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The Cobra 50XLR CB has it all.- 

AM/FM Stereo. Cassette. And 
CB. All in one compact unit.. All 
engineered to bring' YOU the same 
loud and clear sound Cobra 'is 
famous for. 

The remote mike houses the 
channel selector, sqúelch control, 
and channel indicator. Só all you 
need for talking CB is right there in 
your hand. The 'cassette player fea- 
tures through -the dial loading and 
four-way fader control. 

Because they're only five inches 
deep, there's a Cobra in -dash radio 
to fit almost any car with little or no 
modification to the dash,This 
feature, plus the step-by-step 
Installation Manual and . Universal. 

Installation Kit makes them the 
easiest in -dash radios to install. And 
oúr-Nationwide network of Author- 
ized Service Centers makes them 
the easiest to service. 

There are four Cobra in -dash 
models to choose from including 
AM/FM/Stereo/8-track/CB. But no 
matter, which you choose you can 
be sure of getting the best sounding 
radio going. The ultimate car radio. 

The Cobra. 

Punches through loud and clear, 
Cobra Communications Products 

DYNASCAN CORPORATION 
6460 W. Cortland St., Chicago, Illinois 60635 

Write for color brochure 
EXPORTERS: Empire Plainview, N.Y. CANADA: Atlas Electronics Ontario 
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The new Energaire ionized oxygen generator 
will make a handsome addition to any desk. 

You need oxygen to live. You can live with- 
out food for 60 days, without water for seven 
days, but without oxygen, you won't make it 

past two minutes. 
That small piece of fuzz located on top of the 

cylinder shown above emits ionized oxygen. 
You are already familiar with ionized oxygen 

if you've smelled the air after a thunderstorm. 
You feel great, revitalized and alert. The light- 
ening from the storm adds a small negatively - 
charged electron to each oxygen molecule in a 

process called ionization. 

POSITIVE ADVANTAGES 
Ionized oxygen performs several positive 

functions. First, it cleanses the air by attaching 
itself to anything floating in the air, causing it to 
fall to the ground. 

Secondly, when inhaled, it has the same 
effect on the body as pure oxygen. It is ab- 
sorbed quickly by the lungs and goes into the 
bloodstream making you feel more alert and 
alive. 

The new space-age product shown above is 

an oxygen ion generator called Energaire. The 
copper mesh fuzz on top of the unit is one of 
the secrets of the system. 

NEW INVENTION 

race Fuz 
A new space-age invention and the same effect 
as lightening combine to create the world's 
first home oxygen regeneration system. 

Although it has no moving parts, you can 
actually feel a wind produced from the fuzz. 
This wind is ionized oxygen which spreads to 
fill a 1500 cubic foot room or about 15 feet 
square. 

EFFECTS FELT QUICKLY 
You will feel the effects immediately. The 

Energaire will clean your room of odor -causing 
bacteria and stale, musty or smoky air. Ener- 
gaire will keep you alert. With a fresh supply of 
ionized oxygen, you will have more energy, be 
less fatigued, and you will sleep better. 

Our polluted cities often deprive us of 
enough oxygen to make us feel healthy and 
alert. The Energaire solves this important 
problem by providing a personal environ- 
ment-an area that surrounds your body and 
work location with fresh ionized oxygen. 

NEW SCIENCE 
The oxygen ion generator is a relatively new 

product, yet its use in the home may make it 

more important than any filter system. 
The Energaire is a new breakthrough. 

Ionized oxygen generators have been under 
development since the early 60's. The 
Energaire, using the latest in microelectronics, 
is the first cost-efficient system that produces 
over 100 times the ion production of other 
commercial units that cost ten times the cost of 
the Energaire. 

USED IN HOSPITALS 
Ionized oxygen creates a germ -free en- 

vironment-proven through research at sev- 
eral universities. Hospitals are now converting 
many of their operating rooms to ionized 
oxygen. Among the hospitals in California are 
Eden Hospital in Castro Valley, Chico Mem- 
orial Hospital in Chico, and the Valley Medical 
Hospital in Fresno. 

TRY THIS DRAMATIC TEST 
To show the dramatic effect of ionized oxy- 

gen, take the ion generator, blow cigarette 
smoke into a clear bowl, and hold the bowl 
inverted over the system. The smoke will van- 
ish. The charged oxygen particles appear to 
dissolve the smoke particles, precipitating 
them from the air. 

In a room, Energaire surrourds you with 
these oxygen ions and cleans and purifies the 
air so even in a smoke -filled room, you will be 
breathing clean, country -fresh air all day long. 

DRAMATIC LIFE CHANGES 
Working in an ionized oxygen environment, 

you think clearly, are more alert, and your 
brain functions better. In actual brain wave 
tests, there was an increase in alpha waves 

when ionized oxygen was used, indicating 
greater alertness, deeper relaxation, less 
stress, and more creative brain functioning. 

We are so impressed with the pleasant 
effect of Energaire that we urge you to per- 
sonally test it yourself in your home or office. 

Order one at no obligation. Put it by your 
desk, in your bedroom, or in any room where 
you spend a great deal of time. See if it doesn't 
keep you alert, feeling better, and more pro- 
ductive. See how it rids your room of un- 
pleasant odors and freshens the air. 

SLEEP EASIER 
At home, use the Energaire to control odor - 

causing bacteria. Use it by your bed and see 
how fresh, country -like air makes you sleep 
easier, deeper, and more relaxed. 

You should notice the difference within one 
day-especially in a work environment. But 
use it for a full month. Then, if you do not feel 
better and totally convinced of the positive 
effects of ionized oxygen, return your unit for a 
prompt and courteous refund. 

The Energaire is manufactured by the Ion 
Foundation, one of America's leading ion 
research laboratories, and JS&A is America's 
largest single source of space-age products. 

Service should never be required, but if it is, 

there's a prompt service -by -mail center as 
close as your mailbox-further assurance that 
your modest investment is well protected. The 
Energaire measures 9" high by 3" in diameter 
and weighs 24 ounces. 

To order your Energaire ionized oxygen 
generator, send $69.95 plus $3.00 for postage 
and handling (Illinois residents, please add 5% 
sales tax) to the address shown below or credit 
card buyers may call our toll -free number 
below. 

Let space-age technology revitalize your life 
with the world's first home ionized oxygen 
generator. Order one at no obligation, today. 

o NATIONAL 
SALES 

GROUP 
Dept. PE One JS&A Plaza 

Northbrook, III. 60062 (312) 564-7000 
Call TOLL -FREE 800 323-6400 
In Illinois Call (312) 564-7000 

©JS&A Group, Inc.,1978 



BEARCAT® SCANNERS ANNOUNCE 
AMERICA'S ONLY 5OCHA L, MICRO 
PROCESSOR CONTROLLED SCANNER. 
IT SEARCHES, STORES, REMEM 

AND ALL BUT THINKS FOR YOU. 
The new Bearcat 250. 

An unbelievable advancement 
in no -crystal scanning. 

CRYSTAL -LESS. 
Micro processor 
controlled. Brings in every 
local frequency, 
automatically, without a crystal. 
50 CHANNELS. Scans up 
to 50 channels in banks of 10 each. 
Scans any combination of banks at 
the touch of a button. 
SEARCH/STORE. Seeks out and 
stores up to 64 active local public service 
frequencies automatically. 
SEARCH/RECALL. Retrieves 
stored frequencies for simple entry into 
scan program. 
PRIORITY CHANNEL. Samples a 
designated priority frequency on channel 
1 every two seconds. 
DIGITAL CLOCK. A genuine, LED 
quartz crystal digital clock. Shows hours, 
minutes, seconds. 
5 -BAND COVERAGE. Low, high, 
UHF. UHF -T. Plus 2 meter amateur ham 
band, and other UHF frequencies. 
COUNT. Transmissions on each 
frequency counted automatically to 
determine which are most active. 
SCAN/SEARCH LOCKOUT. A 
unique feature. Not only locks out 
channels while scanning, it also eliminates 
unwanted frequencies while searching. 

Bearcat's new, 250 is fully synthesized 
for punch -in programming. It searches, 

4111 
stores, and recalls every bit of programming, 

on a vast, 50 -channel spectrum. 
Automatically. 

Unbelievable? Read and 
believe. 

s:, ¡ ° J , 

AND 
MUCH MORE! 
Selective Scan Delay. 
Direct Channel 
Selection. Scan Speed 
Control. Automatic Squelch. 
Track Tuning Circuitry. Front - 
Mounted Speaker. Decimal 
Display. Duality Construction. 
AC/DC. UL listed. FCC Certified. 

THE INCREDIBLE, HEW 
BEARCAT®. SO SCANNER. 

LEADING THE WAY TO REAL EXCITEMENT. 

Copyright 1975, Masco Corporation of Indiana. 
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Editorial 

THE STANDARDS MUDDLE 

There's an ongoing effort in the electronics industry to set up standards so differ- 
ent types of products will be compatible. As often as not, this results in a handful of 
"standards" for the same product type. 

As an example, Japanese manufacturers are pursuing a standard format for 
video disc players (still on the horizon). But RCA and Philips have their own incom- 
patible systems. Moreover, there are a host of different systems even in Japan. 
And it might require years for developers and marketers to effect a compromise so 
that one system will be used. Chances for a single system are better from "Japan, 
Inc.," however, than from U.S. and European developers. There are many video 
tape recorder standards, too, which could be a contributing reason for the disap- 
pointing last -quarter sales of home VCR's. 

Even the famous "S-100" computer bus is not truly a standardized bus. There 
are variations on the theme. Proposals to the IEEE Standards Committee for a sin- 
gle S-100 bus standard, however, have been made. Ithaca Audio, Ithaca, NY, sent 
us a copy of its suggested version-all 36 pages of it! Included is a proposal for 16 - 
bit read/write operations on the S-100 bus, whereby data in and data out are 
ganged bi-directional buses during 16 -bit operation. 

In the TV receiver area, the FCC on May 19 ruled that all uhf tuners must limit in- 
ternal noise level to 14 dB by Oct. 1, 1979 certification tests. But a divided FCC 
staff hasn't made it binding on manufacturers, with some members pushing for a 
12 -dB limit as of Oct. 1, 1982. 

In the audio field, there are lots of standards that should be established or 
brought up-to-date. The Institute of High Fidelity is doing just this, as evidenced by 
a PE article on new IHF amplifier standards last month, and the new FM standard a 
few years ago. Now how about one for tape recorders and for transducers! At 
some time in the near future, digital audio standards should be established, too. 
Just one area, sampling rates, would be a good starting place. There's also a fine 
opportunity at this early time to establish equalization and bias standards for the 
promising new metal -particle cassette tape formulation. 

And in the CB radio field, the EIA is attempting to standardize selective calling 
systems. 

Some standards are easier to effect than others, of course. Many are essential 
to doing business, such as standards for audio phone plugs and jacks (ANSI/EIA- 
RS453-1978). Others are not, so each manufacturer can continue to go his own 
way or frustrate attempts to standardize a system or measurement method without 
suffering obvious damage. 

Having sat in on same standards meetings, I can attest that getting agreement 
from a group of people with competing systems is not at all easy. It requires yeo- 
manship work from technical experts, and a personal give-and-take that is easier 
said than done. In the final analysis, it's the marketplace that acts as the arena for 
action, with the consumer wielding the prod. 
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Totally Integrated, Entirelly Self -Contained 
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THE PET has become the standard f or the personal corn - 
louter industry. Consumer and business publications have 

auded its discovery. POPULAR SCIENCE and PLAYBOY 
have given special tribute to the "mind -boggling" PET. 

IN A LEAGUE WITH IBM, HP 
AND WANG MINICOMPUTERS 
THE PET is a minicomputer and should not be confused with 
game products that hook up to household T.V.'s. What sets 
it apart from other computers is price. While others cost 
from $11,000 to $20.000 and more, THE PET, with similar 
power, costs only $795.00. 
Features an IEEE -488 Bus -- like HP's mini and full size 
computers. This standard data and control channel permits 
direct connection to many peripherals. Over 120 pieces of 
compatible equipment such as counters, timers, spectrum 
analyzers, digital voltmeters and printer plotters, from HP, 
Phillips, Fluke, and Textronix, etc., are currently available. 
ROM Magazine, January 1978, writes, "THE PET comes 
out of the box, plugs into the wall, and is ready to use." It is 
equipped with a CRT video display with reverse and blink 
features, an alpha -numeric keyboard with complete graphics 
and a built-in standard cassette tape deck. 
THE PET has 8K bytes of RAM [user memory]. Optional 
equipment permits expansion to 32K. And, it has 14K bytes 
of ROM [program memory]. 

THE PET COMMUNICATES IN BASIC. 
THE EASIEST COMPUTER LANGUAGE 
If THE PET wants you to press a key, it will flash, "Press 
such and such", on the display. You speak back to it through 
its full size 73 -key keyboard. 

EXTENSIVE CHARACTER 
ORIENTED GRAPHICS 
The unit features a 9 -inch, high resolution, 1000 character 
CRT. Characters are arranged 40 columns by 25 lines on an 
8 x 8 matrix for superb graphics. 

WHAT IS THE PET REALLY FOR? 
It is the single most important teaching device f or any com- 
puter related subject. It will entertain the most sophisticated 
data application, or the simplest inquiry/response assign- 
ment. IN THE LAB it handles instrumentation, process 
monitoring, and more. A number of Fortune 500 companies 
have already made it an integral part of their lab and general 
office system. 

-fi-a 
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PERSONAL COMPUTER 
With technology so advanced, 

Concept so remarkable, 
Operation so utterly simple, 

Cost so incredibly low. 
The PET has given rise to a brand new era... 

The Age of the Personal Computer 

HIGH SPEED PRINTER 
ACCESSORY 

FEATURING AN IEEE -48B BUS 

As a BUSINESS TOOL it will: Maintain ledgers. Keep payroll 
records. Create P & L's. Control inventory. Store and 
analyze sales data. Draw bar graphs. Issue invoices. Hook up 
to on-line computer system. AT-HOME it will; Compute state 
and federal tax returns. Make heat and insulation analyses. 
Keep Christmas lists. Keep checkbook and finances up to 
date. A variety of games. from Blackjack to Galaxy, is cur- 
rently available. 

Bar Graphs 

I H SPEED PET PRINTER 

Mil j 
Amortization Chart 
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Teaching Trigonometry 

This powerful word processor prints hardcopies, invoices, 
computer correspondence. Faster than an IBM Selectric, 
THE PET Printer delivers 60 characters per second at a sus- 
tained rate -- with upper and lower case capability. 
Characters are one -eighth inch tall and are printed in a 7 x 8 
dot matrix. The printer uses a standard BVx" wide paper 
roll. And, it is only 5695.00 
PERIPHERAL SECOND CASSETTE 
This optional component expands storage and increases 
flexibility. Only $99.95. 
MILES OF SOFTWARE 
Many programs are available now, including, "BASIC BASIC" 
which shows how to write a program. You can develop your 
own programs to meet personal requirements. 

[TECHNICAL SPECIFICATIONS 
II 

MEMORY 
Random Access Memory (user memory): 8K internal, 

expandable to 32K bytes 
Read Only Memory (operating system resident in the 

computer); 14K bytes 
8K -BASIC interpreter program, 4K -Operating system, 
1K -Diagnostic routine 
1K -Machine language monitor 

VIDEO DISPLAY UNIT 
9" enclosed, black & white, high resolution CRT 
1000 character display, arranged 40 columns by 25 lines 
8 x 8 dot matrix for characters and continuous graphics 
Automatic scrolling from bottom of screen 
Winking cursor with full motion control 
Reverse field on all characters 
64 standard ASCII characters: 64 graphic characters 
KEYBOARD 
91" wide a 3" deep; 73 keys 
All 64 ASCII characters available without shift. 

Calculator style numeric key pad 
All 64 graphic and reverse field characters accessible 

from keyboard (with shift) 
Screen Control: Clear and erase 
Editing: Character insertion and deletion 

CASSETTE STORAGE 
Fast Commodore designed redundant -recording scheme. 

assuring reliable data recovery 

Cassette drive modified by Commodore for much higher 
reliability of recording and record retention 

High noise immunity, error detection. and correction 
Uses standard audio cassette tapes 
Tape files, named 
OPERATING SYSTEM 
Supports multiple languages (BASIC resident) 
Machine language accessibility 
File management in operating system 
Cursor control, reverse field, and graphics under simple 

BASIC control 
Cassette file management from BASIC 
True random number generation or pseudo 

random sequence 
INPUT/OUTPUT 
All other I/O supported through IEEE -488 instrument 

interface for peripherals 
110 automatically managed by operating system software 
Single character I/O with GET command 
Easy screen line -edit capability 
Flexible I/O structure for BASIC expansion with peripherals 
BASIC INTERPRETER 
8K BASIC: 20% faster than most other 8K BASICS 
Upward expansion from BASIC language 
Strings, integers, multiple dimension arrays 
10 significant digits; floating point 
Direct memory access: PEEK and POKE commands 
DIMENSIONS 
16" wide; 181" deep; 14" high. Weight: 44 lbs. 

Immediate Delivery 

GAME PROGRAMS ARE $9.95 EACH: 
C Black Jack Draw Poker Galaxy Games 
E Space Flight 3 Target Bong, Off -The -Wall 

Lunar Lander, Wumpus. Rotate, Tic -Tac -Toe 
Osero. Reverse Spacetrek Kingdom 

PROGRAMS AT $ 14.95 EACH: 
I 1 Mortgage Analysis 
C Diet Planner and Biorhythm 
I_ Basic Basic -by Lodewyck and James 
PROGRAMS AT $24.95 EACH: 
fr Basic Investment Analysis -loans, annuities, return 
on regular and irregular sequences of payments, 
ca endar calculations 

Stock Portfolio Recordkeeping and Analysis - 
keeps track of buys, sells, and dividends. Calculates 
current value, rates of return 
L2Checkbook Recordkeeping and Analysis -keeps 
tr 3ck of checks and deposits. Analyzes expenses 
by date and type 
PROGRAMS AT $29.95 EACH: 

Basic Math Package -matrix addition, multiplication, 
determinants and inverses to 16 x 16, solution of 
simultaneous linear equations, vector and plane geometry 
calculations, integration by trapezoidal, Simpson 's rule 
or Gaussian quadrature, differentiation 
18 Basic Statistics Package -mean, median, variance, stan- 
dard deviation, skewness, kurtosis, frequency distribution, 
linear regression, T -tests, correlation analyses 

FREE ORIENTATION PACKAGE 
Yoir PET comes complete with two programs and an easy - 
to -follow instruction manual. By working through the routines 
you will quickly discover how easy it is to gain command of 
your personal computer. 

SERVICE WORLDWIDE 
Because your PET is self-contained and compact, profes- 
sional factory service is never far away. If major service is re- 
quired, the unit can simply be returned by UPS to an 
authorized Commodore PET clinic. 

To order your PET send check or money order for $795.00 
plus $20.00 for shipping and insurance. To order the PET 
Printer, add S695.00 . plus $12.00 for shipping and in- 
surance. The Second Cassette is $99.95. No shipping and 
insurance charges are required when ordering a second 
cassette or programs with your PET. Credit card orders are 
ineted to call our toll free number below. Orders will be 
accepted on our TELEX, No. 25-5268. 
Use THE PET for 30 days with no obligation. If, for any 
reason, you are not satisfied, return it f or a prompt and 
courteous refund. 

ORDER DIRECT 

CREDIT CARD ORDERS CALL TOLL FREE 

800-323-2272 
[ILLINOIS RESIDENTS CALL: 312-595-0461 

TELEX ORDERS: 25-5268 

Order your PET, Printer Accessory. Second Cassette 
and Programs from Contemporary Marketing at: 

790 MAPLE LANE DEPT. PE -10 
BENSENVILLE, IIIINOIS 60106 

Contemporary 
CMI 1978185 Marketing Inc. 
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Letters 
AUDIO COMPANDER 
ENHANCES RECORDING 

I have always prided myself on making the 
fullest possible use of my home tape record- 
er. But with the addition of the "Audio Com- 
pander" (November 1977) to my taping sys- 
tem, I discovered that I had fallen short of my 
goal. I found that the Audio Compander's 
ability to accommodate a wide range of levels 
obviates the need to "pot up and down." One 
of the simplest and most dramatic rewards is 

realized when using the compander with a 

simple cassette deck and a stereo system. 
But recording from discs or off -the -air FM 
programs is not enough of a challenge. 

One way to demonstrate the dynamic 
range and noise -reduction properties of the 
compander is to make a recording of at least 
a couple of people placed around a room, 
with one person very far from and another 
very close to the microphone. If you can then 
arrange to A -B compare the recording with 
and without the Audio Compander, you will 
immediately hear the superiority of the re- 
cording with the compander. -David J. Mali- 
naric, Pittsburgh, PA. 

PATENT INFRINGEMENT POSSIBILITY 

With reference to "Experiments With Pro- 
grammable Logic Arrays" (June 1978), I 

would like to inform your readers of possible 
patent infringement if the circuit described in 
the article is used commercially. A very simi- 
lar circuit forms the basis of the waveform 
control circuitry used in our new digital poly- 
phonic synthesizer that can generate a virtu- 
ally unlimited spectrum of waveshapes, with 
variable resolution (16 to 4096 points), up to 
2 MHz. Our American patent has been pend- 
ing since April 1977. 

It may also be of interest to readers who 
build this project that inexpensive 8223 pro- 
grammable read-only memory chips can be 
used as an alternative to the PLA and 1C4 

through IC6. Of course, the 8223 PROM's 
must be connected to a +5 -volt source 
through R1. -Charles D. Kellner, Director, 
R&D, Syntauri, Inc., Salem, OR. 

TWO-SIDED COIN 

I wish to thank POPULAR ELECTRONICS for 
the Operation Assist column. I have received 
several replies to my request for a schematic 
diagram.-John H. Taylor, Glen Mills, PA. 

As a long-time reader of POPULAR ELEC- 

TRONICS, I am always on the lookout for 

someone in the Operation Assist column to 
whom I might be of some help. Having of- 
fered to help several individuals who were 
listed in the column and receiving not even 
one "thank you," I've become disillusioned. 
-C.A. Harvey, Sturbridge, MA. 

We're sure that anyone aided in this man- 
ner appreciates it, but it would be a nice ges- 
ture to send a "thank you" note.-Ed. 

PART AVAILABILITY 

POPULAR ELECTRONICS readers interested 
in building the project in "Listen to a New 
World of Sounds With Ultrasonic Detector" 
(July 1978) may have trouble finding a source 
for the TBA231 dual operational amplifier 
specified for IC1. If so, (in Canada and U.S.) 
they can obtain it from us for $3.50 postpaid. 
-D. Rost, Northern Bear Electronics, Box 
7260, Saskatoon, Saskatchewan, S7K4J2, 
Canada. 

CB SIDEBANDERS' REBUTTALS 

I greatly enjoyed your coverage of a side - 
band CB club meeting in the July 1978 issue 
(CB Scene). However, so as not to give the 
general public the wrong impression, I feel I 

must present some of my own observations. 
First, the failure to use official FCC call signs 
must be a local phenomenon because practi- 
cally all sidebanders I hear give call signs to 
begin and end a transmission. Secondly, the 
use of linears is not nearly as widespread as 
you would have your readers believe. Except 
when the DX is really bad, the average side - 
bander needs no more than 10 to 12 watts 
PEP to communicate 25 to 50 miles with an 
inexpensive omnidirectional antenna. 

Your statement about the five-minute talk 
limit also deserves comment. Due to the gen- 
eral cooperation with slow keying, most peo- 
ple feel that as long as no one asks for a 

QSK, the frequency is clear and they are not 
inconveniencing anyone. I have never found 
a situation where someone did not give way 
to a QSK in a minute or so. -Jerry 
Brown, .505, KAIT-5860, Louisville, KY. 

Convenience or pragmatism still isn't a val- 
id reason for breaking the law. We're pleased 
to hear that some illegal practices cited are 
not spread throughout the country.-Ed. 

After reading the July 1978 CB Scene, I felt 
I had to write in to tell you that I have been a 

member of the Whiskey group for almost 
three years. I use my W number, first name, 
and license information number at the end of 
all transmissions. There are almost 7000 
members in the Chicago -area W group. I 

know that a lot of CB'ers on AM and a few 
even on SSB operate in an illegal manner, 
but not me. I am no fool. -Richard W. Bailey, 
W-3862, Chicago Area W Group, Chicago, 
IL. 

MIXED FEELINGS 

Overall, the February 1978 issue of POPU- 

LAR ELECTRONICS was good. The hi -fl articles 
were excellent, especially the Stereo Scene 

on digital electronics in hi-fi. However, on the 
articles on computers, it appears that a read- 
er must already know all there is to know 
about computers to understand them. There 
are a lot of us who do not understand com- 
puter jargon. -Donald D. Capodanno, Vin- 
ton, VA. 

There are many low-cost computer "buzz 
word" books available so that one may enter 
the field more smoothly.-Ed. 

IMPROVING THE IMPROVEMENT 
"How to Upgrade a Basic ELF Microcom- 

puter" was a delight (Feb 78) . However, the 
usefulness of the TAPE OUT and TAPE IN pro- 
grams (Tables I and II) would be greatly im- 
proved if they contained a provision for speci- 
fying the end of the read routine. The follow- 
ing "fix" adds this feature to the TAPE OUT 

programs; a similar modification applies to 
the TAPE IN program. 

Original 

Loc, Instr, Remarks 

0000 El 

01 7A 
02 F8 68 Al 
05 F8 00 

07 A6 A7 

09 F8 10 A2 

OC F8 01 A3 

50 64 

5E 81 

5F 32 01 

61 30 36 

Modification 

Start addr 

Display byte 

Get next byte 
If end, gota 

mark 

Else return 

Loc, Instr. Remarks 

0000 

02 F8 B1 Start PAGE addr 

05 F8 Al First byte addr 

08 F8 B8 MSB) of total bytes + 1 

08 F8 A8 LBS 

OE F8 00 A6 A7 

12 F8 A2 

15 F8 A3 } See note 

68 

69 

6D 

6F 

70 

72 

76 

78 

64 

88FF01A8 
32 72 

81 

3041 
98FF01 B8 

32 01 

30 6F 

Display byte 

R(8).0 - 1 into R(8).0 

If end LSB, gato MSB 

Get next byte 

and return 
R(81.1 - 1 into R(8).1 

If end MSB, gota mark 

else get next byte 

This fix will now permit one to dump any con- 
tiguous section of memory (up to 65K), pro- 
vided the starting address and total number 
of bytes plus one in hex are specified. The 
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Ohio Scientific now offers you the world's 
most powerful portable personal computer 
in both BASIC -in -ROM and mini -floppy 
configurations. 

C2 -4P Mod 2 Standard Features: 

Minimally equipped with 8K BASIC -in -ROM, 4K RAM, 
machine code monitor, video display interface, cassette 
interface and keyboard with upper and lower case 
characters. (Video monitor and cassette recorder optional 
extras.) 

The fastest full feature BASIC in the microcomputer 
industry. 

The C2 -4P Mod 2 features the most sophisticated video 
display in personal computing with 32 rows by 64 
columns of upper case, lower case, graphics and gaming 
characters for an effective screen resolution of 256 by 512 

elements. 
The CPU's direct screen access, coupled with its ultra - 

fast BASIC and high resolution, makes the C2 -4P capable 
of spectacular video animation directly in BASIC. 

The C2 -4P features computer "BUS" architecture. It 
internally utilizes a 4 slot backplane. Two slots are used 
in the base machine leaving 2 slots open for expansion. 

OCTOBER 1978 CIRCLE NO 44 ON FREE INFORMATION CARD 
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The Professional Portable 
by Ohio Scientific 

Comes fully assembled and tested. BASIC and 
machine code are always accessible immediately after 
powerup. 

A new high density static RAM board and two econom- 
ical minifloppy options give the C2 -4P tremendous 
expansion capability without sacrificing portability. 

The C2 -4P offers the user mainframe performance in a 

portable package. This performance makes the C2 -4P 
suitable for use in home computing, education, scientific 
and industrial research and small business applications. 

Other small personal computers can satisfy the 
requirements of the computer novice, but no other 
personal portable can match the C2 -4P in professional 
and computer enthusiast applications. 

Yet the C2 -4P and its accessories are priced only 
slightly above the mass marketed "beginner" or "home" 
computers. 

For more information, contact your local Ohio 
Scientific dealer or the factory at (216) 562-3101. 

OHIO see IFIC 
1333 S. Chillicothe Road Aurora, Ohio 44202 
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4-fór=1 'SALE 
Top_ Quality J:I . L. 4 -in -1 

IN -DASH 
AM -FM CAR STEREO with ' 

8 -TRACK or CASSETTE` 
PLUS 40 -CHANNEL Ca! 
AS 
LOW, $ 
AS 00' 

WHILE 
SUPPLY' 
LASTS ° 

%lA i\K` 
From J.I.L. a leader in car 

entértainment centers . . a 
modular, compact, first quality 
4 -in -1 unit at.a price you might . 

pay for a radio only! Get stereo . 
high-fidelity FM " Radio, AM- 
Radio, 8 -Track or Cassette and 
CB all for one low price. -Tens of 
thousands sold nationally. Order. 
while supplies last ! 

#853/102 In -Dash Combination 8 - 
Track Stereo, AM/FM/Stereo Radio and 
40 -Channel Digital Touch -Tuning AM -CB. 
Features LO/DX switch, Stereo light, 8 - 
track program lights, CB standby switch. 
LED channel readout, Plus many other 
features 
-while supply lasts only.... $ 149.00 

#610/102 In Dash Combination 
Stereo Cassette Player, AM/FM /Stereo 
Radio and 40 -Channel Digital Touch - 
Tuning AM -C8. Features cassette eject/ 
FF button, CB selector. CB standby switch 
Plus many other features 
-while supply lasts only.... $ 159.00 

#202-SSB Single Sideband 40 - 
Channel CB featuring Digital Touch -Tun- 
ing AM-SSB CB for 120 effective 

E channels with greater clarity and reach. All 
functions right on the mike. A top-notch 
unit. Choose SSB instead of standard 40- . channel CB with #853 or #610 above. 
Please add $50.00 

IM ' ACCESSORIES 
AM/FM/CB Retractable Antenna 

(mounts like reg. car antenna) 
List 439.96 NOW $29.95 

..e , O 5'4', Full -tone Coaxial Speakers 
L.- 10 oz. magnet per speaker. 

List 39.95 pr. NOW $19.95 pr. j0 6"x 9" Full -tone Coaxial Speakers 
20 oz. magnet per speaker 

List $69.95 pr NOW $29.95 pr. 
Field Strength/SWR Meter to test Ant. 

List $29.95 NOW 519.95 
CLIP AD AND ATTACH TO LETTER 

Pa. Res. Add 6% Sales Tax. 

, W 

W 
° J 

fr 1 

1:J 

Ee.l 

r 
rISCOUNTMAIL ORDER !rr _41-° 

70 James Way, Southampton, Pa. 18966 a. 
Phone Orders Call (215) 322-8599 

NAME 

ADDRESS o. 

Sa 

CITY STATE ZIP bEs 

°b BankAmericard/Visa. Master Charge- 
Á Exp. ?k 

> Card # Date 
a, 
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MSB of the total number of bytes should have 
a nominal value of 01 to prevent the program 
from going into an infinite loop. Bear in mind 
that the additional instructions will affect pro- 
gram timing. It will be necessary, therefore, to 
adjust the values of R(2).0 and R(3).0, based 
on the system clock, to reflect the added tim- 
ing. -Henry H. Tolbert, Tallahassee, FL. 

TAPE HEADS DO WEAR 

I recently read with interest Craig Stark's 
article "Selecting the Best Cassette Tape for 
Your Recording Needs" (November 1977). It 

was very informative and helpful. However, I 

was quite surprised when I read "A better 
known Cr02 disadvantage-rapid head 
wear-is actually a myth at cassette speeds 
and pressures. Believe it only when you find 
someone who has actually worn out a cas- 
sette head using any kind of tape." 

I have a deck that is one year and nine 
months old with a worn playback/record 
head (high density, Permaflux) that makes 
listening to tape intolerable. I would estimate 
the total playing time of the deck to be 2500 
hours. The heads have been cleaned and de- 
magnetized regularly and it is not operating in 

a dusty atmosphere. I have also seen many 
cheaper tape decks with severely worn tape 
heads. So, tape head wear does occur and 
can be a serious problem to the recordist who 
uses his machine as often as I do. -M. F. 

Amirault, New Glasgow, Nova Scotia, Cana- 
da. 

TYPICAL PE READER 

From your March 1978 Editorial, I've con- 
cluded that I'm a typical POPULAR ELECTRON- 

Ics reader. I'm close to the norm in age, edu- 
cation, and income, and most of your other 
survey demographics. So, I've decided to join 
your vocal minority as well. I would like to see 
the Amateur Radio column become a month- 
ly feature. 

POPULAR ELECTRONICS has been a pio- 
neer in educating us in microcomputers and 
all kinds of other fine things. And I hope this 
leadership continues. However, I don't see 
any reason to scrap the Amateur Radio col- 
umn in deference to the CB service.-Mary 
M. Cappuccili, WB8RRG, Toledo, OH. 

An Amateur Radio column is planned to be 
run on at least a bimonthly basis.-Ed. 

AUDIO AUTO ALARM 
NEEDS COMPARATOR 
FOR METER CIRCUITS 

In regard to my article "Audio Alarm Backs 
Up Car Warning Lights or Meters" (August, p 

64), it should be pointed out that the circuit 
won't work directly with most car metering 
systems. In such cases, a simple comparator 
would have to be added so that its limit point 
could be set to indicate a fault condition. The 
comparator output could go high or low at the 
limit point, assuming it were connected to the 
correct point in the circuits as printed. Includ- 
ed should be a low-pass filter (20-V, 5 -N -F 
electrolytic capacitor to ground and series 
220,000 -ohm resistor) between the meter 
output and the comparator input to provide a 
1 -second time constant. Also the trace be- 
tween' pins 13 and 14 on the Autotel (see 
Parts List) board will have to be opened for 
input C to function properly. -Gene Nelson. 

MODIFIED NI -CD CELL ZAPPER 
"'Zap' New Life Into Dead Ni-Cd Batteries" 

(July 1977) was of great interest to me. After 
building the project, I decided to modify it as 
shown in the schematic diagram to add what I 

feel is an extremely desirable feature. My bat- 
tery "zapper" both zaps and charges Ni-Cd 

TI 

YAC 

/NPuT 

k/ 
/Ooh 

W/QñW0UN0 

DI 
/A DIODE 

2íN 
C.T. 

cells. The 1500 -ohm wirewound potentiome- 
ter (R2) is in the circuit to accommodate the 
charging current required and to allow the 
charge rate to be varied for different size 
cells. The milliammeter is required to provide 
a means for monitoring the charge current. 
-Clifford D. Dorman, La Habra, CA. 
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6000 
NF 
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Out of Tune 
In "Build an Electronic Voltage Regulator 

for Your Car" (July 1978), on page 57, the 
quantity n is stated to be 3; it should be 5. 

This would make the actual value of R5 2700 

ohms, for an output of 14 volts, instead of 
2000 ohms, which would yield a 13.5 -volt out- 
put. 

In "Build a Fail -Safe Timer" (May 1978), it 

was stated that a 556 dual -timer IC could be 
substituted for the two 555 timers. This is not 
the case. Both halves of the 556 share a 

common internal ground, which renders it 

useless for this application. 

POPULAR ELECTRONICS 



AUTOMATIC 
TELEPHONE 
DIALER 
FOR $99 
Rapidial' works. on any line with any phone. 

ro Automatically dials any of 20 numbers in . 

its memory in one second. And you can.use 
its super fast Touchtone® pad instead of the 

- . rotary dial on your phone. . . .° 

Here's the speed and convenience the industry 
said couldn't and wouldn't be available at this 
low price until sometime in the future. A highly 
sophisticated, full capacity, solid state mi- 
croprocessor made to the most exacting 
standards and warranteed for one full year 
against defects in quality and workmanship. 

Some Favorable Comparisons 
The closest you can come to the Rapidiaf" is 

the Telephone Company's Touch-a-matic®, 
which handles 15 numbers compared with 
Rapidial's 20, and must be leased for $9.00 a 

month plus tax plus installation of $105.00. 
(The 32 memory unit is almost $20 a month 
plus $132.00 to install.) 

The next lowest price is $130.00, for a 16 
number dialer with no keyboard, so it has to be 
programmed through the telephone. A cum- 
bersome technique that limits the use of the 
unit to numbers put in memory. 

You can go up the line, from $150 to $400, 
and you won't find an easier to use, more effi- 
cient or versatile unit. Rapidial, for example, 
has a built-in speaker to tell you if the line's 
busy, and when your party's on the line. So, 
with Rapidial you only pick up the receiver 
when someone answers. 

0000 
00000 
900001) - 

o1 1 2 - 5 2 3 2 

400©0 .00000 
Some Surprising Uses 
Frequently Called Numbers We always as- 
sumed you'd put your 20 most frequently called 
numbers into memory - including, probably, 
your emergency numbers. And that's exactly 
the way many people use it. Delighted with the 
time and trouble they save with automation. 
Numbers You Always Look Up Others find 
using it in exactly the opposite way even more 
advantageous. They store important but less 
frequently used numbers. Numbers they al- 
most always had to look up before. 
Inter -Office For many, the greatest conven- 
ience is using Rapidial primarily for inter -office 
calls-so they don't have to stop to look up the 
extensions. 

OCTOBER 1978 

Daily Schedule Caller Still others use Rapidial 
as a memo caller. Each morning they pencil in 

the names of the people they have to call that 
day, and enter their numbers into memory. 
When the call's completed, they just wipe off 
the name, erase the number. Adding new ones, 
if necessary, as the day progresses. 
Emergency calls are always dialed correctly; 
and you save the time of looking up the number 
of Police, Fire Department, Doctor or anyone 
you need to reach immediately. 

For All Your Calls 
Actually, you'll probably use Rapidial in all 

these ways-and more. It's so easy to program 
and reprogram. Can be set to pause, access 
WATS lines and PABX systems. What's more, 
calling is incredibly fast. A digit is "beeped" in a 

tenth of a second, so a 10 -digit number is dialed 
in just one second! 

Of course, if you don't have a Touch -Tone 
phone, you'll use the Rapidial keyboard for all 

your calls. It's so much faster and easier. 

An important Addition To Your 
Home 

While Rapidial has been designed for the 
office, it's priced for the home. Besides family, 
friends, the police and fire departments, you'll 
use it to store the number where the baby sitter 
can reach you in an emergency, and for the 
numbers you always have to look up-like the 
hardware, drug and local department store, the 
take-out restaurant, your bank, barber, the 
hairdresser. And you'll be amazed at how many 
20 numbers seem when you go through your 
directory. 

Thirty Day Trial 
One day will demonstrate the extraordinary 

convenience, unbelievable freedom you'll 
enjoy with Rapidial. 

Still, as one of America's oldest and largest 
mail merchandiser, Douglas Dunhill wants you 
to be convinced of the flawless performance, 
the years of trouble -free service you'll get. 
Therefore, we'll send Rapidial to you on an 
unconditional 30 -day money back guarantee. 

If you can find any unit that sells for less, or a 

better unit at any price, if you're dissatisfied for 
any reason, return Rapidial to us for a complete 
refund. 

Installs in Seconds 
Rapidial comes complete with adapters that 

fit either a 4 -prong wall jack or the newer 
CIRCLE NO. 15 ON FREE INFORMATION CARO 
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modular jack. (If you have phones without 
jacks, your phone company will install a 

modular jack at a nominal one time charge.) 

Fa' multiple line office phones, there's a spe- 
cial optional adapter that fits the Rapidial and 
connects in seconds. With this Anphenol 
adapter Rapidial will dial on any line on your 
multi line phone. Should you have any further 
technical questions about use or installation of 
the Rapidial, call toll -free 800-227-8363 (in CA. 
call 415-494-9402). 

Rapidial Highlights 
LED Display lets you verity or refer to any number 
in memory 
Internal Speaker System lets you hear busy sig- 
nal or your party before you pick up receiver 
Push Button Dialing on any phone, even RO- 
TARY DIAL Portable only 6'/2" x31/2" x13/4" and can 
be moved from phone to phone in an instant 

Plug Two Together to increase memory capacity 
to 40 numbers 
Keyboard Access with up to 30 digit capacity for 
placing any call 
Waits for Dial Tone before dialing - easily pro- 
grammed 
One Year Warranty with nothing to maintain or 
wear out. 
Approved for attachment to the telephone system. 

CALL 800-325-6400 
ASK FOR OPERATOR #11 

(Missouri residents call 800-342-6600) 
These lines are in operation 24 hours, 

7 days a week 

Rapidial is just $99.00 plus $2.05 shipping 
and handling. Complete with back-up batteries 
in case of a power failure and the adapter to fit 
your present jack. The multiple line adapter is 
only $19.95 extra. 

To order with any credit card, call the toll free 
number above. Or you may send your check to 
Douglas Dunhill at the address below. Be sure 
to tell us if you want multiple line adapter. (Il- 
linois and New York State residents add the 
sales tax.) 
© Douglas Dunhill Inc. 1978 
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"'ROABLE QUP" 
Dept. 80-2322 
4225 Frontage Rd. Oak Forest, Ill. 60452 
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New Products 
Additional information on new products 
covered in this section is available from the 
manufacturers. Either circle the item's code 
number on the Free Information Card 
or write to the manufacturer at the 

address given. 

Kenwood 
High -End Turntable 
The Kenwood Model KD-750 direct -drive 
turntable uses a quartz/PLL controlled servo 
system to achieve a claimed 0.02% wow and 
flutter. The 13" (33 -cm), 5.7 -lb (2.6 -kg) platter 
has a rubber mat designed to absorb or can- 

cel all vibrations and resonances. A 20 -pole, 
30 -slot dc motor delivers a 1.5 -kg -cm starting 
torque that is said to bring the platter up to full 

speed in less than one revolution. The tone - 
arm employs a flexible decoupling system to 
cancel resonances, while pivot friction has 
been reduced with a new high -precision dual - 
bearing system. A T-shaped magnesium - 
alloy headshell with a resonance beyond the 
audible range contributes to the claimed high 
sensitivity and accurate tracking of the tone - 
arm. Other features include all -electronic 
braking, microswitch digital controls, and a 

turntable base that utilizes compression - 
molded resin concrete. $450. Address: Ken - 
wood Electronics, Inc., 15777 S. Broadway, 
Gardena, CA 90248. 
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for 5 kHz on 100 kHz to 0.35 µV for 400 Hz 
on 20 to 29.7 MHz. Claimed frequency stabil- 
ity is ±50 Hz; image rejection 70 dB. Other 
features include a class -D AM envelope de- 
tector, crystal filters in first and second i -f am- 
plifiers, switch -selectable mechanical filters 
in third i -f, noise limiter quartz -crystal -con- 
trolled PLL digital synthesizer, and 100 -Hz 
accuracy LED digital frequency readout. Au- 
dio notch filter at 5000 Hz is greater than 25 
dB. Headphone jacks are provided on front 
panel and audio output is 2 watts at 4 ohms. 
Dimensions: 17.5"W x 15"D x 5.1"H (43 x 37 
x 13 cm). Address: McKay Dymek Co., 675 
N. Park Ave., Pomona, CA 91766. 
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Tannoy's floor -standing Buckingham speaker 
system has a three-way design with four driv- 
ers that can handle up to 200 watts of con- 
tinuous program material. Two 12" bass driv- 
ers are mounted in a reflex ported enclosure. 
The 10 -inch midrange transducer uses a 

high-energy barium ferrite magnet and "ferro 
fluidics," a magnetic fluid technique which is 

said to increase heat dissipation. The treble 
transducer consists of a pressure unit, 
phase -compensating throat, exponential 
horn assembly and acoustic lens. The mid- 
range and treble transducers are spaced so 
that they appear to radiate from a single 
point. Crossovers are at 350 and 3500 Hz 
with four controls for variation. Power -han- 
dling range is 10 to 1000 watts (peak), while 
sensitivity is 1 watt for 92 dB SPL, 200 W for 
112 dB SPL, both at 1 meter distance. Di- 
mensions are 3'10"H x 2'W x 1'6"D and 
weight is 212.5 lb. Address: Tannoy-Ortofon, 
Inc., 55 Ames Ct., Plainview, NY 11803. 
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McKay Dymek 
Communications 
Receiver 
The McKay Dymek DR 33C receiver covers 
50 kHz to 29.7 MHz continuous (AM, USB, 
LSB, CW, plus RTTY with external convert- 
er). Frequency. selection is in 10, 1, 0.1, 
0.005 -MHz steps with 5 -kHz fine tune. Sensi- 
tivity at 10 dB (S + N)/N varies from 10 µV 

Compucolor II 

Personal Computer 
The Compucolor II "Renaissance Machine" 
personal computer is available in five models 
depending on number of display lines (16 or 
32), memory size (4, 8 or 16K), and whether 
graphics and expanded keyboard are includ- 
ed. Each system has 64 characters/line on 
its own 13"(33 -cm) diagonal video CRT 8 -- 

color display. Separate keyboards are stand- 
ard ASCII 4 -level, coded with 192 codes, in- 
cluding 77 gold crossbar commercial key 
switches. The microcomputer has an 8080A 

I 

CPU with total memory expandable to 64K. A 
built-in mini -disk drive for mass storage has 
40 tracks with access time of 400 ms. The 
Compucolor II uses BASIC 8001 conversa- 
tional programming language with English - 
type statements and familiar mathematical 
notations. Programmed diskette -albums are 
available (games, financial problems, engi- 
neering applications, etc.). Address: Com- 
pucolor Corp., Box 569, Norcross, GA 30091. 
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NLS Mini-DMM 
Measures True RMS 
The Model RMS-350 digital "Volksmeter" 
from Non -Linear Systems, Inc., features true 
rms ac voltage and current measuring capa- 
bility, is battery -powered, and measures 4"D 
x 2.7"W x 1.9"H (10.2 x 6.9 x 4.8 cm). It 

. 
r 

. 

1. ..!% 

® MODEL RMS 350 

=p VAC VD_C 
1i/M0 - ',00' 1000 Mp 

ACmA 10, 

LO ° OCmA, i; 
O. . lAob'x, 

has a liquid -crystal display and employs a 

single -chip A/D converter. Ac voltage ranges 
are from 1 mV to 750 volts rms, dc voltage 
ranges are from 1 mV to 1000 volts, ac rms 
and dc current ranges are from 1µA to 1 am- 
pere, and resistance ranges are from 1 ohm 
to 10 megohms. Other features include 10- 
megohm input, automatic polarity and over- 
load indication, and overload protection. Op- 
tional equipment includes rechargeable bat- 
teries and charger, high -voltage probe, leath- 
er carrying case, and tilt -stand carrying case. 
$189. Address: Non -Linear Systems, Inc., 
Box N, Del Mar, CA 92014. 
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Tannoy Floor 
Speaker System 

Tandberg Open -Reel 
Tape Recorder 
Tandberg's new Model TD 20 A open -reel 
tape deck has a 4 -motor logic -controlled (no 
solenoids) tape transport. It employs the 
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IF YOU'RE NOT DESIGNING 
WITH ACSC PROTO-BOARDLOOK 

AT ALLYOU'RE MISSING. 
Utility-Models are available 
with or without built-in regulated 
power supplies (fixed or 
adjustable). 

Economy-Eliminate heat and 
mechanical damage to expensive 
parts. Save money by re -using 
components. 

Versatility-Use with virtually all 
types of parts. including resistors. 
capacitors, transistors. DIP's. 
TO -5S, LED's, transformers. 
relays. pots. etc. Most plug in 
directly, in seconds. 

Durability-All Proto-Board 
models are carefully constructed 
of premium materials. designed 
and tested for long, trouble -free 
service. 

Expandability- Proto-Board 
units can be instantly inter- 
connected for greater capacity. 

Visibility-All parts 
are instantly and easily 
visible, for quick circuit 
analysis and diagramming. 

Speed-Assemble, 
test and modify circuits 
as fast as you can push 
in or pull out a lead. 
Save hours on every 
project. 

Adaptability-Use in design, 
packaging, inspection. OC, etc. 
Works with most types of circuits, 
in many, many applications. 

Accessibility-All parts are 
instantly and easily accessible: for 
quick signal tracing, circuit 
modificaticns, et:. 

Fq 
13-0-40, 

1r 49%/Y 

Flexibility-Use Independently, 
or in conjunction with other 
accessories, such as scopes, 
counters, CSC Proto-Clip» 
connectors. Design Mate' test 
equipment, etc. One Proto-Board 
unit can serve a thousand 
applications. 

Order today. Call 203-624-3103 (East Coast) or 415-421-8872 
(West Coast): 9 a.m.-5 p.m. local time. Major credit cards accepted. 

Or see your CSC dealer. Prices slightly higher outside USA. 

CONTINENTAL SPECIALTIES CORPORATION CMG 
70 Fulton Terrace, Box 1942, New Haven, CT 06509 

203-624-3103 TWX 710-465-1227 
WEST COAST: 351 California St., San Francisco, CA 94104, 

415-421-8872 TWX 910-372-7992 
GREAT BRITAIN: CSC UK LTD., Spur Road, North Feltham Trading Estate, 

Feltham, Middlesex, England, 01-890-0782 Intl Telex: 851-881-3669 

CIRCLE NO. 13 ON FREE 

Variety-A wide variety of 
models are available with 
capacities ranging from 630 to 
3060 solderless tie -points (6 to 32 
14 -pin DIP'S), to fit every technical 
and, budget requirement. 

Whatever type of 
= electronic circuits you 

work with, you can do 
more in less time with 

CSC's solderless Proto- 
Board systems. As fast and 

, 7. easy as pushing in or pulling out 
a lead, you can design, test and 

modify circuits at will. Com- 
a ponents plug into rugged 5 -point 

terminals, and jumpers, where 
needed, are lengths of #22 AWG 

solid wire. In the same time you took 
to read this ad, you could be well on 

your way to assembling a new circuit. 

CSC PROTO-BOARD SOLDERLESS BREADBOARDS 

MODEL 
NUMBER 

NO. OF 
SOLDERLESS 
TIE -POINTS 

IC CAPACITY MANUFAC. 
(14 -PIN DIP'S) SUGG. LIST 

OTHER 
FEATURES 

PB-6 630 6 515.95 Kit-l0-minute assembly 

P8-100 760 10 19,95 Kit-with larger capacity 

PB-101 940 10 22.95 8 distribution buses, 
higher capacity 

PB-102 1240 12 26.95 Large capacity, moderate 
price 

PB-103 2250 24 44.95 Even larger capacity; only 
2.70 per tie -point 

PB-104 3060 32 54.95 Largest capacity; lowest 
price per tie -point 

P8-203 2250 24 75.00 Built-in 1% -regulated 
5V, IA low -ripple power 
supply 

PB-203A 2250 24 124.95 As above plus separate y: -amp 
+15V and -15V internally 
adjustable regulated power 
supplies 

© 1978 Continental Specialties Corp. 
Prices and specifications subject to change without notice. 
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r4.0 , . President AM/SSB 
Mobile CB Rig 

Sherwood 
AM/FM Stereo 

The McKinley is a new compact AM/SSB Tuner 
mobile transceiver from President Electron- 
ics. Rated at 4 watts AM/12 watts PEP SSB, . 

« it features a digital LED channel display. Sherwood's new HP 5500 AM/FM stereo 
ODD Óáf7ó = large S/r-f power meter, and transmit and re- tuner has a rated FM sensitivity of 9.31 dBf 

° n ^1 r, r` i ceive LED's. The control complement in - (1.6 µV) for 30 -dB quieting, 1 -dB capture 
0 fJ C 

0 p_ 0 C C 
dudes' channel selector, volume (and power 
on/off switch) control, squelch control, micro - 

ratio, and 85 -dB alternate channel selectiv- 
ity. Image and i -f rejection are said to ex - 

phone gain control, r -f gain control, clarifier ceed 120 dB. The HP 5500 features a five - 
company's new "Actilinear" recording system control, PA/CB selector switch, noise blanker section FM front end with dual -gate MOS- 
that is said to provide a 20 -dB improvement switch, and dimmer switch. Specifications FET's; FM tuning and signal -strength me- 
in headroom capacity over conventional sys- are: less than 0.5 µV sensitivity for 10 dB (S ters; four matched linear phase ceramic fil- 
tems. The system uses a transconductance _ N)/N on AM, and less than 0.25 µV on ters; coil -less r -f, detector, and MPX cir- 
converter to reduce the effect of amplifier SSB; better than 60 dB spurious rejection; cuitry; and dual cross -coupled audio oper- 
slew rate and improve transient signal han -I 
dling. The deck has 1011 -in. reel capacity 
with tension switch, front -panel bias control 

ational amplifiers. The AM section uses a 
three -gang tuning capacitor and a rotat- 
able ferrite rod antenna. Variable muting 

and a two -position microphone sensitivity_` i threshold and AFC controls (automatically 
switch. Other features include 4 line inputs, '1", r i.:i1 : ';y. -4 PI) -. . defeated when tuning) are also provided. A 
echo and sound -on -sound capabilities, sepa-- 
rate power supplies, and PROM and triac 

---. . , 
-60 dB typical alternate -channel rejection; 

quad analog switch handles muting, 
stereo/mono, and stereo -only switching. 

speed control for spool motors. Available in and better than -60 dB harmonic suppres- Front -panel provisions include tape dub - 
3 -Y4 and 711 ips or 711 and 15 ips speeds, Sion. Dimensions: 9.78" L x 7.28"W x 2.28"H bing provisions, an FM noise filter switch, 
quarter and half-track formats. $1200. Ad- (25 x 18.5 x 5.8 cm). Address: President and a 75/25 is deemphasis switch. The 
dress: Tandberg of America, Inc., Labriola 
Ct., Armonk, NY 10504. 

Electronics, Inc., 11691 Hale Ave., Irvine, CA 
92714. 

cabinet has walnut veneered end panels. 
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FEATURING 

EROM Expandable t.1 
I RAM Expandable 

Wire Wrap 
' Capability 

, Parallel and Serial 
Interface Capability 
Layout on Boards 

1 Documentation 

POWER SUPPLY (A REGULAR $29.95 VALUE) 
WITH YOUR PURCHASE OF MOTOROLA'S MICROPROCESSOR EVALUATION DESIGN KIT II 

Develop and evaluate M6800 Microprocessors with the MEK6800D2 Kit, 
with all the parts necessary to complete the system and get "On The Air." 

E1 

.44 /-_+. 

---' l.s b% ' 
- , = " ° ` t- ' ,". ' 

. .- 

"' 
24 Key Keyboard fr.; R a = ' ° ' , 7 Segment Display 'f °m._. 
Cassette Interface 

P 16 

..... 

Fw..o.*rw! , 
.,, 11. 10 

Send us your Check or money order (we can also bill to your Master Charge or Visa if you Include the 
number and expiration date). Enclose 8235.00 plus applicable state and local taxes (Include an additional 
85.00 for shipping and handling) for each MEK6800D2 Microprocessor Design Kit II. Be sure to Include your 
name and address and print clearly, making checks payable to Motorola Inc. Free Power Supply offer ends 
December 31, 1978. 

CA q-0 
w 

A : 
l ?f 

1 .-} 
, _- 

_ }All ;x. 

Mali to. 

MOTOROLA °. 
MPU Kit Sales 

P.O. Box 27605 Tempe, AZ 85282 
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Television has always been fun to look at. 
But compared to your hi fi, its an ab- 

solute disaster to listen to. 
Where your hi fi provides you with 

rich, undistorted sound, the average TV 
sounds no better than a cheap kitchen 
radio. 

And how can you seriously expect to 
experience something like the "thrill of 
victory" (or even the agony of defeat) 
through a 3" TV speaker'? 

As the world's leading audio com- 
pany, we at Pioneer have long felt obli- 
gated to do something about the qual- 
ity of TV sound. 

Which is why we created the 
TVX-9500. 

It's the first TV audio tuner. A high 
quality audio component that attaches 
to your receiver or amplifier like a cas- 
sette deck, and provides you with rich, 
clean, clear TV sound. Through your hi 
fi system, instead of the TV (When you 
use the TVX-9500, you turn your TV 
sound off.) 

But the TVX-9500 does more than 
just make TV sound better. 

It makes TV an entirely different ex- 
perience. 

When you watch a football game, 
you feel more like a participant than a 
spectator. You hear the signals. Feel the 

LLD 

snap. And almost wince at the tackle. 
Movies begin to feel as if you're sit- 

ting in the theatre, instead of your living 
room. Characters like Brando's God- 
father remain just as menacing in 19" as 
they were in Panavision. Musicals like 
"The Sound of Music" don't end up fea- 
turing "the sound of distortion" And for 
the first time, someone like King Kong 
will also sound largerthan life. 

é Then there's TV music. 
With the TVX-9500, live concerts 

will, at last, sound that way. 
Symphonies will finally be as much 

fun to listen to as they are to watch. 
(Which is the whole idea of watching 
them in the first place.) 

And when you view something like 
"Gone With The Wind;' you'll actually be 
able to hear Atlanta burning. 

Admittedly, even the great sound 
the TVX-9500 offers won't make up for 
bad TV programming. 

But then our advice would be to do 
what you'd do to a bad TV show any- 
way: 

Turn the set off. 
And enjoy your hi fi. 

CPIONEER® 
We bring it back alive. 

U.S. Pioneer Electronics Corp., 85 Oxford Drive, 
Moonachie, N.1.07074. 
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NEW PRODUCTS (Continued from page 12 ) 

Hutec Programmable 
Light Controller 
Hutec Corp. uses a microprocessor in its 
"Vigilite" light controller that simulates the us- 
er's lighting habits to discourage would-be in- 
truders when his house is vacant. The con- 
troller features a built-in digital clock and in- 
stalls in minutes in place of a standard light 
switch. It turns lights on and off (including 
overhead lights) in up to five rooms. Turn -on 
time can be set for between 5 and 30 minutes 
every hour between 6:00 and 11:30 p.m. and 
for 2 hours during the morning hours. $39.95. 
Address: Hutec Corp., 1050e E. Duane, Sun- 
nyvale, CA 94086. 

Lafayette 
High -Power Receiver 
The new top -of -the -line Model LR-120DB is 

the most powerful AM/FM stereo receiver 
ever offered by Lafayette Radio Electronics. 
It is rated to deliver 120 watts rms minimum 
per channel into 8 ohms from 20 to 20,000 Hz 

í;-- 

"- 
rfi:14-ri 0 3515 tye 

at no more than 0.09% THD. On FM, alter- 
nate -channel selectivity is rated at 80 dB, 
capture ratio at 1.3 dB, 50 dB quieting, sensi- 
tivity at 14.1 dBf (2.8 µV) mono and 36.8 dBf 
stereo, and stereo separation at 45 dB. The 
receiver features dual power -output meters, 
two -position loudness contour switch, three - 
position phono sensitivity switch, FM high - 
blend switch, Dolby FM switch, and adjust- 
able FM mute. Additionally, it has dual tape 
monitors for two-way dubbing; bass, treble 
and midrange tone controls, two headphone 
jacks, and A,B,C speaker switching in any 
combination. $600. Address: Lafayette Radio 
Electronics, 111 Jericho Tpke., Syosset, NY 
11291. 
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torque. Vertical balance weight capacity is 
1000 tb. A special support bracket design 
permits simplified centering for in -tower ap- 
plications. Drive motor is 20 -volt ac capacitor 
split -phase. Control box contains meter 
marked for full 360° as well as S -W - 
N -E -S and ON/OFF and CALIBRATE con- 
trols. Power supply, in control box, uses 
117-V 60 -Hz ac, and includes fuse and ther- 
mal protection. Mast mounting size range is 
1-íi" to 21/" OD. Cable is 6 -conductor. Ad- 
dress: Alliance Mfg. Co., Inc., Alliance OH 
44601. 
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packaged in a sturdy plastic carrying case. 
Included in the kit are: the Model BW-630 
battery -powered wrapping tool with bit and 
sleeve; Model WSU-30 manual wrap/ 
unwrap/strip tool; universal pc board; edge 
connector with Wire Wrap terminals; set of pc 
card guides and brackets; mini -shear with 
safety clip; industrial -quality 14-, 16-, 24-, and 
40 -pin DIP sockets; assortment of Wire Wrap 
terminals; DIP inserter; DIP extractor; and 
three -color wire dispenser with 50' (15.2-m) 
each of red, white, and blue Kynar insulated 
silver-plated solid AWG-30 copper wire. 
$74.95. Address: OK Machine and Tool 
Corp., 3455 Conner St., Bronx, NY 10475. 
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Alliance 
Antenna Rotator 
The Model HD -73 heavy-duty rotator, de- 
signed especially for serious radio Amateurs, 
has been introduced by Alliance Mfg. Fea- 
tures include a dual -speed control with one 
five -position switch, with the slower speed al- 
lowing for pinpoint fine adjustments. Auto- 
matic brake action simplifies positioning and 
reduces the risk of antenna damage due to 
sudden stops. Mast -mounted, the rotator de- 
velops a 10,000 -in. -lb windload bending mo- 
ment. Icing is overcome by a 400 -in. -lb 

Avdex Data Cassettes 
Avdex Corp. is marketing a line of data cas- 
settes specifically designed for use in person- 
al computers for home and small business. 
The new cassettes have abbreviated tape 
lengths in 1-, 3-, and 5 -minute lengths that 
are more convenient to use for single pro- 
grams. The cassettes use high -quality com- 
puter shells, polyolefin slip sheets, machined 
guide rollers, stainless -steel pins, oversized 
pressure pads with special liners, and over- 
size hubs. They're loaded with extra -short 
leaders that do not come in contact with the 
recording head, which allows for instant start- 
ing. Prices are: $4.95 for CDC -1, $5.65 for 
CDC -2, and $6.35 for CDC -3. Address: Av- 
dex Corp., 2280 Grand Ave., Baldwin, NY 
11510. 

OK Wire -Wrapping Kit 
The Model WK -5B Wire Wrapping kit from 
OK Machine & Tool Corp. contains a com- 
plete range of tools and parts for prototype 
and hobby applications, all conveniently 

"'" ' ! 
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Nagatronics 
Ribbon Cartridge 
The Nagatronics Model HV-9100 stereo pho- 
no ribbon cartridge has no conventional coil 
so that its internal inductance is virtually zero. 
According to the company, this results in a 

phase -coherent signal. The cartridge is hand 
assembled and individually tuned for low dis- 
tortion, optimum frequency response, and to- 
nality. The cartridge is built into its own inte- 
gral headshell. Frequency response specs 
are 20 to 30,000 Hz; channel separation 25 
dB at 1000 Hz; and output voltage 0.05 

'.. -' 
mV/1000 Hz at 5 cm/s. A companion Model 
HA -9000 matching head amplifier is battery - 
powered and rated to deliver 40 dB of gain 
and to have a frequency response of 10 to 
200,000 Hz ± 1 dB and THD of 0.01% at 1000 
Hz. $220.00 for Model HV-9100 cartridge; 
$275.00 for Model HA -9000 head amplifier. 
Address: Nagatronics Corp., 2280 Grand 
Ave., Baldwin, NY 11510. 

CIRCLE NO. 99 ON FREE INFORMATION CARD 

Microwave Filter 
Hidden CB Antenna 
The "InTenna" from Microwave Filter Co., 
Inc. consists of a small device called a 

"launcher" that connects to your CB trans- 
ceiver and then via a single inconspicuous 
wire in a vehicle window to the metal body of 
the vehicle. This turns the whole metal shell 
of the vehicle into a radiator. Hence, there are 
no visible antennas for a potential thief to no- 
tice and no protrusions to hang up on things 
and break off. $24.90. Address: Microwave 
Filter Co., Inc., 6743 Kinne St., East Syra- 
cuse, NY 13057. 
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Here's the famous original you'll see on the Concorde, 
the shuttle to Washington, the commuter out of 
O'Hare. The Kluge Bag. The only combination over- 
nighter and fortnighter in the world. 

And the only bag that's as easy to carry to the last 
airline gate with a complete wardrobe as it is with a 

single change of clothing. 
A "no waiter" you never check in. Never have to wait 

for at the baggage counter. 

Extra Comfort and Convenience 
You'll use the Kluge Bag like a week -ender, too, 

because it's just as easy to carry on and a whole lot 
better. Better because nothing gets wrinkled or 
creased... because you have extra room for all the 
reports and papers you need, the tennis things you 
may or may not use, the sweater you'd like to be able 
to knock around in at night, and to bring back anything 
from reports to a new suit you pick up on your trip. (You 
can prove it yourself at our risk!) 

Beautifully Organized 
The almost infinite flexib-lity is the result of an or- 

ganizatior system designed by Peter Kluge, an inter- 
national businessman, who travels constantly, from 
Chicago to Dallas, New York, Los Angeles, to Europe 
and the Middle East, never sure if he'll be away two 
days or two weeks, or of the clothing he'll need. 

So. in one lightweight, compact, easy -to -carry 
handle or shoulder bag you get (1) a garment bag that 
holds two suits, (2) a pullman case, (3) a week -ender, 
(4) a tote -tennis bag, (5) a toilet -accessories kit, (6) a 

laundry -wet stiff bag... plus a full-size portfolio. 
Compartmentalized for easy access to your shirts, 
ties and belts; shoes and socks; underwear; suits, 
slacks and jackets; sportswear, sweater, bathrobe; 
business reports and papers. Anything and every- 
thing you need. 

The óriginal, indispénsabÍe. 
TM 

The No -Waiter" 
A six -piece setin Ohl easy to carry -on 

1. J.. for-o`vernight'or around the.wor'Id. 

Two time. TV Emmy Award Winner Stan Hart: "The Kluge 
Bag is the best. The only piece of luggage I ever use." 

Pennsylvania cattleman Robert Johnson: "For quality, 
convenience, organization, the Kluge Bag tops any set of 
luggage I've ever used." 

DRG Record Company President Hugh Fordin: "One 
carry -on piece sure Seats three or four check -in bags. I'm 
delighted." 

One Vs. Two, Three or Four 
You can't even begin to compare the ease and 

convenience of the Kluge (rhymes with huge) Bag with 
the bulky, heavy, loaded -down check -in luggage you 
usually carry on trips of three, four or more days. 

The Kluge Bag alone easily outcarries a garment 
bag, a weekender or pullman plus a dispatch case. It 

not only looks better, weighs less, it's also much easier 
to carry and leaves your hands free to get your wallet 
or ticket. Most important of all, only the Kluge Bag is 

always ready when you are to get off the plane. 

Top Quality Construction 
Simply, there's no other piece of luggage anything 

like this. Beautifully made of top-quality cellulose 
rayon, the material that's most often used in expensive 
luggage today because it's as strong as it is light, and 
sponges clean in an instant to retain its beauty 
through years of use and abuse, the Kluge Bag is 

available in natural canvas color with rich brown piping 
and in striking solid black diamond and brown trim. 

Outside there are three sectional zippers, so you 
can get to anything in a second, with security snap 
locks and an over-all snap lock safety strap, plus 
comfortable carrying handles and the adjustable, 
burden -bearing shoulder strap. 

Inside, a fold -up rigid bottom supports everything 
you can carry in the zippered main compartment. The 
fittings and details are 

Unique Shoulder equally impressive, like Carry System , f 
a tie rack, a fitted com- 
partment for toiletries, a = !Y 
zippered compartment 
for valuables, pockets 
for cards, notes, keys 
and more. Plus a huge 
volume portfolio. Every- 
thing you need to make 
packing and traveling 
for days or weeks 
easier and faster than 
it's ever been before. 

Yet fully packed the Kluge Bag is just 18" high by 23" 
long and 12" deep. 

Only $40.00! 
Most extraordinary of all, though, is the price. At $90 

and $100, which is the price you'd probably have to 

spend in a fine retail store, the Kluge Bag would be an 

excellent value. At $40.00 it's absolutely unbeatable. 
A price that's possible because we're one of the 

largest mail merchandisers in the United States- 
able to commit for an entire manufacturing run, and to 

eliminate salesmen, distributors and retailers and 
their costs by selling direct. 

No Risk Trial 
Now we invite you to judge the Kluge Bag for 

yourself-for 30 days without risk or obligation. You 

must be convinced that it's the finest, most useful, 
convenient and versatile piece of luggage on the mar- 
ket today, a time and trouble saver, the perfect piece 
for every trip, or return it to us for a complete refund. 
No questions asked. 

CALL 800-325-6400 
OPERATOR #8 

(Missouri residents call 800-342-6600) 
These lines are in operation 24 hours, 

7 days a week 
To order with any credit card, just call us at the toll 

free number above. Or send your check to Douglas 
Dunhill at the address below. Be sure to specify 
natural or black. (Illinois and New York State residents 
are required to include sales tax.) 

Of couse we want you to try it on a trip during your 
30 -day trial. Don't worry about how you handle it. 

Nothing will hurt it. And we'll take it back under any 

circumstances anyway. So order your Kluge Bag right 
now. Take the lug out of luggage, the wait out of 

baggage. 

Dept. 80-2319 
4225 Frontage Road Oak Forest, IL 60452 
© Douglas Dunhill Inc. 1978 

"Kluge Bag" is a trademark of Douglas Dunhill Inc. 
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Microwave...AM & FM Radio...Radar...TV Broadcasting...Mobile Radio... 
Marine Communications and Navigation...CB...Aircraft Electronics 

The expanding world 
of communications means 

expandin opportunities for the 
qua if ued technician. 

NRI Trains You at Home 
in Your Spare Time... 

Learn Installation, 
Maintenance, Repair 

The communications explosion 

of the last few years is just the begin- 

ning of an incredible expansion as ...' 

business, government and public 

services intensify their use of more 
versatile, cost-efficient systems. With 

this tremendous growth comes a 

continuous demand for qualified 

technicians...people trained to install, 

manitain, and repair modem elec- 

tronic equipment. 
You can start an exciting new 

career with NRI's Complete Commu- 
nications Electronics Course. You 

learn at home... no travel or night 
school. You learn in your spare time ...no 
need to quit your present job. And you 

learn the right way...with NRI "bite -size" 

lessons and "power -on" training. 

o 

o 

T --. - 
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You Build Your Own 

2 -Meter 
Digitally Synthesized 

VHF Transceiver 
NRI training is "hands-on" train- 

ing. You get practical bench experience as 

you build and test this industrial quality 
two-way radio and power supply. You rein- 

force theory lessons as you induce and 
correct faults, study individual circuits 

and see how they interface with others. 

You also build and keep a tran- 
sistorized volt -ohm meter and digital 

CMOS frequency counter. NRI even gives 

you special training to get your Amateur 

License so you can go on the air with your 

completed unit. 

FCC License or Full Refund 
In all, you get 48 lessons, 9 special 

reference texts, and 10 training kits ...the 
training you need to start in a rewarding 
new career. And NRI includes special 

training for the required FCC radiotele- 

phone license examination. You pass 

111.111 

or your tuition will be refunded in full. 
This moiey-back agreement is valid for 

six months after completion of your course. 

Free Catalog... 
No Salesman Will Call 
NRI's free, 100 -page full -color cata- 

log shows all the equipment you get, de- 

scribes each lesson and kit in detail, tells 

more about the many specialized fields 

we train you for...also includes facts on 

other opportunity areas like TV/Audio 

servicing and digital computer electronics. 

Mail the postage -paid card now and grow 

with the future. 
If card has been removed, write to: 

NRI 
NRI Schools 
McGraw-Hill Continuing 

ivI r, Education Center 

3939 Wisconsin Ave. C 
Washington, D.C. 20016 
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 Stereo Scene 

UNDER THE BIG TOP 

THE SUMMER Consumer Electron - 
ics Show, the second big audio 

event in an unprecedentedly busy spring 
season, has now had its several days of 
glory in Chicago's enormous McCormick 
Place and environs. Coming so hard on 
the heels of Atlanta's IHF exhibition in 
late May (see last month's "Stereo 
Scene"), the CES was impressive not so 
much for its wealth of hitherto unseen 
products (there were of course some) as 
for its sheer size. 

Doing It Digitally. Major Japanese 
manufacturers are not flagging a bit in 
their campaign to stake out major por- 
tions of the digital audio market. To pre- 
viously exhibited prototypes and (in 
Sony's case) actual production -ready 
products of a digital nature can be add- 
ed PCM processors from Technics and 
Hitachi. These are designed to be used 

By Ralph Hodges 

with video -cassette recorders and em- 
ploy 13 -bit systems with sampling rates 
of about 44 kHz. Even as these things 
go, the new units are physically large. At 
present, however, they should be looked 
upon as essentially prototypes and thus 
subject to change. 

Meantime, deep in the bowels of 
McCormick Place, behind an unmarked 
(and guarded) door, a privileged few 
could get a look at and listen to Matsu- 
shita's "VISC"-a video -disc system 
that has already begun branching out 
into audio. VISC is another 13 -bit sys- 
tem, with dropout correction, that sam- 
ples at 44 kHz. The pickup principle for 
the players-several were shown in pro- 
totype form, including a two -speed mod- 
el-is mechanical/piezoelectric. VISC 
shares with some of the other disc sys- 
tems a capability for real-time master- 
ing. It also employs conventional press - 

SHOW HAPPENINGS 
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Tuner with digital readout 
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Twin arms 

ing techniques and materials for its soft- 
ware, which was shown in 12- and 7 - 
inch versions in forms superficially iden- 
tical to their audio -only counterparts, the 
12 -inch LP and the 7 -inch 45 -rpm single. 
In its audio version, VISC operates at 
450 rpm for a per -side playing time 
(stereo) of 30 minutes. Dynamic range is 
85 dB, with less than 0.1 percent har- 
monic distortion. The price for a player is 
not expected to exceed $600 in Japan. 

And In Amplifiers. Not a great deal 
of noise is being made about it, but a 
large number of the latest power amplifi- 
ers being introduced are class -A de- 
signs-at least up to the first few watts 
per channel. Evidently, IC technology, 
which is still not highly considered for 
use in the actual audio -signal path, has 
made complex control of power supplies 
a relatively straightforward and inexpen- 
sive affair. Hence the bias on the output 
stages can be easily altered under dy- 
namic conditions, permitting an amplifier 
to run class A at low output and class AB 
for high signal levels. A comprehensive 
list of the products incorporating this fea- 
ture would be difficult to provide just now 
(in many cases English -language speci- 
fications and design details are still not 
available for products from overseas). In 
one case, that of the Monogram 3300 
(200 watts per channel; $595), class -A 
operation is said to persist up to 10 watts 
output, which is substantial. 

Mitsubishi's tentative náme for a new 
group of products is "microcompo- 
nents." The rationale behind this is the 
full utilization of size reductions made 
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possible by modern circuitry. To empha- 
size the concept, the company has 
worked out styling that is a clear depar- 
ture from current trends and something 
of an Arabian -Nights delight to behold. 
Multi -colored jewel lights gleam from pe- 
tite soft -gold panels, and all control func- 
tions are handled as much as possible 
by microswitches rather than knobs and 
other gross devices. So far, Mitsubishi 
has introduced a preamplifier, the M - 

P01, a power amplifier (M -A01; 70 watts 
per channel), and a quartz -oscillator 
synthesizing FM tuner, the M -F01. 

Yamaha's 70 -watt -per -channel A-1 in- 
tegrated amplifier ($595) has an almost 
shockingly simple front panel that repre- 
sents certain internal refined simplici- 
ties, such as a phono preamplifier that 
can be coupled to the output stages by 
means of the most direct signal path. 
Beneath a flip -down panel the A-1 pro- 
vides most of the conventional controls 
one would expect from an integrated 
amplifier, but the ability to bypass most 
of them is the philosophy behind the 
new design. 

Lux has recently established a "Labo- 
ratory Standard Series," all transistor- 
ized, and consisting at present of a 

quartz -locked tuner with automatic fine 
tuning, a 100 -watt -per -channel integrat- 
ed amplifier, 80 -watt stereo power am- 
plifier, 150 -watt mono power amplifier, 
preamplifier, and octave -band graphic 
equalizer. Approximate prices range 
from $500 to $900, with the L-100 inte- 
grated amplifier being the costliest. Au- 
dio Research, another company known 
for its mixed line of vacuum -tube and 

transistorized gear, has spread its latest 
offerings between two new solid-state 
power amplifiers (50 and 100 watts per 
channel) and an all -new vacuum -tube 
preamplifier, the SP -6, at about $1,075. 
Other introductions include an electronic 
crossover and a moving -coil -cartridge 
"head amplifier." 

The Program Sources. According to 
B.I.C., the 33/4-ips cassette is an idea 
whose time has finally come. The com- 
pany has introduced three two -speed 
cassette -deck models, all front loading. 
The top -of -the -line three -head, dual - 
capstan Model T-3 provides all the im- 

provements in frequency response and 
dynamic range that one might expect 
from the higher tape speed. In turnta- 
bles, B.I.C. has adopted the motional - 
feedback approach for several of its new 
belt -drive machines. The more elabo- 
rate of them, such as the $200 916 MP 
and the $320 918 MPC, boast micro- 
processors to handle speed control and 
other operating functions, as well as dig- 
ital readout of speed. The new B.I.C. 
machines, which include manual and 
single -play models, also have a unique 
control by which the user can adjust the 
compliance of the suspension. 

More motional feedback turns up in 

the new Eumig CCD cassette deck 
($1,300), a three -head machine that 
lacks a capstan flywheel. Instead, an 
LED light source and a photo transistor 
"read" an opaque pattern of lines on a 

transparent disc that rotates with the 
capstan. The resulting photo -transistor 
output, compared with a fixed reference 

frequency, governs the speed -control 
circuitry. The extremely low inertia of the 
CCD's drive system permits astonish- 
ingly rapid switching of transport func- 
tions. The deck also uses voltage -con- 
trolled amplifiers to establish recording 
levels-the only machine in my experi- 
ence to do so. 

The latest cassette -deck manufactur- 
er to announce the ability to handle the 

up-and-coming metal -alloy tape formu- 
lations such as 3M's Metafine is Mar- 
antz. By taking a machine already exist- 
ing in its line and switching the heads 
and making appropriate changes in the 
electronics, Marantz has come up with 
the new Model 5025, with a Metafine 
switch prominent on its front panel. 

Some months ago Fisher introduced 
wireless remote control on the two -head 
CR4025 cassette deck. Now there are 

two three -head machines, the CR5125 
and CR5150, with the latter having a re- 

mote controller that completely dupli- 
cates all the transport functions, includ- 
ing fast forward and rewind. Other con- 
venience features grace the Pioneer 
CT -F900, a $475 three -head deck with a 

four -function memory that can be set up 

to initiate various modes of automatic re- 

wind. The machine also has peak - 
responding fluorescent recording -level 
indicators with peak -hold capability. 
Sony's new TC-K8B cassette deck em- 
ploys 64 -element liquid -crystal record- 
ing -level indicators for a most cheery 
and colorful display. In addition, Sony 
has established what it calls a "purist" 
line of components, starting with its pre- 
viously introduced class -D amplifier and 
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Style No. 176, ° 

.Big Stick CB.ba$é antenna° 

300 watts powérrating /.DC 
ground .. 

125 MPH, wind rating i 12 times more capture;area at 
.606 height 

conductor saáled in fiberglass 
18' height, includes U-bólts for 

° mounting to 11A' and 11/2" pipe 

accepts standard PL259 connector f - 

and 50 ohm cable 

F 

y 

At a loss 
for words? 
Big Stick Antenna gets out 
when the skip gets thick. With its 
unique design, this antenna delivers 
the longest possible range, the 
strongest signal capture area, and 
the lowest radiation angle of any 
omni-directional antenna in its class. 

Only two pieces 
make one 
Big Stick 
You can count on Big Stick's 
engineering for performance that'll 
keep you talking. It's the one and 
only two piece antenna that's a 

cinch to install and trouble -free. 

U.S. Patent 
#4,097,870 

(®Big Stick has a band spread tuned 

circuit that yields a low SWR across all 40 

channels. (See SWR chart)i®lts DC ground 
provision lowers static noise and reduces 
lightning hazard.QSignal loss is prevented 
by its innovative polystyrene air cell dilectric 
structure.0The silver plated copper braid in 

the decoupling sleeve lowers resistance and 

increases eft iciency.® The metal radiator is 

completely protected by a sheath of high 

grade fiberglass.©Its aluminum mounting 
sleeve includes U -bolts for easy installation. 
()Factory designed crimping permanently 
locks the SO 239 connector in position. 
®And the connector is sealed and protected 
from the elements. 
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The principal of "skin effect." A transmitted 
signal, in the form of energy, travels on the surface 
of the metal radiator of an antenna. This occurs 
regardless of the length, density, or thickness of the 
metal radiator. Picture an antenna surface after it 
has been bombarded by millions of tiny particles day 
after day. Dust, dirt, pollutants, salt, chemicals...all 
of them impinging on the surface to create 
obstacles that offer resistance to your transmitted 
signal. Within six months exposure, surface 
resistance on an exposed radiator can rob you of up 
to 20% of your power. 

METAL ANTENNA 
(TYPICAL) 

SHAKESPEARE 
FIBERGLASS ANTENNA 

A speck of dust? 
It's hell In your eve... 
even worse on your 
antenna! 
When it's the surface of an antenna that's 
designed to radiate the signal, you're in for 
problems... 

Metal corrodes...fiberglass does not. 
And the fiberglass surface of the Big Stick 
is far less susceptible to pollution and 

contaminants in the environment. 
With a Shakespeare fiberglass 

antenna, surface contamination and crud 
does not mar performance because the 
surface is not the radiator. Instead, the 
radiator is sealed inside the fiberglass 
sheath, which is transparent to radio 
frequencies and lets the signal through 
without interference or distortion. 

Built in the factory so you don't have to 
rebuild it on your roof. Big Stick comes 
in two pieces. Not like the multi -pieced 
antenna puzzle you helped your neighbor 
put up last summer. You know...the one 
with all those radials and that huge bag of 
bolts. The same one that came crashing 
down during the windstorm. 

The Big Stick is super engineered. 
Quick, easy installation allows you more 
time to modulate. High winds or solid 
ice...it's built to keep you talking whatever 
the weather. 

RELAX...the world's largest Fiberglass 
antenna plant just made your next antenna. 
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200,000 square feet devoted entirely to communications antennas and related fiberglass products, complete with 
advanced testing facilities and laboratories for research and development. 

L 

ELECTRONICS AND FIBERGLASS DIVISION 
Antenna Group/P.O. Box 246, Columbia, S.C. 29202 

The Shakespeare Company / Manufacturers of Communication Equipment, Fishing Tackle, 
Industrial Fiberglass, Wonderthread and Specialized Monofilaments, Golf Equipment, Automotive 

Products, Saddlery and Equestrian Accessories, and Marine Taxidermy. 
CIRCLE NO 51 ON FREE INFORMATION CARD 



working its way down through the simi- 
larly styled TA -N86 power amplifier 
[switchable between class -B (80 watts) 
and class -A (18 watts) operation], the 
TA-E88B and TA -E86 preamplifiers, and 
an electronic crossover. 

Optonica, which recently amazed the 
world with its microprocessor cassette 
equipment, has taken that technology 
over to record players in the form of the 
RP -X1 turntable, which can be pro- 
grammed to play bands or portions of 
bands on records in any desired order 
automatically, with up to ten repeats 
possible. A laser scanner, apparently 
carried on a separate sub -arm, is said to 
count the grooves and thus execute the 
program; a remote controller that dupli- 
cates the main programming keyboard 
transmits via infrared. Finally, an LED 
digital readout indicates the instructions 
given to the direct -drive machine. 

Another giant in tape, Akai, has 
stepped into the record-player arena, in 

this case with the more conventional ap- 
proach of five initial models beginning 
with a belt -drive semi -automatic ma- 
chine and proceeding up to a fully auto- 
matic quartz -locked direct -drive model. 
On the unconventional side of the street, 

the British -made JBE turntable line is 
available with three different arms 
(Shure/SME, Formula 4, or Dynavector) 
and three different styling schemes, one 
of which involves a transparent acrylic 
base. The platter is made up of six large 
circular disc supports on an acrylic sub - 
platter; the controls for the direct -drive 
machine are housed in a separate unit. 
Even more unconventional is the Oasis 
T-1 manual turntable, which employs 
two motors and a fluid coupling to drive 
an otherwise isolated acrylic platter. 

A brief look at new phono cartridges: 
Audio-Technica has two new top mod- 
els, the AT15SS and AT2OSS, with be- 
ryllium stylus shanks and improved Shi- 
bata styli. The replaceable styli fit the 
previous AT15Sa and AT2OSLa models. 
Empire's "Broadcast One" is the first 
"ruggedized" model from that manufac- 
turer, intended primarily for heavy-duty 
professional applications. ADC has 
worked its way up to a MK Ill designa- 
tion for its finer phono cartridges, and 
has just introduced an XLM MK Ill 
together with a OLM MK Ill series. A 
new line of pickups, the Osawa "Moving 
Permalloy" cartridges, comprises three 
models ranging in price from $35 to 

If You Have the Means, 
Nikko Has the High End 

We're talking to those whose lifestyle says "high style:' 
If that's for you, so are Nikko Audio's professional series 
stereo components. 

The Alpha Ill DC power amplifier features highly odvonced power 
MOS-FET circuitry which enables it to produce a resounding 80 watts per 
channel* at a low 0.006% THD. Complete with LED readout to monitor the pulse 
of power in each channel. 

If you like to get involved with shaping the destiny of your music, the 10 band 
per channel (-±-12d13 boost or cut) EQ 1 graphic equalizer lets you adjust your 
audio system to suit your room acoustics and your toste. 

The Gamma V synthesized digital FM stereo tuner features automatic (or 
manual) tuning with LED station frequency readout that is os accurate as the 
state-of-the-art permits. 

Yet, os "high end" as Nikko's components ore, the "means" it takes to acquire 
them is surprisingly low. Coll this toll -free number for the name of your Nikko 
dealer and find out for yourself: (1) 800 423-2994. 

Nikko Audio 
For Those Who Take Their Stereo Seriously 
Nikko Electric Corp. of Americo, 16270 Roymer St., Von Nuys, CA 91406 (213) 988-0105 

'both channels driven into 8 ohms; 20Hz to 20kHz 
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$100. The top model, the 300 MP, has a 
carbon -fiber stylus cantilever. Another 
new moving -magnet line is entitled An- 
dante, and is made up of two models, 
the E and the S, with elliptical and spher- 
ical tips. Grace's latest cartridge, the 
SF -90, is integrated with a universal 
headshell for reliable electrical connec- 
tions, rigidity, and low mass. 

Among the more newsworthy events 
of the show was the demise of a pro- 
duct: the esteemed Yamaha CT -7000, 
one of the most celebrated FM tuners 
ever built. The CT -7000 will be replaced 
by the T-2 ($700), a model with a black 
front panel, even lower and leaner pro- 
portions, and a claimed augmentation in 
performance. (In case you wondered, 
there is a new T-1 tuner also, at $355.) 

A novel concept in tuners comes from 
Technics. Its ST -9038 FM tuner, with 
quartz -crystal synthesized digital read- 
out, is available with the SH-9038 "Mi - 
corn Programmable Unit." The latter is a 
microprocessor that will literally operate 
four components in an audio system 
over a period of a week, following in de- 
tail any schedule punched in by the 
user. Up to eight FM stations can be pre- 
set; the SH-9038 also functions as a dig- 
ital clock, with a stop -watch mode. As for 
the tuner itself, it offers manual tuning 
along with several automatic tuning 
modes that will reject stations with 
excessive noise plus distortion. 

Marantz has revived oscilloscopes as 
front -panel features in two of its new tun- 
ers, the 2110 ($340) and the more elab- 
orate 2130 (500). Monogram is pursuing 
the ideal of the totally non -mechanical 
tuner with the Model 3600 digital -read- 
out design, which is entirely voltage con- 
trolled. Another British manufacturer, 
Amstrad, has enlarged the rather 
skimpy number of tuners offering multi - 
band reception with two models, the 
EX.303 and EX.202. And Lux has added 
a quartz -locked FM -only model, the 
5T10, to its prestigious Laboratory Ref- 
erence Series. 

Until Next Year. This brings us to the 
end of our available space, and hence 
necessarily to the end of this two-part 
highlighting of the year's newest audio 
products. The "highlighting" should be 
stressed. What has been briefly de- 
scribed here does not begin to approach 
a comprehensive cataloging of the latest 
high-fidelity gear soon to go on the mar- 
ket. But if it manages to inform you that 
there is truly new equipment out there- 
lots of it-it will have served its major 
purpose. 
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Write today for further information to Stanton Magnetics, Inc., 
Terminal Drive, Plainview, N.Y. 11803. 

Let's set the record straight! 

Stanton has 
had it all for more 

than 15 years. 
The 881 S has been acclaimed worldwide as 

the finest cartridge available. It embodies a unique 
combination of features developed by Stanton. 

After all, it was Stanton who pioneered the 
first Magnetic Stereo Cartridge - as well as the first 

CD -4 pickup produced in the United States. 

FEATURE 
Record Static Elimination System 

Every Stanton cartridge for the last 15 
years has featured a patented stylus assembly 
which neutralizes the atmosphere surrounding 
the diamond stylus and discharges record 
static harmlessly into the grounded record play- 
ing system. 

FEATURE 
"Longhair"® Brush 

Its independently hinged action does not 
interfere with the tracking force of the stylus 
while its tapered nylon bristles clean the 
grooves in front of the stylus. Stanton developed 
it in 1966. 

FEATURE 
StereohedronTM Stylus Tip 

Patented in 1976, the Stereohedron stylus 
tip has a far greater bearing radius and more 
contact area with the groove. 

FEATURE 
High Energy Rare Earth Magnet 

First introduced by Stanton in early 1977, 
this type of magnet enabled the complete 
miniaturization of the stylus assembly and tip 
mass. It is the beginning of a whole new genera- 
tion of cartridges. 

soió 

© Stanton Magnetics Inc. 1978 

B ENEFITS 
A. Eliminates harmful static electricity at the record. 
B. Eliminates static clicks and pops at the 

loudspeaker. 
C. Enables the brush to do a proper cleaning job. 
D. Permits the use of an Ungrounded Brush. 
E. Eliminates electrostatic dust attraction to the stylus 

tip. 

B ENEFITS 
A. Cleans records efficiently. 
B. Damps tonearm resonance. 
C. Improves low frequency tracking. 
D. Dynamically stabilizes tonearm system. 
E. Aids in playback of warped records. 

BENEFITS 
A. Exceptional trequency response. 
B. Superior protection of high frequency signals in the 

groove. 
C. Longer record life. 
D. Longer stylus life. 
E. Better tracing ability. 

B ENEFITS 
A. Outstanding tracking ability. 
B. Unequaled transient response. 
C. Higher output with one tenth the mass of ordinary 

magnets. 
D. Superior tracing ability. 

Add it all up... and you see why Stanton is .the 
imitated... but unequaled! choice 

of the 
professionals sKramron 

CIRCLE NO. d8 ON FREE INFORMATION CARO 
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When you do,you'll probably pick CIE. 
You can't afford to settle for 

less when it comes to something like 
electronics training that could 

affect your whole life. 
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When you shop around for 
tires, you look for a bar- 

gain. After all, if it's the same 
brand, better price - why not 
save money? 

Education's dif Brent. 
There's no such thing as "same Í 

brand." No two schools are 
alike. And, once you've made 
your choice, the training you 
get stays with you for the rest 
of your life. 

So, shop around for your 
training. Not for the bargain. 
For the best. Thorough, profes- 
sional training to help give you 
pride and confidence. 

* 
If you talked to sonic of our 

graduates, chances are you'd 
find a lot of them shopped 
around for their training. They 
pretty much knew what was 
available. And they picked CIE 
as number one. 
Why you should 
shop around yourself. 

We hope you'll shop around. 
Because, frankly, CIE isn't for 
everyone. 

There are other options 
for the hobbyist. If you're the 
ambitious type -with serious 
career goals in electronics - 
take a close look at what 
we've planned for you at CIE. 
What you should look 
for first. 

Part of what makes elec- 
tronics so interesting is it's 
based on scientific discoveries 
-on ideas! So the first thing to 
look for is a program that starts 
with ideas and builds on them! 

That's what happens with 
CIE's Auto -Programmed® 
Lessons. Each lesson takes one 
or two principles and helps you 
master them-before you 
start using them! 
How practical 
is the training? 

This is the next big impor- 
tant question. After all, your 
career will be built on what you 
can do-and on how 
well you do it. 

Here are 
ways sonic 
of CIE's 
trouble- 
shooting 
programs 
help you get - 

your "hands-on" 
training.. . 

With C1E's 
Experimental 
Electronics 
Laboratory... 

~7, 

you learn and review the basics- 
perform dozens ofexperiments. 
Plus, you use a 3 -in -1 precision 
Multimeter to learn testing, 
checking, analyzing! 

_ 

When you build your 
own 5 Mh z Triggered - 
Sweep, Solid -State Oscil- 
loscope you take your first 
real professional step. You use 
it as a doctor uses an X-ray 
machine-to "read" waveform 
patterns ... lock them in .. . 

study, understand and inter- 
pret them! 

When you get your 
Zenith 19 -inch Diagonal 
Solid -State Color TV you 

{ n 

i 

I 

W i , 

- -- - - - - - ¡'altero simulated. 
apply your new skills to some 
real on -the -job -type trouble- 
shooting! You learn to trace 
signal flow... locate malfunc- 
tions ... restore perfect operat- 
ing standards-just as with any 
sophisticated electronics 
equipment! 

a 
t 

When 
you work with a completely 

Solid -State Color 
Bar Generator- 
actually a TV signal 
transmitter-you study 

tip to ten different 
patterns on your TV 

screen ... explore digi- 
tal logic circuits ... observe 

the action of a crystal -con- 
trolled oscillator! 

Of course, CIE offers a 
more advanced training pro- 
gram, too. But the main point is 

simply this: 
All this training takes 

effort. But you'll enjoy it. And 
it's a real plus for a trouble- 
shooting career! 
Do you prepare for 
your FCC License? 

Avoid regrets later. Check 
this out before you enroll in 
any program. 

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

More than half of CIE's 
courses prepare you for the 
government -administered FCC 
License exam. In continuing 
surveys, nearly 4 out of 5 CIE 
graduates who take the exam 
get their Licenses! 
Shop around ...but send 
for CIE's free school 
catalog First! 

Mail the card. If it's gone, 
cut out and mail the coupon. If 

you prefer to write, men- 
tion the name and date 
of this magazine. We'll 
send you a copy of CIE's 

. FREE school catalog - 
plus a complete pack- 
age of independent 

liome study information! 
j For your convenience, 

we'll try to have a repre- 
sentative contact you to 
answer your questions. 
Mail the card or coupon - 
or write: CIE, 1776 East 
17th St., Cleveland, 

OH 44114. 

ril®M--=-EMI C' E Cleveland Institute 
of Electronics, Inc. 

177$ East 17th Street. Clevetamd. Ohio 44114 

1 

1 

Accredited Member National Nome Study Counce 

YES ... I'm shopping aro uui 
for the right kind of career training 
in electronics troubleshooting-and 
CIE sounds well worth looking into. 
Please send me my FREE CIE school 
catalog- including details about 
troubleshooting courses-plus my 
FREE package of home study 

I' 72 information! 

Print Dune _- 
Andress__ _ 

City 

State _ 

__Apt. _ 

Age Hume 

Zip 

(area code) 

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

1Iail today! 
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HIRSCH/HOUCK LABORATORIES 

"It is quite 
possible .. . 

for two 
products to 

sound different 
. . . without one 

necessarily 
being better." 

Julian Hirsch 
Audio Report 

What Is the Best (Tuner, Amplifier, etc.)? 

IWISH I had a dollar for every time 
someone has asked me that ques- 

tion! It seems that we have a deep-seat- 
ed need to know what is the "best" of 
anything, if for no other reason than to 
satisfy our curiosity. (Most of us accept 
the fact that the "best" will be beyond 
our means, but it's fun to know.) 

Maybe there are ways to determine 
the "best" brand of frozen peas, or lawn 
mowers, or what have you-but how 
does one go about determining which 
high-fidelity component is the "best" 
of its type? If it were simply a matter of 
measuring a few key performance para- 
meters, the problem might be solvable, 
but this becomes less likely when doz- 
ens of different and unrelated measure- 
ments are involved. Suppose one FM 
tuner has Usable and 50 -dB Quieting 
Sensitivities of 11 and 13 dBf, and 
another measures 10 and 14 dBf. Which 
is the better? Suppose, also, that the 
first has an alternate -channel selectiv- 
ity rating of 70 dB, and the second is 80 
dB. As an additional complication, one 
tuner might have 25 dB of channel sep- 
aration across the full audio range, 
while the other measures 50 dB at 400 
Hz, but only 15 dB at the frequency ex- 
tremes. How about noise? Is it signifi- 
cant that tuner A has a 70 -dB S/N rat- 
ing, while tuner B is only 65 dB? 

I am deliberately trying to muddy the 
waters a bit; but, in actuality, things are 
much more complicated than this sim- 
ple example would suggest. There are 
literally dozens of FM tuner perfor- 
mance ratings to be considered; a simi- 
lar situation exists with amplifiers. 
Once we know all the pertinent facts 
(and some that are not so pertinent), is 
it possible to make a logical choice and 
say with some assurance that one prod- 
uct is "better" than another? 

If you can do this, I wish you would 

pass the secret along to me! Most of the 
dozens of tests made on tuners and 
amplifiers follow standardized proce- 
dures, established by technical groups 
such as the IHF or the IEEE. They are 
meant to place the ratings of products 
from different manufacturers on a com- 
mon footing, so that one can avoid the 
common error of comparing "apples 
and oranges." For this purpose, they 
are certainly useful. Nevertheless, I 
submit that they tell us much less than 
most of us would care to admit about 
how good a product really is. Since 
they do not recognize the subjective 
qualities that strongly influence our 
initial purchase decision and long-term 
satisfaction, they can hardly give a 
meaningful answer to the question: 
"Which is best?" 

As a specific example, let us go back 
to that FM tuner selection problem (I 
use the tuner as an illustration because 
it is subject to frequent manual manip- 
ulation by the user, and is especially 
subject to quirks that are not covered by 
existing specifications). 

I think we can agree that the purpose 
of a hi-fi FM tuner is to receive FM 
broadcasts without audible degrada- 
tion of the signal transmitted by the 
broadcast station. I will further qualify 
this by stating that the evaluation of re- 
ceived quality will be done by listen- 
ing, through amplifiers and speakers in 
a home environment, rather than by 
laboratory tests with expensive test 
equipment. In the vast majority of 
cases, no one could distinguish one 
tuner from another by an A -B listening 
comparison, regardless of the disparity 
in price or ratings between them. This 
may sound strange, but I have done it 
literally hundreds of times and don't al- 
ways hear a difference which would in- 
duce me to spend an extra dollar for 
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one of the tuners being compared. 
Of course, it is understood in this 
discussion that we are dealing with 
high -quality equipment in proper 
operating condition. This does not 
mean that all tuners are alike but 
that the differences between them 
are not too significant with avail- 
able program material. 

If listening quality alone is not 
sufficient to distinguish between 
tuners, how can we make a reason- 
able choice? What other factors 
distinguish FM tuners from each 
other, besides their electrical per- 
formance? Size, appearance, spe- 
cial features such as Dolby circuits 
or digital displays, tuning aids, di- 
al -scale legibility and accuracy, 
and cost are a few that come to 
mind. 

When I am evaluating a tuner, I 

connect it to an audio system and 
to an antenna. I then tune in sever- 
al of my favorite stations, out of the 
more than 50 that can be received 
here at most times. Many of these 
signals are spaced only 400 kHz 
apart (alternate channel assign- 
ments). If the dial scale is so 
sparsely or inaccurately calibrated 
that I cannot tell whether I am 
tuned to 103.9 or 104.3 MHz with- 
out listening to the station, I down- 
grade the tuner severely. For me, 
the mere ability of a tuner to re- 
ceive a signal and render its modu- 
lation audible is not sufficient. It 
must be able to receive the station 
that I want to hear, without benefit 
of "trial and error" or guesswork 
tuning processes. 

Now, does the tuning meter or 
other indicator actually show me 
the best tuning point (and here, 
"best" means the tuning that gives 
lowest noise and distortion)? If 
not-if the meter pointer is near or 
beyond the edge of the indicated 
correct zone when the station is 
tuned correctly-what use is the 
meter? That's another strike 
against the tuner if this occurs. 

When I tune across the FM band, 
are my ears assailed by bursts of 
noise as I pass through various 
broadcast channels? A muting sys- 
tem that does not mute solidly is 
worse than none at all, and is 
another black mark against the 
tuner. Does the tuner drift enough 
to require retuning after a time 
when a station has been tuned in 
from a "cold" start? Drift is rare 
these days, but it does happen, and 
should not be tolerated. 

I won't bother going on-the 
point should be clear by now. The 
"best" tuner is the one that lets 
you tune in a station of your 
choice, without guesswork, which 
gives you the full audible perfor- 
mance inherent in the broadcast 
material, and which does not add 
any audible noises in the tuning or 
listening processes. This is not as 
difficult as it might seem, since 
even a moderately priced tuner has 
better quality than almost every 
FM broadcast station. If the tuner 
looks good, harmonizes with your 
amplifier appearance, and is with- 
in your budget, it is probably the 
"best" for you. Keep in mind that 
there are probably a number of 
"best" products, since the substan- 
tive differences between compara- 
bly priced models from reputable 
sources are usually negligible. 

The same considerations apply 
to amplifier selection, except that 
more emphasis should be placed 
on adequate control flexibility. 
The factors to listen for are noises: 
switching transients, hiss, and 
hum. In listening to program mate- 
rial, and comparing two amplifi- 
ers, be suspicious of any obvious 
sound -quality differences. The real 
differences in sound between 
amplifiers are so subtle that they 
often cannot be heard without 
playing special records. If you 
plan to spend your spare hours lis- 
tening only to those records, this is 
a valid basis for choice. If your 

Tested 
In This 

Issue 

tastes are more catholic, you might 
ignore those subtleties which must 
he pointed out to you by the per- 
son making the demonstration. 
(We are all very susceptible to 
suggestion, and can easily be con- 
vinced we are hearing something 
that may not be there at all.) 

I have not mentioned amplifier 
power, which is really a system 
consideration. (It will either affect 
your choice of speakers, or if you 
have the speakers, it can affect 
your choice of an amplifier. In it- 
self, it has little to do with sound 
quality.) 

Insofar as distortion is con- 
cerned, you are not going to hear 
any difference between amplifier 
distortions of 0.05% or 0.005%, 
though some golden -eared people 
can sometimes distinguish sound 
differences even between two 
very -low -distortion products. But 
this may be due to other factors. 

This article was not intended to 
be a guide to component selection 
(that would require book length), 
but rather to show that there are no 
simple answers to the question of 
which product is "best." I am de- 
liberately avoiding the matter of 
speakers, which warrant a separate 
treatment. 

I would like to make a final 
point, however. I have attempted 
to "de -bunk" audible differences 
as an absolute basis for hi-fi com- 
ponent selection. Please do not as- 
sume that there are no audible diff- 
erences, for they do exist! This 
does not necessarily make one 
product better than another, 
though, in many instances it does. 
It is quite possible, for example, for 
two products to sound different 
(this is especially true with speak- 
ers and phono pickups) without 
one necessarily being better. And 
when it comes to "best" in a par- 
ticular price range, there are too 
many tradeoffs to be made for such 
a statement to be possible. O 

JVC JT-V77 AM/FM Stereo Tuner 

Acoustic Research AR -9 Speaker System 

Shure SME -3009 Series III Tonearm 

(Audio Test Reports begin on page 32.) 
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audio t 
$290 unit 
would have 
cost $1000 
only 4 years ago 

4HIRSCW 
HOUCK, 
LAOS 
REI - - 

The Model JT-V77 
AM and FM stereo 
tuner, which is a 
companion to the 
Model JA -S77 in- 

tegrated amplifier, heads JVC's tuner 
line this year. In addition to being a full - 
featured deluxe tuner in all conventional 
respects, the Model JT-V77 has a 

Phase Tracking Loop (PTL) FM detector 
that is said to elevate its overall perfor- 
mance level to well beyond the norm for 
its price class. 

The tuner measures 173/4'W x 141"D 
x 61/4"H (45 x 37.4 x 15.8 cm) and it 

weighs 13.9 lb (6.3 kg). Its suggested re- 
tail price is $289.95. 

General Description. The AM and 
FM scales, both of which are linearly cal- 
ibrated, occupy most of the top half of 
the front panel. There are separate large 
center -channel (FM only) and relative 
signal strength (AM and FM) tuning me- 
ters on the lower half of the front panel. 
Between the meters and a large tuning 
knob are STEREO and TUNING HOLD in- 
dicators. 

Across the bottom of the panel are 
five lever switches and a small VOLUME 

control knob. The switches are for con- 
trolling POWER, selecting the MODE 

(STEREO, MONO, Or BLEND), MUTING, 

FM/AM selection, and REC CAL. The REC 

CAL switch is a convenience that simpli- 
fies off -the -air taping. It replaces the tun- 
er's audio outputs with a 400 -Hz tone at 
a level equivalent to 50% modulation 
(37.5 -kHz deviation at the transmitter). 

JVC suggests that the REC CAL tone 
level be set to give a 0 -dB indication on 
the recorder's meters to assure that pro- 
gram peaks do not drive the recorder 
into distortion. If one wishes to record an 
off -the -air FM broadcast, the REC CAL 

tone should be used to set the record- 
er's meters to read in the range of 0 to 
-6 dB, depending on its reserve head- 
room (since program peaks may exceed 
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quieting sensitivity and capture 
ratio beyond its price class in 

the JVC Model JT-V77 
AM/FM stereo tuner 
this level by 6 dB). The REC CAL feature 
greatly simplifies the making of clean, 
distortion -free cassette recordings with- 
out any reference to the actual program 
levels being transmitted when the gain 
levels are set up. 

When a stereo -FM broadcast is tuned 
in, the STEREO indicator comes on. The 
TUNING HOLD light comes on when any 

400 -Hz calibration 
tone for 
cleaner taping 
FM signal is accurately tuned. This indi- 
cates that the tuner has locked onto the 
signal and is set for optimum reception. 
Although JVC does not specifically state 
that this is an amplified automatic fre- 
quency control (afc) system, it appears 
to be just that, with a delayed activation 
that is controlled by the presence of the 
signal and a long filter time constant. 

A hinged and pivoted ferrite -rod AM 
antenna is on the rear apron. Also on the 
rear apron are terminals for 300- and 75 - 
ohm external FM antennas and two 
pairs of audio -output jacks. One pair of 
jacks is at a fixed level, while the other 

pair's level can be adjusted with the VOL- 

UME control on the front panel. 
The tuner has a very neat, uncluttered 

interior. Almost all of its circuitry is 

mounted on a single large circuit board. 
A smaller board, just behind the front 
panel, accommodates some of the lever 
switches and a few circuit components, 
while a second small board contains the 
power -supply circuitry. 

A large portion of the tuner's active 
circuitry is contained inside IC's. Al- 
though no schematic diagram was sup- 
plied with the tuner, we were able to de- 
termine that most of the basic tuner 
functions (i -f amplification and limiting, 
PTL detection, and the PLL multiplex 
demodulator) are performed by single 
special-purpose IC's. A separate IC is 

used for the AM -tuner section. 
The tuner's front end has a four -gang 

tuning capacitor and a FET r -f amplifier 
for good interference rejection. A com- 
bination of a four -resonator ceramic i -f 

FM detector 
features phase 
tracking loop 
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semiconductor gas sensor 
The TGS-812 transducer is a solid state device 
which changes resistance proportionally with expo- 
sure to the following gases: 

Hydrocarbons, such as methane, ethane, propane, 
gasoline, kerosene and benzene; 
Halogenated Hydrocarbons, such as methyl chlo- 
ride, methylene chloride, trichloroethane and vinyl 

chloride; 
Alcohols, such as methanol, ethanol, propanol 
and butanol; 
Ethers, Esters and Ketones; 
Carbon Monoxide 
Hydrogen 
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The transducer requires 5 volts at 125 milliamps 
to operate an integral heating element which main- 
tains a temperature of 300 degrees celcius, and the 
semiconductor may be used in any high impedance 
circuit up to 28 volts. 

Response and recovery time constants are a few 
seconds, and the life of the transducer under most 
conditions will be a minimum of five to eight years. 

Transducer Assembly, shown actual size 

Infrared Photomicrograph of the Sensor 

The transducer is supplied with numerous calibration 
graphs, and irformation of interest to the experimenter 
or hobbyist, including plans to construct the following: 

Carbon Monoxide Detector 

Gas Leak Detector 
(Natural or LP Gas) 

Alcohol Detector 
(Drunk Driver Breath Analyzer) 

Plans and ideas are also included for other appli- 
cations. Most of the plans are simple, requiring only 
a few components and minimal assembly time. 

You may order using Master Charge or Visa by calling 
our Toll Free telephone number, or sending payment 
or credit card number to the address below. All orders 
will be shipped postpaid within 24 hours of receipt. 

Transducer with information booklet, 

14.95 , POSTPAID 

Technological 
Marketing Group 
affiliated with RDC International 
Lock Box 1104 
Chicago, Illinois 60690 

Call TOLL FREE 800-621-5615 

In Illinois Call 312-434-7488 
CIRCLE NO. 52 ON FREE INFORMATION CARD 
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Product Focus 
The most unusual feature of JVC's 

Model JT-V77 tuner is its Phase Tracking 
Loop (PTL) FM detector. This circuit can 
be considered as a variant of the phase - 
locked loop (PLL) used as a multiplex de- 
modulator in many fine tuners. In fact, the 
PLL can be used as an excellent FM de- 
tector in which its voltage -controlled os- 
cillator (vco) tracks the FM i -f signal in - 
phase. The control voltage that maintains 
the two in sync is actually the demodulat- 
ed FM program. JVC uses the PLL as a 
detector in its higher -priced Model 
T-3030 digital tuner, but the circuit is ex- 
pensive and has certain limitations. 

The vco used in a PLL has noise mod- 
ulation sidebands that set a 'floor" on the 
obtainable S/N of the FM tuner. By tak- 
ing special care in component selection, 
this noise can be minimized, but the re- 
sultant cost rules out the PLL detector for 
any but the higher -priced tuners. The 
PTL used in the Model JT-V77 tuner is 
derived from JVC's experience in devel- 
oping PLL and PTL circuits for tuners and 
CD -4 demodulators. The incoming 10.7 - 
MHz i -f signal enters a phase comparator 
directly. Part of it is diverted through a 
phase tracking filter, which is a voltage - 
tuned filter that can be scanned through 
the 1:100 -kHz bandwidth of an FM 
broadcast channel. The instantaneous 
relationship of this filter to the i -f signal 
frequency is such that the filter's output is 
90" out -of -phase with the direct i -f signal. 
This quadrature signal is supplied to the 
other port of the phase comparator. 

The output of the comparator is the er- 
ror voltage of the phase tracking loop. Af- 
ter being passed through a low-pass filter 
and amplified, it is used to control the 
phase tracking filter in a manner that re- 
duces the error voltage to a minimum. 
The output of the amplifier (the filter con- 
trol voltage) is the recovered program 
modulation of the FM signal. Since the 
PTL has no oscillator, it is free of the 
noise associated with a vco. 

If the gain of the loop is great enough, 
the PTL's frequency -to -voltage transfer 
characteristic can be made as linear as 
desired over the entire passband without 
the curvature that is typical of a conven- 
tional quadrature detector or even a ratio 
detector or discriminator. This high linea- 
rity is not dependent on the stability of 
any tuned circuit or other critical compo- 
nent since the PTL is a negative -feed- 
back system that is basically indepen- 
dent of outside influences. 

The PTL detector is inherently insensi- 
tive to amplitude variations, so the AM re- 
jection and capture ratio of a tuner em- 
ploying it can be made very good. Also, 
an interfering signal will be rejected by 
the PTL because the PTL is locked to the 
phase of the desired signal and resists 
capture by other signal frequencies. 

filter and a separate single -resonator fil- 
ter is used to give linear phase response 
with satisfactory selectivity. The PLL 
multiplex section has an automatic pilot 
signal canceller to attenuate the 19 -kHz 
pilot signal in the audio outputs without 
loss of high -frequency response. 

Laboratory Measurements. Our 
tests of the tuner yielded some rather 
unusual results. For example, the IHF 
usable sensitivity and 50 -dB quieting 
sensitivity were exactly the same at 12 
dBf (2.2 µV). Although this was not quite 
as good as the rated IHF sensitivity, it 
was considerably better than the more 
important rated quieting sensitivity. The 
quieting curve shows that the weak sig- 
nal output from the tuner is largely dis- 
tortion, with a very low noise level. This 
is a definite "plus," since noise is much 
more objectionable than distortion in 
weak -signal reception. 

The distortion and noise readings 
were very close to the rated values and 

capture ratio 

was an incredible 
0.86 dB --one of 

the lowest ever 
represent excellent performance. We 
found that the noise measurement was 
limited by the residual noise in the mod- 
ulating circuits of our FM signal genera- 
tor. When the generator was in the CW 
mode, the tuner's noise output dropped 
several decibels, to a very low -77 dB in 
mono. (However, the stereo reading of 
-71.3 dB had to be made with the gen- 
erator in its stereo mode to supply the 
19 -kHz pilot carrier.) 
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Frequency response and crosstalk 
averaged for both FM channels. 

The 0.86 -dB capture ratio was one of 
the lowest we have ever measured, and 
it was also remarkably noncritical and 
repeatable. These are very unusual 
qualities in a capture -ratio measure- 
ment. The measurement did not change 
with signal level changes between 45 
and 65 dBf. 

JVC claims that the PTL detector ef- 
fectively increases the ability of the tuner 
to reject interference from other signals 
while maintaining the full i -f bandwidth 
required for optimum stereo reception. 
In other words, it is said to give many of 
the benefits of the dual -bandwidth i -f 
systems used in some other tuners, 
without their cost or other performance 
compromises. We confirmed this claim, 
at least tentatively, by our measure- 
ments. The measured alternate -channel 
selectivity was 70 dB, which should be 
more than adequate for almost any re- 
ceiving location. The distortion was low 
enough to tax the abilities of the best 
signal generators. The only perfor- 
mance compromise that we could attri- 
bute to the relatively wide i -f bandwidth 
was a rather poor adjacent -channel se- 
lectivity, although it must be admitted 
that very few tuners have enough adja- 
cent -channel selectivity to really sepa- 
rate stations only 200 kHz apart. 

Another claimed and confirmed prop- 
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- Tune it . Sitbáck. And travel 
the world with Panasonic's 
short wave radios-the 
Command Series. Set your 
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-the dial. Stop off in London for 
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a' 

; 
-Iv' .. 
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9 The¡re are thousands of oversea3 ands domestic 
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erty of the PTL detector is its low distor- 
tion over a wide tuning range. Here 
again, the confirmation was tentative be- 
cause the effective tuning cannot be 
misadjusted once the TUNING HOLD light 
comes on. With the light on, the tuner 
was always set for optimum noise, dis- 
tortion, and channel -separation charac- 
teristics. There was no ambiguity what- 
ever in tuning this tuner. We noted that 
the muting action was completely noise - 
free and had a time delay that prevented 
any audio from appearing at the output 
until a second or so after a station was 
properly tuned in. 

The stereo channel separation was al- 
most identical in both channels, and the 
frequency response was virtually ruler 
flat. There was no loss of output at 
15,000 Hz, yet the 19 -kHz subcarrier 
was suppressed to a very low -82 dB 
by the automatic pilot null circuit in the 
PLL multiplex IC. Although the channel 
separation was slightly less than is 

claimed by JVC, it was very good over 
the entire audio -frequency range. The HI 

BLEND switch reduced the high -frequen- 
cy separation and noise substantially, 
without serious loss of stereo effect. 

A frequency -response plot was the 
only test we performed in the AM section 
of the tuner. The response was very lim- 
ited, even by "typical" AM tuner stand- 
ards. It was down 6 dB at 90 and 2600 
Hz. On the other hand, the AM back- 
ground noise was quite low. 

User Comment. The tuner's mea- 
sured performance in terms of noise, 
distortion, and outstanding 50 -dB quiet- 
ing sensitivity places the Model JT-V77 
very close to the "super -tuner" category. 
Only its very good, but still measurable, 
selectivity and image rejection proper- 
ties (as well as its price) distinguish it 

from some very high-performance tun- 
ers we have measured. 

The tuner's dial calibrations were ac- 
curate, with the largest error being about 
100 kHz. Over most of the FM band, the 

Performance Specifications 

Specification 
Usable sensitivity: 

Mono 
Stereo 

50 -dB S/N sensitivity: 
Mono 
Stereo 

S/N ratio: 
Mono 
Stereo 

Distortion at 1 kHz: 
Mono 
Stereo 

IM distortion: 
Mono 
Stereo 

Capture ratio 
Alternate -channel selectivity 
Adjacent -channel selectivity 
Image rejection 
I -f rejection 
Spurious rejection 
R -f IM rejection 
AM suppression 
Stereo separation at: 

100 Hz 
1 kHz 

10 kHz 
Subcarrier rejection 
Stereo threshold level 
Muting threshold level 
Frequency response 

(30-15,000 Hz) 
Output level: 

Variable 
Fixed 

Recording level 

Rating 

10.3 dBf (1.8 µV) 
NA 

16.3 dBf (3.6 µV) 
36.3 dBf (36 µV) 

78dB 
72dB 

0.08% 
0.10% 

0.05% 
0.08% 
1.0dB 
75dB 
NA 
90dB 
100 dB 
100 dB 
55 dB 
65 dB 

45dB 
50dB 
40 dB 
70 dB 
31.5 dBf (20 µV) 
31.5 dBf (20 µV) 

Measured 

12 dBf (2.2 µV) 
17 dBf (4µV) 

12 dBf (2.2 µV) 
35 dBf (30 µV) 

77dB 
71.3dB 

0.075% 
0.12% 

NA 
NA 
0.86 dB 
70 dB 
2 dB 
88 dB 
NA 
NA 
NA 
63 dB 

42.5 dB 
43dB 
34dB 
82 dB 
15.7 dBf (3.3 µV) 
17.2 dBf (4 µV) 

+0.3/-0.8 dB +0.4/-0.6 dB 

0-1.3 V 

750 mV 
Equivalent to 50% 
FM modulation (-6 dB) 

0-1.4 V 

710 mV 
-5.9 dB 

tuning error was not readable. Since the 
TUNING HOLD indicator signifies that a 

station is being received with the full per- 
formance of which the tuner is capable, 
the user is virtually guaranteed of being 
able to match the performance we mea- 
sured on our test bench. This is exceed- 
ingly rare in tuners that do not employ 

synthesized local oscillators. 
If the Model JT-V77 tuner had made 

its appearance only four years ago, it 
would have cost more than $1000. That 
it sells for less than $300 today says a 

lot for the advances made in audio elec- 
tronic technology. 
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a radical departure from the 
pioneer of small enclosures, 
the Acoustic Research 
AR -9 speaker system 

Y 

HIRSCH 
HOUCK 
LABS 
REPORT. 

In its 25 years in 

business, Acous- 
tic Research has 
been a steadfast 
proponent of com- 

pact speaker systems. Even its 
nine -driver Model AR/LST of a few 
years ago was relatively compact for a 
speaker system of its capabilities. Now 
AR has made a turnabout with the intro- 
duction of its Model AR -9 floor -standing 
speaker system that is large by any 
standard. 
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The Model AR -9 is a tall, column - 
shaped four-way speaker system with 
five drivers. It's rated to handle up to 400 
watts of continuous power, with each 
channel driven to clipping 10% of the 
time on normal music material. Since 

large system 
handles up to 
400 watts 
continuous power 
the speaker system is rated for 87 dB 
SPL at 1 meter when driven by 1 watt, it 

can actually deliver an ear-splitting 113 
dB SPL at 400 watts! The five -driver 
speaker system's only response specifi- 
cation is for its lower limit, which is -3 
dB at 28 Hz. The impedance is rated at 
nominally 4 ohms, with a minimum of 3.2 
ohms. 

The speaker system measures 52 
3/4"H x 15 3/16"D x 15"W (134 x 40.2 
x 38.1 cm) and weighs 130 lb (59 kg). 
Suggested retail price is $750 each. 

General Description. The bass fre- 
quencies from the speaker system, up to 
200 Hz, are radiated by a pair of 12" 

(30.5 -cm) acoustic -suspension woofers 
located at the bottom rear on the two 
sides of the enclosure. Radiation is to 
the sides. By keeping the bass radiators 
as close as possible to the rear -wall and 
floor surfaces, this placement essential- 
ly eliminates cancellation of the upper 
bass by reflections from room surfaces 
through shifting the lowest cancellation 
frequency to a point beyond the driver's 
operating range. 

The midrange, from 200 to 1200 Hz, is 
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radiated by an 8" (20.3 -cm) acoustic - 
suspension driver located in a separate- 
ly sealed subenclosure that faces for- 
ward about halfway up the front surface 
of the enclosure. The cancellation re- 
flections from room boundaries that 
might affect the response of this driver 
fall below its operating range. The two 
remaining drivers are vertically aligned 
with the lower midrange driver. 

two side -firing 
acoustic -suspension 
woofers per cabinet 

Frequencies between 1200 and 7000 
Hz are handled by a 11/2" (38.1 -mm) 
dome tweeter surrounded by a donut - 
shaped ring that AR refers to as a "semi - 
horn." (It's designed to improve driver 
radiating efficiency in the upper part of 

its frequency range.) Beyond 7000 Hz, a 

smaller dome tweeter that measures 3/4" 

(19.1 -mm) takes over. The gaps in the 
voice coils of the two tweeters are filled 
with a high -temperature "ferrofluid" that 
helps conduct heat away from the voice 
coil and provides mechanical damping 
of the tweeters' resonances. 

The front of the speaker surrounding 
its middle and high -frequency drivers is 

covered with a sheet of acoustic fiber 
that AR calls an "Acoustic Blanket." Its 

function is to absorb energy radiated in 

the plane of the speaker board. Accord- 
ing to AR, the radiated energy would 
otherwise be reflected from the edges of 
the speaker cutouts and cabinet. So the 
"Blanket" is designed to reduce the pos- 
sibility of interference with the smooth- 
ness of the system's frequency re- 

sponse and directional characteristics. 
Three small three -position switches 

on the front panel below the 8" cone 
driver are provided for adjusting the lev- 
els of the lower, upper midrange, and 
high -frequency drivers from their max- 
imum (nominally flat) outputs to -3 and 
-6 dB. 

The crossovers between the lower 
and upper midrange drivers have a 

gradual 6-dB/octave slope to smooth 
the blending of sound in this most vital 
part of a speaker system's operating 
range. The woofer crossover circuit has 
an equalizing section that flattens out 
the bass response in the vicinity of reso- 
nance and extends it downward some- 
what in frequency. Moreover, the upper 
midrange driver portion of the crossover 
system has an impedance -equalizing 
function as well. 

Laboratory Measurements. The 
measurements we made on the Model 
AR -9 under semireverberant conditions 
yielded the widest and flattest frequency 
response curve we have yet obtained 
from a speaker system. When it was 
combined with the close -proximity mi- 
crophone bass response curve and cor- 
rected for the room's and microphone's 
characteristics, the composite response 
of the system was within ±2 dB from 25 
to 12,000 Hz. It rose slightly to +4 dB at 
15,000 Hz. This was the limit of our cali- 
brated microphone's known accuracy. 
(A new calibrated microphone we now 
use, Bruel & Kjaer's Model 4133, will en- 
able us to give more accurate and 
meaningful results at the highest audio 
frequencies in future reviews.) 

driver positions 
give uncolored 
spatial imaging 

The dispersion characteristics of the 
tweeter were good. There was only 
about 3 dB of difference in the high -fre- 
quency response curves measured on - 
axis with the speaker and 30° off -axis. 
The level switches had their indicated 
effects, which were confined to the rated 
operating frequency ranges of the re- 
spective drivers. The tone -burst re- 
sponse of the system was excellent, 
yielding bursts that were as clean as any 

FREQUENCY (Hal 

Composite corrected frequency response curve. 
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Product Focus 
In designing the Model AR -9, Acoustic 

Research has made a special effort to 
achieve the best possible stereo imag- 
ing. One school of speaker system de- 
sign holds that phase coherence, or uni- 
form time delay across the system's op- 
erating frequency range, is important for 
the optimum stereo effect. AR made a 
study of the subject that led to the con- 
clusion that the human ear is insensitive 
to phase shifts having a major effect on 
the shape of a complex waveform. 

AR used a computer to analyze the 
qualities of music itself, as well as of a 

number of different speaker systems. In 
the former case, a specific musical tone 
from six different recordings of the same 
work, were analyzed and no consistent 
phase relationships between the com- 
ponents of that tone were found. The 
conclusion was that phase relationships 
are completely inconsistent over time 
periods longer than a few milliseconds, 
and that the resulting gross waveform 
changes are imperceptible to listeners. 

The second experiment, involving a 

number of speaker systems, led to the 
conclusion that the "blurring"of a spatial 
image due to various frequency compo- 
nents arriving at slightly different times 
was mainly caused by reflections from 
the speaker structure itself, rather than 
from any "time alignment" error between 
the drivers. In fact, some of the stepped 
enclosure shapes used to obtain uniform 
time alignment of the drivers in a multi - 
way system were noted to actually de- 
grade the stereo performance of the sys- 
tem by causing unnecessary reflections 
from the edges of the enclosure. 

In the Model AR -9, a high degree of 
accuracy in spatial imaging was ob- 
tained by positioning the midrange and 
high -frequency drivers on a single verti- 
cal axis and covering the front of the 
cabinet with a heavy fiber sheet that ab- 
sorbed high -frequency energy before it 
could be reflected from the edges of the 
cabinet and speaker cutouts. This had 
the expected effect of smoothing out the 
frequency response of the system. (As 
our measurements confirmed, it is im- 
pressively smooth.) Furthermore, in lis- 
tening tests with the blanket in place and 
removed, AR found that it improved the 
perceived stereo imaging and location 
of instrumental sounds and enabled the 
listener to judge the acoustic size of in- 
dividual sound sources more accurately. 
It also reduced the audible coloration of 
the sound, as a result of the smoother 
frequency response. 

we have been able to make in a "live" 
acoustic environment. The system's 
sensitivity was as rated, so that driving it 
with 1 watt of random noise in the octave 
centered at 1000 Hz produced an 87 -dB 
SPL 1 meter away. 

Low bass distortion was one of the 
system's most striking qualities, though 
it was not too surprising in view of the 
use of two large acoustic -suspension 
woofers in a 4.25 cu ft (120 -liter) cabi- 
net. At a 1 -watt input (based on 8 ohms, 
which is actually 2 watts into the speaker 
system's nominal impedance), the dis- 
tortion was between 0.22% and 0.50% 
from 100 Hz down to 50 Hz. It rose very 
gradually to 1.3% at 25 Hz and to 2.5% 
at 20 Hz. A 10 dB increase in power to 

tances. Also, the high end is far better 
than that of some of the earlier AR 
speaker systems, which tended to have 
a "soft" quality. If the program has ener- 
gy in the highest audible octave, it 
emerges from the Model AR -9 with crys- 
talline clarity. By the same token, if the 
program has any distortion or a frequen- 
cy -response aberration, the system will 
do nothing to conceal the flaw. 

The bass quality is tops, too. Male 
voices are not artificially colored by the 
usual resonances in the upper -bass sys- 
tem. However, not only did the AR -9 de- 
liver the usual excellent bass response 
expected of any good speaker, it also 
seemed to have a subliminal "floor" of 
deep bass that could be felt rather than 
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Tone -burst responses at (left to right) 60, 250 and 4000 Hz. 

the very considerable level of 20 watts 
into the nominal 4 -ohm impedance had 
only a slight effect on the distortion. It 

then measured between 0.32% and 
0.63% down to 50 Hz and rose to 3% at 
30 Hz and 6.7% at 20 Hz. 

The impedance was relatively con- 
stant, measuring a minimum of about 3 
ohms at 50 and 2500 Hz (also its 
approximate dc resistance) and reach- 
ing maxima of 8 ohms at 28 Hz and just 
shy of 10 ohms at 750 Hz. Since the 
impedance was between 3 and 5 ohms 
almost everywhere except at 28 and 750 
Hz, the 4 -ohm rating is well justified. 

User Comment. Although the Model 
AR -9 should be installed as close as 
possible to the rear wall to obtain the full 
benefit of its woofer placement in 
smoothing the upper bass response, 
this is not critical. We were unable to get 
the speaker systems much closer than 
18" (45.7 cm) from a wall, but they still 
sounded fine. 

The system's sound betrays its kin- 
ship to earlier AR models in its smooth- 
ness and lack of coloration. Moreover, it 

has an exceptionally blended and homo- 
geneous sound that never gives a hint 
that it is emanating from five drivers dis- 
tributed over a large cabinet. The unified 
nature of the AR -9 sound remains ap- 
parent, even at rather close listening dis- 

heard on much of the material we 
played. In an A -B comparison against 
the AR/LST (which headed the AR line 
a few years ago, and can hardly be said 
to be shy of bass), the Model AR -9 ap- 
peared to have another octave of re- 
sponse at the low end. The feeling of 
"body" that this imparts to the sound is 
rarely, if ever, heard through speaker 
systems whose ouput extends only to 35 
or 40 Hz. It is usually associated with a 
good "subwoofer" system, but in this 
case the subwoofer is part of the basic 
system (remember, there are two woof- 
ers in each speaker system). 

Although the Model AR -9 can deliver 
a most impressive sound level when 
driven by a powerful amplifier, we rec- 
ommend staying within the AR guide- 
lines for driving it. Husky as the drivers 
are, they can be blown out by an overen- 
thusiastic application of several hundred 
watts of power. While tastes differ widely 
when it comes to speaker system selec- 
tion, we feel that anyone who wants to 
listen to music reproduced as naturally 
as possible in the home-and who has 
the space and money to accommodate 
a pair of Model AR-9's-should certainly 
audition a pair before making a final buy- 
ing decision (or even to compare them 
to one's present speaker system, just for 
curiosity's sake). 
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very low mass and 
viscous damping highlight 
Shure SME Series Ill 
tonearm 

expensive 
tonearm is 

super -resistant 
to vibration 

HIRSCH- 
HOUCK 
L + 

The British -made 
SME 3009 Series 
Ill tonearm (dis- 
tributed here in 

the United States 
by Shure Brothers) has little in common 
with its predecessors. It has been de- 
signed to have extremely low mass, 
making it compatible with the most com- 
pliant of today's phono cartridges. The 
tonearm can accommodate cartridges 
weighing up to 13 grams and has a 

tracking force range of 0 to 2.5 grams. 
The low -frequency tonearm/cartridge 
resonance can be damped, at the user's 
option, by a viscous damping system 
supplied with the tonearm. 

The suggested retail price of the SME 
3009 Series Ill tonearm is $294. 

General Description. The Series Ill 
features a knife-edge vertical pivot that 
is virtually frictionless and has an indefi- 
nite life. Its horizontal pivots are preci- 
sion ball bearings. The tonearm has a 

fully adjustable sliding base that re- 
quires an elongated mounting slot. This 
permits the tonearm to be adjusted for 

minimum tracking error near the inner 
grooves of a record. 

The structure on the rear of the tone - 
arm is made from plastic that is rein- 
forced with carbon to give it the desired 
strength and acoustical properties. The 
counterweight consists of a number of 
lead weights that are loaded into a plas- 
tic carrier that mounts on the rear of the 
tonearm. Since the balance range is lim- 
ited to keep the mass of the counter- 
weight near the pivots, only the proper 
number of weights needed to balance 
the cartridge and tonearm must be used. 
(Weights to provide the proper tonearm 
balance come installed for cartridges 
weighing 6 to 10.5 grams.) 

Balancing is performed by operating a 

knob that moves the entire counter- 
weight structure. Then the tracking force 
is set by operating another knob that 
moves a weight on one side of the main 
weight. The stylus pressure force scale 
is calibrated in 0.25 -gram intervals from 
0 to 1.5 grams. A second weight on the 
other side of the counterweight can be 
moved forward against a stop to add ex- 
actly one gram to the weight indicated 
on the stylus pressure scale to obtain 
forces up to 2.5 grams. Then the entire 
counterweight system can be moved lat- 
erally by a third knob to allow the tone - 
arm's center of gravity to be placed over 
the center of the knife-edge pivot. Final- 
ly, the weight -and -string antiskating 
compensation system's control, calibrat- 
ed from 0 to 2.5 grams, can be adjusted 
as required. 

Since the usual plug-in headshell con- 
tributes a large portion of the effective 
mass of a tonearm, it has been elimi- 
nated in the Series Ill tonearm. The en- 
tire "arm" plugs into a socket near the 
pivots. The headshell is a slim plastic 
cartridge mount that is permanently 
fixed to the arm tube, which also con- 
tains a finger lift. 

A lever that extends from the tone - 
arm's base permits the height of the 
tonearm to be raised and lowered from 
the turntable and its distance from the 
center of the turntable to be adjusted. (A 

it will likely 
reduce record wear 

stylus protractor is supplied for setting 
the stylus overhang for minimum track- 
ing error.) 

The low -frequency tonearm-cartridge 
resonance damping system consists of 
a curved trough that clips around the 
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Illustrated is normal low -bass response 
vs. flattened response with viscous damping. 
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metal housing that contains the tone - 
arm's lift linkage. A small plastic paddle 
moves through the trough as the tone - 
arm traverses the record's surface. A 
tube of silicone damping material is sup- 
plied with the tonearm. (If damping is to 
be used, the damping material must be 
emptied into the trough by the user.) 
Three different -size paddles are fur- 
nished to permit the user to optimize the 
tonearm for different compliance ratings. 

Laboratory Measurements. We in - 

Product Focus 
A major design goal of the new SME 

3009 Series Ill tonearm was to reduce its 
effective mass. referred to the stylus po- 
sition, to the lowest possible value. This 
requires that as much as possible of the 
arm's actual mass be located near the 
pivots. where it does not contribute as 
much to the arm's moment of inertia. 
which is what affects the interface with 
the cartridge stylus and the record 
groove. In a counterbalanced arm, this 
means that the counterweight cannot ex- 
tend far behind the pivot axis: in the Se- 
ries Ill, it is in fact concentrated directly 
over and just behind the pivots. 

Another requirement is that the mass 
of the forward extension of the arm, 
where the cartridge is mounted, be an 
absolute minimum. In the Series Ill, this 
is an S-shaped tube with a fixed cartridge 
mount that is little more than a thin piece 
of perforated plastic containing 1/2" (12.7 - 
mm) spaced mounting holes and a finger 
lift instead of the customary massive 
headshell and its socket and locking ring. 
The entire arm plugs into the pivoted sec- 
tion. so that the mass of the socket is as 
close as possible to the pivots. 

Aside from its physical configuration, 
the "secret" of the SME design lies in the 
materials used for its construction. The 
arm's tube is thin -walled titanium that is 
extremely light and rigid. It is filled with a 
light damping material to control reso- 
nances. The rather strange looking rear 
section of the arm, which contains the 
counterweight and the many arm adjust- 
ments. is a black carbon reinforced plas- 
tic (although it looks like cast and ma- 
chined metal). The actual counterweight 
is composed of a number of lead plates 
in a removable plastic holder. Only as 
many plates are used as are actually 
needed to balance the mass of the car- 
tridge, in the interest of low mass. 

Another feature of the Series Ill not 
found on previous SME tonearms is its 
optional viscous damping device. It can 
be used to damp arm motion, both hori- 
zontally and vertically, by means of a 
paddle attached to the arm. 

stalled the tonearm on a turntable that 
had previously been fitted with an early 
model SME tonearm. While this simpli- 
fied installation (the two tonearms re- 
quire identical mounting cutouts), the 
setup procedure for the Series Ill tone - 
arm is lengthy and made practical only 
by one of the best manuals we have 
seen. It took some two hours for actual 
installation plus two more hours later on 
when the damping fluid was added (it 
takes that long for the fluid to flow from 
the tube and fill the trough). 

We installed a new Shure V15 Type 
IV cartridge in the tonearm for our tests. 
A piece of clay -like material supplied 
with the tonearm was placed between 
the cartridge and shell to damp out any 
resonances in the forward end of the 
tonearm. Since the cartridge has its own 
integral viscous damping system in its 
hinged brush assembly, we performed 
our low -frequency response tests with 
and without having the damping fluid in 
the tonearm. 

Setting the tonearm tracking error to 
zero at a 23/4" (60.3 -mm) radius resulted 
in less than 0.7°/in. tracking error over 
the entire surface of the record. The ac- 
curacy of the tracking force calibration 
was perfect, within 0.05 -gram resolution 
of our measurement balance over its full 
range. 

The tonearm is supplied with a very 
high -quality signal cable that is fitted 
with gold-plated plugs at both ends. It 

plugs into jacks in the base of the tone - 
arm. The capacitance to ground in each 
channel was 280 pF, and interchannel 
capacitance was a very low 2 pF. The 
effective mass of the tonearm with the 
Type IV cartridge was only 11.5 grams, 
which means that the tonearm's basic 
mass was an incredible 5 grams! By 
comparison, most contemporary tone - 
arms have masses of 15 to 25 grams. 

We measured the 4 -to -100 -Hz fre- 
quency response of the tonearm and 
cartridge with a Denon 7001 test record 
to evaluate the effect of the arm's damp- 
ing system. To simulate the tonearm's 
operation with a conventional cartridge, 
we did not use the cartridge's damping 
system. Having obtained the response 
curve, we filled the damping trough and 
repeated the tests. The two curves we 
obtained were dramatically different and 
should convince anyone of the efficacy 
of the tonearm's damping system. Un- 
damped, the bass response began to 
rise at about 25 to 30 Hz. It was +3.5 dB 
at 15 Hz, -1.5 dB at 10 Hz, and +3 dB 
at 8 Hz. It fell off steadily below 8 Hz. 
(Less compliant cartridges than we used 

will resonate at higher frequencies and 
could have larger response peaks at 
resonance.) 

Operating with the damping system of 
the tonearm in use, the total variation in 
response was ±0.6 dB from 9 Hz to the 
100 -Hz upper limit of the test record. We 
have no doubt that, with sufficient pa- 
tience and the selection of the proper 
damping paddle, the response of almost 
any cartridge could have been flattened 
as effectively as was this one. 

One obvious benefit of the tonearm's 
damping system, which could be ap- 
preciated even without listening to a rec- 
ord, was the isolation it provided from 
external jarring and vibration. 

User Comment. The Series 111 tone - 
arm has the lowest mass by far that we 
have ever measured for a tonearm. 
Hence, it will move the resonant fre- 
quency of most cartridges installed in it 
to a point well above the critical 5 - 
to -7 -Hz warp range. Furthermore, the 
tonearm's damping will effectively wipe 
out any remaining resonance on the fre- 
quency -response curve. In our tests, the 
tonearm tracked warped records that 
had proved to be unplayable with con- 
ventional arms. 

The immunity of this tonearm to exter- 
nal vibration and shock was so extraor- 
dinary that we must conclude that it 
would be an effective remedy for a se- 
vere or persistent case of acoustic feed- 
back. We were able to pound and jar the 
turntable quite violently without causing 
the cartridge to skip grooves or even 
lose contact with the record. Since feed- 
back can muddy the sound long before it 
causes audible oscillation, it can also be 
a valid reason for expecting cartridge 
sound to be improved. 

The aural aspects of the tonearm/car- 
tridge combination was impressive. We 
felt we heard every last nuance of the 
material on our records, with nothing left 
out and nothing added. Of course, the 
tonearm is not perfect. The lift and de- 
scent mechanism does not prevent the 
arm from drifting out during descent as a 
result of the antiskating force. We found 
the drift to be great enough to obviate 
the usefulness of the lift as a cueing de- 
vice. In partial compensation, the vis- 
cous damping lets the tonearm descend 
in an especially smooth manner. 

This is an expensive tonearm, to be 
sure. Teaming it with a cartridge of high- 
est quality, however, should result in a 

winning combination. Additionally, it will 
likely reduce record wear. 
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The Realistic SCT-30 tells it like it is: 

Why 3 heads are better than 2. 
Why 2 capstans are better than 1. 

Why double Dolby* is better than single. 
3 Heads. 

Two independent record 
and play heads eliminate 
the compromises of one 
combined r/p head, and 
the head assembly is 
integrated to eliminate 
azimuth error. The result: 
cleaner sound. The third 
head lets you monitor 

your recording an instant 
after it's made, without in- 
terrupting the program. 
SCT-30 has 3 heads! 

Awn 

2 Capstans. 
Dual capstans (instead of 
the usual 1) reduce wow 
and flutter to an inaudible 
0.06% WRMS or less, 
and extend the audio fre- 
quency response. SCT-30 
has dual capstans! 

Double Dolby. 
You know the single 
Dolby system cuts noise 
and adds dynamic range. 
But let's examine double 
Dolby. You get Dolby on 
both record and monitor so 
you know exactly what 
your tape will sound like. 

.. ;_> ssme f n 
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You get a decoder for re- 
cording superb Dolby FM 
stereo. And you get 
simultaneous listening en- 
joyment of the decoded 
broadcast on receivers 
with tape monitoring. The 
Realistic SCT-30 has dou- 
ble Dolby! About $380. 
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P.S. - Supertape®Gold. 
To go with 3 heads, 2 

capstans and double 
Dolby, you need a cas- 
sette tape that will en- 
hance -not degrade - 
performance. That's why 
we design and manufac- 

New 

tau 1, 

_ 

war, 

ture Supertape Gold in 
our own Fort Worth fac- 
tory. Like SCT-30, it's a 
playmate you can believe 
in at a price you can 
afford. 

Why Realistic©? 
Because Radio Shack has 
delivered quality audio at 
sensible prices since 1921, 
its Realistic tape and re- 
corder line can point to 
over 5,000,000 customers 
as living proof of these 
claims. Add after -sale 
service that isn't lip 
service. Add in-house en- 
gineering and manufac- 
turing of much of the 
Realistic line. And add 
the convenience of 
neighborhood shopping 
where you get "sound 
talk" from a specialist. 
That's Realistic! 

*TM Dolby Laboratories, Inc. 

adze ® 

The nationwide supermarket of soundTM 
Radio Shack is a Division of Tandy Corporation, Fort Worth, TX 76102. Over 7000 locations in nine countries. 
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IF YOU'RE a communications "buff.or 
electronics experimenter who wants 

to,try something really different, this con- 
struction project is for you! There's a 
whole new wórld of personal communi 
cations * waiting to be explored-the 
world of microwaves. Now you can do - 
just that with the compact, low-cost Mini - 
Wave Personal Communications sYs- 
tern presented here. This inexpensive 
microwave link 'allows you to transmit 
and receive fast -scan television pictures 
and/or voice signals over paths of 20 
miles or more. ,It can 'also be used to 
transmit digital information over similar 
paths at extremely high baud rates. 

Relatively simple circuits are em- 
ployed in the transmitter and receiver 
sections, which are available in kit form. 
The microwave portion of the project, 
called a Gunnplexer, is available factory 
assembled. 

The Gunnplexer is the heart of the 
Mini -Wave system. It is a solid-state 
product of Microwave Associates, Inc., 
of Burlington, MA. The Gunnplexer (Fig. 
1) consists of a Gunn diode (a mi- 
crowave source) housed in a resonant 
cavity, one side of which has -an output 
port called an iris. A short section of 

waveguide.acceptsenergy from the iris 
and contains a low -noise Schottky mixer 
diode and a ferrite circulator (a type of 
microwave directional coupler). . 

When a certain level of do bias is' ap- 
plied across a gallium -arsenide wafer, 
the current through -it begins to oscillate 
at microwave frequencies. This is the 
Gunn effect, discovered in 1963 by John 
Gunn, a researcher at IBM. If a Gunn di- 
ode is operated in free space, it gener- 
ates a train of current pulses whose peri- 
oó is proportional to, among other 
things, the thickness of the GaAs wafer. 
The disadvantages of this operating 
mode are very low efficiency and a fixed 
output frequency. 

Mqunting the Gunn diode in a reso- 
nant cavity, which behaves like a high -a 
tuned LC circuit, allows the user to tune 
the microwave output (within limits) to á 
specific frequency. The Gunnplexer pro- 
vides two -methods of varying the output 

FOR HAMS AND OTHER 
EXPERIMENTERS. 
NO -CODE LICENSES 
AVAILABLE (SEE TEXT). 

frequency. A mechanical tuning slug 
permits altering the characteristics of the 
cavity, resulting in a tuning range of 

100 MHz' referended to the center fre- 
quency of the Gúnnplexer. Also mount- 
ed in the cavity is a Varactor diode for 

- electronic tuning over a minimum span 
of 60 MHz. The Varactor is tuned by 
varying its bias from +1 to +20 volts dc. 
When the Varactor is operated in the 
most "sensitive" portion of its curve, -a 
one -volt change in bias level results in a 
frequency excursion of 15 MHz. 

The oscillating Gunn diode sets up an 
electromagnetic field in .the cavity oscil- 
lating at (nominally) 10 GHz. A small 
opening in .the cavity (the iris) scaled to 
the proper dimensions allows the energy 
to escape from the cavity and pass into 
a short section of waveguide. The wave - 
guide plays the same role at microwave 
frequencies' that coaxial line plays at hf, 
vhf and uhf-it couples signals from the 
source to the antenna. The output of the 
Gunn oscillator is relatively low (nomi- 
nally 20 mW), but wavelengths are so 
small` at these frequencies that highly di- 
rectional antennas with large amounts of 
gain are physically practicable. Accord- 
ingly, the most convenient way to obtain 
a large effective radiated power (e.r.p.) 

2PJ g.ONAL 
H=CROMAVE 

OOMMCDNIOLaT1ON9 OYSTE `(.1 

42 POPULAR ELECTRONICS 



is to use a high -gain antenna. Mi- 
crowave Associates manufactures sev- 
eral antennas which bolt directly to the 
wave guide of the Gunnplexer, including 
horn and parabolic dish antennas. (More 
on this in Part II of this article.) 

In the transmit mode, the Gunn oscil- 
lator is frequency -modulated by apply- 
ing a low -voltage baseband signal 
across the Varactor tuning diode. The 
characteristics of the cavity and thus the 
frequency of oscillation vary in step with 
the modulating waveform. The Gunn- 
plexer can also be used as a microwave 
receiver. Here's how. 

When the microwave energy generat- 
ed by the Gunn oscillator escapes from 
the cavity and enters the waveguide, it 

passes by a circulator, a special ferrite 
rod. The circulator samples a small 
amount of the outbound signal (about 
0.5 mW) and couples it to a Schottky di- 
ode mounted in the waveguide. Mi- 
crowave energy from a remote transmit- 
ting Gunnplexer also enters the wave - 
guide, but from the opposite direction 
(via the antenna). The circulatór also 
passes this signal to the Schottky diode. 

Because it is a nonlinear device, the 
diode causes the received signal and 
the local oscillator injection signal from 

- A low-cost link 

for audio, video, 

or data 

communications 

on the 10-GHz band. 
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the cavity to heterodyne, resulting in 
sum and difference mixer products. A 
Schottky diode is employed. (Noise gen- 
erated in the receiver can reduce range 
dramatically, so care must be taken to 
minimize it. One way to do this is to use 
low -noise components such as the 
Schottky diode.) 

If the Gunn oscillator in the receiving 
unit is operating at 10.245 GHz and the 
oscillator in the transmitting Gunnplexer 
is operating at 10.2 GHz, the two signals 
will mix in the Schottky diode to produce 
a sum signal at 20.445 GHz and a differ- 
ence signal at 45 MHz. For our pur- 
poses, we can ignore the sum signal 
and concentrate on the difference sig- 
nal. This 45 -MHz i -f signal contains all of 
the information used to modulate the 
transmitting Gunnplexer. Because it is at 
a relatively low frequency, we can em- 
ploy more or less standard techniques to 
amplify the signal and extract the infor- 
mation from it. 

This article is based on the use of Gunn- 
plexer "transceivers" in the 10.0- 
to-10.5-GHz band, which has been al- 
located to the Amateur Radio Service. If 

you have a Technician or higher Class 
ham ticket, you can operate Gunnplex- 
ers manufactured for use in that fre- 
quency band. Gunnplexers designed to 
operate on other frequencies are avail- 
able from Microwave Associates on a 
special -order basis. No -code Mobile and 
Experimenter licenses that allow you to 
operate Gunnplexers on bands slightly 
above 10.5 GHz can be obtained from 
the FCC. This will be covered next. 
month in Part II. 

The Receiver. The Mini -Wave video 
receiver with afc is shown schematically 
in Fig. 2. As in the previous example, we 
shall assume that the Gunn oscillators in 
the transmitter and receiver are operat- 
ing at frequencies displaced from each 
other by 45 MHz. 

Fig. 1. Cutaway view 
of the Microwave 
Associates Gunnplexer. 
Energy generated by 
the Gunn diode 
escapes through 
the iris of the 
cavity into a 
short section 
of waveguide. 

SCHOTTKY 
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DIODE 
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..---CIRCULATOR 
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VARACTOR 
VOLTAGE GUNN 

INPUT VOLTAGE 
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RF 
r --"CHOKE 

GUNN 
DIODE 

CAVITY 

WAVEGUIDE 

GUNN OSCILLATOR 

The Gunnplexers in the transmitter 
and receiver are identical, but they are 
operated at different frequencies (dis- 
placed by the chosen i -f). In one-way ap- 
plications the microwave energy that es- 
capes from the antenna of the receiving 
unit, which is actually the bulk of the 
Gunn oscillator's output, is ignored. In 
the transmitting unit, the built-in receiv- 
ing function and i -f output are ignored. 
Of course, you can use the Gunnplexers 
as transceivers by installing T/R switch- 
ing to alternately connect the transmit 
and receive support circuits to the mi- 
crowave units. You cannot duplex (send 
and receive at both ends simultaneous- 
ly) video signals, but duplexing audio 
only is possible. 

Licensing. Before we take a look at 
the support circuits schematically, a few 
words about microwave frequency allo- 
cations and licensing are appropriate. 

The i -f signal is coupled from the 
Schottky diode mixer port of the receiv- 
ing Gunnplexer to a low -noise 45 -MHz 
gain stage. The active device employed, 
01, should be able to provide 7 to 10 dB 
of stage gain, have a minimum gain 
passband of 10 MHz (the i -f passband is 
40 to 50 MHz), and have a maximum 
noise figure of 3 dB. The author has cho- 
sen a Siliconix J-310 low -noise, n -chan- 
nel junction FET operated in the ground- 
ed -gate mode. A low noise figure is very 
important because it helps keep the 
overall receiver noise figure down. The 
typical Schottky diode employed in the 
Gunnplexer has a maximum noise figure 
of 12 dB. That might sound high, espe- 
cially if you're used to working with semi- 
conductors designed for operation at 
frequencies up to vhf or even uhf, but is 
fairly low for a microwave device. 

The amplified 40 -to -50 -MHz i -f signal 
is coupled to another gain stage (Q2) via 

RECEIVER 
PARTS LIST 

CI. C2, C8, CI I.C12,C15,C17.C20.C21, 
C35, C36 -0.001-µF disc ceramic 

C3. C22. C24, C25-10-pF NPO disc ceramic 
C4-I-pF NPO disc ceramic 
C5-3.3-pF NPO disc ceramic 
C6-2.7-pF NPO disc ceramic 
C7"-4-to-40-pF trimmer (Elmenco type 422 

or equivalent) 
C9. CIO, C 13. C 16-O.0O5-µF disc ceramic 
C14, C 19-0.003-µF disc ceramic 
C I8*. C31*. C32* -1-µF. 50 -volt tantalum 
C23-5-pF NPO disc ceramic 
C26-22-pF NPO disc ceramic 
C27 -().05-µF disc ceramic 
C28*. C33* -33-µF, 50 -volt electrolytic 
C29 -1000-µF. 25 -volt electrolytic 
C30*-I0(0-µF. 50 -volt electrolytic 
C34*- 100-µF. 50 -volt electrolytic 
DI* through D4*-HP5082-2800 hot carrier 

diode (Hewlett Packard) 
D5* -10 -volt. I -watt zener diode 
F 1 *- I th-amp fast -blow fuse 
IC I *-µA78I2CU 12 -volt regulator 
IC2*-MCI458V dual operational amplifier 

1 I *-F -type chassis -mount coaxial jack 
LI*-2'/z turns of No. 20 wire wound on an 

air -core 1/2 -inch form, tapped 2 turns above 
ground end. 

L2*. LIO*. L12* -6 turns of No. 30 wire 
wound on a Ferroxcube No. 56-590-65/48 
ferrite bead 

L3*-I 8 turns of No. 22 wire wound on a Go- 
wanda Electronics No. 71525 brass -slug 
form 

L4*-I 8 turns of No. 22 wire wound on a Go- 
wanda Electronics No 71528 ferrite -slug 
form 

L5* -14 turns of No. 22 wire wound on a Go- 
wanda Electronics No. 71528 ferrite -slug 
form 

1.6*. L9*. LII*-6 turns of No. 30 wire 
wound on a Ferroxcube No. 56-590-65/40 
ferrite bead, tapped two turns from one end 

L7* -2 turns of No. 30 wire wound on a Fer- 
roxcube No. 56-590-65/40 ferrite head 

L8*. L 13* -_4 turns of No. 20 wire wound on 
an air -core 1/4 -inch form 

L14*. L15*-I8 turns of No. 22 wire wound 
on a Gowanda Electronics No. 71528 fer- 
rite -slug form 

LED I *-20-mA light -emitting diode 
QI*. Q6* -1.310 n -channel junction field- 

effect transistor (Siliconix) 
Q2*-SDI006 npn silicon transistor (Solid 

State Scientific) 
Q3*, Q4*, Q5*, Q7* -2N3563 npn silicon 

transistor (Motorola) 
Q8* -2N6122 npn silicon transistor (Fair- 

child) 
RI*. R19*. R20*, R32*. R38* -10,0(X) -ohm 

trimmer potentiometer (Beckman No. 
72PMRIOK or equivalent) 

R23* -500 -ohm trimmer potentiometer 
(Beckman No. 72PMR500 or equivalent) 

The following are 1/4 -watt. 10% tolerance car- 
bon composition resistors: 

R2-100 ohms 
R3. R IO. R27, R37. R46-3300 ohms 
R4, R6 1500 ohms 
R5. R7. RI6. R21, R22. R34-470 ohms 
R8.R44-6.2 ohms 
R9,R 12,R 14,R29.R30.R45-I I O ohms 
R 11-680 ohm s 
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R 13-240 ohms 
R15-560 ohms 
R 17. R I8-51 ohms 
R24-10.000 ohms 
R25,R39-47.000 ohms 
826-1 megohm 
R28,R33,R35.R42.R43-22111) ohms 
R31-330 ohms 
R36-180.000 ohms 
R40-100.000 ohms 
R41-8200 ohms 
RECT I *- I -ampere. 100 -Ply modular bridge 

rectifier 
S I *-Spdt miniature toggle switch 
S2*-Spst miniature toggle switch 
TI *-30-volt center -tapped. 500-mA, trans- 

former 
Misc.-Printed circuit hoard*. standoffs*. ac 

line cord* and strain relief. suitable enclo- 
sure*. Microwave Associates Model 
MA -87140-I Gunnplexer. shielded cable. 
hookup wire, terminal strips*, solder lugs*. 
fuse holder*, machine and self -tapping 
hardware*, solder. etc. 

*-parts included in "non-standard parts" kit 
(see Parts Availability box). 
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Fig. 2. Schematic of the Mini -Wave video receiver with automatic 
frequency control. I -f output of Gunnplexer is coupled to 45 -MHz gain stage. 
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Photo of Mini -Wave receiver without case. All components 
including i -f are on pc board. Power supply 
is located at left of the power transformer. 

an LC network. It functions as a band- 
pass filter, shaping the receiver's i -f re- 
sponse so that it is flat from 40 to 50 
MHz and rejects signals outside this 
range. The emphasis in this part of the 
receiver is voltage gain, but noise can- 
not be ignored. A Solid State Scientific 
SD -1006, neutralized for stability, is em- 
ployed in this stage. 

Following the SD -1006 are three gain 
stages utilizing 2N3563 bipolar transis- 
tors (Q3, Q4 and 05). The overall gain 
of the first five active stages is approxi- 
mately 50 to 52 dB. After the i -f signal 
has been amplified to this extent, it is 
ready to be "cleaned up" before being 
detected. That is, it is ready for limiting. 
The primary purpose of a limiter, which 
is found in just about every FM receiver, 
is to remove any amplitude variations 
from the signal before it is applied to the 
discriminator (FM demodulator). That's 
the major reason why FM is a much qui- 
eter mode of communications than AM. 
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Rear view of Gunnplexer showing 
resonant cavity bolted to 
short section of waveguide. 
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The limiter in the Mini -Wave receiver 
employs a pair of Hewlett Packard 
HP5082-2800 Schottky barrier diodes, 
D1 and D2. Schottky barrier diodes con- 
sist of rectifying metal -semiconductor 
contacts in which current flows by 
means of majority carriers. Most are 
made of n -type silicon and a metal such 
as gold. When forward -biased (the met- 
al being more positive than the n -type 
semiconductor), electrons are injected 
from the semiconductor into the metal. 
These electrons have greater velocities 
than thermally activated electrons of the 
metal and are called "hot electrons" or 
"hot carriers." Accordingly, Schottky 
barrier diodes are often called hot elec- 
tron or hot carrier diodes. Hot carrier di- 
odes exhibit voltage and current charac- 
teristics closely approximating those of 
an ideal diode. Because no minority 
charge carriers are involved, the diodes 
are faster and quieter than conventional 
pn junctions and have superior dynamic 
range and signal -handling abilities. 

In the limiter stage, the hot carrier di- 
odes are forward -biased to a predeter- 
mined level. As the signal from the last 
i -f amplifier increases in level, the diodes 
begin to detect (rectify) it. This creates a 

dc voltage which tends to reverse -bias 
the diodes, increasing their internal re- 
sistance. Further increases in signal lev- 
el result in greater reverse bias and in- 
ternal diode resistance, causing the sig- 
nal level at the output of the limiter to re- 
main constant once full limiting is 
reached. This is the limiting action nec- 
essary for good FM demodulation. 

The output of the limiter is split into 
two equal signals by R17 and R18, two 
51 -ohm resistors. Each half of the limiter 
output is applied to a tuned circuit com- 
prising L14 and C22 or L15 and C23. 
The L14C22 network is tuned by adjust- 
ing the inductor form's slug so that it res- 

onates at 35 MHz. The L15C23 network 
is tuned to resonate at 55 MHz. Signals 
selectively passed by the tuned circuits 
are rectified by D3 and D4, another pair 
of HP 5082-2800 hot carrier diodes. A 
portion of each rectified signal is shunt- 
ed to ground by R19 or R20, and the 
output signals from the two legs of the 
discriminator are recombined through 
R23, a 500 -ohm balancing potentiome- 
ter. During alignment, R19 and R20 are 
adjusted so that an unmodulated carrier 
at exactly 45 MHz produces a zero -volt 
output, and R23 is adjusted so that there 
are equal positive and negative voltage 
swings produced by the two discrimina- 
tor legs. 

Before we examine the video amplifi- 
er, here's a note concerning D1, D2, D3 
and D4. One might be tempted to substi- 
tute less expensive diodes for the 
HP5082-2800 components. Don't! The 
quality of the limiter and discriminator di- 
odes is crucial to overall receiver perfor- 
mance. In fact, one of the major differ- 
ences between this receiver and a com- 
mercial model that performs essentially 
the same function is the substitution of 
higher -grade and more expensive 
($7.50 each) diodes in the limiter circuit. 
So do not substitute components in this 
project if you expect it to deliver the 
same level of performance as the au- 
thor's prototype. 

What the discriminator delivers ís es- 
sentially pure video, or, to be more pre- 
cise, the baseband (modulating) signal 
with a 0 -to -5 -MHz bandwidth. Most of 
the useful video information, however, is 
found between dc (0 Hz) and approxi- 
mately 3.8 MHz. The detector output is 
capacitively coupled to a low -noise am- 
plifier employing a J-310 JFET (Q6). 
Output signals from the drain of the 
JFET drive 07, a 2N3563 npn silicon 
transistor operating as an emitter follow- 
er. The output of the follower is capaci- 
tively coupled to J1, the video output 
jack. When the limiter is fully limiting, an 
output signal of 1 volt peak -to -peak 
across a 75 -ohm load will be produced. 

The output signal will not contain a dc 
component because of the blocking ac- 
tion of coupling capacitors C27 and C29. 
It will, however, contain a 4.5 -MHz audio 
subcarrier if one was introduced at the 
transmitter. The composite output can 
be tapped via R31 for application to the 
optional audio subcarrier demodulator, 
which will be examined later. 

Frequency Stability And AFC. To 
receive signals from a transmitting 
Gunnplexer, the receiver must of course 

POPULAR ELECTRONICS 



a z 

r- 

Fig. 3. Schematic of Mini -Wave video 
transmitter with optional 4.5 -MHz 
subcarrier generator/modulator 
shown within dashed lines. 

TV 

º;ó 

L 

o 
óz 

o 

L ` J 

TRANSMITTER 
PARTS LIST 

C I *-1000-µF. 50 -volt electrolytic 
C2*,C3*-1-1.1.F, 50 -volt tantalum 
C4* -33-µF, 50 -volt electrolytic** 
C5, C8, C13 -0.1-µF disc ceramic** 
C5*-0.9-to-7-pF trimmer** (Elmenco type 

400 or equivalent) 
C7-3.3 pF NPO disc ceramic** 
C9.0 10-500-pF NPO disc ceramic** 
CI 1-39.pF NPO disc ceramic** 
C12, C16 -0.001-µF disc ceramic** 
C14-5-pF NPO disc ceramic** 
C15*- I .5-to-20-pF trimmer** (Elmenco 

type 402 or equivalent) 
C 17* -1000-µF. 25 -volt electrolytic 
DI *-10-volt, 1 -watt zener 
D2* -5 -volt. I -watt zener** 
D3*-BB I O5G Varactor** (Amperex) 
F1* -11/2 -ampere fast -blow fuse 
ICi-µA7812CU 12 -volt regulator 
IC2*-µA74I CV operational amplifier** 
J 1*-miniature phone jack** 
J2*-F-type chassis -mount coaxial jack 
LI* through L4* -100-1.1.H inductor ** 

(J.W. Miller No. 70 -F -104A1 or equivalent) 
LED I *-20-mA light -emitting diode 
QI *-2N6122 npn transistor (Fairchild) 
Q2* through Q5* -2N3563 npn silicon tran- 

sistor** (Motorola) 
R1 *.R4* -10,000 -ohm trimmer potentiome- 

ter (Beckman No. 72PMR10K or equiva- 
lent) 

R7* -10,000 -ohm trimmer potentiometer** 
(Beckman No. 72PMR 10K or equivalent) 

R30* -500 -ohm trimmer potentiometer 
(Beckman No. 72PMR500 or equivalent) 

The following are 1/4 -watt, 10% tolerance car- 
bon composition resistors unless otherwise 
noted: 

R2-2200 ohms 
R3.R I 4.R 18.R22,R23-470 ohms** 
R5-110 ohms 
R6,R IO,R I 1 ,R 15.R 19,R20-10,000 ohms** 
R8-100,000 ohms** 
R9-22.000 ohms** 
R 12.R21 -22(Kí ohms** 
R 13.R 17-1000 ohms** 
R 16-27(K) ohms** 
R24-10 ohms** 
R25-560 ohms, 1/2 -watt** 
R26.R28-150 ohms** 
R27-110 ohms** 
R29-330 ohms** 
RECT I *- I -ampere. 1(0 PIV modular bridge 

rectifier 
SI *-Spst miniature toggle switch 
S2*-Spst miniature toggle switch** 
T1* -30 -volt center -tapped, 500-mA trans- 

former 
Misc.-Printed circuit board*, standoffs*. ac 

line cord* and strain relief, suitable enclo- 
sure*. Microwave Associates Model 
MA -87140-1 Gunnplexer, shielded cable, 
hookup wire, terminal strips*, solder lugs*, 
fuseholder*, machine and self -tapping hard- 
ware*, solder, etc. 

*-parts included in "non-standard parts" kit 
(see Parts Availability box) 

55-required only if optional 4.5 -MHz audio 
suhcarrier generator/modulator is included 
in transmitter 
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be tuned to the proper frequency. It also 
must stay tuned to that frequency. In our 
Mini -Wave system, the goal is to keep 
the receiver local (Gunn) oscillator ex- 
actly 45 MHz above the transmitting 
Gunnplexer's output frequency. Initially, 
the Gunnplexers can be tuned to their 
respective frequencies by adjusting the 
coarse (mechanical) tuning control and 
fine-tuning them electronically by vary- 
ing Varactor bias. 

However, Gunnplexers will drift to an 
extent. The major cause of the drift is the 
effect of temperature upon the cavity in 
which the Gunn diode is mounted. As 
the ambient temperature increases, the 
cavity will expand slightly and the fre- 
quency of oscillation, which is very de- 
pendent on the resonant frequency of 
the cavity, will decrease. Conversely, 
cooling the Gunnplexer will cause the 
cavity to contract and the frequency of 
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Fig. 4. Schematic of the optional 
audio subcarrier demodulator for use 
with the Mini -Wave video receiver. 
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AUDIO DEMODULATOR 
PARTS LIST 

C I .C3.0 I I .0 I 2-200-pF NPO disc ceramic 
C2.C9,C10-5-pF NPO disc ceramic 
C4.C5.C6.C7.0 15-0. I -µF disc ceramic 
C8-250-pF NI'O disc ceramic 
C 13.0 14-0.001 -µF disc ceramic 
C I6*.0 17* -25 -µF,50 -volt electrolytic 
D I *.D2*-HP5082-28(X) hot carrier diode 

(Hewlett Packard) 
IC I *-CA3012 widehand amplifier (RCA) 
l 1 *-miniature phone jack 
QI *-2N3563 npn transistor (Motorola) 
The following arc I/a-watt. 10% tolerance car- 

bon composition resistors: 
R I -300 ohms 
R2.R3-10.(00 ohms 
R4- 10(1,000 ohms 
RS- 1018) ohms 
TI* through T5*- 0.7 -MHz i -f transformer 

(Mouser Electronics No. 801E or equiva- 
lent) 

Misc.-Printed circuit hoard*. standoffs*. 
shielded cable, hookup wire, hardware*. 
solder. etc. 

*-parts included in "non-standard parts" kit 
(see Parts Availability box). 

oscillation to increase. Each one degree 
(Celsius) change in temperature will 
cause the Gunnplexer frequency to shift 
by 0.35 MHz. 

If both the transmitting and receiving 
Gunnplexers are located in roughly the 
same environment-say, outdoors rea- 
sonably close to each other-both units 
will drift in the same direction and will 
stay in tune. However, if one Gunnplex- 
er is indoors, the other is outdoors, and 
there is a substantial difference in ambi- 
ent temperature, the Gunnplexer output 
frequencies might drift considerably 
away from each other. A switchable afc 
circuit has been incorporated into the 
Mini -Wave receiver to help the user 
cope with this potential problem. 

Directly after the 500 -ohm discrimina- 
tor balancing potentiometer (R23) there 
is a 10,000 -ohm resistor (R24) which 
taps a portion of the discriminator out- 
put. This signal is applied to the nonin- 
verting input of IC213, one half of an 
MC1458 dual operational amplifier. It is 
amplified by this stage and IC2A. In the 
second gain stage, the amplified dis- 
criminator output is applied to the invert- 
ing input. A positive dc voltage is applied 
to the noninverting input via R37 and 
R38. The trimmer potentiometer is ad- 
justed during the alignment procedure 
so that a +4 -volt offset appears at the 
output of IC2A under no -signal condi- 
tions. Trimmer R1 is also adjusted dur- 
ing alignment with S1 in the AFC OFF po- 
sition so that +4 volts is applied to the 
Varactor diode. This is the normal re- 
verse bias for the tuning diode in the Mi- 
ni -Wave receiver. 

If S1 is placed in the AFC ON position 
and one or both Gunnplexers start to 
drift so that the normal 45 -MHz frequen- 
cy offset is not maintained, an "error" 
voltage will be developed at the output 
of the discriminator. This error voltage is 

sampled, amplified, and level shifted by 
the afc circuit. The result is a change in 
Varactor bias and, thus, in the receiving 
Gunnplexer's frequency of oscillation. 
The afc circuit allows the receiver's local 
(Gunn) oscillator to track the transmitter 
over a ±10 -MHz range with a worst - 
case error of 0.5 MHz. In this way, the 
45 -MHz offset can be maintained and 
the received signal kept in the center of 
the receiver's i -f passband. 

The temperature drift characteristic of 
the Gunnplexers was carefully consid- 
ered when forming the "band plan" for 
the 10-GHz amateur band described in 
Part II of this article. (The band plan is a 

system of channelization intended to 
provide as many interference -free, si - 
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multaneous one-way video channels in 

a single area as possible within the 500 - 
MHz wide allocation.) Normally, temper- 
ature -caused drift is an undesirable 
characteristic of communications equip- 
ment; good engineering practice is to 
make it as small as possible. However, 
there are applications which depend on 
thermally induced drift in the equipment 
employed. 

For example, a transmitting Gunn- 
plexer can be set up at a remote location 
and its frequency allowed to drift wher- 
ever (within band limits!) variations in 

temperature take it. A receiving Gunn- 
plexer is then installed in an environ- 
ment with a closely controlled ambient 
temperature. The difference frequency 
at the i -f output of the receiving Gunn- 
plexer is sampled, counted, and scaled 
using the 0.35-MHz/°C thermal charac- 
teristic. Finally, the quantity obtained via 
the foregoing procedure is added to the 
ambient temperature at the receiver. 
These operations can be performed by 
suitable digital arithmetic circuits. The 
numerical result is the ambient tempera- 
ture at the transmitting Gunnplexer, and 
the entire system forms a highly accu- 
rate, remote -sensing, wireless electron- 
ic thermometer! 

The Mini -Wave receiver requires sev- 
eral operating voltages which are fur- 
nished by a line -powered, regulated 
supply. Transformer Tl and modular 
bridge RECT1 convert line -voltage ac 
into low -voltage bipolar pulsating dc. 
The positive bridge output is filtered by 
C30 and the negative output by C33. 
Regulator IC1 delivers +12 volts at pin 
3, its output terminal. Most of the receiv- 
er is powered by this +12 -volt line. 

A few circuits call for other operating 
voltages. The operational amplifiers in 

the afc circuit require -10 volts dc as 
well as +12 volts. The negative voltage 
is derived by regulating the filtered neg- 
ative bridge output by means of zener 
diode D5 and current -limiting resistor 
R34. The Gunn diode in the Gunnplexer 
requires +8 to +12 volts of pure dc at 
500 mA maximum. The diode is sup- 
plied with +8 volts regulated by tapping 
the +12 -volt output of the regulator IC 

via trimmer potentiometer R32. The po- 
tentiometer supplies base drive for pass 
transistor 08 and is adjusted so that +8 
volts appears between the emitter of 08 
and ground. The Varactor diode is nor- 
mally biased by +4 volts, which is de- 
rived from either trimmer R1 (afc off) or 
the afc circuit (afc on). 

The power supply is extensively by- 
passed and r -f decoupled. Tantalum 

PARTS AVAILABILITY 
So that readers with varying levels of ex- 

perience in building projects and/or parts 
procurement opportunities can get started 
in microwave communications, Mini -Wave 
hardware is available in several different 
versions. 

Kit of parts for one Mini -Wave transmit- 
ter and one Mini -Wave receiver, includ- 
ing pc boards, all components, enclo- 
sures, etc., but not including Gunnplex- 
ers: 
a) video only, $140.00; 
b) video and audio, $180.00 
Non-standard parts kit including all 

components marked with single as- 
terisks in the Parts Lists: 
a) video only, $105.00; 
b) video and audio, $145.00. 

The above items are available from Mi- 

crowave Division, CSSC, Box 20335, 
Oklahoma City, OK 73120. Add $7 post- 
age and handling for each kit shipped with- 
in U.S. Oklahoma residents please add 
sales tax. 

Gunnplexers and Antennas. The 
following are available from Microwave As- 

sociates, Inc., 63 Third Avenue, Burling- 
ton, MA 01803, Attention: Dana Hapgood. 

Two Gunnpfexers with 17 -dB gain horn 
antennas, Part No. MA -87141-1, 
$180.00. Specify operating frequency 
or channel number. 
One Gunnplexer with 17 -dB gain horn 
antenna, Part No. MA -87140-1, 
$108.00. Specify operating frequency. 
Two Gunnplexers less 17 -dB gain horn 

antennas, Part No. MA -87127-1, 
$160.00. Specify operating frequency. 
One Gunnplexer less 17 -dB gain horn 

antenna, Part No. MA -87127-1, $85.00. 
Specify operating frequency. 

Prices of Gunnplexers operating outside 
the 10.0-to-10.5-GHz amateur band are 

slightly higher. 
Two -foot diameter, solid -surface para- 
bolic antenna with 32 dB gain and 4° 

half -power (-3 dB) beamwidth, mounts 
to 2 -inch pipe, Part No. MA -86555, 
$165.00. Specify operating frequency. 
Four -foot diameter, solid -surface para- 
bolic antenna with 38 dB gain and 2° 

half -power (-3 dB) beamwidth, mounts 
to 2 -inch pipe, Part No. MA -86556, 
$265.00. Specify operating frequency. 

Prices include postage and handling for 
items shipped within U.S. Massachusetts 
residents please add sales tax. 

Additional Literature. Gunnplexer 
data sheets, a compilation of application 
notes from prior users of Gunnplexer 
equipment, are available at no charge (in- 

clude stamped, self-addressed business - 
size envelope) from Microwave Associ- 
ates, 63 Third Avenue, Burlington, MA 
01803, Attention: Dana Hapgood. O 

capacitors C31 and C32 prevent noise' 
from disturbing the regulator IC, and 
such components as L10, L12 and C13 
provide decoupling. The supply is fuse - 
protected and has a LED pilot light. 

The Transmitter. The Mini -Wave 
video transmitter with optional 4.5 -MHz 
audio subcarrier generator/modulator is 

shown schematically in Fig. 3. In the 
transmit mode, the Gunn oscillator out- 
put, except for the small portion sampled 
by the circulator, is radiated by the an- 
tenna. The receiving capabilities of the 

Gunnplexer and the small loss of output 
signal to the circulator are, for our pres- 
ent purpose, ignored. The typical 10- 

GHz Gunnplexer provides 12 to 20 mW 

of output power, drawing a maximum of 
500 mA from an 8 -to -12 -volt dc source. 

We have already seen that the Gunn- 
plexer's frequency of oscillation can be 
varied by mechanical (coarse tuning) 
and electronic (fine tuning) means. The 
frequency can be shifted electronically 
by varying the bias applied across the 
Varactor tuning diode from +1 to +20 
volts. If a modulating signal with an am- 
plitude varying within these limits is ap- 
plied across the diode, the amount of 

frequency deviation will depend on the 
amplitude of the modulating signal, 
while the rate of deviation will depend on 

the frequency of the modulating signal. 
In other words, it's possible to frequency 
modulate the Gunnplexer merely by ap- 

plying an audio or video baseband sig- 
nal across the Varactor diode. That's ex- 

actly what is done. 
The transmitter is relatively s,imple- 

the bulk of the "hard work" has already 
been done by Microwave Associates in 

assembling the Gunnplexer. In fact, the 
major portion of the transmitter sche- 
matic is occupied by the optional 4.5 - 
MHz audio subcarrier circuit shown with- 
in the dashed lines. 

The video input signal, say, from a TV 
camera or video tape player is applied to 
jack J2. A portion of this signal is tapped 
by the wiper of level control R30 and ca- 
pacitively coupled by C17 to the Gunn- 
plexer's Varactor input port. The level 
control should be adjusted so that a 1 - 

volt peak -to -peak modulating signal is 

obtained. This signal and a dc level are 
simultaneously applied across the Va - 
rector. The dc level is derived from the 
transmitter power supply's 12 -volt regu- 
lated output via trimmer R4 and R5. The 
trimmer should be adjusted during align- 
ment for a +4 -volt bias level. 

The power supply is similar to that in 

the receiver. Line -voltage ac is stepped 
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down by Tl and converted by RECT1 
into pulsating bipolar dc. Positive and 
negative dc components are filtered by 
Cl and C4, respectively. The positive dc 
is regulated by IC1, a µA7812CU 12 - 
volt regulator. This regulated voltage 
supplies the bulk of the audio subcarrier 
generator/modulator circuit. It is also 
tapped by R4 and R5 to provide dc bias 
for the Varactor tuning diode inside the 
Gun oscillator cavity. 

Operating voltage for the Gunn diode 
(+8 volts regulated) is supplied by pass 
transistor Ql. The collector of 01 is con- 
nected to the unregulated positive dc 
voltage. Base drive is derived from thé 
regulated +12 -volt output via trimmer 
R1, which is adjusted so that +8 volts 
appears between the emitter of Q1 and 
ground. The -10 volts regulated dc re- 
quired by the op amp in the subcarrier 
generator/modulator section is provided 
by zener diode D1 and current limiting 
resistor R3. 

Now let's examine the audio subcarri- 
er generator/modulator. Input signals 
from a high -impedance (10,000 ohms or 
more) source are sampled by level con- 
trol R7, which couples them to op amp 
IC/. The output of the op amp IC1 is ap- 
plied across Varactor diode D3, whose 
capacitance varies in step with the am- 
plitude of the audio waveform. Changes 
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Mini -Wave units with 
17 -dB horn antennas 
can be mounted on 
camera tripods. 

in diode capacitance cause the frequen- 
cy of oscillation of 02, a 2N3563 npn 
transistor oscillating at 4.500 MHz under 
no -signal conditions, to vary. Thus, the 
resulting output is frequency -modulated 
by the audio input waveform. 

Common emitter amplifiers Q3 and 
Q4 boost the level of the 4.5 -MHz fre- 
quency modulated audio subcarrier. 
Emitter follower Q5 buffers the amplified 
subcarrier, which passes through an LC 
network tuned for maximum response at 
4.5 MHz to a resistive pad. Trimmer ca- 
pacitor C15 tunes the LC network's re- 
sponse; trimmer C6 in the oscillator 
stage (Q2) allows the subcarrier fre- 
quency to be set at exactly 4.500 MHz. 

When switch S2 is closed, the subcar- 
rier is coupled to the Gunnplexer's Var- 
actor diode via C16. The video input and 
the audio subcarrier simultaneously fre- 
quency modulate the Gunnplexer. How- 
ever, the level of the audio subcarrier is 
20 dB below that of the video input due 
to the attenuation introduced by the re- 
sistive attenuator. This difference in sig- 
nal level (1 volt peak -to -peak video, 
about 0.1 volt rms audio subcarrier) pre- 
vents the subcarrier from adversely af- 
fecting the quality of video reception. 

Switch S2 allows the user to discon- 
nect the subcarrier generator/modulator 
from the rest of the transmitter if he 

wants to stop transmitting audio or em- 
ploy a video source with built-in audio 
circuits. Of course, if audio capability is 
not desired or a video source with a 
built-in audio subcarrier generator/ 
modulator is used to drive the Gunnplex- 
er, the circuit shown within the dashed 
lines in Fig. 3 can be omitted. The com- 
ponents comprising the subcarrier gen- 
erator/demodulator are denoted with 
two asterisks after their values or part 
numbers in the Transmitter Parts List. 

Audio Subcarrier Demodulator. 
The output of the Mini -Wave receiver is 
relatively broadbanded, and will contain 
a frequency modulated 4.5 -MHz audio 
subcarrier if one was generated in the 
transmitter. The receiver's composite 
video output is tapped via R31 for ap- 
plication to the optional audio subcarrier 
demodulator shown in Fig. 4. 

The circuit employs relatively inex- 
pensive components, but delivers a high 
level of performance. Commonly avail- 
able J.W. Miller type 801 F i -f "cans," de- 
signed for operation at 10.7 MHz, are 
padded down with external 200- and 
250-pF disc ceramic capacitors to reso- 
nate at 4.5 MHz. The composite output 
of the receiver is applied to two cascad- 
ed i -f transformers (Tl and T2) which 
are tuned to pass only the frequency 
modulated audio subcarrier. This signal 
is amplified by IC1, an RCA CA3012 
wideband amplifier, which drives T3, a 

tuned i -f transformer padded by C8. 
Supply voltage for IC1 and audio amplifi- 
er Q1 is derived from the receiver. 

Transformers T4 and T5 and hot carri- 
er diodes 01 and D2 form an FM 
demodulator or discriminator. The trans- 
formers are tuned to the extremes of the 
audio subcarrier passband and selec- 
tively route signals to the diodes. The re- 
combined, demodulated audio is capaci- 
tively coupled to 01, a 2N3563 com- 
mon -emitter amplifier. Audio signals 
from the amplifier are coupled by C17to 
J1, the audio output jack. The signal lev- 
el at the jack is approximately 50 mil- 
livolts across 1000 ohms. That's enough 
to drive a pair of earphones, but is 

inadequate for a loudspeaker. If you 
want to use a speaker, signals should be 
coupled from J1 to a suitable audio am- 
plifier, which will drive the speaker. O 

This concludes Part I. In Part II, we will 
present pc board guides,. cover con- 
struction, alignment, set-up and licens- 
ing of the system, and discuss suitable 
antennas and their effect on communi- 
cations range. 
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851 -Ham Radio General Class License Sluoy Guide 448 p. $7 95 
827 -Ham Radio Advanced Class License Study Guide 252 p. 55.95 
543 -Ham Radio Extra -Class License Study Guide 224 p 162 it. 55 95 
989 -Ham Radio Incentive Licensing Guide 154 p. 70 it 54 95 

SEMICONDUCTORS, TUBES & TRANSISTORS 

856 -Master OP -AMP Applications Handbook 476 p 320 rl. $9 95 
1016 -Towers International FET Selector 140 p. 54 95 
960 -IC Function Locator 224 p. 55 95 
984- CMOS Databook 280 p. 270 rl. $6 95 
870 -Master Tube Substitution Handbook 548 p. 322 II. $4.95 

1010 -Towers Inter Transistor Selector 200 p. 179 II. 7" x 10" 56.95 
970 -Master Transrstor/IC Substitution Handbook 518 p. 165 rl. 57.95 
717 -Transistor Theory for Technicians & Engrs. 224 p. 116 il. 55.95 
938 -Linear IC Applications Handbook 280 p. 183 d. $6.95 
470 -Transistor Circuit Guidebook 224 p. 118 d. $5.95 
794 -Microelectronics 266 p. 228 il. $5.95 
708 -Modern Applications of Linear IC's 276 p 301 il. 59 95 
513 -Understanding Solid -Stale Circuits 192 p 134 d $4 95 
11$ -Getting Started with Transistors 160 p 90 it $3.95 

732 -Jay Consumer Electr Ser Manual196o. Intl schemahnfoldout $5.95 
694 -Auto Stereo Service 8 Installation 252 p. 245 rl. 55.95 

MODE1 RADIO CONTROL 

825 -Flying Model Airplanes Helicopters by RC 192 p 14011. $4.951 
747 -RC Modeler s Handbook of Gliders & Sailplanes 196 p. 90 154.95 
812-Radro Control for Models 350 p. 417 d. 56.95, 
693 -Model Sail 8 Power Boating by Remote Control 192 p.125 i1. $4.95 
135 -Ratio Control Manual -2nd Edition 192 p. 158 il. 54.95 
122 -Advanced Radio Control 192 p 181 rl , 54.95 
93 -Radio Control Handbook -3rd 320 p.. 238 IL $6.95 
74 -Morel Radio Control 192 p 192 11 54.95, 
BROADCAST, CATV, CCTV & VIDEOTAPE 

811 -Complete Hdbk of Videocassette Recorders 280 p. 160 il. 55.95 
852-B'cast Engr. 8 Maintenance Hdbk 532 p. 235 it $19.95 I. 
815-Desig./Maintain. CATV/Small TV Studio 288 p. 100 it $12.95 

r000 -CC V Installation. Maintenance 8 Repair 294 p 58.95 
773 -Tall, -Back TV: Two -Way Cable Television 238 p. 64 il. S5.'95 
833 -Complete Broadcast Antenna Handbook 448 p. 308 il. $1¡.95 
657 -MATS Systems Handbook 176 p. 91 d. 54.95 
523 -Guide to Radio -TV Boast Engineering Pract.288 p. 140 d $12.95 , 
733 -Directional Broadcast Antennas 210 p. 60 II. $12.95 
557 -Hole To Become A Radio Disc Jockey 256 p. 3611. $1295 
845 -How to Prepare a Production Budget: Film 8 Videotape $12.95 
541 -Videotape Prod. 8 Comm Techniques 256 p.100 J. $12 95 
793 -TV Lighting Handbook 228 p 230 it $12 95 I 

BASIC & GENERAL ELECTRONICS TECHNOLOGY COLOR TV SCHEMATIC/SERVICING MANUALS 

510 -How to Read Electronic Circuit Diagrams 192 p. 140 il. 
588 -Basis Electronics Course 384 p 275 II. 

891 -Practical Solid -State DC Power Supplies 1% p. 151 il. 

628 -Basic Electricity 8 Beginning Electronics 252 p. 191 it. 

830 -Introduction to Medical Electronics 320 p. 126 II. 

655 -Modern Electronics Math 686 p. 424 d. 

728 -Basic Digital Electronics 210 p. 117 il. 

691 -Electronics Unraveled 228 p. 96 11, 

828 -Switching Regulators 8 Power Supplies 252 p. 128 tl. 

583 -Industrial Electronics' Pnnciples 8 Practice 316 p. 380 il. $8.95 
930 -Servicing Medical & Bioelecironic Equipment 350p.165 it. $8.95 
300 -Dictionary of Electronics 420 p. 487 rl. $5.95 
601 -Basic Color Television Course 420 p. over 300 11. 59.95 
575 -Modern Radar -Theory. Opel., and Maint. 480 p. 253 II. 57.95 
104 -Basic Radio Course 224 p. 128 rl. $5.95 
638 -Marine Eleclronids Handbook 192 p. 106 $4.95 
528 -Pulse & Switching Circuits 256 p. 184 rl. $5.95 
595 -Digital Electronics Principles & Practice 292 p. 191 il. $5.95 
105 -Basic TV Course 224 p. 128 d. 55.95 
111 -Basic Transistor Course 224 p 179 rl. $5.95 

ELECTRONIC MUSIC 

743-Eleclronic Music Circuit Guidebook 224 p 180 II. 

843-Sourcebook of Electronic Organ CIrcnits 166 p. 101 rl. 

610 -How to Repair Musical Instrument Amplifiers 288 p. 50 il. 

718 -Electronic Music Production 156 p. 79 Il 

666 -Experimenting with Electronic Music 180 p. 103 it. 

546 -Electronic Musical Instrument 192 p 121 it 

832 Electronic Musical Instr. Manual 210 p 7" x 10" 385 rl. 

503 -Servicing Electronic Organs 196 p. 811' o 11" 14511 

$6.95 
$4.95 
$5.95 
5395 
S4 95 
55.95 
5695 
5995 

ELECTRONIC TEST EQUIPMENT 

730 -Effective Troubleshooting with EVM Scope 238 p . 18511. $5 95 
1012 -How To Design ,Build Elect', instrumentation: 430 p , 210 it. 59.95 
792 Build -II Book of Miniature Test & Msmt. 1058.238 p.151 it. $4 95 
472 -Working with the Oscilloscope 104 p 183 d 7" o TA" 54 95 
672 -Understanding 8 Using the VOM 8 EVM 192 p 187 il. $595 
927 -How to Use AF 8 RF Signal Generators 238 p. 162 II. 55.95 
702 -Electronic Measurements Simplified 240 p P17 rl. 54.95 
729-RF & Digital Test Equipment You Can Budd 252 p. 217 d. 55.95 
877 -Under, 8 Using Modern Signal Generators 294 p. 120 il. $6.95 
664 -Understanding 8 Using the Oscilloscope 272 p 170 il. $5.95 
577 -How lo Use Color TV Test Instruments 256 p. 230 il. 55 95 
131 -Test Instruments for ElectronrcS 192 0, 155 d. $4 95 
680 -How to T' shoot & Repair Electr. Test Eoot. 252 p. 143 il. S6.9S 
777 -Under Using Modern Electr.Svcing.Test Equipment 252p. 55.95 
498 -The Oscilloscope -Third Elton 264 p. 169 d 55.95 
483-99 Ways to Use Your Oscilloscope 192 p. 32711. 55 95 
485 -How to Use Test Instr n Electronics Servicing 256p.234 il. $4.95 
550 Vectorscopes-Scopes-Sweep-Marker Generators 256 p. 55.95 
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662-Svcing. New Modular Color TV Recurs Vol. 1176 p 
545-Adniral Vol. 1 196 p. 12 schematics 
641 -Admiral Vol. 2 196 p. 11 schematics 
7d1 -Airline (Montgomery Ward) 196 p. 12 schematics 
536 -General Electric Vol. 1 196 p. 12 schematics 
609 -General Electric Vol. 2 212 p. 10 schematics 
879 -General Electric Vol 3: 196 p. 
560-Jap. Vol. 1 -Sony, Sharp. Midland 212 p. 
576-Jap Vol. 2-Delmonico. Hitachi. Panasonic. etc. 212 p. 
684 -Japanese Vol 3 -Hitachi. Sanyo. Coronado 228 p 
692 -Japanese Vol 4 -Sharp, Midland, MGA 236 p. 36 p.1 o 
700 -Japanese Vol. 5 -Sony t96 p 36 p. foldout 
526 -Magnavox Vol. 2 196 p. 12 schematics 
589 -Magnavox Vol. 2 196 p. 9 schematics 
770 -Magnavox Vol. 3 196 8. 36 p. schematic foldout 
509 -Motorola Vol. 1 178 p 6 schematics 
584 -Motorola Vol 2 196 p 9 schematics 
522-Philco 196 p. 12 schematics 
496 -RCA Vol. 1 212 p. 12 schematics 
578 -RCA Vol 2 212 p. 12 schematics 
720 -RCA Vol 3 196 p 12 schematics 
721 -RCA Vol. 4 196 p. 12 schematics 
822 -RCA Vol. 5 196 p. 36 p. schematic section 
740 -Sears 228 p. 12 schematics 
539 -Sylvania Vol. t 196 p 12 schematics 
618 -Sylvania Vol. 2 212 p. 8 schematics 
760-TosLiba 160 p. 12 schematics 
502 -Zenith Vol. 1 196 p. 12 $dhemalics 
562-Zenth Vol. 2 196 p. 12 schematics 
668 -Zenith Vol. 3 180 p. 36 p. schematic foldout 
838 -Zenith Vol. 4 196 p 36 p schematic foldout 
918-Svcr-rg Zenith TV Modules 200 p over 200 it 

56 95 
$5.95 
56.95 
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58.95 
55.95 
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CB & HDME AUDIO SCHEMATIC SERVICING MANUALS, 
Contain all the data needed to service each unit including complete 
schematic diagrams. backed up with step-by-step troubleshooting 
info. theory, lips for isolating problems. etc. All 7" x 10-. Each only $5.95 

1026 -Vol 3 -Automatic Radio, Admiral. Midlands Sharp 55.95, 
1025 -Vol 2 -Channel -Masser, Coronado, Hitachi 55.95 
1024 -Vol 1-Capehan, Zenith 55.95 , 
826 -Vol 1 -Kris. Browning, Hy -gam, Penney's 55.95 
854 -Vol 2-Teaberry, Srlironlx, PearceSrmpson. Unimelrics 55.95 
858 -Vol. 3 -Johnson. Linear-SBE. Royce. Sonar $5.95 , 
862 -Von 4 -Pace, Fanon,Courrer, Dynascan (Cobra) 55.95 
929 -Vol 5 -Radio Shack (Realistic), Surveyor, Beltek 55 95 , 
932 -Vol 6-xtal. Tram Diamond. Sharp 55 95 
936 -Vol 7 -Lafayette J I L . Fannin SS 95 

10 -DAY FREE TRIAL -NO RISK COUPON 
929 -Solid -State Motor Controls 322 p . 162 58 95 d. 

742 -Pro Electnca Electr Engis License Study Guide 476 P. 5795, 'TAB BOOKS, Blue Ridge Summit, Pa. 17214 , 750-Eleclronic Conversions. Symbols 8 Formulas 224 p. 46 il. 55 95 
829 -Impedance 196 p 90 d. $5.9S Please send me the books indicated below: 774-DIgnU Logic Electronics Handbook 309 p.226 ib. 56.95, 
118 -Electronics Data Handbook 256 p. 149 il. 55.95 

I enclose $ Send postpaid. 101-Electronicincuresign Hdbk C 1 D t0 Edition p. 4 Ed I 416 966 il 517.95 
125 Handbook of Electronic Tables 224 p. 16 d. $4.95, Invoice me on 10 -day trial (plus shipping) 
254 Electronic Engineering Nomograms 176 p.8' x 11 $9.95 110-onic Design mans lze o 9'95 

® 
Book # Book a Book n Book e , 121 -Charts Nomography for Techs Engrs 96 p 91/2.'4.11" 57.95 

1028 -How To Repair Video Games 270 p.. 182 11. $7.95 , 
939 Hdbk.ot Marine Electronic 8 Electrical Systems 546 p. 5599955 , 
901 CET License Handtook2rid Edition 448 p 169 it. $8.95 - 
919 Color TV Trouble Factbook 612 p 612 II. 55 95 
821 -TV Troubleshooter s Handbook -3rd Ed. 448 p. over 300 it. $4 95' Name Phbne 563 -Beginner s Guide to TV Repair 176 p. 50 II. $4 95 
956 -Fire 8 Theft Security Syslems-2nd Ed 192 p 108 it. $5 

95 
95 

876 -Color TV Case Histories Illustrated -Vol 2 352 p. 243 II. 57 C 746 -Color TV Case Hislones Illustrated 238 p 219 d 
ornan. 55.95 p Y 

809 -Photo Gurde Sold -Seale Color TV Troubles 224 p. 169 11. $5 95 II with the DualTrace Scope 224 p 252 it 55.95 Address 
738 -TV Schematics Reading Between the Lines 252 p. 188 it 5595 
132 -How to Test Almost Everything Electronic 160 p 144 II. 53.95, 
605 -Install Svcing Electr Protectrve Systems 252 p.over 160 II. $5 95 City State Zip - El 
696 TV Tuner Schematic Servicing Manual -Vol 1 224 p 287 it 56 95 

Pa. add 6 r Sales tax. Al)orders outside USA U 979 TV Tuner Schematic Servicing Manual -Vol 2200 p 374 d 5695 PE -106 
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Advanced Electronic Career 

ANNOUNCING 
. .. A New 

CREI Program: 
I!nicornputer & 

'croproc: 
echnolo 
Including A 

Microproc&cr 
Laboratory 

Now you can learn at home 
the new technology that is 
revolutionizing electronics 

The microprocessor has ushered in the 
age of microtechnology and electronics 
will never again be the same. The micro- 
processor has made possible the placing 
of an entire computer on a silicon chip 
one quarter inch square. The microproc- 
essor "miracle chip" is in the process of 
changing the world. Soon áll technical 
personnel in electronics will have to un- 
derstand and work with the microproc- 
essor. It is invading virtually every area 
of electronics. And it is profoundly affect- 
ing your electronics career. 

Brand New 
Program 
CREI has a brand new program to help 
you learn how to work effectively with 
this revolutionary electronics develop- 
ment. CREI's new program in Minicom- 
puter and Microprocessor Technology is 
designed to prepare you for this field by 
giving you the education and practical 
experience you need. 

The program provides solid prepara- 
tion in electronics engineering technol- 
ogy with a specialization in minicomput- 
ers and microprocessors. In addition, 
it includes a microprocessor laboratory 
which features a fully programmable 
microcomputer which utilizes the Mo- 
torola 6802 microprocessor chip. This 
is an extremely important element of 
your program. 

Programming 
Essential 
As you may well know, you must learn 
how to program the microprocessor in 
order to design, service or troubleshoot 
microprocessor electronic systems. 
There is only one effective way to learn 
this all-important skill of programming, 
and that is by actually doing it. CREI's 
new program gives you this opportunity 
as you work with the exciting micro- 
processor laboratory. 

Programming 
Is Easy 
With CREI's new program, learning the 
skill of programming is simple. Within a 
few hours you'll he programming the 
microprocessor and in a short time you'll 
learn how to program it in three lan- 
guages: BASIC, assembly and machine 
languages. In addition, you will learn 
how to interface the microprocessor 
with other systems and to test and debug 
specialized programs. 
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Preparation at Home 

Wide Choice 
of Programs 
Please note, however, that CREI's new 
program is only one of 16 state-of-the- 
art programs in advanced electronic 
technology offered by CREI. So even if 
you choose not to specialize in micro- 
processor technology, CREI has an ad- 
vanced electronics program to meet your 
needs. 

With CREI, you may choose from any 
of the following areas of specialization in 
advanced electronics: 

Microprocessor Technology 
Computer Engineering 
Communications Engineering 
Digital Communications 
Electronic Systems 
Automatic Controls 
Industrial Electronics 
Television Engineering 
Microwave Engineering 
Cable Television 
Radar and Sonar 
Nuclear Instrumentation 
Satellite Communications 
Aeronautical and Navigational 
Solid State Theory 
Nuclear Engineering 

Unique Lab 
Program 
An exclusive option available with CREI 
programs in electronic engineering tech- 
nology is CREI's unique Electronic De- 
sign Laboratory program. It gives you 
actual experience in designing practical 
electronic circuits. It also helps you 
to understand the theories of advanced 
electronics and gives you extensive ex- 
perience in such areas as tests and mea- 
surements. breadboarding. prototype 
construction, circuit operation and be- 
havior, characteristics of electronics 
components and how to apply integrated 
circuits. Only CREI offers this unique 
Lab Program. 

Practical 
Engineering 
CREI prognuns give you a practical en- 
gineering knowledge of electronics. That 
is. each part of your training is planned 
for your "use on the job." By using your 
training, you reinforce the learning proc- 
ess. And by demonstrating your in- 
creased knowledge to your employer, 
you may qualify for faster career ad- 
vancement. 

Free Book 
There isn't room here to give you all of 
the facts about career opportunities in 
advanced electronics and how CREI 
prepares you for them. So we invite you 
to send for our free catalog. This fully 
illustrated, 56 page book describes in 
detail the programs, equipment and serv- 
ices of CREI. 

Qualifications 
You may be eligible to take a CREI 
college -level program in electronics if 
you are a high school graduate (or the 
true equivalent) and have previous train- 
ing or experience in electronics. Program 
arrangements are available depending 
upon whether you have extensive or 
minimum experience in electronics. 

Send' for ; this- FREE Bóók 
describing -yoúrtópportunities 
and -CREI :cóllégé.-level 

":programs . in electronics °. 

El Home StudyPrograms in 

ON1C ° 

ENGINEERING TECHNOISJGY_ 

, 
.e~iyr, - ̀ Ñ .. 

Si> 

e 

r 

CREI Introduces 
Program 680: 

MINICOMPUTER &. 
MIICROPROCESSOR 

TECHNOLOGY 
INCLUDING MICROPROCESSOR 

LABORATORY PROGRAM 

.... . :itt 

Mail card or write describing qualifications to 

CAPITOL 
RADIO 
ENGINEERING 

- INSTITUTE 
McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 

CAPITOL 
RADIO ° 

ENGINEERING 
INSTITUTE 

McGraw-NUI 
ConlInuNly 

Eoue.11on C.nIM 
Washington. D.C. 

ZpDte 

GI Bill 
CREI programs 
are upprvrrcicl 
for training of 
veterans and 
servicemen under 
the C.I. Bill. 

r r 
Accredited Member National Home Study Council 1 1111 
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00 What recent changes 

have been made in 

the ham radio license exam 

and how to study for it. 

BY HARRY HELMS 

'n 1977, the Federal Communications 
Commission broke with 50 years of 

tradition that had required all candidates 
for an Amateur radio license to prove 
proficiency in receiving Morse code by 
copying a solid minute of code without 
error. Instead, the FCC introduced new 
"comprehension" exams. Here, a five- 
minute -long message is sent in CW and 
the applicant answers ten multiple- 
choice questions about the message's 
content. If the applicant correctly an- 
swers at least eight questions, he 
passes the test. Sounds easy, but is it? 

When the new exams were intro- 
duced, some old-timers thought the 
FCC had virtually eliminated Morse 
code as a requirement for an Amateur li- 

cense. Hams -to -be were almost univer- 
sally relieved at the prospect of taking 
an "easier" code exam. Yet, many per- 
sons still failed the code portion of the 
Amateur exams after the introduction of 
the comprehension exams. Dark rumors 
soon began to circulate that the FCC 
had "pulled a fast one" on Amateurs; 
that the new exams were actually tough- 
er than the old straight -copy tests! 

This author attended the 1978 Met- 
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SAMPLE TEXT OF TYPICAL FCC 
COMPREHENSION CODE EXAM 

VVV VVV VVV BK K2XXX DE WB2XYZ OK JACK TNX FOR CL. NAME HR -IS JACK ES 
QTH IS NEW BEDFORD, CONN. TNX FOR THE RST 579 RPT, UR RST IS 589. MY XMTR 
IS A DX60, 90 WATTS INPUT, INTO 40 MTR INVERTED L. RCVR IS A DRAKE 2C WITH 
NINE TUBES. TEMP HR IS 35 DEGREES C ES WX IS CLOUDY ES WARM. I AM AN AT- 
TORNEY, 47 YRS OLD. I ALSO WORK SSTV ES HAVE A SKED AT 0230 GMT WITH 
VU6DZZ. I HOLD A GENERAL CLASS LICENSE ES PLAN TO TAKE THE EXTRA EXAM IN 

JULY. JUST RCVD MY WAC CERTIFICATE IN THE MAIL. AR K2XXX DE WB2XYZ K 

Sample Questions 
1. The call sign of the transmitting station is: A. Dipole 

A. WA2XYZ 
B. K2XXX 
C. WB2XYZ 
D. WB2XXX 
E. K2XYZ 

2. The names of the two operators are: 
A. Jack, John 
B. Jack, James 
C. Jack, Jackie 
D. Jack, Jack 
E. Jackie, John 

3. The location of station transmitting is: 
A. New York, New York 
B. New Bedford, New York 
C. New Bedford, New Jersey 
D. New Beddington, New York 
E. New Bedford, Connecticut 

4. The RST signal report sent by the 
transmitting station is: 
A. RST 579 
B. RST 569 
C. RST 589 
D. RST 559 
E. RST 599 

5. The input power "used by the trans- 
mitting station is: 
A. 60 watts 
B. 70 watts 
C. 80 watts 
D. 90 watts 
E. 150 watts 

6. What type of antenna is the transmit- 
ting station using? 

B. Inverted V 

C. Vertical 
D. Longwire 
E. Inverted L 

7. The temperature at the transmitting 
station's location is: 
A. 35 degrees Fahrenheit 
B. 45 degrees Fahrenheit 
C. 35 degrees Centigrade 
D. 45 degrees Centigrade 
E. 30 degrees Centigrade 

8. The operator of the transmitting sta- 
tion is an: 
A. accountant 
B. advertiser 
C. attorney 
D. actuary 
E. adviser 

9. The transmitting station has a sched- 
ule with which station and at what 
time? 
A. VU6DZZ at 0130 GMT 
B. VU6BZZ at 0230 GMT 
C. VU6DZZ at 0230 GMT 
D. VU6BZZ at 0130 GMT 
E. VU6DZZ at 0230 EST 

10. The transmitting station just re- 
ceived which of the following certifi- 
cates? 
A. WAS 
B. DXCC 
C. WAZ 
D. WAC 
E. WAE 

rolina Hamfest in Charlotte, NC, where 
more than 600 applicants took Amateur 
exams administered by the FCC. Those 
who took the new CW exams had a vari- 
ety of reactions, terming them: "easy," 
"nitpicking," "tricky," "less pressurized," 
and "devious." But one word kept pop- 
ping up time after time: different. It be- 
came readily apparent from the reac- 
tions of those taking the new exams that 
many of the study techniques and test - 
taking strategies applicable to the old 
straight -copy tests no longer apply. 

J 
What It Involves. As noted earlier, 
previous Amateur code exams were 
split into separate sending and receiving 
tests. Five minutes of CW were sent, 
and the applicant had to copy at least 
one solid minute without error to receive 
a passing score. The sending test was 
similar, with the applicant required to 
send at least one minute of perfect CW. 

Today, there is only a receiving exam. 
The FCC is now using personnel who do 
not know CW themselves to administer 
some Amateur exams, thus making 

elimination of the sending test a neces- 
sity. The use of such personnel also 
forced a conversion to the new receiving 
tests. When an exam is graded, the ex- 
amining officer ignores the applicant's 
copy. Only the answers to the multiple- 
choice questions are graded. In fact, 
there is no requirement to write down 
any of the code received. You can copy 
in your head or merely make notes on 
what you hear. Of course, you may still 
copy everything received if you wish. 

When you report for the code exam, 
the examiner gives you a sheet of paper 
with space to copy the message and 
spaces for answering the multiple- 
choice questions. One minute of CW is 

sent as a warm-up exercise, after which 
the examiner asks if anyone had prob- 
lems hearing the code. If everyone 
heard the warm-up material satisfactori- 
ly, the examiner sends a five-minute 
message. The content of the message is 
a typical amateur OSO. All code tests 
are on tape cassettes, and each group 
examined on a particular day gets a dif- 
ferent test. 

At the end of the message, the ex- 
aminer distributes a sheet with 10 multi- 
ple-choice questions about the material 
sent. Each question has five choices for 
answers. You can refer to the copy or 
notes you made during the message. 
Upon completing the test, the examiner 
grades your paper. If you answer at 
least eight out of 10 questions correctly, 
you pass. The examiner keeps your an- 
swer and question sheets and any notes 
or copy you made. 

The Pitfalls. One of the biggest prob- 
lems encountered by many applicants 
on the new exams is a misunderstand- 
ing of what the FCC means by the term 
"comprehensive." Many people appar- 
ently interpret this to mean that test 
questions will involve only generalities. 
This is not so! The questions deal with 
details. Some people would even term 
the exams "picky." The fact is, however, 
that you cannot pass the new exams 
without knowing specifics of the mes- 
sace sent. 

Among the items you must copy are 
station call signs, names of operators, 
signal reports, locations, types of gear 
and antennas used, ages of the opera- 
tors, transmitter power, and virtually ev- 
erything else involving a number. That's 
quite a bit to keep straight in your head. 
So, you're well advised to copy down 
what you hear unless you are blessed 
with total recall from memory. 

One frequent complaint is that the 
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new exams are deceptive. This seems 
to be justified, judging from some of the 
examples told to this author. The various 
answer possibilities offered are so simi- 
lar that copying one letter or number 
wrong could result in an incorrect re- 
sponse. Exam questions must be read 
very carefully if one is to avoid an incor- 
rect response owing to confusing the 
transmitting and receiving stations and 
their call signs. 

The message must be followed very 
literally when answering questions. 
Some of the information in the message 
may be improbable, but it is the only in- 
formation on which your responses 
should be based. Here are some exam- 
ples: A station with a W4 prefix, normally 
assigned to the Southeast, may be lo- 
cated in the Northwest. Both operators 
may have the same first names. The 
weather may be inappropriate for a sta- 
tion's location, such as "snow in Flori- 
da." Yet, all responses must be based 
on the message. 

Other Considerations. Many appli- 
cants express surprise at the pitch at 
which the code in these tests is sent. 
The pitch is fairly high in comparison to 

many commercial code -practice tapes. 
Consequently, you will find it worthwhile 
to spend some time copying high- 
pitched CW. 

Many people seeking the 5 -WPM 
Technician license are startled to dis- 
cover the CW sent at about 13 WPM, 
but spaced out between characters for 5 
WPM. Only 25 characters are sent in 
each minute, yet the speed of each 
character is such that it is virtually im- 
possible to count the dots and dashes 
that make up each character. In con- 
trast, many commercial code practice 
tapes for 5 WPM are sent at a speed 
slow enough to allow such counting and 
may therefore harm the prospects of 
passing the Technician tests. Fortunate- 
ly, the widely heard code practice trans- 
missions of the American Radio Relay 
League on W1AW send CW at 5 WPM 
in the same manner as does the FCC. 

Taking the Test. Though you must 
mark your answers to the multiple- 
choice questions with a pencil, you can 
copy by pen if you like. Having a pencil 
point break while copying CW for your li- 
cense is not a pleasant experience! 
Since the exams are a "typical amateur" 

OSO, you can anticipate some of the 
items that will be sent, such as signal re- 
ports, descriptions of gear, locations, 
etc. But be prepared for some "clunk- 
ers." Items such as call signs and fre- 
quencies may pop up unexpectedly in 
the middle of the text. When you miss a 
character, resist the temptation to dwell 
on it. Concentrate on copying the re- 
maining characters. Chances are you'll 
be able to "fill in" any missing letters by 
guesswork. 

Studying for Tests. Since the exams 
simulate Amateur QSO's, the best prac- 
tice is to actually copy Amateur contacts 
that you hear on your receiver. Proper 
tapes can be an asset, of course. Final- 
ly, don't overlook the previously men- 
tioned ARRL's W1AW transmissions. 
(For a complete schedule of W1AW 
transmissions, send a self-addressed 
stamped envelope to the American Ra- 
dio Relay League, 225 Main Street, 
Newington, CT 06111.) When copying, 
be sure to practice for full five-minute 
periods. Writer's cramp can develop in a 
hurry when you're not used to writing 
rapidly without interruption. 

Good luck on your exams! O 

Ap: BROUGHT YOU SOLDERLESS ̀ BREADBOARDING:- 
NOW WE'VE ADDED -POWER. 

Introducing POWERACE, the new liné of ACE All Circuit Eváluátórs. 
POWERACE-for fast, solderless circuit building and 

testing. All models will accept all DIP sizes-plus TO -5's the distributor neá est you call Toll -Free 800-321-9668. 
and discretes with leads to .032" diameter. POWERACE 
101 has avariable 5-15 VDC 600 ma Power supply. 
POWERACE 102 features a fixed 5VDC 1 amp power 

.supply; and POWERACE 103 has a fixed 5VDC 750 ma 
power supply, á fixed + 15VDC 250 ma power supply, and 
a fixed -15VDC power supply at 250 ma. 

. .121,..._ 
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MODEL #103 
5124.95 

Order from your A P distributor today. For the name of 

Faster and Easier is what we're all about. 
A P PRODUCTS INCORPORATED - 

Box 110. 72 Corwin Drive, Painesville OH 44077 
(216) 354-2101 TWX: 810-425-2250 

POWERACE E:, 
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MODEL #101 584.95 
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Energy Leak Detector 
Reveals Plome Pleat and 
Cooling Losses 
BY RALPH TENNY 

CONSIDERING the high price you 
pay for the energy to air condition 

and heat your home, you should be 
aware of how much of your expensive 
cooled air escapes and how much cold 
air leaks into your house at the wrong 
times of the year. 

Large air leaks can be easily felt with 
the hand, of course. But what about 
those smaller leaks that can add up to a 

large, expensive one? Now you can find 
these leaks with the "Energy Leak De- 
tector," described here, and take correc- 
tive action. 

The Detector, or ELD, is a low-cost 
differential temperature detector that 
can be built in an evening. This useful in- 
strument features a new solid-state tem- 
perature sensor that has a positive tem- 
perature coefficient (PTC). This means 
that the sensor's resistance increases 
linearly with temperature. 

Circuit Operation. The current - 
mode amplifier (LM3900) used in the de- 
tector amplifies the difference between 
the current flowing in the two inputs to 
produce a voltage change at the output. 

The input circuit is shown in Fig. 1. 

Note that there is an arrow between the 
inverting and noninverting inputs in the 
diagram for this type of amplifier. Also 
observe that the inputs are simply base - 
emitter junctions of grounded emitter 
transistors. 
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Provides 
instantaneous readings of 

temperature changes 
to check leaks around 

doors, windows, etc. 
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Photo of internal construction 
shows board attached to meter. 

This leads to a very important consid- 
eration regarding current -mode amplifi- 
ers: Never apply voltage directly to the 
inputs that can cause a current flow cf 5 
mA or more. This limitation allows for 

some unusual circuitry that can be an 
advantage under some circumstances. 
Two other limitations must also be men- 
tioned. The open -loop gain (gain without 
feedback) can be as low as 1000:1, and 
the amplifier will not respond to voltages 
lower than 0.6 volt. 

The amplifier maintains correct opera- 
tion over a wide variety of power supply 
voltages, and uses about the same 
amount of power supply current (exclu- 
sive of load current), regardless of the 
power supply voltage. Thus, the amplifi- 
er is well suited for battery operation. 

As shown in Fig. 2, temperature sen- 
sor TH1 is connected in a bridge circuit 
consisting of R1, whose value is nomi- 
nally equal to the TH1 resistance at 
25°C (1000 ohms) plus R2, R3, and 
R12. Potentiometer R12 is used to bal- 
ance the bridge when the sensor is at 
any given temperature. Voltage for the 

Fig. 1. The input circuits 
of a current (Norton) 
amplifier consist of 
base -emitter 
transistor junctions. 
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Rear view of the detector's front panel with 
perforated board mounted on meter and battery attached. 

bridge (+3 volts) is furnished by IC1C 
operated in conjunction with zener diode 
D1 as a reference. The resulting +3 
volts is stable since the current amplifier 
regulates the zener current. Power is 
applied only when pushbutton switch S1 
is depressed, thus extending battery life. 

A change in bridge balance that oc- 
curs whenever TH1 changes resistance 
is amplified by IC1A. The output of /CIA 
serves as the reference voltage for one 
input of IC18, which is used as a current 
amplifier. When there is a bridge unbal- 
ance, the output current of IC1A flows 
through R7, forcing IC1B to drive 01 un- 
til the current through feedback resistor 
R10 equals the current through R7. 
Since meter M1 is in series with the 01 
collector, any current passed through 
R11 to bias R10 also passes through the 
meter. Resistor R11 is selected so that 
M1 indicates about half scale with the 
bridge balanced at 25°C. If a different 
sensitivity is required for the ELD, the 
ratio of R7/R10 can be changed and, 
most likely, the value of R 1 1 too. 

Construction. The circuit can be as- 
sembled by any desired method, using 
perforated board, Wire -Wrap, or a small 
pc board. A conventional 14 -pin socket 
may be used for IC1. 

The author's prototype pictured in this 
article illustrates how the perforated 
board (in this case) mounts on the meter 
lugs. The meter, in turn, is mounted to 
the metal cover of a small plastic box. 

Balance control R12 and pushbutton 
switch S1 are mounted beside the me- 
ter. The battery is mounted in a holder 
affixed to the bottom of the plastic case. 
A small hole in the cover plate allows the 
temperature sensor leads to exit. 

The temperature sensor (TH1) can be 
mounted at the end of a length of plastic, 
wood, or even thin metal rod. Make sure 
the sensor is not surrounded by a large 
mass that can slow the response of the 
device. 

Use. Although this sensor can be used 
to measure temperature directly (more 
on this later), for use as a relative tem- 
perature sensor, depress switch S1 and 
adjust balance control R12 for a mid - 
scale meter indication. 

Touching the sensor with your finger- 
tips, which are relatively warm, should 
cause an up -scale meter movement. 
Cooling the sensor should cause a 
down -scale movement. 

With the sensor exposed to ambient 
air, and the meter adjusted to mid -scale, 
place the sensor near a suspected air 
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Fig. 2. Any unbalance in bridge circuit, containing 
TH1, is amplified and indicated on the meter. 

PARTS LIST 

BI -9 -volt battery and holder 
DI- N5 226 diode 
ICI-LM3900 quad Norton amplifier 
N11-(l-I mA meter (Calectro DI -912, Radio 

Shack 22-052 or similar) 
QI-2N5449 
The following are Vs -watt resistors unless oth- 

erwise noted: 
RI-I000-ohm 
R2, R3 -2200 -ohm 
R4, R5 -22.000 -ohm 
R6-2.2-megohm 
R7 -8200 -ohm 

R8. R9 -39.000 -ohm 
R 10 -27.000 -ohm 
R11 -5600 -ohm 
R12 -1000 -ohm, 10 -turn potentiometer 
R I3 -510 -ohm 
S I-spst NO pushbutton switch 
THI-TSP1021 positive temperature coeffi- 

cient thermistor (Texas Instruments) 
Misc.-Suitable enclosure, mounting hard- 

ware, knob. 
Note: Sensor. TSPI02J, is available for $1 .50 

from Tenny. Box 545. Richardson. TX 
75080. 

leak. If there is cold air leaking in, the 
meter will show a sharp drop as the sen- 
sor gets closer to the air leak. Converse- 
ly, if there is a warm air leak, it can be 
pinpointed with great accuracy by 
watching the meter move upscale. 

Keep in mind that in this configuration 
you are measuring relative temperature. 
Also remember that there is a tempera- 
ture differential between the ceiling and 
the floor in a room even without an air 
leak. 

R 
237I011. 

+3V 

R6 
2.2M 

RIO 
27K 

R9 RII 
39K 1OK 

Fig. 3. Optional circuit shows how to convert 
the leak detector into a conventional thermometer. 

Thermometer. The basic probe can 
be modified to create a thermometer by 
using the circuit shown in Fig. 3. 

Potentiometer R12, used to balance 
the circuit, is still a 1000 -ohm, 10 -turn 
potentiometer. But now it has a turns - 
counting dial. Trimmer potentiometer 
R13 is a 1000 -ohm, multi -turn type, 
while R7 and R11 have been changed to 
10,000 -ohm, multi -turn potentiometers. 

Since the circuit has now become a 

thermometer, it must be calibrated. The 
basic technique is to create two water 
baths at each end of the desired temper- 
ature range. Since water and ice reach 
an equilibrium at 0°C, and water boils at 
100°C (at sea level), these are conven- 
ient to duplicate. 

Assuming a linear sensor, the circuit 
is adjusted to 0°C and 100°C with the 
sensor immersed in the appropriate wa- 
ter bath. With the linear control and 
turns -counting dial, intermediate tem- 
peratures can be read from the dial after 
the meter is again center -scaled. Com- 
pensation for the 100°C range must be 
made if you live at high altitudes. 

To calibrate the circuit, set up the ice 
bath and keep it stirred as long as the 
sensor is immersed in it; also prepare a 
boiling water bath. 

Set potentiometers R7 and R11 to 
their maximum resistance, and R12 to 
its minimum resistance. Be sure that the 
counter on R12 indicates zero when 
R12 is at its minimum resistance. 

Immerse the sensor in the ice water, 
short the bridge at points A and B, and 
adjust R7 and R11 until the meter indi- 
cates at center scale. Remove the short 
across the bridge and adjust R13 to cen- 
ter the meter again. 

Then immerse the sensor in boiling 
water and set the turns counter of R12 to 
10.0. Adjust R7 until the meter is cen- 
tered, then return the meter to the ice. 
water. Rotate the R12 dial to 0.0 and ad- 
just R11 for a meter center. Return to 
the hot water and adjust R7, repeating 
the actions until the meter indicates the 
temperatures at each end of the scale. 

Other temperature ranges may be cal- 
ibrated, but the dial will no longer indi- 
cate the temperature directly. A chart 
can be created to translate dial indica- 
tions into temperature. 

If you wish to use the ELD as a remote 
thermometer, the circuit will tolerate a 
considerable length of lead between the 
circuit and the sensor. Just be sure that 
you calibrate the system using the long 
leads so that resistance will be taken 
into account. 

Happy energy savings! O 
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Designing Circuits 
for Worst Case 
Operation 

ONE CONSTANTLY recurring prob- 
lem for many hobbyists is that 

some circuits in the projects they build 
fail to work properly. Other than improp- 
er assembly and bad components, the 
most probable cause of this problem is 

that a "typical" circuit design was used. 
A typical circuit design might be sound 
on paper, but unless component charac- 
teristic variations are taken into account, 
the design may not produce a working 
circuit. And the cause is normal compo- 
nent parameter variations. It is impor- 
tant, therefore, that when you design or 
build a project, you take into account the 
possible variation range of the compo- 
nents you will be using to ensure that the 
project works properly. 

In this article, we will discuss why 
component characteristics vary and 
what can be done to circumvent possi- 
ble problems. Stated differently, we will 
discuss how to design for worst -case 
conditions. 

Why They Vary. Component charac- 
teristics can vary for any number of rea- 
sons. For example, IC's are manufac- 
tured in "batch" lots, wherein a number 
of identical chips are fabricated simul- 
taneously on a single silicon wafer. This 
approach results in significant manufac- 
turing savings and a very low cost per 

BY STEVEN L. CHEAIRS 

How to choose components 
with tolerances to 

insure that 
circuits work properly. 

circuit element. Unfortunately, the pa- 
rameters of the individual components 
can vary greatly from one wafer to the 
next, even though component charac- 
teristics on a single wafer will "track" 
very closely. 

It is not uncommon to find a circuit that 
contains components whose parame- 
ters fall anywhere between their worst - 
case limits. If the circuit was designed 
around devices that have typical para- 
meters, there is the possibility that it will 
not function because it contains a device 
that operates at an extreme end of its 
parameters. Here is an example. 

Assume a circuit has 50 components. 
Of these, 80% have typical parameters 
and 10% are sensitive to parameter vari- 
ations. That means 20%, or 10 compo- 
nents, have atypical characteristics and 
5 components are parameter sensitive. 

The probability of an event occurring 
can be defined by the equation P = 
M/N, where P is the probability, M is the 
number of times the event is expected to 
occur, and N is the number of trials. 
Hence, the probability of a sensitive 
component occurring per circuit is 1/10, 
while the probability of a component 
having atypical performance is 1/5. 

By the Law of Multiplication Probabil- 
ity (compound probability), when an 
event is regarded as occurring if a num- 

Tc 
(A) (B) 

Fig. 1. A theoretical 
capacitor (A) actually 
contains parasitic R and L. 
Theoretical equivalent 
of an inductor (B) is 
even more complex. 

ber of subevents independently occurs, 
the compound probability of occurrence 
of the event is equal to the product of the 
individual probabilities of the subevents. 
This can be expressed in a mathemati- 
cal way by the equation P = P1 x P2 or 
P = (M1/N1) (M2/N2). Therefore, 1/5 
times 1/10 or one out of every 50 cir- 
cuits may not function due to the typical 
design technique used in our example. 

In all likelihood, the figures used in the 
example are applicable to many hobby- 
ist -built projects and account for the oc- 
casional project that fails to work even 
when all the wiring is correct. It should 
also be noted that this condition is wors- 
ened when "surplus" components are 
used, since the probability of using a 

component that is just barely within its 
specifications increases. Using such 
components, it becomes possible for a 

designer to produce a working design 
prototype that when duplicated by oth- 
ers will fail to operate. 

Given the above conditions, it be- 
comes mandatory for all circuit designs 
to be subjected to worst -case design 
analysis if the circuit is to be duplicated 
by others. Any circuit can be so 
analyzed. The most convenient method 
is to use worst -case parameter values 
during the initial design phase to insure 
proper operation from the start. 

Defining the Problem. It is essential 
to recognize which parameter or com- 
bination of parameters create the worst 
case for a particular circuit. Unfortunate- 
ly, these conditions and how they affect 
circuit performance vary from circuit to 
circuit. Also, there may be different per- 
formance specs for any given circuit. 

Most modern circuits contain both IC's 
and discrete components. When an IC 

and a number of discrete components 
can be combined to make a subcircuit, it 

is acceptable and may even be desir- 
able to consider the subcircuit thus 
formed as a self-contained entity. This is 
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Design of Digital Systems - six volumes 

The products of digital electronics techno- 
logy will play an important role in your 
future. Calculators, digital watches and TV 
games are already commonplace. Now, 
microprocessors are generating a whole new 
range of products. Personal computers will 
be in widespread use very soon. Your TV, 
telephone and computer will combine to 
change your children's education, your job- 
your entire way of life. 

WRITTEN BY EXPERTS 

These courses were written by experts in 
electronics and learning systems so that you 
could teach yourself the theory and appli- 
cation of digital logic. Learning by self - 
instruction has the advantages of being 
faster and more thorough than classroom 
learning. You work at your own pace and 
respond by answering questions on each new 
piece of information before proceeding. 

After completing these courses you will 
have broadened your career prospects as well 
as your understanding of the rapidly chang- 
ing technological world around you. 

The courses are designed as much for the 
professional engineer as for the amateur 
enthusiast. You'll learn about microprocess- 
ing as well as personal computing - not to 
mention all the other aspects of digital 
electronics design. 

ADVANCED COURSE 
DESIGN OF DIGITAL SYSTEMS 

Design of Digital Systems is written for the 
engineer and serious hobbyist who wants to 
learn more about digital electronics. Its six 
large -format volumes-each 111/2" x 8'/4" are 
packed with information, diagrams and 
questions designed to lead you step by step 
through number systems and Boolean algebra 
to memories, counters and simple arithmetic 
circuits,and finally to a complete understand- 
ing of the design and operation of micro- 
processors and computers. 

CONTENTS 

The contents of Design of Digital Systems 
include: 

Book 1: Octal, hexadecimal and binary 
number systems; representation of negative 
numbers; complementary systems; binary 
mulitplication and division. 

Book 2: OR and AND functions; logic 
gates; NOT, exclusive -OR, NAND,NOR and 
exclusive - NOR functions; multiple input 
gates; truth tables; DeMorgan's Laws; canon- 
ical forms; logic conventions; Karnaugh map- 
ping; three -state and wired logic. 

Also available at leading computer stores: 
Computer Mart of New York, 118 Madison Ave.. New York, NY. 
Erie Computer Co.. 1253 West 811, St.. Enc. PA. 
Interactive Computers. 7646.4 Oashwood, Houston, Tx. 
Interactive Computers. 16440 El Camino Real. Houston. TX. 
Interactive Computers. 217 W. San Franc,sco. San le Fe. NM. 
Readout Computer Stores. 6 Winspear Ave.. Buffalo, NY. 
Imperial Computer Systems, Inc.. 2105 . 23rd Ave.. Rockford, IL. 
Home Computer Center. 6101 Yonge St.. Willowdale. Ontario. Canada 

and many others. Ask your dealer. 

Personal Computers 
& Microprocessing 
Here are two inexpensive programmed 
learning courses designed to keep 
you up-to-date in digital electronics. 

Book 3: Half adders and full adders; sub - 
tractors; serial and parallel adders; processors 
and arithmetic logic units (ALUs); multi- 
plication and division systems. 

Book 4: Flip-flops; shift registers; asynch- 
ronous counters; ring, Johnson and exclusive 
-OR feedback counter; random access mem- 
ories (RAMs); read-only memories (ROMs). 

Book 5: Structure of calculators; keyboard 
encoding; decoding display data; register 
systems; control unit; program ROM; address 
decoding; instruction sets; instruction decod- 
ing; control program structure. 

Book 6: Central processing unit (CPU); 
memory organization; character represen- 
tation; program storage; address modes; 
input/output systems; program interrupts; 
interrupt priorities; programming; assemblers; 
executive programs, operating systems, and 
time-sharing. 

BASIC COURSE 

Digital Computer 
InSic and 
Electronics - 

twa41.. 

i 
A 

DigitalLogt 

addComputer 
Electronics 

o. 

Digital Computer 
Logic and 
Electronics 

Digital 
1.09k and 
Elechlonics 

os 
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Digital Computer Logic & Electronics 

CONTENTS 

Digital Computer Logic and Electronics is 

designed for the beginner. No mathmetical 
knowledge other than simple arithmetic is 

assumed, though you should have an aptitude 
for logical thought. It consists of 4 volumes- 
each 111/2" x 81/2"-and serves as an intro- 
duction to the subject of digital electronics. 

Contents include: Binary, octal and decimal 
number systems; conversion between number 
systems; AND, OR, NOR and NAND gates 
and inverters; Boolean algebra and truth 
tables; DeMorgan's Laws; design of logical 
circuits using NOR gates; R -S and J -K flip- 
flops; binary counters, shift registers and 
half -adders. 

NO RISK GUARANTEE 
There's absolutely no risk to you. If you're 

not completely satisfied with your courses, 
simply return them to GFN within 30 days. 
We'll send you a prompt, full refund, Plus 
return postage. 

TAX DEDUCTIBLE 

In most cases, the full cost of GFN's 
courses can be a tax deductible expense. 

HOW TO ORDER 

To order by credit card, call GFN's toll - 
free number - (800)331-1000; or send your 
check or money order (payable to GFN 
Industries, Inc.) to the address below. 

Prices include overseas surface mail post- 
age. Air Mail: additional costs (10 volumes); 
Caribbean S10; Europe S15; Africa, South 
America S20; Australia, Asia S25; or write 
for exact quote 

Write for educational discounts, quantity 
discounts and dealer costs. 

LOW PRICES - SAVE S5 

We ship promptly from stock. There are 
no extras-we pay all shipping costs; we even 
pay your sales tax where required. And if 
you order both courses, you save S5. Order 
at no obligation today. 

Design of Digital Systems $19.95 
- 6 volumes 

Digital Computer Logic $14.95 
& Electronics - 4 volumes 
Both courses - 10 volumes $29.90 

GFN Industries, Inc. 
Suite 400 - Q 

888 Seventh Ave. 
New York 
N.Y. 10019 

Call TOLL -FREE (8001331-1000 
(orders only) 
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Fig. 3. Maximum input forward current 
function of power supply voltage variation. as afunction of the input voltage. 

also true for combining gates and other 
elements of IC's. When circuit elements 
are so combined, a block diagram is 
created. The self-contained entities can 
then be individually analyzed and the re- 
sults combined to analyze total circuit 
performance. This approach also allows 
system partitioning and interconnection 
methods to be considered, as well as 
such problems as impedance matching, 
level shifting, and fan -out. 

The entire circuit's specifications can 
be divided down to the individual blocks 
that are sufficiently detailed to be treated 
on a stand-alone basis. All characteris- 
tics must be considered. If the circuit 

block does not satisfy the detailed re- 
quirements (input and output imped- 
ance, temperature range, threshold lev- 
els, propagation delay, hold times, etc.), 
the circuit must be modified. 

Every component in a circuit must be 
allowed to vary over its full range of val- 
ues, as specified by its tolerance, and 
still allow satisfactory circuit operation. Jt 

is the tolerance range that specifies the 
worst -case parameter range. 

Every component contains parasitic 
components, such as capacitance, in- 
ductance, and resistance. In many cir- 
cuits, the parasitic components are ob- 
served only during worst -case condi- 

TABLE I-SWITCHING CHARACTERISTICS Vcc=5 V, TA=25°C 

Parameter' From 
input 

To 
input 

Test Min. Typ. Max. Units 

tPLH A Q Cext=O 
Rext=5k 
CL=15pF 
RL=400 

22 23 ns 

B 19 28 ns 
tpHL A Q 30 40 ns 

B 27 36 ns 

tPHL Clear 0 18 27 ns 

tPLH Q 30 40 ns 

twQ(min) A or B 0 45 65 ns 

t%vQ A or B O Cext= 1000 pF 

Rext=1 Ok 

CL=15 pF 
RL=400 

2.76 3.03 3.37 µs 

*tPLH= propagation delay time, low- to high-level ou put 
tPHL= propaga ion delay time, high- to low-level ou put 
two= width of pulse at output Q 

tions. For example, consider a capaci- 
tor. A capacitor cannot simply be added 
to a high -frequency circuit with the ex- 
pectation that the circuit will behave as if 
a theoretically pure capacitor were add- 
ed. This simple component is actually 
quite complex, as can be seen in Fig. 
1A. An inductor is even more complex, 
as shown in Fig. 1 B. Therefore, for prop- 
er worst -case operation, these parasitic 
effects must be considered when de- 
signing and building circuits. 

Fixed resistors also have broad toler- 
ance specifications that can range up to 
±10% (±20% in older resistors) of their 
specified nominal values. 

The Spec Sheet. Manufacturer spec- 
ification sheets for a particular IC should 
be consulted for pinout and to gain a 
working knowledge of the device itself. A 
typical spec sheet, this one for a 74123 
dual retriggerable monostable multi - 
vibrator IC, is shown in Table I. 

Assume you require a 50-ns pulse 
and decide to use the 74123 to generate 
it. Note in the table that twQ(min) (mini- 
mum output pulse width) has a typical 
value of 45 ns and a worst -case value of 
65 ns when external capacitance Cext is 
zero and external resistance Rext is 

TABLE Ill-ABSOLUTE 
MAXIMUM RATING 

OVER FREE -AIR 
TEMPERATURE RATING 

TABLE II-RECOMMENDED OPERATING CONDITIONS Supply voltage, Vcc' 7 V 
Input voltage 5.5 V 

Parameter Min. Nom. Max. Units Operating free -air 
Supply voltage, Vcc 4. 75 5 5.25 V temperature range 0-70°C 
High-level output current, IOH -800 µA Storage temperature range -65 to +150°C 
Low-level output current, IOL 16 mA 
Operating free -air temp., TA 0 70 °C 'Voltage values are with respect to network 

ground terminal. 
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5000 ohms. (If you were making only 
one circuit, you could hand -select the 
components to make it work, but this is 

not a safe approach to use in a construc- 
tion article.) Now note two when Cext is 

1000 pF and Rext is 10,000 ohms. The 
width of the pulse can be between 2.76 
and 3.37 µs. Hence, the value can 
range from +8.9% to -11.2% of the typ- 
ical specified value for the given R and C 

values. Note also that the spec sheet 
does not tell you that this error is linear 
throughout the two range. For all we 

know, this may be the best point on the 
curve. So, when designing such a cir- 
cuit, make certain that your design can 
accommodate this type of tolerance. 

Note the column in Table II headed 
Nom (nominal). This value is the one for 
which you should strive, but you may 
find that it is not possible to obtain or 
hold it through the design. 

It should be understood that one pa- 
rameter may affect another. For exam- 
ple, consider the effect of varying the 
power supply voltage on the output sink- 
ing current (IOL). The output sinking cur- 
rent is a linear function of the power sup- 
ply voltage, as shown in Fig. 2. When 
the supply potential is 4.75 volts, the 
output can sink 15 mA. A similar condi- 
tion can be observed in Fig. 3, where the 
maximum input forward current (IF) is 

shown as a function of input voltage. 
Here again, the variation of one parame- 
ter can cause a variation in another. 

At this point, you should realize that 
you must know which characteristics are 
important so that you can design with a 

knowledge of their probable variations. 
To do this, you must know just what will 
affect a given parameter. 

All of the parameters thus far dis- 
cussed have been of the type that can 
cause circuit failure, not failure of a com- 
ponent. Most IC data sheets carry a set 
of catastrophic characteristics, such as 
those listed in Table III. With resistors 
and capacitors, characteristics like max- 
imum power dissipation and breakdown 
voltage should never be exceeded. Nev- 
er come close to these specifications in 

your circuit designs. 

Summing Up. If you use the tech- 
niques detailed in this article, or keep 
them in mind, your circuits will work and 
so will other circuits built from your de- 
sign. If you build projects from maga- 
zines, steer clear of broad -tolerance 
components, especially in critical com- 
ponents. Do not be afraid to test semi- 
conductors and passive components 
before using them. p 
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Have decorating 
fun with this amazing array of 
phones you can really own. Styles 
and colors to express your every 
mood. Elegant onyx, 24 K gold- 
plate, polished wood; nostalgic 20's 
'n 30's styles; contemporary acrylic 
'n chrome and frankly functional ... 
from $17.95 to $2,500. All govern- 
ment FCC approved, ready for 
existing jack. Answering machines, 
dialers and telephone accessories, 
too. Write today for 16 page, full 
color catalog. FREE. 

THE TELEPHONE BOOTH 
One Tandy Center, Dept. BI 

Fort Worth, Texas 76102 
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BLANK TAPES & ACCESSORIES 
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L_ 1- f1 

BLANK TAPES TDB O C.60 $1 20 

CASSETTE TAPES TDK 0 C120 5168 
AmgX Grand I C-60. 52.14 TDK D C.180 5299 
A,,,p cGrand Master I C.90 . $2.79 TDK AD C.60 31.79 
BASF :audio C.90 $2.69 TDK AD C.90 52.52 ° 

BASF I'rof.ssfonel TOK SA C.60 52.22 
II or III C.90 52.99 TDK SA C.90 S3 18 
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Masan UD C.90 ...r r: 2.84 , 
Mason Ú00L I or II C.511 2.47 Ma.ell UD 35.90 1800 55.49 

Scotch 
UDXL I or II C-90 53.47 Ma.all UDXL 35900 18001t 56.62 F 

Scotch low none Meech UD 35-180 360011. 
C-90 / 3 W 54.99 for 3 1108" I 514.70 
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CARTRIDGES 
audio technica. 

AT -2051A .... 5119.00 

AT/4 SA... .... ..... 546.50 
40.12 SA S34.90 
AT.10 512.00 

8815 
STAUNCH 

72.50 
681EEE.S 55.00 
681EE1.... 42.50 
680EE . 20.80 
500EE . 1440 

!WIFE 

11,SHURE-. 
V15 TYPE IV . 589.90 6 
V15 TYPE III ... 563.50 .1 
M9600 526.50 - 
M91ED 
M24H (QUAD/ 536.50 y 
M70EJ 59.90 

mMOG:RING 
XU V /45000 IQUADI. . . . 566.00 1 

20002 559.90 XSV/3000 .. . 545.95 s. 
20000 531.50 0V15/750E... . S30.00 ' 

2000E 311 . . .. . X V l5/625 E .. . .. 520.98 
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SE.500 S39.95 PHASE/2.2 593.00 

' SE700ae559.95 TECHNICIAN/VER 548.00 /'R K/6A . 514.97 

HD4010'524.99 p{M(IOWw 
o HD.414 535.97 V 

140.424 559.95 04.7 541.90 

HOW TO ORDER: For shipment within 48 hours, send money 
order or certified check. Two weeks delay on personal checks. 7 

© Please add 53.50 per order for shipping & handling. ($5.50 for 
rder, outside U.S./. N.V.S. resident,. add tax. No C.O.D.',,. 

All merchandise 100% guaranteed, brand new & lectors 
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personal computer field 

BYTE is the magazine for the creative 
home computer experimenter. BYTE 
tells you everything you want to know 
about personal computers, including 
how to construct and program your own 
system. 

Home computers are now practical and 
affordable. Low cost peripherals have 
resulted in more hardware and software, 
more applications than you could imagine. 
BYTE brings it all to you. Every issue filled 
with stimulating, timely articles by pro- 
fessionals, computer scientists and seri- 
ous amateurs. 

BYTE, and BYTE logo are trademarks 
of BYTE Publications, Inc. 
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BY WILLIAM P. JOHNSON, JR. 

MOST STEREO recordings made in 
a professional studio begin as a 

number of "tracks" (usually 16 or more) 
on tape, which are subsequently mixed 
down to two channels. During mixing, 
the apparent location of each instrument 
and vocalist is fixed in the final left and 
right channels by its relative loudness. 
Usually, the listener cannot alter the mix 
other than by transposing or by blending 
the two channels to reduce stereo sepa- 
ration. With the "Stereo Roto -Blender," 
however, he can remix the recording, 
within certain limitations, to improve the 
mix and emphasize previously "buried" 
sounds. It also allows him to blend and 
transpose the two resulting channels in 
the conventional manner. The new mix 
will have roughly the same channel sep- 
aration as the original program. 

The Basic System. The Roto -Blend- 
er is made up of two basic parts: a 
stereo ROTATE control, which is the heart 
of its remixing capabilities, and a stereo 
BLEND control (Fig. 1). The ROTATE Con- 
trol "rotates" the performers in a circle 
around the listener. With the control cen- 
tered, the mix is unaltered. As it is rotat- 
ed clockwise, the sounds originating 
from the left and center shift to the right. 
The sound originating from the right 
moves over to the left to complete the 
rotation. 

The above effect is illustrated in Fig. 
2. Note that, with the ROTATE control 
centered (NORMAL), a vocalist is cen- 
tered between a guitar on the left and a 
piano on the right. By rotating the control 
to the left, the vocalist and piano shift 
one position to the left and the guitar 

BUILD 

A 
STEREO 

Lets you 
manipulate 
your stereo 

to blend 
or 

transpose 
the two 

channels. 

comes over to the right. Exactly the op- 
posite rotation occurs when the control 
is rotated in the clockwise direction. The 
control alters both the sonic directions 
and relative loudnesses of each sound. 
Normally, when a sound is shifted to the 
center, it becomes louder, and when it is 
shifted away from center, it becomes 
quieter. This allows the listener to em- 
phasize interesting or previously unno- 
ticed sounds. 

The BLEND control allows you to re- 
duce channel separation down to mon- 
aural as it is turned from fully clockwise 
to center. Rotating the control counter- 
clockwise causes the separation to in- 
crease, this time with the left and right 
channels transposed. This transposition 
provides additional flexibility in the re- 
mixing process. 

About the Circuit. The left- and right - 
channel inputs to the Roto -Blender in 
Fig. 1 are buffered by IC1A and IC1B 
and passed to differential amplifier IC1C 
whose output is an R - L signal. This 
signal is similar to the combined left- and 
right -channel signals minus the center - 
channel material. NULL ADJ control R13 
permits the center -channel material to 
be precisely cancelled to achieve op- 
timum results. 

The R - L signal is inverted by IC1D 
to produce an L -R signal. The left- and 
right -channel signals plus the composite 
signals are applied to ROTATE potenti- 
ometer R14. Figure 3 illustrates the sig- 
nals applied to R14 and indicates how 
the resulting output signals on each con- 
trol wiper vary over the range of the po- 
tentiometers. An important feature of 
this arrangement is the cancellation of 
one channel when the control is at its 
center of rotation, leaving only the re- 
maining channel, attenuated by one 
half. In this manner, normal stereo is ob- 
tained at center of rotation. The attenua- 
tion is counteracted by 1C2A and IC2B, 
whose boosted outputs are added to the 
R14 outputs through R11 and R12. This 
does not affect the signal at the extreme 
positions of the ROTATE control, due to 
the potentiometer's zero source imped- 
ance, but increases in effect as the pot is 

adjusted to its center position. This re- 
sults in a nearly constant loudness at all 
positions of the potentiometer for most 
stereo signals. 

After rotation occurs, the signals are 
applied to buffer amplifiers IC2C and 
IC2D. BLEND control R15 mixes the sig- 
nals in varying proportions to achieve 
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Fig. 1. The left and right stereo signals are buffered in ICIA 
and IC1B and combined in ICIC. Potentiometer R13 adjusts the null. e 

VOCALIST PIANO GUITAR 

R 
PIANO EMPHASIZED 

GUITAR VOCALIST PIANO 

PIANO GUITAR VOCALIST 

L .R 
GUITAR EMPHASIZED 

Fig. 2. With R14 centered, as in 
middle diagram, vocalist is 
between piano and guitar. With 
R14 rotated to either extreme, 
relative positions are changed. 

either normal or reversed stereo, mono, 
or anything in between. These signals 
are then buffered by IC3A and IC3B, af- 
ter which they are delivered to the Roto - 
Blender's outputs. Capacitors C3 and 
C4 are optional and are required only if 

the input to the amplifier to which the 
Roto -Blender is connected does not 
have similar capacitors. Their values 
should be chosen to have a low imped- 
ance at 20 Hz, compared to the imped- 
ance of the amplifier. 

The Roto -Blender can be either bat- 
tery powered as shown in Fig. 1 or driv- 
en by a ±6 -to -±15 -volt ac operated 
supply, which should be decoupled us- 
ing capacitors C5 through C/O located 
close to the +V and -V pins of each op 
amp used. (The op amps used in the au- 
thors prototype were 4136 quad types, 
which required only three IC packages. 
If you use a different op-ámp type, and 
almost any other type will work in this 
circuit, you will have to increase the 
number of 0.01-µF capacitors so that 
two capacitors are used for each IC 

package.) 
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INPUT 

L -R 

R 

L 

R -L 

OUTPUT 

L -R 

L/2 TO LEFT OUTPUT 

R/2 TO RIGHT OUTPUT 

R -L 

Construction. The circuit can be as- 
sembled on a printed circuit board of 
your own design or on a perforated 
board using pencil wiring techniques. In 

either case, it is a good idea to use sock- 
ets for the IC's. Mount the potentiometer 
controls, input and output jacks, and 
POWER and IN/our switches on the box 
in which the circuit is housed. Use a dry - 
transfer lettering kit to label the controls, 
jacks, and switches according to func- 
tion and operation. 

Application. The Roto -Blender unit 
should be connected to suitable high- 
level inputs and outputs for optimum re- 
sults. You can connect it between a 
preamplifier and power amplifier or, 

Fig. 3. The left and right 
signals and the composite are 
applied to R14 as shown. 
Note how the resulting output 
signals on each control wiper 
vary over potentiometer range. 

lacking this facility, into the tape -monitor 
loop. It is a good idea to hook it up 
ahead of the headphone amplifier, since 
the Roto -Blender is best appreciated us- 
ing headphones. 

For proper operation, the Roto -Blend- 
er should be nulled to counteract imbal- 
ances in the source material and 
preceding electronics. This can be done 
by disconnecting the right channel out- 
put of the Roto -Blender and, with the 
ROTATE and BLEND controls fully clock- 
wise, adjusting the NULL ADJ control to 
exactly cancel the center sounds of the 
program source. If a mono source is 
used, adjust for minimum sound. Exces- 
sive distortion heard at this time indi- 
cates either a worn record or stylus or 

some other deficiency ín the source 
material or amplifier's electronics. 

Cancellation of center sounds with 
some recordings is not possible when 
the sounds are reproduced differently in 
each channel, using reverberation tech- 
niques. This case should not be con- 
fused with the case where distortion pre- 
vents nulling with a raspy sound. 

Once nulling is accomplished, the 
right channel can be reconnected and 
the ROTATE pot should be centered for 
normal stereo reproduction. If an instru- 
ment on the left-a trombone, for exam- 
ple-is to be emphasized, rotate the 
sound to the right by turning the ROTATE 
control clockwise. This moves the trom- 
bone to the center, where it will be more 
dominant. At this point, if the BLEND con- 
trol is rotated fully counterclockwise, the 
trombone will remain centered while the 
left and right channels will be effectively 
transposed. 

The effects achieved by the Roto - 
Blender are a function of the source 
material and cannot be fully described 
here. Perhaps the most fascinating as- 
pect of the Roto -Blender is its ability to 
bring forth sounds that were never no- 
ticed before. O 

How to Measure 
THE RESISTANCE 

OF HOT ELEMENTS 

ACONVENIENT means of measur- 
ing the hot resistance of lamp fila- 

ments, or other elements whose re- 
sistance changes with operating tem- 
perature is a highly desirable item for the 
electronics experimenter. This is espe- 
cially true in cases where these ele- 
ments are used in circuits requiring 
close voltage tolerances. 

Although there are several ways to 
measure hot resistance, excellent re- 
sults can be obtained from the simple 
circuit shown here. 

Using conventional components, the 
circuit has a range from one or two 
ohms, up to several thousands. 

The transformer should have a sec- 
ondary voltage and current sufficient to 
fully illuminate the lamp under test. In 
the case of a 1.17 -volt lamp, T1 should 
be a 1:1 isolation type whose secondary 
can handle the required lamp current. 
68 
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The range of the bridge is about 100:1 
and depends on the value of R2. A 10 - 
ohm value of R2 enables measurement 
between one and 100 ohms, while an 
R2 value of 100 ohms, produces a 10 - 
to -1000 -ohm range. The lower the re- 
sistance of R2, the more accurate the 
measurement. This is due to the low 
voltage drop across R2. The wattage of 
R2 should be such that it can handle the 
necessary load. 

If the lamp must be measured at full 
operating voltage, measure the voltage 
across the lamp. Then increase the in- 
put voltage to overcome the voltage 
drop across R2. 

With the circuit connected as shown in 
the schematic (R3 not installed), adjust 
R1 until the ac voltmeter indication is at 
a minimum. Switch to a lower voltmeter 
range as the minimum is approached. 
Record the value indicated on the ac 
voltmeter. 

Without disturbing the setting of R1 , 

remove the lamp under test, and substi- 
tute potentiometer R3 for the lamp. This 
potentiometer can have a value be- 
tween 100 and 1000 ohms. 

Adjust R3 until the ac voltmeter indi- 
cates the same value as that previously 
recorded. Remove R3 from the circuit 
and measure its resistance. This will be 
the hot resistance of the lamp. O 

R2 
10/loon 
(SEE TEXT) 

R3 
100/1Ooon 
(SEE TEXT) 

TI: VOLTAGE AND CURRENT SUFFICIENT TO FULLY ILLUMINATE LAMP 

This circuit can be used to measure resistances up to several kilohms. 
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BUILD AN 
ACTIVE OW 

ox 
Converts any resistor into a 

40 -watt unit for load measurements. 

'T IS OFTEN necessary to simulate a 

wide range of load conditions when 
building and repairing power supplies. 
To perform such a task, a large supply of 

power resistors or a power -resistor sub- 
stitution box would normally be required. 
However, the "Active Power R Box" de- 
scribed here reduces the demand to a 

minimum. The R Box can, convert any 
resistor, whether fixed or potentiometer, 
into 40 -watt power resistors. 

The R Box's active circuitry is pro- 
grammed by an external resistor, con- 
nected across terminals A and B in the 

schematic diagram, so that it functions 
as a power resistor with a value that is 

R4 
IK 

NNNt 

NOTE: 
ALL RESISTORS 
I% TOLERANCE 

1/1000 of the external resistor's actual 
value. There is also a 1 -ohm resistance 
preprogrammed into the circuit that adds 
to the resistance programmed in. 

Hence, if an 8000 -ohm resistor is placed 
across programming terminals A and B, 

the resulting power resistance will be 

(8000/1000) + 1 = 9 ohms. 
The R Box can be programmed to 

serve as a constant -current load if de- 
sired. This is accomplished by replacing 
the programming resistor with a dc bias 
voltage between terminal B and the neg- 
ative (-) terminal. It is important that the 
positive side of the biasing source be 
connected to terminal B. The magnitude 

DC 
POWER 
SOURCE 

B2 
9V 

The circuit of the "R Box" converts the resistance at terminals 
A and B to 1/1000 its value plus one ohm and circuit can 
handle 40 watts. Use 12 -gauge wire for power circuit (heavy lines). 

BY GERALD BEENE 

of the programming current load will be 

1 ampere per volt on terminal B. For ex- 

ample, if terminal B is biased at 150 mV, 

the positive terminal of the R Box will 
take ín 150 mA for all supply potentials. 

The input potential must be restricted 
to 40 volts, and maximum power (input 
voltage times input current) must be lim- 
ited to 40 watts. Also, the proper polarity 
must be observed or the R Box will not 
operate. The R Box will operate for sup- 
ply outputs as low as 3 volts. The max- 
imum allowable current is 3 amps. 

When assembling the R Box, use 12- 

gauce wire for the high -current path 
(shown with heavy line in schematic dia- 
gram) and minimize the length of this 
wiring. Since the current drain of the 

dual operational -amplifier circuit (IC1) is 

only about 5 mA, a pair of 9 -volt batter- 
ies for 81 and 82 will do fine. Mount the 
10 -watt, 0.5 -ohm resistor (R5) so that 
the heat generated in it does not in- 

crease the heat of power -Darlington 
transistor 01. 

The heart of the R Box is transistor 
Q1. It can be a Motorola MJ1000 or any 

other suitable power -Darlington npn 
transistor. During assembly, 01 must be 
mounted on an adequate heat sink, 
such as the Wakefield No. NC -403-2. 

The dual op amps in IC1 sense both 
the input voltage and the potential 
across the 0.5 -ohm resistor and com- 
pute the required base drive for 01 so 
that the desired performance is ob- 
tained. The accuracy of the R Box will be 

very good if 1% tolerance resistors are 
used throughout the circuit. The resis- 
tors can be rated at I/4 or 1/2 watt, except 
for R5, since little current flows through 
the circuit. O 
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World's biggest and best source of top-quality electronic kits! 
Look at what's new in our new just -off -the -press catalog! 

NEW Easily one of the finest speaker systems in its price range! 
Linear Phase design uses stepped speaker components and 

ASX 1383 
a 1st order crossover so all frequencies reach your ears at 

P é l ii the same time; for a hi-fi improvement you can really HEAR. 
1 - ;'x ,4yi High -Fidelity A special edge -free cabinet and acoustically "invisible" grill 

(11 ' , i14 SpeakerSystem S stem cloth provide outstanding dispersion and accurate stereo 
IF imaging. Great looks too. Brazilian Rosewood cabinetry 

adds a look of elegance to any decor. 

NEW 
CS -2048 
Automatic 
Cruise Control 

NEW 
GD-1114 
FM Wireless 
Intercom 

NEW 
IT -7410 
Logic Probe 

NEW 
OC-1401 
Aircraft 
Navigation 
Computer 

Set your desired cruise speed, press the button and that's it - 
the CS -2048 maintains your car's speed on level roads, up and 
down hills, around curves, anywhere, automatically. Perfect 
for long-distance driving. A touch of the brake pedal returns 
the car to pedal control instantly - an important safety feature. 
Fits most domestic cars, vans and trucks with open driveshafts. 

Simply plug into AC outlets and use for reliable two-way 
communications between units on the same AC power 
line. Has phase -locked loop solid-state circuitry for 
clean, clear transmission and reception; auto- 
matic squelch for quiet operation. 

Provides performance levels equal to units 
costing much more. Shows TRUE logic 
levels at high frequencies, has TWO indi- 
cator lights for unambiguous readings. 
Ideal for quick testing of any TTL or 
CMOS digital circuits. 

The world's FIRST hand-held nav- 
igation computer with true, on -board 
computer power - provides complete air- 
port -to -airport flight management for up to 
9 flight legs. Computes magnetic heading, true air 
speed, ground speed, true course, ETA to checkpoint, 
ETA to destination, clock time to check point and destina- 
tion. A built-in clock/timer and three on -board microprocessors allow 
real time display which counts down to check point or destination. There's 
even a fuel warning indicator. It's the only navigation computer with complete pre-flight, 
in-flight and navigation functions. Another Heath EXCLUSIVE! 

4444ºIl444QQ,Q4QQjtQ4 

NO PREVIOUS 
EXPERIENCE NECESSARY 

Thousands of people with 
no electronics experience 
whatsoever - people who 
have never handled a sold- 
ering iron before - have 
proved that you can build 
any Heathkit product you 
want to - and enjoy every 
moment of it! Simple step- 
by-step manuals make it 
easy as 1-2-3, and every 
Heathkit product you build 
will be a source of pride 
and satisfaction for years 
to come as you say "I built 
it myself"! 
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HEATHKIT ELECTRONIC CENTERS* PROVIDE SALES AND SERVICE 

:11.1á 
sÍ7" F l 

*Units of Schlumberger 
Products Corporation. 

ARIZONA - Phoenix, 2727 W. Indian School Rd. 
(602) 279-6247. 
CALIFORNIA - Anaheim, 330 E. Ball Rd. (714) 776-9420; 
El Cerrito, 6000 Potrero Ave. (415) 236-8870; Los Angeles, 
2309 S. Flower St. (213) 749-0261; Pomona, 1555 Orange 
Grove Ave. N. (714) 623-3543; Redwood City, 2001 
Middlefield Rd. (415) 365-8155; Sacramento, 1860 Fulton 
Ave. (916) 486-1575; San Diego (La Mesa), 8363 Center 
Dr. (714) 461-0110; San Jose (Campbell), 2350 S. Bascom 
Ave. (408) 377-8920; Woodland Hills, 22504 Ventura Blvd. 
(213) 882-0531. 
COLORADO - Denver, 5940 W. 38th Ave. (303) 422-3408. 
CONNECTICUT- Hartford (Avon), 395 W. Main St. 
(Rte. 44) (203) 678-0323. 
FLORIDA - Miami (Hialeah), 4705 W. 16th Ave. 
(305) 823-2280; Tampa, 4019 West Hillsborough Ave. 
(813) 886-2541. 
GEORGIA - Atlanta, 5285 Roswell Rd. (404) 252-4341. 
ILLINOIS - Chicago, 3462-66 W. Devon Ave. (312) 583-3920; 
Chicago (Downers Grove), 224 Ogden Ave. (312) 852-1304. 
INDIANA - Indianapolis, 2112 E. 62nd St. (317) 257-4321. 
KANSAS - Kansas City (Mission), 5960 Lamar Ave. 
(913) 362-4486. 

KENTUCKY - Louisville, 12401 Shelbyville Rd. 
(502) 245-7811. 
LOUISIANA - New Orleans (Kenner), 1900 Veterans 
Memorial Hwy. (504) 722-6321. 
MARYLAND - Baltimore, 1713 E. Joppa Rd. (301) 
661-4446; Rockville, 5542 Nicholson Lane (301) 881-5420. 
MASSACHUSETTS - Boston (Peabody), 242 Andover St. 
(617) 531-9330; Boston (Wellesley), 165 Worcester Ave. 
(Rte. 9 just west of Rt. 128) (617) 237-1510. 
MICHIGAN - Detroit, 18645 W. Eight Mile Rd. (313) 
535-6480; E. Detrolt,18149 E. Eight Mile Rd. (313) 772-0416. 
MINNESOTA - Minneapolis (Hopkins), 101 Shady Oak Rd. 
(612) 938-6371. 
MISSOURI - St. Louis (Bridgeton), 3794 McKelvey Rd. 
(314) 291-1850. 
NEBRASKA - Omaha, 9207 Maple St. (402) 391-2071. 
NEW JERSEY- Fair Lawn, 35-07 Broadway (Rte. 4) 
(201) 791-6935; Ocean, 1013 State Hwy. 35 (201) 775-1231. 
NEW YORK - Buffalo (Amherst), 3476 Sheridan Dr. 
(716) 835-3090; Jericho, Long Island, 15 Jericho Turnpike 
(516) 334-8181; Rochester, 937 Jefferson Rd. (716) 244-5470; 
White Plains (North White Plains), 7 Reservoir Rd. 
(914) 761-7690. 
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Ifquality.. value...and the pride of craftsmanship 
turn you on, get your NEW HEATHKIT® 

cara LOG! 
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COAST -TO -COAST 
OHIO - Cincinnati (Woodlawn), 10133 Springfield Pike 
(513) 771-8850; Cleveland, 5444 Pearl Rd. (216) 886-2590; 
Columbus, 2500 Morse Rd. (614) 475-7200; Toledo, 
48 S. Byrne Rd. (419) 537-1887. 
PENNSYLVANIA - Philadelphia, 6318 Roosevelt Blvd. 
(215) 288-0180' Frazer (Chester Co.), 630 Lancaster Pike 

(RI. 0) (215) 647-5555; 
Pittsburgh, 3482 Wm. Penn Hwy. 

(41 

RHODE ISLAND - Providence (Warwick), 558 Greenwich 
Ave. (401) 738-5150. 
TEXAS - Dallas, 2715 Ross Ave. (214) 826-4053; 
Houston, 3705 Westheimer (713) 623-2090. 
San Antonio, 7111 Blanco Rd. (512) 341-8876. 
VIRGINIA - Alexandria, 6201 Richmond Hwy. (703) 
765-5515; Norfolk (Virginia Beach), 1055 Independence 
Blvd. (804) 480-0997. 
WASHINGTON - Seattle, 505 8th Ave. North 
(206) 682-2172. E GX-352 

873-8250. 
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WISCONSIN - Milwaukee, 5215 W. Fond du Lac 
NOTE: This FREE Catalog Coupon can also be redeemed at any of the Heathkit Electronic 
Centers nationwide. (See list at left) -------- ~Mail MEE Mil -RIM Mal MI=WI 

CIRCLE N0. 5 ON FREE INFORMATION CARD 
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DISCOVER THE FUN 
AND SATISFACTION 

OF BUILDING YOUR OWN 
ELECTRONIC PRODUCTS 
FOR HOME, AUTO, SHOP 

AND HOBBY... 

SEND FOR YOUR 
FREE HEATHKIT 
CATALOG TODAY! 

M ---ME EMI NZ, 
HEATH 

I Heath Company, Dept. 010-460 

-SChiumbelger Benton Harbor, Michigan 45022 

OCTOBER 1978 

1 
IPlease send me my FREE Heathkit Catalog. I am not on your mailing list. I 
Name ' ' , Address 

City State ; 



Completely 
factory - 
assembled 
and calibrated. 

911 

NEW EICO 272 
PORTABLE-DMM 

ONLY $6995 
Digital accuracy at low cost 

No need to guess at readings or use 
scale multipliers. All readings in- 
dicated directly on large, bright, 
easy -to -read digits at high accuracy 
of 0.5% on dc volts. Measures dc/ 
ac volts and milliamps as well as 
kilohms. Has 20 ranges. Polarity in- 
dicator, automatic zero, automatic 
overload indication, fully overload - 
protected. Readings up to 999 on 
three 0.3 -inch LEDs that can be 
easily seen even under low -light 
conditions. Price includes test leads, 
batteries, and spare fuse. 

FREE '78 EICO CATALOG 
Check reader service card or send 500 
for first-class mail. See your local EICO 
Dealer or call (516) 681-9300, 9:00 

" a.m.-5:00 p.m. EST. Major credit cards 
accepted. 

EICO 108 New South Rd. 
Hicksville, N.Y. 11801 

CIRCLE NO 18 ON FREE INFORMATION CARD 

Use Quick -Wedge to fasten 
leads, wire in panelights, 
connect test equipment, 
install components 
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ud 
They do all that ordinary 
screwdrivers do, PLUS they 
hold and start the screw 

t 
QUWCN WEDGE 17 sizes 

Screw -holding screwdrivers 
Unconditionally guaranteed. 
BUY A SET TODAY 
See your dealer or write to: 
Kedman Company, P.O. Box 25667, 
Salt Lake City, Utah 84125 

CIRCLE NO. 32 ON FREE INFORMATION CARD 
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BY VAUGHN MARTIN 

BUILD 
A 
KEYBOARD 
CONVERSION 
CIRCUIT 

Three IC's convert spst keyboard output to 
column -row format used by decoder chips. 

ESSENTIALLY, there are two types 
of keyboards available for the digital 

experimenter. These are column -row 
types, and low-cost keyboards having 
independent spst switches with one side 
of the switches sharing a common bus. 

There are several decoder chips 
(such as the 74C922 16 -key and the 

v 

PULL-UP 
RESISTOR 

116)$ X1 X2 

ONE OF 
16 KEYS 

YI 

Y2 

Y3 
13 

Y4 

2 

10K 

kIO1< 

X-inputs to the decoder chip. The row 
(Y) signals are also bussed to form the 
Y -inputs to the decoder. 

The individual keys are grounded on 
one side, with the other side tied to each 
buffer input. Each key may be tied high 
through a pull-up resistor to improve 
noise immunity. The three -state enable 

TO X OUTPUTS OF 74C922 DECODER 

X3 X4 
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74C923 20 -key decoder) that provide all 
the logic necessary to fully decode a col- 
umn -row device. The circuit shown here 
converts an independent spst keyboard 
into the column -row format that can be 
used with the above mentioned decoder 
chips. 

The circuit requires three DM8097, 
DM7097 or SN74367 noninverting hex 
three -state buffers. The columns have 
their three -state enable pins bussed 
together with these lines serving as the 

74 
ENI ENI 

Buffers A through F 
are on one IC (DM8097, 
DM7097, or SN74367); 
G -L on second; and 
M -P on third. 

ENI 

IOKf 10K 

lines (X) are scanned by one input at a 
time going low, or becoming active with 
the next one becoming active and the 
others inactive, etc., until all columns 
have been scanned (tested). This action 
enables a column, and each individual 
keyswitch enables its associated buffer 
(within the enabled column). The col- 
umn -row enabled input is applied to one 
of the 16- or 20 -key decoder logic where 
it is latched at the output. The output of 
the decoder is also three -state. O 
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