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CD -4 
DEMODULATOR 

TRUE FOUR CHANNEL SOUND 
Southwest Technical Products is 

proud to offer the most advanced 
CD -4 demodulator available. Our new 
CD -4 has characteristics superior to 
anything previously available thanks 
to the QSI-5022 integrated circuit 
used in the unit. This IC and the 
balance of the circuit was designed 
by Quadracast Systems Inc. under the 
direction of Mr. Lou Dorren. The 
QSI-5022 contains all the sub -system 
functions needed to demodulate a 

CD -4 disc, from the phono cartridge 
input to the output drive for the four 
power amplifiers. It may be used with 
either an RIAA equalized magnetic 
cartridge, or a semiconductor car- 
tridge with flat equalization. 

INEXPENSIVE 
Now anyone can afford to add dis- 
crete true 4 channel sound to their 
system. You no longer need be satis- 
fied with matrix techniques that pro- 
duce acoustrical enhancement, but 
not true 4 channel sound. The South- 
west Technical Products CD -4 demo- 
dulator when added to your system 
will produce four channel sound from 
a CD -4 encoded disc that will equal, 
or surpass anything you can buy-no 
matter what the price. 

EASY INSTALLATION 
The SWTPC demodulator connects 

" 
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between the cartridge and the volume - 
tone control portion of your system. 
If you did not want tone controls, 
actually all that would be needed in 
addition to our CD -4 demodulator 
would be volume controls for the 
front and rear amplifiers. The demo- 
dulator is self powered from any 115 
Volt 60 Cycle line. When normal 
stereo discs are played on your sys- 
tem a muting system automatically 
turns off the rear channels. A manual 
override 2 or 4 channel selector 
switch is provided on the rear panel. 

SIMPLE CONSTRUCTION 
As shown in the photograph, the vast 
majority of the parts mount on the 
epoxy -fibreglass circuit board. Part 
numbers and package outlines printed 
on the top of the board make proper 
assembly quite simple. Anyone with 
a minimum of electronic experience 
should be able to assemble this pro- 
ject without any problems. A copy 
of the article describing the CD -4 
demodulator and assembly instruc- 
tions are supplied in the kit. 

CD -4 Demodulator Kit $50.00 ppd 

CD -4 CARTRIDGE 
For those who do not already own a 

CD -4 cartridge, we are offering the 
"Technics" EPC-451 C semiconductor 
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strain -gauge cartridge at a special low 
price when purchased with our.new 
CD -4 demodulator kit. This cartridge 
features a Shibata-type stylus and ex- 
cellent response out to 50 kHz. This 
eliminates any chance of "carrier 
drop -out", or "carrier crosstalk" 
which result in abnormal noise or dis- 
torted sound. The EPC-451C pro- 
duces a high output (about 30 times 
that of an average magnetic cartridge) 
and does not pick up hum from mag- 
netic, or electrostatic fields. Easily 
replaced stylus. 

EPC-451C CD -4 Cartridge $25.00 ppd 

TEST RECORD 
Lou Dcrren has recorded a special 
test record for Southwest Technical 
Products Corp. that will allow you to 
properly adjust your CD -4 demodula- 
tor for the best possible sound. This 
special test and demonstration record 
is yours for only S5.00 when purchas- 
ed with the CD -4 demodulator kit. 
CD -4 Test Record $5.00 ppd 

WANT MORE IN FORMATION? 
Send the coupon below and S0.50 
and we will send you by return mail a 

copy of the article describing our new 
CD -4 kit along with our catalog of 
other kit projects. 

Enclosed is $ 

MAIL THIS COUPON TODAY 

or BAC # 
or Master Charge # Bank # Expire Date 

E CD -4 Demodulator Kit Cartridge ['Test Record 

NAME 

ADDRESS 

CITY STATE ZIP 
S0.50 Enclosed for catalog & CD -4 Data 

Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284 
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AT NIGHT IN SUNLIGHT 

At night or during the day, the Sensor's large, constantly 
"alive" CDR display is clear and easy to read. 

A glance at your solid-state watch won't 
give you the time. Sound incredible? If it's an 

LED (light -emitting diode) watch, you've got 
to press the button first. If it's an LCD (liquid 
crystal display) watch, you must have plenty 
of Iighfat just the right angle. 

Now there's a new solid-state display 
technology called CDR (crystal diffusion re- 
flection) incorporating the best features of 
the LED and the LCD displays. You can 
easily and constantly read your watch under 
any light conditions without strain or in- 

convenience. 
The new CDR display takes the properties 

of the field-effect liquid crystal display, 
puts a strong reflective substance behind two 
closely-alligned polarization lenses, and the 
resulting large digits can be read clearly from 
practically any angle. When engaged, an 

integrated light source illuminates the display 
at night. The Sensor's constantly "alive" 
high -contrast display makes legibility out- 
standing under all light conditions. 
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Press the button on the Sensor 770 and the 
date and seconds appear in large black num- 
erals-easy to read in any light. 

A WORRY -FREE WATCH 
- Solid-state watches pose their own prob- 
lems. They're fragile, they must be pampered, 
and they require frequent service. Not Sensor! 
Here are just five common solid-state watch 
problems you can forget about with this 
advanced space-age timepiece: 

1. Forget about batteries Sensor is powered 
by a single EverReady battery that will 
actually last years without replacement. In 
fact, if your battery fails during the first 
five years, we will replace it free of charge. A 
low -power indicator tells you when to change 

' the battery one month in advance and you 
simply open the hatch at the back of your 
watch and replace the battery yourself. 

2. Forget about water Take a shower or go 

swimming. The Sensor is so water-resistant 
that it withstands depths of up to 100 feet. 

3. Forget about shocks A three foot drop 
onto a solid hardwood floor or a sudden jar. 
Sensor's solid case construction, dual strata 
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Digital Wdtdt 
Breakthrough! 

The new CDR display dramatically 
increases legibility and battery life and 
opens a new era of watch technology. 

Would you do this with your solid-state. watch? Of 
course not. Practically all solid-state watches require 
care and pampering. Not the Sensor 770. You can 

dunk it, drop it and abuse it without fear during its 
unprecedented five year parts and labor warranty. 

crystal, and cushioned quartz timing circuit 
make it the most rugged solid-state quartz 
watch ever produced. 

4. Forget about service The Sensor 770 has 

an unprecedented five-year parts and labor 
unconditional warranty. Each watch goes 

through weeks of aging, testing and quality 
control before assembly and final inspection. 
Service should never be required, but if 
it should anytime during the five year war- 
ranty period, we will pick up your Sensor 
at your door and send you a loaner watch 
while yours is repaired-all at our expense. 

5. Forget about changing technology The 
Sensor is literally years ahead of every other' 
watch in durability and technology. But 
should Sensor's technology improve anytime 
during the next five years, you may trade in 

your watch for Sensor's newer model under 
JS&A's liberal trade-in policy. 

COMPARED TO EVERY OTHER 
The $275 Pulsar uses the LED technology 
which requires pressing a button each time 
you want to review the time. Even the $500 
solar -powered Synchronar watch, in our 
opinion, can't compare with the Sensor and 
its 5 -year warranty. And no solid-state watch 
can compare to Sensor's quality, accuracy, 

ruggedness and exceptional value. 

PLENTY OF ADVANCED FUNCTIONS 
Sensor's five functions give you everything 

you really need in a solid-state watch. Your 
watch displays the hours and minutes con- 
stantly. Depress a button and your watch 
displays the seconds and date constantly. 
There's also an AM/PM indicator. To adjust 
the time, insert a ball-point pen into the 
four -channel time -control switch. Each chan- 
nel independently controls one time function. 
In short, you can change the hours without 
affecting the date, and the minutes without 
affecting the hours. 
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A pin points to the new decoder/driver 
integrated circuit which takes the input from 
the oscillator countdown integrated circuit 
and computes the time while driving the 
display. This single space-age device replaces 
thousands of solid-state circuits and provides 
the utmost reliability-all unique to Sensor. 
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Sensor's accuracy is unparalleled. All 
solid-state digitals incorporate a quartz 
crystal. So does the Sensor. But crystals 
change frequency from aging and shock. And 
to reset them, the watch case must be opened 
and an air -tight seal broken which may 
affect the performance. In the Sensor, the 
crystal is first aged before it is installed, and 
secondly, it is actually cushioned in the case 

to absorb tremendous shock. The quartz 
crystal can also be adjusted through the 
battery compartment without opening the 
case. In short, your watch should be accurate 
to within 5 seconds per month and maintain 
that accuracy for years without adjustment 
and without ever opening the watch case. 

STANDING BEHIND A PRODUCT 

JS&A is America's largest single source of 
electronic calculators, digital watches and 

other space-age products. We have selected 
the Sensor as the most advanced American - 
made, solid-state timepiece ever produced. 
And we put our company and its full re- 

sources behind that selection. JS&A will 
unconditionally guarantee the Sensor-even 
the battery-for five years. We'll even send 
you a loaner watch to use while your watch 
is being repaired should it ever require repair. 
And our liberal trade-in policy guarantees 
that new watch technology will never leave 
you behind. 

Wear the Sensor for one full month. If you 
are not convinced that the Sensor is the most 
rugged, precise, dependable and the finest 
quality solid-state watch in the world, return 
it for a prompt and courteous refund. 

To order your Sensor, credit card buyers 
may simply call our toll -free number below 
or mail us a check in the amount indicated 
below plus $2.50 for postage, insurance and 
handling. (Illinois residents add 5% sales tax) 
We urge you, however, to act promptly 
and reserve your Sensor 770 today. 

Stainless steel w/leather strap $99.95 
Stainless steel w/metal band $109.95 
Gold plated w/leather strap $119.95 
Gold plated w/metal band $129.95 
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NORTHBROOK, ILLINOIS 60062 
CALL TOLL -FREE (800) 323-6400 
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Cobra 19, 
the mini 23 that talks 

like Big Brother 
'If you've ever heard a Cobra 21Y And has it áót ears! Cobra 19 has the 

you know it's hard -to, believe same receiver sensitivity, selectivity, 
all that talkpower is legal: Cobra and interference rejection as its big 

found the way to make their radios brother, Cobra 21.1t has an efficient 
really talk -and still obey 'the rules. automatic noise limiter too; you'll 

Now you can talk júst as loud hear clearly in the heart of heavy. 
and far with á smaller package. traffic. 

Cobra 19 is thin and narrow tike every Cobra radio; it's" backed 
enough to mount conveniently by warranty service stations in all ° 

in any car-even the latest fifty states even though Cobra 
subcompacts-Cobra 19 has quality assures you of minimum 
other features you'd expect need for.service. See Cobra 19 at - 

Dike plug-in mike and external your dealer. It's small on the counter - 

speaker jack and pocketbook and big on the air. , 
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PRODUCT OF DYNASCAN:CORPORATION. 1801 W. Belle Plaiñe r Chicago; 111. .60613 
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-;aullv Editorial 
THE NEW PRODUCT WARRANTY LAW 

Hallelujah! Did you know that we have,a wonderful (?) new product 
warranty law to protect buyers from those terrible ogres, the 
manufacturers? With this law, unleashed by the Federal Trade Commission 
and effective for products made after July 4, 1975, the buyer will probably 
enjoy warranties that offer less protection than ever before.. He will also 
probably pay more and watch our Federal bureaucracy (and hence his 
taxes) grow even larger. 

In a giant step backward, the consumer will now have a choice of buying 
products carrying one of two types of warranties: "Limited" or "Full," 
depending on which one the manufacturer wishes to declare. Some gutsy 
manufacturers will doubtlessly choose the Full one, hoping to gain a 
competitive advantage. But they'll also run the risk of having to abide by 
very vague Federal standards-which could be interpreted differently at a 
later time and expose them to legal damages. (By vague we mean such 
things as the FTC's partiality for the word "reasonable," as in "repair 
within a reasonable time," "full refund after a reasonable number of repair 
attempts," etc.) 

Though the law is now in effect, the FTC has not yet clearly defined the 
rules (and may not for years to come), leaving manufacturers in a 
quandary. How do they interpret "reasonable"? Who is responsible for 
sending a defective product to the company? What about house service 
calls for portable TV receivers? The auto tire maker wants to know if he 
can still deduct depreciation when a refund is in order. As a result of all, 
this confusion, many manufacturers will take the conservative route rather 
than risk a financial bath. The loser, I think, will be the consumer. For 
example, Bisiness Week reports that Wright & McGill Co. will drop the 
"lifetime guarantee" from all of its "Eagle Claw" line of fishing rods_and 
reels. This decision has been reached, it seems, because a Full warranty 
under the new law is frought with legal uncertainties, and the company 
doesn't want to fall back on a Limited warranty. 

Certainly, product warranties have been a source of anguish to some 
consumers over the years. More often than not, however, this has not been 
due to the wording of the warranty. In most instances, dissatisfaction was 
caused by the actual intent and action of the manufacturer, dealer or 
authorized service company. The new Warranty/FTC Improvement Law 
won't change this! As in the past, the dealer or manufacturer who treats a 
buyer fairly will retain him or her as a customer-and as a good -will 
ambassador to attract other buyers. The manufacturer who doesn't pursue 
this policy soon loses out in the marketplace. 

The new warranty law is only the tip of the iceberg, as one might expect. 
There are proposed rules requiring pre -sale availability of retailers' 
complete written warranties, with products carrying a printed message 
inviting consumers to ask to see a.copy of the warranty. 

Interestingly, the FTC's Director of the Bureau of Consumer Protection 
admits that the FTC could only police this at enormous cost. One member 
of the FTC warned that the rule could cost consumers millions of dollars a 
year. While acknowledging that he supports the principle that people who 
make and sell products ought to stand behind them, he added, "There are 
some things the citizen must learn to do for himself..." Amen! 
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New Mallory Ni -Cad Batteries. 
Rechargeable 1000 times. 
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Economical recharging - 
Mallory BC -1 Charger draws only two watts. 

Team these long -life nickel -cadmium cells 
with an automatic Mallory Charger, and you 

can recharge. them 1000 times, or more. 

You'll behsure of having fresh D, C, and AA 
batteries, while saving money, time and 
trouble. Mallory Rechargeable Nickel - 
Cadmium Batteries keep on coming back for 
more in electronic calculators, tape recorders, 
radios, cameras, toys, other battery -powered 
products. 
Keep a spare set of Mallory Ni -Cads on hand, 
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and you'll rever run out of battery power 
again. They recl-arge to full strength, two or 
four at a time. And unlike ordinary d -y cells 
that lose vcltage during discharge, Mallory 
Ni -Cads witt- a full charge maintain operating 
voltage during the entire work cycle. You get 
maxin-um power, continuously,for top product 
performance. 

For the lorg run, Mallory Rechargeable 
Ni -Cads... the -000-time batteries. Get them 
now a: your Mallory Distributor. 

MALLORY 
MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. R. MALLORY 8s CO. INC. 
Box 1284, Indianapolis, Indiana 46206; Telephone: 317-858-3731 

Batteries. Capacitors Controls Security Products DURA TAPES Resistors Semiconductors SONALE.RTs Switches Fastening Devices 

DURATAPE® and SONALERTs are registered trademarks of P. R. Mallory & Co. Inc. 
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Sound reasons 6 thru 10 
why an SAE gives 
you what you pay for. 
You are an audio connoisseur. You know exactly 
what you are looking for in audio components. 
The right features. The right functions. The right 
power. But you can't find one at the right price. 
And you won't. What you're looking for costs 
plenty to produce. Some huild additional price 
right into their units. We build additional unit 
into our price. Here are some reasons why an SAE 
gives you what you pay for. 

ihr41111111111111111~ 
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Our Mark VIII FM Digital Stereo Tuner sets new 
industry standards for moderately priced tuners- 
$650. Wide-open stereo separation, crystal clear 
reception, and precise smooth operation have been 
accomplished by the newest linear and digital 
technology. Linear -phase filters and phase -locked - 
loop stereo multiplex circuitry are permanently 
aligned to provide minimum distortion and maxi- 
mum interference -rejection. A dual metering 
system, combined with our LED digital readout, 
assures precise station logging, maximum signal 
strength and center -of -channel tuning. 

A "basic" for all SAE tuners is the eight 
permanently aligned linear -phase mono- 
lithic IF filters. These filters provide 
120dB alternate -channel selectivity while 
achieving minimum harmonic and inter - 
modulation distortion. 

There are many important but expensive 
standards that we employ in our tuner 
production. Included are seven -stage 
differential -amplifier IC limiters that 
achieve 100dB AM and high -impulse 

noise rejection. Five -gang variable capacitors and 
three MOS-FET (metal oxide silicon -field-effect 
transistor) RF front ends result in a spurious 
response rejection of over 100dB and an IHF 
sensitivity of 1.6 AV. 

Then there is care. At SAE we're 
emphatic about it. We start by procuring 
the finest parts available from all over 
the world. Then we screen the parts to 
insure that each one meets our rigid 
requirements. We also perform all of our own 
manufacturing operations in our modern facility, 
such as wave soldering, metal work, transformer 
coil winding and fabrication. Processes that others 
subcontract. But we want control to insure that 
each step is performed correctly. 

1 
The testing (quality assurance) process 
is an integral part of our manufac- 
turing philosophy. After testing the 
parts, we test subassemblies, and then 
completed units (even on a shaker 

table). After a unit is complete, it gets a 48 hour 
burn -in (as compared with 3 
hours and less for some manu- 
facturers). In fact, 25% of the 
time devoted to production of 
a unit is in quality control. 
This of course means that it 
will cost a little more, but 
you'll get what you pay for. 

t 

There are many other reasons. Send us the attached 
coupon and we'll send you an additional 25, 
plus literature, and the location of a dealer who'll 
be able to supply even more. 

0.8111)01108S li r II le Connoisseur 

r " 

Scientific Audio Electronics, Inc. PE10175 
P.O. Box 60271 Terminal Annex, 
Los Angeles, California 90060 
I want more reasons, thank you. 
Name 

Address 

City State Zip 

CIRCLE NO. 49 ON FREE INFORMATION CARO 
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Letters 
VARIABLE AUDIO FILTER 

In the article "Active Filter Sharpens CW 
Reception" (June 1975), the author alludes 
to difficulty in tuning in CW signals when 
the 100 -Hz filter is switched into the circuit. 
Autek Research (Box 1494, Canoga Park, 
CA 91304) markets an audio filter which is 
continuously variable from 30 Hz to ap- 
proximately 2 kHz, with a center frequency 
of 800 kHz. The "0 -Box" is priced at $17.95 
plus $1 for shipping. I have been using one 
for over a year and find it a great help in 
digging through the clutter of the Novice 
bands.-Thomas R. Sundstrom, Willing- 
boro, NJ 

ORDERING STETHOSCOPE KITS 

Due to a slip-up at the Post Office, the 
first few orders for the stethoscope kit 
("Listen to Your Heart with Doppler Ul- 
trasound," August 1975, p 60) were unfor- 
tunately returned to the senders. I 

apologize for the mix-up. The situation has 
now been corrected and readers who wish 
to return their orders to the same address 
will receive the kit. Joseph Jaffe 

WANTS SHORTWAVE UV LIGHT 

"Build a Blacklight Lantern" (April 1975) 
was a project I have been waiting to see in 
print for some time. However, I was disap- 
pointed that the Parts List did not include a 
source for a shortwave fluorescent tube 
and its associated cobalt glass filter. Work- 
ing in the underground zinc mine here in 
the Fluorescent Mineral Capital of the 
World and being a rock collector for years, I 

know that most minerals that fluoresce at 
all will be more appealing under shortwave 
UV light. As long as one uses a shortwave 
UV light with a reasonable amount of cau- 
tion and does not look directly into the light 
source, he need not be concerned with 
"sun -burned" eyes.-Joseph Williams, 
Franklin, N.J. 

We wanted to keep the project as safe as 
possible for even an uninformed user, 
which precluded the inclusion of eye - 
damaging (if improperly used) shortwave 
UV light. However, if you really want a 
shortwave UV light, you might try looking 
through the latest Edmund Scientific Co. 
(300 Edscorp Bldg., Barrington, NJ 08007) 
catalog for ready -to -use shortwav'e UV 
lights starting at about $40. 

CHECK YOUR CMOS 

I have had several letters telling of prob- 
lems involving the CMOS oscillator in. my 
article "Build a Versatile Digital LED Ther- 
mometer" (November 1974). I have 
double-checked the schematic to deter- 
mine that it is correct. One thing to re- 
member is that a TTL NAND will not work in 
the place of the CMOS NAND because the 
resistances used are too high for TTL. Also, 
CMOS circuits are notoriously tricky if re- 
jects are used. I would advise trying several 
prime CMOS units before rejecting the 
circuit.-Thomas R. Fox. 

EQUIPMENT FOR AM BCB DX'ING 

In "How to Listen to Out -of -State AM 
Broadcasts" (April 1975), the author failed 
to mention the type of equipment needed 
to get started in this hobby. I am a sports 
fan and would like to receive broadcasts of 
sporting events outside of the Connecticut 
area. Just what type of equipment would I 

need to get started in AM broadcast band 
DX'ing?-Danie/ Protas, Stamford, Conn. 

First of all, you need a sensitive- AM 
broadcast band receiver or tuner. Then, 
you need a good antenna system that will 
pull in those weak signals originating out 
of state. One such antenna is the McKay 
Dymek Model DA -3. 

IC FOR THE VR12 VOLTAGE REGULATOR 

General Electric has discontinued the 
manufacture of the PA230 IC which was 
originally used for the Beco VR12 voltage 
regulator. The VR12 has been redesigned 
around the UA741 (full temperature range) 
IC.-C. R. Ball, Jr., Beco Inc., Salem, VA. 

ELECTRONICS UNLIMITED ORDERS 

On March 14, I ordered the LED kit from 
Electronics Unlimited, Inc., as described in 
Lou Garner's March "Solid State" column. 
So far, I have not received the kit. After 
getting my cancelled check from the bank, I 

wrote E.U.I. I have still heard nothing from 
them. This is the first time I have had any 
difficulty ordering from your advertisers. 

-P.A. Shackelford, Paducah, Ky. 

This is one of many letters we have re- 
ceived concerning nondelivery of paid -for 
parts from E.U.I. First, E.U.I. is not an adver- 
tiser. Lou Garner simply gave the company' 
a free plug for what he thought was an un- 
usual $8.95 kit that readers would welcome. 
He had been assured by E.U.I. (before men- 
tioning it in the column) that they would be 
happy to fill orders on the kit. A number of 
phone calls from Lou to E.U.I. elicited 'a 
host of reasons for shipment delay, includ- 
ing waiting two weeks for checks to clear 
and back -ordered perf boards. If any reader 
experiences difficulty in reaching the com- 
pany through its P.O. Box number, please 
let us know (enclosing a stamped, self- 
addressed envelope) and we will send you a 
more complete address. 
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INSIDE the Altciir® Computer 
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1. Central Processing Unit (CPU) Board. 
This double -sided board is the heart of -the 
Altair 8800. It was designed around a 

powerful, byte oriented, variable word 
length processor-a complete central 
processing unit on a single LSI chip using 
n -channel, silicon gate MOS technology. 
The CPU hoard also contains the Altair 
System Clock-a standard TTL oscillator 
with a 2.000 MHz crystal as the feedback 
element. 
2. Power Supply. The Altair Power Supply 
provides two +8, a +16 and a -16 volts. 
These voltages are unregulated until they 
reach the individual boards (CPU, Front 
Panel, Memory, I/O, etc.). Each board has 

all the necessary regulation for its own 
operation. 
The Altair I'ower Supply allows you to 
expand your computer by adding up to 16 

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

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

4. Altair Options. Memory boards now 
available include a 1024 word memory 
board, a 2048 word memory board, and a 

4096 word memory board. Interface boards 
include a parallel board and 3 serial hoards 
(RS232, TTL and Teletype). Note: Interface 
boards allow you to connect the Altair 
Computer to computer terminals, tele- 
typewriters, line printers, plotters and other 
devices. 
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Other Altair Options include additional 
expander hoards, computer terminals, 
audio -cassette interface board, line 
printers, ASCII keyboards, floppy disc sys- 

tem, alpha -numeric display and more. 

5. All aluminum case and dress panel. The 

Altair Computer has been designed both 
for the hobbyist and for industrial use. It 
comes in an all aluminum case complete 
with sub -panel and dress panel. 

6. It all adds up to one fantastic computer. 
The Altair is comparable to mini -com- 
puters costing 10-20 thousand dollars. It 

can he connected to 256 input/output 
devices and can directly address up to 
65,000 words of memory. It has over 200 

machine instructions and a cycle time of 
2 microseconds. 
You can order the Altair Computer by 

simply filling out the coupon in this ad or 
by calling us at 505/265-7553. Or you can 
ask for free technical consultation or for 
one of our free Altair System Catalogues. 
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PRICES: 
Altair Computer kit with complete assembly 

instructions. $439.00 
Assembled and tested Altair Computer $621.00 

1,024 word memory board $97.00 kit and 
$139.00 assembled 

2,048 word memory board $145.00 kit and 
$195.00 assembled 

4,096 word memory board. $264.00 kit and 
$338.00 assembled. 

Full Parallel Interface board .. ......$92.00 kit 
and $114.00 assembled. 

Serial Interface board (RS232). $119.00 kit and 
$138.00 assembled. 

Serial Interlace board (TTL or teletype) . $124.00 
kit and $146.00 assembled 

Audio Cassette Record Interface 5128.00 kit and 
$174.00 assembled 

Expander Board (adds 4 slots to 8800) ___$16.00 kit 
and $31.110 assembled 

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

resident assembler, system monitor. text editor and 
BASIC language. 

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

Lr 

"Creative Electronics" 

Prices and specifications subject to change 

without notice. warranty: 90 days on parts 

for kits and 90 days on parts and labor for 

assembled units. ' 

r MAIL THIS COUPON TODAY! 1 

Enclosed is check for $ 

BankAmericard 
or Master Charge ,T 

Credit Card Expiration Date 

Altair Computer Kit Assembled 

Options (list or separate sheet) 

Include $8.00 for postage and handling. 
PLEASE SEND FREE ALTAIR SYSTEM CATALOGUE 

NAME 

ADDRESS 

CITY STALL N ZIP 
MITS/I,328 Linn NE, Albuquerque, 9M, 87108 

L505,265-7553 

OCTOBER 1975 
CIRCLE NO. 36 ON FREE INFORMATION CARD 

7 



DIAGONAL 

You et the same 
o :-kit color 

from three 
different schools. 

' , r Yoú get 
this designed - 

for -lea ' g 
25"color. only 

with'.:._ ' ' g. 

pt. 

8 

POPULAR ELECTRONICS 



No other home -study school gives you a TV 
like the one you build with NRI's Master 
Course in Color TV/Audio servicing. 
Some schools give you three or four plug-in 
sub -assemblies off the production line to 
put together a commercial set. Others give 

you a hobby -kit bought from outside 
sources. And because neither type was 
originally designed to train people for 
TV servicing, lessons and experiments must 
be "retro -fitted" to the set as it comes. 

That's why we went to the trouble to 
engineer our own, exclusive solid-state TV. 
It's the only way a student can (1) 
get the feel of typical commercial 
circuitry, (2) learn bench tech- 
niques while building a corn- i + 

plete set from the "ground" up, 
(3) perform over 25 "in -set" 
experiments during construc- 
tion, and (4) end up with a 25" 
diagonal solid-state color TV 
with console cabinet and all 
the modern features you'll 
find on sets you'll service. 
Nobody else can give you this 
combination of advantages be- 
cause nobody else invested the 
time and money to design a set 
with learning in mind. 

r . 
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NRI passes the savings 
on to you 

You don't pay a big premium to get this unique TV as 

part of your training, because NRI engineering eliminates 
the cost of buying from an outside source. And we pay no 
saleman's commission. We enroll students by mail only. 
We pass the savings along to you in the form of low 

tuition fees, extras like a cabinet for the TV, a solid-state 
radio you learn on as you build, and actual instrument 
kits for servicing TVs ... triggered sweep oscilloscope, 
integrated circuit TV pattern generator, and 31 digit 
digital multimeter. You can pay hundreds of dollars 
more for a similar course and not get a nickel's worth 
more in training and equipment. 

More know-how 
per dollar 

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

We must be teaching something right. 
Some of those "right" things are bite -size lessons to 

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

NRI offers not one, but five excellent TV/Audio 
servicing courses so you can tailor your training to your 
budget. Or, you can study other opportunity fields like 

Computer Electronics, Communications, Aircraft or 
Marine Electronics, Mobile Radio, and more. Free 
catalog describes them all, showing lesson plans, 
equipment and kits, and career opportunities. There's 
no obligation and no salesman will ever call, so send for 

your copy today. See for yourself why NRI experience, 
selection, and exclusives give you something no other 
school can. 

If card is missing, write to: 

NRNRI SCHOOLS 
ri r McGraw-Hill Continuing Education Center 

P.r) 
3939'Wisconsin Avenue, 
Washington, D.C. 20016 

OCTOBER 1975 
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New Products 
Additional information on new products co- 
vered in this section is available from the 
manufacturers. Either circle the item's code 
number on the Free Information Card or write 

to the manufacturer at the address given. 

PHASE LINEAR STEREO PREAMP 

Phase Linear's new stereo preamplifier, 
Model 2000, features low -noise IC designs, 
individual detented bass and treble con- 
trols for each channel, and a choice of four 

tone turnover points. Two tape monitors 
and a low -frequency active equalizer are 
included. "Variable Ambience Injection" is 
said to enhance the dimensions of stereo 
reproduction. THD is rated at less than 
0.1%, and phono S/N at 74 dB below 10 mV. 
$299. 

CIRCLE NO. 70 ON FREE INFORMATION CARD 

BEARCAT WEATHER-PROOF SPEAKER 

The Bearcat speaker by the Electra Com- 
pany is weather-proof (made of white 
heavy-duty plastic), making it well suited 
for patio, garden, or marine installation. It 
can handle 5 watts rms (12 watts peak), and 
its response is 500 to 5000 Hz. Shipping 
-weight is 1.4 lb. $16.95. 

CIRCLE NO. 71 ON FREE INFORMATION CARO 

EICO DIGITAL LOGIC PROBE 

The Model DLP-6 Digital Logic Memory 
Probe can be used with DTL and TTL sys- 
tems, and provides detection capabilities 
for pulse durations as short as 50 
nanoseconds. The indicator system con- 
sists of three LED's. The bottom LED lights 
green for logic 1, the center LED lights red 
for logic 0, and the top LED lights yellow to 
indicate a positive- or negative -going 
transition. Each LED remains in the "on" 
stage for 200 nanoseconds regardless of 
pulse duration. A memory switch causes 
the LED to remain on permanently after a 
positive or negative pulse occurs. Available 
in either kit ($19.95) or factory -assembled 
($29.95) form. 

CIRCLE NO. 12 ON FREE INFORMATION CARD 
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HARMAN/KARDON STEREO POWER AMPLIFIER 

The Citation 16 is a new stereo amp from 
Harman/Kardon with a power rating (as per 
FTC rules) of 150 W/channel, and twin 
power level indicators using a series of 

LED's whose sensitivity is switchable for 4 - 
and 8 -ohm loads. It is said that the amplifier 
offers a wide power bandwidth, and incor- 
porates a design which deals effectively 
with transient intermodulation distortion 
(TID). Also included is a test switch for 
checking the readouts. The Citation 16 can 
be operated in a "bridged" one -channel 
mode with higher output capacity. $795. 

CIRCLE NO. 73 ON FREE INFORMATION CARO 

HEATHKIT ELECTRONIC WORKSHOP 

Budding scientists can build up to 35 dif- 
ferent experiments while learning elec- 
tronics basics with the new Heathkit Jr. 
JK-18A Electronic Workshop. Connections 
are solderless spring terminals and power 
is supplied by four "D" cells. Each experi- 
ment is accompanied by a simple schema- 
tic to help teach circuit and component 
identification. Circuits which can be built 
with the kit include code flasher, continuity 
tester, battery and diode testers, rain 
alarm, timing relay, and intercoms. $34.95 
(mail order, less batteries) 

CIRCLE NO. 5 ON FREE INFORMATION CARD 

TRAM/DIAMOND MINI -MOBILE CB RIG 

The Tram XL, a new mini -mobile unit from 
Tram/Diamond, features PA/CB operation, 
switchable ANL, illuminated S/r-f meter, 

- 

4' 
squelch, 23 -channel operation, 13.8 -volt 
(positive or negative ground) supply vol- 
tage, front -panel plug-in mike, and mount- 
ing bracket with tamper -proof bolts 
(wrench included). Rated frequency toler- 
ance is -0.005%, sensitivity 0.6 pV for 10 
dB S+N/N (1 -kHz sine wave, 30% modula- 
tion), and selectivity at 6 dB at 4 kHz, 60 dB 
at 20 kHz. Included are spare fuses, instruc- 
tion manual, and FCC license application. 
Measures 6.3"D x 5.5"W x 1.97"H (16 cm x 
14 cm x 5 cm) and weighs 2.5 lb. (1.1 kg). 
$159.95. 

CIRCLE NO. 74 ON FREE INFORMATION CARD 

RF/AF ANALYST 

The Nikoltronix RF/AF Analyst is a solid- 
state, battery -powered servicing test in- 
strument that combines a crystal - 
controlled r -f generator, a 400 -Hz sine - 
wave generator (which can modulate the 
r -f unit), and an r -f and a -f signal tracer. The 
r -f generator contains a crystal tester with 
LED readout, covering the 3.5- to 90 -MHz 
range. The r -f module is also available with 
built-in crystals providing up to 12 fixed 
frequencies spanning the same frequency 
range. The signal tracer section has a 
high -input -impedance probe and can trace 
signals riding on dc levels up to 500 V, 
according to Nikoltronix. $129.45. 

CIRCLE NO. 75 ON FREE INFORMATION CARD 

BURWEN LOW -NOISE PREAMPLIFIER 

The Model SP5200 Low -Noise Stereo 
Preamplifier by Burwen Laboratories has a 
claimed dynamic range of 115 dB at 0 dB 
gain, a small -signal frequency response of 
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20 to 20,000 Hz ± 0.1 dB, and a THD of 
0.05% max. from 20 to 10,000 Hz. Output is 
dc coupled, delivering 2.5 V (rated). 8 V 
max. Burwen states that the use of FET 
input circuitry and selectable feedback 
loop provides quiet (90 dB below 10 -mV 
input) performance in the open 47k phono 
input mode. A monitor is provided, as well 
as a turn-on/turn-off silencer and short- 
circuit protection. A total of 33 input and 
output jacks are available, including a 
center channel output. One unswitched 
and four switched ac outlets are built-in, 
which can handle a total of 1000 W. 
Matched slide pots form the volume con- 
trol. 

CIRCLE NO. 76 ON FREE INFORMATION CARD 

PANAVISE "THIRD HAND" 

Builders of projects involving pc boards 
and other small, fragile components will 
find PanaVise's Model 396 the equivalent 
of a "third hand" at their workbenches. 
Offered with various bases and. heads, all 
interchangeable, the basic unit tilts, turns, 
and rotates to any position while holding 
delicate parts gently yet firmly. 

CIRCLE NO. 71 ON FREE INFORMATION CARD 

PIONEER "PRO" TURNTABLE 

A professional direct -drive turntable 
featuring an automatic tonearm return and 
an S-shaped low -mass tonearm with low - 
capacity cable has been introduced by 
Pioneer as its Model PL -55X. The platter is 
driven by a brush less dc servo -controlled 
motor and operates at 331/s and 45 rpm 
(changed electronically). Speed can be ad- 
justed to ±2%. Wow and flutter are 0.05% 

POPULAR ELECTRONICS 



Wrms and S/N ratio exceeds 58 dB, accord- 
ing to the manufacturer. It accommodates 
cartridges weighing 4 grams (min.) to 14 

grams (max.). In addition,'the turntable in- 

cludes an anti -skating device, lateral bal- 
ancer, plug-in headshell, and stylus - 
pressure direct -readout counterweight. 
Wood base measures 18 29/32" W x 16 5/32" 
D x 7 9/32" H (48 x 41 x 18 cm). $249.95 

CIRCLE NO. l8 ON FREE INFORMATION CARO 

HARTLEY STEREO SPEAKER SENTRY 

The latest version of the Hartley Stereo 
Speaker Sentry is an electronic control that 
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limits power applied to a speaker at a pre- 
set level between 5 and 200 W rms. If the 

power limit is exceeded, the input signal to 

the amplifier is automatically reduced to 

bring the output to the desired level. Ac- 

cording to Hartley, it is self -powered, ex- 

pends milliwatts of the amplifier output, 
and acts faster than a common fuse, re- 

sponding to an overload in a fraction of a 

millisecond. $35.00. 
CIRCLE NO. 19 ON FREE INFORMATION CARD 

UNGAR SOLDERING STATION 

A portable, rechargeable soldering station 
(No. 194), made by Ungar, incorporates a 

rechargeable nickel -cadmium battery. The 
lightweight pencil iron features an indi- 
cator light, operating trigger control with 
interlock "off' switch, and built-in lamp. It 

accepts two interchangeable tips. The 
high -impact plastic charging holder has a 

tip -cleaning sponge receptacle and is 

rated at 120-V ac input; 3.2-V ac at 120 mA 

output. 
CIRCLE NO. 80 ON FREE INFORMATION CARD 

TEAC MULTICHANNEL MIXER 

Teac's new multichannel (6 -in, 4 -out) 
mixer, Model 2, has low- and high -cut fil- 
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NOW there's a quick 
easy way for you 

w 

to learn ... review ... improve your 
understanding of Electronics fundamentals. 
That's right. A new "audio visual" learning experience in basic Electronics 

and Electricity. Quick. Easy. And it's fun, too. 
Four pre-recorded cassette tapes take you right into a classroom in 

Electronics. Eleven class sessions in alt ... it's just like you are there! You'll 
listen to a CIE instructor and his students explore AC/DC, transistors, circuits, 
cells, batteries, IC's, electronic symbols and other meaningful subjects. 

As you listen, you'll follow along through six instruction manuals that 
contain over 150 easy -to -understand illustrations, photos, and diagrams. Sit 
back, relax, and learn. 

Nearly 3 hours of recorded, programmed instruction . . . designed and 
developed to help you grasp the all-important basic theories and applications of 
Electronics and Electricity. 

Order your exciting Audio Visual "Class in Electronics" TODAY and qualify 
for this special Bonus Offer. 

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

You must be completely satisfied or return the material within 

10 days for a complete - no questions asked - refund. 

BONUS 
OFFER 

RUSH me your no -risk Audio Visual program that combines sight 
and sound in a new, exciting learning experience and put me down 
for a FREE one-year subscription to the CIE Electron. 

Check One, please 
#01-122. Set includes instruction manuals, 4 recorded cassette 
tapes, binder/file. $24.95 (Ohio Res. add 41/2% Sales Tax) 

#01-124. Set includes Cassette Tape Recorder, 4 recorded casset- 
tes, remote -control mike and stand, earphone, AC adapter, power 
cord, batteries, 6 instruction manuals, binder/file. 

$49.95 (Ohio Res. add 41/20/0 Sales Tax) 

Enclosed ismy.. 

O Check Money Order BC -13-75 

Print Name Age 

Address Apt 

City 

State- Zip 

CIE Soo store 
1776 E. 17th Street Cleveland, Ohio 44114 

Eduea hunal Entertainment values by mail 
Subsidiary of Cleveland Involute al Elecvon,cs. Inc 

OCTOBER 1975 
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A new six -volume programmed 
learning course from lasis tells , 

you EVERYTHING about what 
microcomputers are and how 
you can design and implement a 
microprocessor -based system. 

Since the transistor was invented, 
no single electronics innovation has 
made such an impact as the micro- 
computer. Powered by tiny semiconductor 
chips containing computing elements with 
the same powers and functions previously 
found only in large scale digital computers, 
these dedicated microcomputer systems are 
now being applied to literally thousands of 
applications. Microcomputers are automating 
assembly lines, providing the heart of sophis- 
ticated electronic games, making "intelligent" 
computer peripherals even smarter, and are going 
so far as streamlining the operations of the fastest 
food chains. This revolution is occuring because micro- 
computers are very inexpensive-costing as little as $30 
in production volume-easy to implement into a system, and 
significantly reduce the time and cost of product development. But 
there has been one serious drawback to this exploding industry: 
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ASSEMBLERS AND PROTOTYPING SYSTEMS 

va.ty 

SHE 8-9t1 MICROCOM 
IVik 

- 

Training materials and courses in the basics of microcomputer 
technology have been virtually non-existent, and the various," 
published manuals and texts have been undecipherable to those 
not already intimately familiar with ultra -sophisticated logic design. 

Once a designer has the hang of ít, microcomputer design is a snap. 
But without the fundamentals-never before available in such a 
readable, understandable and simplified format-microcomputer design 
has been unbelievably difficult. The comprehensive, step-by-step six - 
volume Programmed Learning Course on Microcomputers from lasis 
makes the unbelievably difficult almost ridiculouslyrsimple. The authors of 
these texts have been involved on a professional level in the micro- 
computer industry since it became an industry. Their direct, first-hand 
experience in the whys, hows, wherefores and potentials of microcomputers 

THE 4 -BIT 
MICROCOMTER 
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I asis Texts: 
1. Binary Arithmetic 

"2. Microcomputer Architecture 
3. The 4-Bít Microcomputer 
4. The 8-Bit Microcomputer 
5. Assemblers and Prototyping 

Systems 
6. 8-Bit Assemblers and 

Compilers 

Finally, you can get a comprehensive training course on microcomputers that puts all the hard -to -get information at your fingertips in an easy -to -read, easy -to -understand and even easier -to -implement manner. You can get it here ... now. igg g 



89 

a 
have made this six -volume collection the most valuable and 

meaningful series ever published on microcomputer 
design. The books combine the most effective methods of 

programmed instruction with the entire gamut of essential 

information vital to the designer of a micro -based system. 

You begin with the ABC's of microcomputers and go 

through a virtual post -doctoral course ...and the 
unique, self -testing programmed learning lasis course 
enables you to understand and absorb every bit of the 
information every step of the way through the six volumes. 

The lasis course gives you more than 700 pages of detailed, 
illustrated microcomputer information-including more 
than 1,700 self-tests you use to evaluate your progress- 
plus programming and design aids that make the design of 
practical systems very, very easy for you. 
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Specific details are provided on four of the indus- 
try's most versatile microcomputers-the 4004, 4040, 

8008 and 8080 from Intel Corporation-but the basic 
design information will apply to any and all micro- 

processors. The six volumes you receive with the 

course are: 1) BINARY ARITHMETIC; 2) MICROCOMPUTER ARCHITECTURE; 3) THE 

4 -BIT MICROCOMPUTER; 4) THE 8 -BIT MICROCOMPUTER; 5) ASSEMBLERS AND 

PROTOTYPING SYSTEMS; and 6) 8 -BIT ASSEMBLERS AND COM- 

. FILERS. Plus, this detailed course provides you with two programming 
pads and two simplified design aids so you may quickly and easily 
develop both 4 -bit and 8 -bit microcomputer systems. Use the coupon 
below to order your course from lasis, Inc., 110 First St., Suite PE 

Los Altos, California 94022 

iasis inc. 

I= EN EN 1.1 MI NE MI Ea NE MI la ' 
Special introductory price on this remarkable new course is just 
$99.50... and if it isn't everything we say it is or even more, 

return it within 15 days for a full refund! 

_.r Order before Nov. 30, and you'll save a full $25 on the Programmed Learning Course 
, on Microcomputers! In addition, all introductory orders will include a bonus seventh 

volume, the Microcomputer Applications Handbook! 

s (After Nov. 30, 1975 price for the complete lasis course will be $124.50, plus $2.50 for postage and handling.) 
_... .0.: 

Here's my check or money order (no cash, please). RUSH my 

6 -volume Programmed Learning Course on Microcomputers, 
including the bonus Applications Handbook and programming 
aids, to the address below. HURRY! 

Send one complete course for $99.50 in U. S. funds. My 

payment is attached. (California residents, please add 
$5.97 State sales tax.) 

N. 

Send me information by return mail on quantity discounts. 

ALLOW 15 DAYS FOR DELIVERY IN THE U. S. AND 6 WEEKS 
FOR DELIVERY OUTSIDE THE UNITED STATES. 

MO 
iasis inc. 

um Law um am MI MI 1111 NM MI NZ MI all IN NZ NZ NM =I 

You can use your BankAmericard or Master Charge, too! 

CHARGE MY ORDER TO THE CREDIT CARD NO. BELOW: 

BankAmericard No 

Master Charge No. 

For Master Charge, add 4 -digit number imme- 
diately above your name on the card. It is 

HERE'S MY SIGNATURE 
(Sign here if credit card charge) 

Mail today to: lasis, 

110 First St. Suite PE 

Los Altos, California 94022 

Credit card expiration date 

NAME 

ADDRESS 

ORGANIZATION MAIL STOP 

CITY/STATE/ZIP 
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FOR DOUBLE DUTY ON DOZENS 

OF POPULAR SCREWS AND NUTS 

0 0 0 0 
Three new assortments have joined 
Xcelite's family of "Compact Converti- 
bles." Each an Xcelite "original." No- 
where will you find such a variety of 
sizes and types in a midget set, for 
driving slotted, Phillips, Allen, Scrulox8, 
hex, and clutch head screws. And hex 
nuts. 

All of professional quality, precision 
made of finest materials. All doing 
"double duty" with torque amplifier 
handle that slips over color -coded 
midget tools for longer reach, greater 
driving power. Each easily identifiable 
on the bench or in the service kit thru 
Xcelite's exclusive, optically clear, plastic 
"show case" that closes securely with 
positive snap -lock. 

NEW! 
PS130-3 slot tip, 2 Phillips screw- 
drivers, 5 nutdrivers 
PS140 -4 slot tip, 3 Phillips screw- 
drivers, 3 nutdrivers 
PS6-3 slot tip, 3 Phillips screwdrivers 
PLUS - PS88, PS120, PS7, PS89, PS44, 
and PS-TR-1 with varying selec- 
tions of screwdrivers 
and nutdrivers. 

Ask your local distributor or write ... 

Weller-Xcelite 
Electronics Division 

The Cooper Group " 

P. O. BOX 728, 
APEX, NORTH CAROLINA27502 

CIRCLE NO 63 ON FREE INFORMATION CARO 
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COOPER 
INDUSTRIES 

ters plus panning on each input, as well 
as cue out, bus in, and accessory 
send/receive patch points. Push/pusn 
channel assignment buttons are color - 
coded to correspond to the output buses. A 
signal from any input channel can be as- 
signed to any or all output channels. When 
more than one channel is assigned, Pan is 
engaged, giving the recordist the ability to 
shift around the acoustic image. The Model 
2 features a straight line fader as the level 
controls for the input channels, while a 
master fader controls the output levels. 
The MIC IN accepts a 1/4 -inch phone plug, 
and LINE IN accepts a standard phono plug. 
LINE OUT serves as the program bus out, 
and AUX OUT acts as an additional line out- 
put in parallel with the main line output. 
$299.50. 

CIRCLE NO. 81 ON FREE INFORMATION CARO 

RCA MINI -STATE TV ANTENNA 

RCA's new Mini -State TV Antenna System 
includes a 60 -ft. length of 75 -ohm coaxial 
cable and three rotor wires within a single 
outer jacket. The system's built-in rotor 

40 Ili 
ta ( ' 

and amplifier enable it to pick up signals 
from stations up to 35 miles away, accord- 
ing to RCA. A hand-held remote control 
with lighted direction indicator lets the 
viewer adjust the antenna's directivity for 
best reception. The Mini -State is housed in 
a compact plastic case measuring 21"(53.3 
cm) in diameter and 6" (15.2 cm) thick. The 
antenna system can be mounted outdoors 
or indoors. $79.95. 

CIRCLE NO. 82 ON FREE INFORMATION CARD 

WIK-IT DESOLDERING WICK 

"Wik-It," developed by the Wik-It Elec- 
tronics Corp., is a chemically treated wire 
braid, which draws up molten solder 
through capillary action. After the solder 
has been removed from the connection, 
the user snips off the saturated piece of 
Wik-lt, and draws out another length from 
its spool. Wik-It comes in various diameters 
to suit small IC and pc -board work, as well 
as tube and chassis applications. The wick 
is packaged in lengths from 5 to 100 feet. 
Price of a 5 -foot roll of Wik-It varies from 
$1.59 to $1.79 according to braid diameter. 
Address: Wik-lt Electronics Corp., 140 
Commercial St., Sunnyvale, CA 94086 

New Literature 
LAFAYETTE 1916 CATALOG 

:'The Electronics Shopping Center" is the 
title of Lafayette's catalog for 1976, and it 
does contain listings of just about every 
electronic item imaginable. Included are 
hi-fi components and accessories, CB and 
other communication equipment, anten- 
nas, tools, musical instruments, cal- 
culators, watches, vacuum tubes, solid- 
state devices, etc. Also, the Lafayette and 
Criterion brands of their own products. 
Address: Lafayette Radio Electronics, 111 
Jericho Turnpike, Syosset, NY 11791. 

JENSEN LOUDSPEAKER SYSTEM CATALOGS 

A new series of catalogs is available from 
Jensen Sound Laboratories. The catalog 
for Models 1 through 6 contains specifica- 
tions, illustrations, and features of the Jen- 
sen high-fidelity line. A separate full -color 
catalog describes the Jensen Serenatar 
sound system. Various catalog sheets de- 
scribe the Dynamount" mobile high- 
fidelity unit, the full mobile speaker line, 
and the professional sound line. Address: 
Jensen Sound Laboratories, 4310 Trans 
World Road, Schiller Park, IL 60176. 

MOBILE COMMUNICATIONS BROCHURE 
A new 16 -page, full -line brochure from 
Motorola Communications describes 
mobile communications equipment. "Veh- 
icular Communications" covers the latest 
Motorola offerings in the mobile two-way 
field, including car telephones, data com- 
munications equipment, and mobile 
radios. Among the equipment highlighted 
are MICOR/Systems 90 group which pro- 
vides selective signalling, multi -channel 
monitoring, and voice scrambling; the 
MCR-100 motorcycle radio; and the PUL- 
SAR mobile telephone. Address: Motorola 
Communications and Electronics, Inc., 
1301 E. Algonquin Road, Room 4420, 
Schaumburg, IL 60172. 

TAB BOOKS CATALOG 

More than 340 current and forthcoming 
technical books are listed in Tab Books' 
new 1975 catalog. Among the areas cov- 
ered are amateur radio, audio, broadcast- 
ing CB and mobile radio, FCC license 
study guides, equipment servicing, elec- 
tronic devices, and hobby and experimen- 
tation. Address: Tab Books, Blue Ridge 
Summit, PA 17214. 
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Now-solve your workbench problems faster with 

the help of this comprehensive, fully illustrated 

Handbook of Modern 
Electronic Data 
This $14.95 volume is yours for just 

-IF91 when you enroll in an obligation -free 
trial membership in the Electronics 
Book Service. And there's no obligation 
to ever buy a minimum number of books! 

This book-truly a volume no electronics workbench should be 

without-is typical of the practical selections offered to members 
of the Electronics Book Service. Although it is selling actively at 
its list price of $14.95, we have arranged for you to receive a copy 
for just $1.98, together with an obligation -free, trial membership 
in this unusual book club. 

"Obligation -free" means what it says, and that's why the 
Electronics Book Service is unusual. There are NO minimum 
purchase requirements. Once you have paid $1.98 for your copy 
of the HANDBOOK OF MODERN ELECTRONIC DATA, you are 
under no obligation whatsoever to purchase any further selec- 
tions offered to you. 

With this book on your workbench, you'll save hours by letting it 
serve as your main. reference. All the information you need is 

there. Just look in the index, flip to the subject you want, and 
you're guaranteed of finding the techniques you need for faster, 
easier design and analysis of circuits, switches, relays and many 
other electronic units. 

Here are 274 pages of accurate, up-to-date data that the prac- 
ticing technician/engineer uses constantly-BASIC EQUATION, 
EXPLANATIONS OF CIRCUITRY, TABLES, GRAPHS, SOLID- 
STATE THEORY, and many other informational items-including 
data on LASERS, HOLOGRAMS, ANTENNAS, COLOR CODES, 
SYMBOLS, VECTORS, PHASE FACTORS, UNIT SYSTEMS and 
the INTERNATIONAL SYSTEM OF UNITS. 

And it's all indexed and cross-indexed so that you can find what 
you're looking for in seconds! 

To make this vital information easy for you to find, the author 
has grouped the topics in related categories. For example, in the 
first chapter Matthew Mandl groups descriptions of fundamental 
units, terms and their appropriate mathematics. 

Here, you'll quickly find what you need to know about capaci- 
tance, prefix values, hertz, units of current and voltage, 
wavelength, the coulomb, Ohm's Law, magnetic properties, in- 
ductance, rectangular notation, resonance, dynes, and Basic SI 

Units and Symbols-to name but a few of this chapter's items. 
And Chapter Two brings together various series -parallel circuit 

combinations-and their mathematics. 
In each of these two chapters, you'll find over 80 electronic and 

electric equations. These equations aptly illustrate the applied 
mathematics required in electronics and circuitry. 

In the third chapter, Mandl takes up the fundamentals of tran- 
sistors and tubes-including parameters for both junction tran- 
sistors and field-effect transistors. Chapter Four covers transmis- 
sion line and antennas. 

The next two chapters put at your fingertips such essential 
information as common logarithms, trigonometric ratios, interna- 
tional atomic weights, exponential functions, Bessel functions, 
conversion and comparison tables, UHF television station alloca- 
tions, television signal data, antenna gain and Z factors, thermal 
units, binary math-and even important data on lasers, masers, 
holograms and cryogenics. 

And Chapter Seven give's you a wealth of ready -reference infor- 
mation 'on basic circuitry-including functional aspects, typical 
configurations and applications. 

POPULAR ELECTRONICS 
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Here is the practical efficient way in which the 

ELECTRONICS BOOK SERVICE operates - 
1. 

2. 

3. 

4. 

5. 

When you enroll as a member, you receive-for only $1.98 (plus postage and 
handling with tax where applicable)-your copy of HANDBOOK OF MODERN 

ELECTRONIC DATA. This is the only obligation you are committed to make. 

You are under no obligation to accept any minimum number of selections within 

any time limit. You can make as many or as few as you wish. And, you may resign at 

any time with no obligation once you have paid for your copy of HANDBOOK OF 

MODERN ELECTRONIC DATA. 
On selections you do accept, your membership entitles you to a discount from the 
publisher's list price. This discount is available to members only and provides you 

with substantial savings. 
Every four weeks we'll send you a free bulletin describing the current selection. If 

you want the selection, no action is required; you will receive it automatically. If 

you con't want it, just return the card enclosed with the bulletin. 
You have at least 10 days to decide whether you want the selection or not. Return 

the card so we receive it no later than the date specified. If you don't have 1Odays 

to answer and receive an unwanted selection, return it at our expense. 

6. 
Each bulletin also describes a number of alternate or additional selections, also 

available to you at the special discount price for members. 

The meter ranges, color codes and symbols frequently used by 

technicians and engineers make up the contents of Chapter 
Eight. The last chapter discusses and illustrates vectors and 
three-phase fundamentals in full detail. 

Yes, in this one comprehensive, fully illustrated handbook are 
the answers to practically every question you might have about 
the circuitry and applications, ratings and characteristics of tran- 
sistors, semiconductors, IC's, antennas, amplifiers and just 
about any other piece of equipment. 

And, remember, the Electronic Book Service has NO minimum 
purchase requirements as do many book clubs. Once you have 
paid $1.98 for your copy of the HANDBOOK OF MODERN ELEC- 
TRONIC DATA, you need purchase no further selections. 

So why delay? Mail the coupon below to get your copy of the 
handbook of MODERN ELECTRONIC DATA for only $1.98-and to 
receive all the benefits of membership in the Electronics Book 
Service on a RISK -FREE trial basis. Fill out and mail your coupon 
right now. r 

ELECTRONICS BOOK SERVICE 
Dept. 6651-M1(8) 
Englewood Cliffs, New Jersey 07632 

Please enroll me in Electronics Book Service on a risk -free trial 
basis. I am to receive all announcements, free of charge, and will be 

entitled to full privileges as a Member without obligation to buy any 
specific number of club selections. As my first selection under 

this trial membership, send me the HANDBOOK OF MODERN 
ELEC-RONIC DATA for only $1.98. 

Name 

Address 

City State Zip 

CIRCLE NO. 46 ON FREE INFORMATION CARO 17 
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d build your career in 
electronics at the same orne. 

You build and keep a future when 
you learn electronics the ETI way. 

"Building" is a key word through 
all the 16 ETI electronics courses and 
programs. Whether your goal is to get 
into TV repair and service, get your 
FCC license, move into computers, 

advance 
` in your 

present job 
through 

. 
ui - mot _ _ - learning 

solid-state 
technology, or become an electronics 
draftsman ...you build your tomorrow. 
You build a lot more than TV sets. 
You build a solid future in the field 
where-despite all recent changes in the 
economy-the action has to come. 

You build that future on a 
foundation of learning that is useful ... 
practical ... step-by-step ... hands-on. 

You build it from the beginning 
by a special, simplified, building-block 
teaching system called A utotext, 
exclusive with Electronics Technical 
Institute, that makes learning fun. You 
keep building, combining hands -mind - 
equipment in the most practical way, so 
you can "talk shop or present an idea 
effectively, but you can also do the job. 
You've learned by doing, and you lain 
all the confidence that comes with it. 

You build with the concerned 
personal help of a licensed instructor 
who knows the subject and wants to 
know you. You build with the 
reputation of the school that began 
as the Marconi Institute back in 1909. 

In many phases of building your 
technical know-how, you use specially 
developed Project Kits that move in a 
logical sequence, hands-on, from the 
first step through completion of basic 
units. There is no surer way to build 
solid electronics knowledge and your 
own confidence in what you can do. 

And it's simple to check it all out 
right now, with no obligation-and no 
salesman will call. All it takes to get the 
colorful new 44 -page ETI Career Book 
is a card or coupon. If you like 
electronics, you'll enjoy reading 
about it. You owe it to yourself to get 
the facts. 

The Career Book itself may be 
worth real money to you, as you make 
plans for your future and consider the 
ESELECTRCIMCS many opportunities open to 

you through 16 different 
courses and programs in 
electronics. 

To build a future in 
electronics, the first step is to 

free ETI Career Book send for your 
today! Electronics 

Technical Institute 
Division of Technical Home Study Schools r--- IN Ell III -MIal1NMIMIMINN NMMI' 

111 Little Falls, Ness Jersey 07424 

Í 

e 

Í 
I 

Name 

Address 

Electronics Technical Institute, Dept. 2-473-105 

Send me the Electronics Technical Institute Career Book. 

Tell me how l can get ahead in Electronics through ETI. I've checked the fields of special interest to me. 

T's /Audio Servicing O Comnwnkations Computers O Business and Engineering 

Black and While FCC License Digital Electronics Electronics Fundamentals 
Color Aircraft Computer Technology Electronics Drafting 
Solid -Stara Marine Computer Programming Industrial Electronics 
CV Mobile Two -Way Advanced Electronics 

Closed Circuit Microwave Industrial lnstrumentatior 
Video Recorders Electronics Technology 

Radio Medical Electronics 
Hi -Fi Stereo 

0 Cheek here fur Veterans information. 

ipleasc print) 

City State Zip 

OCTOBER 1975 
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4.---wp 

. " Stereo Scene 

WHAT'S NEW FOR HI-FI IN 1976 

NOW THAT the summer Con- 
sumer Electronics Show (CES) 

has come and gone, I've had a lei- 
surely month or so to reflect on the 
new audio products seen there. In re- 
trospect, I'm surprised at the 
emergence of a few trends I was 
scarcely conscious of noting as I 

toured the show. 

Integrated Amplifiers. It's been 
year since anyone asked me for a 
recommendation on integrated 
stereo amplifiers, and I had made up 
my mind that this type of component 
was pretty much eclipsed by the 
ever -popular receiver (except for 
high -power aficionados, who would, 
of course, choose separate preamp 

By Ralph Hodges 

and power amp). What, then, were all 
those new integrated amplifiers doing 
at the CES? The answer to this ques- 
tion comes in several parts, gleaned 
from several sources. First, a few 
West Coast manufacturers, notably 
Marantz and SAE, are said to have 
discovered lively regional markets for 
integrated amps: 

Second,' for various good reasons 
the integrated amplifier enjoys much 
greater acceptance abroad; and, with 
few exceptions, almost all the major 
new units are of overseas origin. 

Third, by design, the integrated 
amplifier seems to be eking out a new 
image for itself as -a poor man's 
Phase Linear 700 or Marantz 500. 
Since the real beginning of the tran- 

sistor era, an integrated amp was sim- 
ply the control and power -output sec- 
tions of the corresponding model in 
the manufacturer's receiver line, ab- 
stracted from the larger unit for the 
convenience of buyers with special 
needs or budgetary considerations. 
Today, more and more, integrated 
amplifier's are being marketed as the 
direct offspring of heftier preamp/ 
power -amp ensembles, which they 
tend to resemblé closely in features, 
construction, and styling. Forexample, 
Pioneer's SA -9900 integrated unit 
(110 watts per channel) actually pre- 
ceded the introduction of the com- 
pany's SPEC 1 preamplifier and 
SPEC 2 power amplifier (250 watts 
per channel) at the CES, although 
the three products obviously share a 
common design philosophy. Now Pio- 
neer has three smaller integrated 
amps descended from the larger 
model. 

Sansui's new amplifier line sprang 
up fully grown at the show. It com- 
prises, in descending order, the BA 
5000 power amplifier (300 watts per 
channel), the somewhat less powerful 
BA 3000, the CA 3000 preamplifier, 
and then the integrated amplifiers: 
the .AU -20000 (170 watts per), 
AU -11000 (110 watts), and AU -9900 
(80 watts). All these follow a common 
styling scheme that is distinct from 
the manufacturer's receivers and 
other product lines. Likewise, JVC, 
with a new 180 -watt -per -channel 
power amplifier (the JM-S1000) and 
four -channel preamplifier (the 
JP -V1000), has combined the essen- 
tial characteristics of the two into the 
JA -S20 integrated amplifier (120 watts 
per channel). Also, Fisher now has a 
large power amplifier, the BA -4500 at 
150 watts per channel, a new pream- 
plifier (the CA 4500), and three new 
integrated amplifiers to bask in their 
reflected glory. 

The Rotel line lacks separate power 
amplifiers and preamplifiers, but it 
now includes an integrated amp, the 
110 -watt RA -1412, that looks like it 
logically might have evolved from 
larger units. On the other hand, the 
Luxman line, currently being rein- 
troduced to the U.S., includes no re- 
ceivers, but has four power amplifiers 
(300 down to 75 watts per channel), 
two preamplifiers, and three inte- 
grated amplifiers ranging from 110 to 
75 watts per channel, as well as sev- 
eral separate tuners. 

A little apart from this trend are the 
Pilot 225, a 25 -watt -per -channel inte- 

22 
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Model 
Shown: STA-225 

0;00' 

1.ERE0 FI-Cr° 4 AM -FM 
5-1A--7- 

39995 
The Same Price it Was in July, '74 

Super Value! 
Save on this Complete 

STA-225 System 

Save 
6080 

.............. 11.11.1 

Reg.. 659.80 
Only 

$599 

1,455 

' Ill 
'711 

How Come 
Only Realistic° 

Has These Features? 
A demonstration of these Realistic STA-225 features at any 

Radio Shack store will make you wonder when-if ever-the 
other "famous" brands will catch up. Maybe we just love audio- 

philes a little better? Auto -Magic gives you precision FM fine- 
tuning-automatically. Glide -Path slide controls let you see and 

feel volume and balance settings. And Quatravox lets you enjoy the 
added realism of synthesized 4 -channel sound simply by adding a 

2nd speaker pair. Power outpul is 50 watts per channel, minimum 
RMS at 8 ohms from 20-20,000 Hz, with no more than 0.5% total 

harmonic distortion. U.L. listed. #31-2058. There's only one place 
you can find it ... Radio Shack! 

_:, a le IhaeK 
Use your 

credit card at 
participating stores 

= 

le 

Street 

A TANDY CORPORATION COMPANY 
OVER 35011 STORES 50 STATES 7 COUNTRIES 

IJ FREE! 1976 CATALOG 
See What's Really New in Electronics! 
164 Pages Beautiful Color Over 2000 Items 

Mail to Radio Shack, P.O. Box 1052, Ft. Worth, TX 76101 

(Please print) 

568 

Apt. # 

Realistic STA-225 Receiver Two Optimus-1B 
Walnut Veneer Speakers LAB -34 Changer, 
Base, and $17.95 -Value Cartridge 

City State 

Retail prices may vary at nd,vidual stores and dealers. 
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grated model with no super -power 
brethren, the modest but handsome 
Harman/Kardon A-401 (20 watts), and 
the 85 -watt Sherwood SEL-400, 
which was reportedly conceived as a 

companion to the SEL-300 digital - 
readout tuner. As for the rest of the 
new integrated amps, they look like 
an attempt to provide caviar on a 
salmon -roe budget, and as such they 
should be welcome to those with 
moderate power requirements who 
have felt technologically disenfran- 
chised by the super -power stir. 

Moving -Coil Cartridges. Do you 
remember how happy everyone was 
when moving -coil phono cartridges 
virtually disappeared more than ten 
years ago? Well, they're back, and 
with most of the same old practical 
problems. Stylus replacement still 
necessitates a factory return, and 
output voltages are still discourag- 
ingly low (although not quite so low 
as before), requiring the use of step- 
up transformers or special gain 
stages ahead of the preamplifier and 
causing no end of worry about hum 
and other forms of noise. 

All the current crop of moving -coil 
pickups is made abroad: and when 
this new wave materialized a few 
years ago, it was easy to believe that it 
merely reflected the foreign manufac- 
turers' difficulties in selling moving - 
magnet (or moving -iron or whatever) 
cartridges in the U.S., where Shure, 
Pickering, Stanton, Empire, and ADC 
hold strong basic patents on the de- 
sign. However, Ortofon, which offers 
both types of pickup, has kept the 
faith over the years, continuing to 
offer moving -coil models for what are 
said to be good sonic reasons (in fact, 
a CD -4 moving -coil cartridge from Or- 
tofon is working its way past the pro- 
totype stage). Best-known of the 
newer moving -coil manufacturers are 
Supex, Fidelity Research, and Denon, 
all of which are Japanese companies, 
with their products handled by only a 
few small distributors in this country. 

Considering the short supply of 
these cartridges, their inconveni- 
ences, and their substantial prices, 
they seemed destined to remain ex- 
clusively esoteric products for the 
most passionately involved au- 
diophiles. And that may still be the 
greatest notoriety they'll achieve, but 
be it noted that such comparative 
heavyweights as Yamaha, Sony and 
Great American Sound have 
acknowledged the existence of 

these cartridges by providing am- 
plifier gain to boost their outputs to 
usable levels. In particular, the CES 
brought the debuts of the Thaedra 
preamplifier from G.A.S. and Ya- 
maha's new C-1 all-FET preampli- 
fier, both with what are becoming 
called "head amps"-highly sensitive 
phono preamplifiers such as were 
heretofore only available as separate 
"pre -preamplifiers" from such small 
outfits as Mark Levinson Audio and 
one or two others. ("Head" is a name 
for a phono cartridge that is some- 
what archaic in the U.S., but is still 
seen occasionally in British publica- 
tions.) The Yamaha C-1, incidentally, 
is one of the most elaborate stereo 
preamplifiers now offered-a fitting 
companion to the B-1 FET power am- 
plifier introduced earlier this year. 
Also, kit versions of Dynaco's new 
PAT -5 preamplifier can be wired to 
give an.additional 6 dB of gain to the 
phono preamp-enough, it is said, to 
be usable with the higher -output mov- 
ing coil pickups. 

Sub -Woofers. You may recall sub - 
woofers from the last time they were 
in vogue, when hobbyists were busily 
converting spare garage and base- 
ment space into monster speaker en- 
closures with openings onto one wall 
(often occupying the entire wall) of 
the listening room. The latest sub - 
woofers are nowhere near as large. 
The offering from Dahlquist, in fact, is 
little larger than a bookshelf speaker 
system. 

The sub -woofer concept is simple. 
It is a speaker system for low fre- 
quencies only, with high power - 
handling and output capability. It is 
intended to be simply a supplement 
to an existing, complete sound sys- 
tem and to augment the reproduction 
of frequencies below about 50 Hz, 
where the low -frequency resonance 
of many fine speaker systems occurs. 
Connection into the system is by 
means of a passive crossover network 
or an electronic crossover (requiring 
additional amplification facilities for 
the sub -woofer). The point is to 
thoroughly maul the listener with a 

deep, loud bass that his otherwise 
preferred loudspeakers (especially 
electrostatics or other dipole film - 
diaphragm types) might not be capa- 
ble of generating without severe dis- 
tortion. A convenience feature is also 
involved. Because low bass is non - 
directional (one way of saying that it's 
difficult to localize the source of low - 

frequency energy), the main speakers 
can be small and placed according to 
the requirements of good stereo 
imaging. Then the sub -woofer can be 
located anywhere in the room (com- 
patible with good acoustic practice) 
and still "join up" satisfactorily with 
the stereo image. 

Besides Dahlquist, Hegeman offers 
a sub -woofer, and so does a new 
company called Bottom End. Others 
are becoming available on special 
order from several manufacturers. 
Note that two such units are not 
necessarily required. Low frequen- 
cies can be electronically "summed" 
and directed to one sub -woofer, 
which should be adequate for smaller 
rooms. 

Automatic Turntables. Automatic 
turntables a new trend? Yes, consid- 
ering that manual turntables have 
been the going thing for the past two 
years. Actually, automatic turntables 
with manual features are the big 
news, the important features being a 
belt -driven (offered by B.I.C. last year) 
or direct -drive platter (as in Technics' 
Model 1350). Technics still has the 
only direct -drive automatic, but Gar- 
rard has come up with two units that 
are belt -driven through an inter- 
mediate idler pulley. One of these 
units, the Z2000B, has the Zero Track- 
ing Error tone arm. Also, there are 
two belt -driven automatics from BSR, 
and the striking Model 1249 of Dual. 

Three -Head Cassette Decks. The 
surprising thing about three -head 
cassette decks is that there haven't 
been more of them since the success- 
ful introduction of the Nakamichi 
1000 and 700 some time ago. So now 
welcome the Akai GXC-760D, with 
three motors as well as three heads, 
and a dual -capstan. drive system to 
create a closed tape loop around the 
head nest. Akai will also offer several 
less expensive models, as will Fisher, 
which claims to have a three -head 
machine selling for less than $250. 

The one new three -head machine 
I've had a chance to examine in some 
detail is the Hitachi D-3500, which 
may be a genuine winner. A tricky 
problem with three -headers has been 
alignment between record and 
playback heads, which are generally 
spaced (because of the limited 
number of openings in the cassette 
housing) so that the tape is free to 
twist and skew between them enough 
to upset any hope of accurate 
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Thé, n w BA. 5Ó90 Power Amplifier from Sansúi 
fl 

The most dramatic component in Sansui's 
'new "DEFINITION" Series. the BA 5000 solid-state 
power amplifier is capable of 300 wats mín rms per 
channel into 8 ohms, both channels driven, from 20 
to 20,000 Hz, with no more than 0.1% harmonic dis- 
tortion in the stereo mode. What's rro-e, the BA 5000 
can be strapped for mono operatior lo deliver 600 
watts rms under the same concitions. 

A true monster amplifier. - 

But that's not al: Unlike.other solid-state 
amplifiers, the BA 5000 has a huge. laboratory- 
quality output trarsformer, enablinc ilia deliver 
rated power into 2,4 or 8 ohms plus 25 volt line ' 

output in stereo and 4, 8 or 16 ohms plús 70 voll line 
output in mono. A rating cf 600 watts into a 16 ohm 
mono bad with no more -has~ 0.1% harmonic 
distortion, 20 to 20,000 l -z, is simply urpreceder'ed 
in transistor equipment. 

The, -DEFINITION ' series also ncludes the 
BA 3000, our Junior MOrster, and the CA 3000 c very 
high *alit,', ow distortio-i preamplifier. 

For professioncls, sopnisticaled audioph-les 
. and monster lovers everywhere,. See t and toucn 
if it you wish at your nea-est Saisui frcnchised 
dealeror wri-e for complete Iterature. 

°SÁNSUI ELECTRONICS CORP. 

11 

Woodside, New York 1.377 Gardena, California SC247 
SANSUI ELECTRIC CO. LTD. Tokyo. Japan SANSUI AUDIO EUROPE SA. Antwerp, Belgium 

ELECTRONIC DISTRIBUTORS (Canada° B.C. 
CIRCLE NO. 50 ON PEE INFORMATINI CARO 



azimuth. Nakamichi freely admits that 
tape skew can be serious enough to 
require realignment when a cassette 
is merely turned over. Thus the com- 
pany provides an alignment control 
for the record head that can be set in 
a matter of moments using built-in 
indicators. Hitachi, however, has 
managed to create record and 
playback heads that nest together so 
closely that the two gaps can share 
the cassette's pressure pad, without 
any obvious signs of mutual interfer- 
ence, and no suggestion of azimuth 
problems. 

Four Channel. Now that four - 
channel stereo is not quite so in- 
volved in the rush for patents and ex- 
clusives as in years past, some 
thoughtful, time-consuming work is 
being done in decoder/demodulator 
design. JVC has introduced the CD4- 
1000 demodulator, which is at least 
as flexible as the so-called "profes- 
sional" units, and probably on a par 
with them in performance. Sansui's 
QSD-1 is the first separate QS de- 
coder to be seen in a long, long time._ 
It incorporates Vario -Matrix (operat- 
ing independently in threé frequency 
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CB: What's stopping you? 
For less than 50 bucks, you can be into serious Citizens Band 
radio. Not in big, maybe, but in. Because the great thing 
about Midland CB is that you can get into it, go as pro as 
you want, and still be assured of the same unquestioned quality 
and reliability you'd expect from a company ranked among the 
top CB names in the world. You've come to demand quality in 
electronics. Demand it in Citizens Band radio as well. 
Whatever you want, whenever you're ready, Midland has it in 
CB. Specifically: 18 professional walkie-talkies, 14 base 
and mobile transceivers, plus more than 40 helpful CB acces- 
sories. So, if you've even thought about getting into CB 
within the last year, your best bet is to start by checking 
out what Midland has to offer. 
Ask for your free 1975 Midland CB brochure. Simply contact 
your nearest Midland CB dealer or write to: Department PE, 
Post Office Box 19032, Kansas City, Missouri, 64141. 

MI D L N D 
INTERNATIONAL 

Communications Division 

bands) and provides audible separa- 
tion that I've never heard equalled by 
any matrix system. CBS Labs (now 
CBS Technology Center) does not 
have any immediate plans for selling 
the superb Paramatrix SQ decoder to 
consumers, but is urging on other 
designers such as Audionics. The lat- 
ter demonstrated a prototype of the 
so-called Shadow Vector SQ 
decoder-a good, if potentially ex- 
pensive device, with excellent image 
stability as far as I could hear. 

There is really nothing surprising 
about the emergence of high -ticket 
decoders and demodulators. Serious 
audiophiles are interested in four - 
channel stereo, but they intend to 
have it their own way, just as they did 
when stereo came along. 

Small Trends. A scant year .or so 
ago, Pioneer introduced a stereo 
headset employing what was called a 
"high -polymer" film diaphragm. The 
diaphragm itself was the transducer, 
exhibiting piezoelectric properties 
when voltage was applied; the mater- 
ial was coated with a thin metallic de- 
posit to provide electrodes. At that 
time, it was suggested that there were 
many other applications beyond 
headphones in which the material 
could be used. This lead directly to 
the HPM-200 speaker system intro- 
duced this year, with tweeter and 
super -tweeter constructed of the 
same high -polymer material. The 
diaphragms now are formed into a 
cannister shape, providing a radiation 
pattern that covers a full 360 degrees 
laterally. 

V-FET power amplifiers are still a 
small trend, but with some potential 
for growing larger. So far only Sony, 
Yamaha, and Kenwood are prepared 
to sell equipment containing V-FET 
output devices, but next year there 
Vvill probably be more. (For more on 
this subject, see this month's Product 
Test Reports.-Ed.) 
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HIGHLIGHTS 
figital Watch Developments 

Brown Boveri SA of Swit- 
zerland has introduced a 

new field-effect liquid ° Sur, 

crystal display with per- 
manent readout of hours, 
minutes and seconds 
(the latter by groups of 
ten) with calendar read- 
out on demand. Other 
models have permanent 
readout of hours and min- 
utes, with seconds and elate on command. The readouts 
require I.5 -to -5.0 -volt power sources. 

Also in Switzerland, I-leuer-Leonidas SA has announced 
the Chronosplit, a digital timepiece that shows conven- 
tional and elapsed time simultaneously. An LCD gives 
the time of day in hours, minutes, and seconds and the 

date. A light -emitting diode display shows the elapsed 
time up to 9:59:59.9 in tenths of a second increments. 
The LED's light up only on demand and stay on for two 
seconds. Both displays operate on the same time base 

without interference. Two silver -oxide batteries, with an 
estimated one-year lifetime, supply the power. 

«lb II> MI> 
PM 

"'I r 1 I1_I I 
r 

I^u.d., l . 

RFI Bill Introduced 
Rep. Charles Vanik of Ohio has introduced a bill that 
would deal with the problems of RFI (radio frequency 
interference) and electronic equipment. The bill, I I.H. 

7052, would give the FCC the right to regulate the man- 
ufacture o1' electron ic home -entertainment devices with 
respect tot heir susceptibility to interference from nearby 
radio transmitters. Since over 90`/r of RFI is caused by 
inadequate shielding and/or filtering, the hill would at- 
tempt to solve the problem at its major source-audio 
and visual consumer products. The RFI problem is in- 
creasing with the growing number of active broadcast, 
amateur, CB, commercial, and public-service transmit- 
ters. Comments on the bill can be directed to your local 

Congressman. 

New TV Components 
Hitachi, Ltd., has developed a new color TV picture 
tube which reportedly produces pictures 50n brighter 
than those from conventional tubes. It has a black ma- 
trix screen, a high-performance gun, dot screen struc- 
ture, high matrix transparency, and a largeelecu'otm lens. 
An f IV of' 12.1 k\ is applied to the shadow mask, and a 

25 -kV phosphor screen voltage is maintained. Therefore. 
electrons experience increased acceleration after pass- 

ing through the shadow mask, not before. This Is said to 

help reduce electron deflection by 307c, and brighten the 
pict tire. 

In another development, the General Instrument Corp. 
introduced Project Omega, a solid-state tuning system 
for TV receivers. It incorporates a nonvolatile memory, 
which stores information after power has been turned 
off. Omega will allow the viewer to "fine tune- all chan- 
nels once, wit It identical results each time the channel is 

selected. The system will cover all 82 vhf and uhf chat,- 
eels, and will incorporate remote control options. Its 
basic four -chip format provides for manual address sys- 

tems, last -channel -viewed recall, sequential search for 
all on-a'r channels, and remote control. Additional chips 
now under development will provide on -screen displays 
of channel number and time, and complete program- 
ming for a week's worth of viewing. 

Cable TV Growth Projected 
About 8.7 million homes now subscribe to cable televi- 
sion, representing l3`.r of the viewing total. By 1983, 
that number will more than double to 22 million, accord- 
ing to market researchers at Frost & Sullivan, Inc., NYC. 
To support this growth, cable TV operators will spend 
almost S5 billion on goods and services over the 10 -year 
period. Subscribers will pay more than $16 billion in fees 
during the same interval. The study reports that, in 
1975. 281,000 subscribers will take this option, increas- 
ing to 1,492,000 in 1979 and 5,968,000 in 1984. 

Voice -Controlled Wheelchair 
NASA has demonstrated a voice -controlled wheelchair 
with attached manipulator., The chair, developed by en- 
gineers at NASA's .let Propulsion Laboratory, responds 
to 32 one -word voice commands, such as ready, go, stop, 
left, right, backward. etc. The voice -command analyzer, 
actually a minicomputer, learns the commands when 
the larient repeats them several times. It recognizes the 

commands only in the patient's own speech pattern, 
even if he has an accent. The chair also has a ma- 
nipulator arm which can grasp objects from one to four 
feet away. The voice -command analyzer and chair are 

activated when the patient presses the back of his head 
or chin against either of two switches, and receives in- 
formation from a microphone «orn by him. Additional 
memow space would allow the chair to contain a number 
of pretrafned sequences, such as moving a fork or spoon 
between a plate and the patient's mouth. 

REACT Reorganized 
REACT. the national CB emergency service, has been 
reorganized into art independent, nonprofit public ser- 
vice organization called REACT International, Inc. As a 

result, it is receiving recognition and support from new 
sources, as well as a new grant from General Motors, its 
most recent commercial sponsor. Under the new struc- 
ture. REACT is applying I'br exemption from U.S. Fed- 
eral Income Tax. If approved, contributi,ons to REACT 
teams may be deducted by the donor as allowed by IRS 
regulations. Since 1962. REACT teams have handled 
about 55 million emergency calls, including approxi- 
mately 12 million highway accidents. Members have 
assisted relief' efforts in such natural disaster's as hur- 
ricane Camille, the Rapid City (South Dakota) flood, the 
Southern California earthquake. etc. 
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NTS/HEATH R'\ 
GR2000 , 

Digital 
1 Solid -State. 

Color TV 
315 sq. in. 
Picture 

1f9.,.;á. 

L 
(Simulated TV Reception) 

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

Also pictured above are other units - 5" solid state 
oscilloscope, vector monitor scope, solid-state ster- 
eo AM -FM receiver with twin speakers, digital multi - 
meter, and more. It's the kind of better equipment 
that gets you better equipped for the electronics 
industry. 

.-- 
SOLID-STATE 

OSCILLOSCOPE 

_ 112:411 - 

' 

12a0I 36 

This electronic gear is not only designed for train- 
ing; it's field -type - like you'll meet on the job, or 
when you're making service calls. And with NTS 
easy -to -read, profusely illustrated lessons you learn 
the theory behind these tools of the trade. 
Choose from 12 NTS courses covering a wide range 
of fields in electronics, each complete with equip- 
ment, lessons, and manuals to make your training 
more practical and interesting. 
Compare our training; compare our lower tuition. 
We employ no salesmen, pay no commissions. You 
receive all home -study information by mail only. 
All Kits, lessons, and experiments are described in 
full color. Most liberal refund policy and cancella- 
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TUBE & TRANSISTOR TESTER 
FET-VOM 

".1 
AM FM/SW PORTABLE 
SOUD-STATE RECEIVER 

,yM b,a 

5" OSCILLOSCOPE 

\ 
VECTOR MONITOR 

SCOPE 

DIGITAL SOLID-STATE 2 -METER FM 
MULTIMETER TRANSCEIVER & POWER SUPPLY 

tion privileges spelled out. Make your own com- 
parisons, your own decision. Mail card today, or 
clip coupon if card is missing. 

NO OBLIGATION. NO SALESMAN WILL CALL 

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

NATIONAL TECHNiCAL SCHOOLS 
TECHNICAL -TRADE TRAINING SINCE 1905 

Resident and Home -Study Schools 
4000 So. Figueroa St., Los Angeles, Calif. 90037 

Z71 le¿ 
iáée1 

74 sq. in. 
Solid -State 
B&W TV 

SOLID -STATE STEREO 
-AM/FM/MULTIPLEX 

RECEIVER 

COLOR BAR/DOT 

1 

k. 

.- ' - .. . 

' ' 

SIGNAL 
GENERATOR 

SOL D -STATE 
POCKET RADIO 

am am ma am WI WI 
ow NATIONAL TECHNICAL SCHOOLS 

I4000 South Figueroa St., Los Angeles, Calif. 90037 

Please send FREE Color Catalog and Sample Lesson. 
Ni) OBLIGATION. NO SALESMAN WILL CALL. I Color TV Servicing 

B & W TV and Radio Servicing 
Electronic Communications 

d FCC License Course 

1 

1 

~I MIN 
Dept. 205-105 

Electronics Technology 
Computer Electronics 
Basic Electronics 
Audio Electronics Servicing 

NAME 

ADDRESS 

AGE 

APT # 

CITY STATE 

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

16 MIN MI WI MIN WI II= ME NM MINI 

1 

1 
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You :cafl'ft e»Ørience 
today's high fidelity wit! 

yesterday's re© 
Most high fidelity manufacturers 
watch each other to find out what's 
new. At Pioneer, we keep our eye on 
the audio enthusiast to find out what 
he wants. That's what keeps us ahead 
of all the others who are watching all 
of the others. 

If you look at the sale of record 
playing devices - and we have - 
you'Il see that sales of manual 
turntables are increasing four times 
faster than the sale of record 
changers. The reasons are clear: 
Record changers were designed a 
generation ago - for another 
generation. Designed for hours of 
uninterrupted background music at 
cocktail parties. 

Today_ your nee, are probably 
different. When you I st9r to music, 
you listen ".3 mus c. Von'neinvclved 
with the sound - anc «.ith sour 
equipmen-. And en!y a -arum 
turntable can offeryouthislevel of 
involveme-t 

It's pa- Pionee-'s responsibility 
to understand and articica2e your 
changing heeds. eks ares.tll, we now 
offer you the most complete lineof 
professional manual :arnta3les 
available. Each one cft-terr delivers 
the highes: level of pe-fom-ance, the 
most soph sicated leat:Fres and the 
greatest value in its pr ce category. 
And all of t -em have the precision 
engineering and aualitythai a e part 

PL -71 Direct -Drive Turntable 
CIRCLE NO. 61 ON FREE INFORMATION CARO 

of the Picneer legend. 
When you buy your next record 

player, sl-opsmart. Consider what 
you want- and what you need. If you 
need performance, p-ec sion and 
quali-y-anc want the irvolvement 
that en y a professional turntable can 
provide --yo.3'll get a Pioneer., 

It's as sir -Tie asthat: 
U.S. pioneer Elerircmics Corp., 

75 0}fort Dr re, Moonachie,. 
New Jersey C:074. 
West: 13330 S. Estrel a. Los Angeles 
9024E / Midwest: 1500 Greenleaf, 
Elk Greve Vil age, III.60007 
Canada: S. H Parker Co_ 

CO PION 
when you want something better 

- a.:c'' 

v 
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This new -generation 

scientific calculator 

features combinatorial, 

statistical, and 

probability functions, 

plus ten levels of 

addressable memory. 

./ 
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THE simple four -banger elec- 
tronic calculator can do little 

more than add, subtract, multiply, and 

divide. Since it was first introduced, 
however, we have welcomed at least 
two other "generations" of calcu- 
lators-each with added capabilities. 
Now, we've taken another quantum 
jump in calculator capability with 
the "Senior Scientist." In addition 
to the functions that most scientific 
calculators can perform, (roots, pow- 
ers, trigonometrics, summations, fac- 
torials, various conversions, nested 

parentheses, etc.) the Senior Sci- 
entist makes available combinatorial, 
statistical, and probability functions. 
Furthermore, it has 10 levels of 
storage memory that can be ad- 
dressed independently in any order 
desirable. And it's a snap to build this 
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NOW... 
BUILD THE 

`SENIOR 
SCIEN IST' 
CALCULATOR 

--_ _. 

Z4,441 
Wr¿ 

advanced hand calculator, whose kit 
price is jL st $115. 

The Specifics. There are 40 keys on 

the Senior Scientist's keyboard, di- 
vided into two groups of 20 keys each. 
The lower 20 keys are assigned the 
numbers 0 through 9, decimal point, 
arithmetic functions (+, -, x, ±, =), rT, 

exponentiation (x'), and two -level 
parentheses functions. These are all 

single -function keys. Of the remaining 
20 keys, 19 are assigned double - 
function status, while the remaining 
key (labelled F) serves the single func- 
tion of shifting the dual -function keys 

to their alternate functions. 
The calculator's LED disolay con- 

sists of a 12 -place arrangement. The 
left -most place is reserved for indicat- 
ing mantissa sign, calculation error, 

BY MARTIN MEYER 

degrees/radians status (degrees im- 

plied, bar segment on for radians), and 
low -battery condition. Ten digits of 

the display are for the mantissa, while 
two are for the exponent. The sign for 
the exponent is located between the 
mantissa and exponent displays. 
(Only the - sign is displayed for both 
'mantissa and exponent: + is implied.) 
The calculator has a built-in battery 
saver feature that blanks the display 
after a preset (adjustable) time when 
no operations are being performed; 
this is indicated by the - sign for the 
exponent coming on. For easy iden- 
tification, the exponent displays are 

half the size of the displays used for 
the mantissa and are shown as super- 
scripts at the right. 

The ability to solve complex and 
(Continued on page 35) 
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Fig. 1. Schematic of calculator is shown abóve anti opposite. Unshaded keys are primary functions. 
Others are dual-frnaction keys. Arrangement here is electrical-actual layout shown in photograph. 

time-consuming mathematical prob- 
lems is greatly enhanced by the 
calculator's two -level parenthetical 
capability. In stating an equation, in - 

OCTOBER 1975 

formation contained within the 
parentheses defines a specific vari- 
able. The solution of this variable is 

computed and retained. This allows a 

problem to be entered as it is written 
or stated. 

The 10 levels of memory greatly en- 
hance the calculator's power, giving 
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a simple programming capability. 
Without the 10 -level memory, the 
calculator has three memory levels 
(sum, sum -of -the -squares, index). The 
10 -level memory is a single IC that can 
be added at any time. It "plugs" into 
the holes provided for it on the pc 
board; no board changes are re- 
quired. Entry into the 10 levels is ac- 
complished by pressing STO and then 
the numeral (0 to 9) key that corre- 
sponds to the memory location de- 
sired. To recall a number from mem- 
ory, simply press RCL and then the ap- 
propriate numeral key. 

The Senior Scientist operates up to 
five hours on its built-in nickel -cad- 
mium battery. The battery can be fully 
recharged in about nine hours, using 
the ac adapter/recharger supplied 
with the kit. 

PARTS LIST 

31 -3.8 -volt rechargeable nickel -cadmium 
battery 

CI . C2, C3. C6 -4.7-µF, 20 -volt electroly- 
tic capacitor 

C4 -56-µF. 6 -volt electrolytic capacitor 
C5 -22-µF, 10 -volt electrolytic capacitor 
DI -1N914 silicon diode 
ICI, IC2, IC3-Mathematical integrate1 

circuit set 
IC4, ICS, IC6-75492 hex inverter inte- 

grated circuit 
1C7 -10 -level memory integrated circuit 
J1-Miniature phone jack 
PSI-Dc/dc converter assembly 
Ql-2N5232 npn transistor - 

R1 -39 -ohm, IA -watt resistor 
R2 -2000 -ohm. 1/4 -watt resistor 
R3 -20,000 -ohm, linear -taper miniature pc 

potentiometer 
Misc.-Keyboard; 14 -digit LED display 

assembly; printed circuit board: case: ac 
adapter/recharger; Molex Soldercons 
(124): masking tape: solder; etc. 

Note: The following items are available 
from Netronics Research & Develop- 
ment Ltd.. 27 Eagle St.. Spring Valley, 
NY 10977: complete kit of parts, includ- 
ing assembly/instruction manual: bat- 
tery: ac adapter/recharger, soft carrying 
case, and 10 -level memory IC 
(N2000MX) for $114.95; same kit minus 
memory IC (N2000X) for $99.95: 
keyboard (N201) for $12; double -sided 
pc board with plated -through holes 
(N202) for $5.50; 47A026 memory IC 
(I C8) for $15: 75492 IC's for $1.50 each; 
dc/dc converter assembly (N203) for 
$5.80: mathematics IC set (ICI, IC2, 
1C3) (N204) for $65 perset: 14 -digit LED 
display assembly (N205) for $19.50: 
New York stateresidents please add 
sales tax. 
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Fig. 2. Power supply 
uses a dcldc converter 
to step up voltage. 

Special Functions. The standard 
arithmetic and scientific functions in- 
corporated into the Senior Scientist 
need not be detailed here. Anyone 
who has used a second -generation 
calculator will be familiar with their 
use. However, the special advanced 
math functions in this calculator re- 
quire a few words of explanation. 
These functions include the gamma 
[r(n)].; combinatorial (n!); permutation 
[P(n,k)] and combinations and bino- 
mial coefficient [C(n,k)]; normal prob- 
ability [Pr(z)]; statistical group opera- 
tion (such as the summations Z+ and 
Z-), arithmetic mean(x), standard de- 
viation (a), square -root -of -the -sum - 
of -the -squares (II x II); and factor re- 
versal (transposing x and y terms) 
functions, and such group operations 
as STO k, RCL k, RCL F, and group 
(GRP) clear. 

Combinatorial analysis is a powerful 
tool for obtaining the probabilities of 
complex events, binomial coeffi- 
cients, combinations, and permuta- 
tions. With the Senior Scientist, a few 
simple keystrokes let you evaluate the 
number of combinations of n different 
objects taken k at a time where the 
order of the resulting subsets does not 
distinguish one subset from another. 
The number of possible combinations 
of size k from group n is given by 
C(n,k) = n/[k! (n -k)!], where k is the 
number stored in the group index and 
n is the number in the display. 

The function C(n,k) also gives the 
binomial coefficients for the binomial 
expansion (a + b) _k1 C(n,k)al'-kbk 
and allows the binomial distribution 
functions where P is the probability 
that an event will occur in a single trial 
and q is the probability that the event 
will not occur in a single trial (q = 1 - 
P). The probability that the event will 
occur exactly k times in n repeated 
trials is given as C(n,k)PkgA-k. This is 

known as the binomial probability 
function, since its terms for k = 0,1,2,3- 
... n correspond to the successive 
terms for the binomial expansion. 

The Senior Scientist also evaluates 
the number of permutations of n dif- 
ferent objects taken k at a time where, 
from a group of n items, k items are 

selected under conditions where the 
order of the resulting subgroups does 
distinguish one subgroup from 
another. - 

As one example of using com- 
binatorial functions, evaluate the 
condition C(n,k), where n is 7 and k is 
4. Six keystrokes on the calculator 
give the solution as 35. Another 
example: how many different five - 
man teams can be formed from a 

pool of 16 people? Again, six key- 
strokes provide an answer of 4368. If 

you were to perform these problems 
with pencil and paper, even with the 
aid of a less advanced calculator, it 
would take you considerable time to 
reach the solutions. With the Senior 
Scientist, you can have the answer 
within seconds of stating the problem. 
(Note: We are not going into the de- 
tails of the keystroke sequence to use 
here, as the instruction manual that 
comes with the IC's and calculator kit 
fully covers this subject.) 

Normal probability functions are a 
thing unto themselves. Besides per- 
mitting you to determine the area of a 
Gaussian distribution curve, the prob- 
ability functions in the calculator let 
you do some mundane things. For ex- 
ample, if you have an installation con- 
taining 4000 light bulbs, each of which 
has an average life of 1000 hours and a 

standard deviation of 200 hours, you 
can quickly calculate how many lamps 
can be expected to fail in the first 700 
hours. 

The Senior Scientist is capable of 
evaluating the arithmetic mean, stan- 
dard deviation, and square root of the 
sum of the squares of any data. The 
data need be entered only once; 
thereafter, only single keystrokes are 
required to complete the calculations. 
Besides providing the arithmetic 
mean, the calculator can solve 
geometric mean, which is the type of 
average that is applied in situations 
that approximate a geometric pro- 
gression, geometric growth, or expo- 
nential law (for example, population 
growth). 

Solution of the harmonic mean is 
also simple. This mean is the measure 
of the central tendency to employ 
when dealing with rates or prices, 
such as mph, dollars/gallon, etc. An 
example of this type of problem is the 
old school math question that re- 
quires the student to determine the 
average speed of an airplane flying a 

square course that is 100 miles long 
on each side and where the speed is 

(Continued on page 38) 
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100 mph on the first leg, 200 mph on 
the second, 300 mph on the third, and 
400 mph on the fourth. With a few sim- 
ple keystrokes, the Senior Scientist 
provides an answer of 192 mph. 

Last but not least, the calculator can 
evaluate the gamma function of all 
positive values of n where n , 2. The 
gamma function can be considered as 
a type of interpolation of the factorial 
function of nonintegral values of n. 

With the features and functions in- 
corporated into the Senior Scientist, it 
is not difficult to see that this is a cal- 
culator that will be highly useful for 
any science, technology, and math- 
ematics major right on through col- 
lege and beyond. 

About the Circuit. The schematic 
diagram of the Senior Scientist's basic 
circuit is shown in Fig. 1. It would be 
pointless to attempt a stage -by -stage 
analysis of this circuit, especially 
since what goes on inside of 
mathematical integrated circuits IC1 
through IC3 would require a manual to 
explain. Consequently, only the high- 
lights are presented here. 

The schematic shows a 40 -key ma- 
trix for the keyboard. The unshaded 
boxes in the upper two rows are the 
single -function keys. The shaded 
boxes in the second two rows are the 
dual -function keys and are labelled 
with their primary functions. The sec- 
ondary functions of these keys are il- 
lustrated by the phantomed boxes in 
the last two rows. The F key, shown 
with a heavy outline box is responsible 
for shifting the two -function keys to 
their secondary functions. 

Integrated circuits IC1, IC2 and IC3 
form the special mathematics system 
that is responsible for all of the arith- 
metic and mathematics functions in 
the calculator. Integrated circuits IC4, 
IC5, and I06 isolate the display system 
from the low -power math IC's and 
provide the necessary drive current 
for the display. Last but not least, IC7 
is the 10 -level memory system. 

The power supply circuit for the cal- 
culator is shown in Fig. 2. This circuit 
employs an ingenious dc -to -dc con- 
verter that boosts the voltage available 
from battery BI to the level required by 
the calculator circuit. By employing 
this scheme, physical battery re- 
quirements are minimized and the 
calculator is kept to hand-held size. 

Construction. There is no practical 
way to assemble the calculator with- 
out using a printed circuit board. The 
38 

board requires conductors on both 
sides. You can make your own board 
by using the actual -size etching guide 
shown in Fig. 3, but you will not be 
able to plate -through the holes as re- 
quired. So, don't forget to solder 
component leads to both sides of the 
board. 

Start assembly by soldering the bat- 
tery clips (see Fig. 3 for component 
placement) to both sides of the board. 
Next, install IC4, IC5, and IC6. Solder 
their pins directly to the pads on the 
board: Do not use sockets. (The pin -1 
pads for all IC's are indicated by short 
bars on the top of the board near the 
respective pads.) Install the capaci- 
tors, dc/dc converter, diode, power 
jack, potentiometer, and resistors. 

Cut six 11/2" (3.8 -cm) lengths of lie" 
(3.2 -cm) wide masking tape and press 
them onto the top of the board over 
the lead holes for ICI, IC2, and IC3. 
Press a 21/2" (6.4 -cm) length of the 
tape over the display board connector 
holes and a 2" (5.1 -cm) length over the 
keyboard connector holes. 

Break off a strip of 23 Soldercons 
and force their pointed ends through 
the tape and into the display connec- 
tor holes. (Note: The hole at the far 
right is not used:) Solder the Solder - 
cons to the pads on the board and 
carefully break away the connecting 
strip. Similarly, iristall 16 Soldercons 
at the bottom of the board for the 
keyboard and six sets of 14 Solder - 
cons in the /C1, /C2, and /C3 holes. 

Before you remove the remaining 
IC's from their protective carrier, you 
must familiarize yourself with the fol- 
lowing procedures to avoid damaging 
them by static electricity: 

Wear only anti -static clothing, 
such as cotton, when working with 
MOS devices. (Synthetics readily build 
up static charges.) 

Ground your work surface. 
Ground yourself; wrap a length of 

wire mesh around your wrist and ter- 
minate it at a cold water pipe or the 
grounding screw of an electrical out- 
let. 

Ground your soldering tip in a 

similar manner, but use heavy solid 
wire-not mesh-around the tip. 

Always install a MOS device im- 
mediately into its circuit after removal 
from its protective carrier and replace 
it in the carrier immediately after re- 
moval from the circuit. 

NEVER install a MOS device in, or 
remove it from, a circuit to which 
power is applied. 

Always install MOS devices last. 

Once you have familiarized yourself 
with the proper procedures to use, 
remove IC7 from its carrier and install 
it into place on the board, without 
using Soldercons. This done, install 
the remaining IC's. 

Plug the display and keyboard as- 
semblies (they come ready to use), 
into their respective connectors. When 
the keyboard is properly seated, two 
plastic posts on it drop into small 
holes in the pc board. The foam plastic 
on the back of the display board 
should be compressed against IC4, 
IC5, and IC6. 

At this point, you can check out the 
calculator. Slip the battery into its 
connectors and turn over the cal- 
culator. Turn on the power; a 0, fol- 
lowed by a decimal point should come 
on. If not, the battery needs to be 
charged. Charge it, with the battery 
charger, for about an hour. (Note: If 
you operate the calculator at any time, 
the battery must be installed.) 

Press C, 9, STO, 1, C, 5, STO, 5. The 
number 9 should now be stored in the 
second level of memory (0 is the first 
level) and 5 in the sixth level of mem- 
ory. Now, press C, RCL, 1 (9 dis- 
played), +, RCL, 5 (5 displayed), =; the 
display should now read 14. 

Finally, press C, 8, F+, 5, 2+, 3, F+, 
F, RCL; the answer displayed should 
be 16, which is the sum of 8 + 5 + 3. 
Set the power switch to OFF. 

Potentiometer R3 sets the point in 
the battery's charge condition at 
which the battery -low indicator (L) is 
displayed in the left -most digit. Set the 
pot to the center of its rotation initially. 
Then if you find that the L comes on 
too soon or doesn't -come on soon. 
enough, .you can readjust the pot's 
setting. 

To complete assembly, insert the 
bottom of the calculator assembly 
into the top half of the case and swing 
the assembly into place. It is properly 
positioned when the keyboard fits 
snugly into the case surround and a 
pair of plastic posts protrude through 
the bottom of the pc board. Thread a 
pair of small nuts onto the plastic 
posts to hold the assembly firmly in 
place. (It may be necessary to pre - 
thread the posts.) Insert the two lugs 
on the bottom of the back half of the 
case into the slots in the top half and 
snap the halves together. 

Plug the adapter/charger into the 
jack on the side of the Senior Scientist 
and the plug into a wall outlet and let 
the battery charge for at least nine 
hours. 

POPULAR ELECTRONICS 
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The DESIGN MATE "starter" ... with 
built-in, regulated, metered power 
supply ... to design unusual circuits 
fast ... WITH POWER! 
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Saves design time by measuring and 
selecting capacitors and resistors to better 
than 5% ... instantly! 

DEW 
MITE 

CIRCUIT DESIGNER 
You asked for it. HERE IT IS! CSC's basic circuit 
designer to help you build and test ANY electronic 
circuit. Solid #22 AWG wire interconnects any 
discreet component without solder. Resistors. Tran- 
sistors. Linear/Digital ICs in TO -5 DIP packages 
(from 8-40 pins). And more. 
Components fit directly into Sockets and Bus strips 
instantly and easily. Plus, DESIGN MATE ONE's 
1DM-11 variable regulated power supply gives 5-15V 
DC up to 600 ma (9 watts). Now that's design flexi- 
bility for youl 
You can even monitor the DM -1's internal power 
supply or external circuits thanks to the built-in 
0.15V voltmeter. If you're into electronics, DM -1 is 

a must for your laboratory. It comes to you 
completely wired, tested and ready to use for 
only ... $49 95 
SPECIFICATIONS 
Power Supply: Output; 5-15V at 600 ma, Ripple and 
Noise; less than 20 my at full load, Load and Line 
Regulation; better than 1%. Meter: 0-15V DC -5%. 
Connectors: 1 QT -59S, 2 QT -59B, 2 powersupply 
5 -way binding posts, 2 meter 5 -way binding posts. 
Weight: 3 lbs 11.36 kgl. -- 

Power Requirements: 117V ' AC @ 60 Hz 12 watts. 

DESIGN 
¡MIRA 

FUNCTION GENERATOR 
Troubleshooting? Design Testing? Here's the only 
tester made today that gives you all the signal source 
capacity you need ... and, at a very modest price! 
The DESIGN MATE TWO (DM -2) is a 3 -wave form 
function generator, with a short -proof output 
amplifier providing both variable signal amplitudes 
and constant output impedance. 
DM -2 is completely wired, tested, calibrated and 
ready to test anything from audio amplifiers to 
op -amp and educational laboratory designs ... to 
complex industrial laboratory projects. It includes an 
easy -to -read instruction/operations manual, applica- 
tion notes, operation theory and lots more. DM -2 
works hand -in -hand with DM -1 for total versa- 
tility ... but it costs only ... 
SPECIFICATIONS 

$64 95 

Frequency Range: 1 Hz to 100 kHz in Five Ranges: 
1-10 Hz, 10-100 Hz, 100-1000 Hz, 1-10 kHz, 10-100 
kHz. Dial Accuracy: Calibrated at 10 Hz, 100 Hz, 1 

kHz and 10 kHz, frequency accurate to 5% of dial 
setting. Wave Forms: Sine wave less than 2% THD 
over frequency range: Triangle wave linearity, better 
than 1% over range: Square wave rise and fall times 
less than 0.5 micro seconds with 600 ohms -20 pf 
termination. Output Amplitude: (all wave forms) 
variable -0.1V to 10V peak to peak into open cir- 
cuit. Output Impedance: 600 ohms-constant over 
amplitude and frequency range. Weight: 2 lbs (.91 
!<9)... 

Power requirements: 117V ' AC @ 60 Hz 5 watts. 

R/C BRIDGE 
Have you been bugged by color codes and unread- 
able component markings? Forget itl 
Now there's DESIGN MATE THREE (DM -31, the 
low cost R/C Bridge that measures component 
values ... in seconds ... better than 5%. And it's all 
done with only two operating controls and the 
DM -3's unique solid-state null detector, to zero -in on 
exact component selection ... instantly! 
Completely wired, tested and calibrated, DM -3 
includes an extensive instruction/applications 
manual and operational theory too ... all for 
only ... 

$54 95 
SPECIFICATIONS 
Resistance Range: 10 ohms to 10 megohms-Six 
Ranges: 10-100 ohms, 100-1000 ohms, 1K -10K 
ohms, 100K to 1 megohm, 1 megohm to 10 meg- 
ohms. Capacitance Range: 10 pfd to 1 mFd-Five 
Ranges: 10-100 pFd, 100-1000 pFd, .001 to .01 
mFd, .01 mFd to .1 mFd, .1 to 1.0 mFd. Null Detec- 
tor: Two high intensity red LEDs with high/low 
markings. Accuracy: Better than 5% of null Dial and 
range switch setting. Weight: 2 lbs 1.91 kg)." Power 
Requirements: 117V ' AC @ 60 Hz 3 watts. 

' 220V @ 50 Hz operation available at slightly 
higher cost. 
Each DESIGN MATE measures LWH: 6.75" (172 
mm) x 7.5" (191 mml x 3.25" 183 mml. 



CONTINENTAL SPECIALTIES 
MAKES 
FASTER, SAFER, EASIER, 
LESS EXPENSIVE 
PROTOTEST DEVICES 
TO BUILD AND TEST 
ANY CIRCUITS 
AS FAST AS YOU THINK 
Continental Specialties Corporation offers the 
hobbyist, the teacher, the professional ... a total 
array of modestly priced, quality breadboard proto- 
test devices. From basic Quick Test Sockets and Bus 

Strips ... through a wide line of ProtoBoards, with 
built in power supplies....to extremely accurate 
monitoring devices ... and now a new low cost 
instrument series the "Design Mate's". If you're into 
breadboarding read on. 

These instruments are all available to you off -the - 
shelf from your nearest distributor (see the back 
cover), or directly from CSC via Master 
Charge, BankAmericard or American Express. A 
detailed order form is included to explain it all. And, 
you can even order by phone. 
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At last! A new instrumentation concept tl 

asked for! High quality laboratory-gn 
instruments ... at prices everyone can 

Designed and built for the professional 
hobbyist ... DESIGN MATES work indeper 

or interface to solve complex problems quickly 

Completely assembled. Detailed instrr 
Special applications. Ready -to -use. Ord 

Start solving r 

MATE 
Complements DESIGN MATE 1. Prc 
clean, accurate wave forms with variz 
amplitude and frequency controls .. 
one low priced unit. 
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ONITORING CSC ProtoClip compact, low cost. 
Test with power on and hands off ... with- 

out shorting leads. All for under $5. - Here's the micro -troubleshooter you've looked for. 
Its narrow, deep throat brings IC leads up from crowded 
pc boards for fast signal tracing. Or even injecting signals 

and wiring unused circuits into existing boards. See those 
unique gripping teeth (below); scope probes and test 

leads lock onto -them instantly, easily to free your hands for 
other work. The plastic construction eliminates springs 

and pivots. And, the molded flexible web° insures thousands of A sure operations. Non -corrosive nickel/silver contacts 
give simultaneous low resistance connections to 

all your IC leads. If you work with ICs you 
need these inexpensive CSC ProtoClips. 

So, order yours today. 

What it does.... 
Continental Specialties' 
Logic Monitor simultaneous- 
ly displays static and dynam- 
ic logic states of DTL, TTL, 
HTL or CMOS DIP ICs in a 

compact, self-contained, 
pocket -sized unit. Never 
needs calibration or adjust- 
ments. Traces signals 
through counters, shift reg- 
isters, gating networks, flip 
flops, decoders...entire 
systems, made up of mixed 
logic families. Now that's 
versatility and value from 
one low cost instrument! 

PC -14 (14 -pin ProtoClip) $4.50 each 
PC -16 (16 -pin ProtoClip) $4.75 each 

And, if you want to check logic levels without an 

expensive scope ... here is Continental Special- 
ties Logic Monitor ... that brings ICs to life...as it 
tests DTL, TTL, HTL and CMOS 
on one accurate monitor. 

How it works... 
Each of the 16 input con- 
tacts are connected to 
independent single "bit" 
go/no go detectors with 
LED readouts. Each detec- 
tor circuit turns on a high 
intensity LED when its in- 
put voltage exceeds a fixed 
2V threshold. A power - 
seeking gate network auto- 
matically locates supply 
leads and feeds them to the 
Logic Monitor internal cir- 
cuits. Simple, but effective 
...and a must for your lab. 

Easy to use... 
Simply clip the Logic Moni- 
tor to any DIP IC up to 16 
pins. Precision plastic guides 
and the unique flexible web 
insure positive connections 
between non -corrosive 
nickel/silver contacts and IC 
leads. Logic levels appear in- 
stantly on 16 large (.125" 
dia.l, clearly marked, high 
intensity LEDs. Logic "1" 
(high voltage) turns the LED 
on. Logic "O" (low voltage 
or open circuits) LED off. 
Best of all, it fits in the palm 
of your hand and operates 
instantly. Order today. 

iTlílEflTAI IPECIAITIEI CORPORATIOfI 
!dal' Street, Box 1942, New Haven, CT 06509 203/624-3103 
oast Office: Box 7809, San Francisco, CA 94119 415/421-8872 

diner -dal Specialties breadboard prototest devices are made in the USA, and are available 
-shelf from your local distributor, see back page. Direct purchases from CSC 
charged on BankAmericard, Master Charge or American Express. You get a FREE English/ 
Conversion Slide Rule with each order. Foreign orders please add 10% for shipping/handling. 
ire subject to change*. Patents Pending. (c) Copyright Continental Specialties Corporation 1975. 

Pre -wired ProtoClips 
with cables...a new 
dimension in interfacing 

How easy can you get? Pre - 
wired ProtoClip Cables 
simplify IC connections to 
other ICs, pc boards, test 
fixtures ... even intercon- 
necting ProtoBoards. Avail- 
able up to 36" (914mm), 
these factory -tested, ready - 
to -use, cables are rated up 
to 150V and 105°C. #28 
AWG stranded conductors, 
with vinyl PVC insulation. 
Here's how to order .. . 

PC -14- 
PC -14- 
PC -14- 
PC -14- 
PC -14 - 

PC -16- 
PC -16- 
PC -16- 
PC -16- 
PC -16 - 

Cable Price 
length Single 
inches clip_ 

12 7.50 
18 7.75 
24 8.00 
30 8.25 
36 8.50 

12 
18 
24 
30 
36 

8.25 
8.50 
8.75 
9.00 
9.25 

Each 
Dual 
clip 

14.50 
14.75 
15.00 
15.25 
15.50 

15.75 
16.00 
16.25 
16.50 
10.75 

NOTE: S=Single Clip 
D=Dual Clips 

When ordering include Part 
No. -Cable Length-Single(S) 
or Dual (D) Clips 

J 



START WITH 
BASIC 

QUICK TEST 
SOCKETS and 
BUS STRIPS... 
They're called "QUICK TEST" because you can 

breadboard any circuit faster than drawing it. 
These snap -together, compact breadboards 
let you plug-in, wire, test, modify, and build...and 
you'll never need solder or patch cords again! 
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Keep going non-stop, from 
idea stage to final design, 
using the same components 
over again without bending, 
twisting or loading with sol- 
der. The fast, reliable Quick 
Test Sockets and Bus Strips 
let you try out new ideas or 
rejuvenate old ones with 
complete safety to your dis- 
crete and IC components 
and your fingers. 
SIMPLE MOUNTING Moun- 
ting holes in the plastic hous- 

ing let you top mount to any 
flat surface with 4-40 flat 
head screws, or 6-32F self - 
tapping screws for behind - 
the -panel mounting. 
ACCEPTS ALL STAND- 
ARD COMPONEN -S Quick 
Test Sockets and Bus Strips 

conform to 1/10" grid and 
are DIP compatible. ICs, di- 
odes, resistors, capacitors, 
transistors, etc. are plugged 
right into the socket and/or 
strip, without messy, time- 
consuming soldering. 
HOOK-UP All you need is a 

wire stripper and #22 AWG 
solid hook-up wire. Connect 
power and grou- 
nd leads to your 
bus strip. Plug in 

your ICs, trans- 
istors, resistors, 
etc. Now inter- 
connect com- 
ponents with 
#22 wire. Con- 
nect a signal sou- 
rce to bus strip 
or directly to in - 
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1LSockets: Gro 

TOP VI Et 
.... ..... 

2 Buses of Intercom 

10 Modestly Priced Models ... of1-the-shelf .. . 

Hole Termi- Unit 
length to -Hole nals Price $ 

6.5" 6.2" 118 12.50 ,. : ,,., 
.l ,.; ...::...... QT -59S 

, 
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EXPERIMENTING WRN 

PWPó-LIiKD LUOPÓ 
Four simple but useful circuits that will increase your 

understanding of these versatile 565 and 567 IC's. 

BY HERB COHEN 

WHEN phase -locked -loop (PLL) 
integrated circuits began to ap- 

pear on the hobby market, the experi- 
menter was faced with the same prob- 
lem always encountered with new de- 
vices: what to do with it. If he tried to 
understand the theory-usually avail- 
able in abundance-he was clouted 
with terms like rads/second, capture 
ratio, lock range, and lag networks. 
Needless to say, there was an urge to 
slam shut the book and treat the IC as 

a "black box"-not really such a bad 
idea. 

Although there have been a number 
of articles published in various 
magazines explaining the basics of 
PLL theory (see "How Phase -Locked 
Loops Work," February 1975), a 

"hands-on" session with these IC's 
will tell you more about them than all 
the reading you're likely to do. As an 
example, the 565 and 567 PLL's are so 
simple to work with and require so few 
external components that you don't 

need a stage -by -stage understanding 
of what goes on inside then to put 
them to use. 

In this article, we describe four sim- 
ple projects you can build around 
a pair of commonly available PLL's 
to give a "feel" for how they perform. 
Each project illustrates a different as- 
pect of phase -locked -loop technol- 
ogy, and each is a practical circuit you 
can put to immediate use. Before pro- 
ceeding to the projects themselves, 
however, let us first discuss the 
specific PLL's used in our projects. 

Two PLL's. Of the many phase - 
locked -loop IC's available, the 567 is 
the only one that is designed primarily 
for switching applications. When this 
PLL goes into lock, its output transis- 
tor, driven from a quadrature detector, 
is capable of passing 100 mA of cur- 
rent. This makes the 567 ideal as an 
SCR or relay driver. 

Another unique feature of the 567 

PLL is its ability to be driven from a 

low -voltage (4.5 to 10 volts) power 
supply at a nominal 10-mA drain. This 
means that the IC can be powered by a 

9 -volt transistor battery with good life 
expectancy. So, although it doesn't 
have the bandwidth or sensitivity of 
other PLL's, the 567 is ideal for hun- 
dreds of tone -decoder applications in 

the range from 1 Hz to 100 kHz. 
The 565 is a general-purpose PLL 

IC and is by far the most popular now 
being used. It exhibits a very wide 
±60% locking range and a 1 -mV input 
sensitivity. This PLL is ideal for use as 

an SCA decoder, which will let you 
receive the hidden subchannels on 
FM. 

The following four projects are ex- 
amples of the simplicity and versatility 
of the PLL IC. The first three are built 
around the 567, while the fourth-an 
SCA decoder-employs the 565 PLL. 
The circuits can be assembled easily 
on perforated boards or pc boards. 
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.ULTRASONIC SWITCH 

Ultrasonic Switch. The simple trans- 
mit/receive system shown in Fig. 1 can 
receive a signal from distances of up 
to 40' (12 m) and more in hallways and 
enclosed areas where the acoustical 
properties are good. The transmitter is 
shown in B, while the receiver is 
shown in A. 

Transducers TR1 and TR2 in the re- 
ceiver and transmitter are 40 -kHz 
barium-titanate ultrasonic transduc- 
ers. Transducer TR1 in the receiver 
picks up the sound waves from trans- 
mitter transducer TR2 and passes 
them to the amplifier consisting of 

73oe. 

ti 

transistors Q1 and Q2. The PLL (IC1) 
then accepts the amplified signal and 
rejects any spurious responses and 
out -of -band noise 'pulses. 

Light -emitting diode LED1 and 
limiting resistor R9 are installed in the 
circuit only temporarily to assist in 
tuning the system. Once the system 
has been properly tuned, these com- 
ponents are removed and replaced 
with the load to be driven (relay, lamp, 
.etc.). 

The transmitter shown in B is a Col- 
pitts oscillator configuration that uses 
transducer TR2 in the resonance cir- 

cult. This circuit puts out a minimum 
of 2 volts rms across TR2, which de- 
velops more ,than enough sound 
power for the system. 

To tune the receiver, place the 
transmitter about 5' (1.5 m) away from 
the receiver with both transducers fac- 
ing each other. Adjust potentiometer 
R10 until LED1 comes on. Turn off the 
power to the transmitter; LED1 should 
immediately extinguish. (Note LED1 
may light up when R10 tunes the sys- 
tem to a submultiple or harmonic of 
the transducer frequency, so make 
sure you're tuned to the fundamen- 
tal frequency.) 

Once the receiver has been properly 
tuned, the range you can obtain with 
this system is dependent mainly on 
room acoustics. However, you should 
be able to obtain a minimum of 20' (6.1 
m) of range. 

The ultrasonic relay system can be 
used as an intruder alarm, garage 
door opener, or remote relay. It can 
even be made to operate as a simple 
motion detector. To do this, place the 
transmitter and receiver about 10' 
(3 m) apart and with their transducers 
facing the same wall in a room. The 
LED in the receiver should come on; if 
it doesn't, move the transmitter closer 
to the receiver until it does. Then, 
move it away until the LED just extin- 
guishes. Now, walk along the side of 
the room that the transmitter and re- 
ceiver are facing. As you move, the 
LED will blink on and off. 

Fig. 1. A simple 
t,ar+srr+it/receive 
ultrasonic relay. 

B1.B2-9-volt battery 
CI.C6-0.04-µF disc capacitor 
C2 -5-µF. 10 -volt electrolytic capacitor 
C3.C-1-0.0047-µF disc capacitor 
C5 -0.1-µF disc capacitor 
C7.0 10-0.02-µF disc capacitor 
C8 -100-µF. 10 -volt electrolytic capacitor 
C9 -0.001-µF disc capacitor 
CI I-330-pF disc capacitor 
ICI -567 PLL IC 

(A) 

PARTS LIST 

LED1-Light-emitting diode 
TR I,TR2-Ultrasonic transducer (Detec- 

tron No. HCI) 
QI-2N4946 pnp transitor 
Q2 -2N4917 npn transistor 
Q3-H EP S0007 npn transistor 
The following are'/ -watt. 10% resistors: 
R1-180.000 ohms 
R2-43.000 ohms 
R3.R4-2200 ohms 

2 

(B) 

R5,R 13.R 14-1000 ohms 
R8.R7-2700 ohms 
R9-330 ohms 
R11-22,000 ohms 
R12-47,000 ohms 
R 10 -10.000 -ohm miniature potentiome- 

ter 
SI ,S2-Spst switch 
Misc.-Battery clips: hookup wire: sol- 

der: etc. 
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Tunable Filter. The circuit shown in 

Fig. 2 illustrates the use of the 567 PLL 
as a wideband (10 -to -100 -kHz) tunable 
filter. Potentiometer R4 is the fine- 
tuning control. If its dial is accurately 
calibrated, the knob pointer can indi- 
cate to better than 5% accuracy, the 
frequency of any incoming signal 
within the filters range. This circuit 
can be used for stereo tuning and tape 
bias oscillator adjustments. As a tone 
decoder, it would be hard to beat. 

The circuit has several interesting 
features. First, the bandpass of the fil- 
ter is proportional to the input voltage, 
from 1% to about 14% of the band- 
width. Second, when the PLL starts to 
lock onto the incoming signal, the 

C 

Touch Switch. As a convenience 
feature in a home, the touch switch, 

.00TOBER 1975 

TUNABLE FILTER 

Fig. 2. Tunable 
filter circuit 
can, be used as 
a tone decoder. 

JI 
RI 

(Y"111.-AMMM^111 

R2 

LED starts to flash at a rate that is the 
difference between the two signals. 
This is called the capture state. Once 
the PLL is locked in, the LED glows 
steadily. 

This circuit has a tendency to lock 
onto odd harmonics and subhar- 
monics of the input signal. To over- 
come this problem, simply limit the 
amplitude of the incoming signal to 

. less than 1 volt. 

C7 

R4 
R3 

PARTS LIST 
B I -9 -volt battery 
C1-0.01-0 disc capacitor 
C2-0.1-µ1= disc capacitor 
C3-I-µF. 15 -volt electrolytic capacitor 
C4---10-0, 10 -volt elctrolyttc capacitor 
C5 -0.05-µF disc capacitor 
C6,C7-5-µF, 15 -volt electrolytic capaci- 

tor 
C4 -100-11F. 15 -volt electrolytic capacitor 
ICI -567K PLL IC 
J I-I'hono jack 

LEDI 

R5 S 

8 

T 

LED I-Light-emitting diode 
R I -4700 -ohm, '/-watt resistor 
R2 -2200 -ohm, '/-watt resistor 
R3 -1000 -ohm. %a -watt resistor 
R4 -10,000 -ohm, linear -taper potentio- 

meter 
R5 -330 -ohm. 1/4 -watt resistor 
Sl-Spst switch 
S2 -4 -position non -shorting rotary switch 
Misc.-Battery clip: hookup wire: solder: 

etc. 

TOUCH SWITCH 

Fig. .3. Touch 
switch con he 

made lo latch 
in by adding 
the jumper. 

JUMPER 

(SEE TEXT) 

PARTS LIST 

BI -9 -volt battery 
CI -0.005-µF disc capacitor 
C2,C3.C4-0.04-µF disc capacitor 
C5-33-pF disc capacitor 

LED I 

C2 
T3 

T 

SI 

TOUCH 
PLATE 

Cn-30-µF, 10 -volt electrolytic capacitor 
D I-I N914 diode 
ICI -567 PLL IC 
SI-Spst normally open. monentary- 

action switch 
Misc.-3" x 3" solderable metal for touch 

plate: hookup wire: solder: etc. 
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shown in Fig. 3, is hard to beat. Just by 
touching the plate, body capacitance 
unbalances the circuit and pulls IC1 
into lock. An external signal is nor- 
mally fed into the PLL (IC1) via pin 3 
and Ci and R1 are used to tune the 
voltage -controlled oscillator to the 
input frequency. When lock occurs, 

SCA DECODER 

t: 

,* 

;' s ;' 

'SCA Decoder. Our final PLL project 
is an SCA decoder built around the 
565 phase -locked -loop IC. This is es- 

the vco adjusts itself to be 90° out - 
of -phase with the input signal. 

With the input signal at pin 3 coming 
from the output of the vco (pin 5 of 
IC1) through C4, R2, and R3, the two 
signals are in -phase with each other 
and the circuit cannot lock. However, 
when the touch plate is approached, 

. ,".1>'/` ,', '. `',... 
. 

sentially a 67 -kHz FM detector. How 
ever, a PLL is a better detector for FM 
than any of the traditional detector de - 

PARTS LIST 

C I-220-pF disc capacitor 
C2 -0.002-µF disc capacitor 
C3-330-pF disc capacitor 
C4-560-pF-disc capacitor 
C5,C9.0 10-0.04-µF disc capacitor 
C6 -0.l -µF disc capacitor 
C7 -0.001 -NF disc capacitor 
C8 -0.001-µF disc capacitor 
Cl I-30-pF, 15 -volt electrolytic capacitor 
DI -12 -volt zener diode 
ICI -565 PLL IC 
Jl,J2-Phono jack 
L1-10-mH slug -tuned inductor (Miller 

No. 9060) 
QI-2N2926 npn transistor 

50 

Fig. 4. SCA decoder._, 

The following are 1/4 -watt, 10% resistors: 
R1-100,000 ohms 
R2-22,000 ohms - 

R3-8200 ohms 
R4-1500 ohms - 

R5-15,000 ohms 
R6,R7,R11--4700 ohms 
R8-6800 ohms 
R9-1000 ohms 
R12-47,000 ohms 
R10 -10,000 -ohm, linear -taper poten- 

tiometer 
R13--47,000-ohm. V2 -watt, 10% resistor 
SI-Spst switch 
Misc.-Battery clip; hookup,wire: solder: 

etc. 

enough capacitive phase shift is in- 
troduced to allow the circuit to lock. 

Wiring the jumper into the circuit as 
shown allows the system to latch in 
the on position even after your hand is 
removed from the touch plate. To 
reset the system to off requires S1 to 
be closed momentarily. 

signs because it has the ability to dive 
6 dB below the noise level and still 
lock onto a signal. 

In the case of an SCA subchannel 
whére the information is -only 10% of 
the total program power (most of that 
lost in -the audio filtering), the 565 IC's 
ability to reject noise is an important 
factor in building a simple and effect 
tive SCA decoder. 

Capacitors Cl, C2, and C3 and coil 
L1 (Fig. 4) form a bandpass filter that 
peaks at 67 kHz and rejects all low - 
frequency components of the audio 
signal in an FM tuner. Transistor Q1 
amplifies this signal and passes it to 
IC1. The PLL IC is tuned by C7, R6, and 
Rio. Since the tuning frequency is 
also a function of thé supply voltage, 
the IC should be zener-diode regu- 
lated. 

The demodulated audio signal 
comes out of, the decoder at 'a 50 -mV 
level. It has -a 7,000 -Hz audio band= 
width that can hardly be considered 
hi-fi. This bandwidth, however, is 
more than sufficient for background 
music. 

The tuning procedure is simple. 
Connect the output of your FM tuner 
to the input of the SCA decoder and 
the output of the .decoder to your 
audio amplifier. Set R10 to the center 
of rotation. Scan the FM dial; all you 
should be able to hear at this point is 
noise and no stations. An SCA sub - 
channel will appear as a sharp drop in 
the noise level, accompanied by a dis- 
torted music program. Now, adjust 
R10 for the best signal-to-noise (S/N) 
ratio and highest fidelity. 

Tune to the weakest SCA subchan- 
nelyou can find. Adjust L1 for the low- 
est possible noise level. The SCA de- 
coder is now ready to use. 

Closing Comment. The preceding 
four projects illustrate only a small 
portion of the possible applications to 
which the versatile phase -locked -loop 
IC can be put. A couple of the projects 
should be able to suggest other proj- 
ects of your own. Q 
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How to "DEB°UNCE" 
Mechanical Switches 
for Digital Logic Use 

Interface circuitry eliminates false pulses. 

MANY projects involving digital 
logic require the use of one or 

more mechanical switches. These can 
take the form of toggle switches, re- 

lays, pushbuttons, or keyboards. Two 
characteristics of these devices, 
switching noise and timing, require 
special consideration when connect- 
ing them to a digital logic system. 

All mechanical switches, regardless 
of type, normally generate some elec- 
trical noise when the contacts transfer 
from one position to the other. This is 

due to bouncing of the contacts for 
several milliseconds after actuation. 
They actually make, break, and re- 

make several times before finally com- 
ing to rest in the new position. This 
bounce period is called settling time. 
Digital logic' elements, being much 

NORMALLY OPEN: 
IN CONTACT WITH COMMON 

ALL CONTACTS OPEN (TRANSIT) 

IN CON TACTMWFTH COMMON_ 

NORMALLY 
CLOSED 

BY E. W. GRAY 

faster in their operation than mechan- 
ical switches, respond to each transi- 
tion during the bounce period if the 
logic is connected directly to the 
switch. Thus false signals are pro- 
duced. For this reason, "debouncing" 
circuits are used between the mechan- 
ical switch and the driven logic. 

Contact Bounce in Spdt 
Switches. A single -pole, double - 
throw (form -C) switch and an 
idealized timing diagram of its action 
during transfer from normally closed 
to normally open are shown in Fig. 1. 

Initially, the movable arm (operating 
strap) is in contact with the normally 
closed contact. As transfer begins, the 
arm moves away from the normally 
closed side, opening.the contact. The 

BREAK TRANSIT 
BOUNCE TIME 

MAKE 
BOUNCE 

+-SEVERAL MILLISECONDS -- 

NORMALLY 
OPEN 

Fig. 1. During the few milliseconds it takes a switch 
to operate, erroneous pulses can confuse digital logic. 

slightly springy, normally closed con- 
tact attempts to follow the arm and 
bounce occurs. This is called "break 
bounce;" the multiple openings and 

closings of the normally closed con- 
tact and the arm as the switch transfer 
is initiated. 

As transfer continues, break bounce 
ceases. At this time the arm is not in 
contact with either side of the switch, 
but is "in transit" to the opposite side. 
Both normally closed and normally 
open contacts are now open. (Note: 
"Make -before -break," or shorting, 
switches are available; similar bounce 
conditions can occur, however.) 

When the arm reaches the normally 
open contact, the two collide, and 
"make bounce" begins. The arm and 
the normally open contact close, 
open, and close again until the 
mechanical movement ceases. The 
switch transfer is then complete. In 

most switches, make bounce is much 
more severe than break bounce. 

When the form -C switch is released 
from the transferred position, the re- 
verse of the above actions occur. 
Break bounce takes place at the nor- 
mally open contact and make bounce 
occurs at the normally closed contact. 

Debouncing Spdt Switches. To 
use the form -C switch successfully in 

digital logic, the debounce circuit 
must mask both break and make 
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SWITCH 

A 

B 

C 

D 

OUTPUT I 

OUTPUT 2 

OUTPUT I 

OUTPUT 2 

I/2-7400 

A 

Fig. 2. Debouncing circuits: (A) simple NAND gate; 
(B) inverter configuration; (C) circuit used 
in a recently announced complementary device. 

bounce and produce a single, noise - 
free transition at its output each time 
the switch is operated or released. 

Three circuits to accomplish this are 
shown in Fig. 2. TTL devices and posi- 
tive logic are used. (High voltage 
equals logic one; low voltage equals 
logic zero.) 

In the circuit of Fig. 2A, two cross - 
coupled NAND gates are used to form 
a latching circuit. With the switch not 
operated, the ground (logic zero) ap- 
plied to input D, gate 2, holds output 2 
at logic one. Output 2 is applied to 
input B, gate 1. This high voltage level, 
and the high voltage level on input A, 
gate 1 (through R1 to +5 volts) cause 
output 1 to be logic zero. 

When the switch is operated, input 
D, gate 2, changes in step with the 
break bounce. However, outputs 1 and 
2 do not change state since the mov- 
able arm has not yet grounded input 
A, gate 1, and the logic zero on output 
1 (fed back to input C, gate 2) main - 

OPERATING (COMMON) 

B 
SWITCH 

INPUT A 

OUTPUT 2 

A OUTPUT 1 

B OUTPUT 2 

1/ 
7404 

INPUT B 

OUTPUT I 

1 

C 

SWITCH 

OUTPUT I 

OUTPUT 2 

tains output 2 at.logic one. Thus break 
bounce is ignored at the outputs. 

As mechanical action continues, 
break bounce ceases and the arm 
makes its first contact with thé nor- 
mally open side. This applies ground 
(logic zero) to input A. With input A 
low, output 1 and input C switch to 
logic one. Inputs C and D are now both 
at logic one and output 2 goes to logic 
zero. Fed back to input B, output 2 
now latches output 1 high and the 
circuit is stable. 

This switching action between out- 
puts 1 and 2 requires very little time: a 
maximum of 52 nanoseconds if 7400 
NAND gates are used. Thus, the 
switching is complete long before the 
first bounce during make occurs. 
Input A will continue to follow the 
make bounce transitions but no out- 
put changes will occur. When the 
switch is released, the action is re- 
versed, with output 2 reverting to logic 
one and output 1 to logic zero. 

MAKE BREAK 
OPEN BOUNCE CLOSED BOUNCE OPEN 

Fig. .V. Bounce pattern of a 
single -pole -single -throw switch. 

+5VDC 

Fig. 4. Simple Schmitt 
trigger can be used to 
debouuce a spst switch. 

1/4 
74265 

OUTPUT I 

NON -INVERTING 

OUTPUT 2 
INVERTING 

A somewhat simpler circuit is 
shown in Fig. 2B. The 7400 NAND 
gates are replaced by 7404 inverters. 
Pullup resistors are not required for 
this circuit. The switching operation is 
similar to that of Fig. 2A, except that 
one gate output will be short-circuited 
for about 37 nanoseconds each time 
the switch is activated. Device opera- 
tion is not affected by the short- 
circuited Output; the manufacturer's 
specification allows a single output in 
the logic one state to be grounded 
temporarily. 

Note that switch bounce can be ob- 
served with an oscilloscope at inputs 
A and D of Fig. 2A. It cannot be ob- 
served at the inputs of the circuit of 
Fig. 28 due to the direct coupling of 
input and output. 

Both of the above circuits provide 
complementary outputs, and both re- 
quire two input lines from the switch. If 
both ground and +5 volts are available 
at the switch, debouncing can be ac - 

SWITCH -11-W 
INPUT A 

OUTPUT 

+5VDC 

A,\ OUTPUT 

I/6 
7414 

I L I LJ l..r 

T w i THRESHOLD 
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CLOCK I/2-7474 

1/3-74H11 

R2 

complished with only a single input 
line as illustrated in Fig. 2C. The inte- 
grated circuit used is the 74265, a re- 
cently announced complementary 
output device. Here, the noninverting 
output is fed back to the input, provid- 
ing stabilizing action much like the 
7404 latch of Fig. 2B. 

Contact Bounce in Spst 
Switches. A single -pole, single - 
throw (form -A) switch and its idealized 
timing diagram are shown in Fig. 3. 

This switch is equivalent to a single 
side of the form -C switch. When a spst 
switch is operated, break bounce oc- 
curs between the movable arm and the 
normally closed contact. No further 
action occurs until the switch is re- 

leased. Following release, the operat- 
ing strap remakes with the normally 
closed contact, bounces, and make 
bounce occurs. As in the form -C 

switch, make bounce is usually more 
severe than break bounce. The time 
required for make bounce to subside 
is an important factor in debouncing 
the form -A contact. 

Debouncing Spst Switches. Since 
only a single output is available from 
the form -A switch, the latching 
method of debouncing previously de- 

scribed cannot be used. Instead, a 

delay circuit is normally used to mask 
the contact bounce. The debounce 
circuit must: (1) detect the switch 
transition; (2) delay response for a suf- 
ficient amount of time to allow all 

bounce to cease, and (3) produce an 

output defining the new switch posi- 
tion. A simple circuit to accomplish 
this is shown in Fig. 4. 

The gate used is a Schmitt trigger 
device such as 7413 or 7414. With the 
switch contacts open as shown, input 
A will be approximately 5 volts, and the 

S3 OUTPUT 

CLOCK 
1/2-7474 

Fig. 5. In keyboard 
debouncing, switch 
data is stored until 
clock enable 
transfers the data. 

output will be logic zero. When the 
switch is operated, input A goes low 

and the output switches from low to 
high. Each time the switch bounces 
open, point A starts to return to the 

5 -volt level at a rate determined by the 
time constant of R1 and Cl. As long as 

input A does not reach its positive - 
going threshold voltage of about 1.7 

volts, the output will remain at logic 
one. Therefore, the time constant of 
R1 and C1 should be sufficiently long 
to allow all bounce to subside before 
this threshold is reached. Usually 
about 5 to 10 milliseconds is satisfac- 
tory. 

Keyboard Debouncing. Keyboards, 

having many switches, pose a 

special problem when debounc- 
ing is considered. Building a de - 
bounce circuit for each switch is 

impractical. Many keyboards include 
a strobe, or gating, contact which is 

activated whenever any key is oper- 
ated. In such keyboards, this common 
switch should be debounced and its 

output used to test the state of the 
remaining switches. Where a common 
switch is not available, the individual 
switches can be logically "OR'ed" and 

the resultant output used as input to 
the debounce circuit. A typical circuit 
is shown in Fig. 5. Note that this is an 

application of the circuit of Fig. 4. 

Each time a switch is operated, the 

output of the debounce circuit clocks 
a flip-flop register which stores the 

switch information until another 
switch is operated. 

Note that only Schmitt trigger gates 

should be used with RC networks as 

shown, since such networks on the 
input of an ordinary gate can cause 
oscillation at the gate's output. Series 
resistance such as R2 in Fig. 5 should 
not exceed 330 ohms. Q 
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A very' 
qu1et 
announcement 
from 
Phase Linear: 
Just between you and us, the new Phase 
Linear 2000 preamplifier is one of the quietest 
preamps ever made ...so quiet it can match 
the performance of preamplifiers selling at 
twice the price. 

The latest generation of integrated circuits 
reduces total harmonic distortion to 0.1%, 
typically .03%, and gives you a signal-to-noise 
ratio of 74dB below 10mV. That's quiet! 

A highly advanced integrated circuit 
phono preamplifier creates the sonic 
excellence you have come to expect from 
Phase Linear. 

A variable ambience injection circuit gives 
you more of the music -allows for the 
recovery of music lost with most preamplifiers. 
Other features: 
Individual detented bass and treble controls 
with a professional feel in each channel. 
Turnover points at 50Hz, 150Hz, 2kHz, and 
5kHz, where up to 12dB of boost or cut may 
be applied ... a switchable low frequency 
active equalizer for up to 6dB boost below 
50Hz for a flatter bass response... two 
complete tape circuits for easy control and 
tape -to -tape dubbing ...a comfortable size 
that complements other Phase Linear 
products: 5tt"x19"x6"...and an 
outstanding value at $299.00. 
Visit your dealer and quietly ask for a 

demonstration. 

Wy,a4e 

2n00 
THE POWERFUL DIFFERENCE 

CIRCLE NO. 44 ON FREE INFORMATION CARD 
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a cinating new 
alone are not ough. 
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If you're like most men, deep down inside there's 

still a bit of the boy who loved to go exploring ... and who'd 
love to go again. Well, now you can. 

Only this time you'll explore the expanding world of 
electronics ... a world more fascinating than any you ever 

dreamed of as a boy. 

Learn by exploring ... Bell & Howell Schools 
offers an exciting way for you to gain new occupational 
skills in electronics. 

Everybody enjoys learning something new, but why 

learn it the old way? Classes to go to. Lectures to sit through. 
And only a bunch of books to keep you interested. 

Bell & Howell Schools' adventure in learning is a far 

cry from all that. 
You can probe into electronics and learn exciting 

new occupational skills right in your own home, in your spare 

time. On whatever days and whatever hours you choose. So 

there's no need to give up your present job and paycheck 
just because you want to learn something new: 

What's more, when you're exploring a field as 

fascinating as electronics, reading about it is just not enough. 
That's why throughout this program you'll get lots of "hands 
on" experience with some of today's latest electronic 
training tools. 

You'll be stimulated for hours on end as you 
build, experiment and learn while using the latest ideas 
and techniques in this fascinating field. 

As part of the program you'll actually learn to build 
and work with your own electronics laboratory. Using it to put 

many of today's most dynamic electronic discoveries to the 

test... including electronic miniaturization. 
Among the things you'll discover is how the 

development of tiny integrated circuits has made possible an 

electronic calculator small enough to fit into a shirt pocket! 
And a wristwatch that flashes the time with the push of a button. 

You'll investigate the concept of "logic circuits." An 

idea that has been with us for centuries but only in recent 

years put to use as the "brain" behind all the new digital 
consumer appliances we see today. 

But more important than 
anything else is the new occupa- 
tional skills you'll develop in elec- 
tronics troubleshooting. While no 
assurance of income opportunities 
can be offered, you'll develop skills 
that could lead you in exciting new 
directions. Use your training: 
1. To seek out a job in the 

electronics industry. 
2. To upgrade your current job. 
3. As a foundation for advanced 

programs in electronics. 

You build and perform 
many exciting experiments with 
Bell & Howell's Electro -Lab; 
an exclusive electronics training system. 

Using our successful step-by-step method, 

..1 

Simulated TV test pattern. 

.F]eciro-Lab®-s a registered trademark 

of the Bell & Howell Company. 

you'll build: 
1. A design console, for setting up and examining circuits. 

2. A digital multimeter for measuring voltage, resistance arid 

current (it displays its findings in big, clear ni7mbers like a 

digital clock). 
3. A solid-state "triggered sweep" oscilloscope-similar in 

principle to the kind used in hospital operating rooms to 

monitor heartbeats. You'll use it to monitor the 

"heartbeats" of tiny integrated circuits. The "triggered 
sweep" feature locks in signals for easier observation. 

Step-by-step you'll build and experiment with 
Bell & Howell's new generation color N-investigating 
digital features you've probably never seen before! 

This 25" diagonal color TV has digital features that 

are likely to appear on all TV's of the future. As you build it 

you'll probe into the technology behind all -electronic tuning. 

And into the digital circuitry of channel numbers that appear 

right on the screen! You'll also build in a remarkable on -the - 

screen digital clock, that flashes the time in hours, minutes 

and seconds. Your new skills will enable you to program a 

special automatic channel selector to skip over "dead" 
channels and go directly to the channels of your choice. 

You'll also gain a better understanding of the 

exceptional color clarity of the Black Matrix picture tube, as 

well as a working knowledge of "state of the art" integrated 

circuitry and the 100% solid-state chassis. 
After building and experimenting with this TV, you'll 

be equipped with the skills that could put you ahead of the 

field in electronics know-how. 

We try to give more personal attention than 
other learn -at-home programs. 
1. Toll -free phone-in assistance. Should you ever run into a 

rough spot during the program, we'll be there to help. 

While many schools make you mail in your questions, we 

have a toll -free line for questions that can't wait. 

2. In -person "help sessions." These are held in 50 major 

cities at various times throughout the year where you can 

talk shop with your instructors and fellow students. 

No electronics background needed. 

What you really need is the thing ' 

you've never lost. A boy's love for 
exploring. Now you can go again, 
only this time learning new 
occupational skills all along the way. 

Mail the postage paid card today 
for more details! 

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

If card has been removed, write: 
An Electronics Home Study School 

DEVRV InSTITITE OF TECHOOIDGY 
COE Cf 

BELLE HOWELL SCHOOLS 
4141 Belmont. Chicago. Illinois 60641 

732113 
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This easy -to -build antenna offers 

high gain, good directivity, wide bandwidth -and 
costs less than $10 for parts. 

THE rhombic is a nearly ideal 
TV antenna. It's easy to build and 

install, provides good reception, and 
costs less than $10 in materials. If you 
live in a house with a nonmetallic roof 
and are located in a medium signal - 
strength area (with a rather clear 
"shot" to the transmitter), it can be 
installed without support masts. The 
rhombic can also be shaped to the 
roof contour so it will not detract from 
the house's appearance. High gain (up 
to 14 dB), broad bandwidth, and good 
directionality are characteristic of the 
rhombic's performance. 

About the Rhombic. The rhombic is 
a long-wire antenna in the shape of a 
rhombus, with sides usually greater 
than three halves of a wavelength (Fig. 
1). In this configuration, it is a non - 
resonant antenna with a resistive ter- 
mination. The presence of the resistor 
converts the rhombic into a unidirec- 
tional antenna with the favored direc- 
tion looking toward the termination. 
(Unterminated rhombics are bidirec- 
tional). This is desirable in most situa- 
tions since 'many viewers want to re- 
ceive signals which are all transmitted 
from the same high antenna site. The 
legs of the antenna are formed from 

BY GEORGE L. MONSER 

foam -filled 300 -ohm twinlead, be- 
cause the use of multiple conductors 
increases the gain and bandwidth of 
the antenna. 

Both the leg length I and the "tilt 
angle" 6 are variables, and the 
rhombic's overall gain depends on 
this combination and the angle at 

rLEAD -IN 

To 
/ZECEIVErj 

Fig. I. The basic rhombic. Normally 
bidirectional, it can be made to 
tocas in one direction by adding 
the resistive termination. 

which the signal approaches the an- 
tenna. The dimensions (I and 6) can be 
chosen either to give maximum gain 
and directivity or to fit certain physical 
constraints (like the shape and size of 
your roof!). In general, maximum gain 
is found as e increases. The gain of a 
diamond -shaped rhombic (0 = 65°) is 
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about twice that of a square antenna 
(e = 45°). 

Feedpoint impedance poses an im- 

portant question-what type of trans- 
mission line should be used with the 
rhombic? The antenna's impedance 
is not a constant value over varia- 

tions in frequency, and the physical 
dimensions have some effect. A 

square antenna has an impedance of 

600 to 800 ohms, while smaller values 

of e mean it will generally lie between 
450 and 600 ohms. 

Most TV receivers, on the other 
hand, have an input impedance of 300 

ohms, and most TV transmission line 
is of the 300 -ohm twinlead variety. 
This means that, if 300 -ohm line is 

used to bring the signals down to the 
receiver, an SWR will develop on the 
line. Some signal loss will exist be- 

cause of the reflections induced by the 
impedance mismatch. It's not all that 
bad, since the greatest SWR you're 
likely to encounter is 2.7:1. This cor- 
responds to a signal loss of about 
25%, or 1.25 dB-which will not really 
be noticed. 

Multidirectional Rhombics. If you 

want to receive stations from more 
than one direction, you will either have 

to put up a few unidirectional rhom- 
bics or resort to a switching scheme 
such as that shown in Fig. 2. In this 
case, we want to receive signals com- 
ing along one axis of the rhombic (see 

arrows). Most of the time, we listen to 

OCTOBER 1975 

r EAST 

KI 

Fig. 2. At left is swilehable rhombic antenna. 
Shaded aren is relay switching circuit abone. 

Switching .feed and termination changes direction. 

station X, whose broadcasts come in 

from the east. So, we leave Si open 
and relay K1 de -energized. The an- 
tenna favors signals facing east, since 
that's where the termination (R) is with 
respect to the feed point. 

Now, let's say that there's a good 
program on station Y's channel, 
whose signals come in from the west. 
Closing Si will energize the relay coil, 
reversing the feed and termination 
points. The antenna thus "looks" 
west. Although only two directions are 
realized in this design, it's possible to 
use a more complex switching system 
to include the othertwo corners of the 
rhombic. This would allow selection of 
each of the four cardinal directions 

TOWARD 
SANTA MARIA 

(with respect to the antenna). If you 
want to use this relay switching tech- 
nique, it's advisable to have a low - 
capacitance relay mounted in a 

weather -sealed box to avoid excessive 
signal loss. Also, for safety's sake, use 

a low -voltage ac or dc relay coil and 

good outdoor wire between the coil 
and voltage source. 

Antenna Design. The first step in 

designing the rhombic is to decide 
what channels you want to receive, the 
relative location of their transmitting 
antennas with respect to your home, 
and the physical layout of the installa- 
tion site. (In this article, we assume the 
antenna is mounted horizontally on 

GABLE LINE OF 
HOUSE 

fi 
2S' 

"A" STREET 
To WA0.D 

Lo5 ANGELES 

1'ig..1. The cnlgle between the transmitter 
and house gable line determines rhombic design. 
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the pitched roof of a wood -frame 
house.) 

For optimum results, three basic 
designs are described, covering the 
vhf Lo, vhf HI, and uhf bands. The vhf 
LO antenna measures 25 feet (7.6 m) 
on a side, and covers channels 2 
through 6 and the FM broadcast band. 
The vhf. HI design, spanning channels 
7 through 13, has legs one-third the 
length of those for vhf Lo. For the uhf 
channels (14 through 83), a rhombic 
that is 55 inches (139.7 cm) on each 
side is recommended. One rhombic 
can be installed within another with a 
different cant to receive higher chan- 
nels from another direction. 

Once you have chosen which size(s) 
you want to use, locate your reception 
site and the transmitting antenna on 
a state or city map. Determine the 
alignment of your house with respect 
to the station locations as shown in 
Fig. 3. In our example, we want to re- 
ceive stations in Los Angeles and 
Santa Maria. These roughly lie along 
the same line, at a 25 -degree angle 
from the gable line of the house. If the 
angle to the station exceeds 30°, it's 
best to use the square rhombic (8 = 
45°). But we are within the limit for a 
diamond -shaped antenna, and. we'll 
take advantage of its higher gain to get 
the distant (100 miles) signals. A vhf Lo 
band antenna will be set up. 

Construction. First, we cut a 100 -ft. 
(30.5-m) length of foam -filled 300 -ohm 
TV twinlead in half. A few inches of the 
insulation are removed at each end of 
the twinlead segments, and the bared 

\Ns/. 

wires are twisted together and sol- 
dered. Then, install 3V2 -inch (not criti- 
cal, larger units can be used) standoff 
insulators at the four corners of the 
rhombic design. Slip the twinlead 
segments through standoffs 1 and 3 
until they are halfway through. The 
free ends of the twinlead are now con- 
nected to individual terminals on two 
barrier terminal strips, which are se- 
cured with nylon rope to standoffs 2 
and e. Install relay K1 and the terminat- 
ing resistor in .a small weatherproof 
box near the center of the antenna. 
Weatherproof all connections with 
epoxy or a commercial preparation 
made for this purpose. The terminat- 
ing resistor should be either 470- or 
680 -ohm, half -watt carbon types. Ex- 
periment with the two values and 
choose the one that gives best recep- 
tion. 

The geometry and physical installa- 
tion of the rhombic may have to be 
tailored to your location. Use Figs. 4 
and 5 as guides-but by all means ex - 

46' 

Fig. 4. Installation on a pitched wooden root. TV 
insulators support the rhombic about .1" off the roof 
60 

{ 

STAN DOFF 
a 

Fig. 5. Top, side, and edge 
views show how to install 
antenna on a pitched roof 

periment. Try to keep all leads to the 
relay short, and have the 300 -ohm line 
take off at right angles to the gable 
line. 

Performance. How well the rhombic 
performs is pretty much a function of 
the leg length and the tilt angle.'For 
the antenna described, about 6 dB of 
gain is realized on channel 2, rising to 
about 14 dB on channel 6 and the FM 
broadcast band. If the vhf Hi -band 
rhombic is built along the same lines, 
the gain would be 6 dB on channel 7 
and increase to 11 dB on channel 13. 
The uhf model would deliver about 7 
dB gain on channel 14, rising to 12 dB 
on channel 83. (These figures are ref- 
erenced to a dipole, and are approxi- 
mate.) With the rhombic aimed toward 
the channel(s) of interest, the antenna 
should yield better results than a 
5 -element yagi beam mounted at the 
same height. While reception won't be 
quite as good as that experienced with 
the multi -element, long -boom com- 
mercial antennas, the rhombic will de- 
liver amazing results-considering 
that it was built for less than $10! 

Other Uses for the Rhombic. 
Though we have described a rhombic 
for the TV bands, there's no reason 
why it can't be adapted for SWL, CB, 
amateur and vhf monitor use. The 
only major modifications would be in 
size. At lower frequencies, a larger an- 
tenna (and mounting area) would be 
needed. Remember though, that hf 
rhombics (14 MHz and below) can be 
unwieldy. A matching network would 
also be required to step down the high 
impedance of the rhombic feedpoint 
to the low -impedance, unbalanced 
inputs and outputs of communica- 
tions receivers, transceivers, and 
transmitters. For more design 
information on this high-performance 
antenna, see "The ARRL Antenna 
Handbook" or other reference works 
on antennas. Q 
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An easy -to -follow approach to basic design of this 

important part of electronic systems. 

BY JIM HUFFMAN 

THE oscillator is one of the major 
building blocks of electronic sys- 

tems. As differentiated from an am- 
plifier, which merely applies gain to 

any signal fed to its input, the oscil- 
lator converts dc applied to its input to 
an ac signal at its output. Many people 
who know how to design an amplifier 
are stymied when it comes to design- 
ing oscillators. 

There are many types of oscillators. 
They can be all -electrical or elec- 
tromechanical. In this article, our con- 
cern is with the former, which includes 
the negative -resistance, Hartley, Col- 
pítts, RC, Armstrong, avalanche, etc., 
oscillators commonly found in every- 
day electronic equipment. We will 
limit our discussion to oscillators that 
are most practical for the experi- 
menter to use. 

Preliminary Information. The con- 
figuration of the basic feedback -type 
oscillator is shown in Fig. 1. It is simply 
an amplifier to which has been added 
a feedback network. This type of oscil- 
lator goes by various names (Hartley, 
Colpitts, Armstrong, etc.), but the op- 

eration is the same no matter what the 
name given to it. 

If the output of the feedback net- 

work is in phase with the input of the 
amplifier and the output signal of the 
network is of sufficient level, the am- 

plified output will return to the input 
and be reamplified. This signal, made 
even greater in amplitude through 
double amplification, goes back 
around to the input of the amplifier 
continuously, causing the output of 
the amplifier to alternate in such a 

manner that the dc power supply volt- 
age to the amplifier is changed to an 

ac signal at the output of the amplifier. 
If the feedback network is frequency 
sensitive, as well as being phase - 

shifted, the frequency of the oscilla- 

/NPI? OVrPur 

Fig. 1. Basic oscillator is 
amplifier with feedback. 

tor's output signal can be accurately 
predicted. 

The obvious problem to the forego- 
ing is that if the feedback energy 
keeps building each time it is am- 

plified, the ac signal's amplitude will 
attempt to exceed the dc supply volt- 
age, which is an impossibility. Instead, 

clipping results and the waveform be- 

comes distorted. In some cases, the 
distortion is acceptable, but if the os- 

cillator is used in an application such 
as the vfo (variable -frequency oscil- 
lator) in a transmitter, it will cause un- 

acceptable spurious outputs. So, the 
feedback network must be prevented 
from feeding too high a signal ampli- 
tude to the input of the amplifier. Al- 

ternatively, you can reduce amplifier 
gain. In fact, maximum stability and 

cleanest waveform occurs when over- 
all gain (including losses in the feed- 
back network) is just slightly greater 
than unity. If gain is too low, however, 
there will not be enough feedback 
to, initiate oscillation in the first place 
and you will end up with an amplifier 
with frequency -selective positive 
feedback. 
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Five basic feedback oscillators are 
shown in Fig. 2. Each feedback net- 
work (tuned circuit) provides the 
proper phase shift to make the net- 
work output in phase with the 
amplifier's input. In the case of the RC 
(resistive -capacitive) oscillator, the 
phase shift in each RC network adds 
to those of the other networks to pro- 
duce the total phase shift in the am- 
plifer. Since the proper amount of 
phase shift occurs at only one fre- 
quency, the output frequency of the 
oscillator is predictable. 

The real design problems come in 
deciding, for example, where to tap 
the Hartley oscillator's coil, determin- 
ing the ratios of the capacitors in the 
Colpitts oscillator, and making sure 
that the losses in the RC oscillator do 
not exceed the amplifier's gain so that 
oscillation can occur. 

In the following, we will deal mainly 
with the Colpitts oscillator, since it is 
representative of the others and is 
commonly used in vfo's and other ex- 
acting applications where stability 
must be very good. Another reason for 
focusing on the Colpitts oscillator is 
that it is capable of some rather high 
power levels and it makes a good 
crystal oscillator simply by replacing 
the coil with a crystal. 

In approaching the design phase, 
we have three options. First, we can 
design for maximum stability and little 
output power. Or, we can forget about 
stability and go for a lot of power. Fi- 
nally, we can compromise and design 
for as much as possible of both stabil- 
ity and output power. Our option will 
be dictated by the application in which 
the oscillator is to be used. Whichever 
option is decided upon, we will use the 
common -emitter circuit configuration 
because it yields good power and 
voltage gain. 

Designing the Oscillator. Let us 
assume we want an oscillator for the 
vfo in a transmitter. This means that 
stability must be excellent and the 
waveform must be clean. Further- 
more, the oscillator should be capable 
of delivering a clean 30-mW signal, 
which should hardly prove difficult, 
while maintaining a high degree of 
stability. 

Figure a power supply potential of 9 
volts, which can be obtained from 
an ordinary battery or a zener-diode or 
IC regulator. Plan on operating the 
oscillator class A for best stability with 
an output frequency in the 80 -meter 
(3.5 -to -4 -MHz) band. 

Begin your design by drawing a 
rough schematic of the oscillator cir- 
cuit as shown in Fig. 3. Now, deter- 
mine some of the basic parameters. 
Start with the load resistance, which is 
equal to the supply voltage squared 
divided by two times the output power 
(R,. = V,.,'/2P). In your calculations, let 
V,.,. be 7 volts to allow some margin of 
safety. Then, using 7 volts, R,, comes 
out to 817 ohms, which you can round 
off to 800 ohms. Pencil in these figures 
in the appropriate places on your 
schematic. 

The next step is to determine the 
value of inductance needed. For this, 
you will have to refresh your memory 
on 0-the figure of merit for a 
coil-which is a ratio between the dc 
resistance of the winding and the 
winding's reactance at some specific 
frequency. Most coils have a reasona- 
ble enough Q as long as the wire in the 
winding is not so thin that it inherently 
exhibits a high dc resistance. Note 
that our concern here is with the Q that 
is imposed on the coil by paralleling it 
with the 800 -ohm load. This "loaded 
Q, or Q,., is the ratio of the coil's reac- 
tance to the load resistance. 

If your oscillator used a coil with 800 
ohms of reactance and then powered 
up to 30 mW with an 800 -ohm R,., the 
ratio would be 800:800 (1:1), which 
would yield a 3.5 -MHz band with (out- 
put frequency/Q=3.5 MHz/1 =3.5 
MHz). Remember that bandwidth has 
a direct bearing on the 0; so, the nar- 
rower the bandwidth, the better the Q. 
(Of course, too high a Q would be de- 
trimental.) A Q of 10 to 20 would be 
acceptable in our oscillator circuit. 

CRYSTAL 

Since the oscillator is to be used as 
the vfo in a transmitter, where we want 
the cleanest and most stable signal 
possible, we will settle for a Q of 20. 
Now, we must design our coil to have a 
reactance of 40 ohms. 

Choosing a capacitor is a relatively 
simple task. Rearranging the 
capacitive -reactance formula X,. = 
1/(21-1FC), we obtain C = 1/(2rTFX,.) = 
1/(6.28 x 3.5 x 1T x 40) = 1.12 nF. 
Round this off to 0.001 µF (1000 pF). 
This would be the total capacitance 
in the circuit, which means that each 
of the two capacitors across the 
coil would have a value of approxi- 
mately 0.002 µF penciled in on your 
schematic. Total capacitance O. = 
C 1 C2/(C 1 --C2) = 0.0022/(0.002 + 
0.002) = 0.001 µF. 

Feedback Selection. So far, we 
have done only the easy work. Now we 
have to start the design of the oscil- 
lator itself. First, find a transistor that 
will give satisfactory performance at 
3.5 MHz. A quick look through the 
manuals reveals that the Motorola 
HEP-50 transistor has plenty of gain at 
3.5 MHz. But let's go a step further 
to insure that we obtain a stable vfo 
design. 

It is time to identify the components 
in your schematic, and this time don't 
forget to draw in tuning capacitor C5. 
You should end up with a circuit like 
that shown in Fig. 4. Note that single 
battery biasing would be used for max- 
imum stability. 

It would seem that all you have to do 
is plug in 0.002-µF capacitors for Cl 
and C2 to obtain the required 0.001-µF 
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Fig. 2. The five common Y" 
types o/' feed back 
oscillator.~ are shown 
in their simplest forms. 
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figure. Make tuning capacitor C5 

small in value-say, a few picofarads 
-and tweak the slug in coil L1 a little 
to lower the inductance to make up for 
the extra capacitance in the circuit. 
Then put in the correct biasing resis- 
tors. 

We mentioned earlier the danger of 
having the feedback network deliver 
too much energy to the input of the 
amplifier. One way to keep the energy 
down is to add the resistor shown in 

phantom to reduce stage gain. In 

many cases, this would be valid. But if 
you go a step further, your approach 
will work in all cases. 

You can find detailed information 
on how to design basic amplifier cir- 
cuits in "Solid -State Circuits for the 

cc 

Fig. .t. Start with this basic 
Colpitts oscillator circuit. 

Experimenter" (September 1972 
POPULAR ELECTRONICS or 1975 Winter 
ELECTRONIC EXPERIMENTER'S HAND- 

BOOK). If you can obtain a copy of 
either, refer to the box to help you fill 
in the values for the components 
in Fig. 4. 

Use the information given in the box 
to determine the gain of the amplifier. 
We know that R, is 800 ohms. From the 
information listed on the back of the 
transistor's box, we know that its R is 

85. If you bias the transistor for class A 

operation, it will be in the middle of its 
operating range. From Ohm's Law, the 
maximum current the stage will draw 
will be: I = E/R = 9 volts/800 ohms = 11 

mA. If the stage is in the middle of its 
operating range, bias it for 5 mA with 
no signal. From the box, you can see 
that input impedance Z;,, is about 400 
ohms and stage gain is 160. Divide the 
gain by 4, which yields a gain of 40. 

(This is a handy rule of thumb for oscil- 
lators.) In designing a Hartley oscil- 
lator, you would now select a coil tap 
that would transform at a 40:1 ratio, 
and your design would be complete. 

We now have a gain of 40. Using the 
two 0.002-µF capacitors in series 
would divide the gain by 2 to yield an 
effective gain of 20. For maximum sta- 
bility of the oscillator, however, we 
OCTOBER 1975 

want the gain to be roughly unity. It 

would seem logical to allow C1/C2 
equal 20 as in the Hartley oscillator 
design. However, we want power as 

well as stability from our oscillator. So, 
let. us pursue another optimum ap- 
proach to design: impedance match- 
ing. This means to obtain maximum 
power transfer within the oscillator 
and then adjust the amplifier's gain to 
obtain a clean output signal. We can 
assume that matching the imped- 
ances is the best approach when 
power is required from the oscillator. 

The capacitive divider provides the 
impedance match. Impedance ratios 
in tuned circuits vary as the square of 
the turns ratio (in this case, the capaci- 
tive divider). Now, the object is to find 
two capacitors whose series capaci- 
tance equals about 900 pF, which al- 
lows 100 pF for the tuning capacitor 
(C5). Gain in the amplifier is reduced 
as necessary by the unbypassed phan- 
tomed resistor. 

Getting back to the design again, we 
must sift through a few simple algebra 
equations. First, the formula for total 
series capacitance (Cr) is: Cr -- 

C/C2/(C/ + C2). The value of Cr in our 
example is 900 pF. Next, the ratio of R,,, 

to Ru, is Rln/Rui = (nin/nu1)2 - 
[C1/(C1 +C2)]2, which translates to the 
simple formula for determining the 
value of C2: C2 = C,TVR,,,,,/R;,,. In our 
case, Cr = 900 pF, R,,,,, = 800 ohms, 
and R,,, = 400 ohms. So, C2 = 900 
V800/400 = 1270 pF. The value of Cl 
can be determined from the formula: 
Cl = C.,.1[1 - (CT/C2)] = 3100 pF. 
Rounding out the two values, we ob- 
tain: Cl = 1200 pF (0.0012 CIF) and C2 
= 0.003 µF. 

With the oscillator set for maximum 
power gain, you must now add some 
negative feedback to obtain the 
cleanest output signal. The phan- 
tomed resistor's value is easy to de- 
termine. When it comes time to as- 

semble the circuit, temporarily con- 
nect a 500 -ohm potentiometer be- 
tween the transistor's emitter and 
ground. Adjust the pot, while observ- 
ing the oscillator's output on an oscil- 
loscope, for the cleanest possible 
waveform. Then, without touching the 
setting, remove the pot from the cir- 
cuit and measure its resistance. Use a 

fixed resistor of the same or approxi- 
mately the same value as that mea- 
sured across the pot in the circuit. 

From this point on, it is just finishing 
touches. The reactance of C3 should 
be roughly R,/10 = 800/10 = 80 ohms. 
Using the formula C = 1/(2nFX,.), we 

obtain a figure of roughly 570 pF, 
which can be rounded out to a more 
common 0.001-µF value. The reac- 
tance of C4 should be at least R,,,/5[3 or 
about 1 ohm in this case. (This value 
can be adjusted to prevent quench- 
ing.) The formula used for C3, when 
applied to C4, yields a value of about 
0.05 µF. To prevent the r -f choke's 
(RFC1's) dc resistance from limiting 
the output of the oscillator, it should 
be considerably less than the 800 - 
ohm value of R,., A 2.5-mH choke 
would look like 55,000 ohms at 3.5 
MHz, which should be very effective in 
comparison to the 800 ohms for A. 

All that is left now is to assemble the 
circuit, using the calculated compo- 
nent values, and measure the 
parameters to determine if all is well 
with the design. 

Design Checkout. The next step is 

to breadboard your design, preferably 
with perforated phenolic board and 

QUICK AMPLIFIER STAGE DESIGN 

Shown below are some rules -of - 
thumb formulas you can use to de- 
sign your own common -emitter am- 
plifier stages. Combining this in- 
formation with the design details 
given in. the text, you can design a 

complete oscillator stage. 
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LC 

Fig. 4. Here we have added some 
values and a tuning capacitor. 

« 
z.s 
mN 

solderless clips. This will permit you 
to adjust component values as need- 
ed before proceeding to final assem- 
bly. Test equipment that will be handy 
to have during checkout includes a 
variable power supply, a frequency 
counter for checking that the oscil- 
lator is on -frequency, an oscillo- 
scope to view the output waveform, 
and a good general -coverage com- 
munication receiver to listen for sig- 
nal purity and check for harmonics. 

None of the above test equipment is 
essential. For example, you could use 
an ordinary 9 -volt battery in lieu of a 
variable power supply. However, you 
will need at least a VOM (set to ac 
volts) or, better yet, an oscilloscope to 
check for the presence of oscillation. 

You can check for instability, in 
the form of drift, by beating the 
oscillator's output signal against a 
known reference signal of good stabil- 
ity, such as from a crystal oscillator. 
Some of the sources of drift and insta- 
bility are the input and output capaci- 
tances of the transistor itself, which 
can vary with bias, temperature, sup- 
ply voltage, etc. There are also coil 
dimension changes that occur with 
changes in temperature and in- 
stabilities caused by capacitance 
changes with heating and cooling. All 
of these can be minimized or limited 
in some or all of the following ways. 

Since transistor parameters vary 
with changes in bias, single -battery 
(or regulated -dc) bias systems should 
be used when stability is a critical fac- 
tor. To keep the transistor's parame- 
ters from changing with variations in 
the supply voltage, regulate the V,., 
line with a zener diode or IC regulator. 
Also, to keep capacitance changes in 
the transistor junctions at a minimum, 
use a high -Q, high -LC -ratio tuned cir- 
cuit. (The major advantage of the Col- 
pitts design is that Cl and C2, whose 
values we took so much pains to cal- 
culate, tend to swamp out the varia - 
64 

tions in input and output capaci- 
tances.) The high LC ratios demand a 
coil of fewer number of turns, and the 
wire should be firmly wound on the 
coil form and held in place with coil 
dope to minimize dimension changes 
due to temperature changes. 

High -quality capacitors, such as the 
silver -mica variety, will not be as sus- 
ceptible to thermal drift as are other - 
types of capacitors. The oscillator 
should be well ventilated, component 
leads should be kept short, and all 
components should be firmly mount- 
ed in place to minimize vibrational 
effects. 

Final Touches. Under final touches, 
we rid our oscillator of spurious oscil- 
lations that are common in transistor 
designs. We will cover only afew of the 
problems likely to be encountered and 
their solutions. Most of the problems 
can be avoided at the time the circuit 
is still on paper. 

One problem is "quenching" or 
"squegging." This is a lower -fre- 
quency oscillation often caused by too 

Fig. 5. A completed 
oscillator circuit 

which may contain 
more refinements 

than you need. 
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high a time constant in the emitter cir- 
cuit bypass. It allows the emitter by- 
pass capacitor to charge up to a volt- 
age that eventually cuts off the trans- 
istor. This occurs repeatedly at some 
lower frequency and superimposes it- 
self on the oscillator's output signal. 
The output signal is then loaded with 
spurious outputs that may occur every 
few kilohertz on the radio dial. When 
quenching occurs, reduce the time 
constant by making the values of R3 
and C4 as low as possible and read- 
justing the bias circuits to compen- 
sate for the lower resistance. 

Another problem is that of an addi- 
tional high -frequency oscillation in 
the circuit. There can also be low - 
frequency oscillations caused by such 
things as the inductance of the r -f 
chokes. The lower frequencies can be 

minimized by bypassing both r -f and 
audio frequencies. Higher -frequency 
parasitics can be minimized by adding 
r -f chokes that act as high impedances 
at the parasitic and short circuits at 
the operating frequency. One such 
choke can be fabricated by slipping 
ferrite beads over component leads. 
You can make your own by winding a 
turn or two of enameled wire on a to- 
roid core made from a tuning slug of a 
tunable coil. The hole runs lengthwise 
along the slug so that a few turns of 
No. 28 enameled wire wound through 
the hole makes an excellent parasitic 
choke. 

The schematic diagram shown in 
Fig. 5 illustrates all design techniques 
that can be employed in an oscillator. 
It is doubtful, however, that all of these 
techniques will be needed in any given' 
oscillator. 

Once you've debugged your oscil- 
lator design, you can proceed to final 
assembly. The preferable medium 
would be printed -circuit board con- 
struction, but perforated board and 
solder clips will serve equally well. 

In Conclusion. We've covered one 
basic type of oscillator here. Obvi- 
ously, there are many more. The oscil- 
lator and approaches used in its de- 
sign in these pages are very simple 
and extremely dependable. Using the 
guidelines, you can design your own 
oscillator circuits. Special require- 
ments, such as working at tempera- 
ture extremes, super -high stability, 
etc., can all be achieved by starting 
with our modest approach. 

You can design crystal oscillators 
that operate in the series mode by re- 
placing the coil with a crystal in the 
Colpitts design. You can use pre - 
tapped coils in Hartley circuits and still 
design system gain for optimum oscil- 
lator performance by adding negative 
feedback. We can go on and on ad 
infinitum, but you get the idea. Q 
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Johnson sideband. a9ain! 
Nearly 10 years ago we introduced the world's first CB single 
sideband radio-a radio still sought after and prized today: 
In that tradition of state-of-the-art performance, Johnson offers 
you the Viking 352. With the mostradvanced SSB performance. 
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