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Precision Tuner Service 
ud to announce the 

GRAND OPENING 
of our new Service Centers in 

AMA 
LOS ANGELES II 

COLUMBUS, (MOO 
P 0=0 011E [NI O X 

BOSTON 
NORFOLK 

OOv1DOANAPOLOS 

1.0 

hr. Service! 
AT 

LET US Tii &E CARE OF YOUR TUNER PROBLEMS... 
PTS will repair any tuner -no matter how old or new. Fastest Service -8 hour -in and out the same day. Overnight transit to 

one of our strategically located plants. Best Quality -you and your customers are satisfied. 
PTS uses only ORIGINAL PARTS! No homemade or make -do, inferior merchandise (this is why we charge for major parts!). 

You get your tuner back in ORIGINAL EQUIPMENT condition. 
PTS is recommended by more TV Manufacturers than any other tuner company and is overhauling more tuners than all other 

tuner services combined. 

PTS ELECTRONICS, INC. 

VHF, UHF $10.95 
UV -COMBO 17.95 
IF- SUBCHASSIS 12.50 

Major parts and shipping 
charged at cost. (Dealer net!) 

HOME OFFICE 
ALABAMA 
ARIZONA 
CALIFORNIA CENTRAL 
CALIFORNIA NORTH 
CALIFORNIA SOUTH 

BLOOMINGTON, INDIANA 47401 
BIRMINGHAM, ALABAMA 35222 
PHOENIX, ARIZONA 85061 
LOS ANGELES, CA. 90023 
SACRAMENTO, CA. NO. 95841 
SAN DIEGO, CA. SO. 92105 

5233 S. HIGHWAY 37 
524 32ND ST. SO. 
2412 W. INDIAN SCHOOL RD. 
4184 PACIFIC WAY 
4611 AUBURN BLVD. 
5111 UNIVERSITY AVE. 

812- 824 -9331 
205. 323.2657 
602-279-8718 
213- 266 -3728 
916- 482 -6220 
714-280-7070 

COLORADO ARVADA, COLORADO 80001 4958 ALLISON ST. 303 -423 -7080 
FLORIDA NORTH JACKSONVILLE, FLA. NO. 32210 1918 BLANDING BLVD. 904 -389 -9952 
FLORIDA CENTRAL TAMPA, FLA. 33690 2703 S. MACDILL 813 -839 -5521 
FLORIDA SOUTH MIAMI, FLA. SO. 33168 12934 N.W. 7TH AVE. 305 -685 -9811 
INDIANA CENTRAL INDIANAPOLIS, IND. 46202 28 E. 14TH ST. 317- 631 -1551 
INDIANA BLOOMINGTON, IND. 47401 5233 S. HIGHWAY 37 812-824-9331 
KANSAS KANSAS CITY, KANSAS 66106 3116 MERRIAM LANE 913 -831 -1222 
LOUISIANA METAIRIE, LA. 70003 2914 WYTCHWOOD DR. 504 -885.2349 
MARYLAND SILVER SPRINGS, MD. 20919 8880 BROOKVILLE RD. 301 -565.0025 
MASSACHUSETTS EAST SOMERVILLE, MASS. 02144 52 HOLLAND ST. 617. 666.4770 
MASSACHUSETTS WEST SPRINGFIELD, MASS. 01103 191 CHESTNUT ST. 413 -734 -2737 
MICHIGAN DETROIT, MICH. 48235 13709 W. 8 MILE RD. 313 -862.1783 
MINNESOTA MINNEAPOLIS, MINN. 55408 815 W. LAKE ST. 612. 824.2333 
MISSOURI ST. LOUIS, MO. 63130 8456 PAGE BLVD. 314-428-1299 
NEW JERSEY E. PATERSON, N. JERSEY 07407 158 MARKET ST. 201 -791 -6380 
NEW YORK BUFFALO, NEW YORK 14212 993 SYCAMORE ST. 716-891-4935 
NORTH CAROLINA CHARLOTTE, N. CAR. 28205 724 SEIGLE AVE. 704-332-8007 
OHIO SOUTH CINCINNATI, OHIO 45215 8180 VINE ST. 513 -821 -2298 
OHIO CENTRAL COLUMBUS, OHIO 43227 4003 E. LIVINGSTON AVE. 614 -237.3820 
OHIO NORTH PARMA, OHIO 44134 5682 STATE RD. 216 -845 -4480 
OKLAHOMA OKLAHOMA CITY, OK. 73106 3007 N. MAY 405. 947.2013 
OREGON PORTLAND, OREGON 97213 5220 NE SANDY BLVD. 503. 282 -9636 
PENNSYLVANIA WEST PITTSBURGH, PA. 15202 257 RIVERVIEW AVE. W. 412-761-7648 
PENNSYLVANIA EAST UPPER DARBY, PA. 19082 1742.44 STATE RD. 215- 352 -6609 
TENNESSEE MEMPHIS, TENN. 38118 3614 LAMAR AVE. 901-365-1918 
TEXAS SOUTH HOUSTON, TEXAS 77032 4324 -26 TELEPHONE AVE. 713- 644 -6793 
TEXAS NORTH LONGVIEW, TEXAS 75601 MOPAC RD. 214- 753.4334 
VIRGINIA NORFOLK, VA. 23504 3118 E. PRINCESS ANNE RD. 804 -625 -2030 
WASHINGTON SEATTLE, WASH. 98108 432 YALE AVE. 206 -623 -2320 
WISCONSIN MILWAUKEE, WIS. 53215 3509 W. NATIONAL 414 -643 -8800 

We offer you finer, faste 

Tuner Service 

1 YEAR 

GUARANTEE 

ELECTRONICS, INC.... 
... Number ONE and still trying harder! 

(Not a Franchise Company) 

Circle I on reader service card 
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If Santa had a 
Altair:.. 

Santa might 
be possible! 

Have you ever wondered how Santa keeps track of all the 
addresses of all the children in the world? How he knows who 
gets what? 

With an Altair 8800, Santa might have a fighting chance. He 
might be able to keep up with the ever -expanding toy industry. 
He might be able to remember who's been naughty and nice. 

With an Altair 8800, Santa might be possible. 
This Christmas you can do something that's never before been 

possible. You can put an Altair under your tree or under the tree 
of a friend. Or you can start with our special Christmas 75 time 
payment plan!* 

The Altair 8800 is the NUMBER ONE hobby computer in the 
whole world. No other computer offers you the power and versa- 
tility -the proven track record -of the Altair 8800 at a compa- 
rable price. No other hobby computer offers you the sophistica- 
tion of Altair BASIC software or the wide variety of Altair modules 
and peripherals. No other hobby computer offers you the cus- 
tomer support of an Altair (free membership in the Altair Users 
Club, free access to the Altair Service Department and the Altair 
Software Library, and a free subscription to the Altair monthly 
publication, Computer Notes). 

Order now and avoid the last minute Christmas rush! 

* Christmas 75 Time Payment Plan 
1K Altair for Just $68.00 a month! 

The Altair time payment plans allow you to be the owner of 
an Altair 8800 with 1,024 bytes of memory for just $68.00 a month. 
Each month (for 8 months) you send in your payment and we 
send you part of an Altair kit until you have the complete system. 
The advantages of this plan are NO interest or financing charge, 
GUARANTEED price based on today's price, and free, immediate 
membership to the Altair Users Group including subscription to 
Computer Notes. 

Our terms are cash with order, BankAmericard or Master 
Charge. If you send in an early payment we will make an early 
shipment. By the sane token, a late payment will result in a late 
shipment. (After 60 days past due, the balance of the deal is 
cancelled. All payments must be made within 10 months). 

Total Price: $544 (Retail price: Altair $439, Memory $97, 
Postage and handling $8 -total $544) 

HARDWARE PRICES: 
Altair Computer kit with complete assembly instructions $439 
Assembled and tested Altair Computer 

_ $621 
1,024 Byte Static Memory Card $97 kit and $139 assembled 
2,048 Byte Static Memory Card ... $145 kit and $195 assembled 
4,096 Byte Dynamic Memory Card $264 kit and $338 assembled 
Full Parallel Interface Card $92 kit and $114 assembled 
Serial Interface Card RS232) 

. 

_ 
$119 kit and $138 assembled 

Serial Interface Card fTTL or Teletype) $124 kit and $146 assembled 
Audio Cassette Record Interface $128 kit and $174 assembled 
COMTER II` $780 kit and $920 assembled 

The Comter II Computer Terminal has a full alpha- numeric keyboard and a 
highly readable 32- character display. It has its own internal memory of 256 
characters and complete cursor control. Also has its own built -in audio cassette 
interface that allows you to connect the Comter II to any tape recorder for 
both storing data from the computer and feeding it into the computer. Requires 
an RS232 Interface Card. 

SOFTWARE PRICES: 
Altair 4K BASIC $350 

Purchasers of an Altair 8800, 4K of Altair Memory, and Altair Serial I/O or 
Audio -Cassette I/O ONLY $60 

Altair 8K BASIC $500 
Purchasers of an Altair 8800, 8K of Altair Memory, and Altair Serial I/O or 
Audio- Cassette I/O ONLY $75 

Altair EXTENDED BASIC $750 
Purchasers of an Altair 8800, 12K of Altair Memory, and Altair Seri l I/O or 
Audio -Cassette I/O ONLY $150 

Altair PACKAGE ONE (assembler, text editor, system monitor) 
Purchasers of an Altair 8800, 8K of Altair Memory, and Altair I/O ONLY $30 

NOTE: When ordering software, specify paper tape or cassette tape. 

Warranty: 90 days on parts for kits and 90 days on parts and labor for a,sembled 
units. Prices, specifications, and delivery subject to change. 

Creative Electronics 
It 

MITS/6328 Linn N.E., Albuquerque, NM 87108 505/265 -7553 or 262 -1951 

MAIL THIS COUPON TODAY! 
Enclosed is check for S 

BankAmericard # or Master Charge # 
Altair 8800 Kit Assembled Options 

(List on separate sheet) Inc ludo S8 for postage & handling 
Altair Time Payment Plan 
Please send tree literature Please send my order to different address 

(List on separare sheet) 
NAME 

ADDRESS 

CITY STATE & ZIP 

MITS/6328 Linn N.E., Albuquerque, NM 87108 505/265-7553 or 262-1951 

NOTE: Personal cnecks take 2 -3 weeks tor clearance. For immediate processing 
send money order or use charge card. 

Circle 2 on reader service card y 
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RCAwarrants this product against defects 
in materials and workmanship for a period of 

two y ears from date of purchase... 
The Control Unit is an attractive 

chrome -trimmed beige, with cush- 
ioned base. The transparent "direct 
select" control knob has a moving 
direction indicator light showing the 
antenna's exact position. And, it's 

quiet: no click -clack sound. 
For more information on the 

10W606 or the deluxe Automatic 
Rotator 10W707, call your RCA Distri- 
butor. Or contact RCA Distributor 
and Special Products Division, Build- 
ing 206 -2, Cherry Hill Offices, Cam- 
den, New Jersey 08101. 

SS 

RCA's Selecta- Channel Automatic 
Rotator carries the only 2 -year 
warranty from a major company. 

The Drive Unit for model 10W606 

(shown above) features an easily 
removable high -tensile aluminum 
alloy housing. Inside, a powerful high 
efficiency motor. Permanently lubri- 
cated oversize stainless steel bear- 
ings - no external thrust bearings are 

required. Quick- connect pressure 
terminals. A new mast mounting that 
won't snag lead -in wires. Premounted 
hardware, and a reinforced shaft. 

RCIU 
Rotators 
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Radio-Electronics® 
THE MAGAZINE FOR NEW IDEAS IN ELECTRONICS 
Electronics publishers since 1908 NOVEMBER 1975 Vol. 46 No. 11 

BUILD ONE 
OF THESE 

37 Portable Electronic Music Synthesizer 
Part l: How it works and the special effects it can produce. 
by John Simonton 

43 Calculator Doubles As Stopwatch 
Add -on circuit converts pocket calculator into an accurate 
stopwatch that measures hundredths of a second. 
by Tommy Tyler 

50 Manual Cursor Board 
Another add -on for TV Typewriter II. by Ed Colle 

GENERAL 4 Looking Ahead 
Sneak preview of tomorrow's news. 
by David Lachenbruch 

6 Publisher's Memo 
R -E earns NESDA awards. by M. Harvey Gernsback 

108 NESDA Convention News 
Photographic report on the annual convention of the 
National Electronics Service Dealers Association. 

ELECTRONICS 

SOLID -STATE 22 State -Of -Solid -State 
Timely report on the latest developments in solid -state 
devices and applications. by Karl Savon 

72 How PROM's Work 
A look at what a PROM really is and how it works and can 
be used. by Roger L. Smith 

ELECTRONICS 

HI -FI 
STEREO 

4- CHANNEL 

52 Squarewaves And Audio Performance 
What squarewave reproduction tells you about the 
performance of hi -fi equipment. by Len Feldman 

54 R -E Lab Tests Radio Shack QTA -770 
Detailed report on a moderate price receiver. 
by Len Feldman 

61 R -E Lab Tests Shure M95ED 
See how this new cartridge performs. by Len Feldman 

63 How To Buy Bookshelf Speakers 
Part II: Distortion and other specifications that must be 
considered. by Art Kleiman 

TEST 
EQUIPMENT 

40 Test Equipment For Industrial Servicing 
Roundup of new and interesting equipment for the 
industrial electronics service technician. by Jack Darr 

116 Equipment Report 
B & K model 280 digital multimeter. 

122 Equipment Report 
Heathkit IM -2202 digital multimeter. 

TELEVISION 78 Service Clinic 
High- voltage shut -down circuits. by Jack Darr 

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

106 Service Notes 
Technician problems and their solutions. 

114 Color TV Kit That Teaches Electronics 
Learn how circuits work while you build this kit. 
by Chester H. Lawrence 

DEPARTMENTS 14 

134 

16 

12 

ON THE COVER 

Floating on that sea of Mylar 
and a sky of blue paper is a 

portable music synthesizer 
that produces effects that 
border on magic. Find out 
how you can build your own. 
Turn to page 37 now. 

NOW 
CALCSTOPWATCH ULATOR 

- 

s 
NEED A STOPWATCH? Just take a calcula- 
tor, add an IC and a few other components 
and you'll have one -inexpensive and ac- 
curate ... see page 43. 

1^ 1P°1 r`? 
r" 

11J ir+ 

SQUAREWAVES ARE A KEY element in test- 
ing hi -fi gear. Learn how to use them effec- 
tively ... see page 52. 

Radio -Electronics, Published monthly by Gerns- 
back Publications, Inc., 200 Park Avenue South, 
New York, NY 10003. Phone: 212 -777 -6400. Sec- 
ond -class postage paid at New York, NY and 
additional mailing offices. One -year subscription 
rate: U.S.A., U.S. possessions and Canada, $8.75. 
Pan -American countries, $10.25. Other countries, 
$10.75. Single copies 75c. © 1975 by Gernsback 
Publications, Inc. All rights reserved. Printed in 
U.S.A. 

Subscription Service: Mail all subscription orders, 
changes, correspondence and Postmaster Notices 
of undelivered copies (Form 3579) to Radio - 
Electronics Subscription Service, Boulder, CO 
80302. 

A stamped self- addressed envelope must ac- 
company all submitted manuscripts and /or art- 
work or photographs if their return is desired 
should they be rejected. We disclaim any re- 
sponsibility for the loss or damage of manuscripts 
and /or artwork or photographs while in our 
possession or otherwise. 

Advertising Sales Offices 
Advertising Index 
Letters 
New & Timely 

96 

92 

118 

137 

New Literature 
New Products 
Next Month 
Reader Service Card 

As a service to readers, Radio -Electronics publishes available plans or information relating to newsworthy products, techniques and scientific and 
technological developments. Because of possible variances in the quality and condition of materials and workmanship used by readers, Radio -Electronics 
disclaims any responsibility for the safe and proper functioning of reader -built projects based upon or from plans or information published in this magazine. 
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looking ahead 

New CB rules 

The FCC has relaxed Citi- 
zens band rules to legalize 
some practices that many 
CB operators have been do- 
ing for years. It discontinued 
its prohibition against hobby- 
ist use of the band. It dropped 
restrictions against contacts 
between stations, eliminating 
the general requirement that 
conversations must be be- 
tween units of the same sta- 
tion. It established Channel 11 

as a nationwide calling chan- 
nel -for use in establishing 
first contact and arranging to 
move to another channel. Call 
letters must now be given only 
at the beginning and end of 
each conversation, with "han- 
dles"-or nicknames- permit- 
ted as supplementary identi- 
fication. 

Crowding of the band could 
be relieved somewhat by, two 
new rules: Conversations are 
limited to five minutes maxi- 
mum, with a minute of silence 
between conversations. Re- 
ceiving antenna heights are 
limited, as well as transmitting 
antennas. Still pending before 
FCC are proposals to allocate 
more frequencies to CB, to 
switch much of the band to 
single -sideband use, to lower 
the licensing age to 16 from 
18 and to give the Commission 
direct engineering jurisdiction 
over antenna design through 
a type- acceptance program. 

TV's future 

Everybody's peering into 
the future of television. This 
month it's New York ad 
agency Needham, Harper & 
Steers, which studied how 
television will be in 1985. Here 
are the forecasts: (1) Cable 
will be "the dominant TV in- 
dustry of the 1980's." Some 
38,800,000 homes, or 45.7% 
of all homes that have tele- 
vision will be connected to 
cable by January 1, 1975. (2) 
Pay -TV will feed 15.5% of 
these 38,800,000 cable homes. 
(3) The average home will 
have about 2.6 television sets, 

up from 1.8 today. (4) There 
will be 85,000,000 homes that 
have television, and more than 
98% of these will have color. 
(5) Videodiscs -forget it. Only 
750,000 homes will have 
videoplayer systems, less than 
1% of all TV- equipped homes, 
because of the cost of players 
and discs and compatibility 
problems. 

Microwave pay TV 

The initial success of Pay - 
TV via cable, as opposed to 
its inability to get moving via 
broadcast stations, has raised 
a new question: Why not 
eliminate the cable and beam 
programs directly to homes by 
microwave? This is exactly 
what is being attempted now 
in several cities, using Multi - 
point Distribution Service 
(MDS), a common- carrier su- 
per high frequency (2150- 
2160 MHz) service authorized 
by the FCC to transmit spe- 
cialized material to specific 
locations. 

Microband National System, 
a national MDS marketing or- 
ganization, plans to start non - 
cable Pay -TV immediately in 
Atlanta, moving to Pittsburgh, 
Minneapolis and Indianapolis 
by February, and eventually to 
Hartford, Cleveland, Akron, 
Milwaukee, Denver, Seattle 
and Portland, OR by early next 
year. MDS is useful for Pay - 
TV when there are large con- 
centrations of people living in 
apartment buildings. The sig- 
nal is beamed selectively to 
special directional receiving 
antennas on apartment build- 
ings or hotels and then con- 
verted to an unused VHF 
channel (or special VHF chan- 
nel to be fed to set -top Pay -TV 
converter) and funneled into 
the MATV system. This system 
is claimed to be more eco- 
nomical than cable for cities 
with large apartment -building 
concentrations, and also 
makes closed- circuit Pay TV 
available in areas without 
cable and to people who wish 
only Pay TV and not cable 
service as well. In many areas 
served by cable Pay -TV, the 
customer must pay eight or 

nine dollars a month for cable 
service and another six to 
nine dollars for Pay TV. Under 
the MDS system, the customer 
would pay $6.50 to $8.50 
monthly for Pay -TV only and 
continue to pick up off -the -air 
broadcasts. 

Magnavox factory service 

Joining RCA, G -E and Syl- 
vania in providing factory ser- 
vice for its products is Mag- 
navox. At least, Magnavox is 
dipping its toes tentatively into 
the captive -service waters. 
Magnavox is opening its own 
consumer electronics repair 
center in Torrance, CA, to 
service Magnavox products 
only. Magnavox says only that 
it wants to get first -hand in- 
formation on "product per- 
formance, reliability and user 
satisfaction." This undoubt- 
edly is true but it may also 
be true that Magnavox's new 
parent organization, profit - 
minded North American Phil- 
ips, has studied the situation 
and found what some others 
have learned -that servicing 
can be more profitable than 
sales. 

Console comeback 

A funny thing happened on 
the way to the funeral of the 
color TV console: Console - 
TV sales actually have turned 
around and increased their 
share of the color -TV market 
in the first half of 1975 for the 
first time in history. Ever since 
the introduction of table mod- 
els and portables, the share 
occupied by consoles (includ- 
ing TV- radio -phono combina- 
tions) has been decreasing at 
an accelerating pace. But dur- 
ing January 1975 through 
June 1975, consoles and com- 
binations actually represented 
nearly 33% of the American 
color -TV market, up from 29% 
one year earlier. 

Most experts Cite the grow- 
ing replacement market as the 
primary reason. Pioneer color - 
TV buyers generally bought 
consoles -not only because 

they represented an affluent 
group, but because many of 
them bought color -TV in the 
days when smaller- screen 
sets were rare or even non- 
existent. Now they're coming 
back for seconds -and pre- 
sumably many don't want to 
trade down to smaller- screen 
sets, or to leave that big space 
in the home vacant (where the 
old console was). 

Tighter UHF specs 

Agroup of broadcasters' as- 
sociations led by the Council 
for UHF Broadcasting (CUB) 
has petitioned the FCC to 
order a progressive tightening 
of permissible noise -figures in 
UHF tuners. The present 
upper limit is 18 -dB, and CUB 
wants the FCC to reduce this 
to 14 -dB in six months, 12 -dB 
in 18 months and 10 -dB in 30 
months. In addition, the CUB 
urged the FCC to require that 
an "effective" indoor UHF an- 
tenna must be affixed to any 
TV set that is sold with a VHF 
antenna attached. The CUB 
cited recent tests that indi- 
cated the average noise figure 
of American UHF tuners was 
12.7 -dB, while the VHF tuner 
had only 6.9 -dB. 

CUB maintains that 
changes in receivers could be 
made at minimal charge, per- 
haps a nine -dollar increase at 
retail. As spokesman for re- 
ceiver makers, EIA replies 
that price increases would be 
far higher with minimal bene- 
fits. The EIA also considers 
the proposed rules retrogres- 
sive since the television in- 
dustry is now concentrating its 
energies on developing all - 
electronic varactor tuners 
while the decreases in noise, 
if decreed by FCC, would 
make it go back and concen- 
trate on improvements in the 
current mechanical tuners. 
Some set makers say im- 
provements in noise figures 
could increase susceptibility 
to interference, thereby 
worsening rather than im- 
proving UHF performance. 

by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 
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NE STI ONLY 
GUARANTEE 

WITH CABLES 

ONLY 

MAJOR PARTS 
AND 

SHIPPING 
CHARGED AT COST 

FEATURES 

A UHF Tuner with 
70 channels which are 
detented and indicated 
just like VHF channels. 
A VHF Hi Gain 
Solid State Tuner. 
AC Powered. 
90 Day Warranty. 

Demonstrate the OEM= to 
your customers and show improved 
reception with their TV sets. 

You may place your order through 
any of the Centers listed below. 

TSC 

WATCH US 
GROW 

PROVIDES YOU WITH A COMPLETE SERVICE 
FOR ALL YOUR TELEVISION TUNER REQUIREMENTS. 

REPAIR 
VHF OR UHF ANY TYPE 
UHF /VHF COMBINATION 

(U.S.A. ONLY) S 9.95 
(U S.A. ONLY) $15.00 

MAJOR PARTS AND SHIPPING 
CHARGED AT COST 

Fast, efficient service at our conveniently located 
Service Centers. 
All tuners are ultrasonically cleaned, repaired, 
realigned, and air tested. 

UNIVERSAL REPLACEMENT TUNER $12.95 W SA ONL 
This price buys you a complete new tuner built spe- 
cifically by Sarkes Tarzian Inc. for this purpose. 
All shafts have a maximum length of 10' 2" which 
can be cut to 11. ". 

Specify heater type parallel and series 450 mA. 
or 600 mA. 

CUSTOM 
Customized tuners are available at a cost of only 
$15.95. With trade -in $13.95. (U. S.A. ONLY) 

Send in your original tuner for comparison purposes 
to any of the centers listed below. 

HEADQUARTERS BLOOMINGTON, INDIANA 47401 537 South Walnut Street Tel. 812-334-0411 ARIZONA TUCSON, ARIZONA 85713 ....1528 S. 6th Ave. Tel. 602- 1 -9243 CALIFORNIA .'_ TH HO - a CALIF. . 1601 10654 Magnolia Boulevard Tel. 21 -7. -2720 
MOD 

NGA 
I -' 

AL 
- . 

1324 Marsten Road Tel. 41 -34 728 
ven T 2'. -521 :'51 FLORIDA ... "i. TAMPA, Lr IDA 3360; 1505 press Te .....LLL -253 -0324 FT. LAUD I 33315 1045 23rd S GEORGIA ATLANTA, G SÌ524 -0914 + . 1 el. r -758 -2232 646 Evans 

61'0 :- Univ :rsity Str el. - 6400 
ILLINOIS CHA 

IOWA W OTI DES 

LÌ S, S 60 76 ...... 5110 W :.t Bro n Stre: T_ 3 -0230 INDIANA t IND ANAP IS, INDI'OWA 
502 

112 We St. C :.r Str : el. 323493 
822 101 Tel. t KENTUC O ISVILLE, K -277 -0155 NTU r Iorsville 'a T- p,2- 452 -1191 LOUISIA REUEPORT, LOUISIAN 71 3025 Hig land Av' ue .. +j, 8-221-3027 MARYLAND :. iINGFIE , ARYLAN 21215 5505 Reis _ Rd. - ` X1358 -1186 MASSACHUSETTS 

ST. 
RINGFIELD, ASSAC USETTS r1108 n St :et 13- 788 -8206 MISSOURI ST. LOUIS11rAIS OURI 6.132 ....... 10530 Page Avenu= 4- 429 -0633 NEVADA LAS VEGAS, NE A 8 02 ......... 1412 Wester Aven N 2384 -4235 NEW JERSEY TRENTON NEW J-- - 

JERSEY C T NEW qy loon= - e., ,cT 201-792-3730 NORTH CAROLINA GREENSB , NOR CAROLI 27405 29 4 East Ma ket Str: OHIO 919- 273 -6276 CINCINNATI, IO 45 16 ........... .. 74' u Vine St -et 
I 513 -821 -5080 

_ AND, O O 4 09 ........... 452 ad el. 216 -741 -2314 OREGON - OR .: ti721 _ 1732 N.W. 25t e PENNSYLVANIA PI 4r-t;' ' PENNS P7TA .209 .. 503% nt A ue 
Tel. 503 -222 -9059 TI 

TENNESSEE GREEN Y7 TENNESSE Tel 412 -821 -4004 
1215 Snapps F: rry . Tel. 615- 639 -8451 MEMPHIS, ÑNESSEE 38111 3158 Barron A :n : ' el. 901-458-2355 TEXAS DALLAS, TE '.S 75218 1540 Garla . , 1 .I. 214327 -8413 VIRGINIA NORFOLK, VI I IA 23513 95 Sant. treat 804 -855 -2518 CANADA ST. LAURENT, . EBEC; CALGARY, ALBERTA 

IF YOU WANT TO BRANCH OUT INTO THE TV TUNER REPAIR BUSINESS, 
WRITE TO THE BLOOMINGTON HEADQUARTERS ABOUT A FRANCHISE. 
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R -E Earns Awards 

NESDA, the nation's largest organization of independent service 
technicians and dealers, recently held their 1975 National Convention 
in Winston Salem, North Carolina. 

During the convention, NESDA honored Larry Steckler, Editor of 

RADIO -ELECTRONICS Magazine, by giving him their Man Of The Year 

Award. This award is presented annually to the person whom the 

NESDA membership determines has done the most for the independent 
electronic service industry in the previous year. 

The award is in the form of an engraved plaque (see photo) which 

states: "In Appreciation For Personal Efforts And Leadership To 

Achieve The Goals Of N.E.S.D.A. And To Further The Interest Of The 

Nation's Independent Electronic Service Dealers And Technicians." 

The NESDA membership made a second award to RADIO - 

ELECTRONICS Magazine in the form of a Recognition Certificate: "For 
the use of their editor [Larry Steckler] as ISCET chairman and their 

support of the yearbook and convention activities at the convention." 

Steckler was re- elected chairman of ISCET (the International 
Society of Certified Electronic Technicians) for 1975 -76. 

RADIO -ELECTRONICS is honored to receive these awards and takes 

this opportunity to thank the NESDA's membership for them. Editor 

Steckler has devoted a great deal of time and effort to the NESDA and 

ISCET because he and we believe in the importance of a strong 

independent service movement. 

Although RADIO -ELECTRONICS Magazine is not a "service- only" 

magazine, it has always been strongly service oriented editorially and 

repeated readership studies have shown that a majority of its readers 

are engaged in service activities. 

We will continue on this editorial path and redouble our efforts to 

support the service industry and justify its faith in us. 

We also take this opportunity to congratulate Larry Steckler 

for NESDA's recognition of his efforts. 

VlT otin 

M. Harvey Gernsback, 
Editor -In -Chief and Publisher 
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JBL Loudspeaker Components 

Twelve brand new pages. Forty - 
seven JBL components- dividing 
networks, lenses, horns, 
ransducers, everything. 

Lots of these goodies have never 
Peen available as individual 
components before. (They've been 
performing inside JBL's newest 
Professional studio monitors.) 

Write us. We'll send you the 
catalogue, free. along with the 
name and location of your nearest 

authorized JBL Loudspeaker 
Components Dealer. 

He's important. Besides all those 
components he's got a fresh 
supply of the new JBL Enclosure 
Construction Kits that tell you 
everything you need to know about 
building your own JBL enclosure. 

Fill out this coupon and send it 
along to JBL, the people who 
wrote the book on sound. 

JBL 

3249 Casitas Avenue 
Los Angeles 90039 
Gentlemen: 
I can't beat the price. Send 
me the book. 

Name 

Address 
City State. Zip 

James B. Lansing Sound, Inc. 
High fidelity loudspeakers 

from $99 to $3210. 

www.americanradiohistory.com

www.americanradiohistory.com


The real way to learn digital electronics! 

NRI is the only 
school to train 
you at home on 
areal digital 
computer. 

Learn computer design, construction, main- 
tenance and programming techniques on your 
own digital computer using a professional 
digital multimeter ! 

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

This exclusive course trains you at home 
on your own digital computer ! This is no be- 
ginner's "logic trainer ", but a complete pro- 
grammable digital computer that contains a 
memory and is fully automatic. You build it 
yourself and use it to define and flow -chart a 
program, code your program, store your pro- 
gram and data in the memory bank. Press the 
start button and the computer solves your 

NOW... 
YOUR OWN DIGITAL (31/2 DIGITS) 
MULTIMETER INCLUDED 
AT NO EXTRA COST! 
The latest in digital testing equipment .. . 

along with valuable training experiments in 
digital techniques. 

problem and displays the result instantly. 
The NRI digital computer is one of 10 kits 

you receive in the NRI Complete Computer 
Electronics Course. You build and use your 
own 31/2 digit digital multimeter ... while you 
perform hundreds of experiments, building 
hundreds of circuits, learning organization, 
operation, troubleshooting and programming. 
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Only NRI offers you five 
TV /Audio Servicing Courses 

Color TV repair is an- 
other big opportunity 
field right now and 
NRI can train you at 
home to service and re- 
pair any color or black 
& white TV, hi -fi equip- 
ment, AM -FM radios, 
and sound systems. 
You can choose from 

5 courses, starting with a basic servicing course 
with 65 lessons ... up to a Master Color TV course, 
complete with 25" diagonal solid state color TV in 
handsome woodgrain cabinet. No other school offers 
so many choices or so much value. 

All courses are available with low down payment 
and convenient monthly payments to fit your bud- 
get. And all courses provide professional tools and 
equipment along with NRI -designed kits for hands - 
on training. With the Master Course, for instance, 
you receive your own 5" wide -band triggered sweep 
solid state oscilloscope, TV pattern generator, 31/2 
digit digital multimeter and a NRI 25" diagonal 
solid state television receiver expressly designed for 
color TV training. 

YOU PAY LESS WITH NRI TRAINING 
AND YOU GET MORE FOR YOUR MONEY. 
NRI employs no salesmen, pays no commissions. We 
pass the savings on to you in reduced tuitions and 
extras in the way of professional equipment, testing 
instruments, etc. You can pay more, but you can't 
get better training. 

NRI's complete communication 
course includes your own 
CB Training Transceiver 

NRI prepares you for a 
career in the rapidly 
expanding field of com- 
munications ... a field 
destined to double in 
the next decade ! NRI 
can train you at home 
for one of the thou- 
sands of service and 

maintenance jobs opening in AM and FM Trans- 
mission and Reception, TV Broadcasting, Micro- 
wave Systems, Teletype, Radar, Marine Electronics, 
Mobile Communications and Aircraft Electronics. 
You train on your own 23- channel Johnson Trans- 
ceiver and AC power supply ; a digital multimeter, 
for digital experiments and precise testing ; bite - 
size lessons leading to your FCC license and the 
communications field of your choice. 

NEARLY ONE MILLION STUDENTS IN 
60 YEARS HAVE LEARNED AT HOME 
THE NRI WAY. 
Mail the insert card and discover for yourself why 
NRI is the recognized leader in home study training. 
No salesman will call. Do it today and get started on 
that new career. 

APPROVED UNDER GI BILL 
For the career minded, we are approved for vet- 
erans benefits. Check box on card for details. 

MAIL THE INSERT CARD FOR 
YOUR FREE NRI CATALOG 

No salesman will call 

NRI NRI SCHOOLS 

W i(! 
r McGraw -Hill Continuing Education Center 

3939 Wisconsin Avenue, 
lit ¡Washington, D.C. 20016 

II 
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new & timely 

Zenith co- founder dies at 79 
Karl E. Hassel, radio industry pioneer 

and one of the founders of Zenith Radio 
Corp., died July 7 in Evanston, IL. His age 
was 79. 

A radio amateur since 1912, Hassel 
and a friend, R.H.G. Mathews, both Navy 
radio operators, started the Chicago 
Radio Laboratory when they left the Navy 
in 1918. Using a kitchen table as a work- 
bench and a soldering iron that had to be 
heated over a gas burner, the "labora- 
tory" manufactured amateur radio re- 
ceivers, at the rate of about one a week. 
They operated a ham station with the 
call letters 9ZN, from which came the 
name "Zenith." 

KARL E. HASSEL 

The late Commander E. F. McDonald 
joined the young organization and be- 
came general manager and Zenith's 
founder -president. The assets and busi- 
ness of the Chicago Radio Laboratory 
were purchased by Zenith Radio Corp. in 
1923. Mr. Hassel was active in the reor- 
ganized corporation and was a director 
of Zenith until his retirement in 1973. 

Broadcast type resolution 
in solid -state TV camera 

"The first solid -state TV camera that 
meets the resolution requirements for 
commercial broadcast use," is what Bell 
Labs scientists claim for their latest de- 
vice, an experimental camera that mea- 
sures only 2.5 x 2.5 x 6 inches. In spite of 
its lack of size, its imaging area is de- 
signed to be equivalent to the scanning 
area of a 1 -inch diameter TV camera of 
the type used in conventional TV work. 

The solid -state imaging unit is a 

Charge Coupled Device (CCD) in which 
the light falling on each scan line is con- 
verted into a series of charges on tiny 
plates. At the end of each field, the lines 
are all shifted to corresponding lines in 
a storage area, from which a line at a 

time is stepped out to form a regular 
television signal while the next field is 
being imaged. 

THE CHARGE -COUPLED IMAGE SENSOR is 

a single chip of silicon covered with an array 
of more than 235,000 electrodes. 

The CCD in this camera contains 
nearly a quarter of a million sensing ele- 
ments-a significant improvement in res- 
olution over older solid -state imagers. It 

has 496 vertical interlaced scan lines as 

well as the 475 horizontal picture ele- 
ments. 

To fabricate this extremely large (16 x 

20 mm) device, Bell Labs engineers used 
an electron beam exposure system, simi- 
lar to the one developed at the Labs for 
making large -scale integrated circuits. 

Audiomen get Debby awards 
The Society of Audio Consultants, at 

its fourth annual Debby Awards dinner - 
dance held in Chicago in early summer, 
gave Debby awards to several individuals 
who have been foremost in the recent im- 
provement and development of audio 
techniques. (The name Debby is a true 
audio term, derived from decibel.) 

Foremost among those awarded Deb- 
by's for technical achievement was Ben 
Bauer of CBS Labs. With him were cited 
Ryosuke Ito and Susumu Takahashi of 
Sansui Electronics. All three were hon- 
ored for their work in 4- channel record- 
ing and reproduction. 

A special Debby was given to Leonard 
Feldman, who among his other activities 
is Instruction Chairman of the Society. 
He was cited for educational work and 
development of IHF (Institute of High 
Fidelity) standards. John Koss of Koss 
Corp. was awarded a special Debby for 
being first to introduce high -fidelity 
headphones and for maintaining world 
leadership through continuous research 
and development. 

A number of other Debby's were 
awarded to consultants, manufacturers, 
managers and dealers in the audio field. 

SOUND -VISION 

AUSTRALIAN SOUND -VISION SYSTEM has 
a combination disc and film cassette, with 
the film cassette in the center of the disc. 
Cassette thickness can be reduced to 3 -mm 
(about the thickness of some old -time 78- 
rpm discs). Sound is on the disc, vision on 
the film cassette. Inventor, Czech -born 
Rudolph Stepanek, says the sound is excel- 
lent but image at present is not as sharp as 
a videotape picture. The new device has been 
named a Poly Gramo-Vision. 

Gernsback Scholarship awards to 
Waylin Goodman, Marvin Baker 

This month's Hugo Gernsback Schol- 
arship award, a prize of $150 given each 
month to a student in one of eight leading 
home study electronics schools, goes to 
Waylin Goodman, Grand Island, NE. 
Nominated by his school, ICS (Interna- 
tional Correspondence Schools) he is an 
electronic technician employed by the 
FCC and is owner of his own part -time 
business, Waylin's Color TV Service. He 
writes: 

"After being separated from the Navy, 
I planned to go into broadcasting. I had 
experience in programming but no work- 
ing knowledge of electronics, so I took 
a beginning course to improve my 
chances. I was surprised to find that I 

liked working on the equipment. 
I worked on the lessons every second 

I could spare, and soon converted a large 
walk -in closet into a TV repair shop. I 

was really enjoying my endeavors for the 
(continued on page 14) 
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410 toi 
yovil find 

the 
devices 

you need 

hure. 

Over 103,200 devices can be replaced by 250 
RCA SK Series types. That's 410 to 1! Best ratio in 
the industry. Which means the odds are, SK is 
your best, fastest way to get what you need. With 
minimum inventory. 
And RCA provides the 
top qualityyou'd expect 
from a top manufac- 
turer of OEM devices. 
Same strict AQL stand- 
ards, same strict Direc- 
torofQualityAssurance. 
Get SK devices and 
your free 1975 SK 
Series Replacement 
Guide from your local 
RCA distributor. 

_ IL 

RCA 
sk series 

top of Hie line 
1975 

replacement 
guide 

over 103,000 

Circle 4 on reader service curd 
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new GI ti mel continued from page 12) 

first time in years, and was making money 
within a month after I started. 

I am an electronics technician with the 
Federal Communications Commission, 
and by using the training from ICS and 
the training the FCC is giving me, I have 
a good career going. I am repairing radio 
and television part -time and hope to 
open my own television sales and service 
center. I was recently accepted as a war- 
ranty repair center by Quasar and Gen- 
eral Electric companies. 

WAYLIN O. GOODMAN 

MARVIN R. BAKER 

In addition to my career with the FCC, 
I am becoming known as a good, reliable 
television technician. These two endeav- 
ors are in pursuit of a career in electron- 
ics and I love it! I owe a great deal to 
electronics and the ICS." 

Marvin R. Baker of Greenville, OH, is 

the winner of the second -place award, a 

WV -529A service VOM donated monthly 
by RCA to the second most deserving 
student. Mr. Baker is employed by Inland 
Steel Container Co. He writes: 

The most important benefits received 
from my course in Industrial Electronics 
are capability to service photoelectric 
eyes and industrial electronic welders as 

used by Inland Steel Container in their 
Greenville plant." 

Newest Hitachi picture tube 
has post -deflection focusing 

A new "mask- focusing" color tele- 
vision picture tube by Hitachi claims a 

picture 50% brighter than that of conven- 
tional picture tubes. The increased 
brightness, Hitachi reports, is produced 
by maintaining the mask at a lower volt- 
age than the phosphor screen; thus ac- 
celerating and focusing the electrons as 
they proceed from mask to screen; and 
by absorbing secondary electrons with 
an intermediate voltage applied to a spe- 
cial funnel electrode in the tube (see 
sketch). The mask -focusing makes it 
possible to use a mask with slightly 
larger holes, giving it twice the transpar- 
ency of a conventional mask. 

SHADOW MASK INNER SHIELD 

(VOLTAGE Em) (VOLTAGE Ef) 

PHOSPHOR SCREEN 
(VOLTAGE Eb) 

ELECTRON 
GUN 

FUNNEL 
ELECTRODE 

(VOLTAGE Ef) 

MASK -FOCUSING PIX TUBE provides a 50% 
increase In brightness. 

The voltage ratios between the elec- 
trodes must be maintained very closely 
for maximum brightness, and much of the 
work of designing the new tube was in 

determining and setting those ratios. To 

improve voltage stability, a special recti- 
fying and adding circuit is used for the 
funnel electrode. The primary -winding 
pulse of the feedback transformer is rec- 
tified to obtain 0.7 kV. This is added to 
the shadow mask voltage of 12.1 kV, 

bringing the funnel electrode voltage up 

a little higher than that of the shadow 
mask to better absorb secondary elec- 
trons. The voltages on the elements are 
thus: screen, 25 kV; shadow mask, 12.1 

kV; funnel electrode, 12.8 kV. R -E 
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Radie Ihaek 
A TANDY CORPORATION COMPANY 

50%-OFF 
TO GET YOU INTO 

REALISTIC SUPERTAPE 
(even if you're there already) 

C-60 
AHCRATDFY 

STANDARD 

FS11f,EgRE 
c ygEatia ' 

CASSETTE 

LOW NOISE 
1800FT 

4LESY7L 

LABORATORY STANDARD 

NEW FORMULA OXIDE COATING 
WITH SUPER LINEAR RESPONSE 

LABORATORY 
- r . -- -- STANDARD 

NEW FORMULA 
OXIDE COATING WITH SUPER / /NEAR RESPONSE 

FOR THE RECORDING PERFECTIONIST FOR THE RECORDING 
PERFECTIONIST 

OPEN REEL 
8 -TRACK 

Join the big switch to Supertape and save a neat 50% on your trial order at any 
participating Radio Shack store or Dealer. It's made in our factory on the newest 
equipment and to the highest standard we could set. Its internationally sold and 
acclaimed. Let your recorder and your ears be the judge. Not our advertising. 
Not theirs. Try Supertape today. There's only one place you can find it . . . 

Radio Shack! 
At Participating Radio Shack Stores and Dealers Now Through Nov. 30, 1975 

Radio Shack's 
Own tape factory 
in Fort Worth, Texas 

_I t,,. The nation's newest 
tape manufacturing operation 

devoted exclusively to audio tape 

CLIP COUPONS. BRING TO RADIO SHACK 

GET ONE 
SUPERTAPE 
CASSETTE 

AT NO EXTRA COST 
when you buy the same cas- 
sette at the regular pr ce at 
any participating Radio Shack 
store or Dealer. Limit one. 
This coupon must accompany 
your in- person purchase. 
None sent by mail. 

STORE # 
Sale Ends Nov. 30, 1375. 

60C, 

1 

.11101. 

GET ONE 
SUPERTAPE 
OPEN REEL 

AT NO EXTRA COST 
when you buy the same reel 
at the regular price at any 
participating Radio Shack 
store or Dealer. Limit one. 
This coupon must accompany 
your in- person purchase. 
None sent by mail. 

STORE # 
Sale Ends Nov. 30, 1975. 

Circle 5 an reader service card 

600 

GET ONE 
SUPERTAPE 
CARTRIDGE 

AT NO EXTRA COST 
when you buy the same 8- 
track cartridge at the regular 
price at any participating 
Radio Shack store or Dealer. 
Limit one. This coupon must 
accompany your in- person 
purchase. None sent by mail. 

STORE 
Sale Ends v. . 
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MICRO -PROCESSOR 
Our interpreter has the power 

also ask about 
Monitor Assembler Text Editor 

Bulletin Available 

NEW!! Not better - but the best 
keyboard in a kit. 

Key switches by Cherry. 
Only $69.95 

PRICE LIST - P.C. BOARDS ONLY - 
Mother-Power supply board to 
support 10 modules, Processor 
Board, Memory Board, I/O 
Boards $27.50 ea. 
Mother Board Solder 
Tab Connectors $ 7.50 ea. - KITS - 
Processor Board - 8080A 
IK ROM, IK RAM 
Plus timing and 
control $ 395.00 
Memory Board -4K Static Ram 
Compatible w /Altair 
8800 $ 152.50 
I/O Board -2 serial ports 
1 -16 Bit Parallel 
Port $ 147.50 
Keyboard - 53 key 
ASCII $ 69.95 
Mother Board - Power 
Supply $ 87.50 - ASSEMBLED & TESTED - 
Processor $ 450.00 
Memory Board $ 195.00 
I/O Board $ 190.00 
Keyboard $ 99.00 
Mother Board - Power 
Supply $ 105.00 
Mother Board Solder 
Tab Connectors $ 10.00 

Ask about 
other low cost peripherals 

NO EXTRA CHARGE 
Hardware Bootstrap 
450 NS Static Ram 
Strap Selectable Ports 
for RS 232, TTL, or 20 MIL. 
Strap Selectable Baud Rates 
Above software - WRITE TO - 

COMPUTEß- EIR5E, IINC. 
2107 Walker 

Houston, Texas 77003 
Phone: 713 /236 -1448 

Circle 6 on reader service card 

letters 

AM VS. FM 
In a recent issue of your fine publica- 

tion I noted a review of a receiver mar- 
keted by Sansui. The review was con- 
ducted by, I believe, Len Feldman of 
your staff. 

This review contained detailed analysis 
of the receiver's FM reception section, as 
well as the amplifier section, However, 
no review of the AM section was in- 
cluded. 

I cannot help but feel that your exclu- 
sion of the AM section does your many 
readers a disservice. The state -of- the -art 
is helped greatly by comparative analysis 
in publications such as yours, as the con- 
sumer tends toward those products that 
achieve excellence in reviews. 

You might wish to note that FCC fig- 
ures as of May 31st, 1975, indicated that 
commercial AM stations far outnumber 
commercial FM stations. In fact, there are 
presently 4,414 AM stations, compared 
to 2,630 commercial FM operations in 
this country. 

We are not unaware of the trait toward 
enthusiasts listening on the FM bands, 
largely because of the specialization in 
music available there. However, the pre- 
ponderance of listening is still with the 
broadcaster who uses amplitude modu- 
lation, and there are advances to be 
made in the quality of receivers used in 

that service. 
As you may -or may not -know, the 

AM broadcaster is capable of transmit- 
ting a signal of comparable fidelity to 
that found on the FM band. Directing your 
attention toward the broadcast equip- 
ment presently in use, you would find 
very little difference in the frequency re- 
sponse characteristics. RCA, which sup- 
plies the great part of transmitters cur- 
rently in use, has published figures indi- 
cating the great similarity between AM 
and FM transmitters of equal output 
power. The frequency response specifi- 
cations and distortion specifications are 
very very close in comparing two 5,000 
watt transmitters, a common output 
power in the industry. 

Some of the belief that AM is a low - 
fidelity only medium certainly dates back 
to the past, when most AM broadcasters 
could achieve a bandpass of only 5,000 
Hz -poor by today's standards. A quick 
check of the modern proof-of- perform- 
ance standards indicates that the situa- 
tion has changed. You will note that the 
RCA "Ampliphase" AM transmitters 
achieve an audio bandpass of 30- 15,000 
Hz ± 1.5 dB (BTA -5L1 5,000 watts) at less 
than 2% distortion. The FM BTF -5E1 

RCA transmitter (5,000 watts) achieves 
an audio bandpass of 50- 15,000 Hz ± 
1.0 dB at less than .5% distortion. 

The AM band is an important part of 
broadcasting, and I believe that you 

would do your readers a service by in- 
cluding specifications of the AM sec- 
tions of receivers reviewed. 
NELSON E. DAHL 
Dahl Broadcasting Co. 
North Platte, NE 

SHOCK HAZARD IN LCD CLOCK 
I am very upset about the shock hazard 

that exists in the LCD clock featured in 

the August 1975 issue. The clock has a 

unique construction and because of this, 
many readers are likely to copy its con- 
struction right down to the grain ir! the 
wood. This same uniqueness can cause 
people to handle it with possible fatal 
results. 

I urge you to publish a warning re- 
garding this hazard and suggest that the 
readers that construct this project install 
a 1:1 isolation transformer. 
DAVID LUNNEY 
Greenville, NC 

TV TYPEWRITER 

I AM SO PLEASED NM MY TV 
TYPEWRITER TWAT I AM SENDING 

YOU THIS PICTURE TO SNOW 

YOUR READERS. 

IT REALLY WORKS, 

STEVE LANG 

R R I 

.ELOIT.WISCONSJN 333112 

000OPS! 
Please note that there is a misprint 

contained in the article "All About Oscil- 
loscopes, Part Three," by Charles Gil- 
more, appearing on page 54 of the August 
issue. The equation given for phase - 
angle measurement in Figure 23 should 
read: 

B -ARCSINAB 

GEOFFREY M. LANGDON 
Technical Manager 
AKG /PHILIPS 
Montvale, NJ 
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Ask Amperex 
about 

Replacement Tubes 
for 

Scientific Instruments 
Photomultipliers, Geiger- Mueller Tubes, 
PQ Tubes, RF Power Transistors, 
Neutron Generators, Numerical Indicators, 
Trigger Tubes, Silicon Rectifier Stacks, 
Industrial CRT's, Plumbicons; Vidicons, 
Solid State Radiation Detectors, 
X -Ray Tubes. 

For complete information on 
Amperex Replacement Tubes 
and Components for 
Scientific Instruments 
RF Communications Transmitters 
Radio & TV Broadcast Equipment 

- Industrial Power Supplies 
& Oscillators 
Microwave Ovens & Commercial 
Radar Equipment 

contact Bob Norris, 
Distributor Sales Operation, 
Amperex Electronic Corporation, 
Hicksville, New York 11802. 
Telephone: 516- 931 -6210. 

Amperex 
ToNIORR(M S THINKING IN TODAY S PRODUCTS 

A NORTH AMERICAN PHILIPS COMPANY 

Circle 7 on reader service card Registered trademark of N. V. Philips of the Netherlands 
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400 Heathkit gift ideas 
efficient, creative values for everyone 

Digital- Design 
Color TVs 

Now, enjoy the 
super performance 
of Digital- Design 
TV in 5 picture 

sizes - 
25,21,19,17,15. 

The design the experts say leads 
the way in advanced technology. 

Whatever picture size you choose as 
best for you, the technical advances of 
the design that startled the industry are 
yours in Heathkit Color TV. 

On- Screen Channel Numbers 
Big, bright, white numbers you can see 

from any angle, even across the room. 
Adjustable in brightness. 
Positionable anywhere 
on the screen. Adjust- 
able for time duration of 
up to 11/2 minutes or they 
can remain on all the 
time, at your option. The numbers change 
as you change channels. No other chan- 
nel readout is as convenient. 

On- Screen Clock Time 
Here's a $29.95 option that's a marvel 

of convenience, too. Big 3/4" numbers 
appearing just below the channel num- 
bers tell you the exact time every time 
you change channels. Right down to the 
second, if you wish. And it displays in 
12 or 24 -hour format. 

Fixed -Filter for Best Pictures Longer 
Unique. Exclusive. Heath -designed cir- 

cuitry incorporates a fixed L -C type filter 
with an integrated- circuit IF amplifier to 

$2:21:4 

NEW High Fidelity 
AM /FM Table Radio 

At last, a table radio worth listening to... 
one that performs like hi -fi components. 
5 µV sensitivity; ceramic filters for 60 dB 
selectivity; and an output power of 5 

watts, minimum rms, at less than 1°4) total 
harmonic distortion, from 60 to 15,000 Hz 
into its 8 ohm full range high compliance 
speaker. The closed cabinet features a 

teak wood grain vinyl covering and black, 
molded double -knit jersey front panel. 
Kit GR -1085, $99.95 

produce an ideally shaped bandpass. 
That means you not only get less adja- 
cent channel interference, but also con- 
sistently excellent color pictures year 
after year because it never needs peri- 
odic instrument alignment. These Heathkit 
Color TVs always look better. 

100% Solid -State 
And more integrated circuits than any. 

The only tube in these sets is the picture 
tube. This sophisticated circuitry gives 
you less interference, truer colors, more 
precise, reliable tints, improved sensi- 
tivity, greater noise immunity, and better 
picture definition. Solid long -life perform- 
ance. 

The Differences 
Tuning. In the 25v and 21v sizes, you 

get Total Electronic Touch Tuning. Silent 
varactor tuners, no moving parts. A pro- 
grammable digital counter controls the 
tuning- sweeping up or down the 16 pre- 
selected channels. And remote control 
of all functions is just $89.95. In the small 
screen sizes, the tuning is all- channel 
detent type. 

One -Button Picture Control in the three 

NEW Programmable 
Electronic "Doorbell' 

Put a song at your doorstep with this 
unique kit. Program it to play your favor- 
ite song. C through C' "keyboard" with 
plug -in leads for up to 16 notes. Change 
your tune when you wish to celebrate a 
season, anniversary, birthday, or special 
party. One watt sound power; controls 
for tuning, volume, speed, and decay 
characteristics. Kit TD -1089, $44.95 

smaller sets restores brightness, con- 
trast, color and tint to pre -set levels at the 
touch of a button. Child -proof perform- 
ance. 

Latest -design, Picture Tubes. In the 
two larger sets you enjoy brighter pic- 
tures with greater contrast thanks to the 
deluxe Black (negative) Matrix tubes. 
The three table models use picture tubes 
with the new precision in -line gun and 
slotted shadow mask for greater light 
output and picture realism. 

Easier to build and service. 
Plug -in circuit modules and wiring, har- 

nesses make these sets the easiest to 
build of all. And the new digital- design 
Dot Generator, slide -out Service Drawer 
and Test Meter make self- service easier. 

Compare the value. 
Send for your free Heathkit catalog, 

choose the model you prefer. Then com- 
pare it with any brand - we think you'll 
agree you get more for your money with 
Heathkit Digital- Design Color TV. 

For as low as $399.95, you can enjoy 
Heathkit Digital Design Color TV. 

NEW versatile, low 
cost 5 -digit counter 

Measures frequency from 5 Hz to 30 MHz, 
period to 99.999 seconds, counts events 
to 99,999, and it will operate on 120 VAC 
or 12 VDC. As a freq. counter it will re- 
solve to 1 Hz; sensitivity is 15 mV above 
50 Hz, 50 mV below 50 Hz. In the period 
mode, it will resolve to 1 msec. Has Over - 
range indicator; gate lamp; 3- position in- 
put attenuator; 10 MHz time base. Kit 
IM -4100, $129.95 
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MODULUS' 
The new total -flexibility music 
system. For your changing needs. 

Heath proudly introduces MODULUS. 
The totally modular music system that 
enables you to make of it what you will, 
change it when you like. With complete 
freedom. Without obsolescence. 

As you like it. 
Performance and versatility as in the fin- 
est of separate components, yet with the 
convenience of an integrated receiver. 

Your MODULUS custom music system 
begins with Module I, the AN -2016 Digital 
AM /FM Tuner/ Preamplifier. A superb FM 
tuner with sophisticated circuitry and 
exceptional specifications (four 1/2" LEDs 
display frequencies; dual JFET, 4 -gang 
tuner with 1.7 AV sensitivity; digital dis- 
criminator; LC IF filter with over 100 dB 
selectivity; phase -locked loop multiplex 
with over 40 dB separation). AM you'll 
really enjoy hearing (dual -gate MOSFET 
tuner and mixer stages; computer -de- 
signed 9 -pole LC IF filter for no align- 
ment; shielded loop antenna). A superla- 
tive preamplifier that functions in stereo 
or 4- channel modes with specifications 
unlike any component we've ever offered. 
Distortion below 0.05% even at full out- 

NEW 3 -Way Speaker 
Looks and sounds like it should cost $100 
more! High performance 3 -way system 
has a 10" woofer, 41/2" mid -range, 1" 
dome tweeter. Drives with 10 watts, yet 
a super -power amp reveals its unusual 
dynamic range and high power handling 
capabilities. Enclosure has walnut veneer 
on all sides and front for use without the 
black foam grille. Tweeter and front - 
mounted switch plate are interchange- 
able for optimum imaging in horizontal 
or vertical position. Kit AS -1373, $149.95 

put. Hum and noise are 80 dB below a 
0.25 v. input even in the high -level sec- 
tion. A phono preamp with over 94 dB dy- 
namic range - better than most records! 
Versatile control center. Special speaker 
protecting circuitry. Four lighted output 
meters with 40 dB dynamic range. Sepa- 
rate bass, treble, and level controls for 
front and back channels. Master volume 
control. 21 pushbutton switches that 
light when activated. They include: out- 
put; inputs (stereo phono, CD -4, aux., 
tape, tape monitor, dubbing AM and FM); 
mode (mono, stereo front channels, stereo 
4 channels, SQ, and discrete 4- channel); 
high filter; low filter; loudness; tone flat; 
squelch defeat; FM Dolby; and power. 
Use it as a tuner only, as a driver for your 
present power amps, as a control center 
for taping, so good you can even use it 
as a broadcast station monitor. Kit AN- 
2016, $599.95 

Expand your MODULUS system with 
your choice of stereo power amplifiers. 
Module II is the medium power AA -1505. 
Module Ill is the high power AA -1506. 

NEW Digital Stopwatch 
Programmable - for the time of your 
sporting life. You program in a time (up 
to .9 hours, 59 min., 59 secs.) and it will 
count up to that time or down from it to 
zero. Or it will count 99 hours, 59 mins., 
59:99 secs. in the five other functions 
which include: Start /Stop Elapsed; Se- 
quential; Total Activity; Split; & Start/ 
Stop Activity. 8 digits & 2 IC counters 
with accuracy to ±0.003% & resolution 
to 1 /100th second. Jacks for external 
trigger and alarm. Includes nickel -cad. 
batteries & charger. Kit GB -1201, $99.95 

35 or 60 watts, min. RMS, per channel 
into 8 ohms at less than 0.1% distortion 
from 20- 20,000 Hz. Styled to match the 
Module I tuner /preamp. Add one of either 
power level for a stereo receiver; add two 
for a 4- channel receiver. Kit AA -1505, 
$159.95; AA -1506, $179.95 

Choose your mode and input. Module 
IV is the FM Dolby module AD -1504 for 
reduced noise and greater dynamic 
broadcast range ($39.95). Module V is 
the CD -4 Demodulator for the spacious 
sound of CD -4 discrete 4- channel rec- 
ords ($79.95). Module VI is the SQ De- 
coder for quadraphonic separation of 
matrixed material; full logic and variable 
blend ($49.95). All are housed inside the 
tuner /preamp module. 

A "Living" music system. 
MODULUS is designed for you - the way 
you live - today and tomorrow. It can 
grow with you, adapt to your changing 
life style, flex with changing technology. 
Whatever your desires in music systems, 
now and later, MODULUS. 

NEW 2 -Way Telephone Amps 
Amplified "talk" and amplified "listen ", 
with or without dialer. Real hands -free 
convenience - use from 10' away. VOX 
control silently switches from built -in 
microphone to speaker without clipped 
words or feedback squeals. GD -1112 
works with regular phone. GD -1162 with 
built -in dial and electronic ringer works 
like an extension phone. Easy to build, 
convenient for use at home or office. Kit 
GD -1112, $49.95; Kit GD -1162, $69.95. 

other gift ideas in the free Heathkit catalog. Send today. 
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.: Indian- 
apolis; KANSAS: Kansas City (Mission); KY.: Louisville; LA.: New Orleans (Kenner); 
MD.: Baltimore, Rockville; MASS.: Boston (Wellesley), Boston (Peabody); 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.: Saattle; WIS.: Milwaukee. 

HEATH 

Schlumberger 
Heath Company, Dept. 20 -11 
Benton Harbor, MI 49022 

I Please send my free new Heathkit Catalog. 
Enclosed is $ plus shipping. 

I Please send model(s) 

I 

NAME 

r 

AEON ESs 

LPRICES ARE FACTORY MAIL ORDER, FOB 

ES 6 SPECIFICATIONS SUBJECT 70 CHANGE WITHOUT NOTICE. 

STATE 

Circle 100 on reader service card 
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by KARL SAVON 
SEMICONDUCTOR EDITOR 

THAT NEW ELECTRONIC CASH REGISTER 

at the downtown department store has 
a heart of silicon. Microcomputers are 
taking over the number shuffling and 
inventory tasks at the checkout counter. 
Hidden by familiar equipment, the 
microcomputer also controls some of 
those "smart" multiple-way traffic sig- 
nals. They flex with changing traffic 

(continued on page 26) 

FIX 

MPU MC6800 

PROGRAM COUNTER 
STACK POINTER 
INDEX REGISTER 

2 ACCUMULATORS 
CONDITION CODE REGISTER 

ALU 
CONTROL LOGIC 

RAM 
MCM6810 1K 
MCM6605 4K 

ROM 
MCM6830 8K 
MCM6590 16K 

5.0 VOLT 
POWER SUPPLY 

'DEVICES FROM OTHER SERIES 

TRANSMIT 
CARRIER 

RECEIVE 
CARRIER 

/N 
O 

z 
O 
U 
> 
m 

D 
m 

20 CLOCK 

PIA MC6820 

CONTROL SELECT 
REGISTERS 12) 

DATA DIRECTION 
REGISTERS 12) 

PERIPHERAL INTERFACE 
REGISTERS 12) 

ACTA MC6850 

I 

0-600 BPS MODEM 
MC6860 

MODULATOR 
I - 

4 CONTROL 
LINES TO 
PERIPHERAL 

16 I/O 
LINES 

TRANSMIT 
DATA 

SUPERVISORY 
CONTROL 

VOICE GRADE 
TELEPHONE CHANNEL 

FIG. 1- MOTOROLA'S M6800 microcomputer system. 

Suggested price 

S249.90 

RECEIVE 
DATA 

The new Wiple- 
Threat renewer. 
RCA's unique WT-333B is 3 ways 
better than conventional picture 
tube tester /renewers. 
It puts 3 proven methods of cathode -emission 
renewal at your finger tips: High current Pulses. 
Steady Direct Current Flow. Elevated Heater Volt- 
age. 

It helps solve your picture tube problems in 3 easy 
steps: Determines if tube is actually the source of set 
trouble and isolates fault by testing under simulated 
picture conditions. Repairs shorts, cleans blocked 
grid apertures, welds cathodes, renews cathode 
emission - where possible. Tests quality level of 
repairs. 

The WT -333B also compares all three guns of color 
tubes simultaneously with exclusive Simul -Test 3- 
meter system. You get quantitative, meaningful and 
instant indication of tube condition and renewal. 

You can buy the new WT -3338 with PIX -FIX at any 
one of the more than 1,000 RCA Distributors 
worldwide. Or for further information, contact RCA 
Distributor and Special Products Division, Bldg. 
206 -2. Cherry Hill Offices, Camden, N.J. 08101 
(Phone 609 -779 -5715). 

RC,' 
Circle 8 on reader service card 

Electronic 
Instruments 
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LIVE IN THE WORLD 
OF TOMORROW ...TODAY! 
And our FREE 164 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 

WORLD'S SMALLEST 
CALCULATOR! 

Small but mighty! 8- digit, 4 -func- 
tion electronic calculator does 
everything big ones do -even has 
automatic % key . for only 
$19.95. Take it anywhere. Fits in 
your pocket -1/3 size of cigarette 
pack. 2 -oz. dynamo features float- 
ing decimal, constant key, lead zero depression, more! Oper- 
ates on two 1.5v Mallory PX 825 camera batteries (included). 
2 x 2.8 x 0.4" with plenty of room for most fingers. Another 
Edmund first with advanced technology. 
Stock No. 1945EH $19.95 Ppd. 

WHEN YOU COME TO PHILADELPHIA. BE SURE TO SEE 

FREE BICENTENNIAL LIGHT SHOW I../. 1T: II; HtJ ;.RIR1a{- iTil`.Il.11tl #'1] ,1.V ..1i1 
EDMUND FACTORY STORE 

RUN A WORKING STEAM ROLLER! 

Authentic English hand -crafted model 
made of heavy -gauge metal, powered 
by steam so you can run it forward, 
backward, regulate speed, pull other 
models, lock roller and run engine 
independently. Just set steering or 
use the 12" extension steering rod 
and drive it yourself! The fun even 
includes a traditional black chimney for the exhaust, which 
can power the !nighty whistle. To run, fill the safe vaporizing 
spirit lamp wwood alcohol (not incl). 
No. 71,934 EH (4 lb.; 1014x6x7 ") 

PRO ELECTRONIC 
SOUND CATCHER 
Parabolic mike w/ 183/4" transpar- 
ent reflecting shield & 2 I.C.'s in 
amplifier magnifies signals 100x 
that of omni- direction mikes. Catch 
sounds never before heard! Highest 
signal to noise ratio poss. Ear- 
phones, tape recorder output, tripod socket; req. two 9v 
trans, batt. (not incl). 
No. 1649EH (51/2 LB.) $299.00 Ppd. 
LOW COST MODEL: NO EARPHONES, ELECTR. CRC. 
No. 1665 EH $199.95 Ppd. 
LOWER SENSITIVITY ECON. MOD. W/O ELECTR. 
No. 80,242 EH $89.50 Ppd. 

$44.50 Ppd. 

AN ALPHA MONITOR FOR $34.95? 
Yes, because you built it! Use your 
ability to tune in your brainwaves, 
an aid to relaxation, concentration. 
Kit incls. everything you need (ex- 
cept 9v trans. batt.) to own a portable 
self -cont. BIOFEEDBACK unit for a 
pittance: steth. earphones, electrode 
headband, solid -state circuitry: 5 microvolt sensitivity, more! 
Compl. assembly instructions & op. manual. With basic electronics knowledge, you can do it! 
No. 61,069 EH (KIT) $34.95 Ppd. 
No. 71,809 EH (FULLY ASSEMBLED) $55.00 Ppd. 

MAIL COUPON FOR 

GIANT FREE 
CATALOG! 

164 PAGES MORE THAN 

4500 UNUSUAL 
BARGAINS 

Completely new 1976 edition. New items, categories, 
illustrations. Dozens of electrical and electromagnetic 
parts, accessories. Enormous selection of Astro- 
nomical Telescopes. Unique lighting and ecological 
items. Microscopes, Binoculars, Magnifiers, Magnets, 
Lenses, Prisms. Hard -to -get surplus bargains. Ingen- 
ious scientific tools. 1000's of components. 
EDMUND SCIENTIFIC CO. 
300 Edscorp Building, Barrington, NJ. 08007 
Please rush Free Giant Catalog "EH ". 
Name 

Address 

City State Zip 

Fr 

NEW! AUTOMATIC TIME -LAPSE PIX 

Terrific bargain! Under $200! 
Compares w /others at $450 -$700. 
Get fabulous time /motion shots 
with the versatile 37 -ounce porta- 
ble Edmund Time Machine. Con- 
verts almost any camera to a 
total time lapse system. Comes 

w /20" cable - release for socket cameras 20" electric cable 
for electronic remote or single frame socket types. Continu- 
ous variable interval from 0.5 to 300 seconds: built -in photo- 
cell control, more! Rechargeable power supply. 
No. 72,122 EH (6 x 31/2 x 2 ") $199.95 Ppd. 

TOTAL KIRLIAN 
PHOTOGRAPHY SET 

Explore "aura" photography w/ 
superb new self -contained Kirlian 
Electrophotography Research Unit. 
Terrific value - introduced at 
$99.95 ($140 in Sept.)! Has every- 
thing but vinyl photo changing 
bag. Ideal for color or b &w 35mm, 
sheet or Polaroid film for photos 

up to 5x7" all without camera or lens. Variable voltage 12v 
to 32kv. Ultimate safety design -fully encased in plastic; 
patented electronics. Instrs. 
No. 72,104 EH (3x5'/sx77/s ") $99.95 Ppd. 
No. 42,240 EH (CHANGING BAG) $6.50 Ppd. 

LOW COST 

7X INFRA -RED VIEWER 

For Infra -red crime detection sur- 
veillance, security system align- 
ment, I.R. Detection, laser check- 
ing, nite wildlife study, any work 
req. I.R. detection & cony. to visible 
spectrum. Self cont. scope w /every- 
thing incl. I.R. light source. 6v 

or 12v power, 6032 I.R. converter tube, f/4.5 objective lens, 
adjust. triplet eyepiece. Focuses from 10' to infinity. 
No. 1659 EH (11x141/453 ") $275.00 Ppd. 
WITHOUT LIGHT SOURCE 
No. 1648 EH $225.00 Ppd. 

BUILD THIS COMPUTER, 
SAVE $27 
Assembled, our amazing elec- 
tronic digital computer is $45. 
New kit lets you build it for almost 
1/3 that! Easy to program, fun to 
operate; solve problems, play 
games, try to outwit it. Program 
it, give it problems, get results 

from electronic readout. Quickly learn "what makes a com- 
puter tick," how to program, soon program w /your prob- 
lems, data. 14 x 15" unit has 3 movable registers, patch 
cords & plugs; 2 manuals, cards, dice. Req. 3 AA batts., 
soldering. 
No. 72,105 EH (HI- IMPACT PLASTIC) _ $17.95 Ppd. 

ELECTRONIC DIGITAL 
STOPWATCH: $69.95 
A price breakthrough! New pocket 
size 4 oz. timer acc. to ± 2% of 
last digit (1 /100 sec. increments). 
Compares with others twice the 
price! Instant error -free read-outs 
to 9999.99 sec. (over 2344 hr.). 
Starts, stops, re- starts (accum- 

ulates). Mechanical pushbutton & electrical remote on /offs 
w/ any 3.5 -150v AC /DC source. Plug -in jack. Incls. 9v batt. 
Solid state. 
No 1943 EH (21/4x41/2x7/e ") $69.95 Ppd. 
DELUXE 2 EVENT STOPWATCH (± 0.01% OF LAST DIGIT) 
No. 1653 EH $149.95 Ppd. 

COMPLETE AND MAIL WITH CHECK, M.O. OR CHARGE NO. 

EDMUND SCIENTIFIC CO. 300 Edscorp Building, Barrington, NJ. 08007 
How Meny Stock No. Description Price Each Total 

Li PLEASE SEND GIANT 
FREE CATALOG "EH" 

Charge my BankAmericard 

[I Charge my Master Charge *Add Handling Chg.: $1.00, Orders Under $5.00 50e, Orders Over $5.00 elk Interbank No. 

I 

1 NM 
I enclose check money order for TOTAL $ 

My Card No. Is MIME 

1 1 1 I 1 1 1 1 1 1 I_1J Signature 
Card Expiration Date- - 
30 -DAY MONEY -BACK GUARANTEE. 
You must be satisfied or return 
any purchase in 30 days for full 
refund. $15.00 minimum 

Name 

Address 
City State Zip 

Circle 9 on reader service card 
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WINEGARD 
(9111p 
THE RUGGEDIZED 
NEW 
GENERATION OF 
TV ANTENNAS! 
40 Models 
With Far -Ahead 
Features For 
Finest Color 
Reception Ever! 

NEW TRI -LINEAR UHF DIRECTOR SYSTEM* 
Increases Gain up to 30%! 

Provides broader signal capture area in a more compact configuration. 

ORDINARY UHF Director 
System. 

Ask your distributor 
for complete information! 

New Standard Of Excellence In 

Uses half -wave directors 
long which respond 
of the band, with very 

5 /a" 
the high end 

on the low end 

5%" 

approximately 
primarily to 

little gain 

Construction And Performance. 

Anodized and Ruggedized for 
Weather Protection and Long Life. 

Models To Solve Every Area 
Reception Problem. 

Most Powerful UHF and VHF 55" 

Performance Ever. Boom length required for 12 directors 

New Tri- Linear UHF Director 
System Extends UHF Reception 
Distance Up To 30 Miles Farther 
From Station in Many Areas. 

PLUS... New Generation FM Antennas. 
High Performance Ruggedized Yagis. 
New Solid State Preamplifiers. Typical gain curve with ordinary UHF directors 

Note low response on low end of band. 

WINE GARD High Gain Tri -Linear' 
Directors 

15 %4" 

Act as 3 half -wave directors on the high end 

of the band, and re- resonate as a loaded half - 

wave director on the low end of the band This 

results in high linear gain on all UHF channels, 
giving the antenna sharper directivity and up 

to 30% more gain over other high gain UHF 

antennas n n n n 

10" 
Boom length required for 12 directors 

Typica gain curve with Winegard Tri- Linear 

directors. Note high uniform gain across entire 
band 

INEGARD 3000 KIRKWOOD 

040 

TELEVISION SYSTEMS BURLINGTON, IOWA 52601 
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ANODIZED! 
Exclusively Winegard! Elements are 

silver anodized, the boom blue anodized 
for the best possible protection 

for aluminum against 
corrosion and weather. 

FROM WINEGARD 
THE FIRST REALLY NEW LINE OF 

TV ANTENNAS IN YEARS! 
Sells Easier /Goes Up Easier /Performs Better /Stays Up Longer 

Cuts Down Call- backs. /Try One On Your Next Installation. 
Chromstar... a new word for a superior new line 
of antennas -engineered in the Winegard tradi- 
tion of integrity, quality, craftsmanship. 

Rugged construction and advanced electron- 
ics move this new line even farther ahead of 
other antennas. More powerful performance all 
down the line. New Tri- Linear director system 
gives sharper directivity and up to 30% more 
gain over other high gain UHF antennas. New 

features. More benefits. Greater advantages. 
More of everything for you and your customers, 
to meet today's demand for years of quality 
performance. 

GET ALL THE FACTS FROM YOUR WINE - 
GARD DISTRIBUTOR, PLUS FREE SPEC 
CHARTS ON ALL MODELS. Try Chromstar on 
your next installation and see the big difference. 

RUGGEDIZED! Chromstar antennas are designed to defy weather and wear -are engineered for 
extra strength at all points of stress. You can actually see the difference in the rugged construction. 

Exclusive 7M' diameter 
aluminum tubing for 
30% greater strength, 
better performance. 
longer life. Winegard is 
the first and only manu- 
facturer to use this 
larger diameter. 

New scissors - type 
struts between upper 
and lower booms and 
center boom on wedge 
models, for extra sup- 
port, easier installation. 

Newtruss -type phasing 
bars, top and bottom, 
with more conductive 
surface, give maximum 
transfer of signal.Truss- 
type "bridge" construc- 
tion more than doubles 
boom strength. 

High -impact girder de- 
sign support insulators 
are moulded of super- 
tough Noryl G -E plastic. 
Four positive locks 
give maximum support 
and permanent align- 
ment. 

TV ANTENNAS MORE PEOPLE LOOK UP TO 
Circle 10 on reader service card 

Double boom on longer 
flat line models for ex- 
tra strength & rigidity. 

Critical -point weather 
protection! *New corn - 
pact weatherproof car- 
tridge housing for 
downlead, preampli- 
fiers and filter modules. 
New printed circuit 
downlead module with 
both twin lead and 75 
ohm coax connections. 
No separate matching 
transformer required 
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NOW ... at a price that's right! 
"Technician- TOUGH" 

Electronics 

TOOL SET 
Designed to stand up 

under rugged 
on- the -job -use. 

Technician- tough, quality- crafted, 
12 -piece tool set. Tools you need. 
Tools you'll use over and over 
again for electronics assembly and 
troubleshooting work. Included, at no extra cost, 
a custom -made vinyl, zippered carrying case to 
put an end to that pain -in- the -neck fumbling 
around in your bag for the right tool ... PLUS a 
specially- treated cloth to clean and polish your tools. 

4 Pliers .... Curved Needle -Nose, Flush Diagonal Cutter, Long - 
Nose, Long Needle -Nose. All drop- forged, heat - 
treated cutting edges, vinyl insulated grips for 
shock -free, non -skid performance. 

6 Screwdrivers "One- Touch ", Plastic Alignment, 2 

Phillips (71/8 ", 81/8 "), 2 standard (6 ", 71/8 "). All blades 
are nickle -plated steel, solidly fixed in shock resis- 
tant plastic handles. 

Plus Nut Driver .... Forged hollow shaft allows greater ver- 
satility. Lightweight. Easy to use. 

Plus Flat File .... Precision -hardened. Smooths the rough- 
est, toughest surfaces. 

The right tools for the jobs you're faced with. The right tools to help 
make your work easier, more efficient, more organized. 

Order your set TODAY and qualify for this special BONUS offer. 

Order now and receive a one -year FREE subscription to the 
bi- monthly CIE Electron newspaper. Packed with timely, 
thought -provoking electronics articles- new developments - service tips - job opportunities. Free with each order. 

You must be completely satisfied or return the material 
within 10 days for a complete - no questions asked - refund. 

BONUS 
OFFER 

RUSH me your CIE Tool Set, and put me down for a FREE one - 
year subscription to the CIE Electron. 

#01 -100 (CIE Tool Set) $24.95 (Ohio Res. add 472% Sales Tax) 

Enclosed is my .. Check Money Order BC -14 -75 

Print Name Age 

Address Apt 

City 

State Zip 

CIE Bookstore 
1776 E. 17th Street Cleveland, Ohio 44114 

Educational - Entertainment values by mail 
Subsidiary of Cleveland Institute of Electronics. Inc 

Circle 11 on reader service card 

STATE-OF-SOLID-STATE 
(continued from page 22) 

patterns and shorten the wait on sec- 
ondary roads when the traffic permits. 

But the real potential of the "com- 
puter on a chip" is just beginning to be 
realized. "Micro" may tell something 
about the size of the machine, but some 
of the best things come in small pack- 
ages. Microcomputers are replacing 
conventional logic designs. Chip count 
of complex logic systems can often be 
reduced ten fold or more. And micro- 
computers are starting to show up in 
general purpose minicomputers. This 
time the prefix "mini" is misleading 
since many minicomputers outflank 
their big brothers of a few years ago in 
both price and performance. The gen- 
eral purpose computer, no matter what 
its prefix, will probably be a common 
household fixture in about ten years. 
Even sooner, dedicated microcomputer 
systems will control home heating and 
automotive systems. 

So you see, microcomputers fall into 
two basic user categories- dedicated 
preprogrammed controllers, and more 
general user programmed types. Many 
of the specially programmed units do 
not operate at high speeds. On the other 
hand, high speed is a definite advantage 
in the general purpose computer. If 
you've spent any time with scientific 
calculators you know that the calcula- 
tion time for trigonometric and loga- 
rithmic functions can run into seconds. 
Iterative series evaluation of algo- 
rithms proceed step after step until the 
calculation error falls below a preset 
level. In a computer, thousands of steps 
transpire during relatively simple pro- 
cedures. 

Motorola has a microcomputer sys- 
tem with an architecture aimed at both 
these categories. It runs towards the 
higher end of the speed range and is 
relatively easy to program. 

Motorola M6800 
microcomputer system 

Like some other microcomputer sys- 
tems, the M6800 is actually a series of 
IC's: the MC6800, MCM6810, 
MC6820, MCM6830, MC6850, and 
the MC6860. Motorola has chosen not 
just to build a single microprocessor 
chip but to support an entire comple- 
mentary system. Five of the circuits are 
already available and the sixth should 
be on the market about the time you 
read this. The circuits fit together in the 
neat organizational plan shown in Fig. 
1. The whole computer works from a 
single 5 volt power supply for economy, 
pin utilization, and compatibility with 
TTL and CMOS logic. There are also 
some preexisting 5 volt static memories. 
MOS N- Channel Silicon Gate process- 
ing is used throughout. 

(continued on page 32) 
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71fteXer introductory offer to new members of the 
ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 

404/445 
ELECTRONIC 
CIRCUITS 
MANUAL 
by J. Markus 
Pub. price, $22.00 
Club price, $15.75 

637/458 

DESIGNING 
WITH TTL 

INTEGRATED 

CIRCUITS 
by Texas 
Instruments 
Inc. 
Pub. price, $19.50 
Club price, $13.50 

404/437 
SOURCEBOOK 
OF ELECTRONIC 
CIRCUITS 

by J. Markus 

Pub. price, $21.50 
Club price, $17.50 

389/756 
SEMI- 
CONDUCTORS 
MEMORY 
DESIGN AND 

APPLICATION 

by Texas 
Instruments Inc. 
Pub. price $18.50 
Club price, $13.75 

491/364 
THE DESIGN OF 

DIGITAL 
SYSTEMS 
by J. B. Peatman 
Pub. Price, $18.50 
Club Price, $12.95 

286 515 

INTEGRATED 
CIRCUITS: 
A Basic Course 
for Engineers 
and Technicians 
by R. G. Hibberd 
Pub. price, $10.25 
Club price, $8.45 

100/810 
MOS /LSI 
DESIGN AND 
APPLICATION 
by Carr & Mize 
Pub. price, $18.50 
Club price, $13.50 

388/458 
MAGNETIC 
RECORDING 

by 
C. E. Lowman 
Pub. price, $14 50 

Club price, $9.75 

287/341 
STANDARD 
HANDBOOK OF 

ENGINEERING 
CALCULATIONS 
by T. G. Hicks 
Pub. price, $19.50 
Club price, $14.25 

124/035 

HANDBOOK OF 

PHYSICS, 2/e 
by Condon and 
Odishaw 
Pub. price, $37.45 
Club price, $14.95 

Special $1.00 bonus book 
comes to you with your 

first club selection 

238/901 
APPLICATIONS 
OF OPERATIONAL 
AMPLIFIERS 

by J. G. Graeme 
Pub. Price, $16.00 
Club Price, $10.50 

353/387 
MINICOMPUT- 
ERS FOR 

ENGINEERS & 
SCIENTISTS 
by G. Korn 
Pub. price, $17.75 
Club price, $10.50 

649/170 
OPERATIONAL 
AMPLIFIERS 
by Tobey, 
Graeme & 
Huelsman 
Pub. price, $15.00 
Club price, $11.50 

209/731 

STANDARD 
HANDBOOK FOR 
ELECTRICAL 
ENGINEERS, 
10 /e 
by Fink and 
Carroll 
Pub. Price, $38.50 
Club Price, $28.50 

Save time and money by joining the c- 
Electronics and Control Engineers' Book Club 

HERE is a professional club designed specifically to meet your 
day -to -day engineering needs by providing practical books 

in your field on a regular basis at below publisher prices. 
How the Club operates: Basic to the Club's service is its publi- 

cation, the Electronics and Control Engineers' Book Club 
Bulletin, which brings you news of books in your field. Sent to 
members without cost, it announces and describes in detail the 
Club's featured book of the month as well as alternate selections 
which are available at special members' prices. 

When you want to examine the Club's feature of the month, 
you do nothing. The book will be mailed to you as a regular part 
of your Club service. If you prefer one of the alternate selec- 
tions-or if you want no book at all for that month -you notify 
the Club by returning the convenient card enclosed with each 
Bulletin. 

As a Club member, you agree only to the purchase of four 
books over a two -year period. Considering the many books pub- 
lished annually in your field, there will surely be at least four 
that you would want to own anyway. By joining the Club, you 
save both money and the trouble of searching for the best books. 

MAIL THIS COUPON TODAY 

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 
582 Princeton Road, Hightstown, New Jersey 08520 

Please enroll me as a member of the Electronics and Control Engi- 
neers' Book Club and send me the two books indicated below. I am 
to receive the higher priced of the two for just $1, and my first 
selection at the special Club price. Actual postage, plus 25¢ handling 
charge will be added (sales tax, also, if applicable) . These books are 
to be shipped on approval, and I may return them both without cost 
or further obligation. If I decide to keep the books, I agree to pur- 
chase as few as four additional books (including this first selection) 
during the next two years at special Club prices (guaranteed 15% 
discount, often more). 

Write Code No. of 
bonus book 

here 

Name 

Address 

City 

State 

Write Code No. of 
first selection 

here 
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Electronics 
no picnic. 
It takes work. 
And a few 
sacrifices. 
But 
it's worth it! 
The minute you start your CIE course 
you'll see why CIE is different than 
other home -study schools. 

Because as a CIE student you'll get 
the kind of electronics training that 
prepares you for a career, not just a 
job. We'll give you a meaningful, well - 
rounded foundation in electronics 
theory and practice. And with our 
special Auto -Programmed® Lessons, 
we'll make sure you grasp the key 
theories and methods of modern Elec- 
tronics. No "fun and games" frills. No 
time -wasting, superficial lesson material. 
No "snap" exams. 

We'll challenge your thinking. 
We have to. Because after you grad- 

uate, employers will expect you to really 
know how to analyze and troubleshoot 
virtually all kinds of electronics equip- 
ment. Some employers of electronics 
personnel have told us that our gradu- 
ates have what it takes. 

That's why we're so thorough. We've 
got a 40 -year reputation to uphold and 
we're going to keep it by giving our 
students the best independent home -study 
training we can. 

Sure, some of our weaker students 
drop out. (Learning Electronics with 
CIE is no free ride.) But you can bet on 
this ... the ones who do make it are 
ready! Ready to go out and make it in 
the rewarding world of Electronics. And 
that's the reason you want to learn, 
isn't it? 

You can have attractive 
job opportunities 
There have already been many exciting 
developments and breakthroughs in 

Electronics and some people might as- 
sume there will be no new frontiers . . . 

no new worlds to conquer. Not so. 
Electronics is still growing. In nearly 

every one of the new and exciting fields of 
the Seventies you'll find electronics skills 
and knowledge in demand. Computers 
and data processing. Air traffic control. 
Medical technology. Pollution control. 
Broadcasting and communications. 

Importance of an FCC License 
If you want to work in commercial 
broadcasting ... television or AM or 
FM broadcasting ... as a broadcast 
engineer, federal law requires you to 
have a First Class Radiotelephone Li- 
cense. Or if you plan to operate or to 
maintain mobile two -way communica- 
tions systems, microwave relay stations 
or radar and signaling devices, a Second 
Class FCC License is required. 

But even if you aren't planning a 
career which involves radio transmission 
of any kind, an FCC "ticket" is valuable 
to have as Government certification of 
certain technical skills. It's a job creden- 
tial recognized by some employers as 
evidence that you know your stuff. 

A good way to prepare for your FCC 
License exam is to take one of the CIE 
career courses which include FCC Li- 
cense preparation. We are confident 
you can successfully earn your license, 
if you're willing to put forth an effort, 

Ì 

because the vast majority of CIE stu- 
dents have. In fact, based on continuing 
surveys, close to 9 out of 10 CIE 
graduates have passed their FCC exams! 

So if you are serious about getting 
ahead in Electronics ... if you are 
willing to put in the extra work ... get 
in touch with us. 

We have many career courses for you 
to select from. If you already have some 
electronics training, you may want to 
skip our beginner -level courses and en- 
roll in an intermediate program. Or, if 
you're really hot, there's a tough, college - 
level course called "Electronics Engi- 
neering" that can make you even better. 

Send today for FREE 
school catalog 

Send today for our FREE school 
catalog and complete package of inde- 
pendent home -study career information. 
For your convenience, 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. 

G.I. Bill Benefits 
All CIE career courses are approved for 
educational benefits under the G.I. Bill. 
If you are a Veteran or in service now, 
check box for G.I. Bill information. 

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

Accredited Member National Home Study Council 

Yes, I want your FREE school catalog and career information package today. 
I am especially interested in: 

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

RE-60 

Print Name 

Address Apt. 

City 

State Zip Age 
Check box for G.I. Bill information. Veteran On Active Duty 

L 
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STATE-OF-SOLID-STATE 
(continued from page 26) 

Motorola's Micro Bus is a universal 
bus system where all communications 
between system components takes place 
over the same set of wires. It is an ap- 
proach being used by a number of the 
minicomputer manufacturers with suc- 
cess. The M6800 strongly resembles 
Digital Equipment's well known PDP- 
I1 minicomputer. Input and output 
functions are similar to memory in- 
structions. Peripheral devices are ad- 
dressed as part of .a total 65K word 
address space. 

Computer systems are designed 

MOTOROLA MC6800 CPU 

around a CPU (Central Processing 
Unit). The CPU for the M6800 is the 
MC6800 chip. It contains the control 
logic to sequentially fetch instructions 
from memory and decode each of a set 
of 72 instructions. Each instruction can 
either be 1, 2 or 3 bytes long. One 
byte is an 8 -bit word. The CPU gener- 

... and the real beauty oftheseCHANNEL- 

LOCK Little Champs is the way they ease 

hundreds of delicate, fine jobs that need 

firm treatment. Precision made of highest 

grade forged steel. High luster polished 

finish. Perfectly mated, hand honed cutters. 

Blue dipped plastic comfort grips. Specify 

CHANNELLOCK Little Champ precision pliers. 

You'll like 'em. Send for our free Catalog. 

CHANNELLOCK. INC., Meadville, Pa. 16335 

Little Champ Precision Pliers 

Circle 14 on reader service card 

ates control signals to carry out logic, 
shift, memory reference, skip, and 
arithmetic instructions. 

Arithmetic operations are carried out 
in two's complement or decimal for- 
mats. Two's complement is a binary 
number system widely adopted by the 
computer industry partly because of the 
ease of converting to negative numbers. 
A positive number that is comple- 
mented simply by changing all zeros to 
ones and ones to zeros, and then incre- 
mented by 1 becomes a negative num- 
ber. There are also interrupt instruc- 
tions that peripherals can use to direct 
the computer to jump to programmed 
service routines. 

Interrupt programming lets the com- 
puter to continue with its business dur- 
ing the time it takes a printing device 
such as a teletype to print a character. 
"Push- down" and "pop -up" instruc- 
tions take care of an assigned portion 
of memory called a stack where return 
addresses are stored and reclaimed 
during execution of nested subroutines. 

CPU's use registers to keep track of 
things and help do arithmetic. The 
MC6800 has six. A 2 -byte (16 -bit) 
program counter increments its con- 
tents to select the next instruction from 
the program stored in memory. The 
increments are unity except when mul- 
tiple word instructions or jump instruc- 
tions are used. A jump instruction 
inserts the calculated address portion of 
the instruction into the program coun- 
ter causing the next instruction to come 
from the "jumped to" address. Another 
two -byte register holds the stack 
pointer, the address of the next avail- 
able location in the stack. The third 
two -byte register is the index register 
used to index or add to the address in 
a memory reference instruction. This 
addressing mode is useful in list pro- 
cessing. The remaining three registers 
are a single -byte in length. Two are 
accumulators that operate with the 
ALU (Arithmetic and Logical Unit) 
portion of the CPU. A condition code 
register holds sign and overflow infor- 
mation used for conditional branching 
decisions. 

Addressing modes are an important 
consideration in overall programming. 
Beginning programmers may be sur- 
prised at the large program segments 
used to calculate addresses. The num- 
her of instructions alone is a poor guide 
to programming ease and efficiency. A 

better indicator is the number of steps 
required to carry out benchmark pro- 
cedures. The MC6800 has a wide as- 
sortment of addressing modes, seven in 

all- direct, relative, immediate, in- 

dexed, extended, implied, and accumu- 
lator. 

Memory is an essential part of any 
computer system. Both the data and 
program steps are stored in memory. 

(continued on page 34) 
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4K computer! 
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Still, our price goes down a lot easier. 
Now's your chance to bite into a complete computer 
system. We at SPHERE CORPORATION have used the 
latest micro -processing technology along with some real 
innovations in mini -circuit design to develop the lowest - 
cost complete computer systems available. Every system 
comes complete with TV CRT display, ROM monitor, a 
real time clock, and typewriter, cursor editing, and 
numeric keyboards. Every SPHERE SYSTEM has ample 
memory to run YOUR particular program, whether it's a 
complicated inventory control system, or keeping de- 
tailed track of finances, or monitoring and protecting 
your home or office . use your imagination! And 
SPHERE offers manuals with plenty of information for the 

We make the difference count. r i 
Dear SPHERE: 

The tacts 1 read here convinced me! 

SPHERE CORPORATION 
791 South 500 West #6 
Bountiful, Utah 84010 

(8011295 -1768 

Enclosed is my check or money order for $860.00. Please 
rush me a SPHERE I System. 

Please rush me more details on your low -cost computer 
system and peripherals. (Specific questions, if any, are 
attached.) 

Print Name: -_ 
Address: _ 

City: 

State, Zip: 

L 

first -time computer users. In addition, every SPHERE SYS- 
TEM is expandable as desired. It will run an extended 
BASIC compiler and /or a most complete line of peripher- 
als. All systems come with complete usage, program- 
ming, and application manuals, as well as software sup- 
ports to make its functions almost limitless. We wanted 
to make something a lot better; and we did! 

The mail order offer you see here is limited. Take advan- 
tage of it! If you like, also inquire about our full color 
graphics CRT display, andSPHERE's most complete line of 
low -cost peripherals on the market today. 
Use the coupon below right away! 

SPHERE Z 
SPHERE CORPORATION 791 South 500 West #6 

Bountiful, Utah 84010 (801) 295 -1368 m 

CO 
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STATE-OF-SOLID-STATE 
(continued from page 32) 

Random -access memory, read -only 
memory, or a combination of both are 
used in any one system. RAM's are the 
most versatile but are more expensive 
and often slower than ROM's. The 
MC6800 series includes the MCM6810 
128 X 8 bit static -RAM and the 

MOTOROLA MC6810 128 8 BIT RAM 

MCM6830 1024- X 8 -bit ROM. Gen- 
eral purpose machines have a large 
amount of random -access memory 
since they must handle any conceivable 
program that the user wants to store. 
In contrast, the task dedicated machine 
often only has to follow a single pro- 

MOTOROLA MC6830 8K ROM 

gram permanently stored in its ROM. 
The MCM6830 8K static ROM does 
not have clock or refresh inputs. Maxi- 
mum read -access -time is 575 nanosec- 
onds. The MCM6810 1K RAM is also 
a static memory and is neither clocked 
nor refreshed. The MCM6810 is avail- 
able in two versions; the L unit has a 
maximum access -time of 1 microsec- 
ond and the L -1, 600 nanoseconds. 
Larger sized RAM's are predominantly 
dynamic and slower since the stored bit 
charges leak off with time and must be 
systematically rewritten. Both memory 
chips have three -state outputs. They 
can be paralleled and then enabled one 
at a time by select inputs. 

Motorola calls the MC6820 Periph- 
eral Interface Adapter (PIA) the ar- 
ticulate interface. The PIA eliminates 
much ancillary logic when interfacing 
many peripherals. By making the pe- 

MOTOROLA MC6820 PERIPHERAL INTER - 
FACE ADAPTER 

ripherals addressable like memory, the 
device can be programmed by the user 
to meet a wide range on input and out- 
put applications. The MC6820 is a 16- 
bit parallel interface that lets the corn - 
puter interconnect with devices such as 
keyboards, magnetic disks, and car- 
tridges, CRT displays and terminals, 
numerical control equipment -any- 
thing you want the computer to control 
or be controlled by. The bus connec- 
tions between the CPU and any PIA is 
8 -bits and bi- directional. Peripherals 
connect to the PIA on two 8 -bit bi -di- 
rectional busses. Any of the 16 lines can 
be programmed as an input or output 
of the adapter. There are four addi- 

(continued on page 97) 

10MHz 5" scope 
with easier calibration 

and voltage measurement 

Model 1465 $428 

Here are some B &K extra touches. Besides DC -to- 
10MHz bandwidth, triggered sweep, automatic sync, 
16.6mV /cm vertical sensitivity, DC- coupled amplifier and 
front -panel Vectorscope capability, Model 1465 also has 
5X magnification to increase sweep speed to 0.2usec /em 
for complex waveform analysis. And Cali -Brain ®, which 
collapses horizontal sweep to let you measure instan- 
taneous peak -to -peak voltage easily while simulta- 
neously displaying the full -scale voltage range. Now in 
stock at your local distributor or write Dynascan. 

PRODUCTS OF 

iDYNASCAN 
1801 W. Belle Plaine Ave. 

Chicago, IL 60613 (312) 327 -7270 

Circle 16 on reader service card 

You'd probably expect a 
portable oscilloscope as rugged and 

reliable as this one to cost a lot. 

You'd be wrong. 

Introducing the B & K Model 1403 3" Solid -state 
oscilloscope. It's so compact, reliable, and inex- 
pensive that it's the perfect scope for most on- 
the -line monitoring applications. Look at its specs: 
DC to 2MHz bandwidth at 20mV /cm. Recurrent 
sweep speeds from 10Hz to 100k Hz. New wide - 
angle CRT to reduce case depth to a minimum. 
Direct -deflection terminals for waveforms up to 
150 MHz. Weighs only 8% pounds. And has a 
smoked acrylic graticule for trace sharpness and 
easy reading. All the reliability and accuracy you 
need in a monitor scope -at a surprisingly 
low price. 

Contact your distributor, or write 
Dynascan Corporation. 

$18900 

:'É Very good equipment at a very good price. 
Dynascan Corporation. 
1801 West Belle Plaine Avenue, Chicago, Illinois 60613 

Circle 17 on reader service card 
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This 10 MHz Triggered Scope 
is 1 /3 the size 
of comparably 
performing scopes. 

BC/ PL'?E?.. 

4ialA5LE 
VOL S1í5Y 

2 

PULL 5% 
50 

%T INPR 

MODEL 1431 $399.00 

r 
INTENSITY POWER ON 

It's a lightweight 13 pounds in your hand and a heavyweight 
performance wideband scope with a 35 nanosecond rise time on 
your bench or jobsite. Whether you're servicing or designing 
industrial equipment or TV, there's the right sweep speed and 
sync for easiest operation. If you know our Model 1460, the 
leader in wideband 5" CRT scopes, you know our new 3" 
Model 1431 which gives you the same high performance in 
one third the size. (Only 414'-Hx7'/e "Wx12' /. "L) 
Servicing, production, inspection, quality coitrol and lab 
applications are all easier with this versatile all solid -state 
instrument. Triggering is accomplished with only 0.5V 
peak -to -peak. Ten millivolts per division sensitivity, 0.5 
usec /cm to 0.5 sec /cm autonatic and triggered sweep in 
19 calibrated ranges, and external trigger input are just a 
few of the reasons you'll like it. 

If you have been waiting to buy a portable scope until you cculd get all the 
features you'll ever need at a price you want to pay, you've been waiting for 
Model 1431. Contact your distributor or write Dynascan Corporation. 

Shown wish optional 
carrying cover 

and probe pouch. 

MOULTS OF 

DYIVASCAAI 
1801 W. Belle Plaine Ave. 

Chicago, f 50613 (312) 327 -7270 
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THE 

DESIGN 
MITE 

SERIES 

At last! Nigh quality, laboratory -grade test instruments .. . 

for the professional and hobbyist ... at prices everyone can afford! 

DEIII :NA 
CIRCUIT DESIGNER 

Now you can build /test electronic circuits 
WITHOUT SOLDER ... using solid #22 AWG 
wire to interconnect discrete components .. 
resistors, transistors, linear /digital Cs in TO5 
or DIP packages (8 -40 pins), and more. Plus, 
you get 5 -15VDC up to 600ma (9 watts) of 
variable regulated power, with a built-in 0-15V 
voltmeter to monitor internal power and /or 
external circuits. Now, that's design flexibility! 
And look at the low, low price! 

4995 
Add $2.50 
shipping /handling 

SPECIFICATIONS 
Power Supply: Output: 5 -15V @ Warne. Ripple and 
Noise: less than 20mv @ full load. Load /Line 
regulation: <1 %. Meter: 0-15V DC. Connectors: 1 

OT -59S, 2 QT-59B, 2 power supply 5-way binding 
posts, 2 meter 5 -way binding posts. Wght: 3 lbs. 

Power Needed: 117V, AC @ 60 Hz 12W. 
Patent #235,554. 

Add $2.50 
shipping /handling 

FUNCTION GENERATOR 
Troubleshooting? Design Testing? DM -2 gives you all 

the signal source capacity you need ... at a very 
modest price. This 3- wave form Function Generator 
has: short-proof output, variable signal amplitude and 

constant output impedance. Completely wired, tested, 
calibrated, ready to test audio amplifiers, op -amp and 
educational lab designs ... as well as complex 
industrial lab projects. Complete with easy -to-read 
instructions /operations manual, application notes, 

operation theory and more, DM -2 works hand -in -hand 

with DM -1 for total versatility. 

SPECIFICATIONS 
Frequency Range: 1Hz- 100KHz (5 ranges: i -10Hz, 
10- 100Hz, 100- 1000Hz, 1- 10KHz, 10- 100KHz). Dial 
Accuracy: Calibrated @ 10Hz, 100Hz, 1KHz, 10KHz, 

freq. accurate to 5% of dial setting. Wave Forms: Sine 
<2% THD over freq. range. Triangle wave linearity, 
<1% over range. Square wave rise /fall <0.5 
microseconds - 6000-20pf termination. Output 
Amplitude: (all wave forms) variable-0.1V-10V peak to 

peak into open circuit. Output Impedance: 
600fí- constant over ampl. /freq. ranges. Wght.: 2 lbs. 

Power Needed: 117V, AC @ 60Hz 5W." 

Each measures 6.75 "L x 7.5 "W x 3.25" H.; comple ely assembled, ready to start 
testing at once. Order your DESIGN MATES today! 
'220V @ 50Hz available at slightly higher cost. 

All DESIGN MATES are made in USA; available off- the -shelf from your 
local distributor. Direct purchases from CSC can be charged on Bank 
Americard, Master Charge, American Express. Plus, you get a FREE 

English /Metric Conversion Slide Rule with each order. Foreign orders 
please add 10% for shipping /handling. Prices are subject to change. 

DESIGN 3 
:MATE 

R/C BRIDGE 

Have you been bugged by color codes or unreadable 
component markings? Forget it! DM -3, the low cost 
R/C Bridge, measures true component values ... in 

seconds ... to better than 5 %. And, its all done with 
only 2 operating controls and a unique solid -state null 
detector, to zero-in on exact component selection ... 
instantly! Completely wired, calibrated and tested, 
DM -3 includes an extensive instruction /applications 
manual, and operational theory too. 

SPECIFICATIONS 
Resistance Range: 100 -100 megf2. (6 Ranges: 
10- 1000, 100 -10000, 1K -10KO, 100K -1 megft, 1 

mego -10 mega) Capacitance Range: 10pFd4mFd- 
(5 Ranges: 10 -100 pFd, 100- 1000pFd, .001 -.01 

mFd, .01mFd- .1mFd, .1- 1.mFd.) Null Detector: 2 

hi- intensity LEDs -hi /lo markings. Accuracy: <5% of 
null dial, range switch setting. Wght. 2 lbs. 

Power Needed: 117V, AC @ 60Hz 3W. 

5495 
Add $2.50 
shipping /handling 

=0= 
COf1T1(lEf1TAl JPECIAITIEJ CORPORATIOfI 

44 Kendall Street, Box 1942, New Haven, CT 06509 203/624 -3103 
West Coast Office: Box 7809, San Francisco, CA 94119 415/421 -8872 

Canada: Len Finkler Ltd., Ontario 

Circle 19 on reader service card 

© Copyright Continental Specialties Corporation 1975 
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BUILD A PORTABLE SYNTHESIZER 
Connect it to a hi -fi amplifier and 

create your own special music effects. 

IF THE TERM "ELECTRONIC MUSIC SYNTHE- 
sizer" calls to your mind a picture of 
Walter Carlos wandering glassy eyed 
among a room full of equipment fes- 
tooned with thousands of knobs and 
switches and draped with miles of cable, 
you're a little out of touch. 

After years of patching together the 
amplifiers, oscillator, filters and other in- 
dividual modules of the early day synthe- 
sizers, an interesting pattern began to 
emerge. Manufacturers and users alike 
discovered that most of the useful sounds 
that the equipment could produce were 
obtainable with a handfull of different 
patching arrangements. That was the be- 
ginning of the "normalized" performing 
synthesizer. 

Basically a normalized synthesizer is 
one in which the separate elements are 
pre -arranged in a specific configuration 
(oscillators feeding amplifiers feeding fil- 
ters feeding the output, ordinarily) with 
front panel controls to select various os- 
cillator waveforms and set the level of 
audio and control signals. Except in 
studio, University or hobby machines, 
patch cords are rare and sounds are 
changed simply by turning a knob, or flip- 
ping a switch. 

by JOHN S. SIMONTON, JR. 

To show how normalization works, and 
to give you a really low cost introduction 
to synthesis generally, we present the 
GNOME. The GNOME is a micro -syn- 
thesizer that employs the same voltage 
control techniques that give synthesizers 
their almost unlimited versatility while 
featuring controls that are so simple to 
operate even children can pick out sounds 
and tunes in the first few minutes. 

What's a synthesizer? 
The currently fashionable way of think- 

ing of synthesizers is in terms of analog 
computers. This has the double advantage 
of giving the electronics technician lack- 
ing a musical background a starting point 
closer to his home stomping ground. It 
also gives the musician an equivalency be- 
tween electronic elements and the me- 
chanical counterparts that he already 
knows. For example, the oscillator of a 
synthesizer corresponds to the vibrating 
strings, reeds, or whatever of a musical 
instrument. The filters correspond to the 
resonant properties of the body of the 
instrument. The instrument dynamics 
(attack and decay) correspond to the 
voltage -controlled amplifier/function gen- 
erator combination in the synthesizer. 

Once a synthesizer is viewed in these 
terms, it becomes immediately apparent 
what the real strengths of the equipment 
are. It would be difficult to build a me- 
chanical instrument that combined the 
harmonic structure of a vibrating string 
with the resonant characteristics of a slide 
trombone. But with the electronic equiva- 
lents of these elements such strange 
"cross- breeding" is relatively simple. 

The GNOME 
A block diagram of the normalization 

scheme is shown in Fig. 1. The built -in 
controller (a simple voltage divider) pro- 
vides a control voltage that is proportional 
to the position of the wiper probe along 
the strip of conductive elastomer. The 
front -panel switches routes this control 
voltage to either the voltage controlled 
oscillator (VCO) or voltage controlled 
filter (VCF). 

The VCO has two basic output wave- 
forms; a triangle and a square wave. A 
SKEW control on the input of the oscillator 
changes the triangular -waveform output 
to a ramp while the square -wave changes 
to a short duration pulse, giving the user 
the option of four waveforms from a low - 
cost oscillator. Individual level controls 
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on the oscillator's two outputs allow for 
selecting or mixing the desired waveforms. 

The outputs of the oscillator feed a 
common audio bus as does the output of 
the GNOME's internal noise source, also 
with its own level control. The audio bus 
always drives the GNOME's VCF, but 
a switch at the input of the voltage -con- 
trolled amplifier (VCA) allows the user 
to bypass the action of the filter if desired. 

TRIGGER 

FIG. 1- NORMALIZATION SCHEME of the 
GNOME. 

There are two internal function gener- 
ators, one dedicated to providing a control 
voltage for the VCF and the other dedi- 
cated to the VCA. Each of these function 
generators provide for either percussion 
or sustained envelopes and the VCF's 
function generator has the added feature 
of a REPEAT switch that allows it to serve 
as its own trigger source for low speed 
cyclic effects similar to tremolo. Both 
function generators are normally trig- 
gered from a front panel TRIGGER button 
but provision has also been made for ex- 
ternal trigger sources such as foot switches 
or sequencers. 

There are many other features to the 
circuits of the GNOME but these will be 
covered in the individual circuit descrip- 
tions. 

Controller 
The schematic diagram of the control- 

ler, noise source, trigger and power supply 
is shown in Fig. 2. The "sawtooth" geom- 
etry of the conductive elastomer that 
forms the control strip of the GNOME 
combines with the paralleling resistors R8 
through R I I to produce an exponential 
voltage distribution along the surface of 
the strip. The RANGE potentiometer R78 
is in series with the effective resistance of 
the control strip forming a voltage divider. 
Increasing the resistance of R78 decreases 
the voltage that appears across the length 
of the strip. 

The wiper probe of the control strip is 
decoupled by an emitter follower in the 
VCO to prevent loading of the controller. 
This probe picks a voltage from the strip 
that is proportional to the position of the 
probe along the length of the strip. 
Switches S2 and S3 allow this voltage to 
be routed either to the VCO, VCF or both 
simultaneously. 

The diodes at the bottom end of the 
control strip provide a constant voltage 
drop of approximately 1.5 volts insuring 
that there will be sufficient voltage on the 
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FIG. 2- CONTROLLER, noise source, trigger and power supply schematic diagram. 
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FIG. 3- VOLTAGE -CONTROLLED OSCILLATOR schematic diagram. 

strip to drive the VCO regardless of the 
setting of R78. 

Noise source and trigger 
The GNOME's noise source (see Fig. 2) 

is a standard design employing the shot - 
noise that results from the avalanching 
process of the reverse -biased base- emitter 
junction of transistor Q1. The noise ap- 
pears across resistor R3 and is coupled by 
capacitor C2 to the single -stage amplifier 
comprising Q2, R4. R5 and R6. Potenti- 
ometer R77 is the level control for the 
noise source and as the wiper of this con- 

R76 
15K 

o C8 ' 
¡ 2 2/10V 

trol is moved toward the collector of Q2, 
the amount of noise introduced in to the 
common audio bus is increased. 

The TRIGGER push- button SI (see Fig. 
2) connects the +18 -volt supply line to 
the trigger bus through R I. Capacitor 
CI bypasses contact -bounce impulses to 
ground. 

VCO 
The schematic diagram of the VCO is 

shown in Fig. 3. Control voltages are ap- 
plied to the oscillator at the point marked 
"c.v. input ". Capacitor C5 bypasses to 
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Parts List 
All resistors 1/2 -watt, 10% unless noted. 
R 1, R11, R34, R36, R40, R41, R61, R69- 

10,000 ohms 
R2- 27,000 ohms 
R3, R14, R28, R31, R37, 

R48,R63,R64,R72 -1 megohm 
R4,R12- 333,000 ohms 
R5,R35,R51- 47,000 ohms 
R6,R33 -1800 ohms 
R7 -10 ohms 
R8 -470 ohms 
R9,R53,R76 -1000 ohms 
R10,R68 -2200 ohms 
R13, R25, R38, R55, R54, 

R67,R73,R75- 33,000 ohms 
R 15, R 21, R23, R24, R45, 

R44,R59,R71- 100,000 ohms 
R16,R46,R49 -2.2 megohms 
R17,R20,R27,R50,R52,R74 -6800 ohms 
R18- 68,000 ohms 
R19,R26,R32,R58- 15,000 ohms 
R22 -2700 ohms 
R29,R56,R57 -100 ohms 
R30,R60- 150,000 ohms 
R39,R70- 470,000 ohms 
R42,R66 -4700 ohms 
R43- 22,000 ohms 
R47 -3.9 megohms 
R62- 220,000 ohms 
R65- 680,000 ohms 
R77,R81,R82,R84 -5000 ohm 

linear taper potentiometer 
R78,R79,R80,R85, R86,R87,R89.R90- 

500,000 ohm linear taper potentiometer 
R83,R88,R91- 50,000 ohm 

linear taper trimmer pot. 
C1,C5 -.1µF Mylar 
C2 -2.2 µF 6V electrolytic 
C3 -5 µF 10V electrolytic 
C4,C7,C8,C12,C14,C15,C16 -2.2 µF 

10V electrolytic 
C6 -470 pF ceramic disk 
C9,C10 -.001 µF ceramic disk 
C11 -33 µF 10V electrolytic 
C13,C17 -.005 µF ceramic disk 
C18 -220 µF 15V electrolytic 
C19 -220 µF 10V electrolytic 
D1- D11 -1N914 diode 
IC1- LM3900 quad current 

differential amp 
Q1- 2N2712 selected low noise transistor 
Q2,Q12,Q13- 2N3391 transistor 
Q3,Q14,Q15- 2N2712 transistor 
Q4,Q5, Q7,Q9,Q10,Q16- 2N5129 

transistor 
Q6,Q11,Q17- 2N5139 transistor 
Q8 -MPF -102 transistor 
S1 -SPST normally -open push- button 
S2,S3,S6,S8 -SPDT slide switch 
S4,S5,S7 -DPDT slide switch 
BATT 1,2 -9 -Volt transistor battery 

(NEDA 1604 or equal) 
MISC. -9 -lug terminal strips (2), pin jack, 
pin plug, miniature phone jack, circuit 
board, control strip, battery snaps, 1 /4 -in. 
grommet, knobs (12), wire, solder, hard- 
ware, etc. 
NOTE -The following are available from 

PAIA Electronics, Inc. 
1020 W. Wilshire Blvd. 
Okla. City OK 73116 

Circuit board and control strip 
Order #3740 -P -$8.50 postpaid 

Complete kit of all parts 
except batteries 
Order #3740-K--$48.95 plus postage 
and insurance for 4 lbs. 
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FIG. 4- VOLTAGE- CONTROLLED FILTER schematic diagram. 
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FIG. 5- VOLTAGE -CONTROLLED AMPLIFIER schematic diagram. 

ground contact -noise originating at the 
control strip. The control voltage is then 
applied to the VCO RANGE control R79 
which serves as an attenuator on the con- 
trol- voltage line. Emitter -follower Q3 
serves as an impedance- matching device 
between the control -voltage input and the 

R66 
4.7K 

Q16 

2N5129 

R67 
33K 

oscillator circuitry. 
The oscillator is a relatively common 

type consisting of an integrator (ICI -a) 
and a Schmitt -trigger comprising discrete 
transistors Q4 and Q5 and associated 
components. 

(continued on page 100) 
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FIG. 1 -B & K VOM's. Model 
101 is shown above. Model 
102 is shown at right. 

"INDUSTRIAL ELECTRONICS" IS A SHORT 

phrase that covers many different things. 
Here, it means control. The machine does 
the work, and the electronics tell it what 
to do. Electronic controls tell it when to 
start and stop, and if it isn't doing some- 
thing right, they shut down the whole proc- 
ess. These controls come in a great variety 
of sizes and shapes, all the way from a 
simple SCR and a few resistors up to large 
arrays of IC's and logic. 

TV viewers may have the impression 
that complicated electronic machinery is 
made up of big panels full of flashing 
lights, which go "a'BEEP'm, a'BEEP'm" 
all the time. Fortunately, this isn't true. 
When the crisis occurs, great arcs and 
sparks fly, and clouds of smoke boil out. 
Evidently the designers of this compli- 
cated electronic machinery never heard of 
fuses or circuit breakers. 

Real life electronic controls are not 
noisy, and are much better protected. They 
do not go "a'BEEP'm "; when something 
happens, they just click quietly and stop 
the machine. They have two major func- 
tions; control of operations, and protection 
against damage. Monotonous operations 
can be broken down into a series of sim- 
ple steps, each with its own set of elec- 
tronic control units. 

As briefly as possible, such a system 
starts with a "transducer ". This is a device 
that detects quantities; movement, heat, 
pressure, flow, or any thing else that will 
provide the information needed. The 
transducer converts this into an electrical 
signal. This goes to an amplifier, where it 
is processed into signals needed to do the 
actual controlling. If the transducer read- 
ing shows that the machine is out of tol- 
erance, or doing something wrong, it actu- 
ates a circuit to stop the machine. This can 
be a relay (usually called a "contactor" 
if it's big enough) or solid -state switches. 
Every known form of electronic reaction 
is used in transducers; resistance, volt- 
age, current, magnetic fields, capacitance, 
inductance, photoelectric, thermoelectric 

isst Equipment 

for Industrial 

$ervicìno 
Specialized servicing requires specialized 

test equipment. Here's a round -up article 
on industrial test equipment. 

and piezoelectric reactions, and even ra- 
dioactivity. There are a lot of these; one 
reference work lists 1250 different types. 

The name of the game is "downtime ": 
this must be avoided, or reduced to an 
absolute minimum. Most electronic con- 
trol systems are designed so that they can 
be serviced quickly and easily, to get the 
machine back on -line as soon as possible. 
In one real machine, an electronically con- 
trolled lathe, there are ten steps in its 
process. Each one is controlled by a small 
PC board ( "card ") that plugs into a rack 
in the control cabinet. If the machine 
goes to step 8 and stops, the technician 
starts testing by pulling card 8 and trying 
a new one. If this clears the trouble, the 
bad card is taken back to the bench and 
checked out. In quite a few machines like 
this, the cards are all the same which 
makes servicing much faster. 

Power supplies for the control units are 
well overrated for cool running, and pro- 
tected by fuses and circuit breakers. Plug - 
in rectifier cards, and similar devices are 
also used to speed testing. The cards them- 
selves are comparatively simple, with 
"switching" done by circuit- conductors, 
and control functions by SCR's, switching 
transistors and diodes, and so on. They 
may be tested and repaired with very little 
trouble. 

Specially -built test gear 
Industrial electronics work, therefore, 

requires test equipment that can be used 
to check out all parts of the system quickly 
and accurately. This may require checking 
high voltage AC or DC, currents, as well 
as reading lower voltages used on transis- 
tors and other solid -state devices. The test 
equipment is an essential part of the whole 
system. It must be versatile, to cover the 
wide range of quantities to be measured, 
and rugged, to withstand the normal wear 
and tear of daily work. It must also main- 
tain its accuracy over long periods. 

The test instrument that will do all of 
these things; read AC or DC voltages and 

by JACK DARR 
SERVICE EDITOR 

currents over a wide range, resistances, 
and make continuity tests, is the good old 
volt- ohmmeter (VOM). Later on in this 
series, we'll get to some highly specialized 
and complex instruments. However, at the 
"primary level ", most of the load is car- 
ried by the VOM. 

There are a great many of these. The 
ones you'll see here are mainly the units 
designed to do this type of work. They're 
well- built, rugged, and protected against 
accidental physical damage from drop- 
ping, and from electrical damage from ac- 
cidental overloads. All are high- quality 
test instruments; they will last longer and 
cost far less. The "$9.95 wonders" just 
won't hack it. One fall off the bench, or 
one instant contact with high voltage, and 
all you have left is a little black box mak- 
ing ominous noises and leaking foul - 
smelling smoke, all full of tiny bits of 
carbon. 

All of the high -quality industrial VOM's 
will have very close to the same vital sta- 
tistics. The size and shape will differ, but 
the essential functions will be there. This 
reads something like this: sensitivity, 20,- 
000 ohms -per -volt (or more); AC and DC 
voltage and current reading from a very 
low range up to perhaps 1000 volts; ohm- 
meter ranges from a very low range up to 
X 10K scale; DC current from a few mi- 
croamperes up to several amperes, and 
DC millivolt ranges to an astonishingly 
low level. 

Physically, most of them are built in 
high- impact plastic cases, with the meter 
face and control knows recessed for safety. 
Electrically, most have protective diodes 
across the meter movement to protect 
against overloads. Very small valve fast - 
acting fuses are used, together with fast - 
acting relays and circuit breakers. Quite a 
few of these are used in the ohmmeter 
ranges, for those embarrassing moments 
when we try to read the AC line voltage 
on the RX 10 scale. Spare fuses are pro- 
vided inside the case. 

Many accessories are available that in- 
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FIG. 2 -RCA model WV -547A. 

FIG. 3-TRIPLETT model 310. 

crease the usefulness of the basic VOM. 
High voltage probes let you take readings 
up to 50 kV; heavy shunts let you read 
direct currents up to many amperes; 
clamp -on units allow reading alternating 
currents up to hundreds of amperes. There 
are other special accessories, that will be 
dealt with as we get to them. Special car- 
rying cases protect the VOM, and have 
storage space for test leads, probes and 
other accessories. 

About test leads 
Speaking of test leads; this is one point 

that has been almost overlooked in the 
past. Not any more. The test leads are 
light, flexible, and made with long, thin 
tips so you can get into tight places. Slip -on 
clips let you hook the test leads in place 
and leave your hands free; the cases often 
come with straps or handles so that the 
VOM can be hung on the machine. 

Now let's look at a few good examples 
of the typical industrial VOM, from the 
country's leading test equipment makers. 
The listing is in alphabetical order; these 
are all "good ones ", and will give you 
your money's worth in long service. 

For convenience, I've divided them into 
three groups, by physical size. First is the 
"shirt- pocket" types, then a bunch that 
could be called mediums, and last the full - 
sized VOM. 

Shirt -pocket types 
Alphabetically, first come the B &K 101 

FIG. 4 -B &K model 120P. 

FIG. 5 -RCA WV -520A. 

and 102. These are compact types, 20,000 
ohms per volt, with AC and DC volts, 
ohms and current. The difference between 
them is that the 101 has a top voltage range 
of 1000 volts, AC or DC, and the 102 goes 
on up to 5000 volts with a special panel 
jack. No external multiplier probe is 
needed. Figure 1 shows both of them. 
They will also go down to a full -scale 
reading of 250 mV. 

RCA's entry in the small -meter field is 
their Tech -VOM, Model WV -547A (Fig. 
2) . Up to 1000 volts AC or DC, with a 
500-mV range. Resistance readings from 
2 ohms to 1.0 megohm, and DC current 
up to 250 mA. Compact, and rugged; taut - 
band meter suspension and high impact 
plastic case. 

The Simpson Electric Co. of Elgin, IL 
also has a line of Micro - Testers, in this 
size case. There are eight of these little fel- 
lows, AC /DC VOM's, AC ammeter, DC 
milliammeter, battery tester, low -range 
ohmmeter, and so on. 

Next in the alphabet is a "mini" that's 
been around a long time, and is still going. 
This is the Triplett 310, Fig. 3. This is the 
latest ruggedized version, with normal the 
ranges as well as special jacks for reading 
Lp to 1200 volts AC or DC. The tip of the 
negative test lead can be taken out, and 
plugged into a jack on the end of the case; 
this gives you one -hand operation. The 
case is a drop -resistant type, with special 
finger -tread design on the sides to make it 
easier to hold. 

Next come the medium -sized units, 
about halfway between the shirt -pocket 
types and the old "standard -size VOM's". 
Alphabetically again, here is the B &K 

FIG. 6- SIMPSON model 160. 

FIG. 7- TRIPLETT model 60. 

120P. Standard VOM ranges, and fully 
protected against electrical overload by a 
built -in electronic system. When there's 
an overload, the red RESET button pops up; 
it can't be reset until the overload has 
been removed. You can see this in Fig. 4. 

RCA's WV -520A is another general 
purpose VOM, this one with a 100,000 
ohms per volt movement, and a scale for 
reading 0 -15 MA. A polarity- reversing 
switch is provided. The meter is protected 
by diodes. Top voltage ranges are 1500 
volts AC or DC, and an 0 -5 ampere range 
can be used for high current (Fig. 5). A 
similar model is the WV -532A, which has 
a special fast -acting relay circuit to protect 
the instrument against damage from over- 
loads. 

Next, the Simpson 160 (Fig. 6). All of 
the standard ranges, including a 50 -RA 
(250 mV), which we will take up later, 
with polarity reversing switch, and pro- 
tective diodes across the meter. 

Figure 7 shows the latest Triplett Tough 
Guy, the model 60. This has a very rugged 
plastic case, taut -band meter suspension, 
for drop -proofing. Electrically, the model 
60 is well protected, too. Diodes across 
the meter movement, and two separate 
fuses, 1 /8 -A and 10.0 -A help with normal 
overloads. (Spare fuses inside the case.) 
For a really bad one, a special 2A 1 -kV 
fuse is provided. This protects against 
those cases when you make accidental con- 
tact with the kind of high voltage that 
could cause explosive arcs inside the case. 
It has no exposed metal parts, for protec- 
tion against shock hazards. 

Now we get to the "full- sized" types. 
Figure 8 shows the familiar Simpson 260. 
This new model is fully protected against 
electrical overload, and ruggedized to take 
hard service. The same bunch of plug -in 
adapters can be used with this. 
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FIG. 8- SIMPSON model 260. 

FIG. 9- TRIPLETT model 630 -PLK. 

Figure 9 shows another familiar "face ", 
the Triplett 630 PLK. "PLK" in the model 
number means that the complete meter is 

protected by a solid -state switching circuit, 
on all ranges. It is driven by the ohmmeter 
battery, and draws so little current that 
battery life is shelf life. The relay instantly 
opens the input circuits when there is an 
overload equal to about 3 times normal 
full -scale reading. Fuses are also used, 
just in case. 

Next we come to something new this 
is the specialized industrial VOM. These 
instruments have all of the features of the 
preceding ones, and special ranges, func- 
tions and accessories to make them more 
useful in industrial electronic and electri- 
cal work. The most compact of these is 

RCA's WV -531 A, in Fig. 10. Some of the 
accessory test leads and probes are seen. 
One novel feature of this instrument is an 
LED Probe which can be used to make 
continuity tests without having to look at 
the meter. The carrying case holds the 
meter and all test leads. 

The Triplett Co. has a specialized Indus- 
trial VOM in their model 615 (Fig. 11). 
Quite a few special functions and tests are 
"built -in "; three thermocouples can be 
plugged into sockets on the panel, and any 
one read by moving the switch. Three dif- 
ferent temperatures can be read and com- 
pared. There are three millivolt ranges, 
60, 300 and 1500. A plug -in AC ammeter 
clamp -on can be used; Fig. 12 shows this 
with a model 630. Figure 13 shows the 
model 615 in its very well -padded carrying 
case with space for the various adapters. 

FIG. 10 -RCA model WV -531A. 

FIG. 11- TRIPLETT model 615. 

Figure 14 shows the new model 60 in its 
carrying case, with the adapters. 

Now that you've seen the instruments, 
what can you do with them? The answer 
to this is limited only by the ingenuity of 
the technician. With one of these VOM's, 
and a good instruction manual, you can 
check an amazing number of things. A 
great many of the transducers can be 
checked for operation. 

Thermocouple testing 
You'll find quite a few thermocouples. 

They're used in special transducers, as 
thermometers, and also as both the con- 
trol and source of power in many systems. 
These are called the "millivolt" systems. 
The output is very low. It will run from 
the 10 mV output of a platinum /platinum- 
rhodium thermocouple used for very high 
temperature testing, to about 30 mV for 
the common iron -Constantan types, and 
up to 70 mV from a Chromel -Constantan 
type. 

Here's where we can use the millivolt 
ranges mentioned before. Many of the 
VOM's have a 50 -1LA range that can be 
used as an 0- 250 -mV voltmeter. Others 
provide several millivolt ranges. Check the 
instruction book with your VOM; this will 
give you the exact value of the millivolt 
ranges. There is a small difference. 

Since the DC output of a thermocouple 
is so low, the µV range can be connected 
right across the output of a thermocouple. 
The actual voltage depends on the tem- 
perature of the thermocouple junction. In 
the millivolt control systems, the junction 
should be in the flame of the pilot light, 
and have a certain minimum output; usu- 
ally about 70 mV. For precise tests such 
as transducers and thermometers, you'll 
need a calibrated source of heat, and an 

FIG. 12- TRIPLETT models 630 and 10. 

MUMMINIIIM 

FIG. 13- TRIPLETT model 615. 

FIG. 14- TRIPLETT model 60. 

accurate standard thermometer. 

Photoelectric cell tests 
Photoelectric controls are used in sev- 

eral applications. Counting, start -stop on 
certain operations (the work -piece must be 
in a certain place before the process can 
start), indication of the presence of pilot 
flame on heavy -duty gas boilers, and so on. 

There are two main types of photocells; 
"photovoltaic" meaning those which gen- 
erate a voltage when exposed to light, and 
"photoresistive "; these change resistance 
when illuminated. The original photocells 
were vacuum tubes, which were photo - 
resistive. They have to have a fairly high 
voltage supply before they can work. How- 
ever, these can be tested with an ohm- 
meter. Connect the meter across the cell, 
on a high range, with the cell covered. 
Note the resistance reading. Now uncover 
the cell, and shine a light on it. A penlight 
is very handy for this. Note the change in 

resistance. If there is no change, the cell 
is probably defective. The reading will 
usually be very high, but there will be a 

definite change with light. 
(continued on page 113) 
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BUILD 
THIS .._-----~ 

ELECTRONIC 
STOPWATCH 
by TOMMY N. TYLER 

WITHIN THE PAST YEAR SEVERAL 6 -DIGIT 
hand -held calculators have appeared on 
the market, often retailing for less than 
$15. These units are fairly limited in 
their calculating abilities. They are fine 
for adding up the grocery bill or bal- 
ancing the check book, but they do not 
have a floating decimal point and oper- 
ate with whole numbers only. Never- 
theless, considering the functions they 
perform, these little calculators are a 
marvel of simplicity as well as a bar- 
gain source of components for digital 
display projects. With less than $10 
worth of additional parts you can 
modify one of them to provide a handy 
digital stopwatch as well as a calcu- 
lator. This is not only a fun and useful 
project, but also a chance to learn more 
about the techniques of keyboard 
scanning and display multiplexing used 
in many current calculators. 

The best calculator to use is the 
Minuteman -6 manufactured by Com- 
modore Business Machines, although 
the National Semiconductor Model 
600, or the Model 650 "Mathbox" 
manufactured by the Novus Division of 
National Semiconductor are essentially 
equivalent except for styling and key- 
board construction. These units use a 
National Semiconductor type MM5736 
calculator chip which features an auto- 
matic constant on all four functions. 
The automatic constant enables the 
calculator to perform as a counter by 
entering a "1" and then pressing the 
"ADD" key repetitively, each opera- 

tion adding 1 to the previous total. By 
operating the ADD key electronically 
with a precision oscillator which is 
gated on and off, we can measure 
elapsed time quite effectively. The 6- 
digit display counts up to 9999.99 sec- 
onds, which is over 23/4 hours. If you 
would prefer to build just the stopwatch 
alone, the MM5736 calculator chip is 
being offered at under $4 (check the 
advertisements in the back of this issue.) 

Basic calculator operation 
Figure 1 shows a schematic diagram 

of a typical calculator. The MM5736 
calculator chip has three inputs (K1, 
K2, and K3) and two sets of outputs. 
One set of outputs (digits 1 through 6) 
drives the 6 -digit display in multiplex 
fashion, using a 75492 digit driver IC. 
The other set of outputs (a through g) 
provides a 7- segment coded output of 
the calculator's display register. It is 
also multiplexed so that the segments 
for digit 1 appear during digit -time 1, 
the segments for digit 2 appear during 
digit -time 2, and so on. Both the digit 
and segment drive signals return to zero 
momentarily between digits to prevent 
ghosting or smear. This is referred to 
as interdigit blanking. Figure 2 shows 
a timing diagram of the digit and seg- 
ment outputs for a display reading of 
"654321." Digit 1 is at the far right of 
the display, and the digits are scanned 
from right to left. 

Numbers or functions are entered 
into the calculator by connecting one 

Simple circuit 
adds elapsed time 

measurement 
feature to basic 

calculator circuit 
without affecting 

calculator operation. 

of the strobed digit outputs to one of 
the three inputs. The digit outputs are 
therefore performing double duty by 
scanning the keyboard and display 
simultaneously. It's tricks like this that 
enable the chip manufacturer to put 
the entire calculator into a DIP pack- 
age with only 18 pins. 

Battery B1 is an ordinary 9 volt 
transistor radio battery. An alkaline 
battery will power the calculator for 
about 10 to 20 hours, depending on 
how it is used. Adding the stopwatch 
reduces this by only a few hours. Note 
that the artificial decimal point on these 
calculators is merely a single LED be- 
tween the second and third digits which 
is driven through resistor R1. This 
fixed decimal point is in just the right 
place for our stopwatch. 

Keyboard debounce 
Keyboard debounce refers to an 

operation performed in the calculator 
chip to discriminate against noisy key 
contacts which might otherwise cause 
multiple entries. It is both a blessing 
and a curse in that it allows the calcu- 
lator to operate reliably with "cheap 
and dirty" keyboards, but it also lim- 
its the speed of operation in a way that 
affects our stopwatch. Debounce is ac- 
complished by requiring that one of 
the digit outputs remain connected to 
one of the three inputs for at least 8 
consecutive keyboard scan cycles be- 
fore the entry is executed in the chip. 
Before another entry can be made, at 
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STOPWATCH printed circuit board (left) is 

added to basic calculator circuit (right). 
Both the calculator printed circuit board and 

display remains intact. 

least 8 consecutive scan cycles must 
elapse during which none of the digit 
outputs are connected to any of the K 
inputs. When using the calculator as a 

counter, the counting speed is limited 
by this requirement for a minimum of 

16 scan cycles per count. 
Figure 3 shows a block diagram of 

the stopwatch. Pressing the RESET 

switch clears the calculator and then 
enters a "L" Pressing the START /STOP 

switch turns on the oscillator, which 
electronically "presses" the " +" key 

100 times per second. The first timing 
pulse to the ADD circuit merely trans- 
fers the original "1" to the accumulator 
register. The second pulse adds an- 
other 1, giving a total of 2. The third 
pulse brings the total to 3, and so on. 

The calculator is, in effect, counting 
time in hundredths of a second. 

FIG. 1 -BASIC CALCULATOR consists of two 

IC's, keyboard, display and switched DC 

power source. The keyboard and display are 

multiplexed. 
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FIG. 2- TIMING DIAGRAM showing digit and segment output waveforms from the calculator 
chip. The display appears as "654321" because of right to left scanning provided by the calcu- 
lator chip. 

RESET 
SWITCH 

START /STOP 
SWITCH 

CLEAR 
DISPLAY 

ENTER 

FLIP FLOP 

GATED 
100 Hz 

OSCILLATOR 

ENTER 

CALCULATOR 

FIG. 3- STOPWATCH circuitry automatically 
enters a "1" when the reset button is de- 
pressed. The gated 100 Hz oscillator then 
enters " +" repeatedly. 

Counting speed 
The MM5736 calculator chip has a 

built -in clock oscillator which provides 
a typical keyboard scanning rate of 
1 kHz, with some running as slow as 
700 Hz and some faster than 2 kHz 
due to inherent variations in chip 
parameters during manufacture. If we 
satisfy the debounce requirement of 8 
scans closed and 8 scans open per 
count, our maximum counting speed is 
typically 60 Hz, with some as slow as 
40 Hz or as fast as 150 Hz. 

Fortunately there is a way to speed 
up the counting rate by using the cir- 
cuit shown in Figure 4. The maximum 
counting rate attainable with this cir- 
cuit will depend on the particular chip 
used, but will run from about 80 Hz 
up to about 300 Hz. The increase in 

IC1 

DIGITS 

2 3 4 5 6 

11111 
MINIM EOM r r 

10 

12 

IC4-a 

R3 

R2 

IC4-b 

1C2 

ADDED PULSES FROM DIGIT -6 LINE 

+9V 

- OV 

NORMAL DIGIT -4 OUTPUT PULSES 
WAVEFORM AT PIN 1 OF IC1 

FIG. 4 -ADDED COMPONENTS fool calcula- 
tor into cycling at double speed. The corn - 
ponents are only for those calculator chips 
that will not count at the 100 -Hz speed. 

counting rate is obtained by feeding 
the digit -6 output pulse back to the 
digit -4 line, through diode D1. This 
fools some internal logic in the chip so 
that the debounce requirement is satis- 
fied whenever a key remains closed at 
least 4 scan -cycles, followed by at 
least 4 scan -cycles during which no key 
is closed. The other components are 
necessary to prevent the double pulse 
from appearing on the digit -4 display 
driver input, which would cause digit - 
4 to display a ghost image of digit 6. 
During digit -4 time, the output pulse 
from digit -4 line is fed through inverters 
IC4 -a and IC4 -b to the driver input, 
lighting digit 4. During digit -6 time, 
the digit -4 line is again driven high 
through D1, but this time D2 conducts 
and the digit -6 pulse holds the input 
of IC4 -b high to prevent digit 4 from 
being lighted at the same time as digit 6. 

Most chips will count at 100 Hz after 
the addition of the speedup circuit. For 
those that don't, the stopwatch can still 
be built to measure time to the near- 
est 1/50 second. Referring to Fig. 3, 
this is done by arranging the RESET 
switch to enter a "2" instead of a "1," 
and slowing the oscillator to 50 Hz. 

Next month, the article will continue 
with the schematic and the parts list. 
The foil pattern, component placement, 
construction details and operation and 
calibration procedures will also appear 
next month. R -E 
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Cate wa 
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IN- CIRCUIT TRANSISTOR TESTER 

TROUBLESHOOTER 
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., iM. 
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NTS /HEATH \ 

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

1 I aitr.,, 

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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TV Typewriter II 
manual cursor board 
Add this optional plug -in board to the TV Typewriter 11 

and you can manually position the cursor 
anywhere on the TV screen. 

by ED COLLE 

IF YOU HAVE BUILT THE TV TYPEWRITER 

II that has recently appeared in Radio 
Electronics (see Feb. 1975 issue), 
you've probably been waiting for the 
manual cursor plug -in option. This 
board allows you to manually, with 
pushbutton switches, move the cursor 
one space left, right, up or down as well 
as home -up, erase to end of line (EOL) 
and erase to end of frame (EOF). The 
last three options, home -up, erase EOL 
and erase EOF do not require the 
cursor board but it is recommended. 

The circuitry provides the switch de- 
bouncing necessary to prevent multiple 
cursor counting thus insuring the cur- 
sor jumps only one position each time 
a directional button is depressed. The 
control switches themselves are SPST 
normally open pushbutton switches 
that should be mounted on an alumi- 
num strip just in front of the keyboard. 
The debouncing delay provided is 100 
milliseconds, but longer delays can be 
achieved by increasing the capacitance 
of Cl (see Fig. 1). The entire circuit is 

built on a 3-1/16 in. x 4-1/2 in. fiber- 
glass circuit board that plugs into the 
main board of the TV Typewriter II 
on connector strips J3 and J4 just be- 
hind the memory board. Switch con- 
nections to the cursor board are pro- 
vided on the nine pin connector 
attached to the circuit board. 

How it works 
Since all of the pushbutton control 

switches are normally open, the switch 
inputs are all tied high with resistors 

PARTS LIST 
All resistors are 1/4 watt, 10 %, unless 
noted. 
R1 -R7, R10, R12, R13 -1000 ohms 
R8, R9 -5600 ohms 
R11 -2200 ohms 
Cl- 33 -AF, 6 volts, electrolytic 
C2, C3- 100 -pF polystyrene 
C4- 0.1 -AF, 12 volts 
D1 -1 N914 silicon diode 
IC1, IC5 -7403 quad NAND gate 
IC2 -74123 dual one -shot multivibrator 
IC3 -7430 eight -input NAND gate 
IC4 -7404 hex inverter 
Q1- 2N5129 transistor. 

R1 -R7. The input commands are di- 
rected to the output NAND gates (ICI, 
IC5 -a, IC5 -b and IC5 -c) through in- 
verters IC4 and IC5. Note that none of 
the control switches affect the output 
gates unless the logic signal from pin 5 

of IC2 -b is high. 1C3 monitors the con- 
trol switches and its output goes high 
when any one of the seven switches are 
depressed. This forces the Q output of 
IC2 -a low where it will remain for ap- 

GND 

J3 
READ 0 

ADVANCE 

+5V 

proximately 100 ms. After the 100 -ms 

delay, the Q output of IC2 -a goes high 
again. This triggers IC2 -b forcing its Q 
output high for 1µs. This gates the ap- 
propriate control command into the TV 
Typewriter II circuitry. 

Assembly and use 
It's not very difficult to assemble the 

unit, just be sure to orient the integrated 
circuits, diode, electrolytic capacitor, 

^C7 R1 
1K 

C3 
100pF 

I 

R12 
1K 

13 

11; ® 6 4 

5 

1;° 
4 10 

9 

iltt 
8 10 

9 

® 12 

12 
z 

FIG. 1- MANUAL CURSOR BOARD schematic. 
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FIG. 2- COMPONENT PLACEMENT diagram. 

i 
, o ` 

0000 O 00 000000 
X -RAY VIEW of the double -sided printed cir- 
cuit board. 

TOP 

MADE IN U.S.A. 

DLS 
FIG. 3 -FOIL PATTERN of component side of 
double -sided board shown full size. 

transistor and connector correctly. Fig- 
ure 2 shows the component layout. The 
connector is notched and must be in- 
stalled exactly as shown in the compo- 
nent side of the foil pattern (Fig. 3). 
There is a provision for an indexing key 
on the mounting connectors, J3 and J4, 
so after soldering the connectors insert 
a nylon plug in J3 pin 9. This pin is 
marked with an arrow on the foil side 
of the board (See Fig. 4). If you have 

FIG. 4-FOIL PATTERN of foil side of double-sided 
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FIG. 5 -JACK INTERCONNECTION DIAGRAM of TV Typewriter II. 

any problems, check to see if the cursor 
board is working correctly by checking 
it with a voltmeter and scope. If your 
TV Typewriter II has never been used, 
be sure to check it out first without the 

cursor board. The cursor board should 
not be plugged in until the main board 
has been thoroughly checked out. The 
jack interconnection diagram of TV 
Typewriter II is shown in Fig. 5. R -E 
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S Q UÄRjEWAVE S 

and Audio Performance 

DESPITE THE STRIDES THAT HAVE BEEN 

made in recent years in improving 
audio amplifier performance, there are 
still many vague areas left in attempt- 
ing to define all the desirable qualities 
of an audio amplifier. Why, for ex- 
ample, can two amplifiers with indenti- 
cal power output ratings, frequency 
response and low distortion (harmonic 
as well as intermodulation) "sound" 
different when auditioned on and A -B 
basis? For that matter, why is it possible 
to detect differences in "amplifier 
sounds" when, in fact, distortion pro- 
duced by speaker systems is far greater 
than the almost unmeasurable percent- 
ages of distortion produced by the am- 
plifiers that are used to drive those 
speakers? 

These and other subjects which might 
be classified as "audio philosophy" oc- 
cupied an entire afternoon, recently, 
when a group of editors and audio 
journalists attended a round -table dis- 
cussion at the offices of Harman -Kar- 
don Company, in Plainview, Long Is- 
land. Readers who have followed the 
literature on audio over the last decade 
will know that Harman -Kardon is a 
staunch supporter of the "wideband" 
school of thought when it comes to am- 
plifier design. That is, they firmly be- 
lieve that an amplifier must have uni- 
form frequency and phase response 
from well below the lowest frequency 
we can hear to as high as five -times the 
arbitrary 20 kHz frequency that is nor- 
mally considered to be the high -end of 
human hearing. 

Countering this point of view are 
such well -known companies as Bose 
Corporation (they deliberately restrict 
their amplifier's response), who main- 
tain that phase shift of complex wave- 
forms above certain frequencies are in- 
audible. Taking a middle -of -the road 
view, the makers of the Accuphase line 

Square waves can quickly identify amplifier limitations. 
Here are some interesting facts regarding the use of square 

wave testing and interpretation of the results. 

of components (distributed by Teac 
Corporation of America) maintain that 
a frequency response range from 20 Hz 
to 20 kHz is sufficient. But, in a state- 
ment of basic engineering policy they 
go on to say, "What is more important 
as far as frequencies beyond human 
hearing are concerned, is "phase char- 
acteristic", to prevent overshoot distor- 
tion and vibration with input pulses 
within the audible range. This problem 
extends to several hundred kHz, so we 
cannot be content with a flat frequency 
response that is only wide." 

While we do not propose to "take 
sides" in this never -ending controversy, 
some interesting facts regarding the use 
of square wave testing and interpreta- 
tion came to light as we were discussing 
Harman -Kardon's new Citation 16 
power amplifier, shown in Fig. 1. This 
amplifier boasts a square wave rise time 
of better than 3 microseconds and the 
choice of output devices and low -level 
amplifying transistors used in the am- 
plifier result in an overall slew -rate of 
30 volts -per- microsecond. The signifi- 
cance of both of these specifications 
will become clear shortly. 

Square waves and music 
Music is composed predominantly of 

of sine waves, but these are rarely heard 

FIG. 1- HARMAN -KARDON CITATION 16 
power amplifier. Design emphasis was on 

wide- bandwidth and linear phase response. 

by LEN FELDMAN 

as separate sine waves. A sound pro- 
duced by a musical instrument (or a 
voice) is a combination of sine waves 
at different frequencies. The fundamen- 
tal frequency identifies the basic pitch 
of the sound while the harmonics, gen- 
erally of lower amplitude, determine 
its timbre. It is clear that a musical 
sound, even in its simplest form, is 
much more complex than the pure 
sound waves audio engineers and tech- 
nicians use to measure power output, 
distortion and frequency response of 
an amplifier. The people at Harman - 
Kardon (and engineers from many 
other audio firms) feel that the square 
wave is a more useful signal for mea- 
suring amplifier performance. It is con- 
stant, periodic and repeatable like a 
sine wave, but its added usefulness is a 
direct function of its similarity to a 
musical sound. Square waves, too, are 
composed of fundamental frequencies 
and harmonics. The harmonics are ar- 
ranged in a specific amplitude relation- 
ship to one another and are further 
related with respect to time -all har- 
monics being "ii. phase" with each 
other. The slightest change of ampli- 
tude or phase of any of the harmonic 
components of a square wave will alter 
its shape. Testing audio products with 
square waves can therefore illustrate 
such characteristics as phase response. 
transient response, frequency response 
and certain forms of instability if one 
understands the output waveforms dis- 
played on an oscilloscope. 

Transient intermodulation distortion 
A new form of distortion has re- 

cently been given much attention in 
analyzing the performance of audio 
amplifiers. It is called transient inter - 
modulation distortion and many ex- 
perts now feel that it is responsible for 
much of the stridency that critical lis- 
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Fig. 2 -20 -Hz SQUARE WAVE with fundamen- 
tal frequency filtered out is shown in lower 
trace. 

! f I! t,! I S I+ ii i 4i 

FIG. 5- FILTERING out the fundamental and 
third harmonic from this 1 -kHz square wave 
makes the waveform look remarkably like 
"musical" waveforms often seen on moni- 
toring scopes. 

teners have sometimes associated with 
solid -state amplifiers. All semiconduc- 
tors have a limitation in their ability to 
follow very rapid signal fluctuations or 
transient pulses. Unlike vacuum tubes 
that, in theory at least, are controllable 
at speeds approaching the speed of 
light (or the speed of the electron flow 
in a vacuum), solid -state transistors 
have a fixed slew -rate that determines 
the length of time an amplifier will be 
in saturation when a transient wave- 
form is applied to it. This saturation 
and its associated hysteresis are con- 
sidered to be the prime factors in the 
generation of transient intermodulation 
distortion. 

An audio amplifier possessing feed- 
back is driven by the difference signal 
that results from the combination of the 
original input waveform and the por- 
tion of the output waveform used for 
negative feedback. If the slew -rate of 
an amplifier is less than that called for 
by a steep transient input signal, the 
output will lag behind the input, and 
the difference between the feedback 
and input signals may then exceed the 
dynamic range of the input stage. A pe- 
riod of input -stage saturation will result 
during which the amplifier's output 
will no longer be identical in shape to 
its input. The condition will continue 
until the amplifier's output "catches up" 
to the input signal. This sort of ampli- 
fier limitation can also be readily per- 
ceived in examining high- frequency 
square waves. 

Square wave analysis 
The square wave photos that appear 

in this article were not taken by com- 
paring input and output waveshapes 
from any audio power amplifier, for no 
single audio amplifier could possibly 
produce all the waveform distortions 
we hoped to demonstrate. Instead, we 

FIG. 3- ROLL -OFF at sub -sonic frequencies 
distorts 20 -Hz square wave. 

ArLWWM 
FIG. 6- ROUNDING of leading and trailing 
edges of 10 -kHz square wave results when 
the bandwidth of the amplifier is limited. 

availed ourselves of the Soundcrafts- 
men model RP -2212 audio equalizer 
that permitted us to alter frequency re- 
sponse drastically to create the effects 
we wished to analyze. For example. we 
could apply a square wave of known 
frequency and attenuate only that fre- 
quency so that the output waveform 
would contain all the harmonics of the 
squarewave minus the fundamental. 
Such a waveform is shown in Fig. 2. In 
this and all subsequent photos, the up- 
per waveform is the input signal while 
the lower waveform is the output sig- 
nal. No actual amplifier is likely to pro- 
duce the waveform of Fig. 2, since 
frequency- response non -linearity in an 
audio amplifier occurs gradually rather 
than as an abrupt "notch" which was 
used to produce this effect. 

The waveform shown in Fig. 3 is 
more typical of what may be encoun- 
tered, to varying degrees, with an am- 
plifier that has a limited low- frequency 
response below 20 Hz. The frequency 
of the input signal was also 20 Hz. This 
is an extreme case where the "slope" 
or "tilt" of the normally horizontal 
portion of the square wave is severe and 
the square wave begins to look like an 
interrupted sinewave. Until recently, 
the response of an amplifier to a 20 -Hz 
square wave input signal was consid- 
ered unimportant by most audio design- 
ers. With the advent of DC- coupled 
amplifier designs, it became possible to 
extend low- frequency response all the 
way down to DC, if desired, and many 
astute listeners maintain that flat sub- 
sonic response does make a difference 
when listening to bass content of music. 
Harman -Kardon believes that phase - 
shift is an audible form of distortion 
that masks and muddies music. Exces- 
sive phase -shift at low frequencies, they 
claim, muddies the music and causes 
bass and mid -bass sounds to lose their 

FIG. 4 -A 20 -Hz SQUARE WAVE contains 
frequencies at or beyond the high -frequency 
limits of human hearing. 

o 
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V v 

FIG. 7- HIGH -FREQUENCY square waves are 
useful in detecting amplifier instability with 
reactive loads. 

clarity and transparency and to become 
dull and boomy. 

Just to convince ourselves (and you) 
that even a 20 Hz square wave contains 
very high frequencies, we adjusted our 
filters on the equalizer so that all fre- 
quencies but the 20 Hz fundamental 
and the very highest octave (10 kHz 
and above) were attenuated, while the 
two frequency regions of interest were 
boosted as much as the controls would 
permit. The results are shown in Fig. 4. 
As expected, we see the fundamental 
20 -Hz signal represented almost as a 
pure sine wave. We can also clearly see 
tiny bursts of a very high -frequency 
signal. This high- frequency signal 
shows a frequency content in the output 
signal above 10 kHz! 

At mid -frequencies and above, 
phase -shift and low -frequency loss in 
an amplifier are rarely a problem. 
Nevertheless, to illustrate the similarity 
between mid -frequency square waves 
and musical tones, we eliminated the 
fundamental and the third harmonic of 
a 1 kHz square -wave. The output wave- 
form, shown in the lower trace of Fig. 
5, strikes a familiar note (pardon the 
pun) for anyone who has watched mus- 
ical waveforms displayed on a scope 
for any length of time. What we see are 
all the higher -order harmonics of the 
square wave, clearly visible now that 
the fundamental and third harmonic 
contributions are eliminated from the 
signal. 

High -frequency square waves are 
used to quickly determine the upper 
limits of bandwidth in an amplifier. To 
accurately reproduce 10 -kHz square 
waves through an amplifier, the ampli- 
fier must be capable of handling at least 
the eleventh harmonic of that funda- 
mental frequency (110 kHz) in the 
correct phase and amplitude relation - 

(continued on page 115) 
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Tests Radio Shack Model OlA-hO 
by LEN FELDMAN 

CONTRIBUTING HI -FI EDITOR 

THE REALISTIC LINE OF HIGH -FIDELITY COM- 
ponents (and other electronic products) 
is manufactured for the Radio Shack 
chain of electronic stores located through- 
out the United States. Such products are 
commonly referred to in the trade as 
"private label" components, as opposed 
to "name brand" components which are 
manufactured by well known firms 
around the world who sell to a variety of 
retail outlets. Radio Shack sells only its 
own Realistic brand of merchandise in 
this category. 

An overall view of the front panel of 
this quadriphonic receiver is shown in 
Fig. 1. The panel is equipped with the 
now familiar slide -rule blacked -out dial 
area with calibrated FM and AM scales 
plus a "0 to 100" logging scale for con- 
venient pin -pointing of stations. The sin- 
gle tuning meter at the right of the dial 
scale is normally illuminated in white, 
but if the useful AUTO -M (for Auto - 
Magic) pushbutton is depressed, lighting 
changes to light green when a station is 
locked -in, indicating proper center -tun- 
ing. This novel automatic frequency -con- 
trol circuit is deactivated by simply 
touching the tuning knob at the right. 
When the Auto -Magic feature is used, the 
words "Auto Magic" appear near the 
tuning meter and meter illumination 
changes to white so long as the user is 

tuning or touching the knob. When the 
signal strength meter indicates best tun- 
ing, releasing the knob causes the AFC 
circuit to "pull in" for best tuning and 
the meter color changes to green. Fur- 
ther use of colored illumination is made 

by having the illuminated dial pointer 
change to a bright red color whenever a 
stereo station is tuned to. A closeup view 
of this area of the panel is shown in Fig. 
2. 

Along the center portion of the front 
panel are pushbuttons for power on /off, 
main and remote speaker system selection, 
high and low filter selection. loudness 
circuit activation, FM interstation muting, 
tape monitor circuit and the aforemen- 
tioned AUTO -M switch. A pair of lights 
indicate the playing of a discrete CD -4 
recording and also of stereo (or matrix 
4- channel) discs. At the extreme right of 

SUMMARY OF MANUFACTURER'S SPECIFICATIONS: 
TUNER SECTION: (FM) 
IHF Sensitivity: 1.9 AV. S/N Ratio: 60 dB. Selectivity: 60 dB. Capture Ratio: 1.5 dB. Har- 

monic Distortion: (Mono): 0.8% or better; (Stereo): 1.0% or better. Image Rejection: 60 dB 

or better. Stereo Separation: 35 dB at 1 kHz. 
TUNER SECTION: (AM) 
Sensitivity: 250 FV /meter. Image Rejection: 50 dB. 

AUDIO AMPLIFIER SECTION: 
Continuous Power Output: (4- channels driven, 8 ohm loads, 20 Hz to 20 kHz): 25 watts per 
channel. Rated Harmonic Distortion: 1.0 %. Rated IM Distortion: 1.0% Frequency Re- 

sponse: 20 Hz to 20,000 Hz. Signal -to -Noise Ratio: (Phono) 60 dB; (Aux.): 70 dB. 

GENERAL SPECIFICATIONS: 
Power Requirements: 120 VAC, 60 Hz. Dimensions (measured by R -E): 191/4" wide by 6" 

high by 14" deep. Suggested retail price: $600.00 

the panel are two slide controls for ad- 
justing front and rear channel volume. 

Other controls located along the lower 
edge of the panel include BASS, MIDRANGE 

and TREBLE tone controls, program SELEC- 

TOR switch, front channel and rear chan- 
nel BALANCE controls (left- right), a MODE 

switch and a four position control that 
Radio Shack calls Audiorotor. The AUDIO - 

ROTOR control permits the listener to shift 
channel locations in 90 degree increments 
-all around the listening room. The 
MODE switch has positions for discrete 4- 
channel listening, matrix SQ decoding, 
stereo listening (in which front and rear 
speakers reproduce the same program in- 
formation). a QUATRAVOX positio.: that 
synthesizes 4- channel sound from 2 -chan- 
nel program sources and a MONO position. 
A closeup view of the tone control area 
of the panel is shown in Fig. 3. 

The speaker connection arrangement on 
the rear panel, shown in Fig. 4, permits 
connection of two quartets of speakers for 
main and remote quadriphonie listening. 
Main speakers can be connected eithei by 
stripping cable ends in the usual manner 
or by equipping cable ends with standard 
phono -tip pin plugs. The latter method 
has the advantage of "permanent" recon- 
nection of speakers in proper phase. once 
that correct phase has been est:Ibli'httl. 
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Antenna connections are provided for 
300 -ohm and 75 -ohm FM and external 
AM. TAPE IN and TAPE OUT jacks, AUX 
input jacks and PHONO inputs are logically 
arranged on the rear panel along with an 
output jack for future use with FM 4- 
channel decoders and a pair of CD -4 
separation adjustment controls that come 
capped to prevent accidental altering of 
optimum control settings. While there is 
only one pair of phono inputs, a slide 
switch adjusts input sensitivity to match 
low- and high- output cartridges. This sec- 
tion of the rear panel is shown in Fig. 5, 
in which the phono ground terminal is 
also clearly seen. The rear panel is also 
fitted with a pivotable AM ferrite bar an- 
tenna and switched and unswitched AC 
receptacles. 

Circuit configuration and features 
There are five major circuit board 

modules in the QTA -770, all of them well 
supported mechanically. The eight output 
power transistors seem adequately heat - 
sinked with fm -type heat sinks running the 
full width of the chassis. The front end 
of the receiver uses a dual -gate MOS -FET 
transistor and a four -gang variable capac- 
itor. The FM IF section uses ceramic 
filters between stages and contains three 
IC's plus two bipolar transistors. FM de- 
tection is accomplished by a conventional 

ratio detector. The multiplex stereo de- 
coder contains a phase -locked -loop IC 
circuit that requires no tuning coils. The 
CD -4 demodulator board is perhaps the 
most elaborate circuit of all containing 
no less than 31 bipolar transistors, 4 
FET's and 2 IC's. The SQ decoding func- 
tion is performed primarily by the famil- 
iar Motorola MC -1312P chip designed for 
that purpose. No logic enhancement cir- 
cuits are included, and the matrix para- 
meters are changed to provide the stereo - 
to-4- channel synthesis feature. 

Tone control circuitry is of the popular 
feedback type. Power amplifiers have dif- 
ferential amplifier input stages and are 
direct coupled to speakers, using ±33- 
VDC supply voltage derived from a full- 
wave bridge rectifier with primary filtering 
accomplished by 8000 µF capacitors. Pro- 
tective circuitry includes a thermal switch 
that turns off all power to the receiver in 
the event of a thermal overload. An in- 
ternal view of the chassis is shown in Fig. 
6. A diagram of possible interconnection 
of additional components is shown in 
Fig. 7. 

FM tuner section measurements 
Results of our FM performance mea- 

surements are listed in Table I. Radio 

TABLE I 

RADIO -ELECTRONICS PRODUCT TEST REPORT 
Manufacturer: Realistic (Radio Shack) Model- OTA -770 

FM PERFORMANCE MEASUREMENTS 
SENSITIVITY, NOISE AND FREEDOM FROM INTERFERENCE 

IHF sensitivity, Mono: (p,V) 
Sensitivity, Stereo (MV) 
50 dB quieting signal, Mono (AV) 
50 dB quieting signal, Stereo (AV) 
Maximum S/N ratio, Mono (dB) 
Maximum S/N ratio, Stereo (dB) 
Capture ratio (dB) 
AM suppression (dB) 
Image rejection (dB) 
IF rejection (dB) 
Spurious rejection (dB) 
Alternate channel selectivity (dB) 

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

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

R -E 
MEASUREMENT 

2.5 
11.0 
3.5 

50.0 
74 
61 

1.5 dB 
50 
70 
80 
85 
60 

MISCELLANEOUS MEASUREMENTS 
Muting threshold (MV) 
Dial calibration accuracy ( ±kHz @ mHz) 

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

OVERALL FM PERFORMANCE RATING 

0.8 
0.18 
0.38 
0.12 
0.21 
0.24 
1.4 
0.65 
0.58 

11 

39 
42 
23 

12 

200.88 

R -E 
EVALUATION 
Acceptable 
Acceptable 
Very good 
Acceptable 
Excellent 

Very good 
Very good 

Good 
Very good 
Very good 
Very good 

Good 

Very good 
Excellent 

Very good 
Excellent 
Excellent 

Very good 
Acceptable 
Very good 
Very good 

Good 
Very good 
Excellent 

Good 

Fair 
Fair 

Good 
Excellent 

Fair 
Good 

Very good 
Good 

Very good 

Good 
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Build it yourself... 
With a learn -at -home program as fascinating as home 

entertainment electronics, reading about it is just not enough! 

Once you discover something that really fas- 
cinates you, no matter what it is, reading about it is 
just not enough. You want to be involved. You want 
firsthand experience. 

That's exactly how Bell & Howell Schools' 
exciting learn -at -home program in electronics 
works. You learn by doing, experimenting, trying it 
yourself. That's why throughout this unique pro- 
gram you get practical "hands on" experience with 
some of today's latest electronics training tools. 

Throughout your learning adventure 
with Bell G Howell Schools, the key word 
is build. 

It doesn't matter if you've never had any 
training in electronics before. We start you off with 
the basics and help you work your way up one step 
at a time. As a matter of fact, with your very first 
lesson, you receive a special Lab Starter Kit to give 
you immediate working experience on equip- 
ment as you are picking up the fundamentals. 
It makes the learning process faster and certainly a 

lot more interesting. 
You'll build and work with remarkable educa- 

tional tools as you explore advances in electronics - 
"State-of- the -art" equipment that's being used 
today -and will be used tomorrow. So the skills and 
knowledge you will acquire will be useful for years 
to come. 

You'll build your own electronics 
laboratory! 

With Bell & Howell's Electro -Lab' electronic 
training system- theory comes to life. And you'll 
make it happen! In building each of these modern 
test instruments you'll get experience in wiring, 
soldering, assembling. Then you'll use the lab for 
testing, trouble- shooting and circuit analyzing. 

First, the design console. After you assemble 
it, you'll be able to set up and examine circuits 
without having to solder them in place. 

Next, you'll build a digital multimeter. This 
important instrument measures voltage, cur- 
rent and resistance, and displays its findings in big, 
clear numbers like on a digital clock. 

Then comes the solid -state "triggered sweep" 
oscilloscope similar in principle to the kind used in 
hospitals to monitor heartbeats. 

You'll use it to analyze tiny integrated circuits. 
The triggered sweep feature locks in signals for 
easier observation. 

You'll actually build and work with 
the new generation color TV... investi- 
gating features you've probably never 
seen before! 

This 25 diagonal color TV has digital features 
that are likely to appear on all TV's of the future. 
Features made possible by the applications of digital 
electronics to home entertainment. 

You'll probe into the technology behind all - 
electronic tuning. And into the digital circuitry of 
channel numbers that appear on the screen! You'll 
build -in an on- the -screen digital clock and learn to 
program a special automatic channel selector that 

goes directly to the channels of your choice. 
You'll also better understand the exceptional 

color clarity of the Black Matrix picture tube, and 
gain working knowledge of "state -of- the -art" in- 
tegrated circuitry and the 100% solid -state chassis. 

After building and experimenting 
with this TV, you'll be equipped with the 
kinds of skills that could put you ahead 
in electronics know -how. 

Once you've completed this program, your 
skills in electronic trouble- shooting could lead you 
in exciting new directions. While we cannot offer 
assurance of income opportunities you can use your 
training: to seek out a job in the electronics industry, 
to upgrade your current job, or as a foundation for 
advanced programs in electronics. 

Building. Learning. Growing. Without 
missing a day of work or a single 
paycheck! 

Because this is a home study program, you 
study at your convenience - without being a class- 
room captive. That means there'll be no conflicts 
with your job or other interests. 

And even though you're on your own, we'll be 
there to help if you should ever run into a rough spot. 
Most schools make you mail in all your questions. 
We have a toll -free line you can call when you have 
a question that can't wait. 

For even more personal attention, Bell & 
Howell Schools' "help sessions" are held in 50 major 
cities at various times throughout the year, where 
you can meet and talk with your instructors and fel- 
low students. 

A school's reputation can't be built 
on what it is going to do. 

...but rather on what it has done and is doing 
right now. That's why Bell G Howell Schools' 43 
years of experience in electronics home study is 
your best guarantee that our "hands -on" learning 
method really works. 

Many thousands of people each year choose 
Bell G Howell Schools' home learning programs to 
start or further their electronics education. Discover 
this fascinating program in home entertainment 
electronics for yourself. 

Mail in the postage -paid card for 
full details! 

Taken for vocational purposes, this program 
is approved by the state approval agency for 
Veterans' Benefits. 

If card has been detached, please write to: 

An Electronics Home Study School 
DEVRY IIISTITUTE OF TECHROLOGY 
ONE OF THE 

CI BELL E HOWELL SCHOOLS 
4141 Belmont, Chicago, Illinois 60641 

727/8R 
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Shack chooses to list very few operating 
specifications in their owner's manual, but 
a few comparisons between published and 
measured results are possible. While the 
tuner section did not meet its 1.9 µV 
sensitivity figure, the 2.5 µV figure ob- 
tained is deemed adequate in this price 
range and the 3.5 -AV 50 -db quieting point 
is very good. Ultimate S/N at high signal - 
levels was excellent for mono and very 
good for stereo. Distortion levels are quite 
low for both mono and stereo and, while 
we generally are suspicious of AFC cir- 
cuits (they often add distortion and, being 
first -order closed loop feedback circuits, 
usually "tune" somewhat off -center) we 
must admit that the AFC circuit as in- 
corporated in the Auto -Magic feature of 
the QTA -770 tuned so close to perfect 
center -of- channel that we could not im- 
prove upon observed distortion figures by 
tuning manually (with the feature de- 
feated). Muting threshold might have been 
set a bit lower, in our view, so that weaker 
stations could be received without having 
to defeat the convenience of silent inter - 
station tuning. 

Amplifier performance 
measurements 

Basic amplifier and preamplifier per- 
formance measurements are listed in 
Table II. It should be noted that in the 
STEREOMAX position of the front panel 
MODE switch, the rear and front pairs of 
channels are paralleled or "strapped" to- 
gether to provide approximately double 
the output power available from each 
channel in the 4- channel mode. We 
checked this feature at mid -frequencies 
only and found that in the "strapped" 
setting, the QTA -770 delivered 55 watts 
per channel at rated distortion. In the 
more commonly used 4- channel config- 
uration, at mid -band frequencies, power 
output exceeded claims by a wide margin 
and met claims nearly exactly at the low 
frequency (20 Hz) extreme. At lower 
output power levels, THD and IM tend 
to rise slightly but remain below the rated 
1.0% figure all the way down to 250 mil - 
liwatts, as required in the new Federal 
Trade Commission standards on amplifier 
power and distortion ratings. Very little 
increase in power capability was noted 
with 4 -ohm loads, so a user might just as 
well select 8 -ohm speakers for use with 
this instrument to insure output- circuit 
protection when using either a single or 
double set of speakers. 

A serious failing of the phono pre- 
amplifier section is its inability to accept 
high levels of input signals from the phono 
cartridge without first -stage overload dis- 
tortion. Even in the low sensitivity set- 
ting, overload occurs at an input signal 
level of 25 mV -a level which is too low 
in terms of today's dynamically recorded 
discs. Users should choose a low output 
cartridge and possibly operate the receiver 
in the low- sensitivity position besides. 
Hum and noise in phono, on the other 
hand, was quite good- better than 
claimed. The one saving grace about the 
overload problem discussed is the fact 
that when used with a CD -4 cartridge and 
when playing CD -4 records, the phono 
input level is likely to be on the low side 
and less difficulty will be encountered. 

Tone controls operated well and sym- 

TABLE II 

RADIO- ELECTRONICS PRODUCT TEST REPORT 

Manufacturer: Realistic (Radio Shack) Model 

AMPLIFIER PERFORMANCE MEASUREMENTS 

POWER OUTPUT CAPABILITY 

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

DISTORTION MEASUREMENTS 

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

R -E 
MEASUREMENT 

33 
25.5 
33 
34 
27 
34 
19 -44 

0.1 
0.03 
0.5 
0.06 

DAMPING FACTOR, AT 8 OHMS 20 

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

(at rated input sensitivity) 

HIGH LEVEL INPUT MEASUREMENTS 

Frequency response (Hz -kHz, ± _dB) 
Hum /noise referred to full output (dB) 
Residual hum /noise (min. volume) (dB) 

TONAL COMPENSATION MEASUREMENTS 

Action of bass and treble controls 
Action of secondary tone controls 
Action of low frequency filter(s) 
Action of high frequency filter(s) 

COMPONENT MATCHING MEASUREMENTS 

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

EVALUATION OF CONTROLS, 
CONSTRUCTION AND DESIGN 

Adequacy of program source and monitor 
switching 

Adequacy of input facilities 
Arrangement of controls (panel layout) 
Action of controls and switches 
Design and construction 
Ease of servicing 

OVERALL AMPLIFIER PERFORMANCE RATING 

1 

25/16 

67/62 

20 -20, 1 

86 
94 

See Fig. 8 
See Fig. 8 
See Fig. 9 
See Fig. 9 

2.5/1.5 
250 
250 
620 

1.5V 

QTA-770 

R -E 
EVALUATION 

Very good 
Acceptable 
Very good 

Good 
Good 

Very good 
Very good 

Good 
Excellent 

Acceptable 
Excellent 

Good 

Good 
Poor 

Very good 

Good 
Excellent 
Excellent 

Very good 
Excellent 

Very good 
Very good 

Acceptable 
Good 
Good 
Good 
Good 
Good 

Very good 

m +20 
I +15 

+5 1IIIIIIC!! 

I1 III/11II. 
I I I 

20 
Hz 

100 
kHz 

FREQUENCY 

0 20 
kHz 

8 

20 
Hz 

100 1 

kHz 

FREQUENCY 

0 20 

kHz 

9 

metrically. Response of the tone controls 
are shown in Fig. 8. The MID -RANGE tone 
control acts effectively as a presence con- 
trol and is a useful addition. High and 
low filter response is shown in Fig. 9 and 
crossover or cut -off points for both these 
circuits were ideally set. 

Utilization and listening tests 
Most of our listening tests were con- 

fined to FM stereo and CD -4. We did play 
a few SQ and QS matrix records, but as 
expected, separation is minimal and the 
listening position becomes quite critical 
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Manufacturer 

TABLE III 

RADIO -ELECTRONICS PRODUCT TEST REPORT 
Realistic (Radio Shack) Model: OTA-770 

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

Comments: 

$599.95 
Low -medium 
Acceptable 
Good 
Good 
Very good 

Not every hi -fi enthusiast is willing to spend up- 
wards of $700.00 for a "state of the art" quadri- 
phonic receiver with sophisticated logic circuitry 
and a host of extra control features. The Radio 
Shack QTA -770 offers a reasonable alternative for 
under $600. Power output is excellent for the price 
category. The rotating sound field control (Audio - 
rotor) seems like an unnecessary frill to us. Even 
the control -happy audiophile would tire of it after a 
few moments, and design effort might well have 
been expended in beefing up the preamplifier input 
stage. Overall sound quality is good, and the re- 
ceiver seems reliably built and designed. For better 
SQ decoding, we would add an external SQ decoder 
(several good ones are available), since 4- channel 
emphasis was placed on "discrete" reproduction 
rather than matrix formats. If you are interested only 
in a stereo receiver, better value can be had at 
the price, even considering the stereo strapping 
feature. But, if you long for quadriphonics at a non - 
inhibiting price, the QTA -770 may be worth audi- 
tioning. 

because of the limited separation capabil- 
ity. SQ image placement is particularly 
ambiguous with this "basic" matrix de- 
coder. CD -4 record reproduction was 
much better, but we had to experiment 
with several cartridges to find the one that 
works best with the receiver. Among 
those that did well were the Empire 4000! 
III and the Audio -Technica A" -155. Our 
Bang and Olufsen MMC -6000, while an 
excellent CD -4 pickup when used with 
other demodulators, did not put out 
enough 30 kHz carrier signal to properly 
activate the built -in demodulator of the 
QTA -770. 

FM reception was good and stereo 
switching was noiseless. We recommend 
using the Auto -Magic AFC feature for 
most accurate tuning since the single 
signal- strength meter is of little help in 
pinpointing exact center -of- channel tun- 
ing. Power output was adequate for our 
medium -to -low efficiency bookshelf air - 
suspension speakers. Our capsule sum- 
mary, along with overall comments, is 
listed in Table III. R -E 

Radio-Electronics® 
1 

Tests Shure Model M95ED 
by LEN FELDMAN 

CONTRIBUTING HI -FI EDITOR 

THE SHURE PEOPLE DESCRIBE THIS NEW 
cartridge as their "number two" unit in 
their well accepted line of phono pickups. 
The implication, of course, is that its per- 
formance is second only to their top -of- 
the -line model V15 Type III which has a 
suggested retail ptice of $72.00. A close -up 
photo of the cartridge, shown in Fig. I, 
confirms a similarity in outer construction 
between the two cartridges, down to the 

pivotable stylus guard. Unlike the more 
expensive model, long screws are required 
to mount the cartridge, since these screws 
traverse the entire depth of the cartridge 
body. Of course, an assortment of screws 
and other hardware is supplied in the pack- 
age, including four tiny terminal connec- 
tors (just in case your pickup arm shell is 
equipped only with loose wires). The eas- 
ily replaced stylus assembly is color coded 
in yellow and carries a suggested retail 
price of $27.00. A spherical stylus assem- 
bly. designated as N95 -3, and color coded 

SUMMARY OF MANUFACTURER'S PUBLISHED SPECIFICATIONS: 
Frequency Response: 20 Hz to 20,000 Hz. Tracking Force Range: 0.75 to 1.5 grams. 
Output Voltage: 4.7 mV per channel at 1 kHz, at 5.0 cm /s peak velocity. Channel Separa- 
tion: 25 dB at 1 kHz. Channel Balance: within 2 dB. Trackability: 24 cm /s at 400 Hz; 
33 cm /s at 1kHz, 28 cm /s at 5 kHz; 19 cm /s at 10 kHz. Optimum Load: 47000 ohms in 
parallel with 400 to 500 pF capacitance per channel. Stylus Type and Dimensions: ellipti- 
cal "nude" diamond tip, .0007" X .0002 ". Resistance: 1550 ohms. Inductance: 650 mH. 
Weight: 6 grams. Mounting Centers: 0.5 inch. Suggested Retail Price: $59.95. 

CONNECTING STRAP 

POLE PIECES 

CONVENTIONAL POLE PIECE STRUCTURE 
(ONE CHANNEL SHOWN ONLY) 2 
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LAMINATED "POLE PIECE STACK" 

"POLE PIECE STACK" ASSEMBLY 
AS USED IN SHURE V15111 3 

POLE PIECE - SINGLE CHANNEL, 
AS DEVELOPED FOR SHURE M95ED 4 

o 

10 

- 20 

30 

20 100 1K 10K 20K 

FREQUENCY -Hz 5 

TABLE I 

RADIO -ELECTRONICS PRODUCT TEST REPORT 

Manufacturer Shure Bros., Inc. Model M95ED 

PHONOGRAPH CARTRIDGE MEASUREMENTS 

R -E Measurements R -E Evaluation 
FREQUENCY RESPONSE (Hz -kHz, ±- dB) 20, -20, ±2.5 Excellent 

See Fig. 5 

STEREO SEPARATION 
Separation, 1 kHz (dB) 
Separation, 10 kHz (dB) 
Separation, 30 kHz (dB) 

CHANNEL BALANCE, 1 kHz (dB) 

TRACKABILITY MEASUREMENTS 

Stylus Velocity at 1 kHz (cm /s) 
Stylus Velocity at 10 kHz (cm /s) 

COMPONENT MATCHING CHARACTERISTICS 
Output Level, 1 kHz, 3.54 cm /s (mV) 
Optimum Load Impedance (Ohms) 
Tracking Force Range (- to - grams) 
Cartridge Weight (grams) 

OVERALL PHONO CARTRIDGE RATING 

28 
16 

Not applicable 

1.8 dB 

30 
18 

4.5 
47,000 / -11/2 

6 

Very good 
Good 

Good 

Excellent 
Very good 

Very good 

TABLE II 

RADIO -ELECTRONICS PRODUCT TEST REPORT 

Model M95ED Manufacturer Shure Brothers, Inc. 

Retail Price 
Price Category 
Price /Performance Ratio 
Styling and Appearance 
Sound Quality 
Mechanical Performance 

Comments: 

OVERALL PRODUCT ANALYSIS 

$59.95 
Medium -high 
Very good 
Good 
Excellent 
Very good 

In one respect, at least, the new Shure M95ED actu- 
ally offers an advantage over that company's more 
expensive top -of- the -line V15 Type Ill phonograph 
cartridge. It offers approximately 3 -dB greater out- 
put without an audible sacrifice of fidelity. This can 
be important if your preamplifier signal -to -noise 
ratio is marginally acceptable when used with lower 
output cartridges, since the higher output relates 
directly to- S/N ratio. Since we had access to the 
more expensive V15 Type III during these tests, we 
naturally compared listening results between the 
two models. We could detect virtually no difference 
in coloration or musical accuracy between the two, 
despite the slightly better response claimed for the 
more expensive unit. At equal tracking forces (1 

gram), the V15 Type Ill is able to track somewhat 
higher recorded velocities, particularly where high - 
frequency signals are involved, but both units came 
through Shure's new "obstacle course" test record 
surprisingly well. Only a rare recording is likely to 
make greater tracking demands of a cartridge than 
are within the capability of the new M95ED unit from 
Shure. We heard no evidence of the high- frequency 
resonant point of the cartridge, even though it oc- 
curs at 19 kHz compared with 23 kHz for the more 
expensive V15 Type III. 

dark green is available for 78 RPM record 
playing and costs $11.00. 

Internal construction 
One of the important structural features 

of the Shure V15 Type III was its lami- 
nated pole piece construction. This design 
eliminated the need for a connecting strap 
that is usually provided on top of the pole 
piece structure to provide a path for the 
magnetic lines of force, as shown in Fig. 2. 
The continuous -loop pole pieces are lami- 
nated together and stacked to form a com- 

plete assembly, as used in the V15 Type III 
is shown in Fig. 3. The M95ED cartridge 
does not have a laminated pole piece but 
does have a single -piece pole assembly 
(see Fig. 4). In other words, there is no 
need for a shorting strap at the top, or a 
connecting bar. This new magnetic struc- 
ture arrangement is highly efficient and is, 
in part, responsible for the higher -than- 
usual output of the M95ED. 

Shure supplied us with a table compar- 
ing the effective mass of stylus tips for 

(continued on page 121) 
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SPEAKERS B 

by ARTHUR KLEIMAN 
ASSOCIATE EDITOR 

Understanding the specifications is the first step. 
But there's more. Knowing how to conduct listening tests, 
speaker placement and room acoustics are just as important. 

LAST MONTH, WE COVERED SUCH CONSIDER - 
ations as size and the types of enclosures. 
We also discussed frequency response and 
dispersion specifications of many speaker 
systems. 

In this article we will look at more spec- 
ifications including distortion, linearity, 
efficiency, power -handling capacity, maxi- 
mum sound output and impedance. 

Distortion is important 
There are two types of distortion in 

speaker systems -harmonic and intermod- 
ulation. Both types are directly related to 
the electromechanical structure of the 
drivers. In most cases, when one type of 
distortion is reduced, the other is also re- 
duced. Also, harmonic distortion com- 
prises the majority of the total distortion 
produced by a speaker system. Therefore, 
Radio -Electronics requested that only a 
harmonic distortion specification be pro- 
vided by the manufacturers. 

The mechanical sources of distortion af- 
fect both halves of the frequency cycle 
equally. This is similar to a push -pull sys- 
tem. Readers who are familiar with push - 
pull systems will remember that the 
even -order components of distortion are 
cancelled while the odd -order components 
remain. For this reason, unless the speak- 
ers are assembled incorrectly, a speaker 
system produces the odd -order components 
only -predominantly the third. Many hi -fi 
writers insist on referring to this as speaker 
"doubling ". Doubling just doesn't exist. A 
better term and the correct one is speaker 
tripling. 

Harmonic distortion varies with fre- 
quency and amplitude. It increases as the 
frequency is reduced and the amplitude is 
increased. It is not unusual for a speaker 
system to produce as much as 40% or 
more total harmonic distortion at a fre- 
quency of 20 Hz when driven with a 1- 
watt drive signal. So, don't expect the dis- 
tortion figures to be preceded by the 
decimal points and zeros so commonly 
found in amplifier and tuner specs. 

Ideally, distortion should be presented 
as a frequency versus amplitude graph. 
Figure 5 shows the harmonic distortion 
graphs for seven speaker systems manu- 
factured by Acoustical Research, Inc. Fig- 
ure 6 shows the harmonic distortion graph 
for a speaker system manufactured by 
Avid. Unfortunately, space limitations 

prevent us from presenting the rest of the 
specifications from the other manufac- 
turers in that form. Instead, Radio - 
Electronics requested that the manufac- 
turers provide the total harmonic 
distortion produced at 90 -, 95 -, and 100 - 
dB SPL (Sound Pressure Level) for any 
frequency in the audio spectrum. Some 
manufacturers, however, preferred to 
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m.1, 
M,,1li' 

5WATTS 

MODEL AR 4xa 

10 WATTS INPUT 

, 
on _ RESIDUAL 

NOISE 

INPUT 1111 

11111 

MODELAR 5 

15 WATTS INPUT 

INPUT slim 10 WATTS ' \ MI 
RESIDUAL 

_ = iIIlii: 
MODELAR 6 

I I11 2 0 WATTS INPUT ', 1, 10 WATTS INPUT 

E.I, RESIDUAL '.1111:, 

111111 

NOISE 

MODEL AR 7 

MINA 
5WATTS"!I 
INPUT O 

S INPUT 

RESIDUAL . 
t NOISE 
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FREQUENCY 

FIG. 5- HARMONIC DISTORTION CURVES 
for seven speaker systems from Acoustic 
Research. 

500 1 kHz 

specify the lower frequency limit. This 
lower frequency limit appears in the chart 
for those manufacturers that provided us 
with it. IRemember, these are manufac- 
turers specs and we have no way to au- 
thenticate their accuracy.) 

If you've ever wondered why a guitar 
sounds different from a banjo, or a flute 
sounds different from a trombone, it's the 
different harmonic content in the musical 
notes that each instrument produces. Har- 
monic distortion tends to obscure the 
musical character. Excessive harmonic 
distortion garbles reproduced voices. 
Choose a speaker system with a minimum 
amount of distortion. 

Linearity graphs 
A linearity graph is a plot of input 

power versus output power (constant fre- 
quency) of a speaker system. In effect, this 
is a plot of efficiency (more about effi- 
ciency later on). A speaker system with 
perfect linearity will produce a straight - 
line plot. A practical nonlinear speaker 
system will produce a plot that tends to 
curve downwards (less efficiency) at the 
low input -power end of the graph. Figure 
7 shows linearity graphs of five speaker 
systems manufactured by H. H. Scott, Inc. 
The solid line is the plot of the actual 
speaker system while the dotted line shows 
the plot that would be obtained if the 
speaker system had perfect linearity. 

Conceivably, it can be argued that non - 
linearity of this type can actually increase 
dynamic range and, therefore, it is good. 
In effect, it is the compression half of a 
compression- expansion expansion charac- 
teristic. Unfortunately, there is no way to 
control the amount of nonlinearity and, 
therefore, the amount of compression that 
takes place. It would be better to provide 
compression- expansion through electronic 
means rather than have it built into the 
speaker system. Also, some speakers are 
described as not being able to "open up" 
unless they are driven to high- output 
levels. This effect can only be traced to 
nonlinearity. For these reasons, we treat 
nonlinearity as a disagreeable effect. 

Due to space limitations, the linearity 
specification is presented as a deviation 
from the straight -line plot that would be 
obtained from a speaker system with per- 
fect linearity. It is expressed as a ± dB 
deviation over a range of input power. 
When considering linearity, look for a 
speaker system that offers a minimum de- 
viation over the widest range of input 
power. (text continues on page 70) 
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'S SPECIFICATI 

MANUFACTURER MODEL 

HARMONIC 
0ISTORTION (%) 

AT ANY FREQUENCY 

AT SOUND PRESSURE 

LEVEL UP TO - 

LINEARITY 

FROM 

EFFICIENCY POWER HANDLING CAPACITY 
MANUFACTURER'S 

RECOMMENDED 
AMPLIFIER 

HATING 

MAXIMUM OUTPUT 

TO 

dB SPL FOR 
'CONTINUOUS WATT 

AT 1 kHz 
MEASURED AT 

I METER ON -AXIS 

CONTINUOUS TONE INTERMITTENT POWER 
POWER 

dB SPL AT 
1 METER ONAXIS 
WITH LESS THAN 

3% THO AND IM 
DISTORTION FROM 

I0TORTO ID kHz 

CONTINUOUS 

AT ANY FRED 
BETWEEN 

CONTINUOUS 

FOR PERIODS NOT 
EXCEEDING 

MIN 
RATING 

MAX 
RATING 

90dß SAUR 1DSAR MdB 
CONTINUOUS 

WATTS 
CONTINUOUS 

WATTS 

WATTS 
HERTZ HERTZ 

WATTS 
MINUTES SECONDS HMS 

WATTS 
RMS 

WATTS 

ACOUSTIC 
RESEARCH 

AR 244 I 2 4 1 0.1 50 25 20 5K 300 0 2 20 130 110 

AR.5 1 2 4 I 0.1 60 30 20 5K 400 0 2 25 150 112 

AR-6 1 3 8 1 0.1 45 20 20 20K 200 0 2 20 100 106 

AR -7 1 2 6 1 0.1 45 20 20 20K 200 0 2 15 100 106 

AUOIOA NA L YST 

A -760 1.3 1.6 2.8 I 0.5 100 90 32 20 000 450 0 I 10 100 100 

A100K 1 1.3 1.6 0.5 0.5 100 92 36 20 800 450 0 I 10 100 103 

AVID ISO <I <1 <2 0 75 86 25 65 811 75* 1 - 15 75 100* 

AZTEC BY 
PMDC CORP. 

MINUET 00* 10 50 

DU LANE II 88* 10 70 

PICASSO 90* 10 70 

RANG AND 
OL UFSEN 

1702 <2.5 <2.5 <2.5 20 50 20K 40* - - 4 20 

2702 <2 <2 <2 I 25 45 20K 45* - - 3.5 25 

3702 <1 <1 <1 40 40 20K 75* - - 3 40 

4703 <I <1 <1 60 30 20K 100* - - 4 60 

OVNACO 

A10VW 87 30* _ 15 50 

A -25 90 45* - - 20 75 

A-25XL 92 HE - 20 85 

A-35 90 45* - 20 75 

E55 AMTS 
.5 

100111 z 

22 kHz 

.5 
10TH:- 
22 kHz 

1 

100Hz- 
22 kHz 

3 

100- 
22 kHz 

1 20 92 30 100 1K 20 60 
116 

- 

ELECTflO- 
VOICE 

EV -13A 5 89 20 60 1K 100 0 0.1 10 60 103 

EV 14A 5 90 20 50 1K 100 0 0.1 10 60 103 

ER15A 5 91 20 50 700 100 0 0.1 10 60 103 

ER-IBA 5 92 20 40 700 100 0 01 10 60 103 

INTERFACE 
A 

5 90 25 32 1500 100 0 0.1 10 60 103 

HEATH 

AS-46 50* - 

AS-104 60 30 300 10 

IMF 
SUPER 
COMPACT 

20 50 

JENSEN 
SOUND 
LASS 

OPC-21 89* 40* 10 

OPC-22 
909E 45* 10 

OPC-23 91* 60* 10 

LAFAYETTE 
RADIO 
ELECTRONICS 

CRITERION 19 29 48 90 64 100 9K 3IU 0 15 15 80 93 

CRITERION 
888 

18 2.9 46 90 73 100 9K 375 0 15 15 100 95 

MARANT2 

IMPERIAL40 09 95 15 40 18K 40 0 30 5 60 105 

IMPERIAL 5G 0;7 92 15 35 20K 40 0 30 5 60 103 

PIONEER 

CS4G 91.5 

CS-66G 
925 ' 

CS -5000 94 

R-300 92 

R-5000 91 

PROJECT 60 

PROJECT 80 
R 

PROJECT 100 

QUADRA FLEX 

RS-3 1 Si 20 20 20 1K 25 0 10 10 50 

ROI 1 Si . 20 25 20 1K 25 0 10 10 75 

RTR EKP -8 1 2 3 1 1 20 90 50 40 11( 100 2 0 20 60 100 

H. H. SCOTT 

S11D 
0.8@ 
10011z 

0.7@ 
100Hz 

0.65@ 
100Hz 

0.1 0.55 50 76.7 20 30 20K 60 1 O 10 60 
101.5 

1.5 %TH0 @ 100 Hz 

S15 
0.8@ 
100Hz 

0.8@ 
100Hz 

1.5 @ 

100X: 
0.1 0.5 25 78.2 20 40 I8K 60 1 0 7 50 

101 

T.0%TN0 @10080 

042 
00 @ 

100X: 
1.0 @ 

IO5W 
2.2 @ 

2DA 01 0.4 35 81.5 15 40 20K 35 I 0 10 35 
100 

2.2 %THD@100 Hz 

S52 0.7@ 
100X: 

0'7@ 
100Hz 

0'7@ 
100X: 

0.2 0.5 55 83 20 20 18K 60 1 0 18 60 
101 

1.2 %THD @ 100 Hz 

S81 
0.7 e 

'10080 
0.7 0 
100Hx 

0.7 @ 

10011: 
0.2 0.5 45 79.5 25 20 20K 75 1 0 18 75 

101 

1.2 %THD @ 100 Hz 

SOUND CELT SG700 
4.0 15 40K 065 4.5 

NOTES. 
*SPECIFICATION NOT MEASURED PER SPEC! IEO CONDITIONS 

* *PRICE SLIGHTLY HIGHER ON WEST COAST 

'PRICE INCLUDES EDUALIZER 
T1 KIT FORM 

BLANK SPACES INDICATE SPECIFICATIONS NOT PROVIDED BY MANUFACTURER. 
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IMPEDANCE 

WOOFERS MIDRANGE TWEETERS 

OPERATING 
PRINCIPLE 

MANUFACTURERS 
flECOMMENOEO 
ORIENTATION 
(HORIZONTAL, 

VERTICAL) 

MANUFACTURER'S 
qE 

P0511155 EO 

SIZE 
(INCHES) 

11.85) 
PRICE NOMINAL MIN MAX 

OHMS OHMS Hz OHMS Hz 
TOTAL 

NO 
512E TYPE 

NO 

TOTA L 
SIZE TYPE 

TOTAL 
NO 

SIZE TYPE H O 

8 1 254 mm CONE 1 89 mm 
CONE 

DAMPED 
1 19 mm DOME ACOUSTIC SUSPENSION EITHER CTR MID-WALL 131 

2 
24 111 

2 
36l 

2 

$165.00 
EACH 

8 1 754mm CONE 1 38 MITI DOME 1 19 mm DOME ACOUSTIC SUSPENSION EITHER CTR MID -WALL 13 24 111 39 
$215.00 
EACH 

8 1 203 mm CONE 0 - - 1 32 mm CONE ACOUSTIC SUSPENSION EITHER CTR MID -WALL 12 181 7 20 CHO 

8 1 203mm CONE 0 - - I 32mm CONE ' ACOUSTIC SUSPENSION EITHER CTR MID -WALL 91 151 61 01 
EACHPo 

8 6 140 18 52 I 10 in. CONE 0 - - I 2 in. RING ACOUSTIC SUSPENSION EITHER MID -WALL 121 21 101 30 AHD 

8 6.5 115 25 48 1 10 H. CONE 1 2 RING 1 

1 11in. DOME ACOUSTIC SUSPENSION EITHER 
MID -WALL WOOFER 
AT EAR LEVEL 

3 
134 24 12 37 

$138.00 
EACH 

8 8.8 200 21 60 1 8 in. CONE 0 - - 1 14 in. CONE AIR SUSPENSION EITHER MID -WALL 123 
4 

21 81 
2 

22 $85.00 
EACH 

8 6 150 26 65 1 8 in. CONE 0 - - 1 3 in. RING ACOUSTIC SUSPENSION NOT CRITICAL NOT CRITICAL 18 11 9 7O $75ÁO 
EACH 

8 5 50 15 23 1 10 in. CONE O - - 1 Sin. RIND 
ADJUSTABLE DISTTIBUTE0 
BASS -REFLE %PORTED 

NOT CRITICAL NOT CRITICAL 23 132 98 30 
EACH 

8 7 55 30 20 1 ID in. CONE 1 bin. CONE 1 3lin. 
2 

HORN 
ADJUSTABLE DISTRIBUTES 
BASS- REFLEX PORTED 

NOT CRITICAL NOT CRITICAL 23T 
8 

131 
2 

113 
4 

3$ 
$149.00 
EACH. 

4 1 bin. - 0 - - 1 lin. DOME PRESSURE CHAMBER EITHER 
EAR LEVEL 
IN CORNERS 

13 7 7 9 $170.08 
PAIR 

4 1 7 in. - 0 - - 1 1 

1 

in. 
Z 

DOME PRESSURE CHAMBER EITHER 
EAR LEVEL CLOSE 
TO CORNER 

i61 
B 

s 1 Ti 8 1 

16 
12 

$200.00 
PAIR 

4 1 Btu. - I 31 in. - 1 1 in. DOME PRESSURE CHAMBER EITHER 
N CORNERS 

184 BB 68 2O $$5000 

4 2 7 in. - 1 5 in. I 1 in. DOME PRESSURE CHAMBER EITHER EAR LEVEL 
IN CORNERS 

22B 111 
1118 

ZB 
PAIR 

8 7 200 24 1200 I 6ín. - 0 - 1 IZin. OGRE PER ACOUSTIC 
SLOT 

VERTICAL MID-WALL 15 
1 

82 8 15 
Em 1110R.00 

8 8 150 24 1800 I 10 in. - 0 - - 1 l ¡ in. 
2 

DOME 
APERIODIC ACOUSTIC 
SLOT 

VERTICAL MID -WALL 20 11 i 
2 

10 24 
$92.00 
EACH 

8 8.5 10K 20 1200 1 10 in. - 0 - - I tin. 000E APERIODIC ACOUSTIC 
SLOT 

VERTICAL MID -WALL 20 111 
2 

IO 25 
$188'88 
EACH 

8 6.5 5K 14 70 1 10 in. - 0 - - I 1 i in. 
T 

DOME APERIODIC 
DUAL CHAMBER 

VERTICAL MID-WALL 21 
T 

12 
2 

10 30 
$129.00 
EACH 

5 4 120 26 55 1 12 in. - 0 _ HEILAIR- MOTION 
TRANSFORMER 

ACOUSTIC SUSPENSION HORIZONTAL FLOOR 24 
141 

2 
11 

0 
/5 $15EACH 950 

8 5.5 150 20 75 1 B in. CONE 0 - - 1 2 in. CONE SEALED SYSTEM EITHER MID -WALL 10 19 al 15 
E69.95 
EACH 

8 6 150 20 60 1 10 in. CONE 0 - _ 
1 2 in. CONE SEALED SYSTEM EITHER MID -WALL 131 

2 
24 111 

4 
36 $109EACH .95 

8 5 1500 20 60 1 10 in. CONE 1 5 in. CONE 1 21in. CONE SEALED SYSTEM EITHER MID-WALL 132 24 111 44 
EACH 

8 5 1500 30 50 1 12 in. CONE 1 5 in. CONE 1 22in. CONE SEALED SYSTEM EITHER MID -WALL 141 25 133 
4 

44 
$149.95 

EACH 

B 5 
32 

23 1500 1 Bin. CONE 0 - - 2 22in. 
2 

CONE 
EDUALIZED 
VENTED SYSTEM 

EITHER MID-WALL 14 22 73 
4 

P7 0450.00 
PAIR' 

8 
1 14 In. - 0 - - 1 tin. - TUNED PORT, 

DAMPED REFLEX EITHER MID-WALL 14 12 42 
EACN7 

8 6 I 10 in. - 1 42in. 1 32in. - INFININTE BAFFLE EITHER MID -WALL 24 131 
2 

111 
2 

36 $188.9EACH( 51 

8 7 200 72 55 1 13 m. CONE 1 5 in. CONE 1 lin. DOME 
RESISTIVE TUNNEL/ 
TRANSMISSION LINE 

VERTICAL ON STAND, AWAY 
FROM CORNERS 

18 11 
4 

11 20 $200.00 
EACH 

8 6 200 14 3000 1 Bin. 0 - - 1 tin. CONE ACOUSTIC SUSPENSION EITHER 181 11 $- RF* 
8 6 200 14 3000 1 10 in. 0 - - 1 2 in. CONE ACOUSTIC SUSPENSION EITHER 222 121 101 WOO 

EA** 
8 6 3000 11 600 1 10 in. O - - I 121n. DOME ACOUSTIC SUSPENSION EITHER 24 13 12 

$128'88 
EA**. 

8 7 95 22 1500 I 10 in. 1 61 M. 1 2 in. DOME ACOUSTIC SUSPENSION EITHER 23 15 12 36 
0119.55 
EACH 

8 7 100 22 1500 I 121 . M 
1 bin' 

1 2 in. DOME ACOUSTIC SUSPENSION EITHER 24 15 
2 
1 12 52 

0160'95 
EACH 1 5in. 

8 6 200 12 75 1 Bin. 0 - - 1 14in. ACOUSTIC SUSPENSION EITHER MID -WALL 788 117 
81 

20 
EACH 

8 6 200 16 70 1 Bin. 0 - _ 
1 13ín 

4 

BASS REFLEX 
PORTED 

EITHER MIS -WAIL 23 11 8 23.5 
$88.85 
EACH 

0 1 8 in. CONE 0 - - 1 216in. CONE INFINITE BAFFLE EITHER MID-WALL 173 
1 

11 101 
4 

19 579. 
EAC95 H 

8 1 10 in. CONE 1 62in. CONE 1 3 in. CONE INFINITE BAFFLE EITHER NEAR CORNER 21 
8 

121 
2 

113 
8 

26 $719.95 
EACH 

8 I 10 in CONE 1 5 in. CONE 1 3 in. CONE INFINITE BAFFLE EITHER NEAR CORNER 221 123 
4 

123 
4 

32 5149.95 
EACH 

8 1 10 in CONE 0 - - 1 - HORN BASS REFLEX EITHER NEAR CORNER 2215 
32 

13 104 2B 
$118.85 
EACH 

8 1 IO in. CONE 1 5 in. CONE 1 - HORN BASS REFLEX EITHER NEAR CORNER 242 
1332 1216 

38 5E1, 

8 

8 I 8 in. CONE 0 - - 1 22in. HORN BASS REFLEX EITHER NEAR CORNER 182 108 81 11 
EACH 

8 1 10 in. CONE 0 - - I 12in. DOME AIR SUSPENSION EITHER MID -WALL 201 111 11 2$ CH5 

8 1 10 in. CONE 0 - - 1 lin. DOME AIR SUSPENSION EITHER MID -WALL 23 13 101 
2 

40 $128.95 
EACH 

8 5.3 100 23.5 65 1 Bin. 0 - - 1 3 in. CONE ACOUSTIC SUSPENSION EITHER EAR -LEVEL 211 128 8 25 $ 
EACH 

996 

6 4 200 7 60 1 10 in. 0 - - 1 3in. CONE ACOUSTIC SUSPENSION EITHER EAR -LEVEL 24 138 11 30 
$89.95 

8 6.5 150 10 20K I 8i n. 0 - - 1 - - ACOUSTIC SUSPENSION NOT CRITICAL NOT CRITICAL 171 
4 

19; 
8 

81 
T 

25 
589.95 
EACH 

8 6.5 5K 16 47 1 10 in. 1 42in. CONE 1 1 in. DOME ACOUSTIC SUSPENSION VERTICAL 
4 INCHES ABOVE 
FLOOR, MID-WALL 

24 142 14 117 36 
$.95 149 
EACH 

8 6.5 3500 25 70 I 10 in. 7 4in. CONE 1 3in. CONE ACOUSTIC SUSPENSION VERTICAL 
4INCHES ABOVE 
FLOOR, MID-WALL 

I 
232 3 

117 9 24 
5134.95 
EACH 

8 6 2K 20 65 1 Bin. D - - 1 11n. DOME ACOUSTIC SUSPENSION EITHER 10 INCHES ABOVE 
FLOOR, MID -WALL 

22 114 1 82 1 22 579. 
E95 H AC 

8 6 150 25 42 1 10 in. 0 - - 1 
1 11in. DOME ACOUSTIC SUSPENSION EITHER 

4 INCHES ABOVE 
FLOOR, MID -WALL 

24 
1 14 7 101 40 

$114.95 
EACH 

8 6 6K 30 45 1 10 in. 1 42in. CONE 1 tin. DOME ACOUSTIC SUSPENSION EITHER 
4 INCHES ABOVE 
FLOOR, MID -WALL 

25 1 141 1 
111 $169.85 

43 
EACH 

8 0 - - 1 0 - _ CENTER EXCITED PIPE HORIZONTAL 8 102 
B4 EACH 

(chart continues on page 70) 
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If you've ever said... 

"There must be a better 
Send for a free Career Guidance Booklet that could start you 

on the road to success in a rewarding new career. 

It happens to all of us, sooner or later. No mat- 
ter what kind of job we have. 

One day, it suddenly strikes home that we're 
going to have to work for a living, the rest of our 
lives. And most of us are horrified at the thought 
of forever being locked into the jobs we now hold. 

"Surely," we tell ourselves, "there must be a 

way to get more satisfaction out of working. Surely, 

there must be a way to find a job that's more re- 

warding" 
"Surely," in other words, "there must be a bet- 

ter way to earn a living!" 

If you, too, have been thinking these same 
thoughts, you'll find one of our free Career Guid- 
ance Booklets very helpful at this time. We invite 
you to send for one. 

Your free booklet will describe the opportuni- 
ties for higher income and greater job security you 
might expect in one of the career fields listed on 

card or coupon. It will also explain why ICS can 
prepare you for this new career field...right in 

your own home... in your spare time...regardless 
of your education or past experience. 

Of course, no school -not even ICS - can guar- 

1 
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way to earn a living.: 

antee you a better job. But ICS can give you the 
first -rate training you need -especially if you're 
interested in one of the growing careers where 
ICS concentrates its training. Like Electrician. 
Engineer. Auto Mechanic. TV Repairman. Air 
Conditioning Serviceman. (Check your choice on 
card or coupon.) 

Along with your Career Guidance Booklet, 
you'll also receive a free Demonstration Lesson. 

Please bear in mind that ICS has a long and dis- 
tinguished record of success. In fact, since 1890, 
millions of men and women around the world have 
turned to ICS for career training. 

More than 70 of America's largest 100 corpora- 
tions (including Ford, U.S. Steel, Mobil Oil, GE 
and RCA) use ICS training for their own 
employees. 

Earn a College Degree 

You could even earn a college degree from the 
ICS Center for Degree Studies, which is authorized 
by the Pennsylvania Department of Education to 
grant the Associate in Specialized Business Degree 
in Accounting and Business Management, and the 
Associate in Specialized Technology Degree in 
Engineering -Civil, Mechanical, Chemical, and 
Electrical. These are all two -year degree pro- 
grams, available through home study, in fields in 
which job openings are expected to increase in 
the years ahead. 

If you already have some college education, 
you may be able to receive advanced standing 
toward your degree. With a degree from ICS, you'll 
be able to apply with pride for jobs that call for 
college training. 

An Ideal Way to Learn 

Whether you choose a degree program or a non - 
degree program, as an ICS student you study at 
home, on your own schedule. You waste no time 
traveling to and from class. And you never have to 
miss a paycheck. 

But you're never alone. Skilled instructors are 
ready to help you. 

If you ever have doubts or problems or just 
want to talk to an instructor, you can call ICS from 
anywhere in the continental United States, day or 

night, using our special toll -free Dial -a- Question® 
service. 

No one can promise success, but if you want 
more -more money, more security, more day-to- 
day satisfaction and more future -our free Career 
Guidance Booklet and free Demonstration Lesson 
can help you get started in the right direction. 
Just check the box next to the field that interests 
you most and mail the postpaid card or coupon 
today. There's no obligation. 

Remember, it's your life. You might as well 
make the most of it. 

© 1975 Intext, Inc. 

International Correspondence Schools 
Scranton, Pa. 18515 XA813K 

,B 

Please mail me the Free Career Guidance Booklet and 
Free Demonstration Lesson for the field I have checked 
below. I understand I am under no obligation. 

Electrician Automotive Mechanics 
Engineering Business Management 
Accounting Appliance Service and 
Drafting Repair 
Electronics Technician Civil Engineering 
TV Service and Repair Interior Decorating 
Airline /Travel Restaurant /Club Mgt. 
Surveying and Mapping Income Tax 
Construction Electrician Motel /Hotel Management 
Diesel Mechanic Mechanical Engineering 
Air Conditioning and ICS High School Diploma 
Refrigeration High School Equivalency 

Name Age 

Address 

City State Zip 

Telephone 

Earn A College Degree 
The ICS Center for Degree Studies is authorized by the 
Pennsylvania Department of Education to offer college 
programs at hone leading to Associate in Specialized Busi- 
ness and Associate in Specialized Technology Degrees. 
For more information at no cost or obligation, check the 
field of your choice. 

Accounting Mechanical Engineering 
Business Management Chemical Engineering 
Civil Engineering Electrical Engineering 

Canadian residents use Scranton, Pa. address for service from ICS Canadian. Ltd. 
Ln Hawaii: 931 University Ave.. Honolulu, Hawn, 96N14. J 
APPROVED FOR VETERANS' TRAINING. APPROVED FOR FEDERALLY 
INSURED STUDENT LOANS. ACCREDITED MEMBER NATIONAL 
HOME STUDY COUNCIL. 
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20 

15 

10 

70 

0 

20 Hz 

MANUFACTUERER'S SPECIFICATIONS (CONTI 

MANUFACTURER! MODEL 

HARMONIC 
DISTORTION (10 

AT ANY FREQUENCY 
AT SOUND PRESSURE 

LEVEL UP TO - 

LINEARITY 

FROM TO: 

EFFICIENCY POWER HANDLING CAPACITY MANUFACTURER'S 
RECOMMENDED 

AMPLIFIER POWER 

RATING 

MAXIMUM OUTPUT 

dB SPL AT 
1 METER ONTAXIS 
WITH LESS THAN 
3%7X0 AND IM 

DISTORTION FROM 
100Hz T0 10 kHz 

dB 
1CONTIN000S WATT 

AT 1 kHz 
MEASURED AT 

1 METER ON -AXIS 

CONTINUOUS TONE INTERMITTENT POWER 

CONTINUOUS 

WATTS 

AT ANY FREQ. 
BETWEEN 

CONTINUOUS 
WATTS 

FOR PERIODS NOT 
EXCEEDING 

MIN 
RATING 

MAX 
RATING 

90dB 95dB 100dß z(111 
CONTINUOUS CONTINUOUS 

WATTS HERTZ HERTZ HERTZ MINUTES SECONDS 
RMS 

WATTS 

RMS 

WATTS 

STR ALPHA 
1 

50 Hz- 
15 kHz 

1 

50 Hz- 
15 kHz 

3 
50 Hz- 
15 kHz 

96 40 20 
- 

20K 100 0 10 
1 

5 75 IBC 

SUPERSCUPE 

S -16A 2 5 95 5 80 17K 15 0 30 2 20 93 

S26A 3 5 88 5 60 18K 20 0 30 2 20 92 

S212Á 1 2 3 90 50 30 20K 100 0 30 5 100 100 

TECHNICS BY 
PANASONIC 

T-200 73.3 40 5 0 10 

T -380 73.3 50 5 0 10 

TEMPEST 

LAB SERIES 
<.5 

100 Hz 

22 kHz 

<.5 
100 Hz 

22 kHz 

<1 
100 Hz 

22 kHz 

2 

100 Hr 
22 kHz 

1 15 96 30 100 IK 8 40 120 

LAB SERIES 
303E 

<.5 
100 Hz 

22 kHz 

<.5 
100 Hz 
22 kHz 

<1 
100 Hz 
22 kHz 

2 

100 Hz 

22 kHz 
1 15 96 30 100 1K 8 40 120 

YAMAHA NS-670 6.3 50 

ZENITH 

E9012 
ALLEGRO 
1000 

20 60 15K 3 30 

E9014 
ALLEGRO 
2000 

20 50 15K 3 40 

E9018 
ALLEGRO 
3000 

20 40 15K 3 50 

NOTES: 

*SPECIE! ATION NOT MEA URED PER SPECI (ES CONDITIONS 
**PRICE SLIGHTLY HIGHER ON WEST COAST 

'PRICE INCLUDES EQUALIZER 
'11 KIT FORM 

BLANK SPACES INDICATE SPECIFICATIONS NOT PROVIDED BY MANUFACTURER. 

50 100 200 500 1 kHz 

FREQUENCY 

FIG. 6- HARMONIC DISTORTION CURVE of Avid's model 100. 

Efficiency and sound levels 
Efficiency refers to the ability of a 

speaker system to convert electrical input 
power into acoustical power. Not all the 
power fed to a bookshelf speaker system 
is converted into acoustical power. The 
majority of power is dissipated in the form 
of heat by the individual drivers. A speaker 
system with a relatively high efficiency will 
convert more input power into acoustical 
power and achieve higher sound levels 
from an amplifier with a given power rat- 
ing then a low- efficiency system. 

To provide realistic sounding reproduc- 
tion, a hi -fi system must be able to deliver 
the same sound levels that are produced 
at a live concert. (Unfortunately, not very 
many of us live where we can run our 
systems at these levels without the neigh- 
bors running us out of town.) Normal lis- 
tening levels produced by an orchestra in 
a concert hall rarely exceed 90 -dB as ex- 
perienced by the audience. At a live rock 
concert, the sound levels can approach 
110 -115 dB, and more. To provide a 
reference level, the threshold of pain for 
the human ear is 130 -dB. Consider the fact 

5 10 20 kHz 

that an increase of 10 dB will only double 
the loudness level. This is a ten -fold in- 
crease in the power that must be provided 
by the amplifier. 

The average power consumed by a 
speaker system at normal, not too loud, 
listening levels is a fraction of one watt. 
The program material, however, contains 
transient peaks that can demand from the 
amplifier as much as 100 times the average 
power level. To prevent the amplifier from 
clipping these transient peaks, and thus 
causing distortion, either the amplifier 
power rating can be increased or the aver- 
age power consumed at normal listening 
levels can be decreased. This latter alter- 
native is done by choosing a speaker sys- 
tem with a high -efficiency rating. 

The efficiency specification is presented 
as the number of dB SPL produced by the 
speaker system when it is driven with a 
1000 -Hz, 1 -watt drive signal measured at 
a distance of 1 -meter on axis. There is no 
direct relationship between efficiency and 
sound quality. However, a more efficient 
speaker system demands less power from 
the amplifier. Consider this point (along 

with power -handling and impedance speci- 
fications) when selecting an appropriate 
amplifier to drive the speaker system. If 
you already own an amplifier, choose a 
speaker system that will match the ampli- 
fier based on these considerations. 

Power handling capacity 
A speaker system is rated for the maxi- 

mum number of watts that it can handle 
safely. Beyond this point, the speaker sys- 
tem will be destroyed. Excessive power 
usually results in the voice coil of one of 
the drivers being melted. So this specifica- 
tion is important when selecting an ampli- 
fier that will safely drive the speaker 
system. 

The power handling capacity of a 
speaker system is dependent upon fre- 
quency. Each driver in the speaker system 
has a different power handling capacity. 
Normal program material is not made up 
of equal amounts of power in the bass, 
mid- range, and treble portions of the audio 
spectrum. Also, each driver in the speaker 
system (woofer, mid -range and tweeter) 
has a different efficiency. As a result, it is 
not necessary for each driver to handle 
the same amount of power. For example, 
in a typical three -way speaker system, the 
mid -range will be capable of handling 
25% of the total system power while the 
tweeter will be capable of handling 5 %. 
The woofer will be capable of handling 
100% of the total system power. For this 
reason, the first specification for power 
handling capacity is expressed in continu- 
ous watts electrical input signal over a 
range of input frequencies. In addition, 
this is a continuous tone specification. The 
speaker system will be capable of handling 
this amount of power for an infinite 
amount of time- forever. 

The continuous -tone specification is the 
average power that the speaker system can 
handle. This specification coupled with the 
efficiency and the power delivered by the 
amplifier will determine the listening levels 
that will safely be achieved by the speaker 
system. Normal program material how- 
ever, is not composed of constant level 
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IMPEDANCE 

WOOFERS MIO.RANGE TWEETERS 

OPERATING 
PRINCIPLE 

MANUFACTURER'S 
RECOMMENDED 

ORIENTATION 
(HORIZONTAL. 

VERTICAL) 

MANUFACTURER'S 
RECOMMENDED 

POSITION 

MZE 
(INCHES) 

WEIT 

(LBS) 
PRICE NOMINAL MIN MAX 

OHMS OHMS Hi OHMS X: TOTAL 
N0. 

SIZE TYPE 
TOTAL 

NO S1ZE TYPE 
TOTAL 

N0. 
SIZE TYPE H W D 

8 5 (40 18 50 1 10 in. 1 12nn - 1 PIEZOE- 
LECTRIC 

TUBE VENTED REFLEX VERTICAL 
2 FT. OFF FLOOR, 
2 FT. FROM WALL 238 14 121 q5 EAH0 

8 8 500 25 25K 1 634IN. FULL RANGE BASS REFLEX EITHER NEAR CORNER 17 101 7 7 E69p5 

8 8 400 15 150 I 61 in. 0 - - 1 tin. CONE BASSREFLEX EITHER NEAR CORNER I98 I11 
4 

7 9.5 
99 

P 

57AIR 5 

8 8 150 30 1500 1 12 M. 0 - - 1 3 in. - AIR SUSPENSION EITHER 231 141 11 27 
$169.95 
EACH 

8 6.5 au I 10 M. CONE 0 - - 1 11in. RING ACOUSTIC SUSPENSION EITHER MID-WALL 2I3 
4 

12 101 I 27 E99CH .95 
EA 

8 6.5 
400 1 10ìn. CONE I 3 CONE 1 1in. DOME ACOUSTIC SUSPENSION EITHER MID -WALL 241 i 4 121 33 EACH 

5 4 150 21 60 I 10 in. 0 - - 1 HEIL AIR MOTION 
SHELF PORT REFLEX HORIZONTAL FLOOR 24 $169.00 

TRANSFORMER 4 
10 

4 
131 

4 
40 

EACH 

5 4 170 20 65 1 Bin. 0 - 
_ 

1 HEIL AIR MOTION 
TRANSFORMER SHELF PORT REFLEX HORIZONTAL FLOOR 22 I2 

q 
l0 

8 
30 

EACH 
EACH 

B 1 250 mm CONE 60 mm DOME 1 30 mm DOME ACOUSTIC SUSPENSION HORIZONTAL FLOG R, NEAR 
CORNER n{ 

3 

i4 B 
105 

B 
ß 5160.00 

PAIR 

8 8 250 48 105 1 6 in. 0 - I 31 in. BASS REFLEX PORTED EITHER 1 $4.95 2 Ifi2 10 71 72 11 
EACH 

16 10 OK 90 90 1 8ìn. 0 - - 1 31in. BASS REFLEX PORTED EITHER 188 128 78 17 $64.95 
EACH 

16 11 8K 100 70 1 10 in. 0 - - 1 3in. BASS REFLEX PORTED EITHER 123 
4 

141 
q 

87 
8 

2I 
EACH 

31 

16 

10 

5.7 

31 

16 

10 

5.7 

31 

16 

10 

5.7 

31 

16 

10 

5.7 

31 

16 

10 

5.7 

3 

20 Hz 

MODEL S -11D 

/111111=1ii111\11111 
11111t.M../11III1 \M1 

IIi!1!iI__Ii!!I!iiiIIIII111IIIIIIII 

EMU 1111111M11111 
1/111I 11.III\\11... 
IIIIIII'El/11111111111611111111 

11111111__1111111111111:11/31111ii5111111111:ii11 

iiiiiiiiiuiiiiiir Illii:111111111111% 

MODEL S-15 

MODEL S -42 

MODEL S-61 

40 60 80 100 4 6 81kHz 
FREQUENCY 

6 8 10 20 kHz 

FIG. 8- IMPEDANCE CURVES for acoustic suspension speaker systems from H. H. Scott. 

20 

15 

10 

5 

0 

3 Hz 5 10 100 1 kHz 

FREQUENCY 
10 

FIG. 9- IMPEDANCE CURVE of STR's model Alpha bass -reflex speaker system. 

30 kHz 

signals. It is made up of transient peaks. 
Therefore, the amplifier delivers short 
bursts of power to the speaker system that 
are much greater than the average level. 
For example, suppose an amplifier rated 
at 100 watts RMS is driving a speaker sys- 
tem. If the volume control was turned up 
to the point where the peaks of the pro- 
gram material were just being clipped, the 
average power delivered to the speaker 
system would only be 15 watts RMS. The 
power delivered on the program peaks 
would be 100 watts. 

The intermittent power handling speci- 
fication is referenced to time. The ability 
of a speaker system to handle short bursts 
of power is much greater than its ability 
to handle power for long periods of time. 

There is no direct relationship between 
power handling capacity and the sound 
quality that a speaker system will produce. 
However, if the actual input power to a 
speaker system is quite a bit less than its 
power handling capacity, the distortion 
will be less. In addition, this as an impor- 
tant consideration to prevent damage from 
an amplifier whose maximum output is 
too powerful for the speaker system. 
Therefore, choose a speaker system with 
a large power handling capacity. For the 
continuous -tone specification this means 
the largest power rating over the widest 
range of frequencies. The intermittent 
specification should be the largest power 
rating over the longest period of time. 

Recommended amplifier power 
In addition to the power handling ca- 

pacity, Radio- Electronics requested that 
the manufacturers provide their recom- 
mendations concerning the proper power 
rating of the amplifier that should drive 
the speaker system. This recommendation 
is in two parts- minimum power and 
maximum power. The recommendation of 
the maximum power rating of the ampli- 
fier is directly related to the maximum 
power handling capacity of the speaker 
system. The power rating of the amplifier 
(RMS) should not exceed this recommen- 
dation to avoid possible damage to the 
speaker system. Otherwise some protective 
device must be used to protect the speakers 

(continued on page 76) 
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Programmable Read Only Memories are manufactured using 

various technologies. This article describes each type 

of PROM and its advantages and disadvantages. 

by ROGER L. SMITH 

REMEMBER WHEN SOMEONE MEN - 

tioned a PROM, we all thought of a 
high school dance? Well, in today's age 
of electronics, a PROM is a Program- 
mable Read Only Memory. Inciden- 
tally, PROM is a trademark of Harris 
Semiconductor Div. of Harris Inter - 
type Co.; however, the word has be- 
come generic because of its widespread 
use in describing all field program- 
mable ROM's. 

Speaking of ROM's, let's cover some 
of the basics of memories and the 
terms used before going any further. 
The first memories that were used with 
computers. (and a computer is not a 
computer without a memory) were 
ferrite -core memories. These core 
memories -provided they were prop- 
erly powered down and up -were non- 
volatile, meaning the data in them was 
not lost when power was removed. In 
a volatile memory, all data is lost in 
powering down. Most core memories 
are also classified as DRO, although 
a few are NRDO. The DRO (Destruc- 
tive Read -Out) uses a read -write cycle 
to restore data to the cores. An NDRO 
(Non- Destructive Read -Out) mem- 
ory does not require rewriting the data 
after a read cycle is completed. 

With the advent of LSI (Large 
Scale Integration) techniques and the 
decreasing cost of semiconductors, the 
use of semiconductors as memory ele- 
ments became possible. Various types 
of semiconductor memories evolved - 
from simple diodes arranged in a 
matrix to flip -flops, stored -charge de- 
vices and amorphous semiconductors. 
These new types of memories per- 
mitted designers to implement the 
ROM for cases where the memory was 
to be used for fixed conditions such as 
program control. 

These ROM's presented logic de- 
signers with options not previously 
available. Now it became possible to 
replace complex logic circuits with 
ROM's. You can imagine how difficult 
it would be to design the logic for a 
code conversion -a simple job for a 
ROM. Another unique use for ROM's 
is in custom waveform generators. A 

sequential counter feeds the ROM in- 
puts and the outputs go to a digital -to- 
analog (D -to -A) converter. In another 
use, the inputs are treated as separate 
logic inputs and the ROM acts as a 

Programmable Logic Array (PLA). 
For more information, refer to the 
article "What Is A ROM ?" in the 
February, 1974 issue of Radio -Elec- 
tronics. 

What PROMs are available? 
The simplest PROM's -diode ma- 

trices -are available in 14 -pin packages 
(Harris HM1- 034 -2, a 6 X 8 array) 
containing diode arrays with fusible 
links, These diode matrices can be 
programmed by "burning out" the 
fusible links and thus can be classified 
as PROM's. Such memories are used 
primarily in encoding and decoding 
functions. 

Amorphous semiconductor 
An interesting type of memory that 

is also field -programmable is the 
amorphous semiconductor memory. 
This memory consists of amorphous 
glass semiconductor resistors (called 

ovonic memory switches by Energy 
Conversion Devices, Inc.) in series 
with silicon diodes in a matrix array. 
The glass semiconductor can exist in 
either of two phases -amorphous or 
polycrystalline. The resistors in the 
amorphous phase show a resistance 
of about 300K ohms, and in the crystal- 
line phase about 500 ohms The low - 
resistance, or set state, is achieved by 
applying a 15 millisecond pulse to the 
bit to be set. The high- resistance, or 
reset state, requires applying 8 to 10 

five -microsecond pulses at 80 µs inter- 
vals. 

These amorphous memories thus 
have a slow write -cycle time and are 
called by the manufacturer (Energy 
Conversion Devices) Ovonic Read - 
Mostly Memories (RMM). These de- 
vices are non -volatile like PROM's but 
they can also be written into like Ran- 
dom Access Memories (RAM's). 

Fusible links 
The semiconductor PROM most 

often used at this time is the bipolar 
type containing memory elements corn- 
posed of nichrome fusible -links. Intel is 

ENABLE& 
ADDRESS - 

LINES - 
(WORD 0) 

ENABLE & 
ADDRESS 

LINES 

(WORD 1) 

1 
G, 

cc 

" ETC. THRU 
WORD 63 

MEMORY 
ELEMENT 

PROGRAM CIRCUITRY 

MEMORY 
ELEMENTS 

oe-o OUTPUT 
BIT Bo 

SENSE 
AMPLIFIER 

0G2 

SAME AS 
ABOVE 

i 

ETC. THRU 
B, 

O B, 

FIG. 1 -512 -BIT PROM schematic shows the word transistors (64 of them) connected to the 

sense and program circuits via memory elements. 
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TABLE 1 

Manufacturer Part No. 
Organi- 
zation Bits 

Supply Voltage 
Normal Program 

Memory 
Element Special Notes 

Advanced Micro AmS08 32x8 256 +5V 10V to 15V polysilicon open col. out. +2 words 
Devices AmS09 32x8 256' +5V polysilicon 3 state out. 9th bit, 

Harris HPROM-0512 64x8 512 +5V +5V,+15V nichrome fuse Program similar to 
Semiconductor HPROM-1256 256x1 256 +5V +5V,+15V nichrome fuse Signetics. 

HPROM-8256 32x8 256 +5V +5V,+15V nichrome fuse 
HPROM-1024/A 256x4 1024 +5V +5V,+15V nichrome fuse 3 state out, A -open coll. 
HPROM-2048/A 512x4 2048 +5V +5V,+15V nichrome fuse 3 state out, A =open coll. 

Intel Co. 1602A/1702A 256x8 2048 +5V-9V +12V,-45V FAMOS device 1702A is erasable 
3604 512x8 4096 +5V +10V,+15V polysilicon all outputs norm. high (1) 
8702A 256x8 2048 +5V-9V +12V,-45V FAMOS device 3 state out 
3601 256x4 1024 +5V +10V,-{-15V polysilicon 

Intersil I M5600C/ I M 5610 32x8 256 +5V +5V,-}-28V "AIM" device open coll. 5610 =3 state 
I M5603A / I M5623 256x4 1024 +5V +5V,+28V "AIM" device special pulse programmer 
1M5604/1M5624 512x4 2048 +5V +5V,+28V "AIM" device 

Motorola MCM5003AL 64x8 512 +5V +5V,-6V nichrome 9th bit. Prog. manually 
Semiconductor MCM5004AL 64x8 512 +5V +5V,-6V nichrome has 2K on output 

National MM5202A 256x8 2048 +5V-9V +12V,-45V FAMOS device Q suffix has quartz lid 
Semiconductor MM5203 256x8 2048 +5V-9V +12V,-45V FAMOS device for erasing. 

M M 5204 512x8 4096 +5V-9V +12V,-45V FAMOS device 

Signetics 8223 32x8 256 +5V +5V,+12.5V nichrome open coll. Prog. manually 
82S23/82S123 32x8 256 +5V +5V,+12.5V nichrome 82S123 =3 state 
82S26/82S29 256x4 1024 +5V +5V,+12.5V nichrome 26 =open coll. 29 =3 state 

Texas Instr. SN74186 64x8 512 +5V +5,-5V nichrome 9th bit & extra word tested 
SN74188A 32x8 256 +5V +5V,+10V nichrome by mfg. Prog. manually. 

open collector output. 

All types are 0° to 75 °C 

presently making bipolar PROM's (up 
to 4096 bits) using polycrystalline sili- 
con fuses (instead of nichrome). Ad- 
vanced Micro Devices also makes 256 
bit PROM's with silicon fuses. A look 
at Fig. 1 will help you to understand 
the operation of this type of fuse -link 
PROM. This figure is a block diagram 
of a 64 -word, 8 -bit PROM (512 bits). 
The 6 -bit ADDRESS input is buffered 
and inverted to provide true or comple- 
ment addresses to each of six inputs on 
the 64 multiple- emitter AND gates. A 
seventh input provides the chip enable 
signal. Since only one of the 64 AND 
gates will be activated for a particular 
address, that gate will generate a high 
level on one of the 64 word lines con- 
nected to each gate output. These word 
lines are connected to the bases of 64 
multiple- emitter transistors located in 
the memory section of the circuit. 

The selected (1 of 64) multiple - 
emitter transistor drives the output 
transistors thru the eight memory ele- 
ments. With the proper resistive load 
connected to their collectors, these 
transistors will saturate and a low volt- 
age, or logic "0," will appear at the out- 
put. Thus the normal output of such 
a PROM, with the memory elements 
intact, is a "0." This PROM is pro- 
grammed by opening the appropriate 
memory elements and causing a logic 
"1" to appear at the output for a spe- 
cific address. 

Memory elements of this type (as in 
the Motorola MCM5003) are fused 

open by connecting a negative voltage 
( -6V) to the output collector of the 
desired bit, applying a voltage ( +5V) 
to V< , grounding pin G2, and connect- 
ing G1 to a negative voltage ( -6V). 

Then the desired word is addressed 
(with -6V as a "0" and -4V to +5V 
as a "1 "). Notice in Fig. 1 that this 
forward biases the program transistor 
for that bit so that when the address is 

+12.5V 

+5V 1 /- 
2.S7-b 1St 1 

10W Z 10µF 
1022 
25W 

S2 
i Ao (10) 

J A (11) 
S3 

A2 (12) 
S4 s.--0 

A3 (13) 
S5 f-0 

6 
A4 (14) 

(16) 

8223 
TO BE 

PROGRAMMED 

(8)GND 

Bo (1) 

B, (2) 

B2 (3) 

B3 (4) 

B4 (5) 

B5 (6) I 
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B6 (7) 

B7 (9) 

CE (15) 

S1 

S7-a 

39022 
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FIG. 2- MANUAL PROGRAMMER schematic. During programming, switch S7 is moved to posi- 
tion 2 long enough to discharge the 10 -µF capacitor. Switch S7 should not be in position 3 
for longer than one second. 
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selected, current thru the memory ele- 
ment is increased (to 30 mA). This is 
sufficient to cause the metal fuse to 
flow and separate. The current is ap- 
plied as a ramp and limited to 60 -mA 
maximum to prevent sputtering, metal 
splatter, or oxide damage. 

Programming voltages for other 
nichrome type PROM's such as Sig - 
netics' 8223, vary somewhat. However, 
the basic idea is to allow a heavy cur- 
rent to pass thru the nichrome "fuse" 
to a program transistor that is biased 
into saturation. Figure 2 shows a man- 
ual programmer that can be used to 
program the Signetics 8223. When 
using this programmer, current should 
not be applied to a bit for over one 
second. 

Two precautions should be observed 
when programming this type of 
PROM. One is to limit the application 
of programming current to one output 
at a time. This current passes thru the 
multiple- emitter "word transistor" 
whose design doesn't allow it to con- 
duct more current than required to 
open one element. Another precaution 
is to maintain the case temperature of 
the PROM at or below 75 °C. This is 
easy to do if you program manually 
and remove voltages as soon as the 
memory element opens. Automatic 
programming may require a heat sink. 

The above description of program- 
ming the fuse -link type of PROM il- 
lustrated a manual technique. Manual 
programming is possible with most 
types of nichrome fuse -link PROM's 
provided that the currents are limited 
in some manner. Most often, the rise 
time must be controlled and the dura- 
tion and amplitude of the program- 
ming current must be limited. This is 
easily done with a pulsing technique. 
All of this of course, can be accom- 
plished with an automatic programmer 
that also sequences thru the addresses 
and bit patterns. Automatic program- 
mers are desirable when more than 
three or four PROM's are to be pro- 
grammed, and are required equipment 
for some of the PROM's to be de- 
scribed next. 

AIM 

Another type of memory element is 

used by Intersil in their PROM's. 
They have patented Avalanche In- 
duced Migration (AIM) program- 
ming system. Each memory element 
in an open -base NPN transistor whose 
base -emitter junction is shorted out 
when it is programmed. 

A partial schematic of an AIM 
matrix is shown in Fig. 3. Notice that 
the matrix is constructed using con- 
ventional TTL processes. Collectors on 
the "X" lines are common and emitters 
on the "Y" lines are common, allow- 
ing for simple fabrication steps. No 
connection is provided for the bases. 
To program an element, a high current 

is forced thru it from emitter to col- 
lector. The emitter -base junction is 
forced beyond normal avalanche and 
into a second breakdown mode. Alumi- 
num moves into the junction and 
causes a short. The result is a low - 
resistance path to the base and a base - 
collector diode as shown in Fig. 3. 

PROGRAMMED 
ELEMENT 

Y, Y2 

FIG. 3- PARTIAL AIM PROM matrix with two 
bits programmed as "1 ". 

The programming is done using a 
200 mA pulse (at about 32V) of about 
2.5 µs duration followed by a 20 mA, 
1.5 µs sense pulse. These pulses are 
repeated a number of times until a 
change in the bit has been detected. 
The programmer then moves on to the 
next bit automatically. 

FAMOS 
The last type of PROM we will in- 

vestigate is the stored- charge type 
made by Intel and National Semicon- 
ductor. This type of PROM falls in the 
same category as the ovonic amor- 
phous semiconductor type mentioned 
earlier in that it can be re- programmed 
(however, not electrically). The ad- 
vantage of this type of PROM is obvi- 
ous. If you make a mistake, or change 
your bit requirements, you can change 
your PROM by erasing all bits and 
programming it over again! Erasure is 

accomplished with ultraviolet light or 
X -rays (although X -rays are not rec- 
ommended) . 

The memory element consists of a 
floating -gate avalanche- injection MOS 
charge- storage device (which has been 
shortened to FAMOS transistor). No- 
tice in Fig. 4 that the FAMOS tran- 
sistor is essentially a P- channel silicon 
gate MOS field -effect transistor in 
which no contact is provided to the 
silicon gate. In programming, a voltage 
pulse in excess of -30 volts is applied 
to the drain or source PN junction re- 

SILICON 
SOURCE DIOXIDE DRAIN 

P- CHANNEL P- CHANNEL 

FLOATING 
SILICON GATE 

N -TYPE SUBSTRATE 

FIG. 4- CROSS -SECTION OF FAMOS struc- 
ture. Negative charge on floating gate causes 
conduction between source and drain. 

suiting in the injection of high- energy 
electrons from the PN junction surface 
avalanche region to the floating silicon 
gate. This negative charge on the gate 
results in current flow between source 
and drain of the P- channel FAMOS 
transistor. 

The FAMOS transistors are ar- 
ranged in a matrix on the silicon chip 
along with an X and Y decoders, input 
drivers, output sensors and buffers to 
form the complete MOS memory de- 
vice. Programming these PROM's 
(typically the Intel 1702A, 2048 -bit 
PROM) requires special programmers 
that pulse the device with a minimum 
of 32 program pulses for each 8 -bit 
word to be programmed. Note in this 
PROM that all 8 bits of a word are 
programmed simultaneously. In addi- 
tion to the -program pulse, voltages 
VGG and V»i, are also pulsed. The Intel 
Company will furnish you schematics 
for the MP7 -03 PROM Programmer, 
or of course, you could buy an assem- 
bled unit. 

The Intel 1702A PROM comes with 
a transparent quartz lid which permits 
you to erase the bit pattern. You can 
erase a device by exposing it to high 
intensity ultraviolet light at a wave- 
length of 2537 A. Just put the 1702A 
about 1 inch away from the lamp tube 
for 10 to 20 minutes. Recommended 
lamps are Models UVS -54 or S -52 
ultraviolet lamps manufactured by 
Ultra- Violet Products Inc., San Ga- 
briel, CA. Physically, the erasing action 
creates an ionizing effect that causes 
the excess electrons on the floating 
gate to flow back to the substrate. 

You have no doubt noticed that 
many of the PROM's we have cov- 
ered use irreversible memory elements. 
Aside from the fact that such a PROM 
cannot be reprogrammed, there is also 
the problem of testing the PROM ini- 
tially. If you order a ROM, the manu- 
facturer programs it to your specifica- 
tion and tests it to be sure the bit 
pattern and output circuits are OK. 
However, if you buy a PROM, there 
most likely was no way for the manu- 
facturer to test it so you won't know 
if it is any good until you program it. 
Most manufacturers build PROM's 
with experience and quality control. 
Several PROM manufacturers have 
decided that this method is not good 
enoungh (Motorola and Advanced Mi- 
cro Devices among them). They have 
solved the testing problem by adding 
a ninth bit to all 8 -bit PROM's. Some 
have even added several extra words 
to the memory. In the Motorola 
MCM5003 there are 32 of these ninth 
bits that have already been pro- 
grammed to "1s," and the remaining 
32 bits may be used by the customer 
to check out the capabilities of his pro- 
gramming circuitry. 

Table 1 has been prepared to help 
(continued on page 119) 
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Introducing... the Money Generator 
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A Better Approach to TV Analyzing 
ATC -10's Unique Patterns 
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RED RASTER 

Check and adjust purity 
at the flip of a switch 
without disabling blue 
and green electron guns. 

3.58 MONITOR 

Check and adjust color 
Sync. OSC. Freq. at the 
flip of a switch (No need 
to ground AFPC Test 
Point.) 

COLOR BARS 

Sixth bar marked for 
identification. 
Luminance pedestal 
shows color fit. 

GRAY QUAD 

Gray scale tracking 
checks /adjustments. 
Yoke orientation. 

L.F. video response. 

HATCH DOT 

Composite convergence 
patterns enable you to 
complete an entire con- 
vergence series with no 
need to alternately select 
separate patterns for DC 
and dynamic converg- 
ence. 

HATCHDOTS 

The hatchdots pattern 
with its frame -of -dots is 
also great for size, lin- 
earity. centering, and 
pincushion checks and/ 
or adjustments. 

Great Money Generating Features 

The ATC -10 offers portability with a variety of new money -generating 
features for faster in -home servicing. It is also a superior analyzing 
device for troubleshooting tough dogs in the shop. A sample of its 
outstanding features include the following. 

CRYSTAL CONTROL AND PHASE LOCK OF ALL CHROMA AND SWEEP FREQUENCIES 
PROVIDE PATTERNS WITH UNMATCHED CLARITY AND FREEDOM FROM INTERFERENCE - 
CHROMA WAVEFORMS ARE VIEWED AS STATIONARY SINE WAVES USING H TRIGGER. 

IN -HOME BANDPASS CHECKS AT 1.78 MHz AND 3.58 MHz. 

ALL CRYSTAL -CONTROL / SOLID -STATE / DIGITAL IC DESIGN PROVIDES MAXIMUM 
RELIABILITY AND COMPLETE FREEDOM FROM VERTICAL LINE WIDTH AND COUNTER 
STABILITY ADJUSTMENTS. 

EXTRA WIDE RANGE RF /IF OUTPUT ATTENUATOR TESTS RECEIVER SENSITIVITY AND 
DYNAMIC RANGE. 

IF AND VIDEO INJECTION OUTPUTS WITH "FUSELESS" PROTECTIVE CIRCUITS. 

INTERLACE SELECTABLE FOR H/V COUNTDOWN TV'S. 

SQUARE WAVE PROVIDED FOR VIDEO PEAKING TEST. 

HORIZ. AND VERT. TRIGGER OUTPUTS OPTIMIZED FOR EXPANDED OSCILLOSCOPE 
PRESENTATIONS. 

s 2 YEAR FACTORY WARRANTY AGAINST DEFECTIVE WORKMANSHIP AND MATERIALS. 

30 DAY MONEY BACK GUARANTEE. 

American Technology Corporation 
225 MAIN, DEPT. 11C, CANON CITY, COLORADO 81212 

O Please send additional information on the MOD. ATC -10. 

O Include a copy of the 2- volume (Home/Shop) ATC -10 Owner's 
Manual. $1.00 enclosed to cover postage and handling. 

O Please ship Model ATC -10's at $299.95 with: 

O Chan. 2 RF CRYSTAL (std.) installed. 
(NO Chan. 2 transmitter in our area.) 

O Chan. 3 (optional) crystal installed. 
(Chan. 2 transmitter in our area.) 

Subtotal 
3% sales tax (Colorado residents only) 

TOTAL REMITTANCE ENCLOSED 

Send certified check or M.O. for fastest shipment to American 
Technology Corp., 225 Main, Dept. 11C, Canon City, CO 81212. 

Name 

Address 

City_ State Zip 

Circle 28 on reader service card 75 
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76 

BOOKSHELF SPEAKERS 
(continued from page 71) 

against excessive power. 
There are valid reasons however, for 

using super power (150 watts -per- channel 
and up) amplifiers. As stated earlier, the 
amplifier may be called upon to deliver as 
much as 100 times the average power dur- 
ing the transient peaks. Many audiophiles 
believe that to reproduce these transients 
without clipping them, super power am- 
plifiers are necessary. To safely use these 
amplifiers, you must insure that the inter- 
mittent power handling capacity of the 
speaker system is great enough to handle 
the transient power that these amplifiers 
will deliver. In addition, you must insure 
that the average power delivered by the 
amplifier does not exceed the continuous- 

10 

tone power handling capacity of the 
speaker system. This is especially impor- 
tant in light of the logarithmic response of 
the human ear. Remember, it requires a 
ten -fold increase to double the volume 
level. So, it is possible for you to turn up 
the volume control to a point where the 
continuous -tone capacity of the speaker 
system is exceeded and not hear a sub- 
stantial increase in the volume level. To 
prevent this from occurring, the speaker 
system must be properly fused when using 
these super -power amplifiers. 

There are two reasons for observing the 
minimum power recommendation. First, 
there is a definite minimum amount of 
power that is required to drive the speaker 
system. If an amplifier with less power is 
used, the speaker system will not be driven 
to an adequate listening level and will not 
produce satisfactory music reproduction. 

MODEL S-110 
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ELECTRICAL INPUT -WATTS 
FIG. 7- LINEARITY CURVES for five speaker systems from H. H. Scott 

The second reason concerns possible 
damage. Yes, damage! With the amplifier 
delivering too little power, it's only natural 
to turn up the volume control to drive the 
speaker system to an adequate listening 
level. If the amplifier is not capable of de- 
livering the necessary power, it will clip 
the peaks of the program material. This 
clipping action will produce harmonic dis- 
tortion with its associated high- frequency 
components. As a result, the amplifier will 
deliver substantially more power to the 
high- frequency end of the spectrum. Re- 
member, the tweeter in most systems can 
handle only 5% of the total system power. 
This extra power due to amplifier clipping 
is over and above the normal high - 
frequency power delivered as a result of 
the program material. The result is possi- 
ble damage to the tweeters. 

If you already own an amplifier, choose 
a speaker system so that the output power 
of the amplifier falls within the minimum 
and maximum power recommendations. 
Should you decide to go the route of the 
super -power amplifier, make sure the 
speaker systems are properly fused. If you 
don't own an amplifier, choose the speaker 
system first and then choose an amplifier 
based on these recommendations and the 
impedance specification (a discussion on 
impedance is forthcoming). These power 
recommendations refer to the RMS 
power- per -channel rating of the amplifier. 

Maximum sound output 
This specification is a combination of 

the distortion, efficiency and power han- 
dling specifications. It states the maximum 
safe output sound level of the speaker sys- 
tem. In addition, the speaker system will 
not produce more than 3% total harmonic 
and intermodulation distortion when 
driven to this output level. Its measured at 
a distance of I -meter on -axis over a fre- 
quency range of 100 -Hz to 10-kHz and 
stated in so many dB's of sound pressure 
level. 

The speaker system's dynamic range is 
determined by this specification. Dynamic 
range refers to the range of output levels 
that the hi -fi system is able to produce. The 
total dynamic range of the hi -fi system is 

determined by the minimum dynamic 
range of any component in the system. 
Dynamic range adds to the realism of 
the reproduced sound, and therefore adds 
to the accuracy of reproduction. Choose a 
speaker system that is capable of produc- 
ing a high output level. 

Impedance 
The speaker system acts as an electrical 

load for the amplifier's circuitry. This is a 
reactive load that varies widely with fre- 
quency and it therefore, is termed imped- 
ance. The total amount of impedance pre- 
sented to the amplifier will determine the 
amount of power that the amplifier de- 
livers to the speaker system. To illustrate 
the variation in impedance, Fig. 8 shows 
the impedance graphs of five acoustical 
suspension speaker systems manufactured 
by H. H. Scott, Inc. Figure 9 shows an im- 

pedance graph of a bass reflex speaker 
system manufactured by STR, Inc. These 
graphs are typical of high -quality speaker 
systems. 

The impedance specification is pre - 
(continued on page 120) 
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NOW -the book that brings you speed, ease and accuracy- 

The Handbook of 
Practical Solid -State 
Troubleshooting 

And you'll also receive a 

RISK -FREE trial Membership in 
The Electronics Book 
Service. (No obligation 
ever to buy ANY 
minimum number of books.) 

Now you can tackle malfunctioning solid -state 
circuits and equipment with new speed, ease 
and accuracy! A broad promise -but one you're 
sure to agree with when you see the hundreds 
of techniques available to you in John D. Lenk's 
HANDBOOK OF PRACTICAL SOLID -STATE 
TROUBLESHOOTING. $14.95 

This book, now selling actively at $14.98, is one 
you should own. It is also typical of the kind of practi- 
cal books offered to members of the Electronics 
Book Service. And you may have a copy for a token 
price of $2.98 as a means of introducing you-on a 

no- obligation basis -to a trial membership in the 
Electronics Book Service. 

Covering a complete cross -section of solid - 
state circuits and equipment including Basic 
Circuits, Home Entertainment, Laboratory and 
Industrial Instruments and Digital Equipment 
and Systems, this conveniently indexed book 
gives you shortcut techniques for: 

Finding out how to deal with any specific 
problem area -determining primary symp- 
toms of poor performance 
Discovering the right way of tracking down 
and isolating the problem to a particular cir- 
cuit in trouble 
Localizing the trouble right down to the func- 
tional circuit unit itself 

With the instant help of HANDBOOK OF PRAC- 
TICAL SOLID -STATE TROUBLESHOOTING, 
you'll rapidly become adept at servicing even 
the most complex solid -state circuits and com- 
ponents! And without ever relying on time - 
consuming trial and error! 

Through simple explanations and detailed il- 
lustrations, all the troubleshooting techniques 
in this book are made easy for you. And they 
cover just about every malfunction you might 
encounter in solid -state electronics. For in- 
stance, in the big section on troubleshooting TV 
receivers, you'll find techniques for quickly 
locating the source of such problems as: 
No Sound and No Picture Raster ... No Sound, No 

Picture Raster, and Transformer Buzzing ... Distorted 
Sound and No Picture Raster ... Picture Pulling and 
Excessive Vertical Height ... Dark Screen ... Picture 
Overscan ... Narrow Picture ... Foldback or Foldover 

. Nonlinear Horizontal Display ... and over 40 more 
possible malfunctions in any circuit! 

-yours for just $2.98! 
What's more -to contribute to your speed and 
proficiency -more than 180 illustrations clearly 
show you the tests and troubleshooting proce- 
dures for: 

In -and Out -Curcuit Transistors 

Amplifiers, Inverters and Phase Splitters 

Video Amplifier Circuits 

Diodes 

Delays 

Pulse Delay, Time and Width 

Sound IF and Audio Circuits 

Multivibrators 

Gate Circuits 

RF Tuners and AGC Circuits 

Basic Power Supplies 

The depth and breadth of coverage you'll find in 
HANDBOOK OF PRACTICAL SOLID -STATE 
TROUBLESHOOTING is unmatched any- 
where -and its clearly outlined techniques will 
give you new speed, ease and accuracy in trou- 
bleshooting all kinds of solid -state circuits and 
equipment! 

A point of significance to you: the Electronic Book 
Service has NO minimum purchase requirements, as 

most book clubs do. Once you have paid$2.98for your 
copy of HANDBOOK OF PRACTICAL SOLID -STATE 
TROUBLESHOOTING, you need purchase no further 
selections. 

So act now. Just mail the coupon below to get 
your copy of HANDBOOK OF PRACTICAL 
SOLID -STATE TROUBLESHOOTING for just 
$2.98 -and to receive all the benefits of mem- 
bership in the Electronics Book Service on a 

RISK -FREE trial basis. Send the coupon right 
now! 

What membership in the 
ELECTRONICS BOOK 
SERVICE means to you 

1. When you enroll as a member, you 
receive -for only $2.98 (plus postage and 
handling with tax where applicable) - 
your copy of HANDBOOK OF PRACTI- 
CAL SOLID -STATE TROUBLESHOOT- 
ING. This is the only obligation you are 
committed to make. 

2. You are under no obligation to ac- 
cept any minimum number of selections 
within any time limit. You can make as 
many or as few as you wish. And, you 
may resign at any time with no obligation 
once you have paid for your copy of 
HANDBOOK OF PRACTICAL SOLID - 
STATE TROUBLESHOOTING. 

3. On selections you do accept, your 
membership entitles you to a discount 
from the publisher's list price. This dis- 
count is available to members only and 
provides you with substantial savings. 

4. Every four weeks we'll send you a 
free bulletin describing the current selec- 
tion. If you want the selection, no action 
is required; you will receive it automati- 
cally. If you don't want it, just return the 
card enclosed with the bulletin. 

5. You have at least 10 days to decide 
whether you want the selection or not. 
Return the card so we receive it no later 
than the date specified. If you don't have 
10 days to answer and receive an un- 
wanted selection, return it at our ex- 
pense. 

6. Each bulletin also describes a num- 
ber of alternate or additional selections, 
also available to you at the special dis- 
count price for members. 

ELECTRONICS BOOK SERVICE 
Dept. 6699 -P1(4) 
Englewood Cliffs, New Jersey 07632 

Please enroll me in Electronics Book Service on a risk -free trial basis. I 

am to receive all announcements,.free of charge, and will be entitled to 
full privileges as a Member without obligation to buy any specific 
number of club selections. As my first selection under this trial mem- 
bership, send me the HANDBOOK OF PRACTICAL SOLID -STATE 
TROUBLESHOOTING for only $2.98 

Name 

Address 

City State Zip 

Circle 29 on reader service card 77 

www.americanradiohistory.com

www.americanradiohistory.com


High -voltage 
shut -down 

circuits 

How they work and how 
to service them 

by JACK DARR 
SERVICE EDITOR 

HORIZ PULSE 
FROM FLYBACK 

TRAN 

C114 
.047 D108 

R111 
8.2K D804 

ZENER R115 
51K 

27V I C816 

z 1 

R -E's Service Clinic 

THE DEPARTMENT OF HEALTH, EDUCA- 

Lion and Welfare (HEW) has come up 
with some interesting requirements for 
color TV sets. (Some of these may not 
do too much for our Health or our 
Welfare but they can certainly be Edu- 
cational, especially if you don't know 
they're in there!) One of the best 
among these is the high -voltage shut- 
down circuit. The purpose of this cir- 
cuit is to shut down the set if the high- 

TO HORIZ 
OSC 

FLYBACK 

HV 
RECT 

01 

HV 
SHUT DOWN 

SCR 

G 

R824 
6.2K C 

R910 
150K 
MA, 

60 Hz AC SIGNAL 
FROM POWER LINE 

A 

25 KV 
TO COLOR 
PIX 

+375V 

6BK4 
SHUNT 
REGULATOR 

SILICON 
DIODE 

8.2 MEG 
330K 

FIG. 1 

D802 

D805 

R813 
3.9K Q805 

C817 
50/35V 

FIG. 2 

VDR 

+405 V 

PULSE FROM 
FLYBACK 

REGULATED 
B+ 120V 

R812 
33K 

R821 

+ 10/25V 

HORIZ OSC 
STAGE 

R828 = 
5.6K R814 

430S2 

R829 
5.6K 

D806 

SCAN 
DERIVED 

B+ 24V 

R815 
6800 

HORIZ SIGNAL 
TO PRE -DRIVER 

STAGE 

voltage rises above a preset level to 
avoid X -Ray radiation. 

This isn't really too new. It's been in 
effect for some time. RCA has a version 
of it in the CTC -38XP chassis and some 
others (RCA TV Service Data File No. 
1968- T18 -S2). Figure 1 shows the 
basic circuit. A silicon diode is installed 
in series with the 6BK4 high -voltage 
regulator tube cathode. The cathode 
current flows through it from the +405 - 
V source. From the anode end of the 
diode (on 6BK4 cathode), an 8.2 meg- 
ohm resistor is connected directly to the 
6LQ6 control grid. This serves the same 
purpose as the familiar 10- megohm re- 
sistor to a high positive voltage; it feeds 
in a small positive voltage to keep the 
6LQ6 grid from driving itself too far 
negative. Beside this, a pulse regulator 
circuit using a VDR also helps to con- 
trol the 6LQ6 grid voltage. Normal 
operating bias on the 6LQ6 grid is 
about a -55 volts. 

Now, if the 6BK4 regulator tube 
goes out, the diode stops conducting. 
The normal positive voltage fed to the 
6LQ6 is lost and the tube drives itself 
so far negative that the high- voltage is 
cut away down. Typical symptoms of 
this condition are about 100 mA 6LQ6 
cathode current (normal 200 -220 mA) . 

High -voltage is about 10 kV, and usu- 
ally no raster or a very dim narrow one 
appears. The 6LQ6 grid voltage will be 
about a -70 volts. The key clue here is 
the -60 volts or so you'll see on the 
6KB4 cathode, it should be +405 volts. 
If you find these symptoms, look for a 
6KB4 with an open heater. 

In other RCA's, especially the solid - 
state types, the shut -down circuit is de- 
signed to upset the horizontal oscillator 
frequency. This reduces the high -volt- 
age. Typical symptom, you can not get 
the picture to lock in horizontally at 
all. The shutdown circuit can be dis- 
abled for testing, check the service data. 

Quasar, Zenith, and others use SCR's 
in the shut -down circuitry. In some of 
these, service problems have been en- 
countered. Most of these are due to the 
SCR being just a little bit too eager; 
they'll shut off on small transients, 
sometimes when changing channels. 
This of course applies in cases where 
the horizontal oscillator stage, high - 
voltage, etc., are not at fault. Most of 
them are modular, try a new shut -down 
module to find out. In others, especially 
if the SCR is a plug -in type, try a new 
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UKI© 
the 

TEKTRONIX T900 
Oscilloscopes 

from $695 
probes included and more... 

Here's important news for engineers, technicians and 
educators who want the quality, reliability and support 
associated with TEKTRONIX Oscilloscopes - all at a mod- 
erate price.T900*Oscilloscopes are an entirely new line 
designed for cost savings without sacrifice of basic per- 
formance. 

This New Line Includes: 
T921 -Dc to 15 MHz; single- trace, 

mono time -base $ 695** 
T922 -Dc to 15 MHz; dual- trace, 

mono time -base $ 850** 
T932 -Dc to 35 MHz; dual- trace, 

mono time -base $1050 ** 
T935 -Dc to 35 MHz; dual- trace, dual 

time -base with delayed sweep $1250" 
T912- (Storage model) Dc to 10 

MHz, dual -trace mono time -base . . $1195 ** 
Easy to Use 
T900 Oscilloscopes are simple to use. All have 
a large, bright (8 x 10 cm) crt, beam finder, 
single knob trigger control, delay line to enable 
viewing of waveform leading edge, automatic 
selection of tv line or frame display and func- 
tionally color -coded control panels. Conveni- 
ence is also enhanced by a full complement of 
accessories including 10X probes (included in 
price), optional scope stand, camera, rain jac- 
ket and more ...T900 Osci Iloscopes are easy to 
handle and fit into small spaces. They weigh 
only 15 -18 lbs. and measure only 7" x 10" x 19 ". 

Tektronix Support 
T900 Oscilloscopes are warranted against de- 
fective materials and workmanship for one 
year. There are over 37 service centers and 50 

field offices across the U.S. Whenever you need help in the 
selection, operation, application or servicing of T900 Oscillos- 
copes your local field engineer is available to help you... no 
extra charge... just extra value. 
For a copy of the new T900 Brochure (includes complete 
specifications), or ordering information write to Tektronix, Inc., 
P.O. Box 500, Beaverton, Oregon 97077. For immediate infor- 
mation call your local 
Tektronix field 
engineer or 
Tektronix, Inc. 
(503) 644 -0161 
extension T900. 
'Available presently in U.S.A. only. 

**U.S.A. price FOB Beaverton, Oregon. 

Circle 61 on reader service card for demonstration 

t935 

Circle 30 on reader ser rice card 

TEKTRONIX® 
committed to 

technical excellence 
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Everything 
we make 
has you 
in mind. 
When you're looking for profit- 
able electronic lines, look to 
RCA Distributor and Special 
Products Division: 

TEST EQUIPMENT & 
ACCESSORIES 

EXACT REPLACEMENT 
PARTS 

SK REPLACEMENT 
SEMICONDUCTORS 

FLAMEPROOF 
RESISTORS 

COLOR & BLACK -AND- 
WHITE PICTURE TUBES 

RECEIVING TUBES 

INDOOR & OUTDOOR 
ANTENNAS 

ANTENNA HARDWARE 

ANTENNA ROTATORS 

CAR RADIOS & TAPE 
PLAYERS 

STEREO SPEAKER 
SYSTEMS 

SCANNERS 

BATTERIES 

... AND MORE 

See your RCA distributor. Or, 
for more information, contact 
RCA Distributor and Special 
Products Division, Bldg. 206 -2 
Cherry Hill Offices, Camden, 

co 
New Jersey 08101. 

z 
o 

ItChU 

Distributor and 
cl Special Products Division 
80 

SERVICE CLINIC 
(continued f rom page 78) 

SCR to see if the original is just a little 
too quick on the trigger. 

Admiral's M10 chassis has an SCR 
shut -down circuit with a highly novel 
reaction. This one could wipe you out 
completely if you didn't know about it. 
Let's look at this and see how it works. 
Figure 2 shows the basic circuitry used. 

The SCR is normally turned off. Its 
anode is connected to the base of the 
horizontal oscillator transistor through 
a blocking diode. The cathode of the 
SCR is grounded. A negative -going 
pulse from the flyback is fed to a 27- 
volt Zener diode. A clamp diode, D108, 
holds the negative peak of this pulse to 
-0.6 volt below ground. The Zener di- 
ode, normally not conducting, is con- 
nected to the SCR gate. 

If a problem occurs which makes the 
flyback pulse increase, this makes the 
positive peaks higher. The Zener goes 
into conduction and turns the SCR on. 
When this happens, the SCR grounds 
the base of the horizontal oscillator 
transistor, killing the oscillator. Since 
this chassis derives most of its operating 
DC voltages from the flyback, this 
brings everything to a screeching halt. 

Don't go away! We're just getting a 
good start. This circuit doesn't just turn 
things off and sit there. Note the con- 
nection to the +24 volt DC line on the 
SCR anode through two resistors and a 
diode. (Which we carefully haven't 
mentioned till now.) When things are 
working, capacitor C817 charges up to 
the +24 volt line, minus the drop 
across the diode. When the SCR is 
gated on, its anode voltage drops to 
zero; the +24 volt line also goes to 
zero. The capacitor starts to discharge 
through the two resistors. 

There's more! Note the AC voltage 
connected to the junction of those two 
resistors. This is a very small sample 
AC voltage from the main power sup- 
ply, about 3.6 volts peak. (Remember 
the peak.) When the charge on the 
capacitor has dropped to 3.6 volts, the 
anode voltage of the SCR will go to 
zero on the next negative going peak of 
the AC voltage. (The SCR, having DC 
on its anode, has stayed on.) When the 
SCR anode goes to zero, it turns itself 
off again. The circuit is reset. 

This reaction takes about one sec- 
ond. If it was caused by a short tran- 
sient spike, things will now go on nor- 
mally. The raster will reappear. 
However, if the fault is still there, the 
shutoff cycle will start over again, and 
it will keep on until the set is turned off! 

This gives you the oddball symp- 
toms; the raster will flash on and off at 
a one -per- second rate, accompanied by 
a "Poot!" in the sound! As I said, if you 
didn't know about this circuit, some- 
thing like this could blow your mind. 

There is a quick -check procedure for 
this circuit. Start by checking the +120 
volt regulated line, with a 120 volt AC 
line voltage. Turn the set to a blank 
channel and turn the brightness com- 
pletely off. Next, turn the horizontal 
oscillator adjustment (T800) counter- 
clockwise until the shutdown circuit 
triggers. (That is, if it isn't triggering 
itself.) You'll have to bend the little 
tab on the can up to allow the core to 
be turned this far. 

Now, disable the shutdown circuit 
by connecting a jumper across the SCR 
gate resistor. This is R824, a 6.2K 
1/4 -watt. If everything else is in the ball- 
park, the horizontal oscillator should 
start and the raster will appear. If it 
doesn't, try a new M -700 module. If 
the raster comes on, the high- voltage 
should read between 29 kV and 33 kV 
(zero beam current). If it does, take 
the jumper off and readjust the hori- 
zontal oscillator, on a signal, until it 
holds sync. Check by changing chan- 
nels. If the SCR keeps on triggering, 
check it, and the diodes, resistors, etc. 
in the circuit. If the 50 -SF charging 
capacitor should open, there would be 
no time -delay action. If you have other 
troubles, try turning the horizontal os- 
cillator control shaft clockwise until the 
raster begins to shrink in at the sides. 
This should reduce the high -voltage far 
enough to stop the shut -down circuit 
from triggering and allow you time for 
making tests. R -E 

reader 
questions 

ODD COLOR 
I have odd color problems in this 

G -E KC chassis. I notice that the little 
neon glow lamp on the chassis goes out. 
Does this have anything to do with the 
color? Also. if it does. where can I get a 
substitute; they call it an 8315AH ?- 
A.A., La {'ale, MD. 

Does that little neon lamp have any- 
thing to do with the color in a KC 
chassis? Yea, verily, brother! The burst 
goes through it! If this lamp is not 
glowing, no color, or very odd colors. 
Check the bulb; if it's blackened, clip it 
off and replace it. You can use a stock 
NE -2 or NE -2H. I've used these and it 
seems to work very well. You replace 
it from the top of the chassis by clip- 
ping off the leads of the old one and 
tacking the new one in. 

THIN VERTICAL LINE? 
All I've got on the screen of this G -E 

D2 TV is a thin, bright vertical line. 
changed the deflection yoke; no luck. 
Any ideas ? -R.B., Los Angeles, CA. 

(continued on page 82) 
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Tear 'n Share 
Save your RCA entertainment receiving tube carton ends* 
and color picture tube warranty serial number stickers*. . 
and redeem them for discount certificates or valuable 
premiums. Just tear and you'll share! 

*Save the receiving tube carton end that is solid red reading RCA Electronic Components 
and the warranty serial number sticker that appears above the warranty envelope on 
the upper right hand corner of the RCA color picture tube carton. One color picture 
tube warranty serial number sticker is equal in value to 20 receiving tube carton ends. 

Your RCA receiving tube carton ends are valuable! 
So are your RCA color picture tube warranty serial 
number stickers. Save them. In various quantities, 
they will bring you: 

Discount certificates. You can apply these 
toward purchases of more RCA receiving 
tubes and color picture tubes from your 
RCA Distributor. 

Popular merchandise pre- 
miums. You can choose from 
a wide selection for yourself, 
your family, or your home. 

Here's how you do it. See your participating RCA 
Distributor. Pick up your copy of the RCA 
"Tear 'n Share" Prize Book and saver envelope. 
Mail the required number of RCA receiving 
tube carton ends or RCA color picture tube war- 
ranty serial number stickers in the envelope 
provided, specifying discount certificates or the 

premium you've selected to: 
RCA Tear 'n Share Headquarters, 

P.O. Box 154, Dayton, Ohio 45401. 

RC,' 
Distributor and Special Products Division, Cherry Hill Offices, Camden, N.J. 08101 
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Thir...protectr your mort eHpenrive 
hi -fi invertment. 

Recognizing that a penny saved is a penny earned, may we suggest 
that trying to economize by putting off the replacement of a worn 
stylus could be like throwing away five dollars every time you play a 
record. (Multiply that by the number of records you own!) Since the 

stylus is the single point of contact 
between the record and the balance 
of the system, it is the most critical 
component for faithfully reproduc- 
ing sound and protecting your rec- 
ord investment. A worn stylus could 
irreparably damage your valuable 
record collection. Insure against 
this, easily and inexpensively, sim- 
ply by having your dealer check 
your Shure stylus regularly. And, 
when required, replace it immedi- 
ately with a genuine Shure replace- 
ment stylus. It will bring the entire 
cartridge back to original specifica- 
tion performance. Stamp out waste: 
see your Shure dealer or write: 

Look for the name SHURE on the sty- 
lus grip and the words "'This Stereo 
Dynetic® stylus is precision manufac- 
tured by Shure Brothers Inc." on the box. 

Shure Brothers Inc. 
222 Hartrey Ave., Evanston, IL 60204 W 
h Canada: A. C. Simmonds & Sons Limited 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 

Circle 21 on reader service card 

SHURE 

CLINIC QUESTIONS 
(continued from page 80) 

A thin bright vertical line shows that 
you do have high voltage and vertical 
sweep, but no horizontal sweep. If you 
have high voltage, the horizontal out- 
put stage must be working. A good 
possibility for this would be an open 
yoke- return capacitor; this is C45, 
.039 F. This capacitor completes the 
return circuit from the horizontal 
winding of the yoke. Try bridging it. 
(Feedback; that was it!) 

NO VERTICAL SWEEP 
There's no vertical sweep on this 

Panasonic CT -26, and I can't find a 

schematic on it. Can you help ? -T.G., 
Prairie Village, KS. 

The service data on this is in Sams 
Photofacts 1371 -1. (That's the accu- 
rate part of the answer! Now for the 
regular stuff.) Check the voltages 
around that 9AQ8, and the 12FQ7- 
25HX5; the last two make up the ver- 
tical multivibrator. Just for luck, check 
the service switch for a short on the 
25HX5 pin -1 grid. Should show a very 
high resistance. 

(Feedback from reader: that wasn't 
it! R477, a plate load resistor, was 
open! Oh, well.) 

VERTICAL PROBLEM 
This Hitachi t,T901 lots an odd verti- 

cal problem. After two hours or so, it 
starts to roll, and then shrinks. Vertical 
height decreases to only 2 -3 inches. 1 

checked and changed transistors, etc.; 
no luck. Then 1 noticed that the +12- 
volt supply to this stage was increasing 
when the trouble started! Finally dis- 
connected it and used a regulated 12- 
volt external supply. This cured the 
problem. 

Now what? This supply comes from 
the horizontal output stage. Where do 
1 go from here ? -J.S., Montezuma, GA. 

I believe that I'd go to that horiz- 
ontal output stage, and from there back 
to the regulated DC voltage supply for 
it. Check the regulated +120 volt sup- 
ply. It looks as if you have a thermal 
problem, 'and very likely in the error - 
amplifier transistor of the regulator. 
Check all of the transistors in the reg- 
ulator circuit while you're at it. (Try 
spray- cooling them just to see what 
happens.) 

PICTURE TUBE REPLACEMENT 
1 rennt to replace the picture tube in 

my set. it 25AP22, with one of the new 

black matrix types. Can I do this? -P.J., 
Baltimore, MD. 

Yes, indeed. Just order a Matrix type 
with the same type number as your 
original tube. You'll probably see it 
listed as "25AP22BM" or some kind 

(continued on page 88) 
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EEITI!GBD O 
The Computer System You Have Been Waiting For 

A BENCHMARK SYSTEM -Using the MOTOROLA M6800 benchmark microprocessor family. 

ffl/////N1Utune... 

5'wTe' 68002=g;" EMEa 

Southwest Technical Products is proud to introduce the M6800 computer system. This system is based upon the 
Motorola MC6800 microprocessor unit (MPU) and it's matching family of support devices. The 6800 system was chosen 
for our computer because this set of parts is currently in our opinion the "Benchmark Family" for microprocessor 
systems. It makes it possible for us to provide you with a computer system having outstanding versitility and ease of use. 

In addition to the outstanding hardware system, the Motorola 6800 has without question the most complete set of 
documentation yet made available for a microprocessor system. The 714 page Applications Manual for example con- 
tains material on programming techniques, system organization, input /output techniques, and more. Also available is the 
Programmers Manual which details the various types of software available for the system and provides instructions for 
the programming and use of the unique interface system that is part of the 6800 design. The M6800 system minimizes 
the number of required components and support parts, provides extremely simple interfacing to external devices and 
has outstanding documentation. 

Our kit combines the MC6800 processor with the MIKBUG® read -only memory (ROM). This ROM contains the pro- 
gram necessary to automatically place not only a loader, but also a mini -operating system into the computers memory. 
This makes the computer very convenient to use because it is ready for you to enter data from the terminal keyboard 
the minute power is turned "ON ". Our kit also provides a serial control interface to connect a terminal to the system. 
This is not an extra cost option as in some inexpensive computers. The system is controlled from any ASCII coded 
terminal that you may wish to use. Our CT -1024 video terminal is a good choice. The control interface will also work 
with any 20 Ma. Teletype using ASCII code, such as the ASR -33, or KSR -33. The main memory in our basic kit con- 
sists of 2,048 words (BYTES) of static memory. This eliminates the need for refresh interrupts and allows the system to 
operate at full speed at all times. Our basic kit is supplied with processor system, which includes the MIKBUG ROM, a 

128 word static scratch pad RAM, and clock oscillator bit rate divider; main memory board with 2,048 words, a serial 
control interface, power supply, cabinet with cover and complete assembly and operation instructions which include 
test programs and the Motorola Programmers Manual. 

If you have a Motorola 6800 chip 
set, we will sell you boards, or any 
major part of this system as a separ- 
ate item. If you would like a full 
description and our price list, circle 
the reader service number or send 
the coupon today. Prices for a com- 
plete basic kit begin at only 
$450.00. 

MAIL THIS COUPON TODAY 
Enclosed is $450.00 or Master C # Bank # 

Oar BAC # Ex Date 
For My SWTPC Computer Kit Send data package 

NAME 

ADDRESS 

CITY 
STATE ZIP 

Southwest Technical Prcducts Corp., Box 32040, San Antonio, Texas 78284 

Circle 83 on reader service card 83 
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CREI the only home-stud 
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program w is gives you 

in electronic circuit design 

on y ers y 

college -level Electronic Design 

Laborator o s d our 

Electronic circuit design- source of all new development 
in the application of electronics to new products and 
services. Without this skill, we would be unable to monitor 
the heartbeat of men in space. Without it, the computer 
revolution would never have occurred. And we would have 
yet to see our first TV show. Yet, only CREI teaches 
electronic circuit design at home. 

ELECTRONIC CIRCUIT DESIGN 
A key skill which paces our nation's progress in count- 
less fields -from pollution control to satellite tracking 
to modern medicine to exploring the ocean's depths. 
And beyond. A skill which you must have to move to 
the top in advanced electronics. 

CREI programs open up 
new worlds of opportunity for you. 
In addition to electronic circuit design, CREI provides 
you with a full advanced electronics education in any of 
thirteen fields of specialization you choose. Communica- 
tions, computers, space operations, television, nuclear 
power, industrial electronics -to mention just a few of 
the career fields for which CREI training is qualifying. 
With such preparation, you will have the background for a 
career which can take you to the frontiers of the nation's 
most exciting new developments. And around the world. 

This free book can change your life. 
Send for it. 
If you are a high -school graduate (or 
equivalent) and have previous training or 
experience in electronics, then you are 
qualified to enroll in a CREI program to 
move you ahead in advanced electronics. 

Send now for our full -color, eighty. page book on 
careers in advanced electronics. In it, you will find full 
facts on the exciting kinds of work which CREI pro- 
grams open up to you. And full facts on the compre- 
hensive courses of instruction, the strong personal 
help, and the professional laboratory equipment which 
CREI makes available to you. All at a surprisingly 
low tuition cost. 

And when you have it, talk with your employer about it. 
Tell him you're considering enrolling with CREI. He'll 
undoubtedly be happy to know you are planning to 
increase your value to him. And he may offer to pay all or 
part of your tuition cost. Hundreds of employers and 
government agencies do. Largt and small. Including some 
of the giants in electronics. If they are willing to pay for 
CREI training for their employees, you know it must 
be good. 
Send for Advanced Electronics today. You'll be glad 
you did. 

CREI Dept. E -1405F 
3939 Wisconsin Avenue 
Washington, D.C. 20016 
Rush me your FREE book describing my opportu- 
nities in advanced electronics. I am a high school 
graduate. 

Name Age 

Address 

City State ZIP 

If you have previous training in electronics, check here 

Employed by 

Type of Present Work 

Veterans and servicemen, check here for G. I. Bill information 

CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 
WASHINGTON, D.C. 20016 

www.americanradiohistory.com

www.americanradiohistory.com


AUTOMATIC 

STAPLE GUNS 
CUT WIRE & CABLE 

INSTALLATION COSTS 
. . . without cutting into insulation! 

SAFE! Grooved Guide positions wire for 
proper staple envelopment! Grooved Driving 
Blade stops staple at right depth of penetration 

to prevent cutting into wire or cable insulation! 

No. T -18 -Fits wires up to 
3/16" in diameter. 

BELL, 
TELEPHONE, 

THERMOSTAT, 
INTERCOM, 
BURGLAR 

ALARM 
and other low 

voltage wiring. 

Uses T -18 

staples with 3/16" round crown 
in 3/8" and 7/16" leg lengths. 

No. T -25 -Fits wires up to 
1/4" in diameter. 
Same basic construction 
and fastens same 
wires as No. T -18. 

Also used for 
RADIANT 

HEAT WIRE 

Uses T -25 staples r 
with 1/4" round crown in 9/32 ", 
3/8 ", 7/16" and 9/16" leg lengths 

NEW! Intermediate 
No. T -37 -Fits wires and cables 

up to 5/16" in diameter. 
,Same basic construction 

as Nos. T -18 & T -25. 

Also used for 
CATV and 

DRIVE RINGS in 
stringing wires. 

Uses T -37 staples 
with 5/16" round crown in 3/8 ", 

1/2" and 9/16" leg lengths. 

No. T -75 -Fits wires and cables 
up to 1/2" in diameter. 
RADIANT HEAT 

CABLE, 
OF CABLE, 

WIRE CONDUIT 
COPPER TUBING 
or any non -metallic 

sheathed cable. 

Also used as 
DRIVE RINGS 

in stringing wires. 

Uses T -75 staples with /2" 
flat crown in 9/ 16 ", 5 8" 
and 7/8" leg lengths. 

11 

271 Mayh tl Street, Saddle Brook, N. J. 0766 
Circle 23 on reader service card 

CLINIC QUESTIONS 
(continued from page 80) 

of designation identifying a matrix 
tube. Incidentally, in the new tube type 
listings, a 23VALP22 is an exact re- 
placement for your 25AP22. 

BAD FOLDOVER 
This Philco 15J27 has a massive fold - 

over at the bottom of the screen. 
Checking capacitors showed nothing. 
I checked the 5.6- megohm resistor 
from the VERTICAL SIZE control to 
the +340 -volt boost (see diagram); 
checked OK out of circuit. I left it dis- 
connected and tried the set. Foldover 
gone! I don't get it. -H.D., Bu1alo, NY. 

I don't either, but there's something 
out of pocket in there. . The classic 
answer to questions about foldover is 
"something is upsetting the grid bias 
on the vertical output stage." This is 

FROM 
TRIODE -fa-) 

PLATE 

1/217J28 
VERT 

OUTPUT 

.047 

FROM 05 

VERT )I 
HOLD 

560K 

good. I made several tests with no re- 
sults, then I found that I could get an 
audio signal through to the screen from 
point 21. Nothing came through to the 
screen from point 20. Tying a jumper 
across these points, I had good sync. 
So, I replaced L7 and C24 (see dia- 
gram); no luck. Then I put the jumper 
back and it works nicely. I don't under- 
stand this! -M.G., Springfield, NJ. 

This happens. When you change a 
picture tube, quite often some little 
thing will show up; probably due to 
moving the chassis, pulling wires and 
so on. (My pet is pulling a yoke lead 
out and not noticing it). 

You won't do too much harm by 
leaving the jumper in there. L7 is just 
a tiny peaking coil. The crystal ball 
says that the original parts are prob- 
ably OK and that you have a hairline 
crack in the PC conductors somewhere 
between them. Check from the video 
detector output with an ohmmeter. 

VERT. OUTPUT 
TRANS 

fi40V 

820K 

5.6 
MEG 

+340V 
BOOST 

VERT 
1.0 SIZE 
MEG 500K 

BAD FOLDOVER 

apparently true here. Disconnect all of 
the resistors in the voltage- divider cir- 
cuit around the vertical size control, 
and check them. This is quite a bag of 
worms, and one of them could be off. 
If that VDR turns out to be defective, 
try an Oneida GB -808; 1.0 mA at 290- 
330 volts. This is a replacement for 
the original Philco part. 

NO SYNC 
After I replaced the picture tube in 

this RCA CTC -31A, I had no horizontal 
or vertical sync! Before, both were 

FROM 
LAST 
I.F. 
TRANS 

20 

VIDEO 
DET. 

JUMPER 

L7 C25 
.212 50pF 

C24 
10pF 

TO GRID OF 
1st VIDEO AMPL 

TO CATHODE 
OF 1st VIDEO 
AMPL 

1.2 
MEG 

820K 

0082 

T 
1140 

HARMONICS OF AM 
Broadcast band AM stations aren't 

supposed to radiate harmonics, are 
they? Still, I can pick up two or three 
AM stations on my four -band SW re- 
ceiver, at double and sometimes triple 
their carrier frequencies. I f these aren't 
radiating harmonics, then what is going 
on here ? -C.K., Yardley, PA. 

You can tune in AM broadcast sta- 
tions at what seems to be their second 
harmonic, especially if the stations are 
fairly close, as yours are. However, it 
is very likely that these "harmonics" 
are being generated in your own mixer 
stage! This is a non -linear stage. If it 
weren't, it wouldn't work. So, a very 
strong RF signal can develop beats and 
actually harmonics, but it's in this stage 
and not at the station. 

I have made tests on radio stations 
and found practically no harmonic 
radiation. Then, the next day, heard 
this same thing on a SW radio. If you 
add a sharply tuned RF amplifier stage, 
this will usually get rid of this kind of a 
problem. R -E 
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It's your yams. 

mein 
Igia 

,; _ .. , : 
op i ON 

WO VAX SA 

real -time clock 
16 digital I/O lines 

4k RAM 

512 times 8 PROM 

serial teletype interface 

hardwired ROM monitor 
(console emulator) 

(Complete with usage, programming, and application manuals.) 

Still, our price goes down a lot easier. 
Take the SPHERE CPU board and you can name a gat, 
play it, and invent your own.lt is totally programmable 
computer base for fun or serious use. Only real design 
innovation by the TEAM at SPHERE CORPORATION could 
make the advances in micro -processing technology that 
could increase the capabilities and bring the price down. 
There have been no compromises and no short cuts .. . 

look at the features! You might even be interested in the 
complete 4K computer system kit for $860.00! In fact, we 

We make the difference count. 
r 

Dear SPHERE: 

The facts I read here convinced me! 

SPHERE CORPORATION 
791 South 500 West # 7 

Bountiful, Utah 84010 

(8011295 -1368 

Enclosed is my check or money order for $860.00. Please 
rush me a SPHERE I System. 

Please rush me more details on your low -cost computer 
system and peripherals. (Specific questions, if any, are 
attached.) 

Print Name: 

Address: 

City: 

State, Zip 

L .11 

at SPHERE have a whole line of fine micro -processing 
parts, kits, peripherials and even full -blown systems. 

Take advantage of the special mail order offer on our CPU 
board, and get one board at the OEM's 100 -quantity price 
complete with the 3 manuals as listed. Use the coupon 
and have it delivered right away. It's your game and we at 
SPHERE CORPORATION make the difference count! 
* The Special OEM 100- quantuy. r:re is extended to the hobby user tor a single 

CPU board through mail order only. Otter ends without notice. 

PF1FIE Z 
SPHERE CORPORATION 791 South 500 West # 7 

Bountiful, Utah 84010 (801) 295 -1368 m 

W 
m 

V 
U7 
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DON'T GET 
STUCK 
WTH 
THE TA 

Do your Christmas shopping before 
midnight Nov. 30th. 

I' ycu've been saving Sylvania tube tabs, your time 
has come. 

Unless your tabs are received at award headquarters 
by midnight Nov. 30th, all you'll have is a bunch of tabs. 

F.nd that includes those color picture tube labels that 
are worth 20 receiving -tube tabs. 

But before that magic hour you can have anything in 

the '75 Save -a -Tab catalog. 
After midnight your tabs will be as valuable as 

Cinderella's pumpkin. 
Do your Christmas shopping now for everyone 

(especially yourself) from the catalog available at your 
Sylvania distributor. 

But have your tabs at award headquarters by 
mic night Nov. 30th. 

Nov. 30th, the world. 
Dec. 1st, just tabs. 

GB SYLVANIA 
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92 

new products 

More information on new products is available from the 

manufacturers of items identified by a Reader Service num- 
ber. Use the Reader Service Card inside the back cover. 

TUNER SUBBER, Mark IV -CUV, incorporates 
these features; tunes all VHF & UHF chan- 
nels, electronic fine -tuning, dual 40 MHz IF 
output jacks and a battery condition indica- 
to r. 

It tunes all 82 VHF and UHF channels for 
substitution tests of the tuner and the entire 
IF system of any 40 -MHz TV receiver, and 
permits signal injection after the AGC con- 
trolled stages for a high speed AGC system 

analyzing procedure. Use it anywhere. Bat- 
tery or 120 -VAC line powered, instrument 
automatically changes over to internal bat- 
tery power when AC power is disconnected. 
The price is $64.95. -Castle TV Tuner Serv- 
ice, Inc., 5710 N. Western Ave., Chicago, IL 
60645. 

Circle 31 on reader service card 

STEREO RECEIVER, model 540, features a 

sensitive tuner and a unconditionally stable 
amplifier. The tuner section features a 4- 

gang MOSFET front end combined with a 

compensated ceramic IF filter, a quadrature 
FM detector and a phase -locked -loop multi- 
plexer. Specifications include an IHF sensi- 
tivity of 1.8 AV, a capture ratio of 1.5 dB and 
stereo separation of more than 40 dB at 
400 Hz and better than 30 dB across the 
band. The control center of the model 540 

has dual concentric bass and treble controls, 
12 dB per octive high -filter and volume and 
balance controls. In addition, there are 2 

phono inputs, microphone, headphone and 
tape jacks on the front panel as well as main 
and remote speaker switching. The power 
amplifier section provides 40 watts per chan- 
nel minimum RMS into 8 ohms from 20 to 

20 kHz with no more than 0.3% total har- 
monic distortion. Rear panel jumpers per- 
mits separation of the amplifier and power 
amplifier sections. The unit measures 51/8" 
high X 15" wide X 111/2" deep and weighs 
30 pounds. The suggested retail price is 
$419.90. -Pilot Radio Sales, 165 West Putnam 
Avenue, Greenwich, CT 06830. 

Circle 32 on readér service card 

DIGITAL MULTIMETER, model 334, is de- 
signed for continuous operation in service, 
laboratory and testing applications. It has 5 

ranges of AC and DC voltage and current 
and 6 ranges of resistance. Features include 
31/2-digit resolution, automatic decimal point, 

automatic overrange indication, 200 -mV AC 
and DC ranges, fuseless protection on volts 
and ohms, and fast response. Power input 
is 105- 125- VAC /210 -250 -VAC, 50- 400 -Hz. 
It measures 81 /2 -in W X 4 -in. H X 6 -in. D and 
weighs 31/2 lbs.- Hickock Electrical Instru- 
ment Co., 10514 Dupont Ave., Cleveland, OH 
44108. 

Circle 33 on reader service card 

CATV MULTI -TAP, series 3800, is for two or 
four subscriber service. Special features in- 
clude a cable seizure that does not damage 

center conductor or strain the internal cir- 
cuitry, cast -in labyrinth RFI seal, and collars 
for direct application of shrink -sleeving to the 
housing. Specifications include -bandpass, 5 

to 300 MHz, return loss, 23 -dB minimum; tap - 
to -tap isolation, 30 dB; hum modulation, -65 
dB at 6A tap value for 0 dBmV level. 

The 3800 series can be pedestal or aerial 
mounted. The unit measures 31/4 in. wide X 

33/4 in. high X 13/4 in. deep, less connector 
and mounting hardware. The suggested retail 
prices are $6.25 each for the two -tap models 
and $6.50 each for the four -tap models. - 
GTE Sylvania, Marketing Department, 114 S. 
Oregon St., El Paso, TX 79901 . 

Circle 34 on reader service card 

CCTV CAMERA, model TVC -501, is a solid - 
state compact closed- circuit TV vidicon cam- 
era. The vidicon is a 2h" separate mesh type 
with electrostatic focus and magnetic deflec- 
tion. The position of the vidicon can be easily 

adjusted for mechanical focusing and for op- 
eration with different lenses. An F /1.6 16mm 
lens is supplied with the camera. The center 
resolution of the camera exceeds 550 lines. 
The output is video, 1.4 volts P -P across 
75 ohms. Automatic light compensation is 

8000:1. The grey scale includes at least 10 

steps. Signal to noise ratio exceeds 40 dB. 
Suggested retail price is $495.00. -Jerrold 
Electronics Corp., 200 Witmer Road, Hor- 
sham, PA 19044. 

Circle 35 on reader service card 

CONDENSER MICROPHONE, model CM- 
1000, features a cardioid pick -up pattern and 
an extended dynamic range. A gold metalized 
polyester film diaphragm provides exceptional 
high frequency transient performance. A bat- 

tery operated power supply energizes the 
model CM -1000, but it may also be powered 
directly from a console (45V -50V). Switch - 
able 10 -dB and 20 -dB attenuator pads and 
low- frequency rolloff network ( -10 dB at 
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100 Hz) guard against amplifier and input 
overload. 

Specifications include: Frequency re- 
sponse, 2- 20,000 Hz ±2.5 dB; output im- 
pedance (1 kHz), 600 ohms ±15%; sensitiv- 
ity, -67 dB ±1.5 dB; signal -to -noise ratio, 
better than 50 dB; maximum SPL at 3% dis- 
tortion, 139 dB; current consumption, less 
than 1.5 mA; operating voltage, 8.5V -9.1V; 
dynamic range, 115 dB. 

An optional pinpoint capsule is also avail- 
able, model CP -102, to convert the micro- 
phone to a super -omni- directional pick -up 
pattern. Suggested retail price is $290.00 in- 
cluding preamplifier, battery power supply, 
windscreen, connecting cables and swivel 
stand adaptor. The suggested retail price for 
the optional model CP -102 is $100.00. -Na- 
kamichi Research, Inc., 220 Westbury Ave., 
Carle Place, NY 11514. 

Circle 36 on reader service card 

GUTTER CLAMP ANTENNA MOUNT features 
a high- tension spring that clamps the unit fast 
to any make vehicle. A special rubber 
bumper prevents marring the car's finish. 
Clamp styles are available to fit all popular 
makes of antennas and complete mounts. 

Also, antennas of both the quarter wave type 
and gain antennas for low, high and VHF 
bands complete with the clamp are available. 
Provisions are also made to assure a proper 
ground plane for maximum radiation effi- 
ciency of the antenna.- Larsen Antennas, 
P.O. Box 1696, Vancouver, WA 98663. 

Circle 37 on reader service card 

COMBUSTION DETECTORS, models 580 and 
600, operate on the ionization principal, de- 
tecting fire at its earliest stage before smoke, 

heat and flames develop. Both models contain 
built -in batteries that are constantly moni- 
tored. When battery voltage drops to a pre- 
set warning level, a built -in horn will sound, 

indicating trouble. The battery is easily re- 
placed and will last approximately one year. 
Alarm Device Manufacturing Company, Syos- 
set, NY 11791. 

Circle 38 on render service card 

STEREO PREAMPLIFIER, model SP 5200, is 
a linear flat- response preamplifier that has 
provisions for the connection of external sig- 
nal processing devices. There is a five -input 

monitor selector that allows listening to the 
signal source whether the source is pro- 
cessed by an external device or not. 

Operating controls consist of a record 
source selector, a monitor selector, a mode 
switch and a pair of volume controls. The 
volume control consists of a pair of slide 
potentiometers. The gain of the input pre- 
amplifier is adjustable from 27 dB to 55 dB so 
that it can accommodate any cartridge re- 

TM 

Q 7 BREAKERLES 
FOR ALL CARS 

NOW optically -controlled MEGASPAR 
the next generation in dependabl 
electronic ignition -gives you 

1 ELECTRONIC 

Made in U.S.A. 

only 

54850 
Std. Mdl. 400 

Reduced Maintenance 
Perfect Engine Timing and Dwell 
Unmatched Fuel Economy 
Lowest Operating Expense 
Lifetime Guarantee 

Points and condensor are replaced by a supremely accurate 
opto- electronic sensor, so you eliminate tune -ups forever; 

timing and dwell never need resetting. 

MEGASPARK IS A SUPERIOR PRODUCT 
absolutely improves economy, pickup and per- 
formance on every car under every operating 
condition. Optical trigger and fast switching is 
the secret. With the new High -Power Darlington 
Amplifier you get a fatter, longer duration "com- 
plete combustion' spark - great for today's lean 
mixture engines. Fast, 1/4 microsecond switching 
time means cool, long -life, trouble -free operation. 
OPTICAL TRIGGER ELIMINATES MECHANICAL 
PROBLEMS. MEGASPARK'S infra -red opto -elec- 
tronic sensor eliminates points and condenser. 
No more worries over corroded, pitted points. 
The modern opto- electronic trigger device never 
wears out, never needs adjustment. It is totally 
accurate - for the life of the car. Timing is not 
retarded as it is with other add -on units using 
magnetic pickup sensors. 

Installation? No Problem; Detailed Instructions 
Furnished! Fifs .411 Cors - 4, 6, 8, Cylinder. 

Domestic and Foreign - Rotarys, too. 

Use your standard coil or check the box below 
for our special discount offer on famous Mallory 

Voltmaster Mark II Coils. 

LIFETIME WARRANTY 
Each MEGASPARK carries a lifetime free 

repair or replacement warranty. No time limit. 

NhatedLkld Marod tigk 

L__llrlsiDetcebr 

i 
Ligt Beam Control 

Disc -12V_ 

Pulse 

Shaping 

Neared 

Reverse Polarity, - Transient and 
Surge Protection 

1 

.9 

Mmdyton 
Dadmgten 
Amplifier 

Open and 

Started Output 
Protection 

POWER TO SPARE IN SUB -ZERO WEATHER. 
MEGASPARK means quick starts on cold, damp 
mornings. Solid state, controlled optical trigger- 
ing is rugged and reliable. It eliminates all prob- 
lems associated with the points and condenser. 
It provides for cylinder -to- cylinder firing accuracy 
simply unattainable with any other system - a key 
factor in gas economy. Extended dwell means in- 
creased coil saturation and higher spark intensity. 

CUT MAINTENANCE AND FUEL COSTS. MEGA - 
SPARK pays for itself quickly. It costs less than 
most tuneups and it locks the tuneup in... indefi- 
nitely. MEGASPARK saves you money thru in- 
creased efficiency and gas mileage, decreased 
maintenance costs. You will get better gas mile- 
age; spark plugs last longer; pickup and power 
is enhanced; service costs go way down. 

RELIABILITY AND DESIGN ARE SECOND TO 
NONE. Made with top -quality, U.S. made com- 
ponents housed in a heavy aluminum case, each 
unit is fully protected against reverse polarity, 
open secondary and power surges. Completely 
waterproof and heat resistant. 

ATTENTION CD IGNITION OWNERS 
Convert your CD to opto- electronic operation 
with MEGASPARK 300 for only $34.50. Works 
perfectly with ALL CD units. 

MODEL 500 High performance model 
for 

superior sparking and engine 

Delivers 20 % more power than Model 400. 

MODEL 300 

Ignition 
.9 Coil 

Te 

MODEL 400 
Standard 
model exceeds 

requirements 
of all cars. 

Trigger Unit 
modernizes 

previoCD usly 
ignitionsinstalled . 

S{ NITION SYSTEMS INC., 2547 -8th St., Space S, Berkeley, CA 94710, (415) 845.3584 

Enclosed is my check ; money order ; in the amount indicated. Please RUSH - Satisfaction Guaranteed. 
MEGASPARK 500 @ $64.50 
MEGASPARK 400 @ $48.50 
MEGASPARK 300 @ $34.50 
VOLTMASTER Mark II Coil © $19.95 

Add for Postage and Insurance. $1.00 
California residents add sales.tax 

TOTAL: 

SEND FREE ILLUS. IMPORTANT: 
TRATED BROCHURE Indicate 

make and 
model of car, 

engine 
displacement 
and number 
of cylinders. 

Charge my 
MASTER CHARGE 

BANKAMERICARD 
(Please provide full 
credit card info) 

NAME 

ADDRESS 

CITY STATE TIP 
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 Me 
chances 
tobe 
right 

Thousands more 
cross references 

Transistor kit 
for foreign sets 

Replacement 
amplifier modules 

All the help you need 
at your authorized distributor 

Tube Products Department 
General Electric Company 
Owensboro, Kentucky 42301 

GENERAL ELECTRIC 

gardless of its output voltage. Specifications 
include a frequency response of 20 Hz to 
20 kHz ±0.1 dB, total harmonic distortion of 
0.05% maximum from 20 Hz to 10 kHz and a 

rated signal output of 2.5 volts. At rated out- 
put, noise is 95 dB minimum measured from 
20 Hz to 20 kHz. Suggested retail price is 
$489.95. -Burwen Laboratories, 209 Middle- 
sex Turnpike, Burlington, MA 01803. 

Circle 39 on reader service card 

CABLE PREPARATION TOOLS. A new series 
of coaxial cable stripping tools save time by 
preparing cables for their connectors in less 
than 15 seconds. The cut dimensions are ac- 
curate to within 20 thousandths of an inch. To 
use the tool, just insert the cable in one end 
and rotate it to either expose the center con- 
ductor or strip the outer jacket, depending 

on the specific tool used. Then insert the 
cable into the other end of the tool and it 
is rotated to either remove the outer jacket 
or to remove the dielectric cable. The cutter 
blade will not nick the center conductor of 
the coax nor will it leave loose strands of 
wire. The tools are available for cable sizes 
from RG -59 to 0.75 -in. aluminum cable. A set 
of replacement cutting blades is also avail- 
able for use in the stripping tools.- Blonder- 
Tongue Laboratories, Inc., Old Bridge, NJ 
08857. 

Circle 40 on reader service card 

CRT RESTORER/ANALYZER, model 467, em- 
ploys an exclusive test method that tests all 
three guns of a color CRT simultaneously 
under actual operating conditions. The guns 
are tested in sequence, 20 times per second, 
and the results are displayed simultaneously 
on three color coded meters. The model 467 

tests for true beam current -current that 
passes through the G1 aperture to the screen. 

Restoration is performed with minimal 

danger of cathode stripping. The model 467 
can be used to test and restore any type of 
color or black- and -white picture tube with- 
out calculation or reference to charts. It also 
provides tube -life indication, finds and re- 
moves shorts, and identifies and corrects 
tracking deficiencies in color CRT's. The 
price is $279.00. -B &K- Precision, Div. of 
Dynascan Corp., Chicago, IL 60613. 

Circle 41 on reader service card 

TURNTABLE, model SR -525, is a manual 
single- record direct -drive turntable that is 
driven by a 20 -pole, 30 -slot DC brushless 
motor. The motor is servo -controlled. Two 

speeds are available, 331/3 or 45 RPM, with a 
fine adjustment for both speeds. Speed con- 
trol is aided with the help of an illuminated 
stroboscope with markings on the platter. 
The platter has a diameter of 121/4 -in., is 
aluminum die -cast and weighs 3.1 lbs. The 
tonearm is S- shaped, incorporating a special 
resonance absorber. The unit has bias and 
lateral balance compensation and a separate 
lever at the arm base for cueing. -Sansui 
Electronics Corp., 55 -11 Queens Boulevard, 
Woodside NY 11377. 

Circle 42 on reader service card 

SOLDERING STATION, WTCP series, fea- 
tures an exclusive "closed loop" method of 
controlling maximum tip temperature. This 
protects temperature sensitive components. 

The complete station includes a low -volt- 
age stainless steel pencil -grip iron, 700° F 

screwdriver tip, holder, sponge and recepta- 
cle, and a three -wire non -burning silicone 
power cord. Model WTCP -L adds a built -in 
on /off switch and red pilot light. 

The 60 -watt units control temperatures in 
three ranges -600 °, 700° and 800° F, deter- 
mined by choice of quick- change, anti- oxida- 
tion -coated tips in many configurations and 
sizes. -Weller -Xcelite Div., The Cooper 
Group, Apex, NC 27502. 

Circle 43 on reader service card 

AUDIO GENERATOR, model LAG -26. Fast 
rising square waves for testing transient re- 
sponse and low distortion sine waves are 
among the features. It has a sine wave out- 
put range of 20 Hz -200 kHz at 0 -5 VRMS 
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with ± 
1 -dB flatness and with distortion at 

less than 0.5% below 20 Hz. Square wave 
output is 20 Hz -20 kHz in the 0 -10V P -P 
voltage range with 0.5 -as rise time. The gen- 
erator can synchronize signals from an ex- 

ternal source and has a calibration accuracy 
of ±3 %. Output inpedance is 600 -ohms un- 
balanced and the frequency range is in 4 

decade -bands. The unit measures 6 -in. H X 

10 -in. W X 5 -in. D and weighs 5.5 lbs. The 
price is $139.95.- Leader Instruments Corp., 
151 Dupont St., Plainview, NY 11803. 

Circle 44 on reader service card 

MOBILE PA AMPLIFIER, Realistic MPA -10, 
is designed for 12 -volt operation in cars, 
trucks, campers or boats. The unit measures 
11/2 in. X 41 /8 in. X 61/2 in. and comes with 
a dynamic mike and hanger for clipping it to 
the side of the unit. Separate microphone 
and auxiliary input jacks allow connection of 
a tuner, ceramic phono or tape player to the 
amplifier with pushbutton selection of either 
or both for paging over music. Output power 
is 10 watts RMS into 8 ohms. Frequency re- 
sponse is 200 Hz to 10 kHz at full power. A 

°' .7077 ....,.,. 

tone control allows adjustment for best tonal 
quality. Suggested retail price is $39.95 com- 
plete with microphone and mounting hard- 
ware. -Radio Shack, 2617 West Seventh 
Street, Fort Worth TX 76107. 

Circle 45 on reader service card 

VNIx -PItAST 
4 lri 

SERvKE 

411,01 

"Which one of you fellas is the best 
TV repairman ?" 

MOVING? 

Don't miss a 

single copy of 
Radio -Elec- 
tronics. Give 
US: 

Six weeks' no- 
tice 

Your old ad- 
dress and zip 
code 

Your new ad- 
dress and zip 
code 

ATTACH 

LABEL 

HERE 

name (please print) 

address 

city state zip code 

Mail to: Radio -Electronics 
SUBSCRIPTION DEPT., BOULDER, COLO. 

80302 

You don't have to buy a new car to get an electronic ignition. 
Most of you know the evaluation of automotive electrical sys- 
tems . . . an evaluation characterized only occasionally by 
efficiency and performance. I know that, and that's why I use 
the Delta Mark Ten B CDI on all my cars, new and old. And 
believe me, you don't have to have a new car to appreciate 
the best electronic ignition available today. Study these fea- 
tures and you'll know what I mean. 
1. Mark Ten and 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. 
2. The Mark Ten CDI's really do 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! 
3. Because the Mark Ten CDI's keep 
your car in better tune, you actually 
can save on expensive gasoline. 
4. With a Mark Ten, spark plugs stay 
clean and last longer ... fouling is 
virtually eliminated. 
No matter what kind of car you drive, it too can use a Delta 
quality lift. 

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. 
P.O. Box 1147, Dept. RE, Grand Junction, Colo. 81501 
303- 242 -9000 

Mark Ten B, Standard Mark Ten, 
assembled .$64.95 ppd assembled .. $49.95 ppd 

Mark Ten B. kit $49.95 ppd Deltakit® . .$34.95 ppd 
Circle 27 on reader service card 
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DIGITAL 

PERFORMANCE 

YOU CAN 

RELY ON. 

The Hickok Model 334 DMM is 
a rugged, non -temperamental, 
hardworking tool that's easy to 
use and easy on your eyes. 
Hickok has established a unique 
reputation in digital electronics 
during the past 10 years. The 
Model 334 is another example 
of our engineering expertise - 
an economical lab quality 
instrument with exceptional 
durability and accuracy. 

Easy reading, green 
fluorescent display 
31/2 digit - auto polarity 
26 ranges including 200 mV 
AC & DC ranges 
Fast response - 
2.5 readings /sec 

Basic Accuracies (% of reading) 
DC Volts; ±0.2% (±0.5% on 200V, 

1200V ranges) 
AC Volts; ±0.5% (±2.0% on 

200 mV, 2V ranges) 
OHMS; ±0.5% 
DC Current; -.±1.5% 
AC Current; ±2.0% 

Ask to see the Model 334 at your 
Hickok distributor. It's a no 
compromise DMM at a price 
you can afford. 

$22 

HICKOK 
the value innovator 
INSTRUMENTATION & CONTROLS DIVISION 
THE HICKOK ELECTRICAL INSTRUMENT CO. 

10514 Dupont Avenue Cleveland, Ohio 44108 
(216) 541 -8060 TWX: 810- 421 -8286 

Circle 62 on reader service card 

new lit 

All booklets, catalogs, charts, data sheets and other litera- 
ture listed here with a Reader Service number are free. Use 
the Reader Service Card inside the back cover. 

SERVICEMAN /TECHNICIAN CATALOG. A 
48 -page illustrated mail -order catalog which 
has been specifically designed as a quick 
reference ordering guide for use by radio/ 
TV servicemen, electronic technicians and 
hobbyists. Included are tools, service and 
repair kits, test equipment, tubes, phono 
cartridges, speakers and microphones, an- 
tennas, components and many other ser- 
vicing aids of various major manufacturers. - 
Fordham Radio Supply Co., 558 Morris Ave- 
nue, Bronx, NY 10451. 

Circle 46 on reader service card 

ENGINEERING MANUAL & PURCHASING 
GUIDE. 228 -page catalog of electronic com- 
ponents. Included are complete specifica- 
tions, illustrations and information which 
describe each product. You'll find wire, cable, 
solid -state devices, test equipment, timers, 
connectors, relays, tools, capacitors and 
other electronic parts for virtually any appli- 
cation.- Allied Electronics, Dept. 76, 401 

East 8th Street, Fort Worth, TX 76102. 

COSMOS CIRCUITS. 246 -page catalog and 
applications manual that describes two lines 
of CMOS logic circuits -the 54C/74C and 
CD4000 series. This paperback handbook 
contains data sheets, specifications, dia- 
grams, charts, graphs, applications informa- 
tion, and a cross reference.- National Semi- 
conductor Corporation, 2900 Semiconductor 
Drive, Santa Clara, CA 95051. 

Circle 47 on reader service card 

STEREOPHONES. 6-page brochure describes 
five headphones plus a 4- channel converter. 
These include two stereo lightweight models, 
a stereo high -performance model and a Elec- 
tret model. In addition, there's a 4- channel 
headphone that uses the Fixler Effect for 
enhancing separation. A 4- channel converter 
that is designed to be used with the 4- channel 
headphone synthesizes the 4- channel effect 
from existing 2- channel program material. 
Brochure includes specifications and fea- 
tures.- Telephonics, 770 Park Avenue, Hunt- 
ington, NY 11743. 

Circle 48 on reader service card 

SPEAKER BROCHURE. 8 -page brochure de- 
scribes six hi -fi speakers incorporating the 
Heil air -motion transformer. Specifications 
are listed for each speaker. The brochure 
also explains the principal behind the Heil 
air -motion transformer. -ESS, Inc., 9613 
Oates Drive, Sacramento, CA 95827. 

Circle 49 on reader service card 

VOM BROCHURE. 4 -page brochure describes 
the new model 60 series VOM's. The bro- 
chure lists specifications, features and ap- 
plication data for the model 60, model 60 -A 

( ±1 -1/2% DC accuracy) and the model 60 -K. 
These 28 -range VOM's feature drop -proof 
and burnout -proof protection. They can be 

safely dropped from 5 -foot heights and have 
diode and fuse protection. The brochure in- 

cludes complete specifications and lists a 

host of optional accessories. -Triplett Corp., 
Bluffton, OH 45817. R -E 

Circle 50 on reader service card 

INTERMITTENT BRIGHTNESS 

The brightness level jumps up and 
down on this CTC -25X RCA. When this 
happens, the picture blurs and loses 
focus. I can rap the chassis and make it 

come back. The voltages on the picture 
tube vary when this trouble shows up. 
High voltage goes down. I suspected a 

bad picture tube, but I tried an isolation 
brightener and it didn't help -so, I need 
yours! -A.G., Westminster, Calif. 

If this is a "jar intermittent ", you 
can find it much more easily. Most 
likely cause is a bad solder joint some- 
where on the PC board. Take a new 
lead pencil, and tap lightly around at 
different points. Find out where the 
most sensitive place is; where you can 

just barely tap it and make the problem 
appear. When you get here, start mov- 
ing various parts gently; if you can find 
one that makes the picture cut out 
when you move it, OK. One end of it is 

probably intermittent. 
Some parts which could cause this 

would be the common cathode resistor 
of the color- difference amplifiers; the 
B+ or boost feed to the screen con- 
trols, and so on. Check the horizontal 
blanker stage, especially the 0.22 -mf 
coupling capacitor to the difference 
amplifiers. If this is opening intermit- 
tently, it will upset the bias on the 
three difference amplifier tubes and 
cause some problems. 
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STATE-OF-SOLID-STATE 
(continued from page 34) 

tional control lines that are a super- 
visory link between the CPU and the 
peripheral. Each PIA has six registers 
that function like standard memory lo- 
cations. 

The Asynchronous Communications 
Interface Adapter (ACTA) is a serial 
output circuit. The output data is in a 
sequential form one hit after the other. 

MOTOROLA MC6860 MODEM 

Sequential data is processed and sent 
out over voice grade telephone lines to 
remote terminals or other computers. 
The actual modulator -demodulator job 
of putting the serial data onto the phone 
line is done by the remaining circuit 
type, the MC6860, 0 to 600 bit -per- 
second MODEM. 

1 0 

4V 60Hz 

2 

IC 10 
DECODER 

D 

11 

C A B 

3 5 

IC 9 
DECODER 

D 

8 1 9 

D C BIN B 

14 AIN IC6 
R91 

SN7490 
A 1302 RO1 

71-77- 2 3 2 

DIVIDE BY 12 

6 

12 13 

IC7-d 
1/4 

11 

SLOW 
SET 

60/64 Hz 

IC 7-a 14 112 

A BIN 

ICI 11 14 

SN7493 D 6á;l6 
R01 

DIVIDE BY 16 

FIG. 2 -TTL CLOCK circuit. 

Hz 

9t 11 

B C A 

8 11 9 121 

D B C A 1 

IC5 BIN - 
SN7492 

R 
AIN 

O1 

14 

DIVIDE BY 6 

FAST SET 
60/32 Hz 

IC 8 
DECODER 

D A B 

11 12 8 9f 
D A C B 

IC4 
SN7493 Roe 

2 RO1 

AIN A BIN 

14 12i 11 

3 

CONNECT DIVIDE BY 10 
TO SLOW 

OR 
FASTSET SETTO IRUN 

8 D 

AIN SN7493 
RO1 602 

2 3 

4 5 

IC7-b 
1/4 

7408 
6 

141 121 1 

8 C AIN A BIN 

IC3 
SN7493 

601 602 

D 

B 

1 MIN 

2 3 

11 

9110 
IC7-c 

1/4 
7408. 

8 

Prices of the five available circuit 
types are: MC6800, $360; MCM681 OL, 
$30.50; MCM6810L -1, $37.50; MCM- 
6820, $20; MCM6830L, $35; MC6860, 
$75. All prices are for 1 to 24 quanti- 

DIVIDE BY 225 

ties. The MC6800 and MC6820 are 40- 
pin ceramic dual -in -line devices and the 
others are 24 -pin units. Software (pro- 
gramming) support now includes a 

(turn page) 

MEETOUR FAMiLy 

of ShiELdEd "black boxEs" 
Almost 10 years ago (1966 to be exact) we introduced 
our first two series of shielded electronic enclosures. 
They became an overnight success. Since then the 
demand for different sizes, shapes and applications has 
increased our family to eight series of models, each 
with a noise rejection greater than 70db. 

POMONA ELECTRONICS 
A Division of ITT 

1500 East Ninth St., Pomona, California 91766 Tel: (714) 623-3463 

Sizes range from 1.50" x 1.13" x 0.88" to 4.13" x 2.68" x 
6.0 "; in blank versions or with a complete choice of 
coaxial connectors; painted or unpainted; with or with- 
out printed circuit card guides; with mounting flanges 
or bottom mounting plates. All models supplied with 
aluminum covers and screws. 

SOLD ONLY THROUGH ELECTRONIC DISTRIBUTORS 

Circle 63 on reader service card 
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cross -assembler and interactive simula- 
tor, with more on the way. American 
Microsystems Inc. will second -source 
the microcomputer circuits. 

TTL clock circuit 
Kenneth Bagnall of Bagnall Elec- 

tronics sent me a clock circuit (Fig. 2) 
that is timed by the 60 -Hz power -line 
frequency. The circuit has ten IC's plus 
some digit driver -transistors, the exact 
number depending upon the display 
chosen. Especially interesting are the 
instructive 7400 TTL counter feedback 
strategies. 

The input to IC7 -a, the first section of 
the SN7408 Quad 2 -Input AND Gate 

SLOW SET 

I - 
60/16 Hz 

IC7-c 

Rom; 

IC3 

(-\ 
1 IC7-b 

FIG. 3- DIVIDE -BY -225 counter from TTL clock circuit. 

BARGAIN 

BONANZA 

EDLIE 
HIGHEST QUALITY 

KITS 
ONLY NEW 
PRODUCTS 

(H175) 70 1/2w CARBON 
RESISTORS $1.00 
Asst. values. Some 5 %. 

(H154) 150 CUT LEAD 
RESISTORS $1.00 
Carbon, all leads long enough 
for soldering. 

(H149) 20 POLYSTYRENE TOP 
GRADE CAPACITORS $1.00 

(H132) 20 DUAL POTS $1.00 

(H138) 10 SLIDE SWITCHES 
All types: DPDT, SPST. $1.00 

(H134) 8 ROTARY SWITCHES 
Some multiple gang. $1.00 

(H128) 13 MINIATURE ELEC- 
TROLYTIC CAPACITORS $1.00 
Axial & upright, popular values. 

(H144) TRANSISTOR 
REPAIR KIT $1.19 
Various parts used to repair 
transistorized devices. 

(H137) 10 INSTRUMENT $1.00 

Made by Ratheon, etc. With set 
screws. "1/4" shaft." 

(H164) 4 ROLLS OF WIRE $1.00 
Approx. 25 ft. per roll, 20 -28ga. 

(H140) TAPE RECORDER 
SPARE PARTS KIT $2.95 
Parts for repairing most tape 
recorders: capacitors, meter, 
pilot lamp, jacks, and MUCH 
MORE. 

(H167) 10 MINIATURE 
POTENTIOMETERS $1.00 

(H182) 2 MISC. METERS $1.00 
Miniature. 

(H156) 60 DISC 
CAPACITORS $1.00 
Asst. from .0001 to .1, most 
600v, Z5U, NPO, N750, etc. 

SURPLUS TUBES 
All guaranteed for 

1 full year. 
ANY 3 FOR $1.25 

Acquired from U.S. Defense depots 
or removed from equipment (new 
and used). These are laboratory 
tested and guaranteed for one full 
year. Most are of such standard 
makers as RCA, GE, etc. 

3AF4 
3BN6 
3DG4 
3KT6 
3Q4 
4BC5 
4BN6 
4BU8 
4BZ7 
4CY5 
5V6 
5Y3 
6AF4 
6AG5 
6AG7 
6AL5 
6AQ7 
6AT6 

6AU6 6EB8 12AL5 
6AV6 6E17 12AL11 
6AV11 6EM7 12AT7 
6AX4 6ER5 12AU7 
6AX5 6EY6 12AV6 
6AY3 6GF7 12BE6 
6AY11 6GH8 12BH7 
6BA6 6GN8 12C8 
6BG6 6GU7 171Z8 
68J8 6K6 18FW6 
6BQ6 6K11 21KQ6 
6BZ6 6LB6 25L6 
6C66 6SN7 35EH5 
6CG7 6T8 35Z5 
6CM7 6V6 36AM3 
6DE4 6W4 50A5 
6DR7 6X4 50L6 
6DW4 10EW7 
6EÁ8 12AE7 

(H147) 4 Ib. GRAB BAG 
SPECIAL $1.00 
Full of exotic and exciting elec- 
tronics parts. 
(H155) TUBE BONANZA! $1.00 
20 asst. popular tubes, untested. 
(H141) 6 RCA JACK STRIPS 
From 2 -6 per strip. $1.00 
(H142) 50 PRECISION 
RESISTORS $1.00 
All 1 %, 1/2w and 1w, low and 
high ohmages. 
(H150) 15 HI -FI KNOBS $1.00 
Every one superb! Purchased 
from Harmon, Kardon, Fisher, 
etc. 
(H102) CALCULATOR 
KEYBOARD $2.95 
Wild Rover C -1380. Can be used 
with CT5001. 4 function, clear, 
clear entry and constant. 7 cm 
x 9 cm. 
(H010) MJ4032/M14035 DAR- 
LINGTON PAIR. High power 

150W, HFE 2500 typ. TO -3 case. 
With data. $7.50 pair 
(H009) TO-3 MICA WAFERS 

10 for 250 

S(H1104) 
IC 
TOOL 

REMOVAL AND 1 5 
"Pul- n- sertic" extracts and in- 
serts ICs without damage. 
(H271) 1N4148 High Speed 
switching diode. Full leads. 

12 for $1.00 

MONEY BACK GUARANTEE 
Terms: Minimum order $4.00. In- 
clude postage. Either full payment 
with order or 20% deposit, bal- 
ance C.O.D. 

WRITE FOR FREE 

VALUE PACKED CATALOG 
Listing thousands of components, 
tubes, transistors, IC's, kits, test 
equipment. 

BONUS 
FREE CAPACITOR KIT 
With Every $5 Purchase 

30 AMP STUD RECTIFIERS 
(HLSS54) 50V $1.19 
(HLSS55) 100V $1.39 
(HLSS56) 200V $1.59 
(HLSS57) 400V $1.79 
(HLSS58) 750V $1.99 
(H1336) TO-3 TRANSISTOR 
sockets. 12 for $1.00 
(H298) 1 WATT ZENERS 600 
available in 5V, 9.1V, 12V, 24V. 
(H1092) Z -5 SILICONE HEAT 
SINK COMPOUND 
1 oz. tube $2.95 
(H008) 14 pin DIP sockets 

3 for $1.00 
(H260) 2N3638A PNP high speed 
switch. HFE 100 TO-105 case. 

2 for $1.00 

THIS MONTH'S SPECIALS! 
TTL 

74 n 7401 180 
7446 
7447 800 

[-17402 230 7448 80 
7403 230 7473 490 
7404 230 7474 49 
7405 230 7475 850 
7406 230 7476 530 
7410 230 7490 790 

El 7411 270 7492 790 
7413 400 7493 590 
7420 230 7495 790 

n 7430 230 f- 74121 570 
7440 300 0 74122 
7442 $1.12 0 74123 670 

L NEARS 
LM309K 5v la reg. 
555 Timer 
566 Function gen. 
567 Tone decoder 
709 Op amp 
741 comp. op amp 
2102 1024 bit RAM 
8038 volt cont osc 

$1.15 

$1.75 

$1400 
390 

$4.95 
$4.25 

CLOCK CHIPS WITH DATA 
MM5314 6 dig clock $4.95 
(MK50250) alarm $4.95 

LED'S 
(H223) 10 Asst LEDs $1.00 

(H242) 5 Jumbo Green LEDs $1.00 
(H242) 5 Med Yellow LEDs $1.00 
(H001) 5 Jumbo Red LEDs $1.00 
(H011) 5 Med Red LEDs $1.00 
(H012) 5 Mini Red LEDs $1.00 
(H293) DL707 (equiv) 7 seg 
red LED, .3" char, comm 
anode $1.00 
(H007) DL747 7 seg red 
LED, .6" char, comm 
anode $1.95 
(H013) MAN 5 (equiv) 7 seg 
green LED, .27 char, 
comm anode $1.49 
(H014) MAN 8 (equiv) 7 seg 
yellow LED, .27 char, 
comm anode $1.49 

IC BREADBOARDS & TERMINALS 
Boards have .042 holes. Made 
of 1 /16" polyester glass. 

11(H8663) 3 "x4" 940 [j (HB664) 3 "x6" $1.29 
(HB665) 4 "x6" $1.65 
(FB666) 4 "x8" $2.12 

Push -in terminals 
(HP6601 -20 pkg 20/900 
(HB6601 -100) pkg 100/$2.89 

Push -in flanged pins 
(HB6602 -20) pkg 20/900 
(HB6602.100) pkg 100/$2.89 

Push -in flea clips 
(HB6603 -20) pkg 20/900 
(FB6603.100) pkg 100/$2.89 

EDLIE ELECTRONICS, INC., 2700 -H HEMPSTEAD TPKE., LEVITTOWN, N.Y. 11156 

Circle 64 on reader service card 

is a 4 -volt 60 -Hz sine wave. The gate 
converts the sine wave into a square 
wave that drives an SN7493 4 -bit 
Binary Counter (ICI ), the first of 6 
counter devices in the clock. IC1 oper- 
ates as a straight divide -by- sixteen 
with the four stages cascaded by con- 
necting pins 1 and 12. The output fre- 
quency at pin 11 is 60/16 Hz. 

The clock displays hours and min- 
utes so the basic frequency needed to 
drive the display counters is one cycle 
per minute. After the initial division by 
16, another division by 225 gives a 
combined division of 3600. 60 Hz/ 
3600 = 1/60 Hz or one cycle per min- 
ute. The divide -by -225 function is ac- 
complished by two SN7493's with a 
total of eight series -connected binary 
dividers. Two . gates from the SN7408 
IC is used for resetting the binary divid- 
ers (See Fig. 3.) The 7493 IC has two 
reset inputs -R01 and Roo. zero in 
the subscript indicates that the counter 
is reset to zero when the reset function 
is activated. An on- the -chip NAND 
gate requires that both inputs be l's to 
reset all the counter stages. 

The output of each of the 7408 gates 
(IC7 -b and IC7 -c) drives one of the re- 
set inputs on IC2 and IC3. Staggering 
the AND gate outputs so that each gate 
controls one reset input to both IC2 
and IC3 causes the counters to reset 
when the four inputs to IC7 -b and 
IC7 -c are simultaneously high. The 
counter state at which the reset condi- 
tion is satisfied is from left to right 
1 XXXX 111, where the X's are "don't 
cares" and may be either 0's or 1 's. But 
as the counter steps in binary fashion 
starting from 0, the first situation that 
meets the reset pattern is 10000111. 
From left to right the counter digits rep- 
resent weights of 1, 2, 4, 8, 16, 32, 64, 
and 128. Adding the weights of the 
stages set to 1: 1 + 32 + 64 + 128 = 
225. At the 225th pulse the divider re- 
sets to zero. 

When the set switch is in the RUN 

position, the 1/60 Hz signal (1 pulse - 
per- minute) clocks IC4, the SN7493 
minute -units display counter. By con- 
necting the B and D (2 weighted and 8 

weighted, respectively) outputs to the 
two reset input terminals, the count is 
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PART OF 105 SIN 

12 

IC7-d 
11 

I I 

BIN DIVIDE BY 5 

R0171 R012) R0121 

HOUR -TENS 
DRIVER 

FIG. 4 -HOUR COUNTER from TTL clock circuit. 

EXTERNAL EXTERNAL 
INPUT 10.7MHz BAND -PASS LOW -PASS 

(FROM FRONT END) FILTER FILTER AFC OUT 

7 

60 

LIMITING 
AMPLIFIER 

AV= 
66d8 

BY PASS 

AGC 
DETECTOR 

80 
METER/ 
MUTE 

OUTPUT 

4 

AGC 
OUTPUT 

(TO 
TUNER) 

5 

SQUELCH 

1st MIXER 2nd MIXER 

900kHz 

LOCAL 
OSC. 

9.8MHz 

14 _ 15 

D.C. AMPL 

VCO 
900kHz 

XTAL 
9.8 MHz 

16 11 12 10 

INPUT FREQUENCY TO 2nd MIXER 
IS 10.7MHz- 9.8MHz = 900kHz 

FIG. 5- SIGNETICS' NE563 IC contains 1/3 of an FM stereo receiver. 

shortened to 10. No external gating is 
used because the states of only two 
stages have to be sensed, and the in- 
ternal reset -gate on the 7493 IC can 
handle it. The minute -units digit cycles 
from 0 through 9 and the A, B, C, D 
binary coded decimal outputs drive an 
output decoder. 

The minute -tens digit must count 
from 0 through 5 for 00 through 59 
minutes. A divide -by -six counter is nec- 
essary. The 7492 is a divide -by- twelve 
partitioned into a divide -by -two stage 
and a three stage divide -by -six. The 
divide -by -six counter stages A, B, and 
C are used for the minute -tens digit 
display. The D output is a symmetrical 
divide -by- twelve that is used by the 
hour counter. The A, B, and C outputs 
of IC5 are decoded by IC9. The D in- 
put to the decoder is grounded since a 
count of eight is never reached. 

The divide -by- twelve counter is com- 
prised of the last section of IC5, IC6 
and IC7 -d. Figure 4 shows this arrange- 
ment more clearly. The SN7490 (IC6) 
is a decade counter broken into a di- 
vide -by -two stage and a divide -by -five 
counter. The A, B, C and D outputs 
sequence through the first 10 hours in 
a normal binary manner. At 10 o'clock, 
the A output switches to a 1 turning on 
the hour -tens digit. In addition, the A 
output also applies a 1 to the Roe reset 

DEMODULATED 
OUTPUT 
(AUDIO) 

input. The counter waits for a high out- 
put from pin 11 of 1C7 -d for resetting. 
Three counts later, at thirteen, the A 
and B outputs are high and the reset 
occurs putting the four stages of the 
7490 counter at 0. Resetting is very 
quick, only hindered by the short prop- 
agation times through the circuits and 
the momentary state of 13 is never ac- 
tually seen on the display. 

A wide variety of BCD decoders are 
available; the choice hinges on the 
voltage and current demands of the 
specific indicator that is to be used and 
its display format. 

The SN7441A, 7442, and 7445 are 
all BCD -to- Decimal decoders. Cold - 
cathode indicator tubes can be inter- 
faced directly with the SN7441A. If 
segment displays such as LED's are 
used, one of the SN7446, SN7447, 
SN7448, SN7449 BCD-to- Seven -Seg- 
ment decoders should be used. 

For information on a mounting 
board with silkscreened power supply 
and readout circuits for this clock cir- 
cuit write: Bagnall Electronics, 179 
May Street, Fairfield, CT 06430. Bag - 
nall proposes a wire wrap method of 
assembly that does not use soldering or 
printed circuit boards. Wires are run 
from pin -to -pin using a specially de- 
signed tool. 

(continued on page 112) 

346 
To Save 

Ways 
n 

Instruments, 
Burglar Alarms, 
Automotive & 
Hobby 
Electronics! 
The more you know about 
electronics, the more you'll 
appreciate EICO. 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 reader 
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. 

Circle 65 on reader service card 
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Circle 66 on reader service card 
100 

IMPROVE 
ANY BRAND 
TEST RIG 

SERVICE 
SOLID STATE 
ON ANY 

TEST RIG 
with the PLUG IN 

TRANSVERTER 
NO WIRING 

ADD -A 
METER 

TO YOUR RIG 
H V M - 3900 

$ 

33°° --;, 

MONITORS ANODE VOLTS 

CONVENIENT MOUNTING 
SIMPLE INSTALLATION 

ADD -A 
FOCUS SUPPLY 
SERVICES THE NEW 
LOW FOCUS VOLTAGE TV's. 

FVS - 3950 

$22" 
*ADJUSTABLE 
*SAFETY LIGHT 
E -Z HOOK -UP 

ADAPTORS 
YOKE -CONVERGENCE 

ADAPTOR 
FOR ALL 

BRANDS TV. 
. 

FREE 
11.. 

' r ry 
CROSS 
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CHARTS 

RJrE 6 B oká N.Y. NY11207Ft r 
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Street 
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My Supplier is: 

State Zip 

MUSIC SYNTHESIZER 
(continued from page 39) 

The configuration of the integrator is 
such that the amplifier will work to make 
identical currents flow into its inverting 
(ICI -a pin 3) and non -inverting (ICI -a 
pin 2) inputs. Because of the values of 
resistors R14, R15 and R80, the current 
into the non -inverting input will always 
be at least twice the current into the in- 
verting input except when transistor Q7 
is turned on. To make up for this differ- 
ence in current, the output voltage of the 
amplifier rises linearly to force current 
through capacitor C6 into the inverting 
input. At some point, the integrator output 
voltage exceeds the threshold established 
by the Schmitt trigger causing the col- 
lector voltage of Q4 to switch from essen- 
tially +18 volts to approximately +3 
volts. Under these conditions, the base - 
emitter junction of Q6 is forward biased 
causing the collector of this transistor to 
rise to approximately +9 volts. The re- 
sulting current flow through R25 into the 
base of Q7 turns this transistor on. This 
in turn effectively shunts the current that 
was previously flowing into the non -in- 
verting input of the integrator to ground. 
The integrator's amplifier now tries to 
make up for the surplus current flow into 
the inverting input by linearly decreasing 
its output voltage to pull current out of 
this input through C6. When the ampli- 
fier's output voltage falls below the 
threshold level, the Schmitt trigger resets. 
The collector voltage of Q4 goes high 
again and turns off Q6 and Q7 and re- 
stores the current flow into the integrator's 
non -inverting input so that the cycle can 
start over. 

The cycle is identical when the SKEW 
control is rotated toward the RAMP posi- 
tion except that the decreased resistance 
in the non -inverting input circuit allows 
a greater current flow. This causes the 
integrator's output ramp to rise more 
quickly. Simultaneously, the decreased re- 
sistance in the non -inverting input circuit 
is added to the inverting input to cause 
the integrator's output to fall more slowly. 
The combination of increasing rise -time 
while decreasing fall -time keeps the total 
period of the waveform approximately 
constant. 

The ramping output of the integrator is 
applied to resistor R17 and potentiometer 
R81. The setting of potentiometer R81 
determines the level of the triangle /ramp 
waveform that is applied to the audio bus. 
Similarly, potentiometer R82 is in the col- 
lector circuit of transistor Q6 and this 
control adjusts the level of the square 
wave applied to the audio bus. 

VCF 
The voltage -controlled filter is a corn - 

mon design built around one amplifier 
section of the LM -3900 and is tuned by 
varying the effective resistance of field - 
effect transistor Q8. The schematic dia- 
gram of the VCF is shown in Fig. 4. 

The three signals applied to the audio 
bus are mixed together by resistors R34, 
R35 and R36 and applied to the input of 
the filter through resistor R27. Switch S8 
allows either the filtered or the unfiltered 
audio bus signal to be applied to the VCA 

( Voltage- Controlled Amplifier). 
The control voltage for the filter can 

originate at either the control strip or the 
filter's dedicated function generator. Volt- 
ages from the control strip appear across 
resistor R49 and are applied to the gate 
of FET Q8 through R47 while voltages 
from the function generator are applied 
through R46. 

The function generator comprises one 
section of the LM -3900. Trigger voltages 
that appear at R38 produce a current flow 
into the amplifier's non -inverting input 
that switches the output of the amplifier 
to a high level. This high output voltage 
charges the timing capacitor C12 through 
R40, the ATTACK control R85 and the for- 
ward biased diode D4. The voltage across 
C12 is sensed by the high -impedance 
emitter -follower Q9 with the voltage at 
the emitter of this transistor being a diode 
drop less than the voltage across the 
capacitor. 

Once the amplifier is turned on by the 
trigger signal, it is held on by feedback 
current through R39 even if the trigger is 
removed. As long as the voltage at the 
emitter of Q9 is low, Q11 is off and there 
is no current flow through R45 into the 
inverting input of the amplifier. As soon 
as the voltage at the emitter of Q9 exceeds 
two diode -drops (D 11 and the base -emit- 
ter junction of Q11) above the +9 -volt 
reference at the base of Q 11, this tran- 
sistor starts to conduct causing current to 
flow through R45 into the inverting input 
of the amplifier. If the triggering signal 
has been removed by this time, the ampli- 
fier's output resets to a low voltage causing 
the charge on C12 to drain off through 
R41, the DECAY control R86 and diode D5 
which is forward biased under these con- 
ditions. If the triggering signal is still pres- 
ent, it provides enough current into the 
amplifier's non -inverting input to hold the 
output high for a sustained interval. 

Slide switch S5 provides for either sus- 
tained or non -sustained outputs from the 
function generator by allowing either a 
direct or capacitively coupled input for 
the trigger signal. Slide switch S4 provides 
for a repeat function by allowing the 
trigger signal from the trigger pushbutton 
to be replaced by the collector voltage of 
Q10. Transistor Q10 is a simple inverter 
stage that changes to a high output voltage 
when the output of the function generator 
approaches its lowest level. 

Diode D6 provides a discharge path 
from capacitor C12 back into the trigger- 
ing network wnen a "mute" function is 
desired from the function generator (SUS- 

TAIN Off, REPEAT On). 

VCA 
The schematic diagram of the voltage - 

controlled amplifier is shown in Fig. 5. 

With the deletion of the components that 
provide for repeat, the operation of the 
function generator associated with the 
VCA is identical to that of the VCF's 
function generator. 

The VCA is a common design employ- 
ing a differential pair (Q12 and Q13) 
sharing a common constant current sink 
in their emitter circuits. Since the gain 
of a transistor is proportional to its collec- 
tor current, more current flow through the 
current sink (Q14) increases the gain of 
the transistors in the differential stage. 
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In more expensive VCA's, the differen- 
tial outputs form the collectors of Q12 and 
Q13 would be applied to the inverting and 
non -inverting inputs of an operational 
amplifier so that the DC voltage level 
changes associated with increasing and de- 
creasing the gain of the pair would be 
rejected as a common -mode voltage. In 
this circuit, the DC voltage changes are 
cancelled out in R59 and R60 and this is 
based on the fact that as the voltage at 
the collector of Q12 drops with increased 
gain, the voltage' at the emitter of Q14 
rises by a proportional amount because of 
current flow through R58. The ratio of 
R59 to R60 cancels the DC level changes 
while acting only as an attenuator on the 
audio signal present at the collector of 
Q12. 

Emitter follower Q15 provides a high 
input -impedance to the output of the VCA 
while presenting a desirable low output - 
impedance to drive the power amplifier 
being used with the GNOME. 

The last two parts of this article will 
cover the construction details including 
the foil patterns and component place- 
ment diagrams. Also, testing and calibra- 
tion, and operating procedures will be 
given. 

A short tutorial on synthesizers will also 
be presented to help the readers under- 
stand the principles behind synthesizers. 

You'll never know 
how much : 

you can o 
until you do it. 

You can help people. 
In fact, there's a crying need 

for you. Your talents. Your 
training. Your concerns. They 
can make you priceless as a 
volunteer in your community. 

There are probably several 
local organizations hard at work 
doing things you'd be proud to 
be part of. We'll put you in touch 
with them. Join one. Or, if you 
see the need, start a new one. 

If you can spare even a few 
hours a week, call the Voluntary 
Action Center in your town. Or 
write: "Volunteer :' Washington, 
D.C. 20013. 

It'll do you good to see how 
much good you can do. 

Volunteer. 
The National Center for Voluntary Action $ 

A Public Serviced This Magazine & The Advertising Council eZtlik 

T'P QUICK 
CHARGE_ 

Recharges in 1 /3rd the time 
of any other cordless iron. 
Complete line of accessories available: 

No. 7566 
Micro Soldering Tip 

No. 7535 
Regular Tip 

No. 7546 
Heavy Duty Tip 

No. 7596 
Knife Tip 

No. 7545 
Fine Tip 

No. 7577 
Chisel Tip 

No. 7574 
Concave Tip 

erro 
No. 7569 
"V!' Tip 

No. 7573 
Tinning Tip 

No. 7572 
Blunt Tip 

No. 7556 
Tuner 
Extension Tip 

WAHL CLIPPER CORPORATION 
ORIGINATORS OF PRACTICAL CORDLESS SOLDERING 

Sterling, Illinois 61081 (815) 625 -6525 
"Manufacturing Excellence Since 1919" 
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Now...the most enjoyable 
project 

of your life -a Schober 

do- it- yourself 

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, wood- 
work 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. 

F ve superb models with kit prices from $575 
to around $2,300, each an authentic musical 
instrument actually superior to most you see In 
stores, easy for any musically minded adult to 
learn to play, yet completely satisfying for the 
accomplished professional. And there are acces- 
sories you can add any time after your organ is 
finished - lifelike big auditorium reverberation, 
automatic rhythm, presets, chimes, and more. 

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 assem- 
bling, 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 a A.e éer Organ Corp., Dept. RE -144 
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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Build this set... 

www.americanradiohistory.com

www.americanradiohistory.com


And build your career ni 
electronics at the same time. 

You build and keep afuture when 
you learn electronics the ETI way. 

"Building" is a key word through 
all the 16 ETI electronics courses and 
programs. Whether your goal is to get 
into TV repair and service, get your 
FCC license. move into computers, 

advance 
m your 
present job 
through 
learning 
solid -state 

technology, or become an electronics 
draftsman ...you build your tomorrow. 
You build a lot more than TV sets. 
You build a solid future in the field 
where -despite all recent changes in the 
economy -the action has to come. 

You build that future on a 
foundation of learning that is useful... 
practical ... step -by -step ... hands -on. 

You build it from the beginning 
by a special, simplified, building -block 
teaching system called Autotext, 
exclusive with Electronics Technical 
Institute, that makes learning fun. You 
keep building, combining hands -mind- 
equipment in the most practical way, so 
you can "talk shop" or present an idea 
effectively, but you can also do the job. 
You've learned by doing, and you fain 
all the confidence that comes with it. 

You build with the concerned 
personal help of a licensed instructor 
who knows the subject and wants to 
know you. You build with the 
reputation of the school that began 
as the Marconi Institute back in 1909. 

In many phases of building your 
technical know -how, you use specially 
developed Project Kits that move in a 
logical sequence, hands -on, from the 
first step through completion of basic 
units. There is no surer way to build 
solid electronics knowledge and your 
own confidence in what you can do. 

And it's simple to check it all out 
right now, with no obligation -and no 
salesman will call. All it takes to get the 
colorful new 44 -page ETI Career Book 
is a card or coupon. If you like 
electronics, you'll enjoy reading 
about it. You owe it to yourself to get 
the facts. 

The Career Book itself may be 
worth real money to you, as you make 
plans for your future and consider the 

many opportunities open to 
you through 16 different 
courses and programs in 
electronics. 

To build a future in 
electronics, the first step is to 

send for your free ETI Career Book 
today! Electronics 

Technical Institute 
Division of Technical Home Study Schools rM = = = ==11111111111IMEIMIIIIIIIIMIM111111' 

Electronics Technical Institute, Dept. 2-479 -115 
Little Falls, New Jersey 07424 I Send me the Electronics Technical Institute Career Book. I 

I 
I 
I 
I 
I 

I 

Tell me how I can get ahead in Electronics through ETI. I've checked the fields of special interest to me. I 
Tv /Ando Servicing Communications 0 Computers 0 Business sod Engineering I 
Black and White FCC License Digital Electronics Electronics Fundamentals MI 
Color Aircraft Computer Technology Electronics Drafting 
Solid -State Marine Computer Programming Industrial Electronics 
CATV Mobile Two-Way Advanced Electronic 
Closed Circuit Microwave Industrial Instrumentation 
Video Recorders Electronics Technology Z 
Radio Medical Electronics 
Hi -Fi Stereo 

!] Cheek been for Veterans Information. 

I 
I° 
Im Name 

(please print) I 

City Slate Zip I (7 

I. .._______=====_____.J(-A 
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 mence $ 1M 

Particular rP this t'b tfNCjrCU 

Super-st 

x135 

fastest, most reliable 
method known...to build, test 

and modify experimental circuits 
8 -bus distribution system 

plus universal .1" by .1" matrix 
of solderless, plug -in tie points 

all in one integral device. 

Accepts all DIP's and discretas 
with leads up to .032" dia. 

Interconnect with any solid wire 
up to No. 20 A.W.G. 

ORDER BY PART NUMBER 
923252 (nickel ptrertemmn111) $17.00 
923748 lglldylitedtennmlhl $18.90 

High -performance A P Super - 
Strip component matrices consist 
of 128 terminals of 5 tie points 
each. The 8 buses of 5 connect- 
ed 5- tie -point terminals are for 
voltage, ground, reset and clock 
lines, shift command, etc. New, 
non -shorting, instant -mount 
backing and quick -removal 
screws are supplied... use several 
Super- Strips to create large -scale 
breadboards on panels up to 
1/8" thick. 

We honor M.C. and B.A.C. charges. 
Add sales tax on OH and CA orders. 

(F.O.B. Painesville on company P.O.'s.) 
Dealer inquiries invited 

Add 
fees from 
this chan. 

SHIPPING/HANDLING 
Upto$10.00 41.00 4.70 
410.01 to 425.00 1.50 .e0 
25.01 to 50.00 2.00 .90 

All products guaranteed to meet or exceed published specifications 

A P PRODUCTS INCORPORATED 
Box 110 -R Painesville, OH 44077.216'354 -2101 
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et Think of it as the best tester 
in your bag. Only $299 

Now you can get a high performance Model 8000A Digital 
V.O.M. from Fluke, America's foremost maker of quality digital 
mutimeters, especially designed for TV, radio, stereo and audio 
service. No other digital V.O.M. gives you the resistance range 
to check breakers and switches, the high resolution voltage to 
look at emitter base and other transistor voltages, excellent ac 
accuracy and full accuracy with a 30 second warm -up. 

Measures in 26 ranges 100 //V to 1200 V, 0.1 //A to 2A, and 
100 milli!? to 20 meg!? with a basic dc accuracy of 0.1 %. 
Full year guarantee. Low cost options include rechargeable 
battery pack, printer output, deluxe test leads, HV, RF & 600 - 
amp ac current probes, carrying case. and rack mount. 
There's new high voltage protection on all ac /dc voltage 
ranges. The instrument will take transients up to 6 KV, 10 
//seconds wide over a duty cycle of 60 per second. 

John Fluke Mfg. Co., Inc. 
P. O. Box 43210 
Mountlake Terrace, WA 98043 

Get all the details from your nearest Fluke sales office. Dial 
toll -free 800 -426 -0361 for address of office nearest you. 
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FLUKE 

SERVICE 
LIGHT GREEN RASTER ON WARMUP 

This RCA CTC -24 shows a light green raster on warm up, 
for 10 minutes (almost exactly). then wham. good picture. 
All tubes tested and wiggled in sockets. Where to look? 
-E.G., N. Bellmore, NY. 

Could be something intermittent in one of the color -dif- 
ference amplifier stages. Most likely cause, the G -Y ampli- 
fier, with a small thermal leakage or something. Check its 
plate load resistor connections for solder joint trouble, too. 

(Field Feedback; the crystal ball was right on frequency 
today. It was the 6GH8 tube in the G -Y amp. Even a blind 
pig gets an acorn once in a while.) 

QUESTIONS AND ANSWERS 
Q. Will a 19DVP4 picture tube work in place of a 19ECP4 

picture tube? 
A. Should; base the same, etc. 
Q. Doesn't work! Why? 
A. Still ought to! Recheck. 
Q. Woops! It will work if you put the picture tube socket 

on right instead of turning it halfway around! (Thanks 
to W. J., San Diego, CA.) 

A NEW CAUSE FOR JAIL -BARS! 
The original complaint in this Admiral G13 chassis was 

bars (similar to Jail -Bars) on the left side of the screen. 
We suggested the stock tests such as blanking diodes, 
"diodehausen radiation," etc. Later, the reader wrote again. 
They found that pulling any of the IF tubes would kill the 
bars, though shorting the IF input to ground had no effect. 
Blanking diodes were checked, and putting an ion -trap 
magnet on the horizontal output tube didn't help the situa- 
tion either. 

Finally, they looked into the high -voltage cage and no- 
ticed "some sort of leakage into the focus rectifier, coming 
from a very small crack in the cap of the high -voltage recti- 
fier tube "! Replacing this cap cleared up the problem. 
Thanks to Albert M. Dryer of the Division of Engineering, 
and David L. Smith, 2d year Electronics Technician Stu- 
dent, at Lord Fairfax Community College, Winchester, VA, 
for the feedback and a new cause for jail -bars! 

EXCESSIVE BRIGHTNESS 
I can't control the brightness on this Admiral 1H12. Too 

high at all times. The DC voltages seem to be OK. but the 
6:1F9 (video output) plate voltage is only 180 volts. Normal 
is 216 volts. Can you tell me where to look for the trouble? - 
J.V.. Scottsdale. AZ. 

Right where you are. The video output plate voltage is 

the picture tube cathode voltage. Since this is "too far nega- 
tive," your picture tube bias is too far toward conduction. 
This could well be due to incorrect bias on the 6AF9, if 
the plate load resistors, etc. are all good. 

Check the DC voltages on the brightness control. You 
have a positive voltage fed from the three background con- 
trols; this is balanced by a negative voltage developed by 
a flyback pulse on a diode rectifier. If this diode is bad, the 
voltage here would be too far positive. 

ONE -COLOR SCREEN PROBLEMS 
When this Sylvania 1)-12 was first turned on. the screen 

was all green. Alter a warmup. it would work. Then. it started 
showing all red. Stays until switch is turned on and off ser. 
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NOTES 
eral times. Have you seen a freak like this ? -H.S., Milwaukee, 
WI. 

Yep. There are a couple of things that can do this. One 
is an intermittent heater -cathode short in one gun. How- 
ever, this can be caught by a picture tube test, and it isn't 
likely that you'd have two. (Possible of course, but un- 
likely.) 

Here's the other. Replace the 6MD8 (color- difference 
amplifier triple- triode) tube. If this doesn't work, then 
check the tube -socket (same tube) very carefully. I have 
seen this type of symptom in cases where one of the plate 
pins of this tube wasn't making contact with the tube - 
socket, or where there was a "pocket- joint" between the 
tube socket terminal and the board. (Cold solder joint which 
looks good from outside!) Plate voltage goes up, and tube 
flares up. 

AUTOMATIC NOISE ELIMINATOR ON AM /FM? 
I want to build the Automatic Noise Eliminator (R -E, May 

1974). My problem is that my radio is an AM /FM stereo. 
Should I use two lamps, or one lamp and two photocells? - 
P.S., Troy, MI. 

Your receiver has two complete audio circuits with one 
section of the volume control in each channel. The lamp in 
the emitter circuit of Q4 in the noise eliminator will have to 
excite two photocells -one in each channel. You'll have to 
pick up electrical audio signals from both channels so you'll 
need a second audio transformer in series with the secondary 
of Ti. 

VIDEO DETECTORS BLOW 
I had a very bad picture on this Packard -Bell 23T7. Found 

that the video detector had very low back -resistance, and 
replaced it. Found a couple of resistors bad; still no pic- 
ture. Checked the diode I'd just put in, and it was bad. 
Put in new Motorola diode. Fine picture. 

For two days. Diode blew again. Replaced it with a dif- 
ferent one. Two days and pool. I'm getting pretty good at 
replacing video detectors, but no closer to a solution. What 
the heck's going on ? -E.P., Torrance, CA. 

I've seen this before, on other sets, including G -E's, 
Truetone's, etc. Frankly, I don't know the cause (though 
I made very exhaustive tests on some of them) but I can 
tell you the cure. Replace the diode with a special RCA 
type, No. 125844. This is a video detector diode with a 
very high voltage rating, somewhere around 200 volts. 
These will hold, or at least they have in all the sets Í've put 
them in. R -E 

Camp Fire is for everyone. 
It is an adventure in living - 
exciting, creative and fun. 

INTERNATIONAL FM 2400CH 

FREQUENCY METER 
for testing 
mobile 
transmitters 
and receivers 

Tests Predetermined 
Frequencies 
25 to 1000 MHz 

Extended Range Covers 
950 MHz Band 

Pin Diode Attenuator for 
Full Range Coverage 
as Signal Generator 

Measures FM Deviation 

The FM- 2400CH provides an accurate frequency 
standard for testing and adjustment of mobile 
transmitters and receivers at predetermined 
frequencies. 

The FM- 2400CH with its extended range covers 
25 to 1000 MHz. The frequencies can be those 
of the radio frequency channels of operation 
and /or the intermediate frequencies of the re- 
ceiver between 5 MHz and 40 MHz. 
Frequency Stability: ±.0005% from +50 °to +104°F. 

Frequency stability with built -in thermometer 
and temperature corrected charts: ± .00025% from 
+25° to +125° (.000125% special 450 MHz crystals 
available). 

Self- contained in small portable case. Complete 
solid state circuitry. Rechargeable batteries. 

FM- 2400CH (meter only) $595.00 
RF crystals (with temperature correction) 24.00 ea. 
RF crystals (less temperature correction) 18.00 ea. 
IF crystals catalog price 

International Crystal Manufacturing Company, Inc 
10 North Lee. Oklahoma City, Oklahoma 73102 
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MINI-BAR® 
color generator 

$8950 ' 

BG-10 battery- operated, fits in shirt pocket! 
No AC plug in ... automatic on & off with LED indica- 
tor . . . fast, easy hook -up with coaxial cable .... all 
essential patterns ... Low power consumption for ex- 
tended battery life (Uses inexpensive 9 volt bat- 
teries) Shuts off when not in use Enclosed RF 
cable compartment Size: 5 1/2" x 3" x 1 1/8 ". Only 
12 ounces TV station type sync signals CMOS LSI 
IC for all counting functions . . . no internal adjust- 
ments RF output on Ch. 3, 4 or 5. 
BG -10 (less battery) $89.50 
CC -1 Carrying Pouch $ 2.95 

i 

See your distributor or write 

LECTROTECH, INC. 
5810 N. Western Ave., 
Chicago, Illinois 60659 
13121 769 -6262 
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RELAXING! REFRESHING! 
TAKE A BREAK FROM TODAY'S PRESSURES - 

Browse with us through the old days of 
wireless, radio and early TV. 

Young or old, you'll be fascinated by our 
two great books VINTAGE RADIO (1887- 
1929) and A FLICK OF THE SWITCH 
(1930- 1950). Just relax and wander through 

thousands of pictures, many old ads and interesting stories of early 
radio. You don't have to be an expert to revel in these fine books. 

Next, browse through our authentic reproduction of Gernsback's 
1927 RADIO ENCYCLOPEDIA to meet the heroes (Who's Mar- 
coni?) and see the hardware (what's a coherer?) of early days. 

Our RADIO COLLECTOR'S GUIDE will make you an "instant 
expert" as you go prospecting for those fine old collectible radios. 
Then you'll need Morris Beitman's 1926 -1938 RADIO DIAGRAMS 
book to restore them. Also, we'll send you the diagram for any 
pre -1951 set for $3.50. 

NEW GIFT IDEA! BEAUTIFUL COLOR PRINTS from origina! 
artwork of the famous Progress in Electronics stamp set. Foui 
different 8" x 10" prints with colorful matte backgrounds. 

SEND TODAY to Vintage Radio, Dept R, Box 2045, Palos Verdes, 
CA. 90274. Postage Paid. California residents add 6% tax. 

VINTAGE RADIO; $7.95 hard -cover, $5.95 handbook 
A FLICK OF THE SWITCH; $9.95 hard -cover, $6.95 handbook 
1927 RADIO ENCYCLOPEDIA; $12.95 hard, $9.95 hndbk 
RADIO COLLECTOR'S GUIDE; $4.45 handbook 
1926 -1938 RADIO DIAGRAMS; $7.00 handbook 
COLOR PRINTS, Set of four; $7.50 prints, $18.50 Plaques 
Diagram for radio @ $3.50. 

TOTAL 
Name 
Address 
City St Zip 

TREAT YOURSELF TO A HOLIDAY GIFT - 
1254 PAGES OF PLEASURE! 

NESDA 

THIS PAST SUMMER, THE NATIONAL ELECTRONIC SERVICE 

Dealers Association (NESDA) held its annual convention. 
Members of the Radio -Electronics staff attended and par- 
ticipated in the convention activities (see publisher's memo, 
page 6 this issue). The convention was held in Winston - 
Salem, NC and here is a photographic report. 

NESDA'S EXECUTIVE COMMITTEE got down to business early dur- 
ing the convention. Here is the scene at that meeting as Mike Hore- 
witch, NESDA's new insurance agent, explained the new casualty 
and health program for the membership. 

THE GIANT TRADE SHOW, the NESDA Electronic Circus was a big 
success. Here are the Quasar and O. W. Donald Co. booths. Traffic 
was heavy all day long. 

AWARDS CHAIRMAN JACK KELLEY, CET (left), Sage & Sand TV, 
Litchfield Park, AR presents the runner -up award for the "Technican 
Of the Year" award presented by ISCET to Clarence Saatkamp, CET; 
Saatkamp's TV, Milwaukee, WI. To the right of the podium is Gene 
Jadwin, Host of this breakfast and George Camp. 
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Convention News 

SERVICEABILITY INSPECTIONS were conducted at the convention 
by ISLET personnel. Seen here is Carl Satter, CET, Louisville, KY 
cioseiy examining features of one of the sets checked. 

10 

of Fame Member 
P GRAHAM 

IS L. FINN GH Sr 

NT 

RADIO- ELECTRONICS' EDITOR, Larry Steckler, CET, won the NESDA 
"Man Of The Year" award. Here Larry (center) receives the award 
from O. W. Donald of Fort Smith (at podium). O. W. Donald is the 
sponsor of this award. Seated on the right are Toby Mack, Staff Vice 
President, Distributor Products Division, EIA, the NEDSA Awards 
Banquet Speaker and M. F. Finneburgh, Sr., EHF (far right). At the 
left is Dick Glass, CET the MC. 

Hall d Fame Membet8 

JOHN P GRAHAM 

MOP . FINNEBUfGH 
Sr 

V- - LUTZ 

OUTSTANDING NESDA COMMITTEE CHAIRMAN award plaque went 
to Jerky Hall, NESDA's membership chairman. Accepting for Jerry 
is Frank Schroeder (standing right) of the Wisconsin affiliate. Jack 
Kelly ( standing left) made the presentation. (turn page) 

If You Work In Electronics: 

GRANTHAM OFFERS YOU 

College - level Training 
and a college degree. 

Electronic Circuit Design, 
Engineering Analysis (includ- 
ing mathematics thru calculus), 
Classical and Solid -State 
Physics, Engineering Design, 
etc., etc., are all part of 
the Grantham home -study de- 
gree program in Electronics 
Engineering. 

PUT PROFESSIONAL 
RECOGNITION IN 
YOUR CAREER. 

By adding college - 
level home training 
and a college degree 
to your experience, 
you can move up to 
greater opportuni- 
ties in electronics. 

Grantham offers the 
A. S. E.T. degree by corre- 
spondence. After earn- 
ing this degree, you may 
continue with additional 
correspondence plus a 3 -day 
residential seminar and certain transfer credits, to 
earn the B.S. E.T. degree. Then, the B. S. E. E. is 

available through further study. 

GRANTHAM SCHOOL OF ENGINEERING 
2000 Stoner Ave. , Los Angeles CA 90025 

Telephone (213) 477 -1901 

Worldwide Career Training thru Home Study 
Mail the coupon below for free bulletin. 

r 
Grantham School of Engineering RE 11 -75 
2000 Stoner Ave., Los Angeles, CA 90025 

I have been in electronics for years. Please 
mail me your free bulletin which gives details con- 
cerning your electronics degree programs. 

Name Age 

Address 

City State Zip 
L J 
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ONE MARK AHEAD 
OF THE REST.... 

PIONEER' 

SANYO 
ti o V; 

Master Chge/ 
Ba nk Am e r ica rd 
Honored on 
Mail Orders 

CRAIG 
hg-gain 

ADR Audio, one mark ahead of its 
competitors with the lowest prices of 
Famous Brand audio components, has 
now added complete CB & Video depts. 
All orders promptly shipped from the 
ADR warehouse in factory sealed car- 
tons. fully warranteed, fully insured. 
Send for our special price quote & 
newest money saving catalogue. Its 
your move .. . 

FOR IMMEDIATE QUOTE 
CALL (202) 723 -6060 

A.D.R. AUDIO 
6200 CHILLUM PLACE N.W. 
WASHINGTON. D.C. 20011 

Circle 74 on reader service card 

21 million Americans have high 
blood pressure sure Sul 50 percent of 
those who it don't know It 

When blood pressure goes higher 
than it should, and stays high, II sets 
the stage for heart attack or stroke 

Most cases of high blood pressure 
can be controlled with drugs and 
other advances in treatment. That's 
why you should see your doctor reg- 
ularly Only he can tell if you need 
help. 

A public eu.le* 
message bol" your 
NoM woeloaon 

Brand new 
edition of 
an RCA 
best seller. 

One of the most widely -used manuals in the electronics 
industry, the RCA Receiving Tube Manual, is now available in a 

new, updated edition, especially designed for use by technicians, 
engineers, educators, students and electronic hobbyists. 

With 754 pages of tube information, the new manual - RC -30 - includes chapters on basic principles of operation, electrical 
characteristics, and circuit applications. It also features terminal 
diagrams, picture tube characteristics chart, and an updated 
receiving tube replacement guide. 

Ask your RCA distributor for a copy of the new RC -30 at only 
Ú $2.95 (suggested price). Or send your check or money order for 
Z $2.95 (plus 50C for postage and handling per order) to: RCA 
O Distributor and Special Products Division, P.O. Box 85, Runne- 
l= 

mede, N.J. 08078. 
U 

w AAA Distributor and 
Special Products Division 

O 

¢ 
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SPECIAL RECOGNITION AWARD CERTIFICATES were presented to 
many individuals and companies. Hese is a Vook at the recipients 
as they received their certificates at the NESDA Awards Banquet in 

Winston- Salem. These certificates are presented in recognition of 
those who made special contributions to the service industry during 
the past year. 

FEDERA[ TRADE COMMISSION 

AT THE SPECIAL FTC SEMINAR, Gerry McCann, CET; president of 
ETA of Louisiana, answers some questions raised by the talk from 
FTC spokesman John Phelan (seated on the right). Miles Sterling, 
CET; Electro TV, Garden Grove, CA (seated on the left) chairmaned 
the seminar. 

A PROFITABLE SERVICE- MANAGEMENT SCHOOL was held during 
the convention that had over 150 attendees. They heard top business 

leaders show how they make a success of the service business. At 

the podium is Jesse Leach, CET, owner of Lee's TV in Linthicum, 
NE)., explaining how he takes two months vacation each year, even 

though he is a one -man shop owner. The Profitable Service Manage - 

rTwrt School is only one of the many ways that NESDA strives to 

make its members n*ore successful in their chosen profession. It is 

held in many different places during the year. 
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FOR RON CROW'S EFFORTS during the past year as Director of 
ISCET and the CET programs, he was presented a painting of his son 
and home. The award was made by Radio -Electronics Editor, Larry 
Steckler, CET; who was re- elected ISCET Chairman. 

By any standards, the convention was a rousing success. 
It was marked by heavy attendance, enthusiastic manufac- 
turer participation, important industry speakers (EIA and 
FTC) and an atmosphere of something getting done .. . 

something worth doing. Those who attended, came away 
with a feeling that solid progress was made on many fronts 
including professionalism of the technician, strengthening 
of the association, recognition by industry and a true co- 
operative effort to continue to enhance the status of the 
service technician in the United States. R -E 

How you live helps 
determine how long 
you live. 

Nobody can promise you that regular exercise will guarantee you a longer life. 
But it sure helps.the odds. 
Exercise is one of the good things you can do for yourself. 
Check with your family doctor first. Then take 

your pick. 
Row, ride, swim, ski, hike, bike, walk, dance, jog, 

smack a handball, swing a tennis racket. 
Exercise is good for your weight, your lungs and the 

600 muscles in your body including your most important 
one, your heart. 

The President's Council on Physical Fitness and Sports. 
We want you to live longer. 

Design 
rely on 

Data Precision DMM's. 
Now you can too. 

At Affordable Prices 
Data Precision multimeters have been on the job 

and in the field with design engineers and technicians 
for a long time. 

When reliable measurements are needed... 
they are proven performers. 

A Full Range, 5-Function,11 
Digit Portable Multimeter. 

l9999.ß 

tO 

m 

Model 245 is the smallest, lightest, and most accu- 
rate 4'/2 digit portable DMM you can buy. 

It's rugged. Dependable. Precise. 
Model 245 measures DC and AC current, DC and 

AC volts, and resistance with .005% resolution and 
a basic accuracy of +.05 %. 

It features a bright .33" display, autopolarity, 
auto - decimal positioning, rechargeable battery or line 
operation, fused probes, carrying case and one year 
warranty. 

A Full Range, 5'Function,31/2 
Digit Multimeter. 

MODEL 134 (RGIIPI MULTIMETER 

1868 
qalgrA E.,ECIEICIN L-_:..__ ..°-__ 

$ 189. 
Competitively priced to its analog equivalent, the 

Model 134 is 5 to 10 times more accurate and it is 
convenient, readable and free from operator error. 

Model 134 measures DC volts, AC volts, DC cur. 
rent, AC current and resistance with a basic accuracy 
of ±0.2% through a total of 22 range scales. 

It features auto -decimal positioning, autopolarity, 
100% overranging, and a full '/: inch, bright, easy -to- 
read display, fused probes and one year warranty. 

Contact Data Precision or the Data Precision represent- 
ative nearest you. Data Precision Corporation Audubon 
Road Wakefield, MA 01880, Phone (617) 246 -1600 

1.4W5ATA PRECISION ® 
...years ahead 
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$5 REBATE 
CERTIFICATES 

(see below) 

40 KV 
DUAL RANGE 

Probe 
MEASURES 
VOLTAGE ,, 

CURRENT 
AND 

FOR 
TODAY 
AND 
TOMORROW 

MODEL 
651 

Only 

$2995 
SPECIFICATIONS 

Range One: 
40,000 Volts D.C. 

/'Range Two: 0 -400 MA.D.C. 
Accuracy: ! 2% Full Scale 

Meter Movement: 50mA 

Polaris 
DC POWER SUPPLY 

0-25 VOLTS 250 MA 

TEST & SERVICE 
SOLID STATE EQUIPMENT 

MODEL 
TPS 225 

Only 

$2995 
Operates on 105/125 V.A.C. 
Adjustable Voltage Output 
Meter Measures Voltage & Current 
Extremely Low Ripple 

Polaris 
COBRA CURVE TRACER 

RAPID TRANSISTOR 
& DIODE TESTER 

MODEL CT 751 
Only 

In & Out of Circuit Testing 
Gain- Junction- Leakage Test ) 111 

In Circuit Test Leads 
Checks Diodes for Function & Polarity 

112 

Polaris New York 
2862 Fulton St., Bklyn, N.Y. 11207 

Please send me rebate certificates and infor- 
mation on Expires in 60 Days. 
Probe Power Supply Curve Tracer 

Name 

Street 

City State Zip 

My supplier is 

SOLD THROUGH DISTRIBUTORS ONLY 
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STATE-OF-SOLID-STATE 
(continued frorn page 99) 

Signetic's FM microcircuit 
Just tacking on a phase -locked -loop 

to an old limiter design is not Signetic's 
way of doing things. The NE563 FM 
IC is new from the ground up. Things 
begin in an ordinary enough way in 
Fig. 5 by taking the 10.7 MHz tuner IF 
output and passing it through a 66 -dB 
limiter. 

Signal level sensing by an AGC de- 
tector generates control voltages that 
drives a signal- strength meter, regulates 
the gain of the tuner to prevent over- 
loading, and squelch the receiver's 
audio output. 

The signal leaves the chip for band 
limiting by an external ceramic filter 
and then reenters into the 1st mixer. 
This second conversion mixes down to 
900 kHz by taking the 10.7 - 9.8 MHz 
difference component and sending it on 
the IC's second mixer. 

SIGNETICS NE563 

Crystals, ceramic resonators or LC 
tanks can tune the local oscillator. What 
remains on the chip are the three com- 
ponents that make up the PLL. The 
second mixer is the loop's phase detec- 
tor. Frequency shifts to either side of 
the 900 kHz center frequency forces 
the VCO to track by a corresponding 
change in its control voltage. Where 
does the voltage change come from? 
What happens is the phase difference 
between the phase detector signal input 
and the VCO output slips just enough 
to generate the exact voltage needed. 
The external low -pass filter separates 
the DC component from the phase 
detector output. 

During capture when the frequency 
of the VCO first attempts to match that 
of the input, the filter smooths the beat 
note between the two signals. Selection 
of filter parameters affects the pull -in 
range and time, and the noise band- 
width of the detector. 

The PLL does not have an easily 
identified tuned circuit like a diode dis- 
criminator would. It is there though, 
and if the NE563 had used an LC tank 
instead of a capacitator tuned oscillator 
it would be more conspicuous. The ini- 
tial tuning of the oscillator by whatever 
method, defines the equivalent center 
frequency and the low -pass filter re- 
stricts the bandwidth around center. 

The recovered audio signal out of the 
NE563 is 500 mV RMS with 75 kHz 
deviation. Distortion with 1 kHz modu- 
lation frequency is .05% typical and 
the AM rejection is a respectible 70 dB. 

In lots of 100, the NE563 sells for 
$2.55. 

New releases 
From time to time I get letters asking 

about interfacing reader projects with 
different types of displays. National 
and Sprague have display driver guides 
that will be of interest to these readers. 

National makes a series of common - 
cathode and common -anode, segment 
and digit drivers useful in clock and 
calculator readout circuits. They've 
published a single page LED Driver 
Selection Guide with 23 LED devices. 
Each IC is grouped according to its 
output type. The number of outputs and 
current capabilities are listed. For a 
copy write to the Marketing Service 
Department of the National Semicon- 
ductor Corp., 2900 Semiconductor 
Drive, Santa Clara, CA 95051. 

The Sprague short form catalogue 
lists gas discharge and power display 
drivers. Fourteen devices interface be- 
tween TTL, CMOS, or PMOS IC's and 
gas discharge displays as well as relays, 
solenoids, lamps and LED's. Ask for 
"Display /Interface and Transistor Ar- 
rays for the Digital Decade" from 
Sprague Electric Co., Technical Litera- 
ture Service, 81 Marshall St., North 
Adams, MA 01247. 

Plessey Semiconductor's SL624 will 
demodulate AM, FM or SSB. The cir- 
cuit works as a synchronous detector 

PLESSEY SL624 AM, FM, SSB demodulator. 

for AM, a quadrature detector for FM 
and as a product detector with its own 
oscillator for SSB. The SL624 is tai- 
lored for multi -detection mode re- 
ceivers. Power supply requirements for 
the 16 pin ceramic DIP are 9 to 12 
volts with 12 mA current drain at the 
highest voltage. Price is $4.44 in quan- 
tities above 100. R -E 
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In /Out Of Circuit 

TRANSISTOR TESTER 

Made in 
U.S.A. 

Model TT26AK* 

$90.Kit Form 
w /Alligator 
Clips 

(Photo shown. 
#TT26EZ w /E -Z Hooks) 

Features: 

Tests Transistors 

Checks Diodes 

Checks Continuity 

Gold- Plated 
Socket for 
Extra Reliability 

Other Models Available: 

#TT26EZ 
(Completely assembled 
w/ E -Z Hooks) $19.55 pp. 

#TT26A 
(Completely assembled 
w /Alligator Clips) $17.95 pp. 

#TT26EZK* 
(In Kit Form, 
w/ E -Z Hooks) $12.55 pp. 

*Kits assembled in less than 1 hour 

All orders shipped within 48 hours. 
Send check or money order. N.Y. residents add 8% 
tax. Write for full line of electronic accessories. 

TOKYO ELECTRONICS INC. 
1467 - 48th Street, Brooklyn, N.Y. 11219 
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DIGITAL 
f..T -..r..t -'..f .f'.1 i.T ̀..f ..(--1',1- 
T r-- r.f-!'1 ̀ r-ri + r '-r r _e- 

ANALOG 

rieNANYM 
YOUR SCOPE 
PLUS MODE 4 

o o o o 4 ® 
O0 0 "0 * 

0 0 
INCREASE YOUR CAPABILITIES 

MODE 4 displays four .001 to 100 V p -p signals 
on any unmodified scope from DC to 10 MHz. 
Featuring individual channel gain (x .01 to x 100 
in decade steps), serial and parallel multiplex 
modes. and the latest in linear and digital IC 
technology, MODE 4 affords you an indispensable 
working tool at a fraction of the single -channel 
scope price. 

$189 w /standard I /O; shielded I/O w/ min. coax 
connectors $10 more. 
BASIX, 1067 Seneca Street, Bethlehem, Pa. 18015 
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INDUSTRIAL TEST EQUIPMENT 
(continued from page 42) 

The solid -state cells can be of either 
type. A great many of them are photo- 
voltaic, generating a small DC voltage 
when illuminated. Here again we can use 
the millivolt ranges to check the output. 

You'll also find LASCR's (Light Acti- 
vated SCR's) used for controls in some 
systems. Tests on these are slightly differ- 
ent, but look for the same basic reaction; 
a change in the output when the photo- 
sensitive surface is illuminated. 

AC leakage tests 
Many of the "Consumer Safety" regu- 

lations deal with possible AC leakage from 
the line to the frame or case of a unit. This 
applies not only to appliances, but to in- 
dustrial machines as well. For production - 
line testing, safety checking of machines 
after repair, and on general principles, 
every AC powered unit should be checked. 
The standard ANSI (American National 
Standards Institute) test for this limits the 
allowable leakage in appliances and other 
units, with either two -wire line cords or 
three -wire "safety" cords, to not more 
than 0.5 -mA AC. For non -portable units 
with three -wire cords, third wire ground, 
the limit goes up but not much; only 0.75 
mA. 

There is a standard test for this. A 1500 - 
ohm resistor, shunted by a 0.15 -µF capaci- 
tor, is connected from the frame of the 
appliance to a good earth ground. The 
AC ammeter is connected across this net- 
work. Several of the industrial VOM's 
seen before have this test built in; all you 
have to do is switch to AC LEAKAGE and 
hook it up. RCA also has a "dedicated" 
AC leakage tester, the model WT -540A, in 
Fig. 15. Dedicated means that this is a 

MODEL WT -540A LEAKAGE 
TESTER. 

special leakage tester only. It will catch 
shorts and excessive leakage, for example 
in production line final tests. 

Let's wrap it up 
Now you've seen some of the high qual- 

ity modern test instruments that are avail- 
able. These are Ready, Rugged and Reli- 
able; the Three R's of test equipment. 
Since practically all jobs start with the use 
of a VOM, we covered these first. In the 
next article, we'll look at amplified VOM's; 
the FETVOM units. From there on, we 
will go into other specialized equipment, 
for testing any kind of unit used in Indus- 
trial Electronics. R -E 

FREE! 
the 1976 
Lafayette 

Electronics 
Catalog 

The most comprehensive 
consumer electronics 

catalog available! 
Features Lafayette and Criterion 

Products Plus Major Brands 
Stereo /Quad Hi -Fi Components 
Tape Equipment Car Stereo CB 
and Communications Gear Police/ 
Public Service Scanners TV /FM & 
Communication Antennas PA and 
Test Equipment Tools Electronic 
Calculators and Watches Portable 
Radios Security Systems PLUS 
an exciting new Parts Line, Tubes, 
Batteries, Hardware and More! 

Stores Coast -to -Coast 
BankAmericard and 
Master Charge 

Lafayette 
the electronics shopping center 

Mail Coupon 
Today! 

Dept. 17115 
Lafayette Radio Electronics 
11 1 Jericho Turnpike 
Syosset, L.I., N.Y. 11791 

Send me your FREE 1976 Catalog. 

Name 

Street 

_Apt. 

City State 

Zip I 
Send a 1976 Catalog to my friend. 

Name Apt 

Street 

City State 

;o < 
_ m 

m 
m 

Zip ; 
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I 
no 

strings 

attached 

NEW Weller 
CORDLESS 

SOLDERING IKON... 

GOES ANYWHERE 

114 

Weller's WC -100 ... the professional 
quality, feather -light cordless. Can be 

used anywhere. Without AC source. 
Fingertip touch on exclusive sliding 

safety switch activates long -life, nickel - 

cadmium battery. Heats tip to over 
700 °F in 6 sec. Locks in "off" position 
to prevent accidental discharge in use 

or while restoring energy with fast - 

power recharger (UL listed). 
Simple, instant change to any of 4 

tips ...for any job. Built -in light focuses 
on tip and work area. 

It's display-card packaged, backed by 

strong national promotion, and ready 

to step up with your fastest moving 
lines. Request literature and prices. 

Weller -Xcelite 
Electronics Division 

41 
COOPER 
INDUSTRIES 

The Cooper Group 
P. 0. BOX 728, 
APEX, NORTH CAROLINA 27502 

Circle 80 on reader service card 

color TV kit 
teaches 
electronics 
It's a whole new concept in 
learn at home techniques. Build this 
color TV and learn electronics 
even if you build it wrong. 

IS WRONG EVER RIGHT? THAT'S A QUES- 

tion that has been debated for ages. 
But in this new color TV kit, that you 
build as a part of a television servic- 
ing course, wrong is learning. 

You see, if you build this set wrong, 
you find out about immediately and 
learn some important lessons about the 
kind of electronic circuits used in mod- 
ern color TV sets at the same time. 
Here's how it all works. 

When you build most kits, you don't 

I -F SIGNAL 
INPUT 

NORMAL 
AGC 

+12 V 

DELAY 4 

TO SECOND 
1 -F AMP. 

GAIN 
CONTROLLED 

I -F AMP. 

Ic01 

8 

different. You build it in sections, (like 
most other kits) but when you com- 
plete a section you submit it to a series 
of experiments that show whether it 
is working or not and explain the cir- 
cuit to you at the same time. In effect, 
each circuit becomes a laboratory in 
which you check for proper operation 
and then learn how that particular cir- 
cuit works. 

First step in this kit is the power sup- 
ply. There's nothing very special here. 

R; 
25K 

IC102 

ICO 

001 

+12 V 

Rlio 
36K 

RF AGC 
VOLTAGE 

RI os 
6.8K 

SIMPLIFIED SCHEMATIC of the delayed AGC system as presented in the NRI training kit 

manual. An example of the way data is presented to students. 

1200HM 1200HM 

MUM 

56 OHM SOLDER 3/4" 

-111 
1200HM 1200HM 

THIS H -PAD is built while performing experiments on the tuner of the color set. It's an 
important part of the experiment program. 

ordinarily know whether it will work 
or not until the entire kit is completed 
and turned on. But the model 315 from 
the National Radio Institute is rather 

You build it onto a circuit board that is 
part of the basic color TV chassis. The 
different part starts after you have corn - 

(continued on page 117) 
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SQUAREWAVES 
(continued from page 53) 

ship with respect to the rest of the fre- 
quency content of that waveform. The 
rounding of the leading and trailing 
edges of the 10 -kHz waveform shown 
in the lower trace of Fig. 6 indicates 
either that the system (in this case our 
equalizer filter) is limited in frequency 
response above 20 kHz, or is intro- 
ducing phase distortion. If this system 
was a power amplifier, the waveform 
might also indicate a "speed" or tran- 
sient response limitation in one or more 
of the transistors used in its circuitry. 
A 10 -kHz waveform has a period of 
100 microseconds (1/10,000 second) . 
For a circuit to respond to the eleventh 
harmonic of such a square wave would 
require a rise time of 9 microseconds. 
The Harman -Kardon amplifier shown 
earlier boasts a square -wave rise -time 
(to 90% of full amplitude) of only 3 
microseconds. 

Amplifier instability 
High- frequency square waves can be 

used to determine another problem 
present in some audio amplifier designs 
-instability. In Fig. 7 we see a "ring- 
ing" effect indicative of such instability. 
Highly capacitive loads connected to 
the output terminals of some amplifiers 
will cause such instability and are part 
of the reason why some amplifiers can- 
not be used properly with full -range 
electrostatic speakers, no matter how 
powerful they are and no matter how 
wide their bandwidth may be. 

While experts may disagree regard- 
ing the need for such ultra -wide band- 
width and phase linearity as has been 
designed into Harman -Kardon's new 
Citation 16 amplifier and other prod- 
ucts of its kind, it should be obvious 
that there is a great deal to be learned 
from examining the square wave re- 
sponse of any amplifier. Since function 
generators are now available at very 
moderate cost and can produce square 
waves as well as more traditional sine 
waves for testing purposes, there seems 
to be no reason why audio technicians 
and engineers should not avail them- 
selves of this useful "tool." R -E 

I I 

N #QIaX 

Why didn't ysu tell me it was a mini- 
computer and I wouldn't have thrown 
it... 

LEADER 
Automatic 

Dual Channel /Dual Trace 
5 "Scope /uectorscope 

Auttxnatic Trigger FlIJtOmatiC Horizontal Sweep 
ñutairetic Vertical Input 

And that means virtually error -tree, 
easy operation. You can even read 
between ranges in any position as 
with analog VTVM's. Features: 
separate and simult. sweep display, 
Ch 1 & 2 - alternate, chopped, 
auto /norm trigger; 10MHz b'width; 
10mVp -p /cm to 20Vp -p /cm vert. sen- 

sitivity, 11 calib. steps; 0.5µ S /cm to 
0.2S /cm sweep range, 18 slaps calib; 
X5 sweep mag.; XY & veclorscope 
display. Compact, lightweight with low 
power consumption. 

$569 9 5 Complete l .Ìt i probes, 
terminal adapters, 

MODEL L80.506 lest leads. 

LEADER"Put 
Us To The Test" 

Instruments Corp. 151 Dupont St., Plainview, L.I., N.Y. 11803 (516) 822 -9300 
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BEST IN RADIO -TV- ELECTRONICS BOOKS! 

' Adv Applications for Pocket Calculators 304p. 27511 55.95 
11 

111 DigitaILinear IC Projects. 210 p. 275 il. 55.95 1 

Integrated Circuits Guidebook. 196 p. 124 il. $5.95 e 

Practical CB Radio TrblsMyRepair. 210 p. 108 il. $5.95 
Basic Digital Electronics. 210 p. 117 il. $4.95 
Prac. Cir. Design for the Experimenter. 196p. 119 il. $4.95 
Electronic Music Production. 156 p. 79 il. $3.95 
Handbook of Multichannel Recording. 322 p. 196 il. $7.95 
Computer Programming Handbook. 518 p. 114 il. $8.95 
Jack Darr's Service Clinic No. 3. 252 p. 124 il. $4.95 
Digital Electronics/Principles/Practice. 288 p. 191 il. $5.95 
2nd Class FCC Encyclopedia. 602 p. 445 il. $7.95 
Small- Screen TV Servicing Man. 240 p. 367 il. $6.95 
Transistor Theory for Technicians & Engineers. 224 p. 55.95 
International Transistor Selector. 140 p. 54.95 
Radio Astronomy for the Amateur. 252 p. 88 il. 55.95 
Amateur Radio Novice Class License Study Gde. 224 p. $5.95 
Radio Control for Models. 350 p. 417 il. 56.95 
CAN Circuit Engineering. 294 p. 138 il. 514.95 
Complete FM 2 -Way Radio Handbook. 294 p. 111 il. 56.95 
RFtVigital Test Equip. You Can Build. 252 p. 217 il. $5.95 
CB Radio Operator's Guide. 256 p. scores of il. $5.95 
Amateur Radio Gen. Class License Study Gde. 448 p. 57.95 
Amateur Filmmaker's Hdbk. of Sound Sync/Scoring. $5.95 
Directional Broadcast Antennas. 210 p. 60 il. $12.95 
Amateur FM Conversion & Construction Proj. 256 p. $5.95 
Commercial FCC License Handbook. 444 p. 150 il. $5.95 
Citizens Band Radio Service Manual. 228 p. 55.95 
Amateur Radio Adv. Class License Study Gde. 252 p. $5.95 
Effective Trblshtg. With EVM & Scope. 238 p. 185 il. $5.95 
CET License Handbook. 276 p. 244 il. $5.95 
Solid -State Circuits Guidebook. 252 p. 227 il. $5.95 
Prac. Triac/SCR Proj. For Experimenters. 192 p. 146 il. $4.95 
Elect. Unraveled/New Commonsense Approach. 228 p. 54.95 
Cassette Tape RecorderetHow They Worl CarefRepair. $4.95 
Pictorial Gde. to CB Radio Installation & Repair. 256 p. 55.95 
Electronics For Shutterbugs. 204 p. 109 il. 55.95 
Mod. Communications Switching Sys. 276 p. 171 il. $17.95 
Electrical Wiring/Lighting For Home/Office.204p.155 il. $4.95 
Pract. Test Instruments You Can Build. 204 p. 157ìl. $4.95 
Experimenting With Electronic Music. 180 p. 103 il. $4.95 
Understanding & Using the Oscilloscope. 272 p. 170 11.54.95 
FM Stereo,Ouad Receiver Srvcg. Manual. 192 p. 130 il. $4.95 
Acoustic Techniques for Home & Studio. 224 p. 168 i1. 55.95 
Installing TV & FM Antennas. 168 p. 158 il. 53.95 
Complete Shortwave Listener's Hdbk. 288 p. 101 il. $6.95 
Using Elec. Testers for Auto Tune -up. 252 p. 226 il. $4.95 
How to Build Solid -State Audio Circuits. 320 p. ill. $5.95 

SEND NO MONEY! Well invoice you on 10-DAY FREE TRIAL. 
Clip entire ad to order. 100% guaranteed -used by hundreds of 
thousands to learn. 

STAB BOOKS BLUERDGE SUMMIT, 

Circle 82 on reader service card 

projection 
television 

mid,q p 
uL1LL4.15.. 

Convert 
color TV 

to 
Giant 
Screen 
with 
the 

New MIAMI 
Projection TV Lens 

Send for further 
information 
including 
HV Boosters and 
Ho-efficiency 
screens. 

MIAMI PROJECTION 
TELEVISION 

304 N.E. 79th St., Miami, Florida 33138 
(305) 759 -3124 
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ALLISON 
OPTO- ELECTRIC ' 
The BEST...the ULTIMATE 
of ALL Ignition Systems! 

(We challenge ANYONE 

to dispute this Fact). 

Never wears out or needs any Maintenance! 

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 transistor 
The System operates on a beam of Light. As there are NO 

moving parts in rubbing contact. 'Friction -wear is completely 

eliminated.. Timing adjustments are PERMANENT. 

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. Sparkplugs LAST 3 to 10 -Times LONGER. 

Easier Starting under any condition! Smoother running... 
(NO TIMING FLUCTUATION as with Magnetic Impulse Units) 

All SOLID -STATE Components UNAFFECTED By Temperature. 
Moisture, or Vibration! Only Highest grade materials used 
Guarantees you Solid, Dependable Performance! 

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 the BEST in GAS MILEAGE AND ECONOMY 

* Perfect Timing and Dwell never change. 
Pays for itself! Eliminates ignition Tune -Ups forever! 

INFINITE LIFE" Once installed Never needs replacing! 

* PROVEN RELIABILITY! 
Unit Tested to 15,000 RPM. 

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

INDY Two years in a row!) 

You CAN install the ALLISON System in ALL 

the U.S. made 8 Foreign Cars! (4. 6. or 8- Cylinder). 

EASIEST -TO- INSTALL" UNIT ON THE MARKET. 
iNot necessary to dismantle Distnbuioi as with other systems) 

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

ORDER with CONFIDENCE... 

SATISFACTION GUARANTEED 

10 -YEAR FACTORY WARRANTY 
(Free Repair or Replacement) . 

Send Check or M 0 

State Make. Year. Engine Size. * (So New...it's Sold ONLY FROM 

! 

that s EVERYTHING' 
including 

Postage 8 Insurance 

(Calif Res add Tax) 

FACTORY DIRECT). 

Only $4995 
COMPLETE. 

You may use your MASTER CHARGE or BANKAMERICARD. 
Send us (1) Your Number, (2) Interbank No . 13) 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 users of our ALLISON System! 

America's Oldest and Largest Mfg. of 

Opto- Electronic Ignition Systems. 

116 

ALLISON 
AUTOMOTIVE COMPANY 

1267 -L, East EDNA PL., COVINA, CAL. 91722 
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equipment 
r'eporth 

B &K- Precision 
Model 280 DMM 

Circle 104 on reader service card 

THE B &B- PRECISION TEST EQUIPMENT DIVI- 

sion of the Dynascan Corp. has introduced 
a new digital multimeter. When they say 
"multimeter ", they're not kidding. This 
compact little instrument measures AC 
and DC voltages at 10 megohms input 
impedance, resistance and both AC and 
DC current. The voltage ranges go from 
1,000 millivolts to 1,000 volts. Resistance 
ranges go from 100 ohms (full -scale!) up 
to 10 megohms. The current ranges go 
from 1,000 microamps up to 1,000 milli - 
amps (which is very close to 1.0 ampere). 
The bad joke about "close to 1.0 ampere" 
is really true. On the 0 -1,000 scale, you'll 
see 0.999, which is pretty close to 1,000 
mA. If you can get within 1.0 mA, that's 
close! 

The accuracy of the model 280 is excel- 
lent, within ± 1% of full -scale on all 
ranges except DC volts; this is i-0.5 %. 
When you go over the full -scale value on 
any range, the whole display blinks at you. 
Polarity reading is automatic, no setting 
to "-I- volts" or "- volts ", etc. If you see 
a minus sign, the voltage is negative; no 
minus sign, it's assumed to be positive. 
There is also a ZERO ADJUST control; just 
set it to DC volts, short the test leads and 
turn the control until you see "000" with 
the minus sign blinking slowly off and on. 

The display uses 7- segment LED's with 
good brightness. Decimal point location is 

automatic. It's bright enough to read even 
fairly close to a bright bench -light. They're 
big enough to be read easily at any reason- 
able distance. 

Overload protection is provided on all 
ranges. This will protect up to 1,000 volts. 
Even the low -ohms ranges, 100 and 1,000 
ohms, will withstand the full 125 volt AC 
line voltage continuously. It is not recom- 
mended that you read the resistance of the 
AC line voltage, of course, but if you do, 
you'll be safe. There is a 1.0-A fuse in the 
negative jack and a special fusible resistor 
in the input to the electronics. 

The ohms ranges of the model 280 have 
the new low- voltage ohms feature. Alter- 
nate ranges are low- voltage; this is read 
out by a H or L appearing in a little win- 
dow just below the range switch. This can 
be used for in- circuit testing of transistor 
circuitry or out -of- circuit testing of tran- 
sistor junctions. Blinking of the display in 
both polarities means that the junction is 
open. Zero or very low reading both ways, 
it's shorted. Overrange one way and an 
in -range reading the other shows that the 
junction is good. 

A built -in battery test feature is also 
provided. Set the range switch to 10 volts 
DC and touch the positive probe to a ter- 
minal in a hole on the right side. A reading 
of .001 or more means that the batteries 
are good, for standard dry cells. Four 
size -C cells are used. Rechargeable NiCad 
batteries may be used; a jack on the top 
of the case connects the charger. The read- 
ing on these should be 090 or more. If you 
see 090, this means that it's time to re- 
charge. With alkaline batteries, a service 
life of more than 50 hours of continuous 
duty is claimed. 

The model 280 does all of these tricks 
with solid -state circuitry, of course. Nu- 
merous IC's and transistors are used. In 
the input, a special dual' JFET (two tran- 
sistors in the same case, so that they will 
be accurately matched) gives it the very 
high input- impedance. Even though the 
instrument is battery -powered, an IC volt - 
tage regulator is used in the DC power 
supply. This gives it very good stability 
under temperature changes and battery 
aging. It will hold its accuracy down to a 
4 -volt level though the battery gives a 

6 -volt supply. 
The model 280 is built into a case of 

tough Cycolac high- impact plastic. It has 
a "nubbly" texture to make it easier to 
hold. There are no exposed metal parts for 
protection against accidental shock to the 
user. 

One attractive feature of the model 280 
is its price. This is less than $100.00. For 
an instrument with this versatility and ac- 
curacy, this is good! Its performance corn - 
pares well with instruments costing quite 
a bit more. R -E 
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COLOR TV KIT 
(continued from page 114) 

pleted wiring this section of the TV. 
For that's when you read through a 
detailed description of how the circuit 
works. Then you take a series of mea- 
surements with your scope (you built 

color set. A hands -on education. 
The end result is a large- screen color 

TV in a console -type cabinet and an 
excellent working knowledge of color 
TV circuitry. You've also discovered 
what the various components that go 
into a color set look like and how they 
are wired into place. And you've been 
working with some of the newest solid- 
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USING THE SCOPE to observe the operation of the automatic color control is another experi- 
ment that is performed during the construction of the set. 

it earlier in the course) that tells you if 
the power supply regulator is working 
the way it should. If it isn't, you 
troubleshoot the regulator and repair 
the fault. Then you go on to check out 

CHROMA 
INPUT O 

_FL 
HORIZ. 
PULSE 

state circuits used in today's equipment. 
Remember, this is only one part of 

the total color television servicing 
course. The complete course offers a 
lot more basic theory, construction of 

FIRST 
CHROMA 
AMP. 

1 

ACC 
DETECTOR 

CHROMA 
"'OUTPUT 

ANOTHER BLOCK DIAGRAM, this one of the ACC section and where it connects into the video 
circuitry. It's also a part of the construction manual. 

another section of the power supply. 
This procedure continues as you as- 

semble each section of the set until you 
have a complete working color TV. In 
the process you have learned just how 
each circuit operates and the part it 
plays in the performance of the total 

test equipment, experiments and nec- 
essary data. The total course is a full 
education in color TV servicing tech- 
niques and should be considered as 
one of the ways you can learn more 
about electronics. It's certainly well 
worth looking into. R -E 

Test Equipment 
CB Equipment 

Electronic Parts 

RCA 3, inch 
e 

Model 
wo-33B 

R &K 3 -Digit 
Portable Multimeter Model 280 
with case and stand 

B &K 40 MHz Counter 
Modórá6o 950 

NON LINEAR 
SYSTEMS Digital Multimeter 
Model 

1135° with tilt stand 
I 

AL N SD canner 
Mode113 -919 

Model l4F 

HYILo VHF ( o.no M= J 
Bands MH.I 

-o 

°an¿]0.SOl:al 
ea 

3-Channel DLAND Walkie- Talkies Model 13 -753 6-Channel 

69 ea 
79777 

95 
ea 

EMTRONICS 
23 Channel CB 

Transceiver 
Model GTX-36 

CASTLE Master Subber Mark V 

50 

WAHL Cordless 
Soldering 
Model 7500 ¿`95 

Send check, money order or for 
Master Charge include MC card No. 
and expiration date. Add $2.00 for 
shipping and insurance. 

FORDHAM 
Radio Supply Co., Inc. 

Dept. 975 
558 Morris Ave., Bronx, N.Y. 

Tel: [212] 585-0330 

Circle 85 on reader service card 
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Clever Kleps 
Test probes designed by your needs -Push to seize, push 

to release (all Kleps spring loaded). 
Kleps 10. Boathook clamp grips wires, lugs, terminals. 
Accepts banana plug or bare wire lead. 43/4" long. $1.39 
Kleps 20. Same, but 7" long. $1.49 
Kleps 30. Completely flexible. Forked- tongue gripper. Ac- 

cepts banana plug or bare lead. 6" long. $1.79 
Kleps 40. Completely flexible. 3- segment automatic collet 
firmly grips wire ends, PC -board terminals, connector pins. 

Accepts banana plug or plain wire. 61/4" long. $2.59 
Kleps 1. Economy Kleps for light line work (not lab quality). 
Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connection. Molded 
phenolic. Doubles as scribing tool. "Bunch" pin fits banana 

jack. Phone tip. 51/2" long. $ .89 

All in red or black - specify. (Add 50C postage and handling). 

Write for complete catalog of - test probes, plugs, sockets, 

connectors, earphones, headsets, miniature components. 
Available through your local pad so 

distributor, or write to: 
RYE INDUSTRIES INC. 
130 Spencer Place, Mamaroneck, N.Y. 10543 
In Canada: Rye Industries (Canada) Ltd. 

Circle 86 on reader service card 
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aICIRCUIT DESIGN, INC. 
2 Div. of E &L Instruments 

Q P.O. Box 24 

cc Shelton, Conn. 06484 
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UNIVERSAL 
ELECTRONIC 
INSTRUMENT 
DESIGN AND BUILD 
YOUR OWN 
ELECTRONIC 
INSTRUMENT 
IN HOURS, NOT DAYS! 
Think of it. No circuit board to 
assemble or solder; just push 
your electronic components 
into the SK -10; no panels to 
lay out and machine - simply 
mount your parts ... combine 
your design with the self - 
contained power supplies and 

you've got a finished 
instrument. 
Available in 3 kit versions to 
meet your unique require- 
ments, it combines the SK -10 

socket with the UMP -01 

universal panel and gives the 
designer an instrument in 
1 /10th the time it would take 
with custom instruments. 

From $50.00 to $85.00 de- 
pending on the power supplies 
you want. Write for free 
literature. 

next month 

DECEMBER 1975 

Project Omega 

Code name for a new digital color TV 
varactor tuning system featuring a non- 
volatile programmable memory. Also, 
other new color TV circuits including RCA 
ColorTrak and Zenith zoom. 

TV Games For Your Living Room 

Video games have finally made it into your 
home, courtesy of Magnavox and Broad - 
moor. Here's how they work and what 
they can do. 

All About Digital Panel Meters 

State -of- the -art answer to the D'Arsonval 
movement. Round -up of who's making 
what. 

Vertical FET In Audio Power Amplifiers 

A new semiconductor made even newer 
to take over an old job. 

Build A Logic Probe 

Using an LED indicator to show logic 
levels, this probe can test digital circuits 
fast. 

Radio -Electronics Hi -Fi Lab Tests 

In -depth reports on the Marantz model 
4400 4- channel receiver and the Marantz 
CD -4 decoder. 

PLUS 

State-Of-Solid-State 
Jack Darr's Service Clinic 

Step -By -Step Troubleshooting Charts 
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HOW A PROM WORKS 
(continued from page 74) 

you in selecting a PROM. This table 
includes most of the presently avail- 
able PROM's along with the number of 
bits and the bit organization of each. 
Also included are voltage requirements 
for both the read and write (program- 
ming) modes. Comments in the special 
notes column may also be helpful in 
choosing a PROM that exactly fits your 
requirements. 

The main thing for you to remember 
in selecting a PROM is how you are 
going to program it. Unless you are 
prepared to spend some extra time and 
money for automatic or pulsing type 
programmers, it is advisable to stick 
with the fuse -link PROM's that can 
be programmed manually (Signetics 
8223, Motorola MCM5003 etc.) . 

Whichever way you go, remember to 
proceed slowly. Once you decide on 
your bit pattern (program), set it aside 
and check it over from the beginning 
the next day. It's easy to change an 
error on paper, but impossible in most 
PROM's. 

Another hint for those of you who 
want to try out some PROM's: several 
of the PROM's we have mentioned in 
this article are available from com- 
panies advertising in the back pages 
of Radio- Electronics. For instance, the 
Signetics 8223 was noted in a couple 
of ads for under $5, and the National 
Semiconductor MM203 (similar to 
Intel's 1702A) can be found for 
around $20. R -E 

READ CURRENT ON VTVM 
I've got an old ',trot without any cur- 

rent ranges. How can I read current with 
this instrument ? -C.B., Bronx, N.Y. 

Make up an adapter with a small 
value, precise resistor. Connect this 
into the circuit, and read the voltage 
drop across it. For example, a 1.0 -ohm 
resistor will show 1.0 -volt drop if there 
is 1.0 ampere flowing, and so on. 

IN 

VTVM 

OUT 
1.0 OHM 

This will work on AC or DC. If you 
want to read low currents, in high im- 
pedance circuits, use a 1000 ohm resis- 
tor. Now, you'll read 1.0 volt for each 
milliampere of current. This works 
only in circuits with high resistance, so 
that the added 1000 ohms won't upset 
things. R -E 

THE YWM(C DUO! 

Py9 m tttbt GNOME 
Arne er Rlitin-*ft 
$31.g5 ViVi5 

If you're into electronic music, PAIA's Pygmy Portable 
Amp and Gnome Micro-Synthesizer are a pair that's hard 
to beat. And now we offer them together, as a package, 
at a price that can't be beat - $84.50 plus 10 lbs shipping - catalog 443741. 

DEMO LINE -Use Ma Bell's low night rates to get a one 
minute demo of PAIA Synthesizers. Our recording equip- 
ment also takes catalog requests, charge orders, etc. 
(405) 843-7396. 

- -FREE CATALOG- - 
I>epf. I I - R 
((OL0W.Wi (Shirt ß . 

OYlohoce &Cd 1OK7 lb 
Circle 88 on reader service card 

For 

faster 
service 

USE 

ZIP 

CODE 

on 

all 

mail 

MATHEMATICS 

ELECTRONICS 
We are proud to announce two great 

new courses for the electronic industry. 
These unusual courses are the result of 

many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to 
appreciate them! 

NOW you can master mathematics 
and electronics and actually enjoy doing 
it! 

WE ARE THIS SURE: you sign no 
contracts -you order your lessons on a 
money -back guarantee. 

In plain language, if you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every- 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

DEPT. RE -1175 P.O. BOX 1189 
PANAMA CITY, FLA 32401 

Circle 89 on reader service card 

EIGHT 
INSTRUMENTS IN ONE 

Out -of- Circuit Transistor Analyzer 
Dynamic In- Circuit Transistor & Radio Tester Signal Generator 
Signal Tracer Voltmeter Milliammeter 
Battery Tester 
Diode Checker 

Transistor Analyzer Model 212 
Factory Wired & Tested -$26.95 
Easy -to- Assemble Kit- SI 7.95 

YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RADIOS! All the 
facilities you need to check the transistors themselves - and the radios or other cir- 
cuits in which they are used - have been ingeniously engineered into the compact, 
6-Inch high case of the Model 212. It's the transistor radio troubleshooter with all the 
features found only in more expensive units. Find defective transistors and circuit 
troubles speedily with a single, streamlined instrument instead of an elaborate 
hook -up. 

Features: Ì 
EMC, 625 Broadway, New York 12, N. Y. 

Send me FREE catalog of the complete 
value -packed EMC line, and name of 
local distributor- 

Checks all transistor types - high or low 
power. Checks DC current gain (beta) to 
200 in 3 ranges. Checks leakage. Uni- 
versal test socket accepts different base 
configurations. Identifies unknown tran- 
sistors as NPN or PNP. 

Dynamic test for all transistors as signal 
amplifiers (osctllatnr check), in or out of 
circuit. Develops test signal for AF, IF, 
or RF circuits. Signal traces all circuits. 
Checks condition of diodes. Measures 
battery or other transistor- circuit power- ' 
supply voltages on 12 -volt scale. No ex- 
ternal power source needed. Measures 
circuit drain or other DC currents to 80 
milliamperes. Supplied with three exter- 
nal leads for in- circuit testing and a 
pair of test leads for measuring voltage 
and current. Comes complete with 
Instruction manual and transistor listing. 

NAME RE -11 

ADDRESS 

CITY ZONE_STATE_ I p 
m 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York, N.Y. 10012 

CO 

m 

co 
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You 1 

can study 
FM 

two - way 
radio 

at 
home! 

Thousands have increased their knowledge of FM 
two -way radio through the MTI home -study courses. 
Now, newly revised and better than ever! 

Cut me in, send free information. (No salesman will 
call) 

Name 
Address 

Code 
I am a Veteran I am a serviceman on active duty 

MT/ 
Formerly 

MOTOROLA TRAINING INSTITUTE 
College Hill Road, Sun,nrerdale, Pennsylvania 17093 

EN 1M ME N - - - EN M - - - 
Circle 91 on reader service card 

MACHINE LANGUAGE 
PROGRAMMING 

for the 

8008 
(and SIMILAR MICROCOMPUTERS) 

Written to provide you with the detailed 
knowledge you need to know in order to 
successfully develop your own MACHINE 
LANGUAGE PROGRAMS! This informa- 
tion packed publication discusses and pro- 
vides numerous examples of algorithms and 
routines that can be immediately applied to 
practical problems. Coverage includes: 
DETAILED PRESENTATION OF THE '8008' 
INSTRUCTION SET FLOW CHARTING 
MAPPING EDITING AND ASSEMBLING 
DEBUGGING TIPS FUNDAMENTAL PRO- 
GRAMMING TECHNIQUES: LOOPS, COUNT- 
ERS, POINTERS, MASKS ORGANIZING 
TABLES SEARCH AND SORT ROUTINES 
MATHEMATICAL OPERATIONS MULTIPLE. 
PRECISION ARITHMETIC FLOATING -POINT 
PACKAGE MAXIMIZING MEMORY UTILIZA. 
TION I/O PROGRAMMING REAL -TIME 
PROGRAMMING PROGRAMMING FOR 
"PROMS" CREATIVE PROGRAMMING CON- 
CEPTS. 
Virtually all techniques and routines illus- 
trated also applicable to `8080' and similar 
types of micro /minicomputers, with appro. 
priate machine code substitution. Orders 
now being accepted for immediate delivery 
at the LOW price of just $19.95.* Add 
$3.00 if PRIORITY mailing service de- 
sired. ( *Domestic prices.) Order direct 
from - 

SCELBI COMPUTER 
CONSULTING, INC. 

1322 REAR BOSTON POST ROAD 
MILFORD, CONNECTICUT 06460 

MASTER CHARGE ACCEPTED. MASTER CHARGE 
customers must submit Card #, Bank #, Expiration 
Date, and card holder's personal signature. 

DON'T DELAY -ORDER TODAY! 
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LOOK FOR 

THE 

DECEMBER 

ISSUE OF 

RADIO - 

ELECTRONICS 

AT YOUR 

NEWSDEALER 

NOV. 20 

NEW! 
One hand 
soldering... 
with the "Freehand" Solder Feeder 
Once you use 
the new "Free- 
hand" way of 
soldering, you 
will wonder how 
you ever got 
along without 
it. As you con- 
trol the gun 
heat with your 
finger, you easily feed the amount of solder 
needed with an easy, natural thumb -motion. 
Solder with pinpoint accuracy, save time, 
use your free hand to hold pliers, heat 
sinks, parts, etc. 

Specify make and model number of your 
solder gun or use our order number below: 

Free, five -foot starter spool of rosin core 
solder included - just 

$11.95 Order Number 
SF8200 fits Weller 8200, Archer 6431, 

Millers Falls 641 
SF4400 fits Weller 440 
SF5500 fits Weller 550, Archer 6432 
Send to: Schurman Products, Incorporated 

P.O. Box 13 
Weymouth Landing, MA 02188 
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BOOKSHELF SPEAKERS 
(continued from page 76) 

sented in three parts. The first part is 
termed nominal impedance and it is usu- 
ally measured at a frequency of 400 Hz. 
The speaker industry has standardized the 
nominal impedance rating so that the 
speaker systems are either 4, 8, or 16 
ohms. This specification does not affect 
the sound quality of the speaker system 
but it does affect the total amount of power 
that the amplifier will deliver. Most 
speaker systems are 8 ohms. As such the 
output power of most amplifiers are refer- 
enced to 8 -ohm loads. There is no problem 
in using a 16 -ohm speaker with a solid - 
state amplifier rated for an 8 -ohm load. 
However, be aware that the amplifier will 
deliver less power to the speaker system - 
approximately half as much. Similarly, the 
amplifier will deliver approximately twice 
as much power to a 4 -ohm speaker system. 

The second impedance specification re- 
fers to the minimum amount of impedance 
that the speaker system will present to the 
amplifier and it includes the frequency 
that this minimum impedance will occur 
at. Caution- impedances of less than 3- 
ohms can play havoc with some amplifiers. 
Most speaker systems will not present less 
than this value to the amplifier. However, 
you should consider this specification if 
you plan on using more than one set of 
speaker systems in your hi -fi system. For 
example, if you plan on using main and 
remote speaker systems, the parallel com- 
bination of two speaker systems should not 
present less than 3 ohms to the amplifier 
at any frequency in the audio spectrum. 

The last impedance specification is the 
maximum impedance that the speaker sys- 
tem presents to the amplifier and it in- 
cludes the frequency that this impedance 
occurs at. This maximum impedance usu- 
ally occurs in the bass frequency range of 
the audio spectrum. Maximum imped- 
ances as high as 25 or 30 ohms are not 
uncommon in speaker systems. This maxi- 
mum impedance will decrease the power 
that the amplifier will deliver. Although 
the output sound level will also be re- 
duced, this effect has been accounted for 
in the frequency response curves. Modern 
amplifiers can handle this increase in im- 
pedance fairly well. However, it is still a 
good idea to choose a speaker system with 
a minimum amount of impedance varia- 
tion. (to be continued) 

JGNiEUze 

Look, we're buying a diamond, forget 
you're in micro miniatures. 
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R -E TESTS SHURE M95ED 
(continued from page 62) 

their various cartridges. The effective mass 
of the stylus tip of the M95ED is a low 
0.5 milligrams compared to 0.33 milli- 
grams for the V15 Type III. For compari- 
son, Shure's well known "work- horse" 
cartridge, the M3D, has an effective stylus 
tip mass of 2.2 milligrams and the V15 
Type I (ancestor of the V15 Type III) 
boasted a stylus tip mass of 1.2 milli- 
grams. 

Laboratory measurements 
Frequency response of the Shure 

M95ED is shown in Fig. 5 and extends 
within ±2 dB from 20 Hz to 20 kHz. 
Cartridge resonant point is approximately 
at 19 kHz and the slight dip below that 
frequency and down to about 10 kHz is 
hardly significant. Other measured results 
are listed in Table I. It should be noted 
that the 400 to 500 pF capacitive loading 
called for in Shure's published specifica- 
tions is extremely important to obtain the 
response shown in Fig. 5. With the recent 
interest in CD -4 cartridges that require 
much lower capacitive loading (generally 
100 pF or lower), many turntable manu- 
facturers are now supplying low- capaci- 
tance audio cables with their products in 
order to insure their compatibility with 
the CD -4 cartridges. In our first measure- 
ments, we ignored the capacitance require- 
ment and came up with a curve that had 
nearly a 5 dB peak at the high -end. A re- 
turn to a pair of 4 -foot cables of earlier 
vintage, added to the tonearm wiring ca- 
pacitance, tamed things down consider- 
ably. Alternatively, we could have soldered 
in a pair of 300 pF fixed capacitors across 
the phono input terminals of our pream- 
plifier and accomplished the same smooth- 
ing of the response curve. The difference 
is not only plottable, but audible! 

Shure invented the term trackability 
which has almost universally replaced 
compliance as a meaningful measurement 
of cartridge capability. Since our lab is 
equipped with a Shure Cartridge tester 
and a Shure TTR -103 trackability test rec- 
ord (not to mention a dozen or so other 
test records including CBS's newly re- 
pressed STR -1 l2 tracking and IM test rec- 
ord), it was a simple matter to check out 
Shure's claims for the trackability of the 
M95ED. We could not come up to the 33 
cm /s velocity at 1 kHz claimed by Shure 
and had to settle for a very impressive 30 
cm /s. The slight difference may well be 
due to the fact that they specify their own 
SME pick -up arm for making this mea- 
surement whereas we used a different high 
quality arm that is a part of our reference 
turntable system. 

Separation at mid -frequencies exceeded 
the 25 dB minimum claimed by 3 dB and 
tapered off to 16 dB at 10 kHz. An overall 
product analysis of the M95ED, together 
with our comments and results of our 
listening tests, is contained in Table II. 
When properly loaded, we feel that the 
M95ED represents very good value in a 
phono cartridge and find it suitable for use 
in high quality single -play turntable sys- 
tems and better automatics. Its low track- 
ing force requirements preclude its use in 
low -cost record changers where its full po- 
tential cannot be realized. R -E 

THE 40:004 PROFITMETER 
AUTO ZERO /POLARITY 32 DIGIT MULTIMETER KIT 

WITH BRIGHT RED LED DISPLAY 

WHEREVER AND WHATEVER THE JOB, 
YOU'LL NEED ITS BATTERY 
OPERATED PORTABILITY AND 
ITS HIGH ACCURACY: .1% DCV & 

OHMS, 1% CURRENT AND ACV. 

ON THE SERVICE BENCH Si 

IN THE FIELD 

9 
95 +2.95 P &H 

Less test 
leads & 

batterys 

in c 

L<IMqAM 

4L1)414 ELECTRONICS 
DEPT 2 PO BOX 1005 
MERRITT ISLAND, FLA. 32952 

TO ORDER OR FOR INFORMATION 

CALL TOLL FREE 
800 - 327 - 2084 

SPECIAL OFFER: "PROFIT" AND SAVE $40,00 

NOW, BUY THE PROFITMETER AND GET OUR RALLY IV STOPWATCH 

KIT FOR $29.95 OR CUR LED-1 OR DD12/24 (HR /foN /SEC /DATE) 

DIGITAL WRISTWATCH KIT FOR ONLY $9,95 WITH THIS AD, 

Circle 94 on reader service card 

over 2000 
unique tools, 

handy kits, 
precision 

instruments, 
technical 
supplies. 

Our 23rd year of service to the World's 
finest craftsmen and technicians. 

A carefully selected and tested assortment 
of unique, hard -to -find tools, clever 
gadgets, precision instruments, bargain 
kits. One -stop shopping for the technician, 
craftsman, hobbyist, lab specialist, 
production supervisor. Many tools and 
measuring instruments available nowhere 
else. One of the most unusual and complete 
tool catalogs anywhere. Get your copy of 
the NC FLASHER today. 

Naiional/\ 1000 West Wawa Ave. Dept. GBA 
Englewood. Eegrdo, SOHO Camera V r. 303,ree-,093 

Circle 95 on reader service card 

12 REASONS YOUR CAR 

NEEDS TIGER CDI 
Instant starting in any weather - Eliminates 
tune -ups - Increases gas mileage - Increases 
horsepower 15% - Improves acceleration 
and performance - Spark plugs last up to 
70,000 miles - Reduces engine maintenance 
expense - Amplifies spark plug voltage 
to 45,000 volts - Maintains spark plug 
voltage to 10,000 RPM - Reduces exhaust 
emissions - Dual ignition switch - An 
Unconditional LIFETIME GUARANTEE 
Installs in 10 minutes on any car with 
12 volt negative ground - No rewiring - Most 
powerful, efficient and reliable Solid State 
Ignition made. 

SATISFACTION GUARANTEED or money 
back 

TIGER 500 assembled $53.95 
TIGER SST assembled $42.95 

Post Paid in U.S.A. 

Send check or money order with order to: 

i Star Corporation 
P. O. Box 1727 B 
Grand Junction, Colorado 81501 

DEALER INQUIRIES INVITED 
Circle 96 on reader service card 
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the original 
"wedge- type" screwdriver Qua 
vuga 
SCREW -HOLDING 
SCREWDRIVER 
Does all the job! 

HOLDS, 
STARTS, 
DRIVES, 
AND SETS 
the screw 
normal tightness! 
GET A SET TODAY! 

At your dealer's 
or write 

17 

SIZES 
1975 by 

KEDMAN 
COMPANY 

Kedman Company 

Box 267 
Salt Lake City, 
Utah 84110 

Circle 97 on reader service card 

FREE bufglar- 

alarm catalog 
over 500 
systems, 

detectors, 
controls, 

sounders, 
tools, locks, 

supplies 

TO PROTECT HOMES, 
BUSINESSES, INDUSTRY 

Huge selection of hard -to -find security 
equipment from stock. 96 fact -filled pages 
loaded with 100's of highest quality profes- 
sional alarm products, technical notes, 
diagrams. 

ONE -STOP SUPERMARKET 
SELECTION INCLUDES: 

ultrasonics, radar, infrared, undercarpet 
mats, magnetic contacts, smoke & heat de- 
tectors; Controls; Alarms: bells, sirens, 
phone dialers, lights, guard panels. Large 
selection of tools, relays, wire, holdup 
alarms, books. Fills need for industry, alarm 
cos., businesses, homes, institutions. Order 
your copy today. 

mountain west alarm 
4215 n. 16th st. 
phoenix, az. 85016 
(602) 263 -8831 

Circle 98 on reader service card 

equipment 
report 
Heath IM -2202 Portable 
Digital Multimeter 

Circle 100 on reader service card 

NOT VERY LONG AGO THE DIGITAL VOLT - 

meter was a very expensive, laboratory in- 
strument. Recently, the release of a num- 
ber of revolutionary analog -to- digital con- 
version IC's have drastically changed the 
picture. The IM -2202 uses one of these, 
the MK6013, that contains all of the in- 
strument's logic circuitry. Without it, the 
31/2 -digit auto -polarity indicating meter 
would be about twice as complicated (and 
costly). The Heath multimeter measures 
AC and DC voltage, AC and DC current, 
and resistance. 

The dual -slope analog -to- digital conver- 
ter scales DC inputs of either 1 volt or 
loo millivolts to a full count of 1000. 
Readings up to 1999 are indicated with 
the meter's 100% overrange capacity. The 
decimal point is automatically positioned 
as the scales are changed. Readings are 
updated at a 5 -per- second rate on the non - 
blinking display. The main feature of the 
widely accepted dual -slope method is its 
high accuracy despite long term drifts of 
the clock oscillator frequency. 

When the instrument is switched to the 
ohms scale, precise current sources are 
connected to the unknown external com- 
ponent. The voltage across it is then mea- 
sured by the converter. This ohmmeter 
scheme is great for checking semiconduc- 
tor junctions. On the 1K ohm scale, a test 
current of 1 mA is passed through the 
device. In effect you are measuring the 
forward drop of the junction at 1 mA. In 
the reverse direction the meter will read 
overrange. Though some reversed- biased 
junctions, like the base -to- emitter of sili- 
con NPN's, break down below the 10 
volt possible terminal voltage, anything 
over 1.999 volts is interpreted as an over - 
range resistance. 

Kit construction is a procedure of wiring 
three tightly packed PC boards, intercon- 
necting them with a wire harness, and 
installing them in a battery and trans- 
former power supply main chassis. Even 
with the MK6013, there are still plenty 
of parts in the analog and display circuitry, 
so you're kept pretty busy putting it all 
together. I counted 39 transistors, 26 
diodes, and 3 IC's in all. Careful soldering 
is called for. Closely spaced PC runs are 
prerequisites for the small 3" X 81/4" X 8" 
final package. Troubleshooting is not too 

bad considering the packing density. Re- 
moving a few screws and the front panel 
exposes just about everything. 

The IM -2202 has basic accuracies of 
±0.2% on DC and ±0.75% on AC when 
calibrated with laboratory standards. In- 
ternal calibration references will bring DC 
and AC accuracy within ±0.5 and ±1.5% 
respectively. The ohmmeter scales are 
calibrated against built -in ±0.1% re- 
sistors. Instructions for extra care when 
mounting these critical components are 
aimed at preventing heat from affecting 
their values. I found that on the DC 
ranges, lab- standard accuracy was ap- 
proached by interpolating and readjusting 
the plus and minus potentiometers so an 
externally applied voltage reads the same 
magnitude when the test leads are re- 
versed. In general, the amount of improve- 
ment using this trick depends on the sta- 
tistical variation of the two built in Zener 
diodes. These diodes are pre- measured by 
Heath with their precise voltages marked 
on their envelopes. 

The digital readout tubes are Sperry gas - 
discharge types. They have excellent read- 
ability because of their large 0.55 -in. high 
digits. Plugging them into the connector 
pins used for sockets was a bit tricky, but 
eventually yielded to some gentle pin 
bending. I'm sure the choice of display 
was the subject of some discussion over at 
Heath because of the 170 volt DC supply 
the gas tubes require. It would have been 
simpler to use LED's, but they would 
seriously compromise the convenience of 
the meter. An extra winding on the DC -to- 
DC power supply converter is used to gen- 
erate the 170 volts. The same converter 
chops the 5 -volt primary supply to produce 
the +12-volt main voltages. 

Four NiCad batteries are used to power 
the unit and when fully charged will run 
the multimeter for eight hours of field 
operation. Differential voltage measure- 
ments are eased by disconnecting from the 
capacitive loading AC power line. A spe- 
cial functidn position connects the meter 
to read its own battery voltage. The bat- 
teries should not be allowed to fall below 
4.6 volts. When the batteries are being 
checked, the counter latches are disabled. 
Count accumulation is no longer blanked 
and all segments of the three right -hand 
digits are exercised as a readout check. 

The digital multimeter is not a replace- 
ment for the FET analog meter but rather 
a complementary instrument. Once you 
own one, you will probably use the digital 
meter 90% of the time. But null adjust- 
ments or monitoring of changing voltages 
is usually best done with the analog meter. 

The IM -2202 gives more accurate and 
faster readings than analog meters. Errors 
in making a measurement such as using 
the wrong scale or wrong interpolation are 
minimized. For $179.95 it is a lot of mea- 
surement power. R -E 
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mcirket center 
CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or 
services). $1.40 per word . .. minimum 15 words. 
NONCOMMERCIAL RATE (for individuals who want to buy or sell personal items) 85$ per 
word ... no minimum. 
ONLY FIRST WORD AND NAME set in bold caps. Additional bold face (not available as all 
caps) at 10c per word. Payment must accompany all ads except those placed by accredited 
advertising agencies. 10% discount on 12 consecutive insertions, if paid in advance. All copy 
subject to publisher's approval. Advertisements using P.O. Box address will not be accepted 
until advertiser supplies publisher with permanent address and phone number. Copy to be in 
our hands on the 26th of the third month preceding the date of the issue (i.e. August 
issue closes May 26). When normal closing date falls on Saturday, Sunday or a holiday, 
issue closes on preceding working day. 

BUSINESS OPPORTUNITIES 
START small, highly profitable electronic pro- 
duction in your basement, garage. Invest- 
ment unnecessary. Details: BARTA, Box 
2488X, Walnut Creek, CA 94596 

OWN YOUR OWN PICTURE 
TIME REBUILDING BUSINESS 

With Lakeside Industries 
re- building equipment 
you can rebuild any pic- 
ture tube` 
For complete details 
send name, address. zip 
code to 
LAKESIDE INDUSTRIES 
3520 W. FvilMOn Ave 
Chicago. III. 60647 
Phone. 312- 342.3359 

EDUCATION & INSTRUCTION 
TELEPHONE bugged? Don't be Watergated! 
Countermeasures brochure $1.00. NEGEYE 
LABORATORIES, Box 547 -RE, Pennsboro, 
WV 26415 
SEMICONDUCTOR and parts literature, J. & 
J. ELECTRONICS, Box 1437R, Winnipeg, 
Manitoba, Canada, U.S. Inquiries Invited 
FREE educational electronics catalog. Home 
study courses. Write to: EDUKITS WORK- 
SHOP, Dept. 273G, Hewlett, NY 11557 
UNLOCK your future. Become professional 
locksmith by spare time homestudy. $13 in an 
hour possible. All tools, equipment included. 
Facts free. Send name. LOCKSMITHING IN- 
STITUTE (homestudy), Dept. 1339 -115. Little 
Falls, NJ 07424 

"I have already 
master keyed my 
Elks Lodge and 
38 apartments... 
so you see my 
locksmith course 
is practically 
paid for." 
Adelindo Orsi, Jr. 
Azusa, Calif. 

a 
Name 

You'll enjoy your w rk as a Locks nth 
because it is more fascina Ina th n 
hubby -and highly paid besides! Y Wit 
au un enjoying the fascinating worn, in 
year after year. In good t mes or had 
because you'll he the man in des and 
In an erergrowing field offering big pay 
tubs. big profits as your own boss. 
What more could you ask! 
Train at Home -Earn Entra $$$$ Right Away! 

LOCKSMITHING INSTITUTE 
Div. Technical Home Study Schools 

Dept1479- 115-ittle Falls, N. J. 07424 

(Please Print) 
a Address 

tCity /State /lip 
f-1 Check here if Eligible for Veteran Training 

MANUALS for Govt. surplus radios, test sets, 
scopes, List 50¢ (coin). BOOKS, 7218 Roanne 
Drive, Washington, DC 20021 

F.C.C. EXAM MANUAL 
PASS I(( EXAMS! Memoriar, study -Tests 
Answers for F(( let and 2nd doss Radio- 

telephone licenses. Newly revised multiple 
choice questions and diagrams cover all 
areas tested in FCC exams, plus Self -Study 

Ability Test. $9.95 postpaid. Money- 

bark guarantee. 

COMMAND PRODUCTIONS P 0 BOA 76348 E 

RADIO ENGINEERING Old SAN FRANCISCO, (AL. 94126 

FOR SALE 
CARTRIVISION -Color video tape recorders, 
TV cameras, face plates, heads, blank tapes, 
spare electronics. Send SASE for price list. 
PHOENIX SERVICES, Dept. RE, P.O. Box 
6509, San Jose, CA 95150 

PRINTED CIRCUIT 
EPDXY GLASS CIRCUIT BOARD STOCK; 
CARBIDE DRILL BITS; TAPE RESIST; 
ARTWORK; BUBBLE ETCHERS 
SEND S.A.S.E. FOR FLYER 

TRUMBULL 
833 BALRA DR-, EL CERRITO,CA. 94530 

COMPUTER accessories, kits, surplus, semi- 
conductors -DIP TTL FF ten for $1.26, tele- 
communications, catalog $0.50. E/S LAB, Box 
738B, College Park, MD 20740 
GUIDE to electronic assembly business. Big 
profits. Start home, spare time. No invest- 
ment. Free literature: BARTA, Box AX, Walnut 
Creek, CA 94596 

GET into broadcasting- become disc jockey, 
engineer. Start own station, get free tapes - 
records. Free details. EGW, Box 5516 -FM, 
Walnut Creek, CA 94596 
TTL and other stock. Send for free list. 
RARICK, Box 29, Cornwells Heights, PA 
19020 

TEKTRONIX and Hewlett- Packard oscillo- 
scopes and test equipment. Free informa- 
tion. Special: 0S8 /U portable oscilloscope. 
DC -2MHz recurrent sweep, 115VAC, and 3" 
CRT. Used and tested operational, $63.00 
postpaid except COD. Georgia residents add 
3%. 10 day money back guarantee. Send 
check or money order to AMERICAN CALI- 
BRATION SERVICES, Box 8104, Athens, 
Georgia 30601 

FREE catalog. Ultrasonic devices, LED's, 
transistors, IC's, keyboards, unique corn - 
ponents. Low prices! CHANEY'S, Box 15431, 
Lakewood, CO 80215 

AMIlin111111. 

Parts and 

DUAL IN-LINE IC'S 
(111116 Made in U.S. These IC's are 

guaranteed against defects. 

LOW AS I9 With diagram. Shpg. wt. 'a lb. 

Type 7447 BCD to 7 -Seg- 

Type 7400 Oued 2Input ment De aoderIDrwer. With 

Nd diode-damped 
High 

TR -435. Reg 99 Site 59c 
in- 

puts. 
Type 7473 Duel J -K Ms - 

TR-431. Reg. 69c Sale 29E ter ) Slave Flip-Sop. 

Type 7402 Quad 2 -Input 
Pos.NORßste. Low-nose 

TR- 436± Sale 39c 

Type 
Edge Trgq ated FLIP -Fop 

Propation delay. 12 ns. 

TR432. Reg. 69c. Safe 29E TR438. Reg. 69c. Sels 39v 

Type 74W Mea Inverter. 
Low noise. low power dis- 

Type 7475 4c. Latch. 

info 
Temp. stores binary coded 

si ation. 
TR -433. Reg. 79c Sale 290 TR -437. Reg. 1 B9. Sale 79c 

Type 7410 Triple 3-Input Type 7490 Decode 

Poe. NAND Gate. Low out- Counter. Binary coded 

put impedance. diode- 
meats mall divide. 

TR -434. Reg. 69c Sale 29c TR -439. Reg 1 89 Sale 79c 

counter with sym 

clamped inputs 

Rechargeable 
Battery 

With Charger 
6 VDC alkaline 

ISrated @ 5 amp /hr. 
Max. current 1.25 
amp. Eveready 

Rag. #565. 4 lbs 
9.99 BA -307. Sale 4.99 

500 -ft. 
Hook _Up 

Wire 
For almost any 
type of printed cir- I 9 Rag- cuit or wiring pro- 

216 sect 2 lbs. 
WW-579. SW 1.69 

99C 

39c 

BIS 1 LB. 

Resistor 
Kit 

Over 400 pieces o' 
' 4. 1 watt sizes 
All color coded 
2,2 lbs. 
R5 -239. 99e 

PNP 
Transistors 
Big 10 pc kit. For 
general, lo a ni- 
gain 8 audio 
Germanium types 
Untested. !'. Ib. 
TR -445. Sale 39c 

Reg. 99e TR -444. NPN. 39c 

3.6 VDC 
Motors 

Kit /5 Small 1/2 Ib. 
MO -333. Sale 55e 

LOW AS Kil 14. Med. 1 lb. 
MO- 334 Sels 79c 
Kit/ 4 Asstd. 2 lbs. 
MO -335. Sake 99e 

12 -Digit IC 
Calculator Chip 

40 -pin DIP single 
CAL -Tech #CT- 
5001- 7 - seg. de- 
coded display out - 9 put, overflow lock- 

Rog. out Specs. Intl 
5.99 ou -330. Salo 1.59 

Three 
60 -Min. Jl Cassettes 

9!c 
Pkg / 3 quality 
nassatte d- 

gtapes. 60- Mri n 

each h lb 
Rag. 1.49 TA -879. Sale 99c 

8 -T Blank Tape 
Famous manufac- 
turer's high quai- 
sty low priced 
tapes Vs lb 
TA-B%. 
/0 -Mtn. ego 
TA -855. 

Rag. 1.19 60 -Mtn. 99c 

WO-Pc. 1 Amp 
Diode Kit " Polarity is un- 

marked but easily 
identified with 
ohm meter. 200 
PIV rated. Va lb. 

REG. 1.69 Dl -eCl. Sale 69c 

Silicon 
Rectifiera 

1 Amp Epoxy Type 
Peg.IS. 4 oz. 

Reg Sale 
01-028 50 PIV IN4001 89c 39c 
DI -029 100 PIV 194002 99c 39c 
DI- 030 200 PIV IN4003 1.19 39c 
131- 031 400 PIV IN4004 1.39 39c 

Switching 
Diodes 

59L 

Pkg 10 1N4 
f k low current ap- 
plications. 10 mA- 
75 PIV. V. Ib. 

Reg. 1.29 XM -302. Sale 59e 

LEDS2 
10 mA 

Gallium phos- 
Cphide Large red 
high quality LED 
Wt- '/ lb. Pkg /5. 

Reg. 1.19 PL -233. Sale 59c 

SCR Apo 14 Assort- -^' ment 
Hobby Pak' of 
est. values 8 case 

w .m'w1 
types. Pkg of 25 

lb talOgS Reg 2.69 TR1446.dSale 199c 

Neat 
7 Issues 

FREE! 

ORDER TODAY)!SendJto 
Olson Electronks, 260 S. 
Forge St., Akron, Ohio 
44327. Allow for postage. 
C.O.D. 20% Deposit. Ohio 
Residents Add 4 °ró Sales Tax 

Olson. electronics Dept LD I 260 S Forge St., Akron, Ohio 44327 

II 

aI 
NAME 

ADDRESS 

f` CITY STATE ZIP 

_ APT 
I1 

inlmmilmommnmr, 
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MAGNETS. All types. Specials -20 disc, or 
10 bar, or 2 stick, or 8 assorted magnets, 
$1.00. MAGNETS, Box 192 -F, Randellstown, 
MD 21133 
8080 CPU: $120.00; 8008 CPU: $23.00; XR205: 
$7.25; XR210: $4.50; 8111, 8101, 1K RAM: 
$6.50 each; 2103, 1K RAM: $3.50; 31/2 digit, 
.4" reflective liquid xtal: $8.50; 44 pin edge 
connector (2x22) $1.25; cassette computer 
interface board: $14.50; TVT -II main & mem- 
ory board: $35.00. ELECTRONIC DISCOUNT 
SALES, 138 N8-1st, Mesa, AZ 85207 
RECONDITIONED test equipment. $0.50 for 
catalog. WALTER, 2697 Nickel, San Pablo, 
CA 94806 
FREE flyer. Semis, components, electronic 
hardware. Lowest prices. VANGUARD ELEC- 
TRONICS LTD., Box 1193, Edmonton, Alberta, 
Canada T5J 2M5 
TV cameras with zoom lens, $125 (new); Car - 
trivision front panels, heads. BOB ALLEN, 
124 Lundy Lane, Palo Alto, CA 94306 (415) 
493 -6146 

POWER supplies, signal generators, H.O. 
transistor throttles, signal compressors. Free 
catalog. MINITRON, Box 184, Anoka, MN 
55303 
SURPRISE! Build inexpensively, the most un- 
usual test instruments, futuristic gadgets us- 
ing numerical readouts! Catalogue free! 
GBS, Box 100B, Greenbank, WV 24944 

NEW Canadian Magazine, "Electronics Work- 
shop," $5.00 yearly, sample $1.00. ETHCO, 
Box 741 "A ", Montreal 
DMM? Have it calibrated. 21/2 and 31/2 digit 
DMM's. Postcard for details. XENOPHONICS, 
P. O. Box 1667, Annapolis, MD 21403 

PARTS! 
4$4' Send For '44. 

CORNELL'S 
New Color 

Catalog 
P$s. New !tons 

TUBES! 
36 tub? 

ORDER FREE 

If NOI SHIPPED 
IN 74 HOURS' 

INTEL 8080 CPU $139.00 
8008 8 BIT MICRO PROCESS- 
ING CHIP (with Data Book) $ 35.00 
2102-2 1024 BT RAM $ 2.95 
5202A UV PROM $ 19.00 
MM5203 UV PROM $ 19.00 
1702A UV PROM $ 19.95 
5204 -4K PROM $ 24.95 

MINIATURE TRIM POTS 100, 500 
5K, 10K, 25K, 50K, 100K, 200K 
$.75 ea. 3/$2.00 
MULTI -TURN TRIM POTS Similar to 
Bourns 3010 style, 3(á' x 5/8" x 
11/4 "; 50, 100, 2000, 10,000 ohms 
$1.50 ea. 3/$4.00 

LIGHT ACTIVATED SCR's 
TO -18, 200V lA $1.75 

PRINTED CIRCUIT BOARD 

41/2" x 61/2" single sided epoxy 
board, 3{" thick, unetched 
$.50 ea. 5/$2.20 
PHENOLIC 4.5" x 6.5" VECTOR 
BOARD .1" SPACING. $1.50 

4 WATT IR LASER DIODE $7.95 
2N 5460 P FIT $ .45 
TIS 73 N FET ; .45 
2N 4891 U1T . $ .45 
ER 900 TRIGGER DIODES 4/$1.00 
2N 6028 PROD. UIT _. $ .65 

VERIPAX PC BOARD 
This board is a V,," single sided 
paper epoxy board, 41 "x61/4", 
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 connector. $5.25 

MT -2 PHOTO TRANS $ .60 
RED, YELLOW, GREEN OR 

AMBER LARGE LED's . ea. $ .20 
14 PIN DIP SOCKETS 40 
16 PIN DIP SOCKETS $ .50 
MOLEX PINS 100/$1.00 

1000/$8.00 
8 PIN MINI DIP SOCKETS ; .32 

10 PIN TO -5 TEFLON 
PC SOCKETS $ .60 

10 WATT ZENERS 3.9, 4.7, 
12, 18, OR 22V ea. $ .75 

I WATT ZENERS 4.7, 5.6, 10, 
12, 15, 18 or 22V _ ea.; .40 

Silicon Power Rectifiers 
PRV IA 3A 

100 .06 .14 
200 .07 .20 
400 .09 .25 

600 .11 .30 

800 .15 .35 
1000 .20 .45 

12A 

.30 

.35 

.50 
.70 
.90 

1.10 

50A 125A 
.80 

1.15 4.25 
1.40 6.50 
1.80 8.50 

2.30 10.50 
2.75 12.50 

REGULATED MODULAR 
POWER SUPPLIES 

+ -15VDC AT 100ma 
115VAC INPUT $24.95 

5VDC AT 1A, 115VAC INPUT $19.95 
12V .5A $24.95 

IN 4148 (IN914) - - 14/$1.00 

1103, 1024 bit RAM .... $2.75 
NEC 6003 2048 bit RAM $6.00 
1101 256 bit RAM $1.40 
8223 PROM $2.50 
7489 RAM _...$2.30 

TRANSISTOR SPECIALS C/MOS (DIODE CLAMPED) 
2N1546 PNP GE TO-3 $ .95 74CO2- .26 4013- .45 4026-1.90 
2N5086 PNP SI TO-92 4/$1.00 74C10- .30 4015-1.24 4027- .55 
2N4898 PNP TO-66 .. $ .60 74C157-1.75 4016- .50 4028- .95 
2N404 PNP GE TO-5 5/$1.00 4001- .24 4017-1.15 4030- .49 
2N3919 NPN Si TO-3 RF $1.50 4002- .24 4018-1.24 4035-1.50 
MPSA13 NPN Si TO-92 3/$1.00 4006-1.35 4019- .50 4042- .75 
2N3767 NPN Si TO-66 $ .70 4007- .24 4022-1.24 4046-2.75 
2N2222 NPN Si TO-185/$1.00 4009- .50 4023- .24 4047-3.50 
2N3055 NPN Si TO-3 $ .80 4010- .50 4024- .95 4050- .49 
2N3904 NPN Si TO-92 5%$1.00 4011- .24 4025- .24 4055-1.95 
2N3906 PNP Si TO-92 5/$1.00 4012- .24 
2N5296 NPN Si TO-220 $ .50 
2N6109 PNP Si TO-220 $ .55 MM5013-1024 BIT DYN SHIFT 
2N3866 NPN Si TO-5 REG. $10.95 

Si RF POW $ .75 MM5016-512 BIT DYN SHIFT 
M12252 NPN Si TO.66 $ .90 REG. .. .__. .. $ 6.95 
2N3638 NPN Si TO-5 5/$1.00 MM508-STATIC SHIFT REG. 
2N6517 NPNTO-92 Si 3/$1.00 1024-BIT _ ; 5.40 

CAPACITORS 
35V at .47 of TANT 5 /51.00 
35V at 6.8 of TANT 3/$1.00 
20V at 150 of TANT ..$ .40 
6V 30 of TANT 5/$1.00 
12V 200 of ELEC $ .30 
200V 4.7 of ELECT 5 .30 

DO -33 -A 3 DIG. LED 
ARRAY READOUT $1.65 
MAN -I READOUT $1.75 
MAN -3 READOUT $1.00 
MAN -4 READOUT $1.30 
MAN -7 READOUT $1.25 

Full Wave Bridges 
PRV 2A 6A 25A 

200 .95 1.25 4.00 
400 1.15 1.50 5.00 
600 1.35 1.75 6.00 

CD201 100x100 CHARGED 
COUPLE DEVICES $145.00 
FPA 711-7 LEVEL Diode Array 
Optical Tape Readers $5.95 
LOW cost Digital Volt Dieter 
liit. Kit contains Intcg. Circuit 
Schein., PC Boards, LED Dis- 
plays. Regulator, Resistors. Ca 
pacitors and Transistors. Outer 
case and battery not supplied. 
Accurate to + one count, has 
range of 1 my to 1.909 DC. 
It features one 5V pox er supply 
+ the oscillator Is built into the 
chip. Overall dimensions Ill," 
n3 "s5" . .... .. $44.00 

TTL IC SERIES 
74L00- .26 7476- .35 
7400- .14 7480- .48 
7401- .15 7483- .75 
7402- .15 7485 -1.05 
7403- .15 7486- .34 
7404- .18 7490- .49 
7405- .18 7491- .79 
7406- .35 7492- .49 
7407- .33 7493- .49 
7408- .18 7495- .74 
7409- .15 7496- .79 
7410- .15 74107- .34 
7411- .25 74121- .38 
7412- .30 74123- .74 
7413- .45 74125- .54 
7414 -1.45 74126- .54 
7416- .33 74150- .92 
7417- .33 74151- .69 
7420- .15 74153- .79 
7425- .27 74154 -1.05 
7426- .24 74155 -1.05 
7427- .27 74157- .75 
7430- .15 74161- .95 
7432- .24 74163- .95 
7437- .29 74164 -1.10 
7438- .29 74165 -1.10 
7440- .15 74173 -1.35 
7441- .95 74175- .95 
7442- .50 74177- .75 
7445- .79 74181 -2.30 
7446- .87 74192 -1.10 
7447- .87 74193 -1.10 
7448- .85 74195- .74 
7472- .28 74196- .95 
7473- .34 8267 -1.95 
7474- .35 75324 -1.75 
7475- .49 75491 -1.10 

CT7001 CALENDAR ALARM 
CLOCK CHIP $5.75 
SPDT MIN. TOGGLE SWITCH 
MTA -106 _. $1.50 
DPDT MIN. TOGGLE SWITCH 
MTA -206 ... $2.25 

CD 110 LINEAR 256 XI BIT SELF 
SCANNING CHARGED COUPLED 
DEVISE ..... $125.00 

SANKEN AUDIO POWER AMPS 
Si 1010 G 10 WATTS 6.90 
Si 1020 G 20 WATTS 13.95 
Si 1050 G 50 WATTS $24.95 

LINEAR CIRCUITS 
LM 309K 5V lA REGULATOR $1.35 
723 -40 -l-40V REGULATOR _. .54 
301/748 -Hi Per. Op. Amp. $ .28 
320T 5, 12, 15, OR 24V 

NEGATIVE REG. $1.50 
741A or 741C OP. AMP. $ .31 
709C OPER. AMP. $ .25 
307 OP AMP $ .25 
CA 3047 HI PERF. OP AMP __ $ .95 
CA 3089 FM IF SYSTEM ..._...$3.25 
340T -5, 8, 12, 15, 18, 24V 

POS. REG. TO -220 $1.75 
101 OPER. AMP. HI PERFORM $ .75 
LM 308 Oper. Amp., Low Power $1.05 
747 -DUAL 741 5 .65 
556 -DUAL TIMER $1.30 
537- PRECISION OP. AMP. $2.60 
LM 3900 -QUAD OP. AMP. $ .49 
LM 324 -QUAD 741 $1.50 - 560 PHASE LOCK LOOP $2.50 
561 -PHASE LOCK LOOP $2.50 
565 -PHASE LOCK LOOP ..... $1.75 
566 FUNCTION GEN. $2.50 
567 -TONE DECODER $2.00 
703-RF-IF AMP. .41 
8038 IC VOLTAGE CONT. OSC. $3.90 
LM370 -AGC SQUELCH AMP. $1.15 
555-2 As -2 HR. TIMER .... $ .53 
553 QUAD TIMER $3.50 
FCD 810 OPTO-ISOLATOR .80 
1458 DUAL OP. AMP .65 
LM 380 -2W AUDIO AMP. $1.10 
LM 377 -2W Stereo Audio Amp ;2.50 
LM 381-STEEO PREAMP. 
LM 382 -DUAL AUDIO PREAMP $$1.50 
LM 311 -HI PER. COMPARATOR$ .95 
LM 319 -Dual Hi Speed Comp. $1.10 
LM 339 -QUAD COMPARATOR 51.25 

TRIACS SCR'S 

PRV 1A 10A 25A 1.5A 6A 35A 

100 .40 .70 1.30 .40 .50 1.20 

200 .70 1.10 1.75 .60 .70 1.60 

400 1.10 1.60 2.60 1.00 1.20 2.20 

600 1.70 2.30 3.60 1.50 3.00 

Send 20c for our catalog featuring 
Transistors and Rectifiers 

145 Hampshire St., Cambridge, Mass. 

Terms: FOB Cambridge Mass. Send 
Check or Money Order. Include 
Postage. Minimum Order $5.00. 
COD's $20.00. 

481 
P.X 40 

SOMO, ERVBOILL7E, MASS, 02143 
TEL. 617 547-4005 

SOLID STATE SALES 
WE SHIP OVER 95% 

_ OF OUR ORDERS THE 

DAY WE RECEIVE THEM 

I 

CANADIAN discount and factory clearouts 
catalog. Top brand stereo equipment, calcu- 
lators, test gear, CB & communications, tele- 
phones. Factory dumps -government surplus. 
Amazing bargains. Unusual items. Rush $1. 
ETCO -RE, 521 5th Ave., NYC, 10017 
HARD -to -get repair supplies for police radar. 
ELECTRONIC SPECIALISTS, INC. Box 
122 -RE, Natick, MA 01760 
LOW -cost digital /analog test equipment. 
Logic probes from $9.95. Free catalog. 
ELECTRO INDUSTRIES, 4201 Irving Park, 
Chicago, IL 60641 
RECORDS -TAPES! Discounts to 73 %; all 
labels; no purchase obligations; newsletter; 
discount dividend certificates; 100% guaran- 
tees. Free details. DISCOUNT MUSIC CLUB, 
650 Main St., Dept. 3 -115, New Rochelle, NY 
10801 
FREE catalog. IC's, Semis. CORONET ELEC- 
TRONICS, 649A Notre Dame W., Montreal, 
Que. Canada, H3C -1H8 US Inquiries. 

FREE catalog, plus FREE diagrams & instructions 
for constructing a novel ELECTRONIC ORGAN with 
the parts you probably have on hand. We'll include 
a circuit and complete directions for assembling 
an amazing XYLOPIIONE 
Phone or write. Our Telephone Machine will record 
your name, address & zip. Night calls cost only 22ç 
CORTLANDT ELECTR., 114 West Broadway 

(Dial 212 -964 -8044) New York, N.Y. 10013 

RADIO & TV tubes 36¢ each. One year guar- 
anteed. Plus many unusual electronic bar- 
gains. Free catalog. CORNELL, 4217 -E Uni- 
versity, San Diego, CA 92105 

ELECTRONICS 
DESIGN NEWSLETTER 

* Logic Design Techniques 
* Digital 6 n Design 

Theory& 
Li 

Proceduear res 
* Construction Projects 
Subscription 66 Sample Copy Si. 

( VALLEY WEST Bee 2119 -1 Sunnyvale, CA 94087 

Lef4a 
ss 

von 
6 kirs 

SEMICONDUCTOR 

SUPERMARKET 

FREE CATALOG 

NAME BRAND 
PRIME QUALITY 

SEMICONDUCTORS 

MOTOROLA 

RCA 

FAIRCHILD 

MOSTEK 

ALSO OTHER PARTS FOR 
DO -IT- YOURSELF PROJECTS 

CIRCUIT SPECIALISTS CO. 
Box 3047 Scottsdale, AZ 85257 
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FROM NATIONAL SEMICONDUCTOR, FORMERLY THE "SECRET MICROCOMPUTER COMPANY ": 
REAL 16 BIT PARALLEL MICROPROCESSOR. 40 PIN DIP -- CAPABILITY FOR 45 CLASSES 
OF INSTRUCTIONS AND UP TO 337 INSTRUCTIONS. A POWERFUL pP - -- AND IN STOCK! 
INTERFACE CHIPS SUPPLIED SO THAT EVERYTHING IS TTL COMPATIBLE..,8 DATA 

IF 
NOW AVAILABLE: "PACE DATA PACKET ". FOR $2.50 (TO COVER PRINTING AND POST- 
AGE; REFUNDABLE WITH PACE ORDER) YOU GET MANY PAGES OF DETAILED AND SPECI- 
FIC INFORMATION ON THE CHIP ITSELF, SYSTEM ORGANIZATION, SOFTWARE, ETC. NOT 
JUST A DATA SHEET - - -A COMPLETE PACE REFERENCE PACKAGE. AN EXPERIENCED COM- 
PUTER BUILDER COULD BUILD A COMPLETE SYSTEM FROM INFORMATION PROVIDED IN 
THIS PACE PACKET ALONE. 

OEMS PLEASE NOTE: NATIONAL IS COOPERATING WITH US SO THAT SCHOOLS, HOBBYISTS, 
AND EXPERIMENTERS CAN HAVE EASY ACCESS TO THIS POWERFUL NEW 16 BIT MICROPRO- 
CESSOR FOR IMMEDIATE EVALUATION, PROTOTYPING, AND EXPERIMENTING. HOWEVER, WE 
ARE NOT EQUIPPED TO HANDLE OEM ORDERS: OEMS SHOULD CONTACT THEIR LOCAL NATION- 
AL DISTRIBUTOR OR NATIONAL SALES OFFICE. THANK YOU! 

OUR PACE CHIPS ARE FULLY FUNCTIONAL WITH RELAXED ENVIRONMENTAL AND ELECTRICAL PARAMETERS. 
AML 

TWISTED PAIR: 20 FT /$4,95 
15 TWISTED PAIRS, YELLOW /BLACK 

Ct n n1 P Pl C,.P.e 

RIBBON CABLE: 20 FT,/ $2,95 
17 CONDUCTOR, COLOR -CODED; WIRE WIDTH 
SPACED FOR LOW INTERLEAD CAPACITANCE. 

COLOR- SPECTRA- Multiconductor, flat 

CODED STRÍP 
wire, in mulotiples of 
10 conductrs up to 

100 total. Cost: la 
conductor foot. 20 ft iPiPiAAA:n: 
lengths only. 

* ** ** * *,r **> * * * 
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DISCOUNTS: BUY 100, TAKE 202 - BUY 1000, TAKE 302 

MU /AU/U:971 [ D 6 TOO GIB. 

THANK YOU VERY MUCH FOR YOUR 

OVERWHELMING RESPONSE TO OUR SPECIAL. 

:1T* 
* * 

* ** 
* * 

* * * * * * * * ** 

SOCKETS 
G -Gold plated contacts T- Bright tin 
14 pin T..11/$1.95 14 pin G..10 /$1.95 
16 pin G..10/$3.75 24 pin 7...5/$1.95 
28 pin T...51$l.95 40 pin T...51$2.95 

LOW PROFILE SOCKETS: 
16 pin G..10/$1.95 40 pin G...5/$2.95 

COMPUTER 
KIT NEWS 

This ad is being prepared in mid - 
August, so all the details aren't 
nailed down yet; but we've had our 
system up and running in Berkeley, 
executing instructions and waiting 
for its case and panel. Target 
price:-UNDER $600- -and this in- 
cludes cassette I /O, bit serial 
interface for teletype, editor 
and assembler, 11( x 16 integral 
RAM, readouts, keyboard , and 
more. By the time this ad ap- 
pears, we'll have a system da- 
ta package for a nominal fee. 

BILL GODBOUT ELECTRONICS 
BOX 2355, OAKLAND AIRPORT, CA 94614 

rGET YOUR MITTS' 
OIL A GODBOUT 
4KX8 RAM KIT 

1109.22 * c 
P bit 

TRI -STATE BUFFERED OUT DRIVES 20 TTL LOADS FOR 
GOOD BUS DRIVE. LOW NOISE SUSCEPTIBILITY. EX- 
TEND FEATURE, MEMORY PROTECT, ON BOARD VOLTAGE 
REGULATION. PRESENTS 1 LPTTL LOAD TO ALTAIR & 

OTHER BUSSES. PLATED -THROUGH INDUSTRIAL QUALI- 
TY BOARD, AS WELL AS THE OTHER NICE THINGS YOU 

HAVE COME TO EXPECT FROM US. 

OW POW', k 

''uu'II LLJ/yjOAR9 
KITS 

f II1l 'Jl` 5 200 WE'LL 2PR GRAM 
21k4 X o 51125 WE'LL IPROGRAM 

FOR YOUR EDITOR /ASSEMBLER OR WHATEVER. FAST- - 
1 usec, 1 wait. Full 4K needs SV @ TsA and -12 
@ 100 ma; hoard runs cool, supply doesn't grunt 

1 

ALL 

PARTS 

INCLUDED 

+2 lbs shpg 

$19.95 

ONE 

EVENING 
PROJECT 

ji!)111t-ht0 
"Electronic Projects 

for Musicians 
M 

Craig Anderton's new book tells you how to 
build the 19 projects below -- -even if you've 
never built anything before. It contains an 
introduction to basic electronics with empha- 
sis on practical construction techniques,de- 
tailed instructions on the projects, how to 
troubleshoot, and where to find more infor- 
mation. Craig has selected us to provide 
parts kits for the projects, as we have for 
his how -to articles in the past. Our kits 
save you the trouble of locating parts and 
making circuit boards. Send address E stamp 
for latest prices, or $6.95+postage for the 
book. It contains a record that demonstrates 
the sounds of the projects, and a forward by 
Joe Walsh. HAVE FUN! 
PREAMP BIPASSIVE TONE CONTROL LOW COST, 
EXPANDABLE MIXER MINIAMP BATTERY ELIM- 

INATOR TRIGGERED, NOISELESS TYPE FUZZ 
MAC TESTER HI -FI TYPE TONE CONTROLS 
HEADPHONE AMP STEREO WA -WA SYN- 
THESIZER LIKE SUPER FILTER DUAL BAT- 
TERY ELIMINATOR BALANCED MODULATOR 
METRONOME ELECTRONIC FOOTSWITCH SYS- 
TEM TREBLE BOOSTER TUNING STANDARD 

BASS FUZZ COMPRESSOR -SUSTAINER 

ALTAIR 8800 OWNERS, TAKE NOTE: ALL ABOVE MEMO- 
1 

RY BOARDS ARE DIRECTLY PLUG -IN COMPATIBLE! NO 
JUMPERS, NO RASSLE, NO HASSLE; ALSO ELECTRICAL- 

LY COMPATIBLE WITH OTHER 8 BIT MACHINES, 

DM8097 $1.20 

DM8131 $2.50 

DM8544 $0,90 

DM8833 $1.90 

DM8837 $1.85 

DS0026 $3.00 

DS3608 $3.00 

8008 $17.95 

5204 $24.50 

TRI -STATE HEX BUFFER 
6 BIT UNIFIED BUS COMPARATOR WITH HI Z INPUTS AND HYSTERESIS 
QUAD TRI -STATE SWITCH DEBOUNCER 
QUAD TRI -STATE TRANSCEIVER WITH HYSTERESIS (CAVE) 
HEX UNIFIED BUS RECEIVER WITH HYSTERESIS sdRi 
DUAL CLOCK DRIVER 
HEX TRI -STATE MDS TO TTL CONVERTER WITH PROGRAMMABLE INPUT CURRENT 
POPULAR 8 BIT MICROPROCESSOR -- -IDEAL FOR PERIPHERAL CONTROL 
SIMILAR TO 5203 (SEE BELOW), BUT 4K BITS WORTH OF EROM 

PAPIAMOMAAAWAPWAIIMA 

LOOPSTICK V FOR 

ANTENNA 32.00 
EXPERIMENTERS 

SPECIAL! ORDERS POSTMARKED BEFORE NOVEMBER 30: 5203 2K EROM, 
PROGRAMMABLE AND ERASEABLE, STATIC AND NON -VOLATILE, $9.95! 

ANOTHER SPECIAL - --8 BIT MICROCOMPUTER CHIP SET: 1 -8008 8 BIT 
MICROPROCESSOR, 8 -2102s (1K STATIC RAMS), CHIP SET: $32,50. 

Ferrite type; 
for AM tran- 
sistor radio. 

2. N SPEAKER 
For acoustic coup- 
lers, toys, radios, 

monitor spkr. 
The price is 
right, too. FOR m 

MO®W 

m 

LD 

cn 

Z 
O 

TERMS: ADD 50S TO ORDERS UNDER $10; ADD SHIPPING AS SHOWN. CALIFORNIANS ADD TAX. SORRY, NO COD. 

TO PLACE YOUR MASTERCHARGE ®/ BANKAMERICARD® ORDERS, CALL OUR 24 HOUR ORDER LINE: (415) 357 -7007. 

Circle 107 on reader service card 125 

www.americanradiohistory.com

www.americanradiohistory.com


, ,! POTTER 
jg1BRUMFIELD 

Type KHP Relay 

'j. 4 PDT 3A Contacts 

24 VOC (650 coil) S1.50 Ea. 

120 VAC (10.5 MA coil) $1.75 Ea. 

RCA 2010 

Numitron Digital Display Tube 
Incandescent 5 -volt 7- segment 
with .6" high numeral visible 
from 30 ft., standard 9 -pin 
base (solderable), and left 
hand decimal point. 
EACH $5.00 5 FOR $20.00 

Cf1105 
CD4000 $ .29 CD4016 $ .69 
CD4p01 .29 CD4019 69 
CD4002 .29 CD4023 .29 

CD4007 .29 CD4024 1.50 

CD4008 1.98 CD4025 .34 

CD4009 .59 CD4030 .65 

CD4010 .59 74020 .65 

CD4011 .29 74C42 2.00 

CD4012 .29 74C157 2.50 
CD4013 .69 74C161 3.00 
CD4015 1.98 74C195 2.00 

Numeric Display 
1/4" Single Digit .. 

GaAsP LED i! 
' 

'I 
SUPER SPECIAL $.59 

TEN for $4.95 

C(OWN CATHODE WITH RH DEnlw ACTUAL SIZE 

Cgegwe: - +° digits m a w "e+ +etn 
Hig In leg idle - nr+gnt rM "' character easily reza 

., el. 1° 
feet ey r a wide r ew+ng angle CIO') 

- 125 nil per d+9it at tyPItal orightness 

2102 -2 MOS 1024 BIT MEMORY (DIP) 
FULLY DECODED STATIC RANDOM ACCESS MEMORY 

DIRECTLY TTL COMPATIBLE INPUTS AND OUTPUT 
SINGLE 5V SUPPLY - - NO CLOCKS OR REFRESH 

$4.00 EA. 8 FOR $27.95 

TTL 
7400 $ .20 7453 $ .15 

74H00 .25 7454 .20 

7401 .30 74L54 .25 

74H01 .25 74L55 .25 

7402 .25 7460 .16 

7403 .25 74L71 .25 

7404 .25 7472 .40 

74004 .30 74L72 .60 

7405 .30 7473 .25 

7406 .40 74L73 .75 

7408 .30 7474 .45 

7410 .15 74H74 .75 

7413 .75 7475 .80 

7417 .40 7476 .55 

7420 .20 74L78 .70 

74L20 .30 7480 .50 

74020 .30 7483 .70 

74H22 .30 7489 3.00 

7430 .15 7490 1.00 

74H30 .30 7492 .45 

74400 .30 7493 1.00 

7440 .20 7495 .00 

74040 .30 74L95 1.00 

7442 1.00 74107 .25 

7447 1.50 74145 1.00 

7450 .15 74180 1.00 

74H50 .30 74193 1.50 

7451 .20 74195 .65 

74H51 .25 

NEW! 
FULL WAVE BRIDGE RECTIFIERS fliet 

25 AMP 500 PIV 

EACH $2.00 10 FOR $16.50 

CD -2 COUNTER KIT 
Unit includes board, 7490, 7475, quad 
latch, 7447 seven- segment driver, and 
RCA DR2010. 

c 

ffi,p75}t - ' Ó 
t_ a,_'_ . 

COMPLETE KIT $10.95 
FULLY ASSEMBLED $15.00 
Boards can be supplied separately at 
$2.50 per digit. 

NPN T03 POWER TRANSISTORS 
410 (RCA) 200V - 10A 

2N3772 70V - 30A (ra >., 

Each $1.75 10 for $15.00 

-3 

2N3055 Transistor (power): PD -115W 

VCE -60V; HFE -50; FT -30K; Case TO 
Each $1.15 10 pak $6.95 

Specials 
DIP TRIMMER 

-12 turn trimpots 

which plug into 

O 

socket 
dd -5K and 

I -á" x ñ" x 
q" 

I -4 leads spaced 

.3" x .2" 

Each $.65 10 for $4.95 

MEMORY CHIPS 

8223 PROM 
B BIT -32 WORD 
MEMORY 11 W 

83.00 EACH 10 FOR $29.00 

WE PROGRAM FOR $5.00 EACH 

825129 SIGNETIC 
1024 BIT -256/4 

FIELD PROGRAMMABLE 
{WE WILL NOT PROGRAM} 

EACH $5.00 8 FOR $34.95 

TRANSISTOR 

T0929PLASTICP -NPN 

NEW -M FAIRCHILD ß1MARKEED 

EACH $ .15 10 FOR $1.00 

See the bargains at our 

YEAR-END 
SALE! 

FREE!! CT5001 

With $25.00 prepaid order 

4 Function, 12 Digit Calculator IC 

With Data 

All IC's are new and fully- tested. 

Leads are plated with gold or solder. 

Orders for $5 or more will be shipped 

prepaid. Add 55 for handling and 

postage for smaller orders; residents 

of California add sales tax. IC orders 

are shipped within 2 workdays --kits 

are shipped within 10 days of receipt 

of order. $10 minimum on C.O.D.'s 

Mail Orders to: Phone: 

P.O. Box 41778 (916) 334 -2161 

Sacramento, CA TWX: 

95841 910 -367 -3521 

BRBYL-011 
ELECTIaOr11C5 

MONEY BACK GUARANTEE ON ALL GOODS: 

SEND FOR FREE FLYER LISTING 100's OF 

MONEY- SAVING BARGAINS! 

Circle 108 on reader service card 
126 

For 

faster 
service 

USE 

ZIP 

CODE 

on 

all 

mail 

OPTICALLY COUPLED ISOLATOR 
Gallium Arsenide diode light source op- 
tically coupled to silicon NPN photo 
transistor. Mini dip package. 

#SOC $1.00 6/$5.00 

480 AMP THYRISTOR (SCR) 
Perfect for control of electric cars, hi 
current battery charging, plating, etc. 

480 amps 200 PIV $20 6/$1.00 

POWER SUPPLY KIT 
Puts out 24 -12 -6 volt DC 2 amps. In- 
cludes xfmr, line cord, filter, silicon 
bridge. #PK -2B $9.00 

B & L HELIUM NEON GAS LASER 
Fully assembled, runs on 115 volts AC. 
Less Laser tube $15.00 

POWER AMP TRANSFORMER 
$9.00 

115 volts input, output of 96 VCT 2 
amps. $9.00 each 3/$25 

1N1131 Sil. Signal Diode 0.3 amp. 
1500 PIV 2/$1.00 
2N2222 (HEP 555) 8/$1.00 
1103A 1024 bit RAM $2.50 each 5/$10 
MC 1440G Sense Amp 2/$1.00 

*tedium SURPLUS 
ELECTRONIC 

P.O. Box 62 MATERIAL 
19 ALLERTON STREET 
E. LYNN MASS. 01904 

Circle 109 on reader service card 

COMPUTER BOARD SPECIALS 

R9121 

R9082 

R9380 

We have several sets of HONEYWELL computer boards that are 
a great source of parts, such as transistors, diodes, capacitors, 
heat sinks, SCRs, trimpots, precision resistors and capacitors etc. 

The 3 different numbers above represent real value , and provide 
a real inventory of parts. 

STOCK NO.R9121 2 boards 4 "x12" $1.50 8/5.00 
STOCK NO.R9082 2 boards 4 "x13" $1.50 8/5.00 
STOCK NO.R9380 3 boards 5'h "x51/2" $2.00 9/5.00 

Include sufficient postage. Excess is refunded. Send for new Fall 
Catalog 15, our largest yet. MINIMUM ORDER $5.00 

DELTA ELECTRONICS CO. 
BOX 1, LYNN, MASSACHUSETTS 01903 

Phon. (917) 3$$ -4705 

Circle 110 on reader service card 
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P 
5% OFF ON ORDERS OVER $50.00 
10% OFF ON ORDERS OVER $100.00 
15% OFF ON ORDERS OVER $250.00 

NOVEMBER 
SPECIALS 

POCKET CALCULATOR KIT 
5 function plus constant - 
addressable memory with 
individual recall - 8 digit 
display plus overflow - 
battery saver - uses standard 
or rechargeable batteries - all 
necessary parts in ready to 
assemble form - instructions 
included 

CALC KIT (WITH BATTERIES) $12.95 
BATTERIES ONLY (DISPOSABLE) SET 52.00 

9 DIGIT LED DISPLAY FNA 37 
On multiplexed substrate, comm. ca- 

' thode compatable with all 8 digit 

ess 
n calculator chips, 7 segment right hand 

d decimal, red with clear magnifying lens, , . 12 " character, 1to4 MA, 1.8Vtyp21 "x 
l /." 1 /Id' high $3.95 

REGULATORS MEMORIES 
1103 $ 1.29 

TO -3 $1.00 
5203 12.95 

-5V TO -220 $1.00 5260 .99 
10-220 $1.00 5262 3.19 

011 

ill 

TTL 7451 .17 74154 1.25 
7400 $ .14 7453 .17 74155 1.07 
7401 .16 7454 .17 74156 1.07 
7402 .15 7460 .17 74157 .99 
7403 .16 7464 .35 74158 1.79 
7404 .19 7465 .35 74160 1.39 
7405 .19 7470 .30 74161 1.25 
7406 .35 7472 .30 74162 1.49 
7407 .35 7473 .35 74163 1.39 
7408 .18 7474 .35 74164 1.59 
7409 .19 7475 .57 74165 1.59 
7410 .16 7476 .39 74166 1.49 
7411 .25 7483 .79 74170 2.30 
7413 .55 7485 1.10 74173 1.49 
7416 .35 7486 .40 74174 1.62 
7417 .35 7489 2.48 74175 1.39 
7420 .16 7490 .59 74176 .89 
7422 .26 7491 .97 74177 .84 

7423 .29 7492 .71 74180 .90 

7425 .27 7493 .60 74181 2.98 
7426 .26 7494 .94 74182 .79 
7427 .29 7495 .79 74184 2.29 
7430 .20 7496 .79 74185 2.29 
7432 .23 74100 1.30 74187 5.95 
7437 .35 74105 .44 74190 1.35 
7438 .35 74107 .40 74191 1.35 
7440 .17 74121 .42 74192 1.25 
7441 .98 74122 .45 74193 1.19 
7442 .77 74123 .85 74194 1.25 
7443 .87 74125 .54 74195 .89 
7444 .87 74126 .63 74196 1.25 
7445 .89 74141 1.04 74197 .89 
7446 .93 74145 1.04. 74198 1.79 
7447 .89 74150 .97 74199 1.79 
7448 1.04 74151 .79 74200 5.90 
7450 .17 74153 .99 

LOW POWER TTL 
74100 5 .25 74151 S .29 75190 $1.49 
74102 .25 74155 .33 74191 1.45 
74L03 .25 74L71 .25 74L93 1.69 
74L04 .25 74172 .39 74L95 1.69 
74106 .25 74173 .49 74198 2.79 
74210 .25 74174 .49 741164 2.79 
741.20 .33 71178 .79 741165 2.79 
74L30 .33 74L85 1.25 
74142 1.49 74186 .69 

HIGH SPEED TTL 
74H00 S .25 74H21 S .25 74H55 S .25 
74H01 .25 74H22 .25 74H60 .25 
74H04 .25 74H30 .25 74H61 .25 
741108 .25 74H40 .25 74H62 .25 
74H10 .25 74H50 .25 741172 .39 
74H11 .25 74H52 .25 74H74 .39 
74H20 .25 74H53 .25 74H76 .49 

8000 SERIES 
8041 S .53 8214 91.49 8811 S .59 
8092 .53 8220 1.49 8812 .89 
8095 1.25 8230 2.19 8822 2.19 
0121 .80 8520 1.16 8830 2.19 
8121 1.43 8551 1.39 8831 2.19 
8110 1.97 8552 2.19 8836 .25 
8100 2.33 8554 2.19 8880 1.19 
8210 2.79 8810 .69 8263 5.79 

8267 2.59 

9000 SERIES 
9002 S .35 9309 S .79 9601 5 .89 
9301 1.03 9312 .79 9602 .79 

11 
CALCULATOR CHIPS 
5738 8 digit multiplexed - five function - chain 

operation 2 key memory - floating decimal - independent constant - interfaces with 
led with only digit driver - 9 V bait. oper. 24 
pin $3.95 

5739 9 digit -4 function - chain operation - 9V 
battery operation - 16 sec turn -off 22 PIN 
DIP $3.95 

CLOCK CHIP 
5311 6 digit multiplexed - 50-60 Hz - BCD and 7 

seg out - fast, slow set 12 -24 Hr - 28 PIN DIP 
$3.95 

TIMERS 
555 Multipurpose timer 8 PIN DIP $ .69 
556A Dual 555 14 DIP $1.29 

TTL (DIP) VOLTAGE 
7432 $ .19 7493 $ .49 

7448 .89 74107 .33 
309K 

7475 .45 74121 .35 
3401 

7490 .49 9601 .75 
3401-15V 

MEMORIES 
101 256 bit RAM MOS f 1.50 
1103 1024 bit RAM MOS 3.95 
170M 7048 bit static PROM UV eras. 17.95 
2102 1024 bit static RAM 4.25 
5207 2048 bit UV eras PROM 17.95 
5260 1024 bit RAM 2.49 
5261 1024 bit RAM 2.69 
5262 2048 bit RAM 5.95 
7489 64 bit ROM TTL 2.48 
8223 Programmable ROM 3.69 
74200 256 bit RAM to -slate 5.90 

Data sheets on request 
With order add $.30 for items less than $1.00 ea. 

LINEAR CIRCUITS 

100 Pm 5 Reg Puper 723) TO -5 S .71 
101 Hi Pert Op Amp mDIP TO-5 .29 
302 Volt follower TO-5 .53 
304 Neg V Reg TO-5 .BO 

CALCULATOR 8 
CLOCK CHIPS 
5001 12 DIG 4 fund fix dec $2.49 
5002 Same as 5001 exc btry pwr 2.79 
5005 12 DIG 4 fund w /mem 2.99 
MM5725 8 DIG 4 fund chain & dec 1.98 
MM5736 18 pin 6 DIG 4 fund 4.45 

twirl 8 DIG 5 trl K 8 me 5.35 
MM5739 9 DIG 4 fund (btry sur) 5.35 
225311 28 BCD 6 dig nun 4.45 pin g 
MM5312 24 pin 1 pps BCD 4 dig mux 3.95 
MM5313 28 pin 1 pps BCD 6 dig mux 4.45 
MM531/ 24 6 dig pin g mux 4.45 
MM5316 40 pin alarm 4 dig 5.39 

306 o5 V Reg TO-5 .71 
107 Op AMP (super 741) mDIP TO-5 .26 
308 Micro Pwr Op Amp mOIP TO-5 .89 
309K 5V IA regulator TO-3 1.35 
310 V Follower Op Amp mDIP 1.07 
311 Hi pert V Comp mDIP TO-5 .95 
319 Hi Speed Dual Comp DIP 1.13 
320 Neg Reg 5.2, 12, 15 TO-3 1.19 
322 Precision Timer DIP 1.70 
324 Quad Op Amp DIP 1.52 
339 Quad Comparator DIP 1.58 
340K Pos V r 5V, 6V, BV, 

12V, 15V, 18V, 24V) TO -7 1.69 
) 

3407 Pos V r 5V, 6V, 8V. 
12V. 15V.. 18V. 24 T0-220 1.49 h 

372 AF -IF Strip detector DIP 2.93 

LED's 
MV10e Red TO 18 S .22 
MV50 Axial leads .18 
MV5020 Jumbo Vin. Red (Red Dome) .22 

Jumbo Vis. Red (Clear Dome) .22 
ME4 Infra red dill. dome .54 
MAN7 Red 7 seg. .270" 2.19 
MAN2 Red alpha nom .32" 4.39 
MAN/ Red 7 seq..190" 1.95 
MANS Green 7 seg..270" 3.45 
MAN6 .6" high solid seq. 4.25 
MAN7 Red 7 seq..270" 1.19 
MANS Red 7 seg. .127" straight pins .29 
MANO Yellow 7 seq..270" 3.45 
MAN66 .6" high spaced seq. 3.75 
MCT2 Opto -no transistor .61 

373 AM /FM /SSB Strip DIP .53 
376 Pus V Reg mDIP 2.42 
377 2w Stereo amp DIP 1.16 
380 2w Audio Amp DIP 1.13 
380-8 .6w Audio Amp mD1P 1.52 
381 Ln Noise Dual preamp DIP 1.52 
382 Lo Noise Dual preamp DIP .71 
550 Fret. V Reg DIP .89 
555 Timer mDIP .89 
556A Dual 555 Tinter DIP 1.49 
560 Please Locked Loop DIP 2.48 
562 Phase Locked Loop DIP 2.48 
565 Phase Locked Loop DIP TO-5 2.38 
566 Function Gen mDIP TO-5 2.25 
567 Tone Decoder mDIP 2.66 
709 Operational AMPL TO -5 or DIP .26 
710 Hi Speed Voll Comp DIP .35 

MULTIPLE DISPLAYS 
NSN33 3 digit .12" red led 12 pin 

fits IC ski. 51.79 
HP5082 5 digit .11 led magn. lens 

7405 com. cath 3.49 
HP5082 4 digit .11 LED magn. 

7414 lens comm. cath. $3.25 
FNA37 9 digit 7 seg led RH der dr. 

magn. lens 4.95 
SP- 425-09 9 digit .25" neon direct inter- 

face with MOS /151. 180 VDC. 7 seg1.79 

711 Dual Difference Compar DIP .26 
723 V Reg DIP .62 
739 Dual Hi Pert Op Amp DIP 1.07 
741 Comp Op AMP mDIP P0-S .32 
747 Dual 741 Op Amp DIP or TO -5 .71 
748 Freq Adj 741 reDIP .35 
1304 FM Mulpx Stereo Demod DIP 1.07 
1307 FM Mulpx Stereo Demod DIP .74 
1458 Dual Comp Op Amp mDIP .62 
1800 Stereo multiplexer DIP 2.48 
1H2111 Dual LM 211 V Comp DIP 1.70 
3900 Quad Amplifier DIP .35 

CMOS 401M .56 4050A .59 
4000A S .26 4017A 1.19 4066A .89 
4001A .25 4020A 1.49 4068A .44 
4002A .25 4021A 1.39 4069A .44 
4006A 1.35 4022A 1.10 4071A .26 
4007A .26 4023A .25 4072A .35 
4008A 1.79 4024A .89 4073A .39 
4009A .57 4025A .25 4075A 39 
4010A .54 4027A .59 4078A .39 
4011A .29 4028A .98 4081A .26 
4012A .25 4030A .44 4082A .35 
4013A .45 4035A 1.27 4528A 1.60 
4014A 1.49 4042A 1.47 4585A 2.10 
4015A 1.49 4049A .59 

74C00 5.26 74C74 51.34 74163 52.93 
74CO2 .26 74076 1.34 74C163 2.66 
74C04 .44 74C107 1.13 74(164 2.66 
74C08 .68 74C151 2.61 74(173 2.61 
74C10 .35 74C154 3.15 74C195 2.66 
74C20 .35 74C157 1.76 80C95 1.35 
74C42 1.61 74C160 2.48 80097 1.13 
74(73 1.04 74C161 2.93 

SHIFT REGISTERS 
MM501i 1024 bit at tun). dynamic mDIP 51.75 
MM5016 500/512 bit dynamic rnDIP 1.59 

7524 Core Mem Sense AMPL DIP .71 
8038 Voltage contr. osc. DIP 4.25 
8864 9 DIG Led Cath Drvr DIP 2.25 
75150 Dual line Driver DIP 1.75 
75451 Dual Perepheral Driver mDIP .35 
75452 Dual Peripheral Driver mDIP .35 
75453 (351) Dual Periph Driver mDIP .35 
75191 Quad Seq Driver for LED DIP .71 
75492 Hex Digit driver DIP .80 

DTL 
910 S .15 937 .15 949 .15 
912 .15 944 _ l ; 962 .15 
936 .15 946 .1, 963 15 

Satisfaction guaranteed. Shipment will be made via first class mail in U.S., 
Canada and Mexico within 3 days from receipt of order. Add $.50 to cover 
shipping and handling for orders under $25.00. Minimum order $5.00. 
California residents add sales tax. 
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P.O. BOX 1708/ MONTEREY, CA. 93940 USA ® PHONE (408) 659 -3171 tl® 
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2ín1 
5" wide x 4" deep x2% "high 

FREQ. COUNTER -DIGITAL MULTIMETER 
MODULES 
(1) DECADE COUNTER MODULE 524.95 

dielt 7.seg LED TTL a,mnry 
12) TIME BASE -DIVIDER CHAIN MODULE 1915 

'MHZ crystal controlled oscillator. 6 decade cloister 1MHZ. 100KHZ,106H2, 
NHZ. 100HZ, IOHZ, 1HZ outputs Accuracy hen.. Man .00116 Mo 

Eule c nta,na duel 16 , F 

( 

o stopwatch o tch time ep h p wen 
13) FREQUENCY COUNTER GATE MODULE 12.95 

Schmds lugger input rcauuea IV fiep range basic 30MH2 Has ,stage schottgy 
preacuan muMmu lreg ange al0oMH2. 

14) DIGITAL MULTIMETER MODULE 20.95 
S lt 

OVM-moaule n IOC volt 6 ct 

p' ., W and .peed., 

WI AC converter OHM modale IAC volt B current. °HMI 

SYSTEMS 
(A) FREQUENCY COUNTER -DIGITAL MULTIMETER 74.95 

Cstf 1111,111.131, 
crystal calibrator, 

onnsis o 

stopwatch, 
and Ne,. 

4 DIGIT FREQUENCY COUNTER 
306111Z rangs basic with one ,chortle pracalar . end.ng range to 100M112. 

Schmidt ,,gee, mpg, ..purr.. IV Frey moue basis MMHG Has 1,age schoulty 

OIGITAL MULTIMETER 
11 MEG OHM mew impedance on all range. 
100, ove,. ange. ie., 0.1 999 on 0 1.000V range. 

AC 6 DC voltage range 01000V, 1000V,100.01000V. 
AC 6 DC carrent range 0.1.000ma, 10.0oma, 100.0.0ma, 1000ma. 
OHMS range 0 -IGO OHM, 1K. 106, 100K, ,MEG. 
All 

u 
uatt 

t 
network of precision resrason 

a 
113) FREQUENCY COUNTER MODULE II) 121 and 131. 5495 

(CI STOPWATCH-TIMER-TIME BASE (4 dig.D) 42.95 
Consnss of module Il Band 121 T range ge fro miss to 9999 seconds - 

116666 ho,ml two rnut gale sun Et s op 

(D) POWER SUPPLY 15.95 
SV 6 215V ,apple for 1rpuencY cfmmer mulhmeter un Ir ..sied with 
other m ue 
IS rem 

pl. 
n cluck hardwoe such as rotary sortene, eta., 

Add 6100 Postage and Handling. 
ALL MODULES ASSEMBLED ANO 'ESSEN 

LIN CORPORATION 
17313 Denker Avenue 

Gardena, California 90247 

(213) 532 -8537 
Mail Order and COD Accepted. 

Circle 111 on reader service card 

NEW color telephones, wiring details, acces- 
sories, schematics. Details free. QUEENS 
VILLAGE TELEPHONE SUPPLY, P.O. Box 
29002, Queens Village, NY 11429 

- econotrace - 
EQUIP YOUR LAB OR SHOP WITH A GENUINE 

QUALITY SEMICONDUCTOR CURVE TRACER. MEA 

wg SURE BETA, LEAKAGE, BVCEO, NOISE, MATCH 

PAIRS, ETC. USES LATEST CMOS CIRCUITRY, COM 
PIEF WITH BATTERY. COMPARES WITH TRACERS 

SELLING FOR 5150.00 OR MORE AND EASIER TO ¡ OPERATE. SEND CHECK FOR 539.50 PLUS PSTG. 

MONEY BACK GUARANTEE. 

e PO BOX 1972 
BOULDER, COLO. 80302 

ELECTRONIC components, meters, surplus 
receivers and test equipment. Catalog free. 
E. FRENCH, P.O. Box 249, Aurora, IL 60507 

CASSETTES 
Plain white cassette labels. Norelco cassette clean- 
ers, famous brand cassettes. Send for open reel and 
cassette discount catalog. 

1.9 10.99 100 1000 10M 
Cassette Labels .02 .015 .01 .006 
Norelco Cassette Cleaner .65 .60 .55 .50 A5 
10'r Metal, NAB, Used Reel 1.00 1.00 .90 .80 .75 
10" Fiberglass used 3/e" Hole .50 .50 .40 .35 .30 
Scotch Cassette SC9OHE 2.72 2.55 2.44 
Buy 2, SC9OHE, get 1 free. 
Plus Postage by Weight and Zone. Minimum Order $5.00 

OPEN REEL STEREO TAPE BUYERS! 
At last! M open reel catalog, including titles, songs, etc. of 95 long 

play, 2 -3 hour albums by American Airlines or Ampex 4 track stereo 
tapes. Send $1.00 -and we will also mail you a 140 -page Harrison 

stereo tape guide -so you'll get both for $1.00 -and this $1.00 is 

refundable on your first $10.00 purchase of open reel 

stereo tapes at our 30% discount. 
We're Got the "Spirit" The Prices And The Mines To Prove It 

Saxitone's Bicentennial Tape Shoppe 
1776 Columbia Rd., N.W., Wash. D.C. 20009 

LOW -noise resistors-1/4W, 5 %, carbon film 
from 10 -3.3 megohms for 30/20 each. Fifty of 
one value for $1.25. 1N4148 diodes for 6¢. 
75¢ postage. Free samples /specifications. 
COMPONENTS CENTER -RE, Box 134, New 
York, NY 10038 
DYNACO -A -R, transistors, repairs- boards- 
& units, speaker service. Send for prices & 
details: BEAR ELECTRONICS, 177 -R, Hill - 
crest Road, Mt. Vernon, NY 10552 

TOUCH TONE® 
PADS 

NEW 9 50 
Postpaid 

COMPLETE WITH DIAGRAM 

WESTERN ELECTRIC 
MOD L NO, 35N1A 

HIGH /STABILITY L. C. TYPE 

REPITi COMPUTER 
PHONE 41 SECURITY ETC. 

SEND $19.50 TO,,; 

DOLLAR VALUE E aTRONIC 'SUPPLY 
20748 PLU HIER STREET 

CHATSWORTH, CALIF. 91311 
CALIF. RESIDENCE ADD 6% TAX 

Circle 113 on reader service card 

CB SPECIALS -R.F. DRIVERS -R.F. POWER OUTPUTS -FETS 
2SC481 1.85 2SC767 15.75 2SC866 5.85 2SC1449 -1 1.60 40081 1.50 
2SC482 1.75 2SC773 .85 2SC1013 1.50 2SC1475 1.50 40082 3.00 
2SC495 1.10 2SC774 1.75 2SC1014 1.50 2SC1678 5.75 40581 3.70 
2SC502 3.75 2SC775 2.75 2SC1017 1.50 2SC1679 5.75 SK3046 2.15 
2SC517 4.75 2SC776 3.00 2SC1018 1.50 2SC1728 2.15 SK3047 3.75 
2SC614 3.80 2SC777 4.75 2SC1173 1.25 25C1760 2.15 S12095 3.50 
2SC615 3.90 2SC778 3,25 2SC1226A 1.25 2SC1816 5.50 SK3048 3.25 
2SC616 4.15 2SC797 2.50 2SC1237 4.50 2SC1908 .70 SK3049 4.75 
2SC617 4.25 2SC798 3.10 2SC1239 3.50 25C1957 3.50 
2SC699 4.75 2SC781 3.00 2SC1243 1.50 2SF8 3.00 2SK19 1.75 
2SC710 .70 2SC789 1.00 2SC1306 4.75 HEP -S 3001 3.25 2SK30 1.00 
2SC711 .70 2SC796 3.15 2SC1306 -1 4.90 250235 1.00 2SK33 1.20 
2SC735 .70 2SC799 4.25 2SC1307 5.75 MRF8004 3.00 
2SC756 3.00 2SC802 3.75 2SC1307.1 6.00 4004 3.00 3SK40 4.50 
2SC765 9.50 2SC803 4.00 2SC1377 5.50 4005 3.00 3SK45 4.50 
2SC766 10.15 2SC839 .85 2SC1449 3.50 40080 1.25 3SK49 4.50 

JAPANESE TRANSISTORS 
2SA52 
2SA316 
2SA473 
2SA483 
2SA489 
2SA490 
2SA505 
2SA564 
2SA628 
2SA643 
2SA647 
2SA673 
2SA679 
2SA682 
2SA699 
2SA699A 
2SA705 
2SA815 
2SA816 

25622 
25954 
25656 
25677 
259128 
259135 
258152 
256173 
259175 
258178 
256186 

.60 258187 
.75 256235 
.75 256303 

1.95 259324 
.80 2SB337 
.70 2S8367 
.70 256370 
.50 259405 
.65 259407 
.85 259415 

2.75 25B461 
.85 259463 

3.75 256471 
.85 2SB474 

1.30 256476 
1.75 259481 

.55 2SB492 

.85 2SB495 

.85 259507 
258511 

.65 

.70 2SC206 

.70 2SC240 

.70 2SC261 
2.25 2SC291 

.95 2SC320 
4.50 2SC352 

.55 2SC353 

.55 25C371 
1.00 2SC372 
.60 2SC394 

.60 2SC458 .70 
1.75 2SC460 70 
.65 2SC478 .80 

1.00 2SC491 2.50 
2.10 2SC497 1.60 
1.60 2SC515 .80 

2SC535 .95 
.85 2SC536 .65 

1.65 2SC537 .70 
.85 2SC563 2.50 

1.25 2SC605 1.00 
1.65 2SC620 .80 
1.75 2SC627 1.75 
1.50 2SC642 3.50 
1.25 2SC643 3.75 
2.10 2SC644 .70 
1.25 2SC681 2.50 

.95 25C684 2.10 

.90 2SC687 2.50 

.70 2SC696 2.35 
2SC712 .70 

1.00 2SC713 .70 
1.10 2SC732 .70 
.65 2SC733 .70 
.65 2SC739 .70 
.75 2SC756 2.00 
.75 2SC762 1.90 
.75 2SC783 1.00 
.70 2SC784 .70 
.70 2SC785 1.00 
.70 2SC793 2.50 

2SC815 .75 
2SC828 .75 
2SC829 .75 
25C830 1.60 
2SC839 .85 
2SC945 .65 
2SC1010 .80 
2SC1012 .80 
2SC1051 2.50 
2SC1061 1.65 
2SC1079 3.75 
25C1096 1.20 
2SC1098 1.15 
2SC1115 2.75 
2SC1166 .70 
2SC1170 4.00 
2SC1172B4.25 
2SC1209 .55 
2SC1213 .75 
2SC1226 1.25 
2SC1243 1.50 
25C1293 .85 
2SC1308 4.75 
2SC1347 .80 
25C1383 .75 
2SC1409 1.25 
2SC1410 1.25 
2SC1447 1.25 
2SC1448 1.25 
2SC1507 1.25 
2SC1509 1.25 

2SC1569 1.25 
2SC1756 1.25 

25030 .95 
25045 2.00 
25065 .75 
2SD68 .90 
2SD72 1.00 
25088 1.50 
250151 2.25 
250170 2.00 
250180 2.75 
250201 1.95 
2S0218 4.75 
250300 2.50 
250313 1.10 
250315 
250318 .95 
250341 .95 
250350 3.25 
250352 .80 
250380 5.70 
250389 .90 
250-390 .75 
2SD437 5.50 

C10661 .50 

POWER- TRANSISTORS HIGH -VOLT. TV. TYPE 

BU204 
BU205 
BÚ206 

1300V 3.90 
1500V 4.70 
1700V 5.90 

BÚ207 1300V 
BU208 1500V 
2SC1170 1100V 

5.40 25C117213 
6.25 2SC1308 
4.00 2SC1325 

1100V 
1100V 
1100V 

4.25 
4.95 
4.95 

128 

OEM SPECIALS 
1N270 .10 2N960 .55 
1N914 .10 2N962 .40 

2N967 .50 
2N173 1.75 2N1136 1.35 
2N178 .90 2N1142 2.25 
2N327A 1.15 2N1302 .25 
2N334 1.20 2N1305 .30 
2N336 .90 2N1377 .75 
2N338Á 1.05 2N1420 .20 
2N398B .90 2N1483 .95 
2N404 2N1540 .90 
2N443 2N1543 2.70 
2N456 2N1544 .80 
2N501A 2N1549 1.25 
2N508A 2N1551 2.50 
2N555 2N1552 3.25 
2N652A 2N1554 1.25 
2N677C 2N1557 1.15 
2N706 2N1560 2.80 
2N706B 2N1605 .35 
2N711 2N1613 .30 
2N711B 2N1711 .30 
2N718 2N1907 4.10 
2N718A 2N2060 1.85 
2N720A 2N2102 .40 
2N918 2N2218 .25 
2N930 2N2218A .30 
2N956 2N2219 .25 

.30 
1.75 
1.10 
3.00 
.45 
.45 
.85 

6.00 
.25 
.40 
.50 
.60 
.25 

.50 

.35 

.25 

.30 

2N2219A .30 
2N2221 .25 
2N2221A .30 
2N2222 .25 
2N2222A -30 
2N2270 .40 
2N2322 1.00 
2N2323 1.00 
2N2324 1.35 
2N2325 2.00 
2N2326 2.85 
2N2327 3.80 
2N2328 4.20 
2N2329 4.75 
2N2368 .25 
2N2369 .25 
2N2484 .32 
2N2712 .18 
2N2894 .40 
2N2903 3.30 
2N2904 .25 
2N2904A .30 
2N2905 .25 
2N2905A .30 
2N2906 .25 
2N2906A .30 
2N2907 .25 
2N2907A .30 

SILICON UNIJUNCTIONS 

2N2646 
2N2647 
2N6027 PUT 
2N6028 PUT 
D5E37 

To-18 
To-18 
To-92 
To-92 
To-18 

.50 

.60 

.55 

.70 

.25 

2N2913 
2N2914 
2N2916A 
2N3019 
2N3053 
2N3054 
2N3055 
2N3227 
2N3247 
2N3250 
2N3375 
2N3393 

'2N3394 
2N3414 
2N3415 
2N3416 
2N3417 
2N3442 
2N3553 
2N3563 
2N3565 
2N3638 
2N3642 
2N3643 
2N3645 
2N3646 
2N3730 
2N3731 

.75 
1.20 
3.65 

.50 

.30 

.70 

.75 
1.00 
3.40 

6.50 
r17 

.17 

.19 
.20 

1.85 
1.50 
.20 
.20 
20 
.20 
-15 
.15 
.14 

1.50 
2.75 

2N3740 1.00 2N4401 
2N3771 1.75 2N4402 
2N3772 1.90 2N4403 
2N3773 3.00 2N4409 
2N3819 .32 2N4410 
2N3823 .70 2N4416 
2N3856 .20 2N4441 
2N3866 .85 2N4442 
2N3903 .20 2N4443 
2N3904 .20 2N4852 
2N3905 .20 2N5061 
2N3906 .25 2N5064 
2N3925 3.75 2N5130 
2N3954 3.50 2N5133 
2N3954A 3.75 2N5138 
2N3955 2.45 2N5198 
2N3957 1.25 2N5294 
2N3958 1.20 2N5296 

.60 2N5306 
.85 2N5354 
.20 2N5369 
.20 2N5400 
.20 2N5401 
.20 2N5457 
20 2N5458 
.45 
.95 
.20 

2N4037 
2N4093 
2N4124 
2N4126 
2N4141 
2N4142 
2N4143 
2N4220A 
2N4234 
2N4400 

INTEGRATED CIRC. 

UA703C 
709C OP. AMP. 
741C OP. AMP. 
CA3066 
CA3068 
MC1305 
7400 

.40 
.25 
.25 

3.90 
6.35 
1.45 

.15 

.20 

.20 

.20 

.20 

.25 

.75 

.85 

.90 
1.20 
.55 
.30 
.50 
.20 
.15 
.15 

3.75 

SÓ 
.20 
.20 
.20 
.40 
.50 
.35 
.30 

RECTIFIERS 

10 100 

N4001 .60 5.00 
N4002 .70 6.00 
N4003 .80 7.00 
N4004 .90 8.00 
N4005 1.00 9.00 
N4006 1.10 10.00 
N4007 1.20 11.00 

New -Tone Electronics 
P.O. Box 1738 A 
Bloomfield, N.J. 07003 
Phone: (201) 762 -9020 

ALL PARTS GUARANTEED AND TESTED ON PREMISES. 

N.J. residents add 5% sales tax. Minimum order $5.00. All orders 
add $1.00 postage. Dealers write or phone for discount prices. 
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BUY ANY 10 
TAKE 15% 

BUY 100 
TAKE 25% 

Frrlis 
SN7400 
SN7401 
SN 7402 
SN7403 
SN7404 
SN 7405 

O SN7406 
O SN7407 

SN7408 
SN7409 

SN7410 
SN7411 
SN7413 

O SN7414 
O SN7416 

SN7417 
SN7420 
5N7412 
SN7423 

O 5N7425 
O SN7426 

SN7427 
5N7430 
SN7432 
SN7433 
SN7437 
SN7438 

O SN7440 
SN7441 

O SN7442 
SN7444 
5N7445 
SN7446 

O 5N7447 
SN7448 
SN7450 

O SN7451 
O SN7452 

SN7453 
SN7454 
SN7455 
5N7460 

0410 

$.16 
.16 
.16 
.16 
.19 
.19 
.35 
.35 
.19 
.19 
.16 
.25 
.59 

1.65 
.34 
.34 
.16 
.45 
.29 
.29 
.25 
.29 
.16 
.25 
.49 
.34 
.34 
.16 

1.00 
.70 

1.25 

1.15 
.99 
.99 
.16 
.17 
.17 
.17 
.17 
.22 
.17 

SN7462 $.22 
SN7470 .29 
SN7471 .49 
SN7472 .29 
SN7473 .36 
SN7474 .36 
SN7475 .59 
SN7476 .39 
SN7478 .79 
SN7480 .52 
SN7481 .99 
SN7482 .89 
SN7483 1.25 
SN7485 1.25 
SN7486 .37 

OSN7488 3.95 SN7489 2.45 
SN7490 .59 
SN7491 1.10 
SN7492 .59 
SN 7493 .59 
S N 7494 .95 
5N7495 .79 
SN7496 .79 
S N 74100 1.40 
SN 74104 .44 
SN741 05 .44 
5N74106 .52 
5N74107 .44 
SN741 08 .89 

O 5N74112 .89 
SN74113 .89 

O SN74114 .89 
OSN74121 .49 

O 5N74122 .48 
O SN741 23 .85 
O SN74125 .59 
O SN74126 .59 
O SN74132 1.75 
OSN74140 2.10 0 5197414 1.05 
05N74148 2.25 
O SN741 50 .98 05N74151 .75 
O 
O SN 74154 1.35 
O SN74155 .95 
OSN74156 .95 
06N74157 .95 
OSN74158 .95 
OSN741 60 1.35 
OSN74161 1.25 
OSN74163 1.35 
OSN74164 1.50 
OSN74165 1.50 
OSN74166 1.50 

SN74173 1.45 
O5N74174 1.3 
051,1741 75 1.30 

SN 74176 1.20 
OSN74177 1.20 
OSN74180 .95 
OSN74181 2.98 

SN74182 .74 
SN74184 1.98 
SN74185 1.98 
SN741 90 1.40 
SN74191 1.40 

SN74192 1.25 
OSN74193 1.25 
SN74194 1.20 

SN74195 .85 
OSN741 96 1.80 
0SN741 97 .90 

SN 74199 1.75 
05N74200 4.95 

$4.95 POWER PAR 
Includes 4 "A" cell nicad 
batteries hooked up to give 
You 
energy 

V Os 

uses. 
fo Tell 

e . best bat., 
teries made. Rechargeable. 

POSTAGE STAMP MOBILE 
This unit is not advertised 

anywhere! Made for 
Motorola Communications at 
the original coat of $4.50 
each (for insertion in their 
Walkie Talkie Program). 
It's a 60 -ohm imp MIKE. 
It s an excellent speaker 

MIKE 
SPKR $1.98 

too, covering broad range 
in sound. Extremely well - 
made. 

9- FUNCTION, 8 -DIGIT 
MEMORY CALCULATOR KIT 
It's the easiest multi- function kit today! 

KIT INCLUDES: case, 22 -key 'keyboard kit, ON -OFF 
switch (part of keyboard) PC board, driver and memory 
calculator chips, 9 -digit 'bubble" magnifier LED array, 
array cable. AC adapter jack & wires,. battery case 6 
battery card display, instruction and pictoral step-by- 
step construction booklet. AC /DC tool 

"QUAD" 
TAPE DECK 
BY TELEDYNE 
PACKARD -BELL 

W ' Other features: 4- program indicator lights, auto- 

selector switch, built -in triggering switch that enables 
you to automatically use 8 -track or quad tapes; heavy - 

035 
duty flywheel for WOW & FLUTTER PROOF sound; flap- 
ping front panel tape door mounting front panel flange. 
Heavy duty cool -proof 115 VAC motor. Requires ex- 
terna! 12 VDC supply, for all electronics, includes 
schematic, hookups, 

R 
ll cables. Size: 61/4 t zx 6t /a x 

3 t /a ". ITS READY TO GO! 

4% DIGIT DIGITAL VOLTMETER DVM CHIP 
Type MM5330 by National utilizes P channel low- thresh- 
old enchancement mode devices and ion implanted deple- 
tion mode deviges. Provides logic circuit for 4t/ digit 
DVM. To 400 Khz operation. TTL compatible. 
With instruction sheets and diagram on "how -to -build 

514.95 a 
4t/ digit DVM ". Ideal with dr Litranix 1/2" single. 
/2" and dual digitr.. i6 -pin DIP, 

CLOCK CHIPS 
ON A DIP" 

MMa311 6-digit 25-Pin 53.50 
1111153112 4-digit 24-Pin 5.50 
MM5313 6-digit 28Pln 5.50 
555314 B-dlgit 24-Pin 5.50 
MM5316 4-digit 40-Pin, alarm 5.50 

;J MMs3ts- no alarm 3.95 

4 -DIGIT AM -PM "PANEL 
FLUORESCENT OPTICS" 

CLOCK PANEL ° $9.99 
YOU ASKED FOR IT! Found only at Poly Paks at Oh 
1 -o -w priori It's ONLY 1 9/4 x 1 3/16 x 3/8" deep 
panel. Designed specifically for our MM -5818 fluores- 
cent driving clock chip. Indicates 4- digits, AM -PM, 
pulsating second indicator, requires minimum of parts 
to build. Color: BLUE -GREEN; you can 

Imu 
a RED or 

GREEN filters. Character height: 0.5 ". Filament volt- 
age 

i ®12660 microamps per segment 
mils. voltage TUNG-SOL 

clock construction diagrams. P.C. board layouts, specs. D2004 
A DIGITAL CLOCK BUILDER'S SPECIAL. 

I INDUSTRIAL SPEED CONTROL 54 95 
A $30 item from C.E. Model 639A (made for Xerox) 
that controle home. shop and industrial lighting tool A 
very elaborate circuit for controlling many electrical 
and electronic devices. Easily controle speeds of electric 
drills, brush type motors. etc. 115vao. rated at 1100 
watts. With variable speed or dimming control in 
heavy -duty aluminum case. 3 x 23/4 x 2. With diagram 
and hookups. 

PROGRAMMABLE TIMER DELAYS UP TO 5 DAYS 
xR- 234014-pin DIP Consista of a self- contained 8 -bit 
programmable binary counter, oscillator, and controlled 
flip -flop. 4V to 15V supply. Temp. and power supply 

C] stability outperforms all others. Power only 12 mW. 
W 4V. Programmable capability 266 steps. 8 separate 

outputs, one for each counter. 

\$4.95 
'BEEPER" AND "DATER' CLOCK ON THE 

5650250 Imagine a chip (MK50260) 
BEEPER "Beepine"sand audible alarml 

It S 8.50 alto fcatares internai bright - 
ont (ol The CT7001 

requires te mal triggering 
CT7001 Alarm and Oats....56.95 

CHIPS 
of alarm, date of the month 
and direct drive to LED 
readouts. Both require min- 
imum current drain and 
voltages, for either 4 to 6 
LED readouts. 12 or 24 
hours. AM and PM. 

Here is what 
Poly Paks is 
Famous for... 

Fabulous 

NATIONAL 
LM-340T VR's 

ac 
vól- nt' 

$1.75 EarJl 
ans - Tate te, 

DOUBLE MEMORY 
Percent, Constant, 
Display Restore 

$100 5 4- Function 
Arithmetic 
22 KEYS! 

RAYTHEON -RCA Sur 3 _ NATIONAL Yak. lo v. 
SIGNETICS 

LINEAR 
IC's 

StatStata 1 e 
lt 

/ Óaq stila. ! 
f D =s 

te, ñ24 
TYPe 
LM300 $ Se9 LM562 2.50 O LM301 29 LM565 
LM302 .69 LM566 2.65 LM304 ,78 LM567 2.50 LM305 ,8g LM702 ,49 O LM308 1.05 LM703 ,43 LM309H 1.05 O LM703M ,41 LM3O9K 1.50 O LM709 .25 LMM330 1.10 O LM710 .29 L311 LM711 .29 LM318 1.75 

,gg 
LM723 .61 LM319 1.19 O LM733 1.75 LM320* 1.25 O LM741 .31 DI LM322 1.75 O LM741CV .31 O LM324 (Q)3.65 OLM747(D) .69 

LM340* 2.50 
LM339 (Q) 1.45 LM748 .35 LM753 1.79 LM341-Te 1.75 LM1458(D) .69 LM350. 89 LM1496 99 

O LM371 
LM370 1,05 O LM1800 3.50 
LM373 1.0S O A3045 .59 
LM374 1.95 C .59 

1 LM376 .48 CA3065 .59 
O LM377 2.50 CA3082 .59 LM380-8 1.10 LM3900 ,44 1.11380 1.39 RC4136(0) 1.95 LM381 1,e8 RC4195 2.50 LM382 1.69 O LM4250C 2.10 LM531 1,95 LM7520 59 

LM533 1.9S LM7522 59 LM555 1.88 LM7523 i5ÿ 
LM558(D) 

2,60 
L1187524 

O LM7528 .59 O 
LM56/ 2.50 LM7529 .59 LM7535 .59 

"BLASTAWAY" % '° 5 for $1 
ON 1N4000 / MONSANTO! XCITON! 

RECTIFIER PRICES ' LITRONIX! OPCOA! 
Type PIV Sale 

in 1114001 50 10 for 45c 
1N4002 100 10 for 5Sc 
1N4003 200 10 for 65c 
1N4004 40010 for 75c 
1N4005 600 10 for 85c 
1114006 800 10 for 99c 
1N4007 1000 10 for 1.29 

MICROPROCESSORS! 

ROMS! RAMS! 
MEMORIES! 

Timer 

n555 
2 for 51 

OR 

°558 
Dual 741 

3 for $1 

8008 Microprocessor $29.95 
8080 Super 8008 75000 
2102 1024 Static RAM 3.95 
1101 256 bit RAM 1.50 

O 1103 1024 bit RAM 2.95 
MM5260 1024 RAM 2.95 

O MM5262 2048 bit RAM 6.50 
2513 Character generator 12.50 
MM5203Q Eraceable PROM 14.95 
MM5202Q Eraceable PROM 14.95 
1702A Eraceable PROM 19.95 
8223 Programmahle ROM 2.95 

For the first time anywhere, Poly Pak 
merchandisers introduce a new way 
in buying the economical way. Raw 
stock from the "barrel ". Remember 
the "good ole deys "? They're back 
again. The same way merchandisers 

BARREL gnat 75 for throughout the United State buy 
DI4 ICS H II H R I' ! II' I $1.96 from various fetoriea Meir aer 

Marked 14 and/or with 76 n barrels. Poly Pak has done 
pm dies, may include gates, 
registers, flip Sope, count- 
ers. Who knows! 

XIT A. 75 for 
LINEAR OP AMPS, $1.96 
May Inclado 709'., 741's, 
703's, 580 series. 555 In- 
dudes ked and un- 
marked. IPS 

MI MO IODES for 
$1.96 

You never a this before. 
Imagine famous switching 
diodes at these prices! 

47 
VOLUME CRIOT NTROL n ' 

40 for $1.98 `.x 
Singles d ale, variety of 
values, styles, big on - 
aman ones, 

the same. Therefore you are getting 
RE- TESTERS D 
the a e trae of seriai the 

O! 

25 BARRELS PURCHASED FOR THIS SALE! 
BUY 'EM FROM THE "BARREL" AND SAVE! 

RIT q4 

100 
' RECTIFIERS for $1.96 

1N4000 series, May in- 
elude 25, 50, 100, 200, 
400, 600. 800 and1000v 

KIT da 
SO5MINI IF TRANSFORMERS 

40 for $1.98 
Amasiog, includes 456kcs, 

antenna, who knows? 
Mom transistor radio 

BMRR[L RIT 43 40 for SORS, TRIALS. 
pUADRACS $1.98 
All the famous plastic pow- 
er tab type. Raw facture 
stock! All the 10 amp types. 

BARREL SIT 0'51 
OPTOCOUPLERS 
30 for $1.98 
We ho, 1.000's unknown 
both the sensor or transmit- 
ter may be good, or both. 

( Your oice) I/\OYkit 

981 

I 

RIT das 40 for 
TRANSISTORS $1.98 
NPN, plastie 70220 type. 
A.aortad 211 aumb'ert. 

Rn roe 
moSFET 

for $1.98 
All 4 leaders T0 -18 cane 
includes UHF translators 
too! 

% 40 for Rn cas 
POWER TAB 

$1.98 lovons 

PNP, plastic 70220 type. 
Assorted IN .umbers. 

RlTata 
lase cAPMeITORs 

100 for $1.98 
Marked and unmarked. Red 
case type asst. values. 

MAN-3 
NIT g94 

25for$1 98 
THc CLAW ", 5v 15 mile. 

LED hobby orexperimental 
A segment maybe lasing. 

RIT 413 
RESISTOR NETWORKS 

40 for $1.98 

1 

ROMS -R[OI 
Klt aí0 

144110. 
40 for $1.98 
28 to 40 pin devices, 
marked, internai factory 
numbers, eto 

By Corning Glasa. in 14- 
pin dip Paks. 

KIT 017 
LIRISMO 7400 DIPS 
100 for $1.98 
Marked and unmarked. in. 
toortaI umbers of fac- 
tory stock. 

RIT ata 
PRECISIOM Rg51STORS 

200 for $1.98 
Markedwand unmarked t/ , 

Vs. 2 atta, 
MTasa r 

RECTIFIER MIE 
100 for $1.98 l 

S b iniature, 007's, in- 
eludes 
recifiers. It's mixede 

and 

TEST 

YOUR 
AND 

Every 

money 

T-7 

'EM 

YOURSELF 
SAVE! 

y kit 
lea 
yback 

Lee. 

. 340x.260 
Jumbo 

Red 
Green 
Yellow 
Amber 
Clear 

.240x.200 
Medium 

Red 
Yellow 
Green 
Amber 
Clear 

Micro 
Red 
Creen 

.210x.125 
Yellow 
Amber 

Micro (Axial) MV -50 style 
MV -SO Clear ....10 for $1. 
MV -55 Red 6 for $1. 

7- SEGMENT READOUT SALE! 
MAN -1 

Up to 20 mils per seg. at 5V.". 
* All ftt Into 14 -pin IC socket. 

Type SIze Color Salo 3 for 9199.3' 
MAN -1 .27 Rad $2.50 $6.00 
MAN -3MA .12 Red .69 2.00 
MAN -4AB .27 Red 1.95 5.00 
MAN -5 .27 Green 1.50 4.00 
MAN -7 .27 Rad 1.00 2.50 
MAN -S .27 Yellow 1.50 4.00 
ALL ABOVE BY MONSANTO MAN. 

TM» Sise Color Sale 3 for 
SLA -1 .33 Red $1.95 $5.00 
SIA -1 .33 Green 1.95 5.00 
SLA -1 .33 Yellow 1.95 5.00 
SLA -3 .7 Green 4.9S 12.00 
SLA -3 ,7 Yellow 4.95 12.00 
707 .33 Red 1.95 5.00 
704A .33 Red 1.95 5.00 
701C .33 Red 1.50 3.00 
FND -70 .25 Red 1.50 3.00 51,6.3 A- Common Cathode, others Common Anode B-With bubble magnifier 

C-Plus or Minus 1 

LITRONIX "JUMBO'S" 
* Singles sic .): 1 x 3/4 x 5/16 
* Duals aine : .8 x .9 x .29 

7- Segment, 25 -mlls per segment 
Type Sise Color Sale 3 for 

721D .5 Red 56.95 $1 5.00 
727E .5 Red 5.95 15.00 
746F .6 Red 3.95 11.00 
747 .6 Red 3.95 11.00 

D-Plus or Miaus 1 plus a digit (11/2 digits) E- Dualdigits 
F -Plus or Minus 1 

Terma: add postage Ratee( net 30 
Phono Orders: Wakefield, Masa. (8171 245 -3829 
Retail: 16-18 Del Carmine St.. Wakefield, Mass. 
:off Water Street) C.O.D.'S MAY BE PHONED 

! 20e CATALOG on Fiber Optics, 'ICs', Semi's, Parts 
MINIMUM ORDER - $4.00 

POLY PAKS 
P.O.BOX 842R. LYNNFIELD.MASS. 01940 
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SUPER BUYS! 
FAMOUS MAKE, NEW JOBBER -BOXED TUBES 

80% OFF LIST 

V2 5 for $3.00 
2AV2 5 for $3.95 
3A3 5 for $5.05 
3AT2 5 for $4.90 
3GK5 5 for $4.85 
3HA5 5 for $4.80 
3HM5 5 for $4.80 
4626 5 for $4.70 
5GH8 5 for $5.90 
6AX4 5 for $5.05 
6AY3 5 for $5.05 
6BK4 5 for $9.35 
6CG3 5 for $4.95 
6CG8 5 for $5.40 
6CJ3 5 for $4.70 
6DQ6 5 for $6.75 
6DW4 5 for $4.70 
6EA8 5 for $4.95 
6EH7 5 for $4.80 
6E17 5 for $4.50 
6FQ7 5 for $3.75 
6GF7 5 for 6.65 

6GH8 5 for 3.95 
El 6G17 5 for 3.40 

6GM6 5 for $5.25 
6GU7 5 for $5.25 
6GY6 5 for $4.35 

6HA5 5 for $4.80 
$4.85 

6HQ5 5 for $6.35 
6HV5 5 for $11.80 
6106 5 for $5.65 
61E6 5 for $11.15 
6JS6 5 for $9.30 
61U8 5 for 

$$5.55 
6K E8 5 for $7.65 
6KM6 5 for $11.25 
6KN6 5 for $9.85 
6KT8 5 for $6.85 
6KZ6 5 for $5.15 
6LB6 5 for 
6LQ6 5 for $111.15 
8FQ7 5 for $3.75 

$4.50 
12GN7 5 for $7.00 
171Z8 5 for $4.50 
21GY5 5 for $6.30 
23Z9 5 for $6.00 
31LQ6 5 for $10.15 
33GY7 5 for $8.05 
36MC6 5 for $11.40 
38HE7 5 for $9.20 
38HK7 5 for $9.00 
42KNG 5 for $9.15 

CORDLESS SOLDERING IRON $12.95 
SONOTONE 8 -T CARTRIDGE -NEEDLE $ 1.00 
BSR TC8S-CARTRIDGE-NEEDLES $ 1.00 
BSR- SC5MD- EV5540D -CART: NEEDLE $ 1.25 
2 SET COUPLER 2 for $ 3.00 
4 Set Coupler 2 for $ 4.00 
VHF -UHF -Splitter -300 Ohm Ea. $ 1.49 
TUNER CLEANER 8 Oz. Spray Can .., Ea. $ 1.00 
ZEN. VOLT TRIP. 212 -136 Ea. $ 4.95 
ZEN. CONY, DIODE PAK- 212 -72 2 for $ 1.00 
YOKE REPL. DY95AC -Y109 $ 5.95 
10 -15KV FOCUS RECTIFIERS 1 4.50 
70% COLOR YOKE (21" CRT) ...... 4.95 
JAP YOKES (GRAB BAG) COLOR 4.50 
50 Assorted Controls .... $ 2.59 
50 Assorted Wire Wound Res. $ 2.69 
100 Asst'd Resistors (Cut Leads) 1.19 
50 Assorted Disc Cond. .. -.... 1.98 
25 Assorted Filters (CANS) 3.95 
25 Asst'd Filters (Axial) 3.95 
6 GLOBAR RES 120 OHM COLD $ 2.98 
10 Asst'd Slide Switches $ 1.00 
20 Asst'd By -Pass Cond. $ 1.00 
20 Asst'd Tube Sockets $ 1.00 
6 Asst'd Aligning Tools $ 1.00 
70% Convergance Assembly $ 1.00 
90% Convergance Assembly .. $ 1.59 
10 HV ANODE LEADS 40KV $ 1.19 

COLOR FLYBACKS 

PHILCO 32- 10132 -1 Ea. $3.95 
MAGNAVOX 361461 -2L .. Ea. $6.95 
RCA -136640 Ea. $5.95 
RCA -137545 Ea. $5.95 

THORD. MEISNNER B/W Yokes 

Y -105 UNIVERSAL MANY CHASSIS Ea. $ 7.95 
Y -130 ZENITH MANY CHASSIS .... Ea. 7.95 
70% COLOR CRT BOOSTERS 3 for $11.00 
90% COLOR CRT BOOSTERS 3 for $11.50 

TUNERS-NEW-TUBES-TRANSISTORS 

MOTOR. OPTT399YA 61(Z8-6HA5 $2.75 
SYLV. TRANS. 54- 29331 -3 .... $4.95 
SYLV. TRANS. 54- 29331 -8 $4.95 
RCA -KRK -128 .... $4.95 
G.I. Par. 6GS7 -6HA5 2 for $5.00 
Curt. Math. 6W-6H05 2 for $5.00 

SEND FOR FREE CATALOG 

TUBES UP TO 80% OFF 
MINIMUM ORDER $25.00 

SEND CHECK OR M.O. 

TV TECH SPECIALS 
P.O. BOX 603 

KINGS PARK, L.I-, NEW YORK 11754 
PHONE 516 -269 -0805 

Circle 115 on reader service card 
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BURGLAR alarm dialing unit automatically 
calls police. $29.95. Free literature. S &S 
SYSTEMS, Box 12375G, North Kansas City, 
MO 64116 

PLANS & KITS 
TV ping pong game. Plays through your set's 
antenna terminals: Plans $3.25. ARS SYS- 
TEMS, Box 1922, Sunnyvale, CA 94088 

BUILD that electronic organ you always 
wanted at a price you can afford. Third edi- 
tion of "Organ Builder's Guide," pictured 
product kit line, circuits, block diagrams, 
design rationale using IC divider and inde- 
pendent generators with diode keying. $3.00 
Postpaid. Also, free brochure on keyboards. 
DEVTRONIX ORGAN PRODUCTS, Dept. B, 
5872 Amapola Drive, San Jose, CA 95129 

GUITAR synthesizer creates new sounds with 
your electric guitar. Send $5.00 for plans to: 
ELECTRAX, Box 149, Tarzana, CA 91356 

UNIVERSAL TTL /DTL /CMOS IC tester. Set 
programming switches; plug in; press to test; 
errors displayed. Tests 16/14 pin digital 
IC's! Easy circuit construction with TTL. 
DS /PCB available. Illustrated info /plans: 
$2.50 NORTHSTAR ENGINEERING, 3617 
Northcrede Drive, Charleston, WV 25302 

DIGITAL construction plans, design manu- 
als, others. Free info. T. WONG, 103 E. Bway, 
Dept. 4G, New York, NY 10002 

ELECTRONIC MUSIC SYNTHESIS 
COMPONENTS 
CIRCUITS 

DESIGNS 
KITS AND PLANS 

For free info send SASE or 25d To: 
CFR ASSOCIATES P08 F NEWTON, N. H. 

03858 

8008 based system users. We offer game rou- 
tines, scientific calculator operational rou- 
tines, interpretive packages and more. Write 
for details. SOLIDTRONICS, Box 218 -R.D. 1, 
Geneva, NY 14456 

tJlEV 
DIGITAL 

CROSSHATCH 
Gives professional, accurate 
Color T.V. convergence. Digital 
IC's coupled with a crystal time - 
base oscillator provide sync for 
precise horizontal & vertical 
lines. Accurate 8 x 7 dot or cross- 
hatch pattern A.C. power 2 x 33/4 

x 6 in. Wt. 24 oz. Fits in tool kit. 
COMES COMPLETE WITH ALL 
PARTS, CASE CRYSTAL AND 
GUIDE TO ASSEMBLY & USE. 

KIT 

$31.95 

COMPLETELY 
ASSEMBLED 

$41.95 

Shipping Prepa'd in USA & Canada 
NY State Add Sales Tax 

PHOTOLUME CORP. 
118 EAST 28 STREET 

NEW YORK, N.Y. 10018 

Circle 116 on reader service card 

LOWEST PRICES IN 
THE COUNTRY! 

MODEL MM 
COMPLETE CLOCK KIT 

ONLY $22.50 

KIT INCLUDES. MM5314 Clock Chip, Power Transformer, easy 

to follow PC board. 6 0.4" green colour readouts, specially 
designed plu sa. a0 ...tors, transistors, diodes. capacitors 

N and mit. 
he ca 

MODEL CT 
CASE for CT 7001 

Cue Include: PC board with schemabv sor 077001. ataren 
on/off switch aria snooze switch ONLY 49.50 

QUARTZ 
LED WATCH 

Shows Month, Data, Hour, Minute and Second 
No moving parts. all Sohtl Stets 
Exclusive Single Button Control 
14 K Gold Plate 
Oita Year Fully Walranteed ONLY484.50 

LED READ OUTS 
DL 727 0$" common Anode Double Diets LM 
DL 747 0.6" Common Anode Red 

DL 707 0.3" Common Anode RS 
Fairchild FND 500 0.5" Common Cathode 
Fairchild ENO 70 0.25° Common Cathode 

FLOURESCENT READOUTS 
NEC LEI 8132 0.5" Com. Anode 4 digits Multiplex with 

AM /PM Display, Green colour, Supply voltage 24 volt. 
lased in our CT )001 PC board, 13.50 

CLOCK CHIPS 
MM 5311 28 Pm BCD B 7 s.g. 6 digits MUX 
MM 5313 28 Pm 1pps BCD 8 7 sag 6 digits 
MM 5314 24 Pm 7 sep 6 digits MUX 
MM 5315 28 Pm BCD 8 7 Seg Stopwatch 
MM 5316 40 Pen Alarm AM /PM Dnect Drwa 

END 500 LM 4.50 
Cr 7001 28 Pin Alarm, Date AM /PM stopwatch 6.50 

IC SOCKETS 

S 2.80 
2.20 
1.50 

2.00 
60 

3.80 
3.80 
3.50 
4 00 

Molex Pins 

14 Pins 
16 Pins 

24 Pins 
24 Pins 
28 Pins 

40 P,ns 

Wne wrap or solder 
W ire wr,p or solder 
Wire wr,p 
Solder Type 
Solder Type 
Solder Type 

Red Colour 
Green colour 
Orange Colour 
Yellow Colour 
Cl.., Colour 
Wide Angle Red 
Mixed Colon, Package 

Opto Isolator M,n, Dip 

LED LAMPS 
S .15 ea 

.20 ea 

20 ea 

20 to 
.20.. 
.20.. 

510.00 per 100 

.C6 

38 
1.20 
1.00 
1.25 
150 

512.00 per 100 
16.00 per 100 
16.00 per 100 
16.00 per 100 
16.00 per 100 
16.00 per 100 
14.00 per 100 
10 for 53.00 

COMPUTER KEYBOARDS 
Mod,hed ACS 11 Output with Decoders 

for Teletype 
Teletype Kaonoard without Electronic Parts 

MEMORIES 

National 1702A Erasable Prom 

1.5 pit. 5-9 pcs. 1025 pit. 25 po, up 
15.50 each 1450 each 13.50 each 12.50 

National 21021 1024 Bit Static Ram 
10 pcs. 53.30 each 20 pcs. 53.00 each 30 pu. 52.60 each 

50 pcs. up 52.20 each 

29,50 
19.50 

LINEAR I.C. 

LM 309K SV lA Regulator 
LM 3407 Pos. lA V. Regulator 

I5V. 6V. 12V. 15V.) 
LM 380 2W Audio Amp 
LM 381 Lo Nose Pre Amp 
LM 555 Timer M,n, Dip 
LM 556 Dual 555 Timer 

LM 565 Phase Locked Loop 
LM 567 Tana Decoder 
UA 709 Operational Amp 
UA741 Como Op Arno 
LM 747 Dual 741 Op Amp 
LM 1458 Duel Comp Op Amp 
LM 3900 Oued Op Amp 
DM 8864 9 Digit Led Driver 
70591 Ouad MOS to Led Seg. 

Drivers 
75492 HEX MOX Io Led Doit 

Ait Drovers 

POWER TRANSFORMER 
12 V AC 300MA output Wall Type Adapter 

(00.5n.á for Clock to limited space) 

12VO 12V or 24V 1 Amp output 
0- 0.81,12V 300MA Output 

I For our LD 8051 Flourescent Tubes) 

0 3V -12V -24V 500 MA output 
I For CT 7001 Drive Ld 8132 Readouts/ 

O.15V160V 150MA output 
(For Gas discharge Readouts) 

tapes 10pcsup 
1.20 1.00 

1.20 1.00 
1.00 .80 
1.20 1.00 
.65 55 

.85 
1.50 
1.50 
.20 

.15 

.55 

.55 

1.00 

100 
1.75 

.25 

.30 

.65 

.65 
60 .50 

1.70 1.40 

.60 .55 

.60 .55 

3.50ea 
2.25 ea 

2.50 ea 

MIN. ORDER $10.00 
Send Money Order for Mail Order 

California residents add 6% sales tax. 
Postpaid in Ca. Other states add 51.00 postage. 

FORMULA INTERNATIONAL INC. 
12603 CRENSHAW BLVD. 
HAWTHORNE, CA. 90250 

FOR INFORMATION PLEASE CALL 
(213) 679 -5162 

BUSINESS HOURS 10 -7 MON. - FRI. 

Circle 117 on reader service card 

www.americanradiohistory.com
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MICROPROCESSOR COMPONENTS 
8008 - $19.95 2102 - $2.95 

l aL 7400N TTL 414IP 
SN7400N .16 SN1451N 27 SN1415IN .25 

S574015 .16 SN7453N .27 SN74153N .35 
SN7402N .21 SN7454N 41 SN74154jg .25 
SN7403N .16 SN7459A .25 S5741555 .21 

S574045 .21 S574605 21 91741565 30 

S574055 24 S574705 45 SN74151N 30 

SN7406N 45 SN7472N 39 S5741605 .75 

SN7407N 45 S574135 45 S5741615 .45 

SN7408N .25 SN74745 45 S5741635 65 

9174095 .25 SN74755 80 S5741645 .65 

0674105 .20 SN7476N .47 S5741655 .65 
SN7411N .30 SN7480N .50 SN74166N 70 

S574125 A2 SN7482N 1.75 S5741675 50 
SN7413N 85 SN7483N 1.15 55741705 00 
SN7414N 70 9174855 1.12 SN74172N I .00 

SN7416N 43 SN74865 45 S5741735 70 

SN7417N .43 SN74885 150 567417411 95 
9474185 25 SN7489N 3.00 SN74175N .95 

SN7420N .21 S574905 .59 55741765 .90 

S574215 .39 S574915 1.20 S5741775 90 

S674235 37 SN7492N .82 55741809 1.05 

SN7425N 43 SN74935 .82 59741819 3.55 
S574265 31 SN7494N .91 SN74182N .95 

SN7427N 37 S574955 .91 91741845 2.30 
SN74295 42 SN74965 .91 S5741855 2,20 
S574305 26 SN74100N 1.25 SN74187N 6.00 
SN7432N 31 91741078 49 S5741905 1.50 
SN7437N 47 SN74121N .55 95741918 1,50 

SN74385 40 S5741225 49 SN74192N I.50 
SN7439A 25 S5741235 1.05 05741935 1.40 
58744001 .21 SN74125N 60 75741945 145 
S5744119 1.10 SN741265 81 S5741955 1,00 

SN7442N 108 SN74132N 100 SN74196N 1.25 

9174435 1.05 SN74141N 1.15 9/741975 7.00 
S574445 1.10 SN 741425 6.50 9574198N 2.25 
SN7445N I 10 95741435 7.00 S5741995 2.25 
51474491 I15 5574144N 7.00 557420098 7.00 
557441N .89 SN741455 I 95 957425198 2.50 
SN74485 .99 SN741485 2.50 9/742845 6.00 
5N74505 .26 S94741505 110 SN74285N 6.00 

204/o Discount fnr 100 Combined 7400's 

JAMES NOVEMBER SPECIALS 
154001 50V L 1 Amp 15 SI.00 
154002 100V @I Amp 15 SI. DO 

164003 200V @ I Amp 15 S 00 
154004 4004 64 1 Amp 15 SI. 00 
IN 4148 Switching 20 SI. 00 

TRANSISTORS 
2529074 PNP Switching 6171.00 
2X92224 NPN Switching 6 /S1.00 
253904 NPN Amp 6191.00 
253906 PNP Amp 6/01.00 
25918 NPN RF 6/01.00 
255951 NJ Fe, 6151.00 

TTL/LINEAR CLOCK & CALC. CHIPS 
7 SI 00 051531114 6 Dion 92.95 

79 MM5312N 2.95 
49 MM5313N 6 0rgn 2.95 
99 61553145 6 Digit 2.95 

,99 61553165 6 Digit Alarm 3.95 
'.75 MM5725N 8 Dig,t4 Fun, 1,98 

4151.00 5545736N 6 D,g,14 Font. 195 
1.19 MM5738N 8 O,g,t-5 RIM 4,95 

36 Awg RIBBON CABLE 
I Ft. Minimum 29 h. 10 ft. 
4 Cond. .29 h. .25 h. 
8 Cond. .59 h. .49 h. 
16 Cond. .8919. .79 h. 
32 Cond. 1.8911. 1.89 h. 

7400 Gale 
7447 Decoder 
7490 Counter 
74100 8 an Latch 
74154 Decode, 
74197 Counter 
LM301H- LM741H 
LM324N -Clad 741 

LM309H 5V Reg TO.5 
LM309K 5V Reg TO 3 79 

DYNAMIC SHIFT REGISTERS 

MM500H MM504H MM510H 2 FOR 
010681 3.6 Amp SCR 2151.00 MM503H MM506H- MM5016H $1.00 

CPU'S 
0008 BUO CPU 51995 
8080 8 04 Storm 8008 149.95 
4040 40,18080 3995 

PARTS 
AY - 5. 1013 6.95 

PROM'S 
8223 3109 Prom 300 
1702A 15 E Prom 17.95 
52030 29 E Prom 14.95 
745281 15.1 Pram 795 

SR'S 
2401 29 OSO 9.95 
2533 IK SSO 7.95 

1101 

1103 

2102 
1101 
7010 
7469 

8101 
8111 
B599 
91102 
74200 
7415670 
93410 

RAM'S 
256.1 Sn. S 2 25 

1101 O 

oam,c 
2.95 

15.1 Stahc 195 
41(x1 0ynamc 19.95 
1501 Mnmoc 2995 
16.4 Slam 249 
15.1 SOME 195 
15x1 5140c 795 
16.4 instate 3.49 
15.1 low Power 195 
25641 51a1r0 6.95 
404 Reonter 3.95 
256.1 Stem 2.95 

C04000 
004001 
C04002 
C04006 
C04007 
C04008 
004010 
004019 
C04012 
C04013 
004016 
004017 
C04019 
004020 
004022 
C04023 
C04024 
C04025 
C04027 
004028 
C04029 

25 

25 

25 

2 50 

.25 

59 

59 

25 

25 

47 

56 

1 35 

.55 

1 49 

I 25 

25 

1.50 

25 

69 

165 

2 90 

CMOS 
004030 .65 
004035 
004040 
004042 
004044 
004046 
C 0404 
004049 
C04050 
004051 
C04053 
C04060 
004066 
004069 
C04071 
C04081 
/4C00N 
74CO2N 

740045 

1.85 

1.45 
1.90 
9,50 

2.51 
2.75 

.79 

.79 

2.98 
2.98 
3.25 

1.75 
45 
45 

.45 

.39 
55 

75 

/4C ION 65 
74C20N 65 
74C30N 65 
74C42N 2.15 
740735 I50 
740/4 115 
74C9ON 3 00 
740955 2.00 
740107N 125 
740151 2.90 
740154 3.00 
740157 
740160 
740161 
740163 
740164 
740173 
740193 
740195 
80097 

2 15 

3.25 
325 
3.00 
3.25 
260 
2.75 
2.75 
1.50 

PARTS SURVEY 
I read the letter from Robert Briner In 

the June issue of R -E about his problem 
of obtaining parts overseas for projects. 
I now have nine months experience with 
several firms and received all the parts I 

ordered. The time It took to receive the 
parts varied from firm to firm. Here Is a 
list of my experiences with the firms. 
James Belmont, CA 7 -10 days 

Electronics 
Poly Paks 

International 
Electronics 
Unlimited 
Southwest San Antonio, TX 3-4 weeks 
Technical 
Products 
Meshna Lynnfield, MA 
Electronics 

Lynnfield, MA 

Monterey, CA 

2 -3 weeks 
(getting better) 
2 -3 weeks 

Delta 
Electronics 

2 -3 weeks 

Lynnfield, MA 3-4 weeks 

3-4 weeks 

7 weeks 

Solid State Somerville, MA 
Sales 

Howard W. Indianapolis, IN 
Sams & Co. 

Altai Dallas, TX 1 -11/2 months 
Electronics 

All the times are from the day I wrote 
the letter until I received the parts. 
H. K. BERKHOUDT 
Rotterdam (23) 
Holland Reprinted From Radio & Electronics 

September 1975 

HP- 5082 -7300 iif HP.5082.7300 
3" Om Oatr /dnem numeric naoue 

with h,0, n, an the 
only Abms 1800 rit, OP. tang 

HP 508273100 $5.95 

HP 50827304 
e 1mmpn el non 4.95 

91L02 I K Static RAM Direct Replacement lo, 2102 -1 

with 401. Lea: Cumenl Drawn. 3.95 

Vector General Purpose Lois p 9 CARD Board 1495 
'Very High Nose Immunity Holds 12 ea. 74 pin SIPS 
'44 pm Edge Connection 

THE KILOBYTE RAM CARD Per Kil $4.9.95 
'Complete I Kx8 Memory High Noise Immunity Components 
'Single 5v supply '500X5 Access Time &K,1 Includes sockets, ICS & 

Board 

1t/4"x1%' XFMERS 
The/ woe d.1909 ec14ex type 

m. 110 we primary 1860 HI 

6eó50 A' oVece 
300 mA -600mÁ 

50 wi 550mA -50mA 
Excellent for minsture pow"rupP05 
agas discharge &plays 

SPECIAL $.99 

P.C. Mount FREE With each $75 order of Microprocessor components, 
512.00 get e one year 14511,ionon 10 BYTE the magaeine fo, 
Value computer PH RE AKS FREE FREE FREE 

1 /16 VECTOR BOARD 
P Pattern 
0.1' Hole SP. ros 

EPDXY GLASS 69.41-062C 

1010011 15.00 
LM106H 2.50 
LM171H 3.75 
LM2I2H 7.00 
LM300H 80 
LM301H 31.00 
LM301CN 3.100 
LM302H 75 

LM304H 100 
LM305H 95 

LM307CN .35 

LM3O8H 1.00 

LM308CN 100 
LM309H 1.10 

LM309K 1.25 
1M310CN 115 
LM311H 90 
LM311N 90 
LM31HCN 1.50 
LM319N . I 30 

LM3190 900 
LM320K 5 1 35 

LM320K 5.2 1.35 

LM320K 12 135 
LM320K 15 1 35 

15323K5 10.50 

LM324N 180 
LM339N 170 
151340K 1 95 

LM340K-I2 1.95 

LM340K 15 1.95 
1M340K 24 1 95 
LM340Tn5 1 15 

10340To6 1.75 

LM340T612I 75 

LM340To 15 75 

LM340T624 1 75 

LM350N I 00 
LM351CN 65 

LM310N I 15 

00370 115 

LINEAR LM1351N ?:65 
LM373N 3.25 LM14145 1.75 
LM371N 4 00 LM1458C .65 
1M3805 139 L014965 95 
LM380CN 105 1511556V 1.85 
LM381N 1.79 1.6121115 1.95 
LM38201 179 LM29015 2 95 
NE501K 6.00 LM30655 69 
NE510A 5 00 LM3900N 55 
NE531H 3 00 LM39055 60 

NE536T 600 LM55565 185 
NE5401. 600 MC5558V 100 
NE550N 79 LM7525N 90 
NE553 250 1517528N 220 
NE555V .49 LM75345 220 
NE565H .99 LM7535N 175 
NE565N 1.25 80388 4.95 
NE566CN 1.95 177175450 49 
NE56761 1.25 7545ICN 39 
NE567V 1.50 75452CN 39 

LM703CN 45 75453CN .39 

LM709H 29 75454CN 39 
LM709N 29 15491CN 79 

LM710N .79 75492CN .89 

LM7IIN 39 75494CN 89 
LM723N 55 RCA LINEAR 
LM723H 55 CA3013 170 
LM/33N 100 CA3023 2.15 
LM7395 129 CA3035 225 
LM741CH 3'1 00 CA3039 135 
LM741CN 31 00 

LM141145 19 

LM741H 19 

LM747N 79 

LM748H 39 
1.611491 39 

LM1303N 90 
LM1304N 119 

- IM130514 140 
M1307N 85 

CA3046 
CA3059 
CA3060 
CA3080 
CA3083 
CA3086 
CA3089 
CA3091 
CA3123 
CA3600 

1.15 

246 
2.80 

85 

160 
.59 

3.25 
8.25 

1 85 

75 

DPST 

C & K ROCKER SWITCH 
They are rated at 125 Vac @ 54. 
They are excellent in application 
such as Microcomputer 

Panel Switches 

Dim: 1 "x1 "x /" $0.69 

PHOTO DOAOO 100 
Here's a law cost, big 1 0 I C capacity 

breadboard kit watt all the quality 01 

CT Sockets and the best of the Proto 

Board series complete down to the 

last nut, boll and screw Includes 
2 0T 35S Sockets. I OT 358 Bus SIDE 

2 5 way U,ndmg posts. 4 rubber lee, 
tits, bolts: and easy assembly 

,nvrucl, 
COMPLETE KIT ... 7 95 

*Special 

KITS EXAR ics 
XR- 2206KA SPECIAL $17.95 
Includes monolithic function generator IC, PC board, and assembly 
instruction manual. 

XR.2206KB SPECIAL $27.95 
Same as XR- 2206KA above and includes external components 
for PC board. 

TIMERS 
XR -555CP SPECIAL 
XR -320P 
XR -556CP 
XR- 2556CP 
XR- 2240CP SPECIAL 

$ AS 
1.55 

1.85 

3.20 
3.25 

PHASE LOCKED LOOPS 
XR -210 5.20 
XR -215 6.60 
%R -567CP 1.95 
XR.2567CP SPECIAL 2.99 

STEREO DECODERS 
XR -1310P 53.20 
XR- 1310EP 3.20 
XR'IBOOP 3.20 

WAVEFORM GENERATORS 
OR-205 8.40 
XR- 2206CP SPECIAL 4.49 
XR-2207CP 3.85 

MISCELLANEOUS 
XR- 2211CP 6.70 
X R -2261 3.79 

*Special Requested Items* 
804154 Dual Track V Reg 55.95 
RC4195 /154 Track Reg 3.25 
15368 Decoder 3.95 
0110/111 OVM Chip Set , 

CÁ3130 Super CMOS Op Ap 1.49 
MCI408L7 AIO 9.95 
F3141 FIFO 8.95 

M8T97 SO 00 
40240 2.25 
2513 1100 
2518 7,00 
2524 350 
2525 6.00 
2527 5.00 

7513 
8263 
8267 
8288 
8826 
8880 
7497 

57 95 

5.95 
2.75 
1.15 
390 
1.35 

5.00 

FN070 
MAN 1 

MAN 2 

MAN 3 

MAN 4 

MAN 7 

5L33 
D L747 

DISPLAY LEDS 
Com. Cath. .250 .59 

Com. Ano. .270 91.95 

5x7 Matrix .300 395 
Com. Cath. .125 39 

Com. Cath. .187 1.95 

Com. Ano. .30 1.50 

Com. Cath. .125 1.95 

Com. Ano. .625 1.95 

DISCRETE LEDS 
MV 10 

MV 50 

MV 5024 
MV 5024 
MV 5024 
MV 5024 
MV 50' 

Red 

Red 

Red 

Green 

Orange 
Red I'Á" Leads 

I HO 

5 SI DO 

4 51 00 

411 00 
4:51.00 
5/51.00 

8 on 
14 pin 

16 pin 
18 pin 
2717.K 

IC SOLDERTAIL - LOW PROFILE (TIN) SOCKETS 
1.24 25 49 50 100 - 1 24 15 49 SO 100 

5.17 
20 

.22 
29 

36 

6 .15 
19 18 

23 12 
.28 27 
.37 .36 

24 pin 
28 pin 
36 pin 
400,n 

S .38 

.45 

60 

63 

SOLDERTAIL STANDARD (GOLD) 
8 pin 130 27 24 24 pin S 70 

14 pin 35 32 29 28 mn 1 10 

16 pin 38 35 32 36 pin 165 
18 Pin 52 47 43 40 pin 1.75 

WIRE WRAP SOCKETS (GOLD( LEVEL .3 
10 pin 5.45 41 37 24 pin 51.05 
14 pm 39 38 31 28 pin 1 40 
16 pin 43 42 41 36 pin 1.59 
18 or 75 .68 62 40 pin 175 

37 
44 

59 

62 

63 
1 00 
1 40 
I 59 

95 
125 
1 45 
155 

36 

43 
.58 
61 

57 

90 
1 26 
1 45 

85 

110 
130 
140 

TYPE 

N 746 

N75IA 
N752 
N753 
N754 
N965B 
N5232 
N5234 
N5235 
N5236 
N456 
N458 
N485A 
N4001 
N4002 

ZEN ERS- DIODES -RECTIFIERS 
VOLTS W 

3.3 400m 
5.1 400m 
5.6 400m 
6.2 400m 

6.8 400m 

15 400m 
5.6 500m 
6.2 500m 
6.8 500m 
7.5 500m 
25 40m 
150 7m 
180 10m 

50 PIV 1 AMP 
100 PIV 1 AMP 

PRICE TYPE VOLTS W PRICE 

4/1.00 54003 200 PIV 1 AMP .10 
4 /I.00 N4004 400 PIV I AMP 10 

4 /1.00 N3600 50 200m 611,00 
4/1.00 54148 75 1011 1511.00 
4/1.00 54154 35 10m 12/1.00 
4/1.00 54734 5.6 lw 

28 54735 62 Iw 
28 N4736 6.8 Iw 

.28 54738 8.2 Iw 
28 54142 12 ha 

6/1.00 N4744 15 he 
6/1.00 X1183 50PIV 35 AMP 
5/1 00 611184 100 PIV 35 AMP 

09 N1186 200PIV 35 AMP 
10 N1188 400 PIV 35 AMP 

28 

28 

28 

20 

28 

28 

160 
170 
1 80 

3 00 

DATA HANDBOOKS 
7400 Po-out & Description ut 5400/7400 ICS $2.95 
CMOS Pin -out & Description o14000 Sertes ICS $2.95 
LINEAR Pin- out & Functional Description of 

Linear Circuits 52.95 

6' POWER SUPPLY CORDS .... 
2CONDUCTORS SPECIAL 

3/$1.00 

50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. 

ÁSST.1 

ASST. 2 

ASST. 3 

ASST. 4 

Á55T.5 

ASST. 6 

ASST .7 

5 ea: 

5 e 

5 ea: 

3.3K 3.9K 4.7K 
Sea: 8.2K 10K I2K 

22K 27K 33K 
5ea: 56K 68K 821( 

150K 180K 220K 
5ea: 390K 470K 560K 

IM I 2 1.5M 
5ea', 7.7M 33M 39M 

IO OHM 12 OHM 15 OHM 18 OHM 22 OHM 
21 OHM 33 OHM 39 OHM 47 OHM 56 OHM 

68 OHM 82 OHM 100 OHM 1200HM 150 OHM 
180 OHM 220 OHM 270 OHM 330 OHM 390 OHM 

470 OHM 560 OHM 680 OHM 820 OHM IK 
1.2K 155 1.8K 2 2K 2 7K 

56K 6.8K 
15K 18K 

39K 47K 
100K I20K 

270K 330K 
680K 820K 

1 B 72M 
4 7M 5.6M 

1/4 WATT 5 %' 50 PCS. 

1/4 WATT 5v, 50 PCS. 

1/4 WATT 5 %. 50 PCS. 

1/4 WATT 5%= 50 PCS 

1/4 WATT 5 %= 50 PCS 

1/4 WATT 5 %. 50 PCS. 

1/4 WPS T 5%= 50 PCS. 

MPS A05 
MPS A06 
7522190 
252721 
2511220 
2142369 

223690 
52415 

252484 
1529064 
2M2907A 
252925 
253053 
183055 

5 

2N3392 
253390 

5100 
5/81 00 

3'51 00 
Ors 1.00 

5151 00 
991 00 
4/51 00 

5/51.00 
4/59 00 
4,5100 
SSI 00 
551 00 

2151 00 

S89 
SOS 
551.00 
951.00 

TRANSISTORS PN4249 4!s1 .0o 
P53567 3151,00 P54250 4151 00 

PN3568 4I51 00 254400 4151 00 

P53568 491 00 254401 4/51 00 
253104 5/S1.00 264402 0/51 00 
253705 5'51 00 254403 4151 00 

257100 5151 00 254409 5154 00 
253707 5/S1 00 255086 4iS1 00 
253711 5/51 00 255097 411 00 
253124 S.65 255088 4/91 00 
253725 51.00 0965089 411 00 
253903 5/51 00 255129 5/S1 00 
253904 4 SI 00 255138 5/S100 
253905 4'51 00 255139 5/51.00 
253906 45100 255209 5'51.00 
294013 3.S100 255951 55100 
294014 3 SI 00 C10681$05 25100 

THUMBWHEEL SWITCHES 

lam 

areiasMr.,a,a_.,ew. Ito m 

4 8 e 2 

PRIME AUT 8 

INTEGRATED Ass" 9 

CIRCUIT 
ASSORTMENTS 

ASST IO 

4951 I, 

Zea 

Zea 

2 eck 

SN7400 
SN)a10 

SM7447 
9574145 

504001 
`04016 

tunT 

iá01 

7401 

0 7438 

7490 7491 
74175 74180 

á0O2 4011 

017 4019 

5 

016 3023 
65T S67r 

7403 1404 
M40 7471 

70100 141z1 

)1191 11193 

4012 4013 
4013 4030 

rái a . , 

551,?T1 

MSI?TL 

CMOS 

LiNEAR 

5595 ASST 

5995 AS5T. 

095499T 

SID 954051 

Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds. 
California Residents - Add 6% Sales Tax 
Write for FREE 1975 F Catalog - Data Sheets .25e each 

/4171tcS 
P.O. BOX 822, BELMONT, CA. 94002 

PHONE ORDERS - (415) 592 -8097 

CAPACITOR CORNER 
11111.- 50 VOLT CERAMIC DISC CAPACITORS 

1 9 1049 50.100 1 9 1049 50.100 
lOpí 05 04 03 001 05 .04 035 
22 pl 05 04 03 0047 05 04 035 

47 pf 05 04 03 01 05 04 035 
100 PI 05 04 03 022 06 05 04 

220 01 05 04 03 047 06 05 04 
470 111 05 04 .035 1 12 09 075 

100 VOLT MYLAR FILM CAPACITORS 
001111 .12 .10 07 ,022mí .13 .11 .08 

.0022 .12 .10 .07 047m1 21 .17 .13 

.00470 .12 .10 07 1111 .27 .23 .17 

.Sled 12 .10 .07 .22ml 33 .27 .22 

I 20% DIPPED TANTALUMS (SOLID) CAPACITORS 
I 35V 28 23 17 15 35V 30 26 21 
15 35V 28 23 17 2.2 25V 31 77 22 

22 35V 28 23 17 3.3 25V 31 27 22 
33 35V 28 23 I7 4 7 25V 32 28 23 
47 35V 28 23 II 68 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 3 0 47 15 5 13 10 

I 50 16 4 1 47 50 6 14 11 

3 3 50 15 3 0 16 5 13 10 

4 7 25 16 4 2 25 6 14 II 
10 25 15 3 0 50 6 14 II 
10 50 16 4 2 7 16 5 13 10 

22 25 17 5 2 7 25 5 13 IO 

22 50 24 10 8 7 50 6 14 11 

47 25 19 17 5 I 16 4 12 09 
47 50 25 21 9 I 25 5 13 10 

100 25 24 20 8 I 50 6 I4 12 

100 50 35 30 8 4 50 4 21 19 

220 25 32 28 5 10 16 9 15 14 

220 50 45 41 8 10 25 4 20 18 

470 25 33 29 7 10 50 5 30 28 
1000 16 55 50 5 22 16 3 I7 IG 

2200 16 70 62 5 47 25 I 28 26 

Circle 118 on reader service card 
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QUALITY ELECTRONIC COMPONENTS 
-- SAME DAY SERVICE -_ 

NEW DISCOUNT SCHEDULE 
SAVES YOU EVEN MOREI 

1024 BIT STATIC MOS RAM 

2102 ... $3.50 
INTEGRATED CIRCUITS - TTL, CMOS, LINEAR IL MOS 

MON 
401N... 
4025 
403N 
401E 

40551 

4061 
4086 
407N. 

4144 
4115 
412 
4135 

115 
165 
1711 

424! 
73N. 

1291 26E 
428N 

743314 . 
74375 
30N. 

7440N. 
7M1N 
79436. 

7M3N. 
74445, 
74455 
74495 
7442 
IM85 
745E5 
7151N 

244 

24c 
24c 
244 
244 

244 
244 
24c 
24c 
24c 
24c 
244 

244 
2K 

SI 02 

244 
244 
244 

744 4 

43c 
316 

244 

SI.II 
614 
61c 
61c 
614 
774 
774 

854 
224 
a4 

EN918 
EN930 
MP5930 
EN2222 
MP52Y22A 
EN2369A, 
MP52369A 
MP52712. 
EN2907 
MP52907A, 
263391A 
2N3392 
MP53392 
2N3393 
MPS3393 
2143394 
MP53394 
MP53395., 
23563 
2N3565 
2N3638 
2N3638Á 
MP53638A 

74535 22c 741554 
14545 224 74156N 
1460E1. 21c 7a9n 
747064 344 74160: 1 

7472 344 741611 
14736 31c 741621 
7474N 314 741631 
7475N. . 51c 741641 
74766. . 344 741741 
74806 684 741751 
74825 684 741009 ". 

I4836. 6& 7418111 I7 
71856 ..SI 11 1418761 
748614 . 31c 141905 SI 45 

1459944. ..5213 741916 01 45 

7491 48c 741926 51.19 
74916 774 741935 S1.11 
749254. 484 741345 51 11 

749p4. 484 14195X.. . SI 11 

749áN 774 74279N 5h 
74955. 854 40704E 744 

74969 400144 741 

74107E 24 400744 241 

741075 314 100644. .. SI 50 

1412111 364 40374E 744 
1'122 34 400944. 51 ;7 
741735 784 40094E 644 

741256. 394 40106E 644 

141265 .394 4011AF 740 

74132. .73c 40124E 744 

741415 044 401494 504 

741455. 51 16 40111E SI 54 

741504. 5136 101511 ..41 17 

7415114, 854 40194E . .. 50E 

J4153N.. . h 40174E...SI26 
141545 5136 IOIME. SI 44 

40194E . 515 
407044... 51.56 
40215F. 11 12 
40734E. .. 51.18 
40238E . 241 
40244E. . 964 
40754E... 3k 
1026ÁE...5141 
40274E... 444 
40294E . SI 04 
402944. .SI 36 

403W. .. S1.67 
4034ÁF. .53.34 
403W. 51.36 
4010AE .. SI EO 
4p11AE . 9IX 

40424E.. 974 

404ME .. 674 
40M4F 614 
WM $2.35 
4049Á4 520 

405064 534 
405141 SI M 
40574E SIM 
40506E 51 
409ME. fl 61 
4066AE 90 
40114E . 26c 
401204 764 
40 714E 264 
40754E....26c 
4pHAE....26c 
40824e, M4 
193b4E... SI.M 
WM.. 51,40 

45185E. SI.20 
1520ÁE.. .S1.28 
45274E. . 52.00 
4528ÁE. .904 
5E5401... 52,04 
NE5535 .. 51.87 
NE5545 ..51.87 
148555V.. . 480 

NE5594. . 884 

545408. .. S3 83 
6E5618.,. 1303 
5E5628... 53.83 
NE5654 ..51,45 
835640, .. 11.28 
úE5675 .. 11 .36 

4709C4... 434 
4Á710[A.. 36c 
u471109 37c 

4477x4 44 
4414ICY...434 
u4747CA.. .40c 

Á748CV .. 414 
MC115811... 51c 
ON .... SI n 
4130 ... 1125 
4131 ..1125 
VAM[ .. 51.80 
1843744 .41,38 
u47805ca SI.25 
u0780607. 51.79 
E971301301. 5125 
uA7812D7.5125 
447915811. 11.25 
4478180. 51,75 
u4787401. 11.25 

SILICON TRANSISTORS 
21c 10/52.00 1C/í17,85 2443640 714 10/52.00 
16c 10/51.55 1C/513.60 293641 16c 10 /51.55 
160 10/51.55 1C/í13.60 2543643 16c 10 /51.55 
16c 10/5135 1C/513.60 MP53643, 16c 10 /51.55 
164 1041.55 1C/573.60 293645 271 1032.00 

2443646 21c 1042.00 
2443904 16c 10 /51.55 
2N3906 16c 10/5135 
294124 16c 10 /51.55 
294126 16c 10/51.55 

1 264401 16c 10/51,55 
2144403 16c 10/51.55 
2445087 16c 10/51.55 
2445089 16c 10/51.55 
2445129 215 10/52.00 
2445133 21c 10/52.00 
295134 21c 10/5200 
2E5137.., , 21c 10/52.00 
295138 21c 10/52.00 
2445139 21c 10/52.00 
2445210 16c 10/31.55 
2345457 524 10/54.88 
MPS -102 48c 10/54.50 
MPS- A13 400 10/83.75 

16c 10/51.55 1C /$13.60 

16c 10/51.55 1C/513.60 
16c 10/51.55 1C /í13.60 
16c 10 /51.55 1C/513,60 
16c 10/61.55 1C/í13.60 

21c 10/52.00 1C/517.85;' 

16c 10/51.55 1C/513.60 
16c 10/51.55 1C/513.60 

16c 10/51.55 1C/í13.60 

16c 10/51.55 7C/513.60 
16c 10/51.55 1C/513.60 
16c 10/51.55 IC/$73.60 
16c 10 /51.55 IC/513.60 
21c 10/52.00 1C/517.85 
21c 10/82.00 1(/517.85 
16c 10 /$1.55 1C/513.60 
16c 10/51.55 1C/513.60 
16c 10 /51.55 1C/513.60 

ELECTROLYTIC - Radial Load - 
lufd/50v 84 10/64c 1C /S 5.41 
2.2ufd /50v 8c 10/64c 15 /S 5.41 
3.3ufd /5049 8c 10/641 1C /S 5.41 
4.7454/25, ..,, (E 10/644 1C /S 5.41 
IOufd/25v 8c 10/67c if /S 5.66 
10444 /500., í0c 70/77c 1C /S 6.58 
224f6/2549 9c 10/724 1C /S 609 
22ufd /5049 12c 10/51.00 1C /S 8.48 
100054/6.30 9c 10/74c 1C /5 6.32 
100454 /16, .. , 111 10/86c 1C /S 7,28 
100ufd/25v 13c 10/51.08 1C /E 9.15 - Axial Lead - 
lufd /50* tic 10/90c 7C /S 7.65 
2.2444/50, 120 10/92c 1C /S 7.82 
3.3054/354 12c 10/93c 1C /S 7.91 
3.3ufd /504 ,, 124 10/98c 1C /S 8.31 
4.7u5á /35v 124 10/93c 1C /S 7.91 
10054 /1649.. 11c 10 /904 7C /5 745 
10054 /259 12c 10/98c 1C /E 8.31 

DISC CAPS 
100pf/500v 4c 10/36c 2C /S 6.09 
2200/500v 4c 10/36c 2C /S 6.09 
4700/500v 4c 10/36c 2C /S 6.09 
10000/5000 40 10/37c 2C /S 6.22 
22000/5000 4c 10/37c 2C /5 6.22 
4700pf/500v 4c 10/324 2C/S 5.41 
.01ofd /50049 6c 10 /500 2C /S 8.55 
.01ufd/50, 3c 10/24c 2CIS 4.05 
.022ufd /25v 3c 10/28c 2C /S 4.73 
.047ofd/25v 54 10/424 2C /S 7.17 
.14fá /250 8c 10/62c 2C/S10.57 

SILICON DIODES 
1X4148..10/404 1C /53.50 1M/534.00 
1444001.. 10/704 1C/56.13 1M/$59.50 
188002.. 10/72c 1Cß6.30 1M/561.20 
1444003.. 10/74c 1C/S6.48 1M/562.90 
1N4004.. 10/760 1C/16.65 1M/564.60 
1444005.. 10/824 1C/í7.18 1M/569.70 
5444006.. 10/90c 1C /S7.88 104/576.50 
1444007.. 10/99c 1C /58.75 1M /585.00 

1C/í17.85 
íC/573.60 
1[/513.60 
IC /513.60 
1[/517.83 
1 C/517.85 
1 C/S13.60 
1C/513.60 
1C/í13.60 
1C/í13.60 
1C/S13.60 
1C/S13.60 
7 C/S13.60 
1C/í13.60 
1C/S17.85 
1C/S17.85 
1C/517.85 
1C /517.85 
1C/í77.85 
1C/517.85 
íC/513.60 
1(/544.20 
1Cß40.80 
1C/í34.00 

CAPACITORS - Axial Load - 
10u1d/500.... 144 10/51.13 IC /S 9.56 
22ufd /1649.... 12c 10/98c IC /S 8.31 

2204 /250 .... 13c 10 /51.03 IC /S 8.74 
33ufd /1649,.., 12c 10 /51.00 1C /S 8,48 
33ufd/25v ,... 14c 10/S1.13 1C /S 9.56 
47ofd /1649.... 14c 10/51.13 1C /S 936 
4701á/25v .... 17c 10/51.32 1C/S11.22 
100ufd /1649 ..,í7c 10/51,32 IC/511.22 
100444 /250 ,,. 206 10/S1.57 1C/513.30 
100456 /503 ... 29c 10/52.32 1C/í19.70 
220 1d/16, ... 20c 10/51.57 iC /S13.30 
220ofd/25v ... 29c 10/52.35 1C /519.% 
3304íd/160 ... 29c 10/S2.35 1C/519.% 
330444/250 .,. 32c 10/52.54 1C/521.62 
470454 /1649 ... 32c 10/52.54 1C/521.62 
470ufd/25v ... 37c 10/52.98 1C/í25.36 
I000ufd /16v ,. 39c 10/53.13 1C/826.61 
10000d/25v . 56c 10/04.50 1C/S38.23 
2200454 /16. ,.620 10/04.94 1C /541.98 

HARDWARE 
2 -56 1/4 Screw.... 900/C 5 7.20/M 

2 -56 1/2 Screw.... 98c/C S 7.80 /M 
4 -40 1 /4 Screw.... 966/C S 7.80 /M 
4 -40 1/2 Screw.... 92c/C S 7.30/M 
6 -321/4 Screw.... 920/C S 7.30/M 

6 -32 1/2 Screw.... 881 /C 5 7.00 /M 
8 -32 3/8 Screw .. 51.05/C S 8.40 /M 
8-32 5/8 Screw . , $1.35 /C 510.80 /M 
2.56 Hex Non ... 51.35/C $10.80 /M 
4 -40 Hex Not ... S1.45/C 511.60/M 
6-32 Hex Nut ... 51.45/C 515.70/04 
8-32 Hex Not ... 51.50 /C S11.80/M 
No. 2 Lock Washer. 451 /C S 3.50/04 
No. 4 lock Washer. 45c/C S 3.50/M 
No. 6 Lock Washer. 45c/C S 3.50/M 
No. 8 Lock Washer. 45c/C S 3.50 /M 

REED RELAYS s V. Coil ...51.70 
6 V. Co 

6 AMP $PST N.O. 
d ... S1.70 

CONTACTS 
12V. Coil ... 51.70 
24V. Coil ...57.70 

'/z & 'A WATT CARBON COMP. RESISTORS 
5 each of the 85 standard 10% values (2.2 -nm) Y, W Resistors (425 pcs.) 

Sorted by value 513 /set 2 -4 are 512 /set 5 -9 are 511 /set. 

5 each of the 70 standard 10°, values (10 -5.6M) /. W Resistors (350 pcs.) 

Sorted by value S13 /set 2 -4 are 512/set 5 -9 are SI1 set. 

MOLEX SOLDERCON IC TERMINALS 
100/51 500 54 20 1000'58.20 5000/ 38.20 50.000x275 

I.C. SOCKETS VOLUME DISCOUNT SCHEDULE 
í.,41d44 946,4mÁ.6 
101.1 á.n,41 Total paws 
S 0,005 9.99.... NET S 107.061499.99 LDS 15% 

3 10034 24.99. LDS 5% S 500.039290.99 LESS 20% 

S 25.005 99.99165 10% $1070.07 9 up. LESS 25% - Thm Md the Standard Charge below 

STANDARD SHIPPING /HANDLING 
CHARGE 

11year ,..4,1ái.. 1X61 Met A4and Is Lnwear: 

S 0065 4.99. odd 5200 4 50.00499.99. add 40.25 

5 5.06424.99.. odd 95.75 510000 L up No Charge 

S 35.06549.99. odd 93.50 

16á,d66 MLlRiq L Worm. le USA L Cg.16 

COD ORDERS AMINO FOR SAME D4, 
SS IPMDIT - CALL 218.681.6674 

8 Pin Solder-Tab . 17c 
14 Pin Solder -TOb .. 20c 
16 Pin Solder -Tab .. 22c 
18 Pin Solder -Tab .. 29c 
24 Pin Solder-Tab .. 384 
28 Pin Solder -Tab .. 45c 
40 Pin Solder -Tab . 63c 
E Pin Wire -Wrap .. 34c 
14 Pin Wire -Wrap .. 52c 
16 Pin Wire -Wrap .. 58c 
18 Pin Wire -Wrap ,.604 
24 Pin Wire -Wrap .. %c 
28 Pin Wire -Wrap . 51.12 
40 Pin Wire -Wrap. 51.56 

sera for 6.. analog 
D644 ,.cast. 

dc. 4wá. 

6l'iil1A4,7u "157 

DIGI-KEY CORPORATION 
\.O. Box 677 Thief River Falls, MN 5670 

Circle 119 on reader service card 
132 

7 

out a 
2 Who 
'have it 
dont 

it... 
knew 

21 million Americans have high 
blood pressure. But 50 percent of 
those who have it, don't know it. 

When blood pressure goes higher 
than It should, and stays high. It sets 
the stage for heart attack or stroke. 

Most cases of high blood pressure 
can be controlled with drugs and 
other advances in treatment. That's 
why you should see your doctor reg- 
ularly. Only he can tell if you need 
help. 

A public melee 
nM..49. Mtn mu 
Need A.4Re1.11an 

8800 HARDWARE ! 
Build a smart terminal into your Altair! Your Altair 
already has the intelligence, we provide the display 
module. This module is not a limitied "TV Typewriter" 
but an ultra -high speed computer terminal built into 
your computer. The VDM -1 generates sixteen 64 charac- 
ter lines from data stored in the I K byte on -card 
memory. Alphnumeric data is shown in a 7x9 dot matrix 
format with a full 128 upper and lower case ASCII 
character set. The VDM -1 features FIA video output fo* 
any standard video monitor, multiple programmable 
cursors, automatic text scrolling and powerful test 
editing software included FREE! Available now. 

!! MASS STORAGE !! 
We have always wanted .a low cost, reliable, fast access 

storage device using standard Phillips cassettes (we bet 
you have too), so we got to work and designed one - 
here it is! With the CDS -VIII Cassette Data System you 
have computer - controlled access to 128K bytes of data 
within 20 seconds when using C -30 cassettes. We provide 
read /write electronics and transport controller, Altair 
interface, a case and power supply, and one or two 
multiple motor cassette transports plus FREE driving 
software! Yes, up to two cassette drives! Two drives 
provide much more powerful file handling and copying 
capabilities as well as, of course, twice the storage 
capacity. Data can be written and /or read asynchronous- 
ly at any transfer rate up to 150 bytes /sec: at this rate 
8K BASIC can be loaded in about 50 seconds! We have 

also included provision for use of any read /write 
electronic plug -in section so that tapes using HIT, 
Computer Hobbyist or Digital Group formats may be 

react at lower data rates. Available in November 1975. 

Write for more details on these and other 
8800 plug in compatible modules. les. 

© i 
Fourth 
i , Ca.94 O 

Give 
the 
World 
a little 
gift 
today. 
Blood. 

The American 
Red Cross. 
The Good 
Neighbor 

Thanks 
to you 

ibt 
working 

The United Way 
4íe1 19má= R1 

610,,194 Dublic good 

Circle 120 on reader service card 

ULTRA -SONIC REMOTE CONTROL SYSTEM 

( " 

Complete remote control system consists of 3 units. Mechanical 
transmitter operating at 41.5 Kc and 38.5 Kc. Receiver, which 
picks up 41.5 Kc & 38.5 Kc. One frequency operates a stepping 
switch inside the receiver. The other frequency operates a motor 
(the 3rd unit). For each pulse of the transmitter, the motor 
indexes 30. This system was the remote control system of G.E. 
color television set, and cost $100.00 when purchased with the 
set. It has many uses as remote control of television, garage 
door, or any application where remote-control is desirable. It 
is ideal for making a sonic burglar alarm. We have the trans- 
ducer for, a continuous signal. We furnish data with all units. 

Stk.No. R5305 3 Pc. remote control system $29.50 2/55.00 
STK.NO.P6000 41.5 Kc transducer $3.00 ea. 2/5.00 

SONY CONDENSER MICROPHONE ELEMENT 
Condenser microphones are noted for their wide frequency 
response. They also need a stage of amplification at the mic- 
rophone element. These SONY elements have a FET built 
right in to the element. Ideal for all types of recording. 
STOCK NO.P5306 Microphone element $2.50 3/6.00 

H.H. SCOTT POWER TRANSFORMERS 
Stk.No.P9318 -26Vct @1 Amp. & 6.3V @ .5 Amp. $3.75 2/7.00 
Stk.No.P9313 -36Vct @1 Amp. & 6.3V @ .2 Amp. $3.50 2/6.00 
Stk,No.P9316 -50Vct @1.5 Amp.& 6.3V@ .5 Amp. $6.50 2/12.00 
Stk,No.P9314 -70Vct @ 1.5 Amp.& 6.3V @ .5 Amp. $6.50 2/12.00 

Stk.No.P9315 -90Vct @ 2 Amp. & 6.3V @ 1.5 Amp. $9.95 2/19.00 

Please include sufficient postage. Excess refunded. Send for our 
largest catalog yet, No.15. MINIMUM ORDER $5.00 

A DELTA ELECTRONICS CO. 
1. 

Phone (617) 388 -4705 

Circle 110 on reader service card 
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EXAR 
FUNCTION 
GENERATOR 
KITS 

features sine, 
triangle and 
square wave; 

THD 0.5% typ.; 
AM /FM capability 

XR- 2206KA SPECIAL $16.95 
Includes monolithic function generator IC, PC board, and assembly 
instruction manual. 
XR- 2206KB SPECIAL $26.95 
Sama as XR- 2206KA above and indludes external components 
for PC board. 
TIMERS 
XR -555CP Monolithic Timer SPECIALS .68 
XR -320P Precision Timer 1.50 
XR -556CP Dual -555 Timer 1.70 
XR- 2556CP Duel Timing Circuit 3.10 
X R-2240CP Programmable Counter /Timer SPECIAL 3.20 
PHASE LOCKED LOOPS 
XR -210 FSK Demodulator 5.10 
XR -215 High Frequency PLL 6.50 
XR -567CP Tone Decoder (mini DIP) 1.90 
XR -567CT Tone Decoder (TO -5) SPECIAL .99 
STEREO DECODERS 
XR -1310P PLL Stereo Decoder 3.10 
XR- 1310EP PLL Stereo Decoder 3.10 
XR -1800P PLL Stereo Decoder 3.10 
WAVEFORM GENERATORS 
XR -205 Waveform Generator 8.30 
XR2206CP Monolithic Function Generator SPECIAL 4.39 
XR- 2207CP Voltage- Controlled Oscillator 3.75 
OTHER EXAR IC'S 
XR- 1468CN Dual + 15V Tracking Regulator SPECIAL 2.90 
XR -1488N Quad Line Driver 5.70 
XR1489AN Quad Line Receiver 4.70 
XR- 2208CP Operational Multiplier 5.10 
XR- 2211CP FSK Demodulator /Tone Decoder 6.60 
XR -2261 Monolithic Proportional Servo IC System 

w/4 ea. Driver Transistor 3.70 

7400N $.13 
7401N .16 
7402N .14 
7403N .16 
7404N .19 
7405N .20 
7406N .29 
7407N .29 
7408N .18 
7409N .20 
7410N .18 
7411N .26 
7412N .33 
7413N .68 
7414N 1.23 
7416N .28 
7417N .33 
7420N .17 
7421N .33 
7422N .60 
7423N .50 
7425N .34 
7426N .25 
7427N .31 
7428N .50 
7430N .20 
7432N .24 
7433N .60 
7437N .35 
7438N .33 
7439N .38 
7440N .16 
7441N .95 
7442N .50 

74HOON $.33 
74H01N .25 
74H02N .30 
74H04N .33 
74H05N .33 
74H08N .40 
74H10N .33 
74H11N .33 

74L00N $.31 
74L02N .33 
74L03N .39 
74L04N .33 

74LS00 .46 
74LS01 .58 
74LS02 .46 
74LS03 .50 
74LSO4 .50 
74LS08 .46 
74LS09 .58 
74LS10 .46 
74LS11 .46 
74LS15 .58 
74LS20 .46 
74LS21 .58 
74LS22 .58 

74SO0N $.44 
74802N .60 
74803N .75 
74SO4N .56 
74S08N .80 
74S10N .55 
74S11N' .65 
74S20N .65 
74S30N .80 
74S32N .80 
74540N .65 

9300PC 
9301PC 
9304PC 
9306PC 
9308PC 
9309PC 
9310PC 
9311PC 
9312PC 
9314PC 
9316PC 

7400N TTL 
7443N .95 74104N 1.20 
7444N 1.05 74105N .50 
7445N .90 74107N .30 
7446N .90 74109N .90 
7447N .80 74110N .72 
7448N .80 74114N .93 
7450N .16 74118N 1.52 
7451N .16 74121N .45 
7453N .16 74122N .45 
7464N .16 74123N .70 
7460N .16 74125N .60 
7470N .30 74126N .50 
7472N .30 74128N .90 
7473N .37 74132N 1.00 
7474N .32 74136N .95 
7475N .59 74141N 1.20 
7476N .32 74145N 1.00 
7480N .59 74147N 2.40 
7481N 1.18 74148N 1.80 
7482N .89 74150N 1.00 
7483N .65 74151N .80 
7484N 3.00 74152N 1.40 
7485N 1.20 74153N 1.00 
7486N .35 74154N 1.40 
7489N 2.30 74155N 1.00 
7490N .50 74156N 1.18 
7491N .90 74157N 1.00 
7492N .55 74158N 1.20 
7493N .58 74160N 1.30 
7494N .80 74161N 1.20 
7495N .80 74162N 1.40 
7496N 1.50 74163N 1.40 
74100N 1.00 74164N 1.30 

HIGH SPEED TTL 
74H20N .33 74H53N .36 
74H21N .33 74H54N .36 
74H22N .33 74H55N .36 
74H30N .33 74H60N .36 
74H40N .36 74H61N .36 
74H50N .36 74H62N .36 
74H51N .36 74H71N .80 
74H52N .36 74H72N .74 

LOW POWER TTL 
74L10N .33 74L51N .34 
74L20N .33 74L73N .69 
74L42N 1.49 74L74N .90 

74LS 
74LS27 .50 74LS112 .58 
74LS30 .46 74LS113 .92 
74LS32 .50 74LS138 2.06 
74LS38 .46 74LS139 2.06 
741_851 .50 74L5151 1.92 
74LS54 .48 74LS153 1.92 
74LS55 .58 74LS157 1.68 
74LS73 .58 74L5158 1.68 
74LS74 .58 74LS160 3.06 
74LS76 .92 74LS161 3.06 
74LS78 .92 74LS162 3.06 
74LS107 .92 74LS163 2.90 
74LS109 .92 

SCHOTTKY TTL 
74551N .80 740140N .80 
74S64N .80 745151N 2.20 
74S74N 1.20 745153N 3.40 
74585N 6.10 745157N 2.40 
74086N 2.50 745158N 2.20 
745112N 1.00 745160N 3.90 
745113N 1.50 745161N 4.70 
745132N 3.60 748174N 3.30 
745133N .80 748175N 2.90 
745138N 2.20 748181N 8.40 
745139N 2.20 

9300 SERIES 
$1.00 9318PC 

1.20 9321PC 
1.50 9322PC 
6.90 9324PC 
2.50 9328PC 
1.60 9334PC 
1.50 9338PC 
2.30 9340PC 
1.20 9341PC 
1.30 9342PC 
1.50 9360PC 

2.30 
1.20 
1.30 
2.00 
2.50 
2.95 
3.30 
5.00 
4.10 
1.15 
1.75 

9366PC 
93L00 
93 LO1 
93L08 
93L09 
93L10 
93L11 
93L1 2 
93L14 
93L16 
93L18 

AUDIO AMPS 
TYPE V W St PRICE 

LM352 6 -15 1.15 8 1.60 
TAA611012 6 -15 1.15 8 1.60 
TAA621Al2 6 -27 1.40 8 2.00 
TAA641811 6 -18 2.20 4 3.00 
TBA800 5 -30 4.70 8 2.20 
TBA810AS 420 2.50 4 3.00 
TBA820 3.16 0.75 4 1.70 
TC4830 5 -20 2.00 4 2.20 
TC4940 6 -24 6.50 8 4.40 

1.75 
1.50 
1.60 
3.20 
1.80 
2.80 
4.20 
1.80 
1.70 
3.20 
3.50 

74165N 1.30 
74166N 1.30 
74170N 2.50 
74173N 1.50 
74174N 1.10 
74175N 1.20 
74176N 1.25 
74177N 1.40 
74180N .73 
74181N 3.00 
74182N .70 
74184N 2.00 
74185N 2.29 
74188N 4.80 
74190N 1.20 
74191N 1.20 
74192N 1.20 
74193N 1.00 
74194N 1.15 
74195N .80 
74196N 1.70 
74197N .80 
74198N 1.75 
74199N 1.40 
74200N5.60 
74221N 1.70 
74251N 2.00 
74278N 2.95 
74279N .90 
74293N 1.00 
74298N 2.20 

74H73N 90 
74H74N .87 
74H76N 90 
74H101N .80 
74H102N .80 
74H103N 1.10 
74H106N .95 

74L90N 1.62 
74L93N 1.74 
74L95N 1.62 

74LS170 5.80 
74LS174 2.20 
74LS175 2.42 
74LS181 7.00 
74L5194 2.40 
74LS195A 2.40 
74LS196 2.76 
74LS251 2.06 
74LS253 2.42 
74LS257 2.06 
74LS258 2.06 
74LS260 .58 

745189N 4.40 
745194N 3.30 
745195N 3.30 
74S251N 2.20 
74S253N 2.40 
74S257N 2.40 
74S258N 2.40 
745260N 1.20 
745280N 5.70 
745289N 4.00 

93L18 
93L21 
93L22 
93L24 
93L28 
93L34 
93L38 
93L40 
93L41 
93L60 
93L66 

3.60 
1.50 
1.80 
2.80 
3.70 
4.00 
4.20 
6.50 
6.60 
3.00 
2.70 

IC SOCKETS 
SOLDER -TIN DIP WIRE-WRAP GOLD 

PIN 1 -24 25 100 PIN 1 -24 25 100 
8 .21 .19 .17 14 45 .41 .37 

14 .25 .22 .20 16 .54 .49 .44 
16 .28 .25 .23 
24 .67 .61 .55 SOLDER - GOLD 
28 .88 .80 .72 
36 1.09 .98 .89 14 .34 .28 
40 1.24 1.12 .92 16 .37 .31 

TEFLON TO -5 
3 PIN .55 EA 
4PIN .65EA 
6 PIN .90 EA 
SPIN 1.10 EA 

10 PIN 1.40 EA 

LEDs 
.125" dia. .160 ".dia. .200" dia. 

RED $.25 209 RED $.25 216 220 REO $.25 
209 YELLOW .35 216 YELLOW .30 220 YELLOW .30 
209 GREEN .35 216 GREEN .30 220 GREEN .30 

LOW PROFILE 

226 RED $.25 5053 RED 5.35 MV50 RED $.30 
226 YELLOW .30 5053 YELLOW 
226 GREEN .30 5053 GREEN 

.40 

.40 216 = MV5024 
226 ORANGE .30 5053 ORANGE .40 5053 = MV5053 

DISPLAYS 
o 

LITRONIX 
DM RED 6.00 EP9125 
DL81 RED 6.00 9 -DIGIT DISPLAY 
OLIO RED 6.00 $7.90 
DLIOA RED 4.00 1/8" Character Hf. 

OPCOA DL101 RED 4.90 Compact, Thin PC 

SLA1 RED DL57 RED 
SLAII GREEN 3.50 DL61 RED 

DL33 REO 

9.90 
12.00 
4.00 

Pkg.. Wide Viewing 
Angle 

DL44 RED 6.00 
DL402 RED 

XCITON DL 701 RED 
4.00 
3.40 

ELECTRONIC 
ARRAYS 

XAN72 RED 2.00 DL704 RED 
XAN52 GREEN 2.00 DL 707 RED 

2.25 
2.35 EA 15004J 

DL 747 RED 2.50 1.24 $21.00 
L1 1.30 25 16.80 

OPTOISOLATORS L12 
L16 

1.40 
t.80 

100 14.00 
SA 1500ASJ 

MONSANTO 
L74 
LD74 

1.35 
1.75 

1 -24 516.00 
25 14.40 

MCT2 1.35 LQ74 3.40 100 12.00 

PREMIUM QUALITY 
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. 

LINEAR IC's 
H=TO-5 N=DIP M=MINI-DIP D=CER-DIP K=T0-3 

LM114H $3.00 LM311H $1.70 LM711CN $ .90 
LM300H 1.20 LM311D 1.90 LM715CH 3.50 
LM300N 1.20 sLM311M 1.75 LM715CD 4.60 
LM301AH .80 LM311N 2.00 LM723CH .90 
LM301AM .80 LM312H 2.70 LM723N .70 
LM301AN 1.10 LM318H 1.70 LM725CH 4.50 
LM301M .90 LM324N 1.90 LM725CD 5.00 
LM301H .90 LM331N 2.20 LM733CH 1.40 
LM302D 3.50 LM339N 2.90 LM733CD 3.50 
LM302N 1.30 LM320-6K 2.90 LM733CN 1.30 
LM302H 1.40 LM320.5T 2.50 LM741CH .45 
LM304H 1.40 LM320-12K 2.90 LM741C0 1.25 
LM305H .85 LM320-12T 2.50 LM741CM .40 
LM305AH 1.05 LM340-05K 2.60 LM741CN .70 
LM305N 1.00 LM340.06K 2.60 LM747CH 1.60 
LM306H .95 LM340-08K 2.60 LM747CN .90 
LM307H .75 LM340-12K 2.60 LM747CD 2.50 
LM307M .95 LM340-15K 2.60 LM748CM .55 
LM307N 1.50 LM340.18K 2.60 LM748CN .55 
LM308H 1.00 LM340-241( 2.60 LM777CH 2.15 
LM308AH 5.00 LM555CM .90 LM777CM 2.10 
LM308D 2.00 LM556CN 1.30 LM3046CN .95 
LM308M 1.20 LM709CH .45 LM3054CN 1.50 
LM309H 1.75 LM709CN .45 SG4501T 2.40 
LM309K 1.50 LM710CH .90 SG4501N 2.40 
LM310H 1.60 LM710CN .90 LM5000K 7.50 
LM310M 1.80 LM711CH .90 

C-MOS 
1 -9 10up 1-9 10up 1 -9 10up 

40004E .26 .22 40224E 1.11 1.00 40514E 1.34 1.13 
40014E .26 .22 40234E .26 .22 40524E 1.34 1.33 
40024E .26 .22 40244E .90 .88 40534E 1.34 1.33 
40044E 5.83 5.82 40254E .26 .22 40554E 2.68 2.00 
40064E 1.35 1.34 40264E 3.72 3.70 40564E 2.43 1.86 
40074E .26 .22 40274E .60 .50 40604E 1.50 1.25 
40084E 1.79 1.78 40284E .98 .90 40664E .90 .72 
40094E .60 .50 40294E 1.27 1.16 40694E .38 .34 
40104E .59 .50 403045 .44 .37 4071 A E .26 .22 
40114E .26 .22 40334E 3.01 J.00 40764E 1.68 1.48 
40124E .26 .22 40354E 1.27 1.16 40814E .26 .25 
40134E .47 .40 40404E 1.49 1.25 45084E 2.30 2.20 
40144E 1.49 1.25 40414E 4.06 4.05 45104E 1.98 1.46 
40154E 1.26 .90 40424E .75 .64 45164E 1.98 1.46 
40164E .56 .45 40434E .60 .50 45184E 1.28 .98 
40174E 1.20 1.00 40444E .60 .50 45204E 1.28 .98 
40184E 1.49 1.25 40474E 3.54 3.53 45284E 2.30 2.20 
40194E .52 .44 4048 A E 1.43 1.42 49014E .43 .36 
40204E 1.49 1.25 40494E .52 .50 49114E .43 .36 
40214E 1.34 1.25 40504E .52 .50 

MICROPROCESSORS 

8008 $24.80 
8080 119.00 
MC6800 124.00 

COMPUTER MOS -LSI 
INTERFACE 

DM8820N 
DM8820AN 
CM8830N 
DM8831N 
OM8832N 
N8T26B 
9600PC 
9601PC 
9602PC 
9614PC 
9615PC 
9616PC 
9617PC 
9620PC 
9621PC 

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 
400 
4.00 

75107 
75107BN 2.60 
751088N 2.30 
75109N 2.20 
75110N 
75115N 
75136N 
75150N 
75154N 
75208N 
75234N 
75450N 
75451N 
75452N 
75453N 

2.20 
2.25 
2.95 
3.10 
4.10 
2.70 
2.50 
1.25 
1.00 
1.00 
1.00 

7520 SERIES 
SENSE AMPS 

7520N 
7521N 
7522N 
7523N 
7524N 
7525N 

4.00 
2.00 
4.25 
1.75 
2.00 
4.50 

P1101A 
P1101A1 
1402AN 
1403AH 
1403AN 
1404AH 
1404AN 
1405A 
1506 
1607 
1602 
1702 
C2102 
P2102 
C2102-1 
P2102-1 
C2102-2 
P2102-2 
2505K 
2512K 
2521V 
2524V 
2525V 
2533V 
2602 
2602-1 
2602-2 
3341PC 
4034 
4035 
4102 
7652 
7552-1 
7552-2 
8102 
81022 
9102PC 
MM5025N 
MM5026N 
MM 5027N 
MM5055N 
MM5056N 
MM5057N 
MM5058N 

TWO -PHASE 
MOS CLOCK 

DRIVER 

2.20 
3.50 
2.90 
4.00 
3.80 
4.50 
2.90 
4.00 
3.00 
3.00 

33.00 
19.00 

5.00 
2.90 
5.00 
4.00 
6.00 
3.00 
3.30 
4.00 
2.50 
2.40 
3.50 
7.90 
4.00 
4.00 
4.00 
7.00 
5.50 
4.95 
4.95 
4.95 
5.40 
5.50 
4.90 
5.10 
4.00 

20.00 
20.00 
20.00 

5.50 
5.50 
5.50 
5.50 

BIPOLAR 
MEMORY 

C3101 
P3101 
C3101A 
P3101A 
IM5501CDE 
IM5501CPE 
MM5560D 
MM5560N 
DM8599N 
93403PC 

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 

1024-BIT 
N-Channel RAM 

6.50 
4.90 
7.30 
5.80 
7.30 
5.80 
7.30 
5.80 
5.80 
5.80 

2601.1 
260121 
26028 
2602-18 
2602 -28 
M K4102P 
7552 -1 CPE 
7552.2CPE 

2524V 
Recirculating 

512 Bit Dynamic 
Shift Register 
124: $ 2.40 
25 up: 2.30 

4.00 
11.40 

4.00 
4.00 
4,00 

11.40 
6.00 
6.00 

DECODED 
READ/WRITE 

RAM 
MH0026CN $5.50 P1103 $5.90 

P2102-1 1-9 $4.00 10 up $3.00 
91 L02 1-9 3.90 10 up 3.20 
91L02-1 1-9 3.90 10 up 3.20 

WAVEFORM GENERATOR KITS 

EXAR 
XR205K 
$25.00 

Here's a highly versatile lab instru- 
ment at e fraction of the cost of 
conventional unit. Kit includes 
two XR206 ICs, data & applica' 
Lions, PC board (etched & drilled, 
reedy for assembly) and detailed 
instructions. 

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 
1N4005 1.40 11.00 100.00 
1N4006 1.50 12.00 110.00 
1N4007 1.60 13.00 120.00 

INTERSIL 8038 
PRECISION WAVEFORM 

GENERATOR & VCO 
For simultaneous sine, square 
end triangular waveforms <001 
He to 1MHz. 

Part No. 1 -9 101 
8038C'CPD 3790 3.70 

XR- 2206KA /XR -22066 
The Function Generator Kit features sine, triangle and square 

THO 0.5% typ., AM /FM capability. 
XR- 2206KA FUNCTION GENERATOR KIT $16.95 
Includes monolithic function generator IC, PC board, and assem- 
bly instruction manual. 
XR- 2206KB FUNCTION GENERATOR KIT $26.95 
Same as XR- 2206KA above and includes external components 
for PC board. 

HYBRID POWER 
AMPLIFIERS 

SI-1010G 
SI-1020G 
SI-1030G 
SI-1050E 
SI-1050G 

PICO -PAACC 

HIGH VOLTAGE 
TRANSISTORS 

8U204 3A 1300V 
10W $6.40 8U205 3A 1500V 
20W 9.90 BU206 3A 1700V 
30W 18.70 BU207 6A 1300V 
50W 24.90 8U208 6A 1500V 
50W 24.90 BU209 6A 1700V 

THE SMALLEST 
AC /DC POWER 
SUPPLY EVERT 

Only 1.70 "x1.00" 
x 0.85 ", output pre- 
set *5 %, 9 models: 

5 
8 

10 
12 
15 
18 
20 
22 
24 

140 
115 
100 

90 
70 
50 
35 
25 
15 

$39.80 each 

POWER SUPPLIES 
ADTECH 

$4.14 
4.95 
5.94 
5.85 
6.93 
8.64 

_. Model No. 

Minimum order: $10.00. Add $1.00 to cover postage and handling. California residents add 6% sales tax. 
SEND CHECK OR MONEY ORDER TO: 

RONA 
Mail order: P.O. Box 2208R, Culver City, CA 90230. Phone order: (213) 641.4064 

Visit our Electronic Shop: 11080 Jefferson Blvd., Culver City, CA 
(Studio Village Shopping Center) 

Output 
Vde Amps 1 -4 5 up 

APS5-3 
APS 12-1.6 
APS15-1.5 
APS24-1 
APS28-0.8 

5 
12 
15 
24 
28 

3.0 
1.6 
1.5 
1.o 
0.8 

$26.95 $25.60 

APS5.6 
APS 12-4 
APS75-3 
APS24-2.2 
APS28-2 

12 
15 
24 
28 

6 
4 
3 

2.2 
2 

$48.45 $46.05 

APS5-10 
APS 12-7 
APS15-6 
APS24-5 
APS28-4 

5 
12 
15 
24 
28 

10 

4 

$72.25 $68.65 

STANDARD MICROSYSTEMS 
1-9 10 up 

COM2502 $13.20 $10.60 
COM2502P 8.00 6.85 
COM2017 13.20 10.60 
COM2017P 8.00 6.85 
COM2502H 25.00 20.00 
COM2017H 25.00 20.00 
COM2601 30.00 24.00 
COM5016 12.00 9.60 
KR2376-ST 20.00 17.50 
KR3600-ST 20.00 17.50 
NMX5010 12.00 9.60 
CAL1022 60.00 52.00 
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NEW KITS ! NEW KITS ! 

JAMES ELECTRONICS 
Fl_ 0, BOX 822 BELMONT, CALIFORNIA 94002 

(415) 592.8097 

DIGITAL VOLTMETER 

t GENERAL DESCRIPTION As 

the JE801 is a Aim and one hall d qt. auto bola, 

Ill often, 
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$39.95 Per Kit printed circuit board 

LOGIC 

n 

ich wh n for the The Logic Probe sat a 

most part Indespensl blem trouble shooting 
logic sthe TTL, DTL, flpe, CMOS. 

derives the Power n needs ro operate directly 
off the x under rest, drawing a scent 
10 A max I1 uses a MANS readout to 
Indicate any of the following states by these 

symbols' MI) -1 ILOWI- o'PULSE I -P The 

Probe can detect high frequency pulses to 

45 MHZ It can't be used at MOS levels or 
dram damage will result. 

PROBE 

. . f 
r 

printed circuit board 

$9.95 Per Kit 

MINI POWER SUPPLIES 

These power supplies offer small sire, with a wide choice of voltage outputs. 

They are all capable of delivering 300mA and have dimensions of 1 "o 1" if 3 ". 

The voltages available are +5V, -5V, *6V, -6V, 012V, -12V. All of these units 

easily assemble in less than a half an hour, because of the fiberglass printed 

circuit board construction. Please specify voltage when ordering. 

$9.95 per kit 

LOW COST DIGITAL CLOCK KIT 
Other companies have offered a low cost digital clock kit, but do not offer 

important extras such as, printed circuit boards, power supplies cases, etc. We 

at James are doing just the opposite by offering a complete clock kit, that 

includes everything dawn to the line cord. This kit uses .25" END 70 displays, 

for HOURS, MINUTES, and SECONDS, in conjunction with the MM5314 clock 

chip. The printed circuit board is of high quality fiberglass, which is plated. The 

case is a 6 a 1Yr x 1 walnut case with a pleai-glass front, and is similar to the one 

In our TV WALL Digital clock. It is available without the case for 516.95. 

$19.95 per kit. 

ELECTRONIC ROULETTE 
Complete 
with 
components 
case 
transformer. 

kit 
all 

and 

Per Kit 

l 

,, 

y 

A ". TN 4Ni 

=: ... 8 "x8eexle 
A 56 page book on the facts 
of Roulette included. $29.95 

ELECTRONIC CRAPS 

Il 
111k, 

6t' , 11: ° x i ° h 
Complete kit 
o all 

components 
case and 
transformer. 

CRAPS 

Per Kit 

®,, 

facts 

$19.95 
1 

A 56 page book on the 
of Craps included. 

Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds. 

i Add $1.25 for Postage - Write for FREE 19755 Catalog 

California Residents - Add 6% Sales Taw 
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ct 
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65 EICO, Electronic 

Instrument, Inc. 99 
25 Electronics Technical 

Institute, Division of 
Technical Home Study 
Schools .... 102 -103 

EMC, Electronics 
Measurement Corp. .. 119 

85 Fordham Radio Supply Co 117 
70 John Fluke Mfg. Co. 106 

General Electric Tube 
Division 94 

73 Grantham School of 
Electronics 109 

GTE Sylvania Electronic 
Components 90, 91 

100 Heath Co. 18 -21, 122 
62 Hickok Electrical Instrument 

Co. . 96 
ICS, International Corre- 

spondence Schools 66 -69 
26 Ignitions Systems 93 
89 Indiana Home Study Inst. I 19 

71 International Crystal 
Mfg. Co. 107 

97 Kedman Co. . 122 
79 Lafayette Radio Electronic 

Corp. 113 
J. B. Lansing 7 

81 Leader Instruments Corp. 115 
72 Lectrotech, Inc. 108 
12 McGraw -Hill Book Co. ...., 27 
83 Miami Projection TV 115 

2 MITS, Micro- Instrumenta- 
tion Telemetry Systems, 
Inc. 1 

98 Mountain West Alarm 
Supply Co. 122 

CONVERT any television to sensitive, big - 
screen oscilloscope. Only minor changes re- 
quired. No electronic experience necessary. 
Illustrated plans $2.00. SANDERS, Dept 
A -25, Box 92102, Houston, TX 77010 

WANTED 
QUICK cash . . . for electronic equipment, 
components, unused tubes. Send list now! 
BARRY, 512 Broadway, New York, NY 10012, 
212 Walker 5 -7000 

READER SERVICE CARD NO. PAGE 
91 MTJ, Motorola Training 

Institute 120 
95 National Camera Co. 121 

National Technical 
Schools 46 -49 

NRI, Division of McGraw - 
Hill .,_ 8 -11 

88 PAIA Electronics, Inc. 119 
63 Pomona Electronics 97 
29 Prentice Hall Books . _ 77 
1 PTS Electronics, Inc. Cover I 
5 Radio Shack . .. 15 

RCA Distributor & Special 
Products (Parts & 

Accessories) 2 
4 RCA Solid State Division 13 

RCA Distributor & Special 
Products Picture Tubes 
Division 81 

RCA Distributor & Special 
Products Picture Tubes 
Division 110 

RCA Distributor & Special 
Products Accessories 80 

8 RCA Distributor & Special 
Products Test Equipment . 22 

86 Rye Industries _.. . . 118 
92 Scelbi Computer Consulting, 

Inc. 120 
68 Schober Organ Corp. 101 
93 Shurman Products 120 
21 Shure Brothers, Inc. 82 
101 Simpson Electric Co.. Cover III 
15,24 Sphere . 33, 89 
22 Southwest Technical 

Products 83 
82 Tab Books . _. 115 
66,76 Telematic 100, 112 
30,61 Tektronix, Inc. 79 
77 Tokyo Electronics, Inc. 113 
96 Tri -Star Corp. 121 
3 Tuner Service Corp. 5 

Vintage Radio 108 
67 Wahl Clipper Corp. 101 

10 Winegard Co..... 24, 25 
80 Weller X- Cellite Electronics 

Division 114 

MARKET CENTER 
58,60 Ancrona Corp. 133, 135 
108 Babylon Electronics . ....,, 126 

CFR Associates 130 
106 Circuit Specialists 124 

Command Productions 123 
Cornel I 124 

-Cortland Electronics 124 
110 Delta Electronics 126, 132 
119 Digi Key 132 
113 Dollar Value 128 
117 Formula International, Inc. 130 
107 Bill Godbout Electronics 125 

International Electronics 
57 Unlimited 130 
1 18,59 James Electronics 131, 134 

Lab Science 128 
Lakeside Industries 123 

111 Stanley Lin 128 
Locksmithing Institute 123 

109 Meshna Electronics, 
John Jr. 126 

112 New -Tone Electronics 128 
105 Olson Electronics 123 
116 Photolume Corp. 130 
114 Poly Paks . 129 
120 Processor Technology Corp 132 

Saxitone Tape Sales 128 
Solid State Sales 124 
Trumbull .... 123 

115 TV Tech Specials 130 
Valley West 123 
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High Quality 

CEÏRBOM FILM RESISTORS 

),-Watt 5° 

51.69 per 100 

Only in multiples of 100 per value 

\ 150 different values in stock 

SL610C 
SL611C 
SL612C 
SL613C 
SL620C 

RF amplifier 
RF amplifier 
IF amplifier 
Limiting amp /det. 
VOGAD 

PLESSEY RADIO COMMUNICATIONS CIRCUITS 

4.07 3.56 3.06 SL621C AGC generator 6.15 5.39 4.62 SL624C Mullirngde dat AF anp 5.70 5.00 4.28 SL645C 4.07 3.56 3.06 SL622C AFanpNOGAD 15.21 13.31 11.41 SL630C AF amplifier 3.85 3.38 2.90 SL650B 4.07 3.56 3.06 sidetone amplifier SL640C Dbl. bal. modulator 755 6.60 5.65 SL65OC 8.66 7.58 6.49 SL623C AM det. /AGC amp./ 11.19 9.79 8.40 SL641C Receiver mixer 7.55 6.60 5.65 SL651B 6.15 5.39 4.62 SSB darned. SL651C 

2N125 1.40 25967 .48 2N2192 .60 252833 3.90 PREMIUM I(!M 2N3793 .25 2N4142 17 2154988 2N173 2.15 2N976 1.80 252192A .66 252850 -112.50 / 1 253796 300 254143 16 254989 
2N3799 3.15 

25321 .50 2N103 .90 252193 .44 2N2000 3.00 /n\II II /\'I IIS 
253804 8.00 2N4225Á 3.105 254991 

25321 .50 214 1035 1.90 252197 2.40 252880 10.90 V /,l \IL 2N324 .55 251132 .30 252217 80 252893 9.70 253805 10.40 254226 3.90 2N4992 2N336 1.00 251136 1.40 252218 .25 252894 .45 

TRANSISTORS 2N3819 25338A 1.25 251137A 1.90 25 5 2218A .28 252895 1.00 23821 1.35 254228 .49 254994 
2N4227 .34 2N4993 

2N389 9.00 251143 1,90 2N2219 .29 2N2903 4.10 2N3822 1.40 2N4235 1.90 2N4995 2143964 1.20 251168 .65 2142219A .36 2N2904 .30 2N3823 .69 2N4248 .17 2N5016 25397 1.20 2N1204 1.40 2N2221 .24 252904A .34 253247 3.80 253468 1.85 253657 9.90 2N3824 1.00 2N4249 .20 2N5036 253980 1.00 2N1302 30 252221A .25 2N2905 .32 2N3250 .49 2N3478 2.00 253662 .42 253851 7,40 2N4250 .22 255064 2N404 .30 2N1303 80 2N2222 .24 252905A .34 2N3307 8.50 2N3501 6.40 2N3663 44 253856 .28 2N4256 .28 255088 25404A .65 251305 .35 2N2222A .26 2N2906 .17 253308 6.50 253506 7.40 2N3684 1.20 2153858 .26 2N4258 .34 2N5089 25417 .85 251307 .80 2142259 1.10 252906A .19 2N3309 7.10 2N3544 3.90 253685 1.35 253859 .28 254289 .40 2N5105 2N443 1.15 2N1309 80 2N2270 .40 252907 .19 253323 1.15 2N3546 2.90 253685A 1,75 2N3860 .29 2144291 .35 2N5109 2N456 1.30 2N1377 140 2N2289 3.60 252907A .26 2N3324 .80 253553 1.80 253686 1.50 2N3877 .42 2144293 .50 2N5127 2N491 5.10 2N1408 .60 2N2290 5.90 252911 21.00 2N3325 .70 253563 .16 2N3687 1.60 2N3900 .38 2N4303 .30 2N5130 255088 .40 251420 50 292297 .95 252913 .89 253368 .80 253564 .14 2N3692 .20 253901 .30 2N4341 1.35 255131 25 511A 3.50 251485 2.60 2N2323 1.90 2N2925 .20 2N3375 5.50 2N3565 .18 2N3693 .21 2N3903 .20 2N4347 1.60 2N5133 255128 2.90 251521 4 80 2N2326 3.30 252926 .14 253390 .40 2N3567 .19 253694 .22 253904 .22 2N4348 2.10 2N5134 2N525 .90 251523 5.00 2N2356 5.90 252947 14.40 253391 .41 2N3569 .19 253702 .18 2N3905 .20 2N4352 2.00 2N5135 2N526 .90 2N1534 1.00 252356A 6.90 2N2949 5.90 253391A .20 253570 5.50 253705 .25 2N3906 .22 2N4395 1.25 2N5137 2N527 .90 2N1540 1.05 2N2359 15.90 2N2950 6.40 2N3392 .20 2N3571 3.90 2N3707 .18 2N3909 .80 254400 .29 2N5138 25555 .50 2N1543 3.40 252368 .29 252958 1.90 2N3393 .20 253572 2.60 2N3708 .22 2N3924 3.50 2N4401 .33 2N5154 25586 1.00 2N1549 1.30 2N2369 .22 252969 30.90 2N3394 .22 253584 1.80 2N3709 .22 253925 4.75 2N4402 .35 255155 25594 1.50 251551 3,90 2N2382 4.40 2N3019 .50 2N3395 .24 2N3614 1.10 2N3710 .20 2N3933 1.30 2N4409 .30 255157 25630 4.00 251552 3.90 252440 3.45 2N3022 17.90 253396 26 253616 1.24 2143711 .18 2N3945 .90 2N4416 .89 2N5161 2N652 .40 2N1554 1.90 2N2465 7.40 253053 .34 2N3397 .28 253617 2.40 253713 1.2Q 2N3954 4.40 2N4424 .35 255172 256528 40 2N1557 1.70 252468 1.00 2N3054 .80 2N3398 .25 253634 7.90 253721 .22 253954A 5.80 2N4425 .40 2N5198 25657A .40 251560 3.20 292475 .55 2N3055 .94 253414 .20 253638 to 253725 .36 2N3955 2.70 2N4427 1.30 2N5210 25677C 5.50 251613 40 252476 .79 253060 2.95 253415 .20 2N3640 .19 253730 1.80 2N3955A 3.20 254441 1.00 2N5219 2N683 2.70 251671 2.00 252483 .28 253066A 1.19 2N3416 .20 2N3642 .19 253731 2.00 2N3956 2.90 294443 1.40 2N5220 2N697 25 2516718 2.10 2N2484 .25 253107 .78 253417 .22 2N3643 .16 2N3732 1,95 2N3957 1.45 2N4852 .85 2N5221 25697A .50 2N1693 14.90 2N2492 4,00 2N3117 1.50 2N3436 1.60 253645 .16 2N3740 1.10 253958 1.45 2N4858 1.10 2 /55222 2N699 .66 251711 .40 2N2518 5.90 2N3130 4.90 253440 .98 253646 .10 2N3741 1.60 2N3964 1.09 254859 1.20 2N5223 2N700 3.50 251715 .70 2N2526 4.40 2N3202 15.90 253441 1.70 253649 4.70 253771 2.20 2N3970 1.20 2514863 545 2N5224 2N705 .60 2N1720 490 2N2527 5.40 2N3209 .89 253442 2.15 2N3650 6.10 293772 2.30 2N3971 1.00 2N4870 .60 2N5225 25706 .20 251093 .36 252538 2.40 293227 2.30 253445 4.90 2N3651 9.20 253773 3.30 253972 1.39 254878 3.85 2N5226 257068 .40 251898 1.00 2N2600 7.00 2N3239 2.90 293467 1.45 2N3656 8.50 253789 3.00 2N4012 10.40 2N4890 .95 2N5227 25711 .36 2N1907 4.90 2N2605 .49 2N4032 1.90 2574898 1.10 2N5232 257118 .60 251921 2.90 2N2605A .58 Minimum Order: $10.00. Add $1.00 to cover postage & handling. 2N4037 .70 2N4901 2.70 2N5232A 25718 28 2N1924 1.25 252606 3.50 SEND CHECK OR MONEY ORDER TO: 2N4045 1.90 2N4902 3.00 2N5249 2517188 40 251934 9.30 252647 1.30 2N4058 .25 2N4903 3.90 255249A 257204 .50 251990 .75 252648 3.90 California residents add 0% sales tax. 254059 .24 254904 2.90 2145294 25744 .35 252060 2.05 .252658 6.90 2N4060 .25 2N4905 4.10 2N5295 25829 290 252080 4.90 252708 .25 254061 .25 2N4906 4.30 2N5296 25834 35 252081A 2.50 252712 30 254062 .25 254918 1.30 255298 25917 BO 252100 2.90 252713 .14 . 254093 1.05 2N4922 1.00 2N5306 25918 .40 252102 .45 252714 40 254123 .20 2N4983 .80 255306A 2N929 .26 2N2143 1.50 252715 18 MAIL ORDER: P.O. Box 2208R, Culver City, CA 90230 2N4124 .20 294984 1.10 2N5307 25930 28 252147 1.40 252716 .18 Visit our Eleetronie $ hop: 11080Jetferson Blvtl., Culv¢r Cit 254125 .25 2N4985 1.90 2N5308 4. 25960 .45 252148 .58 252754 900 ' CA 254126 .25 2N4986 .95 2N5309 2N962 .45 2N2152 3.00 292802 9.70 IStudio Village Shopping Center) PHONE ORDERS: (213) 6414064 294141 26 2N4987 .65 2N5310 
SPECIFICATIONS SHEETS 8.25 EACH 

Square law device 7.55 6.60 
Mod. /phase loc. loop 10.86 9.31 
Mod. /phase loc. loop 6.80 5.83 
Mod. /phase loc. loop 12.06 10.34 
Mod. /phase loc. loop 7.56 6.84 

5.65 
7.76 
4.86 
8.62 
5.40 

.95 255311 .44 2N5813 .42 
1.40 2N5322 .70 255815 .36 

.75 255354 .30 255817 .38 
1.10 
1.60 

2N5355 
2N5365 

.35 
.40 

255818 
255819 

.40 
.42 

.25 

.26 
255366 
2N5367 

.40 

.42 
2N5821 
2N5822 

.60 

.56 
12.70 2N5368 .24 2N5823 .66 

1.17 
.50 

2N5369 
2N5370 

.25 

.26 
255824 
2N5825 

.24 

.26 
.45 
.80 

255371 
2N5373 

.22 

.26 
2N5826 
2N5827 

.28 

.30 
3.05 
2.40 

2N5375 
255380 

.25 

.50 
255828 
255828A 

.32 

.38 
.16 2N5381 .56 2N6000 .50 
.20 
.20 

2N5382 
2N5383 

.50 

.56 
256001 
2N6002 

52 
.54 

.17 

.18 
2N5397 
2N5407 

2.90 
28.90 

2N6004 
2N6010 

.54 

.62 
.16 
.26 

2N5409 
255418 

31.90 
.30 

256011 
2516014 

.64 

.66 
.17 

7.05 
255419 
2N5420 

.34 

.40 
256015 
2N6027 

68 
.50 

3.20 
9.85 

2N5447 
2N5448 

.26 
27 

256028 
256076 

.64 
.16 

2.60 2N5449 .26 256099 1.00 
.14 

4.25 
2N5450 
2N5451 

.24 

.24 
256101 
256103 

.95 
.98 

.22 

.16 
2N5453 
2N5457 

5.35 
.40 

2N6107 
256109 

190 
2.30 

.28 

.30 
255458 
255490 

.40 
1.40 

2N6111 
256114 

2.60 
4.50 

.16 

.16 
255491 
2N5492 

.80 
1.45 

256115 
256218 

2.10 
.60 

.22 

.30 
2N5494 
2N5496 

1.70 
1.90 

2N6259 
2N6220 

.59 

.58 
.26 
.16 

2N5562 
2N5563 

12.40 
8.90 

2N6221 
2N6222 

.52 

.20 
.22 
.24 

2N5592 
2N5637 

1.00 
26.90 

2N6223 
2N6224 

.30 

.32 
.30 2N5644 7.10 2N6225 .34 
.31 
.75 

255655 
255657 

.85 
1.20 

3N81 
3982 

3.60 
5.00 

.60 2N5679 1.39 3983 1.70 

.95 
1.00 

2N5742 
2N5777 

35.00 
.50 

3N84 
3585 

1.68 
3.30 

.26 

.40 
2N5778 
2N5779 

.54 

.80 
3N86 
35153 

6.10 
1.05 

.40 

.44 
255780 
2N5810 

85 
.34 

35189 
40290 

4.10 
1.70 

.36 

.40 
2N5811 
255812 

.38 

.36 
40319 
40346 

1.00 
.70 
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LIVE IN THE WORLD 
OF TOMORROW ...TODAY! 

And our FREE 164 PAGE CATALOG is packed with 
exciting and unusual values in electronic, hobby 
and science items - plus 4.500 finds for tun, study 
or profit ... for every member of the family. 

VA BETTER LIFE 
STARTS HERE 

41/4" ASTRONOMICAL TELESCOPE 
See moon craters, rings of Saturn, 
double stars. New equatorial mount. 
f /10, '/A 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. 85,105EH ... (Shipping Wt. 42 
4Y " WITH CLOCK DRIVE 
6" REFLECTOR TELESCOPE (48X to 360X) 
6" WITH CLOCK DRIVE 
3" DELUXE REFLECTOR (30 to 90X) 
STANDARD 3" REFLECTOR 

SEE MUSIC IN 

PULSATING COLOR 

New 3- Channel Color Organ adds 
to music listening pleasure, lets 
you modulate 3 independent 
strings of colored lamps with in- 
tensity of your music to create an 
audio "light show." They flash, 
vary in brightness related to 
music's rhythm, pitch, volume -pulsating lighting perfor- 
mance to music! Fully assembled & priced half that of 

others, the Edmund Sound To Light Control is a terrific value. 
Plug in, turn on! 
No 42,39 EH (ASSEMBLED) $17.95 
No. 42,336 EH (UNASSEMBLED) .. $13.95 Ppd. 

lbs). $159.50 FOB 

#85,107EH $219.50 FOB 

#85,187EH $249.50 FOB 
#85,086EH $285.00 FOB 

#80,162EH 
$ 

89.95 Ppd. 
#85,240EH 59.95 Ppd. 

NEW VISUAL EFFECTS 

PROJECTOR 

Revolutionary 2 -WHEEL set lets you 
create wild far -out visual effects 
with no worry about nuts & bolts - 
you change programming as fast as 
you drop in a new disc! Attach any 
35mm slide you have, or use your 
35mm camera to program. Make ro- 
tating images, bleemer effects, Kaleidoscopic patterns, 3 -D 
plus mind -blowing Moiré effects right on your screen. Incls 
2 internal drive motors, 3 -way Kaleidoscope Lens, Hexido- 
scope, Lenticular Wheel, Moiré Wheel, instrs. 
Stock No. 72,071EH $99.95 Ppd. 

WHICH ARE YOUR CRITICAL DAYS? 

Can Bio- rhythm tell you? We're not 
sure, but we're told that vast mood 
shifts are caused by your body's 
Internal Time Clock whose rhythms 
can be charted ahead to possibly 
warn you of "critical" days. Some 
are great. some blah. Maybe it's 
your physical, emotional & intellectual rhythms converging 
at the right or wrong time. Compute your cycles with our Bio- 
rhythm kit and judge for yourself. Incls Charting kit, metal 
Dialgraft Calc. instrs. 

Stock No. 71,949 EH $14.50 Ppd. 
1 YR. PERSONALIZED REPORT -BY COMPUTER 
Stock No. 19,200 EH (Send Birthdate) $15.95 Ppd. 

Witri 

MAIL COUPON FOR 

GIANT FREE 
CATALOG! 

164 PAGES MORE THAN 

4500 UNUSUAL 
BARGAINS 

Completely new 1976 edition. New items, categories, 

U) illustrations. Dozens of electrical and electromagnetic 
o parts, accessories. Enormous selection of Astro- 
Z nomical Telescopes. Unique lighting and ecological 

items. Microscopes, Binoculars, Magnifiers, Magnets, 
O Lenses, Prisms. Hard -to -get surplus bargains. Ingen- 

1- ious scientific tools. 1000's of components. 
L) EDMUND SCIENTIFIC CO. 
w 300 Edscorp Building, Barrington, NJ. 08007 

w Please rush Free Giant Catalog "EH ". 

Name 

E Address 

`City State Zip 
Cr 

136 

F 

WHEN YOU COME TO PHILADELPHIA BE SURE TO SEE 

IN BARRINGTON, N.T. ONLY 10 MINUTES AWAY AT 

He -Ne LASERS ... $115.00 up! 

Top quality lasers feature TEMoo 
mode, internal mirror plasma tubes 
w/10,000 hr. life, self- starting cold 
aluminum cathodes, low noise & 
ripple, guaranteed output power 
stability and more for demanding 
lab work. 18 -mo. mfr. wty. 115v AC 

(A) 0.5mW ... 0.88 Beam Dia., 1 mRad Diverg. 
#79,070 EH (2.6x8.5014.8") $115.00 Ppd. 

(B) 1.0mW ... (as above) #79,073 EH $150.00 Ppd. 
(C) 4.0mW ... 0.8 Beam Dia., 1.1 mRad Diverg. 

#79,079 EH (3.9x5.5015.6 ") $485.00 Ppd. 

QUALITY DETECTOR UNDER $40 
New Edmund developed, fully tran- 
sistorized BFO unit capable of lo- 
cating 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 

elim. outside interference); long 50 hr battery (9V) life; 
powerful 2" speaker; 1 -knob on -off tune control. Perfect bal- 
ance; lightweight (2 lb). Great buy! 

39.95 Ppd. Stock No. 80,222EH .. _ $ 
Deluxe Unit w /Earphones, Meter No. 80,134EH (11" Coil) $169.00 Ppd. 

SOLAR ENERGY CUBE! 

Unique demonstrator dramatically 
shows how sunlight converts to 
kinetic energy. Clear plastic Solar 
Energy Cube placed in the sun with 
its 3 highly efficient silicon solar 
cells powers the motor to whirl the 
propeller! Unit actually produces 
1.5v DC, 825ma. Same cells found 

in our mighty panels. Speed directly related to sunlight 
available. Nothing to wear out! Great for executives, hobby- 
ists, teachers. 
No. 42,287EH ... (4X4X4 ") .. . . . $19.95 Ppd. 

NEW! COMPLETE "KIRLIAN" LAB 

Sell- contained! Super sensitive! 
Variable energy controls! All the 
most wanted electrophotograPhy 
features in one compact unit to 
take B & W, color pix, without 
camera or lens. Terrific value! In- 
cludes: classic ringing oscillator 
circuit; glass covered electrode 

w/ optimum dielectric isolation (sensitivity /safety); timing 
adjust. to assure quality pix; more! AC & 12v DC. 
No. 72,106 EH (8x10x4 ") 
PRO MODEL: No. 72,053 EH . 

$145.00 Ppd. 
$399.00 Ppd. 

"STARTER'S" KIT: No. 71,938 EH $ 49.95 Ppd. 

KNOW YOUR ALPHA FROM THETA! 

For greater relaxation, concentration, 
listen to your Alpha -Theta brain - 
waves. Ultra -sensitive electrode head - 
band slips on /off in seconds- elimi- 
nates need for messy creams, etc. 
Atch'd to amplifier, filters brain - 
waves, signals beep for ea. Alpha 
or Theta wave passed. Monitoring 

button simulates Alpha sound; audio & visual (L.E.D.) feedback. 
Reliable, easy -to -use unit -comparable to costlier models. Com- 
pletely safe. Comprehensive instruction booklet. 
No. 1635 EH (8x3x4 "; 24 oz.) $149.50 Ppd. 
LOW COST "STARTER" UNIT 
No. 71,809 EH $ 55.00 Ppd. 

DELUXE "ON" TIME MONITOR MEASURES & RECORDS % 
No. 1652 EH $299.95 Ppd. 

COMPLETE AND MAIL WITH CHECK, M. O. OR CHARGE NO. 

EDMUND SCIENTIFIC CO. 
How Many Stock No. 

PLEASE SEND GIANT 
FREE CATALOG "EH" 

Charge my BankAmericard 

Charge my Master Charge 'Add 

Interbank No, 

y Is 

1 1 1 1 1 

300 Edscorp Building, Barrington, N.J. 08007 

Description Price Each Total 
I 

Handling Chg.: $1.00, Orders Under $5.00 50C, Or fers Over $5.00 0 
BanKAM[aiGRO 

Card Expiration Date 

30 -DAY MONEY -BACK GUARANTEE. 
You must be satisfied or return 
any purchase in 30 days for full 
refund. $15.00 minimum 

master cnage 
I enclose cheek money order for TOTAL $ 

I I I Signature 

Name 

Address 
City State Zip 

1 

1 

I 
1 

I 
I 
I 
I 

I 

I 
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A NEW DIMENSION 
has been 
added to 

professiona' 
color TV 
servicing 

The 
new 

VIDEO 

nerator model 432 
CH.3 CH.4 

HI 
((7 

2 

200 

SOUND CARRIER 

VUMOU 

MO0. 
I II Ill 

SIMPSON ELECTRIC COMPANY ELG, NuiINOIS 

VIDEO 

SOUND 

(4.5 MHz) 

FM FM on Ch 

IF 

52 

45 75 MHz 

Chroma -Line 
COLOR -PATTERN 
GENERATOR 

For Faster, Easier 
Color TV Servicing 

Model 432 

16 "touch command" patterns instantly 
available in a 4 x 4 pushbutton matrix 
3 VHF channels: 3, 4 and 7, channels 3 and 4 

fully crystal controlled 
2 UHF channels: 23 and 52 

IF Output: 45.75 MHz 

Composite Video Output: Sync, pattern 
and sound 
Built -in cable storage compartment 

MODEL 432 Complete with two cable 
assemblies, for Coax and 300Q inputs, and 
Operator's Manual $179. 

AVAILABLE NOW FROM ELECTRONIC PART DISTRIBUTORS 

This new Simpson model is an all solid -state 
instrument incorporating the latest digital 
LSI and SSI technology for maximized 
color -pattern stability and reliability. Today's 
professional TV technicians will appreciate 
its many extra features and performance 
characteristics. 

Sound Output: 4.5 MHz carrier, unmodulated 
and 1000 Hz FM modulated 
Adjustable RF, IF and Video signal level 
75 Coax and 300 5 Balun Outputs 
Red, Blue and Green gun killers 
Transformer- isolated, line powered, for 
instant -ready use 

FOR COMPLETE SPECIFICATIONS, WRITE FOR BULLETIN T829 

SIMPSON ELECTRIC COMPANY 
853 Dundee Avenue, Elgin, Illinois 60120 
(312) 697 -2260 Telex: 72 -2416 Cable: SIMELCO 

Circle 101 on reader service card 
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C.4ST E Tisnesavess ... for the 
Professions/ 

SOlDER® TV signal circuit analysts 
Analyze the ENTIRE signal circuit system of any Color or Black 

White Television receiver ... by signal substitution. 
Outputs at video i.f., sound i.f., video and audio. 

Inbuilt monopole antenna Inbuilt loudspeaker Video 
carrier level meter Battery indicator meter 
Use on the bench or in the home ... anywhere. 

Complete with 120vac wall plug -in transformer and matched 
test cables. 

MASTER SOBER' Analyst Mk V net $169.95 

UNI VHF 
TV tuner and i -f 
signal analyst 

120 VAC + Battery 

Mark IV-CUP 
net $64.95 

IWEZZERT. TV field Strength Meters 
Use for measurements of TV signals in:- 

Antenna installation Antenna evaluation CATV 
MATV Output calibration of TV signal generators. 

TV Service VHf field Strength Meter 

Simple to operate 
Measures 300uV to 30,000uV. 
Uses ordinary 9v transistor batteries 

Vflf field Strength Meter 

Range: 20 microvolts to 
100 millivolts. 

Attenuator: x 1, x 10, x 100. 

Inputs: 75 & 300 ohms. 

120vac & batteries 

Mode/ f SM -V 
net $119.95 

Mode/ TPS 

net $ 69.95 

TV tuner and i -f 
signa/ analyst 

120144C *Battery 

Mark /V -C 
net $54.95 

Off field Strength Meter 

Range: 20 microvolts to 
10 millivolts. 

Attenuator: x 1 and x 10. 

Inputs: 75 & 300 ohms. 
120vac & batteries 

Mode/ f SM - U 

net $99.95 

Castle products - advanced technology - modern styling - and they work! 

Ask your electronic distributor for them ... or write for more details. 

CASTLE ELECTRONICS, INC. 
Circle 102 on reader service card 

5715 N. Western Ave., Chicago, III. 60645 
Ph. (312) 728 -1800 
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