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NOW you can train at home building 
a NEW 25 0 AGONAL Solid State Color TV 
engineered by NRI for learning and 
trouble -shooting So much better for learning TV 

servicing than any hobby kit, 
because NRI designed and 
created it as an educational tool. 
Unlike hobby kits which are designed for creating 
a TV set as the end product, NRI built its exclusive 
25" Diagonal Solid State Color TV kit as a real training 
kit. You can introduce and correct defects ... for 
trouble -shooting and hands-on experience in 
circuitry and servicing. The kits include a wide - 
band oscilloscope, color bar crosshatch generator, 
transistorized volt -ohmmeter and other valuable 
equipment that can soon have you earning $5 to $7 
an hour servicing color sets in your spare time. 

Handsome woodgrain cabinet, 
at no extra cost. 

(Offered only by NRI) I 

New square -cornered 
Sylvania picture tube 

Modular 
construction 
with plug-in 

circuit boards 

Automatic 
degaussing 

100% solid 
state chassis 

6 -position detented UHF channel selector 

YOU GET 'MORE 
FOR YOUR MOÑEY FROM;NRI 
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NRI FIRSTS make learning Electronics fast and 
fascinating-to give you priceless confidence 
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FIRSTto give you a complete programmable digital computer, 
with memory, you build yourself ... to learn organization, opera- 
tion, trouble -shooting and programming. This remarkable com- 
puter is one of ten training kits you receive with the new NRI 
Complete Computer Electronics Course. 
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FIRSTto give you true-to-life experiences as a Communica- 
tions Technician. Every fascinating step you take in NRI Commu- 
nications training, including circuit analysis of your own 15 -watt, 
phone/cw transmitter, is engineered to help you prove theory and 
later apply it on the job. Studio equipment operation and trouble 
shooting become a matter of easily remembered logic. 
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FIRSTto give you completely specialized training kits engi- 
neered for business, industrial and military Electronics Technol- 
ogy. Shown is your own training center in solid-state motor control 
amt analog computer servo -mechanisms. Telemetering circuits, 
solid-state multivibrators and the latest types of integrated circuits 
are included in your course. 

The NRI color TV and digital computer kits are the 
latest in a long line of "firsts" for NRI. For more 
than fifty years, NRI has been providing unique 3 - 

dimensional home -study training that has helped 
hundreds of thousands of students reach their goals 
quickly and easily. 

What. NRI provides is a combination of kits and 
bite -size texts that give you hands-on experience 
while you are learning. The texts average only 40 
pages each, and they are fully illustrated. You are 
taken step-by-step from the first stages into the more 
advanced theory and techniques ... with an expert 
instructor ready at all times to provide valuable 
guidance and personal attention. (The level of per- 
sonal attention provided is more than you would 
receive in many classrooms.) Once you've grasped 
the fundamentals, you move with confidence and 
enthusiasm into new discoveries in the fascinating 
world of electronics. 

You start out with NRI's exclusive Achievement 
Kit, containing everything you need to get moving 
fast. Lessons have been specifically written so that 
experiments build upon one another like stepping 
stones. You can perform a hundred experiments, 
build hundreds of circuits ... as you learn to use the 
professional test equipment provided, building ra- 
dios and TV sets, transmitter or computer circuits. 
It's the priceless "third dimension" in NRI training 
... practical experience. 

Train with the leader-NRI 
Compare training kits, texts, techniques and overall 
training ... and you'll find that you get more for 
your money from NRI. Whatever your reason for 
wanting more knowledge of Electronics, NRI has an 
instruction plan that will meet your needs. Choose 
from major programs in Advanced Color TV Servic- 
ing, Complete Computer Electronics, Industrial 
Electronics and the other special courses designed 
to meet specific needs. With NRI home training, you 
can learn new skills while you're still working at 
your present job ... and turn yourself into the man 
in demand. 

GET FACTS ABOUT GI BILL 
If you have served since January 31, 1955, or are in service 
now, check GI line on postage -free card. 

Send for free NRI catalog 
MAIL THE POSTAGE -FREE CARD FOR THE 
FREE NRI CATALOG IN THE FIELD OF YOUR 
CHOICE. YOU WILL BE UNDER NO OBLIGA- 
TION. NO SALESMAN WILL CALL. 
If the card has been used, write direct to: 

NRI TRAINING 
3939 Wisconsin Ave. 
Washington D.C. 20016 
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FEATURE ARTICLES 
27 HOW TO MAKE DOUBLE -SIDED PC BOARDS Alexander W. Burawa 

Easy procedure to make professional -quality boards. 

33 AN INTRODUCTION TO THE CASSETTE Scott Waverly 
The most popular tape recording medium offers many advantages. 

48 SOLID-STATE PHOTOCELLS FOR HOBBYISTS, Port 1. L. George Lawrence 
Understanding light-sensitive semiconductors. 

64 TRANSISTOR SELECTION GUIDE FOR EXPERIMENTERS Jon L. Turino 
Knowing characteristics speeds and improves designs. 

69 SOME USEFUL TIPS ON BUILDING AN ELECTRONIC KIT John T. Frye 
Good assembly techniques help avoid trouble later. 

CONSTRUCTION STORIES 
40 BUILD THE CMOS MICROLAB Don Lancaster 

For learning and breadboarding digital logic. 

45 A HIGH -VALUE ELECTROLYTIC CAPACITOR METER John D. Richard 
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Editorial 
By Milton S. Switzer, Editor 

THE HOME "PAY -TV" CONNECTION 

Is there a pay -TV connection in your future? If so, will it be via a 

pay -per -program cable connection or an over -the -air decoder attached to 
your antenna input. Right now there are only some 50,000 home TV receivers 
reported to be hooked up for pay -per -program cable TV; and none for over - 
the -air subscription TV (STV). But the picture will probably change in 
the near future. 

A major battle is in progress between "free" -TV lobbyists and pay -TV 
advocates, with the FCC sandwiched between them. If all stops were pulled 
in favor of pay TV, "free" TV would doubtlessly be seriously wounded. Since 
this cannot be permitted (if only because a substantial portion of the 
population cannot afford to pay directly for the luxury of TV), a compromise 
must be effected. Thus, the FCC must play King Solomon, an unenviable task. 

An advancement on the side of pay TV was recently demonstrated by 
Blonder -Tongue of its "BTVision," a system that encodes and decodes 
over -the -air subscription TV (UHF) signals. It has won FCC approval for a 

35 -mile transmitting range. A decoder attached to the subscriber's standard 
TV set unscrambles both visual and audio signals and, interestingly, is said to 
provide hi-fi sound to an upper range of 15,000 Hz, as well as stereo capability. 

Cable TV is already somewhat entrenched, of course, with about 7.8 million 
homes wired for cable or community antenna connections. It also has the 
big plus of providing service in areas where broadcast TV is not readily 
received. On the negative side, cable TV faces the costly task of tearing up 
sidwalks and roadways in many large cities in order to bury cables. 

Aside from pure entertainment purposes, cable TV has a big potential in 
providing communications terminals in the home. The cables can carry fre- 
quencies from 3 Hz to 270 MHz, with bi-directional capability. Keyboards 
can be used to provide inputs, and characters can be generated for CRT 
display. All of this makes possible services such as remote -sensing burglar and 
fire alarms, time-sharing of computers for banking and shopping, hard -copy 
printing, and many more. So the cost and bother of running cable under- 
ground for pay TV could well be worth it in the long run. 

At present, the FCC places constraints on all pay -TV programming and 
restricts cross -ownership. The former limits the attractiveness of programs 
that require a monthly charge plus a charge for each program selected. 
And the latter intensifies broadcast network attacks on pay TV. 

We hope that programming and technical challenges will be met satis- 
factorily before "all out" efforts are made in pay TV. Otherwise, we face a 

setback similar to California's abortive STV experiment that was ended by a 

state referendum in 1964. 
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Essential Electronic 
Servicing Help from Sams 

Here are seven extremely helpful books that can make a serviceman's 
work much easier. Five of them are just off the press, one is a new 

second edition, and one came out in '73. It'll pay you to check them out. 

Video 
Tape 

VIDEO TAPE RECORDERS 
By Harry Kybotl 
This basic tent on the last -growing 
held of helical vtr's contains inlorma- 
tion seldom found in service manuals. 
which only cover specific models. It 

explains the fundamentals of video 
tape recording; describes electronic 
circuits and mechanical systems in 
currently available machines; lists 
basic problems encountered and their 
solutions; and presents recent devel. 
cements in the field. 352 pages. 
solibound 
No. 21024 58.95 

Scrvidrlg ' 

BIOMEDICAL 
EQUIPMENT 
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ELECTRONIC FLASH EQUIPMENT 
By earl Molt 
A fully informative book on the use of 
flash/strobe equipment the problems 
sometimes encountered, and the ser- 
vice information needed to overcome 
those problems. Its Information on the 
basic flash unit, flash tubes, triggering 
circuits. power sources, storage, and 
service Can save you time and fruslra- 
lion. 112 pages. softboand. 
No. 21020 54.50 

SERVICING BIOMEDICAL 

EQUIPMENT 
By Elliott S. Kanter 
Introduces the biomedical te:hni- 
Ctan to the specialized types of 
electronic and electromechanical 
devices used in present-day h2spi- 
tals. Describes test procedures, ser- 
vice and maintenance techniques. 
and safely factors of centrifuges. 
electrocardiographs, detibrilletors, 
monitoring devices. oxygen and 
vacuum devices. 160 pages, soft - 
bound. 
No. 21011 55.50 

ELECTRONIC SECURITY SYSTEMS 
By Leo G. Sands 
The principle and operation 01 the various 
electronic devices used for industrial and 
home security systems are covered in detail. 
Chaplets on scope and application, switches 
and relays, sensors and encoders. indicators 
and alarms. electrical and electronic control 
and alarm circuits. security Communication 
and systems installation. Closed-circuit Iv. 
transmission media. 416 pages, hardbound. 
No. 23205 55.95 

1-2-:!-1 
.Wi1I1-11 "INU 
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1-2-3-4 SERVICING HI-FI 
TURNTABLES 
By Forest H. Bell 
Greatly simplifies understanding of the 
mechanisms in terms of four divisions 
record changers by sections. assem- 
blies within sections, breakdown of 
assemblies, and mechanical parts. The 
following chapters cover specifics for 
each type of drive system, tone arm 
and turntable. In addition, problem 
diagnosis- ocating. isolating, and pin- 
pointing faults is explained so Thal 
servicing can be accomplished quickly 
and easily. 192 pages. softbound 
No. 21032 44.95 

^r¡I.-Jó....... 

`- Servicing 
Guide 

ELECTRONIC 

SECURITY SYSTEMS 

II-' 
TUBE 

SUBSTITUTION 
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TUBE SUBSTITUTION 
HANDBOOK, 17th Edition 
By the Howard W. Sams 
Engineering Staff 
Quick and accurate information for 
making suitable substitutions when 
exact replacements are not available. 
Lsts over 18.000 replacements In 
seven sections' American receiving 
and picture tubes. industrial tubes, 
Cross-reference 01 subminiature tubes. 
communications and special tubes. 
cross-reference between American and 
fe.reigo tubes. 96 pages, softbound. 
ho. 21007 01.95 

COLOR -TV SERVICING GUIDE 

2nd Edition 
By Robert G. Middleton 
This guide uses color photos of symp- 
toms of Circuit defects as they appear 
on the picture -tube screen. If the ser- 
viceman follows these picture clues and 
uses proper troubleshooting methods. 
he tan service sets correctly and in less 
lime. Covers both tube and solid-state 
cir,ults. 112 pages, softbound. 
No. 20990 54.95 

PE Q64 

HOWARD W. SAW'S 8 CO.. INC. 
4300 W. 62nd St., Indianapolis. Ind. 46206 

Order from your Electronics Fans Oistrcuutor. or mail to 
Howard W. Sams 8 Co . Inc. 

Send books checked at right 5 enclosed. Please include 
sales tax where applicable. Canadian prices slightly higher. 

Send FREE 1974 Sams Book Catalog. 

Name 

Address 

Cily State Yip 

o 21024 

21020 

rJ 21032 

o 21007 
o 21011 

Q 20990 
23205 

1 
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PACE...UP)) 
GUARANTEES 
PERFORMANCE 
SERVICE 

.For 
Oútdoór Saty , 

l" 
,i - 

J /1.I {fi, 

HAND HELD 
CB TRANSCEIVERS 
from $29.95 to $94.95 

Reliable range 
Dependable performance _ - 
Versatile operation - 

12:- ,i 
PACE has a complete choice for CB 
Hand Held transceivers to work with 
your mobile, base -or other hand held 
units for any type of radio communica- 
tions need.,For "safety, sake.' as well 
as fun, your outdoor activity should in- 
clude a "PACE in your POCKET." 

WRITE PACE FOR FREE 
CITIZEN TWO-WAY RADIO GUIDE 
OR STOP BY YOUR LOCAL... 

...SIGN OF QUALITY ttp» 
PACE 
TWOWAY RADIO SPRCIAIISTS 

PACE COMMUNICATIONS 
DIVISION OF PATHCOM INC. 
24049 S. FRAMPTON AVE., HARBOR CITY, CA 90710 

Name 

Street 

City 
CIRCLE NO. 22 ON READER SERVICE CARD 

Letters J 
SILASTIC® IS DOW CORNING TRADEMARK 

In "Single -LED Transceiver" (March 1973) 
the Silastic® trademark was incorrectly credited 
to General Electric. Silastic® is a registered 
trademark of Dow Corning Corp. It is used by 
us to identify, among other things, our line of 
adhesive/sealant products. \Ve note that the 
mark has been correctly capitalized and appears 
with the registered symbol as we prefer. \Ve 
request that in the future our Silastic® trade- 
mark be used correctly and that Dow Corning 
be indicated as the owner of the mark. 

T.H. PEAIISON 
Legal Department 

Dow Corning Corp. 
Midland, Mich. 

MORE RANGE FROM LED TRANSCEIVER 
In "Single LED Transceiver" (March 1974), 

the efficiency of the system could be im- 
proved by doing a hit of rearranging. Although 
the LED's output is high in frequency, it can 
still be reflected by shiny surfaces, such as the 
cases of the AA cells. Hence, some of the 
strength of the received and transmitted sig- 
nals will be lost. Moving the battery holder 
to another location and installing a matte black 
shield around the light path would increase 
range and clarity in both operating modes. 

D AVID W. PAUL 
Charlottesville, Pa. 

BATTERY TAKES ON OSCILLOSCOPE 
In "Are Your Speakers In Phase?" (March 

1974), the author insists upon using an expen- 
sive oscilloscope to check speaker phasing. The 
use of a 1.5 -volt battery is easier and cheaper. 
Connect the battery across the speakers' 
terminals while obsers ing the direction of 
cone travel. The connections that cause both 
cones to move in the same direction indicate 
proper phasing. 

RICK THO\fPSON 
Lanagan, \lo. 

You are correct when dealing with drivers 
that have relatively long come travels (not all 
have such easily detectable travels) and when 
it is a simple matter to remove the grille cloth 
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to "get at" the speakers. If you have a scope, 
however, it is easy to determine, with absolute 
accuracy, the phasing of any two speakers- 
and this is the whole point of Mr. \Veems' 
article. 

OPEN AND CLOSED ARE TRANSPOSED 

In "Diode and Switch Box Makes Soldering 
Iron Doubly Useful" (Tips & Techniques, 
March 1974), I believe the terms "open" and 
"closed" are transposed in the text. 

RlchAnn NI. P sc 
Hampton, \.l I. 

Ion are correct. \Vitlr the switch closed, full 
power will he delivered to the soldering iron; 
with it open, only half power would be deliv- 
ered. 

WANTS TO TAKE CET EXAM 

Wile e can I inquire about taking the Certi- 
fied Electronic Technician examination men- 
tioned in the July 197:3 News highlights col- 
umn? 

Boil CAVE 
Houston. Texas 

Write to 1SCET. 1715 Epo Lane, Indian- 
apolis, IN -16224 for information on when and 
where the CET exams are given. 

ANOTHER R/C EQUIPMENT SUPPLIER 

In the "R/C Equipment Manufacturer" table 
published in "How To Get Started In Radio 
Control Modeling" ( February 1974), I forgot to 
mention Cannon Electronics, 13490-26 Saticoy 
St.. N. Ilollvwood, CA 9!605. Readers inter- 
ested in RIC modeling should add this name to 
their supplier list. 

FIRED MARKS 
Gaithersburg, \Id. 

FET SHOULD BE N -CHANNEL 

In my article "Automatic Photo Enlarger Con- 
troller" (p 51, April 1974), Ql should he shown 
as an n -channel FET, not p -chancel. 

)osEPIf GIANELLI 
Queens \Tillage, NY 

TRY LOWERING THE SUPPLY VOLTAGE 

Anyone who has built the "Deluxe Frequency 
Standard" ( January 1974) and is having trouble 
getting the 1 -MI lx crystal to oscillate should try 
reducing the supply Voltage. My circuit would 
oscillate only with voltages between 4.2 and 4.8 
volts. therefore, three 1.5 -volt cells should be 
used to power the circuit. Alternatively, a pair 
of dropping resistors will permit the batten' de- 
scribed to prov'de the necessary supply voltage. 

RANDY Nl000lsi.sucn 
Clarksburg, \V. Va. 

HP: THE STANDARD OF COMPARISON IN TEST EQUIPMENT 

Know your frequency... precisely. 

$249* 10 Hz to 80 MHz. 
Professional caliber gear with the precision of a 

seven digit LED readout al an unusually low price. 
The HP 5381A features a high -stability internal 
lime base, 25 mV sensitivity, a three -position 
attenuator switch, external oscillator input and 
ratio measurement capability. All packed in a 

rugged metal, dust -free case. 

$450* 10 Hz to 225 MHz. 
I-IP's 5382A Counter. All the features 
of the 5381 to 225 Ml lx. Plus an eight 
digit readout. Also, available with a 

Please mail me complete information on your 
new low-cost precision counters, (No salesman 
will call.) 
Please have a sales engineer telephone me. 

Name 

Address 

City State 

Zip Phone 

° l b. LÍ of 9 L! 3 

,.<,,..µ 
.. 

frbeSaU4 30 W. rn Oe(MCCOMM x ,nr uc.uo 

temperature compensated crystal 
oscillator ($100*). Both instruments are 
backed by the full III' guarantee. 
'Domestic USA prices only 02402 

HEWLETT 11 PACKARD 

Sales and service from 172 offices in 65 countries. 
1501 Page Mill Road, Palo Alto. California 94304 

CIRCLE NO. 14 ON READER SERVICE CARD 
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At ELEMENTARY ELECTRON- 
ICS they said: "The fact is, to- 
day's Heathkit GR-2000 is the 
color TV the rest of the indus- 
try will be making tomorrow 

...there is no other TV available at any price which 

incorporates what Heath has built into their latest 

color TV." 

The FAMILY HANDYMAN reviewer put it this way: 

"The picture quality of the GR-2000 is flawless, na- 

tural tints, excellent definition, and pictures are 

steady as a rock. It's better than any this writer has 

ever seen. Changing channels is uncannily silent, 
thanks to the varactor tuner, which 
does away with chunky old- 
fashioned switches. The vis- 
ual channel readout ends 
squinting from across the 
room forever. Finally, the 
clock is a greatgadget-a 
pleasure to have, at the least." 

POPULAR SCIENCE pointed 
out "more linear IC's im- 
proved vertical sweep, 
regulators that prevent 
power supply shorts, and an 

industry first: the perma- 
nently tuned I.F. filter." 

The RADIO -ELECTRONICS editors said 
Heathkit Digital Design TV has "features that 
are not to be found in any other production color 
TV being sold ín the U.S.: 

"On -screen electronic digital channel readout... 
numbers appear each time you switch channels 
or touch the RECALL button...On-screen elec- 
tronic digital clock...an optional low cost feature 

will display in 12- or 24 -hour format...Silent 
all -electronic tuning. It's done with uhf and vhf 

varactor diode tuners...Touch-to-tune, reprogram- 
mable, digital channel selection...up to 16 chan- 
nels, uhf or vhf ...in whatever order you wish... 

there's no need to ever tune to an unused chan- 

nel. LC IF amplifier with fixed ten -section LC IF 

bandpass filter in the IF strip...eliminates the 

need for critically adjusted traps for eliminating 
adjacent -channel and in -channel carrier beats. No 

IF alignment is needed ever. Touch volume con- 
trol... when the remote control is used ...touch 
switches raise or lower the volume in small steps." 

POPULAR ELECTRONICS took a look at the 25 -in. 

(diagonal) picture and said it "can only be de- 

scribed as superb. The Black (Negative) Matrix 

CRT, the tuner and IF strip, and the video ampli- 
fier provide a picture equal to 

that of many studio monitors..." 

Furthermore, the Heathkit 
per- GR-2000 is an easier kit - 
11 I - 

1 
form TV to build. POPULAR 

i r ELECTRONICS pointed 
out that "Each semi- 

conductor has its own 
socket and there are 12 

factory -fabricated inter- 
connecting cables...The 

I complete color adjust- 
-, ments can be performed 

in less than an hour." 

) 
To sum up, POPULAR 

ELECTRONICS concluded 
its study by stating, "In our 

view, the color TV of the future is here - and 

Heath's GR-2000 is it!" 

Why not see what the experts have seen? The 
Heathkit Digital Design Color TV-without ques- 
tion the most remarkable TV available today. 

Mail order price for chassis and 
tube, $649.95`. Remote Control, 
$79.95*, mail order. Clock, $29.95 
mail order. Cabinets start at 
$139.95'. (Retail prices slightly 
higher.) 

Send for your FREE '74 Heathkit Catalog-world's largest selection of electronic kits 

HEATHKIT ELECTRONIC CENTERS 
Units of Schlumberger Products Corporation 

Retail prices slightly higher. 
ARIZ.: Phoenix; CALIF.: Anaheim, El Cerrito, Los 
Angeles. Pomona, Redwood City, San Diego (La 
Mesa), Woodland Hills; COLO.: Denver; CONN.: 
Hartford (Avon); FLA.: Miami (Hialeah), Tampa; 
GA.: Atlanta; ILL.: Chicago, Downers Grove; IND.: 
Indianapolis; KANSAS: Kansas City (Mission); KY.: 
Louisville; LA.: New Orleans (Kenner); MO.: Balti- 
more, Rockville; MASS.: Boston (Wellesley); MICH.: 
Detroit; MINN.: Minneapolis (Hopkins); MO.: St. 
Louis; NEB.: Omaha; N.J.: Fair Lawn; N.Y.: Buffalo 
(Amherst), New York City, Jericho (L.I.), Rochester, 
White Plains; OHIO: Cincinnati (Woodlawn), Cleve- 
land, Columbus; PA.: Philadelphia, Pittsburgh; R.I.: 
Providence (Warwick); TEXAS: Dallas, Houston; 
WASH.: Seattle; WIS.: Milwaukee. 

CIRCLE 

[-Heath Company, Dept. 10.6 
heathkitrJLI I 

Benton Harbor, Michigan 49022 

Please send FREE Heathkit Catalog. 
Name 

Address 

i.-. 

HEATH 

Schlumberger 

(] X ..1 City State lip 

....,_.,,,,m,....L..........mi Prices & specifications subject to change without notice. I 
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 1 
Stereo Scene 

HARDLY a year begins without someone 
announcing a revolutionary way to 

build loudspeakers. And hardly a year ends 
without that same vaunted speaker design 
finding oblivion in some patent attorney's 
"inactive" files. But last year was different. 
After long periods of quiet gestation, three 
genuinely new speaker principles burst into 
public consciousness and proved themselves 
worthy of serious attention. 

The Magneplanar Design. First of all, 
a company called Magnepan developed the 
Magneplanar speaker, presently marketed 
by Audio Research Corp. (the company 
that makes very expensive vacuum -hype 
amplifiers). Several other distributors are 
due shortly. From outward indications, the 
slagneplanar could have been conceived as 
as antidote to the ills of the electrostatic 
speaker, which are, alas, legion. One of 
the prime difficulties is that very high volt- 
ages are the lifeblood of electrostatics. 
Special power supplies are required to keep 
the charges on the conductors; and suit- 
able transformers must follow the power 
amplifiers to step up the output voltages. 
At best, all this merely adds to the cost of 
the speakers. But there are also some prac- 
tical problems. 

Electrostatics are rather inefficient; and 
amplifiers that don't like large capacitive 
loads (or transformers) don't work well with 
them. Because of the high voltages involved, 
electrostatics me subject to arcing when large 
diaphragm excursions occur. (Sometimes 
this takes place with a vicious snap, followed 

New Speaker 
Designs 

ACOUSTICALLY 
TRANSPARENT 
POLE PLATE 

STRIP 
MAGNETS 

By Ralph Hodges 

AUDIO 
CURRENT 
CONDUCTOR 

THIN 
FILM 
DIAPHRAGM 

Magneplanar speaker, a- 
bove, resembles a folding 
screen covered in loose- 
weave fabric. Diagram at 
left shows how it works. 

by a general sonic disorientation as the 
speaker tries to recover its composure.) flight 
voltages are also responsible for the "corona" 
effect, in which the static charges that drive 
the speaker simply bleed off through the 
atmosphere, to the further detriment of effi- 
ciency. This problem is at its worst on humid 
days. When the air quality is "unsatisfac- 
tory," as we say in New York, electrostatics 
act as pollution precipitators. Their charged 
surfaces grab particles of dust, smoke, grime, 
grease-almost anything light enough to 

12 POPULAR ELECTRONICS 
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linger in the air-and wear them as a coat- 
ing that is difficult to remove. 

If this seems like a brief against electro- 
statics, it's not meant to be. Many users 
have enjoyed years of delight and rapture 
from their precise, sparkling (or sometimes 
silky) sound. There is even progress re- 
ported in the curbing of their foibles. In 
particular, the Dayton Wright outfit has 
sealed electrostatic drivers away from the 
problematic atmosphere with acoustically 
transparent plastic filio. Also, models of- 
fered by Crown International incorporate 
some do partures from the norm, said to pro- 
mote more even distribution of static 
charges over the various surfaces. 

Rut back to the \lagneplauar. As his 
point of departure, Jim Winev, its inventor, 
dropped the electrostatic principle but re- 
tained the physical configuration. The 
speakers are tall, rectangular, and very 
shallow. They contain M-yla r diaphragms 
adjacent to stationary plates with perfora- 
tions to emit sound. But they are dynamic 
de\ ices. The fixed plates support, and act 
as pole pieces for, an arrangement of flat 
bar magnets, while the diaphragms carry 
a continuous pattern of fine wire that sere es 
as a voice coil. Since it is not actually 
a coil, however, a purely resistive load is 
claimed, presenting virtually no reactance 
to the amplifier. As for the amplifier, it 
drives the speaker directly, with compara- 
tively modest voltages that don't encourage 
sparks, leakage, or contamination. 

Not all of the electrostatic's failings are 
cured by the \Iagneplanar principle. Effi- 
ciency is still relatively low; and, like 
electrostatics, the Vlagneplanars suffer 
somewhat from acoustical cancellation be - 

Top view of the Heil driv- 
er. The pole pieces are 
actually formed of hori- 
zontal plates that make 
an acoustical lens near 
the diaphragm at center. 

tveen front and hack radiations, which af- 
fects bass response. As a result, the radi- 
ating areas have to be large to generate 
substantial acoustic output at low frequen- 
cies. The available models are fully as large 
as many of the full -range electrostatic sys- 
tems that are popular today. 

The Heil Twist. Not long after the Mag- 
neplanar's introduction, a man by the name 
of Oskar Heil managed to interest a small 
speaker company, ESS, in his idea for mak- 
ing film -diaphragm speakers smaller and 
more efficient. Fleil demonstrated a flacc'd 
rectangular diaphragm gathered into verti- 
cal folds, like a narrow, hanging curtain. 
Large magnetic structures flanked the cur - 

The two-piece ESS/Heil driver. Diaphragm 
assembly has been removed and laid on its 
side in front of the magnetic structure. 

14 POPULAR ELECTRONICS 
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Energy shortages tell us we have to 
change our driving style. Now! It doesn't 
mean we have to go back to horse and buggy 
days. But it does mean we have to make 
every drop of gas give us the most go for 
our money. Anyone with horse sense knows 
that a well -tuned car gets better mileage, 
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fain at either edge, distributing a mag- 
netic field throughout its width. 

Heil's thesis was that "squeezing mo- 
tions" exerted on the air were more efficient 
propagators of acoustic energy than the 
back -and -forth excursions of conventional 
cone or film diaphragms. The way he got 
the diaphragm to squeeze air is slightly 
reminiscent of the Magneplanar approach. 
Again a "voice -coil" grid is used, this time 
made of foil stripes applied to the sides of 
each fold. The signal current from the 
amplifier runs up one stripe and down the 
other, causing the stripes to move left or 
right, but alternate stripes move in oppos- 
ing directions. As a result, the folds on one 
side of the diaphragm draw together, ex- 
pelling air; on the opposite side, they open 
up, sucking air in. At each reversal of cur- 
rent, the roles of the diaphragm sides also 
rc\ else. I leil called this a "meandering" 
motion; and it works. 

The first Ileil/ESS speaker system, the 
aint-1 became available in the early mouths 
of 1973. It is a hybrid, employing a Veil 
tweeter and a conventional cone woofer, 
since the magnet structures for a woofer - 
size Heil diaphragm would be much too 
?missive to be practical. 

ESS has been grappling with designs for 
a Veil woofer ever since. The latest con- 
figuration also squeezes air, by means of 
an upright column of rigid plastic -foam 
plates that apply a bellows action. The 
moving plates are interleaved with station- 
ary surfaces and are driven by an arrange- 
ment of long 'ertical rods connected to a 
conventional voice-coil/magnet assembly un- 
derneath. (A push-pull version with voice 
coils above and below is also under serious 
consideration.) 

To look at the device, you'd expect it to 
clatter like a weaver's loom in operahon. 
I lowever, a preliminary model \vas demon - 
stated to the public in June of 1973. and 
the most apt description of what was heard 
then would be "potent." Furthermore, the 
small size of the driver (described as a 
"cannister just large enough to contain a 
regulation NFL football") spoke well for 
Neil's claim of high efficiency. 

The Ohm Approach. The third of the 
new speakers is practically a testament of 
faith by speaker designer Martin Gersten 
to an idea proposed by the late Lincoln 
\Valsh, who unveiled the first working-and 
reportedly terrible sounding-prototype to 

an unachniring world some years ago. To 
explain the \Valsh principle, we'd best go 
back to the familiar stone -in -a -pond analogs' 
of sound propagation. Remember the pond 
and its spreading circles of concentric rip- 
ples'? Then imagine that we could grasp the 
water at the very point where the stone 
entered and pull the entire surface upward 
like a table cloth. This would create a 
steep -sided cone, pointing up, with ring- 
like vibrations descending down the sides -a pretty fair conceptual description of 
the \Valsh/Ohm speaker. 

The \Valsh principle reasons, correctly, 
that it's impossible to make a speaker cone 
behave like a perfect piston at all audio 
frequencies ( unless, of course, you make 
the cone so small that it has no low - 
frequency output). So why not encourage 
the cone to break up into controlled vibra- 
tory modes, and let the resulting trains of 
pulses agitate the air as they pass down- 
ward through the cone surface? With the 
proper cone material, this should permit 
a single large cone to serve for all fre- 
quencies. Since there would be no attempt 
to damp out local vibrations in the cone 
structure (on the contrary; local vibrations 
are wanted), the thing could theoretically 

ti 
Uthei. .,.., ,.. 

'I,, 

The insides of an Ohm F (foreground) speak- 
er system, with larger Model A in background. 
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MAGNET ASSEMBLY 

The voice coil of the Ohm/Walsh speaker sys- 
tem sends trains of impulses down through 
cone material. Slope of cone is designed to 
propagate cylindrical, in -phase wavefront. 

be made efficient at high frequencies as well 
as at low. 

Detractors spoke up immediately. How, 
they demanded, could you stop the vibra- 
tions once they got started? What would 
keep them from reaching the bottom of 
the cone and then bouncing right back 
again, just as wavelets in a pond do when 
they encounter the shore? \lechanical 
clamping is out; and electrical damping 
through the voice coil at the top of the 
cone is impossible. The coil just initiates 
cone motion, rather than controlling it as 
in conventional speakers. 

There being no easy answers to these 
questions, Gersten and his associates at 
Ohm Acoustics apparently didn't look for 
any. They just slogged away at the prob- 
lems empirically, trying to get the Walsh 
principle to work. Their final answer \vas 
a two-piece cone, beginning in titanium 
near the voice coil and ending in aluminum 
(Ohm Model A) or paper (Ohm Model 
F). More recently, the paper sections of 
some Ohm F's have acquired sheathings 
of metal foil. The combination of mate- 
rials evidently afforded low damping at 
the top of the cone and higher damping 
near the bottom, which allowed the Ohm 

designers some latitude in adjusting the 
behavior of the cone. 

The result is a lively, vet pleasantly 
homogeneous, treble end and more -than - 
ample bass. In fact, the bass is almost the 
system's undoing. It can be grotesquely 
heavy at times, requiring some drastic 
equalization. But when the conditions are 
right, the Ohm speakers produce a clear, 
eerily soundless impact that goes straight 
to the kidneys. 

Ultimate Solutions? After so many mis- 
carriages, it is a pleasure to be able to 
report real progress in the area of speaker 
design. But I don't want to suggest that 
any kind of ultimate solution is at hand. 
These new speaker designs take a differ- 
ent tack to achieve a desired end result. 

As sound radiators, they still have direc- 
tional properties that are governed by their 
physical construction. 

The Magneplanar, lira its electrostatic 
brethren, is highly directional unless its 
diaphragm is sectioned to provide small 
radiating areas. The Heil tweeter, which is 

already small, and the Walsh/Ohm speak- 
er, a circular source, are essentially omni- 
directional in the horizontal plane (which 
is good or bad, depending on where you 
stand in the dispersion controversy). None 
of them offers any consistent resemblance 
to the directional properties of the various 
symphony -orchestra instruments, if that is 
an important speaker criterion. 

Efficiency is another consideration. The 
Heil looks good in this respect, but the 
Magneplanar is on the 19w -1,. The Ohm 
A is reported at least 6 dB lower in effi- 
ciency than the average acoustic -suspension 
design. This calls for a quadrupling of 
amplifier power to get equivalent sound 
levels-a heavy tax on even the largest 
amplifiers. 

Finally, and perhaps most significantly, 
the histories of these designs show that 
they haven't been much ea,ier to coax into 
high-fidelity performance than their cone 
predecessors. 

The main difficulty facing new speaker 
designs is that people can't agree on what 
a speaker should do to create a sense of 
sonic reality. Therefore, they can't design 
for it in advance. 

On the brighter side, this is a trio of 
interesting departures that illustrate there is 
more than one way to skin a cat in achieving 
electro -mechanical hi-fi. O 
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Importance of FCC License 
and our Money -Rack Warranty 
Many important jobs require an FCC 
License and you must pass a Gov- 
ernment licensing exam to get one. 

But, a recent survey of 787 CIE 
graduates reveals that better than 9 

out of 10 CIE grads passed the FCC 
License exam. 

That's why we can offer this fa- 
mous Money -Back Warranty: when 

You get your own 161 -piece electronics laboratory... 
with authentic electronic components used by industry! 
t 

l.0 
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You learn how to construct circuits and Testing and troubleshooting are an im- Modern space-age components like this 

connect them with a soldering iron, which portant part of your learning experience. IC (integrated circuit) are professional 

is part of your CIE laboratory equipment. Included in your laboratory is a precision quality and can be used again and again 

This "hands on" experience is extremely "multimeter" to diagnose electrical and in many of your projects. Lesson by lesson, 

valuable in applying what you learn. electronic troubles quickly and accurately. piece by piece your knowledge grows! 

Prepare now for a high income career in Electronics...the Science of the Seventies. 

Electronic miracles are changing you complete our Laboratory Course, facturing, Inc., Scottsbluff, Nebraska, 

today's world with breathtaking which provides FCC License prep- moved from TV repairman to lab 

speed. aration, you'll be able to pass your technician to radio station chief 

And with this growth in electronics FCC exam or be entitled to a full engineer to manufacturer of elec- 

technology has come a brand new refund of all tuition paid. This war- tronic equipment with annual sales 

need ... a demand for thousands of ranty is valid during the completion of more than $500,000. Ed Dulaney 

electronics technicians, trained in time allowed for your course. says, "While studying with CIE, I 

theory and practice to build the You get your FCC License - or learned the electronics theories that 

products, operate them and service your mcney back! made my present business possible." 

them during the Seventies. Marvin Hutchens, Woodbridge, 

Don't just wait for something to You'll have high paying Virginia, says: "I was surprised at the 

"happen" in your present job. Get job opportunities relevancy of the CIE course to actual 

ready now for a career you'll really Electronics is still young and growing. working conditions. I'm now ser - 

enjoy with a good income and plenty In nearly every one of the new excit- vicing two-way radio systems in the 

of opportunity for advancement. ing fields of the Seventies you find Greater Washington area. My earn - 
electronics skills and knowledge are ings have increased $3,000. I bought 

Experience with experiments in demand. Computers and data pro- a new home for my family and I feel 
is your best teacher cessing. Air traffic control. Medical more financially secure than ever 

"Hands on" experience helps to re- technology. Pollution control. Broad- before." 
inforce basic theory. When you casting and communications. With a 
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c.S Q t News Highlights 
Navy Amateur Station Will Operate During Convention 

On -the -air amateur radio facilities will be proyided by the Chief of 
Naval Operations (CNO) Amateur Radio Station, K4NAA, during 
the Armed Forces Communications and Electronics Association (AF 
CEA) convention at the Sheraton -Park Hotel in Washington, DC, 
June 11 to 13, 1974. The station will be operational from 1000 to 
1800 EDT daily with two positions on the 10- through 80 -meter radio 
phone and CW bands. Licensed radio amateurs throughout the world 
are invited to establish contact. A specially designed QSL card will be 
sent to acknowledge all contacts. Amateurs desiring to utilize the 
K4NAA facilities will be required to show their original FCC license 
in accordance with Article 97.83 of the FCC Rules and Regulations. 
A facsimile or photostatic copy cannot be honored. All enthusiasts are 
invited to visit the K4NAA exhibit. 

More Electronic Ignitions for Cars 
With Chrysler leading the way with standard -equipment electronic 

ignition systems in their cars, other car makers don't intend to be 
outdone. For example, Raytheon and Texas Instruments are pushing 
hard to get their own versions of an electronic ignition system in other 
makers' autos. Raytheon has booked about a million dollars in orders 
from Ford for such a system including a $100,000 developmental con- 
tract. Not to be outdone, TRW Inc. and Lumenition Ltd., of London 
have concluded an agreement in which TRW Electronics will make 
and market Lumenition's patented opto -electronic ignition system un- 
der an exclusive world-wide license. This is a solid-state system that 
operates on the basis of an interrupted infrared light beam. 

Sales of Albums, Tapes Expected to Increase 70 Percent by 1982 
With the current reduction in the availability of vinyl used in 

making phonograph records, the recorded music industry is taking 
positive steps to ensure a continuation of the spiraling trend in sales. 
According to a New York market research firm, there is a projected 
rise from a 1972 sales level of $2 billion, to $3 billion by 1980 and to 
$3.4 billion by 1982. Figures for 1972 point out that companies re- 
leased about 5200 new long-playing record albums and about 4500 
new tape albums. It is expected that industry will release less material, 
using better quality repertoires recorded by proven artists in order to 
reduce record returns. Also, people \vill be using their recorded music 
facilities more because of the gasoline shortage. 

Speeding Up or Slowing Down Cassette Recorded Speech 
A patent for an electronic method of speeding up and slowing down 

recorded speech on ordinary audio cassettes has been granted and 
assigned to Cambridge Research and Development Group. The rate of 
speech playback can be controlled at will by the user and ranges from 
less than 90 words per minute to more than 450 words per minute 
without altering tone or pitch. Two major Japanese tape recorder 
manufacturers, Mansushita (Panasonic) and Sony, have signed non- 
exclusive license agreements to manufacture and market the invention. 
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feet prevent scratching. Each Proto Board features one or more S- 
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discrate components. Each is assembled and ready -to -use. 
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325 East St., Box 1942 
New Haven, CT 06509 
Telephone (203) 624-3103 

CANADA: Available thru Len Finkler, Ltd., Downsview, Ontario 

Size (LxW") 
5.8" x 4.5" 
7.0" x 4.5" 
9.0" x 6.0" 
9.5" x 8.0" 

Price 
(U.S. only) 

$29.95 
$39.95 
$59.95 
$79.95 

FREE 
METRIC 

TO 
ENGLISH 

SLIDE 
RULE 

Convert 
lengths,area, 

weight, volume 
instantly. 

Yours FREE 
with each 

Proto 
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Hobby Scene 
T.ouble on the Line? 
C. We use a gas -powered 117 -roll, 60 -Hz 
generator in our summer cottage. However, 

tat clocks don't keep the correct lime, 
turn "ables produce wow, and, generally, I 
suspect that our "60 IIz" is not 60 Hz. How 
can I find out? 

A. Try this (limited) frequency measuring 
circuit. All diodes are ordinary silicon recti- 

fiers. First, plug the circuit into the com- 
mercial 117 -volt ac line, which is usually 
very close to 60 Hz. The circuit will respond 
to frequencies from 0 to 100 Hz on the 0 to 
1 meter scale. Set the potentiometer so that 
the meter reads 0.6 mA (60 Hz). Now use 
the circuit on your cottage supply; and, if 
the reading isn't the same, make the neces- 
sary adjustments in the generator's speed. 
The circuit can also he used at home. 

Recharging a Dry Cell 
Q. I keep hearing that 1.5 -volt dry cells can 
be recharged. Is this true and, if so, do you 
have a schematic for a charging circuit? 

A. It has been claimed that the circuit be- 
low works on charging an kind of 1.5 -volt 
cell. One person says, in fáct, that he has 
charged a flashlight cell a dozen times! It 
seems that pulsating de works a lot better 
than either ac or pure de in this case. The 
charging potential is about 3i volts and cur- rent is about 30 mA. 

117V 
low 

Correction 
In this column, in the March issue, the 

Touch Alarm Circuit should show the emit- 
ter of the HEP51 connected to the positive 
and the relay between the collector and 
ground. 

Soldering Iron for PC Work 
Q. The only soldering iron 1 hare is rated 
at 75 watts. I know that this is too much for 
pc work, so is there any way I can make a 
new tip, etc., so that I can use the iron that I have? 

A. About the best way to do this is to in- 
sert a silicon diode in series with the power 
line to the iron. Get a diode that has a large 
enough current rating (in amperes) to take 
the iron. Then the iron will run at half power 
and will be "cool" enough for board work. 
Keep the tip sharp and clean. 

Another trick is to wrap some heav',, 
hare copper wire around the tip, and use 
the loose end for fine pc soldering. 

Have a problem or question on circuitry, compo 
nents, parts availability, etc.? Send it to the 
Hobby Scene Editor, POPULAR ELECTRONICS, One 
Park Ave., New York, NY 10016. Though all letters 
can't be answered individually, those with wide 
interest will be published. 
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3 REASONS WHY YOU SHOULD 
BUY YOUR CALCULATOR FROM 'THE BIG T' 

1. YOU GET THE BEST PRICE .... but what happens later 
when you want an improved model? At Tucker you can trade - 
up - just like a used car. 

CORVUS 310 HAND-HELD PORTABLE 6 function (1-. -, x. =, 
%, square root) with automatic constanl, 8 digit readout. float- 
ing decimal and negative sign and many features. \ With disposable batteries ....S59.95 

`Disposable batteries & AC ....64.95 
- Rechargeable batteries & ® ? o \ recharger 69.95 

2. Guarantees .... 30 day mo- 
ney -back guarantee...One year 
repair or replace guarantee 
and THEN TUCKER will re- 
pair any unit after the war- 
ranty expires for only 
$9.95 (excluding any ship- 
ping and excessive 
damage) 

CORVUS 305 DESK -TOP 
CALCULATOR WITH 
CLOCK & CALENDAR 

12 
48 

53 

f 
c:(>óo., 

CORVUS 
322 HAND-HELD 

PORTABLE WITH MEMORY 
5 function (+. -, x. _, %) with 
memory 
Floating decimal, floating nega- 
tive sign, 8 digit display 
Automatic constant of all func- 
tions 
Rechargeaole battery pack in- 
cluding recharger 

S79.95 

3. Convenience .... 
You can order by mail 
and use your Bank 
cards or American Ex- 
press with up to 12 
months to pay. You can 
talk to a salesman toll 
free anytime - just call 
800-527-4642. 

full 7 function (, -, x. =, %, square root and reciprocal) 
with 10 digit readout, selectable 2-4 or floating decimal, 
automatic, constant and many features. But when the 305 
isn't being used as a calculator it's a digital clock and 
calendar that keeps perfect time as long as its plugged in. 

Model 305 $99.95 
Model 300 w/o clock 84.95 

ADD $2.75 TO EACH ORDER FOR SHIPPING. 

Send check, money order. Bank Americard No., Mastercharge No. or American Express No. to: (Residents of 

Texas. Illinois, New Jersey & California include 5% sales tax) 

MI TUCKER 
ELECTRONICS COMPANY 

FOR RUSH ORDERS CALL TOLL -FREE 800-527-4642 (In Texas call 214-348-8800) 

P.O. Box No. 1050C 
Garland, Texas 75040 
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TESTIN .. 7.{..;. . 

.. 

with MITS lab quality test equipment 

ODE ,,.._ ,.. 

Two - h -n 

*. 1 h 

SG 1900-"The Audio Sweep Generator provides the capabilities of both a fixed frequency (CW) and a sweep generator In a laboratory quality Instrument. Modes include CW, linear sweep, and log sweep with e sweep time of 10 milliseconds to 100 seconds. Waveforms are sine, square, and triangle. The range Is from 1 Hz to 100 KHz. The output has fixed attenuation levels of 0.20, and 40dB ±1 dB, as well as continuously variable attenuation. 
Prices: Kit S119.95 Assembled $149.95 

WG 1700-The Waveform Generator/Frequency Counter is well suited toe wide variety of test work. Six carrier waveforms (sine, triangle, square, ramp, sawtooth, end pulse) end three internal AM or FM modulator wave- forms (sine, triangle, end square) are featured. The carrier frequency range Is 1 He to 1.5 MHz in twelve overlapping ranges; the modulator waveform frequency range is 100 Hz to 150 KHz in six overlapping ranges. Both outputs are buffered for low, output impedance. The unit also accepts external AM or FM modulating signals. The frequency counter -with adjust- able sensitivity measures the waveform generator output frequency and frequency of extern.) signals from 1 Hz to over 10 MHz, with Input Imped- ance of 100K ohms. 
Prices: Kit $199.95, ' Assembled S249.95 

DV 1600-The 2.1/2 digit Digital Voltmeter is a perfect companion for Y s .6' MITS' other fine test equipment. Features include lull scale measurement of alternating and direct current In five ranges from .1 ma to 1 amp, measure. ' went of AC and DC voltage in four ranges to 1000 volts, and measurement Th-rec l 
of ohms in six r nges to 10 megohms. The resolution in low ranges for --r voltage is 10 mv; for current, 14 

m1a; 
and for resistance, Toh. The DC occur- , 

-1 any is 7L-5% and the AC accuracy Is ±1%. Other features Include eutopolerity end 100% overrange capability on all ranges; which effectively doubles full-scale capability. " - Prices: Kit $ 89.95 Assembled : $129.95 

Pour 

Plus 

ICT 1800-The Integrated Circuit Tester is Ideal for testing digital integrated circuits and for breadboarding IC's while developing circuits. , The eighteen LED Indicators show the status al the IC under test. The internal 5 roil 1 amp power supply, which has overfemperature and over - current shutdown capabilities, la also available for external use. The cross . r bar switch allows complete programming of the IC under test. Other fea- tures include en internal two speed clock, single step capability, and four each remote outputs and inputs. 
Prices: Kit $119.95 Assembled $169.95 

ICT 1810-The Operational Amplifier Tester with fast, simple GO/NO GO test capability tests operational amplifiers for gain, stability, input offset voltage, and input bias current in a dynamic operating environment. A single LED indicates IC statue. 
Prices: Kit $29.95 Assembled $39.95 

Power Sale 
PS .5700=The 5 Volt Poser Supply, which has overtempereture and overcurrent shutdown capability, is en Ideal unit to power TTL, DTL, and other IC's. Features Include load regulation at 0.6% and line regulation at . 0.005%. Output voltage is 5 volts -.2 volt. 

Prices: Kit $29:95 $19.95 WHILE -THEY LAST! 

Warranty: Full two -years warranty on assembled units, ninety days on kits. 'Prices subject to change without notice. Available from your local Olson Electronics Dealer. 

m ITS !c 
4 

"Creative Electronics" 

6328 Linn, N.E., Albuquerque, New Mexico 87108 
505/265.7553 Telex Nbntbet 660401 

a O Enclosed is a Check for 5 

or O BankAmerOard 
or O Master Charge 

Credit Card Expiration Date 
Include 55.00 for Postage and Handling Assembled 

OSG1900 OWG1700 1:10V1600OICT1800 OICT1B10 OPS500 
Please Send Information on Entire MITS Line. 

NAME 
II ADDRESS 

CIRCLE NO. 

el 
r. I 

Kit I 

CITY 

STATE 8 ZIP 
MITS/ 6321 tin,,, N.E., Albuquerque. New Mexico 171o6 505/265.7553 Telex a 605401 
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PC B LARDS... 
Easy procedure lets you make 

professional -quality boards at home 
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BY ALEXANDER W. BURAWA 
Associate Editor 

ELECTRONICS experimenting is becom- 
ing increasing y more sophisticated- 

and complex-wit 1 each passing year. The 
videspread proliferation of IC's has precip- 
itated an urgent need for serious experi- 
menters to master printed circuit techniques 
-including the design and fabrication of 
double -sided pc boards. \Vith the MOS era 

upon us, that need is growing to the point 
where you will either have to know how to 
make sour own hoards or get out of serious 
experimenting. 

The double -sided pc hoard offers us many 
advantages over the single -sided board. For 
example, the routing of conductors is much 
more flexible when both sides of the hoard 
ale used. You can also expect greater pack- 
aging densities. Wire jumpers will be only a 

memory. Ili the long run, the double -sided 
board is the most economical and least 

time-consuming means of assembling com- 
plex projects. 

No- special training is needed to design 
64 --double-sided pc hoards. If you can trace a 

°p0Op°ecireuii, you can design just about any type 
of pc hoard. 

\\'hile the emphasis in this article is on 
double -sided pc techniques, the following 
step-bc-step procedure is equally applicable 
to single -sided boards. The procedure can 
be performed in a home workshop. It is 

geared to making professional -quality ex - 
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IC -package format. Indicate off -board components. 

posure masks to he used with presensitized 
pc blanks. (The so-called "photo" process 
is the only practical way of making com- 
plicated pc boards.) 

The Preliminaries. First, indicate on the 
project's schematic the components that are 
to be mounted off the hoard. \Ve will use 
the "Flip" game computer (May 1974) to 
illustrate an actual double -sided pc -hoard 
design procedure. Its schematic, converted 
to an "IC -package" format with all off -the - 
hoard components circled, is shown in Fig. 
I. (Note: The IC -package diagram gives a 
better idea of the conductor pattern as it 
applies to the IC lead configurations. "Hence, 
it is worth your while to convert all logic 
diagrams to the IC -package format.) 

Tape a separate sheet of tracing paper 
o'er the schematic and over graph paper that 
has 10 divisions/inch. (Graph paper elimi- 
nates the need for a drafting setup. The 
10-division/inch variety fits in well with 
electronics work since the common dual 
in -line package [DIP] IC leads are sepa- 
rated in 0.1 -inch increments.) 

Working on the graph -paper -backed trac- 
ing paper, redraw only the conductor pat- 
tern of the schematic. Plot your progress on 
the tracing paper taped to the schematic. 
Start with a black pencil and draw a small 
circle for each component lead connection 
into the pattern. If three components share 
a common tie point (see Cl/DI/R1 in Fig. 
I), there must be a circle for each connec- 
tion at this point. Interconnect as many of 
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these circles as von can without crossing 
lines. If necessary, reroute lines to obtain 
the maximum number of interconnects, but 
pay careful attention to the schematic when 
you do this. 

Use a red pencil to interconnect the re- 
maining circles. You can cross the black but 
not the red lines in this step. And do not 
forget to use the two-color scheme while 
plotting your progress on the schematic's 
tracing paper. 

You will find that, in a circuit as complex 
as the Flip's, no amount of rerouting will 
permit all circles to be interconnected with- 
out breaking the line -crossing rule. ilow- 
ever, the interconnections can be made by 
alternating between the red and black pat- 
terns, as shown in Fig. 2. Wherever the 
lines alternate between the patterns, indi- 
cate these points with small circles. 

\Vhcn you arc finished, check your draw- 
ing against the schematic. Then count the 
red lines. If there are very few, you can 
opt for a single -sided board, wiring in jump- 
ers for the red lines. On the other hand, 
many red lines indicate the need for a dou- 
ble -sided board. 

If size is of little importance in your proj- 
ect, you can proceed directly to the pencil 
layout phase of the design procedure. But if 
you want the board to be as small as pos- 
sible, you must rearrange your drawing to 
satisfy this objective. You might hay e to 
try several arrangements before settling on 
the most compact one. This will prove the 
most time-consuming part of the design pro- 
cedure, especially with your first few proj- 
ects. But with a little practice. you will 
soon acquire an instinct for arrangements. 

The Flip's conductor pattern that yields 
the most compact layout is shown in Fig. 2. 

Pencil Layout. You are now going to make 
a pencil layout of the etching guides, scal- 
ing it to the sizes of the components you 
will be using in the project. Since, from Fig. 
2, you already have a rough idea of com- 
ponent arrangement, choose a point at which 
to start your pencil layout. It is convenient 
to start with an IC or transistor pad. 

As good a place as any to start in our 
example is the ICI -1C4 group of pads. 
Count the vertical red lines, black lines, 
and alternating -pattern circles between each 
IC. Then count the horizontal lines and cir- 
cles between the 1CI /IC4 and IC5/ IC8 
groups of pads. Make a list of your counts. 
Such a list for Fig. 2 might look like: 

IC1-IC2: 1R 311 OC 105-106: OR 313 IC 
IC2-1C3: 311 2B OC 106-IC7: 211 2B OC 
IC3-ICI: 1R 3B OC IC7-IC8: 1R 213 OC 

iC-1-iC5/ IC8: 6R 611 5C 
The R, B, and C mean red, black, and cir- 
cle. Close examination reveals that the cir- 
cle in the /C5-106 entry does not interfere 
with the lines between the IC's and can be 
disregarded. Similarly, the two red lines in 
the 106-1C7 entry do not interfere with 
each other; they can be counted as one line. 

Armed with your list, draw on graph - 
paper -backed tracing paper the iC-pad cir- 
cles. It is a good idea to work in a 2:1 
scale to avoid possible confusion. Pay strict 
attention to component -lead spacing. 

Once the IC -pad circles are properly lo- 
cated and spaced, write X2 BOTTOJI in 
black pencil on the bottom of the tracing 
paper. Next to this, in red pencil, write 
TOP. These references tell you that the 
scale is 2:1 and that the black and red lines 
in the pattern you are about to draw refer 
to the bottom and top etching guides, re- 
spectively. 

\Vorking very ruefully, transfer all of the 
pattern information contained in your rear - 

3077014 TOP 
Fig. 2. Rearrange conductor pattern, using 
two colors, to obtain minimum -size layout. 
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Fig. 3. Indicate exact location and orien- 
tation of, each component on layout diagram. 

ranged composite drawing to the tracing 
paper on which you dre\\ the IC -pad cir- 
cles. Use the two-color scheme. You do not 
have to he very neat, but you must he ac- 
curate. Our drawing in Fig. 2 shows the 
minimum -size arrangement of the schemat- 
ic in Fig. 1 and is accurately sized to the 
components used in the Flip, although it is 
shown reduced to conserve space. 

As von become expert in laying out dou- 
ble -sided pc etching guides, you will also 
learn to combine the rough and finished 
pencil layouts into one accurately scaled 
drawing operation. But until you gain fa- 
miliarity, it is hest to perform the two steps 
separately. 

Place another sheet of tracing paper 
over .your pencil layout. On this, indicate all 
component locations and orientations and 
all points where feedtbroughs are to he used. 
The component -placement guide for the 
Flip, indicated on the top etching guide, is 
shown in Fig. :3. The j's indicate the feed - 
through points. 

Again, carefully check your work against 
the schematic. It is essential that von catch 
errors before proceeding to the finished etch- 

ing guide steps. Experience has revealed 
that you will be more alert if von allow 
several hours, preferably overnight, of rest 
between finishing the layout and checking 
it out. 

Exposure Masks. To compose the actual - 
size etching guides that will he used as ex- 
posure masks with presensitized pc blanks, 
use drafting aids and tapes obtained only 
from pc materials suppliers. You will need 
clear Mylar® film (designed for pc work) 
on which to compose the guides. Also, have 
handy an X -acto® knife and graph and 
tracing paper, and work in a well -lighted 
area. 

Measure the length and width of your 
pencil layout, and divide these figures in 
half. You now know the sizes of your etch- 
ing guides and the size of your working 
area. Adel one inch all around; then cut two 
pieces of \fvlar film and one piece of trac- 
ing paper tothe latter dimensions. 

Tape clown a piece of Mylar film on a 

sheet of 10-division/inch graph paper. Very 
carefully lay out on it the bottom etching 
guide's pattern (black lines in your pencil 
layout) with the appropriate drafting aids 
and tape. To do this, you must first turn 
over your pencil layout to properly view 
and lay out the bottom etching guide. \Vhen 
you turn over the layout, carefully realign 
it on its graph -paper backing and put aside 
the components placement guide. Divide all 
spacings in half, and transfer the circles and 
black lines to the film. 

When the bottom guide pattern has been 
transferred, Hip over the film and pencil 
layout. Carefully realign them on their re - 

TAPE 

r--- 
I 

WORK 

-1 

I 

I 

I 

AREA iº 

I 

L_.J II 
I 

J 

Fig. 4. Set up work area on graph paper. 
Tape down and identify Mylar film so that 
sheets open alternately to left and right. 
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Fig. 5. Double -sided etching guides for Flip are shown from the foil sides. 

spective sheets of graph paper. When you 
tape clown the bottom etching guide, do so 
along only one edge to allow it to swing 
open to the left or right and write BOT- 
TOM on the tape. Follow this with the 
blank Mylar film, taping it along the op- 
posite edge and writing TOP on the tape. 
Finish up with the tracing paper taped to 
permit it to swing toward the top. (See Fig. 
4 for details.) 

Set the bottom etching guide in place. 
Burnish down the bottom etching guide 
pattern with a blunt instrument. (A Pop- 
sicle stick or tongue depressor will do nice- 
ly.) Burnishing is necessary to seat the 
drafting aids and tapes on the film. Apply 
firm strokes, but not so firm that they shift 
the aids or tapes. 

Swing the blank Mylar film into place 
on the bottom etching guide, but not the 
tracing paper. Very carefully repeat all pads 
from the bottom etching guide on the blank 
film. Pay special attention to alignment. 
Then slip the tracing paper between the 
two sheets of film. It will prevent any black - 
on -black confusion from cropping up, while 
allowing a clear view of the bottom etch- 
ing guide. Now, complete the top etching 
guide by interconnecting the appropriate 

circles indicated in the red pencil layout. 
Burnish down the drafting aids and tapes. 

Remove both guides from the graph pa- 
per and place them artwork -side -up in front 
of you. Apply to the bottom of each a strip 
of Scotch® Magic transparent tape. Follow 
by using a ball-point pen to write the proj- 
ect's name, FOIL SIDE, and TOP and BOT- 
TOM on the respective guides. 

Set aside the top etching guide. Then 
use a crow -quill pen and India ink to fill 
in all transparent component -lead holes in 
the pads of the bottom etching guide. The 
filled -in holes will provide for a small reg- 
istration error between the top and bottom 
pattern when the board is etched and drilled. 
If these holes are not filled in, it is possible 
that drilling might remove too much copper 
from misregistered copper pads. 

You now have etching guides that can be 
used just as they are to expose positive - 
resist pc blanks. But if you are using nega- 
tive -resist blanks, the guides must be re- 
versed. This is a simple process that is eas- 
ily accomplished with a reversing -film kit 
available from some pc materials suppliers. 

The etching guides for the Flip are shown 
in Fig. 5. For component placement and 
orientation, refer back to Fig. 3. 
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Exposing the Blank. To expose a presensi- 
tized pc blank with double -sided board 
masks, start by carefully aligning the two 
masks, back -to -hack, and taping them to- 
gether so that they cannot shift. Working 
in a safe -lighted area, tape the mask pair 
clown on a presensitized pc blank. Then 
drill two or more small holes through both 
masks and the blank. Use holes in the pat- 
tern. Remove the masks and replace the 
blank in its light -tight shipping container. 

Cut off the heads of as many small wire 
bracts as you have holes drilled. Select brads 
that are just large enough to fit into the 
drilled holes with the absolute minimum 
of play without binding. File flat the cut 
ends of the brads. 

Place a sheet of flat black art paper on a 
block of rigid polystyrene foam (available 
from florists and plastics specialty shops). 
Co hack to safe lighting after separating the 
exposure masks. Place the presensitized 

PC MATERIALS SUPPLIERS 
Following is a partial list of manufacturers 

and suppliers of materials for use in making 
double -sided pc boards. Included are summaries 
of items available from each. 

Bishop Graphics, Inc. (7300 Radford Ave., 
North Hollywood, CA 91605): Quantity sales of 
drafting aids and tapes, precision graphed glass 
and film, polyester drafting film, etc. (Send 50C 
for Technical Manual & Catalog No. 105.) Also 
available are no -etch "Circuit Zaps." 

GC Electronics (400 S. Wyman St., Rockford, 
IL 61101): Small -quantity sales of drafting aids 
and tapes, layout film, developing and etching 
trays, photoresist chemicals, etchant, pc blanks, 
exposure frame, kits. (Send 50C for Printed 
Circuit Handbook No. FR -161 for complete 
instructions on how to make single -sided pc 
boards. Handbook includes listing of complete 
line of pc materials available.) 

Kepro Circuit Systems Inc. (3630 Scarlet Oak 
Blvd., St. Louis, MO 63122): Pc blanks, photo - 
resist chemicals, etchant, photo layout kit 
(includes tapes and drafting aids), all -in -one 
kits, photoreversing (film) kit. 

Techniques Inc. (235 Jackson St., Englewood, 
NJ 07631): All types of drafting and fabrication 
kits, etchant, photoresist chemicals, pc blanks, 
tools, reversing film kit, etc. 

Vector Electronic Co., Inc. (12460 Gladstone 
Ave., Sylmar, CA 91342): Direct positive photo - 
resist kits, double -clad pc blanks, drafting aids, 
chemicals. 

blank through which the holes were drilled 
over the paper -covered foam block and fill 
each hole with a brad. Press clown on the 
brads until only about 31'3 inch protrudes 
above the surface of the blank. 

Align the holes in the appropriate ex- 
posure mask with the protruding brads and 
force the mask flat against the blank. Place 
a sheet of glass over the whole assembly, 
pressing clown onl\ until the exposure mask 
is in intimate contact with the blank. Ex- 
pose the blank according to the manufac- 
turer's directions. 

Switch hack to safe lighting and remove 
the glass and mask. Remove the blank, han- 
dling it only by its edges, and immediately 
flip it over. Remove the brads from the 
foam block. Then place the flipped -over 
blank on the paper -topped block and re- 
place the brads in the holes. Follow the 
procedure outlined above to set up and ex- 
pose the second s'de of the blank. Make 
absolutely certain that the second exposure 
mask is properly- oriented. 

\Vhen both sides of the blank have been 
exposed, develop the blank according to the 
manufacturer's instructions. Then, after in- 
specting the developed blank to check that 
the exposure has taken, etch away the 
unwantel copper. 

Final Steps. The etched hoard (it is a 
board once etching has taken place) can 
now be trimmed to size and all holes can 
be drilled. Drill from the top of the board, 
keeping the tool perpendicular to the hoard's 
surface. Check frequently for proper hole 
alignment in the top and bottom copper 
pads. 

After drilling all holes, refer to your com- 
ponent placement guide and immediately 
solder into place the feedthroughs. Solder 
both sides of the hoard; then clip away the 
excess \vice as close as possible to the 
board. Mount the components in their re- 
spective locations, soldering their leads to 
the foil pattern on both sides of the board. 
(Note: Because the holes in homemade 
boards are not plated -through, you must 
solder to the patterns on both sides of the 
board. This means that von cannot use IC 
and transistor sockets that do not provide 
top -of -the -board access to their leads. If von 
wish to use sockets, substitute Molex 
Soldercons®.) 

You ha\e now designed and fabricated 
your own double -sided pc board. Good luck 
on your next project. 4 
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How it differs from other formats 

and the advantages it offers the recordist 
BY SCOTT 

CASSETTES 
are currently the most popu- 

lar tape medium for audio recording 
purposes. To place the cassette into proper 
perspective, let us first examine competitive 
systems. 

The home recording enthusiast has avail- 
able to him three basic, non -interchangeable 
tape systems. The first and longest lived is 
the traditional open -reel system. The second 
is the reel-to-reel closed -system cassette. 
And the third is the eight -track cartridge. 
Since cassette tapes, like the eight -track 
cartridge tapes, are enclosed in small plastic 
containers, they are often inappropriately 
referred to as "cartridges." For clarity, let 
us restrict the term "cartridge" to the eight - 
track tape format. 

Cassettes are actually miniature versions 
of the open -reel format with the main dif- 
ferences being that tape and "reels" are 
housed in a sealed plastic container and 
track widths are only half that of standard 
open -reel tapes. The plastic container, plea- 
suring roughly 4" X `)-" x ", offers two 

WAVERLY 

advantages over conventional open -reel 
tapes. First, storage is simplified. Secondly, 
the sealed container necessitates that the 
tape be moored to the hub ree s, which elim- 
inates the bother of having to thread the 
tape every time the recorder is loaded. 

Like conventional open -reel tapes, cas- 
settes can record and play back up to four 
separate tracks. Unlike open-ree tapes, how- 
ever, they are only slightly more than 
wide and are designed to travel at a tape 
speed of only i?d ips. In contrast, most open - 
reel tapes travel at a speed of 73 or :3% ips. 

Eight -track cartridges are physically much 
larger than cassettes, measuring about 5;" 
X 3T' x '. They are designed to run at a 
tape speed of :3% ips, and tape width is lí in. 
The tape is treated with a special lubricant 
that permits it to be pulled out from the 
inside of a fully -wound tape pack, passed 
across the recorder's heads, and then taken 
up on the outside of the tape pack. Thus, 
there is only one `reel" in a cartridge, and 
it serves both feed and take-up functions. 
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INTRODUCTION 
TO THE 

CASSETTE CONTINUED 

The ends of the tape are joined together to 
make a continuous, unbroken loop. 

Which of these three incompatible tape 
systems is best for von is a personal decision. 
If hands-off convenience in playing tapes 
is your chief criterion, the overall ranking 
would be eight -track cartridge first, cassette 
second, and open -reel third. On the other 
hand, if high-fidelity sound is your main 
objective, the order would be exactly the 
reverse. 

Speeds & Tracks. To see what the cas- 
sette is up against, let us compare it to a 
studio master recorder. The latter uses "half- 
track" stereo heads so that each of the two 
channels occupies a full one-half of the stand- 
ard 1 -in. track width. It also operates at 
a tape travel speed of 15 ips. In quantitative 
terms, the width of each of its tracks is 0.08 
in. The track width of the ordinary quarter - 
track tape machine is 0.04:3 in., while the 
width for a cassette is 0.022 in. 

Every time track width is cut in half, 
about 3 dB is lost in signal-to-noise ratio 
(S/N), mostly in hiss products. Going from 
the track width of the master to the track 
width of the cassette, von have two such 
halvings. The total loss is 6 dl3 S/N. But you 
are not finished with losses yet, because 
speed also affects the S/N; every time you 
halve the speed, you also lose about 3 dB 
S/N. Three halvings (from 15 ips to 1Jí ips) 
adds up to almost 9 dB. Add the track 
width and tape speed losses together, and 
you have almost 15 d13 S/N losses between 
the studio master and cassette tape. 

If the professional machine has an impec- 
cable 65-d13 S/N figure, the cassette ma- 
chine would come in at 50 dB S/N at most 
-about the background hiss level of a 
none -too -good h\l tuner. This is assuming 
the unlikely proposition that the cassette 
recorder's electronic circuits are as sophis- 
ticated and noise -free as those of a studio 
machine. 

The end of our difficulties is not in sight 
vet. At 15 ips, each cycle of a 15,000-IIz 
flute overtone will occupy 0.001 in. of tape. 
It is easy enough to design tape recorder 

heads to record and play back a signal with 
a I -mil (0.001 -in.) wavelength. But at the 
cassette's low speed, one second's worth 
of the saute signal must be compacted into 
t in. of tape, yielding a wavelength of 
0.000125 in. Making heads that will resolve 
that short a wavelength is a challenge. 
Amazingly, thanks in no small part to spe- 
cial oxides developed specifically for cassette 
use, such resolution has been achieved. 

Tapes for Cassettes. The magnetic tape 
used in cassettes consists of three basic 
parts. It starts with a polyester backing 
material that, in a typical C -GO cassette, 
is about as thick as that used for :3600 -ft 
open -reel tapes. On this hacking is a thin 
coating, generally on the order of 0.0002 -in. 
thick, of magnetic particles (the oxide). The 
oxide is held to the backing by a flexible 
glue known as the "hinder." 

The standard magnetic material used in 
cassettes, cartridges, and open -reel tapes is 
gamma -ferric oxide, a crystalline, needle - 
shaped material whose length ranges from 
about 4 to 10 times its diameter. There are 
"high-energy" cassette tapes "doped" with 
cobalt to provide a somewhat higher output 
and better high -frequency response. Chromi- 
um dioxide tapes also yield high perform- 
ance but require changes in the deck's 
record level, bias current and equalization 
(usually via a switch built into the deck). 
Today's best ferric -oxide tapes have a fre- 
quency response curve similar to that of 
chromium -dioxide tapes. 

Tape & Machine. The recorder adjust- 
ments referred to above represent a series 
of compromises between the desirable goals: 
low distortion. high S/N, and extended 
high -frequency response. Unless you are 
technically familiar with tape recorder cir- 
cuits, there is not much you can do to opti- 
mize the compromise made at, the factory 
for your specific recorder and a particular 
type of tape. But understanding the inter- 
relation of the three factors may explain 
why one brand of tape seems to work best 
on your machine. 

Low -distortion recording is made possible 
by adding an ultrasonic (say 80 -kHz) cur- 
rent known as "bias" to the audio signal that 
is actually recorded on the tape. Up to a 
point, increasing the bias current level 
increases both the playback and output of 
the tape, thus bettering the S part of the 
S/ N. It also lowers the distortion. Unfortu- 
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'lately, however, the bias level that produces 
maximum undistorted output at low fre- 
quencies has the effect of partially erasing 
the high -frequency signals. 

Lowering the bias level would aid in re- 
cording and reproducing highs, but at the 
cost of greater overall distortion. In general, 
open -reel recorders are slightly over -biased, 
while cassette decks may be slightly Under - 
biased, which explains why cassettes ordi- 
narily reveal slightly higher distortion at 
a 0 -VU record level than do open -reel 
decks. Even so, a considerable treble loss in 

recording is incurred in cassettes. This must 
be compensated for in advance by boosting 
the high frequencies before they reach the 
tape, a process known as "equalization". 
On a typical cassette deck, it might amount 
to about 12 dB pre -emphasis at 10,000 IIz. 

The treble pre -emphasis causes no prob- 
lems as long as the musical energy at 10,000 
Hz is about 12 dB below the record level 
that reads 0 \ U on the meter, which is most 
of the time. When the music hits a lot of 
high -frequency signal energy, the tape is 

going to be driven into distortion. 
Cassette tapes that have a huil`t-in high 

sensitivity for the treble range require less 
pre -emphasis. to achieve flat response. Thus, 
chromium -dioxide tape is much less prone 
to distortion. Unfortunately, it requires 
about a 4 dB increase in bias current and a 

higher record level to be maximized. If your 
machine is not equipped to pro\ ide these, 
a premium ferric -oxide tape that uses smaller 
particles and packs more of them into every 
inch for improved S/N is best. 

Advantages of Cassettes. While the cas- 
sette does not equal the open -reel tape 
format in flexibility and fidelity, it has sev- 
eral advantages to recommend it for home 
entertainment use. First of all, it is a con- 
venient and easy -to -store format that re- 
quires little space. 

With modern noise -reduction circuitry 
(Dolby and others), the inherently low S/N 
figures of the early days of the cassette have 
been improved by as much as 10 dB. Fre- 
quency ranges have been extended by new 
tape formulations and better electronics. 
In the machines themselves, voltage regu- 
lation in the capstan motor drive circuits 
has considerably reduced wow and flutter. 

In all, the cassette is a viable tape medi- 
um for all but the most critical listener, who 
might opt for open -reel's editing ease, spe- 
cial effects, etc. 

_FL /\/` 

0.1 Hz. to 100 KHz. 

For only $39.95 
Our new FG-2 Function Generator kit gives 

you all five of the most useful waveforms for 
design and testing at one fourth the cost of 
previous similar instruments. Thanks to im- 
proved IC's the FG-2 now features amplitude 
stability of ±1 db over any range, Sine wave 
distortion of less than 1% from 20 Hz. to 
20,000 Hz. and an output of 4.0 Volts 
peak -to -peak with adjustable offset. The off- 
set selector lets you put the positive peak, 
negative peak, or the center of the waveform 
on DC ground. The DC coupled circuit keeps 

the waveforms in exactly the same position 
no matter what the level control setting. 

Gray impact plastic case 5'h x 6% x 2%. 115 
Volts 60 cycle power supply included. 

FG-2 Function Generator Kit 
shipping weight 3.0 lbs. $39.95 + postage. 

GET OUR 

NEW 1974 CATALOG 
listing this and other unique kits 

,tE R Er, 

by simply circling our number 
on the reader service card. 

Mira SOUTHWEST TECHNICAL 
PRODUCTS CORPORATION 

DEPT. PE 

219 W. Rhapsody, San Antonio, Texas 78216 

CIRCLE NO. 27 ON READER SERVICE CARD 
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ELECTRO - LAB 

Only $10 down gets you into any NTS Home -Study 
Courses in Electronics.' Just $10 that can lead to 
a top -dollar job, a big, bright career in electronics. 

As an NTS studént, you'll acquire the experience 
and know-how that comes with first=hand training 
on. NTS "pro" equipment. Equipment you'll build 
and keep. Our courses include equipment like the 
5" solid-state oscilloscope, a transistor and tube - 
tester; a vector monitor scope, 74 so. in. B&W TV, 
or a solid-state stereo AM -FM receiver. The unique 
Nor including Advanced Color TV Servicing 

SOLID STATE 
OSCILLOSCOPE OSCOPE 

TUBE 8 TRANSISTOR 
TESTER 

4 
+MO A.1e : 

04 
ti ; 

V 3 ; ; Y z e 

`A» 

_ DIGItAL 
MULIEIMETER 

NTS DIGITAL GR-2000 SOLID STATE TRC JBLESI-OOTER 
COLOR TV WITH 315 SO. IN. PICTURE VOM 
AND VARACTOR DIGITAL TUNING 

new NTS Digital GR-2000 Color TV With first-éver 
features like silent varactor diode 'tuning; digital 
channel selection, digital clock; an option at addi- 
tiónal cost; and big 315 sq. in. ultra rectangular 
screen. This is just a sampling of the kind of`better 
equipment that gets you better equipped for the 
electronics industry. 

By following the easy -to -read NTS lessons, you 
learn the theory behind these tools -of the trade 
You'll learn and develop skill and -confidence fast. 
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Iii-CIRCUIT TRANSISTOR TESTER 

LO-SILHO 
SU PER NET RO DIO 

C.,; II ir 
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5' OSCILLOSCOPE 
SIGNAL 
TRACER 

FET- VOM 

HIGH FIDELITY 
SPEAKERS 

i 

SOLID STATE STEREO 
AM FM RECEIVER 
AMPLIFIER 

COLOR BAR/DOT 
GENER>TOR - 

ir édry. 
I' / 4 

_.iy, 

VECTOR MONITOR 
SCOPE . 

SOLID STATE -1J 

B&W TV 

0 r 
4i>,4 -ny 

- SOLID STATE - 

IGNAL 

SOLID STATE 2 -METER 
- 

POCKET RADIO 
E3iERABOR 

FM TRANSCEIVER AND 
POWER SUPPLY 

:hoose from 12 NTS Electronics Courses, includ- 
ing Color TV and B&W TV Servicing, Electronics 
and Computer Technology, Electronics Commu- 
nications & FCC, and Industrial & Automation 
Electronics, All courses can provide you excellent 
opportunities to expand your career in the exciting 
world of electronics! So get started right now by 
checking the coupon and mailing it today. 
Classroc.rr Training at Los Angeles. You can take 
classroom training at Los Angeles in sunny South- 
ern Calitornia. NTS occupies a city block with over 

a million dollars in facilities devoted ekclusively to 
technical training. Check box in coupcn. 
Approved for Veteran Training. Accredited Mem- 
ber: National Association of Trade & Technical 
Schools National Home Study Council 

NATIONAL TECHNIC L SCHOOLS 
TECHNICAL -TRADE TRAINING SINCE 1905 

Resident & Home Study Schools 
4000 South Figueroa St., Los Angeles, Calif. 90037 
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CMOS MICROLAB 
S S 

Teach or learn digital logic .. . 

Breadboard or test digital circuits . . . 

With this state-of-the-art CMOS system 

EXPERIMENTING 
is an important part 

of the learning process, so anyone in- 
terested in understanding digital logic will 
want to have this CMOS Microlab to gain 
practical experience. It contains four JK/RS 
11:p -flops, four NOR gates, six NAND gates 
and an inverter/TTL driver. Each section 
has all terminals available on the front panel 
and they can be easily interconnected with a 
solder -free push -on patchcord system. Each 
logic block also has its own LED to indi- 
cate the state of the block. The Microlab 
can be constructed for about $35, is battery 
powered and fits in a 5" by 7" by 2" box. 

The logic functions are controlled by two 
bounceless slide switches and two bounce - 
less pushbuttons. Two RC networks provide 
for visual rate or oscilloscope rate (mid - 
audio) clocks, astables, monostables, and 
pulse networks. The single inverter can be 
used as a source or sink for 8 mA, making 

BY DON LANCASTER 

the system compatible with TTL, DTL, 
RTL, PMOS, or other CMOS units. Four 
additional TTL unity-fanout outputs are 
also available. 

A feature of the Microlab, for learning 
purposes, is that making the wrong con- 
nections between units cannot cause any 
damage. Also, if a connection that is not too 
important is forgotten, the circuit antici- 
pates what the experimenter is trying to do 
and tries to provide a response anyway. For 
instance, without external connections, all 
unused logic blocks are turned off; and gates 
with only one input automatically convert 
to inverters. A flip-flop without J and.K con- 
nections fries to toggle; without R and S 
connections, direct inputs are disabled. 

About the Circuit. There are 21 indepen- 
dent circuits in the Microlab. Only one of 

(Continued on page 42) 
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+5V 

8t - DI 6V- IN4002 

NOTE 
3.3111 RESISTORS .R6 

47011 ' =R7 
IOM n =R8 

3.3M 

IC6= 
CD4049 

ICI IC2 
CD4027- 

'TYPICAL FOUR PLACES 

IOM 

3,3M 

PIN 14: IC3-ICS 
PIN 16:ICI,IC2,IC6-IC9 
LEDI-LEDI5 ANODES 

!CS 
1220pF 

` PIN 7: IC3-IC5 
I-- -PIN 8: ICI, IC2, IC6-IC9 

+5V 

LED 

47011 

R2, R3 
10K 

R4,R5 
100 

' C3,C CI,CT 
5yF ,0131F 

TYPICAL TWO 
PLACES 

+5V +5V 
LED 

470A 

CD4001' CÓ4049 

TYPICAL FOUR -PLACES 

IC8 
CD4049 

52,53 
TYPICAL TWO PLACES 

IC8 
CD4049 

S4,S5 

Fig. 1. One of each type of logic 

PARTS LIST 

+5V 

+5V 

47on 
IC4' IC6,IC9 

C04011 C04049 

TYPICAL FOUR PLACES .á 

TYPICAL TWO PLACES 

=CONTACT PIN PAIR 

block is shown. Power supply 

RI-hour I.5 -VD cells 
Cl, C2 --0.01-µF Ilylar capacitor 
C.3,C4-5-µF aluminum electrolytic (not 

tantalum) 
C5 -220-µF. 6 -volt electrolytic capacitor 
C6 -0.1-µF. t.0-t,olt disc capacitor 
D1 -1N4002 silicon potter diode (or similar) 
1CI,1C2-C,1)4027. ,11C14027 (CM/OS dual 

1K/RS flip-flop) 
IC3-CDI001 (C1/OS quad NOR gate) 
IC4-CD4011 (CMOS quad N 4\7) gate) 
IC5-CD4012 (CMOS dual NAND gate) 
IC6-1C9-CD4049 (CMOS hex inverter) 
LED -0.2" diameter light -emitting diode 

(1.5 required) 
RI -2.2- or 2.7 -ohm, V, -watt. resistor 
R2,R3-10,000-ohm, 1/4 -watt resistor 
R4,R5-100,000-ohm upright trim potentio- 

meter (Pilfer 11 fg. or similar) 
R6-3.3-megohm, 1/4 -watt resistor (40 

required) 

+5V 
LED 

+5V 

.470R 

is at top. 

R7 -470-0í4m. 1/4 -watt resistor (16 required) 
R8-l0-tuegohnt, 1/ -watt resistor (4 

required) 
S/-Spst slide switch 
S2,S3-Spdt slide switch 
S4.S5-Spdt pushbutton switch, non -shorting 
Mist-Pins (0.093" diameter, Read Chain 

or Molex R93-12, 168 required); terminals 
(Alolex 02-09-1118 or 02-08-1101); suitable 
plastic case (.\ohex 875): front, cover 
(matched to pc board); mounting hard- 
ware; quad D -cell holder (Keystone 200); 
heat -shrinkable tubing; stranded hookup 
wire: etc. 

Note: The following are available from 
Southwest Technical Products, 219 W. 
Rhapsody. San Antonio. TX 78216: pc 
board. etched and drilled, at 88.75; com- 
plete kit of all parts (except. for D cells) 
at 534.95, plus postage for 3 lb. Actual - 
size pc foil patterns and component 
installation diagrams are free on 
request. 
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TYPICAL 
POST 

VINYL 
FRONT PANEL 

LED -I/16" TO 3/32" 
ABOVE 

PC BOARD 

SI S2 

CASE 

S4 I/4" PC BOARD SIC 
MOUNTING 

BRACKET 

Fig. 2. Mounting details and component spacing for circuit board. 

each type is shown in Fig. 1. The power 
supply, which is common to all, is also 
shown. 

Note that each circuit has a pin con- 
nector (dark circle) at each active input 
or output. This actually indicates a pair of 
solderless push -on connectors. Each circuit 
(except for the 0-1 switches) also has its 
own inverter -LED driver. The two pushbut- 
ton switches are made bounceless by a pair 
of inverters arranged as a set -reset flip-flop. 

A high resistance is used on the active 
inputs (connected either to ground, the 
supply or another input) so that the LED 
is off if a block is unused. It also converts 
a gate into an inverter if only one input 
is used and changes a flip-flop into a binary 
divider if only the clock input is connected. 

Four D cells arc used for power. Since 
each LED Uses about 7 mA, several hundred 
hours of operation can he obtained from one 
set of batter'es. With such low power con- 
sumption, ordinary D cells work better than 
the more expensive alkaline types. Reverse 
polarity protection is pro\ ided by diode 1)1. 

Construction. The circuit board is double - 
sided, preferably with plated -through holes. 
Foil patterns and component layout dia- 
grams are available free from the source 
given in the Parts List. 

Assemble the five switches, the LED's 
and posts as shown in Fig. 2. Note that only 
the LED's, the two thumbwheel potentio- 
meters, and the 168 connecting pins are 
mounted on one side of the hoard. Install the 
resistors, capacitors, and the diode on the 
other side of the board, along with the 
Molex IC terminals (if used). Do not install 
the IC's at this time. 

13e sure that all connecting pins are clean- 
ly soldered to the non -component side of the 
board and that they are square to the board. 
Keep in mind that the pins must pass cleanly 
through the mating holes on the front panel. 
When installing the LED's note that the flat 
side of the LED goes to the inverter and 
current -limiting resistor. If one of the 

LED's leads is longer than the other, the 
longer one is the anode and goes to the 
positive supply. 

Install the LED's so that they are about 
1/16" or 3/32" above the board. If you have 
trouble soldering under the LED, first solder 
it in place with a slightly higher spacing. 
Then heat the pins from the underside of the 
hoard while pushing the LED into final 
position. Remember also that the LED's 
must fit into a mating hole on the front 
panel. 

The power supply should be assembled 
next and connected to the pc hoard with the 
four pins marked "1" at +5 volts and the 
four "0" pins at ground. 

Now make up the push -on interconnect- 
ing wires as shown in Fig. :3. Crimp and 
solder each end of the flexible stranded 
hookup wire to a connector. You will want 
about 24 of these wires, varying in lengths 
from 6" to 10". After they are fabricated, 
slip heat -shrinkable tubing over the joints 
between the connectors and wire so that 
the wire, solder joint, and connector are 
covered. You can use the ceramic portion 
of a soldering iron for the heat source. 
Pre -condition each connector by slipping 
it on and off a pin several times until it 
works freely. 

For the following steps, connect a milliam- 
meter across power switch SI. If the current 
ever exceeds 7 mA per LED (when lit) stop 
and check the circuit. 

Install 1C7 (hex inverter) and /C3 (quad 

.093 PINS 

VINYL 
FRONT PANEL`_ 

PC BOARD- 

ORSTRANDED 

WIRE 

SHRINK 
"TUBING 

.093 PUSH -ON 
CONNECTOR 

Fig. 3. How to make interconnecting 
jumpers. Make up about 24 of them. 
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I-10Hz OSCILLATOR 
(A) 

.OIyF 
v 

OUT 

50011:-SkHz AUDIO GENERATOR 
(B) 

4 

J O 

1 

C C 

K K O 

CCLOCK-INPUT 
(NORMALLY 0) 

BINARY DIVIDE -BY -SIXTEEN 
(C) 

9AOUT 
J 0 J 

K OK 
1 

SHIFT CLOCK 
(NORMALLY 0) 

I 0 SHIFT REGISTER 
(E) 

GBOUT J 
K 

j I.01FF 

r 
QCOUT 

J '] 
C 

K 0 

JDOUT 

0=ROLL 
H Ill 

I=STOPI>miIE, 

COIN TOSSER 
(F-) 

r 
O J Q 

C C 
K 0- K 0 

OCLOCK-INPUT 
(NORMALLY D) 

DIVIDE BY THREE 
(DI 

HEADS 

REFERENCE 
CLOCK 

INPUT J O - L J O 

I COMMAND - 10K C 

ii 
C 

K 0 K Í^ 
ONE -AND -ONLY ONE 

(G) 

-Q. 

1_-o 
OUTPUT 

TAILS 

U L-! L--1 lJ L -REF 

IN 

OUT 

Fig. 4. Some examples of the circuits that can be built up using the 
Microlab. There are many others, of course, that will be of interest. 

Non gate) noting the notch -and -dot code 
on the IC and on the component installation 
drawing. 

Connect one end of a test cable to one 
of the "0" points on the lower left corner 
of the hoard. Touch the other end of the 
cable to all four pins at each on gate. 
The associated LED should come on when 
the contact is made. 

Next install IC5 (dual NAND gate) and 
IC9 (hex inyerte), observing the notch - 
and -clot code. Again, touching the "0" 
lead to each of the input pins should cause 
the associated LED to light. 

Install IC6 (hex inverter) and IC4 (quad 
NAND gate); and repeat the test with the 
"0" lead. 

Install the remaining hex inverter and 
check the operation of the four "0" and 
"1" bounceless switches by using them as 
the driving signals for one of the gates. 

Install ICI and IC2 (dual flip-flop). At 
this point, it is advisable to build the low - 
frequency oscillator shown in Fig. 4A, using 
a pair of NAND gates and one of the time - 
constant circuits. When this is done, you 
will note that the LED associated with each 
NAND gate blinks on and off at a frequency 
dependent on the setting of the potentio- 
ineter. 

Using a long test lead, connect one of the 
NAND -gate outputs to the "C" input of the 
first (left side) flip-flop. The associated LED 
will blink on and off at half of the oscillator 
rate. Connect the not -Q output of that flip- 
flop to the "C" input of the next flip-flop and 
note that its associated LED blinks at half 
rate. Repeat this procedure with the final 
two flip-flops, noting that each flip-flop LEI) 
blinks at half the rate of the preceding 
one. (Actually you will be building the 
divide -by -I6 circuit shown in Fig. 4C.) 
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WHY CMOS? 

Devices for digital logic circuits are 
constantly being improved. Today, just 
about the best type of logic, operating at 
a reasonable speed, is the CMOS fam- 
ily (Complementary Symmetry Metal 
Oxide Semiconductor). What makes 
CMOS so good? There are three main 
reasons. 

First, CMOS requires very little power 
from the supply-in the nanowatt range 
if the switching speed is low. This prop- 
erty of CMOS is due to the fact that the 
inputs are essentially open circuits. They 
only sense voltage variations, so that 
there is simply a low -impedance path, 
either to the positive supply or ground, 
but never both. Thus, they don't draw 
current from the preceding stage, nor 
do they feed current back from the sup- 
ply. 

Secondly, CMOS does not require com- 
plicated circuit designs. The power sup- 
ply can be anywhere between 3 and 18 
volts, without regulation or exceptional 
bypassing. What's more, since all inputs 
are voltage -sensing one logic block can 
easily drive 50, 100, or more inputs. 
Worries about fan -out, fan -in, and load- 
ing are thus eliminated. The open -circuit 
inputs provide many possibilities for de- 

signing pulse -shaping circuits or astable, 
monostable, and Schmitt triggers-all 
using large -value resistors and small - 
value capacitors. Unlike most other types 
of logic, CMOS logic can be triggered with 
either polarity of the initiating pulse. The 
latter can be a negative pulse from the 
supply or a positive pulse from ground). 
This feature is useful in designing oscil- 
lators, contact conditioners, pulse gener- 
ators, and time -interval generators. 
And the number of components used in 
these circuits is low. For example, only 
one resistor and one capacitor are 
needed for a free -running oscillator. 

The third big plus for CMOS is its 
exceptional noise performance. It gen- 
erates no large spikes during switching. 
Since it switches at one half of the sup- 
ply voltage, any noise Iéss than 40 to 
45% of the supply is generally ignored. 
In addition, CMOS rise and fair times are 
usually slower than its transition times, 
so that noise is attenuated instead of 
being passed on to the following logic 
stage. 

Right now, CMOS is not the cheapest 
type of logic; but, at $2 for a dual JK/RS 
flip-flop and $1 for a quad gate, it is 
competitive for most applications. 

You can now connect the output of any 
flip-flop to any of the inputs of any of the 
gates or the inverter and note that the as- 
sociated LED goes on and off in step with 
the input signal. 

Using the Microlab. Some basic logic 
circuits for "starters" are shown in Fig. 4. 
An astable oscillator, using a pair of NAND 
gates is shown in Fig. 4A. With the 5-µF 
capacitor, the rate can be varied from about 
one to 10 per second. This can be observed 
on the associated LED's. Changing the 
capacitor to 0.01 p.F makes an oscillator 
whose frequency ranges from 500 Hz to 
about 5 kHz. 

A conventional four -stage binary counter 
is made as shown in Fig. 4C and the states 
are readily shown by the LED at each flip- 
flop. If you use the low -speed oscillator as 
the clock input, you can watch the progres- 
sion. Figure 4D is a divide -by -three counter, 
while Fig. 4E demonstrates the operation 
of a shift register. 

An elementary game can be built using 
the "heads/tails" circuit of Fig 4F. The 
on/off gating can use one of the switches 

' 

d,a3 3' 

The photo shows the back of Microlab cir- 
cuit board as it is attached to power supply. 

at the bottom of the hoard. The very useful 
"one -and -only -one" circuit in Fig. 4G pro- 
duces one whole cycle when the switch 
command is executed. 

For a test sequencer, use the inverter 
as a TTL output with a fanout of five or 
more. For more TTL outputs, parallel the 
inputs of one NOR gate. 
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CONSTRUCTION 

A HIGH -VALUE 

ELECTROLYTIC CAPACITOR 
METER Checks capacitance from 10 to 

100,000 micro farads and indicates leakage 

THE ACTUAL values of many electrolytic 
capacitors are sometimes different from 

those marked on the cases. \lore often, 
the 'aloes are illegible clue to ink blurring, 
obliteration, etc. These are only two of 

tttrt"i ^t r 

41411 - 
4ü 

BY JOHN D. RICHARD 

the problems the experimenter faces in using 
electrolytics. 

Among others, how do you apply a 
polarizing voltage to make sure the electro- 
lyte in the capacitor is "formed" and that 
the unit is really operating properh ? Ilow 
do you tell whether or not an electrolytic 
capacitor is leaking? There are, of course, 
costly test instruments that can be used 
to solve these problems. But the expense 
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of precise measurements is not always war- 
ranted because electrolvtics have relatively 
broad tolerances. 

At a low cost, you can build the elec- 
trolytic capacitor meter described here and 
get the information you need. It measures 
capacitance values from 10 to 100,000 
microfaracls in four ranges with an accuracy 
of 10%. It will form the capacitor, and it 
will indicate if there is too much leakage. 

About the Circuit. As shown in Fig. 1, 
the meter circuit is in two sections: a con- 
stant -current source consisting of Q1 and 
a high -resistance voltmeter circuit consisting 
of Q2, Q3 and Ml. 

\Vhen the unknown capacitor is connected 
between BPI and BP2 (positive side to 
BP2), switch S2 is first placed in position 
1 to discharge the capacitor through R7. 
Then S2 is moved to position 2, and the 
constant -current source starts to put a charge 
on the unknown capacitor. The voltage 
across it increases linearly with time and is 
measured by the meter circuit. The voltage 
increase (in volts per second) is equal 
to the current (in amperes) from Ql divided 
by the capacitance in farads. Thus, with 1 

ampere and 1 farad, the voltage increases 
at a rate of 1 volt per second. The ratio 
remains constant so that the voltage increases 
1 volt per second for currents of 1 pA, 10 

PARTS LIST 
B1 -9 -volt battery 
BPI, BP2-live-way binding post 

red, one black) 
C1,C2-0.01-µF capacitor 
DI -D4-11\4002 diode 
MI -0-100-12A meter (see text) 
Q1-HEP735 transistor 
Q2,(23-Any general-purpose silicon 

pnp transistor 
R1 -470 -ohm, 10%, 4 -watt resistor 
R2 -250 -ohm miniature potentiometer 
R3 100,000 -ohm miniature potentiometer 
R4 6200 -ohm, 2%,1/4 -watt resistor 
R5-620-ohnt,2%, 1/4 -watt resistor 
R6 -62 -ohm, 2%, 1/4 -watt resistor 
R7 -4.7 -ohm, 10%, 1/ -L -watt resistor 
R8--4700-ohm, 10%, 1/ -watt resistor 
R9-See text 
S1-One-pole. jour -position rotary switch 
S2-Two-pole, three -position rotary switch 
S3-Spst switch 
Misc.-Suitable metal chassis, perforated 

board, knobs, battery holder and con- 
nector, mounting hardware, etc. 

(one 

Fig. 1. The constant -current source 
charges unknown capacitor and the 
meter circuit reads voltage level. 

pA, 100 µA and capacitances of 1µF, 10 
µF, 100 µF, respectively. 

In this capacitance meter, a charge is ap- 
plied to the unknown capacitor for 5 sec- 
onds and then the voltage on the meter is 
read. (Full-scale deflection is 5 V.) Thus, 
if the constant current is 100 µA and the 
meter indicates full scale after 5 seconds, 
the value of the capacitor is 100 µF. Larger 
values of capacitance will produce lower 
voltage indications. 

The amount of current supplied by Q1 is 
determined by the setting of SI. In position 
4, the current is 10 mA; in position 3, 1000 
µA; in position 2, 100p.A; and in position 1, 
10 µA. Resistor R3 is a preset potentiometer 
because the leakage current in QI may 
cause the required current to he slightly 
different from the calculated value. (Also 
because the low forward current results in a 
small voltage drop across the base -emitter 
junction.) Tests have shown that, once R3 
is set, the collector current will remain con- 
stant at 10 p.A. 

Transistors Q2 and Q.3 form a Darlington 
pair having a very high input resistance. 
The emitter load, R8, carries about 1 mA 
when the potential across it is 5 N olts. Meter 
M1 uses a series resistor (R9) of a value 
(50 kilohms minus the meter resistance) 
such that the meter will indicate full scale 
when 5 V is applied to the combination. 
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Because there is a voltage drop between 
the base of Q2 and the emitter of Q.3, bind- 
ing post BP2 is raised above ground by 
diodes D.3 and D4. However, in practice it 

was found that the voltage across the two 
diodes was slightly higher than that across 
R8, so the positive side of the meter is con- 
nected to potentiometer R2 so that the 
meter can be zeroed. 

Capacitors Cl and C2 remove any ten- 
dency of the circuit to oscillate on range 4 
when long test leads are used on the binding 
posts. 

Construction. The circuit can be assem- 
bled on perforated board and enclosed in a 

suitable metallic case. Put the three 
switches, meter, and binding posts on the 
front panel. Be sure to identify the switches 
and their positions properly. The power 
supply is a conventional 9 -volt battery 
mounted in its own holder. 

Adjustment. To set R3, place S1 in posi- 
tion 1 and S2 in position 3. Connect a 10- 
µA do meter between the collector of Q1 

and the positive side of the battery. Set R3 
for maximum resistance and then turn on 
the power. 

Carefully reduce the value of R3 until 

METER 
INDICATION 

IN pA 

100 10 

80- 

-15 

60-. 
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40 - 25 

-30 

20 50 

-=100 

01 

Fig. 2. Use the conversion 
scale at left for readings 
on M1 as shown in Fig. 1. 
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Fig. 3. Conversion scale 
for external 5-V meter. 

the test meter indicates 10 A. Do not allow 
too much current to flow or the transistor or 
meter may be damaged. 

Fixed resistors R4, R5, and R6 should 
provide the correct currents. However, for 
greater accuracy, small trimmer potentiome- 
ters may be substituted -10,000, 1000, and 
100 ohms respectively. Then adjust the po- 
tentiometers to get 100 µA, 1 mA, and 10 

mA respectively. 
With the circuit adjusted, and with no 

test capacitor attached to the binding posts, 
replace the wiring and adjust R2 to obtain 
a zero indication on MI. 

If desired, M1 and R9 can be replaced 
with an external de voltmeter having a 5 - 

volt scale and at least a 10,000-ohm/volt 
input resistance. In this case, connect the 
positive lead of the external meter to the 
rotor of R2 and the negative lead to the 
junction of R8 and the emitter of Q.3. 

Operation. With an unknown electrolytic 
capacitor connected to BPI (minus) and 
BP2 (positive), place Si for the desired 
range -Position and set S2 to posítíon 1. Wait 
a couple of seconds for the unknown to be 
fully discharged. Then turn on the power 
(S3). 

Observing the sweep -second hand of a 
clock or watch, place S2 in position 2 for 
five seconds and note that M1 indicates up- 
scale. At the end of the 5 -second interval, 
place S2 in position 3 and read the meter. 
The capacitance can be found by using the 
conversion scale shown in Fig. 2 and the 
setting of 51. If you are using the external 
5 -volt de voltmeter, use the conversion scale 
shown in Fig. 3. 

If the capacitor being tested has not been 
used for some time, it is advisable to give it 

several charging runs on the capacitance 
meter before making the actual measure- 
ments. This permits the electrolyte to form 
so that the capacitor settles down at its final 
value. 

Some readers may feel that the test ca- 
pacitor will start to discharge through its 
own leakage resistance or because of the 
base current through Q2 when S2 is in posi- 
tion 3. In practice, it has been found that 
modem electrolytic capacitors will provide 
a meter reading that is steady enough to get 
a good indication. If the capacitor being 
tested has excessively low leakage resis- 

tance, the meter indication will start to fall 
rapidly; but it will still be possible to get 
the initial indication. O 
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SOLID-STATE 
PHOTOCELLS 
for 
HOBBYISTS PART 1 

WHAT GOES ON INSIDE LIGHT-SENSITIVE 
SEMICONDUCTORS? 

TILE ELECTRONICS experimenter who 
has not tried his hand at using semicon- 

ductor photocells is missing a lot. Applica- 
tions range from simple light meters and 
noiseless audio controls to amateur star 
trackers with sensitivities of 0.001 foot- 
candle. There is even a new kind of photo- 
cell material that stores a picture capable of 
being projected on a screen like any 35 -mm 
slide. 

To use photoce ls, however, you have to 
know something about what they are and 
how they work. Unlike phototubes, in which 
elections move in a vacuum or gas, photo- 
cells are light-sensitive devices, ill which 
electrons move in a solid material. There are 
two basic types of photocells: photovoltaic 
cells, which generate a current when stimu- 
lated by light, and photoconductive cells, 
which simply vary in resistance with varia-- 
tions in incident light. The latter require 
some form of electrical excitation. Photo - 
diodes and phototransistors are devices 
which use their light -sensing properties in 
special circuit applications. 

Photovoltaic Cells. One of the more ver- 
satile, low-cost devices for the hobbyist to 
use is the selenium photovoltaic cell. (Solar 
cells are of the same type in that they con- 
vert light into electricity.) Relays, meters, 
and the like can he driven directly by these 
cells. Because their response to light is quite 
low, for a light source above 7250 ang- 
stroms, colored gelatin filters (as in photog- 
raphy) can be used to alter the spectral 
response. 

Silicon photovoltaic cells are more expen- 
sive than selenium units, but the former 
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have higher power outputs. Although the 
spectrum sensitivities of the two types over- 
lap, silicon is a superb cons erter of both 
visible light and infrared. Silicon cells can 
be energized by inexpensive GaAs light - 
emitting diodes (LED's). 

In general, photovoltaic cells can be oper- 
ated in either the photoresistive or self - 
generating mode. In the latter case (Fig. 1), 
a current -bucking circuit can be used to off- 
set the cell's quiescent current in a battery - 
bridge arrangement. This also improves cell 
sensitivity. Photovoltaic cells are widely used 
in camera aperture controls, light meters. 
spectrophotometers, position sensors, and 
other light -dependent circuits. 

SCHEMATIC . 

SYMBOL 

+ RED 

INCIDENT 

LIGHTJUNCTION 1 
SELENIUM- 

3ASEPLATE' T 
RED LEAD 

INCIDENT 
LIGHT 

BLK LEAD 

PHOTOVOLTAICCELL + 

o 
METER, 
RELAY, 

ETC 

04 

BUCKING BATTERY 
1.5V 

METER 

Fig. 1. Self -generating photovoltaic cell 
can drive a low -power meter or relay. With 
current bucking through a battery and poten- 
tiometer (bottom) the circuit has an arti- 
ficial null under quiescent conditions for 
better stability and improved sensitivity. 
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SCHEMATIC SYMBOL Fig. 2. National Semiconductor photoconduc- 
tive cells, with spectral responses at left. 

Photoconductive Cells. photoconductive 
cells are best described as light-sensitive 
resistors. When they are not illuminated by 
a light source, their resistance is high; but 
when struck by light, the resistance drops. 
They require de or ac excitation, and their 
sensitivity to light is determined by the type 
of photoconductive material used. 
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Fig. 3. Spectral response of silicon photo - 
transistor is very wide and fast. Device 
has one stage of amplification built in. 

Photoconductive cells can be used as 
shunt or series variable resistors. Figure 2A, 
for example, shows the spectral response of 
a cadmium -sulphide photoconductive cell 
whose highest response range is between 
525 and 750 nanometers. The response 
curve for a cadmium-selenide cell (Fig. 2B) 
is very steep, since the cell responds pri- 

Fig. 4. Photoconductive cell and lamp in 
light -tight package. (National Semiconductor). 

madly to light in the red and near -infrared 
regions. The speed of response of the CdSe 
cell to light fluctuations is about 10 times 
faster than that of the CdS cell (0.001 ins 
as compared to 0.01 ms). 

Diodes and Transistors. Silicon photo - 
diodes and phototransistors are either n- or 
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Fig. 5. Photocell voltage multiplier (Model 
PVM-1 by Vactec) increases the sensitivity 
of the selenium photovoltaic cell at left. 

p -junction devices. Silicon photodiodcs have 
excellent stability and an extremely high 
speed of response (typically from 10 to 0.1 
microseconds). However, their sensitivity is 
not as high as that of photoconductive cells; 
and they usually require transistor amplifiers 
to boost their outputs. 

The standard phototransistor has one 
stage of built-in amplification. As shown in 
Fig. 3, the spectral response is excellent and 
there are no dark or light "memory" effects 
which impair performance. In most indns- 
4rial and hobby applications, silicon photo - 
transistors can handle loads up to 50 mA 
with good gain. 

Integrated Types. Modules containing 
light sources and integrated -circuit photo- 
cells are becoming increasingly popular. An 
example is shown in Fig. 4. The effective 
resistance of the cell is determined by the 
brightness of the lamp. Typical "on" resist- 
ance is 500 ohms, with an "olf" resistance of 
JO megohms. The ratio of on/oft resistance 
permits the design of noiseless audio poten- 
tiometers, modulated gain controls and 
similar circuits. The lamp has a low thermal 
inertia and low operating current (15 mA 
at 10 V). Photodetector lamp assemblies can 
be used as L-attenuators in both audio and 

TRANSPARENT 
In203 

ELECTRODES 

r -f circuits since the photocell's inductance 
is very low and it is essentially resistive. 

An example of an IC photocell amplifier 
is Vactec's Type PV\I-1 (Fig. 5). Large 
voltage changes can be obtained with high 
local resistance. Frequency response from 
de to 15 kHz can be obtained with small - 
area ce Is. The unit shoo n in Fig. 5 can be 
used as a photometer with a sensitive 
microanuneter-without concern for meter 
resistance. Two units can he used in a 
bridge -connected photometer. The IC 
device also allows construction of novel 
electro -optical microphones, where light re- 
flected from a mirror mounted on a dia- 
phragm is directed onto a photocell. 

Another Vactec amplifier module is the 
Type PAM -1. It contains a matched seleni- 
um photocell and a high -gain operational 
amplifier and can easily detect light intensi- 
ties of 0.001 foot candles. 1 hese characteris- 
tics make it ideal for use in astronomy. 

Image -Storing Photocells. Many photo- 
electric cells have what is called a "light - 
history effect" (hysteresis, fatigue, memory). 
After exposure to high light intensities, a 
cell has lower conductance but higher slope. 
Darkness results in higher conductance and 
lower slope. Many efforts haze been made 
to use the phenomenon in special cell arrays 
to store a complex optical or photographic 
image for reproduction. 

A breakthrough was achieved in 1972 
when Sandia Laboratories introduced its 
"Cerampic" image storer, which is now 
manufactured by the Honeywell Company. 
As shown in Fig. 6, the Cerampic consists 
of a thin transparent ferroelectric ceramic 
plate (PL7,T) with a photoconcfucti e layer 
on one side. Transparent electrodes are then 
overlaid on the photoconductive laver and 
the other side of the ceramic. The ceramic 
plate is one inch in diameter and about the 
thickness of a postcard (0.012:3 inch). 

ELECTRICAL 
TERMINALS 

PHOTOCONDUCTIVE 
FILM 

PLZT CERAMIC 

Fig. 6. "Cerampic" image -storing device has 
a thin transparent ferroelectric ceramic 
plate and photoconductive layer on one side. 
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Fig. 7. Photographic image stored in Sandia 
Cerampic is ready for projection like slide. 

.An optical image, typically derived from 
a projected photographic negative, can be 
stored with acceptable quality, as shown in 
Fig. 7. The black/white contrast tam be as 
high as 500 to 1. 

This relatively simple device needs no 
chemical deve opers or fixatives and the 
image can be projected like any slide or 
transparency. The developers of Cerampic 
feel that it should he possible to form and 
erase images in raster patterns at rates up to 
15,000 lines per second, thus permitting the 
display of TV -like images. 

Photocell Tests. In applying silicon and 
selenium photovoltaic cells, it is important to 
know something about a given cell's electri- 
cal capabilities. 

Specification sheets for the photocell 

SQUARE -WAVE 
GENERATOR 

o 
0.8 0.9 LO I I 1.2 1.3 

WAVELENGTH(MICRONS) 

6V BATTERY 

AUDIO AMPLIFIER 
WITH 3.2 TO 8 -OHM 

OUTPUT TRANSFORMER 

should always be consulted for information 
on voltage, resistance and power ratings. 
While actual power outputs can be deter- 
mined by using simple formulas, complexi- 
ties tend to arise where frequency -response 
tests are involved. For example, cells that 
respond slowly may cut off at, say, 1 kl-Iz 
and xvill not respond to light modulations of 
any intensity above this range. 

A photocell's frequency response can be 
determined by using equipment such as that 
shown in Fig. 8. In this a_rangement, a light - 
emitting GaAs diode (GE Type LED -9) is 
mounted in a light -tight enclosure with the 
photocell. The output of the cell is displayed 
on an oscilloscope. Drive is furnished by a 
square -wave generator connected to a suit- 
able audio amplifier. The latter's output 
transformer modulates the LED through a 
blocking capacitor. A 6 -volt battery and 68 - 
ohm resistor furnish the diode bias. 

Ideally, waveforms displayed on the scope 
should resemble the square -wave generator's 
output at any given frequency. IIowever 
(especially with old photocells), it will be 
noticed that the cell may modify the wave - 
shape. This can be attributed to capacitive, 
inductive, or other loss factors. Note that 
GaAs diodes are \ery fast modulators (up to 
about 100 i\IHz), but the energy is concen- 
trated into a very narrow optical band. As 
shown ill the insert in Fig. 8, the band peaks 
at 0.9 microns and allowances must be made 
for this power in the test setup. 

Next month, in Part 2 of this article, we 
will cover circuits and applications for 
photocells. O 

LIGHT- TIGHT 
FIXTURE 
f OSCILLOSCOPE 

RI 

Gan 
1/2W 
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PHOTOCELL 

GaAs DIODE PHOTOCELL LOAD 

GENERAL ELECTRIC RESISTOR 
PEAK ENERGY OUTPUT TYPE LED -9 
OF GaAs DIODE USE SERIES CONNECTED L5VOLT 

BATTERY FOR TESTING PHOTO- 
CONDUCTIVE CELLS 

Fig. 8. Setup for testing the response time 
of photocell. The LED is modulated by the 
audio system and response displayed on CRT. 
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TAPE 
RECORDER/AMPLIFIER 
FET VU METER 
TOO much gain in recording a tape will 

result in saturation and overload and 
lead to severe signal distortion. For this 
reason, tape recorders nowadays often in- 
clude VU (volume unit) meters that the 
recordist- uses to monitor the signal while 
setting the deck's gain controls for desirable 
levels. 

A VU meter is a carefully calibrated and 
damped ac voltmeter designed to provide 
readings that correspond to the average 
(rms) audio signal level at any instant. The 
movement's ballistics do not respond to 
momentary signal -level peaks that would 
otherwise cause pointer overshoot and gise 
false readings. 

Since a VU meter indicates only the av- 
erage level of the signal being recorded, it is 
possible that the signal contains many short - 
duration, high-level transients that cause 

BY ROBERT E. BERGLAS 

distortion. The pointer might remain in the 
"safe" area of the meter scale. To compen- 
sate for this, good recording practice dic- 
tates that the recordist set his recording 
lei el controls so that the average signal level 
indicated by the meter's pointer is substan- 
tially below the overload point-say, -10 
or -12 dB. This provides a safety margin 
for momentary transients. 

The VU meter described here can he used 
by anyone who s ants to add truly accurate 
metering to his tape recorder. Audio huffs 
can also add this meter to amplifies to 
monitor output levels and the points where 
overloads occur. 

About the Circuit. Because a VU meter 
has a low -impedance, low -sensitivity move- 
ment, wiring it directly into a circuit would 
place an excessive load on a tape recorders 

QI 

R4 
IOK 

Simple VU meter uses FET input stage 
for high impedance and amplification 
to drive meter (with diode bridge). 

PARTS LIST 
ill -0.30 -volt dc power source 
C1 -100-µF, 50 -volt electrolytic capacitor 
C2 --50-µ17, Y5 -I o/t electrolytic capacitor 
.11-Phono jack 
LE1)1-Light-emitting diode (optional) 
1111-VU meter movement with built-in diode 

bridge 
(11-HEP 801 field-effect transistor (Motor- 

ola) 
RI-2.2-megohm, '.ii -watt, 10% resistor 
112 -1700-ohm, I/ --.-watt, 10% resistor 
R3 -300 -ohm. 1h -watt resistor (optional) 
R4 -10,000 -ohm, audio -taper potentiometer 
SI-Spst slide or toggle switch 
/Misr.-Battery holders; utility box; hook-up 

wire; solder; etc. 
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or an amplifier's output stage. The circuit 
shown in the schematic, however, provides 
both high input impedance and signal am- 
plification. 

The FET VU meter is basically a field- 
effect transistor (Q1) amplifier whose input 
impedance is 2.2 megohms. The circuit is 

designed to be powered from any source 
with an output ranging from 6 to 30 volts 
dc. Frequency response is roughly ten times 
the range normally encountered in audio 
work. 

Meter Ml in the schematic is a basic VU 
movement with a built-in diode -bridge cir- 
cuit. Resistor R3 serves as a current limiter 
for power -on light -emitting diode indicator 
LED1. If you wish, you can eliminate 
the LED1/R3 circuit without affecting the 
circuit's operation. 

Since the circuit is so simple, just about 
any method of construction can be used 
when building it. Just make sure to install 
the polarized components properly and go 
easy on the heat when soldering LED] and 
QI into place. 

Installation and Calibration. The FET 
VU meter can be connected to any high- 

level signal point in the recording amplifiers 
so long as it is after the recording -level con- 
trols. (For amplifier hookup, tie the VU 
meter's input directly to the amplifier's out- 
put terminals. The high input impedance of 
the VU meter will not affect the normal op- 
eration of the amplifier.) 

To calibrate the FET VU meter, make 
several recordings, slightly increasing the re- 
cording level for each. (Make a note of each 
recording -level control setting.) While lis- 
tening carefully to the playback of the re- 
cordings, note the control level at which you 
just begin to hear distortion. This setting 
corresponds to a 0 -dB reading on the VU me- 
ter's scale. With the recorder on this setting, 
play a tape and adjust R4 in the VU meter's 
circuit until Ml's pointer indicates 0 dB. 

You will need an oscilloscope to calibrate 
the VU meter when it is used to monitor the 
output of an amplifier. Connect both scope 
and VU meter to the amplifier's output ter- 
minals. Then feed into the'amplifier a 1000 - 
Hz sine -wave signal. Advance the amplifier's 
volume control setting until you just begin 
to observe distortion in the signal viewed on 
the oscilloscope screen. Adjust R4 for a 0 -dB 
pointer indication. OO 

They put a rotary engine in a car. 
We put a cam shaft in a turntable. 
For the same reason. 
The reason? To make it quieter, smoother, more reliable. 

The basic record changer mechanism-like the automobile's 
piston engine-has been a fairly reliable device that has served 
with some success for many years. But the very action of 
the engine-or the changer-produces constant : - 

vibration and strong, sudden movements - 
` . `~ 

that can ultimately wear it out. 
.5, 

' Now we have alternatives. For :.,' 
cars, the Wankel rotary engine. , . 

And for record players, the se- 
quential cam shaft drive mech- i U' 
anism used in BSR's finest f' -`"-, 
automatic turntables. -....-,...,Ili,-- . 

Its even rotating motion programs the 
complex automatic functions of the BSR 710 
and 810 smoothly and without noisy and poten- 
tially harmful quick starts and stops, without slam- 
ming metal against metal. And because the cam gears are 
mounted on a carefully machined central shaft, they are all - 

but impossible to put out of alignment by rough handling 
or constant use. 

The result: consistent care -free performance, and good - 

music. With the BSR 710/X and 81.0/X Transcription Series 
Total Turntables. 

CIRCLE NO. 4 ON READER SERVICE CARD 

.r9 

R 
RSR (USA) 17D, 
BLAUVEIt. NEW YORK 10913 
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Computer y 

Engineering 

ADVANCED ELECTRONICS CAREER TRAINING AT HOME 

f you are too busy to go to college to learn advanced electronics, CREI 

brings college level training to you. CREI programs give you practical 
engineering training that you can apply in your work to move ahead to 

higher paying jobs. And CREI lets you specialize in exactly the area of 

electronics you want. You have a choice, depending on your qualifications, 
of 18 different programs. 

Not only are CREI programs college -level but arrangements are available 
for you to earn college credit applicable to advanced degrees. 

Only CREI ñofferi you _á choice of : 

18 programs In advanced electronics 

Electrons 
Systems l 

Engineering 

Nuclear 1. 

Engineering 
Technology 

fi 

Special programs 
for 

Non Electronic 
Engineers 

For over 45 years CREI programs have been recognized by leading 
technical organizations as effective home study training in advanced 

electronics. 

NEW OPTIONAL LAB PROGRAM 

CREI now offers a supplementary ELECTRONIC DESIGN 

LABORATORY PROGRAM to make learning advanced 
electronics easier and to give you actual experience to 

use in your work.OnlyCREt offers this completecollegetype 
laboratory program. You learn to actually design electronic 
circuits. A: the same time you get extensive experience 
in tests and measurements, breadboarding, prototype 

building and other areas important to your career. 

Qualifications to Enroll. TO qualify for enrollment in a CREI program, you 

must be a high school graduate (or equivalent). You should also be working 
in electronics or have previous training in this field. 

Send for FREE book. If yor. are qualified, send for CREI's newly published 

book describing your career opportunities in advanced electronics. This full 

color book is filled with facts about career opportunities for you. 

Accredited Member, National Home Study Council 

CREI, Dept. E1206E 
3939 Wisconsin Avenue 
Washington. D.C. 20016 

Rt.sh me your FREE book d.oscribing my opperlu- 
nlbes In advanced electronics. I am a high school 
graduate. 

Name Age 

Address 

City State ZIP 

11 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 
A Division of McGraw-Hill 
Continuing Education Co. 
3939 Wisconsin Avenue, 
Washington, D. C. 20016 



TWO SINGLE- IC 
AM RECEIVER PROJECTS 

THE SIMPLEST 

AM/WWYl3ECE/VER 

RELIEVE it or not, there really :s a re- 
ceiver small enough to fit into your ear. 

At least the vital components-active ele- 
ments, r -f amplifiers, detector, and age-are 
small enough. All of these components are 
in the ZN414 linear integrated circuit. 

With the ZN414 and only eight outboard 
components, including battery and power 
switch, you can, make an AM BCB receiver 
that will perform at a level distinctly out of 
the toy or novelty class. Alternatively, by 
adding a few more components, you can 
use the same chip to tune in the WWV or 
CHU time -signal stations. In fact, there are 
dozens of specialized radio applications in 
which this new IC can be used. 

Simplest AM Receiver. Perhaps the 

CARL BY CARL C. DRUMELLER 

plest application for the ZN414 is the AM 
receiver shown schematically in Fig. 1. With 

FERRITE 
ANT 

Fig. 1. With 
stations can 

9 

this simple AM 
be brought in 

400-60011 
PHONES 

receiver, local 
easily, clearly. 

ABOUT THE ZN414 
Imagine an IC that has a very high 

input impedance, three r -f amplifiers, and 
transistor detector stage-all in one tiny 
TO -18 package with only three leads. 
(See opposite.) What we have just de- 
scribed is a versatile linear IC called the 
ZN414, made by Ferranti Electronic Com- 
ponents Division in Britain. Now avail- 
able in the U.S., this IC offers the hob- 
byist and experimenter a whole new 
approach to radio experimentation. 

The ZN414 is housed in just about the 
smallest package you are likely to see for 
transistors, let alone IC's. Its three -lead 
format makes the device a cinch to work 
with. Those three leads are for the input, 
output, and a ground that is common to 
both. Although the circuit configuration 
is unknown to us, we do know that it 
contains 10 transistors. 

A list of its technical specifications re- 
veals just how versatile is the ZN414. 
The circuit is designed to amplify incom- 
ing signals ranging in frequency from 
150 kHz to 3 MHz. Its detector responds 
to AM signals within that range. The IC 
has a remarkable degree of automatic 
gain control (agc). And the best is yet 
to come: the ZN414 is capable of deliv- 
ering a power gain of 110 dB! 

While Ferranti specifies the ZN414's 
frequency range as being 150 kHz to 3 
MHz, the IC has been operated success- 
fully at a frequency as high as 7 MHz. 
Quite possibly, the top frequency limit 
will go even higher than that. 

The power considerations for the 
ZN414 are on a par with its technical 
specifications. The chip draws a mere 
0.5 mA from power sources ranging be - 

58 
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a circuit as simple as this, it is almost impos- 
sible for anything to go wrong. In fact, a 

prototype receiver vorked beautifully the 
first crack out of the barrel. Local stations 
came in with superb clarity and adequate 
volume through the headphone. 

Because of the outstanding action of the 
IC's built-in age circuit, tuning the receiver 
was a bit unusual. You expect to hear a 

jumble of stations. But when you tune to 
the frequency of any one station, the sta- 
tion's carrier affects the age in such a way 
that total sensitivity drops enough to elimi- 
nate off -frequency stations. 

Time -Signal Receiver. With only a few 
more parts than needed for the AM receiver, 
you can build a 2.5-\IIIz time -signal -only 
receive- to pick up \V\VV. The schematic 

40o -600n 
PHONES 

Fig. 2. A 15 -foot antenna and tuning coils 
convert the circuit to receive station WWV. 

for the receiver is shown in Fig. 2. With this 
circuit, a 15 -ft length of wire serving as the 
antenna provided good reception of the 
\V\\ V signal. 

Coils L2 and L4 are standard 30-11II units 
with adjustable ferrite cores. For L2, how- 
ever, the coil must be tapped 10 turns front 
the bottom to provide a tie -on point for L3. 
Coils LI and L3 each consist of 10 turns of 
insulated wire wound around L2 and L4, 
respectively. 

\Vhen building the receiver, there are a 

few points about the ZN414 IC that must be 
kept in mind. Any device with a power gain 
of 110 dB requires careful layout of the 
components to prevent feedback. hence, 
keep the tuning assembly (including LI 
through L4) iso ated from the other com- 
ponents in the circuit. In the circuits in Figs. 

tween 1.2 and 1.6 volts. (Ferranti recom- 
mends that the IC be powered from a 

1.3 -volt source.) With this low -voltage 
source, the ZN414 can drive headphones 
with impedances ranging from 400 to 
600 ohms without the need for audio 
amplification. To drive a speaker, the IC's 
output can be easily capacitively coupled 
to the input of an amplifier to provide 
sufficient driving power. 

While the agc action of the ZN414 is 
directly dependent upon the load imped- 

PIN 
OUTPUT 

PIN 3 
GROUND 

ance (hence the need for relatively high 
impedance phones), a capacitor can be 
used to isolate the two. With the capaci- 
tor between the IC and load, strong agc 
action will be observed. 

If you would like to experiment with 
the IC, you can start with the projects 
described here. By special arrangement, 
the ZN414 IC's are available to POPULAR 
ELECTRONICS readers for $5 each (plus 
50C postage) from Ferranti Electric, Inc., 
East Bethpage Rd., Plainview, NY 11803. 
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1 and 2, the age action in the IC is highly 
dependent on the resistance of the head- 
phones; so, use phones with impedances of 
400 to 600 ohms. 

When tuning the time-sig ial-only receiv- 
er, the variable capacitors are used for 
coarse adjustments, while ,the slugs in L2 
and L4 are used for fine tuning. Adjust them 
for the strongest, clearest reception of the 
\VWV signal. 

Making A Good Thing Better. You calf 
improve the performance of the receivers 
with two simple modifications. The first is 
the use of a voltage -regulator circuit that 
permits the receivers to operate safely from 
a 9 -volt transistor battery. The second iso- 
lates the IC's age circuit from dependency 
on the impedance of the phones or an am- 
plifier into which the receiver's signal is fed. 
Both modifications are shown in Fig. 3. The 
lettered points connect to the same points in 
Figs. 1 and 2. The "X" marks in the receiver 
schematics indicate that, with the modifica- 
tions in place, the phones, power switches, 
and battery must be disconnected. 

Just about any silicon transistor (npn 
variety) can be used in the voltage -regula- 
tor circuit in Fig. 3. Use the potentiometer 
to adjust the voltage between pins 1 and :3 

of the ZN414 to roughly 1.3 volts (the level 
recommended by Ferranti). If you wish, 
once the pot has been set to provide the 
proper voltage, you can remove it from the 
circuit and replace it with an appropriate - 
value resistor. 

+9V 

43JF cH }_:_o OUT 
OUTPUT 

Fig. 3. Receiver performance is improved 
with voltage regulation and agc isolation. 

More Ideas. By letting your imagination 
run free, you can \ isualize many other ap- 
plications for the ZN414. For example, how 
about using the IC as a fixed -tuned i -f am- 
plifier on 1.75 AIHz and precede it with a 
simple 2-to-54-MIlz converter for short- 
wave listening? Or how about deliberately 
introducing some r -f feedback that would 
allow the IC to oscillate for demodulating 
SS13 transmissions? You might even try re- 
placing the LC resonant circuit ahead of the 
IC with a series -resonant crystal to obtain 
selectivity suitable for CW reception. 

You can see that the ZN414 IC is one of 
the most versatile building blocks offered to 
the experimenter in recent years. We pre- 
dict that readers will find dozens of applica- 
tions for this versatile device once they be- 
come acquainted with it. O 

ANMAA 
WEATHER RECEIVER 

BY MICHAEL S. ROBBINS 

MORE 
than 50 Federal A\ lotion Adminis- 

tration stations throughout the United 
States transmit weather information valu- 
able to travelers and others on the ground. 
Continuously repeated transcribed broad- 
casts on the FAA channels give wind speed 
and direction, ceiling, visibility, tempera- 
ture, dew point, and barometric pressure for 

60 

airports and air -travel routes, the latter often 
corresponding to highway routes. 

The station identifications given on the 
FAA channels consist of two or three letters 
in tone -modulated code. The rest of the 
broadcasts are spoken. A partial list of the 
FAA weather stations is given in the table. 

You can build a compact, portable FAA 

POPULAR ELECTRONur' 



weather receiver with the aid of the Ferranti 
ZN414 linear integrated circuit. In tests, this 
receiver provided good reception (with its 
built-in antenna) within a 125 -mile radius 
of station ICD in Inglewood, Calif. 

About the Circuit. The receiver's circuit, 
shown schematically in 1 ig. 1, operates in a 

tuned -radio -frequency (trf) mode. MOS- 
FET transistor Q1 serves as the r -f ampli- 
fier stage, while the Ferranti one -chip raclio 
IC (ICI) provides more gain, age, and de- 
tection. The audio amplifier, IC2, delivers 
0.25 watt of power to the speaker. Ferrite - 
core broadcast -baud antenna coil LI and 
three 455-kllz i -f transformers (7'I-7'3) 
with extra capacitors tune the receiver to 

. #0/11- 
41) '41111 " . 41, ! 

__ 019- al 
- 

A 

Front of receiver alas hales drilled for an 
tenna jack, speaker, and sensitivity control 

FAA WEATHER STATIONS 

Location Frequency (kHz) Identification Billings 400 LKO 

Arizona Missoula 308 MSO 

Papago 326 Great Falls 371 GT 

Ryan 338 Nebraska 

Arkansas Omaha 320 OM 

Little Rock 353 New Jersey 

California Newark 379 EWR 

Oakland 362 EZB New Mexico 

Fresno 344 FCH Roswell 305 ROW 

Inglewood 332 IGD New York 

Red Bluff 338 PBT Elmira 375 ELM 

Colorado NYC (see Newark) 

Trinidad 329 TAD North Carolina 

District of Columbia Raleigh 350 LEI 

Washington 332 DC North Dakota 

Florida Jamestown 365 HAW 

Jacksonville 344 JA Ohio 

Pensacola 326 PNS Cleveland 344 CIE 

St. Petersburg 388 AM Columbus 391 CMH 

Miami 365 MF Cincinnati 335 LUK 

Tallahassee 379 TI Oklahoma 

Idaho Oklahoma City 350 OKC 

Boise 359 BO Tulsa 375 DW 

Illinois Oregon 

Chicago 350 ME Pendleton 341 PDT 

Kansas Redmond 368 OBT 

Wichita 332 IC Portland 332 SVY 

Maine South Carolina 

Bangor 344 SRX Charleston 329 CH 

Massachusetts Tennessee 

Boston 382 SEW Nashville 304 BN 

Michigan Memphis 371 TS 

Detroit 388 DT Texas 

Sault Ste. Marie 400 SSM Fort Worth 365 FT 

Traverse City 365 TV Midland 326 MA 

Minnesota Vermont 

Hibbing 356 RRY Burlington 323 BTV 

Missouri Virginia 

St. Louis 338 LM Roanoke 371 ROA 

Kansas City 359 DO Washington 

Montana Spokane 365 MZS 

Miles City 320 HTN Seattle 362 SEA 
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the 300 -400 -kHz band. however, although 
the system covers the entire band, it is 
basically a single -frequency receiver. 

Construction. The entire receiver can be 
assembled on a 3 -in. by 2% -in. piece of 
perforated board with holes spaced on 0.1 - 

in. centers. Parts placement is not critical, 
but the general layout shown in Fig. 2 
should be followed to avoid oscillations. 

All components are mounted on the metal 
plate of the utility box. hence, you must 
drill a number of holes through the plate to 
allow the speaker's sound to escape. Also, 
four holes are needed for speaker and board 
assembly mounting, and mounting must be 
made for sensitivity control R6 and antenna 
jack JI. Although a 21 -in. speaker is shown 
in Fig. 2, a smaller speaker 'mild leave 
enough panel space for three access holes 
over the slugs of the i -f transformers to facil- 
itate tuning. Use three spacers and appro- 
priate hardware to mount the speaker and 
hoard assembly on the metal plate. The 
battery can he sandwiched between the 
spacer and the wall of the utilit\ box to keep 
it firmly in place. 

Tune -Up. Initial tune-up of the receiver 
is accomplished as follows: Clip a short an- 
tenna to point A in Fig. 1. Set sensitivity 
control R6 to minimum, and adjust the slugs 
in T3 and then T2 for maximum sound out- 
put from the speaker on the desired FAA 
\ 'cat her channel. You may hear some air 

Fig. 2. Follow parts layout 
shown in photo to minimize the 
chance of oscillations occurring. 

navigation stations in addition to the 
weather broadcast. 

Connect the antenna to J1. Then set /16 
to maximum sensitivity or as high as needed 
to hear the station. Adjust LI and TI for 
maximum signal while reducing the sensi- 
tivity. Remove the external antenna and 
readjust LI and TI through T3 for best re- 
sults with only the built-in ferrite antenna. 
The antenna coil is directional; so, rotate 
the receiver for best results. O 

Photo shows how perforated board, with the 
components, is attached to the front panel. 
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T IST 
SELECTION GUIDE 
FOR EXPERIMENTERS 

Understanding transistor circuit 

characteristics eliminates 

trial -arid -error approach 

BY JON L. TURING 

SELECTING a transistor for a specific 
circuit application involves considerably 

more than just picking a device at random 
and using trial and error to determine 
whether or not it will work. Proper device 
selection requires that the ratings and para- 
meters of a transistor be known and that the 
importance of these characteristics in the 
application be understood. 

As readers doubtlessly know, the bipolar 
transistor is normally forward biased from 
base to emitter and reverse biased from base 
to collector (Fig. 1). In the active mode of 
operation for the transistor, a small change 
in base curent, 1,,, results in a much larger 
change in collector current, I. Transistors 
also have two other modes of operation- 
cut off and saturated. In the cat -off mode, 
only leakage eurent flows through the trans- 
istor. In the saturated mode, maximum cur- 
rent flows, limited only by the external com- 
ponents. Even though we use a transistor 
primarily in the active mode, we can illus- 
trate many parameters much more clearly by 
considering the cut-off and saturated modes. 

Parameters and Characteristics. Here are 
ten transistor characteristics that should be 
taken into account when a device is being 
selected (or when a circuit is being designed 

around it) . Refer to the proper drawings 
in Fig. 2 for pictorial definitions of the 
parameters. 
(1) Vcno: This is the collector -to -base 
breakdown voltage in the reverse -bias con- 
dition. If the collector -to -base voltage is 

VCc (+20V) -Vcc (-20v) 

Fig. 1. Reverse and forward biasing require- 
ments are shown for npn and pnp transistors. 

64 POPULAR ELECTRONICS 



+VCC 

-VB6 
(A) 

+VCC 

Fig. 2. Transistor is shown cut off (A), 

allowed to exceed the breakdovk o value, the 
transistor may be destroyed. Always select 
a transistor whose V,. rating exceeds the 
highest voltage expected to exist in the cir- 
cuit betwen the base and collector. 
(2) V,LB0: This is the emitter -to -base 
breakdown voltage in the reverse -bias con- 
dition. If this value is exceeded, the transis- 
tor may be permanently damaged; so, select 
a transistor whose VERO exceeds the maxi- 
mum voltage that will exist in the base -to - 
emitter circuit. (In most "small -signal" ana- 
log circuits, the base -emitter voltage seldom 
exceeds about 0.8 volt in either the forward 
or the reverse directions. Bence, if this para- 
meter is not specified, it will normally not 
be cause for concern.) 
(3) VEo: This is the maximum allowable 
voltage from collector to emitter with the 
transistor reverse biased (cut off). The 
of the transistor should exceed the power 
supply voltage if the transistor is to operate 
safely. Alternat'vely, the supply voltage for 
the circuit should be maintained at less than 
the Vc.. 
(4) IO,;O: This is the leakage current from 
collector to base when the transistor is re- 
verse biased. This parameter is of major 
importance because it increases rapidly with 
increases in transistor temperature. It can 
affect the biasing of the transistor stage and, 
if excessive, cause increasingly large current 
flow that can result in "thermal runaway", 
ultimately leading to destruction of the 
transistor. Select a transistor whose I,RO is 
less than 0.001 times the normally expected 
collector current. (Usually, silicon t ansis- 

+VCC 

P TOTAL =VCE ,IC 
BETA=IC/IB 

AV=RC/RE 

R 

(C1 

saturated (B), and in normal mode (C). 

VCE 

tors have very small I(.IO ratings. Neverthe- 
less, it is wise to double check.) 
(5) VcE(sAT): This is the voltage from col- 
lector to emitter when the transistor is con- 
ducting maximum current and further in- 
crease in base curent will result in no further 
increase in collector current. This voltage is 
the minimum potential that must be main- 
tained between emitter and collector if 
transistor action is to continue. It is usually 
specified as a specific current, I,s.,T,, and 
should not exceed the power supply voltage 
minus the peak -to -peak expected collector 
voltage swing. 
(6) VEE(SAT): This is the base -to -emitter 
voltage when the transistor is saturated. It 
is usually specified at a specific current, 
'B(SAT>, and is important primarily in switch- 
ing circuits, although it does affect the bias- 
ing of analog circuits. 
(7) I(,,.,,,: This is the absolute maximum 
base current that can safely flow into the 
transistor. Care must be taken to insure that 
the circuit will not cause base current in 
excess of IB(,,," to flow, and, conversely, the 

rating of a device must always exceed 
the maximum expected base current. 
(8) IO(,,AX): This is the absolute maximum 
collector current that can safely flow in the 
transistor. If it is exceeded, the device is 
likely to destruct. The [,.(,,,,) rating should 
exceed the maximum value of collector cur- 
rent that can ever flow in the circuit. 
(9) P(TOT.An: The total (maximum) power 
that a transistor can safely dissipate should 
never be exceeded. The actual power in a 
circuit is equal to VOE X IO when the transis- 
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tor is biased in the active mode. (The base - 
emitter voltage and current also contribute 
to total power, but they arc usually neglig- 
ible with respect to V,,; x I,..) In most cir- 
cuits, it is wise to choose a device whose 

rating is 2(V,.1; X I,). 
(10) 11,:1.:: This is the current gain of the 
transistor when in the common -emitter con- 
figuration (shown in Figs. 1-3) and is usual- 
ly referred to as the transistor's beta (3). 
Beta is defined as the ratio of collector cur- 
rent to base current (/3 = I,:) and is one 
of the most important of a transistor's para- 
meters. It determines the achievable circuit 
gain and the required biasing resistor val- 
ues. It might be specified as a range of 
values (10 to 100) or as a set of values at 
specific collector currents (50 @ 1 mA, 20 
qu) 10 mA, etc.). To select a beta value for 
a given transistor, calculate the value of 
collector current required in the circuit and 
the base current available. In any circuit 
like that shown in Fig. 2C, beta must exceed 
the ratio R,/R,; but must not be so large 
as to allow the transistor to saturate. In a 

new design, the minimum beta is the most 
critical parameter, since the biasing can be 
tailored for any specific value. 

Using The Parameters. The circuit shown 
in Fig. :3 should help in tying together all of 
the seemingly unrelated parameters. With 
this circuit, we will illustrate an actual de- 
sign procedure and demonstrate how each 
parameter relates to the design. 

Let us assume that we need a circuit with 

±VCC(+17V) 

Fig. 3. This diagram shows how the various 
parameters are used in designing a circuit. 

a voltage gain of 10 and a peak -to -peak out- 
put swing of 12 volts across a 1000 -ohm 
resistor (R1.;). We calculate R,; as being 
1000/10, or 100 ohms. (Since voltage gain 
A.' = 11,!R, 111.: = R,/A,-) 

There will he 12 volts peak -to -peak across 
11, and 1.2 volts p -p across R,:. So that 
\ 1,:IT) does not affect the circuit, add 3 or 
4 more volts to the required total potential 
from the power supply. \lake V,,. equal to 
12 + 1.2 -}- :3.8, or 17 volts. With a V 
supply voltage of 17 volts and 11, -1- II, 
equal to 1100 ohms, the maximum collector 
current will be 17 volts/1100 ohms, or 15.45 
mA. \Vith the transistor properly biased, 
there will be about half of this value (about 
8 nnA) of collector current. V,.,.: will be 17 

volts - (8 mA X 1100 ohms) = 8.2 volts. 
Total circuit power, then, is 8.2 volts x 8 
mA = 65.6 mW. 

Now specify a value of 100 for the transis- 
tor's beta. At this point, we can select a 

transistor with the following minimum char- 
acteristic values:`) 

Vt.,.1 V V,,<,1.5 V 
V,.,.:,, 17 V 11:1,1.,., 0.15 mA 
Vr,,0 0.5 V I,.,,," 15.15 in 
V,,:,) 8 ,(A 1 ,I TAI.i 

65.6 mW 
2 V Beta = 100 

andV,;,;,s,T, are not critical; I,;,),.,X) 

= 1,-,,, /Beta. 
You now have enough information to be- 

gin looking through a transistor manual for 
an npn transistor with parameter y allies on 
the sate side of those listed above. Let us 
assume that you settle on a 2N6010 transis- 
tor with the following characteristics: 

= 50 V VI:1?1C{T, =c 1 V 
V,1.:0 = 1 7 V 1111)(.\\, = 8 uiA 

= 5 \ I,:131,., - 800 mA 
Ic,to = 10 nA P,','oT.a ,, = 500 in \V 

\ cl:1s. 1', = 0.25 V Beta = 100 ((-t 10 InA 
A comparison of these characteristics with 
our circuit rear irements reveals that the 
2N6010 transistor will more than adequate- 
ly met our needs. All that is necessary now 
is to compute the correct values of RI: and 
It, using conventional means, and to check 
out the circuit. 

There is a lot of leeway in the selection of 
a Proper transistor for a circuit. The more 
conservatively rated the transistor is for a 

specific (application, the better the proba- 
bility of the circuit operating almost forever. 
\Vhen it is necessary to select a replacement 
transistor, just analyze the circuit for its im- 
portant parameters and se ect a new device 
whose characteristics fit the requirements. OO 
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9 USES for the 99c WONDER 
Tested experimenter circuits that can be 

built with the 703 monolithic amplifier. 

ABUCK 
doesn't go very far these days. 

But it will still buy a lot of electronics. 
For example, for just 99¢, the readily avail- 
able 703 integrated circuit (an emitter - 
coupled i -fir -f amplifier) can be used in 
a multitude of circuits that require a mini- 
mum of parts. 

The 703 is a highly stable, limited -gain 
chip that can be made to operate at fre- 
quencies of up to 150 MHz. Its efficient 

BY JOE A. ROLF 

internal biasing system is easy to use and 
reduces power supply requirements and 
stage decoupling demands. For a buck, it's 
an experimenter's dream. 

With this in mind, we present the follow- 
ing nine projects you can build around this 
popular IC. Three of the projects can be 
used alone; the remaining six can be used 
for experimenting or as acid-ons to existing 
electronic devices. 

High -Input -Impedance Amplifier. This 
circuit, shown in Fig. 1, will deliver up to 
20 mW of audio output power at the sec- 
ondary of T2. With a power gain of 30 dB, 
this circuit can be used as a high -gain 
preamplifier, a driver amplifier, or a low - 
power output stage. The transformers pro- 
vide impedance matching. As such, they 

T! 
O 

can be selected to suit the specific applica- 
tion intended for the circuit. 
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^1009E/6V 
INPUT 

200 Ohms 

FIG. 2 

RC -Coupled A -F Amplifier. With only two 
resistors and three capacitors, the 703 be- 
comes a high -gain RC -coupled audio atnp- 
lifier as shown in Fig. 2. The 2200-ohnt 
output resistor can be replaced by 2000 - 
ohm headsets or an output transformer (sec 
Fig. 1 for hookup). Note that the input 
impedance of this amplifier is low-only 
about 200 ohms. 

.05 to IyF 

O} 6-12 V 

211 XMFR OR 

HEADSET 

FIG. 3 

Code Practice Oscillator. The code prac- 
tice oscillator circuit shown in fig. :3 is 
another minimum -component project. The 
output can he a small transformer for feed- 
ing a small speaker, or it can be a headset 
load. The frequency of the tone is deter- 
mined by the value of the feedback capaci- 
tor. To make an oscillator with a "warble." 
use two capacitors of different values and 
switch one in and out of the circuit. For 
au electronic siren, connect a 4700 -10,000 - 
ohm resistor between pin 8 of the 703 IC 
and the key and a 100-200-1sF capacitor 
from pin 7 to pin 4. 

455 -kHz I -F Amplifier. In Fig. 4 is shown 
the schematic of a 455 -kHz i -f amplifier 
made from four readily available com- 
ponents. 13v cascading several of these high - 
gain i -f amplifiers, you can make a complete 
i -f strip for use in a receiver project. The 
internal bias and limited -gain features of 
the 70:3 reduce the need for decoupling 
when several stages are cascaded. 

R -F Amplifier. The Fig. 5 r -f amplifier, 
designed to operate from 500 kHz to 100 
M117., has its input and output circuits 
tuned by LC networks. As shown in the 
short accompanying table, the value of C 
in both cases must be selected for the 
fre luency range desired. The tuning ca- 
pacitors should be small trimmers to permit 
tuning for maximum response at a given 
frequency. 

+ 6-12 V 

FIG. 5 

C .5-11A14z .IyF 
1 - 10 MHz .05oF 

10- 30MHz .013F 
30-100MHz .00IyF 

Crystal Oscillator. A 1-30-NIHz crystal 
oscillator is easy to build when using a 
70:3 IC (see Fig. 6). The values of CI, C2, 
and L are determined by the crystal and 
the operating frequency. Capacitor C2 is 
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the most critical component; it must be 
selected to provide just enough feedback 
for stable operation. Inductor L is used for 
bias decoupling and, in some cases, can he 
replaced with a 220 -ohm resistor. 

+ 6-12 V 

)TAL rREO. 

CI 

.__p 
XTAL 1 

C2 

FIG. 6 

6-12 V 

1000F 

Clc 10-500F 
C2c 50-47CpF 

Lc.1-2.5mH 

can accommodate. The IC in this case 
functions as a reflex' converter, operating 
both as a mixer and a local crystal -con- 
trolled oscillator. The circuit is simple to 
build and get to working if care is taken 
with layout and component leads arc kept 
short. For improved selectivity and sensi- 
tivity, you can add the r -f amplifier circuit 
shown in Fig. 5 to the output of the con- 
verter. 

-I- 9-12 V 

L I. 3 Turns *26 Wire 

L2 8 L3: 14 Turns x26 Wire on 

5/16" Form 

L4c l80pH 

ANT0 LI 

I LOOPSTICK 
ANT COIL 

FIG. 7 

220 250pF6V 

8-16 Ohm 
SPEAKER 

AM Wireless Microphone. The wireless 
microphone in Fig. 7 is designed to transmit 
voice signals by radio up to about 100 ft 
to an AM broadcast receiver. Here, the 703 
IC is used as an oscillator and audio amp- 
lifier. Only a small transistor radio speaker 
is needed as a microphone. For use as a 
phono-oscillator, replace the speaker with 
a 50,000:1000 -ohm transformer, and con- 
nect the high -impedance winding to the 
phono cartridge. 

27 -MHz CB Converter. With the circuit 
shown in Fig. 8, you can listen to CH calls 
on your AM broadcast -band receiver. The 
27 -MHz CB signals picked up by the an- 
tenna are converted in this circuit to a 
range of frequencies your BCH receiver 

9-12 V 

5K 

L3 

270oF 
O .5- L5 MHz 

1OODF 

ab MHz or 
2E MHz Sial 

100 op 

+-t 

FIG. 8 

440ohm 6V/10rA 
Relay (Colectro 01-966) 

Cd5 Photocell 

FIG. 9 

Photoelectric Control. The 703 IC can 
even be used as a do amplifier as demon- 
strated by the photoelectric control shown 
in Fig. 9. This circuit has a 5000 -ohm 
sensitivity control potentiometer that per- 
mits you to "time" it to respond to a suit- 
able light source 5 to 10 ft away. A small, 
sensitive relay must be used to drive what- 
ever signaling load von desire. The current 
drain for this circuit is very small, making 
the photoelectric control ideal for battery 
operat ion. 
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Product 
Test Reports 

SONY MODEL STR-7045 STEREO RECEIVER 

(A Hirsch -Houck Labs Report) 

,::...i'itird:-- t 

. 

4, k. IC 

TIlE 
MEDIUM-PRICED ($:349.50) 'Sony 

Model STR-7045 AM/stereo FM re- 
ceiver provides the essential features and 
performance quality of the company's top - 
priced receivers at only a minor sacrifice of 
tuner sensitivity and audio outp it power. 
With both channels driven simultaneously, 
the receiver is rated to deliver :30 watts/ 
channel into 8 -ohm loads at all frequencies 
between 20 and 20,000 I Iz. 

The IIIF I' \1 tuner sensitivity is rated at 
2.(i uV, with a 1.5 -dB capture ratio and a 
70-d6 signal-to-noise (S/N) ratio. In stereo 
FM, the rated channel separation is :38 dB 
at f00 IIz. Tuner distortion is specified at 
only 0.2 percent in mono and 0.5 percent in 
stereo. 

The SPEAKER SELECTOR switch in the re- 
ceiver has positions for REMOTE, MAIN, and 
BOTII sets of speaker systems simultaneously. 
An OFF position silences the speakers to per- 
mit private headphone listening via a jack 
located on the receiver's front panel. The 
BASS and TREBLE controls, each a concentric 
pair, provide for independent control of the 
tone in each channel. The MODE switch per- 
mits selection of stereo operation in both the 
normal and reversed left -to -right orienta- 
tions, the sum of both channels to both 
speakers, or either input channel to both 
speakers. 

For program selection, a combination of 
a three -position lever switch and a rotary 

switch are used. The upper and lower posi- 
tions of the lever select the PHONO and AUN 

inputs, respectively. With the lever in the 
center position, the input source is selected 
by the FUNCTION switch that has positions 
for F\I (automatic stereo or 010110), AM and 
Aux 2. This arrangement, for some time fea- 
tured by Sony, simplifies selection of the 
most commonly used program sources, using 
only the lever switch. 

Another lever switch controls the tape 
monitoring function, two others are used for 
switching in and out the II1014 CUT filter and 
FM MUTING, and a final one is the rowEII 
on/off switch. 

Laboratory Measurements. Driving both 
channels of the receiver into 8 -ohm loads 
with a 1000-IIz input signal, the audio am- 
plifiers clipped at 38.5 watts/channel. Into 
4 ohms, the power was 53.5 watts/channel, 
while into 16 ohms, it was 24.8 watts/chan- 
nel. 

The 1000 -Hz THD was unusually low, 

,.0 

02 

á _. 

SONY STR-7045 

'Cl NA O5 C D 5,001,OV 
----60/TCOO,Ia VM0KT0>T0, 
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0., 

J 

D2 05 ,O 20 50 

CONTINUOUS AND EQUIVALENT 
SINE -WAVE POWER OUTPUT PER CHANNEL IN WATTS 
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compared to other receivers in the STR- 
7045's price range-and even some much 
more expensive receivers. From a mere 
0.065 percent at 0.1 watt, it fell to about 
0.01 percent between 5 and 30 watts output 
and reached only 0.1 percent at 38 watts 
output. 

The IM distortion, starting from 0.1 per- 
cent at 0.1 watt, increased to 0.2 percent at 
30 watts and 0.5 percent at 40 watts. The 
absence of crossover distortion can be 
judged from the fact that the TM distortion 
was less than 0.2 percent at all power levels 
from 30 watts down to a mere 1 milliwatt! 

SONY STR-7045 
REEEREIKE POWER ISO I 

POwER (-SaBI 05 .RAL 
- EOw POwERI- IOaRI 

az 

a, 

V 
OS 

--.'-".....411 
,.-.. '/ 

.02 .......`` 
\4 

01 4 . /' r' r 
005 

002 

FREQUENCY IN HE (CYCLES PER SECOND) 

Sony's conservative power ratings were em- 
phasized by the fact that at the rated 30 
watts/channel (or less), the THD was under 
0.1 percent at any frequency from 20 to 
20,000 Hz and was typically about 0.02 per- 
cent. 

The amplifier could be driven to 10 watts 
output by a 65 -mV signal through the Aux 
input or a 0.8 -mV signal through the PxoNo 
input. The corresponding noise levels were a 
very low -75 dB and -74 dB. Phono over- 
load occurred at a comfortably high 82 -mV 
input, in spite of the preamplifier's high gain. 

The bass tone control had a sliding inflec- 
tion point, from about I50 to 600 Hz, de- 
pending on the control setting. The treble 
control affected frequencies greater than ap- 
proximately 1500 Hz. The loudness compen- 
sation boosted both low and high frequen- 
cies, and the !flex CUT filter had a 6-d15/ 
octave slope, with a -3 -dB point at 4500 
Ilz. 

The RIAA phono equalization was accu- 
rate to within ±0.5 dB from 30 Ilz to 15,000 
Hz. Like most phono preamps, its response 
was affected somewhat by the inductance of 
the phono cartridge connected to the re- 
ceiver's input. This had the effect of reduc- 
ing the response by 1 dB at 5000 llz, 2 db 
at 10,000 Hz, and 2.5 to 4 dB at 20,000 IIz, 
depending on the cartridge used. These 
values are fairly typical of the behavior of 
most modern amplifiers and receivers. 

The FM tuner exhibited an II IF sensitiv- 
ity of 3.1 pV and reached a 50 -dB quieting 
in mono at 4µV, with 1.6 percent THD at 
that input. In stereo, 50 dB of quieting oc- 
curred at 43 µV, with only 0.5 percent THD. 
The ultimate S/N ratio at 1000 1&V was 74 
dB in mono and 71 dB in stereo. FM distor- 
tion at 1000 µV was 0.05 percent ill mono 
(probably the residual level of our signal 
generator) and 0.24 percent in stereo. 

In the stereo FM mode, the frequency 
response was within -±-1 dB from 40 Hz to 
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NEW FROM 
BELL & HOWELL 

SCHOOLS... 
THE REVOLUTIONARY 

25 -INCH DIAGONAL 
DIGITAL 

COLOR TV 
YOU ACTUALLY 

BUILD YO 'SELF! 
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"Ele:au La. tf is a registered trademark of Me Bell & Howell Company. 

l 
Simulated TV picture 

Build one of today's most advanced color TV's as part of 
a complete learn -at-home program! It's an enjoyable way to 

discover the exciting field of digital electronics! 

Digital electronics is a fascinating world to explore! If s an 
expanding technology that's changing not only our clocks, 
wristwatches and pocket calculators, but now, color TV! 

By building Bell & Howell's big -screen color TV with 
digital features, you'll learn about this exciting field first hand. 
And you'll take special pride in this remarkable TV because 
you built it yourself! 

You work with a color TV that's ahead of its time .. 
with revolutionary features like: 

Channel numbers that flash on the screen 
Wait until you see 

channel numbers that 
actually flash on the 
screen! You can even 
pre-set how long you 
want them to stay on 
before fading. 

Automatic pre-set channel selector 
With just the push 

of a button, your favorite 
channels come on in the 

I sequence you pre-set. 
All "dead" channels are 
skipped over. You can 

1 1 even intermix UHF and 
2 

; :-. VHF channels! 

Digital clock that flashes on screen 
Imagine pushing a 1111 button and seeing the 

0239:03 
correct time on your TV 
screen! The hours, min- 
utes and seconds appear 

' in clear, easy -to -read 
L digital numbers. 

What's more, Bell & Howell's color TV has silent, all - 
electronic tuning, "state-of-the-art" integrated circuitry, the 
advanced Black Matrix picture tube for a brighter, sharper 

picture and a 100% solid-state chassis for longer life and 
dependability. 

You need no prior electronics background! 
We start you off with the basics. You'll receive a special 

Lab Starer Kit with your first lesson so that you can get imme- 
diate "hands on" experience to help you better understand newly - 
learned electronics principles. Later, you'll use your new knowl- 
edge and learn valuable skills as you build the color TV. You can 
take full advantage of our toll -free phone-in assistance service 
throughout the program and also our in -person "help sessions" 
held in 50 cities at various times throughout the year where you 
can "talk shop" with your instructors and fellow students. 

You also build Bell & Howell's exclusive 
Electro -L b 
electronics training system 

Inclules building the three 
professional instruments you'll need 
to test the TV and perform 
fascinating electronics experiments. 

The digital multimeter (pictured here>, solid-state "triggered 
sweep" oscilloscope and design console make up one of the very 
best sets of electronics training equipment available today. 

The skills you learn could lead to part-time income- 
perhaps a business of your own! 

Bell & Howell Schools' at-home training program 
could lead to new income opportunities, full or part time. No 
better or more practical at-home training in electronics is 
available anywhere! While many of our students do not ask for 
employment assistance, it is available. Of course, no assurance 
of income opportunities can be offered, 

Mail the postage -free card today! 
This Bell & Howell Schools' program is approved by the 

state approval agency for Veterans' Benefits. Please check the 
appropriate box on the card for free information. 

If card has been removed, write: 
An Electronics Home Study School 
OrVRY InSnTUTE OF TECH nappy 

6 tK 

BELL Es HOWELL SCHOOLS 
4141 Belmont. Chicago. Illinois 601.41 
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11,500 IIz. It was down 3.5 dB at 30 Hz 
and 15,000 Hz. Channel separation was 38 
c1B at middle frequencies and exceeded 20 
dB between 30 Hz and 10,500 Hz. It was 
16 d13 at 15,000 Hz. 

In all other respects, the FM tuner acquit- 
ted itself very well. Capture ratio was 1.6 
dB at 30 and 15,000 Hz, and image rejec- 
tion was a very good 86 d13. Alternate -chan- 
nel selectivity was at least 59 dB above and 
64.5 dB below the signal frequency. Accu- 
rate measurements were prevented by the 
receiver's mild, but nondefeatable, afc which 

caused it to "lock onto" the interfering sig- 
nal before the ;nterference actually occurred. 
The threshold for FM muting and stereo 
switching \vas 7µV. The AM tuner had a 
typically limited frequency response that 
was down 6 dB at 100 and 3500 Hz. 

User Comments. If one were to character- 
ize the receiver in a single word, it would 
have to be "clean". Attractive, functional 
st} ling, coupled with a minimum of external 
complexity, is accompanied by extraordinar- 
ily Iow distórtion over the full frequency 
range (and a very respectable power capabil- 
ity). FM tuner distortion is comparable to 
the residual levels in today's finest laboratory 
signal generators. 

The published ratings of the STR-7045, 
good as they are, do not do justice to this 
fine receiver. The numerically unimpressive 
IHF sensitivity actually is no disadvantage 
unless one is located 100 miles from an FM 
transmitter, whereas image rejection, selec- 
tivity, and very low distortion allow the re- 
ceiver to cope with typical suburban and 
urban listening conditions. 

Circle No. 65 on Reader Service Cord 

DUAL MODEL 701 SINGLE -PLAY AUTOMATIC 
(A Hirsch -Houck Labs Report) 

T HE Model 701 single -play automatic 
turntable from Dual features an auto- 

matically regulated direct -drive system. Its 
motor, turning at a selectable speed of 333; 
or 45 rpm, eliminates the need for idler 
wheels and belts. The low speed assures 
that all rumble is well below audible fre- 
quencies and is very low in amplitude. 

The do motor in the turntable employs 
Hall -effect devices in its electronic feedback 
and driving circuits. These not only main- 
tain a constant average speed, they also re- 
duce to a very low level the instantaneous 
variations that cause "wow" and "flutter." 

Externally, the 701 appears to be similar 
to the top -of -the -line Dual Model 1229 rec- 
ord changer. Its tonearm is nearly identical, 
with only a slight change in the gimbal 
pivot structure and a new counterweight 
design. Adjusted to balance the tonearm, 
the latter has an independently supported 
weight within its outer shell. This is the 
equivalent of two mechanical filters that 
"tune out" the tonearm/cartridge resonance 
and the lower resonant frequency of the 
turntable chassis and mounting system. 

TURNTABLE 

r...5-t"7" %,z, 
`*.y... ..-. . 

' -_v- - v 
-. - r-- ^ _.11~111111. - - - 

A stylus force gauge on the pivot struc- 
ture is calibrated from 0 to 3 grams in incre- 
ments of 0.1 gram up to 1.5 grams and 0.25 
grain from 1.5 to 3 grams. The anti -skating 
compensation dial has two calibration scales 
(for conical and elliptical styli) that corre- 
spond to the tracking force in use. The car- 
tridge mounts in a plastic insert, the latter 
supplied with a plastic jig that accurately 
locates the stylus for minimum tracking 
error. 

The cueing lever raises and lowers the 
tonearm under damped control. Two levers 
-one for speed selection and the other to 
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C0111 1.01 STOP/ STAlrr-control the operating 
functions of the turntable. The turntable can 
be operated manually simply by lifting the 
pickup from the arm rest. Picking up the 
tonearm starts the motor; returning it to the 
arm rest shuts off the motor. However, it is 
not necessary to manually return the arm to 
the rest at the end of manual phis'. The tone - 
arm automatically lifts at the end of play 
and returns to rest, shutting off the motor. 

The vernier speed -trim control (operates 
on both speeds) has a nominal range of 8 
percent. The ender side of the 12 -in., 6 -lb 
10 -oz platter has stroboscope markings that 
can be viewed through an internal mirror 
system. 

The Dual Model 701 automatic turntable, 
complete with dustcovcr and wooden base, 
retails for $400. 

Laboratory Measurements. In our lab, the 
701's wow was the lowest we have yet to 
measure in a turntable. The 0.03 -percent 
reading we obtained probably represents the 
residual wow on our test record. Flutter was 
slightly higher. The 0.07 -percent figure we 
measured consisted of higher frequency 
(around 200 Hz) components that were 

relatively less audible than would be the 
case with most other turntables. 

In our tests, the vernier control could be 
varied by +5.5 and -7.6 percent about the 
nominal frequency, clanging less that 0.6 
percent with extreme line -voltage variations 
of from 90 to 140 volts ac. The platter 
reached its operating speed in 2 to 3 seconds 
after the START lever was operated, but total 
cycling time between operating the lever 
and the beginning of play was on the order 
of 6 to 7 seconds. 

Rumble was also the lowest we have ever 
measured on a turntable. Unweighted 
(NAB) rumble was -41 dB, including both 
lateral and vertical components, and -45 
dB with vertical rumble cancelled out by 
paralleling the outputs of the cartridge. 
With RRLL relative audibility weighting, 
rumble was -66 dB-some 6 to 10 dB 
lower than that found in most of the finest 
turntables we have tested. This is largely 
due to the direct -drive system (the platter 
sits directly on the niotor.s spindle), since 
the basic nimble frequency is about 0.5 Hz, 
and its harmonics are well below the lowest 
audible frequency. 

The tracking error of the tonearm was as 

Affordable, 
portable 
function 

generator.' 
$149°S 

We've built ultra -sophisticated function generators that sell 
for nearly two thousand dollars. But the Model 30 may be 
our greatest achievement. An under -$150 function generator 
that can do all this: 2Hz to 200 KHz frequency range; sine, 
square, triangle outputs; linear and logarithmicsweep. Because 
it's battery operated, the Model 30 can be used anywhere, 
with complete line isolation. (A rechargeable power supply , 

V/vT K® kit is available for line operation.) Because it's only $149.95, V 
everyone can afford to buy one. How can you function 
without it? 

P.O. Box 651. San Diego. Calif. 92112: 
TWX 910-335.2007, Tel. (714) 279-2200 
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low as a pivoted arm of its length could be: 
not more than 0.25°/in. of radius. The 
tracking force dial calibration was unusually 
accurate, within 0.1 grain of the scale read- 
ing o\er most of its range. At the 1 -gram 
setting, where we operated the 701 during 
most of our tests, the error was less than 
0.05 gram! 

\Ve noted an apparent discrepancy in the 
two anti -skating scales, since the red (con- 
ical) scale appeared to give more accurate 
compensation with our Shure V-15 Type III 
cartridge than did the white scale. However, 
since the difference between the two settings 

was about 0.25 gram, and even the "worst" 
was far more accurate than almost any other 
anti -skating calibration we have seen on a 
tonearm, this is really not a serious matter. 

User Comment. In almost every respect, 
the Dual 701 surpassed just about every 
other record player-manual or automatic- 
that we have tested. Its operation is as sim- 
ple and foolproof as could he desired, and 
its electrical and mechanical silence is un- 
canny. During operation, whether playing 
or cycling, not a whisper can be heard from 
the player, nor a click from the speakers. 

Circle No. 66 on Reader Service Card 

ANTENNA SPECIALISTS MODEL MON-41 VHF CONVERTER 

NO\V 
YOU can monitor any of three 

Public Safety broadcast hands through 
the receiver portion of a CB transceiver 
with the aid of a device recently developed 
by Antenna Specialists Co. Called the 
"Translator", it converts Public Safety broad- 
cast frequencies to 27.065 \1IIz for recep- 
tion on Channel 9 in the Citizens Band. 

Three Translator Models arc available, 
each capable of providing monitoring facil- 
ities on any two channels within their re- 
spective hands. The Model MON-40 covers 
the :30-50-Mllz vhf low band, while the 
MON-41 (the one we used for our tests) 
corers the 148-174-MIIz vhf high band. 
Coverage of the 450-470-\Illz uhf band is 
provided by the Model \iON-42. The two 
vhf models retail for $40 each, and the uhf 
model sells for 845. These prices include 
mobile mounting brackets lint not crystals 
for the desired channels. 

How It Works. The NION-41 employs a 
MOSFET r -f amplifier and mixer. The r -f 
circuits are adjusted to provide uniform 
response within the required frequency 
range. The heterodyning signal fed into the 
mixer comes from a crystal -controlled local 
oscillator, the frequency of which ís multi- 
plied to provide a 27.065 -MHz difference 
frequency to be fed to the CB transceiver. 

Although the Public Safety communica- 
tion systems employ frequency modulation 
(FM ), they can still be "demodulated" by 
an AM CB receiver through a process known 
as "slope detection". The signal is tuned 
toward the edge of the receiver's i -f selectiv- 
ity curve where the response simply "slopes" 

-' :b 
T!5 Mxi1 

down in a rathe_ linear fashion. This makes 
the FM signal "look" like an AM signal to 
the detector. (This method is satisfactory 
only for narrow -hand FM, the type em- 
ployed by these particular services.) 

The point where the receiver's i -f selectiv- 
ity starts to chop and its slope changes 
varies from receiver to receiver. Hence, pro- 
visions are included in the Translator to 
move its crystal frequency to create up to 
about a 10-kllz shift in the injector signal. 

Operation. The Translator has three push- 
button switches. Two of these select the 
desired channel crystal. The third controls 
power to the converter and transfers the CB 
receiver's input between the CB antenna 
and output of the Translator. When power 
is on, a light -emitting diode glows and indi- 
cates that the CB antenna is disconnected. 

Operation is simple. All that need be 
clone is to depress the pushbutton for one of 
the two channels, set the CH transceiver to 
Channel 9, and turn on the power to the 
Translator. 

While listening to Public Safety broad- 
casts, it is still possible to monitor CB Chan - 
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nel 9. R -f leakage around the antenna - 
changeover section of the on/off switch ac- 

complishes this. However, the overall sensi- 

tiv ity of the setup will be reduced for the 
CB signal. \Ve discovered that, in this case, 

detection of a regular C13 Channel -9 signal 
would require an input of about 100 µV. 
Normal Channel -9 reception requires that 
the Translator be switched off. The con- 
verter must also be switched off for recep- 
tion on any of the other CB channels. 

With respect to the latter, if a CB trans- 
mission is attempted when the Translator is 

on, shunt -connected diodes in the con\ert- 
er's output circuit protect it from damage 
by r -f energy. Without these protective di- 
odes, the Translator's output is connected 
directly to the CB transmitter's output and 
keying the latter would destroy the former's 
output circuit. Nor should damage occur to 
the CB transceiver's output circuitry in the 
event the transmitter is keyed while its out- 
put is connected to the output of the Trans- 
lator. The converter's output is designed to 

present an S\VR of less than 2:1 to the CB 
rig. 

To obtain the best reception with a par- 
ticular C13 rig, the frequency of the Trans- 
lator's crystal must be adjusted accordingly. 
This requires removal of the converter's 
cover and adjusting the related trimmer ca- 
pacitor while listening to the desired signal. 
In some cases, this might require fast action 
because PS transmissions are usually brief in 
duration and at intermittent periods. \Vhere 
available, the transceiver's "delta tune'' con- 
trol may also prove useful to clarify the 
signal. 

Performance. When used with several dif- 
ferent transceivers. the Translator performed 
satisfactoril\ on our local police broadcast 
channels and the National Weather Service 
broadcasts. If you are in a good signal area, 
particularly where relatively high antennas 
are involved at the transmitter or receiver, 
good reception can be expected within nor- 
mal local communication ranges. 

Circle No. 67 on Reader Service Card 

HM ELECTRONICS MODEL HM -310 

YOU probably think all VOM's are easily 
identifiable by their black plastic cases, 

large meter movements, and capabilities of 
measuring voltage, resistance, and current. 
Well, have another look. While it is true 
that, at first glance, the i M Electronics, 
Inc., Model HM -310 VOM looks like any 
other multimeter, have a closer look. This 
$60 three -in -one test instrument can mea- 
sure voltage, resistance, and current. But it 
also has built-in facilities for measuring ca- 
pacitance and checking transistors. 

As a \'O\i, the nnrltimeter has seven de 
voltage ranges from 1.20 m\' to 600 V full- 
scale at a sensitivity of 100,000 ohms/volt; 
four ranges for ac voltage from 6 to 600 \' 
full-scale at a sensitivity of 10,000 ohms/ 
volt; direct current ranges (four in all) from 
120 µA to :300 mA full-scale, plus a 12-A 
range; and three resistance ranges (RX I, 
R\IK, and RX0.IM). A dB range from 
-20 to +58 is also provided. 

The first new function built into the in- 
strument is the capacitance measuring fa- 
cility that uses line voltage as the measure- 
ment source. It has two ranges: 0-0.01 and 
0-0.2 µF Measurements can be 
made from either 50- or 60-1Iz lines, since 
separate scales for each are provided on the 
meter face. 

.--, 
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As a transistor tester, the instrument 
checks alpha from 0 to 0.9965 and beta 
from 0 to 285. Collector -to -base leakage 
current is checked in two ranges at 12 and 
48 µA full-scale for both npn and pnp tran- 
sistors. 
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The accuracy on all dc ranges is 3 per- 
cent of full-scale, while on ac it is 4 percent. 
The meter movement has an anti -parallax 
mirrored scale to reduce reading errors. The 
movement has a 7.5-µA full-scale sensitivity, 
and it is protected against overload damage 
by a pair of silicon diodes. 

The 11\l-310 multimeter measures 6 in. 
by 5 in. by 23 in. Its carrying handle can be 
swung back to serve as a tilt stand on the 
service bench and in the field. Three bat - 

Circle No. 68 on 

to ies (two 1.5 -volt and one 22.5 -volt) pro- 
vide the power needed for all ranges except 
when making capacitance measurements. A 
pair of conventional red and black test leads 
is provided, while a front -panel heavy- 
duty transistor socket is used for making 
the semiconductor tests. 

Optional extras for the HM -310 VO\1 
include a 30-k1' do probe for high -voltage 
TV receiver measurements, a 3 -kV and a 
6 -kV ac probe, and a carrying case. 

Reader Service Card 

TAG ELECTRONICS WATER ALARM 

ALTHOUGH 
water is a necessity for hu- 

man existence, there are times when 
water can become too much for human suf- 
ferance-like when it starts filling up base- 
ments and boats. If that is your problem, 
cheer up. Tag Electronics, Inc., is marketing 
a Water Alarm that is in all likelihood one of 
the most convenient moisture/liquid detec- 
tors around. 

The Water Alarm is built into a black 
plastic box that measures 614 in. by 314 in. by 
2 in. Its all solid-state circuitry, powered by 
a pair of conventional alkaline D cells, 
drives a small but strident horn whenever 
the alarm trips clue to the pressence of mois- 
ture at a pair of metal contacts mounted 
flush with the bottom of the box. 

The Water Alarm is an all -in -one unit. It 
has no switches, requires no wiring, and 
sloes not have to be mounted on a wall. Four 
small extruded bumps at the corners support 
the box (and metal contacts that serve as the 
sensor) off any normally damp floor. 

When a moisture path exists between the 
sensor contacts, the alarm trips and the horn 
sounds. The blast is continuous for a short 
time. It then cycles on and off for about 10 
hours if fresh alkaline cells are used. Since 
there are no switches or other controls to get 
at, the only way to shut off the alarm is to 
pick it up off the wet floor. This breaks the 
moisture path between the sensor contacts 
and resets the alarm. (The current drain on 
standby is almost zero, so that a pair of alka- 
line D cells should last about a year; less if 
the alarm is periodically tripped.) 

We tested the Water Alarm by placing a 
moistened fingertip across the sensor con- 
tacts. The horn sounded immediately. Then 

ti 

we field tested it by placing it on a back 
porch. Sure enough, when it began to rain, 
the horn sounded. But where we really 
wanted (and needed) it was in the bilge of 
our small, outboard -motor boat. We hoped 
the alarm would signal the presence of water 
in the boat long before we had to abandon 
ship. It did, and we got the pump going in 
time to prevent a salvage operation. 

(Note: If you have an inboard -powered 
boat and are planning to use the Water 
Alarm, mount the box above -deck and run a 
length of ordinary line cord with the ends 
exposed between box sensor contacts and 
bilge. The buzzing contacts on the horn 
should not be used in a gasoline -fume -filled 
atmosphere. Tag will supply a 10 -ft. cable 
for inboard -motor boat use.) 

All in all, the alarm is a handy item to 
have around the house, boat, or shop. Its 
purchase price of $15 is far less than the 
damage that can be caused by not knowing 
that water is building up. You will still have 
to "man the pumps," but at least you will 
man them before considerable damage can 
be inflicted by the water. 

Circle No. 69 on Reader Service Card 
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Solid State 
FROM TIME TO TI\IE, we have received 

complaints from experimenters who as- 

sembled projects using circuits published in 
manufacturers' application notes Inc' ha\e 
been unable to obtain satisfactory perform- 
ance. In many cases, the difficulties were 
traced to interpretation of the published 
schematic diagram. 

By definition, a schematic diagram shows 
only the scheme of a circuit's Wiring. Sym- 
bols, rather than pictorial reproductions, are 
used for components and devices, with in- 
terconnecting lines to show the \viring. 
When dealing with basic circuits, rather 
than specific equipment designs, engineers 
frequently omit unnecessary frills in the in- 
terest of clarity. After all, a basic schematic 
is easier to draw than a complete wiring 
diagram. 

The practice is not new. Back in the years 
B.T. (before transistors), design engineers 
and techuiciaus often simplified their vac- 
uum -tube schematic diagrams by eliminat- 
ing "obvious" connections. Typically, the 
power supply would be omitted, with a 

simple arrow pointing to "13+." Often, the 
filament wiring was not shown, as everyone 
capable of reading a schematic knew that 
the tube filaments had to be connected for 
the circuit to function. This led to simpler 
and less intricate diagrams, while retaining 
all the information needed to understand and 
duplicate the circuit. 

Quite often, basic (as opposed to com- 
plete) schematics are used by semiconduc- 
tor manufacturers when publishing IC data 
sheets and application notes. Terminal num- 
bers may be omitted because a particular de- 
vice is available in several different packages 
-DIP, TO, flat pack-and, while the basic 
circuit connections are unchanged, the ter- 
minal numbers vary, depending on \U high 
version of the device is used in the circuit. 
Power supply connections may be omitted 
because these arc obvious on the terminal 

By Lou Garner 

diagram given in the data sheet. Supply 
o tages may be omitted because these are 

not critical within the device's maximum 
ratings or because the circuit is intended to 
use a "standard" voltage (5, (3, 9 or 12 
volts). Similarly, resistor wattage ratings 
and capacitor types seldom are specified un- 
less critical. The person using the diagram 
is expecied to use some judgement; and, 
certainly, he wouldn't expect to find a 20- 
\vatt wirewound resistor in a micropower 
op -amp or low-level digital circuit. 

Unfortunately, not everyone reading or 
using published schematics understands this 
practice. If a wiring connection is not shown 
(e\ en though it obviously must be included 
for the circuit to work), the user may simply 
assume that it is not present or, in fact, it is 

not essential to circuit operation. This mis- 
understanding can lead to such interesting 
situations as a powerless audio amplifier. 

The differences between a complete sche- 
matic wiring diagram as might be found, 
say, in a magazine construction article, and 
a basic schematic are illustrated in Figs. 1 

and 2, respectively. Both are diagrams of a 

square -wave oscillator using one section of 
a National Senliconchictor type L\I12-í 
quad op -amp IC. Although both contain the 
same basic information, the simpler diagram 
might be misinterpreted by a less experi- 
enced hobbyist. 

Interpreting 
Schematic 
Diagrams 
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Referring to Fig. 1, note that all circuit 
details are shown, including device terminal 
numbers, the power supply (battery B1), 
power connections to IC terminals 4 and 11, 
and a spst on -off switch (SI ). The LÁ1124 
may be used on supply voltages of 3 to 30 
volts, so a standard 6-\ oh battery could be 
used for B1. Since relatncly little power is 
involved, iá- or 11 -watt resistors can be em- 
ployed, and CI could be a ceramic, \lylar, 
or tubular paper capacitor. 

In contrast, the simpler circuit given in 
Fig. 2 is the type one might find in a manu- 
facturer's application note. ilere, pin num- 
bers are not identified, since these depend 
on vhich section of the quad amp is to he 
used. A power source is not shoe n; and the 
power connections to the op amp itself are 
omitted, since these two terminals are com- 
mon to all four units and, in any case, are 
clearly identified on the data sheet's termi- 
nal diagram. Despite the omissions, the sim- 
pler diagram contains the same basic in- 
formation as Fig. 1 and could be used just 
as easily by an engineer, technician, or ex- 
perienced hobbyist. 

Both complete and basic schematics are 
shown in this column, from time to time. 
Generally, to avoid possible copy errors and 
to insure elarity,'-we show all diagrams in 
the same form as given in the original 
source, whether it was a data sheet, manu- 
facturer's application note, reference man- 
ual, or reader's letter. 

When working with basic schematics, the 
following tips arc helpful: 
1. Refer to the device's data sheet for termi- 
nal connections. 
2. Remember that most circuits require a 
power source. If no power connections are 
shown on the schematic, check the device's 
terminal diagram. 
3. If supply N oltages are not specified, check 

the data sheet for maximum ratings and use 
a mid -range value below the maximum. 
4. If resistor wattage ratings are not indi- 
cated, consider the power levels involved. 
Ás a general vile, low -wattage resistors (11 

or 31 watt) may be used with most low-level 
IC's. 
5. Capacitor values generally are given in 
microfarads unless otherwise specified. 
6. If a split power source is indicated, either 
on the diagram or on the device data sheet, 
remember that the center tap is connected 
to circuit ground. A typical value for an op 
amp circuit, might be -±15 volts. Such a 
specification means that a split or dual de 
power source is required, furnishing 15 volts 
on either side of the common ground termi- 
nal. 

Reader's Circuit. Responding to the cal] 
for circuits in our March column, Richard 
K. Brush (165 Leslie Ave., #2, Salt Lake 
City, UT 84115) submitted the buffer am- 
plifier/differentiator circuit illustrated in 
Fig. 3. Richard suggests the circuit as an 
improved and more versatile design than 
the basic differentiator circuit described by 
Leslie Solomon in his "Test Equipment 
Scene" for November, 1972. The new cir- 
cuit is suitable for checking sine waves for 
distortion; but it has the advantage of offer- 
ing several different RC time constants, per- 
mitting its application over a broader range 
of test frequencies. In addition, the circuit 
may be used as a straight buffer amplifier 
for more general tests. 

In operation, half of a 558 dual op amp 
(ICI) series as a buffer amplifier; the sec- 
ond half (1C2) is a differentiator. Switch 
SI selects the capacitor value (CI) used for 
differentiation, with R3 providing a fine 
control over the RC time constant. Potenti- 
ometer R1 acts as the input level control, 

V+ 

CI 
.001yF 

RI 
TOOK 

R3 
TOOK 

o 

Fig. 1. Schematic with all circuit details, in- Fig. 2. Simplified diagram of same circuit 
cluding terminal numbers and power supply. as Fig 1, as it is used in application notes. 
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Fig. 3. Simplified buffer amplifier/differentiator has several RC time constants. 

while S2 is used to select the preferred mode 
of circuit operation (either buffer or differ- 
entiation). Potentiometer R2 provides ad- 
justable frequency compensation to insure 
optimum performance. 

Any of several available versions of the 
558 may he used when duplicating 
Richard's circuit. This device is essentially 
a pair of 741 op amps in a single package. 
Check the data sheet of the specific type 
for terminal connections. The 558 normally 
requires a split power source, and a dual 
9 -volt supply vas used in the original model. 

Richard recommends the use of log taper 
potentiometers for R2 and R3. He writes, 
further, that compensation capacitor C2, al- 
though suggested in op amp literature, is 
not needed in this particular circuit. 

What's in a Type Number? Unless my 
memory bank has dropped a few bytes 
somewhere, it was Shakespeare who wrote: 
"What is in a name? That which we call a 
rose by any other name would smell as 
sweet." Today, we feel inclined to para- 
phrase the Bard of Avon with our own ver- 
sion: "What's in a Type Number? The same 
device by any other type number will work 
as well." Our feelings were crystallized re- 
cently by a letter from reader Joseph Arrigo 
(2008 64th St., Brooklyn, NY 11204) who 
mildly chastised us for featuring an RCA 
type HC1000 in a circuit diagram in the 
January column. Reader Arrigo complained 
that we should have specified another de- 
vice. Actually, the IIC1000 was specified 
correctly, for it was the type listed in the 
original source, and is (or .vas) an RCA 
device. But Joseph is also correct, in that the 
nearest equivalent to the HC 1000 in RCA's 
general replacement line is the KD2131 
power module. 

This apparent confusion in t\ pe numbers 
results from the practice of most manllfac- 

Curers of offering essentially the same device 
with different type numbers to the OEM 
(commercial), industrial, military, and re- 
placement/hobbyist markets. True, there 
may be minor differences in specified char- 
acteristics, temperature ratings, tolerances, 
or packaging, but the same basic device 
(from a circuit viewpoint) often may be 
obtained with any of several different type 
numbers. The practice is confused even 
more when an identical device (electrically) 
is offered by several different manufacturers. 

A good example is the popular 555 timer 
IC. It is offered by various manufacturers 
under the following type numbers: NE555V 
(Signetics, Intersil and Fairchild); L\1555- 
CN (National); MC1455P1 (Motorola); 
LS555 (Lithic Systems); 110555DN (Ray- 
theon). Several o` these firms offer slightly 
different versions. Raytheon, typically, offers 
the device as the RC555T and 11\I555T, 
both of which are identical except for maxi- 
mum temperature range, and Both of which 
are in a round metal case. The RC555DN 
is identical to the RC555T, but is in an 8 - 
pin DIP rather than a metal case. 

In some cases, different versions of a de- 
vice are identified by letter suffixes ap- 
pended to the basic type number. Siliconix, 
for example, offers five versions of its L144 
triple op amp, types L144AL, L144AP, 
L144BL, L14413P, and L144CJ. Here, the 
"A" suffix indicates the device is rated for 
military applications over a temperature 
range of -55 to +125°C, the "B" suffix 
indicates the unit is suitable for industrial 
applications from -20 to +85°C, and the 
"C" suffix is for a commercial device for use 
from 0 to +70°C. The "L" suffix identifies 
the device in a TO -86 flat pack, the "P" 
suffix in a TO -116 DIP, and the "j" suffix 
in a plastic DIP. From, this, we can identify 
the L144CJ as a type 1144 triple op amp in 
a plastic DIP rated for commercial tempera - 
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lure ranges. Except for the maximum tem- 
perature ratings and packaging, however, 
all five versions of the L144 are identical as 
far as internal circuitry is concerned. 

If you're not yet thoroughly confused, 
there's more. Instead of changing suffixes, 
some manufacturers change the basic type 
number to identify identical devices with 
different temperature ratings. National Sem- 
iconductor's L\1124 quad op amp, discussed 
earlier, is rated for applications over the 
range -55 to +125°C. The version in- 
tended for applications in the -25 to 
+85°C range is the Ly1224, while the 0 to 
+70°C version is the L\1324. To these 
three basic numbers arc added letter suffixes 
to identify packaging-"N" for a molded 
DIP, "D" for a cavity style IDIP, and "F" 
for a flat pack. Crazy, man! 

Device/Product News. In a move to ex- 
pand its markets, the Lute Corporation 
(3065 Bowers Ave., Santa Clara, CA 
95051) has announced plans to produce a 
family of complex CMOS circuits for con- 
sumer, industrial and commercial applica- 
tions. The first circuits in volume production 
form a versatile, two -chip watch system 
capable of driving either dynamic scattering 
or field-effect liquid crystal displays. Manu- 
factured using an advanced silicon -gate, ion - 
implanted complementary \IOS technology, 
the two -chip watch system consists of the 
5801 oscillator/divider circuit and a de- 
coder/driver circuit available in two ver- 
sions: the 5201, which features hours, min- 
utes and seconds on -command readout, and 
the 5202, which displays conventional hours 
and minutes. The 5801 operates with an 
external quartz crystal, dividing a :32-klIz 
oscillator signal down to 64 IIz and, at the 
same time, generating a 1024-IIz output to 
drive an external converter. In the 5201 or 
5202, the 64-IIz input is di\ ided further to 
1 Ilz and then counted and decoded into 
seconds, minutes and hours. Average current 
drains are 5.0 p.A for the 5801 at 1.4 volts 
and 0.5 µA for the 5201 or 5202 at 15 volts. 
Sample units in flat packages are offered at 
$27.50 for the 5801/5201 set- and $25.00 
for the. 5801/5202 pair. 

RCA's Solid State Division (Route 202, 
Somerville, NJ 08676) has introduced a new 
4 -decade divide -by -N COS/\IOS counter 
that should be of interest to experimenters 
working with digital circuits. Designated 
type CD4059AD, the device is believed to 
be the first of its type to use LSI techniques 

to permit all four decades to be accommo- 
dated on a single chip. Operating on 3 to 15 
volts, and with TTL drive capability, the new 
counter can be programmed to divide a 
clock frequency by any number from 3 to 
15,999. Three mode -select controls are pro- 
vided for programming flexibility. The 
CD4059AD is a 24 -lead ceramic DIP. 

If you're planning an electronic thermom- 
eter or temperature control, you'll be inter- 
ested in a new device now available from 
the National Semiconductor Corporation 
(2900 Semiconductor Drive, Santa Clara, 
CA 95051). An IC temperature transducer 
(LX5600) the device comprises a tempera- 
ture sensor, stable voltage reference, and an 
operational amplifier fabricated on a single 
monolithic chip. The LX5600's output is a 
voltage directly proportional to temperature 
in degrees Kelvin. With the internal op amp 
set for zero gain, the output is 10 millivolts 
per °K, but almost any desired scale factor 
can be obtained by adjusting the op amp's 
gain by means of external resistors. If re- 
quired, the op amp also can be used as a 
comparator in which the output will switch 
as the temperature traverses a preset value, 
making the device useful as an on/off tent- 
perature controller. With an internal shunt 
voltage regulator, the LX5600 can be oper- 
ated over a wide range of d.c. supply volt- 
ages. Two versions are available from Na- 
tional: the LX5600 with an accuracy of -*8% 
and the LX5600A, with an accuracy of ±4%. 
Both versions are offered in 4 -lead TO -5 
cases. 

Working with memory circuits? If so, you 
should be interested in a new random access 
memory recently introduced by Motorola 
Semiconductor Products, Inc. (P. O. Box 
20921, Phoenix, AZ 85036). Designated 
type AIC10143L, the new RAM is a'16 -bit 
murltiport register file capable of reading 4 
bits and/or writing 2 bits simultaneously. 
An LSI device, the memory unit has a com- 
plexity equivalent to 110 gates. The access 
time to ally four bits is 10 nanoseconds. 
With a total storage of 16 bits, the MC - 
1014:3L is organized as 8 words by 2 hits. 
Among its operating features is the ability 
to access any two 2 -bit words for read oper- 
ation while writing a third word, permitting 
two read and a write operations at the same 
time. \Vrite operations also can be made 
prior to, simultaneously with, or after read 
operations. \Vith ECL outputs and a power 
dissipation of 610 m\V., the MC10143L is 
supplied in a 24 -pin ceramic DIP. 
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»11 CB Scene 
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WHEN your modulation's mushy or the 
r -f won't reach out, who will restore 

your rig to mint condition? Should you try 
your own hand at the repair, take the set 
back to the dealer, or start searching 
through the yellow pages? judging by the 
state of CB service, you might have to try 
a combination of these routes. Electronic 
appliances for the home are often backed 
by local factory service and independent 
repair shops, but CB service may be hard 
to come by. 

Sometimes there's little choice about who 
is to repair the set. If you ever receive the 
infamous FCC pink slip-a notice of tech- 
nical violation-you are directed by law to 
have the problem solved by, or under the 
supervision of, the holder of a commercial 
radiotelephone ticket (First or Second 
Class). When he is through, he must fill out 
and sign a report that's returned to the 
FCC. 

Do -It -Yourself Repairs. More likely, you 
will discover equipment trouble much earl- 
ier than an FCC monitor because other sta- 
tions quickly tell you about audio distortion 
or a signal that's drifting beyond their re- 
ceiver's bandwidth. When this happens, the 
regulations offer considerable leeway about 
the repairs you can do yourself, without 
professional help. The crucial item that's 
off-limits to the do-it-yourself repairman is 
the "frequency -determining" element of the 
circuit. This is considered to be the crystal - 
oscillator stage in the transmitter. Thus you 
have access, without a commercial license, 
to about 80 percent of the transceiver's cir- 
cuitry, mostly in the receiver. The rules are 
vague about what you can do in the trans- 
mitter output stage; but the FCC says no 
ticket is required if the circuit was designed 
so that adjustments or tests clone during 
servicing, installation, or maintenance will 
not result in off -frequency operation, ex - 

By Len Buckwalter, KQA5012 

cessive power, overmodulation, excessive 
harmonics, or spurious emissions. That 
mouthful is really saving that any CB'er 
may tune up his transn fitter output into an 
antenna without taking it to a two-way 
radio shop. We've never heard of a test case 
about needing a license to replace parts in 
a transmitter output stage. Chances are 
you'd run little risk with factory -approved 
components. It would take a sizable mistake 
in values to cause all those circuit evils 
mentioned earlier. 

Back to the Dealer. But assume you are 
neither sufficiently skilled nor equipped to 
cope with a faulty transceiver. If your set 
is still in warranty, you'd naturally take it 
back to the dealer. But CB dealers or re- 
pair stations aren't on every street corner. 
There's a good chance you will have to 
pack up the set and mail it to the factory. 
Here the news is good and bad. The in - 
warranty set will be fixed, but you may 
not see it for six or eight weeks. The same 
is true for sets beyond warranty, but the 
chances are excellent that your transceiver 
will he fixed properly and at a reasonable 
price. Manufacturers have the advantage of 
personnel who work on your model regu- 
larly and can often fix it faster than an 
independent shop. A manufacturer is also 
highly motivated to offer service, even if 
it's only a break-even proposition, to hack 
up his product. 

In checking with one major company 
that deals through mail-order distribution, 

Who Repairs 
CB Rigs? 

JUNE 1974 85 



I learned you can return a defective set 
anc expect to have it hack in about three 
weeks (probably not counting mailing 
time). When the set is not under warranty, 
the company lets the customer state, in 
advance, a maximum price for the repair. 
This avoids an unacceptably large hill. 
You can also take an ailing set to this 
chain's local retail outlets where the pur- 
chase was made. One store manager re- 
ports be employs no full-time service per- 
sonnel, but has a technician who appears 
at the store every Ihursday. If the h-ouble 
is easy and obvious, he'll fix it on the spot. 
Otherwise, there's a waiting period of sev- 
eral weeks for replacement parts. 

One of the least satisfactory routes to CB 
repair in many locations is a local two-way 
radiotelephone shop which repairs police, 
taxi and related services. This month's col - 
um, in fact, was triggered by the con- 
temptuous remarks by one such shop -owner 
that appeared recentl\ in a serviceman's 
journal. The writer said there was intense 
interest in CB repair, but he refused this 
work for several reasons: few CB'ers, he 
said, come into the shop until they have 
so ntisadjusted their sets that thcv won't 
work at all; when they do come in, they 
expect him to correct the problem quickly 
at a small charge, if any; and most CB 
customers take up too much time just 
"visiting" and trying to get useful knowl- 
edge fine of cost. 

Although this elan probably kicks his 
dog, too, there's some justification in his 
complaints. In a conversation with another 
technician, one who specializes in marine 
repair, I heard more reasonable arguments. 
A typical CB set, he said, is in the $100 
category and his hourly rate is 818 (re- 
centh raised front 815) for professional 
two-way repair. Despite CB's low initial 

cost, he argues, it's a complex piece of 
equipment that can take two or three 
hours of troubleshooting. The question he 
raises: How can you tell a customer it may 
cost $56 to repair a $100 set? He suggested 
that a CB owner send the set back to the 
factory or seek a CB specialist, if one is 
near by. This shop -owner had raised a serv- 
icing problem that now plagues the elec- 
trical and electronics industry; the cost of 
service is uncomfortably close to the origi- 
nal price tag. 

Easy -To -Fix Troubles. The brightest side 
of the CB service picture, thanks to the 
near -elimination of vacuum tubes and the 
timely death of the vibrator power supply, 
is that most trouble isn't inside the chassis. 
As in the appliance industry, where most 
service calls are caused by "the plug not 
inserted into the wall outlet", many trou- 
bles are easily fixed by anyone. Some tips 
on what to do before you pull the chassis: 

Don't trust the first report of a faulty 
signal. The other operator, even if he's 
electrically skilled, may be unable to tell 
the difference between bad circuits and 
difficult propagation conditions. Also, the 
reporter's set, not yours, may be defective. 
Listen to your signal on another set, or 
get several reports under different condi- 
tions of range and terrain. 

The input and output cables of a CB 
set hear the most mechanical brunt in 
daily service. If you hear reports that your 
transmitter is intermittent, start by suspect- 
ing the mike cable. It's weakest points oc- 
cur where the cable joins the connector on 
the set's front panel and its entry into the 
microphone. Each time you grab the mike, 
those areas are slightly strained until the 
day arrives when a tiny wire inside the 
cable fractures. As the ends brush each 
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other, audio acts in sporadic fashion. Some- 
times you can grab the cable, squeeze it 
near the connector and get yourself back 
on the air! 

Vibration in an automobile can loosen 
coaxial connectors where they attach to the 
rear of the set or at the bottom of the an- 
tenna. These cables operate at very low im- 
pedance -approximately 50 ohms -which 
means it doesn't take much contact resis- 
tance to drop power. Regularly check the 
tightness of these fittings. If you spot any 
sign of corrosion, shine them with "crocus 
cloth", a handy item stocked in Mall y hard- 
ware stores. It's a reddish paper (impreg- 
nated with jeweler's rouge) that restores 
the factory shine to plugs and other metal 
fittings. 

Although relays are often electronic these 
days, or sealed against air, they're still a 
majo troublemaker in CB equipment. 
When you hear an erratic or delayed 
changeover between send and receive, it's 
probably time to dress the contacts. An 
excellent way to clean contacts without 
changing their shape (a design factor) is 
with an ordinary business card. Insert the 
card between the contacts, gently press the 
contacts together, then draw the card 
through xvith a wiping action. Repeat above 
and below the movable contacts. 

If your crystal selector switch no longer 
operates in a positive fashion (receiver 
audio is intermittent or the transmitted sig- 
nal won't stay constant), apply a good 
grade of TV tuner spray to the wafers and 
rotate the channel knob several times while 
the contacts are still vet. Apply some 
cleaner to the volume and squelch controls, 
too. 

A fuse may blow merely because it's 
tired. Before pulling the chassis, replace a 
defective fuse once to see if it blows again. 
Only then should you suspect deeper trou- 
ble. 

If audio on both send and receive is 
fuzzy, don't plunge into the audio amplifier. 
In mobile operation, a paper -cone speaker 
takes terrible abuse from the hot-air blast 
of a car heater or oven -like temperatures in- 
side the vehicle on a summer day. A re- 
placement speaker often restores the audio 
sparkle. 

These tactics should take care of most 
CB afflictions. Only when the simple meas- 
ures fail will you need further help from 
frequency counters and holders of com- 
mercial tickets. <i) 
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Test Equipment 
Scene 

i` J 
MOST 

of the equipment we talk about in 
this column is for use on the workbench. 

However, there arc important pieces of test 
gear that find a lot of use "out in the field." 
This is especially true if von are concerned 
with CB-a not unimportant area of elec- 
tronics these days. 

The name of the game in C 13 is, of course, 
to get the most out of the rig (whether it is 
base or mobile). Since the FCC Hides pre- 
clude any messing around with the portion 
of the transmitter that determines frequency, 
all that is left is the audio section and the 
antenna. We'll consider the latter first. 

Most people seem to buy antennas by 
"name." That is, they know somebody who 
has a such -and -such. antenna and it works 
fine; or they have heard glowing reports, 
about an antenna "on the air.'' But, after 
procuring the same antenna, the user finds 
that ít doesn't do for him what it did for 
others. That's when the questions start. 

For mobile use, it appeals that the old- 
fashioned, rather long (Army style) \vhip 
antenna is giving way to relatively small, 
hard -to -spot loaded dipoles. The switch may 
be due to looks or utility; but whicheve one 
is selected, the important thing is to mount 
it properly. In some cases of course, the an- 
tenna location is determined by the vehicle 
(using the fender hole for the broadcast 
\chip, for example). 

I-Iowever, if there is a choice of mounting 
sites, the "polar diagram" of the antenna/car 

Checking 
Antenna 

Efficiency 

By Leslie Solomon, Technical Editor 
combination should be considered. This 
means that the radiation pattern of the an- 
tenna is modified by the large metal mass of 
the vehicle and it is possible to get a better 
signal in one direction than another. To 
check this out, use a field -strength meter. 

Field -Strength Meter. This is essentially 
a crystal set tuned to the C13 frequency with 
a meter readout. The induced r -f from the 
transmitter is rectified by the semiconductor 
crystal and the amount of current flow 
(which depends on the amount of r -f pres- 
ent at the small whip antenna that feeds the 
crystal set) is indicated on the meter. 

Thus, with the antenna temporarily 
mounted on the vehicle (with a good ground 
plane to work against), the field -strength 
meter is carried around the vehicle at some 
constant radius and the amount of field 
strength picked up is noted. A definite pat- 
tern will usually be found; and the pattern 
can he changed by trying other mounting 
locations. With the antenna on the right -rear 
fender, for example, there may be a major 
lobe across the vehicle over the left -front 
fender. The best location is, obviously, a 
matter of choice; butt a circular pattern is 
usually preferred for general all-round cov- 
erage. On the other hand, it may be better 
to have a pattern that pro\ ides a stronger 
signal when a station is approached than 
when it is being left behind. 

All of this illustrates why base station an- 
tennas are mounted up in the air (in the 
clear) with a good built-in ground. The 
radiation pattern is circular. Of course, 
beast antennas are another matter, since 
they are designed to produce a single -lobed 
pattern to be effective in one direction Only. 

The same CB crystal set that is used to 
determine the radiation pattern can also be 
used to check the modulation if a pair of 
headphones is substituted for the meter. In 
this way, speech clarity and distortion due 
to overtnodulation can be checked. 
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Standing Wave Ratios. \Vhen a trans- 
mitter, transmission line, and antenna are 
all properly matched, the transmitter will 
deliver optimum power to the antenna and 
(hopefully) radiate the signal properly. The 
instruction manuals for most rigs explain 
how to "tune" the transmitter to the antenna 
and some "how -to -do -it" antenna informa- 
tion. However, it is still good to know just 
how much power is going to waste and how 
much is actually getting off the antenna. 

This is done by measuring the standing 
wave ratio (SWR). An S\VR meter can be 
built using the schematic shown here. Start 
5011 5011 
IN OUT 

with a 431" piece of RG-58A/U coaxial cable 
and a similar length of 3.1" copper tubing. 
Remove the outer jacket and braid from the 
coax, leaving only the insulation and the in- 
side lead. Locate the center of the cable and 
gently cut away the insulation so that a 51 - 
ohm, 11 -watt resistor can be soldered to the 
center conductor-but don't solder it on yet. 

Make a hole in the copper tubing so that 
the resistor lead can pass through the tubing 
and connect to the center conductor. Slide 
the copper tubing over the coax until the 
two center points line up and solder the re- 
sistor to the center conductor. You can use 
a pair of r -f connectors at each end of the 
copper tubing to connect it between the 
transmitter and the antenna (both assumed 
to be 50 ohms). 

To use the device, connect it between the 
transmitter and antenna, apply power to the 
transmitter and set the switch to the FOR- 
WARD position. Adjust the potentiometer for 
a full-scale meter reading. Setting the switch 
to REVERSE will show the reflected power. It 
should be near zero, to indicate a good 
match. If it is far upscale, power is being 
wasted in the radiating system. Consult the 
instructi(sn manuals for the transmitter and 
for the antenna to find the procedures for 
reducing SWR. Q. 

It síans 36O° in 
milliseconds with' 
5.75 dB gain. Or beams 
an 8.75 dB gain sgnal 
where and wheneyou 
want it-instantaneouslK 

(Otherwise, iti just 
another beautiful 

base antenna.) - 

N.; 

MODEL M uper nner,Clectronic beam 

anténnM ith qoptlit yle. 

the antá ina specialists co. 
Division of ORION INDUSTRIES, INC. 
12435 Euclid Ave., Cleveland, Ohio 44106 
Export: 2200 Shames Dr., 
Westbury, L.I., New York 11590 
Canada: A. C. Simmonds & Sons, Ltd. 
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CATALOG 740 
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Your Complete Electronics Buying Guide 

Stereo/Hi-Fi Components CB Transceivers & 
Walkie-talkies PA Systems Tools & Test Equipment 

Police/Fire Monitor Receivers Antennas Photog- 
raphy Equipment Ham Gear Books, Parts, and More! 

Send 
Today! 

Lafayette Radio Electronics 
P.O. Box 10, Dept. 35064 
Syosset, L.I., N.Y. 11791 

NAME 
350641 

ADDRESS 

I CITY 

STATE ZIP 
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Whya Sylvania home training program may be 

your best investment 
for a rewarding 
career in electronics 
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4 LEADER IN ELECTRONICS 
TRAINING 

Over the years, Sylvania Resident 
Schools have trained thousands of 
men and women for key positions in 
the electronics field. Now, through 
Sylvania Home Training, you can 
receive the same high -quality career 
training at home. In your spare time. 
While you hold your present job. 
Remember, this training is designed 
with one purpose in mind - to give 
you the background you need to land 
the electronics job you really want! 

AUTOTEXT TEACHES YOU 2 ELECTRONICS RAPIDLY, 
EASILY. 

AUTOTEXT, offered exclusively by 
Sylvania, is the proven step-by-step 
method of home training that can help 
vcu learn the basics of electronics 
quickly and easily. 

3 CASSETTE SYSTEM 

This innovative learning -by -hearing 
approach is a special option that adds 
an extra dimension to AUTOTEXT. It's 
almost like having an instructor in 
your own home. As you play the 
cassette tapes, you'll have an instruc- 
tor guiding you through your 
AUTOTEXT lessons. Explaining the 
material as you read it. Going over 
schematics with you, reinforcing the 
basic electricity and electronics study 
materials with you. Everything you 
need to know to get you started 
towards a highly regarded position as 
an electronics technician - all in an 
easy -to -understand, conversational 
tone. 

4 SPECIALIZED ADVANCED 
TRAINING 

For those already working in elec- 
tronics or with previous training, 
Sylvania offers advanced courses. 
You can start on a higher level without 
wasting time on work you already 
know. 

5 PERSONAL SUPERVISION 
THROUGHOUT 

All during your program of home 
study, your exams are reviewed and 
your questions are answered by 
Sylvania instructors who become per- 
sonally involved in your efforts and 
help you over any "rough spots" that 
may develop. 

6 HANDS-ON TRAINING 

To give practical application to your 
studies, a variety of valuable kits are 
included in many programs. In 
Sylvania's Master TV/Radio Servicing 
Program, you will actually build and 
keep an all solid-state black and white 
TV set, and a color TV set. You also 
construct an oscilloscope which is 
yours to keep and use on the job. 

7 FCC LICENSE TRAINING - 
MONEY BACK AGREEMENT 

Take Sylvaniás Communications 
Career Program - or enter with ad- 
vanced standing and prepare im- 
mediately for your 1st. 2nd, or 3rd 
class FCC Radio Telephone License 
examinations. Our money -back 
agreement assures you of your money 

Win 

back if you take, and fail to pass, the 
FCC examination taken within 6 
months after completing the course. 

8CONVENIENT PAYMENT 
PLANS 

You get a selection of tuition plans. 
And, there are never any interest or 
finance charges. 

SEND ATTACHED POSTAGE PAID 
CARD TODAY! FREE DESCRIPTIVE 
BOOK YOURS WITHOUT OBLIGATION. 

If reply card Is detached send this coupon 

SYWRNiA'TECHNICAL SCHOOL 

Home Study 694-406-0 I 

909 Third Avenue 
New York, V.Y. 10022 

Please send meFREE illustrated career 
catalog. I understand that lam underno 
obligation. 

Name 

Address 

City 

State Zip 

I Age 
Veterans: Check here O 
L_ J 

Sylvania Technical Systems, Inc. ® SYLVANIA 

In the Master TWRadio Servicing Program, 
you bu Id and keep the all solid-state black ! ' F7 and write TV s6, the color TV set, the os- !- cilloscope and tee multimeter shown above. 
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New Products 
Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
corle number on the Reader Service Card 
inside the back cover or write to the man: 

ufacturer at the address given. 

LAFAYETTE FULL -LOGIC DECODER 

The Lafayette Radio Electronics Model SQ-W 
decoder with Variblend is said to be the most 
advanced wave -matching full -logic SQ decoder 
available for playing 4 -channel SQ discs and 
FM broadcasts. The decoder provides the high- 
est front -to -rear and left -to -right separation of 
SQ-encoded material. In addition, two Com- 
poser circuits are built in for restoring all other 
4 -channel encoded (matrixed ) discs to their 
original quadraphonic format and deriving 4 - 
channel sound from conventional 2 -channel 
programs. The decoder is designed to he used 
with a system consisting of four amplifier chan- 
nels and four speaker systems. List price is 
$99.95. 

Circle No. 70 on Reader Service Card 

BSR TELEPHONE ANSWERING DEVICE 

The Phone Butler 1000 telephone answering 
device and home message center from BSIR 
Electronics, Inc., is the first electronic device 
of its kind designed for both office and home 
use. It is shipped \\ ith a professionally pre- 
recorded answering message, but personal mes- 
sages can be recorded via a condenser micro- 
phone built into the tape deck. The Phone 
Butler can record up to 30 messages on a 
special cassette, and a Message Waiting indi- 

IIIÍIIIII 
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cator lamp illuminates ss believer a call has been 
taped. The unit is factor; set to answer after 
three rings, but it can be user -adjusted to re- 
spond after up to five rings. A bonus function 
is the device's ability to act as an electronic 
"bulletin board" for in -home messages. Retail 
price is $99.95 

Circle No. 71 on Reader Service Card 

KEYSTONE BATTERY HOLDER LINE 

Keystone Electronics Corp. is marketing a new 
line of battery holders designed to withstand 
shock and vibration. Styles are available to ac- 
commodate all standard carbon, alkaline, lith- 
ium, magnesium, and mercury batteries in the 
AAA, AA, C, D, and 9 -volt sizes. All sizes in the 
line are available in both steel and aluminum. 
When installed in the snap -fit clips, the batteries 
are held under spring tension at a constant pres- 
sure to assure low -resistance contact. Steel hold- 
ers have steel contacts, while aluminum holders 
have nickel -plated brass contacts. 

Circle No. 72 on Reader Service Cord 

PIONEER HIGH -POWER STEREO RECEIVER 

U.S. Pioneer Electronics Corp. Model SX-1010 
is designed for the audiophile who wants the 
flexibility and performance specifications of sep- 

. °'. 't r'r 

arate tuner and integrated amplifiers, combined 
with the convenience of a single multipurpose 
component. Conservatively rated at 100 watts 
continuous power per channel (both channels 
driven into 8 -ohm loads) the receiver is designed 
to deliver full power at less than 0.1 percent 
THD at all audio frequencies from 20 Hz to 
20,000 Hz. The receiver can handle three pairs 
of speaker systems. (Price is $699.95.) 

Circle No. 73 on Reader Service Card 

EDMUND SCIENTIFIC KIRLIAN PHOTO KIT 

A whole new photographic field is now pos- 
sible with Edmund Scientific's Stock No. 71,938 
Kirlian photography kit. The kit ionizes the 
gases emitted by all living things, as well as 
inorganic matter, making possible the photo- 
graphing of these gaseous "halos". Kirlian pho- 
tography obtains images on film without a 

camera or lens by direct recording of the 
electronic charge transmitted by animate and 
inanimate objects. Each photographed aura 
differs from another, and animate auras are 
said to change with physical changes. Thus, 
one can measure bioplasmic state changes be- 
cause the electrophotographic image makes 
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visible the bioplasnta as it relates to a par- 
ticular condition during a given time period. 
The kit includes a portable darkroom. Retail 
price is $49.95. 

Circle No. 74 on Reader Service Card 

DATA TECHNOLOGY 4 -DIGIT DMM 

A 4 -digit (10,000 count) tnultimeter that can 
operate from line or battery power has been 
introduced as the Model 45 by Data Tech- 
nology Corp. The high -resolution instrument 
is particularly applicable for tuning precision 

1999 
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Doto Technology 'oorL 41 
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power supply and amplifier circuits. It has 
five ac and do voltage ranges with 10-µV 
resolution, six resistance ranges with l0 -milli - 
ohm resolution, and five each direct and alter- 
nating current ranges with 10-nA resolution. 
The instrument will operate for 10 to 12 hours 
on fully charged batteries. Power consumption 
is :3 watts, and the 7 -segment display measures 
0.:33" h'gh. The calibration chart is silk-screened 
inside the case so that it cannot he mislaid. 
Price is $:399. 

Circle No. 75 on Reader Service Card 

AKAI OPENREEL TAPE RECORDERS 

The Model GX-6001) tape recorder, from AKAI 
America, Ltd., features a two -speed, three - 
motor tape deck, CX glass and crystal tape 
heads, and 1011' reel capacity. The Model GX- 
600DB has the same features, plus a built-in 
Dolby noise eduction system. Both models 
also have sound -on -sound. line/microphone 
mixing, dual monitoring, automatic stop, and 
pause control with automatic release. Tech- 
nical specifications include better than 56 dB 
S/N, less than 0.07 percent wow and flutter at 
711 ips, :30 -2:3,000 -Hz frequency range, less than 
0.7 percent distortion at 711 ips, and 71- and 
311-ips operating speeds. Retail price of the 
Model GX-600D is $625, while the Model GX- 
600DB sells for 8725. 

Circle No. 76 on Reader Service Card 

HEATH SMALL -ENGINE TUNE-UP METER 

Now the weekend tinkerer can set up his 
garden tractor, lawnmower, motorcycle, trail 
hike, snowmobile, etc., with the same accuracy 
obtainable on a V-8 engine with the aid of the 
Heath Company's Model CM -1045 small -engine 
tune-up meter. The instrument is designed for 
use on 4 -cylinder and 2- and 4 -cycle engines. It 
tests voltage, resistance, dwell, continuity, and 

NOW 
A PROFESSIONAL 

BURGLAR -FIRE ALARM SYSTEM. 
YOU CAN INSTALLYOURSELF. 

ONLY 139.95' 

11111 

Save hundreds of dollars in alar -n installation and monthly service 
charges. The EICO SS -500 "instals -it -yourself" burglar -fire alarm sys- 
tem offers you the kind of professional protection you have been look- 
ing for, at a price you can afford. The SS -500 has been designed on 
the EICO "Expandability Concept" that enables you to "add -an" protec- 
tion to meet your own special needs. Before you purchase any security 
system, we suggest you read the EICO Security Handbook and see how 
easy EICO makes it to "Do -it -Yourself." 

FREE EICO CATALOG/SPECIAL OFFER! 
Security handbook (Reg. $2.951 only 51.50 with this ad. Includes a 
catalog on EICO Security Systems. Test Instruments, Stereo, Hobby Kits 
and name of nearest distributor. Far catalog only, check reader service 
card or send 500 for tint class mail service. 1_ 

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 `( 4 
CIRCLE NO. 10 ON READER SERVICE CARD 

Now... the most enjoyable, 
do-it-yourself project 
of your life-a Schober 
Electronic Organ! _---- 
You'll never reap greater 
reward, more fun and proud 
accomplishment, more 
benefit for the whole family 
than by assembling your own 
Schober Electronic Organ. 
You need no knowledge at electronics, woodwork or 
music. Schober's complete kits and crystal-clear instruc- 
tions 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 cf the kit. 

Five superb models, with kit prices from $500 to around 
$2,000, each an authentic musical instrument actually 
superior to most you see in stores. 

Get the full story FREE by mailing the coupon TODAY 
for the big Schober color catalog, with all the fascinat- 
ing details! 

The Organ Corp., Dept. PE -55 
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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¿'ÍTALK P 
What gives Johnson CB two-way 

radios their "extra sock" for longer range? Built-in 

Electronic Speech Compression, that's what!' It's the 

kind of engineering you expect from, U.S.-made- 

Johnson radios ..._backed by a full 1 -year parts and 

labor warranty with over 700 service centers nationwide. 

PRICES START AT UNDER $100! 

SEND COUPON FOR FREE CATALOG( 

E. F. Johnson Co. 
© Dept. PE Waseca. Minn. 56093 

Name 

Address 

City State Zip 
In Canada: A. C. Simmonds & Sons, Ltd. 

CIRCLE NO. 33 ON READER SERVICE CARD 

ABOUT YOUR 
SUBSCRIPTION 

Your subscription to POPULAR ELECTRONICS is 
maintained on one of the world's most modern, 
efficient computer systems, and if you're like 99% 
of our subscribers, you'll never have any reason 
to complain about your subscription service. 

We have found that when complaints do arise, 
the majority of them occur because people have 
written their names or addresses differently at 
different times. For example, if your subscription 
were listed under "William Jones, Cedar Lane, 
Middletown, Arizona," and you were to renew it 
as "Bill Jones, Cedar Lane, Middletown, Arizona," 
our computer would think that two separate sub- 
scriptions were involved, and it would start send- 
ing you two copies of POPULAR ELECTRONICS each 
month. Other examples of combinations of names 
that would confuse the computer would include: 
John Henry Smith and Henry Smith; and Mrs. 
Joseph Jones and Mary Jones. Minor differences in 
addresses can also lead to difficulties. For exam- 
ple, to the computer, 100 Second St. is not the 
same as 100 2nd St. 

So, please, when you write us about your sub- 
scription, be sure to enclose the mailing label 
from the cover of the magazine-or else copy your 
name and address exactly as they appear on the 
mailing label. This will greatly reduce any chance 
of error, and we will be able to service your 
request much more quickly. 

in many cases permits checking the entire igni- 
tion system of a small engine without tearing 
down the engine to get at the ignition points 
behind the flywheel. k built-in tachometer, 
with 0-3000- and 0 -15,000 -rpm ranges, employs 
a snap -on inductive pickup. Price of the kit is 
$39.95. 

Circle No. 5 on Reader Service Card 

MITS AUDIO SWEEP GENERATOR 

The Model SG 1900 audio sweep generator 
from MITS has the capabilities of both a fixed - 
frequency (CW) generator and a sweep gen - 

o 

7511" . ^' 
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erator. It is fully adjustable (10 ms to 100 s) in 
its logarithmic and linear sweep modes. The 
generator eliminates the need of hand -plotting 
response data points by providing an instan- 
taneous oscilloscope or oscillograph display of 
the proformance of the equipment under test. 
The instrument simplifies setting up tape re- 
corder bias and aligning head azimuth and 
provides an easy means of checking line and 
load regulation and output impedance -versus - 
frequency for power supplies. Other uses in- 
clude testing room and speaker box acoustics, 
phase -locked loops, SSB filters, and telecom- 
munications equipment. List price is $119.95 
in kit form, 5149.95 factory wired. 

Circle No. 78 on Reader Service Card 

TECHNICS DIRECT -DRIVE TURNTABLE 

By eliminating such motion -transmitting and 
speed -reducing devices as belts, idler wheels, 
and gears in the Technics Model SL -1200 
direct -drive turntable, Panasonic has reduced 
wear, vibration, wow, and flutter.. Operating 
speeds are provided for 3311 and 45 rpm play. 
This is supplemented by a pitch control that 
has a separate ±5 percent electrical adjustment 
range for each speed. Wow and flutter are less 
than 0.03 percent, while rumble is specified at 
better than -70 d13 ( DIN B rating). Retail 
price is $279.95. 

Circle No. 79 on Reader Service Card 

EDSYN DESOLDERING TOOL 

The new deluxe Soldapullt, fart No. DS017, 
from Edsyn has suele new and improved fea- 
tures as low -friction plunger with floating seal 
ring, high -impact one-piece main barrel, extra - 
strong low -friction return shalt, and easy ex- 
haust control valving that slows the vacuum 
stroke for delicate desoldering. Retail price is 

$9.95. 
Circle No. 80 on Reader Service Card 
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New Literature) 
GE SEMICONDUCTOR CROSS REFERENCE GUIDE 

The new No. 451.104 Semiconductor Inter- 
changeability & Cross teference Guide from 
General Electric lists more than (i1100 semicon- 
ductor types. The 44 -page guide includes list- 
ings for IN, 2N, 3N, and popular industry house 
numbers with cross references to either an exact 
GE type or a suggested replacement. Address: 
General Electric Co., Semiconductor Products 
Dept., Electronics Park, Bldg. #7, Mail Drop 
49, Syracuse, NY 1:3201. 

METROLOGIC 1974 LASER CATALOG 

Listed and described in the March 1974 Re- 
search and Education Products catalog from 
Metrologic are dozens of basic laser items and 
optics kits and accessories. The 10 -page catalog 
contains complete details, including prices, on 
such diverse items as Ile-Ne laser tubes, modu- 
lated lasers, power supplies, optics kits aimed at 
every level from beginner to advanced research- 
er, laser power meters and detectors. and much 
more. Address: Met'ologic Instruments, Inc., 
14:3 Harding Ave., Bellmawr, NI 080W. 

BROOKSTONE HARDTOFIND TOOLS CATALOG 

There are literally hundreds of hand tools and 
instruments of all descriptions fully described in 
the First 1974 Edition A catalog available from 
the Brookstone Co. The tools listed are generally 
in the "hard -to -find" category, many of \vhich 
will prove of interest to the electronics profes- 
sional, hobbyist, and experimenter. Address: 
Brookstone Co., 15 Brookstone Bldg., Peter- 
borough, NIl 0:3458. 

RCA AUDIO POWER AMPLIFIERS BOOKLET 
RCA's No. AP A-550 "Audio Power Amplifiers" 
booklet (400 each) will prove of interest to any- 
one who wants to know how audio power ampli- 
fiers are designed. The booklet discusses classes 
of operation, ch'i\ e requi ements, effects of op- 
erating conditions on circuit dcs'gn, and basic 
circuit configurations. In a more technical vein, 
it focuses on output power, rating methods, basic 
power -dissipation relationships, thermal -stabil- 
ity requirements, effects of large phase shifts 
and excessive drive, and short-circuit protection. 
Address: RCA Solid State Div., Somerville, NI 
08876. 

spend a dime, 
save a mint. 

Invest a dime-send for our 
catalog. We'll prove to you 
that you eau have selection 
and convenience and still 
get a great price. 

For an immediate free copy 
of our 32 page catalog, mail 
the coupon below to the loca- 
tion nearest you. Please print. 

Midwe t rah 

Midwest 11th 
Wholesale & MAIL ORDER DIVISION 

2455 Wisconsin Ave., Downers Grove, III. 60515 
3309 E. J W Carptenter Frwy., Irving, Tex. 75062 

r 
' NAME 

' ADDRESS 

1 

LITr/STATE 
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EVERYTHING YOU 
WANTED TO KNOW 
3BOUT CD _ IGNITION 

:SYSTEMS BUT DIDN'T?.:'' 
NOW WHOM:.:TO.::ASK 

Send for FREE Tiger booklet (20 
pages) which answers all your 
questions. 

Name 

Address 

City 

State Zip 

CLII' Dl"C THIS AD AND SEND 'I'o- 

TRI-ST AR CORP. 
P. O. Box 1727 Dept. E 
Grand Junction, Colo. 81501 
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The Ultimaté'in Ignition Systems! * ELIMINATES BREAKER POINTS. * 
Perfect Timing and Dwell' never change! 

Never wears out or needs any Maintenance. 
Eliminates Tune-ups. 

,d>* / ' . a `Líá 

The Most Advanced 

OPTO -ELECTRIC SYSTEM 
The Allison Breakerless System eliminates the Points and 

Condenser, replacing them with an Opto -Electronic Trigger, 
using a Light -Emitting Diode and Phototransistor. The only 
"TRUE" Electronic Ignition! Gives 40 times more Timing 
Accuracy than ANY system using mechanical Breaker -Points! 
Unlimited RPM. Smoother running...(No timing fluctuation 
as with Magnetic units). Unaffected by Temperature, 
Moisture, or Vibration! All Solid -State Components. 
Easier Starting under any condition. Increased Horsepower. 
Sparkplugs last longer. Perfect timing increases engine 
Efficiency and Gas Mileage up to 30%! 

Quick and Easy Installation! Tested and Proven reliability. 

Only x4995 SATISFACTION GUARANTEED! 
1 -YEAR FACTORY WARRANTY. 

(State Make, Year, Engine Sire). (Calif. Res. add Tax). 

CONVERT YOUR "C -D" UNIT TO BREAKERLESS! 

"TRIGGER -UNIT" ONLY $34.95 

Send Postcard for FREE BROCHURE Today. 

ALLISON AUTOMOTIVE CO. 
P.O. Box 881-P, TEMPLE CITY, CAL. 91780 

CIRCLE NO. 1 ON READER SERVICE CARD 

SAVE! 
MONEY TIME FREIGHT 

QUALITY STEREO EQUIPMENT AT LOWEST 
PRICES. 
YOUR REQUEST FOR QUOTATION RETURNED 
SAME DAY. 
FACTORY SEALED CARTONS-GUARANTEED 
AND INSURED. 
SAVE ON NAME BRANDS LIKE 
A.D.C. 

DYNACO 

KLH 

KOSS 

A.R. 

FISHER 

SHURE 

SONY 
AND MORE THAN 50 OTHERS 

BUY THE MODERN WAY 
BY MAIL-FROM 

illinóii Gild* 
12 E. Delaware Place 

Chicago, Illinois 60611 
312-664-0020 
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Hit 
Electronics Library 

BASIC AUDIO SYSTEMS 
by Norman H. Crowhurst 

This authoritative book covers sound systems 
for every application, both indoors and out. 
It is an introduction to the electronic aspects 
of sound, written for the technician who wants 
to install amplifiers in a church without distor- 
tion or feedback, the hi-fi fan who plans to in- 
stall his own well -matched 2- or 4 -channel 
stereo system, and the industrial technician who 
wants a PA system that can be heard by all 
employees. . 

Published by Tab Books, Blue Ridge Summit, 
PA 17214. ?40 pages. $7.95 hard weer; $4.9.5 
soft cover. 

DIGITAL COMPUTER CONCEPTS 
by Vaster Robinson 

A self -teaching, programmed course on the basic 
principles of digital computers, this book is 
geared to the beginner. The text format presents 
the big picture first, then drops back to the fun- 
damental principles and builds back up to a 
complete operational computer system. The 
basic principles of what a computer does, how 
it does it, functional sections of a system, how 
each section functions, storage of information, 
etrieval of information, basic programming, and 

timing synchronization are discussed. Mathemat- 
ics is kept to a minimum, while visualization of 
computer actions is emphasized. 
Published by Reston Publishing Co., Inc., P.O. 
Box 547, Reston, VA 22090. 295 pages. $7.95 
hard cover; $5.95 soft cover. 

MODERN TELEVISION SYSTEMS 

Including a Master Index to Common Television 
Troubles, this new book is perhaps the most up- 
to-date working tool available to the professional 
TV serviceman. It covers every aspect of both 
monochrome and color TV receivers. Fully de- 
tailed explanations cover every basic circuit of 
the receiver, how it functions and probable 
troubles. Covered are signal tracing methods, all 
current test equipment, alignment precautions, 
and numerous examples for localizing malfunc- 
tions accurately and quickly. 

Published by Prentice -Hall, Inc., Englewood 
Cliffs, NJ 076.32. Hard cover. 463 pages. ,$15.95. 
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ELECTRONICS MARKET PLACE 
NON -DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or indi- 
viduals offering commercial products or services. $1.60 per word 
(including name and address). Minimum order $16.00. Payment 
must accompany copy except when ads are placed by accredited 
advertising agencies. Frequency discount: 5% for 6 months; 
10% for 12 months paid in advance. READER RATE: For individ- 
uals with a personal item to buy or sell, $1.00 per word (includ- 
ing name and address.) No minimum! Payment must accompany 
copy. DISPLAY CLASSIFIED: 1" by 1 column (25/8" wide), $200.00. 
2" by 1 column, $400.00. 3" by 1 column, $600.00. Advertiser to 
supply cuts. For frequency rates, please inquire. 

GENERAL INFORMATION: First word in all ads set in bold caps at 
no extra charge. All copy subject to publisher's approval. Al 
advertisers using Post Office Boxes in their addresses MUST 
supply Publisher with permanent address and telephone numbe 
before ad can be run. Advertisements will not be published 
which advertise or promote the use of devices for the surrepti 
tious interception of communications. Closing Date: 1st of the 
2nd month preceding cover date (for example, March issue 
closes lanuary 1st. Send order and remittance to POPULAR 
ELECTRONICS, One Park Avenue, New York, New York 10016, 
Attention: Hal Cymes. 

FOR SALE 

FREE! bargain catalog. Fiber optics, LED's, transistors, diodes, 
rectifiers, SCR's, triacs, parts. Poly Paks, Box 942, Lynnfield, 
Mass. 01940. 

GOVERNMENT Surplus Receivers. Transmitters, Snooperscopes, 
Radios, Parts, Picture Catalog 250. Meshna, Nahant. Mass. 01908. 

LOWEST Prices Electronic Parts. Confidential Catalog Free. 
KNAPP, 3174 8TH Ave. S.W.. Largo, Fla. 33540. 

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. Large cat- 
alog $1.00 deposit. BIGELOW ELECTRONICS, Bluffton, Ohio 45817. 

RADIO-T.V. Tubes -36( each. Send for free catalog. Cornell, 
4213 University, San Diego, Calif. 92105. 

AMATEUR SCIENTISTS, Electronics Experimenters, Science Fair 
Students . . Construction Plans -Complete, including draw 
ings, schematics, parts list with prices and sources . Robot 
Man - Psychedelic shows - Lasers - Emotion/Lie Detector - 
Touch Tone Dial-Quadrasonic Adapter -Transistorized Ignition 
-Burglar Alarm -Sound Meter . .. over 60 items. Send 25( coin 
(no stamps) for complete catalog. Technical Writers Group, Box 
5994, University Station, Raleigh, N.C. 27607. 

METERS -Surplus, new, used, panel or portable. Send for list. 
Hanchett, Box 5577. Riverside, CA 92507. 

PYROTECHNICAL chemicals, casings, tools, fuse, literature, sup- 
plies. Catalog -50(, with samples -$1.00. Westech, Box 593, 
Logan, Utah 84321. 

WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine, 
Speakerphone. Carphone, Phonevision. Auto Dialer, Touch Button 
Dialer, Central Dial System. TELEVISION: $35.00 Color Converter, 
Video Tape Recorder. $25.00 Camera. HOBBYIST: Electron Micro- 
scope, 96 Hour Tape Music System, Ultrasonic Dishwasher, 
Radar -Oven. Plans $4.95 each. NEW ITEM: $75. Electronic 
Pocket Calculator, $7.50. COURSES: Telephone Engineering 
$39.50. Detective Electronics $22.50, Integrated Circuit Engi- 
neering, $49.50. NEW SUPER HOBBY CATALOG plus year's sub- 
scription to Electronic New Letter AIRMAILED $1.00. Don Britton 
Enterprises, 6200 Wilshire Blvd., Los Angeles, Calif. 90048. 

JAPAN HONG KONG DIRECTORY. World products information. 
$1.00 today. World Trade Inquiries, Hillyard, Washington 99207. 

SCOPES, meters, test equipment, military and industrial surplus. 
Sand 25( for "Bargain Bulletin". Lawrence Instruments, P.O. 
Box 744, Sunbury, Pa. 17801. 

TEST EQUIPMENT, Aerospace -Laboratory Grade. Request your 
needs; will mail appropriate catalogs (we have 24 catalog cate- 
gories). Only for Engineers, Businesses, Schools and advanced 
Technicians. Goodheart, Box 1220PE, Beverly Hills, Calif. 90213. 

WAVEFORM GENERATOR KIT 8038 Function Generator IC Produc- 
ing Sine, Square, Triangular Waveforms, $10.00. Write for cata- 
log. Photolume Corporation, 118 East 28th Street, New York, N.Y. 
10016. 

LOOKING FOR A NEW CHALLENGE? 
1:... then build a TV camera! 

ONLY sOLID.sTATE CAMERA AVAILABLE IN KIT FO95 Airr 

' OR FACTORY ASSEMBLED. CcaePLETE KIT WITH VIoICDN 

' TUBE ONLY S165.00. POSTPAID DELIVERY ANYWHERE IN 

USA, CANADA and MEXICO. OPTIONAL AUDIO SUBCARRI E. 
$18.95. WRITE a PHONE NOW FOR COMPLETE CATALOG d 

r KITS, PARTS .d PLANS. DIAL 402987.7771. 

1311 BROADWAY ATV Rese,erch DAKOTA CITY, NEBR. 6873,, 

DIGITAL ELECTRONICS: Complete schematics, parts lists, theories 
-Discrete Component Digital Clock, $3.00 -Sound Sensitive 
Switch, $1.50. Increase technical competence, hobby skills - 
Complete Course in Digital Electronics is highly effective, $10.00. 
Free literature. DYNASIGN. Box 60A7, Wayland, Mass. 01778. 

SOUND SYNTHESIZER KITS -Surf $11.95, Wind $11.95, Win'! 
Chimes $16.95, Electronic Songbird $6.95, Musical Accessorie', 
many more. Catalog free. PAIA Electronics, Box 114350, 
Oklahoma City, OK 73114. 

KLH 
TAPE DECK 
New in 
factory 
cartons. 3 
head,3 mot- 
or solenoid 
operated. 
Part of their 
$699.unit. 
No electronics, 
but panel cut 
for all controls. 
Walnut case 

included. Controls include Automatic Rewind, 
Search,Pause, Fast forward, Reverse, Play, and 
speed control,(3.75 & 7.5").Tape counter. Wt. 
37 lbs. 14'/,"x15'/.".Ideal for custom installation. 
STOCK NO.F5180 $79.00 

1 

3'/2 LIQUID CRYSTAL 
WRIST WATCH DISPLAY 

The AEO129 Liquid Crystal 
Display specified in Jan.'74 
POPULAR ELECTRONICS 
article' Build This Electronic 
Digital Wristwatch. 

We supply reprint of article, and data sheets. 
STOCK NO.B 5192 With Socket $19 .7 5 

MINIMUM ORDER $5.00. Include sufficient 
postage;excess refunded.Send for latest 56 
page catalog with exciting values. 

DELTA ELECTRONICS CO. 
BOX 1, LYNN, MASSACHUSETTS 01903 
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Led Readouts with Internal Logic 
Space Savers! Everything on one Dip. 

This is the best readout buy of 1974. Brand new, laclory fresh T.I. #111306 
readouts. These contain the equivalent of 1-Man.1 Led readout 1.7490, 
1.7475, 1-7447 plus current limiting resistors. Imagine. a Complete digital 
counting system with readout In one 16 PIN Dip. Regular catalog price on 
these is 522.00 ea. Our price. $8.95 with specs. Ouantny limited - Sold 
on a first come basis. 

Led lamps at new lower prices 
Jumbo red - Large like M05024 - 6 for Sr 

Jumbo green - Large like MV5222 - 4 for St 

Jumbo yellow - Large like MV5322 - 4 for 51 

SPECIAL: Miniature red lamps like MV -50, but better. 6 for Si 

RTL IC's by Motorola 
Brand new. These are gelling hard to find. Best price anywhere 
MC724-P - 5.77 MC789P - 5 77 MC790P - 5.89 

CaICUIaloi - Mostek í4K5011 - Improved CT5001 - 55.95 with specs 

New Low Prices 
PRIME DIP TTL IC'S 

7400 - S .23 7427 - S 35 74H73 - 5 .49 74151 - 5 .89 
74s00 - 5 .49 7430 - 5 23 7483 - $ .89 74154 - $1.59 
7402 - 5 .23 7437 - 5 49 7486 - S .39 74157 - 51.19 
7404 - 5 .25 7438 - 5 .49 7490 - 5 .89 74164 - 51.79 

74SO4 - 5 .49 7439 - 5 .65 7491 - 5 ..95 74165 - 51.49 
7407 - 5 .29 7442 - S 77 7492 - 5 .89 74174 - $1.95 
7408 - 5 .23 7447 - 5 .95 74121 - 5 .49 74181 - 53.50 
7409 - 5 .29 74a8 - 5 .95 74t23 - 5 .95 74192 - $1.39 
7410 - $ .23 7473 - 5 .39 74150 - $1.39 74193 - $1.39 

7474 - S .39 

IC Breadboard Panel 
Removed from computers. Consists of an Augal panel with 210 14 pin wirewrap 
sockets. Also has 44 - MV -50 Led lamps. Board has also 2 osCillato,s, one Is a 

CTS - Knights and at 4 000000 MHZ. and the other is 2,000 HZ C .10k tuning IoM 
osc. Both are set up to work on Sv OC. There is also a Beckman 10v reg. IC. 
Original cost on these units was 5750, Our price is 512.50 ea. 

Send 
Check or M. o. ALTAJ ELECTRONICS Bargain Nrerl19c), 
Add 101. for Pstg. P. O Box 28592A Free with order, 

and handling Dallas. Texas 75228 No C.O.O. 

Texas Residents, Add 5°b State Sales Tax. 

CIRCLE NO. 2 ON READER SERVICE CARD 

MECHANICAL, ELECTRONIC devices catalog 10C. Greatest Values 
-Lowest Prices. Fertik's, 5249 "D", Philadelphia, Pa. 19120. 

BURGLAR -FIRE alarm components, hardware. Free catalog -in- 
formation. Silmar, 133 S.W. 57 Ave., Miami, Florida 33144. 

DISCOUNT PRICES 
B & K, SENCORE, LEADER Test Equipment 

RAYTHEON, ICC/MULLARD Tubes 
TELEMATIC Test Jigs 

Free Catalog 
FORDHAM RADIO SUPPLY CO. INC. 

áw1 
558 Morris Ave.. Bronx, N.Y. 10451 

FREE CATALOG. Parts, circuit boards for POPULAR ELECTRONICS 
projects. PAIA Electronics, Box C14359, Oklahoma City, OK 
73114. 

YOU SAVE BIG MONEY! Surplus, Clearouts, Bankruptcy, Inventory, 
Deals. Catalog $1 (redeemable). ETCOA Electronics, Box 741, 
Montreal, H3C 2V2. U.S. Inquiries. 

ELECTRONIC Parts wholesale. Catalog 10C. Donlyn Electronics, 
P.O. Box 15421, Phoenix, Arizona 85060. 

'FREE Catalog lists resistors, tubes, transistors, rectifiers, con- 
densers, tools, tuners, etc. Hytron Hudson, Dept. PE, 2818 Ken- 
nedy Blvd., Union City, N.J. 07087. 

BURGLAR -FIRE alarm supplies and information. Free catalog. 
Protecto Alarm Sales, Box 357-G, Birch Run, Michigan 48415. 

ELECTRONIC ORGAN KITS, KEYBOARDS and many components. 
Independent and divider tone generators. All diode keying. 
I.C. circuitry. Supplement your Artisan Organ. 35C for catalog. 
DEVTRONIX ORGAN PRODUCTS, Dept. C, 5872 Amapola Drive, 
San Jose, Calif. 95129. 

FREE CATALOG. IC's, Puts, Transducers, Thermocouples, Led's, 
Transistors, Circuit Boards, parts. Chaney's, Box 15431, 
Lakewood, Colo. 80215. 

AU1HENTIC, INSTRUMENTED, FLYING ROCKETS for casual or 
serious experimenters. Over 80 scale original, multi -stage or 
ready -to -fly models. Solid -propellant engines for safe, electric 
launch system liftoffs up to 2,500 feet. Measure altitude, temp. 
inversons, more. Real telemetry, electronic tracking, aerial still 
and movie photography with super -miniaturized equipment. New, 
detailed tech manual and full -color catalog. 250 from ESTES 
INDUSTRIES Dept. 18X, Penrose, Colo. 81240. 

PAIA SYNTHESIZER 

r _ - Models 
Priced from 

7 

KITS 
$139 - r 

LIKE TO HEAR IT? 
rim NEED TO KNOWMORE' 

10minutesof for out sounds 
created with the PAIA Synthesiser 

now ono demo record - 75% - ,Catalog free 

PAIA ELE TRONICB, INC. 
BOX P14359, OK OMACITV,OK 73114 

CALCULATOR OWNERS: Use your +-X= calculator to compute 
square roots, cube roots, sin(x), cos(x), tan(x), arcsin(x), 
arccos(x), arctan(x), logarithms, exponentials, and more! Quickly, 
Accurately, Easily! Send today for the IMPROVED AND EXPANDED 
EDITION of the first and best calculator manual -now in use 
throughout the world ... only $2.00. Unconditional money -back 
guarantee -and FAST service! Mallmann Optics and Electronics, 
Dept. 15A, 836 South 113, West Attu, Wisconsin 53214. 

BUGGED??? New locator finds them fast. Write, Clifton, 
11500-L N.W. 7th Avenue, Miami, Florida 33168. 

TELEPHONE "BUGGED"? Countermeasures Brochure $1.00. 
Negeye, Drawer 547, Pennsboro, W. VA 26415. 

ELECTROSLEEP, acupuncture. Catalog of 200 more projects 
free. Cimarron Labs, G-13060 Center Rd., Clio, Michigan 48420. 

WE SELL MONEY MAKING CONSTRUCTION MANUALS! -Reclaim 
refined GOLD and SILVER for EXCELLENT full time or part time 

money! -Color Catalog 25C -Airmailed 500. Creative Products, 
Dept. PE -674, 8415 Lofland, Houston, Texas 77055. 

HEAR POLICE/FIRE Dispatchers! Catalog shows exclusive di- 
rectories of "confidential" channels, receivers. Send 10C stamp. 
Communications, Box 56 -PE, Commack, N.Y. 11725. 

FIREWORKS NEWS -Magazine Covering Commercial -Display 
Fireworks, Sources, Construction, Pyrotechnical Supplies, Fuse, 
Literature. Free Catalogs/Booklist With Subscription! Calendar 
Year $9.00 "1974" Fireworks Buyers' Guide" $5.95. Pyro Press, 
Box 12010N, Lexington, Kentucky 40511. 

1/2 WATT Resistors all values 20. Minimum $2.00. Lectronix, 
Box 1067, Southgate, Michigan 48195. 

CONVERT any television to sensitive, big -screen oscilloscope. 
Only minor changes required. No electronic experience neces- 
sary. Illustrated plans. $2.00. Sanders, Dept. A-33, Box 92102, 
Houston, Texas 77010. 

BIOFEEDBACK. Professional instruments: Electroencephalophone, 
Galvanic Skin Response. J&J, 8102E, Bainbridge, WA 98110. 

DIGITAL IC Manual -Latest Edition -1500 types by types/dia- 
gram number, $3.95. 32 -function digital computer kit -IC, 
transistors, instructions, $14.00. IC applications manual -numer- 
ous circuits-Analog/Digital, $3.95. Electronetics, P.O. Box 127, 
Hopedale, Mass. 01747. 
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NOW AVAILABLE FROM MUD RATI 4YSTE , OGQo 

LOW-COST FIELD EFFECT TRANSMISSIVE AND/OR 
REFLECTIVE LIQUID CRYSTAL AC DISPLAY 

DESCRIPTION 

Only one liquid crystal display provides excellent contrast and readability in 

diffused light: FELIX. Field Effect Liquid Crystal from Disco. 

FELIX liquid crystal displays produce superior optical properties thanother 
liquid crystal systems because of their bi-level characteristic. The Felix 

display system has two distinct optical states, so that display segments are 

fully off at 3 volts and completely on at 7 volts, 

Bi.level refers to the two levels of optical activity present in specially 

organized liquid crystals. In the quiescent state, the level is referred to as a 

90" rotation of the plane of polarized light. That is, when a liquid crystal 

organized in this manner is inserted between a polarizer and an analyzer 

which are parallel, the light transmission will be at a minimum. The other 

level of the bi.level system is zero degrees rotation of the plane of polarized 

light, which occurs upon the application of a well defined voltage, giving 

maximum transmission. 

Extremely lose voltage threshold provides full compatibility with TTL and 

MOS devices.' The power consumption of the ON segment is less than K 
microwatt. 

DIMENSIONS 
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ASSEMBLED COUNTING BOARDS 
Completely assembled and tested counting board, consisting of above display and 

connector, three decade to 7'segment. decoder 174481, seven AC pulse drive 

generators 174861, and tin plated glass -epoxy PC board with edge connector pattern 

is available as part number 94-06051. 

PRICES 

Catalog 
Number 

Description 1 

4 
5 

9 

94 06051 Complete Assembly 15.50 14.50 

84 06051 Display & Connector Only 9.75 9.00 

10 

24 

13.50 
8.25 

25 
Up 

12.50 
7.50 

FEATURES 

* Excellent contrast in ambient light 
* Field effect 

* Wide temperature range 
* Low voltage operation (7 volts) 

* Extremely low power consumption 

* Transmitted or reflected light displays 
* Operates 60-10 KHz 

* Plugable 

TYPICAL INTERFACING CIRCUITRY 

Jlrt 

ONE vE OR 

I 

OxTEefR SEGMENT r- 

r - 
r- }. 

11 .-, 

---I i .-_4l..jJ 

..__ 

i- 

OecIcnrEueculr FOR E4CN OiOT -_i_ 
CLOCK TOEnC BACK rE.raE 

PIN CONNECTIONS 

PIN SEGMENT PIN SEGMENT 

2. 

3. 
4. 

5. 

6. 
7_ 

8. 
9. 
10. 
11. 

12. 

13. 

14. 
15. 
16. 
17. 

la. 
1A 
20_ 

b 

9 

d 

B.P. 

a 

DEC. 
b 

9 

d 

BP. 

a 

DEC. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

b 

B.P. 

DEC. 
1 

DEC. 

BP. 

117-16-00E--4,-,- 
áJJ.9r) 1101 Srl$4.111,5, MC. 

SEND YOUR ORDER TO: 

SOLID STATE SYSTEMS, 'INC. 

P. O. BOX 617 

COLUMBIA, MISSOURI 65201 

OR PHONE (TOLL FREE): 

800-325-2595 d 800-325-2981 
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PROFESSIONAL Record Cleaner eliminates dust and static. Only 
available from Canada. $4.50 postpaid. Dept. P, P.O. Box 5207 
Stn. B., Victoria, Canada. U.S. Inquiries. 

CD IGNITIONS, VHF/UHF monitors, crystals, CB radios. 
Southland, Box 3591-B, Baytown, Texas 77520. 

CRYSTALS, Scanners, $3.88, include make and frequency. G 

Enterprises, P.O. Box 461PC, Clearfield, UT 84015. 

LINEAR IC's, most types available, send for free list. Semi -Lin 
Enterprises, P.O. Box 992, Santa Ana, Calif. 92702. 

ELECTRONIC TEST INSTRUMENT CATALOG -160 illustrated pages 
list over 5,000 new, used and reconditioned test instruments - 
600 manufacturers. Send $2.50 refundable with first purchase. 
Tucker Electronics, P.O.B. 1050, Garland, Texas 75040. 

LOW NOISE RESISTORS -carbon film. Brand new as low as 21/4 
cents each. Components Center -PE, Box 134, N.Y., N.Y. 10038. 

DIAGRAMS, Service Information, Radio -Television, $2. Specify 
manufacturer, model. Publications, 1760 Balsam, Highland Park, 
III. 60035. 

POWER SUPPLY Assembly Manual. Completely illustrated. +5 v 
regulated, 0-2 amp capacity, metered. Etched P -C Board avail- 
able. Manual $3.00. P -C Board $6.00. Meltech, Drawer G-26506, 
Raleigh, N.C. 27611. 

NE555V: $1.10, 8038 Waveform Generator: $6.95, 1103 (1024 Bit 
Ram): $4.50, DG200BA Analog Switch: $3.25, 2N6084 RF Pwr: 
$10.50, 74181 Alu: $3.75. Catalog: 100. Electronic Discount 
Sales, 138 N. 81st St., Mesa, Arizona 85207. 

CONSTRUCTION PLANS: Laser ... $2.00. Rocket Tracking Trans- 
mitter . $2.00. Space Monitor -Missile Tracker . $2.00. 
Free Catalog. Electro -Research, P.O. Box 20285, Ferndale, 
Michigan 48220. 

P.C. BOARDS -Artwork, Negatives, Fabrication -Fast prototype 
service. B&S Circuitry, 6573 Allatoona Place, Morrow, GA 30260. 

FREE CATALOG. Kits, Components, audio equipment. Electronic 
Supply Pacs, Box 175, Floral Park, N.Y. 11001. 

ELECTRONIC parts discount catalog -25C. Electronic Liquidators, 
Box 401, Longwood, Florida 32750. 

SURPRISE! Get the most unusual Numerical Readout Project 
Plans Catalog: FREE!! GBS, Box 100AA, Green Bank, West Virginia 
24944. 

MAXIMUM Tire Life. Details $1.00. H. Weiner, 50 Reservoir 
Avenue, Jersey City, New Jersey. 

FIRSTPHONE--4 Tests, formulas, aids, etc. Guaranteed! $10. 
Engineer, DWR 570, Mars, PA. 16046. 

FREE! Diodes and catalog! BDJ ELECTRONICS, 11 Revere, Tappan, 
New York 10983. 

TV GAMES -Ping Pang, Space War, Cat and Mouse, many others. 
Instructions, schematics, kits. SP Electronics, Box 5, Prospect 
Heights, Illinois 60070. 

MELLOTRONS-ARP synthesizers. Lowest prices. Dan Keen, 
Dept. E., 219 19th Street, Avalon, N.J. 08202. 

SEMICONDUCTORS, components unusual items, discount prices, 
catalog 20 cents. Seaboard International Electronics, Box 906, 
elute, Texas 77531. 

AUTOMATIC telephone recording and debugging equipment. 
Top quality. Lowest wholesale prices. Viking International, 
Box 632E2, Newhall, California 91322. 

ALPHA/THETA BRAIN WAVE biofeedback instruments. Analog in- 
struments from $125; digital processing systems from $225. 
BioScan, Box 14168-E, Houston, Texas 77021. 

FREE SAMPLE IC breadboard. Send self addressed stamped 
envelope to ETEC Electronics Co., PO Box 402, San Luis Obispo, 
CA 93406. 

WEATHER SATELLITE pictures of your own. Can be constructed 
for $100.00. $2.00 for plans to: Weather, P. 0. Box 362, Tupelo, 
Miss. 38801. 

FREE! Giant catalog. Semiconductors, IC's, Parts. Crown 
Electronics, 501 Baldwin Avenue, Lodi, N.J. 07644. 

PRACTICAL Applications of Digital IC's. 100's of tips, circuits, 
projects, on TTL. 443pp $19.95. Money Back Guarantee, GEA, 
P.O. Box 285, Northfield, Ohio 44067. 

HIGH FIDELITY 

DIAMOND NEEDLES and Stereo Cartridges at Discount prices for 
Shure, Pickering, Stanton, Empire, Grado and ADC. Send for free 
catalog. LYLE CARTRIDGES, Dept. P, Box 69, Kensington Station, 
Brooklyn, New York 11218. 

DERIVE 4 channel sound from your present stereo without any 
expensive devices. Send $1.00 for easy instructions to: Surround 
Sound, 96 Home St., Somerset, N.J. 08873. 

WANTED 

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed. Free Circu- 
lar. Mercury Terminal, Norwood, Mass. 02062. 

TUBES 

RADIO & T.V. Tubes -36C each. Send for free Catalog. Cornell, 
4213 University, San Diego, Calif. 92105. 

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. All Brands - 
Biggest Discounts. Technicians, Hobbyists, Experimenters -Re- 
quest FREE Giant Catalog and SAVE! ZALYTRON, 469 Jericho Turn- 
pike, Mineola. N.Y. 11501. 

TUBES "Oldies", latest. Lists free. Steinmetz, 7519 Maplewood, 
Hammond, Indiana 46324. 

TUBES receiving, factory boxed. low prices, tree price list. 
Transleteronic. Inc., 1306 40th Street, Brooklyn, N.Y. 112180, 
Telephone: 212.633-2600. 

CASH Paid for obsolete receiving tubes WE300B, WE3508, 
WE252A, WE310A, WE274A, WE262B, WE284D, RCA45, RCA50, 
and Movie Theatre we amplifier models 91B, 86F. Contact: 
M. Takabe, 303 Fifth Avenue, N.Y.C. (212) 679-1970. 

TAPE AND RECORDERS 

RENT 4 -Track open reel tapes -all major labels -3,000 different 
-free brochure. Stereo-Parti, 55 St. James Drive, Santa Rosa, 
Ca. 95401. 

1930-1962 Radio Programs. Reels, $1.00 Hour! Cassettes, $2.00 
Hour! . . Mammoth Catalog, $1.00. AM Treasures, Box 192F, 
Babylon, N.Y. 11702. 

CASSETTES 
PLAIN WHITE CASSETTE LABELS. NORELCO CASSETTE CLEANERS, 
PAPER MAILER BOXESRI HOLDS NORELCO-TYPE PLASTIC BOX, 
FAMOUS BRAND CASSETTES. "LIKE NEW" 101/.. METAL OR 
FIBERGLASS REELS. SEND FOR OPEN REEL AND CASSETTE DIS- 
COUNT CATALOG. `QUANTITY 1-9 10-99 100 1000 

CASSETTE LABELS (Multiples of 10) .02 .15 .01 
NORELCO CASSETTE CLEANER .65 .60 .55 .50 
SCOTCH CASSETTE SC9OHE 2.72 (BUY 2, GET ONE FREE) 
1Ol//-- FIBERGLASS REELS, USED .50 .40 .35 .25 
601/4 METAL. NAB HOLE, USED 1.00 1.00 .90 .70 

PLUS POSTAGE BY WEIGHT AND ZONE MINIMUM ORDER. 55.00 
SAXITONE TAPE SALES COLUMBIAD.C. ROAD. 

WWASINGTO, 9 
16,000 OLD RADIO SHOWS on tape. Catalog $2.00, supplement 
50C (refundable). Hart Enterprises, 1329H George Washington, 
Richland, WA 99352. 

MUSICASSETTE! Low price high quality wide selection. Lists 
Free. Thomas Tang, 1TM PO Box 313, Hong Kong. 
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 NATIONAL Buy any 3 - Take 10% 

LINEAR OP AMPS 
LM -300 POS V.R. (super 723) TO -5 $ 

.91 
91 

pe LM -301 Hirtormance op amp (A1 
(3 LM-302Voltage follower TO- 5 - .. 1.11 LM -304 'Neg. Voltage Regulator TO -S 

9 .1 LM -305 Pos. Voltage Reg. TO -5 1.19 
LM-307 Super 741 op amp (A) 1.19 le LM -308 111-12fel type op now TO -S . 

1.19 LM -309H SV Volt -Regulator TO -5 . 
. 1-85 LM -309I( SV Volt --Reg. 1 Amp 10.3 
- 1 25 LM -310 VoltageFollower TO -5 

1 15 LM -311 Hi-pºrf. Volt. Comp. (AI .. 
1.50 Q LM -319 NI -speed Dual Comp. DIP .. 

O LM -320 MINUS 5, 12 or 24V V.R. TO -31.75 
Q LM -322 Precision Timer 

1 75 LM -339 Quad Comparator. DIP 
1 SO LM -324 Quad (4.741'1 in DIP( 

.41 o LM -350 Dual peripheral driver 
LM -370 AGC Squelch op amp. TO -5 . . 1.19 
LM371 RF, IF op amp. TO -5 

1 5025 LM373 AM -FM SSB 1.A -D, TO -5 3 
3 50 0LM-374 AM -FM SS IVAD TO -S 350 Q LM -377 Dual 2 -watt audio amp 

2 -watt 
. Q LM3 1 Low noise dual pre 

amplifier 
amp DIP . 1.95 

LM -382 Low noise dual pre amp DIP . 1.95 95 LM -703 RF-IF amp. 10.5 
,55 LM -709 Operational amplifier (A) 
.45 LM -710 Differential amplifier (A) ' 

0LM-711 Dual Differential Amp (A) . .3666 

0LM-723 Voltage Regulator (A) 
65 Q LM -725 Instrument Op Amp 

175 Q LM -733 Differential Video 
41 ! LM -741. Freq. Comp. 709 (A) 

'- Q LM.741CV Mini DIP 741C 45 
LM -747 Dual 741 (A) ..... . 89 
LM -748 Freq. adjustable 7410 (A) . - 44 
LM -1303 Stereo pre amp DIP 95 
LM -1305 FM Multi. Stereo Dem. DIP . 1 25 
LM -1307 FM Multi. Stereo Dem. DIP 

. 
1 501 0LM-3028 Differential RF/IF amp 

LM -3900 Quad "current mt or" amp 2 50 
95 

LM -42500 Programable op amp 
44 f LM -75451 Dual peripheral driver 
,44 LM -75453 Dual peripheral driver .. . 

E LM -75492 Quad seg. driver, LED (DIP 1.65 
LM -75492 Hex digit driver, 250ma, D11.85 

(A) TO -5. Din or mini Dip 

LED 7 -SEGMENT 
MAN -3 

Readouts y 

(All "LED" TYPES) 
Type 

, MAN -1 
MAN -3 

o MAN -4 

Char. 
.27 
.12 
.19 

Each 1 Special 
$3.75 3 for 59. 

1.49 3 for 53. 
2.50 3 for SI. 

REFLECTIVE BAR TYPES 
707 

1 704 
0 SLA-1 , SLA-3 '; S1.A-1111 

I SLA-21 

.33 
.33 
.33 
.70 
.33t 
.3311 

2.50 
2.50 
2.10 
4.95 
3.50 
3.95 

3 /or $6. 
3 for 56. 
3 for $5. 
3 for $13. 
3 for $10. 
3 for 510. 

By Litron s ' 'By Oco., equal to 
MAN -1 or MAN -4 specs. Color - RED. 

}Green. tt yellow 

,rand 

New 

LINEAR O 'imps 
recrws, r Meows' ..... 

BUY ANY 3 - TAKE 10% 
531 HI slew rate opamp (TO.S) ..52.50 50 
532 Mitre power 741 (TO -5), ,. 
s33 Micro power 709 (10-5).....2.50 
536 FET Input op amp (TO.S) 2.9S 
550 Precision 723 voltage reg. (DI1 
155 Timer 2 u Seconds to 1 -hr. (A) 1s.17 

0 556 5 Times taster than 7410 2.100 
0 558 Dual 741 (A) 

560 Phase lock loops (DIP) 2.95 
561 Phase lock loops (DIP) 2.95 
562 Phase lock loops (DIP) 2.95 
565 Phase lock loops (A) 2 95 
566 Function generator (T0.5), 2.95 

o 567 Tone decoder (A) 5 
702C Hi -grain. DC amp (10-5), 
704 TV sound IF system 1.50 50 711C Dual dill. comp (A) 

.69 i7 723C Voltage regulator (A) 
741CV Freq. comp 709 (Mini DIP) .44 
748C Freq. adi. 741C (A) 

1 4 753 Gain Block 75 
739-739 Dual stereo preamp 1.98 
741-741 Dual 741C (TO -S) 
PA265 5 -Watt voltage regulator 1.00 
ULN2300M Op amp with SCR 1.00 
GA3065 Video Audio 1.00 

Q 4136 Quad 741'1 (DIP) 
system 

1.95 
(A) TOi or DIP dual in line Pak 

'ff@Tfl ( 

fon@ 41 
MAKE YOUR 
OWN 
CALCULATORS 
WITH OUR - !-7 

LOW PRICED 
/mot, i . BASIC 

KITS ,./.9 

8 -DIGIT LED 
Basic kit 11 

It,clud. CO... k.yhor4 (\y Flex -Key). 
CT -tool C.leol.tor chip for digit, your 
chalet, of tort, 1..0611 readout, sheet. 

6 -DIGIT LED 
Basic kit #2 

$19.. 95 
1s0Wd.s Case, K.y\o.rd (by F145 -hoy). Ro. 
Uon.l MM11754 C.Icul.tor Chip for dlglt 
indication, two 70401 .gme.t driven, o 
75492 digit driven. two 3 -Slut re.dot of 
your choke, sheet. 

MO¡ 
D EMO, 
D ual 
D EMO! 
LIMO' 

-1 

$19.95 

arTy,fT 
WRIST WATCH See POPULAR ELHTRO.\'n-K tyen.. 17: II for huumln, 

eteettnw m.itat 

LIQUID CRYSTAL :>;I: "apl.,etLrn, ., k:i.:e`E.vno : 
dian di..l.n neire 1..< tnnn 1/Ie00 a1 ;:::..'':1 
LEU'S. *n I;Iv - wit ambient ham, I,ITeult 

t LEP' utnt. 1ulnab BEfONnS in ,vate: DIS PL uf éu.l ri D yELD or 7R u51KmR-R[SIST°R mt<:- 
face. Ep'i. Nun mntler...cling, L1un 3-1/2 digit. 7 segment nom...'unY canner nr t.rminl.. .Le<.i;"ói:« Only 1-1/16 x 11/16 x 1/4' Si1SiP:`1fir o1eti. nue 1 

and 
t znnider 

. < Ón .,n1eo 1.15V n 
dÁ ell. üae' he1 end 'mewctC MOSnm cultg- 
We Include COPY CO writ up from P1: motaaine, $19.95 

w º.'3i. POLY PA K S IK°. t P , 
ASHES IC PRICES Factory Marked Order by tyre num her! Spec .heels ,tit renue.t "ONLY" Buy 100 - Take 20 9 Type Sale 597432 .55 

O 597400 $0.30 597437 .55 597401 -30 0 5X7438 .55 
O 537402 .30 0 537440 .30 
13 5147403 .30 0 597441 1.40 O S147404 .35 0 S147442 1.50 O 5147405 .35 0 537443 1.50 597406 .45 0 5N7444 1.50 597407 .55 $97445 1.50 O 5147408 .35 S147446 1.65 
O S37409 .35 0 SN7447 1.45 
O 597410 .30 0 537448 1.50 
O 597411 .35 597450 .30 

S147413 .95 0 SN7451 .30 SN7415 .55 0 597453 .30 
5147416 .55 S147454 .30 
5147417 .55 SN7455 .55 5N7420 .30 0 597460 .30 597421 .55 0 5147461 .35 
5147422 .35 0 5147462 .35 5147425 .50 0 5147464 .30 

O 597426 .55 0 597465 .50 O S147430 .30 0 597470 .50 

597471 .55 
597472 .50 
597473 .55 
597474 .55 
5147475 1.00 
5147476 .65 
S147478 .95 
51147480 .65 
SN7481 1.25 
537482 .99 
5147483 1.25 ) 5147485 1.41 
5117486 ,55 
5147489 3.50 

S597490 1.49 
SN7491 1.35 
597492 1.35 
SN7493 1.35 
S147494 1.35 

Q SN7495 1.35 o 5147496 1.35 
5974106 .95 
515174107 .70 

5974108 .95 
o 51474112 ,95 

SN74113 -95 
S1474114 .95 
SN74121 .60 

Cl 51474122 .95 
SN74123 1.20 

O S1474425 .71 
SN74126 .71 
SN74139 4.50 
51474140 1.25 
S1474145 1.55 
S1474148 4.50 
SN74150 1.61 
51474151 1.25 
5974152 4.95 

O SN74153 1,60 
SN74154 2.10 
51474155 1.55 
SN74156 1.45 
5974557 1.55 
S974158 1.55 
5N74160 1.95 

SN74161 1.95 
SN74163 1.95 
SN74164 2.85 
SN74165 2.10 
S1474166 2.05 
5974173 2.50 
5974174 3.20 
SN74175 3.20 

O 5974176 2.10 
51474177 2.10 
5155174179 2.10 
S1474180 1.20 
S1474181 3.95 
SN7412 1.20 
59741892 2.50 
5974192 1.96 
S974193 1.93 
S1474194 1.96 
5374195 1.25 
51474196 2.50 
5374197 2.80 
SN70198 2.65 n S1474200 9.95 

IC'S FOR EXPERIMENTERS 
Q.e 

Includes factory -good. rejects & de - Money Back Guarantee! ractory Marked! $1.00 Sects. who knows at these prices! SN7400 20 for $1. SN7404 20 for SI. 5X7413 5for 51. 
5147441 5 for 51. 
5X7442 5/or SI. 
5147444 5 for 51. 
5147445 5 for 51. 

S1517447 5for 51. 
Cl 597448 5 for 51. 

S147473 10 for 51. 5147474 10 for 51. 
5147475 5 for $1. SN7490 5 for Si. 
51474107 10 for 51. 

5974121....10 for Si. 
51474123....10 for 51. 5X74154.... 5for 51. 5974181.... 3 for 51. 
51474192.... 5 for 51. 5X74193.... 5 for 51. 

1 

CLOCK CHIPS 1111.11.1, 
ON A "DIP" i MM5313 

'ANY CHIP $8.88 El MM5316 

6digit 28 -Pin 
4 -digit 24 -Pin 
6 -digit 28Pin 
6-digh 24 -Pin 
4 -digit 40 -Pin, 
Alarm 

8.88 
8.88 
8.88 
8.88 

13.50 

Mlgr's Type Watts Same 

SANKEN HYBRID si-1oloy 10 5 8.88 AUDIO 51-í0E 25 le -et, 
POWER AMPS 51-1050E 50 29-9? 

Used extensively in hi-fi systems, tape decks, I'M tun- 
er! record player., steren components. musical instru- 
ments, P.A., etc. All amplifiers, flat within ir_ db fro 
ho to 100,00. Eachunit properly bent -.sicked, *with 
heavy -du ly connecting tie lug connect i.o... Single - 
ended pusl,pull output. Power supply 

.vin 
red 

to P ohm, y WIW I, Nd- 

CALCULATOR CHIPS ON A "DIP" 

CT8005 12 -digits 213Pin .. 9.95 at 

readouts. Nisies, and LEirs. 
Ci CT5001 12. digits 40 -Pin CT5002-9 Volt session of 5001 - 586:89: 

with 3 -function memory. 

POCKET CALCULATOR KEYBOARD 
For hand-held units, prop- Only erly multilexed for chip 
C C-SOOI. 2,12 Or ]tostek $6.95 5010.12. 18 feather -touch 
keys. by FLEX-NEY. 3 /or 518. 

1 

BRAND NEW LOWEST PRICES 
11 

Terms: add postage Rated: net 31) - 
GENERAL ELECTRIC 3 -WATT 52.50 r VP,2l0 

1 
I Phone Orders: Wakefield. Sass. (617) 245-3829 s Retail: 16-18 Del Carmine St., Wakefield, Mars. . AUDIO AMP 3 FOR s6.00 toff Water Street) C.O.D.'S MAY BE PHONED (/ Rio - Delivers A. pwxtts continuum:, 10 *watts peas- With tat heat sinks; 

sensitivity. 
ilro $!lsp/_htrs 9 b, :í0V sup- 

. POLY PAKS 
P.O. BOX 942 E pier High00.tat. + to 1,; ohms. For mono and 
Lynnfield, Mass. 01940- stereo nhonas. [ape. I'M. AM, TV. servo. ! suit,.,,: 

CIRCLE NO. 23 OH READER SERVICE CARD 
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DELUXE 

MAGAZINE. CASES 
)De449 5zá~ 
POPULAR ELECTRONICS 

The ideal way to save your valuable copies, keep them well 
protected and make it easy for you to refer to any issue at any 
time. Both decorative and attractive enough to enhance the 
decor of any room, each case holds a full year's copies. 
Constructed of reinforced fiberboard, these durable cases are 
covered in a rich -textured leatherette. The gold embossed back 
adds to its elegance and makes each case a welcome addition 
to your bookshelf or cabinet. 

Magazine cases are available for any of your favorite maga- 
zines. They're only $4.50 each, 3 for $12.50. in any combina- 
tion of titles ordered. Add 50c per case for postage and han- 
dling. Outside U.S.A. add $1.00 per case ordered. 

W,Wi[uo CHARGE YOUR AMERICAN EXPRESS 
OR BANKAMERICARD ACCOUNT 

Ziff -Davis Pub. Co., Dept. 23, 1 Park Avenue, New York 10016 
My remittance in the amount of $ is enclosed. 

Please send magazine cases for the titles indicated below. 
CHARGE: American Express BankAmericard 
Account # 
Signature 

TITLE PE -674 QUANTITY 

Check One: 

Print Name 

Address 

City State lip 
PAYMENT MUST ACCOMPANY ORDER 

All Black Maroon Back, Black Sides 

PLANS AND KITS 

ADVANCED DIGITAL CLOCK kit, calendar 256 note alarm tone, 
incorporated timer controls auxiliary AC load. Free details. 
Clocks, 337 College, Hol and, Michigan 49423. 

POWER SUPPLY PLANS; precision regulated 9 to 12vdc, 2 amps, 
$5.00. Airborne Systems, Box 1175, Hartford, Connecticut 
06101. 

NEW INVENTION, DYNAMIC TRANSISTOR TESTER. SIMULATION 
PRINCIPLE, identifies whether unknown transistor is Silicon or 
Germanium; VHF, HE or LF; NPN or PNP. OUT AND INCIRCUIT 
GOOD-BAD TEST. Kit $32.00, wired $39.50, information 200. 
SUIITRON, 145a Church Street, Toronto, M5B1Y4, Canada. U. S. 
inquiries. 

COMPLETE CONSTRUCTION PLANS-TELEPHONE: Answering de- 
vice, conference bridge, auto -dialer, central dial exchange. $4.00 
each. DODECAHEDRON speaker cabinet. $2.50 T.E.L. (Telephone 
Electronics Newsline) subscription $2.50. Teletronics Company 
of America, P.O. Box 362, Agoura, California 91301. 

EXCELLENT Electronic Auto Burglar Alarm System. Plans $2.00, 
Kit $39.95. Byron Nelson, Route 1, Box 232 #8, Kingsville, 
Texas 78363. 

55 Complete plans plus special part for 100 watt, 20-40 MHZ 
base linear. Information S.A. S. E. and 100. Aldato Enterprises, 
Box 81, Thorold, Ontario, Canada L2V 3Y7. 

MOVIE FILMS 

8MM-SUPER 8.16MM MOVIES! Biggest Selection! Lowest Prices! 
Free Catalog! Cinema Eight, Box PE, Chester, Connecticut 06412. 

TOOLS 

WRAP Tool $1.00, Wire, Panels. Xycon, Box 9341, Phoenix, 
AZ. 85020. 

ELECTRICAL SUPPLIES 
AND EQUIPMENT 

PLATING Equipment, Portable Platers, Supplies and "Know - 
How." Build your own tanks for nickel, chrome, etc. Easy -to - 
install PVC liners. Rectifier components-all sizes. Schematics, 
parts lists, formulas, operating instructions for all plating. 
Guaranteed to save you 25%-75%. Some good units for sale. 
Write for details. Platers Service Company, 1511 -PE Esperanza, 
Los Angeles, Calif. 90023. 

GOVERNMENT SURPLUS 

GOVERNMENT Surplus. How and Where to Buy in Your Area. Send 
$2.00. Surplus Information, Headquarters Bldg., Box 30177 -PE, 
Washington, D.C. 20014. 

ELECTRONIC Equipment and Parts. Big 36 page Free Catalog. 
Send for your copy today! Fair Radio Sales, Box 1105-P, Lima, 
Ohio 45802. 

MANUALS for Govt Surplus radios, test sets, scopes. List 500 
(coin). Books, 7218 Roanne Drive, Washington, D.C. 20021. 

ELECTRONIC gadgets and parts. Send for free bulletin. 
Aeroparts, International Airport, Box 1492, Del Rio, Texas 78840. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through international correspon- 
dence. Illustrated brochure free. Hermes, Berlin 11, Germany. 

INVENTIONS WANTED 

CASH -ROYALTIES for patented, unpatented inventions. Global 
Marketing Service, 2354-P Telegraph, Oakland, California 94612. 

INVENTORS: Protect your ideas! Free "Recommended Proce- 
dure". Washington Inventors Service, 422T Washington Building, 
Washington, D.C. 20005. 

PATENT Searches including Maximum speed. full airmail report 
and closest patent copies. Quality searches expertly adminis- 
tered. Complete secrecy guaranteed. Free Invention Protection 
forms and "Patent Information," Write Dept. 9, Washington 
Patent Office Search Bureau, Benjamin Franklin Substation, 
P.O. Box 7167, Washington, D.C. 20044. 

FREE PAMPHLET: "Tips on Safeguarding Your Invention." Write: 
United States Inventors Service Company, 708-T Carry Building, 
Washington, D.C. 20005. 

INVENTORS! Either we will sell your Invention before you or 
anyone else does, or we will pay you a cash bonus. Get Free 
Invention Evaluation and information: Write Gilbert Adams Or- 
ganization, Invention Brokerage, Dept. 20, 80 Wall St., New 
York, NY 10005. 

FILE your own patent application. Complete information and 
materials. Write: Inventor's Guide, 468-R, Goodspeed Road, 
Virginia Beach, Virginia 23451. 

FREE "DIRECTORY OF 500 CORPORATIONS Seeking New Prod- 
ucts." For information regarding Development, Sale, Licensing 
of your patented/unpatented invention, write for FREE "INVEN- 
TOR'S KIT NO. A-73, RAYMOND LEE ORGANIZATION, 230 Park 
Avenue, New York, N.Y. 10017. 

DO-IT-YOURSELF 

BURGLAR ALARM SYSTEM-Do It Yourself. Installed in minutes. 
Free literature. Emrad Corporation, P.O. Box 1341, Kokomo, 
Indiana 46901. 
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LIGHT EMITTING DIODES 
MRD 14B Photo 
Darlington $ .75 
OSL-3 Gait VIS, LED 5 .50 
MCD-2 Opto. Isolator - 5 .90 
ME4 IR LED's $ .50 
GREEN GaP OSL16 LED 2 .90 

74L00 
7400 

c 7401 
7476 
7480 
7483 ,.1.10 

7402 
7403 

7486 
7489 

.. .48 
-3.00 

7404 
7405 

7490 
7491 

.83 
,1.30 

7407 
7408 

- - -50 .. .27 
7492 
7493 

7410 
7411 

.24 
-30 

7495 
7496 

7412 
7413 

-,. 45 
, 85 

74107 
74121 

7416 
7427 

.48 
48 

74123 
74125 

.1.00 
7420 
7422 

-24 74126 
74150 

..1.40 ..1.15 
7426 
7427 

.. 
:22 

74151 
74154 

.95 
.1.65 

7430 
7432 
7437 

.24 --. ,30 

.60 
74157 
74164 
74165 

..2.05 ,.2.05 
7438 
7440 

50 
.. .24 

74173 
74176 

,.1.80 
,.1.80 

7441 
7442 
7445 
7446 

1.15 
,1.00 

. 

.1.15 
1.25 

74177 
74192 
74193 
74195 

,.1.80 

,.1.00 
7447 
7448 
7450 :132 .24 

75451 
75452 
75491 

..1.00 
,.1.00 
,.1.10 

7451 
7472 

.30 8210 , 

8211 , 

..1.50 ..1.50 
7473 
7474 

8220 , 

8520 , 

..1.50 
,.1.75 

7475 LM351 ,.1.00 

VERIPAX PC BOARD 
This board is 1/16" single 
sided paper epoxy board 4I/ e. 
61/a" (standard ip ,$) DRILLED 
and etched. which will hold 21 
single 

4 
pin 

LS11 DIEIC's, IC 's withbusses 
or 

ó for 
power supply connections, nections, It is 
also etched for a 22 pin connec- 
tor. $5.25 3/514.50 
10 Watt ZZeOers 
3.9, 4.7 or 5.6V 5.75 ea. 

t - 

TRANSISTORS SPECIALS 

2N1137B PNP TO -3 GE . $ .95 
252222 NPN Si TO -92 5/$1.00 
2N3137 NPN Si TO -5-,4/$1.00 
2N1605 NPN GE TO -5 .5 $1.00 
MPS3393 NPN Si TO -106 

4/51.00 
2N2218T NPN Si TO -5 4/51.00 
253767 NPN Si TO -66 .5 .70 
MPS 3391A NPN Si TC-92 

5/51.00 
253866 NPN Si TO -5 , .$ .75 
256109 PNP Si TO -220 .5 .55 
2N5296 NPN 51 TO -220 .5 .50 
2N4898 PNP Si TO -66 .5 .60 
MJ2522 NPN Si TO -66 .5 .90 
2N3055 NPN Si TO -3 . .51.00 

5311 -Clock Chip featuring BCD, 
Sold count and output 
trobe ,- ,,, -,,,$8,5 
5314 ¿lockChip 6 dí9ít readout 
hold count $8.55 
5316 -Alarm Clock Chip .$13,95 
TIS 73 N FET $ 6 
2N4891 UJT ...........5.50 
ER900 Trigger Diodes .4/51.08 
14 Pin 1C Sockets 5 .40 
Al 40 x 61/2" Single Sided 
Paper Epoxy Board, 1/16" 
Thick Unetched 5 40 e 

5/51.75 
Miniature Trim Pots 

5K, 10K, 20K, 25K, 
50K. 1OOK ...S.75 3/52.00 

SLA-3 7 Segment LED Readout 77" Nuns- FULL WAVE BRIDGES 
hers 45 MA PRV 2A I 6A 
1 Seg. Red or Yellow 57.50 200 

1 .95 ' 1.25 
400 11.15 11.50 
600 11.35 1.75 

INJECTION LASER -A SINGLE DIODE 6W. 
25A GaAs UNIT SIMILAR TO RCA 40859 

$10.95 
MAN -1. Red or Yellow READOUT 

23.25 
MAN -4 LED READOUT . - -52.50 
MAN -3 LED READOUT . -51.75 

CAPACITORS 
60V 30 OF TANT ....5/51.00 

20V 4.7 OF TANT ....5'$1.00 
12V 01 OF ELECT. ...5/51.00 
5OV 100 OF ELECT. 40 
25V AT 30 OF 4 51.00 
1103 1024 Bit RAM ...5 7.25 
NEC6003 2048 Bit RAM ..10.95 
1101 256 Bit RAM 3.25 
8223 Programmable ROM $6.75 
8260 1024 BIT RAM ...57.25 
DUAL TAPERED COS PHOTO 
CELL USED FOR OPTICA ALIGN- 
MENT WITH A SINGLE PLANE 
LENSE (Not Included) . , , .5.95 
SIMILAR TO 8038C IC VOLT- 
AGE -CONTROLLED OSCILATOR 
AS FEATURED IN P.E. OCT 73. 
THEY HAVE SINE, SQUARE AND 
TRIANGULAR OUTPUT GOOD 
TO 1 MHz $5.95 

NIXIE TUBE 
RAYTHEON 8650 WITH SOCKET 

AND DATA SHEET 52.25 3/56.00 

Silicon Power Rectifiers 

PRV lA 3A 12A 
100 .06 .11 .30 
200 .07 .16 .35 
400 .09 .20 .45 
600 .11 .30 .70 
800 .15 .40 .85 

1000 .20 .55 1.10 

TRIACS 
PRVI IAI10A 25A 
1001 .40 .70,1.30 
200 .70 1.10 1.75 
400 1.1011.6012.60 
60011. 70, 2.3013.00 

C/MOS (Diode Clamped) 
CD 4001 $ .65 
CD 4002 5 .65 j 
CD 4009 51.50 
CD 4010 5 .65 ` 

CD 4011 5 .65 
CD 4012 $ .65 
CD 4013 
CD 4016 

21.60 
$1.50 , 

CD 4023 5 .65 
CD 4025 $ .65 
CD 8027 $1.35 
CD 4030 $ .65 
74002 $ .75 
74Cí,27 52.15 
74C165 $3.50 
4022 52.25 0 

LINEAR CIRCUITS 
LM309K-5V IA regulator 52.25 
723 -40 40V regulator $ .75 
LM300H Pos. 723 5 .90 
741A or 741C oeer. amp $ .47 
709C oiler. amp. $ .47 

$1.25 
5 .75 , 

LM1O1 Hi perfor. oper 

LM3O$-Low power op 
amp. 51.15 

747 -Dual 741 , 51.00 
536-FET input op. amp. 53.25 
537-Prec. op. amp. 52.50 - 
LM3900-Quad oper. amp $ .75 
LM324-Quad 741 52.20 
560 -Phase lock loop «2.0S 
561 -Phase lock loop . 52.95 
565 -Phase lock loop $2.5 
567 -Tone decoder $2.95 
703-RF-I F amp. . , 5 .80 
LM370-AGC squelch amp. 51.25 
555 2NS-2 hr. timer 51.40 , 

r 
3822 Transistor array S .951, 
LM370-2W audio amp. 51,75 

SCR's LM381-Stereo preamp 
LM3R2-Dual audio preamp $1.95 J 

1.581 681 LM3I1-Hi perform. comp $1.20 { 
.40 .50 LM319-Dual hi speed 

.601 .70 LM339-Quad comparator .51.95 
1.00 1.20 CONDUCTIVE ELASTOM ETER 

LOW PROFILE CALCULATOR 
KEYBOARD. A 21/ 
FLEA KEY. 19 5K-6 KEYBOARD 

NSN 33-3 Digit LED HAVING 0-9, - z + - 
Array, MAN -3 Sine K -C BUTTONS WITH OFF, ON 
Internally Multiplexed and SWITCH. $6.50 
Driven By 7448 , , .53.50 Terms: FOB Cambridge, Mass. 

Send Chec.k or Money 
Minimum Order 53.00. Bated o 

Include Postage 
Com 

a O Send 5.20 for our latest catalog featuringtransistors sto s y an t d rectifi ers 

5OA 
.85 

1.25 
1.50 
2,00 
2.30 

SOLID STATE SALES THE RELIABLE EAST COAST 
SEMICONDUCTOR SURPLUS HOUSE 

POST OFFICE BOX 74A SOMERVILLE, MASS. 02143 TEL. (617) 547-4005 
-1 

zcIRCLÉ NO. 26 ON READER SERVICE CARD 

INSTRUCTION 

LEARN ELECTRONIC ORGAN SERVICING at home all makes includ- 
ing transistor- Experimental kit -trouble -shooting. Accredited 
NHSC, Free Booklet. NILES BRYANT SCHOOL, 3631 Stockton, 
Dept. A, Sacramento, Calif. 95820. 

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free. Auto- 

suggestion, Box 24-ZD, Olympia, Washington 98501. 

DEGREE IN ELECTRONICS through correspondence. Free catalog. 
Grantham, 2000 Stoner Avenue, Los Angeles, California 90025. 

INTENSIVE 5 week course for Broadcast Engineers. F.C.C. First 

Class license. Radio Engineering Incorporated, 52 S. Palm Ave., 

Sarasota, Florida 33577. 

SHORTCUTS To Success! Highly Effective, Profitable Short Courses. 

(75 Choices). Study At Home. Diploma Awarded. Our 29th Year. 

Free Literature. CIEE-D, Box 20345, Jackson, Miss. 39209. 

- EX 'I 

F.C.C. 'MANUAMA1 
PASS FCC EXAMS'. Memorize, study 
-"Tests-Answers' for FCC 1st and I r N FCC e.,.. br 

2nd class Radio -telephone licenses. 
Newly revised ultiplechoice 
questions and diagrams cover all Fox, rl" areas tested inFCC exams -plus- -plus ip - 
"SelfStudy Ability Test." 59.95 Urrflr 
-ostoaid. Moneyback Guarantee. Ár'111 
COMMAND PRODUCTIONS' P.O. BOX 26348-P 

13111 tr11,(IRlIl 01,1.111. SAN FRANCISCO, CALIF. 94126 

DEGREE Program in Electronics Engineering. Our 29th Year! Free 

literature. Cook's Institute, Dept. 13, Box 20345, Jackson, Miss, 
39209. 

EARN College Degrees at home. Many subjects. Florida State 
Christian University, P.O. Box 1674, Fort Lauderdale, Florida 
33302. 

DIGITAL: TM EO R Y,DESIGN , 

CONSTRUCTION 

LOGIC 
NEWSLETTER' 

SAMPLE COPY $ 1.00 
LOGIC NEWSLETTER 
POB 252 
WALDWICK,NJ-07463 

SCORE high on F.C.C. Exams , Over 300 questions and an- 

swers. Covers 3rd, 2nd, 1st and even Radar. Third and Second 

Test, $14.50; First Class Test, $15.00. All tests, $26.50. R.E.I., 
Inc, Box 806, Sarasota, Ha. 33577. 

LEARN design techniques. Electronic!: Monthly Newsletter. Digi- 
tal, linear construction projects, design theory and procedures. 
Sample copy $1.00. Valley West, Box 2119-B, Sunnyvale, 

California 94087. 

MUSICAL INSTRUMENTS 

30% DISCOUNT name brand musical instruments. Free Catalog. 
Freeport Music, 455N, Route 110, Melville, N.Y. 11746. 

WHOLESALE! Professional Guitars, PA Systems, Altec Speakers, 

240W RMS Amplifiers. Free Catalog, Carvin, Escondido, Calif. 

92028. 

30%+DISCOUNT. Name Brand Musical Instruments- Free 

Catalog. Continental Music, Dept. H, P.O. Box 3001, Garden City, 
New York 11530. 

REAL ESTATE 

FREE - NEW - , 280 -PAGE SUMMER CATALOG! Describes 
and pictures hundreds of farms, ranches, town and country 
homes, businesses coast tc coast! Specify type property and 

location preferred. UNITED FARM AGENCY, 612 -EP, West 47th 
St., Kansas City, Mo. 64112. 
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