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Experience is the best teacher. You
might settle for any CB first time around.
Understandably. A lot of people think
they're all pretty much alike. But you'll
soon discover that, like everything else,
there are exceptions.

Ask the pros. America's long distance
truckers. These guys talk CB day in and
day out. And they demand the best.
That's why truckers refer to the Cobra
29 as ""The Diesel Mobile”

Listen to Cobra. You'll hear a big
difference. Because the Cobra 29 gives
you features which assure crystal clear
reception. Like switchable noise limiting
and blanking, to cut out practically all
pulse and ignition interference. Add
squelch control and RF gain and you've
got exceptional —adjustable —receiver
clarity. Even in the heaviest CB traffic.
You also get Delta Tuning which makes
up for the other guy, because even off-
frequency transmitters are pulled in.
Perfectly.

Talk to Cobra. And you know you're
punching through. One glance at the

IF YOUR FIRSTC
YOUR SECOND

B e

O e FF

29's over-sized illuminated meter tells
you just how much power you're punch-
ing out and pulling in. For voice modula-
tion the DynaMike delivers at 100%.
Same way with power: The 29 transmits
at maximum power levels.

Sooner or later you'll get a Cobra.
And you'll get engineering and crafts-
manship second to none. Performance
that will make your first CB seem
obsolete. Reliability and durability that
have set standards for the industry.
Above all, you'll get power. The power
to punch through loud and clear like
nothing else. Because when it comes to
CB radio, nothing punches through loud

and clear like a Cobra. @

@)bra

Punches through loud and clear.

Cobra Communications, Products of Dynascan Cerp.
1801 W. Belle Plaine, Chicago, lliinois 60613

CIRCLE NO 14 ON FREE INFORMATION CAKD

BISN'T ACOBRA
ONE WILL BE.
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Is our new HP27an engineering work of art?
Or simply the most powerful preprogrammed calculator

It depends whether you consider
versatility artistic.

The HP-27 offers you all the log,
trig and exponential functions we've pre-
programmed into all our scientifics. Plus
new stat and financial functions, new
storage capacity, new clearing operations
and engineering notation.

That’s why we've dubbed it our
“Scientific/Plus’

It lets you forecast, allocate

resources, analyze costs.

The combination of stat functions,
storage registers, selective clearing and
RPN logic system with 4-register stack
takes the time and trouble out of
sophisticated stat calculations.

It performs valuable time-value-
of-money calculations.
Whether you're looking to figure
your mortgage or build a capital budget,
the HP-27 makes the task easy. You might
even be able to do both at the same time,
thanks to its exceptional storage

capacity.

Financial functions

Number of periods f

Interest/period

Payment
amount/period

Present value

Future value

Net present value
NEW

Internal rate of
return for up to 10
different uneven
cash flows

NEW

we've ever built!

19 memories simplify complex
calculations.

You can store constants in 10 ad-
dressable storage registers, financial data
in five financial registers. And you have
four operational registers in the stack
for easy data manipulation.

Six clearing operations let you do
multiple calculations without
destroying data,

You can clear all 10 addressable
registers, or just the six used for stat cal-
culations. You can clear the entire stack,
or just the “X” register. Or you can clear
the prefix keys only, or you can clear the

status of the financial registers.
You get uncompromising design,
assembly, support.

Three things that have made
believers of the million+ people who
own personal-sized HP calculators.
Three prerequisites for a potential
engineering work of arr.

800-538-7922
(in Calif. 800-662-9862).
The toll-free numbers to call for

ENG
™
PM¥ PV F
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.

complete specs on our new $200.00*
HP-27 Scientific/Plus and a nearby
dealer. Or send the coupon.

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries
Dept. 28412, 19310 Pruneridge Avenue. Cupertino. CA 95014

Hewlett-Fackard R
Dept. 254C,

19310 Pruneridge Avenue
Cupertino, CA 95014

Please send me HP-27 specs

Name

Company.. =

Street

City.

"Suggested retail price. excluding applicable state and local taxes—

ContinentabU.S.. Alaska & Hawaii 616/06

Statistical functions

t Factorial

Taia Accumulates /deletes
stat data
(n, Xx, Xy, Lx2 Zy2 Zxy)

=5
A

Linear regression
Standard deviation
Correlation coefficient

NEW

‘ Variance
¥ NEW

Normal distribution
NEW

Linear estimate

Mean
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Introducing...

SBE Touch/Com

The mike that does it all!

SBE adds the ultimate touch of sophistication to CB with the new SBE Touch/Com. It puts all the functions
of CB two-way radio communication in the palm of your hand. Change channels, adjust voluma and squeich,
receive or transmit. ..all with the flick of a finger on the mike. It features up/down two-speed channel selection
and a bright base-station-size LED digital channel readout for fast identification.

The Touch/Com, with the circuitry of the now-famous Formula D, incorporates all of SBE's most
advanced CB technology: digital synthesis to cover all 23 channels with a single crystal; phase-lock-toop
circuitry for “on-target” frequency stability; positive or negative ground for RV, boat and truck voltage systems;
dual conversion for sharp selectivity and rejection of adjacent channel interference. The Touch/Com also
features delta tune: crisp, clear audio output; a large, combination power output/"S ' meter, night-tighted for
easy viewing.

SBE'S finest CB—now made unquestionably the best by the unique convenience of Touch/Com.

o

! v
5}
0
‘ L
|
S |a
!
Q
CHANNEL
i e BNEET L TS
DELTA TUNE |
CB NL DIS 1
- + ’ ]
| I \I ‘: l 6 L]C'I-I”lﬂ/ﬂ@ i
PA OFF LOC touch/Com
. PA GAIN " TONE
Citizens Band i
AM Radiotelephone

SBE-32CB

Better Communications through Creative Technology
®

For information write: SBE, Inc., 220 Airport Blvd., Watsonville, CA 95076
INTERNATIONAL OFFICES: E. S. Gould Marketing Co. Ltd., Quebec, Canada/Linear Systems, S.A , Geneva 1, Switzertand


www.americanradiohistory.com

JUNE 1976 VOLUME 9, NUMBER 6

Popular Electronics’

WORLD'S LARGEST SELLING ELECTRONICS MAGAZINE

FEATURE ARTICLES

TEN SPEAKER-ENCLOSURE FALLACIES .......c ittt ittt iea e aaanaaannannnns David B. Weems 39
Things to look for in designing or buying a speaker “box.”
IN'S AND OUT'S OF COMPUTERS FOR BEGINNERS .........cciiitiiiiiiiniininnnanns Eugene H. Mitchell 47

Understanding character codes, flags, interrupts, DMA, etc.
HOW TO USE THE HP-45 CALCULATOR AS A STOPWATCH

OR ELAPSED-TIME INDICATOR ... uuunrtnnnteennnneeenneeeeannnneeanneeeeanneeeeannes Paul E. Miller 67
UNIVERSAL INTERFACE BETWEEN LOW-POWER LOGIC
AND LOAD DRIVER . ... n vttt tnnntee et e e e e e e et e e e eee e eas Vern Gregory 94

CONSTRUCTION ARTICLES

THE “BUCKET BRIGADE"” AUDIO DELAY LINE ........c.utniiiiiiiiiiiiiiinninninnnnnas John H. Roberts 33
Simulates larger listening room and creates special effects.

BUILD A SINE-WAVE INVERTER ..ottt iiiiiint it iinessnrennssarennnsssnnnssarnnnnnnss Martin Meyer 43
Allows operation of ac appliances from 12-V vehicle battery.

POWER-FAILURE ALARM ... ... ... ittt ittt inntrarrannnsrrnnssasnnassarnnnas Barton M. Bresnik 55

AUTOMATIC DIODE CHECKER ........ciiiiiiiiiiineiinnnsrernnnsssrnanssasnnsssessnnansns R. M. Stitt 57

Makes a complete test in 1/60th of a second.

MUSIC MODULES TO BUILD YOUR OWN SYNTHESIZER

COLUMNS

Sy et 3T 380880 00000000000000000000000000000000000000006000000000000000000000000000 Ralph Hodges 20
Dateline 1976.
HOBBY SCENE ... ..ttt ittt ieerraertasnanrrnssensrnsssnsansasnseonsrnssns John McVeigh 28
B0 I 1 I N 1 Lou Garner g2
Programmable Schmitt Trigger.
[0 = KT o 1 | 3 Ray Newhall g5
Avoiding CB Ripoffs.
EXPERIMENTER'S CORNER ... .ttt iiiierrrresnrnrrnansareennsnseennnans Forrest M. Mims 102
Applications for the TTL NAND Gate.
PRODUCT TEST REPORTS
HEATHKIT MODEL AN-2016 “MODULUS” CONTROL CENTER
HEATHKIT MODELS AA-1505 AND AA-1506 “MODULUS” POWER AMPLIFIERS ..................... ... 72
SOUND CONCEPTS MODEL SD-50 DELAY UNIT ... ittt tiasreenarsernsssenrassannnsnsenns 76
CRAIG MODEL 4104 MOBILE AM CB TRANSCEIVER ..........iiiiiiiittiiiinerrenaenrreasnsennsansnonns 78
CONTINENTAL SPECIALTIES “DESIGN MATE S ... .. ittt iie ittt et et tesearaeenanans 80
DEPARTMENTS
EDITORIAL ..ot it i ittt ittt taet ittt sesnnsssensnssnennnssnenas Art Salsberg 4
The Second Golden Opportunity for CB.
I 1 =1 6
L0 0 1 10 6
"An LED-Readout Audio Power Meter'' (March 1976)
""Space War Game'’ (April 1976)
NEW PRODU CT S ... ittt ittt ittt itetetstearensanaatossenssesssossesesassnnsenssensensssasencenneenn 12
NEW LITERATURE . ...oiiitiii it itiittttietntenansenresessasessasnsnssssnsnesosssssnersasssesasasasasss 18
NEWS HIGHLIGHT S .o ittt ittt ittt et tteraasenarrnssonrenstsnssesesaseassneesasensssnsensenaenns 30
ELECTRONICS LIBRARY ..ottt iettteetaes e raneeeasnnsseasenssnassnernsssnsssetsnssenseanenas 99
TIPS & TECHNIQUES ..ottt ittt teteeeesnrensenarnnsesnarnnssonsnnssnssssssnssnnsrnsannsnassens 100
OPERATION AS S ST ..ottt iiitit ittt it ettt tte s nsar s nsaraaasassnsseassnssonsseasensenssansenssnnennn 101
ADVERTISERS INDEX ...ttt i it i it teseeerrnesenetaansassnsssonsnoarnssesasassensenseensenesnnns 121

POPULAR ELECTRONICS, June 1976. Volume 9, Number 6, Published
monthly at One Park Avenue, New York, NY 10016, One year subscription
rate for U.S., $6.98. U.S. Possessions and Canada, $7.98: all other coun-
tries, $8.98. Second Class postage paid at New York, NY and at additional
mailing offices. Authorized as second class mail by the Post Office De-
partment. Ottawa, Canada and for payment of postage in cash. Subscrip-
tion service and Forms 3579: P.O. Box 2774, Boulder, CO 80302.

POPULAR ELECTRONICS including ELECTRONICS WORLD, Trade
Mark Registered. Indexed in tne Reader’s Guide to Periodical Literature.

COPYRIGHT « 1976 BY ZIFF-DAVIS PUBLISHING COMPANY. ALL
RIGHTS RESERVED.

Ziff-Davis also publishes Boating, Car and Driver, Cycle, Flying, Modern
Bride, Popular Photography. Skiing and Stereo Review.

JUNE 1976

Material in this publication may not be reproduced in any form without
permission. Requests for permission should be directed to Jerry
Schneider, Rights and Permissions. Ziff-Davis Publishing Co., One Park
Ave.. New York, NY 10016.

Editorial correspondence: POPULAR ELECTRONICS, 1 Park Ave., New
York, NY 10016. Editorial contributions must be accompanied by return
postage and will be handled with reasonable care; however, publisher
assumes no responsibility for return or safety of manuscripts, art work, or
models.

Forms 3579 and all subscription correspond : POPULAR ELEC-
TRONICS, Circulation Dept., P.O. Box 2774, Boulder, CO 80302. Please
allow at least eight weeks for change of address. include your old address.
enclosing, if possible, an address label from a recent issue.

www.americanradiohistorv.com


www.americanradiohistory.com

Popular Electronics

EDGAR W. HOPPER
Pubdisher

ARTHUR P. SALSBERG
Editorial Director

LESLIE SOLOMON
Technical Editor

JOHN R. RIGGS
Managing Editor

ALEXANDER W. BURAWA
Feature Editor

EDWARD I, BUXBAUM
Art Director

JOHN McVEIGH

Asvociate Editor

ANDRE DUZANT

Technical Hlustrator

PATRICIA BROWN
Editorial Assistant

LOU GARNER
GLENN HAUSER
JULIAN D. HIRSCH
RALPH HODGES
ART MARGOLIS
FORREST MIMS
JERRY OGDIN
WILFRED M. SCHERER
Contributing Editors

JOSEPH E. HALLORAN

Advertwing Director

JOHN J. CORTON
Advertising Saley

LINDA BLUM
Advertising Service Manager

PEGI McENEANEY

Executive Assistant

STANLEY NEUFELD

Associate Publisher

ZIFF-DAVIS PUBLISHING COMPANY
Popular Electronics
Editorial and Executive Offices
One Park Avenue New York. New York 10016
212.725-3500
Hershel B. Sarbin. President
Furman Hebb, Executive Vice President
Vincent Perry, Financial Vice President and Treasurer
Philip T. Hetternan. Senior Vice President. Marketing
Edward D. Muhlteld, SeniorVice President. Sports Division
Philip Sine, Semior Vice President
Frank Pomerantz. Vice President, Creative Services
Arthur W. Butzow, Vice President. Production
Lawrence Sporn. Vice President, Circulation
George Morrissey. Vice President
Sydney H Rogers. Vice President
Sidney Holtz, Vice President
Al Traina. Vice President
Philip Korsant. Vice President
Paul H. Chook. Vice President. Market Planning
Charles B. Seton. Secretary
Edgar W Hopper. Vice President. Electronics Div

Willtam Ztff, Chairman
W Bradford Briggs. Vice Chairman

Midwestern Office
The Pattis Group, 4761 West Touhy Ave..
Lincolnwood, llhnois 60644. 312 679-1100
GERALD E. WOLFE, THOMAS HOCKNEY
Western Office
9025 Wiishire Boulevard. Beverly Hills. CA 90211
213 273-8050;: BRadshaw 2-1161
Western Advertising Manager. BUD DEAN
Japan: James Yag:

O Palace Aoyama, 6-25. Minami Aoyama
6 Chome, Minato-Ku. Tokyo 407-1930/6821

582-2851
) LY =
Y, 8 )
e -\ IHF
Sk Ty o Member Audit Bureau o L

e
of Circulations A -

The publisher has no knowledge of any proprietary
rights which will be violated by the making or using of any
items disclosed in this issue

4

b

. &> Editorial

1 e

THE SECOND GOLDEN OPPORTUNITY FOR CB

When a market reaches the billion-dollar annual sales level, it is truly an important
industry. That's where CB radio is today. Whereas unit sales in 1975 were about 4.2
million, projected unit sales for 1976 are for more than 9 million!

This huge growth has brought with it a host of problems—short supply of
equipment, minimal discounting, high theft rate, and gross violations of the FCC
Rules and Regulations. Solutions can be seen for all but the latter. How can CB'ers
be compelled to follow the legal pattern set for them by the FCC? Even the
welcome relaxed rules instituted September 15, 19752

Without a substantial enforcement staff, which we aren't about to get, the FCC is
depending heavily on self-policing by CB'ers. This is easier said than done. On
sideband, it is successful for the most part. On AM, however, where most CB'ers
operate, the rules are blithely ignored in many sections of the country. Some day,
this practice is liable to stunt the continuing growth of the Citizens Band—unless
something positive is done about it now.

IF CB had followed the original assumption that most users would be
small-business people and “consumers’ in the same household, this problem could
have been handled. But now, with most communications taking place between
stations with different licenses for purposes of both neighborliness and emergency
motorist assistance, and with the vast number of CB’ers on the air, the situation is
out of hand.

Here are some constructive steps that could be taken, with the assistance of
far-sighted manufacturers, the FCC and CB'ers:

1. Establish point-of-purchase temporary licenses, making it mandatory to buy a
license when the rig is purchased. (The FCC is finalizing thinking on this procedure
right now.)

2. Include information with each CB rig on the obligations that go with the
communication privilege and how they benefit users in the long run. Taking a page
from the Boy Scouts’ Merit Badge on Citizenship, an analogy could be drawn by
pointing out the value of a library card and how everyone is eventually hurt when
books are defaced or returned late.

3. lllustrate how local CB'ers perform self-policing for the good of all concerned.
For example, in some areas, there are clubs to which a prospective member must
supply name, handle, and license number before being admitted. He is then
assigned a club number which is used as part of his handle (following his callsign).
No member will talk to a CB'er unless he or she is a member of the club and follows
the FCC rules. Other clubs reserve one night a week for a *‘signal hunt"—tracking
down violators, getting their names or auto license numbers, and warning them that
they will be reported to the FCC if another violation is heard.

4. Consider the possibility of equipping transceivers with an automatic transmitter
identification system that transmits in code the CB'ers callsign everytime he presses
the "'talk” button. This would put the fear of God into CB'ers and also serve as a
theft deterrant. This would have to be predicated on minimal cost to the
manufacturer and user, or course.

At this juncture, with CB nowhere near a levelling off point and the promise of
more allocated channels in 1977, there is a second golden opportunity to ensure
future growth of CB.

Some manner of efficient reguiation enforcement is necessary because most
CB'ers are not restrained by the tradition that radio amateurs enjoy. Interestingly, if
you speak to CB'ers who have lived with the Jack of regulation enforcement, you
will discover that the great majority would now welcome it. In the long run, it would
be to the advantage of manufacturers as well as the citizenry.

POPULAR ELECTRONICS
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This is the Legendary
FUZZBUSTER

Parametrlc Radar Receiver
with revolutionary Audio Cueing

PEACE for the Professional Driver
(Ask any long-haul trucker...he’ll tell you about it.)

IF IT DOESN'T SAY:

A military type radar receiver A unique AUDIO CUEING system

that works two to ten times farther  announces radar lock-on with a “'_' oy

than radar. Parametric design short beep. The visual indicator F“_ %zuusm_
provides unparalleled sensitivity,  is then used to estimate where s o
but rejects false signals. No in- and what type of speed trap is ELECTROLERT: TRAY; .. 403:2
stallation or antenna. Adopts to being encountered. The receiver S/N

positive or negative ground is especially effective against

vehicles. the new moving radar. IT'S BOGUS!

Proven by thousands of truckers over billions of miles,
nat:onw:de and now avallable to the general public!

S & Pl h me a Fuzzbuster.
DEDUCT 10% v Mjacshee;liisfmmggggg?sz eL;ScIecrsed,

If you have paid a SPEED RADAR TICKET = f e
in the preceding 12 MONTHS. Send ticket Eoa—

or cancelled check with order ($89.95). 54
Copies O.K.; original r2turned, City
No Radar Ticket Yet? & | s zin
TRAVEL NAKED AND QUALIFY SOON! & Wenover Associates
P.0.Box 231 /Burlington, Mass. 01803

#
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mobhile
antennas

offer:

¢ Quality construction
s Long range

o Mounting versatility

This is the Avanti Racer
27 mobile antenna. A
first quality instrument,
it is one of the most pop-
ular antennas in the en-
tire CB field. That's
because experienced
CBers appreciate the
benefits of a good, de-
pendable long-range
antenna that offers
quiet performance.

_ ,_._,\ \ I

The Racer 27 is readily
adaptable to a wide variety
of mounting assemblies:

e 3 fold-over mount for
campers and vans

ea no-hole trunk mount
{no drilling into your car)

®a mirror bracket mount
for trucks

*a dual assembly for
increased performance
on all vehicles

e Avanti makes the famous
MOONRAKER CB BASE
ANTENNA

The Racer 27 is Avanti
Model AV-327. Suggest-
ed retail . . . .. $23.95

This is only one of many
Avanti antennas for car,
boat or home. Send to-
day for FREE full-color
catalog.

avant

RESEARCH AND DEVELOPMENT, INC.
340 Stewart Ave., Addison, lilinois €0101
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Letters

COMMENTS ON CUTS

| am pleased to see computer-controlled
tape motion for audio cassettes, to gener-
ate blocks, in the CUTS (*'Computer Bits,"
March 1976). | had been thinking about the
same thing because blocks can be very
handy when they're written and read under
computer control. However, it wasn't clear
what would be read in the 5-second gap
between blocks. | assume it is neither the
2400- nor the 1200-Hz tones. Assuming the
tape has a leader, a block could then be
positively identified by blank tape followed
by 5 seconds of continuous 1's. (Re-
member that the user may rewind the tape
into a previous block to find the next block
and then let the computer search for a
start-of-biock.) If the characters are re-
corded asynchronously (for example, with
a keyboard), a 5-second pause between
characters would seem to be a start-of-
block.—Philip J. Tubb, Lakewood, CO.

There are no blank spaces on the tape;
both leader and ‘'gaps’’ are filled with the
2400-Hz tone onto which the clock can
lock.

BACKWARD CHART PEN

Come now, the graph in Fig. 1 of the
March 1976 “‘Stereo Scene' is a month
early for an "'April fool" joke. The output of
a spectral analyzer cannot loop backward
as shown at about 100 Hz. If literally inter-
preted, this would mean that the sound
source has two values at a range of
frequencies—a physical impossibility.
Whatever peaks and valleys appear in a
spectrum, the curve is always smooth, with
no negative slope—James J. Schmidt,
Sunnyvale, CA.

Quite right. A slip of a draftsman’s pen
was responsible for the error.

CREDIT WHERE DUE

With reference to the Tate Directional
Enhancement System described in "New
Trends In Hi-Fi Electronics” (December
1975), | would like to point out that | am the
inventor of the system and the engineer
who designed and developed the IC’s in
cooperation with National Semiconductor
Corp. Wes Ruggles, who was erroneously
credited with this, has been responsible for
the management of the project and the
marketing effort—Martin Wilicocks, Hunt-
ington, England.

www.americanradiohistorv.com

“CARE & FEEDING™ BOOSTERS

We found "The Care and Feeding of
NiCd Batteries’' (March 1976) to be very
pertinent and of great interest to us. Many
users feel that NiCd batteries should last
forever, and we find it difficult to dissuade
users of our products from this belief. Alex
Burr's article is a simple-to-digest, detailed
answer to our problem.—Axel M. Fritz, Jr.,
President, Bison Instruments, Min-
neapolis, MN.

. an excellent article on NiCd’'s. The
article was clear and very informative and
didn’t shy away from the more sophisti-
cated details.—Hugh MacDonald, Menlo
Park, CA.

APRIL (FOOL) HOBBY SCENE

Particularly intriguing was the problem
of working with MOS circuitry. The
geomagnetic aspect is indeed a stickler!
However, after spending considerable time
wrestling with this dilemma, | believe | have
come up with a solution. If the device is
housed in a spherical silicate material
(available at your local quarry) and if it can
be kept in motion (via pushing, kicking,
etc.), the result will be a device which can-
not accumulate any MOS difficulties. (P.S.
The coiumn was outstanding!)—Ron Sim-
prini, Philadelphia, PA.

Congratulations. It took me a while (well
into “"Golden Oldies’') to realize what was
going on. But then | nearly died laughing. |
haven't seen anything this funny since
“Blazing Saddles."—Frank Grether, San
Francisco, CA.

These are excerpts from only a few of the
many letters Ms. Swampfelder received. By
the time this is in print, April Fool's Day will
have come and gone, and we hope
everyone will have gone back to read the
April Hobby Scene and appreciate it for the
fun with which it was intended.

Out of Tune

In “An LED-Readout Audio Power Me-
ter’” (March, p 35), note an error in Table Il,
“ldeal Threshoid Voltages’ for the com-
parators. The right column, "‘Voltage,” is
inverted. The last entry, 4.395, refers to Pin
7 of IC1; the next to last, 3.070, refers to pin
5 0f IC1; and so on. The top entry, 0.011, is
the threshold for pin 11 of IC3.—Tim Henry

See also “'Out of Tune,”” May 1976.

In “*‘Space War Game"' (April, p 42), the
parts list omitted the type numbers for /C7
and /C8 (4023) and /C9 and /C10 (4001).—
J.A. Weisbecker.

POPULAR ELECTRONICS
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Motorola CB is here!

Introducing Mocat—The CB radio
backed by Motorola’s 40 years
experience in professional radio
communications. Greatlooks.
Great performance. Everything
you'd expect from a radio built by
Motorola. Yet it comes at a very
affordable price.

Designed and engineered in the
USA. Mocat is a 100% solid-state
Motorola CB radio with the very
latest in technological advances,
and exciting features.

Motorola CB means reliability.
A digital phase lock loop synthe-
sizer assures on-frequency perform-

JUNE 1976

ance on all channels.

Motorola CB means quality
reception. Automatic gain control,
cross modulation rejection circuit
and optional “Bdender’ noise
blanker circuit give Mocat superior
receiver performance.

Motorola CB means power. All
models feature a rugged plug-in
mike with built-in amplifier for maxi-
mum transmit signal strength.

Motorola CB means good
looks. Contemporary styling across
the line. Selected models offer easy
channel identification with high-
intensity L.E.D. digital channel read-

CIRCLE NO. 34 ON FREE INFORMATION CARD

out and dimmer.

Motorola CB alsc means high
performance and aftractively
styled antennas and accessories.

Motorola CB is the biggest news
and greatest value in personai
communications today. Mocat
from Motorola. Now is The time to
own a Motorola CB. For complete
details, write us at Motorola, Inc..
Dept. CB-700, 1301 East Algonquin
Road, Schaumburg, IL 60172.

MOTOROLA
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~ No other TV/Audio
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~ home study school
puIs prices in

its ads. Why?

Maybe it’s because they
can’t match these valves.

No other school gives you a choice of
five ways to learn TV/Audio servicing,
with complete courses starting as low
as $445 and convenient, inexpensive
time payment plans. No other school
includes both an engineered-for-train-
ing 25" diagonal color TV and a four-
speaker Quadraphonic stereo in its
best course. In fact, to even match
this kind of thorough training at
another school, you’d have to take

an extra course costing hundreds of
dollars more. We're proud to quote
our prices because we believe you get
top educational value from NRI.

You pay less because NRI passes
its savings on to its students.

NRI pays no salesmen. We buy no out-

side “‘hobby kits’” for our experiments
or training kits. We design our own
equipment with special Power-On fea-
tures that allow you to experiment as
you build. You get low tuition rates

without the penalty of exorbitant inter-

est charges for time payments. We
pass the savings on to you.

More than 1 million students have
come to NRI for home training.

Home study isn’t a sideline with NRI.
We’ve been its innovating leader for

over 62 years. More than one million
students have enrolled in our many
career courses. NRI is one of the few
home study schools with a full-time
staff of engineers, authors and editors
to help you with any problem. NRI
graduates will tell you: you can pay
more, but you can’t buy better training.

Widest choice of courses
with digital computer,
CB, and complete
communications.

Send for the free NRI electronics cata-

log and check out the full spectrum
of courses available, including Color
TV, FCC License, Complete Commu-
nications Electronics—with Gitizens
Band radio, Computer Electronics,
Marine and Aircraft Elec-
tronics, Mobile Communi- -
cations, etc.

Mail the card for your
Free NRI catalog.

No salesman will call.

NHI NRI SCHOOLS

McGraw-Hill Continuing Education Center
3939 wisconsin Avenue,
Iin Washington, D.C. 20016

NI lhaime Training
i Pl

Available for career study under GI Bill
Check the GI Bill Box on the card for information.
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7 kits: Quadraphonic Stereo...
s445 or low monthly terms

Abasic TV/Audio Servicing Course including 7 training
kits for your experiments. You build your own 4-speaker
Quadraphonic Systemn, solid-state volt-ohmmeter,
CMOS digital frequency counter, and electronics Dis-
covery Lab. Includes 48 bite-size lessons (18 on color
TV), 10 special reference texts with hundreds of servic-
ing shortcuts, tips on setting up your own business, etc.
This completely up-to-date course covers black &
white and color TV, FM multiplex receivers, public
address systems, antennas, radios, tube, transistor and
solid-state circuits.

11 kits: Quadraphonic Stereo and
B/w W...s550 or low monthly terms

A complete course in B&W and Color TV Servicing,
including 48 lessons (18 on color TV) 10 special refer-
ence texts and 11 training kits. Kits you build include
4-speaker Quadraphonic System, solid-state volt-ohm-
meter, CMOS digital frequency counter, electronics
Discovery Lab, plus a 12" diagonal solid-state black

& white portable TV to build and use. At each assembly
stage, you learn theory and ‘‘Power-On” application
of that theory in typical solid-state TV sets.

11 kits: 19" diagonal Color TV...
saao or low monthly terms

The course includes 42 lessons and 4 reference texts
plus kits and experiments to build a superb solid-state
19" diagonal color TV receiver . . . complete with cab-
inet, and engineered specifically for training by NRI's
own engineers and instructors. This handsome set was
designed from the chassis up to give you a thorough
understanding of circuitry and professional trouble-
shooting techniques. You build your own solid state
volt-ohmmeter, CMOS digital frequency counter. and
experimental electronics Discovery Lab.

14 kits: 25" diagonal color TV and
Quadraphonic Stereo...*1195.00

or low monthly terms
The-ultimate home training in Color TV/Audio servicing
with 48 bite-sized lessons, 10 reference texts, and 14
training kits . . . including kits to build a 25" diagonal
color TV, complete with console cabinet; a 4-speaker
Quadraphonic Center; awide band, solid-state, triggered
sweep, service type 5’ oscilloscope; digital integrated
circuit color TV pattern generator; a CMOS digital fre-
quency counter, and an electronics Discovery Lab.
This gives you thorough TV and Audio training for
hundreds of dollars less than the separate courses
you’d have to take elsewhere.

This Master Course combines theory with practice,
using the “‘Power-On’’ stages for experimentation and
learning. Building NRI's equipment will give you the
confidence and ability to service any color TV or Audio
unit on the market. And you'll have a magnificent TV
and quad unit for years of trouble-free performance.

Pro Color: 19’ diagonal color TV...
5665 or low monthly terms

An advanced Color TV Servicing Course for experienced
technicians, 18 lessons, 5 new “Shop Manuals”, and
NRI 19" diagonal Color TV receiver with cabinet.
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New Products

Additional information on new products
covered in this section is available from
the manufacturers. Either circle the item’s
code number on the Reader Service Card
inside the back cover or write to the man-
ufacturer at the address given.

SAE DIGITAL FM TUNER

The SAE Mark VIl digital (stereo) FM tuner
utilizes monolithic linear-phase filters and
a phase-locked-loop multiplex section for
alignment. The display consists of four
seven-segment LED numeric indicators for

frequency readout, plus two meter move-
ments for tuning. The tuning system is said
to have a dial accuracy of 0.004%. Other
ratings inciude: 1.6 uV IHF sensitivity, 100
dB spurious response rejection, 120 dB
alternate-channei selectivity, 100 dB AM re-
jection, and 4 uV stereo switching
threshold. There are eight push-push
switches on the front panel, including one
for selecting 25 or 75 us deemphasis. 17"W
x 10%2"D x 5%"H (43.2 x 26.7 x 14.6 cm);
23 1b (10.5 kg).

CIRCLE NO. 84 ON FREE INFORMATION CARD

CB ROOF-MOUNT MOBILE ANTENNA

Antenna Incorporated’'s Model 12510 is a
base-loaded, stainless-steel 34" (86.4 cm)
whip designed for roof mounting. Features
a stainless steel impact spring, sealed base
housing, and a 17-foot (5.2-m) length of
RG-58U coaxial cable terminated in a
PL-259 plug. Low-angle radiation and a
VSWR of 1.5:1 or less are claimed. $21.25
CIRCLE NO. 85 ON FREE INFORMATION CARD

CROWN SINGLE/DUAL-CHANNEL AMPLIFIER

The Model D 150A power amplifier from
Crown International features a switch that
allows the user to select either mono or
stereo operation without having to make
internal wiring changes. The 80-watt/
channel (rms into 8-ohm loads) unit is said
to have a frequency range of 1 to 20,000 Hz

12

at less than 0.05% harmonic and IM distor-
tion (worst cases). Circuitry within the
amplifier is designed to protect the
amplifier against shorted, mismatched,
and open loads without dc fuses and mode
switches. Output power in mono is rated at
180 watts rms into 16 ohms at 0.1% THD.
The outputs are unbalanced in stereo and
balanced in mono. Overall dimensions are:
17"W x 83%"D x 5%a"H (43.2 x 22.2 x 13.3
cm) and weight is 25 Ib (11.4 kg). $479.
CIRCLE NO. 86 ON FREE INFORMATION CARD

TELCO CB CONVERTER FOR CAR RADIOS

Telco's Model 10-73 Hi-Way Alert® conver-
ter can turn any AM car radio into a CB
receiver. The converter, measuring 4 1/8"W
x 33/8"D x 1%2"H (10.5 x 8.6 x 3.8 cm), is
mounted by using adhesive-backed Vel-
cro® pads supplied. The crystal-controlled
converter provides 23-channel CB cover-
age and is said to provide a 1.5-pV (For 10
dB S/N) sensitivity and better than 80 dB
down AM feedthrough. Its power cord
plugs into the car’s cigar lighter recepta-
cle, and the existing AM radio antenna is
used. A switch on the front panel provides
for CB or radio.
CIRCLE NO. 87 ON FREE INFORMATION CARD

SHURE LIGHTWEIGHT MICROPHONE

The Model SM62 by Shure Brothers is a
undirectionaldynamic mike with a cardioid
pickup pattern. it's designed for hand-held
stage and remote interview applications,
and is said to be especially suited for pick-
ing up brass, drums, guitar and vocals.
Frequency response is claimed to be flat
and uncolored with minimum feedback.
The microphone is 429" (124 mm) long.
Other features include a "‘pop" filter to
suppress wind noise and breath sounds,
and internal shock isolation to attenuate
noise.caused by unstable stands, stages,
etc. $84.00
CIRCLE ND. 88 DN FREE INFORMATION CARD

TEABERRY MOBILE CB TRANSCEIVER

The Tele “T"" AM CB transceiver, with 4 W
r-f power output, features a telephone-type
handset with a built-in transmit/receive
bar. It is completely solid-state in design
and has an S/r-f meter, delta tune, PA
switch, hi/lo tone control switch, and au-

WwWww.americanradiohistorv.com

tomatic noise limiter switch. A loudspeaker
is also built-in for use when it is not neces-
sary to have private listening. Price is

'$199.99.

CIRCLE ND. 83 ON FREE INFORMATION CARD

VECTOR TWO-SIDED DIP BREADBOARD

Model 51X Klip-Blok breadboard from Vec-
tor Electronic, on an aluminum chassis, al-
lows components to be mounted (solder-
less medium) and connections made from

it r

both sides of the board. With a total of eight
solderless Klip-Bloks, the breadboard ac-
commodates 12 14- or 16-pin DIP’s or four
24- or 40-pin DIP's on 0.1” pin centers and
0.3” and 0.6” row spacing. Additional Klip-
Bloks can be mounted on the unoccupied
perforated areas of the Vectorbord®. Num-
bers along the edges of the 8” x 412" (20.3 x
11.4 cm) board identify component loca-
tions. The board in the Model 51X is un-
clad. The breadboard is also available with
a ground-plane-clad board as the Model
51X-GP. Prices are $25.50 and $29.95 for
the Models 51X and 51X-GP, respectively.

CIRCLE NO. 31 ON FREE INFORMATION CARD

EPICURE BOOKSHELF SPEAKER SYSTEM

The new Epicure 11 is a high-efficiency,
two-way bookshelf system with a bass port.
Drivers used are a 6-inch (15.2-cm)
controlled-excursion woofer and a 1-inch
(2.5 cm) cone tweeter with a claimed 180-
degree dispersion. A tweeter level control
is built-in. Frequency response is rated at
3810 20,000 Hz + 3dB. Recommended driv-
ing power is 15 to 80 W rms.System impe-
dance is 8 ohms, and system resonance is
at 36 Hz. Measures 212" x 132" x 92" (54
x 34.3 x 24.1 cm), and weighs 36 |b. (16.4
kg). $134.00

CIRCLE NO. 92 ON FREE INFORMATION CARD

E&L MICROCOMPUTER

The Mini-Micro Designer, introduced by
E&L Instrument, is based on Intel's 8080
microprocessor chip. It has direct input via
built-in keyboard and input/output buses
through external card edge connections or
the No. SK-10 interface/breadboarding
socket that comes with the microcompu-
ter. Internal status/data is shown by three
sets of LED's. Included in the package is a
memory card that accommodates 1024
bytes of read/write memory. Complete

POPULAR ELECTRONICS
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From out of the blue
cores a s‘grificant
imgrovem=ntin CB
from Telen,

the aviaticn
cormnmunications
exgerts.

Noise--anc
magnelic poy

"-:it"

\Boom =5 B8 2
~ for pr EWLDy i‘:;,.}‘ L
mike pos:t/on/ng AN

Thefirst” wall to wall

Dramatically better ra~smission and reception.
New Telex aviatiom-type h2adset. -
The first lightweigt - 1zadset for CB'ers. The same style as ey
worn by pilots arot 14 tre world. So comfortable you mey forget
you are wegring it. B2 rFeard better. Noise-cancelling power
mike is alweys pos “ion=d properly. Ear piece lets you he ir better.
Your CB won't dist_r2> o-hers. And your hands are free. Try tre
new Telex CB-88. Mace in 'J.5.A. You'll get the message

loud and clear.

- In-iine variable
- gain power emplifier.

é.l

(A

Teiex CB-1200 Headset. Tetex CB-73 Double-
Specia ly suited tor high Header. Aviation-tyge.
noise anvironments. Power mike and noise
cancelling.
The Pilot People
l E L Ex e
COMMUNICATIONS. INC =

9630 ALDFICH AVE. SO.. MINNEAPOLIS. MN 55420 U.3.A. EUROPE: 22 rue de |a Legion -d'Honneur
33200 St. Denis, France CANADA: Telak Electronics, Ltd.. Scarborough, Ontario
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Royce re-invents

I B

= THE WIRELESS is here! Royce Computer tuning and testing means
BlgeSt CB brings computer technology to CB! peak power and performance.

LD WAY. A t: : 4
breakthrougl-l THE O tangled mass And. automated module assembly

of wires and hand-soldered assures uniform quality

Since the SORNEGHOLS Here is greater CB reliability

o THE WIRELESS. Automated than ever before
translstor! module assembly. Computer tuned That is why THE WIRELESS by

and quality controlled Royce is turning the personal
That is why THE WIRELESS communications world upside-down!
chassis promises less chance of failure.

WWW.americanradiohistorv.com
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THE WIRELESS

-

WAl

Write today for information on
THE WIRE _ESS Models: 1-650;
1-653; 1-655, 1-658; 1-660, and
1-662. Plus Jetails about the other
reliables frcm Royce!

Follow twe new leader!

Rovyce |

Royce Elextronics Corporation "
1746 Levee Road

North Kansas City, Mo. 64116

Call: (816) 842-7505 o Telex: 426-145

CIRCLE NO. 47 04 FREE INFORMATION CARD
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software takes the user from assembly to

system usage. $125 for simplest kit to $500

for completely assembled, tested system.
CIRCLE NO. 93 ON FREE INFORMATION CARD

J.L.L. UNDER-DASH CASSETTE PLAYER

J.I.L. Corporation’s Model 607 is a new
miniature cassette player designed for
under-the-dash installation in virtually all
foreign and domestic cars. It can be tucked
away in most glove compartments. To as-
sure the most dependable sound perform-
ance, the player offers a full complement of

features, including volume and tone con-
trols, "play” indicator, left-to-right balance
control, and fast-forward, rewind, and eject
buttons.

CIRCLE NO. 94 ON FREE INFORMATION CARD
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From the deep jungles of jumbled software, from the rivers of
mysterious circuits, he came. Mini-Micro Designer. He was
tough and smart. And he glowed with purpose. To teach the
people microcomputers.

Learn from the leader in the modern electronics revolution.
E&L's Mini-Micro Designer (MMD-1) comes with a series of
educational ‘modules” that feach you how to design and use
a microcomputer. And you get complete documentation and
full software support. MMD-1 features the BO80A central pro-
cessor chip, direct keyboard entry of
data/instructions, LED status indicators,
and allthe apparatus needed tomake
your first microcomputer. Novice or ex-
pert, MMD-1 gets you into action fast.
Put a revolutionary on your side. Send
for more information today.

CIRCUIT DESIGN, INC.
Division of E&L Instruments

P.O. Box 24

Shelton, Conn. 06484

Prices start at $125.00
in kit form.

CIRCLE NO. 12 ON FREE INFORMATION CARD

\ www.americanradiohistorv.com

FIELD-STRENGTH METER

A compact, easy-to-operate field-strength
meter for TV service technicians is availa-
bie as the Model TVS from Castle Televi-
sion Tuner Service, Inc. Called Mezzer™,
the instrument measures signals from 300
to 30,000 uV; has dial marking for quick
identification of signal level for proper
color reception (1 to 4 millivolts); features
integrated circuit amplifier and meter
driver circuits; with electronic voltage reg-
ulation. Operates from 9-V transistor bat-
teries, and has battery status indicator.
CIRCLE NO. 95 DN FREE INFORMATION CARD

SENCORE BENCH-TYPE DMM

The Sencore Model DVM34 digital mul-
timeter features a basic 0.1% accuracy and
a 15-megohm input impedance that
minimizes circuit loading for increased ac-
curacy and reliability. A range/function
format supplies measuring capabilities
from 100 uV to 2000 volts dc, 100 uV to 1000
volts ac, 10 milliohms (using the special
20-ohm range) to 20 megohms, and 100 nA
to 2 amperes ac and dc. An optional high-e
voltage probe permits measurements up to
50 kV dc at 1% accuracy. A high-and-low-
power-ohms system is built in for in-
creased accuracy when measuring resis-
tance in solid-state circuits. To take full
advantage of the high-accuracy 3'e-digit

L g

display, the DMM employs a single-step au-
toranging circuit that automatically steps
down to the next range on ac and dc volts
whenever the reading is 108 or less. $295.
(325 for optional Model HP200 50 kV
probe.)

CIRCLE NO. 95 ON FREE INFORMATIDN CARD

CB PREAMPLIFIER

According to Kris Inc., its "Antenna Fire"
CB preamp will provide up to 20dB receive
gain and improve sensitivity when inserted
in-line between the transceiver and anten-
na. Thedual MOSFET preamp is pre-tuned.
It offers two tuned circuits to improve
image and spurious rejection figures. The
preamp operates on 12-V mobile supply or
12-V ac adapter. it comes complete with
connectors and mounting bracket and
measures 5" x 4" x 3" (12.5 x 10 x 7.8 cm).

CIRCLE NO. 97 ON FREE INFORMATION CARD
POPULAR ELECTRONICS
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Back in '71 Phase Linear was Bob
Cerver, an audiophile with 200 square
feet in the basement of an A & P
store in the Pacific Northwest and on=
all-consuming obsession: to design
ard build the world's most powerful
slerea amplifier.

Today Phase Linear Corporation is
ar acknowledged leader in high powzar
technology, selling a >omplete line of
amps and pre-amps taroughout the
world, operating out of one of the most
advanced stereo comrponent plants in
tre incustry.

Phase Linear is now a household
word among serious listeners, a worc
sy onymous with power, quality,

reliabi.ity and way-outfront technoloqy.

Anc Bob Carver, Seve Johnson and
A. P. ‘YanMeter have come to be

recognized as the gurus of statz-of-the-
art amplifier design and devedcpment.
Phase Linear has dispenses over
8", million watts of power t5 music
lovers everywhere, starting wizl the
famous super reliable, virtua I
distortion free Phase Linea- 7J0,
the first successful 700 watt arplifier.
The popular Phase Linear 400 watt
amplifier quickly followed. "he
incredible Phase Linear 4030 pre-
amplifier was then perfected followed
by a smaller version, the Phase Linear
2000. Recently the Phase Linear 1000
Noise Reduction System wzs added to
the line . . . and there are many more
advanced products in the wings.
Technological milestones alcng the
way have included a uniquz Amplifier
Protection Circuit (Patent = 3727,148),

CIRCLZ NO 41 QN FREE INFORMATION CARD

www americanradiohistorv com

the first practical Expansion System,
the innovative Auto Corra ator Noise
Reduction System and € unique
Ambience [njection Syst2m for
pre-amps.

Phase Linear has ccme a long way
from that basement ab of Bob
Carver's. But products are still made
one at a time, and one cut of every
three people in production is involved
in quality control or testing.

And that's the way i-'| be for the
next 8,000,000 watts.

) (f° ,
SVeese Sineai
A POWERFUL DIFFERENCE
Phase Linear Corporatien,

it A8 b Avennee: W
Fyntiwond Wirbunegtan 03¢
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This is an

echo chamber?

Yes, and much more! It is the first
N-channel Bucket Brigade Device designed
with the audio engineer in mind. The
SAD-1024 Serial Analog Delay will provide
reverberation, echo, tremolo, vibrato and
chorus effects in electronic organs and
musical instruments. It will equalize speaker
systems in an auditorium, or can be used
in speech compression or voice scrambling
systems. The SAD-1024, which contains
two independent sections of 512 analog
storage elements will accomplish all of
these with a signal-to-noise ratio in excess
of 75 dB. The two sections may be used
independently or they may be connected in
sequence to provide 1024 clock periods of
delay. The delay provided by the device can
be continuously varied by the clock rate
from less than one millisecond to more than
one second.

Other performance characteristics include:
Signal bandwidth from 0 to 200 KHz, less
than 1% total harmonic distortion, 0 dB
insertion loss, and less than 5 mW power
requirements from a single 15V

power supply.

You get all of these features for less than
1¢ per storage element in OEM quantities.

We also offer a complete circuit card to
help you evaluate this exciting new device.
Other devices for applications such as time
base correction in the video bandwidth are
also available.

There are over 70 salesmen and 16
distributors to serve you worldwide.

RETICON

910 Benicia Avenue
Sunnyvale, California 94086
(408) 738-4266 ¢ TWX: 910-339-9343

CIRCLE NO. 69 ON FREE INFORMATION CARD
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New Literature

GENERATOR AND SYNTHESIZER CATALOG
Dana Exact's new 8-page catalog de-
scribes 36 different models including func-
tion, phase, and pulse/sweep function
generators. Frequency and complex
waveform synthesizers are also covered.
The catalog also contains a model capabil-
ity cross-reference chart and prices. Ad-
dress: Dana Exact Electronics, Inc., Box
160, Hillsboro, OR 97123,

LASER SAFETY GUIDE

A new laser safety guide has been pub-
lished by the Laser Institute of America.
The 31-page booklet covers laser, eye and
skin hazards, associated hazards from
high-power lasers, present laser safety
standards, viewing laser radiation, eye pro-
tection, laser hazard classification, control
of associated hazards, and laser calcula-
tions and measurements. Single copies are
available to LIA members for $1, and to
non-members for $2.50. Address: Laser In-
stitute of America, 4100 Executive Park Dr.,
Cincinnati, OH 45241.

SOUND SYSTEMS BROCHURE

An 8-page, 3-color brochure describes the
Argos Freedom Systems. Argos Sound's
three portable sound systems are illus-
trated and described in terms of capacity,
portability, and effectiveness. Address:
Argos Sound, 600 South Sycamore St.,
Genoa, L 60135.

ALL ABOUT CB

A new book from Radio Shack, All About
CB Two-Way Radio, discusses what Citi-
zens Band radio is and how to use it. Writ-
ten in an easy-to-understand manner, the
116-page book is a guide to the equipment,
rules and benefits of low-cost CB two-way
radio. It also explains how to select and
install a CB radio. Available at all Radio
Shack outlets.

POWER TRANSISTOR DIRECTORY

An updated edition of the RCA Power
Transistor Directory, PTD-187E, is now
available from the RCA Solid State Divi-
sion. This 44-page catalog lists the power
transistors and power hybrid circuits cur-
rently available, from RCA and provides
selection charts and data on each of the
devices. Also included are application in-
formation, a list of transistors which may
be used as complementary pairs, and
charts showing high-reliability and
military-specification types. Address: RCA
Solid State Division, Box 3200, Somerville,
NJ 08876.

POPULAR ELECTRONICS
AL . NN PR R N
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\ Redlistic gives you more
\ thanBrandsJand L...

A I"-'-'\md-”-‘dr

OELTA TUNE

ca-rone 23 N & A + ~IREALISTIC_

(Y BLANKER BPEAKERS

— . ": ‘_,-". : B ‘\1-...

&2 and charges about
) %10 10 %20 less

Let's talk features! Delta tune. Dual conversion receiver. Noise blanker. S/RF
meter. Brand J's comparable set gives you none of those things ard Brand L’s
gives you just one. Another fact: Realistic has Auto-Modulatior for full RF
power always, whether you talk loud or soft. It's Radio Shack’s new look in
mooile CB — the 23-channel Realistic® TRC-56. With its telephone-type
handset you get two big advantages: you can listen privately; you zan talk and
listen with greatly reduced background noise. And you can switch tc the
regular built-in speaker anytime, of course. FCC Type Accepted. Usable with
plus or minus ground. Universal dash/floor/cab roof mount included. The
money you may save will just about pay for your (Archer) antenna! 17995*

ONLY WHERE YOU SEE THIS SIGN:

®
TRC-56 SPECIFICATIONS Radlo ’ haek

Sensitivity for 10 dB S+N/N: 0.5 microvolt
A DIVISION OF TANDY CORPORATION

SelEetlitar ~okER SekfiEHeHa OVER 4600 STORES ¢ 50 STATES 9 COUNTRIES
Adjacent Channel Rejection: 50 dB -

Audio Power Output: 3 watts maximum
RF Power Output: 4 watts maximum :
Size: 5" (maximum in front)x8%x7" — ' 0

*Retail prices may vary at individual stores and deaiérs
Prices and products may vary in Canada.

| Just Say “Charge it”
4/ at participating stores

""fsler c.,--- 3
* iy,
o)
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DATELINE 1976

UNE is the “official” beginning of

Model Year 1977 for the high-
fidelity industry. But before we take on
the future, let's have a final look at
some of the recent developments of
1976, and some things that bode well
to be of ongoing significance.

Nonlinearin, Linear Out. Exceptin
the case of pure electronics,
distortion-cancellation techniques
haven't received a great deal of atten-
tion from audio designers in recent
years. However, all of a sudden we
have two new products that apply the
principle in rather novel ways: the
Nakamichi Model 600 cassette deck
and the Phase Linear Andromeda Il
speaker system.

Nakamichi calis its version "'IM sup-
pression,” andin theory at leastits op-
eration is pretty straightforward. It's
based on the not-unreasonable as-
sumption that it's possible to deter-
mine what types and amounts of dis-
tortion a recording medium (in this
case tape) is going to exhibit when
used under typical conditions (in
other words, that you can predict with
fair accuracy how the signal is going
to be "'bent” by the medium). Armed
with this knowledge, it should then be
possible to design a nonlinear circuit
that will "bend’’ the signal by the same
amount in the opposite direction.
When put together, these two bends
will have a combined effect that adds
up to “'straight.” No doubt achieving
thisin practice is a little trickier thanin
this oversimplified theory, but the
basis is sound.

According to the manufacturer, the

IM suppression is aimed at compen-

sating for nonlinearities introduced by
tape saturation; and, in so doing, it
reduces intermodulation and third-
order harmonic distortion. Note
that—again, in theory—you can apply
the compensatory “bend’ either be-
fore or after the signal is recorded. As
it happens, Nakamichi choosestodo it

20

Stereo Scene

By Ralph Hodges

after, during playback. The claim is
cheerfully made that ultimate distor-
tion can be kept to 3 per cent or less
for recording levels up to +7 dB, so
effective is the technique at extending
the useful range of a tape under near-
saturation conditions.

Two key points should be made
about the IM suppression technique.
First, for optimum results, the tape
used should closely match the charac-
teristics of the circuit. Nakamichi has
set up the Model 600 for two of its
branded cassette tapes, EX and SX,
between which the machine is switch-
able. (Near-equivalents of these tapes
are available in other brands also.)

Second, since the circuit operates
in playback (and can be switched in or
out), it is possible to use it with
already-recorded cassettes—even
those made on a different machine.
This is not a specifically recom-
mended practice, but most tapes and
machines are evidently similar
enough in their behavior near the
tape-saturation point to permit some
improvement—if not the maximum
improvement—to be realized under a
variety of conditions. The manufac-
turer does offer one caveat in this re-
gard, however: should you ever en-

The Nakamichi 600 cassette deck
with phase-compensation
neticorks and “IM suppression.”

www.americanradiohistorv.com

counter a tape with significantly less
distortion than the Model 600 would
normally introduce in its record mode,
the IM suppression becomes a liabili-
ty. This is because in attempting to
compensate for more distortion than
actually exists on the tape, it leaves
behind a “remainder” of distortion.

The Massless Tweeter. The An-
dromeda lll, scheduled for introduc-
tionvery shortly,is Phase Linear’s first
speaker system, and a rather innova-
tive one. It comes in four pieces: two
large mid-range tweeter panels that
closely resemble several popular elec-
trostatic designs, a separate bass
“‘commode,”” and an electronic
equalizer/signal "‘conditioner” that is
installed in the tape-monitor loop of
the receiver or amplifier. This last item
does some pretty surprising things to
the signal driving the speakers.

As Phase Linear's president Bob
Carver describes it, the speaker was
sonically modeled on a pair of very
high-quality electrostatic head-
phones. However, when it came down
to the final analysis, the cone mid-
ranges and tweeters selected for the
system were simply not able to imitate
the sound of the electrostatics. Carver
attributed their deficiency to the rela-
tively high mass of their cone dia-
phragms, which could not start and
stop with the agility of the very light
electrostatic film diaphragms. Yet it
was his belief that this shortcoming
could be compensated for elec-
tronically, and this conviction led to
what is probably the most interesting
aspect of the Andromeda lll's design.

If you were to take the Andromeda’s
equalizer unit and feed it a known
input—a brief pulse with a rise and
decay time typical of demanding mus-

POPULAR ELECTRONICS
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What are your opportunities

in the electronics field?

Here are some eye opening

facts from ETL.

What about the job
® market in electronics?
A It’s good. In fact, it

® seems to be one of the
few fields that stays relatively
steady in bad times. Today, for
example, estimates indicate
that several thousand jobs will
be opening up for electronics
technicians each year, for
years to come. One reason for
this is the fact that electronics
are the basis of almost all
communications, and this is a
communications-oriented
nation.

What kind of jobs are
® you talking about?

A For example, there are

® jobs available in
electronic/industrial automa-
tion, electronic equipment
repair and servicing, in the
broadcast and radio telephone
communications field, at air-
ports, and even in medicine
and in hospitals, where elec-
tronics are rapidly increasing
in importance. And there are
hundreds of other jobs opening
up as electronics continues to
make great strides, in new
ideas and developments.

Can such a complicated
® subject as electronics be
successfully taught by the
home-study method?

Of course it can.

® Electronics Technical
Institute has proven that
beyond a shadow of a doubt.
Our graduates are working in
practically every phase of
electronics. This is largely due
to the kind of instruction pro-
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vided by ETI. For example,
its course in the Fundamentals
of Electronics features an
exclusive teaching system
called Autotext. And through-
out all the courses the student
is thoroughly monitored and
carefully guided by a licensed
instructor, whose professional
and personal interest is to see
that he masters every bit of
information presented to him.
Of course, we must give a lot
of credit to our students them-
selves. They know that no
matter how good the instructor
and instruction may be, they
have to make it work. So most
of them apply themselves
diligently, and they find the
more they learn, the more they
want to learn.

But I have a job, and as
* much as I would like to
get into electronics, I can’t
afford to take time off. How
do I get around that?

You don't have to take

® time off from your job.
Y ou study at home, in your
free time. We do advise, how-
ever, that you set aside a
certain time for your study
schedule and stick to it, even if
it's only a couple of hours a
day. The beauty of the ETI
way of learning is that you
work at your own pace, making
sure you've completed your
assignment thoroughly and
completely. We think you'll
find, as you go along, that
learning the ETI way can
be fun.

But I was never very big
® on books and study. I
like to work with my hands.

A With your ETI course,
® you'll get plenty of work
with your hands. In fact, the

ETI system of teaching com-
bines hands-on work with
study, so that you actually
learn by doing. As you move
along developing your tech-
nical knowledge, you will use,
in many phases, specially
developed Project Kits. So you
apply your knowledge in
logical, hands-on sequences,
from the first step through
completion of basic units. It all
adds up to knowledge and
self-confidence gained by
actually doing the job.

Q It all sounds very

® interesting and inviting.
But I wouldn’t want to commit
myself before knowing more.

A We wouldn't want you

® to. In fact, we insist that
you check it out first. All vou
dois fill out the coupon
and mail it to us. We'll send
you a colorful new 48-page
ETI Career Book that will
give you the facts and the many
opportunities ETI can open up
for you. If you like electronics,
you'll enjoy reading this book.

Do I obligate myself in
® any way by sending for
your book?

Absolutely not. The ETI

® Career Book is free, and
it involves no responsibility on
your part, nor will a salesman
call on you. All we want to do
is to be sure you have all the
facts about ETI and what it
can mean to your future. And
you can get these facts and
complete information about
ETI's 18 different courses and
programs in electronics by
filling out and mailing the
coupon to us today. We'll
send you ETI's Career

- Book by

return mail.
We think it
will be a real
eye opener
for you. Mail
the coupon
today.

Electronics
Technical Institute

Division of Technical Home Study Schools

L N N N B B B B B N B |
Electronics Technical Institute « Dept. 2-473-066

Little Falls, New Jersey 07424
[0 Send my free Career Book !

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

TV/Audio O Computers
Servicing

. Black & White
Color Computer
Solid State
CATV

I Closed Circuit

Video Recorders FCC License
l Radio Adlrceraft
Hi-Fi Stereo Marine

Mobile Two-Way
l Microwave

[0 Check here for Veteran information.

l Name

Digital Electronics
Computer Technology

Programming

[0 Communications

=1

[ Business and
Engineering
Electronics
Fundamentals
Electronics Drafting
Industrial Electronics
Advanced Electronics
Industrial
Instrumentation
Electronics Technology
Medical Electronics

{please print)

. Address.

City.

State. Zip
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Introducing Sound uardi

.
o psrE —-ﬂ LR

The first product ever over this new praduct.
that protects records Along with audio
against wear, experts who've tested
without resulting loss it, we believe Sound

in frequency response
or fidelity.

Every time you play
arecord you destroy some of
its sound. The culprit is friction.
An inevitable result of a hard,
diamond stylustracking soft, vinyl
grooves.

Under 200X magnification
you can see the damage occur.
Tiny shavings of vinyl curl off the
record like metal off a lathe.

You literally see sound being
worn away. After repeated
playings your ears begin to confirm
what your eyes have seen.

Until now, no product could
protect records against wear with-
out interfering with sound fidelity.

An answer
from outer space

From Ball Corporation
research into dry lubricants for
NASA’s Orbiting Solar Observa-
tories came a breakthrough
in micro-coatings that can function
for long periods under extreme
conditions.

One derivative of this new
technology is a microscopically
thin, dry film that molecularly
binds itself to vinyl. Developed in-
to a record preservative this
produci is now known as Sound
Guard. How

Sound Guard works

Just spray Sound Guard on
(it has a non-aerosol pump
sprayer). Then buff it with the soft,
durable velvet buffing pad
provided in the kit.

Sound Guard putsan ultra-thin,
dry film on the groove surfaces to
substantially reduce wear. (It's self-
limiting and may be applied
repeatedly without buildup. The
film thickness is less than
0.000005".) One bottle will protect
about 20 LP’s.

Sound Guard is dry—not wet

’I £
B v

Preservation

Kit

and sticky like silicone-type
products—so dust or dirt won't
accumulate on the stylus or

in the grooves. And since it has
an anti-stat built in, Sound Guard
actually prevents records from
attracting dust.

But does Sound Guard ad-
versely affect frequency response
or fidelity? For conclusive proof,
we asked the most respected
of the independent audio labora-
tories for an exhaustive
evaluation. Their results were
astounding!

Test results

1. The application of Sound
Guard to a stereophonic or CD-4
quadraphonic disc does not
in any way degrade audible fre-
quency response.

2. Sound Guard increases the
life of the records by significantly
reducing record wear.

3. Sound Guard significantly
retards increases in random noise
content (surface noise) and total
harmonic distortion caused by
repeated playing.

4. Records treated with
Sound Guard do it attract dust
as readily as untreated discs.

(Complete test results will be
mailed with every crder.)

Like it or your money back

We're understandably excited
CIRCLE NO. 54 ON FREE INFORMATION CARD
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Guard is the

long-awaited
breakthrough
in sound

fidelity protection.
As of now, the only way you
can buy Sound Guard is by order-
ing direct. Just fill in the coupon
(or write: Sound Guard,
P.O. Box 3300, Muncie, IN 47302)
and enclose your check or money
order payable to Sound Guard.
$5.99 for one Sound Guard kit plus
$1.00 for postage and handling.
For two or more Kkits, pay $5.99
each and we’ll pay postage
and handling. If not satisfied re-
turn the unused portion and we’ll
refund your money or replace
the product at your option.
Sound Guard keeps your good
sounds sounding good.

Sound Guard
P.O. Box 3300, Muncie, IN 47302

Yes, I'm interested in Sound Guard.
[ Please send me one Sound Guard
kit. I am enclosing a check or moneyv
order for $6.99 ($5.99 plus $1.00
for postage and handling).

O Please send me
Guard kits. I am enclosing a check or
money order for ($5.99 each
kit —postage and handling free).

|

|

|

I

|

]

i

|

: Sound
I
:
{ Make check or money order payahle
|
{
|
|
|
|
I
|
i
|
!
|
1

to Sound Guard.

Name

Address

City State Zip
(please print clearly) PE-6

g *Sound Guard is Bz'] Corporation’s
trademark far its record preservative.
Copyright ©Ball Corporation, 1976.
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ical material, for example—the output
would show the following significant
alterations. First, the leading edge of
the waveform would be steeper in
slope than the input's. Second, where
the input's waveform would ultimately
return to the zero axis, the output sig-
nal would overshoot the axis for a brief
time. What is happening is that the
equalizer is attempting to offset the
comparative slowness of the drivers
by exaggerating the rise time of the
signal (the steeper slope) and by brak-
ing the drivers (the overshoot) more
drastically than the original input sig-
nal would.

Of course, the conditioning applied
to the signal has been carefully ad-
justed to complement the characteris-
tics of the individual drivers used. And
according to Carver, conditioning is
used throughout the audio range in
the appropriate amounts. Certainly
there will be skeptics to doubt that this
kind of electrical manipulation could
ever turn a cone into an electrostatic
diaphragm. But to my ears, having
been exposed to the Phase Linear
product forabout an hour, the speaker
gave a very credible imitation of a
good full-range electrostatic—except
in the bass, where it was much more
potent.

Heavyweight Receivers. The
pioneer SX-1250, at 160 watts per
channel, is now the most powerful re-
ceiver generally available. Among the
runners-up are the Marantz 2325 (125
watts per channel), the Kenwood KR-
9400 (120 watts), the JVC S600 (110
watts), and the Sansui 8090 (110
watts). Even bigger receivers could be
made, certainly, but the question
being asked within the industry—
especially by those who have yet to
break the 100 + 100 mark—is should
they be? The issue seems to hinge on
a further question: What is the essen-
tial appeal of the receiver (as a generic
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product) to the consumer? Does he
buy it because it means fewer compo-
nents to mess with; and if so, will he
really find it a convenience to have all
his electronics on a single chassis that
is growing too heavy to lift and too big
to fit on any shelf? Or does he choose
a receiver because its built-in tuner
eliminates one more agonizing buying
decision he would otherwise have to
make; or simply because his Uncle
Fred has one? For consumers who
don't want to get too deeply involved
in system building, the receiver seems
to have acquired a reputation as a
practical, economical, good-sense
approach to high-fidelity sound. Will a
huge receiver with every imaginable
feature and tremendous output capa-
bility miss the market by violating that
image?

Many manufacturers are actively
seeking answers to these questions
right now. Their decisions are only

complicated by the prospect (some-
+101
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time in the future) of Class D and other
innovations, promising high-power
capability in rather small packages. In
any case, in a short time we should
have some indication of whether the
super-receivers of 1976 are dinosaurs
or the progenitors of a new breed.

The Tape Tangle. In semi-public
announcements recently, Nakamichi
and Tandberg have made it clear that
they are going to drop—or at least
de-emphasize—chromium-dioxide
capability on their future cassette
decks in favor of ferric-oxide tapes
with cobalt additives, such as TDK's
SA. Why this dramatic break with past
practice? The companies cite several
reasons.

First, both manufacturers are be-
lievers in the superiority of permalloy
as a material for cassette record-play
heads, and prefer to use ferrite heads
only in other applications. Being a
softer material, permalloy is said to
wear at an accelerated rate with
chromium-dioxide tape. (On the other
hand, Advent Corp., which also uses
permalloy record-play heads. has
sponsored extensive wear tests with
chromium dioxide and remains com-
mitted to the tape.)

Second, both companies share the
opinion that chromium dioxide has
uniformity problems that defy current
manufacturing procedures. And third,
although chrome’s performance re-
mains essentially unsurpassed at high
frequencies, there are well-
documented weaknesses at mid and

MAXIMUM OUTPUT LEVEL A Y

1
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www.americanradiohistorv.com

L 1 1
200 500 1K 2K 5K 10K 20K

FREQUENCY (Hz)
POPULAR ELECTRONICS


www.americanradiohistory.com

Speakers-are our only business. They haye to be better!

f

A # engineers take special pride in the KC-55, our top-of-the-line
speaker ét:oustically designed fcr the GB ope-ator who demands
the'very best in clarity and intelligibility acrcss the entire voice range.

Beautifully crafted, tne KC-55 makes any equipment setup
look better. ‘And, by simply removing the base, our patented press snap
locking positioner, mounted in mobile units, 2ermizs any directional
adjustment required. Just lixe our best-selliny KC-356 speaker.

AFS - the only company with the patented WORKING wALL®
enclosure, featuring cross laminated, tubular fiberboard construction to
deaden static, eliminate voice distortion.

Available at CB dealers everywhere. -
" World Wide HeadguJarters Exclusive Canadian Distributor
Acoustic Fiber Sound Systers, Inc. Mdntz Canada Ltd.
2831 North Webster 1149 Pioneer Road
Indianapo is, Ind ana 46219 Burlington Ontario, Canada
(317) 545 2481 (416) 639-5373

AFS/KRIKET @ speakers are manufastured in the U.S.A. using American materials and craftsmen. °
Copvright 1976 Acoustic Fiber Sound Systems, Inc.
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IMSAI

announces
a unique
4K RAM

board
for just
$139.

Nobody has a 4K RAM board
that gives you so much for your
money. It’s fully compatible with
the Altair 8800.

Through the front panel
or under software control, you
can write protect or unprotect
any 1K group of RAM’s. Also
under software control you can
check the status of any 4K RAM
board in 1K blocks to determine
whether it’s protected or not. The
board has LED’s that clearly show
you the memory protect status
of each 1K block and which
block is active. And there’s a
circuit provided that will let you
prevent the loss of data in the
memory if there’s a power failure.
This low power board has a
guaranteed 450 ns cycle time-
no wait cycle required. There’s
nothing like the IMSAl 4K RAM
board around.

Dealer inquiries invited.

VIS

IMS Associates, Inc.

[ s o e res |

IMS Associates. Inc.
1922 Republic Ave.

San Leandro, CA 94577
(415) 483-2093

Order Your IMSAI 4K RAM Board For
Only $139. Use BankAmericard.
Master Charge, personal check or
money order.

O Send 4K RAM boards today.
O Charge to my credit card.

O BAC No.
O MC No.

Signature

Name
Address
City/State, Zip
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low frequencies. Overall, Tandberg
and Nakamichi feel that the Super Av-
ilyn (SA) type of formulation equals
the performance of chrome at high
frequencies and surpasses it for
longer wavelengths, without being as
abrasive on heads.

Well and good, but does this de-
velopment presage any complex in-
compatibilities between tapes and
machines? Yes and no. SAisdesigned
for about the same bias and equaliza-
tion requirements as chromium
dioxide. Therefore, a cassette
machine's bias and equalization
switch positions should do about the
same thing, whether they're labeled
SA or CrO,. However, the Dolby cir-
cuits are a different story. According
to my information, SA is about 3 dB
more sensitive than chrome, which is
certainly enough to upset the tracking
of the Dolby B noise reduction pro-
cess. | have tried an SA cassette with a
machine whose Dolby circuits were
set up for chromium dioxide, and the
compression of dynamics during
playback was immediately obvious.
Logically, the opposite effect shouid
be obtained when chrome tape is used
on an SA-adjusted machine. So, if you
have hopes of using both types of tape
on the same cassette deck, you had
better choose a machine with readily
accessible Dolby calibration controls.

AM Stereo. The idea of AM
stereo—by no means a new one—is
apparently gaining ground once
more. There are several proposed
methods for doing the job, all of them
using the existing AM channels and
employing a carrier that is both
amplitude and, in effect, frequency
modulated at the same time. To pro-
vide reasonable compatibility with
existing mono receivers, the sum of
the stereo channels (L + R) amplitude
modulates the carrier and the differ-
ence (L — R)signal frequency orphase
modulates it.

The only significant problem
comes, predictably, from the restric-
tions on the spectrum space allotted
each AM broadcaster. High modula-
tion levels give rise to extensive side-
bands that must be kept from interfer-
ing with adjacent stations. However,
sideband limiting can result in signifi-
cant amounts of distortion. A related
difficulty, arising from “high” levels of
frequency modulation, is distortion of
the amplitude envelope. Conse-
quently, troubles for existing receivers
occeur.

WwWWwWWw.americanradiohistorv.com

Arrayed in opposition to these prob-
lems (and also in more-or-less com-
petitive stances toward one another)
are the systems of CBS, RCA, General
Electric, Philco, Westinghouse, San-
sui, and other companies. Because
none of the systems enjoys a clear
margin of superiority, it looks as if
we're due for another stand-off be-
tween industrial giants. However, the
prospect of AM stereo seems likely to
attract much more understanding and
support than four-channel FM broad-
casting has been able to muster so far.

Who of the general public will ben-
efit from AM stereo? Certainly those
who live in the FM fringes and can
receive, at most, one or two FM sta-
tions with sufficient signal strength to
permit stereo listening. Those who
regularly drive long distances will
have a much better chance of picking
up usable stereo signals once they've
installed the appropriate receiver. For
those who live in urban and suburban
areas well served with diverse FM pro-
gramming, the direct benefits are not
so obvious; but there may be some
unexpected indirect ones. For exam-
ple, during the recent period when the
current four-channel matrix systems
were taking shape, there was some
fairly strong resistance to all the
phase-shifting that would have to go
on in matrixed recordings. Among the
more vigorous protestors were some
from the radio industry who
argued—aquite rightly—that phase
shift between channels is a burden to
the AM and mono FM broadcaster,
who is at the mercy of the largely
unpredictable cancellations and rein-
forcements of information that will
take place when he tries to combine
the signals.

I can recall some pretty feisty alter-
cations, with the matrix proponents
shouting that mono compatibility
could go hang and the radio contin-
gent saying that four-channel should
go hang. However, AM stereo could be
along stride toward eliminating mono
altogether. Record companies would
then no longer feel constrained (if they
do now) to pay special attention to
phase in their products, with the pos-
sible result that more random-phase
information would begin appearing
on records. And it seems clear beyond
a shadow of a doubt that a wealth of
random-phase content greatly en-
hances the sonic spaciousness of a
recorded performance, whether re-
produced quadraphonically orin con-
ventional stereo. ©®
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When it comes to microcomputers, Altair from MITS is the leader
in the field.

The Altair 8800 is now backed by a complete selection of plug-in
compatible boards. Included are a variety of the most advanced memory
and interface boards. PROM board, vector interrupt, real time clock,
and prototype board.

Altair 8800 peripherals include a revolutionary, low-cost floppy disk
system, Teletype ™ line printer. and soon-to-be-announced CRT terminal.

Software for the Altair 8800 includes an assembler, text editor. moni-
tor, debug. BASIC, Extended BASIC, and a Disk Operating System.
And this software is not just icing on the cake —it has received industry
wide acclaim for its efficiency and revolutionary features.

But MITS hasn’t stopped with the Altair 8800. There is also the
Altair 680 —complete with memory and selectable interface —built
around the new 6800 microprocessor chip. And soon-to-be-announced
are the Altair 8800a and the Altair 8800b.

JUNE 1976

n anyone bec

MITS doesn’t stop with just supplying hardware and software,
either. Every Altair owner is automatically a member of the Altair Users
Group througn which he has access to the substantial Alair software
library. Every Altair owner is informed of up-to-date developments via a
free subscription to Computer Notes. Every Altair owner is assured that
he is dealing with a company that stands firmly behind its products.

After all. we didn’t become the leader by messing around. Shouldn’t
you send for more information or visit one of our Altair dealers?

________________________________ -
{_ Altair Coupon ;
| Please send me the following intormation: 1
I O Your latest catalog and price list I
: O Software information package |
1 O Please include a list of your dealers 1|
: NAME :
| ADDRESS !
|
| CITY STATE & ZIP !
] I
e e e e e N e e e ) G A el e e -t
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Hobby

Have a problem or question on circuitry, compo-
nents, parts availability, etc.? Send it to the
Hobby Scene Editor, POPULAR ELECTRONICS,
One Park Ave., New York, NY 10016. Though ail
letters can't be answered individually, those with
wide interest will be published.

By John McVeigh

VARIABLE DELAY POWER SHUTOFF

Q./ need a timer (preferably solid-
state) to turn off my stereo after | fall
asleep. Maximum delay of 1 to 1%2
hours would be fine.

—David Custer, Timonium, MD
A. In the circuit shown, the 555 acts
as a one-shot, providing gate current

TRIAC

AC

+5-15V

7 555

6
— 2 5] |
IAOOOpF oo 6-1
= 100K P

AN ° .__<L

for the triac. With the 1.5-megohm pot
set for maximum resistance, power
cutoff will occur about 1%2 hours after
the normally open pushbutton switch
is depressed. Use two 2000-uF elec-
trolytics to derive the required timing
capacitance (try to get close-tolerance
units). The 1:1 isolation transformer is
included for safety reasons. Both the
transformer and triac are not spec-
ified, since they will have to be chosen
to accommodate whatever load you
want to power.

SINAD

Q. ! was reading receiver specs the
other day, and came across the word
SINAD. What does it mean?
—~Robert Wyatt, Oxford, CT
A. SINAD is an acryonym derived
from signal (SI), noise (N), and distor-
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tion (AD). It is a figure of merit in com-
munications systems. The noises re-
ferred to are Johnson or white noise;
shot, thermal, and recombination
noise, man-made impulses (electrical
equipment, power lines, ignition sys-
tems, etc); and vibrational (mic-
rophonics). Distortion might be pro-
duced by improper amplifier condi-
tions, detector nonlinearities, impro-
per modulation, etc. Many consider
the SINAD yardstick to be superior to
the S/N and quieting ratings for com-
munications, since it takes into ac-
count the distortion produced by the
system. A SINAD ratio of 12dB is gen-
erally considered to be the minimum
acceptable figure. It is characteristi-
cally noisy and “*hashy.” A SINAD ratio
of 20 dB or more represents a good,
reliable grade for voice service.

CARRIER CURRENT AND DIGICLOCKS

Q. Will the operation of an electronic
digital clock be affected by a carrier-
current remote control system which
injects a 120-kHz signal onto the ac
line? Is there some way of keeping
the signal from getting to the coun-
ters?

—Allan Silburt, Downsview, Ontario
A. In most cases, the power trans-
former, which has considerable reac-
tance at 120 kHz, will provide the re-

60-Hz REFERENCE

TO CLOCK CHIP
L
[ c

+V

5
g
= T

-V

quired rejection. However, if the signal
is very strong, it could cause the
counting circuitry to act up. If this is
the case, install the series-tuned LC
trap shown in the figure at the 60-Hz
reference tap-off. U,se a 0.02-pF, 75-V
ceramic capacitor (Lafayette 33 F
69063) for C and a 1-10-mH width coil
(Miller 6322, Lafayette 34 F 88525) for
L. Adjust L for normal clock counting.

MEDIUMWAVE LISTENING

Q. How can | join a mediumwave lis-
tening club and where is the one
closest to me?

—W.E. Osborne, Eau Gallie, FL
A. National Radio Ciub, Box 127,
Boonton, N.J. 07005. Also try ANARC,

wWww . americanradiohistorv.com

557 N. Madison Ave., Pasadena, CA
91101. It's an association that can
supply a list of affiliated clubs.

RECORD PLAYER RFI

Q. I've just moved to a new town, and
find my record player picks up radio
broadcasts as soon as it's turned
on—even when no record is being
played! What can | do about it?

—Harry Birdsall, Bloomfield, N.J.
A. You are experiencing RFI (radio
frequency interference). Somewhere
within the record player, signals are
getting in and being rectified (detect-
ed). Try shielding external speaker
leads and/or bypassing them to
ground with 0.001-uF disc capacitors.
If this doesn’t work, shielding the en-
closure and/or installing bypass
capacitors at other points may be
necessary. Does the volume control
have any effect? If not, the point of
rectification is between the control
and the final audio amp. If it does, look
back toward the cartridge. Ferrite
beads on the tone arm wires might
help.

COAX IMPEDANCE

Q. Why does my supposedly 52-ohm
coax line read less than 1 ohm on my
VIVM?

—Leon Brown, Bayside, NY
A. This type of coaxial line has an
impedance (or oppositiontor-faccur-
rent) of 52 ohms, not adc resistance of
this value. That's what you're measur-
ing with your VTVM. The impedance of
a transmission line depends on the
size of the conductors used, their
spacing, their material composition,
and that of the dielectric between
them.

COMMERCIAL CODE STATION

Q. / occasionally pick up a CW sta-
tion at about 8.100 MHz with the call
letters WCC. While it appears to be
commercial traffic, it makes excellent
code practice. Where is it located?
—Grenville Beem, Silver Spring, MD
A. The station you are listening to is
located in Chatham, Massachusetts,
and is engaged primarily in ship-to-
shore traffic with ocean-going ves-
sels. Although it is excellent practice
to copy such stations, keep FCC regu-
lations in mind. It's illegal to divulge
the contents of any message you copy
to a third party, nor can you use such
information for personal (financial)
gain.

POPULAR ELECTRONICS
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bOMPAR

Power Supply—

Expansion—

Start Up—

Clock—

Buffering—

Documentation—

Price—

Feature Bl 6800 Theirs—Your Choice

Processor — The best **Motorola MC68Q0''. Two accumulators, automatic Some are aimost as good in one respect or anather.
vectoring, seven addressing modes and complete set of branch None can offer all of the features of a real MC&80Q0.
instruction. The more powerful instruction set and memory
orientated architecture makes programming very straight for-
ward and easy to learn. Operates from a single +5 Volt supply.

Memory — Static 2102-1 type memories. Fast enough to allow the pro- Various types available. Often not included in the

cessor to run at full speed at all times. No refresh cycles, no
problems with glitches and flakey dynamic memories.

10 Amp. Capacity. More than enough to power a fully ex-
panded system. Power supply uses a rugged 25 amp bridge
rectifier and a 91,000 mfd computer grade filter. Regulators
on the individual plug-in cards.

Seven siots for processor and memory boards. Eight 1/0 slots.
1/0's are programmable type. All decoding and clocking pro-
vided from mother board making additional interfaces very
inexpensive. Baud rates may be independently selected for
each interface card.

Automatic start and reset provided by ‘‘Motorola’ Mikbug®
ROM. No fiddling with switches and status lights. Just push
the button and go. Use of standard Motorola firmware makes
software 100% compatible with Motorola evaluation module
programs.

Crystal controlled master clock oscillator with high power
clock drivers. Insures reliable, consistant operation with no
noise problems. Baud rate divider operating from the master
clock oscillator provides the various baud rates for the 1/0
devices with crystal accuracy. No adjustments necessary to
lock everything in at the proper frequency.

Tri-state bi-directional buffers on all data lines, address lines
and clock lines on ALL boards. Insures trouble free noise
immune operation.

Very complete. OQur own notebook, plus the *‘‘Motorola”
Programming Manual and Applications Manual. Detailed
instructions along with sample programs help you to under-
stand programming. You will be ready and able to write your
own programs after mastering these instructions.

$395.00 For the whole thing. You get the case, power sup-
ply, processor 2K word memory and serial interface.
No extras to buy. Just connect a terminal and start

basic kit, and must be purchased as an extra cost
option. (this is an option?)

Some expand more than others with the supply
provided. Check carefully.

Varies from ''0' to 16, or more.

Anything from switch and statuslight to automatic
ROM loading. If ROM is not a standard part, the
software may be unique to that machine.

Anything from cheap dual monostable systems to
crystal control. Crystal oscillators are best. Dual
one-shots can develop phase overlap problems and
are more susceptible to noise problems.

Various—from full buffering to almost no buffering.
Lack of full buffering can lead to noise problems.

As we said—COMPARE.

>
Bif7sss, Y i P

smn? 6800 7=

S S

operating. ® Registered Trademark Motorola
COMING ATTRACTIONS
. CASSETTE INTERFACE—Our new AC-30 will make it possible to lead and
: (& dump programs to cassette tape using ordinary inexpensive recorders.

; 55?%),////%/)57’%//1””;”,

s

to believe.

style. May be used

MBUTER

vet.

Uses the standard 'Kansas City'’ recording format for compatibility.

LINE PRINTER—At last—hard copy at a reasonable price. Our new PR-40
printer will print program listings, or any other material you might want
to keep in printed form. A dot matrix printer at a price you are neot going

GRAPHICS TERMINAL—A universal—works with any computer—graphics
terminal. With this connected to your computer you can play games in

numerics on the screen simultaneously.
PLEASE—Don't call or write. We will have details on these projects in cur next
ad. Government regulations prevent us from giving prices, or taking orders

SOFTWARE—The fiood is near.
and more games right away. Yours for the cost of copying. WE DON'T
SELL SOFTWARE—WE GIVE IT TO YOU. ENJOY IT, COPY IT, WE
WON'T COMPLAIN.

with our CT-1024 to put both graphics and alpha-

Editor and assembler now available. BASIC

Bl Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284
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New Zenith Color Picture Tube

A cooperative venture between Zenith Radio
Corp. and Corning Glass Works over a four-year
period has resulted in a new color TV picture tube
of decreased depth and weight. The deflection
angle of the new tube is 100°. The narrow-neck
tube has a striped negative guard band phosphor
screen, slot-type aperture mask assembly, high-
resolution electron gun, hybrid deflection yoke,

and lower-cost glass components. The tube (at
right above) is 212" (6.4 cm) shorter and more than
2 1Ib (1 kg) lighter than other 19" (48.3-cm) color
picture tubes. Zenith plans to use the new picture
tube in a portion of'its 19" color TV receiver line in
late summer.

RFI Bill Before Senate

On February 25, Senator Barry Goldwater intro-
duced radio-frequency interference legislation
into the U.S. Senate as Bill No. S. 3033. It is vir-
tually identical to the RFI bill introduced into the
House of Representatives last year by Mr. Charles
A. Vanik. The bill places the responsibility of pro-
viding RFI suppression on the manufacturers,
importers, and sellers to provide interference-
reducing circuits in audio and visual electronic
equipment.

Tubes Live!

Though solid state appears to have taken over,
vacuume-tube equipment is still very much alive,
even in hi-fi. LUX Audio of America, for example,
is marketing a new monophonic power amplifier
and matching stereo preamplifier using tubes.
The Model MB-3045 power amplifier has a new
triode tube developed by LUX and NEC, which is
said to be the first triode that makes possible a
high-power, low-distortion (50 watts at 0.3% THD)

triode amplifier. The new Model CL-35 tube-type

stereo preamp is rated at 0.06% harmonic distor-
tion at 2 volts output. LUX developed the new
components to satisfy the demands of sophisti-
cated audiophiles who prefer “‘tube sound” to

“transistor sound,” especially when amplifiers
are driven to clipping.

Heartbeat Digital Watch

A transducer capable of providing a digital read-
out (on a watch, for instance) is to be marketed by
Pulse Watch, Inc., of Tiburon, CA. The Orr trans-
ducer (invented by Thomas Orr, of Warsash, Eng-
land) consists of a light-emitting diode in the
center of an annular, thin-film photovoltaic de-
tector. The LED illuminates the skin and penet-
rates the tissue. Light reflected back from the
skin onto the detector is modulated by the
rhythmic changes in blood absorption in the tis-
sue. The signal is then electronically processed
and can be displayed or recorded.

Citizens Band in Europe

The current boom in Citizens Band activity in the
U.S. is paralleled by similar interest in West Ger-
many, [taly and other European countries. The
German authorities have allocated frequencies
from 26.965 to 27.275 MHz at a spacing of 10
kHz, providing 26 channels with certain exclu-
sions. Power is limited to two watts input, and
two types of transceivers are available—one re-
quiring a license but no payment, and the other
requiring payment of a monthly fee. CB, inciden-
tally, is not yet allowed in Great Britain.

Holographic Credit Cards

As an aid to the prevention of falsification and
fraudulent alteration of credit cards, ID cards,
passports, etc., Siemens has developed a system
of making a hologram of the original card and
incorporating it in the card. Consequently, if the
original is altered in any way, the hologram is un-
changed, and the two can be compared in a spe-
cial reader to check validity. A helium-neon laser
is used to make the hologram and must also be
used to read the hologram. During the checking
procedure, two pictures appear on a liquid-crystal
screen on the reader: a conventionally produced
image of the card and a similar-sized reconstruc-
tion of the hologram.

Home Microprocessor By 1985?

Sperrv Univac thinks so! According to Dr. Val E.
Herzfeld, Vice President, Business Planning and De-
velopment, within the next ten vears anew tvpe of small,
inexpensive computer may be monitoring the heating
and cooling svstems in vour home, helping vour wife
plan her menus, and flashing a “paperless newspaper™
on a screen in your den. Such a home microprocessor
should cost no more than a major appliance like a re-
frigerator and would be small enough to fit into a desk
drawer, says Dr. Herzteld.

POPULAR ELECTRONICS
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The Black

Watch Kit $29.95

Black Watch kit

Dimensions: 1%" x 1" x 3/10"
Weight: % oz.
Strap: 3/4" wide
Case: Specially designed
unbreakable black
- matte plastic. Water
Sinclair resistant.
Batteries: Mallory RM41H. One

year life with normal
use.

THE KIT CONTAINS

1. printed circuit board

2. unique Sinclair-designed IC
3. encapsulated quartz crystal
4. trimmer

5. capacitor

6. LED display

7. 2-part case with window in
position

8. batteries
battery-clip

10. black strap
11. full instructions for
building and use.
All you provide is a fine soldering
iron and a pair of cutters.

The Black Watch by Sinclair
is unique. Controlled by a quartz
crystal...powered by two hearing
aid batteries...it's also styled in

the cool prestige Sinclair fashion:

no knobs, no buttons, no flash...
just touch the front of the case to
show hours and minutes and
minutes and seconds in bright
red LEDs. There's a re-set con-
trol on the back.

*Guaranteed. A correctly-
assembled watch is guaranteed
for a year. It works as soon as you
put the batteries in. On a built
watch we guarantee an accuracy
within a second day. In building it
yourself you may be able to
adjust the trimmer to achieve an
accuracy within a second a week.

Take advantage of this no-
risks, money-back offer today!

The Sinclair Black Watch is
fully guaranteed. Return your kit
undamaged within 10 days and
we'll refund the cost of your kit
without question.

— g — ||
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NOW ALSO AVAILABLE WITH DATE! I

Sinclair Radionics Inc.
375 Park Avenue
New York, New York 10022

Piease send me:
Black Watch kit(s) at $29.95
Black Watch kit(s)

s

with date at $39.95 $
Black watchl(es)

assembled at $49.95 $
Sales Tax {N.Y. residents) $

Shipping & Handling $2.50 per unit §

Enclosed is my check/M.O. for total$

O Please send me
the Sinclair calculator catalog

Name

Address

|
I
I
I
I
I
I
I
!
I
I
I
I
I
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More people buy Pace than any
other CB, based on estimates by
Pathcom Inc.
We make the largest CB line in the world
too — 23 models. Here are our 5 newest:
Mobiles
CB 166 — Revolutionary state-of-the-art phase
lock loop (PLL) design with digital synthesizer.
Suggested selling price $229.95.
CB 161 — Striking LS| digitally-synthesized model.
Single crystal handles all 23 channels. Suggested
selling price $149.95.
Base Stations -
CB 2700B - AM-deluxe transceiver, includes SSB receiver.

&y

The best-selling (B in the world
introduces 5 new ones.

Manufactured in the U.S. Suggested selling

price $399.95.

CB 113 — Medium-priced, full-feature model
Suggested selling price $229.95.

CB 162 — The feature-loaded, handsome unit with an
amazing price tag. Suggested selling price $199.95.
Is Pace for you? We think Number One

deserves #1.

Write us —

Pathcom Inc.,

%gfbﬁ: %?55) When you've got a Pace,

CA 90710 you've got the warld by the ears.

PACE TWO-WAY RADIOS, PRODUCTS OF PATHCOM INC.

CIRCLE NG. 40 DN FREE INFORMATIGN CARD

www americanradiohistorv.com
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HE SOUND of recorded music

being played is a listening ex-
perience that changes according to
the room you are in. If the room is too
“live” or too ‘'dead", the sound ap-
pears to be unnatural. When the room
has an ultra-modern decor and lots of
glass window areas, the effect on the
music is “bouncey.” With heavy
drapes, carpeting, and thickly padded
furniture, plus a minimum of hard sur-
faces, the effect approaches that of an
anechoic chamber—with very little
sound reflection.

For the latter, you can either throw
away your sofa pillows and pull down
the drapes, or you can add a time-
delay device to your audio system to
create amore natural ambience. Since
you may not care to redecorate, you
can create an echo (audio signal time
delay) and reverberation (later reflec-
tions) and achieve a livelier sound.

Until recently, the only means of ob-
taining an audio signal delay has been
through the use of very expensive
electronic equipment. Now there is a
new type of |C—the ‘‘bucket
brigade”—and you can build your
own delay system for as little as $39in
mono and $59 in stereo. Connected
between source and preamp or
preamp and power amplifier (at the
tape monitoring jacks possibly), it
provides an adjustable, signal echo
that can enhance the sound in most
home listening rooms. With minor
connection changes, it also can be
used as a phasor/flanger, giving you a
sound effect for tape recording pur-
poses and electric-guitar playing used
by the professionals.

The bucket-brigade IC is a MOS-
type shift register that contains two
512-stage registers in a single 14-pin
package. When an audio signal is
applied to the input of the bucket
brigade and a clock generator drives
the IC. the signal is stepped along
stage by stage until it comes out de-
layed a discrete interval in time. By
adding this delayed signal to the orig-
inal, reverberation is simulated.

In addition to providing real-time
ambience, the bucket-brigade circuit
can be used with a tape recorder to
provide simulated stereo sound from
mono sources, a means for “double
voicing,” and "phasor/flanging.”

Technical Details. If you can delay
an audio signal, you can create a
number of useful sound effects. The
most obvious is simulating echo,
though delays provided by the bucket

JUNE 1976

Popular Electronics

JUNE 1976

BY JOHN H. ROBERTS

THE
“BUCKET BRIGADE”

AUDIO DELAY LINE

Allows user to simulate
larger listening room.
Also used by recordists
and musicians for

special sound effects.
3
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PEAKS +Gdb

100

NOTCHES > 35db

brigade are too short to be discerned
as discrete echoes. Recirculating the
delayed signal at reduced gain can
approximate the natural decay of
echoes in a reverberant room. By add-
ing some gain during the recircula-
tion of the delayed signal, you can
create an unnatural “"door-spring” ef-
fect on the music.

Delay an instrument or voice track
by 30 or 40 ms and add the delayed
signal back to the original signal, and
you will make the output sound fuller
and give it the effect of more than the
original number of voices or instru-
ments. This commonly used tech-
nique is known as ‘‘double voicing."”

Another popular short-delay effect
is a strange sound that results from a
technique known as “'phasing” or
“reel flanging.” The name is derived
from its original implementation
where a tape recorder was used to
create the time delay and the friction
of a well-placed hand on the outside
edge of the tape-feed reel varied the
delay to produce the acoustic effect.
This effect can be created totally by
electronic means by delaying the sig-
nal 0.5 to 5 ms while adding or sub-
tracting the delayed signal from the
original signal.

In the phasor/flanger mode, the fre-
quency and its multiples whose
wavelengths are equal to the time
delay will be completely cancelled out
while all other frequencies are rein-
forced. The result is a comb filter
whose frequency between the
notches is adjusted by varying the
clock frequency (Fig. 1). In this man-
ner, a tonal quality can be imparted to
nontonal sound such as drums, cym-
bals, and even voices.

The phasor/flanger mode can be
used to simulate stereophonic sound
from a monophonic source. To do
this, the phased output derived by add-
ing the delayed signal goes to one
channel, while the output derived by
subtracting the delayed signal goes to
the other. To the listener, the phasing

34
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effect cancels leaving a reasonable
pseudo-stereo effect.

The basic block diagrams of the
delay-line and phasor/flanger circuits
are shown in Fig. 2. The hearts of the
circuits, of course, are the bucket-
brigade IC's, which can directly pro-
cess analog signals. The circuits do
not require costly analog-to-digital
and digital-to-analog converters.
When the clock pulse from the flip-
flop is applied to the bucket-brigade
IC, the dc voltage present at the input
is shifted into the register. The dis-
crete bits are transferred stage by
stage with successive clock pulsesun-
til, after 256 pulses, they reach the end
of the line and provide the output.

The output waveform is smoothed
by a low-pass filter and duplicates
whatever signal was present at the
input but delayed in time by 256 times
the period of the clock frequency.
(Period is equal to the reciprocal ofthe

Fig. 1. Frequency betiween
notelies on a comb filter
s adjusted by carying

the cluck frequeney.

frequency.) For example, if the clock
frequency is 100,000 Hz, the delay
would be 256 x 1/100,000 = 2.56 ms.

Since the audio signal atthe input is
being sampled at a rate determined by
the clock frequency, a theoretical limit
of half the clock frequency is the high-
est audio frequency that can be reli-
ably passed. However, owing to prac-
tical limitations, a third of the clock
frequency is a more reasonable de-
sign goal. Circuits can be cascaded to
provide longer time delays at high
clock rates, but the increase in noise
in the series-connected circuits might
outweigh the increase in bandwidth.

In the delay mode, the two shift reg-
isters are connected in series, which
allows twice the clock frequency to be
used. Therefore, twice the bandwidth
of a single shift register can be pro-
grammed for the same time delay.
Even in this double-bandwidth mode,
the clock frequency required for a

FLIP-
CLOCK FLOP DELAY LINE
T
1 ]
2-POLE SHIFT +8.5 4B SHIFT 5-POLE
AUDIO LOW-PASS f— REG. —f " /uo B—] REG. J— LOW-PASS OUTPUT
INPUT FILTER [ 2 FILTER
{ rECIRCULATION CONTROL §
1 ||
FREQ. FLIP- i __
e CLOCK Edan md —A+B OUTPUT
T 1 [
AUDIO 2-POLE SHIFT 5-~POLE
INPUT =] LOW-PASS REG. LOW-PASS f—¢
FILTER | FILTER
PHASOR/ -— H AN A+B  f—ouTpuT
FLANGER 2

Fig. 2. Basic block diagrams of the delay

line and the phusorfflanger circuits.
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5 Ics " Fig. 3. Schematic of delay line for one channel.
9 B $2 Resistor values for different delay
configurations are given in the table below left.

PARTS LIST FOR FIG. 3

Cl1,C4.Cl11—1-yF, 25-volt
capacitor

The following are
capacitors:

TABLE OF FILTER RESITOR VALUES
A B Cc D

(all values in kilohms) 5%

C21300 pF
R1 100 200 300 390 C3—=2 ]
R2 130 270 320 510 CS,CS—SI_O pF
R3 3 75 110 150 A
R4 100 200 300 390 C9_100 pF
R6 75 75 75 75 C10—47 pF
RS 47 N 130 180
R10 43 82 130 160
R11 120 240 360 470 40-ms delay limits the bandwidth to a
R12 10 20 30 33 maximum input signal frequency of
R13 56 110 160 220 3750 Hz, which is adequate for voice
R14 33 68 100 130 but less than adequate for many musi-
2:2 1?3 ;gg 228 i:’/g cal instruments. In most applications
R26 200 200 200 200 where the delayed signal is added to

electrolytic

polystyrene

C18—0.01-uF ceramic disc capacitor

IC1.1C3 —1458 dual operational amplifier

1C2—MN3001 dual analog shift register
(Matsushita)

IC4— 4001 CMOS quad NOR gate

IC5— 4013 CMOS dual D flip-flop

P1—100.000-ohm potentiometer

R1 through R4,R6,R9 through R16.R26 —
See Table

RS.R8—100.000-0hm. Y4-watt, 5% resistor

R7—200.000-ohm, Y4-watt, 5% resistor

Note—See Parts List for Fig. 5 for kit in-
formation.

maximum delay required is about 5
ms, which is short enough that a
single shift register can be used with-
out compromising the bandwidth. The
second shift register is therefore con-
nected in parallel with the first to im-

the original signal, the reduction in prove the S/N ratio. The signals are
A =10 ms or less, —3 dB at 15,000 Hz bandwidth will be masked by the added in-phase, while the noise adds
g = 28 ms or :ess, _g :g a: ;ggg :Z high-frequency signals present in the and subtracts randomly.
== ms or less, — a Z P
’ original. T
D = 40 ms or less, ~3 dB at 3800 Hz '9! © compensate for normal

In the phasor/flanger mode, t

signal attenuation, an 8.5-dB amplifier
is used between the shift registers.

How It Works. The schematic dia-
grams of the delay-line and phasor/

he flanger configurations of the circuit

The name “‘bucket brigade’ conjures up
images of a line of men passing along
buckets of water to fight a fire. The
bucket-brigade analog shift register op-
erates in a similar manner, which is how
it got its name. In the case of the shift
register, however, the buckets are
capacitors integrated right on the PMOS
chip. There are more than 1000 such
capacitors on each chip (one capacitor
and two MOS transistors foreach stage).

by utilizing two out-of-phase clocks.

FROM 10
What is being passed along are packets 'NPUT"W A
of electrical charge from stage to stage. | I i

It is difficult to pour water both into I_‘l‘-[ v IJ‘I I 1_’I‘I | Ij‘-[

and out of abucket at the same time. So, . : ! 1 I O — = — VGG
too. it is difficult to simultaneously M | ! Lo
charge and discharge a capacitor. This T | ' | it
problem is overcome in the shift register : . : —-————¢2

A BUCKET-BRIGADE SHIFT-REGISTER ANALOGY

While the first clock is high, the "odd"”
buckets are dumped into the next con-
secutive “‘even’ bucket. When the sec-
ond clock is high, the even buckets are
dumped into the next consecutive odd
buckets. In this manner. individual
charges are transferred along the line
one stage at a time.

The drawing is a schematic represen-
tation of four typical stages of the
MN3001 analog shift register. Each
MN3001 IC contains two 512-stage shift
registers. Note that stages A and C are
connected to one clock, while stages B
and D are connected to the other clock
to provide the odd/even relationship.

A | B c ] D

U,
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Fig. i Schiewmatic of civeuit for phasorfflanger.

C1 through C1|—Same as for Fig. 3

C18—0.01-put ceramic disc capacitor

IC1 through 1C5—Same as for Fig. 3

The following resistors are Y watt, 5% tol-
erance:

RI.R4,R5R8,R26,R31—100,000 ohms
R2—130.000 ohms

are shown in Fig. 3 and Fig. 4, respec-
tively. In both cases, quad NOR gate
IC4iswired asanastable multivibrator
operating at twice the desired clock
rate's frequency. The output of /IC4
goes to flip-flop /C5, which provides a
pair of complementary (180° out of
phase with each other) output clock
pulses with 50% duty cycles. These
pulses then "clock' the shift registers
in /C2. Frequency determining resis-
tor R16 is fixed in the delay configura-
tion, while resistance can be added via
a pair of connectors to change the
clock frequency in the phasor/flanger.

The audio input signal is con-
ditioned by seven poles of low-pass
filtering in which /C3 and half of /C7
are used. The filters provide a total of
42-dB/octave attenuation above the
tuning frequency. For example, if the
filter were tuned for 5000 Hz, a
10,000-Hz signal would be attenuated
by more than 100:1.

When filters are designed with
high-gain operational amplifiers (op
amps), it is possible to have their out-
puts increase before rolling off at the
rate of 6 dB/octave per pole. Such fil-
ters are termed "under damped.” By
carefully selecting the proper balance
of under-damped and over-damped
(RC) filter sections, it is possible to
design afilter that is flat in the desired
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PARTS LIST FOR FIG. 4

R3—36,000 ohms
R6.R7—200,000 ohms
R9-1,R9-2—91,000 ohms
R10~—~42.000 ohms
R11—120.000 ohms
R12—10.000 ohms

R 13—56.000 ohms

passband so thatitis 3dB down at the
tuning frequency and has a roll-off
rate of 6 dB timesthe number of poles.

R14—33,000 ohms

R15—68.000 ohms

R16—11.000 ohms

R26—100.000 ohms

R27 through R30—5100 ohms

Note—See Parts List tor Fig. 3 for kit in-
formation.

This is what has been done in the
delay-line and phasor/flanger circuits.
Quite a bit of mathematical compu-

+28V +20v +15 +Iv +10.5V
RI9
100
oI 1
IN4OOI 6 10 | 2 L
d T FE R R
i 1 ag |3 [2e
A Tl =~ Zri7 Ice g2  —-— -
ciz| ~ 2k 38 723 +
472 3 E S T~ o~ T~
e cI7 cts cie
‘...’... - Cia 33uF “OIpF OlF
17y = e Ll 1
L - r213 | re33 | Res3
b3 ——CI3 7.5k 2 2.4Kz 5.K3
I I IN968 |.om= )
02
IN40O!
Fig. 5. Schematic of powev-supply cireait.

Parts List ineludes kit information tor
PARTS LISTFORFIG. S5

C12—470-pF. 35-volt electrolytic capa-
citor

C13.C15,C16—0.01-pF disc capacitor

C14—100-pF disc capacitor

C17—33-uF. 25-volt electrolytic capacitor

D1.D2—IN4001 rectifier diode

D3 —IN968 (20-volt) zener diode

Fl—1/10-ampere fuse

[C6-—~723 precision voltage regulator

The tollowing resistors are Y4 watt, 3% to-
lerance:

R 171000 ohms

R18—1 megohm

R19—10 ohms

R20—8200 ohms

R21—7500 ohms

R22—33.000 ohms

R23--2400 ohms

wWww . americanradiohistorv.com

all cliremits.,

R24--2200 ohms

R25—5100 ohms

TI—Power transtormer with two 28-volt
secondaries at 50 mA each

Misc.—Chassis: line cord: phono jacks
(4): control knobs (2): rubber grommet;
spacers: machine hardware: hookup
wire; solder; etc.

Note: The following items are available
tfrom Phoenix Systems, P.O. Box 73.
Saugatuck Sta.. Westport, CT 06880:
Complete kit of parts (delay line or
phasor/flanger) No. P-1220-M (mono)
for $39.00: complete kit of parts No.
P-1220-S (stereo) tor $39.00; etched and
drilled pe board No. P-1220-B for $5.00:
MN3001 analog shift register 1C No.
P-1220-C for $15.00. Add $1.00 for ship-
ping and handling. Connecticut res-
idents, please add sales tax.

POPULAR ELECTRONICS
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CLAIMED SPECIFICATIONS

Delay Line:

Frequency response 15 to 15,000 Hz

(+2/—-3 dB)
Distortion (THD) Typically less
than 1% (1000 Hz,
1V rms)
Input impedance Greater than

100,000 ohms

Clipping level 177 V.-ms (5 V
p-p)

Signal-to-noise Typically 50 dB
below 0 dBm

Phasor/Flanger:

Frequency response 15 to 15,000 Hz

(+2/-3 dB)
Distortion (THD) Typically less

than 0.75% (1000

Hz, 1 V rms)
Input impedance Greater than

100,000 ohms

tation is normally required to deter-
mine the values of the filter resistors to
use. To simplify matters, you can
select the appropriate resistor values
from the Table of Filter Resistor Val-
ues. Use this Table for selecting resis-
tor values for only the delay-line cir-
cuit. (The filter resistor values
specified in Fig. 4 and its accompany-
ing Parts List will provide an optimized
5-ms delay, with the output 3dB down
at 15,000 Hz for the phasor/flanger.)
The power supply is shown in Fig. 5.
It uses a voltage regulator, /C6, to
generate the main 15-volt supply out-
put. The shift register requires
supplies of both +1and +20volts. The
+20-volt line is obtained through the

use of zener diode D3, while the +1-
volt line is derived from the voltage
divider consisting of R22 and R23.
Since the op amps are being operated
from a single-ended supply, it is
necessary to have the 10.5-volt supply
line serve as the reference pointin the
circuit for these IC's.

Construction. The actual-size etch-
ing and drilling guide, the same for
both circuit configurations but wired
differently asrequired, isshownin Fig.
B6A. The parts-placement guides for
the delay-line and phasor/flanger con-

figurations are shown in Figs. 6B and
6C, respectively.

Before installing any components
on the board, mount and solder into
place the wire jumpers. Then, wire the
board as in Fig. 6B or Fig. 6C, depend-
ing on the desired mode of operation.
Be careful to properly orient all
semiconductor devices and electroly-
tic capacitors. Be sure to handle the
MOS devices with care to prevent
them from being damaged by static
charges. You can mount the IC's di-
rectly on the board or use sockets. Use
a low-power soldering iron (25 to 35

Fig. 6. Above (A) is etehing and

m— R 2 ————
A cl ~RI5—= 1 A= { ‘ [ drilling guide for pc hoard.
¥ o RI3—k 1c3 ce RIl C5 It can he used tor either
l R # 1 1 chawnel for delay-line cirenlt,
ef o4 m'_/'ur_ tHie /){/(13())'//70//;70)'.
I 1’ ) ——#RI0—= 1t left (B) s component
T 1 ] layout for one channel of
= ™, c3 delay line. [t includes the
L l l 161 T power supply. Coniponent
J BiF layouts tor phasoritlanger
. il Jory fftang
#DI —% = D2— i‘g\ ; J =—R2S—— j and second channel of stereo
INELT c : delay line are on next page.
R R24
To ~Ci5e
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~R2—= ' !
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P o]
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Fug. 6. Component layout at top is for phasori/flanger (C). Below (D) is for second

channel of stereo system. It uses poweyr supply in first channel.

watts) and fine solder, and watch out
for solder bridges between the closely
spaced pads on the board.

The wiring guide for the second pc
board for a delay line for stereo is
shown in Fig. 6D. Note that the power
supply sectionis not repeated; you get
power and clock pulses from the first
board via wire interconnections.

Solderlengths of hookup wire to the
pads that are to interconnect with the

38

off-the-board pots and jacks. Then
drill holes forthe line cord, jacks, pots,
and board mounting in a 5" x 4" x 3"
(12.7 x 10.1 x 7.6 cm) aluminum chas-
sis box. Locate the line cord and jack
holes on a wall directly opposite the
wall through which the pot holes have
been drilled.

Use machine hardware and spacers
to mountthe pc board assembly to the
floor of the aluminum box. If you are

www.americanradiohistorv.com

HANDS-ON EVALUATION

Both the time-delay and phasor/flanger
configurations of this circuit should
keep the home recordist occupied for
hours, if not days. While the effects are
not as apparent as those obtained with
professional delay and flanging systems,
this system does not cost the $4000 or so
demanded for such top-of-the-line pro-
fessional system.

The flanging effect is heard only while
the potentiometer is in motion, at which
time the variable comb filter sweeps
across the audio bandwidth to create the
“flanging’’ sound. At rest, the comb-
filtered sound is noticeable, but it is not
as apparent as one would expect from
looking at the peaks and dips that occur
at regular intervals on the frequency re-
sponse curve.

Although you might not have occasion
to use the flanger as a mono-to-stereo
generator, don't overlook this operating
mode fer the enhancement of a single-
output reverberation device. Reverbera-
tion is very diffuse by nature, and the
flanger outputs, when panned left and
right, are anoticeable improvement over
a regular mono reverb return. When
used in this application, the potentiome-
ter remains at rest.

Use only one output when applying
flanging to a recording. For an interest-
ing Doppler effect, try combining the two
outputs while rapidly revolving the pot.
Better still, replace the standard pot with
a free-spinning pot. (Connect the resis-
tance element in series with R76 and the
wiper to either end of the element.)

On the delay line, the recirculation
control must be used sparingly. A little
goes a long way, and the “door spring”
effect can easily get out of control. If you
build both circuit configurations, you
can experiment by wiring the flanger
into the delay line's recirculation path.
The slight additional delay in feedback
creates even more echoes at the delay
line's output. It also helps to keep the
door spring from becoming a steady-
state squeal.

—John Woram,
Woram Audio Associates

assembling a stereo delay line mount
the second board assembly over the
first with short spacers and machine
hardware after interconnecting the
power-supply and clock-drive lines
with hookup wire. (Be sure to make
the interconnections before fastening
the boards together.) Connect and
solder the free ends of the hookup
wires from the board(s) to the appro-
priate lugs in the jacks and pots. <&
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EVERAL years ago the U.S. Pat-

ent Office granted a patent for a
speaker enclosure that had some
unique internal reflectors. Its inventor
claimed that the reflectors, by bounc-
ing the sound back and forth, enabled
any speaker to reproduce longer
wavelength bass in a compact box.
The fact that the patent was issued
shows that the inventor recognized a
great need. Unfortunately it does not
show that a new set of natural laws
would be necessary to make the inven-
tion work.

Experimenters have contributed
many interesting and imaginative (of-
ten flawed) speaker enclosures to the
high fidelity and stereo scene. Many of
them have been adopted and are
commercially produced. But com-

mercial production is no proof of
merit. How about a cheap speaker
buried in a thin-walled unpadded
box? This commercial flop was called
a “‘cavity generator."” It really sounded
as bad as you'd expect. Then there
was the bass reflex with ports shaped
like f-holes on a violin for (one sup-
poses) a more musical bass. If you like
to mix pets and audio components,
how about the “‘cat’s door'' speaker?
This one had a small swinging door in
the back. Presumably this was the
answer for anyone who couldn't
choose between a sealed box and one
with a port.

Some bizarre speaker systems are
good, but they don’t always work the
way their designers think they will.
Novices misinterpret speaker box

theory. They overlook hidden snags,
because after all, what looks easier to
make than a simple box?

They are also often misled by old
speaker box fallacies. Stories about
speaker systems can be loaded with
colorful misconceptions. Even well-
known manufacturers sometimes
promote them in their advertising. A
current table model radio, for exam-
ple, was introduced with the claim that
its wooden cabinet gave it “'the same
mellow resonance that grandma’s big
console used to have."” Aside from the
suggestion that resonance is good,
this statement gives credence to a fal-
lacy that has been around a long time.
Its roots probably go back some 300
years. In deference to its age we’ll
consider it first.

1ne

signal.

ciently

Wooden speaker cabinets
have a good “‘tone.”

This old one is surely a hangover
from the mysterious art of violin mak-
ing that reached its peak in the 17th
century. That's when the families
of Amati and Stradivari developed
methods of using certain woods
which produced instruments of great
esteem. But a loudspeaker is not a
| musical instrument. Its function is to |
change electrical energy into acoustic ‘
energy without adding to the original

Wood is only one of many materials
suitable for speaker boxes. Its popu- ‘
larity is based on convenience and
appearance. Dense materials, such as
brick or concrete, are better. Having ‘
greater rigidity, they are less likely to }
vibrate and add false tones. Any mate- ‘
rial that is acoustically opaque, suffi-
rigid, and
damped can be used.

reasonably well
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lacy because it is often believed by
people who are otherwise well in- |
formed about speaker systems. They M

WO

Enclosure wall panels should
have a low resonant frequency.

This might be called a high-level fal-

know that all panels, like speakers,
have resonance. The general rule for

speakers goes: low resonance, good;
high resonance, bad.

For box panels the reverse is true.
Unlike speakers, box walls should
produce no sound at all. Making a
panel more rigid helps in two ways. It
reduces the amplitude of any vibra-
tion, lowering its sound level; and it
raises the panel’'s resonant frequency.
Upper-bass and midrange frequen-
cies can be more easily absorbed by
using acoustic damping material in
the box.

39
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Panel braces should cross the
short dimension of the panel.

There is a common belief, some-
times supported by mathematics, that
braces around the mid-section of a
box (Fig. 1A) add more rigidity than
lengthwise braces (Fig. 1B). The

reasoning is that a short brace is more
rigid than a long brace. But the goal

hree

Fig. 1. Braces are
usually put across short
dimension of pawnels (A).
Lengthwise hraces (B)
nake panels stitter.

should be to produce greater rigidity
in the walls, not the braces.

Another theory says that braces
should be installed diagonally. The
advantage of diagonal bracing, it is
said, is that one brace can resist stress
in two directions.

About 15 years ago Peter Tappan
did some experiments to find the ef-
fects of various kinds of bracing. He
found that a panel with a fundamental
resonance of 60 Hz had the resonance
raised to 100 Hz by a cross brace, to
115 Hz by adiagonal brace, and to 160
Hz by a lengthwise brace. He con-
cluded that the lengthwise brace was
most effective because it divided the
panel into the narrowest possible sec-
tions. Ideally, a brace should be in-
stalled slightly off center so that it
breaks the panel into two unequal
parts. Opposite sides, which have
the same dimensions, should have
dissimilar bracing.

4o0ur

All speaker box walls
should be %' thick.

This.is an old rule of thumb. When
most speaker enclosures were floor
models made of plywood, it was good
enough. Now, when speaker boxes
take many sizes, assume various
shapes, and contain unusual mate-
rials, wall thickness should be
matched to individual box require-
ments.

Thick plywood is a good choice for
large panels. Plywood backs, for
example, should usually be at least 34"
thick. But to use 32" walls for a minia-
ture speaker would be wasteful.

Forother materials, weightis agood
guide to adequate thickness; but there
are exceptions. Consider a thin-walled
enclosure made of steel, for example.
It could be satisfactorily rigid and yet
produce inferior sound because of
poor damping. If you suspect wall
damping problems, use the knuckle
test. Rap the sides with your knuckles
and listen. You should hear a dead
thump rather than a hollow drummy
sound.

Damping material is useful
in eliminating bass boom,
but too much can cause rolloff
at high frequencies.

Various damping materials, such as
fiberglass, dacron batting, and other
fuzzy substances, are used to absorb
unwanted sound. These absorbents
are most effective in the midrange fre-
guency band. Don't underrate this
ability. Midange reflections inside the
box interact with the speaker cone to
produce a rough frequency response.
The proper use of damping material
can greatly reduce listening fatigue.

Stuffing a box does little to control
bass boom (much less than electrical
damping on the speaker), but it can
affect bass range. The stuffing, by ab-
sorbing and giving up heat, changes
the condition of sound propagation in
the box from adiabatic to isothermal.
This change reduces the velocity of
sound, shortening the wavelength. In
effect, the enclosure “acts’ larger.
Because of increased acoustical resis-
tance, a stuffed box reduces speaker
efficiency.

The second part of fallacy 5, that
acoustic treatment inside the box can
depress the highs, is a common case
of mistaken judgement. Padding the
inside of a box often removes exces-
sive brightness. Careless listeners
sometimes interpret the reduction of
midrange peaks as a loss of highs.
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6ix

The outside shape of a speaker
box has no effect on the sound.

One problem with most speaker en-
closures is that they are box-shaped.
Opposite paraliel walls produce inter-
nal reflections, but the problem is
usually treatable. Externally, sharp
corners and projections at the front
edge of the box cause diffraction ef-
fects as the sound waves reach those
corners. The diffracted waves overlap,
producing destructive interference
and uneven frequency response.
ldeally the front of the enclosure
should curve away from the speaker,
like a sphere. As a <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>