simply can't.

Personalized training.
You learnbest with flexible training, so we let you
choose from a broad rangeof courses. You start
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EQUIPMENT REPORTS 
VIZ WD -757 Frequency 

Counter 

A sturdy and fuctional 
universal counter. 

CIRCLE 5 ON FREE INFORMATION CARD 

THE ON-GOING REVOLUTION IN DIGI- 
tal electronics benefits not only 
consumer products like stereos, 
VCR's, and personal computers, 
but also the test instruments we 
use to keep those devices in top- 
notch condition. The VIZ WD -757 

is one beneficiary of the LSI revo- 
lution; it is a capable, 1 -GHz fre- 
quency counter available from VIZ 
Test Equipment, 335 East Price 
Street, Philadelphia, PA 19144. It is 
based on Intersil's ICM7226 LSI 
Frequency Counter IC. 

External view 
The WD -757 comes in a metal 

case that measures about 3% x 8' 
X 11 (all dimensions in inches), 
and weighs about 31/2 pounds. All 
circuitry is enclosed in an EMI -re- 
sistant metal cabinet. The instru- 
ment's front panel has three BNC 
input jacks, three input -select 
slide switches, two function -select 
rotary switches, a push -on /push- 
off power switch, and a momen- 
tary contact RESET switch. Its dis- 
play consists of eight seven - 
segment LED's, and four discrete 
LED's. A rotatable metal handle al- 
lows you to prop the WD -757 at a 

comfortable viewing angle. The 
rear panel has a BNC connector 
for an external clock input, a 
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EQUIPMENT REPORTS

THE ON-GO ING REVO LUT ION IN D IG I

tal ele ct ro nics ben efits not only
con sum er p rodu ct s like ste reos ,
VCR's, and per sonal co m pute rs,
but also th e test instruments we
use to keep th ose devices in top
notch condition. The VIZ WD-757

I

is o ne benefi ciary of th e LSI revo
lution ; it is a capable, 1-GHz fre
qu en cy co unte r availab le from VIZ
Test Equipm en t , 335 East Pri ce
St reet, Philad elphia, PA 19144. It is
based on Inter sil 's ICM7226 LSI
Frequency Counter lC.

External view
The WD -757 co mes in a metal

case th at measures abo ut 3% x 8%
x 11 (al l d im en sion s in inc hes),
and we ighs about 3Yz pounds. All
circuitry is encl osed in an EMI-re
sistant metal cabin et. The instru 
ment's front pan el has three BNC
input jacks, three in put -se lect
slide switc hes, two function-select
rotary sw itches, a push-on/push
off power sw itch, and a mom en
tary contact RESET sw itc h. Its dis
pl ay co ns is ts of e ig ht seve n
segme nt LED's, and fo ur di screte
LED's. A rotatable metal handl e al
low s yo u to prop the WD-757 at a
co mfo rtab le view ing ang le . The
rear panel has a BNC connector
for an ext ern al cl ock input , a

(f)

ozoa:
f
o
W
-l
W

6
o«
a:

20

Instrumentatcn Products DIVISIOn. Beckman Industna! CorporatlOl'l - ASubSIdiary of Emt rsonEleclnc Company
630 PuenteStreet - Brea. Callforl'1l392621• (714)671·4800TWX910-592-1260 T~x 188790
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Your guide to every- 
thing that's new in elec- 
tronics, computers and technical 
education. Over 400 items. Discover 
fascinating kits to build, enjoy and learn 
with, as well as assembled high tech products 
for home. business and hobby. 

r 

Heathkif 
Heath 

Company 

Heath Company 
Dept. 020 -424 
Benton Harbor, Michigan 49022 

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

Name 

Address 

City 

CL- 783DR3 

A subsidiary of Zenith Electronics Corporation 
CIRCLE 86 ON FREE INFORMATION CARD 
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WD-757 VIZ Power to 
the Product! 

Low cost 
B &K PRECISION 

DC power supplies 
with high cost 
features 

Model 1830 (3 amp) $225 
Model 1610 (1 amp) $150 

Now you can have the power you need, 
wherever you need it. at a surprisingly 
low cost. 

These new B &KPRECISION power 
sources each give you control up to 
30 volts DC with fully adjustable current 
limiting. Other features include: 

Excellent regulation and low-ripple 
characteristics 
Dual meters monitor voltage and 
current simultaneously 
Two current ranges 
Fine and coarse voltage controls 
Isolated output 
Protected against reverse polarity 
external voltages 
Two identical supplies can be 
connected 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 1610 and 
1630 power supplies are revolutionary. 

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

+KPRfCISION 

DYNASCAN 
CORPORATION 

6460 West Cortland Street 
Chicago. Ifhno s 60635 312 8899087 

twos ..MO. Co.l..wa 18 Cw.c.1u .1105 
C.w.O.M S......I.N I..cVO..S. Onu.. 

Sow. .N C.wl... .w..s... M.... 
/ n.... I.... ....w... 10 n00) 
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switch to control the clock signal, 
and a fuse holder; the line cord 
also exits the rear panel. 

Two of the front -panel BNC con- 
nectors provide the A and 8 inputs 
that are common on frequency 
counters built around Intersil's 
ICM7226 IC. The C input is for 
VHF /UHF inputs; it feeds the pre - 
scaler circuitry. A has an input im- 
pedance of 1 megohm and a 

sensitivity of 25 mv. The figures for 
B are 100K ohms and 20 mv; and, 
for C, 50 ohms and 50 mv. 

Two of the slide switches allow 
you to choose the frequency 
range: under 10 MHz, under 100 
MHz, or under 1 GHz. The third 
slide switch controls a 10:1 at- 
tenuator. The attenuator may only 
be used on the under -100 MHz 
ranges. 

The rotary FUNCTION switch al- 
lows you to measure frequency 
and period, to count events, to 
measure the A:8 frequency ratio, 
and to make time -interval mea- 
surements. To measure time inter- 
val, a start pulse is applied to the A 
input, and a stop pulse is applied 
to the B input. The display will 
then indicate the elapsed time. 

The rotary RANCE switch allows 
you to control the resolution and 
accuracy of your frequency and 
period measurements. When 
measuring frequency, you can se- 
lect a gate time of 10 seconds, or 1, 
0.1, or 0.01 second. In the ten -sec- 
ond "range," for example, the 
WD -757 counts pulses for ten sec- 
onds and then divides by the ap- 
propriate factor for display. When 
measuring period, the WD -757 
will make 1, 10, 100, or 1000 mea- 
surements and then calculate their 
average for display. 

The discrete LED's light up to in- 
dicate: MHz or KHz when measur- 
ing frequency; p.s when measur- 
ing period; gating. The gate LED 
blinks each time a counting period 
has elapsed -every 10 seconds, or 
every 1, %o, or 'Am second. 

What's inside 
The heart of the WD -757is Inter - 

sil's ICM7226 Universal Frequency 
Counter, so, if you're familiar with 
that IC, the WD -757's variety of 
functions should also look famil- 
iar. Frequencies under 10 MHz are 
handled by the ICM7226 through a 
FET -input differential amplifier 
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that is built from discrete compo- 
nents; frequencies from 10 -100 
MHz are first fed through a Schot- 
tky TTL decade divider; frequen- 
cies above 100 MHz are fed to a 
prescaler built around the MC5121, 
CA3199E, and MC12009L IC's. 

Documentation 
A 13 -page manual is included 

with the WD -757; it includes basic 
instructions on how to operate the 
instrument, as well as complete 
technical information on the 
WD -757. Schematic diagrams, 
parts lists, PC -board patterns, and 
a section on theory of operation 
are all included. In addition, in- 
structions on how to calibrate the 
WD -757 are included, should cal- 
ibration become necessary. The 
manual is written in a somewhat 
stiff manner, and it contains a few 
typos, but all in all we'd like to see 
more manuals provide as much in- 
formation as that one. 

Impressions 
In a sense, there's not much to 

say about the WD -757 other than 
that it does everything VIZ claims it 
can do. The switches and con- 
nectors all have a good solid feel, 
and we had no difficulty integrat- 
ing the WD -757 with our odd as- 
semblage of test instruments. 

Our only complaint with the 
WD -757 is that, for $525, a few 
things might have been included 
that would have made the WD -757 
much more versatile and accurate. 
For example, a variable trigger - 
level control and an LED to indi- 
cate when triggering has occurred 
would be useful. In addition, the 
crystal timebase is not a propor- 
tional -oven type. Finally, no pro- 
bes are included, and a good pair 
good low- capacitance probes 
could easily cost an additional 
$100. R -E 

that is built from discrete compo
nents; fr equencies from 10-100
MHz are first fed through a Schot
tky TTL decade divider; frequen
cies above 100 MHz are fed to a
prescaler built around the MC5121,
CA3199E, and MC12009L lC's.

Documentation
A 13-page manual is included

with the WD-757; it includes basic
instructions on how to operate the
instrument , as well as complete
technical information on the
WD -757. Schematic diagrams,
parts lists, PC-board patterns, and
a sect ion on theory of operation
are all included. In addition, in
structions on how to calibrate the
WD-757 are included , should cal
ibration become necessary. The
manual is written in a somewhat
stiff manner, and it contains a few
typos , but all in all we 'd like to see
more manuals provide as much in-
formation as that one. .
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Impressions
In a sense, the re's not much to

say abo ut the WD-757 other than
that it doeseverything VIZ claims it
can do . The sw itches and con
nectors all have a good solid feel,
and we had no difficulty integrat
ing th e WD -757 with our odd as
semblage of test instruments .

Our onl y complaint with the
WD-757 is that, for $525, a few
things might have been included
that would have made th e WD-757
mu ch more versatil e and accurate .
For example , a variable tri gger
level cont ro l and an LED to indi
cate wh en triggering has occurred
wo uld be useful. In addi ti on, th e
crystal t imebase is not a propor
tional -oven type . Finally, no pro
bes are included, and a good pair
go o d low-capacitan ce probes
co u ld easi ly co st an additional
$100. R-E

sw itch to control th e clock signal,
and a fu se holder; the line cord
also exit s th e rear pan el.

Two of th e front-panel BNC co n
necto rs provide th e A and B inputs
th at are common on fr equen cy
co u nte rs built around Inter sil's
ICM7226 IC Th e C input is for
VHF/UHF inputs; it feeds th e pre
scaler cir cuitry. A has an input im
ped ance of 1 megohm and a
sensitivity of 25 mv. The figures for
Bare 100K ohms and 20 mv ; and,
for C, 50 ohms and 50 mv.

Two of the slide sw itches allow
you to choose the frequency
range : under 10 MHz, under 100
MHz, or under 1 GHz. The third
sl ide switch controls a 10:1 at
tenuator. The attenuator may only
be used on the under-100 MHz
ranges.

The rotary FUNCTION switch al
lows you to measure frequency
and period, to count events , to
measure the A:B frequency rat io,
and to make time-interval mea
surements. To measure time inter
val , a start pul se is applied to the A
input, and a stop pulse is applied
to the B input. The d isplay will
th en indicate the elapsed time.

The rotary RAN GE switch allows
you to control the resolution and
accuracy of your frequency and
period measurements . When
measuring frequency, you can se
lect a gate time of10 seconds, or1 ,
0.1 , or 0.01 second . In the ten-sec
ond "range ," for example , the
WD-757 counts pulses for ten sec
onds and then divides by the ap
propriate factor for di splay. When
measuring period , the WD-757
will mak e 1, 10, 100, or 1000 mea
surements and then calculate their
average for di splay.

The di screte LED's light up to in
di cate: MHz or KHzwh en measur
ing frequency; p.s when measur
ing period; gating. The gate LED
blinks each time a counting period
has elapsed- every 10 seco nds, or
every 1, :Ao, or vioo second .

What's inside
The heart of the WD -757 is Inter

si l's ICM7226 Universal Frequency
Counter, so, if yo u' re familiar with
that IC , th e WD-75T s variety of
funct ions should also look famil
iar. Frequencies under 10 MHz are
handled by the ICM7226 through a
FET-input differential amplifi er

H31J!lB
DYNASCAN
CORPORATION

6460 West Cor t land Street
Chicag o, Illinois 60635· 312/889-90 87

Model 1630 (3 amp) $225
Model 1610 (1 amp) $150

Now you can have the power you need,
wherever you need it, at a surpris ingly
low cost.

These new B&K-PRECISION power
sources each give you control up to
30 volts DC with fully adjustable current
limiting. Other features include:
• Excellent regulation and low-ripple

characteristics
• Dual meters monitor voltage and

current simult aneously
• Two current ranges
• Fine and coarse voltage controls
• Isolated output
• Protected against reverse polarity

external voltages
• Two identical suppl ies can be

connect ed in series or parallel
• Can be used as a constant voltage or

constant current source

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

Available for immediate delivery at your
local B&K·PREC ISION distributor. For
additional information or the name of
your local distributor contact
B&K·PRECISION.

, Intern ati on a l Sal es . 6460 W. Cort land St . . Ch ic ago . IL 60635
Canadian Sales ; At las Elec tronics, Ontar io

South and Cent ral American Sales,
Em p ir e Expor t er s , plalnv tew , NY 11803
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Super Disk 
Diskettes 
Now... Diskettes you can 
swear by, not swear at. 
Lucky for you, the diskette buyer, there are many diskette 
brands to choose from. Some brands are good, some not 
as good, and some you wouldn't think of trusting with even 
one byte of your valuable data. Sadly, some manufacturers 
have put their profit motive ahead of creating quality 
products. This has resulted in an abundance of low quality 
but rather expensive diskettes in the marketplace. 
A NEW COMPANY WAS NEEDED AND STARTED 
Fortunately, other people in the diskette industry recognized 
that making ultra-high quality diskettes required the best and 
newest manufacturing equipment as well as the best people 
to operate this equipment. Since most manufacturers seemed 
satisfied to give you only the everyday quality now available, 
an assemblage of quality conscious individuals decided to 
start a new company to give you a new and better diskette. 
They called this product the Super Disk diskette, and you're 
going to love them. Now you have a product you can swear by, 
not swear at. 

HOW THEY MADE THE BEST DISKETTES EVEN BETTER 
The management of Super Disk diskettes then hired all the 
top brains in the diskette industry to make the Super Disk 
product. Then these top bananas (sometimes called floppy 
freaks) created a new standard of diskette quality and 
reliability. To learn the "manufacturing secrets" of the top 
diskette makers, they've also hired the remaining "magnetic 
media moguls" from competitors around the world. Then all 
these world class, top -dollar engineers, physicists, research 
scientists and production experts (if they've missed you, send 
in your resume to Super Disk) were given one directive...to 
pool all their manufacturing know -how and create a new, 
better diskette. 
HOW SUPER DISK DISKETTES ARE MANUFACTURED 
The Super Disk crew then assembled the newest, totally 
quality monitored, automated production line in the industry. 
Since the manufacturing equipment at Super Disk is new, it's 
easy for Super Disk to consistently make better diskettes. 
You can always be assured of ultra -tight tolerances and 
superb dependability when you use Super Disk diskettes. If 
all this manufacturing mumbo -jumbo doesn't impress you, 
we're sure that at least one of these other benefits from using 
Super Disk diskettes will: 
1. TOTAL SURFACE TESTING For maximum reliability. and to lessen the likelihood of 
disk errors, all diskettes must be totally surface tested At Super Disk. each diskette is 
100% surface tested Super Desk es so picky in their testing, they even test the tracks that 
are in between the regular tracks 
2. COMPLETE LINE OF PRODUCTS For a diskette to be useful to you and your 
computer. it must be compatable physically Super Disk has an entire line of 5'..inch 
and 3h -inch diskettes for your computer 
3. SPECIALLY LUBRICATED DISK Super Disk uses a special oxide lubricant which is 

added to the base media in the production of their diskette& This gives you a better desk 

drive head to media contact and longer head and disk life 

4. HIGH TEMPERATURE/LOW-MARRING JACKET - A unique high temperature and 
low -marring vinyl jacket allows use of their product where other diskettes won't work This 
special jacket is more rigid than other diskettes and helps eliminate dust on the jacket 
S. REINFORCED HUB RINGS Standard on all 48 TPI Super ask mini -disks, to 
strengthen the center nub hole This increases the Ife of the desk to save you money and 
increase overall diskette rellDdity 
0. DISK DURABILITY Super Desk diskettes well beat all industry standards for reliability 
since they well give you more than 75% of the original signal amplitude remaining even 
after an average (Weibul 13-50) of 30 million passes They are compatible with all industry 
specifications as established by ANSI. ECMA ISO. IBM and JIS 
7. CUSTOMER ORIENTED PACKAGING - All Super Desk disks are packaged' 0 disks to 

Carton and 10 cartons to a case The economy bulk pack is packaged 100 disks to a case 
without envelopes Or labels 
8. UFETIME WARRANTY - If all else fails. remember, all desks made by Super ask Inc. 
have a lifetime warranty ll any Super ass diskette tads to meet factory specifications. 
Super Oak Inc will replace them under the terms of the Super Disk warranty 
9. SUPERB VALUE - With Super Disk's automated production line high- qualty error - 
free (1,s1.s are yours without the high cost 

Order toll free 800- USA -DISK 

NOW... NAME BRAND QUALITY AT SUPER CE PRICES 
Now, you can buy Super Disk brand diskettes directly from Communi- 
cations Electronics at prices less than' unbranded" generic diskettes 
Your data is valuable. so why take chances using a diskette that could 
be so unreliable that the manufacturer refuses to put their name on it 
To save you even more, we also offer Super Disk bulk product where 
100 diskettes are packed In the same box without envelopes or labels. 
Since we save packaging costs. these savings are passed on to you 
5'." diskette envelopes are also available from us These super strong 
and tear resistant envelopes are only S10.00 per pack of 100 Use 
order U CV -5 for a 100 pack of 5'. diskette envelopes 

39C per disk 
Quantity One 
Our diskettes are packed 10 disks to a carton and 10 cartons to a case. 
The economy bulk pack is packaged 100 disks to a case without 
envelopes or labels. For best value, you should order in increments of 
100 diskettes. Almost all diskettes are immediately available from 
Super Disk. With our efficient warehouse facilities. your order Is 
normally shipped in less than a day 

uper 
SAVE ON SUPER DISK' DISKETTES 

S 
price 

isk 

Product Description Pa.t per disc IS) 

5'i." SSSD Soft Sector w /Hub Ring 6431 FA 0 64 
5'4" Same as above. but bulk pack w/o envelope 6437 -FA 0 39 
5V4" SSDD Soft Sector w /Hub Ring 6481 FA 068 
5'4" Same as above. but bulk pack w/o envelope 6487-FA 0 43 
5'4" DSDO Soft Sector w /Hub Ring 6491-FA 0 74 
5'4' Same as above. but bulk pack w/o envelope 6497 -FA 0 49 
5'a DSOD Soft Sector (96 TPI) 6501 -FA 1 09 
51 Same as above. but bulk pack w/o envelope 6507 -FA 0 84 
5'. DSHD for IBM PC /AT - bulk pack 6667 -FA 2 07 
3', SSDD 1135 TPI) bulk pack 631 7 -FA 1 67 
3', DSD0(135 TPI) - bulk pack 6327FA 1 99 

SSSD = Single Sided Single Density, SSOD = Single Sided Double Density. 
OSDD = Double Sided Double Density; DSOD = Double Sided Quad Density. 
DSHD = Double Sided High Density. TPI = Tracks per inch 

BUY YOUR DISKETTES FROM CE WITH CONFIDENCE 
To get the fastest delivery of your diskettes. phone your order directly to our 
order desk and charge it to your credit card Written purchase orders are 
accepted from approved government agencies and most well rated firms at 
a 10% surcharge for net 10 billing For maximum savings. your order should 
be prepaid All sales are subject to availability. acceptance and verification. 
All sales are final All prices are in U.S. dollars- Prices. terms and speci- 
fications are subject to change without notice. Out of stock items may be 
placed on backorder or substituted for equivalent product unless we are 
instructed differently. A S5 00 additional handling fee will be charged for all 
orders with a merchandise total under $50.00 All shipments are F O. B. CE 
warehouse in Ann Arbor. Michigan No COD's. Non -certified Checks require 
bank clearance Michigan residents add 4% sales tax or supply your tax ID 
number and reason for tax exemption 

For shipping charges add $6 00 per 100 diskettes and /or any fraction of 
1005 '. -inch or 3', -inch diskettes for U P S. ground shipping and handling in 
the continental U. S For 1,0000r more disks shipped to the continental U.S., 
shipping charges are $4.00 per hundred diskettes UPS 2nd day air rates 
are three times continental U.S. rates For Canada. Puerto Rico. Hawaii. 
Alaska. or APO /FPO delivery. shipping is three times the continental U S rate 

Mall orders to: Communications Electronics Inc., Box 
1045, Ann Arbor, Michigan 48106.1045 U.S.A. If you have a 
Visa or Master Card, you may call and place a credit card 
order. Order toll -free in the U.S. Dial 800-USA -DISK. In 
Canada, order toll -free by calling 800 -CA1 -DISK. If you are 
outside the U.S. or in Michigan dial 313-973 -8888. Telex 
anytime 810.223 -2422. Order your Super Disk diskettes now. 

Copyright C 1986 Communications Electronics Ad 040186 -FA 
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Our d iskettes a re pac ked 10 d isks to a carto n and 10 ca rtons to a case.
Th e econo my bu lk pa ck is pac kag ed 100 disks to a case w it ho ut
envelo pes or la bel s. For best va lue . yo u sho u ld o rde r in increme nts of
10 0 diskettes. Almo st all d iskettes are immediate ly ava i lab le fr om
Su per Dis k. With o ur eff ic ie nt wa re ho use faciliti es, yo ur order is
normally sh ippe d in less th an a day.

39<: per disk
Quantity One

NOW... NAME BRAND QUALITY AT SUPER CE PRICES
Now. yo u ca n buy Super Di sk bra nd diskettes d irect ly fr om Co mmuni
ca t io ns Electronics at p ric es less th an " un branded" ge neric d iskettes.
Yo ur dat a is va luable, so w hy ta ke cha nces using a di skette that co uld
be so unre li abl e th at th e manufacturer refu ses to put th eir nam e o n it .
To save yo u eve n mor e, we also offe r Super Disk bu lk pr oduct w he re
100 di sk ettes are packed in th e sa me box w itho ut enve lo pes or label s.
Since we save packaging costs, th ese savi ngs are passed o n to yo u.
5 '14' diskette e nve lo pes are a lso avai la ble from us. Th ese super st ro ng
and tear ' resi st ant e nvelopes are on ly $ 10. 00 per pack of 100 . Use
orde r # CV-5 fo r a 10 0 pack of 5 V4 " di skette enve lopes.

c....
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m

Su per Dis k
price

per disc (S)

Ad #040 186-FA

Part #

Now
39C
a disk

SAVE ON SUPER DISK" DISKETTES
Product Description

-

- Mmi-Floppy 0'1"
lifetime W.".nty
Arch ly.l au.llly
Quantity 10

Copyright © 1986 Communicat ions Elect ronics Inc.

BUYYOUR DISKETTES FROMCEWITH CONFIDENCE
To get the fastest delivery of your diskett es, phone your orde r directly to our
order desk and charge it to your credit ca rd. Writte n purchase orde rs are
accepted from approve d government age ncies and most we ll rated f irms at
a 10% surcharge for net 10 billing. For maximum sav ings, your orde r sho uld
be prepaid. All sa les are subj ect to availability, acceptance and verificat ion.
All sales are fin al. All pri ces are in U.S. doll ars. Prices. terms and spec i
ficati ons are subject to change without noti ce. Out of stock ite ms may be
placed on backord er or subst ituted for equivalent produc t unl ess we are
instructed diff erentl y. A $5.00 addit ional handling fee will be charged for all
orde rs wit h a merchandi se total under $50.00 . All shipments are F.O.B. CE
ware house in Ann Arbor , Mich igan. No CO D's. Non-cert ified checks requ ire
bank clearance . Michigan res idents add 4% sales tax or supply your tax ID
numb er and reason for tax exe mpt ion.

For shipp in9 charges add $6 .00 per 100 diskettes and/ or any fract ion of
100 51f4-inch or3V2-inch diskett es for U.P.S.ground shipping and handl ing in
the co nt inenta l U.S. For 1,000 or more dis ks shipped to the co nt ine nta l U.S.,
shipping charges are $4.00 per hundred diskett es. UPS 2 nd day air rates
are three t imes co ntine nta l U.S. rates. For Canada , Puerto Rico, Hawaii,
Alaska. or APO/ FPO delivery, shipping is th ree times the cont inenta l U.S. rate.

Mail orders to: Communications Electr oni cs Inc., Box
1045, Ann Arbor, Michigan 481 06-1 045 U.S.A. If you have a
Visa or Master Card , you may ca ll and place a credit card
ord er. Order toll-free in the U.S. Dial 800-USA-DISK. In
Canada, ord er toll-free by calli ng 800-CA1-DIS K. If you are
outside the U.S. or in Mich igan dial 3 13-973 -8888. Tele x
anytim e 810-223-242 2. Orderyour Super Disk diskettes now.

5V, ' SSSD Soft Sector w/ Hub Ring 6431 ·FA 0.64
5V, ' Same as above, but bul k pack w/o envelope 6437-FA 0.39
5V4' SSDD Soft Sec to r w/ Hub Ring 6481 ·FA 0.68
5V, ' Same as above, but bul k pack w/o envel ope 6487·FA 0.43
51/ , ' DSDD Soft Sect or w/ Hub Ring 6491·FA 0.74
51/ , ' Same as above, but bul k pack w/o envel ope 6497·FA 0.49
5'14 " DSQD Soft Sect or (96 TPI) 6501 -FA 1.09
5'14" Same as above , but bulk pack w/o enve lope 6507-FA 0.84
5V4' DSHD for IBM PC/ AT - bulk pack 6667-FA 2.07
3V2' SSDD (135 TPI) - bul k pack 6317-FA 1.67
3V2' DSDD (135 TPI) - bul k pack 6327-FA 1.99

SSSD.= Sing le Sided Sing le Densit y; SSDD = Single Sided Double Den sity ;
DSDD= Dou ble Side d Double Densi ty; DSQD= Double Sided Quad Dens ity ;
DSH D = Double Sided High Densit y; TPI = Tracks per inch.

Order toll free BOO-USA-DISK

Super Disk"
Diskettes
Now...Diskettes you can
swear by, not swear at.
Lucky for you, the diskette buyer, there are many diskette
brands to choose from. Some brands are good, some not
as good, and some you wou Idn't th in k of trusti ng with even
one byte of your valuable data. Sadly, some manufactu rers
have put their profit motive ahead of creating quality
products. This has resul ted in an abundance of low quality
but rather expensive diskettes in the marketplace.

A NEW COMPANY WAS NEEDED AND STARTED
Fortunately, other people in the diskette industry recogn ized
that making ult ra-h igh quality diskettes requ ired the best and
newest manufactu ring equipment as we ll as the best people
to operate th is equipment. Since most manufacturers seemed
satisfied to give you only the everyday qual ity now available,
an assemblage of quality conscio us indiv iduals decided to
start a new company to give you a new and better dis kette.
They called this product the Super Disk diskette, and you 're
going to love them. Now you have a product you can swear by,
not swear at.
HOWTHEY MADE THE BEST DISKETTES EVEN BETTER
The management of Super Disk diskettes then hired all the
top brains in the diskette industry to make the Super Disk
product. The n th ese top bananas (sometimes called floppy
freaks) created a new standard of diskette quality and
reliability. To learn the "manufacturing secrets" of the top
diskette makers, they've also hired the remaining "magnetic
media moguls" from competitors around the wo rld. Then all
these wo rld class, top-dollar engineers, physicists, research
sc ientists and production experts (if they've missed you , send
'in you r resume to Super Disk) we re given one directive...to
pool all their manufacturing know-how and create a new,
better diskette.

HOW SUPER DISK DISKETTES ARE MANUFACTURED
The Super Disk crew then assembled the newest, totally
quality monitored; '''!!:ltomated production lin e in the industry.
Since the manufactu ring equipment at Super Disk is new, it's
easy for Super Disk to consistently make better diskettes.
You can always be assu red of ultra-tight tolerances and
superb dependabil ity wh en you use Super Disk disk ettes. If
all this manufacturing mumbo-jumbo doesn't impress you ,
we're sure that at least one of these other benefits from using
Super Disk diskettes will:
1. TOTALSURFACE TESTING- For maximum reliability. and to lessenthe likelihoodof
di sk er ror s, all diskett es must be to ta lly suriace tested . At Sup er Disk, each diskette is
100% surface tested. Super Disk is so picky in their testing, they ev en test the tr ack s that
are in between the regul ar tracks.
2 . COMPLETE LINE OF PROOUCTS - For a diskette to be useful to you and your
com pute r, it must be compatable physica lly. Super Disk ha s an entire line of 5 1f",-inch
and 31Jr inch diskett es fo r yo ur computer.
3 . SPECIALLY LUBRICATED DISK- Super Disk usesa special oxide lubricantwhich is
added to th e base medi a in the production of their diskett es. This gives you a better disk
drive head to media contac t and longer head and disk life.
4. HIGHTEMPERATURE/LOW·MARRING JACKET- Aunique high temperature and
low-marring vinyl jacket allows use of the ir product whe re other diskettes wo n't work. This
spec ial jacket is more rig id th an othe r disk ettes and helps eliminate dust on the jack et.
5 . REINFORCED HUB RINGS - Standard on all 48 TPI Super Disk mini-disks. to
st rengthen the center hub hole. Th is increase s th e li fe of the d isk to save you money and
in crease overa ll diskett e reli ability.
6.DISK DURABILITY· Super Disk diskettes will beatall industry standardsfor reliability
since th ey w ill give yo u more than 75 % of th e orig inal signal ampli tude rem aini ng even
after an ave rage (Weibu l 8-5 0) of 3 0 million passes. They are compa tib le wit h a ll industry
specifications as established by ANSI. ECMA. ISQ. IBM and JIS.
7 . CUSTOMERORIENTEDPACKAGING- AllSuper Disk disksarepackaged10 disksto
a carto n and 10 ca rtons to a ca se. The eco nomy bu lk pack is package d 100 disks to a case
w ithout envelopes or lab e ls.
B. LIFETIMEWARRANTY- If all else fails. remember. all disks madebySuper Disk Inc..
ha ve a lifet ime warranty. If any Super Disk diskette fails to meet fac tory spec if ica t ions,
Super Disk Inc. will re place th em und er the terms of th e Super Disk warr ant y.
9. SUPERB VALUE - With Super Disk's automated production line. high-quality. error-
fr ee disks are yours wi thout the hig h cos t.
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Mirage -KLM JV -2X VHF 
Antenna 

A low -cost, high - 
performance VHF antenna 
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ELECTROÂ tcs 
CHNI c-a T 

Our New and Highly Effect ..J Advanced Place 
ment Program tor experienced Electronic Tech. 
nicens grants credit for previous Schooling and 
Professional Experience . and can greatly re- 
duce the trne required to complete Program and 
reach graduation No residence schooling re- 
quired for qualified Electronic Technicians 
Through this Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your B S E E Degree Up- 
grade your status and pay to the Engineering 
Level Advance Rapidly' Many finish in 12 
months or less Students and graduates in a1 50 
States and throughout the Wald Established 
Over 40 Years, Write tor tree Descnptive 
erature 

COOK'S INSTITUTE 
OF ELECTRONICS ENGINEERING 

ECX E 
347 RAYMOND ROAD 
P O. 80X 20345 
JACKSON, MISSISSIPPI 39204 
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HOW MANY TIMES FLAVE YOU LISTENED 

to a scanner or other radio, only to 
hear an interesting radio transmis- 

sion fade out just when it was get- 
ting meaty? If you're like us, it's 
probably happened to you more 
than once. 

The answer to that problem 
might be as simple as putting up 
an outdoor antenna, such as one 
we recently tried, the IV -2X from 
Mirage -KLM (16890 Church St., 
Morgan Hill, CA 95037). 

If you're relying on an indoor 
antenna now, just about any out- 
door antenna will improve your re- 
ception. But if you have an 
outdoor antenna now and still are 
not getting the performance you 
need from your VHF rig, then it's 
important to remember that in the 
world of antennas everything isn't 
created equal. 

For instance, a % -wave antenna 
will show about 3 dB of gain over a 

'Va -wave antenna, and a longer an- 
tenna can show an even greater 
gain improvement. The IV -2X is an 
extended J -pole antenna that is 
roughly two wavelengths long 
(about 12 feet) at 144 MHz. That is 
extremely long compared to the 
majority of VHF antennas that we 
have seen, but the size is the key to 

WAVeTE K 

Our 2 MHz Function GEnErator 
has an unlimitEd rangE. 

Model 20 not only covers the .002 Hz 
to 2.1 MHz frequency range, It covers 
the world. With internal NICad bat- 
teries' you can take Model 20 
anywhere and get triggered, gated or 
continuous waveforms -sines, 
squares. and triangles up to 20 volts 
peak to peak. It recharges from wall 
transformer [included) or external 
source from 2 to 25 VDC or 10 to 
18 VAC. Model 20 also has many of 
the features you would expect from 
the industry leader in function gener- 
ators, including VCG Input connector 
for external sweep or FM, step 
attenuator to - 80dB. and a TTL 
pulse output. The price is lust $395. 
For a data sheet or to order, call or 
write Wavetek San Diego. P.O Box 
85265, 9045 Balboa Ave., San 
Diego, CA 92138. Phone 619 
279 -2200; TWX (910) 335-2007 
Batteries not 

, 
1 -. ' 

CIRCLE 185 ON FREE INFORMATION CARD 

EARN YOUR \ ,,'VeB.S.E.E. \
DEGREE

THROUGH HOME STUDY
Our New and Highly Effective Advanced-Place
ment Program for experienced Electronic Tech
nicians grants credit for previous Schooling and
Professional .Experience, and can greatly re
duce the time required to complete Program and
reach graduation. No residence schooling re
quired for qualified Electronic Technicians.
Through this Spec ial Program you can pull all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree. Up
grade your status and pay to the Engineering
Level. Advance Rapidly i Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World. Established
Over 40 Years ! Write for free Descriptive lit
erature .

CIRCLE 190 ON FREE INFORMATI ON CARD

Mirage-KLM jV-2X VHF
Antenna

A low-cost, high
performance VHF antenna

CIRClE 6 ON FREE INFO RMATIO N CARD

H OW MANY TIME S HAVE YOU LISTENED

to a scanner or other radio , only to
hear an interesting radio tran srnis-

sion fade out just wh en it was get
t ing meaty? If you're like US, it 's
probably happened to you more
than once.

Th e an swer to that prob lem
mi ght be as simple as putt ing up
an outdoor ant enna, such as on e
we recent ly tr ied , the jV-2X from
Mirage -KLM (16890 Church St.,
Morgan Hill, CA 95037).

If you 're relying on an indoor
antenna now, ju st about any out
door antenna wi ll improve your re
cept io n . But i f you h av e an
outdoor antenna now and sti ll are
not getting the perfo rma nce yo u
need f rom yo ur VHF rig, t hen it's
important to remember that in the
wor ld of ante nnas everyt h ing isn 't
created equal.

For instance , a Sfa-wave antenna
will show abo ut 3 dB of gain over a
Y4-wave ante nna, and a lo nger an
tenna can show an even greater
gain improvement. The jV-2X is an
exte nded J-pole anten na that is
rough ly two wave lengths long
(about 12 feet) at 144 MHz. That is
extremely long compared to th e
majority of VHF antennas that we
have seen , but the size is the key to
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Our '2 MHz Function Generator
has an unlimited range.

Model 20 not onlycovers the .00 2 Hz
to 2.1 MHz frequency range, it covers
the world . W ith int ernal NICadbat
te ries ' you can t ake Model 20
anywhere and get t riggered, gated or
continuous waveforms-sines,
squares, and triangles up to 20 volts
peak to peak. It recharges from wall
t r ansformer [included] or external
source from 12 to 25 VDC or 10 to
18 VAC. Model 20 also has many of
the features youwould expect fr om
the industry leader in function gener
ators , including VCGinput connector
for external sweep or FM, step
at t enuator to - 80d8, and a TIL
pulse output. The price is just $395.
For a data sheet or to order , call or
write Wavetek San Diego, P.O. 80x
85265,9045 8alboaAve ., San
Diego, CA 92138 . Phone [6191
279-2200; TWX f910J 335-~007.
* Batteries not included.

CIRCLE 185 ON FREE INFORMATION CARD
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ELENCO PRODUCTS AT DISCOUNT PRICES! 
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20 MHz DUAL TRACE OSCILLOSCOPE 

$329 MO-1251 

a 
1 N. 

77 
- 

+ I . . . 

O:. 
, 

6. 

1 
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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 lx. 10x probes, diagrams and manual included. Write for specifications. 

MULTI METER with 
CAPACITANCE and 

transistor tester 

565 
Model 

CM -1500 

Reads Volts. Ohms. 
Current, Capacitors 
Transistors & Diodes 

TRUE RMS 4' 2 

DIGIT MULTIMETER 

$135 Model 
M -7000 

.05 °o DC Accuracy 
.1 % Resistance 

with Freq. Counter 
& Deluxe Case 

3';2 DIGIT 
MULTIMETER 

525 
Model 

M -1600 

1% DC Accuracy 
1% Resistance 
Reads 10A DC 

GF -8016 Function Generator 
with Freq. Counter 

$219 
POWER BLOX 

The Power Supply For Breadboarding 

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

GF 8015 without Freq. Meter '169 

: 

Triple Power Supply XP -660 

41:011111.11j 

$1495° 
Y 0 -20V ,r 1A 

"Arum ,',91 0 -20V (r 1A 
5V :4 5A 

Fully Regulated, Short Circuit Protected with 2 
Limit Cont. 3 Separate Supplies. 

3 Amp Power Supply XP -650 

. -- 
. :=1 

NI ' 

ik 
Mir 

IMP 

Fully regulated. short circut protected current 
limit control 

$11950 
0-40V Ct 1.5A 
0-20V (it 3A 

$1495 $995 
Now a Power Supply for your Bread Blocks. Snaps in- 
to existing units. Fully regulated and short circuit pro- 
tected. 

12V a 3A, 5V Gt 1A, 5V Gt .5A 

`22.95 for Both, Power Blox & Breadboard 

9 
DIGITAL LCR METER 

Model LC -1800 
Measures: Inductors 
Capacitors, Resistors $148 

Inductors .1NH to 200 H 
Capacitor. l P% to 200N1 
Resistor .01Q to 20M Q 
Ranges 6 Ind, 7 cap, 7 res 

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

2 Year Limited Guarantee! Add 5% for Postage (510 max.), IL Res., 7 °/o Tax 
CIRCLE 109 ON FREE INFORMATION CARD 
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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

POWER BlOX

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

Inductors .11lH to 200 H
Capacitor.1 P1 to 200111
Resistor .01Q to 20M Q
Ranges 6lnd , 7cap, 7 res

Model
M-7000

Now .a Power .Supply for your Bread Blocks. Snaps in
to existinq units. Fully regulated and short circuit pro
tected.

12V @ .3A, 5V @ 1A, -5V @ .5A

$22.95 for Both, Power Blox & Breadboard

TRUE RMS 4V2
DIGIT MULTIMETER

.05% DC Accuracy
.1 % Resistance

with Freq. Counter
& Deluxe Case

Model
CM-1500

MULTI METER with
CAPACITANCE and

transistor tester

Reads Volts, Ohms,
Current, Capacitors
Transistors & Diodes

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

'3 Amp Power Supply XP-650

L.~~;.Y'3 (-I' $11950
_.. - __::_~ .w _. _. , 0-40V @ 1.5A

_ 'If ' 0-20V @ 3A-Fully regulated, short circut protected current
limit control

Triple Power Supply XP-660

; :::.~ $1~~~0
"- • - 5V @ 5A

Fully Regulated, Short Circuit Protected with 2
Limit Cont. 3 Separate Supplies.

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

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

OVERALL 
PRICE 

EASE 
OF USE 

INSTRUCTION 
MANUAL 

PRICE/ 
VALUE 

ftft\NtlM 
JV-2X 

_.... tltltltltll -, 
minium" 
---N.---.' 
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the unit's superior performance. 
In our tests we found about a 6 -dB 
increase in received signal 
strength over a 1/4-wave antenna. 
That's about all the gain you'd 
need for a scanning radio. For 
transmitting applications, similar 
gain figures are obtainable. 

Set -up and use 
Our first impression after pull- 

ing the unit out of the box was that 
assembly would be a formidable 
task. That was due to the large 
number of pieces involved, and a 

set of instructions that were 
vaguely written and confusing. 
(According to the company, the in- 
structions have since been re- 
vised.) What saved the day was the 
fact that those instructions were 
accompanied by some very clear 
illustrations. Following those, as- 
sembly was not difficult at all. The 
entire operation went smoothly 
and took less than an hour. Using 
the antenna lengths suggested in 
the instructions, the unit tuned up 
easily. 

Once the antenna is set up 
there's little else to do except con- 
nect the coaxial cable and use it. 

Overall, the JV-2X is a worthy 
successor to the IV-2, which is a 

shorter version of the same anten- 
na. With a suggested list price of 
$39.95, it's a bargain, too! R -E 

running 26 miles 
- dust for fun 

USO s sports events are one way that ser- 
vicemen and women can spend their off du- 
ty times In fact. it's also a way to meet 
other people and to feel a part of things 
when far from home. "Because life's 
toughest battles aren't always fought in 
the field 
Support USO through the United Way. 
OCFC, or local USO campaign 
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Radio 
Electronics B fflUUEJ 

THE WIRELESS TELEPHONE TRANSMIT- 
TER model WTT -20 is only the size of a dime. 
yet transmits both sides of a telephone con - 
versation with crystal clarity. Completely au- 
tomatic. Uses power from the telephone line 
itself. Never needs a battery! Up to '4 mile 
range Use with any FM radio. Complete kit 
only $29.95. Tax included. VISA and Master- 
Card accepted FREE SHIPPING DECO IN- 
DUSTRIES. Box 607, Bedford Hills, NY 
10507. (914) 241-2827. 

CIRCLE 127 ON FREE INFORMATION CARD 
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SATELLITE DESCRAMBLER MANUAL 
Now introducing complete technical 
information for the M /A -COM VIDEO 
CIPHER 2 DESCRAMBLER, USED BY 
HBO, CINEMAX AND OTHER PAY T.V. 
SERVICES. 34 page book contains 
Schematics. Circuit Drawings, Parts 
Lists and Theory of Operation, for both 
the VIDEO and AUDIO CIRCUITS. 
OTHER DESCRAMBLER CIRCUITS 
AVAILABLE. $23.95, first class postage 
included ADD 52 00 for C O D. 
NORSAT COMMUNICATIONS, 11700 
MERRIMAN ROAD.LIVONIA. MICH. 
48150 (313)965 -5544. 
CIRCLE 195 ON FREE INFORMATION CARD 

MTS STEREO ADAPTER. Add the dramatic, 
new dimension of MTS STEREO to virtually 
any TV or VCR using the Audio Output Plug 
and your stereo system. So versatile it even 
simulates extra ordinary stereo sound on 
non -stereo broadcast. Assembled $81.00, 
also available in kit form. $52.00. N.Y Resi- 
dence add tax DEL -PHONE INDUSTRIES, 
Box 150. Elmont. New York 11003. 

CIRCLE 186 ON FREE INFORMATION CARD 

SUBSCR PTION TV MANUAL. This infor- 
mation packed book details the methods 
used by subscription TV companies to 
scramble and descramble video signals. 
Covers the Sinewave, Gated Pulse. SSAVI 
system, and the methods used by most cable 
companies Includes circuit schematics. the- 
ory, and trouble shooting hints. Only $12.95 
plus $2.00 first class P8H ELEPHANT 
ELECTRONICS. INC., Box 41865 -R. Phoe- 
nix. AZ 85080 

CIRCLE 120 ON FREE INFORMA ION CARD 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 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 -ELECTRONICS. 500 - 

Bi- County Blvd.. Farmingdale. NY 
11735. 

MIA-COM VIDEO CIPHER II

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500
B Bi-County Blvd ., Farmingdale , NY
11735.

• 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 NOW
AND

RESERVE
YOUR SPACE

SATELLITE DESCRAMBLER MANUAL
Now introducing complete technical
information for the MIA-COM VIDEO
CIPHER 2 DESCRAMBLER, USED BY
HBO, CINEMAX AND OTHER PAY T.V.
SERVICES. 34 page book contains
Schematics, Circuit Drawings, Parts
Lists and Theory of Operation, for both
the VIDEO and AUDIO CIRCUITS.
OTHER DESCRAMBLER CIRCUITS
AVAILABLE. $23.95, first class postage
included. ADD $2.00 for C.O.D.
NORSAT COMMUNICATIONS, 11700
MERRIMAN ROAD,L1VONIA, MICH.
48150 (313)965-5544.
CIRCLE 195 ON FREE INFORMATION CARD
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MTS STEREO ADAPTER. Add the dramatic,
new dimension of MTS STEREO to virtually
any TV or VCR using the Audio Output Plug
and your stereo system. So versatile it even
simulates extra ordinary stereo sound on
non-stereo broadcast. Assembled $81.00,
also available in kit form, $52.00. N.Y. Resi
dence add tax. DEL-PHONE INDUSTRIES,
Box 150, Elmont, New York 11003.

CIRCLE 186 ON FREE INFORMATION CARD

SUBSCRIPTION TV MANUAL. This infor
mation packed book details the methods
used by subscription TV companies to
scramble and descramble video signals .
Covers the Sinewave, Gated Pulse, SSAVI
system, and the methods used by most cable
companies. 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 120ON FREE INFORMAl ION CARD

THE WIRELESS TELEPHONE TRANSMIT
TER model WTT-20 is only the size of a dime,
yet transmits both sides of a telephone con
versation with crystal clarity. Completely au
tomatic. Uses power from the telephone line
itself. Never needs a battery! Up to Y4 mile
range. Use with any FM radio. Complete kit
only $29.95. Tax included. VISA and Master
Card accepted. FREE SHIPPING. DECO IN
DUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 241-2827.

CIRCLE 127ON FREE INFORMATION CARD
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EASE
OF USE

OVERALL
PRICE

Mirage-KLM

.~
_~M1(~ running 26 miles
CJ~'~) just for fun
uSO's sportsevents areone way that ser
vicemen and women can spend their off du
ty times. In fact, it's also a way to meet
other people and to feel a part of things
when far from home. "Because life's
toughest battles aren't always fought in
the field."
Support usa through the United Way,
OCFC, or local usa campaign.

PRICE/
/VALUE

INSTRUCTION
MANUAL

the unit's superior performance.
In ou r tests we fou nd about a 6-dB
increase in received signal
strength over a %-wave antenna.
That's about all the gain you'd
need for a scanning radio . For
transmitting applications, similar
gain figures are obtainable.

Set-up and use
Our first impression afterpull

ing the unit out of the box was that
assembly would be a formidable
task . That was due to the large
number of pieces involved, and a
set of instructions that were
vaguely written and confusing .
(According to the company, the in
structions have since been re
vised.) What saved the day was the
fact that those instructions were
accompanied by some very clear
illustrations. Following those, as
sembly was not difficult at all. The
entire operation went smoothly
and took less than an hour. Using
the antenna lengths suggested in
the instructions, the unit tuned up
easily.

Once the antenna is set up
there's little else to do except con
nect the coaxial cable and use it.

Overall, the jV-2X is a worthy
successor to the jV-2, which is a
shorter version of the same anten
na. With a suggested list price of
$39.95, it's a bargain, too! R-E
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Radio- o 0 

Electronics DLiUU 
GREAT WAYS 

ro USE THE SSAVI ç_ -r 

NEW PUBLICATION, 5 Great Ways to Use 
the SSAVI" a complete guide for all uses, 
including conversion to a stereo TV decoder 
$6.50 ppd. ZENITH SSAVI Descramblers 
only $169. Gated pulse $199. Reconditioned 
original equipment for UHF chs 27,48.41 & 
60, etc. Quantity discounts. Surplus TV 
equipment: Oak N -12, Hamlin MLD -1200, 
SB 3. etc. Warranty Catalog S1. AIS SATEL- 
LITE, P.O. Box 1226 -A, Dublin, PA. 18917. 
215 -249 -9411. 

CIRCLE 81 ON FREE INFORMATION CARD 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 rate 5745 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- ELECTRONICS, 500- 

Bi- County Blvd., Farmingdale. NY 
11735. 

b 

. --.1 
R &D SHEET METAL WORKER -New multi- 
purpose Shear. Brake and Roll now with 6" 
male dies, removable and removable female 
dies. A complete in -house shop at 1 3rd the 
cost. Over 20 years development %sales 
worldwide in industry. government and edu- 
cation. Free literature or $2.00 for -Guide to 
Sheet Metal Working PACIFIC ONE COR- 
PORATION. 513 Superior Ave.. Suite 54, 
Newport Beach, CA 92663 (714) 645 -5962 
Telex 4996168. 

CIRCLE 118 ON FREE INFORMATION CARD 

IPP""' 

SAY GOOD -BYE TO BORING ONE- DIMEN- 
SIONAL TV SOUND. Say hello to dynamic 
MTS (Multichannel Television Sound) MTS is 
the only FCC approved method of broadcast - 
ing all the new stereo TV programs into your 
home with cinema -like quality. Recoton V622 
$129.95 & 6 50 S & H Visa MasterCard 1 

(800) 522-2636 Order only (617) 871 -5611 for 
information CAMEO ENTERPRISES INC., 
45 Accord Pk.. Norwell. MA 02061. 

CIRCLE 89 ON FREE INFORMATION CARD 

MICROWAVE ANTENNAS $69.95 ship- 
ping, lifetime warranty We repair all types of 
downconverters Satellite Dishes and parts 
complete 9' dish with block system. 80° LNA 
by arcfinder $995.00. Coax cable T V parts, 
accessories connectors, T V amplifiers. 
Write for free catalog or call for prices BLUE 
STAR IND.. Dept. RE6 -86. 4712 Ave. N, 
Brooklyn. N.Y. 11234 (718 338 -8318 Ext. 
105. 

CIRCLE 85 ON FREE INFORMATION CARD 

SINGLE AND DUAL TRACE Scopes, Ana- 
log and Digital Multimeters, Power Supplies. 
High Voltage and Low Cap. Probes 
RF and Sine Square Wave Generators. Digi- 
tal Capacity Meters Available at your local 
distributor EMCO ELECTRONICS, P.O. Box 
327, Plainview. NY 11803. Send for your free 
catalog 

CIRCLE 188 ON FREE INFORMATION CARD 

TV STEREO -SAP -ADAPTER: only $79.00 
to modify your existing TV set as a Stereo - 
Second Audio Program -Function TV It re- 
quires single line from TV and stereo ampli- 
fier. Detail instruction manual for modifcation 
is included Allow 4 -6 weeks delivery. INTEK 
ELECTRONICS. P.O. BOX 76417, Los An- 
geles. CA 90076. (213) 739 -1664. 

CIRCLE 179 ON FREE INFORMATION CARD 

THE MOST EXCITING KIT YOU WILL EVER 
BUILD The model WAT -50 miniature FM 
transmitter uses a 4 -stage circuit NOT to be 
confused with a simple wireless microphone. 
Up to 1 mile range. So sensitive, it will pick -up 
a whisper 50 feet away' Use with any FM 
radio Complete kit only $29.95 tax Incl. VISA 
and MasterCard accepted. FREE SHIP- 
PING DECO INDUSTRIES, Box 607, Bed- 
ford Hills, NY 10507. (914) 241 -2827. 

CIRCLE 127 ON FREE INFORMATION CARD 

LOW COST PROBES. Replacements for 
all makes of probes Fit all makes of os- 
cilloscopes Save up to one -half on 
cost Performance guaranteed Send for 
free catalog For immediate service call: 
800- 368 -5719 outside Calif 800 -643 -8382 in 
Calif TEST PROBES. INC. P.O. Box 2113, 
La Jolla, California 92038. 

CIRCLE 123 ON FREE INFORMATION CARD 
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NEW PUBLICATION, "5 Great Ways to Use
the SSAVI": a complete guide for all uses ,
including conversion to a stereo TV decoder
$6.50 ppd . ZENITH SSAVI Descramblers
only $169. Gated pulse $199. Reconditioned
original equipment for UHF chs . 27,48,41 &
60, etc . Quantity discounts. Surplus TV·
equipment: Oak N-12 , Hamlin MLD-1200,
SB-3, etc . Warranty. Catalog $1. AIS SATEL
LITE, P.O. Box 1226-A, Dublin, PA, 18917.
215-249-9411.

CIRCLE 81 ON FREE INFORMATION CARD

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-ELECTRONICS, 500
B Bi -County Blvd ., Farmingdale, NY
11735.

R&D SHEET METAL WORKER-New multi
purpose Shear, Brake and Roll now with 6"
male dies, removable and removable female
dies . A complete in-house shop at 1/3rd the
cost. Over 20 years development/sales
worldwide in industry, government and edu
cation. Free literature or $2.00 for "Guide to
Sheet Metal Working ." PACIFIC ONE COR
PORATION, 513 Superior Ave., Suite 54,
Newport Beach, CA 92663 (714) 645-5962
Telex 4996168.

CIRCLE 118 ON FREE INFORMATION CARD
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MICROWAVE ANTENNAS $69.95 + ship
ping , lifetime warranty. We repair all types of
downconverters. Satellite Dishes and parts
complete 9' dish with block system, 80° LNA
by arcfinder $995.00. Coax cable T.V. parts,
accessories connectors , T.V. ampl ifiers .
Write for free catalog or call for prices . BLUE
STAR IND., Dept. RE6-86, 4712 Ave. N,
Brooklyn, N.Y. 11234 (718 338·8318 Ext.
105.

CIRCLE 85 ON FREE INFORMATION CARD

SAY GOOD-BYE TO BORING ONE-DIMEN
SIONAL TV SOUND. Say hello to dynamic
MTS (Multichannel Television Sound) MTS is
the only FCC approved method of broadcast
ing all the new stereo TV programs into your
home with cinema-like qual ity. Recoton V622
$129.95 & 6.50 S & H. Visa/MasterCard 1
(800) 522-2636 Order only, (617) 871-5611 for
information. CAMEO ENTERPRISES INC.,
45 Accord Pk., Norwell, MA 02061.

CIRCLE 89 ON FREE INFORMATION CARD

THE MOST EXCITING KIT YOU WILL EVER
. BUILD The model WAT-50 miniature FM

transmitter uses a 4-stage circuit NOT to be
confused with a simple wireless microphone.
Up to 1 mile range. So sensitive, it will pick-up
a whisper 50 feet away! Use with any FM
radio. Complete kit only $29.95 tax incl. VISA
and MasterCard accepted. FREE SHIP
PING. DECO INDUSTRIES, Box 607, Bed·
ford Hills, NY 10507. (914) 241-2827.

CIRCLE 127 ON FREE INFORMATION CARD

SINGLE AND DUAL TRACE Scopes, Ana
log and Digital Multimeters, Power Supplies ,
High Voltage and Low Cap. Probes
RF and Sine/Square Wave Generators, Digi
tal Capacity Meters . Available at your local
distributor. EMCO ELECTRONICS, P.O. Box
327, Plainview, NY 11803. Send for your free
catalog .

CIRCLE 188 ON FREE INFORMATION CARD

TV STEREO-SAP-ADAPTER: only $79.00
to modify your exist ing TV set as a Stereo
Second Audio Program-Function TV. It re
quires single line from TV and stereo ampl i
fier. Detail instruction manual for modifcation
is included . Allow 4-6 weeks delivery. INTEK
ELECTRONICS, P.O. BOX 76417, Los An
geles, CA 90076, (213) 739-1664.

CIRCLE 179 ON FREE INFORMATION CARD

LOW COST PROBES. • Replacements for
all makes of probes • Fit all makes of os
cilloscopes • Save up to one-half on
cost • Performance guaranteed • Send for
free catalog. For immediate service call:
800-368-5719 outside Calif. 800-643-8382 in
Calif . TEST PROBES, INC. P.O. Box 2113,
La Jolla, California 92038.

CIRCLE 123 ON FREE INFORMATION CARD
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Capacitance, 
logic and more. 

For less. 
Now, a fully -loaded DMM combines 

a capacitance meter, logic probe, and 
in hFE meter, all for the price of a DMM 

TM Logic Probe: 20 MHz 

Hi /lo /off indications 
Detects 25nS pulse width 

Capacitance: 5 ranges (2nF to 20µF ) 

hFE (NPN or PNP): 1 range (1000 ) 

DMM: DCV -5 ranges (.2V to 1W) 
ACV-5 ranges (.2V to 750V) 
DCA- 4 ranges ( 200)1A to l0A ) 
ACA- 3 ranges (20mA to 10A ) 

Ohms -7 ranges ( 200 Ohms 
to 2000 Megohms ) 

Continuity beeper 

Diode check 
Built -in bail 
Anti -skid pads 

See one now at your local Beckman 
Industrial distributor. 

DM25L . . . S8995' 

Cain 
is LI Li 

Irv" 
ocv 1 

r1,,.N 

.; ¡ ̀ ¡1 .. : 

Be-km.. Bw-km..n Inds fir r ,. 

Beckman Industrial Corporation 
A Subsidiary. of Emerson Electric Compan 
630 Puente Street, Brea, CA 92621 

(714)671-4800 

CIRCLE 176 ON FREE INFORMATION CARD 

NEW 
PRODUCTS 

LAMP TIMERS, models ST18 and 
ST2B, feature random -setting con- 
trol to vary the time that the lamps 
turn on and off. (If lights turn on 
and off at the same time each day, 
burglars might not be fooled.) The 
timers' built -in photocell automat- 
ically detects when it is time to 
turn a lamp on for up to 10 hours. 
To vary the time lights turn on and 
off, the user merely activates the 
"random setting" control. No sea- 
sonal adjustments are necessary 
to ensure that the light turns on at 
the right time, and the timer 

LOW COST, RELIABLE, 
HIGH PERFORMANCE 

DIGITAL MULTIMETERS 

OOOg 

. - 

VIIINiftenTaZ 

MIC -6E 31/2 Digit DMM $34.95 
accuracy. DCV DCA. ACV. ACA, beeper 

diode test and temperature 

MIC -LCR Meter $99.95 
31 digit. 1 °o accuracy. capacitance. con- 
ductance. resistance 

MIC- 7000FA 41 Digit OMM $119.95 
0 05 °o accuracy, treq counter. DCV, DCA. 
ACV. ACA. beeper. over load protection, ' Lo 
battery" 

MIC- 7000FT 41/2 Digit OMM $139.95 
Same as 7000 FA plus TRUE RMS Measure- 
ment 

We accept check & money order for FREE 
shipping. 1 year warranty CA residents add 
6% tax Quantity discount. 

YMK ENTERPRISES.INC. TOPOL PRODUCTS 
14252 Culver Dr PO Box 391703 
Irvine. CA 92714 Mt View. CA 94039 
Ste A -351 1408) 262-7441 
(714) 551 -9311 

CIRCLE 191 ON FREE INFORMATION CARD 

CIRCLE 21 ON FREE INFORMATION CARD 

doesn't have to be reset after a 

power failure. 
The tabletop model ST28 is used 

when wall outlets are hidden by 
curtains or furniture. It features a 
smoke -tinted lid, dimmer, and a 
six -foot power cord, and is de- 
signed for incandescent light - 
bulbs up to 500 watts. It has a 

suggested retail price of $21.95. 
The model ST18 is used when 

wall outlets are exposed to natural 
daylight. It plugs directly into any 
standard 125 -volt outlet, and is de- 
signed for incandescent light - 
bulbs up to 300 watts. The 
suggested retail price is $17.95. 
Both timers are UL- listed. -Inter- 
matic Inc., Intermatic Plaza, Spring 
Grove, IL 60081. 

STEREO PREAMPLIFIER, model 
DX300, in addition to two tape 
monitors and tape -dubbing ca- 
pability, features signal -processing 
capability for insertion of any sig- 
nal processor into the signal path. 

CIRCLE 22 ON FREE INFORMATION CARD 

Video /audio inputs enable simple 
hook -up of a VCR's or video disc 
player's audio tracks to take full 
advantage of enhancements avail- 
able when tapes are played 

NEW
PRODUCTS

- -- - -- - - - - --- .:-. .. :-- .

CIRClE 21 ON FREE INFORMATION CARD

doesn't have to be reset aft er a
power failure.

The tabletop model ST28 is used
wh en wall outlets are hidden by
curtain s or furn iture. It features a
smo ke-t inted lid , dimmer, and a
six-fo ot power co rd, and is de
sig ne d fo r incand escen t l igh t
bulbs up to 500 watts. It has a
suggested retail price of $21.95.

The model ST18 is used w hen
wall outlets are exposed to natural
dayli gh t. It plu gs directl y into any
standard 125-volt o ut let, and is de
sig ne d for incand escent light
bulb s up to 300 watt s . Th e
suggeste d retail pri ce is $17.95.
Both timers are UL-listed .-Inter
matic Inc. , Intermatic Plaza, Spring
Grove, IL 60081.

STEREO PREAMPLIFIER, m od el
QX300, in addition to two tape
monitors and tape-dubbing ca
pability, features signal-processing
capability for in sertion of any sig
nal processor into th e signal path .

LOW COST, RELIABLE,
HIGH PERFORMANCE

DIGITAL MULTIMETERS

MIC·6E 3Y2DigitDMM $34.95
Y.1%accuracy, DCY, DCA, ACV, ACA, beeper,
diode test andtemperature

MIC-LCR Meter $99.95
3Y.! digit, 1% accuracy, capacitance, con
ductance, resistance

MIC-7000FA 4Y.1 Digit DMM $119.95
0.05 % accuracy, freq . counter, DCV, DCA,
ACV, ACA, beeper, overload protection , "Lo
battery"

MIC·7000FT 4Y2Digit DMM $139,95
Same as7000 FAplusTRUERMS Measure
ment

LAMP TIMERS, model s S T18 and
STl8, feature random-setting con
trol to vary th e time that th e lamp s
turn on and off. (If li ghts turn on
and off at th e same time each day,
burglars mi ght not be foo led .) The
timers' built-in ph otocell automat
ically dete cts wh en it is time to
turn a lamp o n for up to 10 hours.
To vary the time lights turn on and
off, th e user merely act ivates th e
" random setting" control. No sea
sonal ad just me nts are necessary
to ensure that the light turns on at
th e right tim e , and the timer

Capacitance,
logic and more.

Farless.
Now, a fully-loaded DMMcombines

a capacitance meter, logic probe, and
anhFE meter, all for the price of a DMM.

TILLogic Probe: 20 MHz
Hi/ to/offindications
Detects 25nS pulsewidth

Capacitance: 5ranges (2nFto 20/lF )
hFE (NPNor PNP): 1range (1000)
DMM: DCV-5ranges(.2Vto IkV)

ACV-5 ranges ( .2V to750V)
DCA- 4 ranges (200/lA to lOA)
ACA-3 ranges (20mAto lOA )
Ohms -7ranges (200 Ohms

to2000Megohms)
Continuitybeeper
Diode check
Built-in bail
Anti-skid pads

See one now atyour local Beckman
Industrialdistributor.

DM25L ... 58995*

!8 CIRCLE 176 ON FREE INFORMATION CARD
CIRCLE 191 ON FREE INFORMATION CARD

We accept check & money order for FREE
shipping, 1year warranty. CA residents add
6% tax. Quantity discount.-

)
u
~

U
)
5
c
C

' Suggested list price (t US) with batterytestleads andmanual.

B~~krr!=-!: l!:d~5!:!"i=-! r"

Beckman Industrial Corporation
ASubsidiaryof Emerson Electric Company
630 Puente Street, Brea, CA 92621
(714) 671-4800
l) Copyright 1985Beckman Industrial Corporation

YMK ENTERPRISES,INC.
14252 Culver Dr.
Irvine, CA 9271 4
Ste. A-351
(714) 551-9311

TOPOL PRODUCTS
P.O. Box 391703
Mt. View, CA 94039
(408) 262-7441

CIRCLE 22 ON FREE INFORMATION CARD

Vid eo/audi o inputs enable simple
hook -up of a VCR's or video di sc
player 's audio t racks to tak e full
advantage of enhancements avail
abl e wh en t apes are pl ayed
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HM 205 an outstanding new Oscilloscope 
with Digital Storage 

Realtime: 
2 channels DC - 20 MHz 
max. sensitivity 2 mV/div. 
Timebase 0.2s - 20 ns /div. 
Trigger: DC - 35MHz (0.5 div.) 
Built -in Component Tester 
1 kHz / 1 MHz calibrator (3ns) 
TV sync. separator 

Digital Storage: 
max. sampling rate 100 kHz 
Refresh -, Single -Mode 
Storage: 8 bitx 2048 points 
Timebase: 5s -0.1 ms /div. 

CRT 8x 10cm, int. graticule, 2 kV 

HM 208 the high tech Digital Storage Scope 
with 20MHz sampling rate 

Realtime: 
2 channels DC - 20 MHz 
max. sensitivity 1 mV/div. 
Timebase 0.1 s - 20 ns /div. 
Trigger: DC 40 MHz (0.5 div.) 

Digital Storage: 
max. sampling rate 20MHz 
Roll -, Refresh -, Single -, XY -Mode 
Storage: 8 bitx4096 points 
Timebase: 50s - 1 lts / div. 
Pretrigger: 0- 25 -50 -75 -100% 

CRT 8x 10cm, int. graticule, 14kV 
IEEE -488 Interface Option 

a:: 

_.__Z r 
«aaaa ( 4 !Ì -- 

$ 239000 incl. 2 probes 

-111W-- 

Write or call 

I-I I= FI FE I®Inc 
88 -90 Harbor Road . Port Washington, N.Y. 11050 ET (516) 883.3837 TWX (510) 223.0889 

CIRCLE 62 ON FREE INFORMATION CARD 

Realtime:
2 channels DC- 20 MHz
max. sensitivity 2mV I div.
Timebase 0.2s - 20 nsl div.
Trigger: DC - 35 MHz (0.5 div.)
Built-in Component Tester
1kHzI 1MHz calibrator (3 ns)
TV sync. separator

Digital Storage:
max. sampling rate 100 kHz
Refresh-, Single-Mode
Storage: 8 bitx2048 points
Timebase: 55-0.1 ms/div.

CRT8x10cm, into graticule, 2kV

HM 208 the high tech Digital Storage Scope
with 20 MHz sampling rate

Realtime:
2 channels DC - 20 MHz
max. sensitivity 1mV I div.
Timebase 0.1 s - 20 ns I div.
Trigger: DC - 40 MHz (0.5 div.)

Digital Storage:
max. sampling rate 20 MHz
Roll-, Refresh-, Single-, XV-Mode
Storage: 8 bitx4096 points
Timebase: 50s -1 !lsi div.
Pretr:igger: 0-25-50-75-100%

ti 4kV
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through a component stereo sys- 
tem. Compact disc inputs are de- 
signed to match the high dynamic - 
range capabilities of CD's. 

With bass and treble controls, as 
well as a signal -processing loop, 
this new control center is adapta- 
ble to all existing stereo- compo- 
nent systems, as well as to new 
stereo VCR's and video systems. 
The model DX3000 is priced at 
$299.00. -Soundcraftsmen, 2200 
South Ritchey, Santa Ana, CA 
92705. 

SOUND -EXPERIMENTER KIT, the 
model 1E755, generates white 
noise, tones, and low -frequency 
sounds independently or in com- 
bination. It uses the Texas Instru- 
ments complex sound -generator 
IC, the 76477, to provide unlimited 
sound -generation capabilities. 

The model JE755 may be ex- 
panded with external parts; for ex- 
ample, an external amplifier or 
stereo system may be added to 
provide richer sound. The kit 
comes complete with compo- 

Build Circuits Faster 
and Easier With Our $20 
Solderlass Breadboard 

...and do even 
more with our 
$40 breadboard 

,®- irCt 110 ..--- 
I 
d 

Introducing the plug -In world of AP 
Products versatile, low cost bread- 
boards. 

Now you con design. build and test 
prototype circuits lust like the profession- 
als . and make changes in seconds No 
messy soldering or desoldenrng No more 
twisted leads or damaged devices . 

With our ACE 09 and 118 blue bread- 
boards. you simply plug in components 
and interconnect Them with 
ordinary hook -up wire . All 
sizes of DIPs and other dis- 
crete components up to 22 
gauge lead diameters 
snap right into the 0 1" r 01- 
matrix of the solderless tie 
points .. anywhere on the 
layout You abml need ex- 
pensive sockets or special tools Buses of 
spring clip terminals form o distribution 
network for power, ground and clock 
lines 

AP Products x;17 senes breoaboc- 
gkve you oll the funotiorns and tiexibrl,ry 
more expensive circuit evaluators. The 
spring terminals have mechanically in- 

dependent contact fingers to occom 
CIRCLE 76 ON FREE 

modale most DIPs and discrete compo- 
nents (see diagram). 

The ACE 109 has two terminals fo sepa- 
rate voltages plus o ground connection 
The larger ACE 38 offers the some n 

terminals, plus on additional tern- , ; 

which con be used fo clocking a 
another voltage The bookplates are 
heavy steel to keep the toads stationary 

Don? wait. These low 
prices won? last forever. 
see your local AP Prod- 
ucts dealer today, or 
send for a list of dealers 
In your ana. free infor- 
mation on request. 

A P PRODUCTS 3M 
9325 Progress Parkway 
P.O. Box 540 
Mentor. Ohio 44060 
800 -321 -9668 
(Ohio, 216 354-2101) 

INFORMATION CARD 

CIRCLE 23 ON FREE INFORMATION CARD 

nents and instructions for assem- 
bly. The overall size of the model 
JE755 is 51/2" x 3W X 13/4". Sug- 
gested retail price is $34.95. -Jam- 
eco Electronics, 1355 Shoreway 
Road, Belmont, CA 94002. 

INTERFERENCE FILTER, model 5111, 

tunes the entire 910 -1440 MHz 
band to handle two common 
downconverter bands to suppress 
microwave telephone carriers. 
Channel interference is sup- 
pressed by tuning the single -turn 
dial to "notch out" the interfering 
carrier. The single -turn knob tunes 
a narrow 15 -dB notch through the 

( IRCLE 24 ON FREE INFORMATION CARD 

entire standard block- downcon- 
verter band. The 2" x 2" x 7W 
case has type F connectors, ad- 
hesive mounting feet, and operat- 
ing instructions on an etched 
label. 

Suggested retail price of the 
model 5111 is $295.00.- Microwave 
Filter Company, Inc., 6743 Kinne 
St., East Syracuse, NY 13057. 

ANTI -GLARE SPRAY, Tele /ix, is an 
aerosal spray that creates a non - 
reflective surface by coating the 

( IR( LE 25 ON FREE INFORMATION CARD 
.

CIRCLE 25 ON FREE INFORMATION CARD

ent i re standard block-downcon
verter band . The 2" x 2" x 7%"
case has type F connectors, ad
hesive mounting feet, and operat
in g in structions on an etched
label . -

Suggest ed retail price of the
model 5111 is $295.00.- Microwave
Filter Company, Inc., 6743 Kinne
St., East Syracuse, NY 13057.

CIRCLE 24 ON FREE INFORMATION CARD

CIRCLE 23 ON FREE INFORMATION CARD

nents and instructions for assem
bly. The overall size of the model
/E755 is 5Yz" x 3%" x 1%". Sug
gested retail price is $34.95.- Jam
eco Electronics, 1355 Shoreway
Road, Belmont, CA 94002.

INTERFERENCE FILTER, model 5111;
tunes the entire 910-1440 MHz
band to handl e two co m m o n
downconverte r band s to suppress
microwave telephone carriers.
Channel interferen ce is sup
pressed by tuning the single-turn
dial to " notch out" the interfering
carr ier. The single-turn knob tunes
a narrow 15-dB notch through the

ANTI-GLARE SPRAY, Teletix, is an
aerosal sp ray that creates a non
ref lect ive surface by coat ing the
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... anddoeven
more with our
$40 breadboard

SOUND-EXPERIMENTER KIT, th e
model jE755, gene rat es whit e
noise, tones, and low-frequency
sounds independ ently o r in com
bination. It uses the Texas Instru
ments co mp lex sound-gen erator
IC, the 76477, to provide unl imited
sound-gene rat ion capabilities.

The model jE755 may be ex 
panded w ith external parts; for ex
ample, an exte rna l amplifier or
ste reo system may be added to
provid e r icher so und. Th e ki t
comes complete with compo-

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

The ACE109has two terminals for sepa
rate voltages plus a ground connection.
The larger ACE 118 offers the same three
terminals, plus an additional terminal
which can be used for clocking or
another voltage. The backplates are
heavy steel to keep the boards stationary

Don't wait. These low
prices won't last torever.

::;"'J~Ii~IIIt'11 See your local AP Prod
ucts dealer today, or
send for a list of dealers
in your area. Free infor
mation on request.

Introducing the plug-in world of AP
Product's versatile, low cost bread
boards.

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

With our ACE 109 and 118 blue bread
boards, you simply p lug in components
and interconnect them with I'T'<~-e-'::"?~-.:"""O=<'"~

ordinary hook-up wire. All
sizes of DIPs and other dis
crete components up to 22
gauge lead diameters
snap right into the 0.1"x 0.1"
matrix of the solderless 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 PROOUCTS/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 accom- (Ohio, 216/354·21011

CIRCLE 76 ON FREE INFORMATION CARD

Build Circuits Faster
and Easier With Our $20
·Solderless Breadboard

through a component stereo sys
tem. Compact di sc inputs are de
signed to match th e high dynamic
range capabili t ies of CD's.

With bass and treble control s, as
well as a signal-processing loop,
thi s new control center is adapta
ble to all exist ing stereo-co mpo 
nent systems, as well as to new
stereo VCR's and video syste ms.
The model OX3000 is pric ed at
$299.00 .-Soundcraftsmen, 2200
South Ritch ey, Santa Ana, CA
92705.
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glass with a crystalline film. It is 
particularly effective in brightly lit 
rooms where the picture can be 
washed out by reflected light. 

Color and black- and -white sets 
of any size and shape can be 
sprayed. The Telefix film has a 

smooth spectral transmission 
curve that does not change the 
color that the viewer sees. One 
can cover up to eight TV screens. 
The price is $20.00 per can. -Tele- 
fix, U. S. A., 140 Bradley Drive, San- 
ta Cruz, CA 95060. 

TVRO NOISE FILTER, the model 
3278(2), is one of a series of band - 
pass filters that reduce back- 
ground noise and are available for 
TVRO receivers with final IF fre- 
quencies in the UHF range of 
385 -700 MHz. 

CIRCLE 26 ON FREE INFORMATION CARD 

The typical 3 -dB bandwidth is 14 
MHz to produce clearer pictures 
in low- signal situations (due to 
small -dish use, partial dish block- 
age, or weak transponders, etc.). 
The filter will also suppress "spark - 
lies" due to mild downconverted 
terrestrial interference. 

Connectors are F -type. Center 
frequency is factory-tuned at pre- 
scribed IF but is field -tunable to 
compensate for receiver local -os- 
cillator error, if any. 

The model 3278(2) is priced at 
$132.00.- Microwave Filter Compa- 
ny, Inc., 6743 Kinne Street, East Syr- 
acuse, NY 13057. 

VARIABLE SPEED CD PLAYER, the 
model CD9000 is designed for the 
serious musician who wants the 
fidelity of a compact -disc player 
and the flexibility of variable pitch 
and speed control, for altering the 

CIRCLE 27 ON FREE INFORMATION CARD 

tonality and tempo of musical se- 
lections. 

In addition to variable speeds 
and pitch of ±10 %, the model 

CD9000 features slide -in CD car- 
riers to facilitate disc handling. 
There is a special program indica- 
tor, memory, playback, forward 
and reverse search modes, and a 

start/stop control. A remote con- 
trol with all those functions is in- 
cluded. 

The model CD9000 is housed in 
an EIA standard rack -mount chas- 
sis and it has a suggested list price 
of $1669.00. -Numark Electronics 
Corp., 503 Raritan Center, P.O. Box 
493, Edison, NJ 08818. R -E 

Troubleshooting and Repair Guides 
for Today's Electronics Hobbyist. 

.Microcomputer Troubleshooting and Troubleshooting with the Oscilloscope 
Repair Guides and Digital Computer (fib Edition) 

Robert I. Nufdko,n 
Lrouhlrshooting with an uv tll.r up. Is w kirk j..pird 
as thy no.st reliable method for analvrng mallunstions in 
ries tronw i rtutti., In this new Minim modern trouble 
shooting id hniqurs am stnssrd uwluding the trwblr 
shooting il digital based equipment 1 i olhrr kro (rature 
of the rrsrwm is ihr emphasis on the what who and 
how to of the time domain anal% err ihr data domain 
anah,rr and the logic state .11121% /Er \o !! t-; %Ib 9; 

Thra er% bi understand repair and maunenaiwr guides 
pan idi thy mstrus noes still nrid t.. s its s. pnblrm. 
unigiw hi sour computer Thy hoods 04112111 ,4 hrmatw 
diagrams blot Is diagrams photographs and troubleshoot 
mg flow tharts to Iran ihe pabaMr tans of failure 1 

final thaptrr on ad. Ark ed Inwhlrsh.otmg shows IOU 

NM t.. perform more tumplwatrd repairs 
1pple II Ile \ri !l i6i S19'li 
IM \I W. \o !üiM <199; 
l iimnotdo r, lit \I !!üti. 519 95 
1 iimnkid..n Iitt Disk Wise \u !!0 -11. S19 ili 
John D. Lenk s 7i-oublesbooling 
and Repair of Micro- 
processor-Based 
Equipment 
Iii n I) Irnk 
lien. are general pr.nrdurrs 
Ira longues and tips for trouble 
shooting equipmenttuntauung 
ink nipr rswin from oiw 01 

the forentot authors on 
,hstronns and troubleshooting 
In this grnrral rrferrns, title lent. 
offers J basis approah to trouble 
shooting that is replete with Mr 
ewmples related to spettfw equipment 
nttludutg 1l.Rs and uimpat disk platen 
lie highlights test equipment and pass 
pedal attention hi tomnwn problems 
rixowntrrrd when troubleshooting 
mn ropan este based equipment 
\u !!a-b. S21 9i 

.Microware Oren Troubleshooting and 
Repair Guide 
las R Laus 

This u.mpirtr hut rkmrntan guide leads sou through 
the rdittninws and basis steps of troubleshooting for this 
popular timsumir prduti it features a detailed drew rip 
non of the mapn tomp.nwnts of a mis row at hint the 
ump.ments operate ami the tiimnoin problems that i an 

Insist It ins ludrs a usiful si.uon on pr.-smote mainte 
nanti and tkaning The more rspr-rwnud let him un 
will appnvate the sistion on adsamrd repairs and 
adjustments f or east nier. rite J sprit! Appendis listing 
niamlamrrrs and parts is umludtd \o 22 Ott Slo li 
The /tome Satellite Tt' Installation and 
Troubleshooting Manual 
it. hit and Lily 
Ior the hiihM1st or dust now s huff this wk pow radies a 

u.mprihinsisr mtnnlutuon to satellite tiimmunwatom 
thons tumpm.nt uprrauon and the installation and 
t rutkshootmg 01 satellite ...trots In a thap.rr sur. to 
hr nun. h appr.siatid ht ansonr interested in this hot 
ornmunit anon. nwdmm the authors detail thr whs s 

Pill w hrnlorr s of v kung satellite rqutprnent II sou 
ais among thy tint inni monk prr nwmth who ah 
Installing a satellite sou II want to hast this book in 
%our ndrrrns i library \ii !! OOMi. S 2i1 9i 

Sind SI IMI for Sams book tatal.i I prelusi \u 91i( tlpll 
wish 400 titles t "serum rirsintut umtputrr rngt 
nrinag radon%. and tommunttauons 

To order call 

800 -428 -SAMS 
In Indiana 

call 317- 298 -5566 
Ask For Operator 817 

Iutiwos 1411.111Jo In. 
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glass with a crystalline film . It is
particularly eff ect ive in bri ghtly lit
rooms where the picture can be
washed out by refl ect ed light.

Color and black-and-white sets
of any size and shape can be
sprayed . The Telefix film has a
smooth spectral tran smission
cu rve that does not chan ge the
color that the viewer sees. One
can cover up to eight TV screens.
The price is $20.00 per can .-Tele
fix, U. S.A., 140 Bradley Drive, San
ta Cruz, CA 95060.

CIRCLE27 ON FREE INFORMATION CARD

tonality and -tem po of mu sical se
lections.

In add it ion to variable spee ds
and pitch of ± 10%, the model

C09000 features sli de-in CD car
ri er s to faci l itate di sc handlin g.
There is a special program indica
to r, m em ory, pl ayb ack, forward
and reverse search modes, and a
start/s to p control. A remote con
trol with all those function s is in
cluded .

The model C09000 is housed in
an EIA standard rack-mount chas
sis and it has a suggested list price
of $1669.00.- Numark Electronics
Corp., 503 Raritan Center, P.O. Box
493, Edison , NJ 08818. R-E

Troubleshooting and Repair Guides
for Today's Electronics Hobbyist.

hp Dalf

<0co
en

c;
Cz
m

2.S0

\ Ili \ b ioll of \ Iarmill an, lnr.

SJJN.s..

To order call

800-428-SAMS
In Indiana

call 317-298-5566
Ask For Operator 817

Shipping A H:andling

AI. CA. a . IN, NC. NY. OH. TN, wv
reademsadd localSJ.1~s t:IX

,ot :al

o Ch«k or mon~' order enclosed. M:ake cnecks p.l.)":ahl~ 10 HOVo"1rd \l '.

sens 3; Co. Mlillhis form "'-ith pa}"m~nt 10: Howard w. Sems3; Co.,
: Inc. Dept. D.\!• -'BOO '«6 t62nd SlrN'1• Indianapolis, IS 46268

I DM 817

L- --------------------------J
Prices subject to chmgewithout no nce

City _

State Zip - - - - _

Sign:alurt Creguirtdl

~.:lm~ _

OJJIIJIDIIIIIJJ DID

D:a}"lim ~ Td~phon~ No- _

o Bill m~' credit cu d 0 VIS.o\0 ~C 0 AE

Company _

Address _

Send S1.00 for Sarns hook catalog (product :\0. 90.\+( 9)
with ....00 titles covering electronlcs, computers. l'ngi
1H'{·rinK. rnhnticxand communications.

,-------------------------------,
: Book No. Qu:antity Pric~
I
I
I

Troublesbooting with the Oscilloscope
. and Digital Computer (5th Edition)

Robert G. ~liddleton

Trnublesh noting with an oscilloscope is widely accepted
as the most reliable method for analyzing malfunctions in
elect roni c clrcui trv. In this new edi tion . modern troub le
shooting techniques art' stressed. including the trouble
shootlng of digital-based equipment. Another key feature
of the revision is the emphasis Oil the " what. why. and
how to of till' time-dnmain analvzer. the data-domain
ana lyzer . and the logic-state analvzer, ;\0. 22-1 -.'1 . SI6.9 ';

Microwave Ouen Troubleshooting alld
Repair Guide
Jay R. Laws
This complete but elementary guidt' leads you through
till' electronics and basicsteps of troubleshooting for this
popular consumer product. It features a detailed descrip
tion of the major components of a microwave. how the
components operate. and the common problems that can
occur. It includes a useful section on preventive rnainte
nance and cleaning, Till' mort' experienced technician
will appreciate the section on advanced repairs and
adjustments. l or easy reference. a special appendix listing
manufacturers and parts is included. No. 2 1-1 ~H , S19.9;

The Home Satelli te TV Instatlation and
Troubleshooting Mallual
lIaylin and Gall'
For the hobbyist or electronics huff. this uth- provides a
comprehensive introduction to satellite communication
theorv. component operation. and tilt' installation and
troubleshootingof satellite systems. In a chapter SUTt' to

hl' much appreciated h~ anyone interested in this hot
communications medium, the authors detail till' whvs
and wherefore's of S{·!t'cting satellite equipment. If ~'OLl
are among till' 100.000 people per month who art '
installing a satellite, youll want to han' this hook ill
~ o ur rl'ft'n' lln· li h rar~ . xo. 21-196. S! l),l);

Microcomputer Troubtesbooting and
Repair Guides
These easy-to-understand repair and maintenance guides
provide the instructions you need to solve problems
unique to your computer. The hooks contain schematic
diagrams. block diagra ms. phot ograph s and troublesho ot
ing flowcharts to tract' till' probable cause of failure. A
final cha pter on advanced trouhleshooting shows you
how to perform mort' complicated repairs.
Apple II+ /lie. :\0. !!.i ' .i. 519.9,
1Il~II'C . :\0 . n .i'X. S19.9,
Commodore 6+. );0. ! ! .i6,i. S19.9,
Commodore 1>+1 Disk Urive. ~ o. ! ! +,O. S19.9,

[obn D. Lenk 's Troublesbooting
and Repair ofMic1'o
processor-Based
Equipment
John D. Lenk
Here 3 Tl' general procedures,
techniques. and tips for trouble
shooting equipment containing
microprocessors fromom' of
t ill' foremost authors 0 11

electronics and troubleshooting.
In this general reference title, Lenk
offers a basic approach to trouble
shooting that is replete with concrete
examples related to specific equipment.
including YCRsand compact disk players.
Ill' highlights test equipment and pal's
special attention to common problems
encountered when trouhleshoonng
microprocessor-based equipment.
~o. 12...- 6. 51 1.91

The typical 3-dB bandwidth is 14
MHz to produce clearer pictures
in low-signal situations (d ue to
small-dish use, partial di sh block
age, or weak transponders , etc.).
The filter will also suppress " spark
lies" due to mild downconverted
terrestrial interference.

Connectors are F-type. Center
frequency is factory-tuned at pre
scribed IF but is field-tunable to
compensate for receiver local-o s
cillator error, if any.

The model 3278(2) is priced at
$132.00.- Microwave Filter Compa
ny, lnc., 6743 Kinne Street, East Syr
acu se, NY 13057.

VARIABLE SPEED CD PLAYER, th e
model C09000 is designed fat th e
serious musician who wants- the
fidelity of a compact-disc pla yer
and the flexibility of variabl e pitch
and speed control , for altering the

CIRCLE 26 ON FREE INFORMATION CARD

TVRO NOISE FILTER, the model
3278(2), is one of a series of band
pass filters that reduce back
ground noise and are available for
TVRO receivers with final IF fre
quencies in the UHF range of
385-700 MHz.
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NEW IDEAS 
Telephone- answering system 
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IN ORDER TO AVOID MISSING IMPOR- 

tant phone calls, many have gone 
out and gladly borne the expense 
of purchasing telephone- answer- 
ing machines. Such units can 
range in cost from under a hun- 
dred dollars to more than a couple 
of hundred dollars. But, there is a 

way to avoid missing calls (without 
that expense), and have fun build- 
ing the system yourself. The only 
real requirement is that you have 
two tape- recording machines. 

How it works 
The basis of the scheme shown 

in Fig. 1 is the Fone Flasher (avail- 
able from Radio -Shack, catalog 
number 43 -177), which is normally 
used to flash a light when the 
phone rings. That unit has an inter- 
nal relay that, upon receiving a 

ring signal, closes, outputing a sig- 
nal to a timing circuit. 

The signal output by the Fone 
Flasher causes Cl to begin charg- 
ing. When C1 is charged, a voltage 

FIG.1 

is applied to the gate of transistor 
Q1, turning it on. That provides a 

ground path for RY1, energizing it. 
Relay RY1, in turn, activates RY2, 
which is used to handle the power 
requirements of the two recorders 
and SOLI. 

The core of solenoid 5011 rests 
against the on -hook button in the 
base of the telephone. When the 
solenoid is energized, its core is 
retracted releasing the on -hook 
button. At that point, one recorder 
plays its prerecorded message into 
the mouthpiece on the handset. 

At the end of that message, the 
caller is allowed ample time to 
leave his message, which is picked 
up by the second recorder 
through a small microphone at- 
tached to the handset earphone. 
After a period, determined by the 
time constant of R1 and Cl, relay 
RY1 is turned off. Relay RY2 then 
opens, removing power from the 
entire system. Relay R1 can be any 
9 -volt unit with 117-volt, 1-amp con- 
tacts. Relay RY2 has a 117 -volt coil 

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 S25 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 - 
irg 

I agree to the above terms. and grant 
Radio- Electronics Magazine the right to 
publish my idea and to subsequently re- 
publish my Idea in collections or compilations 
of reprints of similar articles t declare that the 
attached dea is my own original material and 
that rts publication does not violate any other 
copyright. I also declare that this material has 
not been previously published. 

Tits d Idea 

Signature 

Pnnt Name 

Street 

Date 

City State Zip 
Mail your idea along with this coupon 
to: New Ideas 

500-B BI-County Boulevard 
Ferminpdela NY 11735 

and its contacts are rated 117 volts 
AC at 10 amps. 

With power cut off, the core of 
SO1 is once again extended, press- 
ing down on the on -hook button 
in the telephone base. The two 
tape recorders are plugged into 
sockets S01 and S02, so that 
when RY2 is energized, they are 
fed 117 volts AC. When using that 
scheme, the recorder with the pre- 
recorded message should be left 
in the play position, while the 
other is left in the record mode. 

-Donald J- Youkersur 

NEW IDEAS
Telephone-answerin g system

NEW IDEAS
This column is devoted to new ideas. cir

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

Ail published entries, upon publication. wiil
earn $25. In addition. for U.S. residents only,
Panavise wiil 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 fuil ten
inch height adjustment for comfortable work
ing.

I agree to the above terms. and grant
Radio-Electron ics Magazine the right to
publish my idea and to subsequently re
publish my idea in coilections 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.

Title of Idea
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T O
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LINE
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City State Zip
Mail your idea along with this coupon
to: New Ideas Radio-Electronics,

500-B Bi-County Boulevard
Farmingdale, NY 11735

and it s contacts are rated 117 vo lts
AC at 10 amps.

With power cut off, the co re of
501 isonce again exte nded, p ress
ing dow n on the on-hoo k button
in the te le pho ne base. The two
tape record ers are plugged int o
soc kets 501 and 502, so t hat
when RY2 is energized, th ey are
fed 117 vo lts AC. W hen using that
scheme , the recor der w ith the pre
recorded message should be left
in t he p lay posit io n, w h ile t he
other is left in th e record mode.

- Donald j . Yaukersur

IN ORDER TO AVO ID M ISSING IM PO R

tant phone calls, many have go ne
out and glad ly bo rne the expense
of pu rch asing telepho ne-answer-,
in g m achin es. Suc h unit s can
range in cost fro m un der a hun
dred doll ars to more than a couple
of hundred do llars. But, there is a
way to avo id missin g calls (w it ho ut
that expense), and have fun build 
ing the system yo urself. The only
real req uirem ent is th at you have
two tape-record ing machin es.

How it works
The basis of the scheme show n

in Fig. 1 is the Fane Flasher (avail
ab le fr o m Rad io-Shack , cata log
number 43-177), w hich is normall y

~ used to f lash a li gh t w hen t he
z ph one r ings. That uni t has an inter
~ nal re lay t hat , up on receiving a
G ring signal, clo ses, out puti ng a sig
~ nal to a t iming ci rcu it.
wo The signal out put by th e Fane
~ Flasher causes 0 to begin charg
er: ing. When 0 is charged, a vo ltage
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is applied to th e gate of tra nsistor
Q1, turn ing it on . That provides a
ground path for RY1 , ene rgizing it.
Relay RY1 , in turn , activates RY2 ,
whic h is used to handl e the power
requirem ents of th e two recorders
and SOL1.

The co re of so leno id SO L1 rests
against t he on-hook button in th e
base of the telep hone. W hen th e
soleno id is ene rgized , it s co re is
retract ed releasin g the o n-hook
button. At th at point , one record er
plays its pr erecorded message into
the mouth pi ece on the handset .

At the end of that message, the
caller is al lowe d ample t ime to
leave his message, w hich is picked
u p b y t he seco n d re c o rd e r
th rough a sma ll mi croph o ne at
tached to the handset earpho ne .
Afte r a per iod , determ ined by the
time constant of R1 and 0 , relay
RY1 is turned off. Relay RY2 then
op ens, rem ovi ng power from the
enti re system. Relay R1 can be any
9-volt uni t w ith 117-volt ,1-amp con
tacts. Relay RY2 has a 117-vo lt co il

Signature

Print Name

Street

Date
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PHILIPS KEITHLEY 
WESTON Non - Linear Systems 

SERIES 
MULTIMETERS 

77 0.3% Accuracy 
Manual or 
Autorange 

10A + mA Range 
Beeper 

"Touch- Hold" 
Function 

Se15 
75 

129 
5 

73 6995 

WE CARRY A FULL 
LINE OF FLUKE 
MULTIMETERS. 
IN STOCK NOW 

SALE ENDS JUNE 30 

DYNASCAN 
CORPORATION 

BREAKS THE PRICE BARRIER 
WITH THESE HIGH PERFORMANCE 

OSCILLOSCOPES 
100 MHz Dual Tracer 
Dual Time Base 

1 mV div sensitivity 
23 calibrated sweeps 
Rectangular CRT with internal 
graticule and scale illumination 
Signal Delay Line 

LEADER 

BECKMAN'S 
CI RCU ITMATE 

ALL UNDER $100 
AVAILABLE NOW... 

$6495 
Circuitmate DM 20- 
3' / -digit, pocket -size 

multimeter; 0.8'/. Vdc 
accuracy. diode test, 

hFE test, conductance. 
10 amps AC and DC 
ranges, auto-polarity 

auto-zero. auto- 
decimal 

$995 

$79 95 

Circuitmate DM -25- 
3'h digit. pocket -size 
multimeter. 0.5% Vac 
accuracy, diode test. 

capacitance. continuity 
beeper. conductance. 

10 amps AC and DC 
ranges. auto-polarity. 

auto -zero, auto- 
decimal 

Does not include probes 
($60 00 a par when purchased with scope) 

PKPRfCIS/ON 

i 

INDUSTRIAL 
TRANSISTOR 

TESTER 

[21995 
i w MODEL -4143 520B 

Now with HI LO Drive 

Works in- circuit when 
others won't 
Identifies all three tran- 
sistor leads 

Random lead connection 
Audibly and visually in- 
dicates GOOD transistor 

QUANTITIES ARE LIMITED 

- $69 95 

Circultmate DM -40 - 
3'h -digit multimeter, 
0.8% Vdc accuracy, _ diode test, auto- 

polarity, auto-zero, 
auto-decimal 

$8995 
Circuitmate DM 45 - 
3'h -digit multimeter; 
0.5'/ Vdc accuracy, 
diode test,continuity 
beeper. 10 amps AC 

and DC ranges, auto- 
zero. auto-polarity, 

auto-decimal 

100 MHz Dual Time Base 

SCOPE MODEL 
1590 

... 

is 17.,1[7.:1 ̀  
900 

PRICE DOES NOT 

INCLUDE PROBES 

1mV /division sensitivity to 70 
MHz 
500 Az Vidrvision cascade 
sensitivity 
Four -input operation provides 
trigger view on 4 separate inputs 
Alternate time base operation 
Switching power supply delivers 
best efficiency and regulation at 
lowest weight 

TOLL FREE HOT LINE 

800-223-0474 
212-730-7030 

ADVANCE? 
ELECTRONICS- 

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

~ PHILIPS IBDDIIi1 WESTON • Non·L1near Systema ~ LEADER

FLUKE' I~
•••

SERIES •

~"MULTIMETERS ! •
~

BECKMAN'S
CIRCUITMATE ®

ALL UNDER $100

$69 95

$89 95 '
Circuitmate OM 45 

3V2 -digit multimeter;
0.5% Vdc accuracy,

diode test,continuity
beeper, 10 amps AC

and DC ranges , auto
zero, auto-polarity,

auto-declrnal

Circuitmate DM·40 
3V2-digit multimeter;
0.8% Vdc accuracy,

diode test, auto
polarity, auto-zero,

auto-declrnal

PRICE DOES NDT
INCLUDE PROBES

• 1mV/division sensitivity to 70
MHz

• 500 p.. V/division cascade
sensitivity

• Four-i nput operation provides
trigger view on 4 separate inputs

• Alternate time base operation
• SWitching power supply delivers

best efficiency and regulation at
lowest weight

EI.-.
100 MHz Dual Time Base
SCOPE MODEL

\

-.-- - ---- -- }~~O

~.: ,-~
t . ~~C.-- .....·~

•• • . : .~.. !.It •. .....-y

.:~ ~$'139500

$64 95

Circuitmate OM 20
3V2 -digit, pocket-size

multimeter; 0.8% Vdc
accuracy, diode test,

hFE test , conductance,
10 amps AC and DC
ranges, auto-polarity

auto-zero, auto
decimal

$79 95
Circuitmate DM-25
3V2 digit, pocket-size
multimeter; 0.5% Vac ......lIiiiiiiiiii..
accuracy, diode test,

capacitance, continuity
beeper, conductance,
10 amps AC and DC

ranges, auto-polarity,
auto-zero, auto

decimal

MODEL
5208

• Now with Hi/LO Drive

• Works in-circuit when
others won't

• Identifies all three tran
sistor leads

• Random lead connection

• Audibly and visually in
dicates GOOD transistor

AVAILABLE NOW.. . .

• TOLL FREE HOT LINE== 800-223-~~!~30

WE CARRY A FULL
LINE OF FLUKE
MULTI·METERS.
IN STOCK NOW

SALE ENDS JUNE 30

Does not include probes
($60.00 a pair when purc~ased with scope)

Sate 995
$12 69""

7S 6995
73

1$9951

77 • 0.3% Accuracy
• Manual or

Autorange
• 10A + rnA Range

• Beeper
• "Touch-Hold"

Function

BREAKS tHE PRICE BARRIER
WITH THESE HIGH PERFORMANCE

OSCILLOSCOPES
100 MHz Dual Trace/
Dual Time Base
• 1 mV/d iv sensitivity
• 23 calibrated sweeps
• Rectangular CRT with internal

graticule and scale illumination
• Signal Delay Line
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Only NRI Gives You 
System for Total 

You get it all ... training for 
America's fastest growing 
career opportunity ... training 
to service all computers .. . 

training on a total computer 
system. And only NRI training 
gives you all the skills and con- 
fidence to become a complete 
computer service technician. 

Today, you can't successfully repair 
a computer with confidence unless 
you know that the peripheral 
equipment is operating properly. 
Only NRI can give you the well - 
rounded training you need because 
only NRI gives you a complete 
computer system ... computer, 
monitor, disk drive, printer, soft- 
ware, even test instruments like a 
digital multimeter and logic probe. 
It all adds up to training that builds 
the knowledge, competence and 
ability you need to succeed 
as a computer service 
specialist. 

Get inside the IBM 
PC compatible 
Sanyo 
As an NRI 
student, you'll get 
total hands-on 
training as you 
actually build 
your own Sanyo 
550 Series corn - 
puter from the key- 
board up. As you assemble it, 
you'll perform demonstrations 
and experiments that will give you 
a total mastery of computer opera- 
tions and servicing techniques. 
You'll do programming in BASIC 
language -even run and interpret 
essential diagnostic software. You'll 
prepare interfaces for peripherals 
such as printers and joysticks. 
Using utility programs, you'll check 

out the operation of the 8088 
microprocessor. Step -by -step, 
NRI will guide you right into a 
high paying career in one of 
America's fastest growing fields. 

New! Course now includes 
high performance printer 
Only NRI includes an advanced 

MONITOR High resolution 
monochrome monitor displays 
7+11 crisp characters per line. 
Does equally sell display - 

ing high resolution 
graphics. 

PRINTER Ad.anced 
dot matrix printer prints 
four sizes of italics and 
standard type at up to 
120 cps bidlrectionally 
in Near-I. 4trrQuallt% 
mode. 

dot matrix printer as part of your 
hands-on training. Working with 
it, you'll get practical experience 
in adding peripherals, perform 
experiments bringing to life 
operating principles, and then 
go on to learn critical maintenance 
and servicing techniques, including 
changing the print head. 

MANUALS Documentation rosera the 
Sanyo computer as sell as the 

professional programs 
Included. 

FLOPPY DISK AND PROGRAM 
Software Includes MS-DOS 2.11 
operating system. Sango BASIC. 
two word processing programs, a 
powerful spreadsheet program. and 
several useful 'Rlsritten utlllt._ 
programs. 

SANTO SSO SERIES 
COMPUTER has poserful 14088 
(Pt , runs man. IBN P( programs, 
includes 2S6K RAN, double -sided 
double ciensitx disk drhe. 
parallel printer port and 
detached Intelligent 
keyboard. 

OnlyNRIGivesYou
System for Total

MANUAlS Documentation co vers the
Sanyo comp ute r as well as the

professional programs
in clu ded.

dot matrix printer as part of your
hands-on training. Working with
it, you'llget practical experience
in adding peripherals, perform
experiments bringing to life
operating principles, and then
go on to learn critical maintenance
and servicing techniques, including
changing the print head.

SANYO 550 SERIFS
COMPUTER has powerful 8088
CPU, runs many IBM PC programs,
includes 256K RAM, double-sided
double density di sk drive ,
pa rallel printer port and
detached inte lligent
keyboard .

MONITOR High resolution
monochrome monitor displays
80 crisp characters pe r line .
Does eq ual ly we ll display-
in g high resolutio n
graphics .

FLOPPY DISK AND PROGRAM
Software incl ud es MS-DOS 2. I I
ope ratingsyst em, Sanyo BASIC,
two word processing programs, a
powerlul spreadsheet program, and
several useful NRI·wri lten utility
programs.

New! Course now includes
high performance printer
Only NRI includes an advanced

out the operation of the 8088
microprocessor. Step-by-step,
NRI willguide you right into a
high paying career in one of
America's fastest growing fields.

PRINTER Advanced
do t matrix printer prints
four sizes of italics and
standard type at up to
120 cps b idirection ally
in Near-Let te r-Qual ity
mode.

/

Youget it all ... training for
America's fastest growing
career opportunity ... training
to service all computers ...
training on a total computer
system. And only NRItraining
gives you all the skills and con
fidence to become a complete
computer service technician.

Today,you can't successfully repair
a computer with confidence unless
you know that the peripheral
equipment is operating properly.
Only NRI can give you the well
rounded training you need because
only NRI gives you a complete
computer system ... computer ,
monitor, disk drive, printer, soft
ware, even test instruments like a
digital multimeter and logic probe.
It all adds up to training that builds
the knowledge, competence and
ability you need to succee/ .
as a computer service
specialist.

Get inside the ffiM
PC compatible
Sanyo
Asan NRI
student, you'll get
total hands-on
training as you
actually build
your own Sanyo
550 Series com
puter from the key
board up. Asyou assemble it,
you'll perform demonstrations
and experiments that willgive you
a total mastery of computer opera
tions and servicing techniques.
You'll do programming in BASIC
language-even run and interpret
essential diagnostic software. You'll
prepare interfaces for peripherals
such as printers and joysticks.
Using utility programs, you'll check

(J)
o
Z
oa:
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W
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W
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A Total Computer 
Systems Training 

Understanding you can get 
only through experience 
You need no previous knowledge 
to succeed with NRI. You start 
with the basics, rapidly building on 
the fundamentals of electronics 
with bite -size lessons to master 
advanced concepts like digital 

DISCOVERY LAB Electronics comes 
to life on )our 1RI Uisrnvery tab'. fou 
set up and mull!) prototype circuits, 
demonstrate action of components, gain 
'altuablc bench clpericncc In construe. 
lion. diagnosis, and repair of circuitry . 

logic, microprocessors, and 
computer memories. 

You'll reinforce this new 
understanding with hands-on 
practical demonstrations and 
experiments that give you real 
world experience. You'll use the 
exclusive NRI Discovery Lab to 

DIGITAL LOGIC PROBE Professional 
digital logic probe makes analyring digital 
circuit operation a simple task. 

LESSONS Hite -sire lessons build knoeledge 
and understanding step by step. Abundance of 
photos. illustrations and diagrams reinforce 
clear. eaas to- follow teat. 

7't, .. 

41. 

see what makes transistors tick .. . 

build and test working electronic 
circuits that duplicate key com- 
puter circuitry ... and construct 
digital logic circuits that demon- 
strate computer performance. 

Do it at home in your 
spare time 
NRI trains you in your own home 
at your convenience. You learn at 
your own pace, backed at all times 
by your own NRI instructor and 
the entire NRI staff of educators 
and engineers. They're always 
ready to answer questions, give 
you guidance, follow your prog- 
ress, and help you over the rough 
spots to keep you moving toward 
your goal. 

100 page free catalog tells 
more. . . send today 

Send the postage -paid reply 
card today for NRI's 100 page 

catalog that gives all the facts 
about computer training plus 

career training in robotics, 
data communications, 
TV /audio /video servic- 
ing, and many other 

fields. You'll see how NRI 
can give you the skills and 
confidence you need for 

advancement, a new 
career -even a service 
business of your own in 

the existing world of 
electronics. If the card is 

missing, write to NRI at the 
address below. 

DIGITAL MULTIMETER 
3' digit digital multimcter 
features liquid crystal 
display and four key func- 
lions. lour instructor talks 
you through its operation 
and professional use on 
Action Audio Cassette. 
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Washington. DC 20016 i I 
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tions. Your instructor talks
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logic, microprocessors, and
computer memories.

You'll reinforce this new
understanding with hands-on
practicaldemonstrations and
experiments that give you real
world experience. You'll use the
exclusive NRI Discovery Labto

DISCOVERY LAB Electronics comes
to life on your NRI Discovery Lab", You
set up and modify prototype circuits,
demonstrate action of components, gain
valuable bench experience In construc-
tion , diagnosis, and repair of circuitry. DIGITAL LOGIC PROBE Professional

}

digital logic probe makes analyzing digital
circuit operation a simple task.

f '~ /~ Sf.. ...... LESSONS Bite-size lessons build knowledge
, .:, and understanding step by step. Abundance of. ' I photos, illustrations and diagrams reinforce

fiili=~~~.... /. \ clear, easy-to-follow text.

Understanding you can get
only through experience
You need no previousknowledge
to succeed with NRI. You start
with the basics, rapidlybuilding on
the fundamentals of electronics
with bite-size lessons to master
advanced concepts like digital
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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! 

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. 
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Grantham offers this program, complete but with- 
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objectives are to upgrade their level of technical 
employment. 

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

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. 
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SERS. LIKE TRANSISTORS AND 

igital computers. ex- 
mplify the way in which what 
as not too long ago a labo- 

atory curiosity can become 
n inescapable part of daily 

ife. While you may not yet 
wn a laser- bearing 
evice. you almost cer- 
ainly use one every 
ay. 
Lasers carry corn- 
unications on fiber - 
ptic cables. play mu- 
ic from CD's. and read 
rices at supermarket 
heckout- counters. They 
erform surgery. help survey 
ur highways. test the compo- 
ents of the airplanes we fly in. 

Although they have been practical for only 25 years, lasers 

today and all they make possible are 

an integral part of Sur daily lives. 

Josef Bernard 
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and entertain us at rock concerts. They 
also make formidable weapons. 

What is a laser? 
A laser (which stands for Light Ampli- 

fication by Simulated Emission of Radia- 
tion) is a source of intense light that has 

several unusual and useful properties. The 
light is monochromatic. which means that 
it is a single. very pure, color whose fre- 
quency can be measured and used as a 

precision standard in and out of the labo- 
ratory. Laser light is coherent -all the 
waves of a beam are in phase. Unlike 
natural and most artificial light sources, 
whose emissions are incoherent, or 
phased randomly. a laser produces pack- 
ets of photons all "marching in step ". and 
possessing a great deal of energy. Finally, 
because of the way they are generated the 
rays of light produced by a laser are all 
parallel to one another, or very nearly so. 
A pencil -thin beam of laser light aimed at 

the moon will spread out to a diameter of 
only 11 miles. That may not sound im- 
pressive -until you consider that the light 
would travel a distance of about 250,000 
miles before diverging that far. 

How lasers work 
the principle behind the laser is called 

stimulated emission. That term refers to 
the fact that an atom, when in an excited 
state, can be made to emit a photon when 
bombarded by other photons or by an- 
other high -energy source such as a source 
of electrons. 

That needs a little explaining. Figure 
1 -a shows a simple hydrogen atom -just a 

proton and an electron. The "height" of 
the orbit of the electron depends on the 
amount of energy that the electron is car- 
rying and is very strictly defined by 
nature. Further, for an electron to be 

forced to jump from one orbit to another 
requires a precise amount of energy, or 
quantum. to be added to it. 

In its lowest orbit. no energy has been 
added and the electron is in its normal, or 
ground. state. When just the right amount 
of energy is applied, the electron will 
jump to a higher orbit. and it is said to be 

excited (Fig. 1 -b). That excited state, 
though, is unstable, so the electron quick- 
ly returns to its ground state. When it does 
that it gives up the energy that was applied 
to it, in the form of a photon, or particle of 
light. (Light is electromagnetic radiation 
but it frequently behaves like a particle. 
For that reason, a photon is sometimes 
called a "waveicle. ") That spontaneous 
emission of photons is where laser light 
begins. 

If you get enough excited atoms to- 
gether. spontaneously emitting photons as 

they undergo the transition from the excit- 
ed to the ground state, an interesting thing 
happens. When one of those photons 
strikes an already excited atom, it changes 
state and emits its own photon (Fig. 1 -c). 

ELECTRON 

PROTON 

a 

ENERGY OR 

PHOTON PHOTONS 

} 

(('j'f; 
`O (;) ' ,__ 
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FIG. 1 -A SIMPLE HYDROGEN ATOM Is shown 
in a. If a precise amount of energy. or quantum, 
is added to the atom (b). the electron makes a 

transition from its normal ground state to a less - 
stable excited state and jumps to the next higher 
orbit. If a photon strikes the electron while it is in 
that excited state, the electron will return to the 
ground state and emit a photon of its own (c). 

Thus, there are then two photons where 
previously there was one. Those two pho- 
tons can go on to strike other excited 
atoms and generate still more photons -a 
process very much like what happens in a 

nuclear -fission reaction. That process of 
photons generating other photons from 
excited atoms is known as stimulated 
emission. A photon of a particular wave- 
length gives rise only to photons of the 
same wavelength. Thus, laser light is 
monochromatic; it contains only a single 
color. 

The trick, of course, is to get together 
in one place a large number of excited 
atoms of the same kind, so the that stimu- 
lated emission of photons can take place. 
That is done by pumping the atoms in a 

material up to an excited state by bom- 
barding them with intense light or with 
some other source of energy such as a 

beam of electrons. With a ruby laser -the 
type used by Theodore Maiman on July 7, 
1960 when he demonstrated the first 
laser -as an example, let's examine the 
lasing process. 

A simple diagram of a ruby laser ap- 
pears in Fig. 2. The heart of that device is 
a rod of synthetic ruby whose ends are 
finely ground and polished so they are 
optically flat and are exactly parallel to 
one another. Both ends of the rod are 

silvered to reflect light back into it. but the 
reflecting surface at one end is not a per- 
fect reflector -it allows perhaps ten per- 
cent of the light generated within the rod 
to escape. That light is the laser beam. 

The rod is surrounded by a spirally - 
wrapped xenon flash tube similar to those 
used in electronic flash -units. The light 
produced by that tube will excite the 
atoms in the ruby rod. Because of that, 
that type of laser is known as an optically 
pumped laser. (As we shall see. there are 
other types of excitation commonly 
used.) The cooling equipment is present 
to remove the heat generated by the lasing 
device. Lasers are extremely inefficient - 
only one or two percent of the power they 
consume is transformed into usable laser 
light; the rest is given off as ordinary light 
and lots of heat. That isn't really too bad 
though -an ordinary incandescent bulb is 
only about two percent efficient. and the 
light it produces can't begin to compare 
with that from a laser. 

When the flash tube discharges, the 
photons it emits enter the ruby rod 
through its sides and excite the material's 
chromium atoms, which absorb green and 
blue light. (Those atoms arc what give the 
ruby its reddish color; you may remember 
from physics that whatever light a mate- 
rial doesn't reflect or transmit. it ab- 
sorbs.) When those excited atoms decay 
from their excited state they give off pho- 
tons, which trigger other excited atoms to 
release photons, and so on. The whole 
process in a ruby laser takes place in about 
300 microseconds, and an intense burst of 
ruby -red light is produced. 

We now have lots of light. but we still 
don't have a laser. That's where the reflec- 
tive end surfaces of the rod come in. Most 
of the red light generated within the rod 
escapes through the sides, but some of it is 
reflected back into the rod, and that gives 
rise to the stimulated emission of more red 
light (hence the "amplification" in the 
word "laser "). 

A portion of the light is not reflected, 
however, but escapes from the rod through 
the end that is only partially silvered. That 
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FIG. 2 -IN THIS OPTICALLY- PUMPED LASER the light produced by a xenon flash lamp is used to 
excite the atoms in a ruby rod. 
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silvered to reflect light back into it, but the
reflecting surface at one end is not a per
fect reflector-it allows perhaps ten per
cent of the light generated within the rod
to escape . That light is the laser beam.

The rod is surrounded by a spirally
wrapped xenon flash tube similar to those
used in electronic flash-units. The light
produced by that tube will excite the
atoms in the ruby rod. Because of that,
that type of laser is known as an optically
pumped laser. (As we shall see, there are
other types of excitation commonly
used.) The cooling equipment is present
to remove the heat genera ted by the lasing
device. Lasers are extremely inefficient
only one or two percent of the power they
consume is transformed into usable laser
light; the rest is given off as ordinary light
and lots of heat. That isn' t really too bad
though-an ordinary incandesce nt bulb is
only about two percent efficient, and the
light it produces can ' t begin to compare
with that from a laser.

When the flash tube discharges, the
phot on s it emits en ter the ruby rod
through its sides and excite the materia l's
chromium atoms, which absorb green and
blue light. (Those atoms are what give the
ruby its reddish color; you may remember
from physics that whatever light a mate
rial does n 't reflect or transmit, it ab
sorbs .) When those excited atoms decay
from their excited state they give off pho
tons, which trigger other excited atoms to
release photons, and so on. The whole
process in a ruby laser takes place in about
300 microseco nds, and an intense burst of
ruby-red light is produced.

We now have lots of light, but we still
don't have a laser. That's where the reflec
tive end surfaces of the rod come in. Most
of the red light generated within the rod
escapes through the sides, but some of it is
reflected back into the rod, and that gives
rise to the stimulated emission of more red
light (hence the "amplification" in the
word " laser").

A portion of the light is not reflected,
however, but escapes from the rod through
the end that is only partially silvered. That
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FIG. 2- IN THIS OPTICALLY·PUMPED LASER the light produced by a xenon flash lamp is used to
excite the atoms in a ruby rod .

FIG. 1-A SIMPLE HYDROGEN ATOM is shown
In a. If a precise amount of energy, or quantum,
is added to the atom (b), the elect ron makes a
transition from its normal ground state to a less 
stable excited state and jumps to the next higher
orbit. If a photon strikes the electron while it is in
that excited state, the electron will return to the
ground state and emit a photon of its own (e).

Thus, there are then two photons where
previously there was one. Those two pho
tons can go on to strike other exci ted
atoms and generate still more photons-a
process very much like what happens in a
nuclear-fission reaction. That process of
photons generating other photons from
excited atoms is known as stimulated
emission. A photon of a particular wave
length gives rise only to photons of the
same wavelength . Thus , laser light is
monochromatic; it contains only a single
color.

The trick, of course, is to get together
in one place a large number of excited
atoms of the same kind, so the that stimu
lated emission of photons can take place.
That is done by pumping the atoms in a
material up to an excited state by bom
barding them with intense light or with
some other source of energy such as a
beam of electrons. With a ruby laser-the
type used by Theodore Maiman on July 7,
1960 when he demon strated the firs t
laser-as an example , let 's examine the
lasing process.

A simple diagram of a ruby laser ap
pears in Fig. 2. The heart of that device is
a rod of synthetic ruby whose ends are
finely ground and polished so they are
optically flat and are exactly parallel to
one another. Both ends of the rod are

and entertain us at rock concerts. They
also make formidable weapons.

What is a laser?
A laser (which stands for Light Ampli

fication by Simulated Emission of Radia
tion) is a source of intense light that has
several unusual and useful properties. The
light is monochromatic , which means that
it is a single, very pure, color whose fre
quency can be measured and used as a
precision standard in and out of the labo
ratory. Laser light is coherent-all the
waves of a beam are in phase. Unlike
natural and most artificial light sources,
whose emiss io ns are incoh eren t , or
phased randoml y, a laser produces pack
ets of photons all " marching in step" , and
possessing a great deal of energ y. Finally,
because of the way they are generated the
rays of light produced by a laser are all
parallel to one another, or very nearly so.
A pencil-thin beam of laser light aimed at
the moon will spread out to a diameter of
only 1V2 miles. That may not sound im
pressive-until you consider that the light
would travel a distance of about 250,000
miles before diverging that far.

How lasers work
The principle behind the laser is called

stimulated emiss ion. That term refers to
the fact that an atom, when in an excited
state, can be made to emit a photon when
bombarded by other photons or by an
other high-energy source such as a source
of electrons.

That needs a little explaining. Figure
I-a shows a simple hydrogen atom- just a
proton and an electron. The " height" of
the orbit of the electron depends on the
amount of energy that the electron is car
rying and is very strictly defin ed by
nature. Further, for an electron to be
forced to jump from one orbit to another
requires a precise amount of energy, or
quantum , to be added to it.

In its lowest orbit, no energy has been
added and the electron is in its normal, or
ground, state . When ju st the right amount
of energy is applied, the elec tron will
jum p to a higher orbit, and it is said to be
exci ted (Fig. I-b). Th at exci ted state,
though, is unstable, so the electron quick
ly returns to its ground state . When it does
that it gives up the energy that was applied
to it, in the form of a photon, or particle of
light. (Light is electromagnetic radiation
but it frequently behaves like a particle .
For that reason, a photon is sometimes
called a "waveicle.") That spontaneous
emission of photons is where laser light
begins .

If you get enough excited atoms to
gether, spontaneously emitting photons as
they undergo the transition from the excit
ed to the ground state, an interesting thing
happen s. When one of those photons
strikes an already excited atom , it changes
state and emits its own photon (Fig. I-c).

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


is the laser beam. It is monochromatic 
because the photons that trigger stimulat- 
ed emission give rise only to photons like 
themselves. It is also coherent -all the 
light waves are in phase. That, too, is a 
result of the process of stimulated emis- 
sion; the phase of the photons generated is 
identical to that of the stimulating photon. 
The rest of the light reflected by the rod's 
mirrored ends bounces back to interact 
with more chromium atoms and produce 
more photons. 

Figures 3 -a and 3 -b, respectively. rep- 
resent coherent and incoherent (random 
phase) light. As is the case with any wave 
phenomenon -we're now considering 
photons as waves rather than as parti- 
cles-out -of- -phase waves tend to cancel 
each other. Because all the waves of a 
laser beam are in phase, it is much more 
intense and powerful than a beam of ordi- 
nary incoherent light. 

Finally, all of the photons in a laser 
beam travel parallel to one another. That is 
the result of the orientation of the reflect- 
ing surfaces at the ends of the lasing ele- 
ment. The beam of even an inexpensive 
laser has a divergence of only about one - 
twentieth of a degree. which means that 
the energy it carries is not diffused appre- 
ciably over distance. 

There are many, many types of lasers, 
and their characteristics and modes of op- 
eration tend to overlap. The following ex- 
amples are just a small cross section of 
what has been developed in the past 25 
year.. 

Crystal lasers 
This is the category to which the origi- 

nal ruby laser belongs. Those lasers are 
optically pumped and have a relatively 
low -power output, in the milliwatt range. 
The most common type is the neo- 
dymium-YAG (for Ytrium- Alumi- 
num- Garnet) laser, which emits light in 
the near -infrared. YAG lasers can be oper- 
ated continuously because the material 
from which they're made conducts heat, 
which would otherwise destroy the laser 
rod, relatively well. 

Another member of the crystal -laser 
family is the neodymium -glass laser. It is 
less expensive to produce than the YAG 
type (glass is cheaper than garnet, even 
the synthetic kind), but it must be pulsed. 
or operated on a one -shot basis. It cannot 
sustain continuous operation because of 
glass's poor heat conductivity. 

Gas lasers 
There are more gas lasers than there are 

any other type. Over 5000 types of laser 
activity in gases are known. Gas lasers are 
not usually optically pumped, but are en- 
ergized by passing an electric current at a 
potential of several thousand volts through 
the gas, which is contained in a tube with 
polished and silvered faces similar to the 
ends of the ruby rod described earlier. As 

FIG. 3-IN LASER LIGHT. all of the waves are In 
phase. thus they are said to be coherent (al. In 
normal light, the waves have no phase rela- 
tionship (b). 

the current flows through the gas, the elec- 
trons transfer some of their energy to it, 
bringing it to a state where the stimulated 
emission of photons can occur. Because 
of the way they're constructed, gas lasers 
can be cooled more efficiently than crys- 
tal types, and lend themselves better to 
continuous operation. 

The most widely used gas laser is the 
helium -argon laser, which can be built for 
a modest sum by almost any experi- 
menter. It is able to produce no more than 
50 milliwatts, but its tight beam of red 
light, about a millimeter across. makes it 
ideal for laboratory and experimental use. 

Argon and krypton lasers can produce a 
wide range of colors, but are still rela- 
tively low in power. It is not feasible, for 
example, to construct an argon laser more 
powerful than 100 watts. Argon lasers 
with their green light are frequently used 
in medical applications. 

The infrared carbon- dioxide laser is 
more of a heavyweight. It can have an 
output as high as several hundred kilowat- 
ts. Moderate -sized lasers of that sort are 
widely used in industry. 

Liquid lasers 
Organic dyes dissolved in organic com- 

pounds such as alcohol can be made to 
lase. too. Organic lasers are unusual in 
that one laser can produce a wide range of 
colors. That spectrum can be optically 
tuned, and a very precise selection of light 
of a single color can be made. That ca- 
pability makes the dye laser a very valu- 
able laboratory tool. 

Semiconductor lasers 
Semiconductor lasers (Fig. 4) are 

members of the LED family. They differ 
from ordinary LED's in that they consume 
considerably more current and the edges 
of the semiconductor die are polished to 
form interior reflecting surfaces. Because 
of their extremely small size- about as 
big as a grain of salt -and the difficulty of 
removing the heat they generate, those 
lasers do not have a very high output. 
Still, there are many applications to 
which they are well suited. among them 
fiber -optic communications and compact - 
disc players. 

Laser applications 
In the 25 years since they came into 

existence, lasers have proven themselves 
invaluable in a diverse range of fields. 
Here are a few of them: 

Industry: The high temperatures pro- 
duced by focused laser beams make them 
excellent tools for welding, cutting, and 

drilling. A pinpoint of coherent light can 
cut or bore much more cleanly than its 
mechanical equivalent, with much less 
waste. (An informal, and entirely unof- 
ficial, system for rating the strength of 
lasers measures their power in terms of 
"Gillettes" -the number of razor blades 
that a beam of laser light can successfully 
punch through.) 

Photographs taken by laser light can be 
used to determine stress regions and faults 

FIG. 4 -THIS SEMICONDUCTOR LASER is so 
tiny that it can fit in the eye of an ordinary sewing 
needle. Photo courtesy of ATT Bell Laborato- 
ries. 

in materials, simplifying and improving 
quality control procedures in critical ap- 
plications. Lasers are also used in indus- 
try for non -contact monitoring of a wide 
variety of systems. See Fig. 5. 

Medicine: Lasers find applications in 
numerous areas of medicine, among them 
dermatology, gynecology, and many 
areas of surgery. The finely focused beam 
of a laser can operate in areas (such as the 
inside of the eye) inaccessible to the tradi- 
tional scalpel. 

Science: Lasers have helped scientists 
both to refine existing knowledge and to 
learn more about our universe. Using 
lasers, it has been possible to determine 

FIG. 5- LASERS HAVE many applications in in- 
dustry. Here's a device that uses a laser to 
monitor the performance of an ultrasonic wire 
bonder, which is used in electronics production. 

is the laser beam. It is monochromatic
because the photons that trigger stimulat
ed emission give rise only to photons like
themselves. It is also coherent-all the
light waves are in phase. That , too, is a
result of the process of stimulated emis
sion; the phase of the photons generated is
identical to that of the stimulating photon .
The rest of the light reflected by the rod's
mirrored ends bounces back to interact
with more chromium atoms and produce
more photons .

Figures 3-a and 3-b, respectively, rep
resent coherent and incoherent (random
phase) light. As is the case with any wave
phenomenon-we're now co nsidering
photons as waves rather than as parti
cles--out-of-phase waves tend to cancel
each other. Because all the waves of a
laser beam are in phase , it is much more
intense and powerful than a beam of ordi
nary incoherent light.

Finally, all of the photons in a laser
beam travel parallel to one another. That is
the result of the orientation of the reflect
ing surfaces at the ends of the lasing ele
ment. The beam of even an inexpensive
laser has a divergence of only about one
twentieth of a degree , which means that
the energy it carries is not diffused appre
ciably over distance.

There are many, many types of lasers,
and their characteristics and modes of op
eration tend to overlap. The following ex
amples are just a small cross section of
what has been developed in the past 25
years.

Crystal lasers
This is the category to which the origi

nal ruby laser belongs. Those lasers are
optically pumped and have a relatively
low-power output, in the milliwatt range .
The most co mmon typ e is the ne o
d yrnium- YAG (fo r Ytrium -Alumi 
num-Gamet) laser, which emits light in
the near-infrared . YAG lasers can be oper
ated continuously because the material
from which they' re made conducts heat,
which would otherwise destroy the laser
rod, relatively well.

Another member of the crys tal-laser
family is the neodymium-glass laser. It is
less expensive to produce than the YAG
type (glass is cheaper than game t, even
the synthetic kind), but it must be pulsed ,
or operated on a one-shot basis . It cannot
sustain continuous opera tion because of
glass's poor heat conductivity.

Gas lasers
There are more gas lasers than there are

any other type . Over 5000 types of laser
activity in gases are known. Gas lasers are
not usually optically pumped , but are en
ergized by passing an electric current at a
potential of several thousand volts through
the gas, which is contained in a tube with
polished and silvered faces similar to the
ends of the ruby rod described earlier. As
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FIG. 3-IN LASER LIGHT, all of the waves are in
phase; thus they are said to be coherent (a). In
normal light, the waves have no phase rela 
t ionship (b).

the current flows through the gas, the elec
trons transfer some of their energy to it,
bringing it to a state where the stimulated
emission of photons can occur. Because
of the way they' re constructed, gas lasers
can be cooled more efficiently than crys
tal types, and lend themselves better to
continuous operation .

The most widely used gas laser is the
helium-argon laser, which can be built for
a modest sum by almos t any experi
menter. It is able to produce no more than
50 milliwatts , but its tight beam of red
light , about a millimeter across, makes it
ideal for laboratory and experimental use.

Argon and krypton lasers can produce a
wide range of colors, but are still rela
tively low in power. It is not feasible, for
example, to construct an argon laser more
powerful than 100 watts . Argo n lasers
with their green light are frequently used
in medical applications.

The infrared carbon-dioxide laser is
more of a heavyweight. It can have an
output as high as several hundred kilowat
ts . Moderate-sized lasers of that sort are
widely used in industry.

Liquid lasers
Organic dyes dissolved in organic com

pounds such as alcohol can be made to
lase , too . Organic lasers are unusual in
that one laser can produce a wide range of
colors. That spectrum can be optically
tuned, and a very precise selection oflight
of a single color can be made. That ca
pability makes the dye laser a very valu
able laboratory tool.

Semiconductor lasers
Se mico nductor lasers (Fig. 4) are

members of the LED family. They differ
from ordinary LED's in that they consume
considerab ly more current and the edges
of the semiconductor die are polished to
form interior reflecting surfaces . Because
of their extremely small size-about as
big as a grain of salt-and the difficulty of
removing the heat they genera te, those
lasers do not have a very high output.
Sti ll, there are many applications to
which they are well suited, among them
fiber-optic communications and compact
disc players .

Laser applications
In the 25 years since they came into

existence, lasers have proven themselves
invaluable in a diverse range of fields.
Here are a few of them:

Industry: The high temperatures pro
duced by focused laser beams make them
excellent tools for welding , cutting, and

drilling. A pinpoint of coherent light can
cut or bore much more cleanly than its
mechanica l equivalent, with much less
waste. (An informal, and entirely unof
ficial, system for rating the strength of
lasers measures their power in terms of
"Gillettes"-the number of razor blades
that a beam of laser light can successfully
punch through .)

Photographs taken by laser light can be
used to determine stress regions and faults

FIG. 4-THIS SEMICONDUCTOR LASER is so
tiny that it can fit in the eye of an ordinary sewing
needle. Photo courtesy of An Bell Laborato
ries.

in materials, simplifying and improving
quality control procedures in critica l ap
plications. Lasers are also used in indus
try for non-contact monitoring of a wide
variety of systems . See Fig. 5.

Medicine: Lasers find applications in
numerous areas of medicine, among them
derm atology, gy neco logy, and many
areas of surgery. The finely focused beam
of a laser can operate in areas (such as the
inside of the eye) inaccessible to the tradi
tional scalpel.

Science: Lasers have helped scientists
both to refine existing knowledge and to
learn more about our universe . Using
lasers, it has been possib le to determine

FIG. 5-LASERS HAVE many applications in in
dustry . Here 's a device that uses a laser to
monitor the performance of an ultrasonic wire
bonder, which is used in electronics product ion.
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the speed of light (186,282.398 miles/ 
second; 299.792.458 kilometers/second) 
with an accuracy hitherto unknown. and 
other units of measures have also bene- 
fited. A laser beam follows what must be 
the world's straightest line, a boon for 
surveyors and the like. Lasers in the labo- 
ratory have also allowed the development 
of new techniques to perform tasks that 
were previously impossible. Nuclear fu- 
sion reactions making possible the gener- 
ation of enormous quantities of inexpen- 
sive electricity from plain seawater will 
probably be initiated and sustained by 
lasers. 

Communications: Right now fiber -op- 
tic communications links using semicon- 
ductor lasers are in limited use. but their 
potential for carrying vast quantities of 
information makes it certain that as new 
installations are made, they will become 
much more common. In space, where 
laser light cannot be attenuated by air, it 
may carry communications and data from 
satellite to satellite, or even to earth. 
Lasers also are the heart, of course, of the 
laser printers: those devices, with their 
high -quality outputs. are now becoming 
popular in computer circles. 

Entertainment: Laser -light shows are 
popular at rock concerts. and lasers are 
also used to record and read the informa- 
tion contained on CD's and most vid- 
eodiscs. Holography, practical only with 
laser light, makes possible 3 -D photogra- 
phy without a camera or special viewing 
device. and has given birth to a new art 
form. One day we may enjoy holographic 
movies. although holographic television 
at this point seems rather farfetched be- 
cause of the limited resolution of even the 
most sophisticated video systems. The 
applications of holography, of course, are 
not limited to the world of entertainment. 
Holographic techniques are also used in 
devices like scanners for UPC (Universal 
Product Code) readers in stores, and in 
the restoration of artwork. 

War: Like dynamite. lasers can be put 
to both peaceful and destructive uses. 
Currently in the headlines is the "Star - 
Wars" technology that will take the sci- 
ence of war into the peace of space. Lasers 
are also used in the navigation systems of 
missiles and in targeting devices. 

New uses for the unique qualities of 
laser light are constantly being conceived. 
Among some of the more unusual and 
esoteric areas being explored are dental 
holography, gene manipulation, acu- 
puncture. laser -based optical computers, 
and the use of lasers to transmit power 
from solar- energy -gathering satellites. 
Future applications of the laser may only 
be limited by the scope of human imag- 
ination. 

It doesn't take much to see that the 
invention of the laser is one of the most 
significant things to come out of the labo- 
ratory in this century. R -E 
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HELI 
NEON LASER 

Build this simple helium -neon laser and start 

having fun with photons! 

ROBERT GROSSBLATT and ROBERT IANNINI 

BACK IN THE Ill-.1"DA1 OF SCILNCL Fic- 
tion's era of purple prose, tales of bug - 
eyed monsters. death rays, and the like 
filled many a pulp magazine. Of course, 
we knew then that it was all just fantasy; 
you could no more have a "death ray" 
than you could travel faster than sound or 
put a man on the moon. 

While those bug -eyed monsters (or 
BEM's, for short) have yet to pay us a visit 
(to the best of our knowledge), much of 
yesterday's science fiction is today's sci- 
ence fact. We even have a death ray, of 
sons. Of course, we are referring to the 
laser, which can be a powerful weapon in 
the hands of those who wish to use it as 

such. 
But the laser is also a great tool for 

science and industry. In just 25 years the 
laser has gone from far- fetched notion, to 
scientific reality, to common noun. Hard- 
ly a day goes by where some part of our 
lives is not affected by lasers. Today. the 
laser has joined the transistor as a hall- 
mark of modem electronics. 

What's a laser? 
The word laser is an acronym for Light 

Amplification by Simulated Emission of 
Radiation. But for most of us, that 
provides a poor explanation of what a 

laser is and how it works. To find a better 
explanation. we have to leave electronics 
for a while, drop into the world of phys- 
ics. and talk a little bit about the nature of 

light. You can't understand laser light un- 
til you have some familiarity with the 
properties of light in general. 

There are three ways in which laser 
light differs from ordinary light. and each 
of those differences contributes to the spe- 
cial characteristics of a laser. Let's begin 
by looking at some of the characteristics 
of ordinary light. 

Ordinary light has a relatively wide 
bandwidth. That means that a spec- 
trographic analysis would reveal that reg- 
ular light is made up of many different 
wavelengths. Just about everybody has 
seen, or done. the experiment in which a 

beam of white light is directed through a 

prism and split into different colors. The 
ordinary light we see as white. therefore. 
is actually made up of different color ele- 
ments -it's polychromatic. Figure I 

shows the composition of visible light. 
and the relative sensitivity of the human 
eye to various wavelengths. 

Ordinary light is also temporally in- 
coherent. By that we mean that the vari- 
ous components of the light do not share 
any time relationship; they are all ran- 
domly out -of -phase with respect to each 
other. Thus. if you were able to look at the 
waveform of a beam of ordinary light. you 
would see something that looks like Fig. 
2. The irregularity and random ap- 
pearance of that waveform is caused by 
the presence of waveforms of differing 
frequencies in the light. and the ways in 

ROBERT GROSSBLATT and ROBERT IANNINI

Build this simple helium-neon laser andstart

having fun with photons!

light. You can' t understand laser light un
til you have some familiarity with the
properties of light in general.

There are three ways in which laser
light differs from ordinary light , and each
ofthose differences contributes to the spe
cial characteristics of a laser. Let's begin
by looking at some of the characteristics
of ordinary light.

Ordinary light has a relatively wide
bandwidth . That means that a spec
trographic analysis would reveal that reg
ular light is made up of many different
wavelengths. Just about everybody has
seen, or done, the experiment in which a
beam of white light is directed through a
prism and split into different colors. The
ordinary light we see as white, therefore ,
is actually made up of different color ele
ments-it' s polychroma tic . Figure I
shows the composition of visible light ,
and the relative sensitivity of the human
eye to various wavelengths.

Ordinary light is also temporally in
coherent . By that we mean that the vari
ous components of the light do not share
any time relationship; they are all ran
domly out-of-phase with respect to each
other. Thus, if you were able to look at the
waveform of a beam of ordinary light , you
would see something that looks like Fig.
2 . The irregul ar ity and rand om ap
pearance of that waveform is caused by
the presence of waveforms of differing
frequencies in the light , and the ways in

HELl
NEON LASER

What's a laser?
The word laser is an acronym for Light

Amplification by Simulated Emission of
Radi ati on . But for most of us , that
provides a poor explanatio n of what a
laser is and how it works. To find a better
explanation, we have to leave electronics
for a while, drop into the world of phys
ics, and talk a little bit about the nature of

BACK IN THE HEYDAY OF SCIENCE FIC

tion 's era of purple prose , tales of bug
eyed monsters, death rays, and the like
filled many a pulp magazine. Of course,
we knew then that it was all just fantasy;
you could no more have a "death ray"
than you could travel faster than sound or
put a man on the moon.

While those bug-eyed mon sters (or
BEM's, for short) have yet to pay us a visit
(to the best of our knowledge), much of
yesterday's science fiction is today's sci
ence fact. We even have a death ray, of
sorts. Of course , we are referring to the
laser, which can be a powerful weapon in
the hands of those who wish to use it as
such.

But the laser is also a great tool for
science and industry. In just 25 years the
laser has gone from far-fetched notion, to
scientific reality, to common noun. Hard
ly a day goes by where some part of our
lives is not affected by lasers. Today, the
laser has joined the transistor as a hall
mark of modern electronics.

the speed of light (186,282.398 miles/
second; 299, 792 .458 kilometers/seco nd)
with an accuracy hitherto unknown , and
other units of measures have also bene
fited. A laser beam follows what must be
the world's straightest line , a boon for
surveyors and the like. Lasers in the labo
ratory have also allowed the development
of new techniques to perform tasks that
were previously impossible . Nuclear fu
sion reactions making possible the gener
ation of enormo us quantities of inexpen
sive electricity from plain seawater will
probably be initi ated and sustained by
lasers.

Communications: Right now fiber-op
tic communications links using semicon
ductor lasers are in limited use, but their
potential for carrying vast quantities of
information makes it certain that as new
installations are made, they will become
much more common. In space, where
laser light cannot be attenuated by air, it
may carry communications and data from
satellite to satellite, or even to earth.
Lasers also are the heart , of course, of the
laser printers; those devices, with their
high-quality outputs, are now becoming
popular in computer circles.

Entertainment: Laser-light shows are
popular at rock concerts, and lasers are
also used to record and read the informa
tion contained on CD 's and most vid
eodiscs. Holography, practical only with
laser light, makes possible 3-D photogra
phy without a camera or special viewing
device , and has given birth to a new art
form. One day we may enjoy holographic
movies , although holographic television
at this point seems rather farfetched be
cause of the limited resolution of even the
most sophistica ted video systems . The
applications of holography, of course, are
not limited to the world of entertainment.
Holographic techniques are also used in
devices like scanners for UPC (Universal
Produ ct Code) readers in stores , and in
the restoration of artwork .

War: Like dynamite , lasers can be put
to both peaceful and destru ctive uses.
Currently in the headlines is the " Star
Wars" technology that will take the sci
ence of war into the peace of space . Lasers
are also used in the navigation systems of
missiles and in targeting devices .

New uses for the unique qualities of
laser light are constantly being conceived.
Among some of the more unusual and
esoteric areas being explored are dental
holograph y, gene manipulation , acu
puncture, laser-based optical computers,
and the use of lasers to transmit power
from so lar-energy-gather ing sate lli tes .
Future applications of the laser may only
be limited by the scope of human imag
ination.

It doesn 't take much to see that the
invention of the laser is one of the most
significant things to come out of the labo
ratory in this century. R-E
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which those waveforms interact with each 
others. Because of that interaction, at 

some points the waveforms all add (con- 
structive interference); at some points 
they all subtract from one another (de- 
structive interference), and at most points 
a combination of the two effects occurs. 
The result is an irregular. random- appear- 
ing waveform as shown. 

Finally, ordinary light is also spatially 
incoherent. If you were to analyze the 
waveform of Fig. 2 over a period of time 
you would see that it is constantly chang- 
ing. That's because the component wave- 
forms arc constantly changing their 
positions with respect to each other. caus- 
ing the interference effects to vary. 

The best way to put the differences be- 
tween ordinary and laser light in perspec- 
tive is to compare light to sound. Ordinary 
light, because of all the things we just 
talked about, can hest be compared to 
noise. The waveforms at any moment in 
time are not only randomly spaced, but 
there's an unpredictable mix of frequen- 
cies as well. 

Now, if regular light is like noise, then 
laser light can only be thought of as the 
purest sound imaginable. For openers. 
laser light is highly monochromatic -a 
spectrographic analysis would show that 
it is composed of light of only one wave- 
length. And where regular light is tem- 
porally incoherent, a laser is temporally 
coherent -all of the light waveforms are 

in phase with each other. That is one of the 
reasons why a laser puts ut light of such 
pure color. Being monochromatic helps. 
of course, but being temporally coherent 
as well means that there's almost a com- 
plete absence of what would be called 
distortion in a sound wave. 

As you might have already guessed. 
laser light is also spatially coherent. If you 
looked at the waveforms over a period of 
time, there would be absolutely no shift- 
ing or movement. Considering the ab- 
sence of interference effects, that is 
exactly what you would expect to happen. 

Taken together. all 
of those factors are 
what make laser 
light so intense, and 
so directional. 

Since laser light is 
just about interference 
free. there's almost no 
scattering of the light. 
The beam divergence is 
very small -in the milli - 
radian range. A laser 
beam is really a beam of 
light! Being coherent also 
means that there's a much 
smaller loss in energy over 
distance than there is with 
regular light. Obviously. 
since laser light is so different from reg- 
ular light, it can't be produced the same 
way. And in order for us to understand 
how it's produced, let's see how regular 
light is produced. 

Electromagnetic waves in general. and 
light in particular, is produced when an 
atom gives off energy. Now. an atom ei- 
ther takes on energy (absorption). or gives 
off energy (emission). by having its elec- 
trons move from one energy level to an- 
other. Once energy has been supplied to 
the system. and absorbed by the atom, 
emission can occur in one of two ways -it 
can happen spontaneously, or it can be 
stimulated. 

Spontaneous emission is the result of 
natural atomic decay. The electrons ran- 
domly drop in energy level and produce 
the kind of waveforms shown in Fig. 2. 
When you power up a light bulb, for ex- 
ample. the atoms in the filament absorb 
energy and release it as a combination of 
heat and ordinary, incoherent light. 

Stimulated emission is a completely 
different process. The idea is to keep the 
atoms from releasing their absorbed ener- 
gy in a random manner. In order to do 
that, you have to create a state of affairs 
called a "population inversion." In sim- 
ple terms, that means that there have to be 

more atoms present that have absorbed 
energy than there are atoms that have 
already released energy. That is usually 
brought about by forcing enough ener- 
gy into the system to create at least 
three atomic- energy levels. The most 
excited atoms will emit energy and 
drop down to the next lowest energy 
level. That means there will be 

more atoms at the intermediate 
level than there are at the lowest 
level- that's the population in- 
version we mentioned. 

As photons of energy are re- 
leased, they will cause other 
atoms to emit energy in the 
form of photons. Those pho- 

tons will trigger the production of other 
photons. And if the emission is bounced 
back and forth between two mirrors the 
production of photons will continue to 
build in phase and the result will be, you 
guessed it, a beam of laser light with a 

waveform that looks like that shown in 
Ag. 3. 

Making a laser 
Now, understanding the basic theory 

and putting it into practice are, as we all 
know, two completely different things. 
Creating the population inversion you 
need to produce a laser beam is really an 
iffy, ticklish business. Everything has to 
be just so or nothing will happen. The 
mirrors have to be of a certain type to 
produce the in -phase coherent energy 
needed for a laser. And enough energy of 
the right type has to be forced into the 
system to make the whole thing work. 

The kind of energy you have to pump 
into the system depends on the type of 
material you're trying to make lase. Semi- 
conductor and gas lasers are pumped up 
with electrical energy while crystalline 
lasers, such as those made from ruby rods 
or YAG (Ytrium- Aluminum- Garnet) are 
usually pumped up optically with xenon 
flash tubes or arc lamps. 

The laser we're building here is a gas 

which those waveforms interact with each
others . Because of that interaction, at
some points the waveforms all add (con
structive interference); at some points
they all subtract from one another (de
structive interference), and at most points
a combination of the two effects occurs.
The result is an irregular; random-appear
ing waveform as shown .

Finally, ordinary light is also spatially
incoherent. If you were to analyze the
waveform of Fig. 2 over a period of time
you would see that it is constantly chang
ing. That's because the component wave
forms are constantly changing their
positions with respect to each other, caus
ing the interference effects to vary.

The best way to put the differences be
tween ordinary and laser light in perspec
tive is to compare light to sound. Ordinary
light, because of all the things we just
talked about, can best be compared to
noise. The waveforms at any moment in
time are not only randomly spaced, but
there's an unpredictable mix of frequen
cies as well.

Now, if regular light is like noise, then
laser light can only be thought of as the
purest sound imaginable. For openers,
laser light is highly monochromatic-a
spectrographic analysis would show that
it is composed of light of only one wave
length. And where regular light is tem
porally incoherent, a laser is temporally
coherent-all of the light waveforms are
in phase with each other. That is one of the
reasons why a laser puts ut light of such
pure color. Being monochromatic helps,
of course, but being temporally coherent
as well means that there's almost a com
plete absence 'of what would be called
distortion in a sound wave.

As you might have already' guessed,
laser light is also spatially coherent. If you
looked at the waveforms over a period of
time, there would be absolutely no shift
ing or movement. Considering the ab
sence of interference effects, that is
exactly what you would expect to happen .

Taken together, all
of those factors are
what make laser
light so intense, and
so directional.

Since laser light is
just about interference
free, there's almost no
scattering of the light.
The beam divergence is
very small-in the milli
radian range. A laser
beam is really a beam of
light! Being coherent also
means that there's a much
smaller loss in energy over
distance than there is with
regular light. Obviously,
since laser light is so different from reg
ular light, it can 't be produced the same
way. And in order for us to understand
how it's produced, let's see how regular
lightis produced.

Electromagnetic waves in general, and
light in particular, is produced when an
atom gives off energy. Now, an atom ei
ther takes on energy (absorption), or gives
off energy (emission), by having its elec
trons move from one energy level to an
other. Once energy has been supplied to
the system, and absorbed by the atom,
emission can occur in one of two ways-it
can happen spontaneously, or it can be
stimulated.

Spontaneous emission is the result of
natural atomic decay. The electrons ran
domly drop in energy level and produce
the kind of waveforms shown in Fig. 2.
When you power up a light bulb, for ex
ample , the atoms in the filament absorb
energy and release it as a combination of
heat and ordinary, incoherent light.

Stimulated emission is a completely
different process . The idea is to keep the
atoms from releasing their absorbed ener
gy in a random manner. In order to do
that, you have to create a state of affairs
called a " population inversion ." In.sim
pie terms, that means that there have to be

more atoms present that have absorbed
energy than there are atoms that have
already released energy. That is usually
brought about by forcing enough ener-
gy into the system to create at least
three atomic-energy levels. The most
excited atoms will emit energy and
drop down to the next lowest energy
level. That means there will be
more atoms at the intermediate
level than there are at the lowest
level-that's the population in
version we mentioned.

As photons of energy are re
leased, they will cause other
atoms to emit energy in the
form of photons. Those pho-

tons will trigger the production of other
photons . And if the emission is bounced
back and forth between two mirrors the
production of photons will continue to
build in phase and the result will be, you
guessed it, a beam of laser light with a
waveform that looks like that shown in
Fig. 3.

Making a laser
Now, understanding the basic theory

and putting it into practice are, as we all
know, two completely different things.
Creating the population inversion you
need to produce a laser beam is really an
iffy, ticklish business. Everything has to
be just so or nothing will happen. The
mirrors have to be of a certain type to
produce the in-phase coherent energy
needed for a laser. And enough energy of
the right type has to be forced into the
system to make the whole thing work.

The kind of energy you have to pump
into the system depends on the type of.
material you're trying to make lase. Semi
conductor and gas lasers are pumped up
with electrical energy while crystalline
lasers, such as those made from ruby rods
or YAG (Ytrium-Aluminum-Gamet) are
usually pumped up optically with xenon
flash tubes or arc lamps .

The laser we're building here is a gas
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FIG. 1 -THE VISIBLE SPECTRUM. and how the human eye responds to it The wavelength of the 
light emitted by our helium-neon laser is 6328 Angstroms. 
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FIG. 2 -THIS RANDOM-APPEARING waveform 
is that of ordinary light. The waveform is made 
up of all of the various frequencies that make up 
such light. 

TIME 

FIG. 3 -LASER LIGHT is made up of light of lust 
one frequency. It is the purest type of light possi- 
ble. 

laser -more specifically a helium -neon 
laser. Thc frequency of the light is 6328 
Angstroms and the laser puts out about I 

milliwatt with a beam divergence of 1.3 
milliradians. Now, I milliwatt may not 
sound like a lot of to you, but that's be- 
cause you're still thinking in terms of reg- 
ular light. Remember that the laser 
produces a highly directional beam of co- 
herent. monochromatic light. The laser 
we're talking about here generates a beam 
that can be spotted on a wall more than 
two miles away! 

Helium -neon lasers are extremely inef- 
ficient and. in order to make them work. 

the mechanical setup of the laser tube has 
to be just about perfect. It has to be prop- 
erly sealed and contain the correct gas 
mixture. Also, the mirrors have to be per- 
fectly aligned dielectric ones so enough 
reflection takes place at the proper fre- 
quency to cause the device to lase. Those 
mirrors must be highly reflective, within a 

couple of decimal places of 100%; by con- 
trast. the silver mirrors we use every day 
have a reflectance factor of only 95 %. 

Making a helium -neon laser tube is a 

project that is beyond the means of most 
of us as it requires a fair amount of skill 
and equipment. Among other things, you 
need to have the skills and equipment re- 
quired to create a precise mixture of gas- 
ses. and you need to be adept at glass 
blowing. All of that is not impossible, of 
course, but in most cases its a task that is 

best left to someone else; we recommend 
that you purchase rather than build a tube. 
(One source for laser tubes is mentioned 
in the Parts List.) 

Once you have a working laser tube. 
actually making it produce a beam is sur- 
prisingly simple. The only electronic as- 
sembly needed is a power supply that will 
deliver the right voltage to make the tube 
fire. Figure 4 is the schematic of a power 
supply that can be used to trigger the laser. 
If it looks familiar, that's because its front 
end is essentially the same one used in the 
construction of the infrared viewer that 
appeared in the August 1985 issue of Ra- 
dio- Electronics. 

The power supply is a switcher with 
QI, Q2, and their related components for- 
ming an oscillator that switches a square- 
wave through the primary windings of TI, 

a high voltage step -up transformer. That 
part of the circuit takes the battery voltage 
and produces about 400 volts AC at the 
secondary of TI. Diodes D3 D6 and ca- 
pacitors C2 05 form a voltage multiplier 
that takes the 400 volts from T1 and boosts 
it to the 1600 -volts DC needed to ignite the 
laser tube. 

The high -voltage pulse needed to ignite 
the tube comes from an 800 -volt tap on the 
voltage multiplier. Resistors R3 and R4 
divide that voltage to provide the 400 volts 
needed to charge up C9, the dump capaci- 
tor. When the SCR fires, the charge on C9 
is dumped into the primary of the trigger 
coil, T2. Capacitor CII charges up and. 
since it's in parallel with the laser tube. 
when the voltage builds enough to excite 
the gas. ignition takes place and current 
flows through the tube. That causes a volt- 
age drop across RIO, which turns on Q4 
and turns off Q3. 

As soon as the laser tube ignites, there- 
fore. the ignition circuitry is turned off. 
That saves battery power because the laser 
tube can sustain firing at a lower voltage. 
The relaxation oscillator made up of Q3 
and Q4, and their related components is 
only needed to control the firing of the 
SCR. Once the tube starts to lase. the 
voltage drop across RIO keeps the ignition 
circuitry turned off. If the tube stops las- 
ing, the R9 RIO junction will drop to 
ground again and Q4 will turn off and 
unclamp Q3. The SCR will start firing 
again and, we hope, re- ignite the tube. 

Construction 
Before we actually start building the 

circuit. there's one very important thing 
you must keep in mind: 

CAUTION! The power supply can 
produce as much as 10,000 volts at about 5 
milliamps. That is enough juice to do a lot 
of damage. If you're not careful you can 
give yourself a severe shock. Remember 
that the capacitors take a while to dis- 
charge completely. You can get a real jolt 
even if the circuit has been turned off for 
five or ten minutes. Treat the circuit with 
respect and make sure to discharge the 
capacitors if you want to do some work on 
the circuit. 

Now that that's out of the way, you can 
build the power supply on perfboard or 
use the PC board that's provided in our PC 
Service section, elsewhere in this maga- 
zine. If you use perfboard, remember to 
keep the leads as short as possible because 
there's a lot of high- frequency AC running 
around part of the circuit. Whichever 
method you use. make sure to keep any 
metal objects and your fingers away from 
the output section located around T2 and 
RII. Those are the points of the circuit 
where the highest voltages can be found. 
One short second of carelessness on your 
part and you're going to get zapped. If 
you're lucky. all it will do is hurt a lot. 

The only other components in the cir- 

I
FIG. 1-THE VISIBLE SPECTRUM, and how the human eye responds to It. The wavelength of the
light emitted by our helium-neon laser Is 6328 Angstroms.

Before we actually start building the
circuit, there's one very important thing
you must keep in mind:

CAU T ION ! The power supply can
produce as much as 10,000 volts at about 5
milliamps. That is enough juice to do a lot
of damage . If you' re not careful you can
give yourself a severe shock . Remember
that the capacitors take a while to dis
charge completely. Youcan get a real jolt
even if the circuit has been turned off for
five or ten minutes. Treat the circuit with
respect and make sure to discha rge the
capacito rs if you want to do some work on
the circuit.

Now that that 's out of the way, you can
build the power supply on perfboard or
use the PC board that's provided in our PC
Service section, elsewhere in this maga
zine. If you use perfboard , remember to
keep the leads as short as possible because
there 's a lot of high-frequency AC running
around part of the circuit. Whichever
method you use , make sure to keep any
metal objects and your fingers away from
the output section located around T2 and
RI1. Those are the points of the circuit
where the highest voltages can be found.
One short second of carelessness on your
part and you' re going to get zapped. If
you' re lucky, all it will do is hurt a lot.

The only other components in the cir-

a high voltage step-up transformer. That
part of the circuit takes the battery voltage
and produces about 400 volts AC at the
secondary of T1. Diodes D3- D6 and ca
pacitors C2-C5 form a voltage multiplier
that takes the 400 volts from Tl and boosts
it to the 1600-volts DC needed to ignite the
laser tube.

The high-voltage pulse needed to ignite
the tube comes from an 800-volt tap on the
voltage multiplier. Resistors R3 and R4
divide that voltage to provide the 400 volts
needed to charge up C9, the dump capaci
tor. When the SCR fires, the charge on C9
is dumped into the primary of the trigger
coil, T2. Capacitor Cll charges up and,
since it's in parallel with the laser tube,
when the voltage builds enough to excite
the gas, ignition takes place and current
flows through the tube. That causes a volt
age drop across RIO, which turns on Q4
and turns off Q3.

As soon as the laser tube ignites, there
fore , the ignition circuitry is turned off.
That saves battery power because the laser
tube can sustain firing at a lower voltage .
The relaxation oscillator made up of Q3
and Q4, and their related components is
only needed to control the firing of the
SCR . Once the tube starts to lase, the
voltage drop across RIOkeeps the ignition
circuitry turned off. If the tube stops las
ing , the R9-RIO junction will drop to
ground again and Q4 will tum off and
unclamp Q3 . The SCR will start firing
again and , we hope, re-ignite the tube.

Construction
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the mechani cal setup of the laser tube has
to be just about perfect. It has to be prop
erly sealed and contain the correct gas
mixture. Also , the mirrors have to be per
fectly aligned dielectric ones so enough
reflection takes place at the proper fre
quency to cause the device to lase. Those
mirrors must be highly reflective, within a
couple of decimal places of 100%; by con
trast , the silver mirrors we use every day
have a reflectance factor of only 95%.

Making a helium-neon laser tube is a
project that is beyond the means of most
of us as it requires a fair amount of skill
and equipment. Among other things, you
need to have the skills and equipment re
quired to create a precise mixture of gas
ses, and you need to be adept at glass
blowing. All of that is not impossible, of
course , but in most cases its a task that is
best left to someone else; we recommend
that you purchase rather than build a tube.
(One source for laser tubes is mentioned
in the Parts List.)

Once you have a working laser tube ,
actually making it produce a beam is sur
prisingly simple. The only electronic as
sembly needed is a power supply that will
deliver the right voltage to make the tube
fire. Figure 4 is the schematic of a power
supply that can be used to trigger the laser.
If it looks familiar, that's because its front
end is essentially the same one used in the
construction of the infrared viewer that
appeared in the August 1985 issue of Ra
dio-Electronics.

The power supply is a switcher with
QI , Q2, and their related component s for
ming an oscillat or that switches a square
wave through the primary windings of Tl,
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laser-more specifically a helium-neon
laser. The frequency of the light is 6328
Angstroms and the laser puts out about I
milliwatt with a beam divergence of 1.3
milliradians. Now, I milliwatt may not
sound like a lot of to you, but that' s be
cause you're still thinking in terms of reg
ular ligh t. Rem ember tha t the laser
produces a highly directional beam of co
herent , monochromatic light. The laser
we' re talking about here generates a beam
that can be spotted on a wall more than
two miles away!

Helium-neon lasers are extremely inef
ficient and, in order to make them work,

100%

TIME

FIG. 2-THIS RANDOM-APPEARING waveform
is that of ordinary light. The waveform is made
up of all of the various frequencies that make up
such light.

TIME

FIG. 3-LASER LIGHT is made up of light of just
one frequency. It Is the purest type of light possi
ble.
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same material on the component side of 
the board as well. 

When you finish the board, check for 
bridges. opens, bad solder joints. and so 
on. If everything seems OK, you're ready 
to test the power supply. Take the two 
leads that normally would go to the laser 
tube and tape them down so that they're Vs 

-inch apart. Connect IO volts to the power 
supply. You should see arcing across the 
laser -tube leads at a rate of about once a 

second or so; the circuit should be draw- 
ing approximately 250 mA. If the spark 
becomes continuous. the current draw 
should jump to about 750 mA -the full 
operating current of the laser tube. If you 
measure the voltage across the output of 
the supply, you should see an open circuit 
voltage of about 2500. Once the laser tube 
is connected. the voltage will be in the 
neighborhood of 1500. 

If you've gotten this far without any 
brain damage. you're ready to connect the 
tube to the supply. 

CAUTION! The laser tube is an expen- 
sive, delicate piece of equipment. In order 
to connect it to the circuit you'll be solder- 
ing leads to the metal collars at either end 
of the tube. Use a minimum of solder and 
apply heat for a minimum amount of time. 
Don't ever forget that the tube has a high 
vacuum inside and you can damage more 
than the tube if you destroy the integrity of 
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FIG. 4-THIS POWER SUPPLY Is all you need to drive s laser tubs like the on* available from the supplier mentioned in the Parts List. 
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FIG 5 -IF YOU CHOOSE to use the PC board 
placement diagram 

cuit that require special attention are the 
switching transistors. QI and Q2. The 
maximum current draw from the batteries 
is about 750 mA. so those transistors will 
be handling a lot of juice and getting hot. 
The PC -board layout shown in Fig. 5 is 
designed so that the transistors can be 
placed in such a way that their tabs can be 
stuck against the laminations of TI. If you 
are using perforated construction board. 
be sure that your layout allows for that, 
too. Use some heat -sink compound to get 
good thernial contact, and using small 
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provided in our PC Service section. use this parts- 

heat sinks wouldn't be a bad idea. 
After you've identified the components 

and found their position on the board. 
solder them in using a minimum of solder. 
Once you've done that, use some high - 
voltage putty. paraffin, or varnish to cover 
the traces (or wires if you're using perf- 
board) that connect to all the components 
on the secondary side of T2 and the laser 
tube. That part of the circuit has the high- 
est voltages and it's likely that arcing will 
take place if all the bare metal isn't cov- 
ered. You may find it necessary to use the 

45 

FIG. 4-THIS POWER SUPPLY is all you need to drive a laser tube like the one available from the supplier mentioned in the Parts List.
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same material on the component side of
the board as well.

When you 'finish the board , check for
bridges, opens, bad solder joints, and so
on. If everything seems OK, you' re ready
to test the power supply. Take the two
leads that normall y would go to the laser
tube and tape them down so that they're Ys
-inch apart. Connect 10 volts to the power
supply. You should see arcing across the
laser-tube leads at a rate of about once a
second or so; the circuit should be draw
ing approxim ately 250 rnA. If the spark
becomes continuous , the current draw
should jump to about 750 rnA-the full
operating current of the laser tube . If you
measure the voltage across the output of
the supply, you should see an open circuit
voltage of about 2500 . Once the laser tube
is connected, the voltage will be in the
neighborhood of 1500.

If you've gotten this far without any
grain damage , you' re ready to connect the
tube to the supply.

CAUTIONl The laser tube is an expen
sive, delicate piece of equipment. In order
to connect it to the circuit you' ll be solder
ing leads to the metal collars at either end
of the tube. Use a minimum of solder and
apply heat for a minimum amount of time.
Don 't ever forget that the tube has a high
vacuum inside and you can damage more
than the tube if you destroy the integrity of
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heat sinks wouldn't be a bad idea.
After you' ve identified the components

and found their position on the board ,
solder them in using a minimum of solder.
Once you've done that , use some high
voltage putty, paraffin, or varnish to cover
the traces (or wires if you're using perf
board) that connect to all the components
on the secondary side of T2 and the laser
tube . That part of the circuit has the high
est voltages and it's likely that arcing will
take place if all the bare metal isn 't cov
ered . You may find it necessary to use the
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cuit that require special attention are the
switching transistors, QI and Q2. The
maximum current draw from the batteries
is about 750 rnA, so those transistors will
be handling a lot of juice and getting hot.
The PC-bo ard layout shown in Fig. 5 is
designed so that the transistors can be
placed in such a way that their tabs can be
stuck against the laminations of Tl . If you
are using perforated construction board,
be sure that your layout allows for that,
too. Use some heat-sink compound to get
good thermal contact, and using small

Sl 09*,*
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FIG. 5-IF YOU CHOOSE to use the PC board provided in our PC Service section, use this parts
placement diagram.
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FIG. 6-A HELIUM -NEON laser tube. The cathode end can be Identified by the small tube used 
to till the laser tube with gas. 

the seal. Use a low -power iron and a lot of 
common sense when you solder to the 
tube. Tin the wires ahead of time to keep 
the soldering time to a minimum. 

The laser tube has an anode and a cath- 
ode end. The anode is the clear glass end 
of the tube and the cathode can be identi- 
fied by finding the small metal tube used 

PARTS LIST 

All resistors''4 watt. 10 °° unless noted 
R1 -2200 ohms 
R2 -220 ohms, 1 watt 
R3. R4-1 megohm 
R5.R7 -100 ohms 
R6-not used 
R&- 100.000 ohms 
R9 -1000 ohms 
R10 -220 ohms 
R11, R12 -47.000 ohms. 1 watt 
R13-470 ohms 

Capacitors 
C1 -10 tLF, 25 volts, electrolytic 
C2 -C8 -0.01 µF, 1.6 kV. ceramic disc 
C9-0.1 µF, 400 volts, paper dielectric 
C10-1 F. 50 volts, electrolytic 
C1-0.001 µF, 10 kV, ceramic 

Semiconductors 
D1. D2- 1N4001 
D3 -D8-1 N4007 
D9- HX200ED, 20 kV diode 
LED1 -Red LED 
01, 02- D4005, NPN power transistor 
03- 2N2646 -UJT transistor 
04- PN2222 NPN transistor 
SCR1- 2N4443 SCR 

Other components 
71 -12 to 400 volts. 10 kHz switching 

transformer 
T2 -10 -kV trigger transformer, 400 -volt 

primary 
B1 -14.4 volts. 12 nickel- cadmium cells. 

or equivalent 
S1 -SPST switch. momentary pushbut- 

ton. normally open 

Miscellaneous: PC board, helium -neon 
user tube. PVC tubing for case, battery 
holders. wire. solder, etc. 

Note: The following are available from 
Information Unlimited, PO Box 716, 
Amherst. NH 03031: PC board. S4.50: 
switching transformer (Ti), S14.50: 
trigger transformer (T2), $11.50: 1- milli- 
watt laser tube. S149.50: 0.4- milliwatt 
laser tube, $99.50: high- voltage diode 
(D9), $3.50; high -voltage capacitor 
(C11). $3.00. 

to fill the laser tube with gas. See Fig. 6. 
Once you have the ends of the laser tube 
identified, solder the lead from R12 to the 
anode. keeping that lead as short as you 
can. The voltage at RI2 is about 1 100 volts 
when the tube fires, so that is the point 
where arcing or some other type of para- 
sitic power loss is most likely to occur. 
Keeping the lead as short as possible will 
go a long way toward eliminating any po- 
tential problems. 

Connect the cathode of the tube 
through an ammeter to RIO and apply IO 
volts to the supply. The tube should start 
sputtering as it tries to ignite. As you raise 
the voltage slowly, ignition will take place 
and the tube will fire. If you raise the 
supply voltage to 12 volts, you should find 
the tube drawing about 5 mA and the 
supply will be putting out about 750 mA. 
The operating current of the laser tube 
should be kept in the range of 4.5 to 5.5 
mA. Less than that and the tube won't 

cut down its operating lifetime. You can 
trim the values of RIl and RI2 to get the 
operating current into the safe range. Just 
make sure you keep the total resistance of 
RI I and RI2 at about 100,000 ohms. 

The current through the tube is going to 
vary a lot as the battery voltage changes. if 
you use nickel -cadmium cells, remember 
that the operating voltage is going to be 
1.2 in each cell for most of the lifetime of 
each charge. Freshly charged nickel -cad- 
mium cells, however, can have a voltage 
as high as 1.5. Admittedly that doesn't last 
very long. but we'll mention it because 
adjusting the laser tube's operating cur- 
rent with freshly charged batteries could 
cause you to choose artificially high val- 
ues for R11 and RI2. So before you start 
trimming the resistors. make sure the bat- 
teries are at 1.2 volts per cell 

Since the operating current is tied to the 
supply voltage, it's natural to think about 
voltage regulation. Well, there is nothing 
wrong with regulating the input voltage, 
but there are a few things to keep in mind. 
If you use 12 nickel- cadmium cells. you'll 
have a supply voltage of 14.4 and you'll be 

drawing as much as 750 mA from that 
supply. A three -terminal regulator like the 
7812 would seem to be an ideal choice. 
but asking it to supply 750 mA is really 
asking a lot unless you use a 78I2C, 
which can handle I amp with a good heat 
sink. An LM3I7 can be set up to put out 12 

volts and it can supply 750 mA. 

The biggest problem with using an IC 
voltage -regulator is the voltage loss that's 
inherent in those devices. In order to sup- 
ply 12 volts, a regulator needs an input 
voltage of about 14.5 volts. Now that's 
just about the maximum you can get from 
the batteries. And if your particular tube 
wants a little bit more than 12 volts, or 
some of the power- supply components are 
a little bit lossy, you're in a lot of trouble. 

So, you ask. what's the bottom line. 
Well. after all's said and done, unless you 
want to do an awful lot of circuit design, 
the best thing to do is let the power supply 
look directly at the batteries. It's not the 
best solution in the world, but it's proba- 
bly the best thing in this situation. 

The case for the laser can be as simple 
or as fancy as you like. Perhaps the sim- 
plest and most functional approach would 
be to use some lengths of standard PVC 
tubing. But if you do that, or completely 
enclose the circuit in any way, you could 
run into an overheating problem because 
of the amount of heat produced by the 
power supply. Because of that, it's a good 
idea to limit the on -time to less than a 

minute, keeping it under 30 seconds is 
even better. Further, giving the supply a 5- 
second or so rest between uses will in- 
crease its lifetime tremendously. Also, the 
better you heatsink QI and Q2, the better 
off you'll be. 

Having fun 
The output of the laser tube is about I 

milliwatt (or 0.4 milliwatt if the lower - 
powered tube offered by the supplier men- 
tioned in the Parts List is used) and. at that 
power. it can't do any damage. If you had 
thoughts of burning your way through 
steel. forget it. Lasers that can do that are 
worlds away from the one we're building. 
However, that doesn't mean you can treat 
the light from this laser with no respect 
whatsoever. 

CAUTION! Even a l- milliwatt laser 
can be hazardous if you look directly at 
the beam. While we assume that anyone 
considering building a laser would know 
enough about those devices to never, nev- 
er even consider doing something so 
foolhardy, the very nature of laser might 
make it very easy for accidents to happen. 
The beam is highly directional and very 
intense: to compound matters, the re- 
flected beam is just as dangerous as the 
emitted beam. It's a simple matter to have 
the beam bounce off some shiny object 
and reflect back to you. You can wear 
safety glasses. but even if you do, be care- 
ful where and how you use the laser. 

While you can use this laser. which 
throws an intense red beam, for such 
things as target spotting, perhaps its 
greatest use is as an introduction to the 
world of lasers in general. Watching the 
tube fire is truly fascinating and the more 
you experiment with it. the more you'll 
learn. RE 

The biggest problem with using an IC
voltage-reg ulator is the voltage loss that's
inherent in those devices. In order to sup
ply 12 volts, a regulator needs an input
voltage of about 14 .5 volts . Now that 's
just about the maximum you can get from
the batteries. And if your particular tube
wants a little bit more than 12 volts, or
some of the power-supply components are
a little bit lossy, you' re in a lot of trouble .

So, you ask, what's the bottom line .
Well, after all's said and done, unless you
want to do an awful lot of circuit design,
the best thing to do is let the power supply
look directly at the batteries. It' s not the
best solution in the world , but it' s proba
bly the best thing in this situation.

The case for the laser can be as simple
or as fancy as you like. Perhaps the sim
plest and most functional approach would
be to use some lengths of standard PVC
tubing. But if you do that, or completely
enclose the circuit in any way, you could
run into an overheating problem because
of the amount of heat produced by the
power supply. Because of that, it' s a good
idea to limit the on-time to less than a
minute; keeping it under 30 seconds is
even better. Further, giving the supply a 5
secon d or so rest between uses will in
crease its lifetime tremendou sly. Also, the
better you heatsink QI and Q2, the better
off you' ll be .

Having fun
The output of the laser tube is about I

milliwatt"(or 0.4 milliwatt if the lower
powered tube offered by the supplie r men
tioned in the Parts List is used) and, at that
power, it can' t do any damage . If you had
thoughts of burn ing your way through
steel, forget it. Lasers that can do that are
worlds away from the one we' re building.
However, that doesn 't mean you can treat
the light from this laser with no respec t
whatsoever.

CA TION! ven a I-milliwatt laser;
can be hazardous if you look directly a~

the beam. While we assume that anyon
considering building a laser would know
enough about tho e devices to never, nev
er even consider doing something so
foolhardy, the very nature of laser might
make it very easy for accidents to happen.
The beam is highly directional and very
intense; to compound matters. the re
flected beam is just as dangerous as the
emitted beam. It's a simple matter to have
the beam bounce off some shiny object
and reflect back to you. You can wear;
afety glasses. but even if you do, be care

ful where and how you use the laser.
While you can use this laser, which

throws an intense red beam, for such
things as target spotting, perhaps its
greates t use is as an introductio n to the
world of lasers in general. Watching the
tube fire is truly fascinating and the more
you experiment with it, the more you'll
learn. R-E

to fill the laser tube with gas. See Fig. 6 .
Once you have the ends of the laser tube
ident ified, solder the lead from RI 2 to the
anode, keeping that lead as short as you
can. The voltage at RI 2 is about 1100 volts
when the tube fires, so that is the point
where arcing or some other type of para
sitic power loss is most likely to occur.
Keeping the lead as short as possible will
go a long way toward eliminating any po
tential problems.

Connect the ca thode of the tube
through an ammeter to RIO and apply 10
volts to the supply. The tube should start
sputtering as it tries to ignite . As you raise
the voltage slowly, ignition will take place
and the tube will fire. If you raise the
supply voltage to 12 volts, you should find
the tube drawing about 5 rnA and the
supply will be putting out about 750 rnA.
The operating current of the laser tube
should be kept in the range of 4.5 to 5.5
rnA. Less than that and the tube won't
operate reliabl y; more than that and you' ll
cut down its operating lifetime. You can
trim the values of Rll and RI 2 to get the
operating current into the safe range . Just
make sure you keep the total resistance of
Rll and RI2 at about 100,000 ohms.

The current through the tube is going to
vary a lot as the battery voltage changes . If
you use nickel- cadmium cells , remember
that the operating voltage is going to be
1.2 in each cell for most of the lifetime of
each charge . Freshly charged nickel-cad
mium cells , however, can have a voltage
as high as 1.5. Admittedly that doesn 't last
very long , but we' ll mention it because
adjusting the laser tube 's operating cur
rent with freshly charged batteries could
cause you to choose artificially high val
ues for Rll and R12. So before you start
trimm ing the resistors , make sure the bat
teries are at 1.2 volts per cell

Since the operating current is tied to the
supply voltage , it' s natural to think about
voltage regulation. Well, there is nothing
wrong with regulating the input voltage,
but there are a few things to keep in mind .
If you use 12 nickel-cadmium cells, you' ll
have a supply voltage of 14.4 and you' ll be
drawing as much as 750 rnA from that
supply. A three-terminal regulator like the
7812 would seem to be an ideal choice ,
but asking it to supply 750 rnA is really
asking a lot unless you use a 7812C ,
which can handle I amp with a good heat
sink. An LM317 can be set up to put out 12
volts and it can supply 750 rnA.

Other components
T1-12 to 400 volts, 10 kHz switching

transformer
T2-10-kV trigger transformer, 400-volt

primary
81-14.4 volts, 12 nickel-cadmium cells,

or equivalent
S1-SPST switch, momentary pushbut-

ton, normally open

Miscellaneous: PC board, helium-neon
laser tube, PVC tubinq for case, battery
holders, wire, solder, etc.

PARTS LIST

Capacitors
C1-10 fiF, 25 volts, electrolytic
C2-G8-0.01 fiF, 1.6 kV, ceramic disc
C9-0.1 fiF, 400 volts, paper dielectric
C1G-1 fiF, 50 volts, electrolytic
C1---Q.001 fiF, 10 kV, ceramic

Note: The following are available from
Information Unlimited, PO Box 716,
Amherst, NH 03031: PC board, $4.50;
switching transformer (T1), $14.50;
trigger transformer (T2), $11.50;1-milli
watt laser tube, $149.50; 0.4-milliwatt
laser tube, $99.50; high-voltage diode
(09), $3.50; high-voltage capacitor
(C11), $3.00.

All resistors V.watt, 10% unless noted
R1-2200 ohms
R2-220 ohms, 1 watt
R3, R4-1 megohm
R5,R7-100 ohms
R6--notused
R8---100,000 ohms
R9-1000 ohms
R1G-220 ohms
R11, R12-47,000 ohms, 1 watt
R13-470 ohms

Semiconductors
01, 02-1 N4001
03-08---1 N4007
09-HX200EO, 20 kV diode
LE01-Red LED
01,02-04005, NPN power transistor
03-2N2646-UJT transistor
04-PN2222 NPN transistor
SCR1-2N4443 SCR

1
TUBE

FIG. 6-A HELIUM-NEON laser tube . The cath ode end can be identified by the small tube used
to fill the laser tube with gas.

the seal. Use a low-power iron and a lot of
common sense when you solder to the
tube. Tin the wires ahead of time to keep
the soldering time to a minimum.

The laser tube has an anode and a cath
ode end . The anode is the clear glass end
of the tube and the cathode can be identi
fied by finding the small metal tube used
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V/SIGNAL 
DESCRAMBLING 
Learn all about the techniques used by the pay -TV 

and cable companies to keep unauthorized 

viewers from pirating their signals. 

WILLIAM SHEETS and RUDOLF F. GRAF 

THANKS, IN PART, TO OIL'. L.XPLOSIVE 
growth of the video marketplace. it is rare 
these days to find a home that does not 
have access to some form of "pay-TV." 
By pay -TV we are. of course. referring to 
some type of premium programming that 
is provided to the viewer at a cost. Pay -TV 
can take many forms. It can be delivered 
via cable. satellite. multi -point distribu- 
tion system (terrestrial microwave). or 
over- the -air subscription TV. and pay -TV 
can be charged for on a fixed -fee or per - 
program basis. 

Obviously, for such a system to suc- 
ceed. there needs to he some means to 
collect the charges for the premium chan- 
nels or individual programs, and to pre- 
vent unauthorized reception by non- 
paying viewers. The most popular way of 
doing that is scrambling -encoding the 
signal so that it is unwatchable and/or 
inaudible to nonsubscribers. If a signal is 
properly scrambled, there is no way to 
adjust the television receiver so that a usa- 
ble signal can be seen or heard. 

In order to receive the signal. a device 
called a decoder or a descrambler must be 
used; that device is generally located be- 
tween the antenna (or cable output) and 
the television receiver. 

There are many different scrambling 
and descrambling techniques. Some 
scrambling schemes are basically very 
simple and provide only minimal security. 
Others are very sophisticated, and expen- 
sive. Thus, while they provide a high level 
of security, they are not currently practical 
for home -TV use. However, that may not 
always be the case. The recent develop- 
ment of low -cost, mass -produced digital- 

TV IC's may make highly sophisticated. 
secure scrambling economically feasible 
for home use in the not -too- distant future. 

In this series of articles we are going to 
discuss several scrambling -descrambling 
systems. All of those systems are either 
currently in use or possible in theory. Both 
system operation and circuitry will be de- 
scribed. Also, we will describe several 
experimental decoders, for those who 
wish to gain hands -on knowledge of the 
technologies involved (see text box). and 
we'll describe a device to scramble an 
existing video program. You may find the 
scrambling circuit useful for such things 
as protecting private information on your 
own videotapes from either unauthorized 
viewing or copying. 

Incidentally. these articles are not in- 
tended to aid anyone with the theft of 
signal. In most instances. the theft of sig- 
nal from a cable company, over - the -air 
pay -TV company, etc., is a crime, 
punishable by fines, and in some cases 
jail. Even if it were not. in many cases it 
would be more economical simply to sub- 
scribe and pay the fee. Decoders are ex- 
pensive to buy and time consuming to 
build. And if, after you've spent the time 
and/or money for an illegal decoder. you 
find you don't like the programming, you 
are stuck with the equipment. 

The video signal 
In order to understand how scrambling 

works. you need some knowledge of the 
structure of a normal (not scrambled) vid- 
eo signal. Figure I -a shows a simplified 
NTSC signal: in the U.S. and Canada. 
that is the composite -video signal that is 

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

transmitted by your local TV station. In 
that signal, the video information appears 
between high -amplitude pulses. The 
effects of those pulses are not readily ap- 
parent on the screen. but they play an 
important role in the creation of the TV 
image. 

The pulses are actually made up of sev- 

eral components. The widest part is called 
called the horizontal blanking pulse. The 
purpose of the blanking pulse is to elimi- 
nate the visible effect of the bright ver- 
tical- retrace lines. It does that by "turning 
off" the CRT during retrace. Piggy- 
backed on the blanking pulse is the hori- 
zontal -sync pulse: its purpose is to syn- 
chronize the TV's horizontal sweep 
circuitry to the video signal. 

Right after the horizontal -sync pulse's 
trailing edge, but before the blanking - 
pulse's trailing edge (that region is called 
the "back porch ") is a signal consisting of 
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TVSIGNAL
DESCRAMBLING

WILLIAM SHEETS and RUDOLF F. GRAF

Learn all about the techniques used by the pay- TV

and cable companies to keep unauthorized

viewers from pirating their signals.

T HANKS, IN PART, TO THE EXPLOSIVE

growth of the video marketplace , it is rare
these days to find a home that does not
have access to some form of "pay-TV."
By pay-TV we are, of course, referring to
some type of premium programming that
is provided to the viewer at a cost. Pay-TV
can take many forms. It can be delivered
via cable, satellite, multi-point distribu
tion system (terrestrial microwave), or
over-the-air subscription TV, and pay-TV
can be charged for on a fixed-fee or per
program basis.

Obviously, for such a system to suc
ceed, there needs to be some means to
collect the charges for the premium chan
nels or individual programs, and to pre
vent unauthorized reception by non
paying viewers. The most popular way of
doing that is scrambling--encoding the
signal so that it is unwatchable and/or
inaudible to nonsubscribers. If a signal is
properly scrambled, there is no way to
adjust the television receiver so that a usa
ble signal can be seen or heard .

In order to receive the signal, a device
called a decoder or a descrambler must be
used; that device is generally located be
tween the antenna (or cable output) and
the television receiver.

There are many different scrambling
and descrambling techniques. Some
scrambling schemes are basically very
simple and provide only minimal security.
Others are very sophisticated, and expen
sive. Thus, while they provide a high level
of security, they are not currently practical
for home-TV use. However, that may not
always be the case. The recent develop
ment of low-cost, mass-produced digital-

TV IC's may make highly sophistica ted,
secure scrambling economically feasible
for home use in the not-tao-distant future .

In this series of articles we are going to
discuss several scrambling -descrambling
systems . All of those systems are either
currently in use or possible in theory. Both
system operation and circuitry will be de
scribed . Also, we will describe several
experimental decoders, for those who
wish to gain hands-on knowledge of the
technologies involved (see text box), and
we'll describe a device to scramble an
existing video program . You may find the
scrambling circuit useful for such things
as protecting private information on your
own videotapes from either unauthorized
viewing or copying.

Incidentally, these articles are not in
tended to aid anyone with the theft of
signal. In most instances, the theft of sig
nal from a cable company, over-the-air
pay- TV company, etc., is a crime,
punishable by fines, and in some cases
jail. Even if it were not, in many cases it
would be more economical simply to sub
scribe and pay the fee. Decoders are ex
pensive to buy and time consuming to
build . And if, after you've spent the time
and/or money for an illegal decoder, you
find you don't like the programm ing, you
are stuck with the equipment.

The video signal
In order to understand how scrambling

works, you need some knowledge of the
structure of a normal (not scrambled) vid
eo signal. Figure I-a shows a simplified
NTSC signal; in the U.S . and Canada,
that is the composite-video signal that is

Over the next few months, Radio
Electronics will be presenting a se
ries of artic les describing the tech·
niques used by pay-TV and cable
companies to scramble their signals.
While spec if ic circu its for specific
scrambling systems will be discussed,
they are presented for informational
and experimental purposes only.
Therefre, parts lists, parts suppliers,
and additional technical support will
not be available for those circuits.

transmitted by your local TV station. In
that signal, the video information appears
between high-amplitude pulses . The
effects of those pulses are not readily ap
parent on the screen, but they play an
important role in the creation of the TV
image.

The pulses are actually made up of sev
eral components. The widest part is called
called the horizontal blanking pulse . The
purpose of the blanking pulse is to elimi
nate the visible effect of the bright ver
tical-retrace lines . It does that by " turning
off" the CRT during retrace . Piggy
backed on the blanking pulse is the hori
zontal-sync pulse; its purpose is to syn
chronize the TV's horizontal sweep
circuitry to the video signal.

Right after the horizontal-sync pulse's
trailing edge, but before the blanking
pulse's trailing edge (that region is called
the "back porch") is a signal consisting of
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eight cycles of a 3.58 MHz sinewave. 
That signal is the color -sync (burst) sig- 
nal; it is absent if the transmitted program 
is black and white. It is used to syn- 
chronize the color circuitry in the TV re- 
ceiver and to turn on the color circuitry for 
color programs. In its absence (B /W pro- 
gram), the color circuitry in the TV re- 
ceiver shuts down; that prevents colored 
noise and streaks from interfering with a 

black -and -white program. 
There are 15.734 horizontal -sync 

pulses transmitted per second corre- 
sponding to each of the 525 lines of 59.94 
fields transmitted per second. Each field 
consists of 2621 lines (interlaced scan- 
ning). and two fields make a frame. Alter- 
nate lines are scanned on each field. For 
simplicity, we will round off those num- 
bers to 15,750 -horizontal and 30- vertical 
frames per second. Note that the vertical 
pulses occur at a 60 -Hz rate, but that alter- 
nate pulses are slightly different. due to 
the interlacing. 

For our purposes. the main point to 
remember is that those horizontal and ver- 
tical pulses. and the color -burst signal. are 
used tir timing and synchronization nec- 
essary to reconstruct the TV picture. If 
any of those pulses arc absent, distorted. 
or altered. it becomes difficult or impossi- 
ble to synchronize the TV picture. It will 
roll, tear. and the colors will be incorrect. 
rendering the picture unwatchable. Natu- 
rally, the video level must not be so great 
as to exceed the horizontal -sync pulse 
level. otherwise the level -sensitive sync 
circuits will be "confused" and the TV 
picture will not synchronize properly. 

Audio information is frequency modu- 
lated on a 4.5 -MHz signal that is added to 
the composite -video signal; the audio 
may also be modulated on a subcarrier, as 

is often done in scrambling systems (more 
on that in a moment). The audio signal is 
like a standard FM- broadcast signal, ex- 
cept the deviation is limited to .25 kHz 
instead of the ± 75 kHz used in FM 
broadcasting. The audio circuitry in a TV 
receiver is much like the corresponding 
circuitry in an FM broadcast receiver. 

The color signal is a bit more complex 
to understand, but basically it is a 3.58 - 

MHz (actually, 3.579545 -MHz) signal 
that is both amplitude and phase modu- 
lated. The amplitude of that signal deter- 
mines the saturation of a color. (whether it 
is. for example. white, light pink. rose. or 
red) and the phase determines the hue 
(whether it is red. orange, yellow. etc.). 
Note that the amplitude of the composite 
color signal is used to determine the dif- 
ference from white. not the intensity, of a 

particular color. In that way. a color signal 
with zero level would produce a white 
raster making for compatibility between 
color and black- and -white reception on 
the same TV receiver. 

Of course. we have only touched upon 
the basics of the video signal. Since a 

comprehensive treatment of the subject 
would take much more room than we have 
available. we suggest you consult a gcxxi 
reference on the topic. You are sure to find 
several at your local library or technical 
book store. 

Scrambling the picture 
As you may have guessed from the fore- 

going. by altering any of the key compo- 
nents that we've discussed. a picture can 
be rendered unwatchable. lithe alteration 
is done in such a way that a circuit at the 
receiving end can counteract such altera- 
tion, you have the basis for a scrambling 
system. 

Further. there are still more ways In 
which a signal can be scrambled. For in- 
stance, the video infom ation between the 
sync pulses may be modified, the scan- 
ning sequence can be altered. or various 
scrambling techniques can be integrated 
in a time varying way to provide different 
scrambling by minute. second. or even 
frame. 

Several simple scrambling schemes are 
generally in wide use today on cable and 
pay -TV systems. One of the simplest in 
use is video inversion. In that method. the 
video information is sent with reversed 
polarity. The TV may or may not sync on it 
(depending whether the sync pulses are 
inverted also). If the set can synchronize 
the signal, it appears as a negative pic- 
ture-dark areas are light. and highlights 
are dark. Colors are reversed. and appear 
as complementary to those in the original 
scene. If you do not mind watching blue 
faces, brown skies. and red grass. then the 
picture might be watchablc. 

Usually nothing is done to the sound, 
although it may be modulated onto an 
subcarrier, and the main sound carrier 
may have what is called "barker audio" 
on it (more on that in a moment). 
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AG. 1 -A NORMAL NTSC video signal is shown 
Ina. In one of the simplest scrambling methods. 
the polarity of the video information. which is 
located between the horizontal blanking pulses, 
is inverted. as shown in b. 

Inverted video is easily unscrambled by 
merely re- inverting the video polarity in a 

video amplifier. That can easily be done in 
the TV set. The only precaution is that it 
must be done at a suitable point in the 
video system. For example, if the sync 
pulses are not inverted, it must be done 
after sync takeoff. Some sets use separate 
detectors for sound/sync takeoff. Figure 

1 -a shows what a video signal with inver- 
ted video, but normal sync pulses. looks 
like. 

A more sophisticated method is to in- 
vert the video at several intervals during 
the frame. or every several frames, or dur- 
ing positions of scan lines. That results in 
a picture with a very annoying flicker or a 

superimposed pattern, which would be 
unwatchable unless you don't mind severe 
eyestrain or a headache. Figure 2 shows 
what a video signal that has been 
scrambled in that way looks like. Decod- 

NORMAL INVERTED NORMAL 

FIG. 2 -IN SOME SCRAMBLING SYSTEMS the 
polarity of the video alternates every frame or 
every few frames. 

ing that signal requires an arrangement 
where the video polarity can be in- 
stantaneously changed in synchronization 
with the scrambling signal. A block di- 
agram of an appropriate decoding system 
is shown in Fig. 3. The information re- 
quired by the decoder to sync with the 
scrambled signal can be transmitted on 
the sound carrier. sent with the picture 
itself. or obtained from the sync section of 
the TV set. 

If alternate frames are inverted, the eye 
would tend to add the adjacent frames due 
to persistence of vision. That would show 
up as either a weak positive or negative 
image. or ideally. a blank raster. However. 
the video inversion method and its more 
sophisticated versions are not very "se- 
cure" in the sense that descrambling is 
easily done. Video inversion is best used 
along with a more complex method that 
also acts on the sync pulses. 

Scrambling the sync 
There are many ways to alter the sync 

pulses. One method that is currently pop- 
ular is called sinewave scrambling. In that 
method a 15.75 -kHz sinewave is added to 
the video signal. If the negative peak of 
the sinewave corresponds to the positive 
peak of the sync pulse (see Fig 4). that 
suppresses the sync signal below the peak 
video level. That "confuses" the sync 
separator circuits in the TV set and they 
cease to function properly. 

The resulting picture tears and rolls, 
and has a vertical dark band. Colors are 
lost or out of sync, since the TV set cannot 
tell where the sync pulse is. Some video 
signals that have mostly very light areas 
(highlights) may synchronize properly for 
a moment. but most will roll. tear, or 
distort. The picture is generally unstable 
and cannot be watched. 

Unscrambling is done by taking the 
scrambled signal and mixing it with a 

sincwave of proper phase and amplitude to 
cancel the added sinewave. The sinewave 
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e ight cycles of a 3.58 MHz sinewave.
That signal is the color-sync (burst) sig
nal; it is absent if the transmitted program
is black and white. It is used to syn
chronize the color circuitry in the TV re
ceiver and to tum on the color circu itry for
co lor programs . In its absence (B/W pro
gra m), the color circuitry in the TV re
ceiver shuts down; that prevents colored
noise and streaks from interfering with a
black-and-white program.

There are 15, 734 hor izon tal -sync
pul ses transmitted per second corre
sponding to each of the 525 lines of 59.94
fields transmitted per second. Each field
consists of 262Y2 lines (interlaced scan
ning), and two fields make a frame. Alter
nate lines are scanned on each field . For
simplicity, we will round off those num
bers to 15,750-horizontal and 30-vertical
frames per second. Note that the vertical
pulses occur at a 60-Hz rate , but that alter
nate pulses are slightly different, due to
the interlacing.

For our purposes, the main point to
remember is that those horizontal and ver
tical pulses , and the color-burst signa l, are
used for timing and synchronization nec
essary to reconstruct the TV picture . If
any of those pulses are absent, distorted,
or altered, it becomes difficult or impossi
ble to synchronize the TV picture . It will
roll , tear, and the colors will be incorrec t,
rendering the picture unwatchable . Natu
rally, the video level must not be so great
as to exceed the horizont al- sync pulse
level , otherwise the level-sensitive sync
circuits will be "confused" and the TV
picture will not synchronize properly.

Audio information is frequency modu
lated on a 4 .5-MHz signal that is added to
the composite-video signal; the audio
may also be modulated on a subcarrier, as
is often done in scrambling systems (more
on that in a moment). The audio signal is
like a standard FM-broadcast signal, ex
cept the deviation is limited to ± 25 kHz
instead of the ± 75 kHz used in FM
broadcasting. The audio circuitry in a TV
receiver is much like the corresponding
circuit ry in an FM broadcast receiver.

The color signal is a bit more complex
to understand , but basically it is a 3.58
MHz (actua lly, 3.579545-MHz) signal
that is both amplitude and phase modu
lated . The amplitude of that signal deter
mines the saturation of a color, (whether it
is , for example, white, light pink , rose , or
red) and the phase determ ines the hue
(whether it is red, orange, yellow, etc .).
Note that the amplitude of the composite
color signal is used to determine the dif
ference from white, not the intensity, of a
particular color. In that way, a color signal
with zero level would produce a white
raster making for compatibility between
color and black-and-white recept ion on
the same TV receiver.

Of course , we have only touched upon
the basics of the video signal. Since a

comprehensive treatment of the subject
would take much more room than we have
available, we suggest you consult a good
reference on the topic. You are sure to find
several at your local library or technical
book store .

Scrambling the picture
As you may have guessed from the fore

going, by altering any of the key compo 
nents that we've discussed , a picture can
be rendered unwatchable. If the alteration
is done in such a way that a circu it at the
receiving end can counteract such altera
tion , you have the basis for a scrambling
system.

Further, there are still more ways in
which a signal can be scram bled. For in
stance, the video information between the
sync pulses may be modified , the scan
ning sequence can be altered , or various
scra mbling techniqu es can be integra ted
in a time varying way to provide different
scrambling by minute, seco nd, or even
frame .

Several simple scram bling schemes are
generally in wide use today on cable and
pay-TV systems. One of the simp lest in
use is video inversion. In that method, the
video information is sent with reversed
polarity. The TV mayor may not sync on it
(depending whether the sync pulses are
inverted also). If the set can synchronize
the signal, it appears as a negative pic
ture--dark areas are light, and highlig hts
are dark. Colors are reversed, and appear
as complementary to those in the origi nal
scene. If you do not mind watching blue
faces, brown skies, and red grass, then the
picture might be watchable.

Usually nothing is done to the sound,
although it may be modulated onto an
subcarrier, and the main sound carrier
may have what is called " barker audio"
on it (more on that in a moment).

FIG. 1-A NORMAL NTSC video signa l is shown
in a.ln one of the simpl est sc rambli ng metho ds ,
the polarity of the video information, which is
located between the horizontal blanking pulses,
is inverted, as shown in b.

Inverted video is easily unscrambled by
merely re-inverting the video polarity in a
video amplifier. That can easily be done in
the TV set. The only precaution is that it
must be done at a suitable point in the
video system. For example, if the sync
pulses are not inverted , it must be done
after sync takeoff. Some sets use separate
detectors for sound/sync takeoff. Figure

I-a shows what a video signal with inver
ted video , but normal sync pulses, looks
like .

A more sophisticated method is to in
vert the video at several intervals during
the frame , or every several frames, or dur
ing positions of scan lines. That results in
a picture with a very annoying flicker or a
superimposed pattern, which would be
unwatchable unless you don' t mind severe
eyestrain or a headache. Figure 2 shows
wha t a vi deo signa l tha t has been
scrambled in that way looks like . Decod-

FIG. 2-IN SOME SCRAMBLING SYSTEMS the
polarity of the video alternates every frame or
every few frames.

ing that signal requires an arrangement
where the vid eo pol arit y can be in
stantaneously changed in synchronization
with the scram bling signal. A block di
agram of an appropriate decoding system
is shown in Fig. 3. The information re
quired by the decoder to sync with the
scram bled signal can be transmitted on
the sound carrier, sent with the picture
itself, or obtained from the sync section of
the TV set.

If alternate frames are inverted, the eye
would tend to add the adjacent frames due
to persistence of vision . That would show
up as either a weak positive or negative
image , or ideally, a blank raster. However,
the video inversion method and its more
sophisticated versions are not very "se
cure" in the sense that descramblin g is
easily done. Video inversion is best used
along with a more complex method that
also acts on the sync pulses .

Scrambling the sync
There are many ways to alter the sync

pulses. One method that is currently pop
ular is called sinewave scrambling. In that
method a 15.75-kHz sinewave is added to
the video signal. If the negative peak of
the sinewave corresponds to the positive
peak of the sync pulse (see Fig 4), that
suppresses the sync signal below the peak
video level. That "confuses" the sync
separator circuits in the TV set and they
cease to function properly.

The resulting picture tears and rolls ,
and has a vertical dark band. Colors are
lost or out of sync, since the TV set cannot
tell where the sync pulse is. Some video
signals that have mostly very light areas
(highlights) may synchronize properly for
a moment, but most will roll, tear, or
distort . The picture is generally unstable
and cannot be watched.

Unscrambling is done by taking the
scram bled signal and mixing it with a
sinewaveof proper phase and amplitude to
cancel the added sinewave. The sinewave
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FIG. 3 -THIS BLOCK DIAGRAM shows a circuit that can be used to descramble a signal in which the 
polarity of the video information is randomly switched. 
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FIG. 4 -IN SINEWAVE SCRAMBLING the video information is summed with a sinewave. The result Is 
that the normal relationship between the peak sync and the peak video is altered. 
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FIG. 5-IN A SINEWAVE DESCRAMBLER, a 15.75 -kHz sinewave is summed with the scrambled signal 
to yield a normal video signal. 
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FIG. 6-IN GATED -SYNC SCRAMBLING, a negative pulse train is summed with the composite video to 
yield a video signal in which the amplitude of the horizontal sync pulses is greatly attenuated. That 
makes it impossible for a TV set to lock onto the signal. 

is usually obtained from a PLL that is 
locked to a 15.75 KHz signal encoded on 
the audio signal. That operates very much 
like a PLL used for stereo FM pilot -carrier 
regeneration. In fact, the circuitry is very 
similar and FM stereo IC's can be used to 
good advantage in a descrambler circuit. 
A block diagram of an appropriate de- 
scrambler circuit is shown in Fig. 5. 

Figure 6 shows another method of su- 
pressing the sync. Called gated -sync 
scrambling, that method is similar to sine - 
wave scrambling in that it operates by 
altering the relationship of the amplitudes 

of the sync pulses and the video signal. 
That is done by summing a negative pulse 
train with the composite video signal. The 
result is a composite video signal in which 
the sync pulses appear to be missing. As a 

result. the sync circuitry. which generally 
picks out the most positive signal levels 
and assumes they are sync pulses, is ren- 
dered inoperative and the picture tears and 
rolls. 

To descramble a gated -sync signal, a 

pulse train of proper amplitude and phase 
is summed with the altered composite vid- 
eo signal. A block diagram of a de- 

scrambler that does that is shown in Fig. 
7. The pulse train is generated in the de- 
scrambler and is usually locked to the 
signal from the the decoder PLL circuit 
via the sane technique that's used in a 

sinewave decoder. In fact. the gated -sync 
method of scrambling is very similar in 
theory to the sinewave method. and it is 
possible to design one descrambler that 
could be made to decode both of those 
types of scrambling. 

Audio scrambling 
A word about audio scrambling: The 

audio carrier is located 4.5 MHz from the 
picture carrier. It is a distinct frequency 
component of the TV signal and can he 
received on an FM receiver tuned to the 
appropriate frequency. The signal is iden- 
tical to standard (broadcast) FM, except 
that the deviation is limited to ± 25 kHz. 

The TV -audio signal can be modulated 
with subcarriers. Normally a TV receive, 
has a quadrature or discriminator type de- 
tector, with an RC filter on the audio out- 
put. As to the IF bandwidth, a rule of 
thumb in FM receivers is that it is twice 
the deviation plus the highest modulation 
frequency. Since TV audio normally goes 
up to about IO-I5 kHz. the bandwidth of 
the audio IF would be about 2 x 25 kHz. 
plus IO to 15 kHz. or about 60-65 kHz. In 
most TV receivers. the audio -IF band- 
width is about 100 kHz. 

If the 4.5 -MHz carrier deviation is re- 
duced somewhat. subcarriers can be put 
into the audio channel up to about 100 

kHz or so. They can serve as subcarriers 
for decoding signals. or even other audio 
channels. An example of that is the 
(L - R) audio channel in an FM stereo 
system. whereby the differences between 
the left and right channels are encoded on 
a 38 -kHz subcarrier. 

In many scrambling schemes, the pro- 
gram audio is stripped away and placed on 
an audio subcarrier that is some multiple 
of the horizontal scan frequency. The 
most common and practical audio subcar- 
rier frequency is 31.5 kHz; the 15.75 -kHz 
horizontal -scan signal is used as the pilot 
carrier. Those frequencies are close 
enough to the 19 -kHz pilot frequency and 
38 -kHz subcarrier frequency used in FM 
stereo to allow the use of mass -produced 
FM -stereo IC's in TV audio decoders. 

If the audio is stripped away in that 
manner, a viewer without a decoder will 
receive no sound and a scrambled picture. 
In many scrambling systems, rather than 
being empty, the main audio channel can 
be used as a "barker channel" for adver- 
tising for the pay -TV service, music, or 
anything at all. A block diagram of a 

circuit that can be used to encode an audio 
signal in the above manner is shown in 
Fig. 8. 

Note that stripping away the program 
audio and placing it on a subcarrier is not 
really scrambling. It is merely relocating 

c...
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scrambler that does that is shown in Fig.
7. The pulse train is generated in the de
scrambler and is usually locked to the
signal from the the decoder PLL circuit
via the same technique that's used in a
sinewave decoder. In fact , the gated-sync
method of scrambling is very similar in
theory to the sinewave method , and it is
possible to design one descrambler that
could be made to decode both of those
types of scrambling.

Audio scrambling
A word about audio scrambling: The

audio carrier is located 4 .5 MHz from the
picture carrier. It is a distinct frequency
compon ent of the TV signal and can be
received on an FM receiver tuned to the
appropriate frequency. The signa l is iden
tical to standard (broadcast) FM , excep1
that the deviation is limited to ± 25 kHz.

The TV-audio signalcan be modulated
with subcarriers . Normally a TV receiver
has a quadrature or discriminator type de
tector, with an RC filter on the audio out
put. As to the IF bandwidth , a rule of
thumb in FM receivers is that it is twice
the deviation plus the highest modulation
frequency. Since TV audio normall y goes
up to about 10-15 kHz, the bandw idth of
the audio IF would be about 2 x 25 kHz,
plus 10to 15kHz, or about 60-65 kHz. In
most TV receivers, the audio-IF band
width is about 100 kHz.

If the 4. 5-MHz carrier deviation is re
duced somewhat, subcarriers can be put
into the audio channel up to about 100
kHz or so. They can serve as subcarriers
for decoding signals, or even other audio
channels . An example of that is the
(L - R) audio channel in an FM stereo
system, whereby the differences between
the left and right channels are encoded on
a 38-kHz subcarrier.

In many scrambl ing schemes, the pro
gram audio is stripped awayand placed on
an audio subcarrier that is some multiple
of the horizontal scan frequency. The
most common and practical audio subcar
rierfrequency is 31.5 kHz; the 15.75-kHz
horizontal-scan signal is used as the pilot
carrier. Th ose frequ encies are close
enough to the 19-kHz pilot frequenc y and
38-kHz subcarrier frequency used in FM
stereo to allow the use of mass-produced
FM-stereo IC's in TV audio decoders.

If the audio is stripped away in that
manner, a viewer without a decoder will
receive no sound and a scrambled picture.
In many scrambling systems, rather than
being empty, the main audio channel can
be used as a " barker channel" for adver
tising for the pay-TV service , music , or
anything at all. A block diagram of a
circuit that can be used to encode an audio
signal in the above manner is shown in
Fig. 8.

Note that stripping away the program
audio and placing it on a subcarrier is not
really scrambling. It is merely relocating

ELECTRONIC f-- -0 VID EO
SWITCH OUTPUT

ADDER

(\ (>. 15.75 kHz
V V SINEWAVE

of the sync pulses and the video signal.
That is done by summing a negative pulse
train with the composite video signa l. The
result is a composite video signal in which
the sync pulses appear to be missing. As a
result , the sync circuitry, which generally
picks out the most positive signal levels
and assumes they are sync pulses, is ren
dered inoperative and the picture tears and
rolls.

To descramble a gated-sync signal, a
pulse train of proper amplitude and phase
is summed with the altered composite vid
eo signal. A blo ck diagram of a de-
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is usually obtained from a PLL that is
locked to a 15.75 KHz signal encoded on
the audio signal. That operates very much
like a PLL used for stereo FM pilot-carrier
regeneration. In fact , the circuitry is very
similar and FM stereo IC's can be used to
good advantage in a descrambler circuit.
A block diagram of an appropri ate de
scrambler circuit is shown in Fig. 5.

Figure 6 shows another method of su
pressing the sync . Called ga ted-sy nc
scrambling, that method is similar to sine
wave scrambling in that it operates by
altering the relationship of the amplitudes

FIG. 5-IN A SINEWAVE DESCRAMBLER, a 15.75-kHz sinewave is summed with the scrambled signal
to yield a normal video signal.

FIG. 6-IN GATED-SYNCSCRAMBLING , a negative pulse train is summed with the composite video to
yie ld a video signal in which the amplitude of the horizontal sync pulses is greatly attenuated. That
makes it impossible for a TV set to lock onto the signal.

FIG. 4-IN SINEWAVE SCRAM BLING the video information is summed with a sinewave. The result is
that the normal relationship between the peak sync and the peak video is altered .

FIG. 3-THIS BLOCK DIAGRAM shows a ci rcuit that can be used to descramble a signal in which the
po larity of the video information is randomly switched.
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FIG. 7 -A GATED -SYNC DESCRAMBLER is very similar to one used to descramble sinewave- encoded 
video. In fact. it is possible to design a single decoder to descramble both systems. 
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FIG. 8 -IN MANY SCRAMBLING SYSTEMS. the program audio is stripped away and put on a 31.5 -kHz 
subcarrier. Where that's done. usually the normal audio channel is used as a "barker' channel, which 
contains advertising. music. etc. 
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SCRAMBLING FROM THE SKIES. This M A -COM Videocipher descrambler is the key to unlocking 
HBO's (and other's) satellite programming. In a future installment well be looking at the Videoclpher 
system. 

the audio program in such a way that it can 
not be received on a standard TV set. True 
audio scrambling would involve altering 
the audio waveform. If that were done. the 
signal might be receivable on a standard 
TV set. but it would be unintelligable 
under any circumstances. True scram- 
bling can be donc using any one of a 

number of techniques, including frequen- 
cy inversion and digitizing. However, care 
must be taken to ensure that the encryp- 
tion technique does not restrict the use- 
able audio handwidth. 

Cable -TV scrambling 
The box -type descrambler commonly 

used in CATV systems generally contains 
an RF converter to convert all cable chan- 
nels to one fixed channel. usually Chan- 
nel 3 or 4. By doing that, the descrambler 
circuits can be designed to deal with but a 

single channel. 
In the case of sinewave or gated -sync 

descramblers, some actually detect the 
video signal, extract necessary decoding 
signals from it. and use those signals to 
act upon the channel 3 or 4 IF signals. By 
using a variable -gain IF amplifier for 
channel 3 or 4, the decoding signals can 
modulate the IF gain. reestablishing prop- 
er sync -signal level and cancelling the 
sinewave modulation, or reestablishing 

sync -pulse level in the case of gated -sync 
systems. The encoding and decoding sig- 
nals may also be supplied in CATV sys- 
tems at frequencies outside the receiver 
channels. Many different encoding tech- 
niques can be used in CATV systems, but 
gated sync, sinewave, and the Zenith 
SSAVI (Sync Suppression And Video In- 
version) seem to be the most popular 
schemes currently. 

Another method used on some cable 
systems is the deliberate insertion of key- 
ed carriers in the video channel used for 
premium TV shows. An RF carrier can 
cause severe crosshatching. Keying the 
carrier causes an annoying flicker. and the 
resultant picture looks like a severe case of 
TV I caused by a CB or amateur station. In 
order to provide service to a subscriber, a 

high -Q trap is inserted in the transmission 
line between the CATV signal tap -off and 
the TV set. That method, while inexpen- 
sive, is easy to defeat. A high -Q cavity 
notch filter can be made out of a coffee can 
and several feet of Vs-inch copper tubing. 
Those materials can he used to construct a 

helical resonator; tuning the resonator is 
merely a matter of adjusting its cavity for a 

notch at the interfering frequency. Also, a 

high -Q stub transmission line section can 
be used to achieve the same purpose. We 
have known cases where even a few feet of 
aluminum foil wrapped around the out- 
side of a length of 300 -ohm twin lead (the 
aluminum foil position is adjusted for a 

null) did a fairly good job of rendering the 
picture watchable. However. note that that 
is not truc scrambling; it is merely the 
addition of deliberate. controlled inter- 
ference to the CATV signal. 

Odds and ends 
There are several ways we could modify 

the systems that we've discussed thus far 
to make them more difficult to decode by 
non -authorized viewers. For instance, in 
the sinewave scrambling method, rather 
than using a 15.75 -kHz signal. the scram- 
bling sinewave could have a frequency of 
31.5. If that were done, every other cycle 
of the sinewave would cancel a sync pulse 
and the picture would be vertically 
streaked twice instead of once. 

Similarly, the gated -sync system could 
be made more difficult to decode by sub- 
stituting a more complex pulse waveform 
for the one we illustrated. 

Next time 
Thus far, the scrambling techniques 

we've discussed are relatively simple. 
Consider, however a system in which the 
method of scrambling varies with time, or 
one in which digital techniques are used 
to alter the sequence in which the video 
information is transmitted, or both. 
Thanks to today's low -cost digital IC's 
such sophisticated scrambling techniques 
are now possible and practical. We'll look 
at some of those techniques next time. R -E 
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FIG.7-A GATED·SYNCDESCRAMBLER Is very similar to one used to descramble slnewave-encoded
video. In fact, It Is possible to design a single decoder to descramble both systems.

Next time
Thus far, the scra mbling techniques

we've discussed are relatively simple.
Consider, however a system in which the
method of scrambling varies with time, or
one in which digital techniques are used
to alter the sequence in which the video
information is tran smitted, or both.
Thank s to today's low-cost digital IC's
such sophisticated scrambling technique s
are now possible and practical. We'll look
at some of those techniques next time . R-E

sync-pulse level in the case of gated-sync
systems. The encoding and decoding sig
nals may also be supplied in CATV sys
tems at frequencies outside the receiver
channel s. Many different encoding tech
niques can be used in CATV systems, but
gated sync, sinewave, and the Zenith
SSAVI (Sync Suppression And Video In
version) seem to be the most popul ar
schemes currently.

Another method used on some cable
systems is the deliberate insertion of key
ed carriers in the video channel used for
premium TV shows. An RF carrier can
cause severe crosshatching . Keying the
carrier causes an annoying flicker, and the
resultant picture looks like a severe case of
TVI caused by a CB or amateur station. In
order to provide service to a subscriber, a
high-Q trap is inserted in the transmission
line between the CATV signal tap-off and
the TV set. That method, while inexpen
sive, is easy to defeat. A high-Q cavity
notch filter can be made out of a coffee can
and several feet of Vs-inch copper tubing .
Those materials can be used to construct a
helical resonator; tuning the resonator is
merely a matter of adjusting its cavity for a
notch at the interfering frequency. Also , a
high-Q stub transmission line section can
be used to achieve the same purpose. We
have known cases where even a few feet of
aluminum foil wrapped around the out
side of a length of 300-ohm twin lead (the
aluminum foil position is adjusted for a
null) did a fairly good job of rendering the
picture watchable. However, note that that
is not true scrambling; it is merely the
addition of deliberate , controlled inter
ference to the CATV signal.

Odds and ends
There are several wayswe could modify

the systems that we've discussed thus far
to make them more difficult to decode by
non-authorized viewers. For instance, in
the sinewave scrambling method, rather
than using a 15.75-kHz signal, the scram
bling sinewave could have a frequency of
31.5. If that were done , every other cycle
of the sinewave would cancel a sync pulse
and the picture would be vertically
streaked twice instead of once .

Similarly, the gated-sync system could
be made more difficult to decode by sUD
stituting a more complex pulse waveform
for the one we illustrated.

1

SUMMING
AMP fWL-J'L

UNSCRAMBLED VID EO

used in CATV systems generally contains
an RF converter to convert all cable chan
nels to one fixed channel , usually Chan
nel 3 or4. By doing that , the descrambler
circuits can be designed to deal with but a
single channel.

In the case of sinewave or gated-sync
descramblers, some actually detect the
video signal, extract necessary decoding
signals from it, and use those signals to
act upon the-channel 3 or 4 IF signals. By
using a variable-gain IF amplifier for
channel 3 or 4, the decoding signals can
modulate the IF gain, reestablishing prop
er sync-signal level and cancelling the
sinewave modulation , or reestabl ishing
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the audio program in such a waythat it can
not be received on a standard TV set. True
audio scrambling would involve altering
the audio waveform. Ifthat were done, the
signal might be receivable on a standard
TV set, but it would be unintelligable
under any circumstances . True scram
bling can be done using anyone of a
number of techniques, including frequen
cy inversion and digitizing. However, care
must be taken to ensure that the encryp
tion techn ique does not restrict the use
able audio bandwidth .

SCRAMBLING FROM THE SKIES. This MIA-COM Videocipher descrambler is the key to unlocking
HBO's (and other's) satellite programming. In a future Installment we'll be looking at the Videocipher
system.

Cable-TV scrambling
The box-type descrambler commonly

FIG. B-IN MANY SCRAMBLING SYSTEMS, the program audio is stripped away and put on a 31.S-kHz
subcarrier. Where that 's done, usually the normal audio channel Is used as a " barker" channel, which
contains advertising, music, etc.
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Versatile 
Bench Top Power Supply 

Here's a high -performance power supply 
to help get your designs off of the drawing board and on to a PC board! 

EVERYONE WHO WORKS WITH ELEC- 
tronics nceds a power supply, but a com- 
mercially- produced variable- voltage cur- 
rent- limited power supply can take quite a 
chunk out of your pocketbook. So we 
decided to find a better way. Our power 
supply provides any voltage between 3 
and 30 volts. at any maximum current you 
desire less than 1000 mA. In addition, our 
supply provides short- circuit protection, 
load switching, and switchable voltage/ 
current metering. Further, all parts are 
readily obtainable and inexpensive. and 
the supply is easy to build and calibrate. 

One feature that really sets our design 
apart is that its capable of providing a full 
amp of power over most of its range of 
output voltage. Many comparable power 
supplies can provide one amp of current. 
but only over a restricted range of output 
voltage. 

Output voltage is selected by means of 
a range switch with two positions: 3-15 
and 15-30 volts. A potentiometer varies 
voltage continuously throughout the se- 
lected range. Similarly, current limiting is 
selected by a switch providing ranges of 
150-400 and 400 -1000 ma. and by a po- 
tentiometer that allows current to be var- 
ied continuously over the selected range. 
Actually. both current and voltage ranges 
overlap slightly to ensure that there are no 
gaps in output. 

'Adapted with permission of Electronics Australia 

GREG SWAIN AND FRANCO UBAUDI' 

The graph in Fig. I illustrates the high 
performance you can obtain from our 
power supply. As you can see. maximum 
load current (one amp) is maintained up to 
27 volts. after which the load curve falls 
away due to transformer losses. Other 
specifications include load regulation that 
is better than 0.2% from zero to full load. 
and output ripple that is less than 2 -mv 
mas. 

Design considerations 
Initially we considered using an LM3I7 

three -terminal variable -voltage regulator 
as the basis for our supply, but we soon ran 
into difficulties. Despite various ap- 
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FIG. 1 -POWER SUPPLY CAN SUPPLY ONE amp 
of current all the way to 27 volts. where output 
drops to about 0.75 amp. 

proaches, we were unable to come up with 
a cost -effective circuit that would deliver 
one amp over the entire voltage range. The 
problem was thermal limiting in the 
LM3I7 with a high input voltage and a 
low output voltage. Another drawback 
was that an additional op amp was re- 
quired to provide current sensing for the 
current- limiting circuitry. and that would 
have increased both cost and complexity 
of the circuit. 

So we rejected the LM3I7 and adopted 
the LM723. It requires a current- boosting 
transistor, but it has built -in current limit- 
ing. The guts of the 723 are shown in Fig. 
2. It consists of a series -pass transistor. an 
error amplifier and a voltage reference. 
The error amplifier compares a portion of 
the output voltage with the internal refer- 
ence voltage and continually regulates the 
base current that is applied to the series - 
pass transistor. That's what provides regu- 
lated output. 

The 723's built -in series -pass transistor 
can deliver a maximum of 150 mA of 
current, so. in order to obtain more cur- 
rent, an external power transistor is re- 
quired. 

One particularly useful characteristic 
of the 723 is its built -in current- limiting 
circuitry. When output current reaches a 
preset value, the current -limit transistor 
turns on and that reduces the base drive to 
the series -pass transistor. The output volt- 
age is thereby reduced. 
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Bench Top Power Supply

Here's a high-performance power supply
to help get your designs off of the drawing board and on to a PC board!

GREG SWAIN AND FRANCO UBAUDI*
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proaches, we were unable to come up with
a cost-effective circuit that would deliver
one amp over the entire voltage range . The
prob lem was thermal limiting in the
LM317 with a high input voltage and a
low output voltage . Another drawback
was that an additional op amp was re
quired to provide current sensing for the
current-limiting circuitry, and that would
have increased both cost and complexity
of the circuit.

So we rejected the LM317 and adopted
the LM723. It requires a current-boos ting
transistor, but it has built-in current limit
ing. The guts of the 723 are shown in Fig.
2. It consist s of a series-pass transistor, an
error amplifier and a voltage reference.
The error amplifier compares a portion of
the output voltage with the interna l refer
ence voltage and continually regulates the
base current that is applied to the series
pass transistor. That's what provides regu
lated output.

The 723 's built-in series-pass transistor
can deliver a maximum of 150 rnA of
current , so, in order to obtain more cur
rent , an external power transis tor is re
quired.

One particularly useful characteri stic
of the 723 is its built-in current-limiting
circui try. When output current reaches a
preset value, the current-limit transistor
turns on and that reduces the base drive to
the series-pass transistor. The output volt
age is thereby reduced.
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FIG.1-POWER SUPPLYCAN SUPPLYONEamp
of cu rrent all the way to 27 volt s, where output
drops to about 0.75 amp.

Design considerations
Initially we considered using an LM317

three-terminal variable-voltage regulator
as the basis for our supply, but we soon ran
into difficulties. Despite various ap -

The graph in Fig. I illustrates the high
performance you can obtai n from our
power supply. As you can see , maximum
load current (one amp) is maintained up to
27 volts, after which the load curve falls
away due to transformer losse s. Other
specifications include load regulation that
is better than 0.2% from zero to full load,
and output ripple that is less than 2-mv
rms .

' Adapted with permission of Electronics Australia

EVERYO N E WHO WORKS WITH E LEC 

tronics needs a power supply, but a com
mercially-produced variable-voltage cur
rent-limited power supply can take quite a
chunk out of your pocketbook . So we
decided to find a better way. Our power
supply provides any voltage between 3
and 30 volts, at any maximum current you
desire less than 1000 rnA. In addition, our
supply provides short-circ uit protection,
load switching, and switchable voltage/
current metering. Further, all parts are
readily obtainable and inexpensive , and
the supply is easy to build and calibrate .

One feature that really sets our design
apart is that it's capable of providing a full
amp of power over most of its range of
output voltage. Many comparable power
supplies can provide one amp of current,
but only over a restricted range of output
voltage.

Output voltage is selected by means of
a range switch with two positions: 3-15
and 15-30 volts. A potentiometer varies
voltage continuously throughout the se
lected range. Similarly, current limiting is
selected by a switch providing ranges of
150--400 and 400-1000 rna, and by a po
tentiometer that allows current to be var
ied continuously over the selected range .
Actually, both current and voltage ranges
overlap slightly to ensure that there are no
gaps in output.
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FIG. 2 -THE LM723 REGULATOR has most of the circuitry necessary for a complete current -limited 
power supply built right in. 

Circuit details 
The schematic of the complete power 

supply is shown in Fig. 3. A tapped trans- 
former drives a diode bridge (DI -D4) and 
two 2500 -µF filter capacitors (Cl and 
C2). That provides a no -load voltage of 37 
or 47 volts, depending upon the position 
of switch S2 -a. The unregulated DC is 
then fed to a pre- regulator stage corn - 
posed of QI and D5. Those components 
protect ICI (the 723) from an over -voltage 
condition; the 723 can't handle more than 
40 volts. 

The LED (LEDI) and its 2.2K current - 
limiting resistor (RI) provide on/off in- 
dication. The current through the LED 
varies slightly according to the trans- 
former tap selected, but that's of no real 
consequence. 

The series -pass transistor in ICI drives 
voltage -follower Q2, which provides cur- 

rent amplification. That transistor can 
handle lots of power. It has a maximum 
collector current of 15 amps and a max- 
imum VcE of 70V, both of which are more 
than adequate for our supply. 

Heat dissipation could have been a 
problem when drawing high current at 
low voltage. We solved that problem by 
switching the secondary winding of the 
transformer. For outputs greater than 15 

volts, S2 -a selects the 30 -volt tap on the 
transformer, and for outputs less than 15 

volts, S2 -a selects the 24 -volt tap. 

Voltage regulation 
Now let's examine in detail how the 

voltage -regulator section works. The er- 
ror amplifier in the 723 is connected as a 
non -inverting amplifier with variable 
gain. The input to that amplifier is fixed at 
about 2.8 volts by R3 and R4, which are 

FIG. 3- SCHEMATIC DIAGRAM OF OUR POWER SUPPLY shows how the LM723 can be put to good 
use with little more than a current -amplifying transistor (02). 

fed by the 723's internal reference volt- 
age. Capacitor C3 is included to reduce 
output noise. 

On the 0-15V range, switch S2 -b is 
closed, so feedback resistance -the resis- 
tance between the output of the supply 
and the inverting input of the error ampli- 
fier-can be varied between 100 and 5000 
ohms. That corresponds to an amplifier 
gain ranging from 1.1 to 6.1, and that 
corresponds to an output voltage ranging 
from 3.1 to 17.1 volts. With switch S2 -b 
open, the gain of the amplifier is adjusta- 
ble from 5.8 to 10.8, and that corresponds 
to an output voltage ranging from 16.2 to 
30.2 volts. 

The current- limiting circuit depends on 
the position of S3. That switch causes 
load current from the emitter of Q2 to flow 
through either R14 or RI5. The resulting 
voltage is applied to a voltage divider net- 
work composed of R 12 and R13. The volt- 
age developed at the junction of those two 
resistors depends on the setting of front - 
panel control RI3, CURRENT LIMIT. That 
voltage is then applied to the current -lim- 
iting transistor in the 723. 

In the interests of economy, we elected 
to use a single meter and to switch be- 
tween measuring voltage and current. It 
would be nice to have a separate meter for 
each, but cost is prohibitive. Meters are 
expensive, and a larger case, which is also 
more expensive, would be necessary to 
provide the necessary front panel area. 

Our metering circuit is straightforward. 
When measuring voltage, the parallel 
combination of a R16 and R17 provides an 
effective resistance of 30K. That resis- 
tance is in series with the one -mA mov- 
ing -coil meter, so it can measure a 
maximum of 30 volts full scale. When 
measuring current, the meter is shunted 
by the 0.5 ohm resistance provided by the 
parallel combination of R5 and R6. Trim- 
mer potentiometer R7 is used to adjust the 
meter for accurate readings. 

There's not much else to the circuit. 
Capacitor C6 prevents switching tran- 
sients from being delivered to the output, 
and D6 protects the power supply from an 
accidentally -applied reverse voltage - 
from a charged capacitor, for example. 
Capacitor C5 ensures stability of the sup- 
ply under all conditions. 

Construction 
Except for the front -panel switches, 

potentiometers, etc., and the power trans- 
former, all components are mounted on a 
PC board that measures about 41 x 41 
(inches). A foil pattern for the board is 
shown in "PC Service." 

No special procedure need be followed 
when assembling the PC board, although 
the job will be much easier if the lower - 
profile components are installed first. Re- 
fer to the parts- layout in Fig. 4 to install all 
components; be careful to install ICI, the 
diodes, the transistors, and the elec- 

FIG. 2- THE LM723 REGULATOR has most of the circuitry necessary for a complete curre nt-limited
power supply buil t right in.

FIG. 3-SCHEMATIC DIAGRAM OF OUR POWER SUPPLY shows how the LM723 can be put to good
use with little more than a current-amplifying transistor (02) .

fed by the 723's internal reference volt
age . Capacitor C3 is included to reduce
output noise .

On the 0-1 5V range, switch S2-b is
closed , so feedback resistance-the resis
tance between the output of the supply
and the inverting input of the error ampli
fier--can be varied between 100and 5000
ohms. That corresponds to an amplifier
gain ranging from l.l to 6. 1, and that

. corresponds to an output voltage ranging
from 3.1 to 17.1 volts. With switch S2-b
open, the gain of the amplifier is adjusta
ble from 5.8 to 10.8 , and that corresponds
to an output voltage ranging from 16.2 to
30 .2 volts.

The current-limiting circuit depend s on
the position of S3. That switch causes
load current from the emitter of Q2 to flow
through either Rl4 or R15. The resulting
voltage is applied to a voltage divider net
work composed of RI2 and R13. The volt
age developed at the junction of those two
resistors depends on the setting of front
panel control R13, CURRENT LI M IT. That
voltage is then applied to the current-lim
iting transistor in the 723.

In the interests of economy, we elected
to use a single meter and to switch be
tween measuring voltage and current. It
would be nice to have a separate meter for
each, but cost is prohibitive . Meters are
expensive , and a larger case, which is also
more expensive , would be necessary to
provide the necessary front panel area .

Our metering circuit is straightforward.
When measurin g voltage, the parallel
combination of a R16 and R17 provides an
effective resistance of 30K. That resis
tance is in series with the one-mA mov
in g- coil met er, so it can mea sure a
maximum of 30 volts full scale . When
measuring current , the meter is shunted
by the 0.5 ohm resistance provided by the
parallel combination of R5 and R6 . Trim
mer potentiometer R7 is used to adjust the
meter for accurate readings.

There 's not much else to the circuit.
Capacitor C6 prevents switching tran
sients from being delivered to the output,
and 0 6 protects the power supply from an
acci de nta lly-applied reverse voltage
from a charged capacitor, for example.
Capacitor C5 ensures stability of the sup
ply under all conditions.

Construction
Except for the front-panel switches ,

potentiometers, etc ., and the power trans
former, all components are mounted on a
PC board that measures about 4Vs x 4%
(inches). A foil pattern for the board is
shown in " PC Serv ice. "

No special procedure need be followed
when assembling the PC board, although
the job will be much eas ier if the lower
profile components are installed first. Re
fer to the parts-layout in Fig. 4 to install all
components; be careful to install ICI , the
diodes , the transistor s , and the elec-
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rent amplification. That transistor can
handle lots of power. It has a maximum
collector current of IS amps and a max
imum VCE of 70V, both of which are more
than adequate for our supply.

Heat dissipation could have been a
problem when drawing high current at
low voltage. We solved that problem by
switching the secondary winding of the
transformer. For outputs greater than 15
volts, S2-a select s the 30-volt tap on the
transformer, and for output s less than 15
volts, S2-a selects the 24-volt tap.

Voltage regulation
Now let's examine in detail how the

voltage-regulator section works. The er
ror amplifier in the 723 is connected as a
non-inverting amplifier with varia ble
gain. The input to that amplifie r is fixed at
about 2.8 volts by R3 and R4, which are
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Circuit details
The schematic of the complete power

supply is shown in Fig. 3. A tapped trans
former drives a diode bridge (01- 04) and
two 2500-IJ-F filter capacitors (CI and
C2). That provides a no-load voltage of 37
or 47 volts, depending upon the position
of switch S2-a . The unregulated DC is
then fed to a pre-regulator stage com
posed of Ql and 05 . Those components
protect ICI (the 723) from an over-voltage
condition; the 723 can 't handle more than
40 volts.

The LED (LE01) and its 2.2K current
limiting resistor (RI) provide on/off in
dication . The current through the LED
varies slightly according to the tran s
former tap selected , but that' s of no real
consequence .

The series-pass transistor in ICI drives
voltage-follower Q2 , which provides cur-
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trolytic capacitors in the correct orienta- 
tion. Also, mount transistors QI and Q2 
without trimming their legs; the full 
length will be necessary if you use the 
heat sink arrangement shown in Fig. 5. 

The power supply is housed in an at- 
tractive plastic instrument case that mea- 
sures about 7% x 6% x 23/4 (inches). If 
you purchase the kit from the source men- 
tioned in the parts list, you'll receive spe- 
cial front and rear panels. 

The layout of the front panel is shown in 

PARTS LIST 

All resistors 4-watt, 5 °0 unless other- 
wise noted. 

R1 -2200 ohms. watt 
R2 -470 ohms. '7 watt 
R3 -1800 ohms 
R4 -1200 ohms 
R5. R6-1 ohms. 1 watt 
R7 -1000 ohms, trimmer potentiometer 
R8 -1000 ohms 
R9 -5000 ohms, panel -mount potentiom- 

eter 
R10 --4700 ohms 
R11 -100 ohms 
R12 -270 ohms 
R13 -500 ohms. panel -mount potentiom- 

eter 
R14 -1.5 ohms. 5 watts 
R15 -3.9 ohms, 1 watt 
R16- 330,000 ohms 
R17- 33.000 ohms 
Capacitors 
Ct, C2 -2500 F. 50 volts, electrolytic 
C3-4.7 µF, 16 volts. electrolytic 
C4-820 pf. ceramic disc 
C5-100 F. 50 volts. electrolytic 
C6-0.1 µF, ceramic disc 
Semiconductors 
IC1 -LM723 voltage regulator 
D1 -D4. D6- 1N4002 rectifier 
D5- 1N5257B. 33 volts, 1 watt, Zener di- 

ode 
Q1 -BD139 or ECG373 
Q2- TIP3055 
Other components 
F1 -' 4 -amp, 250 -volt fuse 
M1 --0-1 mA panel meter 
S1 -SPST power switch 
S2, S4 -DPDT switch 
S3 -SPDT 
S5 -DPST 
T1 -117 VAC primary. 0 -24-30 volt sec- 

ondary. 1 amp (Altronic A6672) 
Miscellaneous 
Line cord. heatsink, mica insulators. sil- 
icone grease, PC board. case, binding 
posts. knobs. solder, wire, etc. 

Note: A complete kit of parts. including 
case, is available for S49.95 from Im- 
tronies Industries. Ltd.. 11930 31st 
Court. St. Petersburg. FL 33702. Flor- 
ida residents must add appropriate 
sales tax. 

Fig. 6. Note that. if you use a different 
meter than the one specified in the Parts 
List, you'll have to alter the drilling di- 
mensions accordingly. The kit includes 
Seow ,cal artwork that you can affix to the 
front panel and then spray with a hard- 
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FIG. 4-0N- ANO OFF -BOARD COMPONENTS are mounted and wired as shown here. 

setting clear lacquer to protect the art- 
work, which can then be used as a tem- 
plate. 

You'll also have to drill holes in the rear 
panel for the fuse holder. the power cord, 
and the heatsink. But. don't drill the heat- 
sink holes yet. 

Secure the PC board to four internal 
mounting posts using self -tapping screws, 
and bolt the power transformer to the case 
using machine screws and nuts. Include a 

solder lug under the nut nearest the rear 
panel. 

Use medium -duty hookup wire (16 
gauge) for all wiring that carries the full 
supply current. and light -duty hookup 
wire for the potentiometer. the meter. and 
the LED. 

Install the rear panel and then mark the 
positions of the holes for the power tran- 
sistors. Drill those holes. and then you 
can use the rear panel as a template for 
drilling the heatsink mounting holes. The 
heatsink may have to be trimmed to fit the 
rear panel. Both transistors must be insu- 
lated from the rear panel using mica wash- 
ers and insulating bushings. Smear 
heatsink grease on all mating surfaces. 

including the rear of the heatsink, and 
then bolt the assembly together using ma- 
chine screws and nuts as shown in Fig. 7. 
Finally, use an ohmmeter to make sure 
that there is no conductivity between the 
metal tabs of the transistors, and the rear 
panel. or the heatsink. 

Anchor the 117 VAC power cable to the 
rear panel with a cable clamp. Solder the 
"hot" 117 VAC lead to the fuseholder, the 
neutral wire to the power transformer. and 
the ground -wire to the solder lug beneath 
the transformer. In addition, separate 
ground leads should be run to both the rear 
and the front panels. 

We recommend that you use heat - 
shrink tubing over all 117 VAC connec- 
tions to the fuseholder, the transformer, 
and the power switch. That will prevent 
you from being shocked while doing the 
testing and calibration discussed below. 
Use wire with thick insulation for the 117 

VAC circuit, and do not use a miniature 
metallic switch for POWER switch SI. 

Shown in Fig. 8 is a meter scale you can 
use to replace the scale that comes with 
the meter. Being careful not to bend the 
meter's needle. gently pry the plastic 
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FIG. 4-ON- AND OFF-BOARD COMPONENTS are mounted and wired as shown here.
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including the rear of the heatsink, and
then bolt the assembly together using ma
chine screws and nuts as shown in Fig. 7. .
Finally, use an ohmmeter to make sure
that there is no conductivity between the
metal tabs of the transistors, and the rear
panel , or the heat sink .

Anchor the 117 VAC power cable to the
rear panel with a cable clamp. Solder the
" hot" 117 VAC lead to the fuseholder, the
neutral wire to the power transformer, and
the ground-wire to the solder lug beneath
the transformer. In addition , sepa ra te
ground leads should be run to both the rear
and the front panels.

We recommend that you use heat
shrink tubin g over all 117 VAC conn ec
tions to the fuseholder, the transformer,
and the power switch. That will prevent
you from being shocked while doin g the
testing and calibration discussed below.
Use wire with thick insulation for the 117
VAC circuit, and do not use a miniature
metallic switch for POWER switch S I.

Shown in Fig. 8 is a meter scale you can
use to replace the sca le that comes with
the meter. Being careful not to bend the
meter 's needle, gently pry the plastic
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setting clear lacquer to protect the art
work, which can then be used as a tem
plate.

You'll also have to drill holes in the rear
panel for the fuse holder, the power cord,
and the heatsink . But, don't drill the heat
sink holes yet.

Secure the PC board to four intern al
mounting posts using self-tapping screws,
and bolt the power transformer to the case
using machine screws and nuts. Include a
solder lug under the nut nearest the rear
panel.

Use medium-duty hookup wire (16
gauge) for all wiring that carries the full
supply current, and light-duty hookup
wire for the potentiometer, the meter, and
the LED .

Install the rear panel and then mark the
positions of the holes for the power tran
sistors . Drill those holes, and then you
ca n use the rear panel as a templ ate for
drilling the heatsink mounting holes . The
heatsink may have to be trimmed to fit the
rear panel. Both transistors must be insu
lated from the rear panel using mica wash
er s and insulating bushings . Smear
heatsink grease on all mating surfaces,

PARTS LIST

All resistors ¥4-watl, 5% unless other-
wise noted.

R1-2200 ohms, Y2watt
R2-470 ohms, 1'.1 watt
R3-1800 ohms
R4-1200 ohms
R5, R6-1 ohms, 1 watt
R7-1000 ohms, trimmer potentiometer
R8--1000 ohms
R9-5000 ohms, panel-mountpotentiom-

eter
R10-4700 ohms
R11-100 ohms
R12-270 ohms
R13-500 ohms, panel-mount potentiom-

eter
R14-1.5 ohms, 5 watts
R15-3.9 ohms, 1 watt
R16-330,000 ohms
R17-33,000 ohms
Capacitors
C1, C2-2500 IJ.F, 50 volts, electrolytic
C3-4.7 IJ.F, 16 volts, e lectrolytic
C4-820 pI, ceramic disc
C5-100 IJ.F, 50 volts, electrolytic
C6-0.1 IJ.F, ceramic disc
Semiconductors
IC1-LM723 voltage regulator
01-04, 06-1N4002 rectifier
05-1N52576, 33 volts, 1 watt, Zener di-

ode
01-60139 or ECG373
02-TIP3055
Other components
F1-Y4-amp, 250-voltfuse
M1-Q-1 mA panel meter
S1-SPST power switch
S2, S4-DPOT switch
S3-SPOT
S5-0PST
T1-117 VAC primary, (}-24-30 volt sec-

ondary, 1 amp (Altronic A6672)
Miscellaneous
Line cord, heatsink, mica insulators , sil
icone grease, PC board , case, binding
posts , knobs, solder, wire, etc.

Note: Acomplete kit of parts, inclUding
case, is available for $49.95 from Im
tronics Industries, Ltd ., 11930 31st
Court, S1. Petersburg, FL 33702. Flor
ida residents must add appropriate
sales tax.

Fig. 6. Note that , if you use a different
meter than the one spec ified in the Parts
List , you' ll have to alte r the drilling di
men sions accordingly. The kit includes
Scotchcal artwork that you can affix to the
front panel and then spray with a hard-

trolytic capaci tors in the correct orienta
tion. Also, mount transistors QI and Q2
witho ut trimming their legs; th e full
length will be necessary if you use the
heat sink arrangement shown in Fig. 5.

The power supply is housed in an at
tracti ve plastic instrument case that mea
sures about T /s x 6% x 2% (inch es). If
you purchase the kit from the source men
tion ed in the parts list , you' ll receive spe
cial front and rear panel s.

The layout of the front panel is shown in
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FIG. 5- INTERNAL VIEW OF THE POWER SUPPLY reveals its neat, clean, design. 
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FIG. 6-DRILL THE FRONT PANEL OF THE POWER SUPPLY according to the dimensions shown here. 
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FIG. 7 -ATTACH 01 AND 02 to the rear panel 
and the heatsink as shown here. Use heatsink 
grease on all mating surfaces. 

coyer off the meter and glue an enlarged 
copy of our scale over the present one. 

Testing and calibration 
Connect a voltmeter across the output 

binding posts, turn the supply on and 
close the WAD switch. If all is well, the 
POWER LED will light up and you will be 

able to vary the output voltage from three 
to 30 volts using the RANGE switch and the 
OUTPUT VOLTAGE control. 

Verify that the voltage reading on the 
supply's meter and on your meter are 
identical. Note that we left room on the 
PC board for an additional trimmer re- 
sistor that, if used. would parallel Rl6and 
Rl7. You can install an additional high- 
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6101 `o 2 
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:, 

18 

I,,ù874 30 
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FIG. 8- ENLARGE OR REDUCE THIS METER 
SCALE to fit the meter you use, and then glue 
our scale over yours. 

valued resistor there to increase the ac- 
curacy of the voltage displayed by the 
meter, if necessary. Just use Ohm's law to 
calculate the appropriate value. 

Assuming all is well. open the load 
switch, select the O-15 volt range, and 
then turn the OUTPUT - VOLTAGE 
potentiometer fully counter -clockwise. 
Now set the cum:NT- t.IMrT control to the 
middle of its rotational range. the CUR - 

RENT -LIMIT switch to the one amp range. 
and the voLTS/AMPS switch to amps. Now 
connect a one -amp ammeter directly 
across the output binding posts and close 
the load switch. 

Your meter should indicate a current of 
about half an amp, although the supply's 
meter may show something different now. 
Adjust the CURRENT -LIMIT control so that 
the multimeter reads IA. and then adjust 
trimmer resistor R7 so that the supply's 
meter reads the same. 

Finally. vary the CURRENT -LIMIT 
control and verify that the meter reading 
corresponds closely to that on the multi - 
meter throughout its range. 

Applications 
Why is adjustable current limiting 

useful? First, it protects the power supply 
In case its output is inadvertently short- 
circuited by improper circuitry. Second. it 
helps prevent that circuitry from being 
damaged by excessive current due to a 

fault condition. 
Why is a separate LOAD switch useful? 

It allows you to remove load voltage with- 
out turning the supply off. The latter can 
cause switching transients that might 
damage the iwwer supply. the circuit un- 
der test, or both. 

So. when testing out an untried circuit. 
turn the LOAD switch off, and the voltage 
and current controls all the way down. 
Connect the supply to your circuit, turn 
the L(1AD switch on. and gradually in- 
crease output voltage to the required volt- 
age. Next set the meter to measure current 
and turn the CURRENT Limo- control up 
siouly while monitoring the meter. If the 
needle of the meter seems to jump at all 
throw the LOAD switch quickly. But if the 
needle moves smoothly as you rotate the 
control, most likely the circuit has no se- 
vere power -related problems. In other 
words, you're not likely to fry anything! 
So now you're ready to start the real 
work- testing and troubleshooting your 
circuit. But that's another article. R -E 

FIG. 5-INTERNAL VIEW OF THE POWER SUPPLY reveals its neat, clean , design.

FIG. 6--DRILL THE FRONT PANEL OF THE POWER SUPPLY according to the dimensions shown here.

Applications
Why is adj ustable current limiting

useful? First, it protects the power supply
in case its output is inadvertently short
circuited by improper circuitry. Second , it
helps prevent that circ uitry from being
damaged by excessive current due to a
fault condition.

Why is a separate LOAD switch useful?
It allows you to remove load voltage with
out turning the supply off. The latter can
cause sw itc hing transients that might
damage the power supply, the circuit un
der test, or both.

So , when testing out an untried circuit,
tum the LOAD switch off, and the voltage
and current controls all the way down.
Connect the supply to your circuit, turn
the LOAD switch on, and gradually in
crease output voltage to the required volt
age . Next set the meter to measure current
and tum the CURRENT LIMIT contro l up
slowly while monitoring the meter. If the
need le of the meter seems to jump at all
throw the LOAD switch quickly. But if the
need le moves smoothly as you rotate the
control , most likely the circuit has no se
vere power-related prob lems . In other
words, you 're not likely to fry anything!
So now you ' re ready to start the real
work- testing and troubleshooti ng your
circuit. But that's another article. R-E

VOLTS

Ii 12 18 24
\) ,\ ",, 111 11 1"111/ 30
\ " , 4 6 / 1/ 1

\) .'2. . . .8 I

. AMPS

valued resistor there to increase the ac
curacy of the voltage displayed by the
meter, if necessary. Just use Ohm 's law to
calculate the appropriate value.

Assuming all is well, open the load
switc h, select the 0-15 volt range , and
th en t ur n th e OUT PU T - V O L TAGE

potentiometer full y counter-clockwise .
Now set the CURRENT-LIMIT control to the
midd le of its rotatio nal range, the CU R

RE NT-LIMIT switch to the one amp range,
and the VOLTS/AMPS switch to amps. Now
co nne ct a one-amp ammeter directly
across the output binding posts and close
the load switch.

Your meter shou ld indica te a current of
about half an amp, althoug h the supply's
meter may show something different now.
Adjust the CU RRENT- LIM IT control so that
the mult imeter reads lA, and then adjust
trimmer resistor R7 so that the supply's
meter reads the same.

Fi na lly, vary th e C U R R E N T - LI M I T

control and verify that the meter reading
corre sponds close ly to that on the multi
meter throughout its range .

FIG. 8-ENLARGE OR REDUCE THIS METER
SCALE to fi t the meter you use, and then glue
our scale over yours.

l/1j

30V 1 AMPPOWERSUPPLY

- -O-- O·15V TtT 3/4 t
VOLIrAGE h .:La

I 15·3~V 3/41I
A/lIPS 1 I 3/4 

_ ----Q.. _ ----0--...1.-

VO~TS LOfO

Testing and calibration
Connect a voltmeter across the output

binding posts, tum the supply on and
close the LOAD switch. If all is well, the
POW ER LED will light up and you will be
able to vary the output voltage from three
to 30 volts using the RA N GE switch and the
OUT PUT VO LTAGE control.

Verify that the voltage readin g on the
supply's meter and on your meter are
identical. Note that we left room on the
PC board for an additional trimmer re
sistor that , ifused , would parallel RI6 and
R17. You can insta ll an additional high-

cover off the meter and glue an enlarged
copy of our scale over the present one.

--0-
I

CUR f ENT
L1MI ING

.ll.4A...9
5/8 RANGE

!-- - --- - - - - - -7·5/8

REAR
PANEL

# 4 NUT-= = - # 6 NUT

MICA-- --+- MICA
WASHER WASHER

Q1 BD139-=E3'-T1P3055 02

INSULATING-8 .e.- INSULATING
BUSHING BUSHI NG

2·1/2

FIG. 7-ATTACH Q1 AND Q2 to the rear panel
and the hea1sink as shown here. Use heatsink
grease on all mat ing su rlaces.
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Click and Pop 
Filter for your 

STEREO 

r J L. .. ` , 

By eliminating unwanted pops. clicks and other 
surface noise. this inexpensive scratch filter brings you to new heights of audio realism! 

Part 2 THIS MONTH, WE'l1. 
show you how to build 

our click and pop filter. But before we get 
to that, let's finish up the discussion that 
we began last time about how the detector 
circuit works. 

Resistors R27 -R30 take a statistical 
sample of variations in level: that sample 
is detected by 105 -a, which stores short- 
term peaks on CI3 and long -term peaks 
on C14. The latter is also part of a circuit 
(including C15 and C16) that prevents 
transients-either scratches or music - 
from changing the comparator's threshold 
too quickly. 

Front -panel SENSITIVITY control R45 
varies the gain of IC5 -b, whose output 
sets the comparator's threshold higher 
when the signal warrants it. For example. 
signals with much high -frequency con - 
tent -cymbal crashes, for instance -can 
cause false triggering. But, in general. 
very large transients tend to be scratches; 
a large transient will turn on D8 to slow 
down threshold changing. Diode DIO al- 
lows CI6 to discharge rapidly if the tran- 
sient disappears rapidly, as can happen 
between wide, two -edged scratches 
(which are quite common). 

When the signal exceeds the threshold, 
the output of IC6-a goes low and shorts to 
- Vcc. And that, finally, is what causes 

the deleter to delete! The deletion is done 
by "flipping" the analog switches (elec- 
tronically, of course) to perform the ac- 
tions described above. 

When the transient ends, IC6 -a's out- 
put floats high. and C20 delays the return 
from deletion mode by charging slowly 
through R41. Capacitor C21 functions as a 

pulse -stretcher; it charges even more 
slowly than C20, and that allows LEDI to 
remain lit long enough to be visible, even 
if the deletion time was short. 

Power supply 
The power supply, shown in Fig. 8, is 

important in this circuit, especially during 
a deletion, because the gain of the deleter 
is so high. Our primary design goals were 
low ripple and freedom from interference 
by magnetic fields. Low ripple is achieved 
by filtering the critical negative supply 

MAC 

TP1 0301-D304 
1N/Ott114) 

a 
ó a 
á 

Ti 
24 VAC 

300mA 

TP4 

R305 
2.2K 

R304 

1K 

C305 
10µf 
25V 

C301ì 
10µF 

25V 

+Va 

TP5 
R308 

C307 
22t1 

+ Vss 

CHASSIS 
GROUND 

Vss 

Vcc 

TO IC4 
PIN 4 

DETECTOR 
REFERENCE 

FIG. 8-THE SCRATCH FILTER'S POWER SUPPLY IS SHOWN HERE. Parts are numbered beginning st 
300: all components except TI mount on the PC board. Note the separate detector reference that is 
derived through R307. 
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Click and Pop
Filter for your

STEREO

JOE GORIN

By eliminating unwanted pops, clicks and other
surface noise, this inexpensive scratch filter brings you to new heights of audio realism!

FIG. 8-THE SCRATCH FILTER'S POWER SUPPLY IS SHOWN HERE. Parts are numbered beginning at
300; all components except T1 mount on the PC board. Note the separate detector reference that is
derived through R307.

Part 2 THIS MONTH, WE'LL

. show you how to build
our click and pop filter. But before we get
to that, let's finish up the discussion that
we began last time about how the detector
circuit works .

Resistors R27-R30 take a statistical
sample of variations in level; that sample
is detected by rCS-a, which stores short
term peaks on Cl3 and long-term peaks
on C14. The latter is also part of a circuit
(including CIS and C16) that prevents
transients---either scratches or music
from changing the comparator's threshold
too quickly.

Front-panel SENSITIVITY control R4S
varies the gain of rCS-b, whose output
sets the comparator's threshold higher
when the signal warrants it. For example,
signals with much high-frequency con
tent---cymbal crashes, for instance---can
cause false triggering . But, in general,
very large transients tend to be scratches;
a large transient will turn on D8 to slow
down threshold changing . Diode DlO al
lows Cl6 to discharge rapidly if the tran
sient disappears rapidly, as can happen
between wide , two-edged scratches
(which are quite common).

When the signal exceeds the threshold,
the output of rC6-a goes low and shorts to
- Vcc- And that, finally, is what causes 
the deleter to delete! The delet ion is done
by "fl ipping " the analog switches (elec
tronically, of course) to perform the ac
tions described above .

When the transient ends , IC6-a's out
put floats high, and C20 delays the return
from deletion mode by charging slowly
through R41. Capacitor C21 functions as a
pulse-stretcher; it charges even more
slowly than C20, and that allows LED! to
remain lit long enough to be visible, even
if the deletion time was short.

~I~
n

24 VAC
300mA

Power supply
The power supply, shown in Fig. 8, is

important in this circuit, especially during
a deletion, because the gain of the deleter
is so high . Our primary design goals were
low ripple and freedom from interference
by magnetic fields. Low ripple is achieved
by filtering the critical negative supply

TP4

c;
c
z
m
CD
ex>
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56 

with rcspcct to ground using capacitors 
C302C304. Actually. it is the ground 
that is filtered. not the supply; but the 
result is the same. except that at low fre- 
quencies the ground impedance isn't low. 

Magnetic fields are minimized by using 
a wall -plug transformer and by placing the 
deleter at the opposite end of the board 
from the supply. What we get is an inex- 
pensive supply that performs as well as the 
exotic center -tapped toroidal -transformer 
supplies often used in high -performance 
audio equipment. By the way, the ± Vss 
supplies are provided to operate the 4016 
analog switches, which can't tolerate the 
± IS volts used to power the op -amps. 

Input and output circuits 
The signal into our Scratch Filter 

should come after your amplifier's phono 
preamp via the TAPE OUT jacks that are 
normally used to connect a tape recorder. 
Most signal processors (such as graphic 
equalizers) replace those TAPE OUT jacks 
by connecting the processor's input jacks 
in parallel with a new TAPE OUT jack. In 
our case, we chose to locate the TAPE OUT 

-0301 

-00302j- 

-- C301- 

( I 

1J 

II 
c.II. 

I $I 

g1' 
C3Ó5 

T1 

C302 

RIGHT 

CHANNEL 
INPUT 

LEFT 

CHANNEL 
INPUT 

J1 

jack. and the TAPE MONITOR switch after 
our processor, so that you can tape record 
albums with the full benefit of our Scratch 
Filter. 

Construction 
Due to the critical nature of the de- 

leter's layout- matching requirements. a 

PC board is necessary to get good perfor- 
mance from this Filter. If you want to etch 
your own board, a foil pattern is shown in 
"PC Service :" you can also purchase a 

board from the source mentioned in the 
Parts List. Refer to the component-place- 
ment diagram in Fig. 9 and the chassis 
photo in Fig. IO during the following dis- 
cussion. 

Begin construction by inserting the re- 
sistors. You can bend the leads of most 
resistors as necessary. but the following 
resistors in the deleter circuit should be 
bent as shown in the photo: RII4, R222, 
R2I5, R216. 

Next insert the capacitors. followed by 
the diodes, and then the transistors. Bc 
careful to get the polarity of those compo- 
nents correct. 

Next you can install the IC's. As men- 
tioned above. you must cut off pin 5 of 
IC4. If you use a metal -can version of that 
IC, the tab is by pin 8. Be sure to insert 
that 1C -and all the others -correctly. 
Connect short lengths of wire for the pan- 
el- mounted components to the appropri- 
ate pads on the board. Carefully check 
over your work, remove flux from the 
board, and then install the board in your 
enclosure. 

The chassis used for our prototype is 
built from a thin piece of aluminum bent 
in a "U" shape. We used two stained 
pieces of wood for endpanels. The en- 
dpanels are attractive, and they keep the 
aluminum from scratching the surface of 
whatever you set the Filter on. The 
printed -circuit board should be mounted 
close to the sheet metal so that the circuit- 
ry will be shielded from electromagnetic 
fields that may be radiated from nearby 
equipment. 

Installation 
The Scratch Filter must be connected in 

the tape -monitor loop of your amplifier. 

J2 

S1 a 

S1 -b 

J3 
TAPE 

OUTPUT 

2 ÓUTPUT 

TAPE 

+INPUT 
J6 
TAPE 

OUTPUT 

J7 
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J8 
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AC 

C14 

R45 
SENSITIVITY 

IC6 ( 

LE01 

SCRATCH 

FIG. 9 -STUFF THE PC BOARD and wire the front -panel components as shown here. Resistors R114, 
R222, R215, R216 must be bent as shown In Fig. 10. 

IC8 

FIG. 9-STUFF THE PC BOARD and wire the front-panel components as shown here. Resistors R114,
R222, R215, R216 must be bent as shown in Fig. 10.
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with respect to ground using capacitors
C302-C304. Actually, it is the ground
that is filtered, not the supply; but the
result is the same, except that at low fre
quencies the ground impedance isn' t low.

Magnetic fields are minimized by using
a wall-plug transformer and by placing the
deleter at the opposite end of the board
from the supply. What we get is an inex
pensive supply that performs as well as the
exotic center-tapped toroidal-transformer
supplies often used in high-performance
audio equipment. By the way, the ± VS5

supplies are provided to operate the 4016
analog switches, which can 't tolerate the
± IS volts used to power the op-amp s.

Input and output circuits
The signa l int o our Scratch Filter

should come after your amplifier's phono
preamp via the TAPE OUT jacks that are
normally used to connect a tape recorder.
Most signal processors (such as graphic
equalizers) replace those TAPE OUT jacks
by connecting the processor 's input jacks
in paralle l with a new TA PE OUT jack . In
our case , we chose to locate the TAPE O UT

RIGHT
CHANNEL Jl

INPUT · '::'

jack, and the TAPE M ONITOR switch after
our processor, so that you can tape record
albums with the full benefit of our Scratch
Filter.

Construction
Due to the critical nature of the de

leter 's layout-matching requirements, a
PC board is necessary to get good perfor
mance from this Filter. If you want to etch
your own board , a foil pattern is shown in
" PC Service ;" you can also purchase a
board from the source mentioned in the
Parts List. Refer to the component-place
ment diagram in Fig. 9 and the chassis
photo in Fig. 10 during the following dis
cussion.

Begin construction by inserting the re
sistors. You can bend the leads of most
resistors as necessary, but the following
resistors in the deleter circuit should be
bent as shown in the photo: R1l4 , R222,
R215, R216.

Next insert the capacitors, followed by
the diodes, and then the transistors. Be
careful to get the polarity of those compo
nents correct.

Next you can install the IC's. As men
tioned above, you must cut off pin 5 of
IC4 . Ifyou use a metal-can version of that
IC, the tab is by pin 8. Be sure to insert
that IC-and all the others--correctly.
Connect short lengths of wire for the pan
el-mounted components to the appropri
ate pads on the board. Carefully check
over your work , remove flux from the
board , and then install the board in your
enclosure.

The chassis used for our prototype is
built from a thin piece of aluminum bent
in a "U" shape. We used two stained
pieces of wood for endpanels. The en
dpanels are attractive, and they keep the
aluminum from scratching the surface of
wha teve r you se t the Filter on . The
printed-circuit board should be mounted
close to the sheet metal so that the circuit
ry will be shielded from electromagnetic
fields that may be radiated from nearby
equipment.

Installation
The Scratch Filter must be connected in

the tape-monitor loop of your amplifier.

J3
i'O"'-'-"---<~----{Q) TAPE
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All resistors V4 -watt, 5% unless noted. 
R1 -R4, R11. R12, R26, R54, R102. R103. 

R118. R202. R203. R218- 22,000 
ohms 

R5, R107. R207 -2400 ohms 
R6 -7500 ohms 
R7, R24-4700 ohms 
R8, R9, R14. R43. R44. R50, R51, R114, 

R115. R214, R215. R301 -R304 -1000 
ohms 

R10, R34, R35- 150.000 ohms 
R13 -150 ohms 
R15 -1200 ohms 
R16, R39. R56. R104, R204, R305, 

R306 -2200 ohms 
R17, R18. R25. R29. R30. R37, R38- 

10.000 ohms 
R19 -4.7 megohms 
R20, R57, R59. R121, R221 -560 ohms 
R21 -470 ohms 
R22. R106, R206 -1800 ohms 
R23- 68,000 ohms 
R27. R60- 180.000 ohms 
R28 -3300 ohms 
R31- 330,000 ohms 
R32 -220 ohms 
R33- 15.000 ohms 
R36-470.000 ohms 
R40, R49. R62 -R100, R123 -R200. 

R223 -R300 -not used 
R41, R46- 39,000 ohms 
R42 -22 megohms 
R45- 100,000 ohms, linear potentiome- 

ter 
R47, R101, R201- 100.000 ohms 
R48, R61, R122. R222- 270,000 ohms 
R52, R116, R216- 36,000 ohms 

PARTS LIST 

R53, R58. R111, R117. R211, R217 -6200 
ohms 

R55, R119. R219- 91,000 ohms 
R105, R205 -100 ohms 
R108. R208 -2700 ohms 
R109. R209 -3000 ohms 
R110. R210- 12,000 ohms 
R112. R120, R212, R220- 33.000 ohms 
R113, R213 -8200 ohms 
R307. R308 -22 ohms 
Capacitors 
C1, C15, C16- 0.0033 µF,10%, polyester 

film 
C2. C5, C20, C22. C107 -C109, 

C207-C200 0.001 µF, 10%, polyester 
film 

C3. C4, C8. C24, C111, C113, C211, C213, 
C305. C306, C308 -10 µF, 25 volts, 
aluminum electrolytic 

C6, C7, C14. C18, C103. C203-0.033 pF, 
10 %, polyester film 

C9-3 3 F. 35 volts, aluminum elec- 
trolytic 

C10 -C12. C301 -0.1 µF, 10 %, polyester 
film 

C13, C17. C23, C25, C26, C110, C112, 
C210. C212 -0.01 µF. 10%. polyester 
film 

C19. C21 -680 pF, 10%. ceramic disc 
C27 -see text 
C28 -C100, C114 -C200, C214 -C300- 

not used 
C101, C201 -330 pF, 10 %, ceramic disc 
C102, C106. C202. C206 -220 pF, 10%, 

ceramic disc 
C104, C204- 0.0047 F. 10%, polyester 

film 

C105, C205 -0.022 µF, 10 %, polyester 
film 

C302- 1000µF, 35 volts. aluminum elec- 
trolytic 

C303, C304 -1000 F. 25 volts, alumi- 
num electrolytic 

C307, C309 -0.1 F. ceramic disc 
Semiconductors 
IC1 -1C3. IC5- RC4136. quad op -amp 
IC4- LM301A, op -amp 
IC6- LM393, op -amp 
1C7. IC8 -4016, quad analog switch 
01. 02- 2N3904. NPN transistor 
D1- D10- 1N4148. switching diode 
D301- D304- 1N4002, power diode 
LED1- standard LED 
Other components 
J1-J8--RCA Phono Jacks 
St. S2 -DPDT toggle Switch 

Note -The following parts are avail- 
able from Symmetric Sound Systems. 
Inc.. 856 Lynn Rose Ct., Santa Rosa, 
CA 95404. (707) 546 -3895: Complete 
Kit (No. PS -1) $79.95: PC Board (No. 
PS -1PC) S12.00; All semiconductors 
(No. PS -1SC) S13.00: All resistors and 
capacitors (No. PS -1RC) $16.00; Trans- 
former (No. PS -1XF) 57.50; Chassis. 
endpanels. switches, hardware, jacks 
and instructions (No. PS -1ETC) S42.50. 
Free UPS shipping in U.S. with check; 
MasterCard and Visa orders must add 
shipping. PS -1SC. PS -1RC and 
PS -1ETC will not be available after Jan- 
uary 31, 1987. California residents 
must add appropriate sales tax. 

S2 
TAPE 

MOWN 

Ir 
R45 

SENSITIVITY 
S1 

IN /OUT 

1I5 02 01 

I 

IC4 C304 

I .,L I 

i( rl El ( I t,i ill 
f R216 
I 1c3 f R215 R277 f t R114 

nz rnr-err ITT 
IC2 f ICI f C303 C302 t f TO T1 

J2 J1 J6 J3 J8 J5 
LEFT RIGHT TAPE TAPE TAPE TAPE 

INPUT INPUT OUTPUT OUTPUT INPUT INPUT 
LEFT RR1r 1T IKRT 

FIG. 10-THE CHASSIS IS BENT from a thin piece of 
ends with angle brackets. 

In other words, the Scratch Filter's inputs 
must be connected to your amplifier's 
TAPE otrr jacks. and the Scratch Filter's 

J7 J4 
LEFT RIGHT 

Ot7TFOT Ol1TPUT 

aluminum: small wood blocks are attached to the 

outputs must be connected to your ampli- 
fier's TAPI: IN jacks. Your amplifier's TAPE 

MoNrroR switch must then be thrown to 

the ON Or TAPE position. 
That wiring scheme mutes all signals 

from your amp's preamp output through 
the Scratch Filter, and then back to your 
amplifier. A tape recorder, or any other 
equipment that used to be connected to 
your amplifier's jacks should now be con- 
nected to the corresponding jacks on the 
Scratch Filter. 

Operation 
You can use the IN /otrr switch to switch 

the Scratch Filter in and out of your audio 
loop for testing and evaluating. Once you 
hear the dramatic improvement the Filter 
provides. you'll probably leave it "in cir- 
cuit" permanently. The TAPE MONITOR 
switch on the Filter works just as the one 
on your amplifier used to. 

Initially the stinis tvtry control should 
be set to the middle of its range. Due to 
the wide dynamic range of the ALC cir- 
cuit you may never need to change the 
setting of that control. However, for very 
scratchy records, you may want to turn up 
the sensitivity. You risk making deletions 
audible, but by careful adjustment, you 
can achieve a good balance between 
scratch noise and deletion errors. 

Conclusions 
There are many ways to improve the 

continued on page 90 
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All resistors V4-watt, 5% unless noted.
R1-R4, Rl1, R12,R26, R54, R102, R103,

R11S, R202 , R203 , R21S-22,000
ohms

R5, R107, R207-2400 ohms
R6-750Q ohms
R7,R24-4700 ohms
RS, R9, R14, R43, R44, R50,R51, R114,

R115, R214, R215,R30l-R304-100Q
ohms

Rl0, R34, R35-l50,000 ohms
R13-l50 ohms
R15-l200 ohms
R16, R39, R56, R104, R204 , R30S,

R306-2200 ohms
RH, R1B, R25, R29, R30, R37, RSa-

10,000 ohms
R19-4.7 megohms
R20, R57, RS9, R121, R221-560 ohms
R2i-470 ohms
R22, R106, R206-l800 ohms
R23-68,OOO ohms
R27, R6Q-1S0,000 ohms
R28-3300ohms
R31-330,000 ohms
R32-220 ohms
R33-l5,000 ohms
R36-470,000 ohms
R40 , R49 , R62-R100, R123-R200,

R223-R30Q-not used
R4l, R46-39,000 ohms
R42-22 megohms
R45-l00,000 ohms, linear potentiome

ter
R47, R101,R20l-i00,OOO ohms
R48, R6i , Rt22, R222-270,000 ohms

. R52, R1l6, R2i6-36,OOO ohms

PARTS LIST

R53, R5S, R11l, Rl17, R211, R217-6200
ohms

R55, R119, R219--91,OOO ohms
R105, R205-100 Ohms
R108, R208-2700 ohms
R109, R209-3000 ohms
RHO, R21Q-12,000 ohms
R1l2, R120, R212, R220-33,OOO ohms
R113, R213-8200 ohms
R307, R308-22 ohms
Capacitors
C1,CiS, C16-Q.0033 fl.F,.10%, polyester

fUm
C2 , C5, C20 , C22 , C107-C109 ,

C207-G209-Q.001 fl.F, 10%,polyester
film

C3, C4, ca C24, em, C1l3, C211 , C213,
C30S, C306, C308-1O fl.F, 25 volts,
aluminum electrolytic

ce,C7,Ci4, C1S, C103,C203-Q.033fl.F,
10°/", polyester film

C9--3,3 IJ-F, 35 volts, aluminum elec
trolytic

C1Q-C12, C301-Q.ilJ-F, 10%, polyester
film

C13, CH, C23, C25, C26, C110, CH2,
C2l0, C212-Q.01 IJ-F, 10%, polyester
film

C19, C21-680 pF, 10%, ceramic disc
C27-see text
C28-G100, C114-C200, C2l4-C30Q

not used
C101, C201-330 pF, 10%, ceramic disc
C102, C106, C202, C206-220 pF, 10%,

ceramic disc
C104, C204-0.0047fl.F, 10%, polyester

film

C105, C20S-O.022f.l-F, 10%, polyester
film

C302- 1000 IJ-F, 35 volts, aluminum elec
trolytic

C303, C304-1000 IJ-F, 25 volts, alumi-
num electrolytic

C307, C309-Q.1 IJ-F, ceramic disc
Semiconductors
IC1-IC3, IC5-RC4136, quad op-arnp
lC4-LM301A, op-amp
IC6-LM393, op-amp
IC?, IC8-4016, quad analog switch
Q1, Q2-2N3904, NPN transistor
D1-D1Q-1N4l4S, switching diode
D301-D304-1N4002, power diode
LED1-standard LED
Other components
Ji-Ja-RCA Phono Jacks
51, 52-DPDTtoggle Switch

Note-The following parts are avail
able from Symmetric Sound Systems,
Inc., 856 Lynn Rose ct., Santa Rosa,
CA 95404, (707) 546-3895: Complete
Kit (No. PS-l) $79.95; PC Board (No.
PS-1PC) $12.00; Ail semiconductors
(No. PS-1SC) $13.00; All resistors and
capacitors (No. PS-1RC)$16.00;Trans
former (No. PS-1XF) $7.50; Chassis,
endpanels, switches, hardware, jacks
and instructions (No. PS-1ETC) $42.50.
Free UPS shipping in U.S. with check;
MasterCard and Visa orders must add
shipping.PS-1SC, PS-1RC and
PS-1ETC will notbe available after Jan
uary 31, 1987. California residents
must add appropriate sales tax.

FIG. 10-THE CHASSIS IS BENT from a thin piece of aluminum; small wood blocks are attached to the
ends with angle brackets.

In other words, the Scratch Filter's inputs
must be connected 'to your amplifier's
TAPE OUT jacks, and the Scratch Filter's

R216 IC3 t R215 R222
J l

RIGHT
INPUT

C304

TO Tl

outputs must be connected to your ampli
fier's TA PE IN jacks. Your amplifier 's TAPE

MONITOR switch must then be thrown to

the ON or TAPE position.
That wiring scheme routes all signals

from your amp's preamp output through
the Scratch Filter, and then back to your
amplifier. A tape recorder, or any other
equipment that used to be connected to
your amplifier's jacks should now be con
nected to the corresponding jacks on the
Scratch Filter.

Operation

Youcan use the IN/OUT switch to switch
the Scratch Filter in and out of your audio
loop for testing and evaluating . Once you
hear the dramatic improvement the Filter
provides, you'll probably leave it "in cir
cuit" permanently. The TAPE MONITOR

switch on the Filter works just as the one
on your amplifier used to.

Initially the SENSITIVITY control should
be set to the middle of its range. Due to
the wide dynamic range of the ALe cir
cuit you may never need to change the
setting of that control. However, for very
scratchy records, you may want to tum up
the sensitivity. You risk making deletions
audible, but by careful adjustment, you
can achieve a good balance between
scratch noise and deletion errors .

Conclusions

There are many ways-to improve the
continued on page 90
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WORKING WITH 
VOLTAGE COMPARATORS 

Voltage- comparators and 
window -comparators are 
extremely versatile circuits. 
Here are some practical 
circuits that you can put to 
use. 

RAY MARSTON 

WERE SURE THAT YOU CAN THINK OF 

many applications for a voltage com- 
parator: a circuit that abruptly changes its 
output state when an input voltage crosses 
a certain reference value. Voltage com- 
parators have plenty of practical applica- 
tions apart from the obvious ones of over - 
and under -voltage switches. The number 
of applications becomes especially appar- 
ent when you realize that the voltage can 
be representing resistance, temperature. 
light -level, and more. 

Voltage comparators can readily be 
made to activate relays (or alarms. or 
other circuits) when load currents (or tem- 
peratures. light levels. etc.) go outside 
of-or come within -preset limits. We'll 
look at some practical circuits in the next 
few pages. 

Basic voltage comparator circuits 
The easiest way to make a voltage com- 

parator is to use an op-amp such as the 
CA3140; two basic configurations are 
shown in Fig. I. The 3140 op -amp has a 

typical open -loop. low - frequency voltage 
gain of about 100 dB, so its output can be 
shifted from the high to the low state (or 
vice versa) by shifting the input voltage a 

mere 100 p.V (microvolts) or so above or 
below the reference voltage value. The 
CA3I40 can be powered from either a 

single -ended or split power supply and it 
provides an output that typically swings to 
within a couple of volts of its positive rail 
or to within a few millivolts of its negative 
(or zero) supply rail. Unlike many other 

12V 

VIN 

VO UT 

12V 

VOUT 

FIG. 1 -BASIC VOLTAGE -COMPARATOR CIRCUITS. 

op -amps, the 3140 can accept input volt- 
ages all the way down to the negative rail 
value. 

The operation of the circuit in Fig. I -a is 
very simple: A fixed reference- voltage 

(VREF) is generated via the combination 
of R2 and Zencr diode DI. It is applied 
directly to pin 3. the non -inverting input 
terminal of the op -amp. The input or test 
voltage VIN is applied to the inverting 
input terminal (pin 2) via current- limiting 
resistor RI. When VIN is below VREF the 
op -amp output is driven high (to positive 
saturation), but when VIS is above VREF 
the output is driven low (to negative sat- 
uration). That response is shown graph- 
ically in Fig. 2 -a. 

By simply interchanging the connec- 
tions to pins 2 and 3. the action of the 
circuit can be reversed; the op -amp output 
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is normally low, but goes high when VIv 
exceeds VREP That circuit is shown in 
Fig. l -b, and its response is shown graph- 
ically in Fig. 2 -b. 

There are a few points worth noting 
about the basic single -supply voltage - 
comparator circuits in Fig I. The first 
point is that the reference voltage can be 

given any value from zero up to within 2 

volts of the positive supply -rail. Thus, ei- 
ther circuit can be made to trigger at any 
desired value between those limits by sim- 
ply interposing a potentiometer between a 

fixed voltage- reference source and the 

"VREF" pin of the op -amp. 
Thc second point to note is that the 

voltage -input pin of the op -amp must be 

constrained to the range from zero volts 
up to within 2 volts below the positive 
supply -rail value. Thus. if you want the 
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6 

7 

> 6 

5 

ó 4 
> - 

FIG. 2 -THE ACTION OF THE VOLTAGE comparators shown In 
here 
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Fig. 1 1s shown graphically 

10 

WORKING WITH
VOLTAGE COMPARATORS

+12V +12V

Voltage-comparators and
window-comparators are
extremely versatile circuits.
Here are some practical
circuits that you can put to
use.

R2
R1 3.3K
10K 3V REF VIN 6

Your 2 Yo ur
VIN VRE F

R1
10K R3 R3

10K 10K

RAY MARSTON FIG. 1-BASIC VOLTAGE·COMPARATOR CIRCUITS.

b

FIG. 2-THE ACTION OF THE VOLTAGE comparators shown in Fig. 1 is shown graphically
here.

o 1 2 3 4 5 6 7 8 9 10

VIN - VOLTS

op-amps, the 3140 can accept input volt
ages all the way down to the negative rail
value.

The operation of the circuit in Fig. l-a is
very simple : A fixed referenc e-voltage
(VREF) is generated via the combination
of R2 and Zener diode OJ. It is applied
directly to pin 3, the non-inverting input
terminal of the op-amp. The input or test
voltage VIN is applied to the inverting
input termin al (pin 2) via current-limiting
resistor Rl . When VIN is below VREF the
op-amp output is driven high (to positive
saturation), but when VIN is above VREF

the output is driven low (to negative sat
uration). That response is shown graph-
ically in Fig. 2-a . .

By simply interchanging the connec
tions to pins 2 and 3, the action of the
circuit can be reversed; the op-amp output

en
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is normally low, but goes high when VIN
exceeds VREP That circuit is shown in
Fig. l-b , and its response is shown graph
ically in Fig. 2-b.

There are a few points worth noting
about the basic single-supply voltage
comparator circuits in Fig I. The first
point is that the reference voltage can be
given any value from zero up to within 2
volts of the positive supply-rail. Thus, ei
ther circuit can be made to trigger at any
desired value between those limits by sim
ply interposing a potentiometer between a
fixed voltage -reference source and the
" VREF" pin of the op-arnp.

The second point to note is that the
voltage-input pin of the op-amp must be
constrained to the range from zero volts
up to within 2 volts below the positive
supply-rail value. Thus, if you want the

- /

II

10
9
8
7
6
5

>-
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> 3

2
1

WE'RE SURE THAT YOU CAN TH INK OF

many applicat ions for a voltage com
parator: a circuit that abruptly changes its
output state when an input voltage crosses
a certain reference value . Voltage com
parators have plenty of practical applica
tions apart from the obvious ones of over
and under-voltage switches. The number
of applications becomes especially appar
ent when you realize that the voltage can
be representing resistance , temperature,
light-level , and more .

Voltage comparators can readil y be
made to activate relays (or alarms, or
other circuits) when load currents (or tem
peratures, light levels, etc.) go outside
of-or come within-preset limits. We'll
look at some practical circuits in the next
few pages.

Basic voltage comparator circuits
The easiest way to make a voltage com

parator is to use an op-amp such as the
CA3 l40; two basic config urations are
shown in Fig. J. The 3140 op-amp has a
typical open-loop, low-frequency voltage
gain of about 100 dB , so its output can be
shifted from the high to the low state (or
vice versa) by shifting the input voltage a
mere 100 f..l.V (microvolts) or so above or
below the reference voltage value. The
CA3 140 can be powered from either a
single-ended or split power supply and it
provides an output that typically swings to
within a couple of volts of its positive rail
or to within a few millivolts of its negative
(or zero) supply rail. Unlike many other

(J)
o
Z
o
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W
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W

o
o
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circuit to trigger at some high value of 
input voltage. you will have to feed the 

input voltage to a simple voltage divider 
before the op -amp input. 

The final point to note about the basic 
voltage- comparator circuits is that they 
give a non -regenerative switching action. 
so that the op -amp is driven into the linear 
(non -saturated) mode when the input volt- 
age is within a few tens of microvolts of 
VREP Under that circumstance, the op- 
amp output generates lots of spurious 
noise and that output will vary with slowly 
varying input signals. In some applica- 
tions, that may be unacceptable. The 
problem can be overcome by using 
positive feedback, so that a regenerative 
switching action is obtained. The feed- 
back signal introduces a degree of hys- 
teresis in the voltage switching levels; the 
degree of hysteresis is directly propor- 
tional to the amount of feedback. 

Special voltage- comparator circuits 
Figures 3 to 7 show how the three points 

mentioned above can be put to practical 
use to make various types of "special" 

FIG. 3 -THIS UNDER -VOLTAGE SWITCH lets 
you vary the V,, trip point and offers re- 
generative feedback. 

FIG. 4-THIS OVER- VOLTAGE SWITCH also of- 
fers regenerative feedback and adjustment of 

FIG. S -A VOLTAGE DIVIDER allows us to use 
the voltage comparator to give high -value. vari- 
able- voltage triggering. This circuit does not of- 
fer regenerative switching. 

FIG. 6-THIS CIRCUIT, Tike that in Fig. 5, gives us 
high -value, variable -voltage switching. It offers 
regenerative switching. 

FIG. 7 -THIS SINEWAVE -TO- SOUAREWAVE 
converter needs an input of under 100 mV to 
provide a 10 -volt P -P squarewave output. The 
circuit can be used to about 15 kHz. 

voltage- comparator circuits; plenty of 
other variations are possible. For exam- 
ple, Figs. 3 and 4 show how the basic 
comparator circuits can be modified so 
that the switching voltage can be varied by 
using a potentiometer (R5) to set the desir- 
ed reference or trigger voltage at any value 
in the range 0-5.6 volts and to give re- 
generative (noiseless, snap- action) 
switching by feeding part of the op -amp 
output back to the non -inverting -terminal 

via R3. Note that in Fig. 4, the circuit's 
input terminal is terminated via R6 to en- 
sure controlled hysteresis. 

Figures 5 and 6 show examples of how 
the circuits can be modified to give high - 
value. variable- voltage (0-150 volt) trig- 
gering by interposing a simple voltage 
divider (R2 and R3) between the input 
signal and the input of the op -amp: The 
circuit in Fig. 5 gives non -regenerative 
switching, while that in Fig. 6 gives re- 
generative switching. 

figure 7 shows how the comparator can 
be used as a sensitive audio converter that 
converts sinewaves to squarewaves. It can 
operate from input -signal amplitudes as 

low as IO mV peak -to -peak at I kHz and 
can produce decent squarewave outputs 
from sinewave inputs with frequencies up 
to about 15 kHz. The converter's input 
impedance is IOOK. The operation of the 
circuit is rather simple: The voltage divid- 
er made up of RI and R2, and capacitor 
C2 apply a decoupled reference voltage to 
pin 2 of the op -amp and an almost identi- 
cal voltage is applied to signal -input pin 3 

via isolating resistor R3. When a sinewavc 
is fed to pin 3 via CI, it swings pin 3 about 
the pin -2 reference level, causing the op- 
amp output to transition at the "zero volt- 
age difference" cross -over points of the 
input waveform and produce a squarewave 
output. Potentiometer R5 is used to bias 
the op -amp so that its output is just pulled 
low with zero input signal applied (so that 
the circuit operates with maximum sen- 
sitivity and stability). Because of the gain - 
bandwidth product characteristics of the 
op -amp. circuit sensitivity decreases as 

input frequency increases. 

Window comparators 
The voltage- comparator circuits that 

we have looked at so far give an output 
transition when the inputs go above or 
below a single reference -voltage value. 
It's a fairly simple matter to interconnect a 

pair of voltage comparators so that an 
output transition is obtained when the in- 
puts fall between, or go outside of, a pair 
of reference - voltage levels. Figure 8 -a 
shows the basic configuration. which is 
known as a window comparator. 

The action of the circuit is such that the 
output of the upper op -amp goes high 
when V1 exceeds the 6 -volt V. (upper 
limit) reference value, and the output of 
the lower op -amp goes high when V1.,; 

falls below the 4 -volt V, (lower limit) 
reference value. By feeding the outputs of 
the two op -amps to R4 via the DI -D2 
diode OR gate, we get the situation where 
the final output is low when V1ti is within 
the limits set by Vu and VI , but goes high 
when the input is outside those limits. 

By taking the output via a simple inver- 
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via R3 . Note that in Fig. 4, the circuit' s
input terminal is terminated via R6 to en
sure contro lled hysteresis.

Figures 5 and 6 show examples of how
the circui ts can be modified to give high
value, variable-voltage (0-150 volt) trig
gering by interposing a simple voltage
divider (R2 and R3) between the input
signal and the input of the op-amp: The
circuit in Fig. 5 gives non-regenerative
switching, while that in Fig. 6 gives re
generative switching.

Figure 7 shows how the comparator can
be used as a sensitive audio converter that
converts sinewaves to squarewaves. It can
operate from input-signal amplitudes as
low as 10 mY peak-to-peak at I kHz and
can produce decent squarewave outputs
from sinewave inputs with frequencies up
to about 15 kHz. The converter's input
impedance is lOOK. The operation of the
circuit is rather simple: The voltage divid
er made up of RI and R2 , and capacitor
C2 apply a decoupled reference voltage to
pin 2 of the op-amp and an almost identi
cal voltage is applied to signal-input pin 3
via isolating resistor R3. When a sinewave
is fed to pin 3 via CI, it swings pin 3 about
the pin-2 reference level , causing the op
amp output to transition at the " zero volt
age difference" cross-over points of the
input waveform and produce a squarewave
output. Potentiometer R5 is used to bias
the op-amp so that its output is just pulled
low with zero input signal applied (so that
the circuit operates with maximum sen
sitivity and stability). Because of the gain
bandwidth product characteristics of the
op-amp, circuit sensitivity decreases as
input frequency increases.

Window comparators
The voltage-comparator circuits that

we have looked at so far give an output
transition when the inputs go above or
below a single reference-voltage value.
It's a fairly simple matterto interconnect a
pair of voltage comparators so that an
output transition is obtained when the in
puts fall between , or go outside of, a pair
of refere nce-voltage levels. Figure 8-a
shows the basic configuration, which is
known as a window comparator.

The action of the circuit is such that the
output of the upper op-amp goes high
when YIN exceeds the 6-volt Yu (upper
limit) reference value , and the output of
the lower op-amp goes high when YIN
falls below the 4-volt YL (lower limit)
reference value. By feeding the outputs of
the two op-amps to R4 via the 0 1-02
diode OR gate, we get the situation where
the final output is low when YIN is within
the limits set by Yu and YL' but goes high
when the input is outside those limits.

By taking the output via a simple inver-

+12V
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R3
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Rl (

22K 3140
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R2
220K
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5.6V

R3
10K

Rl +12V
3.3K

voltage-co mpara tor circ ui ts ; ple nty of
other variations are possible. For exam
ple, Figs. 3 and 4 show how the basic
comparator circuit s can be modified so
that the switching voltage can be varied by
using a potentiometer (R5) to set the desir
ed reference or trigger voltage at any value
in the range 0-5.6 volts and to give re
ge nera tive (no ise less, snap -a ctio n)
switching by feeding part of the op-amp
output back to the non-inverting-terminal

+12V

R2
220K

FIG. 5-A VOLTAGE DIVIDER allows us to use
the voltage comparator to give high-value, vari
able-voltage triggering. This circuit does not of
fer regenerative switching.

FIG. 7-THIS SINEWAVE·TO·SQUAREWAVE
converter needs an input of under 100 mV to
prov ide a 10-volt p.p squarewave output. The
circuit can be used to about 15 kHz.

FIG.6-THIS CIRCUIT,like that in Fig. 5, gives us
high-value, variable-voltage switching. It offers
regenerative switching.

+12V
R2
3.3K

01
5.6V R5

47K

Rl
10K

R2
3.3K 2

Rl
VIN 10K 3

R6 4 R3
10K l MEG

01 R5 R4
5.6V 47K 10K

FIG. 3-THIS UNDER-VOLTAGE SWITCH lets
you vary the VREF trip point and offers re
generative feedback.

Special voltage-comparator circuits
Figures 3 to 7 show how the three points

mentioned above can be put to practical
use to make various types of "special"

Your

FIG. 4-THIS OVER-VOLTAGE SWITCH also of
fers regenerative feedback and adjustment of
VREF

+12V

circuit to trigger at some high value of
input voltage, you will have to feed the
input voltage to a simple voltage divider
before the op-amp input.

The final point to note about the basic
voltage-comparator circuits is that they
give a non-regenerative switching action,
so that the op-amp is driven into the linear
(non-saturated) mode when the input volt
age is within a few tens of microvolts of
YREF. Under that circumstance, the op
amp output genera tes lots of spurious
noise and that output will vary with slowly
varying input signals. In some applica
tions , that may be unacceptable . The
problem can be over come by usin g
positive feedback , so that a regenerative
switching action is obtained. The feed
back signal introduces a degree of hys
teresis in the voltage switching levels; the
degree of hysteresis is directly propor
tional to the amount of feedback.
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FIG 8 -TWO WINDOW COMPARATORS. When V,N is outside the window determined by Vu and VL; the 
output of the circuit in a goes high while the output of the circuit in b goes low. 
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FIG 9 -THE ACTION OF THE WINDOW COMPARATORS shown in Fig. B -a and 8-0 are shown here In a 
and b respectively. 
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10K 
R3 
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R6 3141 

LOAD 
1K 2 7 

VOUT 
SET TRIP IC1 
CURRENT 6 
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R2 R4 R5 

10K 710K 10K 

FIG. 10 -OVER- CURRENT SWITCH. The output 
goes high when the load current exceeds a val- 
ue determined by the setting of R6 By reversing 
the connections to pins 2 and 3 of IC1. the output 
will go low to signal the over -Current condition. 

ter stage, the action of the circuit in Fig. 8- 
a can be reversed so that its output goes 
high only when the input voltage is within 
the "window" limits. Alternatively, the 
required action can be obtained by trans- 
posing the two reference voltages and tak- 
ing the output via a diode AND gate, as 
shown in Fig. 8 -b. The actions of the two 

circuits shown in Fig. 8 are shown graph- 
ically in Figs. 9 -a and 9 -b. 

Window comparators can readily be 
made to activate from any parameter that 
can be turned into an analog voltage. in 
the same way as a "normal" voltage com- 
parator can. Let's look at some examples. 

Analog- activated comparators 
Figure 10 shows how a comparator cir- 

cuit can be made to function as an over - 
current switch that gives a high output 
when the load current exceeds a certain 
value -which you can choose via potenti- 
ometer R6. The value of R,r is chosen so 
that it drops roughly 100 millivolts at the 
required trip point. Thus, a fixed refer- 
ence voltage of 1/2 the supply voltage is 
fed to pin 3 of the op -amp via the voltage 
divider made up of R3 and R4. A similar 
but current -dependent voltage is fed to pin 
2 via R. RI, 126. and R2. In effect, those 
two sets of components are configured as 
a Wheatstone bridge -with one side feed- 
ing pin 3 and the other side feeding pin 
2 -and the op -amp is used as a bridge - 
balance detector. Consequently, the trip 
points of the circuit are not significantly 
influenced by supply -voltage variations 
but are highly sensitive to load- current 
variations. 

By simply transposing the connections 
to pins 2 and 3, the action of the circuit in 
Fig. 10 can be reversed so that it functions 
as an under- current switch: The circuit 
can then be used as a lamp- or load -failure 
indicator in cars, test gear, etc. 

Figure 11 shows the circuit of a sensitive 
AC over- voltage switch that gives a high 
output when the input signal exceeds a 

peak value (6 mV to III mV) that is preset 
via potentiometer R12. The AC input sig- 
nal is applied to the non -inverting input of 
variable -gain amplifier ICI. Its gain can 
be varied from 45 to 850 via R12. Note 
that the input of ICI is DC- grounded via 
RI -R2, so the op -amp responds only to 
the positive half -cycles of the input sig- 
nal. Consequently, the output of ICI is an 
amplified, half -wave- rectified version of 
the input signal. That rectified signal is 
peak- detected via R5, DI, C2, R6, and 
R7, and is fed to the input of non -inverting 
voltage comparator IC2. The circuit's out- 
put is positive when the voltage across C2 
exceeds the value on the junction of R8- 
R9. 

FIG. 11 -AC OVER-VOLTAGE SWITCH can be triggered by Input signals In the range of 6 mV to 111 mV 
peak. 

our

+12V

Analog-activated comparators
Figure 10 shows how a comparator cir

cuit can be made to function as an over
current switch that gives a high output
when the load current exceeds a certa in
value-which you can choose via potenti
ometer R6. The value of Rx is chosen so
that it drops roughly 100 millivolts at the
required trip point. Thus, a fixed refer
ence voltage of 1/2 the supply voltage is
fed to pin 3 of the op-amp via the voltage
divider made up of R3 and R4 . A similar
but current -dependent voltage is fed to pin
2 viaRx ' RI, R6, andR2. In effect, those
two sets of components are configured as
a Wheatstone bridge-with one side feed
ing pin 3 and the other side feeding pin
2-and the op-amp is used as a bridge
balance detector. Consequently, the trip
points of the circuit are not significantly
influenced by supply-voltage variatio ns
but are highly sensitive to load-current
variations.

By simply transposing the connections
to pins 2 and 3, the action of the circuit in
Fig. 10can be reversed so that it functions
as an under-current switch: The circuit
can then be used as a lamp- or load-failure
indicator in cars , test gear, etc .

Figure II shows the circuit of a sensitive
AC over-voltage switch that gives a high
output when the input signal exceeds a
peak value (6 mY to 1ll mY) that is preset
via potentiometer R12. The AC input sig
nal is applied to the non-inverting input of
variable-gain amplifier ICI. Its gain can
be varied from 45 to 850 via R12. Note
that the input of ICI is DC-grounded via
RI-R2, so the op-amp responds only to
the positive half-cycles of the input sig
nal. Consequently, the output of ICI is an
amplified, half-wave-rectified version of
the input signa l. That rectified signal is
peak-detected via R5, 01 , C2, R6, and
R7, and is fed to the input of non-inverting
voltage comparator IC2. The circuit's out
put is positive when the voltage across C2
exceeds the value on the junction of R8
R9.
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circuits shown in Fig. 8 are shown graph
ically in Figs. 9-a and 9-b.

Window comp arators can readily be
made to activate from any parame ter that
can be turned into an analog voltage , in
the same way as a "normal" voltage com
parator can. Let 's look at some examples.

FIG. l l - AC OVER-VOLTAGE SWITCH can be triggered by input signals in the range of 6 mV to 111 mV
peak.
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FIG. 9-THE ACTION OF THE WINDOW COMPARATORS shown in Fig. 8-a and 8-b are shown here in a
and b respectively.

FIG. l(}-OVER·CURRENT SWITCH. The output
goes high when the load current exceeds a val
ue determined by the setting of R6. By reversing
the connections to pins 2 and 3 of IC1, the output
will go low to signal the over-current condition.

ter stage , the action of the circuit in Fig. 8
a can be reversed so that its output goes
high only when the input voltage is within
the "window" limits. Alternat ively, the
required action can be obtained by trans
posing the two reference voltages and tak
ing the output via a diode AND gate, as
shown in Fig. 8-b. The actions of the two

b

FIG.8-TWO WINDOW COMPARATORS . When V,N is outside the window determined by Vu and VL ; the
output of the circuit in a goes high while the output of the circuit in b goes low.
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FIG. 12 -THIS PRECISION OVER -TEMPERATURE SWITCH will control a relay. 
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FIG. 13 -THIS UNDER- TEMPERATURE SWITCH also will control a relay. 
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FIG 14- LIGHT -OPERATED SWITCH. A monotone alarm will sound when the light detected by R7 rises 
above a value determined by the setting of R8. 

Figures 12 to 15 show a variety of ways 
you can use comparator circuits as light - 
or temperature- activated switches. For 
light- sensitive circuits we use a cadmium- 

sulfide photocell; for temperature-sen- 
sitive circuits. we use an NTC (Nega- 
tive- Temperature- Coefficient) thermistor 
as the sensing element. The sensing ele- 

ment is used as one arm of a Wheatstone 
bridge and the op -amp is used as a simple 
bridge -balance detector. Thus. the trip 
point of each circuit is independent of 
supply -voltage variations. In all cases, the 
sensing element must have a resistance in 
the range 5K to IOOK at the required trip 
point. The potentiometer is chosen to have 
the same resistance value as the sensing 
element at the required trip level. 

The circuits shown in Figs. 12 -15 also 
show a variety of ways we can use the 
output of the op -amp to activate a relay or 
to generate an acoustic alarm signal. 
Thus, the over- temperature switch in Fig. 
12 has a transistor -driven relay output. 
while the under -temperature switch in 
Fig. 13 has a FET- driven relay output. 
Similarly, the light- operated switch cir- 
cuit of Fig. 14 generates a monotone 
alarm output signal in a small speaker, 
while the dark -operated switch of Fig. 15 

generates a low -power pulsed -tone signal 
in a small acoustic transducer. 

Micro-power operation 
All of the 3140 -based comparator cir- 

cuits that we have looked at so far are 
continuously powered; they draw continu- 
ous currents of about 4 mA per op -amp. 
So if you wanted to use a 9 -volt battery as 
a power supply, you'd find it running 
down after a couple of days of continuous 
operation. As you can sec. the circuits 
that we've shown you so far are not well 
suited to battery operation in portable ap- 
plications. In practice, however, all of 
those circuits can easily be modified for 
long -life battery operation by using a 

micro-power "sampling" technique; the 
principle behind that technique can be 
explained very easily with a simple exam- 
ple. as follows. 

The under- temperature switch shown in 
Fig. 13 monitors temperature continu- 
ously and draws about 5 mA of quiescent 
current (with the relay off). In reality. 
however, temperature is a slowly- varying 
parameter and thus does not need to be 
monitored continuously -it can be effi- 
ciently monitored by briefly inspecting or 
sampling it. We can sample it by con- 
necting the supply power and looking at 
the op -amp output only once every second 
or so. If the sample periods are very brief 
(say 300 microseconds) relative to the 
sampling interval (I second), the mean 
current consumption of the monitor can 
be reduced by a factor equal to the inter- 
val /period ratio (in this example. by a 

factor of 3300). Thus, by using the sam- 
pling technique, we can reduce the 5 -mA 
consumption of circuit in Fig. 13 to a 

mean value of 1.6 ILA. 
Figure 16 shows the basic circuit of a 

"micro- power" or sampling version of 
the under -temperature switch we saw in 
Fig. 13. It operates the relay when the 
temperature of the thermistor falls below a 

preset value but it draws a mean quiescent 

C z 
m 
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FIG. 12-THIS PRECISION OVER-TEMPERATURE SWITCH will control a relay.
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ment is used as one arm of a Wheatstone
bridge and the op-amp is used as a simple
bridge-balance detector. Thus, the trip
point of each circuit is independent of
supply-voltage variations. In all cases, the
sensing element must have a resistance in
the range 5K to lOOK at the required trip
point. The potentiometer is chosen to have
the same resistance value as the sensing
element at the required trip level.

The circuits shown in Figs. 12-15 also
show a variety of ways we can use the
output of the op-amp to activate a relay or
to generate an acoustic alarm signal.
Thus, the over-temperature switch in Fig.
12 has a transistor-driven relay output,
while the under-temperature switch in
Fig. 13 has a FET-driven relay output.
Similarly, the light-operated switch cir
cuit of Fig. 14 generates a monotone
alarm output signal in a small speaker,
while the dark-operated switch of Fig. 15
generates a low-power pulsed-tone signal
in a small acoustic transducer.

'-czrn

Micro-power operation
All of the 3l40-based comparator cir

cuits that we have looked at so far are
continuously powered; they draw continu
ous currents of about 4 mA per op-amp.
So if you wanted to use a 9-volt battery as
a power supply, you'd find it running
down after a couple of days of continuous
operation. As you can see, the circuits
that we've shown you so far are not well
suited to battery operation in portable ap
plications . In practice, however, all of
those circuits can easily be modified for
long-life battery operation by using a
micro-power "sampling" technique ; the
principle behind that technique can be
explained very easily with a simple exam
ple, as follows.

The under-temperature switch shown in
Fig. 13 monitors temperature continu
ously and draws about 5 mA of quiescent
current (with the relay off). In reality,
however, temperature is a slowly-varying
parameter and thus does not need to be
monitored continuously-it can be effi
ciently monitored by briefly inspecting or
sampling it. We can sample it by con
necting the supply power and looking at
the op-amp output only once every second
or so . If the sample periods are very brief
(say 300 microseconds) relative to the
sampling interval (l second), the mean
current consumption of the monitor can
be reduced by a factor equal to the inter
val/period ratio (in this example , by a
factor of 3300). Thus, by using the sam
pling technique, we can reduce the 5-mA
consumption of circuit in Fig. 13 to a
mean value of 1.6 J.LA .

Figure 16 shows the basic circuit of a
"micro-power" or sampling version of
the under-temperature switch we saw in
Fig. 13. It operates the relay when the
temperature of the thermistor falls below a
preset value but it draws a mean quiescent
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sulfide photocell; for temperature-sen
sitive circuit s, we use an NTC (Nega
tive-Temperature-Coefficient) thermistor
as the sensing elemen t. The sensing ele-
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FIG. 13-THIS UNDER-TEMPERATURE SWITCH also will control a relay.

Figures 12 to 15 show a variety of ways
you can use comparator circuits as light
or temperature-activated switches. For
light-sensitive circuits we use a cadmium-

FIG. 14-L1GHT-OPERATED SWITCH. A monotone alarm will sound when the light detected by R7 rises
above a value determined by the setting of RB.
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microamps. 
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FIG. 17 -THIS CODED -LIGHT -BEAM DETECTOR uses a modified version of the sampling technique to 
monitor for the presence of a coded fight- signal. 

current of only a few A. The monitor 
network, made up of R5, R6. RI, R2. and 
ICI. is almost identical to that of Fig. 13. 

But instead of being continuously 
powered, it is powered via a 300- microse- 
cond pulse just once every second via a 

sample -pulse generator and QI. Note that 
the output of ICI is led to temporary 
"memory" store R4 -Cl via DI, and that 
the memory store operates the relay via 
Q2. 

Thus, if the thermistor temperature is 
outside the trip level when the sample 
pulse arrives, the output of ICI will re- 
main low and no charge will be fed to CI, 
so Q2 and the relay will be off. On the 
other hand, if the thermistor temperature 
is within the trip level when the sample 
pulse arrives, the output of ICI will switch 
high for the duration of the pulse and thus 
rapidly charge CI up via Dl and drive the 
relay on via Q2. 

The circuit in Fig. 16 illustrates the 
basic principles of the micro-power sam- 
pling technique. In reality the sampling 
interval and pulse width used (and, thus, 
the reduction in mean power consump- 
tion) will depend on the specific applica- 
tion. lf, for example, you wish to monitor 
transient changes in light or sound levels 
and know that these transients have mini- 
mum durations of 100 ms, you may have 
to use a 50 -ms sampling interval and (say) 
a 500 µs sample pulse. In that case the 
mean consumption of your circuit will be 
reduced by a factor of 100. 

In some cases, you may have to slightly 
modify the operating principle of the sam- 
pling circuitry to obtain the desired micro- 
power operation. Figure 17, for example, 
shows how the principle may be adapted 
to make a coded -light -beam detector, in 
which the "code" light signal is modu- 
lated at 1 kHz for a minimum duration of 
100 ms. Thus, the sample -pulse generator 
is designed to produce a minimum pulse 
width of 1.2 ms so that it can capture at 
least one full 1 -kHz code cycle. Further, 
the sampling interval is set at 60 ms so that 
part of a tone burst will always be cap- 
tured. The sampling circuitry thus gives a 

50:1 reduction in monitor -current con- 
sumption. 

Thus, in the circuit shown in Fig. 17, 
the sample generator repeatedly feeds 1.2' 
ms "inspection" pulses to the 3140 detec- 
tor circuitry via one input of the OR gate 
and via QI to see if any trace of a coded 
signal exists: If no trace of a coded signal 
is detected, the output of the op-amp re- 
mains low and another sample pulse is 
applied 60 ms later. If a trace of a code 
signal is detected, the output of the op- 
amp switches high and the resulting pulse 
is "captured" and applied to the remain- 
ing input of the OR gate. That temporarily 
applies full power to the 3140 circuitry so 
that the code signal can be completely 
inspected via the passive signal con- 
ditioning circuitry. R -E 

current of only a few J..LA . The monitor
network, made up ofR5, R6, RI, R2, and
ICl, is almost identical to that of Fig. 13.
But in st ead of being continu ou sl y
powered, it is powered via a 300-microse
cond pulse just once every second via a
sample-pulse generator and Q1. Note that
the output of ICI is led to temporary
"memory" store R4-Cl via 01, and that
the memory store operates the relay via
Q2.

Thus, if the thermistor temperature is
outside the trip level when the sample
pulse arrives, the output of ICI will re
main low and no charge will be fed to Cl,
so Q2 and the relay will be off. On the
other hand, if the thermistor temperature
is within the trip level when the sample
pulse arrives, the output oflCl will switch
high for the duration of the pulse and thus
rapidly charge Cl up via 01 and drive the
relay on via Q2.

The circuit in Fig. 16 illustrates the
basic principles of the micro-power sam
pling technique . In reality the sampling
interval and pulse width used (and, thus,
the reduction in mean power consump
tion) will depend on the specific applica-

, tion. If, for example, you wish to monitor
transient changes in light or sound levels
and know that these transients have mini
mum durations of 100 ms, you may have
to use a 50-ms sampling interval and (say)
a 500 J..LS sample pulse. In that case the
mean consumption of your circuit will be
reduced by a factor of 100.

In some cases, you may have to slightly
modify the operating principle of the sam
pling circuitry to obtain the desired micro
power operation. Figure 17, for example,
shows how the principle may be adapted
to make a coded-light-beam detector, in
which the "code" light signal is modu
lated at 1 kHz for a minimum duration of
100ms. Thus, the sample-pulse generator
is designed to produce a minimum pulse
width of 1.2 ms so that it can capture at
least one full l-kl-lz code cycle . Further,
the sampling interval is set at 60 ms so that
part of a tone burst will always be cap
tured. The sampling circuitry thus gives a
50:1 reduction in monitor-current con
sumption.

Thus, in the circuit shown in Fig. 17,
the sample generator repeatedly feeds 1.2'
ms " inspection" pulses to the 3140 detec
tor circuitry via one input of the OR gate
and via Ql to see if any trace of a coded
signal exists: If no trace of a coded signal
is detected, the output of the op-amp re
mains low and another sample pulse is
applied 60 ms later. If a trace of a code
signal is detected, the output of the op
amp switches high and the resulting pulse
is "captured" and applied to the remain
ing input of the OR gate. That temporarily
applies full power to the 3140 circuitry so
that the code signal can be completely
inspected via the passive signal con
ditioning circuitry. R-E
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FIG. 17-THIS CODED-LIGHT-BEAM DETECTOR uses a modified version of the sampling technique to
monitor for the presence of a coded light-signal.

FIG. 16-MICRO-POWERED UNDER -TEMPERATURE SWITCH draws a quiescent current of only a few
microamps.

FIG. 15-ANOTHER LIGHT-OPERATED SWITCH. A pulsing tone will sound when the light detected by
R6 falls below a value determined by the setting of R6.
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High -power 
FET STEREO AMP 
Our amps high -power output. low distortion, and easy construction make it a must for 
audiophiles who demand the very best! 

LEO SIMPSON AND JOHN CLARKE 

IF YOU'VE BEEN WAITING FOR AN EXCUSE 
to junk your prehistoric stereo amplifier, 
your wait is over. Here's an amplifier that 
provides a conservatively -rated 95 watts 
(nus) per channel at eight ohms, with 
distortion that is less than 0.02%. Our 
amplifier can be built in a few evenings for 
under 5300, and it will provide you with 
years of listening enjoyment as well as the 
satisfaction of knowing that the very latest 
in audio technology is providing that en- 
joyment. 

The amplifier has all the latest con- 
venience features, such as dual- recorder 
tape dubbing. speaker switching. muting. 
and a battery backup so that the amplifier 
w ill "remember" its configuration and 
return to that configuration the next time it 
is powered up. 

The amplifier has four inputs: MONO. 
CD, TUNER, and AUXI11.1ARY. The latter 
could be connected to a stereo TV tuner. a 

high -fidelity VCR. or another source. We 
also provide switching to monitor any one 
of the main inputs, or one of the two tape 

Adapted from material published by Electronics 

Australia 

inputs. In addition. switching and the ap- 
propriate signal routing are provided so 
that you can dub from either tape recorder 
to the other. The amp also has provisions 
for connecting two pairs of loudspeakers: 
either. neither. or both pairs may be used 
at any time. In addition. a headphone jack 
is provided that is always "hot." 

The amplifier is rather large. Overall it 
measures about 19 x 11.5 x 6 (inches). 
The size of the heatsinks determines the 
height and depth: those specially -tooled 
aluminium extrusions are necessary to 
cope with the large amount of heat dissi- 
pated when the amplifier is working near 
maximum output. Normally the heatsinks 
are just warm to the touch. The I9 -inch 
width was chosen so that the amplifier 
could be rack- mounted. if the builder so 
desired. 

Design philosophy 
The amplifier represents the latest in a 

series of amplifiers that have been de- 
veloped over the last ten years. We took 
the best features of the previous designs 
and combined them with the latest tech- 
nical advancements to produce a truly su- 

perior amplifier. For the description that 
follows. sec the block diagram of the am- 
plifier that appears in Fig. I. After dis- 
cussing the overall operation of the 
circuit. well discuss each subsection in 
detail. 

One paramount design goal was to 
eliminate the great amount of tedious 
hand -wiring of switches. controls, and 
jacks normally required by a project like 
this. We wanted to use a one -piece mold- 
ed assembly for the input jacks so that it 
could be soldered to the PC board as a 

unit. That eliminates the need for shielded 
cabling. but creates a more severe prob- 
lem: How could we provide appropriate 
switching for source selection, tape 
monitoring and dubbing from deck to 
deck? 

We considered a mechanical switching 
solution. but there didn't seem to be any 
practical way of integrating mechanical 
switches neatly. So we considered using 
CMOS analog switches, since they are 
cheap and readily available in various 
configurations. However. analog switches 
are not without problems of their own. In 
an improper design. they can generate 
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High-power
FET STEREO AMP
Our amp's high-power output, low distortion, and easy construction make it a must for
audiophiles who demand the very best!

LEO SIMPSON AND JOHN CLARKE*

IF YOU'VE BEEN WAIT ING FOR AN EXCUSE

to junk your prehistoric stereo amplifier,
your wait is over. Here's an amp lifier that
provides a conservatively-rated 95 watts
(rms) per chan nel at eight ohms, with
distortion that is less than 0 .02%. Our
amplifier can be built in a few evenings for
under $300 , and it wi ll provide you with
years of listening enjoyment as well as the
satisfaction of knowing that the very latest
in audio technology is providing that en
joyment.

The amplifier has all the latest con
venience features, such as dual-recorder
tape dubbing, speaker switching , muting,
and a battery backup so that the amp lifier
will " remember" its configuration and
return to that configuration the next time it
is powered up.

The amplifier has four inputs: PHONO ,

CD, TUNER , and AUXILLIARY. The latter
could be connected to a stereo TV tuner, a
high-fidelity VCR , or another source. We
also provide sw itching to monitor anyone
of the main inputs, or one of the two tape

*Adapted from material publish ed by Electronics

Australia

input s . In addition, switching and the ap
propr iate signal routing are provided so
that you can dub from either tape recorder
to the other. The amp also has provisions
for connecting two pairs of loud speakers;
either, neith er, or both pairs may be used
at any time. In addition, a headphone jack
is provided that is always " hot."

The amp lifier is rather large . Overall it
measures about 19 X 11 .5 X 6 (inches) .
The size of the heatsinks determines the
height and depth; those specially-tooled
aluminium extrusions are necessary to
cope with the large amo unt of heat dissi
pated when the amplifier is working near
maximum output. Normally the heats inks
are just warm to the touch . The 19-inch
width was chosen so that the amp lifier
cou ld be rack -mounted, if the bui lder so
desired.

Design philosophy
The amp lifier represents the latest in a

series of amplifiers that have been de
veloped over the last ten years . We took
the best features of the previous desig ns
and combined them with the latest tech
nical advancements to produce a truly sue

perior amplifier. For the descrip tion that
follows, see the block diagram of the am
plifier that appears in Fig . 1. After dis
cu ssing the overall ope ra tion of the
circuit, we' ll disc uss each subsection in
detail .

One paramo unt des ign goa l was to
eliminate the great amount of tedious
hand-wiring of swi tches , contro ls , and
jacks normally required by a project like
this . We wanted to use a one-piece mold
ed assemb ly for the input jacks so that it
could be soldered to the PC board as a
unit. That eliminates the need for shielded
cabling, but creates a more severe prob
lem: How cou ld we provide appropriate
sw itc h ing for so urce se lect ion, tape
monitoring and dubbing from deck to
deck?

We considered a mechanical switching
solution, but there didn't seem to be any
practical way of integrating mechanical
switches neatly. So we consi dered using
CMOS analog switches, since they are
chea p and readily available in various
configurations . However, analog switc hes
are not without prob lems of their own. In
an improper des ign, they can generate
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FIG 2 -THE RIAA PHONO PREAMPLIFIER is composed of a bipolar differential amplifier and an op- 
amp. The transistors are special low -noise types. 

distortion. In addition, some sort of mem- 
ory system would be required so that the 
amplifier's configuration would be "re- 
membered" when the amplifier was 
turned off. 

We overcame the distortion problem by 
buffering the outputs of the switches with 
low -noise FET -input op -amps (TL07I's). 
Since distortion is caused by the non -lin- 
ear resistance of the CMOS gate, it fol- 
lows that. if the current through the gate 
were minimized, distortion would like- 
wise be minimized. We achieve minimum 
distortion by buffering the output of each 
CMOS gate with a high- input -imped- 
ance. unity -gain op -amp. Buffering re- 
quires a few extra op -amps and discrete 
components. but we believe that the re- 
sults more than justify the expense. 

As for the memory problem, we could 
have built in some RAM (Random Access 
Memory) and perhaps a microprocessor to 
control it, as some commercial Japanese 
designers have done, but that seemed like 
overkill. Instead. we chose to implement 
our memory with several CMOS gates 
and flipflops, which are powered by a pair 
of Ni -Cd cells when the amplifier is off. 
The flip -flops, switches, and indicator 
lights mount on a separate PC board, the 
control board. 

Several other analog switches are 
mounted on the main PC board. For ex- 
ample. ICI is the electronic equivalent of 
a 4PDT mechanical switch; it performs 
the input -source selection. Depending on 
the state of its A and B inputs. one pair of 
signals presented to the x and v inputs is 
passed through to the appropriate outputs. 

For example, with both A and B low, the 
left- and right -channel outputs from the 
phono preamplifiers would appear at the 
Your and XoUT terminals. respectively. 

Whichever signals are chosen, they 
pass through the 20 -Hz high -pass (rum- 
ble) filters composed of IC100, 1C200, 
and the associated discrete components. 
Those filters provide a I2 -dB /octave roll - 
off below the comer frequency. (Due to 
filtering networks in the phono pre- 
amplifier. phonograph signals are rolled 
off a total of 18 -dB /octave.) The op -amp 
rumble filters also provide high- imped- 
ance buffering that reduces loading on the 
analog switches. That loading could 
cause distortion. 

By the way, for the sake of clarity, all 
left- channel components are numbered 
from 100 -299; right -channel components 
are numbered from 200 -299; and compo- 
nents common to both channels are num- 
bered from I -99. 

Another analog switch, IC2. routes one 
of the main inputs or one of the tape re- 
corder inputs through to the Volume/ 
Tone /Balance circuit. The network at- 
tached to the INHIBIT input (pin 6) of IC2 
forces that IC to turn on slowly. and that 
helps minimize power -on squeal through 
the headphones. 

After passing through IC2, the stereo 
signals are processed by the Volume/ 
Tone /Balance circuit, which also contains 
the MUTE switch and the STEREO /MONO 
switch. The signals are next presented to 
the power amplifiers and then to the 
speaker protection circuit and relays RYI 
and RY2. 

We had a problem with loudspeaker 
switching. We didn't want heavy wires 
running between the front -panel selector 
switch and the speaker output terminals. 
In addition, switches capable of handling 
the IO amps or so of current the amplifier 
can develop at full power are expensive 
and not readily available. We solved the 
problem by letting a couple of relays do 
the switching. That solution allows us to 
use a small rotary switch to control just 
the coils of the relays. Further, that makes 
it easy to implement circuitry to provide 
power -on muting as well as to protect the 
speakers from an output -transistor 
failure. 

The power supply is mounted beneath 
the main circuit board. Since the power 
supply is mounted so close to the main 
circuit board, we had to use a power trans- 
former with a very low external hum field. 
Low hum is achieved by using a toroidal 
transformer that has the additional benefit 
of small size. Other special features of the 
power supply include 16,000 ILF of capac- 
itance on each of the 66 -volt supplies. and 
a special. isolated + 7.4 -volt source for 
the CMOS switching components and 
their battery back -up. 

With that background in mind, let's 
start over. Let's go back to the input of the 
circuit and examine each stage in detail. 

The RIAA preamplifier 
The complete schematic of the left - 

channel preamp is shown in Fig. 2. The 
right channel is identical. here and in 
other figures, unless a notice appears in a 

figure stating otherwise. We use special 
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FIG. 2-THE RIAA PHONO PREAMPLIFIER is composed of a bipolar differential amplifier and an op
amp. The transistors are special low-noise types.

distort ion. In addit ion, some sort of mem
ory system would be required so that the
amplifier's configuration would be "re
membered " when the amp lifie r was
turned off.

We overcame the distortion problem by
buffering the outputs of the switches with
low-noise FET-input op-amps (TL07I's).
Since distortion is caused by the non-lin
ear resistance of the CMOS gate, it fol
lows that , if the current through the gate
were minimized, distortion would like
wise be minimized . We achieve minimum
distortion by buffering the output of each
CMO S gate with a high-i nput-imped
ance, unity-gain op-amp. Buffering re
quires a few extra op-amps and discrete
components, but we believe that the re
sults more than justify the expense.

As for the memory problem , we could
have built in some RAM (Random Access
Memory ) and perhaps a microprocessor to
control it, as some commercia l Japanese
designers have done , but that seemed like
overkill. Instead, we chose to implement
our memory with several CMOS gates
and flipflops, which are powered by a pair
of Ni-Cd cells when the amplifier is off.
The flip-fl ops, switches, and indicator
lights mount on a separate PC board , the
control board.

Sever al other ana log sw itc hes are
mounted on the main PC board. For ex
ample, ICI is the electronic equivalent of
a 4PDT mechanical switch; it performs
the input-source selection. Dependin g on
the state of its A and B inputs, one pair of
signals presented to the x and y inputs is
passed through to the appropriate outputs.

For example, with both A and B low, the
left- and right-channel outputs from the
phono preamplifiers would appear at the
YOUT and XOUT terminals, respectively.

Whichever signals are chose n, they
pass through the 20-Hz high-pass (rum
ble) filters composed of ICIOO, IC200,
and the associated discrete components.
Those filters provide a 12-dB/octave roll
off below the comer frequency. (Due to
filtering net works in the phono pre
amplifier, phonograph signals are rolled
off a total of IS-dB/octave .) The op-amp
rumble filters also provide high-imped
ance buffering that reduces loading on the
ana log switches. That loading co uld
cause distortion.

By the way, for the sake of clarity, all
left-channel components are numb ered
from 100-299; right-channel components
are numbered from 200-299; and compo
nents common to both channels are num
bered from 1-99.

Another analog switch, IC2, routes one
of the main inputs or one of the tape re
corder inputs through to the Volume /
Tone/Balance circ uit. The network at
tached to the INHIBIT input (pin 6) of IC2
forces that IC to turn on slowly, and that
helps minimize power-on squeal through
the headphones.

After passing through IC2, the stereo
signals are processed by the Volume/
Tone/Bala nce circuit , which also contains
the MUTE switch and the STEREO/MONO
switch. The signals are next presented to
the power ampli fier s and then to the
speaker protection circuit and relays RYI
and RY2.

We had a problem with loudspeaker
switching. We didn't want heavy wires
running between the front-panel selector
switch and the speaker output terminals.
In addition, switches capable of handling
the 10 amps or so of current the amplifier
can develop at full power are expensive
and not readily available. We solved the
problem by letting a couple of relays do
the switching. That solution allows us to
use a small rotary switch to control just
the coils of the relays. Further, that makes
it easy to implement circuitry to provide
power-on muting as well as to protect the
speakers fro m an output- transis to r
failure.

The power supply is mounted beneath
the main circuit board. Since the power
supply is mounted so close to the main
circuit board, we had to use a power trans
former with a very tow external hum field.
Low hum is achieved by using a toroidal
transformer that has the additional benefit
of small size . Other special features of the
power supply include 16,000 f.LF of capac
itance on each of the 66-volt supplies, and
a special, isolated +7A-volt source for
the CMOS switching components and
their battery back-up.

With that background in mind , let 's
start over. Let' s go back to the input of the
circuit and examine each stage in detail.

The RIAA preamplifier
The complete schema tic of the left

channel preamp is shown in Fig. 2. The
right channel is identi cal , here and in
other figures, unless a notice appears in a
figure stating otherwise . We use special

c,
Cz
m
~

<0
00
en

65

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


66 

All resistors '4-watt. 5 °° unless other- 
wise stated. 

R1, R3- 10.000 ohms 
R2- 220,000 ohms 
R4. R5-47 ohms, watt 
R6 -R9. R11 -R14, R16, R18- 100.000 

ohms 
R10. R15. R17, R19. R100. R102. R104. 

R158, R163. R200. R202. R204. R258. 
R263 -470 ohms 

R20, R21, R22, R23- 22.000 ohms, 
watt 

R24, R25. R101, R103, R105. R201. R203. 
R205- 56,000 ohms 

R26, R129, R121. R229. R231. R132, 
R232. R134. R234- 270,000 ohms 

R27, R128, R130, R144. R228. R230. 
R244 -2200 ohms 

R28. R159 -R162, R259 -R262 -220 
ohms 

R29 -130 ohms 
R30, R31. R136. R151, R236, R251 -1000 

ohms 
R32 -1500 ohms 
R33 -R99. R165 -R199. R2265 -R299- 

unused 
R106, R206- 150.000 ohms 
R107, R207- 300,000 ohms 
R108. R208- 100.000 ohms. potentiome- 

ter 
R109. R209- 25.000 ohms, linear poten- 

tiometer 
R110. R210- 50.000 ohms. logarithmic 

potentiometer 
R111. R211- 10.000 ohms, linear potenti- 

ometer 
R112, R212 -330 ohms 
R113. R213 -150 ohms 
R114, R214- 180.000 ohms 
R115. R215- 68.000 ohms 
R116, R117. R216, R217 -820 ohms 
R118. R123, R218. R223 -39 ohms 
R119, R219 -1200 ohms 
R120, R220 -2700 ohms 
R121, R221 -390 ohms 
R122, R222 -82 ohms 
R124, R224 -3900 ohms, 1%. metal film 
R125. R225- 47.000 ohms. 1 %, metal 

film 
R126, R226 -10 ohms 
R127. R227 -4300 ohms 
R133, R135, R149, R150, R233. R235. 

R249. R250 -4700 ohms 
R137. R138. R143, R145. R146. R148, 

R155. R237, R238. R243. R245. R246. 
R248, R255- 22.000 ohms 

R139, R140. R239. R240 -3900 ohms 
R141, R147, R241, R247 -680 ohms 
R142. R232 -68 ohms 
R152, R252- 12,000 ohms, 1 watt 
R153. R154, R157. R253. R254, R257- 

100 ohms 
R156, R256 -500 ohms. trimmer 
R164. R264 6.8 ohms. 1 watt 
Capacitors 
Cl. C14 -C22. C116, C120 -10 µF, 50 

volts. electrolytic 

PARTS LIST 

C2. C3-0.047 F. polyester 
C4. C5-47 p.F. 50 volts. non -polarized 
C6-100 F. 16 volts. electrolytic 
C7 -0.01 F. 250 volts. polyester 
C8-C11--8000 p.F. 75 volts, electrolytic 
C12. C13 -1000 µF, 25 volts. electrolytic 
C23 -C99. C144 -C199. C214. C225, 

C226. C244 -0299- unused 
C100. C200 -0.082 F. polyester 
C101. C107. C113. C142. C201. C207, 

C213, C242 -0.1 p.F. polyester 
C102. C202 -47 µF, 25 volts. electrolytic 
C103. C203 -100 pF. ceramic 
C104. C204 -0.0033 p.F. polyester 
C105, C205 -220 µF.16 volts, electrolytic 
C106. C112. C206, C212 -100 F. 25 

volts. electrolytic 
C108. C208 -10 pF. ceramic 
C109. C209 0.018 µF, 2%. polyester 
C110. C210 -0.068 F. 2%, polyester 
C111, C211 -2.2 µF, 50 volts. non- polar- 

ized 
C112. C212 -100 µF, 25 volts, electrolytic 
C114 -10 µF, 25 volts. electrolytic 
C115. C215 -10 µF, 50 volts. non- polar- 

ized 
C117. C217 -0.056 µF, polyester 
C118-2200 µF, 16 volts. electrolytic 
C119, C127, C219. C227 -18 pF. ceramic 
C121. C221 -50 µF. 16 volts. non- polar- 

ized 
C122, C222 -0.01 µF, polyester 
C123. C124. C223. C224 -0.0047 F. 

polyester 
C128. C228-6.8 p.F, 16 volts, non- polar- 

ized 
C129. C229 -1 F. 100 volts. non- polar- 

ized 
C130. C230-330 pF, ceramic 
C131, C231 -0.015 p.F, 250 volts, poly- 

ester 
C132. C232 -47 µF, 25 volts 
C133. C233 -15 pF, ceramic 
C134. C138. C234. C238 -100 µF, 100 

volts, electrolytic 
C135, C136. C139. C140, C235. C236, 

C239. C240-0.22 F. polyester 
C137, C141, C237. C241 -22 F. 100 

volts. electrolytic 
C143. C243 -0.15 µF, 250 volts, dual -di- 

electic (Philips type PKT -P) 
Semiconductors 
IC1, IC2 -4052 4PDT analog switch 
1C3 -IC6 -1011 CMOS NAND gate 
IC7 -74C14 CMOS hex Schmitt trigger 
IC8 -4013 CMOS dual D flip -flop 
IC9 -7815 15 -volt positive regulator 
IC10 -7805 5 -volt positive regulator 
IC11 -7915 15 -volt negative regulator 
IC12 -1C99. IC105- IC199. 1C205- 

1C299-unused 
IC100. IC102. IC103. 1C200. IC202, 

1C203 -TL071 low -noise op -amp 
IC101, IC201- NE5534AN bipolar op 

amp 
1C104. 1C204 -4053 CMOS triple SPDT 

analog switch 
BR1- 400 -volt. 10 -amp bridge rectifier 

Dl. D4 -D17. D23, D101 -D105. 
D201-0205-1N914 

D2, 03. 018 -022. 0108, 0109. D208, 
D209-1N4002 

D24 -D99, D110 -D199. D210- D299 -un- 
used 

D100. D200- 1N752A, 5.6 -volt. '. -watt 
Zener diode 

0106. 0107. D206, D207- 1N4739A, 9.1 

volt, 1 -watt Zener diode 
LED1 -LED9- Standard red LED 
Q1, 03. 04 -BC547 
02 -BC557 
05 -8C327 
06 -099. 0115-0199, 0215-0299 -un- 

used 
0100-0103, 0200-0203 -2SC2545 
0104, 0204- 2N5485 
0105-0107. 0205-0207 -BC556 
0108. 0208 -13F470 
Q109, 0110. 0209. 0210 -BF469 
0111. 0112. 0211, 0212- 2SK134 
0113, 0114. 0213. 0214 -2SJ49 
Other components 
Bt, B2-Size AA Ni -Cd battery 
F1, F2 -Fuse. 250 volts, 5 amps 
J1- Stereo headphone lack 
J100-J103, J200-J203, J104-J107, 

J204 -J207 -RCA Phono lack 
J108 -J111. J208 -J211- speaker con- 

nectors 
L100. L200 -see text 
L101.L201 -6.80H 
P1. P2 -9 -pin SIP plug. 0.1 -" centers 
RY1, RY2 -DPDT relay 
Sl -S9 -SPST normally open. momen- 

tary contact 
S10 -DPST toggle 
S11 -SPST toggle 
S12 -2P4T rotary 
S13 -SPST toggle switch, 250 volts AC 
T1 -117 VAC primary. dual secondaries: 

90 VCT and 30 VCT 
Miscellaneous: Battery holder for Bland 
B2, PC -mount fuse clips. Ferrite beads. 
11 -mm 25 -mm coil forms 
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 T1, S299 
plus StO shipping. Separate compo- 
nents: set of two PC boards (No. KH- 
0106), S49.00: 2SC2545 transistor (No. 
KZ- 1683), S0.39 each: 2SK134 tran- 
sistor (No. Z- 1815). S4.50: 2SJ49 tran- 
sistor (No. Z- 1816), $4.50: transformer 
T1 (No. KM- 2000). $57.00: case includ- 
ing panels and heatsinks (No. KH- 
2700). $115. All component orders 
must add S1.50 for 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. 

ultra -low -noise transistors made by 
Hitachi (part number 2SC2545) to form a 

differential amplifier that drives an opera- 
tional amplifier. Doing that allows the 

noise performance to be defined by the 
transistors rather than by the op amp and 
you can get better performance from dis- 
crete devices than from IC's. 

The 2SC2545's are NPN types with 
very low intrinsic base resistance. We 
have found the 2SC2545 transistor superi- 
or in that respect to all others that we have 
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All res istors Y4-watt, 5% unless other
wise stated.

R1, R3-10,000 ohms
R2- 220,000 ohms
R4, R5-47 ohms, ~ watt
R6-R9, R11-R14, R16, R18-100,000

ohms
R10, R15, R17, R19, R100, R102, R1 04,

R1 58,R163,R200,R202,R204, R258,
R263-470 ohms

R20, R21, R22, R23-22,000 ohms, V2
watt

R24, R25, R101, R103, R105, R201, R203,
R205--56,000 ohms

R26, R129, R121, R229, R231, R132,
R232, R134, R234-270,000 ohms

R27, R128, R1 30, R144, R228, R230,
R244-2200 ohms

R28 , R159-R1 62, R259-R262-220
ohms

R29-130 ohms
R30, R31, R136, R1 51, R236, R251-1000

ohms
R32-1500 ohms
R33-R99, R165-R199 , R2265-R299-

unused
R106, R206--150,000 ohms
R107, R207-300,000 ohms
R108, R208-100,000 ohms, potentiome

ter
R109, R209-25,000 ohms, linear poten

tiometer
R110, R21O--50,000 ohms, logarithmic

potentiometer
R111 , R211-10,000 ohms, linear potenti-

ometer
R11 2, R21 2-330 ohms
R113, R213-150 ohms
R114, R214- 180,000 ohms
R11 5, R215--68 ,000 ohms
R11 6, Rl 17, R216, R217-820 ohms
R118, R1 23, R218, R223-39 ohms
R119, R219-1200 ohms
R120, R22o--2700 ohms
R121 , R221-390 ohms
R122, R222-82 ohms
R1 24, R224-3900 ohms, 1%, metal film
R125, R225-47,000 ohms, 1%, metal

film
R126, R226--10 ohms
R1 27, R227-4300 ohms
R1 33, R135, R149, R150, R233, R235,

R249, R250-4700 ohms
R137, R138, R1 43, R145, R146, R1 48,

R1 55, R237, R238, R243, R245, R246,
R248, R255--22,000 ohms

R1 39, R140, R239, R24o--3900 ohms
R1 41 , R147, R241, R247-680 ohms
R142, R232-68 ohms
R152, R252-12,000 ohms, 1 watt
R1 53, R154, R1 57, R253, R254, R257-

100 ohms
R156, R256--500 ohms, trimmer
R164, R264-6.8 ohms, 1 watt
Capacitors
C1, C1 4-C22, C1 16, C120- 10 fJ.F, 50

volts, electrolytic

ult ra- low-n oi se tra nsistors m ad e by
Hitachi (part number 2SC2545) to form a
differential amplifier that drives an opera
tional ampl ifier. Do ing that allow s the

PARTS LIST

C2, C3-0.047 fJ.F, polyester
C4, C5-47 fJ.F, 50 volts, non-polarized
C6--100 fJ.F, 16 volts. electrolytic
C7-<J.Ol fJ.F, 250 volts, polyester
C8-C11-8000 fJ.F, 75 volts, electrolytic
C12, C13-1000 fJ.F, 25 volts, electrolytic
C23-C99, C144-C1 99 , C214, C225,

C226, C244-G299-unused
C100, C20O-<J.082 fJ.F,polyester
Cl 01, C107, C113, C142, C201, C207,

C213, C242-<J,1 fJ.F, polyester
C102, C202-47 fJ.F, 25 volts, electrolytic
C1 03, C203-100 pF, ceramic
Cl04, C204-<J .0033 fJ.F, polyester
Cl 05, C205--220 fJ.F, 16volts, electrolytic
C106, C112, C206, C212-100 fJ.F, 25

volts, electrolytic
C108, C208-10 pF, ceramic
Cl09, C209-<J.018 fJ.F, 2%, polyester
Cl10, C21O-<J.068 fJ.F,2%, polyester
Cl 11, C211-2.2 fJ.F, 50 volts, non-polar-

ized
C11 2, C212-100 fJ.F, 25 volts, electrolytic
C114-10 fJ.F, 25 volts, electrolytic
C115, C215--10 fJ.F, 50 volts, non-polar-

ized
C11 7, C217-<J.056 J,lF, polyester
C118-2200 fJ.F, 16 volts, electrolytic
C119, C127, C219, C227-18pF, ceramic
C121, C221-50 fJ.F, 16 volts, non-polar-

ized
C1 22, C222-<J .Ol fJ.F, polyester
C123, C124, C223, C224-<J.0047 fJ.F,

polyester
C128, C228-6.8 fJ.F, 16 volts, non-polar

ized
C129, C229-1 J,lF, 100 volts, non-polar

ized
C130, C23O--330 pF, ceramic
C131 , C231-<J.015 fJ.F, 250 volts, poly-

ester
C132, C232-47 J,lF, 25 volts
C133, C233-15 pF,ceramic
C134, C1 38, C234, C238-100 fJ.F, 100

volts, electrolytic
C135, C136, C139, C140, C235, C236,

C239, C24O-<J,22 fJ.F, polyester
C137, C141, C237, C241-22 fJ.F, 100

volts, electrolytic
C143, C243-0.15 fJ.F, 250 volts, dual-or-

electic (Philips type PKT-P)
Semiconductors
IC1 , IC2-4052 4Po T analog switch
IC3-IC6-4011 CMOS NAND gale
IC7-74C14 CMOS hex Schmitt trigger
IC8-4013 CMOS dual 0 flip-flop
IC9-7815 15-volt positive regulator
ICl O--7805 5-volt positive regulator
IC11-7915 15-volt negative regulator
IC12-IC99 , IC105- IC199, IC205-

IC299-unused
IC100, IC102, IC103 , IC200, IC202,

IC203-TL071 low-noise op-amp
IC101, IC201-NE5534AN bipolar op

amp
IC104, IC204-4053 CMOS triple SPOT

analog switch
BRl-400-volt, t o-amp bridge rectifier

noise performance to be defined by the
transistors rather than by the op amp and
you can get better performance from dis
crete devices than from Ie's.

0 1, 0 4-0 17 . 0 23 , 01 01-01 0 5 ,
0201-0205--1 N914

02, 03, 018-022, 0108, 0 109, 02 08,
0209-1N4002

024-099, 0110-0199,0210-0299-un
used

0100, 02 0o--1 N752A, 5.6-volt, ~-watt

Zener diode
0106, 0107, 0206 , 0207-1N4739A, 9.1

volt, l-watt Zener diode
LE01-LE09-Standard red LED
0 1, Q3, Q4-BC547
Q2-BC557
Q5--BC327
Q6-Q99, Q1 15-0199, Q215-0299-un-

used
Q1OQ-Ql03, Q20Q-Q203-2SC2545
Ql04, Q204-2N5485
Ql 05-01 07, Q205-0207-BC556
Q1 08, Q208-BF470
Ql09, ono, Q209, Q21O--BF469
om.Q112, Q211, Q212-2SK134
Q113, Q114, Q213, Q214-2SJ49
Other components
B1 , B2-Size AA Ni-Cd battery
F1, F2-Fuse, 250 volts, 5 amps
Jl-Stereo headphone jack
Jl 00- Jl03, J200-J203, J104-J107,

J204-J207-RCA Phono jack
J108- Jll l , J208-J211-speaker con-

nectors
Ll00 , L20o--seetext
L101 , L201-6.8 fJ.H
Pl , P2-9-pin SIP plug, 0.1-" centers
RY1, RY2-0POT relay
Sl -S9-SPST normally open, momen-

tary contact
Slo--0PST toggle
S11-SPST toggle
S12-2P4T rotary
S13-SPST toggle switch, 250 volts AC
T1-117 VAC primary, dual secondaries:

90 VCT and 30 VCT
Miscellaneous: Battery holder for B1 and
B2, PC-mount fuse clips, Ferrite beads,
l1 -mm x 25-mm coil forms
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) includ ing PC
boards, heatsinks, screened front and
rear panels, and transformer T1 , $299
plus $10 shipping. Separate compo
nents: set of two PC boards (No. KH
0106), $49.00; 2SC2545 transistor (No.
KZ-1683) , $0.39 each; 2SK134 tran
sistor (No. Z-1815). $4.50; 2SJ49 tran
sistor (No. Z-1816), $4.50; transformer
T1 (No. KM-2000), $57.00; 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 .

The 2SC2545 's are NPN types with
very low intrinsic base resistance .· We
have found the 2SC2545 transistor superi
or in that respect to all others that we have
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FIG. 3 -THE CONTROL BOARD CIRCUITRY Is shown here. Each section of the circuit is composed of 
several momentary switches that drive several flip-flops. 

tested. To render residual noise in the pho- 
no preamp as low as possible. we use two 
transistors connected in parallel in each 
leg of the differential stage. That halves 
the intrinsic base resistance and improves 
noise performance a great deal. 

Quiescent current through the differen- 
tial pair is set at about 1.7 mA to optimize 
the signal -to -noise ratio for typical mov- 
ing- magnet phono cartridges. That cur- 
rent is set by FET Q5. which functions as 
a constant -current source and ensures 
good common -mode performance. good 
PSRR (Power Supply Rejection Ratio), as 

well as optimum gain. In general, the 
better the PSRR. the less likely an ampli- 
fier will respond to variations in the power 
supply. including large ripple signals 
(hum), or to harmonics of the input signal. 
which increase harmonic distortion. Re- 
sistor R120 (2700 ohms) is connected in 
series with the drain of Q5 to protect tran- 
sistors QI00 -Q103 should Q5 fail. A 
failure of that sort is unlikely, but a re- 
sistor is cheap insurance. 

We use a Signetics NE5534A op -amp 
for output drive; its high -performance ca- 
pabilities include: low -noise. high slew- 

rate. and the ability to drive a 600 -ohm 
load. That last capability is important for 
the circuit since it enables us to use a 

relatively -low- impedance negative -feed- 
back network. The low- impedance net- 
work keeps circuit -generated noise to a 

minimum. 
RIAA equalization is determined by 

the values of the components in the nega- 
tive- feedback loop of the preamplifier 
(R124. R125. C109. CI10). To ensure that 
there is minimum deviation from the ideal 
RIAA characteristic curve. those compo- 
nents should have tolerances of 1% or 2%. 

67 

FIG.3-THE CONTROL BOARD CIRCUITRY is shown here. Each section of the circuit is composed of
several momentary switches that drive several flip-flops.

tested . To render residual noise in the pho
no preamp as low as possible , we use two
transistors connec ted in parallel in each
leg of the differential stage . That halves
the intrinsic base resistance and improves
noise perform ance a great deal.

Quiescent current throu gh the differen 
tial pair is set at abo ut 1.7 rnA to optimize
the signal-to-noise ratio for typical mov
ing-m agnet phono cartridges . That cur
rent is set by FET Q5 , whic h functions as
a co nstant-curre nt source and ensures
good common-mo de performance , good
PSRR (Power Supply Rejection Ratio ), as

well as optimum gain. In general , the
better the PSRR , the less likely an ampli
fier will respond to variations in the power
sup ply, includ in g lar ge ripple sig na ls
(hum), or to harmonics of the input signal,
which increase harmonic distort ion . Re
sistor RI20 (2700 ohms) is connected in
series with the drain of Q5 to protect tran 
sistors Q IOG-QI03 should Q5 fail. A
failure of that sort is unlikely, but a re
sistor is cheap insura nce . .

We use a Signetics NE5534A op-amp
for output drive; its high-performance ca
pabiliti es include: low-noise, high slew- .

rate, and the ability to drive a 600-ohm
load . That last cap ability is important for
the circuit since it enables us to use a
relatively-low-impedance negative-feed
back network . The low-impedance net
work keeps circuit-ge nerated noise to a
min imum.

RIAA equalization is determined by
the values of the compo nents in the nega
tive-feedback loop of the pream plifier
(R I24 , R125 , C109, C liO). To ensure that
there is minimum deviation from the ideal
RIAA characteristic curve, those compo
nents should have tolerances of 1% or 2%.
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FIG. 4 -THE TAPE BUFFER CIRCUITRY Is shown here: It allows dubbing from either recorder to the 
other. 

That keeps deviation within 0.5 dB. 
Since the NE5534A is not internally 

compensated, a IO pF capacitor is con- 
nected between pins 5 and 8 to ensure 
stability at unity gain. which occurs at 
high frequencies. In addition. a 39 -ohm 
resistor is inserted in the RIAA feedback 
loop to prevent gain from rolling off un- 
necessarily at very high frequencies. That 
also reduces the distortion that might oth- 
erwise occur at high frequencies due to 
loading of the op -amp by the network. 

The hand -wound toroidal inductor 
(LI00) in the preamp's input reduces sen- 
sitivity to stray RF signals. Capacitor 
C102 (47 µF) provides a low -impedance 
shunt path (via the coil of the cartridge) 
for noise produced by R115. the 68K bias 
and input load resistor. 

The output of the preamplifier is cou- 
pled via a network consisting of a CI I I, a 

2.2 µF non -polararized unit. and R127; 
those components form a low -pass filter 
that attenuates frequencies above 20 kHz. 
Next the signal is fed to ICI, the 4PDT 
analog switch that also handles the high - 
level inputs (co. TUNER, and Auxn.I.t- 
ARV). That switch is powered by + 7.4- 
volt and - 7.5 -volt supplies. The max- 
imum peak -to -peak signal that can be 
handled by the switches without distor- 
tion is defined by the values of the plus 
and minus supplies. In our case, the max- 
imum is about 15 volts, but the switch 
should never see more than about 2.5 volts 
rms, or 7 volts peak -to -peak. 

As we said, the input source fed 
through to the rumble filters depends on 
the state of the A and B inputs. Those 
inputs are controlled by the circuitry on 
the control board. Let's examine that cir- 
cuitry next. 

Control board 
The control circuitry is shows in Fig. 3; 

let's look at the Input Select Circuit first. 
Switches SI -S4 drive the cross -coupled 
gates of IC4, which are configured as an 
S -R (Set -Reset) flip -flop. Suppose you 
press SI, PHONO. That will force one input 
each of IC3 -b and IC3 -d to go low, which 
will in turn force their outputs high. Those 
outputs are connected to the inputs of IC4- 
a. so its output will go low and LEDI will 
light up. 

The outputs of IC3 -a and 1C3 -c are low 
now: those outputs are connected to the A 

and 13 inputs of ICI . Since both inputs are 
low. the xo and vo inputs -the outputs of 
the phono pre -amps -to the analog 
switch will be fed through to the outputs. 

The other switches in that section of the 
Control Board (S2 -S4) work in a similar 
manner, as do the switches in the Monitor 
Source Select section. The latched out- 
puts of the latter section are cabled to the A 

and n inputs of IC2. another 4052 4PDT 
analog switch; it serves to route one of the 
source inputs (Phono. etc. ) or one the tape 
recorder inputs through to the volume 
control circuitry. 

continued on page 90 

One of the most difficult tasks in build- 
ing any construction project featured in 
Radio -Electronics is making the PC 
board using just the foil pattern provided 
with the article Well. were doing some- 
thing about it 

We've moved all the foil patterns to this 
new section where they're printed by 
themselves. full sized. with nothing on the 
back side of 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 
used directly only for direct positive pho- 
toresist methods. 

In order to 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 kinds of things you look for 
in the final etched board. You can clean up 
the published artwork the same way you 
clean up you own artwork Drafting tape 
and graphic aids can fix incomplete traces 
and doughnuts. and you can use a hobby 
knife to get rid of bridges and dirt. 

An optional step. once you're satisfied 
that the artwork is clean. is to take a little 
bit of mineral oil and carefully wipe it 
across the back of the artwork. That helps 
make the paper transluscent. Don't get 
any on the front side of the paper (the side 
with the pattern) because you'll con - 
taminate the sensitized surface of the 
copper blank. After the oil has "dried" a 

bit- patting with a paper towel will help 
speed up the process -place the pattern 
front side down on the sensitized copper 
blank. and make the exposure. You'll 
probably have to use a longer exposure 
time than you are probably used to 

We can't tell you exactly how long an 
exposure time you will need but. as a start- 
ing point, figure that there's a 50 percent 
increase in exposure time over litho- 
graphic film. But you'll have to experiment 
to find the best method for you. And once 
you find it, stick with it. Don't forget the 
'three C's of making PC boards -care. 
cleanliness. and consistency. 

Finally. we would like to hear how you 
make out using our method. Write and tell 
us of your successes, and failures. and 
what techniques work best for you. Ad- 
dress your letters to 

Radio -Electronics 
Department PCB 

500 -B Bi- County Blvd. 
Farmingdale. NY 11735 

Radio-Electronics
Department PCB

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

One of the most difficult tasks in build
ing any construc tion project featured in
Rad io-Electronics is making the PC
board using just the foil pattern provided
with the article. Well, we're doing some
thing about it.'

We've moved a ll the foil patterns to this
new section where they 're printed by
themselves, fullsized, with nothing on the
back side of the page . What that means
for you is that the printed page can be
used directly to produce PC boards!

Note: The patterns provided ca n be
used directly only for direct pos itive pho-
toresist methods . .

In order to produce a board directlyfrom
the magazine page, remove the page and
carefully inspect it under a strong light
and /or on a light table. Lookfor breaks in
the traces, bridges between traces, and in
ge nera l, allthe kinds of 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 tape
and graphic aids can fix incomplete traces
and doughnuts, and you ca n use a hobby
knife to get ridof bridges and dirt.

An optional step, once you're sat isfied
that the artwork is clean, is to take a little
bit of minera l oil and ca refully wipe it
across the back of the artwork. That helps
make the paper transluscent. Don't get
any on the front side of the paper (the side
with the pattern) because you'll con
tam inate the sensitized surface of the
copper blank. After the oil has "dried" a
bit-e-pattinq with a paper towel will help
speed up the process-place the pattern
front side down on the sensitized copper
blank , a nd make the exposu re . You'll
probably have to use a longer expos ure
time tha n you are probably used to.

We can 't tell you exactly how long an
expos ure time you will need but, as a start
ing point, figure that there 's a 50 percent
increase in exposure time over litho
graphic film . Butyou'll have to experiment
to find the best method for you. And once
you find it, stick with it. Don't forget the
"three Cs' of making PC boards-care,
cleanliness , and consistency.

Finally, we would like to hear how you
make out using our method . Writeand te ll
us of your successes, and failures, and
what techn iques work best for you. Ad
dress your letters to:
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continued on page 90

Control board
The control circuitry is show s in Fig . 3;

let's look at the Input Select Circuit first.
Switches SI-S4 drive the cross -coupled
gates of IC4, which are configured as an
S-R (Se t-Rese t) flip-flop. Suppose you '
pres s SI, PH O NO . That will force one input
each of IC3-b and IC3-d to go low, which
will in turn force their outputs high . Tho se
outputs are connected to the inputs ofIC4
a , so its output will go low and LED! will
light up.

The outputs of IC3- a and IC3-c are low
now; those outputs are connected to the A

and B inputs of ICI . Since both inputs are
low, the xo and YOinputs-the outputs of
th e phono pre-amps-to the an alog
switch will be fed through to the outputs .

The oth er switches in that section of the
Control Board (S2-S4) work in a simi lar
manner, as do the switches in the Monitor
Source Select section . The latched out
put s of the latter section are cabled to the A

and B inputs of lC2 , another 40S2 4PDT
ana log switch; it serves to route one of the
source inputs (Phono, etc .) or one the tape
reco rder inputs through to the volume
control circuitry.

As we sa id , the input source fed
through to the rumble filter s depends on
the state of the A and B inputs . Those
inputs are controlled by the circuitry on
the control board . Let 's examine that ci r
cuitry next.
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FIG. 4- THE TAPE BUFFER CIRCUITRYis shown here; it allows dubbing from either recorder to the
other.

That keeps deviation within ±O.S dB .
Since the NESS34A is not internally

compensated, a 10 pF capacitor is con
nected between pins Sand 8 to ensure
stability at unity gain, which occurs at
high frequencies. In addition, a 39-ohm
resistor is inserted in the RIAA feedback
loop to prevent gain from rolling off un
necessari ly at very high frequencies. That
also reduces the distortion that might oth
erwise occur at high frequencies due to
loading of the op -amp by the network .

The hand-wound toroidal inductor
(LlOO) in the preamp's input reduces sen
sitivity to stray RF signals. Capacitor
C102 (47 f.LF) provides a low-impedance
shunt path (via the coil of the cartridge)
for noise produced by RllS, the 68K bias
and input load resistor.

The output of the preamplifier is cou
pled via a network consist ing of a CIII, a
2.2 f.LF non-polararized unit, and R127 ;
those components form a low-pass filter
that attenuates frequencies above 20 kH z.
Next the sign al is fed to ICI, the 4PDT
analog switch that also handles the high
level inputs ( CD, T UN ER, and AUX ILLI 

ARY). That switch is powe red by + 7.4
volt and - 7 .S-volt supplies . The max
imum peak-to-peak signal that can be
handled by the switches without di stor
tion is defined by the values of the plu s
and minus supplies . In our case , the max
imum is about IS volt s , but the sw itch
should never see more than about 2 .S volts
rms, or 7 volts peak-to-peak .
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USE THIS board to build your laser. 

4/ INCHES 

IF YOU WISH to etch your own board for the 30volt power supply, use this pattern. 
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PC SERYICE

USE THIS board to bu ild your laser.

o

o
..
IF YOU WISH to etch your own board for the 3D-volt power supply, use this pattern.
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DESIGNER'S 
NOTEBOOK 
Precision rectifiers 

WHEN YOU TALK ABOUT RECTIFIERS, THE 

first thing that comes to mind is 
power supplies, but rectifiers are 
also used in many other circuits. 
Converting AC to DC is necessary 
in many RF circuits, and most cir- 
cuits that measure real -world 
quantities first have to rectify sen- 
sor voltages. But even though reg- 
ular diodes and bridges are 
adequate for many rectifying jobs, 
sometimes a different approach is 
needed. 

The rectifying circuit you build 
for a power supply will work per- 
fectly well when you're eliminat- 
ing batteries, but it will be 
completely useless for RF. The rea- 
son is simply that the input voltage 
is less than the voltage needed to 
turn a diode on. Even small -signal 
germanium diodes require about 
0.3 volts to turn on. That may not 
seem like much, but, if you are 
working with signals in the milli- 
volt range, you'll have to find an- 
other way to handle the problem. 

Circuit designers have two stan- 
dard methods of dealing with the 
situation. They can amplify the AC 
signal and then rectify it, or they 
can do both at once with a preci- 
sion rectifier. All things consid- 
ered, the latter method is a much 
better way to get the job done. 

The one -step approach to build- 
ing a precision rectifier requires 
some way of isolating the positive 
and negative halves of the incom- 
ing AC, but after that AC has been 
amplified to a usable level. The cir- 
cuit shown in Fig. 1 is a straightfor- 
ward way of combining both am- 
plification and rectification. 

I designed the circuit with a 741 

op -amp since it is cheap and read- 
ily available. If the performance 

specs of the 741 aren't to your lik- 
ing, you can just as easily sub- 
stitute any other op -amp. Higher 
input impedance, lower offset 
voltage, frequency limit, and slew 
rate are among the factors you 
should consider when choosing 
an op -amp. Examine the require- 
ments of your application and 
choose an appropriate device. 

02 
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AC 
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OC OUTPUT 

FIG. 1 
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0 R j R2 

10K 10K v« 
2 

5K 

HALF -WAVE 
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R 
2 2K 

V 

FULL- WAVE 
DC OUTPUT 

FIG. 2 

How it works 
The circuit's theory of operation 

is similar to that of a diodes -only 
rectifier. During the negative half 
of the AC cycle the output of the 
741 forward biases D2 and current 
flows only through that diode. 
During the positive half of the in- 
put swing, however, D1 is forward- 
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biased, so current will flow 
through it and through R2. There- 
fore, DC will only show up across 
R2 during the positive part of the 
incoming AC cycle. 

Because we're rectifying the 
voltage in the feedback loop of the 
op -amp and not at its input, the 
circuit will be able to handle very 
small AC signals. The inherent 
high gain of the op -amp allows us 
to rectify signals that are substan- 
tially below the voltage needed to 
forward -bias even small -signal 
germanium diodes. 

The op -amp shown in Fig. 1 is set 
up as an inverting amplifier, so the 
output waveform will be 180° out of 
phase with the input. You could 
switch inputs on the op amp to 
turn it into a non -inverting ampli- 
fier, but the phase difference 
comes in handy if you want to 
build a precision full -wave rec- 
tifier. 

A simple summing amplifier can 
be used to turn our circuit into a 

precision fullwave rectifier, but a 
bit of thought has to go into pick- 
ing the summing resistors. As 
shown in Fig. 2, we're adding the 
original AC signal and twice the 
output of the halfwave rectifier 
discussed above. 

If R1 and R3 (in Fig. 2) had the 
same resistance, the output of the 
halfwave rectifier and the negative 
half of the input AC would be 
equal in magnitude, but 180° out of 
phase. In other words, the net re- 
sult would be a voltage of zero. We 
can solve that problem by mixing 
in twice the halfwave voltage. 

If you decide to build the full - 
wave rectifier, it's a good idea to 
use a 747, which has two 741's in a 
single IC package. R -E 
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biased, so current w i ll f low
through it and through R2 . There
fore, DC wi ll on ly show up across
R2 during the positive part of the
incomi ng AC cycle.

Because we 're rectifyi ng the
vo ltage in the feedback loop of the
op-amp and not at its input, the
circuit will be able to handle very
sma l l AC signals. The inherent
high gain of the op-amp allows us
to rect ify signals that are substan 
tia lly be low the voltage needed to
forwa rd -bias even sma l l-signal
germanium diodes .

The op-amp shown in Fig.1 is set
up as an inverting amplifie r, so the
output waveform will be180°out of
phase with the input. You could
switch inputs on the op amp to
turn it into a non-inverting ampli
fier, but the phase d iffere nce
comes in handy if you want to
build a precision full-wave rec
tifier.

A simp le summing amplifier can
be used to turn our circuit into a
preci sion fullwave rect ifier, but a
bit of thought has to go into pick
ing the su mming resistors. As
shown in Fig. 2, we're adding the
original AC signal and twice the
output of the halfwave rectifier
discussed above .

If R1 and R3 (in Fig. 2) had the
same resistance, the output of the
halfwave rectifier and the negative
half of the input AC would be
equal in magnitude, but180° out of
phase . In other words , the net re
sultwould be avo ltage of zero. We
can solve that problem by mixing
in twice the halfwave voltage .

If you decide to build the fu ll
wave rectifier, it 's a good idea to
use a 747, which has two 741's in a
single IC package. R-E
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How it works
The circuit's theory of operation

is similar to th at of a diodes-onl y
rectifier. During the negative half
of th e AC cycle the output of the
741 forward biases D2 and current
flows only throu gh t hat diode.
During the positive half of the in
put swing, however, D1 is forward-

specs of the 741 aren't to your lik
ing, you can just as easi ly sub 
stitute any other op-amp. Hig her
input impedance , lower offset
vo ltage, f requency limit, and slew
rate are among the facto rs you
should consider when choosing
an op-amp. Examine the require
ments of your application and
choose an appropriate device.

WHEN YOU TALK AB O UT RECTIFIERS, THE

f irst thi ng that comes to mi nd is
power supp lies, but rectifiers are
also used in many other circuits.
Converting AC to DC is necessary
in many RF circuits, and most cir
cuits that measure real-world
quantities first have to rectify sen
sor vo ltages . But even though reg
u lar diodes and bridges are
adequate for many rectifying jobs,
sometimes a different approach is
needed.

The rectifying ci rcu it you bui ld
for a power supply wi ll work per
fect ly wel l when you're eliminat
in g batteries , but i t wil l be
completely useless for RF. The rea
son is simply that the input voltage
is less than the vo ltage needed to
turn a diode on . Even small-signal
germanium diodes requ ire about
0.3 vo lts to tu rn on . That may not
seem li ke much, but, if you are
working w ith signa ls in the mi ll i
volt range , you 'll have to find an
other way to hand le the problem.

Circuit designers have two stan
dard methods of dealing with the
situat ion. They can ampli fy the AC
signal and then rectify it , or they
can do both at once with a preci 
sion rect ifier. All things con sid 
ered, the latt er method is a much
better way to get the job done.

The one-step approach to bui ld
ing a precision rectifier requires
some way of isolating the positive
and negative halve s of the incom
ing AC, but after that AC has been
ampli fied to a usable level. The cir
cuit shown in Fig. 1 is a st raightfo r
ward way of combining both am
p l ification and rect ification.

I designed the circuit with a 741
op-amp since it is cheap and read
i ly avai lable. If the performance
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STATE OF 
SOLID STATE 
Single -chip sync /sweep circuit 
A COMPLETE TELEVISION SYNC/SWEEP 

generator in a single IC package 
has been developed by RCA's Sol- 
id State division. The CA3218E Ver- 
tical- Countdown Digital -Sync Sys- 
tern is a significant advance over 
the sync and sweep circuits that 
have been recognized as industry 
standards for more than a decade. 
The IC is designed for operation in 
525 -line televisions, monitors, and 
video display equipment. The IC's 
unique vertical-countdown design 
uses a 10 -stage counter and logic 
circuits to improve noise immu- 
nity and to permit elimination of 
the vertical -hold control. 

The CA3218E also provides corn - 
posite blanking and burst -gate 
output signals that can be 
summed in a simple external RC 
network to produce the "sandcas- 
tle" waveform signal needed for 
the operation of chroma and lumi- 
nance circuits in color -TV re- 
ceivers. 

The device works with both 
standard and non -standard sync 
signals. An automatic mode -rec- 
ognition circuit forces the IC to 
operate in the non -synchronous 
mode when the incoming corn - 
posite video signal has a scanning 
rate other than the standard 60 -Hz, 

ROBERT F. SCOTT 
SEMICONDUCTOR EDITOR 

525 -line format. The CA3218E 
might be used in a circuit like the 
one shown in Fig. 1. 

How it works 
The IC's internal master os- 

cillator is controlled by an external 
RC network that is connected to 
pin 5. The oscillator runs at eight 
times the horizontal rate. The sig- 
nal is divided several times and fed 
to other portions of the IC. For 
example, a divide -by -8 output 
goes to the horizontal amplifier 
output (pin 8). A phase -locking 
AFC circuit controls the precise 
frequency of the master oscillator. 
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A COMPLETE TELEVISION SYNC/SWEEP

generator in a single IC package
has been developed by RCA's Sol
id State division . The CA3218E Ver
tical-Countdown Digital-Sync Sys
tem is a significant advance over
the sync and sweep circuits that
have been recognized as industry
standards for more than a decade.
The IC is designed for operation in
525-line televisions , monitors, and
video display equipment. The lC's
unique vertical-countdown design
uses a 10-stage cou nter and .Iogic
circuits to improve noise irnmu
nity and to permit elimination of
the vertical-hold control .

The CA3218E also provides com
posite blanking and burst-gate
output signals that can be
summed in a simple external RC
network to produce the "sandcas
tie" waveform signal needed for
the operation of chroma and lumi
nance circuits in color-TV re-
ceivers. .

The device works with both
standard and non-standard sync
signals . An automatic mode-rec
ognition circuit forces the IC to
operate in the non-synchronous
mode when the incoming com
posite video signal has a scanning
rate other than the standard 60-Hz,

525-line format. The CA3218E
might be used in a circu it like the
one shown in Fig. 1.

How it works
The lC's internal master os

cillator is controlled by an external
RC network that is connected to
pin 5. The oscillato r runs at eight
times the horizontal rate. The sig
nal is divided several times and fed
to other portions of the lC. For
example, a divide-by-8 output
goes to the horizontal amplifier
output (p in . 8). A phase-locking
AFC circuit controls the preci se
frequency of the master oscillator.
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The horizontal ramp signal input 
(pin 2) is derived from the flyback 
pulse that appears at pin 15. Then 
it's fed to a phase detector where it 
is compared to the horizontal sync 
fed in at pin 3. The phase detector 
generates a correction voltage that 
keeps the master oscillator phase - 
locked to the correct frequency. 

Divide -by -2 and divide -by-4 out- 
puts of the horizontal divider drive 
the 10 -stage vertical counter. The 
digital countdown system and as- 
sociated logic circuits provide 
good noise immunity and elimi- 
nate the need for a vertical -hold 
control. 

The GAIN /WINDOW input (pin 10) 

is a logic input that controls the 
vertical -sync "window" during 
which the system looks for the oc- 
currence of a vertical -sync pulse 
on the incoming signal. 

Upon receipt of the 464th or the 
512th clock pulse (according to 
whether pin 10 is low or high, re- 
spectively), the vertical -sync win- 
dow is "opened." The end of the 
sync window is marked by the ar- 
rival of the 568th or the 592nd 
pulse, again according to whether 
pin 10 is high or low. 

If the incoming vertical -sync 
pulse coincides regularly with the 
525th clock pulse, vertical blank- 
ing and sweep signals are gener- 
ated in the standard sync mode. If 
the incoming vertical sync does 
not coincide with the 525th clock 
pulse or if it is masked by noise, 
the 10 -stage counter continues to 
supply an output at the 525th clock 
pulse. A three -bit counter counts 
the number of consecutive fields 
during which a sync pulse does 
not arrive simultaneously with the 
525th clock pulse. If a sync pulse 
does not coincide with the 525th 
clock pulse for eight consecutive 
fields, the 3 -bit counter activates a 

circuit that switches operation 
to non -standard sync. 

When the circuit operates in the 
non -standard sync mode, the in- 
coming vertical pulse initiates ver- 
tical sweep when the input pulse 
coincides with any clock pulse 
within the sync window except the 
525th. If no vertical -sync pulse ar- 
rives during the window time, the 
system freewheels at a frequency 
determined by the 568th or 592nd 
clock pulse, depending on the 
state of pin 10. 

The CA3218E generates a com- 
posite blanking signal and a burst - 
gate keying pulse at pins 12 and 16, 
respectively. Those signals can be 
summed in a simple external re- 
sistive network (R13, R14, and R15 
in Fig. 1) to produce the "sandcas- 
tle" signal that is used to drive 
chroma/luminance IC's like RCA's 
CA3220E. The CA3218E also gener- 
ates an inverted horizontal sync 
signal (at pin 13) that can be used to 
drive the CA3224E Automatic Pic- 
ture Tube Bias IC. 

The CA3218E costs $2.00 each in 
100 -piece lots. For further informa- 
tion, and a copy of the data sheet 
(File No. 1637), write to RCA Solid 
State, P.O. Box 2900, Somerville, NJ 

08876. 

Power supply design aid 
Ferranti Semiconductors has 

made available its Power Supply 
Design Pack that includes informa- 
tion on its Super E -Line, High -volt- 
age Super E -Line, and MOSFET 
transistors. To receive the design 
pack, contact Ferranti Electric, Inc., 
87 Modular Avenue, Commack, 
NY 11725. 

Learn the IBM PC's secrets with the 

MICROPROFESSOR I/88 

Students, engineen, or technicians - 
Now you can kam micro- processing and 
understand the technology which made 
the IBM PC famous. 
The MPF -U88 features: 

extensive documentation 
16 -bit central processor 
full-size keyboard 
special options 
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The ideal training tool! If the IBM PC or 
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response and multiple logic state in- 
dican at a very low price. Hi. Lo. Pulse. 
Open or Bad level indication with unambigu- 
ous LED displays are guaranteed to capture 
50 MHz signals, 80 MHz is typical Pulse me- 
mory latch TTL cs CMOS threshold switch 
and over/under voltage indication provide 
application flexibility. The PLS -500 pulsa 
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single or continuous pulse is switch selecta- 
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tions Automatic pulse stretching Pulse 
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The PRB·50 is a break through: high Ire
quency response and multiple logic state in
dications at a very low price. Hi, La, Pulse,
Open or Bad level indication with unambigu
ous LED displays are guarant eed to cap ture
SO MHz signals, 80 MHzis typical . Pulse me
mory latch, TTL or CMOS threshold switch
and over/under voltage indicat ion provide
application flexibility. The PLS-SOO pulser
compliments the logic probe , PRB-SO. A
single or continuous pulse is switch selecta
b�e . The SYNCOUTand EXTSYNC terminals
allow trigge ring or triggered responses.
PRB-50: DC to SO MHz(80 MHztypical) • 10
nsec pulse res ponse Hi, La, Pulse indica
tions • Automatic pulse stretching • Pulse
latching memory • Switchable thresholds .
PLS-500: Switchable 0.5 HzlSOO Hz rate • 2
usec pulse width . 1000 rnA (I amp) output
• Automatic ou tput voltage . Circuit
power ed . Detachable power cord.
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• ~ r,j" - - ' 

I VISA., J ~ _ . a

Full money back
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Students, engineers, or technicians
Now you can learn m icro-processing and
understand the technology which made
the IBM P C famous.
T he MPF·I/88 fea tures:
• ex tens ive docume ntation
• 16-bit centra l processor
• full-size keyboard
• specia l options

Three tuto rial guides cov er all capabilities.
The ideal train ing tool! If the IBM PC or
m icro- processing are in your fut ure , you owe
yourself an MPF-I/88. Invest now!
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The CA3218E generates a co m
posite blank ing signal and a burst
gate key ing pulse at pin s12 and 16,
respectively. Those signals can be
summed in a simp le external re
sist ive network (RB , R14, and R15
in Fig. 1) to produce th e "sandcas
t ie" sig nal t hat is used to dr ive
chroma/luminance lC's like RCA's
CA3220E. The CA3218E also gen er
ates an inver ted ho rizo ntal sync
signal (at pin 13)th at can be used to
drive the CA3224E Automatic Pic
tu re Tub e Bias ic.

The CA3218E costs $2.00 each in
100-piece lots. For further informa
tion , and a copy of the data sheet
(File No . 1637), w rite to RCA Solid
State, P.O. Box 2900, Some rville , NJ
08876.

Powe r supply design aid
Ferranti Sem icon ductors has

made available its Power Supp ly
Design Packthat includes in for ma
tion o n its Supe r E-Line , High-vol t
age Supe r E-Line, and MOS FET
t ransisto rs. To receive the design
pack, co ntact Ferranti Elect ric, Inc.,
87 Mod u lar Avenue, Co mmack,
NY 11725.

Th e horizon tal ramp signal in put
(pi n 2) is derived fro m the flyback
pulse th at appea rs at pin 15. Then
it's fed to a phase detector where it
is compared to the horizon tal sync
fe d in at pi n 3. The phase detector
generates a co rrection vo ltage that
keeps th e master oscillator ph ase
locked to the correct frequency.

Divid e-by-2 and divide-by-4 out
putsof th e hori zontal divid er drive
th e 10-stage vertical counter. The

. d igital countdown system and as
sociated lo gi c circuits provid e
goo d noise immunity and elimi
nate the need for a vert ical-ho ld
control.

The GAIN/VYIN DOW input (pin 10)
is a logic input that controls the
vertical-sync " w indow " du rin g
which the system looks fo r th e oc
currence of a vertical-sync pul se
on the inc oming signal.

Upon receipt of t he 464th o r the
51 2th cl ock pulse (accord ing to
wheth er pin 10 is low or high , re
specti vely), th e verti cal-sync win
dow is " opened ." The end of th e
sync window is marked by the ar
rival of th e 568t h o r th e 592nd
pulse, again according to w hether
pin 10 is high or low.

If th e incom in g vertical- syn c
pulse coincides regularly w ith th e
525th clock pu lse, vertical bl ank
in g and sweep signals are gener
ated in th e standard sync mode. If
the incomin g vertical sync does
not coincide with the 525th clock
pulse or if it is masked by nois e,
the 10-stage counter con tinues to
supply an output at the 525th clock
pul se. A three-bit counter co unts
th e number of co nsecut ive f ields
during w hich a sync pul se does
not arrive simultaneously with the
525th clo ck puls e. If a sync pulse
does not coincide with the 525th
clock pulse for eight con secutive
fields, th e 3-bit counter acti vates a
circu it that sw itches o perat ion
to non- stand ard sync.

Wh en the circuit operates in the
non-standard sync mode, the in
coming verti cal pul se ini ti ates ver
ti cal sweep w hen the input pulse
coincid es with any cl ock pul se
within the sync window except the
525th. If no vert ical-sync pulse ar
riv es during the window time, t he
syste m freew heels at a f requency
d etermined by the 568th or 592nd
clock pulse, depending o n th e
state of pin 10.

CIRCLE 178 ON FREE INFORMATION CARD CIRCLE 189 ON FREE INFORMATION CARD
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ROBOTICS 

Pet robots? 

WE'VE SPENT SEVERAL MONTHS DIS- 

cussing the hardware necessary to 
build robots. The most common 
applications for the type of robot 
we've been talking about include 
automatic assembly equipment 
and material transport. However, 
an entirely different type of ap- 
plication is emerging. 

As anyone who has ever walked 
by a pet store can see, the pet in- 
dustry in America is thriving. And 
the price for a well -bred dog can 
be astronomical. Why do people 
pay those prices? Companionship. 

For example, a good dog is soft 
and furry, and he'll come to you 
when he is called. Left to himself, 
he'll fend for himself. Command- 
ing him to speak yields a healthy 
bark. You can play fetch with him, 
and maybe he'll even bring the 
morning paper to you. Strangers 
will be sensed, "announced," and 
perhaps chased away. 

To obtain those benefits all you 
have to do is provide a comfort- 
able environment for your dog to 
live in. You must regulate the tem- 
perature, provide clean, fresh 
drinking water, and provide food. 
It doesn't hurt to clean your dog 
occasionally; otherwise you may 
find yourself caring for several 
dozen little pet insects as well. 

What's all that got to do with 
robots? It appears, using tech- 
nology that is available today, that 
it is possible to build a pet robot 
that can do most of the things we 
value our pet dog for. Of course 
there will be limitations. The robot 
won't be able to jump or catch a 
stick in mid air, but it could fetch 
the morning paper, provided the 
paper could be found in the same 
place every day. (And no pooper- 
scooper is required.- Editor) 

A new company called Axlon 
(1287 Lawrence Station Rd., Sun- 
nyvale, CA 94089) is first to apply 
robotics to the pet market. Their 
product is a "cat" named Petster. It 
is soft and furry, and it will come to 
you when you call. It purrs and its 
LED eyes blink. When you leave it 
alone, it finds a cozy place to relax 
and falls asleep. Clapping is used 
to communicate with the "beast." 

FIG. 1 

Sound too good to be true? It 
actually exists. I, and my family, 
which includes two girls, six and 
nine years of age, had the pleasure 
of testing one recently. Because 
the man -machine interface is not 
perfect, there are times when Pe- 
tster does the opposite of what 
you command. But isn't that some- 
times the case with a real pet? The 
limitations of the technology 
provide the unpredictability of a 
real pet. 

Petster is based on a single -IC 
microprocessor that processes 
sounds picked up by its on -board 
microphone. Two small motors 
provide locomotion for the toy. 

There is now a deluxe version 
available, shown in Fig. 1, that 
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purrs when you pet it, and that 
includes an electronic leash that 
allows you to take Petster for a 

walk. It can avoid obstacles picked 
up by an internal sensor. That's the 
same type of technology we've 
been talking about here. 

A more serious use 
Where will that technology 

lead? Another product recently 
announced by Axlon attempts to 
solve a problem of growing nation- 
al concern. Thousands of children 
disappear each year. Those of you 
who are parents undoubtedly re- 
member the sinking feeling you 
have when you are separated from 
your child in a shopping mall. And 
perhaps you have wondered 
whether a technological solution 
to the problem could be found. 

Axlon's S.O.S Bear is one at- 
tempted solution. Inside the bear 
is a radio transmitter that main- 
tains contact with a receiver -alarm 
unit carried by the parent. If the 
child and the bear wander too far 
from the parent, the alarm sounds. 

How far is too far? In a relatively 
quiet area such as a back yard or an 
open field, the unit allows a max- 
imum separation of about fifty 
feet. But in a crowded shopping 
center, an internal sound -level de- 
tector automatically compensates 
and sounds the alarm when the 
distance between parent and child 
exceeds ten feet. 

One problem with that scheme 
is this: What happens if the child 
and the bear are separated, as 
might happen in the case of a 

forced abduction? A solution 
might be to tether the bear to a 
battery pack attached to the child's 
clothing. Loss of the signal would 
then trigger the alarm. R -E 

ROBOTICS

Pet robots?
WE'VE SPENT SEVERAL MONTHS DiS

cussing the hardware necessary to
build robots. The most common
applications for the type of robot
we've been talking about include
automatic assembly equipment
and material transport . However,
an entirely different type of ap
plication is emerging.

As anyone who has ever walked
by a pet store can see, the pet in
dustry in America is thriving. And
the price for a well-bred dog can
be astronomical. Why do people
pay those prices? Companionship.

For example, a good dog is soft
and furry, and he'll come to you
when he is called. Left to himself,
he'll fend for himself. Command
ing him to speak yields a healthy
bark . You can play fetch with him,
and maybe he 'll even bring the
morning paper to you. Strangers
will be sensed, "announced," and
perhaps chased away.

To obtain those benefits all you
have to do is provide a comfort
able environment for your dog to
live in. You must regulate the tem
perature, provide clean, f resh
drinking water, and provide food .
It doesn't hurt to clean your dog
occasionally; otherwise you may
find yourself caring for several
dozen little pet insects as well.

What's all that got to do with
robots? It appears, using tech
nology that is available today, that
it is possible to build a pet robot
that can do most of the things we

(f) value our pet dog for. Of course
~ there will be limitations. The robot
~ won't be able to jump or catch a
o stick in mid air, but it could fetch
~ the morning paper, provided the
w
o paper could be found in the same
is place every day. (And no pooper
C? scooper is required.-Editor)
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A new company called Axlon
(1287 Lawrence Station Rd., Sun
nyvale, CA 94089) is first to apply
robotics to the pet market. Their
product is a "cat" named Petster. It
is soft and fu rry, and it wi II come to
you when you call. It purrs and its
LED eyes blink. When you leave it
alone, it finds a cozy place to relax
and falls asleep. Clapping is used
to communicate with the " beast. "

FIG.1

Sound too good to be true? It
actually exists . I, and my family,
which includes two girl s, six and
nine years of age, had the pleasure
of testing on e recently. Because
the man-machine interface is not
perfect, there are times when Pe
tster does the opposite of what
you command. But isn't that some
times the case with a real pet? The
limitation s of the technology
provide the unpredictability of a
real pet.

Petster is based on a single-IC
microprocessor that p rocesses
sounds picked up by its on-board
microphone. Two small motors
provide locomotion for the toy.

There is now a deluxe version
available, shown in Fig. 1, that

purrs when you pet it, and that
includes an electronic leash that
allows you to take Petster for a
walk . It can avoid obstacles picked
up by an internal sensor. That's the
same type of technology we've
been talking about here.

A more serious use
Where will that technology

lead? Another product recently
announced by Axlon attempts to
solve a problem of growing nation
al concern. Thousands of children
disappear each year. Those of you
who are parents undoubtedly re
member the sinking feeling you
have when you are separated from
your child in a shopping mall. And
perhaps you have wondered
whether a technological solution
to the problem could be found.

Axlon's 5.0.5 Bear is one at
tempted solution. Inside the bear
is a radio transmitter that main
tains contact with a receiver-alarm
unit carried by the parent. If the
child and the bear wander too far
from the parent, the alarm sounds.

How far is too far? In a relatively
quiet area such asa back yard or an
open field, the unit allows a max
imum separation of about fifty
feet. But in a crowded shopping
center, an internal sound-level de
tector automatically compensates
and sounds the alarm when the
distance between parent and child
exceed s ten feet.

One problem with that scheme
is this: What happens if the child
and the bear are separated , as
might happen in the case of a
forced abduction? A solution
might be to tether the bear to a
battery pack attached to the child's
clothing . Loss of the signal would
then trigger the alarm. R-E
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SATELLITE TV 

Black -box descrambling 
SOME YEARS AGO A GROUP OF CLEVER 

college students dedicated them- 
selves to learning how the long - 
distance telephone network 
works. Once they figured it out, 
they began building "blue boxes" 
with the capability of bypassing 
toll -call record -keeping systems. 
The magic boxes allowed a person 
to dial any number he or she wish- 
ed, at any time, without incurring 
any long- distance charges. Natu- 
rally, many people enjoyed stick- 
ing it to Ma Bell, but Ma Bell lost a 

great deal of money and set out to 
discover what was happening. 

Eventually the persons involved 
were caught, and, even though 
several publications had already 
printed complete descriptions of 
the circuitry involved, the practice 
all but died out. That's because the 
risk of discovery, and the penalties 
that could be incurred, were great- 
er than the rewards that might be 
gained. 

We now have a similar situation 
in TVRO. As reported last time, 
HBO and Cinemax began trans- 
mitting scrambled signals after the 
first of the year. The basic system is 

outlined in Fig. 1; note that, at the 
receiving end, the input to the de- 
scrambler can be either the 70- 
MHz output of a downconverter, 
or a baseband video signal. MIA- 
Corn has designed different de- 
scramblers to handle both kinds of 
signal. 

Since HBO and Cinemax began 
scrambling, Super Station WOR 
has joined the ranks of the 
scramblers; and more broad- 
casters will undoubtedly follow. 
As you might suspect, several 
firms and individuals have begun 

'Editor -in- Chief, Coop's Satellite Digest 
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working on breaking the scram- 
bling system. Is that legal? 

Cloudy legalities 
The situation is unclear at this 

time. New telecommunications 
legislation was signed into law in 
the fall of 1984 by President Re- 
agan; that legislation deals with 
the theft of telecommunication 
signals. What is considered theft? 
If you use a transmission that is 
private, and not intended for you, 
then under the new law you are 
stealing that communication. 

In addition, the 1984 law consid- 
ers you an accessory to such theft 
if you help someone else receive 
private signals, either by teaching 
him how to do it, or by providing 
him with equipment to do it. So, 
for example, if you figure out how 
to descramble the HBO satellite 
feed and share hardware or even 
information with a second party, 
you may be in violation of the law. 
Section 705 of the 1984 Communi- 
cations Act provides for significant 

BOB COOPER, JR.,* 
SATELLITE -TV EDITOR 

financial penalties and possible 
imprisonment for violations. Fur- 
ther, the penalties are greater if 
you are involved in a theft -related 
business -such as building and 
selling descramblers. 

Those potential penalties 
haven't deterred a few hardy 
souls. Advertisements are appear- 
ing that offer assembled de- 
scramblers as well as plans and kits 
of parts. The legality of those offer- 
ings has not been determined yet, 
but, as potential purchasers of de- 
scrambling products, you should 
be aware of the special circum- 
stances involved here. The law was 
not very clear prior to the new leg- 
islation; it is more clear now than it 
was, but the courts have yet to test 
the new laws. 

The technical end 
To date, a number of interesting 

tricks have been offered to beat 
HBO's scrambling system. I'll de- 
scribe several of the most com- 
mon systems; they should serve as 
a warning, in case you're consider- 
ing buying a black -box de- 
scrambler. 

A series of booklets are being 
sold, some for as much as $50, that 
claim to disclose circuits that can 
beat the MIA -Com Videocipher 
scrambling system. I have read all 
the books I could get my hands 
on, and in no case does the solu- 
tion offered descramble the audio 
signal. Video descrambling on 
HBO is really simple, since the po- 
larity of the video waveform has 
been inverted, and the sync pulses 
have been retarded. All you have 
to do is re -invert the signal and 
regenerate the sync. And you 
don't have to buy a $50 booklet to 
find out how to do that! 

c z 
m 

75 

SATELLITE TV

Black-box descrambling
BOB COOPER, JR.,*

SATELLITE-TV EDITOR

b

FIG.l

<0co
Ol

c.,
c
z
m

The technical end
To date, a number of interesting

tricks have been offered to beat
HBO's scrambling system. I'll de
scribe several of the most com
mon systems; they should serve as
a warning, in case you're consider
ing buying a black-box de
scrambler.
• A series of booklets are being
sold, some for as much as$50, that
claim to disclose circuits that can
beat the MIA-Com Videocipher
scrambling system. I have read all
the books I could get my hands
on, and in no case does the solu
tion offered descramble the audio
signal. Video descrambling on
HBO is reallysimple, since the po
larity of the video waveform has
been inverted, and the sync pulses
have been retarded. All you have
to do is re-invert the signal and
regenerate the sync. And you
don't have to buy a $50 booklet to
find out how to do that!

financial penalties and possible
imprisonment for violations. Fur
ther, the penalties are greater if
you are involved in a theft-related
business-such as building and
selling descramblers.

Those potential penalties
haven't deterred a few hardy
souls. Advertisements are appear
ing that offer assembled de
scramblers aswell asplans and kits
of parts. The legality of those offer
ings has not been determined yet,
but, as potential purchasers of de
scrambling products, you should
be aware of the special circum
stances involved here. The law was
not very clear prior to the new leg
islation; it is more clear now than it
was, but the courts have yet to test
the new laws.
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working on breaking the scram
bling system. Is that legal?

Cloudy legalities
The situation is unclear at this

time. New telecommunications
legislation was signed into law in
the fall of 1984 by President Re
agan; that legislation deals with
the theft of telecommunication
signals . What is considered theft?
If you use a transmission that is
private, and not intended for you,
then under the new law you are
stealing that communication.

In addition, the 1984 law consid
ers you an accessory to such theft
if you help someone else receive
private signals, either by teaching
him how to do it, or by providing
him with equipment to do it. So,
for example, if you figure out how
to descramble the HBO satellite
feed and share hardware or even
information with a second party,
you may be in violation of the law.
Section 705 of the 1984 Communi
cations Act provides for significant"Editor-in-Chief. Coop's Satellite Digest

SOME YEARS AGO A GROUP OF CLEVER

college students dedicated them
selves to learning how the long
distance telephone network
works. Once they figured it out,
they began building "blue boxes"
with the capability of bypassing
toll-call record-keeping systems.
The magic boxes allowed a person
to dial any number he or she wish
ed, at any time, without incurring
any long-distance charges. Natu
rally, many people enjoyed stick
ing it to Ma Bell, but Ma Bell lost a
great deal of money and set out to
discover what was happening.

Eventually the persons involved
were caught, and, even though
several publications had already
printed complete descriptions of
the circuitry involved, the practice
all but died out. That's because the
risk of discovery, and the penalties
that could be incurred, were great
er than the rewards that might be
gained .

We now have a similar situation
in TVRO. As reported last time,
HBO and Cinemax began trans
mitti ng scrambled signals after the
fi rst of the year. The basic system is
outlined in Fig. 1; note that, at the
receiving end, the input to the de
scrambler can be either the 70
MHz output of a downconverter,
or a baseband video signal. M/A
Com has designed different de
scramblers to handle both kinds of
signal.

Since HBO and Cinemax began
scrambling, Super Station WOR
has joined the ranks o f the
scramblers; and more broad 
casters will undoubted ly follow.
As you might suspect, several
firms and individuals have begun
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Kits, as well as wired and tested 
units, are being offered from a 

company in Canada. The company 
claims that you'll never have to pay 
a monthly fee for HBO after you 
purchase their descrambler. The 
kits are not yet available, and the 
wired and tested unit we saw was 
simply a M/A -Com Videocipher 
circuit mounted in a different cab- 
inet to disguise its origins. 

Cleverly, the company enrolls 
the subscriber in HBO's normal 
service for several months. When 

that subscription lapses the user is 
left with a descrambler that works 
like the legitimate M/A -Com de- 
scramblers: when you pay for ser- 
vice, you'll be able to receive 
descrambled signals. 

Circuit wizards are looking into 
modifying the specially- encoded 
IC's in each Videocipher so that 
you can bypass HBO's scrambling 
permanently. I don't know if such 
"bypassing" is indeed possible, 
but I'd be shocked if M/A -Com left 
such a gaping hole in their security 

IF YOU need to know the latest status of satellite TV scrambling, call this 
number for a free informational update of SCRAMBLE - FAX '' from Bob 
Cooper's CSD Magazine. Twenty -four hours per day, you can find out 
the lastest information concerning which services are scrambling, the 
type of scrambling system being utilized, plus the availability and source 
pricing for descrambler units. SCRAMBLE -FAX has been designed to 
help end the confusion over satellite TV scrambling. 

SCRAMBLE -FAX helps you as a retailer or heavy user of TVRO stay 
abreast of the fast -changing satellite scrambling evolution. These con- 
stantly updated audio news reports capsulize into a three minute call the 
latest inside information on scrambling. SCRAMBLE -FAX Audio Re- 
ports' are compiled from the pages of the SCRAMBLE -FAX News 
Bulletin printed reports now being issued by CSD Magazine on a routine 
basis. SCRAMBLE-FAX 'Audio Reports' are intended to supplement 
the comprehensive written reports in the SCRAMBLE -FAX News 
Bulletin from CSD Magazine. but are available to anyone capable of 
dialing 305 -771 -0575. 

OR ORDER your own SCRAMBLE -FAX News Bulletin today by com- 
pleting the coupon below OR with your VISA or Mastercharge card 
handy, call 305 -771 -0505 for your AIRMAIL copy of SCRAMBLE -FAX 
News Bulletin . The 'Bulletin' provides concise data on everything from 
receiver test data for Videocipher descrambler compatibility to insider 
reports on black box descramblers and satellite service scrambling 
schedules and progress. The SCRAMBLE -FAX News Bulletin is 
issued periodically in updated form and is sold to you on a per -copy basis 
with convenient order form for the next updated issue. Users however 
are assured of a constantly self- updating format by using the SCRAM- 
BLE -FAX telephone 'hotline' service at 305 -771 -0575. 

SEND ME SCRAMBLE -FAX NEWS BULLETIN! 
$10 enclosed (check or money order) 
for the latest AIRMAIL transmitted 
SCRAMBLE -FAX News Bulletin. 
Charge my VISA Mas- 
tercharge card number 

expiring 
$10 and send the latest SCRAMBLE- 
FAX News Bulletin via AIRmail. - 

My Name (as it appears on VISA Mastercharge 
771 

card if applicable) - 
Address- 

Town- State- Zip- 

Order From: CSD Magazine, P.O. Box 100858. 
Ft. Lauderdale, FI. 33310 
305 771 -0505 weekdays from 9AM 
to 4PM Eastern. 

0575 
Call It! 

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 selling 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 concerning the changeover to 
scrambling in the satellite 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. 

system; it's an open invitation to 
being cracked. 

It seems that vendors of pres- 
ently- available non -authorized de- 
scramblers are vultures preying on 
people's desire to get something 
for nothing from HBO and from 
other programmers. In fact, it's 
such an emotional issue that peo- 
ple who normally exhibit good, 
common buying sense are throw- 
ing caution to the winds and buy- 
ing anything that promises to beat 
the system. But, as I write this, I 

have yet to see any gadget or cir- 
cuit that will recover both the 
scrambled video and the 
scrambled audio from either the 
M/A -Com Videocipher or the Oak 
Orion descrambling systems. 

So, spend your money wisely, 
and if you like to play with chal- 
lenging new technology, have at it. 
Who knows, you could be the first 
to break the digital audio scram- 
bling system that is the current 
rage in commercial telecom- 
munications! R -E 

This publication 
is available 
in microform 
from University 
Microfilms 
International. 
r:eV Ioü.rree 800.521.3 44 In Michigan. 
Alada end Hawau call collect 313-761.4700. Or 
mild inquiry to University Microfilms International. 
100 North 7eeh Roed, Ann Arbor. W 48106. 

Interested in TVRO?

Call toll-free 800-521 -3044. In Michigan. _
Alaska and Hawaii call collect 313-761-4700. Or
mail inquiry to: University Microfilms International.
300 North Zeeb Road . Ann Arbor. MI 48106.

This publication
is available
in microform
from University
Microfilms
International.

For nearly two years Bob Cooper has
provided a no-charge kit of printed mate
rials that describes the challenges of and
opportunities in selling 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 concerning the changeover to
scramb ling in the satellite communica
tions industry. Information describing sat
ellite rece ivers tested for scrambling
compatibility, sources for authorized de
scramblers, wholesale rates of scram
bling equipment and services-all are
provided on the SCRAMBLE FAXhotline.
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.

system; it's an open invitation to
being cracked.

It seems that vendors of pres
ently-available non-authorized de
scramblers are vultures preying on
people's desire to get something
for nothing from HBO and from
other programmers. In fact, it's
such an emotional issue that peo
ple who normally exhibit good,
common buying sense are throw
ing caution to the winds and buy
inganything that promises to beat
the system. But, as I write this, I
have yet to see any gadget or cir
cuit that will recover both the
scrambled video and the
scrambled audio from either the
MIA-Com Videocipher or the Oak
Orion descrambling systems.

So, spend your money wisely,
and if you like to play with chal
lenging new technology, have at it.
Who knows, you could be the first
to break the digital audio scram
bling system that is the current
rage in commercial telecom
munications! R-E

Call It!

305
771
0575

that subscription lapses the user is
left with a descrambler that works
like the legitimate MIA-Com de
scramblers: when you pay for ser
vice, you'll be able to receive
descrambled signals.
• Circuit wizards are looking into
modifying the specially-encoded
IC's in each Videocipher so that
you can bypass HBO's scrambling
permanently. I don't know if such
"bypassing" is indeed possible,
but I'd be shocked if MIA-Com left
such a gaping hole in their security

Zip-State-

Order From: CSD Magazine, P.O. Box 100858,
Ft. Lauderdale, FI. 33310
305/771-0505 weekdays fromgAM
to 4PM Eastern.

Town-

Address-

IF YOU need to know the latest status of satellite TV scrambling, call this
number for a free informational update of SCRAMBLE-FAX@ from Bob
Cooper's CSD Magazine. Twenty-four hours per day, you can find out
the lastest information concerning which services are scrambling, the
type of scrambling system being utilized, plus the availability and sourcel
pricing for descrambler units . SCRAMBLE-FAX@ has been designed to
help end the confusion over sate llite TV scrambling.

SCRAMBLE-FAX® helps you as a retailer or heavy user of TVRO stay
abreast of the fast-changing satellite scrambling evolution . These con
stantly updated audio news reports capsul ize into a three minute call the
latest inside information on scrambling. SCRAMBLE-FAX® 'Audio Re
ports' are compiled from the pages of the SCRAMBLE-FAX® News
Bulletin printed reports now being issued by CSD Magaz ine on a routine
basis. SCRAMBLE-FAX® 'Aud io Reports' are intended to supplement
the comprehensive written reports in the SCRAMBLE-FAX News
Bulletin® from CSD Magazine, but are avai lable to anyone capable of
dialing 305-771-0575.
OR ORDER your own SCRAMBLE-FAX News Bulletin ® today by com
pleting the coupon below OR with your VISA or Mastercharge card
handy , call 305-771-0505 for your AIRMAIL copy of SCRAMBLE-FAX
News Bulletin®. The 'Bulletin' provides concise data on everything from
receiver test data for Videocipher desc rambler compatibility to insider
reports on black box descramblers: and satel lite service scrambling
schedules and progress. The SCRAMBLE-FAX News Bulletin@' is
issued periodically in updated form and is sold to you on a per-copy basis
with convenient order form for the next updated issue . Users however
are assured of a constantly self-updating format by using the SCRAM
BLE-FAX telephone 'hotline' service at 305-771-0575.

SEND ME SCRAMBLE-FAX NEWS BULLETIN!
___ $10 enclosed (check or moneyorder)

for the latest AIRMAIL transmitted
SCRAMBLE-FAX News Bulletin.

_ __ Charge my _ _ VISA _ _ Mas-
tercharge card number-----
_ ___ , expiring _
$10 and send the latest SCRAMBLE
FAX News Bulletin via AIRmail.

My Name (as it appearson VISNMastercharge
card if applicable) -

• Kits, as well as wired and tested
units, are being offered from a
company in Canada. The company
claims that you'll never have to pay
a monthly fee for HBO after you
purchase their descrambler. The
kits are not yet available, and the
wired and tested unit we saw was
simp ly a MIA-Com Videocipher
circuit mounted in a different cab
inet to disguise its origins .

Cleverly, the company enrolls
the subscriber in HBO's normal
service for several months. When
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Try us once and you'll know why 

we're the best satellite 
TV program guide you can buy ... 

Request a free sample today! 
Let us be your guide to better accuracy of weekly listings for 

over 100 channels, better movie information, more sports 

coverage, financial advice. world news, arts and entertainment. 

Let us be your guide to world -wide entertainment. 
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ASK R -E 

continued from page 8 

surge can cause an annoying 120 - 
hertz buzz on nearby AM radios, 
and it may interfere with the oper- 
ation of some types of electronic 
equipment. 

For example, consider the high - 
current incandescent lamps that 
are used in traffic -control signals 
and movie projectors. When 
power is applied at any instant 
other than the zero -crossing, the 
lamp's filament is cold and its re- 
sistance is low. The resulting in- 
rush of current is typically ten to 
twenty times the steady -state val- 
ue. 

FIG. 1 

Further, thyristors (SCR's and tri- 
acs) used in solid -state relays, 
electronic light dimmers, heater 
controls, and small -appliance 
speed controls vary applied power 
by varying the phase angle over 
which that power is applied. When 
power is applied to the device for a 

period less than 180 degrees, the 
load current rises abruptly, and 
that may shorten the life of the 
thyristor, as well as that of the con- 
trolled device. Radio -frequency' 
interference may also occur. 

Those problems are reduced or 
eliminated by using a zero -voltage 
switch. Those devices are used in a 

variety of products, including the 
BSR remote control system. Typ- 
ical switches now come in IC form, 
like the CA3059, available from 
RCA and Motorola, TI's TL4400, 
and the OPI3030 series from TRW 
Optron. The latter include opto- 
isolators in addition to the zero - 
voltage switch. R -E 
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Furth er, thy ristors (SCR's and t ri
acs) used in so l id-st ate rel ays,
elec t ro nic li ght d immer s, heater
co n t ro ls, an d sm al l -ap p l ia nce
speed co nt ro ls vary applied power
by varying th e ph ase ang le over
w hich that power is applied. W hen
power is applie d to th e devi ce for a
peri od less t han 180 degrees, the
load cu rrent ri ses abruptly, and
that may shorten the li fe of the
thyristor, aswell as that of the con
tro lled device. Rad io- fr equ en cy
inter ference may also oc cur.

Those problem s are redu ced or
eliminated by usin g a zero-vol tage
switch. Those devices are used in a
vari ety of product s, includ in g the
BSR rem ote control syste m. Typ
ical switches now come in IC form,
li ke th e CA3059, avail abl e fro m
RCA and M oto rol a, TI 's TL4400,
and th e OPI3030 series from TRW
Optron . The latt er incl ude opto 
isol ators in addition to the ze ro
vo ltage sw itch. R-E

surge can cause an annoying 120
hertz buzz on nearby AM radios,
and it may interfere with the oper
at io n of some types of electron ic
equipme nt.

For examp le, co nside r the high
curren t inca ndescent lamps th at
are used in t raff ic-contro l signals
an d movie p roj ector s. Wh en
power is app l ied at any in stan t
othe r th an the zero- crossing, th e
lamp 's f ilame nt is co ld and its re
sistance is low. The resulting in
ru sh of current is typically ten to
twenty times th e steady-state val
ue.
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ANTIQUE 
RADIOS 
Automatic tuners 
YOUNG COLLECTORS OF ANTIQUE RA- 

dios may be a little surprised at 
how advanced some early re- 
ceivers were. Many modern "inno- 
vations" are actually just ideas that 
were already popular in the early 
days of radio. For example, the au- 
tomatic tuning systems used on ra- 
dios of the 1930's and afterwards 
provided much convenience for 
early listeners. By way of contrast, 
you old- timers might remember 
having to tune each of four huge 
dials separately, and possibly sev- 
eral smaller dials. 

That's the way it was at first, but 
improvements came fast. Soon it 
became possible to control all 
those dials with a single knob. 
Next pushbutton -selection of sta- 
tions became popular. As the 
1930's progressed, at least half a 

dozen types of automatic tuners 
became available. Our antique of 
the month presents one novel ap- 
proach to the two- hands -too -few 
problem; after discussing it, we'll 
talk about other approaches. 

The Grunow Model 588 
The beautiful set shown in Fig. 1 

is a superhet that covers the broad- 
cast band and one shortwave 
band. Band -selection is accom- 
plished by the center knob in the 
group of three. Another knob is a 

tone control. The tuning dial is 
what makes this radio interesting; 
it's called a Teledial, and it's a man- 
ually- operated automatic tuner 
that made its appearance in the 
mid 1930's. Later on, similar ar- 
rangements were motorized. 

It's called a Teledial because it 
works like a rotary telephone dial. 
You push a button on the circum- 

ference of the tuning dial and then 
rotate the dial until it latches. You 
could set as many as eight dif- 
ferent "stops" on the model 588. 
The buttons are set by tuning in 
the desired station, moving the 
button to the latch gate, and then 
tightening the button. 

Against my better judgement, I 

removed the entire tuning device 
to see how it works. Removing one 
hex nut on the mounting bracket 
loosened the entire assembly and 
revealed the efficient dial lamp in 
the center of the dial. The lamp is 
accessible by removing the dial 
pointer. It's easy to string the dial 
cord. The latch -gate stops are 
mounted on steel springs which 
retract as the pin passes over the 
wedge. Some motorized tuners 
use a similar arrangement. 

The Grunow model 588 has five 
tubes, including an 80 rectifier, a 
6A7 first detector and oscillator, a 

6136 IF Amplifier, a 75 second de- 
tector, AVC and audio pre -amp, 
and, finally, a 41 power output 
tube. The set has an IF of465 kHz, a 
built -in power transformer, and 
connections for an antenna and 
ground, and it uses a dynamic 
speaker. 

Similar tuners were made by 

RICHARD D. FITCH 
CONTRIBUTING EDITOR 

Emerson, Fairbanks, Morse, Phi - 
Ico, Traveler, Erla, Wilcox Gay, and 
General Household Utilities, who 
made the Grunow. 

Pushbutton Tuners 
Of course, the Teledial is not the 

only type of automatic tuner; 
probably most popular was the 
mechanical pushbutton type, 
which can itself be broken down 
into several different types. Push- 
button tuners often use one 
switch to control power and an- 
other to select a shortwave band, 
which could then be tuned with 
the regular tuning dial. A pushbut- 
ton system like the one on some 
Trutone models was about the 
simplest and least expensive. It 
uses a system of levers and springs 
that actually turns the ganged tun- 
ing capacitor. It's easy to build and 
adjust, but it requires considera- 
ble pressure to operate the but- 
tons. 

Philco manufactured one radio 
that requires less button pressure 
than the Trutone. It works by dis- 
engaging the ganged tuning ca- 
pacitor when the pushbuttons are 
in use. The switching arrangement 
then connects a different coil in 
the circuit when the button is 
pushed. The adjusting screws of 
those coils are accessible from the 
back of the cabinet. The only prob- 
lem is that, if a set is tampered 
with, it could take a technician a 

full day to align all those coils. 
The Belmont Model 5D128, 

which was our Antique of the 
Month last time, has a mechanical 
pushbutton arrangement called 
the "Belmonter." The buttons 
make chassis removal a little tricky. 
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YOUNG COLLECTORS OF ANTIQUE RA

dios may be a little surprised at
how advanced some early re
ceivers were. Many modern "inno
vations" are actually just ideas that
were already popular in the early
days of radio . For example, the au
tomatic tuning systems used on ra
dios of the 1930's and afterwards
provided much convenience for
early listeners . By way of contrast,
you old-timers might remember
having to tune each of four huge
dials separately, and possibly sev
eral smaller dials.

That 's the way it was at first, but
improvements came fast . Soon it
became possible to control all
those dials with a single knob .
Next pushbutton-selection of sta
tions became popular. As the
1930's progressed, at least half a
dozen types of automatic tuners
became available . Our antique of
the month presents one novel ap
proach to the two-hands-too-few
problem; after discussing it, we'll
talk about other approaches .

The Grunow Model 588
The beautiful set shown in Fig. 1

is a superhet that covers the broad
cast band and one shortwave
band. Band-selection is accom
plished by the center knob in the
group of three. Another knob is a
tone control. The tuning dial is
what makes this radio interesting;

l3 it's called a Teledial, and it 's a man
z ually-operated automatic tuner
~ that made its appearance in the
G mid 1930's. Later on, similar ar
~ rangernents were motorized .
6 It's called a. Teledial because it
o works like a rotary telephone dial.
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ference of the tuning dial and then
rotate the dial until it latches. You
could set as many as eight dif
ferent "stops" on the model 588.
The buttons are set by tuning in
the desired station, moving the
button to the latch gate, and then
tightening. the button.

-------~

FIG.l

Against my better judgement, I
removed the entire tuning device
to'see how it works'. Removing one
hex nut on the mounting bracket
loosened the entire assembly and
revealed the efficient dial lamp in
the center of the dial. The lamp is
accessible by removing the dial
pointer. It's easy to string the dial
cord . The latch-gate stops are
mounted on steel springs which
retract as the pin passes over the
wedge. Some motorized tuners
use a similar arrangement.

The Grunow model 588 has five
tubes, including an 80 rectifier, a

. 6A7 first detector and oscillator, a
6D6 IF Amplifier, a 75 second de
tector, Ave and audio pre-amp,
and , finally, a 41 power output
tu be . The set hasan IFof 465 kHz, a
built-in power transformer, and
connections for an antenna and
ground, and it uses a dynamic
speaker.

Similar tuners were made by

RICHARD D. FITCH
CONTR IBUTING EDITOR

Emerson, Fairbanks, Morse, Phi
leo, Traveler, Erla, W ilcox Gay, and
General Household Utilities, who
made the Grunow. .

Pushbutton Tuners
Of course, the Teledial is not the

only type of automatic tuner;
probably most popular was the
mechanical pushbutton type,
which can itself be broken down
into several different types. Push
button tuners often use one
switch to control power and an
other to select a shortwave band,
which could then be tuned with
the regular tuning dial. A pushbut
ton system like the one on some
Trutone models was about the
simplest and least expensive. It
uses a system of levers and springs
that actually turns the ganged tun
ing capacitor. It's easy to build and
adjust, but it requires considera
ble pressure to operate the but
tons .

Philco manufactured one radio
that requires less button pressure
than the Trutone. It works by dis
engaging the ganged tuning ca
pacitor when the push buttons are
in use. The switching arrangement
then connects a different coil in
the circuit when the button is
pu shed. The adjusting screws of
those coils are accessib1e from the
back of the cabinet. The only prob
lem is that, if a set is tampered
with, it could take a technician a
full day to align all those coils .

The Belmont Model 50128/
which was our Antique of the
Month last time, has a mechanical
pushbutton arrangement called
the " Be lrno nter. " The buttons
make chassis removal a little tricky.
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You have to to remove the tuning 
knob, which is always on the side 
of the cabinet with this type of 
tuner, before removing the chassis. 

WARNING: Don't try to pry the 
tuning knob off in the usual man- 
ner. You'll break it, and then you'll 
have to glue it back together. 
There is a screw through the cen- 
ter of the knob that is covered by a 
decal or possibly by some sort of 
slug. That screw must be removed 
first. Then you can unscrew the 
chassis bolts, remove the volume 
control knob and then remove the 
chassis. Of course, it's not neces- 
sary to remove the chassis just to 
tune up the push buttons. Just 
loosen the tuning knob's lock 
screw and you'll have no problem. 

The tuning system works like 
this. There are five heart- shaped 
cams mounted on an extended 
ganged- tuning shaft. Pushing a 

button causes the roller part of the 
mechanism to rotate the cam until 
the roller part falls into the low 
spot on the cam. To set a button 
for a particular station, the station 
is tuned in with the tuning dial 
while holding down the button. 
Then the locking screw is tight- 
ened. 

Belmont's pushbuttons require 
less operating force than many 
others, due to the elimination of 
the leverage devices, and to rotat- 
ing the cams directly against the 
shaft of the tuner shaft. It's inter- 
esting to note that pushing the 
buttons of many automatic tuners 
actually requires more physical 
effort than simply rotating the tun- 
ing dial! 

Here's a few hints on how to set 
up a pushbutton tuner in an an- 
tique radio. Select only strong sta- 
tions with low noise levels. Also, 
select stations that don't drift or 
fade. And any receiver that is 
prone to frequency drift should be 
serviced before attempting to set 
up the automatic tuning system. 
Last, let the set warm up for at least 
ten minutes before attempting to 
set up the automatic tuner. Other- 
wise the station is liable to drift, so 
your work will have been in vain. 

Motor drive 
For those who didn't want to ex- 

pend the energy necessary to 
operate a pushbutton tuner, and 
whose pocketbooks could afford 

an alternative, there were motor - 
driven and motor -assisted tuners. 
Among others, Gilfillan, Zenith, 
Stromberg- Carlson, United Amer- 
ican Bosch, and Crosley manufac- 
tured motorized tuners. 

Motorized tuners were available 
in several variations depending on 
whether the pushbuttons or the 
tuning dial was motorized. With 
some, it was necessary to fine - 
tune the station after letting the 
motor do its thing. Provisions were 
made for muting the audio output 
while the motor was operating so 
that no objectionable noise would 
bother the listener. 

One thing all automatic tuners 
have in common is that they are 
designed for easy use by the con- 
sumer. Adjusting the tuning but- 
tons was easy with the Teledial, for 
example. Even systems like the 
Belmont that require a little effort 
could be used easily by the aver- 
age consumer. 

Service hints 
Adjusting the automatic tuning 

mechanism should be done only 
after the set functions normally. 
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an alternative, there were motor
driven and motor-assisted tuners.
Among others , Gilfillan, Zenith,
Stromberg-Carl son, United Amer
ican Bosch, and Crosley manufac
tured motorized tuners.

Motorized tuners were available
in several variations depending on
whether the push buttons or the
tuning dial was motorized. With
some, it was necessary to fine
tune the station after letting the
motor do its thing. Provisions were
made for muting the audio output
while the motor was operating so
that no objectionable noise would
bother the listener.

One thing all automatic tuners
have in common is that they are
designed for easy use by the con 
sumer. Adjusting the tuning but
tons was easy with the Teledial, for
example. Even systems like the
Belmont that require a little effort
could be used easily by the aver
age consumer.

Service hints
Adjusting the automatic tuning

mechanism should be done only
after the set functions normally.
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You have to to remove the tuning
knob, which is always on the side
of the cabinet with this type of
tuner, before removing the chassis .

WARNING: Don't try to pry the
tuning knob off in the usual man
ner. You'll break it, and then you'll
have to glue it back together.
There is a screw through the cen
ter of the knob that is covered by a
decal or possibly by some sort of
slug. That screw must be removed
first. Then you can unscrew the
chassis bolts, remove the volume
control .knob and then remove the
chassis . Of course; it's not neces
sary to remove the chassis just to
tune up the push buttons. Just
loosen the tuning knob's lock
screw and you'll have no problem.

The tuning system works like
this. There are five heart-shaped
cams mounted on an extended
ganged-tuning shaft. Pushing a
button causes the roller part of the
mechanism to rotate the cam until
the roller part falls into the low
spot on the cam. To set a button
for a particular station, the station
is tuned in with the tuning dial
while holding down the button .
Then the locking screw is tight
ened.

Belmont's push buttons require
less operating force than many
others, due to the elimination of
the leverage devices, and to rotat
ing the cams directly against the
shaft of the tuner shaft. It's inter
esting to note that pushing the
buttons of many automatic tuners
actually requires more physical
effort than simply rotating the tun
ing dial!

Here's a few hints on how to set
up a pushbutton tuner in an an
tique radio. Select only strong sta
tions with low noise levels. Also,
select stations that don 't drift or
fade. And any . receiver that is
prone to frequency drift should be
serviced before attempting to set
up . the automatic tuning system.
Last, letthe set warm up for at least
ten minutes before attempting to
set up the automatic tuner. Other
wise the station is liable to drift, so
your work will have been in vain.

Motor drive
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pend the energy necessary to
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I Please rush FR EE details immediately! I ......
I NAME I ~
I ADDRESS . I cr>
I CITY STATE-------.ZIP IL ~J 81
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MARKET CENTER 
SATELLITE TV 

STEREO TV adapter kit Easily converts any TV 
VCR to receive the new stereo TV sound Contains 
all parts PCB and Instructions to build a quality 
stereo decoder. For additional Information send 
SASE to SOKOLOWSKI, Box 150. Elmont, NY 
11003 

MULTI -channel microwave TV antennas -lifetime 
warranty -complete 20 - dish system $89.95 Buy 
direct from the manufacturer -replacement compo 
nents and 'Budd It Yourself" kits available Discount 
quantity pricing- dealers welcome Call or write for 
free information package -K&S ELECTRONICS, 
PO Box 34522 -RE. Phoenix. AZ 85067 (602) 230- 
0640 Visa MasterCard CODs 

CLASSIFIED AD ORDER FORM 

To run your own classified ad. put one word on each of the lines below and send this form along with your check to. 

Radio- Electronics Classified Ads, 500 -B BI- County Boulevard, Farmingdale, NY 11735 

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For 
special headings. there is a surcharge of $23.00. 
( ) Plans Kits ( ) Business Opportunities ( ) For Sale 
( ) Education Instruction ( ) Wanted ( ) Satellite Television 
( ) 

Special Category $23.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 
(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Minimum: 15 words. 

3 1 2 4 5 

6 7 8 9 10 

11 12 13 14 15 ($42.75) 

16 ($45.60) 17 ($48.45) 18 (551.30) 19 ($54.15) 20 ($57.00) 

21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($71.25) 

26 ($74.10) 27 ($76.95) 28 ($79.80) 29 ($82.65) 30 ($85.50) 

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 information (Sorry, no telephone orders can be accepted ) 

Card Number Expiration Date 

Please Print Name Signature 

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) 
S2 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 Additional bold face (not available as all caps) SOe 
per word additional (20% premium). Entire ad in boldface. add 20% premium to total price TINT 
SCREEN BEHIND ENTIRE AD: add 25% premium to total 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. Ail other items same as for STANDARD COMMERCIAL RATE TINT SCREEN BEHIND ENTIRE 
EXPANDED TYPE AD: add 25% premium to total price TINT SCREEN BEHIND ENTIRE EXPANDED 
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price DISPLAY ADS: 1 2'. - 
$310.00 :2' x 2v.- -5620 00: 3' 2' . -$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 preceding working day 

SATELLITE systems... Lowest prices in the nation' 
Send Brand, Model to 2002 INNOVIA, INC., Box 
2002. Gardners/die, NV 89410 (800) 628 -2828 ext 
519 

BLACK BOX DE- SI- FURING 
THE SOLUTION TO SATELLITE 

SCRAMBLING VOL. II 

AMERICAN AND CANADIAN 
Latest Sateads Te, _.. . . ',or 100 pages 
or now to Weld Co'res . ,. t' ̂ emaM's 
'.+fs hsfs and suppliers of Pa"'.. 

CONTENTS OF MANUAL 

4 ditterent types W 

scrambling 
Modes of operalan 
How to build a De -Si-Fur 
Digital soda 8 CRT 
controllers 
Dgiui audio processors 
Scnerranc d a 

$29 95 

BLACK BOX 

DE-I FURING 
THE SOLUTION 
TO SATELLITE 

SCRAMBLING 

To order Vol II send postal money order only for 
S29 95 plus S3 00 shipping 6 handling Sorry. no 
CODs please ThanA you BELLRAE DIST CO 
PO Boa 41. Warren. RI 02885 

BUILD your own satellite TV receiving system 
and save! Instruction manuals, schematics, cir- 
cuit board. parts kits! Send stamped envelope 
for complete product listing: XANDI, Box 25647. 
Dept. 218, Tempe, AZ 85282. 

CABLE TV Secrets -the outlaw publication the ca- 
ble companies tried to ban. HBO, Movie Channel, 
Showtime. descramblers. converters. etc. Sup- 
pliers list included S8 95 CABLE FACTS, Box 711- 
R. Pataskala. OH 43062 

CABLE TV Source Book -a complete listing of sup- 
pliers for hard -to -find converters, descramblers. 
technical information, schematics and much much 
more. Full refund if not satisfied. Send $4.95 to 
CABLE, Box 12505 -R. Columbus, OH 43212 

SCIENTIFIC -Atlanta cable systems) See all the 
channels 8500 series Complete boxes. de- 
scramblers, hand remotes Send S2 00 AD- 
VANCED TECH. SYSTEMS. Box 316, Auburn, MA 
01501 (617)832.2339. 

SATELLITE systems $449 Catalog $2 also KU 
band systems STARLINK, INC., 2603.16R Artie. 
Huntsville, AL 35805 

59 degree LNAsi Brand name) Improve your satel- 
lite system! Convers block systems to Ku -Band. Re- 
placement LNBs Discount pricing LNA, 201 E 
Southern, Suite 1008. Tempe, AZ 85282 

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. 

PAY TV and Satellite Descrambling. 
73 pages d awry and schematics tir au maior sys- 
tems Fantasy and Anrk -D sctwmatics included Most 
complete reference available on satellite scrambiing 
$í295 AIDS Handbook StO Stungun schematics S5 
Satellite systems under $600. SIt 95 Panted circuits. 
kas . St 

SHOJIKI ELEt.tHONICS WM' 
716 284 7153 

WANTED 
INVENTORS! AIM wants -ideas. inventions, new 
products, improvements on existing products We 
present ideas to manufacturers Confidentiality 
guaranteed Call toll free 1-800-225-5800 for infor- 
mation kit 

INVENTIONS, ideas. new products wanted) Indus- 
try presentation national exposition Call free 
1-800-528-6050 Canada. 1.800 -528 -6060 X831 

BUY BONDS 

MARI{ET CENTER

To run your own classified ad, put one word on each of the lines below and send this form along with your check to :

CLASSIFIED AD ORDER FORM

Radio-Electroni cs Classified Ads, 500-B Bi-County Boulevard, Farmingdale , NY 11735

PLEASE INDICATE In which category of classified advertising you wish your ad to appea r. For
specia l headings, there is a surcharge of $23.00.
( ) Plans/Kits () Business Oppo rtunities () For Sale
( ) Education/Instruction () Wanted () Satellite Television
( ) - - - - - - --- - - - - - - - - - - - - -

$29.95

BLACK BOX
OE·SI-FURING
THE SOLUTION
TO SATELLITE
SCRAMBLING

AMERICAN AND CANADIAN
Latest Satellite Technology available. Over 100 pages
of how to build. Comes with complete schematics.
Parts lists and suppliers of parts & kits.

CONTENTS OF MANUAL

• 4 different types of satellite
scrambling

• Modes of operation
• How to build a De-Si-Fur
• Digital audio& CRT

controllers
• Digital audio processors
• Schematic dia.

SATELLITE systems... Lowest prices in the nation!
Send Brand, Model to: 2002 INNOVIA, INC., Box
2002, Gardnervi lle, NV 89410. (800) 628-2828 ext.
519.

MULTI-channel microwave TV antennas- lifetime
warranty-mmplete 20 " dish system $89.95 . Buy
direct from the manufacturer- replacement compo
nents and "Build It Yourself" kits available. Discount
quantity pricing----<lealers welcome. Call or write for
free information package-K&S ELECTRONICS,
P.O. Box 34522-RE, Phoenix, AZ 85067. (602) 230
0640 Visa/MasterCard/COD 's.

SATELLITE TV

STEREO TV adapter kit Easily converts any TV/
VCR to receive the new stereo TV sound. Contains
all parts PCB and instructions to build a quality
stereo decoder. For additiona l infor matio n send
SASE to SOKOLOWSKI, Box 150, Elmont, NY
11003. .

Special Catego ry: $23.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LEITERS.
(No refunds or credits for typese tting errors can be made unless you clear ly print or type your
copy.) Rates indicated are for standard sty le classif ied ads only. See below for additional
charges for special ads . Minimum: 15 words.

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 ($71.25)

26($74.10) . 27 ($76.95) 28 ($79.80) 29 ($82.65) 30 ($85.50)

31 ($88.35) 32 ($91.10) 33 ($94.05) 34 ($96 .90) 35 ($99.75)

To order Vol. II send postal money order only fo r
$29.95 plu s $3.00 shipp ing & handling. Sorry. no
COOs please . Thank you . BELLRAE DIST. CO..
P.O. Box 41, Warren. RI 02885.

BUILD your own sate llite TV rece iving sys tem
and savel Instruct ion manuals , schematics, cir
cu it board, parts kitsl Send stamped enve lope
for complete product list ing: XANDI, Box 25647,
Dept. 21B, Tempe, AZ 85282..

CABLE TV Secrets-t he outlaw publication the ca
ble companies tried to ban. HBO, Movie Channel,
Showtime, descramblers, converters, etc . Sup
pliers list included. $8.95. CABLE FACTS, Box 711
R, Pataskala, OH 43062.

CABLE TV Source Book-a complete listing of sup
plie rs for hard-to-find converters, desc ramb lers ,
technica l information, schematics and much much
more. Full refund if not satisfied. Send $4.95 to
CABLE, Box 12505-R, Columbus, OH 43212.

SCIENTIFIC-Atlanta cable systems! See all the
cha nnels . 8500 series. Comp lete boxes, de
scramble rs, hand rem otes... Send $2 .00 A D
VANCED TECH. SYSTEMS, Box 316, Auburn, MA
01501. (617) 832-2339.

SATELLITE systems $449 Catalog $2 also: KU
band systems. STARLINK, INC., 2603-16R Artie,
Huntsville, AL 35805-,

59 degree LNA's! Brand name! Improve your satel
lite system! Convert block systems to Ku-Band. Re
placement LNB's. Discount pricing: LNA, 201 E.
Southern, Suite 100B, Tempe, AZ 85282 .

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 information (Sorry, no telephone orders can be accepted .):

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.

WANTED

BUY BONDS

SHOJIKI ELECTRONICS CORP. 132iR NloI(jol r,1Street
Niagara Falls NY14303 CODs 716-284-2163

73 pages of theory and schematics for all major sys
tems. Fantasy and Anik-D schematics included. Most
comp lete reference availab le on satell ite scrambli ng
$12.95. MDS Handbook $10. Stungun schematics $5.
Satellite systems under $600., $11.95. Printed circuits,
kits catalog $1.

INVENTORS! AIM wants-ideas, inventions, new
products, improvements on existing products . We
prese nt Ideas to manufacturers. Confidentiality
guaranteed. Call toll free 1-800-225-5800 for infor
mation kit.

PAY TV and Satellite Descrambling.

INVENTIONS, ideas, new products wanted! Indus
tr y presen tation/national exposition . Ca ll free
1-800-528-6050. Canada, 1-800-528-6060. X831.

Expiration Date

Signature

Card Number

Please Print Name

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATIONWILL NOT BE ACCEPTED.
CLASSIFIED COMMERC IAL 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 persona l item) $2.30 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional 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% premium to total price. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD : add 45% premium to total price. EXPANDED TYPE AD: $4.30 per word
prepa id . All other items same as for STANDARD COMME RCIAL RATE. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE 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 preceding working day.

---------_ / _---------
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BUSINESS OPPORTUNITIES 
MECHANICALLY inclined individuals desiring 
ownership of small Electronics Manufacturing Busi- 
ness- without investment Write: BUSINESSES. 
92 -R. Brighton 11th, Brooktyn. NY 11235 

YOUR own radio station' AM. FM, TV, Cable. Li- 
censed unlicensed BROADCASTING, Box 130 -F4 
Paradise, CA 95969 

RECOVER silver from home and industrial junk 
Free silver with my $10.00 booklet of items that 
contain silver DON FOWLER. Box -4401. 
Cleveland, TN 37311 

ESTABLISHED mail order company seeking now 
products and devices Submit description a- : 

tails SOMMER ENTERPRISES Box 323 Stat,on 
S.- Toronto. Ontario, Canada M5M -4M9 

FANTASTIC Opportunity nutritious food MLM send 
$5 00 DINNER APPLICATION. Box 694. Valley 
Stream, NY 11581 

INVENTORS for under $20 You can protect your 
idea Call 718-471-6614 Call Steven 

ELECTRONIC 
ASSEMBLY BUSINESS 

Start nome spare l -ne Investment know edge 
e.oerie rce unnecessary BIG DEMAND asse'^ 

- devices Sales handled by prole, 
Dusiness opportunity 

FREE Complete illustrated literature 
BARTA RE .0 Bun. 248 

.'.'a ^,.t Gee. Cel 94597 

PLANS AND KITS 
CATALOG Hobby broadcat ng 1750 Meters Ha', 
CB Transmitters. amplifiers. antennas. scrambler 
bugging devices. more' PANAXIS. Box 130 -F4 Par- 
adise. CA 95969 

CABLE TV converters: Jerrold products in- 
clude 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 last service COD orders 
accepted. Send SASE (60 cents postage) or 
call for Into. (312) 637 -4408. HIGGINS 
ELECTRONICS. 5143 -R W. Diversey. Chi- 
cago, IL 60639. No Illinois orders accept- 
ed. 
Hi -FI speaker systems kits. auto speaker systems 
and speaker components from the worlds finest 
manufacturers For beginners and audiophiles Free 
literature ASS SPEAKERS, Box 7462R, Denver. 
CO 80207 (303) 399 -8609 

8' DISH $69 fabrication cost Polar mount. attrac- 
tive. easy construction Stock hardware items used 
Complete instructions. plans, fabrication. assem- 
bly. setup. drawings. photos $14 95 Plus S2 00 
shipping DIRIJO DISH, Box 212, Lowell, NC 28098 

VIDEO SPECIAL EFFECT PLANS 

Atha, Lvw www 
of Co o twee 

t.c...p COCO. tewwe Inert woo w« 
vows .au .w eft ..me won a vrye 
.vyMWwr a1.ra wow vw tW coma a 
.erer aM i0r i/i 11kw n. Poore atl 
hNWr11 M aYUtM perlar vrMy IOW 
.04 eCe a11rC... sear 4 .rlrrMlrore 101ro 
Nee y111116 Wm r.i a rrM S S t 1ar rn. 
M«wn 

VIDFOIrrfcTti 

SUPER-SURVIVAL CATALOG! -Eighty publica- 
tions- Electronics. Computers. Energy, Weapons. 
Security. Medical, Financial-S1 "High Voltage 
Devlces($12)." Electromagnetic Brainblaster 
(S25); Disk Service Manual ($25).- "Computer 
Phreaking ($15) Voice Disguiser ($7). Auto- 
matic Teller Machines 1515).' "Heal Thyself!! 
(58). Polygraphs (515) 'Consumertronics 
(CBS -60 Minutes-I. 2011 Crescent. Dept RE -17. 
Alamogordo. NM 88310 

6032 infrared tubes (tested and guaranteed). in- 
frared kits. complete line of engineering and sur- 
veillance viewers IR SCIENTIFIC, INC., Box 110 

Carlisle. MA 01741. (617) 667.7110. 

CABLE -TV 
NYONEp s' 

BEAT 
MATCH 

CRR WNOLESALE ICE 
WE RETAIL i ApVERTISEC= r- 

BONANZA! 
ITEM 

SINGLE TE UNIT 
PRICE 

DEAL 

PRICE 

RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY) 29.95 18.00 ea 

PIONEER WIRELESS CONVERTER (OUR BEST BUY) 8895 72.00 ea. 

LCC -58 WIRELESS CONVERTER 9295 76.00 ea. 

JERROLD 450 WIRELESS CONVERTER jCH 3 OUTPUT ONLY) 105.95 90.00 ea 

SB ADD -ON UNIT 109.95 58 00 ea 

BRAND NEW - UNIT FOR SCIENTIFIC ATLANTA Cali for specifics 

MINICODE (N -12) 10995 58.00 ea. 

MINICODE (N -12) VARISYNC 11995 62.00 ea 

MINICODE VARISYNC W /AUTO ON -OFF 17995 115.00 ea 

M -35 B (CH. 3 OUTPUT ONLY) 139.95 70.00 ea 

M -35 B W /AUTO ON -OFF (CALL FOR AVAILABILITY) 199.95 12500 ea 

MLD- 1200 -3 (CALL IF CH. 2 OUTPUT) 10995 58.00 ea 

INTERFERENCE FILTERS - CH. 3 2495 14.00 ea 

JERROLD 400 OR 450 REMOTE CONTROLLER 2995 1800 ea 

ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON S UNITS) 22500 185.00 ea 

SPECIFY CHANNEL 2 or 3 OUTPUT Other products available - Please Call 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

California Penal Code 8593 -D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California 

Prices subject to change without notice 

PLEASE PRINT 

Name __ 
Address 

State 

C Cashier's Check 

Accts_ _ 

Signature 

SUBTOTAL 
Shipping Add 
$300 per unit 

COD a Credit 
Cards - Add 5% 

TOTAL 

City 

Zip - Phone Number I I __ 
E. Money Order : COD :: Visa Mastercard 

Exp Date 

FOR OUR RECORDS 

DECLARATION OF AUTHORIZED USE - I. the undersigned. do hereby declare uncle, 
penalty of perjury that all products purchased. now and in the future. will Only be used on cabin 
TV systems with proper authorization from local officials or cable company officials m 

accordance with all applicable federal and state laws 

Dated Signed 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT. # R -6 RESEDA, CA 91335 

(818) 716 -5914 No Collect Calls (818) 716 -5140 
IMPORTANT: WHEN CALLING FOR INFORMATION 

Please have the make and model R of the equipment used in your area. Thank You 
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RCA 36 CHANNEL CONVERTER CH .3 OUTPUT ONLY 18.00 ea.
PIONEER WIRELESS CONVERTER OUR BEST BUY) 72.00 ea.
LCC -58 WIRELESS CONVERTER 76.00 ea.
JERROLD 450 WIRELESS CONVERTER CH. 3 OUTPUT ONLY) 90.00 ea.
5B ADD-ON UNIT 58.00 ea.
BRAND NEW - UNIT FOR SCIENTIFIC ATLANTA Call for specifics

M INICODE (N-12) 109.95 58.00 ea.
MINICODE N-12 VARISYNC 119.95 62.00 ea.
MINICODE VARISYNC W I AUTO ON-OFF 179.95 115.00 ea.
M-35 B CH . 3 OUTPUT ONLY) 139.95 70.00 ea. -
M -35 B W/AUTO ON -OFF CA LL FOR AVAILABILITY) 199.95 125.00 ea.
MLD-1200-3 CALL IF CH . 2 OUTPUT) 109.95 58.00 ea.
INTERFERENCE FILT ERS - CH . 3 24.95 14.00 ea.
JERROLD 400 OR 450 REMOTE CONTROLLER 29.95 18.00 ea.
ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON 5 UNITS) 225.00 185.00 ea.
SPECIFY CHANNEL 2 or 3 OUTPUT Other products available - Please Call

PLEASE PRINT

California Penal Code #593-0 forbids us
from shippin g any cable descrambling unit
to anyone residing in the state of California.

Prices subject to change without notice.

TOTAL
PRICE

Price
Each

TOTAL

SUBTOTAL
Shipping Add
$3.00 per unit
COD & Credit

Cards - Add 5%

Output
ChannelItemQuantity

8 ' DISH $69 fabrication cost. Polar mount, attrac
tive. easy construction. Stock hardware items used.
Complete instructions, plans, fabrication. assem
bly, setup, drawings, photos . $14.95 Plus $2.00
shipping. DIRIJO DISH, Box 212,Lowell, NC 28098.

HI-Fi speaker systems kits, auto speaker systems
and speaker components from the world's finest
manufacturers. Forbeginners and audiophiles. Free
literature. A&S SPEAKERS, Box 7462R. Denver.
CO 80207. (303) 399-8609.

CABLE TV converters: Jerrold products in
clude "New Jerrold TRI-MODE," SB-3,
Hamlin, Oak VN-12, M-35-B, Zenith, and
more. UHF Deluxe " kits. (quantity dis
counts) 60 day warranty. Service convert
erssold here. For fast service COD orders
accepted. Send SASE (60 cents postage) or
call for Info. (312) 637-4408. HIGGINS
ELECTRONICS, 5143-R W. Diversey, Chi
cago, IL 60639. No Illinois orders accept
ed.

CATALOG: Hobby/broadcating/1750 Meters/Ham/
CB: Transmitters, amplifiers, antennas, scramblers.
bugging devices, more! PANAXIS, Box 130-F4 Par
adise, CA 95969.

PLANS AND KITS

Start home. spare time. Investment knowledge or
experienceunnecessary. BIG DEMAND assem
blinq electronic devices. Sales handled by profes
sionals. Unusual business opportunity.

FREE: Complete i1lustraied literature
BARTA. RE-O Bux 248

Walnut Creek. Calif. 94597

BUSINESS OPPORTUNITIES

INVENTORS for under $20. You can protect your
idea. Call 718-471-6614. Call Steven.

ESTABLISHED mail order company seeking new
products and devices. Submit description and de
tails: SOMMER ENTERPRISES Box 323 Station
"S." Toronto. Ontario, Canada M5M-4M9.

RECOVER silver from home and industrial junk.
Free silver with my $10.00 booklet of items that
co nta in s i lv er. DON FOWLER . Bo x-4401 ,
Cleveland, TN 37311 .

YOUR own radio station ! AM. FM. TV. Cable. Li
censed/unlicensed. BROADCASTING. Box 130-F4
Paradise. CA 95969.

MECHANICALLY incli ned individuals desiring
ownership of small Electronics Manufacturing Busi
ness-without investment. Write: BUSINESSES .
92-R. Brighton t tth , Brooklyn. NY 11235.

FANTASTIC Opportunity nutritious food MLM send
$5.00 DINNER APPLICATION, Box 694. Valley
Stream, NY 11581.

6032 infrared tubes (tested and guaranteed). in
frared kits. complete line of engineering and sur
veillance viewers. IR SCIENTIFIC, INC., Box 110
Carlisle. MA 01 741. (617) 667-7110.

SUPER-SURVIVAL CATALOG!-Eighty publica
tions-Electronics, Computers, Energy, Weapons.
Security. Medical, Financial-$1. "High Voltage
Devlces($12)." "Elect romagnet ic Bralnblaster
($25),"Disk Serv ice Manual ($25)." "Computer
Phreak ing ($15)." "Voice Disguiser ($7)," "Auto
matic Telle r Machines ($15)," "Heal Thyself!!
($8)." "Polygraphs" ($15)." "Consumert ronlcs
(CBS "60 Minutes"), 2011 Crescent, Dept. RE-17,
Alamogordo, NM 88310.

.- ..

CD
co
Ol

'
C
z
m

o Mastercardo Visa

____ ___ Zip, _

o Money Order

FOR OUR RECORDS:

DECLARATION OF AUTHORIZED USE - I, the undersigned , do hereby declare under
penalty of perjury thatall products purchased. now and in the future,will only be used on cable
TV systems with proper authorization from local officialS or cable company officials in
acco rdance with all applicable federal and state laws.

Pacific Cable Company, Inc.
7325% RESEDA BLVD., DEPT. # R-6· RESEDA, CA 91335

(818) 716-5914 • No Collect Calls • (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION
Please have themake andmodel # oftheequipment used in ourarea. Thank You

VIDEO EFFECTS
6969 BRE CK S VI LLE RO A D
CLE VE LAND, OHI O 4 4 14'

Actual 8IW photo
of Colo r Effect

83
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SOLID STATE 
BUZZER 

SLIM LINE 
COOLING FAN 

84 

EDGE 
CONNECTORS 

ALL ARE 1.56 SPACING. d lrviii1=41631191* 

22/41 EDGE CONNECTOR 
PC style 12 00 ash 

10 3414 616 00 

22i11 EDGE CONNECTOR 
sod. Iw stye $2 50 tan 

211/S411001 CONNECTOR 
PC sty* 02 SO.acn 

10 for 122 00 

34172 EDGE CONNECTOR 
PC sty,. 1300 act. 

43/66 EDGE CONNECTOR 
PC sty* $1 SO ocn 

TRANSISTORS 
2N704 41040100 
2N2222A 31o.$1 00 
P147222* 4 aril 00 
2N2104 31640100 
2142604 310,11 00 
7N2605 310e Si 00 
MJ2115S 01 SO 
2N305S it 00 
Pero 10040 $1 00 
T1P 121 154 
TIP 125 714 

TRANSFORMERS 
120.00 

Y.la.+s 

5 { was a 7S0 4.11 

.ae 110 ..a 
63 va 1 00 rut 
12 VCT 
t2 VCT 
JVCT 
u VCT 
12 VCT 
16 velb 
24 OCT 
7 OCT 
24 OCT 
24 OCT 
24 OCT 
54 V C T 

ma 

4 1 amp 
A 2 amp 
4 4 amp 

4. 650 ma 

a.N 
3 onso 

13S ma 

WALL 
TRANSFORMERS 

m oo o i 
wort 

0303 
11 2S 

1300 
1200 
1300 
1400 
14 SS 

1700 
If SO 

1250 
14115 
1{ 75 

VI SO 

11100 
1300 

4 SOCO 70 ma 
s VAC 500 ma 
{ VOC 750 ma 
1 VDC SOC ma 
12 S 0 26S ma 

e MC . is 00 .0 
5 VAC IS vs 14 SO 

24 VAC 91 350 ma 
MULTI VOLTAGE Q 500 mia 

00 

34,.{.7, 1.12 VDC $750 

P 
MINI -BOX 

Pun ns .2104 

$1.00 EACH 

11a.yaly OW, 
cav .0HC prgKt 00. c0.r and 
screwS 21.- X14'X14 

A/BsoOCS CnrrW3.4wlpCton;weds 
¡g Opeate on t? vá Neat A* 0aprrn .nck+d.d 

CAT. AVMOO WERE S1000 REDUCED TO S500 EACH 

SOUND 
AND VIDEO MODULATOR 

FOR T.I. COMPUTER 

T I. U144134111 0114;7404300/ use oath T I c.. 
Oupn C be wad ate also spwCes 6.gyr E . sa f9aM,112 e. 

row tan Maasyes 
31 s0..re 1 0ep 
2, crn 23 a6 1700,D,^ 
SPECIAL PRICE $13 5O ocn 

2K 10 TURN 
WATI.TURN POT 

4OL 
.45000 ECTROL6t 

15 00 1404 

± 12 Vdc or 24Vdc 
'RON MODEL 0012.15 I 

Diva and motes 12Vac open 
+ -e pow. 5000T Ca+ be usad as r3ce 1 Samp INPUT riner 

' Vac or 230 Vac 

TsAabsd corwaA . raoe s.rOVy 
rO Y- 2 se 

312SO44h I0 foe 511000 

i- 
SUO SAae-0eL 
6 va 
T TL o.00eeb 
IT leach 
1006.110 00 

POWER SUPPLY 

5200 
$3 SO 
14 50 
SS 00 
$3 00 

SPECIALS 
1 AMP 50 VOLT DIODES 

100 1. SI 50 
1000 I. $30 00 

SOLDER TAIL I.C. 
SOCKETS 

101.52 50 
100 T. $22 00 

1000 1. $200 00 

MICRO -CASSETTE MECHANISM 
M.0/0-cassetl tape transport 104 
standaf0 MC60 or MCIS 
nvcro- cassITTS$ 3 Vdc oçaratan 
Contans Oliva moto.. Dolt. Mad. 
Capstan pinch %O'ee1 and Other 
crr^00 -emit4 3 1 7 X 2 1 /- X 5 8' 
CAT. MCMEC S3 00 each 10 for $27 SO 

SPECIAL PRICE 
TRANSISTOR 

P570 IraMrsl. 
PN3S69 TO 92 N P N 

DM let WOO 
1000 tir $60.00 
050E QUANTITIES 

MAIWU 

48 KEY ASSEMBLY 
FOR COMPUTER OR 

HOBBYIST 

NEWT I KEYBOARDS OngrM9/ 
Sed On Computers i1105e key - 

WARM OOr'{aa9 48 S P 
an.W sw.tCMS Termnates to 

5 pn CorinKtOr Pam, 4- 9- 
CAT KP-48 S6.50 each 

2 for S11.00 

COMPUTER 
GRADE 

CAPACITORS 
coo mea 700 VOC 
:4' S'hy, $200 

5 400 .10 60 Vá 
1S- . 3 14' hp, $2 50 

1.700 Told. SO Vdc 
39'.4,7 ter $30C 

31,000 mid IS Vá 
114.4.7.4, $25: 
50.000 mid 40 vá 
3- .514-há, $45C 
66,000 mid IS Vdc 
.X314'80, $311 
60.1300 mid 40 Vá 
3 " S-Np, $3 SO 

66,000 mid 15 Vá 
3'.314-F S3 OC 

66.000 mid. 30 vá 
Y S , 4' 1.gil $3 5C 

5.500 mie. 30 Vá 
1 19' 3 1 7 Ispn $, 00 
5.900 mid. 30 Vdc Zt 

,11 -.274 -1505 $700 
0,300 mid. SO Vá c Z.4'27' s+ 00 
111.000 ma. 10 Vá C2 
1111'.2 SI' Hon $I00 12 

41.000 mad tO Vá 
212.314 npn $100 s_ 
100.000 mid 10 Vds 
2 1 r . 6 -11pn SI 00 1- 
165.000 mid. 6 Vá 
V7.4171101 $100 

RELAYS 
10 AMP SOLID STATE 

CONTROL 3 I. . 

LOCO 
4 

l054O s ^J. 
SE 2. o.le I. \' . -,p 

L.,l 
59.50 EACH 10 FOR {1u 0.00 

FUSES Q-- r 1 

3AG IAGC) SIZE 
t 14.2 24 3.4 5 6AUP 
GMA SIZE 

AMP }1 
S d any ONE ...wage 754 

Ti SWITCHING POWER SUPPLY," 
deigned topo.. Ile .as:,,1 7, ...,^ ts...-wt Iaj 

p^r -1 610.0117,4144 
PIUT 14.25 WIC amp Y -y( -. OUTPUT 12.00 e 350 ma 

oo Sodc 

íóe 

124 
- suck 200ms 

SUE 414- 41 -at i MUM web 

13.8 VDC REGULATED POWER SUPPLY 
niimun. 
//////////LF/ 

'M(, 2 
46-42 

D.C. CONVERTER 

11 1 

TOO. are 1.. : ,rJ_ r: 3 8.s. 
Don., s..op.es Dan tatun 100-. sad state 
COntlruc4on 4uwp.ectlOn and E 0 Done/ 
ndcator u l Nled 

IMO claet. amp swot 111 00 0cn 
3 amp constan 5 amp surge $25 00 Kn 

t0 pro.00 a sU101 
.dc 240ma fromDatt.,y 

013 S.to 6 25 ,Ios 
2'/.. l'l. t/,. 

SLIM sack 

I:'-2-kAi i;L L Cei:ü. 
LOS ANGELES CA STORE 
905 S Vermont Ave 
213 300.8000 

VAN NUY3. CA 35011L 
6226 Sepulveda Blvd 
BIB 9971806 

TWIST -LOCK 
CONNECTOR 

...ne StraactsuaTt 12CL 54.4 

-onctucl0r assn peg and Mates 
.vV tack 1Mtt.ec. ttye 

$2.50/$[ 

MAIL ORDERS TO 

PO BOX 20406 
Los Angeln. CA 90006 

TWX 5101010163 ALL ELECTRONIC 

EASYLINK MBX 62881746 

V7SA 

ULTRMAINIATURE 
S VDC RELAI 

I +E1twfua. 

1. 
9gP2sonatas SM70 

COIL 120 ohm 
CONTACTS tamp 
Mounts n 14 pn 01P 5001« 
$t Mach 101.510.00 

MINIATURE 
6 VDC RELAY 

6 .-a O 

S PO T 94e4 
0.010 camel 
cOMact; raled 

1 one 0 30 ,dc Mgt.! unsay" 
TES Intl Onr p0estl. 720 can 
OOs 

=1irprn 4 3- 6 vOc 
20 dent $1.$0 poets 

1t1..'lr' ./,.. t0 Ise $13.S0 

pt -.* 
,p 1 

13 VOC RELAY 
CONTACTS SPNC y/ r 

lOsrlp 0120 vac 1 
E mew, Caro 
Opel cant &l 
COIL 13.ác 650 oins 

SPECIAL MICE SI 00 0a0í1 

4PDTRELAY 
14 son KM sty* 
3Mp contacts 
USED eel lugs 
tested $1.70NCn 

r a ran s o.sc err 2 

m24 

4d5. 120.05 
LAl10E ODA/MEW aaLAILE 

SOCKETS FOR RM RELAY 
754 *Ka 

RECHARGEABLE 
NI -CAD BATTERIES - .. r 

AAA SIZE 1 25V 5004nAH$1 es 
AA SIZE 1 25V 500.ÁM SI I5 
AA .Ian seldr tab S2 00 
C SIZE 1 2V 1700mAH $J 50 
O SIZE ::.:2'C -*.r 53 50 

UNIVERSAL CHARGER 

Wau cNrte 4 AA. C. D.. AAA 
n, Cads 0 one 9 volt ,..tad at 
one tone Ill 00 pm chatter 

220 Vac 
COOLING FAN 

qOH a !107703!. 
Mutin X. / J 
220 Vac h 
4 IV sO -r ` 
rnetal Iran, tan 

CAT. CF -220 66 SO ta 
101.$6000 100 t.$5OO '. 

(MAMMIES AVAILABLE 

3' 2 SPEAKER 4 . 6 oho, 

4{F. 
range 

rwJ 

depose 

1. 
recta rg cantr. 

$2 s0 etch wer 120 05 

SPRING LEVER 
TERMINALS 

,'col. 
R 

pea 
I¡rI 

em.NN a. 1 i 4 
sturdy 211 [ 
314'0004. J rate 
Groat Or welter 4wdos rel. 
00seer s.+ppaes 

750 EACH 10 1. $6 00 

UNE CORDS 

TWO WIRE 

6 1612 SPT 2 no, 

6 16/2 SJ T ,0.4d 

THREE WIRE 
6 16/3 Rat ST 50.000 

16 1 -.,-.- 12 00.44n 

7 CONDUCTOR 
RIBBON CABLE 

3lortt00 
2 cr5, OC 

SI 25 ocn 

,ps a ̂ o1r s^ 
:S Oa sv-oec.. 

$6 00 p., 100 r011 

XENON FLASH TUBE 

3 ION X Flash 
'Jin 00tgr10d Io, usa m 
conlQau carnera (trio ur05$ 
CAa. lof e. '.nerTs 
CATI FL 7P1 2 for St 00 

MINIATURE TOGGLE SWITCHES 
ALL ARE RATED 5 AMPS $1 125 VAC 

S.PD.T. 
(on-on) 
PC styl. 
rnOrt.lMad0 
104 

7$M 0eck 
101. $7.00 

S.PD.T. 
(on-on) 
Sod .p 
$100ocn 
10 r. 51 00 '0 
ISO for 150 00 

S.RD.T. S.PD.T. 
(on- off-on) 
PC Slyt 
non- tivtmOSd 

754 55CCC 

1014446700 i111 

(on-on) 
PC nqs 
INeadIO 
Ou LAN 
SI 00 paon Ir IO to, SR 00 
100 for S40 00 

S.P.O.T. 
(on-off-on) 
Sod. tug 
trmmas 
51 00 each 
10 t.56 00 
1001.660.00 

D.PD.T. 
(on-on) 
Soderaq 
t rm.N!1 
$2 New, 
1010.$1100 i[J 

1001. 1180 00 

STANDARD JUMBO 
DIFFUSED T 1 -3 4 

01: 10104111 50 
1001o. S i) 00 

.RIES 10/0452 00 
100144411700 

1046.1200 
100.0.$1700 

FLASHER LED 
S not operas, 
4.0 sort* T 1 \ 
147 1.000 ce 

NEW GREEN FLASHER 
CAI.IfD -G $700 

BI -POLAR . -1°7111;» t 6 í17e 
LED HOLDERS 
Two p.c Male 
tor ...onto LED 
10 o. 6SO tao for $5 00 

CLEAR CLIPLITE 
LED HOLDER 

Maas LED a'Sacs 
naca. CVO, 
41.11 00 

ea 

TOLL FREE ORDERS ONLY 
1 800 826 5432 
¡ORDER ONLY) 
014 CALIFORNIA 1 600 250 6666) 
ALASKA. HAWAII. 
OR INFORMATION 
12131380 8000 HOC 0.0.1 

OUANTITIES LIMITED 
MINIMUM ORDER S/0.00 
USA S3 00 SHIPPING 
FOREIGN ORDERS 

INCLUDING SLIT F ICIE/IT 
SHIPPING 

CALIF RES ADDS' .'. 
CIRCLE 107 ON FREE INFORMATION CARD 

D.PS.T LIGHTED 
ROCKER SWITCH 

5 .ac agn IOC 'ocas 
rrep'WIts n 

1 Y .1.0 
040479/ 1411 16 roo 5.11 
SISO 

MINI- PUSH BUTTON 
S PS T nloranlry 
,s rm1y Oper, 

R.d Dunon 36C 
10 114 $3.00 

'SNAP ACTION 
SWITCH 

Cerny elect 0E-21 NO .NC 
0 IA OOntacte SUta011 i ..arms 
and otter 13.1144413.40450411 
1'y sew 

454 EACH IO FOR 1420 

ROTARY ACTION 
MICRO 

JURON -C 5G3 Col 
Masao KPH. metro 
used m con operated {Y 
noKlNnrams an0 Io. trove 
09r.í015 
RATIO Sample 1255'84 
111.2S e1411 10 I.. 611.00 

LARGE QUANTITIES MAILABLE :12%

1-800 .826-S43 ERS ONLY(ORDER 0 2 QUANTITIE
(IN CALIFONLY) MINIMUMO~LIMITED

:~~::~,,:::::i,""""""'" ~~k~~: "~,::,:::; '"
(213 ) 380.~OATION INCLUD~l~ERS :00 NO C.O,D ' SHIPPING surr IC ~ENT

.. CALIF.R

EDGE
CONNECTORS

ALL ARE 1.56 " SPACING.

~~!!.;;;;;;~"~t2e~
22/44EDG ~
~C . style E CONNECTOR

10 for $18.0~2.00 each

22/44 EDGE
solder lug st I CONNECTOR

28/56 E;GeEc0
52

,50 ea ch
P.C. styl e NNECTOR

10 tor $2 2. 0~2. 5 0 each

36/72 EDGEC
P.C. style ONNECTOR

43/86 EDGE $3.00.,ch
P.C. style CONNECTOR

$4.50 eac h

TRANSISTORS
2N70S
2N2222A
PN2222A
2N2904
2N2904
2N290S
MJ2gS5
2N30S5
~~~J~K40
TIP125

ANGELES90S S , Ve, mo , CA STORE MAIL ORDERS
213 38 0-80 0 nt Ave , P.O, BOX 20 TO:o Los A 406 .

VA'~ rWYS CA S ng el e s , CA 90006

6228 Sep i TOfll818 997_ 1 :0~eda Blvd . TWX ",5 10 10 10 1
, 63 ALL EL

EASYLINK MB ECT ~ON IC
X " 62

4 10r $1.00
3 tor $1.00
4 tor $1.00
3 for $1.00
3 for $1.00
3 for $1.00

$1.50
51.00
51.00

75_
75_

TRANS FORMERS

120 volt a
primaries

5.• volt• •' 750 t
6 volls ( t 150 m;a.
~23 volt (It 600 m~

V.C.T. ( I 200 .

~ ~ ~:g:~. fl 400 :::

12 v.c.T at 1 amp

12 V,C.T: : : : ::p
~: volts (It 650 : a .

24 ~:g:~: :~ ~o: rna.
~: ~:g:i' 6l 2 .~~
24 V.C.T· (// 3 . mp

36 V.C.T: ~ ~3~m:a .

WALL
TRANSFORMERS

anPlugd"ect'~yInto 120 'l ac
out let OF.":"

• Q': ::
~,

4 VDC@ '«:>:,
6 VAC 70 maoSVDC@ 500 m. . 52,00
9 VDC @@750m a.

53
.
50

12.5 VAC 500 mao $4.50
18 VAC @ 265 ma $5 .00

8.5 V:~ 18 VA . nd · $3. 00

24 VAC ~I 1.28 VA
MULTI.-1 250 mao $4 .50
3,4,,.,,S,.?J;T:GE @ SOOm53.00

~
'" • or12 VOC ; 'l50

, MINI-BOX
...."-{ ) Pomona #2104.

~. S1.00 EACH

phenolic proJect~eaVY-duty black
screws . 2~· X1Yz. Xx~~.cover and

FUSES n----:=:;j

~,All{,(A2GC) SIZE
GMA 'SIZil;, 3, 4, 5, & AM P
1, 2,3 ,4 , 5 AMP r="Cal
50f anyONE ~am perage 75 ¢

se~OfO~
ff4f.f. \-cP'"~~~~~&;~~S\ 1\'-'-,,-,t,.~OI\\~! tq!!-COOLlN~NE MU LTI ·TURN PO~ @ _ BUZZER

AND VIDE~~~g mFAN ~ #Jb5~1~~~61 D ~~"<:c"SMB'06L
-z:: ' FORT.I. COMP~LAroR ' ».. ,~ il.~~1~'~
.,q W o~ ,"",M,'" TER @ii) , ± 12 Vd,.. ..~"."~I'! ~~':;i!' .-:'::::'""'••rr , "m"~ " 24Vd, POWEo~,. ,,% ,\,:::~,. i:::""::,':" '..,::,; ,... ssx ~:,"".::::":?)V"" R SUPPlV

w,,, ' ''.00 " ook up ,.".::.::. ;:;. ", ":)~:- , ....~ supply 0::: open

SPECIALS "uc" '0,'""':, ",,~;o;:.; ';,'::' ::~ Woo ,lJ;:,"M.:,~~,'
lAMPS MICR '''''''M'~'"- r.'.~~~·.-" ra

iN4001 TAP~Y~DLT DIODES . O-CASSETTE ... 512,50 • • ch $ 12.S0 ~ g de supply.

00 for $4 50 REEL M,c,o-ca MECH each 1iooo for sao.oo "'",,,~""...pe tran ANISM "'"' su o.oo

C

mlc ,o-cas s ett C SO 0' sp ort fa,~ 22 ,,---~------------
SOL ,""ow" s ve "" . OVaDER TAlLI,' ",ps,,,: ~:". moO",,'":r.eration . . ' ' COOlI' UN

'"'' SOOKETS ' ~7i:1"'"'" ,",J''';'' ,,~:r;" ,. . ' oo'"~ . NG FAN ~COROS".~ "J"" "'so MO"" ,:',.. ,,," , ,,on,, -~
1000 fo, $2 0o

o
g0 COMPUTER" eacn ro tor "' SO ~:':.:' T:ro

W IR E

n
4 118-square . 18/2 SPT-l flat

GRADE _ RELAVS metal Irame tan ~ , '"""'n"", ,~" .'"
'sr:"AL PR'''. CAPACITORS IDAMPS ",~:;~;:i~ ss.so ea T6H'lR6/2 SJT 'OUnd 210r$1.00

ANSlS10R z.ooo mtd conrso DLiD STATE , ,,,,,"',, ,oo~.'"" EEWIRE 51,2S .ach

plasnc transrstor 1 314· X5~h~h200 vee LOAO o14L,3 -3 2vdC r~ AVAILABLE, s.aoo mtd s £00 "".,,,' vac o s" , ' \, . _ _; srs.aflat ,. '''''' 00 •.,. ,~."",.,,' ." ..... , , ",," 3",. SPE • " ,,-- ' .00 ...

100 for $8 00 ' 9,700 mId S~h $2.50 $9 .50 EACH .J.=~ ~ AKER 7 52,00.ach

1000 for $60 00 1318" x 4 1";'" hO Vdc 10 FOR ~ ohm CONDU"~'"~",',, ai .oon .oo " 000 u, " ' 00 snped CTOR~'''"'' ; ~. .....; i s vee ";'''''NIATURE . rs:" " ra:;:.. RIBBON C
o.ooo mOO. £;0 " " '" 'D"ElAY :: ..... ~17"~__ Aao

BLE

48 K '''~...; ovde ,~".so'" ,, ' ,'J-- -EY ASSEM ~\0~~4'?'hld. 15 Vd~·50 ~~rLseln2s0".''"'' - sz.so-~:,- ~-B·c--.-...---.o,-,-.--~
FOR COMPUl BlV eo.ooo ",r saoo """",,f:;- '1'-11 . - ,,~ sao.oe - .

HOBBYIST
ER

OR ,,,.,,,,' 00 vee - """ amp SPRING
6~ ,OOO mId . rs $3SO 51.2S••ch om DIPsocket TE LEVER ~pect,a .strip3 x a Vd MIN 10for$1000 ~ RMINA e ga. strande'd

ed m

. arker strtp
... ,,'" 'AW . lwc color LS ...'" wrre .

86 ,000 m/~ $3.00 6 VDC R RE coded ~ X per 100' roll

, ,;'; " " ' ''; so vee :-" aso.sv ElAY W"O"" . ". E NO N1 3J _ mId. 30 ve $3.S0 SuPpe.D'TS..mlall ~ 3~~dti 2k~' " xa. Q1l 1';;\ • FLASH TU BE.,,'~. c . a ,.,,'"" .... ~
s.soo mtd ," sr oo ooe....I "Mf ._iI. , • .1 ,,,. lor
; ;:;. :,~".:~""," " oo ;, T;5:'.~-.... 7.;;:fY:"enclosure s o ~~~;:r.:;::;.~~""
1

2" x4 1/2" hog'" .." " '" oo__,J'f"" '"~ " . ' 0

1

c
deal

for ecxapmee:a flash un,'ls

. " , '" ~ ....,,_ • ~- M " ,. "", ,;, . • ; ':: " : '" • " ~c ,,,~~.,"_ IN!"'URElOOG # FL -1 2~~t~'s i 0;~~/~~~3~;~: ~go Vd~l 00 ~ 13" ' "'. " "'" ,,'~~,;~ S,RD," "",",,,",,~.!iSWmcHES .
100,000 m/dh'9h $100 (") VDC RELAY ' ~on-on) " s oP.D.T. @ 125 VAC
2

1

1/2' x 6' hog '- 10 Vdc ;; CONTACTS S n~n-'thtYre' ea (on"on) 4S oP.D.T

"'""' ".. ,,_,. "' ~ . ,, " ( " ~
TI

2 1/2" 4 mId . 6 Vdc s-;: oEpe_,m,",._ ~".. "" " . ..:::" "·'ff~.)
SWITCHING x 1/2- h,gh $1 00 COI~,con13tact " , 19-

e

•

ch

""f $1 00 als So,de,'ugCompact POWER SU ' vdc6500h ms lor 57.00 1 0'lor;;c~0 ~~,~,nalsdeSlgned 't~ell-,egUlated sw,t PPLY SPECIAL PRICE$1 00 S .P.D T 100 lor 580.00 10 10~ S; c~o
eqUipment power Texas l ns t~h lng power suppl r:J.....: ~, . elllch ( ' . I . 10010 $INPUT 14 uments compute Y l 1 4PDTRE' AU . pon"Ofl-on)~ S oP.D.T. • ' 80,00

"" oM , ;;:;'@"~ ,,,",,,,,.4-.. ..~~",. _•.:- ;;;1~~ (".,,) D'RD.T '. ,_$:';- ",,1"\1'-4"-', .J~-'" , ~~r"' "''' ,.. :~ (",~,j
SIZE 4" - -:-4~:"d~1<t~~~?:' -1~a'_~/'~". , ",~."." , · ,,':\i~, '. l""'" " =."., .

1

9 $5.00 each • ,ij P ~ . ' ~~e,ifY4'co'vidl~2Ii~~:o'eCsh'''d 10

1

.

00

each -~ ~ $2 DOnaiS.

3 8

.~t ., ' , ~.. "" ", ....
, VDCREGU' A' "- - ~_.J~IJJ 'AA',"~'~.:·' ST '"~... "" ",1""'"~TED ='~ro ._,~~, ANDARD . .. " ..," '

"/11111111. POWER SUP 75C .:c~HRELAY DIFFUSED JUMBO D"""'U%! ~":'.:_ .,""... " PLY REC ''" ,,(.,~r Rtc:'1iT. L1GNTED
. II>< . Y ::'1:£1:::1;::::::;:":1\[11:'~' NI'CA~A:GEABlE '"~ ,~,", ,,,:,g :".,,~,;'R SW'TCH

,. ""li " , ••,~"",,".. . ' - ' """'" ATIERIES ,a,~ ,..I::.,gg ~::iW'.:I;-,,,@..,
f>" ... " .,w",,, """" """" "'= ~ ,;;:,~"'" -~'- ,,-, '

p constan t 5 8.00 each AAA SI ~) ,., or 517.00 51.50 .

DC C . •mp .u,g. ZE 12 ~ FLASH '. . ONVERTER ,• .,,,.. AA " '" , "so'",". ERLED MINOPU ' 'TW ~,;!~ "'.":~.~'".. .m ::~~'~ :~ 0 ;..~~BunoN

~
-=, • CO~'lJELCTOOCKR ",,, :r. g::"" m:: ,,:~,:'."" .... ;:;,r:~:' tIJ _ UNIVER ~, " .so '".,,'" ;~ H " "," ".:::~'

Des~edto ',{ ' Il r--~d>. $. SALCH1ARGER BI-POLAR jum~·~"siZ.c10 fO

, 53.00

VdC:;r,240 p,ov,dea stead ~ , ~~ LED HOLD 2 10'51.70",,,.,::.:- ''''..1,' ' ~...... . , . 'w -, ERS ' SNAP A,', ' ", " ","" , . __" 1_ ..,~"" ~ ,...,,':::13" e '" CTiON""..:","'''' _,,., ,~......;" W"'~ _ "'"",, , '" SWITCH..... . ",.~::r...., 00 'LEAR 00'. ..... ""'"_ ..,SO/SET '

0

$ne time . ~ne 9 volt ni'-ca:~t LED HgLLIPLlTE ~~~A contacts.s~~t~b7 'o or N.C.
U .OO..;~ " ....", DER ".~..._""'""'-a' g.' ond'cato ca ancy ever. '!CUllS.

TOLL 410r $1 .~0 'ea,. 0 45_ EACH
.. ROTARY 10FOR54.20

MIC~CTION

QMRON' 0~ClockWise C-5G3-C4 1
used i n coiact lon micro • ' .
meChanlsm~o;:,~ated !J1'J •
operat ions low torque

RATED: 5 ~mps$1.2 5 each @ 125 Vac
LARGE OUANTlTli~ for '$ 11.00AVA ILABLE

(f)

U
Z
~
I
U
ill
...J
ill

6
o
-ex:
a:

84 CIRCLE 107 ON FRE MATION CARD

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


COMPU: ERDIGÉSP 
I A NEW KIND OF MAGAZINE FOR ELECTRONICS PROFESSIONA 

WHEN LIGHTNING STRIKES 
ttow Will It Effect Your Equipment 

,11,11 ` .. _ ., . .. . 
^ ~i "tib -a --..t.. - iso ti 41110 ago.. -. . 

LOCAL AREA NETWORKING 
Computers Working Together 

THE GENERAL PURPOSE 
INTERFACE BUS 
All You Should Know 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


CONTENTS 
Vol. 3 No. c, June 1986 

6 Local Area Networking 
When you nave to get a lot of computers handshaking, here's the 
basics of how and why. Forrest Stone 

10 When Lightning Strikes 
What can it mean to your computer and how can you protect 
against it? It happened to one of our authors! Herb Friedman 

12 GPIB 
If you don't know about the General Purpose Interface Bus, here's a 

chance to get caught up. Marc Stern 

3 Editorial 

4 Letters 

4 Computer Products 
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ON THE COVER 
Lightning can put on a magnificent display but it has frightening 
overtones. Just how protective is the protective equipment you've 
installed? Is your system really as safe as you think it is? Our author 
relates a close call. See Page 10. (Photo courtesy approved 
lightning protection, Elmont, NY) 

COMING NEXT MONTH 
If you can't get your modem talking, you might just find the answer 
in this fact- filled article, More On Modems. And when you need 
an interface that will make things work together that weren't 
designed to, you might get some excellent use out of this Protocol 
Converter that we show you how to build. There's something new 
in Touch Screen Technology, called Surface Acoustic Wave, and 
we'll fill you in on that too. Of course, you'll find our usual mix of 
Computer Products, Software Review and Letters to the Editors. 
Don't miss it! 

2 ComputerDlgest - JUNE 1986 

CONTENTS

10 When Lightning Strikes
What can it mean to your computer and how can you protect
against it? It happened to one of our authors! Herb Friedman

6 Local Area Networking .
When you have to get a lot of compu ters handshaking, here's the
basics of how and w hy. Forrest Stone

Vol. 3 NO. 6 June 1986

12 GPIB
Ifyou don't know abo ut the General Purpose Interface Bus, here's a
chance to get caught up. Marc Stem

+E

3 Editorial ~",m,"o"
OUTPUT 51 LINE

4 Letters
T1 fL---t:4 Computer Products INPUT

5 Software Review See Page 10

ON THE COVER
Lightning can p ut on a magnificent d isp lay but it has frightening
overtones. Just how p rotective is the protective eq uipment you've
installed? Is your system really as safe as you think it is? Our author
relates a close call. See Page 10. (Photo courtesy approved
lightning protection, Elmont NY)

COMING NEXT MONTH
Ifyo u can't get your mod em talking, you might just find the answer
in this fact-fil led article, More On Mod ems. And when you need
an interface that will make things work together that weren't
designed to, you might get some excellent use out of this Protocol
Converter that we show you how to bui ld . There's something new
in Touch Screen Technology, called Surface Acoustic Wave, and
we'll fill you in on that too . Of co urse, you'll find our usual mix of
Computer Products, Software Review and Letters to the Editors.
Don't miss it!

2 ComputerDigest - JUNE 1986

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


EDITORIAL 

"If I give a man a fish... 

He can have dinner. If I teach him how to fish, he can eat for the rest of his 
life. 

A friend opened a school to teach computing at a commercial level. He 
made the courses available (with suitable grants) to the underprivileged, 
and envisioned hundreds, even thousands of graduates going out and 
earning salaries well - beyond their ken when they started the course. The 

students flocked to the school. To them, it represented an opportunity to 
learn a valuable skill at little or no outlay of cash. 

But a strange thing happened. While many began the course, only few 
completed it! The first part of the course included typing, and this was 
followed by key punch. It was only after the student had mastered typing 
and key punch skills that he sat down to a computer keyboard. But very 
few were actually getting to the computer They were taking the preliminary 
skills they had learned to market, and were getting jobs as typists or key 
punch operators. Certainly, the salaries they earned were not as great as a 

computer operator could command, but they were far in excess of what 
could have been earned In a factory as an unskilled laborer 

How many young men have dropped out of high school to take jobs as 

gas station attendants or truck drivers, because the minimal salaries offered 
sounded like manna to a single youth? How many have been lured into civil 
service positions with meagre incomes, eyeing the 20 year retirement? And 
how many of these could have led far -more prosperous lives, making a far - 
more meaningful contribution to society, had they but continued their 
educations? 

A very -wise employer, early in my career cautioned me that "meagre 
security has been the downfall of many an otherwise good man." If you're a 

youngster, reading these words, please think twice, even three times before 
you bring your education to a halt. Raise your sights. There's no telling what 
might lay in store for you if you do. 

v, -49 

Byron G. Wels 
Editor 
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EDITORIAL
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-He can have d inner. If I teach him how to fish, he can eat for the rest of his
life."
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made th.e.courses available (with suitable grants) to the underprivileged,
and envisioned hundreds, even thousands of graduates going out and
earning salaries well-beyond their ken when they started the course. The
students flocked to the school. To them, it represented 'an opportunity to
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and key punch skills that he sat down to a computer keyboard . But very
few were actually gett ing to the computer. They were taking the p reliminary
skills they had learned to market, and were getting jobs as typists or key
punch operators . Certainly, the salaries they earned were not as great as a
computer operator could command, but they were far in excess of what
could have been earned in a factory as an unskilled laborer.
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gas station attendants or truck d rivers, beca use the minimal salaries offered
sounded like manna to a single youth? How many have been lured into civil
service positions w ith meagre incomes, eyeing the 20 year retirement? And
how many of these could have led far-more prosperous lives, making a far
more meaningful contrib ution to society, had they but continued their
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A very-wise employer, early in my career cautioned me that "meagre
security has been the downfall of many an otherwise good man." If you're a
youngster, reading these words, please think twice, even three times before
you bring your education to a halt. Raise your sights. There's no telling what
might lay in store for you if you do. .
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Editor

ComputerDillest is published monthly as an insert in Radio-Electronics magazine by Gemsback Publications.
Inc., 5OO-B BI:County Blvd.• Farmingdale, N.Y. 11735. Second -Class Postage Paid at New York, N.Y. and
addi tiona l mailing offices . Copyrig ht ~ 1986 Gemsback Publications. Inc. All rights reserved. Printed in U.S.A.

A stamped self-addressed envelope must accompany all submitted manusc ripts and/or artwo rk or photog raphs if
their return ISdesired should they be rejected . We disclaim any responsibility for the loss or damage of
manuscripts and/or artwork or photographs while in our possession or otherwise .

o,MilUiEil
D,GESi

M. Harvey Gernsback,
editor-in-chief, emeritus

Larry Steckler, EHF, CET:
publisher & ed itor in chief

Art Kleiman,
editorial director
Byron G. Wels,

editor
Brian C. Fenton,
managing editor

Carl Laron,
associate editor

RobertA. Young,
assistant editor
Ruby M. ve«,

production director
Karen lUcker,

production advertising
RobertA. W. Lowndes,

production associate
Geoffrey S. Weil,
production assistant

Andre Duzant,
technical illustrator

Jacqueline P. Cheeseboro
circulation director
Arline R. Fishman,
advertising director

Computer Digest
Gernsback Pub lications, Inc.
Executive offices
500-B Bi-County Blvd.,
Farmingdale, NY 11735
516-293-3000
President: larry Steckler
Vice President:Cathy Steckler

ADVERTISING SALES
516-293-3000
l arry Steckler
Publ isher

NATIONAL SALES
Joe Shere
1507 Bonnie Doone Terrace
Corona Del Mar, CA 92625
714-760-8967

JUNE 1986 - ComputerDigest 3

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


LETTERS 
Saving Copies 

I'm sure we share a common 
problem. I tear out and save my 
ComputerDigest but have been 
wondering if you've found a better 
method than just stacking them? 
S . T., New York, NY 

Get what is called a 
"presentation folder" at any office - 
supply store. This consists of a 

clear plastic folder with a slide -on 
plastic backbone. If you cut the 
plastic folder right along the fold, 
you'll find that this setup neatly 
holds a full year's worth of the 
magazine. 

College bound 
I'm going to be starting college 

shortly, with an eye to a career in 

book or magazine editing. I'm sorry, 
but you are on my list of editors to 
write to for advice. What courses 
would you recommend that I take? - 
R. J., Bridgeport, CT. 

R. J, you'll have to take the usual 
English lit and composition courses, 
as well as journalism courses. But do 
make it a point to get in some time 
on computer word processing! This 
will speed your output, make you 
more accurate, and it the wave of 
the future. 

Computer "Heroes" 
I've heard people involved 

deeply with computers described 
as everything from "nerds" to 
"eggheads." Considering that 
they've managed to accomplish so 
very much in this scientific field, 

why aren't they given the 
recognition they deserve? 
-S.D., Atlanta, GA. 

Next time you hear a 

computerist being put down, 
notice who doing the putting 
down. Its probably some 
computer illiterate! Usually, its just 
jealousy talking. 

More help 
My very kind, well -meaning father 

bought me a Commodore Plus -4 from 
a N ad. Can anybody direct me to 
some software -ANY software for the 
machine? And is there an expert on 
the hardware out there that I can get 
some answers from? Please PLEASE 
write to Jerry Sadofsky, 4839 
Manderson, Omaha, NE 68104. 

Hope this helps Jerry. 

COMPUTER PRODUCTS 
For more details use the free information card inside the back cover 

PROOFREADING PROGRAM, 
Gr. -et; is designed to 

crecK worn -processing files for com- 
mon writing errors. It goes beyond 
conventional proofreading programs 
that check the spelling of indmdual 
words, and uses its library of over 
1000 commonly misused English 
phrases to identify pompous, informal, 
cliche, vague, wordy, repetitive, and 
other faulty phrases. Sensible Grammer 
also catches many punctuation, cap- 
italization, and other typographical 
errors, such as repeated words It 
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shows errors in context, automatically 
suggests replacement wordings, and 
lets the user immediately replace 
problem phrases with correct word- 
ing. 

Sensible Grammer is fully compati- 
ble with AppleMouse and features a 

Macintosh -style user interface with 
windows, pull -down menus, scroll 
bars, and dialog boxes. A complete 
set of keyboard commands is also 
supplied for Apple II owners without 
a mouse. A 128K Apple Ile or Ilc with 
80- column display is needed 

Sensible Grammar is priced at 
$99.95 -Sensible Software, Inc., 
210 S. Woc ::...: Suite 229, Bir- 

mingham, Mi 
CIRCLE 7 ON FREE INFORMATION CARP, 

TRANSPORTABLE PERSONAL COM- 
PUTER, the mL. _ exists in 

both mini floppy disk and hard -disk 
versions It weighs 19 pounds,can be 
carried easily and operates on AC (A 
carrying bag is optional and makes for 
even easier portability) 

The unit includes a built -in foldaway, 
80- column x 25 -line text screen and 

graphic liquid crystal display with a 

resolution of 640 x 200 pixels. By 
using an RGB monitor interface, a color 
monitor may be used when color 
graphics are desired With a 512 kilo- 
byte RAM (expandable to 640 kilobyte 
using an optional expansion box and 

memory card) and two 51" 360 - 
kilobyte disk drives, the user has ac- 
cess to a large memory capacity not 
usually available with portables 

The model A -200 is IBM PC com- 
patible and also has an IBM -style 
keyboard layout; it has the capability 
for many software packages now avail- 
able. The sugg.i' i ill price is 

$2,295 00 -Canon USA, 
CIRCLE e ON FREE INFORMATION CARD. 
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PROOFREADING PROGRAM;
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checkword -processing files for com
monwriting errors. It goes beyond
conventional proofreading programs
thatcheck the spellingof individual
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shows errors in context, automatical ly
suggests replacement wordings, and
lets the user immediately replace
problem phrases w ith correct word
ing.

Sensible Grammer is fully compati
ble with AppleMouse and features a
Macintosh-style user interface w ith
windows, pull-down menus, scroll
bars, and dialog boxes. A complete
setof keyboard commands is also
supplied for Apple /Iownerswithout
a mouse. A128K Apple /Ieor /Iewith
80-column display is needed.

Sensible Grammar is priced at
$99.95.- Se nsible Software, Inc.,
210 S. Woodward, Suite 229, Bir
mingham, MI 48011 .

CIRCLE 7 ON FREE INFORMATION CARD.

TRANSPORTABLE PERSONAL COM
PUTER, the model A-QOO, exists in
both mini floppy diskand hard-disk
versions. It weighs 19 pounds,canbe
carried easily, and operates on AC. (A
carrying bag is opt ional and makes for
even easier portability.)
. The unit includes a built-in foldaway,
80-column x 25-line text screen and

graphic liquid crystal displaywith a
resolution of 640 x 200pixels. By
using an RGBmonitor interface, a color
monitor maybe used when color
graphics are desired. With a 512 kilo
byte RAM (expandable to'640 kilobyte
using an optional expansion box and

memorycard) and two 5%" 360
kilobytedisk drives, the user has ac
cess to a large memorycapacity not
usually available with portables.

The model A-200 is IBM PC com
patible and alsohas an IBM-style
keyboard layout; it has the capability
for many software packages now avail
able. The suggested retail price is
$2,295.00....:...-canon USA,

CIRCLE 8 ON FREE INFORMATION CARD.
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SOFTWARE REVIEW 
Is there a "universal software ?" No, but this comes close... 

When the going gets tough: When the 
communications circuit is loaded with garbage: When 
the data must be exchanged absolutely error -free, or 
when at least one station must be unattended, the 
software of choice for PC and MS -DOS computers is 

often Crosstalk XVI. In fact, Crosstalk is the "standard of 
reference" to which much software is compared. 

With few exceptions, all personal computer 
communications software can do both ASCII (direct 
keyboard entry and ASCII files) and protocol 
exchanges, but unlike much of the communications 
software, which is primarily intended for ease of 
operation when exchanging ASCII text with bulletin 
boards and information services, Crosstalk XVI is 

oriented towards convenient handling of error -free 
protocol exchange using an automodem. 

Crosstalk's protocol exchange is done in blocks of 
256K (or a multiple of 256K) which are checked at the 
destination for accuracy of reception. If the program 
senses an error the system will keep retransmitting 
(within limits) until its received accurately. 

The main power of Crosstalk is that the originating 
computer automatically controls the host (receiving) 
computer -there is no need to have anyone in 

attendence at the host. The originating computer can 
open and close the receiving computer's buffer, write 
to disk, read from disk, get a directory listing, and even 
control several DOS functions such as DIR, DELETE and 
COPY In the protocol mode all functions and the data 
exchange are automatic, with the originating computer 
automatically controlling the write to disk at the host. 

Just about every Crosstalk parameter is indicated on 
a status screen that can be instantly switched to a blank 
screen for data display of text or messages. Among the 
parameters shown are the telephone number of the 
receiving station, all the communication parameters 
such as baud rate, mode (originate or answer), the 
state of the capture buffer (on or off), the filter settings, 
and the automatic send control settings. The filter 
setting controls such things as automatic line feed after 
carriage return, filtering of all control characters, and 
automatic stripping of a received eight bit, etc. 

The lower section of the status screen is either a 

library of lesser -used commands and functions, or a 

directory of "command files," which are basically 
saved status screens for individual computers and 
information services such as CompuServe, MCI, Dow 
Jones, etc. Status screens are automatically assigned a 

key number when saved to disk: Simply entering the 
indicated number loads the pre -set status screen 
conditions and automatically dials the telephone if 
you're using an automodem. (In the initial installation of 
Crosstalk a menu selects the proper modem 
commands for all commonly -used automodems, and 
some that are not so commonly used.) 

Changes to the screen status can be made at any 
time by entering the first two letters of the function into 
a command line which runs across the bottom of the 

screen. For example, to change from full to half duplex 
the user need type only DU (plex) on the command 
line. To select a specific key to function as the 
transmitted BREAK the user simply enters the command 
BR (eak) and presses the key he wants to use as the 
Break key Similarly, the user can force the program into 
the originate or answer mode through the MO (de) 
command. A rather extensive help screen can be 
called up for any function by entering HELP and the 
first two letters of the function on the command line. 

Although Crosstalk XVI is intended to run on 16 -bit 
PC /MS -DOS computers, it can also do protocol 
exchanges with 8 -bit CP /M computers that use the CP/ 
M version of Crosstalk. Even if one computer is 8 bits, 
when serving as a host (answer mode) Crosstalk 
provides two levels of protection against unauthorized 
use or meddling with the disk files. The first is a 

password of up to 12 characters: If the correct 
password isn't given on the third try Crosstalk causes 
the modem to disconnect from the line. (Yes, the 
password protection can be disabled.) The second 
level of protection are file attributes. Through the host's 
status screen the originating station can be permitted to 
have full access to the system (including DELETE), read 
only, write data into an existing file ( "capture data "), or 
append data to existing files or create new files. 

Macros or commands can be programmed into the 
computer's function keys in three levels: Ten normal, ten 
shifted, and ten control. Function key F4 is an 
answerback which sends a user prepared string when 
polled by a Control -E from the receiving or host 
computer: It's the way in which many Telex and 
eleconic mail services automatically determine the 
user's account number or identification. 

A particularly advantageous feature is user 
programming of both the printer and modem parts on 
the status screen (so a particular configuration is saved 
in a command file). Crosstalk is not limited to COM1: 
for communications. If the printer is already connected 
to the computer through the COM1: serial port, 
Crosstalk can use COM2: for the modem, or vice versa. 
You arrange the printer and modem ports the way you 
want them. 

To make the program "universal" Crosstalk also has 

the XMODEM protocols. The RXMODEM command 
tells Crosstalk to receive an XMODEM file transfer, the 
XXMODEM command tells Crosstalk to send a file using 
XMODEM protocols. 

We have touched on only the major highlights of 
Crosstalk: Those that insure data integrity, which is what 
it's really all about. Although Crosstalk can be used with 
a manually switched modem, and like all other 
communications programs can be used for 
conventional ASCII exchange, it is really easiest to use 
in the automodem and protocol modes. 

Crosstalk XVI is intended for PC /MS -DOS computers. 
For additional information write to Microstuf, 1000 
Holcomb Woods Parkway, Rosewell, GA 30076.4 
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parametersshown are the telephone number of the
receiving station, all the communication parameters
such as baud rate, mode (originate or answer), the
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provides two levels of protection against unauthorized
use or meddling w ith the disk files. The first is a
password of up to 12 characters: If the correct
password isn't given on the third try Crosstalkcauses
the modem to disconnect from the line. (Yes, the
password protection can be disabled.) The second
level of protection are file attributes. Through the host's
status screen the originating station can be permitted to
have full access to the system (including DELETE), read
only, write data into an existing file ("capture data"), or
append data to existing files or create new files.

Macros or commands can be programmed into the
computer's function keys in three levels: Ten normal, ten
shifted, and ten control. Function key F4 is an
answerbackwhich sends a user prepared string when
pol led by a Control-E from the receiving or host
computer: It's the way in which many Telex and
eleconic mai l services automatically determine the
user's account number or identification.

A particularly advantageous feature is user
programming of both the printer and modem partson
the status screen (so a particularconfiguration is saved
in a command file). Crossta lk is not limited to COM1:
for communications. If the printer is already connected
to the computer through the COM1: serial port,
Crossta lk can use COM2: for the modem, or vice versa.
You arrange the printerand modem ports the way you
want them.

To make the program "universal" Crosstalk also has
the XMODEM protocols. The RXMODEM command
tellsCrosstalk to receive anXMODEM file transfer, the
XXMODEM command tells Crosstalk to send a file using
XMODEM protocols.

We have touched on only the majorhighlights of
Crosstalk: Those that insure data integrity, which iswhat
it's rea lly all about. Although Crosstalk can be used with
a manual ly switched modem, and like all other
communications programs can be used for
conventional ASCII exchange, it is rea lly easiest to use
in the automodem and protocol modes.

CrosstalkXVI is intended for POMS-DOS computers.
For additional information write to Microstuf, 1000
Holcomb Woods Parkway, Rosewel l, GA 30076......m~
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LAN 
Local Area Networking 

How to get lots of computers handshaking -and why. 

Forrest Stone 

Broadband! Baseband! Twisted Pair! Star! Its enough 
to confuse even the most dedicated computer 
hobbyist, but, Local Area Networking is the wave of the 
future for many people and these are some of the 
terms that a network user will be confronted with. 

Local Area Networking has developed a terminology 
all its own. There are nodes and servers; tokens and 
CSMA/CD, and much more What it really boils down to 

a system of a shared 
network where each micro has access to the system's 
resources. (See. Fig. 1) 

If this system sounds similar to the mainframe or 
minicomputer worlds with their linked terminals and 
shared system resources, it should. A microcomputer 
Local Area Network is a microcosm of a typical 
mainframe network. But, when you move to Local Area 
Networking in the microcomputer world you gain an 

added bonus, you retain the versatility of the 
microcomputer, while gaining the capability of a much 
larger system. 

Think of your first microcomputer installation. If 

FIG. 1- 3COM'S ETHERNET is a shared system with each 
micro sharing system resources. 
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you've been involved with this hobby long enough 
then it was probably a small eight -bit system whose 
storage device was a cassette recorder. The next big 
advance in this system was the move to a floppy disk 
and the addition of a printer. At each point, the system 
gained capability. Eventually, your eight -bit system 
probably gave way to a 16 -bit system, which may even 
include a 5- or 10- megabyte hard disk, as well as color - 
graphics capability Compared to your first system, 
is a quantum leap in its capacity and flexibility. 

For most single users, this type of system is more 
than adequate -you can move up to a high -speed, 
high- powered 32 -bit processor, to stay at the cutting 
edge of technology, but for most single users, this type 
of processor is overkill -it can easily handle any chore. 
But, a funny thing has happened in the corporate 
environment. Users want to have access to the 
corporate mainframe or minicomputer, while retaining 
the off -line personal computing power of a 

microcomputer. 
They want to use the data contained in various 

mainframe databases; or want access to the mass 

storage capability of the system, or, they may simply 
want to communicate with someone on an electronic 
mail system. 

Whatever the reason, it's at this point that the single - 
user microcomputer system begins to show its 
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FIG. 2 -THE SERIAL NETWORK looks eminently workable. 
but does have its problems. 
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you've been involved w ith this hobby long enough
then it was probably a small eight-bit system whose
storage device was a cassette recorder. The next big
advance in this system was the move to a floppy disk
and the addition of a printer. At each point, the system
gained capability Eventually, your eight-bit system
probably gave way to a 16-bit system, which may even
include a 5- or 10-megabyte hard disk, as well as color
graphics capability Compared to your first system, this
is a quantum leap in its capacity and flexibility

For most single users, this type of system is more
than adequate-you can move up to a high-speed,
high-powered 32-bit processor, to stay at the cutting
edge of technology, but for most single users, this type
of processor is overkill-it can easily handle anychore.
But, a funny thing has happened in the corporate
environment. Users want to have access to the
corporate mainframe or minicomputer, while retaining
the off-line personal computing power of a
microcomputer.

They want to use the data contained in various
mainframe databases; or want access to the mass
storage capability of the system, or, they maysimply
want to communicatew ith someone on an electronic
mail system.

Whatever the reason, it'sat this point that the single
user microcomputer system begins to show its

FIG. 1-3COM'S ETHERNET is a shared system with each
micro sharing system resources.

-B roadband! Baseband! Twisted Pair! Star! It's enough
to confuseeven the most dedicated computer
hobbyist, but, Local Area Networking is the waveof the
future for many people and these are some of the
terms that a network userwi ll be confronted w ith.

Local Area Networking has developed a terminology
all its own. There are nodes and servers; tokens and
CSIVIAlCD, and much more, What it really boils down to
is a system of linking microcomputers into a shared
network where each micro has access to the system's
resources. (See. Fig. 1)

If this system sounds similar to the mainframe or
minicomputer worlds w ith their linked terminals and
shared system resources, it should. A microcomputer
Local Area Network is a microcosm of a typical
mainframe network. But, when you move to Local Area
Networking in the microcomputer wor ld you gain an
added bonus,you retain the versatility of the
microcomputer, while gaining the capability of a much
larger system.

Think of your first microcomputer installation. If

6 ComputerDigest - JUNE 1986

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


inadequacy Because of its standalone nature, the 
single -user system is effectively cut off from the rest of 
the corporate world, unless, of course, a 

communications modem is attached to a serial port. In 

that case, the micro can conceivably interact with 
others in the company But this is inefficient because of 
the need for a telephone line on both ends. Effectively, 
this microcomputer can only interact with a remote, 
online database or with only one other corporate 
microcomputer. 

Search for solutions 
When this point is reached in any corporation, 

microcomputer users begin to look for alternatives. The 

simplest and most obvious solution is a serial 
communications network, or linking the serial 
communications ports of all the microcomputers 
involved. While it appears feasible, this type of network 
has inherent problems. (See Fig. 2) 

First, when you daisychain microcomputers into a 

serial network, the systems on the farthest end of the 
loop will find performance degraded, unless line 
amplifiers are included in the network. Further, the 
speed limit on this type of network is effectively 
constrained to about 9600 bits per second, providing 
of course, that the environment is clear of interference 
which can glitch data as it moves through. This puts an 

effective limit of between 4800 and 9600 baud on the 
network and while this may seem fast enough, when 
you move massive amounts of data from one point to 
another, you'll find this speed level limiting. 

Second, the software needed to make this type of 
system work-a terminal or communications 
program -is still essentially for single use. Although 
some programs will allow you to set up 
microcomputers as mini -bulletin boards so that others 
can log on and interact with the information stored on 
disk, it is still essentially one user -one computer, 
whether it's remote or not. For example, if you turn your 
personal computer into a mini -bulletin board so others 
on the serial network can use the data you have stored 
on disk -provided the software will let you do this 
without a modem. And someone wants to log onto 
your computer. When he does, others are locked out 
until the job is finished because of the single -use 
nature of the software. 

Finally, the very nature of a serial system imposes real 

threats to data integrity and transmission within the 
system because of a factor known as contention or the 
ability to remain in control of the network long enough 
to transmit, receive or manipulate data before you lose 
the system to another microcomputer's data and signal. 

A serial system is truly contention -based. Its every 
user for himself and every data bit for itself. Its like a 

rush -hour intersection with a broken traffic light and no 
policeman to control traffic. Only those cars whose 
drivers push through will make it, timid drivers don't. 
And, when two aggressive drivers meet, there's the 
inevitable crackup. To bring this back to the computer 
realm, put microcomputers in place of the cars and 
change the intersection to the serial transmission 
system and you can see what's happening. Data from 

the strongest microcomputers, usually at the center of 
the system, controls the system and weaker, peripheral 
systems must wait and wait. 

And when two strong computers try to capture the 
system, their data usually crashes into one another and 
its integrity is gone. 

Enter the LAN 

The obvious solution to this situation, then, is the 
Local Area Network. It allows users to share system 
resources and data, while, at the same time, allows 
users to retain the versatility and power of their 
personal computers. 

In concept, the Local Area Network (LAN) is simple. 
It is a reliable version of the serial network we've 
already discussed. However, you'd think from all the 
jargon that's tossed around relating to LANs, that it was 
a mystic rite. It isn't, but it does take some explanation 
to demystify the jargon. 

As you wade through the LAN jungle, it's easy to 
become confused by the seemingly endless variety of 
systems on the market. A wide variety of LANs does 
exist, but, they can be identified by their transmission 
technology, cabling or configuration. 

For example, there is one type of LAN which uses 
PBX (Private Branch EXchange) technology to link all its 
members. The PBX has traditionally been used to link 
phones throughout a building and then onto the 
common carrier network. 

Manufacturers of PBX -based systems, traditionally 
such companies as AT &T, Northern Telecom and ROLM, 
see the existing base of telephone wiring- twisted 
pair -installed in major buildings and hope to take 
advantage of it by using that wiring to link personal 
computers into local area networks. It is true that this 
presents a cost -effective way of handling cabling, but it 
does impose speed penalties. Because the data 
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FIG. 3- SIMPLIFIED VIEW of a building's phone wiring and 
PBX LAN. System uses existing wiring and PBX loop to link 
CPU's and microcomputers. It has a high limit of 19.2 kilo - 
baud. 
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inadequacy Because of its standalone nature, the
single-user system is effectively cut off from the rest of
the corporateworld, unless, of course, a
communications modem is attached to a serial port. In
that case, the micro can conceivably interact w ith
others in the company. But this is inefficient because of
the need for a telephone line on both ends. Effectively,
this microcomputer can only interact w ith a remote,
online database or w ith only one othercorporate
microcomputer.

Search for solutions
When this point is reached in any corporation,

microcomputer users begin to look for alternatives. The
simplest and most obvioussolution is a seria l
communications network, or linking the serial
communications ports of all the microcomputers
involved. While it appears feasible, this type of network
has inherent problems. (See Fig. 2)

First, when you daisychain microcomputers into a
serial network, the systemson the farthest end of the
loop will find performance degraded, unless line
amplifiers are included in the network. Further, the
speed limit on this type of network is effectively
constrained to about 9600 bits per second, providing
of course, that the environment is clearof interference
which canglitch data as it moves through. This puts an
effective limit of between 4800 and 9600 baud on the
networkand while this may seem fast enough, when
you move massive amounts of data from one point to
another, you'll find this speed level limiting.

Second, the softwareneeded to make this type of
system work-a terminal or communications
program-is still essentially for single use. Although
some programs will allow you to set up
microcomputers as mini-bulletin boards so that others
can log on and interact w ith the information stored on
disk, it is still essentially one user-one computer,
whether it's remote or not. For example, if you turnyour
personal computer into a mini-bulletin board so others
on the serial network can use the datayou have stored
on disk-provided the software will let you do this
w ithout a modem. And someone wants to log onto
your computer. When he does, others are locked out
until the job is finished because of the single-use
nature of the software.

Finally, thevery nature of a serial system imposes real
threats to data integrity and transmission within the
system because of a factor known as contention or the
ability to remain in control of the network long enough
to transmit, receive or manipulate data before you lose
the system to another microcomputer's data and signal.

A serial system is truly contention-based. It's every
user for himself and everydata bit for itself. It's like a
rush-hour intersection with a broken traffic light and no
policeman to control traffic. Only those cars whose
drivers push through will make it, timid drivers don't.
And, when two aggressive drivers meet, there's the
inevitable crackup. To bring this back to the computer
realm, put microcomputers in placeof the cars and
change the intersection to the serial transmission
system and you can see what's happening. Data from

the strongest microcomputers, usually at the center of
the system, controls the system and weaker, peripheral
systems must wait and wait.

And when two strong computers try to capture the
system, their data usually crashes into one another and
its integrity is gone.

Enter the LAN
The obvious solution to this situation, then, is the

Local Area Network. It allows users to share system
resources and data, while, at the same time, allows
users to reta in theversatility and power of their
personal computers.

In concept, the Local Area Network (LAN) is simple.
It is a reliable version of the serial networkwe've
already discussed. However, you'd think from all the
jargon that's tossed around relating to LANs, that it was
a mystic rite. It isn't, but it does take some explanation
to demystify the jargon.

As you wade through the LAN jungle, it's easyto
become confused by the seemingly endless variety of
systems on the market. A wide variety of LANs does
exist, but, they can be identified by their transmission
technology, cabling or configuration.

For example, there is one type of LAN which uses
PBX (A"ivate Branch EXchange) technology to linkall its
members. The PBX has traditionally been used to link
phones throughout a building and then onto the
common carrier network. .

Manufacturers of PBX-based systems, traditionally
such companies as AT&T, Northern Telecom and ROLM,
see the existing base of telephone w iring-twisted
pair- installed in majorbuildings and hope to take
advantage of it by using thatwir ing to linkpersonal
computers into local area networks. It is truethat this
presents a cost-effective way of handling cabling, but it
does impose speed penalties. Because the data
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transfer rate of PBX technology is only on the order of 
9600- to 19,200 -baud, it may not be high enough to 
handle massive amounts of speedy throughput. Data 

transfer rates on the order of 56K baud are needed to 
make this type of system effective and even that is a 

minimal figure in a fairly active network. (See Fig. 3) 
When you move away from PBX -based LANs, you 

enter a realm which requires the installation of separate 
cabling systems to handle data transmission (even our 
mythical serial system requires a separate cable). The 

advantage of this type of LAN is that you can 
implement broadband or baseband technology 

In a broadbanded system, several discrete channels 
of information are transmitted on a single cable. It is a 

complex technology A simpler solution is baseband 
technology In a baseband system, there is only one 
channel per cable and you can effectively increase the 
data transmission rate beyond that of either PBX or 
broadband systems. 

Typically, transmission rates in a broadbanded 
system- Interactive Systems/3M and Sytek offer them - 
are relatively slow on a per -channel basis at 19.2K- to 
56K -baud, although they are much higher than on PBX - 

based systems. The real savings comes in cabling an 
installation. Several channels can be superimposed on 
a cable and because the several data transmissions can 
occur simultaneously, the amount of cable used in a 

system (most used coaxial cable) can be kept to a 

minimum. 
Against this savings, there are increased costs for the 

installation in the form of extra equipment and costly 
maintenance. A broadband system requires the 
installation of an RF modem at each network node. 
These devices translate the analog signals used on the 
cable into digital signals so that they can be used by 
the microcomputers and other peripherals on the 
network. Further, this type of system is more costly and 
time -consuming to maintain. 

Like broadband technology, baseband handles much 
higher transfer rates than PBX -based systems -some as 

high as 1 megabit have been implemented. It can also 
integrate other concurrent applications, including voice 
and video data transfer The leaders in this market 
include 3Com and Ungermann -Bass. 

LAN protocols needed 
Although LAN technology looks formidable, it isn't. 

It's just a way of hooking microcomputers into a 

shared -resource network. Like our allusion to the 
intersection, each network needs a "traffic cop" to 
work efficiently Otherwise, data would continuously 
crash into other data within the network and little 
would be accomplished. 

The leading protocols are carrier -sense multiple - 
access with collision detection (CSMA/CD) and token - 
passing. 

With CSMA/CD all microcomputers on the network 
have equal access to the network and its resources. 
The software which drives this type of system 
continuously monitors data on the cable and keeps 
things in order For example, if microcomputer A has 

accessed the system and is moving data to a file 
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server -an intelligent storage device such as a hard 
disk or a microcomputer equipped with a hard disk 
that is serving in data storage or transfer role -and 
microcomputer B wants to access the same server In a 

CSMA/CD system, the software will determine which 
data has priority- actually which one accessed the 
system first -and will allow that data through. Data 
from microcomputer B will be held until the network is 

free for access. Typically, this is all transparent to the 
user. 

In a token -passing scheme -advocated by Digital 
Equipment and Xerox in their Ethernet -the software 
polls each microcomputer node in turn asking if it must 
access the network. If the microcomputer is busy, it 
returns no answer and the system moves along to the 
next microcomputer Polling is handled through the 
token, which is actually a coded sequence to which 
each microcomputer responds. 

Like passing a baton in a foot race, each 
microcomputer that is accessing the system takes hold 
of the token when it arrives and this tells the network to 
accept its data. When the data is put on the system, 
the token is freed to pass to the next microcomputer In 

this way, data retains its integrity and there is order 
within the system. Its much like a major highway 
control system with timed traffic lights. It allows orderly 
entry from side streets (microcomputers), while 
minimally disrupting overall traffic flow. And, it prevents 
collisions. 

Network configurations 
As you deal with baseband LANs, you'll find three 

predominant configurations, the star, ring, and bus. 
In the star configuration, the network is laid out 

similarly to the spokes of a wheel. Each microcomputer 
is at the end of a piece of cable that is, in turn, 
connected through a central switch. Data is sent to the 
switch where it waits until the network is free to accept 
it. Likewise, data which is being sent to each terminal 
waits at the switch until the terminal is ready to accept 
it. (See Fig. 4) 

The ring network is a closed loop system, with each 
terminal along the perimeter of the system. Many of the 
ring systems on the market use the token protocol. (See 
Fig. 5) 

The last configuration is the bus In this type of 
installation the network is laid out as a backbone with 
each microcomputer at the end of a "rib-Information 
travels down the "ribs" and onto the main bus where it 
waits until it can be moved down the network. (See 
Fig. 6) 

In all of this, there is a common theme, 
communication. Like our simple serial system, the LAN 
is simply a communications system which links and 
allows all the microcomputers connected to the 
network to have access to system resources. The 

typical configuration can be for as few as three 
machines or for as many as several hundred, 
depending on the needs of the organization. In a large 

system, a mainframe or minicomputer is usually used to 
drive the network. The network can be configured to 
use the storage capacity of the mainframe or mini, 

transfer rate of PBX technology is only on the order of
9600- to 19,200-baud, it may not be high enough to
handle massive amounts of speedy throughput. Data
transfer rates on the order of 56K baud are needed to
make this type of system effective and even that is a
minimal figure in a fairly active network. (See Fig. 3)

When you moveaway from PBX-based LANs, you
enter a realm which requires the installation of separate
cabling systems to handle data transmission (even our
mythical serial system requires a separate cable). The
advantage of this type of LAN is that you can
implement broadband or baseband technology

In a broadbanded system, several discrete channels
of information are transmitted on a single cable. It is a
complex technology A simpler solution is baseband
technology In a baseband system, there is only one
channel per cable and you can effectively increase the
data transmission rate beyond that of either PBX or
broadband systems.

Typically, transmission rates in a broadbanded
system- Interactive Systems/3M and Sytek offer them
are relatively slow on a per-channel basis at 19.2K- to
56K-baud, although they are much higher than on PBX
based systems. The real savings comes in cabling an
installation. Several channels can be superimposed on
a cable and because the several data transmissions can
occur simultaneously, the amount of cable used in a
system (most used coaxial cable) can be kept to a
minimum.

Against this savings, there are increased costs for the
installation in the form of extra equipment and costly
maintenance. A broadband system requires the
installation of an RFmodem at each network node.
These devices translate the analog signals used on the
cable into digital signals so that they can be used by
the microcomputers and other peripherals on the
network. Further, this type of system is more costlyand
time-consuming to maintain.

Like broadband technology, baseband handles much
higher transfer rates than PBX-based systems-some as
high as 1 megabit have been implemented. It can also
integrate other concurrent applications, includingvoice
and video data transfer. The leaders in this market
include 3Com and Ungermann-Bass.

LAN protocols needed
Although LAN technology looks formidable, it isn't.

It's just a way of hooking microcomputers into a
shared-resource network. Like our allusion to the
intersection, each networkneeds a "traffic cop" to
work efficiently. Otherwise, datawould continuously
crash into other datawithin the network and little
would be accomplished.

The leading protocols are carrier-sense multiple
access with collision detection (CSMA/CD)and token
passing.

With CSMA/CD all microcomputers on the network
have equal access to the network and its resources.
The software which drives this type of system
continuously monitors dataon the cable and keeps
things in order. For example, ifmicrocomputer A has
accessed the system and is moving data to a file
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server--a n intelligent storage device such as a hard
disk or a microcomputer equipped w ith a hard disk
that is serving in data storage or transfer role--and
microcomputer Bwants to access the same server. Ina
CSMA/CD system, the software will determine which
data has priority--actually which one accessed the
system first--and will allow thatdata through. Data
from microcomputerBwill be held until the network is
free for access. Typically, this is all transparent to the
user.

In a token-passing scheme--advocated by Digital
Equipment and Xerox in their Ethernet-the software
polls each microcomputer node in turn asking if it must
access the network. If the microcomputer is busy, it
returns no answer and the system moves along to the
next microcomputer. Polling is handled through the
token, which is actual ly a coded sequence to which
each microcomputer responds.

Like passing a baton in a foot race, each
microcomputer that is accessing the system takes hold
of the token when it arrives and this tells the network to
accept its data. When the data is put on the system,
the token is freed to pass to the next microcomputer. In
thisway, data retains its integrity and there is order
within the system. It's much likea major highway
control system w ith timed traffic lights. It allowsorderly
entry from side streets (microcomputers), while
minimally disrupting overall traffic flow And, it prevents
collisions.

Network configurations
Asyou deal with baseband LANs, you'll find three

predominant configurations, the star, ring, and bus.
In the star configuration, the networkis laid out

similarly to the spokes of a wheel. Each microcomputer
is at the end of a piece of cable that is, in turn,
connected through a central switch. Data is sent to the
switch where it waits until the networkis free to accept
it. Likewise, datawhich is being sent to each terminal
waits at the switch until the terminal is ready to accept
it. (See Fig. 4)

The ring networkis a closed loop system, with each
terminal along the perimeter of the system. Many of the
ring systems on the market use the token protocol. (See
Fig. 5)

The last configuration is the bus. In this type of
installation the network is laid out as a backbonewith
each microcomputer at the end of a "rib."lnformation
travels down the "ribs" and onto the main buswhere it
waits until it can be moved down the network. (See
Fig. 6)

In all of this, there is a common theme,
communication. Like our simple serial system, the LAN
is simply a communications system which links and
allows all the microcomputers connected to the
network to have access to system resources. The
typical configuration can be for as few as three
machines or for as many as several hundred,
depending on the needs of the organization. In a large
system, a mainframe or minicomputer is usually used to
drive the network. The networkcan be configured to
use the storage capacity of the mainframe or mini,
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although local storage can also be made available to 
various network nodes through file servers. Nodes are 

system devices such as microcomputers, servers, 
printers or modems. Any device capable of interfacing 
with a microcomputer can serve as a node. 

File servers are microcomputers themselves. For 

/ 
Mu 

NETWORK 
SERVER 

MAINE RAYE 

PRINTER 

INCLUDES 
TRANS C( VER 

FIG. 4- SIMPLIFIED STAR configuration shows components 
arranged as the spokes of a wheel. 

FIG. 5 -THE RING CONFIGURATION connects all compo- 
nents in a circular fashion. 
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FIG. 6 -THE BACKBONE LAN has "ribs" connected to a 
"spine." Components are connected to the ends of the "ribs" 
as shown. 

example, a 3Com server uses an 80186 central 
processor with an 82582 Ethernet coprocessor. 
Included with this configuration is 512K of RAM. The 
processor, coprocessor and RAM are all included on 
one board. The server also includes a 36- megabyte 
hard disk with a 30 ms average access time. In its own 
right, it is a powerful computer system. In other 
systems, hard disks can have as much as 60 megabytes 
of storage. Many systems have three or more servers in 

their configuration, each of which interfaces not only 
with the microcomputers on the network, but also 
mainframes, if they are used to drive the system. To 

insure data backup and reliability, most systems also 
include tape backup systems. 

LANs are more than just linking microcomputers. A 
LAN allows users to share system data and storage 
capacity, and printers, plotters and more. In fact, it 
makes sense in a network where a laser printer is used 
because each microcomputer user has access to its 

capability and it also helps justify the laser printer's 
cost. 

Software's the key 
As you would expect, installing a LAN involves more 

than just linking microcomputers. In a typical 3Com 
system, each microcomputer has a network transceiver 
board installed on its motherboard. This transceiver is 

the link to the network and allows the microcomputer 
to interact with it. It is the mailbox to which data is sent 
and received. The cable is attached to it and it is the 
device which the network software talks to. 

When a transceiver is ready to send data to the 
network, a special software code is generated. It is a 

query code and an announcement. The query segment 
polls the central system node to see if the LAN will 
accept data from the microcomputer This "Here I Am" 
code packet is held until the network is ready to 
accept the data. When the system is ready, it answers 
the query code with an acknowledgement and the 
data is transferréd to the system. 

Each transceiver has its own special address code. 
This code enables the system to send data to a 

particular device or microcomputer and, likewise, it 

enables one microcomputer to send data to another 
via the network. 

Cable types 
When you talk about LANs, the last thing that is 

usually mentioned is the type of cabling. In general, 
LANs use either coaxial or twisted pair technology PBX - 

based systems usually use twisted pair -phone 
cabling- technology, while broadband or baseband 
systems use coaxial cable. This isn't to say that a 

baseband system can't use two -wire, twisted pair 
technology because it can. On the whole, coaxial, 
triaxial, too is used for most applications. 

As you can see, the LAN will make a great 
contribution in areas where it makes sense to share 
resources and if you're involved in the switch to a LAN, 
there's only one thing to remember: it's basis is network 
communications; the jargon used is secondary to its 
mission.' W 
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although local storage can also be made avai lable to
various networknodes through file servers. Nodesare
system devices such as microcomputers, servers,
printers or modems. Anydevice capable of interfacing
with a microcomputer can serve as a node.

File servers are microcomputers themselves. For

INCLUDES
TRANSCEIVER

FIG. 4-SIMPLIFIED STARconfiguration shows components
arranged as the spokes of a wheel.

example, a 3Com server uses an 80186 central
processor with an 82582 Ethernet coprocessor.
Included with thisconfiguration is 512K of RAM. The
processor coprocessor and RAM are all included on
one board. The server also includes a 36-megabyte
harddiskw ith a 30 msaverage access time. In itsown
right, it is a powerful computer system. In other
systems, hard disks can have as muchas 60 megabytes
of storage. Many systems have three or more servers in
their configuration, each of which interfaces not only
with the microcomputers on the network, but also
mainframes, if they are used to drive the system. To
insure data backup and reliability, most systemsalso
include tape backup systems.

LANs are more than just linking microcomputers. A
LAN allows users to share system data and storage
capacity, and printers, plotters and more. In fact, it
makes sense in a networkwhere a laser printer is used
because each microcomputer user has access to its
capability and it also helps justify the laser printer's
cost.

Software's the key
As you would expect, installing a LAN involves more

than just linking microcomputers. In a typical 3Com
system, each microcomputer has a networktransceiver
board installed on its motherboard. This transceiver is
the linkto the networkand allows the microcomputer
to interact with it. It is the mailbox to which data is sent
and received. The cable is attached to it and it is the
device which the networksoftware talks to.

When a transceiver is ready to send data to the
network, a special software code is generated. It is a
query code and an announcement. The querysegment
polls the centra l system node to see if the LAN will
accept data from the microcomputer. This "Here I Am"
code packet is held until the network is ready to
accept the data. When the system is ready, it answers
the query code with an acknowledgement and the
data is transferred to the system.

Each transceiver has its own special address code.
This code enables the system to send data to a
particulardevice or microcomputer and, likewise, it
enables one microcomputer to send data to another
via the network.

FIG. 5-THE RING CONFIGURATION connects all compo
nents in a circular fashion.

FIG. 6-THE BACKBONE LAN has "ribs" connected to a
"spine." Components are connected to the ends of the "ribs"
as shown.

Cable types
When you talkabout LANs, the last thingthat is

usually mentioned is the type of cabling. In general,
LANs use eithercoaxial or twisted pair technology PBX
based systems usually use twisted pair-phone
cabling-technology, while broadband or baseband
systems use coaxial cable. This isn't to say thata
baseband system can't use two-wire, twisted pair
technology because it can. On the whole, coaxial,
triaxial, too is used for mostapplications.

As you can see, the LAN wi ll make a great
contribution in areas where it makes sense to share
resources and if you're involved in the switch to a LAN,
there's only one thing to remember: it's basis is network
communications; the jargon used is secondary to its
mission .~m~
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WHEN 
LIGHTNING 
STRIKES... 

Lightning strikes can be a problem 
for your computer. 

Herb Friedman 

Before the age of electronics, the fear of lightning was 
not so much its immense electrical energy but the fire 
caused by the "hit" or "strike." Lightning protection 
meant some means of directing lightning to where it 
wanted to go-to ground. This was done by installing 
grounded metal rods -lightning rods on top of 
houses, barns, windmills, whatever The purpose was 
twofold. It grounded the energy and it conducted the 
energy around the structure. 

With the electronic age, we inherited the worry of 
the electronic field produced by the strike. Very high 
fields are built up in the ground during an electrical 
storm. The ground field can track under a charged 
cloud and travel for miles before anything occurs. 
When the charge between the ground and the cloud 
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FIG. 1 -THE BASIC ELEMENTS of a direct- connect modem's 
interface to the telephone line. Z1 is a surge supressor that 
squashes transient voltages appearing across the line to 
approximately 50 volts. Si. which disconnects the modem 
from the line. is usually SPST. 
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becomes sufficient the energies attract and we get the 
lightning strike. At the moment of strike there is an 

enormous discharge of ground energy, which creates a 
rapid expansion and collapse of a local electric field. 
Any collapsing or expanding field induces both current 
and voltage in wires. Although lightning might strike a 

tree in front of a house. the energy field produced 
during the strike can induce high frequency transient 
voltages in antenna lead -ins, power lines and 
telephone lines located 50 to 100 feet or more from the 
actual hit. 

Lightning arrestors 
While a lightning arrestor can protect antenna lead -in 

wires from direct hits and devices such as Zener 
diodes and MOV's (Metal Oxide Varistors) can protect 
conventional electronic equipment against powerline 
surges, microprocessors and other electronic devices 
are often "blown" by transients induced by the 
lightning strike which are not of sufficient power to 
trigger a lightning arrestor, but which are strong enough 
to blow discrete components. There are many 
instances on record where the voltage surge induced 
in electric, telephone and antenna lead -in wires by a 

local lightning hit has been known to zip through the 
wiring and blow a TV tuner or the microprocessor of a 

personal computer, even if the computer is turned off 
or disconnected from the power line. 

Even if disconnected? Yes! Solid state devices - 
particularly microprocessors -are senstitive to external 
high -frequency voltage surges because the surge can 
enter the equipment through any external wire 
connection, not just the power line. While low and 
medium frequency AC can be stopped by an open 
switch, an RF choke or a small reactance, high - 
frequency energy, such as that produced by a lightning 
strike, can leap across open switches, couple from one 
wire to another through otherwise insignificant 
capacitive coupling, even pass between insulated 
transformer windings. While we have made great 
strides in squashing power line transient surges with 
devices such as the MO/ and gas -discharge tube, 
technology has not caught up with the problems 
caused by lightning surges in personal computer 
equipment. 

For example, electrical storms are unusual in my 
locality, we get one or two every five years or so. 

Between the previous one and this year's electrical 
storm, several computers and modems have taken up 
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FIG. 2 -THE LOCAL GROUND -DISCHARGE FIELD energy is 
almost an instantaneous rise and decay. This produces high - 
frequency energy through the upper VHF frequencies. In 
practical terms, it is high -voltage RFI. 
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Lightning strikes can be a problem
for your computer.

Herb Friedman

-Before the age of electronics, the fear of lightning was
not so much its immense electrical energy but the fire
caused by the "hit" or "strike." Lightning protection
meant some means of directing lightning to where it
wanted to go-to ground. This was done by installing
grounded metal rods- lightning rods-on top of
houses, barns, windm ills,whatever. The purpose was
twofo ld. It grounded the energy and it conducted the
energy around the structure.

With the electronic age, we inherited the worry of
the electronic field produced by the strike. Very high
fields are built up in the ground during an electrical
storm. The ground field can track under a charged
cloud and travel for miles before anything occurs.
When the charge between the ground and the cloud

becomes sufficient the energies attract and we get the
lightning strike. At the momentof strike there is an
enormous discharge of ground energy, which creates a
rapid expansion and collapse of a local electric field.
Any collapsing or expanding field induces both current
and voltage in wires. Although lightning might strike a
tree in front of a house. the energy field produced
during the strike can induce high frequency transient
voltages in antenna lead-ins, power lines and
telephone lines located 50 to 100feet or more from the
actual hit.

Lightning arrestors
While a lightning arrestor can protect antenna lead-in

w ires from direct hits and devices such as Zener
diodes and MOV's (Metal Oxide Varistors) can protect
conventional electronic equipment against powerline
surges, microprocessors and other electron ic devices
are often "blown" by transients induced by the
lightning strikewhich are not of sufficient power to
trigger a lightning arrestor, but which are strong enough
to blow discretecomponents. There are many
instances on recordwhere the voltage surge induced
in electric, telephoneand antenna lead-in w ires by a
local lightning hit has been known to zip through the
wiring and b low a TVtuner or the microprocessor of a
persona l computer, even if the computer is turned off
or disconnected frorn the power line.

Even if disconnected? Yes! Solid state devices
particularly microprocessors-are senstitive to external
high-frequencyvoltage surges because the surge can
enter the equiprnent through anyexternal wire
connection, not just the power line. While low and
medium frequency ACcan be stopped by anopen
switch, an RFchoke or a small reactance, high
frequencyenergy, such as that produced by a lightning
strike, can leap across open switches, couple from one
wire to another through otherwise insignificant
capacitive coupling, even pass between insulated
transformer w indings. While we have made great
strides in squashing power line transient surges with
devices such as the MOV and gas-discharge tube,
technology has not caught up with the problems
caused by lightning surges in personal computer
equipment.

For example, electrical storms are unusual in my
locality, we get one or two every five years or so.
Between the previous one and this year's electrical
storm, several computers and modems have taken up
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FIG. 1-THE BASIC ELEMENTS of a direct-connect modem 's
interface to the telephone line . Z1 is a surge supressor that
squashes transient voltages appearing across the line to
approximately 50 volts. S1 , which disconnects the modem
from the line, is usually SPST.
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FIG. 2-THE LOCAL GROUND-DISCHARGE FIELD energy is
almost an instantaneous rise and decay. This produ ces high
frequency energy through the upper VHF frequencies. In
practical terms, it is high-voltage RFI.
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residence in my home. In our most- recent electrical 
storm, lightning struck outside and disintegrated ten 
feet of curb. That was the only damage I thought, 
because my two computers were switched of as 

were their modems. However, when I attempted to 
access an on -line information service, I discovered that 

both modems were blown, as was one computer's 
RS -232 driver (the one used for the modem). 
Coincidently, the same storm passed through the area 

20 miles away where my office is located, and lightning 
had struck the grounded radio/TV tower on the 
building. 

Since my regular modems were inoperative, I 

borrowed the office modem which had been 
switched off during the storm, only to find that it too, 
was "blown." 

Interesting situation 
Three modems of different design and manufacture 

had been blown during an electrical storm. All had 

some form of voltage surge protection, all had been 
switched off and one didn't even have a connection to 
the power line because it is powered directly from the 
phone line. A fourth modem, built into an IBM -PC 

which was connected on -line because it serves as a 

"host" for a voice message center; wasn't damaged at 

all! 

What to do 
As near as we can determine, the three "blown" 

modems were damaged because of the way they were 
switched to the telephone line. Figure 1 is a simplified 
diagram of a direct- connect modem interface. 
Transformer T1 is the coupling transformer (repeat coil), 
Z1 is the telephone line overvoltage or surge -protection 
device, and S1 is a SPST switch that connects the 
modem to the telephone line. Normally, a voltage surge 
on the line is squashed by transient supressor Z1, 

which might be a MOV, Zener diode, or gas -discharge 
tube. Usually, Z1 limits the surge to about 50 volts. 

As shown in Figure 2, a voltage developed in the 
telephone line by a lightning strike in the general area 
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FIG. 3- CAPACITOR "Cx" IS THE NORMAL circuit capacity 
between transformer windings. solid -state device elements 
and component interconnecting wires. Cx is usually so small 
that it doesn't exist at audio frequencies but can represent a 

low impedance or "dead short" at the high frequencies of a 

lightning strike. When S1 is opened the lightning strike ener- 
gy can follow the dotted path into the modem and eventually 
the high voltage bus where it is distributed throughout the 
modem, even to the modem's special driver. 

will be a steep pulse. Although the average voltage - 
meaning the peak voltage averaged over a period of 
time -might be relatively low and safe, the peak value 
might be several hundred volts, and it is predominantly 
high frequency -extending well into the upper VHF 
range. High frequencies don't need a direct connection 
to pass from one wire to another What is otherwise a 

minute capacity between wires and circuits, can 
appear to be "dead short" to high frequencies. 

Imagine that the ground discharge of a lightning 
strike induces the transient waveform shown in Figure 2 

on the telephone line connected to the modem circuit 
shown in Figure 3. Although S1 is open, disconnecting 
the modem from the telephone line, one wire is still 
connected to the line itself because almost all modems 
switch only one side of the telephone connection. We 
now have a high -frequency voltage surge on the 
telephone line which is looking for a path to ground. 
As shown by the dotted line in Figure 3, it finds the 
path to ground through the components in what we 
believe to be a disconnected modem. Notice that the 
energy represented by the dotted line flows through 
the capacity between T1's windings. The capacity 
might be very small, but it is there. To normal speech 
frequencies the capacity represents essentially an 
infinite imedance, but to the high frequency 
component of a lightning- caused transient surge the 
small capacity represents a low impedance, or even a 

"dead short," so the spike produced by the voltage 
surge passes through T1's secondary (telephone side) 
to the primary (modem side) to the modem's voltage 
supply bus. Now we have a high -voltage transient on 
what is usually a five- to nine -volt power bus. The 
result? ZAP!!! A fistful of blown IC's. If the surge is 

sufficiently high, it can ride through a blown IC in the 
modem and into the RS -232 driver, ZAPping another 
handful of parts. 

You might ask why Z1, the modem's internal transient 
supressor(s) didn't stop the surge. Refer back to Figures 
1 and 3. Z1 is conencted across the telephone line: It is 

supposed to clamp surges appearing across the line, 

between both wires. But when switch S1 is opened to 
disconnect the modem from the telephone line, the 
transient supressor has no effect on anything in the 
circuit. Z1 provides protection only when S1 is closed 
and the modem is connected to the line. This is 

probably why the direct- connect modem, connected 
on -line during the storm, wasn't damaged. Essentially, 

the risk of damage during an electric storm is increased 
when the modem is switched off the line. 

My "cure" 
Most likely, modems should be manufactured with a 

double pole output switch so that both sides of the 
telephone line can be disconnected from the modem. 
Until such time as the manufacturers get around to 
changing their designs, I have installed a DPST knife 
switch on each telephone line to make certain the 
modems are really disconnected from the line. The 
inconvenience of "throwing the switch" is a lot less 

costly than the charges to repair or replace three 
modems and an RS -232 port.4' 
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residence in my home. Inour most-recent electrical
storm, lightning struck outsideand disintegrated ten
feet of curb. That was the only damage I thought,
because my two computers were switched off, as
were their modems. However, when I attempted to
access an on-line information service, I discovered that
both modems were blown, as was one computer's
RS-232 driver(the one used for the modem).
Coincidently, the same storm passed through the area
20 miles away where my office is located, and lightning
had struck the grounded radio/N tower on the
building.

Since my regular modems were inoperative, I
borrowed the office modemwhich had been
switched off during the storm, only to find that it too,
was "blown."

Interesting situation
Three modems of differentdesign and manufacture

had been blown during an electrical storm. All had
some form of voltage surge protection, all had been
switched off and one didn't even have a connection to
the power line because it is powered directly from the

.phone line. A fourth modem, built into an IBM-PC
which was connected on-line because it serves as a
"host" for a voice message center, wasn't damaged at
all!

What to do
As near as we can determine, the three "blown"

modems were damaged because of the way they were
switched to the telephone line. Figure 1 is a simplified
diagram of a direct-connect modem interface.
Transformer T1 is the coupling transformer (repeatcoil),
Z1 is the telephone line overvoltege or surge-protection
device, and S1 is a SPST switch that connects the
modem to the telephone line. Normally, avoltage surge
on the line is squashed by transient supressor Z1,
which might be a MOV, Zener diode, or gas-discharge
tube. Usually, Z1 limits the surge to about 50 volts.

As shown in Figure 2, a voltage developed in the
telephone line by a lightning strike in the general area
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FIG. 3-CAPACITOR "Cx" 15 THE NORMAL circuit capacity
between transformer windings, solid-state device elements
and component interconnecting wires. Cx is usually so small
that it doesn't exist at audio frequencies but can represent a
low impedance or "dead short" at the high frequencies of a
lightning strike. When 51 is opened the lightning strike ener
gy can follow the dotted path into the modem and eventually
the high voltage bus where it is distributed throughout the
modem, even to the modem's special driver.

will be a steep pulse. Although the average voltage
meaning the peak voltageaveraged overa period of
time-might be relatively low and safe, the peak value
might be several hundredvolts, and it is predominantly
high frequency-extending well into the upper VHF
range. High frequencies don't need a direct connection
to pass from one wire to another. What is otherwise a
minute capacity between wires and circuits, can
appearto be "dead short" to high frequencies.

Imagine that the ground discharge of a lightning
strike induces the transient waveform shown in Figure 2
on the telephone line connected to the modem circuit
shown in Figure 3. Although S1 is open, disconnecting
the modem from the telephone line, onewire is still
connected to the line itselfbecause almost all modems
switch only one side of the telephoneconnection. We
now have a high-frequency voltage surge on the
telephone linewhich is looking for a path to ground.
As shown by the dotted line in Figure 3, it finds the
path to ground through the components in what we
believe to be a disconnected modem. Notice that the
energy represented by the dotted line flows through
the capacitybetween T1's windings. The capacity
mightbe very small, but it is there. To normal speech
frequencies the capacity represents essentially an
infinite imedance, but to the high frequency
component of a lightning-caused transient surge the
small capacity represents a low impedance, or even a
"dead short," so the spike produced by thevoltage
surge passes through 11's secondary (telephone side)
to the primary (modem side) to the modem's voltage
supply bus. Now we have a high-voltage transient on
what is usually a five- to nine-voltpower bus. The
result? ZAP!!! A fistful of blown ICs. If the surge is
sufficiently high, it can ride through a blown IC in the
modem and into the RS-232 driver, ZAPping another
handful of parts.

You mightask why Z1, the modem's internal transient
supressons) didn't stop the surge. Refer backto Figures
1 and 3. Z1 is conencted across the telephone line: It is
supposed to clamp surges appearing across the line,
between both wires. But when switch S1 is opened to
disconnect the modem from the telephone line, the
transient supressor has no effect on anything in the
circuit. Z1 provides protection only when S1 is closed
and the modem is connected to the line. This is
probably why the direct-connect modem, connected
on-lineduring the storm, wasn't damaged. Essentially,
the risk of damage during an electric storm is increased
when the modem is switched off the line.

My "cure"
Most likely, modems should be manufactured with a

double pole output switch so that both sides of the
telephone line can be disconnected from the modem.
Until such time as the manufacturers get around to
changing their designs, I have installed a DPST knife
switch on each telephone line to make certain the
modems are really disconnected from the line. The
inconvenience of "throwing the switch" is a lot less
costly than the charges to repair or replace three
modems and an RS-232 port.~Q)~
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GPIB 
The General -Purpose Interface Bus... 

REAL TIME DEVICES GPIB interface is shown here. It functions with all IBM PC and 
compatibles to expand the value of your computer. 

Marc Stern 

Elf you look at your test bench, chances are you'll see 
the General Purpose Interface Bus (GPIB) connector 
Also known as the HPIB (Hewlett- Packard Interface 
Bus), its been around for some years and has become 
the standard for data acquisition. 

GPIB was developed for tying one manufacturer's 
equipment together But, because of the widespread 
use of that equipment in the scientific, test and 
measurement and repair arenas, it became standard. By 

the mid- 1970s, it was formalized Into the IEEE -488 
standard. And even a computer giant such as IBM must 
use it rather than imposing Its own. 

Look at any modem test or measurement equipment 
that has a computer interface. You'll see it adheres to 
the IEEE -488 standard as to the size and shape of the 
connector; the construction, and the pinout. 

Why not give your PC more function by having it 

interface with and act as part of your test equipment 
setup? Its easy to do, and, in fact, there are add -on 
boards on the market which will turn your PC into a 

machine capable of using the GPIB interface. One of 
the newer boards is from Real Time Devices of State 
College, PA. Other boards are available from the major 
add -on board manufacturers. 

GPIB Basics 

Before we go any further, there are several basics to 
be established. 
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First, GPIB is a 24 -line communications bus that is 

made up of three primary groupings, an eight -line data 
bus, a three -line data byte transfer control or 
handshaking bus and a five -line general interface 
management bus. The remaining eight lines are for 
signal ground and provide electronic shielding to 
prevent bus signals from interfering with one another 

Second, there are four types of devices which can 
be linked to the GPIB, a controller, "talker," "listener" and 
"listener /talker" As you'd expect, the controller is the 
device which controls the network, while a "listener" is 

a receive device. A "talker" is a transmit device and a 

"listener /talker" is a device which can go both ways. It 

can transmit and receive on the bus. Prime examples 
include the PC as controller; digital voltmeter or 
frequency counter as "talker;" printer as "listener," and 
modem as "talker /listener." 

Third, it's a programmable. As implemented on the 
GP -100, the GPIB can be programmed to more than 50 
functions in not only BASIC, but also Fortran, Pascal and 
Forth. And, as implemented, It becomes the major 
input -output (I /O) device on the PC in a test and 
measurement setting. It can also serve as a listener /talker 
if the network is controlled by still another computer 

Finally, the GPIB relies on direct memory access to 
the PC. In this way, the board and PC can communicate 
at 476 Kbytes per second and the systems can 
exchange up to a megabyte of data with a single 

PIB
The General-Purpose Interface Bus...

II

REAL TIME DEVICES GPIB interface is shown here. It funct ions with all IBM PC and
compat ibles to expand the value of your computer.

Marc Stern

-If you look at your test bench, chances are you'll see
the General Purpose Interface Bus(GPIB)connector.
Also known as the HPIB(Hewlett-Packard Interface
Bus), its been around for some years and has become
the standard for data acquisition.

GPIB was developed for tying one manufacturer's
equipment together. But, because of the widespread
use of that equipment in the scientific, test and
measurement and repair arenas, it became standard. By
the mid-1970s, it was formalized into the IEEE-488
standard. And even a computergiantsuch as IBM must
use it rather than imposing its own.

Look at anymodern test or measurement equipment
that has a computer interface. You 'll see it adheres to
the IEEE-488 standard as to the sizeand shape of the
connector; the construction, and the pinout

Why not give your PC more function by having it
interface with and act as part of your test equipment
setup? It's easy to do, and, in fact, there are add-on
boards on the market which will turnyour PC into a
machine capable of using the GPIB interface. One of
the newer boards is from Real Time Devices of State
College, PA. Other boards are available from the major
add-on board manufacturers.

GPIB Basics
Before we go any further, there are several basics to

be established.
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First, GPIB is a 24-line communicationsbusthat is
made up of three primary groupings, aneight-line data
bus, a three-line data byte transfer control or
handshaking bus and a five-line general interface
management bus. The remaining eight lines are for
signal ground and provide electronic shielding to
prevent bus signals from interfering w ith one another.

Second, there are four types of deviceswhich can
be linked to the GPIB, a controller, "talker," "listener" and
"listener/talker." As you'd expect, the controller is the
device which controls the network, while a "listener" is
a receive device. A "talker" is a transmit device and a
"listener/talker" is a device which can go both ways. It
can transmit and receive on the bus. Prime examples
include the PC as controller; digital voltmeteror
frequencycounter as "talker;" printer as "listener," and
modem as "talker/listener. "

Third, it's a programmable. As implemented on the
GP-100, the GPIB can be programmed to more than 50
functions in not only BASIC, but also Fortran, Pascal and
Forth. And, as implemented, it becomes the major
input-output (I/O) device on the PC in a testand
measurement setting. It can also serve as a listener/talker
if the network is controlled by still another computer.

Finally, the GPIB relies on direct memoryaccess to
the Pc. In this way, the board and PC can communicate
at 476 Kbytes per second and the systemscan
exchange up to a megabyte of data w ith a single
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function call. 
GPIB is a powerful tool, especially where huge 

amounts of data must be moved around a system 
quickly. 

It can also be used in a more general atmosphere 
and can link up to 15 printers, plotters, modems or 
other devices into a small network. 

Though the GPIB may seem a panacea, it isn't 
because, like the RS -232 "standard," IEEE -488 has been 
used differently by different manufacturers. So, it can 
be confusing to see a device advertised as adhering to 
the 488 standard, only to find out the device's lines are 
used differently. True, the connector may be the same 
and the lines may also be called the same, but, if a 

manufacturer implements them in its own way, then 
simply calling it standard won't make it so. Instead, 
you'll have to patiently debug the interface until it 
coincides with others. 

Fortunately most manufacturers adhere to IEEE -488 
as does the GP -100, so you should have little trouble. 

High -speed data link 
One of the items which made GPIB successful from 

the outset was its speed. The bus can potentially 
handle up to 1 megabyte of data per second, although 
data transfer rates of 1 to 10K are more common. With 
this type of throughput, it's possible to have real -time 
data input to a micro, mini or mainframe system, which 
is crucial in scientific, test and measurement of 
manufacturing applications. With this type of speed 
measurements can give real -time indications of what is 

happening and a system can quickly adjust. 
For the technician, the GPIB's speed is attractive. With 

the PC interfaced with test equipment, you can have 
indications on the screen of what's happening in a part 
of a circuit and, as you change inputs, you can see how 
the rest of the circuit is affected. 

Another reason for the success of this circuit is its 

configurability. Since 15 devices can be quickly 
attached and configured to work with the GPIB, a 

system's configuration can be adjusted to constantly - 
changing needs. If you need constant voltmeter and 
current readings from two points in a circuit and must 
also plot them. You can quickly add the needed 
devices to the circuit and you can record the results for 
future use. Plugging the new devices into the 
appropriate GPIB connectors should achieve this, 
provided, of course, the network adheres strictly to 
GPIB. 

Since this bus is programmable, it is possible to 
transfer data directly from one device to another. 

Data's everywhere 
The data which moves through the bus appears at all 

points simultaneously and there's a need to keep things 
in order Imagine devices which have no need of the 
data accessing and using it along with the device for 
which it was intended. Its a waste of system resources. 

Each device has an address and only when the 
controller sends a message to that address does the 
device react. Until then, it listens for its address to be 
accessed. For example, if the printer is at address 8 

and you send output to the printer, the controller - 
IBM-PC in this case -puts an address 8 on the bus and 
the printer comes to life. Devices that aren't at this 
address ignore the information, even though it appears 
at their connectors. 

There are two types of addresses, talk and listen. A 
device doesn't know what its next role will be or if it 
will take part in a function until it is addressed on the 
GPIB. The talk and listen addresses take care of that. For 

example, if a device sees its talk address then it knows 
it has to send data along the bus. A device which sees 
its listen address accessed knows it will have to accept 
data. 

In action, the first piece of information a device 
receives is its listen address. This makes the device 
aware that it will be receiving information from the bus. 
Once it is listening, the controller can communicate 
with it, but, only after the computer -controller puts its 

talk address on the bus. In this way, the device knows 
which peripheral it will be communicating with. 

Sometimes the device acting as the listener must 
indicate something to the controller, such as a paper 
jam or dead phone line and GPIB allows it. Of the 24 
lines on the bus, only 8 are used for data, while the rest 
are reserved for grounding or special use. One of these 
is the Service Request line. It can be used by any 
device to indicate a problem has developed or a 

request must be made. 
All the devices attached to the GPIB use the same 

SRQ line and since they do the controller must have a 

way of finding out which devices need attention. 
There are three ways of handling this, the serial poll, 

in which each device is polled in turn by the 
controller; the parallel poll, in which all devices are 
polled concurrently, or the selective parallel poll, in 

which each data line is polled and once the line is 

found with the device that needs service, the controller 
polls all devices on that line serially. 

Bus lines 
The GPIB has 24 conductors, whose functions can be 

thought of in three groups. (See Fig. 1) 

The first eight lines of the interface are the data bus. 
These lines are used to transfer data from one point or 
device to another Since there are eight lines associated 
with the data bus, it can transmit one digital word or 
byte at a time (eight bits). 

The handshaking or data byte transfer control lines 
enable various devices to handshake with one another 
Without this function, there would be no need for the 
data bus, since the devices couldn't "talk." A talker 
device must know when a listener is ready to accept 
the next data byte. The Not Ready For Data line 
supplies this information to the talker. 

The Data Valid line tells the listener whether the 
information it is receiving is important or just noise. That 
line tells the receiver that the data is good. 

The other part of the GPIB's handshaking is 

performed by the Not Data Accepted line which tells 
the talker whether the listener has accepted the data. 

Ultimate control, though, is provided by the five 
general interface management lines: Interface Clear (IFC) 
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thought of in three groups. (See Fig. 1)
The first eight lines of the interface are the data bus.
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device to another. Since there are eight lines associated
with the databus, it can transmit one digital word or
byte at a time (eight bits).

The handshaking or data byte transfer control lines
enable various devices to handshake with one another.
Without this function, there would be no need for the
data bus, since the devices couldn't "talk." A talker
device must know when a listener is ready to accept
the nextdatabyte. The Not Ready For Data line
suppl ies this information to the talker.

The Data Valid line tells the listener whetherthe
information it is receiving is important or just noise. That
line tells the receiver that the data is good.
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R -E Computer Admart 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 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 As 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
Computer Admart, RADIO -ELEC- 
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ingdale, NY 11735. 
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101 -B EE1 - Solve most -used circuit equations 
last 128K COLOR OR MONO 

106 -B EE2 - 20 AC circuit programs, HF 

effects. etc 128k, GRAPHICS 
103 -B PLOT - Plot equations. Vectors. Rec- 

tilinear, Polar. Simultaneous. Equation sol- 
ver BASICA, GRAPHICS 

104 -B MATH 1 - Parabolic dish design. Tri- 

angles. Straight lines, Factors. Pro- 
gressions, more 128k. GRAPHICS 

105 -B UNITS 1 - A Masterwork of units con - 
versions, Systems of units. Constants, etc. 
64K. COLOR OR MONO 

PROWESS. INC.. 203 Lakeridge Village. 
Suite 102, Dallas, Tx. 75238 

(214)-349-4718 

CIRCLE 192 ON FREE INFORMATION CARO 

A Z -80 
WORKSHOP 
MANUAL 

Starting with a review of 
computer principles, this 
book describes typical 
machine -code instructions followed by a 

detailed description of the Z -80 instruction 
set. Assembly language programming is 

also discussed with examples. Z -80 hex 
machine -code and assembler instructions 
are given in tabular form. along with in -our 
connections for the Z -80 and to associated 
devices Order your copy from Electronic 
Technology Today Inc., PO Box 240, Mas- 
sapequa Park, NY 11762. Price is $6.95 
plus $1.00 for shipping. 
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Is a reset; Attention (ATN) is a master bus command 
from the controllr; SRQ Is the special request line; 
Remote enable (REN) enables the controller to issue 

special commands to devices on the GPIB, finally End 
or Identify (EOI) is used an an end of message signal. 

GPIB operates with a low -true logic convention. 
Because of the construction of this bus and the fact 
that everything is tied in In serles, everything stays low 
until the last device in the series has accepted data 
This means handshaking continues throughout the data 
transfer and waits for the slowest listener on the bus. 

IBM Interface 
The GP -100 board and others use direct memory 

access, which speeds the data transfer process to and 
from the PC. For example, using input- output and 
handshaking routines and programming them results in 

a data transfer rate that will be below 100Kbytes per 
second. That is because the program must observe the 
handshaking protocol of the device with which it is 
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communicating. Direct memory access, however, 
allows the GPIB board to place commands directly in 
the PC's memory and thus communications can be 
speeded to 476 Kbytes per second. To implement this, 
you must know where the transfer will occur; the 
number of bytes, and whether the data will be input 
our output. 

Boards such as the GP -100 can also issue interrupts 
to your PC so events that happen along the GPIB can 
be trapped and monitored as they are detected. The 
PC services the board and bus as soon as the interrupt 
is implemented. 

GPIB has become a standard which began out of a 

company's desire to tie its equipment together with 
some order and certainty. It allows the technician to tie 
his PC in with his test equipment for a computerized 
testing system. In the future it will become a necessity 
as things get more complicated. By then, only a 

computer will be able to keep up. So, it wise to start 
early and use GPIB to its fullest..a, 
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is a reset; Attention (ATN) is a master bus command
from the controllr; 5RQ is the special request line;
Remote enable (REN) enables the controller to issue
special commands to devices on the GPIB, finally End
or Identify (EO!) is used an an end of message signal .

GPIBoperates with a low-true logic convention.
Because of the construction of this bus and the fact
that everything is tied in in series, everything stays low
until the last device in the series has accepted data.
This means handshaking continues throughout the data
transfer and waits for the slowest listener on the bus.
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The GP-100 board and others use direct memory

access, which speeds the data transfer process to and
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a data transfer rate thatw ill be below 100Kbytes per
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communicating. Direct memoryaccess, however,
allows the GPIB board to placecommands directly in
the PC's memory and thus communications can be
speeded to 476 Kbytes per second. To implement this,
you must know where the transfer w ill occur; the
numberof bytes, and whether the datawill be input
our output.

Boards such as the GP-100 can also issue interrupts
to your PC so events that happenalong the GPIB can
be trapped and monitored as they are detected. The
PC services the board and bus as soon as the interrupt
is implemented.

GPIB has become a standard which began out of a
company's desire to tie itsequipment together with
some order and certainty. It allows the technician to tie
his PC in with his test equipment for a computerized
testing system. In the future it w ill become a necessity
as things get more complicated. By then, only a
computerwill be able to keep up. So, it's w ise to start
early and use GPIB to its fullest.....<D~
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FREE power radio modern design, send S4 for 
detailed plans MERIDIAN SYSTEMS, Box 116. 
Eliot, ME 03903 

MOBILE telephone, paging system using your 2- 
way radio. plans S9 95 each, w PCB 19 95 Answer 
phone using your recorder, plans 6 95 w PCB 
12 95 Parts available CURRENT DEVELOPMENT 
CORP., Box 384, Westmoreland. NY 13490. 

STEREO simulator. Plans, parts and PCB only 
$10 DAVIS ELECTRONICS. 2871 S 124th, West 
Allis. WI 53227 

UNCYPHERS American and Canadian satellite or 
cable. latest technology available Plans & boards 
Kits or complete Send S5 00 for catalog Refunda- 
ble on order to PILGRIM VIDEO PRODUCTS, Box 
203. Oak Street. Pembroke, MA 02359 

CB MODIFICATIONS 
Increase channels, range, privacy, We specialize 
in frequency expanders, speech processors, FM 
converters, PLL b slider tricks, how -to books, 
plans, kits Expert mail -in repairs 3 conversions. 
16 -page catalog S2 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 
S1 00 MIDCO, 660 North Dixie Highway. Hol- 
lywood. FL 33020 

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 

CABLE and SUBSCRIPTION TV secret manual 
Build your own descramblers. converters. Instruc- 
tions. schematics for sinewave. inband outband 
gated sync. SSAVI -(HBO. Showtime. Cinemax, 
UHF. etc ) Send S8 95 to CABLETRONICS, Box 
30502R. Bethesda, MD 20814 

BUILD this live digit panel meter and square wave 
generator including an ohms. capacitance and Ire - 
quency meter Detailed instructions $2 50 refunda- 
ble plus 50 cents BAGNALL ELECTRONICS, 179 
May. Fairfield. CT 06430 

REEL -TO -REEL TAPES 
AMPEX professional series open reel tape 1800 -or 
2400 -feet on 7 -inch reels. Used once. Case of 40 
545 00 10 12 X 3600 feet and cassettes available. 
MasterCard Visa VALTECH ELECTRONICS. Box 
6 -RE, Richboro. PA 18954 (215) 322-4866 

INVENTORS 
INVENTORS' Can you profit from your idea/ Call 
AMERICAN INVENTORS CORPORATION for free 
information Over a decade of service 
1-800-338-5656 In Massachusetts call (413) 
568-3753 

PRINTED CIRCUIT BOARDS 
CIRCUIT BOARDS. guaranteed lowest quotes 
Single and double sided boards Prototypes through 
large production quantities Mail specifications for 
quotes HOBBYISTS: Print your own circuit board 
Kits of all sizes. low prices. Basic Kit. $4 00 mate- 
rials for two 3" x 4" boards (included). or SASE for 
catalog to T.O.R.C.C.C. ELECTRONICS, Box 
47148, Chicago. IL 60647 (312) 342 -9171 

PCB 15 cents sq -in. Free drilling Quantity dis - 
Counts. Professional work International Enter- 
prise, 6452 Hazelcircfe, Simivalley, CA 93063 

LEARN TV /VCR 
REPAIR 

NOw you tan tram at home in spare time for a money -making 
career as a TV VCR Repair Speciaks! No previous experi- 

ence necessary No reed to Quit your yob or sloe Everything 
a explained in easy-to-understand Language with pkMy of draw - 
iugs, diagrams and photos We saws you how to troubleshoot 
and repair vdeo- cassette recorders onto TV sets now to handle 
(louse Cars and stop repairs liar almost any make of tekevieron or 
VCR Tools are included with your course so you can get 

hands -on" practice as you follow your *man Step tY Step 
Send for free tacts about the exciting opportunities in TV VCR 
Repair and fiend out Now you can Start nuking money in the 
great career MAIL COUPON TODAY 
r Ira$ SCHOOL OF TVVCR REPAIR, OW DE066 / . Scranton Pennsylvania 18515 

Please send me full information and color brOdlure On flaw I 

earn TV VCR Repair at home in my spare time I wee- 
there is no odigation and no salesman will visit me 

Name All. 
Address 

City State lip 
`Phone i I J 

ELECTRONIC COMPONENTS 
RESISTORS, any value quantity 'Minimum 20 val- 
ue) . watt S 01. wan S 02+ $125 shipping 
Quantity discounts. 1.000 Send wanege(s), val- 
ue(s) Quantity(s) and remittance CAPACITORS 
50V Ceramic Disk. all values $ 10 minimum order 
S1 00 St 25 shipping T.O.R.C.C.C. ELEC- 
TRONICS, Box 47148, Chicago, IL 60647. (312) 
342 -9171 

EPROM PROGRAMMING 
HOBBYISTS: Pretested EPROM5 sold with your 
programming installed Program listing provided 
Fast Service Write or call ROMULUS MICRO - 
CONTROL, Box 8669. Rockville. MD 20856. (301) 
540-8863. 

HIGH VOLTAGE TRIPLERS /MULTIPLIERS 
REPLACEMENT F : 

ECG ' /GE ® /SK p, 

500NcE527 a SK3304 . . 8.75 6.95 
523/cE528 a SK3306 8.85 7.20 
526A/90306 8.85 7.20 
528/SK3906 10.70 8.70 
529/GE529 6 SK3307 9.99 5 nus 7.95 100 MIN 

OUTPUT TRANSISTORS 
a GE38... 2.25 1.95 1.75 

238/cE37 a SK3710... 2.25 1.95 1.75 
283/SK3467 2.75 2.35 1.80 
2501341P 2 25 1.95 1.75 
25C117213 2.25 ." . 1.95 5J MIN 1.55 io^ MIN 

AUDIO POWER 
10 SO 100 10 SO 100 10 SO IOC 

min mn min min min min j min min min 
152 /5x5895 .30.25.21 1116 /5i(5054 .49.44.39 291 /SK3440 .49.44.39 
153/5x5274 .30.25.21 197 /sKs0e3 -59.54.49 212/5e5441 .49.45.40 

RECTIFIER DIODES 100 500 1000 

125 
156 
506 

1000V/25A 7C 
l000v /sA 18C 
APEVOLT- FAST RECOVERY 29C ^M R %Hi - 

6C 16 
24C 

5C 
13C 
19 

SS 
-.PE 
102A 
123A 
123AP - 

128 
129 
130 
159 
162 
163A 

ADDITIONAL 
10 min 50 min 100 min 

.35 .32 .29 
.18 .16 .14 
.13 .11 09 
.38 .35 29 
.38 .35 29 
.59 .55 49 
.16 .13 .11 

2.25 1.95 1.49 
2.35 1.99 1.55 

SAVINGS SS 
TYPE 10 min SO min 100 min 
171 -49 .44 -38 
184 .38 .33 .28 
185 .38 .33 .28 
198 .60 .54 .49 
199 .18 15 .12 
234 .19 16 13 
375 .44 42 39 
712 .75 .69 .60 

FOR A COMPLETE LIST CALL OR WRITE -C 0 O Orders welcome (Min 001er S25 

DIOITRON ELECTRONICS 
110 HILLSIDE AVENUE SPRINGFIELD NEW JERSEY 07081 

Toll Free 1.800528.4928 in NJ 201.379.9018 Telex 138441 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE OFFER GOOD WHILE SUPPLY LASTS 

ECG is a Trade Mark Of Philips ECG. Dlgltron Ele not 7SSOI]ted with Philips ECG 
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THE NEW 65/9028 
ANSI VIDEO TERMINAL 

FROM LINGER ENTERPRISES 
A second generation. low cost, high performance. 
single board for making your own RS232 
as a computer console or with a MODEM 
the telephone -line computer services. 
FEATURES: 

Uses the new SMC 9028 Video 
Controller Chip coupled with a 

6502A CPU. 
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. 1 

3 Terminal Modes: H -19. ADM3A. 4 
and ANSI X 3.64.1979 
Wide and thin -line graphics. 
White characters on black back- 
ground or reversed. 
Character Attributes: De- Inten. 
Inverse or Underline. 
Low Power. 5VDC @ -7A. 12VDC 
(a 20MA, 
Mini size: 6.5 X 5 inches. 
Composite or split video. 
5 X 8 Dot Matrix characters 
(U L case) 
Answer back capability. 
Battery backed up status memory. 
For ASCII parallel keyboard. 

VT 
BOARD! 

mini sized. 
Video Terminal. Use 
for hook up to any of 

MICRO SIZE! 

1....4 

`tL 
wow 

` `j rrr (`i.. 
it 
r. 

$99 
(Full Kit) 

SOURCE DISKETTE: 
PC XT FORMAT 

5'r. IN. $15 

ADD S40 FOR A&T 

Digital Research Computers 
(OF TEXAS) 

P O BOX 381450 DUNCANVILLE TX 75138 (214) 225 -2309 

Call or write for a free catalog on Z -80 or 6809 Single Board 
Computers. SS -50 Boards, and other S -100 products. 

TERMS Add St 00 postage We Pay balance Orders under $15 add 15C nandlg No 
C O o w accept yrs. and MasterCard Teas Res add S-I 8', T. rorepn orders 
.e.cept Canada) add 20' P a H Orders ow S50 add 851 rot insurance 
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FREE power radio, modern des ign, send $4 for
detailed plans. MERIDIAN SYSTEMS, Box 116,
Eliot, ME 03903 .

MOBILE telephone, paging system using your 2
way radio, plans $9.95 each, w/PCB 19.95 . Answer
phone usin g your record er, plan s 6.95 w/P CB
12.95 . Parts available. CURRENT DEVELOPMENT
CORP., Box 384, Westmoreland , NY 13490.

STEREO simulator. Plans , parts and PCB only
$10. DAVIS ELECTRONICS, 2871 S.124th , West
Allis , WI 53227.

UNCYPHERS American and Ca nadian satellite or
cable , latest tech nology available. Plans & boards.
Kits or complete. Send $5.00 for catalog. Refund a
ble on order to PILGRIM VIDEO PRODUCTS, Box
203, Oak Street, Pembroke, MA 02359 .

In cr ease chan ne ls, rang e, pr ivacy! We spec ialize
in fr equ ency ex pande rs, sp eech processors, FM
converters , PLL & slid er tr icks, how- to books,
plans, kits . Expert ma il- in repairs & co nversions.
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, par ts, kits. Catalog
$1.00. MIDCO, 660 No rth Di xi e Highwa y, Hol 
lywood , FL 33020.

DESCRAMBLER plans . New de sign decodes
gated sync su ppress ed sign als-newest pilotless
method . Ci rcuit boa rds, most parts from Radi o
Shack. Detailed theory. drawings, schematics, in
st ruct io ns $14.95 plus $2 .00 sh ipp ing . DIRIJO
CORP., Box 212, Lowell , NC 28098.

CABLE and SUBSCRIPTION TV sec ret manual.
Build your own descramblers, converters. Instruc
tions, sc he mat ics for sinewave, inba nd/o utband
gated sync, SSAVI-(HBO, Showt ime, Cine ma x,
UHF, etc.) Send $8.95 to CABLETRONICS, Box
30502R, Bethesda, MD 20814.

BUILD this five digit pane l meter and squa re wave
generator including an ohms, capacitance and fre
quency meter. Detailed inst ruct ions $2.50 refunda
ble plus 50 cents. BAGNALL ELECTRONICS, 179
May, Fairfield , CT 06430 .

REEL- TO-REEL TAPES
AMPEX professional series open reel tape. 1800-or
2400-feet on 7-inch reels. Used once. Case of 40.
$45.00.1 0 Y.! X 3600 feet and cassettes available.
MasterCard Visa. VALTECH ELECTRONICS, Box
6-RE, Richboro, PA 18954. (215) 322-4866 .

INVENTORS
INVENTORS! Can you profit from your idea? Call
AMERICAN INVENTORS CORPORATION for free
informat ion. Ove r a d ecade of se rv ice .
1-800-338-5656 . In Massachusetts ca ll (41 3)
568-3753 .

PRINTED CIRCUIT BOARDS
CIRCUIT BOARDS, guarant eed lowest qu otes.
Singl e and doubl e sided board s. Prototypes throu gh
large produ ction quantities . Mail specifications for
quotes. HOBBYISTS: Print your own circuit board .
Kits of all sizes , low prices. Basic Kit, $4.00 mate
rials for two 3" x 4" boards (included), or SASE for
catal og to T.O.R.C.C.C. ELECTRONICS, Box
47148, Chic ago, IL 60647 . (312) 342-9171.

PCB 15 ce nts sq-in . Free dr ill ing . Qu anti ty dis
co unts . Profess ional wo rk. International Enter
prise, 6452 Hazel circle, Simivalley, CA 93063 .

LEARN TV/VCR
REPAIR

Nowyou can train athome in sparetimefor amoney-making
career asa TVNCR Repair Specialist. No previous experi

ence necessary. Noneed to quit you r job or school. Everything
isexplainedin easy-to-understandlanguage with plenty ofdraw
ings. diag rams and photos. We show you how to troubleshoot
and repair video-cassette recorders andTVsets. howto handle
housecalls andshop repairs for almost any makeof televisionor
VCR. Tools are included with your course so you can get
"hands-on" practice as you follow your lessons step by step.
Send for free facts about the exciting opportunities in TVNCR
Repair and find out how you can start making money in this
great career. MAIL COUPON TODAY ,

ICS SCHO"iii. OF TWVCR REPAiR,De'PtDE056-I S'''C E I'"~ Scranton, Pennsylvania 18515 I
I

Please sendmefull informationandcolor brochureon howI canI
learn TVNCR Repair at home in my spare time. I understandI thereis no obligation andno salesmanwill visit me. I
Name Age__1I Address _

I City/State/Zip I
L!.h~L _) _;;J

ELECTRONIC COMPONENTS
RESISTORS, any value/quantity (Minimum 20/val
ue). V. watt $.01, y, watt $.02+ $1.25 shipping .
Quantity discounts , 1,000 + . Send wattage(s}, val
ue(s} Quanti ty(s) and remittance. CAPACITORS 
50V Ceramic Disk, all values $.10, minimum orde r
$1.00 + $1.25 shipping . T.O.R .C .C.C. ELEC
TRONICS, Box 47148, Chicago , IL 60647, (312)
342-9171.

EPROM PROGRAMMING
HOBBYISTS: Pretested EPROMs sold with your
prog ramming installed. Program listing prov ided.
Fast Service. Wri te or call : ROMULUS MICRO
CONTROL, Box 8669, Rockville, MD 20856; (301)
540-8863.

HICHVOLTACE TRIPLERS/MULTIPLIERS

FORACOMPLETELISTCALLORWRITE-C.O.D. Orders Welcome (Min. Order $25)
DIGITRON ELECTRONICS

110 HILLSIDEAVENUE, SPRINGFIELD, NEWJERSEY 07081
Toll Free 1'800'526-4928 In NJ201-579-9016 Telex 138441

PR ICES5UBJECTTO CHANGE WITHOUT NOTICE. OFFER GOOD WHILE SUPPLYLASTS.
ECGisaTrade Mark of Philips ECG, Olgltron Ele. not associated WIthPhilipsECG.

ADDiTIONAL SAVINGS

c...
C
z
m

MICRO SIZE!

ADD $40 FOR A&T

$9995
(Full Kit)

SOURCE DISKETTE:
PC/XT FORMAT

5'1. IN. $15

D ig it al Researc h Computers
(OF TE XAS )

P.O. BO X 381450 • DUNCANVtLLE TX 75138 • (214) 225-2309

Call or write for a I ree catalog on Z-80 or 6809 Single 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, lo w cost, high perlormance, mini Sized,
single boa rd lor making your own RS232 Video Terminal. Use
as a computer console or with a MODEM lor hook up to any 01
the telephone-line computer services.
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 po rt !
* 24 X 80 format (50/60 Hz) .
* For 15,750 Hz (Horiz.) monitor s.
* 3 Terminal Modes: H-19 , ADM3A,

and ANSI X 3.64-1979
* Wide and thin-line graph ics.
* Wh ite cha racters on black back

ground or reversed.
* Ch aracter Attributes: De-Inten,

Inverse or Underline.
* Low Power: 5VDC @ .7A, ± 12VDC

@ 20MA.
* Min i size: 6.5 X 5 inches.
* Composit e or split video.
* 5 X 8 Dot Mat ri x characters

(U/L case) .
* Ans wer back capabili ty .
* Batt ery backed up status memory.
* For ASCII para lle l keyboard.
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$ $
50 min 100min

.44 .38

.3 3 .28

.33 .28

.54 .49

.15 .12

.1 6 .13

.4 2 .39

.69 .60

100 500
7¢ 6¢

1S¢ 16¢
29¢ 24¢

'TYPE 10 min
171.. . .. . .49
184.... . . .38
185 .... .. .38
198 .. .... .60
199 .. .. .. .18
234.. . ... .1 9
375.... .. .4 4
712 ...... .75

-1000V/ 2.5A
1000V/5A
OAMPER/HI-VOLT- FAST RECOVERY

RECTIFIER DIODES
125
156
506

$$
'TYPE 10min 50 min 100min
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 1.55
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Saratoga Electronics 

Ili 
ORDER TOIL FREE 

800 -621 -0854 
ext.245 

DYNAMIC RAMS 

4164 - 15ONS S I.2 -, 

41256 - ISON5 s:t.::, 

I.C'S 

M58725 $1.19 
91I4EP(: 8.90 
745374 8.39 
74S280 8.39 
8237A -5 83.50 

EPROMS 

2716 - 45ONS $2.95 
2732A 4SONS $2.25 
2764 - 450NS 83.00 
2764 2SONS 83.75 
27256 . 3041\. fib. 75 

PC /AT COMPATIBLE 
SYSTEM BOARD 

$895 
* 1 Megabyte Installed 

DRIVES 

MIT 4853 QUAD/DS 96 171 
BHT. $69.95 
T41848 -2 8" DS/DD BHT. $99.95 
SEAGATE 20MB 1/211T. $375.00 
QUANTUM 40MB FULL. HT. $795.00 
HARD DISK CONTROLLER 
(0MTI 5510) 1139.00 

PC /XT COMPATIBLE 
SYSTEM BOARD 

* 256/6I0 KB w o Rios & Ram 

S160 

f 

Ask About Our PC /XT 
System Kit 

} {t) -; 
i 

525 MINIMUM ORDER 
PRICES SUBJECT TO CHANGE 

i 

12380 SARATOGA SUNNYVALE ROAD 
SARATOGA. CA 95070 

(408) 446 . 4949 

in i.-'?. Za 
86 CIRCLE 97 ON FREE INFORMATION CARD 

FOR SALE 
BUGGED? Wiretapped/ Find out fast Counter- 
measures equipment catalog $1 CAPRI ELEC- 
TRONICS, route 1R. Canon. GA 30520 

WANTED: Western Electric. RCA. McIntosh. Mar 
antz. Levinson. Tannoy, Dynaco, Altec, JBL Tubes. 
speakers. amplifiers. (713) 728 -4343, MAURY, 
11122. Atwell. Houston. TX 77096 

TUBES. new. unused SASE for list. SALA ELEC- 
TRONICS. Box 1376.2. Milwaukee. WI 53201 

UNEAR PARTS, TUBES TRANSISTORS - MRF 
454 $16. MRF455 $12. MRF477 S11, MRF492 $18. 
Catalog. RFPC, Box 700. San Marcos. CA 92069. 
(619) 744 -0728 

RESTRICTED technical Information: Electronic 
surveillance. schematics. Iocksmithing, 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 catalog Carl F. 
Froelich, Heritage Farm, New Freedom. PA 17349. 

TV tunable notch fitters. free brochure . D.K. VIDEO. 
Box ' Ions, Margate. FL 33063 (305) 752.9202. 

TEST equipment. reconditioned For sale $1 25 for 
catalog. WALTER'S. 2697 Nickel. San Pablo. CA 
94806 (415) 724 -0587. 

35-70% savings -bargain catalog for 39 cents stamp 
APEX ELECTRONICS MOD, 8909 San Fernando. 
Sun Valley, CA 91352 

LASERS and nghtvision surplus components Free 
catalog. M.J. NEAL COMPANY, 6672 Mallard Ct 
Orient. OH 43146 

WRITE FOR ®° Ì.MCGEE'S 
SPEAKER & ELECTRONICS CATALOG 

1001 BARGAINS IN SPEAKERS 
toll free 1.800. 346.2433 for ordering only. 

1904 MCGEE STREET KANSAS CITY. MO 64106 

TUBES, $2 49. TV, Audio, Special. 2000 types. 
SASE brings lists, ADMF, 6690 7 Mile. S Lyon. MI 
48178 

IS It True. Jeeps for $44 through the government"' 
Call for facts 1- 312 -742 -1142 Ext. 4673. 

TUBES 'Oldies,' latest Parts. components. sche- 
matics SASE for list. STEINMETZ, 7519 
Maplewood Ave . RE Hammond. IN 46324 

CONTINUITY tester logic probe New, unique, pat- 
ented one -prod tester from Europe Tests most elec- 
tric and electronic components $24 95 Battery Inc! 
Distributors wanted. ROLEK ENT. PO Box 22186. 
Barrie. Ontano. L4M 5R3, Canada. 

CABLE TV satellite equipment. Huge selec- 
Son...lowest paces. Catalog $1.00:BayCom, Box 
82276. Tampa. FL 33682- 22276. 

ELECTRONICS, exclusives. surplus and more 
Send $1.00 (refundable) for two discount catalogs, 
Add another $1 00 and get 20 Diodes, JELKINS, 
271 Shirley Street. Boston, MA 02152 

THE MST RACE to SUS. MIL or 
TRADE NEW ria USED EQUIPMENT 

NUTS VOLTS MAGAZINE 
vox 11114 PLACENTIA. CA 12Ú0 

(7141 024721 
lo- Tlieirsrrb of Reaars Nsuorr.de 

(miry Month 
OM TSAR U.B. WU$C*WT1OW$ 

MOM Sri a SI M hit Qtr N Sll.r Sistine. > d Ors 

MOTS VOLTS 

COMMODORE 64 owners, extend the life of your 
computer with my reset switch. Just plugs in $14.95 
plans $5.00. HARVEY BARON, Box 196, Beth- 
page. NY 11714. 

TUBES, name brands. new, 80í6 off list, KIRBY. 
298 West Carmel Drive. Carmel. IN 46032. 

LIFETIME 

Quality Microwave TV Antennas 

Multi- Channi 19 lo 2.7 GHz 
Iode Gain Trim Parabolic 20 Inch Dish 
ConpMI System 584.95 (Shipping incl I 

Dmisr$ilps. Oh Prics.O.Mplacement Pats 

PIIIIN-Tech Electrodes 
R/. I66 34772 noun AZ 60667 
1NtIN7-77N ß300CrsMw owe grow 

WARRANTY MWrCErE au COf1 

TV-SSER. Hawaiian Islands Gross $750.000. Price 
$150,000 Wr Ph. GKW ELECTRONICS, Box 1268 
Lahaina. Maui-HI. 1. 808. 661.8120, 

SUBSCRIPTION TELEVISION DESCRAMBLERS 
Oak built. surplus pull outs. are sinewave downcon- 
verters descramblers Units are untested and with- 
out AC power cords. Send $19 95 in money order or 
cashiers check to: PAMER ELECTRIC SURPLUS 
12970, Branford St., Suite -M.- Arleta CA 91331 

FREE Catalog Discounted video. telephones, tele- 
phone accessories. and computer accessories. 
TOOLS FOR COMPUTERS, POB 727, New 
Rochelle, NY 10802 

ELECTRONIC discount Catalog. Jumbo 300 
pages, major name brands send $2 00 HENRY'S, 
100 North 4th Street. Newport, PA 17074 -1105 

BATTERIES NiCad. sealed lead acid and more 
from national brands such as Panasonic. Eagle - 
Pitcher and others Write or call for listing DC 
POWER INC.. 1213 Old Colony Rd , Wallingford. CT 
06492 (203) 237-2292 

EQUIPMENT for manufacturing printed circuit 
boards includes Excellon N C drill. laminator. 
Chem -cut etcher, exposure unit. many many extras 
First $20K cashiers check and tractor trailer takes 
all! Call (216) 947 -2030. 

CATALOG: cable converter and descrambler kits 
and assembled units N12 minicode $98. Jerrold 
400 $99. more. Sync restoration unit assembles in 
one half hour complete $79, built $120 Satellite 
descrambler kit 5119. built $190 Surplus compo- 
nents. hobby kits. send SI. MINUTE KITS. Box 531. 
Bronx, NY 10461 

CIRCUIT boards your artwork single or double side 
boards small or large production Save SS S.A.L. 
CORP., PO Box 2893. Fontana. CA 92335 

TRADE three tons electronic test eqpt. commercial. 
military, schematics for stamps, guns RED NOR - 
DSTROM, 15 Artavia. Duluth. MN 55811 

TUBES 90x of. new. name brands, send stamped 
self-addressed envelope. GRAY 4415 Indianapolis, 
East Chicago. IN 46312 

A SINGER'S DREAM! 

REMOVES VOCALS FROM RECORDS! 
Mow You can sing ,vilh the world's test bands: 

The Thompson Vocal Eliminator can remove 
most cx virtually all of a lead vocal from a standard 
stereo record and leave the background! 

Write or call for a free brochure and demo record. 
LT Sound. Dept. R -1, P.O. Box 338. 

Stone Mountain, GA 30086 f404í 493 -1258 

CB tune -up manual volume II. Specific adjustments 
and modifications for peaking all popular CB's 
Covers over 1300 radios $19 -95. Visa. Mastercard 
to: THOMAS PUBUSHING. 127 Westwood. Paris. 
IL 61944 

SCIENTIFIC Atlanta stand alone descrambler 
piked under $100 Details $2 DIGITEK, Box 195. 
Levittown. PA 19059 

TI -WTA 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 Send 
$2.00 for catalog CABLETRONICS UNLIMTED, 
PO Box 266. South Weymouth. MA 02190 (617) 
871-6500 

DYNAMIC RAMS

* 1 Megabyte Installed

PC/AT COMPATIBLE
SYSTEM BOARD

$895

Mulli -Channe I 1.9 to 2.7 GHz
40dB Gain True Parabolic 20 Inch Dish

Comp lete System $84.95 (Shipping inci.)
Dealership s. O ty. Pric ing, Replacem ent Parts

Phillips-Tech Electronics
P. O. BOl 34772 • Phoenix. AI85087
(602) 947-7700 1S3.lHlCredit ,IIphone orders!1
MasterCard' Vi" • COO·,

TRADE three tons electronic test eqpt, commercial,
military, schematics for stamps, guns. RED NOR
DSTROM, 15 Artavia, Duluth, MN 55811 .

CIRCUIT boards your artwork single or double side
boards small or large production. Save $$ S.A.L .
CORP., P.O. Box 2893, Fontana, CA 92335.

EQUI PMENT for manufacturing printed circuit
boards includ es Excellon NIC drill , laminator,
Chem-cut etcher,exposure unit, many many extras.
First $20K cashiers check and tractor trailer takes
ali! Call (216) 947-2030.

CATALOG: cable converter and descrambler kits
and assembled units. N12 minicode $98, Jerrold
400 $99, more, Sync restoration unit assembles In
one half hour complete $79, built $120. Satellite
descrambler kit $119, built $190. Surplus compo
nents, hobby kits, send $1, MINUTE KITS, Box 531,
Bronx, NY 10461.

TV-S/SER. Hawaiian Islands Gross $750,000. Price
$150,000 Wr/Ph. GKW ELECTRONICS, Box 1268
Lahaina, Maul-HI. 1-808-661-8120.

ELECTRONIC di scount Cata lo g, Jumbo 300
pages, major name brands send $2.00 HENRY'S,
100 North 4th Street, Newport, PA 17074-1105.

BATTE RIES NiCad, sealed lead acid and more
from national brands such as Panasonic, Eagle
Pitcher and others. Write or call for list ing. DC
POWER INC., 1213 Old Colony Rd., Wallingford, CT
06492 (203) 237-2292.

SUBSCRIPTION TELEVISION DESCRAMBLERS
Oak built, surplus pull outs, are sinewave downcon
vertersldescramblers. Units are untested and with
out AC power cords. Send $19.95 in money order or
cashiers check to: PAMER ELECTRIC SURPLUS
12970, Branford St., Suite "M," Arlota CA 91331.

FREE Catalog: Discounted video, telephones, tele
phone accesso ries, and computer accessor ies.
TOOLS FOR COMPUTERS, POB 727 , New
Rochelle, NY 10802.

LASERS and nightvision surplus components. Free
catalog, M.J. NEAL COMPANY, 6672 Mallard Ct.,
Orient, OH 43146.

35-70% savings-bargain catalog for 39 cents stamp.
APEX ELECTRONICS MOD, 8909 San Fernando,
Sun Valley, CA 91352.

FOR SAL E

TUBES, new, unused. SASE for list. FALA ELEC
TRONICS, Box 1376-2, Milwaukee, WI 53201

LINEAR PARTS, TUBES TRANSISTORS - MRF
454 $16, MRF455 $12, MRF477 $11, MRF492 $18.
Catalog. RFPC, Box 700, San Marcos, CA 92069.
(619) 744-0728. .

BUGGED? Wiretapp ed? Find out fast. Counter
measures equipment cata log $1. CAP RI ELEC
TRONICS, route lR, Canon, GA 30520.

OLDTIME radio programs on high quality tapes.
Comedy! Adventurel Music! Free catalog. Carl F.
Froeli ch, Heritage Farm, New Freedom, PA17349.

TV tunable notch filters, free brochure. O.K. VIDEO,
Box 6¥6025 , Margate, FL 33063. (305) 752-9202.

TEST equipment, reconditioned. For sale. $1.25 for
catalog. WALTER'S , 2697 Nickel, San Pablo, CA
94806 (415) 724-0587.

RESTRICTED technical information: Electronic
surveillance, schematics, locksmithing, covert sci
ences, hacking, etc. Huge selection. Free bro
chu re: MENTOR-Z, 135-53 No. Blvd., Flushing, NY
11354.

WANTED: Western Electric, RCA, Mcintosh, Mar
antz, Levinson, Tannoy, Dynaco, Altec, JBL. Tubes,
speake rs, amplifie rs. (713) 728-4343, MA URY,
11122, Atwell, Houston, TX 77096.

fF WRITE FOR

~~McGEE'S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
toll free 1·800-346· 2433 for ordering only.

1901 MCGEESTREET KANSAS CITY, MO. 6'108

$1.25
$3.25

$1.49
$.90
$.39
$.39

$3. 50

$2 .95
$2.25
$3 .00
$3.75
$6 .75

4164. 150NS
41256 . 150NS

I.C 's

EPROMS

M58725
9114EPC
74S374
74S280
8237A·5

2716·450NS
2732A - 450NS
2764. 450NS
2764 . 250NS
2 72 56 . 300NS

ORDER TOLL FREE

800·621·0854
ext.245

'Saratoga Electronics

~

* 256/640 KB WiD BiDS & Ram

$895

TUBES 90% of, new, name brands, send stamped
self-addressed envelope, GRAY 4415 Indianapolis,
East Chicago, IN 46312

SCI ENTIF IC Atlanta sta nd alone descr ambler
priced under $100. Details $2. DIGITEK, Box 195,
Levittown, PA 19059.

CB tune-up manual volume II. Specific adjustments
and modifi cations for peaking all popular CB's.
Covers over 1300 radios $19.95, Visa, Mastercard
to: THOMAS PUBLISHING, 127 Westwood, Paris,
IL 61944.

HAM CE.tJI
CO MPUT£II.S
SOI'TW.tJIE

SCANNEItS · OPT ICS
TEST EQU IPMENT

MICItO WAVE
SAT ELLITE

AUDIO VISUA L
NEW PItO DUCTS

COM PONENTS · KITS
ANT IQUE f lE CT .

PU . LlCA TIO NS
.....ANS • SfItVICn

THE BEST PLACE to BUY. SELL or
TRADE NEW and USED EQU IPMENT

NUTS'; VOLTS MAGAZIN E
BO X I II I·E • PLACENT IA. CA 92670

(7 1~) 632·772 1
Jo in Thousands of Readers Nat ionwkfe

Every Mont h
ONE YEAR U.S. SUBSCR IPT IONS

$ 10.00 • 3rd Class • $15.00 . 1st Clas s• _ ,,$35.00 - lifetime · 3rd Clas s ...

CABLE TV/satell ite equipment. Huge selec 
tion...Iowest prices. Cata log $1.00:8ayCom, Box
82276, Tampa, FL 33682 -2276.

TUBES: "Oldies," latest. Parts, components, sche
mat ic s . SASE for li s t. ST EIN ME TZ , 7519
Maplewood Ave., RE. Hammond, IN 46324.

IS It True...Jeeps for $44 through the government?
Call for facts! 1-312-742-1142 Ext. 4673.

CONTINUITY tester/logic probe. New, unique, pat
ented one-prod tester from Europe.Tests most elec
tric and electronic components.$24.95. Battery incl.
Distributors wanted. ROLEK ENT. P.O. Box 22186,
Barrie, Ontario, L4M 5R3, Canada.

ELECTRONICS, exclusives, surp lus and more.
Send $1.00 (refundable) for two discount catalogs!
Add another $1.00 and get 20 Diodes! JELKINS,
271 Shirley Street, Boston, MA 02152.

TUBES, $2.49, TV, Aud io, Spec ial , 2000 typ es,
SASE brings lists, ADMF, 66907 Mile, S. Lyon, MI
48178.

$139.00

$69.95
$99.95

$375.00
$795.00

PC/XT COMPATIBLE
SYSTEM BOARD

5160

DRIVES

Ask About Our PC/XT
System Kit

MIT 4853 QUADIDS '96 TPI
J/ 2 HT .
TM848·2 8" DS/DD '/2HT.
SEAGATE 20MB '/2HT.
QUANTUM 40MB FULL HT.
HARD DISK CONTROLLER
(OMTl551O)

$25 MINIMUM ORDER
: PRICES SUBJECT TO CHANGE

12380 SARATOGA - SUNNYVALE ROAD

SARATOGA, CA 95070

(408) 446 - 4949

•
COMMODORE 64 owners, extend the life of your
computer with my reset switch.Just plugs in. $14.95
plans $5.00. HAR VEY BA RON, Box 196, Beth
page, NY 11714.

TUBES, name brands, new, 80% off list, KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

TI·90/.A 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. CABL ETRONICS UNLl MTED,
P.O. Box 266, South Weymouth, MA 02190. (617)
871-6500.
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ANTIQUE RADIOS 

continued from page 81 

Always complete alignment (and 
any other service!) before setting 
up the tuning buttons. If you only 
need to set the buttons, often that 
can be done without removing the 
chassis. Instructions for button - 
setting are often -but unfor- 
tunately not always -found on the 
back cover or inside the cabinet. 

The Grunow and the Belmont 
are very similar in regard to servic- 
ing. Alignment must be done with 
the chassis removed, but the auto- 
matic- tuning adjustments can be 
done in- cabinet. However, the 
components used in each model 
differ greatly. For example, the 
tuning- capacitor plates in each 
gang of the Grunow are all the 
same size, so there is an extra pad- 
der in series with the oscillator coil 
to lower capacitance for the os- 
cillator stage. The plates in dif- 
ferent gangs of the Belmont, on 
the other hand, vary according to 
the needs of the different stages 
they are connected to. 

Before attempting to align an an- 
tique radio, check the plates of the 
tuning capacitor for shorts. A 
scratching noise heard while rotat- 
ing the tuning shaft is a good in- 
dication of shorted plates. The 
plates may be bent, or dust, coins, 
paper clips, etc., may be causing 
the short. You may be able to use a 

putty knife to straighten out bent 
plates. 

Dust can be removed with a 

brush or a vacuum cleaner. If pos- 
sible, the entire capacitor should 
be removed and washed. 

Your restoration also includes 
the dial pointer. You should make 
it line up with the correct frequen- 
cy. An automatic tuner makes a 

poor appearance if the pointer 
doesn't match up with the se- 
lected station. 

Another problem with pushbut- 
ton sets is the pushbuttons them- 
selves. The caps are often missing 
from them, and I have yet to find a 

suitable substitute. I'd like to hear 
your ideas. 

That about wraps it up for this 
month; next time we'll discuss ad- 
vances in early radio circuits. R -E 

anuInc 
DEVICES 

PERSONAL DEFENSE AND PROPERTY PROTECTION 
UTILIZE SPACE AGE TECHNOLOGY. 
CAUTION THESE DEVICES LAN BF HAZARDOUS AND MAY SOON 
BF ILLEGAL 
POCKET PAIN FIELD GENERATOR - IPG50 
Assem-0 eo S64 
1P65 I' J-s S8 00 IPG5K KL Puns $44 
PHASOR PAIN FIELD CROWD CONTROLLER - PPF 10 
Assernb.td $25O 00 
PPF1 Puns $1500 PPF1K KryppEarg $17500 
BLASTER - Provides a plasma discharge cApaCNRIp1Íllctunng 
a un Produces a 100.000 WATT PULSE. 
BLS10 ASSEMBLED 8510.50 
BLSI PLANS S10 00 BLS1K .. KTUPLANS 1169 50 
PLASMA STUN GUN - Very intimidates and lifetime 5 to 10 

het 100.000 VOLTS 
,TM10 ASSEMBLED . $99 50 
ETM1 PLANS $10 00 ITM1K KIT,PLANS $69 50 

RUBY LASER RAY GUN -- Intense vlsbte red beamrums and 
welds hardest o1 metals MAY BE HAZARDOUS. 
RUB3AR Parts Avalable for Completing DevteeS20 
CARBON DIOXIDE BURNING. CUTTING LASER - Pro 
ducts a continuous beam oflnlerer9Y MAY BE HAZARDOUS. 
LC5 An Parts Available for Completing Device 520 00 
VISIBLE LASER LIGHT GUN - produces.ntense red beam for 
sphtmg spo11 -1g e1( Hand held complete 
LGU3 r', -.. S10 00 (Kit A Assembled Units Available) 
IR PULSED LASER RIFLE - Produces 15 30 wan infra red 

tic2 

LRG3 All Parts 6 Diodes Aradable StO 00 
BEGINNERS LOW POWER VISIBLE LASER - Dace of 
ed yenow preen - - provides an e.certnlsour ceofmonochromatic 

t 

Ram 55 00 LNC2K Krl $34 50 

SNOOPER PHONE - Allows user to call fis premses and Helm 
in wndtout phone ever nnglrq 
SNP20 Assembled 569 50 
SNP2 $9 00 SNP2K Plans/I01 $59 50 
LONG RANGE WIRELESS MIKE - M.reature dece clearly 
transmis we over one mie Super sensitive, powerful 
MFT1 Puns S7 00 MFTIK PlanyKrt $49 50 
WIRELESS TELEPHONE TRANSMITTER - Transm s both 
sides of phone conversation over one nine. shuts off automalcaify 
VWPMS Pans $8 00 VWPMSK Plan /1(4 $39 50 
PWMS -LONG RANGE SUPER EAR WITH WIRELESS 
ATTACHMENT 
PWMS Plans $1000 PWMSK..Ki..S13950 
PWMSO Assembled and Tested $169 50 
Ow Rhone is open for orders anytrme Ted.aorainare avachie 911 
a m Mon-Thum for loose needing assstance aEibmutgn Send 
$100 for of hundreds more wnAar demo send click. rash, 
140. Visa MC to INFORMATION UNLIMITED 

SEPT RB P 0 Bo. 116 . ;03 673 4730 

CIRCLE 72 ON FREE INFORMATION CARD 

NEW NEW 
SO dB Signal Rejection Filter 
tor ..wrtom w obi.. loonier a t.obr.om.. - -. .. 

Weal M -T.n..W crm <m.r.,... 2u.aq,e 
MOO( L. 1422-Tune.prrrorn<hrvwt.l.ltrrouy,22li 1OCwMMI 

ra one eel .rd i]o ew,d.b...4JCE e+owr on burble p..Tawc.. 
STAR CIRCUITS-PO Box 6332-Hoaywood.rEOrae-33aae 

GIANT electronic parts grab bag S5 Postpaid All 
New Parts Resistors. ICs. caps, transistors. coils. 
zeners. etc Prime quality components' Big assort- 
ment Money back guarantee, GE Ni-Cad Sticks 
7 2VDC -1 2 AH New, S6 Motorola full wave 
bridge MDA920A7 Mini size 1 5 Amps 600 PIV 
Special 251 or 10 S4 postpaid Write for new cata- 
log ODD BALL ELECTRONICS. PO Box 879. 
Duncanville. TX 75138 

SELL blank video cassettes Super high grade 
Olympia VHS T -120 Fully guaranteed. Only S3 49 
your cost. Add S5 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 

WORLDS best channel 3 notch filter $39 95 (Deal- 
er inquiries invited ) CROSLEY (A), Box 840. 
Champlain. NY 12919. 

CABLE TV converters -All major brands Wireless 
remotes with volume, wired remotes Cable and Vid- 
eo accessories Cablemaster distributor Lowest 
prices Ship C OD Catalogs S3 00. SONE ASSO- 
CIATES, 256 Broadway, Suite 201, Troy, NY 12180 
(518) 274-0608 

MAIL order money makers, 25 page book only 
54.00. JAMES CADD. 2402 Springdale Road 
Waukesha. WI 53186 

DESCRAMBLER plans for Jerrold Theory, sche- 
matic. parts list, waveforms For speedy delivery 
send S10 00 cash or money order BAY STATE 
ELECTRONICS. PO Box 63. Accord, MA 02018. 

BUY BONDS 

FREE ADAPTER (Limited offer) with AS- 
SORTMENT #103 -consisting of TOKO 
Coils 144LY -120K. 520 HN- 3000023. BKAN- 
K555AXX (2); PCB: Transistors 2N3904 (2), 
BF085 (Sub): IC'S 7812.74123, 
MC1330A1P: Diodes 1N914, 1N5231B. Only 
525.00. 10% Discount for 5 or more Ship- 
ping 33.00 order MC.Visa''COD. Toll Free 
1- 800 -821 -5226 Ext. 426 (orders). Jim Rho- 
des, Inc. 1025 Ransome Lane, Kingsport, 
TN 37660. 

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. 

CABLE TV 
SB3 Descrambler parts to construct project in 
Feb 84 Radio Electronics $49 95 (Dealer inquires 
invited) CROSLEY, box 840. Champlain. NY 12919 

DEALERS wanted Channel 2.3. and 4 notch fil- 
ters Money back guarantee Send $15 00 for 
sample and quantity pace list Specify channel(s). 
GARY KURTZ Box 291394 Davie. FL 33329 

THIS IS AN EXPANDED -TYPE AD WITH A 
TINT SCREEN. See how it jumps out on the 
page. To order your ad in this format calcu- 
late the cost at 53.75 per word for the ex- 
panded -type and add 25° -p for the MI 
background. 

DO IT YOURSELF TV REPAIR 
NEW... REPAIR ANY TV... EASY Anyone can do it 
Write, RESEARCH, Rt3 Box 601BR Colville. WA 
99114 

THIS IS AN ALL BOLDFACE AD. Boldface 
words cost 50C per word additional. If you 
want your entire ad in boldface. add 20% to 
the regular cost of your ad. 

EDUCATION & INSTRUCTIONS 
F.C.C. Commercial General Radiotelephone Li- 
cense. Electronics Home Study Fast. inexpensive' 
-Free' details Command, D -176. Box 2223. San 
Francisco 94126 

UNSCRAMBLE satellite signals the easy way Parts 
available from Radio -Shack. Send $19 95 for plans 
8 catalog Board & Plans $39 95, kits from 599 95 
VIDIO RESEARCH. PO Box 2, Kingsport. TN 
37660 

--FREE EVALUATIO 
and ADVISORY SERVICE 

for proloulaul electronic technician b pLP apas I-_it a9a ubm Eat Urinary Oso MOW U 
MOO IllplNo SW{ COI /RSkprase 
sd U aid PefoO5ai apnea 1p9nds yen amp 
poser K Ottah' 

A O POI( CONTINENTAL EDUCATION ASSOCIATES 
onakos P.O. Mx I197 - Champlain NY 17919 1197 

Nighty Enechw Nome Study ASEE Degree Pro- 
gram Tor Exoeenca Eie n. ctroc Technc.ans m 

Our Hew Adroncd Piocement Program grants 
Crea.t lot orr.ous Schooung A Protess.orwl Ex- 
perience Advant RoarOM Our gee yedn 

TREE DESCRIPTIVE EITIRATVREI 

Coot's !mintyt% of Elechonlcs Englnwtng 
PO PDX 20345 JACKSON MS 39209 

ANTIQUE RADIOS

con tinued from page 81

Always complete alignm ent (and
any othe r service ! ) before setting
up th e tuning buttons. If you only
need to set th e buttons, often that
can be done w it ho ut removing the
cha ssis. In struction s for button
sett i n g are often-but unfor
tunately not always-found on the
back cover or in side th e cabinet.

The Grunow and the Belmont
are very similar in regard to servic
in g. Alignment mu st be done with
th e chassis rem oved, but the auto
matic-tuning adjustments can be
done in-cabinet. However, the
components used in each model
differ greatly. For example, the
tunin g-capacitor plates in each
gang of the Grunow are all the
same size , so there is an extra pad
der in series with the oscillator coil
to lower capacitance for the os
cillator stage. The plates in dif
ferent gangs of the Belmont, on
the other hand, vary according to
the needs of the different stages
they are connected to .

Before attempting to align an an
tique radio , check the plates ofthe
tuning capacitor for sho rt s. A
scratching noise heard while rotat
ing the tuning shaft is a good in
dication of shorted plates . Th e
plates may be bent, or dust, coin s,
paper clips, etc. , may be causing
the sho rt. You may be able to use a
putty knife to straighten out bent
plates.

Dust can be removed with a
brush or a vacuum cleaner. If pos
sible, the entire capacitor should
be removed and washed.

Your restoration also includes
the dial pointer. You should make
it line up with the co rrect frequen
cy. An automatic tuner makes a
poor appearance if the pointer
doesn 't match up with the se
lected station .

Another problem with pushbut
ton sets is the push buttons them
selves. The caps are often missing
from them, and I have yet to find a
suitable sub stitute. I'd like to hear
your ideas.

That about wraps it up for this
month ; next time we'll di scuss ad
vances in early radio circuits. R-E

PERSONAL DEFENSE ANDPROPERTY PROTECTION
UTILIZE SPACE AGE TECHNOLOGY.
CAUTION THESE DEVICESCANBEHAZARDOUSANDMAY SOON
BE ILLEGAL
POCKETPAINFIELD GENERATOR -IPG50
Assembled .
IPG5 Plans $8.00 IPG5K Kit/Plans $44.50

• PHASOR PAIN FIELD CROWD CONTROLLER - PPFl0
Assembled $250.00
PPF1 Plans $15.00 PPF1K Kit/Plans $175.00
BLASTER -Provides aplasmadischarge capable ofpuncturing
acan. Producesa 100,000 WATTPULSE.
BLS10 , . , ,ASSEMBLED $89.50
BLSl . . PLANS , ,$10.00 BLS1K . . KTI/PLANS . . $69.50
PLASMA STUN GUN - Very intimidatingand affective5to10
feet 100,000 VOLTS
ITM10 ".". ASSEMBLED $99.50
ITMl , .PLANS , ,$10,00 ITM1K . .KIT/PLANS . .$69.50
RUBY LASER RAYGUN - Intense visibleredbeam burns and
weldshardestofmetals. MAYBEHAZARDOUS.
RUB3Al1 Parts Available for Completing Device $20.00
CARBON DIOXIDE BURNING, CUTTING LASER - Pro
ducesacontinuous beamofhigh energy. MAY BEHAZARDOUS.
LC5..Al1Parts Available for Completing Device..$20.00
VISIBLE LASER LIGHT GUN - produces intensered beam for
sighting , spotting,etc. Handheldcomplete.
LGU3..Plans..$10.00 (Kit & Assembled Units Available)
IRPULSED LASER RiFlE - Produces 15-30watt infra-red
pulsesat200-2000 persec.
LRG3 Al1 Parts & Diodes Avallable $10.00
BEGINNERS LOWPOWER VISIBLE LASER - Choice of
red,ye llow,green - provides anexcellent source ofmonochromatic
light.
LHC2 Plans $5.00 LHC2K Kit $34.50
SNOOPER PHONE - Allows usertocallhispremises andlisten
inwithoutphone ever ringing .
SNP20 Assembled $89.50
SNP2 Plans $9.00 SNP2K PlanslKit. $59.50
LONG RANGE WIRELESS MIKE- Miniaturedevice clearly
transmits well over onemile.Super sensitive , powerful.
MFT1 ........Plans........$7.00 MFTlK.....PlanslKit.....$49.50
WIRELESS TELEPHONE TRANSMITTER - Transmitsboth
sides ofphoneconversationoverone mile, shuts offautomatically.
VWPM5 ......Plans......$8.00 VWPM5K ...Pians/Kit... $39.50
PWM5-LONG RANGE SUPER EARWITH WIRELESS
ATTACHMENT
PWM5 Plans . .. $10.00 PWM5K . . Kit .. $139.50
PWM50 AssembledandTested . . . , $169.50
Ourphone isopenfororders anytime. Technicians are available9-11
a.m.,Mon-Thursforthoseneedingassistanceorinformation.Send
$1.00 lorcatalogofhundredsmore similardevices.Sendcheck, cash,
MO, Visa, MC, CODto: INFORMATION UNLIMITED

DEPTR8,PO. Box716. Amherst. N. H. 03031 Tel: 603-673·4730

CIRCLE 72 ON FREE INFORMATION CARD

MAIL ord er money makers, 25 page book only
$4.00, JAMES CADD, 2402 Springdale Road ,
Waukesha, WI 53186.

WORLDS best channel 3 notch filter, $39,95. (Deal
er inquiries invited.) CROSLEY (A), Box 840,
Champlain , NY 12919,

BUY BONDS (,(
oo

c,
C
:;:
n

-.

F.C.C. Commercial General Radiotelephone LI
cense. Electronics Home Study. Fast, inexpensive!
"Free" details. Command, D-176, Box 2223, San
Francisco 94126

Highly Effective Hom e StUdy BSEEDegr ee Pro
gram for Experienced Electroni c Techni c ians
Our New Adva nced Placem ent Progr am gra nts

~
f: \.':' Credit for p reviou sSchooling & Professiona l Ex-

pe rience. Advance Rapi d lyt Our 40th Yearl
, FREE DESCRIPTIVELITERATURE!
~ .Cook's Institufe of Electronics Engineering
, " • P.O. BOX 20345, JACKSO N, MS 39209

EDUCATION & INSTRUCTIONS

UNSCRAMBLE satellite signals the easy way. Parts
available from Radio-Shack. Send $19.95 for plans
& catalog, Board & Plans $39,95, kits from $99.95.
VIDIO RESEARCH, P.O, Box 2, Kingsport, TN
37660

DO IT YOURSELF TV REPAIR
NEW•.. REPAIR ANY TV... EASY Anyone can do it.
Write, RESEARCH, Rt3 Box 601BR Colville, WA
99114.

THIS IS AN ALL BOLDFACE AD . Boldface
words cost 50C per word additional. If you
want your entire ad inboldface, add 20% to
the regUlar cost of your ad.

REE EVALUATIO
and ADVISORY SERVICE

I
, Nlf profenlonll electronic technlcl l nl byprestigi oos

non-profit organizatioo. Earn llniv!!sity Degree (8adlel orsor
Mast!!sl throlJ'lh lkimeStudy! Credit given for previous
scholJling ai'll professional experience. UP'lradeyoor earnifll
IXMr, Flee Details l

ANON PROFIT CONTINENTAL EDUCATION ASSOCIATES
ORGAJlIZATION P.O. Box 1197 - Chlmpilln, NY 12919-1197

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Genter and we will bill.

CABLE TV

THIS IS AN EXPANDED-TYPE AD WITH A
TINT SCREEN. See how It jumps outonthe
page. To order your adin this formatcalcu
late the cost at $3.75 perword for the ex
panded-type and add 25% for the tint
background.

SB3 Descrambler parts to construct proje ct in
Feb/84 Radio Electronics. $49,95 (Dealer inquires
invited), CROSLEY, box 840, Champlain , NY 12919,

DEALERS wanted: Channel 2,3, and 4 notch fil
ters, Money back guarantee . Send $15,00 for
sample and quantity price list. Specify channel(s).
GARY KURTZ , Box 291394, Davie, FL 33329.

FREE ADAPTER (Limited offer) with AS
SORTMENT #103-conslsting of TOKO
Colis 144lY-120K, 520 HN-3000023, BKAN
K555AXX (2); PCB; Transistors 2N3904 (2),
BFQ85 (Sub) ; IC'S 7812,74123,
MG1330A1P; Diodes 1N914, 1N5231B. Only
$25 .00. 10% Discount for 5 or more Ship
ping $3.00Jorder MCNisaJCOD. Toll Free
1-800-821-5226 Ext. 426 (orders). JimRho
des, Inc. 1025 Ransome lane, Kingsport,
TN 37660.

NEWNEW ' - . --.

SELL blank video cassettes. Super high grade
Olympia VHS T-1 20. 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,

GIANT electronic parts grab bag: $5 Postpaid, All
New Parts, Resistors, IC's, caps, transistors, coils,
zeners, etc. Prime quality components! Big assort
ment. Money back guarantee! GE Ni-Cad Sticks:
7.2VDC-1 .2 AH. New! $6, Motorola full wave
bridge: MDA920A7. Mini size. 1,5 Amps 600 PlY.
Special : 2/$1 or 10/$4 postpaid . Write for new cata
log. ODD BALL ELECTRONICS, PO. Box 879,
Duncanville, TX 75138.

50 dB Signal Rejection Filter
F()( elimi nation of objectionOOkl ()( trou ble&ome TVsignais

~~t ~~22 =~~:a~~~~ ~~~=~\~=h22(j) l~·~,,=
Forone unit send S30.{Refundablo) HUGE discounts onquootity purchaces.
STAR CIRCUITS- P.O. Box 83 32 -Hollywood ,Flori da - 33084

DESCRAMBLER plans for Jerrold, Theory, sche
matic, parts list, waveforms . For speedy delivery
send $10.00 cash or mon ey ord er. BAY STATE
ELECTRONICS , P.O. Box 63, Accord, MA 02018,

CABLE TV converters-All major brands. Wireless
remotes with volume, wired remotes. Cable and Vid
eo accessories. Cablemaster distributor. Lowest
prices. Ship C.OD. Catalogs $3,00, SONE ASSO
CIATES, 256 Broadway, Suite 201, Troy, NY 12180.
(518) 274-0608.

8~
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Now you can have Quality, Service and Economy with 

DICK SMITH KITS! 

1 

r- ` . . (n. - tl . r - 

r. .-r*- 

Playmaster` 200W 
Mosfet Stereo Amp 
featu,es CMOS Analog Swrtch.ng for soft touch Controls 
Suitt In Cie-thump - to protect you speaker -1E0 rndoCatons 
toroidal honsformer Ion lower hum & better 'flocrency Hlgn 
quality Hitachi Model power devte Solder- masked solk- 
scr»r»d PCB Heavy duty heatinks All pots mounted un 
PCB for ease of construction Built-on overdrive proteChon 
Step by stop instruction manual Satisfaction guaranteed 

Electronics Australia Magazine's Design 
You've seen how easy it is to build - now hear the results yourself ! 

Thos Is the one you ve been warun9 foI With 100W RMS per channel. the elt.new 
Playmaster Series 200 integrated amplifier Is almost certainly the best burkt- n.yoursen 
deign available Feature for feature, dollar for doer, n more than stacks up apamst the br9 
names on ho-Ii (the ones with dg pore tags to match) And n has features many bggres 
lack - sloe electronic input switching The Playmaster 200 has circuitry to handle almost 
every Imaginable input moving magnet moving coil. CD player . Arlo VCR_ cassette tuner 
and morel 

Despite its unbelievable level of performance the Playmaster 200 Is much ',drop,- - 

construct than previous kits The masterful design has elinrnated 99% of ass . 

Problems (and just incase. the krt one ludes outenctusive Sony. (Nck. tdoesn !work I.,14,: 
serNCe coupon) II you think construction rs beyond your level of achrevemenl you Can 
return the lot within 7 days for a full refund 

TELETEXT DECODER KIT 
Featun 

May 

R ro 

IE ecr 
Get more from 
your television - 
GET TELETEXT' 

°Nix 199 
a 

Teletext rs mlormatron b graphics transmitted as dgrtal data In the VBI (Vertical 
Blanking Interval) between video frames You can get the latest weather. scores. stock 
prices b more at the touch of a button, All you need is a decoder - and ours os not only a 
superb perform... n s priced to put the competition to shame Easy to build b requiring 
very little adjustment. n features Pre-adjusted 'pre- assembled decoder module 
Attractive case wnh screened front b rear panels TV. Teletext, b TV- Teletext modes 

Newsflash No user fees 21 button wired- remote 

Includes "Sorry. Dick It Doesn't Wore Coupon 
after assemble your kit lads to perform send it beck with the toed 

aery -c. in .n.t we II rot ,I oivno' 

Infra -Red Remote Control Kit 
k-631514u^nr,aharem, tu," eas,w $ 495 
txitl At this print i snot an oporc n i necewM ii 

Cat K3425 

SATELLITE RECEIVER KIT 
Over 100 channels ore waiting 
on Satellite TV - build this 
receiver to tune them In 

ONLY $ 

A Prlcepce 

gee kthrpu9h 

529.9 
, -tt i 

SPECIFICATIONS 
100W RMS per channel into B ohms 
Frequency Response 6Hz 20KH: (0 3011) 

2 BH165KHZ ( -1dI) 
HUM 10006 below full output 
Uncondihonol stability Into any load 
RIM equalization within 3de 
Distortion 0 01% (Marco() 0 003% 20Hz 20KH1 
Senslttvtty MM 2mV (60d13 n) line 300mV (90áe) 

MC 200uV (7SdB) CD 2V (9408) 

1OOW Amp Module Kit 
The 480 Ampldrer is the ultimate In s.mplrcrty It s 
based on the proven 422 pow'- amp design 
(without the power transistor wrong hassles) and 
includes PCB heatsink bracket b on -board fuse $ 95 
peotectron Ideal for home or poless,onal usel 
100 watts RMS 100dB signal noose SkHz 

Col K3442 .-es aew., svtwh b not- ,nisei, lie. bet., 
Cat M-0164 Matching transformer Mt OS 

Cat K -34311 Matching !sower supply $1195 

J,,t ve^ Ei .d.e 

Fully variable voltage & current- 
Build It yourself and SAVBI 

Designed wound the LM 317 (a reliable regulator with 
great features). Ohs supply offers full potec tan and meters 
both voltage b current output Look at these specs 

Output voltage 1 3 50V variable 
Output Current 0 1A variable limiting 995 Output Regulations Better than 0 2% zero to full load 
Hum and Norse on Output less Non 1 mV of full load 
LED's indicates current hmrt.ng mode 

Cot K -3475 Output terminals isolated from chotOs 

FREQUENCY COUNTER KIT 

senor t new in Serer e ry ho, ,186' A 'AC te, S 100, IT prerron n r.ea ar abler - thew 'man, t606,.0.16 ,attnerr An ,or way b baa.w stembloa rear ewes 7V'O /ar, ea, 
rev thong M lw war at na tani ,ete,rerl IM 'tee-n., at i show men, n AIWA 6v,N 

Iadla Electronics. January 19116 

Easy to build b tune Kit os complete to the last nut b bolt Comprehensive 
Istructrons High Duality Swmens bandpass follow for greater selechwty. repro- 
t.,t'ablity b stability Includes Sorry, Dock It Doesn t Work Coupon 
Requires IBV AC Power Supply. Um Cal M-9556 $7.95 

.,a e+n.,r o.,. Antenna Dodoes : o- oa,mrs. a Sanane t? Spin'. .mtes 

Australis 1 STEREO UPGRADE Kit 
s2995 .11b NBC n,d '!ue eve, dar yet .. 

d.scnn broadcast stereo t1s.ned especelly 
or our Austria' t Satellite TV receoer (above) tin lot Includes eswyttvng- but you I have to 
tear a to boere rii Cot K -6317 

Don't miss this easy -to-build 
Pro-Quality digital instrument' 
Superb design uses latest IC technology Low 
component count makes n very 'Nobble and easy 
to build Measures frequences to 50 MN: (up 
to 500 MHz with optional pre- scaler) and penad 
both wrtha 7d t resolution Supplied with the 58995 e.clusrve Dock Smith sompldred step-by-step 

Instructions and quality are- punched. silk 
Coe i. t139 screened front panel and case 

Pre -Scaler Improve performance b increase range 

Kit of Frequency Counter to 10.500 MH1 
32250 
Cat K.3432 

FUNCTION GENERATOR KIT 

CIRCLE 95 ON FREE INFORMATION CARD 

Cot K-3520 

Now featuring Crystal Time Base 
Readout - a great DICK SMITH value! 
An essential pace of test b design gear (and an 
deal mate for our other build -it- yourself equip- 
ment) Produces sine. triangle b square waves 
from below 20Hz to 1 70kHz (with a wile range 
of output levels. toot). We haven t room to lost NI 
the specs b features here. but we re sure youll 
agree this kit is an incredible value 

Now you can have Quality, Service and Economy with

Playmasterv 200W
Mosfet Stereo Amp
Featur es: CMOS Analog Switch ing tor " soff-to uc h" controls.
Built-in " d e- thump" to protect your speake rs -LED indicators
Toroidal transtormers tor lower hum 8< beffer efficiency. High
quality Hitachi Mosfet power device • Solder-masked silk
screened PCB • Heavy dUty heatsinks • All pots mounted on
PCB for eas e of construction. Built-in overdrive protection.
Step-by-step instrucllon manual. Sotisfaction guaranteed.

Electronics Australia Magazine's Design

You've seen how easy it is to build - now hear the results yourself!

Cat K-3425

Go wireless! This sleek remote is designed just for
K-63 15. Requires only a handfu l of parts-easy to
build.At this price, Ir s not an option, it's anecessity!

$2250

Cat K-3432

Cat K-3442

Fully variable voltage & current
Build it yourself and SAVE!!

Designed around the LM 3 17 (a reliable regulator w ith
great features). t his supply offe rs full protecti on and meters
bot h vo ltage & current output. Look at the se specs :

• Output voltage. 1.3 - 30V variable
• Output Current 0-1A variable limiting
• Output Regulations: Better than 0.2'" zero to full load
• Hum and Noise on Output less than 1mV at tuilioad
• LED's indicates current limiting mode
• Output terminals isoloted trom chassis

SPECIFICATIONS
• looW RMSper channel Into 8 ohms
• Frequency Response: 8Hz-20KHz (-0.3dB)

2.8Hz-65KHz (-1 dB)
• HUM: -l oodB below full output
• Unconditional stability Into any load
• RIM eqoouzotton wlthln .3dB
• Distortion > 0.01'" (typlca~ 0.003'" 20Hz-20KHz
• 5ensilMly: MM 2mV (80dB sIn) Line 300mV (90dB)

MC 200uV (75dB) CD 2V (94dB)

Don't miss this easy-to-build
Pro-Quality digital instrument!
Superb design uses lates t Ie technology. Low
component cou nt makes it very reliable and easy
to buil d. M easu res freq uencies to 50 M Hz (up
to 50 0 M Hz with opt ional pre-scal er) and period
-both with a 7 digit resolution. Supplied with the
exclusive Dick Smith simplified step-by-step
instructions and a quality pre-punched, silk

Cat K-3439 screened front panel and case.

Cat M-0144 Matching t ransfo rmer $19.95

Cat K-3438 Matching power supply $14.95

Imp rove performance & increase range
of Frequency Counter to , 0-50"0 MH z

Cat K-3516

Pre-Scaler
Kit

FUNCTION GENERATOR KIT

100W Amp Module Kit

FREQUENCY COUNTER KIT
,

The 4 8 0 Amplif ier is the ulti mate in simplicity! It' s
base d on t he proven 4 2 2 powe r amp design
(w it hout the powe r t ransistor w iring hassles) and
includes PCB heatsink bracket & on-board fuse
pro tecti on. Ideal for home or professional use!
' 00 watts RMS • 1OOdS signai:noise @ 5kH z
Requires power supply & transformer {see below}

~
FeatU MaY
April & tron iCS

~

H
Get more/rom
you, televislon-

: GET TELETEXT!

-o~L:la~3~

This is th e one yo u've bee n w aiting for! With 1DOW RM S per channel. th e all-n ew
Playm aster Ser ies 200 int egrated am plifier is almo st certa in ly the best build- it-your self
design availab le. Featur e for feature. dollar fo r do llar. it more th an stacks up aga inst the " b ig
nam es" in hi-f i [th e o nes with big price tag s to match ). And it ha s feat ures man y " biqq res'
lack - like elec tro nic inp ut sw itching. The Playm aster 20 0 has Circ uit ry to handl e almost
every im agin abl e Inp ut : moving magnet. moving co il. CD plaver. hi-f. VCR cassett e. tuner.
and mor e!

Despite i ts unb eli evabl e level of performan ce. the Playmaster 200 IS much simp ler to
cons truc t than previou s k its. Th e masterfu l desrqn has elim ina ted 99 % of assembl y
prob lem s (and. jus t in case, the k it Includes our exclusive "Sorrv, DIck, It doesn 't wo rk" repair
servi ce co upon). If yo u think construct ion is bey ond you r level of achievement you can
return the kit w ith in 7 days for a full refund.

Infra-Red Remote C~ntrol Kit
$3495

TELETEXT DECODER KIT

Over 100 chonnets are waiting
on Satellite TV- build this
receiver to tune them in°

OHa.Y $9900 .
Cat K-6;3~16~-"':==:::::~~~~

- W h . t 's new m S.teillte TV fo r 1986? A receiver for $ 1001 It p erf orm s .s well , or berter - than m an y
commercisttv s vad.b le receivers. A n Ideal way to begm assemblmg you r own TYRO system. . . {or} can
you think of. better way of.ddmg a secon d rece iver? The recesver we 'll sh ow you IS e.sy to tnnta".

Radio Electronics, January 1986

• Easy to buil d & t une . Kit is complete to th e last nu t & bolt . Com prehens ive
inst ructio ns . High Qualit y Sieme ns bandpass f ilte r for g reate r selectivity, repro
du ceabil ity & stability . Includes " Sorry, Dick lt Doesn' t W ork" Coupon.
Requires 18V AC Po_r Supply. Use Cat M-9558 57.95
o Ask about our Antenna Dishes, Components, & S. te//lre TV Sys tem p.ckages.

Te letext is info rmati on & grap hics tran smi tt ed as di gita l data in the V BI [Vertical
Blan king Int erval) be tween vid eo f rames. You can ge t th e latest w eather, scores, stock
pr ices & more at th e touch of a button! A ll you need is a decoder - and ours is not on ly a
superb perf orm er, it' s priced to pu t t he com petit ion to shamel Easy to bui ld & requ iring
very litt le adjustm ent, it fea tures : • Pre-adj usted I pre-assem bled decode r mocJule •
Attract ive case wi th sc reened front & rear panels. TV, Teletext, & Tv/Tele te xt modes
• New sfl ash • No user fees. 21 butto n w ired-remot e.

In cludes "Sorrv. Dick It Doesn 't Work " Coup on
If, afte r assembly, your kit fails to perform . send it back wit h the fixed
service fee. and we' ll get it qoi nq!

Australis 1 STEREO UPGRADE Kit

~
MTV. NBC. and more everyd ay - get full matrix or 29

~
descrere broadcast stereo! Designed especially $ 95

,,~
for our Australis 1 Satellite TV receiver (above).
thi s kit includ es everything- but you' ll have to
hear it to believe it! Cat K-6317

Now teaturing Crystal Time Base
Readout - a great DICK SMITH value!
An essent ial piece of test & design gear (and an
id eal mate for ou r other build -it -yourse lf equip
ment). Produ ces sine, tr iangl e & sq uare waves
from below 20 Hz to 170kHz (with awi de range
of output levels, too l] , W e haven't room to list all
the specs & features here, b ut we ' re sure you' ll
ag ree this kit is an inc red ible value!

Cat K-3520

CIRCLE 95 ON FREE INFORMATION CARD
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RADIO. ELECTRONICS Readers' Special 
Get this Premium Multimeter 
at an unbelievably low price! 
Ne lust the usual voyage current b rorathance tarps rt Mick" apeVIM. 
oarustas h dudes. measures Kansan, Bart Abo *hurt aucltie contnuh 
check. a.,. .,, zero of all ranges and mere 

JUST S 
33 ronges High occ urocy 

10M mput mp.donc High 
ku99 ,oaoge protection Au o 
mono over tong. I d.COtor 

5 Curren) measurement (10 
A IDC) 

FOR PROJECTS & DESIGN 
DSE Designer Boards 
Now downing Is w simple, No soldenna 
no mess. and each board comes with a pad 
of layout paper. d 
Cot P -4614 
Cot P.4615 
Cot P-4616 
Cote-4617 

3" x 2.4" x3 
7' x 2.7" x3- e x 6.0` .e' 
e"x9.7"11.8 

S4 95 
39 95 
51995 
529 95 

Jumper Wire Kit 
Pre-cut pre-stnppsd b pas -tor 1,- 

with Bus strip, Pro Boards OSE ( . 
Boards b morel 22 AWG color- -lg..) 
lengths 50 ea 3/16 ": 25 ea of 12 Si 295 lengths from 5/16" to 1/2- comes in 
clear plastic case with corer. Cat K -4650 

Rack - 
Mounting 
Cabinets 
Proless.anal qualdy black Instrument 
cases that In standard 19- racks Supplied flat 
assembly takes only minutes Heavy gone (O 1 2 ) front 
panel top b bottom pre -punched for ventilation 

Cat H -2483 16.75" x 9.8" x 1.5' $24.95 
Cat H -2482 16.75" x 9.8 - x 3.25 S27.50 
Cat H -2481 16.75- x 9.8" x 5.5" $29.95 

Cot W -4652 Fcono , Assortmem (no case, 5495 
9 " 

;---------- 

w 638 Photo - Etch " PCB Kit kwAre 
Make your own PCB s directly from rrapu Ire arts All 

534 
% 

necessary materels included 5 . 6 steel pmt 
from.. elm b processing peck yellow filter. etch 
resist developer. blank copper boards. dry concert 
crated etch l 1 resist pahernktpesb mstructrons COI H.5700 
Cot L3906 Exposure light for Photo -Etch 511.95 

Circuit -Fixes Kit 
your board mssrng a track' No worse., Make arcult 

521 repots b changes fast b simple Includes sprang- 
loaded Damp b guide. collet Smite b blade. 1 54 asst 
copper donuts 32 sq oc Lae b anstructlon Cal 11-5900 

TinnitTM 
Solder won 9 stocky T.nnn plates bore copper 
crrcurt boards lard other metals) to enhance 
sachet abhkty 

Col N -5730 1 pant $3.50 
Cot H 5731 '1 gallon 5149$ 

Gel Cells 
:ears lisca 

n lour stay 
Cal S 3313 6V /1 _ 2 Ah 
Col S-3395 I2V/1 2Ah 
Cot 13320 12V/3 Ah 
Cot S-3321 )2V /9Ah 

20MHz 
Dual 
Trace 
Oscilloscope 

now only 

TEST 

LASER EXPERIMENTER'S 
HANDBOOK 
Fronk McAbee**. 210 pages 
A hands -on guile to under 
standeng b applying modern 
laser technology Ail the back - 

praod deny needed to bun 
dull warkm0 I,ers Cal 63900 

5995 

FIBEROPTICS & LASERS 
Edward L Safford k . 356 pp 
VNNtr*r YOU It an nçinee, 
looking I01 thorough 

the held. 0, simply curwus 95 
ahan these space 49, develop 
menas th,k is the book Cor 11361' 

A 1.MV pecked value Mph bnghtress CRT. stw -' 5329 component testing elan vwd b.ndwdth h,.,r 
eervu'W. boa power careumplon .regulated power 
supply and much more new ,ow pr it e, Cat 0-1240 l 

Electronic Telephone Projects 
Anthony Conslt. 166 pp //k 
F rom bast principles b carstrur,lon tethn.y.xs S]( 95 
to e.cnrng protects I.ke soh tone bell phone Vi 
,e y or. .nIel [> COI $-2005 

Cheap Video Cookbook 
Don Lancaster. 256 pp. 5895 Get words pictures b opcodeout of compu ter Et 

onto an ordinary N Includes construction details co, í39e5 b whware 

Electronic Test Gear to Build 
Over 40 !My propos fa hobbysts 6 *mflu efts 
frequency meters. otcraatots. power suppers b 
more 

DSE MAGAZINE BINDER 
st 

, prltl' ..1 s.te,.,this 
strong. handsome borde ' 

Troubleshooting with an Oscilloscope 
RG M.ddN1on. 415 edrhan 

51 1 
9s 

A great Introductory ten, Cat L2002 

Audio Oscillator 
U 

A hand haW tarin the sue of 

VALUE' 
$69 dpdM muMmeter 23 ronges i of sine b square waves and 

Cot 0.1220 morel 46 settings et as 

POWER & MUCH MORE! 

EQUIPMENT 

5315 
Co? B-36321 

S4 
95 

Cot 64045 

Deluxe 3.5 Digit 
LCD Multimeter 

$9995 
Cal 0.1512 

Our newest b test' 
Includes temp senor up 
meter. translator tester 
whole workshop in pot. 
able mulhmelerr 

Economy Multimeter 7 
s219/: 195 

í 
al ns apusl poo, . .. cr hh<th,s It, 

Cat Q-1440 

Price Slashed! 

$6.95 
$7.9s 
$13.95 
$349$ 

3-6-9 -12V DC 
@lamp 

Ni -Cad Charger 
types of h, L.ad hat - 

terry Test meter b 
5 LEDs 

V% 
Cot M -9519 

P .,as ink, 1 17V AC 
soc et - DC connect on 
Weal 10. alarms. Mer. 
corns. etc 
Cot M-9530 $135 

Fury sold state IC regulated 
Auto holdback function 

Output short c,rcun protected 
p.... .. .. . . rcW dwgn 

`5o0VHr 

13.8 V 
5A Peak 
Power Supply 
hr0 .teal O<,:,wn ,. s1995 home lab Nonce bench. 
CB. stereo b auto radios Cat M -9845 3 amp continuous 

tme,U.. t r strobe lights at an .roped 
ay law pm*, Bright xenon flash 
tube rs great for light &rash boats 4 95 aWm. vehcly, a special effects 
Requires 12 V polar sauce evaieb 

EACH o 4 onto, Cot 1,6000 Mw 

Flashing Strobe CCml66o04 Podd 
Col L -6003 Cleo, 

20 amp Supply 

GOO MIMI 

Orders Only - Call Toll Free: 

1-800-332-5373 
(Monday Friday. tom Opm PACIFIC LIME) 

IN CALIFORNIA CALL: 1- 415 - 368 -1066 

STORES Al 
BERKELEY 

REDWOOD CITY 

SAN /OM 
LOS ANGELES 
HEAD OFFICE 

Don't Miss Our 
1986/7 CATALOG 

More pages. more products' 
2474 Shattuck Ave (415)466-0755 
390 Convention Way (4 1 513611-11641 
4960 Stevens Crook 6Wd (406)241 2266 
1530 Westwood Blvd (213)474-0626 
390 Convention Way Redwood CIM CA 94063 

WHER THE ELECT IIC ENTHUSIAST IS I 
I MAIL ORDERS 

PO Box Redwood CA 
GUARANTEE 14 DAY MONEY -BACK GUARANTEE 

SHIPPING i HANDLING: 

ELECTRONICS 
Om *my _- ..... 

eo- 

CIRCLE 95 ON FREE INFORMATION CARD 

Hot off the press, with everything 
for the electronics enthusiast 

The data section alone is 
worth the price of admission. 

Send for your copy 
today, 

4 

S13H 
E`ECSNy utlE 

d aN 
t96b0` cAtvA 

E 
yAt; Id 9d 

'ME \r 1 \P 

$895

Cat 11-3985

'':~~~rgency strobe ligh ts at an incred
ibl y low pr ice ! Bright xeno n flash
tube is great for ligh t aircraft, boats.$1·495 alarms. ve hicles. or spec ial effects.
Requi res 12 V powe r source, available

EACH in 4 colors. Cat L-6000 Blue
Cat l-6001 Green

Flashing Strobe Cal l-6002 Red
Ca l l-6003 Cleer

_~~ Deluxe 3.5 Digit
~. LCD Multimeter

99 Our new est & best!
5 95 Includes temp. sensor, cap.

meter. tr ansistor teste r - a

Cat Q-1512 :b~~I~~~i~~~~~ in a po r-

Economy Multimeter ~/
It ":"last~~ best value availab le 521 95 _ .~.../
~~~t~~~~g;~~~ ~~~~?ty7~s~rJ~~nt /~:J::: /
fo r even less! Cat Q-1440 t

Price Slashed! , I~I'I'I'V '~~

Cheap Video Cookbook
Don lancaster, 256 pp.
Get words, pictu res & opcode out of a co mputer &
onto an o rdinary TV. lncl udes const ruct ion deta ils
& software.

Over 40 easy projects for hobb yists & enthu siasts'
fr equency meters. osci llato rs. power su ppl ies &
more.

Electronic Test Gear to Build
$3 95

Cal 11-3638

Sto re up to 12 issues (up to 814" x 1 1 size) in this
stro ng, hand som e bind er!

DSE MAGAZINE BINDER

Edward L SCfford Jr.,356pp
W hethe r you ' re an engi neer
lookingfor a tho roug h overview $1 695
of the field, o r sim ply curious
about these space-agedevelop-
merits. th is is th e book Co ! 8-3810

Electronic Telephone Projects
Anthony Caristi, 16& pp.
Fro m basic principles & construct ion techni ques $895
~~n~;~ I~~~o ~~~~r~t:r ~k~~~~ to ne bell. phone Cat So2005

.LASER EXPERIMENTER'S
HANDBOOK ' .
Frank McAleese, 210 pages
A hands -on guide to under-
standing & applying mode rn $99laser tec hnology. A ll the bac.k- 5
ground theory needed to build
actua l worki ng lasers. C a t 8-3900

TEST EQUIPMENT

Cat Q.1240

.33 rang es. High accuracy.

~~I~~~:-=~~: ~~~
mafic over-range indicator •
High current measurement (10
AC& DC) '

P.O. Box 8021 Redwood City CA 94063
14 DAY MONEY·BACK GUARANTEE
SHIPPING. HANDLING:

...
We , Il ' r>UPS r"ourod ~ ..les. Oflle_.n 'eQ~Ull'd

"'dd 5"'- of ", d e . 101101 lSI 50 ....'..' ~ I 10 ' .Il'Of>"'Q
. 110 "'- "" I. ide l1le US'" . S. oo , 1

T~.e ..... ..,d"'o... 1 Sl .50 ll. rod l ,jfee
;:~~'l:':'U'f'Ie"" r>lefSeJ'd<l

~ 'ro""'._,••~••• o...,_~\- """I R.G Middleton. 41h edltion $11 95
.~ • •~ A g reat Intr od uctor y textl Cat 8-2002

_:' Audio Oscillator
~~~~ $69

Reick
Mounting
Cabinets
Professional quality black instr um ent
cases that fit standard 19" racks. Supp lied f lat
asse mb ly takes only min utes. Heavy guage (0. 12") fron t
pane l: top & bottom pre- punc he d fo r ve ntilation.

Cot H-2483 16 .75 " x 9.S" x 1.5 " $24.95
Cot H-2482 16 .75 " x 9 .S" x 3.2 5" $27.50
CotH-2481 16. 7 5" x 9.S" x5.5 " $29.95

..

13.8 V
5A Peak
Power Supply •
Reg ulated DC supply for $1995
hom e, lab, serv ice bench,

~B~~~e~~~~n~~~os.rad ios. Cat M-9545

• Full y solid sta te Ie regulated~~• Auto fo ld- back fu nct ion •

~u~~~~~~n~~~u~i~~:~~~~~ 2,,91C~ ini:Y $9995
• RF filter-fitted • I 500V H,- ::-:::.:-. _. -=--=-=.
Pot tes ted. ------ ~:=e

Supply ~- ~~I M -9547

JUS1 $49
Cal Q.1500

$4.95
$9.95
$19.95
$29.95

3" x 2.4 " x.3
7" x 2.7" x.3 "
8" x 6.0 " x .8 "
8" x 9.7" x.8

Solder wo n't st ick? Tinnit p lates bo re co pper
crrcu rt boards (and other metals) to en hance
soldrer abhhty.

Gel Cells

Cal H·5730 1 pint
Cat H-5731 Y2gallon

Ni-Ca d Cha rger
Su its mos t sizes &
types of Ni-Cad bat- 9'&.7~
terres. Test meter& /~~:\ ~,
5 LEO's. $9 95

Cat M- 9519

yourboard m iss ingatrack? No wo rries! M ake ci rcui t $21
95repairs & changes fast & simp le. Includes spring-

lo aded clamp& guide. co llet knife& blad e. 154 asst.
co pper don uts, 32 sq.in. fo il, & instru ct ions. Cat H-5900

TinnWM

No mess, no leaks! Now
ava ilable in fou r sizes.
Cal 5-3313 6V/ l .2 Ah
Cal 5-3315 12V/l.2Ah
Cat 5-3320 12V/3 Ah
Cat 5-3321 12V/ 9Ah

C ircuit-Fix™ Kit

Now designing is so simp le! No so lderi ng.
no mess, and eac h board comes with a pad
of layout paper.

Ca l P-4614
Cal P-4615
C a l P-4616
Cal P-4617

Jumper Wire Kit
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STEREO AMP 

continued from page 68 

Switches S8 and S9 in the Dubbing 
Select Circuit operate similarly to the 
other switches in that section. except that 
they drive a 4013 "D" flip -flop, rather 
than an RS flip -flop built from gates. The 
RC networks connected to S8 and S9 de- 
bounce those switches. The outputs of 
those flip -flops are connected to the tape 
buffer circuit shown in Fig. 4. 

The flip -flops in the Dubbing Select 
Circuit drive the A and n inputs of IC104 
and IC204. triple SPDT analog switches 
that route the tape- recorder input and out- 
put signals to the appropriate places. 

We should mention that the r1 output of 
each flip -flop in the Dubbing Select Cir- 
cuit controls the RESET input of the other 
flip -flop. That cross connection makes it 
necessary, when using the dubbing cir- 
cuit, to turn off a circuit before turning on 
the opposite one. For example. if you're 
dubbing from Tape 2 to Tape I and want to 
reverse the operation, you'll have to press 

We stock the exact parts. PC board and AC adaptor for Radio Electronrca 
February 1984 anccle on budding your own Cable TY Deacnatbta. 

`701 PARTS PACKAGE $29.95 
Includes all the original resistors. capacitors. diodes. transistors . 

integrated circuits. coils IF transformers (toko BKAN- KSS52AXX) 

'702 PC BOARD $12.95 
Original etched d drilled silk- screened PC board used in the article 

/04 AC ADAPTOR $12.95 
Original (14 volts DC C 285mal ac adaptor used in the article 

S-P-E.C.I.A.L.S 
BOTH #701 & #702 NOW S39 

ALL THREE #701, #702 & #704 NOW $49 
Add $2 SO smpp.ng and handling - $4 SO la Canadian orden 

We also one. ouantay Discounts on S or more unas 

FREEReprint of Radio Electronics article (February 1984) on Budding Your 

Own CABLE TV DESCRAMBLER with any purchase of above 

60-CHANITIL 

CABLE 
CONVERTER 
WITH D:TRARID REMOTI CONTROL 

SC 60R CONVERTER 569.95 
b-sands r MAW pn.efes tea w.w, W t+i i5 

A. ee SAM rTP M taa.ete Mr 10/1119 
A eo.etef w arta we. Fs. auaNWrf NMAMiv 
ImUa(t 1 a0 Cw..e CyMrH 

Cer1.M.wnN weew pr.ee 
uba.awg tT...rr.e Wie 
MtwFepMe. w+aw Rl 

..-: **law r TV *aft. cww ) o..r.n 
tuMeeneC t.ed re w...efe..r 
wet M Care trefe 

rr wa wens .a. al roce er..fr..e Owe.e.Yes 
Add $3 50 Shipping and Handing 

O4 so on Canadian Orders 

ORDER 
TOLL FREE 

1- 800 -227 -8529 
inside MA 617.339.5372 = 

VISA. MASTERCARD or C O D 

6w 
ELECTROCIICS,IhC. 
PO BOX 800 -D MANSFIELD, MA 02048 

CIRCLE 65 ON FREE INFORMATION CARD 

the , l switch before pressing the f : 
switch. 

Next time. we'll finish up our discus- 
sion of the circuit's theory and then begin 
to build the unit. R -E 

CLICK AND POP 

continuer/ from page 57 

. -C.a.V'rAV ..ht Y.U. 

efwt OlLas 1 OC<r >62 .5411.e..s 

ITafne7.011144001v Olyde1541.84,,Dtv 

FIG. 11 -THE UPPER TRACE SHOWS an input 
signal with a large scratch pulse: the lower trace 
shows how that scratch is removed. and how a 

smooth transition is made between the from 
and to portions of the waveform. 

sound of both new and old record albums. 
A good record cleaner is probably the 
cheapest and most effective means of 
sound improvement. But beyond that, our 
Scratch a 

improvement in sound that you'll wonder 
how you ever got along without it. The 
photo shown in Fig. I I shows the kind of 
real -life performance you can expect from 
the device. Happy listening! R -E 

Fact 
Cardiovascular 
diseases will cause 
half of all deaths 
this year. 

Your gift can make 
a difference. 

VAmerican Heart 
Association 

WE'RE FIGHTING FOR YOUR LIFE 
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Original etched & dri lled silk-screened PC board used in the artic le.

continued fro m page 57

CLICK AND POP

Your gift can make
a difference.

~-a. American Heart
V Association
WE'RE FIGHTING FORVOUR LIFE

the 2- . \ switch before pressing the \ -2

switch.
Next time , we' ll finish up our discus

sion of the circuit's theory and then begin
to build the unit. R-E

FIG. 11-THE UPPER TRACE SHOWS an input
signal with a large scratch pu lse; the lower tra ce
shows how that scratch is removed, and how a
smooth transition is made between the " f ro m "
and "to" portions of the waveform.

sound of both new and old record albums .
A good record cleaner is probably the
cheapest and most effec tive means of
sound improvement. But beyond that , our
Scratch Filter can provide such a dram atic
improvement in sound that you' ll wonder
how you ever got along without it. The
photo shown in Fig. 11 shows the kind of
real-life performance you can expect from
the device . Happy listening ! R-E

Fact:
Cardiovascular
diseases will cause
half of all deaths
this year.

....inside MA 617·339·5372
VISA. MASTERCARD or C.O.D.

ORDER
TOLL FREE

1-800-227-8529

PO. BOX 800-0. MANSFIELD, MA 02048

J&bJ
ELECTRoniCS,Inc.

The flip-flops in the Dubbing Select
Circuit drive the A and B inputs of IClO4
and IC204 , triple SPOT ana log switches
that route the tape-recorder input and out
put signals to the appropr iate places.

We should mention that the Q output of
each flip-flop in the Dubbing Select Cir
cuit controls the RESET input of the other
flip-flop. That cross connection makes it
necessary, when using the dubbing cir
cuit, to tum off a circuit before turnin g on
the oppos ite one . For example, if you ' re
dubbin g from Tape 2 to Tape I and want to
reverse the operation , you' ll have to press

Thousands 01 theseconverterssold nationally for S1 ,9 95
We offer you this sametype ot converter lor only $6995
All convertersareNEW, With Full manufacturers WARRANTY
FEATURES
o Full 60 Channel Capabrhty
o Cord less Inlrared remote co ntrol
o Ultra- Stabl e SyntheSized tumng
C Microprocessor con tro lled Pll
C Works on all TV mode ls . ch annel 3 outpu t
o Standard / HRC SWitch lor co mpatrbrfuy

With all Cable Systems
o WIll work With an wpes 01externa l des cramb lers

Add$3.50Shipping and Handling
$4.50 on Canadian Orde rs

SC-60R CONVERTER

Add $2.50 shipping and handling - $4.50 for Canadianorders
We also offer quantity Discou nts on 5 or more units

s-e-s-c-r -x-t. -s
BOTH #701 & #702 Now$39

ALL THREE #701, #702 & #704 Now$49

60~ ~~

g~~ERTERe~
WITH INFIlAJIED REMOTE CONTROL

$69.95

We stock the exact par ts. PC board and AC adaptor lor Radio Electr onics
Febru ary 1984 art icle on building you r own Cable TV Descrambler.

Includes all the original resistors, capacitors. diodes. transistors,
i~tegrated circuits . coil s. IF transformers (taka BKAN-K5552AXX).

FREE Reprint of Radio Electroni cs article (February 1984) on Build ing Your
Own CABLE TV DESCRAMBLER with any purch ase of above .

#704 AC ADAPI'OR $12.95
Original (14 vo lts DC @ 285ma) ac adaptor used in the article.

#702 PC BOARD $12.95

#701 PARTS PACKAGE $29.95

continued from page 68

STEREO AMP

Switches S8 and S9 in the Dubbing
Se lect Circuit operate simi lar ly to the
other switches in that section, except that
they drive a 40 13 " 0 " flip-flop, rather
than an RS flip-flop built from gates . The
RC networks connected to S8 and S9 de
bounce those switches. The outputs of
those flip-flops are connected to the tape
buffer circuit shown in Fig. 4 .
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HOBBY ELECTRONICS VALUES AT OUR STORE NEAR YOU 

Beautify Your Project! Semiconductor "Hotline" 
Now Radio Shack 

Can Replace 
Almost Any IC or 

(1) (2) Semiconductor 

\ 
, (5) 

(6) 
(7) I8) 

More Than 

Subsitutions! ) 4 , 
" (4) (3) - No Minimum 

Order \ 
(1) Deluxe Enclosure. Easy -to -work metal with (5) CdS Photocell. Rated 200 mW at 170 volts No Postage Ai& 
eggshell white bottoms. black tops. hardware. rub- max *276 -116 1.29 Charge 
ber feet 1'S /re x 844 x 6' /e" 0270.272 5 99 (6) XC -5491 Tri -Color LED. Glows red on DC. 
Larger Version. 3' /'s x 8'/4 x 6'/2' green on reverse DC, yellow on AC. If the device you need is not part of our regular 
*270.274 7 99 *276 -035 1.29 stock. we'll check our new in-store substitution 
(2) Communications Knobs. 1'/2" diameter (7) COX21 Blinking LED. Combines a MOS guide and special -order a replacement from our 
Pointer notch *274 -402 Pkg. of 2/99e driver IC and a red LED in one housing Use as warehouse Semiconductors are available for pro. 
(3) Contemporary Knobs. 1" diameter Metal an alerter or in electronic jewelry 1276-036.1.59 Jects and repair work Radio Shack also offers this 
over plastic 274.424 . Pkg. of 211.89 (8) Super -Bright Red LED. 300 mcd al 20 mA. service on selected tubes. crystals. phono car 
(4) 0-15 VDC Panel Meter. #270.1754. 7.95 yet runs cool *276.066 99C fridges and styli Come in and give us a try' 

Battery Guidebook "Soft- Touch" Switches Get "Motorvated "! 
Helps You Select ..ram - - The Right Battery - ; :y As 

II` 

SPECIAL 
PURCHASE! 

Learn now batteries work 
how to recharge and test 
them. and how to choose 

1g 
1L- 'fi, 

These small low-.oltage DC motors are revers,bi. 
the best values Includes SPST "Soft- Feel" Push -On /Off Switch. Rated and have a prewired noise-suppression circuit 
complete technical data on 3 amps at 125 VAC Mounts in a ' /e "- diameter They are ideal for robotics. experiments. model. 
all ENERCELL' batteries hole *275 -1565 1.29 making and just plain fun About 2' /e x Via" Sha'i 
160 pages 62.1396 Momentary Version. 275'566 1.19 nas a brass p.dlev 273229 

Semiconductor Reference Sound the Alarm! Etch Your Own Boards 
Guide 

(9) (10) r 
1 986 

Edition 
399 

icked with detailed intor bon on Radio Shack's 
s, SCRs. LEDs diodes 

l 
i 

(9) Two -Tone Piezo Buzzer. Supe-.:o:.g 100 dB 
output. ideal for security systems. power failure 

SO i s 
01 

roil opto devices Cross- 
41111 

alerters and more 8 to 16 VDC *273.070 8.95 Our PC Board Kit includes everything you need 
reference and substitution (10) Pulsing /Continuous Piezo Buzzer. Great Two 4'/7 x 3- solid copper -clad boards, resist -in. 
section lists over 80.000 54114:C;.fctor for alarm systems. vehicle backup alerts Out - pen and solvent. elchant. layout strips and circles 
types Illustrated 254 R7.`raece Chide put 90 dB at 12 VDC. only 10 mA Screwdriver tank, 4,e" drill bit and instructions 
pages *276.4009 terminals 773.068 6.95 *276.1576 9.95 

Breadboard It! 

--} (12) 

(13)M 
(11) Universal Breadboard. Our best' The 
2'14 x 6'12" breadboard is mounted on a 7 x 4" 
"stay -put" steel base with rubber feet Accepts 
DIPs, discretes and up to 22 -gauge wire Has 3 

binding posts for external hookups 
*276 -169 19.95 
(12) 16-Pin DIP Jumper. *276 -1976 ... 3.99 
(13) 16- Position DIP Test Clip. Easy access to 
individual pins *276 -1982 ...... 3.99 

Folding 16 -Range LCD 
Digital Multimeter 

Automatic Shut -Off 
When Case is Closed 

Automatic Polarity 

New! 

4995 
This extra -durable Micronta' instrument mea- 
sures AC/DC volts. DC current. resistance and 
has a special mode for testing semiconductor 
junctions The hinge has detented stop' posi- 
tions at 90. 135 and 180° for easy viewing on 
your bench and in the field With spare fuse. test 
leads. owner's manual Batteries extra *22.187 

TV Sound; Video Modulator 

Sale! 288 
Reg. 4.95 

Prewrred module converta linee 
tevei v.deo and suda sirma Io 
channel 3 or 4 lot reception on a 
standard TV Can be used with G computers. TV cameras. and in 
experiments '2 VDC 
2771015 

Handy Transistor Checker 

Only 1495 
Tests small spnal arat power.type 
Node, transntors in or out of ur 
Cud Lamp indicates relative c r 

rent gam, opens" and shot's 
Output lack lets you connect to a 

external meter or 
scope with instruc- 
2ns Battery extra , 

*22-025 

Over 1000 items in stock' Binding posts. Books. Breadboards, Buzzers. Capacitors. Chokes. Clips, 
Connectors. Fuses, Hardware, ICs. Jacks, Knobs. Lamps. Multitesters, PC Boards. Plugs. Recti- 
fiers, Relays, Resistors, Switches, Tools, Transformers. Transistors. Wire. Zeners and more! 

Rachel lhack 
A Ci'J.'.'ON Cr rA4: r cOrPCCAr or. 

i. ., 
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HOBBY ELECTRONICS VALUES AT OUR STORE NEAR YOU
Beautify Your Project! Semiconductor "Hotline"

Now Radio Shack
Can Replace

Almost Any IC or
Semiconductor

More Than
200,000

Substitutions!
• No Minimum

Order
• No Postage

Charge

If the device you need is not part of our regular
stock, we'll check our new in-store substitution
guide and specia l-order a replacement from our
warehouse. Semiconductors are available for pro
jects and repair work. Radio Shack also offers this
service on selected tubes, crystals , phono car
tridges and styli. Come in and give us a try!

(5) CdS Photocell . Rated 200 mW at 170 volts,
max. #276-116 1.29
(6) XC-5491 Tri-Color LED. Glows red on DC,

~~~~~o~ reve.r~e .D~ : yell~~. ~~ .AC: . . . . . 1.29
(7) CQX21 Blinking LED. Combines a MaS
driver IC and a red LED in one housing. Use as
an alerter or in electronic jewelry. #276-036, 1.59
(8) Super-Bright Red LED . 300 mcd at 20 mA,
yet runs cool. #276-066 99c

(1) (2)

(4)

(1) Deluxe Enclosure. Easy-to-work metal with
eggshell white bottoms, black tops, hardware, rub
ber feet. 115h 6x 8' /4 x 6' /a': #270-272 . . . . . 5.99
Larger Version. 3'h6 x 8

'
/4 x 6

'
/2':

#270-274 7.99
(2) Communications Knobs. 11/2" diamete r.
Pointer notch. #274-402 Pkg. of 2/99c
(3) Contemporary Knobs. 1" diameter. Metal
over plastic . #274-424 Pkg . of 2/1.89
(4) 0-15 VDC Panel Meter. #270-1754 . . . . 7.95

Battery Guidebook
Helps You Select
The Right Battery

199

Learn how batteries work,
how to recharge and test
them, and how to choose
the best values. Includ es
complete technical data on
all ENERCELL'" batte ries.
160 pages . #62-1396

"Soft-Touch" Switches

Low As

119

SPST " Soft -Feel" Push-On/Off Switch . Rated
3 amps at 125 VAC. Mounts in a 3/a" -diameter
hole. #275-1565 1.29
Momentary Version . #275-1566 1.19

Get "Motorvated"!

SPECIAL
PURCHASE!
2 for 149

These small low-voltage DC motors are reversible
and have a prewired noise-suppression circuit.
They are ideai for robotics, experime nts, model
making and just plain fun. About 2'/ax 1'/a': Shaft
has a brass pulley. #273-229.

<0
ex>
en

c..
C
z
m

Tests small -sign al and powe r-type
bipolar transistors in or out of ci r
CUlt. Lamp indicates relative cur
rent gain, " opens" and " shorts."
Output jack lets you connect to an

external met er or
scope . Wit h instruc
tions . Batt e ry extra .
#22-025

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

lIadl8 IhaeM

Reg. 4.95

Our PC Board Kit includes everything you need:
Two 4' /2x 3" solid copper-clad boards, resist-ink
pen and solvent, etchant, layout strips and circles,
tank, ' h 6" drill bit and instructions.
#276-1576 9.95

Etch YOurOwn Boards

Handy Transistor Checker

Only 1495

TV Sound/Video Modulator

Sale! 288

Prewired module co nver ts line
leve l video and audio sign als to
chann el 3 or 4 for receptio n on a
stand ard TV. Ca n be used with
computers, TV cameras, and in
ex pe r i m e n ts . 12 VDC .
#277-1015New!

4995

Automatic Shut-Off
When Case is Closed

Automatic Polarity

Folding 16-Range LCD
Digital Multimeter

Sound the Alarm!
(9) (10)

This extra-durable Micronta ' instrument mea
sures ACIDC volts, DC current, resistance and
has a special mode for testing semiconductor
juncti ons. The hinge has detented " stop" posi
tions at 90, 135 and 1800 for easy viewing on
your bench and in the field. With spare fuse, test
leads, owner's manual. Batteries extra. #22-187

(9) Two-Tone Piezo Buzzer. Super-loud 100dB
outpu t, ideal for security systems, power failu re
alerters and more. 8 to 16 VDC. #273-070 8.95
(10) Pulsing/Cont inuous Piezo Buzzer. Great
for alarm systems, vehicle backup alerts. Out
put: 90 dB at 12 VDC, only 10 mA. Screwdriver
terminals. #273-068 6.95

Breadboard It!

(11) Universal Breadboard. Our best! The
2' /4x 6' /2" breadboard is mounted on a 7 x 4"
" stay-put" steel base with rubber feet. Accepts
DIPs, discretes and up to 22-gauge wire . Has 3
binding posts for external hookups .
#276-169 19.95
(12) 16-Pin DIP Jumper. #276-1976 3.99
(13) 16-Posilion DIP Test Clip. Easy access to
ind ividual pins. #276-1982 3.99

(11)

Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clip s,
Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, Plug s, Recti
fiers, Relays , Resistors, Switches, Tools, Transformers, Transistors, Wire , Zeners and more!

Semiconductor Reference
Guide

1986 399
Edition

Packed with detailed infor
mation on Radio Shack's
ICs, SCRs, LEDs diodes
and opto devices . Cross 
reference and substitution
section lists over 80,000
typ es. Illust rat ed . 2 54
pages. #276-4009
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9a9. Mail-Order Electronics lameco 
ELECTRONICS 415 -592-8097 

Fan No 
SN74OßN 
SN7402N 
SN7404N 
SN7405N 
SN7406N 
SN7407N 

4ceN 
a,ON 

.'414N 
,416N 17N 

'.4;!X4 

. 448N 

.'472N 
'473N 

.'4704 

.47w 

7400 
Arc. M No Peke 

19 SN7485N . 36 
to SN746N4 
25 SN7469N ..1.96 
29 SN7490N 
29 SN7493N 
29 SN74121N 
2S SN74123N 
19 SN74125N ...45 
45 SN7412674 49 
35 SN74143N 396 
35 SN741SON 129 
19 SN74154N 125 
19 SN741564`4 139 
29 SN741731.4 75 
29 SN7417474 59 
45 SN741751,1 59 
69 SN74176N 
79 $N741e1N 196 
79 SN74189N ....196 
79 SN74193N 
39 SN7419e14 
35 SN74221N 
35 SN74273N .196 
99 SN743e514 . 436764 ó9 

74LS 
+Steb 79 

19 74L$196 SO 
25 744_$173 49 
25 74LS174 39 
99 741.5176 39 
99 

74LS19 49 
19 74LS191 49 
39 7415221 49 

19 i4l-Ç2tl AO 
25 741_5244 8o 
39 74LS246 . 79 
89 7415219.. 1 19 
35 744.3273.. 79 
25 741_5279... .. 39 
29 7415322. 
29 7415356.. 
49 741S396. 
25 741.S367... 
39 74L5396 . . 39 
39 74L5373 79 
49 7415374 .. 79 
39 7415393 . 79 
39 744.55911 . 595 
39 7415824.. 195 

149 741S629 
. 2 49 

35 741.$640 .. 99 
35 7415 16 . 99 
49 7415670 99 

74LJV 1 

741_502 
741_504 
741505 
741506 
74L$07 
744_506 
744.510 
741.514 
744.527 
741..530 
741_532 
741542 
744_547 
741_$73 
741574 
74L$75 
741576 
74L$85 
741..586 
741590 
741_$93 
741.5123 
7415125 
'11.5136 
-..5139 

5154 
5157 
5158 
S163 

74S /PROMS 

74 
,415 

.7f6 
5124 

45174 
745175 

JS 74$190... 195 
35 745196... 149 
29 745246.... 149 
35 745244.. 149 
49 745253 ... 79 

149 74$25* 169 
35 745288 169 

2 7S 745373 109 
79 745374 109 
79 745477 3.49 

74ÁL500 
7441502 
74ALSO4 
74ßL508 
74Á1S I O 

74ÁL527 
74ÁLá90 
74ÁL532 
74ALS74 

35 
35 
39 
35 
35 
39 
35 
39 
SS 

74ALSI35 
74415174 
74ÁL5175 
744$240 
74415244 
74ALS245 
74Á1.S373 
74445374 
74ÁL5573 

89 
89 
89 

1 79 
1 79 
2 49 
195 
195 
195 

74F0ß 
74F04 
74F08 
74F I O 
74F32 
74,74 
7086 
74F 138 

59 
65 
59 
59 
65 
69 
89 

1 19 

749139 
74,157 
74,193 
74,240 
74,244 
74F253 
74,373 
74,374 

129 
129 
496 
2 49 
2 49 

1 79 
295 
295 

:,40p1 
_CN(111 
004013 
C04016 
C04017 
C04018 

C04027 
c04030 

Io 

C04052 
004063 
C04069 
C0000 
C040e6 
C040e9 

;4070 
:4071 

19 
19 
35 
29 
49 
e9 
59 
49 
39 
39 
65 
29 
29 
65 
66 
65 

3 49 
89 
29 
25 
29 
25 
25 
09 

004081.. 
004062. 
CD4056. 
Cp41004. . 

cD4o106 
CO4503.. 
004S1O 
C04511... 
004516.. 
C04516. 
C04S20 
C04522 
004538 
C04541 
C04543 
C04553 
CO4555 
C04566 
cO4563 
o4564 
C04585 
M014411 
MC 1449ßP 
MC14S72 

25 
25 
39 

149 
295 

49 
69 
69 

439 
79 
79 
79 
89 
89 
99 
95 
BD 

195 
119 

59 
75 

995 
449 

Á9 

PRICE BREAKTHROUGH! 
CUSTOM COMMODORE CHIPS 

for VIC -20, C -64 and C -128 Personal Computers 
PMI No AK. 1 Part No No. 1 P.r1 No Á1C. 

'6510CP4J +9.94 9.95 '6526C4A -06K 1495 '6561S10 4994 19.95 
'6525TP1 -0994 9.95 '656010C-19999 14.95 62S10pP4.A 4796- 19.95 
'Specs Aw4abnesl SO ea '6S67VIC-114404. 19.95 NOTE 125100 U17 (C44) 

AA M07o/aom4 MC68701 -Microcomputer with EPROM 
The MC687O1 n.- 6-134 woe Chip mcroCpnp440 ,l9 (MPU) 
wrscn srpnnc4-Uy 49+1.Y1C.. I79 upstages of 79 A4c600o 

,vy Cl corta on-cl,o re4ovice41nclude 2048 WIN. of EPROM 
bytes of RAM. SMUT COrtYrMiCOBOrM yysrleCe (SCI), per* 

. n and .?typo Arc ton Ar>4am.W4P TLnM 

MC68701 S24.95 
MICROPROCriI$$OR COMPONENTS 
11IC5OP5oCISSOA con SIMS/111911/11811119999 5000 SERIES Cent 
Part No Pqp PRAWN Poke Pet No Arc. 
D765AC 495 
COPt802CE 996 
2661 -, 995 
2N 25014. 2100 SERIES 

Z80 '5 
160-07c 1 79 
240-0ART. . 496 

1 79 
Z80A 146 
0804-CTC 1D9 
TJIOA-OMT 525 
Z404-PI0 1.96 
280*-SIWO 525 
2406 398 
280U-CTC 496 
Z60E3-P0 . 496 
NN/NN/e09N 11IL 
6502 275 
6520 
6522 
6532 
6651 
6800 
6802 
8610 
6621 
6840 

296 
496 
549 
696 
196 
496 
196 
196 
675 

oft 996 
0646 95 
8800 196 
eN2. 475 
e60001' 995 
Ne61 895 

5000 SERIES 

800316.1 
0075 
0073N 
80804 
5Oe6A 
8086 
0086-2 
eß87(Welt) 
8087.2183/6471 
8066 
8086 -2 
8116 
8156 
8156 -2 
8156 
8202 
8200 
6212 
8224 
8228 

695 
1996 
195 

29 95 
395 
27S 
695 

1096 
12996 
15995 

795 
995 
89S 
2 75 
395 
2 75 
995 

2995 
t96 
2 25 l 4`) 

8237.5 695 
8243 2 49 
62504. 695 
82506 (For 09.41 725 
6251A 225 
6253.5 225 
8254 995 
8254-2 1195 
62554-5 225 
0257.5 249 
6259-5 249 
6272 495 
8279-5 295 
8741 895 
8748 795 
6749 995 
8751 2996 
8756 1495 

MONMMIN 
AD00804 3349 
AOCOe08 895 
A000009 395 
AD(-10816 1495 
4000817 895 
08C0808 195 
DAC1008 795 
Av-3.10150 495 
Av S 1013* 395 

PMl Ma Poulos. 0010110 RAYS Me. 
4116N-15 
126 
416464-1S0 
416414-200 
TM54416-12 
AAM62e0 
8116 
1256-1Sß 
50464-1S 

16.384 1 

131.072 1 

66.538 1 

66536 1 

16.384 4 
4096 1 

16.364 1 

262.144 I 
66.536 4 

7Mbt2016-12 
2102 
2102-2L 
211N 
211464-L 
2114N-2 
2114N-i1_ 
21C14 
2149 
5101 
P9.16116P3 
Ii446116LP-3 
44nA62641.. 12 
1/r14264LP-12 
14M6264P- I S 
14>.16264LP-1 S 
6614 

17024 
71452516 
71452532 
71452564 
2708 
TM52716 
2716 
2716 -1 
27016 
2732 
27324 -20 
27324 -25 
27324-45 
27032 
2758 
2764 -20 
2764 -25 
27644.25 
2764 -45 
27064 
27126-25 
271264-25 
27256-25 
27025625 
68764 

p4á387 
745471 
825123 
82$129 

2048 a e 
102411 
1024at 
1024a4 
1024a4 
1024a4 
1024a4 
1024x4 
1024a4 
256a4 
2048 8 

6192as 
8192 8 
8192a8 
6192.8 (1SOn4)LPCMO5 
1024 4 (3509) CM40$ NPD44CI 

MONS/EIOMIS 

(150no) 
(200.9) 
(1509) 
(200r9) (I2) 
1200n01 2107 
(120nß) (45v Orr/ AeQI9.00) 
115á9) 
(15014)14464) (41464) 

:rEETEc MAIII 
112á91 
(35á9) 
(2509) LP (91L021 
(45á9) 
1450x91 LP 
(200191 
(200-41 l.P 
(20á9) (CAOS) 
(45r9) 
(450x9) C/.106 
1150691 C1.106 
(1 Sá9) LP CM1O6 
1120.91 CMO6 
1120r91 LP CMOS 

2898oO (i ó'5)25V 
(45á4125V 
(45ág( 25V 
I45á9) 
(4509I 3 v9í90 
(45Ons) 

1 2SV 
CMOS 
(4609) 
l2091 21 V 
(250.9) 21V 
(450n9) 21V 
CMOS 
(4500s) 5V 
12Oá91 21V 
(25á9) 21 V 
(230'1) 125V 
(450x9) 21V 
CMOS 21V 
(2509( 1201(21 V 
(2509) 125V.. 
(25á9)255K (12 5V) 
(250,46 250( (0.406) (12 514 
I450.9) 25V... 
13509) 2SV.. 
PROM O C. 
PROM TS 
PROM TS 
PROM 1 S 

4096 8 
8192a8 
1024a8 
204e 8 
2048a8 
2046 8 
2048 8 
4096 8 
4096a8 
4096x 8 
4096 8 
4096 8 
1024x8 
8192a8 
8192.8 
8192a8 
8192a8 
8192a8 
16.384 8 
16384 8 
32.768 8 
32.766a8 
8192a8 
8192a8 
256a4 
256a8 
32a8 
256a4 

59 
595 
439 
1 19 
495 
195 

99 
395 
795 

1 69 
69 

1.49 
99 

109 
1 05 
149 

49 
495 
395 

1 79 
165 
469 
479 
449 
459 
4 49 

595 
595 
595 
995 
S 49 
995 
375 
425 
995 
375 
525 
4 49 
395 

1095 
595 
525 

49 
4 49 
395 
695 
495 
595 
995 

1395 
1595 
16.91, 
169 
496 
295 
295 

156 1M111í (T1g NE3(ETI 
IM1 No. 14 1049 100-09 

8 pI'lP 13 12 11 
14 pnLP 15 13 11 
16 inn LP 17 15 13 
24 con LP . 31 30 29 
28 pr' LP 39 37 

49 46 
-101.0E1141l STANDARD 150L0 4 

M91 WRAP SOCKETS (6ß1D1 LIBEL $3 
Intl No. I.9 10.9 10949 
8 cen W W 55 49 45 

14 pn WW 69 66 59 
16 con VAN 75 69 66 
24 pm WW 119 109 99 

35 28 p+' WW 1 39 1 29 1 19 
43 

TIM) ANO READER PLUG SOCKETS ALSO AVAILABLE - 

SATELLITE TV 
DESCRAMBLER 

r4 M145321 4 a TV Cenea WIC 9 ß%0r449 
,SOON óI5 t9ec sync Anchors br ß4M cd, 
',vane 525.1.76á(t nW. cod and urv,a ..r.. 
' 460n$ COLOR sum GATE A SYNC 

ALLOW STABLE COLON OPERATION 

MM5321 $9.95 
DIOITALKER~ 

DT1050 - App&r4bans TeeGAlw awls .ppno9ea 
<wc5..ybnno9... Y4Oornannn4 o.II, *saner 
bank nC TM DT 1050 4 440694rd DIGITAL it LA 01000ed 
ern 137 sews,* and useful words 2 tones, and S *memo 
,.í.r c durabp .s The sods and Mrs nap been &snared 
5.ä04e adaeasen 9n,ng S posebn b ontpA 4r5N wads 
a wads oan0YMUN4 nb Annoys a wen w414-0ß. Toe 

.0101 Ap4 o1 B9 DT10504a AgNy 0904 nWo. 
TM MOW 404004444 tp.MA Poo.s.or 009.10254104 
(40 -918) and /a0 (2) SOMCa ROW 1a11S21M *3111 and 
MMS214 455112 (24 -04 along o99 s Yssbr Word ant and 

- ,n nSndn .e9ß-.164 diagram oa M a9.4pbon shoot 
Pan 140. D..alglon Pet. 

DTI 050 ow.- $24.95 
MM54104 Aec...a clamp $12.95 
DT1057E.p -04 ß9 oTloso .octoi.ry hap 137 
041:9110 g7 0194 ntlu0ya Inc (2) 90MSn and 

95 
INTERSIL 

Part No Ance RMi No Alp 

P832030 
7t7ecPL 
7106EVMt 
7107CPL 
7107EV71(4 
'2O7AP0 

1296 
1296 
695 

4695 
895 

4695 
595 

7207AEVMt 
72111111. (TM) 
7211 MPL 1143C101 
721714 
7217 AXA 
7224FL 
7226AEV/K4 

849 
795 
849 

1095 
895 

'095 
9995 

7 
4HCO0 
'04002 
411C44 

01006 
'464C10 
14NC 14 
701030 

'01C 74 
'01075 
70/C76 
7414C85 
7464066 
'464C123 
7464C125 
4640132 

'4644.138 
7464(139 
'04C154 
'464C163 
-41(4-1 74 

35 
319 

39 
39 

39 

19 
1.19 
sa 

1 19 
99 
79 
79 
79 
95 
89 
no 

70-0175 

74440240 
7040244 
7040245 
74440253 
7040259 

7040373 
7040374 

7040595 

70404040 

70401030 

09 
I 95 
1 39 
1 49 
1 59 

79 
1 19 

79 
49 

1 49 
1 19 
195 
195 
1 19 

79 
79 

1 19 
195 
295 
195 

74C- CMOS 
29 74C175 89 

14C04 .25 74C221 1 19 

74C14 A9 74C373 195 
r.caa 36 740374 195 
74074 AO 740912 795 
74035 1.19 740915 I 19 
7.4096 29 740920 9 95 
r4089 395 740921 9 95 
74020 199 740922 395 
74C154 295 74C923 395 
74C173 99 74C925 495 

UN 
:7500260N I 69 L.7.4399H 395 

7L064CN 109 NE5401 (C540-9 295 
LM307CN 45 NE556V 29 
LWOW. 125 014.555 89 
,M311CN 45 LM556N 59 
044317T 99 NE55W4 1 19 
LA,4318CN 1 19 14,4565N 99 
04019N i 19 LA4567V 49 
U402011-5 135 NE592N 80 
LS4320T-5 59 LM74104 29 

..140244 39 LAA1458C74 49 

LM33914. 49 1.7414131914 1W 
LIA340146 135 LM1496N 99 

(.143407-12 ULPOCCOA 99 
LM340T-15 X112206 395 

15353N 59 LAt2917N (a an) 1 ss 
LF3,561V 89 LA1390314 59 
(5350,4 69 LM3905CN 1 19 
L114358N 49 LA4343951 60 

L11.43610CN 109 305532 99 

LA-087t4 49 75477 I 19 

PARTIAL LISTING OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! CALL FOR OUANTITY DISCOUNTS 

CIRCLE 114 ON FREE INFORMATION CARD 

74S/PROMS·

74 HC 175.. .89
74HC221 1.95
74 HC240 1.39
74HC244 1.49
74HC245 1.59
74H C253. . .79
74HC259 1.19
74HC273 1.79
74HC3 73 1.49
74HC374 1.49
74H C3 93 1.19
74HC595 1.95
74 HC 688 1.95
74 HC4040 1.19
74HC4049. . .79
74 HC40SO. .79
74 HC4060 1.19
74HC4511 1.95
74HC4514. . . .. 2.95
74HC4536 . 1.95
74H C4 543 2 .9 5

DIgltalker~ •• ••• • $24 .95
Processor Chip ••• $12.95 '

SATELLITE TV
DESCRAMBLER

DS00 26CN. ...... .. 1.69 LM 399H... .. .... .. 3.95
TL0 74CN. . .79 TL497ACN . . . . . . ... 2.19
TL084CN... ...... 1.09 N E540 H (C540H) ... 2.95
LM 307CN. . . . .. .. .45 NE555V... .. ...... . .29
LM 309K ....... 1.25 XR-L5 55.. .69
LM 311 CN .. .45 LM 556N.. .59
LM 31 7T.. . ... .. .99 NE558N. ........ .. 1.19
LM 31 8C N ......... 1.19 LM565N. .. . . .. . .99
LM 3 19N. . ... .. 1.19 LM 56 7V. .. . .. . .89
LM 320K-5... ... 1.35 NE592N. ... .89
LM 32 0T-5.. .59 LM741CN . . .29
LM 323K . ......... 4.49 LM747N.... .59
LM 324N.. .. . .39 LM1 458CN .. .49
LM 33 8K .. ........ 3.9 5 LM1 488N. . .69
LM 339N. . . .49 LM1 489N . . .69
LM 34 0K-5.. ....... 1.35 LM1 496 N.. .99
LM 340K- 12. .. . ..... 1.35 LM 187 1N. . .. .. .. .. 1.95
LM 340K-1 5. ........ 1.35 LM 1872 N. .. ...... 2.49
LM 340T-5... ... .. .49 LM1 896 N..... . . 1.59
LM 340T- 12. .. . .49 ULN 2oo 3A... .99
LM 340T-1 5. ... .. .49 XR2206. . . ..... . 3.95
LF3 47N. . .99 XR2207 .......... . 2.49
LM 34 8N . . .... .. .69 XR22 11.... . ..... 2.95
LF3 5 1N. . .49 LM 2907N. ...... 1.95
LF3 53 N. .. .59 LM 29 17N (8 p in) . ... 1.55
LF355N... .89 LM 3900N. . .59
LF3 56N . . .89 LM3905CN. ........ 1.19
LM 358N. . ..... ... .49 LM 3909 N. .89
LM 360N.. 2.19 LM 39 14N. ......... 1.95
LM 3 61N. . .. .. .... 1.59 LM 391 6N. ........ . 1.95
LM 38 OCN. . . ...... . 1.09 NE5532 ... .99
LM 386N -3 .. .89 NE5534 . . .89
LM387 N... .99 7547 7... . .. .. 1.19
LM393N.. .45 76477. .. .3.95

DT1050
MM54104

The MM5321 is a TV camera sync generator designed to
supply the basic sync funct ions for either color or mono
chrome 525 line/6 0Hz interfaced and camera video recorder
applicat ions. COLOR BURSTGATE & SYNC

ALLOW STABLECOLOROP£RATION

MM5321 $9.95

DIGITALKERlM

I 74C-CMOS I
74Coo . . .29 74C1 74 . . . .89
74C02. . .29 74C175.. .89
74C04 . . .25 74C221. 1.19
74C08.. .3 5 74C240. . ... ....... 1.59
74C10. . . . .. . . . .. . . .29 74C244... .. ...... . 1.59
74C 14.. .49 74C373 . . . . 1.95
74C3 2.. .35 74C3 74... . . 1.95
74C74... . .... .. .49 74C912. . . ....... 7.95
74C8 5. . ....... . 1.19 74C915.. .. ....... 1.19
74C86 . . . ........ .. .29 74C9 20. . . ..... .... 9.95
74 C89. . ... 3.95 74C92 1.. .. ...... 9.95
74C90. . . .89 74C922.. . .. ...... 3.95
74C154. .. . .. . ..... 2.95 74C923 . . . .. ....... 3 .9 5
74C 173.. .89 74C 925.. 4.95

I LINEAR I

i74 H C HI-SPEEDCMOS
74 HCOO.. .35
74 HC02. . .39
74HC 04 . .. .39
74HCOS.. .39
74 HC 10.. . .39
74HC 14. .59
74HC30.. .. .. .. .. .39
74HC32.. . .45
74 HC74. . .45
74 HC75.. . .69
74H C76.. . . . . . . . .69
74HC85 1.19
74HC86. . . .59
74 HC 123 . . . 1.19
74 HC125. .99
74 HC 132. .. .79
74HC 138 . .. .79
74HC1 39.. .79
74HC154.. 1.95
74HC163. .89
74 HC 174 89

Price

6500/6800 /68000 Cont.
Part No. Price

6843.. ... .. .. 9.95
6845.. .. . .. .. 4.95
6850. . 1.9 5
6852 4.7 5
68OOOLB 9.95
68661 8.95

8000 SERIES
8031.. .. . .. 6.95
8OC3 1SH. 19.95
803 5 1.95
8073N. . 29.9 5
808O A 3.95
8085A 2.75
8086 8.95
8086-2 10 .95
8087 (5M Hz) . 129.95
8087-2 (8M Hz) .. 159 .95
8088 7.95
8088-2 9.9 5
81 16. .. .. 8.95
8 155. . . . . . 2.75
8 155 -2. .. 3.95
8 156. . 2.75
8202 9.95
8203 29.95
82 12. . .. 1.95
82 24. .. 2.25
8228 3.49

DYNAMIC RAMS

2048x8
1024x 1
1024 x 1
1024 x4
1024 x 4
1024 x 4
1024 x 4
1024 x 4
1024 x4
256x4
204 8x8
2048 x 8
8 192 x 8
8 192 x 8
8192 x 8
8 192 x 8
1024 x 4

16,384 x 1
131 ,07 2 x 1
65 ,53 6 x 1
65 ,536 x 1
16,384 x 4
4096 x 1
16,384 x 1
262 ,144 x 1
65,536 x 4

Function

PRICE BREAKTHROUGH!

TMM 2 016-1 2
2102
2102-2L
2 114N
21 14N - L
2 114N -2
21 14N -2L
21C 14
2 149
5101
HM 611 6P-3
HM6 116LP- 3
HM 62 64P-1 2
HM 62 54LP-1 2
HM6264 P-15
HM6264LP-15
65 14

Part No.

41 16N-15
4128
4 164N-150
41 64N-200
TMS4416-1 2
MM5280
8118
4 1256- 150
50 464- 15

MICROPROCESSOR CHIPS
Part No. PrIce

D765 AC 4.95
CDP1802CE. . . .. . 9.95
2661-3. . . . .... 6.95
l80 , l80A,zaes, SERIES
Z80 1.75
Z80-CTC .. .. .. . 1.79
Z80-DA RT. . .. 4.95
Z80-P10 1.79
Z80A 1.85
Z80A-CTC 1.89
Z80A-DA RT. . . 5.25
Z80A-P10 1.95
Z80A-SIOIO 5.25
Z80S 3.9 5
Z80 S- CTC. . . . . . . 4.95
Z80S-P10 4.95

6500/6800 166000 SER.
650 2. 2.75
6520 2.95
6522. . 4.95
653 2 6.49
65 51. .. 6.95
68 00 . . 1.9 5
6802. . 4.9 5
68 10 1.9 5
682 1 1.9 5
6840 6.75

CUSTOM COMMODORE CHIPS
for VIC-20, C-64 and C-128 Personal Computers

Part No. Price Part No. Price Part No. Price
' 6510CPU __ 9.95 '6526CIA __ 14.95 '6581510 -3M&-19 .95
'6525TP1 -*.95- 9.95 ·6560VIC-I_14.95 825100PLA **-19.95
·Specs. Available Ci$1.50 ea. ·6567VIC-II#.9i-19.95 NOTE: 825100 = un IC-54)

rill MC68701 -Microcomputerwith EPROM8 MOTOROLA The M C687Q1 is an 8- b it sing le chip m icrocom put er unit (MPU)
w hic h sig nificantly enha nces the capabilities of the MC6800

~
• family of parts.On -chip re so urc e s incl ud e 2048 bytes of EPROM,

. _ 128 bytes of RAM ,Serial Comm unica tions Interface (SCI),paral
lei I/O. and a thr ee function Prog ram mable Timer.

MC68701 $24.95

CD4081.. . .25
CD4082. . .2 5
CD 409 3. . .39
CD4094 1.49
CD40103 2.95
CD4503. . . .49
CD4510 69
CD 451 1.. .69
CD4 5 15. 1.39
CD4 5 18. . . . .79
CD 4520. . .79
CD4522. . .79
CD 4538. .89
CD454 1. .89
CD4543 99
CD4553. . . . 4 .95
CD4 555. .89
CD4 566 1.95
CD4583.. .. 1.19
CD4 584 . . . .59
CD4585.. .75
MC14411 9.95
MC14490P . . . 4.49
MC14572 . . ; . .89

.35 74ALS138. .. .89

.35 74A LS 174.. .89

.39 74ALS 175.. . .89

.3 5 74ALS240.. . 1.79

.3 5 74ALS244.. .. 1.79

.39 74ALS245. . . 2.49

.3 5 74ALS373 1.95

.39 74A LS3 74 1.95

.55 74A LS573. .. 1.95

74F

7400

74ALS

CD-CMOS
CD4oo1.. .19
CD4011. .19
CD40 13. .35
CD 40 16 .29
CD4017.. .49
CD 40 18 .. . .69
CD4 020. . .59
CD4024 .49
CD 4027. . . .39
CD4030. . . .39
CD4040. . .6 5
CD 4049. . .29
CD4050. . .29
CD405 1.. . .6 5
CD4 052. . .65
CD4053 6 5
C D4059 . . 3.49
CD4 060. .89
CD4 066. . .29
CD4069. .25
CD40 70.. .29
CD407 1.. . .25
CD4072. . .25
CD4076 . . .89

74ALSoo ..
74ALS02 ..
74ALS04.
74A LS08.. .
74ALS10 . .
74A LS27 .
74ALS30 .
74ALS32.
74ALS74..

Part No. Price Part No. Price
SN74ooN. . . . . . . . . . . .19 SN7485N. . . . . . . . . . . .55
SN7402N. . 19 SN7486N. . 35
SN7404N.. .. .. .. .. . .25 SN7489N. .. 1.95
SN7405N. .. .. . .29 SN749ON.. .. .. .. .. . .39
SN7406N.. . .. .. . ... .29 SN7 493N.. .. .. .. . .. .35
SN7407N. . .29 SN74121N 29
SN7408N 25 SN 74 123N 49
SN74 10N 19 SN74125 N.. . .45
SN7 4 14 N. . . .. .45 SN74126N . . . .49
SN7416N.. . . . . . . . .. .3 5 SN74143N 3.95
SN7417N.. .. .. .. .. . .35 SN7415ON. 1.29
SN7420N. . . . . .. .19 SN74 154N 1.25
SN7430N. .. .. .19 SN74158N. .. 1.39
SN7432N .29 SN74173N .75
SN7438 N.. .. .. .. ..29 SN74 174N . .. .. .. .. . .59
SN 7442N. .. . .45 SN74175N 59
SN7445N. .. .. . .69 SN74178N.. . .89
SN74461L .. . .79 SN 741 81N 1.9 5
SN7447N.. .. ..79 SN74189 N 1.95
SN7448N.. .. . .79 SN74193 N 69
SN 7472 N. . 39 SN741 98N 1.35
SN7473N. .. 35 SN74221N 89
SN7474N 35 SN 74273N. . .. 1.9 5
SN7475N. . 39 SN 743 65N . . ..59
SN7476N 3 5 SN74367N. .. 59

74LS

.59 74 F139..

.65 74 F15 7. .
.......... ....59 74 F193.

.59 74 F24O..

.65 74 F244. .

.69 74 F253 . .

.89 74 F373.
........... 1.19 74F374.

PARTIAL LISTING' OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS

CIRCLE 114 ON FREE INFORMATION CARD
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Worldwide Since 1974 är eco 
ELECTRONICS QUALITY COMPONENTS COMPETI77VE PRICING 

PROMPT DELIVERY 

COMMODORE' COMPATIBLE 
ACCESSORIES 

RS232 Adapter 
for VIC -20 and 
Commodore 64 

The JE232C11 ,aces cornmeal+ or stendsrd Neel RS232 
_asana modems. Mc b reel VIC -20 and C44 (uMdwg 
ON $79.44 Nbgaerel A 4-powe .each Yoe. Pe .yens. 
el M 4 ooraroi awe Commie.. wrYYOn and opreson 
InelnaOGM warded 

polos nro User Fen Pro des Slarrdrd RS232 sq+al 4v.s 
Uses 6 ena* (Transmet Repue Ow Io Send. Rearm a to 

Sexed Dota irm+W Ready Data Set Ready) 

JE232CM $39.95 
Voice Synthesizer VIC-20 & C-64 

Plug -ln -TIal in g in MMufss! 
JE520CM $99.95 

300 Baud Auto Modem 
Mitey-Mo Met C-44) $74.95 

Parallel Printer Interface 
FREE 41( Bunn Includadl 

MW350 (Forvec- 2o.c- «ac -1i) S69.95 

TAS -80' COMPATIBLE 
ACCESSORIES 

E- X- P -A -N -D TRS -80 MEMORY 

TRS -810 MODEL I, In 
TRS -16K3 200m (Modal III) í5.95 
TRS -16K4 250ns (Model t) í5.49 

TRS-80 COLOR AND COLOR II 
TRS -641.2 í11.95 

Now modals only - 
TRSCaCo -Ind. 2.50464's (41444's) 519.95 

TRS-80 MODEL 4, 4P 
TRS44142 f11Á5 
I'Penal Mx1141rom IOKW( or DAWN 4PYrl+ 64K- 1211 

TRS114142ML $29.95 
[Mende 0d11 4 Yaw MK M 12812 

TRS110 Mode1100 NEC OUIVettl 
M1001I11C S29.96 M. or 3 for f79.95 
1RS40 Model 100 Eapsrrtlon 

NEC9101 829.95 K or 3 kw f79.95 
NEC MEOW PC4201A E.penrr+ 
OM109K S29A5 as or 3 for 1179.95 
oln.m mode M10 E>malra0n 

TANDY 200 
M200R S99.95 as or 2 fdr 11199.95 

PROMETHEUS MODEMS 

Intelligent 
1200/300 Baud 

Modem with 
Real Time 

Clock /Calendar _.w..^,, 

The Pr.9Mdew`e BM 212A 11200/30g a ,agerw Nand- ee waders Mayes command sr ereeoeGO* ph.s en ar 
. +el edenOW Mersard M Shoe. *ea a r,- _ 

: opaon 111.212 BerlsA*I IAIa: 

PM1200 $299.95 
Options for ProModem 1200 

PM-COM $49 95 
ProCo Cre.nu.cYre Sateen Please Keay Ope . 

syt*e Apre Pr000S or GPM IBM PC DOS or MS . 
PM-0PS121C S129.95 
Comewercibor. BuIM OpaOn 

SUF512K S54.95 
S12K Weeeory b PM-00.512K 

P 
M-ALP f79.95 
owuewc caper a PowanI loo 

PM- SPECIAL 02 9249.95 
Includes P A.OP5l2K a.F5t2% and PMµ 

APPLE" COMPATIBLE ACCESSORIES 
All Apple Cards come cornplefe wen msfrucbons MADE IN THE USA! 

16K RAM CARD CONTROLLER EXTENDED 80- 
(Language Card) CARD COLUMN CARD 

For Apple T1 and II For Apple il. II and IW For Apple Ib' 

E+pard Yom 46K-64K Moe 

mefUl (AA( 1S.6K/ 
CAW 

JE860- .. S39.95 

-11$- 
C4paWdM.oIrpupbPao 
rn.s fI4L'alelratdW Orlrea 
ADO-514 or AO0-12 (ACC1) 

£1164 la en +t.^r+ . 
OmaMV64KRAMC, 
Iugh r2o142/0n cu 

JE875 . . . . $49.95 JE864 . . . . S69.95 

128K RAM CARD 
For Apple II, I+ and Me 

Few hey Paae. 
c 

ere j k.d.d Lames 
D.A Emulators or DOS 33 CPM a 

Apts4 P.xa Espan6A44AM 

JE868" S119.95 

rj; PS1.141rtl;ur 

.-. .. 

APPLESURANCE 
DIAGNOSTIC DISK 

CONTROLLER CARD 
For ADO* II. 11 and lI. 

PREVENTS CRASHES., 

fest ypr RAM 11041, CRI ans PM 
OTIVI/Applemesnce 
JE877 $69.95 

PARALLEL 
PRINTER CARD 

For Appal II. II. and lla' 
Nay conpaade *eh App* CP/M App* 
Pasta 10r FORTRAN). and rote 0e.r 00- 

Mamba for 6 I. 01' POT. I 

JE880 S59.95 

r2 : +t.mL'tliLll`' PARALLELJSERIAL 64K 
BUFFER CARD 

For ROOM I. I. see ow 
t*rq the WWII WW2 cord* MIOO*d. 
Te .AMJ el Mar . lo Pre .E440 MEOW 
pesar Card needed Mr carlSOn The 
JEW rcbde a Standen] orala MO 
*NI bali passa ano trel IRS2321 OJ- ..d 0u1p.« M IIA- 
JE883 S79.95 

'ARIL APPLE % I. and Re are reyrod YOemrls on App* 
-When owe CP/S1. M JENO ate JEE66.E Oral tunctoesW Ver.00 10r ware PASCAL 
MEW Version I 1 or erne 

ADDITIONAL APPLE' COMPATIBLE PRODUCTS 
K., Apps II or II b App* He 

Coowp Fen nee Surge 0.04.0bon Ray la.b) 
S.nch.q Fever Sorry Key MAI 
NererrJAu. Keypad . 11 raceme ó. brn.cbom Key (OI... 
12 Grove Mo...O. meth I.e..1 Stand Key (a. b and 102) 

App Keyb0rd and Caw Key Is) 
Mx* Synenema - ReriY.. User Reedy Key lab) 
5' Hues .get Dew Dore Key (A) 
s HY.nesgm Dee Dare Key lac' 
5`.. Foe Wipe De,5 Doe Key ISO) 
POreee.en Internal Modem - 2 Cards Key lab) 
Poteete r MeansOh Lt Modern Ear (Mac.wn) 

APF-1 
KHP4007 
JE614 
AMON 
KB-EA1 
JE520AP 
ADD-12 
ADD-IIc 
ADD-514 
PM 1200A 
PM 1200M 

S 39.95 
S 39.95 
S 49.95 
S 99.95 
S 99.95 
S119.95 
S129.95 
$129.95 
S139.95 
5299.95 
S349.95 

GENERAL APPLICATION POWER SUPPLIES 
Power/Mate / Corp. C REGULATED POWER SUPPLY 
npl 105 -12Y2í0 47.63Ht Ire rpaston 005\ 3mom- 

Peel Na 
WLc.. ' 0..'011494 oneec on LA. K GSA sC 

-. 

Mega 9Ma (IaCASSI Wei PRICE 

VIM EYASAO SV3A / 61112 SA 4.1 it law 2.H 2 lbe 926.95 MAIM SV16A / 6V15Á 5YL s 4'sW AN 4 IQs 939.19 

4- CHANNEL SWITCHING POWER SUPPLY 
Mr170roaM0( Ilrlrr.<Gl+l seer. hwmel. medical paprwee and macaw s°, 

a00cabOtes amie 90.13010C. 4T -44CME QV SVDC SA -SVOC . IA 12VDC Io- 12VDC lA Une repulsion 02\ App* 30011 p9 
Lola rep/seen ' Ire Osrcvtr.M prolecb00 AA..awaww SV .non pips 
!OM San Sit 1\Ws4.15/1614 1Mg111 st De 

FCS -604A. S59.95 

IBM' COMPATIBLE 
ACCESSORIES 
83 -KEY KEYBOARD 

44111146 
Idrr ce! yyprt as 0rmNI eM PC Keybord 

ele.n11b4 Caw .re Da. rest Camp'e'e sere Cate a 
JUST PLUG IN, 

KB83 549.95 
Build an IBM PC /XT" Compatible! 

IBM -64K 64K Nur Ch.ps (9I 
KB -83 63 Key Keyboard S 49.95 
IBM -FCC mein canoe. ca t S 54.95 
IBM -Case case $ 49.95 
IBM -MCC MorwoKrwn Gaped S 89.95 
IBM -PS Peer gamey S 89.95 
FD55B Doh D.,.. 5119.95 
IBMMON Morh.0.. Moms.. 5109.95 
IBMMB M «n«bo.rd 5199.95 

Regular List S777.09 
IBM " -Special (Y.cl 9.Irn ebsy.1 $699.95 

Additional Add -Ons Available! 
IBM -KB 63142 Kaybosed. S 79.95 
IBM -ENH Ennrtmed Keye.ad S 99.95 
IBM -ICB Integrated mew Mrs $109.95 
IBM -E384K N.scaasCats. $169.95 
IBM -20MBK tow Hard Disk Dore. S599 95 

P V , «w Igdrwe 20'T IBM 
Compatible' 
DISK ameo, 

Ywwaw 

FD55B s.e. 5 . 131 »4Ml/s 5119.95 
SA455 Shears s* Ds rFar/e1 5119.95 
TM100-211Kdo. Sr. o PIEII,yA. . . . 5119.95 

JMR 5114" DISK DRIVE ENCLOSURES 
c.Irlar.b .rI pow .Paps WICK 

peer Gerd. hernold. and cor...cpra 
DOE -1 FM 569.95 
route. I FuI -NmEnt 5%- Floppy Dreg 

D DE -21114 $79.95 
Routes 2 HIa- HgIS Se. typo, Droves - Vertue. 

H ODE -1 FH 5199.95 

UV -EPROM ERASER 

Item Y UMW Eras. . _ 

(1 dI` M IS w1KIaw14., 
011 SOemrl OarOuCYw 

3 70114 2 6011 Cowper e nOdrg tray b I 
DE -4 uv-epROM Eras«. . . . 174.9 5 
UVS-11EL Rtp(scem.nt awe. . . . 17.95 

DATA BOOKS 
30003 Nr.onr Lr..e. Data ooa (621 $14.95 
30009 *torsi Dra Boa 19SI 9 9.95 
30013 2íw9 Dots Book (as) 14.95 
30022 Nan Logo D.M Boa W(94) 24.95 
210830 1re1.1 Sleeves Handbook (93m) 19.95 
230843 Wei Mrc.Oye*l+. wax_ 193/4) 19 -95 

MUFFIN/SPRITE-STYLE FANS 
YUF60 (SRO- 152442) . . S . 

Weald aOeWes H N- 120 . 
SU2C7 
EG&G ROYO' 13 125 square 

S 

$20 Minimum Order - U.S. Funds Only 
Shipping: Add 5% plus $1.50 Insurance 

Send stamped. 
self- addressed envelope 

to receive a Quarterly 
Sales Flyer - FREE! 

6/86 

1355 SHOREWAY ROAD, BELMONT. CA 94002 PHONE ORDERS WELCOME415- 592 -8097 Telex: 176043 

California Residents: Add 6% or 61/2% Sales Tax 

MJ Orar (NOVre0- wo.dw4. meco 
ELECTRONICS 

Spec. Sheets - 30e each 
Prices Subject to Change 

Send S1.00 Postage for a 

VIS41 FREE 
1986 JAMECO 

CATALOG 
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MUF60(SPN3-15-2462) .. . . $9.95
Howard Industries (4.68- sq., 60 cfm)

SU2C7 $9.95
EG&G Rotron (3.12S- square. 20 cfm)

83-KEY KEYBOARD---...

IBM~ COMPATIBLE
ACCESSORIES

FD55B Teac 5"' " OS "' ·Haight. •. • .•• $119.95
SA455 Shugart 5"' " OS "'-Heighl. . • . • $119.95
TM100·2 Tancton 5"' "OSFull-Height. . • • $119.95

JMR 51/4" DISK DRIVE ENCLOSURES
Comp lete with power supply, switc h,

power co rd, fuseho lder and connecto rs.

DDE-1 FH. . .. .. . .. .. •.. . . .. . . . $6 9.95
Houses 1 Full- Height S'. " Floppy Drive.

DDE-2HH . . . . . . . ... . • .. .... . . . $79.95
Houses 2 Half-Height St. " Floppy Drives - Vertical

HDDE-1FH $199.95
Houses 1 Hard Disk Drive

30003 N.tionalUn..r D. taBook (82) $14.95
30009 In il D. taBook (85) $ 9.95
30013 Zllog D. ta Book (85) $14.95
30022 N.r!. LogicDataBook Set(84) $24.95
210830 InlelMemory Handbook (83/84) $19.95
230843 InlelMicrosyotem Hndbk.(83/84) $19.95

• Identical layout as original IBM PC Keyboard • Highly
desirable case with palm rest - Complete with cable and data
. JU5r PWG IN!

KB83••.• •••. •• .• • • , • , , • . $49.95

Build an IBM PCIXT'" Compatible!
IBM-64K 64K RAM Chips (9). . .• • $ 12.49
KB-83 83-Key Keybo.rd• . • . . . . $ 49.95
IBM·FCC Floppy ControllerCord.. . • $ 54.95
IBM-Case c $ 49.95
IBM-MCC MonochromeCord $ 89 .95
IBM-PS Power Supply $ 89 .95
FD55B DiskDrive. . . .. • • • • • • $1 19.95
IBM-MON MonochromeMonijor. . . . $109.95
IBM-MB Mo'herbo.rd. • . . . . . . . $199.95

Regular List $777.09
IBW-Special (Incl.9ilems. bove) • •$699.95

Additional Add-Ons Available!
IBM-KB 83-Key Keyboard $ 79.95
IBM-ENH Enh.ncedKeyboard $ 99.95
IBM·ICB In'egr. 'edColorBoard $109.95
IBM·E384K Mu"ifunetionC. ,d• .• . . • $169.95
IBM·20MBK 20MBHardDisk Drive. • • . $599.95

IBM is a registered trademark of IBM Comp~ters

.~., IBM
~ ;,' .:'/. ' ,I Compatible!

; f DI~P.~J~~S
Included

. .-. ~ ...~ _ .J_ ....__""""
Erases all EPROMs. Erases up to 8 chips withi n 21 minutes
(1 chip in 15 minutes). Maintains constant exposure distance
of 1-. Special conductive foam liner eliminates static build-up .
Built-in safety lock to prevent UVexposure .Compact - 9.00'1
x 3.70"'W x 2.60"H. Complete with hold ing tray for 8 chips.

DE-4 UV-EPROM Eraser•• • . $74.95
UVS-11 EL Replacement Bulb•• •• $17.95

DATA BOOKS

PRICE
529.95
539.95

PARALLEUSERIAL 64K
BUFFER CARD

For Apple II, II+ and tie'
Using the parallel jumper cable supp lied,
the JE883 will attach to the JE880 (above).
Parallel Card needed for operation. The
JE663 includes a standard parallel input
with both parallel and serial (RS232) buf
fered outputs. PIS Buffer :

JE883.• •••••••• $79.95

APPLESURANCE
DIAGNOSTIC DISK

CONTROLLER CARD
For Apple II, 11+ and tie'

PREVENTSCRASHESI

Testyour RAM, ROM, CPU and Disk Drives.
ORV-1/ Applesuranc ell :

JE877. •• ••• •••• $69.95

128K RAM CARD
For Apple II, 11+ and tie'

Four key software prog rams are included:
Utili ties , Diagnostics, Demos, and RAM
Disk Emulators for DOS 3.3, CP/ M and
Apple Pascal. Expand-A-RAM:

JE868** •••• •••• $119.95

JE864 is an exten ded 80 
column/64K RAM Card.Ultra
high resolution capa bility.

JE875 • • • • $49.95 JE864 • • •• $69.95

PARALLEL
PRINTER CARD

For Apple II,11+ and lie'
:L_...J"IIlil~~~~'" Fully compatible with Apple CP/M, Apple

7 I Pascal (or FORTRAN), and most other op
I I erating systems and software packages.

../I Available for Apple Il, 11 + and ue.PRT~1:
.:- JE880••• ••• •• •• $ 5 9 .9 5

4-CHANNEL SWITCHING POWER SUPPLY
• Microprocessor, mini-computer, terminal, medical equipment and process con
trol applica tions • Input: 90- 130VAC, 47-440 Hz ' Output: + sVOC@ SA, - SVDC
@l A; + 12VOC@ lA, - 12VDC@ 1A · Une regulation: = 0.2% · Ripple: 30mV p-p
• l oad regu lation: ~1% • Overcurrent protection' Adjustment SV main output
z 10% ' Size: 6:1s"lx 17'1'W x 4-1S/16"H • we ight 1\2 lbs.

FCS-604A.••••. • •••• •• , •• • ••• • • •• , $ 59 .9 5

EMAS/ 6B 5V@3A/ 6V@2.5A 4~i l x 4W x 21i H 2 lbs.
EMAS/ 6C SV@6A/ 6V@5A S~l x 41iW x 2 ~. H 4 lbs.

~:~~'~~/~~o~~Wc ~4~-~~Z~!.~~UI~'"YfO~%~P!o~~~
surfaces' Overvoltage protection ' Ul recognized ' CSA cert ified
Part No. Output Size (Inches) Weight

lilT

-- --- - --
·:..o.. ~~l--_ ·-~ ~

- - .. l.. l'=...... . ~ '4
.. ~ 1 .! .:

~ ~ ft.~~ .·

ADDITIONAL APPLE' COMPATIBLE PRODUCTS
Key: a= Apple II or 11 + b =A pple l ie

CoolingF.n with Surge Prolection • Key: (.,b).•.•. ••• ••. $ 39.95
Swijching Power Supply ' Key: (. ,b)... ••......•.••. $ 39.95
Numeric/Au x. Keypad ~ 11 accessible funct ion s ' Key: (b)• • • • S 49.95
12"Groan Monitor with Swivel Stand ' Key: te, b and l ie)• • • • • $ 99.95
AppleKeyboard. ndCo.. . Key: (.)••• . ••••.... .•.• $ 99.95
\oIoice Synthesizer- Plug-In. U.... Ready ' Key: (. ,b). . . . . •• $1 19.95
5"" H.~-Height Disk Drive' Key: (. ,b)• •. • • •. ..... • • . $ 129.95
5"' "H. lf-HeighlDisk Drive' Key: (lie )• • • • • • • • • • • • • • • $ 12 9.95
5"" FullHeight DiskDrive • Key: (e,b)••..•.••• •• • . .• $ 139.95
Prometh..s Inlern.1Modam - 2Cords ' Key: (.,b)• • • • . . • . $299.95
PrometheusMacintoshEd Modem' Key: (M.c intosh). • . . • . $349.95

•

APF·1
KHP4007
JE61 4
AMON
KB-EA1
JE520AP
ADD·12
ADD-llc
ADD-514
PM1200A
PM1200M

GEN ERAL AP PLICATION POWER SUPPLIES

·APPLE, APPLE II, 11 + and lie are registered tradem arks of Apple Computers.
- When using CP/ M, the JE860 and JE868 will only function wit h \'ersk) n 2.20 or earlie r : PASCAL

(JES68) Version 1.1 o r earlier.

JRIlWi~&

Expand from 48K-64K. Runs
App leSoft, DOS, CP/ M and
Pasca l. (ARe-16K1MEM-1)
JE860** •• $39.95

TRS·80 Model 100 ' NEC • OLlivettl
M1008K.. . .. . . . • .. . $29.95 ea. or 3 for $79.95
TRS-80 Model 100 Expansion

NEC8KR. $29.95 ea. or 3 for $79.95
NEe Model PC-8201A Expansion

OM108K. $29.95 ea. or 3 for $79.95
Olivetti Model M10 Expansion

TRS-80 MODEL I, III
TRS-16K3 200ns (Model III).. • . . . . ... . $5.95
TRS-16K4 250ns (Modell) $5.49

TRS-80 COLOR AND COLOR II
TRS-64K-2 $11.95

New models only -
TRS-CoCo-lncl . 2-50464's (41464's). . . . $19.95

TRS-80 MODEL 4, 4P
TRS-64K-2 $11.95
Expands Model 4 from 16K- 64K or Model4P from 64K- 126K

TRS·64K-2PAL $29.95
Expands Model 4 from 64K to 128K

E-J<-P-A-N-D TRS-80 MEMORY
All kits come complete with docum entation

The PreModern '" is a Bell 212A (1200/300) intell igent stand
alo ne modem ' Hayes command set compatible plus an ad
di tio nal extended com mand set - Shown with alpha numeric
display option. R5- 232 Stand-Alone Unit :

PM1200• • • . • • . • • • • • • • •• $299.95

Options for ProModem 1200
PM-COM $49.95

~y~?eo:~~~p~~~~;~~so~C~~:~~~o~tto~MS~~
PM-0P512K. $129.95
Communications Buffer Option

BUF512K. $54.95
512K Memory for PM-OP512K

PM-ALP $79.95
Alp hanumeric Disp lay for ProModem 1200

PM·SPECIAL #2 $249.95
Inc ludes PM-0P512K, BUFS12K and PM-ALP

The JE232CM allows connection of standard seri al R5232
printers, mode ms, etc. to your VIC-20 and C-64 (exclud ing
th e 5 "- 64 Portable). A 4·pofe switch allows the inversion
of the 4 control lines . Comp lete installatio n and oper ation
instructions included .
• Plugs into User Port · Provides Standard RS232 signal levels
• Uses 6 signals (Transmit, Receive,Clear to Send, Request to
Send, Data Terminal Ready, Data Set Ready).

JE232CM, •••.•.••••••••• $39.95

Voice Synthesizer VIC-20 & C-64
P!ug-!n - Talking in Minutes!

JE520CM•••.•••••. , ••••. $99.95

300 Baud Auto Modem
Mitey-Mo (For e-54)• • • • • • • • • • • $74.95

Parallel Pr inter Interface
FREE 4K Buffer Includedl

MW350 (ForVIe-20,C-64&e-1 28)•• •• • $69.95

TRS-80 ' COMPAnBLE
ACCESSORIES

TANDY 200
M200R $99.95 ea. or 2 for $189.95
Tand y Model 200 Expansion

$20 Minimum Order - U.S. Funds Only
Shipping: Add 5 % plus $1.50 Insurance

Send stamped,
self-addressed envelope

to receive a Quarterly
Sales Flyer - FREE!

California R esidents: Add 6 % or 6 1J2%Sales Tax

Jameco~
~

Spec. Sheets - 30¢ each
Prices Subject to Change
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t 49 
1 95 
2 95 
2 49 

169 95 
12900 

6 95 
9 95 
2 49 
3 9S 
7 95 

19 95 
129 95 
199 95.4 

3 29 
1 49 
1 49 
7 25 
4 95 
5 49 
6 95 
1 69 
1 89 
1 89 
1 95 
1 69 
1 89 

1 95 
2 19 
4 95 
2 49 
2 95 
3 95 
2 95 
3 95 
4 SSA 

1 9S 
3 9S 

99 
1 45 
299 

99 
09 
49 
95 
95 
49 

39 
49 
49 
59 

2 95 
3 89 
3 95 
449 

25Ons 49 
200n.) 69 
150.1s1 89 
120...1 t 49 
200.1.1 6 95 
2000.115,1 1 19 
1300.115.1 1 79 
1200.115.1 1 9S 
2000.11Sv1 1 95 
1 S0m11Sv1 1 95 
1SOns11SV1IREFRE SW 2 95 
150m119./ 4 95 
1SOns1191r1 5 95 
200...IISv1 2 95 
150...115v1 2 95 
REFRESHhn 1 R.1...6 

6800 
1.0 MHz 

6801, 
6802 4 95 
6803 995 
6809 S 95 
6909E S 95 
6810 1 95 
6820 2 95 
6821 1 95 
6840 6 95 
6843 19 95 
6844 17 95 
6845 4 95 
6847 11 95 
6850 1 95 
6883 22 9s 

2.0 MHz 
68000 95 
68002 9 9'. 
68809E 6 95 
68809 6 45 
68821 3 50 
681145 6 75 
68850 3 95 

'68854 7 953 

CLOCK 
CIRCUITS 

MMS 369 1 95 
MM5169 EST 1 95 
MMS8167 12 95 
MMS8174 11 95 
MSM5612 2 99 J 

* * * * HIGH- TECH * * * *' 
NEC V20 UPD70108 $1485 
REPLACES B088 TO SPEED UP IBM PC 10.40% 

HIGH SPEED ADDRESS CALCULATION 
IN HARDWARE 
PIN COMPATIBLE WITH 8088 
SUPERSET OF 8088 INSTRUCTION SF T 
LOW POWER CMOS 

8MHZ V20 UPD70108 -8 S24.95 
8MHZ V30 UPD70116 -8 S26.95 

***SPOTLIGHT* * * * 

95 
4 95 

95 
95 

4 95 
495 
4 95 
4 95 
4 95 
4 95 

95 
95 

4 95 
9S 

74LS00 
741S00 16 7415165 65 
741.501 11 7415166 95 
741,502 17 7411169 9S 
741.503 ta 741.8173 49 
747.504 16 741.5174 39 
741.905 19 7415175 39 
741508 18 7415191 49 
741.909 18 7415192 69 
74(910 16 7415193 69 
741511 22 7419194 69 
741512 22 7419199 69 
741.913 26 7415196 59 
741514 39 7415197 59 
741515 26 7415221 59 
741320 17 7419240 69 
741321 22 74(9241 69 
741922 22 7413242 69 

69 
741528 26 7415744 69 
741530 17 7415245 79 
741972 111 7415231 49 
741933 211 7415253 49 
741137 26 7415256 1 79 
741939 26 7415257 39 
741542 39 7415256 49 
741547 59 7415259 1 29 
741.548 69 7415260 49 
741551 17 7415266 39 
741573 29 7415273 79 
74/574 24 7415279 39 
741575 29 7413280 1 98 
741576 29 74(5283 59 
741583 49 7415290 89 
741585 49 7415293 89 
741586 22 74(5299 149 
741590 39 7415322 3 95 
741592 49 7415323 2 49 
741S93 39 7415364 1 95 
741.995 49 7419369 39 
741.9107 34 74L5367 39 
7415109 36 7415369 .39 
74/5112 29 7415373 79 
74/5122 45 7419374 79 
741E123 49 7415371 95 
7415124 2 75 7413377 79 
7415123 39 741537E 1 18 
7415126 39 7415390 1 19 
7415132 39 7415393 79 
7415133 49 7415541 1 49 
741S136 39 7415624 1 95 
7415138 39 7415640 99 
7415139 39 7415645 99 
741S145 99 7419669 1 29 
7415147 99 7415670 89 
741.5146 99 7415682 3 20 
7415151 39 7415683 3 20 
7415153 39 7415684 3 20 
7415154 1 49 7415688 2 40 
7415155 59 74157832295 
7415156 49 811595 149 
7415157 36 811596 149 
7415158 29 811597 149 
7415160 79 811598 149 
7415161 39 25152521 2 80 
7415162 49 25152569 2 80 
7415163 39 261531 1 95 
74L9164 49 214.132 195. 

HIGH SPEED CMOS 
A r..w f.r,.43. WAVA *p*ed CMOS IMO tiee..l.q 

t1y wood of low paver SNa6tY IIm 11p1c41 9e1e 
v.oppPOr. 0M.r1 conW...d.U81 w e6wR6pE d 
C MOS vary Yew pOwv* twrrwtgt.e.l ammo, oye. 
...n+,h rtl n.00.wt output dove 

74HC00 
74HC Opa.1. at CMOS ¡arc knobs and r. W 

bf now r CMOS d.s.¢.. 
7414C00 39 7414C149 119 
74HCO2 59 74HC151 99 
74HC04 59 74HC154 249 
74HC05 99 74HC137 89 
7714C10 59 74HC158 95 
74HC14 79 74HC163 1 15 
74HC20 59 74HC175 99 
74HC27 59 74HC240 189 
74HC30 59 74HC244 1 89 
74HC32 69 74HC245 1 89 
74HC51 59 74HC257 65 
74HC 74 75 74HC259 1 39 
74HC85 135 74HC273 189 
74HC86 69 74HC799 4 99 
74HC93 1 19 74HC368 99 
74HC107 79 74HC373 229 
74HC109 79 74HC374 2 29 
74HC112 79 7411C390 1 39 
74HC 125 1 19 74HC393 1 39 
74HC132 1 19 7414C4017 1 99 
74HC133 69 74HC4020 139 
74HC138 99 74HC4049 89 
74HC139 99 74HC4050 89 

74HCTOO 
74HCT O.tct Mop n r.pl.crrrnu 1o. LS 71 

sod can 6..11an.....1 woo 7415 n do sa..1. core... 
74HCT0O 69 74HCT166 LOS 
74HC702 69 74HCT174 109 
74HCT04 69 74HCT193 139 
74HCTOS 69 74HC1194 119 
74HCT10 69 74HCT240 2 19 
74HCT11 69 74HCO241 2 19 
7414C127 69 74HCT244 2 19 
74HCT30 69 74HC9249 216 
74HCT32 79 74HCT257 96 
74HCT74 85 74HCT259 1S9 
74HCT7S 95 74HCT273 2 09 
74HCT138 115 7414C7367 106 
74HC1139 11S 74HCT373 2 49 
74HC11S4 2 99 74CT374 2 49 
74HCT157 99 7414CT393 19/ 
74HCT158 91 74HCT4017 219 
74HC1 161 1 29 7414C74040 1.69 

.74114CT164 1 39 7414C74080 149J 

74F00 
74700 69 74874 79 74F 2S1 169 1 
7002 69 74F86 99 741253 1 69 
74804 79 748138 1 69 748257 1 69 
7008 69 748139 1 69 74F2801 79 
74810 69 748157 1 69 748283 396 
74832 69 747240 3 29 748373 4 29 

.74764 89 747244 3 29 747374 4 29J 

BUILD A COMPLETE 256K XT SYSTEM -$717 
STATIC RAMS 

2101 256.4 
5101 256.4 
210214 1024.1 
210212 1024.1 
2112 256.4 
2114 1024.4 
21141 1024.4 
21141.2 1024.4 
71641 IS 1024.4 
TMS4044 4 4096.1 
T MM2016 150 2048.8 
TMM2016 100 2048.8 
HM6116 4 2048.8 
HM6116 3 2048.8 
HM6/161P 4 2048.8 
HM61161P 3 2048.8 
HM61161P 2 2048.8 
HM6264P 15 8192.8 
HM6264LP 15 8192.8 
HM6264LP 12 8192.8 

LP Low Pow.. 

450...1 
4S0ns11CM051 
450...111P1 
250ns111PI 
4500.1 
450...1 
50ns111P1 
2O0m111P1 
150...111PI 
450m1 
150,11 
100ns1 
200m11CMOSl 
1 SOns1ICM051 
200m11CMO511LP1 
1SOm11CMOSHIPI 
120ns11CMOSIILPI 
1SOm11CMOS1 
1SOm11CMOS11lP1 
120ns11CMOSIII1 

DYNAMIC RAMS 
4116 250 16384.1 
4116 200 161641 
4116 150 16384.1 
4116 120 16384.1 
141(4332 327681 
4164 200 65536.1 
4164 150 65536.1 
4164 170 65536.1 
MCM666S 65536.1 
TMS4164 65536.1 
164 REFRESH 65536.1 
TMS4416 163844 
1128 150 131072.1 
1256 200 762144.1 
41256 150 262144.1 

5.0,,t.5 Volt 5.9p1Y 

8000 
8015 
8039 
8080 
8085 
8067 2 
8087 
8086 
8088 2 
8155 
8155 2 
6748 
8755 
102..8 

r¡ 
8200 

9:01 
8705 
8212 
8216 
8224 
8237 
82379 
8250 
8251 
82914 
8253 
8253 5 
8255 
82555 
8299 
8259 S 
9272 
8279 
92795 
8282 
8284 
8286 

'8288 

Z-80 
180 CPU_ 169 

4.0 MHz 
/80A CPU 1 79 
/80A CTC 1 89 
280Á DART 5 95 
280A DMA 5 95 
ZSOA PIO 1 89 
ZSOA 510 O S 95 
/80A 510 1 5 95 
/80A 510 7 5 95 

6.0 MHZ 
7806 CPU 3 75 
7806 CTC 4 25 
/806 PIO 25 
2808 DART 1 95 
1808 SIO 0 12 95 
29011 910 2 12 99 
29671 2110G 19 95 

8500 
1.0 MHz 

6502 2 79 
6SCO2 12 95 
6507 9 95 
6520 1 99 
6522 4 95 
6526 26 99 
6932 6 95 
6545 6 95 
6591 5 95 
6561 19 95 
6981 34 95 

2.0 MHz 
6502A 2 95 
69204 2 95 
6522A S 95 
6532A 1195 
6545A 7 95 
65514 6 95 

3.0 MHz 
65020 6 95 

ROE TOLL FREE 

800. 538 -5000 

CRT 

CONTROLLERS 
6845 
68845 
6847 
HD46505SP 
MC1372 
8275 
7220 
CRT5027 
CRT5037 
TMS9916A 

4 95 
8 95 

11 9S 
6 95 
2 9S 

26 95 
19 95 
12 95 
9 95 

19 9S 

DISK 
CONTROLLERS 
1771 
1791 
1793 
1795 
1797 
2791 
7793 
:197 
r,843 

777 
0 PD 765 
5188876 
5188877 
1691 
713 

95 
9!S 
995 

12 95 
1295 
19 95 
19 95 
29 9S 
1995 

4 95 
49S 

12 95 
12 95 
695 
695 

r BIT RATE 7 
GENERATORS 

MC14411 
IIR1941 
1702 
.' OM8116 

`MMS 307 
8 95 
4 

UARTS 
ASS 1013 
AY3 1015 
(R1602 
7631 
1M6402 
IM6403 

:NS8250 

4 95 
3 95 
4 95 
6 95 
9 95 
6 95 

SOUND CHIPS 
76477 
76489 
SS1263 
AY3 8910 
AY38912 
SP1000 

3 99 
s 95 

39 95 
12 99 
1295 
39 00 

CRYSTALS 
32 768 KH. 95 

1 0 MHz 2 95 
I 8432 
20 
2097152 
24576 
3 2768 
3 579545 
40 
4 032 
50 
5 0688 
60 
6 144 
6 5536 
80 

100 
10 776635 
120 
14 31818 
1S0 
160 
17 430 
180 
18432 
70 0 
22 1184 

95 
95 
99 
9$ 
9s 
93 
99 
95 
95 
9S 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 

240 95 
32 0 95 

CRYSTAL 
OSCILLATORS 
1 OMHz 5 95 
1 6432 5 95 
20 S95 
74576 595 
2S 
40 
S 0688 
60 
6 144 
80 
100 
120 
12 480 
150 
160 
18 432 
20 0 

.24 0 

MISC. 
TMS99531 9 95 
TMS99532 19 95 
UL N2003 79 
3242 7 95 
3141 4 95 
MC 34 70 1 95 
MC3480 8 95 
MC3487 2 95 
11C90 13 95 
2513 0011r 695 
AYS 2376 11 95 
AYS 76001w011 SS 

EPROMS 
2708 1024.8 14SOns1 3 95 
2716 6 7048.8 1650...1 2 29 
2716 2048.8 1450oCISV1 3 49 
2716 1 2048.8 1350mll5Vl 3 95 
TMS2S32 4096.8 1490m115V 1 3 95 
2732 4096.8 1450n8119V) 3 89 
2732A 4096.8 12900.119V/121 V POMI 3 99 
2732A 2 4096.9 1200m119V1121 V PGM) 4 2S 
27064 8192.8 12S0m11SV11CMOSl S 9S 
2764 8192.8 (450m115V) 349 
2764 290 8192.8 1230n.I19Vl 3 95 
2764 200 8192.8 1200m(19V1 4 25 
TMS2564 8192.8 (490m119V) 893 
MCM68766 8192.8 135O0.11SV1124 PINI 17 95 
77128 16384.8 1250r..115V1 25 
270256 32768.8 12SOnHISVHCMOSI 12 95 
27256 32769.8 1250r..35V) 7.49 

Sv S.pl. S von SwpHv 21V P0* Fera.. M 21 Velu 

k 

rj$PECTRONICS ti CORPORATION EPROM ERASERS 

- e 149 
3 

Model T..M cigar IMerWTT 
IVMI'Cm') 

I7.Kt 

roce 
PE14 N 9 I. 683.00 4 

9/4T YES 9 8.000 6119.00 
I24T YES 12 1.600 

111179.00 

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE 

JDR Microdevices 
1224 S. Bascom Avenue, San Jose, CA 95128 

Toll Free 800 -538 -5000 (408) 995 -5430 
FAX (408) 275 -8415 Telex 171 -110 

HOURS: M -W -F, 9-5 TU -TH, 9-9 SAT, 10-3 
PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING 
TERMS 14.1.1Ken ad. $1000 Fa Mvppr.g and miter. Ind $250 4 UPS Crowd 4710 9350 la UPS PA O.4w. o.47 I D 4710 IonKr anon mil .erne $daeorW ar.1n8 dimple p4ea* cooled w mime deperbrv4 Ior ernpel . CA n*ld*nb flC uc8. p6r61e Wee W Al n Seth dbo w47t471Y0 410 dove urdM ovCM 'Wad P4CC. re r.Sc1 lo Ú9479p wRwU noire We re PM m.-lle 4 ypowsprkd *non We .eaw M tight to x.111 Pvdela and lo eWeeAAe nvluleclun. Al r1tn soy C.. I t IO poor set. 

COPYRIGHT 1986 JDR MICRODEVICES 
THE 308 MICROOEVICES LOGO IS A REGISTERED TRADEMARK OF JOR MICROOEVICES 308 INSTRUMENTE AND JOR MICROOEVICES ARE TRADEMARKS OE JOR MICROOE VICES 16W IS A TRADEMARK OF INTERNATIONAL BUSINESS MACHINES APPLE Is A TRADEMARK OF APPLE COMPUTER 
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2 10 1 256x4
5 101 256x4
2 102L-4 1024x1
2102L·2 1 02 4 x1
2112 256x4
2114 10 24 x4
21 14 L-4 1 0 24 x4
2 1 14L·2 10 24 x4
2 1 14L·15 1024x4
TMS 4 0 44 ·4 4096x1
TMM 2 01 6 -1 50 2048x8
TMM20 16-100 2048x8
HM 61 16 -4 2048x8
HM6 1 16-3 2048x8
HM6 1 16 LP-4 2048x8
HM 611 6LP -3 2048x8
HM6 11 6 LP-2 2048x8
HM 62 64p· 1 5 8 192x8
HM 62 64Lp· 1 5 8 192x8
HM 6 2 64 LP· 12 8 192x8

LP" Low power

(450ns)
(ol50ns) (CMOS)
(45 0n s )(LP)
1250ns)(LPI
(450ns)
(450ns)
1450ns)(LP)
(200ns)(L P)
1150ns11 LP)
(4 5 0ns )
(150ns)
(100ns)
(200ns) ICMOS)
1150ns)(CMOS)
1200ns )(CMOS)(LP)
1150n s)(C MO S)( LP)
1120ns)(C MOSII LP)
1150ns)(CM OSI
1150ns)(CMOSI ILP)
(120ns )(CMOS)( LP)

****HIGH-TECH****
NEG V20 UPD70108 $1 495
REPLACES 8088 TO SPEED UP IBM PC 10-40%
* HIGH-SPE ED ADDRESS CALCULATION

IN HAR DWARE
* PIN COMPATIBLE WITH 8088
* SUP ERSET OF 8088 INS TRUCTION SET
* LOW POWER CMOS

V20 UPD70108-8 $24.95
8MHz V30 UPD7011 6-8 $26.95

*** *SPOTLIGHT* ***

2708 10 24 x8
27 16-6 2048x8
27 16 2048x8
27 16-1 2048x8
TMS 25 32 4096x8
2732 4096x8
2732A 4096x8
2732A-2 4096x8
27C64 8 192x8
2764 8 192x8
2 764-250 8 192x8
2764·200 8 192x 8
TMS2564 8 192x8
MCM68766 8 1 92 x8
27 128 16 384 x8
2 7C256 32768x8
27256 32768x8

5V"S ing le 5 Volt Supply

(4 50ns)
(6 50 ns)
(4 50nsl(5V)
(350ns)(5Vl
1450ns)(5VI
(4 50nsl(5Vl
1250ns1l5V1I21V PGM)
1200ns1l5V1I21V PGM)
12 50 ns )(5V)(CMOS I
(450ns)(5V)
1250ns)(5V)
(200ns)(5V)
1450ns)(5V)
1350ns)15V)(24 PINI
(250 ns)(5V)
125 0ns 1l5VIICMO S)
(25 0 ns )(5VI 7 .49
21V PGM ~Pr09ram at 21 Volt s

DYNAMIC RAMS
4 1 16 -250 16384x1
4 1 16 ·200 16 384 x1
4 116-150 16 3 84 x1
4 1 16- 120 16384x 1
M K4332 32768x1
4 164·200 65536x1
4 164-150 65536x1
4 164-120 65536x1
MCM6665 65536x 1
TMS4 1 6 4 65536x1
4 164-R EFRESH 65536x 1
TMS441 6 16 3 84 x4
4 11 28 -150 131 07 2 x1
41256·2 00 262144x1
4 1 2 56 -1 50 262144x1

5v =S ing le 5 Vo lt Supply

(250ns)
(200ns)
(150ns)
(120 ns )
(200ns)
(200ns){5v)
(150ns)(5vl
(120 ns J(5v)
(200ns)(5v)
(150ns)(5v) 1 .9 5
(150ns)(5Vj(R EFRESH) 2 .95
(150ns)( 5v) 4 .95
(150nsJ(5v) 5.95
(200 ns)(5vl 2 .95
(150ns){5v) 2 .95

RE FRE S H"Pin 1 Refres h

Tim er

4

6500
1 .49 1.0 MHZ 32 .7 68 KHz .9 5 74LSOO .1 6 74LS165 .65 A new fam ily of high speed CMOS logic featuring
1 .95 1 .0MHz 2.95 7 4 LS01 .1 8 74LS166 .95 the speed of low power Schottky (8 ns typica l gate
2.95 6502 2 .7 9 6845 4 .9 5 1 .8432 2.95 74l S02 .17 74LS169 .9 5 propagation de lay), combined w ith the advantage s of
2 .49 6 5 C02 ICMOS) 1 2.9 5 68B45 8 .95 2 .0 1.95 74LS03 .18 74LS173 .4 9 CMOS; very low po wer consumption, supe rior noise

1 69 .9 5 6507 9.95 6 847 11 .9 5 2 .097152 1.95 74l S04 .16 74l S174 .39 imm unity, and imp roved output drive .
1 2 9 .0 0 6520 1.95 H0 4 6 50 5S P 6 .95 2 .4576 1 .9 5 74lS05 .18 74 LS175 .39 74HCOO6.95 6522 4.95 MC 1372 2.95 3.2768 1.95 74LS 08 .18 74 LS191 .499 .95 6526 26 .95 8275 26 .95 3 .57 9 54 5 1.95 74LS09 .18 74LS192 .69 74HC : Ope rate at CMOS logic levels and are ideal2.49 6532 6.95 7220 19 .95 4 .0 1.9 5 74LS1 0 .16 74LS193 .69 for new , all-CMOS des igns

3 .95 6545 6.95 C RT5027 12 .95 4 .032 1.9 5 74LS11 .2 2 74 LS1 94 .696 551 5.95 C RT5037 9 .95 5.0 1 .95 74HCOO .59 74HC1487 .95 74 LS12 .22 74LS195 .69 .5 9656 1 19 .9 5 TMS9918A 19 _95 5.0688 1 .9 5 74HC02 74HC15 11 9 .9 5 74LS13 .2 6 74LS196 .59 74HC04 .5 9 7 4 HC1 546581 34.95 6.0 1 .9 5129.95 74LS14 .39 74L S 1 97 .59 74 HC 08 .59 74HC 1571 99 .95 2.D MHz 6. 144 1 .9 5 74 LS15 .26 74 LS221 .59 74HC10 .59 74HC1586.5536 1 .9 5
6502A 2.95 DISK 8.0 1 .9 5 74lS20 .17 74lS240 .69 74HC14 .7 9 74HC16 3

7 4lS21 .2 2 74LS241 .69 74 HC20 .59 74HC 1756 520A 2 .95 CONTROLLERS 10 .0 1 .95 74 LS22 .22 74lS242 .69 74H C 27 .59 74 HC2408200 6522A 5.95 10 .7 3 86 3 5 1 .9 5 74lS27 .2 3 74l$243 .6 9 74HC30 .5 9 74HC24 46532A 11 .95
1771 4 .95 12.0 1 .95 74l$28 .26 74lS244 .69 74HC32 .69 7 4 HC2458203 29 .95 6545A 7.95
17 9 1 9 .95

14 .3 1 8 1 8 1 .95 74LS30 .17 74lS245 .7 9 74HC5 1 .59 74 HC2578205 3 .2 9 6 55 1A 6.95
17 9 3 9.95 1 5.0 1 .9 5 7 4 lS32 .18 74L$25 1 .4 9 74HC74 .7 5 74HC 2598212 1 .4 9

3.0 MHz 1 79 5 12 .95
16.0 1 .9 5 74lS33 .28 7 4 lS253 .49 74 HC8 5 1.3 5 74HC2738216 1 .4 9

1 7 97 12 .95
17 .4 30 1 .95

74 LS37 .2 6 74LS256 1 .7 9 74HC86 .6 9 74HC2998224 2 .25 65028 6.95 2791 19 .9 5 18 .0 1 .95 74LS38 .26 74LS257 .39 7 4 HC93 1 .1 9 74HC3688237 4 .95
2793 19 .9 5 18.432 1.95 74LS42 .39 74lS258 .4 9 7 4H C107 .7 9 74HC3738 237·5 5.49
2797 29 .9 5 20.0 1.9 5 74 LS4 7 .59 74LS259 1 .29 7 4H C109 .7 9 74HC3748250 6 .95

6800 6 843 19 .9 5 22 .1184 1 .9 5 74lS48 .6 9 74lS260 .49 74H C1 12 .79 74 HC3908251 1 .6 9
8272 4 .95

24.0 1.95 74LS51 .17 74L S2 66 .39 74HC 125 1 .1 9 74 HC3 938251A 1 .8 9
UP 0 76 5 4.95 32.0 1.9 5 74lS73 .2 9 74 LS273 .7 9 74HC132 1 .1 9 74HC4 0 178253 1.89 1.0 MHZ IVlB8876 12 .9 5 CRYSTAL 74lS74 .24 74lS279 .3 9 74HC133 .69 74 HC40208253-5 1.9 5

6800 1 .9 5 MB8877 12 .95 74lS75 .2 9 74lS280 1.98 7 4 HC138 .99 74 HC40498255 1 .6 9
6802 4 .95 1691 6.95 OSCILLATORS 74l$76 .29 74lS283 .59 74HC139 .99 74HC40508255-5 1 .8 9
6803 9 .95 2 143 6 .95 74LS83 .4 9 74LS290 .898259 1 .95 6809 5.95 1 .0 M Hz 5.95 7 4 lS85 .4 9 74lS293 .8 9 74HCTOO8259·5 2.29
6809E 5.95 1 .8432 5.95 74LS86 .22 74LS299 1 .498272 4 .95 6810 1.9 5 2 .0 5.95 74lS90 .39 74LS322 3.95 74HCT: Direct . d rop -in replacem ents fo r lS TIL8279 2 .49 6820 2 .95 BIT RATE 2 .4 57 6 5 .95 74lS92 .49 74LS323 2 .49 and can be inte rm ixed with 74lS in the sa me circu it.8279-5 2 .9 5
6821 1 .9 5 2 .5 4 .95 74lS93 .39 74LS364 1 .9 5 7 4 HCTOO .6 9 74HCT1668282 3.95 6840 6.95 GENERATORS 4 .0 4 .9 5 74LS95 .4 9 74LS365 .39 74HCT02 .6 9 74H CT1 7 48284 2 .95 6843 19 .9 5 5.068 8 4.95

74LS107 .3 4 74LS367 .39 74HCT04 .6 9 74HCT 1938286 3.95 6844 12 .9 5 MC1 4411 9.95 6 .0 4.95 74 LS 10 9 .3 6 74lS368 .39 74HCT08 .69 74HCn948288 4 .95 6 845 4.95 BR1941 4.95 6 .144 4 .95 74L$ 112 .29 74lS373 .7 9 74Hcno .69 74HCT24 06847 11 .95 4702 9.95 8 .0 4 .95
74LS122 .4 5 74LS374 .7 9 74HCT11 .69 74HCT24 1COM81 16 8 .9 5 10.0 4 .956850 1 .95 MM5307 4 .9 5 1 2 .0 4 .95 74LS123 .4 9 74LS375 .9 5 74HC T27 .69 74HCT244

Z-80 6883 22 .95
12.480 4.95 7 4 LS 12 4 2.75 74lS377 .7 9 74HC T30 .69 74HC T245

2.0 MHz 15.0 4 .95 74LS125 .3 9 74LS378 1 .18 74HCT3 2 .79 74 HCT257
1 6 .0 4.95 74LS126 .3 9 74LS390 1 .19 74HCT7 4 .8 5 7 4 HCT259

UARTS 18.432 4 .95 74LS1 3 2 .39 74lS393 .7 9 74HCT75 .9 5 74 HCT2734.0 MHz 20.0 4 .95 74LS133 .4 9 74lS541 1 .4 9 74HCT138 1 .1 5 74HC T367
3.95 24 .0 4.95 74LS136 .3 9 74LS624 1.9 5 74HCT139 1 .1 5 74 HCT373
4 .95 74lS138 .39 7 4 LS640 .99 74HC T154 2.99 74HC T374
3.95 74LS139 .3 9 74lS645 .99 74HCT157 .9 9 74HC T393
4_95 74LS145 .9 9 74lS669 1 .2 9 74HCT158 .9 9 74 HCT4017
6.95 MISC. 74l$147 .9 9 7 4LS 67 0 .8 9 74HC T161 1. 29 74HCT4040
9 .95 74LS148 .99 74lS682 3.20 74HC T164 1 .39 74HCT4060
6 .95 TM S99531 9.95 74LS151 .3 9 74lS683 3 .20

TMS99532 19.95 74lS153 .3 9 74LS684 3.20
UlN2003 .7 9 74L$ 154 1 _49 74lS688 2.40

6.0MHz 3 24 2 7.95 74LS155 .5 9 74lS783 22 .95 74FOO3 34 1 4 .95 74lS156 .4 9 8 1 LS9 5 1_4 9
MC3470 1 .9 5 74LS157 .3 6 8 1 LS9 6 1.49 .79
MC3480 8 .95 74LS158 .2 9 81 lS97 1 _4 9
MC3487 2.95 74l$160 .2 9 8 1 LS9 8 1.49
1 1C9 0 13 .95 74LS161 .39 25 lS2521 2 .80
2513-001 UP 6.95 74lS162 .4 9 25 lS2569 2 .8 0
AY5 ·2376 1 1.9 5 74L$ 163 .3 9 26LS3 1 1.95
AV5-3600 PRO 11 _9 5 74lS164 .4 9 26 lS32 1 .95
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7400/9000 
19 74147 249 
19 74148 1 20 
19 74130 1 35 
29 74151 55 
29 74153 SS 
24 74154 1 49 
19 74153 75 
25 74157 55 
49 74159 1 65 
25 74161 69 
2S 74163 69 
19 74164 85 
29 74165 85 
19 74166 1 00 
29 74175 89 
29 74177 75 
49 74178 1 IS 
69 74181 2 25 
89 74112 75 
35 74164 2 00 
34 74191 1 15 
33 74192 79 
45 74194 IS 
35 74196 .79 
SO 74197 .7S 
S9 74191 1.35 
3S 74221 1.35 

2 15 74246 1.3S 
39 74247 1 2S 
50 74248 185 
35 74249 1 IS 
SS 74251 75 

2.7S 74765 1 35 
2 29 74273 1 95 

29 74278 3 11 

49 74367 65 
45 74368 65 
65 9368 3 95 

S 95 9602 1 5O 
795 9611 795 

1 29 
3 95 

79 
79 

1 95 
1 95 
1 49 
1 49 
1 49 
3 99 
1 49 
1 49 
1 49 

79 
79 
95 

1 95 
1 69 
1 69 
2 95 
1 69 
1 69 
4 95 
2 9 

r DATA ACO INTERFACE' 
ADC0800 15 SS 6776 1 79 
ADC0804 3 49 8T28 1 79 
ADC0609 4 49 8T95 89 
ADC0816 14 95 IT% 89 
ADC081 7 9 95 8797 59 
ADCO831 8 95 8198 89 
DAC0800 49 DM8131 2 95 
OAC0806 / 95 DP8304 2 29 
05C0808 2 95 1358833 2 2S 
DAC1020 875 1358835 199 
D5C1022 595 058136 99 

l MC 140818 2 95 058837 1 AS 

36 PIN CENTRONICS 
MALE 

10C1136 RIBBON CABRE 695 
CEN36 SOLDER CUP 495 

MIME 
IDCE N 36 1 RIBBON CABLE 7 95 

'GE N36PC RT ANGLE PC MOUNT 495J 

INTERSIL 
ICL7106 995 
1C17107 12 9S 
IC17660 2 95 
ICL8038 4 95 
ICM7207A 595 

,ICM72O8 15 954 

rIC SOCKETS 1.99 100 
8 PIN ST .11 .10 

14 PIN ST .11 .09 
16 PIN ST .12 .10 
18 P114 ST .15 .13 
20 PIN ST .16 IS 
22 PIN ST IS .12 
24 PIN 51 .20 IS 
28 PIN ST .22 .15 
40 PIN ST 30 22 
M PIN ST 195 149 

ST SOLDERTAIL 
8 PIN WW 59 69 

14 PIN VVW 69 52 
16 PIN WW 69 58 
18 PIN WW 99 90 
20 PIN WW 1 09 98 
22 PIN WW 1 39 1 28 
24 PIN WW 1 49 1 35 
28 PIN INW 1 69 1 49 
40 PIN WW 1 99 ISO 

WW WIRI WRAP 
IS PIN ZIF 4 9S CALL 
24 PIN ZIF S 95 CALL 
28 PIN ZIF 6 9S CALL 
40 PIN ZIF 9 95 CALL 

ZIF TEXTOOI l ,ZERO INSERTION IORCEI 

CONTACTS 
10 20 26 34 40 60 
32 129 1 68 1220 2.15 3.24 a 1.36 .1 76i2.31 2.72 3.39 
1.S4 2 98 3 84 t,4 SO 62S 5.t7 
2.05 328.427 4A6 4.60 7.301 

! .79 99 1 39 1.66 129 226 - 5 SO 6 75 7.00 7.60 5.90 
4111W5/55565:0:55526555:64 395 

maul 

98 
29 
69 
59 

1 69 
1 19 
6 9S 
1 59 

49 
49 
49 
85 

S 25 
1 95 
79 

3 75 
2 95 
1 95 
1 95 
1 95 

89 
99 
99 
60 

I 95 
99 

1 29 
1 19 
I 95 

95 
2 95 9 

98 
25 
39 
49 
99 
25 
69 
49 
49 
95 
95 
95 
2S 
2S 
39 
39 
39 
29 
79 

220 

69 
69 
89 

1 19 
59 

1 29 
99 
10 
25 
25 
2S 

1 75 
411A 

362 

3 
3 
I" 
3' 
43 
270 
290 

1 257 
1 49 
1 49 

99 
99 

1 99 
45 

1 79 
9 95 
7 95 

100 UP 
09 
12 
12 
09 
09 

1 25 
ISO 
1 7S 

39 
39 
49 

1 99 

95 
9S 

1 29 

PARTIAL LISTING ONLY 
CMOS 

4001 19 14419 95 
4011 19 14433 14 95 
4012 25 4503 49 
4013 35 4511 69 
4015 29 4516 79 
4016 29 4S18 115 
4017 49 4522 71 
4018 69 4526 79 
4020 S9 4527 1.95 
4021 69 4528 .79 
4024 49 4529 2.9S 
4025 25 4532 1.95 
4027 79 4538 .95 
4028 65 4541 1.29 
4035 69 4553 1.79 
4040 69 4565 .7S 
4041 75 4702 12.95 
4042 59 74C00 29 
4043 85 74C14 .69 
4044 69 74C74 .69 
4045 196 74C1173 1.95 
4046 69 74C15 149 
4047 69 74C99 99 
4049 79 74C1110 6.75 050 29 74C161 2.25 
4051 69 74C161 99 
4052 69 74C163 99 
4053 69 74CIM 139 
4056 219 74C192 149 
4060 69 74C193 1.49 
4066 29 74C221 /7S 
4069 19 74C240 1S9 
4076 59 74C244 /69 
4077 29 74C374 /99 
4081 72 74C905 10 95 
4085 79 74C911 8 9S 
4086 89 74C917 8 95 
4093 49 74C922 4 49 
4094 2 49 74C923 4 95 
14411 9 95 74C926 7 95 
144 8oC97 95 

7400 
7402 
7404 
7406 
7407 
7406 
7410 
7411 
7414 
7416 
7417 
7420 
7423 
7430 
7432 
7438 
7442 
7445 
7447 
7470 
7473 
7474 
7475 
7476 
7483 
7465 
7486 
7469 
7490 
7492 
7493 
7495 
7497 
74100 
74121 
74123 
74125 
74141 
74143 
74144 
74145 

DE GECARD CONNECTORS/ 
.0 PIN ST S 100 125 395 

1 ír0 PIN WW S 100 125 95 
PIN ST IBM PC 100 1 95 

'III PIN ST APPLE 100 2 9S 
-1$ PIN ST STO 156 1 9S 

PIN ,AN! STD 11.6 495 , 

CALL FOR A FREE CATALOG 
74800 

74500 29 745163 
74502 29 745168 
74503 79 745174 
74504 29 745175 
74505 29 745188 
74508 35 745189 
74510 79 745195 
74515 35 7451% 
74530 29 745197 
74532 35 745226 
74537 69 745240 
74538 69 745241 
74574 9 745244 
74585 95 745257 
74566 35 745253 
745112 SO 745258 
745124 2 75 745280 
745138 79 745287 
745140 SS 745288 
745151 79 74S299 
745153 79 745373 
745157 79 /45374 
74S1S6 9S 745471 

`4E1S1 /29 745571 

r 
VOLTAGE 

REGULATORS 
TO 220 CASE 

7805T 49 790ST 59 
7101T 49 7908T SI 
71127 49 7912T 59 
751ST 49 791ST 59 

T0 3 CASE 
78058 1 39 790SK 1 49 
78128 1 39 7912K 1 49 

TO 93 CASE 
76105 49 79105 69 
75112 49 79112 1 49 
OTHER VOLTAGE REGS, 
134323K sv 3A TO 3 4 79 
LM32EK Aq SA TO 3 3 95 
71HOSK Sy 5.4 TO J 7 95 
7/1/112K 17V SA TO 3 5 95 

I7SPO614 IV 10A TO 3 14.9$ 

DESCRIPTION 

DIP CONNECTORS 

ORDER SV 
CONTACTS 

S 
HIGH RELIASIUTY TOOLED 

ST IC SOCKETS AIJGATuST 

HIGH REUASILTTY TOOLED 
WW IC SOCKETS 

COMPON E NT CARRIES 
¡DIP HEADERS, 
RISSOLA LISLE 
DIP PLUGS IIDCI 

AUGATARMIIF 1.30 

14 

.79 

IS 

ICC.s .4. 

1.60 

.69 

As 

2.10 

.SS 

IS 

IS 20 22 24 28 t 
1.09 1.29 1.39 1.49 1 69 2 49 

240 2.60 2.10 3.19 3 70 5 40 

.M .M 109 14S J. 
1.70 - 2.16 

w 

fl 
pi13EZZ( 

w.1 

J 
AUGAt243T 

D- SUBMINIATURE 

DESCRIPTION ORDER SV 

42 
16 

SOLDER CUP 
EMU DB.. .10 
FEMALE _DE.S .95 

120 
1 25 

1 69 

1.15 
149 
15S 
255 

RIGHT ANGLE 
PC SOLDER 

MALE DB.PR 
FEMALE D6..50 

WIRE vamp MALI OSuW1Y I 
FEMALE 0S6aIWW 27 427 

IOC 
RII ON CAKE 

MALE mar 2.70 2.1E 
FEMALE mans 2.92 320 

HOODS 
METAL NI4001324 128 

' 

124 
GREY HOOD.. J. AS 

CONTACTS 
19 

1 

26 37 

125 1 2S 140 
1.S0 150 2.36 4.32 _ 

195 2.66. 

SO 

346 

2 00L2 76 - 
3 89 S 80 - 684 9 9S - 
3 9E S 70 - - 4.33 670 - 

1.20 1.30 
.BS .76 .M 

OIbmmWG PVSMLJCTIOlß INSER 774E M,URt8 or CON' AC IS IN 111E POSITION 
AARKEO .. OF EHE ORDE H 8V PART NI:1.'- - . 670' 
EXAMPLE A 75 PIN RIGHT ANGI F MALE P( ,7117 ()R1SPR 

L MOUNTING HARDWARE 51.00 

! 'I 

. 

, --- 800029 

DESCRIPTION 

IDC CONNECTORS 

0110111 SV 

SOLDER HEADER 1014.S 
RIGHT ANGLE SOLDER HEADER IDH.. SR 

WW HEADER 10H..W 
RIGHT ANGLE WAY HEADER IDH.WR 
RISSON HEADER SOCKET 

NISSON HEADER IOM.. 
8101074 EDGE CAIRO IDE.. 1.75 2 25 7 65 2 75 340 

FOR ORDERING INSTRUC PONS SEE El S I! 5- ' ' . 

FS.ZT y¡.11QIj7 i{Ì.X}L'f }:.r..P../i73 
A iE4< 11+CJiStikXXri+ti+2' 

10834 

HARD TO FIND 
"SNAPABLE" HEADERS 

CAN BE SNAPPED APART TO 
MAKE ANY SIZE HEADER. 

ALL WITH 1" CENTERS 
I.40 STRAIGHT LEAD 99 
1.40 RIGHT ANGLE 1 49 
2.40 STRAIGHT LEAD 2 49 
2.40 RIGHT ANGLE 2 99 

E' 

SHORTING 7 
BLOCKS 

GOLD 
CONTACTS 
SPACED 
AT 1" 
CENTERS i1..I1 

5 /$1.00 

Dear Sirs 

I have dealt with JDR for years nom, but Iva. recently 
lured way by other companies prOmisin(better services 
and prices. Mono of Lhees companies were ski* to equal 
your service and low prices. I'm happy to say that I. 
Wick to stay' 

I think that when company is able to serve it's 
customers s0 well. it deserves to be congratulated. I 

look foeward to dealing .lthyou in the future. 
Yours truly, George Townsend 

TL066 
71.071 
TL072 
71.074 
7E081 
TL082 
TL084 
LM 301 
1A1309K 
134311 
134311H 
LM317K 
11.13171 
134318 

LINEAR 
99 
69 

1 09 
1 95 

59 
99 

149 
34 

125 
59 
89 

3 49 
95 

1 49 
134319 1 25 
114320 ..7900 
134322 I 6S 
LM323K 4 79 
134324 49 
134331 3!S 
1M334 1 19 
134335 1 40 
1M136 1 75 
1M337K 3 95 
1M338K 3 95 
1M339 59 
1M340 ...7600 
LM150T 4 60 
0353 59 
14354 99 
11357 99 
1M358 59 
LMM8O 89 
/3433 1 95 
LAt316 89 
UR3l3 45 
LM394H 4 60 
TL494 4 20 RC4136 
11.497 325 RC4558 
NfSSS 21 1.6.113600 
NESS6 49 75107 
NESSI 129 75110 
NE564 1 !S 75150 
134565 95 75154 
134566 149 75188 
134567 79 75189 
NE570 2 !S 75451 
NES90 2 SO 75452 
NES92 98 7S433 
1M710 7S 75477 
1M72] 49 78497 

HTOSCAN.KT03 T-TO 

LM733 
1M741 
L34747 
1M746 
MC 1330 
MC 1350 
MC 1372 
11111414 
1141458 
1.4414411 
LM1489 
1341496 
1611812 
1341189 
ULN2003 
XR2206 
X82211 
X 82240 
MP02907 
LM2917 
CA3046 
CA3081 
CA3082 
CA3086 
CA3089 
CA3I 30E 
CA3146 
CA3160 
MC3470 
MC 3480 
MC 3487 
LM3900 
1343909 
1743911 
1343914 
MC4024 
MC4044 

r DIODES /OPTO /TRANSISTORS 
1N7S1 25 4N26 

25 41427 
25 100 4N28 
10 100 47433 

25 47437 

1N759 
1N4L41 
1N4004 
1745402 
K BP04 
K BUBA 
MOA990 2 

N2222 
PN2222 
2742905 
2N2907 
7113055 
2N3904 

55 
95 
35 
25 
10 
SO 
25 
7! 
lo 

MCT 2 
MCT 6 
TIL 111 
2743906 
7194401 
TN4402 
2744403 
2746045 
T1P31 

LED DISPLAYS 
END 35713591 COM CATHODE 
IND 50015031 COM CATHODE 
END 5071510, COM ANODE 
MAN 72 COM ANODE 
MAN 74 COM CATHODE 
MAN 8940 COM CATHODE 
TIL 313 COM CATHODE 
HP5082 7760 COM CATHODE 
TIL 311 4.7 HEX W LOGIC 
HPS082 7340 4.7 HEX W LOGIC 

DIFFUSED LEDS 
JUMBO RED 
JUMBO GREEN 
JUMBO YELLOW 
MOUNTING HOW 
MINI RED 

T1'. 
T1.. 

T1'. 
T1 

1 99 
10 
14 
14 
10 
10 

SWITCHES 
SPST NINI 10001E ON ON 
OPOT MINI TOGGLE ON ON 
OPDT MINI TOGGLE ON OFF ON 
SPST MI`I PUSHBUTTON N O 
SPST Mi5I PUSHBUTTON N C 
SPST TOI:I:L f ON OFF 
BCD OUTPUT 10 POSITION 6 PIN DIP 

DIP SWITCHES 
4 POSITION SS 7 POSITION 
S POSITION 90 8 POSITION 

`6 POSITION 90 10 POSITION 

CONTACTS 

10 
16 
20 
2S 
26 
34 
40 
6o 

RIBBON CABLE 
'SINGLE COLOR COLOR COOED 

.15 
28 
34 
.45 
A6 
.61 
.72 
J. 

160 
250 
320 
4.00 
4.10 
5.40 
5.40 
7.50 

30 7 73-" a 440 
SO SSO 
76 6 SS 79 715 

1 07 ' 9.3S 
1 70 11.00 

I 1 Lo 1326 

CALL FOR VOLUME QUOTES g COPYRIGHT 1986 JDR MICRODEVICES 

CIRCLE 180 ON FREE INFORMATION CARD 

<-.
C
Z
m
(0
OJ
Ol

l ' 10 '

.7 8 7 .15

.6 0 5 .50

.7 5 6 .8 5

.4 8 4 .40

.30 2.75

1_20 11 .00
1.07 9.35

CO LO R CODED

4 N26
4N 27
4N28
4N33
4N 37
MCT -2
MCT- 6
TlL -ll1
2N390 6
2N440 1
2 N 44 02
2N4403
2 N6045
TIP 31

7 POSITION
8 PO SITION
10 POSITION

.8 5

.90

.90

l ' 10 '

.46 4 .1 0

.3 6 3 .20

.4 5 4 .0 0

.7 2 6. 40

.6 1 5.4 0

.18 1.60

.2 8 2.50

SWITCHES

CO M CATHODE .3 62"
COM CATHOD E .5 "
COM ANODE .5 "
COM ANODE .3"
COM CATHODE .3 "
COM CATHODE .8 "
COM CATHODE .3"
COM CATHODE .4 3 "

4 x7 HE X W IlOGIC .2 7 0"
4x7 HE X W /LOG IC .2 90 "

S ING LE CO LOR

DIP SWITCHES

RIBBON CABLE

LED DISPLAYS

.25

.2 5
2 5 / 1.00
10 /1 .0 0

.2 5

.5 5

.9 5

.3 5

.2 5

.1 0

.50

.2 5

.7 9

.10

DIODES/OPTO/TRANSISTORS

MINI·TOGGLE ON·ON
MINI·TOGG LE ON ·ON
MINI·TOGG LE ON-OFF -ON
M INI ·PU$HBUnON N.O.
M INI -PUSHBU n ON N.C.

SPST TOG GLE ON- OFF
BCD OU TPUT 10 POSITION 6 PIN D IP

FND -357(3 59 )
FND -500(503)
FND -5 07(5101
M AN -7 2
MAN-74
M AN-8940
TIL-31 3
HP5082 -7760
TIL·311
H P5082-7340

DIFFUSED LEOS 1-9 9 10 0 -UP
JUMBO RED T1 J,i .1 0 .09
JUMBO GRE EN T1 J• • .1 4 .12
JUMBO YELLOW T1 J

. " .14 12
MOUNTING H OW Tl l

," .1 0 .0 9
MINI REO Tl .1 0 .09

lN7 5 1
lN759
lN4 14 8
lN4004
lN5402
K B P04
K B U8 A
MDA 990-2
N2 2 22
PN22 22
2 N290 5
2 N2907
2 N3 0 55
2 N3904

lOP' "

2 .95

.99 1 .0 9 1.4 9

1.75

.9 9.99.9 9.69.59

CONTACTS

9 15 19 25 37 50

CONTACTS

8 14 16 18 20 22 24 28 40

.4 9

DIP CONNECTORS

ICCxx

ORDER BY

D·SUBMINIATURE

FEMALE DB xxSR 1.25 1.5 5 2 _00 2 .7 9

METAL MHOODxx 1.25 1.2 5 1.30 1.30

FEMALE DB xxSWW 2 .76 4 .2 7 6 .84 9 .95

MALE DB xxPR 1.20 1.4 9 1.95 2 .65

MALE OB xxP .82 .90 1.25 1.2 5 1.8 0 3 .48

FEMALE OB xxS .9 5 1.15 1.50 1.5 0 2 .35 4 .32

MALE DB xxPWW 1.6 9 2 .56 3. 89 5.60

DESCRIPTION

DESCRIPTION

HOODS

WIRE WRAP

SOLDER CUP

RIGHT ANG LE
PC SO LDER

IDC MALE IOBxxP 2 .70 2 .95 3 .98 5 .70
RIBBON CABLE FEMALE lOBuS 2 _92 3 .20 4 .33 6 .76

CAN BE SNAPPED APART TO
MAKE ANY SIZE HEADER,

ALL WITH .1 " CENTERS

STRAIGHT LEA D
RIGHT ANGLE
STRAIGHT LEA D
RIGHT ANG LE

FOR OROERING INSTRU CTI ONS SEE D·SUBM INIA TURE BELO W

IDC CONNECTORS

H IGH ~';~~A:6~~i~OLED AUGATxxST .6 2 .79 .8 9 1 .09 1. 2 9 1.39 1.4 9 1.6 9 2.49

HIGH~Lllt~~~VE~~OLED AUGATxxVltV\/' 1 .30 1.80 2 .10 2 .40 2. 5 0 2 .9 0 3 .15 3 .70 5 .4 0

COMPONE NT CA RR IES
(DIP HEA DERS)

~11~~~~G~~~5~) ID Pxx .9 5 .9 5

HARD TO FIND
"SNAPABLE" HEADERS

GREY HOODx x .6 5 .6 5 .6 5 ~ _9 5

ORDERING INSTRUCTI ONS: INSER T THE NUMBER OF CON TAC TS IN THE POSITI ON
MARKED HXX " OF THE 'O RDER BY" PART NUMBER LISTED

EXAMPLE: A 15 PIN RIGHT ANGLE MALE PC SOLDE R WOULD BE DB/SPR

MOUNTING HARDWARE $1.00

ORDER BY
CONTACTS

DESCRIPTION
10 20 26 34 40 50

SOLDER HEADER IDHxxS .82 1.29 1.6 8 2 .20 2 .58 3 _24

RIGHT ANGLE SOLDER H EADER IOHxxSR .85 1.35 1 .7 6 2 .3 1 2 _72 3 .39

WW HEADER IDHxxW 1 .8 6 2 .98 3 .84 4 .50 5 .28 6 .63

RIGHT ANGLE WW HEADER IOHxxWR 2 .0 5 3 .28 4 .22 4.45 4 .8 0 7 .30

RIBBON HEADER SOCKET IDSxx .7 9 .9 9 1.39 1 .59 1 .99 2 .25

RIBBON HEADER ID M x x --- 5 .50 6 .25 7 .0 0 7 .50 8 .5 0

RIBBON EDGE CARD IDEx x 1.75 2 .25 2. 6 5 2 .75 3.80 3 .9 5

VOLTAGE
4001 .19 14419 4 .95 7 400 .19 74147 2 .49 7 4S00 .2 9 7 4S1 63 1 .29 REGULATORS TL066 .99 LM733 .98
401 1 .19 14433 14 .95 7402 .19 741 48 1 .20 74502 .2 9 745168 3 .95 TL071 .69 LM741 .2 9
4 0 12 .25 4503 .49 7404 .19 74150 1 .35 74503 .29 745 174 .79 TO-220 CASE n072 1 .0 9 LM747 .6 9
401 3 .3 5 4511 .6 9 7406 .29 741 51 .55 74S04 .2 9 74S 175 .79 7 805T .49 79 0 5T .59 TL074 1 .95 LM748 .59
4 0 15 .2 9 4516 .7 9 7407 .29 74153 .55 74S05 .2 9 7451 88 1.9 5 7808T .49 7 908T .5 9 TL0 8 1 .59 MC1330 1.6 9
401 6 .2 9 451 8 .8 5 7408 .2 4 741 54 1 .4 9 74508 .35 745 189 1.95 7 81 2T .4 9 7 91 2T .59 TL0 8 2 .99 MC1 350 1 .1 94 0 1 7 .4 9 4522 .7 9 7410 .19 74155 .7 5 74S10 .2 9 74S1 9 5 1.4 9 7 81 5T .49 7 91 5T .59 TL084 1 .49 MC1372 6 .95
4 0 18 .6 9 4526 .7 9 7411 .25 74157 .5 5 74S15 .3 5 7451 96 1.49 TO -3 CASE lM301 .34 lM1 414 1 .59
4 020 .59 4527 1 .9 5 7414 .4 9 741 59 1. 65 74530 .2 9 745 197 1.4 9 7805K 1 .39 7905K 1 .4 9 LM30 9 K 1 .25 LM 145 8 .4 9
4 0 21 .69 4 528 .7 9 7416 .25 741 61 .69 74S32 .35 74S2 26 3.99 7812K 1.39 79 1 2 K 1.49 LM311 .59 LM1488 .4 9
4 024 .4 9 4529 2 .9 5 7417 .25 741 6 3 .69 7 4S37 .69 7452 40 1.49

TO -93 CASE l M3" H .89 LM1489 .4 9
4025 .2 5 4532 1.95 7420 .19 74164 .8 5 74538 .6 9 7452 41 1.4 9 LM 317K 3 .49 LM1496 .8 5
4027 .39 4538 .9 5 7423 .29 74165 .8 5 74574 .4 9 74 5 244 1.49 78L05 .4 9 7 9L05 .6 9 LM317T .9 5 LM181 2 8 .25
4028 .65 4541 1.29 7430 .19 7 41 66 1.00 74S85 .9 5 745257 .79 7 8L1 2 .4 9 7 9L1 2 1 .49 LM31 8 1 .49 LM1 889 1 .95
4035 .69 4553 5.79 7432 .29 74175 .8 9 74586 .35 745253 .7 9 OTHER VOLTAGE REGS lM31 9 1 .25 ULN2003 .7 9
4040 .69 4585 .7 5 7438 .29 741 77 .7 5 7451' 2 .50 74525 8 .95 lM32 3K 5V 3A TO-3 4 .7 9 lM320 s e e 79 00 XR2 20 6 3 .7 5
4041 .7 5 4702 12 .95 7442 .4 9 74178 1.15 74S1 24 2 .75 74S280 1.9 5 LM32 8K Adj . SA TO-3 3 .9 5 LM322 1.65 XR2 211 2 .95
4042 .59 74COO .29 7445 .6 9 7 4 18 1 2 .25 74S138 .7 9 74S287 1.69 7 8H05K 5V SA TO-3 7 .95 LM3 23K 4 .7 9 XR 2240 1 .9 5
4043 .8 5 74C14 .59 7447 .8 9 741 82 .7 5 7 45140 .5 5 74S28 8 1.6 9 7 8H1 2K 12V 5A TO·3 8 .9 5 LM32 4 .4 9 MPQ2907 1 .9 5
4044 .6 9 74C74 .5 9 7470 .3 5 741 84 2.00 74S151 .7 9 74529 9 2.95 78P05K 5V l OA TO-3 14 .95 LM331 3 .95 LM291 7 1 .95
4045 1.9 8 74C83 1 .95 7473 .34 741 9 1 1.15 7 4S153 .7 9 74S373 1.6 9 lM334 1.19 CA 3046 .89
4046 .69 74C85 1 .49 7474 .3 3 74192 .79 745157 .7 9 7 45 374 1.69 LM335 1.40 CA3081 .99
4 047 .6 9 74C95 .99 7475 .4 5 741 94 .8 5 74S158 .9 5 745471 4.9 5 LM33 6 ' .75 CA3082 .99
4049 .2 9 74C150 5 .75 7 476 .3 5 741 96 .79 7 4S161 1 .29 74S571 2 .95 ICSOCKETS LM 337K 3 .9 5 CA3086 .8 0
4 050 .29 74C151 2 .25 7483 .50 741 97 .7 5 1-99 100 ' LM33 8 K 3 .95 CA308 9 1.9 5
4 0 5 1 .6 9 74C161 .99 7485 .59 7 41 99 1 .35 8 PIN ST .1 1 .10 LM339 .59 CA3130E .9 9
4052 .69 74C163 .9 9 7486 .3 5 7 4 22 1 1.35 14 PIN ST .1 1 .0 9 LM340 see 7 8 00 CA3146 1 .29
4053 .69 74C164 1 .3 9 7489 2 _15 7 4246 1.35 DATA ACO INTERFACE 16 PIN ST .12 .10 LM350T 4 .60 CA3 16 0 1 .19
4 0 56 2 .19 74C1 92 1 .4 9 7 490 .3 9 7 4247 1.25 18 PIN ST .1 5 .1 3 LF353 .59 MC3470 1 .95
4060 .69 7 4C193 1.49 749 2 .5 0 74 24 8 1 .85 ADC0800 15 .5 5 8T26 1.29 2 0 PIN ST .18 .1 5 LF3 56 .99 MC3480 8 .95
4066 .29 74C221 1 .7 5 7493 .3 5 74249 1.95 ADC0804 3 .49 8T28 1 .29 2 2 PIN ST .1 5 .12 LF357 .99 MC3487 2 .95
406 9 .19 74C240 1. 8 9 7 4 95 .5 5 7 4 25 1 .7 5 ADC0809 4 _49 8T95 .89 24 PIN ST .20 .1 5 LM358 .59 LM3900 .4 9
4076 .59 74C244 1 .89 7497 2 .7 5 7426 5 1.35 ADC081 61 4 .95 8T96 .89 2 8 PIN ST .22 .16 LM3 80 .8 9 LM3909 .98
4077 .29 74C374 1 .9 9 74100 2.29 74273 1.9 5 ADC08 17 9 .95 8T97 .59 40 PIN ST .30 .22 LM3 83 1.9 5 LM3911 2 .25
4081 .2 2 74C905 10 .9 5 74121 .2 9 74278 3 .11 ADC083 1 8 .95 8T9 8 .8 9 64 PIN ST 1 .9 5 1 .4 9 LM3 8 6 .89 LM3914 2 .39
4085 .7 9 74C911 8 .9 5 74123 .4 9 74367 .6 5 DAC0800 4 .49 DM81 31 2 .95 ST=SOLD ERTA IL LM39 3 .4 5 MC4024 3 .4 9
4086 .8 9 74 C9 17 8 .9 5 741 25 .4 5 7 4 368 .6 5 DAC0806 1.9 5 DP8304 2 .29 8 PIN WW .59 .69 LM39 4H 4 .60 MC4044 3 .99
4093 .49 74C922 4 .4 9 74141 .6 5 9 368 3 .95 DAC0808 2 .95 DS 8833 2 .2 5 14 PIN WW .6 9 .5 2 TL494 4 .20 RC41 36 1 .25
409 4 2.4 9 74C923 4 .95 74143 5.95 960 2 1 .50 DAC1020 8 .25 058835 1.99 16 PIN WW .69 .58 TL4 97 3 .2 5 RC4558 .69
14411 9 .9 5 74C9 26 7 .95 74144 2 .95 9 637 2 .95 DAC1022 5 .9 5 DS 88 36 .9 9 18 PIN WW .9 9 .90 NE555 .2 9 LM1 3600 1.4 9
14412 6 .9 5 80C97 .9 5 74145 .60 96S02 1 .95 MC1408L 8 2 .9 5 DS 88 37 1.65 20 PIN WW 1 .09 .98 NE5 56 .4 9 75107 1. 4 9

22 PIN WW 1.39 1.28 NE 5 58 1. 2 9 7511 0 1 .95
24 PIN WW 1.49 1.35 NE5 6 4 1.95 7 5 150 1.9 5
28 PIN WW 1.69 1.49 LM56 5 .9 5 7 5154 1.95

36 PIN CENTRONICS 40 PIN WW 1.99 1.80 LM56 6 1.49 7 51 88 1.2 5
WV\I=WIR EWRAP LM567 .79 75 189 1. 2 5

S-100 .12 5 MALE 16 PIN ZIF 4 .95 CALL NE570 2 .9 5 7 5 451 .3 9
S-100 .12 5 IDCEN36 RIBBON CABLE 24 PIN ZIF 5 .95 CALL NE5 90 2 .50 75452 .3 9
IBM PC .10 0 CEN 36 SOLDER CUP 28 PIN ZIF 6 .95 CA LL NE5 9 2 .98 75453 .3 9
AP PLE .10 0 FEMalE 4 0 PIN ZIF 9 .95 CAL L LM710 .7 5 754 77 1 .2 9
STD .156 ID CE N 36 / F RIBBON CABLE ZIF =TEXTOOL LM72 3 .49 7 549 2 .7 9
ST D .15 6 C EN36PC RT ANGLE PC MOUNT (ZERO INSERTION FORCE) H =TO -5 CAN. K= TO·3, T=TO -220
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.ti . F 1 
` .. 
" i 

:Y 
95 ^ ^7 
9S :1 
95 .. . 
SS _ .. 

95 
WRAP 24 

í 3 
V -: 

PAGE WIRE WRAP WIRE 
PRECUT ASSORTMENT 

IN ASSORTED COLORS 527 SO 

250.. 21i". 1.6', 6 0" 
500.. 3 0". 3 S". 1 0" 

SPOOLS 
00,.., s30 2501.., $7 2S 

.00 I.., s 13 25 1000 ,.., .21 95 

Please s'_lecdy CO/O7. 
/.//OW Of Hed 

I 

45 
15 
65 
85 

100 

OS 
os 
OS 
OS 
07 
07 
07 
10 
12 

18 
25 

AXIAL 
50V 1 
SOV 16 
16V 14 
50V 70 
3SV 25 
25V 30 
50V 50 
16V 60 
16V 70 
16V 1 25 

30v 3 95, 

1/4 WATT RESISTORS 
5'. CARBON FILM ALL STANDARD VALUES 

FROM 1 OHM TO 10 MEG OHM 
10 PCS ... OS 100 PCS ..... 02 
50 PCS .. -.y. 025 1000 PCS... -... 01S4 

I 

69 
59 

1 09 
1 09 

99 
99A 

MICROCOMPUTER 
HARDWARE HANDBOOK 
FROM ELCOMP S14.95 
OVLR1OOVAGL5OF DATA SHIA T. 
ON THE MOST COMMONLY USE I 

ICs INCLUDES TTL CMOS /4L5, 
MEMORY CPUs. MPU SUPPORT 
AND MUCH MORE' 

'LITHIUM BATTERY' 
AS USED IN CLOCK CIRCUI T 

1 VOIT BATTERY 3 tts 
BATTERY HOLDER SI ' 

ORDER TOLL FREE 800- 538 -5000 
BARGAIN HUNTERS CORNER 

DB25P 

DB25S 

HOOD -25 

IDE34 
1.1 P,[ 

100, $45 
St ,Et , uNP. 

100/S52 
i-sUu cl`.. 

100/$31 
HOOD 

100/8129 
EDGE CONNF 

10 $6.90 

10 $7.90 

10 $6.90 

10'514.90 

AUGAT 16WW 100 $49 10 $6.90 
AN WT 1: 1C, ti 

.1 of DISC 1000 $29.50 100 $3.95 
6 . 'FIAMI D;CC.. 

SPECIALS END 6,30/86 

SOCKET -WRAP ID.'" 
SLIPS OVER WIRE WRAP PINS 
IDENTIFIES PIN NUMBERS ON WRAP 
SIDE OF BOARD 
CAN WRITE ON PLASTIC SUCH AS IC 

PINS PART PCK OF MICE 
8 IDWRAP 08 10 SS 
14 IDWRAP 14 10 SS 
16 IDWRAP 16 10 SS 
IS IDWRAP IS S 9S 
20 IDWRAP 20 S 

22 IDWRAP 22 S 

24 IDWRAP 24 5 
26 IDWRAP 28 5 
40 IDWRAP O S 

PLEASE ORDER BY NUMBER OF 
PACKAGES IPCK OF 

- 
CAPACITORS 
TANTALUM 

I Q: 15V 3S 7,. 
66 1SV 70 10 
10 1SV 60 22 
22 ISV 1 35 7 

22 35V 40 10 

1010 
22 
27 
33 
47 6 
100 
220 
560 

5oV 
50V 
SOV 
5OV 
SOV 
SOV 
SOV 
50V 
50V 

DISC 
OS 
os 
05 
OS 
OS 
OS 
OS 
OS 
OS 

680 
001., 
0022 
005 
01 
07 
OS 

3SV 
35V 
35V 
35V 
35V 

5oV 
SOV 
50V 
50V 
SOV 
S0V 
SO V 
12V 
50V 

MONOLITHIC 
01. SOV 14 1.. SOV 
047 50V IS 47. ' 50V 

ELECTROLYTIC 
RADIAL 1 2SV 14 

22 35V 15 
7 SOV IS 

10 50V 15 
47 35V 18 
100 16V II 
220 35V 20 
470 25V 30 
2200 16V 70 
4700 25V 1 45 

'COMPUTER GRADE 

1,: 
10 
22 
47 
100 
720 
470 
1000 
7700 
700 

.000 . 

EMI FILTER $4.95 
MANUI ACTU:IED 1 
BY CORCOM 
LOW COST L 

FITS LC 
COST 

HP BELOW 
6 AMP 120 2.0 VOLT 

9 FOOT LINE CORDS 
LC 2 2CONDUCTOR 39 
LC 3 2 CONDUCTOR 99 
LC HP 3CONDUCTOR W STD 

FEMALE SOCKET 1 49 

MUFFIN FANS 
315 50 ROTRON 
363 SO (TRI 
31F SO MAST/SI-117A 

1. 95 
11 95 
16 95 

FRAME STYLE 
TRANSFORMERS 

12 6V A 
126V Al . 

12 6V AC (I :'.11' 
25 2V AC CT .AMP 

r25 PIN D -SUB 
GENDER 

CHANGERS 

S7.95 

rDATARASE EPROM ERASER 534.95/ 
ERASES TWO (PROMS IN 10 MINUTES 
COMPACT N0 DRAWER yseg 
THIN METAL SHUTTER 
PREVENTS UV LIGHT 
FROM ESCAPING 

r 
SIP 
SIP 
DIP 
DIP 
DIP 
DIP 

RESISTOR NETWORKS 
10 PIN 9 RESISTOR 

8 PIN 7 RESISTOR 
16 PIN 
16 PIN 
14 PIN 
14 PIN 

8 RESISTOR 
15 RESISTOR 

7 RESISTOR 
13 RESISTOR 

SPECIALS ON BYPASS 
01 ,.1 CERAMIC DISC 
01 ,A MONOLITHIC 
1 ,A CERAMIC DISC 
1 rt MONOLITHIC MONOLITHIC 

CAPACITORS 
100 / $5.00 

100/$10.00 
100/$6.50 

100/112.50 

WIRE WRAP PROTOTYPE CARDS 
FR 4 EPDXY GLASS LAMINATE 

WITH GOLD -PLATED EDGE CARD FINGERS 

IBM 
BOTH CARDS HAVE SILK SCREENED LEGENDS 

AND INCLUDES MOUNTING BRACSE T 

IBM PRI WITH SV AND GROUND PLANE 027 9S 
IBM PR/ AS ABOVE WITH DECODING LAYOUT 529 95 

S -100 
P100 1 BARE P40 FOIL PADS 515 15 
P100 7 HORIZONTAL BUS $21 SO 
P100 3 VERTICAL BUS 521 SO 
P100 SINGLE FOIL PADS PER HOLE 522 75 

APPLE 
P500 1 BARE NO FOIL PADS Its 1S 
PS00 3 HORIZONTAL BUS ..... 172 7S 
PS00 SINGLE FOIL PADS PER HOLE 121 SO 
7060 45 FOR APPL1 Ile AU% SLOT 11n 00 

SWITCHING POWER SUPPLIES 

PS -IBM $99.95 
FOR IBM PC ST COMPATIBLE 
135 WATTS 
SV ISA 12V 2A S IBM 
SV SA 12V SA 

ONE YEAR WARRANTY 

PS- IBM -150 $129.95 
IOR IBM PC ST COMPATIBLE 
150 WATTS 

12V S7A. SV 16A 
12V SA SV SA 

ONE YEAR W TV 
PS I II 

PS-130 $99.95 
130 WAITS 
SWITCH ON REAR 
FOR USE IN OTHER ISM 
TYPE M. CHINES 
90 DAY WARRANTY 

PS-A $49.95 
USE TO POWER APPLE TYPE 
SYSTEMS 
5V 4A 11V 2 SA 
5V SA. 12V SA 

APPLE POW! R CONNECTOR 

PS-SPL200 849.95 
SV . 25A. 12V 3 SA 
SV 1A. 12V 1A 

UL APPROVED 
ALUMINUM ENCLOSURE 

;-. - 

M - + 
I . 

PS 

` 
PS SPL2O\-` 

BOOKS sr STEVE CIARCIA 
I RILO YOUR OWN 

78O COMPUTER $19 95 

CIRCUIT CELLAR VOL 1 

CIRCUIT CELLAR VOL 2 
CIRCUIT CELLAR VOL 3 
CIRCUIT CELLAR VOL 
CIRCUIT CELLAR VOL 5 

51795 
s18 95 
s18 95 
s18 95 
11995 

PART 
NUMBI R 

WISH SOLDERLESS BREADBOARDS 

DIMENSIONS CAS BION TNIF NDINU VHICI 
STRIPISI 
TRIUT 

POINTS 
TIE 

STRIPERMIISI 

AL T 

POINTS 
BI 

POSTS 

WBU 36.6.6C' 
_wBU T 138.650 ' 
WBU 204 3 3 94 85' 
WSU 201 }}}}----513.843 ' 
WBU 206 1 6.6.906" 
WBU 206 6.2S 9 S' 

4 

5 
7 

TOO-. _ 2 95 
1 620 6 95 

100 2 1260 2 179S 
400 2 1260 3 24 95 
500~ 3 1690 4 29 95 
700_ 2520 39 95 

WBU 208 

rNEW EDITION!Ì 

1986 
IC MASTER 

THE INDUSTRY STANDARD 

$129.95 

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE 

413JDR Microdevices 
1224 S. Bascom Avenue, San Jose, CA 95128 

Toll Free 800 -538 -5000 (408) 995 -5430 
FAX (408) 275 -8415 Telex 171 -110 

C COPYRIGHT 1986 JDR MICRODEV10ES 

HOURS: M -W -F, 9-5 TU -TH, 9-9 SAT. 10.3 
PLEASE USE YOUR CUS TOMER NUMBER WHEN ORDERING 
TERMS MrM,g ,, nN1 51000 FOP Mlpprq M0 NL9blrq include 5250 for UPS 
G.W.l Rid 53 SO Ir UPS AP 0.1154. Deer lib old 105190 °HRH nay Paquin 
4410SMW Wp$Blp v1r9 ' Mewl 00MMC1 Our s.M 415pr90MM Lw RIO liNvount. CA 
,551415411 musi WOW" açpl[IM win IA5 AR mMl11rl41N. SNnOM54 lr 90 41ST. I.ILN 9MNNIN/ M.ó I Prices re UO00 b erwve 4II010u1 ,qN Ws we POI 
neponstlie IO. typo,MpIY[wl errors We mews Ow ROM IO 51M NRPOINN and 10 
NOHOW, menvft/ Sl Al mMCNrIOM *ARAM IO pRo. We 

9E. 
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PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT

IN A SSORT ED COLORS S27.50
10 00a : 5 .5 " , 6 .0", 6 .5", 7 .0 "

250ca: 2.5" , 4 .5" , 5 .0"
500ca: 3 .0 " , 3 .5 " , 4 .0 "

WIRE WRAP PROTOTYPE CARDS
FR-4 EPOXY GLASS LAMINATE

WITH GO LD-PLA TED EDGE-CA RD FINGERS

SPOOLS
1 00 fee t $4 .30 250 fee t 57.25
500 fe e t $ 1 3. 2 5 1000 feet 52 1 .9 5

Please speci fy color:
Blue, Black , Yellow or Red

6 FOOT LINE CORDS
l C·2 2 CONDUCTOR .39
i.c .a 2 CONDUCTOR .99
LC-H P 3 CON D UCTOR W sro

f-=EMAlE SOCKET 1.4 9

EMI FILTER $4.95
* MANUFACTU~ED . / ~::1

. ~ci~~~~~M (i~:~ /r
• FIT S l C-H P BEL OW \11, :4 ¥
·6 A M P 12 0 240 VOLT :--

MUFFIN FANS

IBM

APPLE
BARE - N O FOI L PADS • . . . . . . . . . . 5 15 .15
H ORIZONTA L BUS 52 2 .7 5
SINGLE FOIL PA DS PER H OLE 52 1.80
FO R AP PLE li e A UX SLOT . . .•• .• .. 530.00

5-100
BA RE - N O FO IL PA D S . . . .•. . . . • . 5 15. 15
H ORIZ ON TA L BUS 52 1.80
V ERTICA L BU S •• • . . . • • • • . •. . •. 52 1.80
SI N GLE FOI L PADS PER HO LE • . . .• . 522.75

IBM-PR 2

P500 -1
P500 -3
P500-4
70 60 -45

P1 0 0-1
P10 0-2
P100-3
P100·4

BOTH CARDS HAVE SILK SCREENED LEGENDS
ANO INCLUDES MOUNTING BRACKET

IB M -PR1 W ITH · 5V A N D GROU N D PLAN E • • . • 527.95
IB M -PR2 AS ABOV E W ITH DECODING LA YOU T 529 .95

14 .9 5
14 .9 5
16 .9 5

ROT RON
ET RI

MAS US H ITA

3. 15 " sa
3 .63" sa
3 .18 " soSPECIALS END 6/30/86

MICROCOMPUTER
HARDWARE HANDBOOK
FROM ELCOMP $14.95
OVE R SOOPAG ES OF DATA SHEET S
ON THE M OST COM M ON LY USED
IC s. IN CLUDE S TT L, CMOS. 7 4 LSOO,
M EMO RY, CPUs, M PU SU PPO RT.
A N D M UC H M ORE !

"";. . -
""' .

V ~ ,
',-

PS 1 30

$49.95

$99.95

SWITCHING POWER SUPPLIES
$99.95

• 130 WATTS
• SW ITC H ON REAR
• FOR U SE IN OTH ER IBM

TYP E M /' CHIN ES
* 90 DA Y WA RRANTY

• US E T O POW ER A PP LE TYPE
SYS TEMS

• -5V (<I 4A, · 12 V (of 2 .5A
-5V (01 .5A , -12V (<I' .SA

* AP PL E POW ER CO N N ECTO R

• FOR IBM PC-X T CO MPA TIB LE
* 135 WATTS
* · 5V (d 15A . · 12 V ( I 4 .2A PS,IBM

-5V ('I .5A , -12V (r l .5A
* ON E YEA R WARRANTY

PS-SPL200
• . 5V (rr' 25A, , 12V (d 3.5A

-5V (or' 1A , - 12V {If 1A
* U L APPRO V ED
.- A LU M IN U M ENCLOSU RE

PS-A

PS-130

PS-IBM·150 $129.95
• FOR IBM PC -XT CO MPATI B LE
· 150 W ATTS
• "12V (r l 5 .2A, · 5V (01 16A

-12V I Ll .5A , -5V (ol .5 A
• ON E YEAR WA RRANTY

PS-IBM

.69

.59
1 .09
1 .09.99 • ..

.99

25 PIN D-SUB ,.r== \

GENDER } \: \ )QCHANGERS ':."
$7.95 ":'=c=~

RESISTOR NETWORKS
10 PI N 9 ijESISTOR

8 PIN 7 RE SISTOR
16 PIN 8 RES ISTOR
16 PIN 15 RESISTOR
14 PIN 7 RESISTOR
14 PIN 13 RES ISTOR

"'.

~ .
FRAME STYLE

! ~ TRANSFORMERS1 • "..." "'. 12 .6V AC CT 2 A M P 5.95• 1

U "'. 12 .6V A C CT 4 A MP 7 .95"'. 12 .6V AC CT 8AMP 10 .95... 25.2V AC CT 2 AM P 7.95

00 .
~.

ID WRA P 24

SPECIALS ON BYPASS CAPACITORS
.0 1 J-tf CERAM IC D ISC 100/ 55 .00
.01 J-tf MONOLITHIC 100/ 510.00
.1 J-tf CERAMIC D ISC 100/ 56.50
.1 J-tf M ONOLIT HIC 100/512.50

SIP
SIP
D IP
DIP
DIP
DIP

* ERA SES lWO EPROMS IN 10 M INUTES
* COM PACT-NO DR AWER ~

* TH IN METAL S HU TTE R
PREVENT S UV LIGHT
FROM ESCA PIN G

1/4 WATT RESISTORS
5% CARBON FILM ALL STANDARD VALUE S

FR OM 1 OHM TO 10 MEG. OHM
10 PCS stlll levillue .05 10 0 pes samell.llue .0 2
50 PCS saIlle ll a lLle .02 5 10 0 0 PC S sarnell.ll l ll! .0 15

DATARASE EPROM ERASER $34.95CAPACITORS
TANTALUM

, 5V .3 5 .4 7}.rf 35V .4 5
15V .7 0 ' .0 35V .4 5
15 V ,8 0 2 ,2 35 V .65
1 SV 1.35 4 ,7 35V ,85
35V .4 0 10 35V 1.00

DISC
50 V ,0 5 680 50V .05
50V .05 .0 0 1'" 50V .05
50V .0 5 .00 2 2 50V .05
50V .0 5 ,00 5 50 V .0 5
50V .0 5 .0 1 50V .07
50V .0 5 ,02 50V .07
50 V .0 5 .05 50 V .07
50V .0 5 .1 12V . ' 0
50 V .0 5 .1 50 V .' 2

MONOLITHIC
50V .14 ,11ft 50 V .18
50V .1 5 .4 7 fJ1 50V .25

SOCKET·WRAP I.D.1M
: r~~~T?F~:: ~~R~ ::;~:::i 't,~ WRAP .~

SIDE O F BOARD .5
* CA N WR IT E ON PLA STI C; SUC H AS IC n .-0
PINS PARTt: PCK. OF PRICE .o.

8 IDWRAP OS 10 1.9 5 . __

~ : :g~~:~~ : ~ g ~ : ~ ~ . e>-
18 IDWRA P1 S 5 1.9 5 ......
20 ID W RA P 20 5 1.95 .....
22 IDWRAP 22 5 1.9 5 ......
24 IDWRAP 24 5 1.9 5 . ""
28 IDW RA P 28 5 1.95
40 IDWRAP 40 5 1.9 5 "'---_.A...-----'::..:....l

PLEASE ORDER BY NUMB ER OF
PACKAG ES (PCK. OF)

ELECTROLYTIC
RAD IAL AXIA L

25V .1 4 1tA 5QV .14
35V .15 10 SOV ,16
50 V .15 22 16V .14
50V ,1 5 47 5QV .20
35V .18 1 00 35V .2 5
16V .18 220 25 V .30
35 V .2 0 470 50 V .50
25V .3 0 10 0 0 16V .60
16 V .7 0 2200 16 V .7 0

4 700 25 V 1.4 5 4700 16 V 1 .25
CO MPUTER G RA D E 44.000111 30V 3. 95

WISH SOLDERLESS BREADBOARDS
BIN DI NG

POST S

.38 x 6.50" 1 10 0

1.38 x 6.50"

3.94 x 8 .45"

5.13 x 8 .4 5"

6.8 8 x 9.06"

8 .2 5 x 9.45"

LITHIUM BATTERY
AS USED IN CLOCK CIRCU ITS

-=:;';'-1\

il®~~
3 VO LT BATTER Y
BATTER Y HO LDER

NEW EDITION!
1986

Ie MASTER
THE INDUSTRYSTANDARD

$129.95
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$68.00 
S45.00 
$45.00 
S86.00 

r DISKFILE 
HOLDS 70 5'.." DISKETTES 

L3.5 ' DISKFILE II I )$ 40 sr., 

POWER STRIP 
ILL APPOVI (. 

12.95 15A CIRl.L11T 
BR! AKE H 

Silili%S% 

I 

NASHUA DISKETTES DEALS 
5' ." SOFT SECTOR 

DS DD WITH HUB RINGS 

$990 69Cea 59Cea 
BON OF 10 SULE OIT SO BULE WY 250 

NASHUA DISKETTES WERE JUDGED 
TO HAVE THE HIGHEST POLISH 

ANO RECORDED AMPLITUDE OF ANY 
DISKETTES TESTED ACCORDING TO 

ho. 
COMPARING FLOPPY DISKS RYTI 9 5.1 J 

N MD2D 
N MD7i 
N MD2H 

N IDI 
N FD2D 

N-3.555 

DISKETTES 
NASHUA 514" 

s990 
434 95 
149 95 

NASHUA 8 
12795 
134 95 

NASHUA 3.5" 
TAC 4]7 9S 

VERBATIM 5114" 
V -MOTO SS DO SOI 
VAMD2D DS OD SOFT 

-MD11OD SS DO 10 SECTOR HARO 

TANDON TM1O0 2 

PARTIAL LISTING ONLY - CALL FOR A FREE CATALOG 
DISK DRIVES 

FOR APPLE COMPUTERS 

AP-150 
$99.95 

HT DIRECT ORIVI 
100.. APPLE COMPATIBLE 
SIX MONTE/ WARRANTY 

BAL -500 - 
$129.95 

TEAC MECHANISM DIRECT DRIVI 
100.. APPLE COMPATIBLE 
FULL ONE YEAR WARRANTY 

AP-135 'RID- 
$129.95 

FULL HT SHUGART MECHANISM 
DIRECT REPLACEMENT FOR APPLE 
DISK II 
SUE MONTH WARRANTY 

SUO Ql. 

MAC535 
-1=0- 

$249.95 2° 
3 S ADD ON DISK DRIVE 
1001. MACINTOSH COMPATABLI 
DOUBLE SIDED BOOK BYTE STOMA,, 
HIGH RELIABILITY DRIVE 
HAS AUTO EJECT MECHANISM 
FULL ONE YEAR WARRANTY 

AD-3C 
$139.95 

\ 
100. APPLE Ik 
READY TO PLUG IN W SHIELD' D 

CONNEC 
S. ORLDED 39 PIN 

FAST. RELIABLE SLIMLINE DIRECT 
DRIVE 
SIX MONTH WARRANTY 

DISK DRIVE ACCESSORIES 
F0D CONTROLLER CARD 949 95 
llc ADAPTOR CABLE S19 95 

ADAPTS S TANDARO APPLE DRIVES 
FOR USE WITH APPLE ITC 

KB -1000 $79.95 
CASE WITH KEYBOARD 

FOR APPLE TYPE MOTHERBOARD 
USER DEFINED FUNCTION KEYS 
NUMERIIC KEYPAD WITH 
CURSOR CONTROL 
CAPS LOCK AIITO REPEAT 

KEYBOARD -AP $49.951 
REPLACEMENT FOR APPLI li 
KEYBOARD 
CAPS LOCK KEY. AUTO REPEAT 
ONE ENTRY OF 
OR CP 

KEY 
COMMANDS 

BASIC 

O66 OOOOO 116615 

1111 

0606661.666 

EXTENDER CARDS 

IBM -PC $45.00 
IBM -AT 
APPLE II 

APPLE Ile 
MULTIBUS 

APPLE COMPATIBLE 
INTERFACE CARDS 

EPROM PROGRAMMER 559.95 

MODEL 
IIP525 

°/"."-1" 

go= 
DUPLICATE OR BURN ANY 
STANDARD 27. SERIES EPROM 
EASY TO USE MENU DRIVEN 
SOFTWARE IS INCLUDED 
MENU SELECTION FOR 2716 
2732. 2732A. 2764 AND 271íS 
HIGH SPEED WRITE ALGORITHM 
LED INDICATORS FOR ACTIVITY 
NO EXTERNAL POWER SUPPLY 
NEEDED 
ONE YEAR W 

16K RAMCARO 

FULL TWO YEAR WARRANTY 
EXPAND YOUR 48K APPLE TO 
64K 
USE IN PLACE OF APPLE 
LANGUAGE CARD 

LAIN PC CARD R INSTRUCTIONS S9 95 

IC TEST CARO 599.95 

M)111,41; ;1 
t 

<)UICKLY TESTS MANY COMMON 
IC. 
DISPLAYS PASS OR TAIL 
ONE YEAR WARRANTY 
TESTS 4000 SERIES CMOS. 

74HC SERIF S CMI)5 
7400.74LS II v. 

r- 
300B MODEM $49.951 

FOR APPLE OR IBM 
N CLUOES ASCII Pip -El SOF TWARI 

ICC APPROVED 
HELL SYSTEMS 103 COMPATIBLE 
INCLUDES AC ADAPTOR 
AUTO DIAL 
DIRECT CONNECT 

(-AM F FOR APPLE llc 514 9S 

JOYSTICK c9 -eol $7.951 
ann ROO 2e00 

ht 3 -WAY SWITCH BONES 
SERIAL OR PARALLEL 
CONNECTS 3 PRINTERS TO ONE 
COMPUTER OR VICE VERSA 
ALL LINES SWITCHES 
HIGH OUALITY ROTARY SWITCH MOUNTED 
ON PCB 
GOLD CONTACTS 
STURDY METAL ENCLOSURE 

. 

SIIIITCN3P CENTRONICS PARALLEL $89.95 
SWITCH-31 RS232 SERIAL $99.95 

[IL PRINTER BUFFERS 
FREES COMPUTER FOR OTHER TASKS 
WHILE PRINTING LONG DOCUMENTS 
STAND ALONE DESIGN, WORKS WITH ANY 
COMPUTER OR PRINTER 
ALL MODELS FEATURE PRINT PAUSE 
MEMORY CHECK GRAPHICS CAPABILITY 

SP120P PARALLEL $139.95 
6íK UPGRADABLE TO 256K 
LED INDICATOR SHOWS VOLUME OF DATA 
IN BUT FIR 

SP120S RS232 SERIAL S159.95 
64K UPGRADABLE TO 756K 
6 SELECTBAII RAU, RATES FROM 
6008 19.700E 

SP110P PARALLEL $249.95 
64K UPGRADABLE TO 512K 
SPOOLS OUTPUT OF UP TO 3 COMPUTERS 
LEO BARGRAPH DISPLAYS AMOUNT OF 
DATA IN BUFFER 
RESET FUNCTION CLEARS 
DATA IN BUFFER 
REPEAT FUNCTION CAN 
PRODUCE MULTIPLE 
COPIES OF A DOCUMENT 

SP120 SP110 

423 95 
429 95 
423 95 

120 CPS DOT MATRIX PRINTER 

á °ó $169.95 
EPSON IBM COMP AT not k 

9 -WIRE PRINTHEAD 
120 CPS BIDIRECTIONAL. 80 COL 
FRICTION AND TRACTOR FEED 
PROPORTIONAL SPACING 
CENTRONICS PARALLEL INTERFACE 
8 CHARACTER SETS AND GRAPHICS 

li FOOT IBM PRINTER CABLE $995 
REPLACEMENT RIBBON CARTRIDGE SIT 95 L. 

r- 
5114" FLOPPY DISK DRIVES 

TEAC FDSSB ' DS DO 1011 4M 1109 95 
TE AC FD SSF , HT DS OUADIFOA BM, 1109 95 
TIE AC FDSSGFV 'As HT DS KO 0011 ISM Ar 1154 95 
TANDON TM1OO-2 060060R BEA 199 95 
TANDONTMSO2'nMDS0060AMMl s89 95 
MPI BS2 OS 00 POR BMI 1139 95 
OUME OT142 'n HT DS'0060R BMI 179 95 

B" FLOPPY DISK DRIVES 
iD 100S SS 00 SA 94'.' EOJ'. 411900 
FD 200 S DS CO SA B51 R E 0.': 6159 00 

DISK DRIVE ACCESSORIES 
TEAC SPECIFICATION MANUAL 
TEAC MAINTENANCE MANUAL 

HT MOUNTING HARDWARE 
MOUNTING RAILS FOR IBM AT 

POWER CABLE FOR 5' . TOD, 
S' . FDD POWER CONNECTORS 

4500 
25 00 

12 95 
$4 95 
112 9S 
11 19 

DISK DRIVE ENCLOSURES 
CAB APPLE $21.95 

CABINET W OUT PUWIR SUPPLY 

CAB 1FH5 $19.95 
- N1 ¡GE CARN(T W POWER SUPPLY 

CAB 2SV5 $19.95 
511151 S . CAIRN.T W POWER SUPPLY 

CAB 2SVB VERTICAL $209.95 
I,MLW( II CABINET W ROW! 1 SUPPLY 

CAB 2FNI KORI7TNIAL $219.95 
MUAI FULL HT B CASINE T W POWI R SUPPI 

1 
CAB 25175 

í 1 

IMMI 
CAS 'FRS 

TEST EQUIPMENT FROM JOR INSTRUMENTS 

DIGITAL MULTIMETER PEN DPM -1000 
AUTO RANGING. POLARITY AND ULCIMALI 

LARGE 3.5 DIGIT 
DISPLAY 
DATA HOLD SWITCH 
FREEZES READING 
FAST. AUDIBLE CON- 
TINUITY TEST 
LOW BATTERY 
INDICATOR 
OVERLOAD PROTEC- 
TION 

20MHz DUAL TRACE OSCILLOSCOPE 

35MHZ DUAL TRACE OSCILLOSCOPE 

$54.95 

MODEL 2000 
MODEL 3500 

S389.00 
S549.00 

FOR MORE INFORMATION ON THE OSCILLOSCOPES. SEE OUR AD UN PAI.t 

CALL FOR VOLUME QUOTES 1v COPYRIGHT 1986 JDR MICRODEVICES 
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SEAGATE ST -225 

$489.00 MONITOR STAND r- 
TILTS ANO SWIVELS 

ONLY $12.95 

POWER SUPPLY 

NOW ONLY $89.95 
FOR IBM PC XT COMPATIBLE 
135 WATTS 
5V 15A 12V 4.2A 
5V 5A. 12V SA 

A150 WATT MODEL $99.95, 

S109.95 
6109.95 
$154.95 
$19.95 

S2.95 
S4.95A 

9 

BUILD A COMPLETE 256K XT SYSTEM 
MT COMPATIBLE 
MOTHERBOARD 

$1 59.00 
4 77 MH 6064 CPU OPTIONAL 
6067 CO PROCESSOR 
8 EXPANSION SLOTS 
OK RAM INSTALLED. E XPANDABLE 
TO 640K ON BOARD MEMORY 
ALL IC. SOCKETED HIGHEST 
DUALITY PC BOARD 
ACCEPTS 2764 OR 27128 ROMS 

J10-BIOS $29.95 

20 Mb HARD DISK SYSTEM 
INCLUDES &E N(:TH H( 
CONTROLLER. CABLES. MOUNT 
ING HARDWARE AND INSTRUC 
TIONS All DRIVES ARE PRE 
TESTED AND COME WITH A ONE 
YEAR WARRANTY 

r 

IBM COMPATIBLE INTERFACE CARDS 
ALL WITH A ONE YEAR WARRANTY 

MULTI I/O FLOPPY CARD 
PEA' - THE 640K MOTHERBOARD 

2 DRIVE FLOPPY DISK CONTROLLER 
1 RS232 SERIAL PORT OPTIONAL 2..d 
SERIAL PORT 
PARALLEL PRINTER PORT 
GAME PORT 
CLOCK CALENDAR 
SOF TWARE CLOCK UTILITIES 
RAMDISK SPOOLER 

$129.95 

MULTIFUNCTION CARD $119.95 

A 

ALL THE FEATURES OF ASTS 6 PACK PLUS AT HALF THE PRICE 

Am ...b 

=U..., Sq rr. P . .1_ 

COLOR GRAPHICS ADAPTOR 
FULLY COMPATIBLE WITH - ̀M ..P 

4.04fLP. v r . yrA4 4111.114P ~ As M4. asiLyr 
BIB. t,, ( 
~«¢ i i 

CLOCK CALENDAR 
0.3114K RAM 
SERIAL PORT 
PARALLEL PORT 
GAME PORT 
SOFTWARE INCLUDED 

PRINTER CABLE 5995 
MK RAM UPGRADE 91510 71 

$99.95 
IBM COLOR CARD 

VIDEO INTERFACES RUB. 
COMPOSITE COLOR HI RES 
COMPOSITE MONOCHROME 
CONNECTOR FOR RE MODULATOR 
COLOR GRAPHICS MODE 370. 200 
MONO GRAPHICS MODE 440 700 
LIGHT PEN INTI RFACI 

MONOCHROME GRAPHICS CARD $119.95 
FULLY COMPATIBLE W'lBM MONOCHROME ADAPTOR d HERCULES GRAPHICS 

LOTUS COMPATIBLE 
TEXT MODE BO 25 
GRAPHICS MODE 720 343 
PARALLEL PRINTER INTERFACE 
OPTIONAL SE RIAL PORT E19 95 

MONOCHROME ADAPTOR $49.95 
ANO T HE H FAN TAS TIC VALUE FROM JDR, 

IBM COMPATIBLE T1L OUTPUT 720 350 PIXEL DIPLAY 
PLEASE NOTE THIS CARO WILL NOT RUN LOTUS GRAPHICS AND DOE S NOT INCLUDE A 

PARALLEL PORT 

FLOPPY DISK DRIVE ADAPTOR $49.95 . 4 ` - -' tiT IR FACES UP TO 4 STANDARD y/ Air BUD. TO IBM PC OR COMPATIBLES 
INCLUDES CABLE FOR TWO 
INTERNAL DRIVES 
STANDARD 0037 FOR EXTERNAL 
DRIVES 
RUNS QUAD DENSITY DRIVES 
WHEN USED WITH JF ORNAT 

EASYDATA 1200 BAUD MODEM FOR IBM 
INCLUDES PC TALK 111 COMMUNICATIONS SOFTWARE 

HAYES COMPATIBLE 
AUTO DIAL AUTO ANSWER 
AUTO RI DIAL ON BUSY 
INCLUDES SERIAL PORT' 
ONE YEAR WARRANTY 

$169.95 
*JDR Microdevi 

$717 
CRT MONITORS FOR ALL APPLICATIONS 

LUXOR 
HI-RES RG8 MONITOR 

14 SCREEN 
16 TRUE COLORS 
75 MN. BANDWIDTH 
RF SMUT ION > IMO 762 
31.r- DOT PITCH 
CARIE OR IBM PC INCLUDED 

SAKATA 
COMPOSITE COLOR 

Ht IUII 
Ir' HATE 01011 AWLI 

13 COMPOSITE Viol() 
RE SOLUTION 740 300V 
INTE RNA& AUDIO AMP 
ONE VI AR WARRANTY 

CENTER SYSTEMS 
MONOCHROME 
N V ;'f 

IBM C(1MPAT IBLI Tit INPUT 
12 NON GLARE SCREEN 
P39 GREEN PHOSPHORUS 
VERY HIGH RESOlUTION 
TS MH, BANDWIDTH 
1100 UhES,CINTERR 

$299.95 $169.95 $99.95 

BUILD YOUR OWN 258K 
XI COMPATIBLE SYSTEM 

NT MOTHERBOARD $159.95 
PRO -BIOS $29.95 
256K RAM $28.55 
130 WATT POWER SUPPLY $89.95 
FLIP -TOP CASE $49.95 
DKM -2000 KEYBOARD $79.95 
1/2 HEIGHT QUME DRIVE $79.95 
FLOPPY DISK CONTROLLER $49.95 
MONOCHROME ADAPTOR $49.95 
MONOCHROME MONITOR $99.95 

TOTAL: $718.10 

rIBM PRINTER CABLE, 

0825 TO 
CENTRONICS 59.95 SHIELDED CABLE 

IBM STYLE 
COMPUTER CASE 

AN ATTRACTIVE STEEL CASE 
WITH A HINGED LID FITS THE 

POPULAR PC XT COMPATIBLE 
MOTHERBOARDS 

SWITCH CUT OUT ON SIDE FOR PC XT 
STYLI POWER SUPPLY 
CUT OUT FOR 6 EXPANSION SLOTS 
ALL HARDWARE INCLUDED 

IBM COMPATIBLE KEYBOARDS 
0KM -2000 $79.95 IBM -5151 S99.95 

4 
...__ 

SISO STYLE KEYBOARD 
FUMY IBM COMPATIBLE 
LEDSTATUSINDICATORSEOR CAPSP. 
NUMBER LOCK 
63 KE Y SAME LAYOUT AS 
IBM PC XT KEYBOARD 

REPLACEMENT FOR KI YTRONICS 
KB S1S1 
SE PARATE CURSOR P. NUMERIC 
KI YPAD 
CAPS LOCK P. NUMBER LOCK 
INDICATORS 
IMPRIIVI D RI 11 OA1W l AVOUE 

DISK DRIVES 

TANDON TM50 -2 

$89.95 
': HT D;; DU 
IBM COMPATIBLE 
EXTREMELY QUIET' 

TEPIC F0 558 DS /OD 
TEPIC FO 55F DS QUID 
TEAC FO 55G OS /HD 
OUME OT 142 OS DO 

MOUNTIKG HARDWARE 
T, RAILS 

1224 S. Bascom Avenue. San Jose, CA 95128 Ces c 
Toll Free 800 -538 -5000 (408) 995 -5430 FAX (408) 275 -8415 Telex 171 -110 

CIRCLE 183 ON FREE INFORMATION CARD C COPYRIGHT 1986 JDR MICRODEVICES CIRCLE 183 ON FREE INFORMATION CARD © COPYRIGHT 1986 JDR MICRODEVICES
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THE MOST POPULAR PRODUCTS IN EUROPE & ASIA ARE COMING NOW.!50HOT ITEMS 
FOR i'ODUR SELECTION. SEND $1.00 FOR MARK V CATALOG, REFUND UPON ORDER 

CORDLESS SOLDERING IRON 
RECHARGEABLE 

No 620 Í 
TM most perlst Kandy. l.ghtw..ght sodenng ..on for Worn. 
shop. Stone, Hobby Outdoor coal 
Includes Ul appood chards 6 cleaning 'pond. 
Wdn ton10 -.n solder pant .11umrntron 
Each wt 111271111 

TALKING CLOCK NEW FOR 66 

1 Tsar .e.a. bA4ere Nr wPS anw..w.<.n..rw a.w.. 
2. Rae6 es* Na.. M.rs er.ler.+M.r 1. Iry. w.w.Y..re.w Iw caw 

1hL AM PM 
2. CM.. Ihras .e'ey resw a .14. sono ens eM. 
4. Mr.. .n.R ....N ww O.rN .Kon61 wn. awn 
1 b...w .enwdrv.asarmallvrtYeer.Yah.4w...u...ar,ru.ac. 

a.rrn 
vaurw* ewe e.ea a..r. oulp 

7. Lr....e. ee4.ale f r...sh 
SM. NOT A KIT. 

3% DIGITAL MULTIMETER 
YAMATO 4001 SPECIAL OFFER! 

100W DYNAMIC CLASS "A" 
MAIN POWER AMPLIFIER 

F'M'Y 

; ( 4 NOW 
TA 1000A 

e LESS1 

Tho powerful dynamo bas cuss -A' Crow1 makas th.; unit 
unique .n as clos CmtI our 100W R M S POWER output 
well s.hsly the not. poky H Fl fans TMs He vagi Channe 
mpt.fer II you need a stereo .R.C. you can bey Iwo to mal. 

total of 200W DYNAMIC POWER! 
Over 3000 KITS ARE SOLO IN TETE STATE I 

Y 

SAM with í.M6/ 845 50 , 

Y 80W + 80W PURE DC STEREO 
POWER AMPLIFIER Y COLOR LIGHT CONTROLLER 

Y ° TY -238 

10W AC /DC 
SHOULDER AMPLIFIER TA 008 

TA 006 employs the most ady.n<ed I C of TOSHIBA as 
main Omo*. th. Sound .s poWrlul..t can De supplied by only 
4 potes of 'UM 1' 15V battery 0 AC to DC 5 91/adapta h n 
vmple IO oprate. Net 'peas Io.te*'. and S.D. ON OFF pow., 
sw.KD on ton mike B.ed.s. syh.Ia d n *el p.ckaged and 
wdh lent w.9111. to .1 .s conyen..nl to a.ng long in boll. 
.ndoa and outdoor acl.wl.es Pesos Read our Catalog for 
dr..ls 
As.rnbe.d wIth tested $4100 ww woww ww»o.o.wo«o 

TA 802 

TM YAMATO 4001 .s a 317 DIGIT COMPACT DIGITAL 

MULTIMETER. d employs FE lop. LCD. wdt Iarde bourn Ks 

ADVANTAGES Hue accurac menunn8 Hgn.mpedanc 
assures men melwnng rra One rotary {conch slows fast 6 

COnvonrnt Operation 26 m.asur.monl range Mbe und. 
Nencatron Ove. .reput .nd.tM.on low ban.ry Iole pp.rs con 

O.sDley LSI circuit un pov.des nigh ra.abldy and durabldy 
Measurement posobl even under .Pond magns.c field 

LCD THERMOMETER 

Net KM 6w la mbd with IwTw 61216 

CLOCK 
...a 

F 

Features 
0 34' DIGITAL Inarmonrlr *ah H. 6 Low Nmpratur Hom 
lunch. and 12 hours clock Cornbnal,.. 
M..sunnq rang. 0: to 16F or 20C TO 70K 
RMOlobon raad.ng I ro 
DiWuirnson 32' 0.16' 706' 
T -1 seM i/OM Oses maso. 520 00 

T- 2M401FhreehelarCe do. mewr.ng $11100 NOT A KIT 

Y 

° 

As molt of the dvenced tecnno'u', thq ..ml can control 
nanous colorful 1pM bulbs, tM wwal effect of yMKh s most 

0 ...lade .n pl.Cn hU Party. esto. tech c an dame Contre and 
Hw .n I.gnhngs for Wven.wmr.t Total output Dower . 
IdOOW I1000W Ch I wlCh means IhM d can contra 30 peces 
o1 100W or 600 peon of SW cola tight .MCP .s enough fa 

$3100 mast u"9.' o.o. KK M6 00 

NF-CR BI-FET PRE-AMP TA-2000 A. vnth test 

VALUE 

TM MM of Mo Pre- ampld.r n TL0S4 IC whoh cont.., 4 

BI FET oper.lonal ampler and Ms very good Pansent 
response and low d.MOnron 
High poco.. NF -CR MM ca.Vdge amplho nn super 
d.MOrbon cM.Kter.MC INM than 0 005%) end RIM squil.li 
Pon 10 2dBl Il «.pro du<n nrlod0I rund 
IT has 40 steps volume contra. severalo bgh, middle and low 
tone control. tone conviensIron and tore eels., systrn 
M .s Con.pI.bld a uh any power mpl.b.rs Much ar. made by 
our company sect. as TA- í000A. TA -477. TA -607 
KR $36.60 

Modo No 

TA-001 
TA--006 
TA-007 
TA-COB 
TA-10 
TA-50 A. B 
TA-130 
TA-202 
TA-300 
TA-302 

TA-323A 
TA-322. 
TA-400 
TA-477 
TA. 1100 
TA-107 
TA-620A 
TA-1000A 
TA-1500 
TA-2400A 
TA-2600 
TA-7700 
TA-2B00 
TA- 3000 

¡M-43 

SM-46 

SM 100 
T-43 

STEREO SIMULATOR 
.sPe 

.surs 
OFFER! 

TA-3000 

KIT ONLY 825.00 
You Can own step TV Nom today Th.s simulato. a 
spec.., design of using ton most .dvano.blo ma.oplasad 
I S I It produced supra analog stele .Merl once the 
L S I Is taquait.d 60 pos of LOW NOISE FET 6 TRANSISTOR 
The simulala can .von nrO you to promote your I.avt.on 
P.O.. no.mol one to a specs one will. H. F. STEREO fun< 
non Our s.mulMo a se. .ppl.cb4 to any ode. 'mono 
'POCO,' in toying n IoANALOG STEREO UndouU0.dly. d n 
the mou advanced equ.prn.nt for .vrY fenvly, eNN d 

should contnbule to sour leltifing plenums. 
A.. with tested 620.00 

- 

D.H,.pt.on 
IW U... Anqul . 

6W M.n. Ama.l,. 
12w Steep Pow. Boost. 
AC/OC SHOULDER AMPLIFIER 
STEREO PRE AMPLIFItR WITH MAGNETIC MK AMP 
MULTI PURPOSE MELODY GENERATOR 
PURE CLASS "A" MAIN POWER AMPLIFIER 
70W AC /DC STEREO AMPLIFIER 
30W Mun. PWpO S.'. . Cnnn. Awe 
60W Sei. Power homo. 

Y 

Y 

Y 

TA -2400A ELECTRONIC ECHO AND 
REVERBERATION AMPLIFIER 

y REM( records younMll 

17696 

TMs onit comban ton nest dvanCW comput« V L S I 

IoKnnpw soin flush 6ua.ry Japan Made Cpmponwt. to n Ms 
the foliow.ng FEATURES 
h can g.nerill sarroua r.RSCLbn And ravarber.,.on 1040 such 
n tis. m volley and musc hale h hl. 3 »ciron Matt contra 
*0.Ch 0Kludes rev.rsrabOn contrai. dray COnirot and dette 
control Svc. alfad Can be made .n rouf read taps by 
ucn$ dos node'. A9 lends M .M.e'd sound *Red yen W 
aK.nd by sbMrl set W the convoi h hay LEO d.spley to 
show raten.on and ny.rbrabon 
Ass with t6t.d 6e' 16 

:q 
i 
Y 

K t.AUen.WW Unit ..<. 

Hip. Oseay 3030W Se.50 Ampel.. 
00w IC Sa.. P.. Amp.t.r Power Am..f.. 
40W TRANSISTORIZED MONO AMPLIFIER 
ITOW MOSF ET POWER AMPLIFIER 
160W DC LOW TIM PIN AMPLIFIER 6 POWER AMP 
16OW PURE DC ST POWER AMP W SPK PROTECTOR 
6060W OCL DC PRE MAIN STEREO AMPLIFIER 

1 OOW DYNAMIC CLASS "A" MAIN POWER AMP IMONOI 
200W NEW CLASS "A' DC STEREO PRO MAIN AMP 
ELECTRONIC ECHO AND R EVE ION AMP 
HIGH QUALITY MULTI PURPOSE PIE AMPLIFIER 
DC FET SUPER CLASS "A" PRE AMPLIFIER 
NF CR BI F ET PRE AMP !WITH MAY TONE CONTROLI 
STEREO SIMULATOR 

3 I/2MULTI FUNCTIONAL LEO DIM 
41/2 HI PRECISIONDPM 

SOVC uNI VERSAL DIGITAL I0f // f 
PANEL METER 

Kd 
K.1 
K.t 
AN 
K.1 
K.1 
Ka 
AM 
K.1 
K.1 
A.. 
Ka 
K.1 
K.1 
Ka 
Kn 
Kd 
Kd 
K.1 
Ka 
Aa 
An 
K.1 
K.1 
Ar 
Kd 
K.e 
AH 
K.1 
AH 

.rfM A.. 

$3 90 
54 92 
:0 00 
$41 00 
$6 00 
010 76 
$25 00 
$60 00 
¡t t 07 
$50 00 
áe900 
024 60 
$29 50 
S13114 

54916 
52616 
S4300 
646.50 
16100 
$0516 
án.00 
S3á 00 
036.00 
S30 00 
$2600 
S26 23 
$36 CO 

$311 00 
543 00 
ST.', 

Mod.. N. 
TA 355 A, B 
TR -!O3 

TR- 100 

TV-1A MK4 
TY-7 
TV-11A 
TV-17A 
TY-12 
TY-14 
TY-1S 
TY-70 
TY-23S 

TV-2 
TY-36 
TY-36 
TY-3I 
TY-41 MKIII 

HIGH QUALITY 
MULTIPURPOSE PRE -AMPLIFIER 
TA -2500 

` 
lsZtfALUE 

T n.s tpw,olIy deigned pr rn'de. n<.-des p.Olns0nal 
GRAPH EOUALIZER TOM control system and has gam Io 
12ás Frequency response H.nds 'men Sal. to 20017. so anon 
.n pp I.sarhng eonddron d can unprove 'volt h can foc.' 
input Rom vrrou00% magMK canrdge. record deck end 
ton.. as Output can be connecl.d o K finds of power 
amphi..., TM lollow.ng combnMwm are 9000 scampi. 
AseemM.d wIth tasted NO 00 

Dwc r ,p. on K.PArw.r..d 
J.SA REGULATED DC POWER SUPPLY 
0 50V 3A POWER SUPPLY WITH SHORT CIRCUIT BREAK 
a OVERLOAD PROTECTOR 
0 -ISV 7A REGULATED OC POWER SUPPLY 

U ATTERY FL000ESCENT LIGHT 
ELECTRONIC TOUCH SWITCH 
MULTI FUNCTIONAL CONTROL RELAY 
DIGITAL CLOCK WITH TWO TIMER 
COLOR LEO VU METER 
ELECTRONIC SMOCK 
HIGH PR ECISION SOUND CONTROL SWITCH 
SUPER SENSITIVE AUDIO LEVEL INDICATOR 
COLOR LIGHT CONTROLLER 

SPEAKER PROTECTOR 
FM WIRELESS MICROPHONE 
AC/DC QUARTZ DIGITAL CLOCK 
SOUND OR TOUCH CONTROL SWITCH 
INFRARED REMOTE CONTROL UNIT 

TV -42 BAR /DOT LEVEL METER 
TY -45 BAR /DOT AUDIO LEVEL DISPLAY 
Tv -47 SUPERIOR ELECTRONIC ROULETTE 
YAMATO 4001 30 DIGITAL MULTIME TER 
TI LCD THERMOME TER CLOCK W /IN /OUT DOOR SENSOR 
T2 LCD THERMOMETER CLOCK W /F`C MEASURING 
6504 TALKINGCLOCK MYNAH 
6502 TALKING CLOCK COCKATOO 
NO 620 CORDLESS SOLDERING IRON RECHARGEABLE 

sum - .ed sod tOstel 

K d 

K.1 
AR 
K n 
K.1 
K.1 
Ka 
Kn 
Ka 
Kn 
Kw 
Kn 
Kw 
AR 
Kn 
K.t 
K.t 
Ka 
Ka 
AR 
K.. 
Ka 
Kt 

SE T 

SET 
SE T 

SET 
SET 

SET 

Unit P.y. 
51068 

S12 30 
S69 50 
S5950 
¡3 90 
¡550 
53 99 
¡t306 
$1 7 50 
53 00 
07611 
019 50 
006 00 
97600 
99 50 
¡7 66 
SIE 92 
¡1000 
026 00 
S30110 
S21 00 
¡34 95 
¡16 92 
¡33 110 

¡20 00 
¡II 00 
¡25 00 
lm 00 
¡27 90 

TEAMS 

Mn order $1000 
Charge card order 52000 
NO COD, Casrker's check. paw ofdrs a...vt 
Cat. ReS Add 6 5C1 Se'es Tra 

Prtus are stuect to chr,ge without robot 

nyrdw diles re Sl.Jtct to pp10F sala 

Shppmg a Hndwe Mode L A 5.1 of tow 
Order (Ml. 150) Outsafe L A 10% of total 

orar (Mn 250) Oule d, U SA 201, O loti 
orar W500; 
Shipped by UPS 

cm1 
HOURS MON RI 19.00 FO b00 

SATURDAYS 900 TO 17 W 

CIRCLE 93 ON FREE INFORMATION CARD 

MARK V ELECTRONICS INC 
748 E Mkm 50..1 &..r 100 
Alt rba. CA 01801 
Please mall to 
P.0. Box 7065 ALHAMBRA CA 91802 
T.N. 3716914 MARK 5 
NIOSallow . 818 ' 282.1 130 
O.d.w 818 282.1196 

TA-008

. : _~. -:.- ..------I-i-~ ~~· ·. --- .

10W AC/ DC
SHOU LDER AMPLIFIER

Th is speciall y des ign ed pre-amp lif ier includes a professional
GRAPH EQUALIZ ER TONE cont rol syste m and has a ga in to
12dB . Frequency response extends f rom 5Hzto 20KHz, so even
in bad liste ning condit io n it can improve well. It can accep t
input f rom varlouoos mag net ic cartr id ge, record deck and
tu ner, it s outp ut can be co nnected to all kinds of pow er
amplifi er ! The fo llowing co mbinat io ns are goo d exam ples .
Assemb led with t est ed . .. $90.00

This un it com bines the m ost adva nced computer V.L.S.1.
techni que wi th hig h quality Japan Made comp on ent , so it has
the totl owinq FEATURES:
It can gen erate va rious refl ection and reverberati on effec t such
as that in v alley and music hall. It has a 3 secti on effe ct co ntrol
w hic h includes reverberat ion co nt ro l, delay cont rol and dep th
control. Spec ial effe ct can be m ade in your record tapes by
using th is m od el. A ll kind s of inf ield sound effe ct can be
obtai ned by skilfu l use of th is cont rol. It has LED display to
show ref lect ion and reverberati on .
Ass . wit h tested . $99.8 5

TA-D08 employ s th e mos t adv ance d I.C. of TOSHIBA, as a
m ain devi ce, th e sou nd is powe rfu l, it can be supplied by only
4 pieces of 'UM- 1' 1.5V batt ery or AC to DC 6-9V adap to r. It is
sim ple to ope rate , just 'press-to -ta lk ' , and w ith ON-OFF pow er
sw itc h on th e mi ke. Besid es, w hile it is we ll -packaged and
w it h li ght w eight, so it is convenien t to bring alon g in bo th
ind oor and outd oor act ivi t ies. Please Read our cata lo g fo r
detail s.
Ass emb led with tested $48 .00

COLOR LIGHT CONTROLLER
TY-23B

. - . - . -- - - "..

As a result of the adv anced tec hno logy , this unit can cont ro l
va riou s colo rf ul light bu lbs, the vis ual eff ect of w hich is mo st
sui ta ble in p laces like part y, di sco, electr on ic game cent re and
also in lig ht in gs for advert isement. Tot al output powe r is
3000W (10DOW/Ch. ) w hich m eans tha t it can co ntro l 30 pieces
of 100W or 600 pieces of 5W co lor l ight w hich is enoug h for
m ost usages.
~ ~.OO

Ass. with t est ed . . .. $75.00

•
TA-240OA ElECTRONIC ECHO AND
REVERBERATION AMPLIFIER

. $39.95

TA-100 0A

TA-3000

Th e heart of this Pre-a mpl if ier is TL-084 IC w hich co nta in s 4
BI-FET operat ional amplif ier and has very go od tr ans ient
response and low di stor t ion.
High precis ion NF- CR MM cartr idge amplifier has a super io r
d istort ion characteristi c (less th an 0.005'%) and RlAA equ aliza
t ion (0.2dB). It rep ro duces m elodi cal sound.
It has 40 step s vol ume cent rot. seperate hig h, mi dd le and low
ton e cont ro l, ton e compensation and tone defeat system.
It is co mpat ib le w ith any power am pli fier s w hich are made by
ou r com pany such as TA-1000A , TA--477, TA-802.
K;,. . .. $36.80

This po werfu l dynam ic bias cla ss "A H ci rcuit m akes th is un it
un iq ue in its class . Crys tal clea r 100W R.M.S. POWER output
w ill sat isfy the m ose picky HI - FI fan s. Thi s is a sing le channe l
amplif ie r. If yo u need a ste reo effect y ou can buy tw o to ma ke
a tota l of 200W DYNA MI C POW ER!
Over 3000 KITS ARE SOLD IN THE STA TE!
A ss. with t ested . $45.50

NF-CR BI-FET PRE-AMP TA- 2800

~

IA:~.~!~~l
~

KIT ONLY $25.00
Yo u can own a stereo TV fr om today! Th is simulato r is a
spec ial desig n of usin g t he m ost adva nceable m onop loised
L.S.1. It prod uced a superior anal og stereo effe ct since th e
L.S. I. Is equa lled 60 pes. of LOW NOISE FET & TRANSISTOR.
The sim ulator can eve n hell1 yo u to pr om ote your televi sion
fr om a no rma l one to a speci al one w ith a Hi-Fi STEREO func
ti on . Ou r simu lato r is also appli cable to any ot her 'm ono
sourc es' in covering it to ANALOG STEREO. Undou bted ly, it is
the m ost adv anced equ ipme nt for eve ry fam ily, w hile it
should co nt rib ute to yo ur listen ing pl easur e.
Ass. w ith t ested . . . . . . . . . . . . . . . . . $30.00

Kit .

SOW+ SOWPURE DC STEREO
POWER AMPLIFIER TA-802

STEREO SIMULATOR

~?-
-.5 KITS

.: ~ OFFER !

I

100W DYNAMIC CLASS
MAIN POWER AMPLIFIER

ll~~!liff
I~....:,tI

YAMAT04001

~II::':'·

. ~-!".

Model No . Descr ipt ion K it/A ssembled Unit Price Model No. Descript ion Kit/Assembled Unit Price

TA - 001 1W Min i Amp lifier K, ' $3.90 TR - 355 A, B 3-5A REGUL ATE D DC POWER SUPPLY K,' $1Q.68
TA - 006 6W Mini Ampl if ier K" $4.92 TR- 503 0·50VI3A POWER SU PPLY WITH SHORT CIRCUIT BREAK
T A- 007 12W Stereo Power Booster K, ' $B.OO & OV ER LOA D PROTECTOR K" $12.30
T A- 008 AC/DC SHOULDER AMPL IFIER Au $48.00 TR-l 00 0·15V 2A R EGULAT ED DC POWER SUPPLY Au $69.50
T A- 1O STEREO PRE-AM PLIF IER WIT H MA GNET IC MIC AMP Kit $6.00 K" $59.50
TA- 50 A, B MULT I-PURPOSE MELODY GENERATOR K, ' $10 .76 TY- 1A MK4 BATT ERY FLUO PESCENT LI GHT K" $3.99
TA- 120 PURE CLA SS"A" MA IN POWER AM PLI FIER Kit $25.00 TY- 7 ELECTR ONIC TOUCH SWITCH Kit $5.50
TA- 202 20W AC/ DC STER EO AMPLI F IER Au $60.00 T Y- 11A MULT I-FU NCT IONA L CONTROL RE LA Y Kit $3.99
TA- 300 30W MUlti-Pu rpose Smgle Channel Amp. K,' $11.07 TY- f 2A DIGITAL CLOCK WITH TWO TI MER K" $13.86
TA- 302 60W Stereo Power Booster K" $50.00 TY - 13 COLO R LED VU METER K" $17.50

Au $60.00 T Y- 14 ELECTRONIC SHOCK Kit $3.00
TA - 323A High Quali tY 30W+30W Stereo Ampt rf rer K" $24.60 TY- 18 HIGH PRECISION SOUND CONTR OL SWITCH Kit $7.68
TA- 3221 60W IC Stereo Pre-Am phfrer & Power Ampl if ier Kit $29.50 T Y- 20 SUPER SENSITIVE AU DIO LEVEL INOICATOR K" $19.50
TA- 400 40W TRAN SISTORIZED MONO-AMPLIFIER Kit $13 .84 T Y- 23B COLOR LI GHT CONTROLLE R K,' $65.00
TA- 477 120W MOSFET POWER A MPLI FIER K" 555.00 Au $75.00
TA- 800 160W OC LOW TI M PRE-A MPLIFIER & POWER AM P. K" $49.85 T Y- 25 SPEAKE R PROTECTOR K" $9.50
TA- 802 ' BOW PURE OC ST. POWER A MP. W,SPK. PROTECTOR K,' $39.95 TY- 35 FM WIR ELESS MICROPHONE Kit $7 .68
TA - 820A 60W+60W OCl DC PRE·MA IN & STEREO A MPLI FIER K,' $43.00 TY- 36 AC/DC QUART Z D IGITA L CLOCK K" $16.92
TA-l 000A 100W DYN AMIC CLA SS " A" MAIN POWER AMP (MONOI K" $45.50 TY- 38 SOUND OR TOUCH CONTROL SWITCH Kit $10.00
TA-l 500 200W NEW CLASS "A- OC STEREO PRE·M AIN AMP K,' $67.00 TY-41 MK II I INFRARED REMOT E CONTROL UNIT K" $25 .00
TA- 24ooA ELECTR ONIC ECHO AND REV ERBERATION AMP Au $99.85 Au $30.00
TA - 2500 H IGH QUA LI TY MUL TI-PURPOSE PRE-AMP LI FIER Au $62.00 T Y- 42 BAR /D OT L EV EL METER Kit $21.00
TA- 2200 DC FET SUPER CLA SS "A" PRE·AMPLI FIER K" $38 .00 T Y- 45 BAR / DOT AUD IO LEVE L DISPLA Y Kit $34 .95
T A- 2800 NF·CR BI-FET PRE-AMP (WITH 3WA Y TONE CONTROLl K" $36.80 TY- 47 SUPERIOR ELECTRONIC ROUL ETTE K" $16.92
TA- 3000 STER EO SIMU LATOR Au $30.00 YAMATO 4001 3% DIGITA L MU LT tM ETER @SET $33.80

K" $25 .00 T' LCD THERMOMETER CLOCK W/ INIOUT DOOR SENSOR @SET $20.00
SM-43 3 1/2 MU LT I-FUNCTION AL lED D.P.M. K" $29 .23 T2 LCD TH ERMOM ET ER CLOCK W/F o/CoMEASURING @SET $18.00

Au $35.00 8504 TAL KING CLOCK MY NA H @SET $25.00
SM-48 41 /2 HI·PRECISION D.P.M. K,' $38.00 8502 TA L KING CLOCK COCKAT OO @SET $25.00

Au $43.00 NO. 620 CORDLE SS SOL DERtNG IRON RECHARGEAB LE @SET $22 .80
Au $99 .00
K" $28 .00

LCD THERMOMETER CLOCK
NEW !

s:
~II

The YA MATO 4001 is a 31/2 DIGIT COM PACT DIGITAL
MUl TIMETER. it emp loy s FE ty pe LCD. wi th large f igures. Its
ADVANTA GES: High accu racy in measuring . High im pedanc e
assures min. m easuri ng erro r. One rotary switc h all ow s fast &
co nve nient op erat ion. 26 m easu rem ent rang e enable wi der
app licat ion. Ove r-in put indication & low batt ery life appears on
display. LSI-cir cu it use pr ovid es high re liab il ity and durability.
Meas ureme nt po ssible eve n un der st rong magn eti c f ield.
Not a KIT, as sembled w it h t est ed . . . . . . . . .. . $33.80

Features.
O.34 H DIGITAL th erm om eter w it h Hi & Low temperature alar m
fu nct io n and 12 hou rs clo ck co m binat ion .
Meas uri nq range: Q"F to 160"F or - 20"C to +70"e.
Reso lut ion read ing : ± 1.8'F .
Dim ensio n : 3.2 H x 0.86 H x 2.08" .

T-1 w ith In/ Out Door senso r $20.00
T-2 wi th Fah ren heit / Cel si us me asuri ng . $18.00 NOT A KIT !

3% DIGITAL MULTIMETER

SPECIAL OF~~

No. 620

Th e m ost per f ect handy , li ghtweig ht soldering iron for Wo rk
shop, Hom e. Hob by & Outdo o r work.
Includes UL ap prov al charger & clean ing spong e.
W ith build- in solder point il lum inat ion.
Each set .

TALKING CLOCK NEW FOR 86'

~
1. Talk: push button fo r voic e annou ncement of t ime .
2. Read out : tw elv e hours system dis play fo r hour, mi nute. second (by colo n

flas h), AM & PM .
3 DIsplay : th ree d isp lay mo de s of ti me, ala rm t ime &.dat e
4. Ala rm: on of f sw itc h with thirty seconds voice alarm.
5. Snooze : rem inder voice alarm of thirt y seconds after 4 minutes of f irst vo ice

ala rm .
6, Vo lume: two leve l of voice outp ut.
7. Langua ge ava ilable : Engli sh ,

M yn.-h 8504 . • • • . . $25.00 NOT A KIT !
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100 

ÑM a THE NAME YOU CAN 
TRUST IN ELECTRONIC 
TEST EQUIPMENT 

a 

TEAMda 35MHz 
Oscilloscope 

Two high quality 10 1 probes included 
For additional specifications see MCM 

Catalog 1111 

a72 -330 

Dual Trace 

$569 °0 

mot* 
0 -18V 3A 

Power Supply 

OP. CO 

Regulated outputs - constant volt or constant 
current. both are continuously variable Can be 
connected in series or parallel for more voltage 
or current output Reverse polarity and overload 
protected Isolated output 
1172.330 Available Mid May! 

59950 
TEMId` Combination Function 
Generator and Frequency Counter 

6 digit display Output range 2Hz -2MHz seven 
ranges Counter range 1Hz -10MHz S -15V TTL 
and CMOS output Wave forms sine. triangle. 
square, pulse, and ramp 
*72-380 

$21990 W 
; 

got 

TEArid 20MHz Dual Trace 
Oscilloscope 

Two high quality 10 1 probes included 
For additional specifications see MCM 

Catalog all 
*72 -320 

$38995 lee I 

ice', Bench Top DMM 
3 -, digit Eight function DCV, ACV. DCA (up to 
20A). ACA (up to 20A). Resistance (up to 
20Mohm). Audible continuity test. diode test . 

capacitance test (up to 20iuF) 
Available Mid May! +ç 
*72-410 1 G 

$14980 unto 

TEHk` Frequency Counter 
8 digit LED display Measurement range 

1 Hz- 120MHz High input sensitivity of 
20mV RMS 
1172 -375 

tea I 40,10 $18995 

MCM ELECTRONICS 
!359 E Congress Perk Or 
Centerv.ue. Ohio 45459 -40 "1? 
(51 3) 434 0031 

SOURCE NO. RE -21 

Terms: 

(J 
tlt© 

Sr0 mm.mum order SIM come, ice wawa 
undo 310 
$20 m.nanum awed cod order 
Orders 'moped UPS C O O 
Most odors ahpped .non 74 hours 
SAPS oeK open 1130 are b 700 ern Saturdays 
1000 are b 3 pm EST 
roe prq.d MOMS add $2 75 ror arppeg and 
oandeog 
Should v ppng and Nndeng cow pas 
S7 7S ter»m 'ani o due odi sent C O o 

TEAIMAi Rotary 
Dial DMM 

3 n digit LCD display Rotary dial Ici 
rapid selection of functions and range 

20 amp AC -DC current 1 Ohm 
resolution Carrying case inCh.'1"1 
472 -075 $44.80 tea 

ri(-:1-1(41 

$4195 

--- 

TENIiilhotd 
Digital 
LCR Meter 

Measures inductance, capacitdt u. .ii 
resistance L - 1pH -200H, 
C 1pF- 200íF, R = 01ohm- 20Mohm 

Carrying case included 
x72 -370 

$14995 À 

Be Sure To Call 
For Your FREE 
Catalog! 
Over 6,000 Items! 

We also have a lull line ut test equip- 
ment. computer accessories. telephone 
accessories. speakers, television parts. 
flybacks, yokes, switches. fuses, lamps 
capacitors. resistors. cartridges. styli. 
wire, CATV equipment. the largest selec- 
tion of original Japanese semiconduc- 
tors in the country and more 

CALL TOLL FREE 1- 800 -543 -4330 
In Ohio 1- 800 -726 -4315 In Alaska and Hawaii 1- 800 -858 -1849 

CIRCLE 87 ON FREE INFORMATION CARD 

THE NAME YOU CAN
TRUST IN ELECTRONIC
TEST EQUIPMENT

J 1 ' ~
1 YEAR ~
~! LIMITED I;

.t~~RR~~ ,;

',Ifll,'
:1 , ,~~~:n t
~ LIMITED I
: WARRANTY _

TEMW.41'
Digital
LCR Meter

• Measures inductance, capacitance and
resistance . L = ' pH-200H,
C =.1pF-200pF, R =.010hm-20Mohm
• Carry ing case included.
#72-370

$149~?

TEMW.41'Rotary
Dial DMM
• 3'h dig it LCD display . Hotary dial for
rapid selection of functi ons and ranges
. 20 amp AC-DC current •.1ohm
resolution . Carrying case included
#72-075 $44.80 (ea.)

$41 ~~

We also have .. . a full line of test equip
ment , computer accessories, telephone
accessories, speakers, television parts,
flybacks, yokes , switches, fuses, lamps,
capacito rs, resistors, cartridges, sty li,
wir e, CATV equipment . the largest selec
tion of original Japanese semiconduc
tors in the country and more.

2
YEAR

LIMITED
WARRANTY

Terms: •~~~:: i$~~um order. $1.00 charge lor orders

• $20 min imum cnarqe card order.

tEE].Ord ers shipped UPS C.O.D.
Mo1l ...cord • Most o rders shipped wrtrun 24 hours.

• Sales office open 8:30 am to 7:00 pm Saturday s
10:()() am to 3 pm EST.

[Z.For prepa id orders add $2.75 for shipping and
handling

VISA • Shou ld shipping and hand ling charges exceed
$2.75, the balance due WIll be sent C.O.D.

7E1\1W.41' Bench Top DMM
. 3'h digit . Eight function DCV, ACV, DCA (up to
20A), ACA (up to 20A), Resistance (up to
20Mohm) , Audible continuity test, diode test,
capacitance test (up to 20p F)
Available Mid May!
#72-410

$149~P ~

_._- ..........,.
TEMW.41' 20MHz Dual Trace
Oscilloscope
• Two high quality 10:1 probes included
• For addit ional specificat ions see MCM
Catalog #11
#72-320

r14'
j YEA R
:1 LIMITED
. WAAAANTY

TEM'rf.41' Frequency Counter
. 8 digit LED display . Measurement range:
1Hz-120MHz • High input sensitivity of

20mVRMS $18995 '#72-375

~ (ea )

e ~~~c~;r~~J~~rN ICS
C ent e r v ill e . Ohio 45459 -4 0 72
[5 1 3 ) 4 3 4 -0 0 31

TEMW.41' Combination Function
Generator and Frequency Counter
. 6 digit d isplay . Output range: 2Hz-2MHz: seven
ranges. Counter range: .1Hz-1OMHz • 5-15V TTL
and CMOS output • Wave forms: sine, triangle,
square, pu lse, and ramp.
#72-380

$219~P

~

TEMW.41'

0-18V 3A 111!l!~Power Supply :.
• Regulated outputs - constant volt or constant
current, both are contin uously variable . Can be
connected in series or parallel for more voltage
or current output . Reverse polarit y and overload
prote cted • Isolated output ,
#72-330 Available Mid May!

$99~P

TEMW.41' 35MHz Dual Trace
Oscilloscope
.Two high quality 10:1 pro bes included
• For additional spec if icat ions see MCM
Catalog #11
#72-330

$5692P
2

VEAA
LIMITED

WARRANTY

(J)

~
Z
o
a:
Io
W
....J
W

o
o
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ADVERTISING INDEX 

RADIO -ELECTRONICS does not assume any responsibility for errors that may appear in the index below. 

Free Information Number Papa - Digital Research Computers 85 93 Stark V. Electronin . _ 99 

81 A.I.S. Satellite 27 57 I)igitron 85 - NRI 34 

108 AMC Sales 81 124 Electronic Parts Outlet 102 195 Nonni Communications 26 

76 AP Products 30 120 Elephant Electronics 26 189 UK. Industries . 11 11 . 11 11 73 

- Adsance Electronics 33 188 E:mco 27 110 Omnitron 14 

107 All Electronics 84 111.178 Etronis 14.73 - Pacific ('able 83 

72 Amazing Desires 87 100 Firestik 11 12 118 Pacific One 27 

77 B &k Precision ..22 121 Fluke \L nufae(erinj ....7, 101 Pomona Electronics CV3 

177.98. Beckman Industrial 13.20. - Fordham Radio I I,CV4 1 %7 Print Products International 78 

176 Beckman Industrial 28 - Grantham College of Engineering ..38 96 Pruhemastrr 15 

85 Blue Star Industries 27 - I1W Sams 31 119 Prof. 1)ising School of V.V. 10 

109 C & S Sales . 25 62 Ilameg . 29 193 Projector Recorder Belt 12 

- CIE. 16 86 heath 21 192 Prowess CD14 

89 Cameo Enterprises 27 196 11i -Shure 79 126 RAG Electronics 5 - Command Productions 81 179 Intel Electronics 27 78 Radio Shack 91 

79.194 Communications F7ectrooi a 3 23 65 J & 3 90 97 Saratoga Electronics 86 

190 Cook's Institute 24 59 JOR Instruments 9 184 Satellite TS' Week Magazine 77 

- Coop's Satellite Digest 76 113.1110. JOR \ticrudesices 94.95 92 Tektronix CV2 

125 ('upper Electronics 12 181.182 JOR %Iicrodesices .96.97 123 Test Probes 27 

127 lleco Industries 26.27 183 JI)K Micrudesices 98 66 W.S. Jenks IO 

11(6 I)cIPhone Industries 26 114 Jameco 92.93 185 %setek 24 

95 lick Smith Electronics 88.89 104 Jan Crystals ..81 103 Wm B. Alen 78 

82 lEigiI,ey 101 87 MCM Electronics .. 100 191 l'SIK Enterprises 28 

IBM CLONE COMPONENTS 

$345.95 
IBM, PC /XT COMPATIBLE - 
COMPATIBLE MOTHI RBOARI) with ! 

COMPLETELY 135 Watt Power Supply 
O. K Drams (Can Take 640K) 

ASSEMBLED 5150 Style Keyboard 
XT Type Flip -Top Case 

ABOVE SUPPLIED WITH ONE $445.95 
Y HT. D. S. D. D. DISC DRIVE 

. 20 5 Sne NEC Sc+.'1 ro Su D, 30\ 
v.20-4 MniNEC 
V.30 - woi11c« 4044 . str. 

.c n.. 9D, SU C,.- '' . s 

474 H 
stss5 
114 11.1 

E -PROMS 
:' %-4504 59 :1.4 ris 221 
271s - 4704 i is 2744 - 25019 I SC 

2714 - 35044 its Ptas -2004. 1 r 
223244 - albs 1 H 227% - 27044 

PRO* - Non 1111. 220 

RAMS 
tY 19114.4 -2004.... >? 155 suie . 20071 I 71 

tN name -1504.. ss 144 lira -30044 r 
N. -ams -2564.. 1 is Ss Dr., 'son 
:. tri, )11 7.1 tex S'- 

111 

MISCELLANEOUS IC SPECIALS 

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 

MIN ORDER 520 00 

r sIs22 
.w+c7 

M C4r4007 ,.. 

% raSM17 ... 
W 2sOC14rs 
A C/0r 

!9 

TI SWITCHING 
POWER SUPPLY 

:4.0 r .11.111. ...r., 
14w .441 - r 4.44 In 
rt,..rs 1111114 011140.1. ''45' 'w 

.. iw ir. 
S1.25. 

KEYBOARDS 
ß4u. M few 

$2.95 

CIRCLE 124 ON FREE INFORMATION CARD 

Germback Publications, Inc. 
500 -B Bi- Counts Bhd. 
Farmingdale, NY 11715 
1516) 293-3000 
President Larry Steckler 
Vice President Cathy Steckler 

For Advertising ONLY 516-293-3000 
Larry Steckler 

publisher 
Arline Fishman 

advertising director 
Shelli Weinman 

advertising riser late 
Lisa Strassman 

credit manager 
Christina Estrada 

advertising assistant 

SALES OFFICES 

EAST/SOLJTHEAST 
Stanley Levitan 
Eastern Sales Manager 
Radio-Electronics 
259-23 S7th Avenue 
Little Neck, NY 11362 

718 -428.6037, 516-293-3000 

M I D W EST/Teaas/Art<ansas/Okla. 
Ralph Bergen 
Midwest Sales Manager 
Radio-Electronics 
;40 frontage Road -Suite 339 
Northfield, Il 60093 
312. 446.1444 

PACIFIC COAST/ Mountain States 
Marvin Green 
Pacific Sales Manager 
Radio-Electronics 
15335 Morrison St. -Suite 227 
Sherman Oaks, CA 91403 
818-986-2001 

ADVERTISING INDEX

RADIO-ELECTRONICS does not assume any responsibility for errors that may appear in the index below.

81 A.I.S . Sate llite . . . . . . . . . . 27

108 AMC Sa les 8 1

76 AI' Pro d ucts 30
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Amazi ng Devices . . . . 87
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Coo k's Institute 24
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Copper Elect ronics 12

Deco Industri es 26, 27

Del-Phone Indust r ies 26

Dick Smit h Electronics 88 .89

Digi- Key 101

... 14

. 83

Om nitro n .

Paci fic Ca ble .

Pacific One 27

Pom ona Electro nics CY3

Print Products International 78

Probemaster . . . . . . . . 15

Prof. Diving School of N, Y. . .. 10

Project or Recorder Belt . . 12

Prow ess. . . . . . . . . . . . . . . . CD 14

RAG Elect ro nics . . . . . . . 5
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Sa ra toga Electro nics . . . . 86
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Test Prob es 27

W.S . J enk s 10
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Wm B. Allen 78
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NR I. 34
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IBM CLONE COMPONENTS

$ 3 4 5 •9 5
IBM, PC/XT COMPATIBLE '-"U1• COMPATIBLE MOT HERBOAR D with 1 , •

COMPLETELY 0 / K Dra ms (Ca n Take 640K) f"jl
• 135 Wall Power Su pp ly

~ASSEMBLED • 5 150 St yle Keyboard

• XT Type Fl ip-Top Case ~.

I ABOVE SUPPLIED WITH ONE $445.951V2HT. D.S. D. D. DISC DRIVE

V-20 -S -S mhz NEG Speed up IBM by 30% .. .. . . . $14.95 MISCELLANEOUS IC SPECIALS
V·20 - 8 · 8mhz NEG . . . .. .... . .. ..... .. •.... $19 .95 TRHi02 ••• . • • .95 "M2901 • • •.•. 95 MC6809P •• • • • 98
V-30 - Replaces 8086~n your sJStem . . • • • • . . • • . • $24.95 WOl l 00 . . .•.. 75 A...2910• • • ••. 95 Z80Sl0 .. .... 98

'~
2651P2 •• .• • • 75 03232 • . • •• . • 75 COM8011 •• • • . 98

$ 9.95 SCM2661 • • • •• 75 1"'1044016 . . . . . 85 Z80BCTC •.• . 195BaSIC Rom lor IBM Clon e Mother Boa rd .. .• .. .•. .
SY2651P2 . .. . 98 1MS.016 . .. . . 85 Z80BPID . •.. 2 25

E-PROMS 2652 .... .... 85 SY6520 . . . .• . 89 Z811 BSIO . . .. 3 95

2708 - "SOns . •. . • •. . . . 69 276. - . 50ns . • •. • . .. . 220 MU27580 . ... . . . . .. • 95 SY6522 .. .. .. .. .. .. . 89
2116- .5 0ns . . • • • •.. . 11 9 276. - 25Ons •• .• . . .. . 280 02811 . ... .. .. ... •• • 95 HM 61. 1 • . . . . . . ... ... 59

2116- 35Ons .. • • • • . . . 1 59 27128- 200ns . .• . . .• . 3 95 MC6803P .. .. .. .. • • • • 98 CRT9007 . .. .. .. ... .. . 98
21320rA- . 5Ons • . • . . . 1 19 21256- 250ns ..... . . . 7 95 TMS9921 . . . .. ...... • 98 TMS9937 . . . .. . . . .... 98

27320rA- 250ns . . . • .. Z 20 CRT9212 .. .. .. . .. . • . 98 Z8001APS . .. . . . . . . . . . .95
AM9511 .. .. . . ... . . • • 98 CRT9006 .. .. . . . . . .. .. 98

RAMS
TI SWITCHING T199/4A16K· DynamiC- 2oons . • • • 32 16K- Stauc - 200ns .. • . 1 25

16K· DynamiC- 15Ons . . . . ' 5 16K- Sialic - 300ns . . . . . 95 POWER SUPPLY KEYBOARDS
6.K • DynamIC- 2000s . • . 1.15 6. K· DynamIC- 150ns • .. 125 ~ct . well ·'egul~ted swttd llng UP9'~ YOUfTltntx '
256K ' DynamiC-1 50ns . 3 35 2114. Type ' Sialic . .. . . . . 55 pow!' supply~ to powerTe~as SII'!C lalr

Inslruments compute..- eqylpmenl

ELECTRONIC PARTS OUTLET ,~"... ,, ~~ 1~'1UMIIOUTPlJT · 12'i'XIt' 3501I',l _.

251 5 N. Scottsdale Road • h GC "d 2 ar1l1 • -I •
• SI'dc , '200rr,l •

Scottsd ale, AZ 85257 $1.25 .a . :
(602) 941-9357 52.95

(602) 941-9377 (602) 941·9328, 9
SIZE " l,j," ... " '4" '" 1''''~ hMjlh

(SEND FOR OUR FREE CATALOG)
PIN" call lor t llf'ltl t prot " PrICts~l ,0 c~ l'It _ t~pec: lllo9l'* or '- prit ts

an loorTIII ~'1 ' ihlt 10 supply ar'Id~ 1tId0Ufcl'l¥ogltlgcom ShiPPIngand~anu

tdlll

MIN. ORDER $20 .00 * * sow 3 R I-:TAIl. LOCATIONS A/",f) MOR t: TO CO/',(I-: * *
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Gemsba ck Publ icati on s, Inc.
500-B Bi-County Blvd .
Farmin gdale, NY 11735
(516) 293-3000
Pre sid en t : Larry Stec kler
Vice Pre sid ent: Cathy Steckler

For Adverti sin g ONLY 516-293 -3000
Lar ry Stec kle r

p u b lishe r
Arlin e Fishman

ad ve rt is ing dire ctor
She iii Weinman

adve rti sing associate
Lisa Strassman

c red it manager
Chri stin a Estr ad a

adv e rtis ing assista nt

SALES OFFICES

EAST/SOUTHE AST
Stanl ey Levitan
Easte rn Sal e s Manag er
Radi o-E le ctronics
259-23 57 th Ave nu e
Littl e Ne ck , NY 11362
718-428-6037, 516-293-3000

MID WESTfTexas/Arkansas /O kla .
Ralph Bergen
Midwe st Sa les Manag er
Rad io -Ele ctron ics
540 Frontage Ro ad - Sui te 339
No rt hfi eld, IL 60093
312-446 -1444

PACIFIC COAST/ Mountain Sta tes
Marvin Gr een
Paci fic Sa les Ma nage r
Radi o- Ele ct roni cs
15335 Mo rriso n St.-S uite 227
She rma n Oaks , CA 91403
818-986 -2001
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What Pomona knows about 
Dip Clips" would fill a book. 

For over 30 years Pomona Electronics has maintained its position on 
the leading edge of electronic test technology. Our expanding line of 
Dip Clip test clips is a good example. 

Every year since dual -in -line packages were introduced to the elec- 
tronics industry, we have kept pace with Dip Clip models to test the 
ever -increasing variety of DIPS available. This year is no exception. 0/YA ..,ez 

In our 1986 General Catalog you'll find more than 30 models i014 CC C* of Dip Clips. We've even introduced five special new SOIC models 
designed to test the small outline integrated circuit packages 194511PGZ4%* O 
used in surface mount technology (SMT). O Here's how to get your copy of our 1986 General j 
Catalog: Just circle the reader service number below; 
call us at (714) 623 -3463; write us at ITT Pomona - - 
Electronics, a division of ITT Corporation, '.. = " "' " 
1500 East Ninth Street, P.O. Box 2767, 

401101--...... 4 - ' \ 
Pomona, California 91769. ' '` p 

Our products are available °" 
through your favorite electronics 0.-1:3 ~ parts distributor. 

ITT 
Pomona Electronics 

CIRCLE 101 ON FREE INFORMATION CARD 

ITT
Pomona Electronics

CIRCLE 101 ON FREE INFORMATION CARD
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SCOPE 31/2 DIGIT LCD 

MINI METE 
WITH THE 

MAXI SPECS 
Small enough to fit in your shirt pocket 

Model CC -30 Deluxe 

Zippered Carrying Case 64.50 

0.5% DC accuracy 
6 Functions. 19 Ranges 

DC Voltage. 0.1 mV to 
1000 V DC Current. 0.1 uA 
to 2A Resistance. 0.1 ohm 
to 2 M ohm Diode Test 

Battery Test 
Measures approx. 
5x21x7/4in. 
300 hour battery life 
Automatic zero adjust 
Low battery indication 
Test leads included 

SCOPE 
HAND -HELD DIGITAL 

CAPACITANCE 
and 

MULTIMETERS 
0 5So DC Accuracy 
Highest Quality 
Highest 
Performance 
Lowest Price, 

Model DCM -602 

$6995 
31/2 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 durability Lower power 
consumption Crystal time base 

Protected from charged capacitors 
Frequency range - 800 Hz to 8 Hz 

Model DVM -634 

$4875 
7 functions, 32 ranges. 
Transistor measurement 
included. 

Model DVM -638 

$7995 
11 functions, 38 ranges 
Includes logic level detector 
audible visual continuity. 
capacitance and conductance 
measurement. 

31/2 Digital Multimeters 
FEATURES DC Voltage 100 uV - 1000 V AC Voltage 100 uV - 750 V AC /DC Current 
200 uA - 10 Amps Resistance 20 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 

Model DVM -636 

$6275 
8 functions. 37 ranges. 
Capacitance measurement 
included. 

ASK FOR FREE CATALOG. 
Money orders, checks accepted. C.O.D.'a require 25% deposit. 

21.1r.a!z r,üt co= 
F ordhToll Free àni 800-645 -9518 

In NY State 800 -832 -1446 260 Motor Parkway, Hauppauge, NY 11788 

Service & Shipping Charge Schedule 
Continental U S A. 

FOR ORDERS ADO 
S25 5100 SA 50 
51013250 S600 
5251.500 SE 00 
$501.750 51050 
5751.1.000 51250 
si.00t 1500 sieso 
Si 501.2000 52000 
52 001 and Up 52500 

3V2 Digital Multimeters
FEATURES • DC Voltage 100 uV - 1000 V • AC Voltage 100 uV - 750 V • AC/DC Current
200 uA - 10 Amps • Resistance 20 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 Accur acy
• Highest Quality
• Highest

Periorma nce
• Lowest Prices

SCOPE
HAND-HELD DIGITAL

CAPACITANCE
and

MULTIMETERS

8 functions , 37 ranges .
Capac itance measurement
included.

Model DVM-636

$6275
11 functions, 38 ranges.
Include s logic level detector ,
audible visual continuity,
capacitance and conductance
measurement.

Model DVM-638

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

Model DVM-634

$4875
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 circu it provides high
reliability and durab ility • Lower power
consumption • Crystal time base
• Protected from charged capac itors
• Frequency range - 800 Hz to 8 Hz

ASK FOR FREE CATALOG.
Money orde rs, che cks accepted. C.O.Do's require 25% deposlt . . [Z]

~o.dha· In Toll Freer' • I 800-645-9518
260 Motor Parkway, Hauppauge, NY 11788 InNY State 800·832·1446

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

FOR ORDERS ADD
525·5 100 .. .... . . . . 54 50
510 1'·5250 . .. .. .. .. .. .. 5600
5251 ·500 58 .00
550 1·7 50 .. . .. . .. . . 5 10.50
5751 ·1.000 . .. . .. .. . . 51 2.50
5 1.001, 1500 5 16 .50
51.50 1·2000 . . .... . 520 00
5 2.001 and UP 52 500
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