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You can't beat 
The System. 

The Experimentor System-" -a quicker transition from imagination 
through experimentation to realization. 

._ - _z_ .--. 
_-------s 

as 

Experimentor solderless breadboard. 

Experimentor Scratchboard work pads 

Experimentor Matchboard pre- drilled PCBs. 

When you have a circuit idea that you want 
to make happen, we have a system to make it 
happen quicker'n'slicker'n ever before: The 
Experimentor System. 

You already know how big a help our 
Experimentor solderless breadboards can be. 
Now we've taken our good idea one step farther. 
Twice. 

We've added Experimentor Scratchboard 
workpads, with our breadboard hole- and -con- 
nection pattern printed in light blue ink. To let you 
sketch up a layout you already have working so 
you can reproduce it later. 

70 Fulton Terr . New Haven. CT 0650912031624 -3103 TWO 710- 465 -1227 

OTHER OFFICES San Francisco (4151421-8872, TWO 910-372-7992 
Europe CSC UK LTD Phone Saltron-Walden 0799-21682. TLO 817477 

Canada Len Finkler Ltd . Ontario 

With Experimentor Matchboard you can 
go from breadboard to finished nonstop! We've 
matched our breadboard pattern again, this time 
on a printed circuit board, finished and ready to 
build on. All for about S2.69* 

There's even a letter- and -number index for 
each hole, so you can move from breadboard 
(where they're molded) to Scratchboard'' 
(where they're printed) to Matchboard'" (where 
they're silkscreened onto the component side) 
and always know where you are. 

When you want to save time and energy, 
you can't beat The Experimentor System. 

CONTINENTAL SPECIALTIES CORPORATION 

Call toll -free for details 
1 -800 -243 -6077 

' Suggested U.S resale Available at selected local distributors. Prices, specihcations subject tochange without notice Copyr gnt 1979 Continental Specialties Corporation 
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The Personal Computer Line 
by OHIO SCIENTIFIC 

Cl P: $349! Adramatic breakthrough in price and per- 
formance. Features OSI's ultra -fast BASIC -in -ROM, full graphics 
display capability, and large library of software on cassette and 

disk, including entertainment programs, personal finance, 
small business, and home applications. It's a complete pro- 

grammable computer system ready to go. Just plug -in a video 
monitor or TV through an RF converter, and be up and running. 

15K total memory including 8K BASIC and 4K RAM - 
expandable to 8K. 

Cl P M F: $995! First floppy disk based computer 
for under $1000! Same great features as the Cl P plus more 

memory and instant program and data retrieval. Can be 
expanded to 32K static RAM and a second mini -floppy. It also supports 

a printer, modem, real time clock, and AC remote interface, as well as OS -65D 
V3.0 development disk operating system. 

C2-4P: $598! The professional portable that has over 3 -times the display 
capability of 1 P's. Features 32 x 64 character display capability, graphics, full 
computer type keyboard, audio cassette port, and 4 slot BUS (only two used in 

base machine). It has 8K BASIC, 4K RAM, and can 
be expanded to 32K RAM, dual mini -floppies and 
a printer. 

C2 -4P MF: $1599! I is a big personal 
computing mini -floppy system at a special package 
price. Contains the famous C2 -4P microcomputer 
with 20K static RAM, 5" mini -floppy unit for instant 
program and data loading, RS -232 circuitry (for optional modem and printer), 
and four diskettes featuring exciting games, personal, business and education 
applications. 

C2-8P: $799! The personal class computer that 
can be expanded to a full business system. Has all the 

features of the C2 -4P plus an 8 slot BUS (3 -times greater 
expansion ability than the C2 -4P). Can be expanded to 48K 

RAM, dual floppies, hard disk, printer and business software. 

C2.8 P D F: $2599! A full business system avail- 
able at a personal computer price! The system includes the 

powerful C2 -8P microcomputer(32K RAM expandable to 
48K), dual 8" floppy unit (stores 8 -times as much information 

as a mini -floppy), and 3 disks of personal, educational and 
small business applications software. Has all the capa- 

bilities of a personal system including graphics plus 
the ability to perform Accounting, Information Manage- 
ment, and Word Processing tasks for small business. 
Contact your local Ohio Scientific dealer 

All prices, suggested retail 

Monitors and cassette recorders not 
included. Ohio Scientific offers a com- 
bination TV /Monitor (AC -3P) for $115. 

OHIO SCIEN F10 
America's largest full -line microcomputer manufacturer 

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562 -3101 
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Automotive "brain" astounds the 
experts, puts both computer and 
cruise control at your fingertips! 

For the first time ever, you can put a true com- 
puter in your car, truck or RV which gives you the 
most effective and functional cruise control ever 
designed, plus complete trip computing, fuel 
management system, and a remarkably ac- 
curate quartz crystal time system. It is called 
CompuCruiseTM. 

So simple a cnild can operate, the new 
CompuCruise combines latest computer 
technology with state-of-the-art reliability in a 
package which will not likely be available on 
new cars for years to come. 

CRUISE CONTROL WITH A MEMORY, UNIQUE 
SEEK -AND -HOLD CAPABILITY. 

CompuCruise remarkable cruise control per- 
forms in a totally different manner than any 
other unit because it is more than a simple 
speed maintaining device. With CompuCruise, 
you establish your desired cruising speed even 
before you reach the highway and activate the 
system any time by simply pressing a button. 
CompuCruise then seeks and maintains the 
desired speed until you override or shut off the 
system. You resume cruise control again at any 
time by pressing the same button. Com- 
puCruise, unlike most vacuum -mechanical 
systems, is fully electronic, more accurate and 
more reliable than any other unit you can buy. 

AIRLINE PILOTS COMPARE COMPUCRUISETM 
TO SOPHISTICATED AVIONICS EQUIPMENT. 

Similar to types of computers used on modern 
airliners, the CompuCruise slim panel- mounted 
control module contains a digital readout and 
back -lighted control buttons, both readily visible 
in the dark. By quickly learned systems of in- 
quiry, the driver can elicit virtually any informa- 

tion relating to time, distance, fuel and perfor- 
mance of his vehicle. 

There are a number of digital -type instruments 
on the market which can be purchased for your 
car, purporting to provide functional data on per- 
formance, but all are basically calculators, 
operating on fixed information provided by the 
driver. 

CompuCruise is a true computer, operating 
from automatic data sensors which constantly 
react to changing conditions, automatically 
recomputing vital data every second. Each func- 
tion operates independently, with data dis- 
played and updated constantly until you change 
your request of the computer. 

Fuel management takes on new significance 
because CompuCruise tells you the most effec- 
tive driving speeds, the type and brand of 
gasoline most suitable for your vehicle. It will 
tell you the effects of different types of tires and 
different tire pressures, road conditions, and 
engine tune -up condition. You can get instan- 
taneous computations on current gas mileage, 
fuel required to arrival, and actual fuel remain- 
ing. 

Battery condition can be checked regularly, 
saving you from the potential embarassment of 
being stranded without warning. 

TYPICAL DATA: 

r Cruise Control 
Time, E.T., Lap Timer, Alarm 
Time, Distance, Fuel to Arrival 
Time, Distance. Fuel to Empty 
Time. Distance and Fuel on Trip 

r Current or Average MPG, GPH r Fuel Used, Distance since Fillup 
Current and Average Vehicle Speed 
Inside. Outside or Coolant Temperature 
Battery Voltage 

English or Metric Display 
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(415) 838 -8060 
Technically competent personnel 

available to answer your questions. 
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COMPUCRUISETM DIGITAL QUARTZ CRYSTAL 
TIME SYSTEM IS INCREDIBLE. 

CompuCruise digital time system performs 
four independent time functions encompassing 
(a) stop watch and lap timer functions, (b) hours, 
minutes and seconds, (c) alarm or warning func- 
tion, and (d) trip time indicator. The time system 
operates full time, whether your vehicle is 
operating or not. It will even wake you up after a 
short roadside nap. 
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YOUR COMPUCRUISE IS SMART' IF YOU PUSH THE WRONG BUTTON 

IT WILL LET YOU KNOW BY DISPLAYING 'ERROR' 

COMPUCRUISETM WORKS ON FOREIGN OR 
AMERICAN CARS; IS PRICED FOR THE 

AVERAGE MAN'S BUDGET 
You do- it- yourselfers can readily install the 

unit, but complete and detailed instructions are 
also included for the automotive service facility. 
CompuCruise units are fully operable on most 
foreign or American cars, trucks or RV's. At 
$199.95 the unit is only a few dollars more than 
the cost of cruise control alone on most 
vehicles, yet offers a whole new world of com- 
puterized management functions. 

This is an exclusive system, fully warranted 
for 90 days from installation, delivered to you 
complete with all required hardware. You need 
only basic tools for the total job. 

When you receive your unit, inspect it com- 
pletely. If you are not 100% satisfied, return the 
complete unit before installation and your 
money will be refunded without question. 

TO ORDER YOUR UNIT, complete the coupon 
below, enclosing $199.95 (ADD $5.50 if front - 
wheel drive). This covers all shipping, insurance 
and handling costs. Your unit will be shipped 
within three weeks. 

NOTE: Mountable on foreign or domestic 
vehicles including standard trans. EXCEPT 
FOR DIESEL OR FUEL INJECTED ENGINES. 

r 
TO: ZEMCO, Inc. (415) 838 -8080 

12907 Accosta Blvd. 
San Ramon, Ca. 94583 

Ship _ CompuCruiseTM units i $199.95 
Model 44 (WITH CRUISE CONTROL) 

Add $5.50 for front -drive 

Ship CompuCruiseTM Units $159.95 
Model 41 (WITHOUT CRUISE CONTROL) 

Add $5.50 for front -drive 

Total enclosed: $ 

(CA residents add Sales Tax) 

Charge to my Master Charge Visa 

Card Number 

Date Expires 

Signature 

Make vehicle: 

Name: 

Address' 

City: 
_ 

State & Zip 
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35 Time /Voltage Calibrator 
Provides the time and voltage references that you must have to 

calibrate your digital test equipment. 

40 Bowling Game 
Electronic game that simulates rolling that ball down the alley. 
Requires some mechanical construction. 

59 Audio Test Station 
Part 4 -The voltmeter and digital frequency meters are described. 

4 Looking Ahead 
Tomorrow's news - today. 

6 What's News 
Pictures and briefs of news highlights. 

44 What's New in Rechargeable Batteries 
NiCad, Alkaline . . . and now Lithium. 

HI -FI 
STEREO 

PRO -SOUND 

RADIO 

TELEVISION 

EQUIPMENT 
REPORTS 

DEPARTMENTS 

86 Computer Corner 
Direct memory access -What it is and how it's used. 

94 State of Solid State 
The mysterious 12L logic process revealed. 

47 Buyers Guide to Hi -Fi Amplifiers 

48 How to Select the Best Amplifier 

53 Front -Panel Controls and Features 

55 Amplifier Specifications Roundup 

64 Troubleshooting CB Receivers 
Basic circuits and suitable test equipment. 

68 Communications Corner 
New monthly column devoted to developments in CB, SWL, UHF, 

VHF, and amateur radio. 

80 Hobby Corner 
BFO for shortwave receivers helps clarify reception. 

98 Jack Darr's Service Clinic 
Fast recovery diodes and DC power supplies. 

98 Service Questions 
R -E's Service Editor solves technician problems. 

24 Heath H17 Floppy Disc System 

26 Sylvania Module Extension Cable Kits 

32 Microproducts Apple Il Assembler /Editor 

130 Advertising Index 

14 Advertising Offices 

14 Editorial 
131 Free Information Card 

16 Letters 

107 Market Center 

78 New Literature 
102 New Products 

103 Stereo Products 
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ON THE COVER 
A Time /Voltage Calibrator is a 

must if you have digital test 
equipment. It's the only way 
available to most of us to keep 
our test gear calibrated. Learn 
how to build your own calibra- 
tor. Story starts on page 35. 
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PACE 8117 is a computerized CB transceiver. 
For more data see our new Communications 
Corner on page 68. 

TITANIUM DISULFIDE COMPOUND is used in 

new Exxon rechargeable lithium battery. Read 

the whole story starting on page 44. 

Radio -Electronics, Published monthly by Gernsback 
Publications, Inc.. 200 Park Avenue South. New York, 
NY 10003. Phone: 212 -777 -6400. Controlled Circulation 
Privileges Pending at Concord, NH. One -year subscrip- 
tion rate: U.S.A. and U.S. possessions. $9.98, Canada, 
$12.98. Other countries, $14.98. Single copies $1.25. 
1979 by Gernsback Publications, Inc. All rights reserved. 
Printed in U.S.A. (ISSN 0033 -7862) 

Subscription Service: Mail all subscription orders, 
changes, correspondence and Postmaster Notices of 
undelivered copies (Form 3579) to Radio -Electronics 
Subscription Service, Box 2520, Boulder, CO 80322. 

A stamped self -addressed envelope must accompany all 
submitted manuscripts and /or artwork or photographs it 
their return is desired 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. 

As a service to readers, Radio- Electronics publishes available plans or information relating to newsworthy products, techniques and scientific and technological developments. 

Because of possible variances in the quality and condition of materials and workmanship used by readers, Radio- Electronics disclaims any responsibility for the safe and proper 

functioning of reader -built projects based upon or from plans or information published in this magazine. 
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AM stereo: The battle for stereo on the standard broad- 
cast band is taking some interesting new turns. Although 
the industry -wide National AM Stereo Radio Committee 
(NAMSRC) submitted field -test data to the FCC, the Com- 
mission seemed dissatisfied and asked for more broadcast 
testing and more information, with the indication that 
selection of a system would take longer than expected -if, 
indeed, the FCC decides to authorize AM stereo broad- 
casting at all. The second surprise was the choice by the 
ABC Radio Network of the Kahn -Hazeltine independent 
sideband (ISB) system as the one it feels "will best serve 
the interests of the broadcasters and the public." The ISB 
system, which carries left- channel information on the left 
sideband, right -channel on the right sideband, was not one 
of the systems tested by NAMSRC, although it is the oldest 
proposed system. ABC is currently testing the system on its 
New York station. 

Teletext: EIA has established a special committee to eval- 
uate various home video data systems and eventually 
establish standards for their use in the U.S. Several Euro- 
pean countries already are using these systems, which 
present graphic data on home TV screens. Teletext 
systems display data broadcast during the vertical interval 
of the television picture. A second basic system, viewdata, 
is transmitted on telephone lines and provides the home 
user with access to a wide variety of material. Both systems 
can provide information on demand -such as weather 
forecasts, news, sports, stock market reports, highway 
information, etc., while viewdata eventually can serve as 
the home display terminal for a central computer. 

Projection: Henry Kloss, who as founder and president of 
Advent Corporation was the father of home color projec- 
tion television, has re- entered the business with a new 
projection TV system (he quit Advent in 1976). The "Nova - 
beam" system, scheduled for marketing next fall, is based 
on a new Kloss- designed tube -and -lens system. Claims 
made for Novabeam are higher brightness, sharper resolu- 
tion, lower cost than comparable three -tube two -piece tele- 
vision projectors now on the market. 

Electronic gamesmanship: The toy business has dis- 
covered electronics with a vengeance, and things will never 
be quite the same. The major impact currently is in games, 
where even the familiar Scrabble is available in a handheld 
electronic version called Sensor. Although the first elec- 
tronic games used the family TV set, toy manufacturers 
now have discovered they can accomplish many of the 
same effects without tying up the home video outlet. Many 
of the new handheld games were inspired by video games 
and include both visual displays and audio effects. While 
Mattel is the undisputed pioneer in the handheld game, the 
game that created the most talk at the recent New York Toy 
Fair was Milton Bradley's Microvision. This $50 unit is 
programmable, like a sophisticated TV game -and it has a 
screen, a two -inch -square liquid -crystal panel with 16 X 16 
resolution. It can be used to play all of the familiar "TV 
games" plus new ones to come. How big is the pocket 

electronic game business? Just ask Mattel. It sold more 
than 2,000,000 of them last year. 

Digital VTR: Television broadcasters are in a bit of a tizzy 
these days about videotape reccrders. The "standard" 
four -head quad VTR, first introduced by Ampex in 1956, is 
an expensive two -inch -tape -gobbling monster and current 
technology has made possible its replacement by a far 
more economical one -inch helical -scan type of recorder 
that is superior in virtually every way. So naturally, broad- 
casters are beginning to replace their big quad recorders 
with the new standard helical unit -or are they? There's 
still a nagging worry that analog recording is obsolete and 
that digital VTR's represent the true wave of the future. 

This is a real problem for the VTR manufacturers, who 
want to sell recorders now without encouraging a wait - 
for- digital attitude but who still want to impress potential 
customers that they're up to date on digital technology. 
Britain's Independent Broadcasting Authority demon- 
strated a digital recorder at a recent industry conference, 
impressing broadcast engineers and putting pressure on 
VTR leader Ampex. So at a major digital recording seminar 
sponsored by the Society of Motion Picture and Television 
Engineers, Ampex felt it was necessary to present some- 
thing concrete along with its technical papers, without 
discouraging broadcasters from buying the latest in analog 
recorders. What Ampex did was take one of its four -head 
broadcast recorders, modify it for eight heads (and about 
twice the tape usage) and demonstrate perhaps the best 
digitally recorded video pictures ever shown. At the same 
time, it warned broadcasters that a practical, commercial 
digital recorder was still five to seven years away. It remains 
to be seen whether broadcasters will buy the new genera- 
tion of helical -scan analogs or patch up their old quad 
machines and hold out for the start of the digital age. 

Longitudinal scan: The home videocassette recorder 
business is also faced with a problem in standards and 
formats, but digital recording doesn't enter the picture. In 

the consumer field, the issue may become helical vs. longi- 
tudinal scan. Longitudinal recording, of the type used in 
audio, was attempted for video in the 1950's and aban- 
doned. Now it promises to make a comeback in portable 
recorders, thanks to new tape transport systems. BASF is 

building a factory in California to turn out its multitrack LVR 
(longitudinal video recorder) which uses 8 -mm tape in a 

portable format. Eastman Kodak, which is actively develop- 
ing video recorders, is believed to be working on a longitu- 
dinal format. Toshiba recently demonstrated a longitudi- 
nal -scan system using half -inch tape with 220 video tracks 
in an endless -loop cartridge. The company gave no indica- 
tion of when it would produce the unit, if ever, but pointed 
out it has one -third fewer mechanical parts than the Sony - 
developed Beta format. The simplicity of longitudinal sys- 
tems is based on the use of a fixed head instead of the 
revolving -head system used in helical -scan recorders. 

DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 



How to listen to 
Moscow, Russia... Moscow, Idaho 

and your good buddy, Max Moscow: 
....:.,.... 

Introducing all -band readout in 
Command Series RF -2900 and RF -4900. 

Tine in. Sit back. And travel 
the world with Panasonic's 
short wave radios -the ; 

Command Series. Set your p 
itinerary by simply setting - 
thedial. Get the news from 
Britain on the BBC. Be in 
Peking when they announce 
the new pecking order. Or visit old friends in the old 
coi.ntry. Any old country. Even the good of U.S.A. 

A fluorescent all -band readout in the RF -2900 
(shown above) and the deluxe RF -4900 makes it easy 
to find thousands of overseas and domestic short 
wave transmissions as well as AM, FM and CB. The 
Panasonic fluorescent digital display is accurate 
to within 1 kHz. That's accuracy! 

And if you want to hear more, both models give 

RF-4900 

you more. Like SSB (single 
sideband} amateur radio. All 40 
CB channels. Even Morse 
commun cations. And, of course, 
there's AM and FM. 

And like our deluxe short wave 
receiver, the RF -2900 has an 
RF -Gain Ccntrol to enhance 

weak, distant stations or to prevent overload distortion 
from overstrong stations. 

The Command Series from Panasonic. You can 
travel the world without ever leaving home. 

*Short wave reception wdl vary with antenna, weather conditions . 

operator's geographic location and cther tactoes, An outside antenna 
may be required for maximum short wave reception. 

Panasonic® 
just slightly ahead of our time. 
CIRCLE 34 ON FREE INFORMATION CARD 
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RCA CELEBRATES ITS 50 MILLIONTH TV 
SET in 32 years. Here, Jack K. Sauter, 
RCA marketing vice president, displays 
on the left the 19 -inch ColorTrak receiver 
produced in 1978 and costing $570. On 
the right is the first TV set produced by 
RCA 32 years ago -a 10 -inch black -and- 
white model, which sold in 1946 for $375. 

COMUS C -6 DIET COMPUTER is a micro- 
processor -based instrument used to de- 
termine an individual's proper caloric 
needs to keep in shape. Keyboard data 
entry uses the word "SHAPE" (Sex, 
Height, Age, Pounds and Exercise), to 
compute the correct daily caloric intake 
based on metabolism, daily exercise (in 5 

code categories) and diet. The unit is 
handheld, portable and powered by a 9- 
volt battery; it also doubles as a 4 -func- 
tion calculator with floating decimal (so 
you can figure out cost -per- serving). The 
Cornus C -6 comes in an off -white plastic 
case; it features an 8 -digit red LED dis- 
play and provides 2K bytes of ROM and 
128 bytes of RAM. The entire package 
consists of the computer, instructions, 
calorie counter and exercise -level table. 
Selling for a suggested retail price of 
$34.95, and it is manufactured by Comus, 
Inc., 4550 Cascade Rd., Grand Rapids, MI 
49506. 

DUAL -VISION TV RECEIVER is manufac- 
tured by Sharp Electronics, who calls it 
the "TV of the Future." In the model 
17D50, the 17 -inch ?creen can display a 

4 -inch superimposed black- and -white 
picture in either the upper or lower cor- 
ner of the screen, or it can eliminate it 
entirely. These pictures are also switcha- 
ble, with the superimposed image be- 
coming the main display and vice versa. 
The set also contains the following fea- 
tures: electronic varactor tuning; a 17- 
button/18- function capability; filter; a 

two -way /two- speaker system; a 75 -ohm 
CATV connector; plus color- adjust, chan- 
nel -hold and channel -lock controls. The 
picture tube used is Sharp's Lynatron 
Plus High Focus tube. 
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ALL THE MOST WANTED FEATURES 

AT A MOST WANTED PRICE... 
BIG HIGH LCD DISPLAY 

USE INDOORS OR OUT 

200 HOUR 9V BATTERY LIFE 

AUTO ZERO. POLARITY, 
OVERRANGE INDICATION 

100 mV DC F.S. SENSITIVITY 

19 RANGES AND FJNCTIONS 

ONLY 74.95 
HICKOK 

HE HICKOK ELECTRICAL INS'RUMENT CO 
"0514 Dupont Avenue Cleveard Ohio 44108 
2161 541 -8060 r. 810 -4216266 

Here is the hEndfull of 
accuracy you ve been 
waiting fer. Hand- 
somely er cased. 

Compact. Efficient. 
Only 12 cunces. 
Hickok's exciting, 
new LX 303, 31/2 

digit Mini- Multime- 
ter with higi quality 
components. one 
year guarantee 
and rugged Cyco- 
lac ` case offers 

features previously 
found only in ex- 

'pensive units.. .at a 
price under $75.00! 

So why wa t any 
longer? The 

amazing LX 303 
is here, NOW! 

Another American 
made test equip- 

ment breakthrough 
from Hickok, The Value 
Innovator. Order today! 

Removable cover sores te: lead 
set fury ished as par- of the wilt. 

HICKOK 

OCe MOW x/e ele AM 'SOW 

Availab e accessor es inclut? AC 
adapter paeded vinyl carrying :ase. 
40KV DC probe. 10 Amp DC shunt. 

Il ism slit sst stt sit CMS 

X 10 DCV probe adapteraváilttole 
for prote :ting input u7 to 1019. 

CIRCLE 48 ON FREE INFORMATION 

SPECIFICATIONS: 
DC VOLTS (5 RANGES): 0,1 mV to 1000V; Accuracy 
± 0.5% -dg +3 5% f.s.; Input imped: 10M 0; Max. 
input 1 kV except 50CV on 200mV range. 
AC VOLTS (40Hz to :kHz): 0.1V to 600V; Accuracy: 
+ 1.0% rdg ±0.5 %f.& ( -2dB max. at 5kHz); Max. 
input 620V. 
RESISTANCE (6 LOd/ POWER RANGES): 0.10 to 
20Mí); Accuracy: ±Q5% rdg ±0.5% f,s. ( ±1.4% rdg 
on 2CM :t range); inpit protected to 1 titi 
ranges. 
DC CURRENT (6 RANGES):.019A o 100mA; 
Accuracy: ± 1.0% rdg ±0.5% f.s. 
DIMENSIONS AND WEIGHT: 5 -7/8'' x 3 -3/8" x 
1 -3/4 ", 12 oz.; POWER: 9V batt. (not incl.) or Hickok 
AC adapter; READ RATE: 3 /sec. OPERATING 
TEMFERATUFE: 0 ° -E) °C. 

you Hickok distributor or order below 

ADVA 
ELECTRONIC 

1 
TO ORDER CALL TOLL FREE 

800 -223 -0474 

54 Weit 45th Street, Nevi York, NY. 10036 212- 687 -2224 

PLEASE SEND ME 
Hickok LX30: Digital MultinIters @ 7'.95 ea. 
RC -3 Ac Adäpter. 115VAC (OVAC avail.) @ :.50 ea. 
CC -3 Celuxe CLrrying Case @ 7.50 ea. 
VP -10 =10 DCV Probe Adartc " @ 14.95 ea. 
CS -1 leA DC Currant Shunt @ 14.95 ea. 
VP -40 0 KV DC Probe @ 35.00 ea. 

Payment encl. Bill ny: Master Chare VISA 

Accourt # Exp. Date 

Name 

Address 

City State Zip 
Add $3.00 Postage and Hsnd'in3, NY res Rents add sales tax. L 



Microcomputers are here! 
Get in on the ground floor with 
NRI's new "at home" training 

in computer technology. 
Only NRI Gives You "Hands -on" Experience as You Build Your Own 

Designed - for -learning Microcomputer 

DDM DOMA 
DIM M[ ROAD NO. TRY AGMM 

DI00 MAOO LOA A OS DAL SM/1 T CM 
DOM COMA 
DTp D1E0RRIIDF - TRVq 
ODM RM WAIT !/ OHAV 
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The microprocessor, that amaz- 
ing little chip which shrinks electronic 

circuitry to microscopic size, has 

changed the world of the computer 
with dramatic speed. Now, big - 

performance computers are here in 

compact sizes...priced to make them 
practical for thousands of medium and 
small businesses, even homeowners 
and hobbyists. 

Microcomputers are already 

being put to work on jobs like inven- 

tory control, payrolls, cost analysis, bill- 

ing, and more. In homes, they're able 

to handle budgets and tax records, 

control environmental systems, index 

recipes, even play sophisticated games. 

And hobbyists across the country are 

expanding the state of the art while 

developing their own programs. 

Become a Part of This 
Incredible World ... 

Learn at Home 
in Your Spare Time 
NRI can give you the back- 

ground you need to get into this boom- 
ing new field. Microcomputers require 

a new discipline, a broader viewpoint... 

the ability to think in both hard- 
ware and software terms. And NRI's 

new course in computer technology 

is geared to bridge the gap. 

You get a firm foundation of digital 
theory while you get practical, 

MINN 

"hands -on" experience working with 

the NRI Discovery Lab ®, assembling 

test instruments you keep, and even 

building your own fully functional 
microcomputer. 

Best of all, you do it at your own 

convenience. You learn at home with 

clearly written, "bite- size" lessons that 
carry you through the course in logical 

progression. There's no need to go to 

night school or quit your job...you 
progress at the pace that's most com- 

fortable to you, backed by your per- 

sonal NRI instructor and individual 

counseling whenever you want it. 

Assemble an Advanced 
Microcomputer with 

Exclusive Designed -for- 
Learning Features 
Only NRI trains you with a mi- 

crocomputer that's specifically designed 

to teach you important principles as 

you build it. This state -of -the -art unit 
performs every function of comparable 
commercial units, has capabilities well 

beyond many. But each step of con- 

struction provides specific training, 
reinforces theory to make it come 

alive. And once you've finished, 

your microcomputer is ready to go 

to work for you. Or you can even sell 

it commercially. 
You also assemble professional 

test instruments for use in your train- 

ing. You get your own CMOS digital 
frequency counter and transistorized 

volt -ohm meter to keep and use in 

diagnosing problems and servicing 
computers. lbgether with up- to -the- 

minute lessons and NRI's 60 -plus years 

of home study experience, you get the 

most in training and value. 

Other Courses 
in Today's Electronics 

Even the servicing of home 

entertainment equipment has taken 
quantum jumps forward. NRI keeps 

you right up with the latest, with train- 
ing in stereo, video tape and disc 

players, and the latest TVs. You even 

build your own 25" diagonal color TV, 

the only one complete with built -in 

digital clock, varactor tuning, and 
computer control that lets you program 
an entire evening's entertainment. In 

our complete communications course, 

you learn to service two -way radio, 

microwave transmitters, radar, AM and 
FM transmitters, CB radio, paging 
equipment, and more. And you build 

your own 2 -meter transceiver or 40- 

channel CB while you learn. 

Free 100 -Page Catalog 
No Salesman Will Call 

Send the postage -paid card 
today for your personal copy of the NRI 

electronics course catalog. It shows all 

the equipment, training kits, and 
complete lesson plans for these and 
many other courses. There's no obliga- 

tion of any kind and no salesman will 

ever bother you. Find out how you can 
learn new skills, keep up with technol- 

ogy, advance your future with training 
for new opportunities. Get in on the 

ground floor now! If card has been 

removed, write to: 

NRI NRI Schools 
McGraw -Hill Continuing 

Education Center 

3939 Wisconsin Ave. 

Washington, D.C. 20016 



Fingertip control of all microprocessor calculatior.s: data 
readout in bright LED digits from solid oiled walnut console. 

Aerospace- designed transmitter! 
Its wind speed and direction instruments are among the most 
sophisticated available. Rather than relying on friction -causing 
reed switches or other mechanical devices, they utilize solid - 
state infra -red sensors. and transmissive optical encoding. It 

offers unprecedented accuracy and within one -tenth of a mile 
per hour! 

The remote transmitter unit with its windcup and weathervane 
mounts easily on your TV antenna or other outdoor mast for 
years of dependable trouble -free service! It's actually been 
wind- tunnel- tested for strength and durability. 

Remote transmitter 
mounts on TV an- 
tenna mast, trans- 
mits data to your 
console through 
cable supplied. 

i 7"'" 
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New Heathkit Weather Computer 
Now...with your own computerized weather station, you can have 

the temperature (indoors and out)...wind speed and direction 
...the wind chill factor ...the barometric pressure ...the time and date 

...plus much more ...right at your fingertips! 

There's nothing else like it available today! A personal 
weather computer that not only monitors the current 
weather data, but also computes significant changes and 
stores wanted data in its memory! So now, for the first 
time, you'll have all the weather information you need for 
your personal and business planning! 

Unique digital data display 
The handsome solid oiled walnut computer console fea- 
tures large, bright, LED numerals, displaying up- to -the- 
second data on the time (AM, PM or 24 hour format) and 
date; indoor and outdoor temperatures (in your choice of 
Fahrenheit or Celsius); wind speed (in miles per hour, 
kilometers per hour or knots) and direction on a 16 -point 
compass plus barometric pressure in millibars or inches 
of mercury. 

The instrument's on -board microprocessor even calcu- 
lates the wind chill factor at the touch of a button. It also 
stacks barometric pressure readings in memory, so it can 
compute the rate of rise or fall on command! The barome- 
ter readings are derived from a newly -developed piezo 
resistive silicon bridge transducer that senses the most 
minute changes in pressure. It's the first and only truly 
digital electronic barometer! 

An electronic almanac! 
The Weather Computer stores high and low temperatures 
as well as the time and date at which they were recorded. 
In addition, it records the highest wind gust speed and 
time, ready for instant recall. The data is stored in mem- 
ory until you choose to clear it. 

For serious weather research purposes, the instrument 
can be connected to a chart recorder for hard copy rec- 
ords. And, it can be interfaced with any compatible digital 
computer for even more sophisticated weather charting 
and forecasting. As a final thoughtful design touch, the in- 
strument even makes provision for battery back -up to pre- 
serve the data stored in memory in case of power failure. 

The Electronic Weatherman is a truly unique corn- 
puterized weather instrument, offering capabilities never 
before available to the layman with a serious interest in 

the weather. For business or personal reasons, you'll find 
it an investment that can pay for itself many times over! 

Easy -to -build kit form 
If you want the fun (and savings) of building it yourself, 
you'll find the Heathkit Digital Weather Computer surpris- 
ingly easy to build, thanks to the fully -illustrated s'ep -by- 
step assembly manual. Or, you can order yours assem- 
bled, ready to install and use. 

The Heath Electronic Weatherman comes complete 
with remote transmitter unit, 100 feet of connecting cable 
and a solid oiled walnut console. Order yours now and be 
prepared for the weather, whatever comes! 

For Fastest Service, Order by Phone 
CALL (616) 982 -3411 

HEATH COMPANY 
Dept. 020 -534 
Benton Harbor 
Michigan 49022 

Gentlemen: Please send me... 
Heathkit Weather Computer Kit(s) (ID -4001) with 100' of cable each 
(IDA- 1290 -2) @ $383.90 plus $3.95 shipping and handling each. 

Assembled Digital Weather Computer(s) with 100' of cable each 
(IDW -4001) @ $595.00 plus $3.95 shipping and handling each. 

I enclose check money order for $ 

or, Please charge to my VISA Master Charge: Code = 

Acct. z Exp. Date_- 

Signature 
(Necessary to send merchandise) 

Name 
(Please Print) 

Address 

City State Zip 
GX -360 

Prices are mail order and effective through May 15, 1979. 
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edilorial 

Communications And You 

We all communicate. You're reading this editorial. You talk to 
people on the telephone, you watch television, you write letters. And 
we all use equipment to aid us in our communications. This 
equipment can vary from the pencil to the computer. 

The most commonly used communications equipment has 
electronic circuitry as its heart. It's a CB radio, a UHF /VHF radio, an 
amateur radio station, an all -wave receiver or a scanner and it is a 
hot item -an item many Radio -Electronics readers want to be kept 
up to date on. 

Hearing this in your communications to us, we've added a new 
regular monthly column. It has been titled "Communications 
Corner." It will appear every month and is intended to be 
responsive to your needs. While no reader questions about 
communications will be answered directly, your comments about 
the column will be carefully considered as future columns are 
prepared. 

I think you'll like it. Turn to page 68 now, and you can judge for 
yourself. 

LARRY STECKLER 
Editor 
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T -100 THERMOMETERS 
Optoelectronics, Inc., has now assem- 

bled a number of T -100 thermometers and 
is satisfied with their performance, espe- 
cially their accuracy. The linearity from 0 °C 
to 100 °C is typically .10 or .2 °. 

ROTATE 
if H/L E EPDXY 
/5 SETTING 

4 

doubled because each battery can dis- 
charge down to 5 volts rather than the 
single battery discharging to 7'/ volts. Bat- 
tery life will be typically greater than 100 
hours with carbon -zinc cells, and 300 to 
400 hours with alkaline cells. A second 

5 MIN EPDXY 

o 
ó Pr 

I PG-/74 /COAX' 

_----------1 

The company has decided to incorporate 
a change that will be included in all kits. It is 
recommended that a second 9 -volt battery 
be added in series to boost the supply volt- 
age to 18. This will insure that at least 4 
volts is always across the sensor so that 
high Fahrenheit readings (> 150 °F) can be 
produced. Battery life will be more than 

battery snap will be included in all kits 
along with a piece of double -stick tape. The 
second battery fits nicely into the case 
without modification. 

The company also recommends that the 
probe should be assembled as shown (see 
diagram) without using the nylon shell. 
However, the shell will be included with all 

Full Features 
... Yet Portable 

$795 
includes 

probes 
Say "Hello" to an excitingly new 15 lb., 15 MHz 'scope. 
Smart looking and really convenient - only 51/4" high yet 
features a large, bright 10cm x 8cm rectangular CRT. 

Check this capability: Versatile triggering in excess of 
25MHz. 2mV sensitivity, differential mode, and much more. 
Quality? You Bet! Backed by Exclusive Gould 2 -yr. warranty. 

It's a winner! Call us for the full story on the 0S255. 

For free brochure call: 
TOLL FREE NUMBER 
(800) 325-6400 
In Missouri (600) 342-6600 

Gould Inc., Instruments Division 
3631 Perkins Ave.,Cleveland,OH 44114 

'1 GOULD 
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the kits that are shipped. 
BILL OWEN 
Optoelectronics, Inc. 
Fort Lauderdale, FL 

WHERE ARE THE DESIGNERS? 
Before semiconductors, was the only 

true designer the one who designed new 
vacuum tubes? 

As some philosophers point out, we 
seem to have gotten confused over the 
extent of design versus the intent of design. 
The intent hasn't changed, but advancing 
technology has allowed brand -new "ex- 
tents" especially suitable to reliance on 
interchangeable parts available in mass 
quantity at super -low cost. The designer 
still designs, but he's charged with operat- 
ing at a different level that today's tools 
and components make possible. This 
means that the economies of when to 
customize - always an expensive proposi- 
tion -have changed, too, and the good 
designer adapts to that also, because it 

continued on page 22 

YESTERDAY 

TODAY 

AND TOMORROW 
THE AMERICAN LEGION 

IN ITS 60th ANNIVERSARY YEAR 



Model No. WD - 30 -TRI 
Patent Pending 

ii +I ï + íii íï'T.?ct. 

to /Red, 50 ft. (15m) of each color 
l4` ' Ë O,25mm) KYNAR© insulated wire 
Built -in cutting plunger cuts wire to desired length 
Built -in stripper strips 1" of insulation 
Easily refillable 
For wire -wrapping and other applications. 

WD -30 -TRI DISPENSER WITH WIRE_ $5.95 

R -30 -TRI TRI -COLOR REPLACEMENT SPOOLS $3.95 

Kynar® Pennwalt 

ARG 1.001 NEW YORK STATE RESIDENT ADD APPLICABLE TAX 

N.Y. 10475 (212) 994-66001Tetex 125091 
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You gotta shop around. 

When you do,yon'll probably Pick CIE. 
You can't afford to settle for 

less when it comes to someth i n g like 
electronics training that could 

affect your whole life. 



When you shop around for 
tires, you look for a bar- 

gain. After all, if it's the same 
brand, better price -why not 
save money? 

Education's different. 
There's no such thing as "same 
brand." No two schools are 
alike. And, once you've made 
your choice, the training you 
get stays with you for the rest 
of your life. 

So, shop around for your 
training. Not for the bargain. 
For the best. Thorough, profes- 
sional training to help give you 
pride and confidence. 

* * * 
If you talked to some of our 

graduates, chances are you'd 
find a lot of them shopped 
around for their training. They 
pretty much knew what was 
available. And they picked CIE 
as number one. 
Why you should 
shop around yourself. 

We hope you'll shop around. 
Because, frankly, CIE isn't for 
everyone. 

There are other options 
for the hobbyist. If you're the 
ambitious type -with serious 
career goals in electronics - 
take a close look at what 
we've planned for you at CIE. 
What you should look 
for first. 

Part of what makes elec- 
tronics so interesting is it's 
based on scientific discoveries - on ideas! So the first thing to 
look for is a program that starts 
with ideas and builds on them! 

That's what happens with 
CIE's Auto -Programmed® 
Lessons. Each lesson takes one 
or two principles and helps you 
master them- before you 
start using them! 
How practical 
is the training? 

This is the next big impor- 
tant question. After all, your 
career will be built on what you 
can do - and on how 
well you do it. 

Here are 
ways some 
of CIE's 
trouble- 
shooting 
programs 
help you get 
your "hands -on" 
training .. . 

With CIE's 
Experimental 
Electronics 
Laboratory... 

you learn and review the basics - 
perform dozens of experiments. 
Plus, you use a 3 -in -1 precision 
Multimeter to learn testing, 
checking, analyzing! 

When you build your 
own 5 MHz Triggered- 
Sweep, Solid -SState Oscil- 
loscope you take your first 
real professional step. You use 
it as a doctor uses an X -ray 
machine -to "read" waveform 
patterns ... lock them in .. . 

study, understand and inter- 
pret them! 

When you get your 
Zenith 19 -inch Diagonal 
Solid -State Color TV you 

simply this: 
All this training takes 

effort. But you'll enjoy it. And 
it's a real plus for a trouble- 
shooting career! 
Do you prepare for 
your FCC License? 

Avoid regrets later. Check 
this out before you enroll in 
any program. 

For some troubleshooting 
jobs, you must have your FCC 
License. For others, employers 
often consider it a mark in your 
favor. Either way, it's govern- 
ment- certified proof of specific 
knowledge and skills! 

More than half of CIE's 
courses prepare you for the 
government- administered FCC 
License exam. In continuing 
surveys, nearly 4 out of 5 CIE 
graduates who take the exam 
get their Licenses! 
Shop around ...but send 
for CIE's free school 
catalog first! 

Mail the card. If it's gone, 
cut out and mail the coupon. If 

you prefer to write, men- 
tion the name and date 
of this magazine. We'll 
send ou a copy of CIE's 
FREE school catalog - 
plus a complete pack- 
age of independent 

home study information! 
For your convenience, 
we'll try to have a repre- 
sentative contact you to 
answer your questions. 
Mail the card or coupon - 

or write: CIE, 1776 East 
17th St., Cleveland, 

OH 44114. 

Pattern simulated. 

apply your ne v skills to some 
real on-the-job-type trouble- 
shooting! You learn to trace 
signal flow... locate malfunc- 
tions ... restore perfect operat- 
ing standards -just as with any 
sophisticated electronics 
equipment 

W1icu 
yogi work with a completely 

Solid -State Color 
Bar Generator - 
actually a TV signal 
transmitter -you study 

up to ten different 
patterns on your TV 

screen ... explore digi- 
tal logic circuits ... observe 

the action of a crystal -con- 
trolled oscillator! 

Of course, CIE offers a 
more advanced training pro- 
gram, too. But the main point is 

'. 
ECleveland Institute 
of Electronics, Ina. ¡CI 

st 17th Str..t. Oh.o 44114 
ACa.Wg.d M.mD. N.00n.l Mem. Study Cognai 

1 
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YES . . . I'm shopping around 
for the right kind of career training 
in electronics troubleshooting -and 
CIE sounds well worth looking into. 
Please send me my FREE CIE school 
catalog- including details about 
troubleshooting courses -plus my 
FREE package of home study 
information! 

Print Name 

Address 

Cuy _- 

State 

RE-63 

Apt. 

Zip 

Age Phone 
(area code) 

( h i I< box for G. I. Bill information: 
\ , l c ran 7 Active Duty 

Mail today 



LETTERS 
continued from page 16 

affords a whole new set of opportunities. 
A related issue, and maybe not one 

you're concerned about, is that designers 
needn't be so skilled as in the past. That's 
true for the same products, and that's 
progress of a sort. But the super- designers 
are still there -in as limited quantity as 
ever -although they're working on difficult 
problems that couldn't even be ap- 
proached with the old technology and not 
on matters that technology made easy to 

cope with. That's important progress be- 
cause it means that the pyramid of achieve- 
ment and knowledge by which we tend to 
view civilized development is moving up 
another layer as far as technology is con- 
cerned. 

Finally, I would like to mention that the 
feature article in the June 1978 issue was 
about a product designed with integrated 
components and that had sufficient design 
novelty to be awarded a U.S. patent! 
DENNIS E. HAMILTON 
Penfield, NY 

If everyone uses the IC's, who's left to 

NEW FROM LEADER 

The 30MHz Dual 
Trace Scope with 
Delay Line. 
Warning lamp for 5" P -D -A CRT. 

uncalibrated condition. 
120nS delay line. Trace rotation. 

Lever 
type 
input - 

switches. 
42 

5mV sensitivity. 
Single shot 

Add & subtract mode. trigger. 

High Sensitivity. P -D -A 
CRT. Single Shot Trigger. 
Model LBO -520 ... $ 1050. with accessories 
Send For Complete Catalog 
All Leader Instruments Are Backed By A Two Year Warranty! 

When Quality Counts .. . 

151 Dupont Street Plainview N Y 11803 
Regional Offices Chicago & Los Angeles 

East Coast (516) 8229300 West Coast 1213) 882-4335 

Call Toll Free: (800) 645 -7120 For the Name of Your Nearest Distributor 

LEADER 
Instruments Corp. 
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design them! Does this mean that the 
future of the electronics industry is at the 
mercy of the IC designer? Does this mean 
that if I need only one of something I may 
not be able to build it? Plain and simple -is 
all future electronic design going to be- 
come dependent on a handful of engineers 
working for IC manufacturers ? -Editor 

TV ADAPTER CORRECTIONS 
I must make some corrections to my 

letter which appeared in the August 1978 
issue of Radio -Electronics (page 16) re- 
garding the TV -to- stereo adapter. 

In paragraph 3 regarding the sound de- 
tector takeoff in solid -state sets, a sen- 
tence reads, "the volume control immedi- 
ately follows the sound detector in most 
cases. This, in turn, varies the gain of an 
amplifier stage. If so, audio does not ap- 
pear on the volume control." This should 
read: "The volume control follows the 
sound detector in most cases, but in some 
sets, the volume control merely varies a DC 
voltage, which, in turn, varies the gain of an 
amplifier stage. In these cases, audio does 
not appear on the volume control, and 
must be found elsewhere." 

I might add that most American -made 
sets using this DC volume control system 
use an IC for the sound detector /IF /audio 
amplifier functions; and pin 8 of this IC is 
the best place to pick off the audio. Howev- 
er, this may not always be the case, so to 
be sure, check with a scope or a signal 
tracer. Also, since the pin 8 output has 
about 5 to 6 VDC on it, make sure to use a 
blocking capacitor. 

My apologies to the TV networks regard- 
ing my comments on their narrowband 
telephone lines. Both my letters (in May 
and August 1978 issues) were written in 
late December, 1977, before the AT &T 
switchover to multiplexed video -audio 
transmission links. 
MICHAEL KILEY 
Palos Heights, IL 

The 
good 
neighbor 
is 
you. 

Belong. 
+Red Gros,. 
The Good 
Neighbor. 
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and return it to us by the date specified This date allows you at 

least 10 days in which to return the form. lf. because of late mail 

delivery. you do not have 10 days to make a decision and so 

receive an unwanted Selection. you may return ,t at Club ea 

pense. 
To complete your Trial Membership, you need buy only four 

additional monthly Selections or Alternates during the next 12 

months You may cancel your Membership any time after you 

purchase these four books 
All books -including the Introductory Offer -are fully return- 

able after 10 days if yoi, re not completely satisfied. 

All books are offered at 'ow Member prices. plus a small 

postage and handling charge. 

Continuing Bonus: It you coot nue after this Trial Membership . 

you will earn a Dividend Certificate for every book you purchase 

Three Certificates plus payment of the nominal sum of $1 99 will 

entitle you to a valuable Book Dividend of your choice which you 

may choose from a list provided Members 
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1079-140 p -How to Build 6 Use 
Low -Cost Hydrophones ($8.95) 

May we send you your choice of 6 of these practical 
time -and- money -saving books as part of an un- 

usual offer of a Trial Membership in Electronics Book 
Club? 

Here are quality hardbound volumes, each espe- 
cially designed to help you increase your know -how. 
earning power, and enjoyment of electronics - What- 
ever your interest in electronics, you'll find Elec- 
:ronics Book Club offers practical, quality books that 
you can put to immediate use and benefit. 

This extraordinary offer is intended to prove to 
you through your own experience, that these very 
real advantages can be yours...that it is possible to 
keep up with the literature published in your areas of 

interest, and to save substantially while so doing. A> 

part of your Trial Membership, you need purchase a 

few as four books during the coming 12 months- You 
would probably buy at least this many anyway, with- 
out the substantial savings offered through Clut 
Membership. 

To start your Membership on these attractive 
terms, simply fill out and mail the coupon today. You 
will receive the 6 books of your choice for 10 -das 
inspection- YOU NEED SEND NO MONEY. If 
you re not delighted, return the books within 10 day, 
and your Trial Membership will be cancelled without 
cost or obligation. 

'ELECTRONICS BOOK CLUB 

1 
Blue Ridge Summit, Pa. 17214 
Please open my Trial Membership in ELECTRDNICS 

BOOK CLUB and send me the 6 books circled below. I 

understand the cost of the books I have selected is 

only 51.99 for all 6. plus a small shipping cha-ge.If 
not delighted, I may return the books within 11' days 

and owe nothing, and have my Trial Membership 
cancelled. I agree to purchase at least four addi- 
tional books during the next 12 months after wlich I 

may cancel my membership at any time. 

101 295 300 582 806 931 966 1015 
1034 1035 1064 1071 1073 1076 1079 1082 

1088 1095 1097 1101 1108 1113 1111 1135 

Name Phone 

Address 

City 

I State Zip 
ELECTRONICS BOOK CLUB, Blue Ridge Summit. Pa 11214 (Valid for new Members only. Foreign and Canada add 10%1 RE -59 
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tEquipmEnt rEports 

Heath Model H17 
Floppy -Disc System 

CIRCLE 50 ON FREE INFORMATION CARD 

OWNERS OF HEATH'S MODEL H8 COMPUTER CAN 
now increase the versatility of their system 
with Heath's new mode! H/7 floppy -disc sys- 
tem. A floppy -disc system provides a quick 
method of program storage and retrieval. The 
advantages over a cassette system include load- 
ing and storage of programs in seconds rather 
than minutes, deleting and updating program 
and data files, cataloging of files, and more. 

The Heath Company's Dept. 570 -070, Ben- 
ton Harbor, MI 49022) H!7 floppy -disc sys- 
tem consists of a factory -assembled control 
board that plugs into the H8 bus and is 
connected via a ribbon cable to a Wangco 
model 82 5'/2 -inch drive. The drive is housed 
in a cabinet that contains a power supply capa- 
ble of powering a second drive. The cabinet 
also contains a cutout for an optional second 
drive. 

Each 5'/2 -inch hard -sectored disc is divided 
into 40 tracks, and each track is subdivided 
into 10 sectors for a total storage capacity of 
102,400 bytes -per -disc. The mode! 82 drives 
have a 30 -ms track -to -track step -time specifi- 
cation, although some drives will operate much 
faster. Both drive units in my system operate 
reliably at a track -to -track step time of 8 ms. 
As Heath carefully points out, the track -to- 
track step time is not the same as the random - 
sector access time, which is the actual time 
required for the read /write head of the drive to 
get to a sector once it is requested. A track - 
to -track step time of 8 ms translates into an 
average track -to -track step time of 104 ms. 
Since the disc rotates (at 300 rpm), there is an 

I JO 

Handymen! Hobbyists! Is.Sa 

DO-IT-YOURSELFERS! 
Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing -a radio, TV, model train, jewelry, appliances, minor 
electrical repairs, plumbing, etc. - Save money - repair it yourself. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go "First Class" - use Kester Solder. 

For valuable soldering information send self- addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified ". 

KESTER SOLDER \ Litton 4201 WRIGHTWOOD AVENUE /CHICAGO, ILLINOIS 60639 

additional average time of 100 ms for the 
sector to come under the read /write head. So, 
the average random -sector access time is 204 
ms. Once a sector on the disc is accessed, data 
is transferred between the drive and the con- 
troller board one bit at a time at a serial rate of 
16,000 bits -per- second. To reference this 
speed, the H17 will load Extended Benton 
Harbor BASIC in about 2 seconds. Heath's 
standard 1200 baud cassette interface requires 
about 2 minutes. 

Software 
Software is required for a floppy -disc system 

to function. This software is called an operat- 
ing system, and Heath supplies its own brand 
called HDOS. The operating system handles 
such functions as controlling the drive motor, 
positioning the read /write head, locating spe- 
cific data on the surface of the floppy disc, 
creating files, transferring data, etc. It also 
provides communication with the user via 
command instructions. 

After initially applying power to the system, 
HDOS must be "booted." Booting is the 
process of loading only those segments of 
HDOS that will enable the system to function. 
For example, one such portion, called the 
monitor, decodes the various commands and 
transfers control to the appropriate software 
segment to carry out the command. After the 
command is executed control returns to the 
monitor. Various other segments of HDOS are 
loaded into the H8 when necessary. 

When HDOS is booted, the monitor pro- 
gram is automatically located in the upper 
address space of the H8 memory and occupies 
2.4K. The other segments of HDOS are 
located in the lower address space of memory 
and occupy approximately 9K. Therefore, 
HDOS requires a total of approximately 12K 
RAM to operate. If you plan on using a 

BASIC interpreter, then you will need addi- 
tional memory to support the BASIC, plus 
whatever "user" memory you require for your 
programs. 

To boot HDOS, simply set the H8 program 
counter to 030 000 using the octal keypad on 
the H8 front panel and execute Go. HDOS will 
respond by printing ACTION? (BOOT) on the 
CRT terminal. To boot HDOS, simply type B 

on the terminal keyboard. After HDOS is 

loaded it will respond by identifying itself. It 
will then ask for the current date by printing 
DATE (DD- MM -YY)? After entering the current 
date and hitting the carriage return, HDOS is 

up and running. From now on, HDOS re- 
sponds with a prompt character to indicate that 
it is ready to accept commands. There is a wide 
variety of commands available with HDOS. 
Among these commands is SYSGEN, which 
permits you to copy the minimal operating 
system onto a blank disc. You can use the 
COPY TO -FROM command to copy addi- 
tional programs to this disc and store the origi- 

continued on nasse 26 
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How to be 
16 places at once, 

logically. 

1111'.4 LM -1 Logic Monitor $59.95* 

When's the last time 
you had a nice chat with an 
integrated circuit? All you need 
is something to translate what's hap- 
pening in its simple little logical mind. 
Something like our popular Logic Monitors. 

Clip one onto an IC -any DIP up to 16 

pins -and the 16 LEDs atop our Logic 
Monitor flash to the rhythm of the state of 
each pin. You have, in effect, 16 tiny logic 
probes in one pocket -size circuit -powered 

70 Fulton Terr. New Haven. CT 06509 12031 624-3103. TWX 710 -465 -1227 

OTHER OFFICES San Francisco 14151421.8872. TWX 910- 372 -7992 

Europe CSC UK LTD Phone Saffron- Walden 0799 -21682. TLX 817477 

Canada Len Finkle ltd. Ontano 

instrument. 
And, as everyone 

knows, 16 LEDs are 
better than one. Because 

with just a glance, you can see inputs 
affecting outputs, a whole IC at a time. 

You can watch counters count, 
decoders decode, logic think its way 
through. And the more you watch it, the 
more it tells you. You'll call it smart, a 

timesaver. We just think it's logical. 

CONTINENTAL SPECIALTIES CORPORATION 

Call toll -free for details 

1-800-243-6077 
Suggested U.S. resale. Available at selected local distributors. Prices, specifications subject to change without notice. C Copyright 1979 Continental Specialties Corporation 

CO 
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EQUIPMENT REPORTS 
continued from page 24 

nal disc away for safekeeping. A PIP command 
(Peripheral /nterchange Program) is included 
and is used to copy a file from one disc drive or 
peripheral device to another. Other commands 
include SYSHELP, which lists all the valid 
system commands; DELETE, which erases 
specific files from the disc; RENAME, which 
changes the name of a specified file; CAT, 
which lists the files contained on the disc; and 
other commands. 

Among the many commands and features of 
HDOS, one in particular struck me as being 
interesting and unusual. This is a diagnostic 
routine called TEST 17. After executing this 
command, you can check the rotational speed 
of the disc drives. The normalized drive speed 
is displayed on the LED's on the front panel of 
the H8 as a decimal number, which should be 

as close to 1.000 as possible. Since the rotation- 
al speed tolerance is 1 percent, any number 
between 0.990 and 1.010 is acceptable. If it is 

out -of- tolerance, it can be trimmed by adjust- 
ing a pot on the drive assembly itself. Another 
test that can be performed under TEST 17 is a 

general checkout. Under this test, a specific bit 
pattern will be recorded on each sector of the 
disc and then read back. This test is automati- 
cally performed three times, and is intended to 
check the read /write head and the track seek 
mechanism. There is also a media check that 
locates all the bad sectors on the disc (if there 
are any) and a routine for minimizing the track 
seek time of the drive being tested. 

Other commands are also available that are 
associated with the operation of the disc 

system. For example, if you have various 
BASIC programs already stored on cassette 
tape, you can use BASCON to convert these 
programs into files that can be stored on the 
disc. If you have text files stored on cassette 
tape, you can use TXTCON in a similar 
manner to convert these into disc files. A 
ONECOPY command is included that allows 
you to copy files from one disc to another in a 

system that has only one drive. In addition to 
HDOS, the software disc also contains BA- 
SIC, BUG -8, HASL -8 and TED -8. 

Overall, HDOS is a versatile operating sys- 
tem. The 1117 disc system which sells for 
($695.00 including software) will greatly in- 
crease the versatility of your H8 system. R -E 

Sylvania Module Extension 
Cable Kits 

CIRCLE 141 ON FREE INFORMATION CARD 

MANY YEARS AGO. WHEN SETS AND CIRCUITS 
(and I) were much simpler, I used extension 
cables a good deal. These cables let me get the 
chassis out onto the bench where I could actu- 
ally get at it. When I started troubleshooting 
my first modular TV set, I thought it would be 
great if we had a set of extension cables so that 

Accuracy like a VTVM... 
Convenience like a VOM... 
NEW BATTERY -OPERATED FET 
SOLID -STATE VOLT -OHMMETER °116 
Easy-to-build KIT 

$44 78 
=116K 

Factory-Wired & Tested 

$60.05 
=116W 

Now you an get all the benefits of a 
VTVM (laboratory accuracy, stability and 
wide range) but with its drawbacks gone: 
no plugging into an AC outlet, no waiting 
for warm-up, no bulkiness. New Field 
Effect Transistor (FET) design makes 
possible low loading, instant -on battery- 
operation and small size. Excellent for 
both bench and field work. 
Compare these valuable features: 

High impedance low loading: 11 meg- 
ohms input on DC, 1 megohm on AC 
500 -times more sensitive than a standard 
20,000 ohms-per -volt VOM Wide -range 
+ersatility: 4 P -P AC voltage ranges: 0-3.3, 
33. 330, 1200V; 4 RMS AC voltage ranges: 
)1.2, 12, 120, 1200V :4 DC voltage ranges: 
) -1.2, 12, 120, 1200V; 4 Resistance ranges: 
3.1K, 0.100K, 0-10 meg., 0.1000 meg.; 
40E1 ranges. -24 to +56DB. 
Sensitive :asytoread 41/2" 200 micro- 
amp meter. Zero center position avail. 
able. Comprises FET transistor, 4 silicon 
transistors, 2 diodes. Meter and tran- 
sistors protected against burnout. Etched 
panel for durability. High-impact Bake- 
lite case with handle useable as instru- 
ment stand. Kit has simplified stepby- 
step assembly instructions. Both kit and 
factory -wired versions shipped complete 
with batteries and test leads. 51/4 "H x 
634"W x,2' /a "D. 3 lbs. 

- - 
Send FREE catalog of complete EMC line 
and name of nearest distributor. 

RE -5 

Name 

Address - 
City- 

State_ tip 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York, N.Y. 10012 

we could get each module out where we could 
get at it . . . since many of us repair such 
modules, especially larger ones. 

Evidently, someone was listening! Sylvania 
has come up with module -extension cable sets; 
one of these fits Zenith modules, the other, 
RCA modules. The Zenith cable set is called 
the TV Module Extension Kit PIN KZ -1. It 
will fit 19 Zenith chassis, including the 
I7EC45, I9EC45, 23EC45, and several oth- 
ers. This set consists of six cables and two 
special brackets (plus pins) and can be used 
with 10 different Zenith modules. 

The instructions state: "Each Zenith module 
listed has an even number of pins (8, 12 or 16) 
on one end and an odd number (7, 11 or 15) on 
the other. Each bracket has two four- conduc- 
tor cables and a larger one. One with 7 conduc- 
tors, the other with 8. By selecting the right 
cables and plugs, any of these modules can be 
hooked up correctly." A complete instruction 
sheet comes with each set, listing the modules 
and chassis with which it can be used. A special 
data sheet is also included showing the Sylvan- 
ia ECG part number semiconductor for the 
original component used in each module. 

The RCA extension cable set is the TV 
Module Extension Kit PIN KRX -5, with five 
separate cables for use with the RCA Accu- 
Color chassis from the model CTC -41 through 
the model CTC76. Three of the cables have six 
contacts each, and the two remaining cables 
have 12 contacts. By choosing the right combi- 
nation of contacts, any of the 15 modules listed 
in these chassis can be hooked up. Full hookup 
data and instructions are provided, as well as a 
list of ECG replacement semiconductors. 

Both extension cable sets use flat multicon- 
continued on page 32 

Come to Tucson, Arizona and to the 1979 
National Electronics Service 
Convention of NESDA & ISCET 
AUGUST 13 -18, 1979 
and to the all -day 
ELECTRONICS ROUNDUP 
the ONLY national trade show devoted 
to the electronics service industry 

PLUS 

Technical seminars: "Coping With 
the New Technology" 

Business Management School 'Meeting 
the Challenge of Change" 

Forums: "Manufacturing and Service - 
Where Do We Go From Here ?" 

Industry problem -solving at the expanded 
"National Service Conference" 
and Golf Tourney Association Business Elections 

Technician, dealer and association awards Speakers 
from Gov't. and Industry Hospitality /Social affairs 
Trips to Mexico and Old Tucson 11 scheduled meals 

ALL EVENTS INCLUDED IN ONE LOW REGISTRATION FEE 

$90 per initial registration; $60 per each add'I family adult 

REGISTER PRIOR TO JUNE 30 AND SAVE 10% 
Special children's registration (for children's functions only) $25 

MAIL TO 
1979 National Electronics Service Convention 
Ills Expo Lane, Indianapolis, IN 46224 (Ph. 317 -271 -8160) 

Name _ _ Amt. $ 

Address 
City State Zip 



THE SUPER CASE 
70260 

The world famous Super 
ase. Complete with 48 of the most popular 

and processional problem -solving tools. From 
screwdrivers and nutdrivers to pliers, wrenches, 

crimping tools and more. A super variety and super value. All 
unconditionally warranted from Vaco, of course. The Super Case 

and all the other fine Vaco tools can be seen in ou new 1979 

catalog. It's free, just write. Say you want to take a good look 
at VACO. 

Vaco Products Company, 1510 Skokie Blvd., 
Northbrook, IL 60062 U.S.A. 

CIRCLE 46 ON FREE INFORMATION CARD 



See The Newest In Quality Electronics You 

Custom Car Accessories like the Heathkit GC -1406 Digital 
Quartz Car Clock shown, or it's companion car clock with trip 
timer and stopwatch functions for the rally enthusiast, are easy 
and fun to build. And you have the quality and dependability 
in custom car accessories you can show -off with pride. Now 
you can choose one of these fine car clocks, a windshield 
wiper delay, a deluxe mobile siren and P.A. system, an ultra- 
sonic intrusion alarm. an electronic speed control or a cab - 
to- camper intercomm - all in money- saving kit form you can 
build, service and install yourself. 

A Super- Accurate Digital 
Alarm. The ideal choice for a 
'first kit' - with snooze fea- 
ture, AM and PM indicator, 
12 or 24 hr. format and pleas- 
ant green -blue digital dis- 
play. Budget priced, too! 

O 

A Doorbell That Plays 
Your Favorite Tune! 
A fun way to greet 
guests with any 16- 
note tune you pro- 
gram - and you can 
even add remote 
speakers! 

Low -Cost Home Security with this Heathkit 
GD -600 Photoelectric Lamp Switch. Turns your 
lamp on at dusk - off at daylight, for that 
'lived -in' look when you're away from home. 

Super Coinshooter! The GD -1190 is Heath's 
finest metal locator with adjustable 
discrimination and push- button 
tuning that rejects junk and 
finds coins. 

For Treasure Hunters! 
The Heathkit GD -348 finds 

buried metal objects with it's 
sophisticated "induction- balance" 
system. The tone from the built -in 
speaker grows louder as you pin- 
point your find - or you can use 
the front panel meter or optional 
headphones. 

VOW 

Learn To Service and Maintain Your Car's 
Electrical System with this newest Heathkit 
Automotive Electrical Continuing Education 
Program.Think of the money you'll save when 
you really understand how your car's elec- 
trical system works and how you can service 
it.This 4 -part self -learning program takes you 
through electrical principles, starting and 
charging systems and accessories and body 
electrical...all at your own pace and at 
lowest cost. 

Learn How To Use Electronic Test Instruments 
with this new Heathkit self -learning program. 
A progressive 4 -part program using Heath's 
famous programmed instruction with audio 
and visual aids for maximum efficiency. Learn 
to use electronic meters, oscilloscopes, fre- 
quency generators and special measuring 
instruments. 

Radio Control Gear 
You Can Depend On! 
From the leader in 
R/C development. 
See this new 8 -chan- 
nel, open gimbal 
transmitter with 
Heath's instant plug - 
in frequency change 
feature...all Heath 
firsts! ... plus sensa- 
tional savings on 
complete systems 
and R/C Starter Sets. 

Build Your Own Custom Stereo And Get Heath 
Quality Plus System Savings! Choose from Heath's 
complete line of quality audio products for the kind 
of custom sound reproduction you want ..,from 
the newest and finest professional rack -mounted 
components to a full range of super -value com- 
ponents including: receivers, tuners, amplifiers, 
pre- amps., custom control systems, speakers, 
and name -brand turntables and cartridges - all 
available individually at low catalog prices or at 
money- saving system discounts. 

Choose from the nearly 400 quality Heathkit products for home or 
business, including the world's finest values in amateur radio equipment, 

complete personal computing systems and educational programs 

Every Heathkit product is backed by world- famous technical service and counsel -plus sales 
and service facilities at 54 Heathkit Electronic Centers' coast -to -coast 

(*units of Schlumberger Products Corporation). 
See the white pages of your phone directory for the center nearest you. 



HEATHKIT® 
CATALOG! 
Have you seen a real computerized, digital home weather station 
... or a precision electronic scale for your bathroom ...or ad- 
vanced educational programs that let you learn electronics or au- 
tomotive maintenance at home ... or a totally broadbanded ama- 
teur radio transceiver ... or the world's only programmable color 
TV with fully automatic antenna rotor? 
If you haven't, send for a free Heathkit 
Catalog. 
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You'll see nearly 400 unique elec- 
tronic products - the latest tech- 
nology, the newest features, the 
best values. The kind of quality 
products Heath Company has 
been offering for some 60 years' 
It's fascinating reading. But 
the excitement doesn't stop 
there. 
These sophisticated products are 
easy to build kits. Illustrated step -by -step 
instructions guide you and detailed ex- 
planations help you learn how the product 
works from the inside out. It's fun, easy 
and educational. 
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...all in this 
FREE CATALOG - 
get yours now! 

If coupon is missing, write 
Heath Company, Dept. 020 -530 
Benton Harbor, Michigan 49022 
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SEND FOR YOUR FREE COPY TODAY! 
HEATH 

Schlumberger \C A 
Heath Company, Dept. 020 -530 q, ,T 
Benton Harbor, Michigan 49022 44O 

Please send me my FREE Heathkit Catalog. 
I am not currently receiving catalogs. 

Name 

Address 

City State 

1 

1 

1 
CL-695 L-695 Zip i p 
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How 
do you really use a 

multimeter? 

Usually at your bench, in the shop, 
shared with others. And, if it's a Fluke 
multimeter, you use it with confidence. 

Now you can carry that same bench 
precision on the job. Introducing the 
new Fluke 8020A DMM for only $169. 

This rugged beauty packs more field - 
valuable features than any other DMM 
available, at any price. And that means 
field versatility when you need it most. 

The 8020A has six resistance ranges, 
including a 20 megohm range for those 
special high -resistance TV components. 
Plus, you can measure focus dividers, 
pcb and capacitor leakage clear up to 
10,000 megohms with the new conduct- 
ance function. And conductance allows 
you to measure transistor beta- unique 

with the 8020A. 
Ever damaged your meter in the fly- 

back circuit? Rest easy. The 8020A is 
MOV- protected to 6000V against hid- 
den spikes and transients. 

Your 8020A comes with a full -year 
warranty, with worldwide service back- 
up. Regardless of what happens to it, 
we'll fix it inexpensively and quickly, 
making the 8020A a truly cost- effective 
investment. 

FLUKE 

802OA DM $169. 

THE TEST EQUIPMENT SPECIALISTS 

TOLL FREE HOT LINE ADVANC 800-223-0474 
ELECTRONIC Yves! aS Street New York N.Y.10036 

MEN 

EQUIPMENT REPORTS 
continued fron page 26 

ductor cables, color -coded on one side and 
colored plain red on the other. This helps iden- 
tify the position of the edge connector in the 
chassis socket. The terminal boards used for 
the socket end of these cables are made with 
what looks like a good grade of glass epoxy. 
Printed -circuit wiring on the other side of the 
board completes the circuit, and jumpers are 
added where used in the original socket that 
look as if they would stand up to hard use with 
no trouble. 

I feel these extension module cable kits are a 

giant step forward in making our job just a 

little bit easier! The suggested retail prices for 
the extension cable sets are as follows: the 
Zenith model KZ -2, $49.50; the RCA mode! 
KRX-5, $54.50. The sets are available from 
Sylvania dealers and distributors. "Try 'em, 
you'll like 'em!" R -E 

Microproducts Apple It 
Assembler /Editor 
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A CORESIDENT ASSEMBLER /TEXT EDITOR FOR 

the Apple H computer is now available from 
Microproducts (1024 17th Street, Hermosa 
Beach, CA 90254). This assembler is supplied 
on cassette tape, floppy -disc or EPROM, and 
features line renumbering, printer control and 
driver software for Microproducts' EPROM 
programmer. I used the disc -based assembler 
(Version 2.0), which also allows the program 
text files to be stored, retrieved and merged 
from the disc. 

Writing in machine language yields fast and 
efficient programs. However, machine code is 
tedious and hard to debug. Even with a mini - 
assembler, such as the one in the Apple II, 
changing one line of a program usually necessi- 
tates a lot of machine code acrobatics. With a 

true assembler /editor such as the one de- 
scribed here, the program is written into a text 
file that can easily be read, documented, 
altered and debugged. 

The Apple II assembler supports all stan- 
dard 6502 mnemonics and address modes. 
Also included are six pseudo-op codes that 
allow you to originate variable codes as well as 

hexadecimal format and ASCII constants or 
tables. Labels can be 1 to 4 characters long, 
and the comment field handles up to 16 char- 
acters. Using this assembler makes writing 
machine -language programs almost as easy as 

using BASIC (well, maybe not quite). But 
with a little practice even the beginning com- 
puter user can break the "BASIC barrier." 

I did find one bug that causes the assembler 
to generate false code -it does not always 
catch a BRANCH OUT OF RANGE error. 
Instead, it generates legitimate code, which 
can play havoc with your program and is very 
hard to debug. Fortunately, I also found the 
cure for this problem, and I notified Micropro- 
ducts so that the company can correct any 
future units. (If anyone has an old version of 
this assembler and wishes to correct it, just 
send a self -addressed, stamped envelope to 
West Side Electronics, Dept. MP -F, P.O. Box 
636, Chatsworth, CA 91311.) 

The assembler on cassette tape (No. MP 
78101 -1) costs $19.95; on disc (No. MP 
78101 -3), $25.00; and on EPROM (No. MP 
78101 -2), $40.00 and you must supply the two 
5 -volt 2716 EPROM's. R -E 



With the lowest noise 
figure on the market for 
a crisp, clean, clear 
T.V. reception. 

Rather than a bigger, more expensive 
antenna, a booster may be just what 
your customers need to get a better 
picture. Your distributor can tell you. 
And when he does, ask him about the 
new line of Galaxy boosters from 
Blonder- Tongue. 

He'll tell you they outperform any other Ask your electronics distributor for 
booster made. With a lower noise fig- more information. 
ure which means less snow ... a better 
picture. 
So ask him all about the extraordi- 
nary new line of 
boosters Blonder - 
Tongue has just 
come out with. 
They're getting a 
great reception. 
Because that's 
precisely what 
they give. 

BLONDER TONGUE 

CIRCLE 74 ON FREE INFORMATION CARD 



Our heat gun is light, tough 
and very easy to control. You get 
easier handling with precise 
hot air direction and built -in 
durability. 

Vüeighing only 13 ounces, 
including its 3 -wire cord, the heat 
gun sits comfortably in your hand. 
Its handle stays cool even during 
long hours on the job. 

You can put the hot air stream 
exactly where you want it because 
the nozzle is smaller. And the four 
baffles that are included with the 
gun adapt it for a wide variety 
of uses. 

There's a 3 -way trigger switch 
with hot and cool positions. The 
nozzle temperature reaches 750° 
800 °F in seconds. And you can 
get our optional stand to hold 
the heat gun securely in several 
work positions. 

In its high impact, heat resis- 

tant molded case, the heat gun can 
withstand the rigors of industrial, 
service shop or laboratory use. 

Tiy our versatile, economical 
heat gun for everything from shrink 
tubing, to reflow soldering, to 
repairing plastics. You'll see why 
half of our heat guns are bought 
by or on the recommendation of 
a satisfied user. 

For our new catalog, write to 
Ungar, Division of Eldon Industries, 
Inc., PO. Box 6005, 
Compton, 
CA 90220. 

The Heat Gun. 
For Precise Control 

Of Hot Air. 
CIRCLE 54 ON FREE INFORMATION CARD 
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Time/Voltage 

Calibrator 
Precision digital test equipment requires special test instruments 
to insure that calibrations are within specified tolerances. This 

calibrator supplies time and voltage references you'll need. 

DOUG FARRAR 

FOR YEARS LARGE COMPANIES HAVE EN- 

joyed the benefits of highly accurate digi- 
tal test equipment because only they 
could afford the substantial initial capital 
outlay and the periodic maintenance and 
calibration required in using this equip- 
ment. Recently, however, advances in 
digital and linear- integrated- circuit tech- 
nology have brought the cost of these test 
instruments down to a price affordable to 
even the !mbl eist. 

FIG. 1- MULTIPLE EXPOSURES of -time" out- 
puts. At a programmed voltages are 4, 6, 8 and 
10 with 2.0 -µs period. At b we have 5 -volt 
swings at 1, 2, 4 and 10 µs programmed peri- 
ods. 

However, there is a side to this story 
that is never mentioned: How is a hob- 

byist going to keep his new gear cali- 
brated? In the days of 1% to 5% accuracy, 
the known voltage of a battery or the 
approximate resonant frequency of a 
crystal were adequate enough for calibra- 
tion standards. Nowadays, a 3'/2 -digit 
digital voltmeter (DVM) neèds a 0.1 %a- 

voltage standard; newer scopes need 1% 

(or better) time standards. And even 
inexpensive frequency meters need .01% 
time standards. 

Of course, you can routinely send an 
instrument to a calibration lab (as the 
manuals tell you to do!), but this could 
easily become more expensive than the 
cost of the unit itself. Even if you're will- 
ing to do that, you may not have such a 

lab near you. What's the hobbyist to do? 
The Time -Voltage Calibrator de- 

IOW Y 

YM A 
°000Y 

tif-YG1°Y W iWlTpi 

scribed in this article can be the answer to 
your calibration problems, and could pay 
for itself many times over. This instru- 
ment has two separate sections for time 
and voltage, each controlled by a standard 
4 -digit thumbwheel- switch network. 
When you dial in the desired voltage and 
press the LOAD VOLTS pushbutton, a DC- 
voltage output is produced that is accu- 
rate to better than 0.1 %. Dialing in the 
desired time and pressing the LOAD TIME 

pushbutton produces two time outputs 
with 0.005% accuracy. The first output is 

a standard TTL output with a duty cycle 
within 5 ns of 50 %. The second time 
output has slower rise and falltimes than 
the first, but its voltage swing is highly 
accurate. The time period is controlled 
from the front panel, while the voltage 

VOLT SPECIFICATIONS 
Range 
Total error 

Settling time 
Trim range 

TIME SPECIFICATIONS 
Range 
Multiplier 
Total error 

Trim range 

VOL 

VOM 

Output impedance 
Rise / falltimes 
Duty cycle 

SPECIFICATIONS 

0.000 to 10.000 volts in 1 -mV steps 
0.1% of setting (untrimmed) 
0.05% of setting (trimmed) 

stable to 1 mV within 15 seconds 

20 mV 

000.0 to 999.9 As in 0.1 -µs steps 

X 1, x 10, X 100, X 1,000, X 10,000 

<50 ppm (.005 %) of setting (untrimmed) 
<5 ppm (.0005 %) of setting (trimmed) 

*_ 30 ppm, typical 

Time TTL 

0 volts 
programmed by voLTs sec- 
tion; approx. 4 volts (min.), 
+ 10 volts (max.), ± 10 mV 

<100 ohms (typ.) 
<50 ns (typ.) 
within 20 ns of 50% 

<0.4 volts 
>2.4 volts 

normal TTL 

<5 ns 

within 5 ns of 50% 

35 



swing is between ground and whatever is 

dialed into the volts section ( ± IO mV). 
This last time output is very useful for 
calibrating oscilloscopes. 

The maximum programmable output 
voltage is 10.000 in 1 -mV steps. The time 
output is from 0.1 As to 999.9 As in 0.1 -µs 
steps: but a multiplier switch can be used 
to multiply all these time increments by 
10, 100, 1000, or 10,000, even while 
maintaining the 0.005% accuracy. This 
results in a maximum time output of 
9.999 seconds. The scope photos in Fig. I 

show some of the waveforms obtainable 
with the Time and Voltage Calibrator. 

The best part about the entire project is 

that it requires no calibration to meet 

+ 5V 
O 

1120 

1K 

these specifications! Using the compo- 
nents called out in the parts list, means 
you now have your own secondary time 
and voltage standards that are traceable 
to the National Bureau of Standards 
(NBS). But if you do have access to very 
accurate time- and voltage -measuring 
equipment, the calibrator can be trimmed 
to even tighter specs. 

How it works 
There are two almost separate sections 

to the calibrator: time (Fig. 2) and volt- 
age (Fig. 3). Both sections are loaded 
with the thumbwheel- switch network, 
S I -S4 (Fig. 4). Two separate sets of 
latches (IC l -IC4 and 105-1C8) latch the 

THUMBWHEEL SWITCHES (FIG. 3) 

state of the thumbwheels when their 
respective LOAD switches (LOAD VOLTS, 
S6 and LOAD TIME, S7) are depressed and 
then released. So, after a value is loaded 
into either set of latches, the thumb - 
wheels can be set to any other value. 

Let's examine the time section first. 
The design goals for this circuitry were: 

Time increments of 0.1 Ms; 
A squarewave output; 
A time range of 000.0 through 999.9 
Ms, with a time multiplier on top of 
this. 

To accomplish the first two goals, a 

divide -by -n counter, where n is the 
thumbwheel -latch value, is clocked at a 

20 -MHz rate (50 -ns time period), and 
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FIG. 2 -THE TIME SECTION of the calibrator. Four thumbwheel switches select the time period of the waveforms at the TIME and TTL outputs when 
pushbutton S7 is depressed. 



the counter output is divided by two to 
produce a squarewave with a time step of 
2 X 50 ns = 100 ns (or 0.1 ps). The third 
and last design goal requires a four - 
decade counter network. By reducing the 

'1.000v 
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R24 
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IC39 7415109 
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0 K 

IC39-a 1 

0 C 

counter's clock frequency by 10, 100, 

1000 and 10,000, the time output can be 

multiplied by a similar number. 
Decade up /down counters IC21 -1C24 

are wired in the down -count mode, with 

THUMWHEEL SWITCHES (FIG 31 

IC21 being the most significant stage and 

IC24 the least significant. These IC's 
form a divide -by -n counter stage, where 
the value of n ranges from 2 to 9999. 
When the counter reaches a value of 
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931 
2200 
VM 

R32 
2207 
VN 

0002, all inputs to NAND gate IC33 go 

high, forcing the gate's output to a logic 
low level. This output drives the data 

input of the D -type flip -flop, IC34 -a. On 
the next clock, IC34 -a's output (Q) goes 

low, while the counter decrements to 
0001. The output of IC34 -a is connected 
to all four counters' synchronous parallel 
load inputs, so the counters are now 

prepared for a synchronous load on the 

next clock cycle, and will load the latched 
value of n from the thumbwheel switches 
at that time. The counter stage decre- 
ments in the following sequence: 

n -(n - 1) -(n - 2) ... 3- 2 -1-+n - 

So loading the n -value produces a low 
output from IC34 -a every n clock cycles. 

Dividing this signal with a divide -by -two 
flip -flop (IC34 -b) produces the desired 

squarewave output, and every step in n is 

a 0.1 -ps change in the resulting square - 

wave output. 
Invariably, a value of 0000 or 0001 will 

be loaded into the time section. Since a 

divide -by -zero or a divide -by -one counter 
does not exist, the circuitry would pro- 
duce 'an ambiguous output. To circum- 
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vent the problem, an open- collector ex- 
clusive -NOR network consisting of 
IC13 -1C16 is used as a comparator to 
monitor the latches' loaded value. When a 
0000 or a 0001 is loaded, the OR -tied 
output of the comparator gates goes high, 
signaling the logic that this special condi- 
tion now exists. The comparator output 
drives IC35 -c -2, IC35 -a and IC36 -a 
(IC35 is wired as a 1 -of -2 multiplexer). 
When the comparator output is low, the 
multiplexer selects the divide -by -n output 
to be applied to the clock input of divide - 
by -two flip -flop IC34 -b, as discussed 
above. But when the comparator output is 
high, the multiplexer selects the down - 
counters' clock input as the clocking 
signal to IC34 -b. This produces a divide - 
by-2 squarewave of 20 MHz, or 10 MHz, 
which is a 0.1-us period. But if a 0000 is 
loaded into the time thumbwheel latches, 
the input of NAND gate IC36 -b is low, 
causing its output to go high. This means 
that both inputs to IC36 -a are high, and 
the overriding asynchronous sT input to 
IC34 -b is activated. The divide -by -two 
flip -flop output is now always low, re- 
gardless of the inputs on the synchronous 
inputs, producing a period of 0, as 
required. 

The time -counter network can gener- 
ate the correct squarewave for any value 
from 0 to 9999. All that remains to be 
done is to buffer the squarewave before 
applying the signal to the front panel. 
Buffer IC36 -c inverts IC34 -b's output, 
and is a standard TTL output (i.e., it has a 
precise time but no amplitude control). 
Open -collector buffer IC37 -a drives 
CMOS buffer network IC40. This output 
swings between ground and its V00 input 
(indicated as VHIGH on the schematic 
diagram), which is a DC signal coming 
from the volts section (to be discussed 
shortly). While the rise and falltimes 
from buffer IC40 are slower than that of 
a TTL output, the amplitude and period 
are very accurate. However, reliable oper- 
ation below about 4.5 volts cannot be 
expected. 

Getting the time- counter network to 
operate at 20 MHz is not easy and 
requires more circuitry than a slower 
counter chain. Integrated circuit 31, 
IC32, IC33 and IC34 perform the neces- 
sary high -speed logic operations. It is 
important that these IC's be Schottky - 
type IC's, and not low -power Schottky or 
standard TTL types. Furthermore, if you 
believe in worst -case numbers, down - 
counters IC21 -1C24 should be manufac- 
tured by either Fairchild, Motorola, or 
Raytheon, since the worst -case speed 
specifications of these companies are 
tighter than those of other makes. The 
"slower" devices may result in the count- 
ers not working with some n counts! 

Up to this point, it has been assumed 
that the time counters work with a 20- 
MHz clock input. If a 2 -MHz clock rate 
is used instead, each least- significant 
thumbwheel step would be 1.0 its, rather 
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FIG. 5- DECADE COUNTERS in ripple configuration divide the 20 -MHz clock frequency by a factor of 
10 per counter. 

than 0.1 us. Furthermore, 200 -kHz, 20- 
kHz and 2 -kHz clock inputs would pro- 
duce minimum steps of 10 us, 0.1 ms and 
1.0 ms, respectively. Generating these 
clock rates is a simple task, assuming that 
the 20 -MHz frequency already exists. 
Decade counters IC25 -íC28 (Fig. 5) are 
hooked up to divide the 20 -MHz clock by 
factors of 10 -per- counter. 

The 20 -MHz signal and the four 
counter outputs are connected to multi- 
plexer IC29. Use of the multiplexer and 
TIME MULTIPLIER switch S5 allows front - 
panel "cold- switch" selection of a single 
clock to be applied to the time section. 
That is, a set of DC signals can select one 
AC signal to be applied to the time count- 
ers, thus avoiding the need to route the 
noise -producing AC signals to the chas- 
sis's front panel. The output of the multi- 
plexer is buffered by IC30 -d before being 
applied to the time calibrator's clock 
inputs. 

The NAND gates, IC30 -a and IC30 -b, 
are the amplifying components of the 
crystal oscillator, whose frequency is set 

VPEAK r r 
0 J J "VAVG 

VAVG - VPEAK X DC /100 

WHERE VPEAK IS THE PEAK VOLTAGE 

DC IS THE WAVEFORM DUTY CYCLE (=fi) 
FIG. 6- CHARACTERISTICS of the squarewave 
that determines the average voltage. 

by the 20.0 -MHz crystal. The NAND 
gates introduce a small amount of loop 
delay that is compensated for by the 
paralleled capacitor combination of C35, 
trimmer C36, capacitor C37 and resistor 
R38. Resistors R21, R22, R36 and R37 
bias the gates in their linear regions. The 
oscillator output is buffered by IC30 -c 
before being applied to the multiplexer 
and countdown string. 

The volts calibrator: how it works 
Anyone who has designed an automo- 

bile dwellmeter will recognize the opera- 
tional principle behind the programmable 
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voltage generator. If a rectangular -wave 
voltage is allowed to swing between 
ground and some known voltage with 
some known duty -cycle, then the average 
voltage is given by the equations shown in 

Fig. 6. 

So, with a duty -cycle of 0, the wave- 
form never switches but remains at 
ground, and VAVG = O. A duty -cycle of 
100 means that the waveform remains at 

VPEAK, SO VAVO = VPEAK A duty-cycle at 
any point hemeen the teo extremes pro- 

duces an average voltage between 0 and 

VPEAK, as shown by the Fig. 6 equation. 
How can this principle be used here? 

It's easy to generate an extremely accu- 
rate duty -cycle using standard digital 
technology. However, where do you ob- 
tain an accurate voltage source? Here 
comes linear IC technology to the rescue! 
National Semiconductor produces a lin- 
ear IC voltage reference that is laser - 
trimmed to 10.000 volts. This IC comes 
in two accuracy grades: -1H is 10.000 
volts ± 10 mV ( ±0.1 %), while -2H is 
±5 mV ( ±0.05 %). The latter value is 

specified here for the ultimate in untrim- 
med accuracy. 

How do you generate an AC rectangu- 
lar waveform that swings accurately be- 
tween 0 and 10.000 volts; does it with the 
desired duty -cycle; and exhibits insignifi- 
cant rise and falltimes between the two 
voltages? The answer is surprisingly sim- 
ple: All CMOS circuits switch their out- 
puts between ground and their supply 
voltage, VDO. Because FET's behave in a 

resistive manner, there is no offset volt- 
age at the outputs to contend with, as in 

TTL logic circuits. Thus, by applying the 
10.000 -volt reference to Vpp of a CMOS 
gate, and applying the specified duty - 
cycle to the gate's input, the desired 
signal conditioning appears at the CMOS 
output. All that remains to be done is to 

continued on page 104 

Resistors are 5 %, I. watt unless 
otherwise noted 

R1 -R18- 10,000 ohms 
R19,R20,R23,R24,R36,R37 -1000 ohms 
R21. R22 -510 ohms 
R25 -1800 ohms 
R26 -R28- 1 megohm 
R29- 15,000 ohms 
R30 -5100 ohms 
R31- R33 -22 ohms 
R34- 25,000 -ohm, PC -mount trimmer 
R35- 10,000 -ohm, PC -mount trimmer 
R38 -100 ohms 
Capacitors 
C1- C19- -0.047 izF, 25 volts, ceramic disc 
C20, C21 -1000 AF, 16 volts, radial 

electrolytic 
C22, C23 -220 NF, 35 volts, radial 

electrolytic 
C24-C28- 10 MF, 25 volts, radial 

electrolytic 
C29- C31 -47 F, 25 volts, radial 

electrolytic 
C32- C34 -0.1 MF, 50 volts, Mylar 
C35 -56 pF (or 91 pF), 50 volts, mica (see 

text) 
C36- 15 -60 -pF trimmer (see text) 
C37 -91 pF, 50 volts, mica 
Semiconductors 
D1- D6- 1N4002, 1A, 100 -volt diode 
IC1-1C8-74LS175, quad D -type flip -flop 
IC9 -IC 16- 74LS266, quad exclusive NOR 

gate 
IC 17- IC20 -74LS 169, 4 -bit up -down 

decade -counter 
IC21- 1C28- 74LS169 (Fairchild. Motorola 

or Raytheon, see text) 4 -bit up -down 
counter 

PARTS LIST 

IC29- 74LS151, 8 -input multiplexer 
IC30, IC35, IC36- 74500, quad 2 -input 

NAND gate 
IC31- 74532, quad 2 -input OR gate 
IC32- 74SO4, hex inverter 
IC33- 74S30, 8 -input NAND gate 
IC34- 74S74, dual D -type flip -flop 
IC37 -7406, hex inverter, open -collector 
IC38- 74LS02, quad 2 -input NOR gate 
IC39- 74LS109, dual J -K flip -flop 
IC40, IC41- CD4001, quad 2 -input CMOS 

NOR gate 
IC42- LF355N (National) JFET op -amp 
IC43- LM1458N (National) dual op -amp 
IC44- LH0070 -2H (National) 10 -volt 

reference 
IC45- LM340T -5 (National) 5 -volt positive 

regulator 
IC46- LM340T -15 (National) 15 -volt 

positive regulator 
1C47- LM320T -5 (National) 5 -volt 

negative regulator 
Miscellaneous 
S1- S4- Thumbwheel switches. 

BCD- complement, Unimax SF -18 or 
equal (Unimax Switch Corp., Ives Rd., 
Wallingford, CT 06492) 

S5 -2 -pole, 5- position rotary switch (CTS 
T -206 or equal) 

S6, S7- Momentary, normally open 
switch 

S8 -SPDT, ON- OFF -ON switch 
S9 -SPST switch 
J1 -J4 -5 -way binding post 
J5 -BNC female, panel -mount connector 
XTAL1- 20.0 -MHz quartz crystal, 

series -resonant, .005% or better 
tolerance, HC18 /U holder 

Thumbwheel switch end plates; line cord; 
strain relief; case (LMB #ME- 7114); 
4 -40 x ''z -in. hardware; knob; Y, -in. 
aluminum strips; wire and coax; BNC 
receptacle and ground lug; PC board; 
and dry transfer letters. 

The following components are 
available postpaid from Noveltronics, 
P.O. Box 4044, Mountain View, CA 94040: 
CK -TVC: Complete kit of parts and 

hardware -PC board, special 
2 -color dry transfer chassis 
lettering sheet, and unpunched 
chassis, $150. 

PK -TVC: Partial kit -complete 
thumbwheel switch assembly, 
LH0070 -2H, transformer, 
crystal, case, special dry 
transfer lettering sheet, and PC 
board, $100. 

PCB- Etched, drilled and 
TVC: silk- screened PC board, $25. 

California residents add state and 
local taxes to the total order. Individual 
items are not available for sale. Orders 
paid by money order or bank -certified 
check can be discounted 5 %, and 
guarantee shipment within 2 shipping 
days after receipt of order. Allow up to 2 

weeks delay for personal check 
clearance time. No out -of -state P.O. 
boxes, please. Canadian and Mexican 
orders add 5% (non -discountable) of 
order, all other non -USA orders add 10% 
(non -discountable) to cover additional 
postage and handling. U.S. funds only. 
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BOWLING MAY BE ONE OF OUR EARLIEST 
sports, with origins dating back to the 
Egyptians of 5200 BC. Almost five mil- 
lion Americans bowl in sanctioned 
leagues, and over sixty million more bowl 
for recreation or exercise. However, it is 
hard to find a functional yet reasonably 
priced toy bowling game for the home. 
The game described in this article can be 
built to almost any size, uses materials 
that are easily obtainable and priced rea- 
sonably and is a faithful representation of 
the real thing. 

Playing the game 
Depending on the size of the alley you 

want to build, various objects can be 
selected as a "ball" or puck. I chose to 
size everything around a quarter (a twen- 
ty -five cent coin), but you could use a 
poker chip or any other circular opaque 
object. When the game is turned on and 
reset, all 10 display LED's are dark. If the 
"ball" slides down the alley and passes 
over several of the "pin" spots the photo - 
Darlington transistors embedded in the 
lane are blocked from light. This change 
in state is remembered by the internal 
CMOS bistable latches, and the display 
LED's indicate which pins would have 
been knocked down in a real game had 
the ball taken a similar path. For exam- 
ple, striking the 1 and 2 pins but missing 
the 3 pin is the same as hitting the "pock- 
et" and it gives you a strike. Hitting the 1, 

2 and 3 pins results in that nemesis of all 
bowlers, the 7 -10 split. Other ball paths 
are similarly translated into the equiva- 
lent pin knockdown. If you get a "spare," 
(i.e., less than 10 pins are knocked down), 
the second ball is then thrown. Again, the 
gating tells the display which pins have 
been knocked down. For more realism, all 
the spares can be picked up except for the 
7 -10 split, which is unmakable. After a 
strike or the second ball, pressing the 
RESET pushbutton clears the display for 
the next bowler. Scoring is done exactly 
as in real bowling; you can obtain bowling 
score sheets from a local bowling estab- 
lishment. 

The circuit 
The block diagram in Fig. I shows the 

sequence that occurs when a ball or puck 
such as a quarter passes over the pin area 
of the board. Each of the front seven pin 
locations has a photo -Darlington transis- 
tor inserted in a slot flush with the lane 
surface. Normal room lighting is suffi- 
cient to cause logic -level switching when 
the photosensitive area is covered by the 
ball. Each phototransistor (Fig. 2) is 
wired to its own bistable latch circuit, 
which "remembers" a pass of the ball by 
flipping states. These latches, in turn, 
feed a series of CMOS AND gates (Fig. 

BOWLING 
GAME 

CHARLES L. STANFORD 

If your gameroom is too small for that full -size 
bowling alley you've always wanted, here is an 
electronics -based bowling game for you to try. 

3), which are wired to detect various pin 
combinations. A total of 30 gates in 10 IC 
packages is connected to provide 21 sepa- 
rate and distinct outputs. While there is 
no way to show the effect of a hook ball or 
a pin bouncing off the side boards, every 
possibility of one or two balls going over 
the pin area is considered. See Table 1 for 
the various input combinations and the 
resultant displays. 

Twenty -one of the outputs are diode - 
Or'ed into a diode matrix ROM (Read 
Only Memory) with seven horizontal - 
input lines and 10 vertical- output lines 
(see Fig. 4). The input lines each have 
connecting diodes at the appropriate 
junctions of the output lines to drive the 
10 display LED's. 

The power supply for this circuit (Fig. 
5) is noncritical since switching speed is 
not important. Any handy holder for 4 C 
or D batteries will suffice. I omitted the 
batteries and used a 6 -volt calculator 
battery eliminator from my junk box 
instead. Diode DI, capacitor CI and 

7 PHOTO-DAR LINGTO NS 
EMBEDDED IN 
LANE SURFACE NORMAL 

INTERIOR 
LIGHTING 

OUTPUTS 

14 OUTPUTS 18 OUTPUTS 10 OUTPUTS 

resistor R I provide the needed rectifica- 
tion and protection against reverse polari- 
ty and power surges. Note that both 
supplies can be installed if a shorting -type 
jack is used; standard dry cells can leak or 
explode if charging is attempted. A bat- 
tery eliminator of from 4.5 to 12 volts can 
be used if LED current -limiting resistors 
R20 -R29 are changed in value; the 
CMOS IC's will function on any DC 
supply between 3 and 15 volts. 

Construction 
Before starting construction, decide on 

the size of the ball. I chose a quarter, 
since the alley is a convenient size for 
table -top play and there is no danger of 
losing the ball and not easily finding 
another. The dimensions shown in Fig. 6 
for constructing the lane, gutters and 
phototransistor holes are all determined 
by the diameter of a quarter. If a different 
size "ball," such as a poker chip, is 
chosen, all these dimensions must be 
multiplied by the ratio of the diameter of 

LED 

DISPLAY PANEL 

FIG. 1 -BLOCK DIAGRAM of the bowling game. Action flows from pins at left to display at right. 



the chosen ball to that of a quarter (this is 

approximately 15/16 inch). In addition, you 
must be careful to shape the circuit board 
(see Fig. 7) so that it fits under the 
alley. 

While an etched PC board could have 
been developed for this project, the labor 
and cost involved would have exceeded 
that of the rest of the components com- 
bined. This game, with its low -cost IC's 
and relatively straightforward schematic 
diagram, is a natural for wire -wrapping 
techniques. I went one step farther and 
used a modification of the IC bricklaying 
method (see "IC Bricklaying," Radio - 
Electronics, December 1977). The IC's 
were glued upside down to a sheet of ' /r- 
inch clear plastic, and the pins were 
direct -wired using a wiring pencil. Any- 
one trying this, however, must accept the 
risk of static damage to the sensitive 
CMOS IC's. A safer procedure is to use 

multilevel wire -wrap sockets on perfo- 
rated board and connect the pins with 
several colors of 30 -gauge Kynar -insu- 
lated wire. 

First, insert the sockets in their relative 
locations, being careful to leave room for 
mounting the hardware and other compo- 
nents (see Fig. 7 for general guidelines 
and dimensions). At this point, it is 

generally easiest to wire the positive and 
ground leads on all IC's, using 22 -gauge 
hookup wire and soldering them flush 
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FIG. 2- DARLINGTON phototransistors 0 -07 
are wired to bistable latches using NOR gates. 

TABLE 1- INPUT -OUTPUT CODES 

Gate Diode Matrix Diode Matrix Outputs 
Pin Code Gate Combinations Output Input Lines 1 2 3 4 5 6 7 8 9 10 

123 B(123) B 11, 14, 16 1111111111 
123 C(123) C 11, 14, 16 1111111111 
12346710 A(123)&E(46710) N 11 1111110110 
134 H(14)&3 U 12 0010110111 
346710 M(34)&6710 T 13 0000010011 
14610 H&L(610) V 14 0000000001 
246710 J(24)&G(67)& 10 P 15 0001001100 
1467 H&G W 16 0000001000 
12310 A&10 X 11, 14 1111110111 
1236 A&6 Y 11, 14 1111110111 
123 K(12)&3 Z 12, 17 0111111111 
2346 J&36 0 12, 15 0011111111 
1347 H&37 R 12, 16 0010111111 
2346 F(2346) F 13, 17 0101111111 
246710 J&D(6710) AA 13, 15 0001011111 
126 K&6 BB 17 0101101110 
246710 J&G&10 S 14, 15 0001001101 
1234 A&4 CC 11, 16 1111111110 
1237 A&7 DD 11, 16 1111111110 
346710 M(34)&D EE 13, 16 0000011011 
12610 K&L FF 14, 17 0101101111 

with the PC board. This both holds the 
sockets in place and provides a pin refer- 
ence. Note the nonstandard connections 
of IC's 15 and 16. Now, install RI and 
R2 through R8, CI, Dl and the 22 -gauge 
wires that will later be connected to SI, 
JI and BI (if used). Finally, label each 

socket and mark the pin I locations on 
both sides of the board. 
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Wiring between the pins of IC's 1 -14 
will be easier to perform and trace if one 
wire -insulation color is used for all the 
number -designated pins ( I , 1, 2, etc.) and 
another color is used for all lettered pins 
A through FF. Start by connecting all the 
pins of each designation together, as 

shown in Fig. 8. For example, 1 (which 
means "not one ") is found at ICI pins 2 
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FIG. 3- THIRTY AND GATES provide 21 outputs generated by input from the phototransistors. 
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FIG. 4 -DIODE OR GATES feed into a diode read -only- memory with seven horizontal input lines and 
ten vertical output lines. Ten invertersm fed by the output lines, control the LED indicators. 

S1 01 prise a wired -oR circuit. Generally, the 
outputs of CMOS gates cannot be con- 
nected, since an off gate directly connect- 
ed to an on gate would short the power - 

+1 supply rails through the IC's. However, 
small -signal diodes can be used instead of 
additional gates to avoid this problem. 
Insert the bent leads of the diodes 
through the circuit board from the top 
with the anodes nearest the IC sockets. 
Then, connect the appropriate lettered 
outputs to their respective diodes. 

Using a felt -tip pen, draw the hori- 
zontal matrix lines on the board and mark 
the locations of matrix diodes D39 -D66. 
Insert the unbent anode leads through the 
board from the top. Run a piece of bare 
22 -gauge hookup wire from the cathodes 
of the groups of OR diodes across each 
line, wrapping once around each matrix 
diode. Solder snugly against the board so 

the diodes stand erect on the other side of 
the board. The 10 bias resistors, 
R 10 -R 19, are similarly inserted from the 
top and wired in parallel to ground. 

J1' R1 1N4001 
10sí 
2W 

+6VDC 

+ Cl 
100µF 
15VDC ¡ BATT1- 

BATT4 
I 6V 

GND 

'SEE TEXT 

FIG. 5 -THE POWER SUPPLY. A 6-volt battery 
or four flashlight cells can be used away from 
AC lines. See text on AC input voltages. 

and 11 and IC6 pins 1 and 13. Continue 
making pin connections until all num- 
bered inputs have been checked off. 
Then, change wire colors and connect the 
pins with letter designations. Connect 
resistors R2 -R8 to their respective leads 
on IC's 1 to 4 and to V+ at the power 
supply. Also connect all the pins desig- 
nated R to each other and to R9; ground 
the other end of R9. 

The diode matrix and its inputs (see 
Fig. 4) come next. Diodes D2 -D38 corn- 

Now, turn the circuit board over and 
connect a wire up each of the 10 vertical 
lines of diodes, starting at the resistor. 
Thread these leads through the board and 
connect to their respective pins of IC's 15 

and 16. Finally, connect the output pins 
of IC's 15 and 16 to resistors R20 -R29. 

Building the cabinet 
The construction of the alley is quite 

straightforward, requiring only simple 
hand tools, a few pieces of tempered 
Masonite or other smooth -surfaced board 
and some pine strips. First, cut both of 
the lane base pieces to the dimensions 
determined by the chosen ball size. Note 
that the T- shaped piece is the actual 
bowling surface and be careful not to mar 
or gouge it. Carefully mark and drill the 
photo -Darlington transistor mounting 
holes. Now, paint in a contrasting color 
the part of the bottom (rectangular) 
board that will be exposed as the gutters. 
Use black paint if a light shade of board is 
available, and white paint if you use dark 
Masonite or paneling. Do not paint the 
entire board because the glue will adhere 
better to bare wood or fiber. Next, glue 
the two pieces together. 

When the lane is thoroughly dry, as- 

semble it to the side boards using the 3/4- 

inch or 1- inch -square corner braces and 
glue. 

When all the glueing is complete and 
set, drill two very small holes ('/16 inch or 
less) through the bottom lane piece near 
the edge of each of the front seven tran- 
sistor mounting holes. Snip off the base 

lead of photo- Darlington transistors 

PARTS LIST 
Resistors, Y. watt, 10% unless otherwise 

noted 
R1-10 ohms, 2 watts 
R2 -R8- 15,000 ohms 
R9 -R19- 100,000 ohms 
R20 -R29 -220 ohms 
C1-100 MF, 15 volts, electrolytic 
D1- 1N4001 or equal 
D2-D66-1N914 small -signal diode 
Q1- 07- 2N5777 photo -Darlington 

transistor 
ICI -IC4 -4001 quad 2 -input NOR gate 
IC5, IC10, IC12 -4073 triple 3 -input AND 

gate 
IC6, IC7, IC11, IC13, IC14 -quad 2 -input 

AND gate 
IC8, IC9 -4082 dual 4 -input AND gate 
IC15, IC16 -4049 inverting -type hex 

buffer /converters 
LED1 -LED10 -jumbo red LED, Radio 

Shack 276 -041 or equal 
S1 -SPST toggle or push -on /push -off 

switch 
S2 -SPST momentary pushbutton switch 
J 1- shorting -type phone jack, see text 
BATT1-BATT4- size -C or size -D dry 

batteries, see text 
Misc: 
(14) 14 -pin wire- wrap -type DIP sockets; (2) 

16 -pin DIP wire -wrap sockets; battery 
holder; perforated board; 22 -gauge and 
30 -gauge wire; pressed board or 
Masonite, etc. 
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Ql -Q7, carefully bend the other two 
leads as shown in Fig. 9, and insert them 
into the two small holes. Press down gen- 
tly, making sure each transistor is slightly 
below the playing surface. Now, wire all 
the emitters in parallel and hook a sepa- 
rate lead to each collector. Leave these 
eight wires long enough so that they 
reach the eventual locations of R2 -R8. 

Constructing the display panel 
The size of the display board is deter- 

mined by the mounting method chosen. 
The simplest type of mounting is to 
attach the display panel to two vertical 
posts attached to the side frame pieces 
near the far end of the alley. In this case, 

the width of the panel will be the overall 
width of the alley plus the thicknesses of 
the vertical mounting posts (a 3/. -inch 

width is recommended). The actual dis- 
play area is composed of two pieces of 
'/e -inch or' /16 -inch particle board or Ma- 
sonite. Drill two small holes (a maximum 
of /. inch) at the location of each LED in 
the front piece, then paint the panel flat 
black. Insert the LED leads, hold the 
LED's flush and carefully bend the leads 
flat on the back of the panel. Wire all the 
anodes in parallel with a piece of 22- 
gauge hookup wire that is long enough to 
reach from the display to the circuit 
board. Then, connect a similar length of 
30 -gauge Kynar wire to each of the cath- 
odes. Group all the wires together at a 

bottom corner of the panel, and bolt or 
screw the back -panel cover in place. This 
will both hide the wires and hold the 
LED's in place. Now, carefully strip the 
necessary length of outer insulation off a 

INTERIOR PHOTO showing circuit board of one 
version of the game. A PC board was not used 
because of circuit complexity. 

piece of coax or other available wire of 
the proper size, and use it as a sheath for 
the eleven leads between the panel and 
the circuit board. 

For a more professional look, drill the 
proper size holes in a piece of clear acrylic 
plastic and add it to the front of the panel. 
It will enhance the display brightness and 
give a finished appearance. I formed a 

convoluted shape out of clear plastic to 
form both a front panel and a sloping ball 
return. 

Installation and testing 
First, insert all the IC's into their prop- 

er sockets, observing polarity and 
CMOS -handling procedures. Then, 
screw the corners of the PC board to the 
mounting blocks and install power jack J I 

and switches SI and S2. If batteries are 
used, mount the battery holder. Finally, 
connect the display, power and switch 
leads. Be very careful to observe polarity 
at jack JI and the battery holder. Unless 
the display wires are color -coded or 
tagged, they will have to be sorted out one 

continued on page 106 
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WHAT'S NEW IN 
RECHARGEABLE 

BATTERIES 
If we wanted rechargeable batteries to supply power to electronic equipment, we generally 

selected a NiCad or special alkaline type. Now, we can choose Lithium too 

WALTER SALM 

IF YOU USE BATTERIES (,AND WHO 
doesn't), you're probably painfully aware 
of some of their limitations. Primary 
(nonrechargeable) batteries fill a definite 
need in our lives, but they have the 
distressing habit of becoming exhausted 
just when you need them the most. 

The obvious answer to this has tradi- 
tionally been the secondary (recharge- 
able) battery, and where electronic equip- 
ment is concerned, nickel- cadmium (Ni- 
Cad) has been king for the last 10 to 15 
years. But there are many forms of 
rechargeable batteries with specifications 
that vary widely. In addition to nickel - 
cadmium, there is the lead -acid type 
which is now being trimmed down from 
its large automobile size to small sealed 
units that are supposed to compete with 
nickel- cadmium. The sealed lead -acid 
type uses a sulfuric acid gel for its elec- 
trolyte, making it about as dry as other 
"dry" secondary batteries. It has the big 
advantage of a lower cost per watt -hour- 
less than V. as much as the nickel- cadmi- 
um type. 

But the sealed lead -acid cell just hasn't 
caught on all that well with consumers. 
For one thing, the cell's nominal open - 
circuit potential of 2.0 volts means that it 
has little compatibility with the more 
traditional types of batteries used in con- 
sumer goods, such as appliances, radios, 
calculators and other devices. Remember, 
these devices were mainly designed to 
work with primary batteries that typically 
have a 1.5 -volt open -circuit potential. The 
nickel- cadmium battery has been fairly 
interchangeable with them because of its 
1.35 to 1.4 -volt open- circuit rating. The 
slight difference in voltage is usually 
more than made up for by the NiCad's 

higher current discharge rate. 
A closer look at the nickel- cadmium 

cell shows that it has a lot of built -in safe- 
guards -and some important variables. 
When most secondary batteries recharge, 
a certain amount of waste -product gas is 
produced by the charging process. The 
lead -acid batteries used in the family 
chariot vent this gas through the small 
holes in the water filler plugs. Periodical- 
ly, this type of battery must have water 
added to offset normal evaporation and 
water lost during the recharging process. 

In the sealed nickel- cadmium battery, 
the gas produced is oxygen, which is 
handled by two techniques: providing 
enough internal air expansion space to 
accommodate this gas within the cell 
until it goes back into solution in the elec- 
trolyte during discharge; and by provid- 
ing chemicals that would combine with 
and absorb excess oxygen to prevent pres- 
sure buildup. Generally though, as used 
by consumers, nickel- cadmium batteries 
do not vent gas when used with chargers 
recommended by the battery manufac- 
turer. 

Most people think nothing of leaving a 
set of batteries plugged into the charger 
long beyond their recommended maxi- 

mum charging period. It's quite familiar 
to notice the razor sitting on the shelf 
with red light still glowing a full 24 hours 
after it should have been unplugged. 
"Ohmygosh, how long has that been 
charging ?" is the usual reaction. 

Since one of the biggest abuses of 
NiCad's is overcharging (and overdis- 
charging), most manufacturers now pro- 
vide some kind of exhaust vent to prevent 
the ultimate catastrophe -an explosion or 
rupture due to overcharging, an event 
that rarely happens with consumer bat- 
teries but can occur in heavy -use industri- 
al and commercial applications. There are 
basically two types of such vents -one - 
shot deals that effectively take the battery 
out of useful service, but prevent the 
explosion; and resealable vents that re- 
lieve pressure but maintain the battery's 
airtight integrity. 

The secret of the resealable vent is that 
it opens only momentarily and then only 
when the internal gas pressure gets so 
high that the battery is in danger of 
rupturing. The vent opens, a puff of 
charging gas (oxygen) escapes, and the 
vent closes and reseals automatically. Ac- 
tually, this vent can open and reseal many 
times during a heavy overcharge cycle, 
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NI -CAD IN A DIP from General Electric mounts 
directly on PC boards to provide standby power 
for logic circuits. 

and its presence greatly extends the life of 
the battery. 

The non -resealable vents, while they 
avoid possible battery rupture, stay open 
once they break their seal, and the bat- 
tery's electrolyte then proceeds to dry out 
fairly quickly. 

The resealable vent is especially impor- 
tant in batteries used with quick- charge 
systems of 15 minutes or so. 

Lead -acid in new dress 
While it's fairly common to compare 

other rechargeable batteries with the ven- 
erable open- vented wet automotive lead - 
acid type, this old -time combination of 
materials has taken on new dress in recent 
years. The dry, sealed lead -acid battery 
has been on the scene for a couple of 
years now, and is gaining ground in many 
areas. Unfortunately, it still hasn't been 
able to displace the nickel -cadmium bat- 
tery yet in its many consumer power 
applications. 

In its basic form, the dry lead -acid 
battery consists of two strips of lead sepa- 
rated by a porous glass -fiber strip. This 
sandwich is wound up into a cylindrical 
form and then baked to harden the lead 
paste. Once in the case, a very tiny 
amount of sulfuric acid is squirted in to 
become the electrolyte, and the whole 
thing is sealed up. There's no venting 
needed (except for instances of battery 
abuse), since the battery chemistry uses 
up free oxygen as soon as it forms during 
charging, and the battery will not over- 
charge. 

Weight is somewhat of a problem when 
comparisons are made with NiCad types, 
but there is even more of an obstacle - 
the 2.0 volt open- circuit cell potential 
obviates any possible direct replacement 
use for conventional carbon -zinc or man- 
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ganese -alkaline types. Manufacturers of 
this type of battery instead feel that ener- 
gy- consuming appliances should be de- 
signed around the battery, instead of the 
other way around. And there is certainly 
some validity in this viewpoint. 

The discharge rate of both sealed -lead- 
acid batteries and nickel -cadmiums can 
be tailored to meet deep- discharge needs 

25 30 

POSITIVE AND 
NEGATIVE PLATES 
SPI RALLY -WOUND 
TO YIELD HIGH 
DISCHARGE 
CAPACITY, 
EVEN AT 
HIGH RATES. 

in certain applications. A favorite place 
for such batteries today is electric -start 
lawnmowers, motorcycles and other de- 
vices ordinarily started by handcranking. 

Lead -acid batteries have also appeared 
as rechargeable lantern batteries (they're 
6 volts, so the 2 -volt nominal doesn't 
present a design problem) and in certain 
kinds of high -consumption power tools 
and appliances that are more conveniently 
used in a cordless version. 

Lead -acid battery manufacturers state 
that these units can be recharged at least 
200 times, and deliver full rated power 
each time. Full discharge doesn't shorten 
the battery life as it can do with some 
other types, and the battery doesn't leak 
off the charge as rapidly as NiCad's or 
conventional wet lead -acid batteries. Ni- 
Cad's, on the other hand, are often guar- 
anteed for at least 500 charge /discharge 
cycles, but can hold a full charge only for 
a week or so before leaking it off. As with 
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PURE LEAD GRIDS 
GIVE EXCELLENT CORROSION 
RESISTANCE AND LOW 
INTERNAL IMPEDANCE. 

INTERNAL CONSTRUCTION of a typical sealed lead -acid cell. 
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anything, you pay your money and you 
take your choice. 

Lithium to the rescue 
Remember the big splash over lithium 

primary batteries a couple of years ago? 
These batteries were going to be the 
power source of the future -they had 
such fantastic energy density. But as with 
many new technological developments, 
they had their design problems, which 
have been pretty much cleaned up by 
now. 

Lithium's prodigious energy- storing 
properties have now come to the re- 
chargeable battery. Two companies - 
Bell Laboratories and Exxon Research 
and Engineering Co. -have developed 
lithium secondary battery technologies 
that could well be the beginning of a 
minor revolution in energy sources. Bell's 
battery is called lithium -vanadium disul- 
fide, while Exxon's is lithium- titanium 
disulfide. They both use certain special 
properties of metal- disulfide combina- 
tions to make the batteries work. 

These materials belong to a class 
known as "layered compounds" and the 
compounds are typically only three mole- 

TITANIUM DISULFIDE compound used in lithi- 
um cells produced by the Exxon Engineering 
and Research Company. This view of the com- 
pound with a X1000 magnification shows the 
layering effect. The between the layers is filled 
with lithium. 

cules thick -two molecular thicknesses 
of sulfur bonded with a layer of metal 
molecules in between, sandwich- fashion. 
The next layer consists of another sulfur - 
metal- sulfur bond and so on. 

These layers are loosely bonded togeth- 
er like the pages in a book -with free 
space in between. A familiar layered 
material that comes to mind is mica, 
whose "pages" can be peeled apart rather 
easily. 

In these layered compounds, the space 
between the layers is filled with lithium 
(full discharge state). When the battery is 
charged, the lithium migrates out from 
between the layers and is plated out as 
lithium metal. There is no reason for the 
lithium to move back between the layers 
until current is drawn from the battery. 
Thus, the battery retains its full charge. 

Since the charge /discharge cycle 
doesn't involve any kind of chemical reac- 
tion, just a migration of lithium ions from 
one free space to another, there's no 
opportunity for any kind of chemical 
deterioration to occur. One scientist at 
Bell Labs described it as something like a 
sponge taking up water. The sponge may 
increase slightly in volume when all the 
spaces are filled, but it hasn't changed at 
all. The lithium ion migration into the 
space between layers acts much the same 
way. 

Plastic separator 
A further difference between the Bell 

and Exxon batteries is the plastic sheet 
separator used by Exxon. Here, the lay- 
ered titanium disulfide is separated from 
a layer of metallic lithium by a porous 
plastic film. Once again, lithium ions 
migrate through the electrolyte mix, in 
this case a solution that's as dry as the 
paste in most "dry" batteries. Unlike the 
Bell battery, in which the layered com- 
pound is pressed or molded into a sponge- 
like shape, Exxon physically layers the 
material on a substrate, covers it with the 
plastic sheet, then covers it with a layer of 
lithium. 

The other big difference between the 
two companies' approaches: Bell is licens- 
ing the manufacturing to other compa- 
nies instead of producing batteries itself; 
Exxon is already in pilot production in a 
spanking -new plant and expects to have 
full -scale production underway soon. The 
new manufacturing subsidiary is part of 
Exxon Enterprises, Inc. 

The new lithium rechargeables have 
several important features: 

Once charged, they can be stored 
indefinitely without leaking off any 
of the charge. 
No matter how many times the 
battery is cycled through charge/ 
discharge, there is no chemical 
deterioration. 
Energy density is significantly 
higher than for other battery 
types -typically about two to five 
times as much as for comparable 
size nickel- cadmium batteries. 

But that unlimited lifetime does have 
some qualifications. As one Exxon scien- 
tists put it, "Deep charging and discharg- 
ing could have some adverse effects on 
battery lifetime. Actually, you can wreck 
any battery if you abuse it badly 
enough." 

The frosting on the cake is a very prac- 
tical application in a mind -blowing desk 
ornament proudly displayed by Exxon 
officials. Sealed into an acrylic plastic 
paperweight is an LCD digital watch 
movement, a lithium cell about the same 
diameter as the watch movement, and a 
tiny string of solar cells. The solar cells 
trickle- charge the battery, which keeps 
the watch running -indefinitely. Exxon 
believes that new products will be tailored 
to use these new batteries wired in perma- 
nently -just like so many transistors, re- 
sistors and capacitors. Since the battery 
will probably outlast whatever device it's 
powering, this doesn't sound like such a 
bad idea. 

The one hitch is that the lithium 
rechargeables aren't directly interchange- 
able with batteries that have a nominal 
voltage of 1.5 volts; they can be designed 
for full -charge potential ranging from 2.1 
to 2.4 volts per cell. The LCD watch desk 
ornament uses a tiny voltage- dropping 
resistor as a regulator to suit the voltage 
to existing watch circuits. But such "reg- 
ulators" won't be needed with many 
products since they'll be designed with 
the lithium batteries in mind. 

On the horizon, we'll probably soon see 
a whole new class of devices with perma- 
nent batteries. Overnight charging will 
become normal, while fast -charge sys- 
tems will also undoubtedly be developed. 
It will be a boon for the person who can't 
afford to have a single day of downtime 
on his timepiece. It will be a godsend for 
the hearing- impaired whose hearing aids 
eat up expensive mercury batteries at a 
prodigious clip. The money saved on 
batteries will pay for a second hearing 
aid, so while one is being worn, the other 
can be hooked up to the charger. 

The timetable is still a little fuzzy. But 
Exxon feels that the first product to 
feature its battery -probably a timepiece 
in the over -$100 range -could be ready 
for the market in a year or less. From 
there, the sky's the limit for the new 
"Forever Battery." R -E 
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Although the fidelity and response of an audio system can be no 
better than that of fts poorest component, the amplifier may be the 
very heart of the hi -fi setup. Use this guide to amplifier selection. 

LEN FELDMAN 
CONTRIBUTING HI -FI EDITOR 

THE AMPLIFIER OF A COMPONENT HIGH- FIDELITY SYSTEM 
may well be thought of as the "heart" of that system. All 
program source signals- whether they are from AM or 
FM broadcasts, phonograph records, tapes or TV -all 
pass through the amplifier before they are applied to the 
loudspeakers (or stereo headphones) for conversion back 
into audible sound. 

When this article refers to a high- fidelity amplifier, we 
mean all the required amplification circuits, from the so- 
called preamplifier stages right on through to the power - 
output stages. In terms of high fidelity components, 
therefore, we might find the audio amplifier sections of a 
system contained in a single unit (a so- called integrated 
amplifier containing a preamplifier and a power amplifi- 
er); a two -unit system (a separate preamplifier /control 
unit and a so- called "basic" power amplifier); or even a 
subsection of a more all- encompassing component known 
as a stereo receiver (which, in addition to containing 
amplifier elements, also contains the FM tuner circuitry). 
Which of these three amplifier alternatives you choose for 
your system will depend upon your budget (usually, sepa- 
rate components end up costing more than an all -in -one 
receiver), the amount of space you have available for your 
components, and the degree of control flexibility ano 
number of operating features you require. 

Receivers, because of their compact size, generally 
offer a lower power output and fewer swatches anti 
controls than separate components. However, in recent 
years there has been a distinct tendency on the part of 
receiver manufacturers to offer higher and higher power 
outputs (the latest "record" set by one manufacturer is 
250 watts -per -channel) as well as many if not all, of the 
controls and switches normally found on separate compo- 
nents. 

No matter which form of amplifier you elect to 
purchase, its performance specifications and the operat- 
ing features you should be aware of are common to all 
types and can be discussed in similar terms. So, as we 
examine those specifications and features, we will use tae 

term "amplifier" regardless of whether the unit is an 
all -in -one receiver or a separate component. 

Phono preamplifier and equalizer 
Signals delivered by such program sources as an FM or 

AM tuner or a tape deck are generally much greater in 
amplitude than those produced by the tiny phono pickup, 
or cartridge, mounted it the pickup arm of your record 
changer or turntab'.e. The latter signals may have an 
amplitude of just a few millivolts. Accordingly, the phono 
signals must be amplified to a greater extent than the 
other high -level signals. The phono preamplifier section 
of an amplifier performs this task, raising the signai- 
amplitude level procucec by the phono cartridge from a 
couple of millivolts to perhaps one -half volt or more. 

The phono preamplifier section performs another im- 
portant task -that cf equalization. Modern phonograph 
discs are recorded with anything but a flat frequency 
response. Low bass frequencies are deliberately attenu- 
ated, while high treble frequencies are boosted or pre - 
emphasized. These frequency- response modifications are 
made to accommodate a greater amount of music per - 
disc -side and to impro%e the signal -to -noise ratio of the 
resulting disc by decreasing the audible surface noise 
heard during playback. But, to play back a record proper- 
ly, all frequencies must be restored to their correct rela- 
tive intensities. This is dcne by introducing the converse 
frequency -response characteristic in the preamplifier sec- 
tion. The process is known as RIAA equalization (RIAA 
stands for Record Industry Association of America), and 
the same response curve is standard throughout the 
world. The RIAA playback response curve shown in Fig. 
I is the exact converse of the RIAA recording character- 
istic, so that the net effect of this two-part process is to 
restore flat response to the music we hear from phono- 
graph records. 

This response curve must be adhered to as accurately as 
possible, and, in quot ng tae frequency -response curve of 
a given preamplifier section. manufacturers generally use 



the following statement: "Frequency response, Phono: 
RIAA ±`so -many' dB." The lower the dB value, the 
more precise the equalization. Thus, "RIAA ±0.5 dB" 
represents a more accurate equalization (and, hence, a 
flatter playback response) than "RIAA ± 1.5 dB." 

Another phono -input specification is the input sensitiv- 
ity. This specification, rather than being a measure of the 
quality of the preamplifier, is given to enable you to prop- 
erly match the phonograph cartridge to the preamplifier. 
Stated in millivolts (mV), the specification indicates how 
much of a signal must be fed to the preamplifier's phono 
inputs so that, with the volume control turned all the way 
up, the preamplifier delivers its rated output voltage (or, 
in the case of an integrated amplifier or receiver, delivers 
its full rated power output). 

Obviously, if a preamplifier requires a signal input of 4 
mV and a cartridge is connected to it that nominally 
delivers a signal of only 1 or 2 mV when tracing record 
grooves, the cartridge will have difficulty driving the 
amplifier or preamplifier to its rated output. Most state - 
of- the -art preamplifiers intended for use with magnetic 
cartridges (the type preferred for high -fidelity use) have 
input sensitivities ranging from 2 to 3 mV, a value that 
closely matches the typical output of most phono 
cartridges. 
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FIG. 1-RIAA PLAYBACK CURVE is the converse of the curve used during 
the recording process. 

Recently, the Institute of High Fidelity (IHF), an 
American -based trade organization of high -fidelity com- 
ponent manufacturers, devised a new set of amplifier 
measurement standards. The new Standards (IHF -A- 
202, 1978) are an attempt to make amplifier measure- 
ment more uniform among manufacturers, so that when 
prospective purchasers compare specifications they can be 
sure that all the manufacturers' measurements are based 
upon the same reference points and can therefore be 
meaningfully compared. 

One of the changes incorporated in these Standards 
concerns the measurement of input sensitivity of pream- 
plifiers and amplifiers. The IHF felt that referencing 
phono -input sensitivity to the full rated output of an 
amplifier was not the best way to arrive at this specifica- 
tion. The reason will be clear if you consider the following 
example: 

Suppose there are two amplifiers, one having a power - 
output rating of 10 watts -per- channel, the other with a 
power- output rating of 100 watts -per- channel. Suppose 
also that each manufacturer rates the phono sensitivity of 
these amplifiers as 2.0 mV (the voltage needed to drive 
the amplifier to its rated output). Clearly, the 100 -watt- 
per- channel amplifier will sound much louder when driv- 
en with a 2 -mV signal than the 10- watt -per -channel 
amplifier. 

The IHF decided that it would be better to specify 
phono-input sensitivity (as well as the input sensitivity of 
other amplifier inputs) with reference to a constant, fixed 
output level of 1 watt, regardless of the amplifier's power 
rating. 

Under these test conditions, the "new IHF' hono 
sensitivity of the 10- watt -per -channel amplifier would 
become 0.63 mV, while the phono sensitivity of the 100 - 
watt -per- channel amplifier would be 0.20 mV. These 
results clearly indicate that if the same level of phono 
signal is applied to each amplifier, the 100- watt- per-chan- 
nel amplifier will sound much louder which is indeed the 
actual case. 

Another important specification related to the p-eam- 
plifier's phono input is known as "phono overload" or 
maximum phono -input level. Also stated in millivolts, this 
specification gives the maximum phono -input signal level 
that can be applied to the preamplifier before it produces 
audible distortion. 

While average music signals imbedded in record 
grooves may cause a phono cartridge to produce a 2- or 
3 -mV signal, modern records have a great dynamic range 
and, during loud musical passages, cartridges may deliver 
much more voltage. Therefore, it is important that the 
preamplifier be able to handle higher signal levels without 
introducing distortion. 

Phono S/N ratios 
All electronic circuits generate some noise of their own. 

If the noise is very low compared with the signal being 
processed by the circuit, when the signal is finally repro- 
duced with its added noise, the noise may be inaudible 
since it is so much lower in amplitude than the desired 
audio signal. In the case of very small phono- cartridge 
signals, the preamplifier stages must generate far less 
internal noise if that noise is to be inaudible after the 
extra phono- signal amplification. An all- important speci- 
fication relating to the phono section is, therefore, the 
signal -to -noise (S /N) ratio. 

Unfo- tunately, because not all manufacturers quote the 
S/N ratio in the same way, S/N specifications vary and 
cannot be easily compared with each other. The most 
conservative phono S/N specification references the 
residual hum and noise to the rated input sensitivity -:.e., 
how much lower the amplified noise and hum is compared 
with the amplified 2.0- or 3.0 -mV phono -input signal. 

On the other hand, some manufacturers refer the S/N 
figure tc 10 -mV input (a voltage value rarely produced by 
a cartridge tracing standard test record grooves). Clearly, 
the same amount of noise will be further removed or 
lower with respect to a 10 -mV amplified phono signal 
than with a 2 -mV or 3 -mV signal, and the resulting S/N 
figure, quoted in dB (the higher the better), comes out 
anywhere from 10 dB to 14 dB higher than would be the 
case if it were referenced to the lower input signal level. 

Often. certain weighting curves are inserted during 
phono hum-and-noise measurements. These curves tend 
to downplay the "hum" components of the resulting noise 
output, as well as the higher hiss frequencies of noise, on 
the theory that human hearing is less susceptible to these 
extreme frequencies than to middle -range musical fre- 
quencies. True as this theory may be, it nevertheless 
leads to still higher, or better, S/N figures when applied 
to amplifiers. Manufacturers who use this measurement 
technique will, at least, say so in quoting the results. 
Thus, the notation, "S /N, Phono (IHF "A" Weighted)," 
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means that such weighting networks have been used in 
making the measurement, and these weighted measure- 
ments should not be compared with unweighted measure- 
ments quoted for another product. 

The new IHF Amplifier Measurement Standard ad- 
dresses the problem of the many ways in which amplifiers' 
manufacturers have been specifying S/N ratio and thf 
attendant confusion this creates in the mind of the 
prospective consumer). The audio engineers who devised 
and wrote the new standard reasoned that, in the first 
place, users are not likely to listen to amplifiers with the 
volume control turned all the way up (the setting of this 
control normally used to measure S/N ratios). A stan- 
dard phono cartridge output level of 5 mV was set as the 
reference level against which signal -to -noise should be 
measured for all amplifiers. 

The procedure, therefore, is to apply a fixed 5 -mV 
signal to the phono inputs and to reduce the volume 
control on the amplifier until the output at the speaker 
terminals is equal to 1 watt (0.5 volt for separate pream- 
plifiers that do not include power -amplifier circuitry). 
Next, the 5 -mV signal is removed, a dummy load equiva- 
lent to the impedance of a phono cartridge is inserted into 
the phono-input jacks, and the noise level is measured on 
a meter and expressed in dB below the new input and 
output reference levels. The "A" weighting measurement 
is also used in the new techniqúe. 

There is no direct way to correlate the new IHF S/N 
measurements with older methods. On the one hand, the 
5 -mV input level will tend to make the dB values look 
higher, compared with readings obtained when lower 
input levels (such as 2 mV) were used, but the values will 
be lower if a manufacturer had previously used a 10 -mV 
input level as a reference signal. On the other hand, the 
I -watt output reference to which the volume control must 
now be set tends to make the dB values lower. The use of 
an "A" weighting network (if none was used in earlier 
S/N measurements) further complicates the relationship 
between the old and new readings. As soon as all manu- 
facturers begin to use this new measurement technique, 
however, comparisons of the S/N ratio between compe- 
ting amplifiers will be more meaningful in term:; of actual 
perceived noise and hum; the higher dB values will, as 
usual, mean a better specification. During the transition 
period, some manufacturers may continue to quote their 
old S/N ratios as well as the new IHF measurements. 

The final specification usually associated with the 
phono -input section of an amplifier is the input imped- 
ance. Usually, the input impedance will be 47,000 ohms 
or 50,000 ohms, a figure that is most nearly ideal for most 
phono cartridges. Some preamplifier sections may be 
equipped with a switch selector that permits you to 
choose other input impedances to match the specific 
cartridge requirements, such as those for playing quadri- 
phonic (CD -4) records, which generally perform optimal- 
ly with a 100,000 -ohm impedance. 

Amplifier control section 
Figure 2 is a block diagram that shows the various 

sections of a complete audio amplifier. Earlier this article 
discussed the phono- preamplifier section. Only a single 
stereo amplifier channel is shown in Fig. 2, since the 
opposite channel of the stereo pair is identical Note that 
connection points for high -level tuner or tape signals 
bypass the preamplifier section and go directly to the 

program selector switch. The signal selected by this 
switch is then fed to one or more tape monitor circuits 
that are nothing more than switchable circuit- interrup- 
'43& points in the signal chain. 
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FIG. 2 -BLOCK DIAGRAM of an amplifier. 

Input and output jacks were originally devised as a 
connection point for tape decks -by connecting the 
amplifier's tape -out jack to the tape recorder input, and 
the tape -in or tape -play jack to the recorder's output, you 
can monitor the recorded results from three -headed tape 
machines a fraction of a second after the recording itself 
has been made. These input /output jacks are also useful 
as connection points for such audio accessories as graphic 
equalizers (they offer better tone control than more 
common bass and treble controls); noise reducers (Dolby 
decoders, or those using different noise -reduction de- 
signs); dynamic range expanders (they process music 
signals to restore an otherwise compressed dynamic music 
range); and even four -channel decoders. If you plan to 
expand your high -fidelity system to include a tape record- 
er and any of the above accessories, you should look for at 
least two separate tape- monitoring circuits on the amplifi- 
er you're considering. 

Amplifier power 
The most important question you will face in choosing 

an appropriate audio amplifier for your hi -fi system is: 
how much power output should the amplifier be able to 
produce? Much has been written about power require- 
ments for audio systems, but here is a general guideline: 

The louder you like your music, the more power you 
need. The larger the listening room, the greater the power 
requirement. The lower the efficiency of the speaker you 
select, the more power needed from the amplifier. The 
greatest variable of all is speaker efficiency. One type of 
speaker may require ten times as much power as another 
to deliver the same apparent loudness level. In fact, it is a 
good idea to choose speakers before any other component 
in your system. Then you can audition different amplifi- 
ers (or receivers) by hooking them up to your previously 
selected speakers to determine if the amplifier has suffi- 
cient power reserve to produce undistorted sound at your 
highest preferred listening levels. 

Prior to November, 1974, many amplifier manufactur- 
ers specified the power- output ratings of their products in 

a variety of different ways, leading to all sorts of confu- 
sion regarding amplifier power ratings that was even 
worse than that associated with signal -to -noise ratios. 
After November, 1974, all amplifier manufacturers were 
required to state power ratings in very specific terms, as 



AS YOU READ THROUGH THE BROCHURES SUP - 

plied by various amplifier manufactur- 
ers you will probably come across 
terms such as "Class A," "Class AB," 
"Class B," etc. These terms all refer to 
the type of circuits used in the final 
power- output stages of audio amplifi- 
ers. There are many ways in which to 
arrange an amplifier's output stages, 
and these are identified by the 
"Class" notations. While it is possible 
to design good- sounding amplifiers in 

all classes, let's examine the differ- 
ence between them. 

In a Class -A amplifier, the transistor 
or transistors that supply power to the 
speaker load continuously conduct 
current, and that current value is es- 
sentially constant. In the absence of 
an audio signal, all the current (and 
power) is dissipated within the transis- 
tors themselves. When a signal ap- 
pears, part of the power developed by 
the output stage is transferred to the 
speaker load. This arrangement is, 

therefore, highly inefficient. in that the 
same amount of power is drawn from 
the amplifier's power supply regard- 
less of whether the amplifier is pro- 
ducing its maximum rated power, no 
power at all, or anything ii between. 
Class -A amplifiers (what few exist 
these days) are therefore generally 
noted for their lower power- output rat- 
ings, and require unusually large heat - 
sink devices to dissipate the heat gen- 
erated by the always fully on transis- 
tors. Class -A amplifiers are, however, 
capable of producing extremely low - 
distortion sound and are favored by 
those listeners to whom the unusually 
large energy consumption is of sec- 
ondary importance. 

A Class -B amplifier requires at least 
two output transistors. Each transistor 
is designed to amplify one -half of the 
alternating waveforms that constitute 
an audio signal. One transistor ampli- 
fies the positive -going wave, while the 

AMPLIFIER CLASSES 

other transistor amplifies the nega- 
tive -going half -cycle of each alterna- 
tion. In the absense of all audio input 
signals, each transistor draws almost 
no current, and a Class -B amplifier, in 

the absence of input signals, runs 
extremely cool. As signal levels in- 
crease, current drawn from the power 
supply also increases until maximum 
power- output levels are reached. 
Thus, a Class -B amplifier is much 
more efficient than a Class -A unit. 
Class -B efficiency (at full power out- 
put) can reach as high as 65% or so (it 
is less than that at lower power levels), 
as opposed to the typically low 20% to 
25% for a Class -A design. 

While Class -B amplifiers can be de- 
signed to produce equally low distor- 
tion, special care must be taken in 

their design to make sure that no 
discontinuities in output take place as 
the signal is switched from one tran- 
sistor to the other. Failure to observe 
proper design techniques can result in 

"notch distortion," or "crossover dis- 
tortion," which is particularly annoying 
at low listening levels. 

Class -C amplifiers are not normally 
used in audio amplifier circuits, but 
are reserved for radio receivers and 
transmitters. A Class C- amplifier con- 
ducts for less than one -half of each 
cycle, and depends upon the flywheel 
action of an associated resonant cir- 
cuit to fill in the missing portion of the 
waveform. A Class -C amplifier is 

therefore practical to use where the 
same single frequency is to be ampli- 
fied continuously, but is impractical 
for amplifying constantly varying com- 
plex audio signals. 

The so- called Class -D amplifier is 

also known as a "switching amplifier," 
or "pulse -width modulation" amplifi- 
er. One or two manufacturers offer 
limited quantities of Class -D amplifi- 
ers, and a great deal of experimenta- 
tion with this type of amplifier contin- 

ues. In a Class -D amplifier, a very 
high- frequency series of pulses are 
modulated in their width by the audio 
signal. The output stages need to con- 
duct for a short interval only to amplify 
the tips of these pulses, and when they 
do conduct, they are highly efficient - 
conducting as much as 90% to 95 %. 
The high- frequency pulses associated 
with Class -D amplifiers (500 kHz or 
more) present special problems in the 
transistor switching speed and suit- 
able transistor availability. 

The recently developed Class -G 
amplifier uses a minimum of two pairs 
of output transistors. One pair is pow- 
ered by a lower voltage supply than 
the other. When signal levels are rela- 
tively low, only the low- powered pair of 
transistors does the amplifying. When 
signals exceed the low- voltage supply 
amplitude, the other transistor pair, 
which operates from the higher volt- 
age supply, takes over, while the first 
pair is simultaneously turned off. In 

this way, each pair of transistors is 

always operating over its most effi- 
cient range, and overall amplifier effi- 
ciency is greater with a Class -B de- 
sign. Thus, less massive heat sinks are 
needed for the output transistors, and 
the complete amplifier or receiver is 

lighter in weight. 
Somewhat similar to Class -G opera- 

tion is the new and tentatively labeled 
Class -H amplifier. Only one set of out- 
put transistors is used, but these tran- 
sistors are connected to two different 
power -supply voltages. The lower volt- 
age powers the output devices for low - 
level signals, while the higher voltage 
takes over when the input signal am- 
plitudes exceed the limits of the low - 
voltage supply. As in Class -G, this 
approach results in a more efficient 
use of the output transistors, and the 
audio signals themselves do not have 
to be switched from one device to 
another during the process. 

dictated by a Federal Trade Commission rule. Even this 
standardized rating system, however, leads to certain 
ambiguities that should be clarified when comparing the 
power ratings of competing products. 

The FCC rule says that a manufacturer must state the 
amplifier's ability to deliver continuous power with both 
channels operating. The stated power rating must be 

referenced to a given speaker impedance (since most 
amplifiers generally deliver higher power to 4 -ohm speak- 
ers than to 8 -ohm speakers). Furthermore, the manufac- 
turer must state over what frequency range the amplifier 
can deliver its full rated power (since most amplifiers 
reproduce mid -frequencies somewhat better than ex- 
tremely low bass or high treble tones). Finally, a state- 
ment must be made regarding the distortion level that the 
amplifier will produce at any power level up to its rated 
output level. 

Thus, a typical power- output specification might read: 
"Power Output: 50 watts minimum continuous power 
into 8 -ohm loads, at any frequency from 20 Hz to 20,000 
Hz, with no more than 0.5% total harmonic distortion." 
Since the rule simply states that all these facts must be 
given (but does not specify minimum acceptable num- 
bers), some degree of care is still required. For example, 
suppose amplifier A has a power rating of 100 watts - 
per- channel, 8 -ohm loads, from 20 Hz to 20 kHz at no 
more than 1.0% distortion, while amplifier B is rated at 
the same 100 watts -per -channel, 8 -ohm loads, 20 Hz to 
20 kHz at no more than 0.3% distortion. Clearly, amplifi- 
er B is the better of the two. Or, suppose amplifier A is 

rated at 100 watts -per -channel, 8 -ohm loads, from 20 Hz 
to 20 kHz, with no more than 0.2% distortion; amplifier B 

also carries a 100 -watt rating, 8 -ohm loads, from 40 Hz to 
15 kHz at no more than 0.2% distortion. In this case, 



amplifier A is superior to amplifier B. 
We have been using the word "distortion" without 

truly defining it. In fact, there are many forms of distor- 
tion that an amplifier can generate. Distortion is defined 
as any difference between the nature and composition of 
the signal input to the amplifier and the resulting output 
signal. The most common distortion is harmonic distor- 
tion. If, for example, a 400 -Hz pure tone is fed to an 
amplifier, the output signal should contain an equally 
pure 400 -Hz tone and nothing else. If multiples of that 
frequency show up in the output signal, such as 800 Hz, 
1,200 Hz, 1,600 Hz, etc., the signal is said to contain 
harmonic distortion. While musical instruments produce 
complex harmonics or overtones, all of which should be 
faithfully reproduced by an amplifier, the amplifier 
should not generate its own harmonics, for these would 
change the overall musical timbre or coloration. Figures 3 

and 4 show examples of amplifier- generated harmonic 
distortion. The upper trace of Fig. 3 shows that a single 
frequency or tone is reproduced by an amplifier with little 
or no distortion. The lower trace is a highly magnified 
representation of only the distortion components con- 
tained in the upper trace and appears as a virtual straight 
line (no distortion is present). If the same amplifier is i 
FIG. 3- HARMONIC DISTORTION CHARACTERISTICS. Upper trace 
shows output waveform. Lower trace shows only the harmonic compo- 
nents, which in this case is negligible. 

FIG. 0- AMPLIFIER CLIPPING produces harmonic distortion. Upper trace 
shows clipped output waveform; lower trace shows harmonic compo- 
nents. 

driven beyond its power- output rating, the pure sinewave 
form will be clipped, as shown in Fig. 4. Under those 
circumstances, the distortion components (see the lower 
trace) are quite evident, and consist largely of third 
harmonic components. Harmonic distortion is specified in 
percent ( %); and the lower the figure the better the 
amplification. 

Another form of distortion that is usually specified is 
called IM (lntermodulation Distortion). This type of 
distortion arises when a complex of frequencies is fed to 
the amplifier instead of a single tone. In a poorly designed 
amplifier, high and low frequencies may beat against each 
other, causing sum -and -difference frequencies between 
the two to appear in the output of the amplifier. Since 
such musically unrelated frequency components were not 
present in the original signal, their presence at the ampli- 
fier's output, even in small percentages, can be quite 
disturbing to a listener. The IM distortion is also specified 
in percent, and the lower the figure the better. 

More subtle forms of amplifier distortion have recently 
been discovered, but since accepted measurement stan- 
dards for measuring them have not yet been agreed upon, 
harmonic and IM distortion are the two types most 
commonly found in the specifications sheets. 

Figure 5 shows the IM and harmonic distortion - 
versus- power- output characteristics for a typical high - 
quality amplifier. Note that both forms of distortion 
remain quite low until the maximum power output is 
reached, at which time they tend to climb rapidly. That is 
why it is important to operate an amplifier within its 
power rating. To try to pump more power from an ampli- 
fier into a speaker that requires more than the amplifier 
can deliver leads to horrendous distortion levels. 

We mentioned earlier that frequency response is cited 
for the preamplifier section in adherence to the prescribed 
RIAA equalization curve. In the case of the high -level 
sections of the amplifier, frequency response is quoted 
directly in hertz, and a tolerance or maximum deviation 
from flat response is included. The specification, "Fre- 
quency response: 20 Hz to 20 kHz" has no real meaning 
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unless we also know the ± dB-tolerance associated with 
the response over that frequency range. A proper 
response statement would read: Frequency response: flat 
from 20 Hz to 20,000 Hz, ±0.5 dB, and this would be 
superior to one that stated: Frequency response: flat from 
20 Hz to 20,000 Hz, ± 2.0 dB. 

Signal -to -noise ratios relative to the high -level inputs 
also appear in the specifications and are quoted in dB 
(with the higher values being better), and are ordinarily 
higher than those listed for the phono section. 

The specification called damping factor is a measure of 
an amplifier's ability to control or suppress unwanted 
residual motion of the speaker cone caused by the 
mechanical inertia or by forces other than the driving 
audio signal itself. Stated as a simple number, higher 
damping factor values are better, although damping 
factors higher than 40 to 50 contribute no audible 
improvement to an amplifier's performance. 
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Unlike low- fidelity "table radios," most high -fidelity 
amplifiers are equipped with separate power on /off 
switches. This arrangement permits setting the volume 
control at preferred points when turning the unit on and 
off. The balance control adjusts right- and left -channel 
listening levels so that they are equal (or, if you must sit 
closer to one speaker system than to another, the balance 
control can be used to adjust for that situation). 

The need for tone controls, whether simple bass and 
treble controls or more elaborate types, often puzzles 
audio neophytes. If all the components in an audio system 
produce a uniform or flat frequency response, why do you 
require tone controls, which, after all, are designed to 
provide adjustments that alter the overall system response 
from that flat quality? It is true that amplifiers can be 
made to have a frequency response which is "ruler flat ": 
however, this does not necessarily apply to the loudspeak- 
er system or even to the listening room (which, in a very 
real sense, is a system component). For this reason, and 
because different people prefer different tonal balance, 
tone controls are a very necessary feature. 

Some amplifiers, in an attempt to cater to the audio 
purist who prefers not to use tone controls, offer a tone 
DEFEAT switch or pushbutton that bypasses the tone 
control circuits completely. The standard BASS and TRE- 

BLE controls offer a wide range of adjustment, usually 
beginning above or below mid- frequencies (around 400 
Hz to 1 kHz), as shown in Fig. 6. One disadvantage to this 
control range is the fact that when you want to boost 
extreme low or high frequencies (to compensate for defi- 
cient speaker bass or ultra -high treble) you necessarily 
also affect the response of frequencies that are closer to 
the middle of the audio range. To counteract this effect, 
some manufacturers offer tone controls having multiple 
turnover (or pivot) points, as shown in Fig. 7. Still other 
amplifiers offer main- and sub -tone controls; the former 
effecting a wide frequency range, the latter boosting or 
attenuating only the extreme bass or treble range. 
Recently, some amplifiers have begun to include a mid- 
range tone control that acts upon the mid- frequency 
range similar to the way the bass and treble controls affect 
those frequencies. Fig. 8 shows the range typical of many 
mid -range tone controls. 

A loudness switch is another control usually found on 

amplifier front panels. Studies of human hearing long ago 
confirmed that when we listen to music at lower -than- 
lifelike loudness levels, our hearing is less sensitive to 
extreme bass and treble frequencies than to mid- frequen- 
cies. Since in a home listening environment we often 
listen to music at "background" levels, reproduced music 
tends to sound thin and lacking in brilliance. To compen- 
sate for this effect, actuating the loudness control switch 
causes the amplifier to automatically boost the bass (and 
sometimes the treble) by an amount commensurate with 
the main volume -control setting. At high settings (where 
listening levels are presumably loud and therefore do not 
require compensation), no compensation is inserted, but 
as the volume is lowered, increased amounts of compensa- 
tion are added automatically. Figure 9 shows the action of 
a volume /loudness control for different volume -control 

settings. This compensates for the fact that the loudness 
of any tone is a function, not only of its intensity, but also 
of its frequency. 
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TABLE I 

LOW -, MEDIUM- AND HIGH -PRICED AMPLIFIER SPECIFICATIONS AND RANGES 

RANGES 
Specification Low -cost Mid -cost High -priced 
Harmonic distortion at rated output ( %) 0.8 -1.5 0.3 -0.5 Less than 0.3 

Harmonic distortion at 1 -watt output ( %) 0.2 -0.5 0.05 -0.1 Under 0.95 

IM distortion at rated output ( %) 1.0 -2.0 0.3 -1.0 Under 0.3 

IM distortion at 1 -watt output ( %) 0.5 -1.0 0.2 -0.5 Under 0.2 

Power bandwidth for full power (hz -kHz) 40 -10 20 -20 20 -20 or better 

Damping factor 10 -15 15 -30 30 or higher 

Phono S /N, unweighted referred to input 
sensitivity (dB) 50 -60 60 -68 Above 68 

Phono S /N, "A "- weighted, referred to 
5 -mV input & 1 -watt (or 0.5 volt for 
preamplifiers) output, per new IHF 
Standards (dB) 60 -65 65 -75 Above 75 

High -level input S /N, unweighted, 
referenced to full rated output (dB) 65 -75 75 -80 Above 80 

High -level input S /N, "A "- weighted, 
referenced to 0.5 -volt input and 1.0 -watt 
(or 0.5 -volt, for preamplifiers) output, per 
new IHF Standards (dB) 60 -70 70 -75 Above 75 

Residual hum and noise referenced to full 
output, unweighted (dB) 75 -85 85 -95 Above 95 

Residual hum and noise, "A "- weighted, 
referenced to 1 -watt (or 0.5 -volt for 
preamplifiers) output (dB) 70 -80 80 -90 Above 90 

Phono frequency response (RIAA -dB) ± 1.0 -2.0 ±0.5 -1.0 ±0.3 or less 

High -level input frequency response 
(Hz -kHz, dB) 20 -20, ±2.0 15 Hz -25 kHz, ± 1 10 -30, ±0.5 or better 

Phono overload (mV) 50 -70 80 -100 Greater than 100 

(NOTE: The power output of an amplifier is not an indication of its quality, but is dictated by price and design objectives.) 

Another form of tone -altering control is the filter 
circuit. Low- and high -cut filter switches, often found on 
the front panels of amplifiers, attenuate frequencies above 
or below their respective cutoff points more steeply than 
regular bass and treble controls. Figure 10 shows a 
comparison between the action of tone controls and steep - 
cut filters. Such filters, if properly designed, are effective 
in reducing high- frequency hiss or noise, and in lessening 
the audible effect of lower- frequency turntable rumble 
without impinging too severely on the music. 
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10kHz 20 

The final decision 
Up to this point, a great many amplifier specifications 

have been examined and, indeed, published specs are 
important parameters for choosing this important hi -fi 
component. We would never suggest, however, that 
published specifications tell the whole story. There are 
still a great many audio amplifier characteristics that 
cannot be defined or measured -at least not with state - 
of- the -art instruments and techniques. 

There is one ultrasensitive instrument you should use 
in making a final choice -your own ears. Compare speci- 
fications and pricing, of course, but in the last analysis let 
your ears serve as the final judge. Listen to several ampli- 
fiers in the price and power category which you seek. Use 
a wide variety of musical programs to make these subjec- 
tive sound quality judgments. Listen at low and high 
levels -until you are sure that you have chosen the right 
amplifier for your own selected high -fidelity system. 

As a final aid, a brief summary of the specifications we 
have discussed appear in Table I. The values shown in the 
table can serve as a general guide only and may not 
conform in all cases to what is available in the audio 
marketplace. We hope, however, that this summary helps 
get you started and wish you good listening. R -E 
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Audio 
Test 
Station 
Part 4 -This month we discuss in detail the theory of operation 
and the construction of the voltmeter and digital frequency meter 
that are essential to maximum usage of this audio test station. 

RAY DAVISON 

THIS MONTH, WE CONCLUDE THE CON- 

struction details of the Audio Test Sta- 
tion with the voltmeter and frequency 
counter sections. 

Voltmeter section 
The voltmeter circuit shown in Fig. 10 

has two separate inputs. One is labelled 
EXT INPUT, which is a high- impedance 
low -gain input for line -level signals and 
the other is labelled MIKE INPUT, which is 

a low- impedance, high -gain input for low - 
level low- impedance signals. The front 
panel connector for the MIKE INPUT (J6) 
is a standard XLR type. The mike input 
circuitry consists of IC601 and its associ- 
ated components, which form a balanced - 
line receiver. Resistor R601 terminates 
the line and R603 and R602 set the gain 
of IC601. The gain as seen from pin 3 of 
J6 is 16. The gain of the + input of 
IC601 is 16 + 1 or 17. Therefore, 8603 
and R604 are added to form a voltage 
divider so the overall gain of a signal 
applied at J6 pin 2 is the same as for a 

signal applied at J6 pin 3. This satisfies 
the basic purpose for having a balanced 
transmission line, namely common -mode 
rejection. 

The balanced transmission lint rcduces 
the effect of stray signals picked up by 
interconnecting cables. The most suscep- 
tible stray pickup point in sound systems 
is a microphone cable. It is not that the 
mike cable itself is more susceptible, but 
rather that the microphone supplies such 
a low -level signal that it is relatively easy 

to pick up enough of a stray signal to be 

audible when mixed and amplified with 
the mike signal. The stray signal is often 
induced into a mike cable when the cable 
is in the presence of an electric or 

magnetic field. 
The mike input circuitry inverts the 

signal applied to J6 pin 3, while the signal 
applied to pin 2 is not inverted. The actu- 
al mike signal that is applied to J6 pin 3 is 

of equal magnitude and opposite polarity 
of that which is applied to pin 2. Op -amp 
10601 inverts the negative signal at pin 3, 

and adds this to the positive signal at pin 
2. 

When stray signals that are induced 
into the cable arrive at J6 pins 2 and 3 in 
phase, the signal at pin 3 is inverted and 
added to that at pin 2. However, this is 

subtraction. The result is what is known 
as common -mode rejection. A signal that 
was common to both inputs is rejected. 

This circuit is normally shown with the 
four resistors of high precision and fixed 
value. In this circuit the common -mode 
rejection is simply trimmed by R604. To 
do this, connect a signal simultaneously at 
J6 pins 2 and 3. A mid - frequency sine - 
wave at about a half a volt peak -to -peak is 

suitable. Set Sl7 to -72 dB, adjust R604 
for minimum output from IC603. The 
signal at the output of IC603 should be 

about the same magnitude as the input 
signal. Note that the same signal applied 
to either input alone would have been 
amplified by about 4,000 or 72 dB. 
Therefore, since the signal was passed 
with a gain of approximately 1, the com- 
mon -mode rejection ratio is the 72 dB 
that the signal would ordinarily have been 
amplified by. 

We have used this type of mike preamp 
in sound systems with mike cable lengths 
of well over 100 feet without any appar- 
ent extraneous pickup. However, for 
sound system use, the 748 is much too 
noisy. This can be easily remedied though 
by replacing the 748 with something like 
TI's TL071. The two parts are pin - 
compatible, and the 5 -PE compensation 

capacitors used for the 748 can even be 
left in place when switching to the 
TL071. The difference in noise levels is 

dramatic. 
A second -stage preamp consisting of 

10602 is included. Having the preamp in 
two stages accomplishes a couple of 
things. First, the supply voltages are rath- 
er close to the maximum output voltage. 
A single amplifier with 48 -dB gain and 
with an attenuator at the output would 
clip at signal amplitudes intended for the 
low -gain attenuator setting. In fact a 

signal which yields full scale on the -30- 
dB setting causes IC602 to clip. 

Another reason for cascading is that 
the overall bandwidth is increased. This 
allows two common op -amps to be used in 
place of a single high- frequency unit. 

Switch 516 selects one of three high - 
level inputs. The sweep generator and 
timebase pickup points are on the inboard 
side of the fuse that is used in conjunction 
with the output overvoltage sensors. 
Therefore, if there is no output from the 
sweep generator or timebase but its level 
can be read on the meter, it indicates a 

blown fuse. Capacitor C603 blocks any 
DC component present at S16. Resistors 
R610 through R615 form the actual 
input attenuator. Consider for the mo- 
ment just this resistor string and S17. 
There is stray capacitance between every 
node of that resistor string and every 
other node. The result is a very complex 
R -C filter. At low frequencies, it is a 

simple voltage divider whose transfer 
function can be easily determined by 
simple arithmetic. Higher frequencies, 
however, travel from node to node in a 

manner that is quite difficult to predict 
accurately. 

Capacitors C604 through C609 are 
added as an attempt to swamp out the 
internodal stray capacitance. This is 

59 



R601. 
1K: 

C605® 
7-40pF 

C6080 
100-400pF 

R602 
1K 

1M 
D601 

0602 

(4) 1N4001 
2 3 

= R641 

R640 
1K 

16K W 
2 

1 R603 

J6 = 

FROM J4 

FROM JI 

J5 O 

+12V 

-12V 

1K 
D603 

0604 

SWEEP GEN 
O 

TIME BASED S16 

EXTO 

ZOFF 

Cee 

748 

IC601 
8 

2 

R605 
15K 

R606 
748 30K 

10602 

C602 
5pF 

8 

C601 

5pF 
R604 
50K 

BALANCE 

S15 
METER 

C603 
0.1 

C625 
10pF 

+12V 

ON t C621 
10µF 

C620 
10µF 

rW R636 
LED 5 2.2K 

C622 
10µF 

-12V 

C607 
680pF 

C624 
2.5-10pF 

R607 
10K 3 

o 

R617 R618 R637 

-72 1K 15K 10K 2 318 R641 

6 
1K 

+ C610 - 3 +C603 
TO 

-60 T 100yF C623 COUNTER ? 10pF 

R608 
30K -36 

R609 
= 10K 

-24 

IC610 

0607 D608 

N f4 
(4) 1N4148 
H Of 

11 
D605 0606 

* R616 
10K 

-12 S17 O 0 
C604 ® 

5-15pF 

METER 
RANGE (d8) 

C60640 
100-400pF 

-0 =8V P-P 

+12 

+24 

C609 R615 

.005 1 K 

i- 36 

R619 
30K 
VN 

R621 
30K 

V101, 

318 
6 

+ 

£C61 
"-"3311F 

50K0 
BALANCE 

IAN, 
R623 

I MEG 

R638 
10K 

'VW- 
R639 
330K 

D609 

2 

3 

1N1448 

318 
6 

10604 
+ 8 

C613 
5pF 

FIG. 10- SCHEMATIC DIAGRAM of the voltmeter. Its input circuitry uses frequency compensation. 
The separate preamp is for low -level inputs. The 1.5K resistor near the meter is R643, not R635. 

called attenuator compensation. For pur- 
poses of simple compensation, the abso- 
lute capacitance values are relatively un- 
important except that they must properly 
relate proportionately to the resistors that 
they are parallel with and the stray capac- 
itances they are combining with. Howev- 
er, it is generally desirable to keep these 
capacitors small so as to minimize the 
total capacitance seen from the input. 

If this were the input attenuator to an 
oscilloscope where waveform purity is of 
great importance, a low capacitance 
switch would be necessary. This is typi- 
cally a large open -frame type with rela- 
tively large intercontact spacing. In this 
system, the problem is somewhat intensi- 
fied by the use of a miniature switch 
where all nodes are in very close proximi- 
ty. However, it is quite satisfactory up to 
at least 100 kHz. which should satisfy the 
needs of the system. 

To adjust the compensating capacitors, 
monitor the output of IC603 with a 
scope. Apply a 10-15 -kHz squarewave to 
the input and move S17 through each of 
the relevant positions. Adjust the capaci- 
tor immediately below the selected switch 
position for best squarewave response. 
Initial calibration of the attenuator will 
require several trials to bring the trim- 
mers into proper relationship with each 
other. Once the adjustment is made with 
a squarewave input, a sinewave can be 

applied and swept from 10 kHz to 100 
kHz to verify the overall response. Some 
fine tuning may be helpful at this time. 

Assuming the sinewave from the time- 

base would be used for this last check, 
recall that the timebase begins a notice- 
able rolloff around 100 kHz. So be sure 
that any compensation adjustments made 
with the sinewave input are not compen- 
sating for timebase rolloff. 

An additional gain stage and attenuator 
buffer consisting of IC603 is provided. 
Diodes D605 through D608 provide pro- 
tection against excessive voltage applied 
to the external input. With 517 in the 
-24 -dB position, IC603 is connected 
essentially straight to the external input. 
The diodes conduct at about 1 volt and 
are capable of 50 milliamps. Resistor 
R616 is intended to limit the diode 
current to a safe level. However, R616 
cannot be arbitrarily large since it com- 
bines with the capacitance at the input of 
10603 to form a low -pass filter. Since the 
diodes can handle 50 milliamps, 500V can 
be applied without damaging them. How- 
ever, the power -handling capability of 
R616 must be considered at a fraction of 
that voltage level. If R616 is a half -watt 
resistor, it will tolerate 70 volts. The 
resistor can tolerate larger voltage levels 
than that for short periods of time. Since 
even a much smaller level will cause the 
meter to peg, if the operator is attentive, a 

10K half -watt resistor should be ade- 
quate. 

However, for insured safety R16 can 
be replaced with a positive temperature 
coefficient thermistor of approximately 
10,000 ohms cold resistance. Such a 
device is a self -protecting resistor, since 
as excessive power causes it to heat, its 
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resistance increases, which decreases the 
power and hence the heating effect. Also, 
keep in mind that R616 is of no.particular 
value and need only be large enough to 
protect the diodes and small enough not 
to degrade high - frequency performance. 

IC610 is a comparator with hysteresis. 
A zero-crossing dejector is formed by 
applying a signal through an isolation 
resistor to the negative input. Applying 
positive feedback causes the detection 
point to shift, which results in a circuit 
that ignores signals smaller than the 
detection levels. 

This circuit preconditions the voltmet- 
er signal before it is applied to the count- 
er. For the circuit shown, the overall 
result is that the counter will count an 
input whose magnitude is 10% of the full - 
scale setting selected by S17. 

10604 through IC607 form the AC- 
to-DC converter. IC604 and IC605 are a 

full -wave rectifier. One -half of an applied 
waveform is inverted and added to the 
noninverted half. Resistor R630 adjusts 
the relative gain of the inverted and 
noninverted parts of this waveform. 
Trimmer R625 adjusts the overall gain of 
the rectified waveform. 

Components D611, C615 and IC606 
form a peak detector. When the signal 
from IC605 goes positive, diode D611 
conducts charging C615. Capacitor C615 
is small and hence charges as fast as the 
voltage from IC605 rises. When the out- 
put of IC605 passes a peak and starts to 
decrease, diode D611 cuts off and IC606 
is left with charged C615 on its input. 
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Capacitor C615 discharges through the 
input of IC606. The rate at which C615 
discharges is called the droop rate. Note 
that when D611 is cut off, IC606 has no 

DC bias on the + input. This results in a 

negative offset from IC606 equal to 1 

diode -drop. Trimmer R622 shifts the 
output of IC605 enough to compensate 
for this and hence zero the output of 
IC606. 

Note that the three diodes in the 
circuit do not exhibit the 'AG-volt thresh- 
old normally associated with a diode. The 
threshold is reduced to a negligible level 
by the active circuitry with which the 
diodes are associated. 

The result so far then is a full -wave 
peak detector that will track an increasing 
amplitude instantaneously and track a 

decreasing amplitude at a slower rate, this 
rate being determined by the capacitor, 
and hence the droop rate is rather arbi- 
trary and is based on the system under 
test. 

If the acoustics of a large reverberant 
room are being analyzed, standing waves 

can cause wide fluctuation in amplitude. 
Tracing these rapid fluctuations requires 
a fast droop rate and hence a small capac- 
itor. On the other hand, a fast droop rate 
will tend to track individual waveforms of 
a low- frequency signal. Therefore, to pro- 
vide for difference response time require- 
ments, S18 is provided to switch in a 

parallel capacitor, C616. 
Also recall from the generator sections 

that there is a blanking mode that switch- 
es off the output of the audio generator at 
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the end of a sweep. The same trigger that 
switches off the output of the audio 
generator turns on Q601, which rapidly 
discharges the capacitor at the input of 
IC606. Therefore, a clean cutoff is pro- 
vided at the end of a plot. 

The same signal that is applied to the 
peak detector is also applied to IC607. 
This is a true RMS -to -DC converter. 
Capacitor C617 controls the amount of 
filtering of the DC output. Unlike the 
peak detector, the response of IC607 is 

equal regarding both increasing and de- 

creasing signal levels. Again SI8 provides 
for a variable response time by adding 
C618 in parallel. Also the blanking trig- 
ger turns on Q602 to rapidly zero the 
output at the end of a sweep. 

IC607 is a linear -to -log converter. 
Voltage gain in dB is defined as 20 times 
the log of the linear voltage gain. There is 

a linear voltage at S19 that is zero for a 

zero level input and ranges up to 4 volts 
for either a 4 -volt peak or RMS input. 
Since a true log function cannot be physi- 
cally implemented because it is of infinite 
length, a decision must be made to use 

only part of the function and eliminate 
the region that extends below some prac- 
tical limit. 

To help select an appropriate range; 
note the effect of a log converter on a 

linear input signal. Input variations 
slightly above zero produce very large 
output variations. Therefore, such things 
as ripple from the peak detector would be 

greatly magnified at low levels. Eliminat- 
ing the lower portion of the function 

produces a dead zone, for any input volt- 
age below the cutoff point is ignored. The 
cutoff -point trade off is between low -level 
excessive sensitivity and total dynamic 
range, which is the remaining portion of 
the function. Thus, it was rather arbitra- 
rily decided to cut off the function at 
minus 40 dB. 

VOLTMETER PARTS LIST 
Resistors, Y. watt, 5% or better 
R601, R603, R617, R641 -1000 ohms 
R604, R620, R622, R625, R631, R633, 

R634, R640- 50,000 ohms, trimmer 
R605, R624- 15,000 ohms 
R606 -R608- 30,000 ohms, '/4 watt, 1% 
R607, R609- 10,000 ohms, '/4 watt, 1% 

R610- 768,000 ohms, 1/4 watt, 1% 

R611- 192,000 ohms, '/4 watt, 1% 
R612- 48,000 ohms, '/4 watt, 1% 
R613- 12,000 ohms, 1/4 watt, 1% 
R614 -3000 ohms, 1/4 watt, 1% 
R615 -1000 ohms, 1/4 watt, 1% 
R616, R628, R629, R632, R637, 

R638- 10,000 ohms, 1/2 watt 
R618, R621- 30,000 ohms 
R623, R627-1 megohm 
R616- 100,000 ohms 
R630 -820 ohms 
R635, R636 -1000 ohms, trimmer 
R639- 330,000 ohms 
R642 -2200 ohms 
R643 -1500 ohms 
Capacitors 
C601, C602, C613, C614 -5 pF disc 

ceramic 
C603 -0.1 µF disc ceramic 
C604 -5 -15 pF trimmer 
C605 -7 -40 pF trimmer 
C606, C608- 100 -400 pF trimmer 
C607 -680 pF disc ceramic 
C609 -.005 AF disc ceramic 
C610 -100 MF electrolytic, 16 volts or 

higher 
C611, C612 -33 AF, electrolytic, 16 volts 

or higher 
C615 -.001 µF disc ceramic 
C616 -0.01 µf disc ceramic 
C617 -2.2 µF electrolytic or tantalum 
C618 -22 MF electrolytic, 16 volts or 

higher 
C619- C622 -10 µf electrolytic, 16 volts or 

higher 
C623 -10 pF disc ceramic 
C624- 2,5 -10 pF disc ceramic 
C625 -100 pF disc ceramic 
C626 -10 pF disc ceramic 
Semiconductors 
IC601, IC602, IC605 -748 
IC603, IC604, IC610 -318 
10606- LH0091 (National) 
IC607 -8048 (Intersil) 
IC608, IC609 -741 
D601-D604-1N4001 
D609-D611-1N4148 
Q601, Q602 -TIS97 
Miscellaneous 
S15, S18 -DPDT toggle switch 
S16- SP3- position toggle switch 
S17 -SP10- position rotary switch 
S19, S20 -SPDT toggle switch 
J6- 3- terminal microphone connector 
J7 -BNC connector 
M601 -1 -mA DC meter 
OV601 -LA10 overvoltage limiter (MCG 

Electronics) 
F601 -0.5 -amp fuse 



FIG. 11 -FOIL PATTERN of the component side of the PC board overlayed with outlines of the area 
occupied by the voltmeter. The figure below shows the parts that are installed in this area. 
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FIG. 12- COMPONENT LAYOUT diagram for the voltmeter. Parts used in this section are coded with 
numbers in the 000 series. See Fig. 10 for the schematic diagram. 

The next task is to physically eliminate 
the lower portion of the function. To 
accomplish this, 8631 applies a negative 
voltage to the inverting input of the 
output stage of IC6O7. This drives the log 
waveform up against a positive supply 
rail, which limits the transition or deflec- 
tion. IC6O8 and its associated compo- 
nents provide proper polarity as well as 
gain and zero set. 

Switch S2O selects the log signal, 
which was just described, or the linear 
signal, which is simply a bypass of the log 
converter. Resistor R635 converts the 
voltage signal to a current signal to drive 
the meter. A one -milliamp movement is 

quite satisfactory. Since audio measure- 
ments can sometimes be quite dynamic, it 
is preferable that the movement be criti- 
cally damped. 

IC6O9 is a very low- impedance output 
buffer. When connected in this manner, 
the impedance, looking back into the 
device, is that of the negative input, 
which is a virtual ground. IC6O9 is not 
really necessary but it does provide lower 
output impedance, isolation of the signal 
to the meter and better output protection 
than the circuit would have without it. 

Overvoltage limiter OV601 limits the 
effect of the application of an external 
voltage; the same type optional unit is 

recommended here as was recommended 
for the other sections. Fuse F6O1 protects 
the overvoltage protector from excessive 
dissipation. 

Assembly of this section is straight- 
forward. Figure 11 shows the location of 
the voltmeter section with respect to the 
entire PC board and Fig. 12 shows the 

location of the components. 

Counter section 
The schematic diagram of the frequen- 

cy counter is shown in Fig. 13. Section b 
of 521 is the counter power switch; 
switch S21 -a selects the signal to be 
counted. In one position the counter 
counts whatever signal is applied to the 
voltmeter. The voltmeter signal, however, 
can possibly be very low amplitude or 
altered in some way by the system under 
test so that it does not provide true and 
stable triggering of the counter. There- 
fore, S21 -b can alternately select an inter- 
nal signal from the audio sweep generator 
section. Stable counting of the sweep 
generator signal is thus always assured 
regardless of what happens to that signal 
as it is processed by the system under 
test. 

The counter timebase establishes the 
counting period or window. The counting 
circuit counts each cycle of the input 
waveform that occurs during the time the 
window is open. If the counting window is 

1 second, the total number of cycles 
counted is the average frequency of the 
input signal during that second in Hz. 

This system uses both 1- second and '/]- 
second counting windows. The one -half 
second window is more useful for track- 
ing a swept frequency. 

The timebase, which establishes a 
counting window, is derived from the 
power line and selected by switch 522. 
Resistor R7O2 is a pull -down resistor for 
the input of counter IC7O2. With pin 11 

connected to ground, IC702 divides by 
60. With pin 11 connected to V+ (which 
for the counter section is 12V), it divides 
by 50. On the circuit board, pin 1I is 
connected to ground. To convert the unit 
to a 50 -cycle power line, it is only neces- 
sary to cut a circuit on the back side of 
the board and install a short bus wire 
jumper between two pads, which are 
provided for this purpose. Cutting the 
circuit disconnects pin 11 from ground. 
Adding the jumper connects pin 11 to 
V +. The output of IC7O2 then is a pulse 
train whose frequency is either 1 or 2 

times the power -line frequency. 
IC703 is a dual one -shot. For each 

input pulse, IC703 provides a negative 
going store pulse. This store pulse is 
about 10 -µs wide. This time is deter- 
mined by C7O3 and R703. As the store 
pulse terminates, it triggers the second 
one -shot, which produces a positive going 
clear pulse. The width of the clear pulse is 
determined by C7O4 and R704 and is also 
about 10 As. The counting window then is 
from the end of the clear pulse to the 
beginning of the next store pulse. These 
two pulses shorten the counting window 
by about 25 As, inducing an error of 25 
parts -per -million for a one -second update 
time or 50 parts- per -million for a half - 
second update. This error is insignificant 
in comparison to the normal power -line 
frequency variation. Line frequency er- 
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FIG. 13 (above) -THE SCHEMATIC of the digi- 
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quency counter. IC105 at top center is a voltage 
regulator that is a part of the power supply. 

COUNTER PARTS LIST 

R701 -100 ohms, '4 watt, 5% or better 
R702- 100,000 ohms, V. watt, 5% or 

better 
R703, R704- 22,000 ohms, '4 watt, 5% or 

better 
R705 -R711 -330 ohms, 1 watt, 5% or 

better 
C701 -1 pF electrolytic, 16 volts or higher 
C702 -.005 pF disc ceramic 
C703 -C705 -.001 pF disc ceramic 
IC701 -4030 or 4070 
IC702 -4566 
IC703 -4528 
IC704- MK50395 
IC705- UDN2982 (Sprague) 
IC706- ULN2004 (Sprague) 
DIS 1- DIS6 - MAN72 7- segment display 
S21- DP3- position toggle switch 
S22 -DPDT toggle switch 

The following are available from FSI, 
1894 Commercenter W., No. 105. San Ber- 
nardino, CA 92408: Complete Kit, $495.00; 
cabinet and circuit board, $115.00. Set of 
semiconductors, $195.00: seven slide 
pots with knobs, $17.00, set of trimmers 
including four multiturn pots, $17.00. 

California residents add state and local 
taxes as applicable. 

rors are a fraction of a percent. The over- 
all result is a timebase -caused error in the 

fourth or fifth significant figure of the 
displayed frequency. 

IC701 is a quad exclusive OR gate 

connected as a frequency doubler. Gate 
continued on page 105 
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TROUBLESHOOTING CB 
Receivers 

The receiver circuits in Citizens band transceivers 
can develop defects that affect range and performance. 

Here's a look at basic circuits and suitable test equipment. 

FOREST BELT 

THE SIGNALS NEEDED FOR CB RECEIVER 
servicing are not drastically different 
from those for FM two -way radios. Yet, 
because they are simpler, CB signal gen- 
erators typically cost less than those 
designed for FM communications. Citi- 
zens band involves only a limited range of 
VHF signals -from 26.965 MHz to 
27.405 MHz. You need IF (or high -IF) 
signals, usually, from 4 MHz to 12 MHz. 
Certain noise blankers take 21 -MHz, 23- 
MHz and 25 -MHz signals for correct 
alignment. And of course there's the 455 - 
kHz IF that seems standard almost every- 
where. 

A CB generator uses AM modulation; 
and that's easy. However, there is one 
tricky concern: checking out the single - 
sideband function of AM /SSB receivers. 
Ordinary amplitude modulation doesn't 
suffice for that job. So, for SSB tests, 
you'll want your CB generator to have a 

frequency -offset feature. Various genera- 
tors include this capability, but in differ- 
ent formats. 

Basically, an overall alignment proce- 
dure follows the pattern for other com- 
munications receivers. There's no demod- 
ulator calibration for AM, nor any limiter 
stages. The first steps in an alignment 
procedure takes care of the 455 -kHz IF 
stages. 

The AM detector is a good -and usu- 
ally convenient -place to connect your 
DC voltmeter as an alignment indicator. 
As the signal reaches the AM detector, 
the diode (or diodes) develops (by rectifi- 
cation) a DC component that is propor- 
tional to the carrier strength. This is often 

the same DC voltage used for the auto- 
matic gain control (AGC) of RF and IF 
stages, and in many CB receivers to 
control the squelch system. 

Find the AM detector. Three common 
versions are shown in Fig. I. Identify the 
detector output side on the circuit board; 
usually it's at the anode end of the series 
diode. This orientation makes the rectifi- 
ed DC negative with respect to ground. 
So the negative or black lead of your DC 
voltmeter clips to the detector output. 
The other (red) voltmeter lead goes to the 
negative power bus (note -only in a few 
chassis is this bus the same as chassis 
ground). If the diodes are wired with the 
cathode to the output side (Fig. 1 -c), 
you'll have to reverse the voltmeter 
leads. 

If a receiver has an S- meter, you can 
usually depend on it as an alignment indi- 

cator. Just make sure (using the schemat- 
ic as a guide) that the S -meter senses 
signal strength after the last IF stage and 
not before. A few S- meters are driven 
directly by the AM detector or by a DC- 
driven AGC system; either of these sys- 
tems is OK for alignment. 

Set the signal generator for 455 kHz. 
Although accuracy is not so critical as for 
FM demodulator alignment; the frequen- 
cy should be relatively close. And it must 
be stable -free of any significant drift. If 
you have any doubts, monitor the genera- 
tor output with a frequency counter. 

Feed the 455 -kHz signal into the base 
of the mixer transistor just preceding the 
455 -kHz IF stages. Turn up the genera- 
tor output just enough to show a notice- 
able DC meter reading at the AM detec- 
tor. Do not turn it high enough to flatten 
out the indication. That is, if more input 
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FIG. 1 -MOST AM DETECTORS have diodes oriented for negative -going input, as shown in sand b. A 

few doubler detectors have diodes wired so that output is positive -going as in c. 
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signal causes hardly any additional meter 
deflection, you've turned the generator 
output level too high. 

Now adjust the mixer output coils and 
the 455 -kHz IF transformers for a maxi- 
mum DC reading. Where any core ad- 
justment does not show a sharp peak, 
suspect trouble. The most likely culprits 
are: (1) a generator set for too much 
output; (2) a defective coil or slug; (3) an 
open decoupling capacitor for that wind- 
ing; or (4) too much leakage from a tran- 
sistor junction either before or after that 
coil. The cure for each should be obvi- 
ous. 

High -1F section 
Some CB receivers do not have a 455 - 

kHz IF. They use only one single- conver- 
sion mixer. The IF is in the megahertz 

RCVR 

MXTR 

RF 

o 1 
T 

MIXER 

SENCORE MODEL C842 

LEADER MODEL LSG -227 

range, just as it would be for a double - 
conversion mixer. In this case, however, 
the high -IF signal feeds the AM detector 
directly. 

This design is most often found in 

AM /SSB receivers. The block diagram 
of Fig. 2 shows why. Signal insertion for 
SSB demodulation takes place at the 
same frequency used for SSB signal gen- 
eration in the transmitter, so that the 
same oscillator is used. Hence, the receiv- 
er high -IF is chosen to match. 

During AM operation, the same IF 
signal feeds an AM detector, with no 
need to heterodyne down to 455 kHz. 
The main advantage of the second con- 
version, which would be useless during 
SSB reception anyway, would be greater 
AM selectivity. However, today's crystal 
filters for high -IF stages have very steep 
skirts. Further bandwidth filtering is not 
absolutely necessary. A designer can 
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FIG. 2 -MANY SSB RECEIVERS for CB convert (mix) only once, to the high intermediate frequency. 
Crystal or ceramic filter provides selectivity. 
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choose an exceptionally sharp -sided high - 
IF filter, and get by without the extra 
mixer and extra IF section. 

If you're dealing with a single- conver- 
sion receiver that has only the high -IF 
section, alignment procedure starts the 
same as for low -1F: Clip your DC volt- 
meter to the AM detector. (Never try to 
align in the SSB mode.) Feed the base of 
the mixer transistor with an accurate 
high -IF signal. Common frequencies are 
7.8 MHz, 10.7 MHz and 12 MHz. Check 
the schematic or the service notes for the 
set you are aligning. The high -IF filter 
may have the frequency stamped on it. 
(This filter often does double duty as the 
SSB filter.) 

Adjust the generator output as already 
described -enough for a DC reading at 
the AM detector, but not enough to satu- 
rate the RF or IF stages. Peak all the 
mixer and IF adjustments. As a trouble - 
finding aid, note any adjustments that 
peak too broadly. 

In double- conversion sets, align the 
high -IF section after making sure the 
low -IF stages are OK. However, first 
verify that the second receive oscillator 
feeds the right frequency to the second 
mixer. The schematic usually gives the 
crystal frequency, but not always to fine 
enough accuracy. For example, a 7.8- 
MHz high -IF requires a 7.345 -MHz 
crystal in the second conversion oscilla- 
tor. The diagram could indicate only a 
7.3 -MHz frequency. Use your knowledge 
of heterodyning and a calculator to deter- 
mine the exact frequency. Then, using 
your frequency counter, measure this fre- 
quency at the output of the oscillator. 

You can use an alternative approach if 
your signal generator has digital dial -up 
accuracy. Use the high- accuracy genera- 
tor for the 455 -kHz alignment, as already 
described. Then, without changing the 
feed point, move the generator frequency 
to the high-1F. Keeping an eye on the DC 
voltmeter, raise and lower the frequency 
in 100 -hertz steps. The highest DC volt- 
meter reading should coincide exactly 
with the high -IF design frequency. 

If it doesn't, the crystal probably has 
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TABLE 1 -CB SIGNAL GENERATORS 

Mir 
Brand Model 

Output 
(mV) 

Accuracy 
(ppm)' PLL 

SSB 
offset 

IF Signals 

EIA 
NB test 

Low 
(kHz) 

High 
(MHz) 

B &K/ 
Precision 2040 100 5 Var 455 - Yes 

Com-Ser2 CB -27002 1 5 - 30 up to 12 No 

Hickok 266 100 5 ± 1 kHz 455 1 -20' Yes 

Leader LSG -227 100 5 V Var 
t1 kHz 

455 - Yes 

Logi- Metrics 9812 20 2 - - - No 

Sencore CB422 100 5 ± 1 kHz 375 up to 12 No 

Time & 

Frequency 
Technology 

767 300 5 Digital 100 up to 12 Yes 

Note: Var = Variable. 
1. ppm parts per million. 5 ppm equals 0.00005 percent. 
2. Has features in addition to signal generator. 
3. Needs external crystal for each high -IF frequency. 

shifted frequency. The second oscillator 
circuit may contain a frequency adjust- 
ment, but many do not. A shift in 
frequency of more than 300 Hz from the 
center can degrade reception enough to 
justify replacing the crystal. Besides, the 
error will only grow worse. 

A quick trick 
The crystal -controlled nature of a CB 

receiver offers an excellent opportunity to 
save some alignment time. This time- 
saving procedure works best for single - 
conversion, whether the IF is 455 kHz or 
several megahertz. It also- usually- 
works OK for double- conversion, if you 
follow the procedure carefully. 

You need a highly accurate signal gen- 
erator, any of the phase -locked models 
(see Table I) will have sufficient accura- 
cy and stability. Once you're familiar 
with the CB models you work on most, 
you may like this shortcut. 

Follow the procedure shown in the 
block diagram of Fig. 3. Coils have been 
added to show the adjustments you may 
encounter; some sets have fewer, some 
have more. 

SIGNAL 
GENERATOR 

IN 

FIRST 
MIXER 

FILTER 

First thing you do is jump in with your 
frequency counter and verify the frequen- 
cies generated by the phase -locked loop 
(PLL) (or use a frequency synthesizer if 
the CB is an older model). Keep the 
transceiver's RF input connected to a 

dummy load during these measurements. 
This is to avoid any stray inputs that 
might confuse the frequency counter. A 
test point is usually provided for the 
counter near the mixer input. Check all 
channels. 

Next, measure the frequency of the 
receive oscillator. It may be adjustable, so 

you can set the frequency precisely. If the 
set is a single -sideband model, look for 
another oscillator or two in the same 
vicinity. Set these oscillators while you're 
at it. A test point or test points nearby 
accommodate the frequency counter. 
Certain elaborate CB models have three 
or four oscillators, for various modes. 
Measure the frequencies of them all, 
switching to the appropriate modes of 
transceiver operation. Correct any that 
are adjustable. Install a new crystal any- 
where the error exceeds a couple of 
hundred kilohertz. 

Feed an accurate generator signal right 
into the front end (remove the dummy 
load). Set the generator for Channel 21. 
(Use Channel 13 in 23- channel sets.) No 
modulation is needed from the generator. 
Connect your DC voltmeter at the AM 
detector, as already described. Set the 
receiver for Channel 21, and select the 
AM mode. Turn up the generator output 
so that a reading is obtained on the 
meter. 

Since you've already determined that 
all conversion oscillators and the phase - 
locked loop (or synthesizer) are on- 
frequency, you can now peak all the IF 
and RF adjustments for maximum DC at 
the AM detector. If the reading goes too 
high with the peaks too broad, reduce the 
generator output somewhat. 

The beauty of this procedure, once you 
know where to find the oscillator and 
PLL (or synthesizer) test points, is its 
simplicity and speed. It is also thorough. 
If there's a problem in the oscillator or 
the PLL, it appears during your frequen- 
cy- counter tests. (Note -of course, the 
frequency counter must have enough sen- 
sitivity to measure oscillators directly. 
Oscillators in CB sets usually have an 
output range from 20 mV to 50 mV 
RMS.) 

You complete RF and IF alignment 
both with one connection of your signal 
generator, which saves time. And, natu- 
rally, any weaknesses or oscillations in 
those stages become evident as you ad- 
just. 

Unwanted oscillations in the RF or IF 
stages appear generally as an uncontrolla- 
bly high DC reading at the AM detector. 
Often, this appears as you peak an adjust- 
ment, and is usually because somebody 
detuned the stages to cure the squawk or 
distortion. The true cure is substituting a 

new decoupling capacitor, a new coil 
assembly, or (rarely) a transistor with less 
inter -element capacitance. 

Selectivity filters 
You can check the bandwidth filters in 

CB sets in much the same way as in FM 
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FIG. 3 -CHECK OSCILLATORS FIRST with a frequency counter, and you can align with an accurate 
RF signal fed into the front end. 
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two -way receivers. But there is a handier 
evaluation, using the same test setup as 
for RF alignment. 

The generator signal feeds into the 
antenna jack. The receiver and generator 
both operate on Channel 21 (or Channel 
13). Keep the DC voltmeter at the detec- 
tor output. However, here are two differ- 
ences: Turn the generator output up to 
50,000 AV, and add 30 percent modula- 
tion. Yes, the RF and IF stages will be 
saturated, the AGC will be fully opera- 
tive, and the DC meter reading will be at 
its peak. Set the volume for comfortable 
listening. 

Leaving the receiver set to Channel 21, 
change the generator frequency to Chan- 
nel 20, which is 27.205 MHz. You'll note 
a drastic reduction in sound from the 
speaker, and in the DC meter reading. 
Turn up the volume enough to hear some 
sound, even if it's just noise with very 
little demodulated sound. Adjust the gen- 
erator output, if there's enough, for a 
measurable DC meter reading. 

Next, switch the generator frequency 
to Channel 22, or 27.225 MHz. The DC 
meter reading and the recovered sound 
should be the same as they were when you 
fed in Channel 20. If there is much differ- 
ence, the alignment is faulty or the filter 
is off- center. Since a complete alignment 
procedure was performed before you 
made this test and you made sure all coils 
peak properly, the defect is likely to be in 
the filter. 

You probably recognize what you're 
doing in this quick test -assessing adja- 
cent- channel rejection. You can measure 
actual decibels of rejection. This test 
gives only an approximation. In a proper- 
ly operating CB receiver, sound recov- 
ered under adjacent -channel conditions 
should drop to weak sound with some 
noise in the speaker. That signal drop 
represents about 50 dB of rejection, 
which is roughly equivalent to reducing 
the generator signal from 50 mV to 0.5 
µV (on- channel). 

Measuring adjacent -channel rejection 
takes only enough (or more) time to 
connect an audio voltmeter across the 
speaker. Set the generator to Channel 21, 
the output to 1 µV and modulation to 30 
percent. Set the receiver to Channel 21, 
and adjust the volume control to give an 
audio output of 1.5 volts RMS. That's 
your reference audio level. 

Switch the generator to Channel 20. 
Increase the generator RF signal, in 

decade steps, until the audio output meter 
again reads 1.5 volts RMS or close to it. 
Each RF increase by a factor of 10 repre- 
sents 10 dB of adjacent -channel rejection. 
For example, if the adjacent -channel au- 
dio output comes up to 1.5 volts RMS 
again when the RF signal from the gener- 
ator is increased from 1 µV to 1000 µV, 
the adjacent -channel rejection is 30 dB. If 
it takes 10,000 MV, the rejection is 40 dB. 
A 100,000 -MV signal means 50 dB of 
rejection. The average modern CB receiv- 

er shows a rejection of 40 dB or so. 
With this approach, you can assume 

the selectivity filter is faulty if (1) adja- 
cent- channel rejection is less than 20 dB, 
or (2) if rejection values above and below 
the receiver channel are more than 10 dB 
apart. This judgment presumes that you 
have finished troubleshooting and align- 
ing the RF and IF sections before testing 
adjacent -channel rejection. 

The cure for a faulty filter is usually a 
new filter. If adjacent- channel rejection is 
balanced but poor, check carefully the 
input and output loading of the suspected 
filter. This includes the transistor preced- 
ing the filter and following it, plus the 
decoupling capacitors in the base or col- 
lector circuits of those transistors. New 
filters are somewhat expensive in some 
models, so you want to be as sure as you 
can. 

Noise blankers 
Manufacturers of specialized CB gen- 

erators seem to have overlooked noise - 
blanker adjustments. They provide no 
signal for aligning the RF input coils. 
Inexpensive CB receivers of course have 
no noise blanker to consider. Some blank - 
ers sense pulse noise after the first mixer; 
any input coils tune to the high -IF. Oth- 
ers have untuned inputs, but several still 
incorporate a system similar to the one 
shown by the block diagram of Fig. 4, in 
which the coils are included to indicate 
their positions. An IC chip contains most 
of the blanker stages in newer CB receiv- 
ers. 

For alignment purposes, what concerns 
you mainly are the input coils. In Fig. 4, 
these coils are shown to peak at 21 MHz. 
However, some set designers choose 23 
MHz or 25 MHz. A significant part of 
the objective is rejection of 27 -MHz 
signals. But the blanker system needs the 
gain these stages afford at their own RF 
frequencies. This gain assures efficient 
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diode output; an IC usually has a test 
point for this connection. Feed just 
enough signal into the antenna jack (at 
the listed blanker -coil frequency) to 
cause a meter reading, and peak the RF 
coils. 

That's all there is to it. Accuracy isn't 
critical, but you use a stable signal source 
because even small frequency changes 
could lead to a broadening of blanker 
response. 

SSB tests 
When you've aligned and tested a CB 

receiver for AM operation, you've al- 
ready covered almost everything in the 
RF and IF stages that could interfere 
with SSB reception. Any symptom pre- 
sent in SSB only indicates a demodulator 
or mode- switching fault. The SSB demo- 
dulator normally is the same circuit as the 
SSB modulator. Servicing it as a transmit 
function proves easier than troubleshoot- 
ing its receive function. So, if the com- 
plaint is an SSB "receive-only" symptom, 
mode- switching seems about all that's 
left. 

To corroborate your evaluations of re- 
ceiver operation after you've finished all 
AM alignment and assessment, you can 
test SSB reception with your CB signal 
generator. Here's the way to do it, quick 
and easy if your generator has the right 
controls. 

What does "right controls" mean? It 
means you must be able to offset the 
channel carrier by 1 kHz (1000 Hz), 
accurately. You see this easiest in a 
generator with digital frequency knobs. 
For example, for CB Channel 21 at 
27.215 MHz, the frequency reading on a 
500 -MHz signal generator that has a 7- 
digit dial would be 027.2150 MHz. To 
raise the frequency (the upper sideband) 
by 1 kHz, change the dial to read 
027.2160 MHz. For the lower sideband, 
set the dial at 027.2140 MHz. Use no 
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FIG. 4 -MANY NOISE BLANKERS do not have 
properly for optimum performance. 

pickup of ignition -noise pulses, because 
automotive -noise RF energy is strong in 
the 20-30 -MHz frequency range. 

In the absence of noise pulses, such as 
when an unmodulated RF test signal is 

used, the pulse- detector diode acts similar 
to an AM detector. That is, it produces a 
DC voltage that is proportional to RF 
signal strength. 

Connect your DC voltmeter at the 

TP 
1 MEG ,i 47pF 

tuned circuits; those that do should be aligned 

modulation, just RF. 
Set the receiver for AM at first. With 

the generator frequency set to channel 
center (027.2150 MHz), you should hear 
no sound in the speaker. Set the receiver 
for LSB operation, and set the signal 
generator for 027.2140 MHz. You 
should hear a 1000 -Hz tone, and a fre- 
quency counter across the speaker should 

continued on page 79 
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communicatloàs corner 

A new monthly column devoted to the latest developments in 
the communications field. 

HERB FRIEDMAN, COMMUNICATIONS EDITOR 

WELCOME TO "COMMUNICATIONS COR- 

ner," a new monthly column devoted 
exclusively to the latest developments in 
the field of communications as they affect 
CB, SWL, VHF /UHF radio, amateur 
radio -and whatever else comes along as 
a result of new technologies. 

Just a few short years ago, each of 
these individual branches in the field of 
communications would have been consid- 
ered separately and covered by separate 
articles and feature stories. But because 
of the "crossover" factor, whereby a mod- 
em technological development for one 
branch finds instant application to other 
branches under the umbrella labelled 
"communications," a better picture of 
what's happening today and what will 
happen tomorrow is attained by combin- 
ing all aspects of consumer communica- 
tions into a single column. 

We will try to describe not only the 
latest developments in general and specif- 
ic communications, but how they are 
actually applied to the various pieces of 
equipment the average consumer, hob- 
byist and technician will find. 

In many instances, we will introduce 
you to the "leading edge of the state of 
the art," although this leading edge could 
often be nothing more than a 30- year -old 
idea updated with modern devices, (such 
as the substitution of transistors for vacu- 
um tubes). We plan (with cooperation 
from the manufacturers) to introduce you 
to new uses for old ideas, old uses for new 
ideas, and, of course, new uses for new 
ideas as they affect the world of commu- 
nications. 

To give you an idea of what to expect in 
future months, we're now going to touch 
all the bases with some of the very latest 
developments in all fields of consumer 
communications. Later columns will go 
into the nitty -gritty of individual cir- 
cuits. 

Computerized CB 

Heading the list in terms of interest (or 
at least my own interest) is computerized 
CB transceivers. We've all been hearing 
about computerized CB for at least the 
past 12 months. Originally, the BIG 
NEWS was that "the biggie" company in 

computers and calculators was on the 
verge of introducing a computerized CB. 
Many months (and a poor year for sales) 
later, the " biggie" has yet to introduce 
their model; but computerized CB has 
now been introduced by Robyn and Path - 
com (among others), with more to fol- 
low. 

Actually, the computerization of CB is 
really receiver -oriented. There are varia- 
tions, of course, but the basic idea is a 
microprocessor that permits the user to 
program a specific group of channels to 
be scanned for activity (busy channel) or 
lack of activity (clear channel). Alter- 
nately, the computer can be programmed 
to scan all channels, or it could be 
programmed for operation on one chan- 
nel with frequent checks of an alternate 
channel. (For example, Pathcom's Pace 
8117 can be programmed to monitor a 
second channel once every 10 seconds for 
1/2 second.) 

While you cannot scan with the trans- 
mitter keyed, the transmitter usually fol- 
lows the receiver in a computerized trans- 
ceiver; so if the receiver stops on a chan- 
nel during a scan, the transmitter is simi- 
larly tuned to the same channel. One 
main feature of the computer is that it 
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prevents operation on unauthorized fre- 
quencies. For example, if you attempted 
to program the Pace 8117 for Channel 51 
or even a 3 -digit channel, as for example 
Channel 123, the computer says "tilt" to 
itself and defaults to Channel 19. 

The Pace 8117's touch -pad, used for 
both channel entry and microprocessor 
programming, is shown in Fig. I. This 
touch -pad is more or less typical of a 
computerized CB keyboard, and in later 

columns we'll cover touch -pad program- 
ming. 

VHF /UHF 
For several years, the more expensive 

VHF /UHF scanning monitor radios have 
allowed the user to digitally program a 
group of desired frequencies. Although 
somewhat more expensive then crystal - 
controlled scanners, the programmable 
scanners permitted the user to easily 
follow the special services -in particular 
the police -as they moved around the 
public -service bands. Usually, it took a 
not -very- accurate frequency list or hand- 
book and some local undercover work to 
discover where the local safety services 
were moving as they hopscotched around 
the low VHF (30-50 MHz), high VHF 
(146 -174 MHz) UHF (450 -500 
MHz) and the "T" (Television -unas- 
signed low UHF television channels) 
bands. But for every need there's an 
invention, and this year's is the "search- 
ing scanner." Microprocessor -controlled 
searching scanners, such as those manu- 
factured by Radio Shack and Bearcat, 
allow you to program high- and low - 
frequency limits, which are then continu- 
ously scanned until an active frequency is 
located. Some of the more sophisticated 
models, such as the Bearcat model 250, 
keep a running count of each active 
frequency; and at the end of a given time 
period, you can read back total activity to 
determine which frequencies in your im- 
mediate locality are most used. 

And, finally, there's a searching scan- 
ner for the aviation enthusiast, the Re- 
gency model ACT- T -720A Digital Flight 
Scan. This scanner covers airport and 
aviation frequencies from 108 MHz to 
136 MHz. Like the VHF /UHF monitor 
radios, the model ACT- T -720A can be 
directly programmed to a desired fre- 
quency, or can be programmed to search 
a selected range of frequencies. 

Amateur radio 

After having spent many years in the 
doldrums in terms of both membership 
and equipment, amateur radio, the oldest 
of electronically oriented hobbies, has 
been given new life by modern technolo- 
gy. From new all -band VHF mobile 
antennas, to broadband -tuned transmit- 
ters and receivers, to an ever -expanding 
two -meter FM band, and, finally, to digi- 
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Ñ 4 Real State of1he Art 
TWO NEW AC DC BATTERY PORTABLE COUNTERS 

OPTO-8000 .1A 10Hz to 600 MHz - FREQUENCY COUNTER 

Precision TCXO time base 0.1 PPM Stability 17 -40 C 

Super Sensitivity with preamps in both HI-Z & 50 Ohm inputs 
<10mV to 50MHz, 25 mV @ 150 MHz <50mV to 600MHz 
Auto Decimal Point Aluminum Case Socketed IC's 
Three position attenuator: X1, X10, X100 (avoids false 
counting) 

#OPTO-8000.1 A Factory Assembled $329.95 
#OPTO-8000.1 AK Kit Form ... $279.95 
#NI- CAD -80 NI -CAD Battery Pack .. ... $ 19.95 

OPTO -7000 10 Hz to 600 MHz MINIATURE COUNTER 

XTAL (TCXO) Time Base ±.08PPM/ C 

Aluminum Case HI -Z & 50 Ohm inputs 
1 Sec. & 1/10 Sec. Gate times Auto Dec. Pt. 

Built -in Prescaler and Preamps Standard 
#OPTO-7000 Factory Assembled - 1 Year -Guar .. $139.95 
#OPTO -7000K Kit Form 99.95 
#AC -70 AC Power Pack 4.95 
#NI- CAD -70 NI -CAD Battery Pack 19.95 
#TCXO-70 Precision TCXO Time Base 

<0.1 PPM, 17 -40 C 79.95 

ACCESSORIES 
PROBES: 

#P -100 50 Ohm, 1X $13.95 
#P -101 Lo -Pass 16.95 
#P -102 H1 -Z, 2X 16.95 
# AP- 8015 UHF Counter Preamp 20 MHz to 

600 MHz 15 -50 DB Gain 
(Not Shown) .. $49.95/Kit $39.95 

#D -450 Antenna 
Rubber Duck RF Pick -up 450 MHz $12.50 

#D -146 Same as above 
146.5MHz $12.50 
#RA-BNC Right -Angle BNC Adapter for 
above Antenna 2.95 

ORDER FACTORY DIRECT - PHONE OR MAIL 

TERMS: Orders to U.S. and Canada, add 5% to maximum of $10.00 per order 
for shipping. handling and insurance. To all other countries, add 10% of total or- 
der. Florida residents add 4% state tax. C.O.D. fee: $1.00. Personal checks must 
clear before merchandise is shipped. 

OPTOELECTRONICS. INC. 
5821 NE 14 Avenue 
Ft. Lauderdale, FL 33334 
Phones: (305) 771 -2050 771 -2051 

Phone orders accepted 
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Train with NTS for the 
MicroComputers, digital 

the first name 

Micro computers 
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The world of electronics is daily becoming more 
challenging. Technology is growing more specialized, 
and the importance of digital systems increases 
every day. Test instruments, home entertainment 
units and industrial control systems are all going 
digital. And now, NTS training programs include a 
wider choice of solid -state and digital equipment than 
ever before offered in any home study course: 
Advanced NTS /Heath digital color TV (25" diagonal 
with optional programming capability), NTS /Heath 
microcomputer, digital test equipment, digital stereo 
receiver (70 watts per channel), NTS compu- trainer, 
plus much more state -of- the -art equipment to make 
your training exciting and relevant. 

The equipment you receive with NTS training 
programs is selected to provide you with a solid 

background in electronic systems. Kits and lessons 
are designed to work together to demonstrate 
electronic principles and applications. The kit -building 
not only shows you how electronic hardware 
functions, but how various circuit designs accomplish 
different purposes. Your lessons guide you through 
any number of experiments associated with many 
projects. This is the Project- Method, and it works. 
Step -by -step, you learn how and why digital 
electronics has become a part of our world, and the 
even bigger role it is sure to play in the future. 

Whether you are looking for training in Consumer, 
Commercial, or Industrial electronics, NTS offers 
fourteen courses, some basic, many advanced, in 

several areas of electronics. An all -new full -color 
NTS catalog shows you what each course covers, 



electronics of the future. 
systems and more...from 
in home study. 

Simulated TV Reception 

and every piece of equipment included. 

Send for it today, and see for yourself what's really 
happening in electronics training technology at NTS. 
Find out how much has changed, and what new 
directions the field is taking. You'll probably want to 

be a part of it. 

It's free. Just mail the card or coupon. Today. 

NO OBLIGATION. NO SALESMAN WILL CALL. 
APPROVED FOR VETERAN TRAINING. 

NATIONAL SCHOOLS 
TECHNICAL -TRADE TRAINING SINCE 1905 

Resident and Home -Study Schools 
4000 South Figueroa St., Los Angeles. Calif. 90037 

r.tlll__tl______, NATIONAL TECHNICAL SCHOOLS Dept. 206 -059 

4000 South Figueroa Street. Los Angeles, California 90037 

Please send FREE Color Catalog and Sample Lesson. 

Color TV Servicing 
B & w TV and Radio Servicing 
FCC License Course 
Electronic Communications 
Electronics Technology 
Audio Electronics Servicing 
Digital Electronics 
MicroComputers /MicroProcessors 
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COMMUNICATIONS CORNER 
continued from page 68 

tal readout and synthesis of VHF and 
UHF equipment, probably more techno- 
logical excitement is going on in ham 
radio now than in all other electronic 
hobbies combined, other than personal 
computing. We'll cover many of the latest 
ham radio developments in detail in the 
coming months. Right now, let's look at 
digital- frequency readouts. 

Digital readout 
The price of a digital readout has 

decreased drastically. Everything from 
bathroom scales to set -back home ther- 

mostats has a counter -driven digital read- 
out. It's, therefore, not surprising that 
much of the recently introduced Ham 
gear also contains digital readouts. No 
more interpolating the position of cur- 
sors, or "in- between" 1 -kHz calibrations, 
a digital readout now indicates precise- 
ly- usually by 100 Hz -the center fre- 
quency of a receiver or transmitter. Actu- 
ally, the procedure isn't difficult since all 
it involves is a frequency counter connect- 
ed to the local oscillator or VCO. An 
offset applied to the counter programs it 
to display the frequency directly, for 
example, 21.275.3 MHz. This is a lot 
easier than the digitally synthesized tun- 
ing (programmable frequency selection) 

Who Says Ours Are The Best? 
YOU Do. 

Year after year, you tool users buy more 
CHANNELLOCK tongue and groove pliers 
than any of the imitator brands. By far. It's your 
way of telling us that CHANNELLOCK, the orig- 
inal, the first of its kind, is best of its kind. Thank 
you. We're going to keep it that way. 

CHANNELLOCK, INC. Meadville, Pennsylvania 16335 

Meet the Rest of the Family. Send For Free Catalog. 
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used in some gold -plated -special receiv- 
ers. 

Well cover both digital readout and 
synthesized tuning in amateur gear in 
greater detail in future columns. 

SWL 
Finally, let's see what's happening in 

shortwave listening (SWL). For almost 
the entire history of broadcasting, SWL 
receiver dial calibration was a hit -or -miss 
affair. With very rare exceptions, the dial 
calibrations barely came near the correct 
frequency, let alone right on it. 

Those SWL enthusiasts who were for- 
tunate to know about the Barlow - Wadley 
receiver (and parted with several hundred 
dollars for it) were fortunate to end up 
with one of the very few noncommercial, 
nonmilitary receivers that could be preset 
to a frequency and actually be on the 
button when the power switch was turned 
on. 

The Barlow- Wadley circuit is unique: 
It uses two VHF crystal- referenced oscil- 
lators -one fixed, the other variable. Be- 
cause the operating frequency is around 
50 MHz and because the reference fre- 
quency is 1 MHz, an unswitched tuning 
knob can step the tuning in quartz- refer- 
enced (drift- free), l -MHz steps from 
almost 0 Hz to any desired frequency, 
usually 30 MHz. The output of the two 
oscillators (in the I MHz -3 MHz range, 
depending on design) is then tuned by a 
dial calibrated from 01 MHz in I -kHz 
or 5 -kHz increments. In short, this is a 

beautiful system with a drift -free dial 
calibration that provides accurate tuning 
on the first try. 

The original Barlow -Wadley receiver 
was a small battery -portable unit that 
outperformed many gf the "gold- plated 
boat anchors" we then called communi- 
cations receivers. 

If you wonder what a Barlow -Wadley 
circuit would be like using the latest digi- 
tal readout, you can see for yourself at 
your local Radio Shack store in the form 
of the DX -300 Quart7-Synthesi,ed Com- 
munication, Receiver (sec front -%iew 
photograph Fig. 2). 

FIG. 2 

Using the Barlow -Wadley conversion 
format in a triple- conversion receiver, the 
model DX -300 features a digital readout 
directly in MHz and kHz, to a I -kHz dial 
accuracy. The rated frequency range 
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Radio Shack: No. 1 Parts Place 
Low Prices and New Items Everyday! 

Top -quality devices, fully functional, carefully inspected. Guaranteed to meet all specifications, both electrically and mechanically. All are made 
by well -known American manufacturers, and all have to pass manufacturer's quality control procedures. These are not rejects, not fallouts, not 

seconds. In fact, there are none better on the market! Always count on Radio Shack for the finest quality electronic parts! 

TTL and 
CMOS Logic ICs 

Full -Spec Devices 
Direct from 
Motorola and 
National Semiconductor 

Type Cat No ONLY 

7400 276-1801 350 
7402 276 -1811 390 
7404 276 -1802 350 
7406 276 -1821 490 
7410 276-1807 390 
7413 276 -1815 790 
7420 276-1809 390 
7427 276 -1823 490 
7a32 276.1824 490 
7441 276 -1804 990 
7447 276 -1805 990 
7448 276-1816 990 
7451 276-1825 390 
7473 276-1803 490 
7474 276 -1818 490 
7475 276-1806 79c 
7476 276 -1813 590 
7485 276.1826 1.19 
7486 276 -1827 494 
7490 276 -1808 790 
7492 276.1819 690 
74123 276 -1817 99c 
74145 276 -1828 1.19 
74150 276 -1829 1.39 
74154 276 -1834 1.29 
74192 276 -1831 1.19 
74193 276.1820 1.19 
74194 276 -1832 1.19 
74196 276 -1833 1.29 
4001 276-2401 490 
4011 276 -2411 49c 
4012 276.2412 69c 
4013 276 -2413 890 
4017 276 -2417 1.49 
4020 276 -2420 1.49 
4021 276.2421 1.49 
4023 276-2423 690 
4027 276 -2427 890 
4028 276.2428 1.29 
4046 276.2446 1.69 
4049 276 -2449 690 
4050 276 -2450 69c 
4051 276 -2451 1.49 
4066 276.2466 99c 
4070 276 -2470 690 
4511 276 -2447 1.69 
4518 276-2490 1.49 
4543 276 -2491 1.89 

8080A Microprocessor 
and Support Chips 

New - 100% Prime 

All With Full Data and Specs 

8080A Microprocessor. 2 uS cycle time 
276-2510. 12.95 

8208 Bus Driver. 6 -bit bidirectional 
276-2508. 5.95 

8154 128118 -Bit RAM 1,0. 40 -pin DIP 
276-2511. 9.95 
8212 I Port. Data latch and butter 
276.2512. 4.95 

8224 Clock and Generator Driver. 
276 -2524. 3.95 

8228 System Controller and Bus Driver. 
276 -2528. 6.95 

8251 Programmable Communica- 
tion Interlace. 276-2551. 9.95 

8255 Programmable Peripheral Inter- 
lace. 276-2555. 9.95 

SN -76477 Sound/Music 
Synthesizer IC 

299 Featured in Oct. 
Popular Electronics 

Creates almost any type of sound - 
music to "gunshots' Built -in audio amp. 
Includes 2 VCOTs, LF osc.. noise gen.. 
filter. 2 mixers. envelope modulator. logic 
circuit. 28 -pin DIP. With data appli- 
cations circuits. 276.1765... 2.99 

Analog Audio Delay IC 
MN 3002 

1095 111,7,4" 
For Phase -Shifter. 
Reverb & Delay Circuits 

Bucket Brigade device uses 512 shift 
registers to provide a continuously vari- 
able electronic delay for complex audio 
signals. Includes data sheet and appli- 
cations circuits. 276-1760 10.95 

Top -Quality IC and PCB Accessories 

.. 
PC Board. Mounts two 14 or 16 -pm ICs or sockets for bread toarding 

Copper clad 2' 7151(1' i1( 276-151 
I PC Board. Mounts single 14 or 16 -p'n IC or socket 
276-024 

- 16-Pin IC Test Clip. 276.1951 
16-Pin DIP Header. With snap -on cover 276.1960 
8- Rocker 16-Pin DIP Switch. 276 -1301 
Vertical 16 -pin Sockel. For LED displays 276-1968 

6-Pin DIP Jumper Cable. 18 long 276.1978 

299 

Pkg. or 21990 
3.99 
1.29 
1.99 
1.49 
3.99 

MC14553 3 -Digit 
BCD Counter IC 

299 
For Low -Cost Digital Readout 
CMOS chip replaces over 8 separate IC 

a digital display circuit. Input pulse sh 
ing Master reset pin. 16-pin DIP 
276-2498 2 99 

Project Boxes 

Aluminum 
Cover 

The popular 
low -cost way 
to house your 
electronic ex- 
periments. 

3¼82'1n169. 270-230 1 19 
4a2Wa2Va: 270-231 1 29 
5',102%a1%. 270-233 1 49 
8 W x 3 aka r. 270-627 1 79 
71.469a23/4. 270-232 2 49 

Miniature 
Hobby Motors 

High -torque permaner, 
magnet type. 'h6" dia. shall 

+ 12VDC. 350mA. 2x'1n6' 
273-210 690 

s. 6-9V DC. 500mA. 16/4x? 

273 -209 Pkg. of 2/990 

Lead Zero Blanking 
100 Hz Up to 45 MHz 
kHz and MHz Decimals 

Accuracy is 3 ppm at 25 C or less than 30 Hz 
at 10 MHz. Overload -protected 1 -meg input. 
Sensitivity. 30 mV up to 30 MHz. 3x41/2: With 
mini -rod antenna, leads. case. instructions. 
Requires 9V battery. 22 -351 . Sale 69.95 
AC Adapter. U.L. listed. 65-731 4 95 

Custom Printed 
Circuit Board Kit 

r 

Everything you need tor making high - 
quality custom PC boards 
276 -1576 
Extra Resist Pen. 276 -1530 
Extra Etching Solution. 276-1535 

7.95 
1.29 
2.19 

Multi -Logic Family 
Compatibility 
from 5 -15VDC 

Detects one -shot low repeutio 
rate. narrow pulses scopes mis' 
Combines level detector, pulse de- 
tector and pulse stretcher. Hi -LED 
indicates logic "1 Lo -LED is logic 

0 ". Pulse LED displays pulse tran- 
sitions to 300 nanoseconds. blinks 
at 3 Hz tor high -frequency signals 
(up to 1.5 MHz). With cables. 
22 -300 24.95 

Computer Data Manuals & 
Semiconductor Handbook 

e Intel 8080/8085 Programming Manual. Hai, 
reference for programming with Intel s assert': . 

anguage. 62- 1377... 3.95 
e Intel Memory Design Handbook. Explains 

,f Intel s memory components and support cu- 
uits in systems. 62 -1378 395 

c Intel Data Catalog. 928 pages of specifications 
on most of Intel s standard microcomputer - 
related products. 62-1379 4 95 

[F Semiconductor Reference and Application 
Handbook. Complete specs and applications for 
popular IC transistors. diodes 276 -4002 1.95 

Molded Connectors 

RAM Memory ICs 
Under 450 nS Access Time 

2102 1024 x / Array. Low -cost static 
memory chip. 16 -pin DIP. Buy 8 and 
save' 
276.2501 2.49 Ea. or 8/14.95 

2114L 1024 x 4 Array. NMOS static 
RAM 18 -pin DIP 
276 -2504. 12.95 

B 

Digital Project Accessories 
6.261 with Lens. Hgln-contrast Idle, for LEO displays 3' -al" 

lens opening 270-301 315 
a Dolan Molded Display Cass. Red bas Mount up to lour O.0 W 

e. rat 0 3 LED digits With brackets 1 °b +a3N1s4Vd 
210 -215 3.95 

MA 1003 Clog Cass For car clock m)dubs Accepts 3 pushbul 
ton swltrnes Inot Inc I With brackets blue lens 3'na2'1a7 
270 -303 5.95 

WHY WAIT FOR MAIL ORDER DELIVERY? 
IN STOCK NOW AT OUR STORE NEAR YOU! 

Prices may vary at individual stores and dealers 

Rated 8A @ 250v Standard .093" pin diameter 

El Pins 

A 

A 

A 

6 

9 
12 

Male 
Male 
Male 
Male 

al No Euh 

274-224 
274-226 
274-229 
274232 

99e 
119 
1 39 
1 49 

Type 

Female 
Female 
Female 
Female 

2 -Pi Ma e 6 Female. INp1 sh wnl 74-222 

Cat No Each 

274.234 
274 -236 
274.239 
274242 

99e 
119 
1 39 
1 49 

Pair Me 

adre Shaelt 
A DIVISION OF TANDY CORPORATION FORT WORTH, TEXAS 76102 

OVER 7000 LOCATIONS IN NINE COUNTRIES 
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ELF II by Netromts Write and run programs -the 
very first night -even if you've 
never used a computer before! 

Featuring 

RCA 1802 

COSMAC CPU 
Own a powerful home computer system starting for lust S99 95 -a price that 

gets you up and running the very first night with your own TV for a video 

display S99 95 ELF II includes RCA 1802 8 bit microprocessor addressable to 64k 

bytes with DMA interrupt 16 registers ALU. 256 byte RAM. lull hex keyboard. 
two digit hex output display stable crystal clock for timing purposes RCA 1861 

video IC to display your programs on any video monitor or TV screen and 5 slot 
plug in expansion bus f lets connectors/ to expand fl f ll into a giant' 
ELF II Explodes Into A Giant! 

Master ELF Ifs $99 95 capabilities. then expand with GIANT BOARD 

KLUGE BOARD ü RAM BOARDS TINY BASIC ASCII KEYBOARD 

LIGHT PEN ELF BUG MONITOR COLOR GRAPHICS & MUSIC SYSTEM 
TEXT EDITOR ASSEMBLER DISASSEMBLER VIDEO DISPLAY BOARD 

and - 

More Breakthroughs Coming Soon! 
Soon to be introduced ELF II special application kits that give you the hard 

ware and software you need to use ELF II for specialized purposes such as a 

telephone dialer industrial controller home photography security sys 

tem police alert motor controller station output monitor on a conveyor 
belt assembly line and some new super fantastic games, 

Also coming soon PROM Programmer AO DA Converter Controller 
Board and morel Unlike some heavily advertised hobby computers ELF II 

doesn t limit you to pre recorded programs With ELF II you learn computing 
from the ground up from machine language to assembly language to BASIC 

in quick, clear and easy steps ELF II is a powerful computing tool, but one 
that you can master with the same ease you once mastered a slide rule or 

pocket calculator 

Master This Computer In A Flash! 
Regardless of how minimal your computer background is now you can learn 

to program an ELF II in almost no time at all Our Short Course On Mirropro 
renal b Computer Programming written in non technical language - guides you 
through each of the RCA COSMAC 1802 s capabilities so youll understand 
everything ELF II can do and how to get Elf II to do n' Don't worry if you ve 

been stumped by computer books before The Short Course represents a maim 
advance in literary clarity m the computer field You don t have to be a computer 
engineer in order to understand it Keyed to ELF II. d s loaded with 'hands on 
illustrations When you're finished with the Short Course. neither ELF II nor the 
RCA 1802 will hold any mysteries for you 

In fact. not only will you now be able to use a personal computer creatively. 

you II also be able to read magazines such as BYTE INTERFACE AGE POPU 

LAR ELECTRONICS and PERSONAL COMPUTING and Tully understand the 
articles And you'll understand how to expand ELF II to give you the exact 

capabilities you need, 

II you work with large computers ELF II and the Short Course will help you 
understand what they re doing 

Get Started For Just S99.95, Complete! 
S99 95 ELF II includes all the hardware and software you need to start writing 

and running programs at home displaying . deo graphics on your TV screen and 
designing circuits using a microprocessor -the very first night even it you ve 

never used a computer before 

ELF II connects directly to the video input of your TV set. without any addr 

honal hardware Or with an SO 95 RF modulator 'see coupon below) you can 

connect ELF II to your TV s antenna terminals instead 

ELF II has been designed to play all the video games you want, including a 

fascinating new target missile gun game that was developed specifically for ELF 

II But games are only the icing on the cake The real value of ELF II is that it 

You're up and running with video graphics for just $99.95 - 
then use low cost add -ons to create your own personal system 
that rivals home computers sold for 5 -times ELF ll's low price! 

ore recorded tape cassettes 

ELF II Gives You The Power To Make Things Happen! 
Expanded. ELF II can give you more power to make things happen in the real 

world than heavily advertised home computers that sell for a lot more money 

Thanks to an ongoing commitment to develop the RCA 1802 for home computer 
use the ELF II products-being introduced by Netronics keep you tight on the 

outer fringe of today s small computer technology Its a perfect computer for 

engineering, business. industrial, scientific and personal applications 
Plug in the GIANT BOARD to record and play back programs edit and 

debug programs communicate with remote devices and make things happen in 

the outside world Add Kluge iprototypingl Board and you can use ELF II to 

solve special problems such as operating a complex claim system or controlling 
a printing press Add Ilk RAM Boards to write longer programs. store more 
information and solve more sophisticated problems 

ELF II add ons already include the ELF II Light Pen and the amazing ELF BUG 
Monitor -two extremely recent breakthroughs that have not yet been duplicated 
by any other manufacturer 

The ELF BUG Monitor lets you debug programs with lightening speed because 
the key to debugging is to know what's inside the registers of the microproces 
sor And, with the ELF BUG Monitor instead of single stepping through your 
programs you can now display the entire contents of the registers on your TV 

screen You find out immediately what's going on and can make any necessary 

changes 

The incredible ELF II Light Pen lets you write or draw anything you want on a 

TV screen with lust a wave of the "magic wand Netronics has also introduced 
the ELF II Color Graphics b Music System more breakthroughs that ELF II 

owners weft the lust to enloyi 

ELF II Tiny BASIC 
Ultimately. ELF II understands only machine language -the fundamental coding 

required by all computers But to simplify your relationship with ELF II, we've 
introduced an ELF II Tiny BASIC That makes communicating with ELF II a 

breeze 

Tiny BASIC saves you the time of having to code your individual instructions in 

machine language lot Elf II Instead, you simply type instructions on a keyboard 
PRINT, RUN. LOAD. ETC Your Tiny BASIC program automatically translates 

them into machine language for ELF II Then it translates ELF Its output back 
into simple words and symbols for you 

Now Available! Text Editor, Assembler, 
Disassembler And A New Video Display Board! 

The Teat Editor gives you word processing ability and the ability to edit 
programs or teat while it is displayed on your video monitor Lines and charac 

ters may be quickly inserted, deleted co changed Add a printer and ELF II can 
type letters for you -error free- plus print names and addresses from your 
mailing listi 

ELF It's Assembler translates assembly language programs into hexidecireal 
machine cade for ELF II use The Assembler features mnemonic abbreviations 
rather than numerics so that the instructions on Your programs are easier 10 

read this is a big help in catching errors 
ELF ITS Di bier takes machine code programs and produces assembly 

language source listings This helps you understand the programs you are 
working with and improve them when required 

The new ELF II Video Display Board lets you generate a sharp, professional 
32 or 64 character by 16 line upper and lower case display on Your TV screen or 

video monitor - dramatically improving your unex paneled 199 95 ELF II When you 
get into longer programs. the Video Display Board is a real blessing, 

Ask Not What Your Computer Can Do 
But WHAT CAN IT DO FOR YOU? 

Don't be into buying an ive di . simply because you 
gives you a chance to write machine language programs and machine language can afford it. ELF II is more advanced and more tun to use than big name 
is the fundamental language of all computers 01 course machine language is computers this cost a lot more money. With ELF II you learn to write and 
only a starling point You can also program ELF II with assembly language and run your own programs. You're not lust a keypunch operator. No matter 
tiny BASIC But ELF Its machine language capability gives you a chance to what your interests are. ELF II is the t way to get into computers. 
develop a working knowledge of computers that you can t gel from running only Oa., bow pha coupon beow.t 

Netronics R &D Ltd., Dept RE5 
333 Litchfield Road, New Milford, CT 06776 

Yes! I want my own computer! Please rush ma- 
ul A Sa.! L. i ang,iage i; heartn'ougn o ingri r ,.C, i.iy n 

Al 599 'Is pi, 53 Dostage and tour Si postpaid eA total Enclosed S 'ouivei fi 1 i n R . ti t AC tower : - Ileitis Meta l',aninri wan Dir.igla direr r Nr' ivi fry ran" ,P .ds taxi 

PHONE ORDERS ACCEPTED! 
Cal I (203) 354 -9375 

-' Shore Course On MIDOpioceoror a Computer 
Programming . 

ALSO AVAILABLE FOR ELF n - 
GIANT BOARD"' .. 

kluge Board 
Sí700 

Al Static RAM kit .: 

SB9 95 

86 -pin connectors 
S5 70 

Expansion Power Supply 

Naieocionai ASCII Keyboard 

z 
0 
cc 664 95 

F- 

W I Video Display Bpard ' J 

139 95 

Deru.e metal cabinet for ASCII Keyboard 1t9 95 

wI 
0 

76 

SS 

I want my ELF II weed and tested with power supply RCA 
1807 User s Manual and Sehort Course -all tor lust $119 95 plus 
57 pah 

CHARGE ITi Fop Dale 
'.tarsier Charge 

Rank p 

ACCpunla 

Maki CO 10 

Sta 95. 
Short Course on Tiny Basic' 

ELI BUGtM Deluxe System Moneta 

SIA 95 

Tell Fedor 

St9 95 

Assembler 

'nws p,ogianinir 

lrutinyRASIC . , .... .i. St995. 
. Disassembrer . 

programs and produces assembly language shirr r 
'St to rtel0 you understand and ;morose your DORI 

519 95 on cassette tape 

SAVE 5990 text Edna Assembier 8 Disiisr :. 
r ri 0,4 $19 95, Req., 

ELF II Light Pen ,lir f7 95 

ELF II Color Graphics b Music System Board 
SAO 95. . . . 

SB 95. ' 

Coming Soon 

r ̂ahoy to 
i oivgiams 

IAdd Print 
"tp letters Name 

r^in'y 
Address 

Fair 
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RF Modulator 

9i 

DEALER INDUIRIES INVITED 

COMMUNICATIONS CORNER 
continued from page 74 

is 10 kHz (or 10,000 Hz) to 30 MHz, 
with provision for a coaxial cable connect- 
ing to a dipole or a beam (with an SO -239 
connector), longwire or a supplied tele- 
scopic whip antenna. 

Station tuning is accomplished through 
two concentric knobs. One knob steps the 
tuning through 1 -MHz increments from 
0 -30 MHz. The other knob provides 
continuous tuning, though the readout is 
calibrated in I -kHz increments. A fine 
tuning control provides a very small tun- 
ing shift for use during SSB reception 
(this control is a clarifier). The RF 
preselector control has six bands, its own 
tuning adjustment and its own scrolling 
dial so the user can peak the preselector 
tuning to a desired segment of any 
frequency band. Both the preselector 
control and the MHz tuning control han- 
dle final signal peaking (common in Bar- 
low- Wadley circuits). 

The end result is precision tuning at a 
hobbyist's price, plus the frequency cov- 
erage below the broadcast band, which is 
uncommon in SWL receivers. Other fea- 
tures include 120 VAC /I2 VDC battery 
operations; AM, LSB, USB and CW 
reception; a three -step audio selectivity; 
20 -dB and 40 -dB antenna input attenua- 
tors; a standby control; an S- meter, and 
more. 

This discussion of the model DX -300 
receiver wraps up the first column. In the 
months ahead we hope to keep you up to 
date on the very latest developments in 
consumer communications. Sometimes 
we'll just give you the highlights of sever- 
al items; other times we'll provide more 
in -depth coverage. 

Unless we hear from you, however, 
well only be guessing at what subjects 
and equipment meet your particular 
needs. So take a few moments out to drop 
us a short note (a postcard is best), and let 
us know exactly what interests you most 
in the field of consumer communica- 
tions. R -E 

-row r410.0 

No matter what the project he's working on 
is supposed to be -it ends up being a light 
dimmer." 



Even competitors agree. 
When competitive companies agree on a 

basic concept, it must be sound. That's 
why the standards for measuring high fidelity 

components developed by the Institute of 
High Fidelity are so widely used by manu- 

facturers. These helpful guidelines 
enable manufacturers to present 
their product specifications in a 

uniform way. As a result, you 
can rapidly compare hi -fi 

USJVC 

components because George Meyer 

everyone's "audio watts," 
"microvolts," and "dBs" 
mean the same thing. 

They help you and your 
MARANTZ audio dealer talk on the 
Fred Tushinsky same wavelength when 

you're discussing the 
difference between hi -fi and 
not so hi -fi products. 

IHF measurement standards are 
now in effect for tuners, amplifiers, and 

headsets. Additional standards are now being developed for 
speakers, tape recorders, turntables and cartridges. Look for 

them in manufacturers' literature and in retail advertising. Then 
you can buy real high fidelity with complete 

confidence. Institute of High Fidelity, Inc., 
489 Fifth Avenue, 

New York, N.Y. 10017 

v. 

SCOTT 
Solomon Bouc+ 

iNs4i w 
v_ 

KENWOOD 
BdlKasuga 

N 

4 .M,II 

IMF 

YAMAHA 
Stewart Greenberg 

PHILIPS 
Gerald Orbach 

SAE 
Malcolm Schneer 

TECHNICS 
Jeff Berk ow,tz 

ONKYO 
Marx Friedrn,, , 

HARMANIKARDON 
Richard Aquilina 

SANSUI 
Ken Hoshino 

PHASE LINEAR 
Bob Morrill 

LUX 
Jerry Kaplan 

PIONEER 
Berme Mitchell 

NIKKO AUDIO 
John Schroeder 

HITACHI 
Jerry Henncks 

Shown above are lust a few of the many manufacturers using IHF measurement standards 

SONY 
Frank Leonard 



O 

¢ 
78 

The reasons for 
giving up analog. 

The best reason is accuracy of 0.25% 
dc. The 8020A digital multimeter has 
it, and that's ten times better than most 
analog meters! 

And we guarantee that accuracy for 
a full year, plus we've calibrated your 
8020A with equipment that's NBS trace- 
able. A tradition with Fluke. 

But you're also buying performance. 
Like high/low power ohms and con- 
ductance -the missing function on 
other multimeters. Ten megohm input 
resistance on both ac and dc. Plus more, 
for only $169. 

The tougher your job gets, the more 
you need resolution, and the 8020A 
offers a full 2000 counts. The large 3'/2- 
digit liquid crystal display is readable 

anywhere. Inexpensive 9V battery pow- 
er means continuous operation for up 
to 200 hours. 

The new 8020A is especially suited 
for TV service. Measure transistor volt- 
ages with 10 millivolt resolution, all 
the way up to 20V. With the 200 f2 
range, you also can measure circuit 
breaker resistances within 0.1f2. Try 
that with analog. 

Call (800) 426- 0361 *, toll free, and 
we'll tell you the location of the closest 
Fluke office or distributor. Get your 
hands on the best digital multimeter 
value around. 

Price U.S. only. 
*Alaska, Hawaii and Washington res- 

idents - please call (206) 774 -2481. 

Command Performance: Demand the Fluke 802OA. 
2520 -8020 

FLUKE 
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More information on new lit is 
available from the manufacturers 
of items identified by a Free Infor- 
mation number. Use the Free In- 
formation Card inside the back 
cover of this issue. 

VIDEOTAPE MAGAZINE, The Videophile, is a bi- 
monthly magazine containing information and 
articles on what's new in the world of VCR's and 
videotape. In addition to the feature articles, the 
departments include videotape and book re- 
views, VCR news and views, a humor section, 
letters to the editor, and many more. Subscrip- 
tion rates: 6 issues /year, $10 (Third Class); $16 
(First Class). -The Videophile, 2003 Apalachee 
Parkway, Tallahassee, FL 32301. 

CIRCLE 149 ON FREE INFORMATION CARD 

WIRE AND CABLE CATALOG provides 96 pages 
of information on complete wire and cable line, 
including audio, CATV, intercom, mike, power 
and TV cables. The following new types of cable 
are described: computer, control, Teflon covered 
coax, booster and ribbon cables. The catalog 
also includes conduit -capacity charts, a metric 
conversion chart and technical data on solid and 
stranded copper wire.- Columbia Electronic 
Cables, 11 Cove St., New Bedford, MA 02744. 

CIRCLE 150 ON FREE INFORMATION CARD 

ELECTRONICS CATALOG, 99 pages describing 
hundreds of discounted items -from adapters to 
wire -wrap accessories. Includes such equipment 
as analyzers and testers; meters; color -bar gen- 
erators; breadboarding materials; transistors; 
electronic tools; hi -fi equipment; CB's and acces- 
sories; service manuals; and troubleshooting 
guides. A handy order form and postal rate chart 
are contained in the back. Catalog price: $1.- 
Edlie Electronics, Inc., 2700 Hempstead Turn- 
pike, Levittown, NY 11756. 

TEST INSTRUMENTS /BREADBOARDS, Profes- 
sional Products Catalog. Catalog contains 32 
pages of solderless breadboard equipment and 
test instruments, ranging from simple sockets 
and IC clips to lab- quality pulse and function 
generators, and CSC logical analysis test kits 
plus accessories. All products are illustrated and 
come with complete specifications. -Continen- 
tal Specialties Corp., 70 Fulton Terrace, New 
Haven, CT 06509. 

CIRCLE 151 ON FREE INFORMATION CARD 

CATV COAX CABLE GUIDE, EL- 10 -78, lists 20 
pages of 59/U -type and 6/U -type drop cable plus 
converter and accessory cable. Several shielding 
methods are described, including using Duobond 
and Duobond / /bonded foil, Duofoi /foil -film lami- 
nate and copper and aluminum braid. Physical 
and electrical specs are provided along with 
attenuation ratings. The catalog also contains a 

description of the SEED (Shielding Effectiveness 
Evaluation Device) for analyzing shield efficiency. 
Other sections include procedures in braid - 
coverage calculation, plus a comparison of the 
performance of bonded versus laminated shield- 
ing.- Belden Corp., 2000 S. Batavia Ave., Gene - 
va, IL 60134. R -E 
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CB RECEIVERS 
continued from page 67 

read 1000 Hz. Set the receiver for USB 
operation, and the signal generator for 
027.2160 MHz. Again, the frequency 
counter should indicate 1000 H7. Any 
imbalance signifies trouble, probably in 
the SSB demodulator. 

Some CB signal generators make this 
procedure easy. The USB /LSB switches 
accomplish an exact 1 -kHz frequency 
shift on whatever channel the generator 
has been set for. 

Other models have a frequency -shift 
control for sideband tests, but it may not 
be precisely calibrated for 1 -kHz offset. 
In these sets, upper and lower directions 
are usually switched, so that one setting 
of the variable knob still gives equal 
offsets. You adjust one sideband, either 
upper or lower, for a 1000 -Hz count at 
the speaker, then switch to the other to 
verify demodulator balance. 

As you may have guessed by now, you 

can use almost any communications ser- 

vice generator for CB alignment and 

diagnosis. Special CB test generators 
such as those described in this article 
simplify many procedures. In addition, 
certain generators contain features that 
widen their versatility. Consider all the 
features, plus all your needs, before you 

buy one. R -E 

INTERNATIONAL FM- 2400CH 

For FREQUENCY 
METER FOR 
TESTING MOBILE 
TRANSMITTERS 
AND RECEIVERS 

faster 
service 

USE 

ZIP 

CODE 

on 

all 

mail 

SOLID-STATE REPLACEMENTS 
FOR TV HV RECTIFIER TUBES 

Replace vacuum and gas rectifier 
tubes with thoroughly proved (in use 
for over 8 years) solid- state, silicon 
rectifier Solid -Tubes.' They meet or 
exceed standard tube ratings. Only 6 
replace 37 vacuum tubes. Off shelf 
distributor delivery. 

You'll make more money because 
there's a bigger profit and your 
customer will get: no more filament 
burn out (They're perfect replace- 
ments when the HV filament trans- 
former burns out.) Constant output. 
Long life: reliable and dependable. No 
warm up. No heat. Replacements 
available for all tubes. 

EDI 
R3A3 
R3AT2 
R3DS3 
R3DB3 
R-2AV2 
RDW4 
R-30R3 

SOLID -STATE TUBE 
CROSS REFERENCE LIST 

GENERAL 
ELECTRIC ZENITH 
GESS3A3 S-3A3 
GESS3AT2 S3AT2 

GESS3- DB3 S-3083 
GESS 2AVZ 
GESS-60W4 
GESS -3DS3 

SYLVANIA 
ECG-506 
ECG-509 
ECG.514 
ECG-510 
ECG.511 
ECG-512 
ECG-514 

RCA 
SK3756 
SK3757 
SK3761 
SK3758 
SK3759 
SK3760 
SK3761 

Send For Complete Information Kit 

0. electronic devices Id 21 Gray Oaks Ave.. Yonkers. N Y 10710 
(914) 965 -4400. TWX 710 560 -0021 
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Portable Solid State Rechargeable Batteries 

The FM- 2400CH provides an accurate frequency standard for testing 

and adjustment of mobile transmitters and receivers at predeter- 

mined frequencies. 

The FM- 2400CH with its extended range covers 25 to 1000 MHz. 

The frequencies can be those of the radio frequency channels of 

operation and/or the intermediate frequencies of the receiver be- 

tween 5 MHz and 40 MHz. 

Frequency stability: 1.0005% from +50° to +104 °F. 

Frequency stability with built -in thermometer and temperature cor- 
rected charts: ±.00025% from +25° to +125° (.000125% special 450 

MHz crystals available). 

Tests Predetermined Frequencies 25 to 1000 MHz 

Extended Range Covers 950 MHz Band 
Pin Diode Attenuator for Full Range Coverage as Signal 
Generator 
Measures FM Deviation 

FM- 2400CH (meter only) Cat. No 035320 

RF crystals (with temperature correction) 
RF crystals (less temperature correction) 
IF crystals 

$627.72 
26.26 ea 

19.93 ea 

catalog price 

OCA 
INTERNATIONAL CRYSTAL MFG. CO., INC. 
10 North Lee Oklahoma City. Okla. 73102 
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HOBBY CORNER 

Here's a BFO circuit for shortwave receivers that helps clarify 
reception. EARL "DOC" SAVAGE, K4SDS, HOBBY EDITOR 

THE MAILBAG HAS BEEN VERY INTER - 
esting lately. There are a number of read- 
er questions that I will share with you just 
as soon as we finish discussing our new 
subject first: 

Beat -frequency oscillator (BFO) 
Have you ever wondered about that 

"duck talk" you run into on your SWL 
receiver (that's single -sideband of 
course)? And what about the puffing 
sounds you hear when receiving continu- 
ous -wave (CW) code? 

If you want to make sense out of those 
sounds, you will have to add a beat - 
frequency oscillator (BFO) to your re- 
ceiver. Both SSB and CW require a 

steady signal in the receiver in order to be 
intelligible. The BFO described this 
month can be used with the shortwave 
receiver on your desk or your multiband 
portable receiver. 

Several months ago we discussed crys- 
tal- controlled oscillators; and we stated 
that these could be used as a BFO with 
the proper crystal installed. This month's 
BFO circuit has several advantages over 
the crystal circuit. First, its components 
are less costly. Second, the device is 
smaller. Third, it can be tuned for maxi- 
mum effectiveness. 

This BFO is designed for use with any 
receiver having an intermediate frequen- 
cy (IF) range of from about 400 kHz to 
500 kHz. As the most common IF is 455 
kHz, this BFO will work with most 
receivers. If your receiver has a different 
IF simply use an appropriate IF trans- 
former in the BFO circuit. 

455kHz 
IF TRANSFORMER I100pF 

1 C1 

.01µF 

C2 

1 OUTPUT 

I r 
I = 

FIG. 1 

Figure I shows the BFO circuit. You'll 
note that it requires few parts. Most 

NPN switching transistors will oscillate 
well, but if you use something other than 
the Radio Shack RS200I shown in the 
diagram, you may have to vary the bias 
resistor. The applied voltage can vary 
over a wide range but it should be 
stable. 

In order to save space, use a subminia- 
ture IF transformer (buy it or "steal" it 
from an old radio). The impedance is not 
critical, since we tried several in this 
circuit and all worked equally well. Just 
be sure that the one you use has a built -in 
capacitor on the primary side because the 
transistor has to have a tuned circuit or 
nothing will happen. Subminiature oscil- 
lator coils come in the same kind of 
containers but they have no internal 
capacitor. 

If your BFO does not oscillate, ex- 
change either the input or output leads of 
the transformer; do not change both 
sides. Capacitor CI provides feedback to 
sustain the oscillation. You may want to 
experiment with its value. 

Capacitor C2 serves two functions: It 
isolates the BFO operating voltage ( +5 
volts) from the receiver yet allows the 
455 -kHz signal to pass. Changes in its 
value will vary the strength of the signal 
applied to the receiver. 

+VOLTAGE 
FROM RX 

R1 

+5V 

R2 

FIG. 2 

+VOLTAGE 
FROM RX 

R3 

+5V 

5V 
ZENER 

The BFO is built on a small (2 cm X 4 
cm) piece of perforated board. The oper- 
ating voltage can be supplied by a couple 
of flashlight batteries. However, when 
the BFO is installed in a receiver, the best 
practice is to use one of the circuits 
shown in Fig. 2 to obtain power from the 
receiver and save battery space. 

The values for Rl, R2 and R3 will 
depend upon the value of the voltage 

"stolen" from the receiver. You can com- 
pute the necessary values using Ohm's 
law (E = I X R). However, trial -and- 
error experimentation will also do the job. 
In any case, use larger resistor values in 
order to draw just a few milliamps from 
the receiver. You should install a switch 
in the power line so that you can disable 
the BFO when you want to listen to AM 
stations. 

Connecting the BFO to the receiver 
will undoubtedly require some manipula- 
tion for it to reach maximum effective- 
ness. Of course, we can't give exact 
instructions for all radios, but here are 
some general guidelines. 

Getting the BFO to "inject" the right 
amount of signal into the receiver's IF is 

quite important. Too much BFO signal 
swamps or even blocks out incoming 
signals. Too little BFO signal won't do 
the job either. The amount of injection or 
signal BFO will be determined by the size 
of the coupling capacitor (C2 in Fig. 1), 
and by where in the IF chain you make 
the connection. Vary both of these if 
necessary to get the right amount of 
signal. 

With the BFO connected but turned 
off, tune in a moderately strong broadcast 
station. Use the S- meter, tuning indicator 
and /or the quality and volume of sound 
to be sure that the receiver is tuned to the 
exact station frequency. Now, turn the 
BFO on, and you should hear a beat note 
or whistle. If not, turn the slug in the 
BFO transformer until you do hear one. 

Next, adjust the slug to give a beat - 
note frequency of about 800 Hz. Then, 
adjust the coupling capacitor and /or the 
connection point until the note or whistle 
sounds about as loud as the broadcast - 
station signal. 

That is all you have to do if you are 
interested only in CW (code) reception. 
However, if you also want to receive SSB 
signals, you must make additional adjust- 
ments. Single -sideband transmissions 
come in two varieties -upper and lower. 
With the present BFO adjustment, upper 
SSB signals may be strong and readable 
but lower SSB signals will be weaker and 
not readable (or vice versa). 

In order to improve reception with 
stations using the weaker sideband trans- 
mission, you must turn the BFO slug to 
give a lower note, passing through zero 
and back up the other side. This is incon- 
venient when you are receiving different 



Try this exciting 
new hobby! Build 
your own electronic concert 
organ. It's easy. No technical 
knowledge required. Just 
follow the clearly pictured 
instructions of the famous 
Wersi do- it- yourself system. 
Choose from seven different 
models. Send $2.00 
(refundable) with coupon for 
colorful 104 page catalog. 

®WEREI 

. 

_, 

FREE !. . . 

EDMUND 
SCIENTIFIC 

. 

CATALOG 
Explore Astronomy, Biofeedback, Computers, 

. Health. Lasers, Magnets, Microscopes, Optics, 
Photography, Weather... Over 4,000 

Fascinating Items, 
More Than 160 

Colorful Pages .. 
The Excitirg, 

' FREE , Edmurd 
Catalog! 

f 4t1 I s 

38 
Years of 
Service! 

No 106 

Edmund Saentd c Co 1979 

r Yes! Rush me your FREE Catalog so that -1 
I can explore Edmund's World of Science. 

L 

Name 

Address 

City 

State DP 

Clip and Mail Coupon Today to 
Edmund Scientific Co., EH10 
Edscorp Bldg., Barrington, N.J. 08007 J 

Wersi Electronics. Inc. 
Dept 42. 
1720 Hempstead Road 
Lancaster. PA 17601 

Enclosed is $2.00 for my copy of your 104 page catalog. 

Name _ 

Address 

Coy State 2:p 
I- 
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stations, so you must do one of two 
things: 

The first option is to build a second 
BFO and tune it to the other side of zero 
beat. Then, you could simply switch from 
one BFO to the other. The second option 
is a compromise. 

Oversimplification 
In the November 1978 issue, we dis- 

cussed parts substitution. At that time, I 

showed how to change the value of a 
potentiometer- specifically, how to make 
a 175K pot out of a 500K pot and a 270K 
resistor (see Fig. 3). 

270K 
500 K 

FIG. 3 

175K 

Bill Clements, K4GMR, has pointed 
out to me that this is not always possible. 
It depends upon how the device is used. If 
it is used as a voltage divider (using all 
three terminals), the combination works 
like a single pot. Because most applica- 
tions involve this type of use, you may 
never have noticed the exception. 

However, when the combination is 

used as a two -terminal device, it does not 
function as a simple variable resistor. 
Place it into an audio tone -control circuit 
or into the R-C control circuit of a 555 
timer, for example, and strange things 
may happen. 

270K 

193K 

175K 

0 

ccw cw 

SHAFT ROTATION 

FIG. 4 

In two -terminal use, with some values 
the resistance does not increase from zero 
to maximum as the arm is turned. The 
value may go from zero to a maximum, 
and then down to the value of the parallel 
combination! 

Bill enclosed a complete mathematical 
analysis to show that the example given 
above varies from zero up to 193K and 
then back down to 175K. Space won't 
permit including his analysis, but to 
check out his conclusion, you can give it 
the old breadboard test. The results will 
be something like those shown in Fig. 4. 

I'll have to admit that a pot acting like 
continued on page 84 

AT LAST! 
AMELECT 

CHIMES 

The AMELECT CL7402 Grandpa wall 
clock as advertised in April, August 
and November 1978 issues of Radio 
Electronics now has complete sound. 

FEATURING: 
1. A realistic tic -toc sound: hear the 

seconds go by. 
2. Beautiful, modified Westminster 

chimes have synthesized sounds 
composed cf six frequencies. Four 
notes are povided on the quarter 
hour, eight notes on the half hour, 
twelve notes on the three quarter 
hour, and sixteen notes on the 
hour. 

3. Following on the hour chimes, the 
hour displayed on the clock is 
counted out using the lowest chime 
note. 

4. Chime volume, tic -toc volume, pitch 
and decay are adjustable. 
Available assembled or in kit form. 

Can easily be added to any Amelect 
Clock. 
CH7702 Chimes assembled $45.00 
CH7702 K Chimes kit $39.00 

Indiana residents include 4s /u sales tax. 
Shipping and Handling $3.50 

To order write or call 1- 219 -297 -3320 

MELECT 
INCOR POR AT ED 

P.O. Box 367 -106 S. Newton St. 
GOODLAND. INDIANA 47948 

Allow 3 -4 weeks for Del. 
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PHILIPS HICKOK 

DORIC 

FLUKE DIGITAL MULTIMETERS 

$169. 

8020A 
26 Ranges -5 Functions plus New Conductance Function tor up to 
10,000 Mt! Leak age Measurements 
Extensive Overload and Transient Protection 
Rugged Construction -1 Year Warranty 
Hi /Lo Power Ohms tor In- circuit Resistance and Diode Testing 
10 Mu AC /DC Input Impedance Doesn't Load Circuit 
200 Hour, 9V- Battery Lile -Low Battery Indicator 
Large LCD Readout -2000 Counts 
1 Year Calibration Cycle -Only 3 Adjustments 
One Hand Operation 
Complete with Battery and Test Leads 

The new Fluke 8020A continues the standard of excellence set by the highly success - 

lui a000A multrmeter famtly Many features sel the s020A apart ss a Truly exceptional 
nsirumant Twenty lour ranges and 5 junctions lnctude m ring capatpbty up 10 
I000V dc 750V ac 2A ac 'dc and 20 MP Mt/LO ohms a for tr.-Circuit 
reststance and diode lest capability In addition, w Conductance runcbonows 

and leakage measurements up to 1o.000 Mu. must for uu,t board work n0 a 
component checking 

The 8020A has been designed ,lt, the user in mind and lectures esclusi. One -hand 
operation For arsh s s, the E020A has ruggedited c and 
extensive ad. 11 na backed up by a t-year warranty Long term 
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s Ce em with Only three Cal adlusimanI lip 10 
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MULTIFUNCTION COUNTERS 

1900A, 1910A. 1911A, and 1912A 

LCR -740 
Transistorized LCR Bridge 

Intru LEADER rrant Coep. 

$269.95 
Regular price $320. 

Highly accurate 3 unit digital readout. 
Measures inductance (L), Capacitance (C). 
and Resistance (R), within *0.5 °c accuracy 
Operates on one 9V battery 

New Sweep /Function Generator 
MODEL 

3020 
PKPR£CISION 

Regular price $325. $269.95 

FLUKE 
Non -Linear Systems 

New Portable Digital Capacitance Meter 
lif_ irt il.l 
$109.95 
MODEL 

820 
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$109.95 
Regular price .11.111, 

Laboratory Power supplies 
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Reg. price $27 

$229.95 
Reg. price $265. 
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TRIPLETT VIZ lira 
Dual -Trace 5 30MHz Triggered Scope... 

1474 

, .,é 
u dio:°.r°ipy é 

Hegn ace wince ten ...on viortici 

:o. CRT loth Pyt gen.". 
Built in high - . 

Algobreic addition 

QUANTITIl6 LIMIT3:1 .$7 g 9 95 Illumine,. ïK.i.`m.auan 

Probes not included in price. PKPRECISION 

Non -Linder Systems 

MS-21", 
Reg. prit 

$359. 

BATTERY OPERATED 
MS -15 

15 megahertz 
Reg. price $318. 

QUANTI'I LIMIT I.I l $269. 
PORTABLE OSCILLOSCOPES 

LEADER 
DATA PRECISION 

30MHz Dual Trace with Delay Line 

Inatrunw nts Corp. 

LBO -520 

$ 889.95 

Single Shot Trigger on CH 1 a CH.2 helps capture transient phenomena without 
Que3swark or Orne wasting double checks 
Buut. in I20nanogec delay hop simplifies viewing of leading edge of pulse 
Or pulse nain 
SmV'cm sensitivity tacihlates accurate signal vlewmQ from low love. sources 
. -S cm sweep capabihly. t 1 7nSec rise tome for observation Of the fastest s,Qnals 

1,A CRT assures bright. sharp trace at all sweep speeds 
mOduleron 

Numerous apphcalions - VTR, microprocessors. computers production 
laboratory and held service 

20MHz Dual Trace 

LBO -508 

$639.95 

Automatic trigger from CH -t or CH -2. including TV synch 
Add 6 Subtract modes. Iwilh CH -2 invent. 10, Quick analysis of 'gnats amOl,lude etc 

Automatic Select in dual mode. of atternale a chef, 
Front panel. pushbutton. O-Y operation for phase shift. analysis. sweet' 
1OmV vertical sensitivity with 3 °. accuracy 
17 5 nanosec Ri5e Time for easy viewing of high speed pulses 
Horizontal format. 5 CRT. OT t0 Div with bright. effective d,Splay 

logically grouped. convenient. Iront panel contras facilitate Qua 

LEADER 
Instruments Cap. 

VßLL 
1JL1Lß 

With the purchase of $750 or more you get 
these quality tools worth over $34 : 

WELLER 25 watt soldering iron kit, (SP23K) 
XCELITE 4'l cutters and 4" pliers. (54, 41CG) 

OFFER EXTENDED TO MAY 31, 1979 
Shipp.: a included in price. . 

5MHz Solid State 3" Oscilloscope 

$ 214.95 
Regular price 5255. 
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Announcing 
a major 
breaKthrough 
In design time. 

Shown here with 
the CSC 01.475 
breadboarding strip 

The FTK 6100 Universal Designer 
is an indispensable aid to 
breadboarding digital IC's. It 
plugs directly into breadboards 
such as the Continental 
Specialties OT -47S, and provides 
the most often used inputs and 
outputs for circuit design. 

2 Bounceless Pushbuttons 
2 Readouts with BCD Inputs 
4 Switch Outputs 
8 LED Monitors 
2 Variable Clock Generators 
Operates on a 6 volt Battery 
2 Decade Counters 
5 volt Supply Pins 

Price per Kit: $34.95 
Assembled: $44.95 

Send check or money order to: 

14825 N E 40th St 
Suite 340 
Redmond, WA 98052 
1206) 883-9200 
T W X: 910-449-2592 

Dealer Inquiries Invited. 

Washington residents add sales tax. 
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that could produce very confusing results 
in some circuits. I surely hope no one has 
pulled out his hair over one since last 
November! Many thanks to Bill Clem- 
ents for calling this to our attention. 

Reader circuit 
Bill Cikas, Rockford, IL, sent in the 

very interesting circuit shown in Fig. 5. 

He calls it a "dual LED CMOS flasher," 
and suggests that it can be used as a cross- 
ing light on model railroad layouts. I am 
sure many other uses will occur to you as 
you watch the LED's light up alter- 
nately. 

In this circuit, inverters ICI -a and 
ICI -b form a multivibrator and ICI-c is a 

buffer. Inverter ICI -d is connected so 
that its output is opposite that of IC1- 
c -when pin 6 is high, then pin 8 is low 
and vice versa. Because pins 6 and 8 are 
constantly changing state, first one LED 
and then the other is on since they are 
connected in reverse. The light seems to 
jump back and forth between the 
LED's. 

10 MEG 

ICI-b 
4 5 

+5 TO 15V 4069 
OR 

74C04 

FIG. 5 

The 470 -ohm resistor protects the 
LED's by limiting the current through 
them. Depending upon the actual supply 
voltage used, the value of the resistor may 
have to be changed to obtain maximum 
light output without blowing the LED's. 

You can change the switching rate by 
changing the value of the capacitor. How- 
ever, don't make the rate too fast, or it 
will appear that both LED's are on all the 
time. 

Thanks, Bill, for sharing your circuit 
with us. 

Readers need help 
Once again, readers are having prob- 

lems. Most of you did very well an- 
swering the last questions, so put on the 
old thinking cap again and see what you 
can devise. Send along your answers and 
we'll share the best ones. Here are the 
problems: 

Mr. Taggart of California wants to 
have wireless control of his TV sound 
from his chair across the room. He is will- 

ing to use a flashlight beam to do so. How 
would you turn the sound on and off or 
up and down? 

Here are some suggestions: The pick- 
up might be a photoresistor, a phototran- 
sistor, a light- activated SCR, etc. The 
switch could be a relay, a triac, etc. The 
circuit could operate only when the light 
is on it, or go on and off with alternate 
light flashes. How about controlling the 
circuit with sound instead of light? 

Mr. Taggart doesn't tell us exactly 
what he has in mind. Perhaps he wants 
quiet when the telephone rings. Or per- 
haps he objects when commercials seem 
too loud. If he wants to cut the sound 
down or off, there may be a better way to 
do this. 

Can you devise something that modu- 
lates the sound automatically? How 
about running audio through an ampli- 
fier, then a rectifier and using that volt- 
age to operate a relay when it reaches a 
preset level? 

Here's another challenge for you: Mr. 
Prado (also of California) wants a circuit 
that will produce a sound (or whatever) to 
keep mosquitos away. (Now, just a minu- 
te-I thought there wasn't enough rain in 
sunny California to grow mosquitos!) 

Mr. Cantley in Michigan wants a 
squelch circuit. He has one of those CB 
converters on his car radio, and says the 
CB comes in very well, but when no one is 
talking, the noise is driving him crazy. 

Well, how about it? Can you help these 
readers? If so. send along the information 
to Radio -Electronics and you may see 
your circuit in a future issue. R -E 

Get every excitement -packed issue 
of Radio -Electronics delivered to 
your door. And save money, too - 
up to $18 off newsstand prices! Use 
the handy coupon and subscribe 
today! 

Mail to: Radio -Electronics 
SUBSCRIPTION DEPT., P O. BOX 2520. 
BOULDER, COLO. 80323 (please print) 

Name 

Address 

City State Zip Code 

Indicate the offer you prefer: 
1 Year- 12 issues ONLY $9.98 (You save $5.00 
oh newsstand price.) 2 Years -24 issues ONLY $19.00 (Save More 
$11.00 off newsstand price.) 

O 3 Years -36 issues ONLy $27.00 (Save Even More 
Save $18.00 or newsstand price.) 

Payment enclosed Bill me 
Check here it this is a new subscription. 
Check here if you are extending or renewing your 
subscription. 

Extra Shipping: Canada $3.00 per year, all other 
countries $5.00 per year 40E9 



computer products 

More information on computer products is available from 
manufacturers of items identified by a Free Information 
number. Free Information Card is inside the back cover. 

GAME SOFTWARE for 8K PET computer is avail- 
able on cassette tape. The tape features 10 

programs, including "Hangman II," "Pro Tic -Tac- 
Toe," Psychological Test," "Mystery Quiz," plus 

power, tape- recorder and TTY connections. Ap- 
plications using these adapters have been devel- 
oped including data -logging with display, signal 
generation, timing and nuclear instrument appli- 
cations, using just the KIM computer, this adapt- 
er and breadboarded I/O circuits. Software, 
course material and breadboards also available. 
Adapters are available on a limited basis at cost 
as an educational service. Suggested retail 
prices: two -board set (shown), $60; single boards 
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=NU"iM"Wf0 m, 
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6 others. All programs use PET graphic capabili- 
ties. Tape No. 1 with 10 programs costs $5, post- 
paid. -VIP Enterprises, Box 17011, Salt Lake 
City, UT 84117. 

MEMORY MODULES come in 32K, 48K, 64K and 
128K -byte versions and are compatible with 
Xitan's ZPU -2 extended addressing capability, 
allowing up to 1 megabyte of RAM to reside on- 
line. Modules use 16 -pin dynamic memory IC's. 
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Timing is controlled by a precision digital delay 
line and the refresh rate is controlled to insure 
minimum power usage. All boards reside in non - 
memory mapped environment as a contiguous 
block, except for 126K version, which requires a 

memory- mapped environment. Suggested retail 
price for the K -32 memory module, $799. -Xitan, 
Inc., 1057 Main St., Hanson, MA 02341. 

KIM ADAPTERS, KIM -1 Interface Sets, provide 
20 I/O lines from KIM -1 computer to either stan- 
dard terminal -strip breadboards or to TERC's 
Modular Breadboarding System (shown). The 
adapter connects directly to the KIM -1 applica- 
tions connector and also provides convenient 
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with terminal -strip adapter, $36. -TERC Ser- 
vices, 575 Technology Square, Cambridge, MA 
02139. 

MICROCOMPUTER, models VDP -40, VDP -42, 
VDP -44, is a complete system containing 8085 
microprocessor, 32K/64K RAM, dual 51/4-inch 
floppy discs (MDOS), 9 -inch CRT, keyboard and 
serial I /O. The VDP -40, VDP -42, VDP -44 have a 

disc storage capacity of 180K, 400K and 780K 
bytes, respectively. A storage capacity of 780K 
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bytes is achieved by combining the IMDOS disc 
format with 77 -track double -density mini -disc 
drives. The serial I/O can be used to drive line 
printer, modem or auxiliary terminal. Suggested 
retail prices: model VDP -40, $4495; model VDP - 
42, $4695; model VDP -44. $4995. -IMSAI Manu- 
facturing Corp., 14860 Wicks Blvd., San Lean- 
dro, CA 94577. 

DUAL -DRIVE FLOPPY DISC SYSTEM, model 
PCS -80/21 and PCS- 80/22, features CalComp 
model 142M disc drives. System configurations 
are based on either IMSAI's DIO -C or FIF control- 
ler. Either controller will support up to 4 drives. 
The DIO -C controller will provide over 2.4 mega- 
bytes on -line storage. The DIO -C controller is 

compatible with all IMSAI 8080/8085 systems, 
and is supported by multi -disc operating system 
Version 2.05. FIF controller provides 256K bytes 
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storage capacity -per- drive; is compatible with 
IMSAI's 1 -8080 computer; and uses DMA for 
data transport. -IMSAI Mfg. Corp., 14860 Wicks 
Blvd., San Leandro, CA 94577. 

HOME COMPUTER Sirius Il, contains Mostek 
Z80 and Fairchild 3870 microprocessors. Comes 
with 32,768 characters of read /write memory, 
RS -232 I/O interface, PROM board with 1000 - 
character monitor (supplied), mini -floppy disc 
drive, 64 -key alphanumeric /graphic keyboard 
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and TV Interface. Also included are a BASIC 
interpreter, monitor, and software (from home 
management to games). Additional hardware 
available includes RS -232 I /O, parallel I /O, and 
mini -floppy disc drives; plus add -on 16,384 byte 
RAM cards and A /D -D /A converters. Suggested 
retail price: $1850. -Digital Sport Systems, 7th 
and Elm Sts., West Liberty, IA 52776. 

COMPUTER SOFTWARE, Disc File Check Main- 
tenance System, is used on BFD -68 or MF -68 
6800 systems. Ten- program disc performs all 

checking account maintenance operations, in- 
cluding tax records and is linked to a MENU 
program. The system also contains a master file 
directory, but allows user to backup his own files. 
A program disc and operating manual are provid- 
ed. Suggested retail price: $49.95.- Computer- 
ware Software Services, 830 First St., Encinitas, 
CA 92024. 
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computer corner 

Direct Memory Access -a look at what it is and how it's 
Used. D. LARSEN, P. RONY, J. TITUS AND C. TITUS* 

DIRECT MEMORY ACCESS (DMA) IS A TECH - 
nique that allows a computer user to have 
direct access to individual memory loca- 
tions without first having to go through 
the computer's central processing unit 
(CPU). The DMA interfacing technique 
has a number of uses, but few computer 
users completely understand it, and even 
fewer have fully implemented it for scien- 
tific data acquisition or control purposes. 

A fairly elementary calculation shows 
that a simple software routine that inputs 
an 8 -bit word and transfers it to a memo- 
ry location will take many microseconds. 
Furthermore, if additional 8 -bit words 
are to be taken and stored in some sort of 
a sequential file, additional software steps 
are needed for such "housekeeping" tasks 
as counting the number of words, incre- 
menting the address pointer, etc. When 
these additional software steps are intro- 
duced into the test program, an 8 -bit data 
word may only be acquired every 30 to 40 
µs. In many cases, however, higher data - 
acquisition or data- transfer rates are re- 
quired. Providing a direct access to the 
memory section of the computer is not a 
new idea. A DMA scheme was incorpo- 
rated in Digital Equipment Corporation's 
popular PDP -8 minicomputer series. Ad- 
ditional hardware was required and inter- 
facing was not particularly easy to do. 

Most current microcomputers have a 
built -in DMA capability that is rarely 
considered. This capability allows micro- 
computers to be used in high -speed data - 
acquisition systems where the data- trans- 
fer rates are higher than those that can be 
achieved under program control. How is 
this possible? 

Most microprocessor IC's, such as the 
8080, Z -80 and 8085, have data -bus and 
address -bus outputs that are three -state. 
Three -state devices can pass normal logic 
1 or logic 0 levels, and they can also be 
forced into a third logic state, in which 
their outputs appear to be very high - 
impedance loads on the bus. Thus, they 
no longer sink or source current and they 

This article is reprinted courtesy American La- 
boratories. Dr. Rony, Department of Chemical 
Engineering, and Mr. Larsen, Department of 
Chemistry, are with the Virginia Polytechnic Insti- 
tute & State University. Both Mr. J. Titus and Dr. 
C. Titus are with Tychon, Inc. 

are, in effect, disconnected from the bus. 
This third logic state allows external 
devices to obtain the use of the address 
and data bus lines when the computer's 
operations are suspended, and its outputs 
are removed from the bus lines. It is easy 
to control the microcomputer's bus sig- 
nals to force them into this third state. 
The 8080 has a HOLD input. When this 
input is driven to a logic 1, it forces the 
8080 to complete its current operation 
and then place its data -bus and address - 
bus outputs in their third state. A hand- 
shaking hold -acknowledge (HLDA) sig- 
nal is output by the 8080 to indicate that 
it has actually placed these signals in the 
high -impedance state. 

External devices that wish to make use 
of the address and data -bus lines are 
synchronized so that they will not at- 
tempt to use the bus lines until they 
receive the hold -acknowledge signal from 
the 8080. In general, these same devices 
have generated the bus -use request signal 
or hold signal that indicates to the 8080 
that they want to use the buses. In many 
microcomputer systems, additional buff- 
ers are used between external devices and 
the address -bus and data -bus connections 
to the microprocessor IC itself. If this is 
the case, it is very important to make sure 
that these buffers sense the hold -ac- 
knowledge signal and place their respec- 
tive outputs in the third state also. In the 
HOLD state, the CPU and its associated 
buffer circuitry must all be disconnected 
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8080A 

HLDA 

from the address and data buses. 
External devices that are configured 

for DMA transfers generally have their 
own registers that provide address data, 
usually in 16 -bit format. These address 
registers also have three -state outputs, 
which are normally disabled. They are 
enabled (or turned on) only when the 
8080 is in the HOLD state. Then, they 
can use the address bus to address the 
particular memory location to or from 
which they wish to transfer data. The 
data path between the external device and 
the memory IC's has also been placed in 
the third state, so it also can be used for 
transferring data -in this case, the 8 -bit 
value that will be transferred between the 
external device and the location being 
addressed by the external three -state ad- 
dress registers. 

One other important detail must be 
discussed before the actual data transfer 
can take place. In most microcomputer 
systems, the reading -from and writing -to 
operations are controlled by two signals, 
memory -read (MEMR or MR) and 
memory -write (MEMW or MW). These 
signals may, or may not, be available with 
three -state outputs. In some systems, 
where a control -logic section has been 
constructed with discrete IC's, these two 
signals probably will not have three -state 
outputs. When a system controller IC has 
been used, the outputs are probably 
three -state devices. In either case, it is 
easy to gate an 8080 -generated read or 
write pulse with the corresponding pulse 
generated by the microprocessor IC. In 
this way, either the external hardware, or 
the microprocessor can generate a read or 
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a write signal. Since the 8080 processor 
does not operate or execute program steps 
while it is in the HOLD mode, it cannot 
generate a read or a write signal. By using 
the HLDA signal to enable the read and 
write signals generated by the external 
device, the proper signals will be gener- 
ated by either the 8080 in the normal 
mode and by the external device in the 
HOLD mode. 

While the DMA interface described 
thus far does not seem to be very useful, 
since it transfers only one 8 -bit data word 
to a single location, it does illustrate the 
simplicity with which a DMA interface 
can be constructed. In most situations, 
however, a block of data will be trans- 
ferred between the memory and an exter- 
nal device. Note that the transfer may be 

in either direction -i.e., from a high- 
speed data -acquisition device to the com- 
puter memory, or from the computer's 
memory to a high -speed data -storage de- 
vice, such as a floppy disc. 

In one application, a series of SN74193 
programmable up -down counters were 
used to provide the 16 -bit address infor- 
mation during the DMA transfer, and a 

first -in /first -out (FIFO) buffer memory 
was used to provide a block of data to the 
microcomputer's memory. Some simple 
control logic generated a write pulse 
(MEMW) and then incremented the ad- 
dress (count) present at the SN74193 

continued on page 92 

Clever Kleps 
Test probes designed by your needs -Push to seize, push 
to release (all Kleps spring loaded). 
Kleps 10. Boathook clamp grips wires, lugs, terminals. 
Accepts banana plug or bare wire lead. 43/4" long. $1.59 

Kleps 20. Same, but 7" long. $1.69 

Kleps 30. Completely flexible. Forked- tongue gripper. Ac- 

cepts banana plug or bare lead. 6" long. $1.99 

Kleps 40. Completely flexible. 3- segment automatic collet 
firmly grips wire ends, PC -board terminals, connector pins. 
Accepts banana plug or plain wire. 61/4" long. $2.89 

Kleps 1. Economy Kleps for light line work (not lab quality). 
Meshing claws. 41/2" long. $1.09 
Pruf 10. Versatile test prod. Solder connection. Molded 
phenolic. Doubles as scribing tool. "Bunch" pin fits banana 
jack. Phone tip. 51/2" long. f .99 

All in red or black - specify. (Add 50C postage and handling). 
Write for complete catalog of - test probes, plugs, sockets, 
connectors. earphones, headsets, miniature components. 

Available through your local 

Kleps 10 - 20 

Kleps 30 

l R 

Kleps 1 

4711 

Pruf 10 
dtrtrihutnr, nr irrite fry: 

RYE Ior USTAIES INC. 
132 Spencer Place, Mamaroneck, N.Y. 10543 
In Canada: Rye Industries (Canada) Ltd. 
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Nobody does it 
better than'41Z 

ISOTAP Isolation Transformers 

MINIMIZE 
SHOCK 

HAZARDS 

Here's new safety for service technicians. Protec- 
tion for test instruments. ISOTAP provides AC out- 
put voltages isolated from AC power lines. You need 
an ISOTAP for servicing any transformerless equip- 
ment. Absolutely necessary for today's solid state 
TVs and stereos. Essential for safe servicing in the 
industrial plant, laboratory or technician training 
school. 

WP-25A 
275 VA isolated, 
500 VA direct. Out- 
puts at 105, 115 
and 130 V. 
$49 

WP-26A 
400 VA isolated, 
500 VA direct. Out- 
puts at 105, 115 
and 130 V. 
$58 

VIZ 

NEW 

WP -27A ISOTAP II 
400 VA isolated 
only. Outputs 25 to 
150 Vac in 5V 
steps. 
$68 

Porta- Isotap 
WP -28 $44.95 

Compact, lightweight unit. 
Ideal for TV servicing. Easily 
carried for house calls. Has 
two fused outlets: (1) Isolated, 
150 VA continuous for solid 
state TV; (2) Direct, 500 VA, 
a convenient power source for 
service instruments. Comes 
with accessory cords to take 
power from TV set back. No 
need to hunt for wall outlet. 
Weight 8 (b. Dimensions 33/4 x 
3% X 53/8 In. 
See your local VIZ distributor. 

Test Equipment Group 
335 E. Price St., Philadelphia, PA 19144 

The VoltOhmyst company 
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HANDBOOK OF OPERATIONAL 
AMPLIFIER CIRCUIT DESIGN. By D. F. 

Stout. Edited by M. Kaufman. 434 pp., 223 
illus. Compact, concise, highly concentrated, 
and containing a storehouse of information, 
this one -stop volume will help you solve any op 
amp circuit problem! 
617/97X Pub. Pr., S29.65 Club Pr.. $17.50 

MICROELECTRONICS 
Digital and Analog Circuits and 
Systems By J. Millman. 881 pp., 700 illus. 
This giant book takes you step by step from a 
qualitative knowledge of a semi -conductor, to 
an understanding of the operation of devices, 
and finally, to an appreciation of how these are 
combined to form micro -electronic chips. 
423/27X Pub. Pr., S24.50 Club Pr., S19.50 

IC SCHEMATIC SOURCEMASTER. By K. 
W. Sessions. 557 pp., 1,500 schematics. All 
1,500 circuits here -from the simplest to the 
most complex -are based on currently man- 
ufactured, inexpensively acquired ICs. Many 
are the equivalent of even more complex cir- 
cuits containing up to several thousands of 
individual transistors if built with discrete com- 
ponents. 
784/922 Pub. Pr., $26.95 Club Pr., $19.95 

BE SURE TO CONSIDER THESE IMPORTANT TITLES AS WELL: 

DESIGN TECHNIQUES FOR ELECTRONIC EN- 
GINEERS. Electronics Magazine. 
191,581 Pub. Pr, $24.50 Club Pr., $17.50 

HANDBOOK FOR ELECTRONICS ENGINEERING 
TECHNICIANS. By M. Kaufman & A H Seidman 
334,013 Pub. Pr, $23.50 Club Pr., 516.50 

PROFESSIONAL ENGINEERS' EXAMINATION 
QUESTIONS AND ANSWERS, 3 /e. By W S 
LaLonde. Jr 8 W J Slack- Stakidis 
360/936 Pub. Pr., 519.50 Club Pr., 514.50 

GUIDEBOOK OF ELECTRONIC CIRCUITS. By J 
Markus. 
404/453 Pub. Pr., $37.50 Club Pr., $27.50 

APPLIED ELECTROMAONETICS By M. A. Plonus 
503/451 Pub. Pr.. $24.50 Club Pr, $16.50 

MICROPROCESSOR AND MICROCOMPUTER 
SYSTEMS. By G V Rao 
783!659 Pub. Pr., 524.50 Club Pr., $19.50 

MICROPROCESSOR APPLICATIONS MANUAL. 
By Motorola Semiconductor Products. Inc 
435278 Pub. Pr.. 535.00 Club Pr., $25.00 

POWER TRANSISTOR AND TTL INTEGRATED 
CIRCUIT APPLICATIONS. Texas Instruments 
637/547 Pub. Pr.. 519.50 Club Pr., $12.95 

CRYSTAL OSCILLATOR DESIGN AND TEMPER- 
ATURE COMPENSATION. By M E Frerk.ng 
784/973 Pub. Pr., 516.95 Club Pr., 513.50 

MASTER OP -AMP APPLICATIONS HANDBOOK. 
By H W Fox 
784/477 Pub. Pr., $16.95 Club Pr, $13.50 
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Engineers 

LOGIC DESIGNER'S MANUAL. By J. D. 
Lenk. 502 pp., 424 illus. Here s a special 
manual to show you how to take off- the -shelf 
logic circuits and interconnect them to form 
any logic system you want. Packed with tech- 
niques to create superior designs at less cost 
and with fewer components, this huge manual 
covers it all -from how to design networks to 
applying every type of logic device! 
784/671 Pub. Pr., $18.95 Club Pr., $15.75 

ELECTRONICS ENGINEER'S HAND- 
BOOK. Editor -in- Chief, D. G. Fink. 2,104 pp., 
2,026 illus. Huge in every sense, this instant - 
reference volume gives you every latest essen- 
tial in the field, 2.100 formulas and equations, a 
2,500 -item bibliography, and every illustration 
you need to clarify all of modern electronics! 
209/804 Pub. Pr.. S49.50 Club Pr., $35.00 

ELECTRONIC GAMES Design, Pro- 
gramming 8, Troubleshooting. By Walter 
H. Buchsbaum and Robert Mauro. 335 pp., 338 
illus. The first book to describe the new circuits, 
designs. and programs so that electronically 
minded readers will have the latest data and 
techniques they need in the specialized fields 
within electronics that make up an electronic 
game. 
087/210 Pub. Pr., S17.50 Club Pr., $14.00 

STANDARD HANDBOOK OF 
ENGINEERING CALCULATIONS. By T.G. 
Hicks. Editor -in Chief. 1.200 pp.. 428 illus. Tells 
you what to do. when to do it. and how to do it- giving step -by -step solutions to the design 
and application problems that engineers en- 
counter daily. Containing some 1.000 calculation 
procedures accompanied by worked -out numer- 
ical examples. it also features 4.000 related cal- 
culation procedures. 
287/341 Pub. Pr.. $27.50 Club Pr., $19.95 

ELECTRONICS DESIGNERS' HAND- 
BOOK. Edited by L. J. Giacoletto. 2nd Ed. 
2.344 pp., 1,686 illus. Now doubled in size and 
with 90 °'. of its material new, this famous classic 
(first edition by Landee, Davis. Albrecht) has 
been thoroughly revised and updated to give 
you not only the how and the why of all your 
design work but also the how much of every 
design step you take! 
231/494 Pub. Pr.. $52.50 ' Club Pr., $39.50 

DIGITAL INTEGRATED CIRCUITS AND 
OPERATIONAL AMPLIFIER AND OP- 
TOELECTRONIC CIRCUIT DESIGN. 
Edited by B. Norris. 206 pp., 400 rllus. Having 
this vast amount of case -tested data, proven 
shortcuts, worked -out circuit designs, and cir- 
cuit diagrams handy saves you valuable time for 
your other, more vital, areas of creative de- 
sign -and cuts down costs in all areas! 
637/539 Pub. Pr.. $19.50 Club Pr., S14.50 

OPTOELECTRONICS Theory and 
Practice. By Texas Instruments Incorporat- 
ed. Edited by A. Chappell. 442 pp., 475 illus. 
Right here is where you'll find all the knowl- 
edge and know -how you need to take any of 
today's optoelectric components and develop 
your own circuits and uses. You get both the 
background and the technical specifics (with 
all the proven circuits you want! 
637/555 Pub. Pr., S21.50 Cub Pr., $17.00 

PRINTED CIRCUITS HANDBOOK, 2 /e. 
By C. F. Coombs, Jr. 256 pp.. 327 illus. Blue- 
prints every important phase of printed circuitry. 
Provides the information you need to establish a 
production facility and control the processes. A 
virtual encyclopedia in the field, five major sec- 
tions cover engineering, fabrication, assembly, 
soldering, and testing 
126 /089 Pub. Pr., $32.50 Club Pr., $24.50 



offer to new members of The 

and Control Engineers' Book Club 

MCGRAW -HILL DICTIONARY OF 
PHYSICS AND MATHEMATICS. By the 
Staff of the McGraw -Hill Encyclopedia of Sci- 
ence and Technology. D. N. Lapedes. Editor in 
Chief. 1,074 pp., 700 illus. Look no further! 
Here are more than 20,000 physics and math 
terms, including those used in 53 related dis- 
ciplines ranging from acoustics and control 
systems to electronics and thermodynamics! 
454/809 Pub. Pr., $19.95 Club Pr., $16.25 

PRACTICAL ELECTRICAL WIRING 
Residential, Farm, and Industrial, 11/e. 
By H. P. Richter, revised by W. C. Schwan. 664 

pp.. 455 illus. As you know, code -correct wiring 
is a must at all times. And as you also know, 
Richter's famous classic for professional elec- 
tricians reflects in detail all the changes and all 
the advances in materials and techniques in 

each new edition everytime a new Code is 
published ! 

523/886 Pub. Pr., 518.00 Club Pr., $14.00 

STANDARD HANDBOOK FOR ELEC- 
TRICAL ENGINEERS, 11/e. By D. G. Fink 
and H. W. Beaty. 448 pp.. 1,414 illus. A giant in 
every sense of the word, today's most widely 
used source of electrical engineering informa- 
tion and data serves you as no other single 
work available anywhere when you need de- 
tailed. accurate, timely, and reliable facts and 
how -to on the generation, transmission, dis- 
tribution, control, conversion, and application 
of electric power. 
209/74X Pub. Pr., $46.50 Club Pr., $36.50 

ROTATING ELECTRIC MACHINERY 
AND TRANSFORMER TECHNOLOGY. 
By D. V Richardson. 615 pp , illus. The entire 
emphasis is practical in this all -inclusive book. 
which takes an algebraic approach to the sub- 
ject and includes both the English and unified 
SI units information for all tables and charts. 
Questions and problems at ends of chapters 
ensure your confident use of each type of ma- 
chine and transformer covered 
784/884 Pub. Pr., $19.95 Club Pr., $16.50 

MICROPROCESSORS & SMALL 
DIGITAL COMPUTER SYSTEMS 
FOR ENGINEERS & SCIENTISTS. By G.A. 
Korn 390 pp. This exceptional book is your 
quick reference for expert advice on product 
selection. interfacing. and programming. Con- 
taining a huge variety of computer possibilities. 
system features. and costs. its also a terrific tool 
for career updating. 
353/670 Pub. Pr., $27.50 Club Pr., $18.95 

ELECTRONICS DICTIONARY. Edited by 
John Markus. 4th Ed.. 768 pp.. 1,173 illus.. 
17,090 terms. With the new edition of this 
world- renowned dictionary you'll be able to 
quickly find the meaning and correct usage of 
any electronics term. no matter how obscure! 
404/313 Pub. Pr., $24.50 Club Pr.. $19.50 

MAGNETIC BUBBLE TECHNOLOGY. By 
H. Chang. 117 pp.. illus. The advent of bubble 
storage packages on the market has had a 
profound effect on the computer memory 
business. And here's an in -depth assessment 
of the technology and the possibilities for fu- 
ture development 
785/783 Pub. Pr., 519.50 Club Pr., $15.75 

OSCILLOSCOPES. Applications and 
Uses in Electronics By R. Van Erk. 270 pp.. 
248 photos and diagrams. The amount of 
technical information it contains is stupen- 
dous, beginning with the oscilloscope's basic 
operations (plus additional features and their 
functions) and continuing with the special os- 
cilloscopes and variants, oscilloscope probes, 
and measurement pitfalls. 
670/501 Pub. Pr., 516.50 Club Pr., $13.50 

MICROCOMPUTER -BASED DESIGN By 
J. B. Peatman. Expanded 4th printing, 604 
pp., over 400 photos and other illustrations Do 
all your best day -to -day designs, as well as 

your supercreative and special designs, 
around the new microcomputers and the spe- 
cific "how -to" help you get here! 
491/380 Pub. Pr., $26.50 Club Pr., $18.95 

ELECTRONICS AND CONTROL 
ENGINEERS' BOOK CLUB 
saves you both time and money! 
Here is a professional book club designed to meet your on- the -job engineering 
needs by providing practical books in your field on a regular basis at below 
publisher prices. If you're missing out on important technical literature -if today's 
high cost of reading curbs the growth of your library- here's the solution to your 
problem. 

The Electronics and Control Engineers' Book Club was organized for you, to 
provide an economical reading program that cannot fail to be of value. Adminis- 
tered by the McGraw -Hill Book Company, all books are chosen by qualified 
editors and consultants. Their understanding of the standards and values of the 

literature in your field guarantees the appropriateness of the selections. 

How the club operates: Thirteen times a year you receive free of charge The 

Electronics and Control Engineers' Book Club Bulletin. This announces and 
describes the Club's featured book for that period as well as alternate selections 
available at special members' prices. If you want to examine the Club's featured 
selection. you do nothing. If you prefer one of the alternate selections -or if you 
want no book at all -you notify the Club by returning the card enclosed with 
each Bulletin. 

As a Club member. you agree only to the purchase of four books (including 
your first selection) over a two -year period. Considering the many books pub- 
lished annually. there will surely be at least four you would want to own anyway. 
By joining the Club, you save both money and the trouble of searching for the 
best books. 
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Special $1.89 bonus 
book comes to you 

with your first 
club selection 

Books are selected from a wide range of publishers 

MAIL COUPON TODAY I 
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no book at all -I simply notify the Club by returning the convenient 
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Equip 
yourself 

the best. 
PTS 8001 
Component 
Analyzer 
Solid state component 
tester works in or out 
of the circuit. Simple 
hook -up to any standard oscilloscope. High, 
medium and low range switch for matching 
the impedance of the component 
being tested. 

PTS DG -1 

Digital Power 
Supply 
External variable power 
supply for substituting 
voltages in televisions, 
stereos, radios, computers, microproces.;ors, 
appliances, CB equipment, telephone 
equipment, electronic cash registers, 
security systems and other electronic 
devices. 

PTS DG -4 
Voltage Control Center/ 
Digital Power 
Supply 
Independently produces 
four variable DC supply 
voltages. Excellent for 
substituting critical 
control voltages for TV 
electronic /varactor 
tuners. All units come 
in vinyl cabinet in optional walnut, black 
or blue and carry a one year 
limited warranty. 

These products available from any PTS stocking distributor 
as well as PTS tuner 'module servicenters. Check the 
yellow pages for the servicenter nearest you. 

... .... T ... ..... P ... .... . ...... ............ . 
PTS ELECTRONICS, INC. 

The Only Name You Need To Know 
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COMPUTER CORNER 
continued from page 87 

counters. A series of switches allowed 
presetting the starting address at which 
the block of data was to be stored. Once a 
complete block of data was accumulated 
in the 256 -byte long FIFO memory, 
external circuitry was used to detect the 
FIFO FULL condition, and to initiate the 
request for the use of the bus, asserting 
the HOLD line to the 8080. When the 
8080 acknowledged the HOLD mode 
with the HLDA signal, the data was 
transferred from the FIFO memory to 
the microcomputer's main read /write 
memory at a rate of 500K bytes -per- 
second, or one byte every 2 µs. This data - 
transfer rate could have been increased at 
least fourfold, but it was unnecessary in 
this particular case. 

Figure 1 is the block diagram of the 
interface that was used to control the 
DMA data transfers. 

The DMA interfacing technique is also 
used in front -panel control circuits. Con- 
trol panels are often provided on micro- 
computers so that memory locations can 
be addressed and the user can examine 
their content. The user may elect to "de- 
posit" new data in one or more memory 
locations, again through viaa front panel. A 
simple front -panel control system is easi- 
ly constructed using the DMA technique, 

continued on page 96 
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Using a computer is easy... 
Fr"- onComputing readers. 
Read onComputing 
to find out .. . 

What a micro- 
computer can do 
How to get started 
What's new in 
personal 
computers 
Where to buy 
your computer 
How to use your 
computer 

The editors of onComputing reaii7e 
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to the person who just wants to 
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ness, education, home entertain- 
ment, laboratory work, or other 
applications. on Computing is dedi- 
cated to helping the computer user 
understand the capabilities of a 
microcomputer- in non -technical 
language. 

onComputing is entertaining and 
informative. It contains practical 
articles on how to get started, in- 
cluding what you'll need for your 
application and what it will cost. 
It features book reviews, product 
reviews, information on what's 
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slake of solid slake 

The mysterious I2L logic process revealed. Plus new semi- 
conductor announcements. KARL SAVON, SEMICONDUCTOR EDITOR 

AS NEW INTEGRATED -CIRCUIT TECH - 
niques evolve, terms are invented to go 
with them. Integrated Injection Logic 
(IT) is one such term that, at first hear- 
ing, is enough to frighten anyone off. But 
12L turns out to be not as ominous as it 
sounds, and, in fact, is a neat, valuable 
technique that leads to compact, moder- 
ate -speed logic applications. Another at- 
traction of I2L is that the injector voltage 
(the highest voltage with the IC) is only 
about 0.75. The result is a very low power 
dissipation per gate. 

The processing steps leading to a fin- 
ished IT circuit are nearly identical to 
those used to build conventional mono- 
lithic bipolar IC's, even to the extent that 
bipolar and IT circuitry can be combined 
on the same monolithic substrate. There- 
fore, let's start by reviewing the conven- 
tional bipolar IC process. 

Figure 1 shows the cross -section of a 

conventional integrated NPN transistor. 
The process of building this transistor 
starts with slicing a thin wafer of silicon 
from an ingot. After the wafer has been 
polished to a mirror finish, a layer of sili- 
con dioxide is formed by heat and oxygen 
on the wafer surface. Throughout the 
process, windows are etched through the 
oxide layer to allow the selective diffusing 
of defined areas. Photomasks are used to 
superimpose a pattern of photoresist ma- 
terial on top of the oxide. The areas that 
are not covered with resist are unpro- 
tected and are removed by acid. The 
initial wafer material forms the P -type 
substrate shown at the bottom of Fig. 1. 

The next series of steps involves diffus- 
ing N + pockets. These low- resistance 
pockets are covered by the layer de- 
scribed in the next step, which is also 
referred to as the buried layer. 

An epitaxial layer is grown on top of 
the substrate into which the remaining 
diffusions will go. To isolate the transis- 
tors from each other, their epi (or collec- 
tor) areas must be separated. The P +- 
isolation regions are diffused into the epi 
layer, dividing it into islands. 

The transistor bases are then formed 
with a P- diffusion into the subregions of 
the collectors. This identical diffusion 
step also forms resistors, with their char- 
acteristic resistivity of around 200 ohms- 

per- square. Then, N+ emitter and col- 
lector contacts are added and openings 
are formed for contacting the aluminum 
interconnecting metal that follows in the 
next stop. 

Metallization is formed by wiring that 
connects the various IC devices in their 
predetermined pattern. It is deposited on 
the surface and alloyed to the semicon- 
ductor material under the contact open- 
ings. 

Finishing the passivation, bonding and 
packaging steps complete the multistep 
procedure. 

EMITTER BASE 

strate- collector diodes. 
What happens if the collector and 

emitter functions are reversed? If the 
collector is connected in place of the 
emitter in a circuit and vice versa, this 
inverted transistor still acts as a transis- 
tor. However, the nonsymmetrical geo- 
metrical layout causes the inverted beta 
(current -gain) to be lower than the nonin- 
verted beta, as well as some other parame- 
ter differences. However, especially con- 
figured digital circuits, the inverted tran- 
sistor performs satisfactorily. 

The inverted transistor is the "trick" to 
PL. If the noninverted N+ emitter 
regions are used as collectors and the N- 
collector region is grounded, many tran- 
sistors can be built into a single isolated 

COLLECTOR CONTACT 

SUBSTRATE 

INJECTOR EMITTER 

BURIED LAYER 

INJECTOR 
P -N -P 

FIG. 7 

COLLECTORS 

EPI COLLECTOR 

BASE 

1 

/ 
P 

SUBSTRATE EMITTER 

FIG. 2 

Figure 1 shows that NPN bipolar tran- 
sistors have two semiconductor junc- 
tions -the base -to- emitter junction be- 
tween the emitter N + and base P- 
regions, and the collector -base junction 
between the P -base and N- collector re- 
gions. In normal transistor operation, the 
base -to- emitter junction is forward -bi- 
ased and the base -collector junction is 

reverse -biased. 
The junction between the N collector 

and P substrate is reverse -biased and 
forms a nonconductive diode that is the 
actual isolation mechanism between tran- 
sistors. The substrate is usually grounded, 
and the transistor elements are biased at 
or above ground, thus inhibiting the sub- 

region, as shown in Fig. 2. 

Figure 3 shows a single IT transistor 
stage that consists of an inverted transis- 
tor and a base -current source. The cur- 
rent source is the so- called injector, 
which is actually a PNP transistor. All 
the PNP emitters on the IC are connect- 
ed to a common input pin, and sometimes 
form a long P- diffusion up and down the 
IC. The pin is connected through an 
external resistor to a more positive volt- 
age source determining the total current 
drain of the IC. Each individual PNP 
transistor then supplies a portion of the 
total injector current to its particular 
NPN base. In Fig. 2, note the PNP injec- 
tor transistor formed by the junction 
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The Understanding Series' 
from Texas Instruments. 

Five self -paced, easy -to- understand 
books for the reader who wants to learn 
about electronics technology, but can't 
devote years to the study. 
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Microprocessors. 250 
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between the injector emitter and the N 
region, and the junction between the N 
region and the base of the NPN. 

The current sources serve as high im- 
pedances to the driving collectors. This 
very efficient arrangement allows com- 
pact use of the IC area because of the 
numerous devices contained in a single 
N- isolated area compared with the nonin- 
verted single transistor -per -collector iso- 
lation ratio. In addition, because of the 
injector PNP current sources, there is a 
complete absence of resistors in this logic 
scheme. 

FIG. 3 

The deep N + region shown at the 
extreme right of Fig. 2 does not have a 
counterpart in the conventional transistor 
shown in Fig. 1. This area is a guard band 
that prevents parasitic currents from 
flowing to the wrong places. 

We can now see how inverted transis- 
tors are used to implement a typical logic 
function. Figure 4 shows how output 
currents from several collectors are 
summed by simply connecting them to- 

gether at the base of a transistor. Along 
with the inverter transistor, this connec- 
tion creates a wired NAND gate. If cur- 
rents il, i2 and i3 are all 0, current source 
I1 turns on Q4 and its output voltage is O. 

If any of the three input currents is 
nonzero, Q4 is turned off and its collector 
swings high. In other words, current il, i2 
or i3 switches Q4's collector low. Using 
inverter transistors Q1, Q2 and Q3 cre- 
ates an AND function. Assume the inputs 
to the transistors are A, B and C. Their 
collector currents are summed at the base 
of Q4, which swings high only when the 
three driving transistors are off -this is 
the AND function. You'll also observe that 
the NAND function, ABC, is equivalent to 
A +B +C. 

Ignition circuit 
Motorola's MC3333 Vani -Dwell igni- 

tion circuit uses a flux -averaging sensor 

instead of automotive points. The addi- 
tion of the MJ 10012, a Darlington driver 
transistor, to supply the high- energy igni- 
tion coil plus some resistors and capaci- 
tors complete the ignition system. The 
circuit operates from battery voltages 
from 4 to 24. Dwelltime and overvoltage 
shutdown are externally programmable. 

Motorola Semiconductor Products, 
Inc., P.O. Box 20912, Phoenix, AZ 
85036. 

New power devices 
The RCA 9113 NPN power- transistor 

series is designed for high -voltage switch- 
ing applications. Its specific uses are for 
switch -mode power supplies, inverters, 
converters, pulse -width -modulated regu- 
lators and motor controls. These transis- 
tors are rated to 400 volts VcE0 and have 
switching speeds in the range of 1 µs. 
RCA Solid State Division, Box 3200, 
Somerville, NJ 08876. 

Hitachi has developed complementary 
power audio-equipment MOSFET's that 
it expects to market at the end of the year 
as the models HS8401 and HS8402. 

Newly developed technology such as 
ion implantation adds the high -voltage 
and high gain necessary in power amps. 
The company claims these devices have 
greater frequency response and reliability 
compared with conventional power tran- 
sistors. Their high -speed switching capa- 
bility reduces distortion and dissipation 
to a greater degree than bipolar transis- 
tors. R -E 

COMPUTER CORNER 
continued from page 92 

since a 16 -bit three -state buffer can be 
used to supply the address and eight indi- 
cators can be used to show the state of 
each bit in the memory location ad- 
dressed. Eight logic switches are used to 
load new data into a location and two 
control switches, EXAMINE and DEPOSIT, 

are configured to generate the memory - 
read and memory -write control pulses, 
respectively. Additional features can be 
added to such a simple control circuit to 
automatically increment or decrement 
the 16 -bit memory address, etc. 

There are, however, some words of 
caution that must be noted when consid- 
ering the use of DMA. The 8080 micro- 
processors are locked out of performing 
any program steps while they are in the 
HOLD state. 

Some microprocessors such as the 
MC6800 series require that DMA -based 
devices regularly relinquish control of the 
bus. The three -state control (TSC) line in 
6800 -based systems can only be asserted 
for periods of 5 As at a time. Similarly, in 
systems that use dynamic read /write 
memory devices, the address and data 
buses cannot be used continuously by 
DMA -based devices for more than 1 ms 
or so. R -E 
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service clinic --goo 
Fast -recovery diodes and DC power supplies can cause 
many troubleshooting headaches. JACK DARR, SERVICE EDITOR 

I'VE USED THE MATERIAL IN THIS COLUMN 
before. This concerns two items that 
have been discussed at length. Still, I 

keep getting far too many letters from 
technicians who obviously have not got- 
ten the word. So, I'm going to run it by 
again and hope that we will be able to 
reach a few more people who can use the 
information. 

Fast -recovery diodes 
The first item concerns the fast- recov- 

ery diode. This diode is a special type that 
turns off very rapidly. So, this is the type 
we must always use as a replacement in 
any kind of DC power supply that is fed 
by horizontal -frequency pulses (i.e., a fly- 
back- derived DC supply). Conventional 
silicon diodes are sinewave diodes and 
work fine for a 60 -Hz sinewave or pulse. 
However, when these standard types are 
used in a flyback -derived power supply, 
the input is a very sharp high -frequency 
pulse, and conventional diodes simply will 
not turn off fast enough. So they draw a 
very high reverse current. If you've 
changed a diode and the new one blows 
up in about 25 to 30 seconds, look out! 
This is the typical symptom of using the 
wrong type of diode. 

Use a fast- acting diode in all sets using 
flyback -derived power supplies even the 
Quasar Electronic Power Supply that 
operates at 15,750 Hz, and is synchro- 
nized by flyback pulses. Unless you are 
absolutely sure that the AC power supply 
to the diode is a 60-Hz sinewave, it is best 
to use a fast -recovery diode. Incidentally, 
a fast - recovery diode works on a 60 -Hz 
supply, but not the reverse -It's a one - 
way street. 

In checking any transistor replacement 
guide, you'll find lots of fast- recovery 
diode types listed. Every manufacturer 
has at least one, and some have five or six 
types. Typical specs for these diodes show 
a recovery time of 0.5 A. Even on a very 
sharp pulse, a fast -recovery diode turns 
off completely and does not draw reverse 
current. 

DC power supplies 
The second item for discussion is a 

kind of dual problem in itself that has also 
drawn a lot of mail. For many years, I 

(along with many others) have been hol- 
lering "Check the B +!" (And this goes 
back as far as radio days!) It's still the 
very first step that should be taken in any 
kind of electronic troubleshooting. The 
reasoning is simple: If the B+ DC volt- 
age supply is off, nothing will work until 
that is fixed. Also, statistically speaking, 
DC power supplies cause the most trou- 
ble of any section of the TV set. 

So, when starting your analysis of a 
problem, make sure that all the DC 
power supplies are in the ballpark. In a 
solid -state color TV set, there may be 
four or five such supplies and they are all 
critical. Any trouble in here can cause all 
kinds of problems. 

Secondly, there are two circuits in 
solid -state TV sets that interact -the DC 
voltage regulators, of which there may be 
several; and (linked with these) the nu- 
merous shut -down circuits. These circuits 
can kill everything if the high voltage or 
the low DC voltages exceed normal levels. 
If a voltage regulator is not working prop- 
erly, the DC voltage rises, the shutdown 
fires and out it goes. 

So, voltage regulators should always be 
checked for correct output. Most regula- 
tors are held to very tight tolerances. If 
the schematic calls for +69.5 volts, you'd 
better not get a reading less than +69 
volts or more than +70 volts. If the regu- 
lators are using a pass transistor that is 
either leaky or shorted, the output voltage 
will rise to the supply level. Instead of 
+69.5 volts, you may read +90 volts or 
more. This voltage will trigger the shut- 
down circuit. If it doesn't the high voltage 
can go up to amazing levels, and a 
perfectly good horizontal- output transis- 
tor can be destroyed. 

A simple test for this is to plug the set 
into a Variac. Monitor the DC voltage 
supply at a key point. Bring the line volt- 
age up until the DC voltage reads exactly 
what it is supposed to -+69.5 volts or 
whatever the schematic calls for. In a lot 
of cases, you may find that the set starts 
working very well; I have. If this happens 
and the input voltage is quite a bit below 
normal, this is a very good hint that one 
of the voltage regulators is not working. 
If so, the problem is in the DC voltage 
regulator and nowhere else. 

Ordinarily, these circuits are fairly 
simple to check. Look for shorted or 
leaky pass transistors, shorted or leaky 
drivers, error amps, and especially in one 
of the Zener diodes that are used as 
clamps in the regulator circuits. If the 
voltage across a Zener diode is not correct 
to within ± 5%, check it or change it. 

I hope that this reminder will get the 
message across to some who didn't get it 
the first time around. It saves a lot of time 
and trouble! R -E 

service 
questions 

HIGH VOLTAGE DOWN 
A model TAC -3310 Toshiba has turned 

into a tough nut. A couple of new tubes, 
including a new horizontal output, cured 
the original problems, but the picture is 
still too dark, and the high voltage is only 
11 to 13 kilovolts depending on the 
brightness- control setting. Nothing is 
smoking. The boost is low. I'm checking it 
on a test rig. The grid waveform on HOT is 
OK; so is the analyst plate drive. -R. T., 

Louisville, KY. 

My reply to this problem began with 
some general suggestions. Then I wrote 
him, "Something's nudging me! You're 
using this on a test rig; your boost is low, 
etc. Maybe the horizontal yoke winding 
of the test rig doesn't quite match this set! 
If so, you would get these kinds of symp- 
toms." 

(Feedback: "Bingo! That was a good 
nudge. I used extension cables, hooked 
the Toshiba set to its own yoke /CRT, 
and everything fell into place. The high 
voltage and boost went up, the brightness 
was OK, and so on. I happened to notice 
that when the 2IJZ6 screen went up to 
+ 105 volts, on the test jig it was also 
quite a bit lower. ") 

ODD COLOR PROBLEM 
I get good color bars and a good 

vectorscope pattern on this Zenith model 
25MC30. But . . . if I hook the set up to an 
antenna, there's no color at all! I thought 
of using alignment, but this seems un- 
necessary with the good color bars and 
vectorscope output. What goes? -J. U., 

Beaverton, OR. 
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struction microprocessor program ever! What's more, 
it's the fastest way to really learn about this fascinating 
field with applications in every phase of our everyday 
lives. From automotive diagnostics to the microwave 
oven in the kitchen to the computers that are taking on 
more jobs in the home, schools, government, business 
and industry every day! 

Working with the popular 6800 microprocessor, you'll 
explore this exciting field using proven self- instruction 
text materials. You'll learn about micro- computer basics, 
number systems and codes, computer arithmetic, pro- 
gramming, 6800 capabilities and interfacing and more. 
With the aid of audio visuals included, you'll go deeper 
into programming, designing with microprocessors and 
semiconductor memories. And you'll actually perform a 

whole series of "hands on" experiments with the op- 
tional trainer designed to reinforce the theory you've 
mastered to that point! 

The ET -3400 Trainer kit, designed to accompany your 
program, features the popular 6800 microprocessor. It is 
actually a miniature digital computer in itself, complete 
with a: 1K ROM monitor program; 6 digit LED display for 
address and data readout; 17 -key hexadecimal keyboard 
for entering programs, data and control; 256 bytes of 
RAM (expandable to 512 bytes with the chips supplied 
in the course); breadboarding socket; 8 buffered LED's 
for display of logic states; 8 SPST switches for binary 
input plus an on -board power supply with +5, +12 and 
-12 volt outputs. 

The Program comes complete with 62 electronic com- 
ponents, including a 6820 PIA, two 2112 RAM's, a 1406 
digital -to- analog converter, 741 and 301 op amps and 
more. Includes audio visual aids such as an audio cas- 
sette, colorful flip charts and programmed learning text 
material in two deluxe permanent binders. 

Complete the optional exam and receive a Certificate 
of Achievement and 8.0 Continuing Education Units 
(CEU's) -a nationally accepted means of recognizing 
participation in non -credit adult education. (Note: Micro- 
processor Program requires completion of Digital Tech- 
niques Program or equivalent knowledge.) 
ORDER ETS -3400 
(Program and Trainer kit) 

(Add $4.54 shipping and handling) 

ORDER YOUR PROGRAM WITHIN THE 4 
NEXT 30 DAYS AND GET THIS BONUS 

FREE S° 
LI 
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A Comparable $7.95 Value! 

MAIL COUPON TODAY! 
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FOR THOSE WHO NEED 

DIGITAL TECHNIQUES TRAINING... 
Comprehensive Digital Techniques Program - the background you need to 

understand computer and modern electronic technology! Digital fundamen- 
tals, semiconductor devices for digital applications, Boolean algebra, flip - 
flops and registers, sequential and combinational logic circuits, digital de- 
sign and an introduction to computers and more! The program includes pro- 
grammed instruction text, audio -visual aids, parts for experiments and more. 
The program includes programmed instruction text, audio -visual aids, parts 
for experiments and more. Digital Design Experimenter /Trainer lets you per- 
form all the experiments in the program, then develop and test your own 
projects. Features sotderless breadboard sockets, 4 binary data switches, 2 

"no bounce" switches to pulse logic circuits, 3- frequency pulse clock gen- 
erators, 4 LED's for visual indication of logic states plus 3 regulated power 
supplies. Upon completion of the optional final exam, you receive a Certifi- 
cate of Achievement and 4.0 Continuing Education Units. 

$12995 ORDER EES -3201 (Program and Trainer Kit) 
(Add $3.94 shipping and handling) 

SAVE 
TIME 

HEATH 

Schlumberger 

ORDER BY PHONE! 
Call (616) 982.3411 

anytime day or night 

MI N -IM IM I=MI =11 
Heath Company, Dept. 020 -532 
Benton Harbor, Michigan 49022 

'Gentlemen: Please send me the item(s) checked below and include my 
FREE Soldering Iron (GDP -1105). 

I Microprocessor Program and Trainer Kit (ETS -3400) $269.95, 
( +$4.54 shipping & handling) I Microprocessor Program only (EE -3401) $89.95 I 
(+$3.09 shipping & handling) I Digital Techniques Program and Trainer Kit (EES -3201) $129.95 I 
(+$3.94 shipping & handling) 

I enclose check money order for $ ; OR, 
(Michigan residents, add 4% sales tax) 

CHARGE to my VISA /BankAmericard Master Charge 

Account # Exp Date 

I 

1 
1 
1 

ADDRESS , 

CITY STATE ZIP ' 
Prices and specifications subject to change without notice. 
Prices are mail order net F.O.B. Benton Harbor, Michigan. ED -121 
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IMaster Charge Code # 

Signature 
(Necessary to send merchandise) 

INAME 
(Please print) 
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Accurate 
in 

RF fields! 
B &K-PRECISION 

portable and 
lab DMM's 

For field or lab applications your 
DMM should stay accurate -even in 
the presence of strong RF fields Most 
DMMs can t pass this test but the 
B &K- PRECISION 2830 lab DMM and 
the 2810 portable DMM easily meet the 
challenge. 

In addition, both of these instruments 
feature 31/2 digit readout, 0.5% DC 
accuracy, auto -zeroing /auto polarity. 
selectable high -/low power ohms and 
really complete overload protection. 
Special features of each include: 

Model 2830 -$235 
AC operation: battery pack optional 
100µV. 100nA, .01!! resolution 
Reads to 20 amps 
Push button range and function 
selection 
0.5" high efficiency LED display 

Model 2810 -$130 
Battery operation 
standard 
100 µV..01!! 
resolution 
AC charger optional 
Bright 3" LED 
display 

Available for 
immediate delivery at 
your local B &K- PRECISION 
distributor 

OKPRECIS /ON DYNASCAN 
CORPORATION 

6460 West Cortland Street 
Chicago, Illinois 60635 312,889-9087 

In Canada Atlas EiecI,onics Ontario 
mn,rEn 27ONnwtnwn RA Piainn,nv. I I NV" 
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I hate to say it but there's only one 
thing left that could be causing this. With 
the results you're getting from test sig- 
nals, it could be there are problems in the 
color- killer. Check the grid voltage on 
the second bandpass amplifier; the sche- 
matic shows this as -30 volts, which 
signifies no signal or "killed" bias. 

One thing used to cause us some odd 
problems -the 6JU8 quad -diode tube. 
This is used as the automatic frequency 
phase control and the killer detector. 
These tubes developed odd -ball leakages 
that upset things for three feet in all 
directions. Try a new 6JU8 first. (You're 
right. In no way is this an alignment prob- 
lem!) 

RADIO WITH A GEIGER COUNTER? 
I've got something I'll bet you never 

heard of before. Its an old portable Syl- 
vania radio, but it also has a built -in Geig- 
er counter! The set is working but I can't 
get anything out of the counter. There is 
high voltage on the G/M tube, though. -J. 
D., Charleston, WV. 

You're right, 1 have never heard of this 
one before. However, I do have a sche- 
matic on it (Sams Photofact 345 -17). The 
partial schematic shows how it works. 

When switch M7 closes, a pulse of 
current flows through the transformer. 
This charges up C8 -C9 to a high voltage 

OUTPUT 

7V1 

II 
SW CLOSES 

ON, WHILE 
DEPRESSED 

TO VOLUME 
CONTROL TAP 

for the counter tube. When the tube fires, 
the "clock" seems to be coupled back 
through CI I to the bottom end of the 
volume -control circuit. The neon lamp 
may be used as a charge indicator or as a 
peak limiter to keep excessively high 
pulses from damaging the output tube. 

HORIZONTAL SYNC 
I can't stop the picture from sliding 

sideways in this Admiral 11H chassis. 
Checking the AFC circuit, tubes (includ- 
ing AFC diodes), etc. didn't help. The 

hold control can stop the picture momen- 
tardy, but when it is stopped a vertical 
white line appears in the center of the 
picture. The vertical hold is good. Any 
help would be appreciated! -J. T., Ocala, 
FL. 

Normally I'd say there's no sync get- 
ting to the AFC diodes, but you've got 
that white line in the picture. You may 
have some feedback through the B+ line 
due to a bad filter capacitor. Scope all the 

B+ lines for any signals; these cause 
feedback and all kinds of weird prob- 
lems. 

(Feedback: "Thanks! Capacitor C2A, 
the 80 -AF section of a multiple filter, was 
leaky. I replaced it and now it works. ") 

CATHODE CURRENT RUNS HOT 
The 6KM6 horizontal -output tube cath- 

ode current in this RCA chassis CTC- 
27XAD runs 450 mA and there's no out- 
put. The grid voltage reads -35, and the 
screen grid voltage reads + 185. I can't 
get that current down. -H. J., New York, 
NY. 

I can tell you one thing: a +185 volt- 
age on the screen grid is much too high 
and can cause the cathode current to go 
way up. Find out why this happens. I have 
seen sets where the screen -dropping resis- 
tor had burned up and dropped in value. 
The only other thing that could cause the 
screen voltage to go so high would be an 
open contact on the screen in the socket. 
If this is the case, however, the cathode 
current drops to about 45 or 50 mA! 
Your drive seems to be normal, but the 
high screen voltage is not. 

MORE BRADFORD FLYBACKS 
Like a lot of Service Clinic readers, I 

also need a Bradford flyback transformer 
for a 1143831 chassis and the part num- 
ber is 334P03402. Can your crystal ball 
help? -D. B., FPO, NY. 

The crystal ball didn't help, but after 
looking in some catalogs for similar part 
numbers, I dug up what certainly looks 
good. At least, the part number is exactly 
the same -it's a Mistubishi (MGA). 
Look up an MGA CH -120 chassis in 
Sams Photofact 1176. You can probably 
order one from MGA Melco Sales, Inc., 
3030 N. Victoria, Compton, CA 90221. 

SLOW WARMUP 
This Zenith model 14N28 takes about 1 

to 2 minutes to reach full height. The 
width is OK, but the picture lacks about 3 

inches at the bottom of the screen; it then 
slowly builds up until the screen is full. 
I've checked out everything I can think of 
in the vertical circuits, and the waveforms 
look normal. I tried coolant spray on the 
circuit; no luck. I'm overlooking some- 
thing, but don't know what. -J. S., Pros- 
pect Heights, IL. 

If your picture comes on in -sync and it 
remains stable, the chances are this is not 
a problem in the vertical circuitry itself. 
It is probably something in the supply 
voltage to it. 

There is a small thermistor in the 
deflection yoke that is supposed to be 1.0- 
megohm cold and drop to an unknown 
value. In any case, this thermistor feeds 
the boost voltage to the plate of the input 
half of the vertical oscillator. Take the 
back cover of the deflection yoke off and 
look for this; it's a small disc -type compo- 
nent. You can replace it with a Workman 
GM 1 -meg thermistor. R -E 



There's only one way to have the newest and most 
unique top -value electronic products...choose 
and build from the nearly 400 fascinating kits 
you'll find in this new A 
FIRE 
HEATHKIT® 
CATALOG! 

See the world's first 
Electronic Weather Computer 
It indicates, stores and retrieves all 
temperature, pressure and wind data 
...even computes wind chill factors 
for home, farm or office. 

See the very finest, 
most advanced oscillo- 
scope Heath has ever 
developed. Compare 
this DC -35 MHz Dual 
Trace, Delayed Sweep 
Scope with others 
costing hundreds of 
dollars more. 

rtif, ,. . :^ :,ri 

moor drAcacMV 

.-. 

1 
tif 

S 

See the first and 
the best electronic 
digital bathroom 
scale with a 
strain -gauge trans- 
ducer like the 
most expensive 
laboratory scales. 

See the new GC -1415 

Y 
deluxe Digital Car 
Clock with trip timer 
and stopwatch. Useful 
and practical for car, 1 
van or truck. 1 

1 

/ 

A super coin- 
Heath's 

Cointrack' Metal 
Locator with 
adjustable dis- 
crimination and 
pushbutton tuning. 

The R /C'ers dream - Heath's Pack 17 
8- channel open 

gimbal R/C trans- 
mitter with Instant 

plug -In frequencies 
...at big kit savings] 

Plus hundreds of top- performing, value -priced 
electronic kit products for home, hobby or busi- 
ness. See the most powerful personal computer 
systems you can buy with complete software and 
peripherals. See the Heathkit Continuing Education 
Self- Learning Programs in Basic and Advanced 
Electronics, Automotive Electrical, Test Instru- 
ments and Novice and General Amateur Radio 
Licenses -the most efficient and economical way 
to stay on top of our electronics world! 
FILL -IN COUPON AND SEND TODAY. 

If coupon is missing, write Heath Co.. 
Dept. 020 -533 Benton Harbor MI 49022. 

Every Heathklt product is backed by world- famous technical 
service and counsel - plus sales and service facilities at 
54 Heathkit Electronic Centers* coast -to -coast ('units of 
Schlumberger Products Corporation). See the white pages 
of your phone directory for the center nearest you. 

See the world's 
first and finest 
fully com- 
puterized and 
programmable 
color TV that 
lets you program 
an entire eve- 
ning's viewing. 

See Heath's newest and finest 
'rack- mount' series of audio 
components - professional 
performance for discriminat- 
ing audiophiles and music 
lovers who want the best. 

SEND FOR YOUR FREE COPY TODAY! 

1 
1 
1 
, City 

I CL-689 

L 

Heath Company, Dept. 020 -533 
Benton Harbor, Michigan 49022 
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O 

Please send me my FREE Heathkit Catalog. I am not now receiving 
your catalcgs. 

Name 

Address 

State 

1 ' 
1 

Zip 
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More information on new products is available from 
manufacturers of items identified by a Free Information 
number. Free Information Card is inside the back cover. 

DIGITAL MULTIMETER, model RMS -350 Volks- 
meter, is a battery- operated, 4 -digit instrument 
designed to fit into a tool box. It measures true 
RMS AC from 1 mV to 750 volts; resistance from 
1 ohm to 10 megohms; DC from 1 mV to 1000 
volts and AC /DC current from 1 µA to 1 A. 

CIRCLE 143 ON FREE INFORMATION CARD 

Features include LCD readout, automatic polari- 
ty, overload indication and overload protection, 
plus a 10- megohm input impedance. The model 
RMS -350 measures 1.9 H Y 2.7 W x 4- inches D. 
Optional accessories available include batteries 
and charger, a probe, carrying case and tiltstand 
case. Price: $189.- Non -Linear Systems, Inc., 
Box N. Del Mar, CA 92014. 

CCTV SURVEILLANCE CAMERA, model ITC -44, 
is available with choice of pickup tubes, including 
vidicon, separate -mesh vidicon, or silicon- target 
vidicon. With a'/, -inch vidicon tube, only 1.2 foot - 
candles are needed from a standard 89% reflec- 
tance object; with the silicon- target vidicon tube, 

CIRCLE 144 ON FREE INFORMATION CARD 

the minimum sensitivity is 0.01 foot -candle. The 
response range is 1000:1, and it can provide a 
horizontal resolution of 550 lines (with separate 
mesh vidicon(. With gamma correction off, the 
S/N ratio is better than 44 dB; the video band- 
width, 6 MHz or better; and the deflection distor- 
tion, less than 2%. The model ITC 44 operates 
from 117 VAC line; the economy model ITC -44A 
operates from 24 VAC. The unit is housed in an 

ABS plastic case, with internal RF shielding, 
weighs 5 lb., and carries a suggested retail price 
of $250. -Ikegami Electronics (USA) Inc., 37 
Brook Ave., Maywood, NJ 07607. 

WIRE -WRAP TOOL, model P184 -4T1, uses high 
abrasion- resistant polyurethane nylon Tetzel in- 
sulated wire to eliminate measuring. The tool 
uses the model P184 Slit -N -Wrap bit to feed wire 
from a spool on the shaft. This permits continu- 
ous wire- routing in a daisy -chain fashion. The 
Slit -N -Wrap bit can also be used with the model 
P184 -4T NiCad -powered pencil -type motor. The 
Tetzel wire is available in 50 -foot spools, with red, 

green, white or yellow insulation. Also available 
are 120 -foot spools of uninsulated copper wire. 

timer shows time of day in hours /minutes to 12 
hours, or can be used as an elapsed -time counter 
to read minutes /seconds to 59:59, or hours/ 
minutes to 99:59. Operates on 10 -17 VDC and 
draws only nominal 2 watts. The model DC -17304 
MPG computer displays average miles -per -gallon 
since first fillup, total miles driven, total gallons 
purchased and total miles - per -gallon between 
fillups. Model DC -1730 tachometer features con- 
tinuous RPM count, with 1% accuracy full -scale, 
and automatic memory feature to display preset 
RPM number. Price: $39.95. -Digital Concepts 
Corp., 249 Route 46, Saddle Brook, NJ 07662. 

100 -WATT REFLECTOR LAMP, model 1300 Ore - 
melite, can be bench- or table- mounted for do- 
it- yourself projects and hobbies. Offers 360° 
rotation angle and a 45 -inch arm reach. Addition- 
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Suggested retail prices: model P184-471, $89; 
model P184-4 7, $80; model P184 bit, $29.50; 
Tefzel- insulated wire, $4.18 /package of two 50- 
foot spools.- Vector Electronic Co., Inc., 12460 
Gladstone Ave.. Sylmar, CA 91342. R -E 

DIGITAL AUTOMOTIVE INSTRUMENTS, lndy- 
Cators model DC- 17301 clock /timer, model DC- 
17304 MPG computer and model DC -17306 
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al features include insulator reflector and porce- 
lain socket. The model 1300 is available in white - 
only, baked enamel finish, and operates from a 

100- 115 -volt, 60 -Hz AC source. Options include 
adjustable clamps and screwdown mounts for 
additional mounting angles. Suggested retail 
price, $39.95. -Dremel, Div. Emerson Electric 
Co., 4915 21st St., Racine, WI 53406. 

SOLDER SPOOL HOLDER, Solder Mate, pre- 
vents solder wire from unraveling. Portable metal 
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tachometer, all feature 4 -digit fluorescent dis- 
play, require only 3 -wire connection (hardware 
included). The model DC -17301 (shown) clock/ 
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holder permits easy withdrawal of solder; holder 
is loaded by dropping spool into place and feed- 
ing solder through dispenser hole. Suggested 
retail price, $4.95.- Efficiency Products Corp., 2 

Kennedy Dr., North Chelmsford. MA 01863. R -E 



sieren proiluels 

More information on stereo products is available from 

manufacturers of items identified by a Free Information 
number. Free Information Card is inside the back cover. 

AM /FM STEREO RECEIVER, model CR -220, 
provides 15 watts -per -channel RMS into 8 ohms 
from 20 Hz to 20 kHz, with no more than 0.05% 
THD. Front -panel controls include power on -off 
switch, bass and treble switches, variable -loud- 

ei tiduti"t 
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nass switch, tuning switch, and phone jack. Per- 
formance specifications for the model CR -220 
are: for the amplifier -phono input sensitivity. 2 

FREE mire 
CATALOG 
Audio- Computers 

Instruments 
Kits & Assembled 

TïÍ 
4_6* T 

1 

Southwest Technical Products Corporation 
219 W. RHAPSODY 

SAN ANTONIO, TEXAS 78216 

/ 
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mV at 1 kHz; phono S/N ratio, 90 dB. For the FM 

section- alternate channel selectivity, 60 dB; 
capture ratio, 1.5 dB; 50 -dB quieting, 17.3 dBf 
(mono), 39.2 dBf (stereo); frequency response, 30 

Hz -15 kHz +1, -3 dB; S/N ratio, 70 dB (mono), 
65 dB (stereo; AM suppression, 52 dB. The AM 

section provides an alternate channel selectivity 
of 20 dB and an IHF sensitivity of 18 uV /m. The 

model CR -220 measures 435 X 144 X 326.5 mm 
and weighs 7.6 kg. Suggested retail price: 
$220. -Yamaha International Corp., 6600 Or- 
angethorpe Ave., Buena Park, CA 90622. 

STEREO COMPONENTS, the model AA -1600 
amplifier and the model AD -1701 graphic output 
indicator, are rack -mountable components. The 
model AA -1600 delivers 125 watts -per -channel 
(minimum RMS) into 8 ohms, 20 Hz through 20 

kHz, at less than 0.05% THD. Other features 
include a delay switch, thermal circuit breaker 
and high- temperature LED indicator. The amplifi- 
er can also be installed in optional oak -finish 

model AEA - 1800 -1 case. 
The model AD -1701 output indicator has two 

rows of fifteen LED's for graphic output display, 
peak -hold circuit and peak /average switch. 

CIRCLE 50 ON FREE INFORMATION CARD 

Prices: model AA -1600, $359.95; model AD- 
1701, $189.95; model AEA - 1800 -1, $27.95. - 

Heath Co., Dept. 570 -070, Benton Harbor, MI 

49022. R -E 

THIS VISE IS 
CATCHING. 
Catch PanaVise. It tilts, turns and 

rotates your work exactly where 

you want. Add our new Tray! 
It catches small parts you drop, 
separates tools, and keeps parts 
sorted. The Tray's wide 81/4" 

diameter of cast metal gives 
'no -tip' stability, and has 6 slip 
resistant neoprene feet. Catch all 

the PanaVise combinations at your 
distributors now. Write for FREE 

brochure and distributor list. 

Dept. CE 11 

2850 29th St. 
Long Beach, CA 9080 

i 
Shown: 

#315 Circuit 
Board 

Holder, #300 
Base, # 312 

Tray Base 
,Mount. 
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String Synthesizers 
Can Be: Just strings... 

...But when 
designed b 
Marvin Jo 
they hav 

violins /cello /piano, variable chorusing, 
keyboard split, synthesizer interface, 
variable sustain controls, jacks for foot 
controls, dual violin /cello mixers, 
separate mixable piano output, stereo 
string & computer interface options. 

ft snx n /itnlx 
just $295 kit $600 assembled 
from Bailk You're gonna love it ! 

TELL ME MORE 
() Send Assembly & Using Manual $5 refundable 

upon purchase Stringz'n' Thingz. 

( ) SEND FREE CATALOG 

name: 

Address: 

City._ Mate: Llp 

ELECTRONICS Bept.5- R 

1020 W. Wilshire Blvd.. Oklahoma City. OK 73116 14051843.9626 
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A Classroom 
In Your Mailbox ! 

STUDY 

Two -Way Radio 
THROUGH THE 

REVISED 

MT/ 
Home Study Course 

Send coupon below for free course outline 
No obligation - No salesman will call 

Prolessional Training on a Unique Carve, Field 

Providing Training io the Industry Since 1960 

study FM two - way 
radio at home! 

I am interested in learning more about pro- 
fessional FM two -way radio. Please send me full 
details on the MTI training program 

'game 

Address__ 
City /State /Zap 

MT/ 
Mobile Training Institute 

Boa 735, Camp Hill, PA 17011 U.S.A. 
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TIME /VOLTAGE CALIBRATOR 
continued fron! page 39 

apply the waveform to a low -pass filter to 
generate the average DC voltage and then 
buffer it. 

The voltage -calibrator section (Fig. 3) 
resembles the time section somewhat, but 
the two circuits are different. Thumb - 
wheel- switch latches ICI -1C4 feed ex- 
clusive -NOR inputs. Again, the exclusive - 
NOR network IC9 -ICI 2 is used as a 

comparator, but this time it compares the 
thumbwheel -latch contents to the counter 
output. When both values agree, the OR- 
tied output is pulled high by resistor R I9. 
Decade- counters 1C17-1C20 are wired as 
up- counters. For this application, they 
free -run, starting from 0000, count to 
9999, then start over again. Although the 
clock frequency's accuracy is unimpor- 
tant in this application, a rather exact I- 
MHz signal that is tapped from the 20- 
MHz timebase count -down section (IC26 
pin 14) is used as the volts section's 
counter clock. 

The TTL portion of the volts section 
must provide a programmable duty -cycle 
from 0 to 100%, inclusive, in .01 incre- 
ments (with a 4- decade total). If a flip - 
flop can be set to 0 when the four 
decade- counters are at 0000 and then 
flipped back to 1 when the counter reach- 
es the desired thumbwheel value, this 
achieves a programmable duty -cycle; the 
higher the thumbwheel setting the longer 
the flip -flop stays at 0. Since the counter - 
clock frequency is 1 MHz, the program- 
mable duty -cycle output has a frequency 
of 100 Hz. 

The duty-cycle flip -flop described 
above is J -K flip -flop IC39 -b. When the 
counter network reaches 9999, the out- 
puts of counters IC 17 and IC20 are low, 
forcing the output of NOR gate IC38 -a 
high. On the next clock pulse, the count- 
ers advance to 0000, and the output of 
J -K flip -flop IC39 -a goes low for one 
clock cycle. Assuming that the exclusive - 
NOR comparator output is low at this time 
(that is, the thumbwheel latches are 
loaded with a nonzero value), the output 
of inverter 1C38-b is high, forcing the 
output of IC38 -c low. Therefore, inputs J 
and K to IC39 -b are high; so on the next 
clock input, the duty -cycle flip -flop's out- 
put, Q, goes low and the counter network 
increments to 0001. This is the first step 
of the duty -ccle generation. 

The J and K inputs of IC39 -b are held 
low and high, respectively, when there is 
no comparator equal output, or when the 
counter state is nonzero. This is the hold 
mode, so the duty -cycle flip -flop main- 
tains its state until there is a change on its 
inputs. 

When the counters and the thumb - 
wheel latches agree in value, the compar- 
ator output goes high and the output of 
inverter 1C38 -b goes low. The output of 
IC39 -a is high for all counts except .0000, 
so both the J and K inputs to 1C39-b are 

low. On the next clock cycle, the flip -flop 
output is set back to a I and remains there 
until the counters again reach 0000, when 
the cycle repeats. 

The counter sequence and the duty - 
cycle flip -flop's output proceed as fol- 
lows: 

Counter: 
9999-.0 -1.2 n-.(n + 1) 

9999 -0 -1 
Duty -Cycle Flip -Flop (IC39 -b pin 9) 

1 -1 -0-0 0- 11 -0 

Thus, the output stays low for (n + I) - 
1 = n times out of 10,000 counts, so the 
thumbwheel setting directly loads the 
correct duty -cycle. 

In the event that the thumbwheel 
latches contain 0000, the outputs of 
1C38 -b and 1C39-a go low simulta- 
neously. This forces the output of 1C38-c 
high, which, in turn, forces the output of 
IC38 -d low. Then, IC39 -b is constantly 
loading and then holding a 1 (i.e., the 
flip -flop output is a DC voltage, with a 
level corresponding to a 0% duty -cycle, as 
required). 

By using the asynchronous SET and 
RESET inputs of flip -flop 1C39 -b, the 
duty -cycle logic can be overridden. The 
SET input forces the flip -flop output low 
(duty -cycle = 100 %), and the RESET 
input forces a high output (duty -cycle = 
0 %). Switch S8 provides the logic signal. 
When switch S8 is in its center OFF posi- 
tion, the duty -cycle logic performs as 

described. This switch allows the user to 
select between the two voltage extremes 
and any other preloaded value. 

The output of the duty -cycle flip -flop 
is fed to IC37 -b, which converts its TTL- 
compatible voltage swing to a CMOS- 
compatible voltage. Resistors R24 and 
R25 limit the maximum voltage input to 
the CMOS gate to slightly less than 10. 
The NOR gate IC41 is the CMOS driver. 
Its VDD supply lead is connected to the 
output of IC44, the precision voltage 
reference. Thus, the precision TTL -gen- 
erated duty -cycle is voltage -level- shifted 
by parallel- connected NOR gates IC41 -b, 
IC41 -c, and 1C41-d to produce the time 
and voltage requirement described earlier 
in this section. 

A low -pass filter consisting of 
R26 -C32, R27 -C33 and R28 -C34 pro- 
duces a DC output whose value is equal to 
the desired voltage setting. The low -pass 
filter has a time constant of several 
seconds, so it takes about 10 seconds for 
the DC- output value to stabilize. Opera- 
tional amplifier IC42 has a high- imped- 
ance JFET input that will not significant- 
ly load the low -pass filter's output. It is 
connected as a voltage -follower, guaran- 
teeing a low -impedance output at PC 
board locations J and K. Trimmer resis- 
tor R34 nulls the op -amp's input -offset 
voltage and gives the operator a precise 
0 -volt setting. 

Voltage- follower IC43 -a has its input 
connected to the programmable voltage 
output. Its output, called "VHIGH ", feeds 



the VDD lead of CMOS gate IC40 in the 

time section shown in Fig. I. Thus, what- 
ever value is loaded in the volts section 
will be the voltage -high output of the 

time calibrator's 50% waveform. 
A low- output- impedance, ± 20 -mV 

voltage generator is composed of resistors 
R29 -R32, trimmer R35, capacitors C17 
and C3I, and voltage -follower 1C43 -b. 
The output is used as the ground return 
for the 10 -volt reference IC. Since the 
precision output is measured with respect 

to its ground leg, offsetting ground by 

±20 mV (with R35) also offsets the 
output by an equal amount. If you don't 
trim the volts -calibrator section, most of 
this section can be omitted. 

Thumbwheel switches S1 -S4 (Fig. 4) 

are coded as BCD -complement, meaning 
that a 0 is a switch closure and a I is a 

switch open. Pull -up resistors R1-R16 
pull any open switch node to 5 volts, but 
any switch closure will force a ground 
potential on that node. These two voltage 

levels are TTL- compatible, therefore 
they directly drive the latch inputs of the 

time and volts calibrator. 
Three power -supply voltages are 

needed in the calibrator: +5, +15 and 

-5 volts. The first voltage powers all the 

TTL circuitry, and the second two volt- 
ages power the analog circuitry in the 
volts section. Transformer TI (see Fig. 7) 

has two secondaries. Secondary 1 is full 
wave rectified by DI and D2, filtered by 

C20 and C21 and regulated down to +5 
volts by voltage regulator IC45. A bridge 
rectifier consisting of D3 -D6 at second- 

ary 2 provides both positive and negative 
voltages, which, in turn, are regulated 
down to +15 and -5 by IC46 and IC47. 
Separate secondaries in the power supply 
help minimize the possibility that the 
high- frequency voltage and current 
switching transients in the +5 -volt power 
supply will appear in the analog section of 
the calibrator's time and volts outputs. 

This concludes the theory of operation 
of the Time /Voltage Calibrator. Next 
month we will go into construction details 
and will present the PC board pattern and 
other pertinent information. R -E 

AUDIO TEST STATION 
continued from page 63 

IC701 -a is simply an isolator. With S22 

in its lower position the timebase fre- 
quency is the same as the power -line 
frequency, which produces one window 
per second. At the same time pin 8 of 
IC701 is grounded, which yields an out- 
put pulse train of the same frequency as 

the input signal. 
Gate 1C701 -c, R701 and C702 form 

the delay circuit. 1C701 -c provides both 
isolation and a small amount of delay and 

R701 and C702 provide additional delay. 
When S702 is in the one half- second 

update position, the input signal first 
arrives at pin 9 of gate A. Pin 8 is still 

low, the exclusive o function is satisfied 
and pin 10 goes high. A short time later, 
the signal arrives at pin 8 and pin 10 goes 

low. Sometime later the input pulse ends. 
At this time, pin 9 goes low and pin 8 is 

still high. The exclusive OR is once again 

satisfied and pin 10 goes high again. A 
short time later the pulse at pin 8 also 

ends and pin IO again goes low. The 
result is two narrow pulses for each single 
input pulse. The pulses occur at the 
beginning and end of the input pulse. 

As the input frequency reaches about 
300 kHz, the spacing betwen the two 
pulses reaches zero and the result is an 

output pulse the same frequency as the 
input. This is the only reason for having a 

one second update at all. That is, to 
extend the usefulness of the overall 
counter into this frequency range. If it 
was only to be used at lower frequencies, 
the one -second window need never be 

used. 
IC704 is the actual counting element. 

When the clear input pin is low, 1C704 
counts the input at pin 36. When the 
store input pin is low, the number in the 

counter is transferred continuously to the 
display. When the clear input is high, the 
counter is reset. It starts over again at 
zero when the clear goes low. When the 
store input goes high, whatever number 
was last displayed remains displayed until 
the store goes low again. Since the store 
input only goes low for a brief period of 
time at the end of each counting window, 

the display shows the number the counter 
contained at the end of the previous 
window. Immediately after transferring 
the number present in the counter at the 
end of the period, the clear input goes 

high briefly, which initiates a new peri- 
od. 

The display is multiplexed. That is, 

only one digit is actually displayed at a 

time. 1C705 provides power to the anode 
and 1C706 provides ground for the cath- 
ode. Capacitor C705 establishes the scan 

frequency. 1C704 through IC706 power 
each digit sequentially in seven segment 
format. If the LED's were continually 
powered, each number in the counter 
would flash sequentially on all six digits 
simultaneously. IC704 provides the digit 
scan through IC705. This simply powers 
each LED display sequentially. There- 
fore, a particular digit is only powered 
when the corresponding number from 
IC706 is to be displayed. 

IC705 provides the voltage gain as well 
as a current gain. This allows IC704 to 
power the display from the unregulated 
supply. R705 and R701 provide current 
limiting for the displays. 

Figure 14 shows the location of the 
Frequency Counter section and Fig. 15 

shows the location of the components. 
This wraps up the construction phase 

of the Audio Test Station. Next month 
we will go into calibration, tests and 
applications of this valuable addition to 
your bench. R -E 

Why buy a multi - capability 
counter for frequency- only 

measurements? 

The 1911A multicounter makes accurate 
field transmitter frequency checks easy 
with the optional battery -pack and whip 
antenna. 

For accurate readings in the presence 
of noise. Our new 1911/12A multi- count- 
ers have both trigger -level and attenua- 
tor controls. 

For high resolution measurement of 
low frequency control tones in the period 
or period- average mode. 

For economy. They're priced about the 
same as many frequency -only models, with 
totalize, autozero, autoranging, manual 
and automatic range selection, and more. 
Standard. 

1911A for 250 MHz applications: $495* 
1912A for measurements to 520 MHz: 
$620* 
Call (800)426 -0361, toll free, or write: 

John Fluke Mfg. Co., P.O. Box 43210, 
Mountlake Terrace, WA 98043. 
*(U.S. price) 

1912A 520 MHz model 

Fluke Multicounters for Communications Service 

2110 -8001 
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Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Electronics Career through 

HOME 
STUDY 

Earn Your 

DEGREE 
by correspondence, while continuing your 
present job. No commuting to class. Study' 
at your own pace. Learn from complete and 
explicit lesson materials, with additional 
assistance from our home -study instructors. 
Advance as fast as you wish, but take all 
the time you need to master each topic. 

The Grantham electronics degree pro- 
gram begins with basics, leads first to the 
A.S.E.T. degree, and then to the B.S.E.T. 
degree. Our free bulletin gives complete 
details of the program itself, the degrees 
awarded, the requirements for each degree, 
and how to enroll. (We are located at 2500 
S. LaCienega BI., Los Angeles, Calif.) Write 
to our mailing address shown below for 
Bulletin R -79. 

Grantham College of Engineering 
P. O. Box 35499 

Los Angeles, California 90035 
H'orldwide Career 1 raining (heu Home Study 

CIRCLE 31 ON FREE INFORMATION CARD 

I .4S,,ata.99 
A fine selection of small tools, 
measuring instruments, hard -to -find 
items for shop, home and lab. 
Convenient one -stop shopping for 
technicians, engineers, craftsmen, 
hobbyists. Major credit cards ac- 

cepted, satisfaction assured. Get 
your NATCAM catalog today. 

J\ National Camera, Inc. 
141, 2000 West Union Ave., D.pt. GBF 

Englewood CO 80110 USA 

CIRCLE 16 ON FREE INFORMATION CARD 

BOWLING GAME 
continued from page 43 

by one as they are attached to their 
respective resistors, R20 -R29. Use a 6- 
volt supply with a 220 -ohm resistor in 
series (or a 1.5 -volt battery with a 100 - 
ohm resistor) to individually light the 
LED's for identification. Attach the 22- 
gauge anode lead to the positive power 
supply. The RESET pushbutton, S2, con- 
nects to point "R" on IC's 1 -4 and to the 
V + line. 

It is prudent to test the gating circuits 
before hooking up the photo- Darlington 
transistors. Apply power to the circuit 
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and use test leads to connect each of the 
inputs to either ground or V +. Use a 

voltmeter or logic probe to follow each 
signal through the gates and into the 
diode matrix. If an error has been made, 
it can be traced and corrected in a matter 
of a few minutes. Try all the combina- 
tions shown in Table 1, checking each for 
the proper output. 

Now, connect the photo- transistor 
leads to their appropriate points on IC's 
1 -4, apply a light source and selectively 
block each of the slots to make sure the 
voltage swing from light to dark is suffi- 
cient to trigger the CMOS latches. In 
general, the dark voltage at the junction 
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FIG. 8- WIRING GUIDE for the point -to -point connections between the IC's and the diode gates. 

PHOTOTRANSISTOR 

SIDE VIEW 

1/4" DIA HOLE 

TOP LANE BOARD 

END 
VIEW 

'he" DIA HOLES (2 EA) 
BOTTOM LANE 

BOARD 

FIG. 9 -HOW PHOTOTRANSISTORS are 
mounted. Be careful when bending pins. 

of the collector, the resistor and the gate 
must be greater than 0.7 times the V+ 
voltage, and the lighted voltage should be 
less than 0.3 times the V+ voltage. If 
these voltages are too low, try decreasing 
the value of the pullup resistor. If they 
are too high, increase the value. If this 
doesn't work, replace the transistor. In 
tests of over 40 junk -box photo- Darling- 
ton transistors, 32 were usable with a 

pullup resistor value near 15K and with a 

40 -watt incandescent lamp 48 inches 
away. Normal room lighting is usually 
well above this level. R -E 
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FOR SALE 
FREE catalog (anglais). IC's, semi's. CORONET 
ELECTRONICS, 649A Notre Dame W., Montreal, 
Que., Canada, H3C 1H8. US inquiries. 

RADIO & TV tubes 368 each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL, 4217 -E University, San 
Diego, Calit. 92105 

TEST equipment catalog listing used Tektronix, 
HP and GR equipment at bargain prices. Price 
$1.00 refundable with first order. PTI, Box 8699, 
White Bear Lake, MN 55110 

NAME brand test equipment. Guaranteed dis- 
counts up to 50 %. Free catalog. SALEN ELEC- 
TRONICS, Box 82 -M, Skokie, IL 60077 

FREE catalog of new merchandise, at great 
prices. IC's, semi's and more. KEY ELECTRON- 
ICS, Box 3506 -RE, Schenectady, NY 12303 

VIDEO tape recorders, Shibaden SV- 700 -UC. 
New in factory cartons. $400.00 FOB Loveland. 
Write for details. LOVELAND ENGINEERING 
ELECTRONICS, 6651 Epworth Road, Loveland, 
OH 45140 

SELLING Rider's Radio 1 -15, eleven volumes, 
$175. Also 27 television volumes, $295. Early 
Sams' Photofacts. BEITMAN, Box 46, Highland 
Park, IL 60035 

COMPUTER memory, contains 72 2107B's in 

sockets $72. GEORGE MURPHY, RD 1, Fort 
Plain, NY 13339 

GIANT screen TV! Same components as $2000- 
$4000 sets. Plans, three- element lens, and wash- 
able screen, $329. Plans only, $5 (deductible 
from order). VIDEO PROJECTION, P.O. Box 158, 

Lake Zurich, IL 60047 

INVENTORS 
FREE information on offering your invention for 
sale. KESSLER SALES CORPORATION, C -315, 
Fremont, OH 43420 

BUSINESS OPPORTUNITIES 
MECHANICALLY inclined individuals desiring 
ownership of Small Electronics Manufacturing 
Business - without investment. Write: BUSI- 
NESSES, 92 -R, Brighton 11th, Brooklyn, NY 

11235 

To run your own classified ad, put one word on each of the lines below and send this form along with your chock 
for $1.5') per word (minimum 15 words) to 
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ORDER FORM 
PLEASE INDICATE in which category of classified advertising you wish your ad to 
appear. For special headings, there is a surcharge of $10. 

( ) Plans /Kits ( ) Business Opportunities ( ) For Sale 
( ) Education /Instruction ( ) Wanted ( ) 

Special Categor10 

(PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.) 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

Billions of dollars lost annually due 

to lack of protective warning olarms. 

FREE CATALOG Shows you how to 

protect your home, business 

and person. Wholesale 
qp prices. Do- it- yourself. Free 

engineering service. 

Burdez Seourity Co. l ) 
Box 82802 RE -059 Lincoln, Ne. 68501 

PICTURE TUBE MACHINE 
We by and mill NEW and USED CRT 
reburld,ng machinery. COMPLETE 
TRAINING. Buy with CONFIDENCE from 
the ORIGINAL MFGR. 

comM,I, del.,,Is s, 0 n.Ì, .u:,l,rvss 

LAKESIDE INDUSTRIES 
4071 N. Elston Avenue 
Chicago, III. 60618 
Phone: 312. 583-6565 

MECHANICALLY INCLINED INDIVIDUALS 

Assemble electronic devices in your home. Be your 
own boss. Get started in spare time. Experience. Little 
Knowledge or Investment Necessary. Expect big prof- 
its: $300 - $600 /Wk. Possible. Write for free literature 
telling how. 

ELECTRONIC DEVELOPMENT LAB 
Box 1560R, Pinellas Park, FL 33565 

AMAZING ELECTRONIC PROJECTS and PRODUCTS: 

Lasers Super Powered. Burning, Cutting, Rifle, Pistol. 
Pocket. See in Dark -Shotgun Directional Mike - 
Unscramblers -Giant Testa- Stunwand -TV Disrupt- 
er- Energy Producing. Surveillance. Detection, Elec- 
trifying, Ultrasonic, CB. Auto and Mech. Devices, Hun- 
dreds More -All New Plus INFO UNLTD PARTS SER- 

VICE. Catalog $1. Information Unlimited, Dept. R8 Box 
718 Amherst, N.N. 03031. 
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SPEAKER INFORMATION KIT 
Get 70 pages of speaker tarts. specs. construction tips 
plus info on our raw speakers. crossovers and a line of 9 
quality hi -fi speaker system kits. We'll send you our full - 
color catalog; plus How to Hook Up Your System. 
an exhaustive step -by -step treatise on hi -11 system 
installation: and our Speaker Operating Manual. 
chock full of facts on how to get 
the most from any speaker 
system. for Free. Even if 
you don't buy from us we 
want you to have the facts. 
That's how we got to be the 
world's largest manufac- 
turer of speaker kits. 

Send to: 
Speakerlab. Dept. 5-RE 
735 N Northlake 
Seattle. WA 98103 

CATALOG 
Write for Your 

free Copy 

7808 N. 27th Avenue 
Phoenix. &tame 85021 

16021 995.9352 

.111111W 

!\ 
Connectors 

TRI-TEK 
incorporated 

PRINTED CIRCUIT 
Positive Acting Photo Resist; Carbide 
bits; Bubble etchers; Artwork; Epoxy 

Glass Boards. 

Send stamp & address label for flyer 
TRUMBULL 

833 Beira Dr., El Cerrito, CA 94530 
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1äF ('ST I12'2N' itched 

ted on n PC board. emily 
No. 7:1,11u.".. ed b deeoldenng 

8895R you is lees' than ui. roch. 

176 SECOND AVE. 
WALTHAM, MASS. 

02154 

TEL. (617) 388 -4705 
li ln.N i r r our ,rrr,i, uo,rdratrn 14u:. o r si,Nflfcni :\'.H. 'quit OW rri111 ,u 7(hikJ.ulJ Sr.. i,nt.lnrIy. 

PLANS & KITS 
LINEAR AMPLIFIER: Ham only 2 -30 MHz, 100 
watt, solid- state. FREQUENCY COUNTER: 300 
MHz, miniportable /mobile, memory! VOX - 
COMPRESSOR: Splatter -free modulation boost- 
er. Construction plans $3.00 each. All $7.50! 
Many others, catalog with order. PANAXIS PRO- 
DUCTIONS, Box 130 -F5, Paradise, CA 95969 

SCANNER users -build many useful accesso- 
ries. Free kit catalog. CAPRI ELECTRONICS, 
Route 1R, Canon, GA 30520 

SAVE 50%. Build your own speaker system. 
Write for catalog: McGEE RADIO, 1901 McGee, 
Kansas City, MO 64108 

CONSTRUCTION plans for profitable business 
ideas. Catalog $1.00. GARLING, 438 N. Garfield 
Street, Lombard, IL 60148 

PRINTED circuit boards from your sketch or 
artwork. Affordable prices. Also fun kit projects. -- Free details. DANOCINTHS INC., Box 261, West- 
land, MI 48185 

PROJECTION TV.... Convert your TV to project 
7 foot picture. Results equal to $2,500 projector. 
Total cost less than $20.00. Plans & lens $16.00. 
Illustrated information free. MACROMG E, Wash- 
ington Crossing, PA 18977 

LASER diode plans: $2.00 one to forty -watts 
output (specify). SCOTT, 12320 SW Spring Court, 
Portland, OR 97225 

EDUCATION & INSTRUCTION 
TELEPHONE bugged? Don't be Watergated! 
Countermeasures brochure $1.00. NEGEYE LA- 
BORATORIES, Box 547 -RE, Pennsboro, WV 
26415 

UNIVERSITY degrees by mail! Bachelors, Mas- 
ters, Ph'D's . . Free revealing details. COUN- 
SELING, Box 317 -RE5, Tustin, CA 92680 

ASTONISH your friends with magic. E.S.P., card 
tricks you can do. Details: LANGEN, Box 191 -CA, 
Downsview, ONT, M3M 3A3 

FCC EXAM -QUESTIONS. First /second license 
$8.95. Third /broadcast endorsement $4.50. Re- 
vised guide guaranteed. Postpaid. PANAXIS, Box 
130 -F5X, Paradise, CA 95969 

PASS FCC EXAMS 
The O manual 
thet p 

, 
FCC Forst and 

road mousse Omits essalt corm all 
word on the actual FCC mom. Pius "Sell 
Study" Abdoy Test Proven' S9 95postpaid 
Moneyback Gummier 

Rr01 

Oeil t5 

COTT1fTIA81D PRODUCTIOnS I P o Bon 2E 348 t 

Rad.o Eng,nesroqD.vn.on he San Francnco. CA 94126 

HIGHLY 
PROFITABLE ONE -MAN 
ELECTRONIC FACTORY 
Investment unnecessary, knowledge not re- 
quired, sales handled by professionals. Ideal 
home business Write today for facts' 
Postcard will do. Berta -RE -O, Box 248, 
Walnut Creek, CA 94597. 

FREE KIT Catalog 
AUTORANGE DIGITAL CAP -METER 
KIT. Still the best for only $74.95 

Phone 415 - 447 -3433 
Write i .or FI(E8 CATALOG. 
Averei. .,mute Saturday call is 21C. 

Contains 
TEST 8 
EXPERI - 
MENTER'S 

EQUIP. 

DAGE SCIENTIFIC INSTRUMENTS 
BOX 10S4R LIVERMORE CA 94550 

BIG SCREEN OSCILLOSCOPE 
Converted from ma Sire TV Set... 

Ì H.'" Technicians Hobbyatt eroadoDen. 

ID 
I Mogr moment,. changes convert TV sel ta 

weer tens.. Intone devin No elmtrong es 
Demme needed Follow near ton plans Fully 
dlunuttd Ute m workshop. bb, 10001, Mit. 
Any pie amen Any sin TV tt 
Complete Set of Plant ....... Se. 

IINCI 56 Fact POST 6 61ANOLINGI 

11ILLC0IND., DEPt OF 03 BOX 91. ROSSE, TX 76653 

brrter6.c r Vn rncc InrVnmA 1IVn MAnu 



OSCILLOSCOPES 

New 15MHz portable 
3" dual -trace scope 

usable response e. tends beyond 30MHz 
2mV dr. yell cal sens,t,rits .Operates On 

117VAC. 234 VAC. 12VDC or optional 
internal t alter pack Fully regulated higl, 

1472C -P 

Dual -Trace 5" -15MHz 
Triggered Sweep 

e 

.., ,attr. ,. hspl 
Ird,v,dualvertiallsenpl.itye c postiOmnq 
nob,. Log. 8. lOcm ,.,rn.nr n,.a 

*0* 
. 

1471 B-P 

Dual -Trace 5" -10MHz 
Triggered Sweep 
_,a..,. de'l ,n, L.. oSEC rde 
one perm. dt crate m.ulay ,.r nigh speed 

square wave pulses Loge 8 lOcm rectangr 
r v, wing area Front panel Vectorscope 

operation with matched sensdrvrty inputs TIC 
to p,hhle ,ntenty modlatrnn 17 -a,sl rnptt 

1403A -P Dual Trace 5" 
3" -5MHz Solid State -30MHz 
Oscilloscope 

.. " ,npdula Triggered Scope tion monitor 
U:t,n,,, ,and I,ghtwelght Iwerghs only . 11 ! nS,. u 30 MHr dual 

8'. RAI. goes anywhere Vertical sensowitY a operation Internal signal 
IOmV d,v,s.on New high boon,, +o+ CRT 

trace 
Idle 21 position sweep swill, 

and smoked glass gratcule 

_TV Test Equipment 
Television Analyst Model 1077B 

Solid State Sweep Marker Generator 
ak dp_IL^ pIas sappi, t,ornp.e:e 

',ssory pack All intercabling changes and generator 
'npllshed Internally with master function switch 

' nlr0ls Concentrates all TV alignment tools 
ape and VTVMI Into one easy-to-use Instrument 

/ 

Model 415 
Model 

487 
In any TV sel black-anuwr.Ie or color HOtlOon :al ano 
vertica drive for solid state and tube type Cpeuts 

Audit output Bollt-In scanner for test -pattern 
Slides 'supphedl or any 3 o 4 post,vre Iranspárancy 

High voltage indication 8 VHF channels all 
UHF c lannels 14 -83 

Digital IC Color 
Generator/ 
Analyst 

Model 1248 
Generates 9 patterns and logic tunction5 
Locate dead IF stages Check operaro 1 of mixer 

RF and local oscillators Check stages soguentially 
Locale color shifts and Internal ghosts from RF. moere 

IF or video stages Plus all standard color generator uses 
Swllchable horizontal and vertical sync output 

Solid -State RF Signal Generators 
100 kHz 10 216 MHz in 5 bands S. individually 

shielded step attenuators plus variable line output level 
control with calibrated meter provide widest range of outputs 
with known signal levels Double shielding eliminates 
spurious radlaticn even at outputs of 1 pV Internal crystal 

Model E 2000 

CRT 
Restorer /Analyzers 

Test and restore CRT s faster 
.vdh fewer callbacks Exclusive 
multiplex technique tests all three 
guns of color CRT simultaneously 
under actual operating conditions 
even CRT s with common GI and G2 

Before you buy, " f pc 
t 

check our prices... Op 
1/0ÚR ONE $TOP DISCOUNT CENTER ADD S3 00 TO COVER 

Call TOLL FREE Master Charge, Bank Americard, Visa. C.o.D.'s accepted. ánizsiUáANCFnráVD 

(800) 645 -9518 FREE Sena for nee t978 catalog of ore, 3 000 lems 164 pages of Res add aDDrOD 

In N t ',Idle Call I515r .52 -6050 
lest epwpmenl CB tools luges LomOnenls and electronic supplies sales tax. 

31/2 Digit Model LX 303 

Mini -Multimeter 
100 mV DC F S S i 
19 Ranges and F., .. 

200 Hours 9V Battery L. 
Aut() Zoo. Polar,tv. Ove.. . 

S EfVC ORE 
TV- VTR -MATV 
and Video Analyzer 

SO4"" $67.50 HICKOK 

3'/2-Digit 
Portable DMM . 

0.......n P .ra 

n 

4,,, 2.,...y Model 7e00 

.n. 
$85 85 

Model 2810 $110.50 

5 MHz Mini 
Oscilloscope 

Model MS 15 

Rrq 5318 

$269.95 

NOW AVAILABLE 

Uual Lacy yr. un 
Model MS 215 . 

G CONTINENTAL 

100 MHz 8 -Digit Counter $119.00 

PS500 500MHZ Prescaler 
Digital 

Capacitance Meter/ 

I 
Ungar 
Heat Gun 

$46.50 

y - 
$875.00 

Model 
VA48 

u Changer 
:;ßi1 /l. Telephone Accessories !! Answering 

$24.95 Devices / Heg 

$249.95 
Model 1500 

WAHL 
NEW ISO -TIP 

Quick Charge' 

kvo, emote 
nil 

Model 1400 5199.95 

Model 1 
$110.50 170 

Logic Monitor=M= 

mod. M.t $52.96 

$369.95 

= = 
Mode J Logic Probe 

$40.00 
tmnylr,. 

SE=rod CORE 
POCKET CRICKET 

t HANSISIOR FIT TESTER 

$99.95 
TF 40 

Auto Stereo 40 Watt 
Power Booster 
POW -40 " Stir I' °$24.95 

Service Master Attache Style 

Tool Kit Tool Cases 
99PÁ 

M,dt1995M MODEL IC 100 ST 

Roll Kit 
$42.95 $269.95 J15.95 

LEADER 
I t C P 

20 MHz. 
Dual Trace 

e o SUPER 
SPECIAL 

M, de, In-Dash 
1822 AM /FM 8 Track 

Stereo 

Model 180 508 

$65 
h ¢e 

450 
i, 

pintt 
Attach 
Tool 
Case+, 
with 2 
Removable Pallet 
Model 6 °,r $65.00 

527.95 

EV>ilillr 

6 
MODEL. 

1800 

M de 

BS 

6" 
9', 

3 -Way 

Speaker 

$14.95 
Model 15110 Lucile, 

Smdetg tin 51195 

127 50 

HIS 
Function 
Generator 

1 C 177 z 700 Series l ,.l $52.50 

30MHz 
Portable 
Frequency 
Counter Transistor Testerd 

FORDHAM , $22.00 .: , 
$59.95 a, mow. 

8558 

Magnifier 
LAMP 
Model MG 100 

$49.50 
VOM Multimeters 
20K ohm /v $19.95 

w, th motored s, ale 

1K ohm v 9.95 

I e.KPBEl/s1 15MHz 
3" Dual Portable 
Trace 
Scope 
Model 14329 

Reg SEGO 00 

$663. 
wpm mane 

S169.1544° 
(Controlled $45.0 
Output l,detw1t 
Soldering 

M 

Station FREE E 

Catalo 

sa' 
4.1t8P 

Sub- 
stitution 
Box $51 

Mode: 2910 

CAS 888 

$57.50 

check OW WO., 

AM /FM Call TOLL FREE 
Cassette (800) 645 -9518 
Stereo I ....ern ; ..n... :n..a 

k/Sa 
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BELLET ELI T 
GULLET ELECTEeNICS 

ICs D MV MDMA P110bIg PO BOX 4012448 (214) 278.3553 GARLAND TEXAS 75040 

,.,: 2895 

NO COD'S ADD 5% FOR SHIPPING ORDERS UNDER MO. 
SENO CHECK OR MONEY TES RESIDENTS ADO 5% TAX ADD.75fer HANDLING 

ORDER OR CHARGE CARD NO. FOREIGN ORDERS ADD i0%, 

PHONE ORDERS ACCEPTED ON VISA 8 MC 
See Yee in DAYTON 

10/11111 

ELECTRONIC SUPERMARKET 
P.O. BOX-619 - (DEPT R -5 1 LYNNFIELD,MASS. 01940 

Phone 
TERMS: Add7 .tage No. C.O.D.re msOrderAE 

BURGLAR ALARM ' MICROPROCESSOR 
BOARD 1 EQUIP,CASEIKEYBOARP 

41. 

Neat new 'closed -circuit ala m 
board will latch a relay if the alarm 
circuit is opened. This unit oper. 
ate$ on 12VDC at such a low price. 
It makes a perfect compact alarm 
component. With Data. qty Ltd. 
Sh. Wt. 6 oz.. . 9K30267. $2.88 
5 for $13.81. 61(30267 . 513.88/5 

(COMPUTER 
STUFF 

k_ " 

TTY . 1.1033. . . ASR . .0348.88 
TTY . MD33. . . KSR . .5288.88 
TTY MD33. . . RO . .5248.88 
TTV . MD35. . . ASR . .5448.58 
TTY . MD35. KSR . $355.88 
DEC . PDPSM . . 51488.118 
IBM 725 1/0-W /Keyboard .$495.51 
Singer 1.1070 Work Station I/O yours 
for only 5295.55 
Singer Pertec 7-Track Key To Tape 
4311 Com.. . .$2285 
Singer Line Printer MD52 . . .5350.00 Nora IBM Desk Top Trm.. .$745.55 
Nova /IBM Desk Top Terminal 

(ASC 1 1) $888.88 
Viatron System 21 5495.00 

IBM SELE TRI =A R 

POWER 

INPUT 
115 VOLT 

16 HZ. 

RUE qulpmnt cafe ri inally contain d a 9' video monitor L other micro- processor stuff. Good size If suitable for most hobbyist applications Ill your minicomputer that professional look! Unit has smoked plastic transluscnt 
screen, 57 key alphanumeric keyboard terminated In 2 14 pin dip connectors (no decoding circuitry, but you can easily add one of the many IC encoder chips available, such as our MCS1007), 
and anodized aluminum pan In base. Dimensions: case O.D. 17" vide 22 

1 /2 "dp. 12" he., base pan I.D, 154." wd. x 20.7/8" dp. x 1'a" space Inside 
case Wd. x 14" Op. x 11N" h9 (slopes). Sh. Wt. 14 Lbs. 9110134 . . $28.89 
5 for 9133.95. . 9110134. . >E 133.58/5 

We supply all electrical and electronic 
D arts, you supply labor L mechanical 
parts, tools, L case. 
B attery Charter 12VDC, 20A, 20 Lbs 
7C70005.. (20A) . .. $19.50 
Battery Charger 12VDC, I SA, 15 Lbs. 
9C0089. . . . .(15A). $14.50 
NI -Cad Battery C KM, Super 
Buy! Up to 3SVDC, 500Ma. 
Sh. Wt. 5 Lbs.. . . 7C70243. . $6.00 
Loelc P.S. Kit. 5V. IA, Req'ted. $6.00 
7C7o267 
5 t0 24VDC R 'led L adhistable 
6 amp.. Sh, Wt. I5 Lbs. 
5141/0301 ;11.14 

AD ENT 4 -WAY 

SPEAKER r` 
SYSTEM 

$99.88, PR. 
SPEAKER SYSTEM CONTAINS: 
Cabinet, mid- range, speaker, woofer, 
passive radiator, 2dvr" super horn, Pieao 
Tweeters, terminals grill cloth, wires, 
Loustic dampening material, hardware, 

L instructions etc. Free. reap. is 30 Hz 
TO 25,000 Hz., 60 Watts max. power. 
Sh. Wt. 98 Lbs. (3 pkgs.) 

Use this great speaker system for big 
band speakers, monitor speakers, all 
around music speakers or with "DISCO" 
systems. Don't delay - These will 90 fast] 
Seconds..Nicks, Chips, Cab. Structually 
sound .. you finish L save! 
9110123 $99.51 /pr. 
20 p' In, 51,698. NO 9110123 

CIRCLE 38 ON FREE INFORMATION CARD 

fe%%%%eo%%% . 
Electricity from the sun 
GIANT 31/4 inch cell, delivers lamp $8.50 
Giant cell w /special motor & propellor $10.25 

SOLID STATE power supply 12 VDC 15 amp $40.00 
SOLID STATE power supply 5 VDC 35 amp $50.00 
Above supplies unused in original cartons. Operate from 
115 volts AC 60 cycle. Made for computer work. Solid 
state, filtered, regulated, over voltage protected. 

ULTRASONIC room alarm, intrusion detection 
with full data for hookup $40.00 

SEE IN THE DARK 
IR viewer complete 
ready to operate. 
Guaranteed by the 
manufacturer. 
Portable, runs on 
lantern battery. New, 
see in total darkness. 
No shipments to 
Calif. Comes 
complete with built in 
IR source and 
adjustable focus lens. 

SPL -21 $199.00 

All items FOB Lynn, Mass. Send for free 72 page 
catalog jam packed with goodies. 
Micro Processor Power Supplies 

Brand New 60% Discount. Send for List. 

Meshna Inc., PO Box 62, E. Lynn, Mass. 01904 
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AVAILABLE NOW! ONLYS! 95 
Add S1 00 for snipping 

JAPANESE TRANSISTOR SUDSTTTUTION MANUAL 

.. .. ,. a: rw ,0rxrx 
xAYrurpn 9,4e lor o00ro50*Y3req' 

3000 rrOnsisrorl 

Cot 'ne 25A 250 25( ond 

250 se, es 
inrroducr'Or' includes o guce 
ro n0enrondn5) ,dponese 
rrpnsiYOrs 

A 90 pow 6' , Cr 1 ,c'. 

PARTS PROCUREMENT PROBLEMS 

FUJI -SVEA Has the Largest Inventory 
of Original Japanese Parts Anywhere 

Seeking Original Japanese Replacement Parts for CB, TV and Stereo Repair Use? 
TYPE 25UP 1024 19 TYPE 25 UP 1024 1-9 TYPE 25-UP 10-24 1 9 TYPE 25UP 1024 h9 TYPE 25-UP 10-24 1.9 

25A 477 45 55 60 25B 346 30 35 40 25C 693F 20 27 30 2SC 1226A 50 55 60 2S0 2331 60 70 80 

2SA 483 2 00 2 20 2 50 258 367 1 10 1 25 1 40 2SC 696 1 00 1 20 1 30 25C 1237 1 80 2 00 2 25 25D 235 60 70 80 

2SA 484 1 50 1 75 1 95 258 3688 1 80 2 00 2 25 2SC 708 1 30 1 45 t 60 2SC 1239 2 20 2 70 2 90 25D 261 35 40 45 

2SA 485 1 40 1 60 1 80 2SB 379 70 80 90 2SC 710 20 27 30 2SC 1279 50 55 60 2SD 287 2.50 2 70 2.90 

2SA 489 1 10 1 25 1 40 2SB 381 30 35 40 2SC 711 20 27 30 2SC 1306 1 30 I 45 1 60 2SD 300 4 50 5.00 5 60 

2SA 490 70 80 90 2SB 400 30 35 40 25C 712 20 21 30 2SC 1307 190 2 10 2 40 2SD 313 60 70 80 

2SA 493 45 53 59 208 405 30 35 40 2SC 715 30 35 40 25C 1310 20 27 30 2SD 315 60 70 80 

2SA 495 30 35 40 2S8 407 80 90 100 25C 717 35 40 45 25C 1312 20 27 30 250 325 60 70 80 

2SA 496 50 64 70 2SB 415 30 35 40 2SC 727 100 120 1 3 25C 1313G 20 27 30 150 330 60 70 80 

2SA 497 1 00 1 20 1 30 2SB 434 80 90 1 00 2SC 730 3 00 3 20 3 40 2SC 1316 4 20 4 40 4 90 25D 350 3 80 4 00 1 40 

25A SOS 50 64 70 2SB 435 90 
I 

10 1 20 2SC 731 2 50 2 70 2 90 2SC 1317 20 27 30 2SD 380 5 20 5 40 5 95 

2SA 509 30 35 40 2SB 440 40 53 .59 2SC 732 20 27 30 29C 1318 35 40 45 2SD 381 85 I.00 1 10 

?SA 525 50 64 70 2SB 449 1 30 I 45 1 60 2SC 733 20 27 30 2SC 1325A 6 50 6 90 7 60 2SD 424 3 80 4.00 4 40 

2SA 530 1 50 1 70 190 2513 461 90 1 10 1 20 2SC 734 .20 27 30 25C 1327 20 27 30 250 425 290 320 310 

2SA 537A 1 50 1 70 1 90 2S8 463 90 1 10 1 20 2SC 735 20 27 30 25C 1330 SO 55 60 2S0 426 3 10 33 30 3 6O 

2SA 539 40 45 50 2S8 411 1 10 1 25 1 40 2SC 738 20 27 30 2SC 1395 50 55 60 2SD /27 1 80 2 00 2 25 

2SA 545 45 53 59 2S8 472 2 10 2 50 180 2SC 756 1 50 1 80 2.00 2SC 1342 45 53 59 2SD 525 90 1 10 1 20 

2SA 561 30 35 40 25B 473 80 90 100 2SC 756A 15Q 1 200 2SC 1344 45 53 59 200 526 60 70 80 

2SA 562 30 35 40 2513 474 70 80 90 2SC 763 3g 40 45 2SC 1358 4 20 4 40 4 90 2S6 198L 50 55 60 

2SA 564A 20 27 30 258 481 90 110 1 20 2SC 77ï 30 35 40 25C 1359 30 35 40 JSK 22Y 100 160 1 80 

25A 565 70 80 90 258 492 60 70 80 15C 773 
35 

40 4S 2SC 1360 50 .55 60 75K 39 90 1 10 120 

2SA 566 2 50 2 70 3 00 258 507 80 90 1 00 2SC 774 1.Q0 1 20 1 70 15C 1362 7S AO 05 35K 40 90 1 10 1 20 

2SA 606 t 00 1 20 1 30 2S8 509 1 10 t 20 1 30 2SC 775 1 040 1.60 1 80 2SC 1364 35 40 45 1 30 1/5 1 60 

2SA 607 1 10 1 25 1 40 2S8 511 70 80 90 29C 776 2 0 2.20 2 50 25C 1J77 7.20 3.10 3 70 35 1 30 1 45 1 60 

2SA 624 70 80 90 258 514 .70 80 90 25C 777 3.00 3 26 3.50 2SC 1383 70 .35 00 AN 1 40 1 60 1 80 

2SA 627 310 330 360 2S8 523 .70 80 90 2SC 778 2.90 320 3.0 2SC 1384 35 40 45 AN 2140 1 50 I 70 1 90 

25A 628 30 35 40 258 526C 70 80 90 2SC 781 1 90 2.10 2 0 2SC 1396 45 53 59 AN 239 4 20 4 40 4 <' 

25A 634 40 45 50 2S8 527 90 1 10 1 20 26C 783 2 10 2.S0 2.80 25C 1398 70 80 90 AN 247 2 50 2 70 3 , 
OSA 640 30 35 00 2SB 5280 70 .80 90 25C 78d 30 35 40 25C 1400 35 40 45 Ald 274 1 50 175 1 9', 

2SA 642 30 35 40 2SB 529 70 80 .90 2SC 785 35 40 45 2SC 1402 7 00 3.20 3.40 AN J17 3 00 3 20 3 40 

2SA 643 30 40 45 25B 530 3 20 3 40 ].70 2SC 789 80 40 1 00 2SC 1403 3 20 3.40 7.70 AN 315 1 80 2 00 2 25 

25A 653 1 90 2 10 2 40 258 531 t 80 2 00 2.25 2SC 790 80 90 1 00 2SC 1407 .50 SS .60 BA 511A 1 80 2 00 2 25 

25A 659 35 40 45 25B 516 1 00 t 20 L30 2SC 793 2 00 2 20 2 50 2SC 1419 60 .70 .80 BA 521 1 90 2 10 2 40 

2SA 661 50 64 70 2SB 537 1 00 1 20 1.30 2SC 799 2.00 2.20 2 50 2SC 1444 1.60 1.80 2.00 HA 1151 1 SO 1 75 1 95 

ISA 663 3 65 3 80 4 20 25B 539 3 20 3 40 3.70 2SC 828 20 27 30 25C 14/5 1 50 280 2.yypp HA 1156W 1 60 1 80 2 00 

2SA 666 35 40 45 2SB 541 3.20 3.40 3 70 2SC 629 .20 .27 30 25C 1447 .60 j0 .e0 HA 1306W 2 00 2 20 2 50 

2SA 671 80 90 1 00 2S8 554 5.00 6 00 6 60 25C 83014 2.50 2 70 3 00 2SC 1448 70 .!0 90 HA 1339 2 SO 2.70 3 00 

2SA 672 30 35 40 2SB 556 3 20 3 40 3 70 2SC 838 25 .10 /S 25C 1419 60 70 .80 HA 1339A 2 50 2.70 3.00 

2SC 839 2SA 673 35 40 45 268 557 

25A 678 35 40 45 2SB 561B 2 35 210 245 2SC 853 
30 

.80 .90 25C 1454 3.20 3 40 3.70 HA 1366W 2.50 2 70 7 00 

2SA 679 4 20 4-/0 4.90 259 564 40 53 .59 2SC 867 3.20 3 40 3.70 2SC 1475 .e0 90 1 00 HA 1366WR 2 50 2 70 7 00 

2SA 680 4 20 4 40 4.90 2SB 595 1 10 140 1.50 2SC 867A 120 3 40 3.70 2SC 1478 .5g0 55 .60 LA 4031P 1 80 2 00 2 25 

25A 682 80 90 1.00 25B 596 1 10 1/0 1.50 2SC 870 35 40 .15 2SC 1509 .SO 55 .80 LA 4032P 1 80 2.00 2 25 

2SA 683 30 35 .40 2SR 600 500 800 680 25C 871 35 AO A5 25C 1567 .60 70 .00 LA 4051P 1 80 2.00 2.25 

25A 684 35 40 A6 2SC 183 40 53 59 2SC 895 4 20 440 4.90 2SC 1567A 60 70 .00 LA 4400 190 2 10 2.40 

2SA 695 40 53 .59 2SC 184 40 .53 59 2SC 897 2 00 2.20 2.50 2SC 15g84 6.00 6 30 7.00 LA 4400Y 2.00 2.20 2 50 

2SC 281 
LA 4420 

25A 699A 50 64 70 2SC 283 40 .53 S9 2SC 900 
2.50 

20 
2.7 

27 
a. 

2SC 1624 
6.50 

.60 6.70 7 SO LD 3001 2.00 2.20 2 50 2SA 697 40 53 .59 30 35 40 2SC 898 

2SA 705 40 .53 59 2SC 284 80 90 1.00 25C 923 
0 

20 27 30 25C 1626 60 .70 80 MS 1513L 2.00 2.20 2 50 

2SA 706 85 1.00 1 10 25C 317 40 53 59 2SC 929 .20 27 30 2SC 1628 60 7 .W STK O11 ].80 4.00 4 40 

2SA 715 60 70 80 2SC 352A 2 00 2.20 2 50 25C 930 .20 27 30 26C 1647 70 80 .90 STK 013 7 60 8.00 6.80 

2SA 719 30 .35 40 2SC 3353A 1 40 1.60 1 80 2SC 941 20 27 .30 25C 1667 3.00 3.20 340 STK 015 4.20 4.0 /.90 

2SA 720 30 35 40 2SC 361 .60 .70 .80 2SC 943 .35 .40 45 2SC 1669 .90 1 00 1 10 STK 435 1.50 5.00 5 60 

25A 721 30 35 40 25C 369 .30 .35 40 2SC 945 .20 .27 30 25C 1674 30 35 40 STO 439 7 90 8.00 8 80 

2SA 725 30 35 40 2SC 370 .20 .27 .30 2SC 959 1 00 1.20 1 30 2SC 1675 20 27 30 TA 7045M 2 00 2.20 2.S0 

2SA 726 30 35 40 2SC 371 10 .35 .i0 2SC 971 70 80 .90 2SC 1678 1 10 1 25 I 40 TA 705SP 2.00 2.20 2 SO 

2SA 733 20 .27 30 2SC 372 .20 27 .30 2SC 982 70 .80 90 2SC 1679 3.00 320 3.40 TA 7061AP 90 1 10 1.20 

29A 738 40 53 59 2SC 373 20 27 .30 2SC 983 50 .6/ .70 2SC 1681 .30 35 40 TA 7062P 1 10 1 25 140 

2SA 740 150 t 70 190 2SC 374 30 .35 40 15C 1000 .35 Ap 45 2SC 1682 .10 .35 40 TA 7203P 2 50 270 a90 

2SA 743A 85 1.00 1 10 2SC 375 .30 .35 40 2SC 1012 1.20 1.10 1 50 2SC 1684 .30 .35 40 TA 7204P 2 00 2 20 2 50 

2SA 744 4 20 4.40 4.90 2SC 377 .30 .35 40 25C 1013 .50 .6/ 70 25C I687 10 A5 .50 TA 7205P 1 60 L60 2 00 

2SA 71519 380 4 00 4 40 2SC 380 20 27 30 2SC 1014 .50 .64 70 2SC 1688 35 AO .15 TA 7222P 340 3.55 3 90 

25A 747 4.20 400 190 2SC Jet .35 .40 45 2SC 1017 .80 90 1 00 25C 1708 30 .35 .10 TA 7310P 1 30 1 45 1.60 

2SA 748 70 80 90 2SC 382 35 40 45 2SC 1018 60 70 80 2SC 1728 70 .80 90 TBA 8105H 1.90 2 10 2./0 

2SA 750 35 40 45 2SC 383 15 40 45 2SC 1030 180 2 10 2.40 2SC 1730 45 .53 59 TC 5080P 5.00 5.20 5 80 

2SA 755 80 90 100 2SC 387A 35 40 45 2SC 1047 35 40 45 2SC 1756 50 .55 60 TC 5081P 3 00 3.20 3 40 

2SA 756 2.30 2 40 2 65 jSC 38M 40 53 54 2SC 1051 3 40 3 55 3 90 2SC 1780 70 .80 90 TC 5082P 3.40 7.55 3.90 

2SA 758 3 40 3 55 3 90 2SC 394 20 27 30 2SC 1060 70 80 90 25C 1816 1.50 1.75 1 95 UHI 001 /.20 4 40 4 90 

25A 764 3 80 4.00 4 40 2SC 403 .30 35 40 2SC 1061 70 80 90 2SC 1856 45 53 .59 UHIC 002 4 20 4 40 4 90 

2SA 765 3 10 3 30 3.60 2SC 430 .50 64 70 2SC 1076 30.00 35.00 39.80 2SC 1885 45 53 59 UHIC 003 4 20 4A0 4 90 

2SA 774 40 45 .50 2SC 454 .30 75 40 2SC 1079 310 3.55 3 90 2SC 1908 .30 35 40 UHIC 004 4 20 4 40 4 90 

2SA 777 50 .61 70 2SC 458 20 27 30 2SC 1080 310 3 55 3 90 25C 1909 1.80 2.00 2.25 UHIC 005 4.20 4 40 4 90 

2SA 794A 60 70 80 2SC 460 35 40 45 2SC 1096 45 55 60 2SC 1945 4 50 5.00 5.60 uPC 20C 2 10 2 50 2 80 

2SA 798 SO SS 60 2SC 461 35 40 45 2SC 1098 50 64 70 2SC 1957 60 70 80 uPC 563 190 2 10 2.40 

2SA 814 70 80 90 2SC 478 60 70 80 2SC 1111 2 10 2 50 2 80 2SC 1969 3 60 4 00 4/0 uPC 575C2 1 30 1 45 1.60 

25A 815 60 .70 80 2SC 481 1 30 1 40 1 50 2SC 1114 4 20 4 40 4 90 2SC 1973 70 80 90 uPC 576 1.90 2 10 2 40 

2SA 816 50 64 70 25C 482 1 10 1 25 1 40 2SC 1115 2 50 2 70 3 00 2SC 1975 1 30 1 70 1 90 uPC 592H 70 80 90 

2SA 818 70 80 90 2SC 484 1 30 1 40 1 50 2SC 1116 3 20 3 40 3 70 2SC 1978 S 40 6 00 6 60 uPC 100tH 1 90 2.10 2 40 

2SA 8337R 2 50 2 70 2 90 2SC 485 1 30 1 40 1 50 2SC 1116A 3 40 3 55 3 90 2SC 2028 50 64 70 uPC 1008C 4 20 /.40 4 90 

2SA 8391 1 30 1 45 1 60 2SC 486 1.30 1.40 1 50 26C 1124 80 90 1 OC 2SC 029 1 50 1 80 2.00 uPC 1020H 1.90 2 10 240 

2SA 908 8 60 8 80 9 80 2SC 493 3.00 3 20 3.40 250 1127 80 90 1 00 2SC 2074 80 90 1.00 uPC 1025 1 90 2 10 2 40 

2SA 913 70 80 90 2SC 495 45 55 60 2SC 1161 1 30 1 45 t 60 2SC 2076 SO 64 70 uPC 1154 200 2 20 2 50 

2SB 22 30 35 40 2SC 496 .45 55 60 2SC 1162 70 80 90 2SC 2091 90 110 120 uPC 1155 2 00 2 20 2 50 

2SB 54 20 27 30 2SC 497 1 10 1 25 1 40 2SC 1166 20 27 30 2SC 2092 1 80 2 00 2 25 uPC 1156 1 90 2 10 2 40 

2SB 55 40 53 59 2SC 509 .35 40 45 2SC 1167 3 80 4 00 4 40 2SC 2098 3 20 3 40 3 70 uPD 861 8 00 8 40 9 50 

2S8 75 35 40 45 2SC 510 1.30 1 40 1 50 2SC 11708 3 80 4 00 4 40 2SC 2166 1 40 1 60 1 60 uPD 857 8 00 8 40 9.50 

2SB 77 35 40 45 2SC Si SA 80 90 1 00 2SC 1 t 728 3 20 3 60 3 95 2S0 72 50 64 70 uPD 858 6 00 6 30 7 00 

2S8 173 30 35 40 2SC 517 2 50 2.70 3 00 2SC 1173 50 55 60 2S0 77 35 40 45 PLL OM 3.00 4 20 4 60 

2SB 175 20 27 30 2SC 535 .30 35 40 2SC 1175 35 40 45 2SD 90 1 30 1 45 1 60 PLL 02A 5 00 5.20 5 90 

2SB 176 30 35 40 2SC 536 .30 .35 40 2SC 1177 11 00 12 60 t4 00 26D 91 1 30 1 45 1 60 PLL 07A 7 60 8 00 8 80 

2SB 178 35 40 45 25C 537 30 35 40 2SC 1189 100 1 10 1 20 2SD 92 1 30 1 45 1 60 C3001 1 30 1 45 1 60 

2SB 186 20 17 30 2SC 627 t 30 t 45 1 60 2SC 1209 30 35 40 2SD 93 1.60 1.80 2.00 2SC F8 2 20 2 70 2 90 

2SB 187 20 27 30 2SC 631 35 40 45 2SC 12110 30 35 40 2SD 118 2 90 320 340 4004 190 2 10 2 40 

2SB 202 1 10 1 20 1 30 2SC 632A 35 40 45 2SC 121M 80 90 1 00 250 130 1 10 1 25 1 40 0005 2 00 2 20 2 50 

2SB 220 90 110 120 2SC 634A 35 40 45 2SC 1217 30 35 00 25D 1B7 JS 40 IS SG 613 5 20 5 40 5 95 

2SB 303 30 35 40 2SC 680 1 90 2 10 2 40 2SC 1215 35 40 45 250 207 2 JO 210 2 65 78L05 90 1 00 1 10 

50 2SC 1222 20 27 30 2SD 

258 337 70 80 90 2SC 504 
3 

RO 
3 

90 
3 
1 00 2SC t226 50 55 60 250 218 2 50 2 70 3 00 SN 54001 

1 1 

17 
t 19 

2SB 324 30 35 40 2SC 

PRICES MAY CHANGE WITHOUT NOTICE COD ORDERS WELCOMED 

Minimum order 55 00 Ohio reid.nt4 add 4., Wes 01 Add 61 00 po.ty end Isonding 

Ousnllty discount pipe Ask For Our Compi.t Price List M4nul4clurer Inguid4 WIcom4d 

All parts guaranteed against factory defect 

TOLL FREE TELEPHONE 
Nltlonwtd4 800 543-1607 

Onlo 600 5621630 

LOCAL 513 874 -0220 

874 -0223 

Hours Mon Fri 10.7 Sot 11 -S 

IMMEDIATE DELIVERY WITHIN 48 HOURS 

ON ALL TRANSISTORS IN STOCK 

FUJI -SVEA ENTERPRISE 
n. . ,.., Ir,c.rt rr,rro 

l'll In4_( m,nu1,11i Illn" 1,_'lu 
I..i,'. _i 17 t 



(4.1.1 7400 M. w 
41411N I6 55 5574161N 69 
N7402N t8 5N7415N 49 5614162N 1% 

,N7403N 18 514747614 35 58741ÿN 89 
6N7101N 18 5674798 5 00 5117416174 89 
,V7105N 70 5N7480N S0 597416511 89 
,N7406N 79 5N74826 99 511741668 1 7' 
+N1407N 29 51474839 59 58141679 1 9` 
5N7100N 20 5971856 79 587/1708 1 59 
>N71o6N 20 5N7486N 35 51474172N 60 
N7410N la 58748904 I 75 51474173N 1 2, 

N7411N 25 5N1490)4 45 51474174N 
3574)29 25 5141497)4 59 5N74175N 79 

77113N 40 5N1497N 43 $447117614 
5741474 70 1914935 5847417114 
,4741611 25 5N1494N 65 5N74179N 1 9' 
:5741774 25 5N71957 65 5/4I418p4 
57420N 20 SN'4%N 65 5N74181N 1 95 

.N7421N 29 SN1497N 3 00 5N71192N '9 
39 5N74700N 49 5N74181N 1 95 
25 

29 

5874107N 
5N71109N 

35 

59 

5N74185N 
5N14186N 

1% 
9 9' 

29 5774)16N 1% 5447/1889 3% 
25 5N7172114 35 5N71190N 1 25 
39 587112214 39 5N71191N 25 

20 51114723N 49 5N14192N 79 

25 587/1258 49 5847419374 79 
25 5747412614 49 5N74191N 89 
25 58741326 15 5N7/195L4 69 

..'<:J8 

25 

20 

SN7413¿N 
5N14141N 

75 

19 

5447419614 

SN74191N 
89 
89 

51441N e9 5N71142N 2% 5N/4196N 7 49 
°141442N 49 SN141438 2% 5N14199N 149 
5N7443N 75 5N74144N 2% SN145200 1% 

SN7444N 75 5N741/5N 19 5911251N 79 
59744514 15 5N14147N 1% 5447/2799 79 
5N7446/4 69 5N7414eN 1 29 58142ÿN 2 25 
S/47447N 59 5N74)509 B0 5N74284N 3 95 
5N1448M 75 56141519 59 5N74285N 3% 
514145014 20 5474152,1 59 9914365N 69 
57474518 20 5874)5314 59 5447436614 69 
5814535 20 587/15474 99 9474367N 69 
5971518 
07414594 

72`5' 
5847415544 

511741568 
19 

79 

5N14366N 
51474390N 

69 
1% 

5N746014 20 5N71t51N 65 5674393N 95 

M% 01119wIM 180 pes 9em91M9 wrier 25% -1000 pes amalnal orlar 

EXCITING NEW KITS! 

2 ¡-SES 

Regulated Power Supply 
w 5to15VDC 

NE Full 1.5 amp at 5.10V 
output - Up to 5 amp 
at 15V output 

Heavy duty transformer 
3 terminal I C Volt, Reg. 
Heat s,nk provided for 

oolinp efficIency 
PC Board constructmn 
120 VAC Input 
Size. 37. "W 5"1. 82"11 

JE210 5 to 15 VDC $19.95 
A LSO AVAILABLE: 
2E900 Dpltal Stopwatch Kit , 539.95 
JE301 6 digit Clock Kit ... . 519.95 

Digital 
Thermometer Kit 

Dual sanaors- sw,tching Control for in 
door /outdoor or dual monitoring 

Continuous LED 8" NI. display 
Range. 40 °F to 199°F / 40°C to 100°C 

sat for F 
fo 

ah anhart or Colsiou. reading Sim walnut cas - AC wall adapter Incl. 
Si4e. 3.1/4"H 86 5 /8 "W e 1 3.'8 "0 

JE300 $39.95 
JE730 4 digit Clock Kit . $14.95 
JE2206B Func. Generator Kit . S19.95 
JE747 Jumbo 6 dpt. clock kit 529.95 

DISCRETE LEDS 411- 
.211' 9b. 

0(5569 red 5:51 .125. dia. 
00556G green 411 XC209R led 541 
XC5567 yellow 441 XC209G green 141 
XC556C clear 4/11 XC2090 yellow 441 

.210 dl. .116' 914. 0(228 red 5 $1 005266 red 541 XC22G green 
4 sl XC526G green 441 XC227 15 

XC5267 yellow 441 
.170- Ile. XC526C clear 441 

MV108 recI 4ßI 
.646- alp. .190 914). 

MV50 red 631 XCI11R red 541 

INFRA-RED LEO 
XC111G green 441 

11461140116- Rat 
XCI yellow 441 

541 
XCIIIC clear á1f1 

TIMEX 71001 
LIQUID CRYSTAL DISPLAY 

F lELD EFFECT 

40,01T 5 " CHARACTERS 
THREE ENUNCIATORS 

2.00" x 120"' PACE AGE 
INCLUDES CONNECTOR 

7111111- TrenEwlggin, $7.95 
T10014- R4Na/tive 9.25 

AV-59100 
AY-5.9200 
AV-5.9500 
AV-5-2376 
H00165 
74(922 

TELEPHONE /KEYBOARD CHIPS 
Push Button Telephone Dialler 

noryry DalAI 
L Clock Genermpr 

'1:045 

.1 r/ _ü9 

Keyboard Encoder 08 6n 5) 
Key54ard Encode, 116 keys) 
Keyboard Encoder (16 key51 

1CM CHIPS 
CMOS Preoslon Timer 
CMOS LED Stopwatch Tome, 
05011alor Controller 
Seven Decade Counter 
(lock Generator 

511 95 
14 
4 95 
14 95 

7 95 
5 95 

2495 
1995 

7 50 
19 95 

6 95 

MCM6571 
MCM6574 
MCM6575 

NMOS READ ONLY MEMORIES 
728 X 9 X 7 ASCII Shitted with Greek 
128 X 9 X 7 Math Symbol 6 Pictures 

128 X 9 X 7 Alphanumenc Control 
Character Generator 

13 50 
13 50 
13 50 

T1074CN 
T1494CN 
TL496CP 
11C90 
95990 
47433 

MK50240 
DS0026C9 
711308 
MMSJ20 
MM5330 
LD110 111 

MISCELLANEOUS 
0uad Low Noise Oi let Op Amp 2 49 
Switching Regulator 4 49 
Single Stretching Regulator 1 75 
[Nude 10 11 Prescaler 19 95 
RrSpeed Divide 10'11 Prescaler 11 95 
PhotoOarhnoottOn 000-lsolator 3 95 
Lop Octave Freq Generator 17 50 
5Mhz 2 -phase MOS clock 0r74e, 3 75 
27' red num display w integ logic chip 10 50 

TV Camera Sy c Generator 14 95 
44 D,g0 DPM Logic Block (Spacial) 3 95 
3'7 D,gd AID Co verter Set 25 00/set 

UTRONIX 150431 1 

Photo Transistor Opto- Isolato, 
(Same as MC7 2 or 04251 

2/99¢ 

SN 76477 
SOUND GENERATOR 

Generales Complex Sounds 
Low Power- Programmable 

3.95 each 
TV GAME CHIP AND CRYSTAL 
AY- 3.65001 and 2 Ot MHZ Crystal ICnlp 8 Crystal 

7.95 /set includes score display 6 games and select angles, etc 

CWOW 
C04001 
C04002 
C04006 
C04007 
004009 
C04010 

C04o11 
CD8012 
C04013 
CD1014 
C01015 
C04016 
(010t1 
(04018 
C04019 
(04020 
CD1021 

(91022 
(04023 
CD8024 

(04025 
(51026 
C04027 

C/MOS 
23 89 

119 ::9 119 
25 I ;0 49 
49 CJ4O35 99 
49 CD4040 119 
23 t1)4041 1 25 
25 (04042 99 
39 CD1043 e9 

139 C01044 89 
1 19 (04046 1 79 

49 (01047 
i 

50 
1 19 C1)40411 35 

99 CD4049 19 
49 (04050 19 

1 19 (04057 i 19 
1 39 (04053 79 
1 19 C54056 2 % 

23 (51059 9 % 
79 C54060 1 49 
13 C04066 19 

2 25 (04068 39 
69 CD4069 45 

L.4J7; 
CD1076 t 39 
C04081 2' 
001002 23 

(04093 99 

COa098 2 49 
MC14409 14 95 

MC14110 14 9., 

4011411 11 95 
MC14419 4 % 
M(14433 19 95 
MC14506 75 

A1C14501 99 

MC14562 14 57 

MC14583 3 SO 

mesa' 3 % 
C04510 1 39 
C015t1 129 
CD4515 2 % 
C54518 1 79 
CD4520 1 29 
C04566 2 25 

711200 39 
71(02 39 
74C01 39 

7406 49 
74c10 39 
71CI4 1 95 
71(20 % 
74(30 39 
71(12 1 95 
74041 2 49 
71(73 N 
74074 89 

74C00 
71C45 2 49 
14(90 I % 
74(93 1 95 
14(95 1 % 
7IC107 1 25 
14C151 2 90 
74(154 3 00 
740157 2 15 

74(160 2 19 

14(161 2 49 

71C1ÿ 
74(164 
74(173 
14(192 
74(193 
740195 
74(922 
74(923 
14(925 
74(926 
80065 
10(91 

2 49 

2 19 

2 60 

2 49 
2 49 

2 49 

5% 
6 25 
8% 
8% 
1 50 
150 

TOO 1 75 

LM1o6M 99 
193004 BO 

19301C7 11 35 
1443028 75 
1M3048 1 00 

1613058 80 
L4430I04 N 35 

LM30007 H 1 Dg 

193068 1 10 

LM309M 1 25 
1.1431007 I 15 

1123117 N 90 

1M31211 1 95 
113116 6 50 
144318[84 8 1 50 
16131916 1 30 

19320-5 1 35 

19320,5 2 1 35 
LM3201-12 1 35 
193201-15 1 35 
1443201-18 1 35 
1.61320114 135 
1343207-5 125 
1M3207-5 2 I 25 

14432074 125 
193201-12 1 25 
L193201,1S 1 25 
1913201,le 125 

32011a 25 
LM32311,5 5 % 
1343204 I BO 

1933911 99 
0340A5 1 35 

,4a,6 1 35 
:ee 13s 

LINEAR 
1.93401 16 1 35 

1M340121 1 35 

1M3107.5 1 25 
5934016 1 25 
LM3401i 1 25 
193401,2 125 
193401.15 I 25 
LM3107-18 1 25 
1M340114 1 25 
1935574 1 00 
1613709 1 95 
013139 3 25 
193777 1 00 

LM33014 1 25 
161380C14 99 
08438144 1 79 
1M312N 1 79 
NE5017 8 00 
7E5104 6 00 

9E5294 1 95 

NE531HV 3% 
14E5361 6 00 
NE5401 6 00 
NE5/4N 4 % 
5E550N I 30 

NE555V 39 
NE55fiN 99 
NE5608 5 00 
NE5618 5 00 
14E5629 5 00 

5E565N.N 1 25 
98566(9 1 75 

NE561V H 99 

NE570N 4 % 
14470304,0 69 
1M709NM 29 

114110)1 79 
1M/11N 39 

LM72311 N 55 
1617339 1 0 
1M139N 1 19 

1M741CN N 35 

16474114N 39 

161747N H 19 

1M748NM 39 

1M13104 2 95 
1M1458CNH 59 
MC1488N 1 39 
1046911 1 39 

1111496N 95 
1041556V 1 75 

MCII4ISCP 3 03 
LM211114 1 95 

LM2901N 2 % 
1M30536 1 50 
1M3065/4 1 49 
1M39008134011 49 

1M3905N 89 

4M3909N 1 25 
MC55515 59 

80381 4 95 

iM.'5150N 49 
75451CN 39 
7545201 19 

7545301 39 

75454C.N 39 
/5491(N 79 

7549204 89 
7549311 89 
75191CN 89 
9(4136 1 25 
R04151 2 85 
8(4194 5 % 
R(4195 419 

TYPE 

MAN t 

'J 

JO 

4) 

64:4 4810 
4484 4840 

MAN 6610 
MAN 6630 
MAN 6640 
MAN 9650 
MAN 6660 
MAN 6680 
MAN 6710 

DISPLAY LEDS 
POLA/NTT HT MICE 
Common Mod. +N 210 2 95 
5 a 7 Dsl MMnx.d 300 4 95 
Common C1mo40 -Me 125 25 
Common Cahod.-,I0 187 1 95 
Common 4nixleipeen 300 1 25 
Cannon Mod -*low 300 99 
Coon,on Add -19 302 99 
Common Calp0-ree 303 125 

Common Anode-01o* 300 99 
Common Camdn- yeiiaw 300 99 
Common AndeiNngs 300 99 
Common Adde-cra ge 100 99 

Common (alhode- orange 300 99 
Common Ano0e-parpe 100 99 

Common Cando orange 400 99 

Common Ada.-lo 400 99 
Common Anode 69 - 1 400 99 
Common CamoIe No 400 99 
Common AnoO.-yMbw 400 99 

unlock-Wok Communlock-Wok ADO 99 
Common Arodioren9e -D D 560 99 
Common Mode- oang. , 1 560 99 
Common CMn00e- drang.-5 0 560 99 
Common (Mnde.oran90 ' 1 560 99 
Common Ano9orang. 560 
Common d mo9 -pang. 560 .. 

Common Add-nO-O D 560 

TYPE 

MAN 6730 
MAN 6740 
MAN 6750 
MM 6760 
MAN 6780 
51707 

OV(4 
51707 
51728 
51747 
01746 
D1747 
D1719 
51750 
DL338 
18570 

780358 
8845359 

1840503 
180507 
5062 7730 

Nose 3400 

NOSP -3403 

506? 7300 

7302 

- '14) 
- 'ìJ0 

MAIM 
Common Manes° t 

Common Camode.red-D D 

Common (177681469 - 1 

Common Anima ml 
Common (40660 led 
Common Ano0e.ree - I 

Common Cathode red 

Common Anode -led 
Common Cathode-red 
Common Anode-1.4 
Common Ande-,.d e t 

Common Anode-red 
Common (amde-Rd - 1 

Common Cath00e69 
Common Camp -rd 
Common Camp 
Common Catnap - 1 

Common Cathode 
Common Camp /1ND500I 
Common Anode 11705101 

Common Anode red 

Common Anode red 
Common (Anode red 
1 e 1 sgl 0.31648 P 

4 e 7 Sp! 0,07LNOP 
OCerrange cluracle, , -11 
4 4 1 Sp, 5.g0 Ne.4derim4 

NT TM 
561 99 

560 99 
560 99 

560 99 
560 99 
300 99 
300 99 

300 99 
500 7 49 

600 1 25 
630 1 49 

600 1 49 

630 1 4. 
600 1 A. 
110 

250 
357 V' 

357 ' 

500 99 

500 94 

300 I 1. 

800 1 I, 
800 21, 
600 19 9' 
600 19 9' 
600 15 0. 
611n 77 

X9205 5B 40 
X9210 4 40 
X9215 1 40 
09320 155 
09.1555 1 50 
X9555 39 
09556 99 
XR567CP 99 
XR567CT 1 25 
10113109) 1 30 
09746804 3 85 
091488 1 39 
001489 1 39 

EXAR 
J02206KA 14.86 
JE2206K8 19 95 
X91860 3 20 
092206 4 40 
X92207 3 85 
092206 5 20 
092209 1 75 

X92211 5 25 
092212 4 35 
892240 3 45 

XR2242CP 1.50 
092261 4.25 
992556 3.20 
X92567 2.99 
X93403 1 25 
X114136 1 25 
XR4151 2.85 
X94194 4 95 
864202 3.90 
094212 2.05 
X94554 75 

X91739 1.15 
X94741 147 

RCA LINEAR 
CA30131 2 15 CA30627 2 00 
CA20231 2 56 C4.10837 1 60 
C410357 2 Of C830868 85 

CA30397 135 C430869 3 '5 
CA30191 130 CÚ1301 

(A305911 3 25 w1407 
C430801 3 25 CA31607 
CA70807 85 LA14011 
CA3011N 2 00 CA3600N 3 50 

CALCULATOR 
CHIPS DRIVERS 

5: 95 

295 
200 
1 00 

75 

75 

C4 116 

CLOCK CHIPS 

9653x' 
09531: 
6445512 
9.53,4 
6465316 
695318 
MM5369 
995347 19984 
4645847 

4 It 
495 
495 
6% 
995 

95 
495 
995 

MOTOROLA 

V-.4VCi- 

MC14391 
MC3022P 
MC3061P 
MU016(744161 
M(4024P 
MCAU0P 
MC4044P 

2 9' 

2-y 
35 

DIODES 1vei Saw W PINT 

TPE YOKE W MICE 
764002 100 PIV I AMP 12.1 00 
184003 200 PIV 7 AMP 12 1 00 

3 3 400m 4 100 184004 400 PIV I AMP 12'1 00 
5 I 400,n 4 100 184005 600 PIA I AMP 70 1 00 
5 6 400m 4 130 714006 BOO PIV 1 AMP 10'1 00 
6 2 400. 4 7 30 1144001 1000 PIV I AMP lOrl 00 
6 8 400m 4 1 00 763600 50 100m 63 00 
90 400m 4 100 114148 75 70nl 75rí00 
t2 0 400m 4 100 784154 35 IOm 12100 
e 2 400m 4.1 00 164305 15 250 151 CO 

75 400m 4.100 184734 56 It, 28 
56 500m 28 119735 62 Ica M 
62 500m 20 1714736 68 IN 2e 

I 6 e 500m 28 119738 8 2 In 21 
1 5 500m 29 164742 I2 la 28 

12 50,1 2e IN4744 IS I. 28 
:5 15 500m 28 161183 50 PIV 35 AMP 160 

25 40m 6 1 DO 161184 100 PIV 35 AMP 1 70 
150 In 6 100 1111185 150 PIA 35 AMP 1 70 

- --A 780 tom 5100 1141186 200 PIV 35 AMP 190 
' 50 PIV 1 AMP 12 100 191188 100 PIS 35 AMP 3 00 

SCR AND FW BRIDGE RECTIFIERS 
ISA m 4005 0(6124)6491 81 95 

35A ,i 6009 5(R 1 % 
.. 78 1 64.,, 3005 SCR 50 

A 910.1 124 .. 505 rw RRCV0f RFC ' 59 

I pct LP 

14 pm LP 

16 pct LP 
B pr LP 

20 pn LP 

14 p,n $7 

16 pl ST 

16 pm ST 

24 pm 51 

9 Po SG 

14 pm 5G 

16 PP SG 

le on SG 

e pn WW 
;0 pct M 
1 pct WW 

16 pn SOW 

IS pct WW 

IC SOLDERTAIL - LOW PROFILE (TINT SOCKETS 
114 25 -49 50100 I -2 

917 16 15 22 0n LP S 3 

20 19 18 21 pct LP 3 38 
22 21 20 28 pm LP 4 

29 28 27 36 pin LP 60 
34 32 30 SOLDERTAIL STANDARD (TINT w I.° LP 63 

30 25 

f 30 25 1111111 1111. 
35 

49 

530 
35 
38 

52 

25 
27 

21pnST 9 99 

36pn57 139 
40 pm 57 1 59 32 30 

SOLDERTAIL STANDARD (GOLD) 
24 pn 5G 9 70 

27 24 IMI WM 26 
pm $G 1 

10 

32 29 36 on SG 
7 

65 
35 32 40 pct SG 1 15 
11 43 

WIRE WRAP SOCKETS 
S 19 38 3' (GOLD) LEVEL 3 

39 4) 37 
39 41 31 
43 12 41 En MI 75 61 62 

22pMWW9 95 
24pnWW 105 
2e pM WW 1 40 
36 pM WW I 50 

40 pm WM/ 1 75 

25-49 50 -IDO 

36 35 
37 36 
44 43 

59 5/ 
62 61 

90 
125 
1 45 

el 
I 15 

130 

63 51 
1 00 90 

40 126 
1 59 45 

85 75 

95 85 

125 1 10 

145 130 
155 1 40 

.OS 

i08 

515 

770 

112 

74LSOOTTL 
23 141.547 69 

23 741551 23 
29 741554 23 
29 741555 23 

23 141573 35 

29 741514 35 

23 741575 49 
60 741576 35 

49 741578 39 

99 741503 75 

29 741585 99 

23 741506 35 

29 141590 49 

29 741592 59 

29 741593 59 
29 741595 79 

19 7415% 89 
23 7415707 35 

29 7415109 35 

35 7415112 35 

29 7415123 99 
44 .445175 69 

'415132 79 

'435136 39 

1415138 
7415139 
7115151 
7415155 
7415757 
7415160 
7415161 
1415162 
7415163 

7415161 
1415175 
7415181 

7415190 
711$191 
7415192 
745193 
7415191 
1415195 
/115253 
7115267 
1415258 
741.5260 
14L5219 
1415361 

,415368 
/415670 

69 

2 49 

89 
89 

89 
89 

es 
89 
79 

69 
1 39 

55 

59 
59 

59 
1% 

1/4 WATT RESISTOR ASSORTMENTS -5% 
ASST .1 

ASST.2 

ASST.3 

ASST. 4 

ASST .5 

ASST. 6 

5 e. 

5 ea 

Sea 

5 ea 

$ u 

s.. 

ASST 7 5ea 

ASST BR Includes Resistor Assortments 1.7 (350 PCS.) S9.95 ea. 

S10 110 MINIMUM ORDER- U.S. Funds Only Spec Sheets - 257 
California Residents - Add 6% Sales Tax 

50 PCS 

50 PCS 

50 PCS 

50 PCS 

50 PCS 

50 PCS 

$1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

macs 1.75 

FPtficle. 

1979 Catalog Available -Send 41i stamp 

arreco 
ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 5928097 

MAIL ORDER I- I I ( IRu',l( .S u HRl lnri/31 
1021 HOWARD AVENUE. SAN CARLOS CA 94070 

ADVERTISED PRICES GOOD THRU MAY 

925406 
11591 

11598 

40409 

40410 
4'x,'33 

4) 2 

5 

Plastic 7 

.9 5 

TRANSISTORS 

5 00 93E3055 I 30 2743906 
6 30 283392 5100 244013 
6 00 283396 5100 244723 

15 0793561 3 1 00 P144249 
15 PN3568 1100 
75 083569 4100 

00 MP536384 5100 
30 MPS3702 5 1 00 
00 2N3151 5 1 00 
30 A1P53104 5 7 00 
00 263705 5 1 D3 

00 1053105 5100 
00 253706 5100 
00 MP53706 5.I 00 
00 2113701 5 1 00 
DO 2143111 5 1 00 

00 2837244 65 
7631254 I 00 

in9 5 

- 1 

Raset, 7 30 

P44250 
2144400 

2114401 

254402 
264403 
284409 
2115066 

255087 
285068 
211509 
265129 
PN5t34 
PN5138 

2145139 

5' 

57 
5' 

CAPACITOR CORNER 
0 pl OS 

2 2 p 05 ,i1 
17 pl 05 04 03 Ot08 05 M 0I- 

MO p 05 DI 03 02207 06 05 
220 p 05 01 03 04101 06 3 

470 01 05 a 035 I01 12 . . 

11090(8 34'Ma MM W99103I9 
Y01m1 12 10 07 012,11 13 i7 

12 10 07 0AIm1 21 II 
12 10 07 Iml 27 23 
12 10 07 22n1 33 27 

290 OIPPEO TANTALUM 180LI01 WACITpw 
28 23 17 1 5 355 30 26 

'SV 24 23 17 2 2 255 31 27 
'59 28 23 17 3 3 259 31 27 
'7V 28 23 17 17259 32 28 

- 159 28 23 17 6 0 256 36 31 
- 15V 29 23 11 10 259 40 35 
-5r 26 23 17 15 255 63 50 

MMMTU06 ALIA9MUY ELECTIIOIyTK CAM01wIM 
AMI Lea/ AaMal Lead 

,IV 15 Il '0 Il 256 15 13 10 
+JV 16 14 11 47 50V 16 M I' 
,IV 11 12 09 10:165 15 13 11 

15 13 10 1 0155 16 14 I. 
IS 13 10 1 0150V 16 14 1 

61 51V 16 11 12 4 1.16V 15 13 
17 15 12 4 7:25V 15 13 111 

,_ 24 20 18 4 7 509 16 14 
.y 

I! 

SV 19 17 15 10165 II 12 09 
25 21 19 10 25V 15 13 6. 

'SV 24 20 16 10 501/ 16 14 
50V 35 30 18 47 50V 24 21 19 

' 'SV 32 28 25 100 169 19 15 14 
'51V 45 II 38 100 255 24 20 14 

. :51 33 29 27 100.505 35 

55 50 45 210 16V 
165 70 62 55 410255 

21 

12 
22 
23 

25 

2v 
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Transistor Checker MICROPROCESSOR COMPONENTS 

BOBOA 

IONA 1000A SUPPORT OEWas 
CPU S 995 

8212 wen Input Ouper 3 25 

ere Pmrrq Intenupr Guard 5 95 

8216 & -Dire plonk Out Dray 3 49 

8224 Clock Generator Diner 3 95 

8226 Bus Driver 3 at 
8228 System Controller Bus Driver 5 95 

8238 System Controller 595 
8251 Prop Comm I OIUSARSI 795 
8253 Prep interval Timer 14 95 

8255 Prop Penpn I OIPPli 995 
8251 Prig DMA Control 19 95 

8259 Prop Interrupt Control 1995 

- Completely Assembled - - Battery Operated - 
The ASI Transistor CbaCkr escap- 
able of checking wide range of 
transistor types. either "in COCUit" 
or t of circuit. To operate. 
simply plug the transistor to be 
checked into the front panel 
stockist, or connect it with the sill 
gator clip teat leads provided. 
The unit safely and automatically 
Identifies low, medium and high 
Cower PNP and NPN transistor. 
Site: 334" R 61A" R 2" 
"C" cell battery not included. 

Trans-Check 529.95 ea. 
Custom Cables & Jumpers 

S 

DB 25 Series Cables 
Part No. Coale Length Connectors Price 
DB25P -4 -P 4 Ft 2DP251' S15 95 ea 

0B25P -4 -S 4 Ft 1 -DP25P ! . ',, S16 95 ea 

08255.4 -S 4 9 2 -DP25S 517 95 ea 

Dip Jumpers 
0J14.1 1 tt 1 14 Pm Si 59 ea 

13J16-1 1 ft 1 -16 Pin 1 79 ea 

0J24 -1 1 h 1.24 Pin 2 79 ea 

DJ14.1.14 1 C 2 -14 Pm 2 79 ea 

0J16 -1.16 1 n ? -16 Pm 3 19 ea 

DJ24.1 -24 n 24 n,' 4 95 ea 

Far Custom Cable: 8 Jumpers See JAMECO 1979 Catalog for Pricing 

CONNECTORS 
25 Pin -D Subminiature 

DB25P (as pictured) PLUG (Meets RS232) $2.95 

DB25S SOCKET (Meets RS232) 53.50 
DB51226 -1 Cable Cover for DB25P or DB25S 51.75 

PRINTED CIRCUIT EDGE -CARD 

156 apacim. yin. Douse Real OM - Mudded Contorts - ris 051 M 070 P C Cares 

15/30 PINS (Solder Eyelet) S1.95 

18/36 PINS (Solder Eyelet) S2 49 

22/44 PINS (Solder Eyelet) 52 95 

50 /100 (.100 Spacing) PINS (Wire Wrap) S6 95 

50/100( 125 Spacing) PINS (Wire Wrap) R681.1 S6 95 

IMAM SUPPORT OEnOEn 
MC6800 MPU 514 95 

MC6802CP MPS let POO and Ram 24 95 
MC6510.4111 128E8 State Ran 595 
1.4C6921 Penpn Inter Adapt IMC98201 7 49 
MC6828 Pnonry imam Cannel 1295 
41683018 102488 Bd ROM 19026A30 -e1 14 95 
42,6050 Asynchronan Cann Adapter 795 
MC6852 Synchronous Serval Dm Adept 995 
wawa 0400 bps Deal MODEM 12 95 

M06962 2400 p8s Modulator 1195 
MC6880A Duna %State Rus Trans ,MC81261 2 25 - MICROPROCESSOR CHIPS -MISCELLANEOUS - 

S1995 
24 95 

CPU 19 95 

MPU t 995 
BEM MPU e clod. RAM. 10 arras 19 95 

CPU 19 95 

16. &t MPU w nucleate mutiny 
a amide 4995 

BOB 9E &STE111 

MM50011 Dual 25 &t Dynamic S SO 

MM50311 OU A 50 Be Dynamic 50 

195010 Dual 16 &l Static 50 

M95060 Dual 100 Be 51110 50 

995,00 Oul 64 &1 AccumuMtor 80 

9950160 500 512 &I Ornamic 59 

25011 1024 Dynamic 395 
2518 N. 32 Rd Sute 495 
2522 pa! 332 &t Static 2 95 

3524 512 Static 99 
:525 1024 Dynamic 295 
2527 Dual 256 Be Slane 295 
2529 Dual 250 Static 400 
2529 Dual 240 &t State 4 00 

2532 Olad BON Static 295 
2533 1024 51010 295 
3341 Edo 695 
1415610 III Regime, File (Trisar 195 

I6oA ' 
COP18U2 

2650 

8035 
PB085 

TM59900JL 

UAIR'S 
595 

MICROPROCESSOR MANUALS 

M 18 Usar Manual 

M- COP1t02 User Manual 

M.2650 User Manual 

2513121001 

2513130211 

2516 
MM5230N 

1101 25681 
1103 102081 

2101181011 256E4 

2102 1021X1 

21E02 1024E1 

21111/1111 25604 

1112 25604 

2114 102481 

21111 102464 

2114-3 1024E4 

2114L -3 1024E4 

5101 25604 
5280 2107 409661 
1489 1664 
745200 25661 

93121 25661 
UPO414 4R 

9040271 
UPD416 16k Dynamic 16 ern 

r Moor f Bi 

1054004 40 Static 

05101 

7MSA045 102414 Stale 
2117 16 38111 Dynamic 35016 

Mouse mdroedl 

995262 2861 Dynamic 

NDM'a 

Character DMneratorluPCOr caul 
Crummy Geeratorlmear Case, 

Character Generator 

2011. 61 Read Ontf Memory 

The Incredible 

50 
"Pennywhistle 103" 

5 0' 

NAM'S 

Static 
Drupe 
State 
Slane 

Static 

State 
Static MOS 

Stone 450ns 

Static 450ns low power 

Slane 300ns 

Stile 300ns Me power 

State 
Dynamic 
State 
Static Instate 
State 
Dynamic 16 pct 

59 95 

9 95 

10 95 

95 

Sr 49 

99 

395 
1 75 

1 

;9:5 
4 25 

9 95 

10 95 

10 95 

1I 95 

1 95 

4 95 
1 75 

4 95 
295 
495 

14 95 

14 95 

14 95 

9 95 

4t" 

PROM'S 

1702A 2008 FAROS S5 95 

12052516 1614- EPROMlIna 21161 49 95 

127161 'Requires 4ngO 5U power supply 

76452532 0898 EPROM 89 95 

2108 OR EPROM 10 95 

2716 1 I 160- EPROM 29 95 

-Requires 3 voltages -SV 511 IN 
5203 2048 FAROS 1195 

63011176111 1024 Instan &pour 3 49 

6330. 1176021 256 Open C &polar 295 
82523 3298 ODM Collector 395 
825115 4096 (Moto 19 95 

825123 3218 Instan 395 
74186 512 TRL OW ColMm 995 
14198 256 m or, rn -c'- 3 95 

745287 1024 Sta 9 

$139.95 Kit Only 
The Pemwlsleee 113 t opah6 of recording data to ana from audio lad leftmost 

cm ai speea eooirevents for me recorder and 11 is able to communcate directly M 
another moUtr inn terminal tar Memnon. hamming and 00m uneanons In 

a00lnen !l is her n,rn',ca adiultIMls and 59513 eft non- preOSln. uddy astable 

Pem 
eau Treasmision Method Frequency-5M, swop N0-00046 hee -duple 

seieoablel 
Mealmam Pala Rate 300 Balg 
con formol Adpenrpmus Ara (return N man level moored 

between each Mader) 
Recoin [Manna! Free..c m 2025 HT tor Sped 2225 HT for man 
Transmit COannel irauatcras Santon SaNftade Low lawman - 

1070 space. 
role man Haan 025 seau. 2225 man 

Receive sensltlrih 46 Ob. accouneaOy 0009,0 
Irammmn Lase! . IS dOm nominal MALIN Iron -6 05m 

to 20 dbn! 

Receive irelUlety tolerance .Freouency reference automatically adiusls lo 
aim api Ddrat0n between 1800 111 and 2400H/ 

Dina! Dais Inlertasa EA RS 732C or 70 mA current loop l receiver 5 
Ooorsoaea and iron- polari 

Prier Renlemeds 120 990 single phase. 10 Walla 
Byrn. Ali components mount on a *man 5' by 9' 

polled Mug Imam Ali components mduled 
Reo aires a uUM 4,1n " nlni 1,0 ,-.11 Co..-'r a2: or nsnlyscope ho align. 

TRS -80 
16K Conversion Kit 

Expand your 4K TRS -80 System to 16K. Kit 

comes complete with: 

8 each UPD416 -1 (16K Dynamic Rams) 25ONS 

Documentation for conversion 

TRS-16K $99.95 

0.4 volts 

100mA 

41MV/ 

Solar Cells 
2x2cm 

Can be added in series for 
higher voltage or parallel for 
higher current. 

#SC 2x2 $1.95 ea. or 3155.00 

the 3rd Hand 
MAKES CIRCUIT ASSEMBLY A BREEZE! 
Lets you work with both hands. $9.95 ea. Sturdy Aluminum Construction e7 

Clamp "3rd Hand" on edge 
of bench, table or work - 

board. !risen circuit board, 
position components. 

Flip circuit board to flat 
position for soldering and 
clipping. 

GM= CONTINENTAL SPECIALTIES 

PROTO BOARDS 
Proto Board 203 o Board 2034 

se 707 $75.00 he 1ma $124.95 
Model 
Number 

PB -6 

PB -1 DO 

PB -101 

1,96.9 
1100911 Price 

60s45x14 51595 
60.45s14 51995 
60045.14 52295 

Model 
Number 
Pß.102 
PB 103 

PB -105 

L119aN 
Inchas 

'045r14 
90.60.14 
98 .Alls 14 

Pnce 

526 95 

544.95 
55/ 95 

COMPUTER CASSETTES 
- - . 6 EACH 15 MINUTE HIGH 

QUALITY C-15 CASSETTES 
PLASTIC CASE INCLUDED 

12 CASSETTE CAPACITY 
ADDITIONAL CASSETTES 
AVAILABLE BC -15 -52.50 ea 

CAS -6 
$14.95 

(Case and 6 Cassettes) 

JE701 

Bright .300 ht comm. cat', 
ode display 

Uses MM5314 clock chin 
Switches for hour, minutes 

and hold modes 
Hrs, easily viewable to 2011 
Simulated walnut case 

11 5 VAC operation 
12 or 24 hr, operation 
Incl. all components, case d 
weh ransr0rmer 

Sir 634" 31.8 ". 1`." 

6 -Digit Clock Kit $19.95 

Model 2800 
$99.95 

3' ,-01g1t Potable OMM 

Accessories 

AC Adapter BC-28 59.00 
Rechargeable 

Batteries BP-26 20 00 

Carrying Case LC -28 7.50 

=M= 100 MHz 
8 -Digit 

z0 117 100 Mu Range Counter 
IED Disoi lour pow, s 

nlroeet 'mouse ahanes ,10 0r 2202 aim 
+Armatic marger 126 wrote auto - completely tow aaaaer and ,alma 

canteens/ 7 2 -toc power super* 
Size - 1 75- a 736' 

x.100 3134.95 63- 

11111121 
ACCESSORIES FOR MAX 100. 
/labile Charger Ellmlaess 

erger Eliminate, 
Medea IN - LIA SS.IS 

Mol 120 -w SI 

SUP 'R' MOD II 
UHF Channel 33 TV Interlace Unit Kit 

Wide Band 13;1N or Color System 

Convects TV to Video Display for 

home computers. CCTV camera. 

Apple II, works with Cromeco Daz- 

zler. SOL -20. IRS -80. Challenger. 
t etc 

MOD II is pretuned to Channel 33 ate 

(UHF) 
*Includes coaxial cable and antenna 

transformer. 

MOD II $29.95 Kit 

Lltie li lI laite 
Model P180 includes 2.100' wools 28 AWG 

Mr! wrap wire 

Supplies insulated war from spool to wrap-posts without or n 

ping and precutting using "daisy chain- method 

Model P180 Tool $24.50 
P180A Replacement Bit 512.95 
W28.2 Replacement wire (3 spool pkg.) . 52.75 ea. 

Specify color. Agyreer, B -red Ccledr D Blue 

REMOTE CONTROL 
TRANSMITTER & RECEIVER 

REGULATED PO 
JE200 5V -1 AMP 

POWER SUPPLY 
Uses LM309K 
Heat sink provided 
PC Board construction 
Provides solid 1 amp 

5 volts 
Can supply up to Thy, 
!9V and ±12V w11h 
JE205 Adapter 

at ne ludas components, 
hardware & instruetIons 

JE200 514.95 Size: 355 "a5 -R2 "H 

WER SUPPLY 
JE205 ADAPTER BOARD 

- Adapts to JE200 - 
d5V,I9V and T12V 

DC /DC co w/ 
+5 input 

Toriodal hi -speed 
switching XMFR 

Short cire. protection 
PC Brd. construction 
Piggy -bek to JE200 
board 

S ipe: 3 h "x 2' R 9/16 "h 
JE205 $12.95 

IDEAL FOR TRS 80 

Plug Jack !menace tO any 
computer system requiring 
remote control 01 cassette 
functions.. 

The CC100 controls cassate 
motor functions, monitors 
tape location well es ante nal 
speaker and requires o 

Payer Eliminates the plugging 
and unpiugging of cables dol- 
ing computer loading opera- 
tion from cassette 

INSTRUMENT /CLOCK CASE 
ese Is an lnlettion mo. .. mat is Ideal for uses s_ 

as DAM. COUNTER. Or Cl.,,, / cases It has dimensions o1 a 

in length by 4" in width 
1.9/16- In height It Cori, 
complete with a red Deze1 

ART NO: IN -CC $3.49 each 

510.00 Minimum Order - U.S. Funds Only 

California Residents - Md 6% Sales Tax 

-Tr-a41'0% 

r.N' 

Spec Sheets - 25d 
1979 Catalog Available -Send 410 stamp 

arreco 
ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592.8097 

51.4IL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 

ADVERTISED PRICES GOOD THRU MAY 

CASSETTE CONTROLLER 

BCC -100 

$29.50 

63 -Key Unencoded Keyboard 

This is a 63 - 'r -.6 keyboard newly manufactured by a 

large computer manuladurer It i5 unencoded wnh SPST keys. 

unattached to any kind of PC board A very solid molded plastic 13 

s 4 5751 cultsasost application IN STOCK 529.95 /each 

Hexadecimal 
Unencoded 

Keypad 
19 -key pad Includes 1 -10 keys. 
ABCDEF and 2 optional keys and a 

shin key $10.95 /each 

CIRCLE 14 ON FREE INFORMATION CARD 113 
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M05 CIRCUITRY LED DI Ow 1 W DIGITAL 

*®i 
TIMER 

-COUnN N E9v 

R 
IC's /MINI WORTH SR 
0011 40e0 511.553 

$3 95 
D 2140 COMPACT IM..:-PDa 

2/7 

J 

FAIRCHILD RED LED LAMPS t LV5057 Medium Size Clear Case RED EMIT TING These are not 
retested oft -spec units as sold by some of our competition These are 
'actory prime first quality new units 

10 FOR el" 
50 FOR $495 

"WE BOUGHT 250.000 PCS." 

"THE COLOSSUS" 
FAIRCHILD SUPER JUMBO LED READOUT 

A full .80 inch character. The biggest readout we have 
ever sold! Super efficient. Compare at up to $2 95 each 
from others! YOUR CHOICE $1 49 

EA FND 847 Common Anode 
FND 850 Common Cathode (6 for $6.95) 

NATIONAL SEMICONDUCTOR NEW! 
CAR CLOCK MODULE - #MA6008 

Originally used by HYGAIN to indicate time and 
channel on an expensive C.B. Mini size, self 
contained module. Not a Kit. Four digits plus 
flashing indicator for seconds. Includes MM5369 
and 3.58 MHZ crystal for super accurate time base. 
With hookup data. 

MFGR's CLOSEOUT 
LIMITED OTY. 

$699 
each 

(INCLUDES CRYSTAL TIMEBASE! 
WORKS ON 12 VDC! 

16K DYNAMIC RAM CHIP 
WORKS IN TRS -80 OR APPLE II 

15K X 1 Bits 16 Pin Package Same as Mostek 4116 -4 250 NS access 410 NS cycle 
time Our best price yet for this state of the art RAM 32K and 64K RAM boards 
using this chip are readily available These are new fully guaranteed devices by a 
mafo, mfg VERY LIMITED STOCK! 

"MAGAZINE SPECIAL" - 8 For $79.50 

EXPERIMENTER'S CRYSTAL 

262. 144KHZ This frequency is 2 

to the 18th power Easily divided 
down to any power of 2 and even 
to 1HZ New by CTS -Knight ASS 
vs ue 

$1.25 each 
4.00 MHZ - $1.75 

FAIRCHILD PNP 
"SUPER TRANSISTOR" 

44402 TO 92 Plastic Silicon PNP 
Per High Carrent VCEO-40 HFE-50 
150.1150 MA FT- 1SOMHZ Asuper 
EFED UP Verson of the 2N3906 

8 FOR S1 

G.I. FULL 
WAVE BRIDGE 
4 AMP 600 PIV 
3/4 In. Square 

With Lugs, #LM -1 
756 ea. 3 For $2 

MOTOROLA POWER 
TRIAC 

TO -220 CASE 
15 AMP 400 PRV 

SPECIAL 897 each 
5 FOR $3.95 

MINI PROJECT CASE 
Black Molded Plastic 2'hx1 vvx2 in. Has open 
front, with mounting ears so unit can be 
easily attached to auto dash. etc Case has 
molded card guides for mounting PC Board 
inside Perfect for digital clocks. car burglar 
alarms. or almost any electronic protect Can 
also be used for encapsulating Circuits or 
modules 

75C each 
Super Special 

Purchase! 

COMPLEMENTARY POWER TRANSISTORS 
SILICON NPN AND PNP. TO -220 CASE. 
VCEO - 40V PD - 30 WATTS 
FOR AUDIO POWER AMPS, ETC 

TIP29 - NPN YOUR CHOICE 

TIP30 - PNP 3 FOR $1 
FET SALE! 

2N4304 Brand New 
N Channel. Junction Fet 

BVGDO-30V IDSS -15 MA Typ 
1500 uMHOS TO -1a Plastic 

Case Mfg by Teledyne 

6 FOR $1 

EXPERIMENTER'S HEATING PLATE 
Large Manufacturers Surplus. 5',,x10'. In Made of 3/8 in 
tempered glass with heating element laminated on back. Works 
off 120 VAC. Protected by thermostat and two thermal fuses 
Rated 120 Watts. Use for any heating applications. Perfect for 
heating ferric chloride to increase PC board etching efficiency 
Units are brand new. non -submersible 

WHILE THEY LAST - $2.99 each 

SONY 30 WATT AUDIO AMP MODULE 
#STK -056. 30 WATTS SUPER CLEAN AUDIO. 20 
HZ to 100 KHZ ± 2 DB. HYBRID, SILICON, SELF - 
CONTAINED MODULE. ONLY 13/4x21/2 IN. WITH 
DATA. COMPARE AT UP TO TWICE OUR PRICE! 

$999 EACH 

Digital Research Corporation 
(OF TEXAS) P.U. BOX 4012476 GARLAND, TEXAS 75040.1214) 271-2461 

TERMS: Add 300 postage, we pay balance. Orders under 
S15 add 754 handling. No C.O.D. We accept Visa, Master - 
charge, and American Express cards. Tex. Res. add 5% Tax. 
Foreign orders (except Canada) add 20% P & H. 90 Day 
Money Back Guarantee on all items. 

r 

..,,.,.,.I.. ,,.., 

5189 
I 

40 
6,1 

CRYSTALS 
1.000M011 001% S595 
3.51921111 .002% S1 25 
.0002111T .002% 52.95 
5.000M11E 001% 54.50 
10.0O2111 001% S4.50 

LM34oK-5 

88e 

LM3900 

55 

\ 
"FIRE SALE' 

Bu'ld a 7 Digit 
Portable Counter 

FREQUENCY COUNTER 
CHIP SET IC71$ 

50 ICM7H 7208 
20 

1 

$179 

2 `3 

., aa 

SMOKE ALARM 

5.24288 M H Z 

Quartz Crystal 

N E-2 
NEON .(LOT 

LAMPS 

10 /S1 

450 6-36pí 
Trimmer 

49s 

DIAMONDBACK 
ELECTRONICS COMPANY 

PO BOX 194 
SPRING VALLEY, IL. 61362 

FREE CATALOG 
All MERCmRONSE 100 

MINIMUM ORDER 55 
L RES,DINTS ADD SS SALIS TAR 

NAM! INCLaOE SUPPICIENT POSTAGE 

PHONE ORDERS 815 664 - 5151 

CIRCLE 57 ON FREE INFORMATION CARD 

ELECTRONIC KEYBOARDS 
FOR HOME ORGANS 
AND SYNTHESIZERS 

SEND FOR FREE BROCHURE. 
Pratt, Read a Co.. Ivoryton, Connecticut 06442 
Pleasesend free Electronic Keyboard brochure to 

Name 

Street Address 

City State Zip 
S- J 

CIRCLE 70 ON FREE INFORMATION CARD 



TRS -80 E.S 

SERIAL I/O 
Can input into basic 
Can use LLIST and 

LPRINT to output, or 
output continuously 
RS -232 compatible 
Can be used with or 
without the expansion 
bus On board switch 
selectable baud rates 
of 110, 150, 300.600, 
1200, 2400. parity or 
rio parity odd or even, 
5 to 8 data bits, and 1 

or 2 stop bits. D.T.R. 
line Requires +5, 
-12 VDC Board only 
$19.95 Part No. 8010, 
with parts $59.95 Part 
No. 8010A, assembled 
$79.95 Part No. 8010 
C. No connectors pro- 
vided. see below. 

Ei/a5-23ï 
nectar PF: 
0925P5600. 
9. a conovcto, 
cable rt S1095P. 
No 0925P9 

3' nboon . 

-ithIt.CMd 

i! 
co fit 
P,,. .n 

bo.ro51995r:. 
No 3CAa<G 

MODEM:: 
Type 103 Full or 

half duplex Works up 
to 300 baud Origi- 
nate or Answer No 
coils, only low cost 
components TTL in- 
put and output -senal 

Connect B n speak- 
er and crystal mrc 
directly to board 
Uses XR FSK demod- 
ulator Requires +5 
volts Board only 
$7.60 Part No. 109. 
with parts $27.50 Part 
No 109A 

APPLE II* 
SERIAL I/O 
INTERFACE 

Baud rate is continuously adjustable from 0 
to 30,000 Plugs into any peripheral 
connector Low current drain. RS -232 input 
and output On board switch selectable 5 to 
8 data bits. 1 or 2 stop bits, and parity or no 

parity either odd or even Jumper selectable 
address SOFTWARE Input and Output 
routine from monitor or BASIC to teletype or 
other serial printer Program for using an 
Apple H for a video or an intelligent terminal. 
Also can output in correspondence code to 
interface with some selectrics. Also 
watches OTR Board only $15.00 Part No. 
2. with parts $42.00 Part No. 2A. assembled 
$6200 Part No 2C 

VERBATIM 

MINIDISK 

Box of 10 

$29 95 

RS -232/ TTL:: 
INTERFACE 
Converts TTL to RS- 

232, and converts RS- 
232 to TTL Two sep- 
arate circuits Re- 
quires -12 and +12 
volts All connections 
go to a 10 pin gold 
plated edge connector 

Board only $4.50 
Part No. 232, with 
parts $7.00 Part No 
232A 10 Pin edge 
connector $3.00 Part 
No. 1019 

RS -232/ TTY* 
INTERFACE 

Converts RS -232 to 
20m4 current loop. 
and 20mA current loop 
to RS -232 Two sep- 
arate circuits Re- 
quires +12 and -12 
volts Board only 
$4.50 Part No. 600. 
with parts $7.00 Part 
No 600A 

BK EPROM PIICEON 

Saves programs on PROM permanently (until 
erased via UV light) up to 8K bytes. Programs 
may be directly run from the program saver 
such as fixed routines or assemblers. S- 
100 bus compatible Room for BK bytes of 
EPROM non -volatile memory (2708's). On- 
board PROM programming Address 
relocation of each 4K of memory to any 4K 
boundary within 64K Power on lump and 
reset lump option for "turnkey" systems and 
computers without a front panel Program 
saver software available Solder mask both 
sides Full silkscreen for easy assembly. 
Program saver software in 1 2708 EPROM 
$25. Bare board $35 including custom coil, 
board with parts but no EPROMS $139, with 
4 EPROMS $179, with 8 EPROMS $219. 

T.V. 
TYPEWRITER 

Stand alone TVT 
32 char /line, 16 

lines, modifications for 
64 char /line included 

Parallel ASCII (TTL) 
input Video output 

1K on board memory 
Output for computer 

controlled curser 
Auto scroll Non- 
destructive curser 
Curser inputs: up, down, 
left, right, home, EOL, 
EOS Scroll up, down 

Requires +5 volts 
at 1.5 amps, and -12 
volts at 30 mA All 
7400, TTL chips 
Char. gen. 2513 
Upper case only 
Board only $39.00 
Part No. 106. with 
parts $145.00 Part 
No. 106A 

TAPE 
INTERFACE 

Play and record Kan- 
sas City Standard tapes 

Converts a low cost 
tape recorder to a 

digital recorder Works 
up to 1200 baud Dig - 
ital in and out are TTL - 
serial Output of 
board connects to mrc. 
in of recorder Ear- 
phone of recorder con- 
nects to input on board 

No coils Requires 
+5 volts, low power 
drain Board only 
$7.60 Part No. 111. 
with parts $27.50 Part 
No. 111A 

S -100 BUS 
ACTIVE TERMINATOR 
Board only $14.95 Part No. 900, with parts 
$24.95 Part No. 9004 

To Order 

WAMECO INC. 
FOC -1 FLOPPY CONTROLLER BOARD will 

drive shugart, pertek, remit 5" & B" drives 
up to B drives. on board PROM with power 
boot up. will operate with CPM (not 
included). PCBD $42.95 

FPO -1 Front Panel. (Finally) AMSAI size hex 
dPCplays. Byte or instruction singlle42 ep.. 

MENI -1A 8Kx8 fully buffered, S -100, uses 
2102 type RAMS. 
PCBD $24.95, $168 Kit 

OMB -12 MOTHER BOARD. 13 slot termi- 
nated, S -100 board only $34.95 

89.95 Kit 
CPU -1 8080A Processor board -100 with 

8 level vector interrupt PCBD 
95 9 t 

RTC -1 Realtime clock board. Two independ- 
ent interrupts. Software programmable. 
PCBD $25.95, $60.95 Kit 

EPM -1 1702A 4K EPROM 
card PCBD $25.95 

$49.95 with 208/2766KK 
EPROM card PCBD $24.95 
$49.95 with parts less EPROMS 

OMB -9 MOTHER BOARD. Short Version of 
OMB -12. 9 Slots PCBD $30.95 

$67.95 Kit 
MEM -2 16Kx8 Fully Buffered 2114 Board 

PCBD $25.95. $269.95 Kit 

UART & 
BAUD RATE 

GENERATOR* 
Converts serial to 

parallel and parallel to 
serial Low cost on 
board baud rate gener- 
ator Baud rates: 
110, 150, 300. 600, 
1200, and 2400 
Low power drain +5 
volts and -12 volts 
required TTL com- 
patible All characters 
contain a start bit. 5 
to B data bits. 1 or 2 
stop bits, and either 
odd or even parity. All 
connections go to a 44 
pin gold plated edge 
connector Board only 
$12.00 Part No. 101, 
with parts $35.00 Part 
No 101A, 44 pin edge 
connector $4.00 Part 
No. 44P 

HEX ENCODED 
KEYBOARD 

E.S 
This HEX keyboard 
has 19 keys, 16 encod- 
ed with 3 user defin- 
able. The encoded TTL 
outputs. 8 -4 -2 -1 and 
STROBE are debounced 
and available in true 
and complement form 
Four onboard LEDs 
indicate the HEX code 
generated for each 
key depression. The 
board requires a single 
+5 volt supply. Board 
only $15.00 Part No. 
HEX -3, with parts 
$49.95 Part No. HEX - 
3A. 44 pin edge con- 
nector $4.00 Part No. 
44P. 

IÌIIIIIÌIÌÌtil1111li 

dill.1111111111111. 

DC POWER SUPPLY* 
Board supplies e regulated +5 

volts at 3 amps., +12, -12. and -5 
volts at 1 amp. Power required is 
8 volts AC at 3 amps., and 24 volts 
AC C.T. at 1.5 amps. Board only 
$12.50 Part No. 6085, with parts 
excluding transformers $42.50 
Part No. 6085A 

Mention part number. description. and price. In USA. shipping paid for orders accompanied by check. money order. or Master Charge. BankAmencard. or VISA 

number. expiration date and signature. Shipping charges added to C.O.O. orders. California residents add 6.5% for tax. Outside USA add 10 °lo for air mail 

postage and handling. no C.O.D.'s. Checks and money orders must be payable in US dollars. Parts kits include sockets for all ICs. components. and circuit 

Getboard. Documentation is included withall products. Prices are in US dollars. No open accounts. To eliminate tariff in Canada boxes are marked "Computer 

Parts" Dealer inquiries invited. 24 Hour Order Line. (4081 226 -4064 # Circuits designed by John Bell 

For tree catalog including parts lists and schematics. send a sell- addressed stamped envelope 

ELECTRONIC SYSTEMS Dept. RE5, P. 0. Box 21638. San Jose, CA USA 95151 
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HIGH QUALITY- 101V 0 E M PRICE 

value value 100 per value 

CMOS BOARD $2.95 ! 
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Cramped 
for Antenna 

space? 1 

The McKAY DYMEK DA 100. 
The DA 100 is a compact, wide dynamic 
range, broadband, untuned, omni- direc- 
tional receiving antenna covering the 
frequency range of 50 kHz to 30 MHz. 
The exterior module, a small weather -proof 
box with a 56 inch (142 cm) whip delivers 
the signal to the power supply unit through 
a supplied 50' coaxial cable. 
The power supply locates near your 
general coverage receiver and attaches 
with a supplied patch cord. 
The DA 100 antenna is small, but will equal 
or outperform a 100' long wire antenna, 
and is priced within reach of everyone! 
Output Impedance - Attenuator Switch 
provided to match receiver input 
requirements and prevent overload. 
Order factory Direct. Call toll free today! 
Money Back guarantee. Rent /Own Plan 
available. Specs and details on request. 
Nationwide 800 /854 -7769 
California 800/472 -1783 

grilMcKay Dymek Co. l 1 111 S. College Ave., PO Box 5000 
Claremont CA 91711 
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AMAZING EARADIO 
^0010. it 44EIG.5 ONLY 1/2 OUNCE AND - 

e.JRN BE#IND 111E EAR. CONTAINS AN IL A, $5. A! 
SEVERAL DISCRETE DEVICES TO GIVE AN Es..,(- i 7540 
:ALEN, Or 12 TRANSISTORS. THE RADIO HAS A , 
DESIGN OPERAIINu IR0r7 151ANO5RD S131 1.5, 
',FARING AID 3ATTERI (INCLUDED). IT PROVIDES 
..000 VOLUr4E 70 EARP9040 ON SEVERAL STATIONS IN ''F'RfPn1I TIN AREA'.. ' "ESN'' RE,2IRE ANY ANTE. \A, 

.. '.- ., prnER AI' 'I '.. ,LCS - CULLY SELO 
... ... 6 Tu74, -L. . -eel I/10a3 /Eli, 

Crystal 14.04 Mhz 
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I C , 11.4 m4,I d1n. 
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IIW 
MIR 

I A Km tnounn 

'Electronic 
kw es 

..,...e.r... 

Ise 

.4 ..4) 17541 

lest K FKEe. 

I.ATAI /N. 

Electronic Warning Flasher it 
T h.s battery npe,aled device continuously 

bursts intense ligh Great 7eat sets. 
vic dece for b ]cycle rids, its rs, hikers, 

boaters & campers. Comes complete w/ all 
electronic parts. ality glass epoxy P -C 
hoard a easy to understand struci,ons. 
Uses high-output xenon flash tube which 
flashes 2 tome; per Second when batter Les 

e fresh Operates cOnbnuously 10r 12 
hours on 2 alkaline "C" batteries You 1 
need only to supply the batteries and, If 023207 6.95 

esued a battery holder & case 

&babe Light Kit/, 1 p` I to 

T1mOGEa 
I 

COW 2 for 21 

...,,.,. ,. - 

BLA-1 

. it 
i« 2.00 

-n 
.,,,,. ",': ;so«.. 

PNOTOM/ll COP/ 
35(1rnI 330V 100 

f 720 1 360V 150 

1600 ,n' 360 \.' 52.25 

JUMBO RED LED,( 

,'.;II, dl'I1I ,t'L 
, 

10 for $1 

11710111 lt{lat 
Band new lac r(¡OW prime .- -- 

to tubes smote 
of C23280 

y '"° b'subs. 
sch manes s 3.00 

SrrED 

C^ 51RO6E TUBES 

í4.I8 
Minimum order 15.00 

CHANEY Plain include St for postage 
Visa, MC and COD accepted. electror s Phone orders ar weicpme. 

O BOX 27038. DENVER , CO. 80227 Ph 1303178F5750 

16K MEMORY 
EXPANSION CHIP SET 

S109 (31$320) 
For Radio Shack80, Apple, Sorcerer 

machines. 250 ris chips for 4 MHz operation, 
DIP shunts, 1 year limited warranty. Includes 
easy-to-follow Instructions. 

ME1003 CLOCK 
END CESE: $19.95 

Easy to bold - lust add 12V DC and time set 
Switches. Ideal tor mobile use. Blue.green 
fluorescent readouts. Case available sepa 
ratety for 55.95; clock module for 516.50. 

i 

STATIC COMPUTER MEMORY - NOW WITH BANK SELECT MODELS! 
Most Econorams'° are avalable as unkits (sockets. bypass 

caps pre-soldered In placel. assembled and tested. or qualified 
under the Certified System Component (CSC) high -reliability 
program. 

We've been providing top quality memory (without charging 
top dollar) for over 5 years - see your computer store or our 
flyer for more Info. 
Name BUSS 5Deed 
8K Econoram II- S.100 2 MHz 

16K Econoram IV- 5.100 4 MHz 
12K Econoram VI- H8 2 MHz 
24K Econoram VII'^ S.100 4 MHz 
32K Econoram IX'" Dig Grp 4 MHz 
32K Econoram X- S -100 4 MHz 
32K Econoram XI- SBC 4 MHz 
16K Econoram XII.16- S.100' 4 MHz 
24K Econoram XII.24- 5.100 4 MHz 
32K Econoram XIII- S -100 4 MHz 

Unkst 

$149 
$295 
$200 
$445 
$649 
$599 
N/A 
$389 
$479 
$629 

Assur 

$164 
$329 
$270 
$485 
N/A 
$649 
N/A 
$419 
$539 
$899 

CSC 

N/A 
$429 
N/A 
5605 
N/A 
$789 
$1050 
$519 
$649 
$849 

'Bank select board - has two independently addressable and selec- 
table hanks (or Alpha Micro Systems Mar.nch.p etc 

®O® OB 
Bill 00060121 EIEC IRONIC`. 

000 2355 OAKLAND ARPORI CA .a.4 
TERMS: Cal yes add lax VISA. Uastercear g, , all :a 
order desk at NIA 562-0636, Allow 5 °, shipping, excess 
funded COD OK with street address for UPS POCes q,,-1 
(Slough COrer month of maCa :me Orders un4e' $15 6.1,1 SI 
70011 g 
SEND FOR OUR MOT -OFF -THE- PRESSES 

CATALOGUE, YOU'LL BE GLAD YOU DID. 
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save on gas! 
Enjoy the benefits of 20% better gas 
mileage, quicker starting, elimination of 
tune -ups, reduced pollution, and 50,000 
miles on plugs and points. 

Update your car with a TIGER solid 
state electronic ignition system. Easily 
installed in 30 minutes . . . even on 
new cars. 

Tiger 500 CD 
Assembled $49.95 
Simplikit $29.95 

Postpaid USA. 
& Master Charge BankAmericard accepted. 

Tff Star Corporation 
Phone (303) 243 -5200 

P.O. Box 1727 
Grand Junction, Colorado 81501 
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S -100 Computer Boards 
8K Static RAM Kit 5135 00 

16K Static RAM Kit 265 00 

24K Static RAM KO 423 00 

32K Dynamic RAM Kit 310 

64K Dynamic RAM Krt 47L 

8K 16K Eprom Kit (less PROMS) $89.00 
Video Interface Kit $139.00 
Motherboard $39. Eo'- -1007 P-1'0 S8 99_4 

P.O. Box 4430E Santa Clara, CA 95054 

For will call only: (408) 988 -1640 

2322 Walsh Ave. 
Same day shipment. First line parts only 

Factory tested. Guaranteed money back 

ìuality IC s and other components at tad- 

. -y prices 

INTEGRATED CIRCUITS 

RCA Cosmac Super Elf Computer $106.95 
plus load, reset, run, wait, input, memory pro- 

tect. monitor select and single step Large. on 

board displays provide output and optional high 

and low address There Is a 44 pin standard 

connector for PC cards and a 50 pin connector tor 

the Ouest Super Expansion Board Power supply 

and sockets for all IC s are included in the price 

plus a detailed 90 page Instruction manual. 

Many schools and universities are using the 

Super Elf as a course of study OEMs use it for 

training and research and development 

Remember, other computers only offer Super Elf 

features at additional cost or not at all Compare 

before you buy. Super Elf Kit $106.95, High 

address option $8.95, Low address option 
$9.95. Custom Cabinet wdh drilled and labelled 

plexlglass front panel $24.95. NiCad Battery 
Memory Saver Kit $6.95. All kits and options 
also come completely assembled and tested 

Ouestdata. a 12 page monthly software publica- 
lion for t 802 computer users is available by sub 

scription for 512 00 per year 

Tiny Basic for ANY 1802 System 
Cassette $10.00. On ROM $38.00. Super Ell 

owners 30', oft Object code listing with man- 
ual $5,00. Object list. manual and paper tape 

$10.00, Original ELF Kit Board $14.95. 

Cassette Interface $89.95 
Improvements and revisions are easily done with 

the monitor If you have the Super Expansion 
Board and Super Monitor the monitor Is up and 

running at the push of a button 

Other on board options include Parallel Input 

Compare features before you decide to buy any 

otner computer There is no other computer on 

°e market today that has all the desirable bene- 

of the Super Elf for so little money The Super 
t,' is a small single board computer that does 
many big things It is an excellent computer for 

training and for learning programming with its 

machine language and yet it is easily expanded 
with additional memory, Tiny Basic, ASCII 
Keyboards. video character generation, etc. 

The Super Elf includes a ROM monitor for pro- 

gram loading, editing and execution with SINGLE 

STEP for program debugging which is not in- 

cluded in others at the same price. With SINGLE 

STEP you can see the microprocessor chip 

operating with the unique Ouest address and 

data bus displays before, during and after 
executing instructions Also. CPL' mode and in- 

struction cycle are decoded and displayed on nine 

LED indicator lamps 

An RCA 1861 video graphics chip allows you to 

connect to your own TV with an inexpensive video 
modulator to do graphics and games There is a 

speaker system included for writing your own 

music or using many music programs already 
written The speaker amplifier may also be used 

to drive relays for control purposes 

A 24 key HEX keyboard includes 16 HEX keys 

Super Expansion Board with 
This Is truly an astounding value' This board has 

been designed to allow you to decide how you 

want It optioned The Super Expansion Board 

comes with 4K of low power RAM fully address- 
able anywhere in 64K with built -in memory pro- 

tect and a cassette interlace Provisions have 
and Output Ports with full handshake They 

been made for all other options on the same allow easy connection of an ASCII keyboard to the 
board and it fits neatly into the hardwood cabinet input port RS 232 and 20 ma Current Loop for 
alongside the Super EN The board includes slots teletype or other device are on board and it yoh 
for up to 6K of EPROM (2708. 2758 2716 or TI 

need more memory there are two S -100 slots for 
27161 and is fully socketed. EPROM can be used static RAM or video boards A Godbout 8K RAM 
for the monitor and Tiny Basic or other purposes board is available for S135 00 Also a 1K Super 

A IK Super ROM Monitor $19.95 is available as Monitor version 2 with video driver tor full capa- 

an on board option in 2708 EPROM which has bony display with Tiny Basic and a video interface 

been preprogrammed with a program loader board Parallel I/O Ports $9.85. RS 232 $4.50. 
editor and error checking multi file cassette TTY 20 ma l'F S1.95, S -100 $4.50. A 50 pin 
read write software. (relocatible cassette fuel connector net with ribbon cable is available at 

another exclusive from Ouest It includes register $12 50 for easy connection between the Super 

save and readout. block move capability and Elf and the Super Expansion Board. 

video graphics driver with blinking cursor Break The Power Supply Kit for the Super Expansion 
points can be used with the register save feature Board is a 5 amp supply with multiple posihvt- 
to isolate program bugs quickly then follow with 

and negative voltages 529 95 Add Sa 00 for 
single step The Super Monitor is wntten with shipping Prepunched frame $5 00 Cast. 
subroutines allowing users to take advantage of $10 00 Add St 50 for shipping 
monitor functions simply by calling them up. 

Auto Clock Kit $15.95 
DC clock with 4- 50 displays Uses National 

MA -1012 module with alarm option Includes 
light dimmer. crystal timebase PC boards Fully 

regulated. comp instructs Add 53 95 for beau- 

tiful dark gray case Best value anywhere 

RCA Cosmac VIP Kit $229.00 
Video computer with games and graphics 
Fully assem and test $249.00 

Not a Cheap Clock Kit $14.95 
Includes everything except case. 2 -PC boards 

6- 50 LED Displays 5314 clock chip. trans- 

former. all components and full instructions 
Orange displays also aval Same kit w /.80 
displays. Red only $21.95 Case $11.75 

60 Hz Crystal Time Base Kit $4.40 
Converts digital clocks from AC line frequency 

to crystaltime base Outstanding accuracy Kit 

includes PC board. IC. crystal resistors ra- \ pacnors and trimmer 

Digital Temperature Meter Kit 
ndoor and outdoor Switches Dace and forth 

Beautiful 50 LED readouts Nothing like ( 

available Needs no additional parts for corn 

alete lull operation Will measure 100 tr 

200 F tenths of a degree air or liquid 

Very accurate 539.95 

Beautiful woodgrain case w bezel $11.75 

NiCad Battery Fixer /Charger Kit 
Opens shorted cells that won t hold a charg, 

and then charges them up. all in one kit w fw 

parts and instructions $7.25 

PROM Eraser Will erase 25 PROMs In 

15 minutes Ultraviolet assembled 534.50 

Rockwell AIM 65 Computer 
6502 based smote board with full ASCII keyboard 

and 20 column thermal printer 20 char al- 

phanumeric display. ROM monitor fully expand- 

able $375 00. 4K Assembler $85.00. BK Basic 

Interpreter $100.00 Power supply assembled 
in case 560.00 

TERMS. $5.00 min. orderU.S. Funds. Calif residents add 6 °° tax. 
BankAmericard and Master Charge accepted. 
Shipping charges will be added on charge cards. 
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Multi- voltage Computer Power Supply 

dv 5 amp. 18v 5 amp. Sy 1 5 amp. 0v 

5 amp 12v 5 amp. -12 option - 5v. - 12v 

are regulated Kit S29 95 Kit with punched frame 

S34 95 Woodgram case StO 00 

Video Modulator Kit $8.95 
Convert your TV set into a high quality mondor 

without affecting normal usage Complete kit 
with full instructions 

2.5 MHz Frequency Counter Kit 
Complete kit less case 537.50 

30 MHz Frequency Counter Kit 
Complete kit less case 547.75 
Prescaler kit to 350 MHz $19.95 

79 IC Update Master Manual $3500 
Complete IC data selector 2500 pg master ref- 

erence guide Over 50.000 cross references. Free 

update service through 1979 Domestic postage 

$3.50 Foreign 55 00 1978 IC Master closeout 

519.50. 
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Stopwatch Kit 526.95 
Full six digit battery operated. 2- o vults 

3 2768 MHz crystal accuracy Times to 59 

min 59 sec . 99 1 100 sec Times std . split 
and Taylor 7205 chip. all components_ minus 

case Full instructions 

Hickok 31/2 Digit LCD Multimeter 
Batt AC oper 0 1 my -1000v 5 ranges 0 51 
occur Resistance 6 low power ranges 0 ' 

ohm -20M ohm DC cur] 01 to t00ma Hand 

held, 'Y' LCD displays. auto zero. polarity. Over- 

range $74 95 

FREE. Send for your copy of our NEW 1979 

OUEST CATALOG. Include 28c stamp. 
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1" LED ALARM CLOCK MODULE 
44 Assembled - 

F eatures 1" 4 digits red 
12 hours real 1 24 hours alarm 

4 I lust add speaker) 

41 
Power failure indicator 
Count down timer 59 mint. 

12 16V AC 50'60 HI 

4 input 
10 min snooze co' 

rol 
$8.50 EACH 

THE MOST ADVANCED TIMEPIECE 
OF ITS KIND IN THE WORLD! 

LCD Quartz Alarm Chronograph with calen- 
dar and dual time zone ll Watch is the same as 
Seiko but you pay a lot more for the name, 
Features 

24 hour alarm 
Chronograph counts up to 
12 hrs., 59 mins. 59.9 sec. 
Precision of chrono up to 
1/10 sec indicated by 10 
moving arrows)! 
Lap time (with chrono run 
fling uninterrupted) 
Time displays by LCD for 
hour, min, sec, day, date 
of the week and AM /PM 
Calendar gives out date-day 

" Dual time zone for any two 
cities of the world at your . 
own choice. 
With tight switch to allow 
you to see the time in the 
dark) Ulte 

$65.50 

LED display 
time format 
audio output 

Transformer . 51 75 

t 
41 
/ / 

41 

Ste, vel indic,.'. 
kit with arc-shape dis 

play panels! This Mark III LED level indicator is a 
new design PC board with an arc -shape 4 colors 
LED display (change color from red, yellow, green 
and the peak output indicated by rose red). The 
power range is very large, from -30dB to +SdB. 
The Mark III indicator is applicable to 1 watt - 
200 watts amplifier operating voltage is 3V - 9V 
DC at max 400 MA The circuit uses 10 LEDs 
per channel It is vei y ,'asy to connect tri the am- 
plifier. J., ' - - - output) 

IN KIT FORM S18.50 

ELECTRONIC 
DUAL SPEAKER PROTECTOR 

Cut off when , 's shorted or over 
load to protect 
your amplifier as 
well as your speak- 
ers. A must for 
0CL circuits. 

KIT FORM 
$8.75 EA. 

FM WIRELESS MIC KIT 
It is not a pack of cigarettes. It is a new FM 
wireless mic kit! New design PC board fits 

into a plastic cigarette box 
(case included). Uses a con - 

densor microphone to al- 
low you to have a better 
response in sound pick -up. 
Transmits up to 350 ft.I 
With an LED indicator to 
signal the unit is on. . KIT FORM $7.95 

GENERAL PURPOSE INSTRUMENT BOXES 
All boxes are made of 
aluminum. Top is ano- 
dized black. Bottom is 
silver and comes with 4 
rubber pedestals. 

di Part No Sizes Price 
FTA421 4 1 8 'Wi 1 1 2 IHI r2 7 8" IDI 5210 ea 
FTA 452 4 IWI . 2" (HI a 5' IDI 3 50 ea 
FTA 572 538' OAP 2 3 4 'HI . 7' IDI 495 ..i .................. 
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DIGITAL AUTO SECURITY SYSTEM 

4 DIGITS 
PERSONAL CODE!! 

proximity triggered i 
voltage triggered 
mechanically triggered 

3 -WAY PROTECTION! 
This alarm protects you and itself! Entering 
protected area will set it off, sounding your 
car horn or siren you add. Any change in vol- 
tage will also trigger the alarm into action. If 
cables within passenger compartment are cut, 
the unit protects itself by sounding the alarm. 

SPECIAL $19.95 
ALL UNITS FACTORY ASSEMtlLED AND TESTED NOT A it 

TIMATRON RACK MOUNT 
TYPE CABINETS! 

All are of aluminum and m,, 
chine made to very high-preci 
sion quality with sleek, black 
anodized finish Front panels 
come blank and undrilled to 
allow you to make panels of 
your own design. For large 

uuantity orders Formula International will silkscreen print and 
drill panel holes at a minimal extra charge. 

SIZE PRICE 
19" MI n 12" IDI S36 85 
19" 10/1 . 4" (HI x 12" IDI 4525 
19" (WI n 8" 1H) x 20" IDI 72.00 
16" MI . 2'6" (HI . 8" IDI 2650 
16" (WI 4" IHI . 8" IDI 33 45 

9' ill . 12" IDI 33.45 
), 12" IDI 2450 
r B "'DI 10 75 

HICKOK LX303 
DIGITAL LCD MULTIMETER 

3 i7 digits display 
200 hours 9V battery life 
Auto zero; polarity; overrange 

indication 
100MV DC F.S. sensitivity 
19 ranges and functions 
D.C. volt: 0.1 MV to 1000 V 
A.C. volt: 0.1 V to 600 V 
Resistance: 0.12to 20 M&2 
D.C. current: 0.01 A to 100 MA 

OUR PRICE $71.45 

60W + 60W 

J 

COMPLETED UNIT -NOT A KIT! 
OCL pre amp. & power stereo amp. with 
bass, middle, treble 3 -way tone control. 
Fully assembled and tested, ready to work. 
Total harmonic distortion less than 0.5% 
at full power. Output maximum is 60 watts 
per channel at 8 S2 . Power supply is 24 - 
36v AC or DC. Complete unit 

Assembled S49.50 ea. 

S 8.50 ea. Power transformer 

AAAAAAAAAAAA. 
GREEN COLOR 0.6" 
LED ALARM CLOCK 

24 hr. alarm 
10 min. snooze time 
AM /PM indicator 
Power interrupt indication 
Green color 0.6 display 
110V AC 60Hz input 
Factory assembled, 

NOT A KIT $17.50 EACH 

LCD CLOCK MODULE! 

0.5" LCD 4 digits display 
X'tal controlled circuits 
D.C. powered (1.5V battery) 
12 hr. or 24 hr. display 
24 hr alarm set 
60 min. countdown timer 
On board dual back up lights 
Dual time zone display 
Stop watch function 

NIC1200 (12 hr) S24.50 EA. 
NIC2400 124 hr) 526.50 EA 

UNIVERSAL PROTOBOARDS 
"CIRCUIT FIT" 

r - ÿ 

An Boards are made of High Quality G10 Fiber. 
glass and Phenolic. Pre -drilled in 042" diameter 
holes on 01" centers with tin plated copper 
eyelet and finger edge connectors Isingfe sidedl 
to allow any kind of standard components to 
fit board. 

Pan No. 

SP 723 
P 724 
P 725 

,P 728 

5612 
5616 

'5606 
',602 

Price 
Site Holes Fiberglass Phenolic 

2 28" 
28 ".37" 
37".55 - 

7' .96" 

529 
750 

1500 
6240 

S 1 27 S 50 
242 80 
4 89 1.38 

1950 1040 

t 70 
1 70 
1 50 
1 50 

ELECTRONIC 
WHEEL OF FORTUNE KIT 
With 10 iihers split into black and white 
on dial The LED turns when you hit the 
Play switch, then it slows down and stops 
on one number. It sounds like a motor 
inside, but there is none. Lots of fun and j easy to build. Kit comes 

with nice looking case, all 
\electronic parts, P.C. Board 
and LEDs Bettery not in- 
cluded $12.50 

22W 22W STEREO HYBRID AMPLIFIER KIT 
It Works in 12V D.C. As Weill Kit includes 1 PC SANYO STK- 
024 stereo power amp. IC LM 1458 as pre amp, all other elec- 

tronic parts, PC Board, all control pots and special heat sink 
for hybrid. Power transformer not included. It produces 
ultra hi -fi output up to 44 watts (22 watts per channel) yet 
gives out less than 0.1% total harmonic distortion between 
100M7 and 10KHz, S32.50 PER KIT 

'OWER TRANSFORMER $0.50 EACH . . . .. . .. . .. ...... ...... . . . . . . . . . . . . . . . . . . 
CIRCLE 9 ON FREE INFORMATION CARD 



 

E \ 10 pairs - 5 colors 
Alligator clips on 

a 22" long lead. Ideal 

S2.20 /pack for any testing. 

.AAAAAAAAAAAALAAAAAA 
SUPER 15 WATT AUDIO AMP KIT 

Uses STK -015 Hybrid Power Amp 
Kit includes: STK -015 Hybrid IC, power supply with 
power transformer, front Amp with tone control, all 
electronic parts as well as PC Board. Less than 0.5 
harmonic distortion at full power 1/2dB response from 
20 -- 100,000 Hz. This ampli`ier has QUASI -Compli - 

mentary class B output. Output max is watt (10 watt 
RMS) at 49 - 

ONLY $ 23.50 each 

MINI ELECTRONIC 
ORGAN KIT 
PET -102 (25 KEYS) 

The kit contains all electronic and mechanical parts, 
key boards, speaker, switches and PC Board as well as 

the wooden cabinet. Ideal for school protect or gift to 
children interested in electronics. Uses 6V C size n 4 

battery not includedl. $38.50 

MANY SOUND DECISIONS( 
Solid slate sound indicator 
operating voltage 6V DC 
341 A- Small size approni 
mately ,°" X l'a" 
Model E82116 (Continuous) 
Model EB2126 (Slow Pulse) 
Model EB2136 (Fast Pulse) $3.60 EACH 

PROFESSIONAL CASE 
for our 0 -30V Power Supply I1 

is a nice looking metal cast cast. 

with giant 4" volt /amp meter, 
output blinding post and fuse 
holder, on /off switch and line 
cord! ONLY $21.50 EA. 

AAAAAAA LAAAAAAAAAA 
j FM WIRELESS MIC KIT x1 lessMlC knses3my 

10'Ir 1, -_; beg, transistors, works it 
T 

$6.95 the FM range 188108 ,.' MHz I It transmits the 
EACH KIT 

s d wave fidelity clear 
ly Over long distances iup to 250 ' Kit comes with a 

. ne trnmc par TS P C Boa d and - - ,crophone' 

POWER SUPPLY KIT 
0.30V D.C. REGULATED 

Uses UA 723 and ZN3055 Power 
TR output can be adjusted froc/ 
0 30V, 2 AMP. Complete with PC 

board and all electronic parts 
Dw s"" $10.50 each 

Transformer for Power Supply, 2AMP 24V x 2 S8 50 

12V DC MINI RELAY 

6V SPOT 
12V SPOT 
12V °PDT 
12V 4PDT 

1Wtt AUDIO AMP 
All parts are pre assembled 

.p on a mini PC Board u Supply Voltage 6- 9V D.C. 
SPECIAL PRICE 51.95 ea. 

"FISHER" 30 WATT STEREO AMP 
MAIN AMP it5w x 2' 

Kit sic uoes 7 pct. E irrer PA 301 
Hybrid IC ail lei tronc parts with 
PC Board, Power supply : 16V 
DC (not included). Power band 
with (Kr 1 °° : 3dB). voltage gain 
73dß. 20ír: - 20KHt 

Super Buy Only $18.50 

5W AUDIO AMP KIT 
lllllll 

ONLY $6.00 EACH 

TIMER KIT 
Time Controlled from 1 I00sec. 

Ideal to be used as tiro er delay 
Unit 'Or burglar alarm, photo 
service, and other purposes. 
Max. loading 110V, 2 AMP. 
Supply voltage 12 18V DC. 

., $11 50 each 

ELECTRONIC ALARM SIREN 

or r uP tu your Car baci. u 

to make a reverse ,nbicat it 
l ,) .'. not iiD to 1 301lt 

SOUND ACTIVATED SWITCH 

2AMP 
3AMP 
2AMP 
3AMP 

1 30 
1 60 
2 50 
3 50 

ELECTRONIC 
SWITCH KIT 

sr 5,1 -., n 

SOnaA A 
lams 

LINEAR SLIDE POT 
500K!: SINGLE 

Metal Case 3" Long 
2 FOR $1.20 

ULTRA SONIC 
SWITCH KIT 

!F 

Kit includes the Ultra Sonic Trans- 
ducers, 2 PC Boards for transmitter 
and receiver. All electronic parts 
and instructions. Easy to build and 
a lot of uses such as remote control 
for TV, garage door. alarm system 
or counter. Unit operated by 9 -12 
DC 

S15.50 

Recnargeable 
NI -CD Batteries Pak 

6AA NI -CD In a flat pack gives you a 

total of 7.2V 450MA output 

$5.25 PER PACK 

CDS LIGHT CONTROL 
SWITCH KIT 

High Sensitivity Darlington Circuit operated 

with a 9V D C. supply to control lights or use 

1 for burglar alarm, shooting game, visitor 

butter. product counting. flash light slave 

unit or automatic dont opener and many 

more The paten 
tiUmeter is to ad 

just the sensitivity 
and the relay in 

the circuit can 

handle up to 200 

S4.50 ea. kit watt: 

WE FOUND THE CASE FOR THE FM MIC( 

vin, spi UAL PRICE 2 roe S4 99 

Sub -Mini Size 
CONDENSER MICROPHONE 

$2.50 each 
FET Transistor Budtin 

FLUORESCENT MINT DRIVER KIT 
12V OC POWERED 
Lights up 8^-15 Wart 

Fluorescent Light Tubes 
Ideal for camper. outdoor 

Auto or Boat 

Kit includes high voltage coil, power transistor, heat sink, all 

other electronic pans and PC Board. light tube not Included' 

WITH CASE ONLY $6.50 PER KIT 

5 AMP 5VDC 
3 Terminals 

positive Voltage Regulator 
Hard to find! Fairchild 
78HO5To -3 Package, Input 
8.5 - 20V DC Output +5V 
DC SAMP Load Regula- 
tion 1 °%o. 

Only $8.75 ea 

TEXTOOL 40 PINS D.I.P. 
ZERO INSERTION TEST SOCKET 

810.50 EACH 
MODEL 888 R 

BATTERY POWERED 
FLUORESCENT LANTERN 

FEATURES 
ercuiry nesAine,f Ini Dperai or nAn 
nenr h,gn power *'an n transolor 

wh, 
ám 

ni 
,lan 

a 

sown,. k i even the bat erwpua 
drops 111,n ,ow ear 
9' 6w c., dav',ghl 

y 

be B 1 UM1 i < D^rlircy 
Eros .0,g door i ano, b arte, 
Se,n w,de any. n 
c ea,,o'^raro 

I.C. TEST CLIPS 

EECO THUMBWHEEL 
SWITCHES 

BCD OUTPUT 0 -9 

-,------- 
10 positions 

il3 digits with 
end and each 
digit section 
Is detatchable 

3 Digits 
only $5.00 

Sub Mini Size 
PANEL METER 

u 
ONLY V $1 20 ea 

HARD TO FIND!! 
12V 4PDT RELAY 

3 Amp Contact 
$3.50 Each 

IMILe TRANSFORMERS 

5/50EA 
seSoEA 
S850EA 
Seso EA 
St8oEA 
SIBOEA 
S125EA 

AC POWER SUPPLY 

Type Transformer 

A S2 75 EA 
.s S2 10 EA 

PROFESSIONAL PANEL METERS 

fi 

I 

A. 0-50UA 8.50 ea 

B. 0J0VDC 8.50 ea 

C. 0-50VDC 8.50 ea 

D. 03ADC 9.00 ea 

E.0-100VDC 9.00 ea 

TypeMU52E 
All meters white face with 
black scales. Plastic cover 

HEAVY DUTY 
CLIP LEADS 

MINI -SIZED I.C. 
AM RADIO 

Size smaller than a boo of matches! 
Receives all AM stations 

Batteries and ear phone included 

Only $10.50 

NUMERIC AND HEXADECIMAL 

411007 
LED DISPLAY 

41* WITH LOGIC 

,l HP 5082 - 
7300 

4 x 7 Dot Matrix 0.4" Digit 
With On Board Decoder/ 

Driver and Memory. 
TTL Compatible 
BCD Input 

SPECIAL $9.90 Each 

GIANT SIZE VU METER 
1MA movement 3 1/2" scale length. 
Scale in VU -20db to +3db. Meter 

ace 51/8" s 2 3/8" with a "smoke" 
Iplastic cover. 

SPECIAL 

$8.50 
E ach 

PUSH-BUTTON SWITCH 
ru Open Contact 

Color Red, White. Blue, 
Green, Black. 3/51.00 

N /Close also 
Available 50. ea. 

LARGE OTY AVAILABLE 

SOLID STATE ELECTRONIC BUZZER 

52. -75 Per Pair 

MINIMUM ORDER StO.00 Cabf orme rsidnts aaa 6% Was tac and 1v'. ,n,oping 
Out of add 15% of total purchase for alrreprng charges, out of USA and O,nn add 25% of total wreha . 5 /79 

e 

SEND CHECK OR MONEY ORDER TO 

FORMULA INTERNATIONAL INC. ¡ 
l4 i '2603 CRENSHAW BOULEVARD HAWTHORNE, CALIFORNIA 90250 

For more informatory please call (213) 973.1921, (213) 6795162 0 
8aaasaf U STORE HOURS 10.7 Monday Saturday aiAO 

SEND $1.00 FOR DETAILED CATALOG Ea' tp 

SI so earn 

mastro c tran 
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SUBSCRIBE AND $AVE! 
"YOUR OWN COMPUTER"- SPECIAL SECTION 

THE MAGAZINE FOR NEW IORAS IN ELECTRONICS 

AUDIO TEST STATION 
5 in 1 instrument you'll Iure tom 
STRING SYNTHESIZER 
Play it like a piano 

PLAY METAL TAPE 
With this new cassette deck 

LCD DMM'S 
New wave of test 

"YOUR OWN 
COMPUTER" 
* Buying a system 
*CRT Terminals 
* Floppys 

* Printers 

1d,ili;, 

Get every 
exciting issue, 
every month, and 
save dollars, too. 
News! New ideas! Excite- 
ment! It's happening every 
day in electronics, the most 
exciting, fastest -growing 
field in the world. So make 
sure you get every idea - 
packed issue of the world's 
best electronics maga- 
zine - Radio - Electronics. 
You get projects to build, 
test reports on new equip- 
ment, servicing tips, com- 

puter technology, and 
more. You find all the news, 
all the features, and you 
find them first in Radio - 
Electronics. Plus, you get 
specialized columns in ev- 
ery issue: Computer Cor- 
ner, Hi -Fi Lab Test Reports 
by Len Feldman, Jack 
Darr's Service Clinic, Hob- 
by Corner, and the State - 
of- Solid- State, all written 
by experts, the outstanding 
authorities in the field. 

Don't miss a single issue. 
Have Radio -Electronics de- 
livered to your door, every 
month. Subscribe to Radio - 
Electronics today, and be 
assured of getting your 

copy of each issue before it 
runs out on the news- 
stands. Save money too. 
When you choose one of 
the subscription offers 
listed on the coupon below 
you can save up to $14.50 
off the newsstand price of 
Radio -Electronics. You save 
time, you save money, and 
you get the most inter- 
esting, most exciting and 
authoritative reporting of 
electronics news you'll find 
in any magazine. Pick the 
plan you like best, and use 
the coupon right now to 
make sure you get all of the 
best -every issue of Radio - 
Electronics -every month. 

Mail to: Radio -Electronics SUBSCRIPTION DEPT., P.O. BOX 2520, BOULDER, COLO. 80322 

Save almost 1/2 off the newsstand. 
Indicate the offer you prefer: 

[] 1 Year -12 issues ONLY $7.77 
(Save $7.23 on newsstand or $2.21 off 
basic subscription price.) 

2 Years -24 issues ONLY $15.50 
(Save $14.50 on newsstand or $3.50 off 
basic subscription price.) 

(please print) 
Name 

Address 

City State Zip Code 

4059 
Payment enclosed Bill me 
Check here if this is a new subscription. 
Check here if you are extending or renewing your 
subscription. 

Extra Shipping: Canada $3.00 per year, all other countries $5.00 per year. 



BRAND NEW! 
JUST RELEASED 
1979 IC MASTER 

2500 pages 
Complete integrated cucu 
data selector. Master gold, 
to the latest I.C.'s Includln : 

microprocessors and 
consumer circuits. 

Free Quarterly Updates $39.95 

Texas Instruments 
Low Profile Sockets 
Finest Quality Socket available in the 
world. Nobody can match Texas Inst- 
ruments quality -a unique combina- 
tion of I.C. technology and multi - 
metal expertise. 

Over one million pieces in stock 

Contacts Price Contacts Price 
8 PIN .08 22 PIN .22 

14 PIN .12 24 PIN .24 
16 PIN .14 28 PIN .28 
18 PIN .18 40 PIN .40 
20 PIN .20 

GENERAL INSTRUMENT 
1 Amp Rectifiers (Epoxy) 1.5 Amp Single Phase 

Price Silicon Bridge Rectifiers 
Price 

.34 

.39 

Part No. 
1N4001 
1N4002 
1N4002 
1N40C4 
1N4005 
SN 4006 

1 N4007 

50V 
100V 
200V 
400V 
600V 
800V 

1000V 

.029 Part No. 

.039 WO6M 

.045 WO8M 

.049 

.055 

.065 
.07 

600V 
800V 

D 
SWITCHING 

DIODES 

Parr No Price 

1N914 (100V 4NS) 027 
1N4148 (100V 4NS) 027 

L.E.D. LAMPS 
LED209 T -1 3mm Red .09 
LED211 T -1 3mm Green .14 
LED212 T -1 3mm Yellow .13 

LED220 T-1-3/4 5mm Red .11 
LED222 T-1-3/4 5mm Green .15 
LED224 T-1-3/4 5mm Yellow .14 

MAJOR MANUFACTURER 

LINEAR I.C.'S 
LM324N .49 
LM339N .49 
LM555N-8 .29 
LM556N-14 .59 
LM723CN .34 
LM723CH .39 
LM741CH 37 
LM741CN-8 .24 
LM 1458N-8 39 

Quad Op Amp 
Quad Comparator 
Timer 
Dual Timer 
Voltage Regulator 
Voltage Regulator 
Op Amp 
Op Amp 
Dual Op Amp 

VOLTAGE REGULATORS 
UNIT 

PART NO. PRICE 

LM323K $4.95 

78H05KC $S.75 

DESCRIPTION 

3 Amp 5 Volt Regulator 

5 Amp 5 Volt Positive Regulator 
T03 

78000C Series .79 Positive Voltage Regulators 
TO 220 /LM340T IPtasticl t Amp 5.6.8, 12.15. 18, 

24 Volts 

78MOOHC Sexes 51.50 Positive Voltage Regulator 
TO-5/LM34OH 1/2 Amp 5.6.8. 12.15. 18.24 Volts 

7800KC Series $1.60 Positive Voltage Regulator 1 Amp 
TO.3 / LM340K 5.6.8, 12. 15. 18, 24 Volts 

78LOOAWC Series .29 Positive Vollage Regulator 100 MA 
T092 26.5.62.8.2, 12. 15 Volts 

79000C Senes $1.10 Negative Voltage Regulator 
T0.220 / LM320T 1 Amp 5.6.8. 12. 15. 18.24 Volts 

79MOOHC Series 51.50 Negative Voltage Regulator 
TO- 5/ LM32OH 1/2 Amp 5.6.8. 12. 15.20. 24 Volts 

7900KC Serres 5i.95 Negative Voltage Regulator 
TO 3 / LM32OK 1 Amp 5.6, 8. 12. 15. 18.24 Volts 

78MGT2C 51.25 Dual In Line Adjustable 4 Terminal 
Positive Voltage Regulator 

78GUI 10.220 $1.45 1 Amp Adjustable POSdrve Vnuac' 
Regulator 

Switching Regulator -;ts.toPr $2.50 

r. All new major manufacturer prod- 
uction material offered. 

Largest variety of device types 
available anywhere. L 

MICROPROCESSOR 
CHIPS 
CPU's 

Part No Prit 
8080A )9 :5.50 
6800 X7.95 
INTERFACE 

SUPPORT CIRCUITS 
Part No Prica Part No. Price 

8212 1.98 8255 5.95 
8214)9( 3.95 8257 9.95 
8216 1.93 8259 14.95 
8224 2.75 
8226 1.98 6810 3.50 
8228 4.75 6820 3.95 
8238 4.75 6821 N 3.95 
8251) T 4.95 6850 4.95 
8253 14.95 6852 » 4.95 

r-_ Zilog 

Z80 -CPU $1360 
Z80A-CPU $1620 

280-PIO $10 90 
Z80AP1O $13 10 

Z80CTC 
Z80A-CTC 

Z80-DMA 

Z80-SIOIO 
Z80A-S10(0 

Z80-SIO/1 
280A SIO11 

$10 90 
$13 10 

$32 20 

$45 00 
$50 00 

$45 00 
$50 00 

MOS Static RAM's 
Part No. Price 

2102LFPC $1.19 
1K 35ONS (Low Power) 

2102.1 PC $.99 
1K 45ONS 

2114 $7.50 
4K(1Kx4)300NS 

2114 $6.50 
4K OK x 4) 45ONS 

MOS Dynamic RAM's 
Part No. Price 

4K 4027 $2.95 
4K (4K x 1) 300NS 16 PIN 

416 -3 $9.95 
200NS 

416.5 $7.95 
300N5 

UART's 

1 

Part No. Price 

AY5.1013A $4.95 
AY3.1015 $5.95 

1K CMOS RAM 
Part No. Price 
5101 $4.95 

45ONS (Low Power) 

5101 $3.95 
800NS 

4E1ew 
Sales COI'Fl. 

P.O. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701 
Over the counter sales. 
12 Mercer Rd. , Natick. Mass 01760 
Behind Lyres on Rle. 9 

Telephone Orders 8 Enquires 16171879 0077 

IN CANADA 3 LOCATIONS 

5651 FERRIER ST. 4800 DUFFERIN ST 
MONTREAL, QUEBEC DOWNSVIEW. ONTARIO 
H4P2K5 M3H 559 
Tel (514) 735.6/12S Tel. 141616611115 

MINIMUM ORDER 510.00 ADD $2.00 TO 
COVER POSTAGE E HANDLING 

Foreign customers please remit payment on on 
international bank draft or Intematlonal postal 
money order In Amedcan dollars 

BAXTER CENTRE 
1050 BAXTER ROAD 
OTTAWA. ONTARIO 
K2C 3P2 
Tel' (6131820.9471 

VISA 

CMOS I.C.'S 
;140x4.1BE ,/ CD4042BE 59 CD4515BE 5195 
D4001BE 17 CD4043BE 57 CD4516BE 69 

040028E 17 CD4044BE 55 CD4518BE 79 

; D4006BE 87 CD4046BE 99 C045198E 47 

C04007BE 17 C040498E 33 C045208E 69 
, 040088E 75 CD4050BE 33 CD4522BE 99 

04009BE 39 CD4051BE 54 Cp452613E 99 
04010BE 39 CD405213E 54 C04527BE S109 

, 04011BE 17 C04053BE 54 C04528BE 69 
04012BE 17 CD4060BE 99 CD45718E 74 

D4017BE 32 CD40668E a D4532BE 5119 
040148E 73 CD4068BE 21 C04539BE 99 

, D4015BE 69 CD40698E 21 D4555BE 
s169 

0401613E 35 CD40706E 29 
04017BE 62 CD4071BE 21 C04556BE 65 

. 040188E 69 CD4072BE 21 ^04581BE 5225 
040195E 39 CD40738E 21 CD4582BE 79 

040208E 69 CD4075BE 21 CD4584BE 60 

CD4021BE 69 CD4076BE 79 C04585BE 90 

CD4022BE 69 CD4077BE 25 40014PC 59 

CD4023BE 17 CD4078BE 21 40085PC SI 10 

CD4024BE 49 CD4081BE 21 40097PC r. 

CD4025BE 17 C0408213E 21 40098PC ' 

CD4026BE S1 39 cD4085BE 69 40160PC - - 

CD4027BE 39 CD4086BE 69 40161PC . 

CD4028BE 57 C040938E 40 40162PC - 

CD4029BE 74 CD4104BE 5225 40163PC ^ 
CD4030BE 35 CD4502BE 85 40174PC -' 
CD4037BE S145 CD4508BE 5225 40175PC . 

CD4074BE 5225 CD4510BE 88 40192PC S' 
CD4035BE 64 CD4511BE 99 40193PC S' 

CD4040BE 74 a0194PC CD4512BE 59 S' 
CD4041RF -4 CD4514BE c' °` 4n'agvr 
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rforated Boards NOT INCLUDED w /100 Series 

jr. 
MINI -WINK NEON FLASHER. Random 

h pattern. Interesting displays. 6 neon 
ps. AC operated. 

$2.95 
A (103 w/PCB) 4.60 
B (103 w/PCB,CASE) 6.85 

KITS KITS KITS 
NEW ... PRE -DRILLED PCB's FOR ALL 100 SERIES KITS 

10 ELECTRONIC WHOOPER SIREN. Power - 
I wailing sound. Dual oscillator circuit. Use 
th any alarm circuit. Battery not included. 
0 $4.95 
OA (110 w /PCB) 6 50 
OB (110 w /PCB,CASE) 9 60 

i ii 
- 

7 TUNABLE ELECTRONIC ORGAN. Tunable 
note scale. Play sing -a -long favorites. Bat- 
ty not included. 
7 $6.95 
7A (117 w /PCB) 8.90 
7B (117 w /PCB,CASE) 12.00 

olv 

120 SIREN /CODE OSCILLATOR. Loud, pierc- 
ing alarm. Practice Morse code. Battery not 
included. 
120 $4.20 
120A (120 w /PCB) 5 55 
120B (120 w /PCB,CASE) 8 65 

VARIABLE STROBE LIGHT. Great for p 

and photography. Variable flash rate. 
ated. 

$9. 
t (104 w/PCB) 14. 
1(104 w/PCB,CASE) 19. 

ar- 
AC 

95 
20 
70 

Perforated Boards NOT INCLUDED w/100 Series 

109 AUTO /HOME BURGLAR 
ALARM. Use with car horn or 
models 110 or 124 sirens. Latch- 
ing circuit. Battery not included. 
109 $2.25 
109A (109 w /PCB) 3 40 
1098 (109 w /PCB. CASE) 5 00 

114 AUDIO AMPLIFIER. High 
sensitivity. high gain, use as in- 
tercom, PA amp, phone pick -up 
and others. push -pull output. Bat- 
tery not included. 
114 $6.35 
114A(114 w /PCB) 8 90 
114B (114 w /PCB. CASE) 12.00 

102 6/9 VOLT SUPPLY. 100mA. Battery eliminator, dual 
range output switch, neon pilot lamp. AC operated 
102 $3.95 
102A (102 w /PCB) 5 30 
102B (102 w /PCB, CASE) 7 25 

119 MOTOR SPEED CONTROL. 
Adjust motor speed to suit applica- 
tion. SCR controlled, use as light 
dimmer. AC operated. 
119 $3.95 
119A (119 w /PCB) 5 50 
1198 (119 w /PCB, CASE) .. 7.75 

v w 
26 PROGRAMMABLE DOORBELL. Ad 
ble rate and pitch for 15 musical notes. 
avorite tunes. 6 IC's. Uses existing tr 
Drmer and switch. 
26 $1 

26A (126 w /PCB) 2 

26B (126 w /PCB,CASE) 2 

just- 
Play 

ans- 

6.95 
3.70 
920 

123 ELECTRONIC TIMER. Turns 
appliances on and off, adjustable 
control, 2 minutes to 1 hour. 1 IC. 

AC operated. 
123 $8.95 
123A (123 w /PCB) 11.40 
123B (123 w /PCB, CASE) 13.65 

540 BINARY CLOCK. Handcraft tomorrow's timepiece 
today. Watch constantly changing patterns of LED's as 
they display Binary Time. This unique clock project en- 
hances the learning of Digital Logic and the Binary Coding 
System, as well as offering a beautifully styled conversa- 
tion piece. 
10 TTL INTEGRATED CIRCUITS VOLTAGE REGULATOR 

43,000 PULSATING LIGHT PATTERNS FAST, SLOW 
AND HOLD CONTROLS 115VAC 50 or 60Hz. 

$39.95 Complete ®\ . with 80 page 
manual 

536 8- TRANSISTOR AM RADIO. Experience jewel -like 
clarity in sound. The best superheterodyne kit circuit 
available. SEPARATE LOCAL OSCILLATOR for high sensi- 
tivity and excellent selectivity. Unique IF Transformer 
mounting system. 9V battery required (not included). 

$16.45 Complete 
with 88 page 

manual 

DO NOT SEND CASH NO COD ORDER BY PHONE OR MAIL 
CALIF. RESIDENTS ADD 6% SALES TAX. G MINIMUM 

POSTAGE AND 
SEND CHECK OR 

International, Inc. WE PAY POSTAGE AND HANDLING MONEY ORDER TO: 
NADD 

15% OF TOTAL 
COUNTRIES: 

POSTAGE. 1751 McGaw Avenue Deft. 5 Irvine,CA 92714 (714) 540 -5480 

Perforated Boards NOT INCLUDED w /100 Series 

124 WARBLING SIREN. Two -tone oscillating 
siren. Loud and penetrating, 2 IC's. For auto- 
mobile or other 12 volt systems. 

124 $5.65 
124A (124 w /PCB) 7 10 
124B(124w /PCB,CASE) 10.20 

105 FISH CALLER. Clicking sound imitates 
distressed fish. Adjustable speed. Battery 
not included. 
105 $2.95 
105A (105 w /PCB) 4.10 
105B (105 w /PCB,CASE) 5.70 

107 COLOR ORGAN CONTROL - 3 CHAN- 
NEL. Over 200W per channel. Separate sensi- 
tivity control. Hi- mid -lo frequency response. 
AC operated. 
107 $9.20 
107A(107 w /PCB) 11.85 
107B(107 w /PCB,CASE) 14.95 

Col& 
118 TV SCRAMBLER. Tunable to all VHF sta- 
tions. 30 foot range. Battery not included. 
118 $1.95 
118A (118 w /PCB) 2.90 
118B (118 w /PCB,CASE) 4.50 

122 COMPUTER SOUND EFFECTS GENERA- 
TOR. Produces weird, spacey sounds. 4 IC's. 
Control tone, rate and blip or glide. Battery not 
included. 
122 $14.95 
122A (122 w /PCB) 19.40 
1228 (122 w /PCB,CASE) . 24.90 

We accept: Olk 
VISA, 

MAMBA AVM 
we.,rne 

MASTER CHARGE BANKAMERICARD, 

Write to us for 
New Product Info 
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,'ll DIGI -KEY 
CORPORATION 

Quality Electronic (: ponent. 

To« -800-346-51444: 
FREEMN., AK., Hl. RESIDENTS 218-681.6674 

DON'T FORGET OUR 
DISCOUNTS WHEN COMPARING PRICES 

INTEGRATED CIRCUITS 
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MA0010 
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CLOCK 
MODULES 

IS4 13x 
166 1300 

11 600 
11 650 
95 140 

14 n 
ú1 áP 

'i. WATT RESISTOR ASSORTMENTS 
011 

Ì.0y 

15225 

59.90 

S9.90 

WATT RESISTORS ASSORTMENTS 

RSI 50 

RS710 
- r 

S9.90 

$9.90 

S3 WATT TEMER 0500(5 SILICON MOMS 
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M ßß° 
552 Summit Rve. 

Westfield, N.J. 07090 
(201) 654 -6008 

111 

74H04 - 20 
7427 - 18 
7429 - 29 
7432 - 20 
7437 - 20 
7438 - 15 
74H38 - 20 

7422 - 30 
7445 - 50 
7447 - 35 
7451 - 16 

74H53 - 20 
7474 - 25 
7482 - 50 
7492 - 35 
74145 - 40 
74151 - 50 
74180 - 50 
74193 - 60 
8235 - 50 
8266 - 20 
8563 - 50 
8815 - 25 
75324 - 75 

LSI 

1CM 7107 DMM chip 51500 
MM 5369 5295 

1C90 Prescaler chip 51600 
Radio -TV Communications 

LINEAR Its 
ECG Replacement Series 

ECG 708/1 00 ECG 741/1 00 
ECG 709/ 90 ECG 742/1 70 
ECG 712/ 90 ECG 743/150 
ECG 713/1 25 ECG 780/1 50 
ECG 714/1 05 ECG 783/1 15 
ECG 715 /1 05 ECG 788/1 50 
ECG 721/1 30 ECG 790/ 95 
ECG 722/1 00 ECG 791/1 50 
ECG 723/180 ECG 801/1 50 
ECG 731/150 ECG 804 /1 65 
ECG 732/175 ECG 807/1 25 
ECG 736/1 50 ECG 815/1 00 
ECG 737/1 30 ECG 818/1 55 
ECG 738/170 ECG 982/155 
ECG 739/1 70 ECG 1061/200 
ECG 740/1 30 ECG 1062/2 00 

DEALER DISCOUNT- 15`,$25 orders thscategory 

lir lM 371 - LM 380 
MONTHLY SPECIAL lir 
2i200 5/400 

DARLINGTON ARRAYS 
ULN 2001 ULN2003 
ULN 2002 ULN2004 

51 75 each any 4 for S5 00 

Voltage Regulators 
b05 7805T 78121 79051 79121 51 25 each 

MOTION DETECTORS 

(specs includedi 
$3 00 

3_, x 2 x 1'i case with mtng taus Sc C, 

RESISTOR ASSORTMENT 
includes - -W pre-Iormed leads 

20 popular values. 1000 pcs /5500 

CAPACITOR ASSORTMENT 
wide range of ceramics 500 pcs /55 00 

OPERATIONAL AMPLIFIERS 
UA 741's -525 

DISPLAYS 
Jumbo Reds - 10/51 00. 100/59 00 

25 pack assorted - S3 00 
5 7 seg FND 500 501.503.507 510 -51 00 eacr 

BRIDGES 
t',Amp/ 50. 6Amp /52 00. 25Amp /$1 50 

IC SOCKETS 
8 pin/ 15. 14 pin/ 16 16 pin/ 18. 18 pin/ 25 

24 pin/ 35. 28 pin/ 40. 40 pin / 50 

MOLEX PINS (1 pm /strip( 
500 for S4 00 

1.000 for S6 00 

REED SWITCH 
10151 00 

IN 4001's (Comp. Grade). 15/61.00 

CONDENSER MIKE -S150 
10.5 Case TRANSISTOR SOCKETS. 5/51 00 

9V RADIO BATTERIES. 5/5300 
6 3V. 12 Amp Transformer - Si 25 

Self Adhesive Rubber Bumpers - 25 for S1 00 

AUDIO CABLE. 24. 2 conductor $1 00/100 It 

HARDWARE 
4-40x .', : screws -1.000 pcs asst /S350 
6 -320'. 'r '> screws -1 000 pcs asst /S4 00 

ELECTROLYTICS 
100 uf 10V/ 25 470 uf 10V/ 25 3200 uf 25V/ 50 

'ems MICRO -MART accepts Visa. MC and telephone CODS Foreign orders 55000 minimum plus 
"pping -US funds only Orders under 51000 include $2 00 for shipping /handling All components 
,,aranteed or money refunded Immediate shipping N J residents add 5°. sales tax 

MICRO-MART 552 SUMMIT AVE., WESTFIELD. N 07090 12011 654.6008 
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7400 77T 

7470 .16 

7404 .10 

741. .19 

7410 .18 
7412 .25 

7413 .40 

7416 .25 

7420 .20 

7425 .28 

7426 .28 

7427 .25 

7430 .20 

7437 .24 

743e .24 

7440 .20 
7445 .75 

7451 .20 

7454 .20 

7474 .35 

7475 .49 

7483 .58 

7485 .78 

7486 .35 
7489 1.80 

7490 .43 

7492 .42 

7493 .42 

7495 .65 

74107 .35 

74123 .49 
74141 .78 

74151 .58 

74155 .75 

74160 .86 

74165 .86 

74175 .75 

74197 .75 

74181 1.85 
74195 .65 

Mise 771 
74504 .35 
74805 .35 
74950 .35 

749153 1.35 
749181 2,75 

P1103A 
1024 X 1 Dynamic 
RAM 42C 

w5 

(Si 

2708 
1024X8EPRM 

250ns$ 8.50 

74S201 * * 
256 Static RAM 

$1.95 50/19 

ULN2001 
High -current Drivers. 
Darlingtons 75C 

MC1458P .,. 
Dual Op-Amp 

24C 

6e9t'o 555 
TIMER 

28C 

8038C 
VCO Waveform Gen 
w /sine 99c 

oí1 0 82S115 

uBaAn 
1213300 .7e 

L93019 .35 

T)7058 .60 

u1306a/A 1.50 

Ix3078/9 .35 

W3089 .95 

I1430930 1.25 

U43109 1.10 

183119 .85 

1.1:32075 1.25 

114320712 1.25 

1M4320715 1.25 

1113229 1.75 

12432330 5.75 

1/134015 1.25 

ur34o712 1.25 

1;:340715 1.2S 

134556 .80 

11666 1.65 

IY.7119/r1 .39 

L97219 .55 

í47258 1.75 

u:7339 .95 

Ux7419/8 .3'- 

1974711 .7e 
1x7499 .85 

t1U900 .46 

78805 6.95 
sG4S_1 1.95 

7AA95I57003 
2:522225 5/1.00 
2923077 5/1.00 
293055 .85 

213904 5/1.00 
293906 5/1.00 
2:14401 5/1.00 
294403 5 /1.00 
x1,'62955 1.20 

1:7E3055 1.00 

0I00E8 

1'1014 15 /1.00 

174003 12/1.00 

512 X8 PROM sons 194005 10/1.00 
194007 10/1.00 

194148 15/1.00 $ 4.75 

COMPUTER 
College-Anaheim, 

COMPONENTS 
South 

Visa- MasterCharge 
Check or M.O 
No COD (714) 937 -0641 

Minimum Order -10.00 
Add 1.00 for Frt. 
Cal. Res. add 6% 
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YOUR ATTENTION PLEASE! 
ANNOUNCING OUR SPRING SALE 

with big $$ savings for you on : «PRfC,SION equipment 
Reg. $655.00 Our Price $555.95 Reg. $255.00 Our Price 5215.00 Reg. $1099 Our Price 5933.95 

Oual -Trace 10 MHz Triggered 5 Scope 5Mltr Solid State 3" Oscilloscope Dual -Trace 5" 30MH2 Triggered Scope 

MODEL MODEL 

1471B 
broted 

cnr lo - 5SEcccn, 
Sweep to 

200nSEC 
cm with 50 magni- 
ficallon 

Front panel X -Y 
oDoration 

Check most digital logic- 
al circuitry. 

Includes probes 

+ßa7 5 Our Price $85.00 
7 -1 2 Digit Portable OMM 

fully overload protected 

High - Low power ohms for in- 
clrcuit accuracy 

Auto zeroing 

DC accuracy 1% typical 

1403A 

For pro- 
duction llnea, 
schools, field 
service work. 
hobbyists 

Ultra- compact 
and light- 
weight. goes 
anywhere) 

Vertical sensitivity of 10mV.-dlvision. 
Z -axis input for intensity modulation 

riç 5 -ë-. Our Price S156.95 
Industrial Transistor restes 

with HI LO Drive 
Works in- circuit 
Identifies all Three transistor 

leads 
Automatic NPN.PHP determina- 

tion 
Tests 

diodes, 
SCR's. 
FET's. 

and 
Darlingtons,' 

Reg 5130 Our Price $109.95 
Portable Digital Capacitaos* Meta 

Measures from O.1pF to 1 Farad 
10 ronges for accuracy and reso- 

lution 
4 digit LEO display 
0.5% accuracy 

MODEL 

1474 
Triggers on 

signals up to 50 
MHz 

5mV cm ver- 
tical sensitivity 

Checks most 
digital logic dr- 
culfry. 

Built -in high - 
and low -pass 
filters 11111/111111111011111.1111111.1. 

20 calibrated sweeps - 0.2 MS,cm - 0.5 S,cm 
Algebraic addition and subtraction 
Probes included 

Reg S'85 Our Price $156.50 
3.1 Dépit !ab Mulb'zaeter 

Selectable Hl LO ohms function 
Large. 7- segment digits 
DC accuracy. 0.5% 
Automatic polarity 
Full overload protection 
100% overrange 
Test leads supplied 

Reg $480 Our Price $405.95 
5 Iá.620 Idelz Propusiese Gown., 

Gate time from 10ms to 10 sec- 
onds 

Full period measurement capa- 
bility 

50 mV input sensitivity al 
520MHz 

(TCXO) 

MODEL 2800 MODEL 5208 ..., waii MODEL 820 1 MODEL 283 

ED LIEBLING & CO, INC., 1673 Chapin Ave., N. Merrick, New York 11566 
We invite you to Call or Write for Discount Prices on Hickock, Leader, Eico, and NLS. 

Call toll free 800 -645 -4727 N.Y. State call (516) 735.3331 
Ask for Larry or Ed for Super Discounts VISA MASTERCHARGE ACCEPTED 
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CUSTOMERS THE WORLD OVER ARE CLAMORING FOR OUR GIANT 

"THE FAT" MALLORY AA 

MERCURY BATTERY \ 
C,E 

oJs. 

PENNY ARCADE 
SUCCESSFUL? ... YOU BET IT IS! 

Ilu rcr, n, 51.110r, nye khI 
12 Same height e. AA Lut 5 

3" DIA. giving excellent AA 
b.lrlute w ith extra power 

Factory Fresh 
Cat. No. 920UNI79 

$ 1.49 
2 tor $1.50 

"BEEM -O- LIGHT" LASER DIODES 

$599 

2 for $6 

).AND 54 .i.l N type 
Designed In Hetero ;unction 
Coat structure. for PULSE 
mode opertion Rated u 5.9 
%Ott% Wavelength 9114 n 

. approt Typ Forward V 

peak': 1 2V. Max For Cur 40 
A SIZE 25" 7 w" 

Cat. No. 92C U311OI 

HOy TO ORDER 
rann9. 

1.r. abbg numbr. 
Irpo n. IM 

or4n-! 
M mapcb 

GIANT 

"INCHER" 

READOUT 

To be exact un of an Inch. 
COMMON CATHODE. direct 
replacement for Lilronic 747. 
Left d «Im.l. 5V A 5 mile per 
segment Red 
at. N.. 9SCUS327 

ORIy $2.99 i 
2 for $3 

FANTASTIC? YOU BET IT IS! LOOK WHAT YOU GET FOR 1 c MORE! 
100 RED BLOCH DISC CAPS. asserted vlu.. SOS mN.rlel 1690 

SO SHOCKLIS DIODE{, moot popular switching died.. lobby .1072A 
{ OPTO.000PLER. 1100V Isolation. leOe m.torlal. U -lost ,3420* 
*CHERRY MICRO SWITCH, 123 VAC, SSA. N.C. topa E113. acreor terminals 5525 
S SPIT PUSHBUTTON MOM SES, rt. angle. pc ml. an.e, ,5433 
25 TTL'. with 7400'. U.test, dips 2410*1 
30 RADIO AND TV 'MOSS, asst styles, sixes 217, 

SO TUBULAR CAPACITOR5...I. volta and sins 1210) 
BS LOW NOISE RESISTOR{ N, NW, MIFR, etc 2201 
NI POWER RESISTOR{, 3, 5. 7.. esl.i, pap aic.. ¡2341 
025 SURPRISE. all kinds of parts In pah 204 
12 PANEL SWITCHES. rotary. slide. toggle. etc ,245) 
10 COILS AND CHORES, rt. uc. ií..5,,247) 
GO TERMINAL {TRIPS. up to 4 alder lug. 234 
00 PRECISION RESISTORS. NW. 1%, .tel i161 
SO MICA CAPACITOR{. l .Ille '3731 
10 SITS OC PLUG{ AND JACKS. 1402) 
S O DISC CAPACITORS. oast values lens leads (.427) 
20 TRANSISTON ELECTRO'S. t up and es 1.401) 
7S.HALF RATTERS. resistors. color ood.4. wet 1.4141 
35 SILVER MICA{, rod ..l.i. .t. 1453) 
4.PUSN BUTTON, SPIT. PANEL. M.C. 125V l A 5205 
100 IAN DIODES. x1.1 Nods. u teat 1.642 
100.1TABISTONS. Regulter. ...In. and as . Axial... yield 1.31401 
100 PRINTED CIRCUIT N WATT RESISTORS. a..t ( 10001 
12 TRANSI SION SOCKETS. .t non and pep typos (Ill) 
50 -3 AMP SILICON RICTIFIERO...1I..ast V1.NI51 
so CAPS, Haatle este, orce. 1 

101E12 bulbs. far 110x.. projects. kobpy, Ne (.1 
10 PROXIMITY REED SWITCHES 1204) 
{ 2M01S UHF TO.I {TNANSI {TORS 14251 ä MOLEX CONNECTONS. nyien. asst. el.. 1.18141 
{CALCULATOR AC ADAPTOR JACK. slan4.,4Mrea4 3termlNaie 1.23181 
50 ONE AMP !EMIR DIODES. ..1. Iti. A tat 1.1864) 
U -PA -263 THREE WATT PC BOARDS. ter m. 1.10131 
4 MINI MOTORS. 1 N VDC. for many hobby pe$oet I. Mil) 
NI- 1.4000 RECTIFIERS, .t to 11009,,1N1 (.20941 
20_ UPRIGHT ILECTROS. aat'd eloea 4 eapaItanee.13224 *1 

1 UHF TUMEN. .alts x1.1. Irae 25271.. 
S ITS A SNAP. 9 VDC SATcllo, rod n black lead 12002) 
51400 VOLT "RED BALL" RECTIFIERS...lt 1 AMP 1.21001 
20 1.4149 SWITCHING DIODES. 4n.c..(.i .10001 
{ 10 AMP QUADRACS. . /trigger diode up SOOV 30201 
5 MICRO SWITCHES. push, as.t loo.. . 3011. 
40 SQUARE DISC STYLE CHOKES. wrier ceded 3203 
30 TRANSISTORS 7091 2114400 arN., u test l 3211, 

1 FORMERS, audio, ('Mn. etc m1.11..331101 
15 PRINTED COT TRIMMER POTS. est values, .to 1.3240) 
7.203055 MO10Y M1 ISTONI. TO .3 03771, 
10. NP 30 WATT TO lITONS. Lobby 37721 
SO TUBE SOCKETS, 4, S. 0. 7 pin tub., ..1 , ää) 
1.10 AMP POWER TAB OUADRAC. 200 PRY. 70220. 2/td88er (.11861 
10-BULLET RECTIFIERS, 1.5 m.. 2000. nit .M, 
H.NEADOUTS. MAN 3. common cosh. LED. Ms claw. RED 0.3231) 
11 -LIDS. ..t. tin and shapes. rod, gran. y.11o., Amber 13108) 
PHOTO FLASH ELECT... CAP, 400 MF " 3405I.ä971 
!'CIRCUIT .01u 1a1..11, rate " 1 amp 11400) 
MICRO MINI TOGGLE SPOT, 2 pos. en..H. 1250 , 1 amps ' 3120; 
S SLIDE VOLUME CONTROLS. a1. el popular valu., for HIP1.1.231U, 
IS COAX LED.. Ingle lead. pin head style, Color : Re 17141 
40 TIRMINAL STRIPS. loran Woo I.. up. Solder type. 304334 
40 CERAMIC CAPS. incl. / PO' s. nog. cool. N750'.at.r.lpoe..10801 
10 TV /FM SPLICERS. ter 300 elm shielded twin lead. Bakelite. 11111471 
I0.1OV , 4004...1911. M..eaa,D4041 

1 29 200for 1.30 
1.19 100 for 1.30 
1 25 12 tor 1.30 
1.21 01or 1.30 
t 29 10 for 1.30 
l 29 50 for 1.30 
125 60 for 1.30 
1 29 1201or 1.30 
1 29 110 for 1.20 
1 29 100 ter 1.30 
129 2for 1.30 
1 20 24 for 1.30 
1 29 120 for 1.30 
1 29 120 for 1.30 
1 29 120 for 1.30 
1 29 100 for 1.30 
l 29 20 tor 1.30 
l 29 120for 1.30 
129 AO for 1.30 
1 29 ISO for 1.30 
I29 70 for 1.30 
/ 29 U for 1.30 
1 29 100 for 1.30 
t 19 200for 1.30 
119 200 for 1.30 
1 29 24for 1.30 
1 29 100 for 1.30 
1 29 100for 1.30 
121 10 for 1.30 
1 21 2010, 1.30 
1 29 11 for 1.30 
1 29 GO for 1.30 
l 29 12 for 1.30 
1 29 100 for 1.30 
1 19 10for 1.30 
1 It 12 for 1.30 
1 20 100100 1.20 
1 29 40for 1.30 
1 29 2for 1.30 
l 29 11for 1.30 
1 29 I6 for 1.30 
119 40 for 1.30 
1 29 13 for 1.30 
l 19 10for 1.30 
129 90 fer 1.30 
1 25 60 for 1.30 
125 12 for 1.30 
1 29 äler 1.20 
1 20 14 for 1.30 
1 29 20 for 1.30 
1 29 IOOfor 1.30 
1 20 210, 1.30 
1 20 2010r 1.30 
1 21 121or 1.30 
119 16for 1.30 
1 21 2for 1.30 
1 29 for 1.30 
1 29 2for 1.30 
1.29 10for 1.30 
I » 30I0r 1.30 
1 29 120 for 1.30 

1 29 120 for 1.30 
1 29 20for 1.30 
1 29 2010, 1sä 

"CRIMP -ON" 
PL -259 2for $1.29 

COAX PLUG 

k Easy p - der ng' 
, Hate.:. - 

59 C 
920/0505 

4 for 
$1.30 

LEDS: 
Ord., by Cat. N. 

YOUR CHOICE SI.r SI 20 
It SALE 121 , OI 30 

170 MICHO RID 

Am 

1442 10 1110* STUNS, 

]1002 
MICRO lISCI1 PO OID 

í11i 100100 RIDyl 

1 

30 0H10 OREEN 
MICRO IID 

2700 ¡ANUO NID CItAI 

¡'1 
,_I 

Z. 12.1.60 LAMP AND SOCR[T SET, 2004x. 12 style 13100I 
`. I0.1ICA PHONO IACOI. chassis meant. INIe. base 1.11191 

IS- THERMISTOHS, asst. . Nyl... i volt.. 1.2044) 
4 -S -DIGIT 7- SEGMENT READOUTS. In not pak .001.1181111 
4 -,u- BLOCK TRIM POTS. SR 2520 

LT 1 "rOTO.FET" N CHANNEL. C,.tal.1.. 1.1de Meet Trr.INNe. (Iiso) 
I. VOLTAGE REGULATOR, T0ä2...., 12V 60011* (.1000) 
1.3 DIGITS ON A DIP, LED, rat. DL' 33 ' 15471 
3- MMS2H2 20 DYNAMIC RAM. HClfy typo 3410) 
1422711 HIGH SPEED SWITCHING TRANSISTORS. TOI0, ow (.33741 
2.10W HI POWER TRANSISTORS. 220V. npn. TONI (.3717) 
424 PIN IC SOCKETS 2110 
1- MMS312 DIGITAL CLOCK CHIP. 100, - 1525 
2.MMS72S 4 FUNCTION CALCULATOR Colle IOW% :2056 
1 -MM PROM. 100% 3459 
3.10 AMP 2SV BRIDGE RECT. come .tt1 , 2447 
10.253545 NF TRANSISTORS, 70100. 215133 r 3372 
4-LINEANSWITCHING TRANSISTORS. 28200{. pop, TOS 3375 
00.2 AMP CYLINDRICAL RECT. upte III, ...test 4006. 
HOPENFACE READOUTS. LED. red..em seg.ml..ing most;, dlrI 3952! 
10.252222 'or equiv.,. TOTS metal coax '.1042 
10- SWITCHES, SPOT. 1 amp norm open 135k -5521) 

ISTOR RADIO EANHONES. 0 ohm. Imp. 2040 
IOFLUORISCENT OVERFLOW READOUT TUBES. . /Lads ,32881 
2- ALUMINUM HEAT SINKS. for TO'220 5335. 
1.255001 WV TRANSISTORS STUD '2000 
3 MICROPROCESSOR /SUPPORT CHIPS, asst. MMO710.00 oar, 24.2004n (.8830*).... 1.29 

' / CLOCK /CALCULATOR CHIPS. t. MM1375. 75. 0737 810.1.1538A/ 1 21 
25 OTl FAIRCHILD IC'.. Woo and flip flops. Dip. 100% (.37091 1 M 

LL 1.24 VOLT SO MIL. TRANSFORMER, 11511 Input. ogle. frame, l" I" 214" (.1531) .. 1.20 
0 10.2N3704 IS TORS. silicon. TON2 u.., ht.- 3001003 (.0430) 1 21 

10253703 TRASSIOTORS. silicon. TO -O2 case. 019150. 1015 (.881) 1 29 
10033021 STOPS. I.. power. 111... 14940. Taa 1.0527) 1 21 

0 1 POT, 106. 2.1 4 watts. t.e -I. 2" W".1001 (41741) 1 34 
NI ASST. RED LEDS. 20% or better, various styles n4 types (06241 1 34 
100.E. POW IS TORS. D49N1.12. em. OIL T0.2201.14291 1 34 

7. 2.' BLOCK TRIM POTS. 2000 .2030 1 20 
' 1 12VDC {MIL REED . spat. N.O. 2200 ohms. 7/9 "S /1{" S/IO "I.5111)....1.29 

SO TEMP. COEFFICIENT VO REF. 010010. .t. 001. *50% 1.1147, 1 34 
12 SKINNY TRIM POTS. PRECISION. sst. style.. vat. SOS elId ,.5äO: 1 20 

- 1109c PRECUT, PRETINNED WIRE. vrleu. lone. e el.0s 1.1971) 1 20 
{O.MINI RESISTORS, I., PC app;. vert. 1/1101.014, oml." 1.2235) 120 
20 NYLON GEARS. hL.uUb. N. Ilan I. 3444) 1 21 
10. S6 POTS. audio . plead...epl, mounting 1.01241 1 34 
10 1112 MEG DUAL POT3.041,110.,. 0 'YpoIn" mat (.1121 1 34 

,: So- I AMP . swishy asst. of vd,,, 1.1114) 1 34 
12. SCR's TRIACS. 10 AMP. .a. hrn. (.3047) 121 
3.OUADRACS, 10 AMP. 100% prime. 50.100.200 V. TO-3201.11048 1 34 
20.MINI RECTIFIERS. IN AMPS, 25V. .....11 1.13741 1 34 
10.1114007 1000V MINI RECTIFIER. tp..y case. alai lees 12383) 1 20 
TS MOLEX CONNECTOR Typo M19344. molt. 14ío 40 pin sockets ( 1401) 129 
SO IF TRANSFORMERS. asst aiae I.3M9) 1 29 
10.T.V. CHISTES CORD JACKS ISSlo) 1 

10'1 AMP 2000 MINI RECTIFIER. 1114001. epoxy, .I.11.23711 1 - 1.5V SILVER OXIDE WATCH IE5, spoc1171 NW. IS. IS, 32. 101.120 l 5003) I 
11-LCD WATCH READOUTS. 391" dlu1t 7.5. 410 IN I" 1.00051 1 

20-IC DICE CHIP. comHO circuitry. mt. sizes (00 1 

10- INHT8UMIST KNOBS. asst. style and colors, M "skeet 1011311 l 
MIKE MOLDERS. for CB's and other mood ryas 5434) 1 

4 M ELECTROO, style 2.2,4 2111.12011 1 

2- INLINE FUSE HOLDERS. complete 15 amp tow (031 1 

30-4" CABLE TIES, n.'el1. .0110 plastic : 5217) 
{Ogle INK. asst. al .. 505.,1,11.1 (.12491 
2.0.10, 5 %. IOW. STUD .D0.4..'5317) 

1 29 261er 1.30 
120 201.01.ä 
1 21 30 for 1.30 

1 34 91.r l.ä 
129 51.01.ä 
1 29 21or 1.30 
120 2Nr1.ä 
120 21.0l.ä 
121 { for 1.ä 
I29 201.0l.ä 
1 29 *ter 1.30 
1 29 elm 1.30 
1 29 2/er Lä 
121 4brl.ä 
134 21.01.ä 
134 {t.01.04 
1 29 30 for l.ä 
1 29 12 for 1.30 
1 29 1001.0 1.30 
1 28 121.0 1.30 
129 201.01.ä 
l211 20 1.01.ä 
1 34 IS for 1.30 
121 30for1.30 
1 21 4 ter 1.20 
129 21.0I.ä 

{ for 1.20 
12 ter 1.30 
15 ter l.ä 

2 for 1.30 
20 1.r 1.30 
20 1.r 1.34) 
30 tor 1.30 
3t.01.ä 

100%e 1.30 
20 1.0 1.30 

for 1.ä 
21or 1.30 

1001.0 1.30 
24 for 1.30 

1201.0 1.20 
120 for 1.20 
40 10r 1.30 
20 for 1.15 
20 t.01.ä 

100 for 1.30 
2411. 1.30 

Star 1.30 
401or I.ä 
201er 1.20 

1w1.0 1.30 
1001.r 1.20 

34 20 t1.1.ä 
21 2011.1.ä 
21 41er 1.30 
29 111.1.ä 
34 40 for 1.ä 
20 201er 1.30 
21 ator 1.30 
34 lOfer 1.20 
34 4f1.1.ä 

1 21 {Olor 1.20 
134 04 tee l.ä 
129 4f1.1.ä 

STEREO RECEIVER 

PLUS SPEAKERS 

40 CHANNEL 

t $ ' 
CB BOARD 

$ 99 
Only 

2 for $t0 

C1 Mo.92CUS6A0 

. u,f . °r,s 
\F 

% 
1' ,' ' f 

, wo 92[US660 

r 

L 

$ 5999fGr $60.00 

POLY PAKS® 
Term*: Add Poaage Rated: Net 30 
Phone: '617, 245.3828 
Rttall: 16 -18 Del Carmine St. Wakefield. 

P.O. BOX 942 -R5 M,1 

MINIMUM SO. LYNNFIELD, MA inn.31AY 
ORDER: $8 01940 HE PHONED l 

Buy $20 worth of merchandise 
Choose any two $1.29 items FREE. 

J 

1 AMP 20 for 
1000 VOLT $2.49 
MINI RECTIFIERS 

Cat. N.. 82011231113 

40 
for 

$2.50 

25 AMP 

BRIDGE 

PO SALE 2 POR 
10 1.25 1.20 
10 1.95 1.14 
100 3.25 2.20 
180 3.95 2.88 
400 3.15 3.51 
000 4.25 4.34 
S 05 4.90 4.04 

RECTIFIERS 
0.0r N.. la/3 00 

LED 
WATCH 
GUTS P 

Ladies 
C1. Mo. 92CUS115C 

Hen . 
C., Ma 92C11511.0 

s1 49 
2 for Si 50 

CIRCLE 22 ON FREE INFORMATION CARD 



REGULATED 
POWER SUPPLIES 

POWER SYSTEMS N PS1111 
115.230V 50/60 cp. in 51., DC at 35A out 
6 "4 16 % ". 15'4" 26 lbs. shipping weight $55.00 
POWER SYSTEMS I PS1106 
115230V 50/60 cy. in 12v DC at 15A out 
5 ". 16% ". 5" 191bs. shipping weight, $49.00 

I0V PROTECT/ 

4001 
4002 
4006 
4007 
4009 
4010 
4011 
4017 
4013 
4014 
4015 
4016 
401] 

18 4019 
18 4070 
95 4021 
18 4077 
37 4023 
37 4074 
18 4025 
18 4027 
29 4028 
75 4029 
75 4030 
29 4035 

105 4042 

DIODE CLAMPED 
37 4050 35 74C14- 45 
90 4053 1 10 74083 - 1.15 
90 4055 1 25 74C86 40 
90 4066 75 74C93 - 75 
18 4069 - 46 74C151 I 40 

6 74C160 I 05 
8 076 ij 74C161 05 

71 4616 - 95 74C174 106 
80 520 )0 74C1 75 105 
95 74C00 - 22 740197 1 20 
33 14C07 12 14C193 1 20 
91 74C08 - 22 14C901 48 
65 74C10- 77 140907 48 

] 6. ' _9.11 1 70 

75 4071 

71.7741041.0P1010 es SON 
.. 

1144, a..oe NM.I M43arispa S . ' YNCM t ST 
71111 1114. TM, GO. 

IIN44star 

oirl. O. low 
.3 ION SO 

ISS one 

11131 INS 
N30 770 

CRYSTALS 43.44 M. 
2000 MMs 
COCO Wm 
4000M114 
11.000 MMs 
a000 MMa 

10000 MMa 

FLA 
8 

OLOR CODED/ 
430 WIRE 

5 coa75 or mot 4 . /a 
50 cona. ..90 /Der foot 

CTS 206.8 eight positron dip switch $1.60 
CTS 2064 four positio dip switch.. $145 
LIGHT ACTIVATED SCR's to 18. 200 V IA . S.70 

SILICON SOLAR CELLS 
2X" diameter ,4V as 500 ma $4.00 

FND 359 c.c. !" S .60 LED READOUTS 
CS 8024 d.9.r DL-704 C.A. .3" S.75 

C C 8" 0.01. 9 5 95 CIL 7 4 7 C A 6" 01 35 
FND 503 C C 5" 5 85 HP3400.13"CC 51.95 FND 510 C A 5' S 85 HP3405.8"CA 5115 DL 704 3' C C 9 85 

PRINTED CIRCUIT BOARD 
4.1/2 6 -1/1 0 '.E SIDED EPOxv 
BOARD 1/16 I unllChed 
$60 ea. 5/02 60 

7WATTLD65 LASER DIODEIR $895 
2N3820PFE7 
755457 N FET S 4' 
252646 OJT S 45 
ER 900 TRIGGER DIODES 4 51 00 
25 6028 PROG UJ7 , S 

MINIATURE MULTI -TURN TRIM POTS 
100, 1K, 2K, 5K, 10K, 20K, 50K, 
200K 1M ' 2M 5.75 each 3/02.00 

CHARGED COUPLE DEVICES 
CCD 201C 100,100 'mega Sensor .. $95.00 
CCD 2020 100,100 de's Sensor . .0145 00 
VERIPAX PC BOARD $4.00 
This board is 1 /16 "Mnye ended owe, epoxy 
board, 1"65" DRILLED and ETCHED which 
will hold up to 21 .lode 14 pin IC's or 8,16 or LSI 
DIP IC's wdh busses for p war So Poly connector. ector. 

FP 100 PHOTO TRANS .. S.50 
RED, YELLOW, GREEN, or AMBER 

LARGE LED's. 2" 6 /S1 00 
TIL- 118 OPTO-ISOLATOR S .75 
MCT.6 OPTO ISOLATOR S .8O 
1 WATT ZENERS 3.3. 4.7, 5.1. 5.6, 9.1, 

1 0 , 1 2 , 1 5 , 18, or 72V 6 /01.00 
MCM 6571 A 7 x 9 chagdt1 n S 10.75 

UNIVERSAL 464 MEMORY BOARD KIT 
$69.95 

32. 2102.1 luny bu 16 ddra. Ilnn, on 
board decoding for any 4 of 64 papas, standard 
44 pin bon, may be treed with F-8 a KIM 

Silicon Power Rectifiers 
PRV IA 34 12A 504 125A 2404 

loo 06 14 30 80 3 10 500 
200 07 20 35 115 425 5 50 
400 09 15 50 140 6 50 9.50 
600 I I 30 70 1 80 8 50 12.50 
800 15 35 90 7 30 1050 16.50 

1000 20 45 1 10 2 75 1250 2000 
SAD 1024 REDICON 1024 Hape enaIon "Bucket 
13I0d ands regmter. $14.95 

IN 4148 115914) 16 /Sí.00 
.1 of 25v mimic caps 16 /01 00. 05.00 /100 

RS232 DB 25P male $2 95 
CONNECTORS DB 255 female 53.50 

HOODS . S7 50 

REGULATORS 
323K5V3A $5.75 34K12,15 
309K 01.10 or 24 V.. .. 51.10 
723 5 .50 340T -5.8.8, 12 
3207. 15. 18 or 24VS 1.10 

5, 12, 15 78 MG S 1.36 
or 24. , .5 1.10 79 MG $ 1.36 

TRANSISTOR SPECIALS 
2N6233WPN SWITCHING POWER S 1.95 
MRF6004 CO RF Trarlaist., NN $ .76 
253772NPNSTO3 51.00 
251546 PNP GE TO-3 5 .75 
7N4908 PNP S. TO 3 5 1 00 
2745086 PNP Si 00 92 4 0 1 00 
2143137 NPN Si RF $ .66 
253919 NPN Si TO 3 RF S 1 50 
2N1420 NPN Si TO 5 3/S 1.00 
2743767 NPN Sr T066 S 70 
7N2222 NPN Sr T0 18 5 S 1 00 
253055 NPN Sr T0 3 S .50 
253904 NPN Si T0 92 6/S 1.00 
753906 MP Si TO 92 8/S 1.00 
755296 NPN Si TO 220 S 50 
27j563,3109 PNP Si TO 720 S 55 

MGSÄ 
3P 

ÑiÑ Si 
TO 5 

j/S 1.00 

TTL IC SERIES 14.4 - W 

MM - M 

NO} - 1M.n - A 
rap 
7.1 

n - M 
ram n 

740 n "; SO 

+w - u 41 
We II INS 07 

» 
Nn 7417 

a 
- 

Mn 

NM - 41 
Mt/ 7S 
NN 01 

MM N 

NN la 
/477 77 

7038 - 

n 
n 

Moo 10 
ml 10 
.17 aS 

Nos - 4s 

NOS SS 

14111 SS 

14111 47 
N'e7. 
74171 30 
14177 

wm- 
74171- 40 
74134 
74141. 

M1M - I 10 

741110 - 00 

MIM - el 
NIM- 41 

- yNIss- 
NIS, SS 

MIM 
74141 

Ne7 SO 

Mes 
oM 
141. 0 

n 
NI 
NOS M 
No el TS 

14147 11S 

14141 110 
NIP 1 00 
/OW 05 
tala7- 

NIM 
NIP 00 

NIM- t1 
Me7- 
14770 

n ss 
r14sa4- 117 

14341 I 7S 

N>» I n 

DATA CASSETTES 1/2 HR 

14 pin hdars 3751.00 

MM 5387A4 new clock Chip which well dirge ti, 
drive LED's 12/24 hrs., 1 supply & dorm 55.95 

NO. 30 WIRE WRAP WIRE SINGLE 
STRAND 100. $1.40 

ALC. MINIATURE TOGGLE SWITCHES 
MTA 106 SPOT $ .95 
MTA 206 DPOT S l' -i 
MTA 206POPDT CENTER OFF f 1.115 
MSD 206 P -DPDT CENTER OFF 
LEVER SWITCH 3 1. ea 

T.,tn FOB Cambridge. Mass. Send 254 for nur ealanp lean rrn,i O SOLID STATE SALES 
Send Check., Money Ord.,. Transistors and Rectifiers InCiud Ppetaappei Minimum 145 Hampshire St_ Cambridge Mai, P.O. BOX 740 Ortl., fS.Op, COO'502000 

SOME HVI LIE, MASS 02143 TEL 1611/5477053 

Full Wave Bridges m 

Sr 1010 G 10 WATTS. 
5, 1020 G 20 WATTS 

10 ! G 50 WATTS 

DIP SOCKETS 
0 PIN .17 74 PIN .35 

14 PIN .20 2a PIN .40 
16 PIN 22 40 PIN ,AO 

I I PIN ,25 

TANTULUM CAPACITORS 
.22UF 35V 5/51.00 
47UF 35V 5/51 00 
.68UF 35V 5/S1.00 
1UF 35V 5/61.00 
2 2U 20V 5/51.00 
3.3UF 20V 4/$1.00 
4.7UF 15V 5/51.00 

6.BUF 35V 4/5100 
IOUF 10V S 25 
22UF 25V S 40 
15UF 35V 3/51.00 
30UF 6V 5/51.00 
33UF 20V S.40 
47UF 20V 5.35 
68UF 15V 5.60 

4,0 
4.07 
14.113 
NUN 

MAN 

1e 

MUn N 
NseN 

14a 
71M 
.11.41 
WAN 

NUM 
NON 
NON 
NSW :,r 
.6114 
/NJ. 
011,11 
010110 
01.1110 
TOM 
NUN 
146,411 

4.136 
NI/130 
MON 
wIM 

31 

31 

3.1 

14 

i 
le 

37 

31 

77 
Of 

47 
61 

70 
01 

al 
06 

MLMnMAIO 

Nolle 
NOIN 

WON 
14.1113 

14.110 
NNIT. 

MAIN 

/41.1101 
loop 
Nu1M 
NAM 
1.1.104 
74.101 

14.2111 

/61,011 

mane 

nand 
700.31111 

NLMn 
NLSs 
NLUr. - le 
T4wun as 
14wuM 

PA 1A 10A 254 

200 
400 

10 1 10 1 75 

110 160 260 

WE SHIP OVER 95-. 
OF OUR ORDERS THE 

DAY WE RECEIVE THEM 

M ,O1 

LM 30t74S 
04307 
LM 306 
LM 311 
co 316 

324 
LM 339 
LM 356 
Oa 370 
LM 371 
LM 360 
LM 382 
isp86 

OS 37 
M 531 

LM 553 
19 156 
LM 666 
1405401 
560 
SS4 

~7]07 

7335 - 

706 
no 
11104 MC 
)47 
LM 1]IO 
14411 

3630 
6o]6cc 
761 

LFJaOM 

UITS 

25 
30 
15 
15 

1» 
10 

1 10 
70 

I15 

175 
2 50 

50 45 
SS 

7 25 
200 

M 
0 

10- 

3 
36 
.40 

SO 
150 

16 
50 

3990 
as 
20 

CFR 
Associates, Inc. 
Newton, N.H. 03858 

SURPLUS OFFER: 
IBM Selectric PRINTER 

Removed from equipment Features , y servos for graphics. e, 
edge connector pin out drawing 
plus all circuit diagrams These 
t41,ú7 Selectric based dome's 
were pan of an electronic word 
processor system and may 
used as an electronic word 

- typewriter or even 
a nal Features .ndepen 
dent keyboard 

Printer with schematics 6336.00 - 
b rated Supple. Call now to reserve your plmrer Fbce does nor oxhide 
shrpprng 

UNIVERSAL ACTIVE FILTER HYBRID. Idenncal to Nat'l AF-100- ICJ. 
State venatee fate, hybrid w 4 on board op amps. capaclto4. etc 
A complete active filter vim h.pass. bandpass. lopass, and notch outputs. 
Makes sample low disco Mnewa 

v 

a os04la1or EaSiy Iunee with 2 e.t'I 
,eSISIOIS Or pots. Range DC-10kH7 wnh Dala $6.95 ea. 

IIxCL11NVE ORIRIFII 
Audio Comb Facer. Flange, phase delay 101 Creoles Incredible audio effects 
not .vmlable from any Other device of a Mollar nature So unique an 
otter a demo "sound sheet' record 133' -, RPMI to, 99C Its called In 
PIPE. Sounds Irke a variable pope with adjustable r e from a 
wooden pipe to one of delve. Features 10 notch vareS, comb liner response 
10 V P P Input' output levels Ideal for synihevzers, Needs 115 volts 
at 30 mA Includes all components PC board mstrucbons. etc 
Nothing even touches it .I 

The PIPE Kit $99.00 ea. 

G T 1 
R CONNECTORS: Removed equipment 
ot5.rwi5 x Ike new Speclly male or emale ype 

ONLY 32.69 Ea.; 2/35.00 

* * *OPAMPSPECIALS ,t 
NE 531 ',undid 7MN. CA 3401 quad dip 4e M. 
BB 3SOO mmidrp Wes. SG 1438T. TO 99. HiV. Maw. 
CA 310 mrmdrp. B&Moe Woo. LM 733 dip... 36' ... 
HA 911. fast. lo norms, TO-N $3.0.. 
CA 3080 TO 99 56' ea.. 241 00 

Minimum order 310 00 Add 52.00 nor shipping 
MC VISA. b C O D accepted Phone orders ere welcome 

SATISFACTION GUARANTEED 

(603)3885179 
bargains . r CATALOG Sara ,I p 

25. 10 pom p, for íu FREE COP, are gal on our man, list 

CIRCLE 49 ON FREE INFORMATION CARD 

CIRCLE 26 ON FREE INFORMATION CARD 

YOU'RE UNDER SURVEILLANCE!! 

A HOST OF PEOPLE, AGENCIES, AND COMPUTERS 

ARE BUSY SPYING ON YOU AND YOUR BUSINESS 

EVERY DAY, OFTEN ILLEGALLY. . 

HOW TO STOP IT OR DO IT BACK! 

LnJ 

J L 

I I 

PjA 

A Large Format (81/4" a 11' ) Quality Papshck, 240 Paw 

BUGGING 
WIRETAPPING 
TAILING 
OPTICAL AND 
ELECTRONIC SURVEILLANCE 
SURREPTITIOUS ENTRY 
DETECTIVE TECHNIQUES 
WEAPONS 
COUNTERMEASURES 

i'A VIRTUAL ENCYCLOPEDIA ON SURVEILLANCE 
EVERYTHING YOU'VE ALWAYS WANTED TO 

KNOW ABOUT SPYING." - 
PLAYBOY MAGAZINE 

$1195 

With this order 
FREE SHOPLIFTING BOOKLET FOR DETECTIVES -plus other 
Investigative materiabr 

QUIMTRONIX 
Postpaid -P.O. Box 548 -RE 
Seattle, Washington 98111 

CIRCLE 23 ON FREE INFORMATION CARD 
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CIRCLE 32 ON FREE INFORMATION CARD 



ADVANCED 
COMPUTER 

PRODUCTS 
STATIC RAM BOARDS N/ 
S-100 32K uses 2114) }y% 
ASSEMBLED KitM 
450ns 599.00 450ns 539.95 
250ns 699.95 250ns 599.95 
Bare Board 49.95 
Bare Board *181 Dans less men. 99 95 

541001sK (uses 21 14) KIT (exp. to 32K) 
ASSEMBLED 450ns. 279.00 
4501Is. 32500 250n5 299.00 
250ns. 37500 
Bare Board 49.95 
L000$ I 6K 
ASSEMBLED 
450 ns 169.95 KIT 450ns. 
250ns. 189.95 250ns. 

Bare PC Board w /Data 521.95 
Now over 1 year successful field experience 
-Special Offer Buy (4) 8K 450ns. Kits $117.00 

125.95 
14995 

FLOPPY DISK DRIVES 

' VISTA V -80 MINIDISK 
FOR TRS-80 
* 23% More Storage 

Capacity - 40 Tracks 
* Faster Drive - 

Up to 8 Times Faster 
* Shipped Ready to Run 

w/Gble 

2 VISTA V -200 MINI -FLOPPY SYSTEM 
* 204K Byte Capacity * w /CPM, Basic "E" 
* One Single Sided, 

Double Density Drive 
* One Double Density 

Controller w /Case 8 P.S. 

3 VISTA V -250 FLOPPY DISK SYSTEM 
* (2) Shugart 800-R 8" Floppy Disks 
* Controller Card, Cable, 

Case P.S. 
* CPM 8 Basic"E ", 

Instructions 8 Manual 

4. MPI 851.5' 4 ", 40 tracks 279.00 
5 Shugart SA40054 ", 35 tracks 295.00 
6. Slemens/OSI FDD100-8 8" 375.00 
'. Shugart 800/801R 8" 495.00 
3 PERSCI Model 277 Dual 1195.00 

EXPANDORAM MEMORY KITS 
Bank Selecla Ole Uses 4t t 5 or 4118 

200 ns. 
a Write Protect *Power 8VDC, ±16VDC 
* Phantom *Lowest Cost /Bt 
Expando32 Kit (4115) Expendo64 Kit (4116) 

8K $179.00 18K $248.95 
16K $229.00 32K $369.00 
24K $299.00 48K $469.00 
32K $349.00 64K 5565.00 

INS STATIC RAM BOARDS # 
Memory Mapping * Low Power 

a Phantom * Assembled 8 tested 
Recommended by Alphamicrosystems 

250 ns. 450 ns. 
5209.00 5189.00 
5449.00 5399.00 
$799.00 $699.00 

8K Static 
16K Static 
32K Static 

ANADEX PRINTER 
Model DP-8000 compact. impact, parallel or 

®serial. Sprocket feed. 80 cols, 
84 only b.-directional 
New only 5895 00 

VERBATIM' DISKETTES pier 

* 5v." Minidiskettes * Lp10E 

Softsector, 10 Sector, 16 Secta P 10911( 
54.25 Each, 10/39.95 0uP1.E6 * 8" Standard Floppy Disks * 151,.E 

Soh Sector, Hard Sector O 

54.50 Each. 10/41.95 
Add 4.95 for 10 Pack in Deluxe Disk Holder 

APPLE /EXIDY /EXPANDO 
TRS 80 18K- UPGRADE KIT 

* 16K with Jumpers 8 Instructions 
for either Level I or Level II $8995 

* 16K for Apple II Upgrade $89.95 
Special: TRS80 Schematic S 4.95 
Ex nslon Interface Schematic S 4.95 

TRI BO TO S-100 
PET TO S-100 ADAPTER 
Allows Pet/TRS 80 to be interfaced to 
popular S-100 Bus. 
Pet to S -100 Kit $189.95 
Assembled $269.95 
TFS 60 to S -100 HUH 8100 KIt $275.00 
Assembled $355.00 

KEYBOARD ASCII ENCODED 
:m.ne t.me pu,_nase of 
NEW Surplus key- 
boards. From the Singer 
Corporation. The 

O(niuu r r. T keyboard features 128 

s :. ái+k n utiwi:,. ASCII characters in a 63 
075,.../13.11111 - key format. MOS 

encoder circwtry "N" key 
rollover, lighted shift lock. control, escape and 
repeat functions. Ltd Oty SO KEY MI6 

8800 
Is0TO110LA EXO11CI9SR COMPAT1SI1 
9600 MPU Module w/8802 CPU.. ... $495.00 
9801 16 Slot Mother Board 175.00 
9602 Card Cage I I 9 Ratura Rack Mount) ...7500 
9603 8 Slot Mother Board 100.00 
9804 Sw.tchnlode System Power Supply 250.00 
9610 Utility Prototypin9 Board 36 00 
9618 Quad 8K Epran Module 
9620 le Channel Parallel I/O Module 29500 
9822 Senal /Parallel I/O Combo 
9626 8K Steno RAM Module 295.00 
9627 16K Steno 450ns 49500 
9630 Card Extender 68 00 
9640 Multiple Programmable Timer 

124 Timer* 
9650 8 Channel Dude: Sen al PO... 
98703 32/32 I/O Macule 
96702 32 Pam Reed Relay Module 

9900 SARI BOARDS 
9820-0 545 00 9603-0 2700 
9628-0 4500 9600 .... 5600 
9650 -O 45 00 96103 55.00 
96010 50.00 96702 .. 5500 
Also AMI EVK System in Stock 

39500 
39500 
27500 
350 00 

P. O. BOX 17329 

UV "Eprom" Enss 
liiiiMade, Ulls-I ió 
Holds 4 Eprorrr 5 at a time. 
Backed by 45 years 
experience 
Model S-621 '. $219.96 

Professional Industrial Model 

TARBELL FLOPPY INTERFACE 
zed /BDed WOO Coe entx° a lAM CPM 

Assembled for SnApe SALE $5U.00 
Assembled tuner OMAN í26p 95 WI 
Bare 536.96 'Doc Add std 001 

o...+...1 62000 

VIM Double Dense. 540- Controller 
Worn . 

5299 00 
SD Verse 41000y 5159.95 
SA yen. Floppy Aa O 5169 95 

m Tae, Caner. 1/0 161 311500 
UM 1771.01 Floppy Cho S27 95 

BYTE USER 8K EPROM BOARD 
* Power on Jump * Reset Jump 
Assembled 8 Tested $94.95 
Byteuser Kit $64.95 
Bare PC Board $21.95 
$peclsl Offer: Buy 4 kits Only $59 95 each 
MR -8 8K wit K Ram $99.50 
MR-16 16K w/1 K Ram $99.50 
EPM -1 4K 1702 $59.95 
EPM -2 2708 or 2716 Eprom $69.95 

Z- 80/Z- 804/8080 CPU BOARD 
* On board 2708 * 2708 included 1450ns 1 

* Power on lump Or completely socketed 
Assembled and tested 5185.00 
Kit ..5129.95 
Bare PC Board S 34.95 
* For 4MHz Speed Add S15 00 
8080A Kit S 99.95 
8080A Assembled $14995 

5.100 MOTHERBOARD SPECIAL 
8 slot expandable w/9 coon. 
reg S69 55 NOW 552.95 

PGC PROGRAMMABLE 
CHARACTER GENERATOR 
The hottest version of STARWARS available 
from Obiechve Design 
S-100 Compatible 2MHz Kit with object 
code on tarbell or cuts $169.95 

ACOUSTIC COUPLERS 
MODEMS 

(ANDERSON JACOBSON) 

ADAC 242 Refurb Coupler $275.00 
A2422A 300 Baud Coupler $325.00 
AD342 Orig. /Ans. Coupler $398.00 
A.11234 Vedic Comp.1200 Baud $895.00 
A.11255 Vedic Comp. OngJAns $895.00 

D ATA BOOKS COMPUTER BOOKS 
978 C sN.er 49 e5 .nI« MCS 410 MSn..P 7 95 

NSC TTL Dra 3 95 1nw Mcs 40 M50ur 85 
65C L..r 95 AMD 60804 Man., 5 95 
NSC L.er AYp 14o144 11 3 95 MAD 5C.060 D.1.poa 95 
NSCCMOS 395 AMIM03M19D4a 395 
N°CMma, 395 0 MOSL9Dra 95 

t« DMSboW 495 H. Arwo9 DItloo. 4.93 
M MC5 65 Man. 7 50 n UW' dd11r. Der5 3.n 

96511 09e00159 MOORS BALI 

In. 93 Moos Vol 0 11. °i°7M 6 

O 
0l0.10 

66q('11fpp90 7.15 

1 n0prmnnp 7 75 
000 Pm9nmmp 775 
2130 Prop9mmng no 
v. 0 500, Sm MtropaN,a..ra1M 3909 27 50 
Vol . Sonta R. SuppOn D«co /enpr MOP 1150 

o to M1pa Vd MI 1e61 1650 

BALS MM.. C061P9511 ROOKS SAM 

.916 11 
7 

1a1 6 M 
e 91 595 
T01 695 
T91 660 
7.16 696 

0966 1196 T9. e.M 

805mcon°n.w Ewp.qme.. 
615 s 
Bq.20.04 

6 ic 
GasMO L Guo 

peanul 0m9, s 2.2 G..a. Io 

mro O « 
sto0m 

o1w.t470.04 
w.0... 

som 
Comww, 34 

5.5.41. 

Irvine, California 92713 

THE FIRST TO OFFER PRIME PRODUCTS TO THE HOBBYIST 

AT FAIR PRICES NOW LOWERS PRICES EVEN FURTHER' t Proven Quality Factory tested products only, no re -tests 

or fallouts. Guaranteed money back. We stand behind our products 

n 2. Same Day Shipment All prepaid orders with cashiers 

check, money order or charge card will be shipped same day as received 

STATIC RAM NEADOUARTERS SOCKETS 

ww 37 
ww 60 

P.4ww 60 

MICROPROCESSORS 
SISM 

ill 95 
6 95 
895 55 

95 
19 96 

,495 

2495 
4995 
3995 

i 50 
1995 
29 95 
16 
X 95 

501 

240 
2.804 
r9,35501 
26. 
CD1502 

°0WM4MMt 
SALB 966 
eooe 1 

290 4 
rus 5900JL 
caneen 

66024 
126,00 

6602P 
9035 
5755 
87a5 

SUPPORT DEVICES 
66195114.17 00x4a07 1195 

aµM ÿ5',71DM.101000annaw 
246'r. 

469519u^.46441«,01 24 --. 

36611280 0101 : 
3ee1 4,40411 
3562 124o cTC. 
3552414549, 4 
e2o5,>45,3e D.P. 
e20 8bn.0 2 
821 P.a., n 

ere &A ao 
8223 CJO O. 
6224.4 

O 

9' 
u2ea.eDnr. 3v5 

lI295°i C0114°.1o1 V5 

8238 57mCa'. 625 
6 95 aosi 

82530.1T. 19 50 
e253 
6257 D 4 1950 
5275 P'o9 ml ', 90 

0... 6279C9TCae. 7 n 
6219 Prop K6yoa6 95 
6et0.,,2e.6RAM 15 

:2.0.a.,1a 1100°0 

6634,5126Eaa4 '255 
°aso X. r 20 
5552 S4040 40405, 9 95 
ea450+0455050111+n 39n 
6660 Mo.. 9 95 
912 5305to7 
651tA'0049OSC 2595 
687s 525 

u. 66e06Dnwn 
19 95 145611485 

16215cD14amo 2500 
1822 SCO256.49.0 595 
1524COJ75Sam 995 
1552 CD 8 0. 10 10 95 

1664 U9M. tees 
.856Co10) a95 
1657 C01/0 595 
5520 P14 7 50 

6522 MA 925 
5530002 15 Su 
6530003 15 50 
6530004 t 5 50 
5530005 15 50 
3951r5 P.O9Sw. '495 
395318M.4tW'0 i495 

1.24 25.95 100 

2,LO24501 130 1 25 15 

2L02 2501s 1Se t55 15 
2;' 375 355 355 
2112.1 

29ó 2 285 
2101.1 á 2 

211,6..2501s 1295 1095 995 
21141r300n. 6 95 7 95 6 45 
VI 10.04104. 7 50 6 75 4.75 
40U4041 3W19 995 °7s 7 95 
064/40,11 45141m. 150 575 016 
E1.11642001, 975 875 795 
E6tM02 716 726 625 
E44534p4 1250 1150 995 
510,CF 795 795 725 
.00410M20ä 1095 t02! 925 

09,40,41 '095 1025 925 

.sCOiéó .é.16. Ccó 
12 55 

°1é 95iacn10 
25 

95 1 75 1 25 
:25/53415454s. 795 735 725 

..M1r.157406 795 795 725 

.a41a.i54405 795 795 725 
.54964 MRam '355 325 250 
' 5 1:0 *'.5.^ 21 95 

CHARGE COUPLED DEVICES 

S18.95 each (reg. 43.00) 

CRYSTALS eer.rMr Tle TV Oaa 
,MWnp Rt Pnev.nc, .re 

S5e5 6044, S 95 
8.12 495 6'5 95 
3041 585 65536 95 

201241 295 100241 95 
2M7,S2M41 565 13OM41 95 
2 76241 555 1. y 814 95 
35'9545M41 1 SO 160241 95 

09141 95 15 432541 595 
0,9.3.4.N 595 200M41 495 

9/52044/ 5 95 22 1' 53041 5 95 
50N01 495 270M4, 555 
5068e 95 36 06. 595 
, ' 3541 595 480M4, 595 

1000C 1295 

DISPLAYS/oPro/LEDrS 
11 95 T es,e? CALC CLOCKS 

DYNAMIC RAMS 
16.11161614116 Pu11 

Sr . S 4168 
4eKIfeP41 

4050 4K .1 Oa Pm 
4090 4K 1 122 PNi 
4096 40 . 1 1,6 Ant 
2t.40 1 116 PN1 

4027 aK 1 ne R41 

5261 195 1103 
5262 1 55 40091 
5210 95 5905 
5250 9S 6604 
5290 1245 5002 

PROMS 
27Mó 
702. 

170254 
27163V 
27165v 128 
2736 5v 
520340 
52.40 

6534 1 

w'0 
SAY mMa 
625115 512.0 ír9 
52512332.5 
525126256 .4 
525129 255.4 551 
105130 512 

52I IS 

CHARACTER GEN 
2513001 15V1 Upe« 
251300515* Lo.M 
25130DM3 ISM Lao' 
05615571 
60465716 
4046574 
MCMbsr5 

1245 
6995 

695 
35 
95 

.9S 
s 

a ss 
t 55 
4 D5 
95 
95 
50 

760 
393 

90 
49 00 

40 00 
195 
It 9} 

1195 
95 

2.96 
6 250 
250 
350 
350 
290 
257 

950 
toss 

95 
10 75 

1.75 

50 
14 SO 

0NÓ04'CCI. DL 1071CA1 300- R. 
CCI 357 40 

FNO 500/5031CC1 500' R90 
M0507/5101Cy 5009.0 
`ND 800403 CO 500' R. 
MID 807/5101c4 lox Woo 
OH 3061 500. On 
O 95062.77311CN 300 9.0 
9 D00 94. Mm Cat 0502., 
9 060 Ps... D4.9y 400' 
g Din nuawcnt 300- 
1M1003 12V Auto Clec. M00uH 
Sur ma 641003 *13.0 T1r 
6A10024 LED 12 6 Cba' Moo. 

99 
99 
99 
75 
75 
ts 

50 n 
99 

11696 
95 

1095 

NIX SSRAIS 916C9ose 019pA1A 
MP 5062-7340 Ra0 H811040rW , 5 n 
HP 5052.1300 RM Nym,0 14 95 
TIL 3M N,.1e.t */Lppc 895 
n6 306343n2ar*rt9pt 693 
nL309Numo'wrt09t a95 
nL 31' 06.504p5. 12 95 
MAN 20 320 R0 Alco .Num.A 
MAN LOA 270 R. Mpn.NUmrt B 95 

Sa0 O/1OMMA11119 
1E05999 Tr.. CI.A 9185 5/100 
MC7 2 PN.O x578 HPE 250 30V 85 
0025 145010 557e MPE 150. 30V 1 29 

1433 16.0o . po 0 mien 1 75 
MPPaoxsTRPRt Lome M1a4 /152 

ATTENTION KIM USERS 
51145ANa.nmon 10 5.100 125 00./16500 
K1M9 mo KIM Conna 515/an 
01M 6502 S1e BoaN Con.p"M 900 
KIM I 

M MrPOw11M M KaK9t9 
*..1/500 

.am. 
5995 

K K27 n Epo.K Ropr5m01.' .N i 245 00 
KM SOFT*ARE 

PM. peo W W 6.4714112 w'm te n 
M. Epta 000454 ..50 16 93 
Hro M W p 341 Pv *9804111 16 95 
H4e so 540w.i Pp kaorl.l 16 95 
65100e8 05o44141 16 95 
50,044 Aornp.y/055 W MEOa 27 95 
McroW Soo. Ler'ry KooOi 27 95 
757, Sew .1016 Ip6p« tapo 10 95 

COMPUTER SPECIALS 
UST SALII 

i6M.Rpn.' 105500 59900 
t1.P1.D.q'u« 19500 3500 
E..W */320 139500 1155 00 
Ap0e11./16K 119500 1.500 Cc... 0./6K 169500 159500 
TE 1 FT206 il 444 I 499500 399500 
C.aa000 Sy 01 599000 539500 
Comm.. PM 795 00 76500 
50.0010/120 995 00 695 00 
406pmá i:M05000 7ely.4 ó0O 1 

Ce,..or.t P.1 493 00 395 00 
Crn.0.928g1 59500 52500 

UARTS/USRTS MONTHLY IC SPECIALS 
7.6021315v 17,6 395 
.5101315v 12V1 495 

]101441612 15 tau 695 
AYS 10154 '553 ,50i 595 
11/5 6011 ISO ITN 550 

6402 795 
1636.03 e95 
2350 955 

57164noar, ä 2495 
SALO Te14729 9.52 

MUD RATE GEN 
62c14.11 95 
wo's" 

KEYBOARD ENCOGE RS 
405 -2376 
9,51500 
000155 995 
740922 995 
740923 995 

A/D CONVERTERS 
8700 e b'y0 tl]0 
8701 00164.0 22 CC 

9440000 von oras Con. 17 ]5 
875031/2 D. BCD 1395 
1408166Mt 395 
D409LO5 t4, 595 

AC040 595 

0'1360 JTET Mm MA, e 06 
iC67208 St0 0er44. Cam 
C67207 0804410 Con1.dW 

16.40, Y 0 7107 3, 001.2 ILE 
n Tmer 

1CU21, vap RM0c. 
L14390 s41.ry OP 04,00 4m0 
141830 TW Damon, 
curano GM au lt PS. IC 
M1606 PN5 Loci. Leoo FM N«.0 

O 

M1520 AM Rapo 
63625 D. Me 5504 Amo 

593 
1795 
695 

22 n 
4125 

3/1 095 0 
3/100 
1100 
3/1 00 
371 00 

2 50 

2 P.^ww 93 
P4ww 65 

21 m^ OVE t t 5 

4.c4vwu9 

16On 
400 

TEXTOOLZERO 
INSERTION PONCE 
SOCKETS 
16 Mn e 550 24PP" f750 
40 Mn $10 25 

CONNECTORS 
De25P 1.5232, 
08255 11150 
Hood 
Sr */Mood. S4 
22/44 WAN S/l. KIM 
43/0 WM15 SR MOT 

50/1004163 Coo6969,66., 
30100 SIGO Canana N 

fis 
425 
325 

CTS OIPSWITCNES 
5752064 SI 75 575206.5 S1 95 

152045 S175 5752064 5195 

'/J i6o-7 ¡115 C752o6.10 u n 

LIVERMORE !BASIC 

ON ÓSK 
ROM 

14447 ON 00 2^' 
W. PRICE onh 195,Jr.. 

NAKED rCtqARDSALE 
zap CRU lenanl 63.95 
eO.O.CPU 3695 
eK 9510 RAM Rog. 
eKSlantRAM Otl41 

320515,0RAM12t141 
Roo* Caw. M u0 04.051 b n.na . 

so EpOm 121051 
1702 Epom 6an 
2704/271S Epa011'r. .. . 

2106/1716Epo'nM!' 
Nome. Cees 
ACP Rp090 134 
VK;a WOO Roto 

s603tt Rol 5B - 

IGPÉxnMr*Conn 
,0631,04.0414$61 

ti5áúana:éwN6VMC. s. 
99pMp1w6W0MAIC1 2. 
e9aMO6w004"e409 

005121 41t595 i014765.1.0 956 
8/14e9 2/199 NE55, S00 
R. SRSocs«10/100 F356HeFa1 3/199 

'.2]Pran 295 ACM 4505 895 
.1 Rom 

1.055014 Cr 
7414121 

L2917 
87-6/572° 
95í00 

7428 
2/1 99 74r079 31 

3/199 754526 
225 1 N.14 
2 39 51506 

995 55eCN 

31 99 
5/11111 
N159 

WAVEFORM 

BO3Br^-'.r^Gr- 395 
MC4024 VCO 245 
04566VC0 1 75 
352206 run..o^ G.n'a1o 5 25 

FLOPPY DISK I/O 
7 t0t 8 2.mno05, ,795 Fio. 90372 N.c F10 995 

' 8DueTopor 1995 
' 79' D,.4 TOOp, M 96 

TV INTERFACES 
e 50 

TV 1Woo Int.. 8 95 
MtwM« 3500 
1µR MO6.5t 3500 

ATTENTION 
PET USERS 
eETSlyr 5.9.57 

;.0SÓÓ 1'1001,1 n 
P ET Connecta Ka 17.3cm, 
C0 et mmory 4114100' 

CEE 486 40. 
044. VW Pon 
Va.p arm 

10510 V340, 2995 
« P IMu.t ea'. 2995 

95 B.0' isms w1 0901 24 95 

ATTENTION 
APPLE II USERS 
0.OI!I *'ISO í1.50o 
I6K Upgrade Ka TT 95 
Ropy. 0u 0 */IN051* 557 00 
50000 OU it 49500 
Fern.. Can3 
P,1M'C4mlront.P.t.,co-o 59500 

Cnlrro, 4.1 123 -. 
«C«m 77543,0.1 34 

0004 11 Roto 609'0 
Prrw 1/o Cara 
Comt*'000ratro PO Cao 

ÿ6.511A5.m0M' Cass 19 es 
Ric, Rob. C. 249 00 

44.K4101 2. 50 9cnee 1 5905 
D0 Ja*89w 0a. 90. 2500 
At 0242 Coup4' 32500 
I O to n5mm,. 

4 0.40. 189 004/1 
Tremont .0 40 col t n. 

CO 
Low, basmm« 957 

7V CHIPS 
.e t 

tr 
35 m4.30553240.55.4.3.57 .2171 

oa`"°...c°e. 4'9 

r j : 

5/199 " ' 519900 .10 s 1.4n1.ne .0n 
yI 96 ut 0.nr't ar' 5100100.00 25 

1 2.,, .n. 
ATTII TRS SO USERS .- .n pó11 1'.e . 25 « . 

20.40 NI Mn.ory wnr Can Sr 95 C..'lo'4'. 4 ' 
,mo1L9..P1mP/ca1.p.N*n4ee 395 01 O'57 "n'1 aun. '1.'.1n.y 
Du4.795 00.Tm4 t 100.0.50.159000 1- too 
E4c1c Primi tot TRS 410 9995 .4, 1".4' 61 ñ n^'1 0. 157 

C0940m T13S 80 5m30040.K Sra la FN« Peat prong may rah 'pm w+ O'Mr 
10.961 Law w BASIC MC.oS.ton Rommel 4993 .ou 0.05 au0NC1 10 cmrp 

Phone (714) 558 -8813 
TWX 910 595 1565 

CIRCLE 29 ON FREE INFORMATION CARD 

Retail Store Open Mon. - Sat. 
Located at 1310 "B" E. Edinger, 
Santa Ana, CA 92706 

127 



MOTION DETECTING 
OPTOLINEAR I.C. 

Fantastic new development in 12L I.C. tech- 
nology! This is a 14 pin device mounted on a 
P.C. board with all the necessary capacitors and 
lens for a fully functioning motion detector. 
Requires a 3.5 VDC supply a speaker and two 
switches. The device is capable of detecting 
movement for a minimum dist. of 8 ft. and 
sounds whooper alarm and/or flash lite if you 
add a bulb to circuit. The detector works on a 
change of ambient light of +5% or more trig. 
gers the detector. Works within a range of 0.1 
cp to 100 cp. NO external light source is needed. 
Complete with data sheets. See Elementary 
Electronics March /April 1979 on the Cyclops 
pg. 37 
Cat. No. K1137 Wt. 2 oz. 2 for $26 

rt)U'S MAY HE PHUNI /II' 
TERMS: Add Potage 
RATED: Net :111 

PHONE: 1617/ 6317434 9:00 A . to 4.30 P. M. 
MINIMUM ORDER: Pi. 
When ordring, always usa catalog number, 
type no.. the name of the magazine you ara 
ordering from and the month. _ TEK -EL Corp. 

/IN P.O. Box 761 
Marblehead, Mass. 

01945 

$14.95 

J 
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Sf TELLJTE TU 
GET 50 CHANNELS! 

It's all true! No matter where you live 
receive movies. sports. pay television. 
sports Irom a,ound the world! 24.hpur proarammmo' Crystal clear reception' For 

information Sand 17.85. 

SPACECOAST RESEARCH 
Dept. s, P.O. Boa 442, Altamonte Springs, FL 32701 

New 
Te hnol 

gy1 

Don't be a 
heart breaker 

Have regular 
medical check -ups. 

WE'RE FIGHTING FOR YOUR LIFE. 
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any responsibility for errors that may 
appear in the index below. 

Free Information Number Page 

5 Aaron -Gavin Instruments 92 

4 Active Electronics 121 

Advance Electronics 76, 82 -83, 95 

29 Advanced Computer Products 127 

AMC Sales 107 

45 Amelect, Inc. 81 

3 American Antenna Coy. 4 

47 Ampower 128 

2 A P Products, Inc Coy. 3 

43 B & K Precision Dynascan Co 100 

60 Babylon Electronics 116 

Karel Barta 108 

74 Blonder Tongue 33 

Bullet Electronics I IO 

Burdex Security Co 107 

49 C F R Associates 126 

Chaney Electronics 116 

17 Channellock 74 

C I E- Cleveland Institute of 
Electronics 18 -21 

Command Productions 108 

71 Computer Components 124 

6 & 36 Continental Specialties Coy. 2 & 25 

Dage Scientific Instruments 108 

7 Delta Electronics 108 

57 Diamondback Electronics 1 I4 
63 Digi -Key 123 

Digital Research Corporation 114 

41 Edlie Electronics 124 

Edmund Scientific 81 

30 Electronic Book Club (Tab Books) 23 

Electronics & Control Engineer's Book 
Club- McGraw Hill Book Div 88 -91 

Electronic Development Lab 107 

8 Electronic Devices 79 

E M C- Electronic Measurements 26 

38 Electronic Supermarket IIO 
73 Electronic Systems 115 

61.72, 75 Fluke 78, 105 

68 Fordham Radio Supply 109 

Forest Belt's Training Workshop 97 

9 & 10 Formula International 118 & 119 

Fuji -Suet 11I 

G E- General Electric 15 

53 Godbout Electronics 116 

12 Gould 16 

31 Grantham College of Engineering 106 

11 Graymark 122 

100 Heath 12 -13 

100 Heath 28 -31 

Heath 99 & 101 

48 Hickok Electrical Instruments 7 

64 Hobby World 128 

Information Unlimited 107 

Institute of High- Fidelity, Inc 77 

44 International Crystal Mfg. Co. 79 

13 & 14 Jameco Electronics 112 & 113 

32 Jan Crystal 126 

15 Kester Solder 24 

Lakeside Industries 107 

56 Leader 
22 

65 McKay Dymek 116 

37 Meshna 110 

33 Micro Mart 124 

Milico Industries 108 

39 Mobile Training Institute 104 

16 National Camera Supply 106 

National Radio Institute (NRI) Div. of 
McGraw Hill 8 -11 

National Technical Schools 70-73 

NESDA 26 

SI Netronics 32 

18 Ohio Scientific 1 

42 O. K. Machine & Tool 17 

20 onComputing 93 

19 Optoelectronics 69 

69 PacCom 84 

21 PAIA 104 

34 Panasonic 5 

55 Panavise 103 

22 Poly Pales 125 

70 Pratt, Read & Co 114 

58 P T S Electronics 92 

24 Quest 117 

23 Quimtronix 126 

25 Radio Shack 75 

40 Ramsey Electronics 129 

27 Rye Industries 87 

26 Solid State Sales 126 

59 Southwest Technical Products 103 

Spacecoast Research 130 

Speakerlab, Inc. 108 

35 Tek -El Corp. 130 

Texas Instruments 96 

66 Tri-Star 116 

Tri -Tek 108 

Trumbull 108 

54 Ungar -Div. of Eldon Industries 34 

46 Vaco 27 

VIZ Mfg 87 

28 Wersi Electronics 81 

67 Zemco 2 

MOVING? 

Dont miss a 

single copy of 
Radio -Elec- 
tronlcs. Give 
us: 

Six weeks no- 
tice 

Your old ad- 
dress and zip 
code 

Your new ad- 
dress and zip 
code 

name (please 

ATTACH 

LABEL 

HERE 

print) 

zip code 

Electronics 
P.O. BOX 2520, 

COLO. 80322 

address 

City state 

Mall to: Radio- 
SUBSCRIPTION DEPT., 

BOULDER, 



Meet Super Grip Il, the great new test clip 
from A P Products. 

New narrow -nose design makes 
It easy to attach on high -density 
boards. And now you can test ICs 
with only .040" between 
opposing legs. 

The new A P Super Grip Il is, without 
question, the best way there is to trouble- 
shoot DIP ICs. 

You get positive contacts. No inter - 
mittents. No shorts. Ever. 

So it's endlessly useful to you -and it's 

New "duck bill" contacts are flat, 
won't roll off IC leads. 

Open -nose construction enables 
probe at IC leg. 

Pln rows are offset for easy attach- 
ment of probes. 

Contacts are gold -plated phosphor 
bronze. "Contact comb" construc- 
tion separates contacts with 
precision. No shorts. 

Heavy -duty, Industrial -grade springs 
for firm contact pressure -and a 
good grip when pulling ICs. They'll 
keep their spring indefinitely. No 
Intermittents. 

Steel pivot pin. Engineering -grade 
thermoplastic body molded around 
contact pins. Made to last! 

built to stay useful indefinitely. 
Try one. You'll find 8, 14, 16, 16 LSI, 18, 20, 

A P PRODUCTS 
INCORPORATED 
Box 1108 72 Corwin Drive 
Painesville. Ohio 44077 
Tel 216/354 -2101 
TWX 810- 425 -2250 

i 

I 

New button -head pins keep probes 
from sliding off. (Straight pin models 
for logical connections.) 

22, 24, 28, 36 and 40 -pin models at your 
nearby A P store. (Make sure it's your A P 

store.) 
Need the address? Call (toll -free) 800- 

321 -9668. And ask tor our complete A P 

catalog, The Faster and Easier Book. 

Easter and Easier is what we're all about. 
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New, K40 
Grips like 

actually improv 

gnamount: 
grapple, 

s transmission. 

We double guarantee it 
Exclusive K40 Flux Harmonics 
for Greater Transmission. 
The magnetic radiation pattern was designed to 
match the K40 antenna radiation for greater dis- 
tance than the standard K40. See our guarantee. 

The facts: Physics and Physical. 
1. Magnamount is a bigger, stronger magnet -in 

fact it's 8 bigger, stronger, magnets. 
2. It doesn't just hold the K40 antenna, it helps 

it transmit further. 
3. Remember the law of reciprocity. The an- 

tenna that transmits better, receives better. 
4. It provides a flatter, lower SWR because the 

Magnamount is capacitance grounded. 
5. It puts your 5/8 wave K40 antenna securely in 
place in the most advantageous place to work 
against a ground plane -high and free from 
obstruction. That's square in the middle, right 
up on top. 

Exclusive 
Octopole Construction. 

That's eight magnets set in eight 
different directions to give you a 
magnetic seal so complete and 
powerful, your antenna would stay 
up there if you could squeeze 

between two semis passing each other at 180 

miles an hour. That's magnetic octopower. 

* GUARANTEE I 

Placed on the roof of a vehicle; properly tuned, the K40 
Magnamount is guaranteed to transmit a further distance 
than a standard K40 without the Magnamount or you will 

receive a prompt and full refund from your K40 dealer 
who installed and tuned the Magnamount K40 for you. 

* GUARANTEE II 

Materials and workmanship are guaranteed for a full 12 

months. Any part that fails to perform satisfactorily will 

be replaced absolutely free. 

$15.95 buys it. 

K40 Magnamount. 
American Antenna 1945 South Street Elgin, Illinois 60120 

This professional CB equipment available only through Registered K40 Dealers! 
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