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New From Heath 

TWO COMPUTER SYSTEMS' 
For The Hobbyist 
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TV MODULATOR 
Feeds Video Signals 
To Your TV's 
Antenna Terminals 

MAKE PICTURES TALK 
How To Turn 8mm Silent 
Home Movies Into Talkies 
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DIGITAL CLOCK 
Build 10 -Function Unit 
Includes Timer And Alarm 
Simultaneous Display 

ANTIQUE RADIOS 
Get Started Restoring 
And Repairing Today 

.SOS: 

ti C IRision Systems For Your Car * álovie Sound Synchronization * 
' a Tests 0 tonica ST -3535 Tuner ' Hitachi SR -903 Receiver * 
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Micromird is an iicred:bly flexible, 

complete and expandable, hardware/ 
software, genera: purpo computer 
system. Yoi won't cutgrc.w it. 

Hardware inclt.des an 30 key, software - 
definable keyboard: I/O i^terface board, 
6500A -series microprocessor ipowerful 
enough. for 3cvanced zo-nput`.ng), a high - 
detail graphics and rharecter display 
processor, power supply. enclosure 
and connections ns foe LID to 4 tape recorders 
plus TV or monitor. An in_erconnect bus 

permits 15 additional microprocessors, 
parallel processing and vastly increased 
computing power. 

System software-includ:ng ECD's own 
notsoBASIC h gh level language, on 
advanced error -correcting tape cassettes 
-provides e word processing editor, a 

r 

tn. lO pH -41 11b.44IN 4101W ~tow 0014.4 er4044.. 1.1 

(du.et.r rYy= ... 120 .III.r4.t 1. 12. 4.1t..r.- 

4.11114414 44t Ntrl. tlr0trt. 41011Y44 M 20 r 44 
line. se 1/ 44 124 MMMtrt per 11M. 411 t441r4M11 
14 ...1 t1441 

oEa1\0tItr10 
pu ?jam .^ I hit Niter. Y141 e 11. IM .W.r. 
41.04.. .M1 ewer, IMIYItNIIe MttM1.. 

P. r.t.Wttte. M441í N teat. Mt Yr1et, W Mt.11 If 

fie M114e e4t1111e tee tWM It. . 

re 

v 

14 - e 

powerful assembler, a debugger, a file 
system, graphic routines, and peripheral 
handlers. We also include dynamic graphic 
games: Animated Spacewar and Life. 

ECD's standard Micromind µM-65 
supplies 8K bytes of memory. Additional 

32F. byte expansion boards and a mapping 
option give Micromind expandable access 
to 64 Megabytes. Utilizing softwa-e- 
cortrolled I/3 channels Microm nd's 
advanced encoding techniques bad data 
iron ordinary tape recorders at 3.200 
bits per seccnd. 

P'.icromind comes to you ready -to -use, 
factory assembled and filly tested. Among 
microcomputers, it has the largest memory 
capacity anc the fastest storage. You're 
looking at the. work of the finest display 
processor on the marke-. You won't find a 

microcomputer with a more powºrful CPU. 
You won't find a zomputer with a 

,p more flexible keyboard. You won't 
finc anything to 

. touch it at 

1 1_ 0° s987.54. 
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So, quit the kluge scere and key into 
Micromind. You'll be a mein frame per- 
forrrer, with all the comforts of hcme. 
We're not foc ling ...this is the cat's µ! 

EZD CO FS' . 

196 Broadway, Cambridge, Mass. 02139 
(6170 661-44990 

Name 

Address 

City/State Zip 

Fantastic! Check enclosed: $987.54. Shipping paid by ECD 

BankAmericard Master Charge Mass. Resident add 5% Sales Tax 

# Expiration Date 

Signature 
Send me your brochure. 

Actual unretouched photographs. 
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We've just made the impossible... 

a professional 31/2 digit DMM Kit for less than $60. 

MODEL 2000 sabtronics p 
FUNCTION illRANGE 

0On« 10V 1K V 

10,4 1mA 100.1.14 

1Mfl 10K 100fl 10 
I I 

POWER AC VOLT AM OHM 

I I I 

The Sabtronics Model 2000 is an impossible $59.95! 
And that price still includes phenomenal accuracy, range 
and professional features. 

This all -new bench/portable multimeter, reading to 
±1999, has a basic accuracy of 0.1% ± 1 digit, and has 
five functions giving 28 ranges, 100% overrange and 
overload protection. So you know it's no toy! 

Besides, what toys are as automatic as the 2000? With 
automatic over range indication, automatic polarity, 
even automatic zeroing! 

Yet the 2000 is easy to assemble. We send you all the 
parts you need, even the high -impact case. We also send 
you clear, step-by-step assembly instructions. 

So you end up with a professional quality 31/2 digit 
DMM for the unheard-of price of less than $60. From 
Sabtronics, specialists in digital technology. And 
manufacturers of the impossible. 

Order yours today! 

I 1 1 

sabtronics 
P.O. Box 64683 

GUARANTEE: 
Our guarantee to you; examine the 2000 
DMM kit for 10 days. If you're not satisfied, 
return it unassembled for a full refund of 
purchase price. 

SPECIFICATIONS: 
DC volts in 5 ranges: 100µV to 1000V. 
AC volts in 5 ranges: 100µV to 1000V. 
DC current in 6 ranges: 10nA to 2A. 
AC current in 6 ranges: 10nA to 2A. 
Resistance in 6 ranges: 112 to 20Mí2 
Input Impedance: 10Mí2 
Display: 9mm (.36") LED. 
Power requirements: 4.5 VDC to 6.5 VDC 
(4 "C" cells *hot included). 
Size: 8"W x 6.5"D x 3.0"H. 
(203W x 165D x 76H mm). 

INTERNATIONAL INC. INC. 
Dallas, Texas 75206 (214) 369-7310 

r 

VE1A 

' MAX 
2A-11( V 

COMMON 

Made in U.S.A. 

To: Sabtronlcs International, Inc. 
P.O. Box 64683, Dallas, TX 75206 

RE -8 

Please send me Sabtronics Model 2000 DMM kit(s) at 

$59.95 each. subtotal 

Shipping and Handling, $5.00 per unir subtotal 
Texas Resicents Add Sales Tax 

TOTAL enclosed 

Name 

Street Address 

City 

State Zip 

'USA only. Canada, $6.50. All Other Countries, $10.00. 
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NOW PRODUCED IN NEW, LARGE Xcelite FACILITY 

every electronic hand tool 
you'll ever need 

The new, ultra -modern Xcelite manufacturing plant ... the most 
advanced in the world for producing top quality forged tools ... 
is now turning them out in record numbers to meet the ever- 
growing demand for the world's finest family of electronic hand 
tools. And at no-nonsense, competitive prices. 

Employing the latest in manufacturing technology and quality 
controls, with every step in the production process under one roof, 
this new, large facility is continuing evidence that Xcelite ... the 

pioneer that brought you so many innovations in electronic hand tool design ... is also 
the front-runner in production innovations. 

Whatever your needs for electronic product assembly, service, or maintenance, the 
Xcelite line, finest and most diverse available anywhere, offers your best answers ... 
perfectly aligned, hand -honed pliers and cutters, precision -machined screwdrivers and 
nutdrivers, exclusive thin -pattern adjustable wrenches, plus dozens of related tools 
and kits you might require. 

It was no accident that Xcelite long ago earned ... and still holds ... "Preferred Status" 
among electronics professionals. So keep expecting leadership from Xcelite ... and 
see your distributor for today's most wanted hand tools made by tomorrow's 
production methods. 

ffl 
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\, 
Weller-Xcelite Electronics Division 

P.O. Box 728, Apex, North Carolina 27502 

COOPER Cooper Group 
INDUSTRIES 
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Radio -Electronics® 
THE MAGAZINE FOR NEW IDEAS IN ELECTRONICS 

Electronics publishers since 1908 AUGUST 1977 Vol. 48 No. 8 

BUILD ONE 
OF THESE 

33 Build Thls Video Modulator 
One -transistor device with built-in isolation switch permits 
direct connection of composite video signals to the antenna 
terminals of your TV set. by Glen Dash 

36 10 -Function Digital Clock 
Simultaneous readout of time, date, alarm. Includes built-in 
countdown timer. by Jeffrey G. Mazur 

40 Build A Logic Probe For S1 

Easy to build TTL tester can save you hours of troubleshooting 
time. by Alex F. Burr 

COMPUTERS 27 Microcomputer Trainer Equipment Report 
Infinite Systems Model UC-1800 

42 New Hobby Computers From Heath 
Two new machines-one 8080 based, the other an LSI-11; 
make a powerful team. 

TELEVISION 32 Picture Tube Restorer Equipment Report 
Oneida Model 98 

60 Service Clinic 
Double, double, toil and trouble. by Jack Darr 

66 Reader'Questions 
R -E's Service Editor solves reader problems. 

GENERAL 
ELECTRONICS 

4 Looking Ahead 
Tomorrow's news, today. by David Lachenbruch 

45 Pictures That Talk 
How to add sound to a silent, 8mm movie camera. 
by Andrew Jaremko 

52 Automotive Anti -Collision Systems 
Part II. How to make one that works. by Martin B. Weinstein 

58 Restoring Antique Radios 
How to get started with details on where to obtain parts and 
schematics. by Morgan E. McMahon 

70 Hobby Corner 
Homebrew breadboard every experimentor needs. 
by Earl R. Savage 

STEREO 
HIGH-FIDELITY 

54 R -E Lab Tests Optonica Tuner 
AM/FM Stereo Model ST -3535 earns a "very good". 
by Len Feldman 

57 R -E Lab Tests Hitachi Receiver 
Model SR -903 rates "excellent". by Len Feldman 

TEST 
EQUIPMENT 

22 Digital IC Tester Equipment Report 
Heath Model IC -7400 

24 CB Tester Equipment Report 
Hickok Model 388 

49 All About RF Signal Generators 
Part I: R -E looks at how they work, specifications, features 
and applications. by Charles Gilmore 

DEPARTMENTS 88 Advertising Index 

12 Advertising Sales Offices 
14 Letters 

85 Market Center 
6 New 8, Timely 

74 New Products 

ON THE COVER 
Two major new computer sys- 
tems are now available to the 
hobbyist. Teamed with a video 
terminal and a tape reader/ 
punch/duplicator we photo- 
graphed them for this month's 
cover. For full details see the 
complete story starting on 
page 43. 

pV db 

3360 40 11 I I 

2600 -42 NOTE: REF. 2400 pV, -43 48 

2400 43 
2200 -44 

1390 -48 
1100 -50 

880 -52 
V = 10V 

600 -55 
480 -51 V. 5V 
370 -60 

295 -62 

135 -66 
120 -70 

100 -72 VIDEO 
CUBE 

65 -75 
45 
40 

-79 
-80 

RMOD 

20 -86 
18 -87 - V+ - - 
13 -90 

1K 11061 '47K 1 MEG 

8.25K 11.2K 100K 

RMOD. OHMS 

VIDEOCUBE INTERFACES video to RF antenna 
inputs of TV set. One resistor sets RF output 
level. 

. . turn to page 33 

Radio -Electronics, Published monthly by Gernsback 
Publications, Inc., 200 Park Avenue South, New York, 
NY 10003. Phone: 212-777ó400. Second-class postage 
paid at Mew York, NY and additional mailing offices. 
One-year subscription rate: U.S.A., U.S. possessions 
and Canada, $8.75. Pan-American countries, $10.25. 
Other countries, $10.75. Single copies $1.00. J 1977 by 
Gernsback Publications, Inc. All rights reserved. Printed 
in U.S.A. 

Subscription Service: Mall 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 If 
their return is desired should they be rejected. We 
disclaim any responsibility for the loss or damage of 
manuscnpts 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 sale and proper 
functioning of reader -built projects based upon or from plans or Information published In this magazine. 
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looking ahead 

Home computers: The video game will evolve into 
the home computer earlier than expected-later this 
year and early next. The home computer currently is 
a specialized and sophisticated hobbyist product, but 
video game manufacturers hope to convert every 
television set into an electronic brain, and prices 
initially can be expected to be as low as $200 or $300. 

Most of the new home computers presumably will 
begin life as programmable games, but be expandable 
to computer operation, presumably as special programs 
are added. Bally, the pinball machine manufacturer, 
expects to introduce a programmable game later this 
year at under $300, with cartridges $20 each, including 
computer capability. Said a Bally spokesman: The 
game is expandable to do "anything IBM computers 
did a few years ago." Arnold Greenberg, president 
of toy manufacturer Coleco, calls home computers 
"one of the imminent next generations" and says his 
company is "deep into that project." 

APF Electronics plans to introduce a $200 computer 
this year "priced to attract both the consumer and 
the small businessman." Magnavox plans a game - 
computer combination at less than $200 that can "do 
home math problems, take care of tax forms, solve 
financial problems." Magnavox says it's already listed 
1,800 potential home computer applications. 

PCM recording: Pulse code modulation (PCM) tape 
recording has audio professionals excited. One of the 
first such recorders shown in the U.S. was the subject 
of a paper at the recent Audio Engineering Society 
convention in Los Angeles by Mitsubishi. The recorder 
lays down nine parallel tracks on 1/4 -inch tape running 
at 15 ips and records 60 minutes on a 10 -inch reel. 
Here are the specs: Tape -speed variation, none. 
Crosstalk, wow -and -flutter, none. Harmonic distortion, 
0.01%. Frequency response, DC to 20,000 Hz, ±0.5 
dB. Price of the Mitsubishi unit is $3,600. 

If that's a little steep, just wait a while. Sony will 
soon demonstrate a new black box that converts its 
Betamax videocassette recorder into a super -hi-fi PCM 
audio recorder. Specs and price still unknown, but 
it's scheduled to be unveiled for the Japanese market 
next fall-so an American version can't be too far off. 

Direct -dial CB: Texas Instruments' debut in CB 
manufacture consists of two super -deluxe units-one 
mobile, one base station-with a unique direct -dial, 
or selective calling, feature. Either of the new 
transceivers can activate any other individual TI unit 
when the operator punches in a pre -determined five - 
digit number on the pushbutton keyboard, placing or 
receiving calls on any of the 40 CB channels or 80 
SSB channels. Any five -digit number may be chosen 
as a calling number, and there are 8,000,000 -to -1 

odds against any two users selecting the same code 
in a given area. The radios can also be programmed 
to call the five most often -used numbers by pushing 
a single button. The transceivers employ two micro- 
processors. Prices of the units are over $300. 

New picture tubes: RCA, Sylvania and Zenith are 
offering television set manufacturers new picture tubes 
which makes possible the use of the self -converging 
slot -mask in -line -gun principle in the 25 -inch size 
without a reduction in resolution. All three tubes have 
100 -degree deflection, thereby shortening front -to -back 
depth. The gun is a tri-potential type, the third voltage 
adding sharpness and resulting in an electron -beam 
spot size smaller than that of a conventional gun in 
a regular slot -mask tube. If these large tubes achieve 
set manufacturer acceptance, the slot -mask will have 
captured the TV industry across the board in all sizes, 
resulting in easier -to -manufacture sets which require 
fewer critical adjustments. 

New color TV's: Electronic varactor tuning, automatic 
color circuits and energy -saving chassis are the key 
features of the new 1978 color sets. In most cases, 
this year's changes aren't dramatic, but represent a 
continuation of trends that started in some models 
introduced earlier. Here's a rundown on some of the 
recently introduced lines: 

Zenith-Color Sentry automatic color adjustment 
system is now available in every screen size from 13 
to 25 inches, in 49 of its 55 models. Likewise, you 
can find electronic tuning in all screen sizes, and 22 
models have wireless remote control. No major 
innovations-but rather a spread of high -end features 
throughout the line. 

RCA-The power -saving "Xtended Life" chassis, 
first introduced in 19 -inch models (Radio -Electronics, 
June 1977), has now been adapted to all 25 -inch sets, 
resulting in 25% energy savings in the 27.5 -kV XL -100 
sets and 30% in the 29.5 -kV ColorTrek sets. Varactor 
tuning is in all 25 -inch ColorTrek models; only three 25 - 
inch sets lack the ColorTrek automatic color feature. 

Sony-Resting on its laurels this year, with addition 
of only two really new models-a 7.7 -inch battery 
portable color set and a 21 -inch remote -controlled 
varactor-tuned model. Sony's big change came last 
year with the brighter Trinitron Plus tube and the 
addition of electronic tuning to remote models. 

Panasonic-Became the second manufacturer (after 
GE) to introduce a set which automatically adjusts to 
the broadcaster's vertical interval reference (VIR) 
signal to set color and tint. The VIR feature is in one 
19 -inch model. Panasonic also added Color Pilot, its 
own automatic color circuit. Its 25 -inch sets (made 
by Panasonic of Canada) use the new Sylvania 100 - 
degree tri-potential slot -mask tube. 

Sylvania-All the results weren't in at press time, 
but one feature is a new pushbutton -keyboard tuner 
that permits digital random-access tuning of any TV 
channel, accompanied by another series of 
programmable pushbuttons which can be set for the 
viewer's favorite channels for instant recall to bring 
in the channel at a single push of the button. 

Hitachi-Probably America's most elaborate remote 
control is on one 19 -inch set, with 23 pushbuttons 

continued on page 79 
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Power Supplies Oscilloscopes Frequency Counters - -VTVM's and VOM's 
Ham Radio Gear Digital Programmable Color TV Hi -Fi Components 
Electronic Clocks and Weather Instruments Learn -at-home Electronics Courses 
Auto, Fishing, Marine and Aircraft Accessories - nearly 400 kits in all! 

Every Heathkit product comes with a fully - 
illustrated, step-by-step assembly manual that 
tells you everything you need to know to make 
kitbuilding fun and easy. Thousands of people 
have discovered the satisfaction - and savings - of handcrafting a fine piece of electronic 
equipment. You can build it better... let us show 
you how. 

Send rt Cat: log to -ay 
Beath Company, Dept. 020-323, Benton Harbor, Michigan 49022 

- 
Schlurllberger 
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HEATH I - - - - MUM - 
Heath Company, Dept. 020-320 
Benton Harbor, Michigan 49022 

Please rush me my FREE Heathkit Catalog. 
I am not on your mailing list. 
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FREE 
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ADDRESS , 
CITY STATE 
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new se timely 

Fiber-optic phone link now installed 
in England 

Europe's first high -capacity telephone 
link using laser beams over optical fibers 
was demonstrated in Harlow, England, by 
four European companies of ITT. The 
light -carrying fibers run nearly 6 miles 
through normal underground cable ducts 
between telephone exchanges in Hitchin 
and Stevenage, two towns about 26 miles 
north of London. The fibers are contained 
in a cable 7 millimeters (approximately 
inch) in diameter, and can carry nearly 
2,000 simultaneous conversations. 

The 7 -mm diameter optical cable runs 
through normal telephone cable ducting 
between the two towns where post -office 
exchange buildings house the multiplex- 
ing and optical terminal equipment. Two 
repeaters are spaced at 3 -km intervals in 
standard repeater cases in manholes 
along the route. Each repeater point is 
equipped with two regenerators, one for 
each direction of transmission. A total of 
six gallium aluminum arsenide lasers is 
used in the system. 

The optical cable comprises two work- 
ing fibers, a spare fiber, four metal 
conductors (two of which carry the power 
to the repeaters and two of which are 
"order wires" used by technicians) and a 
filler fiber that rounds out the cable. These 
eight cores are grouped round a central 
steel strength member and completely 
sheathed in polyethylene. In spite of its 
novel method of transmission, the new 
system works with standard multichannel 
digital multiplex equipment. 

The new optical telephone link will 
undergo several months of testing with 
speech and test signals, to demonstrate 
the system's ability to handle live tele- 
phone calls, and the suitability for use in 
public telephone networks. 

EIA writes to the President; wants 
action on TV imports 

The Electronic Industries Association, in 
a letter signed by president V. J. Adduci, 
has asked President Carter to give "seri- 
ous and appropriate consideration" to US 
International Trade Commission findings 
that television receiver imports are causing 
injury to the domestic television receiver 
manufacturing industry. Appended was a 
resolution by the EIA Board of Governors 
stating in part: 

"The Board of Governors of the EIA 
supports the findings of import injury to the 
U.S. television receiver manufacturing in- 
dustry announced by the ITC March 8, 
1977; and further: 

"The Board specifically urges the Presi- 
dent of the United States to give immedi- 
ate, serious and appropriate consideration 
to these specific findings of import injury; 
and further 

"The Board of Governors directs the 
President of the Association to pursue this 
matter with the White House in order to 
determine how most effectively to commu- 
nicate the impact of these findings and so 
advise the industry." 

Mobile telephone control head is 
microprocessor controlled 

The new deluxe Motorola Pulsar II 
mobile telephone head features a number 
of significant technological advances over 
conventional units. It offers pushbutton 
dialing, abbreviated dialing, on -hook dial- 
ing and call processing, recall of last 
number dialed, channel review and select, 
channel number display, and illuminated 
dial pad and graphics. The pushbutton 
pad is located on the back of the handset, 
allowing the subscriber to dial a number in 
safety and with one hand. 

9,1414:., 

Abbreviated dialing for up to ten 
numbers is available. The numbers are 
programmed by the subscriber from the 
dial pad and can be changed readily. A 
reference directory on the underside of 
the handset identifies the stored numbers 
and their memory locations. On -hook 
dialing allows a number to be entered 
from the dial pad with the handset in the 
cradle and holds the number in the micro- 
processor. Dialing is initiated when de- 
sired, by pressing the SND button. 

There are three modes of operation: 
Home, Roam and Manual. In the Home 
mode, the receiver scans and selects only 
the channels available in the home city. 
The radio is prevented from locking in on 
a foreign channel. In the Roam mode, the 
subscriber selects the channels for the 
city in which he is operating at the time. 
The Manual mode is used in systems 
where there is no automation. 

New pulse generating method 
produces narrower pulses 

A new approach to pulse generation 
that requires only a permanent magnet, a 
short length of specially treated magnetic 
wire, and a pickup coil, produces narrow 
pulses of 1 volt or more, independent of 
the rate of change of the magnetic field. 
Superficially resembling other types of 
generators that depend on a magnetic 
core with a coil around it, plus an 
increasing or decreasing magnetic field, 
its action is quite different. Instead of a 
steady rise in voltage in the coil as the 
magnetic field increases, there is little or 
no change up to a certain threshold level. 
Then the core (Wiegand wire) goes to full 
magnetic saturation, producing a sharply 
defined pulse of fixed width. 

The effect is based on the discovery by 
John Wiegand that by a combination of 
torsional strain and stretching in the 
manufacturing process, a magnetic wire 
of a homogeneous alloy may be made to 
have a hard "shell" that requires a much 
higher magnetic field to change its direc- 
tion of magnetization than does the soft 
inner core. The practical effect is that an 
increasing magnetic field gives rise-once 
a threshold field strength is reached-to a 
sudden large change of flux, which 
induces a voltage pulse in a pickup coil 
wound around or close to the Wiegand 
wire. 

A typical Wiegand wire could be about 
an inch long and 10 mils (.01) inch in 
diameter. A pickup coil of about 1,000 
turns of No. 38 wire (more or less, 
depending on the application) would 
produce the voltage. Such a wire would 
produce a 1.5 -volt pulse with a width at 
half amplitude of about 20 µsec. For most 
applications a magnetic field of as little as 
100 to 150 oersteds is ample, permitting 
the use of a very small magnet. 

A wide range of applications is possi- 
ble-a large number of devices using 
pulses can be improved by the constant - 
voltage, non -rate -dependent characteris- 
tics of the Wiegand wire. In a rotating 
system-for example-such as a tachom- 
eter or electronic ignition equipment, the 
voltages produced by an ordinary magnet- 
ic pickup varies with speed-with the 
Wiegand wire it is constant at all 
speeds. 

New York Consumer Hi -Fi Show to 
go into new quarters 

The 1977 Consumer Hi -Fi Show, Sep- 
tember 16, 17 and 18, will be held at the 
Sheraton Inn, 42nd Street and Twelfth Ave- 
nue, New York, NY. The new location, 
states show president Charles Ray, offers 
many conveniences, including inside hotel 

continued on page 12 



Punch oút the big sicñal from 60 feet 

Sha s_es tare up with Shalóespáre s B:g Stick. The omni- 
directional fiberglass bwe'station antenna 
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'The Shakespeare Company 1977 

nel band. Illuminating 12 times 
more, capture area -;And sending M the signal enerW diit to the 
horizon irI a.unkju5,,low angle 

radiation pattern . 

This half -Wave coaaial,sleeve antenna 
incorporates exclusive Shakespeare engi- 
neering ín fiberglass to cutrange taller, 
heavier metal antennas under all condi- 
'tións. Withstanding ice and winds up to 

125 MPH with no da_nae to 
reception. And pretuned to a low 
SWR over the 40 channel band 

Move up fór the bíg gain with Shake- 
speare's Big Stick Pretested:Nc ground 
radials. Works anywhere with any length 

Shake- 
r r of cable. Alsc available -n a low cost, 2- 

li or4b 

piece model, Big Stick II 
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The best antenna gong.Andcoming. 
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NRI is the only 
school to train you 
at home on a real 
digital computer. 

.1 

Learn computer design, con- 
struction, maintenance and pro- 
gramming techniques on your 
own programmable digital com- 
puter. 

Qualified technicians are 
urgently needed for careers in 
the exciting new field of digital 
and computer electronics .. 
and the best way to learn digi- 
tal logic and operations is now 
available to you in NRI's Com- 
plete Computer Electronics 
Course. 

This exclusive course trains you 
at home on your own digital 
computer! This is no begin- 

ner's "logic trainer", but a 
complete programmable digital 
computer that contains a 
memory and is fully automatic. 
You build it yourself and use 
it to define and flow -chart a 
program, code your program, 
store your program and data 
in the memory bank. Press. 
the start button and the com- 
puter solves your problem and 

"Z Jr.r:.r 

displays the result instantly. 

The NRI digital computer is one 
of 10 kits you receive in the 
NRI Complete Computer Elec- 
tronics Course. You build and 
use your own TVOM, and 
experiment with NRI's exclusive 
Electronics Lab. You perform 
hundreds of experiments, build- 
ing hundreds of circuits, learn- 
ing organization, operation, 
trouble -shooting and program- 
ming. 

New NRI Memory 
Expansion Kit 
The Model 832 NRI Digital Com- 
puter now comes with a new Mem- 
ory Expansion Kit. Installed and 
checked out in 45 minutes, it dou- 
bles the size of the computer's 
memory, significantly increasing the 
scope and depth of your knowl- 
edge of digital computers and pro- 
gramming. With the large-scale IC's 
you get the only home training in 
machine language programming 
... experience essential to trouble- 
shooting digital computers. 
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NRI offers you five 
TV/Audio Servicing 
Courses 
NRI can train you at home to ser- 
vice Color TV equipment and 
audio systems. You can choose 
from 5 courses, starting with a 

48 -lesson basic course, up to a 
Master Color TV/Audio Course, 
complete with 
designed -for -learning 
25" diagonal solid state 
color TV and a 4 - 

speaker SO" Quadra- 
phonic Audio System. 
NRI gives you both TV 
and Audio servicing for hundreds 
of dollars Jess than the two 
courses as offered by another 
home study school. 

All courses are available with low 
down payment and convenient 
monthly payments. All courses 

provide profes- 
sat,_- -- 

sional tools and 
"Power -On" 
equipment along 
with NRI kits 
engineered for 

training. 
With the 
Master 
Course, 
for 
instance, 
you build 

your own 5" wide -band 
triggered sweep solid 
state oscilloscope, digi- 
tal color TV pattern gen- 
erator, CMOS digital fre- 
quency counter, and 
NRI electronics Discov- 
ery Lab. 

'Trademark of CBS Inc 
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NRI's Complete Communications Course 
includes your own 400 -channel 
VHF transceiver 
NRI's Complete Communications 
Course will train you at home for 

one of the 
ry 

thousands 
of service 

a ; and mainte- 
nance jobs 

, 1, opening in -- CB; AM and 
FM trans- 

mission and reception; TV broad- C 
casting; microwave, teletype, 
radar, mobile, aircraft, and marine 
electronics. The complete pro- 
gram includes 48 lessons, 9 spe- 
cial reference texts, and 10 train- 
ing kits. Included are: your own 
"designed -for -learning" 400 - 
channel VHF transceiver; elec- 
tronics Discovery Lab"; CMOS 
digital frequency counter; and 
more. You also get your all 

important FCC Radio -telephone 
License, or you get your money 
back. 

i 
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CB Specialist Course 
also available 

NRI also 
offers a 37- esson course in CB 

"1411116: 

Servicing with your own CB Transceiver, AC 
power supply, and multimeter. Also included 
are 8 reference texts and 14 coaching units 
to make it easy to get your Commercial 
Radiotelephone FCC License. 

You pay less for NRI training and you 
get more fcr your money. 
NRI employs no salesmen, pays no com- 
missions. We pass the savings on to you 
in reduced tuitions and extras in the way 
of professional equipment, testing instru- 
ments, etc. You can pay more, but you 
can't get better training. 

More than one million students have 
enrolled with NRI in 62 years. 
Mail the insert card and discover for your- 
self why NRI is the recognized leader in 
home training. Do it today and get started 
on that new career. No salesman will call. 

If card is missing write: 

NRI 
NRI SCHOO 
McGraw-Hill Continuing 

fi 
Education Center 

1iÍÍ3939 Wisconsin Avenue 
Washington, D.C. 20016 
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parking plus three large parking fields in 
the immediate vicinity. 

Another advantage is practically "at -the - 
curb" service of three principal bus lines, 
the 42nd St. crosstown, the 34th St. cross- 
town and the 49th/50th St. crosstown. 

The area is at the hub of the new feder- 
ally sponsored Westway and within blocks 
of present access to upper Manhattan and 
other New York City boroughs, to Hudson 
River tunnels and New Jersey bridges, and 
to westward and northbound roads Into 
Westchester County and Connecticut. 
Also, the Circle Line boat pier on the 
Hudson River, is diagonally across from the 
Sheraton. 

National Service Convention in 
Florida, August 16-21 

The National Electronic Service Conven- 
tion, sponsored by the National Electronic 
Service Dealers Association and the NES- 
DA Florida Chapter/Orange County, opens 
Tuesday, August 16, and runs through Sun- 
day, August 21, at the Sheraton Towers 
Hotel, Orlando, FL. Besides the regular 
annual meeting, there will be special social 
and entertainment events, the National 
Business School, the National Technical 
School, a golf tournament, addresses and 
discussions with government and industry 
spokesmen, the annual trade show "The 
Magic Kingdom of Electronics," and many 
other events. 

The $40 registration fee includes admis- 
sion to all meetings, workshops and func- 
tions. The following special fees will be 
charged: A $15 golf tournament fee for 
carts and refreshments; the Profitable Ser- 
vice Management School requires $20 for 
members and $40 for nonmembers; and a 

fee of $10 is required for the Technical 
Schools, including the luncheon. 

Registration will be on Tuesday, August 
15. The rest of the day can be devoted to 
social activities with family, friends or busi- 
ness associates. 

The Profitable Service Management 
School and the Technical School are 
scheduled for Thursday. The PSM School 
features business management, and will 
cover typical business -related problems. 
Attendees will have an opportunity to tell 
how they confronted such problems, and 
will participate in round -table solution -find- 
ing discussions. 

The Technical School (College of Service 
Knowledge) will hold ten simultaneous ses- 
sions to be repeated four times during the 
day. Several subjects will be covered. 
"Servicing CB" will be discussed by Forest 
Belt, and "Fundamentals of Logic Cir- 
cuits," by Ken Parese. The national service 
managers and field representatives of 
Quasar and Sony's Betamax will instruct on 
the special features and peculiarities of 
their products. Precision Tuner Service will 

examine tuner problems. Larry Steckler, 
editor of Radio -Electronics, will address 
the noon luncheon on the subject, "Out- 
look for the Service Business for the Next 
Five Years." 

The special Trade Show on Friday will be 
a top feature of the convention. In addition 
to manufacturers' booths, displaying new 
product lines, service and test equipment, 
there will be 25 booths devoted to NESDA 
projects, troubleshooting contests, ser- 
viceability inspections and "How To" exhi- 
bits. 

A Licensing Seminar is planned for all 
involved in or interested in state or local 
licensing programs. Service dealers and 
technicians will find out how registration 
and licensing work in their areas. 

For further information and details, con- 
tact NESDA, 1715 Expo Lane, Indianapolis, 
IN 46224. 

CB license applications number 
nearly one million per month 

The Federal Communications Commis- 
sion reports that CB license applications 
received during last January numbered 
close to one million, breaking all monthly 
records and approaching the annual record 
of only a few years ago. 

John Sodolski, head of the Communica- 
tions Division of the Electronic Industries 
Association, hailed the addition of 17 new 
channels to the band as "coming just in 
time." These, said Sodolski, provide 
CB'ers with "74% more channel availabil- 
ity than the old 23 channels. Without the 
additional channels, congestion in urban 
areas would have become first annoying, 
then intolerable." 

But even with millions of CB sets being 
added each year, be believes that "almost 
everyone agrees it will take a long time to, 
crowd the additional channels to the same 
extent as the original 23." 

Buyers are getting bargains in 23 - 
channel CB radios 

Many first-time CB purchasers are rush- 
ing to take advantage of the low prices on 
23 -channel CB models, according to John 
Sodolski, staff vice president of the 
Communications Division of the Electron- 
ic Industries Association (EIA). Dealers 
must close out their stocks of 23 -channel 
radios which do not meet the higher stan- 
dards that apply to 40 -channel radios 
before January 1. Therefore some fantas- 
tic bargains are available in the 23 - 
channel models. 

"There's never been a better time to 
buy a new CB radio," says Mr. Sodolski. 
He also notes "a growing demand for the 
new 40 -channel units, particularly in 
urban areas where the lower 23 channels 
have been overloaded." R -E 
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to buy Ungar 

New OSHA® 
#750 Tr ree-W re 
Grounded Handle 
is easy to use, 
lightweight and 
biomechanically 
designed to remain 
cool anc 
comfortable during 
continuous use. 

lisled 

Unique, 
spring -loaded heat 

_ :reflecting ground 
plate eliminates 
electrostatic tip 
potential. 

Heat resistant, 
three -wire, flexible 
cord and NEMA 
plug assure long 
life, easy handling 
and a positive 
grourd from típ to 
plug. 

t 
Ungar 

Ungar's.hew "S," 
and "HP" steel, 
thread -together 
heaters taaer-fit 
firmly into the 
handle and are 
available in several 
wattages and types. 
1. For th-ead-on 
Standard Line tips. _ 

2. Iitegral heater/ tips, 

The new load- 
modulat_c "HP" 
High Performance 
Series Heaters 
resoorid 
automatically to 
temperature 
changes and 
provide :ie capacity 
of such larger irons. 

Dkision of Eldon _ndusiries, In 1 233 East Manvi to / rompton, CA 90220 213 774-5950 

CIRCLE 25 ON FREE INFORMATION CARD 



BITS. BATES 
& BALONEY! 
For all of you non -aficionados of the Computer 
Art.... 
BIT - an electrical signal or logic level (like 
the zero or one of the Binary numbering system) - Motorola's M6800 is an 8 -bit MPU. 

BYTE - a set of eight electrical signals, or 
logic levels (bits) - The M6800 is capable of 
addressing 65,000 bytes of memory. 

BALONEY - the state-of-the-MPU-art that says 
that you must be a trained computer expert to 
use a Microprocessor in a practical manner. 
More and more "individuals" are becoming self- 
styled computer 'experts' at home, with their 
own MPU kits. They are doing things that others 
said, "couldn't be done," (just because they 
forgot to ask). 

NOW'S YOUR CHANCE - for only $235.00 (plus 
$5.00 postage and handling) you can order your 
MOTOROLA M6800 MICROPROCESSOR EVALUA- 
TION DESIGN KIT, directly from Motorola. 

IT'S A COMPLETE KIT - the MEK680002 Kit 
has all the parts necessary to complete the sys- 
tem and get "On The Air," except for the Power 
Supply. It includes: 

o (1) MC6800 Microprocessing Unit 
o (2) MCM6810 - 128 x 8 Static RAMs 

o (2) MC68201 - PIA's 
o (1) MC6830L - Program ROM 

o (1) MC6850L - ACIA 
o (2) Printed Circuit Boards 
o (1) MC6871 - Clock 
o (1) 6 -Digit Seven Segment Display 
o (1) 24 -key Keyboard 

o Complete kit of resistors, capacitors, 
sockets, circuits, etc. All the parts 
necessary to the system, but the Power 
Supply. 

THE M6800 MPU KIT FEATURES 
o 24 -key Keyboard 
o 7 Segment Display 
o Cassette Interface 
o EROM Expandable 
o RAM Expandable 
o Wire Wrap Capability 
o Parallel & Serial 
o Interface Capability 
o Single 5 -Volt Supply Required 
o Layout on Boards 
o Documentation 

IF YOU'RE READY FOR 
A MICROPROCESSOR - THE M6800 IS 
READY FOR YOU! 
Send your order in today 
for one of the most 
powerful MPU Kits on 
the market. Fill in the 
order form below and 
mail it with your check 
to: 
MOTOROLA 

1 (J 11 

1:212:1 

1 

MPU KIT SALES EVALUATION KIT II 
Department RE 
P.O. Box 27605 
Tempe, AZ. 85282 

1=I a 
I have enclosed $235.00 plus $5.00 shipping and 
handling (add applicable state and local taxes) in 
check or money for each MEK6800D2 Micro- 
processor Design Kit II. Please send _ Kit(s). 

NAME 

ADDRESS 

CITY 

STATE ZIP 
Please print clearly - Make checks payable to 
Motorola Inc. 

MOTOROLA 
Semiconductor Products Inc. 
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MICROCOMPUTER WORKSHOP 
For those of your readers that are inter- 

ested, a seminar program will be held in 
September at the Virginia Polytechnic 
Institute and State University, Blacksburg, 
VA. Dr. Peter Rony, Dr. Paul Field and I 

will direct the courses. 
Featured will be two workshops: The 

first, held on September 13 and 14, will be 
based on small-scale amd medium -scale 
TTL integrated circuits. Many hours of lab 
time with individual breadboarding sta- 
tions and in-depth lectures will be 
provided. The second workshop concerns 
itself with microcomputer interfacing, and 
will be held September 15-17. Available 
for participant use will be over 20 oper- 
ating 8080 microcomputers. 

Both workshops will be held at the Insti- 
tute's Extension Center in Reston, VA 
(near Dulles Airport). For more informa- 
tion, write: Dr. Norris Bell, Virginia Poly- 
technic Institute and State University, 
Blacksburg, VA 24061, or call (703) 951- 
6328. 
DAVID G. LARSEN 
Blacksburg, VA 

MORE ON THE LOGIC PROBE 
I built Larry Fort's probe for testing logic 

circuits ("Tone Probe for Testing Digital 
IC's", March 1977 issue) and would like to 
anticipate some letters you may get on the 
specified 100 -ohm speaker. Use any 
speaker. I used an unmarked 4- or 8 -ohm 
speaker, a 100 -ohm resistor and a 25-1LF 
capacitor. If you want to get fussy, replace 
R1, R2 and R6 and R5 with 100K and 500 - 
ohm pots adjusted for optimum perfor- 
mance. They'll run about 70K to 80K and 
350 to 400 ohms. However, I built mine 
with the values specified and only a 
speaker change. Everything worked fine. 
L. G. 
Pompano Beach, FL 

Larry Fort's digital probe can be modi- 
fied to include a volume control as shown 

in the schematic. As a high school physics 
teacher, articles on building digital equip- 
ment are most appreciated. Keep it up! 
PHILIP REHBERGER 
Oshkosh, WI 

NEW FORCE EXPLAINED? 
Peter Lefferts very effectively answered 

some of the easier questions in "A New 
Force Answered" (Letters Column, April 

1977 issue). He did not inform us of a 
permanent magnet that has a magnetic 
field similar to the field around a current 
carrying conductor. 

By using a solder gun and a flexible 
copper wire he correctly points out the AC 
energized copper wire will be pulled 
toward the iron bar or sheet. If he reduces 
the iron bar to an iron wire, such as 
described in "A New Force" (Letters 
Column, Oct. 1976 issue) he could have 
found a new force. If DC is fed to the 
flexible wire the wire would not only be 
pulled to the iron wire but also the copper 
wire would twist so it was at right angles 
to the iron wire. 

More important than either letter, if we 
insert any iron, be it wire, bar, ball or 
sheet, into a magnetic field there is no 
longer a magnetic field beyond the iron. A 
permanent magnet causes a field to 
appear and inserting iron into this field 
causes the field to disappear from a given 
space so we can make magnetic waves. 
We know of no wave phenomena from 
which we can't extract energy. We may 
not have an energy crisis if today's 
magnets are truly permanent or have 
infinite energy and we can make waves by 
inserting and removing iron from the 
magnet's static field. 
JOHN W. ECKLIN 
San Martin, CA 

2650 CORRECTIONS 
With regard to my construction article 

on the 2650 Computer System (Radio - 
Electronics; April, May and June 1977 
issues) I have the following corrections: 

1. In the timing chain and sync gener- 
ator section of the schematic, the center 
pin of IC61-a is hooked to 5 volts rather 
than All. On the same diagram, R9 should 
be labelled as 330 ohms rather than 100. 

2. On the cassette interface diagram, 
there is no connection between IC74 pins 
6 and 1. Also, to improve the cassette's 
reliability, IC25 was changed to a 74132 (a 
Schmitt trigger) and C4 was removed. 
Also, IC73-b was disconnected from pin 
10 of IC76. This allows the removal of C13 
and R20. 

3. On the parts list, IC26 is listed as a 
9344. Its actual part number is 9334, 
which is a bit -selectable output port, not 
the multiplier listed. 

4. The cost of the predrilled and etched 
circuit board is actually $40 instead of 
$30. Also there is a $3 postage fee. 

5. The third paragraph under "Theory of 
Operation" explains how the processor 
and the display share the same RAM. 
Instead of this arrangement, the OPAK pin 
of the processor is grounded, and it is 
allowed access to the display RAM 
anytime. The processor, therefore, has 

continued on page 16 
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The Realistics Mach One isn't just for your ears! 

Multicell midrange horn - 
Provides a true spatial image. 
Smooth 800-8000 Hz response 
for a "live" presence. 

Heavy-duty tweeter horn - 
Delivers crisp and clean highs 
from 8000 to 25,000 Hz. 

Treble, midrange L -pads 
Calibrated controls for precise 
adjustment of response to suit 
room acoustics. 

Oiled walnut veneer 
We make speaker positioning 
easy by including a cabinet with 
the look and feel of fine furniture - so the Mach One looks great 
anywhere! 

105 

Removable grille 
The sturdy grille frame snaps on 

and off for easy access to the 
response controls. 

l 

.4_44._ UN. 1. 
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\ ! 
Massive 

15" woofer 
The acoustic suspension, 
large -excursion cone has 
an effective radiating 
area of over 100 square 
inches-the equivalent of 

a huge air -pump - for 
bass you can feel all the 
way down to 20 Hz. The 
four -layer voice coil is 
wound on á brass form for 
heavy power handling 
capacity-over 100 watts 
peak program material. 

A great loudspeaker doesn't just please your ears. It reproduces deep bass 
with a power and punch your entire body feels . .. it recreates the live 
ambience so accurately that when you close your eyes, you're "on location" in 

that auditorium, concert hall or night spot ... and it delivers top performance 
with both moderate and high-powered amplifiers. If you think we're talking 
about a $400 speaker, you haven't experienced the Mach One. For under 
$200 each*, you get incredible "live theatre" sound from a name you can 
depend on: Realistic. Backed by 56 years in audio design, manufacture, 
sales and service. So bring in your favorite record for a Mach One 
audition, and discover the feel of music. 

SOLD ONLY WHERE YOU SEE THIS SIGN: 

Radie IhaeK 
A TANDY COMPANY FORT WORTH, TEXAS 76107 

OVER 5000 LOCATIONS IN NINE COUNTRIES 

These two credit cards 
honored at most Radio Shacks. 

*Price may vary at individual 
stores and dealers. 



LETTERS 
cominued from page 14 

priority over the display as far as access- 
ing the on -board RAM is concerned. 

6. In the parts placement diagram of the 
article, the lower potentiometer should be 
marked R22 rather than R20. Also, a D8 is 
on the diagram; it should be R18. 

Many thanks to all those readers who 
helped me find these errors. 
JEFFREY ROLOFF 

PROJECT SUGGESTIONS 
I've built some of the projects that 

appeared in Radio -Electronics and found 
them rewarding and useful. However, 
there are some other projects that I'd like 
to see appear that I think would be of 
interest to your readers: 

1. An intercom system that uses the AC 
power line as the carrier and can be 
plugged into any AC receptacle. Although 
there are some similar intercoms availa- 
ble, what I was thinking of is circuitry that 
would enable several apartments or 
homes to use their respective units 
without interference with each other; 

2. A battery charger that could charge 
several battery sizes simultaneously; 

3. A circuit monitoring the AC line that 
would be sensitive to a power failure. 
During a failure, it would automatically 
switch the attached circuit to battery, and 
then back to AC when power was 
restored; 

4. A 6- and 12 -volt battery charger that 
could be adjusted for a specific voltage 
range and left connected all the time. This 
battery could be connected to the 
previous circuit and be used only during 
power failure. 
NORBERT BACTOWSKI 
Los Angeles, CA 

ELECTRONIC JOURNAL 
I have an announcement that should be 

of interest both to you and your readers. 
The Washington D.C. Amateur Computer 
Society has announced publication of the 
first "electronic journal" available via a 
computer link to anyone in the U.S. having 
a computer terminal and a phone coupler. 
No "password" or account number is 
necessary. 

The Journal is published once a month 
on the DEC System -10 of the Catholic 
University of America and is stored in the 
university's computer center as a "free 
access" text file. To get it, dial 202-635- 
5710 for a 110 Baud line, or 202-635-5730 
for a 300 Baud line. 

The DEC System -10 responds with its 
answer tone. Activate your modem, then 
hold down the control key and type a 
"C." The computer should echo an up- 
arrow and a "C." If it doesn't, try doing it 
several times; if nothing happens, perhaps 
the computer is either down for mainte- 
nance or has "crashed" due to some 
problem. Try calling again later. If you get 
the proper echo (the up-arrow and "C"), 
then type "I," followed by a carriage 
return. The system monitor will tell you 

who, what, when and where it is; some- 
thing like this: 

CATHOLIC U. 507B20 19:39:01 TTY60 
SYSTEM 95 

The monitor will then type a period on the 
next line, indicating that you're talking 
with the timesharing monitor and that it's 
waiting for instructions. To get the Jour- 
nal, type "HELP WAGS" followed by a 
carriage return, and the computer will 
proceed to type it out. 

If you're going to read the Journal on a 
TV Typewriter display instead of printing 
on a hardcopy device, just tape the phone 
output so you can replay the Journal 
when you want. You can stop the output 
any time-just type "Control -O" (hold the 
control key down and type "O.") 

In this "electronic mail service," the 
program runs on a timesharing system 
that moves the information stored in a disk 
file to a serial communications port. Since 
the service uses computer time made 
available by the university, it would be a 
good idea not to use it during regular 
business tours-late at night (using 
WATS lines, perhaps) or weekends would 
be preferable. 

You can also get the Journal in printed 
form. It differs from the on-line version 
slightly-if a picture of "Snoopy" is on the 
cover page, it is omitted from the elec- 
tronic version. 
ROBERT JONES, Director 
Washington Amateur Computer Society 
4201 Massachusetts Ave. 
Washington, D.C. 20016 R -E 
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It's RCA's all new 1977 "Top of the Line" SK Series 
Replacement Guide. The most comprehensive list to 
date of transistors, rectifiers, thyristors and integrated 
circuits - 381 RCA types, including 68 brand new, that 
will replace 123,000 domestic or foreign semiconduc- 
tors in entertainment and industrial equipment. The 68 
new types have enabled us to increase our replacement 
capability by over 11,000 additional industry devices. 
You can't afford to be without it.The 1977 Replacement 
Guide is a complete, accurate information source for 
your Solid State replacement needs. The book repre- 
sents thousands of hours of engineering know-how. 
Keep in mind, too, that RCA SK replacement semi- 
conductors measure up to strict AQL standards. 
Get yours now. RCA's SK Replacement Guide. Contact 
your RCA Distributor. Or send $1.50 (check or money 
order) to RCA Distributor and Special Products 
Division, PO Box 85, Runnemede, NJ 08078. 

Rea SK Replacement 
Semiconductors 
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Precision 
$189 

Complete. 

Model 175 on Bench Stand 

\ 'r High performance. 
The Model 175 gives you 32 ranges of measurement 
capability, six functions, 0.1% DCV accuracy guar- 
anteed for a full year, and 100 microvolts resolution. 
You can measure DCV from ±100 microvolts to 
± 1000V, ACV from 100 microvolts to 500V with a 
frequency response of 30Hz to 50kHz, DC Current 
from ±100 nanoAmps to ±2A, AC Current from 100 
nanoAmps to 2A with a frequency response of 30Hz 
to 50kHz, and Resistance from 100 milliohms to 
20 Megohms with two excitation voltages. 

Superb portability. N ,' 

All this performance has been designed into an 
instrument that's remarkably small (13"H x 5'h'1N 
x 31/2'D, 34 cu. in.), light (22 oz.), and rugged. And 
the Model 175 delivers lab accuracy anywhere you 
take it. It operates from an AC line, or rechargeable 
NiCd batteries provide 6 hours of in -spec operation. 
(Both are included in the price, of course.) And the 
175 automatically recharges whenever line -connected 
whether switched on or off, so it's always ready to go! 

Hi/Lo resistance measurement. 
This special resistance measurement function allows 
you to measure with Hi excitation of 2.5V (exceeds 
semiconductor forward threshold), and Lo excita- 
tion, 300mV (below silicon junction threshold), for 
in circuit resistance measurement without turning 
on semiconductor junction. No need to unsolder 
components. 

Overload protected! 
For exceptional safety. All DCV ranges can take 
± 1000V, all ACV ranges to 500V, all Resistance ranges 
up to 250V...continuously-without loss of calibra- 
tion or damage to the instrument. Current ranges are 
protected by a 2A fuse easily accessible in a test lead. 

And more! 
100% Overrange! 
Automatic Zero! 
Big, Bright 0.43" LED display! 
Recharge Indicator 

The Model 175, complete, is only $189! 

:r:. -.- . 

+I 9 8 3 

ti. 

Everything you need to put the Model 175 into 
immediate operation is supplied with the instrument: 
the rechargeable NíCd battery module, line cord 
with recharger, a pair of test leads, alligator clips, 
carrying case, and complete test documentation... 
And, if you should want to make your 175 even more 
versatile, optional accessories such as a high voltage 
probe, AC current clamp, mini -to -standard banana 
adaptor, pedestal stand, rack mount, deluxe leather 
case, and high impact carrying case are available. 

For complete information on these and other Data Precision instruments or a demonstration, 
contact your local Data Precision representative or Data Precision Corporation, Audubon 
Road, Wakefield. MA. 01880 USA (617) 246-1600. TELEX (0650) 949341. 

The Model 175 is available from stock at local representatives. 

DATA PRECISION U.S. REPRESENTATIVES 
AL (205) 533-58% 
AZ (602)253-6104 
CA (N) (408) 733-8690 
CA (S) (714) 540-7160 
CO (800) 528-4512 
CT (203) 693-0710 
FL (N) (813)294-5815 
FL (S) (305)491-7220 
GA (404) 945-4222 

IL 
IN 

(312) 593-0282 
(317)293-9827 

NJ (S) (215) 674-9600 
NM (800)528-4512 

TX (N) (214) 234-4137 
TX (S) (713)461-4487 

MA (617) 245-5940 NY (N) (315) 446-0220 TX (W) (512) 837-3881 

MD (301)622-4200 NY (S) (516)482-3500 UT (800) 528-4512 

MI (313) 482-1229 NY (S) (212) 395-7177 VA (800) 638-2720 
MN (612) 781-1611 OH (N ) (216) 331-0900 WA (206) 763-2210 

MO (816)358-7272 OH (S) (513)433-8171 
NC (919)787-5818 OK (918)936-3631 
NJ (N) (800) 645-8016 OR (503) 238-0001 
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DATA PRECISION 
...years ahead 
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Don't settle for less. Especially when it comes to 
electronics training ... because everything else in your life 

may depend on it. That's why you ought to pick CIE: 



you've probably seen ad- 
vertisements from other 

electronics schools. Maybe you 
think they're all the same. 
They're not! 

CIE is the largest indepen- 
dent home study school in the 
world that specializes exclu- 
sively in electronics. 

Meet the Electronics 
Specialists. 

When you pick an electronics 
school, you're getting ready to invest 
some time and money. And your 
whole future depends on the educa- 
tion you qet in return. 

That s why it makes so much 
sense to go with number one ... with 
the specialists ... with CIE! 

There's no such thing as 
bargain education. 

If you talked with some of our 
graduates, chances are you'd find a 
lot of them shopped around for their 
training. Not for the lowest priced 
but for the best. They pretty much 
knew what was available when they 
picked CIE as number one. 

We don't promise you the moon. 
We do promise you a proven way to 
build valuable career skills. The CIE 
faculty and staff are dedicated to 
that. When you graduate, your di- 
ploma shows employers you know 
what you're about. Today, it's pretty 
hard to put a price on that 
Because we're special- 
ists, we have to stay 
ahead. 

At CIE, we've got a position of 
leadership to maintain. Here arc 
some of the ways we hang onto it .. . 

Our step-by-step learning 
includes "hands-on" 
training. 

At CIE, we believe theory is 
important. And our famous 
Auto -Programmed® Lessons teach 
you the principles in logical steps. 

But professionals need more 
than theory. That's why some of our 
courses train you to use tools of the 
trade like a 5 MHz triggered -sweep, 
solid-state oscilloscope you build 
yourself-and use to practice trouble- 
shooting. Or a beauty of a 19 -inch 
diagonal Zenith solid-state color TV 
you use to perform actual service 
operations. 
Our specialists offer you 
personal attention. 

Sometimes, you may even have 
a question about a specific lesson. 
Fine. Write it down and mail it in. 
Our experts will answer you 
promptly in writing. You may even 
get the specialized knowledge of all 
the CIE specialists.And the answer 
you get becomes a part of your per- 
manent reference file. You may find 
this even better than having a class- 
room teacher. 

Pick the pace that's right 
for you. 

CIE understands people need 
to learn at their own pace. There's no 
pressure to keep up ... no slow 
learners hold you back. If you're a 
beginner, you start with the basics. 
If you already know some elec- 
tronics, you move ahead to your 
own level. 

Enjoy the promptness of 
CIE's "same day" grading 
cycle. 

When we receive your lesson 
before noon Monday through Satur- 
day, we grade it and mail it back - 
the same day. You find out quickly 
how well you're doing! 

CIE can prepare you for 
your FCC License. 

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

More than half of CIE's courses 
prepare you to pass the government - 
administered exam. In continuing 
surveys, nearly 4 out of b CIE gradu- 
ates who take the exam get their 
Licenses! 
For professionals only. 

CIE training is not for the hobby- 
ist. It's for people who are willing to 
roll up their sleeves and go to work 

. to build a career. The work can he 
hard, sure. But the benefits are 
worth it. 
Send for more details 
and a FREE school 
catalog. 

Mail the card today. If it's gone, 
cut out and mail the coupon. You'll 
get a FREE school catalog plus com- 
plete information on independent 
home study. For your convenience, 
we'll try to -have a CIE representa- 
tive contact you to answer ally ques- 
tions you may have. 

Mail the card or the coupon or 
write CIE (mentioning name and 
date of this magazine) at: 1776 East 
17th Street, Cleveland, Ohio 44114. 
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Patterns shown on TV and oscilloscope screens are simulated. ffflffffIN all III I 

CIECleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Council 

YES ... I want the best of everything! Send me my FREE CIE school 
catalog- including details about troubleshooting courses-plus my FREE package 
of home study information. RE -l5 

Print Name 

Address Apt 

City 

z 

State 
Age Phone (area code ) 

Yip 

Check box for G. I. Bill information: Veteran Active Duty 

MAIL TODAY: 
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eq ip ent report 
Heathkit IT -7400 Digital IC 
Tester 
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WHEN YOU HAVE TO SERVICE EQUIPMENT THAT 
contains IC's, it is very convenient to be able to 
remove a questionable IC from its socket and 
run an out -of -circuit test. The IT -7400 tests 
RTL, DTL, TTL, ECL, and CMOS IC's in 
dual-inline packages with up to 16 pins. 

An IC test socket is mounted in the center of 
the front panel. The user pulls the upper 

section of the 16 -pin socket up to open the 
contacts. IC's are then easily inserted, even if 
their pins are somewhat out of alignment. 

Each one of the 16 -pins is directly con- 
nected to banana jacks that can, in turn, be 

connected to external equipment or to other 
jacks on the tester with jumper leads. 

Two switches control each IC terminal. One 
switch has three positions and the other has 
two positions. Each position of the three -posi- 
tion switch serves one of two functions. The 
function is selected with the two position 
switch. For example, the three -position switch 
will select either 5V, STEP or OFF. However, 
moving the two -position switch to the other 
position allows the three -position switch to 
select either ONO. GND Or GAS DISC. 

When the switches are positioned so the 5 - 
VOLT function is selected, the corresponding 
IC terminal is connected directly to the power 
supply. Though labelled 5 volts, the power 
supply bus can be set to either 3.6 or 5.0 volts 
by a single switch located at the top of the 
panel. 

The STEP function connects the IC terminal 
to a bus that originates from a single mercury - 
wetted pushbutton STEP switch. Mercury -wet- 

ted switches do not bounce and debouncing 
circuitry is unnecessary. The STEP switch is in 
series with a resistor divider made up of two 
100 -ohm resistors. Depressing the switch gen- 

erates a voltage -step equal to half the supply 
voltage (2.5 or 1.8 volts respectively). All IC 
pins that you have selected for step function 
are stepped simultaneously because of their 
common -bus hookup. Inadvertently selecting 
the STEP function for an IC output -pin will 
cause that pin to drive all other pins similarly 
connected. At times this might be useful to 
jumper an output to an input without external 
wiring. 

The OFF function disconnects the IC pin 
from the supply and step buses. However, in 
all three positions (5V, STEP and OFF), the IC 
pin is connected through a 22K resistor to the 
base of an indicator -driver transistor in paral- 
lel with a 68K resistor to ground. This is 
particularly significant when testing CMOS 
circuits since the resistors effectively hold the 
pin at ground potential. 

Each IC terminal has its own neon indicator 
driven by a high -voltage indicator driver tran- 
sistor. This transistor is required to interface 

continued on page 24 

Great Jumpers are here: 
State of ,the art flat cable connector assemblies . o o at affordable prices. 
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Great -Jumpers come to- you fully pre - 
assembled and fully pre -tested. Cable strain 
reliefs are integral to the molded -on con- 
nectors. And we've designed in complete 
line -by-line probeability with probe access 
ports behind each contact. 

Our connectors are industry standard; 
two parallel rows of contacts, spaced 
every .1". 

Great Jumpers come In five popular cable 
widths: 20, 26, 34, 40 and 50 lines wide, and 
in lengths ranging from 6" to 36". 

Available now at the distributor near you 
who carries the A P Products Faster and 
Easier Line. 

Our distributor list is growing daily. For 
the name of the distributor nearest you call 
Toll -Free 800-321-9668. 

Send for our complete A P catalog, the 
Faster and Easier Book. 

Faster and easier is what we're all about. lie 

A P PRODUCTS INCORPORATED 
Boa 110.12 Corwin Dme, Painesville, Ohio 44077 
(218) 354.2101 TWX:810-425.2250 

CIRCLE 5 ON FREE INFORMATION CARD 



GTE Sylvania. Electronic Components Group, 100 First Ave.. Waltham. MA. 02154. 
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We've got 
the longest running feature onTV. 

Our Color Bright 851 picture tube warranty is the 
longest in the industry. We can offer it because 
we're confident that a Color Bright 85 picture tube 
will probably last longer than five years. 

The warranty is a great selling tool that builds 
customer confidence in your quality work. Plus, it 
lets you form a long-term customer relationship 
with each picture tube you replace. 
.Limited warranty, naturally. It does not cover labor for replacing a tube. 

The Color Bright 85 picture tube offers economy 
with the high quality standards you expect from 
Sylvania. Couple that with the new 5 -year warranty' 
and you'll find the Cclor Bright 85 is an easy sale. 

And it can be better for you in the long run. 

SYLVAN IA 



EQUIPMENT REPORT 
continued from page 22 

the low -voltage IC's being tested to the high - 
voltage neon indicator. 

When the two -position switch is slid into its 
other position, the three -position switch can 
select the GND, GND or GAS DISC functions. 
When the GAS DISC function is selected, the 
driver transistor is cut off and the neon indi- 
cator is connected directly to the IC terminal 
for testing high -voltage IC's such as gas - 

discharge drivers. The two redundant GND 

functions ground both the IC terminal and the 
banana jack. 

The user must be thoroughly familiar with 
the operation of the two slide -switches. Posi- 
tioning both switches so that the GAS DISC 

function is selected will place up to 60 volts on 
the IC terminal. This can cause permanent 
damage to a low -voltage IC. Heath's recom- 
mended procedure is to move the three -position 
switch before the two -position one. 

The IT -7400 power supply contains an 
isolation transformer for safety purposes. The 
primary can be connected so 120- or 240 -volt 
AC power sources can be used. One secondary 
winding feeds a voltage doubler and µA7805 
regulator to produce the 5 volts that supplies 
power, the step switch and the high logic -levels 
to the IC under test. Regulation holds the 
voltage to ± 5% at currents under 300 mA. 

The testing procedure is simple and obsoles- 
cence proof. Signals are applied to exercise the 
functions of the IC that are described in the 
data sheet associated with the IC. To check a 

simple gate, the various input combinations 

are applied and the outputs checked against 
the truth table. 

Counters are checked by connecting the 
appropriate pins to ground and the power 
supply, and then stepping the counter input 
while observing the state of the various output 
terminals. 

The IT -7400 cannot precisely check specifi- 
cation limits because such things as rise and 
fall times and input and output levels are not 
adjustable or metered. But the IT -7400 ade- 
quately verifies that the circuit is capable of its 
basic functions. If a circuit problem relates to 
speed such as the frequency at which a counter 
is clocked, more sophisticated (and expensive) 
testing is called for. 

Used along with digital texts, the Heathkit 
IT -7400 makes an excellent learning tool and 
remains useful later in its intended role as a 

tester. 
Power consumption of the IT -7400 is 10 

watts and the unit weighs 4.5 lbs. An SN7400 
quad NAND gate (TTL) is provided for 
initial familiarization. 

Hickok model 388 CB In - 
Line Tester 

CB -TRANSMITTER TESTING CAN BE VERY TOUGH 

or very easy. This depends on the test instru- 
ments. Hickok Electrical Instrument Co. has 
come out with a CB -test unit that can make 
some previously hard tests look very easy. This 
is the model 388 In -Line CB Tester. Connect 
the model 388 to the CB transmitter, connect 
a 50 -ohm dummy load or the CB antenna to 

the other jack, turn it on, push the button and 
there you are. 

You can read the four most important 
things about a CB transmitter instantly: Oper- 
ating frequency on a seven -digit LED display, 
down to ± 10 Hz; RF output power on two 
ranges, 10 or 100 watts; voltage standing -wave 
ratio (VSWR) and the modulation percent- 
age. All you have to do is set the FUNCTION 
switch and push the transmitter button. 
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Frequency is read out on a 7 -digit display. 
The model 388 has an ECL oscillator time - 
base with an accuracy of ± one count ± the 
timebase accuracy which is 10 parts -per - 
millions (PPM). A version of the model 388- 
model 388X-is identical but has a tempera- 
ture -compensated crystal oscillator (TCXO) 
accurate to within I PPM. RF output power is 

read out on a 3 -digit display. (Same display, of 
course, but only the three right-hand digits are 

continued on page 26 

Error -free Counting 
with automatic signal attenuation to eliminate 
counts due to noise and interference. 
Variable input attenuation 
reduces the signal to a value 
just above the trigger window, 
thereby eliminating false 
counts. 
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Accuracy is achieved by a unique PIN -DIODE attenuator 
circuit with 2dB dynamic range and optimum triggering 
to 12 Vrms. High sensitivity and continuous attenuation 
allows error -free counting of AM and mixed signals. 
The Philips PM6610 series counter/timers, in rugged metal 
cases, include high stability timebases, internal battery, 
analog output, and many other options. Starting at $750.00 
for the 80 MHz model, the PM6610 series counters include 
250, 520 and 1000 MHz units. 
Want more information or a demonstration? Call our toll - 
free Hotline number: 800 631-7172 (New Jersey residents 
call collect 201 529-3800) or contact: 

Philips Test & Measuring Instruments, Inc. 
A NUNTN MfRICAN PHILIPS COMPANY 

b ibtn. In Canada 
85 McKee Drive OH,.,,, Canada Mahr.8. New Jnw, 07,10 
12 01 1 529 3800 
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A Platt tool case 
won't fall apart at the seams 
because there are no seams. 

Unlike other tool cases, the pockets on a Platt Pallet are 
molded without any seams, stitches or rivets to form a one- 
piece unit. It's practically indestructible. 

The case itself has that same rugged construction. It comes 
in either tough, lightweight ABS Thermoplastic, rich looking 
expanded vinyl or a combination of both. 

Platt also has rugged hardware. Like an aluminum rim for 
extra strength. Steel core handles. And tough brass locks. 

Inside there are compartments for larger tools, parts boxes 
and testing equipment. And multiple lid pockets for paper 
and order hooks. 

Besides having a tough case Platt 
has a tough 5 -year guarantee on both 
the case and pallet. 

I':li. No. 3$40.2$5 Cases for business and industry. 

2301 S. Prairie Ave., Chicago, III. 60616 (312) 225-6670 
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THE SOLDERING IRON 
VS. 

THE PROTO-BOARD. 
Ors NO CONTEST.) 

4 

The Soldering Iron 

If you're still designing and testing breadboard 
circuits the conventional way, you're doing a 
lot of extra work, and getting a lot of grief in 
return. You've got to think as much about 
manual labor as you do about the circuit. Maybe 
even more. 

Every time you add a component, there are 2 

or more connections to make...over a dozen 
with most IC's, while watching out for overheat- 
ing components and cold solder joints. And 
that's only half the problem. 

The other half is when you want to change 
components or connections. Even with good 
desoldering equipment, you can still have a 

hassle on your hands. (Ever try to desolder a 

temperature -sensitive 14 -pin DIP on a com- 
ponent -filled board?) CONTINENTAL SPECIALTIES 

Solder. Desolder. Resolder. 
Desolder: Now there's a better 
way... 

fV a ' ilé::!: ro 
t. 

The Proto-Board 

With the CSC Proto-Board breadboarding 
system, connecting components is as simple 
as pushing a lead into a hole. Rugged 5 -point 
contacts insure low -resistance connections, 
and where jumpers are needed, components 
are interconnected with standard #22 AWG 
solid wire. 

That's all there is to it. 
You can choose Proto-Boards with anywhere 

from 630 to 3060 solderless tie -points. 
Proto-Boards with or without regulated power 
supplies. Even assemble your own, with the 
same solderless OT sockets and Bus Strips* 
for smaller (or larger) capacity. However you 
do it, you'll save time... money...aggravation 
...on every circuit. 

CORPORATION For more information, see your 
CSC dealer or distributor... or 
contact us for our catalog and 
distributor list. 

Continental Specialties Corp., 44 Kendall Street, Box 1942, New Haven, CT 06509.203-624-3103 TWX: 710-465-1227 
West Coast Office: 351 California St., San Francisco, CA 94104 415-421-8872 TWX: 910-372-7992 

Canada: Len Finkler Ltd., Ontario Mexico: ELPRO, S.A., Mexico City 5-23-30-04 

0 1975 Cont,nentat Soec,alues Corp 
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EQUIPMENT REPORT 
continued from page 24 

lit to avoid confusion.) On the 10 -watt range, 
the display reads "00.0". On the 100 -watt 
range, the display reads ."000." The readout 
has a resolution of 0.1 watt. 

VSWR is displayed with four digits-same 
reason VSWR's of up to 10:1 can be read. 
(But if you see a reading of about 5:1, let go of 
the button, quick. Something definitely needs 
fixing in the transmitter or antenna. Running 
a transmitter more than a few seconds with 
such a high reflected power level can blow up 
the final RF transistors.) 

Modulation percentage is read out on a 3 - 

digit display. This can read from 0 percent to 

110 percent. (More than 1 10 percent indicates 
trouble, too.) By the way, you must use an 
undistorted sinewave signal for the modula- 
tion. If it is distorted, the harmonics will cause 
inaccuracies and a bouncing count. A voice 
signal won't do, of course. In this area, before 
we go, remember that when you're reading the 
frequency, the transmitter must be unmodu- 
lated-with one exception, which we'll get to. 
If there is modulation, the frequency counter 
will try to read the sideband frequencies and 
skip counts. This is normal. These instruments 
will work with the new 40 -channel sets, of 
course. 

All of these goodies are accomplished by 
state-of-the-art IC technology. They can do 
some cute tricks. The model 388 has two 
coaxial jacks on the back panel; one INPUT, the 

. e 

sound and safe 
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mel CB Hump Mount Speaker. 
Eliminates CB installation prob- 
lems. Any transceiver mounts on 
the Kamel speaker, speaker 
mounts on the hump, fits snugly 
when driving. CB dials easy to see, 
easy to reach. For safer operatioh. 
To remove, just unplug antenna 
and power leads, lift entire unit and 
place in trunk for maximum sec- 
urity. No screws' to unscrew. No 

hassle. Acoustically designed 
speaker deadens static and chan- 
nel noise, eliminates voice distor- 
tion. We make having an expen- 
sive CB rig in your vehicle safe and 
worthwhile. Isn't it about time 
somebody did? 

DZirkd 

3 i/ Kriket. 
Acoustic Fiber Sound Systems, Inc. 
Indianapolis, Indiana 

All afs5/KRIKET° products are manufactured In the U.S.A. 
Copyright 1977, Acoustic Fiber Sound Systems, Inc. 

other OUTPUT. All you need is a short coaxial 
cable with a PL -259 (sometimes called a UHF 
plug) on each end, to hook the CB -antenna 
output to the INPUT connector. An accurate 
50 -ohm dummy load must be connected to the 
OUTPUT-the set's own antenna may be used. 
Do not key the transmitter without one of the 
loads hooked up. This can damage the trans- 
mitter, especially if the transmitter is a solid- 
state type. 

You'll find a BNC jack on the back of the 
model 388, along with a TtMEBASE slide 
switch. With the switch in the INTERNAL posi- 
tion, it runs on its own built-in timebase. The 
model 388X doesn't have the switch, but does 
have the jack. The TCXO timebase of the 
model 388X may be used for greater accuracy, 
by connecting it through a jumper cable to a 
model 388 set on External timebase. In fact, 
several model 388's may be timed from only 
one model 388X, if desired. You can do a trick 
with the model 388: If you want to hold the 
display for any reason, just slide the switch to 
EXTERNAL while the transmitter is keyed. The 
display will freeze and hold until the instru- 
ment is turned off or the switch set back to 
INTERNAL timebase. 

The model 388's can be used as a straight 
frequency meter. There is a BNC jack on the 
front panel for this, with a high -impedance 
(1.0 megohm) input and a sensitivity of 100 
mV. A push -push selector switch lets you 
choose front panel operation of the frequency 
meter or the in -line operation from the back - 
panel jacks. The modulating signal can be 
checked on a scope connected to the AM 
MONITOR jack on the left side. This displays 
the detected AM modulation and may be used 
to check for possible clipping, distortion, etc. 

The exception we mentioned, about not 
using modulated signals for frequency read- 
ings, is in the testing of single-sideband CB 
transmitters. These have no RF power output 
at all without modulation. Here again, an 
accurate 1 -kHz audio signal is needed. Set the 
transmitter switch to UPPER SIDEBAND and key 
it. The display will read out the carrier 
frequency plus the modulating frequency. Set- 
ting to LOWER SIDEBAND reads the carrier 
minus modulating frequency. VSWR can be 
read on SSB systems with the same ease. RF 
power measurements must be corrected by a 
formula given in the instruction manual, for 
SSB only. 

Percentage of modulation is read in some- 
what the same way. One circuit reads the 
peaks and another reads the average value of 
the modulation envelope after detection in a 
special two-step circuit. More math, and there 
you are. 

The timebase accuracy of the model 388 
may be checked by comparing it to the 10 - 
MHz signal from WWV or to a frequency 
standard. If it needs correction, an adjustment 
is provided to make the display read exactly 
10.00000 MHz and there you are. The aging 
rate of the model 388 is given as 5 PPM -per - 
year, and the model 388X as I PPM -per -year. 
The "setability" is given as "to ± 0.1 ppm," 
for both units. For this adjustment, the instru- 
ment must be warmed up for 30 minutes to 
allow all parts to reach normal operating 
temperature, which is 25°C. 

Both models are powered from the ,1 20 -volt 
AC line. All of the DC power supplies are 
stabilized by several solid-state voltage regula- 
tors. If you want to use them in cars, etc., it is 

easy to hook up a connection to the power 
supply so that they can be used from any 
12-14 volt DC -supply. R -E 
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INFINITE, INC., TAKES TWO DIFFERENT AP- 

proaches to the microcomputer learning/ 
development system. First, they produce a 

training -and -use package that leads the unini- 
tiated unfalteringly into the world of the 
computer. For example, their model UCI800 
microcomputer is a completely assembled and 
self-contained microcomputer system. It 
avoids construction pitfalls and the futile 
troubleshooting that often follows. To deter- 
mine whether a problem is in the micropro- 
cessor IC or elsewhere can be very difficult 
without the necessary skill and sophisticated 
equipment. 

On the other hand, Infinite has also devel- 
oped the model UC/800HK Hobbyist Kit for 
the experienced kit builder. The kit contains 
only special components that are not widely 
available. 

The UCI800 is a completely assembled 
microcomputer system built around the RCA 
COSMAC model CDPI802 microprocessor. 
Four printed -circuit boards are mounted in a 
console -type cabinet that resembles a desk - 
type calculator. 

The central processor board holds the CPU 
IC, the CPU control logic, 256 words of 
NMOS RAM and the 5 -volt power supply 
(except the power transformer mounted sepa- 
rately in the cabinet). The CPU board has a 

72 -pin gold-plated edge connector for system 
expansion. 

The readout board has four 7 -segment LED 
displays and the associated decoder -driver 
IC's. Two displays function as the address 
readout, and the other two as the instruction 
and input/output readouts. The LED's display 
the hexadecimal (base 16) representation of 
the computer's binary numbers. After 0 
through 9, A, C, E and F are displayed and "b" 
and "d", using the available segments. The 
board contains its own 5 -volt regulator IC to 
supply the substantial 400-mA current drain. 

The third board is the switch -control mod- 
ule that interfaces with the six control 
switches. They are RESET, SINGLE STEP, START/ 
EFI, POWER, MODE and SINGLE STEP/ENTER. 

The board has outputs that connect to the 
EFI,CLR, WAIT, and DMA IN terminals on 
the microprocessor IC. 

The keyboard module holds the 16 hexa- 
decimal keys and the necessary debouncing 
and decoding components. Two LED's indi- 
cate whether the most or least significant of 
the two hex digits in each word is ready for 
loading. 

To load a program, set the MODE switch to 
LOAD, then RESET, enter the first word, press 
ENTER and continue. The loading starts at 00 
and proceeds sequentially. If you make a 

mistake along the way, you must either start 
all over or enter a short program that allows 
you to change a particular memory location. 

After the program is loaded, the MODE 
switch is then placed in the RUN position and 
the SINGLE STEP switch can be turned either 
ON or OFF. With the switch OFF, the computer 
executes the program automatically. With the 
switch ON, the computer executes a single 
instruction for each push of the SINGLE STEP/ 
ENTER button. 

The START switch shares the EFI input func- 
tion that you can use to interact with your 
program. Input and output instructions permit 
you to enter data from the keyboard and 
readout into the two LED's. 

The POWER switch maintains power to the 
memory only in the STANDBY position to 
preserve the program with minimum power 
consumption. You can also purchase a nickel - 
cadmium battery and charger to keep the 
memory alive for about four hours after loss of 
primary AC power. 

The DMA (Direct Memory Access) design 
of the model CDPI802 facilitates program 
loading without using a ROM utility program. 
There is an advantage in not requiring this 
extra component, but it does make the system 
cumbersome to use. 

Infinite addresses this problem by including 
a listing and instruction for using KEYBUG as 
part of the UCI800 package. This program 
takes one-half of the available 256 memory 
words, and of course it must be successfully 
loaded starting at address 00. 

KEYBUG has five commands that help in 
loading, examining and changing memory 
contents. After the program is loaded, a 

RESET -START sequence gives control to KEY - 
BUG, which is acknowledged by displaying 
"db" (debug). 

The oc command will display the contents 
of a single memory location. Press the D and 
the C followed by EFI, which serves to enter 
the command. Then key in the address of the 
location to be displayed and press EFI again. 
The program responds by displaying the mem- 
ory contents. The CC command changes the 
contents of memory. After the command and 

continued on page 32 

1.5MHz 
Triggered 
Sweep 

I} 

Dual Trace 
Scope 

- i a 

- Usable'- to 
30 MHz e 

. ' 

+w q S 

7 "rt.: 4 . 

B&K-PRECISION MODEL 1472C $720 
INCLUDING PROBES 

Normally rated at 15MHz (-3dB), 
it easily syncs and displays a 
30MHz signal with sure triggering. 

Automatically selects chopped 
or alternate trace display 

Maintains calibration accuracy 
over 105-130VAC range. 

11 sensitivity ranges, 10mV to 
20V/cm. 

19 sweep ranges, 0.5µSEC to 
0.5SEC/cm. 

24nSEC rise time. 

Front panel X -Y operation with 
matched phase -shift and 
sensitivity inputs. 

P31 blue phosphor 

Algebraic addition 
and subtraction 

Available from your distributor. 

PRECISION 

DYNASCAN 
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Chicago, Illinois 60635 312/889-9087 
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ALL NEW 
NTS/Heath 
GR-2001 
DIGITAL 
SOLID-STATE 
COLOR TV 

315 sq. in. 
PICTURE 

(Simulated TV Reception) 

As an NTS student you'll acquire the know-how 
that comes with first-hand training on NTS profes- 
sional equipment. Equipment you'll build and keep. 
Our courses include equipment like the NTS/Heath 
GR-2001 computerized color TV (25" diagonal) 
with varactor diode tuning and digital read-out 
channel selection; (optional programming capa- 
bility and digital clock avail.). 

Also pictured above are other units - 5" solid state 
oscilloscope, vector monitor scope, solid-state ster- 
eo AM -FM receiver with twin speakers, digital multi - 
meter, and more. It's the kind of better equipment 
that gets you better equipped for the electronics 
industry. 
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SOLID-STATE r 
OSCILLOSCOPE 
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This electronic gear is not only designed for train- 
ing; it's field -type - like you'll meet on the job, or 
when you're making service calls. And with NTS 
easy -to -read, profusely illustrated lessons you learn 
the theory behind these tools of the trade. 

Choose from 12 NTS courses covering a wide range 
of fields in electronics, each complete with equip- 
ment, lessons, and manuals to make your training 
more practical and interesting. 

Compare our training; compare our lower tuition. 
We employ no salesmen, pay no commissions. You 
receive all home -study information by mail only. 
All Kits, lessons, and experiments are described in 
full color. Most liberal refund policy and cancella- 
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tion privileges spelled out. Make your own com- 
parisons, your own decision. Mail card today, or 
clip coupon if card is missing. 

NO OBLIGATION. NO SALESMAN WILL CALL 

APPROVED FOR VETERAN TRAINING 
Get facts on new 2 -year extension 

NATIONAL SCHOOLS 
TECHNICAL -TRADE TRAINING SINCE 1905 

Resident and Home -Study Schools 
4000 So. Figueroa St., Los Angeles, Calif. 90037 
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EQUIPMENT REPORT 
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the memory -location address are entered, the 
new contents are keyed in and EFI depressed. 
Since only a single memory location is ac- 
cessed by the DC and cc commands, the 
system can return to KEYBUG automatically 
and be ready for a new command. 

To examine a series of memory locations 
without entering memory addresses sequen- 
tially use the FD (forward display) command. 
The computer displays the address and its 
contents; then increments the address and 
displays its contents each time EFI is pressed. 
Similarly, the FC forward change command 
sequentially loads the memory by pressing the 
EFI switch after each data entry. These last 
two commands are self -looping; the only way 
to exit the loop so that a new command can be 
executed is to reset and restart KEYBUG. 

The remaining command is EE for execute. 
The EE command is keyed in, EFI pressed, the 
program -starting address entered and EFI 
pushed again. Because KEYBUG starts at 00 
and a program cannot be written there, EE is 

the only way to activate a program. 
To debug your program, set breakpoints by 

inserting a branch to 00; this causes a "db" 
readout when KEYBUG is reached. You can 
then examine memory to see what has taken 
place so far. A more sophisticated approach 
would be to examine the processor registers 
when the breakpoint is reached, restarting the 
program and continuing to the next break- 
point. 

So far KEYBUG is not available on PROM or 

ROM and must be loaded manually into 
RAM. A defective user program may destroy 
the utility program. This happened several 
times while I was experimenting with some 
simple programs. Some wipeouts did not com- 
pletely annihilate the system, and it was possi- 
ble to use KEYBUG to find the destroyed 
memory locations and restore the full capabili- 
ties. Some wipeouts were total. 

The Infinite computer is available in four 
versions: 

The completely assembled and documented 
UCI800 package includes computer, instruc- 
tion manual, RCA MPM-201A CDP1802 Us- 
ers Manual, KEYBUG program and Cardiac. 
Cardiac (Cardboard Illustrative Aid to Com- 
putation) was developed by Bell Telephone 
Laboratories to simulate the operation of a 

simple computer. Cardboard slides simulate 
the instruction decoding, and calculation is 

done with pencil and paper. The package is 

priced at $495, plus $8 for shipping and 
handling. Option 001 is the battery backup 
and recharger and sells for $22.50. Option 002 
enables you to use the microcomputer with 
either 120 or 230 VAC 50 -500 -Hz input 
power and costs $15. 

The UCI800 kit includes everything but the 
cabinet and power cord. The four modules are 
factory -assembled and burned -in. This version 
sells for $389, plus 54 for shipping and 
handling. 

The economy model (model UCI800HK) 
contains four unwired boards, keyboard, 1802 
CPU, readouts, cable and Users Manual. It is 

priced at $129.95, plus $2 for shipping and 
handling. If you already have a CDP 1802, 
Option 003 subtracts $18 from the price. 

The last version is just the assembled CPU 
board, which also supplies 500 mA of current 
for other system components. The UC3000I 
OEM UCI800 CPU Module costs 5179, plus 
$2 for shipping and handling. 

For additional details write to Infinite In- 
corporated, 151 Center St., Cape Canaveral, 
FL 32931. R -E 

Oneida Model 90A Picture 
Tube Restorer 
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ALL TI I I NGS COME TO FI IM W I IO WAITS. I I IAD TO 
wait for quite a while, but I finally found just 
the thing I needed: A new device, made by 
Oneida Electronic Manufacturing Company. 
This is their model 110A Nu -Color picture tube 
restorer. This device is designed to restore 
color to old picture tubes with one or more 
weak guns. 

I had a trade-in Wards TV, with a picture 
tube so bad it had to be seen to be believed. 
The blue gun read almost normal emission; the 

continued on page 73 

Treat yourself to a new direct reading DVM today. 
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DVM 35 
POCKET PORTABLE 
ANALOG REPLACEMENT 
3 -digit, 1% DCV, 
Battery or AC 

Only $134 
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DVM32 DVM38 
BENCH & FIELD MASTER 

31/2 digit, .5% DCV, 
Battery or AC 

Only $198 

"PRIME" STANDARD 
AT YOUR FINGERTIPS 

31/2 digit, .1% DCV, 
Auto -Ranging 
Only $348 

A COMPLETE LINE OF DVMs TO FILL YOUR EVERY NEED OR WANT. 
You can he sure more times in more circuits, under 
more adverse conditions, with greater versatility, 
accuracy, and meter protection than any other 
digital multimeters on the market today; and for 
less money too. 10 I)ay Free Trial: Try any of 
these famous DVMs for 10 days. If the DVMs in 
use don't prove exactly what we say, return them 
to your Sencore FLPD Distributor. 

CD FR 

Want more information? We 
would like to tell you all about 
the Sencore DVMs by sending 
you a 24 -page Sencore News, 
a six -page brochure, and the 
name of your nearest Sen- 
core Distributor today .. . 

simply write or circle 
reader's service number. 
3200 Sencore Drive. Sioux Falls. SD 57107 
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WITH THE ADVENT OF VIDEO GAMES AND 

the home computer, the ordinary televi- 
sion set is becoming an increasing 
source of interest for the hobbyist. :\ TV 
set can he quickly and safely converted 
for use as a display monitor using a 

device known as the Videocuhe. Basical- 
ly. the device takes a composite video 
signal, such as the output of a TV game 
circuit or the 2650 -based microcomputer 
system (Radio -Electronics. April 1977) 
and feeds a modulated Channel 3 or 4 
RF-signal to the antenna terminals of 
the television receiver. 

If we didn't have an RF oscillator/ 
modulator such as the Videocuhe. the 
TV set could only he used as a monitor 
by directly wiring into its video circuit. 
I lowever, finding the right point to feed 
in the microcomputer or TV game 
output often isn't easy, and most TV sets 
today (especially portables) are not line - 
isolated, which can lead to safety 
hazards. Also, poorly designed RF 
sections will radiate their signal to 
nearby television receivers and interfere 
with commercial broadcasts. The Video - 
cube avoids these problems and offers a 

versatile design that can easily interface 
to almost ally video source. 

The Videocuhe has a 300 -ohm output 
(the type most often used on TV 
receivers), a selector switch for switching 
between normal TV viewing and the 
Videocubé s output, and a 3 -wire input 
(5 -12 -volt power, video input and 
ground). The Videocube consists of an 

Build this 

Video 
modulator 

Permits direct connection of composite 
video signals from video games and 

microcomputers to the antenna terminals 
of your TV set 

oscillator that can he tuned to Channel 
3 or Channel 4, a modulation section for 
amplitude modulation of the RF signal 
from the oscillator. and an output filter 
for removing spurious harmonics from 
the signal. 

NOTE 
The Federal Communications Com- 
mission requires that any device to 
be marketed using a commercial 
TV receiver as its output must have 
FCC type approval. Use of the 
Videocube or other RF device does 
not automatically entitle a manufac- 
turer to FCC approval. 

Cl 
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R2 C2 R3 

22K 470pF 22K 

C5 

R5 

220 

D1 

1N4148 

R6 

220 

C6 

MODULATION 
INPUT 

GLEN DASH 

How it works 
The schematic diagram of the Video - 

cube is shown in Fig. I. Transistor QI is 

used in a Hartley oscillator circuit in 
which tunable coil LI and capacitor C4 
set the carrier frequency. Feedback to 
the emitter is provided by capacitor C3. 
Resistor R3 biases the transistor. as do 
resistors R I and R2. The base of the 
transistor is grounded by C2 for high - 
frequency signals, making this a 

grounded base configuration. A filter 
that prevents RF from getting into the 
power supply is provided and is 

comprised of capacitors CI, C5 and 
resistor R4. 
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'SEE TEXT 
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FIG. 1-OUTPUT SIGNAL LEVEL of Videocube is controlled by the modulation Input. 
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FIG. 2-FOIL PATTERN of component side of 
double -sided main board shown actual size. 

The circuit uses an unusual technique 
for modulating the output. Capacitor C7 
and resistor R5 form a voltage divider 
that provides about a 25 -mV signal at 
the anode of diode DI. Since capacitor 
C6 (0.001 µF) is so large (its impedance 
is 2.6 ohms at 60 MHz), it appears as a 
short circuit to ground for RF signals 
coming from the RF oscillator. There- 
fore, diode DI and resistor R6 act as a 
voltage divider. The forward resistance 
of DI, however, is a function of the 
current through DI, and it decreases as 
the current increases. Because of this, as 
the resistance from the modulation 
input to ground decreases. the current 
through DI increases and the signal 
level at the cathode of DI increases. 

The signal at the cathode of DI is fed 
to a filter network consisting of capaci- 

PARTS LIST 
All resistors are 1/4 watt, 10% unless 

otherwise noted. 
R1, R2-2200 ohms 
R3-22,000 ohms 
R4-10 ohms 
R5, R6-22 ohms 
C1-0.01 µF, 20%, 25 -volt ceramic disc 
C2-470 pF, 20%, 25 -volt ceramic disc 
C3-27 pF, 5%, 25 -volt ceramic disc 
C4, C7 -C10-10 pF, 5%, 25 -volt ceramic 

disc 
C5, C6-1000 pF, 20%, feedthru 
D1 -1N4148 
01-2N708 
L1-Condat type -L1 oscillator coil (see 

text) 
L2,'L3-1 µH RF 
11-75:300 ohm Balun 
Si-UID type, DPDT, 60 -dB isolation 

The following parts are available 
from Delta Electronics, Box 2, Amesbury, 
MA 01913. 

A partial kit of parts, including Si, 
.C5, C6, 01, L1, L2, L3, T1, both PC 
boards, shields and case, for $9.95. 

A complete kit of parts for $13.95. 
Massachusetts residents add state 

and local sales taxes as applicable. 
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2.200" 

FIG 3-FOIL PATTERN of bottom side of 
double -sided main board shown actual size. 

P.C. BOARD IN W 
FIGURE 7 

MOUNTS HERE 

8L 

13' 

SEE DETAIL "A" 

FIG. 4-COMPONENT PLACEMENT diagram of 
main PC board. 

FIG. 5-FOIL PAT- 
TERN of top of dou- 
ble -sided switch 
board shown actual 
size. 

FIG. 6-FOIL PAT- 
TERN of bottom of 
double -sided switch 
PC board shown ac- 
tual size. 
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FIG. 7-COMPONENT PLACEMENT diagram of 
'switch PC board. 
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FIG. 10-RF OUTPUT LEVEL versus the value of 
the resistor connected to the modulation Input 
terminal. 
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FIG. 12-MICROCOMPUTER INTERFACE to a TV 

tors C8, C9 and CIO, and inductors L2 
and L3. This filter removes harmonics 
from the output signal that otherwise 
might cause the Videocuhe to broadcast 
on more than one channel. Balun TI 
matches the output of the Videocube to 
the TV receiver. 

Assembling the Videocube 
Figures 2 and 3 show the foil patterns 

of the double -sided main hoard while 
Fig. 4 shows the component layout. If 

n- 

Ip 

j 
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_Li 
:8171. 
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NOTE: BENT UP ALONG 

ALL COPIED LINES 

FIG. 8-TOP RF SHIELD is cut from sheet metal 
and soldered to component side of main 
board. 
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VERT SYNC 

11111111111111JTT r 
HORIZ SYNC 

1262 PER ONE VERT SYNC) 

FIG. 11-VIDEO AND SYNC SIGNALS are inter- 
faced to a TV set using the Videccube and 
associated components. 

10pF TANTALUM 2 5V 

WHITE LEVEL 

BLANKING LEVEL 

SYNC LEVEL 

set. 

FROM 
MICRO COMPUTER 
OR TV GAME 

1 VOLT 

.4 VOLT 

the PC hoard you use does not have 
plated -through holes, make sure to 
solder all component leads on both the 
top and bottom sides of the board. (The 
PC hoards supplied in the kit have 
plated -through holes so the second 
soldering operation can be eliminated.) 
Try to keep all component leads short. 

Feed -through capacitors C5 and C6 
mount from the bottom side of the 
board. Jumpers connect the ends of C5 
to points A and B on the hoard, as 

1 

, I I 

B 
B 

ta 

BEND ALL SIDES UP 
AL3NG DASHED LINES 

FIG. S-BOTTOM RF SHIELD Is soldered to 
bottom of main PC board. 

shown in Fig. 4. Capacitor C6 has one 
jumper and resistor R6 to connect to 
points C and D. Figures 5 and 6 show 
the two foil patterns for the I'C hoard 
that holds the switch (SI) connecting the 
TV receiver input to either the external 
antenna or to the Videocube output. 
This PC hoard (see Fig. 7) also serves as 

a terminal board for the antenna lead- 
in. I used pressed -in threaded fittings, 
but you can solder brasss nuts to lugs I 

and 2. 

After all the components are 
mounted, two RF shields are soldered in 
place on the main PC board. These 
shields are cut out of sheet metal and 
formed as shown in Figs. 8 and 9. 

Oscillator coil LI is a non-standard 
type that is available in the partial kit of 
parts (see parts list). The tuning slug in 
oscillator coil LI lets you tune the 
Videocuhe to either Channel 3 or 
Channel 4. Use a small plastic screw- 
driver or alignment tool to adjust the 
tuning slug through the hole in the RF 
shield. Just be careful not to crack the 
slug. 

Using the Videocube 
The DC voltage supplied to the 

Videocube should he between 5 and 12 

and the current drawn is about 10 mA. 
The modulation input controls the 
output level supplied to the television 
set. The more current supplied the 
modulation input. the weaker the signal 
sent to the television. Since the modula- 
tion input itself always sits at about 0.8 
volts less than the positive supply 
voltage, the output level can be set by 

simply connecting a resistor from the 
modulation input to ground. By varying 
this resistor, we can vary the output 
signal level supplied through the 300 - 
ohm output to the TV receiver. The 
graph in Fig. 10 shows how this output 
varies with a resistor (R,,,d) from the 
modulation input to ground. 

Figure 11 shows a typical application. 
With V+ equal to 10 volts, a 47K 

continued on page 69 
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Simultaneous readout of time, date, alarm and countdown timer. Timer has 
three modes of operation to turn on or off appliances and the time 

can be readout in either a 12 or 24 -hour format 

DIGITAL ELECTRONIC CLOCKS HAVE BECOME 

commonplace in recent years. Mechan- 
ical movements have been replaced with 
split-second solid-state circuits, and the 
clocks are being made in a variety of 
styles. Small bedside and desk models 
are popular and low-cost. Alarm clocks 
and clock radios are also plentiful. You 
can get microwave ovens, CB sets and 
even TV sets with a digital time readout. 
The more sophisticated units feature 
calendar, alarm and timer circuits. They 
have certain drawbacks; you have to 
manipulate switches to display the 
various data. This can he cumbersome 
and quite inconvenient. 

As opposed to mechanical clocks, 
electronic clocks respond uniquely to a 

power failure. A few start counting from 
some random time when the power 
returns, but most indicate that a power 

JEFFREY G. MAZUR 

failure occurred. Still others revert to a 

battery backup to keep the clock 
running; but if the power remains off so 
does the alarm and you could over- 
sleep. 

The clock described here was de- 
signed to alleviate these and other prob- 
lems. It was decided that the clock 
should have the following features: 

Constant simultaneous readout 
of the date, time, alarm and timer 
as well as status indicators 
Calendar 
24 -hour alarm 
10 -minute snooze timer 
10 -hour appliance or radio timer 
12- to 24 -hour format 
50- to 60 -Hz AC or 12 -volt DC 
operation 
Complete battery backup includ- 

ing alarm and timer 
Fortunately, a single clock IC is avail- 

able that satisfies most of these require- 
ments. All the timekeeping functions are 
performed and stored in separate regis- 
ters inside the IC. The trick is to allow 
readout of all these registers simulta- 
neously. To do this, a multiplexing 
scheme similar to that used by the clock 
IC itself is used. 

Multiplexing scheme 
Many LSI circuits requiring a multi - 

digit display, such as calculator and 
clock IC's, use a multiplexing scheme to 
reduce wiring. The idea is to sequen- 
tially turn on each readout one -at -a - 
time and feed it the proper segment 
information to display the correct num- 
ber. This permits the 7 -segment leads of 
each digit to be paralleled together. 
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FIG. 1-CLOCK CIRCUIT provides a simultaneous display of the various functions by using a 

multiplexing technique. 
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x Cl^- 30 Y6-- 31 Z0-32 
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SP 

COLON 
LEO 3 (TIMER) 
LEO 2 

LEO I (ALARM) 
COMMON 

ALARM 
DIGITS 

15 

8 TIMER 
DIGITS 

t8 

All resistors are 9/4 watt, 10%, unless noted 
R1*, R7-22,000 ohms 
R20 -5000 -ohm potentiometer 
R3, R16, R29, R30-10,000 ohms 
R4, R5-360,000 ohms 
R6, R9 -R15-4700 ohms 
R8, R261, R27, R28-100,000 ohms 
R17 -R24-100 ohms 
R25-27 ohms 
R31-150 ohms 
R320-22 megohms 
R33 -5000 -ohm potentiometer 
C1-500 µF, 20 volt, electrolytic 

PARTS LIST 
CLOCK BOARD 

C20, C4-0.01 IF disc 
C3-150 pF MYLAR 
C5-0.1 µF disc 
C60-33 pF MYLAR 
C70-20 pF MYLAR 
C8* -3-16 pF trimmer 
D10, D2 -D27, D284, D298, D36 -D43 - 

1N914 
D30 -D35-1 N4001 
Q1 -06-2N3904 or equal 
IC1-74C04 hex inverter 
IC2-4022AE divide -by -8 counter 

IC3-4016AE quad bilateral switch 
IC4-IC8-75492 hex LED driver 

(Fairchild) 
IC9-IC10-75491 quad LED driver 

(Fairchild) 
IC11 -CT -7001 clock 
IC12-MM5369 oscillator/prescaler 

(National) 
XTAL1-3.58 MHz crystal 
T1-117 VAC primary; 12.6 VAC, 1 -amp 

secondary 
SPKR-4 to 8 ohm 2 -inch round speaker 

Then each digit is turned on. or strobed, 
when its 7 -segment information is on 
the segment lines. This is called scan- 
ning. Normally a clock IC would scan 
each of the 6 digits in an hours -minutes - 
seconds display. The MTI does this with 
all 17 digits. Multiplexing reduces the 

number of leads from 136 (17 digits X 8 

leads per digit) to 24 (17 digit lines + 7 

segment lines). Although only one digit 
is on at a time, the scanning is done at a 

rate faster than the eye can follow. 
Thus, all 17 digits appear to be on at the 
same time. 

Calendar 
A 28/30/31 -day calendar displays 

both the month and day. The calendar 
changes automatically to indicate the 
correct number of days in each month. 
February 29 (leap year) must be set 
manually. 
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FIG. 2-SWITCH CIRCUIT selects the various fu 
alarm. 

Alarm 
The alarm is a true 24 -hour device. 

When the hours and minutes of the 
alarm setting coincide with the actual 
time, and the ALARM switch is closed, the 
alarm will sound. You can turn it off at 
any time by opening the ALARM switch. 
Turning the switch back on will allow 
the alarm to sound 24 hours later. 

A 10 -minute snooze timer tempo- 
rarily silences the alarm as many times 
as desired. A volume control adjusts the 
sound from a gentle "beep -beep" for a 

gradual awakening to a loud "BEEP" 
that will arouse even the heaviest 
sleeper. An LEI) status light on the 
display tells you when the alarm is set. 

Timer 
The clock has a countdown timer that 

can he set in one -minute increments up 
to 9 hours and 59 minutes. This counter 
is used as a timer to control an external 
device such as a radio, TV or similar 
appliance. When activated. the timer 
will count down from the preset time 
until it reaches zero. and can be inter- 
rupted and restarted at any time. 

The external device is controlled 
using one of three modes: 

Mode 1: The device is turned on for 
the preset amount of time and then 
turns off when the counter reaches 
zero. 

Mode 2: The device stays on for the 
preset period but turns on again at the 
alarm time. 

Mode 3: The device is turned on at 
the alarm time and stays on for exactly 
the preset length of time. 

The position of the ALARM switch does 
not affect operation of the timer. The 
time remaining on the timer is constant- 

[ O O 
OFF DIM BRIGHT 

TIMER STATUS 
INDICATION 

(LED 21 (LED 31 

(] o TIMER 
OFF 

O MODE1 

J 

(] t] MODES 

0- O MODES 

nctions and sets the time, timer calendar and 

ly displayed and three LED status lights 
show whether the timer is operating ami 
what mode it's in. 

How it works 
The schematic diagram is shown in 

Fig. I. The heart of the circuit is the 
7001 clock IC. This single MOS IC 
contains all timekeeping and control 
logic. Several features are worth noting. 
To reduce wiring, a multiplexing 
scheme controls the display so that all 
digits can he bused together. The digit 
lines are also used in conjunction with 
three input lines to control the internal - 
register and switch setting. For example, 
if IN2 (ICI I pin 4) is connected to the 
digit -I output (ICI I pin 8). the calendar 
can be set. If IN2 is connected to the 
digit -2 line, then the time can he set. 
Similar connections select the entire 
range of modes. Isolating diodes are 
used in series with each switch to 
prevent shorting the digit lines (see Fig. 
2). 

One-half of ICI forms an oscillator 
that drives octal counter IC2 (see Fig. 
I). Connecting the '4' output of the 
counter to its reset pin causes it to count 
0,1,2,3,0,1, etc. This gives four outputs 
that are continually turned on and off in 
sequence. that is, scanned. These out- 
puts operate the analog switches to 
select each particular clock function and 
also to turn on the respective display 
digits. Because of the time needed for 
the 7001 IC to switch from one function 
to another. the displays are blanked 
momentarily by Q I. This assures that 
the clock IC sends the correct informa- 
tion when each display is turned on. 
Each 7 -segment display (time; alarm. 
etc.) has a digit driver (IC5 through IC8) 

DISPLAY BOARD 
R1 -R7, R9 -R13-390 ohms 
R8-27 ohms 
R14-Select for proper brightness of 

colon (330 to 560 ohms) 
RD1-RD4, RD9-RD11-FND70 7 -segment 

LED display (Fairchild) 
RD5-RD8-DL750 7 -segment LED 

display (Litronix) 
RD12-RD14-NSN33 3 -digit 7 -segment 

LED display (Monsanto) 
RD15-MAN3-7-segment LED display 

(Monsanto) 
LED1-LED3-any small discrete red LED 
LED4, LED5-micro-size LED 
'Optional, see text. 

The following parts are available 
from West Side Electronics, 24348 
Vanowen St., Canoga Park, CA 91307. 

Kit No. MT -C: Complete parts kit 
including both circuit boards and 
switches; less case. (Specify whether 
on -board or wall -type transformer 
desired.) $109. 

Kit No. MT -SS: Complete parts kit 
for clock board only; includes board 
less switches, case and transformer, 
$50. 

Kit No. MT -1: Clock printed circuit 
board only; double -sided, etched and 
drilled with plated -through holes, 
$16.50. 

Kit No. MT -2: Display printed circuit 
board only; single -sided, etched and 
drilled, 510. 

All prices include postage and 
handling on U.S. orders. California 
residents add state and local taxes 
as applicable. 

controlled by a master driver (QI) that 
turns it on at the proper time. Diodes 
DII through D26 are needed on the 
inputs to the digit driver IC's because of 
leakage between the inputs when the 
ground pin is floated. 

AM/PM indication is multiplexed along 
with the digits. Instead of a light to 
signal either AM or Ps/. a separate digit is 
used to display either "A" or "P." This 
is done by simply turning on segments 
a, b, e. f, and g and controlling segment 
c by the AM output of the clock IC. 

To prevent false setting, the reset line 
of the counter IC is also connected to 
V55 through the SET switches. Thus. 
when any of the functions are set, only 
the time display is on but it displays the 
contents of the register being set. 

The display board holds the 17 digits 
and other indicators. The schematic 
diagram of the display board is shown 
ill Fig. 3. All 7 -segment leads are paral- 
leled together, but resistors are added in 
series with the alarm and timer displays. 
Connections for several status and colon 
LED's as well as their dropping resistors 
are also provided using one common 
lead. 

In the 12 -hour format, blanking of the 
leading zero in the digit -I position is 
desirable. This means displaying 1:42 
instead of 01:42. Transistor Q2 does this 
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FIG. 3-DISPLAY CIRCUIT consists of 7 -segment and discrete LED readouts. 

by turning off digit I when segment f is 

on. This occurs when the first digit is a 

zero but not when it is a I. 
The RADIO -OUT control line from the 

clock IC is used to drive Q3, which can 
supply current to an external device 
such as a radio or relay. If the external 
device can he powered by the clock's 
power supply and draws less than 300 
mA, then it can be connected between 
the RADIO and VS, pins of ICI I (see Fig. 
4-a). For control of a 117 VAC or high - 
current device, a relay is used as in Fig. 
4-b. 

The alarm circuit consists of Q4, Q5 

P1.12v1 
vss 

RADIO O 
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RL 

*TO RADIO 1129 P 300mA) 
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P1.12v) 

Yss o 

1N4001 

u 
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T 

FIG. 4-TIMER CONTROLS external devices 
directly II current drawn is less than 300 mA as 
shown In a. For high -current devices, use relay 
as shown in b. 

and Q6. Transistor Q6 turns on and off 
at a I -1 1z rate from pin 28 of the clock 
IC. Transistor Q4 is controlled by a digit 
line and thus has a squarewave on it at 
the clock's multiplex frequency (about I 

kHz). Transistor Q5 is turned on by the 
ALARM OUT pin of the 7001. The 
combined result is that when the ALARM 
OUT pin goes high, the speaker is fed a I - 

kHz squarewave that "beeps" on and 
off at a I -Hz rate. 

Next month, the article concludes 
with the construction details, the foil 
patterns and the component placement 
diagram. To be continued. 
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Build This 

Logic Probe 
This easy to build TTL logic probe is inexpensive 

and will save you hours of troubleshooting time when 
probing around digital circuits 

WITH THE INCREASED USE OF DIGITAL IC'S 

for everything from inexpensive com- 
puters, through musical doorbells, to 
simple alarm circuits, the need for 
specialized equipment to test digital 
circuits has become apparent. The 
nature of two -state logic circuits-logic 
high or logic low-makes possible sim- 
ple test equipment. It is not usually 
necessary to measure how much signal 
is present but just whether it is there or 
not. 

This need has been met by commer- 
cial probes that range from the $65 
Hewlett-Packard logic probe to a wide y 
advertised kit for less than $10. Of 
course, the former is a more precise 
instrument than the latter but both do 
essentially the same thing-cause a lamp 
to light when the probe detects the 
presence of a logic high level. A volt- 
meter or an oscilloscope can do the 
same job but the logic probe is easier, 
quicker and more convenient to use. 

Still $65 is too much for most people 
and even $10 is quite a lot when you 
consider that the TTL logic probe 
described here can be built for a total 
parts cost of less than $1. 

For $1, the probe, of course, cannot 
be complicated. It does do the job, 
however, of distinguishing whether a 
pin of an IC is in a logic high or a logic 
low state. The schematic of the probe is 
shown in Fig. I. 

ALEX F. BURR 

About the circuit 
The schematic diagram is shown in 

Fig. I. The most important design deci- 
sion was to require that the wire with 
the alligator clip be connected to 5 volts 
so that the LED will light on a logic low 
level rather than to attach the wire to 
ground and have the LED light on a 

LEO 1 

MV5020 I 

R1 

18052 

_ I 

PROBE TIP 

+5VDC 

PG. 1-SIMPLE LOGIC PROBE uses only two 
components. 

PARTS LIST 
R1-180 ohms, 1/4 watt, 10% 
LED1-red LED (MV5020 or equal.) 
24 -inches No. 20 stranded wire 
straight pin 
insulated alligator clip 

logic high. The latter would be prefer- 
able except that the characteristics of 
TTL logic prevent this. 

TTL logic is designed so that logic 
low is any voltage below 0.8, while a 
logic high is any voltage above 2.4. In 
almost every case, a gate in a low state 
will sink 16 mA. That means that you 
can supply up to 16 mA to the output of 
a gate without causing its voltage to rise 
above 0.8. Unless an external pull-up 
resistor is used, the output of a gate in 
the logic high state will usually be about 
3.5 volts. However, in practice a gate 
need only supply a few microamps, so 
any attempt to draw a significant 
amount of current from logic high 
output will pull down the output level. 

In our case, if we tried to light an 
LED (which requires about 20 mA) 
from a logic high output, the voltage 
would drop from the usual 3.5 to about 
1.8. The LED would light up in many 

cases, but the stages connected to that 
output would be disabled since the level 
is now not high enough to be identified 
as a real logic high. In other words, the 
probe would upset even those parts of 
the circuit that were working correctly 
and if there is anything you don't want 
it is test instruments that upset the 
circuit being tested. 

The probe is designed so that it draws 
no current from a high output and it 
supplies only about 18 mA to a low 
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output. This current level raises the 
typical voltage at a low output by only 
0.1 or 0.2 volt, not nearly enough to 
cause any disturbance in most circuits. 

A green LED can be used instead of 
the more common red because most 
commercial probes use a lighted red 
LED to indicate the presence of a high. 
You can, of course, use the red LED 
specified in the parts list in your probe: 
but you must remember that, when your 
LED is lit, the probe is touching a logic 
low. 

When you consider that the lowest 
priced commercial probe kit costs 10 

times as much, this probe has to be 
pretty cost effective. Of course, at this 
price it does have a few disadvantages. 

Perhaps the biggest one is that it does 
not distinguish between a logic high and 
an open circuit. Both of these conditions 
cause the LED to remain off. When it is 
connected to a gate without pull-up 
resistors, the LED will glow dimly on a 

logic high. 
The probe has no overvoltage protec- 

tion. If the clip is accidently attached to 
a voltage greater than 10 or if the tip 
accidently touches a point greater than 
6.5 VDC, the LED will likely burn 
out. 

Construction 
The probe is easy to build. First 

collect the parts. The ballpoint pen is 

one of the inexpensive disposable types. 
It is approximately the same size and 
shape as a lead pencil and just right for 
the probe. Remove the point and the 
ink holding tube attached to the point 
and throw them away. Also, discard the 
plastic plug on the top of the pen. 

Just about any LED can he used, just 
so long as it is small enough to fit in the 
top of the pen. I used an MV5020, 
which is a red LED. This one draws 
about 20 mA, has a 0.185 -inch diameter 
lens, a 0.230 -inch diameter base and a 

0.10 -inch lead spacing. If you prefer to 
use a green LED, try one that is similar 
in size to the MV5020. An MV5253 has 

a slightly larger lens but the base and 
the lead spacing is the same. 

You will find that if the LED is the 
MV5020 size, it will just fit into the top 
of the pen. Drill a 1/26 -inch hole in the 
side of the pen about 3/cinch down from 
the top. You should just he able to see 
the end of the anode lead of the LED 
through the hole when the LED is set 
into the top of the pen. Connect the 
resistor to the other lead of the LED and 
connect a straight pin to the other end 
of the resistor with a wire long enough 
so that the pin sticks out of the pen 
about 1/2 -inch where the ballpoint used 
to be. 

Now feed a wire 24 -inches long into 
the hole drilled in the side of the pen 
and out the top. Solder the wire to the 

anode lead of the LED with as small a 

joint as possible. Tape that connection 
then insert the whole assembly into the 
top of the pen, pin first. Push on the 
LED gently while pulling the wire back 
out through the side. When the LED is 

set into the top of the pen, you will have 
a probe with the tip of a straight pin 
sticking out the bottom, an LED set on 
the top, and a length of wire coming out 
the side. Fill the pen near the pin with 
epoxy and apply a little around the 
LED to make sure it does not fall out. 
Connect an alligator clip to the free end 
of the wire and the probe is complete. 

Using the probe 
The probe is simple to use. Just hook 

the alligator clip to any 5 VDC point in 
the circuit and touch any pin of the IC 
to be tested. If that pin is at a logic low 
level, the LED will light up brightly. If 
the pin is at a logic high level, the LED 
will remain dark. Thus, you can trace 
the levels throughout the entire circuit 
until you find the spot where the levels 
are not correct. 

The probe will even indicate the 
presence of pulse trains. If the repetition 
frequency is less than about 25 I iz, the 
individual pulses will be indicated. If 
the frequency is greater than about 25 
Hz, the individual pulses will blur and 
the LED will glow at about half inten- 
sity. R -E 
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On May 30, 1977, Radio -Electronics was invited to preview 
the new computers at the Heath plant in Benton Harbor. This 
is our preliminary report on what we were shown. At a later 
date, after we have had the opportunity to construct our own 
machines we will update this report. 

The new line, and it is a full line, consists of two computers, 
the H8 and the H I I. The 1-18 is an 8 -bit system based around 
the 8080A microprocessor. It features an intelligent front 
panel with octal data entry and display, and a resident 
monitor with built-in bootstrap for one -button program 
loading or storage. 

The H I I is a much more sophisticated machine. It is a 16 - 

bit computer that uses the U.E.C. (Digital Equipment 
Corporation) LSI-I I with 4K memory, a built-in backplane 
and a regulated switching power supply. 

Peripherials, that are compatible and can be used with 
either system include a video terminal, paper -tape reader/ 
punch/duplicator. System dedicated peripherials include a 
hard -copy printing terminal and a cassette recorder. I/O 
(input/output) interfaces, additional memory and supplimen- 
tary software paclages complete the initial products and 
additional hardware and software will be added later. 

Both systems are hacked with complete documentation- 
assembly and user manuals, schematics and pictorial 
diagrams, printed circuit board layouts-all the great aids that 
Heath had traditionally provided its kit builders. There is even 
a Heath Users group already being formed and Heathkit H I I 

owners are automatically eligible for membership in DECUS, 
the Digital Equipment Corp. users group. 

The H8-an 8080A machine 
This is the basic hobby computer in the newly announced 

Heath line. The 8080 is a well-known stardard microprocessor. 
In the I18 it comes with a built-in IK X8 ROM (Read Only 
Memory) that contains a monitor program for controlling the 
front panel and load/dump operations. The 118 cabinet is 

designed to accomodate up to 32K of memory and has a total 
capacity for 65K of addressable memory. 

N ' HobbY 
You Can Build 

Two machines: one an 8080A, the other an 
a long list of peripherials, accessories and 

The intelligent front panel has a 9 -digit 7 -segment octal 
display that permits the user to dynamically display register 
and memory contents while programs are running. A I6 -digit 
keyboard allows quick and accurate data entry. A built in 
programmable audio circuit and speaker makes possible a 

wide variety of special audio effects while a set of LED status 
lights make it possible for the operator to monitor important 
machine states. 

The CPU hoard that houses the 8080A conies factory -wired 
and tested to eliminate the most common source of errors that 
a kit builder might encounter. The system bus that Ileath is 

using is a 50 line bus that is not compatible with any other 
8080 bus currently in use. This means that any accessory items 
you may have for the Altair or S-100 bus cannot he used in the 
Heath computer. A built-in convection -cooled power supply 
completes the main frame. It can handle up to 32K of 
memory and two I/O interfaces. The basic H8 kit includes the 
wired and tested CPU. complete assembly and operations 
data as well as all systems software in audio cassette for,. It 
sells for $375 in kit form. 

Memory cards for the H8 
Additional memory, a must if you are going to do anything 

with your H8 is available. Model H8 -I is an 8K memory 
board kit that comes with 4K of static RAM for $140. An 
additional 4K expansion memory IC set (Model H8-3) is $95. 
Each static memory card uses TI4044 4K x I static memory 
IC's. Memory PC boards are available only as a part of a 

memory kit. All IC's are in sockets. and each memory card 
contains additional on -card power -supply regulation. The 
memory is addressable throughout the entire memory range 
and comes complete with a memory test program. 

Parallel I/0 card for the H8 
To interface with outside peripherals you must have an I/O. 

preferable several. Heath offers their model 118-2 for this 
purpose. This I 'O card kit offers 3-input/3-output 8 -bit ports. 
It is completely compatible with the serial I/O port used to 
inerface a cassette recorder with the machine. The parallel I/ 



LSI-11 are available in kit form from Heath-plus 
software 

O has complete interrupt control and independent addressing 
is available. Output polarity is selectable and pulsed or 
transparant handshaking is included. Like the memory board. 
on -card power -supply regulation is provided. The H8-2 kit is 

$150. 

Serial I/O card for the H8 
When you want to interface a cassette recorder to your H8 

computer you must have a serial I/O board. In the 118 system 
you need the 118-5. It has a 1200 baud rate and sells for 
$110. 

Video terminal kit 
The H9 video terminal kit can be used with either the 118 or 

the 1111 computer. It costs $530 and has a I2 -inch screen that 
displays up to 12 lines of 80 characters and contains enough 
built-in memory for one page of data. It otters long- or short - 
form display. Long -form is full lines of data 80 characters 
long. Short form is 4 columns of 20 -character lines-quite 
handy during programming as you can then look at 48 lines of 
program at a time. Baud rates are variable from 110 to 9600. 
Editing features are built in. This terminal also includes a 

parallel interface for the 1110 tape reader/punch/duplicator. 

Tape reader/punch/duplicator 
Like the video terminal, this unit can be used with either 

computer. It costs $350 as a kit and can read. punch or 
duplicate paper tape. This multi -purpose device is a 50 -CPS 
high-speed reader: a long life 110 -baud 10 -CPS punch and 
has a copy mode duplicating tapes. It uses a parallel interface 
with handshakes and can accomodate either fan -fold or rolls 
of paper tape. The unit comes with a chad tray for catching 
the punched out paper scraps and a fan -fold tape tray. 

H11, a 16 -bit computer 
This powerful machine is designed around the DEC LSI-I I, 

a 16 -hit CPU. The CPU board is supplied completely assem- 

bled and tested with 4K x 16 dynamic RAM. Memory is 

expandable to 20K. The unit includes a built-in backplane. 
power supply with switching regulators and full circuit protec- 
tion, and flexible I/O interface accessories. A complete DEC 
system software package is also included. It contains editor, 
PAL -I I assembler. linker, on-line debug package, input/ 
output executive. BASIC and FOCAL. Mail order price of the 
H I I is $1295. 

The mainframe has no front -panel keyboard or readouts. It 
does feature a tilt -up removable card cage and a built-in 
cooling fan. 

Static memory for H11 
As many as four additional 4K static memory cards can be 

added to the HII. Heath calls these model HI I- I and cost 
$275 each. The cards use 1K X 4 static RAM memory (no 
refresh is required). They are fully compatible with the H I I 

bus and the PUP 11,'03 bus. Only a single jumper is needed 
for hank selection and maximum read/write time is 500 nS. 

Parallel I/O for 1í11 
The H 11-2 is a parallel I/O for the HI I. It costs $95. It 

otters 16 diode -clamped data input lines. Inputs and outputs 
are latched. 16 -bit words are on 8 -bit byte programmed data 
transfers. Also provided are jumper -selectable address and 
vector generation. Four control lines go to each peripheral 
device-reader enable low, data valid low. new data valid low 
and punch ready low. The logic lines are TTL compatible. 

Serial interface for the H11 
Labeled as the Heath model H 1 I-5 this serial interface card 

can be either EIA or optically isolated. It otters selectable 
crystal -controlled baud rates of 50, 75. 110, 134.5. 150. 200. 

300. 600. 1200. 180$). 4800. and 9600. Also provided are 
jumper -selectable stop -bit and data -bit formats and HI I bus 
interface and control logic for interrupt processing and vector 
generation. Interrupt priority is determined by the electrical 
position along the HI I bus. All control; status register and 
data registers are compatible with HI and PDP-11/03 
software. 
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INSIDE THE VIDEO TERMINAL you'll see the CRT, keyboard, electronics 
and power supply that make it work. 
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CPU CARD FOR THE H11 includes the LSI-11 microprocesscr and comes 
completely assembled as you see it here. 
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CPU CARD FOR THE H8 includes the 80804 microprocessor and is 
supplied with the kit as a fully assembled board, 

I, 
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Printing terminal 
To complete the system Heath is offering an LA36 DEC 

writer. The price of this unit has not yet been announced. It 
offers a tractor paper feed, a maximum line width of 132 
characters and baud rates of 110 and 300. In addition there is 
auto line feed. 

Software systems 
Two entirely separate software systems are provided. The 

1-18 software goes with the 118 machine, the 1111 package with 
the 1111 machine. 

The 1-18 software is made up of BH Basic (BH stands for 
Benton I larbor). expanded BH Basic. TED -8 (a text editor), 
HASL-8 (an assembler), BUG -8 (debug). PAM -8 (panel 
monitor). These programs come in cassette tape form and are 
supplied with t'te 118. 

For the II I I the following software is now available: PTS 
Basic -II, 8K Focal -1I, 4K Focal -II. Edit -I I, Link -I I. PAL - 

1 IS 
All software for the Heath III I computer is completely 

compatible with the DEC PDP-II and can run on any 
operating PDP-1103 system. 

Heath software will he supplied in three forms: cassette 
magnetic tape. paper tape and read-only memory (ROM). 
The panel monitor for the H8 (PAN/ -8) is supplied in a ROM 
and like all ROM. cannot he modified by the user. 

BUG -8. TED -8, IIASL-8 and BASIC are provided v ith the 
118 computer in cassette form and are available as an option 
in paper tape form. Both the cassettes and the paper tape are 
compatible with the required error checking and synchron- 
ising characters used by the front panel monitor system. 

Also packed with the H8 is a six -section software manual. 
This is, howevt.r. a reference manual and is not intended to 
teach the owner how to use the software. If you have never 
used a text editor and an assembler. for example. it would he 
best to obtain an introductory text in that subject. 
Conclusion 

As you can see there are two great systems here with more 
accessories still to come. There will be more I/O interfaces 
more memory, a floppy disc, and printers. Radio -Electronics 
will present more details on all of these new systems as we get 
them. R -E 
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WITH ITS COVER REMOVED you can see the works of the pacer tape THE LA -36 DEC WRITER II keyboard printer terminal. The price o1 this printer/punch/duplicator. It can be used with both computers. unit has not yet been determined. 
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Add Sound 
To Your 
Home Monies 

Making home movies is a popular hobby 
throughout the world. Here are details on one 

moviemaker's approach to adding sound, to his 
movies with the aid of a stereo tape recorder 

ANDREW JAREMKO 

EVER SINCE THE INVENTION OF MOTION 

pictures and sound recording, attempts 
have been made to give pictures a voice. 
Edison experimented with talking films 
in his Kinetophones, using his cylinder 
recorder. Commercial films, with Holly- 
wood leading the way, eventually 
evolved a set of reliable but cumber- 
some techniques for adding sound to the 
movies. Magnetic recording simplified 
sound film production tremendously 
and also made it possible for the 
amateur film maker to add sound to his 

films. A great number of gadgets and 
systems have been constructed for this 
purpose over the years, beginning with 
mechanical gadgets and eventually us- 

ing electronics. Many of these were 
designed to allow the hobbyist to run a 

sound track on a tape recorder, unlike 
the professional system that puts both 
picture and sound on the one strip of 
film. 

The problem of making a circuit that 
would reliably synchronize a movie 
projector and a tape recorder to produce 
sound movies has occupied me for some 
time. I worked through a couple of very 
bad discrete component designs and a 

couple of versions using RTL logic IC's, 
one of which worked fairly well. My 
latest version uses CMOS logic through- 
out and represents my state-of-the-art. 
The movie projector has to be modified 
to allow the synchronizer to work, but 
after that any stereo tape recorder can 

be used to provide fully synchronized 
soundtracks. It should be possible to 
build the circuit for under $75, depen- 

ding on where you shop. 
The problem in playing a tape 

recorder and projecting a film so that 
the result is a talking picture is synchro- 
nization. This means that the sound that 
matches a particular image in the film 
should always match that image every 
time the film is projected. We are used 

to seeing voices match lip movements, 
and talking is the main thing that people 
expect from sound films. At the normal 
home movie speed of 18 frames per 
second (fps), lip movements will appear 
to be out of sync if the sound comes in 
more than one frame early or late. 

All we really need is a system in 
which both the tape and the film run at 

a speed accurate enough so that at the 
end of a reel they haven't drifted apart 
by more than one frame. With a 400 - 
foot reel of super -8 film, this is an 

accuracy of one part in 28.800, or about 
33 parts per million. flour projector and 
recorder can run this accurately, allow- 
ing for all the factors that can affect 
their speed-tape stretch and slip, motor 
warmup, line voltage variations, etc.- 
the problem is solved. All we have to do 
is start the two in sync and they will stay 
in sync. This procedure has been a part 
of professional filmmaking for some 
time and is called "crystal sync" (since 
accurate crystal oscillators are used to 

regulate running speeds). But that kind 
of accuracy is expensive. 

The professional method of making 
talking pictures ís of course to put the 
soundtrack on the film. Sound -on -film 
(SOF) has always been around in home 

movies, and Kodak's recent entry into 
the market with SOF super -8 equipment 
will of course make it much bigger. 
Relatively recent improvements in proj- 
ectors have resulted in sound on 8 -mm 
film that is often superior to the sound 
on I6 -mm film. But putting the sound 
on the film as it is shot and leaving it 
there creates many serious problems in 
the editing stage. Trying to make a film 
without editing is roughly comparable 
to trying to paint a picture without 
removing the brush from the canvas. 

In professional productions the sound 
is virtually always recorded separately 
and handled separately through the 
editing process. It gets onto the film 
only at the final stage, when the print is 

made. The main use for SOF is news, 
and even here it is frequently taken off 
the film for editing. Once it is removed 
from the film, the problem of getting it 
back on in the right spot comes up. 

We can get around the need for 
extreme accuracy by recording a signal 
on a tape that will tell the projector how 
fast it is to run. (The tape should be 

allowed to run free, since any interfer- 
ence with its speed is likely to cause 
wow and flutter.) This means that the 
stereo recorder will be carrying a mono 
soundtrack in one channel and sync 
information in the other. Since the two 
tracks are on the same piece of magnetic 
tape, anything that affects the sound- 
track will affect the sync track and the 
sound will remain in sync. 

The most logical method to use is 

simply to record one signal of some sort 
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(usually a pulse) for every frame of film 
that should go through the projector. 
The synchronizer would keep track of 
how many pulses have gone by on the 
tape and make sure that the same 
number of frames of film are displayed. 
For live sync sound all that has to he 
done is to obtain a pulse from the 
camera every time a frame goes through 
it and record this signal along with the 
sound. When the film and sound are 
run together using the synchronizer, 
each frame will go past at its correct 
moment relative to the soundtrack, and 
the result is talking pictures. 

Some specifics 
So far the circuit is pretty vague, with 

only its main function specified and 
absolutely no notions about other duties 
or about how to put it together. Based 
on my previous experience with syn- 
chronizers, I had decided on several 
other characteristics. I wanted to put it 
inside the projector where it would 
always he ready to use and would have 
no cables to fail in the middle of a show. 
It had to have the smallest possible 
number of adjustments, ideally zero, 
and should require no adjustment or 
other attention during projection. Many 
earlier mechanical and electrical synch- 
ronizers required the projectionist to 
make adjustments continually during 
the show, which is annoying for him and 
a distraction for the audience. 

There should he an indicator or indi- 
cators to prove to the projectionist that 
it is running properly, especially if there 
are no adjustments he can make. It 

PARTS LIST 
All resistors '/4 watt, 10%, unless 

otherwise noted 
R1, R7-22,000 ohms 
R2-82,000 ohms 
R3-4700 ohms 
R4-470 ohms 
R5, R10, R12-1000 ohms 
R6, R8-100,000 ohms 
R9-8200 ohms 
R11-220,000 ohms 
R13-82 ohms, '/2 watt 
R14, R15-10,000 ohms 
Cl, C2-.005 µF, 50V 
C3-0.47 µF, 35V 
C4, C5-1000 )1F, 16V, electrolytic 
C6, C7-5 µF, 10V, electrolytic 
01-8V, 1W, Zener 
Q1 -2N5447 - 

Q2-A5T5058 (Texas Instruments), 
(Radio Shack 276-2012 or equal) 

03, 04, 05-MPS3393 or equal. 
06-2N2907 
IC1-MCT2 opto -isolator 
SCR1-SC141B (G -E) or equal (see text) 
RECT1, RECT2-bridge rectifier, 2A, 

50 PIV (Radio Shack 276-1151 or 
equal) 

T1-Filament transformer, primary 
120 V 60 Hz, secondary 6.3 V 
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FIG. 1-SOUND SYNCHRONIZATION CIRCUIT is based on synchronizer and is shown In a. For 
comparison, system based on phase -locked -loop is shown In b. 
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V++, 

0 

j8.33MSEC-+ 

H 1.4MSEC 

TRIGGER 

LEVEL 

O 

V++ - 
TRIGGER 

LEVEL 

0 

a 03 COLLECTOR 

b 05 COLLECTOR 

c 06 COLLECTOR 

T I 

L ' 
I d ACROSS R4 

e ACROSS SCR1 

FIG. 3-WAVEFORMS for the motor speed control and power supply circuit. 

should he able to cope with small 
starting errors and still maintain sync to 
the desired ± I frame. The fact that the 
film is to have synchronized sound 
implies that picture and soundtrack 
have to he in sync right from the start, 
which is asking a lot from human 
reflexes. My circuit will find and main- 
tain synchronization as long as the filn3 
and tape are started within about one 
second of each other. 

Finally, the most important consider- 
ation for the circuit is that under no 
circumstances can it allow the projector 
to damage the film. In practice. this 
means that it cannot allow the projector 
to stall. since if it did the lamp would 
quickly burn a hole in the film. The 
motor also usually cools the lamp: a 

stalled motor would overheat the lamp 
and shorten its life-no laughing matter 
at the present price of lamps. 

If the circuit is to go inside the proj- 
ector and he permanently connected it 
has to he able to let the projector run 
without an external control input. as for 
projecting silent films. The original 
speed control (if any) could be left in 
operation when required, or the syn- 
chronizer could use an internal control 
signal when the external one is not 
present. I decided to use an internal 
signal and replace the projector's orig- 
inal speed control entirely. I gained 

some speed accuracy from this, since the 
internal oscillator is more stable than 
the rheostat control was. With the proj- 
ector fully under the synchronizer's 
control one must he careful to see that it 
can deal with all the circumstances that 
can arise. 

The circuit is getting to sound quite 
complex. with no hints as to how it can 
operate. A rough block diagram of it 
appears in Fig. I -a. If the external refer- 
ence signal disappears, the circuit will 
replace it with one of its own. For 
comparison. Fig. I -b is a rough block 
diagram of a phase -locked -loop (I'LL) 
circuit. The two are very similar and 
show a very basic application of nega- 
tive feedback. Any change that occurs in 
any part of the feedback loop is 

detected. amplified and used to elimi- 
nate itself. It happens that I'LL's are 
available as single IC's. Unfortunately. 
they would do only half the job-to 
them, any cycle of the reference 
frequency looks the same as any other 
cycle. so that they can quite happily lock 
anywhere. Our circuit has to lock on a 

particular cycle of both the reference 
and the controlled frequencies. 

The projector 
All this has assumed that the projec- 

tor speed can he electronically con- 
trolled over a useful range. A digital 

solution to the problem is to generate a 

number representing how fast the 
projector should he going. and then 
convert this number to an analog signal 
that controls the projector's speed. The 
other thing that is needed is the signal 
that says that one frame has gone by. 
This signal is usually easy to come by 
and will he discussed later. A lot more 
depends on the motor. 

First, a couple of warnings. Any 
unauthorized tampering with a projec- 
tor immediately voids the manufac- 
turer's warranty. It is best to work on a 

machine whose warranty has expired, or 
to pretend that it isn't covered at all. 
Modifications can also he difficult for 
service technicians to understand, since 
the manufacturer's manuals won't show 
them. Second, the modifications involve 
working with the 120 -volt AC line. 
Shock hazards must he avoided or elim- 
inated. This applies to hazards during 
construction and testing as well as for 
use. 

[he type of speed control used will 
depend a lot on the type of motor in the 
projector, and to a lesser degree on the 
range of control required. Generally 
speaking, induction motors (anything 
without brushes) can be easily con- 
trolled over a very narrow speed range. 
and are difficult and expensive to 
control over a wide range. AC or DC 
motors with brushes are easy to control 
over a wide range. If a projector runs at 
only one speed or has a mechanical 
speed change so that the motor doesn't 
change 'peeds, it is safe to assume that it 
uses an induction motor. A continuously 
variable speed over a wide range is a 

good indication of a brush motor. The 
only real way to tell is to look. Fortu- 
nately, the backs of projectors are pretty 
easy to remove. 

The speed of induction motors de- 
pends on the line frequency. the line volt- 
age and the load that the motor drives. 
The line frequency has the greater effect 
on speed, while the line voltage mainly 
affects the power that the motor can 
deliver. If the line voltage is reduced the 
speed drops until the load on the motor 
matches the power available from it. If 
it drops too far. the motor will stall. If 
p-ecautions are taken against the motor 
stalling, the limited control available 
this way can he enough to allow the 
synchronizer to work. The control 
frequency shouldn't vary more than 
about ± 5%. Since controlling the line 
voltage will only reduce the motor s 

speed. the nominal frequency of the 
control signal has to he less than the 
motor's maximum speed to allow for 
speeds above and below the nominal 
speed. The Motorola Semiconductor 
Power Circuits Handbook (1968) con- 
tains a chapter on controlling induction 
motors, and RCA's Transistor, T/ t'ristor 
and Diode 1/anua/ contains a chapter 
`Power Switching and Control." The 

47 



RCA book says that "Speed ratios as 
high as 3:I can be obtained . . . with 
certain types of induction motors." 

A typical modification 
When I bought my present projector, 

I was careful to get one that could be 
easily modified. It uses a DC motor 
operating from a 70 -volt supply, with 
the speed controlled by a rheostat in 
series with the motor. The projector's 
original circuit and the circuit I replaced 
it with are shown in Fig. 2. The 
projector contains a large power trans- 
former to supply the projection lamp 
with 21 volts at about 7 amperes. The 
primary is used as an autotransformer 
and is tapped at appropriate points to 
provide the motor with a maximum of 
about 70 -volts DC via a full -wave recti- 
fier. The lamp winding is not shown. 
and the small winding that is shown 
provided power to a pair of pilot 
lamps. 

Since the rheostat comes before the 

FIG. 4-FOIL PATTERN shown lull -size. Top 
view-toll up. 
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filter capacitor, it has a pulsating DC 
waveform across it and can be directly 
replaced with a SCR. In this type of 
capacitor -input power supply, the peak 
currents through the diodes and SCR 
are about ten times the average current 
into the motor. (For more details on 
power supplies. see Don Lancaster's 
article on designing regulated power 
supplies in the December 1973 issue of 
Radio -Electronics.) Choose an SCR that 
has a lot of safety margin in both 
current and voltage. since it should 
never blow out. The SC I4I B in the parts 
list is actually a triac, but it works quite 
happily as an SCR. It had the ratings I 

needed and I had it on hand. 
In circuits using SCR's, the cathode 

lead usually becomes a common point, 
often the ground. But in this case. it 
would put the ground line about 50 
volts away from either side of the power 
line and create a definite shock hazard. 
This voltage has to be kept inside the 
projector and ideally should be kept to 
the immediate vicinity of the SCR. ICI 
provides the necessary isolation. It 
consists of a LED optically coupled to a 

phototransistor. hut electrically in- 
sulated to 1,500 volts. 

How the circuit works 
The circuit will switch the SCR on 

when current flows through the LED in 
ICI. Whenever the voltage across the 
SCR goes to zero, the SCR. QI and the 
phototransistor in ICI will all cut off. As 
the voltage across the SCR rises they 
will remain cut off, since Q I's base is 
connected to its emitter via R2 and the 
phototransistor is similarly biased by 
R I. With no current flowing in either of 
these transistors, Q2 receives no base 
current and deprives SCR I of gate 
current. 

As soon as current begins to flow in 
the LED, the phototransistor begins to 
conduct and a voltage appears across 
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R2. This starts QI conducting, which 
produces a voltage across RI that helps 
the phototransistor turn on. This regen- 
eration, or positive feedback. continues 
until both transistors are fully conduct- 
ing. This provides Q2 with base current 
and allows it to conduct, providing gate 
current to SCR I. As soon as the gate 
current reaches a high enough level, the 
SCR will conduct. When the line 
voltage goes through zero, everything 
shuts off again. CI and C2 provide a 
low -impedance path to noise signals 
that might otherwise trigger SCRI 
prematurely. 

The combination of Q1 and the 
phototransistor is called a transistor 
switch. and has a very low impedance 
when it is conducting. DI is an 8 -volt 
Zeiler that prevents the voltage across 
the QI-phototransistor combination 
from exceeding 8 volts, and in addition 
prevents them from ever being reverse - 
biased. Transistor Q2 is included so that 
Q I and the phototransistor only need to 
carry small currents and to isolate them 
from the 70 -volt peak that can show up 
across SCRI. Any component failures in 
this part of the circuit could cause the 
projector to stall, so everything is 
operated well within its ratings. This 
network will trigger the SCR on from a 
signal electrically isolated from it. 

With this type of circuit, maximum 
power is delivered to the motor if the 
SCR is triggered just before the peak of 
the line voltage. If the SCR is triggered 
much before this, it will remain cut off 
until the line voltage rises above the 
voltage on the filter capacitor. If it is 
triggered later, the capacitor will not 
receive as much charge and the voltage 
across it will drop. delivering less power 
to the motor. With AC motors, the 
earlier the SCR turns on the more 
power will get to the motor. Induction 
motors need most of the cycle present 
just to run, so that the SCR would have 
to he switched on even earlier. 

The current input to the LED is 
provided by Q3 through Q6. Transistor 
Q3 is driven by the output of a full -wave 
bridge rectifier, RECTI. Whenever the 
power line waveform goes through zero. 
the voltage across R5 goes to zero and 
Q3 cuts off, making its collector posi- 
tive. Resistor R5 ensures that Q3 does 
actually cut off. When this happens. Q4 
conducts. grounding its collector and 
forcing Q5's collector positive. This 
charges C3 and cuts Q6 off. which also 
removes the current to the LED in the 
isolator. 

As soon as the line voltage waveform 
gets away from zero, Q3 saturates and 
Q4 cuts off, allowing the control current 
to start discharging C3. This brings Q5's 
collector toward ground, and at some 
point Q6 will begin to turn on. As soon 
as enough current flows in Q6 and the 
LED in IC I. the transistor switch turns 

continued on page 82 
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PART I-An in-depth look at the different types currently available, 
including how they work, their specifications, features and applications 

CHARLES GILMORE* 

RADIO -FREQUENCY SIGNAL GENERATOR IM - 

plies a number of basic features. These 
include: frequency range: modulation 
capability; and amplitude control. The 
RF (radio frequency) signal generator 
has a frequency range (typically 50 kHz 
to 10MHz) whose lower frequency limit 
is above 20 kHz (the practical upper 
limit of the audio frequency range). 
However, the upper frequency limit of 
an RF signal generator can be as high as 

I Gliz. Generators operating above 1 

Gllz fall into a special class called 
microwave signal sources. Modulation 
may be AM (Amplitude Modulation), 
FM (Frequency Modulation), pulse, or 
a combination of any of the three. A 
wide range of output amplitude control 
is implied, including the ability to 
generate signals of I µV or less. 

At the present time there appears to 
be very little middle-of-the-road pricing 
for RF signal generators. The truly low- 
cost units fall in the $200 or less area. 
The cost of those with moderate or great 
sophistication exceeds $1000 and extend 
to $10,000 or more. The specifications, 
features and applications of the genera- 
tors covered in this article include 
generators costing as much as $2000 or 

Manager Design Engineering, Health Co., 
Benton Harbor, MI 

$2500, as well as low-cost units. 
The price level of RF signal genera- 

tors has not changed significantly. There 
have been many generators for the past 
30 years that fall into the $1000 to $2500 
classification. The performance level of 
the generator has changed. The per- 
formance level of the generator changed 
with a change in need. This need is 

primarily concentrated in the communi- 
cations industry, with secondary uses in 
the area of consumer product servicing, 
amateur radio, instrumentation and the 
home experimenter. There is also a need 
for the RF generator in related design 
work. 

The need for better specifications and 
features is forced by the sophistication 
of the products the generators are used 
with. For example, the communications 
industry has changed VHF and UHF 
standards from wideband FM deviation 
(±5 kHz) to narroµband deviations 
(±3 kHz). This change necessitates 
generators with precise modulation ca- 
pability and substantially increased fre- 
quency stability requirements. 

Low-cost generators fill the needs of 
the home experimenter, and supply the 
RF signals required by the service shop 
for simple alignment procedures. These 
generators (or oscillators, as they should 

be known) normally lack stability, RF 
shielding, frequency range, and modula- 
tion capability required to verify per- 
formance specifications when servicing 
or calibrating communications, indus- 
trial or high-fidelity equipment. 

Producing the signal 
The methods for generating an RF 

signal cover a wide gamut of technol- 
ogy. The simplest generators are power 
oscillators that use a fixed inductor and 
a variable capacitor as frequency deter- 
mining elements. On the other end of 
the spectrum are signal generators with 
sophisticated synthesis circuits that de- 
liver signals of high spectral purity, 
extreme stability and uniform modula- 
tion capability. In between these ex- 
tremes are the L-C (inductance-capaci- 
tance) oscillator with stages of buffering. 
modulation and power amplification. 
This oscillator is normally housed in a 

sturdy casting that provides a stable 
mechanical and temperature environ- 
ment, as well as a high degree of shield- 
ing. Generally speaking, this type falls 
into the upper end of the low-cost signal 
generator price class. 

Figure I is a block diagram of a basic 
RF signal generator using a band - 
switched L C oscillator. This oscillator 
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drives a butler amplifier that helps 
maintain frequency stability with 
changes in output load. The buffer 
amplifier may he eliminated on lower 
cost RF generators. Although the signal 
from the basic oscillator, and therefore 
the signal from the buffer amplifier, 
may well he at (or greater than) the 
amplitude required of the generator 
output, a power amplifier is used to 
drive the 50 -ohm low impedance lines. 
The output amplifier supplies the maxi- 
mum possible signal, usually in the I to 
3 volt area, to the output attenuator. 
The attenuator reduces the output signal 
level to the level selected by the opera- 
tor. 

As you can see in the block diagram, 
extensive shielding around these four 
sections prevents stray signals from 
leaking from any one of these compo- 
nents. Such shielding usually involves a 
rather complex mechanical design, often 
a box within a box. Shown as dashed 
boxes are other circuit components that 
may not appear on all generators. 

Signal generators contain some form 
of modulator. Amplitude modulation is 
applied to either the output amplifier or 
to some modulator ahead of the output 
amplifier. A few generators modulate 
the oscillator directly. The modulator 
receives audio signals from an internal 

1- 

oscillator or an external source. On 
higher quality generators. the audio 
oscillator provides tones of 400 Hz and I 

kHz. Simpler generators use one tone. If 
the generator features FM, signals from 
the modulating oscillator are applied to 
frequency modulating components on 
the bandswitch oscillator. This is usually 
done through circuitry that maintains a 
constant deviation, regardless of oscil- 
lator frequency setting. 

In some complex RF signal genera- 
tors, frequency -control circuitry moni- 
tors the output frequency, compares it 
to a standard, and applies corrective 
signals to the hands+itch oscillator. This 
action maintains the desired frequency 
setting. Such frequency -control circuitry 
is only found on more costly genera- 
tors. 

Basics of modulation 
T No types of modulation, AM and 

FM, are by far the most common. AM 
only is common on RF signal generators 
with upper frequency limits in the 30 
N Hz to 60 MHz area. Most signal 
generators with FM capability also have 
AM capability. Some generators, espe- 
cially those designed for work in the 
high VHF and UIIF region, also have 
pulse modulation capability. Pulse mod- 
ulation is zero to 100% amplitude 
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FIG. 1-BASIC RF SIGNAL GENERATOR with a bandswitched L -C oscillator. 
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modulation in the form of a square 
wave or pulse. 

There are two ways to view amplitude 
modulation. Figure 2-a shows an enve- 
lope presentation, as seen on an oscillo- 
scope, for a 100% modulated RF carrier. 
A section of the unmodulated carrier is 
also shown for reference. This display 
presents amplitude versus time period. 
Figure 2-b shows a signal with less than 
100% amplitude modulation. Figure 2 

also shows how to measure percent of 
modulation using this display. Figure 2- 
c shows a spectrum analyzer display of 
an amplitude -modulated signal. This 
display has amplitude on the vertical 
axis and frequency on the horizontal 
axis. The centermost line represents the 
carrier frequency. The signal to the left 
represents the lower sideband; the 
carrier frequency (f,) minus the mod- 
ulating frequency (L). The line to the 
right represents the upper sideband; the 
carrier frequency plus the modulating 
frequency. The display of the spectrum 
analyzer shows the power distribution in 
an amplitude -modulated signal. Each of 
the sidebands contains one -quarter of 
the power. 

Figures 3-a and 3-b show oscilloscope 
and spectrum analyzer presentations for 
an RF carrier frequency modulated by a 
single sinusoidal tone. In the oscillo- 

I 

ouqqll 
OUTPUT 

0 
lily' I 

,:,,r, 
dll 

111111 

II IIII 
Í1Í Iii 

RF SHIELDJ 

FREQUENCY - 

b 

FIG. 3-FREQUENCY MODULATION. Modulating signal is shown in a and b shows modulated carrier. 
Frequency spectrum of FM signal is shown in c. 

III 

%MODULATION = BB%X 100% 

b 

XB2AA 

Ic- Im Ic Ic lm 

FREQUENCY --+ 
FIG. 2-AMPLITUDE MODULATION. 100 per- 
cent modulation level is shown In a. Less than 
100 percent modulation Is shown in b. Frequen- 
cy spectrum of an AM signal is shown in c. 



scope trace, note an increase in frequen- 
cy for positive peak of the modulating 
waveform and a decrease in frequency 
for negative peaks of the modulating 
waveform. The difference between car- 
rier frequency with no modulation and 
peak carrier frequency with modulation 
is referred to as the deviation. The ratio 
of the modulating frequency to the 
deviation is called the modulation 
index. 

The spectrum analyzer display (Fig- 
ure 3-b) shows a number of sidebands 
spaced above and below the carrier 
frequency at integral multiples of the 
modulating frequency. Note, this differs 
in three ways from the AM signal. First, 
if the modulating signal is purely sinu- 
soidal, AM generates only one upper 
and one lower sideband. Second, the 
amplitude of these sidebands are a 

direct function of the percentage of 
modulation. Third, the amplitude of the 
carrier remains constant with modula- 
tion. 

When FM is used, there are an 
infinite number of sidebands (although 
only the first few are strong enough to 
be given any real consideration). The 
amplitude of these sidebands and the 
carrier depend on the modulation index. 
For example. at a modulation index of 
approximately 2.4, the carrier amplitude 
is reduced to zero and increases for 

modulation indices greater or less than 
2.4. Frequently, FM deviation is mea- 
sured by modulating the carrier with a 

signal of known frequency. The devia- 
tion is increased until the carrier ampli- 
tude. as observed on a spectrum analyz- 
er. goes to zero. For example, the carrier 
passes through zero amplitude when 5 

kHz deviation is reached if the modulat- 
ing frequency is 2 kHz. 

As noted earlier, pulse modulation is 

essentially 100% amplitude modulation 
by a rectangular pulse. Figure 4-a shows 
an envelope presentation of a pulse 
waveform and RF carrier modulated by 
this pulsed waveform. As you can see, 
the carrier is turned on and off by the 
pulses. Figure 4-b shows a spectral anal- 
ysis of this same waveform. The center 
line is the carrier frequency. There are 
many sidebands, each one spaced from 
the carrier by integral multiples of the 
pulse repetition rate. The amplitude of 
each of these sidebands depends on the 
duty cycle of the modulating pulse and 
the completeness of the modulation. As 
can he seen from a spectral analysis. 
complex signals, such as square waves 
or pulses, require an extremely wide 
bandwidth. Therefore, pulse modula- 
tion is usually confined to very high - 
frequency or ultra high -frequency gen- 
erators where considerable bandwidth is 
available. 
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FIG. 4-PULSE MODULATION is essentially luu percent amplitude modulation by a pulse signal. 
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Basic oscillators 
The oscillator is the heart of the RF 

signal generator. The stability and 
purity of the generator is directly related 
to the stability and purity of the oscilla- 
tor. Therefore, a great deal of design 
time and effort goes into the oscillator 
circuit. One of the most common oscilla- 
tors used for generators that cover 50 
kHz to 60 MHz, or even 100 MHz. is the 
Hartley oscillator. 

The circuit in Fig. 5-a is a simplified 
Hartley oscillator. The frequency of 
oscillation is determined by the values 
of CI and L I. When the desired 
frequency can no longer be reached by 
adjusting the variable capacitor, a new 
inductor is switch -selected. Frequency 
for an L-C oscillator is directly related 
to the square root of the capacitance 
and inductance. Therefore, a large capa- 
citance change is required to obtain a 

reasonable change in frequency before a 

band change is necessary. Typically, 
capacitance changes of 10:1 to 12: I are 
used. As a result, hand ranges on most 
RF signal generators using L C oscilla- 
tors cover a frequency spread of about 
3:1 to 3.5:1. 

The stability and spectral purity of 
the generator output is largely de- 
pendent upon the characteristics of the 
L-C circuit. A high Q (quality factor) 
circuit designed with silver plated coils 
and air variable capacitors is used. 
Extreme care is given to the mechanics 
of the oscillator, and it is not uncommon 
to find the entire oscillator circuit 
housed in a sturdy box, or perhaps a 

hollowed out casting. This provides low 
susceptibility to thermal variations, me- 
chanical shock and vibration, and exter- 
nal capacitances, all of which affects 
oscillator stability and purity. 

In addition to minimizing environ- 
mental effects upon the stability and 
purity of the oscillator; extensive decou- 
piing circuitry is used on all power 
supply connections. Such decoupling 
serves two purposes. First; it keeps 
external signals from modulating the 
oscillator and therefore creating unde- 
sirable spurious signals. Second; it 
removes the desired signal from the 
power supply lines so the signal is not 
radiated except through connections to 
the output attenuator terminals. 

An alternative oscillator configuration 
is shown in Fig. 5-b. It is the Colpitts 
oscillator. A split capacitor is used to 
control the ratio of feedback here, 
rather than the tapped coil of the 
I Iartley oscillator. The value of capaci- 
tance that sets the frequency of the 
oscillator is the series value of capacitors 
CI and C2. 

The Colpitts oscillator does not pro- 
vide as wide a tuning range as the 
Harley oscillator. Tuning ratios of 10:1 
are common for the Colpitts oscillator. 

When UHF signal generation is 

continued on page 80 
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Part II-An in-depth look at the different types of systems 
and the various design considerations, with enough 
information for the advanced hobbyist to build his own 

MARTIN BRADLEY WEINSTEIN 

Last month, t of this article, we 
discussed sevé ent approaches to 
collision -avoidance systems and we looked at 
practical LASER modules. 

This month, the article concludes with a 

look at SODAR and RADAR modules. 

SODAR modules 
Headway and tailway range information is 

obtained through an air -coupled version of 
SONAR called SODAR (SOnic Detection 
And Ranging). A frequency of 40 kHz should 
he used for your SODAR for several reasons. 
One, ultrasonic energies at significantly 
higher frequencies dissipate rapidly, requir- 
ing too much power for useful range. Two, 
ultrasonic energies at lower frequencies 
diffuse easily, making beam definition diffi- 
cult. Further, the wavelength at. say, 23 kliz, 
is nearly twice the wavelength at 40 kHz. 
Finally, 40 -kHz ultrasonic transducers are 
readily available. 

Because we are dealing with a two-way 
path (the transmitted signal is reflected, then 
received), the received echo strength drops 
with the fourth power of range. This can be 
combatted in two ways. One is through large 
transmit power. The other through extra 
receiving sensitivity. 

The rest of the signal processing problem 
has been greatly simplified, thanks to the 
National Semiconductor LM 1812 Ultrasonic 
Transceiver IC. This innovative IC is capable 
of producing up to 12 watts of transmitted 
ultrasonic power. It works on 12 volts and its 
output is formated to make the addition of a 

clock and gating circuit easy. As shown in 
Fig. 4 block diagram. very little circuitry 
outside the LM 1812 is required to produce a 

BCD range output. The LM 1812 is available 
from dealers for $7.50 to $10.00. 

Though application notes on the LM 1812 
show a single transducer used for both trans- 
mission and reception, system sensitivity can 
be enhanced through the use of dual sensors. 
Furthermore, by positioning them far apart 
on the automobile, a lower range cutoff can 
be established. (See Fig. 5.) Additionally, the 
use of separate sensors permits the addition 
of a receive preamp, if desired, to further 
enhance received signal sensitivity and reli- 
able system operation at the upper -range 
limits. 

Beam shaping is accomplished for both 
transducers mechanically, through the use of 
tubing. The sensors chosen should be water- 
proof and highly resistant to mechanical and 

PULSE 
STRETCHER 

environmental hazards. 
The Massa Corporation (280 Lincoln 

Street, Hingham, MA 02043) model TR-89B 
Type -40 is an excellent choice as a receiving 
transducer at 40 kHz. Untuned with a 2- 
megohm load, its sensitivity is a very high -48 
dB (versus a standard I microbar at one 
foot). Its directional characteristics are also 
excellent. They are available from Massa at 
$5 each, but N assa has established a 
minimum sample order of $25. 

The high power requirements of a trans- 
mitting transducer are more than met by 
Linden Laboratories, Inc.. (Box 920. State 
College. I'A 16801) model 70160. It is capable 
of handling hundreds of watts of output 
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FIG. 4-SODAR MODULE uses a National Semiconductor LM/812 ultrasonic transceiver. The 
LM1812 provides a gating signal to a counter for accurate range information. 



(properly cycled), so at 12 watts it's coasting. 
It comes in a molded, rugged PVC housing. 
Its half power ( 3 dB) beamwidth is 10 

degrees. It is available for only $23.50. post- 
paid. This is less than half the usual price of 
such units in these small quantities. 

The entire SODAR system is duplicated 
twice for full forward and rearward range 
information. System beamwidth can be 

anything from 3 to 10 degrees. 

TRANSMIT RECEIVE 

TRANSMIT : - u RECEIVE 

FIG. 5-SODAR MODULE PLACEMENT. Trans- 
mitting and receiving transducers are sepa- 
rated as widely as possible. Tubing at the 
mouth of each transducer can provide a narrow 
beam. 

Doppler RADAR's 
Some of the techniques for Doppler 

measurement have already been mentioned. 
I lere we will take a look at the elements of a 

practical system that almost anyone can 
build, as shown in Fig. 6. 

Voltage and current regulation is a must. 
The Doppler microwave modules available 
use Schottky diode detectors and Gunn diode 
oscillators. An overvoltage can blow both 
diodes. An undervoltage can keep the Gunn 
diode from oscillating -15% regulation is the 
maximum variation from manufacturer's 
specs permissible to assure reliable starting 
and safe operation. Popular, inexpensive 
three -terminal regulators provide sufficient 
regulation and help safeguard against poten- 
tially dangerous transient spikes. 

If the voltage source is modulated at 
approximately 10 kHz. the Doppler range 
rate information can be further qualified 
with a sign, to indicate whether the target is 

approaching or receding. 
The Doppler modules themselves are 

available from a number of sources. The 
Amperex Electronic Corp. (230 Dully Ave- 
nue, Hicksville, NY 11802) model DX -489 
Doppler Module, at $47.50, is a very inex- 
pensive starting point. It includes a built-in 5 - 

dB antenna (which should be replaced with a 

14 -dB or more antenna), operates on 7.0 volts 

and delivers 8.0 mW at 10.525 GHz. As in all 
the modules we'll discuss, the only connec- 
tions necessary are power in and signal out. 

The Amperex DX -489. operated as de - 
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lane traffic. In some cases, thermostatically - 
controlled heating elements may have to be 

added for reliable operation in very cold 
weather. 
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FIG. 6-RADAR MODULE. Information from the speedometer is fed to a filter to eliminate signals 
returned from stationary objects. The resultant signal is counted and latched for a direct readout of 
relative velocity. 

livered, is designed to meet the requirements 
of Part 45 of the FCC Rules and Regulations. 
This is also true of the other modules 
mentioned. Additional anterna gain, how- 
ever, can violate Part 15 specifications and 
the designer is cautioned to observe such 
limitations in any modification. Amperex 
modules include built-in second harmonic 
rejection networks. 

Plessey Semiconductors (1674 McGaw Av- 
enue, Irvine, CA 92714) offers a number of 
Doppler modules near 10.525 GHz (also 
called X -band). Model GDM-3B offers a 10- 

roW output and a frequency range of 10.2- 
11.0 GHz for $77.20. Model GDM-l0/B 

offers a 50-mW output in the same range for 
$88.10. The model GDVM-3B offers the same 
capabilities as the model GUM 3B. plus 
electronic tuning of plus -or -minus 25 MHz, 
all for $118.30. The GDVM-/0/B is a simi- 
larly -tunable model 3f the GDM-/0IB for 
$154.40. 

The General Electric Microwave Devices 
Products Section (Owensboro, Kentucky 
42301) model C-2I26A Microwave Circuit 
Module Doppler Transceiver offers a 3-mW 
output at 10.525 GHz with an 8.0 -volt oper- 
ating requirement. Its flange mount mates 
with UG39/U flange and RG52 waveguide. 
It costs $59. 

The audio -frequency output of the Dop- 
pler module is buffered in an isolation ampli- 
fier. Then a variable -frequency notch filter 
reduces returns at a frequency related to 
vehicle speed. A multiple digit plus -and - 
minus counter with resettable inputs per- 
forms the arithmetic conversion to a precise 
BCD range rate (relative speed) readout, 
which is latched for display or for software 
routines. 

The modules are placed at the center of the 
vehicle in both the front and the back as 

shown in Fig. 7. Antenna gain and directivity 
is chosen to avoid clutter returns from over- 
head signs, roadside obstacles and adjacent - 
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FIG. 7-RADAR MODULES are located fore and 
aft near the vehicles center line. Nominal 
10.525 GHz operating frequency provides oper- 
ation that is relatively free of bounceback-type 
interference from rain, snow, dust and other 
objects. 

Microcomputers 
The advantages of even simple data pro- 

cessing are obvious. A small, microprocessor - 
based system can selectively interrogate the 
various inputs, coordinate data, perform 
arithmetic and formating operations make 
intelligent decisions and produce a mean- 
ingful display. 

continued on page 72 
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Tests Optonica ST -3535 Tuner 
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SHARP ELECTRONICS CORPORATION OF JAI'AN 
markets in the US a line of high-fidelity 
equipment under the name of Optonica. The 
top tuner in this line is the model ST -3535. 
The styling is similar to that of several recent 
tuner and receiver entries from competing 
firms in that the entire front panel, including 
the long dial -area cutout is finished in a gold 
color. When power is applied to the unit, dial 

scale numerals illuminate in contrasting 
green for extremely good visibility. The FM 
scale is linearly calibrated, with markings at 
every MHz. Three light indicators to the left 
of the AM and FM frequency scales show 
which band has been selected and also 
denote the reception of a stereo FM signal. 
The dial pointer is also illuminated with a 

bright spot of light. 
Two framed meters located along the 

lower section of the panel are shown in Fig. 
I. along with other major controls. The meter 
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MANUFACTURER'S PUBLISHED SPECIFICATIONS: 
F M SECTION: 
Usable Sensitivity: Mono: 1.8 µV (10.3 dBf). S/N Ratio: Mono: 70 d dB. Selectivity: 75 
dB. Capture Ratio: 1.0 dB. Total Harmonic Distortion: Mono: 0.2% at 1 kHz; Stereo: 
0.4% at 1 kHz. Image Rejection: 90 dB. IF Rejection: 90 dB. Spurious Response 
Rejection: 90 dB. AM Suppression: 50 d B Frequency Response: 40 Hz to 14 kHz, 
± 1.5 dB. Stereo Separation: 1 kHz: 38 dB at 1 kHz, 30 dB from 50 Hz to 10 kHz. 

AM SECTION: 
Sensitivity: 200 µV/M (Internal Antenna). Selectivity: 29 dB. S/N Ratio: 45 dB. Image 
Rejection: 60 dB. IF Rejection: 60 dB. Total Harmonic Distortion: 1.0%. 

GENERAL SPECIFICATIONS: 
Audio Output Level: Fixed, FM: 0.8V; Variable FM: 0-1.0V; Fixed, AM: 0.2V for 30% 
modulation; Variable AM: 0-0.3V for 30% modulation. Power Consumption: 24 watts. 
Dimensions: 173/8 wide x 55/e high x 15 inches deep. Weight: 22 lbs. Suggested 
Retail Price: $269.95. 

at the left serves as a signal -strength meter 
for AM and FM. The meter to the right is 

both a center -of -channel FM tuning indi- 
cator and a multipath meter. In this latter 
function, minimum readings are obtained as 

the FM antenna is rotated. and absence of 
multipath is indicated by the meter needle 
returning to its center point, from higher 
readings to the right of center. 

To the left of the meters are a POWER on/ 
oft toggle switch and an OUTPUT LEVEL 
control that alters audio output levels from 
the pair of variable -output jacks on the rear 
panel. Three lever switches are located to the 
right of the meters. The first is a three - 
position MULTIPATH switch. When moved 
upwards from its center position. the MULrI- 
PAitl switch permits audible detection of 
multipath distortion. With the lever set to this 
position, the antenna is rotated until mini- 
mum sound is heard. The lower switch 
setting introduces the meter multipath indi- 
cator just described. Next is the III -BLEND 
switch that introduces a high -blend circuit for 
reduction of background noise during weak - 
signal stereo FM reception. However, this is 

accomplished at the expense of high - 
frequency channel separation. In its lower 
position. the HI -BLEND switch introduces a 

built-in 440 -Hz test signal to the output jacks. 
which is used in setting record levels on 
associated tape deck equipment before 
recording from FM programs. The remaining 
two -position MUTING switch turns on intersta- 
tion muting. A rotary selector switch chooses 
AM. FM -STEREO or FM MONO reception, while a 

large ruNING knob at the lower right is 

coupled to a smooth -acting flywheel and the 
frequency dial pointer. 

The rear panel of the model ST -3535 tuner, 
shown in Fig. 2, is equipped with the usual 
75 -ohm (coaxial). 300 -ohm and external AM 
antenna terminals. An attenuator switch 
reduces signal input to the RF stage of the 
tuner in the event of signal overload. In 
addition to the separate pairs of output jacks 
for fixed and variable level output. two jacks 
are provided for connection to an oscillo- 
scope for still a third method of multipath 
observation and antenna adjustment. An 
unswitched AC auxiliary power outlet and 
the usual pivotable AM ferrite -bar antenna 
plus a fuseholder complete the rear panel 
layout. Typical connection arrangement into 
a complete hi-fi system is shown in Fig. 3. 



TABLE I 

RADIO -ELECTRONICS PRODUCT TEST REPORT 

Manufacturer: Sharp (Optonica) 

FM PERFORMANCE MEASUREMENTS 

SENSITIVITY, NOISE AND 
FREEDOM FROM INTERFERENCE 
IHF sensitivity, mono: (pV) (dBf) 
Sensitivity, stereo (µV) (dBf) 
50 dB quieting signal, mono (pV) (dBf) 
50 dB quieting signal, stereo (pV) (dBf) 
Maximum S/N ratio, mono (dB) 
Maximum S/N ratio, stereo (dB) 
Capture ratio (dB) 
AM suppression (dB) 
Image rejection (dB) 
IF rejection (dB) 
Spurious rejection (dB) 
Alternate channel selectivity (dB) 

FIDELITY AND DISTORTION MEASUREMENTS 
Frequency response, 50 Hz to 15 kHz (±dB) 
Harmonic distortion, 1 kHz, mono (%) 
Harmonic distortion, 1 kHz, stereo (%) 
Harmonic distortion, 100 Hz, mono (%) 
Harmonic distortion, 100 Hz, stereo (%) 
Harmonic distortion, 6 kHz, mono (%) 
Harmonic distortion, 6 kHz, stereo (%) 
Distortion at 50 dB quieting, mono (%) 
Distortion at 50 dB quieting, stereo (%) 

STEREO PERFORMANCE MEASUREMENTS 
Stereo threshold (pV) (dBf) 
Separation, 1 kHz (dB) 
Separation, 100 Hz (dB) 
Separation, 10 kHz (dB) 

MISCELLANEOUS MEASUREMENTS 
Muting threshold (pV) (dBf) 
Dial calibration accuracy (±kHz at MHz) 

EVALUATION OF CONTROLS, 
DESIGN, CONSTRUCTION 
Control layout 
Ease of tuning 
Accuracy of meters or other tuning aids 
Usefulness of other controls 
Construction and internal layout 
Ease of servicing 
Evaluation of extra features, if any 

OVERALL FM PERFORMANCE RATING 

R -E 
Measurement 

1.7 (9.8) 
6.0 (20.8) 
2.5 (13.2) 

32.0 (35.3) 
76 
69 
1.2 
50 
95 
90 
93 
75 

2.0 
0.23 
0.24 
0.38 
0.30 
0.20 
0.30 
0.6 
0.4 

6.0 (20.8) 
40 
34 
33 

7.0 (22.1) 
100 

Model: ST -3535 

R -E 
Evaluation 
Excellent 
Very good 
Excellent 

Very good 
Excellent 
Very good 
Very good 

Fair 
Excellent 
Excellent 
Excellent 

Very good 

Fair 
Good 

Very good 
Fair 

Good 
Very good 
Excellent 

Good 
Very good 

Very good 
Very good 

Good 
Excellent 

Very good 
Good 

Very good 
Excellent 
Excellent 
Excellent 
Very good 
Very good 
Excellent 

Very good 

TABLE II 

RADIO -ELECTRONICS PRODUCT TEST REPORT 

Manufacturer: Sharp (Optonica) 

OVERALL PRODUCT ANALYSIS 

Retail price 
Price category 
Price/performance ratio 
Styling and appearance 
Sound quality 
Mechanical performance 

3269.95 
Low/medium 
Excellent 
Very good 
Excellent 
Very good 

Model: ST -3535 

Comments: Several features included in this well -designed AM/FM stereo tuner set it apart from 
others in its price class. The built -In 440 -Hz test tone is extremely useful in setting up 
record levels for FM program recording. However, the level of tone delivered is 

about 3 -dB lower than maximum modulation levels of received FM signals would 
deliver and record level indicators should be set accordingly. The aural method of 
multipath detection, coupled with the meter indicator, combine to provide an 
extremely sensitive and accurate means of minimizing this form of interference and 
distortion. Calibration of the long, linear dial was never ott by more than 100 kHz 
(and even that minimal error occurred only at the low- and high -frequency 
extremes). 

The designers have carefully targeted muting threshold and stereo switching 
sensitivity so that they provide maximum usefulness. Quieting slope is extremely 
steep, which results in usable signals being received even when signal strength is 

under 5µV or so for mono, 30 µV or thereabouts for stereo. The only compromises 
made In the interest of price are in the less -than -satisfactory distortion levels (which 
are nevertheless low enough so as not to intrude audibly) and a rather low AM - 
suppression figure. Neither characteristic Impaired listening quality. At its relatively 
low asking price, the Optonica ST -3535 turns out to be something of a "sleeper" 
from a company whose reputation was gained in other fields. 

An internal view of the chassis of the model 
ST -3535 is shown in Fig. 4. The separate, 
shielded FM front-end at the center -left 
contains a 4 -gang capacitor for FM and uses 

dual -gate MOSFET's for the double -tuned 
RF stage and the mixer stage. A three -section 
capacitor is used in the AM section. Phase - 

linear ceramic filters and differential IC 
circuitry are used in the IF section (FM) to 
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feed a conventional ratio -detector circuit. An 
IC phase -locked -loop circuit is used for 
stereo multiplex decoding, followed by a low- 
pass filter for subcarrier product suppression. 
The 440 -Hz test tone is produced by a two - 
stage R-C feedback phase -shift audio oscil- 
lator circuit. A fully regulated power supply 
is used to provide operating voltages for the 
tuner signal sections. Total semiconductor 
complement includes 2 MOSFET's, 6 IC's, 26 
bipolar transistors and 21 diodes. Intercircuit 
board wiring is neatly harnessed, and the 
tuner lends itself to easy servicing and parts 
identification. 

Laboratory measurements 
Results of our lab measurements, summar- 

ized in Table I, disclose that the unit gener- 
ally exceeded published specifications. Of 
course, many of the required new mono and 
stereo specifications were not listed by the 
manufacturer despite the fact they proved to 
be extremely good. For example, a THD 
figure of only 0.3% at the 6 -kHz point tells 
much about the excellent phase linearity of 
the IF section and the care with which the 
multiplex decoder section was designed. 

The effectiveness of the low-pass filter was 
confirmed by the fact that subcarrier rejec- 
tion in stereo measured more than 64 dB (not 
listed in Table I). At the point where stereo 
switching occurred (6 µV, or 20.8 dBf), 
quieting in stereo was already 37 dB and 
distortion was well below the 3% "minimum 
usable sensitivity point." While frequency 
response tended to roll off a bit more rapidly 
than preferred (-2.0 dB at 15 kHz), this is a 

small price to pay for the excellent subcarrier i -) smKr fY+n is 
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product rejection afforded. Stereo separation 
was plotted over the entire frequency range 
by means of our spectrum analyzer. Figure 5 

shows the results. Note the steep roll -off 
action of the low-pass filter in the region of 
19 kHz. The upper trace shows the output 
from the desired channel while the lower 
trace represents output from the opposite 

channel. Each vertical division equals 10 

dB. 
Our overall product analysis is found in 

Table II, together with summary comments. 
For the budget -minded high-fidelity enthu- 
siast who prefers a separate tuner to an all -in - 
one receiver, the model ST -3535 offers 
considerable value and an abundance of 

extra features not normally found in lower 
cost tuners. Unless you are fortunate enough 
to live in an area where one or more stations 
are taking special pains to deliver a 

superclean FM or stereo FM signal, it is 

unlikely this tuner will prove a limiting factor 
in determining the quality of your FM recep- 
tion. R -E 

Hitachi SR -903 
Stereo Receiver 

)s 
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CIRCLE 101 ON FREE INFORMATION CARD 

IN THE AUGUST 1976 ISSUE OF RADIO-ELEC- 

tronics, we described a new type of audio 
amplifier output circuit developed by Hitachi 
that was identified as a "Class G" circuit. 
Hitachi first used this innovative output 
circuit in their top receiver, model SR -903 
(See Fig. I). The chief virtue of the Class -G 
circuit is its increased efficiency (compared 
with conventional Class -B push-pull output 
circuitry). The resulting decreased weight and 
heat -sink requirements, in turn, lead to a 

more economical design. Indeed, while the 
model SR -903 is dimensionally the equal of 
competitive receivers in the same power class, 
its net weight and retail asking price suggest 
that the Class -G approach provides decided 
benefits. 

The front panel of the model SR -903 is 
made of gold -anodized aluminum. Frequen- 
cy numerals are printed on a sloping section 
behind the dial glass for better visibility. and 
the linear FM -scale is calibrated at every 200 
kHz. Rectangular colored slits above the 
right section of the dial scale illuminate to 
show program source selected as well as 

stereo FM signal reception. Above the left 
area of the dial scale are signal -strength and 
center -of -channel tuning meters. 

An indicator light labelled AUTO -LOCK is 

included with the program source indicators 
and works together with the large tuning 

knob at the right of the panel. In FM tuning, 
a built-in AFC (Automatic Frequency Con- 
trol) circuit is deactivated so long as your 
fingers engage the tuning knob. As soon as 

you approach center -of -channel (as indicated 
on the tuning meter), releasing the knob 
permits the auto -lock feature to pull in the 
station and the then AUTO -LOCK light comes 
on. 

Rotary controls along the lower section of 
the control panel include BASS, MID -RANGE 
and TREBLE tone controls; dual concentric 
balance and click -stop master volume con- 
trols; and a rotary program selector switch. 
The switch has, in addition to its P11ONO, AM 
and AUX positions. a separate FM position 
and one which combines the FM auto -lock 
and FM mute features. We would have 
preferred to see a separate FM muting switch 
so that the auto -lock feature could be 
enjoyed with or without interstation muting. 

Seven individual pushbuttons take care of 
low and high filters, speaker A/speaker B 

selection, stereo/mono selection, loudness 
control activation and external adaptor 
switching. Two three -position lever switches 
handle twin tape -monitoring circuits and 
tape copying or dubbing. Phone jack and 
power on/off pushbutton are located at the 
lower left of the front panel. 

Figure 2 is a rear -panel view of the 

MANUFACTURER'S PUBLISHED SPECIFICATIONS: 
FM TUNER SECTION: 
Usable Sensitivity: mono: 1.6 µV (9.3 dBf); stereo: 14 µV (28 dBf). 50 -dB Quieting: 
mono: 3.1 µV (15 dBf); stereo: 34.5 µV (36 dBf). S/N Ratio: mono: 74 dB; stereo: 68 
dB. THD: mono: 0.15% at 1 kHz; 0.2% at 100 Hz; 0.25% at 6 kHz; stereo: 0.25 at 1 

kHz, 0.3% at 100 Hz, 0.3% at 6 kHz. Frequency Response: 30 Hz to 15 kHz, ± 1.0 dB. 
Capture Ratio: 1.0 dB. Image Rejection: 85 dB. IF and Spurious Rejection: 100 dB. 
Selectivity: 80 dB. AM Suppression: 55 dB. Stereo Separation: 45 dB at 1 kHz. 
Subcarrier and SCA Rejection: 65 dB. Muting Threshold: 14 µV (28 dBf). 

AM TUNER SECTION: 
Sensitivity: 300 µV/M (internal antenna); 20 µV (external antenna). Image Rejection: 
70 dB. IF Rejection: 90 dB. Selectivity: 40 dB. S/N Ratio: 50 dB. 

POWER AMPLIFIER AND PREAMPLIFIER SECTION: 
Power Output: 75 watts -per -channel, minimum continuous, 8 ohms, 20 Hz to 20 kHz. 
Rated THD: 0.1%. Rated IM: 0.1%. Damping Factor: 45. Input Sensitivity: phono: 2.5 
mV; high level: 200 mV. S/N Ratio (A -weighted): phono: 75 dB; high level: 87 dB. 
Tone Control Range: bass: ± 10 dB at 100 Hz; treble: ± 10 dB at 10 kHz; mid -range: 
±6 dB at 1 kHz. High Filter: -8 dB at 10 kHz. Low Filter: -8 dB at 50 Hz. Frequency 
Response: high level: 10 Hz to 30 kHz, ±1 dB; phono: RIAA, ±0.5 dB. 

GENERAL SPECIFICATIONS: 
Power Requirements: 120V, 60 Hz, 250 watts. Dimensions: 19'/4" wide x 511/16" high 
x 153/4" deep. Weight: 29.8 lbs. Suggested Retail Price: $499.95. 

receiver. Antenna terminals at the left handle 
75 -ohm, 300 -ohm and external AM antenna 
connections. A swing -out ferrite AM bar 
antenna is located above the usual input and 
tape -out pairs of phono-tip jacks with a DIN 
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connector also provided for the TAPE I in - 
and -out connections. Spring -loaded speaker 
terminals are vertically oriented. One 
switched and one unswitched AC receptacle, 
a fuseholder and a chassis ground terminal 
complete the rear -panel layout. Adaptor in - 
and -out jacks provide the equivalent of a 

third tape monitor circuit interruption point. 

Circuit features 
Four major circuit boards (two are visible 

in Fig. 3) contain the majority of components 
used in the receiver. The tuner PC board (see 
Fig. 3) includes a 4 -gang linear tuning capa- 
citor for FM and a 3 -section AM tuning 
gang. A MOSFET is used in the RF amplifier 
stage. The FM -IF section uses a 4 -stage IC 
differential amplifier with three ceramic filter 
elements and an IC limiter-quadrature FM 
detector stage. Phase -locked -loop IC circuitry 
is used in the multiplex decoder section. 
Ceramic filtering and IC's are used in the 
AM tuner section and an IC phono equalizer 
is used in the low-level preamp stage. 
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An electronic protection circuit protects 
speakers and power transistors in the event of 
a fault, with a relay used to disconnect power 
applied to the speaker terminals. In the event 
that the protection circuitry is activated, a 

2 



TABLE I 

RADIO -ELECTRONICS PRODUCT TEST REPORT 

Manufacturer: Hitachi 

FM PERFORMANCE MEASUREMENTS 

SENSITIVITY, NOISE AND 
FREEDOM FROM INTERFERENCE 
IHF sensitivity, mono: (µV) (dBf) 
Sensitivity, stereo (µV) (dBf) 
50 dB quieting signal, mono (µV) 
50 dB quieting signal, stereo CuV) 

Maximum S/N ratio, mono (dB) 
Maximum S/N ratio, stereo (dB) 
Capture ratio (dB) 
AM suppression (dB) 
Image rejection (dB) 
IF rejection (dB) 
Spurious rejection (dB) 
Alternate channel selectivity (dB) 

FIDELITY AND DISTORTION MEASUREMENTS 
Frequency response, 50 Hz to 15 kHz (±dB) 
Harmonic distortion, 1 kHz, mono (%) 
Harmonic distortion, 1 kHz, stereo (%) 
Harmonic distortion, 100 Hz, mono (%) 
Harmonic distortion, 100 Hz, stereo (%) 
Harmonic distortion, 6 kHz, mono (%) 
Harmonic distortion, 6 kHz, stereo (%) 
Distortion at 50 dB quieting, mono (%) 
Distortion at 50 dB quieting, stereo (%) 

STEREO PERFORMANCE MEASUREMENTS 
Stereo threshold (µV) (dBf) 
Separation, 1 kHz (dB) 
Separation, 100 Hz (dB) 
Separation, 10 kHz (dB) 

MISCELLANEOUS MEASUREMENTS 
Muting threshold (µV) (dBf) 
Dial calibration accuracy (*kHz at MHz) 

OVERALL FM PERFORMANCE RATING 

R -E 
Measurement 

1.7 (9.8) 
16.0 (29.3) 
2.6 (13.5) 

32.0 (35.3) 
76 
70 
1.2 
55 
86 

100 
100 
82 

1.0 
0.12 
0.19 
0.12 
0.25 
0.14 
0.3 
0.6 

0.38 

16.0 (29.3) 
50.0 
40.0 
42.0 

14.0 (28.0) 
100 

Model: SR -903 

R -E 
Evaluation 
Very good 

Fair 
Excellent 

Very good 
Excellent 
Excellent 
Excellent 

Good 
Very good 
Excellent 
Excellent 
Excellent 

Very good 
Excellent 
Very good 
Excellent 

Good 
Excellent 

Very good 
Good 

Very good 

Fair 
Superb 

Excellent 
Superb 

Fair 
Very good 

Very good 

TABLE II 
Manufacturer: Hitachi 

AMPLIFIER PERFORMANCE MEASUREMENTS 

POWER OUTPUT CAPABILITY 
RMS power/channel, 8 -ohms, 1 kHz (watts) 
RMS power/channel, 8 -ohms. 20 Hz (watts) 
RMS power/channel, 8 -ohms, 20 kHz (watts) 
RMS power/channe ( 4 -ohms, 1 kHz (watts) 
RMS power/channel, 4 -ohms, 20 Hz (watts) 
RMS power/channel, 4 -ohms, 20 kHz (watts) 
Frequency limits for rated output (Hz -kHz) 

DISTORTION MEASUREMENTS 
Harmonic distortion at rated output, 1 kHz (%) 
Intermodulation distortion, rated output (%) 
Harmonic distortion at 1 -watt output, 1 kHz (%) 
Intermodulation distortion at 1 -watt output (%) 

DAMPING FACTOR, AT 8 OHMS 

PHONO PREAMPLIFIER MEASUREMENTS 
Frequency response (RIAA ± dB) 
Maximun input before overload (mV) 
Hum/noise referred to full output (dB) 

(at rated input sensitivity) 

HIGH-LEVEL INPUT MEASUREMENTS 
Frequency response (Hz -kHz, ± dB) 
Hum/noise referred to full outwit (dB) 
Residual hum/noise (min. volume), (dB) 

TONAL COMPENSATION MEASUREMENTS 
Action of bass and treble controls 
Action of secondary tone controls 
Action of low -frequency filter(s) 
Action of high -frequency filter(s) 

COMPONENT MATCHING MEASUREMENTS 
Input sensitivity, phono 1/phono 2 (mV) 
Input sensitivity, auxiliary input(s) (mV) 
Input sensitivity, tape input(s) (mV) 
Output level, tape output(s) (mV) 
Output levei, headphone jack(s) (V or mW) 

R -E 
Measurement 

102 
75 
77 

N/A 
N/A 
N/A 

20-22 

0.035 
0.07 
0.01 
0.01 

45 

0.2 
110 

70 

10-32, 1.0 
90 
90 

2.6 
210 
210 
210 

62 mW 

Model: SR -903 

R -E 
Evaluation 
Excellent 

Good 
Good 

Good 

Excellent 
Excellent 
Excellent 
Excellent 

Very good 

Excellent 
Very good 

Very good 

Very good 
Excellent 

Good 

Good 
Good 
Fair 
Fair 

OVERALL AMPLIFIER PERFORMANCE RATING Excellent 

small front -panel light located near the 
power ON/OFF switch becomes illuminated. 
This light also comes on for the first few 
seconds after turn -on -the relay prevents 
output to the speakers, eliminating warm-up 
thumps and pops from reaching them. 

For those who may not have read the 

earlier description of the Class -G output 
circuit, here is a brief review: A simplified 
Class G circuit is shown in Fig. 4. Two 
transistors are used in each half of the push- 
pull arrangement for each channel (a total of 
four transistors in each channel). In Fig. 4. 

transistor Q2 is powered by the lower of two 
supply voltages (VI) and amplifies the 

incoming signal V until the amplitude of the 

incoming signal exceeds the value of VI. 
During this time, transistor Q I is cut off. As 
the crest of the incoming waveform is 

reached, signal amplifying is taken over by 
QI, powered by the higher supply voltage 
V,, and transistor Q2 is then cut off. Thus, 
each transistor operates over its most efficient 
range, thereby increasing efficiency far 
beyond that attained in conventional Class -B 

operation. This increased efficiency results in 

decreased thermal dissipation and decreased 
heat -sink requirements. 

FM tuner measurements 
Table I lists the measurements made for 

the FM tuner. Generally, results equalled or 
exceeded published specifications, although 
stereo usable sensitivity was limited by the 
rather high switching threshold provided 
between mono and stereo reception. Signal- 
to-noise ratios at high input signal strengths 
in both mono and stereo were excellent, and 
well above ratings. Mono and stereo distor- 
tion was as low as in some expensive "sepa- 
rate" tuners. More important, the lowest 
distortion points were observed with the 
auto -lock feature engaged, indicating good 
correspondence between the indicated "per- 
fect" tuning point and actual center -of -chan- 
nel. 

There was good correspondence between 
the center -of -channel meter indications and 
the true, lowest -distortion tuning point from 
one end of the dial to the other. Calibration 
of frequencies was also extremely accurate. 
Stereo separation was particularly impres- 
sive, especially at the more difficult high - 
frequency test point of 10 kHz, where it 
remained above 40 dB! 

We would have preferred to see a some- 
what lower muting threshold setting than the 
14 µV observed, especially in view of the 
good steep quieting slope of tuner circuit. Of 
course, for weak signal reception one can 
always defeat the muting feature, but since it 

is tied in with the auto -lock setting of the 
program selector switch, you would also have 
to forego that feature as well during FM 
DX'ing. 

continued on page 77 
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ATWATER KENT model 36, 1927 FRESHMAN MASTERPIECE, 1925 FRESHMAN MASTERPIECE, 1925 

Restoring 
Antique Radios 

THE OLD RADIOS ARE COMING BACK. THOU - 
sands of collectors and nostalgia hounds 
are dragging old sets out of attics, base- 
ments and junk shops. You can be the 
one to make them play again. If you 
have an old-line repair shop, you can 
revitalize your business. If you're a 
hobbyist. you can discover real fun in 
renovating antique sets. Chances are 
you'll become an enthusiastic collector 
yourself. 

AC radio sets from 1927 to 1950 are 
now very popular with collectors, and 
are in demand by almost everyone as 
conversation pieces for den or rumpus 
room. Prices for early AC sets in playing 
condition run from $25 to over $200. 
Battery sets from the early 1920's 
command even higher prices, even pre - 
1951 TV sets are fair game. 

Getting Started 
What does it take to jump into the 

hobby or business of renovating antique 
'Author -publisher, Vintage Radio Company. 

1933 AUDIOLA 

,.Y 
1 - 

Antique radios have gained popularity in recent 
repairing and modifying and how to go 

sets? If you're experienced at repairing 
tube sets you've already got a start. How 
far you go depends on skills such as 
refinishing and machine tool opera- 
tion. 

There are really three levels of reno- 
vation: Restoration requires that the set 
be brought back to its original condition 
in every respect, except that the rich 
luster of the finish, accumulated over 
the years, is not disturbed unless 
required. The restorer puts new trans- 
former windings into the old trans- 
former cans, and places new dry elec- 
trolytic capacitors in the old wet -filter 
capacitor cans. The set should be indis- 
tinguishable from new, except for the 
richness of the finish. A true restoration 
job involves using skills in cabinetry, 
refinishing, metalworking and elec- 
tronics. 

Repair means to get the set working 
as it once did, but with possible short- 
cuts such as hanging electrolytics under 
the chassis and substituting R-C net- 
works for those hard -to -get transform- 
ers. Modification involves substituting 
modern modules, such as transistorized 

ATWATER KENT model 55, 1929 

MORGAN E. MaMAHON° 

tuners, for the original (an unpar- 
donable sin to the purist!). 

How do you get started'? First, you 
must be competent to do the work. Just 
because the sets are many years old 
doesn't mean they're a snap to fix. Next, 
you need the tools-workbench, testers, 
circuit references, etc. You must know 
where to get obsolete tubes and parts. 
You also have to find the best way to 
ship sets, as you'll want to work beyond 
your immediate locale if you want to set 
up a business. You must advertise your 
talents and services and set up channels 
for finding old sets to renovate and sell 
at a profit. 

It's not hard to sell sets to incidental 
buyers. Try local antique and collecti- 
bles dealers, and the new "funky things" 
shops. An exhibit of your own helps. 
However, your best bet may he with 
more serious collectors who don't have 
the time or resources to restore their 
acquisitions. If you become the restorer 
for collectors in your area, you're pretty 
well set. 

. J , 
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JACKSON BELL CHASSIS, 1932 

-How to get started 
ears. Here's a look at what's required in restoring, 
bout obtaining parts and schematics 

Clubs and periodicals 
To tap the collector community, start 

by reading the same books and periodi- 
cals as they do, and by getting to know 
the local or regional collectors' clubs. 
Start with the Vintage Radio Company 
books; write to Vintage Radio, Dept. P, 

Box 2045, Palos Verdes, CA 90274 for 
information. The volume of key interest 
to you is A Flick of the Switch. The 
1887-1929 counterpart to this book is 

Vintage Radio. 
There are some periodicals devoted 

entirely to radio collectors. The Horn 
Speaker, 9820 Silver Meadow Dr., 
Dallas, TX 75217, is a monthly news- 
paper for collectors and historians. 
Other collector newsletters are: Radio 
Age, 1220 Meigs St., Augusta, GA 
30904; Antique Radio Topics, Box 42, 
Rossville, IN 46065; and the Classic 
Radio Newsletter, Box 28572, Dallas, TX 
75228. A good directory of publications 
and of hard -to -get parts and services is 
available from Historical Radio Ser- 
vices, Box 15370, Long Beach, CA 
90815. 

Historical radio clubs are your best 
doors into the collector community. The 
Antique Wireless Association and the 
Antique Radio Club of America are 
national, and there are also regional 
clubs. In Canada the Canadian Vintage 
Wireless Association is the key organi- 
zation. 

Your other main need is for circeit- 
diagram references. Rider's Perpetual 
Trouble Shooter's Manuals cover sets 
from the mid-I920's to the 1950's. 
Howard W. Sams' Photofacts give derail 
on sets built after 1945. Morris Beit- 
man's Most -Often -Needed Circuit Dia- 
grams books are still available from 
Supreme Publications. 1760 Balsam 

- - 
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ZENITH model 75 Radio Phonograph, 1930 

ANTIQUE RADIO CLUBS 

Antique Radio Club of America 
c/o Mr. Bill Denk 
81 Steeplechase Rd. 
Devon, PA 19333 

Antique Wireless Association 
c/o Mr. Bruce Kelley 
Main St. 
Holcomb, NY 14469 

Buckeye Antique Radio and 
Phonograph Club 
c/o Mr. Ken Longenecker 
1937 Stoney Hill Dr. 
Hudson, OH a4236 

California Historical Radio 
Society 
c/o San Jose Historical Museum 
635 Phelan Ave. 
San Jose, CA 95112 

Canadian Vintage Wireless 
Association 
c/o Mr. Sid Frior 
102 Parkhurst Blvd. 
Toronto, Ontario, M4G 2E6 
Canada 

Indiana Historical Radio 
Society 
c/o Mr. Ed Taylor 
245 N. Oakland Ave. 
Indianapolis, IN 46201 

Mid -America Antique Radio Club 
c/o Dr. Robert Lane 
2301 Independence Ave. 
Kansas City, MO 64214 

Northwest Vintage Radio 
Society 
Box 13544 
Portland, OR 97213 

Rocky Mountain Antique Wireless 
Association 
16500 W. 12th Dr. 
Golden, CO 80401 

Southern California 
Antique Redo Society 
c/o Mr. Alan Smith 
6712 Bisby Lake Ave. 
San Diego, CA 92119 

Southwest Vintage Radio 
and Phonograph Society 
Box 19406 
Dallas, TX 75219 

ATWATER KENT model 35, 1926 

Rd., Highland Park, IL 60035. Gems - 
back Publications' Official Radio Service 
Manual covers the period from the mid - 
1920's through 1935. Vintage Radio 
Company provides a circuit research 
service in which the schematic diagram 
and other available information on any 
pre -1951 radio set will be sent for $3.50. 

You can help preserve radio history 
and have some fun at the same time; 
and if you're interested, earn some 
money in the process. R -E 



service clinic 

Double, double, toil and trouble. Overlook the obvious and 
don't believe the evidence. JACK DARR, SERVICE EDITOR 

THIS IS A GOTHIC TALE, OF MYSTERN, HARD - 
ship, frustration and suffering. There is 
a happy ending, but one that would 
amaze Alfred Hitchcock. What? Cer- 
tainly; it's an intermittent; what else 
could it be? 

Synopsis. Technician makes house 
call on Quasar TS -94I. Complaint: 
raster folds over in center, darkens and 
goes out, after about 15 minutes. 
Tapping on cabinet will bring it back. 
Verified by observation. So, technician 
installs new FC panel. 

Symptoms remain exactly the same. 
Take set to shop. On the way, pick up 
another set, same chassis. I look set No. 
2 up, and it shows exactly the same 
symptoms. (******* This denotes lapse 
of two days.) 

Concentrating on tirst set, the prob- 
lem seems to be in the flyback, since the 
FC module has been replaced, and it 
contains all of the rest of the circuitry. 
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Tapping the flyback, moving the leads. 
etc.. does nothing. Bending the end- 
plate of the chassis up and down will 
make the raster go out, or come back if 
it's out. Tapping the module will make 
it go out sometimes. (***** Two more 
days, not continuously, half an hour at a 
time.) 

During this time Visiting Expert (sic!) 
has been passing through shop, observ- 
ing (but not helping much). Temptation 
too much; V. E. breaks down and says 
"Drive this thing into my place and let's 
see what's going on." No sooner said 
than done. 

Now both of us start in on it. We 
agree that it has to be a bad solder joint 
somewhere, since it has all of the typical 
symptoms. Also it is thermal, since it 
will show up by itself after a short time. 
However, we are unable to locate that 
place where only a very light tap will 
make it act up. To make life more 
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This column is for the service tech- 
nician's problems-TV, radio, audio 
or industrial electronics. We answer 
all questions submitted by service 
technicians on their letterheads indi- 
vidually. by mail, and the more inter- 
esting ones will be printed here. 

If you're really stuck, write us. 
We'll do our lest to help you. Don't 
forget to enclose a stamped. self- 
addressed envelope. If return postage 
is not included we cannot process 
your question. Write: Service Editor, 
Radio -Electronics, 290 Park Avenue 
South, New fork. NY 10003 
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interesting, now it develops a new 
failure mode. In this one, the raster goes 
out instantly. Once again, tapping or 
bending the chassis will bring it back. 

Transcription of V.E.'s bench notes 
(somewhat edited and highly expur- 
gated). 

"Two failure triodes with same result. 
llas to be bad solder joint from symp- 
toms. Monitor things. The scope shows 
that the base drive waveform on the 
horizontal output transistor does not 
disappear, but just changes shape slightly. 
Perfect square wave in fault condition, 15 
volts p -p (Fig. 3-a); in operation, normal 
waveform as shown in Fig. 3-b. 

"hlowever, different reactions on col- 
lector current of output transistor. Moni- 
tored by reading DC voltage drop across 
R805/R806, 5 ohms each, in the + 73 
volt supply that feeds the flyback primary. 
In Mode I, fo/dover and fade, the 
collector current rises slowly front the 
normal 700 mA to 1.0 amps or more (at 
which time the plug is pulled!) 

' In Mode 2, instant disappearance of 
raster, the collector current drops to zero 
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* SAVE GAS! SAVE on TUNE-UPS! 

and the collector voltage rises to the 
supply value of +80 volts. In Mode 2 

(using the other channel of the scope) the 
collector pulse drops to zero. In Mode I, 
the height of the pulse drops, and another 
smaller pulse shows up halfway between 
the normal pulses; this jitters very badly 
(Fig. 2). Either condition can be induced 
by bending the end plate of the chassis. 

"Now, some conclusions were ?node. 

From the complete loss of the collector 
current in No. 2, we decided that the 
emitter of the output transistor could be 

opening. This was eliminated by ground- 
ing the emitter with a clip -lead in the 
fault condition. No result. The flyback 
was still suspect, since a new module had 
made no difference at all. 

"Resistance tests showed nothing out of 
order. Reading primary resistance from 
B+ to collector showed no change when 
the chassis was tapped or the plate bent. 
Since this circuit uses a three -branch 
parallel feed for the collector circuit, this 
one was discarded as unlikely. (**** One 
more day.) 

"The output transistor was not con- 
ducting at all in fault condition, Mode 2. 

This was not a loss of drive, since the 
monitor showed no change at all. That is, 

aside from the change from a normal 
waveform to the square wave. 'Ve could 
tell when it was in or out by watching 
this. We still could not find that sensitive 

point where a slight tap would make it cut 
in and out. 

"A belated reading of the base voltage 
of the output transistor showed that in 
operation it was normal at a -1.2 volts. In 
fault condition this jumped to a -6 volts. 
Now we knew! The complete loss of 
collector current was due to the transistor 
being firmly cut off. At this point, 
Colleague happily went out on a service 
call, saying that he had to do something 
to make a living. 

"So try something new; think! This 
wasn't loss of drive, but it was something 
that affected the bias. The base circuit 
was very simple (Fig. I). The socket 
terminal (which had been cleaned and 
checked, with the rest, as the first step), a 
0.82 -ohm resistor, a tiny choke, and the 
secondary winding of the driver trans- 
former. Taking the module out, this 
circuit was checked. All solder joints 
looked good and the continuity checked 
out. 

"Keep thinking: If the hot end of this 
winding opened, we'd lose the drive wave- 
form on the base. !however, if the ground 
end was opening, this would leave the 
base floating, and could result in the kind 
of bias change we were seeing. Replace 
module. Turn on. Works. Using long thin 
plastic screwdriver, carefully move the 
two terminals of the secondary which 

continued on page 66 

MODERNIZE and Bring Your Car "UP-TO-DATE" 
with the MOST EFFICIENT Ignition ever Invented! 

Fuson 
xRaoo 

* The "OR 700" is a COMPLETELY NEW Ignition System that I 
replaces the inefficient Breaker -Points and Condensor with a highly 
RELIABLE, Invisible "Infra.red" Light -Beam which CONTROLS 
the Latest design Solid -State POWER MODULE. This new 
"Patented" Invention produces the HIGHEST ENERGY, Longest 
Duration Spark of ANY Ignition System manufactured TODAY! * CUSTOMERS REPORT: 'THE XR-700 MORE THAN PAYS 

FOR. ITSELF ...and KEEPS ON SAVING MONEY with... * INCREASED "GAS -MILEAGE" up to 30%! * ELIMINATING COSTLY'TUNEUPS!" * IMPROVED ENGINE PERFORMANCE! * QUICKER STARTING IN ANY WEATHER! * FASTER ACCELERATION...SMOOTHER RUNNING! * PLUGS LAST UP TO 4 -TIMES and LONGER!" 

41 THE OR -700 has NO moving parts to wear out...never needs 
adjustment! ¡Engineered to OUTLAST Your Car...So RELIABLE... 
So PERFECTED...that we give you a LIFETIME WARRANTY... 
"FREE Repair or Replacement' for as long as you OWN the Unit... 
even if you change Cars, we will supply the necessary Parts FREE. I 

* FITS ALL ENGINES...Domestic or Foreign...4, 6 or 8 -Cylinder * EASY INSTALLATION...Completely Factory ASSEMBLED! 

Thousands sold at 559.95 $ n 95 

(Cal. Res. aed Tax) 

THAT'S EVERYTHING..INCLUDING POSTAGE & INSURANCE 

* SAVE! ORDER FACTORY DIRECT! 
Send Check or M/O, State Car Make, Year and No. of Cylinders. 

* MASTERCHARGE or BANKAMERICARD Cardholders 
Order by TOLL FREE PHONE (8001423-6525 Eat. 3 

CALL of WRITE tor FREE BROCHURE 
r*lrfpy 

«\ * America's Oldest and Largest Manulacturer 

1 of OptoElectronlc Ignition Systems. 

ALLISON AUTOMOTIVE CO. 

1267- AL, East EDNA PL., COVINA, CAL. 91722 

CIRCLE 14 ON FREE INFORMATION CARD 

* NOW...ONLY.. 

wire. wrapping center Mpcs 
HOBBY WRAP NEw MODEL BW,630 

Battery 
wire 

wrapping 
tool 

ín1349_ 
COMPLETE WITH Brl 

AND SI EEVE 

DIP IC INSERTION 
TOOL WITH PIN 
STRAIGHTENER 

MODEL 
INS -1416 

$3.49* 

TRiP/WR1P/UNWRAP RIBBON CABLE 
ASSEMBLY "1.;"SU:30 " , g! 

11 i 
.. V 

loosAF- 

v4L 

..x$5.95* 
WIRE DISPENSER a/ 
MODEL ."- 
WD -30-B 

rI 

rw 

`; 

13.45* 

21.aa 

WIRE WRAPPING KIT 

'MINIMUM ORDER S25.00, SHIPPING CHARGE S1.00. N.Y. CITY AND STATE RESIDENTS ADD TAX 

OK MACHINE AND TOOL- CORPORATION 
. 3455 CONNER STREET, BRONX, NEW YORK, N.Y. 10475 U.S.A. 

.PHONE (212) 994-6600 TELEXNO.125091 

CIRCLE 44 ON FREE INFORMATION CARD 
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CREI prepares you at home 
for broader and more advanced 

opportunities in electronics- 
plus offers you special arrangements 

.for engineering degrees 

Advanced Electronics 

There is no doubt television repair can 
be an interesting and profitable career 
field. TV repair, however, is only one of 
the many career areas in the fast growing 
field of electronics. 

As an indication of how career areas 
compare, the consumer area of electron- 
ics (of which TV is a part) makes up less 
than one-fourth of all electronic equip- 
ment manufactured today. Nearly twice 
as much equipment is manufactured for 
the communications and industrial fields. 
Still another area larger than consumer 
electronics is the government area. That 
is the uses of electronics in such areas as 
research and development, the space 
program, and others. 

Just as television is only one part of 
the consumer field, these other fields of 
electronics are made up of many career 
areas. For example, there are computer 
electronics, microwave and satellite 
communications, cable television, even 
the broadcast systems that bring pro- 
grams to home television sets. 

As you may realize, career oppor- 
tunities in these other areas of electron- 
ics are mostly for advanced technical 
personnel. To qualify for these higher 
level positions, you need college -level 
training in electronics. Of course, while 
it takes extra preparation to qualify for 
these career areas, the rewards are 
greater both in the interesting nature of 
the work and in higher pay. Further- 
more, there is a growing demand for 
personnel in these areas. 

Unlike most other home study schools, 
CREI programs are devoted exclusively 
to preparing you for careers in advanced 
electronics. All of CREI programs are 
college level. And CREI gives you both 
theory and practical experience in ad- 
vanced electronics. 

Unique Design Lab 
A unique feature of CREI training is its 
Electronic Design Laboratory Program, 
which trains you to actually design cir- 
cuits. It also helps you understand the 
theories of advanced electronics and 
gives you extensive practical experience 
in such areas as tests and measurements, 
breadboarding, prototype construction, 
circuit operation and behavior, charac- 
teristics of electronic components and 
how to apply integrated circuits. 



ireer Training at Home 

Only CREI offers this unique Lab 
Program. It is a complete college lab 
and, we believe, better than you will find 
in most colleges. The "Lab" is one of 
the factors that makes CREI training 
interesting and effective. And the pro- 
fessional equipment in this program be- 
comes yours to keep and use throughout 
your professional career after you com- 
plete the training. 

Engineering Degree 
CREI offers you special arrangements 
for earning credit for engineering de- 
grees at certain colleges and universities 
as part of your home study training pro- 
gram. An important advantage in these 
arrangements is that you can continue 
your full time job while "going to college" 
with CREI. This also means you can 
apply your CREI training in your work 
and get practical experience to qualify 
for career advancement. 

Wide Choice of Programs 
CREI gives you a choice of specializa- 
tion in 14 areas of electronics. You can 
select exactly the area of electronics 
best for your career field. You can spe- 
cialize in such areas as computer elec- 
tronics, communications engineering, 
microwave, CATV, television (broad- 
cast) engineering and many other areas 
of modern electronics. 

FREE Book 
In the brief space here, there isn't room 
to give you all of the facts about CREI 
college -level, home study programs in 
electronics. So we invite you to send for 
our free catalog (if you are qualified to 
take a CREI program). The catalog has 
over 80, fully illustrated pages describ- 
ing your opportunities in advanced elec- 
tronics and the details of CREI home 
study programs. 

Qualifications 
You may be eligible to take a CREI col- 
lege -level program in electronics if you 
are a high school graduate (or the true 
equivalent) and have previous training 
or experience in electronics. Program 
arrangements are available depending 
upon whether you have extensive or 
minimum experience in electronics. 

1 

Send for this FREE Book 
describing your opportunities 
and CREI college -level 
programs in electronics 
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Mail card or write describing qualifications to GI Bill 

CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 

McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 

Accredited Member National Home Study Council 

CREI programs 
are approved 
for training o/ 
veterans and 
servicemen under 
the G.1. Bill. 



SERVICE CLINIC 
continued from page 61 

were barely reachable from outside. There 
it was! Only a very small movement 
would make it cut in and out. !/ere was 
the sensitive point we'd been looking for 
so long. 

"Remove 'nodule; disassemble. Take 
out large electrolytic capacitor that 
blocked access to terminals of driver 
transformer. Check solder joints; look 
good. Resolder anyhow. Replace capaci- 
tor, reassemble. Look at solder joints on 
PC board, for same winding. These too 
looked good; reso/der them anyhow. 
Replace module; turn on. Bend board; hit 
terminals. Nothing; it works. Leave note 
for colleague, telling what had been done, 
then go home and feed horse." (End of 
bench note transcriptions.) 

Next morning; came into shop, and 
(being a realist) asked "When did it cut 
out?" Colleague says;" It didn't!" Com- 
plete amazement. Then he said "Come 
here. I've got something to show you." 
He handed me the other two FC 
modules and my 6 -power loupe. "Look 

at the ground pin joint on that secon- 
dary winding." A very close examina- 
tion showed that both of these had an 
almost invisible crack around the trans- 
former -lead joint. Obviously, the one in 
the set had had one too. 

There's the Alfred Hitchcock aspect. 
By an amazing combination of coinci- 
dences, three modules had developed 
exactly the same fault. This included the 
one in his kit! So, when the module was 
changed with no results, the other 
assumption was quite normal. 

Conclusion, using perfect 20-20 hind- 
sight: by taking readings, and observa- 
tion, we had arrived at the point where 
the fault was located; the base circuit of 
the horizontal output transistor. Due to 
the drive waveform, we had been a day 
late in checking the DC voltage on the 
base. 

This, of course, was the key clue, 
along with the drive waveform. It was 
pointing directly to the solder joint that 
was causing the trouble. Back -checking, 
with one of the bad modules, we found 
that while the peak -to -peak voltage and 
waveform did stay the same. the DC 

Deal 
SPECIAL REDUCED TRAVEL RATES FROM 
THE WEST AND MIDWEST, CONTACT: 
Dawn Corrigan, Seven Seas Travel 
17220 S. Norwalk Blvd. Cerritos 
California 90701 213-924-8383 

Yourself In... 
Allántic City, N.J. 
August 27th -28th 

c 
77* 

What its all about! 
Software Development 

Micro Computers 
Hardware Development 

Disc Memories 
Computer Comparisons 

Interfacing 
Program Implementation 

AMSAT 
Computerized Music 

Video Terminals 
Kit Construction 

Printers 
Computer Games 

Digital Tapes 

Seminars and Technical talks by leading electronic equipment manufacturers 
Major Exhibits from all over the country 
Demonstrations in many areas including Home and Personal Computing 
Door Prizes, Free Literature and Free Mementos 
All this plus Sun and Surf - Fun and Excitement - Relaxation and Leisure 

LOCATION: SHELBURNE HOTEL ON THE BOARDWALK 
at MICHIGAN AVE, P.O.Box 1138, ATLANTIC CITY, 
NEW JERSEY 08404. 
TICKETS FOR THE WEEKEND: INCLUDES EXHIBITS AND 
SEMINARS ON AUGUST 27 -28th are: $10.00 at the 
door: or ORDER BEFORE AUGUST 10th and SAVE 20%. 77 Consumer Trade Fair and NO WAITING IN LINE! 

T. 

SEND CHECK TO "PERSONAL COMPUTING 77" 
Rt 1, Box 242, Mays Landing, N.J. 08330 

Personal 
Computing 

level of the top of the waveform was zero 
volts. We were driving an NPN tran- 
sistor with what actually was a series of 
negative -going pulses. This caused the 
transistor to cut off completely. 

We accounted for Mode 1, where the 
extra pulses appeared and the current 
increased, by deciding that this could be 
due to the bad joint arcing intermit- 
tently, so that the stage was double - 
triggering: some sort of screwball feed- 
back loop, and it was trying to go into 
parasitic oscillation. 

Such a combination of contradictory 
symptoms, plus the unbelievable coinci- 
dence of having three modules with 
identical defects made this one a little 
hard to pin down. The defect in this set 
certainly isn't typical of Quasar sets, and 
it was finally located by persistence and 
logic. If there is a moral, it would 
probably be "Keep on keeping on"! 

R -E 

reader 
questions 

TRACE OFF -CENTER 
The trace is way off center in this 

scope. It's one I built some years ago 
from a correspondence course. It is an 
RCA. The trace is far too high and I can't 
get it down. If l disconnect the vertical 
deflection -plates on the CRT, the trace 
centers. The tubes seem to be OK. I get 
+ 400 volts on one plate of the 12AU7 
vertical output tube, and only + 200 volts 
on the other plate. At this point I don't 
know what to do. It's probably simple.- 
A.A. San Diego, CA. 

You have found the cause; the DC 
plate voltages on the output tube must 
be the same. and they're not. Note that 
the plate voltage of the pentode section 
of the 6BL8 is also off. Since this is 
directly coupled to the grid of one triode 
in the 12AU7. this is upsetting the bias. 
Try a new 6BL8 tube and check all of 
the resistors in this circuit for drift in 
value. Be sure to read the grid and 
cathode voltages; these are clues. 

WEAK COLOR 
Here's a cute one. This Admiral 

2K2084 had very weak color. All of the 
color circuitry voltages and resistances 
were within tolerance. Even the chroma 
amplifier stages looked OK on a sweep 
test though the chroma curve had an 
extra hump at a higher frequency. 

Turning the chroma take -off coil core 
produced nothing. Checking the coil 
showed it was open: the wire had been 
pulled too tight when it was soldered. 
Repaired this. and everything went back 
to normal. 

Thanks to Louis R. Supek. Bruns- 
wick, OH. for this one. 

continued on page 68 



For tomorrow's needs, 
two new Fluke counters today. 
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The 1910A and 1911A: counters with confidence in your future. 

You can't always plan for tomorrow's measurement needs. 
That's why you should select the Fluke 1910A or 1911A 
counter-and receive frequency, period, period averaging, 
totalize-and many other new features-for as little as 
$395!* 

Stack up the features-not the instrument. 
Most counters available at this price offer frequency only. 

If you need more, you have to move up to a higher -priced 
line. With Fluke, there are no future units to buy. stack, 
or gather dust. 

If you've considered a counter that doesn't offer tradi- 
tional Fluke quality and capability, it doesn't stack up. 
The new multi -function 1910A/1911A are very simple to 
use-not simpleminded. Extras like autoranging to fill all 
the digits. Automatic or manual range selection. Meas- 
urements are displayed clearly and accurately-the first 
time. And, any range or function control you select will 
automatically reset your counter. 

Trigger -level control at these prices? You bet, and it adds 
to your performance. Self -check. Pack it anywhere (with 
the battery option). Want to print out data that's hard to 
refute? Look at the -02 option that allows you to connect 
the 1910A/1911A to your printer. 

Consider the alternatives. 
Select the 1910A for true multi -function value, or the 

1911A for wider frequency (250 MHz, 50(2!) applications. 
Once you've examined the best in this price range, you'll 

2106-7001 

agree you need to plan for your future with Fluke. 
Please call 800-426-0361 toll -free for technical data and 

the name of the Fluke office or representative close to you. 
Or, write: John Fluke Mfg. Co., Inc., P.O. Box 43210, Mount- 
lake Terrace, WA 98043. In Europe: Fluke (Nederland) 
B.V., P.O. Box 5053, Tilburg, The Netherlands. Phone: 
(013) 673973. Telex: 52237. 

* U.S. Price Only. 

The Good vs. The Good 

Feature 
Fluke 2nd Fluke 2nd 
1910A choice 1911A choice 

Price: 

Range: 

Sensitivity: 

$395' vs. $295 

125 MHz vs. 80 MHz 

15mV 25 mV 
/25 mV vs. /50 mV 

$495* vs. $495 

250 MHz vs. 225 MHz 

15 mV 25 mV 
/30 mV vs. /50 mV 

Trigger - 
level control: Yes! vs. (sorry) Yes! vs. (sorry) 

Autoranging: Yes! vs. (sorry) Yes! vs. (sorry) 

Battery 
Option: Yes! vs. (sorry) Yes! vs. (sorry) 

Multi- 
function: f, p, f, p, 

pa, tot. vs. 1 f only . pa, tot. vs. f only 
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READER QUESTIONS 
continued from page 66 

MISMATCH 
I got this Admiral 1K2084-2 chassis 

with a vertical problem; half of the deflec- 
tion yoke had opened. I replaced it with a 

Thordarson Y-109. Now I have other prob- 
lems. There's a damped sinewave look to 

the scanning lines on the left side. The 

high voltage is low and the width is 

narrow. Vertical linearity at the top isn't 
good. I've checked several things with no 

luck. Any suggestions?-H.G., Hudson, 
MA. 

Your new set of symptoms are the 

classical symptoms of horizontal deflec- 

tion yoke mismatch. According to the 

Thordarson catalogue, the correct de- 
flection yoke for this one should he a Y- 
131. The Y-109 is listed as an RCA 
replacement. The Y-131 is shown as an 

exact replacement. 

COLORED LINES 
The vertical sweep and sync are good 

on this Zenith 19FC45, but ! see several 
horizontal lines of various colors at the 
very top. I don't think these are retrace 
lines. Can't find a way to get them out.- 
A.T., Roseville, MN. 

These probably are the VITS refer- 
ence signals. which do have assorted 
color signals in them. The most likely 

ARE YOU .READY 
TO RECEIVE THE WORLD? 

ALL NEW 
fully synthesized DR22 Receiver 
general coverage receiver 

from McKAY DYMEK $995. 

- ", ; .... I 

.... 
1 

FEATURES 
Shortwave, CB, ham radio, ships at 
sea, overseas phone calls, etc. 

Hi Fi, SWL, commercial, industrial 
and government uses. 

High level RF front end for excellent inter - 
modulation rejection and sensitivity. 

Crystal filters in first and second IF 
amplifiers, ceramic filter in third IF. 

Quartz crystal tuning accuracy at all 
frequencies, no crystals to buy. 

SPECIFICATIONS 

) . w 
10- 

e 

Built in power supply for 110-120 or 
220-240 VAC switchable, 50-60 Hz. 

Solid state, phase locked, digital 
synthesis tuning. 
Extreme ease of tuning at all 
frequencies. ° 

No mechanical tuning dial error or 
backlash. 
Switch selectable 4 or 8 kHz RF 
bandwidth. 
Built in monitor speaker with external, 
speaker connectors. 

Frequency coverage: 50 kHz to 29.7 MHz, continuous. Digital synthesis in 5 kHz steps, 
fine tune for±5 kHz. 

IN Reception modes: AM, upper sideband, lower sideband, CW. 

Sensitivity for 
10 dB S + N/N: 

100 kHz 200 kHz 300 kHz-20MHz 20-29.7 MHz 
CW,SSB 10 NV 2.0µV 0.5 pV 10í1V 

AM 30µV 6.0µV 1.0µV 2.0µV. 

RF Bandwidth: -3dB @ 4 kHz or 8 kHz, and -60dB @ 10 kHz or 14 kHz 

Dimensions & Wt.: (W x D x H) 17.5 x 14.5 x 5.1 inches. Shpg. Wt. 19 lbs. 

DR22 features and specifications unmatched under $2900. 

McKay Dymek Co. 
675 N. Park Ave. 
P.O. Box 2100 
Pomona, CA 91766 

Order factory direct, call 
toll free today. Exclusive 
rent/own plan available. 

Nationwide 
800/854-7769 ® California 
800/472-1783 
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In Canada: 
Great Metropolitan 
Sound Co. Ltd. 

cause for this would be some kind of 
oddball problem in the retrace blanking. 
Check the vertical blanker transistor. If 
it checks good. try a new one just for 
luck. May not be cutting off as sharply 
as it should. 

(Feedback: "This transistor tested 
good in and out of circuit. So. I replaced 
it and cured the problem. How about 
that?") 

THIN VERTICAL LINE 
All I can get on this Broadmoor TV set, 

sold by K -Mart, is a bright, thin vertical 
line in the center of the screen. No sound. 
Can't find a listing on this is Sams.-W.D., 
Mission Viejo, CA. 

The latest Sams Index shows a Broad - 
moor 7212WA. 1543-I. This should be 

close to the one you have. The thin 
vertical line could he due to an open 
yoke -return capacitor. Since the deflec- 
tion yoke and high -voltage supply in 
solid-state TV sets are usually in parallel 
across the horizontal output transistor, 
should this capacitor open, you'd still 
have high voltage but no horizontal 
deflection. This is a 0.22 µF capacitor. 

The sound problem could be due to a 

had IC or audio output transistor. 
Check all of the DC voltages around the 
IC. If any of them are quite a hit off. 
chances are that the IC is bad. 

GREEN SCREEN 
The screen on this RCA CTC-59 has a 

greenish tint, both on color and b -w 
pictures. The screen and drive controls 
act very oddly. I can't get the blue to react 
properly.-C.K., Kenmore, NY. 

See if you can get setup lines on all 
three colors in with the service switch in 
the service position. If so, then the 
picture tube is good. A greenish tint can 
be due to excess green or not enough 
blue. If your blue setup controls do not 
show a normal reaction, try this: All 
three of the MAD -I video drivers are 
the same. Try swapping the blue one 
with either the red or green and see if 
your symptom changes color. If it does, 
you have a bad transistor or some 
problem in that MAD -I module. 

OLD RASTER 
The bottom corners of the raster on this 

Zenith 20Y1 C48 pull in. If I turn the bright- 
ness and contrast all the way up, they 
almost fill the screen. The high voltage is 

OK and the tubes have been substituted. 
Any ideas?-E.C., Los Angeles, CA. 

There's one thing that might do this. 
Check the 30-1LF capacitor on the screen 
grid of the 6HE5 vertical output tube. 
This is nor the screen bypass capacitor; 
that's the 10µF unit. The 30-µF is 

actually part of the pincushion correc- 
tion circuitry. If it opens, you will see 

what looks a good deal like a keystone 
raster. (Quite a few good deflection 
yokes have been replaced for this symp- 
tom!) R -E 



VIDEO MODULATOR 
continued from page 35 
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resistor sets the white level on the TV 
screen, that is, the intensity of the light 
portions of the screen. When the sync 
input and the video input are both high, 
the modulation input is connected to 
ground through a 47K resistor, which 
according to Fig. 10 will cause a 480-µV 
signal to he sent to the TV. if the sync 
input goes low (sync signal is present), 
an equivalent resistance to ground of 
8.25K is formed (10K in parallel with 
47K). This will produce an output of 
approximately 1390 µV. Likewise, when 
the video input goes low and the sync 
input is high, a 920-µV output is 

produced. With the waveforms in Fig. 
11 applied to the sync and video inputs, 
two dark horizontal bars will be 
produced on the TV screen. Changing 
the values of the resistors will vary the 
relative brightness of the light to dark 
areas on the TV receiver. 

The Videocube can also be used on a 
home microcomputer, such as the 
Signetics 2650 -based system (Radio - 
Electronics, April 1977). Using the 
circuit in Fig. 12 to interface with the 
"video output" of the system, a standard 
TV receiver can be used as a monitor. 
Resistors RI and R2 can be adjusted for 
the best contrast and brightness. R -E 

9 Great New TAB'Books for Electronicians! 

The Complete Handbook of Slow -Scan TV-The complete ` 

manual on setting up and operating a slow -scan TV amateur sta- 1 

lion-all the theory, all the practice, all the procedures, all the [[ 

equipment, all the home-brew gear.304 p.. mc1.16 p foldout,169 
it paper 59.95; hard 514.95; No. 859. 

OThe Complete Handbook of Videocassette Recorders-An all. 
inclusive. up-to-date manual that gives you ALL the facts about 
videocassette recorders-how they work, how to repair them. 
how to maintain them, how to modify them. 280 p.. 160 rl. 

paper 55.95; hard 59.95; No. 811. 
How To Build Metal/Treasure Locators-A practical, step-by- 

step guide to custom -building --and operating-your own 
treasure -finding metal detectors.. from an economy model cost- 
ing less than 510 to an ultrasophisticated unit. All the detailed in- 

structions-illustrations, photos, schematics, and parts lists- 
you need are right here in one handy manual 140 p., 58 it. paper 

53.95; hard 57.95; No. 909. 
Model Railroad Electronics-A Step-by-step guide to creating 

the ultimate in realistic model railroad systems with electronics. 
You learn how to build power packs, directional, speed, and 

command controls, speed indicators. signs and signals, com- 
puter circuits for train control...plus troubleshooting and repair 

308 p., 224 il. paper 55.95; hard $8.95; No. 926. 
OLinear IC Applications Handbook A practical. data -packed 

manual that's chock-full of applications and design data on hun- 

dreds of linear ICs... with special emphasis on those used in 

signal measurement and processing systems. Covers op amps, 
active filters. waveform generators, monolithic IC modulators 
and demodulators, transconductance and variable gain 

amplifiers. four -quadrant multipliers, timers, phase locked 

loops. etc. 280 p., 184 il. paper $6.95; hard 59.95; No. 918. 

088 Practical OP AMP Circuits You Can Build- Amplifiers to in- 

tegrators. log converters to function generators-here's a com- 
prehensive design digest of working circuits for the 741 op amp. 
140 p., 140 rl paper 54,95; hard 57.95; No. 912. 

Build -It Book of Digital Electronic Timepieces-Budd modem 
shipboard clocks, second -splitting digital IC chronometers, de- 

corator digital clocks, a precision timer. a frequency/period 
meter, a tide and moon clock, a date, time & interval capability 
for your microcomputer; giant displays: muhi-City Clocks, etc- 
including full-size PC board layouts. 296 p . 209 il. paper 56.95; 
hard 59.95: No. 905. 

Microphones: How They Work & How To Use Them-Shows 
you how to record almost anything (at a professional level). ex- 

plains how to get different sound effects and better stereo: 

describes mike placement, phasing, and recording data for over 

60 different types of instruments and voice sounds. 224 p , 92 it 

paper 5.95; hard 58.95; No. 875. 
Display Electronics-Over 70 projects using arrays and dis- 

plays, LEDs, infrared -emitting diodes, photodiodes. liquid 
crystals. phototransistors, light -activated SCRs, fiber optics, 
electroluminescence, etc with detailed instructions on how to 
build them. 252 p. 195 it paper 55.95; hard $8.95; No. 861. 

SEND NO MONEY! We'll invoice you on 10 -DAY FREE TRIAL. Clip entire 
ad to order TAB BOOKS, Dept. RE -87, Blue Ridge Summit, Pa. 17214 

Pay less, get more. 

/k 
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Lots more. In fact, the new 8020A 
digital multimeter has more features 
and capability than any other DMM 
at any price. 

Once again, it pays to think small. 
Costing only $169; the 8020A is big 
on features and value. 

You get unbelievable field versatil- 
ity with the 8020A, and it's sized to 
slip easily into your pocket or service 
kit. Compact, with big features-like 
0.25% dc accuracy and 26 ranges. Con- 
ductance ranges for measuring leak- 
age to 10,000 Mfg, or transistor beta. 
Ten megohm input resistance, ac and 
dc. Battery powered, with a large liq- 
uid crystal display. 

,r91 

For reliability, we've shrunk the 
number of total parts to only 47, in- 
cluding the world's first custom LSI 
CMOS multimeter chip. 

On-the-job reliability you can't be 
without. A full -year guarantee. World- 
wide parts and service. And more, in- 
cluding the traditional Fluke quality 
you depend on. 

Call (800) 426-0361, toll free. Give 
us your chargecard number and we'll 
put an 8020A in your hand immediate- 
ly. (Or a ten -pack of 8020As for only 
$1521*.) Call now for the location of 
the closest Fluke office or distributor. 

* U.S. price only. 

Fluke 8020A DMM for Fíeld Servíce:$169. 
1807-7006 
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hobby cor er 

Homebrew breadboard that's inexpensive, easy to build 
and versatile. The basic design can be easily modified. 
EARL R. SAVAGE, K4SDS. 

EXPERIMENTERS AND HAMS ARE FAMOUS 
for their well -stocked junk boxes. When 
they build something, many if not most 
or all of the parts come out of those junk 
boxes. If a part is not quite right, maybe 
it will be OK so use it anyway. 

Well. I got tired of soldering in and 
then unsoldering one part after another 
until a circuit would finally work. As 
transistors. IC's and all kinds of minia- 
ture parts came along, the task became 
worse and worse. What I needed was an 
easy and non-destructive way to wire 
and unwire circuits. 

I looked longingly at those fancy 
breadboarding outfits but the old wallet 
would not stand the strain of the ones 
that would do what I wanted. I settled 
for a few of the breadboard strips. 
Things worked well but every time I 

built the simplest circuit, my bench was 
covered with power supplies, switches, 
indicators and all kinds of things that 
added up to a mess. 

No more! I finally stuffed everything 
into one box. The result was the home - 

I .f.r.a 

::: 

.. r 

1- 
i3"Ir .. . .. 

ii T : tt 

FIG. 1-HOMEBREW BREADBOARD contains 
facilities for developing and testing all types of 
solid-state circuits. 

brew breadboard shown in Fig. I. It will 
do what the commercial units do-a 
great deal more than most-and is much 
less expensive. Even if you have no junk 
box and buy everything at regular 
prices, the cost is under $65. Between 
my junk box and bargain sales, my cost 
was considerably below that. 

This homebrew breadboard is used 
for all types of solid-state circuits: TTL, 
DTL, RTL, MOS, CMOS, el cetera, 
digital and linear IC's as well as discrete 
transistors. It contains the following 
circuits. 

1. logic switches (4) 
2. state checkers (4 visual, 1 audi- 

ble) 
3. pulse/state checker 
4. pulse generator (clock) 
5. pulser switch (bounceless) 
6. power supply for internal cir- 

cuits 
7. power supply for external cir- 

cuits 
You may want to put more or less into 
your homebrew breadboard. It is easily 
tailored to suit your special needs. 

About the circuit 
The breadboard contains two power 

supplies (See Fig. 2). Both are regulated 
and have thermal and over -current 
shutdown. Each has an LED pilot light. 
One is a light -duty 5 -volt supply for the 
internal circuits. It is not affected by any 
errors or bad components in your exper- 
imental circuit. 

The second power supply produces 5 

IA 

Ill VAC 

EXT IN4002. 

volts at I amp and is fully regulated and 
protected. This comes out at two of the 
binding posts on the top panel for use in 
the experimental circuits. I chose this 
output because most of my work is with 
TTL and CMOS. Other supply voltages 
can be brought to the panel via the two 
uncommitted binding posts or directly 
to the distribution strips. 

If you usually work with other 
voltages, the second power supply can 
easily be changed to the value you need. 
Alternately, it can be made variable or a 

third supply can be built in (there is 

plenty of space). 

Pulse checker 
Figure 3 shows a very special type of 

state checker. When switch S2 is in the 
STATE position. the LED glows in the 
presence of LO or Ill just like the four 
state checkers previously described, ex- 
cept that switch SI changes it from a 
"glow on a logic III" to a "glow on a 

logic LO" checker. 
When S2 is in the PULSE position, the 

LED continues to glow once the 
presence of LO or HI (depending on the 
setting of SI) has been detected. Thus, 

OV 
(No) 

FIG. 2-HEAVY-DUTY POWER SUPPLY provides 1 amp to the circuit under development. Second 
supply powers internal circuits within the breadboard. 

t5V 

TEST 
Pot KT 

115K 

4.7K 
114- k..1 

114w 

2N2222 

.01 

Z701L 
114W 

STATE 

S2. 
LED 

PULSE 

FIG. 3-PULSE CHECKER indicates presence of a low- or high -pulse as It occurs or it can "lock" on 
In the presence of a short duration pulse. 

70 
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FIG. 5-AUDIBLE STATE CHECKER uses a 
high -frequency transducer to Indicate logic 
levels. 

pulses too short and fast to be seen or 
heard with the other checkers will lock 
the LED on so you know that the pulse 
was there! 

This circuit uses two gates-one-half 
of a 7400 quad 2 -input NAND gate IC. 
The other half of the IC (two gates) is 

used in the pulser-switch circuit. 

State checkers 
The state checkers (See Fig. 4) are 

simple LED indicators. They are used to 
indicate whether a given part of a circuit 
is in a logic I-11 (I) or LO (0) state. Two 
LED's are wired to be turned on by 
logic LO and are shown in Fig. 4-a. The 
other two LED's are wired to be turned 
on by a logic Hl and are shown in Fig. 
4-b. For convenience of use, the four 
LED's are different colors. 

+SV f--- 
LED 

270.11 
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FIG. 4-VISUAL STATE INDICATORS are used 
12345ío dene logic levels. The low -state Indica- 
tors are shown In a, and the high -state indica- 
tors are shown In b. 

SONALEQr 

SC6285 

Audible state checker 
A Mallory Sonalert is used as an 

audible state checker (See Fig. 5). At 
times it is convenient to be able to know 
without looking at an LED whether a 

pin is HI or LO. The Sonalert does this 
very nicely by emitting a sound in the 
presence of a H l or LO depending upon 
the setting of the switch. (The prototype 
does not have this switch. Both Sonalert 
connections are brought directly to the 
front panel.) 

A less expensive audible state checker 
can be made with a small speaker 
driven by a 555 timer connected as a 
multivibrator. I just happened to have 
the Sonalert in my junk box. 

Logic switches 
The four logic switches are nothing 

more than SPDT switches wired to 
bring a HI or LO to the front panel. 
They are very handy for circuits requir- 
ing frequently changed levels on one or 
more inputs. 

To be continued. 

Don't let size and 
price get ín the way 

of digital. 

The new 8020A, at only $169; packs 
a lot of capability for a small, light- 
weight (13 -oz.) digital multimeter. 

Carry it in your pocket, or your parts 
caddy. Anywhere. But it's in your hand 
that you'll appreciate the 8020A's per- 
formance, reliability and ease of oper- 
ation. 

And the 8020A is as simple to repair 
as it is to operate. Fix it yourself if you 
like, with all 47 parts available at Fluke 
service centers worldwide. But for the 
first year, don't worry-our solid guar- 
antee covers it. 

The 8020A's usefulness is extensive 
-use it with our 80K-40 high voltage 

/W' 

e 

probe, for example-a good match. 
With accuracy of ±1% at 25 kV, it's 
just right for precise CRT measure- 
ments. 

And for a limited time, buy both the 
8020A and the 80K-40 for only $199; 
and save $15 off the price of individual 
units. 

Clip the special coupon below and 
rush to your local Fluke office or dis- 
tributor. Call (800) 426-0361, toll free. 
We'll tell you the closest office. Or, 
give us your chargecard number and 
we'll ship both today! 

*Price and offer good in U.S. only. 

-- 

SAVE $15 
off the list prices of the 80K-40 probe and 
the 8020A DMM by presenting this cou- 
pon to your local Fluke office or distributor. 

Price and offer good in U.S. only; coupon 
expires October 31,1977. 

L 
1807-7009 
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EICO's 30 Years Experience 
Assures More Electronics.Value 

For Your Money! 

TEST INSTRUMENTS 

' ` - t .r 
C% ai' ! 

EICO 388 COLOR BAR GENERATOR 
Pocket-size, battery operated with LED Indi- 
cator. MOS LSI IC provides 9 digitally con- 
trolled, stable patterns. Crystal controlled 
chroma and timing oscillators. Simply con- 
nects to TV's VHF antenna terminals. 

Wired $89.95 

EICO 390 FUNCTION/SWEEP GENERATOR 
Outstanding features include: Sine, Square, 
Triangle Waveforms; .2 Hz to 200 KHz fre- 
quency range; Linear and Log Sweep; Cal- 
ibrated attenuator, VCO for External Frequency 
Control; BNC Front Panel Output. 

Wired $169.95 

CB ACCESSORIES 

EICO 700 CB FREQUENCY COUNTER 
Compact in -line mobile frequency counter for 
the serious CB'er/Hobbyist. Operates auto- 
matically on transmit. 10 Hz to 30 MHz. $99.95 

EICO LR-3 "LONG RANGER" INLINE 
PREAMP 
Bring in those distant/weak signals. Boosts 
receiver sensitivity up to 20 db. Automatic 
transmit/receive switching. $29.95 

EICO CM -2 "CHANNEL MONITOR" 
AUTO -SWITCH 
Automatically silences car radio when CB call 
Is received/transmitted. $29.95 

EICOCRAFT°IC KITS 

EC -5000 
SCA 
ADAPTOR KIT 
ONLY $12.95 

.... 

.f Itki 

Convert your FM radio or receiver to pick up 
the official FCC -licensed background music 
service (SCA). IC decoder/adaptor permits 
hearing uninterrupted, commercial -free music 
broadcast by many FM stations (For personal, 
non-commercial use only). 

IC PROJECT KITS NOW AVAILABLE 
EC -5100 ESP Tester $10.95 
EC -5200 "Decision Maker" $9.95 
EC -5400 Stereo Power Amplifier $10.95 
EC -550Q Stereo Pre -Amp $9.95 
EC -5600 Electronic Lock $11.95 
EC -5700 Universal Power Amp $8.95 

HOBBY/AUTOMOTIVE . 
BW-300 ALPHA BRAINWAVE MONITOR 
Lowest cost, battery operated, professional 
Biofeedback System. IC Circuit design fea- 
tures an active filter and 5 -microvolt sensi- 
tivity. Complete with stethoscopic earphone, 
electrode headband and instructions. 

Kit $34.95 Wired $59.95 

885 "TUNEMASTER" ENGINE ANALYZER 
Automatic all -in -one test bench for all 6 or 12 
volt Ignitions-conventional or transistorized. 
Giant 6" meter with 6 color coded scales. Com- 
plete with tune-up and trouble -shooting manual. 

Wired $59.95 

BURGLAR/FIRE ALARMS f 
1141 

SS -500 BURGLAR/FIRE ALARM SYSTEM 
Professional Security System designed for easy 
do-it-yourself installation. Features EICO FC- 
100 Control Center with AC/DC automatic 
transfer to battery operation. Complete system 
includes Installation Handbook. Add additional 
sensors, bells, to suit your own needs. $159.95 

SD -75 BATTERY OPERATED FIRE/SMOKE 
ALARM 
Ionization -type detector gives earliest possible 
fire warning. Mounts directly to ceiling with 2 

screws. "Beeps" when battery needs replace- 
ment. U.L. listed. $39.95 

FREE EICO CATALOG 
The more you know about electronics, the 
more you'll appreciate EICO. Every EICO prod- 
uct is designed to provide you with the most 
pleasure and quality performance for your 
money The fact that more than 3 million EICO 
products are in use attests to their quality 
and performance. 

"BUILD -IT -YOURSELF" and save up to 50% 
with our famous electronic kits. 

For the latest EICO Catalog and name of near- 
est EICO Distributor, check reader service 
card or send 504 for fast first class mall service. 

EICO-283 Ma)ta Street, Brooklyn, N.Y. 11207 

Leadership in creative vicrit,electronics 

since 1995. 
7 
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ANTI-COLLISION SYSTEMS 
continued from page 53 

Originally, the large temperature range of 
the CMOS RCA COSMAC 1802 micropro- 
cessor made it a likely candidate. Additional 
memory, however, can become quite expen- 
sive. And because the architecture is non- 
traditional, it required a ground -up system 
design. 

The very fast 6502 microprocessor has 
many advantages and only one disadvan- 
tage-temperature operating range. This can 
be solved by placing the entire electronics 
compartment in a large. thermostatically - 
controlled "oven." The oven keeps the 
ambient temperature from falling below 
3°C. 

OSI (Ohio Scientific Instrument, 11679 
Hayden Street, Hiram, OH 44234) offers a 
rather complete family of microcomputer 
products with remarkable capabilities at a 
really low price. Even if you don't plan on 
using a microprocessor in your collision - 
avoidance system, I strongly recommend the 
OSI 440 Video Board as an excellent way of 
presenting a very flexible, readable display. 
The 440 is available for $29 unpopulated. 
plus $4 for shipping and handling. A 
complete kit, OSI model 445, is available for 
$99, plus $4 for shipping and handling. 

System outputs 
A passive system can offer a plethora of 

warnings. These are left to the ingenuity of 
the designer. Just remember, the time a 

warning is needed most is the time when 
attention can least be afforded to it. 

Active systems can take over braking, 
steering, acceleration and more. But the 
driver proceeds at his own risk. A capacitor 
shorting out can send a child through a 
windshield. Double fail-safe and safeguard 
any system you allow to actively participate 
in your driving. There hasn't been a system 
yet intelligent enough to pass a driver's 
license exam. 

One active output you can pursue is the air 
bag. Many agencies cite the air bag as a 
positive force in saving lives and reducing 
injuries. Some foreign cars now offer the air 
bag. Visit a dealership and talk to the guy at 
the parts counter about how difficult it is to 
retrofit one into your vehicle. It shouldn't be 
too hard. And be on the lookout for a do-it- 
yourself kit that allows you to install an air 
bag on your shoulder belt. 

An invitation 
We have undertaken here to describe some 

of the elements of a realizable electronic 
automotive collision -avoidance system you 
can begin building yourself. Even the indi- 
vidual elements of the system can go a long 
way toward providing you with the informa- 
tion you need to improve the safety of the 
driving environment. 

We invite your response to the information 
printed here. Send us your ideas, too. Home 
computer hobbyists are invited to come up 
with mathematical models of the driving 
situation. Then refinements to the system 
could be plugged in to see what improve- 
ments can be made. 

Automotive collisions are one of the most 
costly problems facing us, both in lives and 
property. Anything we can do to reduce that 
problem is a step toward making things 
easier on everybody. R -E 



EQUIPMENT REPORT 
continued front page 32 

green gun would come up to the bottom end of 
the BAD sector on the meter; and the red gun 
just barely wiggled the needle. 

The Nu -Color model 90A is a plug-in 
device that is inserted between the picture tube 
and socket, like a brightener. However, it is 

not a brightener, at least in the usual sense of 
the word. Between its plug and socket is a little 
box with three color -coded slide controls, one 
for each color. 

Starting with all controls at the OFF posi- 
tion, I plugged the Nu -Color in and turned the 
set on. As expected, the raster was a bright 
blue. I adjusted the controls of the Nu -Color 
and came up with a good-looking color -bar 
pattern. Twiddling the grey scale and the Nu - 
Color controls gave an excellent color picture. 
Reds saturated normally, with the color con- 
trol all the way up and all other things looked 
very good! This device lives up to its claims 
and its name; it certainly did "restore the 
color" to this old dog. 

As Oneida is careful to explain, the Nu - 
Color is not intended as a "cure-all" for color 
troubles, but it will help correct problems due 
to unbalanced picture -tube emission. The de- 
vice can be installed and adjusted in the home 
with very little trouble. R -E 

Red Cross. 
The Good 
Neighbor. 

Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Electronics Career through 

HOME 
STUDY 

9 

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. Profit 
from, and enjoy, the advantages of directed 
but self -paced home study. 

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.E. 
degree. Our free bulletin gives complete 
details of the program itself, the degrees 
awarded, the requirements for each degree, 
and how to enroll. Write for Bulletin R-77. 

Grantham College of Engineering 
2000 Stoner Avenue 

P. 0. Box 25992 
Los Angeles, CA 90025 

Worldwide Career Training thru Home Study 
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CAS E 
THE TUNER PIONEERS 

40. 

rofessional 
Expertise Backed 
By 25 Years Of Tuner 
Service Experience . . . 

Castle has been in the busi- 
ness of repairing TV tuners 
longer than anyone. When you 
send your customers' defective 
tuners to Castle, you can be assured 
of receiving reliable, quality service. 

/ 
Each tuner 

is ultrasonically 
. cleaned. Our tech- 

nicians analyze the 
defects, document the 

repair performed and 
return the tuner to you in a 

protective package. Workman- 
ship and parts are backed by 

a one year limited warranty. 

02, 

Consider Castle's Services 
TUNER REPAIR 

$12.95 
Any make or model. Tubes and transistors extra. Send defective 

tuners directly to Castle. Remove all accessories. 

U/V COMBO... $20.95 

CASTLE REPLACEMENT TUNERS 
$17.95 - 

In -stock replacement tuners, engineered by Castle for a wide variety 
of makes and models provide original or improved performance. 
Purchase outright-no exchange required. 

TUNER EXCHANGE/REBUILDING 
VHF $21.95 UHF $17.95 

When the original tuner is unfit for repairand a stock replacement is 

not available, the tuner can be exchanged -for an exact replacement, 
rebuilt to original specifications, or tailored to a custom order. 

All prices are f.o.b. our plant. 

P 

CASTLE TUNER SERVICE 

CHICAGO, IL 60645 
5744 North Western Avenue 
Phone 312-728-1800 

SAN JOSE, CA 95112 
466 Reynolds Circle 
Phone 408-289-1117 
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LEARN 
AVIATI O N 

ELECTRONICS 

t. 

ltO 
at the School 
of Aeronautics, 
Florida Institute 
of Technology. 
Prepare for a REAL job in just 
2 years and earn a COLLEGE 
DEGREE at the same time. 
FAA publications identify that 
by 1977 the AVIATION IN- 
DUSTRY will need 230% MORE 
AVIONICS TECHNICIANS. 
Half the costs of airplanes to- 
day is in electronics, including 
navigation systems ... in- 
struments ... communica- 
tions systems ... and con- 
trol systems. 
We teach you in our labora- 
tories ... classrooms . . . 

and on our aircraft the theory 
of radio communications and 
how to flight check and repair 
all related equipment. 
Our placement record of grad- 
uates is 100%... . Make 
your time and money spent 
REWARDED by a job in your 
field. 
The SCHOOL OF AERONAU- 
TICS operaths one of the larg- 
est flight training programs in 
the WORLD and we are an 
"accredited University". 
Classes starting September 
... January ... June. 
To learn more about our avia- 
tion electronic programs, 
check the reader service card 
or write direct to: 

The School of Aeronautics, 
Florida Institute of Tech- 
nology, P.O. Drawer 1839, 
Melbourne, Florida 32901 
Att: Director of Admissions 
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new products 

More information on new products is available from the 
manufacturers of items identified by a Free Information 
number. Free Information Card follows page 88. 

ROBYN 40 -CHANNEL CB PACKAGE, model 
007-140P, is a 40 -channel CB package that 
includes a CB transceiver with plug-in micro- 
phone, trunk/roof mount antenna, weatherproof 
PA speaker and all necessary hardware and 
cables. 

Rope°IoOfl4llpl : °=: m : ° 

SW - 

The Robyn 007-140 transceiver has comput- 
er -designed phase -locked loop circuitry for top 
performance with full power -4 watts output and 
100% modulation (FCC's maximum allowable). 
The 007-140 also features a two-way intercom, 
squelch control, power and volume switch, a 

new CB/PA/ANL/INTERCOM selector, illumi- 
nated dual function S/RF meter and channel 
selector and a wood grain front panel. 
Suggested list price: $179.95; without antenna 
and PA speaker: $159.95.-Robyn International, 
Inc., Northland Dr., P.O. Box 478, Rockford, MI 

49341 
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WIRE TOOL, model 104CG, combining stripper, 
cutter and crimper, has been introduced by the 
manufacturer for the electronics technician. 

e.,.. a.r' ... 

It 
1: ' 

This wire tool features Include a serrated -jaw 
plier nose, stripper and crimper gauged to wire 
sizes from No. 22 to No. 10, hardened pivot joint 
bushing for light -pressure precision use, a six - 
size bolt cutter, and specially formulated 
cushion grip handles.-Xcelite, Apex, NC 
27502 
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32 -RANGE HAND-HELD DMM, model 175, has a 
basic sensitivity of 100 µV, both in the DC and 
wide bandwidth AC -measuring functions. With 5 

ranges of DC voltage measurement and 100% 
overrange capability per range, the 175 smooth- 
ly measures from 100V to 1000V in either polar- 
ity, displaying both the plus and minus sign. The 
DC function is protected to ± 1000V on any 
range (including 100 mV) and even during 
switching. Basic instrument accuracy is 0.1% 
(± the always -present least -significant -digit un- 
certainty). 

The unit measures resistance from 100 
milliohms to 20 megohms in 6 ranges with a 

basic accuracy of better than 0.1% on all but the 
highest range and 0.2% on that. The AC range 
of the instrument is the same as DC, again 
providing a 100 mV sensitivity. A full frequency 
response is provided from 30 Hz up to 50 kHz on 
all voltage ranges, with mid -frequency accuracy 
better than 0.5%. 

I I_I I 1_ 
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The model 175 is protected electronically on 
all voltage ranges from interfering signals up to 
1000V peak (just as in DC), and on the resis- 
tance ranges will withstand voltages of up to 
250 VDC or RMS AC. All protection circuits 
allow continuous over -voltages as specified not 
only without damaging the instrument, but 
without also affecting the calibration. Powered 
internally by a rechargeable NiCad battery 
module, it will work for up to 6 hours without 
requiring a recharge. The 0.433 -inch LED 
display provides bright, easily readable informa- 
tion under most normally expected types of 
external light conditions. This unit includes a 
low -battery -voltage indicator which gives ap- 
proximately 10 minutes of warning before the 
battery level goes down to the point where the 
reading may not be reliable. Priced at $189.- 
Data Precision Corp., Audubon Rd., Wakefield, 
MA 01880 
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40 -CHANNEL REMOTE CB TRANSCEIVER, 
model 10 (2710) is an advanced phase -locked - 
loop system that transmits and receives on all 40 
channels. It employs automatic noise -limiting 
circuitry to help eliminate both atmospheric and 
man-made noise. As in the model 9, the model 
10 has also been designed for separation of 
transceiver and MSR (Microphone, Speaker and 
Radio) control unit. 

All 2710 controls are located on the MSR 



control unit for hand-held operation of micro- 
phone, speaker and radio. There are a 40 - 
channel selector switch plus lighted channel 
readout; push -to -talk button; volume and 

Iry y._in 

. 
\\\``\ 
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90114farr 
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squelch controls. The 2710 MSR control unit is 
linked by coiled cord to an under -dash connec- 
tor. From there an optional cable model 1179) 
runs to the transceiver which may be located 
beneath the seat, in the trunk or any other 
protected area. Suggested retail at $199.95.- 
Hy-Gain Electronics Corp., 8601 Northeast 
Highway 6, Lincoln, NE 68505 
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AEROSOL PULSATING DEVICE-the Vibra -Jet, 
when connected to an aerosol cleaner or 
degreaser, will provide the mechanical force 
necessary to dislodge hard -to -remove contami- 
nants with its pulsating action. This action will 
also remove dirt from horizontal surfaces, 
increase solvent penetration of surface pores 
and remove contaminants not normally removed 
by the cleaning products themselves. Vibra -Jet 
comes complete with a 26 -inch flexible polyure- 
thane hose and 12 -inch probe for reaching 
inaccessible areas. The Vibra -Jet probe reaches 
easily into very tight places and sprays effi- 

_ 

ciently in any position. Designed to work with all 
the manufacturer's products, this device is 
intended primarily for use with electronic 
cleaners and degreasers that leave no residue. 
It is especially useful in enhancing the cleaning 
action of the manufacturer's Tun -O -Wash. To 
introduce the Vibra -Jet, the manufacturer is 
offering this device to electronic technicians 
with the purchase of two cans of Tun-O-Wash.- 
Chemtronics, Inc., 45 Hoffman Ave. Haup- 
pauge, NY 11787 
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continued on page 76 
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9 OUT OF 10 
TY SHOPS HAVE THEM 
DOES YOURS? 

TV modules are doing little more than 
collectirg dust it service shops all over the 
country. Cheat your shop! Whether you have 
one or -01, they are worth good money. PTS 
wants to buy or trade your TV modules for 
instant cash o- credit! 

CREDIT: With each tuner you send to any 
PTS SeNicenter for repair, include one TV 
module and get a S4 credit toward your repair 
charges 

CAS FI': íf you have a quantity of TV modules, 
send us 3 ist Of brand and model numbers and 

r; we'll advise yo..t of the value ... for instant cash! 
Accepable brands are Admiral, GE. Magnavox, 

,00 ' 'xr 193- : Montgomery Ward. Philco. Quasar, RCA, Sears/ - Warwick, Sylvania a -Id Zenith. Do not include ceramic 
encapsuated. broken or cannibalized modules. PTS 
reserves -he right to reject any or all modules. 

For your cor venience, PTS has more 
than 44 company -owned servicenters. 

PTS ELECTRONICS,, INC. 
PRECISION TUNER SERVICE 
P.O. BOX 272 BLOOMIN;,TCN, IN 47401 812.824.9331 
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Revolutionary Concept in Soldering t 

SINGLE-HANDED 
SOLDERING -PISTOL 
KAGER-KL 3000 

, o 

C., 

Automatic solder feed mechanism 
that provides pre-set quantity of 
solder. Only one hand is needed, 
leaving other hand completely free. 

Single -hand tool for all industries. 
Can be used for practically any kind 
of soldering work. 

Light weight, less than 1 lb., 
compact-comfortable to hold- 
reliable 

U.S. patents granted. Now available for the first time in the U.S.A. 

Made in West Germany and already sold extensively in Europe by the 
KAGER-Group of companies. 

For Further 
details write: 

Suite 710 
1180 So. Beverly Drive 
Los Angeles, CA 90035 

International Telephone: (213) 879-1575 
TWX: 910-490-2121 
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If you want a microcomputer 
with all of these standard features. 

8080 MPU (The one 
with growing soft- 
ware support) 

1024 Byte ROM 
(With maximum ca- 
pacity of 4K Bytes) 

1024 Byte RAM 
(With maximum 
capacity of 2K 
Bytes) 

TTY Serial I/O 
EIA Serial I/O 
3 parallel I/O's 
ASCII/Baudot 

terminal com- 
patibility with TTY machines or video units 
Monitor having load, dump, display, insert 

and go functions 

.4(19 

Complete with card 
connectors 

Comprehensive 
User's Manual, plus 
Intel 8080 User's 
Manual 

Completely 
factory assembled 
and tested-not 
a kit 

Optional ac- 
cessories: Key- 
board/video 
display, audio 
cassette modem 

interface, power supply, ROM programmer 
and attractive cabinetry... plus more options 
to follow. The HAL MCEM-8080. $375 

7 
Mr 

..then let us send you our card. 
HAL Communications Corp. has 
been a leader in digital communi- 
cations for over half a decade. 
The MCEM-8080 microcomputer 
shows just how far this leadership 
has taken us...and how far it 
can take you in your applications. 
That's why we'd like to send 
you our card-one PC 
board that we feel is the 
best -valued, most complete -u Z 1 

microcomputer you can buy. For 
details on the MCEM-8080, write 
today. We'll also include compre- 
hensive information on the HAL 
DS -3000 KSR microprocessor - 
based terminal, the terminal that 
gives you multi -code compati- 

bility, flexibility for future 
changes, editing, and a 
convenient, large video 
display format. 

HAL Communications Corp. 
Box 365, 807 E. Green Street, Urbana, Illinois 61801 

Telephone (217) 367.7373 

THE 19 8700 
COMPUTER/ CONTROLLER 
An exceptional price on an 
applications oriented 6503 based 

micro -processor system 

THE IDEAL, LOW COST SOLUTION TO IMPLEMENTING 
THOSE WILD COMPUTER BASED CONTROL SYSTEMS 
YOU'VE BEEN DREAMING OF! 

PAIA software currently available or under 
development includes: Music synthesizer 
interface; Home applications package including: 
multi -zone fire/burglar alarm, real time clock, 
energy saving heat/air conditioning control, 
computer generated 'floor -bell'; Model roalroad 
controller and more 

8700 COMPUTER/CONTROLLER KIT $149.95 
(requires 5v. @ 1. 2A. ; 12v. @ 15O ma. ) 

Shipped direct from PAIA (add $3. 00 postage) 
Also available at FULL LINE computer stores 

DETAILS IN OUR FREE CATALOG Ma* DEPT. 8 R 1020 W. Wilshire Blvd. 

76 Oklahoma City, OK 73116 
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of over 

2000 
small tools, 
measuring 

instruments, 
and supplies 

..FILM LOADERS... 

PS. . .PAGES. . .GRAVERS 

. .GRINDERS. . .HAMMERS. . 

INCLINOMETERS. . .JACKS. . . 

KNIVES. . .LATHES. . . LEATHER 

ETTES. .. LOUPES...MINIATURE 

TOOLS... METRIC TOOLS...MULTI. 

TESTERS. . NEGATIVE FILES... 
NIPPERS...OILERS...PIN VISES.. 

PLIERS... PROBES...RIFFLERS... 

SCISSORS. .. SNARES. ..SOLDER. 

ING SUPPLIES. . .TEST INSTRU 

MENTS...TWEEZERS... V IEW E RS 

...VISES...WRENCHES... 
ADH'.\ % 

Cam 
ABRASIVES... ' '1191111P; G...BOOKS 

19 1L51 1911 
LIMATORS 

.EPDXIES. / ̀  ̀ .CALIPERS. 

`°/ 
S 

National Camera 
200. ML,. Y.l.. Iq. p.., 
twsl.w..d,cI, U.S.A. 10110 
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NEW PRODUCTS 
continued from page 75 

CORDLESS SOLDERING STATION No. 2000 
consists of a rugged rechargeable iron with a 
quick -charge nickel -cadmium battery. The unit 

,t 

is designed to accept two rigid interchangeable 
tips, and the charging holder with tip cleaning 
sponge completely recharges the battery in 4 
hours. The unit is molded in high -impact plastic. 
Charging holder is rated at 120 volts AC input, 
3.2 volts DC at 285 mA.-Ungar, Div. of Eldon 
Industries, Inc., 233 East Manville, Compton, CA 
90220. 
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FREQUENCY COUNTER, model 1827 offers full 
6 -digit LED display and guaranteed operation to 
30 MHz with 1 -Hz resolution. Operation to 50 
MHz is typical. The unit features 1-ppm resolu- 
tion on a 6 -digit scale with z 0.25-ppm stability. 
The input circuitry is sensitive enough to display 
a 100 -mV sinewave signal, but Is protected 
against an input signal of up to 200 volts (peak 
AC & DC). A broad range of optional accesso- 
ries gives the unit unequaled versatility. An 
optional signal tap allows the 1827 to contin- 
ually monitor the output frequency of a 23- or 
40 -channel CB transceiver without affecting 
normal set operation. Signal tap is rated at 100 
watts. 

The model 1827 is also fully compatible with 
the manufacturer's 40 -channel CB service 
bench. Other optional accessories include 
rechargeable batteries and an AC adapter/ 
charger, an under -shelf or under -dash mounting 
bracket, 27 -MHz pickup antenna, general- 
purpose input clip -lead and vinyl carrying case. 
The 1827 can be powered for more than 8 hours 
of normal use by ordinary AA batteries or 
rechargeable nickel -cadmium batteries. The 
optional AC adapter/charger allows overnight 
charging of nickel -cadmium batteries, so the 
unit can be ready for daily field service. The unit 
weighs less than 1 pound and measures only 
1.75 x 3.75 x 6.6 inches. Priced at $120.00.- 
B8K-PRECISION, Dynascan Corp., 6460 W. 
Cortland Ave., Chicago, IL 60635 
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R -E TESTS HITACHI SR -903 Amplifier measurements 
continued from page 57 

TABLE III 

RADIO -ELECTRONICS PRODUCT TEST REPORT 
Manufacturer: Hitachi 

OVERALL PRODUCT ANALYSIS 
Retail price 
Price category 
Price/performance ratio 
Styling and appearance 
Sound quality 
Mechanical performance 

$499.95 
Medium 
Excellent 
Excellent 
Very goo d 
Excellent 

Model: SR -903 

Comments: In evaluating this receiver, it is easy to concentrate on the novel power amplifier 
circuitry to the exclusion of the other fine features. The chief virtue of the Class -G 
circuitry is increased efficiency, which results in a product that is both well priced (in 
its power and feature class) and less bulky than its competitors. The tuner section of 
the receiver is also well designed, as is the preamplifier control section. The extra 
midrange tone control is a welcome addition, as is the extremely effective auto -lock 
tuning method that offers all the virtues of conventional AFC without any of its 
measurable disadvantages. 

As for the Class -G "double power supply" system, we searched carefully for any 
audible or measurable notch distortion (resulting from the switching action from the 
low-level to the high-level transistor pair) and could find none. The distortion -versus - 
power output curve was similar to any conventionally designed Class -B amplifier 
circuit; any transitional problems in switching from one power supply level to the 
other seem to have been successfully overcome by adding "smoothing ' compo- 
nents which make this transition undetectable. Higher efficiency and lower heat 
dissipation (under actual operating conditions) are, therefore, the only conse- 
quences of the novel output circuit approach as far as actual performance is 
concerned. 

Hitachi claims regarding the greater margin between "continuous" and "dy- 
namic" power are justified-both in bench measurements and in listening tests. We 
drove this unit to considerably higher levels with musical signals than one would 
normally expect with a "nominally rated" 75 -watt -per -channel receiver. We consider 
the model SR -903 to be even more of a bargain when judged on a cost/performance 
ratio basis. 

In %iew of the novel Class -G output circuit, 
the performance of the power amplifier 
section of this receiver was tested. Results 
listed in Table II indicate a great deal of 
reserve power at mid -frequencies while just 
making "spec" (under continuous power test- 
ing) at the frequency extremes of 20 Hz and 
20 kHz. FTC preconditioning tests were 
particularly revealing. in that the heat gener- 
ated at the one-third power point was 
noticeably lower than for similarly rated 
power amplifier sections on competitive 
receivers. While Table II lists TI ID readings 
at 1.0 watt and at full power output, we 
specifically measured distortion at interme- 
diate levels to see if any notch distortion 
occurred at or near the transitional point 
between the "low-level" and "high-level" 
transistors. No such increased distortion was 
detected at any operating level below clip- 
ping. 

Federal Trade Commission ratings not- 
withstanding, Hitachi stresses the fact that 
the Class -G arrangement offers actually 
greater dynamic power output capability 
than is possible for similarly rated (on a 

continuous power basis) competitive units. 
They maintain that under actual music 
listening conditions, the amplifier section is 

capable of delivering greater short-term 
power than Class -B amplifiers having the 
same FTC power ratings. In investigating this 
claim we devised an additional test. Figure 5 

is a scope photo of a 1 -kHz output signal 
whose amplitude has been increased just to 
the point of clipping (an output of 102 watts). 

turn page 

Three you can put 
test =h _ : in 

pocket with Hickok. 
1 

SPECIAL LIMITED TIME OFFER 

. Your choice $9900 At participating 
Hickok distributors 

,Q ..,.. . 

O 

Model 215 
A fully automatic 
In -circuit 
semiconductor 
analyzer. 

1 

CAM 114. 

, 

.a 

1r1:s e ! 
Model 239 
A rock -solid 
MOS LSI color 
bar generator. 

Model 350 
A true auto 
polarity 10 
megohm FET 
multimeter 

$138 $129 $135 

1I 

Now you can take the equipment you 
need wherever you need it with these versa- 
tile pocket performers from Hickok. 

Our Model 215 Pocket semiconductor 
analyzer checks transistors, FETs, diodes 
and SCRs for conductance and gross leak- 
age and identifies base or gate leads both 
in and out of circuit. And it does it all with 
a self -sequencing good/bad test and LED 
display. 

Hickok -developed MOS LSI ICs give our 
Model 239 Pocket Color Bar Generator ex- 
ceptional reliability, extremely low battery 
drain, rugged industrial performance and 
crystal stability. Simple matrix switches se- 
lect any of its nine patterns, including a 
gated rainbow. And you can put its output 
on channels 2, 3 or 4. 

The Model 350 Pocket FET multimeter 
features foolproof overload protection, true 
auto polarity, a polarity indicator and 10 
megohm input impedance. It measures 9 dc 
voltage ranges, 9 ac voltage ranges, 7 hi/ 
low resistance ranges and decibels. And it 
displays its findings on a long 2.4" mirrored 
arc. 

But don't just take our word for the way 
these midget marvels perform. Ask your 
Hickok distributor for a demonstration. He 
may even offer a 10 day trial. Then we've 
got you for sure. 

HICKOK 
the value. innovator 
INSTRUMENTATION & CONTROLS DIVISION 
THE HICKOK ELECTRICAL INSTRUMENT CO. 
10514 Dupont Avenue Cleveland, Ohio 44108 
(216) 541-8060 TWX: 810-421-8286 
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The 
PROOF is in 

PERFORMANCE! 
Amazing MEGASPARK, the advanced -design 
Opto -Electronic Breakerless Ignition System, 
FITS ANY CAR! Replaces points and 
condenser - gives longer spark plug life. 
Increases performance, mileage and driving 
satisfaction while cutting fuel and 
maintenance costs dramatically. Learn the 
facts and don't settle for less than the best. 
Models from 529.50 to $64.50 

The only unit that gives you all these features: 

LIFETI ME WARRANTY 

DIFFERENTIAL AMPLIFIER CIRCUITRY 
FULL INTERNAL VOLTAGE REGULATION 

AUTOMATIC OVERCURRENT PROTECTION 

Rush name and address for FREE information package 
including catalog and discount otter. Or call toll -free 
24- hours 800-648-4711, Ext. 22. 

111EGAl:PARK" 
by 

l 
Ignition Systems Inc. 

2547 8th Street 
Berkeley, CA 94710 

(415) 845-3584 
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R -E TESTS HITACHI SR -903 
continued from page 77 

Note, that the waveform is exactly four 
vertical divisions in height on the scope 
face. 

We then applied a tone -burst signal to the 
amplifier and increased its amplitude until 
the 10 -kHz sinewave bursts reached the clip- 
ping level (Fig. 6). This time, the overall 
amplitude was five vertical divisions. Cal- 
culating the voltage level for 102 watts (8 - 
ohm resistive loads) we determined that the 
RMS voltage in Fig. 5 was 28.57. Five - 
fourths of that voltage (the amplitude in Fig. 
6) equals 35.71 volts RMS which, translated 
to power across an 8 -ohm load, equals 159.38 
watts! I litachi claims a "dynamic power" or 
music power output rating of a whopping 160 

watts -per -channel and, according to the 
above calculations, they come close enough 
to meeting that amazing figure. 

5 , 1 

i 

6 

. l 

- 7 

Phono preamplifier performance was quite 
good. with an input overload figure that 
should pose no problems with just about any 
cartridge and extremely accurate RIAA play- 
back response. Bass. mid -range, and treble 
control range are shown in Fig. 7, while the 

continued on page 84 

GO 
DIGITAL, 
GO DANAMETER 

(The New VOM For Today's Needs.) 

0.25% Accuracy 
Full Overload Protection 
Really Drop -Proof 
Full One Year Battery Life 

D A n A e 

Dana Laboratories, Inc. 
2401 Campus Dr, Irvine, Ca 92715, (714) 833-1234 
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" ORDINARY 

COLOR BAR PATTERN 

GENERATORS ARE OBSOLETE." 
That is the opinion being expressed 

by users of ATC-10 General Television 
Servicer - and with good reason! 

Take a minute and see why American Technology's ATC-10 is having 
such excellent reviews and is gaining lots of happy owners. The 
ATC-10 provides most of the combined features of a conventional 
color bar pattern generator, an Analyst and a substitute tuner. You get 
time saving bonus features too, like the RF/IF attenuator capable of 
reducing the signal to snow for receiver sensitivity, GRAY QUAD 
pattern for simplified gray scale tracking checks/adjustments, 
COLOR BARS pattern with 6th bar marked to make your job easier, 
3.58 MONITOR pattern for oscillator frequency checks with no need to 
short the AFPC test point, RED RASTER pattern for checking and ad- 
justing purity at the flip of a switch, HATCHDOTS - versatile 
composite pattern for dynamic & static convergence plus other 
checks. And high level 75 ohm VIDEO output. 

LIMPIA 

lanIZ 

Write for more information on 
the ATC-10 General Television 

Servicer, or try It at our risk. 
-30 DAY SHOP TRIAL- 

(11 not 100% satisfle0 in every 
way, return for instant refund 

_wow 
Awameu Turn. Cuff 15 

in full.) 

ONLY $299.95! 

American Technology Corporation 
225 Main Street, Dept. 8C, Canon City, CO 81212 

For your convenience, we accept 
Master Charge, Visa and COD phone orders. 

SAME DAY SHIPMENT! 
(303) 275-8991 
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LOOKING AHEAD 
continued from page 4 

for random-access tuning of up to seven channels, 
plus almost every function you'd normally find on the 
front of the set. 

Pianocorder: The player piano is back, but now it 
uses digital electronics. Early next year, Superscope 
will market Pianocorder, which uses audio cassettes 
to do exactly what the old piano roll used to do, but 
better. Installed in a piano, it can bring concert and 
jazz pianists into the home in actual live performance, 
since it activates the piano's mechanism rather than 
using electronic reproduction. And it does one thing 
a player piano never could do-it can record an actual 
performance on the piano, and thus could be a boon 
for serious music students and performers. 

Developing the Pianocorder was a labor of love for 
Superscope Chairman Joseph Tushinsky, who owns 
what is probably the world's largest and greatest 
collection of player pianos and piano rolls. Superscope 
will record some of the world's greatest piano -roll 
performances onto digital cassettes for the 
Pianocorder, and also will make available newly 
recorded works played by contemporary artists. The 
pianocorder will cost about $1,200 and must be 
professionally installed. The customer supplies the 
piano. 

DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 

burglar-fire alarm catalog 

-FREE! -: - ñ MORE THAN 
900 PRODUCTS 

detectors, 
controls, 
sounders, 
locks, 
tools 

EVERYTHING NEEDED 
TO PROTECT HOME, 

BUSINESS, INSTITUTION 
Huge selection of high quality professional 
alarm products. 64 fact -filled pages with 
detailed specs, diagrams, technical notes. 
Products range from basic switches, con- 
trols, bells, sirens to most sophisticated 
detectors - radar, modulated or passive 
infrared, microwave, ultrasonics, ion, data 
links using pulse code multiplex, FSK 
radio, automatic phone dialers, leased line 
connections and display panels. Full sel- 
ection of tools, relays, wire, foil, terminals, 
books. 
WRITE FOR FREE CATALOG TODAY! 

(Outside U.S.. send 51.00.) 

mountain west alarm 
box 10780 phoenix, az 85064 

(602) 263-8831 
CIRCLE 18 ON FREE INFORMATION CARD 

For 

faster 
service 

USE 

ZIP 

CODE 

on 

all 

mail 

UNIVERSAL 
TEST RIG 

S229.95 

" 

PJS-298 
C.R.T. Included 

33KV Leaded Glass CRT 40KV Meter 
Build -In Speaker Obsolete -Proof 

The PJS-298 Universal Test Rig for tube and Solid State TVs 
designed for servicing high voltage chassis. Built-in speaker 
for convenient audio checking, 40KV-50Ua sensitivity meter 
constant monitoring of the anode voltage. Up -dating is accomp- 
lished by means of plug-in modules. (Extension cables included). 

FOR FAST TROUBLE SHOOTING ... . 

"FERRET" TV MINI -ANALYZER 

r 

( ,. 
nizr SG -785 

$99.95 

e VHF/UHF Subber e I.F. - Video Trouble Shooter 

Convergence Generator e Dots and Cross -Hatch Patterns 

The "FERRET" is a multi -functional instrument for 
fast, efficient trouble -shooting and adjustment of all 
Color and B&W tvs. It is ideal for both shop and field 
work. (Cables included.) 

IeIell/0t1C 108-02 Otis Ave., Corona, N.Y. 11368 
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endeco 
soldering & 
desoldering 
equipment 

SOLDERING - 

Pencil style. Safety light. Two heats - 20w and 
40w. 6 tips. Unbreakable handle. 2 and 3 wire 
neoprene cords. 

DESOLDERING 
IRONS rl ̀ 
Pencil style. Safety light. Some operate at 40w. idle 
at 20w. 8 tip sizes. 2 and 3 wire neoprene cords. 

J SOLDERING 8 
DESOLDERING 

KITS 

4 - i Everyirmg needed 
.4rí4 r, to solder or de - 4c % ,1 solder or both. All 

in a handy lifetime metal 
box with hasp. 

See your distnbutor or write... 

Enterprise Development Corp: 
5127 E. 65th St. Indianapolis IN 46220 

PHONE (317) 251-1231 
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RF SIGNAL GENERATORS 
continued Ji-om page 51 

When UIIF signal generation is 

required. the L C oscillator becomes 
hard to use. Stray inductance and capa- 
citance must he reduced to an absolute 

VARIABLE 
UHF OSC 

FISEO 
UHF 

minimum to reach the highest frequen- 
cies. An alternative to the L -C oscillator 
for these applications is either the cavity 
or shortened transmission line. In either 
type. the fundamental signal is no 
longer developed by independent induc- 
tance and capacitance. hut uses the 

ATTENUATOR 

OUTPUT -O 

FIG. 6-UHF OSCILLATORS usually consist of a fixed cavity -type oscillator and a variable oscilla- 
tor. 

256 512 MHz' 
VARIABLE 

FREQUENCY 
OSCILLATOR 

32 64MHz 
FILTER 

,...F...... 

64 128MHz 
FILTER 

128 256MHz H 
FILTER 

256.512MHz OUTPUT 

FIG. 7-ANOTHER UHF TECHNIQUE uses a tunable cavity oscillator and fixed dividers. 

High intensity, high reliability 34r digit 
LED display for maximum readability 
Selectable HI/LO ohms function allows 
In -circuit resistance measurement 
on any range without forward 
biasing semiconductor )unctions 
Universal AC power supply 
Easily installed optional battery pack 
Large, bright 7 -segment digits 

DC accuracy, 0.5% 
Automatic polarity 
Full overload protection 
100% overrange 
1mV resolution 

-NEW 
3%2 DIGIT 

MULTI - 
METER 

MODEL 283 

9JPRECISION 

TO ORDER CALL COLLECT 212-687-2224 

ADVANG 
ELECTRONIC 

54 west 45 Street. New York, N.Y.10036 212-687-2224 

rr 

THE TEST EQUIPMENT SPECIALISTS 
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You get 
with our 

6131n1, a., wo.n,,. 
vlz 

4I 

WD -751A 
$179.00 

Big 
Little 
DMM 

bench -size accuracy and performance 
new, hand held, 3% -digit VOM. It's in a 

class by itself. 
Highly readable, field- 
effect LCD 
Semi-autoranging 
Fast, accurate response 
Small size, battery op- 
erated (ac optional) 
Low power consumption 
Built-in overload protec- 
tion 

See it at your VIZ dis- 
tributor 

VIZ Test 
Instruments Group 

of VIZ Mfg. Co. 
335 E. Price St. 
Phila. PA 19144 

Formerly 

VIZ 

6721 Instruments 
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lump constant characteristics of transmission lines or coaxial 
cavities instead. 

The cavity has considerably higher Q than an L -C circuit. 
The disadvantage of the cavity is normally one of size. Cavity 
dimensions may run from one -quarter of a wavelength to a 

full wavelength. thus making the cavity unsuitable for opera- 
tion below 300 to 400 MHz. Cavities cannot be easily hand - 
switched, so other techniques must be used in generators that 
must cover a wide range of frequencies. 

One technique is shown in Fig. 6. The output of the cavity 
and the output of a fixed oscillator are mixed to generate a 

lower frequency signal. Both the cavity and the fixed 
frequency oscillator operate at considerably higher frequen- 
cies than the desired generator output. Although only one 
oscillator is shown as a variable frequency cavity. both 
oscillators may he variable frequency cavities in certain 
generator designs. Modern cavity circuits are electronically 
tuned by an extremely high quality variable -capacitance 
diode. Such techniques require only simple feedback circuits 
to maintain frequency stability. 

An alternate scheme presently used by Ilewlett-Packard 
(sec Fig. 7) is a tunable cavity oscillator with an upper limit of 
512 MIlz. The output of this oscillator is either used directly 
or applied to the input of high-speed flip-flops. The flip -hop 
output frequency is exactly one-half the oscillator frequency. 
All frequencies are covered. as the cavity oscillator has a 

tuning ratio of slightly more than 2: I. Although the output of 
a Ilip-slop is a squarewave. suitable filtering is inserted. on a 

hands+itch basis. to remove the odd harmonic components. 
thus producing a spectrally pure signal. As more high-speed 
logic becomes available, it seems reasonable this technique 
may become common. 

Extended high -frequency operation can be obtained by 
using frequency doublers. They normally consist of diodes 
along with suitable filtering circuits to provide an output at 
twice the input frequency. 

Two forms of additional frequency control are currently 
used on modern signal generator designs to get higher 
stability. In the first and simplest form. a variable -capacitance 
diode is placed in shunt with the tuning capacitor of the L-C 
oscillator. The electronic tuning range provided by the vari- 
able -capacitance diode is limited. Frequency comparison 
circuitry compares the generator frequency to an external 
standard frequency and supplies error correction to the 
electronic tuning circuits. These circuits lock the generator to 
the standard signal over a limited frequency range. 

In the second, and more involved mode of electronic 
frequency control. the oscillator frequency is corrected by a 
variable -capacitance diode. An error signal is derived from 
digital circuitry that compares the measured generator 
frequency to the original frequency setting of the signal 
generator. Any difference between the frequency displayed at 
the front panel and the currently measured frequency gener- 
ates an error signal that is fed to the variable -capacitance 
diode to bring the generator back on frequency. If the 
operator wants to change the generator frequency. the digital 
frequency meter is switched from this locking mode to a 

simple frequency measurement mode. and the measured 
frequency is displayed on the front panel. Although complete 
electronic tuning of oscillators is possible. it is not yet widely 
used on radio -frequency signal generators because of the 
difficulties that arise when attempting to provide very slight 
amounts of frequency modulation. 

Next time we'll continue with a careful examination of 
modulators and attenuators. 

(to be continued) 

HIGH BLOOD PRESSURE. 
Treat it...and live. 

The National High Blood Pressure Education Program, 
U.S. Department of Health, Education, and Welfare. 

INTERNATIONAL FM 2400CH 

FREQUENCY METER 
for testing 
mobile 
transmitters 
and receivers 

'_^'% 

t-'1: 
- ' aP !: 
- 

_ 

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 

The FM-2400CH provides an accurate frequency 
standard for testing and adjustment of mobile 
transmitters and receivers at predetermined 
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 re- 
ceiver between 5 MHz and 40 MHz. 
Frequency Stability: ±.0005% from+50°to+104°F. 

Frequency stability with built-in thermometer 
and temperature corrected charts: ± .00025% from 
+25° to +125° (.000125% special 450 MHz crystals 
available). 

Self-contained in small portable case. Complete 
solid state circuitry. Rechargeable batteries. 

FM-2400CH (meter cnly) 5595.00 
RF crystals (with temperature correction) 24.00 ea. 
RF crystals (less temperature correction) 18.00 ea. 
IF crystals catalog price 

nternational Crystal Manufacturing Company, Inc 

10 North Lee Oklahoma City Oklahoma 73102 
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MATHEMATICS 

ELECTRONICS 

ENGINEERING MATHEMATICS 

ADVANCED MATHEMATICS 
These unusual courses are the result of 

many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to 
appreciate them! 

NOW you can master mathematics 
and electronics and actually enjoy doing 
it! 

WE ARE THIS SURE:-you order 
your lessons on a money -back guarantee. 

In plain lariguage, if you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every- 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

P.O. BOX 1189 
PANAMA CITY, FLA 32401 
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Our whole family helped assemble 
this wonderful Schober Organ... 

and now we all play in 
Talk about real family fun! We all worked 

together, for a few hours almost every day. Almost 
too soon, our Schober Organ was finished. Our keen -eyed daughter sorted resistors. Mom sol- dered transistor sockets, although she'd never 
soldered anything before. And it did our hearts good to see the care with which our son-he's only 12-Installed the transistors. Me? I was the qualify control inspector-they let me do the final wiring. 

Our completed Schober Organ compares favorably with a "ready-made" one costing twice 
as much! (The five models range from 5650 to $2850.) 

Just send the coupon for the fascinating 
Schober color catalog (or enclose $1 for a 12 -inch 
LP record that lets you hear as well as see Schober 
quality). 

CO 

O ; The ,TC/149.41 Organ Corp., Dept. RE -165 
ZO , 43 West 61st Street, New York, N.Y. 10023 
cc u O Please send me Schober Organ Catalog. t- I O Enclosed please find f1Á0 for 12 -inch L.P. 

W 
I record of Schober Organ music. 

J 
NAME W I 

O I ADDRESS 

CITY STATE ZIP CC . 
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SOUND FOR HOME MOVIES 
continued from page 48 

on and the SCR conducts. A higher 
control current will discharge C3 faster 
and the SCR will turn on sooner. Wave- 
forms at various points in this circuit are 
shown in Fig. 3. This control current is 
the analog signal that has to be provided 
by the rest of the synchronizer. 

Let's take a closer look at how the 
control current affects circuit operation. 
With no control current, the collector of 
Q5 will stay near V+ + and the SCR 
will not trigger, so that the projector 
would not run. If we look at what 
happens when the AC line passes 
through zero volts, we find that Q4 is 
conducting and the base of Q5 is 
grounded, which means that Q5 is cut 
oft'. At this moment, C3 charges towards 
V++ through RIO. As soon as the AC 
line waveform gets away from zero, Q4 
will cut off. If no control current is 
present, Q5 will also remain cut off and 
C3 will remain fully charged. cutting oft 
Q6 and ensuring that the SCR will not 
trigger. When control current is present, 
Q5 will conduct and the voltage at the 
collector of Q5 will drop toward ground, 
as shown in Fig. 3-b. 

Control current from somewhere is 
absolutely necessary to run the circuit. 
and it can be from as simple a thing as a 
resistor or pot. A simple current -control 
that provides rather crude control of my 
machine consists of a 12,000 -ohm resis- 
tor and 10.000 -ohm pot in series from 
+ 12 volts to the collector of Q4. 

The remainder of Fig. 2 is a simple 
power supply. A 12 -volt, I -watt Zener 
diode was tacked onto the logic board 
(not shown) for regulation. I connected 
the projector's original low -voltage 
winding in series with a small filament 
transformer to obtain. a reasonable 
supply with a very small transformer 
that was on hand. 

Construction 
The circuit shown in Fig. 2 was 

assembled on one PC board and 
mounted in the projector on an alumi- 
num bracket. The foil pattern is shown 
in Fig. 4 and component layout is shown 
in Fig. 5. Note that the components are 
mounted on the foil side of the board, 
and that the foil pattern is shown from 
this side. The aluminum bracket also 
served as a heatsink for SCR I. The 
whole assembly went quite neatly into 
the area formerly occupied by the rheo- 
stat, as shown in Fig. 6. 

The bracket also held a miniature pot 
that I connected to the projector's speed 
control knob. I wanted to retain the 
function of the speed control knob when 
the machine was running without an 
external control signal. (The pot is 
hooked up in the synchronizer circuit, 
not shown in this article.) Figure 7 

u ° 

I 

FIG. 6-PC BOARD mounted Inside projector. 

function of the speed control knob when 
the machine was running without an 
external control signal. (The pot is 
hooked up in the synchronizer circuit, 
not shown in this article.) Figure 7 

BETTER ° 

THAN A 
THIRD, HAND! 

1 
t 

PANAVISE TILTS, TURNS, AND 
ROTATES TO ANY POSITION. 
IT HOLDS YOUR WORK 
EXACTLY WHERE YOU WANT IT. 
PanaVise has great strength yet Is gentle 
enough to firmly hold delicate objects. 

Quite possibly the finest new tool 
you will buy this year, PanaVise is 
built to exacting professional 
standards. We guarantee iti 
Illustrated is the Electronics Vise 
Model 396. Three other bases and 
a wide variety of heads are avail- 
able. All interchange! Buy a basic 
unit, then add on to create your 
system. 

Available through your dealer. 
Write for a tree catalog. 

o A N QvisE ® Dept. SE 

10107 Adella Ave., South Gate, CA 90280 
In Canada: 25 Toro Rd.,Downsview, Ont. M3J 2A6 

i A Division of Colbert Industries 
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POWER SUPPLY 
AND MOTOR CONTROL 

BOARD 
FOIL SIDE 

TERMINALS 
FOR POT 

TRANSFORMER ALUMINUM 
BRACKET AND 

HEAT SINK 

FIG. 7-MOUNTING DETAILS of the PC board. 

shows a detailed side view of how the 
PC board was mounted. 

The other thing the projector has to 
provide is some signal indicating when 
one frame has gone through. In every 
projector I have ever seen, the mecha- 
nism is built around a shaft that goes 
around once for every frame of film. 

VT HOLES -DRILLED TO SUIT COMPONENTS 

PHOTO 
TRANSISTOR 

BLACK 

APPROPRIATE 

TERMINALS 
SET IN 

PLASTIC BLOCK 
(APPROX 3/16" X 

1/2" X3/4"1 

PAINT WHITE 

FIG. 8-COMPARISON SIGNAL is generated by 
an LED and photo -transistor mounted over the 
main shaft. 

This provides a number of possibilities. 
The method I used is illustrated in Fig. 
8. A white stripe is painted on a spot on 
the shaft and is illuminated by an LED. 
Every time the stripe goes by, the photo - 
transistor produces an output that is 

amplified and used. The photo-pickof 
is mounted near the projector's inching 
knob. This type of pickotr needs no 
alterations to the projector mechanism. 

ti 
d 

L 
MODEL 101 AUDIO TEST SYSTEM consists of two sine/ 
square/triangle function generators, pulse generator, fre- 
quency counter and AC voltmeter. As a system It will gen- 
erate a frequency response plot on an X -Y recorder or scope. 

Time base generator offers symmetrical or independent 
Control of the positive and negative sides of the ramp 
providing a duty cycle of 1% to 99%. Frequency range 
is .002 Hz to 100k Hz. Amplitude is 16 Vpp into 500 Ohms 
with t 5 VDC offset. The time base output drives the X axis 
of an X -Y recorder. Manual mode provided for setup. 

Audio sweep generator provides manual frequency adjust- 
ment or log/linear sweep of 20 Hz to 20k Hz. Blanking 
mode provides zero reference line on an X -Y recorder or 
tone burst. Amplitude is 16 Vpp i rto 500 Ohms or 10 Vpp 
into 8 Ohms. 

Pulse generator frequency range Is .002 Hz to 800k Hz. 
Pulse width is adjusted independent of frequency from 4 

seconds to 40 nanoseconds. Outputs are complementary 
TTL. 

AC Voltmeter has full scale sensitivities from 1 mV to 250 
V. Fast/slow, peak/true RMS and log/linear modes are pro- 
vided Output drives Y axis of X -Y recorder. 

Frequency counter Is 6 digit, line triggered, and reads 
either internal or external. Sensitivity is 100 MV peak at 

20k Hz. 1/r5 sec. update. 50160 Hz. 

Dimensions: 8x14x3. Shipping weight: 9 lbs. 
$650. Stock to 30 days. Warranty: 1 year, 3 -year S60. 

1194 eommerr.nt, W. a109 

IDE 11TY SOUND San Bernardino, Ce 92408 
17141 819-1623 
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Kleps 40 
Kleps 30 , 

1/ , j. 

Kleps 10 

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. $1.39 
Kleps 20. Same, but 7" long. $1.49 
Kleps 30. Completely flexible. Forked -tongue gripper. Ac- 
cepts banana plug or bare lead. 6" long. $1.79 
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. $2.59 
Kleps 1. Economy Kleps for light line work (not lab quality). 
Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connection. Molded 
phenolic. Doubles as scribing tool. "Bunch" pin fits banana 
jack. Phone tip. 51/2" long. $ .89 
All in red or black specify. (Add 500 postage and handling). 
Write for complete catalog of test probes, plugs, sockets, 
connectors, earphones, headsets, miniature components. 

Available through your local 
distributor, or write to: 
RYE INDUSTRIES INC. 
125 Spencer Place, Mamaroneck, N.Y. 10543 
In Canada: Rye Industries (Canada) Ltd. 
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Kleps 10 - 20 
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Kleps 30 
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Kleps 40 

Kleps 1 

Pruf 10 

Accuracy .,li-ke:a-VTVM ... 
Convenience like á -'VÓM... 
NEW BATTfERY-1OPERATED -FET 

',SOLID-STATE VOLT -OHMMETER 4116 

Easy -to -build KIT 

$39.48 =116K 

Factory -Wired &Tested 

$52.95 =116W 
Now you can 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,OOC ohms -per -volt VOM Wide -range 
versatility: 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: 
3-1.2, Resistance ranges: 
3.1K, 0-100K, 0-10 meg., 0-1000 meg.; 
4DB ranges. -24 to +56DB. 
Sensitive easy -to -read 41/z" 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 ease with handle useable as instru- 
ment stand. Kit has simplified step-by- 
step assembly Instructions. Both kit and 
factory -wired versions shipped complete 
with batteries and test leads. 51/4"H x 

63/4' W x 2T/8"D. 3 lbs. 

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

RE -08 
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State lip 
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t ELECTRONIC MEASUREMENTS CARP. 

625 Broadway, New ,York, N.Y. 10012 
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The New Programmable Clock Kit 
from Digital Concepts. $29.95 
SYSTEM 5000 n The popeammahle clock lot mat makes led level 
o, a new ureeeence The system 5at Men druened to meet ear 

ol maecular redurywhents and tastes, wee, prowarnoun, 
leohnKluel kneO to cleate they meliyodual.aed lithIP.ece 
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different types of tuner krepen4 and tunono Moo" 
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True 24 HOof Alrn 
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One Mu. Down Counter 
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FEATURES AND SPECIFICATIONS 
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Rholu 4 0.4.1 Fluorescent Fence 
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QUARTZ TIME BASE OPTION - S6.95 
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ELECTRONIC TIMEKEEPING TO WORK FOR YOUI 
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SWITCH OPTION - 53.75 
Gump, u Mack SPST wheledlons. I Mck DFDT pustshulSons 
and 2 Hack SPST se,. some., Femparns JI mho. leaules 

CASE OPTION - S11.00 
Thes delo11 hand len shed to is wawa 13 8"1 Monet for, an 
xleal hOul.no lot The empleted system Includes hur 0anel an, 

llanTla,t1 Woe ena I aceolares ILL, or green, are 

I. law elelsay 4.515 to tout orelw Ian= 
I ttttt es wee 

fee. I et o TV i Ilh ne eh. 

Digital Conpots Corporation 247 Route 46 

Sands* Brook, New Jeney 07662 (2011 045.7501 

out of 
2 wit. 
have it 
chart 

21 millton Americans have high 
blood pressure But 50 percent o' 
Those who have t. don't know It 

When blood pressure goes higher 
than It should, and slays high, it sels 
the stage lor head attack or stroke 
Most cases Of high blood presSure 
Can De controlled with drugs and 
other advances in treatment That's 
why you should see your doctor req. 
ularty Only he can tell if you need 
help. 

A out» IC «mice ene. trom you, 
Ameclaston 

«Mt 
.011 

FROM KIT TO CAR 
IN 80 MINUTES! 

Electronic ignition is "in," Update your car with the TOPS in power, efficiency and re- 
liability - the TIGER SST capacitive dis- 
charge ignition (CD). 
The TIGER delivers everything other CD's 
promise - and more: quicker starting, more 
power, more gas mileage, tune-ups elim- 
inated, lifetime plugs and points, reduced 
repairs and pollution. 
The TIGER can be built and Installed in 
your car in 80 minutes. The TIGER is 
uniquel 
The TIGER comes with a switch for TIGER 
or standard ignition for 12V negative ground 
only. 

Simpli-Kit $21.95 
POST PAID U.S.A. 

WE ACCEPT: 
Mastercharge or BankAmericard. 

Send check or money order with order to: 

WI' Star Corporation 
DEPT. FF, P.O. Box 1727 

Grand Junction, Colorado 81501 
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NATIONAL ELECTRONIC 

E A 
SERVICE DEALERS ASSOCIATION, INC. 

1715 EXPO LANE 
INDIANAPOLIS, INDIANA 46224 

PHONE: (3171 241-8160 

PURPOSE 

NESDA, founded in 1973, is a con- 
solidation of the majority of the 
professional state and local Elec- 
tronic Service Associations of the 
United States. The individual 
NESDA members are engaged in 
Radio -TV Sales and Service; Marine 
and 2 -way Communications; audio- visual installation and repair; 
MATV - Master Antenna Systems; 
auto radio repair; CCTV -Closed 
Circuit TV, sound systems, and oth 
er types of businesses where tech- 
nical electronic service is needed. 

The basic purpose of NESDA is 
to help the service business opera- 
tor improve his management skills 
and grow in his profession-and to 
help him develop his service busi- 
ness and strengthen his business 
position. 

NESDA shows service dealers 
new ways to solve management and 
technical problems, how to motivate 
and increase the skill of their tech- 
nical staffs, and how to better serve 
the electronic service needs of the 
community. 

Write for member application 
and more money making infor- 
mation about the National 
Association. 
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R -E TESTS HITACHI SR -903 
continued from page 78 

low- and high -cut filter action is shown in 
Fig. 8. We felt that the filter slope was too 
gentle, and cutoff points were set too far 
within the musical frequency spectrum. 

I 

Summary 
Our overall product analysis for the 

Hitachi model SR -903 is found in Table Ill. 
along with our summary comments. All our 
tests indicate that Hitachi's innovative output 
circuit is a significant achievement in audio 
design and offers clear consumer benefits. 
Until we see examples of proposed Class -D 
or "switching" amplifiers that promise even 
greater efficiency, the model SR -903 stands 
alone among high -efficiency, excellent - 
performing all -in -one receivers. Clearly, 
more than "energy conservation" is involved 
in this design. The reduced heat -sink require- 
ments and the significantly lower heat dissi- 
pation of this receiver should help give years 
of trouble -free service and reproduce music 
with greater dynamic range capability than 
its "continuous power" rating would sug- 
gest. R -E 

RCA promoting service centers 
through Yellow Pages campaign 

A nationwide campaign to encourage 
all authorized RCA service centers to list 
their names in the Yellow Pages under the 
heading "RCA Authorized Servicenters" 
is now under way, reports Arnold T. 
Valencia of RCA Sales Corp. This single 
listing, he believes, will benefit the servi- 
centers by providing additional adver- 
tising exposure and will assist the public 
in finding service. 

"We hope," said Mr. Valencia, "to 
increase the number of RCA Authorized 
Servicenters in the Yellow Pages from the 
present 1,200 to a level approaching the 
total 10,000 that exist in the country." 

Double low-pass filters kill spurious 
emissions 

Through the use of special networks in 
the transmitter/loading circuits, plus dou- 
ble low-pass filters in the output of both 
solid-state and tube RF.amplifiers, Palo- 
mar Electronics has reduced harmonic 
content to a figure greater than 45 -dB 
average. The filter system has been incor- 
porated in all Palomar products made 
after April 15, 1977, in conformance with 
the FCC order related to Part 97.73 of FCC 
regulations. 



CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or 
services). 51.40 per word (no charge for zip code) . , minimum 15 words. 

NONCOMMERCIAL RATE (for Individuals who want to buy or sell personal items) 85C per word 
, - , no minimum. 
ONLY FIRST WORD AND NAME set in bold caps. Additional bold face (not available as all caps) 
at 106 per word. Payment must accompany all ads except those placed by accredited advertising 
agencies. 5% discount for 6 issues, 10% for 12 issues within one year, if paid in advance. All copy 
subject to publisher's approval. Advertisements using P.O. Box address will not be accepted 
until advertiser supplies publisher with permanent address and phone number. Copy to be in our 
hands on the 26th of the third month preceding the date of the issue (i.e., August issue closes 
May 26). When normal closing date falls on Saturday, Sunday or a holiday, issue closes on 
preceding working day. 

BUSINESS OPPORTUNITIES 

PROFITABLE 
HIGHLY ONE-MAN 
ELECTRONIC FACTORY 
Investment unnecessary, knowledge not re- 
quired, sales handled by professionals. Ideal 
home business. Write today for facts! 
Postcard will do. Barta-BT, Box 248, 
Walnut Creek, CA 94597. 

PLANS & KITS 
BI -LINEAR amplifier, broadband, 60-150 watt 
mobile. Construction plans, $3.00. WILSON, 
Box 5516-FH, Walnut Creek, CA 94596 

BUILD YOUR OWN TV CAMERA! - Ideal for home 8 business - 
ITORINGCON NURSERIESL 

RTOENTRANCES, THE i -E WIN - 

DRIVEWAYS...BUSINESi and INDUSTRIAL 
SURVEILLANCE...ITV...AMATEUR TV PLUS, 

J HUNDREDS OF OTHER APPLICATIONS. 
MODEL ET -IA SERIES D - NIT FORM SIBS 

l ASSEMBLES 0215 SOLID-STATE. HORNS ON' 

I PHONE M WRITE t 
I 

ANT TV SET. OPTIONAL SOUND NIT 510.95 

Mal 102-51.7711' 

DOH 453 -RE ATV Research q DAKOTA CITY. -NE. 68731 

FREE catalog -TV games from $19.95. Elec- 
tronic kits, semis, parts at lowest prices. 
DIAMONDBACK, Box 194R, Spring Valley, IL 
61362 

PRINTED circuit boards from artwork, magazine 
layouts. Fast service. Information send stamped 
envelope. OMEGA ENTERPRISES, Box 48239, 
Chicago, IL 60648 

PROGRAMMABLE 

TV CLOCK 

fD 
mI's- I- 
O N aQ 
Ue 
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THE DC IU CLOCK MODULE ADDS A DIGITAL TIME DISPLAY TO YOUR - Z 
TV SCREEN. eFal AS FEATURED IN JULY RADIO ELECTRONICS. m 
ROGRAMMINO OPTIONS INCLUDE HORIZONTAL A VERTICAL 

LOCATION OF THE DISPLAY DISPLAY FREQUENCY 11 TO 10 MINI 
DISPLAY FORMAT 11208 24 HOURSI SECONDS DISPLAY OR SUP- LL Z 
ERESSIoN 
ERATURE 

DURAT 
OPWATICNETC 

ON OF iSPLPYAU%ILI ARV INPULUS52.T FOR 
TEMP z 

COMPLETE KIT WITH INSTRUCTIONS G 29.95 SHIPPING Ui 
INCLUDING CIRCUIT BOARD. TRANSFORMER AND 50 COMPONENTS. 

FOR INFORMATION ON OTHER CLOCES_AND GAMES ISIITE TO,~>/ Z J 
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67 KHz SCA kits for extended FM reception. 
Includes drilled bakelite case, 110 volt power 
supply parts, wired and tested PC board. Quality 
products. $47.50. Fully wired $60.00. MUSIC 
ASSOCIATED, 65 Glenwood Rd., Upper Mont- 
clair, NJ 07043 (201) 744-3387 

FREE KIT Catalog 
STOP! Take a minute & let us rend COnfoins 
our latest kit catalog. If you like, TEST 8 
send us the name & address of a EXPERI- 
friend who may also be interested MENTER'S 
and we'll include to you our booklet 

EQUIP."flow to build -electronic thermometer" 

DAGE SCIENTIFIC INSTRUMENTS 
BOX 1054R LIVERMORE CA 94550 

TACHO METER builders: 0-200 microammeter, 
0-6000 RPM scale, 21/2" diameter, marine 
quality brass construction. $6.00 postpaid, USA. 
HOFFER, 24 Cherry Road, Framingham, MA 
01701 

BUILD YOUR OWN SPEAKERS 
AND SAVE UP TO 50%d 
Sena for OLe Tree tact pocked as page catalog 
manual and learn how to assemble your Own multi 
element ste,00 speakers Iron SCrdICt or 1Fpm Ire; 

Our catalog Includes chapters on design construe 
bon ,avers enclosures midranges woolen 
tweeters and horns Mete us today 

SPEAKERIAB 
Dept. RE -A, 5500 35th N E 

Seattle, Washington 98105 

STEREO 50 watt RMS-power amplifier. Very 
simple to build -few parts required -excellent 
performance. Send $5.00 check or money order 
for schematic. STEREO 50, P. O. Box 8632, 
Anaheim, CA 92802 

NEW! -jviw 
The PTX +^ 

t 
Test 

Board 

Look at these features!! 
Solid printed circuit board. 
Numbered tie points and colored plugs for easier 
connections. 
All parts can be reused. 

Good for all breadboarding uses from simple hobby 
projects to microprocessor applications. 
Greater capacity than other similar boards. 
Handles 10 IC's In different sizes; (14, 16, 24, 28, and 40 
pin Dil). The PTX kit Includes: Board, plugs, sockets 8 

eyelets. Only $36.25 -Order # 141 

ALSO NEWT 
A complete package for the Experimenter including the 
above PTX kit and these 3 specially selected books: 
Basic Digital Electronics Course, OP AMP Circuit 
Design and Applications, Optoelectronlcs Guide- 
book -with tested projects 
(Electronic dice, logic probe and much, much morel 
All for only $49.95 -Order a 151 

Other books of interest' 
Programming Microprocessors -Order #985-$6.95 
Microprocessor/Microprogram. Handbook -Order 
#785-$6.95. Computer Programming Handbook - 
Order *752-58.95. Master Handbook of 1001 Prac- 
tical Electronic Circuits -Order #600-59.95. 
All Items are postpaid 
N.Y. City and State residents add tax. 

L 

PRINTRONIX 
1361 Fletbush Ave., Bklyn, N.Y. 11210 

Please send- *141 _ s 151 

_4985 _*785 752 _4;800 
Total check or money order 

Name' 

Address' 
City: State: _ Zip' 
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ELECTRONIC 
PARTS AND t 

ACCESSORIES 

Ea. 

BA -341 

NICKEL CADMIUM 
"AA" Pen-Lite Cella 

Rechargeable 
Ideal for radios, calculators, etc. 1.2 
Volt. 

11 

REG. SALE 
' BSA Smoke 8 bas Alarm, XM 646 19.99 11 

Photo Elect. Camera Shutter, XM-631 , .. 1.49 1.00 

II Sperry 9 Digit Readout, KM -399 89 .59 

a 12 VDC Relay S.P.S.T., SW -854 149 1.00 I i 12 VDC Relay D.P.S.T., SW -856 149 1.20 ' 
6 RP Day Timing Motor, 111 VAC., M0-401 1 69 1.20 

' 60 Min. Cassette, Pkg. of 3, TA -819 ... 1 49 .81 

2Y. RED I.E.D., Pkg. of 5, Pt -233 .... 1 99 .59 

di 40 Min. 8 -Track Tape, TA -901 .69 .39 1 

I1 Elect. Cap. Art, 50 Asst., CD -4111 5.00 1.10 

I Resistors'/2-1 watt, Pkg.100, RR -011 - 1.19 .19 1 

1 Volume Controls, 12 Asstd. VC -214 . , , 1.00 .49 1 

I Solder Terminal Strips, 40 Asstd. XM-501 1.30 .50 $ 

ID ('.' yw.w tronis ' 
260 S. FORGE ST. r 

I DEPT. L2 AKRON, OHIO 44327 ; 
0 NAME 
I ADDRESS I ,e 

CTY STATE $ -o 

ZIP Send Olson Cat. 4 in 
II ENCLOSE POSTAGE k_NDt SALES TAX 
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QUALITY PARTS 
GUARANTEED 2 1 1 

EASY 
ASSEMBLY 

COMBINED 8 DIGITS 0.5" LED 
250MHz FREQ. COUNTER -31/2 DIGITS 

MULTIMETER 
ICS SOCKETED 

PUSHBUTTON SWITCHES 

METER Section 
Input protected 
11 Meg Impedance 
Auto Polarity 
Overrange and 

Negative sign indicator 
4 Overlapping ranges 

on AC & DC VOLT 
to 1KV & Current 
to 1 Amp. 
5 Ranges on Ohm 
Accuracy: 
± 1% ± 1 Count 

INQUIRE ON OUR 
LINE OF 

DIGITAL CAPACITANCE 
COUNTERS 

FREQ. COUNTERS 

Model FCM-8 

DELUXE CABINET 
COMPLETE INSTRUCTIONS 

COUNTER Section 
Input - 1 Meg. Ohm 

Shunted by 3 pFd. 
50 my Sensitivity 

Stability - Crystal 
time base -± 5 ppm 

1Hz Resolution 
to 30 MHz - 10 Hz 

above. 

,CORP 

I y `I.9"9'9'9 r9 

Q'I 
-a3)ür-.`.7r nl i e 

Please Add 
$2.50 Shipping 

Per Unit 
California Residents 
Add 6% Sales Tax 

SUPER VALUE! 
Model 5 219.95 

FCM-8 

LIN CORP. 15311 S. Broadway, Gardena, California 90248 (213) 532-8809 

per kit 
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ORGA 

iV t, THE ULTIMATE IN DESIGN ! AND SOUND 
-illulim..ter-- DEMO RECORD AND 
wurittee reproeuctlons BROCHURE $1.00 

hl 
DEVTRONIX ORGAN PRODUCTS, Dept.4B 

-cc' 5872 Amapola Dr. San Jose, CA 95129 

N KITS 
KEYBOARDS 

EDUCATION & INSTRUCTION 
TELEPHONE bugged? Don't be Watergated! 
Countermeasures brochure $1.00. NEGEYE 
LABORATORIES, Box 547 -RE, Pennsboro, WV 
26415 

F C.C: EXAM MANUAL 
PASS FCC EXAMS! Memorize. study -Tests. 
Antrim for 1(( 1st and 2nd class Radio- 

telephone licenses. Newly revised multiple 
(Nome questions and diagrams term all 
are. teed in E(( morns. plus Sell -Study 

Ability Test 59.91 postpaid. Money 

Oak guaromee. 

COMMAND PRODUCTIONS P.O. RO -263481 
RADIO ENGINEERING DIV. SAN ERAN(ISCO,(A(.94126 

GRANTHAM's FCC License Study Guide -377 
pages, 1465 questions with answers/discus- 
sions-covering third, second, first radiotele- 
phone examinations. $10.70 postpaid. GSE 
PUBLICATIONS, 2000 Stoner, Los Angeles, CA 
90025 

FOR SALE 
FREE catalog. IC's, Semi's. CORONET ELEC- 
TRONICS, 649A Notre Dame W., Montreal, 
Oue., Canada, H3C-1H8. US Inquiries. 

CARBON film resistors -'/4W, 5% (1-4M7 ohms) 
3.5C each. 50/value-$0.85. Postage, handling 
$1.00. Send 256 for catalog, sample, specifica- 
tions. COMPONENTS CENTER, Box 134R, New 
York, NY 10038 

VIDEOCUBE TV MODULECE 
This issue of RADIO -ELECTRONICS has a fine article on the VIDEOCUBE, by Glen Dash. As 
stated at the conclusion of the article, we have the kit for the VIDEOCUBE in two forms. The 
complete kit, which contains ALL the parts, and the partial kit, which contains the hard to get 
parts, such as the special feed thru capacitors, coils, balun transformer, transistor, PC board and 
shield. 

The VIDEOCUBE is a TV interface module, for interfacing TV games, video cameras, and the video out- 
put of mini and micro computers. We supply a reprint of the article by Glen Dash, application data, and 

assembly drawings for putting your VIDEOCUBE together. 

STOCK NO.5500K Complete VIDEOCUBE kit and all data. $13.75 ea. 2/26.00 

STOCK NO.5500PK Partial kit , as listed above, with data. $9.75 ea. 2/18.00 

:te 

11111-I 
We have 3 unique wire wrap prototype boards, with original 

ij prices up to $175.00 EACH. These are out of systems, so you 
must remove the previous wire wrapping. They all contain 

{ 1 1 

of the 14 pin sockets with 16 pin sockets if needed. Some of 
and 16 pin DIP sockets, with provision for replacing some 

WIRE WRAP PROTOTYPE BOARDS 

the boards contain some LED indicators, miniature switches, 
STOCK NO.6559R 45 to 50 sockets 11.75 ea 2/22.00 
STOCK NO.6558R 75 to 100 sockets 18.75 2/36.00 

STOCK NO.6572R42 to 54 sockets, with wire wrap pins brought out to top of board. 
$12.75 ea. 2/24.00 

REGULATED POWER SUPPLY 

5V@6A,±12V@2A 
These beautifuly built supplies were removed 
from CODEX MODEMS. They are ideal for 
mini & micro computers, and any other semi- 
conductor devices. Highly regulated. All 3 
voltages are adlustable. 11 "x5"x4'/2". Wt.12 
lbs. Fused, with 51/2' 3 wire power cord. Tested 
and fully guaranteed. 
STOCK NO.5519R $27.50 ea. 2/50.00 

TV HOCKEY and SOCCER GAME This game soldf nhJORDAN MARSH 5Bo" on de 
;fa 

r8tmeentC orre for $79.50 ea 
skill. 

The game comes complete with a VIDEOCUBE, assembled and ready to go. The game comes unassembled, and requires about 5 minutes 
to put together. Contains LED readouts for automatic storekeeping. Joystick control, not just vertical and horizontal control of players. 
Guaranteed. Parts are pre tested before shipping. With data and instructions. STOCK NO.5495R $27.50 ea. 2/50.00 

DELTA ELECTRONICS 
P.O. Box 2, 
7 Oakland St. 
Amesbury, Mass. 01913 

tu.l.p1.p. 

Include sufficient postage. Excess refunded. Send for new catalog 18. More electronic 
bargains than ever before. Visit our retail outlets; DELTA ELECTRONICS, 590 
Commonwealth Ave. Boston, Mass. 02159, and DELTA ELECTRONIC HOBBIES, 
5151. Buford Hwy. Doraville, (Atlanta) Ga. 30340. Master Charge & BAC accepted. 
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TV Test 
Equipment 
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Television Analyst Model 10778 
Cuts troubleshooting -ime in half Provides 

signal substitution for tte entire range of signals present 
in any TV set, black -and -white or color Horizcntal and 
vertical drive for solid s. ate and tube type circuits 

Audio output Built-in scanner for test -pattern 
slides (supplied) or any 3 x 4" postivie transparency 

High -voltage indica:on 8 VHF channels...all 
UHF channels 14-83 

ti --- -- - 
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BUYS 
CRT Restorer/Analyzers 

Test and restore CFT's faster 
with fevler callbacks Exclusive 
multiplex technique tests all firee 
guns of color CRT simultanepusly 
under actual operating condi:ions .. 
even CRT's with corn non GI and G2 

Uses the most powerful restoration 
method known with minimal danger to 
CRT -guarantee with confidence! 

All CRT's checked 'dentically Aer' - - including all "inline" 
and "one -gun" types fo - 'tP 

Model 467 A4 
o_ 

:4, 

t 

11`411!. 

v 

Model E 200D 

Solid -State RF Signal Generators 
100 kHz to 216 M-lz in 5 bands Six individually 

shielced step attenuators plus variable fine output level 
control with calibrated meter provide widest range of outputs 
with known signal levels Double shielding eliminates 
spurious radiation even at outputs of 1 µV Internal crystal 
calibrator has accuracy of better than 0.1% 

Model 415 
Solid State Sweep/Marker Generator 

Four instrumen% in we: sweep generator; marker 
generator; marke- adoer; bias supply Complete 
accessory pack All intercabling changes and generator 
selections accorrplished internally with master function switch 
and front panel c ntrcls Concentrates all TV alignment tools 
(except oscilloscope and VTVM) into one, easy -:o -use instrument. 

Model 1248 

le , -, Digital IC Color 
Generator/Analyst 

Generates 3 patte-ns and logic functions 
Locate dead IF stages Check operation of mixer, 

RF and local oscillators Check stages sequentially 
Locate color shifts and internal ghosts from RF, mixer, 

IF or video stages. Plus all standard color generator uses 
Switchable horizontal and vertical sync output 
Sync level independent of video level control 
Crystal controlled RF and IF outputs 

FOR PRICING AND TO 
PLACE YOUR ORDER 
Call collect for Mr. Louis (516) 752-0050 
Master Charge, BankAmericard and C.O.D.'s accepted 

FORD - 

RADIO SUPPLY CO., INC. 

855R Conklin St. 
Farmingdale, N.Y. 1;735 

YOUR ONE STOP DISCOUNT CENTER 
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FREE 
148 page catalog of 
over 3000 items .. . 

test equipment, CB, 
tools, tubes, 
components and a 

full line of electronic 
supplies 
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Bill GODBOUT ELECTRONICS 
BCK 2355. OAKLAND AIRPORT. CA 94614 

TERMS: Allow up to 55 for shipping; excess refund -5 
ed. Orders under $10 add 50t. For Bankgmericarde 
or Mastercharge' ($15 min) call (415) 562-0636, 24 
hrs. Cal res add tax. Thanks for your business! 

eq. # X\0,4I 

1 

#104 .-' 1 
bPY 

AZ.../ HEAT SINK& SOCKET /'\ 

o1 

O b\C/ 

:\o" 5 

These parts kits contain PC board, electronic tom- 
ponents, pots, and socket(s). User supplies jacks. 
switches, case, other mechanical Items. IO DAY OP- 
TION: look your kit over for 10 days; if it's not 
to your liking, return unassembled for refund. 
All kits designed by Craig Anderton, columnist for 
Guitar Player magazine. 

:PHASE SHIFTER S 39.95: 
2200, low noise shifter. Wide range speed control 
plus depth and volume. Vibrato option. 

TALKING BOX S 19.95; Low power, exce lent for studio: does not require 
separate amp. Includes fuzz to add sustain lath 
guitar. Requires about $20 worth of extra Parts. 

REVERE UNIT S12.50. 
Plugs between guitar and amp for concert hall ef- 
fects. Springs not included but source is listed. 

TUBE SOUND FUZZ S13.95: 
PET listortion unit mimics sound of old tube amps. 
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0 
AM/FM RADIO $10 

Plugs into wall, add your 2 speakers and you're 
ready to go. Calibrated slo motion am/fm 
tuning dial. Has stereo amps for use with phono 
or tape Inputs to give stereo output. Solid state 
new. 

!. ,-- ., 

' 
y . .. rw,. 

ADAPTOR ' 
troy. 

UNIVERSAL POWER SUPPLY 
Operates on 115 or 230V. Output by switches 
4.5VDC, 6 VDC, 7.5VDC or 9 VDC. Also has 
universal 4 way output plug to fit most any 
device. Good for 300 MA. $6.00 each 3 for 
$15.00. 

CHARACTER GENERATOR CHIP Memory is 512X5 produces 64 five 
by seven ASCII characters. New by National, w/specs $6.00 
TOUCHTONE ENCODER CHIP 
Compatible w/Bell system. Ideal 
for repeater work. W/specs $6.00 
SMOKE - FIRE -- INTRUDER ALARM 
12 VDC w/ 5 inch loud bell, w/instructions. 
Fine biz. for car, camper, boat, home 
WI instructions $22.00 

customer pays all postage 
MESHNA, PO BOX 62, E. Lynn Ma 01904 
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ADVERTISING INDEX 
RADIO -ELECTRONICS does not assume 
any responsibility for errors that may 
appear in the index below. 
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18 Mountain West Alarm Supply 79 
16 National Camera Supply 76 

National Radio I stitute (NRI)-Div. 
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II TAB Books 69 
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9 Tri-Star 84 
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2 Vaco Cover Ill 
I Weller-Xcelite-Div. of Cooper 

Industries 2 

MARKET CENTER 
48 Active Electronics 97 

American Used Computer 94 
AT\ Research 85 

36 Babylon Electronics 102 
Karel Barla . 85 
CFR Associates 85 

Free Information Number Page 

Command Productions 86 
Dage Scientific Instruments 85 

57 Della Electronics 86 
Devtroni>. Organ Products 86 

69 Digi-Key 95 
Fair Radio Sales 92 

59 Fordhant Radio Supply 87 
41 Formula International 105 
32 Gudlrout Electronics 88 

Information Unlimited 92 
Interfab 85 

42 International Electronics 91 
19,20 James Electronics 100,101 

Lab Science 92 
Lakeside Industries 94 

58 Lin 86 
53 Mesltna 88 
40 N orrow's Micro Stull 102 
55 New -tone 92 
71 Olson 85 
37 Optuelectronics 99 
22 Page Digital Electronics 98 

Parasitic Engineering 92 
23 Priutronis 85 
29 Poly I'aks 93 
38 Quest 94 
70 Radio Ilut 104 
72 SI) Sales 96 
21 .1B Saunders 103 
56 Solid State Sales 98 

Speakerlah 85 
35 Trico Electronics 102 
54 Wersi Electronics 92 

MOVING? 

Don't miss a 

single copy of 
Radio -Elec- 
tronics. Give 
us: 

Six weeks' no- 
tice 

Your old ad- 
dress and zip 
code 

Your new ad- 
dress and zip 
code 

ATTACH 

LABEL 

HERE 

name (please print) 

address 

city state zip code 

Mall to: Radio -Electronics 
SUBSCRIPTION DEPT., P.O. BOX 2520, 

BOULDER, COLO. 80322 



INTERNATIONAL ELECTRONICS UNLIMITED 
10% OFF WITH $25 ORDER 
15% OFF WITH $100 ORDER 

THESE DISCOUNTS APPLY TO TOT Ai 
Of ORDER-- SPECIALS INCLUDED 

TTL 
7400 .13 7451 .17 74153 .89 
7401 .16 7453 ,17 74154 1.10 
7402 .15 7454 .17 74155 .97 
7403 .15 7460 .30 74156 .97 
7404 .14 7464 .35 74157 .99 
7405 .19 7465 .35 74151 1.79 
7406 .20 7470 3° 74160 1.23 
7407 .22 7472 .30 74161 .97 
7101 .26 7473 .35 74162 1.39 
7409 .19 7474 .28 71163 1.09 
7410 .16 7475 .49 74164 .99 
7411 .25 7476 .10 74165 .99 
7413 .43 7483 6 74166 1.25 
7414 .65 7485 .88 74170 2.10 
7414 35 7486 .40 7417) 1.49 
7417 .35 7489 2.25 74574 5.23 
7420 ,14 7490 .43 74175 .97 
7422 .30 7491 .75 74176 .89 
7423 ,29 7492 .48 74171 .64 
7425 D 7493 .48 74180 .90 
7426 .26 7494 .78 74181 2.45 
7427 39 7495 .79 74182 .79 
7410 .20 74% .79 74184 1.90 
7433 ,23 74100 .94 71185 2.20 
7437 .25 74105 .48 74187 5.75 

74 M .25 74107 .37 74190 1.15 
7440 15 74121 .18 74191 1.25 
7441 .89 74122 .3E 74192 .95 
7442 .59 74123 .65 74193 .15 

7443 .73 74125 .54 74194 1.25 

7444 .73 71126 .5E 74195 .74 
7445 .73 74132 .89 74916 1.25 

7116 ,81 74141 1.01 74197 .73 
7447 .79 74145 1.04 74198 1.73 
7448 .79 74150 .97 74199 1.69 
7450 .17 74151 .79 74200 5.45 

LOW IeOWEII 
74100 .29 741.51 .29 74190 1.40 
74(02 Al 74155 29 74191 1.20 
74103 .23 74(71 .29 74(93 1,50 
74104 .29 74(72 .45 74195 1.50 
74104 .29 74173 36 74(98 2.25 
74(10 .29 74174 .56 741161 2.25 
74120 .29 71178 .75 741165 2.30 
74130 .29 71185 1179 

74112 1.39 74186 .65 

LOW POWER ICHOTYKY 
741500 .34 74(533 .18 741595 2.09 
741103 .36 74(540 .45 7415107 .59 
74(504 .16 741543 1.40 7415164 2.20 
741506 .40 74(574 .59 7415193 2.20 
74(510 .36 74(590 1.30 7415197 210 
741520 .36 741993 1.30 

MIO ED 
74H00 .25 74H23 .2S 74141 .25 

74H01 .25 74H 10 .25 74E443 .25 

71H01 .25 74H40 .25 74H74 .39 

71H04 .25 74H50 .25 74H101 .51 
74H10 74H52 .25 7/H103 .5E 

74H11 
.25 
.23 74H53 .25 71H103 .60 

74H2111 .25 74H55 .25 74H 106 .72 

74H21 ,25 74H40 .25 71H104 .72 

CMOS 
40004 .26 40184 1.19 40664 .89 
40014 .25 40204 1.72 10684 .44 
40029 .25 40714 1.18 40694 .44 
40064 1.35 4022A ,94 40714 .26 
40074 .26 40334 .25 40724 .35 
4006 4 1.52 40244 .89 40734 .39 
40094 .57 40254 .25 40754 .39 
40104 .54 40274 .59 4078A .39 
40114 .29 40284 ,98 40824 .35 
40124 .25 40844 .44 45184 1.56 
40114 .45 40356 1.37 45284 1.56 
40144 1.27 40404 1.19 45854 2.10 
40154 1.27 40424 1.17 
40164 .4.9 4019A .59 
4017* 1.01 40504 ,59 

74(00 .19 74( 74 1.04 74C 102 2.49 
74(02 .26 '4(74 1.31 74( 161 2.6 
74(04 .44 4( 107 1.13 74C 164 2.66 
771(4C 08 

10 
.68 
.35 

74( 151 

74( 154 
2.62 
3.15 

' 74C 171 

74(195 
2.22 
2.26 

74C20 .35 "1(152 1.76 80( 95 1.15 
74(41 1.61 74( 160 2.48 80(97 .96 
74(73 1.01 74( 161 2.49 

SUMMER CLEARANCE SALE (GOODTHRU AUGUST) 

MEMORIES 
1101 $.69 7400 S.09 
1103 .69 7416 .29 
1702A 5.95 7427 .24 

2708 24.95 7437 .19 
5262 .99 7454 .12 
74S200 3.25 7493 .39 
7489 1.75 7495 .69 
82S23 2.75 74145 .89 

93410 1.39 9602 .59 
74E154 2.49 

SPECIAL 
SALE :;, 

HP 50824ERIES 

MAC LENS FITS 14 PIN SOCKET 
S DIGIT RED .11 CC RHD 

4 DIGIT RED .11" CC RHD 57 ea. 

CALCULATOR CHIPS 
C15002 12 digit. 4 tunclion Ii.ed decimal 

battery operation -40 pin 1.95 

C15005 12 digit, 4 lunction plus memory. ti.ed 
decimal - 20 pin 2.49 

51645725 8 digil. 4 function, lloaling decimal 
18 pin 1.% 

51515734 6 digit, 4 function, 9V battery 
operation - 18 pin 2.95 

84645738 8 digit, S function plus memory and 
eorn1.01 floating decimal, 9V battery 
operation - 24 pin 3.9S 

M.5739 9 digit, 4 function. 9V battery 
operation - 22 pin 3.95 

SPECIAL. DEVICES 
372 AF -IT Slop Detector DIP 2.93 
546 AM Rad,o Receiver Subsystem OIP .75 
1310 EM Stereo Demodulator OIP 2.90 
14% Balanced Modulator -Demodulator .99 
1800 Stereo multiplexer DIP 2.48 

0042200 FM Gain Block 34db (lyp) m134P 1.18 

Ú0N2209 PM Gain Block 4adb (typ) mo 1.35 

2513 Cha.aaer Generator 6.845 DIP -24 10.20 

3046 Transistor Array DIP -14 .73 

DIGITAL LINEAR 
376 mDIP $.49 
739 DIP .89 
1414 DIP 1.39 
75453 mDIP .29 
75491 DIP .59 

LED DISPLAYS 
DLIOA S 1.49 

NSN 74R .99 
FND 359 .59 

MAN 5 .99 

SHIFT REGISTERS 
2510 $1.95 
2511 1.49 

2522 1.95 

5016 1.19 

DISCRETE LEDs 
MVIOB 6/51.00 
MV50 16/$1.00 
MINI RED 

RL 209 12/$I.00 

DL702 
REDCC DISPLAY 5.99 

2102 $1.49 
1024X1 STATIC RAM 16 PIN 

1458 =34 
DUAL OP AMP 

UART 
AY51013A $6.95 

LED DISPLAYS 
Cell OA 
DL 707 
DL 507 
P OD 359 
D L 702 
NON 7R 
DL SOO 
MAWS 
MANO 
MANB2 
MAN60 
D L 747 

RID CA .27" 1110 
RED CA .10" RHD 
RED CA .50" RHO 
RED CC .375" RHD 
RED CC .30" (HO 
RID CC .10" RHO 
RED CC .50" RHD 
GREIN CA .27" (HO 
0111010 CA .27' (HD 
0(1(010 CA .3" (HD 
RED CA .6" (HD 
RIO CA .6" (HD 

IA. 
51.89 

1.49 
1.49 
.89 

1.39 
1.49 
1.19 
1.39 
1.39 
1.89 
2.19 
2.39 

KEYBOARD 
20 KEYS 

2 SLIDE SP 

3 . 33, 
S .99 

CALCULATOR 
DISPLAY 

9 RAN 3Ft 

ON PC BOARD 

aZa 99 

DISCRETE LED's 
ME IN/RARID C11411 00541 

.170" 

MV1O0 (OAR DOA* 

N V 50 CIEAR - 04141 .09- 
\1050 RED -44101 09" 

1ACN 
.29 

.25 

.12 

.12 

NSL100 RFD .19" .12 
RL209 RFD 0111. SUBMINIATURE .12" .1 2 

RLTT1-03 WHITE Dlff. SUBMINIATURE 
NO HANG§ .121" .1 5 

RLC-200 RED DIIF. CURRINI 416..190" 
CONSI BRIGHTNESS 4.1-13.51 .25 

RLC-201 RED 0111. CURRENT RIG. 
CONS!. BRIGHTNESS 4.4.,50 .25 

RL-4403 RED 0111. lUll 51000 .190" .1 5 

GREEN 3401 .190" .18 

CLEAR POINT .110 .15 

IC SOCKETS 
Solder TR11 - low profile 
8 pin 
14 pin 
16 pin 
IX pin 

S .17 34 pin 
.20 18 pin 

.22 40 pin 

.29 

WIRE WRAP - gold plate 
14 pin .49 

.42 

.59 

.69 

CLOCK CHIPS 
34645314 6 digil mulriple.rd 12-24 H., 50á0 H. 

24 pin 4.45 

54545316 4 digit 12-24 Hr. 50-60 H., alarm 
40 pin 4.95 

1537544 4-6 digil. 12 hour, 60 H. snooae alum 
brightness 4onlrol capability, alarm 
lone output - 24 pin 4.95 

(17001 6 digit 12-24 Hr. 50-40 Hs. alarm, 
Omer and dale circuits - 24 pin 6.95 

MULTIPLE DISPLAYS 
WIN 33 3 DIGIT RFD .12" CC 

1115 H PIN SOCKIT 
D L 33 3 DIGIT RED .17" CC 

MAG. (ENS HIS 14 PIN SOCKET 
DL 33 S- SAMI AS 01330 11CIPI - b 3 DIGITS 
H P 5082- 4 DIGIT RED .11" CC RHO 

7414 MAC (INS FITS 14 PIN 50(481 
HP 5002. 5 DIGIT RID .I1 CC RHO 

SERIES MAG. (ENS 1115 14 PIN 50(811 

IA. 

S 99 

.99 

.59 

1.29 

1.39 

SHIFT REGISTERS 
2502 1024 bit MOLT DYN 16 pin 
2504 1024 bit MULT DYN 8 Pin 
2511 TriSlate Dual 50.100-200 rt 

STATIC 14 pin 
2518 He. 32 -bit STATIC 16 pin 
2519 Hex 40 -bit STATIC 16 pin 
2527 Dual 256 bit STATIC 8 pin 
2532 Quad 80 bit STATIC 16 pin 
5013 1024 bit accum. Dynamic 8 pin 
5016 500/512 bit Dynamic 8 pin 

EACH 
53.75 
3.75 

2.95 
2.95 
2:95 
2.95 
3.95 
1.75r 
1.59 

LINEAR CIRCUITS 

103 

304 

tos 
107 

308 

1098 

310 V Follo.er Op Amp enDIP 

111 Ili peal 5 Comp mDIP 50.5 
319 Hi Speed Dual Comp DIP 
1101 Neg Rea 5, 12. 10.210 
1204 Ne. 0.052.1210.1 
122 rucision Timer DIP 
324 Quad Op Amp OIP 
339 Quad Comparator DIP 
340K Pos 1 rag (55. 61, 81. 121, 

15V, 18V. 345) 101 1.59 

MOT Po. S us 151.6%, 85, 13V, 
155, 185. 24V) 50-220 1.49 

172 *VII Slrip dereclor DIP 2.93 
373 AM,1M/SSB Strip OIP 2.43 
376 Pos 5 Reg mDIP 
LBO 2. Audio Amp DIP I. 10 

180-8 .6. Audio Amp mDIP 1.25 

381 to Noise Dual preamp DIP 1.75 

183 to Noise Dual prramp DIP 1.75 

511 11,06 Slet. gale Op Amp 2.95 

540 Power do,rr 10.5 195 

550 Pin 5 Reg DIP .79 

555 Timer mOIP .45 

5564 Dual SSS Timer DIP 1.19 

560 Phase looked loop DIP 139 
563 Phase locked Loop DIP 139 
565 Phase locked Loop DIP 1O -S 1.18 

566 Function Gen mDIP 10-5 1.95 

547 lone Decoder mOIP 1.95 
709 Operadonal AMP 1O -S or DIP .26 

710 Hi Speed Soil Comp DIP .35 

711 Dual Dillerenee Compaq DIP .26 

723 5 Reg DIP .63 

733 Dill. ndeo 45441 10-5 .L9 

739 Dual Hi Pert Op Amp DIP 1.07 

741 Comp Op Amp mDIP TOS .12 

747 741 Dual Op Amp DIP or 105 .71 

748 Errs) Adj 741 mDIP .3S 

1458 Dual Comp Op Amp mDIP .62 
1800 51ereo mullipk.er DIP 2.48 
3900 Quad Amplifier DIP .49 
7524 Core Mem Sense AMP( DIP .71 
7525 Core Mem Sense AMPI DIP qg 
603E Voltage contr. ow. DIP 4.25 
8864 9 DIG led C.Ih O.., DIP 2.2% 
75150 Dual Line Nix), DIP 1.75 
75451 Dud Perephrral O.i,er mOIP .35 
75452 Dual Peripheral Other mDIP .35 
75453 (351) Dual Periph Driver mil/1P .35 
75491 Quad Seq Dris, for LID DIP .71 
75492 He. Digit drier OIP 80 

100 P. 5 Reg (super 7.211 10-5 5 .71 

)01 Hi Perl Op Amp mDIP TOS .29 

boll lollo.er TO -5 .03 

Neg 5 Reg TOS .80 

Po, 1 Reg 10-5 .71 

Op AMP hopee 741) rnDIP I0.5 .26 

SOiro Pw, Op Amp mOIP 10-5 119 

51 14 regulator TO -1 1.15 

1.07 

.95 

1.1) 
1.19 
1.19 

1.70 

1.52 

1.50 

.64 

WA 5360 Divider mDIP 52.35 
Crystal 3.58 MHZ color TV 51.50 

OPTO ISOLATORS 
M( D2 Opus nOlalor diode 
41( 11 Opio nol.inr Iran,ngnr 

1.09 

-0 

CENTRAL PROCESSING UNIT 

8008 $16.95 
8080A $19.95 

MM 5330 
41/2 DIGIT DVM LOGIC 

LH 0070 
BCD BUFFERED REF. S6.95 
LF 13300D 
DUAL SLOPE A/D S12.95 
ANALOG BUILDING BLOCK 

MM 5616 S1.25 
QUAD BI -LATERAL SWITCH 

56.95 

Date sheets on request. Add 300 each 
II item is priced below $1.00 each. 

FREECATALOG AVAILABLE ON REQUEST 

Salislat lion guaranteed. Shipment oil be made postage prepaid within 3 days Iran 
receipt of order. Pasment mat be nude with personal check. <harge card (include 
number and exp. dalel. or money order. Phone Orders- BolA and M/C card or C.0.0 

Add 41.00 to cower shipping and handling it order is less Oxen 510.00. 

California residents add sales lax. Include shipping expense lot orders shipped out of 

U.S. and Canada approx. IO'. of order. 

INTERNATIONAL ELECTRONICS UNLIMITED 
VILLAGE SQUARE, P.O. BOX 449 

CARMEL VALLEY, CA 93924 USA wrzwelk 
PHONE (408) 659-3171 
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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. 

CD WERE' o 

-- irinr R s* = .-a - 

¡ ~ 
Wersi Electronics. Inc. 
Dept. 24. Box 5318 

1720 Hempstead Road 
Lancaster, PA 17601 

Enclosed is S2.00 for my copy of your 104 page catalog. 

Name 

Address 

City State Zip 

CIRCLE 54 ON FREE INFORMATION CARD 
J 

( Introducing Equinox IOO 
computer kit 

tN i... 
i . 

FUINOXBaOO 
-:. 

(5:HE. FRONTRUNNE 
Equinox 100: the 8080 CPU/S-100ILJs 
computer kit that's years in front of Altair* 
and IMSAI in design,function,and front 
panel programming capability. 
At $699, it's clearly The Frontrunner. 
Write for free specs to PARASITIC 
ENGINEERING PO. Box 6314Albany 
California 94706 
"Altair is a trademark of M.LT.S. Inc. 

NAME brand digital/analog test equipment. 
Discount prices. Free catalog. SALEN ELEC- 
TRONICS, P.O. Box 82, Skokie, IL 60076 

AMAZING ELECTRONIC PROJECTS and PRODUCTS: 

Lasers Super Powered, Burning, Cutting, Rifle, Pis- 
tol, Pocket. See in Dark -Shotgun Directional 
Mike- Unscramblers -Giant Tesla-Stunwand- 
TV Disrupter -Energy Producing, Surveillance, De- 
tection, Electrifying, Ultrasonic, CB, Auto and 
Mech. Devices, Hundreds More -All New Plus 
INFO UNLTD PARTS SERVICE. Catalog $1. Informa- 
tion Unlimited, Box 626, Lord Jeffery Court, Am- 
herst, N.H. 03031. 

RECONDITIONED test equipment. $0.50 for 
catalog. WALTER'S TEST EQUIPMENT, 2697 
Nickel, San Pablo, CA 94806 

Govt. SURPLUS 
ELECTRONIC 
EQUIPMENT 
CATALOG 
New ITEMS... New BARGAINS! 

FREEUPON REQUEST! 
If you haven't received our new 

Catalog, write for free copy today. Address: Dept. RE 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 

FREE catalog. Solar cells, NiCad's, kits, calcula- 
tors, digital watch modules, ultrasonics, strobes, 
LED's, transistors, IC's, unique components. 
CHANEY'S, Box 27038, Denver, CO 80227 

114101 CURVE TRACER 
e FAR THE LOWEST COST FILL FUNCTION 

CYR/I TRACER ON THE MARErt. ATTACHES TO. 
TOUR SCOPE IN sícONOS. USED IT EDUCATORS 

I PNYITSIONALS AND Homan ALL OVER tot' 
8 , - WORLD. SO OAT MORETIACR GUARANI/I. 

r 4."r: 
J 

aa 
-.".11?. 

z ""-'I 
1, e- 

Ial¢ scle ce 
Still ONLY : 39.50 
ADD" PAM 

c«o. ns 
003' 
SALES YAK 

PO BOX 1172. BOULDER. COLo.IIHM 

SAVE on television tuner repairs, tuner parts, 
modules and test equipment. $1.50 refundable 
catalog. OZ'S TUNER SERVICE, Box 2464, La 
Puente, CA 91746 

QUADRUPLER detector, shielded, insulated, 
unbreakable leads, with BNC connector. August 
special $6.95. Cables, jigs, detectors, for all 
brands described in free brochure. Write Irving 
Tjomsland, dba TEST ANALYST, Box 6121, 
Huntington Beach, CA 92646 

CB SPECIALS-R.F. DRIVERS-R.F. POWER OUTPUTS-FETS 
2SC481 1.85 2SC767 15.75 2SC866 5.85 2SC1449-1 
2SC482 1.75 2SC773 .85 2SC1013 1.50 2SC1475 
2SC495 1.10 2SC774 1.75 2SC1014 1.50 2SC1678 
2SC502 3.75 2SC775 2.75 2SC1017 1.50 2SC1679 
2SC517 4.75 2SC776 3.00 2SC1018 1.50 2SC1728 
2SC614 3.80 2SC777 4.75 2SC1173 1.25 2SC1760 
2SC615 3.90 2SC778 3.25 2SC1226A 1.25 2SC1816 
2SC616 4.15 2SC797 2.50 2SC1237 4.50 2SC1908 
2SC617 4.25 2SC798 3.10 2SC1239 3.50 2SC1957 
2SC699 4.75 2SC781 3.00 2SC1243 1.50 2SF8 
2SC710 .70 2SC789 1.00 2SC1306 4.75 HEP-S 3001 
2SC711 .70 2SC796 3.15 2SC1306-1 4.90 250235 
2SC735 .70 2SC799 4.25 2SC1307 5.75 MRF8004 
2SC756 3.00 2SC802 3.75 2SC1307-1 6.00 4004 
2SC765 9.50 2SC803 4.00 2SC1377 5.50 4005 
2SC766 10.15 2SC839 .85 2501449 1.30 40080 

1.60 
1.50 
5.50 
4.75 
2.15 
2.15 
5.50 
.70 

1.50 
3.00 
3.25 
1.00 
3.00 
3.00 
3.00 
1.25 

40081 1.50 
40082 3.00 
2SC608 4.85 
SK3046 2.15 
SK3047 3.75 
S12095 3.50 
SK3048 3.25 
SK3054 1.25 

2SK19 1.75 
2SK30 1.00 
2SK33 1.20 

3SK40 2.75 
3SK45 2.75 
3SK49 2.75 

JAPANESE TRANSISTORS 
2SA52 .60 2513187 .60 2SC458 .70 
2SA316 .75 258235 1.75 2SC460 .70 
25A473 .75 256303 .65 2SC478 .80 
254483 1.95 258324 1.00 2SC491 2.50 
2SA489 .80 258337 2.10 2SC497 1.60 
254490 .70 25E1367 1.60 2SC515 .80 
2SA505 .70 258370 .65 2SC535 .75 
254564 .50 258405 .85 2SC536 .65 
2SA628 .65 258407 1.65 2SC537 .70 
2SA643 .85 2S8415 .85 2SC563 2.50 
2SA647 2.75 258461 1.25 2SC605 1.00 
254673 .85 258463 1.65 2SC620 .80 
2SA679 3.75 258471 1.75 2SC627 1.75 
254682 .85 258474 1.50 2SC642, 3.50 
2SA699 1.30 2SB476 1.25 2SC643 3.75 
2SA699A 1.75 258481 2.10 2SC644 .70 
254705 .55 258492 1.25 2SC681 2.50 
254815 .85 256495 .95 2SC684 2.10 
2SA816 .85 258507 .90 2SC687 2.50 

258511 .70 2SC696 2.35 
25822 .65 2SC712 .70 
2S854 .70 2SC206 1.00 2SC713 .70 
25856 .70 2SC240 1.10 2SC732 .70 
25877 .70 2SC261 .65 2SC733 .70 
258128 2.25 2SC291 .65 2SC739 .70 
256135 .95 2SC320 2.00 2SC715 1.75 
258152 4.50 2SC352 .75 2SC762 1.90 
256173 .55 2SC353 .75 2SC783 1.00 
258175 .55 2SC371 .70 2SC784 .70 
258178 1.00 2SC372 .70 2SC785 1.00 
256186 .60 2SC394 .70 2SC793 2.50 

2SC815 .75 2SC1569 1.25 
2SC828 .75 2SC1756 1.25 
2SC829 .75 
2SC830 1.60 25030 .95 
2SC839 .85 25D45 2.00 
2SC945 .65 25065 .75 
2SC1010 .80 25068 .90 
2SC1012 .80 2SD72 1.00 
2SC1051 2.50 2SD88 1.50 
2SC1061 1.65 250151 2.25 
2SC1079 3.75 25D170 2.00 
2SC1096 1.20 25D180 2.75 
2SC1098 1.15 2SD201 1.95 
2SC1115 2.75 250218 4.75 
2SC1166 .70 250300 2.50 
2SC1170 4.00 25D313 1.10 
25C117284.25 25D315 .75 

.55 25D318 .95 
.75 250341 .95 

1.25 250350 3.25 
1.50 25D352 .80 
.85 20380 5.70 

4.75 2SD389 .90 
.80 2SD-390 .75 
.75 2SD437 5.50 

1.25 
1.25 MPS -U31 4.00 

2SC1209 
2SC1213 
2SC1226 
2SC1243 
2SC1293 
2SC1308 
2SC1347 
2SC1383 
2SC1409 
2SC1410 
2SC1447 
2SC1448 
2SC1507 
2SC1509 

1.25 
1.25 
1.25 
1.25 

MPS8000 1.25 

POWER -TRANSISTORS HIGH -VOLT. TV, TYPE 

8U204 1300V 3.90 BU207 1300V 5.40 
BU205 1500V 4.70 BU208 1500V 6.25 
BU206 1700V 5.90 2SC1170 1100V 4.00 

2SC117213 1100V 4.25 
2SC1308 1100V 4.95 
2SC1325 1100V 4.95 

CIRCLE 55 ON FREE INFORMATION CARD 

OEM SPECIALS 
114270 .10 214960 .55 2N2219A .30 2142913 .75 2143740 1.00 2144401 .20 
1N914 .10 214962 .40 2142221 .25 2142914 1.20 2143771 1.75 2144402 .20 

2N967 .50 2N22214 .30 2N29164 3.65 2143772 1.90 2144403 .20 
2N173 1.75 2N1136 1.35 2142222 .25 2143019 .50 2N3773 3.00 2144409 .20 
2N178 .90 2141142 2.25 2N2222A .30 2143053 .30 2143819 .32 2N4410 .25 
2N327A 1.15 2141302 1.25 2142270 .40 2143054 .70 2143823 .70 2144416 .75 
2N334 1.20 2141305 .75 2142322 1.00 2143055 .75 2143856 .20 2144441 .85 
214336 .90 2141377 .75 2142323 1.00 2N3227 1.00 2143866 .85 2144442 .90 
2N338Á 1.05 2141420 .20 2142324 1.35 2N3247 3.40 2N3903 .20 2144443 1.20 
2N3988 .90 2N1483 .95 2142325 2.00 2143250 .50 2143904 .20 2144852 .55 
214404 .75 2N1540 .90 2142326 2.85 2143375 6.50 2143905 .20 2N5061 .30 
214443 1.75 2141543 2.70 2142327 3.80 2143393 2143906 2145064 
214456 1.10 2141544 .80 2142328 4.20 2143394 

.20 

.17 2143925 
.25 

3.75 2145130 
.50 
.20 

2N501A 3.00 2141549 1.25 2142329 4.75 2143414 .17 2N3954 3.50 2115133 .15 2N508Á .45 2141551 2.50 2N2368 .25 2143415 .18 2N39544 3.75 2N5138 .15 
214555 
2N652A 

.45 

.85 
2N1552 
2N1554 

3.25 
1.25 

2142369 
2N2484 

.25 

.32 
2N3416 
2143417 

.19 

.20 
2143955 
2143957 

2.45 2145198 
1.25 2N5294 

3.75 
.50 

214677C 6.00 2141557 1.15 2142712 .18 2143442 1.85 2143958 1.20 2145296 .50 
214706 
2147068 

.25 
.40 

2141560 
2141605 

2.80 
.35 

2142894 
2142903 

.40 
3.30 

2143553 
2143563 

1.50 
.20 

2N4037 
2144093 

.60 2145306 
.85 2145354 

.20 
.20 

214711 .50 2141613 .30 2142904 .25 2143565 .20 2144124 .20 2145369 .20 
2147118 .60 2141711 .30 2N29044 .30 2143638 .20 2144126 .20 2145400 .40 
2N718 .25 2141907 4.10 2142905 .25 2143642 .20 2144141 .20 2145401 .50 2N718Á 
2N720A 

.30 
.50 

2142060 
2142102 

1.85 
.40 

2N29054 
2142906 

.30 

.25 
2143643 
2143645 

.15 

.15 
2144142 
2144143 

.20 2145457 
.20 2145458 

.35 
.30 

214918 .35 2N2218 .25 2N2906A .30 2143646 .14 2144220A .45 C103y 
214930 .25 21422184 .30 2N2907 .25 2N3730 1.50 2N4234 .95 C103d 

.25 

214956 .30 2142219 .25 2N29074 .30 2N3731 2.75 2144400 .20 C106b1 
.40 
.50 

C106di .75 

SILICON UNIJUNCTIONS INTEGRATED CIRC. I RECTIFIERS 

2142646 .50 2N4871 UA703C 10 100 

2142647 .60 2N4891 
.50 
.50 709C OP. AMP. .45 N4001 .60 5.00 

2146027 .55 2144892 741C OP. AMP. .25 144002 .70 6.00 
2146028 .70 2N4893 

.50 

.50 7400 .15 N4003 .80 7.00 
D5E37 .25 2N4894 TA7061P 3.50 N4004 .90 8.00 
2142160 .65 MU10 

.50 
.40 TA7205P 8.00 144005 1.00 9.00 

2N4870 .50 UPC1001h2 6.00 N4006 1.10 10.00 
Ne555 1.25 144007 1.20 11.00 

ALL PARTS GUARANTEED 

New -Tone Electronics 
P.O. Box 1738 A 
Bloomfield, N.J. 07003 
Phone: (201) 748-6171 

748-6172 
748-6173 

N.J. residents add 5% sales tax. Minimum order 55.00. All orders 
add $1.00 postage. Dealers write or phone for discount prices. 
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lllfC= off 
BARREL KIT #239 BARREL KIT 1230 
SHIELDED CABLE 
50 -ft. $1.98 

smiike 
mimeos: 

plea. shield. 22 go. v18,1 
Jacket. Wt. I Ib. 803577 

HALF INCH 
READOUTS 

803629 
15 for $1.9 
From factory to you. In- 
clude. Fairchild FND-500 
& 607'.. 

100 forBARREL KIT 1201 
KIT 6V INDICATORS 

$1.981202 4111 

15 for $1.98 PLUGS. SOCKETS 
Distributor unloadsr In- Teat lamp manufacturer 
Chides AC, DC. RF, dio. domp. inventory! Worth 
4.9 pin. nil klnda. Wt. 1 Ib. 69e e.. Like a aino-wheat. 
Cat No. 8R3521 Cat. No. 8R 3526 hobby 

BARREL KIT 1180 BARREL KIT 1159 
V REGULATORS MODULAR SWITCHES 

10 for 
$1.98 Nohbr Central.b A+/r/! 7 

it No. 801710 \1 w ches. TV -maker. LM309KC TO -3 V.R.'s bar- ,, Dpdt. 6pá1, etc. Brand Med. Bot by the pound, new C.t No. 80 7150 

POLY PAK'S IS THE "BARREL KIT KING" OF THE WORLD! 
I , 

EXCLUSIVE AT 
POLY PAKS 

J 

.t 
BARREL KIT 1325 r BARREL KIT 122 
SOUND TRIGGERS 1IIC SOCKETS 
3 for 
$1.98 
"Hand clan eeñ irlas Crys- 
tal mike amplifier, trigger. 
SCR, Get. No. 883625 
BARREL KIT #200 / L KIT #188 
º DIGIT //zy'400 Parts READOUT $í.9s -fie 
MODULES 

V ' / Include. reeietore, Da. 

5 for 1 :ranaforme rectifier., di- at gie.; tc,fefor .p.e. w k. 
$1.98' '4th calculator Preformed, dumped Into 
dr(vee rol¡¡ beneath pony barrel. byr f.etorl., 100% . 

Cal. No,.88 3515 Cal. No. 8R 1401 
BARREL KIT 2154 ice, BARREL KIT :145 
CLOCK CHIPS ,e MINI 
20 for TRANSFORM 

$1.98 r 15 for 
W. stirred an ass rimes 
of clock chip. d.rm, eolen 
nor, beepers, who known, 
1rrnIxed. Caa No., BR 3303 

8 for 
$1.98 hob 

Mfr unloads! Four 14 -pie. 
four 18 -pin Solder tall, 

profll.. No. 8R 3621 

Test 'em 

yourself and save! 

Kits include 1000/0 material, too! 

Each kit carries a money -back guarantee! 

BARREL«MINI 
BLOCK 

Om #203 
CALCULATOR 

¡CAPACITORS / KEYBOARDS 
50 for $1.98/ 10 for $1.9 

Unbelievable, Worth 150. It's true! 20 -key. 4 lone- 
n:eh precl,lon aubmini tion keyboards at elleu- 

ape for all appbratin0.. Ioue give-away. Wt. 12 040. 
W't. 3 o e. Cat. .801528 ...IA, No 
BARREL KIT #184 
.A.WATT METAL FILM 

150 for 
$1.98 

100% me tal film reele- 
tor.. Longlead, 80 3413 

B ARRÉL KIT 1'144 
RCA PHONO PLUGS 
40 for $1.98 30 for,. 
1.000.000 RCA phono plugs $1.98 '' 

art 
inter- . for N 

s 
is one. You hi -0 -era bd you hear of OAR? An. $1.98 outputs. know out they are . . other eyp t maker aker barrelled 

s.ria,geWtgo2dlb 
su.dio80O7294 10%magra.03293ra l,lc,t> p,edeao.1atreo`ria12l68 

BARREL KIT 1182 
IUMBO RED LEOS 
15 for $1.98 
100% material, user can - 

Ration from 
s 

factory 
dump.. 3V 10 mils. For 
1 Off'. of projects, red lens. 
Cat. No.18R3369 

1II 
D0 

84088 44e :14 

Í / 1 0 
IBpRREI KITS 

1TH 
KIT ' 

Freé{ 

BARREL KIT #138 
PANEL SWITCHES 

L #210 1 / 
GLOWIN PANEL 
3 for ,Yi8í1r/1/ $1.98 A 

4" a 1. panel. that lo 
blue- w lib I10VAC. 
Une for nite Ilse, indle 
torn, ele -Cat. No. 003550 
BARREL KIT 1163 
MINI TRIM POTS 

30 for f 

$1.98 
Asst. valu, 100 to i ... 
What a buy. Single tum. 
tr W'. Wt. 6 or. 8143345 

BARREL KIT 1135 
MICRO MINI LAMPS 

CP' 1{ 

20 for 
$1.98 

r 
Imagine! Micro .1.e (t/, 
1/41 with wire lend.. 3 tr 
6 VW, 40 mils. 9123259 

BARREL KIT #128 
MINI DIP ICS / 

100for$1.98 
Large mfgr dumped 100's of 
lb. into barrel.. Includes 
741.. LM -300.11, 703, 567. 
655. 558 -but who knows. 
V' 1 lb. 803345 hobby 

BARREL KIT $127 BARREL KIT #126 
AXIAL ELECTROS UPRIGHT ELECTROS 

40 for 40 for 
$1.98 $1.98 

Asal. capaduea and Imf to 300mí fl miatire 
volt - . Cat. No. 8143227 of v n. 1 00 % mYkr.I 

n good. 803226 

BARREL KIT #115 BARREL KIT 2112 BARREL KIT #109 
MOLEX --MICRO MINI LEDS TERMINAL STRIPS 
SOCKETS 'good)°oo0 40 for 100 for $1.98 
200'for'C t.N0^nn m $1.98 Hahbr Wide east. of terminal strip 
$1.98 863144 \ I 

All the tiny led.. a 'I, up. convertors,. from 1 contact 

Calculator maker dump? We 
right of Monsanto, Litronia, up. Strip manufacturer. 

D arlete of colors. Yield barrel dump is your gain. 
gut xfllion of 'em. 50% or better. 8R 1139 Wt. 1 lb.Cat.No 8411136 

BARREL KIT #104 
SLIDE VOLUME 
CONTROLS 

10 for 
$1.98 

Cat No. 801057 

BARREL KIT #101 
RESISTOR SPECIAL 
200 for 
$1.98 

Includes: 1/4, t/. t/a, I. 2 - 
waiters, carbon. e 
100% good. 803054 

0 

BARREL KIT 198 
PHOTO ELECTRIC 
CELLS 
10 for $1.98 
A.nt. GE ty'pe,, CDS tlpes. 
Mixed by factory. Ole Job 
for us to parole. 100% 
good. Cat.No. 8R 4052 

BARREL KIT :87 BARREL. KIT #8S BARREL KIT :97 
HALF WATTERS 01' BARREL #81 S LITRONICS LED - NATIONAL IC BONANZAHOBBY LEDS ^ - BARREL KIT :88 

200 for $1.98 SILVER MICAS READOUTS 

Resistor factory tried to 
tool u- by imam. 100': 
color -coded realators in 
barrel, But value a there. 
4 oí.803046 Untested 

100 for $1.98 
Axial, red case, variety of 
physical elrea & values. 
Cat.No. 003018 

10 for $1.98 
Hobby igIc- 

p1«a, et.'. ..1 ', n r: Itot 
from fat to,. .II no,..1: 
hate luo'No. 802861 

100 for 
$1.98 

Types snort. 7100 
005).. rag, -ter-. 

-cries. 

k rule. rhop-, I.....r etc. 
CalNo. 8R 20601'nlested. 

BARREL KIT #83, 
5 for $1.9 

LM -340T %re 
VOLT REG 
F r referred rows reir 
length of lead^. May include 
5,6. x. t2. 1 fí.18.24 volts 
Power tab tat. 814 2635 
BARREL KIT 141 
'POLYSTYRENE CAPS 
100 for 

'a ARREL KIT :51 
SUBMINI RESISTORS 
200 for 
$1.98 

PC. upright typ, colo, cod- 
ed, t watt. A..1 values. 
tame to n a barrel. 
C.t.No RR 2748 100 %4100d C.I.Ne.18R 2741 Uete.ted. 

BARREL KIT :58 BARREL KIT #56 
SLIDE SWITCHES POWERS! POWERS 

BARRE 

100 for $1.91)T 

KIT 
1 -WATT ZENERS 

100 for $1.98 
1 -WATT 

Factory name a. 400 -mw'.. 
Never -to -see -again offer. G. 
8. 10. 12. r6V. under 
elala. Double plug. 

30 for $1.98 100 for 
á.$IS [ All shapes, nixes. spa. Omit. 

Fmeat cap. made. As . gam- momentaries. etc. Tremen- 
ble we bought 10 barrels done .hop pak for loo'. of 
Iron, factory. mixed values: switching project.. 

14:1 good. CatN.. 8142729 Cat.Me.. en 2726100%good 

i05 
1000 ohms per V. 

J.C. Penney's 

RCA 
veM 

Sp.clflo.11ans 
, Ranges -DC Voltage: 0 to 15, 
150, and 1000 V; AC Voltage: 0 

to 15, 150. and 1000 V; Direct 
Current: 0 to 150 mA; Reeisf- 
ance: R g 1K (measures 100n to 
100 k 0); Sensitivity-ACrDC: 
1000 ohms -per -Volt. 

Battery, for ohms function (not 
supplied) -one 1.5 V pantile 
(RCA VS034A of equiv.). 
Size and Weight-Oimensions: 
3T in. (9 cm); 224 In. (6 ce.): 
143 in (3.4 cm); Weight: 5 oz. 
(1429). Cat. No. OR 3921 

8 TRACK 
TAPE 

TRANSPORT 
Shielded praamp 

115VAC fan cooled motor 
Slides easily into modular cabbie« 

Special porch.. from Famous USA maker 01 Quality 
111 -Fi system. for J. C. Penney) Same ono as found in 

the 
amplified 

expensive 
cellenthome o pla players. unit into 

sign ̀your 
high quality .1 

replacement 
tape system. 

or design 
Insert o 

m ticall ; Enjoy cartridge0 and deck an.. on auto ) 

cartridge 
to 8 

shuts 
of oa-tom mimic. Remove 

rodst n d playerereoe. is o auteOa" real) 
AC motor. lowgram distortion 

lights, 
and "mow" freemanual motor. 

4 program indicator Igo. r gal,.. n and ternal oo'r 
selection. Ready to ¢c, requires only external 

and 
Db 

cables 
output cables for trop, Ion.. Input 

ble. for Dower suDDlr. With Instruetlons. Wt, 4 Ibs, 

Sire: 9 x 6 a 31". Cat. No. BR3010 

BARREL KIT :73 
TRANSISTOR 
ELECTROS 

50 for $1.98 
We don't wish to separate 
wide aeon voltage. & values 
up to 300 mf. Cal.18R 2747 

BARREL KIT 271 
CAPACITOR SPECIAL 
100 pcs. 

$1.98 
cerammolded., plastic., 

ics. disc., etc. Nifty 
100 %good Cat.No OR 2738 

BARREL KIT :64 S 
2 WATTERS 4 
100 for 
$1.98 V ion% 

ood. 
Supplier. throw 'e i the 
barrel. It's II'1 gold mine. 
All marked. Cat No 00 2735 

40 for 
$1.98 . 

Wow! A Litrode. dump of 
all hinds of mixed ~rote 
LEDO, 8021159 

}}1yyyyyy+{ 

.BARREL KIT 1165' 
MIXED READOUTS 
10 for $1.98 
Factory returns - 
numbers a. MAN -4's. MAN 
7', MAN -3'.. 11 barrels a 
no time to separate. Hobby' 
Cat.No, OR 27 33 Untested. 

BARREL KIT #54 I DIGIT READOUTS 
10 for cktui 11.711E1 

$1.98 
Large distributor cleaned Barcoin of a lifetime' All 

1 b 1 

$1.98 Cot- 8R 2734 

hoa.e. Barrels of power 
re.istors 3 to 7 watts. 

w' . acre - t . 
'1.1.1114%)1.".d. ials types. Multi. 
plexed. Cat. No. 802722 

CB -HAM NOISE CANCELLING 
COMMUNICATIONS 441C 

'UNIVERSAL! Flt virtually 
All rigs ... everywhere. 
Dynamic cartridge. 

The answer to the biggest 
mobile communicationautomatic pe 

noise lent. 
Work. more nee 

mikes. than power 
hamo.A must for 2 Piere- 

.,cola. Doesn't "trip" re- 

he.teee. 
Low Impedance,0- 

00 response 300- 

foot 
í ,oild tr -5 

6 font tiled cord, ass 
Cuts out noise of fide fc hi -Impact black 

machinery. highway pla.11e W'ill wiring inetruc 
tlnnn /or 100'. f CB's. 

for clear transmission. Sp'. wt. 2 lbs. BR 3902 

SSIIUE PPROJECTORS 

11250 

Worth many times our asking price. 
Great for Light Shows, Strobes, 
Light Displays, Slide Projector! 
Wide angle focusing lens! 

U.S. maker. Originally dewlgned as a elide projector. 
Some may be modified for projecting bar of lite. iligh 
quality 3 lens condensing y'stem. Requires standard 
100 watt projection bulb. 36mm slides can be Inserted 
and removed manually. Heavy duty Bakelite ca.e, grey 
hammertone finish. Design your own low cost light 
show. Use Xenon flash tube and make a strobe light. 
Many other u too nunweoue to mention. Size: 11 x 
Ot/r s 4t/ ", ivt. ti lho.ICat. No, 8R3870 

BARREL KIT #40 
PNP NIGH -POWER 
TRANSISTORS 
20 for 
$1.98 Hobe, 
Popular germanium TO -3 
case BR 2618100 % good 

BARREL KIT:35 .-- 
NEON LAMPS 
30 for 
51.98 100% good. 
Famous 151-2'.. Ail prime, 
but factory made millions 
and barreled 'em Your ad. 
,antage Cat.No 81/2613 

BARREL KIT 13º 
2N3055 HOBBY 
TRANSISTORS 
15 for 
$1.98 

Fallout. of the famous 
254055. 802617 100% 

TALLCIT All 
METALLIC AO - 
RESISTORS 
100 for $1.98 

Made mostly by Coming, 
the finest reeistor made. 
Mostly '/r w 1 V. to 

O WI. Sea barrel of 
lima Cat. No. 60.2609. 

BARREL KIT :36 
GERMANIUM DIODES -tom- Untested 

200 for $1.98' 
Cat.No. AIR 2614 

Famous maker. popular 
item. sister grow. old. 

BARREL KIT 036 ii 
PREFORMED l{ ( 

RESISTORS 
200 for 1 ;98 
.got bar and 

100: t., 1011 wetter.. 
No. 00 2608 100 % gum 

B ARREL KIT ¡27 
PREFORMED DISCS 
150 for 

$1.98 
I Ili -FI fr'e shelf inventory 

but he dumped m bar - 
Is. Preformed. for PC use, 

Mixed value. tool BR 1609 

BARREL KIT 120 
LONG LEAD DISCS 
100 for 
$1.98 

au 
n 

-ale" Prime., 
marked only Long leads 
Cat.lto 00 2508 100% goat 

KIT AST! 
TRANSISTORS 
100 for' Ileeby $1.98 UsWMed. 

Type TO -92 1T0-101, all 
manufacturers. ,ariete ' at 
2N #p. Cal.No$R2604 
BARREL KIT :1'r. 
PIPPED MYLARS 

60 for $1.98 , 

Finest h°Iaifh fin mgne facto- 
ry dumping 'em in barrela.. 
Cat.Nn.8Bíi97100%,g0ud 

B ARREL KIT 
METAL CAN 2 

TRANSISTORS ' 

100 for $1.98 
Includes TO -0, TO -1. TO 
18, etc.. 

^orted 
2N num 

here. unmarked etc 
Cat.N. 802603 Untested. 

BARREL KIT :14 
PRECISION RESISTOR 
200 for_ 
$1.98 

Marked gnu u m ked Vn. 
t/r. 2 w'Stla.N, 8Rj620 

BARREL KIT #11 
POWER TAB 
TRANSISTORS 
40 for 
$1.98 

NPR, plastic T0220 type. 
Assorted 214 numbers. 
No.18R2425 Untested.' 
B ARREL KIT #7 
VOLUME 
CONTROL 
30 for p¢j 
$1.98 tool good 
Singles dual.- variety of 

s 

aloe styles. big ao 
small Dues. CatMo.8R 2421 

BARREL KIT :10 
ROMS-REGISTERS 
75 for 
$1.98 

Untested nob' a Y7 
2s 

to 40 pin devices. 
marked, internal Ireton, 
n umbrr., r to Cal. No.9R 2424_ 
BARREL KIT #5 
SCRS, TRIAL° 
QUADRACS 

40 for 
$1.98. Row factory 

lock! All the 10 amp type.. stock! 
2419 Ueteeeed, 

B ARREL KIT 58 
SUBMINIATURE It I 

IF TRANSFORMERS 
75 for $1.98 

Ameine. Includes 405kco, 
finas who knows? 

CaLNo. 8142422 100 % good 

BARREL KIT 04 4000" RECTIFIERS 
100 for 
$1.98 Unteayd. 151000n ee 51,51 In 
lude ' 

s 
bra loo. 200, 

400, G00. 800 and 1000 
volter., 8R 2417 

BARREL KIT 1 3 ,er18- 
1N4140/914 
SWITCHING DIODES 

- 100 for $1.98 
1 a .,u t ling 
diodes at n these . 

Ca'.No. SR2418 Untested. 

B ARREL KIT $2 
LINEAR OP AMPS 
lbs Ps175 for 
tested $1.98 
May Include 709'a, 741'., 
703', 660 eerie.. 555 in- 
clude. 802416 hobby 

HARREL KIT #1 
.. 

SN7400 DIP IC'S.' ..J. 

75 for $1.98 . 
Marked 14 and/or with 16 
pin die.. may include gates. 
registers, flip flops, sou t- 
te..16R 2415 Untent' (lobby 

Terms: Add postage Rated: net 30 SALh i 

Phone : Wakefield, Mass. (617) 245-3829 0 Send for FREE 
SUMMER CATALOG 1. POLY PAKS -a-4.- 4-`. MAY 

P.O. BOX 942R LYNNFIELD, MA..01940 gE pHONED 

Retail: 16-18 Del Carmine St., Wakefield, 

©Poly Paks Inc.y Wakefield. Mass., U.S.A. I 9 7 7 

CIRCLE 29 ON FREE INFORMATION CARD 

MINIMUM ORDER - $6.00 

C c 
C 
cn 
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PICTURE TUBE MACHINE 
We buy and mill NEW and USED CRT 
rabullding machinery. COMPLETE 
TRAINING. Buy with CONFIDENCE from 
the ORIGINAL MFGR. 
For complete details send name. address. 
op to: 
LAKESIDE INDUSTRIES 
3520 W. Fullerton Ave. 
Chicago. III. 60647 
Phone: 312.342-3399 

CANADIAN electronics surplus catalog mailed 
anywhere in the world. Jam packed with 
exciting items and unusual and hard to find 
parts for hobbyist, industry and schools. Thou- 
sands of super surplus bargains in parts, semis, 
kits, test gear, tubes, accessories, CB, tele- 
phones, calculators, etc. Over 100 top name 
stereo brands discounted. Amazing values for 
everyone. We are big buyers of factory clear - 
outs, distress merchandise and government 
surplus. Rush $1. ETCO-RE, 521 5th Ave., NYC 
10017 

POWERFUL, adjustable, regulated, three output 
power supply and 900 easily removable parts in 
complete Cartrivision television recorder elec- 
tronic assembly with documentation. Perfect for 
microprocessor, IC, transistor, television, CB 
radio applications. $21.45. Free brochure. 
MADISON ELECTRONICS, INCORPORATED, 
369, D101, Madison, AL 35758. Satisfaction 
guaranteed. 

SLEEP undisturbed! Mask unwanted sound with 
soothing "pink noise" generator. $57.50. GOLD- 
EN ENTERPRISES, Box 1282 -RE, Glendale, AZ 
85311 

HARDCOPY. Attachment converts Smith -Co- 
rona typewriters, others, into microcomputer 
printer. Free brochure. STOUT MICROCOM- 
PUTER, Box 1573, Fremont, CA 94538 

FREE catalog of goodies -clock kits, power 
supplies, DVM kits, LED's, semis, all at lowest 
prices. DIAMONDBACK, PO Box 194R, Spring 
Valley, IL 61362 

ui 
Same day shipment. First line parts only. Factory 
tested. Guaranteed money back. Quality IC's and 
other components at factory prices. 
INTEGRATED CIRCUITS 
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Digital Thermometer S65.00 
General purpose or medical 32 -230-F. 
Disposable probe cover 2 accuracy 
Completely assembled wrcompact case. 

Not a Cheap Clock Kit $17.45 
Includes everything except case. 2 -PC 
boards. 6-.50" LED Displays. 5314 clock 
chip. transformer, all components and 
full instructions. Same clock kit with .80 
displays. 522.75 

Digital Temperature Meter Kit 
Indoor and outdoor. Automatically 
switches back and forth. Beautiful. 50" 
LED readouts. Nothing like it available. 
Needs no additional parts for complete, 
full operation. Will measure -100' to 
-200°F, air or liquid. Very accurate. 
Complete instructions. 539.95 

Variable Power Supply Kit 
0-12 VDC @1WA, less than .1% line, load 
regulation. Remote sense capability. Con- 
stant voltage/circuit limit can be modified 
for other V/I ranges. Complete with board 
and transformers. 524.00 

1977 IC Update Master 
Manual Complete Integrated circuit 
data selector from all manufacturers. 
1,234 page master reference guide to 
the latest IC's including microprocessors 
and consumer circuits. 17,000 cross 
references for easier sourcing of hard to 
get parts. Special pricing: 524.95. with 
free update service thru 1977. Domestic 
postage 52.00. Foreign 56.00. 
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2.5 MHz Frequency Counter Kit 
As low as 10 Hz .6-.50" digits with PC 

board and full instructions. 540.00 

Function Module Card Kit 
Converts any frequency counter into 31h 

digit DVM, digital thermometer, pulse 
8 square generator from 10 Hz to 100 kHz. 
Complete kit minus power supply. 525.00 

Volt/ohm Probe 
Batt. oper. AC/DC to 125 V. 2 pos. volt. 
and 2 neg. volt. plus continuity Stainless 
steel. pocket size comp. assem 534.95 

30 MHz Frequency Counter Kit 
Crystal time base Covers audio, amateur 
and CB band. 6.5 digits, prescalable with 
PC board and full instructions. 555.00 
Fully wired and tested. 575.00 

Stopwatch Kit $26.95 
Full six digit battery operated. 2-5 volts. 
3.2768 MHz crystal accuracy. Times to 

59 minutes, 59 seconds, 99 1/100 sec. 
Times standard, split and Taylor. 7205 
chip, all components minus case. Full 
instructions. White or black plexiglass 
case. 55.00 

Cosmac 'ELF' Kit RCA CMOS Ex- 
pandable Microcomputer. New PC board 
with monitor on PROM included. No hard 

wiring required. All on board Including 
power supply. Complete kit of parts with 
assembly users manual. 5109.00 
Board only 514.95. Special case 515.00 

TERMS: $5,00 min. order U.S. Funds. Calif residents add 6% tax. 
BankAmericard and Master Charge accepted. 
Shipping charges will be added. 
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Home Alarm Kit $18.75 
Designed for use with electronic siren 
module. AC power, battery backup, entry/ 
exit delay. Instant alarm for night use. 
NO/NC circuits. Test and arm Indicators. 
2 amp switching capability. All parts with 
complete instructions minus power sup- 
ply. Electronic siren module kit. 52.75 

Clock Calendar Kit S29.95 
C17015 direct drive chip displays date 

and time on .6" LEDS with AM -PM indi- 
cator. Alarm/doze feature includes buz- 

zer. Complete with all parts, power supply 
and instructions, less case. 

Hobbiest Electronics Course 
Beginning course In practical electronics, 
no theory. Lab experiment format. 12 les- 

sons. can be purchased one at a time. 
510.00 per lesson 

60 Hz Crystal Time Base 
Kit $4.75 Converts digital clocks 
from AC line frequency to crystal time 
base. Outstanding accuracy. Kit includes: 
PC board, MM5369, crystal, resistors. 
capacitors and trimmer. 

Auto Clock Kit S15.95 
DC clock with 4-.50' displays. Uses Na- 

tional MA1012 module with alarm option. 
Crystal time base PC boards and full in- 
structions. Add 53.95 for a beautiful 
dark gray case ready to install. This is 

the best value available anywhere! 

FREE: Send for your copy of our 1977 

GUEST CATALOG. include 13q stamp. 

CARD 

COMPUTER 
WAREHOUSE 
STORE 

Dept R 

P.O. Boa 68. Kenmore Station 
Boston, MA 02215 
617-261-2700 

*ONEY SHIPMENT* 

, Stance 

GREEN PHOSPHOR 
VIDEO MONITOR 
$150.125 shipping 6 Handling 

16 NIz rd Raster Scan, 24 lines it 80 char. 

THOUSANDS OF KITS AND PERIPHERALS 

SPECIAL DISCOUNTS! 
If you boy used equipment peripherals 
at the same time you buy our kit(): 
20% off Kit Price if over $900 
10%off Kit Price If over $250 
5% off Kit Price if over $95 

11200 Maximum Discount) 

SEND $1 FOR OUR 

CATALOG 
Describes complete line 
of Kits 6 Units, "All 
About Hobby Microcompu- 
ters', Largest selec- 
tion of Computer Books, 
Microprocessor Comeani- 
son chart and MUCH MORE 

FERRIC chloride etching liquid. Pints, quarts, 
gallons. Send sase. BOB'S ELECTRONICS, Box 
393-R, Bay City, MI 48707 

MANUALS for Govt. surplus radios, test sets, 
scopes. List 506 (coin). BOOKS, 7218 Roanne 
Drive, Washington, D.C. 20021 

MAKE professional -quality PC boards with silk- 
screen techniques. Complete step by step infor- 
mation, $4.95 Postpaid. TERRATRONIC RE- 
SEARCH, Box 513A, .Quincy, IL 62301 

PRINTED circuit supplies. A process that 
always works. Send stamp. CIRCOLEX, Box 
198, Marcy, NY 13403 

How to: 
We're the Consumer 
Information Center of 
the government. And 
our free catalog lists 
over 200 brochures, 
booklets, and publica- 
tions that tell you how 
to manage your money 
better, grow vegetables 
in containers, buy a 
used car. How to do a 
lot of different things. 

Free catalog. 
How to get the catalog 
that lists them all? 

Just write Consumer 
Information Center, 
Pueblo, Colorado 
81009. 



DIGI-KEY CORPORATION 
Quality Electronic Components 

DON'T FORGET OUR 

ISCOUNTS WHEN COMPARING PRICES 

PRICE BREAKTHROUGH ON 74LS' 
741500 .28 741530 .78 741590 37 7115157 .75 

741501 .78 741532 .33 741592 .57 7415158 .75 
741507 .78 741537 .33 741593 .57 7415160 1.02 
71150.3 .78 741538 .33 7415107 .39 7415161 1.02 
71L501 .19 741540 .28 7415109 39. 7415167 1.02 
741505 .79 74L542 .67 7415117 39. 7415163 1.01 
7415118 .79 741547 .79 7413113 .39 7415164 1.02 
741509 .79 7e1548 .77 7415114 .39 7415168 1.14 

741510 .76 741551 .78 7415115 .49 7415169 1.14 
741511 .28 741551 .28 7415176 .49 7415170 1.73 
741512 .78 751555 .78 7415137 .81 7415173 1.34 
741513 .47 741573 39 7415136 .39 7415174 1.06 

741514 1.02 741574 .39 7415138 .73 7415175 .84 
741515 .78 741575 .53 7415139 .73 7415190 1.18 
741570 .28 741176 .39 1415151 .75 7415191 1.1B 
741511 .78 711578 .39 7415153 .75 7415196 .86 
741522 .28 741583 .79 7415154 1,10 7415197 .86 
741520 .33 741586 .39 7415155 .75 7415247 .79 
741527 .33 7415156 .75 

7415218 .79 
7415249 .79 
7415153 .84 
7415757 .75 
7415258 .75 
7415266 .39 
7415283 .79 
7415290 .65 
7415793 .65 
7415365 .61 
7415360 .67 
7415367 .67 
7415368 .67 
7415386 .39 
7415670 2.34 
711595 77 
711596 .77 
711597 .77 
711598 .77 

INTEGRATED CIRCUITS - TTL, CMOS, LINEAR & MOS 

7400 .21 
7401 .21 
7407 .21 
7403 .21 
7404 .11 

7405 .21 
7406 .25 
7407 .25 
7408 .21 

7109 .21 

7410 .11 
7411 .21 
7417 .21 
7413 .25 
7414 .89 
7416 .25 
7417 .25 
7420 .21 
7421 .25 
7423 .35 
7425 .35 
7476 .25 
7477 .33 
7418 .28 
7430 .21 
7431 .25 
7433 .33 
7437 .25 
7438 .25 
7440 .21 
7442 .53 
7443 .63 
7445 .70 
7446 .70 
7447 .70 
7448 .70 
7450 .21 
7451 .21 
7453 .21 
7454 .11 

7459 .21 
7460 .11 

7470 .30 
7472 .30 
7473 .30 
7474 .30 
7475 .49 

7476 32 
7480 .70 
7487 .70 
7483 .70 
7485 89. 

7486 .78 
7489 2.19 
7490 .44 
7491 .70 
7492 <4 
7493 .44 
7494 .70 
7195 .70 
7496 .70 
71100 1.28 
74107 .30 
74109 33. 

74121 .35 
741n .44 
74113 .61 

74125 .40 
74126 .40 
74137 .70 
74141 .88 
74115 .70 
74147 1.63 
74148 1.30 
74150 1.16 
74151 .70 
74153 .65 
74151 1.03 
74155 .70 
74156 .70 
74157 .70 
74160 .88 
74161 .88 
74162 88 
74163 .88 
74164 96 
74165 1.15 
74166 1.26 
74170 2.64 
74173 1.42 
74171 98 
74175 .93 
74176 .79 
74177 .79 
74180 .70 

11181 2.15 
74182 .79 
74184 2.19 
71185 2.19 
74188 3.50 
74189 3.50 
74190 1.23 
74191 1.23 
74192 .88 
74193 .88 
74194 88. 

74105 98 
74196 .88 
74197 .88 
74198 1.49 
74199 1.49 
74151 1.09 
74279 .55 
74365 .67 
74360 .67 
74.367 b7 
74368 .67 
8093 .40 
8094 .40 
9095 .67 
8096 .67 
8097 .67 
8098 .67 
75150 1.16 
75450 .86 
75451 .61 
75452 .61 
75453 .61 
75454 .61 
75491 Cl. 

75497 .61 
75493 1.09 
75494 1.19 
87515 7.19 
4000 .73 
4001 .23 
4007 .73 
4006 1.23 
4007 .23 
4008 .79 
4009 .44 
4010 44 
4011 23 

4012 .23 
1013 .40 
4011 .96 
4015 .96 
4016 .40 
4017 1.05 
4018 1.05 
4019 .73 
4020 1.14 
4021 1.14 
4072 .96 
4073 .23 
4024 .81 
4025 .23 
4076 1.68 
4027 40 
4078 ,89 
4079 1.14 
4030 .23 
4033 1.51 

4034 3.50 
4035 1.14 
4040 1.14 
4011 .79 
4042 .79 
4043 .70 
4044 .70 
4046 1.86 
4049 .40 
4050 .40 
4051 1.26 
4052 1.26 
4053 1.26 
4060 1.58 
1066 .79 
4071 .23 
4072 .73 
4073 .23 
4075 .23 
4081 .23 
4082 .n 
4502 .79 
4510 1.14 
4511 1.05 
4514 2.80 
ISIS 2.80 
4516 123 
4518 114 
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SILICON DIODES 
4518 ,88 1111001 

4585 23 1N4002 

1102-1 99 1114003 

8080A 
2 

.95 111004 
CA3046 75 IN4005 
LM7111 N 75 1111006 

1M3098 80 IN4001 
1M324A 28 1H1118 

1M340T-5 25 
IM340T! 25 
LM340TA 25 
LM340T.12 75 
LM340T-IS 25 

úvi0iii 25 
Vs WATT ZENER DIODES 

IM390011 88 
1M3909N 69 
MC11566 1 CO 

MC1458V 53 
MC3307P 1 IS 
11E5361 3.24 
015401 204 
NE5558 
NE5564 
NE5608 
NE5618 
NE5628 
NE565A 
NE566V 
NF561v 
A709CV 

,uiA7100A 

á71iCA 6053 MANUAL . . . 55.95 
uA733CA 75 
u4747CV 44 PLESSEY SAMPLER u4747CA 70 
u4718C0 19 An AAenm.m pl wro,M vdt«w t0aana, 
uA77p5C0 125 300 Cops 18 Vobes . . ... $26.00 uA7806N 125 
uA7808CU 1 25 
u47812CU 1 25 LEp LAMM 
147815C5) 1 25 11515053 1-1,. . 18 $15/C 
iliéºBUND iºs M515056 T-14 18 S15/C 

.64,10 
66/10 
.68 10 
.70/10 
.82/10 
.90/10 
.99/10 
.40/10 

5.50/C 
5.60/C 
5.80/C 
5.95/C 
7.05/C 
775/C 
8.60/C 
3.50/C 

S191M 
551 M 
552 M 
554/M 
563 M 
569 M 
577/M 
529/48 

Double Digit Discounts 
Save You Even Morel 

MA10024 17 Hour AM PM510.50 
MA1002C 11 Hour $10.50 

SPECIAL TRANSFORMER & SWITCHES $3.45 

48 
M 

3 83 
383 
3 83 
I 25 
128 
136 

úl SIGNETICS ANALOG 

1657268 3.3r 15 SI 1 t 1845236B 7.51/ .15 511 /C 
11452778 3.6r .15 51' ,C 1115737B 8.2v .15 511/C 
10572813 3.9v.15S11,C 1N523888.7r.15S11/C 
1857298 4.3r .15 51 1.0 1657398 9.1r .15 511IC 
1052308 4.7r .15 Ill C 1052408 l Or .15 511 /C 
111523185.1v.155110 IN5241811r.15511 C 

1 N5137B 5.6v .15 511.0 1051478 12, .15 511/C 
1N5233B 6.00 .15 5110 10574313 13r .15 511/C 
1Nt734B 67.r 15 511 C 1052448 14r .15 $11/C 
1N4735968r 15511 C 1052458I5..15511/C 

BUT A -P PRODUCTS & BISHOP. s 

GRAPHICS FROM DIGI-KEy 

LED DUAL DIGITS 
NSN373 0.3" CC 52.20/du4 
NSN374 0.3" CA $2.20/dui 
N5N583 0.5" CC 52.50/dua 
NSN584 0.5" CA S2.30/dua 
NSN783 0.7" CC 53.00/dua 
NSN7B4 0.7" CA S3. DO/du a 

digit display 
digit display 
digit display 
digit display 
digit display 
digit display 

ALL LEADS BROUGHT OUT FOR EASO, Of APPLICATION 

3" Digits Áa041 Site 1.25"11.1' 

MA1003 CAR CLOCK 
12 Hour Only 
12 Volt DC 

Crystal View Base 

Bright Goon Digits 
Assembled and Tested 
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RADIAL ELECTROLYTICS 

47/508...0d .65,10 72 500 . 11 1 00r1Ó 130/159.. 13 1 86/lÓ 
i 509....31 .65/10 10063V .09 75,10 OO/lOR 11 I71 10 
2.2/008...3 .65/10 103'109.. 10 .77/10 00I16V., 23 1.8410 
3.3/Xlv...al .65/10 100/168 ..II 9s/Ip 470,159. 19 7.35/10 
4.7/ 1sV. . .a1 .65/10 100 25V.. 13 1.10/10 1 o00/10V . 24 1.96/10 
4.7/SOV...a1 .68/10 100/504... 21 1.71np 100o,16v ?0 1.35/10 
10/16V ...a1 .65/10 770/108.. 13 1.08/10 I000r25V . 42 7.13/10 

10/750 ...06 .65/10 220/168 ...15 1.16110 2100/108 . 42 3.33/10 
10/50V...10 .75/10 220/250..21 1.71/10 7200/16V.54 4.30/10 
n/16V .. .OB .67/10 Y10150V 72 135'10 1700 258 . 58 1.67/10 
n25V ...09 .70/10 330 106 . 15 1 16 10 7300 16V . 89 7.11/10 

330/168 21 1 66 10 

J AXIAL ELECTROLYTICS 

Double Digit Discounts Save You Even Morel 

h p¡gitS MÁ1Ó10 0,84` 

` -r- _o1_I - 1 _'- '_ 
FFx3 75F, 

= ual site: 1.75 

MA101011 12 Hour AM PM $13.00 - 

1161010C 24 Hour 513.00 

SPECIAL TRANSFORMER & SWITCHES 53.45 

SEND FOR OUR FREE CATALOG 
WE STOCK A WIDE VARIETY OF 

PARTS NOT IN THIS AD PLUS 
MANY SPECIALLY PRICED BARGAINS! 

DATA BOOKS 
TIL CoI' 595 P 54.00 
lineor IC's 957 p 55.00 
(MOS 74C 156 p 53.00 
Memory K': 592 p 53.00 
Interface IC's 464 p 54.00 
Volt. legs. 178 o $3.00 
l'u.or Appl. 1 432 p 5400 
linear Awl. 1 246 p 53.00 
Audio l96 p 53.00 
1405/531 IC 1 713 p 54.00 
CMOS 4000 278 p . 

Analog Man,o/ 637 p 55.95 

SLIDE SWITCHES 

SPIT 15 1.10/10 10.00/C 
SPDT .. 19 1.70/10 13.00 C 

DPDT . . 23 1.00/10 19.00/C 

STRANDED HOOK UP WIRE 

20 go PVC . 2.50/100' 10.00/500' 
72 go PVC 280/100' 11.25/500' 
24 go PVC 2 101100 8.50/500' 
76 go PVC. 2.101100' 8.50/500 

50 VOLT DISCS 

100 pf 40/10 3.50/C 
220 pf 40/10 3.50/C 
470 pf . 40/10 3.50'C 
001 uf . 40/10 3.50/C 
.0022 uf . 40/10 3 50/C 
.0047 uf 40 10 3.50/C 
01 uf .. 45/10 3.65/C 
.072 uf 50/10 4.00/C 
.047 of .. 70/10 5.60/C 
.1 of 1.35/10 11.50/C 

ABOUT OUR CLOCKS 

1710V..'1 
1/30v ...11 
3.3.358 .. 12 

3.3'500 ..'7 
4.70250 . . 1I 
4.71350 .. 12 
4.71500 .. 17 
10/150....2 
10/50V. . . 14 
72i160... 11 UM... '3 
124506... 17 
33,16V...12 

.93/10 

.90/l0 

.95/10 
1.00/10 
.90/10 
.95/10 

1.00/10 
1.00/10 
1.15/10 
1.00/l0 
1.05/10 
1.32/10 
1.00 10 

37/256. . . 14 
33/509...19 
47/169...14 
17/259... 17 
47/508. . . 21 

100/109.. II 
100/160.. 17 
100/1511.. 20 
100/509..29 
270/106.. 18 
270/160.. 10 
770/25V.. 29 
720/506.. 40 
330/101/.. 14 

WIRE -WRAPPING TOOL 

$5.95 
Wraps, Unwraps A 
Strips 30 ga. Wire 

1.15/10 
1.52/10 
1.15/10 
1.30/10 
1.17/10 
1.13/10 
1.30/10 
1.55/10 
230/10 
1.42/10 
1.55/10 
2.35/10 
3.13/10 
1.16/10 

7/4 s. Vi WATT 5% 
CARBON FILM RESISTORS 

Sc mt a .'on,pl...8 5 per rolo. 
51.73/100 1 511.00/1000 of to.. rolo. 

1 ohm /hra 1.0 m.goh.e 

HARDWARE 

256 1/4 Sae. 99 C 7.20/48 
2 56 1/2 Yr.. .99 C 7.65/61 
440 1/4 Sae. 55/C 3 60/14 
440 1/2 Screw 60/C 4.05/M 
637 1/4 Sore. á5/C 4.40 40 

632 1/2 Screw .75/C 4.85/M 
8-32 3,8 Suf. .90/C 5.85/4 
632 5/8 Screw 99/C 7.00/48 
2.56 H. Not 35/C 3.60/14 
4-40 He. Not .55/C 3.75/14 
631 He. Not .40/C 4.00/M 
332 Net Nut 60/C 4.15 M 
ho. 2 Latówosher 85/C 5.75'N 
Ho. 4 Lml washer .45/C 3.00,61 
No. 6 lot trash« .45/C 3.08/40 
No 8 Low washer .45/C 3.00'M 

330/160..29 
330250.. 32 
470/160..32 
470 259.. 37 
IODO 10V . 33 
1000/160 . 39 
1000259.56 
2700/108. 50 
1200/169 . 62 
7203/259 . 79 
3300/169. 95 
4700/1691.09 
10000/10V 1.15 

2.35/10 
2.54/10 
2.55/10 
3.00/10 
2.65/10 
315/10 
430/10 
3.96/10 
4.95/10 
6.36/10 
7.63/10 
8.70/10 
9.19/10 

I.C. SOCKETS 
8 Pin Solder 17 160 10 
14 Pa Solder 20 190/10 
16 Pm Solder .n 2.10/10 
18 Pin Solder .29 7.75/10 
24 Pin Solder .38 3.60/10 
78 PH Solder .45 4.25/10 
40 Pis Odder .63 6.00/10 
8 PH W.W .14 2.30/10 
14 Pin W.W .26 2.50/10 
16 Pin W.W .30 2.85/10 
18 Pa W.W .60 5.70/10 
24 Pin W.W .96 910/10 
78 Pin W.W 1.11 10.00 10 
40 PH W.W .92 8.75,10 

DOUBLE-DIGIT DISCOUNT SCHEDULE 

le.a.A. or..a 
1001N0 NV 1100(6140 U,IS-. 

150 0D100 0 00 90-. 
573 9e10 0 i..,105 5100 0 a 90 1a9. E, 

76.n AY 06. St..N.r CO.......... 
STANDARD SHIPPING/NANDUNG CHARGE 

N I...aar. ,.ta d.« 40...11. e«.w 
100)740 0941700 15006504/ 0117013 
f s011240 8141075 74000ato sl.Cbrge 
Qyro400 m41010 

.1.010 n. r rino re nA a Cm. 

COD ORDERS ACGPTSD 101 SAME OAT 

SHIPMENT - CALL 111 III M74 

. O. corms 

"(Po Is (Iuolit8 l: ponrnh ... cud 
0047 !ORO«, 78 pwtr 0,1000//7 110.0011 

DIGI-KEY CORPORATION: 
Bo. 677, Thiel River Falls, MN 56701 216.681-6671 

C 
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S.D. SALES CO. P.O. BOX 28810 - c DALLAS, TEXAS 75228 

z.80 CPU 
For I m s a i -A 

( $114.9 
Z-80 Chip & Manual 

From the same people who brought ydu the $89.95 4K RAM Kit. We were not the first tointroduce an Imsai/Altair compatible Z-80 card, but we do feel that ours has 

KIT the best design and quality at the lowest price! 
The advanced features of the Z-80 such as an expanded set of 158 instructions, 8080A software compatibility, and operation from a single 5VDC supply, are all well known. What makes our card different is the extra care we took in the hardware design. The t a i r CPU card will always stop on an M 1 state. We also generate TRUE SYNC on card, to insure that the rest of your system functions properly. Dynamic memory refresh 
and NMI are brought out for your use. Believe it or not, not all of our competitors have gone to the extra trouble of doing this. 
As always this kit includes all parts, all sockets, and complete instructions for ease of assembly. Because of our past experience with our 4K kit we suggest that you order early. All orders will be shipped on a strict first come basis. Dealers inquiries welcome $49.95 on this item. Kit includes Zilog Manual and all parts. Kit shipped with 2 MHZ crystals. Z-80 MANUAL - $7.50 SEPARATELY 

THE WHOLE 4K 
WORKS lmsai 

$89.95 tically 
through 

LOW 
and Altair 8080 plug in 

reduced power consumption, 
PC Board. 

POWER 
compatible. Uses low 

on board regulated, 

RAM BOARD 
power static 21 L02-1 500 ns. RAM'S. Fully 

all sockets and parts included. Premium 
For 250 ns 

KIT 
buffered, Bras - 

quality plated 
RAM's add $10.00 

I NEWEST KIT 
1 4°0, MUSICAL 

Musical Horn Kit for Cat, 

CAR/BOAT KIT Plays any tune from Mozart 
Change tunes in seconds 

Complete Solid State 
p 

supplyor 
custom tunes available 

(you us with the sheet $34.95 electronics for your favorite 
One song supplied with 

FROM 

HORN 
Boat or Home 

to Led Zepltn 

electronics 
at 

supply 
each 

music - we 
tunes.) Home 

original order is 
Uses 

S.D. SALES! HOME KIT 

$19.95 
Standard Tunes Available: 

DIXIE - EYES OF TEXAS - ON WISCONSIN - 
YANKEE DOODLE DANDY - NOTRE DAME 

FIGHT SONG - PINK PANTHER - AGGIE WAR 
SONG 

OVER 
ANCHORSAWAY - NEVER OD SUNDAY 

BRIDGE OVER RIVER GUI - CANDY MAN 
Kit Includes speaker which operates from your door bell. When door ben 

pushed your boodle tune n played, Car/Boat Kit DOES NOT include speaker. 
standard Bohm PM speaker. Allow 4 weeks delivery on both kits. 

OLed Qy! SIX 
We made a fantastic 

$9.95k } Features: Litronix Dual 
' `i ̀  Greatly simplified construction. 

For P.C.Board add 
Eliminate the hassle 

DIGIT ALARM CLOCK 
kit even better. Redesigned to take advantage of the latest advances in I.C. 

'4" displays. Mostek 50250 super clock chip, single I.C. segment driver, 
More reliable and easier to build. Kit includes all necessary parts 

S3.00; AC XFMR add S1.50. Do not confuse with Non -Alarm kits sold by - avoid the 5314! NEW! WITH JUMBO LED 

KIT 
clock technology. 
SCR digit drivers. 

(except case). 
our competition! 

READOUTS! 

1000 MFD 
Filter Caps 

Rated 35 WVOC Up. rightstyle with PC 
eads. ost popular val. 
ue for hobbyists. 

4/$1.00 

SLIDE SWITCH 
Assortment 

One oest seller. Includes 
miniature and standard 
snes, single and multi. 
positron units. All new. 

12/$1.00 

POWER 
RESISTOR 

15 OHM 
25W 
BY 

CLAROSTAT 

750 ea. 

RESISTOR 
ASSORTMENT 

MI/ 6% & 10% PC 
leads. Agood min of 
valuesl . Speciall 

200/$2. 

P.C. LEAD 
DIODES 

1N4148/1N914 
100152.00 

IN4002 IA 
100 PIV 

40/$1. 

Just received a good 
mined lot of National 
10-92 plastic transis. 
tors. PNP & NPN, even 
a lew FET's. 40-50% 
yield. Untested Asst, 

500/$3. 

DISC CAP 
ASSORTMENT 

P.C. Leads. At least 
P different values. 
InNutles .001, .01, ,05 
plus other standard 
Blues. 

60/$1.00 
AMD-1702A 

J,/V `e/% 
/ 

FACTORY PRIME UNITS! BRAND NEW! 
1.5 Micro -Seconds Access Time. 

10/$40. $4.95 ea. 

IC's from XEROX 
7400 - 9c 7440 - 9c 7493 -26c 1402 A Shift Regulator - SOc 7402 - 9c 
7404 - 9c 

7440 - 9c 
7437 -10c 

74121 -22c 
74123 -32c 

MH0025CN - 55c 

7406 -I lc 7438 -10c 74151 - 9c IC's REMOVED FROM 7407 -l1c 7451 - 9c 74155 -22c PC BOARDS 7410 - 9c 7474 -16c 74193 -35c ALL TESTED; 7416 -13c 7475 -24c 8233 - 35c FULL SPEC. 7420 - 9c 7486 -16c Intel - 1302 -45c 

UP YOUR COMPUTER! 
21L02-1 

And so is power! Not only are our RAM'S faster than a speeding 
bullet but they are now very low power. We are pleased to offer 
prime new 21L02-1 Low Power and Super Fast RAM's. Allows 
you to STRETCH your power supply farther and at the same 
time keep the wait light offI 

500 its 8/$12.95 
250 ns 8/$15.95 

$12.95 

40 PIN 

drive, 
separate 
puts, 
frequency. 

S.Z. Sala exclu',ahve! $12.95 
MOS 6 DIGIT UP/DOWN COUNTER 
DIP. Everything you ever wanted in a counter chip. Features: Direct LED sement 

single power supply (12 VDC TYPE.), six decades up/down, pre-loadable counter, 
pre-loadable compare register with compare out -put, BCD and seven segment out- 

internal scan oscillator, CMOS compatible, leading zero blanking. 1MHZ. count input 
VERY LIMITED QUANTITY! 

11! 

3.579545 
Shp/ f/U4e MHZ Time 

Base Crystal 
51.25 

28 PIN IC 
Sockets 39 MFD 
3/$1.00 16V Mallory 

11,000 MFD Electrolytic 
50WVDC 15/S1.00 

Computer Grade 
Cap. $3.00 

TERMS: 
MONEY BACK 
GUARANTEE! 

No COD's. Texas Resi- 
dents add 5% Sales Tax. 
Add 5% of order for pose 
tage & handling, Orders 
under $10. add 75c. For. 
eign orders: U.S. Funds Only!DALLAS, 

Call in your BANKAMERICARD 
or MASTER CHARGE order in on 
our Continental United States Toll 
Free Watts Line: 

1-800-527-3460 
Texas Residents Call Collect: 

214/271-0022 

Cheap DC Supply 
Actually an AC adap- 
tor for calculators. $2. ea. 9VDC no load- 6VDC 
@200ma. 4VDC @ 
375ma. 

S. D. SALES CO. 
P.O. BOX 28810 -C 

TEXAS 75228 

Orders over $15. - Choose $1. FREE MERCHANDISE! 
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THE SEMICONDUCTOR COMPONENT LEADER IS NOW 
YOUR #1 SOURCE FOR ELECTRONIC DATA & APPLICATION BOOKS. 

IC UPDATE MASTER 
MANUAL 

1161 pages At fact IC »d»bon has 

been bmplthe Now you on reefer to 

of book, Into newly reused 
and pd ted, second edruon of IC 

MASTER. for Me criddat selection of 
Integral« arotb. Virtually every IC 

Onfu manufactured In the booted 

Stan Is fisted ie the 1977 IC 

MA T(E Who her an IC emit, IS a 

rawa design, r Is one of thousands, 
nu Cie Iodate it In »Cli bs by open 
rag the MASTER 

The IC MASTER 14 divided Into 5 maiOr nteaorNE. digital, Intent«, 
bear, memory and microprocessors 
Pan number Hr. of ell Oa,00 Npe, made be 81 IC manuf&Ouver.. 
Part number guide 1110.3 yea 10 break each companyf port numbering 
system down Into product temperature ranges. packaging eolihonf and 
functions Complete a000ttabun etel on all product arcs 
Quarterly .plates The assure that all me rapt body of Intormabon Is 

conoUntly 'Hushed. These updates are mailed N rob daft from the 
publisher, Ira of charge. with the completion and return of the enclosed 
reps»anon card. 
Sec No IC411000 $24.95 

UPOEMTAsaND 110LD STATE 
ELECTRDIBCS 

For a,yay. aso wane b irMe'ebM how 

tem.<welwl wart end how Ny M to 
RI00r m 

wahine sou. 
tntem, 412 

lesson s soma» w. 
amen w n0ume covering . 
Moat end useM eenb d oma ifi, prla 
bf ophMeuahr aaru, and bpoN 
00S. end lope inagioled »rtRb wn ne, 
re 

itmO pa aramneri eM r.am n ahmed 
b10y.M 
SB Pb. LC111011 13.116 

FINGERTIP YATN 
Tb0 M0 00.., . - ro unge non asa. 
WI ague. -apea salve piNlems,re 
0Nnl 0,n . ,late tala t, 
Yon Nan It, 

l 
t "00.0' bol 

F111601111 WNW has 0,000,0 100 

iuen0dh Lan.ra 
W hap. L011031 13-10 

SOLID STAR ELMCTROMCS 
A Basic Corte to IM pair It »Rime a 

a00000000 M cemmuNuerf end o.', 
Rowena, a m.o. d Iugon W. 

t ano a ...he d rummers 
end Noe rr ,ache u [et,.It 
Mon PeuraH..Oma.tM dgnus. 
and ollar semtwwb m 

Oran. Ise 1»1 a1» discusses Ih cae l uOaMwmO dram. w e 

ernes be ,go. dinter.a far 

n 1t,, LCMot 111E50 

INTEGRATED CIRCUITS 
A 110,. two a 111 P.e, doro,, Rob 
has a ben 0.1001 ,0ialM w masa' O 
,00an d flat. ngr,W a 
Oip W. row. b we, YOB, 051, ano 151 

-awl +N 000 Men an upe TOe tar. 
Nam 

a leeW.boor 
W ,ab pct 

COOano rm tenle. 00.1 
Wk..o,, the fevers . EOrM etc.. 
d bptal w Imam nrewib 
S e M. LCMOM 114311 

FELD EFFECT TRAMS/510M 
1N pads In %o cona m... un 

dl lo Robe dale you W on . 
uxd a<4rNsnrae0. 

» aPahwo d 
rM hansoms Ter h. famine, 

O , 
pnyf.ul a .o ol .doe ehµ» 

bnofb, ano m. miens in dotal . 
M.dowl shiNMo It01 d Leed enema in 

000.54 or the FIT es a wrprt auows n l lA 
Ir ano power em u» e,b loom 

I1011mo, /1415 

M OSFET IN CIRCUIT DES1010 
IM peas Te, a.embbw m+. ab 
nM . bag mad.. ano 0.0400p 

ui0rM an YOST! I Meru and .04 
is{ wres 

M0S0(IMred and coma. o.nq un 
cab, . bbl rend.5 ow, . am, had 

LrimNed 
n.0 » grabo d 500 

MO e Nan F POSUI ele. runlet 
r00,ó ,a 009F F 1 b pa, combs.. 

ano '0000! a Weir MI,0 mama 
bon da Vaal 00 SF (1 comae Heeded 
odd 
e Pb. L011001 was, 

Texas Instruments DATA BOOKS 
TTl DATA TIE 55 

MOCK/C. 
M POWER 

BOOK twam- la 50311COM- 
132 , IN 1.a T01 

Wand 41 . ^ ABpWRv - - DAOTA TBODII . d ti tn. lla DATA BOOK m. 116 Palm Ge. 
Pau B. S 1 I7/1 tiW ti. .aRO 
^r+ NM - 00en 

j 
Daub Ua[p0..8.110, 

apmt ._`. f , oh.m t[ .p4r[, 
ea,eexn.mana»n - d 

.._ti 
.[11. teals. tree. ' nd owib0 

Mora . o[. ÍW be. olrteR 
bats a.d e. me [I[o 1p a 

+ar Int rd.0o aM.1911 ni. Sin hp raIUR and los mYR NIA RR 
p1e.Irat pío au » 1N n. women aMe e» (SOA) »0,1n, power 
IN role» nlMr Pema ,eeh Darlrnplolr[ al deYby .e, rail 
cab owr.30 leas lnnea...n aMNf,w0ep0lYter4WTL 
mice 

.f 
Oafs am m.0 su a Ill moon 

u. and 00a»5 aaWe 
end big ebolap Sual, clamped Ba Pb. LOGOS 51x 
tlL/aa0,..1e.oMof o11 

sis Npn I,dNa.0 bwar .moa 
eM Rr[roMafw[ W IC au ma 
16510 [ 0 rebe0e a Iab. 

Mryu410, 
µam A new d ar. 

nl S IA ea ITC apaoM srm[ eel 
IywadL WnaaO SACO a h r.1 p,. 

aNAuMa, Cadm lone 

d 11 IC uee, awl rnr.unnahe 
nels Marge labs and xpiweumen[ 
.M bmdoul u M fpOeN[ 
mice 

Íb. LCCA113 wl6 

SOLID STATE CO1YMCan00a 
Mae. d C00m,mucsos Eprenwnl 40ík0 
S..u0oswc00 i. M1 paper ro, Nora 
,M1 Ms cowrrf 5 NSW 04 odes. 

a Ma welt wlb1. duel 
104.0. pep warlar win .0 abed 

0000,.l Teem. PM Rr.nrlm planer 
Imuwbt r n0in1 Irwin R n UOI 
Ste et,, L tan 133m 

CIRCLER ORSION FOR AUDIO, 
AN /11.00 TY 

151 arm Unsung ala and ail de0» 
ee«. r Rose Shat so 0100.0 app 

Roen Ole Roaule b sawn/ repro 

al po0.,50Na0 MOM ,Mnswum 
moon II coders Wao.« .4000 ,f 
Mm d Ifwash. 

.A .4.ma 
sines. 

I .m le. boon, for 
»LTA, .10 dame. eu0RS b 0004 

o' T mew sole.. Um and VHF 

hue. ame oNdleSoO..dm 00plhn 
systems T .wanes doe rootrd. 0N 
SSna 

No, LC1101 mJ0 
MANDATOR CM CUT DEN. 

023 0.Es la un Row ram crawl asgo 
coleen c.0l» .M yucal, met . 
»la d ras a.Ibr,YOW bode which Iran 
ate . moll IreseNy used *Rana d 
Iren 000Rend Mun»w and 
pm eta or. mama para ampf 
me clews rae O.. asen procedures 
II cast.. 1 lom.0aM0 arils» n. 
anon, prof rden»nap lo a. 
other and m. n. beg bh.0 
porn 11 so. Nor o rogar« ano ,hem 

Orriceaid µ..au, e ir,al 

000 

bib. M0» IN Iba ros., 
b a[bneaei 

@N Pb. LCM111 12730 

FAIRCHILD DATA BOOKS 
000 / CCD DATA BOOK 

With over SOOnaR, Mat data 000. Room. 
Taw .dorma000 o For. 

Chino 1.111.00 d "r .M -' Channel 
YOS COOS, ON Cm. C0,01.0 Omen 
ICW) .bad ma My me entire 
1005 »eel 0r al» a complete 00S 
Memo Mnropan0r0 end CCD Ito M 

Fae.fi0 

S W No FESIN MM 

LOW POWER SCHOTRY.twl 
MACROLOGIC TR 

S0Ín Ind.1k Inti.0 d . condo. 
1L3 terms KS ure, end .10.0000 

dn0.. 551.00 10xr..ou0n 
nur0sul'Mrn d 

YSI frl.tb mile 1rO Í.Mh.a,0wll n 
M sheets a Ssl. a5l .nd rn meraope 
S. Pb FS00r01 51.75 

LINEAR INTEGRATED 000010 
DATA BOOK 

Cameo acme 0w ea Co lO»01.10 
itne or Iowa r0µ0000 cane, S0.etion 
Ides es b01ioa, a 1000 0nbrnad drug 

ou doles me IOW de0ae, and Mar 
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e0 M'n0nw.0 Nwe0nt a00..'í 
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OPer. oe motion. Map b 

010Rµ000,,, 
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,epUa.. styes. 

dealle a 0 
91111...3130102 O M M 

DESW,NG WITH OPERAnOMI 
AAIPLIFE00 

320 peno lm,aaíd d b 
Anew... 

wn 09 .n 
erear.00.110.0,. loa Mamada per. 
rrlr'ea 0 RooOe, nu .w deb. b. 
Roa»w 

ay w 11 croan - .0,000 
emanation d uta »wars r00a bon 

e0 Nepe\Ion lo ver epe4l., ene 

.NOW h5Rtm. 00,0 wean», ere 
MO w Re e0 0rt OeOgn ,0w, a a e' rapid sermon el 
0anyoner s b spec. pedo'man4 Wr. 
E1 Na »W ooed 317.30 

POWER DATA 500e 
Cota3, Nor , form,Ion la 

ardh 
Mice mMuMn ne moorhen cs well 
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Est. re,rey e. b d1 Manan, 
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heat »m. anOrna 
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d 001.1» 
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SN No. FSm10 11.03 

W POLAR 1AEMORY DATA BOOK 
Ihn dm bm andlu», Me» µmN, .M 

reroute, a wOMe. r 
bOMdafMlcstea00MrwMble» . YOS memea Ir,0YO Naa and dew 
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wro.I. ECL Sbno Yemo.e 
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WIREWRAP New IC's 
Cot 6 Stripped x30 Kyner Wire 
In Red, Yellow. Blue. W6he, 
Green or Orange. All lengths 
overall. 1" strip on each end. 

Gold Wire Wrap IC Sockets 
High Quality Closed Entry Type 
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HOBBY WRAP TOOL 

$34.95 

With Free Wire 
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16 
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We also Stock: 
Wire Wrap Boards 
74008 74L500 IC's 
Processor Support Chips 

Call or Write for catalog 
(213) 7974002 or 7974007 

Orden under $10 or CODS 
add $1.00, other orders 
snipped UPS ppd. Rank 
Amerlcard and Muter 
Charge, 

Hand Wrap UnWrap Strip Tool 
$5.95 with $2 free wire. 

Page Digital Electronics 

1701 East Orange Grove Blvd 

Pasadena, California 91104 
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TI SCR array 
IC transistor arrays give us experimenters 

the illusion of being custom integrated -circuit 
designers. The packages make neat final 
circuits and the average cost per device is on 
a par with discretes. 

TI's TCP24I0 has eight SCR's arranged in 
two groups of four. Each group has their 
cathodes tied together and brought out on a 

single pin. Gates and anodes are brought out 
to separate pins, accounting for all 18 termi- 
nals on the DIP package. Eight holding - 
current resistors are on the chip to keep the 
external component count down. 

The new SCR array is designed for use as 

display latches, analog switches or crosspoint 
switches. In the last application, crosstalk 
must be a minimum. Crosstalk is down more 

TI TCP2410-TCP2411 SCR ARRAY. 

than 90 dB at I kHz with 600 -ohm sources 
and loads. 

Voltage ratings are 50 -volts absolute 
maximum and 20 -volts operating. The 

holding current is guaranteed under 100 mA 
and is typically 350 µA. 

In 100 to 999 quantities the price for both 
devices is $2.95 each. Texas Instruments 
Incorporated, Box 5012, Mail Station 308, 
Dallas, TX 75222. 

Ultra -stable oscillator 
Plessey Semiconductors' SL680A Crystal 

Oscillator Maintaining Circuit does not 
significantly affect the frequency stability of 
an external crystal. 

a 

lii 
THE SL680A CRYSTAL OSCILLATOR main- 
taining circuit, by Plessey 

The bipolar IC oscillator works at funda- 
mental or overtone frequencies between 100 

kHz and 150 MHz. Sinewave voltage or 
current outputs have distortion products 
down more than 40 dB. Internal AGC main- 
tains constant output level and limits crystal 
drive to about 0.1 µW. 

Plessey Semiconductors, 1674 McGaw Av- 
enue. Santa Ana. CA 92705. R -E 

UNIVERSAL 4K x 8 MEMORY 
BOARD KIT 

S74.50 
32-2102-1 fully buffered, 16 address lines, on 
board decoding for any 4 of 64 pages, standard 
44 pin buss. I 

i EXPANDABLE F8 CPU BOARD KIT 
S99.00 

featuring Fairbug PSU.1 K -of static ram. RS 232 
interface, documentation, 64 BYTE register 

CD4026 - 51.25 CD4046 - $2.20 

4K BASIC FOR FAIRBUG F8 
on paper tape 525.00 

NEW COMPUTER INTERFACE 
BOARD KIT 

Kit allows you to interface serial TTL to 
RS 232 and RS 232 to TTL. Four of these are 
supplied with kit, you can run up to four de- 

RSs on one TTL or four separate TTL to 
232 devices. Typical use: you can se your 

computer ports to run an RS 232 printer, video 
terminal and two other RS 232 devices al 
once, without constantly connecting and 
connecting your terminals. Example: out 
store to printervoltage requirement 05V and 
28V or 512V depending on your RS 232 
device. We supply - board. connec ton, docu. 
mentation and components. Sorry, we do not 
supply o case r power supply $49.00 

e24,EIGHT 
s 

DIP SOCKETS 430 WIRE P C 

.8 PIN - .22 24 PIN - .40 WRAP WIRE 
S 

FLAT CABLE 16 PIN - .25 28 PIN - .50 SINGLE 
1061.50 16 PIN -.2840 PIN -.80 STRAND 

100/513.50 18 PIN -.30 500'ó Loo 

270880 EPROM 22495 
2522 STATIC SHIFT RE6 S 1 95 
2513 CHARACTER GEN S 995 
2518 -HE X 32617 SR $ 350 
21021 1024 80 RAM 5 129 
52804K DYNAMIC RAM $ 4.75 
MM5202A UV PROM . S 695 
MM5203 UV PROM .. . S 695 
1702A UV PROM S 4.95 
5704 4K PROM 

. 510 95 
AY 5 101,AR 5 6.95 
LIGHT A( TIVATED SCR's 
TU 1. . 2 IA 5 1 75 

IN 4148 111,9 -1 15 $1 30 

MCA 61 IPTICAL LIMIT SWITCH 51 a') 

LED READOUTS 
F ND 359 C.C. .a S .50 HP 7740-.3" C.C. 51.25 
FND 70 C.C..4 5 .55 MAN -7..3" C.A. $ .95 
FND 503 C.C. .5" 5 85 NS 33-3 dig. array 5 .75 
FND 510 C.A .5" 4 .85 QIr747 C A .6" 51 95 

PRINTED CIRCUIT BOARD 
4 1 2".6 U7" SINGLE SIDED EPDXY 
BOARD 1116" thi.k wii ti hi 
5.60 ea. .. 5/52.60 

7 WATT LD-65 LASER DIODE IR $8.95 
2N 3820 P FET . . 5 45 
2N 5457 N FET $ .45 
2N2646 . 5 .45 
ER 900 TRIGGER DIODES 41 51 00 
2N6028 PROG UJT 5 65 
MINIATURE MULTI TURN TRIM POTS 
100 500, 1K,2K,5K,10K,251(,50K,1000, 
2000 5000 1 MeeL175 each 3152 00 
n1U111 /URN IRTRT Jt315 mil. toourns 
30111 lv 3 16".518".1 1 ' 4 50 100 
1K, 10h 500 ohms 5150e.í 315400 

VERIPAX PC BOARD 
This board is a 1/16" single sided paper epoxy 
board. 4.74'7' DRILLED and ETCHED 
which well hold up to 21 single 14 pin IC's 

r 8, 16, or L51 DIP IC's with busses for 
power supply connector. $4 00 
MV 5691 YELLOW -GREEN 

BIPOLAR LED S .90 
FP 100 PHOTO TRANS S .50 
RED, YELLOW. GREEN or AMBER 

LARGE LED's 6/51.00 
116IMCT-21 $ 75 
MOLEX PINS 100/51.00 

1000/58.00 
10 WATT ZENERS 3.9, 4.7, 5.6, 8.2, 

12,15,18,22,100.150 or 200V . ea. S .60 
1 WATT ZENERS 4.7, 5.6.10. 12. 15 

18 or 22V ea. 5 .25 
MC6860 MODEM CHIP . , $9.95 

Silicon Power Rectifiers 
PRV IA 3A 12A 50Ax 125A 

100 .06 .14 30 .80 3 70 
100 .07 .20 .35 1,15 4 25 
'400 09 .25 .50 1.40 6.50 
600 I1 .30 70 1 80 850 
000 .15 .35 90 2.30 10.50 

1000 20 .45 1 10 2 75 1250 

SILICON SOLAR CELLS 
24" diameter 

.4V at 500 ma. 54.00 / .2V at 200 mils 5.2.00 
REGULATORS 

3090 $ .95 340K.5,12,15 
723 $ .50 or 24V $ 85 
LM 376 . S .60 3401.5, 6. 8, 12 
320K-5 or 15V 51.40 15,18 or 24V51.10 
3201.5,12,15 78 MG 51 35 

Or 24V 5 .85 79 MG 51.35 

RS232 DB 25P male . 53 25 
CONNECTORS DB 25S female... 53 95 

Terms: FOB Cambridge Mass. Send 256 for our catalog featuring r 
Send Check or Money Order. ' Transistors and Rectifiers 
Include Postage, Mlnlmum 145 Hampshire St., Cambridge, Mass. 
Order $5.00, COD'S $20.00 

TRANSISTOR SPECIALS 
2N3585 NPN Si TO 66 . . . . . S .95 
2N3772 NPN Si 70.3 . S 1 60 
2N456A PNP CE 5 75 
2N4908 PNP Si TO.3 5 1 00 
2N6056 NPN Si TO -3 D"ailingtan S 1.70 
2N5086 PNP Si T0-92 . . . . 4/5 1 00 
2N4898 PNP T066. . 

25404 PNP GE TO.S 5/5 1.00 
2N3919 NPN Si TOJ RF . . . S 1.50 
MPSA 13 NPN Si T0 92 . . . 3/S 1 00 
2N3767 NPN Si TO -66 . . S .70 
2N2722 NPN Si TO.18 . - . 5/5 1.00 
2N3055 NPN Sr TOJ . . . . . 5 .70 
253904 NPN Sr TO -92 . . 5/S 1.00 
2N3906 PNP Si TO -92 . . 5/5 1.00 
2N5296 NPN Si TO.270 . . . S .50 
256103 PNP Sr TO -270. . . . 5 55 
253638 PNP Si TO 5 . . 5 5 1 00 
2N651 7 NPN TO 92 Si . . . 3 5 1 00 

7400- .14 7445- .15 74150- .90 
7401- .14 7446- .65 74151- .60 
7402- . 

TTL IC SERIES 

14 7447- .65 74153 .60 
7403- .14 7448- .65 74154 .95 
7404- 18 7450- .15 74155 .70 
7405- .18 7472- 29 74157- .58 
7406- .25 7473- .29 74161- .85 
7407- .25 7474- .29 74163 .80 
7408- .18 7475- .46 74164- .95 
7409- .17 7476- .30 74165- .95 
7410- .14 7480- .35 74173- 1.20 
7411- .20 7483- .62 74174- .95 
7412- .20 7485- .87 74175- .82 
7413- .39 7486- .30 74176 .75 
7414- .63 7489-1.85 74177- .75 
7416- .25 7490- .47 74180 .65 
7417- .25 7491- .58 74181- 1.90 
7420- .14 7492- .43 74190- 1.00 
7475- .25 7493 .45 74191- 1.00 
7476- .22 7494- .70 74t92- .83 
7427- .25 7495- .65 74193- .83 
7430- .14 7496- .65 74194- .85 
7432- .25 74107- .28 74195- .52 
7437- .21 74171- .33 74257 1.25 
7438- .21 74123- .65 74779 .87 
7440- .14 74125 .40 75324 175 
7441- .70 74126- .40 75491 .65 
7442- .40 74132- .67 75432 65 

MINIATURE DIP SWITCHES 
CTS 2064 Four SPST switches 

in one mmidip p,irka,. 51 75 

CTS 2068 Eight SPOT switches in a 18 
pin DIP package 01 95 

58V SPST'.mat re reed relay , nor-iiy 
ouen 330 Ohm coil resistance S 75, 3 52 00 

ALCO MINIATURE TOGGLE SWITCHES 
.11 20 MTA 106 SPDT 

MTA 206 DPDT 31 70 

SOLID STATE SALES 
P.O. BOX 74D 
SOMERVILLE, MASS. 02143 TEL. (617)547-4005 

CIRCLE 56 ON FREE INFORMATION CARD 

Full Wave Bridges. 
PRV 7A 6A 
200 75 1.25 
400 95 1.50 
600 120 125 

25A 
290 
3.00 
4.00 

SANKEN AUDIO POWER AMPS 
Si 1010G10 WATTS S 795 
Sí1020 G20 WATTS ... 515.95 
Si 1050 G 50 WATTS . 527 95 

TANTULUM CAPACITORS 
221SF 35V 5 01 00 68UF 35V 551 00 
47UF 35V 5 61 00 22UF 35V S 40 
.68UF 35V 651 00 30UF 6V 5/91.00 
1UF 35V 5 51 00 31UF 15V S 40 
220JF 20V5/51 00 47UF 20V $ .35 
3 3UF 35V 4 51 00 68 OF 15V 5 .50 
4.7UF 15V 5/51.00 10 OF 25V 5 .25 
M/001 ALARM CLOCK CHIP .. 55 75 

74LS 
SERIES 

741500 - .23 
741502 - .23 
741.504 - .28 
741.508 - .23 
741510 - .23 
74LS11 - .23 
741513 - .50 
741370 - .23 
741321 - .73 
741522 - .23 
741527 - .27 
741330 - .23 
74L532 - .33 
741537 - .37 
741538 - .37 
741374 - .49 
7.41390 - .95 
74L542 .88 
74157 - .40 
741374 - AO 
741576 - AO 
741.390 - .89 
741592 - .85 
74L593 - .85 
741.5109 - .50 
7413112- .43 
74L5113 - .43 
74L5114- 43 LINEAR 1s8 .60 7415132- Bo 
7415138 - 72 CIRCUITS CA 7046 .75 

A 7415139 - 72 LM C lUI -.75 
39003047 

.85 
a9 

7415145 - 1.15 LM 301/748 -.31 
BOJBCC 3.90 7415151 - .98 LM 307 - .30 

74LS LINEAR 
SERIES CIRCUITS 

.95 

.95 

.35 
95 
.05 

PRV 

100 
200 
400 
600 

7415153 - .93 LM 308 
7415155-1.40 LM 311 
7415157 - .98 LM 318 
7415160 1.02 LM 319 
7415161 - 1 07 LM 324 
74L5162 - 1 02 LM 339 
7415163 1 02 LM 370 
7413168 - 1 10 LM 377 
7415169 - 1 10 LM 380 
7415173 - 1.39 LM 381 
74LSt74 - I.05 LM 387 
7413175 - 1.22 LM 537 
7415190 - 1.50 LM 553 
J415191-1.50 LM555 
7415192 - 1.75 LM 556 
7415193 - 1 75 
7415195 - 1.25 560 
7415196 - .99 565 
7415197 - 99 566 
7415257 - 1.35 567 
7413258 - 1.38 703 
7415266 - .38 709 
7415365 - .66 710 

.10 
1.15 
7.50 

.95 
1.25 
1.25 
2.50 
2.50 
A4 
85 

2.00 
1.10 
1.50 
1.50 
.90 
.25 
.35 

741.5366 - 66 711 .35 
7415367 - .66 741 C or V - .31 

7415368 - .66 747 65 

7415 390 - 7.70 L M 1310 2.50 

TRIACS SCR'S 
lA 10A 25A 1.5A 6A 35A 
40 70 1 30 40 I 1 2Q 
70 1 10 1 75 60 70 1 60 

1 10 1 60 2 60 1.00 1 20 2 70 
1 70 2 30 3 60 1 50 3 00 

WE SHIP OVER 95% 
OF OUR ORDERS THE 

DAY WE RECEIVE THEM 



 ' NEW LSI TECHNOLOGY 
lei Xia FREQUENCY COUNTER 

TAKE ADVANTAGE OF THIS NEW STATE -OF -THE -APT COUNTER FEATURING THE 
MANY BENEFITS OF CUSTOM LSI CIRCUITRY. THIS NEW TECHNOLOGY APPROACH 
TO INSTRUMENTATION YIELDS ENHANCED PERFORMANCE, SMALLER PHYSICAL 
SIZE, DRASTICALLY REDUCED POWER CONSUMPTION [PORTABLE BATTERY 
OPERATION IS NOW PRACTICAL], DEPENDABILITY, EASY ASSEMBLY AND 
REVOLUTIONARY LOWER PRICING! 

SIZE: 
3" High 
6" Wide 

51/2" Deep 

13/4 LBS. 
COLOR: 
BLACK 

IRE 

1 0 5 0 5 -3 5 

SOIS 
PC -I9 

Q 

C:=1 - :.-- 

lit '.s'saA a -..,. I11ea{a - 11R- - 
t 

I l 

sine TIN 
:, ,. ... dl. ISti ` A 

y \.: 
m. 

FACTORY DIRECT PRICES 

KIT#FC-50C 60 MHZ COUNTER WITH CABINET 8 P.S 

KIT #PSL-350 350 MHZ PRESCALER [NOT SHOWN¡ 
KIT #PSL-650 650 MHZ PRESCALER ¡NOT SHOWN' 

MODEL #FC-50WT 60 MHZ COUNTER WIRED, TESTED 8 CAL. 
MODEL #FC-50/600 WT.. 600 MHZ COUNTER WIRED. TESTED 8 CAL. 

599.85 
23.95 
29.95 

165.95 
199.95 

KIT AFC -50C IS COMPLETE WITH PREDRILLED CHASSIS ALL HARDWARE AND STEP-BYSTEP 
INSTRUCTIONS. WIRED 8 TESTED UNITS ARE CALIBRATED AND GUARANTEED. PRESCALERS 
WILL FIT INSIDE COUNTER CABINET. 

_--. 

PLEXIGLAS CABINETS 
Great for Clocks or any LED 
Digital prolect. Clear -Red 
Chassis serves as Bezel to 
Increase contrast of digital 

ABINET I displays 

3"H,6Y4"W,514"D Black, White or 

CABINET II Clear Cover = 
2i4"H,5"W,4`;D $6.50 ea 

5"PEpI RED OR GREY PLEXIGLAS FOR DIGITAL BEZELS 
2/$45 'Complete Kit 11415 

L 
13"K6"ittl8" 95c ea ea [ it & Cal 59.95 

& L7I I LED CLOCK EI OÍilT 
KIT' 

FT 
OR TEE- TIME- E RL W 1TI11RE... KIT 1001 

FOR THE BUILDER THAT WANTS THE BEST. FEATURING120R24 HOUR TIME - 
29.30.31 DAY CALENDAR. ALARM. SNOOZE AND AUX. TIMER CIRCUITS 

Will alternate time (8 seconds) and date (2 seconds) or may be wired for time or date display only, 
with other functions on demand. Has built-in oscillator for battery back-up. A loud 24 hour alarm 
with a repeatable 10 minute snooze alarm, alarm set & timer set indicators. Includes 110 
VAC/60Hz power pack with cord and top quality components through -out. 

4 

'22t2" 

a 

Ít,t ¡l r" `P-¡- :if 

FEATURES AND SPECIFICATIONS: 

DISPLAY: 8 RED LED DIGITS .4" CHARACTER HEIGHT 
GATE TIMES 1 SECOND AND 1/10 SECOND 

[AUTO DEC. PT. PLACEMENT' 
RESOLUTION: 1 HZ AT t SECOND, 10 HZ AT 1/10 SECOND. 
FREQUENCY RANGE: 10 HZ TO 60 MHZ. 165 MHZ TYPICAL'. 
SENSITIVITY: 10 MV RMS TO 50 MHZ. 20 MV RMS TO 60 MHZ TYP. 
INPUT IMPEDANCE' 1 MEGOHM AND 20 PF. 

[DIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION.[ 
ACCURACY: 1 PPM I_ .0001 I AFTER CALIBRATION TYPICAL 
STABILITY: WITHIN 1 PPM PER HOUR AFTER WARM UP 1.001 %TALI 
IC PACKAGE COUNT: 8 ,ALL SOCKETED] 
INTERNAL POWER SUPPLY: 5.2 V DC AT 800 MA REGULATED 
INPUT POWER REQUIRED: 8-12 VDC OR 115 VAC AT 50/60 HZ. 
POWER CONSUMPTION: 4 WATTS 
INPUT CONNECTOR' BNC TYPE 

60 HZ. 

KIT -7001B WITH 6. S" DIGITS ..539.95 
KIT - 7001C WITH 4 - .6" DIGITS Et 

2-.3" DIGITS FOR SECONDS ..... $42.95 
KIT 7001X WITH 6.6' DIGITS ..545.95 

11 

SEE THE WORKS Clock KIt 
Clear Plexiglas Stand 

6Big 4 -digits 
t2 or 24 hr time 
3 set switches 
Plug transformer 

a11 parts included 

Pleaiglas is 
Pre-cut & drilled 

Kit 6850-4 CP 

Size. 6"H,4'h' W,3"0 

/00ík /® DISPLAv 

D12.2 q{S 3 

XTAL TIME BASEL 
W ill enable 
Digital Clock Kits 
or Clock -Calendar 
Kits to operate 
from 12V DC. 
1".2"PC Board 
Power Reg. 5-15Y 
(2 5 MA TYP.) 
Easy 3 were hookup 
Accuracy ± 2PPM 

0TB-1 (Adlustable) 

KITS ARE COMPLETE (LESS CABINET) mot x DISPLA 1001 a DISPLA. 
ALL 7001 KITS FIT CABINET I AND ACCEPT QUARTZ CRYSTAL TIME BASE KIT X TQ.1 

PRINTED CIRCUIT BOARDS for CT 7001 Kits 
sold separately with assembly info. PC Boards are 
drilled Fiberglass. solder plated and screened 
with Component layout. 

AUTO BURGLAR 
ALARM KIT 

AN EAST ro ASSEMBLE AND EAST TO INSTALL 
ALARM PROVIDING m NT if ATURES NOT 
NORM ALLT FOur° AETLE SS ALARM NAS 
pMOviSION FOR POS 4 GROUNDING 
SwiMCNES OR SENSORS wiLL PULSE ROAM 
&& &&& AT rol RATE OR DRIVE SIREN r 
P ROVIDES PROGRAMNASLE TIME DELL'S 
FOR EMT ENTRY S ALARM PERIOD uNil 
MOUNTS UNDER DASH REMOTE SWITCH 
CAN aE MOUNTED WNERf DES RED CMOS 
B ELiAIDLITT RESISTS TALS! ALARMS 4 

PROVIDES FOR ULTRA DEPENDABLE ALARM 
00 NOT BE FOOLED ST SO* PONCES. This IS 
TOP QUALITY COMPLETE IT viro ALL PARTS 
INCLUDING DETAILED DRAWINGS AND iN 
s,Rucr ONs OR AVAILABLE WIRED AND 
TESTED 

Specify for 7001 

8,Corx-s7.9s 

VARIABLE REGULATED 

II_f f 1 AMP 
I, I POWER SUPPLY KIT 

1;11 

KITOALR-1 
$9.95 

OALR-1WT 
WIRED & 
TESTED 

$19.95 

VARIABLE FROM U ro 14V 
SHORT CIRCUIT PROOF 
723 IC REGULATOR 
2N3055 PASS TRANSISTOR 
CURRENT LIMITING AT 1 Amp 

KIT 15 COMPLETE INCLUDING 
DRILLED & SOLDER PLATED 
FIBERGLASS PC BOARD ANO 
ALL PARTS ILess TRANS. 
FORMER) K TPS-01 00.95 
TRANSFORMER 24V CT will 
pTowde 300MA at 12V and 

1 Amp al 5V. 53.50 

11 1 

SPECIAL PRICING! 
PRIME - HIGH SPEED RAM 

2110 2-3 4j 
LOW POWER - FACTORY FRESH 

1-24 51.95 ea 100-199 51.60 ea 
25-99 1.75 ea 200-499 1.45 ea 

OVER 500 PCS. $ 1.39 ea. 

- - 
JUMBO DIGIT CLOCK 

A complete Kit (less Cabinet) featuring : 

six .5" digits, MM5314 IC 12/24 Hr. 
time. PC Boards. Transformer. Line 
Cord, Switches and all Parts. Ideal Fit 
in Cabinet II 

Kit#5314-5 '1995 2/$38. 
JUMBO DIGIT $995 ea. 

CONVERSTION KIT .7 
Convert small digit LED clock to large 
.5" displays. Kit includes 6 - LED's. 
Multiplex PC Board & Hook up info. 
Kit #JD-1CC For Common Cathode 
Kit #JD-1CA For Common Anode 

1_ri1_ k 
,2124Y -0A .q.' I"ixl T_-;1 
MODEL 12 VOLT AC or 

02001 DC POWERED 
6JUMBO .4' -RED LED'SBEHIND RED FILTER LENS WITH CHROME RIM 
SET TIME FROM FRONT VIA HIDDEN SWITCHES 12/24 -Hi. TIME FORMAT 
STYLISH CHARCOAL GRAY CASE OF MOLDED HIGH TEMP. PLASTIC 
BRIDGE POWER INPUT CIRCUITRY - TWO WIRE NO POLARITY HOOK-UP 
OPTIONAL CONNECTION TO BLANK DISPLAY (Use When Key Olt in Car, Etc , 

TOP QUALITY PC BOARDS & COMPONENTS - INSTRUCTIONS. 
MOUNTING BRACKET INCLUDED 

KIT 2001 
COMPLETE KIT $2995 ¡Less 9V. Battery] U 

3 OR 
MORE 

$2795 power115 PaVACck$2 
EA AC -1 

ASSEMBLED UNITS WIRED 8 TESTED 
ORDER .2001 WT [LESS 9V. BATTERY] 
Wired for 12 -Hr. Op, if not otherwise specified 

OPTOELECTRONICS. INC. 
BOX 219 ..HOLLYWOOD FL A. 33022 (305) 921.2056 

STORE: 823 S. 21 AVE.. 
WE PAY ALL SHIPPING IN CONTINENTAL USA - OTHERS ADO 5% I 10% 

CIRCLE 37 ON FREE INFORMATION CARD 

5 $3995 3 OR x379 
EA MORE EA 

ORDER BY PHONE OR MAIL 
COD ORDERS WELCOME 

Orders Under 815 Add 81,00 Handling 
Fla. Res: Please Add 4% Sales Tait. 

FOR AIRMAILI 



- 
THESE 

CRYSTIES 
ALONLY 

ICV2.01 2 010 MHz HC33n1 $1 951 

CV3A 

CY7A 
CY12A 

CV14A 
CY19A 

CV224 

CY30B 

4 000 MHz 
5 000 MHz 

10 000 MHz 
14 31818 MHz 
18 000 MHz 
20 000 MHz 

32 000 MHz 

HC18 U 

HC1B U 

HC18 U 

HC18U 
HC181U 

HC1B U 

HCIB U 

54 95 

SA 95 
54 95 
54 95 
54 95 
54 95 
54 95 

. - - 
Pad t Frequency Case Style -Fist 
CY14 1 000 MX2 HC33 U 55 95 

CY2A 2 000 MHz HC33 U 95.95 

9112206KB XII 529.95 Special XR2206KA XII $19.95 

24GEMFMOi0RS5 

58 40 E X A R MN u0 
p EP5 

5 

55 
AR 2206CP 4 49 xR-556CP 1 85 
AR 7207CP 3 65 MISCELLANEOUS 80 2556CP n I0 

OR 2211CP 56 70 AR 2241CP 25 

STEREO DECODERS XR 4136 99 ~St LOCKED LOOPS 

xR 1310CP 53 20 tR1468 3 05 AR 210 5.0 
OR 13101P 320 08-1488 580 AR 215 660 
KR 19001, 3 20 AR 1499 4 90 XR-567CP 1 95 

0R2567 299 80-2208 520 aR567C1 170 

CONNECTORS 
PRINTED CIRCUIT EDGE -CARD 

156 SpacingTin-Double Read -Out 

Bifurcated Contacts - Fits 054 to 070 P.C. 

15/30 PINS (Solder Eyelet) 
18/36 PINS (Solder Eyelet) 
22/44 PINS (Solder Eyelet) 
50/100 (.100 Spacing) PINS (Solder Eyelet) 

25 PIN -D SUBMINATURE 
DB25P PLUG 
DB255 SOCKET 

- 

31/2 DIGIT DVM KIT fl l 

Cards 

51.95 
52.49 
52.95 
$6.95 

$3.25 
54.95 

a 
This 0.2 VOC 05 per cent Olgdal voltmeter features the Motorola 31l digit 
OVM chip set II has a 4 LED lisp ay and operates from a single 51/ 

power supply The unit is provided Complete with al infection molded black 
plastic Case complete with Bezel An oplronal power supply Is available 
which tits into the same case as the 0-211 DVM allowing 117 VAC operaren 

A. 0-2V DVM with Case 549.95 
B. 5V Power Supply 514.95 

MICROPROCESSOR COMPONENTS 
80800 CPU $19.95 8228 System Controller - Bus Criver $10.95 
8212 8 Bit Input/Output 4 95 MC68001 8 Bit MPU 

8214 Priority Interrupt Control 15.95 MC6820L Periph. Interface Adap3er 

8216 Br -Directional Bus Driver 6.95 MC6810AP1 128 x 8 Static RAM 

8224 Clock Generator/Driver 10.95 MC6B30L8 1024 a 8 Bit ROM 

CDP1802 with user manual 39.95 Z80 CPU 
CPU'S RAM 5 

8080 Super 8006 24 95 1101 256 1 Stew 
60804 Super 0008 19 95 2101 256 4 stew 
2650 B BIT MPS 26 50 2102 1024 I State 

58 5 2107 5280 1296 ' 05.51', 
2504 1024 D,'amc 5395 21,1 256.4 Subo 

2518 8e. 32 BIT -00 -499 16 . 4 Stec( 

25'9 He. 40 IT 400 8101 256 4 Srnc 

2524 512 q d,e 2 49 9111 256.4 Sat e 

2525 1024 Nov, 8599 1e , 4 Slav, 

'.7 Oua2568.1 395 91103 1024.1 Star4 

'e.9 Dual 512 BIT 400 74200 256 I Slane 

. 2 Ouac 40 8 i 3 95 93421 256 . I $.nrt 
25'3 10215u1 Stale Specul 595 IMM5262 261 DMNn 

Jr f o 6 95 PROMS 

56.0 16 . : Rep 3 45 1-023 2048 ramp 

UART S 

A, 5 1013 30n Baud 55 95 

RUM 5 

2513121401 Char Gen -upper Use 
2513130211 Cnar Gen rower case 

2516 Cnar Gen 

5 9 95 

9 95 

10 95 

5203 +048 Nmms 
82523 32 . B Open C 

925'2s 12.8 
-4528- 1024 

350, 256 . 4 

rtis BA 

63011 1024 

6330 1 256 
6131 1 256 

yyr m 
Tr Orare B pelar 
Open C M- 8lplar 19, -Mate 6 war 

35.00 
15 00 

6.00 
18.00 
49.95 

5149 
5 95 

1 75 
4º5 
6 95 

2 49 

6 95 

6 95 
1 49 

2 25 

2toriDO 

S 9 95 

14 95 
1m 
5 00 

3 95 

29 951 

3 49 

293 
2 95 

O Tim.band 
Digital Alarm Clocks 

C.500 Ivory use 
C5008 - Ebony Case 

516.95 

24 -hour darn 
Dore Bueno 

100' Sola sine 
Large Red Led Dispty 
18 911 

M PM id,utxr 
Second, d,spay at 10403 

01 bMM 
Power ta.iure id urn, 
One year '40389' warranty 

C 

wsnapraie Case 

$19.95 

YazavE Etching Kits 
32 X A-1- p e rich Materias Kit 

enough for 5 circuir boards 

27 X A-1- Urea Grant Ad 

Plupboards Complete M _ awe add eat, 

3662 65 x 45x 116 Ewer Qmss 

P Panern.44 P C Tabs spaced 156 

8800V u e sat M c °comp to IP ocesor 519.95 ea. 
plugboard-E W c9 Glass -compete 
with heats,nk and mounting hardware 

5 313 10 x 1.16 copper cad 

529.95 ea. 

5 9.95 ea. 

S 6.95 ea. 

ALLOW 1 TO 3 

WE105 D 106(0! 

Featured on February's Front Cover of Popular Electronics 

Logic 
Analyzer Kit 

e Analyzes any type of digital system 
Checks data rates in excess of 8 million 
words per second 
Trouble shoot TTL, CMOS. DTL, RTL. 
Sthoney and MOS families 
Displays 16 logic states up to 8 digits wide 

See ones and zeros displayed on your 
CRT. octal or hexadecimal format 

FCM3817 5 500 
A1' 3 9500- 1 516 95 

MC3061P 3 50 

MC4016P 1744161 7 50 

MC14583 3 50 
MC14562 14 50 

CDa059 9 95 

CDa070 95 

MC14a09 14 95 

MC14410 14 95 

SPECIAL REQUESTED ITEMS 

COa508 6 75 825115 25 CO 

C04515 6 50 5841 9 95 

C56520 2 70 181.50240 17 50 

M099571 17 50 11C90 19 95 

MCM6574 17 50 05006C0 3 75 

MCM6575 17 50 111309 10 50 

MCI4419 14 95 0M7209 22 m 
I0517045 24 95 ,CM/207 7 50 

Br97 

1341 

9368 
MC140BL7 

lm,01011, 
40.5.9103 
95890 
ICM7209 
1100165 

200 
6 95 

3 95 

9 95 

25 00 set 
17 50 a 

13 95 

7 50 

7 95 

DIGITAL AUTO INSTRUMENT 
SEVEN DIFFERENT INSTRUMENTS! 

MEETS OR EXCEEDS ORIGINAL AUTOMOTIVE SPECS 
crease so.crry wncn one ce me seven moron you oWl 

when hep n we.m - move do no: el. come one e. 

Ern model must be bought sepaia:y 

TACHOMETER SPEEDOMETER' 
1 0.9900 RPM 

4 6o. 8 Cylsina.rs 

2 WATER TEMP 
00.250 F 

0.99 MPH 

5 OIL PRESSURE 
0-80 PSI 

6 OIL TEMP 
200350 F 

BATTERY MONITOR 
7 c 1 Vacs From 11.15 vDC 

BRIGHT YELLOW ORANGE 
n' 1 Fn DISPLAY! 

KSt lKludes case, bre<5et and all components - compere 
Nommg else to buy' 12 Von NEG GRID 

DIMENSIONS 4r . 4 2 KIT: 549.95 
Ad 510 OD roe roomed 'peed nanada.r ASSEMBLED: 559.95 

FUEL LEVEL 
3 Percents, 

Low Fuel PW,<arco 

PARATRONICS 

MODEL 
100A 

$189.00/Kit 
Some applications are: - Troubleshooting microprocessor 

address, instruction. and data flow - Examine contents of ROMS - Tracing operation of control logic - Checking counter and sluff 
register operation - Monitoring I/O sequence,. 

e Tests circuits under actual operating - Verifying proper system °aerations 
conditions during testing 

e Easy to assemble - comes wOh step-by-step construction manual 
which includes 80 pages on logic analyzer operation. 

DIGITAL STOPWATCH 
Bnyrf 6 DMa LED ()spas 
Tmes to 59 m,nutes 59 59 seconds 

Crysra Conrorled Time Base 
tn,ee Stopwarcres Ore 
times Snple Etnr -- Sow a TayNlr 

S,mas .2 15 .90 ounces 

Uses 3 Perine Cerrs 

Kit - $39.95 
Assembled - 549.95 
Homy Duty Carry Case$5.95 

Stop Watch Chlp Only (7205) 519.95 

1/16 VECTOR BOARD 
0 1 Hole Spacing P -Palero Price - Pan ke l le 1 7-05 

PREP/O. L 64P44062l : 50 

ir9sL0...s :y0 

0.7410`. 

R'1.1 644:4 06. 4 50 

Wa5` 4P4: á 4 50 
1196:4 tn. 4 50 

'e94e4 W. 1550 

(Po .1 1 1444067Ct 450 
COPITP ha0 

6 30 

50 

1 CO 

ro 
I 00 

-2 I 54 

69 '2 

20 1 n6 

756 2 1 

50: 45 
924 026 
680 617 

0 20503 690. 754 

205 -CE B., ,r, ,.N.rSn.BrF,1rro5 5.25 
291-.368 4 , N . , n a Rry amor 5 .25 

680-.75A B - - - for 30 3 51.60 

HEAT SINKS 

05,1- 
lk 

BUGBOOK 
Continuing Education Series 1 

BUGBOOK 16 II -Basic concepts of TTL Logic - ovei 90 

experiments 517.00/5e1 

BUGBOOK 114 Introduces UART - recommende1 

zar- for RTTY enthusiast 55.00/book, 

BUGBOOK III Explores 8080 chip - introduces 

Mark 80 Microcomputer 515.EO/book 

1 
J 

555 TIMER APPLICATIONS SOURCEBOOK WITH 

EXPERIMENTS - over 100 design techniques 56.95/book 

CMOS-M-DESIGNERS PRIMER AND HANDBOOK 

a complete CMOS instruction manual $6.00 

I introductory utter all O anew iWOTm 5.19 951 

SPECIAL - 542 95 

.e =wie AUTOTEL - an audible alarm kit 3) indicating potential engine damage. 
An audible signal (70 db pulsing) lm- ' mediately forewarns a malfunction or 
failure. There is no sound during normal 
Operation Features CMOS Circuitry. 
224" x 224" A rh" case Complete kit 
with all components. hardware and 
CaSe 

SPECIAL 56.95/Kit 

QUARTZ DIGITAL AUTO CLOCK 

OR ELAPSED TIMER! 
Elapsed Timor Hit. Mies and Secs 
12 or 24 Hr Capach o 

Simple Reset - Stan Pushbutton 
Control 

Comu6ie art intrudes mounrng blacker, 
Case and all components, noel", else ro 

buy Features MM5314cmp Large 4 LEO; 
4caraoo Omer man - me per Coo ro'o'm 
battery backup 12 wit non -polar operation 

DAIMONS 4' 4 . 2 

12 ci 21.00 0001 

Kit: $29.95 
Assembled: 539.95 

CASE ONLY Inc -tes hardware mount -g br.o.a and b31,1156.50 

HEXADECIMAL ENCODER 19 -KEY PAD 
e1.0 ry'r ABCOEF r vy y" 

1 

JI Return Key 

- 
. . Optional Key lPerlodl - Key 

$10.95 each 

CONTINENTAL SPECIALTIES 
PROTO BOARD 6 

615.95 
(6 long X 4" wide) 

Other CS Proto Boards 

PB10045x6" S 19.95 
PB101 - 5.8' x 4.5" 29.95 
PB102 - 7" x 4.5" 39.95 
P8103 - 9 x 6" 59.95 
PB104 9.5" x 8" 79.95 
PB203 - 9 75 654 x 24. 75.00 
PB203A - 9.75 a 61/2 x 244 120.00 
(«Mies pote, suppyl 

¡Logic Monitor 584.95 
ro, 0,1 NIL Ill or CMOS Oev,ces 

PROTO CLIPS 

14 PIN $4 50 

16 PIN 4.75 

24 PIN 6.50 

0 7:Y 

JE700 CLOCK 
1M 3E 700 ,s a 0w cost modal d00 bu, 

.ern nigh puwdy uno rile kind fea. 

hoes a Pmurare0 *Mat use w,m de 

Ireusom or 6 21a . 1 n metes. 
M41572 nMl brgnrness readout and me 

12 01 24 Hour 
MM 314 clock <n,p 

115 VAC $17.95 
DESIGN MATES 

DM, - Circuit De-agner 

54.95 
DM2 Function Cenerator 

69.95 
0M3 - RC Bridge 

59,95 

60 KEY KEYBOARD 
T keg .0 lea -e 60 Den 

code 551 sed oned N 
4nync la P C B A very sold 
molded Wade 13 4 base 

suers nest app (awns 

S19.95 
000155 16 LOMO 10 FOUR BIT PARµulL OAVBOARO ENCODER 5195 

TOOLS 
A97MS - Diagonal Cutter - 4" semi -flush cut 
A11DMS - Chain Nose Pliers - 434" long 

1-6 - Wire Stripper - 016 to 2426 gauge 

55B - Wire Stripper - #10 to #20 gauge 

CS -8 - Cutter -Crimper Tool - 6th" long 

Mooting Tool - Cuts, Trims or Notches Metal 

up to #18 gauge 

Nibbling Tool Replacement Punch 

58.50 ea 

7 50 ea 

3 75 ea. 

2.50 ea 

B.50 ea. 

6.95 ea. 

3 75 ea 

' '0159B 
r44114140e:. n, 

O5 475 
._.541h14LW 140.;>i4' 
rwrevrWa . 01 479 

01 355 

07-358 

OT PROTO STRIPS 
01 595 01 18S 

01.125 

.711: OT (1S 

.e -u., OT 75 

0 type 
0 59S 550res 

0 6,99 bus strop 

0 'S 470 

0 -47B bus stop 

0 -355 150 
0 '356 bus scup 

07los 180 

0 .125 120 

0 -85 80 
0 .75 70 

ra 
12 50 

'50 
la 00 
± 25 

50 

4 75 

g 75 
S 25 
200 

Expenmentor 300 5 9 95 

Eaperlmentor 600 910 95 

DIGITAL CLOCK KIT - 31/2 INCH DIGITS 
4 DIGIT KIT 549.95 4 DIGIT ASSEMBLED 559.95 

6 DIGIT KIT 969.95 6 DIGIT ASSEMBLED 579.95 

Thu dodl features a9 355- nigh 01910 for vleweig m offices. auinonums. 
etc Each ago ñ brmed Of 31 brpht 0.2" LED's. The clod, over ves from 
117 VAC, has eater 12 of 24 Or operation. The 6 dips version is 27" A 

31e ' x 115 and the 4 0qe d 18 ' a 319" 11h", Nts mine compete Wdh 

al mmponenn. eau and transformer. 
Specify 12 or 24 Noun When Ordering 

PERMACEL' P-29 PLUS Electrical Tape All Weather 
tae. se'I.6-. v rry 

1 9 Rare S 79 each 10 R, 57.95,10 roll package 

55.00 Minimum Order - U.S. Runde Only Spec Sheets - 25e - Send 35e Stamp for 1977A Catalog 
California Redeems - Add 6% Sales Tax Dealer Discount Available - R4m es1 Pricing 

ames 
ELECTRONICS 

1021-A HOWARD AVE.. SAN CARLOS, CA. 94070 
PHONE ORDERS WELCOME - (415) 592-8097 

All Adoedlsod Prices Good Tarn August 

JE803 PROBE 
TIM LODOPrmbe,, aaeiroh.md,mme mosruP1 
TT'L'Is,me r'ZS" shwrnp amases 

OIL RIL CMOS n en ves 1s, n T -_4 e' 
nos 10 oil, ale m nol deal' uud 
ese mawrpa%am10m4nu 11 meya MANS 

ead4al m ed,ure an, of foe Ipnawmp soles by 

mesesyboh IHl 

"L"'OIPWSEI 
The 

59 95 Per Kit Probe un deed raen reduency pulses ro 45 MHr % 
0 un 1 be used at MOs wets or ode, damage 

'eS°" orinted circuit board 

PL 5V 1A Supply 
This ,s a srndal° 111 power super warp me well known 

18309A regulyyr Croce.. a seed I AMP, currenut s 

eons We IN ro maw minus easy for 001 by prmOlo 
mermen roeneed none 0acuge neludepme udware 

IOr tin" 59.95 Per Kit 

100 CIRCLE 19 ON FREE INFORMATION CARD 



rrn 
9474009 
5974016 
5974026 
5174036 
5614046 
5674059 
51474066 
sN74076 
9174086 
5474096 
5671196 
5N7411N 
SN7412N 
59741114 

5674146 
51474166 
5674176 \ 
5674206 
5974216 
5974226 
94742324 

5974256 
5674266 
5974276 
5974296 
9174309 
974326 
56743711 
9474386 
59743914 
59744084 
91744114 

56744214 
5474436 
5974449 
9174456 
56744611 

9474476 
5474486 
51474506 
51174501 

5674536 
94745411 

C04000 25 

004001 25 

C04002 25 
C04036 2 50 
C04007 25 

001009 59 

604070 59 

6114011 25 

604012 25 

CD4013 47 
CD4016 56 
C04017 1 35 
604019 55 
C04020 1 49 

CD -1022 1 25 

C04023 25 

CD4024 1 50 

C04025 25 

604026 53 95 

604027 69 

C04028 I 65 

C040,9 2 90 

7400N TTLfiffIfffp 
16 5674594 25 
16 59746011 22 947/1501 1 00 
21 9047019 45 91741594 99 

.16 94711211 39 597415611 99 
18 56747311 37 56741579 99 

.24 56747484 .32 56741606 1.25 

10 56747514 .50 9741616 99 
29 56747614 32 56741636 99 

.25 51474796 5.90 5174164N 1 10 

25 5674806 50 90416511 1 10 

11 904826 98 51741666 1 25 
30 5674636 70 97416714 5 50 

33 5674856 89 56741709 2 10 
45 997486N 39 9174172N 8 95 
70 5974886 3.50 9174173N 1 50 
.75 S1474896 2 49 54741749 1 25 
35 5974909 45 94741759 99 

.21 94719114 75 56741766 90 

33 56749284 49 5674177N 90 

.49 58474936 .45 51741806 99 

37 5671949 79 94741819 2 49 
29 51174991 79 597418211 95 
29 58174966 139 917418414 1 95 

.37 5674976 4 CO 59741859 2 20 
42 94741006 1 CO 94741866 15 CO 

26 S9741076 39 9174111714 6 00 
31 59741211( 39 56741886 3 95 

27 94741226 33 514741901 119 
27 59741236 51 597419714 
25 91741291 60 9741929 
15 54741266 50 56741936 

.89 59741326 1 09 941/1904 125 
59 56741369 95 9041991 75 
75 S9741419 1 5 5974196N 1.25 
75 59740215 4 00 9474197N 75 
75 94741436 4 50 947119814 1 75 
81 947414414 4 50 56741996 1 75 
69 56741456 1 15 547420017 5 59 
79 S6741176 2.35 514742795 90 

.26 947414814 2 90 567425111 1 79 

27 9474150N 1 90 5974246 6 90 
27 54741516 79 94712859 6 00 
20 947115314 89 .17436711 75 

MANY OTHERS AVAILABLE ON REQUEST 
20w Discount tor 100 Corbeled 7400 s 

CMOS ,A18 75 

C04030 65 74C1011 65 

CD4035 1 85 746206 65 
6010+0 2 45 747306 65 
704042 I90 746426 215 
604044 150 74C7314 150 
Cw046 2 51 74674 1 15 

604047 2 75 7409014 3* 
604049 79 74C9514 2 00 
C04050 79 74C10714 1 25 
604051 2 95 746151 2 90 

601053 1 95 740154 4 00 

C04060 3 25 746157 1 lS 
C04066 1 75 746160 3 25 

C04069 45 746161 3 25 
604071 45 746163 3 00 
C04081 45 746164 3 25 
604548 2 50 74C173 2 60 

C04514 2 50 746193 2 75 

716145E6 3 00 740195 2 75 

746006 39 MG044 4 50 

7400211 55 9714016 56 

L4A300N 
LM311H 
1M301CN 

3613028 
11130411 

10730545 

1M30704 
163180 
1M3180N 
LM3098 
16130911 

107310C1, 
LIA31tN 
1713116 
16131806 
6713199 
LM310A5 
L61320A-5 2 

143205-12 
1.113/05 -15 

163201.5 
1M320T-5 2 
1113207.8 
193201.12 
1713207.15 
330201-IB 
11A3201-24 
LÁ13235-5 

1613246 
1613396 
1M3406-5 
1.1490114 
1634054 
1713,01.12 
163101.15 
1M340R-18 
LM340(-24 
193401.5 
193407.6 
1.143401.11 

LM340T-I2 
1M340T-15 
1713401.1e 
1143401.24 
LM350N 
LM35106 

741500 
741501 
741503 
741501 
741505 
741508 
741510 
741513 
741514 
740520 
741526 

741527 

741528 
741.530 
741532 
741540 

74 74l 515 

741573 

115 

35 

75 

1 03 

95 
35 

100 
100 
1 10 

ú LINEAR 
79.16 1 75 

1143709 1 15 

143736 3 25 

L613776 4 00 
11.13801 1 39 

093809 105 
LIA3816 I 79 

1143826 1.79 

99 NE5016 8 00 
NE5104 6.00 

90 6E5319 3 00 
90 6E5367 6 00 
50 NE5101 6 00 

30 NE550N 79 

35 665559 
35 NE560B 

35 144561E1 

35 NE5628 

75 6E5691 
75 NE565N 

.75 6E56694 
75 NE587H 
75 84E567V 

.75 1317036N 
75 1717099 
95 167079 
80 1617106 
70 1.971111 

95 1.117236 

95 1972341 

95 1.1.17336 100 
95 1617396 1 00 
95 161741L6 .35 
95 161741LN 

.95 114741 149 39 

75 1617478 79 

75 11414784 .79 
75 

75 
.75 

75 

75 

ce 
65 

167488 
1.617489 

17113034 

LM1304N 
171130584 

LM1307N 
11413106 

1.141351N 1 65 

1M14116 1 75 

1M145BC 65 

199994 95 
1141556V I 85 

IM21119 1.95 

17129016 2 95 

16130691 69 
1M39006 .55 

14390'6 60 
143909 1.25 
09555611 1 85 

M055519 1 00 
LM752SN 90 

I517535N ; 25 

33388 95 

39 11475150 49 

5 00 7515191 39 

5 00 7545266 39 
,4 00 7545366 39 

125 7545466 39 

I 75 75191CN 79 

I 25 7519194 89 

195 754946 B9 

1 50 

.5 
29 

RCA LINEAR 

CA3013 
CÁ3023 

29 CÁ3045 

79 043039 
39 43046 

.55 63019 
55 

43081 
430132 

35 A3(Á3 
43086 
0.3089 

43091 

39 CA3102 

39 CA3123 

90 CA3130 
1 19 CÁ3140 
140 CÁ3500 

85 RC4194 

2 95 804195 

74LS00 TTL .A1» 
29 741.574 49 ',19153 
35 741575 69 7415151 

35 741576 49 1415162 
29 741.583 1 75 7415163 

29 741585 2 49 7405164 
69 741586 49 7415175 

175 741590 125 7415181 
29 741592 I 25 1415190 
39 141593 1 25 7415191 
39 741.595 195 7415191 
39 741596 1 89 7415193 
29 1415101 59 7415194 
J9 1415109 59 1415195 
39 7415117 59 7415257 

29 1115132 1 25 7415260 
29 7415136 59 74152'9 
49 '4,_ 1 89 74,5677 

CLOCK CHIPS 
*715309 6 Don. BCD 0.0.14 6491 PW 

61145311 6 Don. BCD ONpds 12 or 241108 
M145312 1 0191 BCD 08D6.6 1 PPS Om.ut 
61615314 6 0.9n. 12 04 24 Now 50 of 60 93 
*615316 4 Doi Mann 1 PP5 0189.41 

10M918 Video Dray 050 TO 139. w m 661541 
617001 6 3.4'7 C -rd-- A T I 4 now 

2 15 

2 56 

2 48 

1 35 

30 

3 25 
3 25 

.85 

2 00 
200 
1.80 

.03 

3 25 
10 20 

2 95 

2 15 

1 39 
1 25 
1 75 

5 95 

3 25 

1.95 
155 

I 89 
155 

2 25 

2 15 

1 95 
1.95 
3 69 
2 86 
2 85 

2 B5 

2 05 
109 
1 89 

1 75 

55 

79 

95 

59 95 
1 95 
4 95 
4 95 

6 95 

59 951 9 95 

5 95 

DATA HANDBOOKS 
7400 Peno t 6 Dem.. 41118,4 of 5400 7400 .C5 $2.95 
CMOS P Lot 6 Description of 4000 5er... ICS 52.95 
L,near Pen out 6 Furec tonel Des.,eoteon S2.95 

ALL THREE HANOBOOKSS6.95 

ASST. 2 

-a Q ASST. 3 

5y9 
ASST. 4 

H ASST. 5 

7737 Anne . e,1eMel 529.95 
1236 Yellow * brawler 534.95 

LEO 

Timeband'6,Y 97~ - Watches - 
Men's 8. Ladies 

Solid State 

Displays hour, minute, 
second, month 8. day 

Snap -out battery 
replacement 

Free set of replacement 
batteries 

Choose LED or LCD 

styles 

One year factory 
warranty 

70441 Anne *61,18 519.95 
1C440 8.118. 71e618 534.95 

160 

LADIES LED 

1311 we'1e 1111,17 134.95 
1310 Tello. 65e.8 539.95 

CHANNEL 
A, 

Freeze Ád1813 speed Option 

125 
Automatic time and storekeeping 

9.95 aº Banery-bee AC operation 
Dual commis with 8 -way action 

Bmd-in Pro Hockey and Tennis games 
Easy hock -up on any B/W or Color TV 
Factory warranty 

Channel F - additional cartridges - S19.95 ea. 
*8112 - Desert Fox/Shooting Gallery *8113 - Blackjack (1 or 2 players) 
*8114 - Spitfire (1 or 2 players) *8115 Space War 
*8111 - Tic-Tac-Toe/Shoot ng Gallery/Doodle/Ouadra-Doodle 

125' eu 
4209 Rte 10 51 

XC 

Green 

203 A" 4/1 DISCRETE LEDS 
200 lM .185- 469. 

4022 Old 1011 4526 
422 Green 451 (;526 
4622 645404 471 10516 
0C22 Orange 4251 17526 

.55122 FIT 471 4526 

D1707 

TILE POLARITY 

MAN 1 Common Anode 
MAN? 57Dot Mom 
MAN 3 Common Goode 
MAN 4 Common Camode 
MAN 7 Common Anode 
MAN 70 Common Anode peen 
MAN 79 Common Anode p140* 
MAN 52 Common Anode fleet 
MAN 64 600,1102 4603 fed 
MAN 74 Common Goode 
MAN 02 Common Arod1-41314* 

MAN 84 Common canoe yedo* 
MAN 3620 Comoro Ar . 1. 14 

Rea 551 
5,09 4111 

YN1o* 4151 

Orange 4 51 

Cleo 4751 

00556 
(6556 
46550 
06556 

4556 

DISPLAY LEDS 
NI TIPO 

270 295 MAN 1640 

310 4 95 449 4710 

125 3 100 131701 

187 195 01.704 
130 1 25 01707 
SILO 1 95 MAN 4740 

300 195 01741 
300 99 01 747 

400 99 01 750 
300 1 50 01 338 
300 99 96070 

300 99 690503 
300 175 940507 

FCS 8000A - 315 Digit - .8" Display 
NEW, 25 P on . m Con S am/pm ln abr 

6dnnecl5 nm064 Oro I Vs" Ht. Common Cathode Dip Package 
IOr one r10 3817, 31174 

3 to 5 vous @ 5 mils per segment oro (3817 avanaele al 
7 segment Monolithic Red Display 

55 bleach) 
FRONT TIM FSC8030 TY4., Mgmenl current 

SPECIAL Á1w eap coba 10 hrs 

54.95 EA. 
and 10 

on are 16 

An aBa 

MAXIMUM FORWARD Ilape 8700 I , \; 
CURRENT =25 ma 1 5 rala 

:12:28j 

4111 
4L111 
eLIII 
eC111 

.200' 49. 
Red 1051 
Groera 411 
Yno* 4/9 
Orn4e 411 
CNar 731 

POLARITY 

Common Camode.ofange 
Common 0033[-89 
Gellman annOere0 
Common on CamoOe 
Common Anode 

Common Anme.R6 
Common An. 
Common Anode 
Ammon Canoae 
.ommon Goode 

Common Cathode 
Cavron Goode 

0ommcin Anode 

.T90 441. 

Reo 10.11 

Me n, 4151 

Ye90, 4151 

Orna 441 

695" an. 
61450 - Red 611 

INFRA RED LED 
16 

/1 r SA/ 

Ú133B 

NT 

300 175 
,00 195 
300 99 

300 99 

300 99 

400 99 

600 I 50 

600 2 25 

600 2 49 

110 50 

250 75 

500 1 CO 

500 1 00 

HP 5082-7300 Multi -Digit Series 

2 MO $ .79 

3 019n .89 

4 Digit .99 
5 Digit 1.19 

IC SOLDERTAIL - LOW PROFILE (TIN) SOCKETS 
1-24 2' 49 50100 

8 pm 5 17 6 IS 

11111111* 
24 pin 

14 pm 70 19 B OO 21011 
16 :nn 22 21 20 36 pit 
11 pm 29 28 27 40 pin 

22 pit 31 36 35 SOLDERTAIL STANDARD (TIN) 
14 pin 5 27 25 24 IB D'n 

16 pin 30 27 25 36 pm 

18 pen 35 32 10 40 pit 
24 pen 49 45 42 

SOLDERTAIL STANDARD (GOLD) 
8 (41 5 30 27 m 

14 p. 35 32 

N NM 21 D 

19 2B pn 
16 pit 34 35 32 36 on 
iB p9 52 17 43 40 D 

WIRE WRAP SOCKETS (GOLD) LEVEL *3 

124 '539 
5 38 37 

5 

60 59 
53 62 

5o 190E 

58 

6. 

5 99 90 -el 

I 79 126 1 e5 

159 145 110 

5 70 63 57 
1 10 1 00 90 

1 75 1 40 1 26 
175 159 145 

10910 545 41 31 2t Dn 5105 95 

16 pon 39 M 31 36 on It 125 
16 pit 43 42 41 p it 3 59 1 45 

18 pit 75 61 61 40 pit 1 75 1 55 

50 PCS. RESISTOR ASSORTMENTS $1.25 PER ASST. 
10 0961 12 0211 15 0544 1B 01184 22 0.0.1 

ASST. 1 Sea C' 016 33 0NM 39 004 47 0844 56 016 144 WATT ',% 50 PCS 

68 014 82 0084 100 006 120 0844 150 0061 

5 ea MO 0261 220 NM 270 0951 330 0.0.1 390 NM 1/4 WATT 1% 50 PCS 

470 0274 560 0861 600 0971 820 0961 IN 

5 ea 25 1 55 185 2 25 2 7* 

: 35 396 4 78 569 6 85 

5 ea B 26 195 115 156 IBA 

22A 279 

5 ea. 560 66e 

330 395 475 

525 1001 1216 

85 
10 

30 

740 

H 
Ill wÁ13 5% - SO PCS O m 
16 WATT 5% 50 PC5 n 

n 
1/4 WATT 55 SO PC:. 

'504 1804 2205 270« 336 
ASST. 6 5.a 290A 4705 5605 6806 814 104 WATT 5% 50 PC,. 

IM 12M 1514 IAN 22M 
ASST. 7 5 e 7'4 334 3951 4'61 564 1/4 WATT 5% 50PCí 

ASST. 8R Includes Resistor Assortments 1-7(350PCS.) $7.49 ea. 
55.00 Minimum Order - U.S. Funds Only Spec Sheets - 251 - Send 3Se Stamp 60 1977A Catalog 

011110rnie Re118,114 - Ác8 8% Sales Tae Dealer 011C00111 Á141455l1 - Request Pricing 

a es 
ELECTRONICS 

1021-A HOWARD AVE., SAN CARLOS, CA. 94070 
PHONE ORDERS WELCOME - (415) 592-8097 

All Advertised Prices Good Thru August 

WIRE WRAP CENTER 

$34.95 
ware e n 90181 

WIRE -WRAP KIT - WK -2-W - 

Roll 

WRAP STRIP UNWRAP '1n.l 
. Tool for 30 AWG Wire 1/11\444 

of 50 Ft. White e or Blue 30 AWG Wire 

50 pc5 each 1". 2". 3" 8 4" lengths - 
$11.95 104.1 / WIRE WRAP TOOL WSU-30 

pre -stripped wire. 

HOBBY -WRAP TOOL-BW-630 
Battery Operated (Sue C) 

Weighs ONLY 11 Ounces 

Wraps 30 AWG Wire onto 

Standard DIP Sockets (.025 inch) 

Complete with Dudt-In hit and sleeve 

WRAP STRIP UNWRAP -$5.95 

WIRE WRAP WIRE - 30 AWG 
2511 men. 51.25 500. 51.95 100 ft. 52.95 1000 ft. 515.00 

SPECIFY COLOR - White - Yellow - Red - Green - Blue - Black 

Plastic Push Button Switch 
18 AWG Solid Wire 5' Long 

.50 (wide) K .60 (high) %-27 Thread 

8 AMP @14 Volt -1 AMP @ .10 Volt 

1.9 t0 -Up 

J168.1 Push On -Push Ott .59 .49 

3.188.2 Normally Open 59 49 

3-188-3 Normally Closed 59 49 

DIP SWITCHES 
SPST Slide Action 

0206-4 ( 8 pin dip) 4 Switch Lone $1.75 ea. 

206-7 (14 pin á1D1 7 witch unit $1.95 ea. 

8206-e (IB w0 0151 8 switch one $2.25 ea. 

TV GAME CHIP SET - $14,95 
Includes AY -3-8500-1 chip and 2 010 mhz crystal - 
e purchased separately would cost 518 95 

ZENERS - DIODES - RECTIFIERS 
TIME 80074 W InICE TYPE VOLTS W 

16746 3 3 409110 441 00 164005 600 Pw 1 AMP 

1117514 5 1 4001, 4/1 00 114006 600 PTV 1 AMP 

16752 5 6 400m 4 1 00 164007 1000 Phi 1 AMP 
19753 6 2 40011 411 00 1143606 50 2001 
114754 6 8 400n All 00 164148 75 10n 
117959 8 2 400,1 671 00 151154 35 101 
199650 15 4001, 0/1 00 164305 75 251 
1145232 5 6 500,1 28 1114734 5 6 1* 
1145234 6 2 5005, 28 114735 6 2 I. 
165235 6 8 500. 28 194736 6 8 I. 
165236 7 5 500n 20 1111738 8 2 1* 
16456 25 40, 6/I 00 114742 12 I. 
16158 150 7m 6/1 00 164744 15 I* 
164850 180 Ion 611 00 191183 50 PM 35 AMP 

'M4001 50 PS 1 AMP 11/1 00 161184 100 PW 35 AMP 

1144004 100 PA 1 AMP 12 1 00 111185 150 PTV 35 AMP 

164003 200 PeO 1 AMP 12 1 00 191166 200 PA 35 AMP 

164034 400 PeO I AMP 12 1 00 151188 400 P.O 35 AMP 

SCR AND FW BRIDGE RECTIFIERS 
C36D 

0914 
262328 
6100 980 I 

MOA 900.3 

569- A 

MPS ap6 

1672194 
292721 

2N7222A 
69Ix9 
267054 
28054 
692906* 
2629014 

26157 
253055 

Mt »SS 
MA1955 

251596 

15A @ 4000 SCR 

354 @ 7150 SCR 

1 64 @ 2009 SC9 

'Y.@ 505 PA BRIDGE RFC 

12A @ 2009 N BRIDGE REC 

59 00 

511 Co 

35+ G0 

41180 
511 o 
,1r1 

re 
411 m 
411 CO 

51100 
511 CO 

25+ 00 

51 00 
4125 

54100 
511 CO 

TRANSISTORS r,:ir9 
P40567 111 00 

16116 41100 
69150 451 CO 

25374 51100 
203705 51100 
293706 511 00 

2941701 51100 
691711 51100 
2141124 5 65 1 

2637}5 II CO 

21ri'3 ;51m 
211190a SI 00 

293905 411 00 
28906 41100 

21.013 SI m 
26414 11 CO 

'N4113 10 `I W 

PRICE 

1041 00 
10/1 90 
1011 00 

611 00 

1541 00 
1211 00 
1011 00 

28 

28 

28 

28 

28 

28 

1 60 

1 70 

1 50 

1 80 

300 

51 95 

195 
50 

1 95 

1 95 

411 00 

411 CO 

694400 41100 
29401 45100 
29402 441 e 
84403 4r00 
29.44 ;stm 
245016 1100 
29587 41100 

8S116 441 CO 

295019 411 m 
2445129 51100 
695134 5.418 
691134 511 CO 

19525, 511 CO 

295951 511 00 

0186180 211 CO 

295432 9 m 

CAPACITOR 

1-9 1049 

50 VOLT CERAMIC 

DISC GPACMORS 
50100 1.9 

10 CO 05 04 03 0012E 05 

22 91 05 04 03 00176F 05 
47 91 05 04 03 Ol4,E 05 

100 pf 05 04 03 02229 06 

220 W 05 4 03 047.1 30 

470 pl 05 04 035 10 12 

IOC VOLT MILAN FILM UPACITORB 
9010.1 12 10 07 0224,1 I3 
0022 12 10 07 04 701 21 

0017mT 
.014711 

12 

12 

10 

10 

07 
01 

101 

225,1 
17 
33 

CORNER 

10-49 50100 
04 035 
04 03S 
4 035 

05 01 
05 04 
.09 075 

11 08 
.17 13 

23 17 

17 22 

205 DIPPED TANTALUMS ISOl101 WACITOR$ 
1,358 
15159 

.28 

20 

23 

23 

17 

17 

15/359 
22/250 

30 26 

31 27 

22/359 28 23 17 3 31759 31 27 

33/350 
472359 

28 

28 

23 

23 

17 

17 

4 7/260 
6 8,259 

32 28 

36 31 

61355 28 23 17 10/259 40 35 

10158 28 23 17 15250 63 50 

1.1I9IA1MtE AIVMINUM ELECTROLYTIC CAPACITORS 

A461 1,1d 8a4411ead 
471560 15 13 10 /7259 15 13 

1 0509 16 II II 47 50/ 16 14 

3 3350V 15 13 10 I 04160 15 13 

4 7259 16 14 12 1 01251. 16 6 
10/259 15 .13 10 1 0 509 16 14 

101505 16 14 12 4 7/160 15 13 

22/25V 17 IS 12 4 7/258 15 13 

22/560 24 20 18 4 7501i 16 14 

47/259 19 17 15 10/169 14 12 

17/560 25 21 19 10/25V 15 13 

100/259 .24 20 IB 10 SOS 16 14 

1900506 35 30 28 47109 24 21 

220/259 32 2B 25 100.169 19 15 

220/560 .45 41 38 100259 24 20 

470255 33 29 27 10050/ 35 30 

1000,160 .55 50 45 220760 23 17 

2200/169 10 62 55 470459 31 28 

21 

22 

22 
23 
25 
29 
40 

10 

11 

10 

II 
11 

10 

10 

11 

09 

10 

12 

19 

14 

III 
28 
16 

26 
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FILM RESISTORS CARBON ---cif-- 
IN STOCK- A FULL LINE OF QUALrIY SW 5% RESISTORS 

STPIVIDARD VALUES FROM 2.7 often to 4.74ó)m 

5 for .25 10 for .40 100 for $1.60 1000 for $14. 

(Ito mix of values) 100 per value for 1000 price 

f Intel" data catalog 

e new 77 928 page 
, 

RESISTOR ASSORTMENTS 

100 assorted values 

of sew or SW most 5% 

w/PCB cut leads.. 
specify 4or$b $1.00 

e WITH $25. PREPAID ORDER 
25K Trimmer 

SUPER LEDs %,ifs 
This family of LED's are mounted on a TO -5 
header with a 6/32 threaded stud to secure 

, - y 
Printed Circuit 

Board 

Type 

Each 5.20 

10 for 51.50 

to a heat sink.. TWO AMPERES max. contin- 
uous current rating (with heat sink). LED's 
can be pulsed at up to 25A with low duty 
cycle. Data supplied w/order. 

452 Infra Red w/low lens n 99 ea.. 

MES Infra Red w/high lens 4 5 ^ 4ef 
MV4 Visible Red with low lens °4 

H P 
5082-4557 

- 

Bright Yellow 
LEDs N/panel 
clips 3 / $1.00 

MV4H Visible Red with high lens 
* * * * * * * * * * * ** * * * * * * * * 

150 Mhz PRESCALER * 
SPECIALS 

747 duapinl1 
AMPS 

$65 

* 
Use your low frequency counter to measure * Rectifiers 

VHF or UHP frequencies. This kit will divide the * ,,- 
input signal by ten (10 or 100 with 650MHz option) 

Kit contains drilled circuit board, 2 MC10131 
IAmp-Random testing IC's, all parts needed and instructions. * indicates 1200 volts 

150/I70MHz KIT $12.95 * or better. Satisfac- 

650Miz option W/11C90 IC $29.95 * tion guaranteed. 

-requires 5v at app. .2A, power supply * 15 for 51.00 

and case are not part of kit--- * 100 for $5.00 

l 

* DIP RC NETWORKS 
y tj * 14 and 16 pin IC packages containing 

precision resistors and capacitors. - 

Diode Array * NO SCHEMATICS AVAILABLE 

* 
10-19914 SILICON SIGNAL 256 ea. * 
DIODES IN ONE PACKAGE. 20 FOR SI. 

20 LEADS ALTERNATELY Ten for * 
SPACED .1"; NO COMMON (1925 * CONNECTIONS.'''4""* RCA DR2010 NUMITRON 

POTTER 
BRUMFIELD 
Type KHP RelayLJ 

4 PDT 3A Contacts 
24VDC COIL 
650 ohms 

120VAC 

10. SMA 

i 
M1 

,,- 
n l M 

, I,1{i/J 

X41 

\ 
ll 

* 
* 

* 
* 
* 

A 

i 

RCA DR2010 Numitron digital 
display tube. This incandes- 

cent five -volt seven -segment 
device provides a .6" high nu - 

meral which can b e s e e n at a 

distance of 30 feet. The tube 

has a standard nine -pin base 
(solderable) and a left-hand 
decimal point. Each $4.00 

5 FOR $16 10 FOR $30 

$1.60 ea. * 5 WATT AUDIO AMPLIFIER 
* IC audio power amplifier kit. A complete 

High Quality PCB * kit including a drilled circuit board, 706 

Fairchild IC with heat sink, and all parts 

Mounting IC Sockets * to make a complete high gain (46dó) power 

wire wrap sockets 
8 pin ,5 .19 * amplifier. Kit operates from single power 

14 pin . .19 * source of 6-I6VDC and drives a 4 ohm spkr. 

.4 pin WW 5.36 16 pin .21 II $8.95 each. ---- 2 (stereo) for $16.50 
16 pin WW .41 24 pin . .55 

* does include 

MOLEX 
28 pin . .70 not a case or power supply 

40 pin 
. 1.10 

41 

500 $4.75 Ik $8.501 

2k $16.50 5k 37.50 

I;I) 

o D D ONE AMP OP -AMP 
p 0 
D , C General purpose operational amplifier in 

an eight pin TO -3 package. Similar to the 

National LH0021. Ideal for servo drive or 
included 

FULL WAVE BRIDGE 

RECTIFIERS 

Power 54.50supply 

eachtt 

use 

fiveata for 

FULLY TESTED 
COSIETIC REJECTS 
(SCRATCHES) 

Sow 250 

; , 

l0/515. 

100V 250 
$1,3 
10/012 a 

i 
7i// ¡' 

f 

DIP TRIM POT 
12 turn trimpots Sn 

a DIP package. k" x 

I 
z x k". Sk and 200k 

I only.... (DALE) 

5.65 ea. 10/$4.95 

a-'/'ee;Q,, 
Ií 

I 

DUAL 
CONDUCTIVE 

I 

700 l'a. 

10.51.50 

512.50c 
CI-UREK 

CDS PHOTO 

CELL 

Send a stamp for our fl er listing 
Phone (916)334-2161 

more money -saving bargains! y Qa MAIL ORDERS 

NI' TO PO BOX 
Orders under $7.00 add 51.00 Vm O 41778, 
postage and handling. Resi- O 

SACRAMENTO 

Orders shdents 

of 
ippedaprromptly. 

sales 
t510Jt CA. 95841 

C.O.D.S. 

Diac 

27V trigger 

diodes for 1S 
SCR or TRIACS F d 

TRIAC s 
RCA 8A 

5004 V 

iiip 

marked 

/: / 59$ each 

minimum on 

BRBYLDfl 9AN1 MEAT- 

ELECTROIelICS ,Ay4-" 

O, u 
Q 

Ú 
E 

Frames. 
A. ranched 0 8" F5C8000 Display Array 
B. 

o 
l 

c 

held Suoer{nap - F 381' .0 
O C C Board. Transformer, Spa and ell 

O OnnSendue. Ilesa case) 
D Dammed Instructions 

I- 
I- 

TRICO TRICO TRICO 

4 or Digit Alarm Clock Kit 
Feature* 

A, Fancneid05" FNDSW Senn Dnpley 
B. 11100.5 Board may be remote 
C. P.C. Boards, Transformer, Speaker and ell the 

needed Iles. case,. 
D. 

0.11Se 
led Instructions 

12 Hr, ber 516.50, web 10 men timer 52550 
and crysul tema br-e 529 50 

4 Digit 514 
tenet 

6 Deyeti24 Hr. 514.95 Ono ml 

0.0 4 01s11 Jumbo Display Alarm Clock KR 

519.50 

POWER SUPPLY KITS 

2.20V 1 3A contenuously ~table orb current 
I,miting. Includes Transformer, P.0 Board. 
253055, Heat sink. .no ayeryming bol toe 
case. 51095 

TRICO TRICO TRICO TRICO 

30 MHz FREQUENCY 
COUNTER KIT 

6 Lars. 0 5' 
Red Deplay 

Frequency Range 
100 Hi to 30 MHz 
Resolution 100 Ha 

Ket a 250.300 221C's %tel Tnee Base 1 
K el Includes Detaeled Instruction., /rt., 5 54 95 

2 P C. Boards, all IC's socketed Transformer. 
Regulator IC Lene Cud and en parts 5 

^' 111 11r, 1N ñ? o 

6 DIGIT AUTO CLOCK KIT WITH ALARM 
Feature. 
A Faereneld 0.5 FND D. P.C. Boards, speaker, 

500 5ees Desplay IC's and all parts. 
B Display Board may E. Deurled Instrun,om 

ee rem.. 
S19.95 C %'sal tame base 

MINIATURE . SLIDE SWITCH 
DPDT 20 each 

10 for Si l5 
100 or 515 00 

TRANSISTORS TRANSFORMERS 
GENERAL PURPOSE All moots 110 V AC 

NPN 1041,00 40 V C.T 10A 514.50 
PNP 10/51 00 30V C.T. 20A 513,50 
4" MUFFIN FAN 20V C.T 10A 5800 

Sl.shdy Used -55.00 124V 1 3A 53 50 
All en perfect Common 2463912V IA 4 en 53.50 
Satnlacteon Guaranteed 28V C T 0 6A 52 00 

BOURNS WIRE -WRAP TOOLS from OK MINIATURE TRIMMERS 
SSAS 

3292% 7K 55. we. I Hobby Wrap Model BW-630 Bat. m í01w 5500 
Hobby Wrap 30 

tees Op Hess Patti 53295 
330PP 2K 75. ea, 

or 10 for 56.75 PANEL METERS 
INTER-COM BOARD I 2." %2'/.' 

Fully assembled. SOMA 5350 15000 5300 
Works on9-150 DC IOOpA $300 31]OpA 53.00 

2 speaks,s make et work 
111... % 111." 501100.1.00 

Wets Sanemall4 MODULAR POWER SUPPLY 
O ONLY 53.00 5V P 32A 115V AC Input w,1h 

COMPUTER GRADE I OVP INewl 56950 
CAPACITORS 24V, O12A 115V AC,neut 

18,50000 800 5450 CC 

31 

lutedl 53795 
0000 280 7A fused l 519 95 

IW 000E0E SV200 

Si 
57 

0050 

RECTIFIERS RCA House Mark, 
1000p200 50V 0100 IN4001 .06 1003V 3A .40 

TANTALUM 
CAPACITORS 
10150 15 
1010V .15 

33035V 20 
100500 35 
22p 35V .25 

MINIATURE TOGGLE 
SWITCH 

SPDT 5100 
O DPDT 5125 

ti DPDT Center off 51 25 

CC 
PUSH BUTTON SWITCH 

I- 

see. Mute. preen and I 

v llow 30. ea, a/51 00 

THIS MONTH'S SPECIALS! 
S400 5 

LM 
N7741CHTo5 

.30 
MI40026C 

.12 

IS MHz Clack Dover) 1.95 
AY-536001Keyboa.d Encode, by 

G.I,Iwen Spec Sheet 10.50 
LM 3a0T12 90 
LM34OT-5 80 
AN214.4.5W Power I C. wefts 

Spec. 295 

OPEN FRAME POWER SUPP. 
5V @ 30 won OVP 115V AC 

lnput 51750 

L.E.O. 
0.25" Red 75. 10 for 52.00 
025" Green 304 10 for 57.50 
0.125- Red 20. 10 for 51.75 
0.5" F50503 C.C. 51.00 
0.5" FN0507 C A 51.00 
0.8" FSC8000 C C. 57.50 

154007 07 600V 50 .75 
M4003 .08 MOTOROLA 
1154004 09 1517020 .65 
I54005 10 I51612 .75 
154006 .12 M00962.2 1.80 
184007.14 8ndge100V120 

14 Pan 
14 PIn 
14 Pen 
16 Pm 
16 Pa, 
22 Pm 
24 Pen 
24 Pen 
40 Pen 

I.C. SOCKETS 
Lo Pro 5 .30 

Standa.dGold .35 
Were Wrap Gold A5 

Lo pro .35 
Wire Wrap Gad 50 

Lo pro .45 
Lo pro Open Frame .45 

Standard.Gold 190 
Lo pro Open Frame 55 

9 

-H 

n 
o 

3.0ou+ CO 
a 

WWII, 
s: 10 ., Ia r s,.. 1113 

H01/4E 714/1121.0.34 CO ELECTRONIC SUPPLIES 
o...ne aso. ee. sao.. ae.e.e.,.4. no 

001131 001131 03H1 00101 ODI kl1 WW1 031 )3.1. 
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Your single source for the most advanced 
components available: 

* Guard your Altair , 

IMSAI or custom system 
against program crashes 
\vith CONSTANT VOLT- 
AGE POWER SUPPLIES, 
special 12 and 20 -amp 
models from Parasitic 
Engineering. * INTE- 
GRATED CPU/FRONT 
PANEL gives you access 
to all 8080 registers, I/Os 
and memory from octal 
keyboard and digital LEDs 
...by Morrow Micro -Stuff. 

r 
S-100 

tit WiinderBusswith Noise- 
guardT'i is the only 20 -slot 
S-100 bus -board with two- 
way squelching. * TOTAL 
I/O BOARD for $120! 3 
cassette channels with 
control, RS232/TTY port, 
parallel port, memory. 
* Write for specs. 

Thinker 
505 Arlington 
Berkeley, Ca. 
94707 

102 CIRCLE 36 ON FREE INFORMATION CARD photo councsy Peter I lollenbeck Byte Shop Berkeley 
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Readout Board 
Clock Boers 
Power Bond 
Complete n e lnru:bom 
Pm. 

b 
Litt 

1 I 

All Orders Processed Same Day! 
If 'Ne have An Out -Of -Stock Item, You Are Notified Immediately. 

MOOU-CLOCK 

El 111 ® 

Q 
' High Quality milted Clec Pit board ,mines. -No pant uttluded. 

THOUSANDS SOLD NATIONALLY I II 

DESIGN UTILIZES: 
0-06ít LED (Men 7.01 707. etc.' 
MMS314 Cl.k Cho 

Gen be past m. AC or DC opera*,. 
Dread, etched end bro.. CMOS br aytIo. 

The unmet 6-464 CIleb mom /. Unroo 
It blow. rouble come bow. All N.. 

1.5" A" and mount behind aeon other. All 
connections ere Mo.. es the boerdl .epee 

AC Venlos: 
13 board opt) 

DECADE COUNTER MODULE 

DCM-1 

O o--. !- 
-3-- } 

' 

}. 

CJ 

V.wtile decade counter board Utilizes 7 47 
deader -driverand 490 decade counter. CIrectly 
dr.ed' an ode .ED 

DtsM-D5e 

rO tMo 

-8b. 

dart nodules. All connections brought o 
ONLY 54.95 MM. ONLY 70c ea 10 for %.J0 

*IOa`'00,ck.éd rtI loco I 8 DIGIT READOUT BOARDS 
Pm. Board Tin.. bon 
Complete tnnnchom end 
Pens Lnl 

$5.95 

(REL 
DIGIT MODULE STRIP 

w 

r 

WD -30-W WHITE 
WD -30-Y YELLOW WIRE $340 
WD -30-R RED WIRES EACH TM 

'COOKBOOKS 
Cataloga InABox NEW!, , 

JBS EXCLUSIVE! 

SATISFACTION 
AVAILABLE IN FOUR COLORS 

WD -30-8 BLUE WIRE GUARANTEED!!!! 

1I. 0, 
connections for clock.. counters. 0.Cor 

Fue 
m. 

Irt NQ we .rm o..r. Or/m 
Ba] ND 35) f2.lB 1.5' . a" 

I 0865 DL.505. MAN 1 um etc. 1.1' . r I271 
>a Bs END 5001507n10 53.00 1.5- . 5- 

1 
ert . d, tor r bn w 

yoek. counters, limn etc. 
m *Ow L®dc.rt P 

OMB STRIP rt N0 V. .hh 1 "T.S awl strip low ow n END 5m/1 .e 07 LEJee n or D.n 
1" x J 5' ' S END 500/507 r1650 .7'. 

' 
52.25/ strip DM .11) 800107 .70 1_ 15- 

WIRE DISPENSER 
SOFT. ROLL OF30AWG. 
KYNAR' WIRE -WRAPPING WIRE 

CUTS THE WIRE TO LENGTH 

STRIPS 1 INCH OF INSULATION 

and Seconds 

:?i"Pi ol 

aTnitnn.Po. 'l 

05t 

NEW!!! ,SFP: Lo a 9b 

P 
D-L. 

$12- 
JPPI r...a...r. 8 for '84 

ALARM CLOCK MODULE 
displays Soars, Mantes, 

FEATURES: 
GIANT .7 INCH RED LED READOUTS 
COMPLETE FACTORY TESTED MODL LES 
SPECIAL TRANSFORMER 
SECONDS D SPLAY 
BRIGHTNESS CONTROL 
12 OR 24 HOUR OPTION 
SLEEP AND SNOOZE TIMERS 
PRESETTABLE 59 MINUTE SEEP TIMER 
9 MINUTE SNOOZE ALARM 
AM - PM INDICATOR 
COMES COMPLETE WITH 6 SAGE 

INSTRUCTION BOOKLET 

G 

Data sheets. Specifications. Applications information. 

New TTL Data Book. Only $4.95 
. 

Five more valuable reference aids. 
The Opl.bd rants, It. S.no0mwlor The nen,glot end mode 
0.1. Boa. 351 p ages M mots gate NPR. 0.a 0001.1.241 sages. 
12.15. 272 pee01. 5215. 54.95. 

IS. lien Control The P6.,, S.mraoneeder 
I Comb 0.1.5001. Data Book. M1 pear.. 

355 El .re. 52.84 83.05. 

DOB 

1, w TTL Data 
Book, 

e`!Reedmon p 
S4.5' 

The newest drdon of sit TTL Debi Book to. Dos*, 
En..ert Detailed wee riebom on over 900 TEL device 

NOW 5t..Werd TTL. h n t.nm,oay Mho.. ci.o.pea 
TTL. rued ml e s of .II TEL wpm Tbe woo 
complete hook on TTL logic he's rn. 

invented the IC. 

A must for *err seenryl. erro end technfarrr11111 

Go -B1913 

RUBBER FUI 3m. 
I0IIr 

Awe__ Bt 

s C005101 by Dm lamest, 
Conpeny. 

winner m Don L 

rn 
ancet?.,. *aloe of the 

ATL end T 1.:001.0036 The CMOS 

naipe 
o- e :1. epH..11on or CMS. yo, rnuv wheelie Tor 

paetb. o' mr0.otd by TL. 
Tt.e book folio. theen M 
Cook.. EN. ~new mor ell len of 
CMOS logic. .rtc .o work is pure." by 100 - Owner. iiice of won 
CMOS 

~Mtn 
TT CMOS Cpl.:mph o 

awed n Isrvwy *Plow [ aml ex0,11. 
*on.. 5995 

TVT COOKBOOK by Donald Lanese.. de... m.w ol remind 
04,0000.Mr ` P CRT t -Explain, end de.** 
number pnreton, control IntormetronMUst... 

o.understend L « Ebbo 13 6 Td. both Ow 
nnrscomuner n rid tit mew FITT/ Kw..* a ono amino curl atteesitt .0n 

rwtlm eP. 5995 
TIM T tCO0100011 by Oom10 Lanmwer. Eagan noes TL h, now h 

end tow dun e. 0,0000... on. al .dph.so7.. 0., er 0,41es1 .uor end 

*go * terAomei., 336 most 5.1814: ohboune- of 3S 
peel soil**, W . 

Ica AMP COOKBOOK by wntr G. lux. Cr.? nol 0070 r 

edcsh00'ry es,0 l the 1C op am0 é 
gl 

eat ..l.PLt 1001,3, ore, 240 

op.__ 75p .. ISO Pit1w0hound 
root W 1wbo . r y en.. í5C2 ma.. SO IS.51795 

Each CATALOG -IN -A -BOX TM 

Contains: 
Samples Of I)anSstors. IC's. caps.1.51101 
Worth over S1 00 In merchandSe. 

IBS GIANT full -Tine 511,109 wItn 0u1. 

ending buys on electronics. 

IC selection gwde. Handy ,election and 
poking guide for <home1 and linear IC'S. 

MEL prowcrs catalog 

Jost .cal 52.00 ca,h, cdwelt or M.O.M..O. T 

0,0.á.a 4.10.00. No 
hu 

reo 
for CATALOG-IN-A-BOXtm. 

ORDER NOW!! 
ORDER NOW 1111 ONLY 
Limi One Per Customer Please 

ORI3ER TODAY 1111 

You must be satlsfr.d or your money beck. 

I I 

Our Third Big Year Serving The Scientist, Engineer, OEM Manufacturer And Hobbyist. 

00 

Highest Quality Merchandise! Fastest Service! 
I I 

Cu5tonter 1M5faction 
euarantee 

We ,p.c.11ae in fen. prompt senia with total 
tM.Clonll wit hewn ere 

teed tr days born date of elhorm t. pronid' 
ng that no user enhmted damp ewe 00500.d. 

STORE HOURS: 3:30 S]0 Weekdays 
9:30 300 Saturdays 

3050 VALMONT 
BOULDER, COLO. 
80301 
(303) 442-1212 

ELECTRONICS, inc. 

CIRCLE 21 ON FREE INFORMATION CARD 

TERMS 
ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
ALL MERCHANDISE SUBJECT TO PRIOR SALE 
POSTAGE & HANDLING ADO S I 
3117% STATE TAX (COLO. 8E51 
MINIMUM ORDER 55.00 
NO COO'S 
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Radio Hut 
Money back guarantee. NO COD'S. Texas 
residents add 5% sales tax. Add 5% of order 
for postage and handling. Orders under $15.00 
add 75 cents. Foreign orders add 10% for 
postage. 

For your convenience, call your BankAmericard 
or Master Charge orders in on our Toll Free Watts 
Line: 1-800-527-2304. Texas residents call col- 
lect: 1-214-271-8423. 

P.O. Box 64783R /'a' master char y 
BANKAMERICAAD " r Dallas, Texas 75206 

Memorex computer boards 
with IC's, diodes, transistor, 

etc. 5 Boards containing 

BRIDGE 
RECTIFIERS 

100 - 200 IC's 6 Amp 50V 1.10 

ONLY $4.25 10 Amp 50V 1.25 
25 Amp 50V 1.39 

MK 5005 
4 digit counter/latch 
decoder; 7 segment 
output only. 24 pin 
dip with specs. 

$ 8.00 EACH 

PLASMA DISPLAY KIT 

Kit Includes: 12 digit display .4" Charac- 
ter Power supply for display 
above Complete specs for 
hookup. 

Line cord Not Included. ONLY $ 3.95 

ri n i / r i -7 -7 i/ J.J.L. /.J.L7._t, f.J, 

l illliIi'ui 

SPECIAL 
DEVICES 

82S23 2.19 
2513 10.00 
2102-1 .99 
1101A .75 
1103A 1.10 
8T13 1.50 
8T97 1.25 
MM5233 1.50 
300KC xtal 1.50 

UNSCRAMBLER KIT 
for all Scanners 

Tunes easily 

Full instructions 

Easy to install 

a 

* 

included : 

3Y2" x 3V2" x 1Y2" 

Only $19.95 

RESISTORS 
Over 50,000 000 

in stock 
'330 ohm 22K ohm 
470 ohm 27K ohm 

"680 Ohm 33K ohm 
1K ohm 39K ohm 
1.2K ohm 43K ohm 
2 2K ohm 47K ohm 
3.3K ohm 82K Ohm 

4 7K ohm 100K ohm 
68K ohm 150K ohm 
10K ohm 220K ohm 
20K ohm 

'1/8W only 
1/2 W only 

All resatms are P C Lean but ark 
n01 null oils 
100 non curler for each value 

NO MIX 100/.99 

REGULATORS 
7805 7818 
7806 7824 
7808 7905 
7812 7912 
7815 7915 
Your Choice $ .95 

WATERGATE SPECIAL 

Telephone Relay automatically starts and 
stops tape recorder. No batteries required. 
Kit complete with drilled P.C. Board. 
Parts and Case ONLY $ 10.95 

CLOCK KIT 

f 

ONLY $ 14.95 

Kit includes 

LT701 clock module 
Power Supply 
Punched Case 

12 or 24 hour operation 

Complete 
except for line cord 

LT701 E 12 hour clock 

VARIABLE POWER SUPPLY KIT NO. 1 

Continously variable from 5V to 20 V 
Excellent regulation up to 500 mil. 
4400 Mfd of filtering 
Drilled fiberglass PC Board 
'One hour assembly 
Kit includes all components 
Case Included ONLY $10.95 

VARIABLE POWER SUPPLY KIT NO. 2 
Same as above but with 1 amp output, also with case. 

ONLY $13.95 

READOUTS 

FND70 .4"C.C. .59 
F N D800 .8"C.C. 1.69 
TI 6 digit array C.C. 

3/1.00 
MAN 8 .3"CA Yellow 

.89 
LT767 .7" C.C. 4 digit 

crick $ 3.95 

Ni -Cad Batteries 
4 Brand New Size "AA" 

Ni -Cads ONLY $4.50 

BATTERY CLIPS 
Standard 9V battery clip with 
4-1/2" tinned leads. 25/$1.00 

SOCKETS 
14 pin 
16 pin 
18 pin 
24 pin (ww only) 
28 pin 
40 pin 

.22 

.25 
.25 
.95 
.35 
.50 

74LS00 
74L502 
74 LS03 
74 LSO4 
74 LS05 
74L508 
74L509 
74L510 
74L511 
74L513 
74LS14 
74L515 
74L520 
74L521 
74L522 
74L526 
74L527 
74LS30 
74 L532 
74LS37 
74LS38 
74LS40 
74L542 
74L551 
74 L554 
74L555 
74LS73 
74L574 
74 L576 
74LS86 
74LS90 
74L592 
74L593 
74L5109 
74LS112 
74LS1 13 
74LS114 
74L5125 
74L5126 
74LS1 32 
74L5133 
74LS136 
74L5138 
74L5139 

LS 
.26 
.26 
.26 
.30 
.32 
.26 
.26 
.26 
.35 
.58 

1.05 
.26 
.24 
.35 
.35 
.35 
.35 
.34 
.35 
.33 
.38 
.34 
.80 
.26 
.26 
.26 
.75 
.49 
.49 
.45 
.85 

1.00 
1.00 
.49 
.49 
.40 
.40 
.55 
.65 

1.00 
.35 
.39 
.85 
.85 

74L5145 1.00 
74LS151 .70 
74LS153 .70 
74LS155 .69 
74L5156 .76 
74LS157 .95 
7415158 .85 
74LS160 .85 
74L5161 .85 
74L5162 .85 
74L5163 .85 
74LS168 .85 
74L5169 .85 
74L5170 2.00 
74LS173 1.10 
74L5174 1.00 
74L5175 1.00 
74LS190 .95 
7415191 .95 
74LS192 .95 
74L5193 .95 
74LS194 .95 
74LS195 .95 
74L5196 .85 
74L5197 .85 
74LS251 .85 
74LS253 .85 
74L5257 .85 
74LS258 .85 
74LS260 .26 
74L5266 .26 
74LS279 .55 
74L5290 .75 
74L5293 .75 
74LS295 .95 
74LS298 .95 
7415365 .55 
74L5366 .55 
74L5367 .55 
74LS368 .55 
74LS390 1.75 
74LS393 1.45 
74LS670 3.25 

CMOS 
SALE 

CD4 000 
04001 

CD4002 
C04007 
CD4009 
CD4010 
C04011 
CD4012 
C04013 
C04014 
CD4015 
CD4016 
C 0401 7 
CD4018 
C04019 
C04020 
CD4021 
CD4022 
CD4024 
CD4025 
C04027 
CD4028 
CD4029 
CD4030 
CD4034 
C04035 
CD4040 
CD4041 
CD4042 
C04043 
C04044 
CD4046 
CD4047 
C04049 
CD4050 
C 04051 
CD4053 
CD4056 
C04058 
C04060 
CD4066 
C 04069 
CD4071 
C04076 
74C04 
74C107 
C04116 
C04507 
CD4512 
CD4516 
CD4518 
CD4520 

.16 

.16 

.16 

.16 

.45 

.45 

.16 
16 

.29 
.75 
.75 
.29 
.80 
.80 
.39 
.85 
90 
.90 
.70 
.19 
.39 
.75 
.99 
.16 

2.30 
.99 

1.00 
.69 
.59 
.60 
.59 
.90 
59 
35 

.35 

.90 
.90 

1 .00 
.90 

1.00 
.69 
.30 
.16 
.99 
.29 
.29 
.39 
.40 
.50 
.85 
.85 
.85 

*** 

7400 
7401 
7402 
7403 
74H04 
74504 
7404 
7406 
7408 
7409 
7410 
7411 
7413 
7420 
7421 
7423 
7425 
7426 
7427 
7430 
7432 
7437 
7438 
7440 
7442 
7443 
7444 
7446 
74L47 
7447 
7448 
7450 
7451 
7453 
7454 
7470 
7472 

TTL 
.17 
.17 
.17 
.17 
.25 
.30 
.17 
.25 
.17 
.17 
.17 
.25 
.45 
.17 
.17 
.35 
.27 
.25 
.17 
.25 
.30 
.35 
.35 
.17 
.60 
.60 
.65 
.85 

1.75 
.81 
.81 
.20 
.17 
.17 
.17 
.35 
.21 

7473 .21 
74H74 .45 
7474 .35 
7475 .55 
7476 .35 
7480 .45 
7483 .76 
7485 .89 
7486 .35 
7490 .71 
7491 .71 
7492 .71 
7493 .67 
7494 .90 
7495 .71 
7496 .85 
74100 .96 
74121 .31 
74123 .61 
74125 .44 
74141 .71 
74145 .97 
74151 .71 
74153 .81 
74154 .97 
74161 .91 
74163 1.05 
74164 1.05 
74174 .91 
74175 1.40 
74180 .76 
74181 2.25 
74191 1.20 
74192 1.20 
74193 .95 
745195 1.05 
74195 .65 

TRANSISTORS 
DIODES 

M18.1103 3/1.00 
M73001 1.30 
202222 6/1.00 
202369 6/1.00 
202905 4/1.00 
2N2907 15/1.00 
203906 6/1.00 
2794400 6/1.00 
2194443 SCR 3/1.00 
1 N4004 15/1.00 
1 N4007 10/1.00 
1N414811N914) 20/1.00 
3N201 VHF Pre amo .80 
O 40(:1 Power Darr 8/1.00 
EN930 .20 
10746 .25 

*House numbered 
and P.C. Lead 

PC BOARDS 
4 noon PCB In, F N0800 or 807 

6 Mod PCB for FND800 or 807 

4 dery PCB for DL 707 

6 dun, PCB for 0L707 
4 circlet PCB for FN0503 or 510 

6 dbgn PCB for F ND503 0, 510 
4 dicier PCB for DL747 

68ne1 PCB for 01747 
4 brut PCB for OL727 or 728 

6 mgn PCB for 01727 or 728 

4 Been PCB for FN0359 or 70 

2.50 

3.50 

.50 

700 
7.00 

3.00 

2.50 

3.00 

2.00 

3.00 

1 75 

NOTE: All PC Boards are multiplexed 

for adding additional digits. 

LINEARS 
LM301 30 
1M30/ 30 
LM 309K 95 
LM311 85 
LM377 185 

M380 18 11.11 75 

LM3900 30 

LM 710 
11.1711 
1M123 
L M 741 

L M 748 
NE553 
NES5S 
NE556 
NE565 
NE566 
NE567 
1458 
RCA3043 
75491 
75497 

25 
25 
40 
75 
25 

195 
.40 
95 
95 

95 
110 

49 
75 

.30 

.30 

60 Hz = L()()K = 
Crystal Time Base Kit _ Kit 
enables a MOS clock circuit to op- 
erate from a DC power source. Ideal 
for car, camper, van, boat, etc. 

60Hz output with an accuracy of 
.005% (typ.) Low power consump- 
tion 2.5 ma (typ.1. Small size will 
fit most any enclosure. Single MOS 
IC oscillator/divider chip 5-15 volts 
DC operation. 

ONLY $ 5.95 
2 for $10.00 

ORDER BY PHONE. Charge your 
order to BankAmericard or 

Master Charge. 

USE OUR TOLL FREE WATTS 

1-800-527-2304 

RADIO HUT GUARANTEE 
If you are not satisfied with any of 
our products NO MATTER WHAT 
THE REASON we offer you a full 
money back guarantee if the prod- 
uct or products are returned within 
14 days after you receive them. 
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ELECTRONIC TOUCH ORGAN KIT 
Fantastic new design uses CMOS I.C. and a to- 
tal of 39 semi -conductors to give a touch con- 
trol keyboard, all the electronic parts in one PC 
Board. This organ is easy to build, yet has fea- 
tures like a full two -octave range touch key- 
board, variable tremolo; two voices; built-in I.C. 
amplifier with volume control, complete with 
speaker and a specially designed plexi-glass 
case. 

aff Ideal kit for beginner or gift for children Siq.50ea. 

í 
fi 1 

Barr E RIES NOT INCLUDED 

r 
s Y 

ELECTRONIC 
SWITCH KIT 
CONDENSER TYPE 

Touch on Touch Off 
use 7473 I.C. 

and 12V relay 

$5.50 each 

SLIM LINE 
CALCULATOR 

6 Functions with % and memory 
8 Digits LED display 

One full year guarantee 
Special Price Only 

$8.50 Ea. 
BATTERIES NOT INCLUDED 

CALCULATOR 
with STOPWATCH 

6 Functions with % and memory 
8 Digits big green display 

Built-in X'tal controlled stop 
watch count to 1/10 of a second. 

Special Price Only 
$16.50 Ea. 

BATTERIES NOT INCLUDED 

I.C. TEST CLIPS 
Same as the E -Z clips 
With 20" Long Leads 

"d In Black and Red Colors 
51.75 Per Pair 

TOGGLE SWITCH 
Half-size of submini toggle switch 

rated 3 amp 125V AC contact 
1-9 10-99 

MS -2432P SPST 0.90 0.80 
MS -244 SPDT 1.00 0.90 
MS -245 DPDT 1.20 1.10 

LARGE QUANTITY AVAILABLE FOR OEM 

DIr«t 
IMBIBE 0111k 7...4.. 

s2950 

TV Games 
cc 

tam 

FEATURES: - 
1- 

4 Games -Tennis, Hockey, Racquet Handball and Single 
Handball. 

r12V DC REED RELAY SPDT -A"`°`°""fe'd':plavonmesereen 
DAT RON/ES DIV. 

PART NO. LH30-029 
$1.25 ea 

Multi -Color LED Indicator 
Red -Green Colors in one LED 

with Plastic Housing 
990 Ea. 

Voltage 2V 20 MA per LED 

TIMER KIT 
Time Controlled from 1.100sec. 

Ideal to be used as time delay 
unit for burglar alarm, photo 
service, and other purposes. 
Max. loading 110V, 2 AMP. 
Supply voltage 12-18V D.C. 

PT.o ELECTRONIC iC Ti...B $11.50 each 

5W AUDIO AMP KIT 
INS Use 2 LM 380 with Volume Control 

4I Power Supply 6 18V DC 

fill only $5.00... 

FM WIRELESS MIC KIT 
Transmit range up to 100 ft. 

Easy to assemble 
(MIc Included) 

$4.50 each 

Sub -Mini Size 
Condenser Microphone 

$2.50 each 
FET Transistor Bulltin 

SIGMA 7BREI, 12DC RELAY 
400Já COIL SPDT 

$1.30 ea. or 10 for $10,00 
ALL BRAND NEW UNITS 

Computer Grade Capacitors 
2000 50V 2.00 ea. 
3000 40V 3.25 ea. 
8000 55V 3.75 ea. 
1000 50V 3.95 ea. 

CLOCK KIT 
MOST POPULAR 

MM531d1 KIT 
WITH A NEW CASE" 

Features 12/24 Hour Display 
50/60 HZ Input 6 Digits Readout 

Kit Includes Grey Color Plastic Case 
MM5314 Clock Chip PC Boards and Trans 
former. 6 Green Color 0.3' Tube Readouts. 
All other transrstor Drivers and other Corn 
ponents. Special Only $14.95 ea. 

TV GAME MODULATOR UNIT 
FCC Approved 

For ch.nnol 3 end a 

with Om 
Colt 

ONLY $4.50 

TI 1955 
Alternative ÁV38500.1 

6 Game 128 Pin Drpl 
TV Gama Chip inwithD One 

Tennis Squash hockey. 
practice & 2 shooting. 
Special Only S11.0a 

WIRE 
WRAPPING 

TOOL 

$33.50 
Wire Wrapping 
Wire in Bulk 
Red or Black 

taralpl. 
eld 

.uvE 

10 
Electronic Police Siren Kit 

P OLICE 

Ideal for use as an alarm 
unit. High output up to 5 
watt at 12V DC supply. 
Can be used with horn 
typo speaker. $14.00 each 

Music on Light COLOR ORGAN KIT 
in Colour 

UNIT 
sic 

Operates in low voltage 19 V 
24V DC). Can control up to 
100 low voltage light bulbs. 
Light bulbs change colors to 
the tones of music. Connect 
to the speaker output of the 
amplifier. $10.50 per kit 

NI -CD 
RECHARGEABLE 

BATTERIES 
AA SIZE, 12V $1.25 ea. 
CSIZE,I2V 51.50 ea. 
SUB C SIZE $1.50 ea. 
F SIZE, 1.2V $2.50 ea. 

ÁMATCHED PAIR ii0Í POWER TRANSISTORS 
MOTOROLA MJE2955 PNP 

MJE9055 NPR 
10 AMP 60 VOLT 90 WATTS 

5225 PER PAIR 

QUARTZ CRYSTALS 
1 MHZ 04.95 
2 MHZ 55.25 
4 MHZ 5525 
10 MHZ $5.25 

3.579 MHZ 51.25 
Color TV Type 

` Sub Mini Size 
.'PANEL METER 

500 UA 
ONLY S1.20 ea 

Don't move ! LIGHT CONTROL 
SWITCH KIT 

Can control TV, radio, lights 
or can be used with the Police 
Siren Kit to form a burglar 
alarm system. 

$4.50 each 

POWER SUPPLY KIT 
0.35V D.C. REGULATED 

l/11 Uses UA723 and ZN3055 Power 
,, TR output can be adjusted from 

0.35V, 2 AMP. Complete with PC 
board and all electronic parts. 

Ir POWER .bee., $9.50 each 

AUTO ALARM KIT 
TNr Cm. hghhr Auto 
Ala,,, rs an .lectron,c. 
teu n Queer. 

system. n Oily tea nun 
ed w,thm to clove 
of an 

e,, 
aur omoh,l, 

Two nul alt,, urn,n 0 oft the h ,gn-o' 
ela,ma rnancally turns ,(sell 

when the auto r , s entered, the horn 0,11 
and alter a10-45 second entry delay The 

autnmab,le Ow 
' 

, by , serNnq the ,9rnhOn 
key e',ll ac vale nu. alar,n Once actnated. 
the alarm *III sound lo, Iwo m before 
autonatecally tutn,ng on The alarm to .0 we 

dnd ,s read, tel ain y protect the ', hle 
horn 

ag 
n .nwdnted entry 

FEATURES Somatic ,nstaliahon 5 wan. 
Autn,nahC.liy turns On when auto ,s parked. 
Ad,uslable entry hme. E tended e,t t mr 10 
allow for untushed r, from yeracle humer. 

caappl,cabons Include e,utechon Of boats. 
rnp'n, traders, motorcycles, trucbs. Cannot 

tar dractwated by Ot e,,rmg" an auto. Can 
not re turned on wdhout ,gn,hon hey. Neq 
d1,ye teound only 

ONLY $10.00 PER KIT 

AC POWER SUPPLY 
1Adapter Type Translormer 
12V AC 200 MA Output 

52.75 Each 

Ail 
SAE DIP SWITCHES tj 

FVI \u 1004692as5Pst SW 
1008 692 8.SPST Sy. 

a while SPStS.slrhesonM.n D,P 
dimes On,y s1 SO.. 

8 T udgl. Sn5 T Sv. dt nes on . Die 
16 mnsl only 52 60 la 

SUBMINIATURES TOGGLE 
SWITCHES 

isdi F 

SPOT On On 51 30.. 
_ YSSS DD Dn moltr 

s1 1 

" s50.. 
3PPDTr On... 

tee n1 Roc.. Tyra, lt ̀ 6u it AlmAy.,i.oy.,m Sam* P.c. 

I- Lea clock . E11E11aAlerletleá 
Mea,re OIE 60.1 12 n. a R 

LT7p1G .r .60 2 n/ wI y 
Sw 2Meal 

Mr Remo el°, 
^ nC 

Ili Se F1Mesk 
<Jock. 

c, 
n'tnoar tone base 

OUAD VOLUME CONTROL 
.00 ST Ce 

4r OOK 
n 

r, . angle O 
the STIC eerteet tor e. 

e^hi S7.50 r 
mddH .. 

MSS 
%7 

500 UA 
VU METER 
Special Price 
2 for $1.99 

50 UA PANEL METER 
I.t. .ettree. 0 10 

On. sea e net on ton Ittee 

Only S3 80 ea 

PUSH-BUTTON SWITCH 
N/Open Contact 

Color: Red, White, Blue, 
Green, Black. 4/51.00 

N/Close also 
Available 50. ea. 
LARGE OTO. AuAILA eLE 

.J 
SOLID STATE ELECTRONIC BUZZER 

, t/O\; Ns, 5uoply.011.1ºe 1 5V 12V 
o:Ocal for Alarm 
Tone Indicator 

51.50 each or 2/52.50 

MA1003, 12V DC CLOCK MODULE ' - {r-- Built In X'TAL controlled 
time base. Protected against 
automotive volt transients. 
Automatic brightness con 
trol with 0.3" green color 

I display. Display turnoff 
with ignition OFF". 

L f r 
$23.50 EACH 

MINIMUM ORDER 5'0.00 C.Inorm r.hdene add 6% sales t.. 
All orders add 10% po.t.a ror out o/ state. Overuses countr,.s .ad 15% 01 101.1 order for post,. 

SEND CHECK OR MONEY ORDER TO 

8/77 

O FORMULA INTERNATIONAL INC. 
12603 CRENSHAW BOULEVARD HAWTHORNE. CALIFORNIA 90250 

Fu, more mlo mahon Oreate ca0112131 619.5162 
STORE HOURS 10-Y Monday - Sarvrday 

0 
BAKNAMIRIGRO 0 
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NEW WIDE FIELD 
TELESCOPE 
Enjoy clearest, brightest, 
most spectacular wide- 
angle views of stars, 
moon, comets with our 
unique, easy -to -use, port- 
able 41/4"; t/4 Newtonian 
reflector. Top quality op- 
tics provide tine resolu- 
tion. Only 17", 10 lbs.! 
No. 2001 

SEE MUSIC 
IN PULSATING COLOR 
3 -Channel Color Organ 
lets you modulate 3 inde. 
pend. strings of colored 
lamps w/ intensity of 
your music. "Audio light 
show" flashes. responds 
to rhythym, pitch! 

D " 

$149.95 
Ppd. 

No. 42,309 
(ASSEMBLED) ... $18.50 
No. 42,336 
ASSEMBLED) $15.95 LED).. Pod. 

SUPER POWER FOR 
N ANY AM RADIO 

Antenna assist has pulled 
in station 1,000 miles off! 
No wires clips, grounding. r,.' 1~ Solid state -no batteries, 
tubes, plugs. 
No. 72,095 

$19.95 tf 
ULTRA SELECT-A-TENNA 
No. 72,147 . 

Ppd. $24.95 

FREE CATALOG 

EDMUND SCIENTIFIC CO. 
Dept. EH -16, Edscorp Bldg. 
Barrington, New Jersey 08007 

Send GIANT 164 Page Catalog 
packed with over 4,000 

cn unusual bargains. 
U_ 

Z 
Name 

Address 

City 

State Zip t 

cr 1 

SAVE 50% 
8 x 20 MONOCULAR 
Top.quality Spy Scope, a 

$30 value, now $14.95! 
Special purchase saves 
you 50%. 100% coated 
optics; 393 ft. field of 
view. Only 2 oz.- stores 
in pocket, purse, glove 
box. 

No. 

e ,568 Ppd. $14.95 

v 

Free Catalog. 

PRO ELECTRONIC SOUND CATCHER 
Parabolic mike w/ 183/4" transparent 
reflecting shield & 2 I.C.'s in amplifier 
magnifies signals IOOX over omni- 
direction mikes. Catch sounds never 
before heard; highest signal to noise 
ratio poss. 51/2 lb. 

No. 1649 (REG. 
29V BATT.) ... %r 

$299.00 Ppd 

I ,4 

Jr' 

Free Catalog 
4' 

o 

KNOW YOUR ALPHA FROM THETA! 
For greater relaxation & concentra- 
tion, monitor your Alpha/ Theta 
brainwaves with audio or visual 
signals on Biosone II. Features 
of $200 -up units. Incl. 3 

feedback modes! 4-Ib. Ppd. 

No. 1668 
(9 $149.9(91/2x554041/4") 

No. 71,809 
(FOR BEGINNERS) $59.95 

Free Catalog 

Send for your FREE 
164 page Edmund 
Scientific Catalog 

with over 4500 bargains 
-0- 

- 

-- 

1 i Q r .r 
(;-'''''''Z: + ::..i. : 

Ir/ii n.. ./.1:1i 

Charge My Amer. Exp. BAC O MC 

Interbank fr Acct H 

Card # Exp. Date 

Sig 

30 DAY GUARANTEE 
You must he completely satis- 
fied with any Edmund item or 
return it within 30 days for 

a full refund. 

i EDMUND SCIENTIFIC CO. 
Dept. EH -15, Edscorp Bldg. 
Barrington, N.J. 08007 

O Please send me the following items I have 
indicated below: 

Stock No. Qty. Price 

9 

rrAA11 

_ 1 
ta "I {_ - 

-- .11 
k -I ._SAW, 

19E1 
®o 

SAVE 50% - DELUXE AM/FM WALL RADIO 

Great surplus buy saves you 50% on brand new 
AM/FM Deluxe Wall Radio vi/ handsome silver/ 
black control panel. Mount anywhere den, kitchen, 
bedroom, office, workshop. Self-cont. Philco-Ford 
radio chassis (141/4 x 313/ x 31/2") wl 11 transis- 
tors, vol. control, AM/FM hi -sensitivity tuner, AFC 

23/4" dia. speaker, 71/2" 110V AC cord. Orig. cost 
$30 ea. in 3000 quant. for natl. motel chain. Re- 

tail value over $40! Buy several now. 

No. 12,275 (READY 
TO PLAY!).. $19.95 
SAVE! buy 3 or more @517.95 EA. 

MEASURE WIND SPEED a 

ANYWHERE 

Hold handy (16 oz.!) low cost 
Anemometer into the wind, 
quickly read wind speed on its big 
dial - from 5 to 70 mph. Acc. to t 3% of full scale (2.1 mph); no 
batts., adjustments, recalibration 
req.! 
No. 42,428 
(7" HIGH) ... $19.95 Ppd. 

QUALITY 

DETECTOR 

UNDER $40 

Ppd. 

Our fully transistorized 
BFO unit can locate a 

quarter at 18". Powerful 
6 trans-oscillator-ampli. 
tier circuit. Comp. to 
others priced 50% more! 
Aluminum, just 2 lb. 

No. 80,222.. . 

/, $39.95 

*ow. *wk. 

Ppd. 

worm woo 
woo 

Handling SI 00 

Name 

Address 

City State Zip 
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Let Vaco catch their eye. 
Vaco offers real merchandising versatility with pack- 

aging and displays that really sell. New consumer -tested 
cards are color -coded by tool type. There's the right size 
display for every need. For the wall, the floor, the 
counter. All holding the finest tools available. 

For more on the Vaco merchandising program, send for 
our FREE Merchandising Catalog. Just write: 

* * * * * 
TOOL CE1iTER 

* * * * 
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Send for VAC "s FREE 

Too"Hain 
Thew- 

GNANDIS I N+ 

IDEA BOOK 

VACO 

9es 
Merchandising aids for 

the entire Vaco selection. 

Merchandising Catalog! Vaco Products Co., 510 N. Dearborn St., Chicago, Illinois 
60610. 
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Introducing the mobile that can move 
you out of the world of the ordinary 
and into the world of the serious CB'er. 
The Cobra 138XLR Single Sideband. 
Sidebanding puts 
you in your own 
private world. A 
world where theres 
less congestion. 
More privacy. 
More time to talk. 

AM USB-"LS1 l 
It's all possible because instead of 40 

channels you get your choice of 120 
channels. Both AM and SSB. And 
instead of 4 watts of legal power you 
get 12 watts of legal power. So you get 
almost double the range of AM. 

With the 138XLR Single Sideband 
there's less background noise and less 
interference. So there's cleaner, clearer 
reception. Because like all Cobras, the 
138XLR SSB is enginécred to punch 
through loud and clear. Even in crowded 
metropolitan areas. 

DYNAMIKE VOLUME 

And like all Cobras it comes equipped 
with such standard features as an easy - 
to -read LED channel indicator. 
Switchable noise blanking and limiting. 
An RF/signal strength meter. And 
Cobra's exclusive DynaMike gain control. 

You'll find the 138XLR SSB wherever 
Cobras are sold. Which is almost every- 
where. Because Cobra's got a nationwide 
network of dealers and Authorized 
Service Centers offering sales, installation, 
service and advice. So come on in. 
And move on up. 

ob ra 
Punches through loud and ,clear. 

.Cobra Communications Products 
DYNASCAN CORPORATION, 

6460 W. Cortland St., Chicago, Illinois 60635 
Witte for color brochure 

EXPORTERS: Empire Ramview. N Y CANADA Atlas Electronics Toronto 
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