
0 CC 
WORLD'S LARGEST- SELLING ELECTRONICS MAGAZINE JUNE. 1979 /$1.5 

Pulse -Width Modulation Controls Motor Speed 
A Simple, Adjustable Bench Power Supply 
Electronically Simulated Ocean -Surf Sound 

Special Focus on Car Stereo & CB Radio 

T, 

14024 14278 
Popular Electronics 

y'o 

f IT --» 

;i;ri well . . i :tr:.ir`.:± ., - i . .-. : w . . .. . anal' 
,{ 

.;'N -I 
t o .fy 

el, i . , yE i ,177±''7 
- - 1` ' -6Z116_/ l..;.. : 3sar vs . 

a0 QOOM311lAW 0'i9.: F,. r" 
Tested 90 ar 

,13"VIVC , `/+ reo Headphones 
InThF' 6t0" 01h1 n'191" 

.dad 961Ca.E.,eaker 
System 

Issue - uynaco stereo 150 Basic Power Amplifier 

- FM 81 92 96 100 104 104 MHx 
AM S 7 8_ 10 12 14 1611D00KH: 

V V : 

J6 

u 

i 

9 



A hartz lock 
mees linear drive. 

When Fisher introduced 
our radically new linear drive 
turntable two years ago; it 

was hailed as the most,impor- 
tant advance in turntables 
since direct drive. / 

But now we've taken 
linear drive to a.iiew level of 
performance, by combining 
it with a sophisticated quartz - 
locked speed control. Pre- 
senting the MT6250 Studio 
Standard turntable-we 
think the world's finest. 

The MT6250 uses the same 
120 -pole linear motor direct drive 
system that has been thoroughly 
proven in other Fisher turntables. 
This system uses three precisely 
phased drive coils to propel a 
120 -pole magnetic strip en- 
circling the turntable platter. And 
it is so elegantly simple and smooth 
that it would be difficult to improve 
upon. The overlapping drive 
pulses and large number of poles 
(compared with 12 or 16 in conven- 
tional direct drive systems) assure 
almost perfect smoothness, 
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freedom from "cogging;'and 
lower wow & flutter. 

For speed stability, Fisher 
engineered a unique, quartz 
crystal -controlled, phase locked 
loop speed servo. The servo elec- 
tronically monitors the rotation of 
the platter thousands of times 
every minute, and keeps it locked 
in perfect sync with the crystal oscil- 
lator. This system is so stable that 
speed variation of the MT6250 is 

practically zero. 
Of course, the rest of the 

MT6250 lives up to the perform - 
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ance standards set by its 
drive system. The fully - 
counterbalanced tonearm 
easily handles virtually any 
cartridge, and provides the 
convenience of automatic 
return and shutoff at end of 
record, or when reject is ac- 
tuated. Built into the beauti- 
fully finished base are adjust- 
able leveling feet and a bub- 
ble level which doubles as a 
stylus overhang gauge. 

If you want the best per- 
forming turntable money can buy, 
see and hear the Fisher MT6250 
at $300.* 

Quartz lock meets linear drive 
now at selected audio dealers or 
the audio department of your favo- 
rite department store. Don't miss 
the action. 
Manufacturer's suggested retail value. Actual selling 

price determined solely by the individual Fisher dealer. 

New guide to buying high fidelity equipment. 
Send $2 for Fisher Handbook, with name and 
address to Fisher Corp., Dept. H, 
21314 Lassen St., Chatsworth, CA 91311. 

FISHER 
The first name in high fidelity.® 
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This $20 pager can control 16 
of either your appliances or your 
lights. There's no installation required 
and the complete story is explained below. 
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Control your entire home from your pocket with the 
world's first micro electronic remote Space Pager. 

You're in bed. It's late at night and you're 
watching TV. It's time to shut off your TV, so 
you reach for a remote control device, press a 
button, and off it goes. 

That's not unusual. But what is about to 
invade the typical American home will be. 

ELECTRONIC PAGING 
Scientists have developed the technology to 

individually page any light or electrical appli- 
ance in your home and command it to go on or 
off from a device that fits in your pocket. 

Remote paging requires no special home 
installation since it utilizes your existing 
household wiring system and small inexpen- 
sive modules that plug into your wall outlets. 

The system is also very inexpensive. It costs 
less than $14 per module to control any light or 
appliance, and less than $100 for a complete 
paging system. 

HERE'S HOW IT WORKS 
You press a number on a calculator -type 

keyboard that sends out a digital signal picked 
up by the electrical wiring system in your 
home. 

The digital signal pages only those wall 
modules set to the number you keyed. If you 
page a light, for example, you can also page it 

to turn on, off, or you can even dim it (just like 
the dimmer switch you have on your wall). You 
can page an appliance such as your coffee 
maker or toaster to turn either on or off. There 
are up to 16 different electrical devices you 
can control with your pager. 

WHAT IT WILL DO 
Remote space paging will perform many 

useful functions that will quickly pay for your 
modest investment. 
Security From your bed, you can turn on all 
the interior lights, your exterior lights, and 
sound an alarm to warn your neighbors. 
Convenience Wake up in the morning, turn on 
your coffee maker, the TV and all your lights 
from the convenience of your bed. 

Because it is so easy to use and so inexpen- 
sive, you can start with just a few modules and 

expand later. There are modules that plug into 
your outlets, and modules that replace your 
present wall switches. 

To make space paging work, you need a 
device to generate the digital code and trans- 
fer the signal to your household wiring. There 
are two systems available to do this: 
Direct -Controlled The direct system consists 
of a control unit at $39.95. The control unit is 
plugged into the wall and placed by your bed or 
at any location you select. To open, close, or 
dim a light, you press the appropriate number 
and press the function you want to perform. 
You also have the option of using the system 
with a remote ultrasonic pager. You point the 
ultrasonic pager at the control unit and enter 
the command. The remote pager lets you 
move about a room or area and is an optional 
accessory of the direct system at only $19.95. 
Timer -Controlled The timer -controlled unit 
consists of a digital clock and a memory. You 
can program the exact time you want each 
light or appliance to turn on or off. You also 
have a "dynamic living pattern" switch which 
controls the lights randomly and automatically 
to make it look like you are home while you are 
away or on vacation. You can now have your 
TV wake you up, your coffee started, and even 
your car warmed up in a set sequence every 
morning. It's like having your own invisible 
robot. 

Let's say you're in the living room and the 
lights are plugged into the modules and the 
control unit is in the bedroom. No problem. 
You can override the system by turning the 
lights on or off manually at your lamp switch. 

You can inexpensively expand the system 
by adding more modules. If you want to control 
your lighting from two locations, order another 
control unit. You can always expand your 
system. 

Once you've turned your bedroom into a 
paging command center, there is one more 
expansion possibility: the timer -controlled 
system which will be available for approx- 
imately $50 in the fall of 1979. JS&A 

customers will be advised first of its avail- 
ability. 

JS&A is America's largest single source of 
space-age products. We back the system with 
a prompt service -by -mail facility, a one year 
limited warranty and a 30 -day trial period. If 

you're not completely satisfied, simply return 
the system within 30 days for a prompt and 
courteous refund. 

Space paging will bring you freedom, secur- 
ity, convenience, and peace of mind. It will 
save you steps, time, and money. Finally, right 
from your bed, you can control your entire 
home's electronics-something that only a 
thousand dollar home computer could have 
done until the Space Pager was developed. 

TRY THE SYSTEM NOW 
We recommend that you purchase a series 

of modules, wall switches, and the direct sys- 
tem. A good starter package consists of one 
plug-in module for a plug-in light at $13.95, two 
modules for appliances at $14.95 each, one 
wall switch for $14.95, and the control unit for 
$39.95. The total cost for the package is 
$98.75 complete. If you wish to order the 
remote pager, it costs $19.95. Postage and 
handling is only $2.50 for each order no matter 
how many modules or receiving control units 
you purchase. (Illinois residents please add 
5% sales tax.) Credit card buyers may call our 
toll -free number below. 

Let space-age technology turn your house 
into a home of the future. Order your Space 
Pager system at no obligation, today. 

o PRODUCTS 

O ®T THINK 
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.,1979 
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Count up to 550 MHz or more, - ° - 

.1. 001 - 
count down to $69.95.` Smaller size, lower 
prices and professional accuracy help make CSC 
portable frequency counters the best in the business. 

MAX -550 lets you count up to 550 MHz on your 
fingers! This amazing counter is as small as some 
pocket calculators, yet offers continuous six -digit 
readings from 30 KHz to 550 MHz, updated six times a 

second to speed your work. Battery powered, it's just 
$149.95.` 

MAX -100 measures down to the last Hertz from 
20 Hz to past 100 MHz, displaying the count on eight big 
0.6" LED digits. It's battery operated, portable, and 
perfect for professional precision applications-and 
just S134.95, 

MAX -50 in its calculator -sized case lets you 

70 Fulton Terr.. New Haven. CT 0650912031624-3103, TWO 710-465-1227 

OTHER OFFICES San Francisco 14151421-8872. TWo 910-372-7992 

Europe CSC UK LTD Phone Sallron-Walden 0799-21682. TLX 817477 

Canada Len Frnkler Ltd. Ontario 

lv . 
grab ahold of 100 Hz to 50 MHz and displays the 

count on six bright LED digits. Its accessory mini -whip 
antenna even lets you pick up RF fields when a cable is 
inconvenient. And it's a speed reader, with six updates 
per second. All for just S69.95' 

PS -500 is our very capable Buffered Prescaler, 
which extends the range of almost any frequency 
counter ten times, up to 500 MHz. Its buffered 400 mV 
output can drive even tired old counters reliably. And you 
can add this extra capability for just $59.95' 

We have a full line of accessories, too, including 
cables, battery charger/eliminators and more. 

From audio to UHF microprocessor to radio 
control, whatever your application, you can count on 
CSC frequency counters for performance-and value- 
where it counts. 

CONTINENTAL SPECIALTIES CORPORATION 

I,. Call toll -free for details 

1-800-243-6077 
Smarter tools for testing and design. 

Suggested U.S. resale. Available at selected local distributors. Prices, specifications subject tochangewithout notice. c Copyright 1979 Continental Specialties Corporation 
CIRCLE NO. 12 ON FREE INFORMATION CARD 
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A SYSTEMS APPROACH TO CAR STEREO/ Harold A. Rodgers 41 

About the cover: 

This issue's special 
editorial focus 

reflects the growing 
use of car stereo 

and communication 
equipment in mobile 

environments. 
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Editorial 

ELECTRONIC PARTS DEARTH 

"Water, water everywhere, and not a drop to drink . . ." is not actually analo- 
gous to the position that electronics experimenters are in where electronic parts 
are concerned. But we all feel the tightening of parts availability amidst a sea of 
components being sold for consumer electronics and commercial and military 
equipment. 

Sure, Sprague and others are enjoying a banner year in the production of elec- 
tronic components. But how many parts being popped out by automatic machines 
are for one -piece -at -a -time sale? Unfortunately, more and more manufacturers are 
dropping manufacture of commonplace, low-cost semiconductors and other de- 
vices to concentrate on higher -ticket IC's, especially microprocessors. Along these 
lines, capacitor makers in Japan are moving the manufacture of low-cost compo- 
nents to Southeast Asia, while concentrating at home on more expensive items. 

Of special interest, Motorola recently discontinued its Hobbyist and Experiment- 
er Program (HEP) line of parts. Some good (for electronics hobbyists) may come 
out of it, though. The company is expanding distribution of its Maintenance and Re- 
pair Operations (MRO) line. I understand that there will be about 1,000 devices, 
and that the bagged products will initially be marked with a HEP number as well as 
a device number. Moreover, retail prices will remain the same, while distributor 
prices will be reduced. Hopefully, this will be sufficient motivation for distributors to 
carry more product types. GC Electronics, too, has exhibited great interest recently 
in expanding its Calectro line of electronic devices. 

Even kit suppliers report an increasingly difficult time in gathering all parts re- 
quired; some of the larger companies, in fact, cut back on kit models owing to this 
problem. And that's why there are times when direct -mail suppliers of parts, such 
as companies in our "Electronics Market Place" section, are sometimes forced to 
backorder some items, much to the chagrin of purchasers. Truly, it sometimes can- 
not be helped owing to forces beyond their control. In trying to reach a minimum - 
dollar mail-order purchase, therefore, it would be wise to add some widely used 
transistors and chips that can be stored away in the junkbox for future applications. 

The law of supply and demand will take over, I believe, and some bright compo- 
nent makers will recognize a growing vacuum and fill the void. That might be nir- 
vana for many of us. If it's any consolation, toy makers who entered the electronic - 
toy market were shocked to learn of the long lead times required to get all their 
necessary components. With up to 26 weeks delivery time cited, they're still dazed. 
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The Personal Computer Line 
by OHIO SCIENTIFIC 
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Cl P: $349! A dramatic breakthrough in price and per- 
formance. Features OSI's ultra -fast BASIC -in -ROM, full graphics 
display capability, and large library of software on cassette and 

disk, including entertainment programs, personal finance, 
small business, and home applications. It's a complete pro- 

grammable computer system ready to go. Just plug-in a video 
monitor or TV through an RF converter, and be up and running. 

15K total memory including 8K BASIC and 4K RAM - 
expandable to 8K. 

Cl P MF: $995! First floppy disk based computer 
for under $1000! Same great features as the Cl P plus more 

memory and instant program and data retrieval. Can be 
expanded to 32K static RAM and a second mini -floppy. It also supports 

a printer, modem, real time clock, and AC remote interface, as well as OS -65D 
V3.0 development disk operating system. 

C2 -4P: $598! The professional portable that has over 3 -times the display 
capability of 1 P's. Features 32 x 64 character display capability, graphics, full 
computer type keyboard, audio cassette port, and 4 slot BUS (only two used in 
base machine). It has 8K BASIC, 4K RAM, and can 
be expanded to 32K RAM, dual mini -floppies and 
a printer. 

C2 -4P MF: $1599! It's a big personal 
computing mini -floppy system at a special package 
price. Contains the famous C2 -4P microcomputer 
with 20K static RAM, 5" mini -floppy unit for instant 
program and data loading, RS -232 circuitry (for optional modem and printer), 
and four diskettes featuring exciting games, personal, business and education 
applications. 
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Monitors and cassette recorders not 
included. Ohio Scientific offers a com- 
bination TV/Monitor (AC -3P) for $115. 

1 

C2 -8P: $799! The personal class computer that 
can be expanded to a full business system. Has all the 

features of the C2 -4P plus an 8 slot BUS (3 -times greater 
expansion ability than the C2 -4P). Can be expanded to 48K 

RAM, dual floppies, hard disk, printer and business software. 

C2 -8P DF: $2599! A full business system avail- 
able at a personal computer price! The system includes the 

powerful C2 -8P micrccomputer(32K RAM expandable to 
48K), dual 8" floppy unit (stores 8 -times as much information 

as a mini -floppy), and 3 disks of personal, educational and 
small business applications software. Has all the capa- 

bilities of a personal system including graphics plus 
C]r.1-1 theability to perform Accounting, Information Manage- 

ment, and Word Processing tasks for small business. 
Contact your local Ohio Scientific dealer 

All prices, suggested retail 

OHIO GIENTIFIC 
America's largest full -line microcomputer manufacturer 

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101 

CIRCLE NO. 390N FREE INFORMATION CARD 
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Your A P Jumper 
isn't just crimped, 
it's fused together 
for keeps. 
You can't pull one of our assemblies 
apart on purpose, much less by 
accident. Not without tools. 

It's because we don't just crimp 
them together like other jumper 
makers, we mold our connectors 
to the flat ribbon cable. And after 
they're fused together, we test each 
assembly to make sure it's in perfect 
working order. 

All of this means you're not going 
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to be bugged by gaps or shorts. Not 
with A P Jumpers. Not even ufter 
repeated use. They're the world's 
most dependable way to jumper 
within PC boards and interconnect 
between PC boards, backplanes 
and motherboards. 

If your application involves 
sockets, card edge or DIP connec- 
tors, you'll find your A P dealer 
has the contacts and lengths 
you need. 

Who's your dealer? Phone (toll - 
free) 800-321-9668. And ask for the 
complete A P catalog, The Faster 
and Easier Book. 

A P PRODUCTS 
INCORPORATED 
Box 110 A. 72 Corwin Drive 
Painesville, Ohio 44077 
Tel. 216/354-2101 
TWX: 810-425-2250 

Faster ad [aster is what we're all about. 

CIRCLE NO. 6 ON FREE INFORMATION CARD 
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GEM OF A FIND 

Your "Special Focus On Speakers" in the 

March 1979 issue is the most complete and 

understandable reference I've come across. 
Well done! What was surprising was to find 

such a focus in POPULAR ELECTRONICS and 
not some publication devoted solely to audio 
and high-fidelity sound. -Rod Sweetland, 
Sacramento, CA. 

GARAGE DOOR CLOSER CAUTION 

The design of the door closer ("An Auto- 
matic Garage -Door Closer" March 1979) is 

creative and simple but presents some risks. 
Most garage -door -opener manufacturers tell 

you not to allow unattended operation. The 
possibility of an obstruction or jamming of the 

motor can be serious. The auto -reversing 
feature will normally trip at about 5 to 10 lb of 
resisting force at midtravel. But as the door 
nears the final few inches of travel, the toggle 
effect of the operating arm can produce 
forces in excess of 100 lb. An improperly ad- 
justed sense mechanism is even worse. A di- 
gitally coded transmitter/receiver is a better 
solution. --Mark L. Shaw, Mesa, AZ. 

PE IS "TOPS" 

I was so impressed with your March 1979 

Editorial that I decided to write and congratu- 
late you on the accuracy of your "comprehen- 
sive study of POPULAR ELECTRONICS subscri- 
bers." I'm a chemist, but in our field we make 

use of the latest in electronics technology. 
The most interesting way to keep on "top" is 

to read your magazine. There are always arti- 
cles we can use in analytical chemistry. 
Thanks for the effort to find out who your 
readers are. (I'm 28 years old with a B.S. and 

M.S. from Oregon State U.)-Dick D. Wilson, 

Columbia, AMMO. 

RAM TITLE ERHOR 

When you listed on the April cover and in 

the Table of Contents a "Buying Guide to Mi- 

crocomputer I/O Boards," I was surprised to 
find that the list actually covered RAM 

boards. What happened?-M. I. Leavey, 
Randallstown, MD. 

We could say. 'April Fool,' but regrettably 
RAM boards were substituted at the last mo- 

ment owing to a space problem and the title 

inadvertently remained I/O (see this issue's 
I/O Board Buying Guide).-Ed. 

POPIILAR ELECTRONICS 



HONESTY TRIUMPHS 

Truth 
Computer 

Can a voice stress analyzer tell if someone 
is telling the truth? It can and it can't. 
Here's the true story. 

By David D. Harrison 

There is no device that can tell you if 

somebody is telling the truth. Not even a lie 
detector. 

Lie detectors (or polygraph machines) 
simply detect stress, but it takes a competent 
professional polygraph examiner to interpret 
the results. 

The same goes for voice stress analyzers. 
Voice stress analyzers will detect stress in a 

person's voice, but there are three types of 
voice stress and only one type is caused by not 
telling the truth. 

EASIER TO USE 
But voice stress analyzers are easier to use 

than the polygraph machines. A polygraph 
machine obtains four separate readings from 
a subject who is strapped into a chair and 
obviously aware of the test, whereas the voice 
stress analyzer uses one reading from a sub- 
ject who may be unaware of the test. 

It is therefore easier to obtain and interpret 
the results from a voice stress analyzer and 
with the proper instruction, a person can be 
trained to differentiate between the three types 
of voice stress. 

TRUTH IS COSTLY 
The problem with most voice stress 

analyzers is that they are costly-from $800 to 
$4,000. To make them appear more costly, 
manufacturers have added tape recorders, 
graph -producing devices and elaborate 
carrying cases, and some have even taken out 
full -page national color advertisements. 

There is a voice -stress analyzer that I 

personally helped design and there is no 
mysterious secret about its low price of $250 
either. First let me explain the principle of 
voice stress analysis and why my unit is priced 
so low. 

PRINCIPLE OF VOICE STRESS 
When you are relaxed and talk, your vocal 

chords vibrate at a certain frequency and 
produce voice tremors. But your vocal chord is 

a muscle and like any other muscle in your 
body, when you're tense, the muscle exhibits 
stress, tightens up and squelches these voice 
tremors. Voice stress analyzers detect the 
absence of these voice tremors. 

Voice stress analysis was first discovered 
during World War II. Two OSS officers noticed 
that when a subject was under mental stress, 
the central nervous system surrendered 

muscular control to the involuntary or auto- 
matic nervous system, which squelched the 
voice tremors. The OSS men then set up a 

company to manufacture and market devices 
which could detect stress and which are still 
used by intelligence groups throughout the 
world. 

Since the tremor is really a frequency, by 
developing a system to detect and amplify this 
frequency, similar to an FM receiver, you can 
indeed determine stress. 

When I first analyzed the market I saw the 
serious manufacturers and the usual fast -buck 
artists. Any new emerging industry has both. 
But my investigation revealed that both 
elements had problems. 

TO KEEP COSTS LOW 
The serious manufacturers could not 

produce large quantities to keep their prices 
low nor did they want to and the fast -buck 
artists were ruining the reputations of the very 
serious people in the industry. 

I realized that the basic system was nothing 
more than a very sophisticated FM receiver. I 

also realized that I could produce that system 
to sell for $250. But something was missing. 

In order for any of these systems to work, 
you required training. So I developed a training 
course that is sent free with each analyzer I 

sell. With the proper training and my unit you 
can indeed determine more accurately the 
nature and the cause of voice stress and you 
can then intelligently draw your own con- 
clusions. 

12 PATENT CLAIMS 
My unit uses the highest quality compon- 

ents and I've personally checked it against 
units selling for up to $4,000. It works as 
accurately as some of the higher priced units 
on the market. 

There are over 12 patent claims that were 
allowed for our unit so not only is it a quality 
product, it is quite unique. Other units measure 
the AM component of a voice whereas my 
system measures the FM component. The 
signal is cleaner and easier to define. My unit 
comes with a direct input jack for a microphone 
or tape recorder. You can therefore record 
conversations and then play them back later 
for analysis. 

THE NEW MORALITY 
There's a new morality in this country. Ask 

This $250 unit represents a major break- 
through in voice stress technology. 

any professional polygraph examiner. Years 
ago, it was unusual to find an employee steal- 
ing from you. Today it's almost part of the job. 
In fact, most theft from retail store owners is 

not from shoplifting, but from employees who 
feel that it's one of the store benefits. 

There is a great moral controversy raised by 
the sale of voice stress analyzers. Is it immoral 
to determine whether or not someone is lying 
to you? We like to look at it the other way. Is it 

moral for somebody to lie to you in the first 
place? If people treat you fairly and honestly, 
would they care if you discovered that they 
were honest? 

I CAN HELP YOU 
My voice stress analyzer and my course can 

help you protect your business from the dis- 
honesty that has come to plague our nation. It 

can be a great deterrent. It can aid you in 

making personal decisions, in evaluating 
prospective employees and finally it can 
become a very valuable business tool that can 
help you for the rest of your life. 

The JS&A Group was so impressed with my 
unit that they have agreed to market my 
system through their outstanding organiza- 
tion. JS&A is America's largest single source 
of space-age products-further assurance 
that your modest investment is well protected. 

To order my Harrison Voice Stress 
Analyzer, simply send your check for $250 to 
JS&A (Illinois residents please add 5% sales 
tax) or credit card buyers, please call their 
toll -free number below. JS&A will send you 
your unit in a plain box along with my course. 
Use it for 30 days and if it does not function to 
your complete satisfaction, return it for a 

prompt and courteous refund. 
I'm really proud to offer this unit. My efforts 

will make life more difficult for those who 
believe dishonesty is the new morality and it 

will make life easier for those of you who still 
believe that honesty is the best policy. Order 
one of my systems at no obligation, today. 

o PRODUCTS 

© THINK 
Dept.PE One JS&A Plaza 

Northbrook, 111.60062 (312) 564-7000 
Call TOLL -FREE 800 323-6400 
In Illinois Call (312) 564-7000 

©JS&A Group, Inc.,1979 
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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. 

Morrow S-100 
Computer Interface 
With Morrow's "Speakeasy" interface for 
"Thinker Toys" piugged into any S-100 
computer bus, you can use up to three 
cassette player/recorders with motion con- 
trol. a Teletype or RS -232 serial terminal, 
and any 8 -bit parallel device. The interface 
provides 512 bytes of RAM and 512 bytes 
of PROM preprogrammed with COPE 
(Cassette Operating Executive) to handle 
the interfacing. The CPU in your present 
computer accomplishes several interfacing 
functions -generation and detection of 
waveforms for cassette decks, and transla- 
tion of serial and parallel data for the 
TTY/RS-232 devices. COPE generates 
the Kansas City Convention (1200/2400 - 
Hz, 300 -baud) waveforms. Other COPE 
routines detect biphase waveforms and 
convert them to binary information. The in- 

terface comes with COPE written for the 
8080A. $130 kit, $175 assembled. 
CIRCLE NO. 88 ON FREE INFORMATION CARD 

has distortion rated at 0.1% with a claimed 
73 -dB stereo S/N ratio. Dimensions are 
163"W x 111/2'D x 63/4"H (42.5 x 29.2 x 

17.1 cm). $360. 

CIRCLE NO. 890N FREE INFORMATION CARD 

Atlas Radio 
Ham Receiver 
The solid-state Model RX-110 amateur - 
radio receiver from Atlas Radio operates in 

both CW and SSB modes on 10, 15, 20, 

40, and 80 meters. It is self-contained with 

built-in ac supply and loudspeaker. It can 
operate with an external 12 -to -14 -volt dc 
supply and can be converted to a trans- 
ceiver by plugging in a low-cost matching 
transmitter module manufactured by Atlas 
Radio. Modules are available in 15- and 
200 -watt versions and are designed to op- 
erate in both CW and SSB. Receiver size 
is 93"W x 8"D x 3'Y.4"H (24.8 x 20.3 x 9.5 
cm). $229. 
CIRCLE NO. 91 ON FREE INFORMATION CARD 

tures a LED numeric channel display; 
switchable full or mixed interrupt on stand- 
by monitoring; digital PLL frequency syn- 
thesizer; anl; and adjustable squelch. The 
radio features pushbutton operation; LO- 

CAL/DISTANCE Switch on FM; automatic 
stereo mute; STEREO light; and BALANCE 

and FACER controls. The cassette section 
has a locking fast -forward function that's 
81/2 times normal speed; and automatic 
tape motor shutoff at tape end; pushbutton 
tape eject; and the Auto Cue system that 

quickly advances to the next taped selec- 
tion. Size is 7"W x 7"D x 27/8"H (17.8 x 
17.8 x 7.2 cm). Weight is 71/.4 lb (3.3 kg). 
CIRCLE NO.93 ON FREE INFORMATION CARD 

Mitsubishi DA -C7 
Tuner-Preamp 
Mitsubishi's new Model DA -C7 includes 
the functions of an AM/FM-stereo tuner 
and a control preamp. It can be physically 
and electrically joined with any of the com- 

9 
y. 

.14 . 
a / 
I 

.1 irT iv, ... 

pany's power amplifiers to form a receiver 

controlled entirely from the front panel of 

the DA -C7. The tuner/preamp has two 

phono inputs and input/output connections 
for two tape recorders with two-way dub- 
bing capability. The FM section offers a 

choice of wide and narrow bandwidth and 

Keithley DMM 
Has True RMS 
Keithley Instruments, Inc., has announced 
the Model 179-20A, 411 -digit multimeter 
that offers five -function capability, includ- 

.. I9:999 

`.- = _.... 
ing Hl/Lo ohms. It can measure 10 µV to 

1200 volts dc; 10 µV to 1000 volts true rms 

ac; 10 nA to 20 amperes dc and true rms 

ac; and 0.1 ohm to 20 megohms. Basic ac- 

curacy is rated at 0.04% in the dc -volts and 

resistance functions. Overload protection 
is provided up to 1000 volts on resistance, 
2- or 20 -ampere fuse on current functions. 
The display consists of 11" seven -segment 
numeric LEDs. The display flashes 0000 
when an overload condition exists. Range 
and function controls are color coded to 

minimize operator errors. Standard opera- 
tion is from the ac line, but an optional re- 

chargeable battery pack is available for 

portable operation. $349. 
CIRCLE NO. 92 ON FREE INFORMATION CARD 

Motorola 
AM/FM/Cassette/ 
CB Combo 
Motorola's new in -dash Model CC975AX 
combines an AM/FM-stereo radio, cas- 

sette player with "Auto -Cue" program sen- 

sor, and 40 -channel CB transceiver in a 

single in -dash unit. The CB section fea- 

JBL Monitor 
Speaker System 
The JBL Model 4343 Professional Series 

Control Monitor speaker system, designed 
primarily for control rooms and mix -down 

facilities, is suitable for demanding home - 
listening applications. The compact sys- 
tem has three drivers -a 10" (25.4 -cm) 
woofer, 5" (12.7 -cm) midrange driver, and 

1" (2.54 -cm) tweeter. The drivers are cou- 
pled to a crossover network that employs 
special phase -correcting circuitry and level 

controls that affect only the midrange 
speaker and tweeter. In -line mounting of 

the drivers is claimed to promote stereo 
imaging. Dense 3/," (1.9 -cm) material is 

used for the basic enclosure, but a con- 
temporary -styled walnut finish is available. 
Size is 223"H 141/4'W x 9 15/16"D (57.8 x 

36.2 x 24.2 cm) and weight is 42.5 lb (19.3 

kg). $369. 
CIRCLE NO. 94 ON FREE INFORMATION CARD 

TI Loran C-to- 
LAT/LON Module 
Texas Instruments is offering a new Loran 
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The craftsmen at RealtimeTM have 
done something quite unusual. They've 
created a dramatically thin, rugged 
alarm chronograph for under $250. 

In fact, way under $250. 
And while they've trimmed their 

timepiece's profile to a slim 9mm, they 
have done it without sacrificing a single 
feature, or compromising quality. 

We have yet to see an alarm 
chronograph that even approaches 
the value of this superb new product, 
in a store or offered through the mail. 

Microcomputer technology 
pushed to the limit. 

It's truly remarkable the amount 
of information you can now carry on 
your wrist, especially when you con- 
sider it's a piece of jewelry no bulkier 
than an ordinary, slim wristwatch. 

With this chronograph, you have 
bright liquid crystal digits always tell- 
ing you the time of day. In hours, 
minutes and seconds (with accuracy 
to ± 5 seconds a month). 

What's more, you can even pro- 
gram the hours, minutes and seconds 
for any other time zone you wish for 
immediate recall, thanks to Realtime's 
dual time -zone feature. 

It's a multitalented wrist alarm too. 
You may set it to beep -beep you in both 

5 POPULAR ALARM CHRONOGRAPHS 
COMPARE THINNESS. 

Texas Instruments (5125) 12.00 mm 
Advance (5100) 11.5 mm 

Citizen (5225) 11.0 mm 
Seiko (5250) 10.5 mm 

Realtime (599) 9.0 mm 

time zones, and at precisely the minute 
you choose. And because of Realtime's 
"PM" indicator, you won't be setting 
your alarm for the evening when you 
had intended to set it for the morning. 

Is it Monday in New York? Or Tues- 
day in Hong Kong? You'll never have to 
ask that question again. The day of the 

week is always displayed. To see the 
date, simply flick a button. When the 
sun's down, press another and the Real - 
time's face is instantly illuminated. 

And just as quickly as you recalled 
the date, you can set into motion a full - 
featured stopwatch. By the way, this 
stopwatch doesn't just count to 59 

Switches Chronograph 
from normal time mode 
to stopwatch opera- 
tion ("ST"), to second 
time zone ("12'1, to 
alarm setting ("Art. 
This flag comes 
on with second 
time zone data 
and alarm 
setting ' E 

COE 

Flag shows Cor 
1 

reel day of week 
in each time zone. 
Appears between 
12 noon and mid- 
night in normal 
time mode. Also 
works in conjunc. 
lion with alarm 
setting. 

TIME MODE. 

;;ó 1 
5 6'111 

Reau'... Weser 

Continuous display of 
hours, minutes and 

seconds for two time 
zones. In second time 
zone mode, "T2" flag 

appears. 

Rolls Off every 
second. Or changes 

to the dote. Buiit.in 
4.year auto calendar 

Ousts to end of month. 

Flag shows alarm set. 
This audible reminder 

beep -beep: for 1 

minute on the exact 
minute of its setting. it 
eturns 24 hours later. 

Resets time. date, 
alarm. day Of week 

and month. Also 
silences alarm. 

Even when switching , rnsr 
back for a time check. e, _ _ sre. Starts and stops 
stopwatch function Con. "`"RM ,vnoun s- - , the count. If 
linues uninterrupted. F E a 1-I tf- depressed 

Events can be timed for -! (..1 y? tlurirsgtlisPlay, split 
_ time 

4 5 8] 8 9 

¡yam lte.e RESET 

up to 12 indicated hours. 
Beyond that, hour display 
starts over at "1" without 
interruption. 

Colon flashes when split 
time is displayed. Indi- 
cates time is still 
accumulating. 
Moving flag records 1110 
seconds. Face shown reads: 
9 hours, 59 minutes and 
36.4 seconds. 

freezes the 
count- 

allowing 
automatic 

changeover 
to total 

elapsed time 
crsplay. 

Resets stopwatch to 
STOPWATCH MODE. zero for next event. Also 

activates 6 -second split time 
display anytime during the count. 

minutes like many other chronographs 
do-but up to 12 hours or more. It also 
precisely cleaves every second into tenths. 

You may record split times, lap 
times or freeze the figures anytime. You 
may even alternate between your stop- 
watch functions and normal time ones 
without concern; by activating one 

r mode, you don't interrupt the other. 
$99 buys an honest design. 

We wish you had a Realtime alarm 
chronograph in your hands right how. 
You'd see and feel the difference a 100% 
solid stainless steel case makes. (Most 
other comparably priced chronographs 
are chrome plated and not solid stain- 
less.) Realtime's back and bracelet are 
also solid stainless. And every one of 
those bracelet links is double stamped 
to produce the exact size and taper re- 

quired. Each link is then ground and 
polished. (We defy anyone to find work- 
manship like this, elsewhere at this price.) 

You'll also notice there's no front 
speaker grill on this alarm chronograph; 
it doesn't need one. The alarm sound 
emanates from the rear of the case. Many 
other chronographs, in trying to look like 

Seiko with its front- mounted speaker, 
cleverly paste on printed front grills. 
These are functionless. Everything on 
your Realtime is there for function. 

Water? Don't you worry. 
The Realtime's face crystal isn't 

plastic like most chronographs you 
see. It's tough rock crystal. And not 
only is it hard enough to resist 
scratches, but it is fitted so tightly 
that the chronograph has passed water 
immersion tests of up to 100 feet. We 
know of no other chronograph-at any 
price-that can offer you this security. 

This chronograph also has no mov- 
ing parts to break down, and it is unlike- 
ly that servicing will ever be required 
even after years of hard use. It comes 
with batteries in place (easily changed 
by any jeweler), a one-year factory war- 

ran:y from its manufacturer, complete 
instructions, service -by -mail facilities 
here in the U.S., and The Sharper Imagés 
guarantee: if you are not delighted with 
your purchase, return it within two weeks 
for a complete and courteous refund. 

ORDER NOW. TOLL -FREE. 
go ED 1111 III 1111 1111 NI WI MI 1 

Credit card holders may use 
!our toll -free ordering number, for quick 
1 delivery. Or send check for $99 plus 
1$1.50 delivery. Add $5.94 tax in CA. 

1(800) 621-5559 
In Illinois (800) 972-5858 

1 In California (800) 622-0733 

THE SHARPER IMAGE" 
260 California St., Dept. RA -049 
San Francisco, CA 94111 
(415) 788-4747 

Fl : LY. All CINONOC", 'NWIiN 
ALL FUNCTIONS AD NO FAt 



C-to-latitude/longitude Solid State Soft- 

wareTM plug-in module for its 11-58 pro- 
grammable calculator. Time differences 
(TDs) read from TI 9000, TI 9000A, or TI 

9000N Loran C receivers are converted to 

equivalent Lat/Lon coordinates on the cal- 

culator. The operator can also calculate 
great -circle range and bearing between 
two Lat/Lon coordinates. The converter is 

claimed to work with all Loran C chains 
worldwide, present and scheduled, for 

which data was available as of January 1, 

1979. According to TI, having the module 
is like having all of the world's Loran charts 

at your fingertips. Combined with the sepa- 
rately available Solid State Software Ma- 

rine Navigation Library for the TI -58, the 

navigator can have a complete navigation 
and piloting system available. 
CIRCLE NO. 95 ON FREE INFORMATION CARD 

Rotel Mini -System 
Weighing a mere 30 lb and occupying only 
1.2 cu ft, the RV -555 stereo system from 
Rotel consists of a receiver and two small 

speakers. The receiver is rated to deliver 
20 watts continuous to an 8 -ohm load, 20 

to 20,000 Hz at no more than 0.5% total 

harmonic distortion. The speakers weigh 
71h lb each and are said to be efficient 
enough to provide high sound pressure 
levels. Ceramic filters are used in the FM 

section, which incorporates a signal - 

strength meter as well. For mobile applica- 
tions, an optional adapter enables the sys- 

tem to work with a dc power supply. $310. 
CIRCLE NO. 96 ON FREE INFORMATION CARD 
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external interference and r -f feedback. The 

Model T2M operates from filtered 6 -to -16 - 

volt dc sources. Included is an 8' (2.4-m) 
three -conductor coiled cord. 
CIRCLE NO.97 ON FREE INFORMATION CARD 
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on the deck and a receiver or tuner at a 

preset time for unattended recording, dual - 
process Dolby noise reduction, LED peak 
indicators, switchable limiter, separate 
reel -drive motor, and an MPX filter switch. 
Claimed specifications include: frequency 
response, 30-15,000 Hz ±3 dB (normal 
tape); S/N, 64 dB (with Dolby); wow and 
flutter, 0.04% wrms. Address: Fisher 
Corp., 21314 Lassen St., Chatsworth, CA 
91311. 

Astatic Touch -Pad 
Microphone 

Astatic's new Model T2M amplified com- 
munication microphone has a built-in 
touch -pad encoder for repeater control and 

phone -patch operations. The touch pad 
has a tactile 12 -key chromeric keyboard 
and a visual feedback via a front -mounted 
LED. The mike features a preamplified 
electret element with tailored response 

and integral modulation control; digital in- 

tegrated tone generator with crystal control 
for stable frequency operation; and a mixer 
amplifier with up to 15 dB of gain. The 

mike's case contains shielding to reduce 

Conductive 
Grounding Strap 
Charleswater Products has introduced a 

new "Statfree" wrist strap and cord made 
of conductive woven ribbon fabric to pro- 
vide positive personal grounding while 
working on electrical equipment. The flex- 
ible strap is 1" wide and 11" long with a 

Velcro® fastener, and it snaps to a 4' or 6' 
cord that attaches by alligator clip to the 

i 
. 
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work bench. Providing one-megohm re- 

sistance, the strap avoids contact -point 
deterioration from perspiration. $3.65 in 

quantities of 25 with a 4' grounding cord; 

$4.60 with a 6' cord. Address: Charleswa- 
ter Products, Inc., George R. Berbeco, 3 

Walnut Park, Wellesley, MA 02181. 

CB Antenna 
Matching Device 
The "Un-Tenna" is a behind -the -dash unit, 
requiring no mounting brackets or tools, 
that can be used to allow a mobile AM/FM 
antenna to double for CB use. The solid- 

" 

or .tezi.'1 

state circuit can be tuned to match the CB 

band without the use of meters-a built-in 
LED indicates proper tuning. A VSWR of 
1.1 to 1 is said to be attainable with an iso- 

lation of 40 dB. The unit, by General Tech- 
nologies Inc., is equipped with 18 -inch ca- 
bles to the antenna and the AM/FM radio, 
and a 29 -inch cable to the CB radio. Mea- 
sures 31/2"L x 31/4"W x 11/4"H (9 x 8 x 3 

cm) and weighs 8 oz. $34.95. 
CIRCLE NO.98 ON FREE INFORMATION CARD 

Fisher Three -Head 
Cassette Deck 
The Fisher CR5150 "Studio Standard" 
front -load three -head cassette deck fea- 

tures wireless remote control of stop, play, 
record, rewind, fast forward, and pause 
functions. It also has a digital LCD tape 
counter with timer which can be set to turn 

Permabond 
Wire Tacking Kit 
The Wire Tacking Kit is a new adhesive 
system designed for a variety of electronic 
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Introducing 
the Troubleshooter. 

Síx functions and 24 ranges for 5129* make the jump 
from Analog to Digital more affordable than ever. 

We call our new hand-held 
8022A DMM the Troubleshooter. It 
combines the basic performance 
features you want with all the 
advantages that give digital 
DMM's the edge over analog - 
0.25% basic do accuracy, a 
rugged, reliable design, a 
razor sharp 31/2 -digit 
LCD readout, small size 
and light weight. 

Measure for 
measure you won't 
find a better value. 
Six functions- 
high and low 
ohms, ac and do 
voltage and 
current (24 ranges 
in all) make the .t 
Troubleshooter a 13 
ounce (0.37 kg) package of 
excellent measurement value. 
This kind of value wasn't possible 
until our custom CMOS LSI single 
chip design made hand-held 
DMM's an affordable reality and 
Fluke the industry leader. 

Here's something new that 
won't shock you. Fluke's exclu- 
sive probe design features finger 
guards on the probe and shrouded 
connections to discourage acci- 
dental contact with circuit 
voltages. 

You won't find a more rugged 
or reliable hand-held DMM. 
There's a lot more to building a 
high -quality hand-held DMM 
than you might suspect. The case 
has to survive bumps, scrapes, 
and scuffs. The LCD readout must 
withstand the extremes of humid- 

*U.S. Price Only 

dents in Alaska, Hawaii, and 
Washington, the number is 

(206) 774-2481.) 
In Europe, contact: Fluke 

(Nederland) B.V., P.O. Box 5053, 
Tilburg, The Netherlands. Tele- 
phone (013) 673973. Telex 52237. 

Ask about the new 8022A. And 
while you're at it, check into the 

1 8020A Analyst, the improved 
t, version of our $169* DMM. It 

boasts Fluke's exclusive conduct- 
ance capability for high resis- 

tance measurements and 
0.1% measurement accuracy. 

Both instruments are 
W. available at your 

stributor from stock. 
For immediate 

response, fill out 
the attached 
coupon. 

ity, temperature, and vibration. 
Function switches need to per- 
form reliably through thousands 
of cycles. And electrical circuitry 
must survive both physical shock 
and electrical overloads. 

We built the 8022A to with- 
stand all these tortures-with a 
rugged impact resistant plastic 
case, a custom LCD display, 
reliable push -buttons instead of 
rotary switches and over 20% of 
the components devoted to over- 
load protection. 

Take the next step. Contact 
the Fluke office, representative 
or authorized distributor in your 
area. In the U.S., CALL TOLL 
FREE (800) 426-0361. (For resi- 

\ 

FLUKE 
a 

CIRCLE NO.19 ON FREE INFORMATION CARD 

r 
John Fluke Mfg. Co., Inc. 
P.O. Box 43210 
Mountlake Terrace, WA 98043 

Please send 8022A toubleshooter data. 
E Please send the 8020A Analyst specs. 

E Please have a salesman call. 

Name 

title Mail Stop 

Company 

Address 

City State Zip 

Telephone ( ) Ext. 
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The more you work with electronics- 
the more you'll appreciate this systematic . . 

program that helps you understand the theory and the 
practical applications of today's newest test equipment. 

There's no easier, faster, lower -cost way_to learn! 
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We're so certain you'll find this 
Program helpful-and a great 
value, as well - that we make 
this money -back guarantee: if 

you're not 100% satisfied with 
any of the modules, simply re- 
turn the text for a full and im- 
mediate refund of the purchase 
price. 

411.,( ke',r,T1_ Vi 

A Complete Program 
in 4 Modules. 
This new Heathkit Test Equipment Program 
comes to you in 4 easy, self-contained 
modules. In addition, there is an optional 
final examination that can entitle you to a 

Certificate of Achievement and 6.0 Continu- 
ing Education Units. Each module comes 
complete with text, programmed self - 
testing reviews, and all parts for "hands on" 
experiments. Each module requires the ap- 
propriate test equipment and ET -3100 Trainer 
to perform the hands on experiments. 

MODULE 1: 
Analog and Digital Meters 
This module features two essential texts, one 
covering analog and the other covering digital 
meters. You'll learn to use both in measuring 
voltage, current and resistance. What's more, 
you'll come to understand sensitivity ... high 
input impedance...integrating meters resolu- 
tion ... the different types of probes available 
and more. When you've completed the module, 
you'll have a new appreciation of the workhorse 
VOM ... and you'll understand its proper use 
much better! 

EE -3105-1 $19.95 

MODULE 2: 
Oscilloscopes 
Whether you're testing, servicing or designing 
electronic equipment, the oscilloscope is a 
necessary tool. You'll learn how the scope 
works: how to choose and use a scope, with full 
understanding of deflection sensitivity and 
bandwidth, horizontal and vertical deflection, 
blanking and unblanking, triggered and free - 
running sweeps, delayed sweep, dual -trace 
presentation, and most importantly, the in- 
terpretation of scope displays and the use of 

HEATHKIT® 
MONEY BACK 
GUARANTEE! 
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lissajous figures in phase and frequency mea- 
surements. In short, you'll have mastered a 
most complex - but essential - instrument! 
EE -3105-2 $14.95 

MODULE 3: 
Frequency Generation 
and Measurements 
In order to do any troubleshooting or repair 
work, you'll need the understanding of fre- 
quency generation and measurement you'll get 
from this module. When you've finished, you'll 
be familiar with the three different passive fre- 
quency meters ... the four types of active 
frequency meters with emphasis on modern 
digital counters ... and the techniques of cal- 
culating unknown frequencies and other 
characteristics of the circuit on which you're 
working. You'll discover the advantages of elec- 
tronic counters, and gain complete understand- 
ing of the use of audio, RF and function 
generators and the most common waveforms 
used in circuit testing. 
EE -3105-3 $19.95 

MODULE 4: 
Special Measuring Instruments 
Once you've graduated to today's solid devices 
and digital circuits, you'll find you need more 
specialized test instruments. Included in this 
module are the operation and use of bridge 
circuits, transistor testers, curve tracers, spec- 
trum analyzes, logic probes and logic pulsers. 
You'll learn what types of measurements can 
be made with these instruments...which tests 
can be made in-circuit...and which you'll need 
as you get deeper and deeper into the engross- 
ing study of electronics. Module is complete 
with components for experiments using the op- 
tional ET -3100 Trainer. 

EE -3105-4 $19.95 

HEATH 

Schltimberger 
tr 

SAVE $9.85: 
ORDER ALL FOUR MODULES TOGETHER! 
IF ORDERED SEPARATELY, $74.80 ... BUT 
YOU PAY JUST $64.95!... PLUS ...GET THE 
FINAL EXAMINATION AT NO EXTRA COST! 

Order all 'four modules described above and 
you'll also receive the optional final examina- 
tion. On passing this exam with a grade of 70% 
or more, you'll receive 6.0 CEU's plus a Certifi- 
cate of Achievement. 

Order EE -3105 $64.95 

¡e 

ET -3100 Experimenter/Trainer Kit-a 
strongly recommended option or per- 
forming the many experiments that are 
part cf your Test Equipment Learning 
Program. The Trainer is a 2 -range vari- 
able sine and square wave signal 
source, dual -variable power supply for 
positive and' negative voltages and a 
solderless breadboard all in one. 

ET -3100 Trainer. $64.95 

Heath Company, Department 010-542 
Benton Harbor, Michigan 49022 

FOR FASTER SERVICE ON VISA OR 
MASTER CHARGE ORDERS. 

PHONE 616-982-4111 

USE THIS ORDER FORM TODAY! 
Heath Company, Dept. 010-542 
Benton Harbor, Michigan 49022 

Gentlemen: Please send me the Program/Modules I've indicated below: 

EE-3105 (All 4Modules-you save $9.85)@ ET -3100 Experimenter/Trainer Kit @ 
$64.95 plus shipping and handling @ $4.45 $64.95 plus shipping and handling @ $2.45 

EE -3105-1 (Analog and Digital Meters) @ 
$19.95 plus shipping and handling @ $2,25 

EE -3105-2 (Oscilloscopes) @ $14.95 plus 
shipping and handling @ $1.95 

EE-3105-3(FrequencyGeneration)@$19.95 
plus shipping and handling @ $2.25 

EE -3105-4 (Special Instruments) @ $19.95 
plus shipping and handling @ $1.95 

Total, including shipping and handling $ 

Michigan residents add 4% sales tax $ 

Total enclosed $ 

check money order Heath Revolving Charge Or, charge my VISA/BankAmericard Master Charge 

Account No Expiration Date 

Signature X 

Name (Please Print) 

(NECESSARY TO SEND MERCHANDISE) 

Address 

City State 
Prices are mail order subject to change Without notice. 

Zip 
ED -124 

7 
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assembly operations from Permabond In- 

ternational Corp. The kit contains adhesive 
in an easy -applicator bottle and a felt-tip 
pen "accelerator." Bonding is claimed to 

allow for simpler assembly in close -fitting 
designs while reducing the risk of damage 
in the assembly. Since all material is con- 
tained in the pen, there is no chance of 
spilling. A thin layer of the accelerator plus 
a drop of the adhesive is all that is neces- 
sary to achieve an instant bond. Address: 
Permabond International Corp., 480 S. 

Dean St.. Englewood, NJ 07631. 

Lencomatic 
Record -Cleaning 
System 
Designed fit hands-off, automatic opera- 

. tion, the Lencomatic system is a dry clean- 
ing method reported to simultaneously re- 

move dust and drain away static charges. 

It consists of a sliding brush assembly that 
attaches to the inside of the turntable cover 
in such a way that when the cover is 

opened, the brush returns to where it is 

ready for the next disc. Static is drained 
away by a spring contact that connects the 
brush assembly to the turntable spindle 
and by a conductive turntable pad. $19.95. 
CIRCLE NO.99 ON FREE INFORMATION CARD 

Cincinnati 
Pulse Generator 
The Model 400 pulse generator from Cin- 
cinnati Electrosystems uses a quasicom- 
plementary VMOS FET output to produce 
a less than 10-ns rise/fall time with an out- 
put impedance of less than 5 ohms. Pulse 
width and repetition rate are variable from 
1 µs to 1 s. One-shot pulses are pushbut- 
ton or externally triggered. Output ampli- 
tude typically swings within 0.1 -volt of the 
5 -to -15 -volt external supply voltage, is cur- 
rent limited to approximately 100 mA, and 

can withstand a direct short to Vcc or 
ground. Size is 4" x 274" x (10.2 x 
7.3 x 4 cm). $59.95. 
CIRCLE NO. 100 ON FREE INFORMATION CARD 

tering, electromagnetic shielding materials 
and flexible "rubber duckie" antennas for re- 

ceivers, transceivers and scanners is avail- 
able from Russell Industries Inc., 3069 
Lawson Blvd., Oceanside, N.Y. 11572. 

NASHUA MEMORY PRODUCTS LISTING 

New Literature 
HEWLETT-PACKARD 
CALCULATOR BROCHURE 

A 16 -page brochure provides a brief explana- 
tion of Hewlett-Packard's calculator language 
(RPN) and a guide to HP calculators. The 

brochure, "The Students' Choice ... The 

Professionals' Choice ... The Logical 

Choice" includes a catalog of HP's prepro- 
grammed/programmable, printing/nonprint- 
ing, pocket/portable calculators. Address: In- 

quiries Manager, Hewlett-Packard Company, 
1507 Page Mill Road, Palo Alto, CA 94304. 

SONY TV INTERFERENCE BOOKLET 

"How to Cure TV Interference" is published 
by Sony Corp. of America as a detailed guide 
to how to prevent TV interference due to CB 
radio and eight other forms of transmission 
which can cause TVI. The latter include FM 
broadcast stations, aviation, adjacent TV 
channels, motors in the home, ignition sys- 
tems, video games, etc. Its purpose is to in- 
struct the sophisticated TV owner as to how 
TV reception can coexist happily with interfer- 
ence sources and as an aid to qualified ser- 
vice people in dealing with such problems. 
$1.00. Address: Sony Corporation of Ameri- 
ca, Technical Publications Department, 
47-47 Van Dam St., Long Island City, NY 

11101. 

B&K-PRECISION 
INSTRUMENT CATALOG 

The 48 -page "BK-79" catalog of B&K-Preci- 
sion test instruments from Dynascan Corp. 
includes oscilloscopes, frequency counters, 
digital and analog multimeters, function and 
r -f signal generators, capacitance meters, di- 
gital probes, semiconductor testers, power 
supplies, and radio and TV test instruments. 
New products include a digital capacitance 
meter, 50 -MHz digital probe, 31 -digit lab 
DMM, 15 -MHz portable dual -trace scope, 
and multiple -output power supply. Two new 
function generators are also featured. Ad- 
dress: B&K-Precision, Dynascan Corp., 6460 
W. Cortland Ave., Chicago, IL 60635. 

RUSSELL CATALOG 

A catalog of electronic/electrical components 
for maintenance, repair and operations cov- 
ers heat shrinkable tubing, rubber bumpers 
and grommets, retractile cords, cable 
clamps, test leads, spacers, washers, stand- 
offs, desotdering aids, clips, dry transfer let - 

A 70 -page, pocket-size compatibility listing of 
Nashua Corp.'s line of disk packs, cartridges, 
and diskettes includes a description of the 
company's part numbers and overall media 
characteristics. It also gives criteria to help 
evaluate whether standard, certified error - 
free, or mapped disk packs are required for a 

given application. Listings provide the name 
of the marketing company and the manufac- 
turer for each disk drive in common use, drive 
model number, the manufacturer's disk pack 
number, bits per inch, tracks per inch, sec- 
tors, and compatible Nashua product. Ad- 
dress: Nashua Corp:, 44 Franklin St., Na- 
shua, NH 03061. 

SYLVANIA ANTI -INTRUSION 
SYSTEM BROCHURE 

"Wired for Sound" describes the Sylvania 
FPS -2 electronic anti -intrusion system, de- 
signed for fence protection. Using a sensor 
cable and signal processor, the system de- 
tects vibrations caused by intrusion attempts 
and sounds an alarm. Fence disturbances 
caused by wind, rain, birds or animals are fil- 
tered out, and the processor is programmed 
to select only the signals characteristic of an 
intrusion. Address: GTE Sylvania Security 
Systems Department, Box 188, Mountain 
View, CA 94042. 

BIRD R -F FILTER CATALOG 

The 20 -page r -f filter catalog FC-8 from Bird 
Electronic Corporation displays nearly 200 
coaxial filters, filter/couplers and filter/cou- 
pler/switches. Filter tables in the catalog list 

salient performance data and mechanical 
specifications of low-pass, high-pass and 
band-pass models with cut-off frequencies 
from 1 MHz to 2.7 GHz. Filter -couplers in- 
cluded combine harmonic rejection with r -f 

power level sampling in one compact pack- 
age. Some have a solid-state switch which 
controls trasnmit/receive signal path. Exten- 
sive application notes guide the reader in 

quickly identifying essential specifications. 
Address: Bird Electronic Corporation, 30303 
Aurora Rd., Cleveland (Solon), OH 44139. 

SHAKESPEARE CB ANTENNA CATALOG 

A 26 -page CB antenna and accessory cata- 
log is available from Shakespeare Electron- 
ics & Fiberglass Division. Line drawings illus- 
trate the complete selection of mobile, base - 
station, directional beam and marine CB an- 
tennas. Electrical specifications and mount- 
ing information are included. Address: Shak- 
espeare Company, Electronics & Fiberglass 
Division, P.O. Box 246, Columbia, SC 29202. 
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LO' ;TIM MAKES E 
ISTENING DIFFERENT. 

COMPARABLE AMPLIFIERS 
DO SOUND DIFFERENT 

Choosing the best amplifier for your audio 
system involves comparing specs, features and, 
of course, price. But ultimately, if you love music, you 
should base your decision on the way an amplifier 
sounds when reproducing music. 

Two amplifiers may have identical power 
ratings and virtually no Total Harmonic Distortion, but 
can sound very different: one clean and clear, the 
other harsh and metallic. The difference you hear is 

Transient Intermodulation Distortion(TIM, for short). 
The real effects of TIM on music, however, have 
only recently been recognized, since TIM does not 
show up in even the most accurate traditional 
laboratory measurements. 

Measurements for THD are made with 
smooth, repetitive signals (sine waves). Music, on the 
other hand, presents an amplifier with a series of 
non -repeating, pulsive, "transient" signals, as illus- 
trated below. 

SINE WAVES DYNAMIC MUSIC SIGNALS 

An amplifier that cannot faithfully follow the 
sharp transients demanded by music may have 
very low THD, but very high TIM. 

WHAT CAUSES TIM? 
It has been discovered that TIM distortion in 

an amplifier is caused by an insufficient slew rate - 
the engineer's term for an amplifier's ability to handle 
the high power, high frequency signals a musical 
transient presents. Poor slew rate in conventional 
amplifiers is most often caused by the very mech- 
anism used to reduce THD, namely, the addition of 
negative feedback. Put more simply, in convention- 
ally -designed power amplifiers, the more negative 
feedback you use, the lower will be the THD (which is 

good), but the higher will be the TIM (which is 

not so good). 
It took Sansui, and a whole new approach 

to amplifier design, to solve the high -frequency slew - 
rate problems of TIM without compromising our 
superbly low THD specifications. 

THE SANSUI SOLUTION 
The most important step in the solution was to 

"speed up" (increase the frequency response of) the 
basic amplifier - even before negative feedback 
is applied - by using Sansui's own patent -pending 
DD/DC(Diamond Differential/Direct-Coupled) 
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AU -919 DD/DC AMPLIFIER 

circuit. The DD/DC circuitry includes a sophisti- 
cated "lag + lag -lead" dual compensation sys- 
tem, more often found in instrumentation amplifiers 
than hi-fi products, which maintains stability without 
decreasing frequency response. With DD/DC, the 
amplifier can instantly supply the enormous negative 
feedback current demanded by transients, without 
restricting the slew rate, so without introducing TIM. 

How well our 
unique circuitry suc- 
ceeds in eliminating 
TIM, while maintaining 
extraordinarily -low 
levels of THD is shown 
in these comparative 
curves. The Sansui 
AU -919 amplifier 
(bottom curve) is rat- 
ed at 110 watts per 
channel, min. RMS, 
both channels into 8 

ohms from 10Hz to 
20,000Hz, with no 
more than 0.008% 
total harmonic 
distortion. 
Power output vs. TIM distortion 
curves for the Sansui AU -919 
and competitive amplifiers. 
Derived using the TIM mea- 
surement method described 
In a paper presented at the 
63rd Convention of the 
AES May,1979; available from 
Sansui on request. 

LET YOUR EARS BE THE JUDGE 
Instruments and circuit -design analysis are 

fine in their place, which is the laboratory. But you 
listen to music in your home; and we're confident that 
you will hear the difference in musical clarity that a 
Sansui amplifier makes. Your local Sansui authorized 
dealer can demonstrate all. the convincing reasons 
for choosing Sansui. 

SANSUI ELECTRONICS CORP. 
Lyndhurst, New Jersey 07071 Gardena, Ca. 90247 
Sansul Electric Co., Ltd., Tokyo, Japan 
Sansui Audio Europe S.A., Antwerp, Belgium 
In Canada, Electronic Distributors 

SansiuL 
CIRCLE NO.47 ON FREE INFORMATION CARD 



Microcomputers are here! 
Get in on A -e ground floor with 
NRI's new "at home" training 

in computer technology. 
Only NRI Gives You "Hands-on" Experience as You Build Your Own 

Designed -for -learning Microcomputer 
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The microprocessor, that amaz- 
ing little chip which shrinks electronic 
circuitry to microscopic size, has 
changed the world of the computer 
with dramatic speed. Now, big - 
performance computers are here in 
compact sizes...priced to make them 
practical for thousands of medium and 
small businesses, even homeowners 
and hobbyists. 

Microcomputers are already 
being put to work on jobs like inven- 
tory control, payrolls, cost analysis, bill- 
ing, and more. In homes, they're able 
to handle budgets and tax records, 
control environmental systems, index 
recipes, even play sophisticated games. 
And hobbyists across the country are 
expanding the state of the art while 
developing their own programs. 

Become a Part of This 
Incredible World ... 

Learn at Home 
in Your Spare Time 
NRI can give you the back- 

ground you need to get into this boom- 
ing new field. Microcomputers require 
a new discipline, a broader viewpoint... 
the ability to think in both hard- 
ware and software terms. And NRI's 
new course in computer technology 
is geared to bridge the gap. 

You get a firm foundation of digital 
theory while you get practical, 

I,, 
nr'i Oi.rr 
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"hands-on" experience working with 
the NRI Discovery Lab®, assembling 
test instruments you keep, and even 
building your own fully functional 
microcomputer. 

Best of all, you do it at your own 
convenience. You learn at home with 
clearly written, "bite -size" lessons that 
carry you through the course in logical 
progression. There's no need to go to 
night school or quit your job...you 
progress at the pace that's most com- 
fortable to you, backed by your per- 
sonal NRI instructor and individual 
counseling whenever you want it. 

Assemble an Advanced 
Microcomputer with 

Exclusive Designed -for - 
Learning Features 
Only NRI trains you with a mi- 

crocomputer that's specifically designed 
to teach you important principles as 
you build it. This state-of-the-art unit 
performs every function of comparable 
commercial units, has capabilities well 
beyond many. But each step of con- 
struction provides specific training, 
reinforces theory to make it come 
alive. And once you've finished, 
your microcomputer is ready to go 
to work for you. Or you can even sell 
it commercially. 

You also assemble professional 
test instruments for use in your train- 
ing. You get your own CMOS digital 
frequency counter and transistorized 
volt -ohm meter to keep and use in 
diagnosing problems and servicing 
computers. Together with up-to-the- 
minute lessons and NRI's 60 -plus years 
of home study experience, you get the 
most in training and value. 

Other Courses 
in Today's Electronics 

Even the servicing of home 
entertainment equipment has taken 
quantum jumps forward. NRI keeps 
you right up with the latest, with train- 
ing in stereo, video tape and disc 
players, and the latest TVs. You even 
build your own 25" diagonal color TV, 

the only one complete with built-in 
digital clock, varactor tuning, and 
computer control that lets you program 
an entire evening's entertainment. In 
our complete communications course, 
you learn to service two-way radio, 
microwave transmitters, radar, AM and 
FM transmitters, CB radio, paging 
equipment, and more. And you build 
your own 2 -meter transceiver or 40 - 
channel CB while you learn. 

Free 100 -Page Catalog 
No Salesman Will Call 

Send the postage -paid card 
today for your personal copy of the NRI 

electronics course catalog. It shows all 
the equipment, training kits, and 
complete lesson plans for these and 
many other courses. There's no obliga- 
tion of any kind and no salesman will 
ever bother you. Find out how you can 
learn new skills, keep up with technol- 
ogy, advance your future with training 
for new opportunities. Get in on the 
ground floor now! If card has been 
removed, write to: 

NRI Schools 
McGraw-Hill Continuing 

Education Center 

3939 Wisconsin Ave. 

Washington, D.C. 20016 
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"A Technological' 
Mast.erpiece-...:..-" 
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McIntosh C 32 

"More Than a Preampllif ér" 

Mclntosh'has received peerless ac- 

claim from. :prominent:. product 

testing laboratories and otitstand - 

,ing international recognition! .You 

can learn why.the "more than a" 

preamplifier" C 32: - has been 

:selected for:these unique honors. 

Send us your: name and address . 

and we'll send you the complete 

product reviews and data on all 

McIntosh products, copies of the 

international awards, and -a North-" 

American FM directory: You . will 

understand why. McIntosh product 

research and development always 

has the appearance_ and tech-'. 
nological look to the future. 

,Keep. -up to date. 
Send now - - 

McIntosh Laboratory Inc. 

Box 96 East Side Station 
Binghamton, NY 13904 

Name 

Address 

City State Zip 

If you are in a hurry for your catalog please 
send the coupon to McIntosh. For non -rush 

service send the Reader Service Card to the 

magazine. 
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Stereo Scene 
ON FACING THE MUSIC 

There is, among those of us who 
spend their working lives fiddling 

around with audio hardware, a lack of 
consensus on what sounds best, why, 
and what it all means anyway. If you're 
using the conventional IHF-approved 
procedures for evaluating equipment, it 

has become difficult to find a speaker, 
cartridge, amplifier, or anything that 
doesn't perform at least adequately in 

laboratory tests-"adequately" meaning 
that the faults of the product should be 
audibly inconsequential by generally ac- 
cepted standards. On the other hand, if 

you insist on devices that behave as if 

they were perfectly distortionless, iner- 
tialess, and without discernable sonic 
personality under any conceivable con- 
ditions, your search will be long and 
probably futile. 

Given this state of affairs, you could 
follow the lead of many others and pick 
your equipment solely by listening. But 
what sometimes happens then is that 
you find yourself preferring equipment 
that the test laboratory looks upon as 
mediocre if not downright deficient in 

one or more aspects of performance. 
Most equipment reviewers have felt 

the exasperation of performing tests 
conscientiously and assembling the best 
profile of a product we can, giving what 
we hope is enlightened attention to the 
relevant psychoacoustical factors, only 
to find someone who will say that the 
product doesn't sound as good as it 

should, or that something-even a mea- 
surably inferior something-sounds bet- 
ter. When this situation develops we 
tend to: (1) decide that the dissenter is 

hallucinating; (2) agree that the dissent- 
er's preferred product probably sounds 
as good as any other, even if it doesn't 
test quite as well, which merely goes to 

show that laboratory instruments are 
more critical than the ear or that many 
people actually enjoy the sound of cer- 
tain types of distortion; (3) suspect that 
we are insensitive to certain aural phe- 
nomena that other people pick up quite 
readily; or (4) begin to consider the pos - 

By Ralph Hodges 

sibility that our tests and other evalua- 
tion procedures are consistently missing 
something. 

If you regularly read test reports in au- 
dio magazines, you'll have no trouble 
discerning the tendencies of the various 
reviewers. You will also note that those 
reviewers who have seriously tried to 
come to grips with proposition number 
four have met with no resounding suc- 
cess. Pinning the "something" down, if it 
in fact is one thing, is a considerable 
task, even when we are determined that 
we can hear it and identify it when called 
upon to do so. 

It's About Time. But in a growing 
field like audio, there are new data com- 
ing to light at a fairly rapid rate, and 
some of these can offer insight into 
problems hitherto unsolved. For exam- 
ple, highly critical listeners have been 
known to declare that the binaural illu- 
sion from an appropriately made record- 
ing heard through headphones is so 
convincing as to bury the presumed defi- 
ciencies of the playback chain. It is just 
too real and too satisfying to argue with. 
A more recent example: people who 
have heard digital recording demon- 
strated have marveled at the way it can 
surmount mediocre loudspeakers and 
other questionable components in the 
system to present a credible and enjoy- 
able rendition of the music. 

What do these two techniques have in 
common that might account for the per- 
suasiveness of their illusions? The time 
factor is the only thing that comes to 
mind. A binaural recording is temporally 
very well controlled. You are limited to 
two microphones, and these are placed 
with some precision and kept fixed and 
at an essentially constant level of feed to 
the console. Playback is usually through 
a set of single -diaphragm transducers 
that don't exhibit serious discontinuities 
in phase/time relationships. 

Digital recording, too, through much of 
the audio -frequency range, is essentially 
time -invariant. It pays no attention to 

(Continued on page 24) 
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eIisd n ltogathertape. 
Not dust. 

Something as insignificant as a 
speck of dust can mess up a perfectly 
good recording. 

So at Maxell, we've developed 
an ingenious device that keeps dust 

from collecting on our tape. Our take- 
up reel. 

Instead of gaping holes that let 
dust in, our specially molded poly- 
styrene design actually forces dust out. 

maxell YIIIIIIIIJiIr11111111IIIIIIiIIiIIIIIIIIIIIIIIIIl11111111111111111V1111111111111111111111111111111IIIIIIIB 

So if your take-up reel is picking 
up more than it should, pick up ours. 

You'll find it comes attached to 
something even more impressive. 

Our tape. 
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To sell an 
advanced 
DMM for 
under $70 
we had to 
cut corners. 
And we sure did! First, we cut 
off the dealer's mark-up. Then 
we shaved off the overhead costs 
of national sales offices and 
warehouses. Finally, as if that 
wasn't enough, we even cut out 
the high labor costs of factory 
assembly lines. 
All in all, we cut over $100 
worth of corners! But not a 
single one that affected the 
quality and performance of our 
new DMM. 

Don't let our low price fool you! 
Because Sabtronics sells factory -direct - 
without all the hidden charges a dealer would 
track on - we can offer the superior 2010A 
DMM kit for a surprisingly low $69.95. 
Surprising because you get the accuracy, 
features and performance you'd expect from the 
high priced units. 

The 2010A offers you the long-term accuracy 
of a laser -trimmed resistor network, an ultra - 

stable hand -gap reference element and single 
chip LSI circuitry - all in a compact, rugged, 
human -engineered housing. With 31 ranges 
and 6 functions, you can measure AC and [)C 
volts from 100 µV to 1000V; AC and DC 
current from 0.1 µA to a surprisingly high 10A; 
resistance from 0.112 to 20 MS2. Typical DCV 
and Ohms accuracy is 0.1% ± 1 digit. And you 
see these precise readings on a bright, 31/ -digit 

Brief Specifications 
DC Volts: 1005V to 1000V in 5 ranges 
AC Volts: 100µV to 1000V in 5 ranges 
DC Current: 0.1µA to 10 A in 6 ranges 
AC Current: 0.111A to 10 A In 6 ranges 
Resistance: 0.12 to 20 MR in 6 ranges 

Diode Test Current: 0.1µA, 10µA, 1mA 

ACV Frequency Response: 40Hz to 40kHz 
Input Impedance: 10 M52 on ACV and DCV 

Overload Protection: 1200 VDC or RMS on all voltage 
ranges except 250 VDC or RMS on 200mV and 2V AC 
ranges. Fuse protected on ohms and mA ranges. 

Power Requirement: 4.5 to 6.5 VDC (4 "C" cells) 
optional NiCd batteries or AC adapter/charger 
Display: 0.36" (9.2mm) Digits reading to 31999 
Size: 8"W x 6.5"D x 3"1i (203 x 165 x 76 mm) 

Weight: 1.5 lbs. (0.68kg.) excl. battery 
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LED display with automatic decimal placement 
and large, 9mm numerals. 

Of course, that's what you'd expect from a 

quality DMM. But we've even added more 
features for extra convenience, flexibility and 
reduction of human en -or. 

Unique XIC Multiplier Switch - gives you 
convenient push-button selection to the next 
higher decade range. I li-Lo Power Ohms 
capability gives you three high -ohms ranges 
that supply enough voltage to turn on a 

silicon junction for diode and transistor 
testing. For in -circuit resistance measurement 
without turning on a semiconductor junction, 
you use the three low -ohms ranges. 

Wide Frenquency Response - 40Hz to 
40kí Iz bandwidth lets you measure audio 
through ultra -sonic AC signals. 

Touch and Hold Capability - with optional 
probe, retains readings for as long as you 
wish. You can make measurements in hard- 
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to -reach places without taking your eyes off 
the probe tip or stopping to record data. 

Plus More - Auto Polarity, Auto Zero, 
Overrange indication and fully overload 
protected on all ranges. 

And, although designed for henchtop use, the 
sleek, compact 2010A is powered by 4 "C" cells 
(not included), bringing wide -range lab 
performance to the field when you need it. 

You save either way.. 
Your 2010A DMM kit comes complete with 
easy -to -follow assembly instructions, all parts 
(including high -impact case), and test leads. You 
can complete assembly in a single evening. 
However, for a slight additional fee, Sabtronics 
will ship your 2010A factory -assembled and 
calibrated: at $99.50 it's still an incomparable 
value! 
Whether you're a professional or hobbyist, if 
quality and accuracy are important - and 
padded prices aren't - you should inspect the 
2010A DMM for yourself. If you're not 
completely satisfied, return it in its original 
condition within 10 days for a prompt and 
courteous refund of purchase price. Call us 
with your MasterCharge or Visa order today, 
or simply fill out the convenient order forum. 

Making Performance Affordable 

sabtronics 
INTERNATIONAL INC 

13426 Floyd Circle M/S 24 Dallas, Texas 75243 
Telephone 214/783-0994 

To: Sabtronics International, Inc. 13426 Floyd Circle M/S 24, Dallas, TX 75243 
Please send me .. . - Model 2010A Digital Multimeter kit(s) @569.95 plus $4,00t shipping and handling each S 

Model 2010A Digital Multimeter Assembled @ $99.50 plus 54.00t shipping and handling each S - AC -115 AC adapter/charger(s) @57.50 each . 5 

c NB -120 NiCd Battery set(s) @517.00/set 
s THP-20 Touch and Hold Probe(s) i4$18.00 each 
For delivery in Texas. add 5% Sales Tax $ 

I enclose O Check O money order for 
. . TOTAL $ 

or. please charge to my Visa O MasterCharge: Code º 
Account No. Expiration Date 

7 

Name 

Street Apt 

City State Zip 

L'Contmental 
U s only AK HI & PR 55R0 Canada:56 50. Foreign 519.00 Airmail 
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Accurate 
in 

ÍRF fields! 
B&K-PRECISION 

portable and 
lab DMM's 

For field or lab applications, your 
DMM should stay accurate-even in 
the presence of strong RF fields. Most 
DMMs can't pass this test, but the 
B&K-PRECISION 2830 lab DMM and 
the 2810 portable DMM easily meet the 
challenge. 

In addition, both of these instruments 
feature 31/2 digit readout, 0.5% DC 
accuracy, auto-zeroing/auto polarity, 
selectable high -/low power ohms and 
really complete overload protection. 
Special features of each include: 

Model 2830-$235 
AC operation; battery pack optional 
100µV, 100nA, .O19 resolution 
Reads to 20 amps 
Push button range and function 
selection 
0.5" high efficiency LED display 

Model 2810-$130 
Battery operation 
standard 
100 µVO1í1 
resolution 
AC charger optional 
Bright .3 LED 
display 

Available for 
immediate delivery at 
your local B&K-PRECISION 
distributor 

t,999 

--- 

/OK 
' 
DYNASCAN -` CORPORATION 

6460 West Cortland Street 
Chicago. Illinois 60635 312/889-9087 

In Canada Atlas Electronics. Ontario \ Intl sis' Empire Eap..270 Newtown Rd , Plalnvlew. L.I., NY 11803 
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STEREO SCENE (Continued from page 20) 
tape skew, it ignores gap-colinearity 
problems, and it doesn't recognize the 
existence of wow and flutter at all. In the 
time domain it holds up just about as 
well as any recording process we can 
envision, and its rock -solid imperturba- 
bility is a real comfort to those who are 
bothered by speed/time irregularities. 
(Furthermore, I suspect it is a joy to 
those listeners who don't realize that 
they respond to such irregularities.) 

What Studies Show. There are not a 
lot of sources you can draw upon to de- 
cide just how time confusion affects hu- 
man hearing. We know of a phenome- 
non called temporal masking, by which a 
correctly designed sound of sufficient in- 
tensity can disguise the direction or 
even eclipse entirely a sound that 
came a split second before. And we can 
demonstrate that rapid repetition of a re- 
corded sound can impart some of the 
reverberant quality of the space in which 
it originally propagated, a distracting 
echo, or a thoroughly unnerving experi- 
ence (as when you're trying to speak 
against a background of your own voice 
delayed artificially or by highly unfavor- 
able acoustics). In recording, signals 
mixed from several microphone chan- 
nels can sound innocuous or obnoxious 
depending on the time/phase relations. 

Although we know this, we still can't 
talk quantitatively or even analytically 
about what we can expect when we let 
time relationships get out of hand in a re- 
production system. We don't even know 
whether our specific response is to time 
or phase (different sides of the same 
coin, really), but evidence is building to 
support the idea that we get significant 
aural effects from both. 

Time as a Hi -Fi Criterion. What 
time distortions can you expect from a 
high-fidelity system? They begin at the 
recording microphones, particularly if 
they're used in multiples, and proliferate, 
sometimes shockingly, throughout the 
recording chain. The typical record play- 
er contributes a dose of complex flutter 
effects, tape machines being offenders 
in this respect as well. And efforts to 
make loudspeakers time -coherent have 
gone on for several years now. 

If time -base distortions are so impor- 
tant, why have not the so-called time - 
corrected speaker systems now offered 
devastated the marketplace? Two an- 
swers rush immediately to mind. The 
first is that the signal they receive to re- 
produce is not only not time corrected, 
but is most probably seriously time dis- 

ordered by (at the very least) the previ- 
ous components in the playback chain, 
the mechanical devices such as the rec- 
ord player or tape machine being the 
major culprits. (An initial and irreversible 
degradation may well have occurred 
during the recording process, but we 
presently have no way of fixing that.) 

The second is that, quite frankly, the 
geometry of many speaker systems that 
claim to be time corrected cannot 
accomplish the job except in a very nar- 
row zone projected (usually) straight out 
in front of the speaker. This zone is 
sometimes so narrow that in most listen- 
ing rooms you could not get far enough 
away from the speaker to fit both ears 
into it at the same time. 

Would it be possible to assemble a 

sound -reproduction system that is per- 
fectly time -precise, in order to compare 
it with a less "talented" array of compo- 
nents and therefore begin to appreciate 
the audible difference? I don't think so. 
But it is possible, at grim expense, to put 
together a system that comes closer to 
time correctness than most others, and 
the rules you have to follow are not ob- 
scure, but merely arduous. 

I heard such a system just the other 
day. The turntable was elaborately de- 
signed to resist any internal or external 
influence that might distract it from its 
task. The electronics were imperturba- 
ble and well -matched to the speaker 
systems, and the speakers themselves 
were designed to minimize the early re- 
flections from nearby room -boundary 
surfaces and control the reflections that 
were inevitable as carefully as possible. 
If this system hadn't sounded magnifi- 
cent there would be no reason to talk 
about it here. Even more impressive 
was its relative indifference to its acous- 
tical surroundings. Physically the en- 
semble was very large, but it seemed to 
sound as attractive in a small room as a 

large, and it circumvented many of the 
problems that had plagued most other 
systems in notoriously difficult rooms. 

I suggest that, if you are dissatisfied 
with the sound of a system you have put 
great care into choosing, you consider 
the possibility of time errors being the 
cause. There is not a great deal you can 
do about them right now, but I think you 
should keep alert to the possibilities that 
test instruments cannot yet explore, 
read equipment reviews with such con- 
siderations in mind, and watch for prod- 
ucts that stress new concepts about the 
satisfactory reproduction of sound. My 
guess is that there will be quite a few in- 
teresting and worthwhile examples. O 
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LCD Alarm 
Chrúnoqráphll. 

Twice as Góod. 
As the Original 

5 Major Improvements 
Now, with five major improvements the Ad- 
vance II is twice as good as the original-at the 
original low price. 

The differences you'll enjoy with our new 
LCD Alarm Chronograph are real and make it 
the absolutely best value on the market today. 

1. Perfect Accuracy Imagine, at the touch of a 
button you can correct the slightest variation- 

to a tenth of a second. 
So, in addition to 
guaranteed quartz 

f" IÍ ,'h E crystal accuracy of ± 5 
'J seconds a month, you 

AUIRMCNROND 
can instantly correct, 
or "trim the crystal" 

The correct time electronically, actually 
all the time. have to -the -second 

accuracy. 

2. Now the Alarm's an Automatic Reminder. 
The alarm can be set in an instant for any 
minute of any hour. And now features a snooze 
alarm, personal reminder system you can re- 
peat every seven minutes. Great, because you 
can't always leave for a meeting or your plane 
when the alarm rings, make that phone call at 
the time you promised. With the reminder you 
can be sure you don't forget. 

Also, the new alarm 
has a warning or 
"executive tone." This 
sounds once and 
pauses-so only you 
hear it and can shut 
the alarm off if you 
want to before the 
regular 52 second 
beeping cycle begins. 

'r-_ i iitiU 
ALARAI i, 

When the alarm's set, 
"ALARM" appears. 
To check for the time, 
touch the alarm button. 

3. Solar Rechargeable 3 -year Battery. The 
battery in the Advance II is recharged-auto- 
matically by any kind of light. So, instead of the 
usual one year, you'll get guaranteed (by Mal- 
lory) 3 -year battery life. And the bank of seven 
solar cells makes a handsome addition to the 
bold, impressive appearance. 

4. Digital Counter-for laps when you're 
running, golf score and more. Now, when 
someone asks, "What'd you shoot?" you can 
look at your watch instead of your score card. 
And it's terrific for keeping track of your laps, for 
counting cards, your ski runs, telephone calls, 

customers (daily, 
weekly, monthly 
cumulative compari- 

Ili t r sons), the people at a 
meeting, and in taking 
inventory. Touch a but- 
ton to count, then store 
the tally in memory if 
you're interrupted or 
want to refer to the 
total any time after. 

5. Memory Bank for every mode. Which 
brings us to another major difference and ad - 
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ping seconds, plus the day of the week. At a 
touch you can replace the time with the month, 
date and day, always right with no adjustment 
necessary. 

Thirty day trial. Now we invite you to put ev- 
erything we say and promise to the test- 
without risk or obligation for 30 days. And to 
send the LCD Alarm Chronograph II back to us 
for a complete refund if it isn't the equal of any 
watch at any price for accuracy, versatility and 
usefulness. A watch that wins the admiration of 
your friends as well as your own pleasure and 
lasting satisfaction. 

vantage: every mode can be put into memory. 
For example, with the imitators you can't get 
the time when you're using the chronograph. It 
would wipe out timing of the event! 

The Chronograph System. As to the chrono- 
graph, or split-second timer, its precision is so 
fine, it borders on the infinitesimal-to one - 
hundredth of a second for the first 20 min- 
utes ... to the second for a full 1 hour... and in a 
variety of ways unequaled by any other instru- 
ment. 

Still Only $100.00 
The best known LCD Alarr hronograph, of 
course, is the Seiko, whicl; .gularly sells for 
$299.95. While Seiko pioneeréd in this area, its 
chronograph is limited and still times only to 
1/10th of a second, its alarm has no reminder, its 
battery has to be replaced at least once a year. 

Copies abound, of course. But Advance is a 
manufacturer in its own right. Forging ahead, 
building on existing technology, creating a 
reputation of its own for extraordinary quality, 
which we're sure the almost 30,000 people who 
ordered the first LCD Alarm Chronograph from 
us will verify. 

(Actually, as one of the oldest and largest 
mail merchandisers, our only concern is to as- 
sure all these people that the refinements in the 
Advance II in no way minimizes the fact that the 
watch they already own does more and does it 
better than anyone else's.) 

The LCD Alarm Chronograph II is still only 
$100.00 which includes shipping, handling, in- 
surance and a handsome gift case. It's avail- 
able in either chrome (white) or gold-plate (yel- 
low) on a forged, hand -finished brass case. 
The back is stainless steel as is the band, which 
adjusts instantly to a perfect and extremely 
comfortable fit. 

Then, so you can see when it's dim or you're 
in the dark, the face lights up. 

The Watch and Electronic Calendar. Most 
important, the basic display gives you the 
exactly right time. The hour, minutes and run - 
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CREDIT CARD BUYERS 

CALL 800-621-5554 
(Illinois residents call 800-972-5858) 

To order by credit card, call the toll -free 
number above. Send your check to Douglas 
Dunhill at the address below. Be sure to specify 
gold or chrome. (Illinois residents add the ap- 
propriate sales tax.) 

The Advance LCD Alarm Chronograph II 

comes with a full ONE YEAR limited warranty 
and our assurance it will provide you with years 
of unmatched, trouble -free performance. Order 
now and enjoy the satisfaction that comes with 
wearing a watch that's second to none. 

Three-way Chronograph System 
No other instrument, at any price, gives you greater 

precision than the LCD Alarm Chronograph II, with its 
one 1/100th of a second accuracy. Or greater versatil- 
ity and flexibility. Three separate chronographs that 
work in memory-combine in function. 

71 ii'r 
-J 

CHRONO 

J 

Add time...the 
stopwatch, which 

you can stop (for a 
time-out, say) and have 
pick up where you left 
off when the action re- 
sumes. 

Timed to 18 minutes, 4 
seconds and 85/100ths of 
a second. 

Split time... lets you stop to get a reading (of the 
'/A, the Vz, each contestant crossing the finish line) 

while overall timing continues in memory until dis- 
played. 

Lap time (Taylor Split)... gives you the time of 
individual segments of an event, automatically 

starting again from zero so you can time the following 
sequence. It literally splits elements that can't be 
separated any other way. 

All this, plus a digital counter, in a sleek, superbly 
styled timepiece. Order now and take 30 days to prove 
how easy it all is to master and how useful when you 
have. 

,Douy/a1Dunbiil 
Dept 40-2376 
Ten Douglas Dunhill Dr., Oak Forest, IL 60452 

C Douglas Dunhill Inc. 1979 
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Dynaco Stereo 150 
Power Amplifier Kit 

cliHIRSCH- Dynaco's Stereo 

HOUCK 150-available in 

LABS kit form or assem- 
REppRT bled-is a basic 

' `-' two -channel pow- 
er amplifier rated at 75 watts/channel 
(150 watts mono) continuous into 8 

ohms at less than 0.25% THD be- 
tween 20 and 20,000 Hz. Except for 
the dc -offset coupling protection in the 
inputs, direct coupling is employed 
throughout. The amplifier features a 

differential pair at each input, fully 
complementary output stages with re- 

gulated and thermally tracking bias, a 

very husky power supply, and several 
levels of circuit protection. 

The Stereo 150 measures 141/2" W 
x 133/4" D x 65/r," H (36.8 x 34.9 x 
16.8 cm) and weighs 29 lb (13.3 kg). 
Suggested retail price is $269 in kit 
form, $399 assembled. Also built into 
our sample amplifier was the optional 
Model MC -2 power meter kit, which 
has a suggested retail price of $85. 
Prices are slightly higher west of the 
Mississippi. 

Physical Description. Most of the 
front panel of the Stereo 150 is a dark 
pewter color. On a brushed aluminum 
strip across the bottom of the panél 
are a hefty rocker ac power switch 
and a blue pilot light. If the power me- 
ter kit is installed, a smoked plastic 
panel replaces the upper panel and 
blacks out the large blue power me- 

ters when line power is removed. 
Also, the blue pilot light is replaced by 

two locking pushbutton switches that 
control sensitivity of the output power 
meters. 

On the rear apron are two phono- 
type input jacks; three-way speaker 
output binding posts (spaced 3/4" apart 
to accept standard double banana 
plugs); fuseholders for the speaker 
line fuses; and two massive output - 
transistor heat sinks. Walnut panels 
cover the sides of the amplifier. 

About the Circuit. The block dia- 
gram shows one channel of the 
Stereo 150. Two pnp transistors form 
a differential input pair. These transis- 
tors receive current from a constant - 
current -source transistor. A potenti- 
ometer permits adjustment of the con- 
stant current source to eliminate any 
dc offset present at the output of the 
amplifier. 

Signals from the input stages are 
applied to a predriver transistor that in 

turn, supplies signals to the positive 
and negative drivers. Driver and out- 
put -transistor class of operation is de- 
termined by a discrete bias regulator. 
The pnp transistor in this network is 

mounted so that it is thermally cou- 
pled to the drivers to enhance circuit 
stability by providing temperature 
compensation for the amplifier. The 
setting of a potentiometer determines 
the quiescent current through the out- 

put transistors, which is 50 mA for op- 
timum Class AB operation. 

The driver and output stages of the 
amplifier are in a complementary - 
symmetry configuration. Positive and 
negative driver and output transistors 
form discrete Darlington pairs. A volt - 
amp limiter stage is provided for each 
Darlington pair. When the current 
through a sensing resistor connected 
to the emitter of the output transistor 
exceeds a predetermined value, the 
resulting voltage drop across the re- 
sistor causes a transistor to conduct. 
This then shunts a portion of the base 
drive away from the driver transistor 
and forces a decrease in output cur- 
rent. Diodes are connected across the 
output transistors so that they are nor- 
mally reverse biased. This limits max- 
imum possible reverse voltage from 
collector to emitter to 700 mV, pre- 
venting damage from reverse volt- 
ages generated by inductive loads. 

A negative -coefficient thermistor is 

thermally coupled to the output tran- 
sistors of each channel. If the temper- 
ature of the heat sink (and hence the 
thermistor) increases to 75°C or 
167°F, attenuation of a voltage divider 
increases, thus reducing the input sig- 
nal to a safe level. Consequently; the 
Stereo 150's thermal protection cir- 
cuit, unlike that in most other amplifi- 
ers, does not abruptly interrupt circuit 
operation. As the heat sink cools, the 
input level automatically increases. 

The amplifier's power supply em- 
ploys a husky step-down transformer, 
25 -ampere bridge rectifier, and two 
10,000-µF filter capacitors. In normal 
stereo operation, the supply provides 
±50 volts dc with a high degree of 
regúlation. The power transformer's 
primary can be wired for use with 
either 120- or 240 -volt, 50- or 60 -Hz 
lines. In 120 -volt applications, ,a 5 - 

ampere slow -blow fuse protects the 
primary of the transformer. Individual 
4 -ampere, fast -blow fuses are provid- 
ed for the +Vcc and -Vcc supply 
lines of each channel. Finally, each 
speaker output is fused. 

The Model MC -2 power meters are 
physically large, highly readable, and 
calibrated in decibels. They are driven 
from the output of each amplifier 
channel via series strings of resistors. 
Two locking pushbutton switches are 
provided for selecting meter sensitiv- 
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The sound is fa ' 'ar. 
The PRICE is the SU:D ='RISE! 

Minimus-7 
This amazing little hi-fi 
speaker costs only about a 
third as much as some mini 
speakers, but we think they 
compare very favorably. How 
could they? Well, we gave 
ours a heavy -magnet large - 
excursion 4" woofer, a soft - 
dome wide -dispersion 1" 

tweeter, a precise L -C cross- 
over network, and a diecast 
aluminum enclosure. The re- 
sult is astonishing bass and 
crisp highs from a 7-1/6" tall 
system that fits on any book- 
shelf. Audio response is 50- 

20,000 Hz and 
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buys you a pair of 
the fully adjustable 
mounting brackets 
pictured here, so 

you can install two Minimus®-7s 
in your car. Or van or pickup or 
RV. Discover Minimus, the 
mini -size, maxi -value speaker 
for home or mobile use. Sold 
only at Radio Shack. 
'Retail prices may vary at individual stores and dealers. 
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ity (0 dB on the meter scale equal to 0, 

-6, -12, or -18 dB, referenced to the 
rated output of the amplifier). 

Assembly Details. The Stereo 150 
amplifier is really a semikit, since the 
main circuit board comes assembled 
and tested. The builder puts together 
the chassis hardware and wires the 
power supply and output transistors 
into the circuit. Hence soldering is lim- 
ited to relatively few operations. Our 
assembly time therefore, occupied 
only about seven hours of unhurried 
work. Dynaco's kit -assembly instruc- 
tions helped us put the amplifier 
together without a hitch. 

The main pc board contains four 
trimmer potentiometers. Two are for 
controlling the dc offset, while the oth- 
er two are for controlling the bias ap- 
plied to each channel's driver and out- 
put transistors. The manual states 
that these potentiometers are factory 
adjusted and need not be disturbed. 
However, a simple procedure is de- 
tailed for touching up the adjustments 
with the aid of a milliammeter and mil- 
livoltmeter, if desired. We performed 
touch-up with digital multimeters and 
found that our final settings were al- 
most identical to the factory ones. 

Test Results. Our laboratory mea- 
surements confirmed that the amplifi- 
er met or considerably exceeded its 
published performance specifications. 

SIGNAL 
INPUT 

At the end of the one -hour precondi- 
tioning period at 25 watts/channel 
output, the amplifier was only slightly 
warm. The onset of clipping occurred 
at 91.8 watts into 8 ohms (for an IHF 
clipping headroom of 0.9 dB), at 139.2 
watts into 4 ohms, and at 54.8 watts 
into 16 ohms. Attesting to the stiffness 
of the power supply, the amplifier's 
IHF dynamic headroom exactly 
equalled its clipping headroom. 

Input sensitivity was 0.1 volt for a 

reference output of 1 watt. The A - 
weighted output noise was below our 
measurement limit of 100 p.V (-90 
dBV). The amplifier had a wider fre- 
quency response and was quicker 
than its specifications indicate. Fre- 
quency response was down 1 dB at 5 

and 50,000 Hz and down 3 dB al 
100,000 Hz. Rise time was approxi- 
mately 3.5 µs; slew rate was 15 
volts/µs (considerably faster than the 
rated 5 volts/µs). Slew factor was 10. 

Also easily exceeded were Dyna- 
co's harmonic and IM distortion rat- 
ings (less than 0.25% at any power 
level up to 75 watts/channel into 8 
ohms). At one -tenth .rated output (7.5 
watts), the THD varied from 0.0075% 
at 50 Hz to 0.057% at 20,000 Hz. At 
rated output, harmonic content was 
lowest at 1000 Hz (0.015%) and high- 
est at 20,000 Hz (0.07%). 

Driving the amplifier with a 1000 -Hz 
sine wave of variable amplitude, we 
plotted the THD content in its output 
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against power delivered to the load. At 
0.1 watt, distortion was 0.0015%. It 

gradually increased to 0.016% at 80 
watts (into 8 ohms), 0.0215% at 90 
watts, and 0.23% at 95 watts. Most of 
the distortion at 95 watts was the re- 
sult of mild clipping. At lower power 
levels, the harmonic content consist- 
ed of second-, third-, and some high- 
er -order products. The presence of 
low-level, high -order distortion prod- 
ucts suggested that some crossover 
distortion was occurring. However, all 
harmonic distortion products were so 
weak that none was audible. 

A similar test was conducted to de- 
termine how inn distortion varied with 
output power, using 60- and 7000 -Hz 
sine waves. At 0.1 watt (all power lev- 
els are into 8 ohms), distortion mea- 
sured 0.01%. As the amplifier gener- 
ated more output power, the IM con- 
tent increased but remained below 
0.025% up to 60 watts and was only 
0.06% at 95 watts. Again, actual test 
results were considerably better than 
Dynaco's published specifications. 

We were pleasantly surprised by 
the accuracy of the power meters. 
They are not calibrated directly in 

watts. Instead, they have a logarith- 
mic scale ranging from -20 to +3 dB 
like that of a standard VU meter. 

When sensitivity of the meters is set 
at 0 dB, the 0 -dB mark on the meter 
scale corresponds nominally to the 
rated output power of the amplifier. 
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Block diagra rn of one channel of the Stereo 150 Amplifier. 
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THD and IM distortion at 8 ohms. 

With sensitivity set to -6 dB, the 0 -dB 
mark corresponds to 6 dB below rated 
power. Accordingly, in the -12- and 
-18 -dB positions, 0 dB on the meter 
scale corresponds to -12 and -18 
dB relative to the rated output. 

Although this logarithmic calibration 
(and lack of direct calibration in watts) 
might at first seem inconvenient, it has 
definite advantages. A "correction 
factor" for various load impedances is 
built -in --0 dB on the meter scale 
when the sensitivity is set at 0 dB re- 
fers to the rated output power, wheth- 
er the load is 4, 8, or 16 ohms. Of 
course, the numerical value in watts 
corresponding to 0 dB is different for 
each load impedance. An audiophile 
using the Stereo 150 to drive 4 -ohm 
loads can consider 0 dB to be 100 
watts, and has no need to ignore the 
common "watts into 8 ohms" scale. 

Under steady-state conditions, the 
power meters proved to be extremely 
accurate. In the 0 -dB sensitivity mode, 
the meters yielded a 0 -dB reading at 
72.6 watts/channel into 8 ohms. (The 
ideal figure would be 75 watts.) This 
amazing accuracy was not confined to 
the 0 -dB mark on the scale. A reading 
of -1 dB corresponded to 56.7 watts 
(ideally 59.6 watts); -3 dB to 35.3 
watts (ideally 37.5 watts); -5 dB to 
20.8 watts (ideally 23.7 watts); -10 
dB to 7.13 watts (ideally 7.5); and -20 
dB to 1.03 watts (ideally 0.75). 

This steady-state accuracy was not 
confined to the 0 -dB sensitivity mode. 
For example, in the -6 -dB mode, a 
0 -dB reading corresponded to a pow- 
er level of 18.6 watts, as compared to 
an ideal 18.75 watts. In the -12 -dB 
mode, the 0 -dB reading corresponded 
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Percent harmonic distortion at three power levels. 

to an output of 4.9 watts, as compared 
to an ideal of 4.68 watts. Finally, in the 
-18 -dB mode, the 0 -dB reading cor- 
responded to 1.25 watts, very close to 

the ideal 1.17 watts. 

capable of 

much higher level 

of performance 

than specifications 

suggest 

To test the ballistics of the power 
meters, we applied a 0 -3 -second 
burst at 1 -second intervals to the input 
to drive the amplifier to its rated output 
power. The meters were a bit slow, 
reaching a peak level of -1.5 dB. This 
means that the meters are useful as 
indicators of average power levels, 
but not as true monitors of transient 
program peaks. 

User Comment. The Stereo 150 
sounded clean and neutral-the way 
an amplifier should sound. It was nev- 
er distressed in performing tasks we 
assigned it, even when it was called 
upon to drive loads with substantial 
reactive components. 

The protection systems were effec- 
tive. Also, the volt -amp limiter and 
heat -sink thermistors protected the 
amplifier without the disconcerting 
abrupt cutoff often experienced with 
other amplifier protective systems. 

However, we blew the 3 -ampere 
speaker fuses supplied by Dynaco 
when we first attempted to measure 
the full -power output into 4 -ohm 
loads. This was predictable (after the 
fact) because a 3 -ampere fuse can 
pass only 36 watts to a 4 -ohm load. 
Therefore, anyone planning to use the 
Stereo 150 to pump large amounts of 
power into 4 -ohm speaker systems 
will have to use fuses with higher cur- 
rent ratings. 

Although the amplifier has elabo- 
rate fusing facilities, only the speaker 
output fuses are accessible from the 
rear panel. To replace the ac line fuse 
or any of the four dc supply fuses, the 
side panels and the top cover must be 
removed. Even so, the four dc fuses 
are not easily reached. A similar prob- 
lem was noted with regard to the pilot 
lamps that back -light the power me- 
ters (if the meter kit is installed). 

We found the Stereo 150 capable of 
a considerably higher level of perfor- 
mance than its specifications suggest. 
It is not in the super -high -power class, 
but it can provide all the output that 
most audiophiles will ever need. The 
Stereo 150's clean sound, conserva- 
tive design and operating stability 
commend it to any audiophile in the 
market for a medium -power basic 
power amplifier. Those who prefer 
amplifiers equipped with power me- 
ters will doubtlessly be interested in 
adding the surprisingly accurate me- 
ter option to the basic amplifier. Read- 
ers who enjoy kit building are given 
the option of buying the Stereo 150 in 
kit form and taking on a very easy as- 
sembly job while saving money. 
CIRCLE NO.101 ON FREE INFORMATION CARD 
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Koss CM/530 
"Mirror Image" 
Bookshelf Speaker System 

HíRscH4-° The Koss Model 

ciHOUCK CM/530 is a mod - 

LABS 
WORT 

erate-priced, two- 
way bookshelf 
speaker system 

that uses a 1" dome tweeter and what 
the manufacturer calls a "quasi -vent- 
ed" bass radiator. The low -frequency 
section includes a passive cone to 
augment the woofer output at the low- 
est frequencies. 

The CM/530 is manufactured in 
mirror -imaged pairs, in the interest of 
better dispersion and stereo imaging 
throughout the listening area. Each 
speaker is in a walnut cabinet, with a 
dark brown, acoustically transparent 
cloth grille. Enclosure dimensions are 
133" x 114/4" x 24" (35 x 30 x 61 
cm), and each speaker weighs 35 lb 
(15.9 kg). Suggested retail price is 
$175 per speaker. 

General Description. Removing 
the snap -on grille reveals what ap- 
pears to be two 8" woofers, with a 
dome tweeter between and slightly 
above them (with the speaker in a hor- 
izontal position). However, only one of 
the 8" cones is a woofer, the other be- 
ing a passive cone that radiates the 
lower bass frequencies. Since the 
driven cone is not required to make 
large excursions to handle the deep 
bass, it can be designed to operate at 
relatively high frequencies without 

breakup, making possible a crossover 
to the tweeter at 3000 Hz. 

The low frequency section of the 

CM/530 is designed to have a -3 -dB 
response at 36 Hz, and the dome 
tweeter (which is acoustically loaded 
by a ring or collar that extends about 
1/4 inch, or 6 mm, from the base of the 
dome) has its high -frequency -3 -dB 
response point at 17,000 Hz. Koss 
specifications are exceptionally com- 
plete, including the test conditions. 

In the rear of the CM/530 is a three - 
position toggle switch that raises or 
lowers the tweeter level by 3 dB about 
a nominally flat center setting ("flat" 
being defined by Koss as a uniform 
power spectrum in the far field of the 
speaker). Near the switch are the in- 
sulated spring connectors and a pro- 
tective fuse. 

Laboratory Measurements. It is 
recommended by Koss that the 
speakers be placed with the driven 
cones of the two units toward the cen- 
ter of the room (in a normal horizontal 
"bookshelf" installation). We placed 
them in that position, about 7 feet 
apart and at ear level. The smoothed 
frequency response in the reverberant 
field of the room was spliced to a 
close-miked, low -frequency curve to 
form a composite response curve. 

Performance Specifications 

Specification 
Bandpass response 

(far field integrated 
power response) 

Polar response 
(within 90 -degree 
included angle) 

IM distortion 
(41.2&440 Hz, 1:1 

2 V, 1 m on axis) 

Crossover frequency 

Reference sensitivity 
(2 pi steradian load 
1 m on axis 
2.83 V sine input) 

Minimum recommended 
amplifier power 

Maximum recommended 
amplifier power 

Impedance 

Spectrum shape control 
(3 dB) 

Input power overload 
protection 

Rating Measured 
-3 dB at 36, 17,000 Hz -3 dB 25, 16,500 Hz 
-6 dB at 30, 20,000 Hz -6 dB 20, 20,000 Hz 

-3 dB: 8000 Hz 
-6 dB: 10,000 Hz 

Less than 2% 

3000 Hz 

88 dB SPL 

15 W/channel 

75 W/channel 

Nom: 7 ohms 
Min: 4 ohms 

Tweeter 

Fused 3AG 2A 

Confirmed 

Confirmed (using 
noise, 1 octave, 
1000 Hz center) 

Min: 5 ohms 

Confirmed 

Confirmed 
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Tone-brurst responses .for (left to rig!? ) 100, 1000, and 10,000 Hz. 

The low -frequency response was 
measured separately for the driven 
and passive cones, on the same chart 
paper, and combined to form a single 
response. The crossover between 
them was at 45 Hz, with the passive 
cone being responsible for practically 
all the output below that frequency. 
The response flatness of the driven 

Bass distortion was 1% or less 
down to 40 Hz, rising slowly to 5% at 
25 Hz ata 1 -watt drive level. Increas- 
ing drive to 10 watts resulted in distor- 
tion of 2 to 3% down to 35 Hz, with a 

rapid rise down to 25 Hz. The imped- 
ance of the CM/530 system was 
about 5 ohms in the vicinity of 200 Hz 
and above 3000 Hz, rising to 16 ohms 
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Composite corrected .f equenc y response for Koss CM/530 Speaker System. 

cone, up to 1000 Hz, was remarkably 
good. As the wavelength of the sound 
approached the dimensions of the 
speaker, the close microphone place- 
ment produced an irregular frequency 
response at the higher frequencies, 
as might be expected. 

When we spliced the two curves, at 

about 1000 Hz, we obtained one of 
the flattest speaker frequency - 
response curves we have yet mea- 
sured! The overall variation was ±3 
dB from 25 to 16,500 Hz, with a nota- 
ble lack of holes or peaks between 
those limits. The tweeter switch had 
the rated effect, a change of ±3 dB 
above about 3000 Hz. The center po- 
sition gave the flattest overall re- 
sponse to our test instrumentation 
(and to our ears, as well). 

at 20 Hz, 25 ohms at 55 Hz, and 11 

ohms at 1800 Hz. Our sensitivity mea- 
surements confirmed Koss's ratings, 
with a 2.83 -volt input of random noise 

one of the flattest 
frequency -response 
curves we have 

yet measured 

in an octave bandwidth at 1000 Hz, 

giving an 88 -dB SPL at 1 meter from 
the speaker. The tone -burst responsa 
was excellent at all frequencies. 

User Comment. In our experience, 
speakers that give a smooth mea- 

sured frequency response always 
sound good. This leaves plenty of 
room for individual preferences, of 

course, as the speaker has yet to be 

made that will please everyone. Nev- 
ertheless, we expected the CM/530 to 

be at least a very listenable speaker 
based on its measured results. It was 
all of that, and more! 

The Koss CM/530 exhibited almost 
no tendency to impart a "heaviness" 
to male voices, as so many speaker 
systems do. (The woofer output rises 
only a couple of decibels at 70 Hz.) 
Moreover, dispersion of the dome 
tweeter, even at the highest frequen- 
cies, was exceptional. There was very 
little difference between response 
curves we obtained from the two 
speakers (the test microphone was on 
the axis of the left speaker and about 
30 degrees off axis of the right speak- 
er). The sound is completely unified 
and nonlocalized. Thus it gave no 
sense of emanating from such a small 
box, let alone from the three drivers 
inside. When we placed the CM/530 
units on top of some large floor -stand- 
ing speakers, the illusion that the big 
ones were playing was very strong. 
So clearly, there is nothing "compact" 
about the sound of the CM/530. 

The CM/530 is not the first speaker 
we have tested that uses a passive ra- 
diator to augment the woofer at the 
lowest frequencies. It is certainly one 
of the better examples of the genre, 
however. In conclusion, Koss's 
CM/530 is a thoroughly exceptional 
speaker, and one is not likely to find 
another at its price with better sound. 
CIRCLE NO. 102 ON FREE INFORMATION CARD 
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Jynaphase 35 
Stereo Headphones 
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headphone. Each 

The Stanton Dy- 
naphase 35 is a 

lightweight, 15 - 
ohm (at 1000 
Hz) stereophonic 
earcup contains a 

dynamic driver with a 1.5" (38 -mm) 
(Continued on page 38) 
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WHEN THE GOING GETS TOUGH, 
BECKMAN'S NEW DIGITAL MULTIMETERS 

KEEP GOING. 

`o. 

roNµ 

'250 2M ̀ % 

Featuring new continuity function. 
If you've ever been troubled by a faulty multimeter- 

or had to use one that wasn't quite up to the tougher jobs- 
your troubles are over. Now there's the Beckman line 
of digital multimeters. A new generation of 31/2 -digit 
models that combine superior reliability with highly 
versatile features. 

Features like a unique continuity test function. With 
Beckman's new Insia-Ohms TM quick continuity indicator, 
you no longer need an analog VOM for fast, convenient 
continuity checks. 

There's also 10 -amp current ranges, in -circuit resis- 
tance measurement capability in all six -ohm ranges, a 
dedicated diode test function, and up to two years normal 
operation from a common 9V battery. 

The Modell TECH 310 with all these features, 

7 functions, 29 ranges, and 0.25% Vdc accuracy is only $130. 

The Model TECH 300 with 0.5% Vdc accuracy, but 
without the continuity function or the 10 -amp current 
ranges, is just $100. 

Whichever model you choose, you get a multimeter 
that won't let you down. There's exceptional overload and 
6kV transient protection, plus ruggedness to take a 
6 -foot fall and to come up working. 

So get the Beckman digital multimeter that performs 
and keeps on performing. No matter how tough the 
going gets. For information on the complete line and 
accessories, write or call your local distributor or the 
Advanced -Electro Products Division, Beckman 
Instruments, Inc., 2500 Harbor Boulevard, Fullerton, 
CA 92634, (714) 871-4848, ext. 3651. 

BECKMAN 
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"If youre going to learn 
electronics, you might 
as well learn it right!" 

r, 

. 

_q z. 

..1,..4 

, 
el y am . 

. `Don't settle for less. 
Especially when it comes 
to career training.. because 
everything else in your life 
may depend on it. That's 
why you ought to pick CIE!" 
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you've probably seen ad- 
vertisements from other 

electronics schools. Maybe you 
think they're all the same. 
They're not! 

CIE is the largest indepen- 
dent home study school in the 
world that specializes exclu- 
sively in electronics. 

Meet the Electronics 
Specialists. 

\Vhen you pick an electronics 
school, you're getting ready to invest 
some time and money. And your 
whole future depends on the educa- 
tion you get in return. 

That's why it makes so much 
sense to go with number one ... with 
the specialists ... with CIE! 

There's no such thing as 
bargain education. 

If you talked with some of our 
graduates, chances are you'd find a 
lot of them shopped around for their 
training. Not for the lowest priced 
but for the best. They pretty much 
knew what was available when they 
picked CIE as number one. 

We don't promise you the moon. 
\Ve do promise you a proven way to 
build valuable career skills. The CIE 
faculty and staff are dedicated to 
that. When you graduate, your di- 
ploma shows employers you know 
what you're about. Today, it's pretty 
hard to put a price on that. 

Because we're special- 
ists, we have to stay 
ahead. 

At CIE, we've got a position of 
leadership to maintain. Here are 
some of the ways we hang onto it .. 

Our step-by-step learning 
includes "hands-on" 
training. 

At CIE, we believe theory is 
important. And our famous 
Auto -Programmed° Lessons teach 
you the principles in logical steps. 

But professionals need more 
than theory. That's why some of our 
courses train you to use tools of the 
trade like a 5 MHz triggered -sweep, 
solid-state oscilloscope you build 
yourself- and use to practice trouble- 
shooting. Or a beauty of a 19 -Inch 
diagonal Zenith solid-state color TV 
you use to perform actual service 
operations. 
Our specialists offer you 
personal attention. 

Sometimes, you may even have 
a question about a specific lesson. 
Fine. Write it down and mail it in. 
Our experts will answer you 
promptly in writing. You may even 
get the specialized knowledge of all 
the CIE specialists. And the answer 
you get becomes a part of your per- 
manent reference file. You may find 
this even better than having a class- 
room teacher. 

Pick the pace that's right 
for you. 

CIE understands people need 
to learn at their own pace. There's no 
pressure to keep up ... no slow 
learners hold you back. If you're a 
beginner, you start with the basics. 
If you already know some elec- 
tronics, you move ahead to your 
own level. 

Enjoy the promptness of 
CIE's "same day" grading 
cycle. 

When we receive your lesson 
before noon Monday through Satur- 
day, we grade it and mail it back- 
the same day. You find out quickly 
how well you're doing! 

CIE can prepare you for 
your FCC License. 

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

f 

More than half of CIE's courses 
prepare you to pass the government - 
administered exam. In continuing 
surveys, nearly 4 out of 5 CIE gradu- 
ates who take the exam get their 
Licenses! 
For professionals only. 

CIE training is not for the hobby- 
ist. It's for people who are willing to 
roll up their sleeves and go to work 

. to build a career. The work can be 
hard, sure. But the benefits are 
worth it. 
Send for more details 
and a FREE school 
catalog. 

Mail the card today. If it's gone, 
cut out and mail the coupon. You'll 
get a FREE school catalog plus com- 
plete information on independent 
home study. For your convenience, 
we'll try to have a CIE representa- 
tive contact you to answer any ques- 
tions you may have. 

Mail the card or the coupon or 
write CIE (mentioning name and 
date of this magazine) at: 1776 East 
17th Street, Cleveland, Ohio 44114. 

Is 

.. ° v' 
rf 

Patterns shown on TV and oscilloscope screens arc simulated. 

Eli 

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

Accredited Member National Home Study Council 

II YES . I want the best of eve ryth ing! Send Inc my FREE CIE school 
catalog -including details about troubleshootiagcourses- plusmyFREEpackage 

IIof home study information. PE91 
Print Name 

Address Apt 

City 

IIState 7ip 
Age Phone (area code ) 

MI Check box for G.I. Bill information: Veteran Active Duty 
MAIL TODAY: 
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AUDIO REPORTS (Continued from page 32) 

Mylar diaphragm. The earcups rest on 

the ears without sealing tightly so that 

the phones do not completely exclude 
ambient sounds. 

Each earcup has a soft, vinyl -cov- 

ered foam cushion and is vented to 

the outside through its rear. The light 
spring headband is also vinyl -covered 
and padded for wearing comfort. A 

separate signal cable, is attached to 

each earcup; the two meet in a mold- 
ed Y junction that terminates a light- 
weight 10 -ft (3-m) cord. The other end 
of the cord has a molded stereo 
phone plug with a built-in strain relief 
to minimize breakage of the cable's 
conductors where they enter the plug. 
Total weight is only 8.5 oz (264.4 g). 

The headphones are rated to han- 

dle a maximum input of 0.2 watt/ 
channel. At a 0.1 -volt input (0.0007 
watt), the rated output is 100 dB SPL 
at 1000 Hz. The frequency response 
(no test conditions or tolerances stat- 

ed) is claimed to be 20 to 20,000 Hz, 

and distortion (frequency not stated) 
is rated at less than 0.5% for a 1 10 -dB 
SPL. Price is $45. 

Laboratory Measurements. The 
frequency response of the head- 
phones was measured with a slightly 
modified ANSI headphone coupler. 
The phones were driven from a power 
amplifier through a series resistance 
of 100 ohms. (All amplifiers and re- 

ceivers with headphone outputs have 
built-in series resistors to protect 
phones from damage, though there is 

no standardization of the value. We 
set our own standard of 100 ohms, 
unless the manufacturer specifies oth- 
erwise.) The drive level ahead of the 
100 -ohm resistor was 3 volts. 

Frequency response was relatively 
flat from 150 to 500 Hz rolling off at 

lower frequencies at a rate of 8 to 9 

dB/octave. Following a peak of about 
6 dB at 850 Hz, the output at higher 
frequencies became irregular and cut 

off sharply above 10,000 Hz. The ir- 

regularity we observed is common- 
place in headphone measurements 
and cannot be disassociated from the 
internal dimensions of the coupler, 
just as the listening room has a major 
effect on the perceived frequency re- 

sponse of a loudspeaker. Indepen- 
dent evidence has shown that a fair 
amount of irregularity in the midrange 
and highs may contribute to natural- 
ness and be preferable to a flat re- 

sponse. Compared to an average of 

the response liked best by listeners in 

one set of tests, the Stanton shows 
somewhat less output at midrange 
frequencies and a fairly sharp rolloff of 

the highs. It should be borne in mind, 
however, that ears are highly individu- 
al, and no single response character- 
istic will be optimum for all people. 

The SPL output in the flat portion of 

the midrange response was 110 dB at 

the 3 -volt level, which corresponded 
to about 0.4 volt at the headphones 
themselves. Harmonic distortion was 
measured at the same input level over 
a 50 -to -5000 -Hz range. As expected, 
it was higher at very low frequencies, 
partly because the fundamental out- 
put fell off rapidly below 150 Hz. Dis- 
tortion was down to 1% at 300 Hz and 
higher frequencies, reaching a fine 
0.63% at 1000 Hz. Impedance of the 

phones measured about 15 ohms 
across most of the audio range, with a 

broad rise to 25 ohms at 130 Hz and 
to just over 20 ohms at 20,000 Hz. 

User Comment. The Dynaphase 
35 phones were exceptionally com- 
fortable, even when worn for extend- 
ed listening periods. The combination 
of minimal weight with well -designed 
and softly padded headband and ear - 
cups appears to be close to the op- 
timum for a headphone. Accordingly, 
it does not press uncomfortably at any 

point of contact with the wearer's 
head or ears and does not produce a 

"closed -in" feeling like some phones 
that seal tightly. 

The sound of the phones has a 

pleasant and airy character, though 
without the precise resolution that 
more high -frequency response would 
provide. Moreover, it maintains reso- 
lution in the low -bass region, avoiding 
the tubby quality found in many 
phones with high output in this region. 
As is generally characteristic of 
phones that ride on the ears rather 
than surrounding them, these give a 

relatively dry sound that would prob- 
ably endear them more to a fan of 
popular music than to a classics buff. 
At no point, however, did we find any- 
thing in the distortion or frequency - 
response characteristics that we felt 
would contribute to listening fatigue. 

While it is true that headsets selling 
for substantially higher prices are ca- 
pable of outperforming the Stanton, it 

is fully comparable with those in its 

price range. To the extent that its 

sound differs from that of competing 
units, the choice of one or another 
model must be made on the basis of 

personal taste. Our tests show no 

appreciable difference in quality. 
A point to consider is that most 

competitive phones have an imped- 
ance in the 200 -to -600 -ohm range. Al- 
though they can be driven easily from 
any amplifier or receiver, many cas- 
sette decks have low -impedance 
headphone outputs and cannot pro- 
duce a really useful listening level with 
high- or medium -impedance phones. 
In contrast, the Stanton Dynaphase 
35 should be an excellent choice for 
anyone who expects to use head- 
phones for listening directly to the out- 
put of a tape deck as well as for those 
who wish moderately priced phones 
that will both reproduce sound most 
satisfactorily and allow one to hear a 

telephone ring or someone talking. 
Furthermore, the phones are attrac- 
tive looking and the extra -long cord is 

most welcome. 
CIRCLE NO. 103 ON FREE INFORMATION CARD 
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A SYSTEMS APPROACH TO CAR STEREO 

POLARITY PROTECTION FOR MOBILE EQUIPMENT 

HOW ELECTRONIC SIGNAL -SEEKING CAR RADIOS WORK 

TUNE YOUR CB ANTENNA WITH A FIELD -STRENGTH METER 

A Systems Approach 
to Car Stereo 
Matching your car 
and audio components 
for the best 
sound 

BY HAROLD A. RODGERS 
Senior Editor 

THERE WAS a time when musical 
entertainment in the car was se- 

verely handicapped by the unavailability 
of good -quality equipment. Now there's 
a wide choice of speakers, tape play- 
back decks, more sensitive and selec- 
tive tuners, amplifiers with more power 
output, and even graphic equalizers. It's 
true that there are still special problems 
posed by automotive environments, but 
these can be resolved with sufficient 
success to make listening to stereo in 

the car an attractive proposition. Though 
car audio is not quite on a par with what 
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MOBILE SOUND & CB continued 

can be realized in the home, it certainly 
adds a lot of pleasure to traveling. 

Anyone who seeks maximum attain- 
able performance from a stereo system 
installed in a car must face some basic 
problems, such as high extraneous 
noise levels, restricted space for compo- 
nent installation, limitations of mobile 
audio and radio equipment, and unfa- 
vorable acoustic properties of the vehi- 
cle interior. Furthermore, it is necessary 
to solve or minimize these problems 
without hurting driving efficiency. 

If you're buying a new car and elect to 
add factory -installed audio equipment, 
some of these challenges (though not 
all, by any means) will be met. However, 
the prices and levels of performance are 
such that factory units do not usually 
represent the best value. If you can in- 
stall your own car audio gear, the differ- 
ence separating factory -installed prices 
and attainable hi-fi performance will tilt 
even more to nonfactory equipment. 

Here is an approach designed to help 
you select a sound system for your vehi- 
cle while maximizing return on money 
spent and avoiding pitfalls that may pre- 
vent system performance from being as 
good as it should. 

Laying the Groundwork. Whatever 
your final plans may be, it's wise to pre- 
pare the car to accept the sound system. 
Regardless of how simple or elaborate 
the system turns out to be, care taken at 
this stage pays dividends. If you are or- 
dering a new car, be sure to include as 
much sound -deadening treatment as 
possible. This might be an option, such 
as more insulation between the over- 
head liner and the car's metal top. Every 
dollar saved by scrimping here will cost 
many more in the long run-if the same 
level of. performance is to be obtained. 
Even the model of car can be an impor- 
tant choice, as there can be consider- 
able variation from one to the next. For 
example, Car and Driver finds that the 
interior noise levels of four luxury cars 
ranging in price from about $11,000 to 
$22,000 fall between 65 and 71 dBA 
when measured at a 70 -mph cruise. 
(The least expensive of this group, the 
Buick Riviera S type, is the quietest.) 
Adherence to the national speed limit 
should improve these figures by a dBA 
or two and yield noise levels that, while 
not too bad, are still some 20 dB above 
those found in an average residence. 

Air conditioning, which allows win- 
dows to be kept rolled up in summer, 
thus limiting aerodynamic and traffic 
noises, is also desirable (assuming the 
blower is operating at a low speed). So 
are tires with treads designed to pro- 
duce minimum noise. You should note, 
too, that "hot rodding" and car stereo 
are not a good mix. If you favor good 
sound quality on the road, avoid using 
heavy-duty or sport suspensions, which 
generally transmit more road noise than 
standard systems, and any sort of per- 
formance modifications (headers, free - 
flow exhausts, turbochargers, etc.) that 
encourage an engine to behave noisily. 

Should you wish to add a sound sys- 
tem to a fairly noisy vehicle you already 
own, it will pay you to install an acousti- 
cal treatment yourself. Fiberglass bat- 
ting, to be installed along firewalls and 
the undersides of hoods, among other 
places, can be obtained from automo- 
tive supply houses. Also resonant pan- 
els can be deadened by injecting plastic 
foam into the cavities behind them. Use 
a closed -cell foam to avoid problems 
with moisture, and be sure not to fill 
spaces that provide clearance for mov- 
ing parts or that you will need as mount- 
ing locations for loudspeakers. In vans 
whose sound systems will be used with 
the vehicle stationary much of the time, 
control of acoustic noise is less critical. 

Suppression of electrical noise is best 
achieved in a new vehicle by ordering 
the package that goes along with facto- 
ry -installed sound systems. (Most auto- 
motive manufacturers, preferring to sell 
their own sound systems if they can, 
don't say much about the existence of 
the electrical noise suppression pack- 
age, but it can usually be selected as a 
separate option.) If you are retrofitting 
into an older car with no radio or sound 
system, you will probably have to trou- 
bleshoot electrical noise problems 
should they occur. 

Another consideration, especially if 

you are contemplating a super -power 
audio system, is whether the car's elec- 
trical system can stand the extra current 
drain. A high -output alternator and 
heavy-duty battery could be a wise in- 
vestment. The minimum recommended, 
particularly if the car has numerous elec- 
trically operated accessories, is suffi- 
cient instrumentation to warn of exces- 
sive current draw or voltage drop. With 
meters rather than standard "idiot 

lights," you will know when to turn off 
non -essential items temporarily if prob- 
lems occur. If it is expected that the 
sound system will operate for extended 
periods with the engine turned off, a dual 
battery system with a high -output alter- 
nator might be required. 

Choosing the Components. "Buy 
cheap, pay dear," is an old maxim that 
also applies to car stereo equipment. 
There are a variety of special needs that 
automotive stereo equipment must 
meet. For instance, car stereo gear must 
withstand vibrations and gross changes 
in humidity. It must also be as small as 
possible while retaining high perfor- 
mance. Moreover, it must cope with a 
listening environment vastly different 
from that at home. 

One vexing problem is that the interior 
finish of a car is highly absorptive at 
midrange and high frequencies. More- 
over. the limited internal volume of a car 
does not allow bass frequencies to prop- 
agate efficiently. The low notes may, in 
fact, excite resdnances at frequencies 
well within the audio bandpass. Another 
irritating problem is that few cars have 
locations that are both functionally and 
cosmetically ideal for speakers. 

A reasonable solution for high and 
middle frequencies can be achieved by 
locating loudspeakers as close to the lis- 
teners' ears as possible, making sure 
that the high frequencies can follow 
straight paths to the ears. At the same 
time, however, adequate bass perfor- 
mance demands that speakers be baf- 
fled and vent their back radiation into a 
reasonably large space. 

For these and other reasons (as in 
home systems, full -range drivers often 
have difficulties handling extremes of 
the audio spectrum), systems that strive 
for more than modest performance gen- 
erally use multiple drivers with appropri- 
ate crossovers. When they can be 
mounted so that high frequencies don't 
suffer excessive attenuation, the two- 
way minispeakers of the type offered by 
ADS, Visonik, and others can provide 
very fine performance. To do their best, 
though, they require substantial power 
(25 watts per channel or more) from the 
electronics. They have two principal 
drawbacks. One is theft security; they do 
not mount flush and may therefore invite 
unwelcome attention. They can, of 
course, be dismounted and stored out of 
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IN -DASH 

PRODUCT 

SAMPLER 

Here are some examples of 
the diverse models available 
in in -dash car stereo radios. 

Sparkomatic's Model SR -2400 
(top) is an AM/FM stereo 

radio combined with an 8 -track 
tape player. The large 

digital readout can display 
either time or station 

frequency tuned in. Motorola's 
Model TC-881AX (second from 

top) is rated at 8 watts total 
system power. The AM/FM stereo 

. unit incorporates a cassette 
player that ejects tape 

automatically at end of play. 
Craig's Model T-688 (center), 

also an AM/FM stereo unit, hds 
a cassette player equipped 

with Dolby noise reduction. 
Sharp's Model RG-5252 (second 

from bottom) features an 
Automatic Program Search 

System (APSS) that allows 
the cassette player to skip 
to next recorded selection 
or repeat the current one. 

It also includes an AM/FM 
stereo radio and 14 watts 

system power and is designed 
,for foreign -made cars. Grundig 

Model GCM-4600 (bottom) AM/FM 
stereo radio/cassette player 
features FM muting and a 
local/distance sensitivity 
switch. It has a European 

DIN input connector. 
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MOBILE SOUND & CB continued 

sight when the vehicle is unattended. 
The other is that they take up valuable 
interior vehicle space or block part of the 
rear window. 

Unitized, multi -way speaker systems 
that do mount flush are available from 
numerous manufacturers, such as Mo- 
torola, Jensen, EPI, Advent, Kriket, Mar- 
antz, Sparkomatic, KLH, and Pioneer, 
among others. These too are capable of 
excellent results, but their proper mount- 
ing can pose problems. 

Since optimum performance from the 
woofer sections reqúires baffling with 
the rear wave venting into a space of 
reasonable size, the rear deck seems 
like a natural location. This is fine as far 
as the bass goes, but the midrange and 
highs now must bounce off of several 
surfaces, some highly absorptive, be- 
fore being heard. Advent deals with the 
problem by equalizing the system 

(which comes with integral power anps) 
to make up for the losses. This idea is 

more universally applicable if the elec- 
tronics package includes an equalizer 
and power amps that can provide the 
necessary muscle. But beware of apply- 
ing it to budget systems-you car get 
amplifier clipping or failing speakers by 
pushing things too far. Most of the better 
integrated speakers have the needed 
power -handling capability. 

Another approach is to use separate 
drivers, readily available from a large 
number of companies, for the separate 
frequency ranges. The flexibility gained 
this way can solve a host of problems. 
For example, woofers (or even a single 
woofer fed from both channels, since 
low frequencies are not very directional) 
can be mounted on the rear deck, with 
the midrange drivers surface -mounted 
high on the doors and the tweeters high 

on the dash. Now the bass drivers are 
well baffled, the midranges are reason- 
ably close to the ears, and the tweeter 
output can be heard without being re- 
flected first. Purists may complain about 
"time smear," noting that radiation of the 
various units travels radically different 
distances to the ear. Whatever the audi- 
ble effects of this may oe, I doubt that 
even a 12th -degree golden ear could 
complain of them too much in a moving 
car. And even if he can, there is usually 
not much that can be done about it. 

Generally speaking, it is easier to use 
a speaker "separates package" from a 

single manufacturer than to mix brands. 
However, if you feel, that no one compa- 
ny has just what you want, certain pre- 
cautions are in order when mating driv- 
ers from various sources: (1) Make sure 
that all have the same nominal imped- 
ance. It is very difficult to fit crossovers 

UNDER -DASH EQUIPMENT SAMPLER 

Fujitsu Ten's Model 
PA -150F is a four -channel 

power amplifier with 
rated output power 

of 20 watts per channel. 
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Boma.n's Audio Graphic Equalizer, an udd-an for the company's 
Models Mach 80 and 90 car radios, contains a front/rear 

fader, a tuning -level rneter, and five bands of equalization. 

Panasonic's Model CA -9500 is really a mobile 
component,s package of three modules: AM/FM 

stereo timer, preamp with cassette- deck, 
and a power amp. It is shown with a CSMB-1 

mounting bracket, which allows for an 
adjustable u Hale and has a quick -release latch. 
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to a mix of 4 -ohm and 8 -ohm drivers, 
among other problems that could arise. 
(2) Be certain that the speakers can 
handle the power delivered by the elec- 
tronics and, conversely, that the elec- 
tronics can drive the speakers to the lev- 
els you want. In a high-powered system, 
you may wish to resort to multiple driv- 
ers in each frequency range (purists 
again notwithstanding). Identical drivers 
can be connected in parallel, series, or 
series -parallel depending on the de- 
sired impedance of the combination. But 
most amps cannot take heavy drive 
when loaded with less than 3 ohms or 
so without running into trouble. 

Having chosen speakers, you will next 
want to decide what power amplifiers to 
use ahead of them. The important pa- 
rameters here are how much power the 
speaker system requires to produce a 

given level of loudness and how much 

power it can handle before apparent dis- 
tortion or self-destruction sets in. For 
low- through middle -performance sys- 
tems, the all -in -one units that combine 
single sources, controls, and power 
amps may well suffice, although sepa- 
rates offer more flexibility (a separate 
power amp could be hidden in the trunk, 
for example). A high-performance sys- 
tem, on the other hand, will almost cer- 
tainly require separates. 

One of the greatest obstacles to high - 
power audio in automobiles is the limited 
voltage available from the electrical sys- 
tem. The 12 to 14 volts normally sup- 
plied can deliver only 4 watts or so to an 
8 -ohm load. One way to get around this 
limitation is to use different amps for 
each frequency range, with electronic 
crossovers. Another technique, which in 

theory raises power output by a factor of 
four, is to connect the speaker across 

the hot leads of two amps with a com- 
mon ground, driven in opposite phases. 
Strapping, or bridging, as this method is 
called, effectively doubles the minimum 
impedance the amplifiers can tolerate: a 

pair of strapped amplifiers individually 
rated to handle 4 -ohm loads would not 
be safe with less than 8 ohms. But even 
bridged amps are limited to 16 watts or 
so. To go higher than this, many inte- 
grated units, separate amps, and boost- 
ers are operated from power supplies 
that use dc -to -dc converters to give 
higher voltage. 

As noted earlier, the acoustics of a car 
interior can pose some peculiar prob- 
lems, many of which yield at least in part 
to equalization. A graphic equalizer, 
then, can be considered a near necessi- 
ty in an optimum installation. The func- 
tion of the equalizer will not be to act as 
a "super tone control." Rather, it should 
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A high-performance tape -only 
system combining a Nakamichi 
Model 250 cassette player 
and biamplified Model 2002 
speakers from ADS. 
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adding an. FM stereo radio and a 
cassette player, and is 
designed for biamplification. 
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MOBILE SOUND & CB continued 

be used to adjust the system for the flat- 
test output response that can be 
achieved, leaving more conventional 
tone controls for use in equalizing the 
program. In fact, a case can be made for 
mounting the graphic equalizer so that 
its controls are inaccessible. The reason 
is that deficiencies in source material 
are not generally confined to single 
bands; usually, one end of the spectrum 
rises or falls too fast. This is far easier to 
correct with an ordinary tone control 
than with a graphic equalizer, especially 
when you have to concentrate on driving 
as well. Second, if a good graphic set- 
ting is disturbed, restoring it can he 
difficult. 

Program material in a high -quality car 

stereo will largely originate from FM ra- 
dio and tape. For a first-class system, it 

is essential that the radio and tape sec- 
tions be of high quality. Once an inade- 
quate "head -end" device deteriorates a 

signal, nothing can be done to correct it. 

Furthermore, the better the "down- 
stream" components are, the more they 
will expose such deterioration. In practi- 
cal terms, this means that, though inte- 
grating a factory -installed radio into the 
system may be tolerable where moder- 
ate performance will suffice, it will sel- 
dom suffice for an optimum system. 
Skimping on the antenna, incidentally, is 

also a bad idea. And it is wasteful to in- 
stall wideband speakers and amps only 
to feed them signals whose "highs" 

have been stripped away by a marginal - 
performance tape player. 

For playing prerecorded tapes, you 
have a choice between eight -track play- 
ers, once undisputed kings of the road, 
and cassette decks, which held sway at 
home. Cassette players, whether inte- 
grated in an all -in -one unit or separate, 
are far and away the most popular car 
types for more serious audio en- 
thusiasts. Perhaps owing to competition, 
eight -track car tape players have been 
upgraded to a bandwidth generally com- 
parable to that of cassettes-and they 
have the advantage that prerecorded 
software is abundant. Besides, they 
allow the option of discrete quadra- 
phonics. Cassette decks, still uncontest- 

LOUDSPEAKERS FOR MOBILE USE 
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Here's an example of how different speakers 
can be used to enhance car stereo sound, using 

Kriket "Audio Separates"drivers. Dome tweeters are 
installed high in dash (left.), 5 -ir ch midrange/woofers 

mount in front doors (center); DomaxialTM biamplified 
full -range speakers mount in trunk (right). 
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Opposite page: KLH Model 693 DMSC (top left) 
is a three-way, full -range loudspeaker 

designed to fit a car's standard 6" x 9" cutout. 
Jensen's tweeter/midrange module 

kit (top right) consists of two surface -mount 
>nodules and associated crossover/level-control 

-unit. The Roadstar Model 6044 (lower left) 
'Is a two-way minispeaker whose adjustable 

bracket allows speakers to be aimed 
.for the best sound coverage. Pioneer Bodysonic 

(lower right), shown with its associated 
amplifier, us 'Cs special transducers mounted 

-in cushion to produce bass that can be.felt: 
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ed in the home, offer the advantage that 
an existing library of tapes can readily 
be pressed into mobile service. True, 
there is the problem that few car players 
are equipped with Dolby noise reduc- 
tion, which is nearly ubiquitous in home 
machines. But this is not as serious as it 

may seem; the extra "brightness" given 
by undecoded playback of a Dolby - 
encoded tape can be helpful in a car. 

Whether the tape and radio are com- 
bined in a single unit or not depends 
partly on what space is available in your 
vehicle and partly on personal taste. As 
with home audio, separates allow more 
flexibility in upgrading and expansion. 
All -in -one units usually offer advantages 
of compactness and lower total cost. 

Whatever you decide, take into account 
the fact that when the car reaches trade- 
in age, you will either have to trade the 
audio system with the car or restore the 
interior to nearly pristine condition after 
removing the system if you are to avoid 
losing a considerable part of the value 
invested. Bear in mind, too, that the sys- 
tem that fits your present vehicle may 
not fit the next one. 

Before we go on to consider actual in- 
stallation, a few special situations are 
worth consiaering. A good car audio 
system may keep the vehicle's acous- 
tics at bay, but a dead -sounding quality 
that results from high absorptiveness of 
the interior is hard to defeat. Help is 

available from Sound Concepts with its 

time -delay system and Fosgate with its 
Tate SO quad system. Both of these use 
an extra pair of speakers and associated 
power amplifiers to route ambient infor- 
mation derived from the stereo signal to 
the back of the car. Both methods can 
be worth the extra effort and expense, 
particularly since speakers of relatively 
modest capabilities can perform very 
well in handling ambience only. More- 
over, high -frequency demands are few 
in this application, simplifying installation 
and placement as well. 

Installing the Equipment. Once 
you have selected speakers and decid- 
ed where they should be located, it is a 

good idea to proceed slowly and make 
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MOBILE SOUND & CB continued 

sure that they will actually fit before cut- 
ting any holes. Remember, too, that 
neatness counts-especially if you val- 
ue the equity in your car. In general, a 
speaker will sound best mounted flush 
with its supporting surface. Cavities 
and/or sharp edges promote coloration 
due to diffraction and resonances. Once 
in place, speakers should be protected 
by acoustically transparent foam unless 
they have integral grillwork. Additional 
protection can be had by backing up the 
foam with screening or wire mesh. 

Mounting speakers in doors may be 
necessary, but mechanical and acousti- 
cal considerations-not to mention the 
danger of rain leaking past the window 
gasket-make it a less than optimum 
choice. Proceed by removing the interior 
trim panel and check to see if there is a 
place inside the door where the speaker 
will not interfere with either the window 
or door -latch mechanisms. Once such 
a location is found, a layer of sound - 
deadening material should be cemented 
to the inner surface of the sheetmetal 
"skin" to prevent sound issuing from the 
back of the speaker from being reflected 
through the cone. This treatment should 
be given to any mounting cavity, save, 
perhaps, the trunk, whose dimensions 
may make this impractical. 

Rear -deck mounting is more straight - 

BROOM 
HANDLE 

LAMP CORD 

GROUND ir 
CLIP 

forward mechanically. However, since 
speakers are exposed to the sun in that 
location, proper protection with a grille is 

even more important. If the vehicle is rel- 
atively airtight, it may be a good idea to 
allow some air leakage between the 
passenger compartment and the trunk. 
That way, slamming a door with the win- 
dows closed is less likely to rupture the 
speaker cones. 

Although it is possible to use the auto- 
mobile chassis as a ground return for 
the loudspeakers, several manufactur- 
ers advise against doing so, suggesting 

instead that an additional wire be used. 
When bridged (strapped) amplifiers are 
used, neither side can be grounded to 
the chassis, of course. For good results, 
speakers should be connected with wire 
no smaller than #18 gauge (#16 is 
probably an even better choice). Care 
must be taken to wire all speakers in 

correct phase. If the speakers are all of 
the same type, this can be accom- 
plished by observing markings on the 
terminals. If the speakers are mixed, po- 
larity must first be determined. An easy 
way of doing this is to connect a 1.5 -volt 
cell across the terminals and observe 
cone movement for a positive signal. 

Crossovers can present difficulties in 

finding the best phasing, particularly 
when the individual drivers are not 
mounted in the same location. It may be 
a good idea to connect drivers of a multi - 
way speaker system with molded nylon 
connectors to allow experimentation. 

Electronics can be mounted either in 

the available dash cutouts or located un- 
der the dash. Amplifiers, especially 
those of high power, will lead a longer 
life if well ventilated. Systems of modest 
power can be fed power via a spare fuse 
in the car's fuse block. But when large 
amounts of current are to be drawn, con- 
nection is best made directly to the bat- 
tery, with the equipment turned on and 
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source of the interference is elusive, a 

"sniffer coil" (Fig. 1) and a pigtail (Fig. 2) 
can help in tracking it down. Sometimes, 
speaker leads can act as antennas, 
feeding interference into power amps 
and elsewhere. Often the solution is to 
add inductance by feeding several turns 
of the speaker leads through a ferrite 
core or adding a high -current filament 
choke (20 to 30 microhenries) in series 
with each hot leg. Low-pass filters de- 
signed for speaker leads are also a pos- 
sibility, but be sure that they don't set the 
amp into oscillation. Any of these should 
be as close to the amplifier as possible. 

Once the entire system has been in- 
stalled and is operating without signifi- 
cant interference, you may wish to 
check its frequency response and, if a 

graphic equalizer is included in the 
package, tune it for best or flattest re- 
sults. This can easily be done with an 
inexpensive sound -level meter and a 

test cassette. Alternatively, you could 
feed the output of a battery -operated 
signal generator into an input intended 
for a tape player and proceed from 
there. Should you choose to record your 
own test cassette using a signal genera- 
tor or test record ((1 -octave bands of 
pink noise make excellent test signals), 
remember that it will be necessary to 
record the cassette at -20 VU or less 

Fig. 2. Cupacit or with alligator clips 
co be used as u temporary b1lpuss to 

pinpoint n cause of interference. 

LARGE CLIP 
(GROUND) 

Fig. 1. "Iu.terference so i,(f er" has coil ou. broonIstick, 
coupled to rodio0 e(unu. Maxim 1(1(í sound in loudspeaker 
is produced when coil is brought neon source of r -f noise. 

off by means of a relay controlled by the 
key switch or the main power switch. In 

this case, in -line fusing is imperative. 
Should interference rear its ugly head, 

the best course is to try to find the 
source and eliminate it there. In some 
cases, it may be necessary to filter the 
supply voltage taken from the battery, or 
to add bypass capacitors to parts of the 
ignition system, to the voltage regulator 
and alternator or across motor contacts. 
Such bypasses must be added carefully, 
as they can interfere with the function of 
the device in question. Where the 

if high -frequency response is to be 
maintained. 

When you actually run the test, you 
probably won't be able to get a flat re- 
sponse across the audio band, but if you 
can manage, say, ±5 dB from 100 Hz to 
16 kHz, you are doing well. The limited 
volume of the car interior makes it un- 
likely that frequencies below 100 Hz will 
propagate efficiently. Besides, you are 
unlikely to find program material with 
highs beyond 16 kHz anyway. What is 

more important than the absolute span 
of bandwidth is balance. If there is an 
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unavoidable loss of extreme bass, you 
may want to roll off some treble to com- 
pensate-or vice versa. For this, your 
ear will do far better than any test instru- 
ments. Indeed, if there is any doubt, be- 
lieve your ears rather than instruments. 

Safety Considerations. One obvi- 
ous concern in installing an auto sound 
system is that it pose no hazards for the 
driver or passengers. The following 
points should be carefully addressed in 

making sure that this is so: (1) Be certain 
that all components are adequately pro- 
tected by fuses. (2) Make sure that all 
parts are rigidly fixed in place so that 
they will not come loose in an accident 
and act as missiles. Be sure, too, that 
externally mounted components do not 
present a hazard to other occupants, 
whether it's getting in or out of a car or 

as a dangerous obstacle that one might 

hit his head on during an accident or 
quick stop. (3) In some cars, the rear 
deck is a metal structure that acts as a 

firebreak between the fuel tank and the 
passenger compartment. If you have cut 
through this to install speakers, it is best 
to surround the speakers from the rear 
with heavy wire mesh so as to regain 
some of the protection, unless the 

speaker is well encased by metal. (4) 

Some manufacturers of high-powered 
amplifiers warn that it is possible to cre- 
ate sound pressure levels in a car that 

are dangerous to hearing. Use your 
judgment as to how loud you play your 
system, and try to be aware of when you 
start experiencing listener's fatigue. 
Also, don't allow music to isolate you, the 

driver, from real -world sounds, such as 
an emergency vehicle's siren. 

Conclusion. We have now covered 
the major considerations involved in 

making an audio system part of your au- 
tomobile. Individual installations are 
bound to depart from the generalized 
approach taken here, but most of the ad- 
ditional problems you are likely to en- 
counter will probably yield to common 
sense. Your mobile listening system is, 

of course, no substitute for a concert 
hall, nor should it be compared to what 
you have at home. Mr. Masaneo Okata- 
ni, a spokesman for Pioneer, sums up 

the difference: ". . . in home audio, we 

try to give the listener the sensation that 
he is seated in a concert hall. Car stereo 
gives more of an 'on-stage' feeling 
. . . as if the listener is one of the musi- 
cians." Come to think of it, when you're 
faced with a long, boring trip, "on-stage" 
is not a bad place to be. 

Polarity Protection for Mobile Equipment 
A silicon diode or modular bridge rectifier can be inexpensive 

insurance against reverse -voltage damage to CB or car stereo 

ODAY'S solid-state mobile electron- 
ics gear is, as a rule, rugged and de- 

pendable. However, it is susceptible to 
damage if its power leads are inadver- 
tently cross -wired to the vehicle's dc 
supply. Unless mobile gear contains re- 
verse -polarity protection, the user runs 
the risk of "popping" one or more of the 
unit's semiconductors if a wiring error is 

made. Fortunately, such protection can 
easily be added to any existing dc -pow- 
ered equipment. This article will de- 
scribe how this is done using readily 
available, inexpensive components. 

Adding Polarity Protection. An im- 
portant property of a semiconductor di- 
ode is that it conducts when forward 
biased (anode positive with respect to 
cathode) but acts as an open circuit 
when reverse biased. This property is 

commonly employed to rectify ac into 
dc, but can also form the basis of re - 
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verse -polarity protection for dc -powered 
equipment. 

The simple schematics of Fig. 1 show 
a dc power supply (represented as a 12 - 
volt battery), a polarity -sensitive load 
(shown as a resistor with polar markings 
and a power switch), and D1, a silicon 
diode. When the load is connected to 
the supply so that their polarities agree 
(Fig. 1A) and the power switch is closed, 

DI 

1 L 

(A) 

LOAD 

J 

D1 becomes forward -biased and current 
flows through the load. 

If the leads to the power supply are 
transposed, as in Fig. 1B, D1 becomes 
reverse biased when the power switch is 

closed. The diode acts as an open cir- 
cuit and prevents the potentially destruc- 
tive reverse voltage from reaching the 
load. Under these conditions, the load 
will receive no power and will act 

(8) 

Fig. 1. Inserting a silicon diode in positive power lead 
prevents reverse voltages from reaching polaritp sensitive load. 
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0OBILE SOUND & GB continued 

"dead," as if a fuse had blown. No dam- 
age will have occurred, however, and 
the load will function normally as soon 
as the leads to the power supply are 
transposed. 

For CB and auto radios (excluding 
those with significant audio output), a 

50-PIV, 3 -ampere silicon rectifier will be 

adequate. Power-hungry components 
such as audio or amateur r -f power am- 
plifiers will require diodes capable of 

handling larger amounts of current. To 
determine the proper current rating of a 

protective diode, ascertain the amount 
of current drawn by the component to be 
protected. Do this experimentally, by 

measuring the current with an ammeter, 
or by consulting the manufacturer's liter- 
ature. Double the measured or pub- 
lished value-the result is a safe cur- 
rent -handling rating for the protective di- 

ode. The PIV rating of the diode is not 

critical as long as it is at least 50 volts. 
The protective diode can easily be 

added to any dc -powered equipment. If 

space permits (and a warranty is not 

voided by opening the enclosure), the 
diode can be installed inside the gear to 

be protected. Most equipment will easily 
accommodate the modest size of a sili- 
con diode. However, if warranty consid- 
erations preclude mounting the diode in- 

ternally, it can be wired into the positive 
power lead using an in -line fuse holder. 
Solder connections can be made be- 
tween the diode leads (trimmed to size) 
and the small, flat contacts which nor- 
mally touch the ends of the fuse. 

Whether the diode is mounted inter- 
nally or externally, make sure that it is 

properly oriented (anode toward the 

supply, cathode toward the load). Other- 
wise, reverse -polarity protection will not 
be afforded. To the contrary, a diode in- 

stalled backwards will block current 

(Al 

when the power leads are connected 
correctly and will pass reverse voltage to 
the load when the power leads are 
transposed! 

Another Method. We have seen that 
simple diode protection prevents re- 
verse voltage from reaching the load 
(and prevents the load from functioning) 
when the power supply leads are trans- 
posed. There is another way to protect 
dc -powered equipment from the applica- 
tion of reverse voltage. This second 
method, employing a modular bridge 
rectifier, enjoys a significant advantage 
over the simpler scheme already dis- 
cussed. It automatically routes dc of the 
correct polarity to the load, whether the 
leads to the power supply are trans- 
posed or not. 

A full -wave modular bridge rectifier is 

used in this application in Fig. 2. The 
bridge rectifier comprises four diodes 
(labelled A through D) in one package 
with four leads. Two of the leads are nor- 
mally employed for the application of ac, 
and are customarily marked "AC," with 
sine waves (as in Fig. 2), or left un- 
marked. The two leads from which pul- 
sating dc is normally extracted are des- 
ignated + and -, referring to the polarity 
of the dc output. It is to these latter termi- 
nals that the load should be connected 
with strict attention to polarity (+ to +,- 
to -) if polarity protection is to be ob- 
tained. If this is done, it is irrelevant how 
the ac terminals of the bridge rectifier 
are connected to the power source. 
Here's why. 

If the bridge is connected to the power 
supply as shown in Fig. 2A, diodes B 

and C are forward -biased and connect 
the load's positive side to the positive 
terminal of the power supply and the 
load's negative side to the negative sup - 

(B) 

Fig. 2. Modular bridge rectifier automatically routes do 

of correct polarity to load if connected as shown here. 
50 

ply terminal. Diodes A and D are re- 
verse -biased and effectively not in the 
circuit. 

If the leads from the bridge to the pow- 
er supply are transposed (Fig. 2B), di- 
odes A and D become forward -biased 
and diodes B and C become re- 
verse -biased. The positive side of the 
load is connected to the positive side of 
the supply by way of diode D. Similarly, 
the negative side of the load is connect- 
ed to the negative supply terminal by 
way of diode A. It can thus be seen that 
even though the leads to the power 
source are transposed, the load still re- 
ceives dc of the proper polarity. The 
switching action of the bridge rectifier di- 
odes is responsible for this and ensures 
that the load never sees reverse voltage 
as long as the load is connected to the 
bridge as shown. 

In all vehicles, one side of the dc elec- 
trical system (usually the negative side) 
is grounded to the chassis. If the chassis 
of the equipment to be protected serves 
as ground for the circuits it houses 
(which is often the case), one of the two 
forward -biased diodes in the bridge will 
be short-circuited-assuming that the 
chassis of the equipment makes contact 
with the body of the vehicle, a valid 
assumption in many installations. For 
example, assume that the vehicle elec- 
trical system of Fig. 2 is one employing a 

negative ground return. Grounding the 
chassis of the load bypasses diode C 

(Fig. 2A) or diode A (Fig. 2B). This is of 
no consequence, however, because di- 
ode B (Fig. 2A) or diode D automatically 
routes positive voltage to the positive 
side of the load. 

The same ratings that were discussed 
earlier with respect to the single protec- 
tive diode apply to the modular bridge 
rectifier. A 50-PIV, 3 -ampere bridge will 
be adequate for most auto radios and 
CB transceivers. In general, the bridge 
should .have a current -handling capacity 
that is double the current drawn from the 
power source by the load to be protect- 
ed. There is no advantage to be gained 
from using a bridge with a PIV rating sig- 
nificantly greater than 50 volts. 

Because a modular bridge is not as 
compact, mounting it presents more of a 

problem than that encountered with a 

single diode (which really presents no 
problem to speak of). If space permits, 
the bridge can be mounted inside the 
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equipment enclosure. A bridge with a 

center mounting hole could be installed 
on the inside or outside of the rear pan- 
el, or on any flat surface nearby. Be sure 
the lugs or leads of the modular bridge 
do not come in contact with exposed 
metal surfaces. If necessary, apply sili- 
cone cement to the exposed contacts or 
pot the entire bridge (after connection of 
leads) in epoxy. 

Voltage Drops. Using a single diode 
or bridge rectifier will cause the load to 
receive slightly less than the full output 
voltage of the battery or alternator. This 
is because a forward -biased silicon di- 
ode exhibits a voltage drop of approxi- 
mately 0.6 volt that remains relatively 
constant as the current varies. There- 
fore, a load protected by a single diode 
will receive, say, 13.2 volts instead of 

13.8 volts. A load protected by two of the 
diodes in a modular bridge will receive 
12.6 volts. 

These voltage drops might sound dra- 
matic, but are really small enough to be 
neglected. In practice, they will cause no 
deleterious effects in radio or audio 
equipment, and are a small price to pay 
for immunity from the destructive poten- 
tial of reverse voltages. 
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Electronic Signal -Seeking 
Car Radios -- 
How They Work 
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SIGNAL -SEEKING car radios repre- 
sent the pinnacle of automation in 

an automobile. By pressing a button on 
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BY JOSEPH J. CARR 

At left is the electro -mechanical Delco 

"Wonder Bar" radio. a signal -seeking 
system continually refined over the years. 

Below is a diagram of the company's 
all -electronic model, first introduced last year. 

DM -68 
PROGRAMMER 

SEEK 
STOP 

OSCILLATOR 
AM 

FM 20 

MANUAL TUNE 

the radio or a footswitch, the dialing 
mechanism advances to the next strong 
signal up -band and stops at a perfectly 

DISPLAY 

CLOCK 
DISPLAY 
DRIVER 

SEEK 

RECALL 

SCAN 

tuned -in broadcast station. Thus, a driv- 
er enjoys increased driving safety and 
operating convenience. 

(Continued on page 56) 
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The world of electronics is daily becoming more 
challenging. Technology is growing more specialized, 
and the importance of digital systems increases 
every day. Test instruments, home entertainment 
units and industrial control systems are all going 
digital. And now, NTS training programs include a 

wider choice of solid-state and digital equipment than 
ever before offered in any home study course: 
Advanced NTS/Heath digital color TV (25" diagonal 
with optional programming capability), NTS/Heath 
microcomputer, digital test equipment, digital stereo 
receiver (70 watts per channel), NTS compu-trainer, 
plus much more state-of-the-art equipment to make 

your training exciting and relevant. 

The equipment you receive with NTS training 
programs is selected to provide you with a solid 
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background ín electronic systems. Kits and lessons 

are designed to work together to demonstrate 
electronic principles and applications. The kit -building 
not only shows you how electronic hardware 
functions, but how various circuit designs accomplish 
different purposes. Your lessons guide you through 
any number of experiments associated with many 

projects. This is the Project -Method, and it works. 

Step-by-step, you learn how and why digital 
electronics has become a part of our world, and the 

even bigger role it is sure to play in the future. 

Whether you are looking for training in Consumer, 

Commercial, or Industrial electronics, NTS offers 
fourteen courses, some basic, many advanced, in 

several areas of electronics. An all -new full -color 
NTS catalog shows you what each course covers, 
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electronics of the future. 
systems and more...from 
in home study. 

and every piece of equipment included. 

Send for it today, and see for yourself what's really 
happening in electronics training technology at NTS. 
Find out how much has changed, and what new 
directions the field is taking. You'll probably want to 
be a part of it. 

It's free. Just mail the card or coupon. Today. 

NO OBLIGATION. NO SALESMAN WILL CALL. 
APPROVED FOR VETERAN TRAINING. 
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MOBILE SOUND 8 CB 
continued 
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Fig. I. Tuning voltages are obtained from an integrator 
controlled by a frequency -synthesizer IC. The latter, 
in turn, is controlled by a digital prograrnaeer IC. 
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There are three basic types of signal - 
seeker radio: motor -driven, spring -driv- 
en, and all -electronic. The first two are 
electro -mechanical and have been in 

use since the 1950s. The all -electronic 
seeker radio, is a more recent develop- 
ment, and will be discussed in detail. 

All -Electronic Seekers. For the 
1978 model year, Delco engineers de- 
veloped a digital car -radio -tape -player 
combination unit with seeker/scanner 
capability. This was a giant step forward 
from its spring -driven "Wonder Bar" 
model that, though continually refined, 
dates back more than 20 years. It uses a 

power spring to drive the permeability 
tuning mechanism that's coupled to a 

rack and worm -gear assembly, while the 
all -electronic seeker system is tuned by 
a phase -locked -loop (PLL) circuit. In the 
electronic seeker, both AM and FM local 
oscillators are voltage -tuned using Va- 
ractor variable -capacitance diodes in 

their respective tuned circuits. (The in- 
termediate frequencies commonly used 
in U.S.-built auto radios are 262.5 kHz 
on AM and 10.7 MHz on FM.) The tuning 
voltage to cover the entire band is 2 to 8 
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volts on FM and 1 to 9 volts on AM. 
These voltages are obtained with an in- 

tegrator circuit, under control of the 

DM -81 frequency -synthesizer IC in Fig. 

1 which is, in turn, controlled by the digi- 
tal DM -68 programmer IC. 

The DM -81 contains a phase detec- 
tor, divide -by -N counter, and 10 -kHz 
clock that consists of a 2.56 -MHz crys- 
tal -controlled oscillator and a divide - 
by -256 circuit. The 10 -kHz signal serves 
as the reference frequency against 
which the AM and FM local oscillator fre- 
quencies are compared. The AM local 

oscillator signal is applied directly to the 
DM -81, while the FM local oscillator sig- 

nal is first divided by a factor of 20 be- 
fore being applied to the DM -81. 

The divide -by -N stage in the DM -81 

divides the local oscillator signal down to 
10 kHz so that it can be compared with 

the reference signal. Division ratio N is 

determined by the DM -86 programmer 
in the form of a digital N code. The spe- 
cific N code determines which station is 

being tuned by the radio. 
If the output of the divide -by -N counter 

and the reference frequency (10 kHz) 

are the same, the phase detector's out - 
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Fig. 2. Schematic of the DM -68 digital programme /' 
control 01.8euits that p rod ?tee the different modes 
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put is near zero. When the station is 

changed, the DM -68 programmer re- 
sponds by generating a new N code and 
the output of the counter will no longer 
be 10 kHz. In this case, the dc integra- 
tor's output voltage will begin to change 
in a direction to bring the local oscillator 
to the new frequency. 

All tuning is controlled by the DM -68 
programmer IC. It will recognize and re- 

spond to the following modes of opera- 
tion: manual tune, select, store, seek, 
scan, and recall. 

The manual -tuning mode allows the 
operator to select a station manually 
with the knob on the radio's front panel. 

The recall mode affects only the digi- 
tal display. Ordinarily, the station fre- 
quency is displayed only on initial turn - 
on, when a new station is selected, and 
when the RECALL button is pressed. At 

other times, the digital clock data is dis- 
played. 

The select and store modes have to 

do with pushbutton operation. The store 
mode stores in a register in the DM -68 

the N code of the station being received. 
When one of the four selector buttons is 

pressed, the N code stored in the regis- 
ter for this button is recalled and fed to 
the divide -by -N counter in the synthesiz- 
er to tune in the desired station. 

Seek and scan are similar functions. 

CYCLE 
N 0.1 

I t 11 

CYCLE 
NO.2 

2 

CYCLE 
NO 3 

CYCLE 
NO. 4 

4 

F'iq. 3. Waveforms of the four 
output bus tines. They go high 
in sequence at an SO -Hz rote. 
Each rout rots o'ue r u n iHg mode. 

Both are automatic tuning modes. In 

seek, the tuner advances to the next 
higher frequency station and stops. In 

the scan mode, on the other hand, the 
tuner stops at each active station for 
about 5 seconds and then goes on to the 
next station unless the scan command is 

cancelled. This allows the driver to sur- 
vey all stations in his area before select- 
ing a given one. 

The DM -68 control circuits that pro- 
duce the different modes of operation 
are shown in Fig. 2. There are two data 
buses-a 3 -bit input and a 4 -bit output 
bus. The output bus lines are normally 
low. They go high in sequence (see Fig. 

2ND IF 

DC LEVEL VARIES 
WITH SIGNAL 

STRENGTH 

Fig. 4. Schematic of the AM stop circuit, 
when the output of the comparator made up of one 

fourth of DM -87 goes high, Q4 t urns on to stag 
the seeker by supplying a signal buck to 

NOR yate C in IC DM -79 in Fig. 2. 

+8V 

3) at an 80 -Hz rate. Each of these cy- 
cles, numbered 1 through 4, controls 
one of the tuning modes. 

Cycle 1 controls the operation of the 
front -panel pushbuttons in the store 
mode. When the pushbutton is pulled 
out, the store function is engaged. Push- 
ing in the pushbutton activates the se- 
lect function. 

The DM -68 knows what to do by mon- 
itoring the data applied to the input bus 
during each successive cycle. If a sta- 
tion is to be stored on, say, PB2, one 
merely pulls out on P82. When output 
line 1 goes high, a high is passed 
through isolation diode D2 to bit 1 of the 
input bus. The DM -68 "sees" the code 
010, which informs it to store the N code 
of the station tuned in in a register that is 

accessed by P82. The store codes for 
the other buttons are: 100 for PB1, 001 

for P83, and 011 for P84. 
Cycle 2 controls manual tuning. This 

radio differs from others by its lack of 
PTM. Hence, the manual tuning shaft on 
the front panel rotates a three -prong 
switch (S1) that is always connected to 

at least one input line. When output line 
2 goes high, the DM -68 examines the in- 

put bus to determine if the data word is 

the same as it was on the immediately 
preceding cycle. If no change has oc- 
curred, no action is taken. If the new 

+ 8V 

ICOC=I/4 OM -87 

8.2K 

FM STOPPING - 
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MDBlLE SOUND & CB continued 

data word has changed from the previ- 
ous one, however, the DM -68 incre- 
ments or decrements the N code, de- 
pending upon the direction of the 

change made by the tuning knob. 
Cycle 3 is the opposite of cycle 1. It 

selects the stations stored if one of the 

pushbuttons is pressed. Again using 
PB2 as the example, if PB2 is pressed, 

FM +8V 

*1/4 DM -87 

12K 

the code on the input bus during cycle 3 

will be 010. This "tells" the DM -68 to 

output the N code stored in register 010. 

Cycle 4 controls bandswitching and all 

seeker functions. This cycle is controlled 
by DM -79, a 4002 CMOS NOR -gate IC. 

Section A inverts the DM -68's cycle -4 

pulse and applies it to one input of each 
of the three remaining gates. This en- 
ables the gates during cycle 4. When the 
inverted cycle -4 pulse goes low, it en- 
ables sections B, C, and D. 

Different N -code ranges are required 
for AM and FM tuning. Bandswitch S2 
makes the remaining input of gate B 

high for FM and low for AM. The DM -68 
tells which is selected by "looking" at in- 

put line B1 during cycle 4. If B1 is low, 
FM is selected, while if B1 high, the AM 
mode is selected. 

Seek and scan are controlled by gate 
D. The input (pin 13) of this section is 

normally high. If it goes low, the DM -68 
initiates seeking action. The scan circuit 

also causes pin 13 to drop low, but it 

contains a 5 -second RC timer to pro- 
duce the scanning action described ear- 
lier. The DM -68 initiates a seek or scan if 

B2 is high during cycle 4. 

Seeker stopping is controlled by gate 
C. This gate's input (pin 9) is normally 
held high, but drops low if the stop cir- 
cuits indicate that a station is tuned in. 

STOP 

SEEK FM+8V 

I0K 

02 

The collector of 02 (point A) remains 
high unless both 02 and 03 are con- 
ducting. The AM agc voltage cuts off 02, 
and 03 is turned on by the voltage from 

R1. When both of these conditions are 
met, point A goes low to force the output 
of the comparator high. The high output 
of the comparator turns on 04, stopping 
the seeking action. 

+14 V 

100K 
SEEK/STOP 

TO AM 
STOPPING 
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04 
SEEK 

STOP 

TO P N NO. 
9 OF THE 
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Fig. 5. The FM stop circuit is also tied back to the NOR gate 
in Fig. 2. It uses three comparators to determine if certain 
conditions have been met before stopping the seeking action. 

The DM -68 recognizes this command by 

a high on input BO during cycle 4. 

Stop Circuits. The AM and FM stop 
circuits are shown in Figs. 4 and 5, re- 

spectively. In both cases, transistor 04 
is the seek/stop switch that is connected 
to NOR gate C in Fig. 2. The collector of 

04 goes to ground when a stop com- 

mand is issued but remains high at all 

other times. 
The AM stop circuit uses an IC com- 

parator whose noninverting (-i ) input is 

biased by the +8 -volt dc supply. Two 

signals, the 262.5 -kHz AM i -f and a dc 

agc voltage, are used here. Transistor 
01 amplifies and inverts the i -f signal. 
which is rectified by 01 and D2 and fil- 

tered to dc by R1 and Cl. The dc volt- 
age from R1 is applied to the base of 

transistor 03. 
Transistors 02 and 03 operate as an 

AND gate, which means that both must 
be forward biased for either to conduct. 

The FM stop circuit shown in Fig. 5 

uses the three remaining sections of the 
quad comparator. Two sections of the 
comparator form a window detector that 

determines when the FM station is tuned 
in exactly by looking at the afc voltage 
from the FM detector. If the afc condition 
is not met, indicating incorrect tuning, 
the cathode end of diode 01 (point B) is 

grounded. 
Point B is also controlled by the FM 

agc through the last comparator circuit. 
If the station has insufficient signal 
strength, pin 13 of the comparator re- 

mains low, keeping point B low. A LocAL/ 
DISTANT switch changes the trip point of 

the comparator to allow for differences 
in average signal strength around town 
and out on the highway. 

If both agc and afc conditions are met, 
the outputs of all three FM stop com- 
parators will go high, forcing point B high 
and forward biasing 04 to stop the seek- 
ing action. 
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YOU HAVE just installed your new 
CB transceiver in your vehicle and 

mounted the latest mobile antenna on 
the trunk lid, bumper or wherever. Now 
the only thing necessary to get on the air 
is to adjust the antenna for minimum 
SWR, right? Wrong! Contrary to what 
you may have read or heard, adjusting 
for minimum SWR does not always as- 
sure maximum radiation of r -f power by 
the antenna. 

In many cases, the lowest SWR read- 
ing will produce less radiated power 
than a higher SWR reading in a less - 
than -ideal mobile communication sys- 
tem. Many CB'ers have spent much time 
trimming and/or lengthening their mo- 
bile antennas to obtain a minimum SWR 
without realizing that in so doing they 
were actually losing communication 

BY ROBERT J. TRAISTER 

Tune 
Your 

CB Antenna 
with a 

Field-Strength 
Meter 

This meter can often help you 
get better signal transfer between 

antenna and transceiver 
than an SWR Meter. 

power. A better way to tune for max- 
imum power transfer to a mobile anten- 
na system is with a field -strength me- 
ter-not an SWR meter. 

Theory Vs. Practice. One of the first 
things most of us learned as budding 
CB'ers was that a perfect 1:1 SWR was 
the only thing to aim for when setting up 
a new antenna system. This view, how- 
ever, is sound only when dealing with 
near -perfect antennas that exhibit an 
impedance of 50 ohms at the transmis- 
sion -line connector. 

A vertical can be considered to be 
such an antenna when it is exactly one - 
quarter wavelength (106") and is mount- 
ed above a ground plane of sloping radi- 
als extending in a spoke -like pattern. 
(Obviously, this is not for mobile corn- 

mun'eation purposes as its height and 
breadth are too great.) This type of anten- 
na usually exhibits a base impedance 
close to 50 ohms. Coaxial RG-8/U or 
RG-58/U cable is normally used be- 
tween the transmitter and antenna for 
CB applications. It also exhibits a 50 - 
ohm characteristic impedance. When 
the impedance of the antenna at a spe- 
cific frequency matches that of the trans- 
mission line, the SWR will be 1:1 and ef- 
ficiency will be at maximum. Keep in 

mind that the foregoing is based on a 

communication system that has an over- 
all impedance of 50 ohms for a specific 
frequency. 

In actual operating conditions, a mo- 
bile CB antenna is rarely a quarter - 
wavelength in height. Loading coils, 
which electrically lengthen antennas, 
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are used with whips that in some cases 
are no longer than 3' (91.4 cm). The 
ground system is not made up of care- 
fully spaced and measured radials, but 

is entirely a mass of steel (the body of 

the vehicle on which the antenna is in- 

stalled). This, to say the least, can hard- 
ly be described as a perfect antenna 
system. 

If you took impedance measurements 
of the typical mobile antenna system, 
you would find that the rated 50 ohms 
might turn out to be closer to 15 or 20 

ohms. With your coax transmission line 

and SWR meter set up to operate into a 

50 -ohm antenna, the only way to match 

the antenna for a 1:1 SWR is to change 
its length. But consider this: the length of 

the antenna is already designed to oper- 
ate at CB frequencies. By shortening the 
whip, the base impedance of the anten- 
na can be brought up to 50 ohms, but 

this detunes the antenna. It will yield a 

1:1 SWR but your radiated power will 

drop because the antenna is not the cor- 
rect length to operate most efficiently on 

the CB channels at 27 MHz. 

Reconciling Theory & Practice. 
Lest this article seem totally iconoclas- 
tic, we should point out that practice and 
theory can be readily reconciled. The 
feedpoint impedance of a vertical anten- 
na is actually a combination of various 
resistances and reactances-radiation 
resistance, ground plane resistance, an- 

tenna -to -ground -plane capacitive react- 
ance, loading coil (if any) resistance and 
reactance, etc. The radiation resistance 
is a "phantom" component which ac- 
counts for the power actually radiated by 

the antenna. For greatest radiation effi- 
ciency, this resistance should be maxi- 
mized and/or the other components 
minimized. However, this does not al- 

ways coincide with the SWR minimum. 
A few practical examples will make 

this clear. An antenna system com- 
posed of a quarter -wave vertical radiator 
and a large system of perpendicular ra- 

dials has a combined ground and radia- 

tion resistance that is considerably lower 
than the characteristic impedance of 50 - 

ohm coax. Reducing the number of radi- 

als increases the ground resistance, 
thus lowering the SWR, but now the r -f 

power heating the ground plane is sub- 
tracted from the radiated signal. 

A center -loaded whip for 11 meters 

60 

has a radiation resistance of about 15 

ohms and an average "ground" re- 

sistance of 7 ohms. The resistance of a 

high -Q loading coiling is approximately 2 

ohms, but can go as high as 15 ohms in 

a lossy coil. Neglecting other impedance 
components, the good coil will produce 
an SWR of about 2:1, but the lossy one 

will result in an SWR of only 1.4:1. R -f 

power wasted in heating the lossy coil 
will far exceed the small loss caused by 

the higher SWR on the short length of 

coax feeding the antenna. In both cases. 

maximum radiation will not occur when 
SWR is at a minimum. 

Tuning For Maximum Radiation. 
At this point, we have a word of advice: 
Do not tune your antenna system using 
only an SWR meter. Rather, use a field - 

r 
10"WHIP ANTENNA I IN34A 

I DIODE 

You can Ill(Ike !folly own field- 
st re Igth meter for,tvst a few 
dollars by following this 
circuit diagram. Wiring is not 

critical, but use u meta! housing. 

1 

strength meter as well. Many manufac- 

turers design their SWR meters so that 

they can be used to give a relative indi- 

cation of field strength, which is propor- 

tional to the power radiated by an anten- 
na. These SWR/field-strength meters 

usually come equipped with a small an- 

tenna that telescopes about 10" (25.4 

cm) for sampling the radiated signal. 
Antenna adjustments are performed 

by placing the field -strength meter 

(FSM) in a location where a fairly strong 

meter indication can be obtained. Avoid 

getting too close to the antenna-about 
one wavelength (11 meters or 34 feet) is 

a good distance. Hold the meter case so 

that the small sensing whip is vertical 

and adjust the meter's sensitivity control 
for a half -scale deflection when the 

transmitter is keyed. Then, without re- 

setting the sensitivity control, lengthen 

or shorten the antenna whip while some- 
one else observes the meter. The length 

that yields the greatest deflection of the 

meter needle is the correct one. That's 
where maximum radiation occurs. 

The SWR meter can now be placed in 

the line for a reading. Do not be sur- 
prised if it indicates an SWR of 2:1 or 

more. Your mobile antenna system is 

performing as efficiently as it possibly 
can, regardless of the SWR indication. 

Although it is true that an unusually 
high SWR can place a strain on the out- 

put stage of a transmitter, excessive 
standing wave ratios do not occur at 

maximum field strengths. Greatest ra- 

diation can and does occur at SWR's of 

greater than 1.5:1 which will not damage 

output circuits. Some CB transceivers 
will tolerate relatively high SWR's, but 

others can blow a final amplifier when 

subjected to them. However, the anten- 
na can still be tuned for maximum field 

strength with the transmitter "seeing" 
the impedance it likes if an antenna 
matchbox is used. Radiated and re- 

ceived signal power may increase when 

the matchbox is properly adjusted, but 

not dramatically. 

Make Your Own FSM. If you do not 

have a field -strength meter, you can 
build one for a few dollars. Unlike SWR 

meters, FSM's do not require exact 

placement of components and critical 
wiring to be accurate. All you need are a 

1 N34A signal diode, 0-to-50-1.LA meter, 

a 2.5-mH r -f choke, 0.001-µF capacitor, 
10,000 -ohm potentiometer, a metal box 

to house the circuit, and some hookup 

wire and terminal strips. The circuit's 

schematic diagram is shown in the fig- 

ure. The potentiometer serves as a sen- 

sitivity control. 

In Closing. Maximum radiated power 
is what the average CB'er is seeking 
from his mobile system. A low SWR at 

your rig means nothing on the listening 

end-only signal strength has any 

meaning there. So tune your antenna 

using an FSM and your CB system will 

operate at maximum efficiency and radi- 

ate as much r -f as it can. O 
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BY RODNEY A. KREUTER 

Controlling DC Power with 
Pulse -Width Modulation 

'F YOU NEED to control the speed of a 

small dc motor, the brightness of a 

lamp, or otherwise drop a dc voltage, 
consider using pulse -width modulation 
(PWM). Ordinarily, dc power is con- 
trolled by dropping a portion of the avail- 
able voltage across a variable resistor or 
a potentiometer -governed pass transis- 

tor. This method, although it is inexpen- 
sive, has two major drawbacks. It is inef- 

ficient in that much of the energy poten- 
tially available to the load is dissipated 
as heat by the transistor or resistor. 
Also, in the case of a motor, start-up is 

awkward because torque decreases 
with motor speed. Here we will describe 
how PWM can be employed and will 
present a working PWM control circuit 
you can assemble from inexpensive 
readily available parts. 

PWM (and Motor) Basics. Shown in 

Fig. 1 is a circuit which demonstrates the 
operating principle of a PWM power 
controller. It consists of a power supply 
represented as a battery, a switch S and 

a dc motor. During the interval TOFF, 

switch S is open and the motor receives 
no voltage (or current) from the supply. 
During the interval TON, the switch is 

closed and the motor receives the full 
supply voltage and draws the maximum 
amount of current from the supply (as- 

suming there is no load on the motor). 
Over the long term, the average voltage 
applied across the motor is determined 
by the ratio ToN/(TOFF + TON). 

The speed of a dc motor is primarily 
determined by the average voltage 
across the rotor coil (or the average cur- 
rent flowing through it) and the strength 
of the magnetic field surrounding the ar- 

mature and rotor coil. An increase in ap- 

plied voltage or the surrounding magnet- 
ic field (or both) will cause an increase in 

rotor speed. In most small motors, the 

magnetic field is generated by a perma- 
nent magnet and is therefore fixed. 

The amount of torque (torsion or twist- 

ing force) a motor generates, as well as 

its power, which relates torque to time, 

are also affected by the applied voltage 
and surrounding magnetic field. An in- 

crease in either or both will result in an 

increase in torque and power. Torque is 

important if the motor is to be smoothly 
brought up to speed from a dead stop- 
an almost impossible feat using vari- 
able -voltage techniques, but a simple 
task for a PWM controller. 

The relationship between motor 
torque and rotor current and the effects 
of a motor's time constants make PWM 

an effective way to control motor speed.. 
A motor's mechanical time constant is 

that interval required for the motor to ac- 

celerate from 0 rpm to 63 percent of its 

maximum rotational velocity. This time 

constant typically varies from 5 to 200 

milliseconds and depends on the size 
and design of the motor. The inductive 
time constant is the period required for 
the rotor current to increase from zero to 

63 percent of its ultimate value, about 
.0.2 times the mechanical time constant. 

If the TON interval of the control switch 
is shorter than the motor's mechanical 
time constant, the inertia of the motor 
will act as an averaging device and the 

motor will rotate at a speed that is less 
than the maximum the motor can deliv- 
er. Also, keep in mind that the torque a 

motor can generate is proportional to the 

applied voltage and the amount of cur- 
rent flowing through the rotor coil. It is 

therefore possible to obtain a large 

amount of torque, even at slow speeds, 
by applying constant -amplitude voltage 
pulses to the motor. The pulses should 
be long enough to allow rotor current to 

increase to a substantial value but short 
enough (or spaced far enough apart) so 

that either the motor cannot achieve its 

full speed or the average voltage is low. 

This allows very smooth start-up of a 

dc motor, something that is rarely 
achieved using variable -voltage control. 
What usually happens in a variable -volt- 

age system is that the motor speed con- 
trol must be advanced to the point when 

there is enough rotor current flowing 

(and enough torque generated) to allow 
the motor to "break loose." When the 

motor finally does start turning, its speed 

quickly becomes so great that the oper- 
ator must dramatically back off the con- 

trol to slow the motor down. If he re- 

duces the control setting too much, the 

motor will stall. Model railroaders, boat- 

ers, and others who use variable -volt- 
age control of small dc motors are pain- 
fully aware of awkward, unrealistic start- 

up and the difficulties of maintaining 

slow -speed control. For them, PWM is 

an ideal solution. What follows is a de- 

scription of a working PWM controller 
that can be used with loads drawing as 

much as several amperes of dc. 

The PWM Controller The controller 
(Fig. 2) employs the familiar 555 timer IC 

operating in the astable mode, but there 

is a twist-the multivibrator produces 
square waves of a constant frequency 
but variable duty cycle. The addition of 

silicon switching diodes D1 and D2 
(1N914 or similar) makes this possible. 
Here's how. 

Assuming Cl is initially discharged, 
the output of the IC (pin 3) remains low 

as the capacitor starts to charge up to- 

ward the positive supply voltage. The 
capacitor receives charge via R1 and 
the wiper, which we will refer to as R2A. 

Diode D1 is forward -biased and effec- 
tively connects the positive plate of the 

capacitor to the wiper of the potentiome- 
ter. Diode D2, on the other hand, is re- 

verse -biased and isolates the capaci- 

tor's positive plate from R3 and the other 
portion of the potentiometer, which we 

will call R2B. 
When Cl charges up to two-thirds of 

the positive supply voltage, a flip-flop in- 

side the IC toggles and simultaneously 
forces pin 3 high and pin 7 low. The ca- 
pacitor then starts to discharge through 
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Fig. 1. In basic PWM, switch S is toggled to create de pulse train 
across the motor. The longer time TON is, the higher 
the average voltage across the motor and the faster the motor turns. 

D2, which becomes forward -biased, 
through R3, and through R2B. Diode D1 
is reverse -biased and acts like an open 
circuit. Discharge continues until the 
voltage across the capacitor decreases 
to one-third of the supply voltage, at 
which time the internal flip-flop toggles 
again and causes pin 3 to go low and pin 
7 to go high. Capacitor Cl then starts to 
charge up again toward two-thirds of the 
positive supply voltage, and the cycle re- 
peats itself endlessly. 

A train of pulses much like the wave- 
form shown in Fig. 1 appears at the out- 
put of the timer IC. The TOFF interval 
corresponds to the time that pin 3 is low, 
and the TON interval corresponds to the 
period that pin 3 is high. Substituting our 
component labels for those found on 
manufacturer's 555 data sheets, we find 
that: 

TON = 0.7 (R 1 + R2A) C1 , 

TOFF = 0.7 (R3 + R2B) Cl, and 
T = 0.7(C1)(R1 + R2A + R3 + R2B) 

= 0.7(C1)(R1 + R2 + R3) 
where T is the total period of the output 
waveform, the reciprocal of the output 
frequency. It can be seen upon inspec- 
tion of these equations that TON and 
TOFF vary with the setting of R2, but the 

RI 
2.2K 

R2 
50K 

R3 
2.21( 

02 

+5 15V 

3 

R4 
22011 

R5 
IK 

D3 

C3 
IyF 

01,02= I5914 

total period of the waveform, and hence 
its frequency, do not. 

For the component values given, the 
duty cycle of the waveform (the ratio of 
TON to TON plus TOFF) varies from 
approximately 5 to 95 percent of the to- 
tal period of the waveform, depending 
on the setting of R2. The total period 
should be about twice the motor's me- 
chanical time constant, which you prob- 
ably won't know if you've.paid less than 
$10 for the motor. If that is the casé, sim- 
ply experiment with the value of Cl until 
you achieve the desired result. As a 

general rule, the smaller the motor, the 
smaller the capacitance required. 

The schematic suggests a capaci- 
tance of from 0.1 to 10 µF for Cl. Neg- 
lecting tolerances, the period of the out- 
put waveform will be 0.0038 second and 
its frequency 263 Hz if a 0.1-µF capaci- 
tor is used. The period will be 0.38 sec- 
ond and the frequency 2.63 Hz if the val- 
ue of C1 is 10 F. Substitutions can be 
made for RI, R2 and R3, but the two fix- 
ed resistors should not be less than 
1000 ohms. 

A 555 timer can sink or source up to 
200 mA of current. That's more than 
enough for some small motors, but to in- 

+ VM 

01 ) 2N3055 

Fig. 2. A PVJM 
controller for 
dc -powered loads. 
Timer IC1 
generates a pulse 
train of constant 
pei iod but 
variable duty 
cycle. 

crease the circuit's flexibility, a high - 
power driver transistor has been includ- 
ed. Designated 01, the transistor re- 
ceives base drive from the timer IC via 
R4. The transistor alternately conducts 
and Turns off in step with the output of 
ICI, acting like a switch to govern the 
operation of the motor. Diode D3 has a 
dual function. It not only protects 01 
against the inductive spikes generated 
across the rotor coil but acts as a "free- 
wheeling" diode. That is, it shunts the 
motor during the TOFF interval, during 
which the motor acts as a generator. 
The diode employed as D3 should be 
capable of handling one-half the current 
drawn by the motor and have a suitable 
PIV rating. 

Other Approaches. There are many 
ways to obtain a pulse train with a vari- 
able duty cycle, the 555 circuit just pre- 
sented being only one method. For ex- 
ample, an astable multivibrator trigger- 
ing a monostable multivibrator with a va- 
riable -output pulse width could be used. 
The variable resistance in the one-shot 
circuit could be programmed using a ro- 
tary switch or a BCD thumbwheel switch 
teamed up with a BCD -to -decimal de- 
coder chip and a group of fixed resistors. 
This would allow selection of one of sev- 
eral discrete motor speeds instead of 
continuously variable control. 

A microprocessor could be pro- 
grammed to provide a pulse train with a 
variable duty cycle. (It's always nice to 
find another use for that micro!) How- 
ever, the limited current -sourcing abili- 
ties of microprocessors make it advis- 
able either to connect a small npn tran- 
sistor (2N2222 or similar) to 01 in Dar- 
lington or replace 01 with a commercial 
power Darlington device. 

Pulse -width modulation can be used 
to control loads other than motors. For 
example, a lamp can be substituted for 
the motor in Fig. 2 and the "free -wheel- 
ing" diode removed. The circuit is now 
an efficient dc lamp dimmer. (The famil- 
iar ac lamp dimmers operate on this 
principle, employing thyristors as power 
switches.) Voltage dropping can also be 
accomplished using PWM, especially if 
the dropped voltage need not be very 
"clean" dc. Simply replace the lamp with 
the load you want to power and adjust 
R2 until the required voltage drop exists 
across the load. Connecting a good filter 
capacitor across the load will smooth out 
the dc. Also, the higher the frequency of 
the pulse train driving the transistor, the 
easier it is to smooth the dc into an ac- 
ceptable supply voltage. 
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Build 
THE 

SURFER 

'T IS WELL known that certain natural- 
ly occurring sounds can help us.to re- 

lax, to study, and to concentrate. Among 
the more familiar of these are the 
sounds of the surf, rain, and white noise 
(as when you cup a seashell or a drink- 
ing glass to your ear). The "Surfer" is a 
simple electronic device that can gener- 
ate all three of these pleasant, tranquil 
sounds at the flip of a switch. You can 
use the Surfer to set just the right mood 
for falling off to sleep, studying, or con- 
centrating simply by setting the selector 
switch to the appropriate sound position. 

About the Circuit. Transistor Q1 in 
Fig. 1 serves as a white -noise source by 
virtue of its being operated in the re - 
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BY MAYNARD GRADEN 

Psycho -acoustic device simulates 
sound of surf, gentle rain, 
or white noise to provide tranquil 
background for sleep, 
study or concentration. 

verse -bias breakdown mode. The 
"white -noise" signal is generated across 
R2 and is amplified by 02, whose 
high -frequency rolloff is determined by 
C3 (and C5 when Si is in the SURF posi- 
tion). With Si set to SURF, Q3 has two 
inputs. One is the white -noise sigral 
from 02 and the other is determined by 
the light intensity from I1 falling on pho- 
tocell PCI. As the intensity of light from 
I1 varies, the bias on 03 is shifted 
which, in effect, amplitude modulates 
the white -noise signal. Trimmer potenti- 
ometer R9 can be adjusted to prevent 
the white noise from being cut off. 

When S1 is set to RAIN, PC1 is out of 
the Q3 input circuit. This causes 03 'o 
function as a conventional emitter-fol- 

R7 
10K 

'WV' 

R9 
50K 

BIAS 

C14 
1000 

pF 

R8 
100K 

2N 3392 

03 
2N3392 ) SURF 

lower stage. The white noise at the emit- 
ter of Q3 is passed through R11 and 
VOLUME control R12 for amplification by 
IC1. The circuit and its operation remain 
the same when SI is set to NOISE, ex- 
cept that, in this mode, limiting resistor 
R11 is bypassed. 

Photocell PC2, which is also illuminat- 
ed by 11, and capacitors C8, C9, and 
C10 form a nonlinear high -cut tone con- 
trol circuit whose high -frequency at- 
tenuation is proportional to the light in- 
tensity that illuminates PC2. 

The period of relaxation oscillator 06 
is determined by the values of C16 and 
the preset value of potentiometer R20. 
The interval controlled by R20 can be 
adjusted between 7 and 35 seconds. 

RAIN NOISE .5, 
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Fig. 1. White noise generated in QI is amplitude -modulated and fi tered to produce different sounds. 
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PARTS LIST FOR FIG. 1 

C I .C4 -10-µF, 25 -volt electrolytic 
C2.C6,C7--0. 1-µF disc capacitor 
C3 ,C8-0.()01 -µF disc capacitor 
C5.C9-10.01-µF disc capacitor 
C10 -0.05-11F disc capacitor 
C I I -I (X) -µF. 25 -volt electrolytic 
C 1 2.0 13,C 14- I (XXI -µF. 25-V electrolytic 
C15 -5(X) -µF, 25-V electrolytic 
C16 -50-µF, 25-V electrolytic 
C* -0. I -µF capacitor (see text) 
D I through D4-I N4(X) I rectifier diode 
FI-t/-ampere fuse and holder 
II-#1869 miniature lamp (10 V, 0.014 A, 

with wire leads) 
ICI-LM380CN (National) or similar audio 

amplifier 

PC1 ,PC2-Photoresistive cell with 5-megohm 
dark and 15,(X)0 -ohm light resistances 
(Clairex No. CL702L or Vactec No. 
VT3221.) 

Q I through Q5 -2N3392 transistor 
Q6 -2N4870 uni junction transistor 
The following resistors are t/ -watt. 10%: 
R I .R4,R5,R7,R 11-10,000 ohms 
R2-1 megohm 
R3,R8,R 15-100.0()) ohms 
R6,RI7- 7-4700 ohms 
R 10-27,(Xx) ohms 
R 13.R 14-8.2 ohms 
R 18-I .2 megohms 
R19-120,000 ohms 

R21-470 ohms 
R22-47 ohms 
R9 -50,0X) -ohm trimmer potentiometer 
R 12 -25.0(X) -ohm audio -taper potentiometer 
R 16 -10,000 -ohm trimmer potentiometer 
R20 200,00) -ohm linear -taper potentiometer 
SI -3 -pole, 3 -position nonshorting slide or 

rotary switch 
S2-Spst switch 
SPKR-8- or 16 -ohm loudspeaker (see text) 
TI -12.6 -volt, 300-mA transformer 
Misc.-Metal chassis box: line cord; materials 

for light shield (see text); rubber grommet; 
spacers; machine hardware: hookup wire: 
solder: etc. 

The waveform present at the emitter of 
06 is directly coupled to buffer/amplifier 
Q5, whose C15/R16/R17 output circuit 
linearizes the signal before it is applied 
to lamp driver 04. 

Typical waveforms for the circuit are 
shown in Fig. 2. The upper waveform is 

present at the emitter of Q6 when R20 is 

set for a period of 17 seconds. The next 
waveform down illustrates the voltage at 
the collector of 04 after waveshaping by 
the 05 buffer stage. The inverse of this 

waveform is the voltage across 11. The 
third and fourth traces illustrate the out- 
puts of the Q1 white -noise source and 
(Cl, respectively. Note that the output of 
Q1 is a constant 10 mV, while the output 
of IC1 varies between 100 and 400 mV. 
This amplitude variation is the result of 
the varying bias on Q3 caused by the I1/ 
PC1 system. 

Construction. There is nothing criti- 
cal about circuit layout and you can use 

any wiring scheme you prefer. If you 
want printed -circuit board construction, 
you can make your own pc board using 
the etching -and -drilling guide shown in 

Fig. 3, which also contains component - 
installation instructions. 

Lamp 11 and photocells PC1 and PC2 
must be mounted close together and 
shielded from outside light. Mount 11 

vertically with PC1 and PC2 on opposite 
sides of it so that they receive equal il- 

lumination. (Once the circuit is adjusted, 
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Fig. 2. Circuit waveforms show, 
at top, output of UJT; and, below 
that, collector of Q4 after 
wavesh aping. Next two traces 
are white noise. One from Ql at 
10 mV and, at bottom, final audio 
output, with swing from 100 
to 400 millivolts. 

Printed circuit board is mounted 
on spacers in metal enclosure 

with T1, fuseholder and line 
cord on rear apron. 
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opaque tape or cardboard tubing can be 

used to make a light shield to exclude 
external light. 

Note that there are two capacitors i- 

dentified by asterisks (*). One of these 
decoupling capacitors must be mounted 
as close as possible to pin 7 of IC1, 
while the other should be mounted as 
close as possible to the positive end of 
Al. If you use the pc board pattern 
shown in Fig. 3, Cl2, C13, C14, and C15 
go on the foil side of the board and 
should be the last components installed. 

The quality of the loudspeaker used in 

the circuit is a significant factor in perfor- 
mance. The maximum output power 
from ICI is about 0.5 watt into 8 ohms. 
Needless to say, do not use a 4 -ohm 
speaker because it can damage IC/. A 

O 

Fig. 3. Actual -size foil 
pattern is at left, with 
component placement 
above. Capacitors C12, 
C13, C14 and C15 are 
mounted on foil side. 

` 
66 POPULAR ELECTRONICS 


