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Radio Shack "Range Busters" 
SSB /AM CB at its Best! 

You can't beat the extra power and extra reliability of SSB when you're 
using CB 2 -way radio. If you're in a heavy -CB -usage area, SSB really 
multiplies the chance of getting your signal through. Its added insurance 
when you need it most. And now you can get immediate delivery on both 
these great Realistic R% SSB transceivers. 
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FREE New 1975 
Radio Shack Catalog 

OVER 2000 PRODUCTS 
EXCLUSIVES ON EVERY PAGE 

BEAUTIFUL FULL COLOR 
Stereo Quadraphonic Phonographs 
TV Antennas Radios Citizens Band 

Kits Recorders Tape Tools 
Auto Tune -Up Electronic Parts 

Test Instruments More! 

164 pages of the finest in 
home and hobby electronics 
Respected brand names like 
Realistic. Micronta. Archer. 
Science Fair - and they're 
available only at Radio 
Shack stores and dealers 
nationwide' See what s really 
new in electronics by getting 
this catalog now 

SEND FOR YOURS TODAY! 
FILL OUT COUPON BELOW 

1975 Mail to Radio Shack. P. 0. Box 1052, 
Catalog Ft. Worth, Texas 76101. (Please print.) 

Name Apt. No 

525 

Street 

City 

State ZIP 

L J 

WIN 
BASE /MOBILE TRC -46 
The one with everything! 12 -watts P.E.P. output, combined 
with Range -Boost circuit, for the ultimate in power. Total 69- 
channel capability -46 on SSB, 23 on AM -and you get crisp, 
clear performance on them all. A "clarifier" to shift both the 
transmitter and receiver for Net operation. A PA switch that 
lets you use the set as a public address amplifier and still 
receive incoming CB calls. Even an extra, remote volume con- 
trol on the mike -a real convenience for mobile use. With all 
crystals, mobile mounting bracket, 110 VAC and 12 VDC power 
cables U.L listed. FCC Type Accepted. #21 -146 

TRC-47-OUR FINEST MOBILE 
TRANSCEIVER 

Linear sideband circuitry gets through when AM won't -and 
the dual conversion receiver captures the faintest signals. 12- 
watts P.E.P. output, 69- channel capability, clarifier and RF 
gain controls, superb specs. With all crystals, mobile 
bracket, cables. FCC Type Accepted. #21 -147. 24995 

There's only one place you can find them . . . 

13PNKAMERICM0 

, nadie J'haek 
A TANDY CORPORATION COMPANY 

OVER 3000 STORES 50 STATES 7 COUNTRIES 

Retail paces may vary at individual st,r's 

Master Charge or 
Bank Americard at 
participating stores 

CIRCLE ND. 39 ON READER SERVICE CARD 
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INSIDE the Altair Computer 

4 

1. Central Processing Unit (CPU) Board. 
This double -sided board is the heart of the 
Altair. It was designed around the powerful 
Intel 8080 microprocessor -a complete 
central processing unit on a single LSI chip 
using n- channel silicon gate MOS tech- 
nology. The CPU Board also contains the 
Altair System Clock -a standard TTL oscil- 
lator with a 2.000 MHz crystal as the feed- 
back element. 

2. Power Supply. The Altair Power Supply 
provides two +8, a +16 and a -16 volts. 
These voltages are unregulated until they 
reach the individual boards (CPU, Front 
Panel, Memory, I /O, etc.). Each board has 
all the necessary regulation for its own 
operation. 
The Altair Power Supply allows you to 
expand your computer by adding up to 16 

boards inside the main case. Provisions for 
the addition of a cooling fan are part of 
the Altair design. 

3. Expandability and custom designing. The 
Altair has been designed to be easily 
expanded and easily adapted to thousands 
of applications. The basic Altair comes 
with one expander hoard capable of hold- 
ing four vertical boards. Three additional 
expander hoards can be added inside the 
main case. 

4. Altair Options. Memory boards now 
available include a 256 word memory 
board (expandable to 1024 words), a com- 
plete 1024 word memory hoard, and a 

4,096 word memory board. Interface 
hoards include a parallel board and 3 

serial boards (RS232, TTL and teletype). 
Interface boards allow you to connect the 
Altair Computer to computer terminals, 
teletypes, line printers, plotters, and other 
devices. 

JUNE 1975 

Other Altair Options include additional 
expander boards, computer terminals, 
audio -cassette interface board, line 
printers, ASCII keyboards, floppy disc sys- 

tem, alpha- numeric display and more. 

5. All aluminum case and dress panel. The 
Altair Computer has been designed both 
for the hobbyist and for industrial use. It 

comes in an all aluminum case complete 
with sub -panel and dress panel. 

6. It all adds up to one fantastic computer. 
The Altair is comparable to mini-com- 
puters costing 10 -20 thousand dollars. It 
can be connected to 256 input /output 
devices and can directly address up to 
65,000 words of memory. It has over 200 
machine instructions and a cycle time tit 
2 microseconds. 
You can order the Altair Computer b\ 
simply filling out the coupon in this ad or 
by calling us at 505/265 -7553. Or you can 
ask for free technical consultation or for 
one of our free Altair System Catalogues. 

PRICES: 
Altair Computer kit with complete assembly 

instructions $439.00 
Assembled and tested Altair Computer $621.00 
1,024 word memory board $176.00 kit and 

$209.00 assembled. 
4,096 word memory board $264.00 kit and 

$338.00 assembled. 
Full Parallel Interface board .................$92.00 kit 

and $114.00 assembled. 
Serial Interface board (RS232) $119.00 kit and 

$138.00 assembled. 
Serial Interlace board (TTL or teletype) á31.00 

kit and $146 assembled. 
Expander Boards $16.00 kit and $57.00 assembled. 

SPECIAL: Altair Computer plus 256 words of mem- 
ory (save $45.00) Only 5497.00* 

NOTE: Altair Computers come with complete docu- 
mentation and operating instructions. Altair cus- 
tomers receive software and general computer 
information through free membership to the Altair 
('stir's Club. Software now available includes a 

resident assembler, system monitor, text editor and 
BASIC language 

*In quantities of one per customer only. 

Offer expires lune 30. 1975. 

MITS/6328 Linn NE, Albuquerque, NM, 87108 505/265 -7553 

mI151NC. 

"Creative Electronics" 

Prices and specifications subject to change 

without notice. Warranty: 90 days on parts 

for kits and 90 days on parts and labor for 

assembled units. 

CIRCLE NO.31 ON READER SERVICE CARD 

MAIL THIS COUPON TODAY! 

Enclosed is check for S 

BankAmericard # 
or Master Charge # 
Credit Card Expiration Date 

Altair Computer Kit Assembled 
Options (list on separate sheet) 

Include 58.00 for postage and handling. 
PLEASE SEND FREE ALTAIR SYSTEM CATALOGUE 

NAME 

ADDRESS 

CITY STATE & ZIP 
MITS/6328 Linn NE, Albuquerque. NM. 87108 

L505/265 -7553 J 
1 
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Now there's a CB radio 
with too much talk power. 

Put punch in your voice, from a block 
away to the fringes of your range. 

New Dyna -Mike gain control puts out 
absolute modulation. So much talk 

power you'll have to turn it down. 

An important feature, but only 
one that makes this fantastically low - 

priced CB radio the best CB value 
on today's market. 

The Cobra 21 with crystal filter, 
dual conversion receiver, transmits 

and receives on all 23 AM channels. 
Features 60 dB adjacent channel 

rejection that completely 
eliminates bleedover. 

Extra large Power S Meter let's you 
monitor your set's performance 
easily even when it's tucked under 
the dashboard. 

And you get switchable automatic 
noise limiter, P.A. /external speaker 
jack large built -in speaker and 
detachable mike. 
It's all wrapped up in a beautiful, 
compact cabinet only 6" wide x 21/2" 

wide x 71/2" deep. Meets FCC 

requirements. 
Ask your CB Dealer for the Cobra 21. 

The radio with too much talk power 
for not much money. 

(OBRA 21 
WITH EXCLUSIVE DYNA -MIKE 

Product of DYNASCAN CORPORATION 1801 W. Belle Plaine Chicago, Illinois 60613 

CIRCLE NO 13 ON READER SERVICE CARD 
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Editorial 
THE VIDEODISC COMETH 

After many false starts, manufacturers seem to be closing in on marketing of 
videodisc playback systems for consumers. Should it materialize, we'll all be 
winners when you consider that one could 'own a copy of the latest motion picture 
for the price of two theatre admissions plus babysitter fee. It would likely cost less 
to have a videodisc of a set of golf lessons, step -by -step TV cooking recipes, guitar 
lessons, still pictures of priceless paintings in your living room, and so on. 
Doubtlessly, some enterprising dealers will spring up to rent and exchange 
programs for even lower costs. 

Naturally, there are a host of competing systems, including: Philips /MCA, with an 
optical laser sensor; Zenith (in collaboration with France's CSF Thomas), with a 
similar though incompatible system; Teldec (Germany's Telefunken and Britain's 
Decca), with a diamond -in -a- groove mechanical approach; RCA's capacitive pickup; 
Bogen -Rabe's magnetic system; and I/O Metrics' optical -photo system. 

Playing a simple disc to produce color or B&W motion pictures with synchronized 
sound on a conventional TV receiver is a most appealing concept. You can view and 
listen to what you want when you want to. What's more, it has great potential for 
relatively low cost and fast access time (two challenges not yet met by videotape). 
So I was attracted to the first videodisc drumbeat in the East today -a presentation 
by Philips /MCA. I wasn't disappointed. 

The Philips /MCA machine looks like a sleek waffle maker. One simply connects 
wires to a TV set's antenna terminals, positions what appears to be an 
aluminum- coated polyethelene LP disc on a turntable, closes the top, and presses a 
"play" button. The program appears on your TV screen -in beautiful color. Other 
pushbuttons control slow motion, frame freeze, reverse, and frame selection (with 
digital index readout on the screen). Two discrete audio channels with a 20-kHz top 
end are available, plus a technological opportunity for 4- channel sound. Turntable 
speed is 1800 rpm. With no physical contact between the optical pickup and the 
disc, the disc doesn't "wear out." Videodisc programs will retail for $2 to $10, 
depending on program content and length: (Each disc has an uninterrupted 
30- minute play time at present.) Anticipated videodisc player price is $500 and target 
date for market entry is the fall of '76. 

Gone is MCA's pre- merger entry of an optical laser system that used a floppy disc 
and a top- mounted pickup, giving way to Philips' 0.2 mm -thick rigid disc and 
bottom -mounted sensor. Philips, in turn, secures MCA's vast programming 
resources (Universal Pictures, for example), while MCA also garners Magnavox's 
manufacturing and sales resources. (Philips owns 84% of Magnavox.) So 
Philips /MCA is a videodisc power to be reckoned with! And since some Zenith TV 

Philips /.MCA Videodisc System 
consoles and videodiscs were displayed, 
I'd speculate that Zenith will be a 

Philips /MCA licensee. 
Will Philips /MCA win all the videodisc 

marbles? I think not. Judging from the 
past, there will probably be two or three 
incompatible systems. Perhaps they will 
all vie for the same broad mass market. 
Or maybe, one will eventually dominate 
the affluent, adult market, while others 
will capture the remaining market 
with lower- priced systems. 

In any event, I believe that videodiscs 
will be the next truly big 
family- entertainment product in the 
United States, though still a few years 
away. All the ingredients are there. 
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Royce 
LL{en {o {he 

Pogee 
difference! 

Royce Model 1 -600 
23- Channel 

Mobile Transceiver. 

Engineering makes a great value better! 
NEW! ADDITICNAL I.F. STAGE for 
even better selectivity. 
NEW! MICROPHONE with better fre- 
quency response and sound quality. 
POSITIVE AND NEGATIVE GROUND. 
SYNTHESIZED 23- CHANNEL CIR- 
CUIT. No extra crystals to buy. 
LARGE 1 -1/4" COMBINATION S -RF 
METER. Turns red on transmit. 
P.A. SWITCH wiich converts the unit 
to a full 4 -Watt public address system. 

RUGGED, ALL -METAL CABINET with 
woodgrain trim. 
DUAL CONVERSION SUPERHETERO- 
DYNE RECEIVER. With ceramic filter 
for razor -sharp sensitivity. 
BUILT -IN AUTOMATIC NOISE LIM- 
ITER. Plus 12 -V DC line filter. 
ACTIVE AGC. Prevents fading and 
blasting. 
FULLVARIABLE SQUELCH CONTROL. 
TUNED RF STAGE. For superior sen- 
sitivity. 

LISTEN TO THE ROYCE DIFFERENCE befo-e you buy 
any mobile transceiver. See the Model 1 -600 at your Royce 
Dealer today! Suggested Retail Price $124.95 
Get our new literature...write to address below! 

Royce electronics corporation 
1142 Clay St., North Kansas City, Mo. 64116 
CALL: (816) 842 -0252 TELEX: 426 -145 

IE 1975 
CIRCLE NO. 40 ON READER SERVICE CARD 
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r ri.y. 
"IGNITION OF THE FUTURE" 

ALLISON 

"OPTO- ELECTRIC" 
The BEST...the ULTIMATE... -1 
of ALL the Ignition Systems! 

(We challenge ANYONE 

to dispute this Fact). 

ii 

Never wears out or needs any Maintenance! 

Does more than Pay for itself in 

GAS SAVINGS 

...it gives you Maximum Power 
with continuous PEAK PERFORMANCE 

...while reducing Maintenance 
and Operating Costs! 

The Allison OPTO- ELECTRIC System eliminates the Points 
and Condenser, replacing them with an OPTO- ELECTRONIC 
TRIGGER, using a Light -Emitting Diode and Photo t ransistor 
As there are NO moving parts in rubbing contact...Timing 
adjustments are PERMANENT. The only "TRUE" Electronic 
Ignition...that you can buy for under $100. 

Gives 40 -Times more Timing Accuracy than ANY system 
using "Mechanical" Breaker -Points! UNLIMITED RPM! 
"Electronically -Controlled" DWELL automatically supplies 
HIGHEST Performance at both Low and High speeds. Spark 
strength does not fall off at high RPM. POSITIVE SPARK 
helps eliminate "Misfire" for faster acceleration and improved 
Engine Performance! Smoother running (No timing fluctuation 
as with Magnetic Units). Easier Starting under any condition! 
Sparkplugs LAST 3 to 10 -Times LONGER. 

All SOLID -STATE Components. UNAFFECTED By Temperature, 
Moisture, or Vibration! Highest grade materials Guarantee 
you solid, Dependable Performance. * Perfect Timing and Dwell never change. 

Pays for itself! Eliminates ignition Tune -Ups forever! 
"INFINITE LIFE "...Once installed...Never needs replacing. 

PERFECT TIMING INCREASES Engine Efficiency and Gas 
Mileage. SAVES Precious Fuel! Allison gives you MAXIMUM 
Engine Efficiency 100% of the time...and that's the name of 
the game for BETTER Gas Mileage and Economy. 

gym* PROVEN RELIABILITY! 
Dyno Tested up to 15,000 RPM. 

Road and Race Proven. 
(Opto- Electric Systems won at 

INDY Two years in a row!) 

QUICK AND EASY INSTALLATION 

* If you want the BEST, and SAVE! This is IT! 

ORDER with CONFIDENCE... 

SATISFACTION GUARANTEED! 

1 -YEAR FACTORY WARRANTY. 
As you can see, you're not taking any 

chances at all_. Send your Order Today. 

State Make, Year, Engine Size. (Calif. Res. add Tax). 
(So New...it's Sold ONLY FROM FACTORY DIRECT). 

You may use your MASTER CHARGE or BANKAMERICARD. 
Send us (1) Your Number. (2) Interbank No., (3) Exp. Date. 

Before buying any other Type ignition system... 

Send Postcard for our FREE BROCHURE. * If you have already installed a C -D ignition system, 
Modernize and Increase its Efficiency... 

CONVERT YOUR "C -D" UNIT TO BREAKERLESS! 
Opto- Electric "TRIGGER UNIT'. ..Only'34.95 

Our BEST Salesmen are the owners 
and users of our ALLISON System! 

Only $4995 
COMPLETE. 

6 

ALLISON O /VF GO 

AUTOMOTIVE COMPANY 
1269- P, East EDNA PL., COVINA, CAL. 91722 

CIRCLE NO. 3 ON READER SERVICE CARD 

Lr , 
Letters 

NO -KEY IGNITION TURN -ON 

Anyone who incorporates Mr. Reckling's 
"Auto Lights Warning Buzzer" (Tips & 
Techniques, March 1975) in his vehicle 
will be in for a real surprise when he tries to 
switch off the engine with the lights on. 
Examination of the circuit indicates that, 
with the diode connected as shown, the 
ignition switch will be bypassed by the light 
switch through the added diode. This cir- 
cuit will allow the engine to be started 
without using an ignition key. 

The way to obtain a properly operating 

=-o- 
[ l6HT 

S)V/TrH 

76N/77O/11 
AY/ICH 

PAI4KiN4 

1DOOR SW?CN 
*rOrC POSITIVE- ÇiAO(M/D, rCEYveSE NODES- 

circuit is to use two diodes in an OR -gate 
arrangement as shown in my schematic. 

DUBY D. TODD 

Grissom AFB, IN 

I:GNITION 

UNIVERSAL DIGITAL PROBE 

Reference was made to a 72720 dual dif- 
ferential comparator integrated circuit in 
"Build a Universal Digital Probe" (February 
1975). The question is, what dealer handles 
this particular IC? I've searched through a 

number of catalogs and manuals and have 
had no success in locating this item. Can 
you help? 

B. R. RAYFORD 

Hayward, CA 

In the article on the Universal Digital 
Probe, the foil pattern was said to be "ac- 
tual size." It looks to me as if it is twice up. 

JAMES E. BRONSON 

Manchester, N.H. 

The 72720 dual comparator is a new IC 
from Texas Instruments, available from any 
authorized TI dealer. However, if you are 
having trouble locating this IC locally, you 
can substitute the 1458 (available from 
many dealers; see the back of PE) or any 
other dual comparator IC. Just make cer- 
tain that you make the necessary pin 
changes. 

The foil pattern for the probe was printed 
twice up for clarity, but was mistakenly 
called actual size. 

MORE ELECTRONIC ORGANS 

I have just finished reading your article 
titled "How to Choose Electronic Organs" 
(March 1975). Some of the advances the 
author writes about had their beginnings 
with the Hammond Organ. One example is 

the reverberation unit that other organ 
manufacturers buy from Hammond. The 
author writes about LSI, but no connection 
with the subject is given to Hammond. The 
Hammond Organ is total LSI. 

JERRY ORSONI 

Eau Claire, WI 

We have also been recently reminded 
that Miner Industries, Inc. manufactures 
and markets home entertainment prod- 
ucts. Three of its subsidiaries make elec- 
tronic organs: Opsonar Organ Corp. 
(which makes the Optigan); Estey Organ 
Co.; and Magnus Music Corp. 

ANOTHER EM KEYBOARD SUPPLIER 

In "How To Select EM Keyboards and 
Controllers" (July 1974), you closed with 
the request for information on sources for 
professional but inexpensive keyboards. In 

response to this request, I would like to 
recommend Synectic Music Systems, P.O. 
Box 30531, Seattle, WA 98103 as such a 

source. This company offers a variety of 
keyboards, all of which are usable in elec- 
tronic music. Prices start at about 
$1.00 /key. 

WILLIAM REED 

Seattle, WA 

HOBBY SCENE SCHEMATICS 

In the Transistor Tester circuit shown in 
the March 1975 Hobby Scene, I believe that 
the npn and pnp LED's are transposed. 
LED1 should be pnp, while LED2 should 
be for npn indication. 

DEAN ISLER 

Blocksburg, S.C. 

The Mobile CB Power Supply featured in 
the April 1975 Hobby Scene column will not 
work as shown. The addition of a connec- 
tion between the anode of the bottom 
diode and negative plate of the lower filter 
capacitor and the negative output terminal 
will make the power supply operational. 

ERIC R. BEAN 

Elkhart, IN 

TEMPLATES NO SOLUTION 

I have a suggestion that can help you 
improve the service you offer your readers. 
Why not print templates of the printed cir- 
cuit layouts for the projects that appear 
in POPULAR ELECTRONICS and sell them 
at or near cost? The templates could be 
stamped on plastic sheets so that they 
could be placed on copper -clad board and 
slightly heated with a lamp to make them lie 
flat. 

TOM PAGE 
Batesville, AR 

We've been asked this question a 
number of times in the past. Templates are 
impractical. They are prohibitively expen- 

POPULAR ELECTRONICS 
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sive. More important, they are increasingly 
impractical as a given pc guide becomes 
more complex. The only type of practical 
template for a multi -IC guide with many 
closely spaced conductors and hole cen- 
ters that must be critically placed would be 
a silk screen, which is too costly. 

CONVERTING GMT TO LOCAL TIME 

I noticed in "Shortwave Newscasts in 
English" (March 1975) that the times given 
are in Greenwich Mean Time (GMT). My 
question is, where can I get information on 
how to convert from the GMT schedule 
given to my local time? 

JESSE L. Ross 
Fort Worth, TX 

There's a simple rule for converting from 
GMT to your local time. When the U.S. is on 
Standard Time the Eastern, Central, Moun- 
tain, and Pacific Time Zones are 5, 6, 7, and 
8 hours behind GMT, respectively, which 
means that you subtract 5, 6, 7, or 8 from 
the listed GMT, depending on your time 
zone, to obtain local time. (For Daylight 
Savings Time, the figures are 4, 5, 6, 7 

hours, respectively.) Then convert from 
24 -hour time to 12 -hour time. If the GMT is 

2300, for example, your time in Fort Worth 
during Standard Time would be 2300 - 600 
= 1700 or 5:00 pm. 

Out of Tune 
In "Getting to Know the Liquid Crystal 

Display" (April 1975), the schematic shown 
in Fig. 4 was incorrect. The corrected 
schematic is shown below. Also, to clarify 
understanding the theory behind LCD's, 
CMOS is preferred over TTL for driving the 
display because the output switches be- 
tween the supply voltage and ground (in- 
stead of from about 4.7 volts and about 0.6 
volt, as in TTL). This minimizes the unde- 
sirable effects of dc offset voltages. 

32-//i osc. 

In "Build a Muscle Feedback Monitor," 
(May 1975, p 39), on the component layout, 
two resistors were labelled R22. The one 
connected to terminals 4 and 8 of lC4 
should have been R24. 

JUNE 1975 

NEW': 
PACE MAXI -MINI 

THE LATEST MAXI -MUM TALK POWER WITH 

MINI -MUM SIZE 

Pace CB 143 feature -packed: 23 channel synthesized design ( +) or ( -) ground 
separate jack for remote speaker 'S' meter to monitor incoming signal 

strength transmit indicator light PA system. Only $129.95. 

See your distributor and 
pickup your "Maxi- Mini" today! 

Pace Cammunications, Div. of Pathcom Inc., 24049 S. Frampton Ave., 

Harbor iCi y, Ca. 90710. Available in Canada from Superior Electronics Ind. 62 up» 
CIRCLE NO 37 ON READER SERVICE CARD 

ll1tInfoh CATALOG 
and FM DIRECTORY 

Get all the newest End latest information on the new McIntosh Sol- 
id State equipment in the McIntosh catalog. In addition you will 
receive an FM station directory that covers all of North America. 

MX 113 
FM /FM STEREO AM TUNER AND PREAMPLIFIER 

SEND 

TODAY! 

McIntosh Laboratory, Inc. 
East Side Station P.O. Box 96 
Binghamton, N.Y. 13904 
Dept. PE 

NAME 

ADDRESS 

CITY STATE ZIP 

If you are in a hurry for your catalog please send the coupon to McIntosh. 
For non rush service send the Reader Service Card to the magazine. 
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Yonget the same 
25" o- kitcolor 

TVfrom three 
different schools. 

8 

You get 
this designed- 

for- learning 
25"colorTYonly 

with NRIáaining. 
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No other home -study school gives you a TV 
like the one you build with NRI's Master 
Course in Color TV/ Audio servicing. 
Some schools give you three or four plug -in 
sub -assemblies off the production line to 
put together a commercial set. Others give 
you a hobby -kit bought from outside 
sources. And because neither type was 
originally designed to train people for 
TV servicing, lessons and experiments must 
be "retro- fitted" to the set as it comes. 

That's why we went to the trouble to 
engineer our own, exclusive solid -state TV. 
It's the only way a student can (1) 
get the feel of typical commercial 
circuitry, (2) learn bench tech- 
niques while building a com- 
plete set from the "ground" up, 
(3) perform over 25 "in -set" r 
experiments during construc- 
tion, and (4) end up with a 25" 
diagonal solid -state color TV 
with console cabinet and all 
the modern features you'll 
find on sets you'll service. 
Nobody else can give you this 
combination of advantages be- 
cause nobody else invested the 
time and money to design a set 
with learning in mind. 

More know-how 
per dollar 

That's what it all boils down to, the quality of training 
you get for the money you spend. In our 60 -year history, 
more than a million students have come to NRI and 
we're fully approved for career study under the G.I. Bill. 
We must be teaching something right. 

Some of those "right" things are bite -size lessons to 
ease understanding and speed learning ... personal 
grading of all tests, with comments or explanations where 
needed ... a full -time staff of engineer /instructors to 
help if you need it ... plenty of "real- life" kits and 
experiments to give you hands -on training ... and fully 
professional programs oriented to full- or part -time 
career needs. 

NRI passes the savings 
on to you 

You don't pay a big premium to get this unique TV as 
part of your training, because NRI engineering eliminates 
the cost of buying from an outside source. And we pay no 
saleman's commission. We enroll students by mail only. 
We pass the savings along to you in the form of low 
tuition fees, extras like a cabinet for the TV, a solid -state 
radio you learn on as you build, and actual instrument 
kits for servicing TVs ... triggered sweep oscilloscope, 
integrated circuit TV pattern generator, and 31 /z digit 
digital multimeter. You can pay hundreds of dollars 
more for a similar course and not get a nickel's worth 
more in training and equipment. 

Widest choice of 
career opportunities 

NRI offers not one, but five excellent TV /Audio 
servicing courses so you can tailor your training to your 
budget. Or, you can study other opportunity fields like 
Computer Electronics, Communications, Aircraft or 
Marine Electronics, Mobile Radio, and more. Free 
catalog describes them all, showing lesson plans, 
equipment and kits, and career opportunities. There's 
no obligation and no salesman will ever call, so send for 
your copy today. See for yourself why NRI experience, 
selection, and exclusives give you something no other 
school can. 

If card is missing, write to: 

NRI NRI SCHOOLS ,, ! ' McGraw -Hill Continuing Education Center 
3939 Wisconsin Avenue, 

I.h Washington, D.C. 20016 
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New Products 
Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
code number on the Reader Service Card 
inside the back cover or write to the man- 

ufacturer at the address given. 

LARSEN MAGNETIC ANTENNA MOUNT 

Using a new type of permanent magnet to 
achieve maximum magnetic pull, Larsen 
Antenna's mobile mount, available in five 
different models, will accommodate all 
popular types of mobile antennas. The 
units come with 12 feet of RG58 /AU coax 
and plug. Just screw the antenna to the 
base and place the base on any flat surface 
(vehicle roof, fender, trunk) and run the 
coax to the equipment. The magnet is 
guaranteed permanent, according to the 
company, and will stay put at any highway 
speed. 

CIRCLE NO. 70 ON READER SERVICE CARD 

ADVENT FM RADIO 

A compact monophonic FM receiver, 
Model 400, is being introduced by the Ad- 
vent Corporation. The radio consists of two 
compact white molded cabinets, one con- 
taining the tuner /amplifier, and the other 

housing an acoustic -suspension speaker 
system. A 40 -foot speaker cable connects 
the two units. The receiver has volume, 
bass and treble controls and a vernier tun- 
ing dial, as well as an output jack for tape 
recording and an input jack for playing a 
high -level source through the system. The 
receiver was designed to have good sen- 
sitivity and front -end overload characteris- 
tics. Its i -f stages (incorporating two IC's) 
are said to produce high selectivity and 
ease of tuning. The speaker driver, in con- 
junction with an LCR shaping filter, is said 
to provide good bass and treble response 
as well as satisfying tonal balance. The re- 
ceiver section measures 65 /e" H x 6" D x 
41/2" W (16.8 x 15.2 x 11.4 cm), and the 
speaker enclosure measures 11 "W x 6% "H 
x 6" D (27.9 x 16.8 x 15.2 cm). 

CIRCLE NO. 71 ON READER SERVICE CARD 
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AVANTI TVI FILTERS 

Avanti Research and Development intro- 
duces two filters for TVI problems as- 
sociated with CB operations. The first filter 
is a low -pass unit for installation in the 

coaxial feedline between transceiver and 
antenna. Any spurious high- frequency 
signals (harmonics) emitted from the 
transceiver will not be allowed to pass to 
the antenna. The second filter is a high - 
pass unit which should be installed at the 
TV receiver's antenna terminals. This filter 
is useful in curing those TVI problems 
caused by receiver overload and not by 
harmonic radiation. It lets TV signals 
through, but blocks the interfering 27 -MHz 
CB signals. The high -pass filter is designed 
for use with 300 -ohm feedlines, and the 
low -pass filter is to be used with 52 -ohm 
coax. 

CIRCLE NO. 72 ON READER SERVICE CARD 

MOTOROLA TONE/FREQ. METER 

Motorola's new Model SLN -6401A tone/ 
frequency meter allows radio techni- 
cians to make high- accuracy measure- 
ments on low- frequency tones in two -way 
radios. This autoranging unit incorporates 
a phase -lock /frequency multiplier tech- 
nique that is said to resolve to 0.002 Hz in 
only one second. Because of this ultra -fast 
counting speed, it is possible to read tones 
transmitted on two -way radio channels by 
reading them directly from the recovered 
audio of a receiver or communications ser- 
vice monitor. In the auto mode, the unit 
automatically provides maximum resolu- 
tion of the six -digit display; in manual 
mode, a pushbutton selects a coarser 
resolution with increased counting speed. 
The unit also functions as a standard fre- 
quency counter over the range of 20 Hz to 2 
MHz. Address: Motorola Communications 
and Electronics, Inc., 1301 E. Algonquin 
Rd., Schaumburg, IL 60172. 

BOMAN AUTO CASSETTE PLAYER /RADIO 

The Boman Astrosonix Model BM -1335 
stereo cassette player /AM -FM radio is an 
in -dash unit with adjustable control shafts 

(51/e" to 69/32" or 13 to 16 cm) for easy mount- 
ing. The player /radio has tone, volume, 
balance, and tuning controls, as well as 
pushbuttons for FM /AM, Stereo, Eject, 
Fast -Forward, and Rewind. Indicator lights 
are provided for FM, AM, Stereo, and Tape 
End. FM sensitivity is claimed to be 6 pV 
and stereo separation 30 dB. Wow and flut- 
ter is said to be under 0.4% and tape sep- 
aration 35 dB, frequency response is 
80- 10,000 Hz, and power output is 8.4 watts 
rms /channel into 4 ohms at 1% distortion. 
The Model BM -1335 weighs 4.5 lbs (2 kg) 
and measures 71/8" W x 61/2" D x 21/e" H (17.8 
x 16.5 x 5.4 cm). $184.95. 

CIRCLE N0. 13 ON READER SERVICE CARD 

STANTON MAGNETIC SUSPENSION TURNTABLE 

The new 331/3 and 45 rpm Stanton Model 
800411 manual turntable uses a Gyro- 
poise'" magnetic suspension system in 
which the 12 -inch platter makes no physi- 
cal contact with its 24 -pole synchronous 
motor's structure. Other features include 
belt drive, Unipoise" single -point tone - 
arm suspension, anti -skate control for all 
types of styli, stylus -force slide (0.4 grams), 
viscous -damped cueing control, and low- 

capacitance cables. Wow and flutter is 
claimed to be less than 0.7% weighted and 
weighted rumble better than 60 dB down. 
The Model 800411 comes with a walnut 
veneer base, dust cover, and a Stanton 
calibrated 681 EEE cartridge. The turntable 
measures 143/4" x 13" x 7 "(37.5 x 33 x 17.8 
cm) and weighs 12 lbs (5.4 kg). $199.95. A 
4- channel version, Model 8004 -IV, is priced 
at $224.95. 

CIRCLE N0. 14 ON READER SERVICE CARD 

SONY PARABOLIC REFLECTOR 

Superscope has added the Model PBR -400 
portable parabolic reflector to its line of 
Sony recording equipment. It is designed 
to pick up high -quality sound from a dis- 
tance and, depending on climatic condi- 
tions and surroundings, has an effective 
recording range of up to several hundred 
yards. According to the company, the 
PBR -400 will improve the sound sensitivity 
of most omnidirectional mikes 10 to 20 dB 
over rated sensitivity. Weighing under 3 

pounds, the unit is hand operable but 
comes with a stand adapter for tripod use, 
a mike stand adapter, carrying case with 
shoulder strap, and internal accessory 
pouch. $79.95 

CIRCLE NO. 15 ON READER SERVICE CARO 
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CORVUS 24 -HOUR GMT DIGITAL CLOCK 

Designed for amateur radio operators, the 

ac- powered Corvus Zulu 10 is a solid -state 
digital clock with a 24 -hour display of time 
(GMT) and a 10- minute station indentifica- 
tion alarm /timer. It features a single MOS IC 

and LED display. The Zulu 10 is housed in a 

miniature 21/2 -inch plastic case with all 

switches and controls hidden from view. 
The case is silver color and chrome with a 

full -face red lens for wide -angle viewing. 
The 10- minute timer is reset by turning the 

clock upside -down with a "flick of the 
wrist." $39.95. Corvus Corp. 13030 Branch 
View Lane, Dallas, Texas 75234. 

HICKOK 10 -MHZ DUAL/TRACE SCOPE 

The Hickok Model 512 Dual -Trace Oscil- 
loscope uses a 5 -inch CRT, has a claimed 
bandwidth of dc to 10 MHz (ac or dc cou- 
pled), normal or auto triggering, and 1- 

megohm input impedance shunted by 30 

pF. Vertical sensitivity can be varied from 5 

mV /cm to 50 V /cm (uncalibrated), or from 
10 mV /cm to 50 V /cm (with 3 %accuracy) in 

12 calibrated steps. Sweep rate is vari- 
able from 0.1 ps /cm to 1 s /cm (uncali- 
brated ), and from 0.5 ps /cm to 0.2 s /cm 
(with 5% accuracy) in 18 calibrated steps. 
The Model 512 can display either signal A 

or B alone, simultaneously, or alternately, 
as well as chopped (100 kHz) A and B, A 

plus B, or A minus B. A Z -axis (blanking) 

feature is also included. For TV work, trig- 
ger coupling can be chosen from among 
TV Field (Vertical), TV Line (Horizontal), 
VITS Field 1, and VITS Field 2. Among ac- 
cessories included are two combination 
10:1 /direct probes, viewing hood and over- 
lay for TV Field, VITS, and Vectorscope 
work. Front -panel controls are color 
coded. The 512 weighs 17 lbs (7.7 kg), and 
measures 17 "D x 101/2 "W x 10 "H (43.2 x 

26.7 x 25.4 cm). $675. 
CIRCLE NO. 77 ON READER SERVICE CARD 

ECD DIGITAL CAPACITANCE METER 

The new Model 100 Digital Capacitance 
Meter by ECD has a 31/2 -digit display and 
autoraiging. The hand -held, battery - 
powered meter measures values over a 

MIA CTwowIC. n.C. 

MAKES 

SYNTHESIZER 
KITS 

KEYBOARD MODELS 
PRICED FROM 
$230 

1. s'i THE 
SURF 

A BIRD 
THE WIND 
NG -POND 

WIND CHIM ES 

DRUMMER BOY 
SYNTHESPIN MK-II 

THE PYGMYE AMP' 
A CHATTER JAMMER 

INFINITY PLUS SUSTAIN 
BALANCED MODULATOR. 

THE SEQUENCER & MIXER 
GNOME MICRO-SYNTHESIZER 
AND MANY MORE IN OUR 

FREE CATALOG 

PAIA ELECTRONICS 
BOX P14359, OKLAHOMA CITY, OK 73114 
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You don't have to buy d new car to get an electronic ignition. 
Let's face it. After 37 years, even a Phantom Ill can use a 

lift. That's why I put a Delta Mark Ten B Capacitive Dis- 
charge Ignition on my Phantom ... to give her a spark I'd 
pit against any '75 model car. I went to Delta because they 
aren't Johnny- come -latelys. Delta's been making electronic 
ignition systems for over a decade. 
Whatever kind of car you drive, you can give it the same great 
Delta performance I gave mine. 

Mark Ten B Capacitive Discharge Ignition Systems are 
manufactured by Delta Products, Inc., a company with a 

conscience, and with a proven record of reliability both in 

product and in customer relations. 
The Mark Ten B really does save money by eliminating 

the need for 2 out of 3 tune -ups. Figure it out for yourself. 
The first tune -up or two saved pays for the unit, the rest is 

money in your pocket. No bunk! 
Because the Mark Ten B keeps your awe 

car in better tune, you actually can 
save on expensive gasoline. 

With a Mark Ten B, spark plugs E 

stay clean and last longer ... fouling 
is virtually eliminated. 

r 

L 

i 
M A R K 

N 

I want to know more about Mark Ten B CDI's. Send me complete 
no- nonsense information on how they can improve the performance 
of my car. 

Name 

Address 

City State Zip 

DELTA PRODUCTS, INC. 
0. Box 1147, Dept. PE, Grand Junction, Colo. 8101 

103- 242 -9000 

-I 

-J 

Mark Ten B, Standard Mark Ten, 

assembled $64.95 ppd assembled .. $40.95 ppd 

Mark Ten B, kit . $49.95 ppd Deltakit® $34.95 ppd 
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346 
Save nO 

Instruments, 
Burglar Alarms, 
Automotive & 
Hobby 
Electronics! 
The more you know about 
electronics, the more you'll 
appreciate FICO. We have a wide 
range of products for you to 
choose from, each 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 latest EICO Catalog on Test 
Instruments, Automotive and Hobby 
Electronics, Eicocraft Project kits, 
Burglar -Fire Alarm Systems and name 
of nearest EICO Distributor, check redder 
service card or send 500 for fast first 
class mail service. 

EICO -283 Malta Street, 
Brooklyn, N.Y. 11207 

Leadership in creative electronics 
since 1945. 

L7E /COq 
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wide dynamic range -from 200 pF to 
200,000 pF in 10 automatically selected 
ranges. Mounted test clips are useful for 
measuring small capacitors, and a pair of 
test leads is provided for large electroly- 
tics. Measurement is accomplished by 
pushing a single pushbutton. An offset 
control is included to cancel out stray lead 
or clip capacitances. The display consists 
of a 0.6 -inch high, 31/2-digit LCD and four 
LED's to indicate units. Accuracy is 
claimed to be 0.1 %to 200 pF, and 1% from 
200 to 200,000 µF, over a temperature 
range of 59 °F to 95 °F (15 °C to 35 °C). Meas- 
urement time is said to be less than 
1/2- second for values up to 200 pF, and in- 
creases to 5 seconds for 200,000 pF. The 
meter measures 5.9 "W x 3.2 "H x 2.3 "D (15 
x 8 x 5.7 cm) and weighs 15 oz (425 g). 
$289.00. 
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YAMAHA FET POWER AMPLIFIER 

The Yamaha Model B -1 basic stereo am- 
plifier uses recently developed high - 
power FET's in output stages, as well as 
FET drivers. Rated output is 150 watts 
rms /channel (both channels driven into 8 

ohms, 20- 20,000 Hz) with THD and IM each 
0.1 %at rated power. Hum and noise level is 
reported to be 110 dB, input sensitivity is 

0.775 V into 50 kilohms, and speaker load 
impedance is 4 to 16 ohms. A separate con- 
trol unit, Model UC-1, is also available to 
provide switching and control functions 
for the power amplifier. The control unit 
features two peak- reading meters cali- 
brated in both watts and dB, rumble filter, 
switch and level controls for five speaker 
pairs, separate overload warning indi- 
cators, and a thermal overload indicator. 

CIRCLE NO. 19 ON READER SERVICE CARD 

RUSSOUND AUDIO CONTROL 

Russound's MP -2 multi -play audio control 
can serve as a miniature control center for 
an entire hi -fi system and provide switch- 
ing capability for one or two signal 
sources. It allows outputs to be fed to one, 
two, three, or four pairs of stereo speakers. 
Each of the four stereo output channels 
has its own instant -impedance "L" pad 
volume control and any assortment of 
speaker efficiencies and impedance rat- 
ings may be combined in the MP -2 without 
overloading the amplifier's output stage. 
The walnut vinyl cabinet measures 81/16" W 
x Re" Dx31 /1e "H(20x 10 x 8 cm). $69.95 
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DATA PRECISION MULTIFUNCTION COUNTER 

A 7- digit, 100 -MHz counter /timer, Data 
Precision's Model 5740, is designed to 
measure frequency, period, period aver- 
age, elapsed time and total events. It fea- 
tures LED displays (about 1/2 -inch high), 
and measures frequency from 5 Hz to 100 
MHz, single period (sine wave) time from 1 

microsecond to 0.2 sec., period average 
with 1 nanosecond resolution to 99,999.99 
psec, event counting from 0 to 99,999.99 
and time interval from 0 to 99,999.99 sec- 
onds. Sensitivity is 10 mV to 20 MHz, rising 
linearly to 50 mV at 100 MHz. The instru- 
ment also has a front -panel trigger level 
control, a 20/1 attenuator, and an input im- 
pedance of 1 megohm shunted by 25 pF. 
Four separate gate times (10 sec, 1 sec, 0.1 

sec, and 0.01 sec) are selected from the 
front panel. The unit can also count and 
resolve random pulses. Measurement 
capability can be extended to -± 250 V. Op- 
tions include remote start /stop for time and 
events, a 50-ohm input termination, and 
BCD interface and logic control. The 5740 
measures 91/2'W x 73/4 "D x 31/2 "H (21.6 x 
18.5 x 8.9 cm) and weighs 5 lbs (2.27 kg). 
$295.00. 
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DIP MARKER STRIP LABELS 

A new line of press -on marker labels from 
the Vector Electronic Co. identifies DIP 
socket pins and circuit board hole loca- 
tions on tenth -tenth Micro -Vectorboard. 
The 14 -pin DIP markers, Model MS -9, have 
double sequential number lines from 1 to 7 

on one side and from 8 to 14 on the other. 
Similar strips (Model MS -10) for 16-pin DIP 
sockets and IC's are also available. The cir- 
cuit board markers also come in pairs of 
single line strips, numbered 1 through 
and 8 through 14 for 14 -pin DIP's (MS -9A) 
and numbered 1 to 8 and 9 to 16 for 16-pin 
DIP's (MS -10A). MS -9 and MS -10 marker 
strips are priced at $1.98 per package of 36. 
MS -9A and MS -10A are $2.45 each per 36 
pairs. Vector Electronic Company, Inc., 
12460 Gladstone Ave., Sylmar, CA. 91342. 

LED VU /S METER 

A new VU meter, the Model M -241 by Pulse 
Dynamics Manufacturing Corp. uses seven 
LEDs to monitor signal levels from 15 to 
+3 VU in 3 -dB steps. LED VU meters have 
no mechanical inertia and therefore no 
overshoot. The M241 is also available as an 
S meter. In both cases, the meter is offered 
with either vertical or horizontal scales. 
When a 0.775V rms sine wave is applied a- 
cross the input, the Model M -241 indicates 0 

VU. This calibration level is adjustable over 
±10% range. The meter is reported to have 
a flat response over the audio range. A de- 
gree of slow decay is built -in to allow easy 
viewing of signal peaks. Power required is 
12 -15 V dc at 30 mA. P!D.M.C., Dept. 29, 
Colchester, IL 62326. 
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New Literature 

CONTINENTAL BREADBOARDING CATALOG 

A 16 -page short -form catalog, "Spring 
1975 Edition New Breadboarding Prototest 
Devices," has been released by Continen- 
tal Specialties Corp. This illustrated 
catalog shows all the current breadboard 
Prototest equipment produced by the firm, 
including its new Logic Monitor. Other 
items described nclude QT sockets and 
bus strips, and a line of Proto Boards (one 
model has a built -in short -proof 5 -volt, 
1 -amp regulated supply), and the Proto- 
Clip for power -on signal tracing. A special 
section is devoted to typical applications 
and answers frequently asked questions 
about breadboarding. Address: Continen- 
tal Specialties Corp., Box 1942, New 
Haven, CT 06509. 

TELEX HEADPHONE CATALOG 

Telex Communications' 8 -page catalog 
covers its expanded line of Broadcast/ 
Communications headphones and acces- 
sories. Among equipment described are 
the Cameraman's series headsets, the 
Sportscaster with "push -to- cough" 
switch, the IC -10 headset intercom, the 
1325 series broadcast stereo headphones, 
and the 1320 series communications head- 
sets. Also included are general -purpose 
headphones, pillow speakers, and con- 
necting cables. Address: Telex Communi- 
cations, Inc., Broadcast /Industrial Sales 
Dept., 9600 Aldrich Ave. South, Min- 
neapolis, MN 55420. 

SHURE PROFESSIONAL PRODUCTS CATALOG 

Shure Brothers' line of Professional Prod- 
ucts is presented in a 24 -page catalog. 
Among items covered are: unidirectional 
condenser, dynamic, cardiod and bi- 
directional ribbon microphones; om- 
nidirectional and utility dynamic micro- 
phones; lavalier and miniature micro- 
phones, mixers, feedback controllers, and 
stereo preamplifiers. Also described are 
microphone accessories, including 
mounts, connectors, series transformers, 
windscreens, stands, attenuators, power 
supplies and component carrying cases. 
Shure's line of "stereo dynetic ''" phono 
cartridges are included, as well as tone 
arms, test records, and a stylus force 
gauge. Address: Shure Brothers, Profes- 
sional Products, 222 Hartrey Ave., Evans - 
ton, IL 60204. 
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CAR STEREO BOOKLET 

RCA's 14 -page booklet presents features 
and facts about its newly broadened line of 
car stereo players and speakers. Entitled 
"Come Drive With Us," this convenient 
pocket -sized brochure includes illustra- 
tions and technical specifications. It covers 
under -dash 8 -track units, an in -dash 
AM /stereo FM /8 -track unit, an automatic 
cassette player, and FM converter. A vari- 
ety of accessory items, such as speakers 
and key -lock mounting brackets are also 
described. Address: RCA Parts and Acces- 
sories, Box 100, Deptford, NJ 08096. 

SPEAKERLAB CATALOG 

Speakerlab's 29 -page catalog describes its 
loudspeaker system kits and components. 
The company's kitted systems, which 
range from two -driver, two -way bookshelf 
systems to four -driver, three -way systems, 
include grille cloth, frame, and instruc- 
tions. The catalog also includes a summary 
of design and construction techniques. 
Address: Speakerlab, 5500 35th NE, Seat- 
tle, WA 98105. 

EICO TEST INSTRUMENTS CATALOG 

Eico Electronic Instrument offers a con- 
densed version catalog featuring its line of 
kit and wired test instruments. These in- 
clude: oscilloscopes, VTVMs, VOMs, tube 
and transistor testers, power supplies, 
probes, and auto testers. The six -page 
booklet carries product descriptions and 
illustrations. Address: Eico Electronic In- 
strument Co., 283 Malta St., Brooklyn, NY 
11207. 

BURGLAR/FIRE ALARM CATALOG 

The Silmar Electronics' 1975 Spring 
catalog contains new alarms, accessories, 
and components, as well as other items in 
its line. The 12 -page catalog also features 
illustrated and diagrammed installation in- 
structions. Address: Silmar Electronics, 
133 S.W. 57th Ave., Miami, FL 33144. 

SOLID -STATE SWITCH SELECTION GUIDE 

A 12 -page product sheet describing two 
families of solid -state switches and a vari- 
ety of actuating magnets is offered by 
Micro Switch. Product Sheet SR /SS /MG 
describes features and applications of the 
SR 5SS and 6SS series of Hall- effect sen- 
sors, which can interface directly with 
many electronic circuits. A detailed de- 
scription of calibrated Hall elements helps 
users select the correct solid -state switch. 
The product sheet includes selection 
guides, sample gauss calibration curve 
diagrams for current sinking and sourcing, 
simple linear output and differential linear 
output circuits, mounting dimensions, a 

review of analog magnetic field sensors, 
and a description of seven special mag- 
nets. Address: Micro Switch, 11 W. Spring 
St., Freeport, IL 61032. 

Affilkcf/ 
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CHECK FOUR FUNCTIONS 
WITH ONE INSTRJMENT ! 

Continu ty Polarity 
Voltage Digital Logic 

LIGHTWEIGHT - POCKET SIZE 
I'ROTLCTIvE VINY_ CARRYING 
POUiCH. SEE YOUR FAVORITE 
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Th3 All -New, 
Quick Ani Easy 
Way To Reproduce 
Pri-it3d Circuits. 
Ge: Your Kit From 
Your Favorite 

CALECTRO Electronics 
Distributor Today ! 
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GC ELECTRONICS <" DIVISION OF HYDROMETALS, INC. ak 
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Stereo Scene 
NON -TECHNICAL DEMONSTRATION RECORDS 

THERE have never been so many 
demonstration records available 

from audio -equipment manufacturers 
as there are today. In fact, this brief 
overview will ignore, for now, non - 
music test records. (By my arbitrary 
definition, a demo record is a software 
package intended either to show off or 
trip up an audio system's ability to 
handle music that's reasonably listen- 
able.) 

Many of these demo discs are fur- 
nished with ample instructions on 
what to listen for, so my specific re- 
marks are merely supplementary. 
Even skilled listeners find it hard to 
judge the accuracy of reproduced 
sound without an absolute standard 
of reference -such as the live per- 
formance -for comparison. Lacking 
this, I find it helpful to concentrate 
on technical details of the perform- 
ance. Is the string sound controlled in 
articulation and especially in tone, 
which is something professional mu- 
sicians strive for? Are the unisons in 
unison and is there good sense of en- 
semble, shape, and smoothness? 

By Ralph Hodges 

These are real musical values, as well 
as tip -offs to the stridency, ragged- 
ness, and feeling of "coming apart" 
that characterize flawed reproduc- 
tion'. 

"Sessions." This JBL album was 
eyidently put out to create a little ex- 
citement over the company's exten- 
sive connections with the professional 
sound industry. (JBL builqs studio 
monitor speaker systems among other 
professional products.) This two - 
record set, while not exactly "listening 
for pleasure" fare, contains a lot that is 
potehtially instructive. One disc traces 
the progress of a pop recording and 
mixing session, demonstrating such 
techniques as overdubbing, equaliza- 
tion, artificial reverberation, and the 
general symbiotic relationship be- 
tween technician and artist in modern 
recording. The other disc is devoted to 
speaker evaluation under two catego- 
ries: speaker "definition" and "color- 
ation." 

The session disc is most valuable for 
its excellent introduction to studio 

practice. Those of you with scopes will 
be interested to see that most instru- 
ments and vocals are mixed in mono. 
Only when an echo chamber is used to 
process the vocal track does the 
characteristic "fried -egg" stereo trace 
appear on an X -Y scope display. The 
very last cut on the record, introduced 
by the narrator as a tribute to music, is 
to this listener a striking example of 
what happens when studio equaliza- 
tion gets completely out of hand. 
Scope owners should note the con- 
siderable asymmetry of the musical 
waveform on this cut. Apparently 
some heavy waveform peak limiting 
has been used to introduce outlandish 
amounts of distortion -the type 
commonly associated with unbal- 
anced amplifier- output stages. 

The speaker -evaluation disc offers 
great riches. The terms "definition" 
and "coloration" are not really strictly 
defined (nor can they be, since the 
two factors are so closely interrelated), 
but some of the tests should prove 
uniquely useful. For example, a cut 
well into Side One features a close - 
miked female vocalist with very promi- 
nent speech sibilants. This is a fine 
demonstration of how a good, clean 
recording of this sort should sound. 
Loud sibilants have a tendency to un- 
glue even the finest systems, espe- 
cially phono cartridges and pream- 
plifiers. Properly recorded, they have a 
delicate quality that suggests the soft 
passage of breath over the palate and 
teeth. When troubles occur, sibilant 
sounds thicken or rasp. Since the re- 
corded levels on the disc are moder- 
ate, a phono cartridge has a fighting 
chance of tracking the cut properly, 
allowing you to hear how the rest of 
your system copes with this kind of 
signal. 

Then there's the plucked acoustic 
bass on Side Two -just about the best 
test I've come across to pinpoint rat- 
tling objects in the listening room (Ve- 
netian blinds, bric -a -brac on shaky 
shelves, flimsy lampshades, brass 
spittoons, etc.). Often these furnish- 
ings chime or buzz only at the loudest 
moments of musical hysteria, when 
there is so much sonic stimulus 
around that they get mistaken for 
speaker problems or amplifier clip- 
ping. But this very strong solo bass 
line, ranging over the full register of 
the instrument, will give them away 
instantly as the culprits they are. (It 
should be pointed out that this and 
other bass material on the record will 
almost certainly bring out any acous- 
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Now Heathkit digital -design Color TV 
comes in two screen sizes 

21iiagonai less cab. 

Now you can enjoy what Popular Electronics editors call the color 
TV of the future" in either of two sizes, the original GR -2000 with 
25" picture tube or the new GR -2050 with 21" tube. They have 
identical technology and features... just choose the picture size 
you prefer. 

On- screen electronic digital channel num- 
bers - big, bright, and easiest to read. 

On- screen electronic digital clock time -low 
cost insurance against missed programs. 

Silent, electronic, touch -tuning, thanks to the combi- 
nation VHF -UHF varactor tuner. No knobs to 
turn, no contacts to clean, no noisy turrets, 
no humming motors, nothing to wear out. 
Just touch a button to tune. 

Programmable Digital Counter /Channel Selector -a computer- 
like programming board for you to pre -program any 16 stations, 
UHF or VHF, or both, in any order, even repeating if you choose, 
so there is never any need to have unused channels again. When 

activated by touching the tune button or re- 
mote control, the counter silently sweeps 

up or down through the 16 programmed 
channels; release the button and the 

selected channel is locked in. And you 
can change the programming any 

time you wish, such as when new 
stations come on the air, or you 

move to a new locality...just slide out 
the Service drawer and re- program. 

HEATHKIT ELECTRONIC CENTERS - 
Units of Schlumberger Products Corporation 
Retail prices slightly higher. 

ARIZ.: Phoenix; CALIF.: Anaheim, El Cerrito, Los Angeles, Pomona, Redwood 

City, San Diego (La Mesa), Woodland Hills; COLO.: Denver; CONN.: Hartford 
(Avon); FLA.: Miami (Hialeah), Tampa; GA.: Atlanta; ILL.: Chicago, Downers 
Grove; IND.: Indianapolis; KANSAS: Kansas City (Mission); KY.: Louisville; LA.: 

New Orleans (Kenner); MD.: Baltimore, Rockville; MASS.: Boston (Wellesley); 
MICH.: Detroit; MINN.: Minneapolis (Hopkins); MO.: St. Louis (Bridgeton); NEB.: 
Omaha; N.J.: Fair Lawn; N.Y.: Buffalo (Amherst), New York City, Jericho (L.I.), 
Rochester, White Plains; OHIO: Cincinnati (Woodlawn), Cleveland, Columbus, 
Toledo; PA.: Philadelphia, Pittsburgh; R.I.: Providence (Warwick); TEXAS: Dallas, 
Houston; VA.: Norfolk (Va. Beach); WASH.: Seattle; WIS.: Milwaukee. 

JUNE 1975 

25"diagonal 
66995* 

cab. 

Exclusive Heathkit fixed ten -section LC bandpass filter - does 
away with critically adjusted traps yet elimi- 

nates adjacent -channel and in- channel 
carrier beats to give you truly superior 

color reception in multiple- transmitter ur- 
ban areas or where multi -channel cable ser- 

vice is available. And it will never need 
periodic instrument alignment - it's adjusted 

and sealed at the factory so you have better pictures longer. 

100% solid -state - more ICs than any other set in the world - 33 
in all with remote control and clock - for greater reliability, less 
interference, truer colors, more precise tints, improved sensitivity, 
and better picture interlace for remarkable definition. Both sizes 
of picture tubes are black (negative) matrix 
types with full illuminated dots and black 
"surround" for brighter, more vivid pic- 
tures. 

Easier to build, easier to service. Built -in 
digital- design dot generator, check -out 
meter, and easy- access adjustments for 
service you can do yourself. Modular cir- 
cuit boards, wiring harnesses, and fewer 
chassis -mounted parts make it easier to 
build this color TV of the future. 
Optional remote control, $89.95.* Cabinets from $114.95.' 

See the complete line of Heathkit 
Color TVs and 350 other easy -to- 
build kits in this FREE Catalog. 

HEATH 

Schlumberger 
Heath Company, 
Dept. 10 -06 
Benton Harbor, MI 49022 

Please send my tree 1975 Heathkit Catalog. 

STATE 

*PRICES RE ARE FACTORY ne E ORDER, FOB 

LPRICES F. SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
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Join "THE TROUBLESHOOTERS" 

10 

They are paid good money 
for keeping today's 

electronic world running 
Suddenly the whole world is 

going electronic! And behind the 
microwave towers, push - button 

phones, computers, mobile radio, 
television equipment, guided 

missiles, etc., stand 
THE TROUBLESHOOTERS 

-the people needed to inspect, 
install, and service these 

modern miracles. They enjoy 
their work, and are paid good 

money for it. Here's how you can 
join their ranks - without 

having to quit your job or go to 
college in order to get 
the necessary training. 
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www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


Just think how much in demand you would be if you 
could prevent a TV station from going off the air by 
repairing a transmitter ... keep a whole assembly line 
moving by fixing automated production controls . . . 

prevent a bank, an airline, or your government from 
making serious mistakes by servicing a computer. 

Today, whole industries depend on Electronics. When 
breakdowns or emergencies occur, someone has got 
to move in, take over, and keep things running. That 
calls for one of a new breed of technicians - The 
Troubleshooters. 

The troubleshooters have many names. In radio or 
TV, they're the Broadcast Engineers. In other industries, 
their titles may be Technical Representative or Customer 
Engineer. 

What do you need to break into the ranks of The 
Troubleshooters ? You might think you need a college 
degree, but you don't. What you need is know -how - 
the kind a good service technician has - only lots more. 

Learn at Home ... In Your Spare Time 
As one of The Troubleshooters, you'll have to be ready 
to tackle a wide variety of electronic problems. You may 
not be able to dismantle what you're working on - so 
you must be able to take it apart "in your head." You'll 
have to know enough Electronics to understand the 
engineering specs, read the wiring diagrams, and cal- 
culate how the circuits should test at any given point. 

Surprisingly, you'll find that you can learn the tech 
skills you have to know without setting foot in a class- 
room . . . without giving up your present job and its 
steady income. 

For more than 40 years, CIE - Cleveland Institute of 
Electronics has specialized in teaching Electronics at 
home. We've developed independent home -study 
techniques that make it possible for you to learn Career 
Electronics even if you have had no previous electronics 
experience. Our Auto -Programmed® Lessons help you 
build a thorough knowledge of Electronics just as you 
would build a wall ... building block by building block 
... moving ahead at your own pace, in your spare time, 
until you have reached your goal. 

You mail your lesson exams to CIE where our Instruc- 
tion Department checks your thinking, grades your 
work and refers any questions to the instructor best 
suited by experience to help you. That way, you benefit 
from the combined knowledge of the entire specialized 
CIE instruction staff. 

Exams received any weekday before noon will be 
graded and mailed back to you the same day. Then you 
can review the CIE staff comments while the work is 
still fresh in your memory. 

You learn by doing 
With CIE you can learn by doing ... two ways: with 
your head and with your hands. In some CIE courses, 
you learn by doing "hands on" projects with actual 
components to solve "real world" problems ... working 
with CIE's Experimental Electronics Laboratory. You'll 
become adept at handling components, pick up the 

self- confidence you'll need to handle the tough- 
est on- the -job challenges. In other CIE 

courses, you'll go on to build ... and 
keep ... a big screen, solid -state 

color TV. After assembling the 
set, you'll learn the trouble- 
shooting techniques of a TV 
technician with emphasis on 
digital electronics. The "learn 
by doing" method is so effec- 
tive, some leading companies 

'J'd,a.l_ 
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use CIE courses to train their own employees. 
Get an FCC License 

For troubleshooting jobs in broadcasting . .. television, 
AM or FM radio ... or even in the repair and mainte- 
nance of mobile, two -way communication systems, 
federal law requires a Government FCC License. A 
number of CIE career courses include preparation for 
the FCC License exam. If that is your goal, we are con- 
fident that you can successfully earn your license 
because the vast majority of CIE graduates have. In 
fact, in continuing surveys, close to 9 out of 10 CIE 
graduates have passed their FCC exams. So we know 
our courses work. 

That's why we offer this Warranty: when you success- 
fully complete any CIE career course which includes 
FCC License preparation, you will be able to pass the 
Government FCC Examination for the License for which 
the course prepared you or you will be entitled to a full 
refund of an amount equal to the cash price of tuition 
for CIE's Course No. 3, "First Class FCC License," in 
effect at the time you enrolled. This warranty is good 
from the date you enroll until the last date allowed for 
completion of your course. 

Send for FREE school catalog 
Discover the opportunities open to people with elec- 
tronics training. Learn how CIE career courses can 
help you build new skills and knowledge and prepare 
you for a meaningful, rewarding career. We have 
courses for the beginner, for the hobbyist, for the elec- 
tronics technician, and for the electronics engineer. 
Whether you are just starting out in Electronics or are 
a college -trained engineer in need of updating, (or 
anywhere in between), CIE has a course designed 
for you. 

Send today for our FREE school catalog and com- 
plete package of career information. For your con- 
venience, we will try to have a representative call to 
assist in course selection. Mail reply card or coupon 
to CIE ... or write: Cleveland Institute of Electronics, 
Inc., 1776 East 17th Street, Cleveland, Ohio 44114. 
Do it TODAY. 

Approved Under G.I. Bill 
All CIE career courses are approved for educational ben- 
efits under the G.I. Bill. If you are a veteran or in service 
now, check box for G.I. Bill information. 

r 

L 

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

Accredited Member National Home Study Council 

Please rush me your FREE school catalog and career in- 
formation package today. 

I am especially interested in 

Electronics Technology Industrial Electronics 
FCC License Preparation Electronics Engineering 
Color TV Maintenance Other 
Mobile Communications 

Print Name 

Address Apt. 

State Zip Age 

City 

Check box for G.I. Bill information. 

Veteran On Active Duty 

CIRCLE NO 11 ON READER SERVICE CARD 

1 

PE-83 J 

21 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


tic resonance in the listening room, so 
don't hasten to blame your speakers 
for any grotesque exaggerations of 
certain notes until you've ex- 
perimented further with their place- 
ment.) 

I question one test on the record 
that I can't get to work for me. It con- 
sists of a solo violin passage that is 
progressively limited in high - 
frequency response from a maximum 
of about 20,000 Hz down to 10,000 Hz. 
The narrator implies that no difference 
will be heard with a 15,000 -Hz cutoff, 
but that losses below that frequency 
should be audible. I must confess that 
even with this violin's wealth of alley - 
cat overtones and using the very fine 
electrostatic headset that I finally re- 
sorted to, I could hear no significant 
difference -even when the bandwidth 
was limited to 10,000 Hz. Ordinarily, 
this wouldn't surprise me, since the 
overtones of the violin are very weak 
above 10,000 Hz. But I'm naturally un- 
comfortable when I don't hear some- 
thing that I'm told is there. I suppose 
it's possible that a system introducing 
significant amounts of intermodula- 
tion distortion would "pass" this test 
in the prescribed way, but at the mo- 
ment I'm completely in the dark. 

Some final things I might mention: 
a few people have said they find this 
record strangely lacking in upper - 
mid -range and sometimes high - 
frequency energy, and I agree for cer- 
tain cuts. The narrator's voice is also 
excessively "heavy" during much of 
the album, and not all of the instru- 
ments sound entirely natural to some- 
one accustomed to hearing them from 
more than an inch or two away. How- 
ever, "Sessions" is a very interesting 
record and could provide a genuine 
education in many ways. 

(Available through JBL dealers or 
from James B. Lansing Sound, Tech- 
nical Information Dept., 3249 Casitas 
Ave., Los Angeles, CA 90039. Price: 
$2.) 

Acoustic Research Demo 
Record. The first of a projected 
series, this disc is almost exclusively 
classical, recorded for the most part 
by the Ensayo group in Spain. It is truly 
a high -fidelity production right down 
to the pressing, which in my copy is 
superior. Except for a Britten excerpt 
for string orchestra, the emphasis is 
on small instrumental groups and 
solos: a little Stravinsky, some Mozart, 
Kodaly, Spanish classics, and the first 
section from the now -familiar Bach D 

Minor Toccata and Fugue. The latter is 
the only selection that disappoints. A 
hoary old contribution from the 
Everest catalog, it sounds a little tech- 
nically dated, and my best efforts have 
not been enough to get it to sound as 
clean as the liner notes suggest it 
should. 

Particularly interesting is an excerpt 
from Iberia by Isaac Albeniz. This is 
one of the most difficult passages to 
reproduce well that I've encountered 
in a long time. Mercilessly exposed 
with virtually no reverberation, the 
upper register of the solo piano is 
pounded in a series of full -force 
chords and runs that offer a drastic 
test of cartridge tracking ability. On 
this material you will be able to hear 
audible differences between pickups. 
I tried several (and several phono 
preamplifiers as well) with widely dif- 
fering results. As far as I can tell, the 
recording is clean and undistorted, 
but it will take an exceptionally good 
system to make it sound so. 

Other attractions include the violin 
of Side One, Band Two, which is typi- 
cally high, bright, and forward without 
ever being shrill; the magnificent solo 
cello of the Kodaly; the guitar of Man - 
itas de Plata (if you've never heard the 
recordings the Connoisseur Society 
made of this celebrated Flamenco 
guitarist, don't wait another moment), 
and the jazz quartet on Side Two. De- 
spite a little groove echo, this cut is as 
perfect an evocation of close -up jazz 
in a natural acoustic environment as 
I've ever heard. A pity that the music is 
a string of clichés. 

(Available from Acoustic Research, 
10 American Drive, Norwood, MA 
02062. Price: $4.98.) 

Motional Feedback Demo 
Record. No, this is not an invitation to 
modern dance. It is Philips' commem- 
oration of the RH 532 speaker system, 
which employs electronic feedback 
techniques to "correct" speaker er- 
rors at the amplifier. 

The disc's two sides are divided into 
light classical and light pop selec- 
tions. Philips, which is of course one 
of the world's finer record companies 
as well as an equipment manufac- 
turer, has evolved its own approach to 
recorded sound. This seems to consist 
of rather close miking, a heavy admix- 
ture of reverberation, and robust bass. 
I wouldn't call the end result entirely 
natural, but it is certainly virile. The 
first classical selection, from Liszt's 
Danse Macabre, illustrates this well. 

Another cut you might take note of is 
Tuxedo Junction on the opposite side, 
a rare insight into the artifice behind 
art. Listen to the way the back -up 
brass, recorded with a very "dry" 
sound on the left channel, is tamed 
with a wash of reverberation on the 
right. I'll bet you a pair of RH 532 
speakers that this touch is courtesy of 
the control room rather than the 
natural acoustics of the recording site, 
but I think it comes off well. Techni- 
cally, the record is well executed, and 
gives you a concentrated introduction 
to a recording philosophy that is dis- 
tinctly unAmerican at the present 
time. 

(Available from Philips Audio /Video 
Systems Corp., Video Division, 1 

Philips Parkway, Montvale, NJ 07645. 
Price: $5.75.) 

"Odyssey:' This Altec- produced rec- 
ord draws on ten A & M releases to 
provide a selection of mostly MOR 
(middle -of- the -road) rock material. It's 
pleasant enough, though rarely pro- 
found. Apropos its technical merits, I 

am moved to comment on the state of 
recordings from the big California 
studios and their derivatives else- 
where. Many of them specialize in a 
peculiarly remote, reverberationless 
sound (incidentally, this also applies 
to much of the JBL album's content). 
Rarely do they go for the lush and the 
rich -sounding, with occasional excep- 
tions in the bass line and for some 
vocal tracks. Undoubtedly they get the 
results they want, but the appeal of 
the sound may not be universal. 

As one example, take the typical 
cymbal sound on the Altec and JBL 
records -effervescent but a bit bodi- 
less, distant, and "tizzy." Compare it 
with the jazz cut on the AR record, or 
even with some of the Philips selec- 
tions, where the instrument rings out 
with a genuine brassy clang and im- 
pact. Many modern recording outfits 
mike the percussion in a section of the 
studio that is very dead acoustically. 
This helps to keep the drum sound 
from leaking into the microphones for 
other instruments. Whether it also 
"eats up" the cymbal is not for me to 
speculate on. But I do wish I had the 
records from which these selections 
were taken to see if their sonics differ. 

Another aspect of multi -track re- 
cording that I'm increasingly aware of 
might be called "dynamic perspec- 
tive." In the studio, a typical pop artist: 
tends to hammer away in pretty vigor- 
ous style. If the producer feels he 
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should be quieter, he turns him down 
at the mixing console. Now if on the 
final version you hear a drummer who 
is obviously playing loud, but is being 
drowned out by the acoustic guitar, 
you (or your ear -brain mechanism) 
have to conclude that he's some dis- 
tance away. Perhaps you can accept 
this until, for some special effect, the 
producer suddenly turns him up and 
he practically pops into your lap. 
There area few such curiosities on the 
Altec record; for example, a tom -tom 
might jump forward for a few beats. 

Notwithstanding, "Odyssey" is a 

competent job. The pressing may not 
be quite immaculate, and my copy has 
a slightly off -center spindle hole that 
troubles (with wow) the piano that's 
prominent on a few cuts. But I plan to 
listen to it again, for pleasure. 

(Available from Altec Lansing Mar- 
keting Services, 1515 S. Manchester 
Ave., Anaheim, CA 92803. Price: 
$1.25.) 

Home -Made with Teac. I wish I 

could get recording results like this in 

my living room. But anyway, accord- 
ing to the record, the sounds heard 
were indeed captured in a domestic 
setting, with audiophile equipment. 
The (pop) group featured is the "Hello 
People," who sing, play, and talk 
about their affection for the Teac 3340, 
the rather expensive tape deck with 
four -channel multi -track capabilities 
that was ostensibly used to make the 
recording. The presentation abounds 
in humor and plausibility, however, 
and there's much to interest the home 
recordist as well as one who wants to 
learn about studio techniques. The 
sound is generally quite good: up- 
front, alive, and with none of the 
dead -as -a -stick studio ambience. 

(Available through Teac dealers. 
Price: $2.00.) 

Bose Salutes the Sound of Mer- 
cury Records. Many audiophiles 
remember fondly the early Mercury 
"Living Presence.' series of classical 

stereo recordings, some of which are 
now almost two decades old. They 
were high points of their era, although 
often prone to "overachievement" in 

recorded levels and creative equaliza- 
tion. Some of the better excerpts are 
presented in this Bose record, 
selected for their sonic interest, and 
intelligently remastered. All of them 
are orchestral, and none of them is 

less than exemplary, except for the 
brief excerpt from the Beethoven Fifth 
Piano Concerto with its strangely con- 
stipated piano sound. 

I consider this material to be in 

the best tradition of symphonic 
recording- bright, spacious, impact - 
ful, and delicately detailed. There is 

some tape hiss, but surprisingly little 
for pre -Dolby days. The pressing is 

good, although on the several copies 
auditioned I've preferred the proces- 
sing on Side One. If you yearn for the 
sounds of better days, the Bose record 
may be obtainable by hounding an 

obliging Bose dealer. Unfortunately, 
the company does not sell the disc 
direct to consumers. 

The Real Thing. Among the most 
interesting demo records are those 
said to be made with no electronic 
doctoring whatsoever -no mixing 
beyond what is accomplished by mi- 

crophone placement, no equalization, 
and usually no noise -reduction pro- 
cessing. Two discs now available from 
equipment manufacturers fall into this 
category. 

Ambiphon Records, of which I wrote 
some months ago in connection with 
its remarkable four -channel tape re- 
cordings, has decided to broaden its 
market by issuing some disc records. 
The first is devoted to solo pianist 
Natalie Ryshna. (The record, inciden- 
tally, is not four -channel, although it 

could presumably be enhanced by 
playback through a matrix decoder.) 
Unhappily, this first offering is 
plagued with hiss, which was entirely 
absent on the tapes I heard. Appar- 
ently the noise crept in somewhere in 

the tape -to -disc transfer process or 
afterward, since it is present even 
between cuts. As for the piano sound 
itself, I think it is admirable, but not 
remarkable. That is, I have a few 
commercial piano recordings that I 

consider equally good. The four -chan- 
nel tapes I heard were remarkable, 
however, adding a whole new dimen- 
sion to the performance. 

Ambiphon hopes to clear up the 
noise problem in the next production 
run, and this should add much to the 
record's impact. Distribution is 

through ESS (which is what qualifies 
the production as an equipment 
manufacturer's demo disc). 

(For dealers carrying the record, 
write ESS Special Products, 9613 
Oates Dr., Sacramento, CA 95827. 
Price: $11.75.) 

Mark Levinson, a manufacturer of 
spare -no -pains audio electronics in 

Hamden, CT, has been live- recording 
for a number of years and is now up to 
Volume Three in his "'Pure Acoustic 
Master Tape Reference Recording 
Series." I have Volume One -organ 
and choral selections performed in a 

rather intimate chapel setting. This 
material is remarkable for its wide, 
easy range, and particularly for the 
stability and scope of its stereo image. 
The latter is almost never as clear and 
palpable on commercial recordings 
in similar acoustic environments. 

The acoustics are rather live, as the 
applause between selections demon- 
strates and, on my system, the sibi- 
lants from the chorus are prominent. 
This should raise the usual havoc with 
equipment that performs poorly in this 
area. But when all is well, the Levinson 
disc sounds real and untampered.I am 
told that the later volumes (piano and 
percussion, respectively), which I 

have not heard, are all -out attempts to 

capture the full dynamic range of the 
performances. 

(Vols. One, Two, and Three are av- 

ailable from Mark Levinson, 55 Circu- 
lar Ave., Hamden, CT 06514. Price: 
$10.50 each.) 

October 10 -12 

October 31- November 3 

November 6 -10 

February 12 -16, 1976 

March 12 -14, 1976 

UPCOMING AUDIO SHOWS 

BALTIMORE HI -FI SHOW 

AUDIO ENGINEERING SOCIETY 
(52nd Convention) 

PHILADELPHIA HI -FI SHOW 
DETROIT HI -FI SHOW 

SAN DIEGO HI -FI SHOW 

Location to be determined 
Waldorf- Astoria Hotel, NYC 

Benjamin Franklin Hotel 

Cobo Hall 
San Diego Community Concourse 
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Bell Licenses Coupler 
The Bell System has licensed Phone -Mate, Inc. to man- 
ufacture the new "Authorized Protective Connecting 
Module" for connection of Phonemate automatic tele- 
phone answerers to the System's telephone network. 
The coupling module allows an automatic answerer to be 
plugged into an ordinary four -prong telephone jack. Pre - 
viously, subscribers who purchased their own answerers 
could attach these devices only through a Protective 
Connecting Arrangement, provided by Bell and requir- 
ing an installation charge and monthly rental fee. Under 
the new arrangement, answerers may be connected to 
the lines through the module into any extension jack. 

CB and Amateur Radio Fees Reduced 
As of March 1, 1975, the FCC fee for a CB license was 
reduced from $20 to $4; and for an amateur radio 
license, from $9 to $4. 

Hi Fi Tape Training Console 
A mini recording studio may soon appear in your local 
hi -fi emporium. The Creative Tape Center by TEAC, 
being introduced in 48 western hi -fi stores, will enable 
tape- machine owners to realize the creative potential 
they possess. The Center will teach mixdown tech- 
niques, overdubbing, basic mono and stereo techniques, 
and specialized effects like echo and sound -on- sound. 
The console uses TEAC two- and four -channel open -reel 
decks, a cassette deck with Dolby noise reduction, a 
mixing panel, three microphones arid a mixer. 

"Laserium" Concerts at Planetariums 
Planetariums across the country have been the scene of 
"Laserium" concerts. They consist of projections of laser 
light in brilliant patterns in conformity with recorded 
music, which ranges through the works of Copeland, 
Strauss, Respighi, Billy Preston, Gustav Holst, and 
Emerson, Lake and Palmer, among others. The con- 
certs, which last less that: an hour, begin with the famil- 
iar sky scenes and then the laser light streaks and bobs 
over the dome in reds, greens, blues, and whites. The 
instrument that performs all this magic is a 
1000 - milliwatt laser projection system assembled by 
Laser hmages, Inc. of Van Nuvs, California. Although 
'he basic program is fairly standardized, the keyboard 
operator can introduce variations of his own. 

g 

"NOAA" Now Official Radio Alert 
The Executive Office of the President has officially 
selected the National Oceanic and Atmospheric Ad- 
ministration (NOAA) system as the sole government- 
operated radio system for communicating attack or 
weather disaster warnings direct to the public. There 
are 77 transmitter locations covering one -half of the 
U.S. population with the tone -alert service. National 

41111\ coverage is expected by the end of 1978, depending on 
Congressional appropriations. Acquisition and use of a 
home -warning receiver will be optional with each in- 
dividual citizen. 
According to the national Weather Service, additional 
cities that will start continuous weather broadcasts 
this spring are: Philadelphia; Buras and Morgan City, 
La.; Daytona Beach, Ft. Myers, Key West, Melbourne, 
and Tallahassee, Fla.; Port Lavaca, Tex.; Bay City, 
Ironwood, and Travis City, Mich.: Coos Bay and New- 
port, Ore.; Crescent City, Ft. Bragg, San Luis Obispo, 
Santa Barbara, and Santa Rosa, Calif.; Hoqufam, Port 
Angeles, Yakima, and Coachella, Wash.; Columbus, O.; 
Nashville, Tenn.: Rochester. N.Y., and Burlington. Vt. 

WWV and WWVH Want Your Views 
The Time and Frequency Division of the National 
Bureau of Standards is calling on users of its precise time 
and frequency stations, WWV and WWVH, for assist- 
ance in determining user demand. Last year, a 
50- percent power output reduction was proposed by 
NBS for WWVH for the frequencies 5, 10, and 15 MHz. 
This action was postponed due to objections received 
from users of WWVH. Due to the government -wide ef- 
forts to reduce operating costs and conserve energy, the 
NBS is again soliciting users' views via a postage -paid 
questionnaire which is obtainable from Time and Fre- 
quency Service Section, NBS, Boulder, CO 80302. 

RCA Space Mountain at Walt Disney World 
The latest attraction at Walt Disney World is the RCA 
Space Mountain -a further example of the fantastic ef- 
fects that are achieved at the Park through the use of 
sophisticated electronics. A key feature of the Space 
Mountain is a thrill ride (similar to a roller coaster) that 
simulates a ride in space. Cars are shaped like rockets 
with phosphorescent side panels, and "g" forces and 
weightlessness are simulated by sharp dips and inclines. 
Many visual effects, such as strobe -light acceleration 
and fiery re -entry tunnels, meteor swarms and passing 
spacecraft, heighten the sensation of being in space. 
According to Disney engineers, the ride is a good ex- 
ample of process control. A Data General Nova 2 
minicomputer with 16K of memory space is used to 
oversee the operation of the ride. Data General I/O inter- 
face circuitry links the computer to car -position sensors 
and electromechanical control devices. Magnetic reed 
switches detect car positions and pneumatic caliper 
brakes grip a fin beneath the car to slow it down. A 
back -up logic system composed of high -reliability 
telephone -type relays takes control of the ride in the 
event of computer or interface failure. 
Another feature of the Space Mountain is the "Home 
of the Future." Here, animated figures controlled by 
DACS (Disney Animation Control System), are seen 
using small computer terminals for shopping, business 
and research; watching entertainment on wall -size tele- 
visions, etc. 
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Checkbook 
with a brain 

Never make another checkbook error 
with America's first computerized 

banking center in a case. 
The new CheckMaster is a checkbook holder 

with a built -in computer -a time- saving device that 
will keep you in perfect balance for every check you write, every day of the year. 

YOUR BANK WILL LOVE YOU 
If you're like most Americans, your 

checkbook is a disaster area. And your 
electronic calculator isn't helping much. 

Now, there's a great new space -age 
product called the CheckMaster designed 
specifically to keep you in perfect bal- 
ance, for every check you write, every 
day of the year. And it's actually easier 
to use than a calculator. 

HERE'S HOW IT WORKS 
Open your checkbook holder and 

turn on the built -in computer. Press 
the "Balance" key, and your bank 
balance is recalled on the display. The 
CheckMaster memory is so powerful 
that it never forgets your balance - 
even months after you last recall it. 

Enter the amount of your check, 
and press the "Check" key. The check 
amount is automatically deducted 
from your balance, and your new 
balance is displayed -and all with just 
one key stroke. 

Or enter the amount of a deposit, 
and press the "Deposit" key. Your 
deposit is automatically added to your 
balance, and again, your new balance 
is displayed. 

MANY EXTRA FEATURES 
The CheckMaster does so much, so 

easily, and it's great fun to use. Here 
are seven reasons why: 
1. Easily corrects mistakes If you 
enter the wrong digits, press the 
"Clear" key. Only your mistake will 
be cleared -never the balance. 
2. Worry -free decimal Just enter the digits. 
The unit's dollar -position decimal always 
keeps the decimal point where it be "ongs. 

5. Safety switch If you forget to turn off your 
computer, don't worry. Whenever you close 
your case, your unit shuts off automatically. 
6. Private viewing angle Don't worry about 
anyone seeing your balance. The red display 
can only be viewed by the user and registers 
up to $9,999.99 or any six digits. 
7. Perfect size The CheckMaster's handsome 
tan and cream -colored case measures 7/8" x 3 
5/8" x 6 3/4" and weighs only 8 ounces. 

To find out your exact balance, even months after 
you've last recalled it, simply open your case and 
press the balance key. Check Master's memory never 
forgets. Designed for both men and women, Check - 
Master holds any standard -sized personal checks, 
check register, credit cards and important papers. 

3. Low battery signal The unit's penlight 
batteries will last one year with average use. A 
low battery signal on the display will indicate 
when it's time to replace them. 
4. Overdraft alert CheckMaster will signal an 
overdrawn account plus show the overdraft 
amount and help you avoid the embarrass- 
ment of having a check accidentally bounce. 
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RUGGED AND SHOCKPROOF 
Drop it, sit on it, drop it again- CheckMast- 

er's shock -proof case will withstand plenty of 
abuse. The integrated circuit is hermetically 
sealed for a lifetime of trouble -free service. A 
spot of gold is even used in the circuit's final 
sealing process to insure CheckMaster's very 
high level of reliability. 

CONTROL YOUR PURCHASES 
Take CheckMaster with you to the super- 

market. Set a dollar limit on what you intend 
to buy. Then enter each item you purchase as 

if you were writing a check. When your 
balance reaches your limit, stop buying and 
head for the check -out counter. It's a great 
way to control your budget and prevent 
overcharging by the check -out clerk. 

THE PERFECT GIFT 
CheckMaster makes the ideal gift for your 

wife, husband, friend or anybody who has a 

personal checking account. Even a person 
who already owns a calculator will appreciate 
CheckMaster's value and convenience. 

CIRCLE NO. 25 ON READER SERVICE CARD 

$3995 
NATIONAL 
INTRODUCTORY 
PRICE 

The CheckMaster is perfect insurance 
against bounced checks, overdrafts, arithmetic 
errors and bank errors. Its powerful memory, 
simple operation, and many extra features 
make it another example of how space -age 

technology has made fun out of one of the 
most time -consuming household tasks. 

MORE THAN GUARANTEED 
The CheckMaster will make such an im- 

provement in helping you balance your check- 
book that we make the following unusual 
money -back guarantee: use the CheckMaster 
until your next bank statement arrives or for 
one full month. If the CheckMaster does not 
balance your checkbook perfectly and actual- 
ly pay for itself in either convenience or 
actual savings, return it for a prompt and 
courteous refund. You can't lose. 

A NATIONAL INTRODUCTORY PRICE 

The American -made CheckMaster is man- 
ufactured for JS &A by Mostek Corporation, a 

leading consumer electronics manufacturer, 
and the first company to manufacture the 
pocket calculator integrated circuit. JS &A is 

the world's largest single source of electronic 
calculators, digital watches and other space - 
age products. We have decided to offer the 
CheckMaster directly to consumers, exclusive- 
ly through the mail, for only $39.95 during 
our national introduction. 

HOW TO ORDER 
Credit card buyers may call our national 

toll -free number or any of the local numbers 
listed below. Or you may send your check or 
money order for $42.45 per unit ($39.95 plus 
$2.50 postage, insurance and handling -Ill- 
inois residents add 5% sales tax) to the 
address shown below. But act quickly! See for 
yourself how easy it is to keep your check- 
book in perfect balance every day of the year. 
Order your CheckMaster at no obligation 
today. ONE YEAR WARRANTY 

CALL TOLL -FREE (800) 323 -6400 
In the State of Illinois call (312) 498 -6900 

In the Los Angeles area call (213) 629 -1190 
In the San Francisco area call (415) 391 -1700 
In the New York City area call (2121 964 -0690 
In Montreal Canada call (514) 332 -9523 
In Toronto Canada call (4161 445 -8136 
In Australia call Melbourne 53 5286 

o 

\rNATIONAL o SALES 
GROUP 

DEPT. POE 4200 DUNDEE ROAD 
NORTHBROOK, ILLINOIS 60062 

1312)564 -9000 ©JS &A Group, Inc., 1975 
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SiTr! 
CT -1024 

TERMINAL 
SYSTEM 

When we designed the CT -1024 we 
knew that there were many applica- 
tions for an inexpensive TV display 
terminal system. Even so, we have 
been surprised at the many additional 
uses that have been suggested by our 
customer in the last four months since 
we introduced this kit. 

The basic kit, consisting of the charac- 
ter generator, sync and timing circuits, 
cursor and 1024 byte memory gives 
you everything you need to put a six- 
teen line message on the screen of any 
TV monitor, or standard set with a 

video input jack added to it. Input 
information to the CT -1024 may be 
any ASCII coded source having TTL 
logic levels. Two pages of memory for 
a total of up to one thousand and 
twenty four characters may be stored 
at a time. The CT -1024 automatically 
switches from page one to page two 
and back when you reach the bottom 
of the screen. A manual page selector 
switch is also provided. The main board 
is 91/2 x 12 inches. It has space pro- 
vided to allow up to four accessory 
circuits to be plugged in. If you want a 

display for advertising, a teaching aid, 
or a communication system then our 
basis kit and a suitable power supply 
is all you will need. 

CT -1 TERMINAL SYSTEM with 
MEMORY KIT $175.00 ppd 
Power supply kit to provide + 5 Volts @ 

2.0 Amps and - 5 Volts, -12 Volts @ 100 
Ma. required by the CT -1 basic display 
system. 
CT -P POWER SUPPLY KIT $15.50 ppd 

A very nice convenience feature at a 

very reasonable cost is our manual cur- 
sor control plug -in circuit. The basic 
kit allows you to erase a frame and to 
bring the cursor to the upper left cor- 
ner (home up). By adding this plug -in, 
you can get Up, Down, Left, Right, 
Erase to End of Line and Erase to End 

of Frame functions. These may be 
operated by pushbutton switches, or 
uncommitted keyswitches on your key- 
board. Although not essential to ter- 
minal operation, these features can he 
very helpful in some applications. 

CTM MANUAL CURSOR CONTROL 
KIT $11.50 ppd 

If you plan to use your terminal with a 

telephone line modem, or any other 
system that requries a serial data out- 
put; you will need our serial interface 
(UART) plug -in circuit. This circuit 
converts the ASCII code from a par- 
allel to a serial form and adds "Start" 
and "Stop" bits to each character. The 
standard transmission rate for this 
circuit is 110 Baud, but optional rates 
of 150, 300, 600 and 1200 Baud may 
be obtained by adding additional parts 
to the board. The output of this cir- 
cuit is an RS -232 type interface and 
may be used to drive any type modem, 
or coupler system using this standard 
interface. 

CT -S SERIAL INTERFACE (UART) 
KIT $39.95 ppd 

If you are using the CT -1024 as an 10 

(input - output) device on your own 
computer system, you will probably 

want to connect it to the computer 
with a parallel interface system. A di- 
rect parallel interface allows for much 
faster data transmission and reception 
and is basically a simpler device than a 

serial interface system. Our parallel 
interface circuit contains the necessary 
tristate buffers to drive either a separ- 
ate transmitt and receive bus system, or 
a bidirectional data bus system. TTL 
logic levels are standard on this inter- 
face. Switch selection of either full, or 
half duplex operation is provided. The 
terminal may write directly to the 
screen, or the computer may "echo" 
the message and write to the screen. 

CT -L PARALLEL INTERFACE 
KIT $22.95 ppd 

We would he happy to send you a com- 
plete data package describing the CT- 
1024 and a achematic. If you want this 
additional information, circle our num- 
ber shown below on your reader infor- 
mation service card. The CT -1024 kit 
has complete assembly instructions 
with parts location diagrams and step - 
by -step wiring instructions. If you 
would like to check the instruction 
manual before you purchase the kit, 
please return the coupon with S1.00 
and we will rush you the manual and 
the additional data mentioned above. 

MAIL THIS COUPON TODAY 

Enclosed is $ 

or BankAmericard # 
CT -1024 Kit 

CT -S Serial Interface Kit 

NAME 

ADDRESS 

CITY 

or Master Charge # 

Card Expiration Date 

CT -M Cursor Control Kit 
CT -L Parallel Interface Kit 

STATE ZIP 

$1.00 Enclosed send manual and data package 

Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284 
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Popular Electronics 
JUNE 1975 FEfT9 

CONSTRUCTION 

The TITAN 
Modular Stereo 
Power Ampliher 

Super op amps 

deliver high power, 

reduce 

construction time. 

BY ROY HARVEY 

TITAN is a high -performance 
high -power audio amplifier that 

is unusually easy to build because of 
the modular concept used in the cir- 
cuit design. Power modules simply 
"plug in" to a socket. 

The major parts of the complete 
stereo amplifier consist of two power 
modules, a power transformer, and 
one 8" x 41/2" pc board to accommo- 
date only a handful of components. 
With the unique power modules, the 
amplifier delivers a conservative 80 

watts per channel. (Details on the 
modules, which eliminate considera- 
ble component mounting during as- 

sembly, are given in an accompanying 
box.) 

Another interesting attribute of 

Titan is that you can choose your 
power output requirements -25 W, 50 

W, or 80 W per chan nel -by specifying 
which power transformer to use. 

The chassis measures approxi- 
mately 131/2 "L x 81/2"W x 63/4 "H (34 x 22 
x 17 cm) with the outboard -mounted 
power modules adding 4" to the 
length. 

Circuit Operation. The schematic 
of one channel of the amplifier is 

shown in Fig. 1. The power module 
(PMI) is shown as an operational am- 
plifier, since that is essentially how it 
functions. In this circuit, it is a nonin- 
verting amplifier (input connected to 
+ terminal) with ac coupling at the 
input and direct coupling at the out- 

AMPLIFIER SPECIFICATIONS 

Power Output: 80 watts per channel 
(rms) into 8 ohms, both channels 
driven. 

Harmonic Distortion: Better than 0.2% 
from 20 Hz to 20 kHz at rated power. 
Typically 0.05% at 1 kHz. 

Intermodulation Distortion: 0.2% max- 
imum into 8 ohms at rated power. 

Power Bandwidth: 8 to 35 kHz ±1 dB at 

rated power. 
Hum and Noise: 100 dB below 80 W into 

8 ohms. 
Input Sensitivity: 1.0 volts rms for full 

power. 
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Fig. 1. The power 
module is a "super" 

741 op amp that 
can deliver up to 
100 watts across 
the audio range. 

JI 
INPUT + 60V RFC I 

PARTS LIST 

(Except where marked *, two of each are 
needed for stereo amplifier). 

BPI,BP2- Five -way binding post (red and 
black 

C 1 -I -µF, 100-V capacitor 
C2- 20-pF, 20 -V disc capacitor 
C3- 50-µF, 20 -V electrolytic capacitor 
C4- 0.068 -µF, 100-V disc capacitor 
C5,C6- 7100 -µF, 75 -V electrolytic capaci- 

tor (Mallory CGS or similar)* 
DI to D4- 200 -V, 6-A rectifier (HEP- 

R0102 or similar)* 
FI -6-A fast -blow fuse and holder 
F2 -4-A slow -blow fuse and holder* 
J 1 -Phono connector 
LED I-Any red LED* 
PMl- IS741H150 power module (availa- 

ble only as noted below) 
R 1- 100,000 -ohm, 1/2-W resistor 
R2-47,000-ohm, h -W resistor 
R3-2200-ohm, 1/2-W resistor 
R4-10-ohm, 2 -W resistor 

I'hotu shows assembled 
amplifier and two 

qt. the power modules. 

R5 -2700 -ohm, 2 -W resistor 
RFCI -25 turns, #18 wire wound on a 

10 -ohm, 2 -W resistor 
S 1 -Spst switch 
T1- 72 -V, CT, 4 -A transformer ** 
Misc.- Suitable chassis, 9 -pin socket (2), 

spacers, rubber grommet, shielded 
cable (6 in.), mounting hardware, line 
cord. 

Note -The following are available from 
Integral Systems, 500 Waltham St., 
North Wilmington, MA 01887; pc board 
at $4.00; power transformer at $25.00 * *; 
power modules at $70 each; complete 
stereo kit including the above with chas- 
sis at $199.00. 

* *Select transformer on basis of desired 
power output (for heavy commercial 
use, don't exceed 50 W /ch.): 

8 -ohm Spkr. Trans. Sec. 
25 W /ch. 36 VCT, 5 A 
50 W /ch. 56 VCT, 4 A 
80 W /ch. 72 VCT, 4 A 

put. Capacitor Cl and resistor R1 pro- 
vide dc isolation from the source and a 
100,000 -ohm input impedance. Resis- 
tors R2 and R3 determine the gain of 
the amplifier, which is about 25. Thus, 
a 11/2 -volt rms input produces about 30 
volts at the output, which is more than 
enough to provide 110 watts to an 
8 -ohm load (3.75 amperes). 

Capacitor C2 provides a rolloff of 
gain at high frequencies to prevent 
ringing and oscillation, while C3 
forces the op amp to act as a unity - 
gain voltage follower for dc signals. 
The latter lowers the output offset volt- 
age. 

The power supply (Fig. 2) is a 
heavy -duty, dual -polarity supply that 
uses a conventional bridge rectifier 
and filter system. Power -on indicator 
LED1 is across the +60 -volt supply. 

INPUT 

OUTPUT 

IC2I 

CHANNEL A 
PMI 

7 6 2 II 

Construction. The etching and drill- 
ing guide for a printed circuit board 
and a component layout are shown in 
Fig. 3. Also shown are the connections 
between the board and power mod- 
ules, transformer, light, and terminals. 
In assembling the board, be sure to 
observe the polarities of the diodes 
and electrolytic capacitors. 

Connections to the power modules 
are made through a vacuum -tube -type 
9 -pin socket. The modules also have 
four slots on the same side as the sock- 
et for mounting with machine hard- 
ware. 

The photographs show the corn - 
ponents of the prototype. Note that 
the power modules mount so that the 
heat -sink fins run vertically to provide 
"chimneys" for the heat. 

The power modules do not have 
built into them protection circuits to 
guard against damage resulting from 
sustained short circuits across their 
outputs. Therefore, it is essential that 
the "hot" output lines be fused as 
shown in Fig. 1. 

Use a red binding post for the "hot" 
speaker terminal on each channel and 
a black binding post for the common 
terminal. Mount the LED in a tight- 
fitting rubber grommet. 

Use shielded audio cable for the two 
input lines going from the jacks to the 
amplifier assembly and #18 or heavier 
hookup wire for the power, output, 
and ground connections. 

Operation. Before putting the power 
modules into their sockets, turn on the 
power and make sure that LED1 is il- 
luminated and that there is +60 volts 

3 
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at pin 7 and -60 volts at pin 4 of each 
module socket. Then turn off the 
power and. mount the modules. 

(Note: It is extremely important that 
the module pins and the socket be 
clean and free of oxide "scale" and 
that the "fit" between the two be tight 
to insure good electrical contact.) 

Connect an ac meter (30 volts) or an 
oscilloscope to each of the output 
terminals and apply a signal of less 
than 1 volt amplitude to the appro- 
priate amplifier input. Note that the 

s 

I I7VAC 

u 

+60V 

R5 
2.7K 

LEDI 

GND 

C6 
TIOOpF 

4A -60V 

Fig. 2. Power supply can (1(lirer up to 2 amperes 
and will suffice for a two-channel amplifier. 
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Fig. 3. Actual -size foil 
pattern for pc hoard and 
components placeraient (opposite). 

ABOUT THE POWER MODULE 

PROTECTION 
CIRCUITS 

.' 
POSITIVE BIAS 
VOLTAGE 

NETWORK REGULATOR 

CURRENT 
AMPLIFIER 

VOLTAGE 
VE BIAS 

VOLTA NETWORK REGULATOR 

-v 

PROT CTION 
CIRCUITS 

OUTPUT 

The Integral Systems 741H150 module 
(patent pending) is a cast hybrid struc- 
ture with true differential inputs and full 
complementary output. The current am- 
plifier sinks current through terminal C 

from either of the two voltage regulators 
depending on the instantaneous polarity 
of the signals at the positive and nega- 
tive inputs. The regulators and bias cir- 
cuits relay this information to the com- 
plementary output transistors. 

Common -mode damping eliminates 
any tendency for the output devices to 
turn on simultaneously, as often hap- 
pens in conventional amplifiers. Cross- 
over bias current in the output stage is 

determined by the interplay of the 
damper and bias circuits. Thus, the col- 
lector output push -pull configuration, 
which has high gain but is unstable in 
many designs, is stabilized by the inte- 
gral epoxy construction of the module 
and the resulting thermal equilibrium of 
the components. 

The module also contains special cir- 
cuitry to protect the output devices when 
operating conditions approach the 
danger point. 

The 741H150 module performs as a 

conventional 741 op amp, except that it 
can deliver up to 10 amperes of current 
and can operate with supply voltages up 
to 120 volts. 
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output waveform is proper and that 
there is no large dc offset. 

Turn off the power, connect 8 -ohm 

We tested the Titan amplifier with both 
channels driven into 8 -ohm loads. (Since 
the amplifier is specifically not recom- 
mended for use with 4 -ohm loads, 4- 
ohm -load laboratory instrument tests 
were not conducted.) The full rated 
power of 80 watts /channel was used as 
the maximum output power in all our 
tests, except that we briefly went to a 
higher power level to determine the 
amplifier's clipping level, which mea- 
sured 120 watts /channel. It met all its 
claimed specifications. 

At the 80 -watt output power level, total 
harmonic distortion (THD) measured 
less than 0.02% between 20 and 600 Hz. 
It rose smoothly with increasing fre- 
quency to 0.17% at 20,000 Hz. Operation 
at half and one -tenth power did not sig- 
nificantly change the distortion charac- 
teristics, although the low- frequency 
distortion increased slightly, to a maxi- 
mum of 0.04% at 20 Hz. 

The 100 -Hz THD decreased smoothly 
from 0.18% at 0.1 watt to between 0.03% 
and 0.04% at power outputs from 4 to 80 
watts. Intermodulation (IM) distortion 
increased from about 0.025% at 0.1 watt 
to 0.1% at 5 watts output. At 80 watts out, 
it measured 0.13 %. 

A 0.34 -volt input drove the Titan to a 

reference output of 10 watts. The output 
noise in a 25,000 -Hz measurement 
bandwidth was 95 dB below the 10 -watt 
level. Using the rated 80 watts /channel 
as a reference, the input sensitivity 
measured about 1 volt. The noise level 
was a very good -104 dB. 

speakers and a preamplifier to the 
Titan. Be sure the gain control in 
the preamplifier is turned down be- 

TITAN MODULAR STEREO 
AMPLIFIER 

(A Hirsch -Houck Labs Report) 

The frequency response of the am- 
plifier within the audio band was down 
0.4 dB at 20 Hz and 0.65 dB at 20,000 
Hz. (It dropped to -3 d B between 5and 10 
Hz and at 50,000 Hz.) The square -wave 
rise time was 10 µs, and the amplifier 
was stable with a 2 -41F load in parallel 
with 8 ohms. 

There were one or two cycles of 
damped ringing at about 30,000 Hz when 
we used the capacitive load. 

User Comment. During the course of 
testing the 80- watt /channel version of 
the Titan (we also tested a 100 - 
watt /channel version), we blew out the 
power module. This, we believe, was 
caused by two conditions. First, we ex- 
ceeded the recommended output power 
levels by a considerable margin. And dirt 
in the power module's socket plus an 
improper fit were possibly secondary 
causes. Cleaning the socket, plugging 
in a new module, and keeping the 
maximum output power levels reasona- 
bly near the maximum recommended 
avoided a repetition of this breakdown. 

It is obvious from our lab test -bench 
report that the Titan amplifier is an excel- 
lent performer. Its measured perform- 
ance, in fact, was excellent in every re- 
spect. Although the "music- power" rat- 
ing has fallen into disfavor, the charac- 
teristics of the Titan do give it a very high 
music -power capability. In fact, the am- 
plifier is able to deliver more than 120 
watts /channel with very low distortion. If 

a typical waveform peak -to- average 
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fore turning on either the preamp 
or the Titan to avoid damaging the 
speakers. 

power ratio of at least 10 dB is assumed, 
the power modules can loaf along at a 
comfortable 10 to 12 watts average 
power, yet still be able to deliver 120 
watts peak without distortion. 

As with many high -power amplifiers, if 
the Titan is to be operated at high power 
levels or in an enclosed space, an exter- 
nal fan to remove excessive heat from 
the power module heat sinks should im- 
prove reliability. If you intend to operate 
the amplifier for heavy -duty use, we rec- 
ommend that you go to a lower output 
power rating than the specified 80 
watts /channel maximum, which one can 
do by choosing the proper power trans- 
formers (see parts list). This way, you will 
avoid overheating the modules. 

The Titan was put through a worst - 
case operating situation by connecting it 
to an AR -SST 1, a 4 -ohm speaker that has 
a very low impedance curve at the high - 
frequency end. Playing the amplifier for 
a few hours at high listening levels (aver- 
age 87 dB in mono, about 90 dB in 
stereo) did not have any harmful effect 
on it, although the epoxy body did get 
pretty hot, as one would expect. So, 
clearly, the Titan can be used under any 
normal home -listening conditions, al- 
though aforementioned precautions 
should be followed, such as derating 
power, if one wishes to use it for a rock 
concert. Further, our project builder ad- 
vised that it was the easiest power am- 
plifier he had ever assembled, requiring 
less than an hour's time for assembly of 
the electronics. 

TITAN 

TORO HARMONIC DISTORTION - - -- 60/70003, (4 II IM DISTORTION 

.01 
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TIMBRE & VOICING CIRCUITS 

FOR ELECTRONIC MUSIC 
BY DON LANCASTER 

Techniques for converting basic frequency 

references to elaborate musical notes. 

THE majority of electronic 
musical instruments generate 

tonal frequency references in what- 
ever waveform happens to be handy. 
To convert a sine, sawtooth, or square 
wave into varied and interesting musi- 
cal sounds, the signal's time and fre- 
quency structure must be altered so 

that it simulates the sound of a tradi- 
tional musical note or provides a new 
type of note or special effect. 

To alter the time structure of the en- 
velope of a tone (see "Keyers and 
VCA's," January and February 1975), a 

suitable waveform with the attack, 
fallback, sustain, decay, snubbing, 
and echo desired is combined with the 
required frequency reference. The en- 
velope waveform is then multiplied by 
the frequency or tonal information to 
give the overall tone time shape de- 
sired. 

But this is only half of the problem. 
A steady- sounding trumpet is very 
different from a steady- sounding 
clarinet, even when both instruments 
are sounding the same note and attack 
and time differences are ignored. The 
differences in sound between different 

types of musical instruments are 
called color or timbre. Circuits that 
alter timbre are called voicing circuits, 
filters, tracking filters, and voltage - 
controlled filters (vcf's). Only when 
suitable voicing is combined with a 

selected envelope does the final mu- 
sical note result. 

Elements of Tonal Color. Color dif- 
ferences between notes are obtained 
by the presence of harmonics, 
nonharmonic but related multiples of 
the basic pitch, multiple tones in 
chorus and warmth situations, and 
"extra" sources of noise (chiff, buz- 
zes, random noise and variations, and 
other unrelated audio energy 
sources). By selecting the correct 
combination of these things, almost 
any desired timbre waveshape can be 
generated. Multiply the waveshape by 
an envelope, and the note can have 
any color you want. 

Harmonics are the easiest with 
which to deal, but they are not by any 
means the whole story. If the zero- 

crossing points of a musical wave - 
shape always occur at the same fixed 
fundamental frequency, that wave - 
shape can be broken down into a 

fundamental- frequency sine wave and 
a series of harmonic sine waves of var- 
ious phases through a mathematical 
process known as Fourier Analysis. 

In Fig. 1 is shown how sine waves 
and their harmonics can be combined 
to build three basic musical 
waveforms, the square, sine, and saw - 
tooth waves. Creating a new complex 
waveform is known as synthesis. 
While direct analysis and synthesis are 
often the best ways to find out what 
color you want and how to go about 
obtaining it, you rarely use direct 
synthesis to do the actual coloring 
process. This is because you can gen- 
erate a square wave (for example) 
much easier with a digital flip -flop 
than by summing dozens of sine 
waves. 

The undistorted sine wave has no 

EMS "Synthi KS" Di?ital 
Sequencer Keyboard . 
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harmonics present and is close to a 

flute -like tone. The square wave con- 
sists of diminishing odd harmonics 
only and produces a nominally hollow 
or "woody" sound like that associated 
with such woodwinds as the clarinet 
and stopped organ pipes. The saw - 
tooth wave has all harmonics present 
in a uniformly decreasing series and 
produces a "bright" tone like that of a 

stringed instrument or, with bandpass 
modifications, a trumpet or other 
horn. Since everything needed is 
available in the sawtooth wave, it 
often represents a good "universal" 
waveform with which to work in elec- 
tronic music because it is easy to use it 
to build a lot of realistic voices. Other 
basic waveforms can lead to voicing 
difficulties. The triangle waveform, for 
instance, does not have enough har- 
monic strength to be useful and the 
impulse has far too much strength. 

The methods of getting back and 
forth between the basic waveforms 
are shown in Fig. 2. A sine or triangle 
becomes a square wave by heavily 
amplifying and then limiting it, but this 
can be done only to one sine wave at a 

S/NE 

SiNEN'A, E F 

f2b' 

time if intermodulation distortion is to 
be avoided. A sawtooth linearly be- 
comes a square wave if minus one -half 
the second harmonic is summed with 
itself. This is called "outphasing," a 

technique that can handle many notes 
at once. 

Getting from a square wave to a 

sawtooth wave can be accomplished 
by using a binary divider and a stair- 
case generator. This particular ap- 
proximation sounds much better than 
it looks. In a 16 -step staircase, the first 
missing harmonic is the 16th, the next 
is the 32nd, and so on. Otherwise, the 
waveform is identical to a sawtooth. 

Finally, to get from the more com- 
plex waveforms back to a sine wave, 
the fundamental can be sharply 
band -pass or low -pass filtered. A high 
Q needed for good second- and third - 
harmonic rejection directly conflicts 
with the need to handle many notes of 
different frequencies simultaneously. 
So either a tracking filter or fixed fil- 
ters of only one -third -or at most 
one -half -an octave can be used. 

Harmonics permit us to build many 
instrument imitations. Nonharmonic 
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Fig. 1. Complex rrar((orrrrs can be broken down 
into a series Of .ill(' mares and rice tersa. 

multiples can also be very important 
and are usually much more difficult to 
handle electronically. Nonharmonic 
multiples in the piano are "almost har- 
monics" caused by lateral stiffness of 
the strings, particularly on the low - 
frequency end. These almost -har- 
monics are called "partials" and get 
progressively sharper (higher in pitch) 
with harmonicnumber. Forthisreason, 
piano keyboards are not tuned to abso- 
lute pitch because, if they were, the 
nonharmonic partials of the low notes 
would sound out of tune with respect 
to the higher notes. Instead, piano key- 
boards are stretched while tuning to 
make the low notes flatter and the high 
notes sharper than they really are. The 
result is a warmer, fuller sound 
character. 

Another feature of piano notes is 
that the hammer usually strikes three 
strings simultaneously. The strings 
are almost but not quite tuned in uni- 
son. This gives the characteristic 
warmth to a piano tone. It also ex- 
plains why a chorus or an orchestra full 
of violins sounds richer than a single 
violin. Chorus and warmth effects can 
be introduced electronically by using 
several tone sources, differentially de- 
laying ( "Doppler modulating ") one 
tone source, or using special -purpose 
tape delay units. 

Yet another example of nonhar- 
monic multiplesare carillonsand bells, 
which produce strong sequences of 
fifths (5:3 frequency) and others pres- 
ent in the characteristic cast -bell tone. 
Anyothersituationwhereyou are inten- 
tionally generating chord sequences 
takes tonal groups related by some- 
thing other than simple harmonics. It is 

often possible simply to use multiple 
combinationsof notesalready in hand. 

The final noise effects -chiff, buz- 
zes, etc. -are usually tacked on an as 
afterthought. In traditional musical in- 
struments, they are inherent and un- 
wanted byproducts or defects of the 
instrument's physical characteristics. 
Obvious examples are the wind noise 
in a pipe organ, steam in a calliope, 
resonance buzzes in a poorly de- 
signed or low -cost violin or guitar, 
sympathetic vibrations, etc. One time 
you do not tack on noise effects is 
when the note is predominantly fil- 
tered noise, such as that used for 
some percussion effects. In this case, 
the usual practice is to start with white 
or pink noise and filter it. the sharp- 
ness of the filtering determining how 
close you want to get to a well- defined 
fundamental tone. Small amounts of 
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Fig. 2. Ways of transforming basic waveforms. 

noise and frequency shifting can be 

introduced to slightly randomize or 
break up the exactitude of electronic 
pitch generation systems. 

Harmonic Structure. Once you 
have decided what you want in har- 
monics, you have a second decision to 
make: whether you want identical 
harmonics on every note, changing 
harmonics as the notes change in fre- 
quency, or some combination of the 
two. 

Musical instruments are basically 
some sort of acoustical bandpass fil- 
ter. The horn on a trumpet is a pipe 
resonator. The guitar or violin is more 
or less a cavity resonator. These reso- 
nances are physical constants. Since 
they do not change, the harmonic 
structure of the notes passed through 
them evidently must change for notes 
of different frequencies. So, almost all 
traditional instruments introduce 
fixed -frequency filtering that alters the 
harmonic content from note to note. A 

fixed filter gives a variable harmonic 
content. If your primary goal is to im- 
itate traditional instruments, fixed - 
frequency selective emphasis and 
de- emphasis of various frequency 
ranges is called for. 

The sound once (and still) referred 
to as the "Hammond sound" is now 
called "synthesizer sound." Its 
characteristic is that all the notes have 
identical harmonic structures, evolv- 
ing from the Hammond organ's elec- 
tromechanical system in which syn- 

chronously rotated steel cams were 
used. As the cams rotated, each gen- 
erated a series of harmonics that 
could be selectively added to a fun- 
damental. All notes were treated iden- 
tically and had identical har- 
monic structure. You can obtain the 

1(111111 

same effect in a synthesizer by using a 

tracking or voltage -controlled filter. 
Hence you need a moving or variable 
filter for a fixed harmonic structure. 

Neither of the above techniques is 

"better" than the other. The one you 
use depends on what you are after. 
Traditional instrument synthesis will 
often sound phony if you use fixed 
harmonic structure. On the other 
hand, the fixed -harmonic- structure 
notes offer much in the way of flexibil- 
ity and new sounds. (These two basic 
filter techniques are compared in Fig. 

3.) One big advantage of a synthesizer 
is that you can handle both types quite 
easily. 

Another reason for using variable or 
tracking filters is to let the harmonic 
content of the note change during the 
envelope time. In many musical in- 
struments, higher harmonics decay 
faster than do the lower ones, while in 

the piano, sympathetic resonances 
may actually build up harmonics with 
time. These effects can often be ob- 
tained by adding an electrically vari- 
able filter to the output of the fixed 
formantfilter, sliding the filter down as 

the note decays. A changing harmonic 
structure with envelope time, particu- 
larly with the decay cycle, is the key to 
realistic traditional instrument syn- 
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thesis. It also provides many new pos- 
sibilities for far -out sounds. (We will 
take a close look at what the tradi- 
tional instruments need in harmonics 
and envelope in a future article in this 
series.) 

Voicing Techniques. As a general 
rule, there are four basic ways to elec- 
tronically generate a suitable musical 
voice. Starting with a waveform or 
waveforms containing more har- 
monics in a different structure than 
are needed, filtering, or a "subtrac- 
tive" method, can be used. Also called 
formant filtering, it is by far the most 
popular fixed-filter method used today 
in both electronic organ and synthe- 
sizer circuits. 

An "additive" method can be used. 
Here, harmonically related sine waves 
are combined in the correct propor- 
tions to yield the desired note. While 
this approach was often used in older 
electromechanical organs, it is gener- 
ally complex and difficult to program, 
and it is somewhat limited, requiring 
too many harmonics to achieve good 
synthesis. Too, if you are attempting to 
synthesize the sound of a traditional 
musical instrument, you must alto 
provide for changing harmonic con- 
tent with changing pitch. 

A third approach is called the "non- 
linear" method of voicing, where a 

fundamental frequency is run through 
a diode or other highly nonlinear 
component to generate harmonics. 
The harmonics are then filtered by the 
subtractive method. Some mono- 
phonic pedal circuits in home organs 
half -wave rectify a sine wave to get the 
strong second harmonic needed for 
diapason pipe synthesis. There are 
serious limitations to the nonlinear 
method. The input amplitudes may be 
critical if the nonlinear system is to 
generate the proper harmonic struc- 
ture. Also, it is strictly a one- note -at -a- 
time monophonic technique; two 
notes fed into a nonlinear circuit at the 
same time will produce intolerable in- 
termodulation distortion. 

The fourth method of voicing is 
"replication." Here, the note wanted is 
generated directly in exactly the shape 
desired by starting with some sort of 
model or "replica" of the tone to be 
produced. For example, a binary - 
addressed read -only memory (ROM) 
could be followed by a digital -to- 
analog (D /A) converter. Stored in the 
ROM would be the exact wave shape 
desired. The faster the ROM is clocked 
or addressed, the higher the output 
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Fig. 4. Active filters on left have 12 dBloctave 
slopes. On right, are 24 dBloctave filters. 

pitch, but the shape would remain 
the same, as would the harmonic 
structure. The same thing could be 
done with a you -program -it com- 
puter lashup in which the timbre 
and envelope are simultaneously 
programmable. Important advantages 
of the replication technique are its 
tremendous flexibility and extreme 
simplicity, especially when new voices 
are to be added to the system. You can 

easily try a starting system with a bi- 
nary counter, 7489 ROM, and MC1406 
or MC1408 (both by Motorola) D/A 
converter. Cost is less than $10 for the 
system. 

We might call "noise" technique a 
fifth basic approach to timbre genera- 
tion, but it is really a form of subtrac- 
tive filtering. Instead of removing or 
emphasizing harmonics of a fixed 
tone, various portions of a noise spec- 

/OK AA- 

R9 SETS 9 
CF RF SETS 
RESON,¢NT 
ERE-p(/ENG Y 
Rg SETS Gq/N 

)IE 7Y/ OR 
1- SSSB 

Fig. 5. Biquadratic bandpass filter 
set to 1 kHz resonance and Q = 20. 
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trum are emphasized or de- 
emphasized. Both are essentially sub- 
tractive filter techniques. 

Filter Circuits. The subtractive filter 
technique is by far the most popular 
used in today's electronic music sys- 
tems. Originally, fixed RC filters were 
used, with an expensive inductor or 
two thrown in only where absolutely 
necessary. This accounts for some of 
the rather poor instrument imitations 
produced by some older economy or- 
gans. 

Today, we have a new approach: ac- 
tive filters. The active filter combines 
resistors, capacitors, and operational 
amplifiers (usually the inexpensive 
741 op amp) to simulate exactly the 
type of filter you could normally build 
only with expensive, large, adjustable 
inductors. 

Important advantages of active fil- 
ters are their low cost and easy tuning 
and the total absence of loading prob- 
lems. The last lets you combine and 
cascade sections in many arrange- 
ments without interaction. Better yet, 
is the ability of certain active -filter cir- 
cuits to be electronically controllable 
to permit you to electronically shift the 
cutoff frequencies or bandwidths 
under voltage or digital -word control. 
This lets you move the filter from note 
to note or change the harmonic struc- 
ture during the envelope time. 

Pairs of high -pass and low -pass ac- 
tive Butterworth filters with 12- and 
24 -dB /octave slopes are shown in Fig. 
4, while a single -pole active bandpass 
filter circuit is shown in Fig. 5. For 
higher frequencies and higher Q's, 
premium op amps like the National 
LM318 should be used to replace the 
741 device, for which it is a direct pin - 
for -pin replacement. 

To change the cutoff or resonance 
of the above filters, simply scale down 
the values of all the capacitors. For 
instance, doubling the capacitive val- 
ues moves the 1000 -Hz response of 
the figures down to 500 Hz. You can 
also scale down the resistor values, 
but you must keep all frequency - 
determining resistors and all 
capacitors identical in value. 

The fixed active filter can be used 
for formant synthesis of traditional 
instruments, usually by starting with 
a sawtooth for most voices, except 
for some woodwinds that are better 
off with a square wave. Heavy sine - 
wave filtering can be used for flute and 
piccolo and certain bland organ 
voices. .Q 
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CMOS switch is added to circuit in Fig. 5 to make 
a high -performance voltage- controlled bandpass filter. 

ELECTRONIC TRACKING 

How is it possible to vary electronically 
the cutoff frequency of an active filter? 
The answer is that anything that can 
change the value of a resistor under 
voltage control -such as a FET, incan- 
descent lamp, or LED and photo- 
cell -will do the job. However, linear- 
ity, power, "insertedness," and cost 
might be objectionable. The CA3080 
circuit on page 37 of the February 1975 

issue provides good filter control. 
Today, there is a new and easy way 

to build a tracking filter, working with 
the inexpensive CD4016 (RCA) or 
MC14016 (Motorola) CMOS integrated 
analog switch circuit. It works in an 
active -filter circuit that is basically an 
integrator, such as the low -pass ver- 
sions in Fig. 4 and the bandpass circuit 
in Fig. 5. The details are shown in the 
circuit above. 

The key to the process is to make a 

fixed resistor appear to be variable. If 

the value of a pair of fixed resistors can 
be electronically controlled, the same 
thing could be done as varying a dual 
potentiometer and automatically track- 
ing any note you want. Better yet, if you 
want to, you can change parameters 
during the note's envelope, providing 
all sorts of synthesis possibilities. 

The CD4106 is a quad analog switch 
that rapidly lets you turn a given resis- 
tor on and off. If you vary the off -to -on 
duty cycle, you can make the resistor 
look -on the average -like any resis- 
tance you want, from its actual value to 
infinity. The only requisite is that the 
switching be much faster than the 
highest frequency of interest so that 
the capacitors in the circuit average 
out the on /off switching into an essen- 
tially proportional resistance. In a 

400 -Hz bandpass filter, for example, an 
8000 -Hz minimum switching rate is 

recommended, with proportionately 
higer ultrasonic frequencies needed 
for higher cutoff frequencies. 

The switches can be driven from an 

ultrasonic source of rectangular waves 
with a variable duty cycle. This is easily 
accomplished with CMOS logic. Alter- 
natively, you can use the 555 or 8038 IC 

devices for initial tests, switching over 
to a voltage -controlled duty cycle 
modulator later on. (Incidentally, really 
good wide -range active bandpass fil- 
ters that are stable and track have not 
been available at reasonable cost be- 
fore. Both these techniques give you a 

wide open field for serious electronic 
music experiments.) 
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HOW Te DESIGN 
YOUR oWN 

POWER SUPPLIES 
Following a step -by -step procedure, you can build 

a line- operated, professional power supply to your 

personal requirements. 

ALL active electronic projects and 
equipment require a power sup- 

ply. The battery supply, of course, is 
convenient for low -power and porta- 
ble applications. For the majority of 
applications, however, the ac, or 
line- operated, power supply is more 
practical for equipment which re- 
quires moderate or high power and 
where portability is unimportant. 

This article tells you how to design 
line- operated power supplies. Our 
building -block approach starts off 
with the power transformer/rec - 
tifier /filter system that is basic to all 
line- operated supplies. Then we intro- 
duce voltage and current regulation 
and finish up with the error amplifier 
used in the power supplies found in 
the most sophisticated electronic 
equipment. You merely design your 
power supply to suit your needs. 

From the Beginning. The schemat- 
ic diagram of a very basic power sup- 
ply is shown in Fig. 1. The power trans- 
former steps d6wn (or up for high - 
voltage supplies; in this article em- 
phasis is on the low- voltage supply) 
the input voltage from the ac line to 
roughly the voltage needed for the 
project. The low voltage at the 
transformer's secondary then goes 
through a rectifier system, where it is 
converted to pulsating dc. The filter 
system then smooths out the pulsa- 
tions to make the dc voltage at the 
supply's output more like the steady - 
state dc characteristic of batteries. 

The choice of transformer depends 
mainly on the supply voltage and cur- 
rent demands of the project for which 
the power supply is designed. Let us 
assume that the circuit requires 12 
volts at a maximum of 500 mA (0.5 A). A 
commonly available 12.6 -V, 0.5 -A 
transformer will do nicely. If you can't 
find a transformer with the exact rat- 
ings for your project, a higher second- 
ary voltage and /or current rating will 
do. For the higher voltage rating, you 
will have to devise a dropping or regu- 
lating system to reduce the supply's 
output voltage to the proper level. 
Note that lower voltage and current 
ratings should never be used. 

To insure safety in your projects, al- 
ways design a fuse into the power 
supply. Determining the current rating 
of the fuse is simple. First, divide the 
line voltage by the transformer's sec- 
ondary voltage. Divide the secondary 
current by the result. Then multiply 
your answer by 5 if you intend to use a 

slow -blow fuse (by 10 if you intend to 
use a fast -blow fuse). For conven- 
ience, you can round out the line volt- 
age to 115 or 120 volts and drop frac- 
tions of a volt in secondary voltages. 

Applying this procedure to our 
sample problem we get: 120 V/12 V = 
10. Then, 500 mA /10 = 50 mA, which is 
the primary current. Finally 50 mA x 5 
= 250 mA (1/4 A) for slow -blow or 50 
mA x 10 = 500 mA (0.5 A) for the fast - 
blow fuses. 

The three basic rectifier schemes 
used in single -phase power supplies 
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are shown in Fig. 2. The half -wave rec- 
tifier is difficult to filter and should be 
used only in projects that have no criti- 
cal circuitry. The full -wave and bridge 
rectifiers have twice the output ripple 
(120 pps in a 60 -Hz setup) as the half - 
wave scheme and are easier to filter 
for projects in which critical circuits 
are used. 

The full -wave rectifier scheme re- 
quires the use of a center -tapped 
transformer that can deliver twice the 
secondary voltage of a transformer 
used with a bridge rectifier to obtain 
the same output voltage. Its current 
rating, however, need be only half that 
required by the bridge- circuit trans- 
former. The individual rectifiers in a 

bridge scheme must have peak in- 
verse voltage (PIV) ratings of at least 
two times the rms voltage at the trans- 
former, while the diodes in the full - 
wave and half -wave schemes must be 
rated at four times (minimum) the 
rms voltages at their transformer sec- 
ondaries. 

To design the filter system, first cal- 

Fig. 1. ticheooltic of a basic 
power supply. 7'he traH.,forno; 
steps the raltaye (Jnx', the 
diodes rertitrt the coltaye°, and 
the capacitor smooths 'the 

DC 
our 
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culate the power supply's load resis- 
tance by dividing the output voltage by 
the load current (12 V/0.5 A = 24 

ohms). Then calculate the ripple 
period, or time constant, by finding 
the reciprocal of the ripple frequency 
(1/120 pps = 8.3 ms). Now, you can 
calculate the required filter capacitor 
value. 

The value of the filter capacitor 
should be chosen to provide a time 
constant of at least three times the 
ripple period. In equation form, C = 
3TC /R = (3 x 8.3 ms) /24 ohms = 1000 
pF, which is the absolute minimum 
value you should consider practical. 
You would be better off going to a 

5000-pF value. 
The voltage rating of the capacitor is 

equally important. It must be greater 
than the peak secondary voltage. In 

our example, 12.6 V is an rms value. To 
convert it to peak, multiply by 1.414: 
12.6 V rms x 1.414 = 18 V peak. A safe 
rating for the capacitor would, there- 
fore, be 25 volts. 

Further Considerations. The 
power supply we have just designed 
has an inherent problem: its short - 
term stability isn't very good. Without 
some form of regulation, the output 
voltage will vary with changes in load 
and even with changes in input volt- 
age. While poor regulation might be 
acceptable for some applications, it 
can present problems in critical digi- 
tal circuits, test equipment, and even 
audio gear. 

The output voltage curves of a 

12 -volt power supply with 1 ohm of 
internal resistance are shown in Fig. 3. 

Notice that as the current drawn by the 
load increases toward 1 ampere, the 
output voltage decreases. The output 
drops 1 volt, leaving only 11 volts 
available. It is possible to obtain es- 
sentially the zero- resistance curve 
shown by electronically reversing the 
output curve in a voltage regulator. 

In our design example, the actual 
no -load voltage depends mainly on 
the resistance of the transformer 
windings. The output could well be as 
high as 18 volts no load and drop to 16 

volts under full load, a difference of 2 

volts. This means that the internal re- 

sistance of the power supply must add 
up to that required to cause a 2 -volt 
drop at the 500 -mA full load. Using 
Ohm's law, R = E/I = 2V/500 mA = 4 

ohms. The curves for the power supply 
with the 4 -ohm internal resistance and 
with an additional 8 ohms used to yield 
a 12 -volt output (from the no -load 
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18 -volt maximum) are shown in Fig. 4. 

If you use a transformer whose out- 
put voltage is higher than required by 
your project, you can either include or 
leave out the dropping resistor, de- 
pending on whether or not you plan to 
add a regulator to the circuit. Before 
you make this decision, however, 
carefully weigh the alternatives and 
study Fig. 4. The change in output 
from 18 volts no -load to a 500 -mA full 
load is 2 volts, representing 11% regu- 
lation. The change in output voltage at 
100 mA is 0.4 volt, and regulation is 
2% -still not great but an improve- 
ment. So, a simple method of provid- 
ing a degree of regulation is to draw 
only a small percentage of the avail- 
able current from the power supply. 

Another alternative is to "bleed" the 
supply by placing a load resistor per- 
manently across the output of the 
supply so that the variations between 
no load and full load are kept to a 

minimum. Neither this nor the drop- 
ping resistor method provides much 
defense against line- voltage varia- 
tions. The best alternative for this 
problem is to go to electronic voltage 
regulation. 

Voltage Regulation. The reverse - 
biased diode is perhaps the simplest 
electronic voltage regulator around. 
Once it reaches its breakdown volt- 
age, the diode will maintain the same 
voltage over a varying current range 
until the current reaches the point 
where the diode ultimately burns up. 
Except for burning up, this is exactly 
what the typical zener diode is de- 
signed to do. The point at which the 
zener diode breaks down is known as 

the "zener voltage" (same as reg- 
ulator voltage). 

Zener diodes are available in a wide 
variety of regulator voltages and pow- 
ers. All current popular low voltages 
used in modern circuits are rep- 
resented, as are most of the low- and 
medium -power ranges. 

Designing a zener regulator into a 

power supply consists of calculating 
the resistance and power rating for the 
series resistor and determining the 
maximum amount of power the zener 
diode must be capable of handling in 

the circuit. 
From the curves shown in Fig. 5, you 

can see that the zener regulation is 

good up to the point where the load 
current almost equals the zener cur- 
rent. Therefore, the current through 
the zener diode must be more than 
that required by the load. With a 

HALF 
WAVE 

FULL 
WAVE 

BR/04E 

P(v= 
XtirMS 

R/PPLE 

P/vz RIPPLE_ 
/20 Xyrms '/8% 

Pl v= RIPPLE= 
.42 ,-ms Ye% 

Fig.!. Thee, tip., 
rif sitegle- ph( .se e, et r, 
circuits with some 
of their chura(teristics. 

0.5- ampere load current, the zener 
current would be best at five times this 
value, or 2.5 amperes. Using the power 
formula P =1E, at 12 volts, P = 2.5 A x 
12 V = a whopping 30 watts. That's an 
expensive zener diode. Hence, it is 

practical to use zener diode regulation 
by itself only for low- and medium- 

/2 

1 

ioeAL. 

W/rN /It - 
Se41ES RfS/SraWCE 

o 1 2 . , s 
AMPERES 

Fig..?. Ideal output 
voltage occurs at all 
current levels. Actually, 
the voltage drops due 
to internal resistance 
of the power supply. 

current applications. For example, a 

12 -volt, 1 -watt zener diode would op- 
erate with a zener current of 83.3 mA, 
providing reasonable regulation up to 
almost 83 mA as shown in Fig. 5. 

In the case of our sample power 
supply, the voltage coming from the 

/B 
/6 

/z 
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Fig. Ideal and actual 
voltage output of ac /(lc 
converter and filter as 
described in the text. 
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Fig. 5. Zerier diode regulator 
is .shown at left. The output is 
close to ideal (top) except when 
high current lcrels are reached. 

rectifier bridge will be on the order of 
17 volts. The zener diode will be reg- 
ulating this at a 12 -volt level, leaving a 
difference of 5 volts. So, we calculate 
the zener's series resistor value from R 

= E/I = 5volts /83.3 mA = 60 ohms. The 
calculated 60 ohms, however, is a 
minimum value for the resistor; any 
higher voltage and the zener current 
could cause the zener diode to burn 
up. So, make certain you base your 
design calculations on the maximum 

QS 
2 

44 5,, 

Fig. G. Basic regulator 
circuit using a zener 
diode and emitter -follower 
pass transistor. This circuit 
prorides current gain 
with no gain in voltage. 

voltage drop that can be expected 
across the resistor. Then figure the 
power rating needed for the resistor 
from P = IE = 5 volts x 83 mA = 0.4 
watt, which is the minimum rating; 
play it safe by using a 1 -watt resistor. 

The zener diode regulator is simple 
to design, but it is uneconomical in 
high- current power supplies. How- 
ever, it can still be used -and most 
often is -as a low- current input to a 
current amplifier. 

Pass Transistor Regulator. Using 
a zener diode as a reference regulator, 
the power supply's output regulation 
can be improved by employing an 
emitter -follower pass transistor to ob- 
tain current gain with no gain in volt- 
age. The configuration of this circuit is 
shown in Fig. 6. 
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The zener regulator described 
above can't cope with the 500-mA de- 
mand assumed for our sample power 
supply. So, the pass transistor design 
is a natural for our purposes. First, 
however, we must know the biasing 
and power requirements for the tran- 
sistor. 

The current gain of the pass transis- 
tor determines the power rating of the 
zener diode, and vice versa. For ex- 
ample, a gain of 10 would permit the 
power supply to safely handle 833 mA 
of current, based on the calculations 
given above. The higher the ß, then, 
the better; in fact, two transistors can 
be connected in a Darlington circuit 
configuration to multiply the gain of 
the pass transistor as in Fig. 7. 

If the output coming from the unreg- 
ulated power supply's filter is 16 volts 
and you want only 12 volts, the differ- 
ence is 4 volts that must be dropped 
across the pass transistor. Since the 
maximum current from the supply will 
be 500 mA, the transistor must be 
rated at a minimum of 600 mA x 4 V = 
2.4 watts. It is obvious, then, that most 
pass transistors require proper heat 
sinking for safe operation. 

To determine the minimum base 
current for the transistor, divide the 
required load current by the tran- 
sistor's ß: II,,,,;n =I,,,,,x/ß = 500 mA/10 
=50 mA. Multiplying this figure by 2 

provides a margin of safety in the de- 
sign; so, the zener diode used as the 
voltage reference need be rated 
at only 100 mA or 1.2 watts (P = IE = 
100 mA x 12 V = 1.2 W). If you can't 
obtain a 1.2 -watt zener diode, you 
have the option of using a pass 
transistor with a higher O. For example 
by going to a transistor with a 13 of 20, 
the base current would be only 25 mA, 
and doubling this yields 50 mA, 
requiring that the diode have a power 
rating of only 600 mW (0.6 watts). 

By using the pass transistor, we 
reap another benefit -capacitance 
multiplication. The base capacitance 
is reflected to the emitter -collector 
circuit. We can bypass the zener diode 
with an electrolytic capacitor to make 
the emitter -follower pass transistor 
appear to the ripple as a capacitance 
equal to ß times the value of the base 
capacitor. (Calculate the bypass 
capacitor from the formulas used ear- 
lier for calculating the filter's value.) 

You can make the output of the 
supply variable by placing a poten- 
tiometer across the zener diode and 
feeding the base of the pass transistor 
with the variable output voltage from 
the pot. Bear in mind that for good 
regulation, the current through the 
pot should be at least several times the 
current required in the base of the 
pass transistor. The current through 
the zener diode should be a couple of 
times greater than the current through 
the potentiometer. 

Error Amplifier Regulator. The 
pass- transistor scheme isn't without 
its shortcomings. For example, it does 
not efficiently combat output varia- 
tions resulting from line voltage varia- 
tions. You can improve the operation 
of your power supply by detecting the 
output variations and sending the in- 
verse of the variations back to the pass 
transistor. Thus, you would have a 
supply that would in effect turn down 
the output voltage level when it at- 
tempted to rise, and vice versa, which 
is what the sense, or error, amplifier is 
designed to do. 

The error amplifier can be a 

common -emitter amplifier stage, 
which givesan inverted output (Fig. 8). 
The error amplifier must operate only 
on voltages other than the regulated 
output potential. This can be done in a 
couple of ways, the most common 

IB 
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4-Sg7 n,A 

ALA40.17 /OEM_ 

P 
40.I2 RE$/'roR 

DROP$ QUAKE 

0 zs0 Soo 730 /000 
CURRENT (tinA) 

Fig. Complete emitter-follower regulator. 
The second transistor lessens the requirements 
placed on the zener diode, and potentiometer 
is added to provide a variable output. 
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T 
Fig. 8. Regulation zrsing 
a sensing ampll:fier. The 
circuit component values 
are giren in the text. 
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being the application of a voltage 
equal to the desired regulator output 
potential to the emitter of the error 
amplifier. 

In the circuit shown in Fig. 8, the 
zener diode is the voltage reference. 
When the output voltage attempts to 
exceed the reference voltage, the 
stage conducts and reduces the out- 
put voltage. Regulation in this circuit 
is good for both load and line varia- 
tions. 

The calculations for the required 
drive current in the base circuit of the 
pass transistor and zener current re- 
main as before. The value of the error 
amplifier's collector load resistor 
must be selected to give the desired 
base current for the pass transistor. In 

our design example, the difference be- 
tween the desired 12 -volt output and 
actual 16 -volt level is 4 volts. At 4 volts, 
a 160 -ohm resistor is needed to get 25 

mA of base drive current, while an 

80 -ohm resistor would be needed to 
get 50 mA. A compromise might have 
to be struck if your calculations reveal 

that you need a non -standard resistor 
value. You might have to trade an 

exact 25 -mA current if you can't find 
an 80 -ohm resistor, but if you use a 

100 -ohm resistor, your compromise 
won't be great. 

If you wish to make the power sup- 
ply variable, you can vary the zener 
diode's output voltage as described 
earlier. You can also put a potentiome- 
ter in the base of the error amplifier to 
vary the. voltage supplied to it. The 
problem with the latter method is that 
you also divide the output voltage vari- 
ations and reduce the sensitivity of 
the error amplifier. 

ARYFASS CRPAC /rag MAY 6C REOdiP,EO 

Fig. 9. Using an op amp asa 
sensing amplifier. High gain 
is an advantage of the op amp. 

The sensitivity (or gain) of the error 
amplifier is important. In fact, the best 
system is one where the value of the 
collector resistor of the amplifier is rel- 
atively large so that gain can be high. 
In this manner, smaller variations in 

output voltage cause a larger reaction 
in the pass transistor circuit. 

There are several possibilities for 

increasing stage gain. You can use a 

Darlington pair for the pass transistor 
system so that the collector resistor's 
value can be made larger. Another al- 
ternative is to use multiple- stage, 
high -gain amplifiers- inexpensive 
operational -amplifier (op amp) IC's. 

IC Regulated Supply. The IC op 
amp makes an excellent regulator cir- 
cuit. When used to feed a high- current 
pass transistor, it can regulate any 
load current. Using it as an error am- 
plifier is very simple. 

The non -inverting, or +, input of the 
op amp can be set to any desired ref- 
erence level around which the power 
supply will regulate. The inverting, or , input acts as an error amplifier. The 
signal at this input is inverted by the op 
amp and sent to the pass transistor. 
The advantage of applying inputs to 
both input lines of the op amp is that a 

much smaller current rating is re- 

quired of the zener diode as a result of 
the IC's high gain. 

Shown in Fig. 9 is an example of an 

op amp sensing system for an error 
amplifier. Designing the op amp into a 

power supply to serve as an error am- 
plifier is easy. All you have to do is care- 
fully adhere to the IC's ratings given 
on the specification sheet. 

Current Limiting. The schematic of 
a "deluxe" power supply is shown in 

Fig. 10. This design has built into it a 

means for limiting the current to the 
load. To design current limiting into 
your power supply, you simply select 
the component values that will deliver 
the current to the load limited to the 
maximum safe current. 

CURRE/Jr-L7MlrMq Pm5-TRB.VSiSTOR 
CiRtv7T Co?rUlr 

ERROR AMPLIFIER 

FV 

117 
6nNz` 

--I7K IL 

Fig. 10. Schematic of a complete 
"deluxe" power supply. 
This design includes current 
liniiting to protect the load. 
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BY MICHAEL D. HILKER 

THE analog meter movement, 
which has been the traditional 

display device for automotive and 
marine tachometers, suffers from two 
primary disadvantages. First, it is in- 
herently inaccurate. More important, 
however, it requires the driver or boat- 
er to divert some of his attention away 
from navigating to interpret the mean- 
ing of the meter's pointer swing 
against its scale. In congested traffic, 
that attention is better given to watch- 
ing other drivers. 

The digital tachometer overcomes 
the two main disadvantages of the 
analog -meter tach. It can be made to 
indicate rpm with a high degree of ac- 
curacy. And, because it displays num- 
bers that need no interpretation, in- 
stead of having to guess at an am- 
biguous pointer swing, you can give 
your whole attention to your driving. 

The digital tachometer described in 
this article can be used with engines 
with two, three, four, six, eight, 12, or 
16 cylinders that operate in the 
two- or the four -cycle mode. The TTL 

40 

Measures rpm in thousands 

and hundreds for car or boat engine 

system derives its power from any 6- to 
24 -volt dc negative -ground automo- 
tive or marine electrical system. It em- 
ploys a voltage regulator and an inex- 
pensive 555 timer IC clocking oscil- 
lator time base. 

About the Circuit. The schematic 
diagram of the auto /marine digital 
tach is shown in Fig. 1. It is basically a 
frequency counter that is modified for 
tachometer use. Only two decades of 
display are used, with DIS1 indicating 
hundreds and DIS2 indicating 
thousands of rpm. (Tens and units 
displays are not used because they 
would wander so fast that they would 

Stroke /Cylinders at 60 Hz (x100 rpm) 
2/4 4/4 18 
2/3 4/6 12 
2/4 4/8 9 
2/6 4/12 6 
2/8 4/16 4* 

Halfway between 4 and 5 

be distracting. In any event, two dec- 
ades of display are sufficient for a 
tachometer.) 

Because only thousands and hun- 
dreds of rpm displays are used, with- 
out the tens and units displays, the 
otherwise poor update of the fre- 
quency (between 6.6 Hz at 100 rpm 
and 659 Hz at 9900 rpm for a four - 
cycle, eight -cylinder engine) is im- 
proved by having the master clock 
count for only 150 ms. This provides a 
display update rate of approximately 
seven times per second. 

Each display has its own 7490 dec- 
ade counter ( /C5 and /C8), 7475 latch 
( /C6 and /C9), and 7447 decoder /driver 
( /C7 and IC/0). The displays them- 
selves can be incandescent or green 
or yellow common -anode LED -type 
7- segment devices. (Note: It is illegal 
to use red displays for anything but 
an emergency indicator in an 
automobile.) 

The master clock oscillator circuit 
(IC3) must be initially adjusted, ac- 
cording to the type of engine with 
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+6 TO +24 VDC 
ICI O LM309K 

TO ANODE 
OF OIS I, 
DIS 2 

CI- 
2000pF 

VEHICLE 
CHASSIS 

GND 

VEHICLE 
CHASSIS 

GND 

TO POINTS 

R8 
10K 

áK 

C6 
.I5pF 

5 
F 

C8 
.0047 

pF 

+5V 
COUNT 

DI 
3.3V IC4 

7400 

89 
4 ?OR 

*FOR LED DISPLAYS, 
INSERT 150- OHM,I /4- 
WATT RESISTOR IN 

EACH SEGMENT LINE 

Fig. 1. The tachometer circuit is basieall ti a frequency counter with two decades gt. display. 

C1- 2000 -µF, 30 -volt electrolytic capac- 
itor (voltage rating must be greater than 
actual input potential) 

C2- 500 -pF, 10 -volt electrolytic capacitor 
C3, C4- 500-pF tantalum disc capacitor 
C5 -1 -pF, 10 -volt electrolytic capacitor 
C6- 0.15 -11F disc capacitor 
C7- 0.6.5 -1.1F disc capacitor 
C8- 0.0047 41F disc capacitor 
C9- 0.l -1F disc capacitor 
01 -3.3 -volt, 500-mW zener diode (H EP- 

Z0206 or similar) 

which the tach is to be used, before 
you can operate the tach properly. 
This, however, is the only calibration 
required of the system, via poten- 
tiometer R6. Once set, this adjustment 
need not be touched again unless you 
remove the tach and use it with a dif- 
ferent type of engine. The number of 
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PARTS LIST 
132- 1N4001 or similar silicon rectifier 

diode 
DISI. DIS2 -7- segment display (see text) 
ICI- LM309K 5 -volt regulator 
1C2 -74123 integrated circuit 
IC3 -555 timer integrated circuit 
IC4 -7400 integrated circuit 
ICS. IC8 -7490 integrated circuit 
IC6, IC9 -7475 integrated circuit 
IC7. IC 10 -7447 integrated circuit 
R1,R2 -4700 -ohm, 1/2-watt resistor 
R3, R7- 1000 -ohm. 1/2-watt resistor 

pulses counted between each update 
is then equal to approximately 0.167 
times the actual number of hertz and 
corresponds to the engine's rpm, 
which is displayed by DISI and D /S2. 

The 74123 dual retriggerable 
moiostable multivibrator IC provides 
the clear pulses for decade counters 

TO 
DIS 2* 

TO 
DIS I 

R4- 47,000-ohm, 1/2-watt resistor 
R5- 30,000 -ohm. 'h -watt resistor 
R6- 1- megohm potentiometer 
R8- 10,000 -ohm, 1/2-watt resistor 
R9- 470 -ohm, 1/2-watt resistor 
Misc. -Printed circuit or perforated board 

and sockets for [C's and displays; suit- 
able housing; heat sink for ICI 
(Wakefield No. 680-12 or similar); dry - 
transfer lettering kit; filter for display; 
shielded cable; mounting hardware; 
hookup wire; solder; etc. 

105 and /C8 and latch pulses for 
latches IC6 and /C9, keyed to the out- 
put of /C3. The 7400 quadruple dual - 
input NAND gates in IC4 provide the 
gating required for proper operation 
of the tachometer. 

Integrated circuit IC1 is a 5 -volt reg- 
ulator. Potentials between +6 and 
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+24 volts dc applied to pin 1 of IC1 
result in a +5 -volt regulated output. 

Construction. The entire auto/ 
marine digital tachometer can be as- 
sembled on two 4" x 3 "(10.2 x 7.6 -cm) 
pieces of epoxy -fiberglass (G -10) 
board that has holes pre -drilled on 0.1" 
(2.54 -mm) centers. Use perforated 
board that has no copper on either 
side, sockets for the IC's and displays, 
a heat sink for /C1, and push -in solder 
clips for component mounting. 

You can house the tach in any suit- 
able enclosure, including a cylindrical 
plastic one that can sit on top of the 
dashboard, or mount the system in the 
dash panel in an unused instrument 
cutout. Don't forget to use shielded 
cable for the hookup between the 
engine's points and the tach's input. 

Calibration & Use. Before you in- 
stall the tach in your car or boat, it 
must be properly calibrated. For cali- 
bration purposes, you will need a low- 

"POINTS" 
CABLE 

1 - 

VAC AC 
CABLES 

-"CHASSIS" 
GROUND 

Fig. 2. Low -level 60 -Hz source 
for calibrating tachometer. 

level 60 -Hz signal source. You can 
wire the circuit shown in Fig. 2 to ob- 
tain the low -level signal required. Wire 
the secondary of the 6.3 -voit power 
transformer to the inner conductor 
(labeled to points" in Fig. 1), via R7, 
and the shield of the tach's input 
cable. 

Connect the lead from the tach 
labeled " +6 to +24 V dc" and the lead 
on the other side of C1, labeled "vehi- 
cle chassis ground," to the vehicle's 
electrical system or any other dc 
source capable of delivering about 1 

ampere at the appropriate voltage. 
Now, referring to the table, adjust 

R6 for the proper display reading ac- 
cording to the type of engine with 
which the tach is to be used. The tach 
is now calibrated and need not be 
readjusted again unless it is to be used 
with a different type of engine. 

You can now install the tach in your 
car or boat. After installing the tach, 
connect the various cables to the ap- 
propriate points in your vehicle's elec- 
trical system. Then the only thing left 
to do is use a dry- transfer lettering kit 
to label the legend "RPM x 100" on 
the display's filter. 
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a Simple Method 
For Biasing 
TRANSISTORS 

An easy step -by -step way to design 
stable amplifier stages using Ohm's law. 

BY MYRON CHERRY 

HERE is a simple way of deter- 
mining the proper biasing of a 

bipolar transistor amplifier. It works 
for the majority of applications and 
has built -in protection against thermal 
runaway. All you need to know is the 
material of which the transistor is 
made (silicon or germanium) and 
Ohm's law. 

First, there are some basic assump- 
tions that can be made based on the 
superior quality of today's transistors. 
(1) Collector -to -base leakage current 
can be ignored. (2) The current gain 
(beta) is high enough that the base 
current can be ignored (or considered 
as a small part of the "bias" current). 
(3) Emitter current equals collector 
current. Based on these assumptions, 
we can use the simplified circuit mod- 
el shown in the diagram. 

The design of the bias circuit then 
consists of nine steps: 
Step 1. Determine the collector cur- 
rent (same as the emitter current). 
Often this is determined by the load, or 
the test current given in the transistor 
specifications can be used. If the 
power supply is a battery, choose a 
small current for longer battery life. 
Typically, medium -signal transistors 
have a collector current of 1 to 10 mA. 

For a small -signal transistor, it would 
be perhaps 0.1 mA. 

Step 2. Determine the supply volt- 
age. This is usually a standard value: 9, 
12, or 24 volts depending on the bat- 
tery or supply. 

Step 3. We assume that the emitter 
voltage is to be 10% of the supply volt- 
age so the emitter resistor is 
R,, = 0.1V,/1,. 

The assumption for the emitter volt- 
age provides thermal stability, allows 
for wide variations in beta and pro- 
tects the emitter -base junction from a 

possible current overload. 
Step 4. Calculate the base voltage. 

This depends on the semiconductor 
material, which determines the drop 
across the junction. For silicon, the 
drop is 0.7 V, and for germanium, it is 
0.3 V. The base voltage is then the 
emitter voltage plus 0.7 or 0.3 

Steps. Assume that the "bias" cur- 
rent through R1 and R2 is 10% as 
much as the collector current. This is 
easier than considering that R,, times 
beta is in parallel with R2. In fact, we 
do not need to know beta if it is high 
enough because 10% or 20 %variation 
in R1 and R2 would cause more 
change in bias current than the small 
base current in today's high -beta 
transistors. In fact, beta often varies 
from 100 to 300 for the same type of 
transistor. 

Step 6. Calculate R2 using base 
voltage and bias current. 
R2 = Vh/Inl = Vi,a,, /0.1l,. 

Step 7. Calculate R1 
R1 =(V - Vh.,,e) /II,ias 

Step 8. Choose collector voltage. 
Except for an emitter follower, the 
output signal is always taken from the 
collector. To avoid clipping, let V,. _ 
0.5Vs. 

Step 9. Calculate R,. from I,. and V,.. 

R,. = V,. /I,. = 0.5V,/I,.. 
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PERHAPS you have already heard 
about the universal asynchron- 

ous receiver /transmitter -commonly 
referred to by its acronym UART. If 

not, you soon will because UART may 
become an important part of data - 
handling systems in all areas of elec- 
tronics where information must be 
routed from one location to another. 
In a UART, the transmitter converts 
parallel data bits into serial form for 
transmission over two -wire lines. The 
receiver section does the reverse 
operation. 

You could use a UART with a video 
display to communicate with a com- 
puter or another type of display. Cou- 
pling it with suitable circuitry, you 
could use a UART to record ASCII data 
from a keyboard on a tape recorder. 
Use it with a modem (modulator/ 
demodulator) and telephone coupler 
or Data Access Arrangement (DAA), 
and you could transmit data over tele- 
phone lines. UART's can also be used 
in centrally monitored burglar and fire 
alarms, intersection traffic control, 
and ecological data gathering. In fact, 
the applications in which UART's can 
be used are almost limitless. (See Fig. 

1 for diagrams of typical applications 
for the device.) 

General Information. In Fig. 2 are 
shown the transmitting section of one 
UART (left) and the receiving section 
of another UART (right), in logic dia- 
gram format. For these UART's to op- 
erate properly together, they must 
both be referenced to the same clock 
rate, which must be 16 times the de- 
sired line transmission rate. For ex- 
ample, if we communicate with a 

Teletype", the bit transmission rate is 
110 bits/ second. Therefore, the clock 
pulses delivered to pins 17 and 40 
must be 110 x 16 = 1760 Hz. (The 
clocking signal can come from a 

crystal oscillator, but it is usually suffi- 
cient to use any stable oscillator that 
has an accuracy of 1% or better. 

The UART has separate clock input 
pins for the receiver and transmitter 
sections so that receiving rates can be 
different from transmitting rates. For 
example, different rates might be used 
between terminals and from a terminal 
to a computer. Here, the transmission 
rate would be increased, to perhaps 
1200 baud. (A baud is generally de- 
fined as a bit per second.) For another 
example, when the data comes from a 
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CATII 

COMMUNICATIOI 

INTEGRATE!_ 

mum.' 

Here are details 

about the 

UART 

to help you 

in using it 

in a data terminal. 

BY ROGER L. SMITH 

manual keyboard, a rate of 150 baud 
should be adequate. 

Before the UART can be operated, 
its internal registers and detectors 
must be cleared. This is usually ac- 

complished automatically during 
power -up by pulsing reset pin 21 with 
a high (logic -1) pulse. You can do this 
with a resistor to ground and a 

capacitor to the +5 -volt line. 
Each half of the UART contains 

character -format mode control flip - 
flops that can be computer -controlled 
if the device is to be used with a com- 
puter. If the modes are to remain con- 
stant, the control pins can be hard- 
wired or connected to manual 
switches. 

The controls that are available in a 

UART include: 
12MB (pin 36)- transmitter stop bit 

control. A logic 0 causes one stop bit, 
and a logic 1 ( +5 V) causes two stop 
bits to be transmitted. 

IMP (pin 35) -no- parity control. A 

logic 1 eliminates the parity bit from 
the transmitted data, disables the re- 

ceiver parity check. and forces re- 

ceiver parity error (OPF;) pin 13 to go to 
logic 0. 

l,,ti (pin 39)- parity select. A logic 0 

inserts and checks odd parity, and a 

logic 1 inserts and checks even parity. 
I\B,,1N112 (pins 38, 37)- select charac- 

ter length of 5, 6, 7, or 8 bits /character. 
l(.s (pin 34) -mode control strobe. A 

logic 1 enters the above controls into 
the holding register. This control can 
be hard -wired. 

Once the control pins are either 
hard -wired or selected by computer, 
transmission can begin. Although the 
control pins serve both halves of the 
UART and both halves must operate in 

the same data format, they can be 
bussed in by the same lines that carry 
the data to be transmitted. The com- 
mands are then strobed into the hold- 
ing flip -flops by pin 34; so, the compu- 
ter can forget about them unless they 
must be changed. 

Sending Data. Assuming all control 
pins have been selected, the transmis- 
sion begins when a key is depressed. 
The ASCII, IBM Selectric`, Baudot, or 
other code appears at the UART's 
input pins (pins 26 through 33 if all 
eight bits are used). After a delay of 1 

or 2 ms to allow the inputs to settle, a 

pulse must be sent to pin 23 (I ). This 
negative -going pulse is generated by 
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VIDEO 
TERMINAL 

AND 
KEYBOARD 

VIDEO TERM OR 
MODEL I -0 IBM 
SELECTRIC WITH 

"TYCOM" TYPE 
APPLIQUE 

!FIRE SENSOR 

FIRE SENSOR 

!BURGLAR SENSOR 

! BURGLAR SENSORI 

!WIND SENSOR 

11 

!BAROMETER SENSOR 

! TEMP SENSOR 

ODEM 
(FSK) DAA 

DATA 
COUPLER) 

(RENTED 
FROM 

PHONE CO.) 

GATED 
OSCILLATOR TAPE RECORDER 

RECORD AND 
PLAY BACK DATA 

DETECTOR 

MODEM 

(FSK) 

111111:111111111:4111111i.. 

Fig. 1. Applications fur ('ART include video systems, 
fire and burglar alarms, and weather monitoring. 

logic on the keyboard. It enters the 
data into the input holding register. 
The transition of the pulse back to 
logic 1 causes a start bit to appear at 
serial output (0, ) pin 25 after the next 
negative -going clock transition. 

Fig. 2. At near 
right is the 

transmitting section 
of one (FART. 

Receiving section 
of another ('ART 

is on opposte page. 

TO 
REMOTE 
COMPUTER 

TO 
CENTRAL 
CONTROL 
LOCATION 

TO 
CENTRAL 
MONITORING 

The UART is now transmitting the 
data out on pin 25 at a rate of one bit 
for every 16 clock pulses. The start bit 
is first, followed by the data, with the 
least- significant bit (LSB) first and the 
most -significant bit (MSB) last. This is 

36 

I2SB 

PARITY 
GENERATOR 

® FF INB2 

GND OR -5V (SEE SPEC) 

MSB 

followed by the parity and stop bits. 
The UART executes the formatting 

commands as set up on the control 
pins. It then computes and adds the 
proper parity bit, if any. Just as it 
added a start bit preceding the data, it 
also adds one or two stop bits after the 
data. (The number of stop bits is de- 
termined by the logic level at pin 36.) If 

all possible bits were transmitted, they 
would number 12, including one start, 
eight data, one parity, and two stop 
bits. The minimum number transmit- 
ted can be seven: one start, five data, 
and one stop bits. 

Since the transmitter section has an 
input holding register as well as an 
output shift register, it can receive a 

second keystroke input immediately 
following the first. If this should hap- 
pen, both the holding and shift regis- 
ters would be full and this would be 
indicated by a logic 0 on pin 22. This 
pin goes to logic 1 when the UART is 
ready to accept additional data 
(transmitter input holding register 

Normally, the output of the transmit- 
ter portion (pin 25) is boosted to the 
standard RS -232C interface levels to 
be sent to other devices. For example, 
the data could go to a modem to be 

PARALLEL INPUT DATA BITS 

LSB 

INPUT 
DATA 

STROBE 

® ® ® CI 29 0 ® CD O 

Jit it It it it 
YYYYYYY 

TRANSMITTER INPUT 
HOLDING REGISTER 

_ _ - - - ----0 - _ - _ 
----0 - 

`JYY`-' "`-' 
WORD LENGTH I 

t_ t_ _ 1 t tl_ I_ 

I I t 
A. 

g á TRANSMITTER OUTPUT 
N 

ro .. 
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SHIFT REGISTOR 
N' 

EMPTY DETECT 

DART 
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LOAD 
TIMING 
SHIFT 

CLOCK 
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IXR 
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converted to fsk (frequency- shift, or 
two -tone, keying). It can then go via 
either an acoustic coupler or a DAA to 
the phone line and some remote ter- 
minal or computer location where it is 

demodulated, converted to RS -232C 
and TTL levels, and then possibly to 
the receiver input of another UART. 

Receiving Data. The TTL input level 
on pin 20 of the UART is normally logic 
1, and the receiving section monitors 
this pin for any transition to logic 0. 

When a logic 0 transition occurs, a 

counter is started, clocked by the 
input on pin 17ata 16times baud rate. 

When the counter reaches 8, which 
should be the center of the incoming 
bit, the UART again checks the level at 
pin 20 to ascertain that it is still at logic 
0. If it is, a valid start bit has been 
received, and the UART begins to 
count in increments of 16 clock pulses 
to go from center to center of the in- 
coming bit "cells." (Some designs 
check the input during all of the first 8 

counts after a transition to logic 0. 

Whichever the case, noise spikes are 
not likely to cause false starts.) 

Each time the counter reaches 16, 

the center of a bit cell has been 
reached and a shift pulse is applied to 

CLOCK 
OSC 

16 X BAUD 

I RCP 

FROM 

CI) 
LINE 

IfRS -232 

MODEM 
EXAR 
210 i FILTER 

MODE CONTROLS 

the input register. In this manner, all 
data bits are loaded into the shift reg- 
ister (LSB first), followed by parity and 
stop bits. Since the character length 
command was previously set up on 
pins 37 and 38, internal gating insures 
that the incoming signal word ends up 
all the way to the right. 

The UART's error -detection circuits 
check the incoming data according to 
the previously selected controls. The 
data bits and parity bits are tallied and 
must be odd or even, as selected on 
pin 39 (logic 0 is odd, and logic 1 is 

even). If there is a parity error, the flag 
flip -flop (to pin 13) is set by going to 
logic 1. The center of the cell that fol- 
lows the parity bit is tested to see that 
it is a logic 1. This is the stop bit; if it is 

not present, the framing error flag 
flip -flop (to pin 14) is set to logic 1. 

After the incoming serial data has 
completely shifted down, a "register - 
full" condition is detected and the 
data is transferred in parallel to the 
output holding register. The "data - 
available" flag flip -flop, whose output 
is pin 19, is set, indicating that a 

character has been received and is 

ready to be strobed out. 
The status bits (parity error on pin 

13, data available on pin 19, transmit- 

/ XR 
CLEAR 

(21) 

THIS PATH FOR 
8 BIT CHAR 

/ROE 

MSB 

LSB 

PARITY 
CHECK 

DATA 
REC ODA 

m STOP 
DE T 

® 

®OPE OFE 
UART 

(RECEIVER SECTION) 

START 
DE T 
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OR 

PHONE LINE COUPLER 

OR 

TTL 

I SWE 

DATA 
OUTPUT 

UART MANUFACTURERS 

Following is a list of the manufacturers 
currently making UART's. The num- 
bers in parentheses are the manufac- 
turers' catalog designations. 

American Micro -Systems, 3800 
Homestead Rd., Santa Clara, CA 
95051 (S1757, S1883) 

General Instrument, Box 600, Hicks- 
ville, NY 11802 (AY- 5- 1013A) 

Intel, 3060 Bowers Ave., Santa Clara, 
CA 95051 (8201) 

Signetics, 811 E. Arques Ave., Sun - 
nyvae, CA 94086 (2536) 

SMC Microsystems, 35 Marcus Blvd., 
Hauppauge, NY 11787 (COM 2017, 
COM 2502) 

Texas Instruments, Box 5012, Dallas, 
TX 75222 (TMS 6010NC, TMS 6012) 

Western Digital, 19242 Red Hill Ave., 
Newport Beach, CA 92663 (TR1402, 
T R 1602) 

ter input holding register empty on pin 
22, framing error on pin 14, and re- 

ceiver overrun on pin 15) are enabled 
when pin 16 is at logic O. Pin 16 is 

usually hard -wired to ground, except 
in cases where several UART's are 
serviced on a common bus. In these 
cases, each UART is queried by apply- 
ing a ground pulse to pin 16 of succes- 
sive UART's. If a data -available condi- 
tion is detected on pin 19, the proces- 
sor can read out the data by applying a 

logic 0 to received data- enable pin 4 of 
the UART. 

Once data is available (as indicated 
by a logic 1 on pin 19), it must be re- 

moved before the next character is 

shifted all the way into the first regis- 
ter, because new data is written over 
the old. External circuitry must also 
clear the data -available flip -flop by 
applying a logic -0 pulse to reset data 
available pin 18. If this is not done, the 
overrun flag flip -flop (pin 15) will be 

set. 

In Conclusion. As you can see, the 
UART could be termed a micro- 
processor in many respects. Its 
processing is specialized, dedicated 
to only the handling of data. Conse- 
quently, the UART is 'transparent" to 
the data, since the data is not altered 
logically in passing through it. What 
goes into the UART is what comes out. 

Considering the number of stan- 
dard logic gates and register IC's it 
replaces, you can readily see that the 
UART is one of the best buys available 
at its current price of $10 to $15. 
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Continental Specialties solderless socket accepts 
8- 16-pin IC's and other components that can be "plugged in." 

Getting Started with Op Amps 
A solderless socket, a handful of parts, and 
you are ready to experiment with these versatile devices. 

MANY hobbyists have avoided 
experimenting with op amps 

because they haven't had an easy 
means of breadboarding circuits with 
the multi -pin IC packages. Fortunate- 
ly, a new concept that overcomes the 
breadboarding obstacle has been 
developed -the multi -receptacle sol- 
derless socket. 

The socket is available in a number 
of different sizes, ranging from a one - 
IC block to a large block that can ac- 
commodate a half dozen IC's and their 
associated components with room to 

46 

spare. All solderless sockets, regard- 
less of size, are made in the same 
manner. Each consists of two sets of 
five series -connected receptacles in 
each row, with block size determining 
the number of rows in a given socket. 
The smallest socket has eight rows 
and can accommodate IC's with up to 
16 pins. The receptacles are housed in 
a tough molded plastic block. Access 
to the receptacles is provided through 
a hole "matrix" in the block. 

Running the length of the block, 
midway between the pairs of contacts, 

BY SOL D. PRENSKY 

is a shallow groove. The IC must be 
inserted so that it straddles the 
groove, leaving four receptacle holes 
unoccupied for component hookups 
to each IC pin. Interconnections are 
made with lengths of #20 or #22 solid 
hookup wire and components with 
lead diameters averaging the same 
size as those found on 1/4 -watt resis- 
tors and disc capacitors. (You can use 
1/2 -watt resistors, but the larger diame- 
ter of their leads will require additional 
insertion force.) 

One or more of the solderless sock- 
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Fig. 1. Simple op (Iamp tester 
has meter awl aaalio oaipats. 

ets can be mounted on a sheet of per- 
forated board. Connections to exter- 
nal devices -such as power supply, 
input and output connectors, meters, 
etc. -can be made via spring clips or 
binding posts that can be "plugged" 
into the holes in the perf board. Mount 
a rubber foot at each corner of the 
board, and you're in business. 

Once you have an appropriate 
breadboarding system, experiment- 
ing with op amps becomes a simple 
matter. The op amps we selected for 
the following experiments are the 
types 709 and 741, both of which are 
low cost and widely available. These 
IC's are available in a number of dif- 
ferent packages. The box shows the 
package configurations and pin des- 
ignations. 

Op -Amp Testing. The first experi- 
ment to try with your op amp is shown 
schematically in Fig. 1. This is an op- 
amp test circuit, a multivibrator ar- 
rangement where the IC acts as a 

free -running oscillator that produces 
a square -wave output. 

The "quality" of the op amp is 

quickly determined by monitoring the 
output voltage, preferably peak -to- 
peak with a high- impedance voltme- 
ter, or at a correspondingly lower av- 

erage ac level with a 5000 -ohms /volt 

Fig. !. ('oaarnacrciaall1l araailaahle "starter kit" l'lYllaa laslrvuaa'ats 
illashralc's breadboarding ail'the test circuit iaa Fig. i. 

Fig. .i --1 1 -H: op amp oscillator caul drive either o sicyllc' LEI) 
oaa the posit ire- goiaaq cycles, or o pair of LED's u/tcraaote /y. 

JUNE 1975 

VOM. The output voltage across the 
2000 -ohm load should be at least two - 
thirds of the t9 -volt supply (at least 12 

volts peak -to- peak). 
When S1 is closed, an audible tone 

should be heard from the speaker, and 
the measured potential should drop to 
about 6 volts p -p. Bear in mind that the 
average meter indication with a VOM 
will be about half the peak- to -pea< 
value. Tie oscillator frequency is de- 
termined by the R2 -C1 time constant. 
If you change the value of either (or 
both) component, the frequency will 
change accordingly. 

This test circuit can handle many 
different types of op amps. In addition 
to the internally compensated op 
amps, of which the 741 is an example, 
the tester will also work with externally 
compensated op amps without circuit 
changes because the use of a corn - 
pensating capacitor is not necessary 
in this setup. The LM107, 741, 
MC1556, CA3100S, and HEP -6052P 
are examples of internally compen- 
sated op amps, while the LM101A, 
NE531, 709, 748, and HEP6053P are 
examples of externally compensated 
op amps. 

Because the dual in -line package 
(DIP) IC's have two parallel rows of 
leads, they are easy to insert into the 
solderless socket. If you have round 
metal -can op amps, you can form the 
leads into the correct in -line config- 
uration with the aid of long -nose 
pliers; work carefully. Fig. 2 illustrates 
how the circuit is breadboarded. 

LED Experiment. The light- emitting 
diode, or LED, is a natural companion 
for the op amp. The LED requires only 
about 1.6 volts at 20 mA for proper 
operation. which is well within the 
output capabilities of the op amp. 

The circuit shown in Fig. 3 uses an 

op amp to pulse a LED at a visible rate. 
This circuit can also be used as a 

clocking oscillator for digital circuits 
so that countdown action can easily 
be followed. 

The basic circuit in Fig. 3 is similar 

OR 

(B) 
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to that shown in Fig. 1, except that the 
value of Cl has been greatly increased 
to slow down the repetition rate to 
about 1 Hz (1 pps). Display circuit A 
shows the addition of a conventional 
silicon diode and a LED (any color) 
that will pulse on with each positive - 
going portion of the oscillation pulse. 
The variation shown in circuit B em- 
ploys two differently colored LED's. 
Arranged with silicon diodes, the 
LED's pulse on and off in step with the 
op amp's oscillator signal. (Note: 
some of the older type green and yel- 
low LED's require more drive current 
than do red LED's, which means that 
they might not glow as brightly. If you 
use the newer GaP green or yellow 
LED's, you will encounter no difficulty 
in glow light level.) The two -color cir- 
cuit can also serve as a polarity indi- 
cator for other circuits, if you assume 
the red LED to be on for one polarity 
and the green LED on for the other 
polarity. 

Microphone Amplifier. The basic 
simplicity of op -amp amplification is 
shown in Fig. 4. The two modes -low- 
and high -input impedance- corre- 
spond to the two differential op -amp 
input connections. In using a single - 
ended input for a microphone, you 

14 -PIN 
DIP 

709 -741 

10-PIN 
DIP 

709 ONLY 

have a choice of using either the in- 
verting ( ) or non- inverting ( +) input. 
In either case, the closed -loop gain is 
substantially the same and is deter- 
mined by the ratio of R1 to R2. 

The choice of input is determined by 
the greatly differing input impedances 
for each connection. In circuit A, the 
input impedance is approximately the 
same as the value selected for R1. 
Hence, for this mode, you can make 
the input impedance any reasonably 
low value (by selecting the proper 
value for R1) and determine the re- 
quired gain by selecting the appro- 
priate value for R2. In circuit A, the 
gain is R2 /R1 = 240,000/1200 = 200 or 
46 dB. 

If you need a high- impedance input, 
in the range of hundreds of megohms, 
feed the input signal to the non - 
inverting ( +) input as shown in circuit 
B. If you wish to use a crystal or 
ceramic microphone in this mode, you 
must shunt it by about 1 megohm to 
provide a dc path for the bias on the + 
input. The load in both circuits is a 
2000 -ohm earphone because of the 
limited ability of the op amp to supply 
substantial output current. 

At these high gains, the 741 op amp 
will cover only the speech frequen- 
cies. For extended bandwidth, you will 

8 -PIN 
DIP 

741 ONLY 

ROUND 
709 -741 

TAB 

ALL TOP VIEWS 

PIN ARRANGEMENTS 

Following is a table of pin designations and the various package configurations for the 
popular 709 and 741 op amp IC's shown above. 

Pin 
No. 

14 -Pin DIP 
709 741 

10 -Pin DIP 
709 

1 NC NC NC 
2 NC NC Input Comp 
3 Input Comp Offset Null -Input 
4 -Input -Input +Input 
5 +Input +Input -V 
6 -V -V Output Comp 
7 NC NC Output 
8 NC NC +V 
9 Output Comp Offset Null Input Comp 

10 Output Output NC 
11 +V +V 
12 Input Comp NC 
13 NC NC 
14 NC NC 

Note: NC = No Connection 

8 -Pin DIP Round Package 
741 

Offset Null 
-Input 
+Input 
-V 

Offset Null 
Output 

+V 
NC 

709 741 

Input Comp 
-Input 
+Input 
-V 

Output Comp 
Output 

+V 
Input Comp 

Offset Null 
-Input 
+Input 
-V 

Offset Null 
Output 

+V 

NC 

The 10 -pin configuration is a flat 
pack that cannót be used with solderless 
sockets. It is shown only to illustrate 
all packages used with IC op amps. 

LOW -Z MODE 
(A) 

2K 
EARPHONE 

-V 
10pF 

2K 
3pF EARPHONE 

I MEG. 
(SEE TEXT) 

HIGH -Z MODE 
(B) 

Fig... Lou -impedance microphone 
can be used with circuit (A) and 
a high -impedance unit with (B). 
Since 741 is frequency -limited, 
a 748 (externally compensated) 
can be used to extend the range. 

have to use an externally compen- 
sated 748 op amp in place of the 741. 
For loudspeaker operation, replace 
the earphone with an equivalent value 
fixed resistor and use this signal to 
drive an audio amplifier. 

If you want to make a simple audio 
mixer for two or more signal sources 
(microphones, turntables, tape record- 
ers, receivers, etc.), use a separate 
R1 for each source in the Fig. 4A cir- 
cuit in a summing mode. 

In Conclusion. There are an almost 
unlimited number of relatively simple 
op -amp experiments you can perform, 
many of which have been published in 
these pages in the past. Most such ex- 
periments can be assembled and 
tested for educational purposes or 
modified as the experiment progress- 
es. They can be taken apart and reas- 
sembled in only a few seconds using 
the solderless- socket breadboard ap- 
proach. 

While in this article we have 
stressed the use of the solderless sock- 
et as a breadboarding system for 
linear (op -amp) circuits, this does not 
preclude their use in digital IC experi- 
ments and projects. Using one of the 
largest sockets, you can breadboard a 

complete logic system in only min- 
utes. 
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.AVJJ 1E112 

t\-J 
VIhJ 

Outboard op -amp 
circuit has a 

selectivity 
better than 100 Hz! 

ONE of the greatest assets a re- 

ceiver can have is sharp selectiv- 
ity, as anyone who has tried to copy 
CW on a crowded band can attest. 
Very selective receivers, using multi- 
ple conversion and ceramic or crystal 
filters, are priced beyond the reach of 
many amateurs. But, a simple out- 
board audio filter can change the pic- 
ture. With it, an inexpensive receiver 
can become a razor -sharp CW rig 
without internal modifications. 

The active filter described here can 
be connected to any receiver and pro- 
vides a 6 -dB selectivity of less than 100 

Hz. That's an impressive figure for a 

circuit that costs less than $15. 

About the Circuit. The use of audio 
filters to enhance CW reception is not 
new. However, until recently, sharply 
selective audio filters required im- 
practically large inductors and capaci- 
tors. Op -amp technology has made 
these passive filters obsolete. 

The heart of the filter is a 741 opera- 
tional amplifier connected as shown 
in Fig. 1. The gain of the amplifier, 

JUME 1975 

V /V (also called A1), is determined by 

the following equation: V /V, = Al = 

A (R1 /R1), where A is some fixed 
value. It is evident, therefore, that the 
larger Rf is with respect to R1, the 
greater the gain of the amplifier. We 

will take advantage of this property in 

designing the active filter. 
Now, let's look at the schematic 

diagram of the filter, Fig. 2. In place of 

the fixed feedback resistor, Rf, the op 
amp, ICi, uses an R -C network, com- 
posed of R1, R2, R3, Cl, C2 and C3. 

One of the properties of the network is 

that at its center frequency, f., its im- 
pedance is a maximum. This is so be- 
cause at this frequency the currents in 

the upper and lower arms are equal in 

magnitude and opposite in phase. The 

currents cancel each other out, so no 
resulting current flows through the 
feedback loop (which is the same as 

saying that Reis infinite). The op amp's 
gain at f, is very large. At other fre- 
quencies, however, this phase rela- 
tionship is not a completely canceling 
one, so the effective fir (and the 
op -amp's gain) is lower. 

BY JOHN E. PORTUNE 
WB6ZCT 

In other words, the gain of the op 
amp is very large at the center fre- 
quency, but drops off very quickly on 
either side. Fig. 3 shows the frequency 
response of ICi. For the values given 
for the filter, the center frequency is 

750 Hz. If another CW note is pre- 
ferred, these values will have to be 

changed. For example, if an f,. of 1200 

Hz is desired, 131 and R2 are changed 
to 2200 ohms. R3 would become 180 

ohms. Capacitance values remain the 
same. 

The receiver audio output is cou- 
pled to the active filter by the cable 
attached to PL1, which is plugged into 
the receiver's speaker jack. R4, a 

10 -ohm, 2 -watt resistor absorbs most 

of the audio output. A fraction of the 
audio passes through R5 and appears 
across the non -inverting input of ICi, 
and the audio component at f,. re- 

ceives a great deal of amplification, as 

outlined above. The inverting input of 
IC/ is loaded to insure stable opera- 
tion. Since the output of ICi is not 
large enough to drive a speaker, an- 

other stage of audio amplification is 
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Fig. 1. Basic op amp circuit. 
Voltage gain depends ou 
the amount of feedback. 

included (IC2). A common one -watt IC 
audio amplifier is used for this pur- 
pose. This output level is sufficient to 
drive almost any communications 
speaker or pair of headphones, 
plugged into jack JI. 

The op amp requires a bi -polar 
power supply. Since the audio module 
requires +9 volts, we decided to use a 
+9 -volt supply for both IC's. This can 
be obtained from a small full -wave 
zener -regulated power supply (Fig. 4). 
Alternatively, two 9 -volt transistor bat- 
teries can be used, but you might find 
that they will run down rather quickly. 
Unless portable operation is desired, 
its best to use the line- powered sup- 
ply suggested. 

Construction. Component layout 
and cabinet mounting are not critical. 
The circuit may be built on a pc board 
or a piece of perf board. Etching and 
drilling and component placement 
guides are shown in Fig. 5. An etched 
pre -drilled board is also available (see 
parts list). Be sure to use shielded 
cable from filter switch S1 to the board 
to avoid excessive hum. Also, use an 
insulated phone jack for J1 to avoid 
shorting out the power supply. 

While 5% resistors and common 
disc capacitors are specified for the 
filter network (R1, R2, R3, Cl, C2, C3), 
better results will be obtained using 
thin -film precision resistors and mica, 
glass, or polystyrene capacitors. 

The active filter can be mounted 
either in a small utility box or, because 
of its small size, directly inside the re- 
ceiver or speaker enclosure. One note 
of caution -if you are mounting the 
filter inside the receiver, try not to 
position it too close to the receiver 
power supply. Otherwise, you might 
encounter hum problems. 

Using the Active Filter. While the 
active filter is very easy to use, it may 

PTER 
IN 

FILTER OUT 

R4 
loft 

R5 
IM 

R6 
27J1 

RI R2 
3.3K 3.3K 

---4/"""-MMNA-- 
( 

__L C3 

1 12F 
R C2 

.IyIF 2701L AyF 

+9V 

6 

RB 
I5011 

R9 

R12 
27K 

C4 
5yF 
+ 

SIC 

SIB 

< +9V 

JI 

4 5 

1 C 
RII 

9 6.8K C8 
50 

Y 

l 

Fig. 2. Schematic for the active 
filter. The twin -T network 
determines the center frequency 
of the fi=lter. When applied to 
any receiver, it will sharpen 
and improve CW reception. 

C7 
5yF 

RIO 
4711 C9 

.047yT 

take a little practice before you can 
realize its advantages. Turn on the re- 
ceiver and the filter power supply, but 
leave filter switch , S1 , in the FILTER OUT 

position. Tune around the band until 
you hear a CW station that you want to 
copy. Carefully tune the signal in until 
its note corresponds to the center fre- 
quency you have chosen. (It might be 
helpful to listen to this note on an 
audio signal generator a few times so 
that you will recognize it.) When the 
signal's note sounds like that of f,., 

switch Si to the FILTER IN position. You 
should immediately note a drop in all 
QRM and most QRN. If the desired 
signal's level drops considerably, you 
have not centered it in the filter's 
passband. Try again! Don't touch the 
receiver's audio gain control once the 
filter is in the signal chain, because 
distortion might rise considerably. In- 
stead, tune in the signal for maximum 
volume. 

Since the passband of the active fil- 
ter is so narrow, it is very difficult to 
tune around the band with S1 in the 
FILTER IN position. Furthermore, it will 
not be possible to zero -beat a signal or 
listen to AM or SSB transmissions 

PARTS LIST 
CI,C2,C3- 0.1 -µF, 50 -volt disc ceramic 

capacitor 
C4,C7 -5 -µF.15 -volt electrolytic 

capacitor 
C5- 22 -pF, I5 -volt electrolytic capacitor 
C6- 0.01 -µF disc capacitor 
C8- 50-µF, 15 -volt electrolytic capacitor 
C9- 0.047 -µF, 50 -volt disc ceramic capac- 

itor 
ICI -741C op amp 
IC2 -1 -watt IC audio module (Radio 

Shack 276 -016 or equiv.) 
J1- Open -circuit insulated phone jack 
PLI -Phone plug 
RI,R2- 3300 -ohm, I1 -W 5% resistor 
R3-270 -ohm, 1/2-W 5% resistor 
R4-10 -ohm. 2 -W resistor 
R5-I megohm resistor 
R6-27 -ohm resistor 
R7 -180 -ohm resistor 
R8-I50 -ohm resistor 
R9 -t000 -ohm resistor 
RIO-47 -ohm resistor 
R I I -6800 -ohm resistor 
R12- 27,000 -ohm resistor 
All resistors 1/2-watt, 10% unless otherwise 

specified. 
S1 -3pdt switch 
Mise: Perf or pc board, shielded audio 

cable, utility box. wire, solder, hard- 
ware, etc. An etched, pre- drilled pc 
board is available from P.O. Box 15, 
Hawthorne. CA 90250. $3.95, postpaid. 
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Fig. .3 Frequency responseof ICI. 
Bandpass is less than 100 Hz. 

while using the filter. However, it is 

possible to design a filter with a 2- or 
3 -kHz passband for phone use. Sev- 
eral filters, each with a different f,., 

would have to be connected in paral- 
lel. Their outputs would then be com- 
bined by an op amp acting as a sum- 
mer. Such a filter would have skirts as 

steep as the active filter we have de- 
scribed. Why not think about it? Op 

amps are very versatile and can make 
the job of sorting out signals on the 
crowded ham bands an easy one. 
QRM can become (for the most part) a 

thing of the past! Q 

RI 
Ion 

D4 R2 
Ion 

Fig. 4. Power .Siipp1:4 for the filter. 
f] 1010r supply 0,1tores zener regulation. 

PARTS LIST 

CI,C2- 2000 -.tF, 15 -volt electrolytic ca- 

pacitor 
C3,C4- 500 -1.1F, 15 -volt electrolytic ca- 

pacitor 
D1 to D4 -1 -A, 50 -PIV diode (HEP 

R0050 or equiv.) 

-RI- -R2- 
C3 

-C1- I -C2- -q3- -R8- I 

RII 
ICII -C4- 

/9V RI2 
/ I SIA-n-- -R5- 

SHIELD+-- 

R4 I7 

I I I 

-RIO- 

-c7- 
-CS- -+SIB 

-SIB 
-SIC 

+GND 

R6\9V I9 C6 1 

C9 

+9V 

GND 

-9V 

D5,D6 -9.1 -volt, 5 -watt zener diode 
(HEP Z2513 or equiv.) 

Fl -'/ -A fuse 
R1,R2 -10 -ohm, 10 -W resistor 
S1 -Spst switch 
T1- 25.2 -volt CT transformer (Stancor 

P -8180 or equiv.) 
Misc: Terminal strips, line cord, fuse hold- 

er, wire, solder, hardware, etc. 

Fig. :ï. Etching and 
drilling guide (belote) 
and component placeraient 
for pc board (left). 
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Mini-Scan TM 

is the pocket 
scanner that 
works a week 

on just 4 

penlight cells. 

A breakthrough 
we call "mini- 
miser circuitry" 
makes it possible 
... and it's 
actually 21/2 to 5 times more 
efficient than any other pocket 
scanner we tested!* Just 4 alkaline 
penlight cells power it for a full 
week, 8 hours a day, on a tough 
50 -50 duty cycle (50% full volume, 
50% squelched). And its perform- 
ance is bred from our experience in 
public safety two -way radio ... so it 
also gives you the crispest, clearest 
messages possible. Just $119.95 
with built -in ferrite antenna 
(batteries, crystals and optional 
flexible antenna extra.) 
*Test results gladly supplied 
on request. 

Johnson 
MINI-SCAN 

TM 

... the professional pocket scanner 
E. F. JOHNSON CO., WASECA, MINNESOTA 56093 

IN CANADA: A. C. SIMMOND5 & SONS, LTD. 

CIRCLE NO. 33 ON READER SERVICE CARD 
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The better the training 
the better you'll send f or 

FRE 

illustra ted 
catee 
guide 

\ NS CSr 
t ̀ to; 

IN- CIRCUIT TRANSISTOR TESTER 

TROUBLESHOOTER 
COMPU- TRAINER VOM 

4 

SOLID -STATE / 
OSCILLOSCOPE 

NTS /HEATH 
GR2000 
Digital 
Solid -State 
Color TV 
315 sq. in. 
Picture 

ELECTRO -LAB 
(Simulated TV Reception) 

As an NTS student you'll acquire the know -how that 
comes with first -hand training on NTS professional 
equipment. Equipment you'll build and keep. Our 
courses include equipment like the NTS /Heath 
Digital GR -2000 Solid State color TV with first -ever 
features like silent varactor diode tuning; digital 
channel selection, (with optional digital clock), and 
big 315 sq. in. ultra -rectangular screen. 

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. 

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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and the equipment 
be equipped. 

HIGH FIDELITY 
SPEAKERS 

SOLID -STATE STEREO 
AM/ FM/ MULTIPLEX 

RECEIVER 

COLOR BAR /DOT 
GENERATOR / 

; % gi+ 
" as I I Q fig'. 

TUBE & TRANSISTOR TESTER 
FET -VOM 

AM /FMiSW PORTABLE 
SOLID -STATE RECEIVER 

5" OSCILLOSCOPE DIGITAL 
MULTIMETER 

SOLID -STATE 2 -METER FM SOLID -STATE 
TRANSCEIVER & POWER SUPPLY POCKET RADIO 

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 TECHNICAL SCHOOLS 
TECHNICAL -TRADE TRAINING SINCE 1905 

Resident and Home -Study Schools 
4000 So. Figueroa St., Los Angeles, Calif. 90337 

JUNE 1975 

SIGNAL 
GENERATOR 

r--- =Iow.1. mil 1 
NATIONAL TECHNICAL SCHOOLS Dept. 205 -065 
4000 South Figueroa St., Los Angeles, Calif. 90037 I Please send FREE Color Catalog and Sample Lesson 
NO OBLIGATION. NO SALESMAN WILL CALL. 

1 

1 

Color TV Servicing 
B & W TV and Radio Servicing 
Electronic Communications 
FCC License Course 

Electronics Technology 
Computer Electronics 
Basic Electronics 
Audio Electronics Servicing 

NAME 

ADDRESS 

AGE 

APT S 

CITY STATE 

I Please fill in Zip Code for fast service 
Check if interested in G.I Bill information. 
Check if interested ONLY in classroom training in Los Angeles. 

IN 
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Product 
Test Reports 

ABOUT THIS MONTH'S HI -FI TEST REPORTS 

In this ¡Hon Ih's audio test reports, we're e.rainiuing two products that are 
off the mainstream path in hi-fi-a dynamic noise- reduction unit and 
4- channel headphones. Rounding out the audio section is a complete report 
on a good -quality, moderately priced open -reel tape recorder. 

A handful of ingenious techniques have been devised to reduce noise, 
principally hiss, in audio systems. Burwen Laboratories' new DNF- 1201, a 
consumer version of its professional equipment, is unusual since it materi- 
ally reduces hiss with little or no effect on program content. 

The Fixler -designed TEL -101F 4- channel headphones manufactured by 
Telephonics are substantially different in design from other quadraphonic 
headphones. They come close to achieving the seemingly impossible result 
of a 360° response through a pair of phones. 

Cassette decks have virtually driven low -priced open -reel stereo tape re- 
corders out of the marketplace, leaving open -reel tape buffs a choice of 
expensive or very expensive decks. So, we're pleased to report on the Sony 
TC -645 open -reel stereo tape deck that is competitively priced with the finer 
cassette recorders. - Julian I). Hirsch 

BURWEN MODEL DNF 1201 DYNAMIC NOISE FILTER 
.5(,'n(1t- processing accessory removes last vestiges es a/ hiss. 

HIRSCH- 
HOUCK 

The bandwidth 
of a dynamic 
filter (a type 
of noise reduc- 
tion system) is 

controlled by the characteristics of the 
audio signal passing through it. Ide- 
ally, the control should substantially 
reduce noise without loss of audible 
program bandwidth. To accomplish 
this, the filter's bandwidth must follow 
the changes in program level and fre- 
quency distribution, with careful at- 
tention given to how rapidly it re- 
sponds to the changes in the program 
material. 
56 

If the response is too fast, a burst of 
noise can be introduced by a short 
transient, such as a record tick or pop. 
A slow response will dull the impact of 
the transient and can audibly reduce 
high- frequency response. (Most 
dynamic noise filters for the consumer 
market have proved to be unsuccess- 
ful because of their transient response 
deficiencies.) 

Now, Burwen Laboratories, design- 
ers of very sophisticated and expen- 
sive professional noise reduction de- 
vices, is marketing a consumer -type 
dynamic noise filter. Although its 
Model DNF 1201 is less refined in its 

performance than the company's pro- 
fessional noise filters, it is an effective 
means for combating noise -and it 
sells for only a small fraction of the 
cost of professional units. Retail price 
is $299.95. 

General Description. As with most 
signal -processing accessories, the 
noise -filter is best installed in an audio 
system through its tape monitoring 
circuit. The filter's 50,000 -ohm input 
and 50 -ohm output impedances are 
designed for just this type of hookup. 

One of five pushbutton switches on 
the front panel is for controlling 
power. The remaining pushbuttons 
are for switching in and out the filter's 
operating modes. The our switch 
bypasses the filter altogether. The ac- 
tive operating modes include PHONO, 

PHONO 78, and TAPE /FM. The last, with 
its fast attack, provides the most effec- 
tive noise reduction in most cases. 
PHONO is similar but with a slower at- 
tack time to reduce the effect of record 
ticks and scratches. PHONO 78 is 
slower still, providing more drastic 
hiss reduction. 

Another mode, most effective with 
program material like piano music, 
can be engaged by leaving all buttons 
out (off). This provides the bandwidth 
characteristics of TAPE /FM with a slow 
attack time. 

The filter has a slide -type SENSITIVITY 
control that can be adjusted to provide 
the optimum compromise between 
noise reduction and subjective loss of 
high- frequency response. A red LED 
comes on when the filter is in the 
SUPPRESSION mode, while a green LED 
comes on in the WIDEBAND mode 
(when the signal has effectively re- 
moved the filter from the system). 

Burwen's specifications for the 
Model DNF 1201 include: 10 to 30,000 
Hz ±0.5 dB frequency response; re- 
sponse down 3 dB at 500 Hz, after 
which it falls off at a rate of 9 dB /octave 
at maximum effectiveness; between 6 

and 14 dB of hiss reduction; 0.77 -volt 
(0 dBm) nominal input signal level; 
less than 1001.V output noise between 
20 and 20,000 Hz; 0.2% maximum 
harmonic distortion with 3 -volt input 
and maximum sensitivity between 20 
and 10,000 Hz. Normally, the filter's 
cutoff frequency varies continuously 
and smoothly between 500 Hz and 
30,000 Hz according to the program 
requirements. 

The filter measures 11 3 /8 "W x 87/8 "D 
x 33/4 "H (29 x 23 x 10 cm). 
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Laboratory Measurements. Be- 

cause dynamic measurements are al- 
most impossible to make from out- 
side the filter, our lab tests were per- 
formed on a steady -state basis. The 
filter's dynamic characteristics were 
judged subjectively. 

The WIDEBAND frequency response 
was -±0.5 dB from 20 to 20,000 Hz. The 
output noise measured 130 pV (78 dB 
below 1 volt). In the SUPPRESSION 

mode, the noise was 80 pV (- 82dB). In 

short, it was far below the noise level 
that normally exists at the point where 
the filter is connected into an audio 
system. 

The filter's output clipped at a sur- 
prisingly high 9.2 volts. At a 3 -volt 
output at 1000 Hz, THD was 0.013% 
on WIDEBAND and 1.5% in the 
SUPPRESSION mode, where the output 
was down to 2 volts. At 100 Hz, THD 
was 0.009% on WIDEBAND and 0.022% 
on SUPPRESSION. (The 100 -Hz fre- 
quency is well below the "knee" of the 
filter curve, so the output remained at 
3 volts in both modes.) In practical 
terms, the distortion produced by the 
dynamic filter is negligible. 

The gain of the filter system is ad- 
justable from zero (off) to a 4.5 -dB 
maximum. (Screwdriver controls are 
provided for adjusting the gain.) For 
our tests, the gain was set at unity. 

After a number of unsuccessful at- 
tempts to measure the filter's charac- 
teristics with simple external signals, 
we plotted the transition frequen- 
cy between the WIDEBAND and 
SUPPRESSION modes as a function of 
signal level. We established a 3 -volt 
output as a 0 -dB reference level and 
set the SENSITIVITY control to max- 
imum. 

At inputs of from 0 to -80 dB, we 
varied the frequency until the red and 
green LED's glowed with equal inten- 
sity. indicating that the filter was be- 

ginning to go into action. At 0 dB, this 
took place at 50 Hz, revealing that 
high -level signals at very low frequen- 
cies would open the filter completely. 
(They would also mask the hiss.) At 
lower signali levels, the transition fre- 
quency moved upward so that the fil- 
ter "gate" could be opened by -30 -dB 
signals at 600 Hz, -60 -dB signals at 

5500 Hz, and even -80 -dB signals at 

10,000 Hz. 
It might appear that the usual 

-60 -dB program hiss level would 
open the filter and allow the noise to 
pass through. Under the test condi- 
tions, this would be the case. But in 

normal use, the SENSITIVITY control 
would be set much lower so that the 
hiss would be suppressed, while any 
listenable program level would be able 
to open up the filter. 

User Comment. To use the noise fil- 
ter effectively, it is necessary to adjust 
the SENSITIVITY control for the actual 
program level and requirements of the 
particular program. In this respect, the 
Burwen filter differs from some other 
noise reduction schemes that are 
calibrated only once. 

Adjusting the SENSITIVITY control 
is an extremely simple operation, 
though. Starting with a maximum set- 
ting, the control is adjusted until the 
green LED's come on when a signal is 

present and the red LED's come on 
when there is no signal. The noise 
level drops steadily as the control is 

adjusted. If it is set too low, the high 
frequencies will be noticeably at- 
tenuated. In almost every case, we 
found it possible to obtain worthwhile 
noise reduction without detectable 
loss of highs. 

We would rate the subjective noise 
reduction of the filter as being com- 
parable to the Dolby B system. It has 
the advantage that prerecorded pro- 

grams are not needed and the disad- 
vantage that its action can occasion- 
ally be detected. 

In common with every dynamic filter 
system that does not use encode 
material, the effectiveness of the Bu l-- 

wen filter depends on the transient na- 

ture of the program and its back- 
ground noise level. In severe cases 
(such as a solo piano against a rel -- 
tively high background noise level), 
is often necessary to sacrifice eith r 

bandwidth or noise reduction to avoi 
hearing a "swish" as the filter's ban - 

width opens on the attack of the piano 
note. On other types of program m- 
terial, there can occasionally be a 

hardly detectable trace of dulling on 
the high- frequency transients when 
an otherwise satisfactory level f 

noise reduction is used. Subjective) 
the full frequency range appears to e 

present at all times. 
We found the filter to be especial y 

useful for removing the last vestige of 
hiss from Dolby- encoded programs. It 

is easy to adjust the filter to eliminate 
the already attenuated hiss left by the 
Dolby system, with no effect on the 
program material. 

The filter's response time is 
extremely fast. Even a single low -level 
bell or triangle note, ora record pop, 's 

sufficient to open the filter's band- 
width, especially in the TAPE /FM mode. 
The PHONO 78 mode os much slower 
and relatively immune to transient 
record noise, but its noise and band- 
width reduction are too drastic to e 

used with modern records and tape 
In our judgment, the Burwen Mod I 

DNF 1201 is a most effective dynam c 

noise filter. Under most conditions, it 
does a highly effective job of unobtru- 
sively reducing or even eliminating 
background hiss. 

CIRCLE NO 65 ON READER SERVICE CARD 

TELEPHONICS MODEL TEL -101F 4- CHANNEL HEADPHONES 
Quadraphonic phone produces fascinating effects. 

JUNE 1975 

HIR.SCH- 
HtìUCK - Simultaneous 

with the develop- 
ment and evolu- 
tion of 4- channel 
sound for the 

home, there has been a concerted ef- 
fort to develop quadraphonic head- 
phones. The objective has been (and 
still is) to make the phones recreate 
the same spatial effect produced by a 

good 4- channel speaker system setup. 
Until recently, however, quadraphonic 

phones have failed to produce a tru y 

convincing 4- channell effect. 
Jon Fixler, a pioneer of 4 -chann I 

matrix encoding and decoding, d - 

signed the unusual Telephonics Mo 
el TEL-101F quadraphonic phones r 
viewed here. Price is $59.95. At t e 

same time, we also evaluated the p r- 

formance of the Model TEL -101A 
"Ouadramate" passive synthesiz r 

accessory that derives the rear cha 
nels from stereo programs. It sells f r 

$26.95. 

General Description. As with all 

9' 
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4- channel phones, the Model TEL- 
101F has relatively bulky earcups that 
extend ahead of and behind the 
wearer's ears. Each cup contains two 
dynamic drivers. But instead of posi- 
tioning the drivers in the usual loca- 
tions in front of and behind the ears, 
the front driver faces to the rear and 
the rear driver faces to the front. 

The combined outputs from the 
drivers couple to the ears through a 
single opening located midway be- 
tween the drivers. A gently curved 
foam- rubber pad cushions the phones 
against the sides of the head. In com- 
bination with internal foam padding, 
this helps to produce the desired fre- 
quency response from the phones. 

In spite of their bulk, the phones 
were surprisingly light in weight, 
weighing less than 19 ounces (0.54 
kg). With this weight distributed overa 
large area by the ear pads, the phones 
were exceptionally comfortable to 
wear, even for extended periods of lis- 
tening. 

The phones come with an integral 
10' (3 -m) long cord that is not coiled. 
The cord is fitted with separate three - 
circuit plugs for the front and rear 
channels. A control knob located 
under the left earcup provides a 

means for adjusting the separation be- 
tween the two front channels. 

The impedance of the phones is 
compatible with amplifier outputs 
rated at from 4 to 100 ohms. The 
phones can handle 400-mW /channel 
of continuous power. 

The Quadramate accessory is 
housed in a compact plastic case that 
measures 41/4"L x 21/2 "H x 11/8 "D (10.8 
x 6.4 x 2.9 cm). It comes with an in- 
tegral 6' (2 -m) cord fitted with a stan- 
dard stereo phone plug. Two phone 
jacks at the end of the box opposite 
where the cord enters are for the front 
and rear plugs of the TEL -101F 
phones. 

Two slide -type controls on the box 
are marked FOCUS and PERSPECTIVE, 

and a slide switch has positions for 2 

CH and 4 CH. The adjustment proce- 
dure for the accessory requires that 
the amplifier's balance control be set 
for full left- channel output with both 
slide controls at their right limits. The 
PERSPECTIVE control must then be 
moved until the sound appears to 
come from behind the listener's left 
ear. Then the balance control on the 
amplifier can be set to its normal posi- 
tion, while the FOCUS control can be 
set as desired for the optimum 
4- channel effect. 
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Laboratory Measurements. We 
measured the frequency response of 
the phones as we would with an ordi- 
nary set of stereo headphones. The 
phones (either front or rear sections, 
which we measured separately) were 
driven through a 100 -ohm resistance 
from a power amplifier, to simulate 
normal operation, at a constant 3 -volt 
level. 

The two sections had essentially 
similar frequency- response and out- 
put levels. As with most phones mea- 
sured on a coupler, the TEL- 101F's 
produced an irregular response curve, 
with a definite drop -off below 500 and 
beyond 10,000 Hz. Their efficiency 
was moderate, with a 3 -volt input pro- 
ducing sound pressure levels between 
95 and 105 dB. 

When measuring one earcup at a 
time, the QUADRABLEND control on the 
left earcup had the effect of reducing 
the front channel output by about 15 
dB at its fully blended setting. How- 
ever, when listening to the phones in a 
normal manner, the only effect was to 
gradually move the sound toward the 
center of the listener's head as it was 
blended. 

The impedance of each earcup was 
a fairly constant 80 or 100 ohms over 
most of the audio range. The front 
driver had a slightly lower impedance 
than the rear driver, possibly due to 
loading by the QUADRABLEND control's 
resistance. A well- damped resonance 
increased the impedance by about 
20% at 130 to 140 Hz. 

We repeated these measurements 
with the phones connected to the 
synthesizer accessory. With the con- 
trols on the accessory set to their right 
limits, the response was essentially 
unaffected by the accessory. How- 
ever, the impedance rose to 250 ohms. 
When we set the switch to 2 CH, the 
output level dropped 13 dB and the 
impedance doubled to 500 ohms. In 
the 4 CH mode, the output level 
through the accessory was about 6 dB 
less than when the phones were used 
by themselves. Our tests of the Model 
TEL -101A accessory were limited to 
listening. 

User Comment. We did not expect 
our laboratory measurements to give 
any clues to the effectiveness of the 
Fixler system in a listening situation. 
They were just to reveal the basic 
properties of the TEL-101F as a head- 
phone system. Judging from the re- 
sponse curves we obtained, always a 
risky business, we would have ex- 

pected the sound to be lacking in bass 
but generally well balanced over the 
frequency spectrum. In listening tests, 
however, the subjective bass was 
much better than the curves would 
suggest. 

We used the phones with a 
4- channel receiver, using SQ and QS 
matrixed records, CD -4 discrete discs, 
and stereo FM broadcasts. With ma- 
trixed sources, the sound was full, 
with a suggestion of rear -channel 
presence, but little identifiable direc- 
tionality. This was to be expected, 
since the decoder in the receiver used 
lacked logic assistance and did not 
incorporate Variomatrix circuitry. 

With CD -4 discs, whose directional- 
ity through speaker systems was un- 
mistakable, the phones produced 
some fascinating effects. The rear 
channels were definitely to the rear, 
while the front channels appeared 
more or less centered to the left and 
right of the wearer's head. It was as 
though a 4- channel speaker setup was 
arranged with the front speakers on a 
line with the listener and the rear 
speakers to his rear. On some records 
with "gimmicked" effects, in which 
sounds moved through a 360° circle, 
the effect was very nearly as good with 
the phones as it was through speak - 
ers. In fact, it was positively dazzling at 
times. 

The phones are not among the most 
efficient we have tested and are even 
less so when used with the Quadra- 
mate accessory. This, combined with 
their high impedance, prevents these 
phones from being used with most 
tape decks or preamplifiers that are 
equipped with phone outputs. We 
found that most amplifiers rated at 15 
watts /channel or more produced very 
comfortable listening levels, although 
low- powered receivers had to be op- 
erated at high volume settings. 

Do not make the mistake of thinking 
that 4- channel sound heard through 
these headphones, as good as they 
are, is the equal of what you can get 
with speaker systems. Even stereo 
phones do not sound like stereo 
speakers. The same limitations 
apply -even more so-in the case of 
four channels. The reason is that 
phones cannot provide the time de- 
lays inherent in listening to normally 
spaced speakers. With CD -4 and other 
discrete 4- channel program sources, 
however, these phones come remark- 
ably close to simulating the effect of a 

quadraphonic sound field. 
The Quad ramate accessory appears 
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to be a passive "ambience- recovery" 
system that synthesizes the rear - 
channel signals from ordinary stereo 
programs. We found that it gave about 
the same subjective results with most 
stereo programs that the unaided 
phones did with matrixed discs played 
through a basic matrix decoder, with a 

strong sense of ambience and occa- 

sional hints of solid directionality. 
The FOCUS control had a very slight 

effect that is difficult to define. On the 
other hand, the PERSPECTIVE control 
unmistakably shifted the sound 
around to behind the left ear during 
the adjustment procedure. 

The purpose of the 2 CH mode 

eludes us, since it drastically cut the 

volume level and gave the sound a 

sometimes "constricted" character. 
In conclusion, we feel that the 

TEL -101F phones and TEL -101A ac- 
cessory make a remarkably good 
4- channel listening team when used 
with a moderate- to high -power am- 
plifier or receiver. 

CIRCLE NO. 66 ON READER SERVICE CARO 

SONY MODEL TC -645 OPEN -REEL TAPE DECK 
Four -track stereo deck boasts wide dynamic range. 

HIRSCH- 
HOUCK 

According to Su- 
perscope, which 
distributes the 
Sony Model TC- 
645 stereo tape 

deck, the unit was designed for "am- 
bitious home recordists." To back this 
up, the deck features: three tape 
heads (Sony's own "F &F" ferrite and 
ferrite design); three motors in a 

solenoid -controlled transport; sepa- 
rate recording bias and equalization 
switching for a variety of tape formula- 
tions; and a four -track record/ 
playback format. 

The recorder's microphone and line 
inputs have separate concentric gain 
controls. Furthermore, the inputs can 
be mixed through facilities built into 
the recorder. A single control is pro- 
vided for adjusting the output levels of 
both channels simultaneously. The 
transport has a two -speed -33/4 ips 

(9.5 cm /s) and 71/2 ips (19 cm /s)- 
mechanism. 

The recorder measures 147/8 "H x 

145/8'W x 87/8 "D (37.8 x 37 x 22.5 cm) 
and weighs only about 41 pounds (19 
kg). It retails for $549.95. 

General Description. The 
transport's solenoid control levers 
latch mechanically. This permits the 
deck to be set up in advance for unat- 
tended recording and turned on by an 

external timer connected between the 
recorder and ac line. The tape tension- 
ing arm shuts off the transport and 
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disengages the pinch roller when the 
tape runs out. 

The supply and take -up hubs accept 
reels up to 7" (17.8 cm) in diameter. A 

four -digit index counter is located at 

the top of the transport between the 
hubs. 

The tape follows a straight -line path 
from one reel to the other. It is not 
necessary to remove the tape head 
cover to load the tape or clean the 
heads, but the removal of two 
thumbscrews makes removing the 
cover a simple operation. 

On the scales of the illuminated 
meters are red lights that come on 
whenever either or both channels are 
in the record mode. If only one chan- 
nel is in record only the appropriate 
meter's light comes on. 

Separate pushbutton- switch L and R 

REcoRointerlocks are provided. A 

second pair of pushbuttons is used for 
connecting the L and R LINE outputs to 

either the SOURCE or the TAPE playback 
program. A third pair of switches is for 
selecting HIGH or Low bias and NORMAL 

or SPECIAL equalization for dif- 
ferent tape formulations. 

The five transport control levers are 
for record, rewind, stop, forward, and 
fast forward. Below the levers are the 
jack for 8 -ohm stereo headphones, the 
LINE OUT level control, and the push- 
button power switch. The microphone 
input jacks are located below the me- 

ters, while the LINE input and output 
jacks are located on the rear apron, 
together with a single unswitched ac 
accessory outlet. A patch cable is 

supplied with the recorder for inter- 
connecting the LINE outputs and in- 
puts for making SOUND -ON -SOUND or 
ECHO recordings through the micro- 
phone inputs. 

Laboratory Measurements. We 

tested the deck with PR -150 and high - 
performance SLH -180 tapes, both 
from Sony, using the bias and equali- 
zation settings recommended in the 

instruction manual that accompanied 
the recorder. The playback frequency 
response, measured with Ampex tes 
tapes, was quite similar at bot 
speeds. There was a slüght rise belo 
200 Hz to about +3 dB at 50 Hz. Th 

response was flat within ±0.5 dB fro 
500 Hz to the upper limits of the tapes 
which were 7500 and 15,000 Hz at 33 

ips and 71/2 ips, respectively. 
With Sony SLH -180 tape, using Lo 

bias and SPECIAL equalization, the 
overall record /playback response at 

20 -dB level was ±3 dB from 25 t 

16,000 Hz at 33/4 ips and between 2 

and 23,000 Hz at 71/2 ips. A more "stan 
dard" tape, Sony's PR -150,, operate 
with Low bias and NORMAL equaliza 
tion yielded a ±3 -dB response of 25 t. 
11,500 Hz at 33/4 ips and 22 to jus 
beyond 20,000 Hz at 71/2 ips. 

Other characteristics of the dec 
were measured with the SLH -180 tap-. 
The input for a 0 -dB recording leve 
was 40 mV on LINE and 0.125 mV o 

MIC. The playback output was 0.8' 
volt. The MIC inputs overloaded at 7:' 

mV -a safe level for most application 
and purposes. 

At a 0 -dB recording level, the 
playback distortion at 1000 Hz was 
very low 0.6% at 71/2 ips and 0.82% a 

33/4 ips. A 200- nanoweber /meter tes 
tape played back with a 0 -dB mete 
reading. 

To reach the reference 3 %THD, the 

recording level had to be increased t. 
+10 dB at 71 ips and to +8 dB at 33/ 

ips. The playback noise levels at thes 
speeds, referred to the 3% THD signa 
level, were 61.8 and 58.5 dB, re 

spectiveiy. These were unweightea 
readings. Applying IEC A weighting to 

correlate with the audibility of the 

noise, these figures improved to 71. 
and 67.5 dB, truly excellent for an 
tape recorder. Through the micro 
phone inputs at maximum gain, the 

noise increased by 10 dB. But at mor 
"normal" settings, the added nois: 
was much less. 
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The wow was unmeasurable, being 
less than 0.02% residual of the test 
tape. Unweighted rms flutter, the NAB 
standard, measured 0.09% at 71/2 ips 
and 0.11% at 33/4 ips. The operating 
speeds were slightly fast, by about 1% 
at 33/4 ips and 0.5% at 71/2 ips. In fast 

forward or rewind 66 seconds were 
required to pass an 1800' (550 -m) reel 
of tape from one reel to the other. 

User Comment. This was a very 
simple, straightforward deck to oper- 
ate. The levers moved smoothly and 

positively. It was almost as though 
they controlled the transport directly 
through an extraordinarily light pres- 
sure linkage. The tape handling was 
smooth, and shuttling back and forth 
with the fast speed levers, we found 
it impossible to spill the tape under 
any conditions we could devise - 
including interrupting the power 
during fast winding. 

The considerable "headroom" 
above the 0 -dB meter readings before 
tape saturation sets in makes record- 
ing a relatively uncritical procedure. 
As Sony points out, the maximum re- 
cording level can be allowed to reach 
0 dB with little chance of overdriving 
the tape on program peaks. For "live" 
recording, a maximum meter indica- 
tion of 3 to 5 dB is recommended. 

When we recorded FM interstation 
hiss, at 0 dB, and compared the 
playback to the original, there was vir- 
tually no difference in sound between 
the two at 71/2 ips. Only a trace of dull- 
ing of the very highest frequencies 
appeared at 33/4 ips. This is a severe 
test of tape recorder dynamic range. 
Few recorders at any price could pass 
this test as well as did the Model 
TC -645. Combined with very low noise 
levels, this gives the recorder a 

dynamic range well in excess of what 
most home recordists -even "ambiti- 
ous" ones -will ever require. 

CIRCLE NO. 67 ON READER SERVICE CARD 

PACE MODEL 2300 MOBILE CB TRANSCEIVER 
AM rig rues crystal-controlled frequency synthesis. 

CRYSTAL- CONTROLLED fre- 
quency synthesis is used in the 

Pace Model 2300 mobile CB trans- 
ceiver to provide full 23- channel 
Class -D AM coverage. As a result, the 
unit incorporates only 14 crystals. In- 
cluded with the transceiver at its 
$219.95 retail price are a detachable 
microphone and mobile mounting 
hardware. A theft preventive feature is 
provision for use of a padlock at a 

snap -on mounting clamp. 
In addition to the usual volume 
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control, there is also an adjustable 
squelch control on the transceiver. PA 
operation is available through a jack 
for an external speaker. There is a 
second output jack for receiver use. 

A DISTANCE /LOCAL Switch allows the 
receiver gain to be reduced by about 
15 dB when set to the latter position to 
cope with possible adverse effects 
from very strong local signals. The re- 
ceived signal strength registers in S 
units on an edgewise- mounted panel 
meter. The transmitter operates at full 
legal power, and full modulation is 
easy to maintain. 

The transceiver is designed to oper- 
ate from negative- or positive -ground 
dc sources capable of delivering 10 to 
16 volts. A line filter is included in the 
negative leg of the supply, and 
reverse -polarity protection is incorpo- 
rated into the system to protect it from 
electrical damage. Where necessary, 

zener diodes are used to provide volt- 
age regulation. 

The transceiver measures 8.4 "D x 
6.9 "W x 2.6 "H (21.3 x 17.5 x 6.6 cm) 
and weighs 5.5 pounds (2.5 kg). 

The Receiver. The receiver section 
employs a double- conversion design. 
The first i -f is 7966 to 8006 kHz, ob- 
tained by heterodyning the incoming 
CB signal with one of six crystal oscil- 
lator signals from the synthesizer in 
the 35.221- to 34.971 -MHz range. The 
result is converted to the 455 -kHz sec- 
ond i -f using one of four crystals in the 
8421- to 8461 -kHz range. 

Selectivity at the second i -f is ob- 
tained via six tuned circuits in a band - 
pass configuration. This setup, along 
with the a -f system, resulted in an 
overall 6 -dB response of from 350 to 
2300 Hz and a 10 -kHz adjacent -chan- 
nel rejection of nominally 50 dB. 

The diode -protected input amplifier 
provided a 0.4 -0 sensitivity for 10 dB 
(S + N) /N at 30% modulation with a 

1000 -Hz signal. The image rejection 
POPULAR ELECTRONICS 
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measured 50 dB, while other spurious 
responses were down by a minimum 
of 40 dB. 

An amplified agc system controls 
the r -f, mixer and first i -f stages, while 
the resulting changes in the r -f 
amplifier's collector current controls 
an amplified squelch. The threshold of 
the squelching action was adjustable 
for signals ranging from 0.25 to 50 pV. 
The agc held the a -f output to within 9 

dB with an §0-dB r -f input change (at 1 

to 10,000 pV). The meter registered S9 
with a 100 -µV input signal. 

The full -time noise limiter is a 

series -gate affair. The a -f chain con- 
sists of four cascaded stages in a 

single -ended arrangement that deliv- 
ered slightly more than 2 watts of 
power into a 3.2 -ohm speaker (1 watt 
into an 8 -ohm speaker) with 10% dis- 
tortion at 1060 Hz. The a -f section also 
doubles as the modulating system for 
the transmitter. 

The Transmitter. During transmit, 
the carrier signal is obtained by com- 
bining, in the mixer stage, one of the 
nominal 35 -MHz synthesizer frequen- 
cies with pne of four frequencies in the 
7966- to 8006 -kHz range. The differ- 
ence frequency is extracted for the 
on- channel signal that is then applied 
to the driver and the power amplifier 
stages, both of which are collector 
modulated. Harmonic filtering and 
matching to a 50 -ohm load is accom- 
plished with a triple- section output 
network. A relay is used for antenna 
transfer. 

We measured a 4 -watt power output 
when the transmitter was powered by 
a 13.8 -yolt dc source. Using a 1000 -Hz 
tone, full modulation with a sine wave 
was obtained at 9% distortion. With a 

6 -dB increase in microphone input 
signal level, clipping set in, resulting 
in 14% distortion. Using EIA's stan- 
dard test tone of 2500 Hz, the mea- 
sured adjagent- channel splatter was 
down 45 and 30 dB, respectively, 
under the above modulating condi- 
tions. However, with dynamic opera- 
tion under voice conditions, the splat- 
ter held to better than 50 dB down. 

The overall response of the 
transmitter /modulator system at the 
6 -dB points was nominally from 250 to 
4000 Hz. 

User Comment. Aside from provid- 
ing good performance, the Model 
2300 transceiver presented a clean 
utilitarian appearance in its simulated 
wood -grain metal cabinet. The illumj- 
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BUILD&TEST 
as rasraswu TMiNK: 

POWER FOR THE PROFESSIONAL 
ECONOMY KITS FOR THE HOBBYIST 
A MODEL AND A PRICE FOR EVERYONE 

PROTO BOARD 203 
Breadboard Prototesting with 5 Volt, 

1 AMP Regulated Power Supply included! 
A total ready -to -use power breadboard 
prototest device with a built -in regulated, 
short -proof power supply. Just plug -in and 

start building! 2 extra floating 5 -way 

binding posts for external signals. Self - 

contained with power switch indicator lamp 

and power fuse. 24 -14 pin DIP capacity. 
Attractive two -tone quality case. All metal 

construction. 93/4 "L x 

Order 
x 23/4 "H. 5 lbs. 

Ordeder today! 

Add $2.50 shipping /handling 

A modestly priced kit for the 
economy- minded experimenter ... 

PROTO BOARD 100 
A low cost, big 10 IC capacity breadboard 

kit with all the quality of QT sockets and the 

best of the Proto Board series ... complete 

down to the last nut, bolt and screw. Includes 

2 QT -35S Sockets; 1 QT -35B Bus Strip; 2 

5 -way binding posts; 4 rubber fee.; 
screws, nuts, bolts; and easy 

assembly instructions. 

19" 
Add $1.50 

shipping /handling. 

PROTO -CLIP 
for Power -On, 

Hands -Off Signal 
Tracing. No more 

shorting leads. 
Costs less than ... 

$5 
Bring IC leads from pc board for fast signal tracing and 

troubleshooting. Inject signals. Wire unused circuits 
into boards. Scope probes and test leads lock onto 

Dynagrip inset (see circle) for hands -off testing. Plastic 
construction eliminates springs, pivots. Non -corrosive 

nickel /silver contacts for simultaneous 
low resistance connections. 

PC -14, 14 -pin Proto Clip, $4.50 ea. 

PC -16, 16 -pin Proto Clip, ;4.75 ea. 

Add 75 shipping /handling. 
Order today off -the -shelf from CSC 
or local distributor. Charge: BAC, 
MC, AX. Write for free catalog. Free 
English /Metric Slide Rule with each 
order. Dealer inquiries invited. 

Foreign orders add 15 %. 

Patents Pending Made in USA 

Prices subject to change 

=0= Continental Specialties Corp. 

Box 1942, New Haven, CT 06509 203/624 -3103 

w. Coast Off.: Box 7809, S. Francisco, CA 94119 415/383-4207 
Canada: Available thru Len Finkler Ltd., Ontario 
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nated edgewise- mounted meter glows 
a soft white, except in transmit when it 
glows red. 

The rig's squelch operation was ex- 
ceptionally smooth without "plop- 
ping" when it came into action. The 
threshold was stable with varying 
vehicular -motor speeds. The anl's op- 
eration was also good. It held noise 
pulses down to the equivalent of near 

1 pV. The audio reproduction from re- 
ceived signals was good coming from 
a 6" x 2" loudspeaker located along 
the left side of the cabinet. 

The transmitter's microphone gain 
is fixed so that, along with the trans- 
mitting characteristics, full modula- 
tion could be maintained with normal 
voice levels, while heavy overmodula- 
tion and adverse splatter were held 

down even when the voice was raised 
to a shout directly into the mi- 
crophone. For PA operation, the vol- 
ume control serves as the microphone 
gain control. (The microphone must 
be plugged into its jack to make the 
transceiver's built -in speaker opera- 
tive.) 

CIRCLE NO. 68 ON READER SERVICE CARD 

DANA LABORATORIES "DANAMETER" DMM 
31/2rdi,Lit battery-powered multimeter has liquid -crystal display. 

DIGITAL multimeters usually em- 
ploy either high- current LED or 

high -voltage gas- discharge -type dis- 
plays. A notable departure from this 
tradition is Dana Laboratories' 
" Danameter," a full- function digital 
multimeter that employs an extremely 
low- current liquid -crystal display. 
Teaming the LCD with even lower 
power MOS devices has resulted in 
very long life from ordinary 
replacement -type batteries in a DMM 
circuit that measures ac and dc volt- 
ages, direct current, and resistance. 

The Danameter is housed in a virtu- 
ally unbreakable Cycolac -T plastic 
case. A carrying handle that doubles 
as a tilt stand for the DMM folds away 
when not needed. 

The DMM measures 71/4"W x 33/4 "H 
x 21/4 "D (18.4 x 9.6 x 5.7 cm) and 
weighs a scant 1 lb. (0.45 kg). It retails 
for $199.95. 

Technical Details. The DMM's 
readout system consists of a 3V2 -digit 
field- effect liquid crystal display. The 
display forms 1/2"(12.7 -mm) high black 
numerals against a very pale colored 
background to provide maximum vis- 
ibility and contrast. 

The instrument is designed to 
measure dc voltages of from 2 V to 
1000 V full -scale in four ranges. Re- 
solution is 1 mV on the 2 V position of 
the function /range switch. Input resis- 
tance on all dc voltage ranges is 10 
megohms. (Polarity is automatically 
indicated in the display. Positive volt - 
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ages generate a + sign, while nega- 
tive voltages generate a - sign in the 
display.) 

There are also four ranges set aside 
for ac voltage measurements. In this 
mode, the measurement range is from 
1 mV to 700 V over a frequency range 
of from 45 Hz to 10,000 Hz. The input 
impedance is 2 megohms. 

The DMM measures dc (but not ac) 
current in four ranges, from as low as 
10 nA to as high as 2 A. This function is 
protected by a fuse for up to 250 V at 
the test inputs. Finally, there are four 
resistance ranges that provide a 

measuring capability of from 100 mil - 
liohms to 199.9 megohms. 

The instrument can accept over- 
loads of up to 250 volts dc or rms on all 
resistance and current ranges, 250 V 
dc or 1000 V peak ac on all ac voltage 
ranges, and 1000 V dc or peak ac on all 
dc voltage ranges. (The overload indi- 
cation on the display is OL.) 

Because of the instrument's very 
low power requirements, a single 
9 -volt transistor battery should power 
the Danameter for about a year. A po- 
sition is provided on the function/ 
range switch for testing the battery. 

Several optional accessories are 
available for use with the Danameter. 
These include a pair of probes for 5- 
and 50 -kV ranges, an r -f probe that 
can be used to 200 MHz, an ac current 
shunt that enables ac current mea- 
surements to one ampere, a carrying 
case, and a multiple -tip test -lead set 
for various applications. 

User Report. We checked out the 
Danameter in our usual manner. The 
dc voltage ranges were tested with the 
aid of a laboratory standard voltage 
source, while the resistance ranges 
were tested out with a number of 
high -tolerance precision resistors. 
The instrument displayed readings 
that were well within its published 
specifications. 

Because Dana claims that the 
Danameter is housed in a "virtually 
unbreakable" plastic case, and being 
well aware of the rigors to which field 
service gear is put, we "field tested" 
the DMM by dropping it from a height 
of 1 meter onto a hardwood floor. 
Physical examination revealed no 
damage to the case, LCD, or 
function /range switch. To verify that 
the DMM was undamaged electrically, 
we again subjected it to the specifica- 
tion tests. There was no electrical 
damage. 

Despite the fact that the LCD read- 
out does not glow (like a LED or gas 
tube), and has no source of illumina- 
tion, the large display is easy to read, 
even from a few feet away on the 
bench. But, since this power- saving 
system depends on ambient light for 
its brightness, it cannot be easily read 
in dimly lit areas. 

With 31/2 decades of display and 
high- accuracy measurement capabil- 
ity, the Danameter makes an excellent 
bench DMM. Its high impedance input 
gives it fine solid -state capability in a 

small package. Additionally, the 
battery -powered instrument's small 
size, light weight, and ruggedized 
construction make it an ideal portable 
test meter in all but very poorly lighted 
situations. 

CIRCLE NO. 69 ON READER SERVICE CARD 

"While I was waiting, I assembled this 
stereo kit I picked up on the way over." 
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ill 
.iI.___727141 Solid State 

THE VOLTAGE COMPARATOR 

SUITABLE for use in a variety of applications in logic, 
control and instrumentation equipment, voltage 

comparators are available from most large semiconductor 
manufacturers as well as a number of the smaller specialty 
firms. In its basic form, the voltage comparator is essen- 
tially a modified differential amplifier with two stable out- 
put states, responding when an applied input voltage 
crosses a pre -established threshold level. 

Typical of currently available voltage comparators, the 
"111 family" consists of three standard types offered in a 

variety of packages by at least two major suppliers, RCA's 
Solid State Division (Somerville, NJ 08876) and the Na- 

tional Semiconductor Corporation (2900 Semiconductor 
Drive, Santa Clara, CA 95051). The RCA types are identified 
as the CA111, CA211 and CA311, while the corresponding 

v+ 

INPUT 

RI OUTPUT 
20wR 

VT 5V 

A 

*SOLID TANTALUM 

Fig. 1. Type III comparator in a zero -crossing 
detector (A), and an adjustable reference supply (B). 

National Semiconductor devices are designated the 
LM111H, LM211H and LM311H, respectively. All three 
types are fabricated using monolithic silicon chips. The 
basic "111" circuit comprises 24 transistors, two zener 
diodes, and 19 resistors. 

JUNE 1975 

By Lou Garner 

The 111 family devices can be operated on dual power 
supplies of up to -±15 volts or on single dc supplies down to 

5 volts. They can drive lamps or relays, and can switch 
voltages up to 50 volts (40 volts for the 311) at currents of 

up to 50 mA. The three devices in the family are similar as 

far as maximum ratings, general specifications, and appli- 
cations are concerned, differing primarily in their ambient 
operating temperature ratings and, in the case of the 311, 

in maximum input offset and bias current specifications. In 

all three devices, both the inputs and outputs can be iso- 

lated from system ground, permitting the output to drive 
loads referenced to ground, the negative supply, or the 

positive supply. Their common response time is specified 
at 200 ns. 

Both the RCA and equivalent National Semiconductor 
devices are supplied in 8 -lead TO -5 style case with identi- 
cal terminal connections. In addition, National Semicon- 
ductor offers both the 111 and 211 devices in 10 -lead flat 
packages and 14 -lead DIPs, with the 311 offered in a spe- 

cial 8 -pin DIP as well. Nationa' Semiconductor identifies its 
TO -5 packaged devices with an "H" suffix, its flat packages 
with an "F" suffix, its 14 -pin DIP with a "D" suffix, and its 
special 8 -pin DIP with an "N" suffix. 

Extremely versatile, voltage comparators may be used in 

a broad range of circuit applications, both individually and 
in conjunction with other IC's and discrete devices. Be- 

cause of their versatility, these devices are ideal for many 
hobbyist and experimenter projects. 

A simple zero -crossing detector suitable for use in 

switching, control, and instrument applications is given in 

Fig. 1(A). Here, the voltage comparator is used to drive a 

MOSFET which, in turn, serves as the output switching 
element. 

The low- voltage adjustable reference supply circuit 
shown in Fig. 1(B) utilizes two npn transistors, Q1 and Q2, 

in conjunction with the basic voltage comparator. Poten- 
tiometer R3 serves as the output level control. As indi- 
cated, output filter capacitor Cl should be a solid 
tantalum -type electrolytic. 

Two 100 -kHz signal sources are illustrated in Fig. 2 -a 
free -running multivibrator featuring a square -wave output 
signal at (A) and a crystal -controlled oscillator at (B). Each 

requires but a single IC and is designed to operate on a 

single -ended 5 -volt dc source. The multivibrator may be 

used as a clock source in counters and timers or even as 

part of a secondary frequency standard. 
Finally, a type 111 voltage comparator is teamed with a 

101A op amp and discrete devices in the 10 -Hz to 10 -kHz 
voltage -controlled oscillator (VCO) circuit given in Fig. 3. 

Supplying both triangular and square -wave output signals 
simultaneously, this circuit could be used as part of a 

function generator or an electronic musical instrument. A 
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R3 
50 kR' 

V*. 5V 
Ri RS 
20 KfÌ I I( It 

*TTL OR DTL FANOUT OF TWO 

SQUARE 
WAVE 
OUTPUT 

V+ .5V 

100 kHz 

100 kIl 

Fig. 2. A 100 -kHz free -running inultivihrator (A), 
and 100 -kHz crystal- controlled oscillator (B). 

dual 15 -volt dc power supply is required for circuit opera- 
tion. In practice, the circuit's instantaneous operating fre- 
quency is determined by its input control voltage (from 5 
mV to 5 V), while its maximum frequency is established by 
feedback capacitor C1. Potentiometer R8 serves as a 
semi -fixed symmetry control and is adjusted for a symmet- 
rical square -wave output when the minimum (5 mV) con- 
trol voltage is applied to the input terminal. 

INPUT 

RI 
10 kß 

R2 

The three circuits we've examined are but a small sam- 
pling of those described in manufacturers' published liter- 
ature. Among the other circuits found in both RCA and 
National Semiconductor publications are a digital trans- 
mission isolator, solenoid driver, precision squarer, 
strobed relay driver, precision photodiode comparator, 
magnetic transducer detector, both positive and negative 
peak detectors, and switching power amplifiers, all of 
which further illustrate the voltage comparator's amazing 
versatility. 

Readers' Circuits. John M. King (1194 Idylberry Road, 
San Rafael, CA 94903), who submitted the low -light indi- 
cator circuit featured in last September's column, has 
come up with another winner. As his previous circuit, John 
developed the project to solve a problem encounterd by 
his son, who received a slot car racing set for Christmas. 
After a while, John and his son found that the 45 -ohm 
rheostat speed controllers supplied with the set were far 
from satisfactory. If the cars were operated at slow speeds, 
they would tend to stall with even minor load increases, 
such as a slope or increased friction on some track sec- 
tions. If additional power were supplied to pull up an in- 
cline, the cars would tend to speed up and crash off the 
track on the downhill side. John's solution, illustrated in 
Fig. 4, was a voltage -regulated dc power supply with both a 
continuous "speed" control and a "top speed" fixed ad- 
justment. 

Referring to the schematic diagram, line voltage is 
stepped down by Tl, rectified by a full -wave bridge recti- 
fier (RECT.), and filtered by capacitor C1. A commer- 
cial 3- terminal voltage regulator, ICI, establishes a con- 
stant output voltage. The regulator, in turn, is supplied 
with a variable control voltage pedestal by a voltage- divider 
consisting of speed control R2, top -speed adjustment 
R3, fixed resistor R4, and reference dc voltage obtained 
from zener diode D1. Capacitor C2 provides filtering 

Cl 

1000 pF 

C2 R7 
150 ;)F 10 MII 

22 kIl 

I( 

0 +15V _ 
o 

CAIOIA 

5 mV 70 5V 01 
2N3972 

R3 
330 kR 

DI 
1N457 

Q2 
2N5019 

R4 

RS >R6 
22 

< 
> 51 

k!1 MIl 
47kII 

0 0 D2 
IN457 

R8 
20 kII 

-15 V 

*ADJUST FOR SYMMETRICAL SQUARE WAVE 
TIME WHEN VI =5mV 

I MINIMUM CAPACITANCE 20 pF 
MAXIMUM FREQUENCY 50 kHz 

Fig. .1. A simple 10- Hz -to -10-kHz vco using a III 
voltage comparator and a type lolA op amp. 
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OUTPUT 
TO 

TRACK 

R2 
5008 

SPEED 

C2 DI 
100yF 4.7V 
20V 1/2W 

RI 
27011 

Fig. 4. Speed control circuit for slot cars 
and HO Irrodel trains as submitted by a reader. 

for the reference voltage while series resistor R1 limits the 
zener's current. 

John used standard, readily available components in 

assembling his model. Power switch S1 is a spst rotary type 
mounted on the 500 -ohm speed -control potentiometer, 
R2. A 115 -volt neon -type lamp assembly (with integral 
dropping resistor) serves as pilot lamp 11. 

Since layout and lead dress are not critical, conventional 
construction techniques may be used for assembling the 
project. John built his original model in a 4 "x5 "x3" 
aluminum box, using the box itself as a heat sink for the 
voltage -regulator IC. With relatively few components 
needed, he used point-to-point wiring, providing a termi- 
nal strip to support the smaller parts. 

With a maximum output of from 4.5 to 12 volts dc (de- 

pending on R3's setting) at approximately 1 A, the control- 
ler can be used with HO gauge model trains as well as slot 
cars. Separate controllers are needed, naturally, for each 
car in multi -car set -ups or for each train layout. 

Anticipating that some builders might wish to use the 

power supply for other than model train or slot car control 
applications, John checked the circuit's overall perform- 
ance. He measured a ripple of 25 mV at 10 volts output 
with a drain of 1 A, and found that the ripple could be 

reduced to less than 1 mV by adding a 50 -µF capacitor 
between the negative output terminal and pin 3 on the 
regulator IC. The ripple at full output is somewhat higher, 
but the output voltage change is less than 2% from zero 
to full load. 

Suggested by reader John Hornibrook (Box 1165, Silver 
City, NM 88061), the circuit shown in Fig. 5 might be called 
a seeing aid for the blind. Basically a light- controlled oscil- 
lator, the circuit provides an audible signal which changes 
in pitch with different light levels, thus permitting a user to 
"scan" the area in his immediate vicinity for changes in 

light contrast. John indicates that little practice is required 
for the user to detect objects in his immediate path, such as 
trees, telephone poles, other persons, walls, and so on, 
and thus to avoid collisions. 

Except for photocell PC1, the circuit is a conventional 
collector -coupled multivibrator. The circuit's frequency 
will vary as PC1's instantaneous resistance varies and this, 
in turn, depends upon the amount of light falling on the 
photocell's sensitive area. Base resistor R2 is made adjust- 
able to permit the user to pre- adjust the circuit's frequency 
to a comfortable tone under average light conditions. The 
circuit's output signal, generated across emitter resistors 
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Put more 
punch in your work. 
With a Greenlee Chassis Punch you can punch 
clean, true holes in seconds. Round, square, 
key or D. In 16 -ga. metal, hard rubber, plastic 
or epoxy. Available at radio and electronics 
parts dealers. Write for catalog E -730. 
Greenlee Tool Co, Rockford, III. 61101. 

GREENLEE TOOL CO 
Ex- Cell-O 
Corporation 

CIRCLE NO. 20 00 READER SERVICE CARD 

DUMP YoYiSI`f 
A SPUME 

AND SoVO 
SYSjIY 

You know specs, but you want speakers to speak for 
themselves.CTS speakers do; they sound just the way you 
like. For example, choose a CTS STARRSONDru system. 
Let CTS dealer /consultants tell you how to install it in an 
ideal enclosure. You'll know why many famous manufac- 
turers use CTS speakers in their brand -name products! 
Write, send coupon or circle reader service number for 
our catalog on speakers for home, musical instruments, 
auto and other uses. Then visit your CTS dealer and hear 
them: 
The ones that speak for themselves. 
CTS OF PADUCAH, IN 
SUBSIDIARY OF CTS CORPORATION. ELKHART. INDIANA 

CTS of Paducah, Inc. 
1565 North 8th St. 
Paducah, Kentucky 42001 

Please send me your latest catalog. 

NAME 

ADDRESS 

CITY 

STATE 
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SAVE! 
MONEY TIME FREIGHT 

QUALITY STEREO EQI'IPMENT 
AT LOWEST PRICES. 

- YOUR REQUEST FOR QUOTA- 
TION RETURNED SAME DAY. 
FACTORY SEALED CARTONS - 
GUARANTEED AND INSURED. 

SAVE ON NAME BRANDS LIKE: 
A.D.C. KLH 
A.R. SHURE 
DYNACO KOSS 

SONY FISHER 

AND MORE THAN 50 OTHERS 

BUY THE MODERN WAY 
BY MAIL -FROM 

.Q iluno aud'w 
Department 217S 
12 East Delaware 

Chicago, Illinois 60611 

312 -664 -0020 
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BE A 
LOCNSMITH 

You'll EARN MORE, LIVE BETTER 
Than Ever Before in Your Life 

You'll enjoy your work as a Locksmith 
because it is more fascinating than a 
hobby -and highly paid besides! You'll 

. go on enjoying the fascinating work, 
year after year. in good times or bad 

"Have seen other because you'll be the man in demand in 
Locksmith courses an evergrowing field offering big pay 
but none compared jobs, big profits as your own boss. What 
to yours. Have a more could you ask! successful mobile Train at Home- Earn Extra S$RRight wa ! service of my 00n [ Away! 

52000- All this can be yours EASTregardlesS 
$3000 per month." of age, education, minor physical handi- 
Keith Hamill caps. Job enjoyment and earnings begin 
Toronto, Can. AT ONCE as you quickly, easily learn 

to CASH IN on all kinds of locksmithing 
jobs. All keys, locks, parts, picks, special 
tools and equipment come with the 
course at no extra charge. Licensed 
experts guide you to success. 

Illustrated Book, Sample Lesson Pages FREE 
Locksmithing Institute graduates now 
earning, enjoying life more everywhere. 
You, can, too. Coupon brings exciting 
facts from the school licensed by N. J. 
State Department of Ed., Accredited 
Member, Natl. Home Study Council. 
Approved for Veterans Training. 

LOCKSMITHING INSTITUTE 
Div. Technical Home Study Schools 

Dept. rare oss Little Falls, N. J. 07424 

KEY MACHINE 
locks. picks, 

tools supplied 
with course. 

I- 
LOCKSMITHING INSTITUTE, Dept. rara oes 
Div. Technical Home Study Schools 
Little Falls, New Jersey 07424 Est. 1948 
Please send FREE illustrated Book -"Your Big Oppor- 
tunities in Locksmithing," complete Equipment folder 
and sample lesson pages -FREE of all obligation - 
(no salesman will call). 

Name 
(Please Print) 

Address 

City /State /Zip -- D Check here if Eligible for Veteran Training _ 
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R4 and R5, is coupled to an external 
earphone through jack J1. 

The circuit can be wired on perf 
board sized to fit and mounted on 
spacers inside a metal box or similar 
case small enough to be held conve- 
niently in one's hand. The inside of the 
box should be blackened and all 
cracks covered with tape to make it 
light- tight. A lens should be provided 
to focus incoming light on the photo- 
cell. This is cemented behind a small 
(3/16 hole drilled in one end of the 
case, with the photocell mounted in 
the lens's focal plane. The photocell is 
modified by covering with opaque 
black tape, except for a 1/16" vertical 
slit on its face. John used a 1"diameter 
lens with a 3" focal length, but other 
small lenses may be used if the photo- 
cell is positioned at the proper focal 
point. 

To use the completed instrument, 
plug a moderate impedance earphone 
into jack J1. Switch on and adjust R2 
for a pleasing tone with the lens 
pointed towards an open area. Next, 
move the unit back and forth to "scan" 
the area. As the instrument is moved 
past objects of varying contrast, there 
should be a change in the pitch of the 
audio signal. The instrument's effec- 
tive sensitivity will depend on one's 
hearing acuity, on the degree of light 
contrast between detected objects 
and background lighting, and, to 
some extent, on R2's adjustment, as 
well as upon the degree of skill ac- 
quired through practice. 

Device /Product News. A new LED 
digit driver specifically designed for 
use in digital clocks and desk -top cal- 
culators has been introduced by 
National Semiconductor Corp. Iden- 
tified as the DS8863, the new IC con- 
tains eight independent channels, 
each capable of sinking up to 500 mA. 
Intended for use in display systems 
employing LED's in the common - 
cathode multiplexed configuration, 
the device can be used with displays 
up to 0.6 inch high and even with digits 
made up of individual lamps. Featur- 
ing high -gain Darlington circuits and 
requiring a maximum input drive of 
only 2 mA, the DS8863 interfaces di- 
rectly with MOS clock and calculator 
circuits. 

If you're using round case TO -5 type 
IC's, but have a breadboard or circuit 
layout designed for DIP's, you'll want 
to check into a series of inexpensive 
mounting pads now available from 
Bivar, Inc. (1617 Edinger Ave., Santa 

Fìg. 5. A cciible siyrrnl varies 
with different light levels. 

Ana, CA 92705). Molded of high - 
strength plastic, these handy compo- 
nents have funnel- shaped, self - 
aligning entry holes which will accept 
devices with circular patterned leads, 
forming the leads into a DIP pattern at 
exit. Posts on the top and feet on the 
bottom of the pads provide extra lead 
exposure for heat dissipation and 
permit easy probe insertion for circuit 
tests. Three color -coded versions of 
the mounting pads are currently avail- 
able: an 8 -lead blue pad, Part No. 
808 -187, a 10 -lead red pad, Part No. 
810 -187, and a 12 -lead white pad, Part 
No. 812 -187. All three versions are 
priced at $9.05 per hundred in quan- 
tities of 100 to 499, dropping to $36.25 
per thousand in quantities above 
10,000. 

Thinking about assembling a digital 
watch? There's good news from the 
West Coast -a new low- voltage 
CMOS IC chip which contains all of 
the LSI circuitry required to make a 
digital watch is now available from 
Siliconix, Inc. (2201 Laurelwood 
Road, Santa Clara, CA 95054). In addi- 
tion to the chip, type DF111, all that is 
required for watch assembly are a 
32.768 -kHz crystal, a battery, a LED 
display with drivers, and three 
switches, plus, of course, a case and 
hardware. Options are provided for 
sensors to indicate low- battery condi- 
tions and ambient light level. Func- 
tional down to 2.2 volts typical, the 
chip's nominal voltage range is 2.7 to 
3.4 volts, supplied by two silver -oxide 
cells. The DF111 provides for a multi- 
plexed four -digit, seven -segment LED 
display which will indicate days (date), 
hours, minutes, and seconds. Days, 
hours, and minutes may be set inde- 
pendently, and seconds may be syn- 
chronized from another time source. 
Optional displays are 12 or 24 hours, 
and an AM indicator is available with 
the 12 -hour option. 
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Test Equipment 
Scene 

GROUNDING 

WHEN you use test equipment. 
you probably connect a signal 

across the input and an oscilloscope 
across the output of the circuit under 
test and watch the scope's CRT 

screen. What you may not realize is 

that in many cases what you see is not 
what the device under test is really 
capable of doing. In fact, what you 
might be looking at is what the test 
equipment and the device under test is 

adding to the input signal (exclusive of 
distortion products). 

What accounts for this strange 
phenomenon? The name of the culprit 
is "ground." The way many of us 
handle this ground in performing tests 
is simple. We merely connect one 
ground point to another, using some 
convenient wire or test leads. It is the 
lack of understanding the meaning of 
"ground that causes a lot of grief at 
the testbench. 

What is Ground? Since all electrical 
measurements are relative. a voltage 
or signal must be compared to a 

reference -usually zero or ground. 
When we refer to ground. ground is 

literally what we mean, since the local 
potential of the planet Earth was cho- 
sen as our arbitrary zero reference. 

There are many ways of connecting 
to this zero reference, each with its 
good and bad points. Many people 
swear by a metal rod driven into the 
soil. But the rod must be driven deep 
enough to contact a low- resistance 
layer, or the rod and surrounding soil 
must be kept moist to maintain a low 
earth resistance. Just driving a rod 
into the ground is not enough. As a 

general rule, the deeper the rod is 

driven into the earth. the better. 
The second and perhaps best ap- 

proach to achieving a good earth 
ground is to use a co /d -water pipe as 
the ground connection. In almost all 
cases, this pipe makes intimate con- 
tact with the surrounding soi over a 

large area because it must lie below 

JUNE 1975 

By Leslie Solomon 

the local frost line. At such a depth, 
chances are good that the pipe will lie 
in a layer of low- resistance soil. 

Contact with the cold -water pipe 
can be made with a brazed, soldered. 
or clamped -on connector. There may 
be a problem here. Although most 
cold -water pipes are metal, there may 

'1 

be plastic joints or even sections of 
plastic pipe. Plastic is not a conductor. 
If such is the case, you can bridge over 
the non -conductors -assuming you 
have access to them -with heavy -duty 
wire braid, making good electrical 
connections on both sides of the 
non -conductive break. 

The idea of using the wall socket's 
junction box as a ground should be 

discarded. True, in some areas of the '1 

country. metal armored cable is prey - 
aient. The armor is usually connected 
to the metal junction box and to earth 
ground at some point. Unfortunately, 
there are many places where plastic - 
insulated power lines are the norm; 
although in such a system the third 
(green) conductor is supposed to be at 
ground potential, there is always the 
possibility that it is not. 

Do not use the so- called 
"grounded" side of the ac power line 
as a ground. Because it is not a perfect 
conductor, there will be an unwanted 
signal generated across the wire resis- 
tance. Besides, if you happen to use 

the wrong side of the line. it could 
prove disastrous. 

If you occasionally use the metal 
finger stop on your telephone dial as a 

ground, that's not a good idea, either. 
The phone company frowns on this 
practice. But more importantly, cir- 
culating currents may exist in such a 

hookup. 

Origins of Unwanted Signals. 
Now, let us take a look at the origins of 
those unwanted signals. Sketch A 

shows a typical three -conductor 
power feed. Because the wire used is 

not a perfect conductor, differences in 

EXAR 
IC'S AND KITS 

NOW AVAILABLE FROM: 

JAMES ELECTRONICS 

FUNCTION GENERATOR KIT 
Introductory Offer 

1O 

tit ,. XR-2206K ,*a,, x 

oD 
The Function Generator Kit features sine, 
triangle and square wave; THD 0.5% typ.; 
AM /FM capability. 

XR- 2206KA 
Includes monolithic function generator 
IC, PC board, and assembly instruction 
manual. 

$19.95 
XR- 2206KB 
Same as XR- 2206KA above and includes 
external components for PC board. 

$29.95 

MONOLITHIC IC'S 
TIMERS 
XR -555CP Monolithic Timer $1.10 
XR -320P Precision Timer 1.55 
XR -556CP Dual -555 Timer 1.85 
XR- 2556CP Dual Timing Circuit 3.20 
XR- 224oCP Programmable Counter/ 

Timer 4.80 
PHASE LOCKED LOOPS 
XR -210 FSK Demodulator 5.20 
XR -215 High Frequency PLL 6.60 
XR -567CP Tone Decoder (mini DIP) 1.95 
XR -567CT Tone Decoder (TO.5) 1.70 
STEREO DECODERS 
XR -1310P PLL Stereo Decoder 3.20 
XR- 1310EP PLL Stereo Decoder 3.20 
XR -1800P PLL Stereo Decoder 3.20 
WAVEFORM GENERATORS 
XR -205 Waveform Generator 8.40 
XR- 2206CP Monolithic Function 

Generator 5.50 
XR- 2207CP Voltage- Controlled 

Oscillator 3.85 
OTHER EXAR IC'S 
XR- 1468CN Dual t 15V Tracking 

Regulator 3.85 
XR -1488N Quad Line Driver 5.80 
XR- 1489AN Quad Line Receiver 4.80 
XR- 2208CP Operational Multiplier 5.20 

Satisfaction Guaranteed. $5.00 Min. 
Order -1st Class Mail No Charge/ 

California Residents Add 6% Sales Tax 

p/di 77/1E5 
P.O. BOX 822, BELMONT, CA. 94002 
PHONE ORDERS - (415) 592 -8097 

CIRCLE NO 24 ON READER SERVICE CARO 
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e 

trigger 

gast 

soldering 

action 

1 

WITH 

Weller® 
COMFORT-GRIP GUNS 

Dual -action trigger permits instant 
choice of 2 heats in all Weller's pro- 
fessional quality guns, the most com- 
fortable, best -balanced units . 

anywhere. Pre -focused light for hard - 
to -see work areas like TV or under -dash 
auto service. Premium copper tips get 
up to temp faster ... pre- tinned for 
instant soldering. Cutting or smoothing 
tips also, UL- listed and factory pre- 
tested. Models for any 
service including solid - 
state. Guns alone or 
kits with case, spare 
tips, and accessories. 

Ask your 
local 
distributor 
or write 

Weller- Xcelite 
Electronics Division 

1 The Cooper Group 
COOPER P. O. BOX 728, 
INDUSTRIES APEX, NORTH CAROLINA27502 

CIRCLE N0.49 ON READER SERVICE CARD 

potential can and often do exist be- 
tween two points of a grounding sys- 
tem if any current flows in the system. 

The sketch illustrates the phantom 
wire resistance that forms the com- 
mon signal point. Note that any in- 
strument plugged into the three -wire 
outlet is essentially coupled to all 
other outlets via an interlocking set of 
phantom resistors. 

If you connect a couple of line - 
powered test instruments as shown in 

POWEe 
SUPPLY 

(c) 

S/GNAL 
ENERArA2 

SIGNAL 
GENENArOR 

OR PUNIER SUPPLY 

In using the ungrounded adapter, 
there is a potential danger if the "hot" 
power line within the instrument 
touches the metal chassis. So, before 
using this approach, make certain that 
all internal wiring is sound. 

In multi- instrument setups, there 
may be more than one ground con- 
nection, creating more than one 
ground loop. Any one of these loops 
can introduce a problem. Since 
shielded cables are often used to in- 

c'eCU/T 
UNDER 
TEST 

OsC/LLOSCOPE 
AP vrvM 

T.7 - I 

RASS/BLG' GROUND CLOP-. '--------- --- ----J 
(B) 

OSC/LLO,ÇCOP6 

V `i H 
O O OO 

TVM 

GON /N 
X1_0 

/EARTH 
t1 &QOONO 

(A) 

How grounding problems originate. (A) shows 
how differences in wire resistances create 
potential differences. (B) shows ground loop 
in building power. line which introduces a 
.false signal. At (C) is a typical test -beach 
setup with 2 -wire plugs to eliminate loops. 

sketch B, a ground loop can occur. 
The metal chassis of both instruments 
are grounded via the third (green) wire 
of the receptacle. In some cases, there 
may be some real capacitors between 
the ac line and chassis. In all cases, 
there is the phantom capacitance 
across the power transformer. Hence, 
if any current is flowing within the 
building's power -line "ground," this 
signal will be "felt" by the measuring 
system, which will introduce a false 
signal into the measurement loop. 

To break the ground loop and re- 
move false signals, the third wire at 
one of the instrument power plugs 
must be broken. (Use a three -wire to 
two -wire adapter.) As a result, the sys- 
tem is grounded at only one point and, 
since the ground loop is now broken, 
false signals produced by ground cur- 
rents are eliminated. 

terconnect a system, especially in 
audio, all shields should be connected 
together and then tied to ground at the 
same point used by the measurement 
system. 

A typical bench setup is shown in 
sketch C, where two -wire power plugs 
are used to eliminate the possibility of 
ground loops. In general, if more than 
one point in a system must be con- 
nected to ground, the ground connec- 
tions must be made only at the same 
point where the input is grounded. 

There are two excellent books that 
deal with the subject of grounding 
when working with test equipment. 
One is Basic Electronic Instrument 
Handbook by Clyde F. Coombs, Jr. 
(McGraw -Hill) and the other is Guide 
to Electronic Measurements and 
Laboratory Practice by Stanley Wolf 
(Prentice -Hall). 

POPULAR ELECTRONICS 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


Computer Bits 

By Jerry Ogdin 

A NEW BREED OF HOBBYISTS 

FOR many years, the thought of 
having one's own digital comput- 

er was only a dream because they 
could cost anywhere from $100,000 to 
several million. 

But in the late 1960's, Digital 
Equipment Corp. announced its 
$24,000 PDP -8, raising hopes of for- 
ward thinkers for that elusive home 
computer. With the 1970 introduction 
of the microprocessor IC (CPU -on -a- 
chip), representing the "heart" of a 

full -blown digital computer in a single 
IC package, they knew it was just a 

matter of time before prices dropped. 
Not content to wait, amateur com- 

puter users banded together during 
the early '70s to share ideas and 
equipment. In fact, many of the suc- 
cessful applications of microproces- 
sors on the market today owe their 
originatiòn to these hardy souls, who 
experimented with building personal 
computers. 

The breakthrough in low -cost mi- 
croprocessors occurred just before 
Christmas 1974, when the January 
1975 issue of POPULAR ELECTRONICS 

reached readers with the first rela- 
tively inexpensive unit -about $400 in 

kit form -that competed in perform- 
ance with much costlier commercial 
units. The aftermath is heartwarming 
to electronics hobbyists -CPU prices 
are plummeting, and at least one 
major manufacturer drastically cut the 
price of its microprocessor. 

People interested in computers fall 
into three major groups: (1) Strong 
background in "hardware," the physi- 
cal electronics equipment; weak in 

"software," the instruction programs 
needed to make the computer perform 
some useful task. (2) Strong back- 
ground in "software," weak in "hard- 
ware." (3) Interested amateurs who 
have no experience in either sector, 
but find the world of computers an 

exciting challenge they'd like to 
tackle. 

So it's not surprising to learn that 

JUNE 1975 

small hobbyist groups are springing 
up all over the country, where compe- 
tent and enthusiastic programmers 
who cannot read a wiring or logic 
diagram share ideas with electronic 
engineers and technicians who work 
with computers daily, but still find the 
mysteries of software virtually a black 
art. For example, a recent letter ad- 
dressed to POPULAR ELECTRONICS from 
Hal Singer (hardware editor) and 
Steve Diamond (software editor), Cab- 
rillo Computer Center, 4350 Constella- 
tion Road, Lompoc, CA 93436, stated 
that they represent a user group of 300 
hobbyists actively constructing mi- 
crocomputers, and would like to en- 
courage participation in their group 
by persons planning to build the Altair 
8800 computer that debuted in 
POPULAR ELECTRONICS' January 1975 

issue. The group published four news- 
letters, which can be received by send- 
ing a self- addressed manila envelope 
with 500 stamp to the address above. 

What's a Computer? A computer is 

a deceptively simple kind of device if 

you look at it from a "black box" view- 
point, not trying to understand all the 
electronic "innards." 

All computers are fundamentally 
alike from the largest to the smallest. 
And the humblest of computers can 
perform the same work as a huge 
computer can, except that it takes 
more time to do it! With a suitable 
program (software) in its memory, a 

computer can be a game player, a 

home accounting machine, or an en- 
vironmental controller; and in many 
cases, it can be all of these things at 
the same time. 

No matter how large or small, a 

computer must have five basic ele- 
ments, as illustrated. 

1. The Arithmetic Logic Unit (ALU) 
performs additions, subtractions, and 
all the other arithmetic and logical op- 
erations on the input data (something 
on the order of a super calculator). It is 

the features of the ALU that determine 
the ultimate potential power of the 
computer. 

2. The Control portion orchestrates 
the movement of data and instructions 
from one part of the computer to 
another by taking the operational in- 
structions that were inserted (pro- 
grammed) into the memory and using 
these to perform some function to 
change the input data to output data. 

3. The Memory (more properly 
called Storage, but the two words are 
used interchangeably) is used to hold 
operational instructions for the com- 
puter, and store intermediate results, 
commonly used tables, and other per- 
tinent data. 

4. The Input Circuit allows the 
computer to accept data from the out- 
side world. The actual input can come 

CENTRAL 
PROCESSING 

UNI T 

r 

ARITHMETIC 
LOGIC UNIT 

(ALU) 

II 

I 

I 

OUTPUT 

I STORAGE 
(MEMORY) I 

Five basic parts of any computer. 

from a single sensor, a two -wire sys- 
tem, or a complex network of things to 
be monitored. Anything that can be 

converted into computer -acceptable 
data can be used as the input. 

5. The Output Circuit delivers the 
data generated by the computer to 
some form of device that does the ap- 
propriate work. Without output 
capabilities, the computer serves no 
useful purpose. 

The ALU and Control circuits are 
often combined and called a Central 
Processing Unit (CPU). Years ago, the 
CPU was awesome -a few feet high, a 

couple of feet deep, and several feet 
long. With the advent of large -scale 
integration (LSI), a complex CPU can 
now be contained within a single in- 
tegrated circuit having 40 or less pins. 
Interestingly, there are now over 25 

microprocessors to choose from, if 

you elect to build your own computer. 
All of the current microprocessors 

have been described in a publication 
called "The New Logic Notebook," is- 

sued monthly. Its premier issue in- 
cluded a "Microprocessor Score- 
card" that summarizes the major fea- 
tures of all known CPU's (since publi- 
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I 
Bell &Howell Schools ¡rIVIIS you Io 

BREAK NTO 
Pick up new professional 

skills in this exciting 
field as you build 

Bell & Howell's new 
quadraphonic audio center. 

It's the very first 
learn -at -home program 

of its kind! 

You've probably heard a lot about 
4- channel sound by now. It's the most 
talked about and impressive technical 
advancement in sound in years. Sepa- 
rately recorded channels literally wrap a 
room in sound for a totally new listening 
experience. 

And the excitement doesn't stop 
there. Thanks to Bell & Howell Schools' 
brand new learning program, now you 
can explore quad sound for yourself - 
from the inside out -and master the 
technology behind this important 
advancement right in your own home! 

It's your opportunity to break away 
from the everyday routine and learn 
new occupational skills that could lead 
you in exciting new directions. Mail the 
attached card, postage free, to get the 
facts today! 

Take hold of opportunity with 
both hands now! 

The world around you is changing 
every day. Forging ahead. The man who 
keeps pace is the man who continues to 
learn and grow. He's in the mainstream 
of life. Interested in what's going on. 
And he's much more interesting, too. 

Bell & Howell Schools' new 4 -channel 
audio program was designed to help 
you learn and grow. To put you in the 
mainstream of audio electronics tech- 
nology. Where you can delve into 
fascinating electronics principles. Solve 
challenging problems and get actual 
hands -on, build -it- yourself experience. 

And where you can acquire a sense of 
satisfaction and accomplishment you 
may not currently be getting. 

Completely different from the typical 
kind of school you grew up with. 
Learning all about quad sound with 

Bell & Howell Schools is a lot more 
interesting and convenient than "school" 
used to be. First of all, we know you 
can't afford to quit your job. So we set 
up a program that lets you work at home 
in your spare time. 

There are no classes to attend. No dry 
lectures to sit through. Everything 
comes to you in the mail. Lesson by 
lesson. Exciting package after package. 
And you work at a flexible pace in the 
relaxed atmosphere of your workshop - 
or wherever your favorite spot may be. 

Sure, books are important. 
But they're only the beginning. 

With this fascinating learn -at -home 
program, you do a lot more than just 
read about electronics. You'll conduct 
dozens of experiments ... build your 
own laboratory equipment for testing 
out electronics principles ... and also as 
part of this program you put together a 
4 -channel amplifier and FM /FM stereo 
uner as you delve into advanced audio 

technology. 

We try to make learning so interesting 
you look forward to receiving eaca new 
lesson. And enthusiastically dive into 
each new project we send you. 

We'll start you off on the right foot. 
You may be thinking, "I don't have 

any training in electronics ... I might be 
getting in over my head." 

Well, you can stop worrying about 
that. You don't need previous experi- 
ence. You'll begin with the basics and 
acquire a thorough understanding of the 
fundamentals before moving on. 

And remember, it's not just reading. 
With your very first lesson you get our 
LAB STARTER KIT, consisting of a 
simple voltmeter and electronics "bread- 
board" you can experiment with 
right away. 

Of course, if you're already into 
electronics, you might be thinking, 
"I already know the basics ... I want to 
get into the advanced stuff right away!" 

For you there's an advanced standing 
program that lets you skip the begin- 
ning lessons. 

Next you build the exclusive 
Electro -Lab® electronics 

training system. 
Once you've mastered the basics, 

we'll send you everything you need to 
put together these three important test- 
ing instruments: 

The design console. You use it to set 
up and examine various kinds of cir- 
cuits. It's completely modular ... no 
soldering! 

The digital multimeter. Use it to 
measure voltage, current and resistance. 
Displays data accurately in big, clear 
numbers -just like on a digital clock. 

The solid -state "triggered -sweep" 
oscilloscope. Use it to analyze modern, 
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HANNEL AUDIO! 

state -of- the -art integrated circuits. 
Triggered -sweep feature locks in signals 
for easier observation. 

These three superb testing instru- 
ments are the basis of your own home 
electronics laboratory. You'll use them 
throughout the program as you move 
into more advanced electronics prin- 
ciples and work into audio technology. 

Bell & Howell's high performance 
4- channel audio center you actually 
build and experiment with yourself! 

You need practical experience with 
high caliber equipment to develo3 pro- 
fessional skills and understand the ins 
and outs of today's audio technology. 

So we came up with a system teat 
Bell & Howell is proud to have its 
name on: 

First, there's the sophisticated ou t- 
standing 4- channel amplifier 
with SQ full-logic decoding 
and front to sack separation. 
As you build and experi- 

ment with this remarkable piece of 
equipment, you'll learn about matrix 
4- channel and discrete -including CD -4 
when processed through an external 
demodulator. 

And with it you'll have the advanced 
circuitry you need to get into signal 
tracing low level circuits ... trouble- 
shooting high power amplifier stages .. . 

and checking the operation of tone 
control circuits. 

Next, the advanced FM -FM stereo 
tuner. As you build this superb stereo 
tuner, you'll come to fully understand 
how the advanced, "state -of- the -art" 
features lead to such high performance 
specs.* You'll learn about all solid - 
state construction, FET front end for 
superior sensitivity, crystal IF filters 
for wide bandwidth and the superior 
multiplex circuit that produces such 
excellent stereo separation. 

A wealth of knowledge in 
digestible chunks. 

O.K.! So now you might be thinking, 
"It sounds really interesting ... but kind 
of complicated." And you're right. 
But that is why we use the "hands on" 
teaching approach. 

We've taken all the material and 
broken it down into short, simple -to- 
grasp lessons, so you can master one 
thing at a time before moving on. And 
we take you through it step by step. 
From the basics to advanced theory to 
applied audio technology. So you 
actually have an easier time with it. 

"Electro-Lab ®" is a registered trademark 
of the Bell & Howell Company 

Special learning opportunities give 
you extra help and attention. 

In case you do run into a problem or 
two, we're ready to give you more help 
and personal attention than you'd expect 
from most learn -at -home programs. 

For example, many home study 
schools ask you to mail in your ques- 
tions. Bell & Howell Schools gives you 
a toll -free number to call for answers 
you need right away. 

Few home study schools offer per- 
sonal contact with instructors. Bell & 

Howell Schools organizes "help ses- 
sions" in 50 major cities at various times 
during the year -where you can discuss 
problems with fellow students and 
instructors in person. 

And when you're done, you'll know 
a lot more than just 4- channel sound! 

You'll have covered the complete 
spectrum of electronics principles, lead- 
ing to a full understanding of audio 
technology. 

And while no school can promise you 
a job or income opportunity, you will 
have occupational skills necessary to 
become a full- service technician. With 
the ability to work on the entire range of 
audio equipment. Such as tape recorders, 
cassette players, FM antennas and com- 
mercial sound systems. You'll know 
audio technology from the inside out. 
And you'll be proud of it. 

Plus you will have the basic skills that 
apply to the entire electronics field, in- 
cluding television technology and repair. 

For more details, mail card today! 
Here's your chance to break out of 

the mold. And break into 4- channel 
audio with Bell & Howell Schools. Why 
not look into it today. Mail the attached 
postage -paid card now. There's no 
obligation! 

Taken for vocational purposes, this 
program is approved by the state 
approval agency for Veterans' Benefits. 

Wood cabinets available at extra cost. 

15 watts per .channel-Min. RMS into ti ohms 
at less than 0.25% total harmonic distortion from 
20- 2(1.000 Hz. all channels fully driven. 

If card has been removed, write: 
An Electronics Home Sfudy School 
DEVRV In5TITUTE OF TECHrIOLOGN 766 
Oro c ME 

BELL HOWELL SCHOOLS 
4141 Beimonl. Chcay 
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do-it-yourselfi 

We're one of 
the country's 
largest Mail 

Order Houses 
of Stereo 

Equipment 
and Musical 
Instruments. 

Our volume buying power enables 
us to pass the savings on to you. 
Listen to us ... You can't go 
wrong. 

Fill out this coupon and mail to address 
below for our latest Free Catalogs. 

Name 

Address 

City 

State Zip 

AUDIO CATALOG 
MUSICAL INSTRUMENT CATALOG 

P 

STilll. 
IIISCIIIINTERS 
7A AYLESBURY ROADDTIMONIUM, MD. 21093 

[301] 252-6880 
EADER SERVICE CARD 

Now...the most enjoyable, 
project of your 

life -a Schober Electronic Organ! 

You'll never reap 
greater reward, more 
fun and proud 
accomplishment, more 
benefit for the whole 
family,than by 
assembling your own 
Schober Electronic Organ. 
You need no knowledge of electronics, woodwork 
or music. Schober's complete kits and crystal - 
clear instructions show you' - whoever you are, 
whatever your skill (or lack of it) - how to turn 
the hundreds of quality parts into one of the 
world's most beautiful, most musical organs, 
worth up to twice the cost of the kit. 

Five superb models, with kit prices from $575 
to around $2,300, each an authentic musical instru- 
ment actually superior to most you see In stores. 

Join the thousands of Schober Organ builder - 
owners who live in every state of the Union. Often 
starting without technical or music skills, they 
have the time of their lives -first assembling, then 
learning to play the modern King of Instruments 
through our superlative instructions and playing 
courses. 

Get the full story FREE by mailing the coupon 
TODAY for the big Schober color catalog, with 
all the fascinating details! 

The .99Ch ée4 Organ Corp., Dept. PE -60 
43 West 61st Street, New York, N. Y. 10023 

Please send me Schober Organ Catalog. 
Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE___ ZIP 
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cation, General Instrument intro- 
duced its CP1600, a 16 -bit address 
chip). To obtain a free copy of the 
scorecard, write directly to Micro- 
computer Technique, Inc., 11227 
Handlebar Road, Reston, VA 22091, 
enclosing a 9" x 12" self- addressed, 
stamped (100) envelope. 

The Biggest Problem. It is not 
overly difficult nor expensive to build 
your own computer. The major prob- 
lem that plagues hobbyists (and the 
computer industry as well), is an inex- 
pensive and useful input /output de- 
vice such as a terminal. 

The first reaction is usually to sug- 

Graphics terminal (above left), 
designed by Hal Chamberlain, can 
draw pictures of music scores or 
logic diagrams, as at right. 

gest using a teletypewriter such as 
Teletype Corp.'s 33ASR. However, this 
means connecting a $1200 device to a 
$400 computer -hardly a desirable 
match from the point of view of cost. 
There are, to be sure, some inexpen- 
sive teleprinters on the surplus mar- 
ket, and many hobbyists have adapted 
them to computer use. However, there 
is still a major problem -this equip- 
ment is bulky, noisy, and slow. 

The second reaction to the problem 
is almost always to consider using a 
TV set as the output display device and 
an inexpensive keyboard as the input 
medium. Connecting a keyboard to a 
computer is easy, of course, but driv- 
ing a TV set with the output is a dif- 
ficult task. At present, estimates run to 
a few hundred dollars to make this 
type of TV data display. (A couple of 
low -cost "computer terminals" are 
currently being advertised, but we 
have no experience with them to date.) 

One solution to this problem has 
been the design of a graphics terminal 
by Hal Chamberlain, writing in "The 
Computer Hobbyist,' Box 295, Cary, 
NC 27511. This terminal is controlled 
from an Intel 8008 microprocessor 
with as little as 1024 (eight bit) bytes 
of memory. In addition to alpha- 

numerics, it is also capable of 
drawing pictures (for example: chess- 
boards, music manuscripts and logic 
diagrams). When combined with a 
low -cost keyboard for the input de- 
vice, this display can serve as the 
primary output device for a small 
computer. 

Sharing. The sharing of hardware 
and software ideas depends upon 
common agreement as to symbols 
and media. Electronic circuits all con- 
form to standardized schematic sym- 
bol rules. However, computer pro- 
grams are usually too complicated to 
be so simply described. It is common, 

therefore, for programmers to share 
and exchange programs. 

If you obtain a useful program from 
a friend, you'll often be faced with the 
problem of transcribing it into compu- 
ter form through a keyboard. Not only 
is that time -consuming, but it is 
error -prone. As one expects, most 
computer centers exchange pro- 
grams on magnetic tape, but the tape 
transports cost upwards of $5,000. 
Users of mini -computers tend to use 
punched paper tape from a Teletype- 
writer, but few hobbyists will have a 

paper tape reader. 
So what is the poor computer hob- 

byist to do? A neat, inexpensive solu- 
tion will be offered in this column next 
time around. Q 

Editor's Note. It is hoped that this 
quarterly column will serve as a clearing 
house for computer hobbyist groups and 
others with interests in the field. If you 
area member of such a group, or want to 
be, write to Computer Bits, Popular Elec- 
tronics, 1 Park Ave., New York, NY 10016. 
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MAC'S SERVICE SHOP 

Taming 
Static Electricity 

THROUGH the open door of the 
service department, Mac 

watched Matilda typing in the outer 
office. She did not hear Barney, Mac's 
assistant, come in from the bright 
freezing weather outside. He quietly 
removed his snow boots and stealthily 
walked across the floor, sliding his 
feet on the carpet, until he was stand- 
ing directly behind the absorbed girl. 
He slowly reached out a forefinger to- 
wards the nape of her neck, and she 
suddenly let out a shriek scattering the 
papers she was holding. Barney beat a 

hasty retreat to the service department 
with Matilda in hot pursuit. 

"Let me kill him," Matilda begged, 
trying to dodge around Mac and get at 
Barney. "He stuck me with a pin." 

"I did not," Barney denied, grinning 
down maddeningly. "I didn't even 
touch you." 

Static Electricity Is To Blame. 
"He's right. I saw the whole thing," 
Mac said. "He gave you a shock with 
static electricity, and that gives me an 

excuse to continue a discussion of 
several months ago. Then we talked 
about the uses of static electricity for 
such things as smoke precipitation, 
ore separation, spray painting, and 
flocking. These are examples of static 
electricity on its good behavior 
-which it usually isn't! Most of the 
time it's causing shocks, unruly hair, 
clinging clothes, lightning strokes, 
and explosions; or it's fouling up print- 
ing and manufacturing processes or 
destroying IC's and transistors. As- 
tronomy has been called the wise 
child of a foolish mother, astrology. In 

the same way, static electricity might 
be called the mischievous, annoying 
parent of a hardworking son, current 
electricity, which provides us with 
light, heat, telecommunication, and 
power. So now let's talk about how we 
can take the mischief out of static 
electricity." 

"Amen!" Matilda said soulfully, 
rubbing the back of her neck. 

JUNE 1975 

By John. F. Frye, W9EGV 

"You both know from your high 
school physics or our previous dis- 
cussion that, when certain substances 
are placed in firm contact and then 
separated, electrons transfer from 
atoms of one substance to atoms of 
the other. Atoms which lose electrons 
become positively charged ions, or ca- 
tions; those gaining an electron be- 

come negatively charged ions, or an- 
ions. Both a potential difference and 
an electrostatic attraction develop 
between the separated, oppositely 
charged surfaces. In fact, if only one 
electron in 100,000 atoms of a surface 
is exchanged, that surface is very 
strongly charged. The substances 
vary widely, but one or both is usually 
a poor conductor. Some combina- 
tions are: glass and silk, wool and hard 
rubber, paper and aprinting press roll, 
a fabric belt and a steel pulley, a rub- 
ber tire and the pavement, a cold dry 
stream of particle- bearing air and an 
airplane wing." 

"Or the soles of a pair of size eleven 
clodhoppers sliding across a nylon 
carpet," Matilda injected tartly, 
glowering at Barney's feet. 

"Electrostatic attraction is what 
makes your hair follow the comb on a 

snappy winter day such as this," Mac 
hastened to continue. "The passage 
of the comb leaves one type of charge 
on the hair and the opposite on the 
comb. But since the individual hairs 
have similar charges, they repel each 
other after the comb is taken away 
leaving you with a Phyllis Diller coif- 
fure. Dampening the hair provides a 

conductive path for the charges to 
leak off the ends and permits you to 
comb it down. 

"Here we have one rule for the con- 
trol of static electricity problems: 
provide a comparatively low resis- 
tance path for the charge to leak off as 
fast as it accumulates on a noncon- 
ductor or on the surface of an insu- 
lated conductor. I say 'comparatively 
low resistance path' because a resis- 
tance as high as one megohm will or- 
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dinarily be adequate for preventing a 

potential buildup. When the relative 
humidity is raised above 70 %, most 
insulators become conductive 
enough, either through absorption or 
hygroscopic action, to allow a static 
charge to leak away as fast as it is 
formed. Where static electricity 
causes the adhesion or repulsion of 
sheets of paper, layers of cloth, fibers, 
etc., humidifying the atmosphere has 
proved to be a solution in some indus- 
trial applications. Unfortunately, this 
sometimes brings on new problems 
with both materials and personnel. 

"There is another way we can put 
moisture to work as a conducting 
path. That is by loading a plastic with a 
'detergent' hygroscopic material or by 
spraying this material on a fabric or 
rug. This material will attract and hold 
water molecules forming a conductive 
path that prevents static buildup. To- 
morrow, Matilda, I'll spray that rug out 
there with Anti -Shock Spray, mar- 
keted by Bigelow- Sanford, Inc., 
Greenville, S.C. Then you should be 
safe from Barney's shocking behavior 
until the humidity takes over in the 
summer." 

"Then high relative humidity 
doesn't prevent the 'generation' of 
static electricity; it simply interferes 
with the accumulation of a charge 
high enough to be noticed," Barney 
observed. "Incidentally, how high a 
stored charge is 'high enough' to 
cause trouble ?" 

"Consider what happens in explo- 
sions of gases and vapors ignited by 
electrostatically produced sparks. The 
ability of such a spark to produce igni- 
tion depends on its energy, which is 
some fraction of the total stored 
energy. In a nonconductor, in which 
the charges are tightly bound, this 
fraction is low because only a small 
area can contribute to the spark; but 
with a conductor, through which 
charges move easily, the total charge 
contributes to the effect. That's why 
sparks between two nonconductors 
generating a charge seldom produce 
hydrocarbon gas explosions directly, 
but they induce charges in nearby 
conductors which are quite capable of 
producing such explosions. 

"Stored energy is a function of both 
voltage and capacity. It can be calcu- 
lated from the formula: E = 1/2 CV2 x 
10-4; where E is the energy in milli - 
joules, or thousandths of a watt - 
second; C is the capacity, related to 
the surface area, in picofarads; and V 
is the potential across the spark gap in 

volts. It has been found that about 0.25 
millijoules of stored energy is required 
for ignition of optimum mixtures of air 
and saturated hydrocarbon gases and 
vapors. Sparks arising from potential 
differences of less than 1500 volts are 
unlikely to be hazardous in these mix- 
tures because of the short gap and the 
heat loss at the terminals. Plugging 
these minima into the formula, you 
come up with 222 pF., which is slightly 
less than the capacitance of a large 
man. As the voltage goes up, the 
minimum capacity goes down. The 
spark from Barney's finger to your 
neck, Matilda, was at least y inch 
long, which indicates his body had a 
charge of around 20,000 volts. At that 
voltage, a capacitance of only 1 1/4 pF., 
or about that of a 20 -penny nail, could 
store enough energy to ignite gasoline 
fumes. Incidentally, remember when 
we used to see gasoline trucks drag- 
ging metal chains to ground static 
buildup? We don't see that any longer 
because it didn't work well. Now they 
bond the metal tank of the delivery 
truck to the ground tank before 
gasoline is pumped into or out of the 
truck tank. 

"Electrostatic voltages far below 
the 1500 -volt level can do expensive 
damage to the equipment we use here. 
Some MOSFET's will be permanently 
damaged if as little as 30 volts is ap- 
plied across the thin oxide region from 
gate to source. If your body is charged, 
just touching a lead can destroy such 
a device. Safe handling of many IC's 
and transistors requires that every- 
thing coming in contact with them be 
devoid of static charges, which is 
another way of saying everything 
should be grounded." 

Special Products. "Custom Materi- 
als, Inc., Chelmsford, Mass., manufac- 
tures a special electrically conductive 
plastic product called VELOSTATR 
just for this purpose. The conductivity 
is inherent and not dependent on 
moisture attraction, as is the case with 
many other 'antistatic' materials. 
When workbench, stool seat, and floor 
mat are covered with Velostat; when 
the worker is wearing Velostat boots, 
apron, or gloves; and when all these 
Velostat items are bonded to each 
other and to ground with Velostat rib- 
bon; there's no opportunity for 
damaging electrostatic charges to 
accumulate. 

"Now, let's consider some other 
ways of eliminating static charges. 

"The shape of a conductor has 
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much to do with the distribution of a 

charge on its surface. The mutually 
repelling action of like charges con- 
centrates the charge on the portion 
with the least radius of curvature. On a 

needle point, where the radius is near 
zero, the charge can be so concen- 
trated that it ionizes the air at the point 
and is absorbed in the process. The 
discharge in such a case starts at a 

much lower voltage than would be the 
case if the conductor did not have a 

sharp point. Static -discharging 
'wicks' bolted to the trailing edges of 
airplane wings are often made of 
frayed copper braid to take advantage 
of this ability of small diameter points 
to dissipate a charge. 

"If a series of needle -pointed con- 
ductors is fastened to a metal bar so as 

to form a 'comb' and this is mounted 
close to a fabric belt being electrostat- 
ically charged by running over a metal 
pulley, the belt charge will induce an 

opposite charge in the comb. An 

ionized path between the belt and the 
needle points then dissipates the 
charge as rapidly as it forms. This 
works equally well with paper passing 
over rollers. 

"A battery of such combs can be 

made to ionize the air by placing a 

high voltage on them. Then a fan blow- 
ing this conducting ionized air across 
any area where troublesome static 
charges may form will bleed off the 
charge to some nearby grounded ob- 
ject it can accumulate." 

"What's this picture of a handheld 
device that looks like a ray gun ?" Bar- 
ney asked. 

"That's a picture of Custom 
Material's instrument for measuring 

Custom Materials' Model 
('111 -7777M Static Meter 
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the potential of static electric charges 
from a safe distance. Here's a diagram 
of how it works. The meter, which is 

essentially at ground potential, is 

handheld at distance, d, from the 
charged object. A potential difference 
V, develops between the object and 
the gun tip setting up an electric field, 
E, directly proportional to V and in- 
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Diagram shows how meter to 
measure static buildup works. 

versely proportional to d. An opening 
in thegun barrel is covered with a wire 
screen; and directly behind the screen 
and to the side is a small sample of 
radioactive tritium emitting beta rays 

or electrons toward the screen. 
Electron- bombarded air molecules 
are ionized to form a thin layer on 
which the electric field of the static 
charge impinges. Since a field exerts a 

force on a charge, the ionized air 
molecules move forward or backward, 
depending on the polarity of the 
charge, the amount of movement 
being related to the intensity of the 
charge. 

"A metal electrode behind the layer 
of ionized air is connected to a sensi- 
tive FET amplifier and the current pro- 
duced by the movement of the 
charged air molecules is displayed on 

a meter on the back of the gun. By 

holding the gun tip at distances of 2 ", 

6 ", and 12" from the charged object 
and using a 3- position mechanical 
range selector, nine full -scale values 
covering a range of 500 to 200,000 
volts are achieved. 

"Now, we've got to knock it off and 
start earning a buck, although we've 
barely scratched the surface of the 
fascinating subject. We've talked be- 
fore about lightning, the really big 
show of static electricity. Sometime, 
maybe we will discuss precautionary 
measures used in operating rooms, 
around explosives, in dusty locations, 
on helicopters, etc. 
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CB Scene 

HANDLING THE VSWR PROBLEM 

AWHILE AGO I attended a meet- 
ing of microwave engineers. Up 

front, a speaker slashed the black- 
board with a piece of chalk and said, 
"You've got to get rid of the vizz war!" 

On another occasion, I heard an avi- 
onics technician, wriggling out of the 
fuselage of a light plane, exclaim 
triumphantly, "We just got rid of the 
vizz war!" 

Of course, vizz war is not the latest 
skirmish to be debated at the United 
Nations. It's the way the in crowd" 
pronounces VSWR, voltage standing 
wave ratio, sometimes called just plain 
SWR. 

Most of the time, VSWR is as in- 
teresting to contemplate as a bubble 
surfacing in a pool of lava. It rarely 
intrudes if a CB system is comprised 
of standard components, in which a 
transceiver with a 50 -ohm output im- 
pedance is connected to a 50 -ohm 
transmission line that's hooked up to a 
50 -ohm antenna. There's a perfect 
match all around and r -f power flows 
smoothly from one to the other. But no 
marriage is forever perfect, as an es- 
calating vizz war will indicate. Gradu- 
ally, the coaxial jacket cracks, corro- 
sion creeps into conductors and con- 
nectors, wires short out, a cold solder 
joint develops ohmic resistance, rust 
prevents a lug from making firm con- 
tact with ground or a base mount be- 
comes isolated from a car's sheet 
metal. More dramatically, a heavy ice 
storm can cause radials to fall off, or a 
200 -pound bird comes to roost on 
your antenna. Any one of these trou- 
bles will draft you into fighting the Vizz 
war. 

Measurements. Since manufac- 
turers appear to sell more SWR meters 
(also called "reflectometers ") than 
any other CB accessory, they're worth 
a close look. Measuring an antenna's 
SWR (with a reflectometer) is a clever 
tactic, because troubleshooting an 
antenna system with other instru- 
ments would require the resources of 
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a NASA laboratory. You can put an r -f 
wattmeter on the transceiver output, 
but all it reveals is how much power is 
being delivered to the coaxial cable. 
Finding out if that power is being effi- 
ciently radiated by the antenna is 
another matter. 

Ohm's Law doesn't really help be- 
cause most operators lack the gear 
needed to measure the parameters of 
an antenna system operating at 27 
MHz. For example, if your rig puts out 
4 watts into a 50 -ohm load, Ohm's Law 
says that the antenna current would 
be 300 milliamperes (mA). But an r -f 
ammeter that could accurately read 
300 mA is priced beyond the means of 
many CBers. So unless you have ac- 
cess to fancy r -f instrumentation, a 
low -cost SWR meter is the most prac- 
tical way to monitor impedance 
matches. 

Since a transceiver should have its 
output circuitry factory -tuned for 
50-ohm loads, one doesn't expect 
much of an SWR ripple where the 
transceiver meets the coaxial cable. 
The feedline itself should not produce 
a mismatch, because standard lines, 
such as RG58 /U, display a constant 
50 -ohm impedance regardless of 
length when terminated with a 50 -ohm 
load. If you suspect something's amiss 
in the transmitter tuning, connect an 
r -f wattmeter and a 50 -ohm dummy 
load to the rig's output with short 

Fig. 1. In ca perfectly 
matched system, the c.f. 

voltage is constant 
all along the feedline. 

pieces of coax. The output should 
nudge close to the 4 -watt limit of the 
FCC. Use the procedure in the 
manufacturer's instruction manual to 
peak the output to the legal limit. (Re- 
member to keep away from the 
frequency- sensitive controls, as these 
can only be adjusted by a technician 
with a valid FCC Commercial license. 
If in doubt, check with a tech.) 

The happiest situation occurs when 
all the power delivered to the feed line 
is coupled to the antenna and radiated 
into space. In this ideal system, an r -f 
voltmeter placed across the transmis- 
sion line, as shown in Fig. 1, will indi- 
cate a constant voltage anywhere 
along its length. With nary a voltage 
ripple, the line is said to be "flat." But 
the ravages of time and the elements 
eventually disturb this placid relation- 
ship. 

The result is graphically shown in 
Fig. 2. Instead of accepting and radiat- 
ing all the r -f power, the antenna 
bounces back part of the signal into 
the feedline. Two waves now travel on 
the line: a forward wave and a re- 
flected one. The reflected wave op- 
poses and cancels a portion of the 
forward wave, setting up a standing 
voltage wave. The r -f voltmeter will re- 
veal this. Let's assume that voltmeter 
M1 is put across the line at the point of 
maximum voltage (also called a loop 
or antinode) and reads a potential dif- 
ference of 200 volts. The second volt- 
meter, M2, is placed across the line at 
the point of minimum voltage (called a 
node) and reads 100 volts. The stand- 
ing wave ratio or SWR is then 
V,,,,,\ /V,,,;,,, 200/100, or 2 (also ex- 
pressed as 2:1 or "two -to- one "). If the 
two voltage extremes were 400 and 40 
V, the SWR would be 10. 

CSWR. We've been measuring volt- 
age along the transmission line, but 
the same relationships hold for cur- 
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Fig..?. When impedance 
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rent distribution. Current standing 
wave ratio is also meaningful. Inciden- 
tally, the loops (or nodes) in Fig. 2 are a 

half -wavelength apart from each 
other, or about 17 feet (approximately 
5.5 m) at CB frequencies. 

No practical system is perfect. An 
SWR of 1 occurs only in engineering 
textbooks. An acceptable ratio is 2 or 
less, but even at 2 the power loss is 

only 0.2 dB, or about 11 %. That's 
much less than the 1 -dB drop that oc- 
curs on a 50 -foot (15-m) length of 
RG58 /U from the transceiver to the 
roof. It's not worth trying to lower your 
SWR from 1.5 to 1.4, as power losses 
are small below 2 or 2.5. You should be 
wary, however, of an SWR of 3 be- 
cause it usually means that something 
is drifting into the trouble area. 

Losses due to high SWR pick up 
when it runs much above 3. At this 
value, about 25% of your power never 
makes it into the antenna. About half 
your r -f power is wasted when the 
SWR increases to 12. This is not as 

dramatic as it sounds. Losing half your 
power may seem like a lot, but that's 
only a 3 -dB drop in signal strength 
(other things being equal) or about 
half an S unit. 

SWR produces more serious effects 
than power loss. It can raise the volt- 
age across the output circuitry to a 

critical value. Final transistors can 
blow out -as often happened in the 
early solid -state rigs. Today, however, 
engineers produce active devices with 
a high degree of SWR immunity. A 

high SWR can also heat up coaxial 
cables to the melting point, but this 
rarely happens at 4 -watt CB power 
levels. 

Besides keeping a watchful eye over 
your transceiver output stage, there's 
another advantage to monitoring the 
SWR of your system -it telegraphs the 
condition of your antenna system. 
While you sit comfortably at your 
operating position, you can judge how 
well your antenna is standing up to the 
hail and sleet storm raging outside. 
Any abrupt change in SWR warrants 
an inspection upstairs. 

A typical SWR meter (Fig. 3) sam- 
ples radiation traveling in two direc- 
tions on a short piece of transmission 
line. Inside the cabinet, two "direc- 
tional couplers" (short lengths of 
wire) run parallel to the line. A switch 
connects either pickup wire to a meter 
(through a diode rectifier, which con- 
verts the r -f signal to dc). When the 
switch is in the FORWARD position, the 
meter gives a relative indication of 
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Fig. 3. An in -line reflectonleter 
indicates the impedance match. 

the strength of the wave traveling from 
the transmitter towards the antenna. 
You then adjust a calibrating pot to 
bring the needle to exactly full scale 
(using an unmodulated carrier). To 
read SWR, the switch is thrown to 
REFLECTED, which connects the meter 
to the other directional pickup. This 
samples the wave going back down 
the line from the antenna towards the 
transmitter. The meter indicates SWR 
directly, and some models are also 
calibrated in "Percent Reflected 
Power." 

Many SWR meters have negligible 
insertion loss, so they can be left in- 
line for continuous monitoring. 
Others, however, have built -in dummy 
loads and no output jacks. These 
should be used only for peaking ad- 
justments, as described above. Some 
models have limited power -handling 
capacities, but this is almost never a 

problem at CB power levels. Check the 
manufacturer's literature for details. 

If your system's SWR reads suspi- 
ciously high after the antenna has 
been in service for a while, look for the 
trouble spots mentioned earlier. High 
SWR on a brand -new installation, 
might have some other cause. If you 
soldered coax connectors onto the 
cable yourself, doublecheck your 
work. When the coax was routed from 
the antenna to the rig, was it bent 
sharply? Did a nail or staple accident- 
ally puncture the insulating jacket? If 

the antenna was positioned close to a 

large mass of metal, its feedpoint im- 
pedance might have been altered. At a 

base station, proximity to a large TV 
mast with a group of guy wires can 
cause this effect. Sheet -metal ducts, 
plumbing, metal flashing, or electrical 
cables can also create problems. Try 
to keep the antenna at least a half - 
wave (about 17 feet or 5.5 m) away 
from any large amount of metal. 

Never try to reduce SWR by fiddling 
with transceiver controls. You might 
cause an apparent drop in SWR, but a 

better match is not obtained, merely a 

drop in transceiver output. Once the 
rig is optimized for 50 -ohm loads, as 
described above, don't touch its in- 
nards anymore. 
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witniw the lelephewe mimeo TELEPHONE ELECTRONICS LINE is 

pnblieation deOgaed for Om Ielep.one min... Phew rhreak, and 

catmie w, com ai.i.g interesting a Inks which offer a wealth of hard m 

lied informatioa. Teeknieal thew is also discussed, among the following it s. 

Current News Items Code Numbers 
Illustrations Games Facts Plans 
Projects History Comics Stories 
Facts prieviously Tel. Co. confiden- 

tial is now published in TEL! 
Owe yea/ ewbmriptioa raps: toitd Malec Sa.00, Cavadian 8 foretell So. 

ALL OF THE CONSTRUCTION PLANS ABOVE PLUS A ONE YEAR SCIGt- 

SCRIPTIONTOTELEPRONEELECTRONII 'S LINE. Sto at AIRIER ID 

TE MAL ASPECTS 
OF IRECOIWECTIOE 

DIRNSIi EO 

The complete reference book to your 
LEGAL RIGHTS as a telephone sub- 
scriber. Study toll evasion, tariffs, 
wiretapping, customer provided equip- 

ment, and many more! 
ALL OF THE CONSTRUCTION PIANS ABOVE AND A ONE YEAR SUBSCRIPTION 

TO TEL PLUS "THE LEGAL ASPECTS OE IN TFI('ONRECTION ": SA.00 MRMAIIED. T C R nív amearl 
22035 BURBANK BLVD.,WOOOLANC HILLS CA 9'135a 

CIRCLE NO. 47 ON READER SERVICE CARD 
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IF YOU ARE READY FOR SERIOUS CAREER 

Learn College -Level 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


ADVANCEMENT NOW 

Electronics at H 0 Al e 
With CREI's unique Electronic 

Design Laboratory Program 

There is only one way to a career in 

advanced electronics- through advanced 
training. You can get such training through 
a resident engineering college or you can take 
a CREI specialized college level electronics 
program at home. 

Wide Choice of Programs. CREI offers you 
program arrangements with fourteen areas of 
specialization in advanced electronics. You 
can select exactly the area of specialization 
for the career you want. 

CREI also offers program arrangements 
both for those with extensive experience in 

electronics and for those with only limited 
experience. All programs are college -level, 
except for a brief introductory level course, 
which is optional. 

Unique Laboratory Program. CREI now offers 
a unique Electronic Design Laboratory Program 
to train you in the actual design of electronic 
circuits. You also get extensive experience in 

tests and measurements, breadboarding, pro- 
totype building and in other areas important 
to your career. The Lab Program makes it 
easier for you to understand the principles of 
advanced electronics. Only CREI offers this 
complete college type laboratory program. 

The Lab Program includes professional 
equipment which becomes yours to keep. 
You will especially appreciate the Electronic 
Circuit Designer, which is available only 
through this program and which you will find 
extremely valuable throughout your profes- 
sional career. 

College Credit. You can actually earn college 
credit through CREI programs, which you can 
use at recognized colleges for an engineering 
degree. CREI maintains specific credit transfer 
arrangements with selected colleges in the U. S. 

Industry Recognized Training. For nearly 
50 years CREI programs have been recognized 
throughout the field of electronics. CREI 
students and graduates hold responsible 
positions in every area of electronics and are 
employed by more than 1,700 leading organi- 
zations in industry and government. 

Qualifications to Enroll. To qualify for enrol- 
ment, you should be employed in electronics 
or have previous experience or practical train- 
ing in the use of electronic equipment. You 
must also be a high school graduate or true 
equivalent. 

All CREI Programs are available 
under the G.I. Bill 

Send for FREE Book. If you are qualified, 
send for CREI's full color catalog describing 
these college -level programs and your career 
opportunities in advanced electronics. Mail 
card or write for your copy of this book. 

CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 

McGraw -Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D. C. 20016 

Accredited Member, National Home Study Council 
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HUGE GS Mous 

SAVo oM- 
DISCOUNTS 

ON NATIONALLY ADVERTISED 
TURNTABLES CARTRIDGES 

COMPACTS RECEIVERS 

AMPLIFIERS TAPE RECORDERS 

Wholesale Prices, Audio Warehouse Sales. 

One of the Capitols largest stereo whole- 
salers will fill and deliver all your mail 
orders promptly in factory sealed cartons 
at prices that will amaze you 

Write for quote on Famous Brand, 
Stereo Components. We guarantee 
satisfaction. 

AUDIO 
WAREHO US ALE 
331NG RK 

N.E. 

WAS HÑOND.C 20002 

(202) 
832 -1616 

CIRCLE NO. 1 ON READER SERVICE CARD 

'111 WE'LL 
SAVE YOU MONEY 

ON FAMOUS BRAND 

NATIONALLY ADVERTISED 

STEREO COMPONENTS, 
VIDEO & PROFESSIONAL 
PRODUCTS EQUIPMENT 

WRITE TODAY FOR OUR QUOTE AND 

OUR COMPLETE PRICE CATALOG 

FAST DFLIVERY IN FACTORY SEALED CARTONS 

FOR IMMEDIATE QUOTE 
CALL (202) 723 -6060 

THE COST OF YOUR CALL WILL BE DEDUCTED 
FROM ANY ORDER OVER S200.00. 

Master 
Chge/ 

BankAmericard Honored on Mail Orders 

CIRCLE ND. 1 ON READER SERVICE CARD 

A.D.R. AUDIO 
VIDEO 

6200 CHILLUM PLACE N.W. 
WASHINGTON, D.C. 20011 
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Hobby Scene 
LOUDNESS CONTROL FOR AUDIO AMPS 

Q. Could you explain the function of 
the Loudness control on many audio 
amplifiers? Is there an add -on circuit 
to realize this function ? -Edward 
Cheung, London, Ontario 

A. Loudness controls are incorpo- 
rated into audio amplifiers because 
the ear has a nonlinear response. At 
low volume levels, we do not hear bass 
frequencies as well as the highs. Ac- 
cordingly, the loudness control corn - 
pensates by boosting the bass so that 
it sounds as loud as the treble mate- 
rial. The circuit shown here will func- 
tion as a bass -boost or loudness con- 

PREAMP 
OUTPUT 
TRANSISTOR 

BASS BOOST 

R2 
S0K 

INPUT 
RI 

5K 
LEVEL 

u 

0.7 HENRYS 
SOIL DC 
MAXIMUM 

20aF 
15V OUTPUT 

trol when placed between the pream- 
plifier output and amplifier input. Set 
R2, a 50 -k, linear -taper potentiometer 
for maximum resistance. Adjust R1, 
the level control, so that the program 
material sounds as loud as the original 
and adjust the treble control on the 
preamplifier for proper tone balance. 
Now the program level can be reduced 
to the desired listening level and R2 
adjusted for the same acoustical bass 
response. With R2 set for maximum 
bass boost and R1 for a 40 -dB out- 
put, the frequency response will 
agree to within 2 dB of the 55 -phon 
Fletcher- Munson curve. Inductor L1 
can be derived by using the yellow and 
green leads on the secondary of an 
Argonne AR -128 (Lafayette 33 F 

85358) audio transformer. 

AM RADIO ANTENNA TERMINALS 

Q. I recently bought an old Silvertone 
radio at a garage sale. I am confused 
about the antenna terminals on the 

back of the set. There is a two - 
terminal strip and a ground lug un- 
derneath. One of the terminals is 
marked ANT and the lug is marked 
GND. I undersand what they signify, 
but the second terminal on the strip, 
marked DeL, mystifies me. What is the 
DBL terminal for? -Todd Gillespie, 
Barrington, Ill. 

A.This configuration is often found on 
older BC and shortwave receivers. If 
an unbalanced antenna, such as a 
random -length, end -fed wire is used, it 
is connected to the ANT terminal. A 
wire should then be run from the GND 
terminal to a good earth ground (a 
cold water pipe is fine). If a balanced 
antenna, such as a center -fed dipole is 
used, one lead of the balanced feed - 
line (such as twinlead) should go to 
the ANT terminal, and the other lead to 
the DBL or Doublet (which is another 
name for a dipole) terminal. A good 
earth ground should be connected to 
the GND lug. 

NEON BULB FLASHER 

Q. I have an NE -34 neon light, and 
want to make a flasher circuit that will 
operate at about 2 Hz. Is there a sim- 
ple way to do this? -David Bellevue, 

Wilmington, DE. 

A. A high -voltage battery and a sim- 
ple RC circuit can be combined with 

Mv\44 

_ L_ 

I MEG. 

= v 

T T 
az'r NE-34 

your neon bulb to produce a flasher. 
The switching rate depends on the 
product of R and C, which in this case 
is about a half- second. The lamp will 
blink about twice each second. Use 
two NEDA 200, 671/2 -volt batteries in 
series as a voltage source. 

Have a problem or question on circuitry, 
components, parts availability, etc? Send it 
to Hobby Scene, Popular Electronics, One 
Park Ave., New York, NY 10016. Though all 
letters can't be answered individually, those 
with wide interest will be published 

POPULAR ELECTRONICS 
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PRICES Sk;'ned up to 50% 
Take advantage of our new Volume Discount. 

SEMICONDUCTORS 
7400 SERIES 

Solid State Systems, Inc. has in stock a wide range of 
SEMICONDUCTORS including 7400 TTL, Linear IC's, 
Diodes, Transistors, and TRIAC's. 

These items are ALL factory tested FIRST -RUN 
PRIME. All IC's are supplied in 18 -, 14 -, 16 -, or 24 -pin 
DIP plastic or ceramic package except for NE540 and 

SE540, which come in a TO -3 package. 

Catalog 
Number 

Descrition 
Unit 

Prices 

12.17501 NE501A Video Amplifier 2.50 
12 -27531 NE531V High Slew Rate OP Amp 2.60 
12 -37540 NE540L Power Driver 2.00 
12 -35540 SE540L Power Driver 4.00 
12 -17550 NE550A Precision Voltage Regulator 1.00 
82 -03554 SI- 3554E, 5V 3 Amp Voltage Reg 7.50 
12 -27555 NE555V Timer .80 
12 -25556 N5556V Operational Amp 1.50 
12 -25558 N5558V Dual Operational Amp .68 
12 -17560 NE56OB Phase Locked Loop 2.25 
1217561 NE561B Phase Locked Loop 2.25 
12 -17562 NE5628 Phase Locked Loop 2.25 
12 -17565 NE565A Phase Locked Loop 2.25 
12 -27566 NE566V Function Generator 2.25 
12-27567 N E 567 V Tone Decoder P L L 2.25 
12 -15595 N5595A Linear 4 -Quad Multiplier 2.25 
12 -15596 N5596A Balanced Modulator -Demod 1.65 
12 -25709 709CV Operational Amp .38 
12 -15710 710CA Voltage Comparator .30 
12 -15711 711CA Dual Voltage Comparator .32 
12 -15723 723CA Precision Voltage Reg .85 
12 -15733 733CA Differential Video Amp 1.40 
12 -25741 741CV High Performance Op Amp .45 
12 -15747 747CA Dual Operational Amp .95 
12.25748 748CV High Performance Op Amp .35 

DIODES 
21 -10270 1N270 Germanium Switching Diode .12 
42 -14001 1N4001, 1Amp, 50PRV, Rec Diode .07 
42 -14002 1N4002, 1Amp, 100PRV, Rec Diode .08 
42-14003 11\14003, 1Amp, 200PRV, Rec Diode .09 
42-14004 1N4005, 1Amp, 400PRV, Rec Diode .10 
42 -14005 1N4005, tAmp, 600PRV, Rec Diode 1 

42 -14006 1N4006, 1Amp, 800PRV, Rec Diode 
42 -14007 1N4007, 1Amp, inn-- - 

Catalog 
Number 

Unit 
Price 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7413 
7416 
7417 
7418 
7420 
7421 
7423 
7425 
7426 
7430 
7437 
7438 
7440 
7441 
7442 
7443 
7444 
7445 

.20 

.20 

.20 

.20 

.21 

.21 

.40 
.40 
.22 
.22 
.20 
.21 
.45 
.38 
.38 
.30 
.20 
.20 
.40 
40 
.26 
.20 
.44 
.44 
.20 

1.00 
1.00 
1 .00 
1 .00 
1 .20 

Catalog 
Number 

Unit 
Price 

7484 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74104 
74105 
74107 
74121 
74122 
74123 
74141 
74145 
74150 
74151 
74153 
74154 
75155 
74156 
74157 
74158 
74161 
74162 

2.80 
1.40 
.45 

3.50 
.68 

1.00 
.68 
.68 
.98 
.98 
.98 

1.25 
.60 
.60 
.42 
.48 
.60 

1 .00 
1.25 
1.21 
1.42 
1 .00 
1 .25 
1 .95 
1.25 
1.25 
1.30 
1.30 
1.50 
1.50 

SCHOTTKY TT'L 
SPECIAL CLOSEOUT 
SALE on 74S00 series 

Schottky TTL. This is a 

one -time offer, as we are 

discontinuing our line of 
this fast TTL. These 

items are offered at our 

cost, but only while 
they last. These items 

will NOT be backorder- 
ed and credit will be 

issued for all items 

SOLD OUT. Get them 

while they are still in 

stock! 

Catalog 
Number 

Unit 
Price 

74501 
74.603 
74SO4 
74505 
74509 
74515 
74520 
74521 
74522 
74540 
74550 
74.351 
74560 
74S65 
74574 
74576 
74578 

74S107 
745112 
745113 
745114 

.50 

.50 

.55 

.55 

.50 

.50 

.50 

.50 

.50 

.55 

.50 

.50 

.50 

.50 

.99 

.99 
.99 
.99 
.99 
.99 
.99 

CMOS 
4000 
SERIES 

Catalog 
Number 

Description 
Unit 

Prices 

4000 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 

Dual 3 Input Positive NOR Gate Plus Incerte, 
Quad 2 -Input Positive NOR Gate 
Dual 4-Input Positive NOR Gate 
18 Stage Static Shift Register 
Dual Complimentary Pair Plus Inverter 
4 -Bit Full Adder W /Parallel Carry Out 
Hex Buffer, Inverting Type 
Hex Buffer. Non -Inverting Type 
Quad 2 -Input Positive NAND Gate 
Dual 4 -Input Positive NAND Gate 
Dual D -Type Flip -Flop W/Set -Reset 
8 -Stage Static Shift Register 
Dual 4 -Stage Static Register 
Quad Bilateral Switch 
i]ecada Counter /Divider W /Decoded Outputs 

.29 

.29 

.29 
2.55 

.29 
1.36 
.74 
.74 
.29 
.29 
.67 

1.86 
1.79 
.67 

1.69 
1.86 
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FREE 
DATA SHEETS 
WITH EVERY ITEM 
739/749 IC WITH 
EVERY $10 ORDER 

REDUCE YOUR PROJECT COSTS 
MONEY -BACK GUARANTEE 
24 -HOUR SHIPMENT 
ALL TESTED AND GUARANTEED 

TRANSISTORS (NPN): 
2N3563 TYPE RF Amp & Osc to I GHz (p1.2N9181 

2N3565 TYPE Gen. Purpose High Gain ITO-92/106) 
253567 TYPE High-Current Amplifier /Sw 500 mA 

253866 TYPE RF Pwr Amp 12 W@ 100 -600 MHz 

253903 TYPE GP Amp & Sw to 100 mA and 30 MHz 

2145108 RF POWER AMP2 W @450 MHz, 1 W @1 GHz 

2143919 TYPE RF Pwr Amp 3- 5W @3 -30 MHz 

2144274 TYPE UltraHigh Speed Switch 12 no 

MPS6515 TYPE High-Gain Amplifier hFE 250 

Assort. NPN GP TYPES, 2N3565, 2N3641. etc. (15) 

253638 TYPE IPNPI GP Amp & Sw to 300 mA 

254249 TYPE IPNPI Low -Noise Amp 1 pA to 50 mA 

FET's: 
N-CHANNEL )LOW- NOISE): 

2N4091 TYPE RF Amp & Switch (TO-18 /1061 

204416 TYPE RF Amplifier to 450 MHz 110-721 

255163 TYPE Gen. Purpose Amp & Sw (TO.106) 
255486 TYPE RF Amp to 450 MHz (plastic 254416) 
E100 TYPE Low-Cost Audio Amplifier 
ITE4868 TYPE Ultra-Low Noise Audio Amp. 
TIS74 TYPE High-Speed Switch 402 
Assort. RF & GP FET's. 2N5163, 205486, etc. 18) 

P- CHANNEL: 
254360 TYPE Gen. Purpose Amp & Sw IT0-106f 
E175 TYPE High-speed Switch 125/2 (TO -1061 

6/$1.00 
6 /$1.00 
4/$1.00 

$1.50 
6/$1.00 

$2,50 
$3.00 

4/51.00 
3/51.00 

$2.00 
4/$1.00 
4/$1.00 

3/$1.00 
2/$1.00 
3/51.00 
3/$1.00 
4/61.00 
2/$1.00 
3/$1.00 

52.00 

3/$1.00 
3/$1.00 

JUNE SPECIALS: 
1714154 DIODE 30 V /10mA -1 N914 exc. 30 V 

2143904 NPN TRANSISTOR GP Amp & Switch 
2556 DUAL 555 TIMER 1 mac to 1 hour IOIPI 
252222 NPN TRANSISTOR GP Amp & Switch 
2N2907 PNP TRANSISTOR GP Amp & Switch 
2N3553 RF POWER AMP 5 W @ 150 MHz 

20/$1.00 
5/51.00 

51.00 
5/$1.00 
5/$1.00 

2.00 

LINEAR IC's: 
308 Micro -Power Op Amp (T0 -5 /MINI -DIP) 
309K Voltage Regulator 5 V @ 1 A (T03) 
324 Duad 741 Op Amp, Compensated IOIPI 
380 2-5 Watt Audio Amplifier 34 dB (DIP) 
555X Timer 1 µs1 hr, Orf. pmout from 555 IOIP) 
709 Popular Op Amp I0IPITO5) 
723 Voltage Regulator 330 V @ 1-250mA (OIP /T0-51 
739 Dual Low -Noise Audio Preamp /Op Amp (01P) 
1458 Dual 741 Op Amp IMINI -DIP) 

741 Freq. Camp. OP AMP (01P/T0-5/MI NI-01P) 

DIODES: 
153600 TYPE Hi -Speed Sw 75 V/200 mA 
1143893 TYPE ecnricino e- - 

$1.00 
$1.50 
51.90 
$1.29 
$ .85 
$ .29 

$ .58 

$1.00 
$ .65 

3/51.00 

AUTHENTIC, INSTRUMENTED. FLYING ROCKETS for 
casual or serious experimenters. Over 80 scale original, 
multi -stage or ready -to -fly models. Solid- propellant 
engines for safe. electric launch system liftoffs up to 2.500 
feet. Measure altitude. temp. inversions. more. Real 
telemetry. electronic tracking, aerial still and movie photo- 
graphy with super -miniaturized equipment. New. detailed 
tech manual and full -color catalog. 25 cents from ESTES 
INDUSTRIES Dept. 18K. Penrose. Colo. 81240. 

LIFE -GUARD The finest HEAT -SMOKE -GAS Alarm avail- 
able. 100% solid state. COSMIC ELECTRONICS. Box 282. 
Lawrence. NY 11559. 

DIGITAL ELECTRONICS! Highly effective course brings 
immediate results. $10.00 Satisfaction or $11.00 refunded! 
Plans, Projects. Free Literature. DYNASIGN, Box 60A7. 
Wayland. Mass. 01778. 

UNSCRAMBLERS Fits any scanner or monitor. easily ad- 
lusts to all scrambled frequencies. Only 4' square $29.95. 
fully guaranteed Dealer inquiries welcomed. PDO 
Electronics. Box 841. North Little Rock. Arkansas 72115. 

ELECTRONIC parts. low prices, free flyer DARTEK ELEC- 
TRONICS. Box 2460, Dartmouth, Nova Scotia. Canada. 
U S. Inquiries. 

FREE! Diodes and catalog BDJ Electronics, 11 Revere. 
Tappan, New York 10983. 

HOLD -IT' A new precision electronics product Details 
free INNOVATIVE CONCEPTS, 4018 Clarke. Ft. Worth. 
Texas 76107. 

ALPHA.THETA Biofeedback Instruments. $29.95 hobbyist 
models to professional models with on time Digital 
Recorder DIGITAL Heart Monitor. Thermometer. VOM, 
Frequency Counter, Function Generator. Logic Probe with 
readout. Tach and Dwell meter. etc. Free Catalog. 
COSMIC ELECTRONICS. Box 282. Lawrence. NY 11559. 

SURPRISE! SURPRISE! Digital Piano Tuning Device tunes 
musical instruments Accurately! Perfectly! Inexpensively! 
Construction -Instruction -Plans Complete $12.95 Airmailed 
Postpaid! Moonlighting quickly repays S40 electronics in- 
vestment! GBS, Box 100P, Green Bank, West Virginia 
24944. 

PYROTECHNICAL chemicals. casings. fuse, tools 
literature, supplies. Listing -50 cents. with samples - 
$1.00. Weslech. Logan. Utah 84321. 

--ABOUT YOUR 
SUBSCRIPTION 

Your subscription to POPULAR 
ELECTRONICS is maintained on one of 
the world's most modern, efficient 
computer systems, and if you're like 
99% of our subscribers, you'll never 
have any reason to complain about 
your subscription service. 

We have found that when com- 
plaints do arise, the majority of them 
occur because people have written 
their names or addresses differently 
at different times. For example, if 
your subscription were listed under 
"William Jones, Cedar Lane, Mid- 
dletown, Arizona," and you were to 
renew it as "Bill Jones, Cedar Lane, 
Middletown, Arizona," our computer 
would think that two separate sub- 
scriptions were involved, and it 
would start sending you two copies 
of POPULAR ELECTRONICS each month. 
Other examples of combinations of 
names that would confuse the com- 
puter would include: John Henry 
Smith and Henry Smith; and Mrs. 
Joseph Jones and Mary Jones. Minor 
differences in addresses can also 
lead to difficulties. For example, to 
the computer, 100 Second St. is not 
the same as 100 2nd St. 

So, please, when you write us 
about your subscription, be sure to 
enclose the mailing label from the 
cover of the magazine -or else copy 
your name and address exactly as 
they appear on the mailing label. 
This will greatly reduce any chance 
of error, and we will be able to ser- 
vice your request much more 
quickly. 
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Rec Diode 
n Switching Diode 

.12 

.13 

.08 
, 3.3V, 5 %, 400MW, Zener Diode .15 

7A, 3.6V, 5 %, 400MW, Zener Diode .15 
N748A, 3.9V, 5 %, 400MW, Zener Diode .15 

1N7494, 4.3V, 5 %, 400Mw, Zener Diode .15 
1N7504, 4.7V, 5 %, 40051W, Zener Diode 15 

.0751 1N7514, 5.1V, 5 %, 400MW, Zener Diode .15 
3 -10752 1N752A, 5.6V, 5 %, 400MW, Zener Diode .13 

73 -10753 1N7534, 6.2V, 5 %, 400MW, Zener Diode .15 
73 -10754 1N7544, 6.8V, 5 %, 400MW, Zener Diode .15 
73 -10755 1N755Á, 7.5V, 5 %, 400MW, Zener Diode .15 

73 -10756 1N7564, 8.2V, 5 %, 400MW, Zener Diode .15 

73 -10757 1 N757A, 9.1V, 5 %, 400MW, Zener Diode .15 

73 -10758 1N7584 , 10V, 5 %, 400MW, Zener Diode .15 
73 -10759 1N7594. 12V. 5 %, 400MW, Zener Diode .15 

TRANSISTORS 
I 2N3860 NPN General Purpose Transistor .21 34.23860 

TRIACS 
3rnA Gate 50V 3 Amp. TRIAC 1.31 4903003 

45.73203 3mA Gate 200V 3 Amp. TRIAC 1.69 

45 -03403 3mA Gate 400V 3 Amp. TRIAC 2.11 

45 -10003 10mA Gate 50V 3 Amp. TRIAC 1.06 

45 -10203 10mA Gate 200V 3 Amp. TRIAC 1.36 

45 -10403 10mA Gate 200V 3 Amp. TRIAC 1.70 

45 -25003 25mA Gate 50V 3 Amp. TRIAC .85 

45-25203 25mA Gate 200V 3 Amp. TRIAC 1 19 

45 -25403 25mA Gate 400V 3 Amp. TRIAC 1.53 

45 -50010 50mA Gate 50V 10 Amp. TRIAL .84 

45.50015 54mA Gate 50V 15 Amp. TRIAC 1.31 

4550210 SOrnA Gate 200V 10 Amp. TRIAC 1.36 

45 -50215 50rnA Gate 200V 15 Amp. TRIAC 2.33 

45 -50410 50mA Gate 400V 10 Amp. TRIAC 1.72 

45 -50415 50mA. Gate 400V 15 Amp. TRIAC 2.95 
46 -50010 SOmA Gate 50V 10 Amp. TRIAC .75 

46 -50015 SOmA Gate 50V 15 Amp. TRIAC 1.18 

46 -50215 SOmA Gate 200V 15 Amp. TRIAC 2.10 

46 -50410 50mA GAte 400V 10 Amp. TRIAC 1.55 

46 -50415 SOrnA GAte 400V 15 Amp. TRIAC 2.60 

7453 
7454 
7459 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7482 
7483 

.20 
.20 
.20 
.20 
.32 
.29 
.40 
.40 
.64 
.42 
.50 
.93 

1.30 

74175 
74176 
74177 
74180 
74181 
74182 
74192 
74193 
74196 
74197 
74198 
74199 

2.00 
1.75 
1.75 
1.00 
3.95 

.95 
1 .25 
1.25 
1.95 
1 .95 
2.65 
2.65 

II your merchandise total is between: 

STANDARD CHARGES 

$ 0.00 - $ 4.99 add $2.00 
S 5.00 - $2429 add $0.75 
S 25.00 - $49.99 add $0.50 
S 50.00 - $99.99 add $0.25 
$100.00 and up NO CHARGE 

The above charges include shipping via 

First Class or UPS (your Choice), and 

insurance for all domestic shipments. 

SPECIAL CHARGES 

COD $1 .00 -additional 
Air Mail $0.50 -additional 
Postal Insurance $0.25- additional 
Special Delivery $0.75 -additional 

VOLUME DISCOUNT SCHEDULE 

Merchandise; Total Discount 

$ 0.00 -$ 9.99 NET 

S 10.00 - $ 24.99 Less 5% 

S 25.00 - $ 99.99 Less 10% 

S 100.00 - $499.99 Less 15% 

S 500.00 - $999.99 Less 20% 

51000.00 and uP Less 25% 

4Ur, 
4018 Presentable Divide -By ,. 
4019 Quad AND -OR "Select" Gate 
4020 14 -Stage Ripple-Cary Binary Counter /Divider 
4021 8 -Stage Static Shift Register 
4022 Divide -By-8 Counter VV/51 decoded outputs 
4023 Triple 3 -Input Positive NAND Gate 
4024 7 -Stage Binary Counter 
4025 Triple 3 -Input Positive NOR Gate 
4026 Decade Counter /7 Seg. Decoder, Disp. Enable 
4027 Dual 7 -K Master -Slave Flip Flop W /Set & Reset 

4028 BCD -To- Decimal Decoder 
4029 Presettable Up /Dawn Counter, Binary or BCD 
4030 Quad Exclusive -OR Gate 
4033 Decade Counter /7 -Seg. Decod. & Riople Blank. 
4035 4 -Stage Shift Register (Parallel -In, Parallel Out) 
4040 12 -Stage Ripple-Carry Bin. CounterNOivider 
4041 Quad True /Compliment Buffer 
4042 Quad Clocked "D" Latch 
4043 Quad NOR R/S Latch 
4044 Quad NAND R/S Latch 
4049 Hex Buffer /Converter, Inverting Typa 
4050 Hex Buffer /Converter, Non -Inverting Type 
4051 Single 8- Channel Multiplexer 
4052 Differential 4- Channel Multiplexer 
4053 Triple 2- Channel Multiplexer 
4060 14-Stage Ripple -Carry Bin. Count/Div. W /Osc. 
4066 Quad Bilateral Switch 
4071 Quad 2 -Input OR Gate 
4072 Dual 4 -Input OR Gate 
4081 Duey 2 -Input AND Gate 
4082 Dual 4 -Input AND Gate 
4502 Stobed Hex Inverter /Buffer 
4510 BCD Up /Down Counter 
4511 BCD -To -7 Seg. Latch /Decoder /Driver 
4512 8- Channel Data Selector 
4514 4 -Bit Latch /4- 16-DecoderlHi) 
4515 4 -Bit Latch /4-- 16- Decoder(Lot 
4516 Binary Up /Down Counter 

- 4518 Dual BCD Up Counter 
4520 Dual Bin. Up /Down Counter 
4528 Dual Monostable Multivibrator 
4585 4 -Bit Magnatude Comparator 

.67 
1.86 
1.79 
1.69 
.29 

1.43 
.29 

2.89 
84 

1.43 
2.11 

.67 
3.23 
1.86 
1.86 
1.35 
1.28 
1.26 
1.26 

.72 

.72 
2.11 
2.11 
2.11 
2.55 
1.26 

.36 

.36 

.36 

.36 
1.28 
1.98 
1.96 
2.13 
2.47 
2.47 
1.96 
2.04 
2.04 
1.69 
2.13 

SEND YOUR ORDER TO: - OR CALL: 800- 325 -2981 

L it SOLID STATE SYSTEMS, INC. 

l,V1 T P. O. BOX 617 i COLUMIfhERdMISSOURI 65201 
JUNE 1975 

master charge 
Tee MITE 66666 CARO 

s 

our 
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ount 400 V/12 A 
16914 or 164148 TYPE Gen. Purp. 100V /70mA 
1N749 ZENER 4.3 Volt 1 * - -10 %) 400 mW 
119253 ZENER 6.2 Volt 1 ±10 %) 400 mW 

1N755 ZENER 7.5 Volt 1 ±10 %) 400 inW 
16757 ZENER 9.1 Volt ( ±10 %) 40001W 
1N758 ZENER 10 Volt (±10%) 400 mW 
1N965ZENER 15 Volt l ±10 %)400mW 
16968 ZENER 20 Volt ('10 %1406 mW 
D5 VARACTOR 5.50 W Output C 30 -250 MHz, 7 -70 pF 
F7 VARACTOR 1.3 W Output C 1-0 -500 MHz, 5-30 pF 

-,nr.JL 
2/$1.00 

10 /51,00 
4/$1.00 
4/$1.00 
4/$1.00 
4/$1.00 
4/$1.00 
4/$1.00 
4/$1.00 

$5.00 
51.00 

MAIL NOWI FREE DATA SHEETS supplied with every item from 
this ad. FREE 739 or 749 Low -Noise Dual Op Amp included ($1.00 
value) with every order of $10 or more, postmarked prior to 7/31 /75 
ORDER TODAY -All items subject to prior sale and prices subject to 
change without notice. All items are new surplus parts - 100% 
functionally tested. 
WRITE FOR FREE CATALOG offering hundreds of semiconductors 
not listed here. Send toe stamp. 
TERMS: Ali orders must he prepaid. We pay postage. $1.00 handling 
charge on orders under $10. Calif. residents add 6% sales tao. Foreign 
orders - add postage. COD orders - add $1.00 service charge. 

ADV ELECTRONICS 
BOX 4181 AG, WOODSIDE, CA 94062 
Tel. (415) 851 -0455 
CIRCLE NO. 2 ON READER SERVICE CARD 

ELECTRONIC IGNITION Capacitor. transistor, pointless. 
Auburn sparkplugs. Information 10 cents. Anderson 
Engineering. Epsom, N.H. 03234. 

WHOLESALE Scanners, CB, Crystals, Directories, 
SSE /AM, Catalog 25 cents. G- Enterprises, Box 461P, 
Clew -held. Utah 84105. 

LEARN DESIGN TECHNIQUES, Electronics Design 
Newsletter. Digital. linear construction protects, design 
theory and procedures. Annual subscription $6.00. sample 
copy $1.00. Valley West, Box 2119 -B, Sunnyvale. California 
94087. 

TELEPHONES UNLIMITED, equipment, supplies. Catalog 
50 cents. Box 1654E, Costa Mesa, Calif. 92626. 

DIGITAL IC Manual- Latest Edition -1500 types by 
types /diagram number $3.95. 32- function digital 
computer kit -IC. transistors, instructions, $14.00. IC 

applications manual -numerous circuits- Analog/Digital, 
$3.95. Electronetics. P.O. Box 127, Hopedale, Mass. 01747. 

ELECTRONIC COMPONENTS -all kinds, send for free 
catalog. Epic, Box 20152A, Minneapolis, Minn. 55420. 

COMPUTER SCHEMATICS. 256 bits, expandable to 
several K. Many other schematics available. SP 
Electronics, Box 5E, Prospect Heights, Illinois 60070. 

88 

RECONDITIONED Test Equipment. $0.50 for catalog. 
Walter. 2697 Nickel. San Pablo. CA 94806. 

7400 SERIES TTL. 
PINOUT HANDBOOK 

COVERS ENTIRE 5400/7400 SERIES DAR I,C.'S 
PIN CONNECTIONS - FUNCTIONAL SPECS 

CROSS REFERENCE - ONLY $2.95 FROM: 

TTL PINOUT HANDe00x: INS ASSOCIATES, INC. 
1298 E 14TH ST., SAN LEANDRO, CAL. 94577 
INCL.504 PSTG.(CALIP. RES. ADO 204 SLS TAg). 

BURGLAR -FIRE ALARM components. hardware. Free 
catalog. Information. Silurar, 133 S.W 57 Ave.. Miami. 
Florida 33144. 

COMPUTER countless uses. 8 bit word, powerful instruc- 
ltion set. Complete $225. Brochure 10 cents. RAECO. Box 

14, Readville, Mass 02137. 

GROUND FAULT DETECTORS. TESTERS. Audible and 
Visual Continuity testers. Tone Generators. Music tone 
synthesizers. Direct Manufacturer Sales. Write for 
Brochures. Kabo Electronics, Box 477, Natick, Mass 01760. 

ALTAIR 8800 components, memories, interfaces, substan- 
tial sarongs. Other microprocessor component kits avail- 
able including Mark 8. 2111 memories, $12.50; t702A. 
$27.50: 8008. $47.50: 8080. $179.95; UART, $9.95. ASCII 
keyboard. $40.00. Lowest prices 2102 memories. Mini 
Micro Mart. 1618 James. Syracuse. NY 13203. 

MONITOR RECEIVER. Preamp. Scanner, UHF Converter 
kits. Hamtronics. 182 Belmont, Rochester. NY 14612. 

FREE giant bargain electronic catalog listing thousands of 
components. tubes. transistors. IC's, kits. test equipment. 
EDLIE'S. 2700 -PD Hempstead Tpke.. Levittown, N Y 

11756. 

CONSTRUCTION PROJECTS. Laser. $2.00. TV Cornera. 
$3.95. Catalog. Technologic. Box 5262. Orchard Lake, 
Michigan 48033. 

FREE Bargain Catalog. Ultrasonic devices. LEDS, tran- 
sistors. IC's. keyboards, Xtals, unique components. 
Chaney's. Box 15431. Lakewood. CO 80215. 

CARBON FILM RESISTORS. Brand new as low as 2 -1/4 
cents. FREE samples and specifications. COMPONENTS 
CENTER -PE, Box 134, New York, NY 10038. 

UNPRINTED circuit board. Save time. Save dollars. No 
messy chemicals. New, original circuit board technique. 
Send $3.00. Satisfaction or money back. Jhcompany, P.O. 
Box 1. Lee's Summit, Mo. 64063. 

Let us know 8 weeks in advance so that you wo 
miss a single issue of POPULAR ELECTRONICS. 

Attach old label where indicated and print new 
address in space provided. Also include your mail- 
ing label whenever you write concerning your sub 
scription. It helps us serve you promptly. 
Write to: P.O. Box 2774, Boulder, CO 80302, giv- 
ing the following information: 

Change address only. 
Extend subscription, Enter new subscription. 
1 year $6.98 
Payment enclosed (1 extra BONUS issue) 
Bill me later 

AFFIX LABEL r .... r "1 
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m ó 

two 
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Add'I postage per year: Add $1 for Canada; $2 for all 
other countries outside the U,S. 
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C-MOS 
1-9 10up 

4000AE 44 .38 
4001AE .44 .38 
4002AE .44 .38 
4004AE 5.84 5.84 
4006AE 3.49 129 
4007AE .44 .38 
4008AE 2.89 2.69 
4009AE .44 .38 
4010AE .54 .53 
4011AE .47 .44 
4012AE .44 .38 
4013AE .44 .38 
4014AE 2.79 2.49 
4015AE 2.79 2.49 
4016AE .89 .74 
4017AE 1.79 1.69 
40184E 2.79 2.59 
4019AE .84 .59 
4020AE 2.79 2.59 
4021AE 2.19 1.89 
4022AE 1.79 1.59 
4023AE .47 .44 
4024AE 1.59 1.39 
4025AE .44 .31 
4026AE 8.39 7.89 
4027AE .89 .79 
4028AE 1.69 1.49 
4029AE 2.19 1.99 
4030AE .79 .59 
4033AE 3.39 2.89 
4035AE 1.99 1.79 
4040AE 2.19 1.99 
4041AE 1.19 .89 
4042AE 1.19 .99 
4043AE 1.19 .99 
4044AE 1.19 .99 
4047AE 3.09 2.99 
4048AE 1.44 1.34 
4049AE .99 .79 
4050AE .99 .79 
40514E 3.34 2.89 
4052AE 2.14 2.04 
4053AE 2.89 2.79 
4055AE 2.69 2.59 
4056AE 3.44 3.40 
4060AE 3.29 2.99 
4066AE 1.19 .99 
4069AE .79 .69 
4071AE .44 .37 
4076AE 1.69'1:49 
4081AE .44 .38 
4510AE 1.99 1.79 
4516AE 2.89 2.79 
4518AE 3.29 2.99 
4520AE 1.89 1.69 
4901AE .44 .37 
4911AE .44 .37 

7400N TTL 
7400N 5.14 
7401N .17 
7402N .14 
7403N .17 
7404N .20 
7405N .20 
7406N .35 
7407N .45 
7408N .18 
7409N .23 
7410N .18 
7411N .27 
7412N .52 
7413N .65 
7414N 1.80 
7415N .37 
7416N .36 
7417N .37 
7420N .17 
7421N .60 
7422N .27 
7423N .48 
7425N .34 
7426N .27 
7427N .31 
7428N .52 
7430N .20 
7432N .27 
7433N .62 
7437N .36 
7438N .35 
7439N .90 
7440N .16 
7441N .95 
7442N .78 
7443N .95 

WAVEFORM GENERATOR 
DUAL 

XR205K KIT Only $25.00 LOW 
Here's a highly versatile lab in- 
strument at a fraction of the cost OP 
of conventional unit. Kit includes LM331 
two x9205 IC's, data & applica- Ví0 = 

PC board (etched & drilled, lie = 1000 
ready for assembly) and detailed lb= 2000 
instructions. Noise 

$2.20 

NOISE 
AMP 

N: 

nA 
nA 

= 1.588 

DISPLAYS 
OPCOA 
SLA1 Red 
SLA11 Green 
SLA21 Yellow 
SLAT Red 
LITRONIX 
DL80 Red 
DL81 Red 
DL10 Red 
0L10Á Red 
DL101 Red 
DL57 Red 
OL61 Red 
DL33 Red 
DL44 Red 
DL402 Red 
DL701 Red 
OL704 Red 
DL707 Red 
DL747 Red 
XCITON 
XAN72 Red 
XAN52 Green 

7444N 
7445N 
7446N 
7447N 
7448N 
7450N 
7451N 
7453N 
7454N 
7455N 
7460N 
7462N 
7464N 
7465N 
7470N 
7471N 
7472N 
7473N 
7474N 
7475N 
7476N 
7478N 
7480N 
7481N 
7482N 
7483N 
7484N 
7485N 
7486N 
7489N 
749ON 
7491N 
7492N 
7493N 
7494N 
7495N 

$1.05 
1.04 
1.10 
1.00 
1.00 
.15 
.20 
.20 
.26 
.37 
.25 
.37 
.37 
.37 
.30 
.49 
.33 
.38 
.35 
.60 
.45 
.55 
.60 

1.19 
.90 
.80 

3.02 
2.50 

.40 
2.40 

.60 
1.00 

.84 

.60 
1.20 

.80 

7496N 
74100N 
74104N 
74105N 
74107N 
74109N 
74110N 
74111N 
74114N 
74115N 
74118N 
74121N 
74122N 
74123N 
74125N 
74126N 
74128N 
74132N 
74136N 
74140N 
74141N 
74145N 
74147N 
74148N 
74150N 
74151N 
74152N 
74153N 
74154N 
74155N 
74156N 
74157N 
74158N 
74160N 

5.85 
1.30 
1.25 

.45 

.40 

.92 

.72 

.92 

.92 

.92 
1.51 

.50 

.50 

.90 

.60 

.64 

.95 
1,80 

.92 
2.50 
1.19 
1.06 
2.90 
2.20 

.99 
.84 

1.50 
1.05 
1.48 
1.08 
1.18 
1.18 
1.44 
1.50 

74161N 1.28 
74162N 1.50 
74163N 1.48 
74164N 1.70 
74165N 1.78 
74166N 1.50 
74170N 2.60 
74173N 1.55 
74174N 1.20 
74175N 1.60 
74176N 1.30 
74177N 1.50 
74180N 1.05 
74181N 3.20 
74182N .75 
74184N 2.90 
74185N 2.29 
74188N 4.90 
74190N 1.49 
74191N 1.49 
74192N 1.40 
74193N 1.29 
74194N 1.35 
74195N .80 
74196N 1.90 
74197N .80 
74198N 2.00 
74199N 2.09 
74200N 5.90 
74221N 1.75 
74251N 1.75 
74278N 2.95 
74279N 1.10 
74293N .95 
74298N 2.55 

ODII 
ODD e D 74LS 

74LS00 .58 
74L001 .58 
74LS02 .58 
74LS03 .58 
74LSO4 .63 
74LS05 .63 
74LSO8 .58 
74L509 .58 
74LS10 .58 
74LS11 .58 
74LS15 .58 
74LS20 .58 
74LS21 .58 
74L$22 .58 
74LS27 .64 
74LS30 .58 
74L532 .64 
74LS51 .58 
74L$54 .58 
74LS55 .58 
74LS73 .92 
74L574 92 

CALCULATORS 
(Limited Oty.) 

S19 
00 

+ 7 

1024-BIT 
N-Channel 

RAM 
2601.1 11.40 
2601.21 11.40 
26028 8.00 
2602 -18 8.00 
2602 -28 8.00 
MK4102P 11.40 
7552.1CPE 8.00 
7552 2CPE 8.00 

SCHOTTKY TTL 

DECODED 
READ /WRITE 

RAM 
P1103 $6 -20 

74SOON .45 74S74N 1.30 
74502N .80 74S85N 6.10 
74503N .75 74S86N 2.70 
74504N .75 74S112N 2.20 
74308N .80 745113N 1.50 
74510N .75 749132N 3.60 
74S11N .65 745133N .90 
74-320N .80 745,38N 2.40 
74030N .80 745139N 2.40 
74S32N .80 74S1i40N .90 
74540N .80 745151N 2.40 
74351N .80 745153N 2.40 
74S64N .80 74S157N 2.40 

LOW POWER 
TTL 

74L00N .34 
74L02N .34 
74L03N .39 
74L04N .39 
74L10N .34 
74L20N .39 
74L42N 1.62 
74L51N .34 
74L73N .74 
74L74N .89 
74L90N 1.62 
74L93N 1.74 
74L95N 1.62 
93L00 1.50 
93LO1 1.60 
93L08 3,20 
93L09 1.80 
93L10 2.80 
93L11 4.20 
93L12 1.80 
93L14 1.70 
93L16 3.20 
93L18 3.50 
93L21 1.50 
93L22 1.80 
93L24 2.80 
93L28 3.70 
93L34 4.00 
93L38 4.20 
93L40 6.50 
93L41 6.50 
93L60 3.00 
93L66 2.70 

COMPUTER 
INTERFACE 
DM8820N 
DM88204N 
DM8830N 
DM8831 N 
DM8832N 
N8T26B 
9600PC 
9601PC 
9602PC 
9614PC 
9615PC 
9616DC 
9617PC 
9620PC 
9621PC 

r 

2.40 
6.90 
2.40 
5.20 
6.00 
4.40 
1.30 
1.20 
2.10 
2.30 
2.40 
5.00 
3.50 
4.00 
4.00 

74S158N 2.40 
745160N 4.70 
74S161N 4.70 
74S174N 3.30 
74S175N 3.30 
743181N10.20 
74S1B9N 5,10 
745194N 3.30 
74S195N 3.30 
745251N 2.40 
74S253N 2.40 
74S257N 2.40 
74S258N 2.40 
74$260N .90 
74S280N 5.70 

HIGH SPEED 
TTL 

74HOON 
74-101N 
74H04N 
74H05N 
74H 08N 
74H10N 
74-i11N 
74-120N 
74H21N 
74r122N 
74H30N 
74H40N 
74H50N 
74-í51N 
74H 52N 

34 
34 
38 
37 
40 
36 
36 
36 
36 
36 
36 
36 
36 
36 
.36 

74H53N .36 
74H54N .36 
74H55N .36 
74H60N 36 
741461N .36 
74H62N .36 
74H71N .80 
74H72N .74 
74H73N .90 
74H74N .87 
74H76N .90 
74H101N .80 
74H102N .80 
74H103N 1.10 
74H106N .95 

BIPOLAR 
MEMORY 

C3101 6.50 
P3101 4.90 
C3101Á 7.30 
P3101Á 5.80 
IM5501CDE 7.30 
IM5501CPE 5.80 
MM5560D 7.30 
MM5560N 5.80 
DM8599N 5.80 
93403PC 5.80 

TWO -PHASE 
MOS CLOCK 

DRIVER 
MH0026CN $5.50 

A PORTABLE 
4% DIGIT 

MULTIMETER 
FOR $299. 
A 10 MHZ 

COUNTER OPTION 
FOR $50. 

PULSE I GENERATOR 
Interdesign 1101: 0.1H7 2MHz. 

O 5V Output, var width line r 

b tery operation. $159.00 

2.25 
3.50 
3.50 
1.60 

6.00 
6.00 
6.00 
4,00 
4.90 
9.90 

12.00 
4.00 
6.00 
4.00 
3.40 
2.25 
2.35 
2.50 

EP 9125 
9 -DIGIT DISPLAY 

$7.90 
1/8" character height 
eo mpact, thin PC 

wide viewing angle 

OPTOISOLATORS 
MONSANTO 
MCT2 1.35 
LITRONIX 

L1 1.30 
L12 1.40 
L16 1.80 
L74 1,35 
LD74 1.75 

2.00 L074 3.40 
2.00 

9300 SERIES 

741.576 .92 9300PC 1.00 
74LS78 .92 9301PC 1.20 
74LS107 .92 9304PC 1.50 
74LS109 .92 9306PC 6.90 
74LS112 .92 9308PC 2.50 
74L5113 .92 9309PC 1.60 
74LS114 .92 9310PC 1.50 
74LS1382.38 9311PC 2.30 
74LS1392.38 9312PC 1.20 
74LS151 2.10 9314PC 1.30 
74LS1532.38 9316PC 1.50 
74LS157 2.10 9318PC 2.30 
74LS1582,40 9321PC 1.20 
74LS1602.70 9322PC 1.30 
74LS161 2.70 9324PC 2.00 
74LS170 5.92 9328PC 2.50 
74LS1743.02 9334PC 2.95 
74LS175 2.90 9338PC 3.30 
74LS181 3.72 9340PC 5.00 
74L$251 2.55 9341PC 4.10 
74L$253 3.05 9342PC 1.15 
74LS260 .58 9360PC 1.75 

9366PC 1.75 

PREMIUM QUALIhTJ COMPONENTS 
We've been buying and selling top quality components for nearly 

ten years, Our annual volume exceeds $3 million. 
We handle only original parts, from the world's 
leading manufacturers and our customers include 
some of the largest and most quality- conscious 
companies. Now you can take advantage of our 
component buying skills and power and select 

from a broad range of advanced circuits. 

AUDIO AMPS 
Type V W O Price 

K SOCKETS 
SOLDER - TIN 

LM352 6 -15 1.15 8 1.60 8 pin DI L .22 
LM354A 6 -27 2.80 8 2.50 14 pin DIL .26 
TAA611B12 6 -15 1.15 8 1.60 16 pin DIL .29 
TAA621Al2 6 -27 1.40 8 2.00 24 pin DIL .75 
T9A6411311 6.18 2.20 4 3.00 28 pin OIL 1.10 
T8A800 5 -30 4.70 8 2.20 36 pin DIL 1.70 
78481045 4.20 2.50 4 3.00 40 pin DIL 1.90 
TBA820 3 -16 0.75 4 1.70 WIRE WRAP -GOLD 
TCA830 5.20 2.00 4 2.20 14 pin DIL .40 
TCA940 6 -24 6.50 8 4.40 16 pin DIL .45 

2524V 
Recirculating 512 Bit 
Dynamic Shift Register 

1 -24 53.90 25 up $3.80 
L- J 

MOS-LSI 
P1101A 6.90 C2102.2 8.00 
P110141 8.50 P2102-2 6.00 
1402AN 5.40 2505K 3.30 
1403AH 8.00 2512K 5.50 
1403AN 5.40 2521V 4.00 
1404AH 8.00 2524V 3.90 
1404AN 5.40 2525V 5.30 
1405A 4.10 2533V 8.50 
1506 4.00 3341PC 8.20 
1507 4.00 MM5026N 20.00 
1602 33.00 N1M5026N 20.00 
1702 33.00 MM5027N 20.00 
C2102 8.00 MM5055N 5.50 
P2102 6.00 MM5056N 5.50 
C2102 1 8.00 MM5057N 5.50 
P2102 1 6.00 h1M5058N 5.50 

INTERSIL 8038 
PRECISION WAVEFORM 

GENERATOR & VCO 
For simultaneous sine, square sguare 
and triangular waveforms < -.001 
Hz to 1 MHz. 

Part No. 1 -9 10 up 
8038CCPD $4.50 53.70 

JUNE 1975 

LEDs 
.125" dia. 
209 Red $.25 
209 Yellow .35 
209 Green .35 

.160" dia. 
216 Red 25 
216 Yellow tO 
216 Green .30 

.200" dia. 
220 Red 25 
220 Yellow 30 
220 Green .301 

LOW PROFILE 
226 Red $.25 
226 Yellow 30 
226 Green 30 
226 Orange 30 

5053 Red 35 
5053 Yellow .40 
5053 Greer 40 
5053 Orange 40 

216 = MV5024 
5053 = MV5053 

.4116 MV50 Red $.30 

1-AMP RECTIFIERS 
10 100 1000 

1N4001 1.00 7.00 60.00 
1N4002 1.10 8.00 70.00 
1N4003 1.20 9.00 80.00 
1N4004 1.30 10.00 90.00 
1N 4005 1.40 11.00 100.00 
1M4006 1.50 12.00 110.00 
1N4007 1.60 13.00 120.00 

PHASE- LOCKED 
LOOPS 

LM567CM Mini dip 1.80 

INTERFACE MODULES 
CY1010 Instr. Amp., Bipolar Input :29.00 
CY1011A Instr. Amp., Bipolar Input 'o, 49.00 
CY1020 Instr. Amp., FET Input ä' 34.00 
CY10221 Instr. Amp., FET Input 49.00 
CY1021A Instr. Amp.. FET Input 59.00 
CY2137 DAC, 10 Bit, Low Drift 39.00 
CY2218 DAC, 12 Bit, 2 Clued Multiplying 149.00 
CY2237 DAC, 12 Bit, Low Drift 69.00 
CY2735 DAC. 4 Digit BCD, Low Cost 79.00 
CY3035 ADC, 8 Bit, Sect. Counting, 

Low Cost 89.00 
CY3635 ADC, 3 Digit BCD, Sect. Count, 

Low Cost 119.00 

LINEAR Ks 
H =TO5 N =DIP M= MINI -DIP D =CER -DIP K =T03 

LM114H 
LM300H 

75107 LM300N 
75107BN 2.60 LM301AH 
751088N 2.30 LM301AM 
75109N 2.20 LM301AN 
75110N 2.20 LM301M 
75115N 2.25 LM301H 
75138N 2.95 LM3020 
75150N 3.10 LM302N 
75154N 4.10 LM302H 

SOLDER - GOLD 75208N 2.70 LM304H 
14 pin DIL .35 75234N 2.50 LM305H 
16 pin DIL .40 
TEFLON 

3 pin TO -5 .55 
4 pin 10.5 .65 
6 pin TO -5 .90 
8 pin TO -5 1.10 

10 pin TO -5 1.40 

FM STEREO 7521N 2,00 LM308M 

DEMODULATOR 7523N 4.75 LM309K 
X91310 $3.20 7524N 2.00 LM31OH 

3.00 
1.20 
1.20 

.90 

.80 
7.10 

.90 

.90 
3.50 
1.30 
1.50 
1.50 
1.05 

75450N 1.25 LM305AH 1.05 

75451N 1.00 LM305N 1.00 
75452N 1.00 LM3O6H .95 
75453N 1.00 LM307H .75 

7520 SERIES LM3O74 1.50 
5 

SENSE AMPS LM3o8AH 5.00 
2.00 
1.20 
1.75 
1.95 
1 -60 

7525N 4.50 LM310M 1.80 

MM 
MM404H 12.00 
MM405H 23.00 
MM406H 6.50 
MM407H 6.50 
MM451H 11.40 
MM454F 18.00 
MM500H 2.00 
MM506H 3.20 
MM507H 3.20 
MM550H 5.90 
MM551H 5.60 
MM555H 5.60 

XR 215 PHASE. 
LOCKED LOOP 

For FM or FSK demodulation, 
Neg. synthesis and tracking hi- 
ter applications. 5 to 26V from 
0.5Hz to 35MHz. Accepts ana- 
log signals 300mV to 3V. In- 
terfaces with DTL, TTL & ECL 

1.24 25 up 
$15.00 $12.50 

HYBRID 
Power 

AMPLIFIERS 
5110100 10W $6.90 
SI.10200 20W 9.90 
SI. 1030G 30W 18.70 
SI.1050G 50W 25.90 

POWER 
TRANSISTORS 

BU204 3A 1300v $4,14 
13Ú205 3A 1500V 4.95 
131)206 3A 1700V 5.94 
BU207 6A 1300V 5.85 
BÚ208 6A 1500V 6.93 
BU209 6A 1700V 8.64 

MINIMUM ORDER: $10.00 
Add $1.00 to cover postage and handling 

SEND CHECK OR MONEY ORDER (NO C.O.D.) TO: 
California residents add 6% sales tau. ANA 

P.O. BOX 2208P, Culver City, CA 90230 

LM311H 
LM311D 
LM311M 
LM311N 
LM312H 
LM318H 
LM324N 
LM331N 
LM339N 
LM320-5K 
LM 320-5T 
LM 320-12 K 
LM 320- 12T 
LM340-05K 
LM340-06K 
LM340-08K 
LM340-12K 
LM 340-15 K 
LM340-18K 
LM340-24K 
LM555CM 
LM556CN 
LM709CH 
LM709CN 
LM710CH 
LM71OCN 
LM711CH 

1.70 
1.90 
1.75 
2.00 
2.70 
2.60 
1.90 
2.20 
3.20 
2.90 
2.50 
2.90 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 

.90 
1.30 

.45 

.45 

.90 

.90 

.90 

LM711CN .90 
LM715CH 4.30 
LM715CD 4.60 
LM723CH .90 
LM723CN .75 
LM725CH 5,00 
LM725CD 5.20 
LM733CH 1.40 
LM733CD 3.50 
LM733CN 2.30 
LM741CH .45 
LM741CD 1.25 
LM741CM .44 
LM741CN .70 
LM747CH 1.70 
LM747CN .90 
LM747CD 2.50 
LM748CM .55 
LM748CN .55 
LM777CH 2.15 
LM777CM 2.10 
LM3046CN .95 
LM3054CN 1.50 
SG4501T 2.20 
SG4501N 2.20 
LM5000K 7.50 

IC POWER REGULATORS 
LM335K 5V, 600mA 2.40 
LM336K. 12V, 500mA 2.90 
LM337K: 15V, 450w4 2.90 

COM2601 
' USRT 

UNIVERSAL SYNCHRONOUS 
RECEIVER /TRANSMITTER 
from Standard Microsystems 

STR, ESC, bi -sync and interleaved bi -sync modes 
of operation fully programmable full or half 
duplex operation fully double buffered directly 
TTL compatible high speed operation low power 

PRICE: 1 -9 10 up 
$30.00 $24.00 

i+tififiiiili 

COM2502 
UART 

UNIVERSAL ASYNCHRONOUS 
RECEIVER /TRANSMITTER 
from Standard Microsystems 

Direct TTL compatibility full or half duplex op- 
rahon fully double buffered fully program- 

mable high speed operation tri -state outputs 
PRICE: 1 -9 10 up 

$13.20 $10.60 

SPECIFICATION SHEETS. $.25 ea. 

CIRCLE M. 6 ON READER SERVICE CARO 
89 
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CLASSIFIED ADVERTISING ORDER FORM 

Please refer to heading on first page of this section for complete data concerning terms, frequency discounts, closing dates, etc. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one word each. Zip Code numbers not 
counted. (Publisher reserves right to omit Zip Code if space does not permit.) Count each abbreviation, initial, single figure or group of figures or 
letters as a word. Symbols such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. Telephone numbers 
count as two words: as three words with area code. 

Words $ 1.80 (Commercial Rate) $ 1.10 (Reader Rate) 

Payment of $ enclosed for insertion(s). 

CHARGE: American Express BankAmericard Master Charge Diners Club 

for insertion(s). You will be billed monthly. 

Account # Expiration Date 

Master Charge Interbank # (4 digits above name) 
SIGNATURE MUST BE PROVIDED BELOW 

fm 

PRINT NAME 

ADDRESS 

CITY STATE ZIP 

SIGNATURE PE -6/75 

TELEPHONES and ACCESSORIES. Wide color selection. 
Free Catalog. Flemco, 20272 37th Ave. N.E., Seattle, Wash. 
98155. 

CIRCUIT Collections. 20 useful circuits you can build. 
Includes schematics, parts list, description, $3.98. RJE 
Company. 28 Park Street. Jamestown, N.Y. 14701. 

BLURB! Free, value -packed listing of electronic products 
and components. Midwest Design, Box 163, Stevesville, 
Michigan 49127. 

EAVESDROPPERS Got You BUGGED7On Rid Electron- 
ic Snoopers Fast!!! Confidential Countermeasure Equip 
ment Catalog $1.00. CAL -TRONIX, 1102 College, Santa 
Rosa. California 95404. 

BASIC TELEPHONE WIRING- Unique report gives com- 
plete details. $3.50 postpaid. Queens Village Telephone 
Supply, Box 29002 -Q, Queens Village, NY 11429. 

C. 
FREE Solar Energy Catalogue. Send Stamp. Centerline, 
401T South 36th Street, Phoenix, Arizona 85034. 

FLEXIBLE -DISC drives with complete electronics. The 
lowest prices available on a first time offering of industry's 
latest designed magnetic storage drives, provides 2.5 meg- 
bits of memory for Altair 8800 or other minicomputers. 
Dealer inquiries invited. Send S.A.S.E. for information. 
WESTERN DATA SYSTEM, P.O. BOX 24915, SAN JOSE, 
CALIF. 95154. 

ELECTRONIC educational kits. Build electronic games. In- 
formation 10 cents. NBL -E, Box 1115, Richardson. TX 
75080. 

TOUCH switch. Very reliable and versatile. Plans- Appli- 
cation. $3.00. The Mail Shop, Box,1203, Stillwater. Okla. 
74074. 

DIGITAL panel meter sale. Big savings. Many models. 
Write Betz, Box 14942, Portland, Oregon 97214. 

ALPHA BRAINWAVE MONITOR -New from EICO. Model 
BW300 Kit, $34.95: Wired, $59.95 Postpaid. Send check or 
money order. M &K Electronic Corp., 135 -33 Northern 
Blvd., Flushing, N.Y. 11354. 

FOR A New Electronic Experience, learn to control your 
brainwaves. Aquarius Electronics, Box 96ZE. Albion. CA 
95410. 

SEND SASE for information on Shielded Ignition Systems 
described on page 80 of February PE. Summit Enterprises. 
20 Eider St., Yarmouthport. Mass. 02675. 

\"'OMPUTERS! 
You are capable of designing your own. 

Why not find out how. Design procedure and construction 
manual $5.00. Free Literature. Digitronics. 667 East 1700 
South, Orem, Utah 84057. 

DESCRAMBLERS 

Several models to choose 
from... operates with 

all scanner and monitor 
receivers. 

-s i WRITE or CALL for Catalog 
-; Phone (501) 273.5340 

KRYSTAL KITS, Box 445, BENTONVILLE, ARK. 72712 

ELECTRONIC MUSICAL CHIME. Program any 10 note 
melody Plans $3.50. TV PING PONG game. Plays through 
your set's antenna terminals. Plans $3.25. ARS SYSTEMS, 
Box 1922F, Sunnyvale. CA 94088. 

DESIGN guide for building your own quality DC power 
supplies and regulators. Easy to use with shortcut equa- 
tions and schematics including multivoltage micro- 
processor supplies. $1.75. Kits also available. Lamp- 
lighters. Dept. E. Box 14796. Cincinnati. Ohio 45214. 

Japanese Transistors SPRING CLEARANCE SALE! 
2SA52 .60 2SB463 1.65 2SC605 1.00 2SC1237 2.00 
2SA101 .70 2SB471 1.75 2SC619 70 2SC1239 2.80 
2SA103 .70 2SB474 1.75 2SC620 .80 2SC1293 .85 
2SA221 60 2513481 2.10 2SC627 1.75 2SC1317 .60 
2SA473 .85 2SB492 1.25 2SC644 .70 2SC1347 .80 
2SA495 65 2513495 .95 2SC645 .85 2SC1377 6.75 
2SA497 .55 2513605 2.00 2SC681 2.50 2SC1383 .75 
2SA505 .65 2SB606 2.00 2SC684 2.10 2SC1393 .60 
2SA562 .70 2SC15 .65 2SC687 2.50 2SC1409 2.75 
2SA607 2.25 2SC24 .65 2SC696 2.35 2SC1410 2.75 
2SA613 1.00 2SC32 .65 2SC710 .70 2SC1450 1.00 
2SA643 85 2SC33 .65 2SC711 .70 2SC1454 2.75 
2SA647 2.75 2SC41 4.00 2SC712 .70 2SD30 .95 
2SA673 .85 2SC49 .80 2SC713 .70 2SD45 2.00 
2SA679 2.25 2SC56 .95 2SC732 70 2SD64 .75 
2SA682 .95 2SC143 3.50 2SC733 .70 2SD65 .75 
2SA699 1.30 2SC154 3.75 2SC735 .70 2SD68 .70 
2SA699A 2.00 2SC162 3.75 2SC739 .70 2SD72 1.00 
2SA705 .55 2SC163 4.50 2SC756 1.50 2SD88 1.50 
2SA714 2.50 2SC185 1.00 2SC774 1.75 2SD120 .85 
2SA720 .70 2SC202 1.00 2SC775 2.00 2SD130 1.50 
2SA733 .65 2SC206 1.00 2SC778 3.00 2SD141 2.25 
2SB22 .65 2SC240 1.10 2SC783 1.00 2SD151 2.50 
2SB54 .70 2SC261 .65 2SC784 .70 2SD170 2.00 
251356 .70 2SC291 .65 2SC785 1.00 2SD180 3.00 
2SB77 .70 2SC320 .75 2SC792 3.00 2SD198 2.50 
2SB128 2.50 2SC352 .75 2SC793 2.50 2SD201 2.50 
2SB135 .95 2SC353 .75 2SC828 .75 2SD218 5.00 
2S8152 4.50 2SC371 .70 2SC829 .75 2SD235 1.00 
2SB172 55 2SC372 .70 2SC833 .70 2SD261 .80 
2SB173 .55 2SC380 .70 2SC838 .70 2SD291 .85 
2S8175 55 2SC387 .70 2SC839 .85 2SD292 .85 
2SB178 1.00 2SC394 .70 2SC930 .65 2SD300 2.50 
2SB186 60 2SC458 .70 2SC945 .65 2SD315 .75 
2SB187 60 2SC460 .70 2SC1010 .80 2SD318 .95 
2SB235 1.95 2SC478 .80 2SC1012 .80 2SD341 95 
2SB303 .65 2SC482 1.75 2SC1013 1.50 2SD350 3.50 
2SB324 1.00 2SC491 2.50 2SC1014 1.50 2SD352 .80 
2SB337 2.10 2SC495 .70 2SC1018 1.50 2SD389 .95 
2SB364 .65 2SC497 1.60 2SC1030 3.25 2SD390 .75 

2SB365 .65 2SC515 .80 2SC1051 2.50 2SD437 6.00 
2S13367 1.60 2SC535 95 2SC1061 1.65 2SD458 .80 
2SB370 1.10 2SC536 65 2SC1096 1.20 2SD1111 3.50 
2SB379 65 2SC537 70 2SC1098 1.15 2SD1115 3.75 
2SB380 .70 2SC563 2.50 2SC1115 2.75 25 )(19 2.25 
2SB405 1.00 2SC564 .70 2SC1166 .70 2SK30 1.25 
2SB407 2.10 2SC568 70 2SC1173 1.25 2SK40 1.60 
2SB415 1.05 2SC582 .85 2SC1213 .75 
2SB461 1.25 2SC591 2.50 2SC1226 1.25 

400mw -50w Zeners - Field Effect Transistors - Power Germanium Transistors 10 -65 
amp - Power Germanium Tetrodes from 15.00 - Write for complete list of prices! 

ALL PARTS GUARANTEED AND TESTED ON PREMISES. 
WRITE FOR FREE CATALOG AND LG. QUANTITY DISCOUNTS. 

90 
CIRCLE NO. 34 

TRANSISTOR SPECIALS 
Power Units Similar to Jedec Nos. 

Hardware Included. 

2N441 To -36 21.00 
2N458A To -3 41.00 
2N538 M1-36 31 00 
2N1015 Mt -1 100 
2N1725 To -61 2'1.50 

2N2288 To -3 21.00 
2N3054 To -66 51.00 
2N3055 To -3 41.00 
255002 To -59 3;2.00 
255296'1-T31 To-220 7 1 00 

25718 
25918 
2N930 
251420 
2N1613 

251711 
2N2218 
2N2219 
2N2219A 
2N2221 

METAL 

OEM SPECIALS 
EPDXY 

27 15 2N2222Á 
55 25 252369 
25 18 252484 
25 15 2N2904 
65 30 2N2905 

65 30 2N2905A 
-50 22 252906 
50 22 252907 
75 30 253053 

25 17 2N3251 

252222 23 17 

METAL EPDXY 

35 
18 

75 
50 
50 

85 
40 
40 

20 
75 

22 
13 

35 
20 
20 

.35 

.20 
20 
16 
35 

254036 75 35 

Motorola MK -20 Power Transistor Mounting Kit .75 

Integrated Circuits 
UA703C 40 
CA3066 4.00 
CA3068 6 50 
MC1305 1 50 
Replacement for Zenith 
221- 36.221- 37.221 -39 3.50 

CITIZEN BAND APPLICATION 

NPN Silicon 27 MH Band 
RF Power Transistors 

2SC73993 4.75 
2SC1306 

6.75 

MR F8004 3.00 
.65 

2SC1449 3.50 
2SC1678 5.75 
25C1679 5.75 

World's Smallest Transistor! Now Available! Limited Time Only, 
Case Size 04 x 04 x 03 in PNP 3 00 NPN 3.00 

Transistor Grab Bag - Germanium and Silicon small sigs and power 
transistors 95 °° yield 30 1 00 

EXTRA VALUES! 
SCRs and Treace 40,39 To 18 
To 64 Tc-48 s 1 00 
Sil glass rectifiers 50 i 00 
Gorr glass red 50 1 00 
IN914 sil fast Swan 10 90 
MT 2N5457 N channei 0, 92 plastic a 1 00 
NPN To-92 25v CEO Ont 25 -100 
100300 and 300500 C 2MA 10 1 no 
C10610 6100 
Hobbyist s 16 pin Digital 

C Guaranteed 10 1 00 
7090 Hi -Pen on amp 41 00 
R 128 Heal Exchanger 50 
R Selenium Boomer Rectifier 50 
R Selenium Bridge Rectifier 50 
R Silicon Replacement Recuher 50 
R Selenium 5 Pm Convergence 
Recktiel 50 
R Un vers al Selenium Locus crouler 1 00 
almma mancied Resslui 50 

y!0mrum iulllde Photocell 50 

Dual O,cde 35 
Thal Dmd° 40 

ON READER SERVICE CARD 

Automotive Ignition Power IC Darlington 7 amp. 
BVCEO 500v. 

POWER TRANSISTORS 
High Voltage TV Transistors 

1300v 4.00 
1500v 4 75 
1700v 5 80 
1300v 5 50 
1500v 6 75 

1700v 8 25 
1100v 4 00 
1100v 4.50 
1100v 5 00 
1100v 6 00 

BU204 
BU205 
8U206 
BÚ207 
80208 

00209 
2SC1170 
2SC1172V 
2SC1308 
2S0380 

SILICON UNIJONCTIONS 

252646 To -18 50 
2N2647 To -18 65 
2N6027 PUT To -92 55 
256028 PUT To -92 75 
2N1671 To -5 1 00 
D5E37 To -18 ' 00 

BRIDGES 
PRV 2 AMP PRV 2 AMP 

200 95 600 1.25 
400 1 10 1000 1 75 

8.95 

RECTIFIERS 

10 100 
154001 .90 
1N4002 1.00 
154003 1.10 
1N4004 1.20 
1N4005 1.30 

7.00 
8.00 
9.00 

10.00 
11.00 

1N4006 1.40 12.00 
1N4007 1.50 13.00 

12' Line Cords 
2.25 ea. 

CMOS 
SS4001AE 55 SS4025AE 55 
SS4002AE 65 SS4027AE 1.35 
SS4011AE 55 SS4028AE 2.80 
SS4012AE 55 SS4030AE 65 
SS4013AE 1.30 SS4049AE 1.35 
SS4015AE 3.00 SS4050AE 1.35 
7S4023AE 55 

CHECK OR MONEY ORDER, 
NO CODS. INCLUDE t0° FOR 
POSTAGE AND HANDLING 

7 7- cMINIMUM 

ORDER 5 00 

,/Yew - ?O/1a Gleetroníes 201 762.9020 

P.O. BOX 1738 A 

BLOOMFIELD. N.J. 07003 

POPULAR ELECTRONICS 
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rien Tun AdÑTIIT IN 

T Rnfoo 
9.95 

Slide -Rule Dial Covers 
(10 -watts Peak Power) 
ALL SOLID STATE!!! 

e For the Audiophiles .who are seeking an economy hi -fi 

AM only at our give -away price! Never advertised 
before. Same quality and construction as our 20W to 

60W units. Features: 4 controls; Tuning, Tone, ON /OFF 

$9 95 Volume, Circuit Switch (AM- phone). 2- Speaker stereo 

effect system. 6-11. Power ord. Phone cables. with /'_ 
B hookups, 116 VAC. 60 cycles. No escutcheon. Size: 

t- e.,. _. 101/4 x 51/4 x 31/2rß deep. Wt. :3 lbs. 

Never before have we ever seen such a combination of 

AM and FM with built -in high quality at stick a low 
price. A " aturel" for the economy-minded Audiophile. 
Features: Tuning 

o 
Volume. Balance, citM 

FM FM AFC, phono)..2- Speaker 
stereo effect system. 6 -ft. power cord. Phono cables, 

$19.95 

with hookups, 115 VAC, 60 cycles. No escutcheon. 
Si,. 1:1 q 7 x 31' -+" deep, Wt. :1 lbs. 

AM 
FM 

"PROFESSIONAL" 60 WATT 
AM -FM MUX TUNER MP 

The finest built 60 
a 

watt tuner amp we've 
Vue call it 'í'11E AUDIOPHILE BUY OF THE YEAR! It 
compares to Fisher and Ifcot quality. Crisp 

p ig type quality for the low linear response 

using pair of 35 watt style matched Pow er tab 

transistors for each channel. Built -in preamp for using 

magnetic cartridges, black and chrome- silver look 

CABINET! JUST SLIDE 
glass to 

DE INTABINET! made to ST SLI ) Push- button 
features for phono, a 

m 
fm, fm stereo, tape. Red 

"FM and TAPE" show on glass. You can't see dial 

plate behind glass Sil you press any of the above push 

buttons, and then the scale illuminates. Two separate 

rocker switches for POWER ON -OFF and AFC Controls. 
Modern slide volume, balance, bass and treble controls. 
With knobs for these and a black chrome trimmed 2" 

round for tuning. Balance controls indicate left and 

right speakers. Jack on panel for standard stereo head- 

phones. 
TIONS: haslttwo Aseparate rtcables 

antennas. 
pugREAR into 

CONNEC- 

TIONS: 
phono system. AC cable for interconnect power to 

turn- table, able to connect to phono system for 
automatic shut -off. Separate bakelite panel that you 

can dd an additional FM antenna for "souping up" 

signals, stereo jacks for playback and record for ex- 

terne) tape decks. 4 -WAY SPEAKER SYSTEM with 
switch te any channel individually for testing. Wt. 5 lhs. 

9- FUNCTION, 8 -DIGIT 
MEMORY CALCULATOR KIT 

It's the easiest multi- function kit today! 
* DOUBLE MEMORY 
* Percent, Constant, 

Display Restore 
* 4- Function 

Arithmetic Only 22 KEYS! 
LOWEST PR /CE IN THE UU.S.A.! EASY TO l'UT TOGETHER! You bet it is imagine no resistors, capacitors, but it ONLY REQUIRES 2 CHIPS and a READOUT! How's that for simplicity? The 2 Memory keys are MS Memory Storage and MR Memory Recall (requires very little soldering). The display restore key is to conserve battery life. Your display on panel shuts off 25 seconds after the last operation. By depressing "D" key, the display is restored! Uses 6 N cell batteries. Red decimal appears on left to show when batteries need replacement or charging. Has Decimal, Clear, Constant, Percent, and arithmetic key red, white and blue colors. Lightweight, pocket size 51 /s x 3 x (2" at back side) x 1./q" front side of angular display panel black case. Nifty unit for business, school, home, and for the youngsters. Slips into any pocket, briefcase with ease. Easy -to- understand pictoral instruction booklet and how-to - use -book. 

AC /DC too: KIT INCLUDES: case, 22 -key keyboard kit, ON -OFF switch (part of keyboard) PC board, driver and memory calculator chips, 9 -digit "bubble" magnifier LEI) array, array cable, AC adapter jack & wares, battery case, 6 battery card display, instruction and pictural step-by- step construction booklet. 

i 
BIGGEST 
MAN -7 
SALE -''$1 

THAT'S RIGHT! MAN-7's at 

e 

readout le f the. 

ro etury! The MAN -7 is 

7- segment "reflective eflective bar" 
f the fa nus 

MANA 
h 

. The ptimond m 
con - 

light efficiency 
struction. Looks like, acts 
like, the MAN -1. Pin con- 

nections same. Wide 
ngle 

viewing. 0.27" character 
height, color red. 

MAN -5 as MAN -7 

except green Cl 1.49 
MAN -8 an MAN -7 

except yellow 1.49 
XENON FLASH 
STROBE 1.95 TUBE 

5 5 5 Timer 

OR 

5 5 8 Dual 
741 

2 for $1 
Salo good rill 

July 15, 1975 

7-SEGMENT 3 for $6. 

OPCOA SLA -1 $2850 
: REFLECTIVE 

LED READOUT 
r7 Red 17 Yellow 

"BLASTAWAY" 
ON 1N4000 

RECTIFIER PRICES 

Teps Sale 
1N4001 50 10 foc 45c 
1N4002 10010 for 55e 
1144003 200 10 for 655 
1144004 400 10 for 75c 
1N4005 600 10 for 85e 
1N4006 800 10 for 990 
1N4007 1000 10 1...1.29 

CLOCK CHIPS `. L' as 

ON A "DIP" $3.95 
WITH DATA SHEETS 

MM5311 6 -digit 28 -Pin $6.99 
MM5312 4 -digit 24 -Pin 6.99 
MM5313 6 -digit 28 -Pin 6.99 
MM5314 6 -digit 24 -Pln 6.99 
MM5316 4-digit 40 -Pin, alarm 6.99 
MM5316 - no alarm 3.95 

50250 6 -digit LED* 28 pin $8.50 
7001 6 -dlglt LED** 28 pin 7.95 

* With internal beeper, 
"" External alarm and date 

"ALL LED" MANA 

MONSANTO 
READOUTS 
M- ONSANTO 
TYPE 

CHAR. 
HT. 

SALE 
EACH 

Quantity 
Discounts 

MAN -1 
MAN -3 
MAN -4 
MAN -6 

E MAN -64 

.27 

.12 

.19 

.60 

$2.95 
.79 

2.95 
4.50 

.4 3.50 

3 for $ 7. 
3 for S 2. 
3 for $ 7. 
3 for $12. 
3 for $ 9. 

Only 

s3995 
20 -watt Solid State Amplifier! 
All Solid State, Printed Circuitry! 
4 Speaker Systems! Slide Rule Dial! 

Features: 4- speker system, built -in 
FM antenna. record ployer jacks on separate panel. 
Another external panel consista of provisions for ex- 
ternal FM and AM antenna. "satellite" speakers to 
provide 4- speaker ground. jacks for connecting a tape 
recorder to radio tuner or phono of systems to record. 
Lower inputs for connecting tape deck that will PlaY 
back thru the internal amplifier for systems. AC jack for 
phono power connection. RED. GREEN and CLEAR in- 
dicator for Phono, AM, and FM respectively. Includes 
red indicator on front panel for STEREO indicator. 
Hu separate input to plug into mike, guitar and other 
musical instrumenta Use front panel controls, PHONO - 
STEREO- AM -FM. MONO, FM STEREO, GUITAR. TAPE 
MIKE master control switch. LOUDNESS, BALANCE, 
TREBLE, BASS controls. with power ON -OFF rocker 
switch, and AFC ON -OFP. Designed for all audio -philos 
toue as wall unit in DEN r FAMILY ROOM. or con- 
trot 

use 
BY easy chair in family room, or for those 

who wish to design their own console or modular oyn- 
tem. With 8 ft. 115 YAC cord and plug. Only 13 x 

7 x 31/2" deep. With knobs. Shag. wt. 3 Iba 

20 -WATT 
STEREO 

AM -FM- 
MULTIPLEX 

Inflation -Fi Ming .,.s 

ECONOMY IC PRICES 
\1.1 

4F1a4ct5 

o Marked 
Type 
SN7400 s .22 SN7438 ,49 SN7481 1.25 G SN74141 
SN7401 .22 SN7440 ,19 

SN7483 1.19 SN74148 SN7402 .22 5N7441 1.00 
SN7486 .39 SN74150 SN7403 .22 SN7442 1.00 2 95 5N7404 .27 5N7443 1.00 5N7499 SN74151 

5N7405 .24 5147444 1.81 7444 1.00 SN7490 5N74153 
5N7406 .79 5N7445 1.00 SN7491 1.3S 5N74154 
SN7408 .27 SN7446 1.10 SN7493 ,99 SN74135 
SN7409 .27 SN7447 1.10 SN7495 ,99 SN74156 
SN7410 .19 SN7448 1.45 SN7496 .99 SN74157 
SN7411 .31 5N7450 .27 5474100 1.55 SN74158 
SN7413 .89 5147451 .28 5N74104 1.25 5N74161 
SN7414 2.25 S147453 .28 5N74105 .95 SN74163 
SN7415 .45 SN7455 28 SN74106 .95 5N74164 
SN7416 .45 SN7462 .39 SN74107 .49 SN74165 

SN7420 .22 SN7465 .39 SN74112 .95 SN7417 .50 SN7464 .39 SN74108 .95 SN74166 
SN74173 

SN7422 .29 SN7471 .55 SN74113 .95 SN74174 
SN7423 .32 SN7472 .42 SN74114 .95 SN74175 
SN7425 .35 SN7473 .52 SN74121 .49 SN74176 
SN7426 .31 SN7474 .39 SN74122 .55 SN74177 
SN7427 .3S SN7475 .91 SN74123 1.09 SN74180 
SN7430 .24 SN7476 .52 SN74125 .65 SN74181 
SN7432 .28 SN7478 .79 

Cl SN7437 .45 SN7480 .59 

BRNO NEW LOWEST PRICES 
GENERAL ELECTR C 3 -WATT ' S2 
AUDIO AMP 3 FOR 56.00 

Itehverx a4..í wat is c Iii tx peak. 
heat Hunks: m x sty ta .30V 

min High sensi ti.mty. na to 161 ohms. 

ACOUSTIC RESEARCH AR -2 
MID -AND -HIGH RANGE SPEAKER 
One of the finest and well-built mid -range ( 1200 

ers on 
cycles) to high range (14e0ó cycles) "tweeter" speak- SALE = $495 the market today. Built by the finest 
ACOUSTIC RESEARCH) Used in their expensive roulti- 
speaker high fidelity systems. Size: 41/z x 1/4" Use it High Compliance with any system 60 watts up for beat efficiency (It's 
excellent with our own me ). H metal grins, 1200 to 14000 

p xied over protective cone material. Ceramic magnet cycles With mtg. holes. Wt. 2 lbs. y 
la-Track tape transport 8TRACK CAR RADIO STEREO Wt A -lbs. with complete stereo play- TAPE TRANSPORT back system leas audio 
arnolifler. operateti off 12 With preamp & rea!Iu $1695 VAC Wow & flatter proof. to go. Uses .-track latte. 1:1 v ****************** * ************,t*,t** *** * * * * * * ** 
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1.19 
1.19 
2.95 
1.19 
.99 

1.39 
1.69 
1.29 
1.4S 
1.45 
1.45 
1.59 
1.75 
2.85 
2.85 
1.85 
1.85 
2.25 
1.99 
1.25 
1.25 
1.10 
3.95 

I BO" KITS! 
Your 

$4.44 

FOR 
HOME 

USE 
- . *********** 

CIRCLE NO. 38 ON READER SERVICE CARD 

With Diagrams! 

5N74191 
SN74192 
SN74193 
5N74195 
SN74197 
SN74198 
SN74199 
SN74200 

1.49 
1.59 
1.59 
1.10 
1.10 
2.45 
2.45 
7.50 

BUY 
10 IC'S 
TAKE 

15% 
100 

TAKE 

N7 - & SN7475 NIXIE SN7490 
Combo No. 2 
SN7447 
SN7475 NIXIE SN7490 SN7490 
Combo No. 3 SN7448 & SN7475 NIXIE SN7490 

Terms: add postage Rated: net :In 
Phone Orders: Wakefield. Mass. (61 7 1 2.15 -.52 ' 

Retail: 16- 1is Del Carmine St., Wakefield. Muss. 
off Stater Street t C'.O.D.'S MAY LIE PHONED 

20c CATALOG on Fiber Optics, 'ICS', Semi's, Parts 
MINIMUM ORDER - $4.00 

POLY PAKS 
P.O. BOX 942E. LYNNFIELD,MASS. 01940 
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DIP SOCKETS 
8 PIN PCB $.22 24 PIN PCB $.75 

14 PIN PCB -26 40 PIN PCB 1.25 
16 PIN PCB .30 14 PIN WIRE WRAP .35 

POTTER * 
& AO I 

BRUMFIELD :6` á3 l 
Type KHI' Relay 4 PDT 3A Contacts 
24 VDC (650 coil) ea. $1.50 10 /$14.np 
120 VAC (10.5 MA coil) ea. 51.75 i0/11 .7S 

CARBON RESISTORS 
Carbon Resistors '; -Watt 5; -full prime, 
all values in Stork.IO per value (min- 
imum ,luunt1tc)- ten for 2.i-, 

FAIRCHILD "TRIMPOTS" 

ea. only 5.89 111 for $7. Sr' 
Brand new 20 turn precision trimmer.s.Th,. 
are prime parts mostly individually pa, I!i. 
in sealed envelopes.These values in stoic: 

50 011M 1 y S y 25 y 

tie .illy y - 

DIODE ARRAY %'-';' :',4 
% 

I S 11,11,1 Clore, n on 
n . Is spaced .1 "; no common 

8270 DIP 4 -BIT SHIFT REGISTER 

2N3055 NPN TRANSISTOR 
-" .tor iroserl:l'U -I ISii 

- io Il r. -50; FT -30K; Cass -TO-3 
, ... ... 15 III for Se.9S 

2102.2 MOS 1024 BIT MEMORY 
FLA_LY DECODED STATIC RANDOM ACCESS MEMORY : V` 
DIRECTLY TTL COMPATIBLE INPUTS AND OUTPUT^`i 
SINGLE 5V SUPPLY - - NO CLOCKS OR REFRESH ) - 

5695 EA. (DIP) 8 fOR 54995 

1400 DIP TTL SPECIAL 
74Uí' l'II' III isi,sr ,rt i,'House 
Numl,r,,,I. ,.... In ,, 

. 
-",0 

1404 DIP TTL 
7404 DIN' 111. spc:Lal Ilex Inverter, 
Signet is /House Numbered. 

5.17 In for 51.50 

SEND FOR 
FREE FLYER! C.O.D. PHONE ORDERS 

ACCEPTED --$10 MINIMUN 

All p,irt< ,u,pIsi and test rd;l cads plaiel 
with Gold or solder.Orders for S5 a m-r. 

ipp, -i I-r,lI.iid;smaller orders add are 
" .. ,.. . cots add Sales Tas. 

..- hours. 
t P. O. Box 4172' BRBTLOII , ^ 

Sacramento, Ce. 

ELECTROr1ICS 95841 
(916) 334 -2161 

CIRCLE NO. 9 ON READER SERVICE CARD 

COMPLETE CONSTRUCTION PLANS. Many new solid 
state projects. Send for free catalog. Robert Delp, Box 
1026G, Fremont CA 94538. 

REGULATED Power Supply. +5 volts 4 amps, -9 volts 2 

amps. $44.95 postpaid. Guaranteed. Free specs available. 
Mullers. Rt. 4, Box 371, Auburn, Maine 04210. 

CB Equipment at Discount Prices. Send for Free List. 
Capitol Sound, Box 3523. Des Moines, Iowa 50322. 

TEST EQUIPMENT- DISCOUNT PRICES: B&K, Sencore, 
Leader, EICO, Lectrotech. M&K Electronic Corp., 135 -33 
Northern Blvd., Flushing. N. Y. 11354. 

PRESSURE sensitive miniature cable for burglar alarm 
systems. Place under carpet in any contour for intrusion 
detection or ecret switching. $4.95 for twenty feet. Cable 
Switch Corr Box 72 -PE. West Long Branch, N.J. 07764. 

SURPLU ARGAINS, Computer Accessories, Equipment, 
onservation, Technical Reports. Kits, Semi - 

condu Specifications. 20% - 90% Discounts. 
C tal g 751, s. E/S Lab. Box 738, College Park, 
M and 20740. 

94 

11116,14 

ELECTRONICS CO. 

2962 W. WELDON - PHOENIX, ARIZ. 85017 

P -1 

Citizens Band 

DEALER-DISTRIBUTORS 
Send this ad with Letterhead to 

PAL 

SUMMER SPECIALS- ICM8038 Function Generator 
$3.50 -Mostek MK50250 "beeper" 6 -digit alarm clock IC 
55.95 -Jumbo 0.6" 747 LED display $1.95- 0.33" 707 dis- 
play 85 cents -Solar cells 2x2cm. 0.5v at 50ma, only .020" 
thick! $1.50 each, 10/$9.95. Bargain catalog 25 cents re- 
deemable- Diamondback Engineering, P.O. Box 194. 
Spring Valley. III. 61362. 

0Dß0 N1 

BOX 2355 
OAKLAND 

SEND US YOUR 
AIRPORT, 

NAME AND ADRESS E A v CA 94614 
STAMP AND WE'LL SEND YOU THE PPD 

STORY EIN OUR CMOS. TTL. S 

LIf4EAR5, KITS, COMPONENTS. 
AND MORE. OUR FLYER TELLS 
ALL. SEND FOR IT! BE * II 
SURPRISED. 

HOBBYWRAP* k 
TOOL $41.95 I 

*C WHY SOLDER ?NOW * 
YOU CAN AFFORD TO* a 
WIRE WRAP. CORDLESS* 
FOR EASY HANDLING. * I 8dlgilfloafinq COMES WITH CHARGER,k d.pmemory5 NICADS,BIT, INSTRUC. *%. 
TERMS, ITEMS IN THIS AD *u function % + -x_ 

ADD TAX. CALL (415) 357- * I for less! ALKALINE 

BANKAMERICARD. SOR 

7007 FOR MASTERCHRRGE OR 

ator 

BATTERIES 
RY, NO 

COD ORDERS ACCEPTED. 6/52.75 PPD 

SHIPPED PPD US. CAL RES a constantmore 1c 

CALCULATOR OWNERS: Use your + -x- Calculator to 
compute square roots. trigonometric functions, logarithms, 
and more! Quickly, Accurately. Easily! Send today for the 
First and Best Calculator Manual. . now in use through- 
out the world ...still only $2.00 Postpaid with Uncondition- 
al Money -Back Guarantee! Mallmann Optics and Elec- 
tronics, Dept. -25A, 836 South 113, West Allis, Wisconsin 
53214. 

BUILD YOUR OWN TV CAMERA/ 
Idea/ for home A buodn ss - 

B.;ase THE ECONOMICAL ANSWER TO NOME RN 
mg ITORINC OF NURSERIES ENTRANCES, 

DRIVEWAYS...BUSINESS mi INDUSTRIAL 
SURVEILLANCE...ITY...AMATEUR TV PLUS 
HUNDREDS OF OTHER APPLICATIONS. 
MOREL AT -IA SERIES D RIT FO RM I 

ASSEMBLED M76 SOLID-STATE. WORKS ON 
ANY TY SET. OPTIONAL SOUND MT 128.111. 

PHONE It MITE M eagIK. Dial WU-IIY -5711 

MI INICIAMANIN ATV Research DAKOTA CITY, NE. barn 

COMPLETE. assembled five volt. 1 amp power supply. 1% 
regulation. $7.50. Plans $2.00. Catalog Free. Danron, 581 
Dixmyth, Ginn., Ohio 45220. 

BURGLAR ALARM COMPONENTS. Below wholesale 
prices. Catalog information $1.00 (refundable). Ellin, 161 -R 
Gonad, Chestnut Hill, Mass. 02167. 

FREE CALCULATOR 
COMPARISON CHART 
from Technology Marketing 
the calculator specialists 

Purchase your calculator wisely. 
Send 25 a tor postage and handling. 

Box 183 Great Neck N-Y.11011 

PLANS AND KITS 

ATTENTION AUDIO FREAKS!! ... Audio Processing Cir- 
cuits ... designs, kits, units. Laboratory tested designs for 
hobbyist through professional use -limiters, compressors, 
equalizers, phasers, mixers and more! Send now -$1.00 
(refundable) for complete catalog- CIRCUIT RESEARCH 
LABS, 3920 E. Indian School, Phoenix, AZ 85018. 

AMAZING ELECTRONIC PRODUCTS -Pocket Laser, See - 
In- The -Dark, Scramblers, Penlight Strobe, Energy Devices. 
TV Disruptor, Many More, All New. Catalog $1.00. 
INFORMATION UNLTD., West St., Milford, N.H. 03055. 

NZma1icroMart 
Attention 

Altair 8800 Owners* 
Also Mark 8, Mod. 8, Homebrews. 
Adapt your system to our 16K 
Memory Expansion Mother Boards. 
Comes with 8 connectors, installed 
$49.95 

2K x 8 Memory Boards w /500ns 
Static Memory IC's $98.00 

I/O Expansion Mother Board 
Comes with 8 Connectors, installed 
for use with 24 8 bit input or output 
ports $49.95 
Input or Output Cards 3 - 8 bit ports 
$24.95 
Teletype I/O Card $24.95 

Absolute lowest prices on all 
Memories, and CPU's - 8008's, 
8080's,1101 A's, 2102's,1103's, 8101's. 

Due to rapidly fluctuating market 
conditions write or call for current 

prices. 
2K 2102 and 1702A Boards available, 

plated through holes 
Famous 1702A PROM, 256 x 8 

Programmable & eraseable ROM 
memory. Perfect for mini -computer 
software applications. Now only 
$27.50, and if purchased prior to 
June 30, 1975, free programming 
certificate. 

UART (Universal Asychronous 
Receiver /Transmitter) $9.95 

TV Typewriter II, Feb. R -E, all IC's 
w /memories, $79.95. 

Scientific Calculator Interface 
Uses 40 Key MOS Technology MPS 
2529 -103 Calculator Chip. For any 8 
bit microprocessor. 
Trig, and inverse trig functions, Log, 
Anti -log, exponentiation, factorials, 
etc. Complete kit, all IC's including 
MPS 2529 -103, circuit board, and 
software. Now only $69.95. 
Floating pòint or scientific notation, 
two parenthesis levels, eight digit 
mantissa, two digit exponent. 
(Added to your microprocessor you 
have the equivalent or better than 
H P -65). 

Mini Computer Kits 
Basic Kits starting at $179., w/ PC 
boards, CPU, memory. Mark 8 IC's 
$72., not including CPU and 
memory. IC's for MOD 8 and Scelbi. 

Basic 8080 Kit $289.00. 
Audio Cassette Interlaces 

for Mark 8 - Scelbi - Altair` - 
Others 

Power Supply Kits 
Components for any required 

supply. 

Write for details on above and any 
other items. Send stamped, self 
addressed for fast response. 

Mini Micro Mart 
1618 James Street 

Syracuse, New York 13203 
(315) 422 -4467 

'Registered Trademark, MITS, Inc. 
CIRCLE MO. 51 ON READER SERVICE CARD 
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Altaj Electronic Bargains 
PRICES SLASHED! WE WANT YOUR BUSINESS. SATISFACTION GUARANTEED ON EVERY ITEM 

CALCULATOR BASIC KIT WITH TI CHIP 
Includes case with matching all function 
keyboard, and 9 digits of LED readouts 
plus a Texas Instruments TMS 103 NC 
calculator chip. (Same style chip as in TI 

Datamath calculator). All the basics for 
building your own hand held calculator. 
Special - $9.95 Quantity Limited. 

3 DIGIT LED READOUT ARRAY 
Like Litronix DL -33. 3 MAN -3 style read- 
outs in one package. Factory new units 
Designed for calculators. Special - 

$1.39 (3 Digits) 

BURROUGHS PANAPLEX II 
12 DIGIT READOUT 

$BR13251 Neon 7 segment readout. 
Latest design for calculators, etc. Re- 
quires 160 VDC. Right hand decimals. 
Brand new, factory fresh. We include 
mating socket FREE. $4.95 
NOTE: With purchase of above readout 
array we offer motorola 2N5401 PNP High 
Voltage driver transistor for 10$ each. 

LITRONIX DL707 
READOUTS 

.30 IN.CHAR. Common Anode. 
SPECIAL - $1.19 

LM309K 
TO -3 Case, 1 AMP 5 VDC 
Voltage Regulator. Brand New 
By National $1.19 

MAN -3 LED READOUTS 
,i Brand new, factory prime units. .12 in. 

character. Common cathode. Perfect for 
calculators. 39c ea. Best Price Any- 
where! 

CALCULATOR CHIP BONANZA 
PRICES SLASHED! 

The newest and easiest to use chips 
available today. Made by famous US mfg. 
All are 28 pin DIP. Features: direct LED 
segment drive, low power consumption, 
internal keyboard debounce, internal 
clock oscillator, single supply voltage, 
internal keyboard encoding, and floating 
decimal point. Does not require many 
external components as do older types 
like CT5001, 5002, 5005, etc. We offer the 
most sophisticated functions for the 
lowest price anywhere. 
Chip 01 - 8 Digit, Constant. Six Func- 
tion ( +, -, x, +, -$3.95 
Chip 02 - 8 Digit, Memory, Six Function 
1+ , x, +,v," ) - $4.95 
Chip 03 - 8 Digit, Memory, Six Function 
( +, -, x, +, %, 1Ix) - $4.95 

DIGITAL ALARM CLOCK IC 
The newest and easiest to use alarm chip 
on the market today. Features: 

1. Single supply voltage. 
2. LED Intensity control 
3. Simple time set. 
4. 4 or 6 Digit LED Display 
5. AM -PM Indication 
6. 24 Hr. Alarm. 
7. 10 minute snooze. 
8. Outperforms MM5316 

Order 070250 - $6.95 (2 FOR $12) 

MINI CORE MEMORY SPECIAL 
Mfg. by DATARAM. Stores 180 words of 
18 bits each. With sense amps and 
associated drive circuits. A complete 
memory system. We include 50 pages of 
data and schematics. Data only $2.50 
Brand New. Special $24.95 

MM5314 NATIONAL CLOCK CHIP 
The most popular clock chip around. We 
made a huge special purchase of factory 
fresh, prime units Lowest price in USA. 
24 Pin DIP. 4 or 6 Digits. With Specs. 

$4.95 

DIGITAL WRIST 
WATCH CRYSTAL 

Brand new, mfg. by CTS -KNIGHT. 32.768 
KHZ. Standard, most popular type. 
Special $1.95 

8 TRACK 
TAPE TRANSPORT 

Brand new units. Same 
as found in expensive 
home units. Very limited 
qty. 

$13.95 

8008 MICROPROCESSOR 
Computer on a chip. 8 Bit 
Parallel CPU. Can address 16k 

x 8 bits of memory. With 
specs. Factory tested units. 

$ 39.95 
2102-1K RAM's for above - 
$6.95 ea. 

CT7001 BY CAL -TEX 
Digital alarm clock chip with calender 
feature. 4 or 6 digits. Also has timing 
circuitry for radio ON -OFF control fac- 
tory fresh. 

$6.95 

COLOR ORGAN CONTROL MODULE 

Completely self -contained Has SCR 
circuitry, AC line cord. etc From a 

close out by a mfg of color organs 
New. unused 

$1.95 

JUMBO LED READOUT . 

Twice the size of regular readouts. .65 
inches. Like Litronix DL747. Outperforms 
and easier to read than SLA -3, only 20 

MA per segment. Our best readout for 
digital clocks. 
$2.95 ea (6 FOR $15) Common Anode 

GE POWER 
TRANSISTOR ASSORTMENT 

Plastic power devices. Includes NPN and 
PNP, darlingtons, high voltage, high 
current, and various other types. Cases 
are color coded for easy sorting. Un- 
tested but includes many useable units. 

SPECIAL - 20 FOR $1 

LINEAR IC SPECIALS 
555V -75c 567V -$1 .95 723CH -59c 741 CV -39c 

LM324 by National - Quad 741 C in one DIP - $1.79 

ELECTROLYTIC CAPACITOR SPECIAL 
220 MFD at 25 WVDC. AXIAL Leads by 

GI. Brand New 6 for $1 

FILTER CAPS 
1000 MFD 16VDC upright 
style. 4 FOR $1 

1024 BIT SIGNETICS P -ROM 
82S1291 -256X4 bipolar, field pro - 
gramable ROM. Fully TTL compa- 
tible. 50 ns. max address access 
time. Much faster than MOS type 
units. Perfect for code conver- 
sions. microprogrammers, hand - 
wired algorithms, controllers, etc. 
With specs. Regular $35 ea. 

SPECIAL - $6.95 
BEST MEMORY BUY IN USA! 

$1 VALUE -FREE BONUS 
Free 28 Pin Socket with purchase of 
any clock or calculator chi 

POCKET CALCULÁTORS 
8 Digit. LED various styles. 
These are complete units, but 
are customer returns for vari- 
ous reasons. We got these 
from the mfg. and have not 
checked them out or culled 
through them. Includes 4, 5, 

and even 6 functions. No 
choice. A super value just for 
parts. 

SPECIAL - $7.95 
Sorry - no Data Available - Sold as is - 

7805 STYLE REGULATORS 
TO -220 Plastic Case 5VDC Regulator. 
Brand New by National - 99c 

FACTORY NEW LED'S 
Jumbo Red -Like MV5024 -8151 

Jumbo Green -Like MV5222 -51$1 

Jumbo Yellow -5111 
Mini Red -Like MV50 -10181 

PRIME TTL DIP IC'S 
7400 -16c 7448 -89c 74151 -75c 
7402 -16c 7453 -16c 74153 -89c 
7404 -16c 7473 -37c 74154 -95c 
7406 -24c 7474 -37c 74157 -99c 
7408 -16c 7475 -65c 74161 -99c 
7410 -16c 7476 -39c 74163 -1.19 
7413 -49c 7483 -85c 74164 -1.29 
7420 -16c 7490 -69c 74165 -1.49 
7427 -24c 7492 -75c 74174 -1.29 
7430 -16c 7493 -75c 74175 -1.39 
7437 -39c 7495 -75c 74181 -2.75 
7438 -35c 7496 -75c 74192 -1.25 
7440 -16c 74121 -38c 74193 -1.25 
7442 -69c 74123 -75c 74195 -79c 
7447 -89c 74150 -70c 74197 -79c 

8038 FUNCTION GENERATOR 
Brand new Voltage con- 
trolled oscillator. Has sine, 
square wave, and triangular out- 
puts. $4.50 each. 

IN4148 DIODES 
High speed switching diodes. 
Brand new units, however, leads 
are cut and bent for PC board 
insertion, stilll plenty long. 30 For 
$1 

MOTOROLA POWER 
TRANSISTOR 

MJ3029 - T03 Case - NPN 
Silicon High Voltage - VCEO - 250V Used in horiz. and vert. 
TV Circuits. Regular Price $4. Our 
Price 95c 

ZENERS 
IN746 - 400MW - 3.3V 
IN752 - 400MW - 5.6V 
YOUR CHOICE 
8 FOR $1 

COMPUTER BOARD BONANZA 
We bought over 4 tons of assorted 
boards. Contains TTL, diodes, tran- 
sistors, etc. 5 board assmt. with 150 

to 250 IC'S - $3.95 

POLAROID FILTERS 
The real thing by Polaroid Corp. 
Pale green in color. 2.3 x 12 

inches. Use with various readouts 
or for optical experiments, 
limited Qty. 2 For $1. 

ELECTROLYTIC CAPACITORS 
1OMFD 25WVDC - 
Upright - 7c 
50MFD 15WVDC - 
Upright - 10c 
50MFD 15WVDC - 
Axial - 1Oc 
100MFD 15WVDC - 
Upright - 14c 

TTL IC ASSORTMENT 
Various types. Most are marked. Our best 
selling assortment. Untested but in- 
cludes many useable devices. 

200 PCS FOR 83.95 

1 AMP SILICON RECTIFIERS 
IN4002 - 100 PIV - 8¢ 
IN4007 - 1000 PIV - 13, 

PHASE LOCKED LOOP 
565A by Signetics. Extemely 
stable. High linearity, wide fre- 
quency range. TTL compatible. 
Perfect for tone decoders, FSK. 
SCA receivers, frequency multipli- 
cation and division - $1.75. 

WITH SPECS 

PLASTIC SILICON 
TRANSISTORS 

Use for drivers in clock or calcu- 
lators. YOUR 
MPS2222A - NPN 
MPS2714 - NPN 

6 FOR 
CHOICE 

E MPS3704 - NPN 
ALL R 

Si 

2N 3904 - NPN 
UNITS 2N 3906 - PNP 

2N 4249 - PNP 

Our lower prices and superior quality 
have made ALTAJ one of the fastest 
growing electronic suppliers in the USA. 
Put your trust in our unconditional 
money back guarantee. 

ALTAJ ELECTRONICS 
P.O. BOX 38544 

DALLAS, TEXAS 75238 

TERMS: Check or money order. No COD. 
Add 10% Pstg. and Hdlg. Tex Res. add 

5 %. 

JUNE 1975 
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EM Synthesizer Studio/lab quality. Send SASE or 25 cents. 
CFR ASSOCIATES. P06 F. Newton. NH 03858. 

NEW ORGAN KIT BUILDER'S GUIDE $3.00. Circuits, block 
diagrams. details on diode keyed IC divider and 
independent oscillator designs. Many new kits and 
models. Keyboards also for synthesizers. Manual cost re- 
fundable with purchase. DEVTRONIX ORGAN 
PRODUCTS. Dept. C. 5872 Amapola Dr.. San Jose. CA 
95129 

FREQUENCY counter. Digital Clock. Logic Probe and 
more to come. Complete kits or PC Boards. reasonable 
priced lull details $3.00. Refundable. East Coast Elec- 
tronics. 50 Scott, Hamburg. New York 14075. 

SAVE ELECTRIC POWER! 
Save up to 80% electrical power with this unique. 
inexpensive. portable, permanent and legal method 
applicable for shops. homes, factories, businesses. 
farms, sites. 100% Refund Guaranteed if not scien 
tifically sound or if it employs gimmicks. 

Information $1.00 

CONSUMERTRONICS CO. 
P.O. Boa 1399 Alamogordo, N.M. 88310 

CYCLOPS TV CAMERA KIT, featured on cover of February 
PE. available from CROMEMCO. 26655 Laurel. Los Altos. 
California 94022. 

SUB -MINI OR WRIST BAND CALCULATOR. Build for 
under $20.00 Square roots. powers. pi. memory, chain. 
reciprocals. Kit includes miniature data input board. 
miniature resistors. instructions. $7.95. KJ Electronics. 
P. 0 Box 872. Mishawaka. Indiana 46544. Add 50 cents 
handling. Patent applied for 

NEW FROM EICO -Listen to official FCC -Licensed back- 
ground music ISCAI on your FM radio without com- 
mercials. EC5000 Kit. $12.95 Postpaid. M8K Electronic 
Corp.. 135 -33 Northern Blvd.. Flushing. N. Y 11354. 

PROFESSIONAL Power Supplies for your digital and 
analog protects +5. -12 VDC: + 15 VDC. Kits include 
chassis. solder. everything. from $14.95. Request free 
brochure number 12. Gage Scientific Instruments, 1931 
Tobruk. Livermore. CA 94550. 

COMPLETE units. parts or plans for windmills up to 20.000 
watts. generator plants. transformers. inverters, phase 
adders: chargers. welders. electric vehicles: war surplus 
motors and generators. much more Catalog $2.00. 
DanRan Box D Reno Nevada 89506 

/It PECIAL PURCHASE POCKET CALCULATOR KIT I 
LED DISPLAY MAN 304 JUNE SPECIALS - ,,5.25 ea. 5 /51.00 8/51.50 ^ ^l'' ̂ i-..., ,.. 

J.p. 
pica, - 

NINE DIGIT LED ARRAY 18 BIT M. 
mwn,ti 

n 
,.m - °^ o°d °^ re. .,pe.be b.neon - FAIRCHILD 37 .17" DIGITS MICROPROCESSOR CHIPS 

mJ 
w 

.i 
, e.., 

with clear magnifying lens 
$5.95 sa. MM5730 $24.95 W. 

Arithmetic and 1 unit "'"'"u $29.95 logic $30.00 ea. 
NINE DIGIT SPERRY 

1111M3751 2102 MEMORY 
GAS DISCHARGE DISPLAY Control and read only memory f40.00 ea. 1024 bit N -chan. Stalk Ram $5.93 
SP- 425 -09 1.25" x 3" overall - .25" pmp-16 standard set or extended stop 3262 MEMORY digits - connects lo 18 lead edge 2018 bit RAM $5.95 connector - hi voltage - prime Set of 4 MM5750 and 1 M445751 $129.00 8038 FUNCTION quality $1.99 *a. 

GENERATOR 
4 DIGIT DISPLAY CT5002 CALCULATOR CHIP Voltage Controlled Oscillator Sine, 
HP 50827414 Comm. Cathode 

12 digit - 4 function - chain operation Square, Triangular Output 16 Pin 

$2.75 ea. - battery operation - 28 pin Dip $4.95 
$2.95 on. CT7001 CLOCK CHIP 

5 DIGIT DISPLAY 567 TONE DECODER 4 or 6 digit - 12. 24 hr - alarm - 
HP 50827405 $2.95 ea. 8 pin DIP $2.75 en. limer 8 date circuits $6.93 ea. 

TTL 
7400 S .19 7485 $1.39 

7002 9 748899 2. 6 
7403 .19 7490 .76 
7400 .22 7491 1.29 
7405 .22 7492 79 
7406 .39 7493 79 
7407 .39 7494 .89 
7408 .25 7495 89 
7409 .25 

iá1ó5 ÓB9 
7411 29 74107 49 
7415 .39 74121 57 
7415 .39 74122 53 
7416 .39 74123 .99 
7417 .39 74125 69 
7420 19 74126 .79 
7422 29 74141 1.23 
7423 .35 74145 1.15 
7425 .39 74150 1.09 
7426 .35 74151 .29 
7430 .22 74153 1.29 
7432 .22 74155 1.19 
7437 .45 74155 1 19 
7437 45 74156 129 
7438 39 74157 1.29 
7440 19 74161 1.39 
7441 1.09 74163 1.59 
7442 99 743W 1.89 
7443 .99 74165 1.89 
/444 1.10 74166 1.65 
7445 1 10 74173 1.65 
7446 115 74175 189 
7447 1.15 74176 1 65 
7448 1 15 74177 99 
7450 24 74180 1.09 
7453 27 74181 3.65 
7454 39 74182 .89 
7460 .19 74190 1.59 
7464 39 70192 1 49 
7465 39 74193 1.39 
7472 36 74194 1.39 
7473 43 74195 99 
7474 43 74196 1 85 
7475 75 74197 1 15 
7476 47 74198 2.19 
7483 1 11 74199 2.19 
o.,. ,v..,,, pp,.b. 
Adassai°, n...,,.,. ,h.,, ss oo 

0111 

AIL 

10% ON on orders over $23.00 
1S %OH on orders over $100.00 
20% Oft on orders over$ 230.00 

MEMORIES 
Dot 156 bit RAM MOS $175 
1101 1024 hit RAM MOS 3.95 
2101 1024 bit RAM 

LINEAR CIRCUITS 
301 Hi pert op amp mDIP S 32 
307 Op amp mDII .29 
308 Micro pwr op amp onDIP .99 
309K 5V reg IA T03 1.50 
310 V loth Op Amp mDIP 1.19 

static 6.95 
5203 2048 ha UV eras PROM 19.95 
5260 1024 bit RAM 195 
5261 1024 bit RAM 2.95 
5262 2048 bit RAM 95 
7489 64 bd ROM TTt 2 75 

8223 Programmable ROM 195 
1200 256 bit RAM rn -.late - 

311 Hi pert V comp mDIP 1.05 
319 Ho speed DIP 1.29 

Neg 
15V.52V.12V.15V1 103 1.25 

324 quad op amp DIP 1.89 
339 Quad comp DIP 1.69 
3407 Poi V mg ISV, 6V, BV, 

12V, 15V, 19V, 24VI TO 220 1.75 
372 AG IF stop del DIP 79 
376 Pos V reg wOlF 59 
377 2 w stereo amp DIP 2.69 
380 2w adio amp DIP 1.29 

8 .6w audio amp mDIP .e9 
381 Lo noise dual preamp DIP 1.69 
550 Prec V reg DIP 79 g 
555 Timer mOIP 99 
560 Phase locked loop DIP 2.75 
562 Phase locked loop DIP 2.65 
565 Phase locked loop DIP 2.65 
566 Funcoor, gro mDIP 2.50 
567 Tone Decoder mDIP 2.95 
709 Op amp DIP 29 
710 Hr speed V romp DIP 39 
723 Volt reg. DIP 69, 
739 Dual hi pert amp DIP 1 19 
741 Comp op amp mDIP 35 
747 Dual 741 DIP 79 
748 Freq adi 741 mDIP 39 
1304 FM mu. st demr,il DIP 1.19 
1307 FM mw a demod DIP 87 
1458 Dual Comp op amp roDIP 69 
1800 Stereo Mulupkxer DIP 2.75 
3900 Quad amp DIP .39 
7524 Core corm sense amp DIP _79 
7525 Core crew sense amp DIP 95 
75451 Dual prl. driver mDIP .39 
75452 Dual girl Inver mDIP 39 
75453 Dual prl driver mDIP .39 
75491 Quad 105 driver DIP .79 
75492 Hex dig diner DIP .09 

Ada 
s,..,. avov.e 

s. 
w, , 

sso ,,., n si op 

CALCULATOR & 
CLOCK CHIPS 
5001 12 Dn. a . 1. 195 
5001 Same . 50411 v., two I, ,,, 4 95 
5005 12 DIG 4 tuna wmem 5.95 
MMS72S 8 DIG 4 tuna chain 8 der 2.25 
MM57)6 18 pm 6 DIG 4 runes 4.95 
MM5738 8 DIG S tuna K 8 Mem 5.95 
MM57)9 9 DIG 4 honor dairy sun S 95 
M815311 28 pin BCD 6 di 4 95 
MM5312 24 pin 1 pps BCD 4 dig mu. 44S 
\i'r510 28 1 pin d BC 6 dig mu. 4 95 

,15114 ít14 24 pin ódig mu. 495 
p, 116 40 pin a1a,m 4 dig 5.95 

LED'S AND 
OPT() ISOLATORS 

Red TO 18 5.25 ea. 
MV50 Axial leads .20 
MV5020 Jumbo visble ed .25 
ME4 Infra red dill. dome .60 
MANI Red 7 seg. .270" 2.50 
MAN2 Red alpha num 32" 4.95 
MANO Red 7 reg..190" 115 
MANS Green 7 seg..270" 2.95 
MAN7 Red 7 seg..270" 1.35 
MANS Yellow 7 reg ..270' 3.95 
MAN66 60" high dir view 4.65 
231707 Red 7 seg. 3" 2 15 

Opro no transistor 

CMOS CMOS 
44x31 Al S40 4019 AF $2.10 4066 AF 51.05 
4001 At 40 4020 AF 2.20 4060 AE 40 
4002 AF 40 4021 AF 205 4069 At 40 
40gó AE 1 75 4021 Al 40 4071 Al 40 
4007 AE 40 4024 AE 1.45 4072 AE 40 
4007 AE 245 4025 AE 40 4073 AE 40 
4109 AE 80 4027 AE 1 20 4075 AF 40 
4010 AI 80 4028 At 1 75 4078 Al 40 
4011 Af 40 4030 AE 85 4081 AF 40 
4011 At 80 4042 Al i 911 ION of 

Treeyl..7.7..7 Satisfaction s guaranteed Shipment will be made via first class 
mad - postage paid m U S . Canada and Mexico within three 
days from receipt of order. Minimum order - $5.00. California 
residents add sales tax 

INTERNATIONAL ELECTRONICS UNLIMITED 
14081 6593171 P O BOX 1708 MONTEREY CALIF 93940 USA X 

96 
CIRCLE N0. 22 011 READER SERVICE CARD 

CONVERT any transistorized T.V. Tuner to a Tuner Substi- 
tuter. Plans $2.00. $35.00 for completed and tested Super 
Substituter. Radio Television Training. Box 279. P -35. 
Syracuse. N Y 13206 

HIGH FIDELITY 

DIAMOND NEEDLES and Stereo Cartridges at Discount 
prices for Shure. Pickering. Stanton. Empire. Grado and 
ADC. Send for free catalog. LYLE CARTRIDGES. Dept. P. 
Box 69. Kensington Station, Brooklyn. New York 11218. 

LISTEN TO SPECTACULAR 4 CHANNEL SOUND. 
(nand your stereo to quadraphonic MITI 
Build the VISTA Full Logic "SQ" Decoder 

Latest CBS licensed circuitry using 3 IC's to provide Full Logic and Rare 
Matching 
Exclusively ours. Kit SQI S37.S0. Shipped prepaid in USA A CANADA 

Send for information. 

PHOTOLUME CORPORATION 
III East 28th Stitt! Ne. fort, N T 10016 

WANTED 

QUICKSILVER. Platinum. Silver. Gold. Ores Analyzed. 
Free Circular. Mercury Terminal. Norwood. Mass. 02062. 

TUBES 

RADIO 8 T.V Tubes -36 cents each Send for free 
Catalog. Cornell. 4213 University. San Diego. Calif. 92105. 

RECEIVING 8 INDUSTRIAL TUBES. TRANSISTORS. All 
Brands - Biggest Discounts. Technicians. Hobbyists 
Experimenters - Request FREE Giant Catalog and SAVE! 
ZALYTRON. 469 Jericho Turnpike . Mineola. N.Y. 11501. 

TUBES receiving, factory booed. low prices. free price list. 
Transleteronic. Inc . 1306 40th Street. Brooklyn. N Y 

11218A. Telephone 212- 633 -2800. 

TUBES "Oldies' -. latest Lists free. Steinmetz. 7519 
Maplewood. Hammond. Indiana 46324. 

CASH PAID FOR OBSOLETE RECEIVING TUBES 
WE300B. WE300A. WE35OB. WE252A, WE274A13, 
WE284D. RCA45. RCA50. Small and large quantities. and 
movie theatre equipment. amplifier WE86A, WE59A. 
WE30A. WE91A 9. pick -up WE9A. WE10A, etc. Contact. M 
Takabe. 303 Fifth Ave. NYC 10016. Tel 12121 679- 
19 -0 

ELECTRICAL SUPPLIES & EQUIPMENT 

PLATING Equipment. Portable Platers. Supplies and 
"Know -How." Build your own tanks for nickel. chrome. 
etc Easy -to- install PVC liners. Rectifier components -all 
sizes. Schematics. parts lists, formulas. operating 
instructions for all plating. Guaranteed to save you 25 °x- 
75% Some good units for sale Write for details. Platers 
Service Company. 1511 -PE Esperanza. Los Angeles. Calif 
90023. 

TAPE AND RECORDERS 

RENT 4 -Track open reel tapes -all major labels -3.000 
different - free brochure. Stereo -Parti. 55 St, James Drive. 
Santa Rosa. Ca. 95401. 

1930 -1962 Radio Programs. Reels. $1.00 Hour! Cassettes. 
$2.00 Hour!... Mammoth Catalog. $1 25. AM Treasures. 
Box 192F. Babylon. N.Y. 11702. 

pla,n,CASSETTEraLABELS Metal 
to His Send to, open feel and cassette dicnunt catalog 

NM 100 1000 10M 
Cassette labris I Muihples of 10i 02 015 01 006 
Nn,rico Cassette Cirant, 60 55 50 45 

' Sco!cn Cassette 5C9011E 325 310 2 95 2 80 
10 It Metal NAB Aeti. Used 100 90 80 75 

'Bue 10 SC9011F Get 5 Fer 
Pius Postage be Raga! and lone 

SAXITONE TAPE SALES 

Minimum 0,dr, 1500 
1716 COLUMBIA ROM. M.R. 

VAISIIINCTON, D.C. 80009 

OLD RADIO BROADCASTS. Cassettes. Reels. $2.50.$300 
7 hour. Catalog $1.00 refundable. Airwaves, 2018 Eagle 
Heights -PE Madison, Wisconsin 53705. 

OLD RADIO SHOWS ON CASSETTES. $1.50 per show. 
Catalog 25 cents. Radio Classics. Box 804a. Mattituck. 
N.Y. 11952. 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


EMPLOYMENT OPPORTUNITIES 

ELECTRONICS /AVIONICS EMPLOYMENT OPPORTUN- 
ITIES. Report on jobs now open. Details FREE. Aviation 
Employment Information Service. Box 240E, Northport. 
New York 11766. 

MUSICAL INSTRUMENTS 

UP TO 60 DISCOUNT. Name brand instruments catalog. 
Freeport Music, 455N Route 110. Melville. N.Y. 11746. 

WHOLESALE! Professional Guitars. PA Systems, Altec 
Speakers. 240W RMS Amplifiers. Free Catalog. Carvin, 
Escondido, Calif. 92028. 

TREASURE FINDERS 

FREE FACT -FILLED CATALOG! World's largest selection! 
Metal detectors starting at $79.50. Two year guarantee! 
Three factories. U.S.- Canada. 1.200 dealers - Service 
Centers nationwide. Finest instruments at any price! 
Budget Terms. Dealer inquiries invited. Write: White's 
Electronics. Inc. Dept. PD5T, 1011 Pleasant Valley Road, 
Sweet Home, Oregon 97386. 

TREASURE FINDER locates buried gold, silver. coins, 
treasures. 6 powerful models. Instant financing available. 
Write or call for free catalog. Phone (713) 682 -2728 day or 
night. Dealer inquiries invited. Relco. Dept. AA20. Box 

10839. Houston. Texas 77018. 

REAL ESTATE 

BIG...FREE...SUMMER CATALOG! 256 pages! Over 

2,600 top values in 40 states coast to coast! UNITED FARM 

AGENCY, 612 -EP, West 47th St.. Kansas City Mo. 64112. 

RECORDS 

OLDIES. 45rpm. Free Catalog. Corny's Record Shop, Box 
166TH. Mason. Ohio 45040. 

For 

faster 

service 

USE 

ZIP 

CODE 

on 

all 

mail 

GIANT SOPHISTICATED BOARDS 

P9230....contains 63 ICs, all 7400 TTL series, & DTL 900 series. 
9 P &B reed relays, including 2 latching. P &B series JR. LM -309 
regulator, 2 TO -5 linear circuits Dipped tantulum caps, 23 2N4401 
transistors, 1 2N4403, 3 2N5061 SCRs, 2 G.E. C406 SCRs, i5 &% 
watt resistors and capacitors.Parts value over $200.00. 
STOCK NO P9230 $12.95 ea. 2/25.00 

P9232 ...Contains 8 Op amps, 49 ICs 7400 TTL series, and DTL 
300 series. 7 P &B reed relays, LM3Ó9 regulator & heat sink,4 
5K Trimpots, 2 power transistors TO -3, 5 G.E. C106 SCRs,2 
2N4401 transistors, 2 2N5061 SCRs. Rectifier and small signal 
diode9,i4 & Y. watt resistors, dipped tantulum caps, and other 
caps, 
STOCK NO. P9232 $14.95 2/28.00 
One each of above boards $26.00. We supply data for most 
of the parts on these boards. 

Please include sufficient postage;excess will be refunded. Send 
for new Summer catalog 14. 64 pages of electronic bargains. 

DELTA ELECTRONICS CO. 
BOX 1, LYNN, MASSACHUSETTS 01903 

Phone (617) 388 -4705 

CIRCLE NO. 15 ON READER SERVICE CARD 

for TTL gar 
7400 17 7491' 1.00 

7401 23 7492 .95 

7402 23 7493 .95 

7403 .17 7494 .97 

7404 .25 7495 .95 
7405 .24 7496 .95 
7406 .50 74100 1.50 

7407 .50 14107 .47 

7408 .25 74121 55 
7409 .25 74122 47 
7410' .17 74123 1.05 

7411 .30 74125 .60 
7412 40 74126 .80 
1413' .75 74141 1.15 

7416 .45 74145 1.15 

7417 .45 74147 2.95 

7418 .25 74148 2.95 

7420 .23 74150 1.10 

7421 .27 75151 1.20 
7423 .32 74153 1.50 

7425 27 74154 1.25 

7426 .31 74155 1.30 

7427 .32 74156 1.30 

7429 .40 74157 1.55 

7430 .33 74160 1.65 

7432 26 74161 1.65 

7437 45 74163 2.50 
7438 .50 74164 1.65 
7439 .50 74165 1.65 
1440 .23 74166 1.75 

7441 1.10 74170 3.00 

7442 1.05 74173 1.75 

7443 1.10 74174 1.85 

7444 1.15 74175 1.85 

7445 1.10 74176 .85 

7446 1.25 74177 .85 

7407' .89 74180' 1.00 
7448 1.25 74181 3.75 
7450 25 74182 1.00 

7451 27 74184 2.30 
7453 .27 74185 2.30 
1454 .40 74187 7.00 
7459 .25 74190 1.50 

7460 .25 74191 1.50 

7470 .45 74192' 1.25 
7472 .41 74193' 1.25 

7473 .39 74194 1.50 

7474 .47 74195 1.05 

7475' -75 74196 1.25 

7476 .40 74197 1 05 

7480 .50 74198 2.25 

7482 1.75 74199 2.75 
7483 1.15 74200 7.00 
7485' 1.10 74250 5.00 
7486 41 74251 2.50 
7488 4.00 74284 5.00 
7489' 2.25 74285 5.00 
7490' .69 

20% Discount for 100 acs. Combined 
7400's 

CMOS 
C04000 $ .48 

604001 .48 
C04002 .48 
C04006 3.75 
c04007 .55 
C04009 .89 
co4010 .69 
C04011 .48 
604012 .48 
604013 1.00 
C04016 1.00 
CD4017 2.65 
CD4019 1.15 
C04010 1.50 
CD4022 1.50 
cD4023 48 
C04024 1.95 
Co4025 .48 
604027 1.15 
C04028 2.65 
C04029 195 
C04030 100 
C04035 2.65 
C04040 3.95 
C04042 2.75 
C04044 275 
C04046 275 
C04047 2.75 
Co4049 1.00 
Co405o 1.00 
C04051 3.95 
74C00 .39 
74CO2 .55 
74604 75 
74C10 .65 
74C20 .65 
74C42 2.15 
74674 1.15 
74690 3.00 
746107 1.50 
74C151 290 
74C157 219 
746160 3.25 
746161 3.25 
746163 3.25 
746164 390 
74C173 2.90 
74C195 3.00 
80C97 1.50 
17024 rnnrs 

29 95 ea. 

LOW POWER 
.33 

74102 .33 
74103 .33 
74104 33 

74110 33 
74120 33 

74130 33 
74142 1.89 
74172 .49 
74173 .69 
74174 69 
74178 .79 
74185 1.25 
74186 .69 
74190 1.69 
74191 1.45 
74193 1.69 
74195 1.69 
741164 2.79 
741165 2.79 
741192 2.25 
741193 1.25 

8000 Series 
8091 .59 
8092 .59 
8095 1.39 
8121 .89 
8123 1.59 
8130 2.19 
8200 2.59 
8210 3.49 
8214 1.69 
8220 1.69 
8223' 3.00 

8230 
8263 
8267 
8280 
8281 
8288 
8812 
8826 
8830 
8831 
8864 
8880 

2.59 
7.00 
4.00 

.75 

.85 
1.15 
1.10 
3.00 
2.59 
2.59 
200 
1.33 

JUNE 1975 

LINEAR 
LM300H 
LM30IH/N 
LM301H 
LM304H 
LM305H/N 
LM307H/N 
1M308H/N 
LM309K 
LM310H/N 
LM311H/N 
1M318N 
LM319 
LM320K 
04324 
LM339N 
LM340K 
LM340T 
LM370N 
LM373N 
1M380.8 
LM380N 
NE531T 
NE536T 
NE550N 
NE555N 
NE556N 

s .69 
29' 

.69 
79 
.89 
.35 

1.05 
1.25' 
1.19 

95 
1.69 
1.19 
1.50 
1.85 
1.95 
1.89 
1.75 
1.05 
2.05 
1.00 
1.25' 
3.00 
3.00 
79 
.69 

1 85 

LM739N 
LM741H/N 
LM747N 
LM748N 
LM 1303N 
LM1304N 
LM1307N 
LM1310P 
LM 1458N 
LM1496N 
LM1556V 
03013 
643023 
CA3035 
643039 
CA3046 
643059 
CA3060 
6430655 
CA3080 
CA3083 
CA3086 
CA3089 
CA3091 
CA3123 
CA3600 
LM0900 
LM 3905 
LM7805 
80388 
LM9601 
LM9602 
75450 
75451 
75452 
75453 
75491 
75492 
75494 
753245 

...¡ 1 

51.29 
.31' 
.69 
35 
79 

1.00 
.79 

3.25' 
.69 
99 

115 
L 1.70 

2.15 
2.25 
1.35 
1.15 
246 
280 
.75 
.85 

1.60 
7o 

3.25 
8.25 
1.85 
1.75 
55 
.55' 

1.75 
3.95' 
.55 
75 
49 

I .39 
39 

.39 

.79 

.89 

.89 
1.75' 

NE560 
NE56I 
NE562 
NE565V 
LM565H 
NE566 
NE567V 
LM567H 
LM703H/N 
LM709H/N 
LM710H/N 
LM711H/N 
LM723H/N 
LM733H/N 

25o 
2.50 
2.50 
2.00' 
1.50' 
2.00' 
2.00 
1.50' 

43 
.29 
.29 
.29 
.55 

1.75 

1/4 W 5% CARBON RESISTORS 

5 -25 30 -95 100495 500995 luuU UP 

.05 .04 .03 .0275 .025 

All Std. Va ues - 5 Ea. Min. 

Add 5! per value it sorting n required 

Calculator Chips 
MM5311 54.95 
MM5312 4.95 
MM5313 4.95 
MM5314 4.95 
MM5316 6.95 

Clock Chips 
5001 63.95 
5005 5.95 
5007 6.95 
5030 7.95 
7001 9.95 

WALL or T.V. DIGITAL CLOCK 

25' VIEWING DISTANCE 
Walnut Case-6" x 3" x 1" 

Hr. $ Min. 6" High 

Seconds -3" High 

KIT All Camp. & Case 

Wired & Assembled 115 Vac 544.95 

SWITCHES 

SLIDE SWITCHES 

DP OT Locking 0.5406 
PART N0. 19 1029 30 up 

213 462061 8 .39 30 .27 

PB PUSHBUTTON SERIES - (SPOT) 

5 AMP RATINGS 
Momentary Action Switch 
Normally Open or Normally - 
Cloud. (For N C circuit use 

terminals 2 5 1; for N 0, 2 

8 3; for N C and N 0, 1,253 P8126 52 35 S1 95 

*Special Requested Items* 
8008 Processor 
1101 256 x 1 RAM 
2102 1024 RAM 
AY5.1013 DART 
RC4I94 TK 

949.95 
2.25 
6.95 
3.95 
5.95 

8263 
8267 
2513' 
2518 
2519 

$ 7.00 
4.00 
11.00 
7.00 
4.00 

2524' 
2525 
2529' 
4524P 
N8T97 

(Zeiler/ DIODES (Rectifier 

TYPE VOLTS W PRICE TYPE VOLTS W 

N746 3.3 400555 4/1.00 64003 200 PIV 1 AMP 

N752 5.6 400m 4/1.00 N4004 400 PIV 1 AMP 

N753 
N754 

6.2 
6.8 

400m 
400v, 

4/1.00 
4/1.00 

53600 
64148 

50 
75 

200m 
10m 

N5232 5.6 500m .28 N4154 35 10m 

N5234 6.2 500m .28 N4734 5.6 lw 

N5235 6.8 500m .28 64735 6.2 lw 
N5236 7.5 500m .28 54736 6.8 1w 

N456 25 40m 6/1.00 N4738 8.2 1w 

N458 150 7m 6 /1.00 51183 50PIV 35 AMP 

N485A 180 10m 5/1.00 N1184 100 PIV 35 AMP 

64001 50 PIV 1 AMP 09 51186 200 PIV 35 AMP 

N4002 100 PIV 1 AMP .10 NI188 400 PIV 35 AMP 

MPSA05 
25918 
2622194 
252221 
2522224 
262369 
2523694 
252484 

TRANSISTORS 
5/51 

MM 
25 262906A 

3/$1 2N2907A 
4/$1 253053 
5/51 263055 
5/51 2N3725A 
4/51 2N3903 
4/S1 263904 

$ 150 
700 
4.00 
2.25 
3.00 

PRICE 

.10 

.10 
6 /1.00 
15/1.00 
12/1.00 

.28 

.28 

.28 

.28 
1.60 
1.70 
1.80 
3.00 

253905 
4/61 2N3908 
5/S1 PN4249 
2/$1 PN4259 

.95 264409 
2/51 255129 
5/S1 215139 " 

4/$1 C10613150 

4/SI 
4/$1 
4/51 
4/$1 
5/$1 

.19 

.19 
2/S1 

SUB -MINATURE TOGGLE 
Prix 

Pert No. 1 2.9 

SPOT ON NONE ON JMT' 2.05 1.65 
123 

DPST ON NONE ON 1MT 2.95 2.15 
223 

50 PCS. RESISTOR ASSORTMENTS $1.75 per ASST. 
1/4 Wett 5% 100HM 12 OHM. 15 OHM- 18 OHM- 22 OHM 

Asst. 1 5 ea. 27 OHM- 33 OHM. 39 OHM. 47 OHM- 56 OHM 

68 OHM 82 OHM -100 OHM120 OHM150 OHM 
Asst. 2 5 a4180 OHM -220 OHM270 OHM335 OHM.390 OHM 

470 OHM 560 OHM680 OHM-820 OHM- IK 
Asst. 3 5 ea. 1.2K 1,5K 1.8K 2.1K 2.7K 

3.310 3.910 4.76 56K 6.8K 
Asst. 4 5 ea. 8.2K 10K 12K 15K 18K 

22K 2710 33K 39K 47K 
Asst. 5 5 ee. 56K 681( 82K 100K 120K 

150K 180K 220K 270K 330K 
Asst. 6 5 ea. 390K 470K 560K 680K 820K 

1M 1.2M 1.5M 1.8M 22M 
Asst. 7 5 ea. 2.7M 3.3M 3.9M 4.7M 96M 

LEDS 
MV 10 5/1 
MV 50 6/1 

MV 5024 5/1 

DISPLAYS 
MANS 1 95 
MAN .95 
MAN-4 1.95 
MAN7 1.50 
5133 1.95 
01747 2.50 

I. C. SOCKETS 
SOLDERTAIL - LOW PROFILE (TIN) 

1 -24 2549 1 -24 2549 

8 pin $ .22 .20 24 pin S .68 .62 

14 pin .26 -23 28 pin .89 .81 

16 pin .29 .26 36 pin 1.10 .99 
18 pin .46 .41 40 pin 1.25 1.13 

22 pin .65 .59 

SOL DERTAIL STANDARD (TIN) 
1.24 2549 1.24 2549 

14 pin $ .30 .28 28 pin 5 .99 .90 

16 pin .33 .31 36 pin 1.39 1.25 

18 pin .42 .39 40 pm 1.59 1.45 

24 pin .59 .54 
WIRE WRAP SOCKETS (GOLD/ Level 3 

1.24 2549 1.24 2549 
10 pin $ .45 .41 24 pin 51.05 .95 
14 pin .46 .42 28 pin 1.40 1.25 

16 pin .55 .50 36 pin 1.59 1.45 

18 pin .75 .68 40 pin 1.75 155 

Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds. 
California Residents - Add 6% Sales Tax 
Write for FREE 1975 Catalog - Data Sheets .256 each 

P.O. BOX 822, BELMONT, CA. 94002 
PHONE ORDERS - (415) 592 -8097 

CIRCLE NO 26 ON READER SERVICE CARO 

CAPACITOR CORNER 
50 VOLT CERAMIC DISC CAPACITORS 

19 1049 50.100 1.9 1049 
lOpf .05 .04 .03 .001 05 .04 

22 pf .05 .04 03 .0047 .05 .04 

47 P1 05 .04 .03 .01 .05 .04 

TOO pi 05 .04 .03 .022 .06 .05 

220 pl 05 .04 .03 .047 .06 05 .04 

470 pl .05 04 .03 1 .12 09 .075 

100 VOLT MYLAR FILM CAPACITORS 
.001 .09 .07 .05 .022 .10 .08 .06 

.0022 09 .07 .05 047 .12 .09 .07 

.0041 .09 .07 .05 .1 .15 .12 .10 

.01 .10 .08 06 .21 .21 18 .15 

a 20% DIPPED TANTALUMS (SOLID) CAPACITORS 
.I 35V .28 .23 .17 1.5 35V .30 26 .21 

.15 35V .28 .23 .17 2.2 25V .31 .27 .22 

.22 35V .28 .23 .17 3.3 25V .31 27 .22 

.31 35V .28 .23 .17 4.7 25V .32 .28 .23 

47 35V .28 .23 .17 6.8 25V .36 .31 .25 

.68 35V .28 .23 .17 10 25V .40 .35 .29 

1.0 35V .28 .23 .17 15 25V .63 .50 .40 

MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS 
Axial Lead Radial Lead 

.47 50 .15 .13 10 .47 25 .15 .13 .10 

1 50 .16 14 11 .47 50 .16 .14 .11 

3.3 50 .15 .13 10 16 .15 .13 .10 

4.7 25 16 .14 .12 25 .16 .14 .11 

10 25 .15 .13 .10 50 .16 .14 11 

10 50 .16 14 .11 .7 16 .15 .13 .10 

22 25 .17 15 12 .7 25 .15 .13 .10 

22 50 .24 20 18 .7 50 .16 14 .11 

47 25 19 17 .15 1 16 .14 .12 09 

47 50 25 .21 .19 1 25 15 .13 10 

100 25 .24 -20 .18 1 50 16 .14 .12 

100 50 35 .30 29 4 50 .24 .21 .19 

220 25 .32 28 .25 10 16 .19 .15 .14 

220 50 A5 41 38 10 25 .24 .20 .18 

470 25 33 19 27 10 50 .35 30 .28 

1000 16 55 50 45 22 16 .23 .17 .16 

2200 16 .70 62 .55 47 25 .31 .28 .26 

50.100 
.035 
035 
.035 
.04 

97 
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BUSINESS OPPORTUNITIES 

I MADE $40,000.00 Year by Mailorder! Helped others make 
money! Free Proof. Torrey. Box 318 -NN, Ypsilanti, 
Michigan 48197. 

FREE CATALOGS. Repair air conditioning. refrigeration. 
Tools, supplies, full instructions. Doolin. 2016 Canton, 
Dallas. Texas 75201. 

MAILORDER MILLIONAIRE helps beginners make $500 
weekly. Free report reveals secret plan! Executive (1K61. 
333 North Michigan, Chicago 60601. 

PIANO TUNING LEARNED QUICKLY AT HOME! 
Tremendous field! Musical knowledge unnecessary. GI 
approved. Information free. Empire School. Box 450327, 
Miami 33145. 

$200.00 DAILY In Your Mailbox! Your opportunity to do 
what mail -order experts do. Free details. Associates, Box 
136 -J, Holland, Michigan 49423. 
FREE BOOK "2042 unique proven enterprises." Work 
home! Hayling -B. Carlsbad. CA 92008. 

100 MONEY making formulas! $2.00. no further investment! 
Carousel, 10331 Carousel, Wisconsin Rapids. Wisc. 54494. 

MAKE two times your cost on Gift items, novelties. 1001 
others, $2.00 (refundable first order) brings Giant Catalog. 
MC DONOUGH, 1931 FT AIDA AVE., TUCSON, ARIZONA 
85710. 

ELECTRONIC Assemby Business. Big profits. Start home, 
spare time. Investment. knowledge. experience unneces- 
sary. Free illustrated literature. Barta. Box 248CS, Walnut 
Creek. Calif. 94597. 

Wcot 
P.2 

Citizens Band 

DEALER -DISTRIBUTORS 
Send this ad with Letterhead to 

PAL ELECTRONICS CO. 

2962 W. WELDON - PHOENIX, ARIZ. 85017 

RUBBER STAMPS 

RUBBER address stamps. Free catalog. 45 type styles. 
Jackson's. Box 443G. Franklin Park. Ill. 60131. 

INTEL 80088 BIT MICRO PROCESS- 
ING CHIP (with data book) $64.50 
2102 -2 -1024 BIT RAM $6.95 
1702A UV PROM $24.00 
MM5203 UV PROM $24.00 

MINIATURE TRIM POTS 
5K, 10K, 25K, 50K, 100K, 
$.75 EA. 3/$2.00 
MULTI -TURN TRIM POTS 
Similar to Bourns 3010 style 316" . ?e" - 

t!'" 50. 100. 500. 2000. 5000. 10.000 
ohms. $1.50 

LIGHT ACTIVATED SCR's 
TO -18 200V lA $1.75 

PRINTED CIRCUIT BOARD 
41/2"x61/2" single sided epoxy 
board, 1/16" thick, unetched 
$.50 ea. 5/$2.20 

MC14435 & MC1405L. 
A two piece 3'/2 digit A/D converter 
system for panel meters and with 
schematics DVM'S $39.95 

TRANSISTOR SPECIALS 
2N4898 PNP TO 66 
2N404 PN 
2N3919 N 
MPSA13 N 
2N256 PN 
2N3767 N 

2N2222 N 
2N3055 N 
2N3904 N 
2N3906 P 
2N5296 N 
2N6109 P 
2N3866 N 

RF POW 
MJ2252 N 
2N3638 N 
2N2218Á $i 

35V at 6.8 UF TANT3/$1 00 
20V at 200 UF TANT$ .40 
6V 30 UF TANT ...5/$1.00 
12V 200 UF ELECT ...$.30 
200V 4.7 UF ELECT ..$.30 
10 UF 12V ELECT .511.00 

P GE TO-5 4/51.00 
PNSiTO-3RF $1.50 
PN Si TO-92 3/$1.00 
P GE TO-3 $ .40 
PN Si TO-66 $ .70 
PN Si TO-18 5/$1.00 
PN Si TO-3 $1.00 
PN Si TO-92 4/51.00 
NP Si TO-92 4/$1.00 
PN Si TO-220 $ .50 
NP Si TO-220 $ .55 
PNSiTO-5Si 

PN Si TO-66 $ .90 
PN Si TO-5 5/$1.00 
NPN i TO-5 4,31.00 

C/MOS (DIODE CLAMPED) 
74C 02 -$ .55 CD 4019-$ .95 
74C 10 -$ .60 CD 4022-$2.10 
74C 157-$2.15 CD 4023-$ .48 
74C 165-$3.50 CD 4024-$1.80 
CD 4001-$ .48 CD 4025-$ .48 
CD 4002-$ .48 CD 4026-$5.00 
CD 4006-$3.50 CD 4027-$1.20 
CD 4007-$ .48 CD 4028-$2.20 
CD 4009-$ .80 CD 4029-$4.00 
CD 4010-$ .65 CD 4030-$ .53 
CD 4011-$ .48 CD 4035-$2.30 
CD 4012-$ .48 CD 4042-$2.75 
CD 4013-$ .90 CD 4046-$3.75 
CD 4015-$2.80 CD 4047-$3.10 
CD 4016-$1.05 CD 4050-$1.05 
CD 4017-$2.60 CD 4055-$2.70 

TIS 73 N FET $ 50 
2N4891 UJT $ 50 
ER900 TRIGGER DIODES 4/$1.00 
2N6028 PROG. UJT $ 75 

MAN -1, Red or Yellow Ful Wave Bridges 
LED READOUT $2.50 PRy 
MAN -3 READOUT $1.75 200 
MAN -3 READOUT $2.00 400 
SLA 3 $4.50 600 

1103 1024 bit RAM $4.75 
NEC 6003 2048 bit RAM $9.50 
1101 256 bit RAM $1.75 
5260 RAM $4.50 
7487 RAM $2.75 

2A 
.95 

1.15 
1.35 

6A 
1.25 
1.50 
1.75 

25A 
$3.00 
$4.00 
$5.00 

MM5203 -2048 BIT 
ERASABLE PROM $24.00 
8223 PROM ....... .. .54.75 

CD 110 256x1 bit linea charged 
couple device image sensor used 
for 1 line scanning, with sche- 
matics $150.00 

VERIPAX PC BOARD 
This board is a 1'16" single sided 
paper epoxy board, 412 61.0" 
DRILLED and ETCHED which 
will hold up to 21 single 14 pin 
IC's or 8, 16 or LSI DIP IC's with 
busses for power supply con- 
nections. Is also etched for 22 
pin connector $5.25 

FCD 811 OPTAL COUPLER S1.20 
RED /GREEN BIPOLOR LED. $1.35 
MT -2 PHOTO TRANS . 5.60 
GREEN GAP OSL -16 LED 5.40 
RED GAP OSL -3 LED 5.30 
14 PIN DIP SOCKETS S.40 
16 PIN DIP SOCKETS S.50 

10 WATT ZENERS 
3.9, 4.7 OR 18V .. $.75 EA 

1 WATT ZENERS 5.6, 10. 12. 15, 18. OR 
22V 5.40 EA. 

Silicon Power Rectifiers 
PRV 1A 3A 12A 50A 
100 .06 .14 .30 .80 
200 .07 ,20 .35 1.15 
400 .09 .25 .50 1.40 
600 .11 .30 .70 1.80 
800 .15 .35 .90 2.20 

1000 .20 .45 1.10 2.75 

REGULATED MODULAR 
POWER SUPPLIES 

i -15VDC AT 100ma 
115VAC INPUT $24.95 

5VDC AT 1A, 115VAC 
INPUT $19.95 

12V .6A 24.95 
IN 4148 (IN 914) 14/$1.00 

Terms: FOB Cambridge Mass. 
Send check or Money Order. Include 
Postage. Minimum Order $5.00 

100x100 IMAGE SENSOR CHARGED 
COUPLE DEVICES USED IN SOLID 
STATE CAMERAS. WITH APPLI- 
CATIONS. $198.00 

2516 -64,6x8 STATIC 
CHARACTER GEN $9.95 

Conductive Elastometer low 
profile calculator keyboard. A 
214" , 31$" 19" flex key. 
19SK -6 keyboard having 0 -9, ., 

-, = K +C buttons with 
oft, on switch. $6.00 

TTL IC SERIES 
74L00- .30 7476- .45 
7400- .17 7480- .61 
7401- .17 7483- .99 
7402- .17 7485 -1.30 
7403- .17 7486- .48 
7404- .21 7490- .71 
7405- .21 7491 -1.10 
7406- .37 7492- .75 
7407- .37 7493- .71 7408- .23 7495- .85 7410- .17 7496- .85 7411- .27 8267 -1.95 7412- .45 74107- .45 7413- .73 74121- .55 7416- .37 74123- .91 7417- .37 74125- .65 7420- .17 74126- .70 
7425- .37 74150- .99 
7426- .27 74151- .85 
7427- .31 74153 -1.05 
7430- .17 74154 -1.49 
7432- .27 74155 -1.05 
7437- .41 74157 -1.19 
7438- .35 74163 -1.49 
7440- .17 74164 -1.79 
7441- .95 74165 -1.79 
7442- .95 74173 -1.55 
7445 -1.05 74175 -1.80 
7446 -1.10 74177 -1.50 
7447 -1.10 74181 -3.50 
7448 -1.10 74192 -1.45 
7472- .33 74193 -1.30 7473- .41 74195- .89 7474- .41 75324 -1.75 7475- .71 75491 -1.10 

I8038C IC VOLT CONT. OSC..$4.95 

SANKEN AUDIO POWER AMPS 
Si 1010 G 10 WATTS .$ 6.40 
Si 1020 E 20 WATTS .$13.95 
Si 1050 E 50 WATTS .$24.95 

LINEAR CIRCUITS 
LM 309K 5V 1A REGULATOR... 51.50 
723 -40 -40V REGULATOR 5.58 
301/748 -Hi PO. Op. Amp. $.30 
LM 320 -5 or 15V REGULATOR .$1.75 
LM 376 -V to 37V POS REG. 5.58 
741A or 741C OP. AMP... 5.31 
709C OPER AMP ..... . .... 5.25 
3407 -5. 12, 15, 18. 24V 

POS. REG. TO -220 .. ...51.75 
101 OPER. AMP, Hl PERFORM S.75 
LM 308 OPER AMP., LOW POWER $1.05 
747 -DUAL 741 5.75 
711 COMPARATOR $ 31 
537 -PRECISION OP. AMP. . ...$2.60 
LM 3900 -QUAD OP. AMP.. .. _5.49 
LM 324 -QUAD 741 ....$2.20 
560 -PHASE LOCK LOOP . 52.50 
561 -PHASE LOCK LOOP . ...$2.50 
565 -PHASE LOCK LOOP .$2.50 
567 -TONE DECODER ..52.85 
703 -RF -IF AMP. ..... $.41 
LM 370 -AGC SQUELCH AMP $1.15 
555 -2 us - 2 HR. TIMER ... .5.88 
FCD 810 OPTO- ISOLATOR $1.30 
1456 OPER. AMP S 95 
LM 380 -2W AUDIO AMP 51.39 
LM 377 -2W STERO AUDIO AMP. $2.50 
LM 381 -STEREO PREAMP .. $1.69 
LM 382 -DUAL AUDIO PREAMP 51.69 
LM 311 -HI PER. COMPARATOR .. .5.95 
LM 319 -DUAL HI SPEED COMP. .51.15 
LM 339 -QUAD COMPARATOR $1.45 

3.00 
Send 20c for our catalog fea uring Transistors and Rectifiers; 145 HAMPSHIRE ST. Cambridge, Mass 

4 
SOLID STATE SALES OFEOUR ORDERS THE 
P.O. BOX 74A DAY WE RECEIVE THEM 

SHIP OVER 95% 

SOMERVILLE, MASS. 02143 TEL. (617) 547 -4005 

98 
CIRCLE NO. 43 ON READER SERVICE CARD 

INVENTIONS WANTED 

CASH- ROYALTIES for patented, unpatented inventions. 
Global Marketing Service, 139 -P Lake Merced Hill South, 
San Francisco. California 94132. 
INVENTORS: Protect your ideas! Free "Recommended 
Procedure ". Washington Inventors Service, 422T 
Washington Building. Washington, D.C. 20005. 
FREE PAMPHLET. "Tips on Safeguarding Your Invention. 
Write United States Inventors Service Company. 708 -T 
Carry Building. Washington, D.C. 20005. 

If you have an idea for a new product, or a way to 
make an old product better, contact us, "the idea 

I people." We'll develop your idea, introduce it to 
industry, negotiate for cash sale or licensing. 

Send for our FREE "Invention Kit." It has a 
special "Invention Record Form," an important 

Ibrochure, "Your Invention - Its Development, Pro- 
tection & Marketing," and a Directory of 500 
Corporations Seeking New Products. You'll learn 

E how ideas become a reality! 

Name 

Address 

Cdy 

RAYMOND LEE ORGANIZATION 
230 Park Avenue, New York, N.Y. 10017 
I'd like to find out how to take action on my 
idea. Send Free "Invention Kit No.A -112" 

Picare Prinl 

State Z,p 

SAN FRANCISCO IOS ANGELES TORONTO VANCOUVER DENVER CHICAGO 

INVENTIONS IDEAS 

WANTED 
Manufacturers Need New Products. Your invention, new 

product or idea developed for cash / royalty sales by 

Professional Organization. 

"No Idea Is Too Small"* 
Free Booklet: "How to Safeguard, Develop 

and Market Your Ideas to Industry" 

LAWRENCE PESKA ASSOCIATES 
500 Fifth Ave.,Dept. MM, N.Y.C. 10036 

Phone (212) 354 -9696 
A trademark el Lawrence Peska Associates, Inc 

INSTRUCTION 

LEARN ELECTRONIC ORGAN SERVICING at some all 
makes including transistor. Experimental kit- trouble- 
shooting. Accredited NHSC. Free Booklet. NILES BRYANT 
SCHOOL, 3631 Stockton, Dept. A, Sacramento, Calif. 
95820. 

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free. 
Auto -suggestion. Box 24 -ZO. Olympia. Washington 98501. 

DEGREE IN ELECTRONICS through correspondence. Free 
catalog. Grantham, 2000 Stoner Avenue. Los Angeles. 
California 90025. 

INTENSIVE 5 week course for Broadcast Engineers. F.C.C. 
First Class license. Radio Engineering Incorporated. 61 N. 
Pineapple Ave., Sarasota, Florida 33577 and 2402 Tide- 
water Trail, Fredericksburg, VA 22401. 

F.C.C. 
EXAM 

MANUAL 
PASS FCC EXAMSI Mw onse, study - "Test. 
Arw.esf' for FCC 1n and 2nd clam Radin 
Td.pbo licp..a N.My r..iesd multiple. 
doive quantum and duanama sown dl aven 
Mead in FCC *alum pen. "S.l.Study Ability 
T.m." $9.06 po.mdd Morwyb.sk Guay.nba 

rqq In,.na 
ln eCC 

Arar++e 

COMMAND PRODUCTIONS P.O. BOX 26348 -P 
RRmd tN4ilIUUt DIVISION SAN FRANCISCO, CALIF. 94126 

FCC License, electronics design. satellite communica- 
tions, through correspondence. Free catalog. Genn Tech. 
5540 Hollywood Blvd., Los Angeles. CA 90028. 

POPULAR ELECTRONICS 
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,e Quality 
Electronic Components 

SPECIAL SAVINGS DISCOUNT DN LINEAR AND DIGITAL INTEGRATED CIRCUITS 

Nadel 4i Dorn the oral of yew 1.5. row U smooth 12500 based on urSN to e., 

foe 150.00 er more. 101 fed S10000 r mere. Addnionol Imes .mode Ducat., offered 

TTL 8. CMOS INTEGRATED CIRCUITS 
7400N ... 255 7445N .. 81c 7495N .., 90c 74193N. 51.17 4027AE .. 675 
7401N ... 2k 7446N .. 81c 7496N... 8k 741985, 52,75 40285E. 51.09 
74025 ,,. 25c 7447N ,. 81c 74107N .. 32c 74199N. $2.75 402966. 11.42 
7403N ,,. 25c 7448N ..905 74121N .. 38c 4000AE .. 3'Jc 4030ÁE 50c 
74045 ,.. 25c 7450N .. 23c 74122N .. 45x 4001AE ..305 40336E. 51.67 
7405N .2k 7451N .. 23c 74123N. 51.06 40026E .. 30c 40345E. 53.34 
74065 ... 25c 7453N .. 235 74141N .. 99c 4006ÁE.51.50 4035AE. 51.42 
7407N ... 25c 7454N .. 23c 74150N, 51.44 4007AE .. 306 40404E . S1.67 
7408N.,. 25c 74595 .. 25c 74151N .. 90c 40085E. 51.17 4041ÁE . 92c 
7409N.. . 255 7460N .. 23c 74153N .. 81c 4009AE .. 67c 4042ÁE .. 845 
74108 ,,. 25, 7470N .. 35c 74154N. $1.44 4010AE ., 67c 4043ÁE .. 67c 
7411N ... 255 7477N .. 36c 74155N .. 81, 4011AE .. 30c 4044ÁE .. 67c 
7413N ... 25, 7473N .. 32c 7415614 .. 81c 40126E .. 30c 4046Áe. 52.51 
7416N ,.. 25x 7474N .. 32c 74157N .. 72c 4013ÁE .. 53c 4049ÁE .. 58c 
74175 ., . 25c 7475N .. 54c 74158N. 51.53 40146E. 51.67 40558e .. 58c 
7418N ... 2Sc 7476N .. 3Ác 7416014. 51.26 40 15A . 51.17 405166. 51.50 
7420N .,. 25c 74805 .. 72c 74161N. S1.17 4016AE .. 635 4052M. 51,50 
74216,.. 25c 7482N _. 72c 74162N. 51.26 4017ÁE. 51.34 40536E. 51,50 
74235 ,, . 72c 7483N 72c 741635. 51.26 4018.4E. 51.67 40604e. 11.67 
74265... 25, 74855,. V.40 74164N. $1.35 40196E , . 58, 40666E. 51.00 
743014 ... 2k 7486N .. 32c 74165N. 52.45 402014. 51.67 4071AE .. 30c 
7437N ... 2Ác 7489N.. 54.47 74166N. 52.00 40216E. $1,50 40724E .. 30c 

7438N .. 255 749x4 .. 50c 74175N. 51.00 4022ÁE,61.25 40730E ..305 
74405 .,. 258 74915 . 81, 74180N .. 815 4023ÁE ., 30c 40756E ,.30c 
744114.. 51.17 749254 .. 50c 74181N. $2.25 40246E. 51.00 4081AE .. 30c 
74428.,. 65c 7493N .. 50c 74182N .. 90c 4025ÁE .. 30c 4082ÁE .. 30c 

7494N .. 81c 74192N. 51.26 40260E. 51.67 

LINEAR INTEGRATED CIRCUITS 
555V MINIDIP TIMER 82.k 558V MINIDIP DUAL AMP ... 75.0c 

565A DIP PLL $3.38 567V MINIDIP DECODER $3.38 

741V MINIDIP OP AMP 50.0c 723A DIP VOLTAGE REG 82.5c 

748V MINIDIP OP AMP 42.0c 747A DIP DUAL AMP 97 Sc 

L129 5 VOLT REG $1.80 LÁ3900 DIP QUAD AMP 60.Oc 

L131 15 VOLT REG $1.80 1130 12 VOLT REG $1.80 

LM309K 5 VOLT REG $1.75 

MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS - AXIAL LEAD TYPE - 
-wc per gc ,eb..mu -10 alas 30, Lreeeeth -, a, Dein to OD. DO/ 111.7 urur,.rl 

21 1.185r50V .. lk 
3.3 UFD/15v ... Ik 
4.7 UFD/35V .,,Ik 
lo UFD/16V _ .. . Ik 
10 UFD/25V.... lk 

22 UFD16V. 14 
22 ulD@SV. 15c 

24 il< 33UI0n6v....I5c 121 I lc 330UFDn66 ...35, 25c 24c 

2c ilc 33UF08259 ....17c I& 12c 330 UFD/25V ... 44c 35, 32c 

2c I Ic 47 UF0l166 . _. 17c Ik 13c 470 UF0/16V ... 37c 30c 27, 

2c 1 l 47 UF0/25V.,,. Irk Ik lk 470 UFD/25V .. .4& 39c 35c 

2c 11c 100 UFDn6V _. 194 Ik 14c 1000 UFD/16V .. 494 39c 35, 

Il llc 100 UFD/25V...245 it 17c IMO UFD/25V .. 75< 60c 55c 

2c 11c 220 UFD/16v . 24 1& IIc 2200 UFD/16V ., 75, 604 554 

3c 12, 220 UFD/259 .. 35c 25c 24c 

1 AMP SILICON RECTIFIERS 
1N4001 50 PIV 12/51 100 /56 1000 /548 1N4005 600 PIV 8/S1 100 /59 1000/57. 

154007 1000 PIV 6151 100/511 1000/$88 

SILICON SIGNAL & SWITCHING DIODE 
1N4148 (I8914 equiv.) 12/51 100,57 1M /550 5M/5220 

MOLEX SOLDERCON IC TERMINALS 
100/31 500/34.20 1000/58.20 5000/538.20 50,000/5275 

LED 7 SEGMENT DISPLAYS 
DATALIT -704. , 51.00 DATALIT -707 , , $1.50 

MACHINE SCREWS, NUTS a LOCKWASHERS REED RELAYS 

2 -56 1e Screw . 905 /c 

4-40 Screw .9Ác /c 

6-32 47 Screw . 92c/c 

8-32 3/8 Screw 51,05/c 

2.56 Hex Nut. S1.45 /c 

4.40 Hex Nut. S1.45/c 

6 -32 Hex Nut. S1.45/c 

8 -32 Hex Nut. 57.50 /c 

2 -56 '2 Screw . 985 /c 
4 -40 'a Screw . 96c /c 
6 -32 '. Screw . 86c /c 
8-32 5/8 ScrC W Á1.35/c 
2 Lock Washer . 454 /c 

4 Lock Wosher . 45Uc 
6 Lock Washer . 45c /c 

8 Lock Washer . 45c /c 

6 AMP 5PST N.O. 
CONTACTS 

Oil V.S, 1 10 

SV . $2.00 $1.50 
6V . 62.00 51.50 
12V 52.00 51.50 
24V 52.00 $1.50 

DISC CAPACITORS I.C. SOCKETS 
T0 

8 pin Solder. 27c 2lc 
14 pin Solder. 29c 23c 
16 pin Solder. 32c 25c 
18 pin Solder. 34c 26c 
24 pin Solder. 54c 42c 

1 10 

8 pin W.W. , , 38c 30c 

14 pin W.W. . 50c 39c 

16 pin W.W.. 54c 42c 

18 pin W.W.. 88c 68c 
24 Din W.W. . 99c 80c 

1/2 & '4 WATT CARBON COMP. RESISTORS 
5 eoch of the 85 standard 10% values 12.2 -22Mí ',i W Resistors (425 pcs.) 

Sorted by value 512 /set 2 -4 are S11 /set 5 -9 are 510 /set. 

5 etch of the 70 standard 10% values (10 -5.6M) ve W Resistors (350 pcs.) 

Sorted by value 512 /set 2-4 ore 111 /set 5-9 are 510 /set. 

SILICON TRANSISTORS 
1049 Ir ., 1049 

E9918 , . , TÁ106 21c 18.55 16.5c 253645 .. TO-105 205 17,55 16.0. 
100 

EN930 ..,TÁ106 215 18.55 16.55 253646 .. TO -106 22c 19.8, 17,5, 

EN222 T0-106 210 18.55 16.55 293904 .. TD 92 22c 19.0. 17.5. 

E5236946 .. TO-106 21c 183c 16.55 2N3906 .. TO. 92 22c 19.0c 17.k 
,412907... 50-106 21 c 18.55 165c 254124 _ TO- 92 22c 19.0c 175c 

252712.. T6 98 18c 16.0c 14.55 254126 .. 10. 92 22. 19.0c 17.5, 

2113391A .10. 9e 22c 19.0c 17.5c 254401. TD 92 225 19.a 17,55 

2413392 .. TO- 98 225 19.00 17,k ¡P1 2144403 .. TD 92 220 19.0. 17,50 

253393 .. TO- 98 225 19.05 17,55 
I" 

2115087 .TD 92 22c 19.05 17.5o 

253394 .. To- 98 220 W,& 17.5c 255089 . TD 92 22c 19.0c 17,5c 

293563 .. TO-106 200 17.k 17.5. 1,, 2NÁ129 . TO-106 19c 17.0c 15.0c 

583565 .. 00- 106 202 17.55 16.0c 2N5133 . -TO -106 195 17.0c 15.05, 

2N3638 -.TO -105 20c 17.55 16.0c 255134 ., TO-106 19c 17.0, 15.0c 

293638A . TO-105 20c 17.5 10.00 2145137 .T0.106 19c 17.0c 15.0c 

253040 ..50-106 22c 19,0c 16.04 255138 .T0 -106 19. 17.0c 15.0c 

253641 .. 58,105 20c 17.55 17.5c 295139 .. 10-106 19c 17,00 15,04 

2N3643 . TO-105 20c 17.k 16.0c 253055 TO- 3 51.00 95,00 85.04 

100 pf/500V.... 
220 pf /500V. 
470 pf/500V.. ,. 

.001/500V 
.0022/500V . 

. 

.01/25V 

.022/25V 

.047/25V 

.1í25V 

7c 

7c 
7c 

7c 

7c 

7c 

Oc 

5c 

6c 

9c 

12c 
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5.5c 
5.5c 
5.5c 
5.5c 
5.5c 
5.5c 
7.5c 
3.5c 
4.0c 
6.0c 
9.0c 

SOO ODD 

43c 3.6c 
4.5c 3.6c 
4.5c 3.6c 
4.5c 3.6c 
4.5c 3.65 
4.5c 
6.3c 
3.00 
3.55 
5.3c 
7.5c 

3.6c 
5.0c 
2.40 

2.7c 
4.2c 
6.0c 

FIELD EFFECT TRANSISTORS 
MPF102 . T0. 92 44 .380 .350 256157.. T0. 92 47 .420 375 

NPN DARLINGTON TRANSISTOR 
MP54I3. TO- 92 Min. DC Current Gain of 5,000 or /00,0 36 320 .290 

Send for Free Catalog or Mail Readers Service Card 

COD ORDERS ACCEPTED FOR SAME DAY SHIPMENT 
CALL 218 -681 -6674 

Orders Leu tkri $10.00 add 50c Service arge -Others Postpaid 

-May Qua6n- cor,.pca.r-7.rc Sard:' 

DIGI -KEY CORPORATION 
`.O. Box 126 Thief River Falls, MN 56701 
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CLASSIFIED ADVERTISING 86, 88, 90, 94, 96, 97, 98, 99 

JUNE 1975 

UNIVERSITY DEGREES BY MAIL! Bachelors, Masters. 
Ph.D's. Free revealing details. Counseling, Box 1162 -PE6, 
Tustin, California 92680. 

UNLOCK Your Future. Become professional Locksmith by 
spare time homestudy. $13 in an hour possible. All tools, 
equipment included. Facts FREE. Send name. Locksmith - 
ing Institute (homestudy), Dept. 1373 -065, Little Falls, N.J. 
07424. 

SELF -STUDY CB RADIO REPAIR COURSE. THERE'S 
MONEY TO BE MADE REPAIRING CB RADIOS. This easy - 
to -learn course can prepare you for a career in electronics 
enabling you to earn as much as $16.00 an hour in your 
spare time. For more information write: CB RADIO REPAIR 
COURSE, Dept. PE065. 531 N. Ann Arbor, Oklahoma City, 
Okla. 73127. 

SCORE high on F.C.C. Exams...Over 300 questions and 
answers. Covers 3rd, 2nd, 1st and even Radar. Third and 
Second Test, $14.50; First Class Test, $15.00. All tests, 
$26.50. R.E.I., Inc., Box 806, Sarasota, Fla. 33577. 

HOME ENTERTAINMENT FILMS 

THE 1974 INDY "500" (Johnny Rutherford) 200'. Super 8, 

Vivid Color Film is ready! SPECIAL, $17.95 ea PPD till June 

30th, 1975. LIKE BOXING? Order Ali- Foreman, 200' reel, 

Color or B &W, Standard 8 or Super 8; $8.95 ea B &W, 

$18.95 ea Color (you save $1.00 on every print you buy!). 

Or. start your collection by catalog shopping. Send for 

revised Castle, Columbia or Sportlite Catalogs. 30 cents 
each (coins or stamps, please). SPORTLITE. Elect. Dept. -6, 

Box 24 -500, Speedway, Indiana 46224. 

GOVERNMENT SURPLUS 

GOVERNMENT Surplus. How and Where to Buy in Your 

Area. Send $2.00. Surplus 30177 -PE Headquarters Bldg.. 

Washington. D.C. 20014. 

MANUALS for Govt Surplus radios, test sets. scopes. List 

50 cents (coin). Books, 7218 Roanne Drive, Washington, 

D.C. 20021. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through international 
correspondence Illustrated brochure free, Hermes. Berlin 

11, Box 110660.'ZD. Germany. 

REPAIRS AND SERVICES 

DYNACO. A -R TRANSISTORS. Repairs - Boards & Units. 

Speaker Service. Send for Prices and Details. BEAR 

ELECTRONICS -PE. 177 Hillcrest Road. Mt. Vernon, N.Y. 

10552. 

BOOKS AND MAGAZINES 

FREE catalog aviation ,electromc /space books. Aero 

Publishers. 329PE Aviation Road. Fallbrook. California 
92028. 

FREE book prophet Elijah coming before Christ. Wonderful 
bible evidence. Megiddo Mission. Dept. 64. 481 Thurston 
Rd.. Rochester, N.Y. 14619. 

POPULAR ELECTRONICS -Complete run, 247 issues, Vol. 
I, No. 1, October 1954 to date. $75.00 FOB. Hugo Kurtzner, 
6 Barnswallow, Pittsford, NY 14534. 

MOVIE FILMS 

8MM-SUPER 8 -16MM MOVIES! Biggest Selection! Lowest 
Prices! Free Catalog! Cinema Eight. Box PE, Chester, 
Connecticut 06412. 

HYPNOTISM 

SLEEP learning. Hypnotic method. 92% effective. Details 

free. ASR Foundation, Box 23429EG. Fort Lauderdale, 

Florida 33307. 

FREE Hypnotism. Self- Hypnosis. Sleep Learning Catalog! 

Drawer H400, Ruidoso, New Mexico 88345. 

AMAZING self- hypnosis record releases fantastic mental 

power. Instant results! Free trial. Write: Forum (AA6), 333 

North Michigan. Chicago 60601 

MISCELLANEOUS 

WINEMAKERS: Free illustrated catalog yeasts, equipment. 
Semplex, Box 12276P, Minneapolis. Minn. 55412. 
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LIVE IN THE WORLD 
OF TOMORROW ...TODAY! 

And our FREE 180 PAGE CATALOG is packed with 
exciting and unusual values in electronic, hobby 
and science items - plus 4,500 finds for fun, study 
or profit ... for every member of the family. 

A BETTER LIFE 
STARTS HERE 

TOTAL KIRLIAN 
PHOTOGRAPHY SET 
Explore "aura" photography w/ superb new 
self-contained Kirlian Electrophotography Re- 
search Unit. Terrific value - introduced at 
$99.95 ($140 in Sept.)! Has everything but 
vinyl photo changing bag. Ideal for color or 
b &w 35mm, sheet or Polaroid film for photos 
up to 5 ,7" all without camera or lens. Variable voltage 12v to 32kv. Ultimate safety design -fully encased in plastic; patented electronics. lnstrs. 
No. 72,104ÁV... (3x57/0x77/e ") $99.95 Ppd. No. 42,240AV . .. (CHANGING BAG) $ 6.50 Ppd. 

12v WIND -POWERED 
GENERATOR 

Cheapest continuous source of electricity 
available! Attach to 12v truck batt. (not incl) 
and get free electricity from the wind. Needs 
only 7 mph wind - 15 amps output in 23 mph 
wind; double the watt -hour output of ordinary 
radio chargers. Remote area and alternate energy source; use on floating rig! 6' 
propeller (Albers Air -Foil princ.) turns 200w generator; governor prevents 
overcharging/action. Price includes packing & shipping. 

No. 19,189AV. .. (10'-145 LB.) $475.00 Ppd. 

FUEL MISER RECLAIMS HEAT 
Save your 40% wasted heat to warm a basement, 
garage or rec room at no extra cost! Instead of 
going "up the chimney" it goes where you want it. 
Remove part of furnace exhaust pipe, slip Heat 
Exchanger in. At 125° fan automat. forces 
clean air through unit which heats to over 200 °F., can be ducted to 20 ft. from unit. 
110v AC. Inst. 

No. 19,194AV (5" DIA.) Shpg. 17 lb. $99.00 FOB 
No. 19,195AV (6" DIA.) Shpg. 17 Ib. $99.00 FOB 
No, 19,198AV (7" DIA.) Shpg. 17 Ib. $99.00 FOB 

HI- VOLTAGE 
ELECTROSTATIC GENERATOR 
Van De Graaf low -amp type. 2000,000 volt poten- 
tial, yet completely safe. Demonstrates lightning, 
St. Elmo's fire, repulsion of charges, electrostatic 
dust collection, many other electrical wonders. 
Meter, 110v, 60 cycle, AC. Humidity range, 
0-90 %. Current, 1.5 to 2.5 microamps. Aluminum base, frame and charge collec- 
tor. Unbreakable plastic. Insulating column. 17" height, 63/e diam. Full instruc- 
tions. 

Stock No. 70,264AV $72.00 Ppd. 
STATIC ELECTRICITY GENERATOR 
Stock No. 70,070AV $21.50 Ppd. 

MAIL COUPON FOR 

GIANT FREE 
CATALOG! 

180 PAGES MORE THAN 4500 BARGAINS 
Completely new 1975 edmon New Items, categories llustroeons. Dozens 

Aof 

electrical and electromag tic ports, ccessones. Enormous selection of 
stronomical Telescopes. Un que lighting and ecological items. Mi- 

croscopes, Binoculars, Magnifiers, Magnets, lenses, Prisms. Hard- to -get- 
surplus bargains. Ingenious scientific tools. 1000's of components. 
EDMUND SCIENTIFIC CO. 
300 Odscoro Building, Barrington, N. I. 00007 
Please rush Free Giant Catalog "AV" 
Name 

Address 

city 

100 

State asp 

4 WHEN YOU COME TO PHILADELPHIA BE SURE TO SEE 

FREE BICENTENNIAL LIGHT SHOW 
IN BARRINGTON, N. J. ONLY 10 MINUTES AWAY AT 

EDMUND FACTORY STORE 

3- CHANNEL COLOR ORGAN KIT 
Easy to build low -cost kit needs no 
technical knowledge. Completed unit 
has 3 bands of audio frequencies to mod- 
ulate 3 independent strings of colored lamps 
(i.e. "lows" -reds, "middles " -greens, "highs" - 
blues. Just connect hi -fi, radio, power 
lamp etc. & plug ea. lamp string into 

own channel (max. 300w ea.). Kit features 3 neon indicators, color intensity 
controls, controlled individ SCR circuits; isolation transformer; custom plastic 
housing; instr. 
Stock No. 41,831AV $18.95 Ppd 

AM RADIO FITS 
IN /ON YOUR EAR! 
Wear it inconspicuously everywhere, listen as 
you work (lawn, yard, office), watch (game, 
beach) or wait. Instant music, news, sports. No 
gimmick, our6 /10-oz. technological wonder has 
integrated circuit, 11 transistors, patented fer- 
rite antenna /tuner /volume dial. Uses normal 
silver oxide hearing aid batt. (incl) for approx. 

100 hrs. playing. New batt. to slip in avail. at drug stores (about 50c). No lengthy wires, bulky cases, or power- packs! 
Stock No. 42,275AV $14.95 Ppd. 

KNOW YOUR ALPHA FROM THETA! 
For greater relaxation, concentration, listen to 
your Alpha -Theta brainwaves. Ultra- sensitive 
electrode headband slips on /off in seconds - 
eliminates need for messy creams, etc. Atch'd 
toamplifier, filters brainwaves, signals beep for 
ea. Alpha or Theta wave passed. Monitoring 
button stimulates Alpha sound; audio & visual 

(L.E.D.) feedback. Reliable, easy -to-use unit comparable to costlier models. Com- 
pletely safe. Comprehensive instruction booklet. 
No. 1635AV (8 .3 .4"; 24 oz.) $134.50 Ppd. 
DELUXE "ON" TIME MONITOR- Measures and records % LOW COST "STARTER" UNIT 
No. 1652AV (15x10. 6 ") $349.50 Ppd. 
No.71809AV $55.00 Ppd. 
DO- IT- YOURSELF KIT No. 61,069AV $34.95 Ppd. 

QUALITY DETECTOR 

UNDER $40 
New Edmund -developed, fully transistorized 
BFO unit capable of locating quarter at 18" - 
powerful 6- trans. oscillator -amplifier circuit. 
Easily compares to others priced 50% higher! 
Aluminum pole and housing -not plastic! 6" 
waterproof search coil (Faraday shielded to 
ehm. outside interference); long 50 -hr. battery 

9V) life; powerful 2" speaker; 1 -knob on -off tune control. Perfect balance; 
lightweight (2 lbs.). Great buy! 
Stock No. 80,222 AV $39.95 Ppd. 

41/4" ASTRONOMICAL 
TELESCOPE 

,?( See moon craters, rings of Saturn, double stars. 
New equatorial mount. f /10, 1 4 wave mirror 

° 
. 

(Pyrex'). Gives theoretical limit of resolution. 
Rack & pinion focusing. Aluminum tube, 6X 
finder. 1" F.L. 45X Kellner achromatic eyepiece 
and Barlow lens to double & triple power up to 
135X. Free Star Chart plus 2 Books. 

Stock No. 85,105AV (Shipping Wt. 42 lbs.) $149.50 FOB 
41/4 WITH CLOCK DRIVE No. 85,107AV $189.50 FOB 
6" REFLECTOR TELESCOPE (48X to 360X) ......No. 85,187AV $249.50 FOB 
6" WITH CLOCK DRIVE No. 85,086AV $285.00 FOB 
3" DELUXE REFLECTOR (30X to 90X) No. 80,162AV $ 79.95 Ppd. 
STANDARD 3 REFLECTOR No. 85,240AV $ 49.95 Ppd. 

COMPLETE & MAIL WITH CHECK OR M.O1e 
EDMUND SCIENTIFIC CO. 300 Edscorp Building, Barrington, N.J. 08007 

How Many Stock No. 
PLEASE SEND GIANT 

FREE CATALOG "AV" 
Charge my BankAmericard 

Description Price Each Total 

Charge my Master Charge °Add Handling chg.: $1.00, Orders Under $5.00, 50S, Orders Over $5.00 
Interbank No.. MIT 

I I Bs xAOSnm.eo 
I enclose °check ° money order for TOTAL $ My Card No. Is tom' 

I I I I I I 

Care Expiration Date- - 
30 -DAY MONEY -BACK GUARANTEE. 
You must be satisfied or return 
any purchase in 30 days for full 
refund. $15.00 minimum 

I Signature 

Name 

Address 
City Stat e Zip J 
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Introducing the NEW 
Stanton Ggr'opoisclurntablE 

Look at all thEsE quality fEaturEs, 
many of thEm Exclusively ours! 

1. Gyropoise " -frictionless magnetic suspension of 
the platter. 

2. Die cast aluminum T -Bar for sturdy structure. 
3. 2 -Speed changer for 33 rpm and 45 rpm playback. 
4. 24 -Pole synchronous high torque motor. 
5. Belt drive for noiseless operation. 
6. 12" die cast machined high polish aluminum 

platter. 
7. Unipoise -single point tone arm suspension. 
8. Anti -skate control adaptable to all types of styli. 
9. Magnetic hold bar for tone arm convenience. 

10. Stylus force slide (range 0 - 4 grams). 
11. Stanton state -of- the -art stereo or discrete 

cartridge. 
12. Viscous damped cueing control for featherlight 

lowering of stylus. 
13. Handsome walnut veneer base (comes complete 

with dust cover). 
ADDITIONAL FEATURES: 

(a) Comes equipped with low capacitance cables 
(b) Wow and Flutter -< .07% din 45507 weighted 
(c) Rumble -< -60 dB din 45539 weighted 

It's the important exclusive features that make the difference. 
Only Stanton Turntables have Gyropoise'"', the patented 
frictionless magnetic suspension bearing -thus the platter 
makes no vertical contact with the body of the structure. This 
isolation eliminates vertical rumble. 

Only Stanton Turntables have Unipoise 9., the patented sin- 
gle point tone arm suspension. The arm is supported by a 

single pivot for both lateral and vertical movement. 

Only Stanton Turntables come equipped with a state- of -the- 
art Stanton cartridge, either 
the 681 Triple -E calibrated 
to the tone arm for stereo 
playback, or the magnificent 
780/4D0 for discrete. 

See your fran- 
chised Stanton 
dealer for a 
demonstration 
of this great 
new product. STaN'TOn Bottom view shows simplicity of design. 

MADE IN U S A 

For further information, write: Stanton Magnetics, Inc., Terminal Drive, Plainview, N.Y. 11803 
CIRCLE ND. 45 ON READER SERVICE CARD 
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SANSUI 881 is our finest hour. 
The most advanced model in the long line of cur a,ready famous AM /FM stereo receivers 

and it's not only cur best.: its the best on the market today. 
Specs: 63 watts per channel minimum RMS 'unto 8 Ohm load from 20 Hz to 20 'KHz 

with no more than 0.3% tote!! harmonic distortion.1.8 microvolts sensitivity. 
Hear the SANSUI 881 at your nearest SANSUI franchised dealer -and be sure to pick up your 

free copy of "The Sounds of SANSUI" or write directly to us. 

SANStro ELECTRONICS CORD 
Woodside, New York 11377. Gardenia, California 90247 SANSUI ELECTRIC CO. LTD. Tokyo, ,Japer 

SANSUJ AUDIO EUROPE S.A. Antwerp, Belgium ELECTRONIC DISTRIBUTORS (Canada) B.0 
CIRCLE ND. 41 ON READER SERVICE CARD 
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