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YOU GET
WHAT YOU
PAY FOR.

Hy-Gain grew up inthe
west, where the going can
be mighty tough. And we
found out early it's
important to give a man
the best for his money.

So it is with our new
Hy-Range CB radios. They
have the same Hy-Gain

quality that's made our
antennas the performanze
leader of the industry.

For years, we've been
making CB radios and
antenna systems for every
installation, from the
simplest to the most
elaborate. Check with your

Hy-Gain: Electron'cs Corporation; 8601 Northeast

HighwaySix: Lincoln, NE 68505; 402/464-9151; Telex 48-6424
Branch Office and Warehouse; 6100 Sepulveda Bivd.,

#322; Van Nuys, TA91401:213/785-4532; Telex 65-1359
Distributed in Cariada by Lectron Radio Sales, Ltd., 211 Funter

Street West: Peterborough. Ontario
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Hy-Gain distributor for
details or write for our
free CB catalog.

Ycu wouldn't buy
anything less than the
best for your vehicle, don't
settle for a second-rate
radio. Buy Hy-Gain.

PICTURED: HY-RANGE lil. A FULL FEATURE 23 CHANNEL MOBILE.




World's Most Inexper

$995

Limit: one per customer.
OFFER expires September 15, 1975,

Two 4,096 word Memory Boards (kit)

Altair 8K BASIC Language. This language was chosen for the
Altair Computer because of its versatility and power and because
it is easy to use (comes with complete documentation). Altair
8K BASIC has many features not normally found in BASIC lan-
guage including an OUT statement and corresponding INPut
function that allows the user to control low speed devices
(machine control without assembly language). Leaves 1750 words
in 8K machine for programming and storage

NOTE: Altair BASIC comes in
either paper tape or cassette
tape. Specify when ordering.

Interface Board Options. The Paralle!l Interface Board is used
to connect the Altair 8800 to external devices that send and
receive parallel signals. Many line printers require a Parallel
Interface Board. The R5232 Serial Board is used to connect the
Altair 8800 to external devices that send and receive RS$232 serial
signals. Most computer terminals require an RS232 Serial Interiace
Board. ‘The TTY Serial Interface Board is used to connect the
Altair 8800 to an ASR-33 or KSR-33 teletype (20 milliamp current
loop), The TTL Serial Interface Board is for custom interfacing
The Audio Cassette Interface Board is used to connect the Altair
8800 to any cassette tape recorder. It works by changing the

Altair 8800 Computer Kit

Your choice of Interface Boards (kit)

ARair 8K BASIC Language

electrical 'signals from the computer to audio tones. It can be
used to store unlimited amounts of information coming out of
the computer and it can be used to put information back into
the computer.

PRICES:
Altair Computer kit with complete assembly instructions $439
Assembled and tested Altair Computer $621

$176 kit and $209 assembled
$264 kit and $338 assembled

$92 kit and $114 assembled
$119 kit and $138 assembled
$124 kit and $146 assembled
$128 kit and $174 assembled

1,024 Word Memory Board

4,096 Word Memory Board

Full Parallel interface Board

Serial Interiace Board (RS232)

Serial Interiace Board (TTL or TTY —teletype)
Audio Cassette Interface Baard

4K BASIC language (when purchased with Altair,

4,096 words of memorr and Interface Board) $60
8K BASIC language (when purchased with Altair, two

4,096 word memory boards and Interface Board) $75
COMTER 11 $780 kit

Teletype ASR-33 $1500 (assembled only)

Input Output Devices. The Comter I Computer Terminal has
afull alpha-numeric keyboard and a highly-readable 32-character
display. It has its own internal memory of 256 characters and
complete cursor control. Also has its own built-in audio cassette
interface that allows you to connect the COMTER 1l to any tape
recorder for both storing data from the computer and feeding it
into the computer. Requires an RS232 Interface board

The Standard ASR-33 Teletype prints 10 characters per second.
it has a built-in paper tape reader and punch. Has standard 120
day Teletype warranty. Requires a Serial TTY Interface board.

NOTE: The Altair 8800 can be connected to any number of
input/output devices other than the ones listed above.

MAIL THIS COUPON TODAY

0 Enclosed is check for S v .

[J BankAmericard #
* [ $995 BASIC System Special with following Interface Board: O Parallel
O Serial R$232 [ Serial TTY [ Sesial TTL [J Audio Cassette

O Altair 8800 O Kit [J Assembled

Include $8 for postage and handling

[J Please send free Altair System Catalog
NAME 3
ADDRESS

“Creative Electronics” e

Credit Card Expiration date.

TS

O or Master Charge #

[J Options (list on separate sheet)

STATE & ZIP

MITS/6328 Linn, NE, Albuguerque, NM 87108 505/265-7553

6328 Linn, N.E., Albuquerque, NM 87108 505/265-7553

AUGUST 1975

Warranty: 90 days on parts for kits and 90 days on parts and labor for assembled units.
Prices. specifications and delivery subject to change.
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New Mallory Ni-Cad Batteries.
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Team these long-life nickel-cadmium cells
with an automatic Mallory Charger, and you
can recharge them 1000 times, or more.

You Il be sure of having fresh D, C, and AA
batteries, while saving money, time and
trouble. Mallory Rechargeable Nickel-

Cadmium Batteries keep on coming back for
mor= in electronic calculators, tape recorders,
radios, cameras, toys, other battery-powered
products.

Keep a spare set of Mallory Ni-Cads on hand,

e 1000 times.

R

F:

and you’ll never run out of battery power
again. They recharge to full strength, two or
four at a time. And unlike ordinary dry cells
that lose voltage during discharge, Mallory
Ni-Cads with a full charge maintain operating
voltage during the entire work cycle. You get
maximum power, continuously, for top product
performance.

For the long run, Mallory Rechargeable
Ni-Cads . . . the 1000-time batteries. Get them
now at your Mallory Distributor.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

a division of P. R. MALLORY & CO. INC.
Box 1284, Indianapolis, Indiana 46208; Telephone: 317-858-3731

Batteries« Capacitors « Controls « Security Products « DURATAPE® « Resistors « Semiconductors« SONALERT® « Switches « Fastening Devices

DURATAPE® and SONALERT® are registered trademarks of P. R. Mallory & Co. Inc.
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Editorial

NO FROWNS IN DISTRIBUTOR LAND

Electronic parts and equipment wholesalers registered sales of nearly $5
billion in 1974—a record. And expectations are that the figure will be
higher for 1975. So it's not surprising that we saw no frowns among
exhibitors and attendees at the annual NEWCOM Show (the old distributor
parts show) held recently.

The product star of the show was clearly CB radio gear—mobile and
base stations, antennas and accessories. There was general agreement
among CB suppliers that the best thing to happen to CB was its use by
truckers during a strike about two years ago. Since then, with CB
impressed on the public’'s consciousness, the no-test two-way radio system
for just about anyone has exhibited a sales explosion. Manufacturers
aren't sitting on their hands, though. Many exciting engineering
innovations have been introduced to attract new buyers and to induce
present CB’ers to upgrade their equipment. As an example, E.F. Johnson
had a mobile unit at the show that employs LED readouts in place of the
traditional analog S meter; Royce showed a mobile with channel readout
incorporated into the microphone; Beltek features a unit especially
designed for motorcycles and snowmobiles; Tram's base station had a
two-speed vernier tuning arrangement; etc.

A wide array of mobile and base station antennas was dispiayed, too. An
abundance of CB accessories, from mounting kits to CB antenna
co-phasers, was shown; GC Electronics introduced a conical bit for driiling
infinitely variable diameters when mounting antennas on automobiles.
VHF-FM scanners for Public Safety Broadcasts were very much in
evidence, as well. SBE's new 10-channel digital scanner employs 2Vs" X
4%" optical programming cards to give users fast, easy selection of about
16,000 frequencies.

CB did not fully dominate the show, however. There were pienty of other
products exhibited: test instruments, TV and FM antennas and rotators,
commercial sound systems, intercoms, garage door openers, electronic
components, cabinets, cordless soldering irons, and so on.

Of special interest to us were products that we had never heard about.
For example, Electrosonics exhibited its ““Sound See-er", a
battery-powered device that quickly indicates, through a red, yeiiow or
green lamp indicator, whether a person using a public address system is
producing a satisfactory sound level in the audience; RCA introduced an
adapter for converting single-trace scopes to duai-trace; Para Dynamics
featured a signal-searching TV color signal antenna rotor system; Datak
showed a new photo-etch pc kit; Intra-Fab displayed a line of
color-coordinated aluminum cabinets; Fanon boosted its wireless
“babysitter’” intercom; Sencore demonstrated a yoke and flyback tester;
and making its U.S. debut was italy’'s Amtron electronic Kkits.

Naturally there were many products we knew of but never handled:
B&K's low-cost frequency counter, Panavise's bench tools, Eico's
telephone electronic accessories, etc. So, in all, the show was a most
worthwhile expenditure of time, considering the ‘“‘hands on" opportunities
presented under one roof. Further, it was made patently clear that the
electronics distributer business is healthier than ever before.

POPULAR ELECTRONICS
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Gobra 85:
Performance
plus Simplieity

If you want the most performance with
the easiest operation, you want Cobra 85.
Select any of 23 channels; adjust
sgquelch and volume—the rest is automatic.
Like talk-range extending Dynaboost
modulation circuitry that automatically
gives you the most modulation the law
allows and built-in automatic noise
limiting that extends your listening

range. The large illuminaled meter

tells you the strength of incoming

signals and your relative power output.
(You know that your radio and antenpa

are good if the meter reads normally.)
Cobra 85 operates from either 117VAC
or 12 VDC with detachable power cords,
S0 you can use it as a mobile too.

You get big sound from the up front,
carafully baffled speaker. You'll

heer clearly nyour living room or car.
Like every Cobraradio, Cobra 85 is
backed by warranty service stations

in &ll 50 states. See the advanced
Cobra 85 styling at your dealer.

You'll like ite small size and price

as well as its superior performance.

PRODUCT OF DYNASCAN CORPORATION -« 1801 W. Bel e Plaire * Chicago, lll. 60613
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CHECK FOUR FUNCTIONS
WITH ONE INSTRUMENT !
< Continuity
~ Voltage

U Polarity
> Digital Logic

LIGHTWEIGHT — "KET SIZE
CT ARRYIN
POUCH. SEE YOUR FAVORITE

ELECTRONICS DISTRIBUTOR.

The All-New,
Quick And Easy
Way To Reproduce
Printed Circuits.

CAT. NO.
J4-828

Get Your Kit From

Your Favorite
CALECTRO Electronics
- Diszributor Today !

v,

\L
[ GO ELECTRONICS -y

ROCKFORD, ILLINOIS 61101 U.S.A.

Coming Up In The September

Popular Electronics®

Hobbyist Computer Interchange
Tape System
$50 CD-4 Demodulator Kit
Add Functions to Calculators
Direct-Reading Logic Probe

l-. /
Letters

MANUFACTURER CHANGES TYPE NUMBER

In Mac’s Service Shop *Lightning Dam-
age Insurance Jobs™ (January 1975), re-
ference was made to the General Electric
No. 9L15CCB007 home lighting protector.
The number for this item has been
changed to 9L15DCBO002. This device is a
2-pole/3-conductor unit for 120/240-volt
grounded metal service.

RICHARD W. BEHNKE
Texas

MANY USES FOR PE

PoPULAR ELECTRONICS is a most exciting
and easy-to-read magazine. | particularly
appreciate the construction projects for
CB'ers and SWL's. One needs only a min-
imum of tools and no specialized knowl-
edge of electronics to build the projects.
(My chief hobby interests are CB radio,
which | use in Scouting, boating, and
shortwave listening.)

Itis also very gratifying to see that PE is
now using the metric system of measures
as well as the so-called British system.
Keep up the good work.

JAN STIGELL
Stockholm, Sweden

LENS F NUMBERS

“Experimenting With Light-Beam Com-
munications’’ (April 1975) appears to con-
tain an error. Author Forrest Mims states
that the term f/number is used to define the
ratio of diameter to focal length and is ex-
pressed as f/no, which is equal to d/fl,
where d is the lens diameter and fl is the
focal length. This part of the text should
read, ""The term f-number (this is the
proper designation—not f/no) is used to
define the ratio of focal length to lens
diameter and is expressed as f-no equal to
fi/d.

DANIEL J. NETTO
Los Angeles, Calif.

You are correct. The f-no of a lens is
equal to the focal length divided by the
diameter of the lens. The formula dlfl is the
divergence of the projected beam, or re-
ceiver field of view, in radians. —Author

NOTES ON HEAD ALIGNMENT

I would like to comment on the proce-
dures outlined by Ralph Hodges for tape
head alignment in his February 1975
"“Stereo Scene.” There are two important

AmericanRadioHistorv.Com

points Mr. Hodges did not mention. The
first is head rotation, which is very impor-
tanton modern tape decks that do not have
pressure pads. Rotation must be set so that
the wear pattern is equal on both sides of
the head gap and, more important, for max-
imum output at 15,000 Hz. | am certain that
in most decks, any change in one align-
ment parameter will affect the other align-
ment parameters to some degree.

The second point, in azimuth alignment,
is the importance on a muiti-channel deck
to check the phase relationships of the
tracks to each other. It is possible to read
maximum level at high frequencies and still
be 180° out of phase.

In short, when it comes to a critical
alignment procedure, the job is best left to
a professional who has the knowledge and
equipment to do the job correctly.

HOwARD M. LIEBERMAN
Audio Concepts
Spring Valley, N.Y.

The column was not intended to be a
formal discourse on head alignment. It was
merely a loose discussion of a few cheap-
and-dirty diagnostic tricks that might help
one to keep tabs on a deck’s variations in
performance. | share any reservations Mr.
Lieberman has about these procedures
being good studio practice. | also agree on
the subject of head rotation. However, the
head gaps of many consumer decks can-
not be seen with the unaided eye. As for
adjusting rotation for maximum output at
15,000 Hz, | must confess that | have never
tried it, but | agree that it can be worth-
while, particularly if thicker tapes are cus-
tomarily used on the tape deck.

I realize that track phasing is important
in certain professional applications (as
when stereo material is mixed for mono
broadcasting), but I do not understand why
phasing should be of any practical conse-
quence in consumer recorders where mix-
ing is very rarely used. —Author

Out of Tune

In “Digital Marine/Auto Tachometer”
(June 1975), the connection where the line
coming from pin 5 crosses the line between
pins 1 and 8 of /C2 in the schematic should
be removed. Also, the IC's are sensitive to
the r-f noise from the car's ignition system.
To cope with this problem, it may be neces-
sary to install r-f suppression-type spark
plug cabie in older cars and extensive
capacitive bypass techniques in the circuit.
Route the coaxial feed cable close to the
metalwork on the bottom of the car and
locate its grounding point experimentally.
In most cases it will be on the car's body or
frame, rather than on the engine.

In “How to Design Your Own Power
Supplies” (June 1975), Fig. 10, page 39,
the polarity of the zener diode should be
reversed.

POPULAR ELECTRONICS



Rovce

Congtruction—Range—Performance

New! Royce offers you a full line of professional antennas!

MODEL 2-202.
MOBILE ANTENNA.
102" stainless steel
whip. Stainless steel
spring. 180° swivel
mount. All hardware

included.

*MODEL 2-205.
MOBILE ANTENNA
46" high. Trunk lip/hole
mount. Spring. tapered
stainless whip, chrome
plated brass cup. In-
cludes hardware and

*MODEL 2-208.
MOBILE ANTENNA.
Gutter clip type. Cen-
ter loaded. Stainless
steel spring, bar and
whip, with 10-foot low

loss coax assembly.

*MODEL 2-222.
MOBILE ANTENNA.
High etficiency fiber-
glass. Trunk lip mount.
50" high. Chrome
plated brass cup as-
sembly and 17-faot low

*MODEL 2-224.
MOBILE ANTENNA.
48" high. Twin truck.
Fiberglass shafts. Two
West Coast mirror
mounts, and a low loss
coax phasing harness.

17-footlow loss coax
assembly.

Antennas in the Royce tradition of quality. Specially
designed to d2liver maximum performance fram your
Royce (or any brand) transceiver.
MODEL 2-200. MOBILE ANTENNA. Stainless steel 102"
whip. Spring and bumper strap.

* MODEL 2-20&. MOBILE ANTENNA. 44" high. Rooftop
mount. 38" snap in base. Stainless steel spring and
whip. With low loss coax assembly.

*MODEL 2-209. MOBILE ANTENNA. 20" high. Trunk
lip reduced size antenna. Stainless steel whip bar and
spring with low loss coax assembly.

*MODEL 2-21C. PORTABLE ANTENNA. Screws in back
of set for temporary or portable use

*k MODEL 2-229. MOBILE ANTENNA. 48" high. Fiber-
glass shaft, top coil and stainless tuning tip. %"x24" stud.

*ATTRACTIVELY PACKAGED ON 3-COLOR CARDS

loss coax cable as-
sembly

%k MODEL 2-223. MOBILE ANTENNA. Same as Model
2-224, except single mirror mount antenna with low
loss ccax assembly
MODEL 2-230. MARINE vHF ANTENNA. 6db gain. 8-
foot. Inciudes cycolac tilt mount and coax cable.

MODEL 2-234. MARINE CB ANTENNA. Stationary base
with 17-foot coaxial assembly. High efficiency center
load coil.

MODEL 2-240. POPULAR GROUND PLANE BASE
ANTENNA.

MODEL 2-245. SKY-MASTER [. ¥ WAVE 3.75 db GAIN
BASE ANTENNA.

MODEL 2-250. SKY-MASTER 1. % WAVE 5 db GAIN
BASE ANTENNA.

See the complete line of Mobile and Base Antennas

at your Royce Dealer today!

Royce electronics corporation

1142 Clay St., North Kansas City, Mo. 64116
CALL: (816) 842-0252 « TELEX: 426-145
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The real way to learn digital electronics!

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

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

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

8

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

ey

A i o
2 llll.hj_u
S

NOW...
YOUR OWN DIGITAL (3V2 DIGITS)
MULTIMETER INCLUDED

AT NO EXTRA COST!

The latest in digital testing equipment . . .
along with valuable training experiments in
digital techniques.

problem and displays the result instantly.
The NRI digital computer is one of 10 kits
you receive in the NRI Complete Computer
Electronics Course. You build and use your
own 3% digit digital multimeter. .. while you
perform hundreds of experiments, building
hundreds of circuits, learning organization,
operation, troubleshooting and programming.

CIRCLE NO. 8 ON READER SERVICE CARD
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Only NRI offers you five
TV/Audio Servicing Courses

Color TV repair is an-
other big opportunity
field right now and
NRI can train you at
home to service and re-
pair any color or black
& white TV, hi-fi equip-
ment, AM-FM radios,
and sound systems.
You can choose from
5 courses, starting with a basic servicing course
with 65 lessons . .. up to a Master Color TV course,
complete with 25” diagonal solid state color TV in
handsome woodgrain cabinet. No other school offers
so many choices or so much value.

All courses are available with low down payment
and convenient monthly payments to fit your bud-
get. And all courses provide professional tools and
equipment along with NRI-designed kits for hands-
on training. With the Master Course, for instance,
you receive your own 5” wide-band triggered sweep
solid state oscilloscope, TV pattern generator, 3%
digit digital multimeter and a NRI 25” diagonal
solid state television receiver expressly designed for
color TV training.

YOU PAY LESS WITH NRI TRAINING

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

AUGUST 1975

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

NRI prepares you for a
career in the rapidly
expanding field of com-
munications . . . a field
destined to double in
the next decade! NRI
can train you at home
for one of the thou-
2 ¥4 sands of service and
maintenance jobs opening in AM and FM Trans-
mission and Reception, TV Broadcasting, Micro-
wave Systems, Teletype, Radar, Marine Electronics,
Mobile Communications and Aircraft Electronics.
You train on your own 23-channel Johnson Trans-
ceiver and AC power supply; a digital multimeter,
for digital experiments and precise testing; bite-
size lessons leading to your FCC license and the
communications field of your choice.

NEARLY ONE MILLION STUDENTS IN
60 YEARS HAVE LEARNED AT HOME
THE NRI WAY.

Mail the insert card and discover for yourself why
NRI is the recognized leader in home study training.
No salesman will call. Do it today and get started on
that new career.

APPROVED UNDER Gi BILL

For the career minded, we are approved for vet-
erans benefits. Check box on card for detalils.

~ 4l

MAIL THE INSERT CARD FOR
YOUR FREE NRI CATALOG

No salesman will call

N BI NRI SCHOOLS

VicGraw-Hil Continuing Education Center

LV _ _

t—‘ b 3939 Wisconsin Avenue,

IA.ln .Woshing'fon, D.C. 20016
w
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NEW!

o
reliabili
recordilg

tape

from

Lafayette

the electronics
shopping center

We're introducing a top-value line of
Lafayette brand blank recording tape
with formulations designed for every
application. Cassette, cartridge, reel-
to-reel—from our low-noise general
purpose series to our Criterion XHE
(Extra high energy) top-of-the-line—
you'll find the tape you need at a price
that's right. Visit the new tape centers at
our stores, or read about it in our new
1976 catalog.

FREE!

Lt nrd'g" et

1976
Lafayette
Radio
' Electronics
Catalog

Mail this card to-
day, or reserve a
copy
your
store.

9

through
Lafayette

[ EEE e T S S

I Dept. 35085 I
Lafayette Radio Electronics

I 111 Jericho Tpke.. Syosset. New York 11791 I

I Send me your FREE 1976 Catalog I

I Name ... ... ... ... .. .. ... . I

I AQAress ................... Apt. ...... I
City ... State .......

z»00000 |

L N ] d
CIRCLE ND. 31 DN REAGER SERYICE CARD

T

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 Reader Service Card
inside the back cover or write to the man-
ufacturer at the address given.

TELEQUIPMENT DUAL-TRACE
PORTABLE OSCILLOSCOPE
Tektronix's new Telequipment Model D32
oscilloscope is a 10-MHz, dual-trace unit.
The scope has a vertical sensitivity ranging
from 10 mV/div to 5 V/div in nine calibrated
steps, nineteen sweep speeds ranging
from 500 ns/div to 500 ms/div, a X5 hori-

zontal magnifier, and flexible triggering.
Automatic selection of chopped or alter-
nate modes is incorporated, and the D32
can be run off line current or rechargeable
batteries. Up to four hours of continuous
operation is possible under battery power.
Six rechargeable “'D" cells, probes (2
each), and a front-panel protective cover
are included as standard equipment. An
optional carrying case is also available.
The scope measures 11" D x 9" W x 4" H
(27.9 x 22.9 x 10.2 cm). $995.

CIRCLE NO. 70 ON READER SERVICE CARD

WALL-LENK SOLDERING PISTOL
Wall-Lenk’s new Model 2116 is a light-
weight, 30-watt pistol-grip soldering gun. It
is UL listed and has a nylon handle that is
said to stay cool even during prolonged
use. The pistol is balanced for comfort, and
its heating element reaches operating
temperature in afew seconds, according to
the manufacturer.

CIRCLE NO. 71 DN READER SERVICE CARD

RCA PORTABLE SEMICONDUCTOR CHECKER
The new portable, battery-powered
Transistor/Diode/FET Checker, Model
WC- 506B by RCA, permits quick checks of
both in- and out-of-circuit devices. The in-
strument provides four ways to connect a
device for relative gain or leakage tests of
npn and pnp transistors, p- and n-channel

AmericanRadioHistorv.Com

single- and dual-gate FET's, and relative
front-to-back ratios of diodes. A conduc-
tive foam pad on the front panel is included
to discharge FET leads. A special *‘square-
law' meter makes possible one extended
range for all tests. Relative gain readings
are indicated on a single ‘“‘good-bad”
color-coded scale. Devices canbe tested in
the panel socket or with color-coded test
leads. Extension leads are provided for in-
circuit testing. The Checker measures 6%”
X 3%" x 2"(15.9 X 9.5 x 5.2cm) and weighs
14 ounces (397 g). $33.
CIRCLE NO. 72 ON REAQER SERVICE CARD

HIGH-VOLTAGE/CURRENT MEASURING PROBE
Eico's Model HVP-5 is a self-contained,
direct-reading high-voltage and current
measuring probe. It can read dc voltages
up to 40,000 V and dc currents up to 200
mA. The two measuring circuits are inde-
pendent of each other, and the meter is
switched between them by a slide switch
mounted on the probe body. The manufac-
turer claims that the HVP-5 cannot be dam-
aged by placing the function switch in the
mA position while measuirng high voltage.
$29.95.

CIRCLE NO. 73 ON READER SERVICE CARD

AUDIOANALYST “TOWER OF SOUND”
The Audioanalyst Tower of Sound is a
stacked pair of A-100X three-way acoustic
suspension loudspeakers. This is done to
take advantage of the dispersion charac-
teristics of the high-frequency drivers and
mutual coupling between the two 10-inch
woofers. It is said that the two low-
frequency drivers behave as one 15-inch
woofer without the beaming and breakup
problems of a larger transducer. The two
A-100X systems are wired in parallel, pre-
senting a 4-ohm load to the power am-
plifier. The Tower of Sound stands about
four ft. (1.2 m) tall and occupies a little
more than a square foot of floor space.
CIRCLE NO. 74 ON READER SERVICE CARD

CLARION UNDER-DASH CASSETTE
PLAYER/RECORDER
The Clarion Model 812 car cassette player
features record capability, a microphone
with coiled cord and an on/off switch for

stop/start operation, and automatic re-
verse. Also included are fast forward/re-
wind and volume, tone, and balance con-
trols, automatic or manual program switch-
ing, and program indicator lights.

CIRCLE NO. 75 ON READER SERVICE CARD
POPULAR ELECTRONICS



KENWO0OD LUXURY RECEIVER
The new KR-9400 stereo receiver boasts
120 watts rms/channel into 8 ohms be-
tween 20 and 20,000 Hz, with no more than
0.1% THD. The amplifier section uses
direct-coupled output circuitry, and a pro-

‘4@4“‘“:

tection circuit combining electronic and
relay switching. The KR-9400 tuner section
uses a dual-gate MOSFET front end, a
multi-function IC, and a phase-locked loop
IC. Claimed sensitivity is 1.7 pV, selectivity
80 dB, and capture ratio 1.3 dB. A triple-
function meter performs as a signal-
strength, multipath, and deviation indi-
cator. Other features are three tone con-
trols, a dual tape system for uninterrupted
dubbing, and a new injection circuit which
mixes the signal from any program source
into the recorded signal, with front panel
level control for proper blending.

CIRCLE NO. 76 ON READER SERVICE CARD

AUOIO SWEEP GENERATOR/FREQ. METER
Production Devices’ Model 140B is an

audio oscillator, sweep generator, and fre- |

quency meter in one enclosure. As a sweep
generator, it operates over two ranges
—from 40 Hz to 1000 Hz, and from 1000 to
20,000 Hz. The frequency meter may be
used independently. As an audio oscillator,
it provides a sine wave with an adjustable
output from 0 to 2.5 V,,,, which is constant
over the audio range (+0.25dB}). Distortion

is said to be less than 1.5%. As a square- |

wave generator, the Model 140B can pro-
duce a fixed 8V,,, output. $78.95.
CIRCLE NO. 77 ON READER SERVICE CARD

ESP TESTER
Edmund Scientific’'s new solid-state porta-
ble ESP Tester has a guaranteed random

circuit for accurate testing. When the ex-
aminer pushes a button, a light appears

AUGUST 1975

BUILD&TEST
CIRCUITS

AS FAST AS YOU THINK!

- POWER FOR THE PROFESSIONAL
« ECONOMY KITS FOR THE HOBBYIST
A MODEL AND A PRICE FOR EVERYONE

PROTO BOARD 203

Breadboard Prototesting with 5 Volt,
1 AMP Regulated Power Supply included!
A total ready-to-use power breadboard
prototest device with a built-in regulated,
short-proof power supply. Just plug-in and
start building! 2 extra floating 5-way
binding posts for external signals. Self-
contained with power switch indicator lamp
and power fuse. 24-14 pin DIP capacity.
Attractive two-tone quality case. All metal
construction. 93”L x
$ 612"W x 234"H. 5 Ibs.
Order today!

Add $2.50 shipping/handiing

A modestly priced kit for the
economy-minded experimenter . ..

PROTO BOARD 100 /.

A low cost, big 10 IC capacity breadboard
kit with alf the quality of QT sockets and the
best of the Proto Board series . . . complete
down to the last nut, bolt and screw. Includes
2 QT-358 3Sockets; 1 QT-35B Bus Strip; 2
S-way binding posts; 4 rubber feet;

screws, nuts, bolts; and easy

assembly instructions.

19 95

Add $1.50
shipping/handling.

PROTO-CLIP

for Power-On,
Hands-Off Signal
Tracing. No more
shorting leads.
Costs less than . . .

*S

Bring IC leads from pc board for fast signal tracing and
troubleshooting. Inject signals. Wire unused circuits
into boards. Scope probes and test leads lock onto
Dynagrip inset (see circle) for hands-off testing. Plastic
construction eliminates springs, pivots. Non-corrosive
nickel/silver contacts for simultaneous

low resistance connections.

PC-14, 14-pin Proto Clip, $4.50 ea.

PC-16, 16-pin Proto Clip, $4.75 ea.

Add 75¢ shipping/handling.

Order today off-the-shelf from CSC
=5= Continental Speciaities Corp.

or local distributor. Charge: BAC,
Box 1942, New Haven, CT 06509 « 203/624-3103

MC, AX. Write for free catalog. Free
W. Coast Off.: Box 7809, S. Francisco, CA 94119 e 415/383-4207

English/Metric Slide Rule with each
order. Dealer inquiries invited.

Canada: Available thru Len Finkler Ltd., Ontario
CIRCLE NO. 13 ON REAQER SERVICE CARD

Foreign erders add 15%.

Patents Pending Made in USA
Prices subject to change
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. ... choose the engineering
_excellence ¢f a Browning base
station or mobile: Its outstand-
ing depth of audio performance
lets you go beyond casual fun
to full CB énjoyment! Brown-
ing's unique “voice dimension”
characteristics represent a skill-
ful blending of audio power
and fidelity — amd are the re-
sult of over half a century of
adherence to exacting produc-
tion standards and time-
consuming craftsmanship. You
may-spend a few more dollars
— yoit nay-even have to wait
for delivery — but if: you're
sericus about CB.you'll choose
Browning!

For:your free full-color

. catalog, write . . .
: B
l:) rowning
Browning Laboratcries, Inc.
1269 Union Avenue
Laconia, New Hampshire 03246
Telephone (603) 524-5454

CIRCLE NO. 1Z ON READER SERVICE CARD
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above one of four symbois — a star, a
square, a triangle, or a circle. If either the
examiner or the subject has ESP, the
number of correct guesses will average
above that indicated by random chance (1
out of 4 or 25%). Four “D" cells are re-
quired for power. The ESP Tester (Cat. No.
72,090) comes with instructions and a
50-test experiment pad. Measures 6%"
3%" X 2"(15.9 X 9.5 x 5.1 cm) $29.95 Extra
pads for 250 tests (Cat. No. 72,092) are
available for $3.50.
CIRCLE NO. 78 ON READER SERVICE CARD

SAE STEREO POWER AMPLIFIER

SAE is introducing its new stereo power
amplifier, the Mark XXV. The manufacturer
guarantees that the amplifier will deliver
300 W/channel, both channels driven into 8

ohms, from 10 Hz to 30 kHz. Claimed IMD is
0.05% and THD is 0.1%, from 250 mW to
rated output. Frequency response is said to
be 10 Hz to 30 kHz +0.25dB, and S/Nis 100
dB, both referenced to rated output. A
newly developed PSO (Paralleled-Series-
Output) circuit combines the inherent ad-
vantages of both parallel and series circuit
designs. The Mark XXV is equipped with
forced-air cooling, and has pushbuttons
for channels A and B gain and output meter
sensitivity. These discrete levels are cali-
brated in dB, and the two output meters are
calibrated in both dB and watts for 8-ohm
loads. $1250.00
CIRCLE NO. 79 ON READER SERVICE CARO

KRICKET VOICE COMMUNICATIONS SPEAKER
The Model KC-35 Kricket voice communi-
cations speaker by Acoustic Fiber Sound
Systems is housed in a fiberboard enclo-
sure covered with U.S. Naugahyde,"" and
comes with a mounting bracket which al-
lows the speaker to be positioned at any
convenient angle, including mobile appli-
cations. The speaker will be of interest to
CB and ham operators, Business Band
users, and boaters.

CIRCLE NO. 80 ON READER SERVICE CARD

CARBON-FILM RESISTGR SET
Energy Electronic Product’s Resistor Set
Model RS 10 contains over 2700 Va-watt,
5% carbon film resistors. included are 170
different values from 0.51 ohms up to 5.6
megohms. The quantity of each value has
been chosen for its average frequency of
applications in electronic design. $126.00

CIRCLE NO. 81 ON READER SERVICE CARD
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New Literature

ELECTRONIC IGNITION BOOKLET

“A Revolutionin Ignition Systems,” offered
by the Tri-Star Corp, describes the physical
operation, advantages, and disadvantages
of the conventional (Kettering), transis-
torized, and capacitive-discharge (CD}) ig-
nition systems. The illustrated publication
includes comparative data on the three
types of systems, and highlights the
company’s Tiger line of COl modules. Also
given are the results of a laboratory test
comparing six of the most popular CDI
products. Address: Tri-Star Corporation,
Grand Junction, CO 81501.

ELECTROSTATIC SPEAKER BROCHURE

An Electrostatic Research brochure de-
scribes its new ER-139 two- and three-way
speaker systems, featuring dynamic bass
and electrostatic tweeter drivers. The
three-way system uses a dynamic mid-
range driver. In both systems, a circular
array of eight ES tweeters provides
360-degree horizontal dispersion. Energiz-
ing techniques (through either a separate
voltage supply or self-energization) is dis-
cussed. Address: Electrostatic Research
Co., Dept. P, 38 Cabot Street, Beverly, MA
01915.

3-D DISPLAY CATALOG

A new 8-page catalog is available from Op-
tical Electronics, Inc., describing its
three-dimensional display system modules
for use with conventional XY CRT displays.
The catalog illustrates the various
capabilities of the 3-D system, including
the generation of monocular and binocular
images, image magnification, and various
depth cues including local field, interposi-
tion, movement parallax and perspective.
Also described are peripheral modules
such as vector generators, background
generators, and computer buffer/inter-
faces. Address: S. Day, Sales Dept., Opti-
cal Electronics, Inc., Box 11140, Tucson,
AZ 85734,

TRIPLETT TEST EQUIPMENT CATALOG

A new 16-page catalog of its line of test
equipment is available from the Triplett
Corp. The new 60-T catalog features two
new VOM's, as well as Triplett's tempera-
ture testers, special feature testers, and
general-purpose portable units. The
catalog also contains a product selection
guide for easy comparison of the
manufacturer’s various units. Address:
Triplett Corporation, Dept. PR, Bluffton,
OH 45817.

POPULAR ELECTRONICS



Get the news

hefore it's news...

with a“behind-the-scenes” Scanner Radio from

Pocket-size Realistic scanners seek and lock-in on exciting police,
fire and emergency calls, even continuous weathercasts* There's
one to cover the action in your area —11 models in all.

PRO-6 —VHF-Hi and VHF-Low
Electronically scans up to 4 crystal-con-
trolled channels on 148-174 or 30-50
MHz. Stops on each active channel until
conversation ends, then resumes scan-
ning. You don’t miss a thing—it's like 4
radios in one. Lighted channel indicators,
switches for bypassing any channels,
scan/manual switch, variable volume and
squelch, built-in antenna, earphone jack.
With 4 "AA" cells. Requires up

to 4 crystals. #20-171 11995

PRO-4A — VHF-Hi Band

Like the PRO-6, but covers VHF-
Hi only. #20-174

PRO-5 UHF “Metro” Band
Same as the PRO-4A, but covers 450-470;
MHz used in many larger cities.

#20-169. "995[ ”
Accessories Available. Plug-in antenna.
12VDC adapter, AC adapter/battery
charger, rechargeable batteries.

[VHFu o0 @ o =

995 4

FREE New 1976

Radio Shack Catalog

OVER 2000 PRODUCTS
EXCLUSIVES ON EVERY PAGE
BEAUTIFUL FULL COLOR
Stereo ¢ Quadraphonic ¢ Phonographs
TV Antennas ¢ Radios ¢ Citizens Band
Kits e Recorders ¢ Tape ¢ Tools
Auto Tune-Up e Electronic Parts
Test Instruments ¢ More!

164 pages of the finest in
home and hobby electronics
Respected brand names like
Realistic. Micronta. Archer
Science Fair and theyre
available only at Radio
Shack stores and dealers
nationwide! See what'sreally
new in electronics by getting
this catalog now

NEW FOR'76
Coming
Soon!

Radio Shaek

SEND FOR YOURS TODAY!
FILL OUT COUPON BELOW

— —— e —— . e — e

1976 Mail to Radio Shack. P. O. Box 1052,

Catalog Ft. Worth. Texas 76101. (Please print.)

|

|
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|
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Radio Shack!

L0E

SCAN

ANTENN @7
!!ll g
MANUAL
4 EARPHgNg @

SQUELCH

OFF = yoryme

*On VHF-Hi band in over 70 localities

"I NEW PRO-16A — Super Scanner
for the ultimate at-home
or mobile listening post

VHF MARINE

v &,
f .-r - il

o @30@@0@@

PATAOLVAN PAGAG

02000006

With !
Extended UHF
Coverage

Scans up to 16 crystal-controlled channels, in any combination, on
30-50 and 148-174 MHz VHF and 450-512 MHz UHF. Like having 16
radios in one! Lockout buttons and indicator lights for each channel,
manual selector, squelch, variable scan rate, scan-delay in/out button,
12VDC/120 VAC operation., mobile mounting bracket. 22995
Requires up to 16 crystals. U L. listed. £20-165

Police-frequency listening may be regulated by local authorities

e~ T TIIEALISTICS

%ﬂ ‘ at
- Radio fhaek

A TANDY CORPORATION COMPANY

OVER 3000 STORES « 50 STATES o 7 COUNTRIES
Retzail prices may vary at individual stores

Master Charge or
Bank Americard at
participating stores

CIRCLE ND. 42 DN READER SERVICE CARD
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Stereo Scene

WILL AUDIO GO DIGITAL?

& é HAT'S happening with dig-

ital audio?" is a question
you hear from time to time. The an-
swer is that it's loping along nicely,
with groups as diverse as Bell Tele-
phone Laboratories and the British
Broadcasting Company doing serious
work on one project or another. Con-
sumers cannot yet find digital tape re-
corders awaiting them at the local hi-fi
emporium, but audio professionals
can buy digital delay lines that can do
a most effective job enhancing the
naturalness of artificial reverberation,
particularly when they are used with
more conventional studio techniques.
Digital techniques have been used to
restore the fidelity of old recordings,
and these efforts have met with un-
precedented success. And, of course,
in the area of synthesized music, digi-
tal techniques are becoming more es-
tablished every day.

Digital applications for-audio are
being pursued in areas such as:
signal processing (delay, filtering,
etc.) and straight recording. Record-
ing is simpler, at leastin theory, except
that it must generally be carried outin
real time and committed to a medium
(most often magnetic tape) which has
serious storage-density limitations for
this kind of work. Signal process-
ing—or some types of it, anyway
—can proceed chunk by chunk at
the computer's leisure, and perma-
nent storage of the signal in digitized
form may not be involved at all.

Earlier this year the Midwest Acous-
tics Conference, which takes place
annually in Evanston, lllinois, devoted
itself to an overview of digital audio,
presenting a number of uniquely qual-
ified speakers who explained where
we are today and what's coming next. |
went there to get a feel for the viability
of these techniques in the consumer
sphere, and | came away mildly en-
couraged. Many of the experts foresee
digital hardware making its way into
the home in the not-too-distant future.
(The exact timetable will involve mar-
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By Ralph Hodges

keting considerations as much as
technological advances, so it isn’t re-
ally worth speculating about right
now.) Probably the most attractive
product that could be offered the au-
diophile is a digital program source,
especially if it—like a digital tape
machine—could also produce digital
recordings. For the rest of this col-
umn, I'll focus on that sort of product,
because it is of demonstrated interest
and because its essential functions —
conversion from analog to digital and
back again—are basic to any digital
processor.

Music By Numbers. You are
perhaps familiar with the advantages
of digital recording. They include vir-
tualimmunity to cumulative noise, dis-
tortion, and frequency-response de-
gradation. Audible wow and fiutter
can be wiped out because the signal
itself carries with it an unambiguous

timing notation, derived from a very
stable and accurate electronic clock.
This notation can drive a mechanical
servo system that regulates the rate at
which the recording is scanned (a
simple servo-controlled capstan mo-
tor on a tape machine, for example).
Another scheme might use a matrix of
memory locations that “‘hold” data
until they are scanned electronically
to regenerate the digitized signal.
Digital comes by these benefits be-
cause it substitutes a numerical code
for the thing itself, unlike our
present-day analog recordings (discs
and tapes) which really are the musi-
cal performance in a sense, frozen in
time for our convenience. To con-
struct a rough analogy: any oil paint-
ingwould not fare too well if preserved
for posterity by means of photocopies,
whereas an instruction sheet for a
paint-by-number kit, even if rendered
just barely decipherable, would give
rise to the same end product as an
undamaged copy. Of course, few
paint-by-number kits would fool any-
one into believing he was in the pres-
ence of a Rembrandt original. But if
the instructions were detailed
enough—one hundred items per
square centimeter of canvas, say—the
unaided eye might very well find the
reproduction indistinguishable from
the original. This is the goal of a prac-
tical digital recording system: to pro-
vide adequate instructions for an au-

POPULAR ELECTRONICS




ONE-TIME OFFER
TO READERS OF

o) What does it taketo
222> build the world's smallest
VB  scientific calculator?

Regular Price $49.95
About three hours. And only $34.95

Designing the Sinclair Scientific Kit Components . .
was no small feat of engineering. Egill . ngit?&ul‘gzzgz, ‘:;nh
. chip 5
But you don’t have tq be an en_gl' Interface chips and light-up display
neer to assemble it with our kit. Printed circuit board in position
Now you can put together the Keyboard panel Soft carrying wallet
D 2 q . . Electronic components  Comprehensive
world’s thinnest, lightest scientific pack e
calculator from eight groups Batteries, battery Asgemb;yhtime is
of components, using only a :;sic[rcr;lbly and on/off about 3 hours.
soldering iron and a pair of cutters. . .
i i Specifications
(Complete instructions are Functions: T
included, of course. And our 4 arithmetic 2’§)I(,)-decad.e range,
Service Department willhelpyou ~ AVAILABLE ASSEMBLED TOO gio.garithmitc_ Lfror'n 10—-99 to 10+99
Q Q : Q Q : rigonoemetric H
with any ql.Jestlor.ls that come up.) The Sl.nclzm: Scientific calculator Keybgoard: }‘z’f“;rse Polish, with
For an incredible SPECIAL is available in completely assem- 18 key format with post-fixed operators
PRICE OF ONLY §3495 (offer  bled form fyouprefer-The  — flncicor’  Fevrsowsss, .,
« . er 1
expires September 15, 1975), look ~ SPECIAL LOW PRICE is only Display: Y A AAR beerics
what the Sinclair Scientific can do: $49.95—fully guaranteed. Defec- 5-digit mantissa Size: 43" ]hig"h; .
sin and aresin tive calculators will be repaired or fgﬂlﬁ’;;’ﬁ,‘;?,’l’f)“‘ V\Z’e'w;;itc';;3260 zthlck
AT EIR T replaced within one year from date He )
L . d arct of purchase, FREE OF CHARGE
) B BN (batteries not included). CHARGE YOUR ORDER TO YOUR
automatic squaring AMERICAN EXPRESS, P
automatic doubling ﬁﬁzgéﬁqg%fl?(!?b}z i
log and antilog (base 10) actual size DINERS CLUB ACCOUNT GE
giving quick access to . \
). <4 (including square w r e O S W e B S . . 1
and other roots) | CONSUMER SERVICE DIVISION,
four basic arithmetic ] R L i K 595 Broadway, New York, N.Y. 10012 |
functions I Please se_nd t_he following: B |
plus scientific notation 4l U 5 %{;%",)“Sfug%g‘(‘)loai‘: I]‘“"‘gg:ze I
. (10— to 10+99), I handling & insurance l
O — Scientific Calculater(s)
To be a really valuable tool,a [ Asscmbled @ $49.95 plus $3.50 |
scientific calculator must provide T ea. postage, handling & insurance
all of the above. sSinclEie M0 2%02% I {{IeSi}?enlgls of Igall(if.,S E)otlo., 11;‘18., Ill‘]. |
. : : 2-71828 Mich., o Y. ate, D.C. anc
A.Ca]cu}ator “flt}.mUt sc1<?nt1ﬁc Scientific :' 314159 I Te:)ct., addoapp]icable sales tax. i
notation severly 1.1m1ts the size of I O Enclosed is $ __(Offer not |
numbers with which you can work valid outside U.S.A.)
easily. And scientific notation with- 1 O XHARGEE ‘ |
out transcendental function is | % B e riogrd |
little more than window dressing | O Master Charge I
on an arithmetic calculator. O Diners Club
Less than 3/-inch thin and : - I Account #_ |
33/,-ounces light, the British-made ) Y aneg | Exp. Date |
Sinclair Scientific isn’t just ; : - 180 | Master Charge 1
portable. It’s pocketable. Interbank # ~ §
l (4 numbers above your name) I
ONE-YEAR GUARANTEE | Signature "
All parts are tested before ship- Print Name
ment—and we’ll replace, FREE | : |
OF CHARGE, any defective part I Afid“"“ I
in any correctly assembled calcu- I City "
lator for a full year from date of State Zip
5 : PE-85
purchase (labor not included). I <8
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Bell & Howell Schools invites you to

BREAK INTO 4

18

Pick up new professional
skills in this exciting

field as you build

Bell & Howell’s new
quadraphonic audio center.
It’s the very first
learn-at-home program

of its kind!

You’ve probably heard a lot about
4-channel sound by now. It’s the most
talked about and impressive technical
advancement in sound in years. Sepa-
rately recorded channels literally wrap a
room in sound for a totally new listening
experience.

And the excitement doesn'’t stop
there. Thanks to Bell & Howell Schools’
brand new learning program, now you
can explore quad sound for yourself—
from the inside out—and master the
technology behind this important
advancement right in your own home!

It’s your opportunity to break away
from the everyday routine and learn
new occupational skills that could lead
you in exciting new directions. Mail the
attached card, postage free, to get the
facts today!

Take hold of opportunity with
both hands now!

The world around you is changing
every day. Forging ahead. The man who
keeps pace is the man who continues to
learn and grow. He’s in the mainstream
of life. Interested in what'’s going on.
And he’s much more interesting, too.

Bell & Howell Schools’ new 4-channel
audio program was designed to help
you learn and grow. To put you in the
mainstream of audio electronics tech-
nology. Where you can delve into
fascinating electronics principles. Solve
challenging problems and get actual
hands-on, build-it-yourself experience.

And where you can acquire a sense of
satisfaction and accomplishment you

may not currently be getting.

Completely different from the typical
kind of school you grew up with.
Learning all about quad sound with

Bell & Howell Schools is a lot more

interesting and convenient than “school”

used to be. First of all, we know you
can’t afford to quit your job. So we set
up a program that lets you work at home
in your spare time.

There are no classes to attend. No dry
lectures to sit through. Everything
comes to you in the mail. Lesson by
lesson. Exciting package after package.
And you work at a flexible pace in the
relaxed atmosphere of your workshop—
or wherever your favorite spot may be.

Sure, books are important.
But they’re only the beginning.

With this fascinating learn-at-home
program, you do a lot more than just
read about electronics. You'll conduct
dozens of experiments . . . build your
own laboratory equipment for testing
out electronics principles . . . and also as

part of this program you put together a
4-channel amplifier and FM/FM stereo
tuner as you delve into advanced audio
technology.
004
B snic Howtu scaans raitar muytiaTes o] 3 |
- -
We try to make learning so interesting
you look forward to receiving each new
lesson. And enthusiastically dive into
each new project we send you.
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We’ll start you off on the right foot.
You may be thinking, “I don’t have
any training in electronics . . . I might be

getting in over my head.”

Well, you can stop worrying about
that. You don’t need previous experi-
ence. You'll begin with the basics and
acquire a thorough understanding of the
fundamentals before moving on.

And remember, it’s not just reading.
With your very first lesson you get our
LAB STARTER KIT, consisting of a
simple voltmeter and electronics “bread-
board” you can experiment with
right away.

Of course, if you're already into
electronics, you might be thinking,

“I already know the basics . . . I want to
get into the advanced stuff right away!”

For you there’s an advanced standing
program that lets you skip the begin-
ning lessons.

Next you build the exclusive
Electro-Lab® electronics
training system.

Once you’ve mastered the basics,
we’ll send you everything you need to
put together these three important test-
ing instruments:

The design console. You use it to set
up and examine various kinds of cir-
cuits. It’s completely modular . . . no
soldering!

The digital multimeter. Use it to
measure voltage, current and resistance.
Displays data accurately in big, clear
numbers—just like on a digital clock.

The solid-state “triggered-sweep”
oscilloscope. Use it to analyze modern,

POPULAR ELECTRONICS




HANNEL AUDIO!

35 watts per channel—-Min. RMS into 8 ohms
at less than 0.25% total harmonic distortion from
20-20.000 Hz. all channels fully driven.

state-of-the-art integrated circuits.
Triggered-sweep feature locks in signals
for easier observation.

These three superb testing instru-
ments are the basis of your own home
electronics laboratory. You'll use them
throughout the program as you move
into more advanced electronics prin-
ciples and work into audio technology.

Bell & Howell’s nigh performance
4-channel audio center you actually
build and experiment with yourself!

You need practical experience with
high caliber equipment to develop pro-
fessional skills and understand the ins
and outs of today’s audio technology.

So we came up with a system that
Bell & Howell is proud to have its
name on:

First, there’s the sophisticated out-
standing 4-channel amplifier
with SQ full-logic decoding
and front to back separation.
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As you build and experiment with this
remarkable piece of equipment, you'll
learn about matrix 4-channel and
discrete—including CD-4 when proc-
essed through an external demodulator.

And with it you’ll have the advanced
circuitry you need to get into signal
tracing low levelcircuits . . . trouble-
shooting high power amplifier stages . . .
and checking the operation of tone
control circuits.

Next, the advanced FM-FM stereo
tuner. As you build this superb stereo
tuner, you’ll come to fully understand
how the advanced, “'state-of-the-art”
features lead to such high performance.
You’ll learn about all solid-state con-
struction, FET front end for superior
sensitivity, crystal IF filters for wide
bandwidth and the superior multiplex
circuit that produces such excellent,
stereo separation.

A wealth of knowledge in
digestible chunks.

O.K.! So now you might be thinking,
“It sounds really interesting . . . but kind
of complicated.” And you're right.

But that is why we use the “hands on”
teaching approach.

We’ve taken all the material and
broken it down into short, simple-to-
grasp lessons, so you can master one
thing at a time tefore moving on. And
we take you through it step by step.
From the basics to advanced theory to

AmericanRadioHistorv.Com

applied audio technology. So you
actually have an easier time with it.

Special learning opportunities give
you extra help and attention.

In case you do run into a problem or
two, we're ready to give you more help
and personal attention than you’d expect
from most learn-at-home programs.

For example, many home study
schools ask you to mail in your ques-
tions. Bell & Howell Schools gives you
a toll-free number to call for answers
you need right away.

Few home study schools offer per-
sonal contact with instructors. Bell &
Howell Schools organizes “help ses-
sions” in 50 major cities at various times
during the year—where you can discuss
problems with fellow students and
Instructors in person.

And when you’re done, you’ll know
a lot more than just 4-channel sound!

You'll have covered the complete
spectrum of electronics principles, lead-
ing to a full understanding of audio
technology.

And while no school can promise you
a job or income opportunity, you will
have occupational skills necessary to
become a full-service technician. With
the ability to work on the entire range of
audio equipment. Such as tape recorders,
cassette players, FM antennas and com-
mercial sound systems. You'll know
audio technology from the inside out.
And you’ll be proud of it.

Plus you will have the basic skills that
apply to the entire electronics field, in-
cluding television technology and repair.

For more details, mail card today!

Here's your chance to break out of
the mold. And break into 4-channel
audio with Bell & Howell Schools. Why
not look into it today. Mail the attached
postage-paid card now.

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

Wood cabinets available at extra cost.

*‘Electro-Lab®” is a registered trademark
of the Bell & Howell Company

H card has been removed, write:
An Electronics Home Study School
DeVRYINSTITUTE OF TECHNOLOGY 766 R2
Iﬁ OINE OF THE
¥ BELL & HOWELL SCHOOLS

4141 Belmont, Chicago. lllinois 60641
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dibly perfect reproduction without
blowing a simple instruction sheet up
into a lengthy (and expensive) book.

How do you convert music to num-
bers? You could use any number of
systems, as long as you're consistent.
Figure 1 shows. for example, a musi-
cal wavaform (such as a microphone
output) of perhaps a millisecond’s du-
ration applied to a rectangular coor-
dinate system; the t axis is time, and A
is amplitude {voltage or current). Any
point on the waveform can obviously
be expressed in coordinate values of A

The only “two-antennas”
antenna. it seuns

360" in milliseconds with
5.75 dB gain. Or beams
an 8.75 dB gain signal
where and when you want
it-instantancously.

O New contemporary control
console with blackout panel,
simulated leather end panels.

O Compact size—radius just
3 feet. Wind rated in excess
of 100 mph

O ideal for emergency teams —
zero in on trouble spots
L all

Atenna specialists co.

Division of ORION INDUSTRIES, INC.
12435 Euclid Ave., Cleveland, Ohio 44106
Export: 2200 Shammes Or.,

Westbury, L.1., New York 11590

Canada: A. C. Simmonds & Sons, Ltd

CIRCLE NO. 8 ON READER SERVICE CARD
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and t, and that is how the waveform

o 1 1

1 2 3
|—A+—|
Fig. 1.

A typical wmusical Canalog) wavetorm. The

smooth cwrve is scompled at small time intercals and
the amplitudes are canrerted to digitad information.

will be digitized. To establish the t val-
ues we'll move along the axis in small
fixed increments. The size of the in-
crements is determined by the
sampling rate, which we'll have to get
involved with later. For now, assuming
our sampling rate is established, we’ll
just move along collecting our data: at
t=1, A=2; att=2, A=7; at t=3, A=7.8,
etc. We end up with the coordinate
values for a series of points (Fig. 2).
The numerical values are what we'll
record on the tape, in digital form.
What we'll get when the recorded tape
is played back through a digital-to-
anatog converter is the points of Fig. 2,
obviously not a good reproduction of
the original curve. However, if the in-
crements of time and amplitude are
made small enough, very good results
can be obtained.

1, 2, 3... Digitally. Most comput-
ers can't make anything of such ab-
stract symbols as 2, *'5.5," and "'9,”
even if they could be fed to them in
that form. So, as many of you are

aware, computers have their own lan-
guage for counting, based on the dig-
its 0and 1, generally corresponding to
the open and closed conditions of the
numerous switches that are among
their principal contents. In this binary
system, the digits are arranged in col-
umns with the leftmost expressing the
highest values, as in the decimal sys-
tem. However, the columns are ar-
ranged in powers of the base 2 rather
than the base 10 (Fig. 3). The first col-
umn on the right is the 2° column (20
equals 1); the second is the 2' column
(2), the third is 22 (4), the fourth is 23
(8), and so on. Thus the decimal
number 9 is expressed 1001 in binary
notation — one 1 plus no 2, no 4, and
one 8. Each of the digits in 1001 is
called a bit. A four-bit system like this
can count up to 15 (1111, or 1 plus 2
plus 4 plus 8). To go higher (17, for
example), we must add another bit to
get 10001 (1 plus O plus O plus 0 plus
16). Note also that there’'s no way of
expressing fractional parts of inte-
gers. We could arrange the system to

8
| it |
7t —_—— i
r .
I |
6 I I
i ! e
g ! (LS| ]
| |
4} | |
I |
3t I 1
| |
1 |
r \ -
L |
U |
[
-d 1 1 2 1 1
© 1 2 3 4 S 3 t
l—aAt—
Fig. 2. Reconstructed waveform. In practice, much
smaller time increments wordd be used to obtain
« smoother, more detailed replication of waveform.
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do so but we would have to add more

bits, just as we have to add columns to |

the right of the decimal point in our
own number system.

The binary code described here lets
us put the information we feed to the
computer somewhat in a suitable
form. Still, we're hard pressed to ex-
press the amplitude of the waveform
at any instant with only the 15 num-
bers of a four-bit code. First of all, if
the waveform should go below zero,
merely to be able to express all the
whole numbers will require an addi-
tional bit to distinguish between posi-
tive and negative values. (A 0, meaning
positive, or a 1, meaning negative,
preceding the four-bit digital "“word"
will readily accomplish that function).

23 22 21 20

Decimal (8) (4) (2) (1)
1 0 0 0 1

2 0 0 1 0

3 0 0 1 1

4 0 1 0 0

5 0 1 0 1

6 0 1 1 0

f 0 1 1 1

8 1 0 0 0

9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0

Fig. 3 Table for converting

decimal to binary nwnbers.

Butwe’'d also like to subdivide in order
to express fractional values. This
needs more bits; the question is, can
we afford them? According to Dr.
Barry Blesser of MIT, speaking at the
Midwest Acoustics Conference, an
8-bit converter (analog-to-digital or
digital-to-analog) can be bought for $4
to $8. A 12-bit converter might cost
$100 to $500. An 18-bit converter is
still blue sky. In short, equipment
costs have a highly unfavorable expo-
nential relationship to the number of
bits in the system.

Quantization Error. But anyhow,
we have our however-many-bit system
and we're going to do the best we can.
What should we watch out for? First,
we should guard against signal levels
that exceed the range of our number
system because our converter won't
be able to express them and will pre-
sent us with nonsense at the output.
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for fast
circuit buildup
and checkout

70 new models
starting at $2

expanded capacity
at lower cost
All products are guaranteed

to meet or exceed
published specifications

AP

terminal &
distribution

accommodate
all DIP sizes

easy hookup with
22-ga. solid wire

free catalog

solderless
plug-in
universal
breadboarding
elements

A P PRODUCTS INCORPORATED

Box 110-H, Painesville, Ohio 44077
(216) 354-2101 « Twx B10-425-2250

CIRCLE NO. 2 ON READER SERVICE CARD

Why any cartridge
(even ours)
with an elliptical stylus
must be considered just
a bit old-fashioned.

As a premium stylus, elliptical de-
signs have only one real advantage
over a Shibata stylus: lower cost.
Which is why we still offer them.

But when it comes to perform-
ance, a Shibata stylus is far, far
better. It provides the small scan-
ning radius needed to track highs
(up to 45 Hz for CD-4), but without
the penalty of requiring extremely
low stylus force settings.

In fact, even tracking at up to 2

Ams@ ATi4Sa §

Agaudio-technica@

grams, a Shibata stylus is easier on
your records than an elliptical stylus
trying to track at 1/2-gram! New
records last longer, old records sound
better, and you can play every kind
of two or four-channel record made.

All Audio-Technica top-of-the-
line cartridges have genuine Shibata
styli. Anything less would be false
economy for you...and out-dated
technology for us. Prove it to your-
self today.

ﬁ’, S ATiSS

'/ AT20SLa

AUDIO-TECHNICA U.S., INC,, Dept. 85P, 33 Shiawassee Ave., Fairtawn, Ohio 44313
Available in Canada from Superior Electronics, Inc.

CIRCLE NO. 9 ON READER SERVICE CARD
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Second, we must worry a lot about
values that fall between the numbers
we have available. The value 5.5, for
example, cannot be expressed by our
four-bit system; it will have to write
5 (0101) or 6 (0110) in its place. The
difference between 5.5 and the 5 or 6
the converter gets from it is the
quantization error, and it is something
you have to put up with unless you can
afford to divide up the values (with
more bits) to achieve a closer approx-
imation to the actual value. What
quantization errorsounds like is asub-
ject we'll approach a little later.

If all has gone well up to now, we
confront our third problem: the re-
cording medium. Most existing digital
systems use magnetic tape, laying
down the 1's and 0's as dc¢ pulses and
non-pulses, or pulses of opposite po-
larity, or ac pulses with two discrete
frequencies. But whatever the system
of recording, tape has a notoriously
limited packing density; you're al-
lowed just so many bits perinch. More
information per time unit can be re-
corded by increasing tape speed
(sometimes to absurdity), or it is cer-
tainly possible to use several tape
tracks for one audio channel. How-
ever, you're still at the mercy of those
imperfections in the tape that cause
dropouts. If the bit in the farthest-to-
the-right column (the "least signifi-
cant bit” or LSB) happens to get re-
corded on a tape dropout hole, the
consequences are not likely to be too
dire. Butifit's the leftmost digit (MSB,
or “most significant bit”), the perfor-
mance of your electronics must be
phenomenal if you don't get a dis-
tinctly audible pop or other sonic
clunker as a result.

Sampling Rate. Leaving for the
moment the problem of recording
amplitude values, let's take a closer
look at the time axis. Our “‘sampling”
of the waveform is done at a uniform
rate with samples separated by a
more-or-less short space of time. How
frequently should we sample? The
rule is that the sampling frequency
must be at least twice the highest sine
wave of frequency of interest—40 kHz
for-a 20-kHz audio bandwidth, for ex-
ample. And in fact, we must do every-
thing possible to prevent a signal fre-
quency higherthan 20 kHz from reach-
ing a 40-kHz sampler. The reason is
simple. A signal frequency above 20
kHz cannot be adequately sampled.
When this state of affairs crops up, the
signal is modulated by the sampling
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rate, giving rise to heterodyne (sum
and difference) tones of the two fre-
quencies. The difference tone is lower
in frequency than either the signal or
the sampling rate, and thus it tends to
get heard. The sum tone is inaudible.
The phenomenon is called aliasing. it
is equivalent to gross intermodulation
distortion.

In front of the input of any digital
audio converter there will inevitably
be a pretty sharp low-pass filter to
forestall such nuisance. The skirt of
the filter determines where the sam-
pling rate must be placed to avoid
trouble. But unfortunately, not-al-
lowed high frequencies may be gener-
ated within the converter itself under
certain circumstances, with the same
unwholesome effects. This takes us
back to quantization error and (again)
to Dr. Blesser.

Quantization error results in distor-
tion of the output waveform—dis-
tortion that does not strictly corres-
pond to the spurious products we're
used to from analog devices, but
measurable by HD and IM analyzers
nonetheless, and just as audible. In
complex, high-level signals, quantiza-
tion error sounds like hiss (white
noise), although it doesn’t come from
the tape or from thermal noise in the
electronics. Itis simply (I would guess)
the sum of highly randomized mis-
takes made by the recording system.
However, for simpler, low-level sig-
nals, the audible character of quanti-
zation noise changes.

Consider a sine wave so low in level
that its fluctuating value is expressed
only by the least significant bit in the
system. The device that quantizes the
waveform can at best indicate only its
maximum values in the positive and
negative directions. There are no bits
left to chronicle the rate of its rise and
fall. To the quantizer, therefore, this
sine wave is indistinguishable from a
square wave, and a square wave, as we
know, possesses an infinite series of
odd-order higher harmonics. Some of
these harmonics will fall above the
highest frequency the sampler can
handle, and up come the beat tones
again. Of course, no typical audio
signal is a simple sine wave, so the
usual result is several beat tones,
creating a dreadful, whining accom-
paniment to the music.

The Fix Is In. To diminish the beat
tones, which are always much more
annoying than the white-noise form of
quantization error, there are a couple
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of elegant ways to cheat on the
analog-to-digital converter. One is the
“dither'" technique, in which a trace of
random noise is fed to the converter
along with the signal. The noise keeps
the least significant bit occupied with
things other than the low-level sine
wave, so that the process won't pro-
duce a series of higher harmonics.
The result, of course, is some noise in
the output, but this is much more tol-
erable to most ears than the reedy
whine.

Another technique, mentioned
specifically by Dr. Blesser, involves lit-
tle more than compression of the
input signal, so that there are no low-
level signals. The input to the conver-
ter is fed by several amplifiers of in-
creasingly higher gain. The lowest-
level input signals are switched
through the highest-gain amplifier,
and when the signal is recovered,
there is a complementary amplifier
array to undo the compression, con-
trolled by information digitized along
with the program. The approach is
quite similar to that used by the non-
linear amplifiers in the Dolby system
and other analog noise reducers. (In
fact, nonlinear companderand coding
schemes also turn up in digital sys-
tems.) It's most reminiscent of the
Dynatrack noise-reduction technique
that Mullin devised for 3M: recording
high- and low-level signals on sepa-
rate tape tracks, whilst employing
high-gain electronics for the low-level
track.

Then Why Digital? According to
Blesser, none of the above will suc-
ceed in reducing quantization error,
but it will convert the offensive noise
into a form we can live with. Beyond
that, the way to reduce error is
to increase the number of bits
available—an expensive remedy right
now, but surely not for always. In
terms of naked semiconductor hard-
ware, a bit cost about 10 cents a few
years ago; the price is now more like
1/10 of a cent (figures provided by
Mahlon D. Burkhard at the Midwest
Acoustics Conference).

Is it worth all the trouble and ex-
pense? Again, perhaps not im-
mediately, but it certainly will be
someday. Several of the speakers at
the conference brought along tapes to
demonstrate digital audio at its worst
and best. It was obvious, even from a
brief listening, that digital's best is
very good indeed. So let it come if it
will; I'll buy it, if | can afford it. ®
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New 21...Heathkit digital-design Color TV

Popular Electronics editors called the digital-design GR-2000 ‘‘the
color TV of the future.” Now you can enjoy the same technology and
features in the new GR-2050 with the convenient, popular 21-inch pic-
ture tube.

On-screen electronic digital channel numbers —big, bright, bold, and
easy to read, even from across the room. On-screen electronic digital
clock time —low cost insurance against missed programs. In 12 or 24
hour format, 4 or 6 digits. Silent, electronic, touch-tuning, thanks to
the combination VHF-UHF varactor tuner. No knobs to turn, nothing to
wear out. Just touch to tune...on the front panel or the Remote. Pro-
grammable digital counter/channel selector —a computer-like pro-
gramming board for you to pre-program any 16 stations, UHF or VHF,
or both, in any order, even repeating if you wish. Touch the tune but-
ton and the counter silently sweeps up or down through all 16 chan-
nels, stopping when you release the button.

Exclusive fixed ten-section LC bandpass filter -does away with ad-
justed traps yet eliminates interference from adjacent channel, etc. And
it never needs instrument alignment.

100% solid-state —with more ICs than any other set and a black nega-
tive matrix picture tube for brighter, more vivid pictures.

Easy to build with modular circuits. Easy to service with built-in digi-
tal dot generator, check-out meter, and slide-out service drawer. Build
the GR-2050 TV of the future...Remote, $89.95. Cabinets from $119.95*

599.95 .. .

New 272-digit Heathkit DMM —only $79.95

Full function capability. Four overlapping AC & DC voltage & current ranges plus
five resistance ranges with accuracy of 1% on DCV, 1.5% on ACV, 1.5% on AC
& DC current, and 2% on resistance. Ranges: {full scale) DCV, 2, 20, 200, 1000V;
ACV, 2, 20, 200, 700V rms (25 Hz to 10 kHz); DC current, 2, 20, 200, 2000 mA;
AC current, 2, 20, 200, 2000 mA (25 Hz to 10 kHz); Ohms, 200, 2k, 20k, 200k,
2000k ohms. Lighted panel indicators show overrange, positive and negative DC
voltages and current at a glance. Ail solid-state design uses IC circuitry for a
clear non-blinking display with up-date every 16 msec. One megohm input im-
pedance with overload protection on all ranges; automatic decimal positioning;
isolated floating ground; universal banana jack inputs; 120 or 240 VAC opera-
tion; one circuit board for easy assembly; blue & white heavy-duty metal case.
Kit IM-1212, $79.95; Assembled SM-1212, $125*.

New Model Railroad Control Center/
Power Supply provides acceleration and
braking of unsurpassed realism plus
power for two HO or N-gauge engines
and accessories. Throttie slide control
plus 5-position Brake switch (Run, Re-
lease, Normal, Quick-Service, Emer-
gency), and Mode switch (Momentum or
Direct). Adjustable pulse width and fre-
quency allow accurate control at low
speeds, eliminate ‘jack rabbit” starts.
Voltage control optimizes for each en-
gine. One circuit board; builds in two
evenings. Kit RP-1065, $79.95*.

HEATHKIT ELECTRONIC CENTERS —
Units of Schl ger Prod Corporation
Retail prices slightly higher.

ARIZ.: Phoenix; CALIF.: Anaheim, El Cerrito, Los Angeles, Pomona, Redwood
City, San Diego (La Mesa), Woodland Hills; COLO.: Denver; CONN.: Hartford
(Avon); FLA.: Miami (Hialeah), Tampa; GA.: Atlanta; ILL.: Chicago, Downers
Grove; IND.: Indianapolis; KANSAS: Kansas City (Mission); KY.: Louisville; LA.:
New Orleans (Kenner); MD.: Baltimore, Rockville; MASS.: Boston (Wellesley);
MICH.: Detroit; MINN,: Minneapolis (Hopkins); MO.: St. Louis (Bridgeton); NEB.:
Omaha; N.J.: Fair Lawn; N.Y.: Buffalo (Amherst), New York City, Jericho (L.l.),
Rochester, White Plains; OHIO: Cincinnati (Woodlawn), Cleveland, Columbus,
Toledo; PA.: Philadelphia, Pittsburgh; R.l.: Providence (Warwick}; TEXAS: Dallas,
Houston; VA.: Norfolk (Va. Beach); WASH.: Seattle; WIS.: Milwaukee.
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New Digital Tachometer is faster than
any meter-type tach. Numbers whirl by
to show peak performance level your
engine reaches. Great for monitoring
best cruising RPM for your car, camper,
boat (inboard or outboard), planes, cy-
cles, mowers, tractors, even stationary
engines. 2-digit electronic readout shows
RPMs from 100 to 9900 in 100 RPM
steps. For 4, 6, or 8 cyl., 4-cycle engines;
2, 3, or 4 cyl. 2-cycle engines; 2, 3, or
4-rotor Wankel engines; conventional,
C-D, or factory electrori~ ignitions (12 v.
neg. grnd. only). Biack die-cast case with
bracket. Kit CI-1079, $49.95*.

New Breakerless Ignition Adapter devel-
ops timing signal electronically so your
car is timed correctly at all speeds and
stays correct for longer periods. For use
with C-D ignition systems only, it replaces
the points of all pre-1975 GM V-8 and V-6
engines, and all AMC V-8s with externai
dweli adjustment. Unit mounts under
hood; sensor mounts in distributor with-
out removing points (switch returns en-
gine to point timing when you wish).
Operates from —37.2°C to +85°C. Easy
to build. Kit CP-1051, $44.95*.

Send for
FREE
Catalog

HEATH
Schlumberger

Heath Company,
Dept. 10-08
Benton Harbor, M| 49022
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| Please send my free 1975 Heathkit Catalog.
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"POWERFUL...
CrIS0.. “PENETRATING?.

Speech Compression is built-in every Johnson CB radio.
State-of-the-art circuitry electronically selects voice frequencies
that penetrate noise and interference .. . then boosts the level of
modulation to give your signal that powerful “Johnson
sound.” It’s one of many engineering advances — like
receiver “steep skirt' filtering to cut 1nterference and
automatic threshold limiting to slice out =
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Messenger 123A
The most popular 23-channel
CB radio in America!
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“The radiotelephone CB System”’
with private listening option

write for free catalog

® Waseca, Minnesota 56093 » In Canada: A. C. Simmonds & Sons, Ltd.
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CONSTRUCTION

Popular Electronics

AUGUST 1975

A DIGITALTIMER-SCOREBOARD
FOR ATHLETIC EVENTS

Gymnasium-sized digital readouts simultaneously time up or down

and keep score. Ideal for schools and amateur sports groups.

LECTRONIC timers and score-

boards for athletic events are
often too expensive for amateur or-
ganizations and small school groups.
This is particularly true of a display
that can be read across a gymnasium
or stadium. The combination timer/
scoreboard described here can be
built with readily available compo-
nents (TTL logic), many of which can
be obtained from surplus dealers.
Though variations on the display are
possible, the prototype has four sev-
en-segment digits, each one foot high.
It can be built for about $100.

AUGUST 1975

BY PHILIP HARMS

The project has two independent
modes of operation —timing and
score displaying — both remotely
controlled. Usually, the time is dis-
played, but while the score is being
displayed, the internal electronic
clock keeps operating so that the time
display is always available. In addition,
the timing can be made to run back-
ward and the operator can start the
timer at any selected time and run the
time up or down from that point. If it is
desired to stop the timing (for time-
outs in basketball or football), this can
also be done. The readouts will hold

AmericanRadioHistorv.Com

the time and will start to operate
{(either up or down) when timing is re-
sumed.

The four-digit readout can be set to
indicate a preset score. When the time
is displayed, a colon is lit between the
iwo sets of digits. For a score, there is
no colon. Provision is also made for an
instanrt test of all the display lamps.

The electronic portion of the
scorenoard control is easily assem-
bled on printed circuit boards.
Though some carpentry is involved in
the construction of the display, itis not
beyond the capability of a high-school
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student. Ordinary 7%2-watt lamps
(Christmas-tree type) are used to il-
luminate the display. The remote con-
trol board and the display are con-

Photo of interior of prototype display board shows how lamps
are placed in each segment and for colon. Note plastic
front panel with all but figures painted flat black.

Circuit Operation. An overall logic
diagram is shown in Fig. 1. Portions of
the circuit are shown in individual
schematics and will be discussed

Control Box. The control switches
for the various functions are shown in
Fig. 2. All of the circuits to which they
are connected are terminated in resis-

nected by a multi-conductor cable. separately. tors connected to the +5-volt line.
D
¢
1000's I8
{ A
i [}
( ¢
100's< s
B
$3 D
e
10's< kB
[
D
5 c
's<ip
{ |
g7 JLAMP TEST P
saflo8D RN
T 1 [
CONTROL g5 JTIME/SCORE
B IR =
—freseT [ =, =
soJRuN l I TN |
IGND | CARRY
— SECONDS DECODER MINUTES DECODER £5V
| [ (FIG 4) SORROW (FIG 5)
Al Bl Cl Dl E] Fi Gt Al B} c] D] €] Fl 6 Al B] C] D] E] Fl 6] Al B8] c] D} €] F{ G
R T e e e e R —
UNIT SECONDS 10'S SECONDS MINUTES 10'S MINUTES
COLON
] RELAY BOARD =7
(FIG 6)
! i |
|
[
| 1
Run| RESET| |1hz | | l |
- DISPLAY
CLK 5V — N N \——
POWER SUPPLY [+9V . ' . ' ® . ' . '
AND - <____> <___> >
N N L T
SEGMENT POWER
117 VAC (FIG 3) AN ¢\ AR AR

Fig. 1. Overall block diagram of the system.
Schematics of individual sections are identified by figure number.
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Interior of the two electronic chassis. The power supply,
main electronic board, and relay board for two dlqzte are in
one chassis. Relay boards for other two digits are in second chassis.

Thus, when the switches are open, the
lines indicate a logic 1 state.

The four sections of thumbwheel
switch S3 have a complementary BCD
output. Each section has a common
wiper contact and four output lines.
System ground is tied to each com-
mon line and the selected code is pre-
sented at the output terminals. The
complementary BCD code is as fol-
lows: (C = closed contact, O = open
contact)

D C B A

Digit 8 4 2 1
0 c ¢ C ¢C
1 c ¢c c O
2 c C o ¢
3 c ¢ 0 O
4 c o ¢Cc ¢
5 c o ¢Cc O
6 c 0 0o ¢C
7 c o 0 O
8 o c ¢ ¢
9 O ¢ C O

Power Supply and Clock. The sys-
tem requires two power supplies (Fig.
3). One, using a two-transistor reg-
ulator, provides +5 volts for the logic.
The other is a simple rectifier (D4) and
filter (C2) circuit to provide 9 volts for
the segment relays.

The 117-volt ac supply is applied to
the display lamps to light each seg-
ment. When S2 is closed, the full ac
supply is applied to provide a bright
display. With S2 open, diode D17 per-
mits only the positive half cycles to be
applied to the lamps, producing a
dimmer display.

Integrated circuit /C8 is a one-shot
multivibrator which provides a clean
60-Hz pulse from the ac supply so that
any noise on the power line can't
cause false timing. This pulse is then
coupled to /C9 (a divide-by-six
AUGUST 1975

counter). To prevent contact bounce
from the RUN switch from producing
false signals, the switch signal is con-
ditioned by /C7. The latter operates
IC10C (an AND gate) to allow the 60-Hz
signal to pass to the countdown cir-
cuits.

Seconds Decoder. In this circuit
(Fig. 4), /IC12 is an up/down counter
whose direction is controlled by S6 in
the control box. Note that the 1-Hz
signal is applied to /C712 through two
sections of /€10. These gates control
the up and down count lines. When
theunitis settotime up, the 1-Hz clock
is routed to pin 5. For count down, the
input is to pin 4.

Ql
2N5225

s3

e
e €
—] 1000'S -
; l————138
e A
e
£ l——tC
>— 100°S 3
Y
D
! Y
— 108 =
——B
Y
l—10
' 3
p— 15 -
———
e

s7

-

y—— .——LAMP TEST

1;_0/ @ LOAD

SCORE
@———TIME/SCORE

Fig. 2. Control box
determines operation
of the system.
Connection to rest

of system is through
multiconductor cable.

Q2
2N3055

p— +5V

. GND
~L-
c2 |
= D4
¢ TOo 'IIN4OOI +|2000pF +ov
SEGMENT N
AMP!
R33 2R4 E
: RS 3
220Nn : 2200 2 K3
SOTa%]2 ] -
7474 ]
5| 14
s Lz s
Ice s 18] zew Ho—:
7492 7450 _l
7 10 2] 3] 6] 7
,I 1 ! * !‘ ! I RESET
d id ]
oLk
Fig. 3. Requlated 5-volt supply is used for TTL.
The 60-Hz is counted down to produce 1-Hz clock pulse for timing.
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PARTS LIST

C1-—4000-uF. 15-V tantalum capacitor

C2-—2000-yF, 15-V tantalum capacitor

C3—1000-pF, 15-V tantalum capacitor

C4—4700-pF, 100-V ceramic capacitor

C5to C10—0.1-uF, 100-V ceramic capa-
citor

D1,D2,D4—Diode (1N4001 or similar)

D3-—6.2-V zener diode

D5 to D33—1N914 diode

F1—2A fuse and holder

IT to 130—117-V, 7%-W incandescent
lamp

IC1,IC2,IC12,IC17—74192 decade
up/down counter

1C3,1C4,IC13,1C18—8233 quad 2-to-|
multiplexer

1CS5,1C6,1C14,1C19—7447
segment decoder

1C7—7474 dual-D flip-flop

1C8—74121 monostable multivibrator

1C9—7492 divide-by-6/12 counter

1C10—7400 quad 2-input NAND gate

1C11-—-7490 decade counter

ICISIC16—74153 dual 4-to-1
plexer

1C20—7404 hex inverter

1C21,1C22—74H21 dual 4-input AND
gate

1C23—7473 dual JK flip-flop

1C24—7410 triple 3-input NAND gate

K1 to K29—12-V reed relay

Q1.Q3-—2N5225 transistor

Q2-—2N3055 transistor

R1—150-ohm, ¥%-W resistor

R2,R5,R6,R11—1000-ohm, %-W resis-
tor

R3,R4—220-ohm, ¥-W resistor

R71to R10, R12 to R26—2200-ohm, ¥-W
resistor

R27—4700-ohm, %A-W resistor

S1—Dpst switch

$2.54,56,59—Spst switch

S3—Four-decade thumbwhee!
(EECO 1776 or similar)

S5-—Spst switch

S7—Normally open spst pushbutton
switch

S8—Normally closed spst pushbutton
switch

T1—6.3-V, 2-A filament transformer

Misc.— Heat sink kit for Q2; lamp sock-
ets (30); hookup wire; 17 X 2" wood
strips for display frame: pegboard for
display back; translucent white plastic
for display front, glossy white or silver
paint: flat black paint; thin wood or
metal strips for segment dividers; suit-
able metal chassis; multiconductor
cable; press-on type; mounting hard-
ware; line cord; perforated board; IC
sockets (24); component mounting
clips; etc.
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"l_"i/f‘fjlé“ 52 '°3°~‘°‘.»‘°‘“'m’_°" ing down, the sequence is 5-4-3-2-
+5v ABCOD ) +5v
ao | | I 1 I — 1-0-5-4 etc. . .
Wl — ] N The feedback to produce this logic
71 ] NCNE is implemented as follows (for the up
R22 T1 1 R2E count; the down count logic is identi-
i ) cal). When the counter cycles from 5
' to 6, we want it to replace the 6 with a
T 0. The 6 count from IC17 is sensed by
5] 1liol o o IC21A and the resulting high state
CARRY o1 ::l I : Jj presented to the J (pin 14) input of
°°""°w'—"w|ﬁﬁ%2—s|—7|— T 5 IC23A is stored. The high outpuit of
RESET Wy m e ] /C23/_\_causes IC17 to entgr a load
LO80D el slnlsl il elwol sl ale_ieliols condition; and, at the same time, /IC14
GND Tc4 1c3 7 and /C16 (arranged as a four-pole,
— 1—3 8233 8233 1 four-position switch) force a count of
JHME/ 3: 4:'2:'3: b bl == 0 into the counter. When this 0 is de-
Lame 7 S kool el tected by /IC23A, the load command is
L_ o removed and the counter continues to
RIO—R2672.2K £A37 time from the 0 state. While the invalid
To- 08 NG 1o aND. I3|'2| "| '°| 9| '5|"| 6 digit would be displayed, it is only for
ABCDEF G B CDEFG 1/60 of a second and will not be ob-
UMITAMINUTES 1018 MINUTES served. /IC15 is wired for a code of 0
Fig. 5. Schematic of the units and tens of minutes stages. (used during time up) and a code of 5
Part of circuit is also used to preset the score. (used during time down), with the BCD
o o] s
When pin 11 of IC12 is low, the BCD P P
present on pins 15, 1, 10, and 9 is : i
loaded into the counter; and when tim- +ov
ing begins, it starts from this preset 05
code. The preset code is generated in SEG A Ki K29
the applicable thumbwheel switch in &3
the control box. 7 2NS223
When the counter is being clocked | | '_@_"
(up or down), carry and borrow lines - e L
cascade /IC712 to IC17, another decade 08 e
up/down counter that forms the 10's SEG B | ke
of seconds counter. Each time /C712
reaches a zero on its up count, an out- '——0/1/'—@—' 5 CHD
put pulse increments /C17. Likewise, I3 —_
on a down count, a borrow pulse is o DB AT L G G NG
generated for every zero transition. In- seclc K3
tegrated circuit /C13 acts as a four- |
pole, two-position switcht When pin 9 4}———0/1/0—@-—4 NGRS,
is low (indicating a score display), the ; 14
BCD code from the thumbwheel be
switch is routed to IC74. When pin 9 is X4
high, the BCD from counter IC12 is see ® ‘
routed to /C13. Note that changing the ) A C @ SR
display from TIME to SCORE does not I 5
affect the timing operation. The ]
selected output from /C13 is decoded B =
in /C14 and converted to seven- SECHE
segment format with the standard | e
segment (A through G) designations. 1 | > %
Decade counters can be cascaded IDENTIFICATION
for as many digits as required. How- D10
ever, since a minute consists of 60 SEG F ke
seconds (not 100), external circuitry I -
must be added to /C77 to make it a !
divide-by-six counter. This is not too et/
much of a problem, except that both ol
up and down counting are involved. SEG G K7

For counting, up, the sequence must
be 1-2-3-4-5-0-1-2 etc.; while for count-

AUGUST 1975

Fig. 6. There is one relay board for each digit in display.
Relay circuit for colon display is on only one board.
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code from the thumbwheel switch
routed into the counter during the
normal loading time.

The minutes and tens of minutes
decoders are shown in Fig. 5. These
are conventional circuits receiving
their instructions from the control
box.

Relay Board. The outputs of the
BCD-to-seven-segment decoders
(/C14, IC19, IC5, and IC6) are con-
nected to their respective reed relay
coils shown in Fig. 6. Other than the
colon circuit, the reed-relay circuits
are duplicated for each digit on the
display. One side of each relay coil is
connected to the nine-volt supply and
the other to the decoder output. The
diode across each coil eliminates the
inductive spike thatis generated when
the segment drive voltage is removed.
The switching is arranged so that each
117-voltsegmentlampis placed in the
circuit as its reed relay operates.

Transistor Q3 saturates when the
TIME switch on the control box is op-
erated. This energizes K29 and /29 and
/30 to form the colon.

Horn Option. An additional circuit
(notincluded in the prototype) can be
used to sound a horn or buzzer at zero
time (Fig. 7). The BCD code from each
counter is routed to its own four-input
NOR gate (7425). When all lines are at
a zero level (zero time), the output of
four-input NAND gate (7420) goes low
causing the SR flip-flop composed of
the two 7400 NAND gates to produce a
high state. This state is retained until
the RESET switch on the control box is
operated. The output transistor is
used to operate a relay whose switch
contacts should have the capability of
handling the current demand of the
selected horn or buzzer. Any relay that
can operate at 9 volts can be used and
the transistor should have sufficient
collector current (when saturated) to
operate the relay coil.

Construction. The electronic cir-
cuits can be wired on perforated
boards, using sockets for the IC’s. No
particular arrangement is required.
The circuits can be grouped on boards
as shown in the schematics, but sepa-
rate boards will be required for each
relay system (Fig. 6). (Only one colon
circuit is needed.) In the prototype,
most of the circuits, including two sets
of segment lamp drivers, were assem-
bled in one aluminum box (12" x 17" X
3") with the other two segment driver
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INPUTS |
7420

1/2 74000

FROM
COUNTERS |
-
.

Fig. 7. This optional circuit can take the outputs
Jrom the counters and connect power to sound
a horn accessory when the time is 00:00.

circuits in a smaller box (8" x12" x3").
Other, possibly smaller arrangements
could be used; but if overall size is not
important, the extra room facilitates
wiring and maintenance.

Since the logic circuits operate at
low frequencies, special layouts are
not necessary. However, since there
are current spikes flowing in the 5-volt
and ground leads, it is a good idea to
insert bypass capacitors (0.1 puF) be-
tween each 5-volt line and ground.
Decoupling all counter IC’s is also a
good idea.

The control box can be connected
to the electronic circuits through a
length of multiconductor cable, or the
control box can be mounted on the
larger package.

The display board can be con-
structed to fit your needs. The pro-
totype was 48" long and 14" high. A
wooden frame was constructed. The
front face was made of translucent
white plastic (available from most
building supply stores) the same size
as the frame. The face was prepared
by masking out the four digits (seven
segments each) and the colon on the
back of the face. The back was then
sprayed with flat black paint so that
only digits and colon remained trans-
lucent.

Pegboard was used to mount the
lights and provide ventilation. After
cutting the board to size, it was
painted glossy white (or silver) to add
brightness to the lamps. A 7¥2-watt
lamp socket was mounted at the
center of each segment and wired as
shown in Fig. 6. Pressboard or sheet
aluminum was then used to separate
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the lamps for each segment so thatthe
light did not spill over. Black masking
tape can also be used to avoid light
spill.

The front face can be secured to the
frame in any way that will provide a
good overall appearance. Keep in
mind that the front may have to be
removed to replace lamps. A light
shade can be added over the top of the
front to make the digits more visible in
brightambient light. It has been found
that yellow lamps in the display pro-
vide better definition. However, avoid
lamps rated at more than 7¥2 watts, or
the reed relays may be damaged. If
brighter lamps are needed, an extra
driving stage (with SCR's or triacs) will
be necessary.

Operation. The controls are as fol-
lows:

THUMBWHEEL SWITCH: Used to setin
the time and score.

LAMP TEST: Lights all segments of all
digits for testing.

LoAD: Timer is forced to time set by
thumbwheel switches.

TIME/SCORE: Inthe TIME position, the
display indicates the preset time and
the colon is lit. In SCORE, the colon is
dark and the display indicates the
score preset on the thumbwheel
switches.

DOWN: Makes the timer count down
from preset time. If switch is not
closed, time counts up from preset
time.

RESET: Returns timer to all zeroes.

RUN: Starts timer. When opened, the
timer stops. (This switch is useful for
time-out periods.) ®
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What they are, how they work,

20 d02247

HE FIRST thing you're likely
to learn about loudspeaker sys-
tems, whether through experience or
by reading about them, is that differ-
ent speakers are needed for different
portions of the audio spectrum. You
need a woofer to handie deep bass
tones and a tweeter to handle the
highs. Very often, one or more extra
speakers are used to handie the mid-
range, upper bass range, and the
super highs.
The analogy is often made between
a multi-driver (speaker) system and a
human choral group in which basses,
baritones, tenors, mezzo-sopranos,
and coloraturas are all needed to
cover the spectrum of songs created
by composers. The analogy is valid
only up to a point. The chorus is
“powered’ by as many human beings
as there are voices, each supplying the
acoustic "‘watts’ for his or her range
of frequencies. The multi-driver
speaker system, on the other hand, is
usually powered by a single amplifier,
feeding all drivers simultaneously.

AUGUST 1975

Cl O

BY LEONARD FELDMAN

The Crossover Network. With a
single source of power energizing all
of the drivers in a multi-speaker sys-
tem, a device is needed to direct the
proper portions of the audio band to
their respective speakers. This device
is usually a passive capacitor/inductor
network.

In a simple two-driver speaker sys-
tem, the typical circuit of a crossover
network would look like that shown in
Fig. 1A. The lower part of the network
would deliver to the woofer low fre-
guencies up to some predetermined
point based on the values of inductor
L1 and capacitor C7. Beyond the

The Crown International Model VFX-2 two-channel
crossover network has fixed 18-dBloctave rolloff.
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selected point, all higher frequencies
would be attenuated, or “‘rolled off,"” at
a rate of 12 dB/octave by the lower
portion of the network.

The upper portion of the network
would be designed to pass all fre-
quencies beyond a certain point, de-
termined by the values of C2 and L2.
All frequencies below that point would
be attenuated at a rate of 12 dB/ oc-
tave.

Theresponse curves of both parts of
the network are shown in Fig. 1B. The
intersection of the curves is called the
crossover point or frequency. Most
crossover networks are designed so
that the crossover point is 3 dB below
(half) the levels of the frequencies
within the pass band of each part of
the network. Theoretically, if the
crossover is at 600 Hz, the woofer and
the tweeter will each produce sounds
that are only half of that required at
this frequency. The combined sound
power would then equal that required
by the original signal (V2 + %2 = 1).

When the theory is putinto practice,
problems often develop. What is sel-
dom mentioned concerning passive
crossover networks is that even the
best of them introduce time-delay dis-
tortion in the region of the crossover
frequency. This occurs for a variety of
reasons, including unequal phase de-
lays between the two halves of the
network, differences in response
characteristics, differences in the ve-
locity of the sound coming from the
woofer and the tweeter, and many
other variables.

Even if an ideal crossover network
were designed, the manufacturer
would still be faced with the problem
of having to fabricate very large vaiue

inductances and buying low-loss,
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low-distortion fixed capacitors of high
value. For example, if the speakers to
be driven are rated at 8 ohms, L7 and
L2 would have to be about 2 mH in
inductance. Since low-frequency
audio current will be flowing through
L1 within the pass band, the inductor
must be made from fairly heavy wireso
that its dc resistance will be negligible
and the power dissipated within it will
be minimal. The values for C7 and C2
would be greater than 30 uF, and
complicating matters would be the
fact that these capacitors would have
to be nonpolarized.

Power and Harmonics. Modern re-
corded music has much more
dynamic range than was contained in
recordings of a few years ago. This
means that audio amplifiers must be
able to respond to sudden large tran-
sient peaks and deliver accurate rep-
licas of high-amplitude signal wave-
forms without clipping or distorting.
To make matters worse, most popular
sealed-enclosure speaker systems re-
quire much more power for a given
amount of sound output than did their
large vented predecessors.

Suppose that during a given instant
of music the amplifier is called upon to
deliver a few cycles of 50-11z tone at 20
volts rms. Assume that the amplifier
will develop and deliver 50 watts of
power to the speaker output termi-
nals, to which an 8-ohm speaker sys-
tem is connected. If the amplifier is
rated at 50 watts/channel output
power, the signal waveform might ap-
pear as shown in Fig. 2A.

Now, suppose that simultaneous
with the 50-Hz tone a 1000-Hz burst,
also at 20 volts rms, appears at the

output of the amplifier. (Its waveform
o T [ty .
T T
e
— —
s X o3
0y 7 g

U.S. Pioneer Electronics Model SF-850 crossover network
provides for selection of 6-, 12-, or 18-dBloctave slopes.
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is shown in Fig. 2B.) How much power
would the amplifier now have to de-
liver to the speaker load? If you said
100 watts, you are wrong. The com-
bined 50-Hz and 1000-Hz tone
waveform would look like that shown
in Fig. 2C. At 40 volts rms, its am-
plitude would be exactly twice that of
either waveform by itself.

Since power varies as the square of
thevoltage (P = E?/Z, where Pis power
in watts, E is voltage, and Z is the im-
pedance of the speaker load), the am-
plifier would actually have to deliver
200 watts to the load. An amplifier
rated at 50 watts would have clipped
the waveform horribly.

INPUT ce

FROM

DSWER Lz [ |rweerer
AMP

Ll
WOOFER

==

0K

FREQUENCY-Hz

Fig. 1. (A) LIC crossover networks
(12 dBloctave) and (B) response.

When an amplifier clips off the tops
and bottoms of a musical waveform, it
creates unwanted harmonics (multi-
ples of the desired frequencies that
were not in the original signal
waveform). Worse still, since the har-
monics might contain high-energy
content and, being at higher and
higher frequencies, some harmonics
might pass right through the upper fil-
ter section of the crossover network
and be fed to the tweeter. The network
cannot discriminate between the high
frequencies that are really part of the
music and high frequencies gener-
ated by harmonic distortion, but the
tweeter can. It is accustomed to ac-
commodating musical high frequen-
cies that usually contain much less
energy than is ordinarily contained in
the middle- and low-frequency regis-
ters. Faced with having to handle un-
natural amounts of high-frequency
energy, the tweeter either distorts
badly or it burns out.

POPULAR ELECTRONICS



CIRCUIT VALUES
FOR LOW-LEVEL NETWORKS

[ o
\
cl d
FROM 3 TO HIGH
PREAMP 150 RI3 FREQUENCY
ouTPUT mH b3 POWER AMP
250
EH 2 ToLOW
c2 R23 FREQUENCY
T 2 POWER AMP
Frequency - C1 (uF) Rt (ohms) C2 (uF) R2 (ohms)
1500 Hz 0.04 1500 0.06 1500
1200 Hz 0.062 1200 0.10 1200
1000 Hz 0.01 1000 0.15 1000
800 Hz 0.20 790 0.25 790
650 Hz 0.25 600 0.40 600

Clipping also causes a great deal of
intermodulation (IM) distortion to ap-
pear at the output of the amplifier. iM
distortion, consisting of the sum and
difference between the two desired
frequencies, is far more annoying to
the average listener than simple har-
monic distortion.

Suppose that instead of feeding
both tones to the same amplifier we
fed each tone to a separate amplifier
and connected the woofer to one am-
plifier and the tweeter to the other am-
plifier. If each amplifier were rated at
50 watts or more output power, there
would be no clipping. The woofer
would receive pure 50-Hz energy,
while the tweeter would receive the
same amplitude 1000-Hz tone.

The sound power delivered to the
listener would be exactly the same as
if a single 200-watt amplifier, plus the
conventional crossover network, had
been used, and there would be no
harmonic or IM distortion created at
the output of either amplifier or driver
element. This is the driving force be-

Fig. 2. At (A) is 50-Hz, 20-V amplifier output tone; (B) is 1000-Hz tone at same

hind the current switch to bi-
amplification and tri-amplification, a
technique that has been used in pro-
fessional studio monitoring and other
professional sound applications for
years. Hi-fi enthusiasts who have rec-
ognized the many advantages of
multiple-amplifier/speaker systems
have also made the switch, usually by
fabricating their own low-level filter
networks from scratch.

Making your own filter (crossover)
network is not a formidable task. The
low-level network is introduced ahead
of the power amplifiers in a system,
usually between preamplifier and
power amplifiers, and is therefore fed
from a low-impedance source and
drives a high-impedance load. As are-
sult, capacitor values become quite
low, while inductances—though

greater in value—are not required to
handle appreciable power and can be
quite small in size.

In passive crossover networks that
are connected between the amplifier
and speaker system, the terminating

impedance is the impedance of the
speaker elements themselves. So, in
such crossover networks, it is difficult
to vary crossover frequency without
changing the values of both the
capacitors and inductors. in the case
of low-level crossover networks work-
ing into the high-impedance input of
an amplifier, an arbitrary resistance
can be used to terminate the filter sec-
tions. It is, therefore, possible to work
out a filter network for specific cross-
over frequencies using a fixed value of
inductance and varying the values of
the capacitors and terminating resis-
tors.

Listed in the table are the compo-
nent values for several popular cross-
over frequencies. These values apply
fo the crossover network shown. The
resistances have been chosen to be
low enough so that the parallel input
impedance of the following power
amplifiers will have little or no effect
on the frequency response character-
istic available at the woofer (low-
trequency) and tweeter (high-fre-
quency) outputs.

Low-level crossover networks have
a further advantage in that the termi-
nation is purely resistive and unvary-
ing. Part of the problem with passive
networks introduced between the
amplifier and speaker system is that
they are presumed to terminate in a
constant impedance when in fact the
impedance of each driver coupled to
the network varies widely with fre-
quency. Consequently, the carefully
chosen capacitor and inductor values
seldom yield the optimized transfer
characteristic shown in Fig. 1B. In
fact, a typical curve might exhibit a
somewhat random transfer charac-
teristic as in Fig. 3.

The situation becomes even more
complex when an attempt is made to
design an 18-dB/octave passive

crossover network such as shown in
Fig. 4. Thereason is that this filtercon-

amplitude; (C) is (A) and (B) combined with twice the voltage and Jowr times the power.
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Fig. 3. Idealized response of
Fig. 1 may actually be like this.

figuration is also based on the as-
sumption that the termination is a
constant-resistance load.

Attempting to make the crossover
network variable to compensate for
loudspeaker characteristics, listening
environments, and listener prefer-
ences is an almost hopeless task.
Many manufacturers resort to simple
L-pad controls that provide a means
for adjusting the level of the energy
fed to the driver itself, after the cross-
over network. This further upsets the
impedance relationships between the
theoretically designed network com-
ponents and their termination. It is
also quite difficult to design a passive
crossover network with one slope rate
for attenuating the low-frequency
signals and another slope rate for at-
tenuating the high-frequency signals.
But this is exactly the type ofresponse
that is often desirable with certain
speaker combinations. For example,
we might want to roll off the low fre-
quencies fed to the woofer at an
18-dB/octave rate, while rolling off the
middle or high frequencies fed to the
midrange driver or tweeter at a more
gradual 12-dB/octave rate.

Setting Up a System. It is more dif-
ficultto setup a multi-amplifier system
than it is to set up a single-amplifier
system. Getting the volume-control
settings for the woofer, mid-range,
and tweeter amplifiers just right for a
smooth energy response from the
lowest bass to the highest treble re-
quires more care and a sound level
meter. (Very few of us ean judge abso-
lute sound levels at all frequencies
without the aid of some metering de-
vice.) Most SLM's sell for hundreds of
dollars, but Radio Shack has one —
the No. 33-1028 — that retails for only
$49.95.

Here is one way you might setup an
active-crossover-network/tri-amplifier
system using an FM tuner set between
stations to serve as a wide-spectrum
noise generator and an SLM. First, de-
termine which are the proper cross-
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over frequencies for the particular sys-
tem and experiment with different
slope rates for each of the two cross-
over points to determine which are the
best.

With the other two level controls in
the crossover system turned fully
down in each case, adjust each level
control in turn to obtain a random-
noise level reading of about 80 dB on
the SLM in each of the three bands.
Carefully note the exact setting of
each control as it is set.

Next, set all level controls to the
noted positions, and play some music
through the system. As you listen to
the reproduced music, you might have
to touch up the setting of one or two of
the level controls to make the system
response as flat and neutral sounding
as possible. Differences in individual
speaker efficiencies and gains in the
three power amplifiers might require
widely different control settings in
each band, but this should be <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>